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FOREWORD

The present 14-th volume of the "(dessa Astronomical Publications” contains papers submitted by the
participants if the international scientific conference ” Variable Stars - 2001 ?, after revising the reports and
taking into account discussions. This conference is traditional and, since 1982, is organized in Odessa once per
four years. This subsequential conference was held in Odessa from August 20 till August 25, 2001, and was
devoted to the 130-th anniversary of the Astronomical observatory of the Odessa National University named
after LLMechnikov and to the memory of the director of the observatory in 1945-1983 years, the outstanding
variable star researcher of the twentieth century, Professor Vladimir Platonovich Tsessevich {1907- 1983). The
previous conference ” Variable stars” was held in 1997 out of sequence and was devoted the the 90-th anniversary
of the birthday ov V.P.Tsessevich.

In the conference took part 116 participants from 16 countries of the world. 5 Plenary meetings and 9
sectional meetings in total were held, on which 143 reports were presented, from which 24 reports were plenary,
68 - sectional oral and 51 - poster presentations. During the conference, worked three basic sections and five
joined sections. The themes of basic sections concerning the physics of binary, pulsating and eruptive stars.
Joined sections worked on problems, close to the basic subjects: variable radiosources, microlensing, stellar
magnetism and steilar atmospheres, and also on software and instrumental support and large astronomical data
bases. The summer international astronomical school of the young scientists ” Astronomy at the junction of
sciences: Astrophysics, Astrochemistry, Astrobiology” was joined to conference.

The international scientific conference ” Variable stars - 2001” was held with the financial help of the INTAS
and the Ministry of Education and Science of Ukraine. It was organized by the Astronomical observatory and
Department of Astronomy of the Odessa National University, Odessa radio-astronomical observatory of the
Institute of a radio astronomy of the National Academy of Sciences of Ukraine and the Odessa Astronomical
Saciety with an effective support of the Ukrainian Astronomical Association (Kiev) and Eurc-asian Astronomical
Society (Moscow). The large help in fixing the topics of the conference was rendered by the members of the
Scientific Organizational Committee and especially the chairman Irofessor N.N.Samus’, and also convenors of
all basic and joined sections, for whom 1 express the sincere thanks.

The scientific papers, published in the present volume, are located on sections, declared at the conference,
in the correspondence with subjects of conference, according to an alphabetic order (in each section) of the
authors. Unfortunately, before the deadline, not all the lecturers have submitted their works, probably, by
deciding them to process, or to submit to other journals. Therefore, the current 14-th volume of the * Odessa
Astronomical Publications” contains only a part of scientific reports from that presented at the conference.
Totallly, in the volume are included 82 scientific papers by 133 authors. The electronic version of the papers
are available via Internet at the WWW-address: hitp://oapl4.pochtamt.ru). The editorial board of the journal
hopes, that the materials published in the present volume, will discover the interested reader.

V.G.Karetnikov
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MAGNETIC CATACLYSMIC VARIABLES:
25 YEARS OF EXCITING PERFOMANCE

1L. Andronov

Department of Astronomy, Odessa National Uniwersity, T.G.5hevchenko park,
Odessa 65014 Ukraine, e-mail: il-a@mail od. wa, astro@paco. odessa. ua

ABSTRACT. Exactly 25 years agn, Santiago Tapia
has detected cironlar and hnear polarzaticn of AM Her
varying with the same pericd as the photometric and
spectral characteristics. This had lead to a discovery
of nnprecedentedly exotic binary systerns, m which the
strength of the magnetic field & large enaigh to keep
the white dwarf in asynchronism, dominating the acre-
tion terque. Nowadays, about T representatives of this
class of pdars have been registered.

We review the history of stndy of polars, starting
with a *standard model”, acording to which, the red
dwarf filk its Roche lobe and the flow is captured and
channeleed by a magnetic field of the white dwarf
in the vicinities of the inner Lagrangian point. The
models of the * propeller”, *idling”, ¥ magnetic vale®,
Pewinging dipde”, *bdling asymmetric rainbow ool-
umn” are reviewed, with a special attenticn to the nn-
sohved problems of thi study - contradiction between
the observed synchronism of spin and orbital periads
of the white dwarf with a possible presence of the par-
tially ballistic trajectory of the accretion flow and pos-
sibly important contributions of the dipde and mul-
tipole components of the magnetic flelds; presence of
few mechanisms of himinosity variations; various types
and mechanism= o variability at different time =cales
from seconds to decades.

The monitring of AM Her (and later on ather ob-
jerts) has started in Odes=a in 1978 and was regularly
contimed in the Crimean Astrophysical observatary
since 1585. The results will be publehed in the * At-
laz and catalogne of the polarimetric and photomet-
ric characteristics” by N3 .Shakhovskoay, LL. Andronoy
and 5.V.Koksniknv., Dther papers absent in the
ADS are available via hitp://ila.pochiamt.on or
www.pacn.odessa.a/~ika.

Despite 25 years have pamed, these stars still ex-
hibit. new observational surprizes challenging theoreti-
cal modek.

Key words: Stars: variable: cataclsmic: AW Her

1. Introduction

AM Her - type stars are the class of systems, which
are intensely observed and modeled theoretically since

the dEcovery of linear and cirenlar polarization of their
emissicn mperimposed onto synchronons vardability of
the X-ray, optical and mnfrared Aux and characteris-
tics of the emimion lines. Thus these objects are often
called * palars”.

Despite the photometric variability of this system
was detected in 1524, the real progress in understand-
ing has begun in 1576, when the observations obtained
by various groups have lead to the development of =0~
called “standard modd” {Chanmgam and Wagner,
1977).

Acoarding, to it, these objects are highly magnetic
cataclysmic variables containing a red dwarf filling it's
Boche lobe, and of a white dwarf, the magnetic field of
which & sufficent to prevent frmation of the accretion
disk. The mbital periods lie within mterval: 20-120
minutes, with another group of *long-period” pdars
from another side of the #2-3 - hour period gap”.

However, AW Her itself, as well as other objects
of this class discovered later, exhibit variability in a
very wide range from seconds to decades. Thus it be-
came obvimiz, that an ntensive manitoring is needed
to check variations of the characteristics of the phase
ourves. Nowadays, about T representatives of this
clas of polars have been registered, bt anly few are
cbzerved more or less regularly.

The evohiticn of these object= & determined by the
angilar mamentum los= due to gravitational radiation
and magmetic stellar wind {=ee recent monographs by
Warner (1935) and Hellier {2001}).

A longterm photametric monitaing was initi-
ated by Professor V.P.Tsesevich {1907-1583) and
started I the Astronomical observatories of the
Odessa (L.L.Andronov, 5.V .Vasilieva, V.P.Tsesevich
1880, 1884 Andronov et al, 1983} and Kishinev
{V P.Smykov, L.IShakun, 1985} Universities. In 1585-
1587, it comtimied in the Abastumani astrophysical
cbzervatory. Since 1978, the polarimetric cbhzerva-
tions of AM Her and other polars have started i the
Crimean Astrophysical Observatory using 2.6m and
1.25m telescopes {(Yu.8.Efimov and N3 Shakhovskoy,
1881, 1982; V.Pifrdla et al.,, 1985). Since 1589, the
memitcring has moved to CrAQ completely. Altogether
aboat 300 nights of chservations have been obtained.
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In thiz paper, we present a brief review of the prop-
erties of polars with an ament to AM Her. Currently,
in the ADS are listed 605 papers corresponding to the
*object search” option * AM Her”, thus it & not poss-
ble to refer to all of thern. We also present a self-review
of the cbservational and theoretic resilts obtained by

owr research proup.

2. Long-term variability

The lng-term variations have been faind by Hudec
and Memunger {1576) o the Somneberg Sky Patrol
plates with switches between high and low himinos-
ity states. Feigelson et al. (1578} have measured the
Harvard plates and noted the brightness variations by
#2 3™ at the ez 100" time scale and more rapid (041)
variations by 1™. The latter anes are canzed by orbital
variability, whereas the lomg-term hminoeity varia-
tions may be a consequence of variable mass transfer.
Since 15976, the patrol brightness estimates of the star
are being made by varions observers, the longest data
set obtained by M. Verdenet [AFDQEV).

These variations have been recently analyzed by An-
dronov et al. {15537). The switches between the high
and low hninosity states are sometimes very rapid,
lasting down to ~ 3. However, such variability is su-
perimposed onto year-scale variations. Detailed study
of photometric and polarimeric curves is in preparation
by Shakhovskoy et al. {20013.

3. Orbital variability

The arbital variability and flickering was discovered
by Berg and Duthie {1576}, who first determined the
rbital period of 136 minntes. The compilation of
orves of phase variations of different phy=ical charac-
teristics was publehed by Priedhomsky et al. {1578Db).

An excellent estimate of the period made Szlod y and
Brownlee {1577}, who propesed an ephemeris

Min HJD = 3443014.71266 + 0.128527(2) - E (1)

The mnitial epoch for the pulse of the lmear polarea-
tion, which coincides with the zero crossing by the cir-
cular pdarization is T = 2443014.7647(5) (Tapia,
15773,

The recent ephemeriz for the phatometric V a B
minima cbhtained nsing 267 timings {1376-1993) corre-
spoaLds to

MinHJD = 2446637.0510(6) + 0112852711(3) - E,

'2)
where E' = E — 28196 {Andranov et al., 2002).
Fream 19 times of the minimum of the ciroular pdar-
Eaticn in the B band, Shakhovskoy et al {20017 derived
the ephemeri=

Mis.cirepol H D = 2450304.832378{43) +

+0412892T08R(66)(E — 56545). (D)

The phase of the polarizational minima, acoording to
the photametric ephemeris, is (.500(3), i.e. are accn-
rately i the oppoeite phase.

They also note the presence of phase shifis with a
typical cycle of rx 1100 — 12007, which were explaned
by the *swinging dipole” model {Andronoy 158 7a).

Despite these variations, the vahe of the photomet-
ric pericd is in an excellent agreement with the spectral
ephemerisz presented by Schwarz et al. {2002} fr the

SIperior conjimnction:

T H JD = 2446603.40308{35) + 0:1128527103(6) - E
(4)
Androncy, Vasilieva and Tsesevich (1980} have de-
tected drastic changes of the phase curves, with an ex-
treme case, when during two subsequent cycles, the
amplitude jumped fiom 075 to (™16. The tables
of cheervations cbtained in 1588-1585 and the atlas of
light curves was published by Andronoy, Vasilieva and
Teemsevich (1584). Based m these data, Andronov
{15625) obtamed statistical dependence of the phase
curve on hmingsity in the active and intermediate h-
minceity state. This dependence was continued to mi-
nor amplitude variations at the Jow state based oo the
cb=ervations obtained in Abastimani in 1585-1987.
Phenanendogical classificaticn of the characteristic
types of the light curves was presented by Shakhovsloy
et al. {1594). The atlas of the polargzatimmal and TTB-
VRI light curves is being prepared by Shakhovskoy et
al. (2001}.

4. Fast variability {*red noise”}

Individual light eurves of AM Her exhibit strong
Rickering, a= was first detected by Berg and Duthie
{1576}, Bailley et al. {15377 made an antocorrelation
analy=is and have shown, that the antocorrelation finc-
tion is characterized by an expaential decay with a
charactertic time = = 90 sec both in ¥V and B, despite
the cycle-to-cycle values are within the range from 30
to 200 sec. Kornilov and Moskalenko {1875} confirmed
this resilt and estimated a mean flare rate of 0.5 £0.3
sec, their mean duration of 20-25 sec and the degree
of emitted energy & (.3 £+ 0.2, Stockman and Sargent
{1879} found a large difference between the times in
¥V and I vv = 2B sec and vy = € sec. Subsequent
obzervational study of the fast variability was made by
Priedhorsky et al. {1978}, Szkody and Margon {1530)
et al. Panek (1580} argned for tran=formation of initial
plasma blob= into long {tidal mteraction) and thin {dis-
tance between the magnetic field lines decreases when
approaching the white dwarf} plasma *spaghetti®.

We have obzerved AM Her and a group of cata-
cly=mic variables with a time resohition from 12 =ec
{1.25m, TBVRI} to 1-4 sec {2.6m, B} (Shakhovskoy et
al, 1994, 2001}. The pericdograms show a presence
of the strong “red noke”, i.e. a systematic decrease
of the test function with trial frequency. This could
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be explained within the physical model of acoreting
*gpaghetties” {or “shot noEe™), or in a frame of math-
ematical model of first-arder anto-regressive processes.
Andronoy (1554 has derived precie firmilae for an-
tocrelation analysis, taldng into acoount the length
of the mun and removal of the long-periodic trend. This
method allowed to interpret minute-scale variability as
the *shot noise” withont quasi-periodic ecillations (as
cne conkd suppest using the fwmnlae for infinite wnde-
trended mms), and to detect variations of the model
characteristics of the with lnminosity. The values of +
ranged from 95 & 19 sec for high state to 38 £ 6 sec in
the low state.

Beardmre and Osbome {1957h) explained the hard
X-ray variability from the Ginga observations by shot
noke, with a time-scale of 7=, and a carelation be-
tween the hard X-ray and optical red variability. They
derived a blob length-scale of ~ 10'" cm, a blob radins
of 6-10° — 4. 10% cm, and a mass of ~ 10%g,

Using the “omrected ACF analysis" (Andronov,
15543, Halevin et al. (2000} have stndied phase-
dependent flickering activity in magnetic cataclysmic
variahles BY Clam and QQ YVl and estimated the char-
arteritic length of ?spaghetties”.

The scalegram analy=is of the optical data has shown
a power law character of the dependence of unbiased
estimate of the rn.s. deviation of the data from the
fit on the filter half-width At, which & valid for a re-
markably wide interval from 3 seconds to 10 years (7.5
rders of magnitude). This arpues for a presence of
variations at all time scales and a joint component act-
ing both in fast and slow variability {Andronov et al.,
13377.

The wavelet analy=i (Andronov, 1558, 1555) of AM
Her confirms, that irregnlar variability dominates over
po=ible periodic & quasi-periodic mcillations, except
at the arbital frequency and its first harmonic, as the
phase curve exhibits a donble-peaked behaviaur.

Some methods fr mathematical modelling of the
“red noise” have been elabarated and originally ap-
plied to AM Her, i.e. the periodogram-, scalegram-,
wavelet-, antocrelation-, principal component- anal-
yeis, a5 well as the determination of the characteristics
of the multicdor correlated and incorrelated variabil-
ity. They are briefly reviewed by Andronov {1558) and
camparatively described by Andronev {2001).

5. Fast quasi-periodic osdillations (PO}

Langer et al. ({1592} have theoretically shown the
po=ibility of excitation of the QP (= and thius second-
scale variability of the stmctnre of the accretion mol-
umn. According to thar computaticms, the period of
QP0= ' mversely proportional to the accretion rate
per unit area. Imamnura (1985 themetically studied
the stability properties of white dwarf radiative shods
and determined conditions needed to the excitation of

quasi-periodic oscillations.

Larsson et al.  {1950% disoemed the possibility of
mapping the accretion frow nsing the QP 0 studies dor-
g eclipse of the column by the white dwarf. Wi et al.
{1592} reviewed QP0s= in mapnetic catachsmic vari-
ahles.

Beardmare and Osborne (1597a) failed to detect 1-
¥ quasi-periodic oscillations in AM Her, EF Eri and
V334 Cen in the GINGA hard X-ray observations, giv-
ing npper linits of 4, 5 and 18 per cent, respectively.
However, such QPOxs are possible within these limits,
as, for EF Eri and V334 Cen the amplitude of QP (s
in the optical bands is 1-3%.

Tt shaukd be noted, that the density of the accretion
cohunn, even if to neglect blobby stocture, is not. con-
stant threugh the crom-section. Thus one may assume
cecillations of individual blobs at different frequencies,
what will significantly decrease the effect. There may
be additicnal types 3= variations of the structure,
which have been dism=sed by Andronov {1387h).

6. X-ray, UV, optical and IR emission
§.1. Observations

AM Her was detected as an X-ray source by Hearn et
al. {1976}, and since then i= one of the often observed
cbjects. X-ray properties of AM Heraile binaries have
been descaibed eg. by Benermann {1558).

Silber et al. {1556} made a fit for the ITTE and cur op-
tical data. The temperature of the white dwarf during
phases of low brightness is estimated to be of 20 Q00 K,
whereas at phases of brighter fix, a second canpo-
nent is present, which may be explained as a bright
spct with a temperature of 35 0005 Q00 K, which cov-
ers % 8% of the =murface.

Recently, de Marting et al. {15908} detected a deep
X-ray low state of AM Herculis with a flux decrease
by a factor of ¥ during 40 min. TT=ually, coronal emis-
gicm from the secondary may contribnte sipnificantly
during the inactive phase. The new BeppoSAX obser-
vations of AM Her (Mait et al., 200} show that during
an intermediate state, the smirce was in its ® normal®
cne-pole accretion mode. In the high state it switched
an atypical * two-pale” accretion mode, with significant
soft and hard X-ray emission fram both poles. How-
ever, the emisdion fraan the second pole is much softer
than that fraam the primary pole, suggesting the blobs
penetrating deeply in the photosphere.

Thus, the complete emssian contains at Jeast § com-

ponents, partially separated in wavelengths:

1. Cyclotron emimtion from the accretion cohimmn, in-
creasing fram viEnal to near-T8, bands;

2. Hard X-ray bremsstrahhing emisdon fram the
shodk;

3. Hard TV and soft X-ray nearly bladibody
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emisdon from  irradiating  the cyclotron  and
bremsstrahhing ememm by the white dwarf and
pos=ibly from the Jocal thermamclear reactions;

4. Secondary emizion of the accreting, stream above
the shadk and of the irradiated atmosphere of the

secondary;

5. Emission of the secondary filling its Roche lobe.

6.8, The polar cap model

Having no possibility to describe numerons modds of
X-ray emission, we point out two of themm. The model
of surface polar cap (Andronov, 1586b) used constant
and variable distribution of brightness and asmming
absorption in the accretion cohunn. It was shown on
the base of the X-ray curve publEhed by Hearn and
Richardscn (18777, that the accretion colimn is opti-
cally thick. Moremwer, the source of the emisdon is
extended in height and is amymmetric cwed to the in-
clination of the column.

Silber et al. {1596) modeled the TV spectrum within
the frame of toro-component. model, and estimated tem-
peratures of the white dwarf and of the heated spot.

The observed soft X-ray excess & owed to the blob
= type accretion instead of the hamogenems cohunn
(Andronov, 1987b; W et al., 1955} Most recent mod-
ek of the ionization stmcture of the acoretion region
are presented by Wn et al. {2001},

7. Polarization and rmagnetic field
of the white dwarf

Polarization of the emizion was dscovered by Tapia
(1577}, who noted a spike of Enear polaration with a
few minute duration, and contimons variations of the
cirailar pdarization. He suggested a mechaniz=m of cy-
clotron emission of plasma in the strong magnetic field.
Polarization decreases with wavelength, dizappearing
at A = 4000A. This allows to estimate an nupper valne
of the magnetic field of 270 M= (Kmsrewslkd, 1597E)
assuming that the emission oomrs at the cyclotron fre-
quency wg = €B fine, estimated it as 230 MGs.

The penetration and pdarization of emisicn in the
ccemic medinm was studied by Dolginev et al. {15750,

Asmming that the emission ocours at the cyclotron
frequency, which is dependent on the height above the
murface of the white dwarf, Priedharsky et al. {1578h)
have studied dependence on the wavelength of the po-
larization minimmm. Their condusion was that the
field strength varies with height mare slowly than ac-
crrding to the dipde ~ % law,

However, direct measmrements of the mapnetic field
from the Zeemnan absmpticns in the spectum of the
white dwarf diuring inactive state had lead to the con-
chisica, that the magnetic field in AM Her itself iz re-
ally much smaller, ie. only =~ 14MG= (Schmidt et al.,

1581).

8. Accretion column

The accreticn column is the main smirce of emis-
gicm, which excesds the emiszion of stellar compments
by a factor of few dozens. To interpret the correspond-
g variaticns, the relalistic models of the cohunn are
needed. A brief review of the models was presented
by Andronov {1590}, who studied the influence of the
mhomogendty of accretion cohunn aoto polarization
and spectrion of jis emismion. In statimery symmet-
ric madels, one shaukl asmme the temperature and
density structure. The observational spectra in both
polarizational modes are strongly dependent on these
assumptions. E.g, fr afinfte-width cohumn, the emts-
sicm is not dependent on optical thicknes », if + 3% 1.
Ceometrical effects of the inclination of the columns
were studied by Andronov (1586a).

For the colunns with gradually decreasing density,
the effective radins of the cohumn is dependent on the
density distributicn, wavelength, pdarization mode
and the angle between the cohimn and line of =sight.

Elliptic cohunns will produce an additional depen-
dence on the second angle between the major axis and
the projection of the line of sight onto the crom-section.

The dependence of the spectrum on the magnetic
field, as well as the vertical structure of the cohimn
may canse an effect of the *rainbow® cohumn, if the
spectrim contains strong cyclotron lines. This method
of determimation of the magnetic field strength i the
emisicn region was proposed by Mitrofanoy (15980)
and then widely nsed in the case of cyclotron emission
at few harmonics {cf. Cropper, 159807,

Non-stationery “bofling” colimns will significantly
chanpge the spectrum of the ontgoing radiation {An-
dronow, 1987h).

Ancther problem arizes, # the accretion column is
not single. In this case, the inverse problem of param-
eter determination becomes mich more nncertain, as
the inclined asymmetric cadumns may comespond to
magnetic poles of different strength, which are located
not exactly at the oppesite points of the white dwarf
{Km=rewsld, 1978; Piirola et al., 1985 Muslimov et
al., 1555 et al.}.

8. Bynchronization
4.1, Dhnole - sphere interaction

Cme of the most striking featnres of the polars is the
synchronism between the rotation of the white dwarf
and the orbital moticn. This class of binary stars is the
cly one, where such a synchronism exists, becanse the
anpnlar momentum of the infalling matter should be
canpenzated by sane ko= mechansm {e.g. Lipunov,
1987).

The fact. of synchronization is justified by the coin-
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cidence of the period of variations of polarization and
Xeray flux {originated near the white dwarf) with the
period of radial velocities measnred nxin g emnission lines
{dominating in the high state and originating in the ac-
cretica flow and heated part of the red dwarf) and ns-
ing the narrow ¥a lines {originating in the atmcephere
of the red dwarf and =een at the low hminceity state).

Despite it was obvimus, that thi=s synchroni=m is
cansed by a sufficient strenght of the magnetic fidd,
the first phy=ical model was propased by Joss et al.
{1878}, The accretion was neglected, the orbit was as-
sumed to be ciroilar, and the interaction between the
rotating white dwarf with a condncting sphere cansed
excitation of the Fancot currents, the OGhm dissipation
of which cansed heating of the atmosphere and thus
the decrease of rotation energy. However, the charac-
teristic times for such synchranieation are ~ 101! years
(5 - 10? yr= for most optimistic estimates of the mag-
netic field). This is too long to explain the exdstence of
the synchronim.

Andronov {1583) extended this model to the case of
elliptic orbits. Thi mechanizm lead= to the ciroilariza-
tion of orbits, but is much Jes= effective than the tidal

circularizaticn.
4.8 Mametic field - plavma stream intergction

Androncv (1882, 1987a) has proposed a #propeller”
model, ammuming that the accretion streamn & frosen
into magnetic field. An additional centrifugal farce
ejects the matter cansing decderation of the rotaticn.
The correspanding synchronization time & aly 6-260
years, i.e. < 10% years. This stage is similar to the
“propeller” stage in the systems {Hlarionov and Sun-
yaev, 1976}, but in the polars it differs by an absence
of symmetry of the stoucture of nfalling matter. Syn-
cronization with such characteristic time was fomd in
the Neva 1375 Cyg (V 1500 Cyg) (Pavlenke and Pelt,
1591} and BY Cam {an extensive observaticnal cam-
paipn of this star was organized by Silber et al,, 1557).

Other estimates of the synchrongaticon time were
larger ~ 10% — 10° years {Lamb et al., 1583). Recent re-

view of the situaticn may be fomd in the monographs
by Warner { 15595}, Camphell {1997% and Hellier {2001).

10. "Swinging dipole” rnodel
10.1. Magnetic intergction with secondary

An important question & the further evdution of
the rotation of the synchranking white dwarf. Wil it
be *phase-locked”, *idling” or *swinging” around same
equilibriim state?

Accmrding to Jom= et al. {1975}, the synchronization
leads to a phase-lodked state. However, there may be
damping cecillations of the orientation of the magnetic
axis aronnd the stable position with a characteristic
period of a dozen of years, ie. the *swingings".

10.8. "Magmetic malwe”

The model of structure of the accretion flow I the
vicinities of the immer Lagrangian paint in the pres-
ence of dominating mapnetic field was proposed by An-
dronov (18982a). The flow & maximal, when the mag-
netic fiekl near the nner Lagrangian point & oriented
along the line of centers, and vanishes, when they are
wrthogonal. Thus one may call this model *the mag-
netic valwe”

The drag force fram the accretion stream & ako de-
pendent. on the angle ¢ between the magnetic ads
and the line of centers. The equilibrinm positions are
i = 0% and o = 50° {Andronov, 1587a), which coincide
with that of the *dipole-sphere” interaction by Joe= et
al. {1578). A grid of models of orentation oscillations,
computed taldng into acomint both these effects in var-
jons proportions, has showm, that the period value is
dependent on the accretion rate and on the amplitude.
However, the equilibrinm position at ¢ = 90° oorre-
spads to the *mapnetic valve® dosed. However, the
theory of evohition predicts, that the mean accretion
rate shoukl be non-zero owed to gravitational radiation
and mapgnetic stellar wind {cf. Tutulowv and Yungedson,
1979; Warner, 1985). Thus should be the anto-excited
cecillations, during which the portions of plasma are
arcreted at a mean level cormmesponding to evohitionary
statns. The estimated value of the characteristic time
FPranged from 1 to 10 years.

10.8. Dpole-dipole fnteraction

In this model, the patential energy i= dependent on
arientations of both dipoles. Andranov {15955) has com-
puted a grid of time-dependent models. However, the
red dwarf has much larger mament of inertia then the
white dwarf, s0 the cycle f arientation variations is
~ § times larger then of the white dwarf. S5¢ the *free
cecillations” may be described as relatively slow varia-
tions of the red dwarf, and faster cycles of the primary
arcund slowly dhanging position of equilibrium. For
non-planar case, both the longitude and latitude chaot-
ically vary, with redstribution of ascillation energy be-
tween the two co-ordinates and two dipok. Sometimes
even the changing of the pole fadng to the larger star
oo e few dozens cycles. A very interesting phe-
nomenon, which should be searched m the chzerva-
tions!

Recent theory of the arientation chanpges was de-
scribed by Campbell (1557).

10.4. Qbservational tents

The *swinging dipole” mode may be tested by the
presence of the statistical dependence of the orbital
light curve on luminosity and characteristic time of its
variability. There are some observational facts, which
may give evidence on the type of dhanpges of the accre-
tion structire in AMW Her:
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1 Lomp-term variations of the honinosity;

2 Long-term variations of the shape of the phase
ourves of varions physical characteristics;

3 Statwtical hmminosity dependence of the phase

CIITVES.

The sy=tematic stidy of the phase characteristics has
begin with the monitoring, what lead to detection of
the statistical dependence of the phase oirve an himi-
nosity at high and intermediate state {Andronov 1585).
The phases underwent 3yr modulation, just in the
middle of theoretically predicted ranpge 1-10 yr {An-
dronov et al., 1982, what was imterpreted a5 arienta-
tion oscillations with an amphitude of 17° +£3°. Smylow
and Shakun {1585) confirmed this result, noting an ex-
Etence of the *phaselumingeity” dependence in the
sense that brighter curves are more positive-shifted
from the linear ephemeris. Ancther chjet showing
cyclical variability of phases with variable amplitndes
E Q0 Vil (Andronov and Fuhrmann, 1987).

However, it & not expected that these “swingings”
will be strictly periodic, as varies not only the lon-
gitiude of the magnetic pole, bt the latitnde as well
(Shakhovskoy et al., 1592). Moreover, the hhminosity
variations may be also modilated by the irvadiation of
the secondary by the hard emission from the vidnities
of the white dwarf {Basko and Sunyaev, 1973; King and
Lasota, 1984}, Another nunpredictable saurce of mod-
ulation of the accretion rate may be spots on the red
dwarf {Hessman et al., 2000}, The light ouxrves show a
strong flickering displacing the phases of minima. The
jaint influence of these mechanizms canse very compli-
cated changes both in himinosity and shapes.

The model of *swinging dipade” may be challenped
frr some polars by a model with a ballistic part of the
trajectcry and the capture of the stream rmch closer
to the white dwarf then the inner Lagzangian pdint
(cf. Warner, 1595). However, even in this case, the
arientation oscillations should exist, this new realktic
maxlels of the emimion are needed, as well as determi-
naticms of orientation from individual phatametric and
polarimetric chase ourves.

¥huch more acoirate are polarimetric timings, which
are less affected by flideering. Detailed disoisdon of
these results is prepared by Shakhovskay et al. {2001},

11. The red dwarf
11.1. Effective rading af the Bache lobe and

the "Pertad-mase” relation

An mmal asmmption & that the low-mass red dwarf
& 1mevolved and thus belongs to the main sequence
either in magnetic and non-magnetic systems. The
clasmical mass-rading relations obtained for single stars
st be revised by introducing an Peffective” radins
of the Roche lobe. So the problem & =splitted mto

twee dependence of the effective radms of the star fill-
g it’s Boche lobe on the mass ratic and the mass-
rading relation for real stars. Assuming that the
distorted star has the same volime as the spherical
cne, Warner {1976) obtained Ma/M; = 2.45(P/1%);
Echevarria (1583) proposed a revised approximaticrn,
MafMz = Q.0751{P/15) 1%, Recently de Lome and
Docan (15952) red etermined the mas-radins relation for
low-mam main sequence stars, and thus one may ob-
tain much stronger dependence My e P25,

For examnple, the mass estimates for the polar AM
Her obtained by using these statistical relationships
and different sets of parameters are (1.32, (.28 and Q.061
solar masmes, respectively. The last value sipnificantly
differs from that with 2 /= 1 and does not seem to be
realistic. Gitz (1991} noted that the mean estimate of
the spectral class of the red dwarf in AM Her (M4.5) is
i a pood agreement with the estimate 5.4 obiained
from the *pericd — spectral clas" relation by Echevar-
ria (1983). It corresponds to the mas M. = Q2660
and radms Bs = 0.314H;,.

A comparative analysis of varios models was
made by Andranov {1582b) and revised by Andronov
{1592b), who tabulated numerons characterstios of the
Boche lobe and proposed approximating fits. It & im-
portant to note that the vahes of the “barctropic’ ra-
dins are systematically larger by 2—4% than that of the
*equi-volime” mne for the same mass ratio. This leads
to a = 10% difference in the theoretically expected vol-

umes, mean densities and thns masses.
11.8. In the red dwarf @ main saguence star?

Churrent models of the red dwarks in catacly=mic vari-
ables show that they may be slightly evolved stars
{Echevarria, 1983; Wamer, 1555). Beuermann et al.
{1558} showed that in the shat-period catachy=mic
variables, the red dwarf £ clare to the main =equence,
whereas iIn the lang-period (> 3 hours), the majority
of secrmdaries have later spectral types owed to the
miclear evolution price to mas transfer and lack of
thermal equilibrinm due to mass transfer.

11.3. Magnetic activity of the red dwarf

The second ary in magnetic mtaclyanic variables is a
red dwarf, thus e may amume corresponding phy=i-
cal variability. Solar-type magnetic activity may canse
variations of the accretion rate in catady=mic vari-
ables {Bianchini, 1550}, as well as the migrating spots
{Hesmman et al., 2000). The star wnderwent an un-
precedented TV Cet - type flare {Shakhowvskoy et al.,
1593). Statistical study of the variability of accretion
and flare nature was publizhed by Bemnet-Bidand et al.
{2000). An additional mechanisrn of modulation of the
arcretion rate may be present, if a third body (massive
planet or browm dwarf) canses minor variations of the
crbital separation.
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12. Concusion

To make a statistical study of variability with char-
acterstic times from semonds to decades, a long-term
muaLitring has been carried ont sinece 1978, The phase
light curve of sometimes nnderpoes drastic chanpes
even from one cycle to ancther. Its shape statstically
depends on mminosity, despite of significant phy=ical
variability. AW Her exhibits a variety of types of vari-
ability, with a cease of the fast variability and polariza-
tion in the low state. An unprecedented flare has been
detected, which resembles the flares of the TV Cet-
type stars, and & within § most powerful flares. ¥nch
smaller accreticn event at a low state was registered
spectrally at the 6m telescope. Ohir low state multi-
cdor observations and the ITE data allowed to propose
a two-temperatire modd for the emitting region. For
overlapping flares producing a *red ndse” (fickering),
we have nused statistical methods. The most acourate
photometric ephemeris {based on 275 minima timings),
was determined. The 3 year variations of the phase
shift of the ourve have been nterpreted as a result of
the “swinging dipole” model - two-dimensional varia-
tions of the orentation of the white dwarf in respect to
the red dwarf both in the latitude and lagitude. Be-
canse of few processes involved, the variations are not
strictly periodic, but show some characteristic cycle a
time scale of 1-10 years. Dhir theoretical models were
applied to a *standard model® {Chanmugam and Wag-
ner 1977}, accarding to which, the dependence of the
accretion rate on the orentation of the magnetic ads
of the white dwarf exdst= in a case, when the magnetic
field & strong encugh to capture the flow near the in-
ner Lagrangian point { magnetic valve); the synchro-
nization time may not exceed 10* years {an excellent
example of mich a system i= BY Cam). Following the
model of the dipde=star interaction fr synchroniza-
tion of the white dwarf by Joes et al., {1575), we esti-
mated characteristic times of the orbit ciroilareation.
Tsing a simplified cohimn madel, the soft X-ray eurves
were madelled showing either larpe aptical depth of the
coumn as well a5 the nan-zero height of the emitting
“polar cap” region. The accretion cohimn exhibits ef-
ferts of asymmetry, inclination, instability of few types.
This canses changes in the palarization and spectra, as
compared with stationary ad-symmetrical models.

Besults of 13 recent years of poarimetric monitor-
ing of AM Her are prepared I publication m the
memograph ? Atlas and aatalogue of the polarimetric
and phatametric characteristics of the magnetic cata-
chysmic variable star AM Her” by Shakhovskoy, An-
dronov and Kolesnikov (2001).

Despite an unprecedented database of pdarimet-
ric observation aleady exdists, the star needs fur-
ther mmlti-wavelength maitoring, which will allow to
study details of structire and evohition of these inter-
esting objects.
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ABSTRACT. We report preliminary resuls of the
TTBVRI photoelectric and B, CCD observations ob-
tained in the Crimean astrophy=ical chservatory and
the Astronomical observatary of the Athens Tniversity.
The light curve represents well-prononnced eclipses
with a total duration of the most sharp phase of 02022.
At the eclipse, the color index TT-B becomes smaller
by ™2 than ontside eclipse, contrary to other colors,
where the colar indices become larger. This indicates
a presence of nneclipsed source of ultraviolet emissicn,

po=ibly the wind from the accretion dEc.
Key words: Stars: variable: cataclysmic: BH Lyn

1. Introduction

PO 02184513 (=BH Lyn) was detected a5 an TV
- excess object (V=15758, B-¥=0"15, U-B=0777}
by Jreen et al. {1582, 1986}, who classified it as
a cataclysmic variable {CV). Andronov {1988} disco-
vered itz photometric variability and sispected that. it
& an eclipsing CV. Richter {1983} confirmed the eclip-
sing nature of the star. The 224-minute arbital period
was determined by Andronov et al. {1585) nsing the
method for determining the phatanetric period nsing
meanents of characteristic events {Andronov, 1551).

Thorstensen et al. {1991 confirmed the period from
the emizzion lines, however, noting a significant (-~ 57}
phase lagin respect to the eclipse. He classified the star
a belonging to the subgroup of 5W Sex—type stars,

alse containing DW Ta, ¥1315 Aql and PX And.

Hoard and Szkody (15937} estimated the mames of
the white and red dwarfs in the system a= M., =
Q.7 M, Ma = QAM;, and the mclination angle { = 75°.
Hellier (2000} currently reviewed the properties and
models of the W Sex-type stars.

Cnr observaticns span a 14-year interval, and will be
di=enssed elsewhere. In this paper, we present a sample
light oirve and its brief disousion.

2. Observations

The TTBVRI cbservations have been obtained at the
1.25m telescope AZT-11 of the Crimean astrophy=ical
cbzervatory nsng the S-cola photometer-polarimeter.
The time reschition in the photanetric mode is 12 zec.

The CD observations have been carried out at the
1.2m telescope at the Kryonerion observatay.

5-color photormetry

Omeof the light mirves is shown in Fig.1lin the instm-
mental system. Omne may note prominent eclipses. To
smooth the ohservations, we have applied the method
of nmnning parabalae 15ing the program {33 described
by Andremnov (2001}). The basic paints nsed as the char-
arterstics are the top of the hump at time .4105-.4151
{instrnmental brightness mma), the first and second min-
ima and brightness mg at £ =—44358 after the first min-
fmum. Here times are expressed as time-2448245, and
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magnitides as differences from the hump value. These
resilts are lsted below:

T f]_ ] fg T g
4693 4330 1249 GEGOT 1446 (.260
54531 4330 1441 509040 1545 (.183
4384 43421 1345 55055 1493 0.165
5.898 43421 1080 .59041 1051 0.203
a.799 4344 Q746 59053 0640 Q.152

Ome may note significant difference between the val-
nes of brightnes in two subsequent minima which is
strongly wavelet-dependent and reaches (=157 in T
and -0™106& In I. The hump is the largest in 1T Q™ 28)
and & in the range 0™17..0™20 m other color=. For
both minima, the depth is maximal in B {1™35-1=50)
and minimal in I {(F75-0™64). The minima timings
in different filters differ no more than for 58 seconds,
i.e. within error estimates.

Despite the systern becomes “redder” in red colors,
the TI-B cola becomes smaller than at the hump by
™18 and 0™1] for first and second minima, respec-
tively. This argues fr a presence of an extended re-
gion of ultravidet emisdon, which & not completely
edipsed. It & interesting to note that, in addition to
the ultraviclet contiminm, there is a sonrce of another
emissicn (i.e. of the Hoe knes), which is less eclipsed
than the underlying optical contmimm {Tharstenszen et
al., 1551). Thi iz a commn feature of the 5W Sex-
type stars {Dhillon et al., 1952; Hoard and Szlndy,
1997).

Such behaviour may be explained by a presence of
wind from the accretion disc.
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ABSTRACT. Time series analysis of € nights
o OCD obsevationz of WZ Sge after it's nnex-
pected superoutburst on July 23, 2001 has shown
highly asymmetric periclic varations with a pe-
riod 040566513(22), full amplitude 0™218{4) and a
very high asymmetry M — w = 0.670(3), a sec-
cdary minimmum (.33F after the main one. The
mitial epochs are T = BJD2452118.7433(3) and
Tonie = BJDG2118.76M(2). The characteristics of the
phaze Light ourve are hsted. In addition, we have
found superhumps with a semi-amplitude of (™021(2)
and an ephemerizs Twea o = BFD2452117.6230(8) +
0057435(45) E. Other peaks at 21 and 25 minntes pos-
sibly correspond to quasi-periodic oscillations with an
effective semi-amplitude of Q2 (14,

Key words: Stars: variable: cataclysmic: THG 51T
WE Sge

1. Introduction

W7 Sge was knowm a5 a catadysmic variable (V)
exhibiting cutbursts every 33 years. Previons ones
were detected m 1913, 1946, 1978 with a reomr-
rence time of 11876 (Ritter and Kdlb, 1558), and
the next one, achieved from this short sequence,
calkd be predicted for 2011. However, it ocomrred
an July 23, 2001, &= was reported by T.Watanahe
bazed m observations by M.Oshima. The extend-
ing story of recent studies of this object is pre-
sented] at the VSNET pape wow. onmastroyoto-
1.ac.jp/vanet /D Nefwzsge(l.html. At the figure taken
from this site, one may =ee “evolution of early super-
humps”". Their period is equal to the orbital one, and
there & a hnump at the ascending brandh.

G Mas (www. bellatrivobrervatoryit) presented nu-
mercns individnal light curves obtained at the Bellatrix
Ob=ervatory, often revising his site to add new resnls.

EXmllers presented an outbust Light ouove
which & compiled fom the data obtained dur-
mg previons three ontbursts (hitp://saturnsroa.nl/
-erikl/wesge/wege 1913 1946 1978.gl).

D.Steeghs (wow.astrosdonacak/ ds/fwesgehtml}
presented a timetable containing dates of past and
planed fnture observations of W2 Sge, which played
an impcrtant role for coordinating research of varions
ETCALpS.

The object has become the OV target number one at
the CBA (Center for Badcyard Astrophy=ics} network
supervised by J.Patterson (cha.phys columbia.ed)
and AAVRD (wwwaavenone, divector J Matted). At
these pages, ane may find a list of muns obtained by
the CBA and AAWS(O members.

2. Basic information

Since the first two detected outbirsts in 1513 and
1544, the star was clamified as a recurrent nova, which
coatains a white dwarf (Greenstein, 1957). Krzeminski
{1862} had found, that the star is an ultra-short period
binary star with a period of 82 minutes. Krzeminski
and Kraft {1964}, while searching for # Binary Stars
among Catacly=mic Variables”, have published the pa-
per on this star as the fifth one in these serifes. Thus
the star was one of the key objects leading to a cur-
rent paradigm, that all catacly=mic variables are close
binaries.

Faullmer {1871} propose a model for ulirashort-
pericn] binaries with an example of W7 Sge, according
to which, the mass transfer & powered by gravitational
radiation, determining the evohition. This modd was
developed in detail by Tutukov and Yunpgelson {19797,

Warner and Nather {1972} reported on rapid vari-
ability of W2 Sge while searching for it in blue stars.
The coherent 27.87s ecillations, which are often de-
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tected, arpue for a presence of magnetic white dwarf
(Patter=on et al, 1958). Scmetimes the pericds are
elightly larger, carespanding to beat periods.

However, the natiure o outbirsts was believed to be
similar to the Novae, i.e. the thermonuclear autburst
after gaining of the critical mass of hydrogen on a white
dwarf. The =situation has changed drastically during
the subszequent outhurst m 1578, when the star was
intensely observed photometrically and spectroscopi-
cally. Despite the light coove is very similar to that
of Novae, the authurst is cansed by a distinctly other
mechanEm similar to the 51T T atype dwarf novae,
and thus the subcla= of WZ Sge-type stars was sepa-
rated fram the remirrent novae.

Gilliland and Kemper {1580} panted out a forma-
tion of a ciccnmbinary dik and disussed the origin
of supethumps - photanetric wave with a period Py,
slightly exceeding the orbital ane Ps. Pattersm et
al. {1581} studied the observaticnal appearance of the
sperhump during the outbirst in 1578, In the case of
WZ Sge, the pericd excess Ep = (P, — Poyu)/ Part =
0.2%. Chumrent models o superhumps have been dis-
onmed by Omald (1555), O Donoghue (2000} and Pat-
terson (201).

Thus the star & still among the first few ones, which
kead to the present kmowledge of cataclysmic variables.

3. Observations

The cbject was alko observed during § nights at the
Alcm reflector of the University of Athens Observatary
by uxing a (CCD SBHI 5T-8 camera by K.G., AY.,
PXN. in the Bess=el B, filter. The comparison star is
Q50 16211830 (=" ") with B=8.663 (Hemden 2001].
Ahagether 1109 data points have been obtained fram
July 24 to July 31 (BJD 2452115.503-2452121.614).
The time series analy=i was made by IL.A.

Onurx light ourves for 6 nins show a nearly linear trend
auly for imtermediate 4 nights from JD 2452116 to
2452115, whereas the first and last nights be =ignifi-
cantly above this line. This conchizion is also justified
by the autburst light ourve obtained during the inter-
naticnal campaign {Fig. 1}, Thus, for further analy=is,
we have nsed extracted 653 data paints obtained dur-
ing 4 subsequent nights on BJD 2452116.332-5.364.

The individnal light curves are showm in Fig2, They
show a composite structure with two minima and two

madma during the pericd. This is also consistent
with the “rie to the outburst” data from the V3NET

{Fig.d).
The study of mdividnal mns and of evehition of char-
arterktics is planed to be dame elsewhere.

—
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Figre 1: Long-term light curve based on the arbit-
average magnitudes of WZ Sge campiled by D.5teeghs
{hitp: / fwww.astro.aoton.an.nk/~ de/weage 2001 . gif)
using the ¥VSNET and AFOEY data. Ohr data were
cbtaimed after 1...7 day= after the maximnm {oomplete
interval shown by a horizontal line) during a stage of
sipnificant nonlinearity of the decay.
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Figure 2: Light curves of W2 Sge for mdividual nights.
The abscima & a fractional part of barycentric Ju-
lian date. The integer part is shown near correspond-
ing curves. The magnitude iz expressed as “variable-
canparsa”. The magnitude =hift between the sibse-
quent curves is 074,
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Figre 3: Bise to the maximnm and the early evolu-
tion of the light orve fram the VENET observations

probability” of obtaining the wave at a pericf Ffa of
given amplitinde, assuming the signal is white noke,
E only 2. 10~%. The mean =lope {4, 2 = dim}/fdi =
{0.1481 + 0.0007) mag/days corresponds to a charac-
teristic decay time v = {d{m} /di)~' = (6.75 +£0.03)

fmy={h + EC&+1+&P

h=l

(2}

E a time-lependent zero-paint of varations {trend
vahie}. For p = 1, it coincides with the arbit-average
of the fit.

The time of the exponential decay . =2.5+/In 10 =
108577 = 7933 &+ 003 is well consistent with the
range 4...12 days/mag over the first 15 days of the
autburst estimated by Cannimwo {2001). The mean
brightnes= v — ¢ = Q™2433 £+ 0™}014 at the mean
time of ohservations t = 2452118.77. The best fit fre-

(www toisastro. ynto-n.an. jp /v et /DNe/wespal 1 himl}.quency P~ = 17.6518 £0.0007 cycles/day crarresponds

Onir cheervations started 4 hours after these data, when
the night moved from Japan to Earope.

4. Multi-harmonic analysis with a linear
trend

Becanse of fast non-linear variations of the mean
brightness and the light curve, the periodogram anal-
yuis for all data gives us sane “effective” values of the
parameters, which are highly biased by such instability.
The preliminary analysis shows, that, the decrease of
the interval allowed to decrease systematic erroars cwed
to non-linear variations of the mean brightnes. Thns
we have used a trignnometric polynomial of order # su-
perimposed onto the polynamial trend of order p. The
mathematical model &

zelt) = O3 (G cos(har) + Cou sinfhul) +
h=1

]
2021444__‘,#, 'E=t— t, {l}
=1

where ¥ is the mean value of the times of cbserva-
tions, and w = 2xf{F & an angular frequency corre-
speading to the trial period P. The corresponding com-
puter oode extend=s the programs for separate multi-
harmonic and polynomial approximations described by
Andremew {1554, The prelimimary vahie of the period
& then changed to the wahe optimal for given degrees 2
and p for trigonametric and ordinary polynomials, re-
spectively, using the method of differential corrections.
The optimal vahies of # and p are determined n=ing
analys=is of variances (the Frdher's criterion).

For the *shortened” data set, the values # = 3 and
P = 1 are statistically significant. The *false alarm

to the pericd P = 010566513 £ 020000022. The light
curve is highly asymmetric with a mean madmum
at BID 2452118.7483+0:0003 with a trend-corrected
vahie v — ¢ = 0™130 £ 0004 and minimum at BJD
2452118.76700.0002 with w — ¢ = 07348 + 0™004.
Thus the total amplitude of the fit Am = (™218 +
07004, asymmetry 0670 £ 0.005.

Often the coefficlents of trigmometric paynamial
are studied mstead of the real brightness vahes for
variable stars of varicus types (e.g. Eukarkin and Pare-
nagn, 1937; Niarchos, 1978; Kopal, 1926; Petersen,
1586). In this case, the term

oy, cos(kut) + Oy, min{kwl) =

= — vy omloft — Ty — 2ok} 3
Here T, & initial epoch {we nse that corresponding to
the brightness maxirmm, i.e. the minimmm of the mag-
nitude fit), and py & the phase of maximmm of the
catribution. These characteristics are listed in the
following table:

Table 1. The amplitndes v, and phases o, of the
cantributions with a period Pk,

k L Wi

1 QO7a6+0020 005140004
2 (0530020 Q055+ Q.006
3 (OOETE0020 N41T7E0037

Ty 7 P — kg

1 L0000+ 000 Q.0000.000
2 R4 033 0.15840.010
3 A1T7+ 027 H1.263H).035

The phase ght cirve and the best fit are shoom in
Figd. Despite the scatter of the individiual eurves is
rather sinall, there are phy=ical variaticns of the shape
of the Eght curve.
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5. Superhurnps

The =catter in the phasze curves iz cansed by real
variability of the shape. Dne mechanizm is the lumi-
nosity dependence of the phase ourve, which conld be
studied separately. Another important mechanis=m & a
po=ible of superlnmps - periodic waves with a period
larger than the orbital one.

Kato et al. (2001} reparted that superhnmps become
dominating over the orbital variability m Ang.4.53
with an amplitude 0.10 mag and a period 0057143 +
0000046, Their later chservations during next two
nights *have shown huother development of super-
humps up to 023 mag and give a mean period of
0.0588760.000023 day” . They called these muperhums
as “permine”, contrary to the "early smperhumps®
which they called the prominent hump structure of the
crbital variations.

To lock fr pos=ible *gennine” superhumps at the
beginning of ontbursts, we have made a pericdogram
analy=is of the residuals *0-C" of the data framn the
fit {1). The periodogram shows three distinct groups
of peaks cansed by daily aliases. The most promi-
nent peak ocourred at the pericd 020611, far fram
the value achieved for ¥ permine” superhumps. How-
ever, the second peak with a height differing fram
the first one by auly one per cent. The carespond-
ing period & 0057435 + 0000046, in an excellent
agreement with the superhumps. The initial epoch
Tenn =B ﬂiﬁﬂllf.ﬁﬁmﬂ:ﬂfhﬂﬂa, and a =emi-
amplitude 0™208 £ 0™Q018. This one may conchude
that * gemmine” mupethumps started at least two days
after the ontburst.

Two other gronps of peaks cormrespond to frequendes
57.88 and 67.80 cycles/day (21-25 minutes) and equal
semi-amplitudes of 0™0144+0™02. The frequency dif-
ference between the highest peaks from these groups,
~ 10 cycles{day does not cerespond to the orbital
frequency of the system (1765 cvcles fday). These fre-
quencies are also much larger than the frequency 3100
cycles/day of the ccherent 27.837-second oscillations.
Thus pessibly this variability & cansed by some quasi-
periodic aecillations and needs additional study.

. Resulis

Cnir ohservaticns started ~ 19 after the ontburst,
where the mean light cirve behaved non-linearly. Such
a decrease of dwm/di was interpreted by Cannizzo
(M1} as a consequence of incresse of viscms time
scale with decressing mass of the accretion disk. He
interpreted the outburst as a consequence of the =id-
den accretion of 10 g of gas onto the white dwarf.

We present remilts of the ¥ mmbtiharmonic+trend” fit
of the orbital variation, report on the presence of su-
perhumps much before their amplitnde became domi-
nating. An imteresting phenomenon are 21-25 minute
waAves.

meg[ T T T T T [ T T T T [ T T1

oL —

Fhase

Figure 4: Phase light curve of WZ Sge for 4 nights
used for the fit. The data are trend-comected. The
3¢ —order trigomometric fit and it +1c limits are
shovm as sdlid lines shifted by Q™15 from the data
Ppromts.
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PHOTOMETRICAL STUDY OF 53U UMA-TYPE BINARY
RZ LMI DURING THE SUPEROUTBURST IN 2001
AY. Bakanov', E.P. Pavlenko®
! Department of Astronomy and Astronomical Chservatory
(Odessa National University, Odessa 65014 Ukraine
2 Crimsan Astrophysical Observatory, Nauchny, Crimea, 98408 Ukraine
ABSTRACT. We perform the photametry of the ST **° . '
TMa-type binary, RZ LMi during the superontbnst %" .. 7
in 2001. The =tar displayed the supercutburst decay %% - ii}' i 1
with a rate ~ 0™Q7 /ilay. We detected the superhumps  gdoo- % Ej'! w5 -
with an amplitude up to 0™2. Some of the superhumps  Eors ¢ et
show the eclipse-like feature. The ephemners for max- gﬂzu - ' ﬁ ﬁ . -
ima & HID= 2451533.5535(6) + 0.055256(40; - E. = ams - i B -
Key words: Stars: variable: cataclysmicz 3@ SI: BZ = ase- ; :-51: % .
L 045 ' t'

1. Introduction

RZ LMi was d Eoovered as a variable star by Lipovet-
gkiy and Stepanian (1981}, Green et al. {1586}, Szkody
and Howdl sngpested RZ 1M to be a dwarf nova.
Robertson et al. showed that behavioaur o this dwarf
nova s similar to those of ER TTMa and V11558 G,
Pikalova and Shugarov (1955) oo the base of inspection
of 300 photoplates fram the SAT collection found that
within JI} = 2446015 — 2446208 RZ LM displayed the
brightness variations with extremely shoart cycle 21.2
days {or 23.3 day=s). Nogami et al. {1955} found same
shorter interval between two neighbour supercutbursts
— mpercycle length {~ 15day=) and dEmvered the su-
perhump period (005546 day=). S0 RZ LM is annique
binary among 3177 UMa type stars at least due to its
extremely short supercycle. For example, the shortest
sypercycke in a *clasical® dwarf nova V303 Cygis 85
days {Harvey et al. 1555}, Here we perfam the results
of our obhservations of BZ LM during four nights over
ane of the supercutburst in 2001, that are the part of
a multilongitude campaign organized by J. Patterson.

2. Observations

Onir observations of BZ LMV have been carried ont
at the 330-mm Kassegram telescope (K-380) of the
Crimean astrophysical cbservatory in the standard
Johnson B, band. The exposre time was 100". The
start and the end of observations, mumber of measire-
ments, maximal and minimal brightness in respect to

B1ESE -3): 1. ae

E1B3F LJLE
= 240000+ .

Figure 1: The light ourve of BZ LAV during the super-
cartburst 2001

Table 1. Jonumal of observat ions.

J0 J0 N | Momime | Moz
A1G932.3477 | 5193245313 | 129 | 0.754 | 0.530
219333906 | 219336523 | 163 | 0.908 | 0672
A1934.36T2 | Al1934.6445 | 193 | 0.919 | 0.723
81935.3633 | A1935.6563 | 77 [ 0.950 [ 0313

the canpartsan star are given in the Table 1. The ac-
curacy of a smple measurement was 003,

3. Resulis

The kmown cbservations of B2 1M show an ex-
tremely short duration of ft= supercuntburst. The
platean of sipercutburst in B2 LM lasts no bonger
then 7 day= {whik in anather 517 T3a type binaries it
cotkd reachs 14 day=). We obzerved approsdmately half
of the BZ LM sipercitburst duration. The lag-term
trend corresponded to the platean of superontburst de-
cline iz shown in Fig.l. The fading of BZ 1M was
about ~ (™Q(7/day. Note that Nogami et al. (1555}
foand a rate of platesn brightness fading in % band
~ 071 /day in 1995. The same rate cbtamed Homney-
cutt et al. (1955) alwo in ¥ band for the folded 195254
light curve.
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Figure 2: Nightly light corves of B2 LM

Table 2. Maxima timings fr RZ L.

1D 0-C (day) | o
al1932. 4084 Qo177 Q.0014
21932 4654 00153 Q.0012
519334760 Q0150 Q.0034
41932 4084 Qo177 Q.0014
21932 4654 00153 Q.0012
519334760 Q.01 Q.00345
519335377 | 00172 | 0.0008
513335531 | 00132 | 0.0012
al1934. 4285 Q0161 Q.0003
513345395 | 00082 | 0.0019
519346008 Q0101 Q.0023
519353715 | 00078 | 0.0015

Similar vahie conild be andely estimated from pho-
tografic data by Pilmlova and Shugarov {1955].

Thring the superouthurst, the prominent super-
humps have been detected with amplitude wp to
~ (™2, The original light curves are showm in Fig2.
Orver the conrse of the outburst the prafile o the super-
hump changed from a symmetric shape to an asymmet-
ric one {see Fig): The ascending branch became more
steep than descending branch. For the superhumps
with more steep ascending branch, the appearence of
the eclipse-like feature in sane minima & seen.

TUsing the oode of Marsakova and Andronov {1996}
we caleulated the timings of a sharp maxima and the
residuals {(3-0) according to the ephemeris by Nogami
et al. {1595):

Mer = BJD2MTRLONS + Q08046 E (1}

The resilt & presented in Figd. The {((-C= were
decreasing during the superoutburst. We fitted onr
data by the line and by the parabola. The fitting

Figure 3: The (-1} disgram for the time of the max-
ima calenlated nsing the ephemeriz (1). Line corre-
spads to a new ephemerts (%) and the dashed bne - to
the parabolic fit.

by parabdla is slightly better: we ot a less residu-
als after subtraction it from the original {(-C=, then
if we mibiract the staight line. The residuals calen-
lated as standard deviations are 0100217 for parabola
and 0100223 for line. Tt could indicate the decrease
of the superhump period. However, the quadratic ter
Q = (-3.3 £26) 107" days/cycle?. Thus the decrease
F not statistically significant.

This event often (it not always) i=s observable in
different 517 T Ma~type stars,

Thizs work was partially =supported by the grant
(2/07/00451 of the Ukrainian State Fimd of Fiunda-
mental Research.
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MR SER: PHOTOMETRIC PORTRAIT OF UNUSUAL POLAR

AY. Buklanov', E.P. Pavlenko®

! Department of Astronomy and Astronomical Ohservatory
(Odessa National University, Odessa 65014 TUkraine

? Crimean Astrophysical Gbhservatory, Nauchny, Crimes, Ukraine

ABSTRACT. Based on the QUD photanetry (B of
MR Ser obtained in 1555-2001, the period was cor-
rected with a commesponding ephemers MinHJD =
2451365.9664 4+ 0.0TETIEEE. The phase curve exhibits
drastic changes with hhminosity.

Key words: Stars: variable: cataclysmic: polar: ME
Ser

We present a result of 3-year detailed photometric in-
vestigaticns of the polar 3R Ser. Totally 1773 bright-
nes estimates have been obtained during 24 nights.
Based on these data, we corrected its photometric pe-
ricd, as listed in the abstract, with the initial epoch
ccrrespanding to the seascn 1955, The data from 1953,
2000 and 2001 folded with this period are shown in Fig,
1. Orver 3 year MB, Ser diplayed light variations up to
275 in maximum and up to 1™5 in minimmm.

The mean profile i 1939 shows a sharp minimim
and wide madmum with two ?shoulders”, where the
right shoulbder is higher than the left one. Amplitude of
this profile & 1™ 7. In 2000 the amplitude decreased np
by 17, the left “shoulder” practically disappeared. The
systern became brighter. One may note a significant
shift of the phase by -~ (.1FP, which may be pos=ibly
explained by the orentation changes of the magnetic
axis of the white dwarf in respect to the ratating line of
centers. In the first part of 2001 {20014} the star wasin
its lowest brightness state and dEplayed one-humped
profile with an amplitude of 075.

In 2( days, it has shown a dramatical change: bang
unchanged i minimum, it junped by ~ 17, At maxd-
rmm, it approached the brightness madmum i 1959,
However the shape of madimun now & different: the
keft “shoulder” is higher than the right cne. The largest
instahility oconurs at the phase ~4).7, and the curve is
murt stable at the phase ~{.4. All these changes may be
explained by variaticns of the structire and orientation
of the accretion oolumn.

Table. Joumal of cheervations.
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CCD-PHOTOMETRY OF CATACLYSMIC VARIABLE ES DRA
IN 2001

AY. Baklanov!, E.P. Pavlenke?, .1 Dudka?

! Dapartment of Astronomy and Astronomical Ghservatory
Odessa National University, Odessa 65014 Ukraine

? Crimean Astrophysical Observatory, Nauchny, Crimes, 98408 Ukraine
1 Department of Astronomy Kharkov National Uniwrsity, Kharkov §1077 Ukraine

ABSTRACT. On the base of our 34-day photometry
of ES Dra we found its ~ 20 — d light variations with
amphtude of 1™.6 and sugpest this star conld belong
to the nova-like subdass of catacly=mic variable stars.

Key words: Stars: variable: catachsmic: ES Dra

ES Dra was first discovered by Green et al. {1586,

They =uspected this star to be cataclysmic variable.
In the Catalog of Downes et al. (1557}, ES Dra is
preliminary classified as the T3 - type binary which
varyes in the region 13™.5— 16™.3. Several eflorts were
undertaken in order to get the valie of arbital period of
this binary. Andronov {1951} found P = 3%, however
Ringwald {1995} obtained F = 4.24h.

i’.‘u“]‘?‘?ﬂi‘ﬂ!‘fﬂ'ﬂf]‘ SEr

Variohie

b
- i

Figure 1: The finding chart of ES Dra An eddi-
tional designations of the binary are given accadingly
to Downes and Shara (1953).

We made photometric observations of this binary
during 34 nights in 2001 at the K-380 Cam=egrain tele-
scope of the Crimean astrophy=ical cheervatory in un-
filtered light. In total we obtained 1732 brightness
mezsurements of the variable and comparison star. ' We
can see that ES Dra displays the long-term light vari-
ations with = 20 — d typical time and amlitude 1™.6.

EZ Dra 2001
u.,E T T
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5 14
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SEZGED s210a S211n S2120 S21350

SO = 2400000 + ...

Figure 2: Light cnrve of ES Dra in 2001. The stellar
magnitide is given in respect to the canparison star

(g = 14™.8).

The profile of the brightenings £ dhanging from cycle
to cycle. It seems that the ES Dra behavionr could
be an attribite of rather nova-like star than that of a
dwarf nova. Nate that the brightnes variations of the
similar cycle was found in the ST TMa type binary B2
1A {18d), clammical nova V448 Her = Nova Her 1560
{22}, and nova-like BW Tri {25d) (B.E. Honeycutt et
al., 1985}, A detail analmiz of the variability will be
perfrmed later.

Thiz work was partially supported by the grant
(2/Q7/00451 of the Ukrainian State Find of Finda-
mental Researches.
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DETERMINATION OF THE AGE
OF LOW-MASS CLOSE BINARY STARS
OF EARLY SPECTRAL CLASSES

11. Bondarenko, E.L. Parevozlana
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Elaterinburg, 620151, Russia, minohr_info@mail wr.r

ABSTRACT. The results of the determimation of age
of less-mas=ive close binary stars of the early spectral
clasmes are presented.

Key words: Stars: close binary: lem-massive of the
early spectral dasses;

1. Introduction

The determination of age of close binary stars of the
early spectral clames {(CE) was made for the systems
by Badarenko and Perevielina (1987). CE-stars with
mass of a secondary component Jess than 3 solar masses
belong to the gronp of lem-massive CE. Secondaries of
CE have F-K spectral clames. The determination of
age was made by three methods: 1) of Eochrones by
Claret and Gimenez (1592 (isochrones on the diagram
L—T. ¢ ¢ with the treks of (laret which were made by G.
Dremcva); 2} using the relation age-mass of Barrando
et al. (1554}

T = 35.383-29651gM,
22 £ 122

where T - age of star in years, M - mass in solar mamses.
Thi relation is recommended to use for obtaining of
age of chranosphere active binary stars {les-massive
CE, KW and ~KW-systems). 3) according to the law
of braking of Scumanich {1572}

u, = N lﬂld . T_“'s, {l}
where T - age of star in seconds, A = 1.7. The ma-
jerity of the secondaries of less-massive UE has spec-
tral cla== F5 and later, i.e. these components have

welldeveloped convective envelope. It i= able to use
the empirical law of Scumanich to calulate age of CE.
Adopted, that the orbits are roamd {e = (I}, an orbital
period P & equal to the period of ratational motion.
The equatorial speed v, is calolated nsing means of
radii of secondaries and means o abital pericds and
adopted 4.5 times larger than the mean of speed in
Scumanich law, A = 1.7. Accounting adopted means
Scnmanich law is

T =280 F/R°, (2)
where T - age of star in years, P - orbital pericd in
days, B - radins of star in solar radii. The calulated
means of age of primaries by the methods of Barrando
et al {1954} and Claret and Climenez (1552} are ac-
cad in limit of 25%. The accordiance of means of age
of secondaries with 1se of the methods of Barranda,
Claret and Senmanich & in lmit of 22%. The calula-
tions, which were made, confirm posbility to use an
empirical law of Senmanich for obtaining of age of less-
massive binary stars. Les-masive [ E-systemns have
age from million years to ten milliard. Such mterval of

means of age points to an evolutionary nnganogeneons
of (E-stars.
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MULTIFREQUENCY STUDY OF SYMBIOTIC NOVAE

D.Chochel, T.Pribulla
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ABSTRACT. Symbiotic novae are sibelass of symbi-
otic stars - interacting binaries with wide arbits, whose
photometric history is characterized by a single nova-
like outburst lasting decades and cansed by a ther-
monclear mnaway an the surface of a wind acoreting
white dwarf. Symbictic novae have been detected in
all frequencies from X-rays to radio waves. Multifre-
quency observations yiekl complementary information
which appears to be crdal for an wnderstanding of
the underlying phy=sical processes as an arcretion by
stellar winds, TNBx a the white dwarf, imation of
the wind fram a cool giant, cdliding winds, jets and
bipolar utflows. The basic properties and multifre-
quency behavionr of the most studied objects: V1016
Cye, V1329 Cyg, BM 5gp, AfZ Peg, BT Ser, BR Tel
and PTJ Vul are reviewed.

Key words: Stars: binary: symbidtic novae; stars:
mdividunal: V1016 Cyg, V1325 Cyg, M Sge, AQ Peg,
RT Ser, RR. Tel, PT Vail.

1. Introduction

Symbiotic stars are interacting binaries consisting of
a cool evolved mass loosing giant and a hot radiation
sonrce (T f2 100 Q00 K}, which is either an accret-
ing mam sequence star or a hot white dwarf. The hat
star jonizes a portion of the glant's wind, giving e to
neblar emizion. The nebula is the man soirce of the
optical contimmm. The near-IB. colaurs ndicate either
the presence of narmal giant with T, ;¢ ~ 3000-4000 K
{5-type systems) a the combination of reddened Mira
and dust with temperature of ~ 1000 ¥ {D-type sy=-
tems). The ditincticn between 5 and D types (Web-
ster & Allen, 1575} is given by orbital separation of
the cool and hot component. The binary must have
encigh room for Mira-variable. Therefare, the orbital
periods of D-type systemns are expected in the range
20 - 200 years (Whitelock, 1987). The kmown orbital
periods of symbiotic stars are from 227 days (T CrB)
to 5300 days {CH Cyg), most of them nin between 1-3
years. New catalogue of symbiotic stars include 138
symbictic stars and 30 objects suspected of being sym-
bictic {Belczynski et al., 2000).

Symbiotic novae are subolasm of symbictic stars
wheee photometric histary is characterized by a single
nowa-like cutbirst lasting decades. The original Allen’s
{1880} list of symbictic novae: A Peg, BT Ser, RR
Tel, V1016 Cyg, V1329 Cyg, HM Sge was later com-
plemented by PTT Vul. Becent list inchuding 22 obhjects
was published by Munari {1997). As the symbictic
novae are detected in frequencies from X-rays up to
radio, their detailed study requires a multifrequency

The behaviour of symbiotic novae & similar to clas-
gical novae, except for much lmper time smle. While
the mass loser i classical novae i= Rodhe lobe filling
red dwarf, in symbiotic novae it & an M giant located
well n=ide itz Roche lobe. In bath cases the accreting
object i= a white dwarf. The orbital periods of classical
novae are smaller than two days, =0 the radms of the
Roche lobe of the hot component is a few Ry,. Dhuring
thermomclear mnaway the hot component expands to
dimensions > 1] Ry and enpulis the binary system.
Common envelope & ejected from the systemn in a few
day= or wesks. The orbital periods of symbiotic novae
are larper than two years. Therefore both compments
are well separated, even during the expanszion of the
cutbursting white dwarf to an A-F supergiant. The
rize to the maxdimum lhminosity lasts several months
50 it & slower than in classical novae. The increase of
brightness of symbiotic novae due to the ontburst does
not exceed 7™ i ¥V band. They remain at a steady
high lnminos=ity for dozens of years. Typical decline to
the precutburst luminosity lasts abont 100 years.

The basic informaticon about the nature of symbi-
ctic novae provides the study of variability of these
objects n TV, IR and optical regicn. Variability can
be cansed by: the eclipses, the reflection effect, the or-
bital variaticns of the emimion measnre in the nebular
crntimum, pulsaticns and jor rotation of the hot and
codl component, changes of the structure of the ciroum-
stellar matter induding accretion and excretion disks,
mteraction zone of colliding winds, flares, mutbursts,
dust frrmation. The most important phy=ical processes
which require multifrequency approach are: wind and
disk accretion, flares, thermomuclear ninaways, jonka-
tion of the cool giants winds, colliding winds, jets and
bipalar outflows.
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2. Basic orbital parameters

Orbital periods of symbiotic novae can be deter-
variations) or spectroscopy (periodic variations of the
continuum or line fluxes, radial velocity oorves). The
followin g orbital periods were fond from photametry:

V1328 Cyg - 959 days (eclipses in pre-ontburst
photometry; Stienon et al.  (1574)), 5565 days
(post=cutburst brightness variations; Schild & Schmid
(1997}, Chochd et al. {1555}].

RT Ser - 4302 days {post-cntburst brightness varia-
tions; Pavlenko (19577},

PTT Vil - 4900 days {post-cutburst edipses; Nuss-
baumer & Vogel (1958}, pre-ontbirst edipses; Chochol
et al. {1997)}.

AG Peg - 316.5 days (post-outburst brightness vari-
ations; Fernie {1985)).

VI1QlE Cyg - 5510 days (periodicity in flares;
Parimnucha et al. {20003},

The exact determination of the orbital periodsof AG
Peg and V1325 Cyg found from the photometric min-
ima positicns in their light curves is influenced by their
apparent changes discovered by Skopal {1598). They
are commected with changes of the energy distribution
of the hot-star spectrum. The phase shift in the pe-
riod morrelates with the change in the star’s brightness.
Skopal (2001a) showed that the main source of of the
optical contimmm is the neliila arising from ionization
of the codl giant wind by the hot star radiation. Vari-
ation in the emimion measure is fully responsible for
the observed wave-like modulation of the Light curves
of symbiotic binaries with the orbital phase. The large
amplitude of the orbitally-related wave-like variations,
shaping of minima and systematic changes in their po-
sitions reject their explanation by the reflection effect.
The variation in the optical contimmm should always
be followed by a similar variation in Balmer emission
lines.

Chochol & Wilson {2001} modelled 7, 8,1 light
curves of V1328 Cyg in terms of combined wind and
chromoepheric finorescence, with eclipses and shad-
owing of Auorescent regions and conversicn of far-
ultraviolet energy into the optical bands.

The extended atmosphere of the cod giant scatters
the light emitted fraan the hot component. The dust,
Thansm, Bayleigh and Raman scattering play an im-
portant rae. The previonsly unidentified emnission lines
at 6325 A and 7082 A were explained by Raman scat-

tering of the far nhravicdlet 3 VI resonance donblet,
emitted near the hot compact component, by nentral
hydrogen in the extended atmosphere of the cool gi-
ant. Periodic chanpes of the polarization vector due
to the orbital motion permit to determine arbital pe-
ricwd, inclination and orientation of the arbital plane
{Schmid, 1958). Orbital pericd BR Tel estimated by
thiz method exceeds 100 years.

The 5510 days photametric periodicity in V1016 Cyg
was independently confinmed from infrared photome-
try and TV spectroscopy by Parimmicha et al. {2001).
They showed that the variations in the {J — K cdonr
mdex as well in the TV continuum and (O 0], ¥ IO,
0] and Si IIT] emi=xion line finxes exhibit the same pe-
ricddicity interpreted as the orbital period of the binary
{see also Parimucha et al. - this procesdings).

The absolute parameters of A Peg were determined
by Kenyon et al. {1583). Spectrosoopic orbits for an
M giant and a hot component (foomd from the radial
velocities of He 1T A4686 A emission line) provided
the compment mames Mon = 26304 M, Mux =
(.6510.10 ¥, and a semimajor axis A = 2.54H{0.1 ATJ
frr an orbital indination ¢ = 50°. The red giant does
not fill it= Rodche lobe. The orbit of the cool M giant
was slightly mproved by Fekel et al. {2000).

Twa objects from mir sample show the presence of
edipses: PTT Vul and ¥1325 Cyg.

Two subsequent minima in the post-cotburst light
curve of PTT Vul were explained by Nussbaumer & Vo
gel {1556) as eclipses in a binary systemn with the or-
bital pericd 4500 days. The eclipses were confirmed
by Chochd et al. {1357) fren the analysis of the
pre-citburst photometry publihed by Liller &z Liller
{1575). Chochol et al. {1556 studied the radial ve-
locities of the autbursting white dwarf mimicing an F-
supergiant in PTT Vul from 1975 to 1587 and found a
possible 761 day= spectroscopic arbit (F{m) = 1.6 3).
¥ canfirmed , symbiotic nova P17 Vul is a triple system
similar to the eclipsing symbictic triple system CH Cyg
{Skopal 1557).

The pre-cutburst photographic light curve of V1325
Chyg suggested the presence of eclipses with the period
859 days (Stienon et al., 1974). Grvgar et al. {1375)
canfirmed this period by analyzing the radial veloci-
ties of optical emimsion lines and foind extremely large
semiamplitnde of the orbit reslting in a mass fimction
Fim) = 23 M, , confirmed by Tjima et al. {1581} from
optical spectra and Nus=banmer et al. {1586) fram TV
spertra. Thi maw function led to a very large mass
of the codl component (at least 24 3}, which did not
seem probable. Theda & Tamura (2000} argned that
cly certain pertion of the emisdon-line profile of He,
He II and [(> ITI] represents the true orbital motion
and found acceptable f{m) = 1.2+0.3 Ms. Fekel et
al. (2001} nsed nfrared radial velocities of the cool gi-
ant and determined K> = 7.851+0.26 kon /s and f{m) =
(L0431 H.0047 M. Both orbits lead to a mass ratio g
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= 2.93 and masses of the components M,..; =22 3,
and My, = 0.75 M, for an orbital inclinaticn i = 8¢
determined by Schild & Schmid {1957).

3. The cool cornponent

Near-infrared region is gptimal for the determination
of the spectral types of the cod components becanse
it includes the peak emizion from the giant and the
contamination by thermal dust emision, which domi-
nates in thermal infrared region, & small. The spectral
types of the cool giants in symbiotic novae recently de-
termined by Miiset & Schmidt (1559} and Rudy et
al. {1558} using infrared Ti(} and ¥V} molemilar bands
are as follows: V1016 Cyg ME-T, M Sge: M7, V1325
Cyg: M5.5-6, AQ Peg: M3, BR Tel: ME BT Ser:
M5.5-6, PTT viul: MA5-8. The empirically determined
dependendes of effective temperatire and radins npon
spectral type and V' — K colaur for cool giants and so-
pergiants was piublished by van Belleet al. {1555). The
S-type cobjects: A{l Peg, BT Ser, PU Vul and V1325
Cyg have near-IR colmurs of a late type giant, the D-
type objects: HM Sge, V1016 Cyg, BR Tel ndicate
presence of a dust shell.

Infrared observations demonstrated that D-type sy=-
temns oomtain kong-period Mira variables {Whitelodk,
15988). Their pulzation periods are m BE Tel: 387
days (Feast et al., 1583}, in HM Sge: 527 days (Mu-
nari & Whitelock, 1985); 535+5 days (Taranova &
Shenavrin, 2000}, in V1016 Cyg 478 day= {Munar,
1588); 4M+5 days (Taranova & Shenavrin, 20007,
47446 days (Parimmcha et al. - thi proceedings).
Taranova & Shenavrin (200(} determined the parame-
ters of the codl components in V1016 Cyg L. = 3600
I@,T, i3 =2350K,R¢ =5[]UR@a.ndinH'_\'ISgt: LL.
= 10 000 Ly, T.pp = 2650 K, K. = 540 By. They
determined the radii of the cod shells m V1016 and
HM Sge to be 1400 B.;, and 1500 By, and their masses
{3-3.3) 10° M and {4-8) 107 M,

Chochol et al. (1958} found from the B and V' oband
photometry the pulzation period of the AQB compo-
nent in PTJ Yl to be 217 days and determined L, =
3820 Ly, K. = 282 B, and M, = (.76 M. The pho-
tometric data from the 1993-4 eclipse were used by
Chochd et al. {1557} and Chochol & Pribulla {2000}
to caloilate the radins of the cool component 8, =
(.208A = 287 R, in agreement with the radins derived
from pulsations. Pavlenko (1897 found the pulkation
pericd of the cool giant in BT Ser P = 213 days fram
the B band phatometry.

Cod components are characterized by slow winds
with a velocity of about 10-20 lon/s. The mass los
rates estimated by Whitelock (1987} and Kenyon et al.
(1588) are M ~ 107 Mayr—! and M ~ 10~° Vgyr
frr S-type and D-type systems, respectively. Radio
ctinuum measirermnents at 5-15 GHez cafirmed this

resmlt (Seaquist & Taylor, 1550,

4. The hot cormponent

The hot components in symbictic novae have under-
e a single outburst lasting decades cansed by the
TNE an the surface of the wind accreting white dwarf.
Histarical light-ourves of the symbictic novae based on
the published photometry were presented by Miirset
and Nussbaumer {1554). We describe the histay of
the aqutburst for AQ Peg, RR Tel, PTT Vil and V1329
Cvg in meme detaiks.

AG Peg began the slowest classical nova autburst
ever recorded in the mid-1850=, rising from 5™ to 6™ in
about decade. The first available spectra from the be-
gining of 20th century revealed Be-type spectmum with
strong P-Clygni profiles of emissian lines. Then the hot
canponent. slowly shrinked, mereased its temperature
and mn 1580's evolved to a Wolf-Bayet star {WXNE spec-
trum}, a hot subdwarf with T,z > 100 000 X (Kenyon
et al., 1583}, The ITTE observations of A3 Peg showed
broad He II 21640 A and N V 31240 A emission
line profiles. A ma== lo= from the hot component by
a fast wind in AQ} Peg was proved by Nussbanmer et
al. {1595}, who detected with the HST the P Cygni
profile of ¥ ¥ Line. The wind n 1534 had a termi-
nal velocity of 1000 kn/s and a mass-loss rate about
10" Mgyr ! {Vogel & Nussbanmer, 1594). Historical
data together with ITTE spectra showed that the hot
camponent maintained a raughly constant bolametric
himinexity 3000 L, from 1870 till 1585, During 1952-
87 the bolometric lnmineeity declined by a factor 2-3
in comparison with the 158085 data (Kenyon et al.,
01},

RR Tel began itz ontburst in 15944, The mass-loss
history was described by Nussbanmer & Dumm {15577,
The nova outburst led to an extended atmosphere with
a radine f = 5 By and no mam= loss. Thereafter
it slowly shrinked and increased its effective tempera-
ture. The transition to the nebular stage was accom-
panied by a strong mass-loes. The corresponding wind
mcreased its terminal velocity from =2 400 lon/=in 1945
t iz 1300 Jon /= in 1960. There is no trace of mass loms
after 1578. At present, the TI'V dereddened contimum
can be fitted with ablack-body emission of T = 140000
K and L = 3700 L, corresponding to a hot star with §
= (1.105 Bs. The BDSAT X-ray observaticns showed
that BR Tel exhibits supersoft o pilse height distribn-
tion i.e., ementially all counts are below (.4 ke'V'. The
observations can be reproduced by the emission of a
white-dwarf model atmosphere with T, p = 142 (000 K
and L = 3500 L, (Jordan et al., 1354).

PU WVul: Liller & Liller {1975) showed that during
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Figure 1: Long-term {7 BV photometry of P17 Vul

1398-1956 the brightness of the cbject fiuctnated be-
tween 15™ - 16.5™ pricx to the slow ke to B -~ §.3™
in 1977-79. The 7BV photometry of PTT Vil is pre-
sented in Fig. 1. In 1978-87 the light curve exhibited
almost flat maxdmn nterrmpted by an eclipse in 1980-
82. The brightness maximum B ~ &.9™ was reached
in 1883. Since 15987 the brightnes contimonsly faded.
In 15934 another eclipse was detected. Dhiring the flat
madimun an F supergiant spectrion appeared {Belyak-
na et al., 1584). In 1537 the wind emerged from the
hot star and the envelope was ejected. The nova en-
tererl to nebular stage i 1990 showing a rich emis-
sicn line spectrum. P Cyg profile of Si I line in
IITE spectra taken in 195091 gave the evidence for
a wind with terminal velocity = 500 kan/= (Vogel &
Nusshawmer, 1592}, Mass Iiss from the system M =
2.7 1077 Mgyr~! was found by Seaquist et al. {1553}
from radic cbservations. He determined an expansion
velocity of the imnized shell to be s 70+10 ki /s, Cho-
chdl et al. {1997} showed that the emisicn (3 I line
profile consists of multiple peaks. They mterpreted it
as approaching and receding parts of the equatorial
ring and polar blobs with the expansion velocities
80 km/s.

V1328 Cyg: In the years 18591-15964 the brightness
of the object finctuated aronnd 15™ with ooasional
20.5™ deep decreases, which repeated with a period 555
days (Stienon et al., 1574}, interpreted as eclipses of
the hot component. by a red giant. The nova-lilke mut-
burst started in 1564. The brightness madmum of
11.5™ was reached in 1566. The brightness decline was
arcompanied by wave-like variations with the orbital
period §956.5 d. The spectral evolution after the dis-
cwvery of the chjert in 1979 was characterized by the

pradual increase of the joneation level of the emis=ion
line spectrum. Crampton et al. {1870 fomd broad
WR emis=ion features with an expansion velocity of ~
2300 kon/s and a multiple structures of [Ne I] and
[0 1] emisicn lines with peaks extending from -240
to +250 Jan/s. Grygar et al. {1975) explained these
strnctires by existence of ejected polar caps and an
equatorial ring. Tamura (1877 noted the appearance
of [Fe VII] emimzion lines and strenghtening of the He
IT line in 1574-T6.

Dbservations of symbiotic novae during mitburst
show the presence of fast winds from their hot com-
ponents. Very broad WE, em#mion features of He I,
N IO, ¢ IOIL N W lines during nebular stage man be
attributed to this wind.

Symbiotic novae fall into two classes with quite dis-
tinct spectral behavionr. In V1016 Cyg, V1329 Cyg
and HM Sge the ontburst led straight to a nebular
emtssicn spectrum. The photcephere of the ontburst-
ing white dwarf reached in madmm aly few By, In
A Peg, BT Ser, BR. Tel and PTT Vul ontbursting star
remains several years m A-F mpergiant state before
entering, the nebular phazse. The ontburst of symbi-
atic nova oomrs when unstable hydrogen shell burning
canses a white dwarf to expand to a radins of 1-100 R,
Thi madel predicts a long-duration, constant hminos-
ity phase following the visal maxdmim. The evalution
of liminosity and temperature during the outbursts of
symbictic novae was stidied by Miirset & Ni=banmer
{15654). They found the peak himincrities in the range
3700 - 3700 Ly and =lowly increasing temperatires
up to 200 000 X during their decline from visal masx-
ima. Different behaviour of two types of symbiotic no-
vae can be explained in terms of degenerate and non-
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degenerate flashes. White dwarfs underpning strong,
degenerate flash evolve into A-F snpergiant resembling
the clamical novae in maxdmuom. Objects underpo-
ing weak, non-tepenerate flash remain at high effective
temperatnres and resemble planetary nebulae at visnal
madimun {Iben, 1882; Kenyon & Truran, 1583). The
strong degenerate flashes ooonr at low accretion rates
M < 107® Moyr!, while non-degenerate flashes at
high accretion rates M > 107% Moyr~! (Iben, 1552).

Lumincrities of the hot components at platean por-
tion of a white dwarf cooling curve are directly re-
lated to their masses by the core mass-liminosity rela-
tion (Parzyns=ki, 1971; Jos= et al., 1987). The mawmes
of the white dwarfs in 3, calmlated by Mikolajew-
ska & Kenyon {1552) 'Y and Miirset & Nussbanmer
{19943 '¥ are as fdlows: V1016 Cyg (1.1 4, Bd
Sge (05 (Y; 0.95 B}, V1395 Cyg (0.68 (V); 0.81 B,
AG Peg (0.55 ; 0.54 9}, RR Tel (0.7 (J); 0.85 @),
BT Ser (0.95 @), PU vl (0.5 Y; 0.54 @), The de-
rived luminosities in platean phase are responsible for
differences in white dwarf masses presented in both pa-
pers. The distances to the systemns which can resolve
the problem are poorly kmoorn.

5. The nebnla

The rich emimsion-lne optical and TV spectra in-
dicate the presence of a cirenmstellar jonized nebula
frrmed by a maw= lo= from one ¢ both components
of the symbiotic nova. The diagnostic o the phy=ical
coanditions within the nebula {electron densities and
temperatures) can be accomplehed using the forbid-
den and mtercrmbination emisdon line fluxes {Victti
& Hack, 1993 and references therein). S-type symbi-
ctics are surrainded by nebulae with electron densities
N, ~ 10% - 10'" cm ™%, while the densities of nebulas
in D-type systems are N, ~ 10% cm ™ {(Kenyon, 1586).
Electron temperatires can be derived also from fitting
of spectral energy distribution in the comtimunm be-
tween (112 and § pm by a three-component model of
radiation. Two stellar components are approxdimated
by Planck finctions, while the nebular spectrnm is rep-
resented by the free-bonnd and free-free emismion fram
hydrogen (Slopal, 2001b). Application of this method
allowed to determine electron temperatures of AG Peg
and V1325 Cygas T = 17T 200 K and 7. = 19 500 X,
respectively (Slopal, 2001c).

Tayler {1988} reviewed the radic imaging of sym-
bictic stars and categried imied nebiulae into two
types: outburst ejecta with strang tendency for bipo-
Iar or jet morpholopy and stellar winds. V1016
Cyg and HM Sge show the characteristics of both
types. Extended nebnlae can be resolved by radio-
nterferometric cbservations and high-resclution CCD
imaging. The nebnlae of HM Sge, V1016 Cyg and
A Peg were resalved both at radio and optical wave-

length {(Corradi et al., 1599a and references therein),
V1225 Cyg by the HST at optical wavelength (Schild &
Schmid, 1857). The TV fmages of HV Sge were taken
by the H3T (Hack & Paresce, 1593). Direct images of
the extended nebilar structures aronnd D-type symbi-
ctics show bipolar genmetry. The detailed stndy of the
optical nebulae arcnnd AW Sge and V1016 Cyg (Cor-
radi et al., 1589b) shows the evidence of dongated and
collinated outflions. B Sge pomesses a orved  ooli-
mated string of knots a5 a remlt of a fast collimated
wind from the white dwarf and precessing accretion
disk. The bipdar mutflow velocities of 120 kmn/s for
V1016 Cyg and 200 kan /= for HM Sge were found from
long-slit. spectroscopic imaging {(Solf, 1583; 1534).

The matter lost by a cool giant escapes from the sys-
tem directly by conventional stellar wind ar during the
arcretion process onto the hot component. This com-
ponent. locse the mass by wind which can be collimated
by an accretion disk a by the ejection of the envelope
dne to the mitburst. Binary madel for the creation of
bipolar cirenmstelar outflows was proposed by Morris
{1687). The wind of the red giant forms an accretion
disk arcund the secondary component and an excre-
tion dik enconpasing the whole system. A second
wind arizes from the mtericr of the accretion dizk. The
presence of accretion and excretion dik in V1329 Cyg
was proposed by Chodwol & Vittone (1336). Long-
termn photometry of this object shows that the orbital
brightness variations are modulated by a secondary pe-
riced of 553 day= and a posible cycle of = 5300 day=
{Chochd et al., 1553}, probably cansed by the preces-
sicn and mitation of the accretion disk. The exdstence
of the accretion diEk iz supported by the 30 simula-
tion of the wind acoretion by compact star {Thenns &
Jatzen, 1553} as well a5 by the 21) gas dynamic sim-
ulation of a mass-transfer by stellar wind in symbictic
stars {Bisikalo et al, 1957).

In the standard model (Seaquist et al, 1384; Tay-
lor & Sequist, 1884; Nussbanmer & Vogel, 1587) the
nebula i= generated in the wind from the cod giant
and part of this wind & photoionzed by the hot star.
Ionized region can be either completely enclosed by
nentral material & the cme of imized material sweeps
over the one of the companents.

In the colliding-wind model the wind from the hot
component. interacts with the wind of the cod giant
{Wallerstein et al., 1584; Qirard & Willson, 1937; Num=-
banmer & Walder, 1553). The winds from two coanpo-
nents approach from opposite directions colliding head-
cm in the region between the stars and head-on-tail
ctside. A= a remilt, the reverse shod: propagating in
the direction of the white dwarf and expanding shodk
propagating towards and beyond the giant appear.

Detailed 3D simnlations of colliding winds in symbi-
ctics performed by Walder (1598) show the presence of
the spiralshaped interaction zone of the two winds. It
consists from the driving part, where the hot-star wind
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crashes into the slow, dense wind of the cool giant and
lagging part characterized by a huge rarefaction of the
cold wind.

For the collision region, temperatures of a few mil-
jon ¥ and consequently X-ray emision are expected.
Symbiotic noae V1QE Cyg and HM Sge were de-
tected as bright X-ray sources by Allen {1581} using
the ETNSTETY =atellite. The zame cbjects as well as
A Peg and PTU Vul were detected ako by ROSAT.
These objects exhibit harder 7 pulse height distribun-
tion that typically peals at (0.8 keV and can be re-
pro<inced with the emission from a very hat optically
thin plasma heated by the shod= in the collision of two
stellar winds (Miirset et al., 1955, 1557). All A-type ob-
servations were fitted with mme point Baymond-Smith
type plasma model and temperatures 3.1 - 6.3 milions
K were derived.

The colliding wind model was snecesdnlly apphed
to the caloilation of the line and contimnun spectra
of BV Sge (Formiggini et al., 1995), AG Peg (Con-
tini, 1997} and BR, Tel {Contini & Formiggini, 15959).
The model fits the high- and low-ionization emis=ion
lines taking into account bath the shodk created by
the winds and phatdonization fhix from the hot star.

Kenny & Taylor (1558} applied a model of orbital
caliding winds developed by Kenny {1595} to explain
radic observations of HM Sge. They derived the or-
hital pericd of HM Sge as 30150 vears. Richards et al.
(15987 1med the MERLIYV and VLA radic observations
to show that emizion peaks appear to be corotating
with the binary orbit as the imEation frant and the
hot wind from the white dwarf interact with the Mira
wind. The development of the radic strcture over §
years allowed to estimate the binary separation A =
50 ATI #f the distance is d = 1250+28) pc. Eyres et al.
(2001} 1med HST and VLA ohservations to measre for
the first time the positicns of the binary companents of
a symbiotic star HM Sge directly. They estimated the
projected anplar binary separation to be 4045 mas.
The mlliding winds model was sncceshully applied also
fr explanation of the MERLIY radio observations of
V1016 Cyg (Watson et al., 2000].
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OBSERVED PROPERTIES OF CONTACT BINARY SYSTEMS

A, Kalimeris, H. Rovithis-Livaniou

Section of Astrophysics, Astronomy & Mechanics, Dept. of Physics, Athens University,
Panepistimiopolis, Zografos 157 84, Athens, Gresce elivan@ce. uoa. gr

ABSTRACT. A group of close eclipsing systems,
which contimes to pose a challenpge in many subjects
of modern astrophy=ics, is that of contact binaries. In
this study, nsing the most recent observational data of
a large =ample of such systems, a review concerning
their properties is presented. Except from the basic
praphs, appeared =0 far in similar reviews, some new
diagrams for their anpular momentum, horizcntal en-
ergy transfer, and corrected mams- radins relations are
given. From them, same new important properties of
contact hinaries are derived.

Key words: Stars: binaries: contact

1. Introduction

Regardless the large mimber of papers referred to
contact binaries -and especially to thoase of W Ta-
type, that iz to the late type ones- which have been
presented up to now {e.g. Hazlehurst 1970, Mochnacld
1581, 1585, van Hamme 1582, Duerbeck 1584, Kalneny
1985, Bacm=ld 1585, 1552, Maceroni et al. 1585,
Kihler 1589, 1857, Rovithi-Lianion et al. 1852,
Macerani, van't Yeer 19567, a lot of problems, concern-
ing their structure and evalution are still open. Lncy
(1968} wa=s the first to make serious attempt to con-
strict equillibrinm modek of contact binaries that take
into acconmt Kuiper's paradoc and it had proved sur-
prisingly dificnlt to constrnct contact systerns, that
satify all the observational constrains. Later, Bier-
mann and Thanas (15972, 1973) proposed same models;
while, varions theories and other models were devel-
oped and sugpested by many mvestigatcrs concerning
the strnctiure and evohition of contact binaries, as well
a% their general properties (e.g. Villm 1573, Vilhn and
Rahunen 1576, Hazlehurst 1976, Bahunen and Vilhn
1977, 1882, Shu 1580, Shn and Lubow 1581, Hazlehnrst
et al. 1973, 1930, 1982, 1984, Rahunen 1933, Smith
1984, Rucinski 1985, 1392, Webbink 1977, Rucinski
and Kahizny 19594, Karetnikov 15567,

Bimnendijk {1970} divided the late type contact sy=-
tems to two sub-clasmes: A and W, according to their
light curves properties, while a third sub-class (known
a E) was added to mdude the early type contact bi-

NAry Systems.

In the present study the properties of contact hina-
ries will be presented, based on the latest observational
data of a large sample of such systems. Special atten-
tion will be paid to the late type systems, since a larper
munber of them, compared to those of early type, have
been observed and analyzed so far, and thus they yield
to more reliable resilis.

2. Observational Dhata

The observational material nsed in the present study
E mamly cmne fan the photometric observations
of these systemns, and therr smbsequent analy=is 1s-
ing modern techniques, based on the Boche geome-
try. Spectroemopic data were also nzed where available.
Thus, eighty {80} contact binaries, with well observed
light curves, were inchided in our study. From them,
38 belong to the W sub-class, 30 10 A, and 12 are
early type contact systermns. The mass ratios ranpe from
g =1 ffor V701 Sen) to g = 0.072 (for AW UMa).

Relalioe Trequency (%)

i ‘

boc O 3% R ¥ ISR P TR or A S TP A 5 W T ILT S I
Chbiifal Peviod qaays)

Figre 1: Orbital periods distribution of contact bina-

TiES.

3. General Observed Properties

21. Orbital Perdodr and Spectral Typer

The orbital period distribution of contact binaries, in
proaps of (1.5 days, are presented in Fig.1, where dashed
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blodk= denote the A sub-class systems, blanck these of bt
W, and dashed-decline blocks those of E. The same & _
symboliEm will be kept in all other disagrams, where _ o u
the relative frequency is involved. Fram this figure, one  &* &
can notice that the periods of the W sib-class sy=tems E el
range from .22 to (.65 days; these of the A are greater = Ter -
than (.3, while those of E are greater than (.8 days. = i 5 o
o Al ; ~ o 3
. % S o T . & .
u s R R R TR T e

-:“‘.—L-' L W " * :llru'ﬁ ﬁ l'-r'l_.-lai'EI A G -
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i3 Vs w - Fipure & The filling factr mass-ratio relation of con-

2 3 , - Tk tact binaries. Squares denote the W, and triangles the
. : e B A sub-class; while crosses the early type systems, E.

= ' L

Cwchitar Mevied (days)

Fipure 2: The period colonr diagram of contact bina-
Ties.

Morecver, a relation exists between the colour index
{B-V} and the mhbital pericd P, known as the colour-
period diagram, ar Eggen’s relation {Eggen 1961, 1967,
Lucy 1568). For the sample nzed in our study, this rela-
tion & presented i Fig2. Mot of the contact sy=tems
lye within a zone -Eggen’s zone- of (1. 15 day width, with
the W snb-class sy=tems being at npper left. part of the
diagram, and the A, at right lower part; while, there is
a mixing of the two sub-clames from F? to (37 spectral
types.

0N —

E
=

-
trrr rrnini

Relottos Dragueymy (7}
=

45

Filling Fictor (%)

T TV T who Ul 10D 1T

Fignre 3: The filling factor distribution for contact bi-

TATIES.

Accmding to Haglehurst. (1570, the zone is extended
in bath sides of the line: (B — V) = —0.55— 2.26logF,;
while a different description & given by Kiihler &
Fehlberg (1591}: 1.5i0gT, ¢ — logP = ¢, where . varies

from 5.575 to 6.13.

3.8 Mass-ratio and Filling Factor

Fig.3 presents the filling facta £ (Mochnacki, 1981},
distribntion of contact. systems.

All'W TTMa-type systems have small filling factors,
penerally less than 25%. More specifically, in most of
the W sub-class, f & around 15%, and in most of the
A’z f iz aronnd 5%. It seemns that there iz no con-
tact systern to be m complete over-contact (having
F = 100%). The f values are less than 84%, with one
excepticm, the UZ Leo system, for which f was found
to be equal to 90%; but, the aconracy of its elements
£ not as high as that of cther systems.

Fig.4, shows the filling factor mass-ratio rdation, f-
q, where squares denote the W snb-class systems, tri-
anples these of A, and cromes those of E. This sym-
bolem will be kept from here on. From Figd ane can
notice that the W sub-cla= sy=stemns, with the excep-
tion of 3, that &: of SW Lar, V677 Cen and GW Cep,
are boamded by the dashed line.

From Fig.4, is also obvions that W sy=tems, are get-
ting greater filling factor values, when mas ratio g is
arcand (.5, and smaller for ¢ < 0.3 & ¢ > O0.8. On
the contrary, the A sub-cla= systems are wnidormly
spread all over the f-q diagram, and appear to devel-
ope greater f values towards smaller mass-ratio g's.

2.8 Masses and Radi

The masses of the late type contact binaries are gen-
erally small. The masses of their primary compmments
are less than 2,40, and these of their secondary stars
less than 1204, M, being the solar mass.

Om the gther hand, the radii of most of the primary
stars of W TTMatype systems are very hittle above
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Figre §: Relative deviation of primary stars radii of
cantact binaries, from ZAMS and TAMS. [Models by
Mengel et al. 1875].
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Figure §: Same as Fig.§, but for the secomdary com-
ponents of contact systems. Moreover, the dashed-doat
line denotes the rading vahie of an ardinary star, before
endering the giant branch.

ZAMS (Fig.5); while, that of their secondaries are very
mch above it: from 30 to 300%, preater than ZAMS
(Fig.6). It is warthwhile to mention that the relative
deviation of the secondaries’ radii & preater towards
the mmaller mass values.

In Figz. and §, the thick dashed line denotes TAMS
{when hydrogen in the star’s miclei is zero, 0%}, whilke
the contimuons one stands for the hhminosity of an ondi-
nary star, when its hydrogen has been rednced to 10%.
The zame symbdlism is used in Figs. 9, 10, 12 and 13,
T,

2.4. Temperature Differences

The temperature dfference appeared on the surface of
the common photcephere of late type contact systems
of W TIMa-type, has been attributed to two absohitely

different canses: 1) to the phy=sical proccesses of their
coammon envelspe or 2) to the presence of dark spots,
gimilar to those of o Sim. Assuming that the tem-
perature differences are real, then from the light and
colour curves analysis of these systems, it oomes out
that their vahes range fram -450 to 4550 K, as is
showm in Fig.7. From this fipure, we notice that in the
early type contact. systems the temnperatire differences
are very small {of the order of 530 degrees).

frlation Fremeeney (%)

L RO T R IR A
T T T T T A [T e T TR IR TR Y

Termperabire Difference ( AT K]

Fipxe 7: The temperature difference for the two basic
sb-classes W and A, of contact binaries of W TMa-

type.

Morecwver, in Fig.8 the temperature difference versis
the colonr index (B-V) is shown, From this, & obvions
that almost all W TTMa-type systems with colour index
preater than (.4, (that correspods to spectal types
later than F7-8), have secondaries with mch preater
T, ¢y valies than their primary conponents.
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Figure &: Helation between temperature differences
and coloir index {(B=-), for the two basic sub-classes
of contact binaries of W TvIa-type.
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3.5 Lwminoriftier

The real hhminosities o the two components of W
T Martype systems, can not be meamred directly fram
chzervations, due to large amoimts of energy transfer
AL from primaries to the second aries stars.

The tatal energy Ly + Lm, coming out from the two
camponents phatospheres, & equal to the total energy
Lz + Iz, produced by their nucled, if the amount of
energy lest by the primary & added to the secondary
camponent. In Figs.9 and 10, the observed himinceities
ver=is the ZAMS nuclear luminosities, for the primary
and secrmdary stars of a contact binary are presented,
respectively. The dashed diagonal lme, denotes the
relation Ly 4 = Ly oy and L = Iz, respectively,
without energy transfer, and for zero age components.
L oty 1=1,2, stands for the chserved lnminosity of the
two stars of the system.
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Figure §: Comparismn of the cbserved himinosity ver-
s ZAMS muclear lnminosity for the primary compo-
nents of late type contact binaries.

A= & obvions from Figd, primary components fol-
low in general the £AMWS mass-luminosity relaticon, al-
though a large munber is below it. On the other hand,
Fig.1Q, shows that almost all secondaries have much
larger liminosities than ZAMS, and in some cases, even
TAMS vahies; with bigger deviations to those of A sub-
class.

4, The Energy Transfer

The energy trander AL, iz not a directly measired
quantity. It can be computed, assuming that the en-
ergy lost by the primary star, iz added to the secondary
component to yiekd to an isothermal common photo-
sphere. In much a case:

Ll,nll=L1,r_ ﬁL, and

L‘ﬂ,nll = LE,{: B ﬁL-

Tsing Stefan-Boltemann, and Plank laws, we get:
((L1e — ALY/ (e A — (L2 — AL}/ {aA2})'/*
AT, ¢ ¢, where 4;, i=12 & the areaof the miter envelope
of the i-component. This quantity can be arithmeti-
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Fipre 10: Same as Fipgure §, but for the secondary
CrENpONEents.

cally calenlated through the Bodhe model, when the
flling factor, the period and the two stars’ masses are
knwn. In thE way AL was calnlated and in Fig.11
has been plotted vermis the massratio q. Maeover,
the fdlowing relation was faind:

log{AL /Iy ) =2.66— 3.5 ¢

fx the secondary components.
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Figire 11: Energy transfer vermiz mass-ratio g, for the
two basic mib-clames of contact binaries of W TMa-

type.

A first estimation of the amomts of energy produced
at the two stars’ muckd, & ako possible since: I, . =
Ly ot + AL and Iy, = Lo — AL, fx the primary
and the secondary components, respectively.  Figs.12
and 13 present the comected himinosities of primary
and secomdary components, respectively towards their
ZAMS muclear himinasities. Apain, most primaries are
very close to ZAMS, and with the exception of one (the
Vii73 Cyesystem), no one is above TAMS. Five, (the
DE Oy, {7 Peg, BY Dra, BW Dra, and V5 Parc) are
cn TAMS; while four, (the 5W Lar, YY Fri, AH Vir,
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AR Her), are below ZAVWS.
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Figire 12: Comparison of the cmrected luminosity to-
wards ZAMS midear himinosity fr primary compo-
nents of the two basic mub-clames of late type contact
binaries.
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Figure 13: Same as figure 12, but for the secondary

COEOpOnents.

Om the contrary, a significant large number of sec-
cnclaries (espedially of the A sub-class), are on TAMS,
r even. above it. Due to big errors, this resilt is not
certain; and although the whole picture can not be
crngidered as clear, it seems that there are sane weak
indications according to which some of them {abont
M%), i= posmible to be above ZAMS.

Acknowledgements. H. B-L admowledges the finan-
cial suppart of the University of Athens.
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ON THE ESTIMATION OF THE LIFETIME OF THE
ACCRETION DISK IN THE SEMIDETACHED BINARIES

AA. Kilpio

Institute of Astronomy, Moscow, Russia, skidpio@inasan. rssi.ru

ABSTRACT. The remilts of 30 numerical simula-
tions of mass transfer in semidetached binaries after the
mass transfer termination are presented. Om the first
stage the 30 gasdynamical simulation of mas transfer
frr the case of constant rate of mas transfer has been
cadncted up to the steady-state =sdution. Then the
matter ontflow was adopted to be terminated and the
dependency of the lifetime of residnal dEk on mumeri-
cal viscosity has been considered.

Key words: Stars: binary: cataclysmic; stars: ac-
cretion dizk.

1. Problem setup

The purpose of this work & to investigate the flow
stricture in a semidetached binary after the mass
transfer termination. On the first stage the 30 ga=-
dynamical simulation of the gaseons lows for the ase
of constant rate of mass transfer has been conducted wp
to the steady-state sohiticn. Then it was adopted that
matter outflow is terminated and the fate of residual
disk was considered. It is well known that the evo-
hition of accretion dik is controlled by physical pro-
cemses respons ble for the red stribntion of the angnlar
menentum in the dek. To mvestigate the influence of
vEcEity we condnct 3 mns for varions values of viscos-
ity, these ones corresponding to the following effective
vahies of parameter o in terms of the a-disk {Shalira
and Syunyaev 1954): a ~ 008 + 0.1, 0.04 +0.06 and
0.01 +0.02.

Let ns consider a semidetached binary sy=stem and
adopt that acoretor has the mass M, the mams-loosing
star has the mas M, the separation of the binary
systemn i85 A, and angular velocity of orbital rotation is
(1. The ficrws of matter in this sy=temn can be described
by Enler equations with equation of state for ideal gas
P = [y — 1lipe, where P — premire, g — densty, € —
sperific internal energy, v — adiabatic index. To mimic
the radiative lom= of energy we adopt the value of ~
close to0 1: v = 1.01, which cormresponds to the near-
Eothermal case (Bisikalo et al. 1557, Molteni et al.
1591},

To obtain the numerical saution of the system of
equations we 15ed the Boe-Osher TV scheme of a
Ligh order of approadmation (Boe 1586, Chaloamarthy
and D=her 1985} with Einfeldt modification [Einfeldt
1588). The origmal system of equations was written
in a dimensionless form. To do this, the spatial vari-
ables were normalized to the separation A, the time
variables were normalized to the reciprocal anpular ve-
locity of the system 07!, and the density was nor-
malized to its vahie in the nner Lagrangian point L.
The gas flow was simulated over a parallelepipedon
[-1pA ...16A] x [-1A .10 A] x [0...1/ad] {due to the
symmetry of the problem calenlations were conducted
caly in the top half-space). The sphere with a radins
of lfinnAd representing the accretor was ent ot of the
caloilation domain.

The boundary and the initial conditions were deter-

mined as follows:

s the dona star fills it's Rodhe lobe;

s we adopted free-outflow conditions at the accre-
tor and at the cuter bonmdary of the calenlation
dcanain;

s on the first stage in pridpoint. correspanding to L,
we injected the matter with parameters p = p{L,},
Vo =c{In), ¥, =V, =0, where o{L,) = 107 !-is
a gas speed of sound in Ly ;

» on the second stage when steady-state regime was
reached at the moment of time t = 4, we adopted
fee-ontflow conditions at the accretor and at the
oter beindary of the caloilation domain.

The initial oonditions cwresponded to the back-
pround gas with the following parameters were nsed:

o =10"%p(Ly), Fp=10""g{L;} A(L1)/y, Vo =0.

2. Estirnation of the lifetime of the residual
disk for different values of viscosity

To evaluate the influence of the viscosity on the
sohition, three nms with different spatial resclution
were conducted. The Euler equations don’t include
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phy=ical visoreity s0 we varied the mumerical viscosity
by virtue of changing of computational grid. Three
prids were chosen for the simulation: 31x31x17{"A"],
6lxflx 17 B7) 81 x51x25{" (). The used grids were
wuniform for all the mins. In terms of the a-disk the
nmunerical viscosity fr mmms *A®, *B®, *(* approed-
mately correspmuds to o ~ 008 + 0.1, (.04 + Q.06 and
0.01 +0.02.

Prior to simulation of the flow structire with
stopped] mass transfer the near-steady-state solitions
frr the case of constant non-zerc rate of mass trans-
fer were obtained and nsed as initial conditions. At
the moanent of time & = &, the rate of mass transfer
was decreased in five order of magnitude, which corre-
spads to the termination of the mas transfer.

Calolations of mns *A” and *B* were lasted nn-
til the density of gas becomes less than the back-
ground density gy = 107%p{I,). ThE coEresponds
to the full vanishing of matter due to accretion and
autflow through outer bonmndary, The durations of
these two nmns cmrespond to 5P,y and 12F.4 after
the moment of time 4,. Ban *(* has the best reso-
hition and the minimal munerical visosity. Neverthe-
k=5, this Tin was conducted to 105,y only, since this
mn & very computer-time-consuming while the time
when diEk vankhes can be estimated as ~ S0P, 4. We
extrapolated the reults of calulation of mun *C* for
> 10F .

To evaluate the lifetime of the residual disk we
used the estimation of the gas mass change m =
I pdrdydz, which & shown on Figires 1 and 2. In
Fig. 1 the time variation of the total mas of the @l-
oulation domain is presented. Fig. 2 demmstrates
the change of the mas= of the accretion disk zone ver-
mis time. The accretion dizsk sizes change fram mns
to nms; therefore, for the make of comparison of re-
silts of different nmns we calenlate not the exact mass
chanpes in the accretion disk but the mas= changes in
the damain + < 0.1,k < (.05, which is rather close
to the accretion diEk sizes for all the three runs. The
lower limit of the density of gasis the background den-
sity gy, therefore the mas of the inform matter with
p=pp calcilated for the whde can putation domain and
fr the disk zone are asymptotic lines fr graphs m{t).
These lines are shown i the coresponding figures by
dashed lmes.

The analysis of the data presented in the fimmes
shows that the lifetime of the residnal disk i= increased
with the decrease of the mumerical viscmity: for the
mn “A* (o 2 0L1) 7w 2 5F; for the mn “B*
(a re Q05) 7w 2 128 4; for the nm “C* {a = Q.O1)
he extrapolation of the result of similation shows that
the lfetime of the residnal dEk excesds 50 orbital pe-
ricwds. It is pertinent to note that the value @ re (.01
£ typical for observable accretion dils {Lynden-Bell
and Pringle 1574, Meyer-Holmeister and Ritter 1953,
Tout. 1896, Armitage and Livio 1996). Consequently,

Fipre 1: Time evolution of the total mas of the @l-
culation domain fr * A% {a e (.13, *B? {a = 0.05), and
0" {a 2 0.01) mins. The mass of the inifrm mat-
ter corresponding to the badkgroond density g = gy is
shown by the dashed line.

Figure 2: Time evolution of the mass of the accretion
disk zane for " A e me 1.1}, "B? (@ w0.05), and *C*
{e r= 0.01) rins. The mas of the nnifrem matter cor-
responding to the background densityp = @ & shown
by the dashed line.

we can expect the lifetime of residnal disk after the
terminaticn of mass & of arder 5( orbital periods {near
a week) for typical dwarf novae.

3. Condusions

The 3D mumerical simulations of structure of the ac-
cretica dik after the mass transfer termination reveak
an essential mcresse of its lifetime with the decrease
of viecmity. For effective o 005 the lfetime of the
resicinal disk exceeds 12 orbital periods and for o =001
{that iz typical for observable accretion disks) the life-
time of the residual dik is a8 much as 5] orbital pexi-
o=
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2D MODELLING OF THE GAS FLOW STRUCTURE
IN THE SYMBIOTIC STAR Z ANDROMEDAE

EYu. Kilpio

Institute of Astronomy RAS, Moscow, Russia, lena@inasan.resi.r

ABSTRACT. The 2D pasdynamical simulaticns of
gas flow stoucture in the symbictic star Z And have

been carried ont fr different stellar wind regimes.
Since the mechanisms of gas acceleration in stellar at-
merpheres are nat well studied, the parametric repre-
sentaticn of gas accelerating, force was 1sed. The w@l-
culations for various stellar wind velocity regimes have
shown that for realistic cases the accretion dises in the
systermn were formed.

Key words: Stars: binary: symbiotic; stars: gas
Aow; stars: individoal: Z And.

1. Problem setup

Z Androamed ae 1 one of the most famons representa-
tives of symbiotic stars. It & generally admitted to be
the binary systemn with the components not filling the
Roche lobe. Therefore, the mass exchange in Z And
should be driven by the stdlar wind. Previous stid-
je= {e.p. Bismovatyl-Kogan et al. 1979, Bisikalo et al.
1554, Bisikalo et al. 1558) have shown that the general
strctire of the gas low in binary systems with com-
ponents not filling the Roche lobe, is defined first and
frrernert by the stellar wind parameters and it is very
important to fix the velocity regime of the stellar wind.

TUnfortunately, the wind velocity regime i= not well-
known due to the absence of an avowed mechanisim of
gas acceleration in stellar atmospheres. To avoid this
ambipuity we 1se in the model the additicnal artificial
frarce that accelerates gas. This force can be written in
the following form:

¥ QG_T'IL
v |r]
where M; & the mas of the primary companent, @ -
pravitational constant, r - distance from the center of
the primary component, « is the dimensionless param-
eter. This force has been inchided in the original Roche
potential and all the similations were carried out n=ing
the modified Roche potential.
This approach allowed 115 to obtain all possible stel-
lar wind velocity regimes by varying the parameter o

without taking into account the detailed mechanizms
of gas acceleraticn.

In this work the resilts of 21) gasdynamical calonla-
tions for ¢ = 0.3, 0.5,0.7, 0.8, 0.5 are presented.

2. The model

In the gasdynamical model we nse the 20 system of
Euler equations in rotational coordinate frame:

8o 18rp  18(m) _
at ar Ot 8g

Hms) | 180rm? +vF) | 18(puv) _

ot r ar roay
F as
:F—p§+p—+2ﬂup
el T L L
& rar 'r 8  rds v Hhup
S(pE) lofrpuly 18{mk 82  wd®
e g ar +-r T > pratp

Lere p denotes density, u and v are r and (o components
of the velocity vector respectively, P is the presare,
a
E=£+ ]uTI- — total specific energy, £ — specific internal
energy, (! & the systen s angular veocity.
The modified Roche potential after including the ac-
celerating pas force has the following form:

GM]_ GMI GME

Wy +a L
[E=m) e =]

B(r) = — 02 (e —r?

where r;, ry are radins-vectors of centers of compo-
nents, r, — radms-vector of the mass center of the bi-
nary system, My is the mam= of the secondary compo-
nent {accretor).

We restricted our comsideration to an ideal gas model
with adiabatic index ¥ =5/3 and equaticm of state:

P={y-1p
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To solve this systemn of equaticons the explicit finite-
difference Roe scheme with restrictions of flows in Os-
her fams (Roe 1586, Chakravarthy and Osher 1535)
was 1med.

The bonndary and the initial conditions were deter-
mined as follows:

» The gas is injected fram the dma's surface with
radial velocity v = 25kan/s;

» We adopted free-putflow conditions at the accre-
tor and at the outer bonmdary of the calenlation
dranain;

s The initial conditions corresponded to the back-
gromnd pas with the following parameters were
nzed:

po =W 5p(R)), Po=10"p(R) R}/,

v, =0
where B; is the radms of the don.

The coordinate sy=tem was defined as fdlows: the
rigin of coordinates is located in the center of the
mass-losing star, X -ads is directed along the line con-
necting the centers of stars, from the mass-losing star
to the accretor, ¥-ads & directed alang the orbital
muwement of the accretor. The calmilations region was
adopted as [—A...24] x[- ¥aA... ¥/34]. All the cal-
culations were carried ot for 301 %301 computational
grid.

The parameters frr 2 And required for oir calenla-
tions were taken from the work by Fernandes-Clastro
et al. (1582): the mam of the primary (mam-leing)
conponent A, = 2M; and it’s radins B, = 77 Rz,
the mam of the secondary component Mo = 0.6, M
and the radns Hx = (.07R;,, the orbital period of the
systern P = 758.8 days, separation between the com-
ponents A = 432 53 K;,. These parameters resuht in the
Boche lobe radins {(H/A} = 0.48. The orbital velocity
of the system ¥, = 32 Jon/=.

3. Resulis

The results of numerical simulations for different val-
nes of @ parameter show that up to a={.8 there are
no steady state sclntion. The matter firstly injected
into the system falls back to the donar’s murface and
finally there is no matter left to form the disk {the ob-
tained densitiez don't excesd the backpronnd value).
The situation i= rather different fr greater vahies of
a >{.8 — here the stationary regime takes place in few
crbital pericds. The accretion disk and the bow shod
wave in front of the secondary component are formed.
Here the gas densities are significantly preater than the

badkgronnd values.
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Figure 1: Fields of pressure and welocity vectors in
equatorial plane for mn with ¢={.7. The length of
the lmpgest arrow cmresponds to the velocity value
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Fipme 2 Fields of pressure and velocity vectors in
equatorial plane for mun with a={.5. The length of
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Table 1: Radial velocities and accretion rates

1] 2] 3 | 4]
o T | way | Accr. rate
0.3 | 10.84 | &Q < 103
0.3 | 653 | &5 < 107
0.7 | 560 | &5 103
0.3 | 5.69 | 63 4x10~ 4
09 543 | T1 Ex107%

These conchisicns are illustrated by Figures 1,2, In
these fipnres fiekls of presmire in the equatorial plane
are presented for two values of o parameter {o={.7
and a=(.9). All the distances are given in the nnits
of sdar rading. The radmz of the circle with center
at the origin of the coordinate frame cormesponds to
the donor's muxface. The flow lines are shown by solid
lines. The flows are directed almg the velocity vectors
{shown by arrows). The dashed lines mark the Boche
equipotentiaks. The accretor is marked by the asterizk.

In the Figire 1 the nan-steady case with a=0.7 is
presented. Here we can see that by the moment of
8.15 orbital periods there are no matter between the
coamponents {the observed picture caresponds to the
densities less then backgronnd vale). The gas is con-
centrated near the donor's surface. In this case almost
all the gas ejected has returned to the donor's surface.

Figure 2 fllustrates the case of a=8 where the
steady state picture with the dk and the bow shack
wave {the boll line remilting from the sobars conden-
mation) located in front of the accretor on the way of
it’s crbital motion takes place. The fignre corresponds
to the time of 548 orbital pericds. The calemlations
frr vahies of @ 0.8 ako showed that the disc size was
preater for the smaller value of «.

The relative acretion rates and radial velocities at
infinity have been also calenlated. The radial velocities
are all of the arder of 60-70 lon/s. The accretion rates
don’t excerd the vahies 5% 107%. These results are pre-
sented in the Table 1. Here 1% column - the value of
o parameter, 2! column — T — time in orbital periods,
¥ mwlumn - Voaq — radial velocity at infinity (km/s),
445 eohimn is the relative accretion rate.

4. Condusions

Different pas Aow regimes for the symbiotic system
Z And have been considered within the framewamk of
M pasdynamical madel. Calnlations for the various
stellar wind velocity regimes (o = (.3, 0.5,0.7, 0.8, 0.5}
have been carried ont.

The results show that for small stellar wind velocities
fo < 0.2} no steady disk can be formed. Soltions with
a < (.B are not steady state anes. The gas ejected
during the first phase falls down to the donor star. This
proces= is rather llow and at the time T ~ 5 — 1085,
we still have some matter in the system.

The calenlations for @ = (1.8 and (.5 show the pres-
ence of the disk as well as of bow shodk waves located
in front of the compact star on the way of its orbital
mation. For these nins (@ > (.8) we have found that:

s the dizk size decreases with increasing of a;

» the accretion rate does not exceed 0.5 % that is
smaller than the valie of 3% estimated in Bisikalo
et al. (1996} for symbiotic systems. This may be
due to the difference in the considered parameters.
It & ako smaller than the value 2% cbtained by
Fernandez-Clastro et al. {1588) for Z And.
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RR Tel: MASS LOSS RATE OF THE COOL COMPONENT
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ABSTRACT. The Fe II emission lines in the optical
spectrum of the symbictic star BB Tel, observed by
Crawfard et al. {1559}, have been analysed applying
the BAC method. We obtain infemation abmit the
relative populations of the lower levels of the lines and,
assuming them to be in LTE, we determine the column
densities of Fe+ and of H. The mass lom= rate has been
calculated using the mean cool component radmns ob-
tained fram the bolanetric properties of Mira variables
with a pulsaticn period similar to that of the cool com-
ponent of BE, Tel.

Key words: Stars: binary: symbiotic; stars: ndivid-
nal: BR Tel.

1. Introduction

The symbiotic nova BR, Tel had one single observed
major outburst n 1544, followed by a long recovery
phase which has not yet finished. Extensive spectzo-
scopic mvestigations during this period have indicated
that it & an mteracting binary, conssting of a Mira
variable of a late spectral type and a white dwarf.
There & evidence of a planetary nebula-like plasma and
additinal hot plasma due to colliding winds from the
twvo compoanents a5 well 22 a cirenmstdlar dost shell
due to which BE Tel has been clazsified a= a D-type
symbictic. The Mira variable loses mam at high rates
via a spherically symmetric stellar wind which expands
at low velocity and iz imnized by the hot compnent.
The mass lces rate = important for the evolution of the
binary system and may play a can=al role in producing
its symbiotic behaviour.

The mas= los= rate for BB, Tel has been determined
by use of different methods: from the flux of thermal
radio emision (Seaquist et al. 1963}, by mse of in-
frared flux ratios derived fram IRAS satellite obzer-
vations (Kenyon et al. 1988), from a mean relation
for miras nvolving their himinosities {Whitelock et al.
1984} and from the proportion of O VI resonance line
emsicn which is Raman scattered in parts of the wind
where hydrogen & nentral {(Birriel et al. 2000).

In cur present approach we find a limit to the mass

lo=s rate of the cool mira in BR Tel by the Self Abscap-
tion Curve (SAC) method.

2. Observations

We have analysed the flux calibrated high resclition
optical spectrum of RE, Tel observed in 1956 {Crawford
et al. 1995) in the AA3180 — 9455 A spectral regic.

The spectrim displays a larpe number of narrow
emisicn lines inchuding thoee of singly jonged iron
which have been analyzed i this work.

The database of Crawford et al. was chedked crit-
ically regarding the line identifications (Selvelli and
Bonifaco 2000} ax well as the line intensities {Keenan
2001, Mc Kenna et al. 1957). A total number of 131
permitted and forbidden Fe IT lines with reliable atomic
parameters have been sdected for this study. They be-
long to different multiplets and originate fran transi-
tions between the lowest levels with an excitation po-
tential up to 9 V.

3. Methods

The ma= ko= 1ate can be calmlated by nze of the
coatinnity eqiation:

M = dxv® pleiulr) (1)
which mn be expremed in terms of hydrogen cohimnn
density Ng by

M = dxrNgmgulr) {2
where Ng=m{r} and n{rj=p(r}/myg. my is the ma=
of the hydrogen atom, nir} the hydropen mumber den-
mity and v{1) the ontward velocity which can be directly
measured as the mean velocity broadening of the lne
profile. The remaining two unknowns in the expression
for M (2}, rondWNy, have been determined by nse of
the S AC method which has proved to be effective in de-
termining limits to reative populations of upper and
lower terms, as well a5 in deriving other mfrmation
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about the line formation region (Friedjung and Mura-
terio 1980, Friedjimg and Muratorio 1987, Muratorio
and Friedjung 1988, Baratta et al. 1593,

The Self Absorption Chirve {SAC), whose shape is
determined by self absorption effects, & the cbserva-
tional log-log plot of the quantity FA* /gf versus (gfX).
F & the line flux emitted in a transition which is related
to the optical thidmess of that transition.

Simple theory gives

In2e2hn2
=g\ T

FA®

fog ¢ ) +iog (%) +Q(m) &)

and

et

Ry
fog o = loglgf ) +fogE‘ tilog—— —logug (4)

L W

Q{wp) is the self absorption hinction depending on
the optical thickness wy; N, and N; are the column
densities of the npper and the lower level and g, &
their statistical weights. R iz the size of the emitting
region perpendicilar to the line of sight and d the dis-
tance of the star. A type o excitation temperature of
the line emitting region can be defined by

{5}

= 27 |7
I
I
A

4. Resulis
4.1. Determination of B

The lower and upper limits to the radins of the emit-
ting line region of BR Tel have been determined by
the 5AC method in the previons paper (Kotnik-Kariza
and Friedjing 2001}, yvielding values of 26 and 2300 so-
Iar radii respectively. However, when estimating the
mass ks rate, it is more realistic to take for r in equa-
tion {1} the radins of the cool component. instead of
the minimum radms of the line emitting region. T=ing
bolametric cormrections to the K magnitude for M gi-
ants {Hoidashelt et al. 2000}, measured properties of
#oyonp 1¥ Mira variables with a 387 day pul=ation pe-
ricdd {Barthés et al. 1999} and an M7 spectral class of
the cod component (Miirset and Schmid 15595), we can
expect a mean ol component radins of the order of
1.5 -1 cm to 3.0 -10'* cm which gives a mean value
of about 300 E;,. The smaller of these radii iz less than
the maximmm radins obtained by the SAC method. In
fart we expect line formation ontside the region of dst
crdensation (Kotnik-Kamea et al. 2001}, which is ex-
pected to be at § mira radii @ averageing 1500 solar
radii. We take it for justified to calenlate the mass loss
rate by amuming this vahe of r = .

Table 1: Parameters of the cool canponent of BE, Tel
from this work

g £ - NEfmin v M'rm
{cm) fem™?)  (ams™') (M, yr 7
1.0- 10 7.5.10% 14 3.10°"%

4.8 Column density

The cohunn density has been obtained starting from
the SAC of multiplet 27 (Fig.1).

The minimmm optical thickness of 1 at log{gfi)=1
leads from (4) to a minimum N;/ g of 5.3 - 1014 cm—2
frr the lower metastable term at 2.68 eV. This term is
the nupper term of the forbidden line multiplet 4F, =0 we
cbhtain from (5) the ground level N/ g of 5.9- 10'% atoms
ecm™2, In this caloilation we used the temperature of
6600 X which is an npper imit to the permitted kne re-
gion temperature (Kotnik-Kamea and Friedjung 2001}
and & near to the maxdimuon temperatnre of the for-
bidden line formation region. The latter was obiained
by plotting .i'-::ig'ﬂ versu= upper level excitation poten-
Vil i ol B ik Vinicas: msmpisiect tis b Gptiradlys thi
{Fig.2).

Thiz temperature of 6600 X, being an npper limit
to the permitted Bne region excitation temperature,
together with the interpdated value of the partition
finction of antilog 1.71 at this temperatire, leads toa
minimum column density of 3.0 10'* atams cm™2 for
Fe+ and s i Fe since iran is present also m higher de-
grees of ionization. By assuming standard abimdances
we obtain 7.5 102 atoms of hydrogen per cm®.

4.2 Mass logs rade

By imserting the calenlated parameters and the value
of 14 kon="! fr the mean velocity broadening of the
emisicn lme profile in (2}, we ohtam 3-107% 3, yr7?!
frx the minimum ma= k= rate of the cool component
as shown in Table 1.

An apreement with estimates by other anthors, using
cther methods, can be seen from Table 2.

The adopted germmetry of BB Tel which agrees with
the model of Taylor and Seaquist {Taylor and Seaquist
1984}, i= represented in Fig.3. Beside the determined
mizes, it shows clearly that Fe IT iz especially present
near the boundary of the immzed and nentral regions.
While the permitted lines are formed not too far from
the boundary of the ionized zone, the forbidden lines
are most probably formed further ont, in that part of
an accelerated wind which is jonized by the hot compo-
nent. The jionization front cannot penetrate the dust
region. Dur determinations are consitent with line
frrmation in the cool star wind.
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Table 2: Mass lo= rates for BE Tel and some normal

Miras
Mass loss rate (M, yr 1)
normal Miras
BR. Tel Lemp et al. 1503
thiz paper Whitelock  Seaquist Kenyon Birriel carhom OXYEETL
et.al.1594  et.al. 1553 et.al.1588  etal.2000 rich rich
281077
3-0°% 25.10% 53.-10°% 80.-10"% 10.-107% 22.10°% 14.10°7
41-10 77
130
Acknowledgements. The anthors are thankhil to Pa-
1t tricia Whitelock for nsehil informations about mira
: variables.
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PROPERTIES OF CLASSICAL Be STARS FROM ANALYSIS
OF HIGH-RESOLUTION Ha PROFILES

A.S. Miroshnichenko'#, K.5. Bjorkman', V.D. Krugov!, 1. A. Usenko®

! Ritter Observatory, University of Toledo, Toledo, Chio, 43606, USA

2 Pullovo Obsarvatory, Saint-Patersburg, 196140, Russia
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1 Astronomical Ghservatory, Qdessa National University, Qdessa, 65014, Ukraine

ABSTRACT. We summarize results of the 25 vear
period of obzervations of Be-stars. We suggest that Be
stars with moderate and strong He emission are good
candidates to search for bnary sy=stems.

Key words: stars: Be-stars - stars: binary.

Long-term  high-rescdution spectroscopic cbserva-
tions of classical Be stars in the Ha region are
important fr 1nderstanding the nature of the Be-
phenamenan, which & still controversial. We carried
it an analy=i of publizhed data and more than 1000
spectra obtained at the Bitter Observatory of the Tni-
versity of Toledo {TTSA) and Main Astronomical Ob-
servatory of the Ukranian Academy of Scences over a
total period of about 25 years. Chir study revealed that
50% of Be stars brighter than 4 mag. show evidence
{mostly fram spectroscopy or nterferometry) o being
binary systems. Thi fraction is smaller fr fainter ob-
jects (22 for V' < 7 mag.) probably due to selection
effects. The secondary components are nsually a few
magnitudes fainter than the primaries. We also fonnd
that He line profiles in high-reschition spectra {resdv-
ing power B > 20000) of many Be stars have a com-
plex structure {3 or more emission peaks rather than
the 2 peaks, typically seen at a lower resclution). A
noticeable fraction of Be stars with such complex pro-
files turned out to be recognized binaries. Taking into
acoomt that expected separations of the companions
in Be binaries are of the order of a few milliarcseconds
{which iz still beyond the limits of speckle interferom-
etry), we sugpest that high-reschition spectroscopy re-
mains the best method to search for Be binaries. It is
difficult to detect spectral lines of the secondary com-

ponents, and hence periodic radial veocity variations
of the primaries’ spectral lines iz the main evidence of
the orbital motion in most cases. Amplitudes of such
variations are of the order of a few to a few tens kans"!,
and therefore spectroscopy with B >15000 £ needed
to detect them. The He line is nmally the strongest
festnre in the spectra of Be stars which often reflects
the orbital motion. Observations in thi spectral region
are very nsehil to search for signs of binarity and to
maniter the behaviour of the cironmstellar envelopes.
However, the profiles’ fine structure can be resolved
aly with a much higher resdution { B >50000).

We mugrest that Be stars with moderate and strong
He emismion are pood candidates to search for binary
gystemns.  Omr analysis shows that Be binaries with
stronger He lines have larger orbital periods, as was
previously fmmd for Be/X-ray binaries by Reig, Fabre-
pat and Coe (1997). Foar example, stars with primaries
of early B-types (B{-B3)} with a maximum Ha equiva-
lent. width of 20-30 A have abital periods of 100-200
day= (e.g., 9 Per, { Tan, and v Clas). However, hinaries
with later—type primaries and similar periods usually
have weaker Hey lines {e.g., o And, 7 CMi, and 4 Her).
Thus, regular spectroscopic chservations over a period
of a few years are capable of determining how frequent
binary systems among Be stars are.

We thank Beinhard Hanuschik for providing us with
the ESO high-resclution spectra of Be stars. A M. and
K.B. acknowledge support of the ¥ASA Long-Term
Space Astrophy=ics grant ¥AGG-3054.
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2D AND 3D MASS TRANSFER SIMULATIONS
IN B LYRAE SYSTEM

V. V. Nazarenko, L.V. Glazunowa, V.Q. Karetnikov

Astronomical Observatory, Odessa State University
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ABSTRACT. 21 and 31 mass transfer simmlations
of the mass transfer in @ Lyrae binary system. We
have received that from a point Ly 40 per cent of mass
transfer from Ly -point is lost The stoucture of a gas en-
velope, arcnd system & calenlated 3D mass transfer
simmlations has shown presence the spiral shock in the
dizk aronnd primary star’s and a jet-like structures {a
mass flow in vertical direction) over a stream.

Key words: Starsinterect binary systerns; simula-
tion.

The second brightest star of summer constellation
Alyra, B Lyrae, has been studying astronamers for
the past 200 vears. g Lyrae (10 Lyr, HR 7106, HD
174638, BD+33 3223, ADS 11745A]) iz the brightest
mermber {conponent A) of an optical system of six star
and 13.086d spectroscopic and eclipsing binary with
the ample evidence of circumstellar matter within and
arcaind the system. Now, it & existing two models of
the envelope in 7 Lyrae: that of Wilson (1974} who
arpued that disk arnmd the mass accreting star (the
primary) is massive (of the order of a solar mass), mod-
elled it a=s a very flattened ellipsoid.

Hubeny, P laves {1551) presented a different quantita-
tive model of disk, asmming explicitly that the disk is
an accreting ok and treating its vertical strmctire as
to be self-consitently. This disk model has e negligibly
smnall mass and is in the form of a normal Keplerian
dizk bonnded from outside by a hal-torns. Tts "height’
(i.e.thickness in the direction perpendicular to the or-
bital plane) grows with the distance from the primary.
Comparing their model with the varions data and ns-
ing the pecmetrical constrains, Hubeny and P lavec con-
chided that the disk have the radins of about 25 B,
and height of about §

Here we present 2d and 3d simulations of the mass
transfer in the 2 Lyrae binary system.

Onr appraach to the mass transfer £ based o two
points: i. to obtain the initial stream stmctire (the one
in L1) we will similate the stream formation process
instead to use Inbow and 3hn model (Lobow and Shn,
1975 hereafter 1S). ii. to set up the secondary nternal
striuctire in the vicinity of L, paint we will nse the
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Figure 1: The density contors for the primary’s rading
equal to 0.5, f=0.1.
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Figure 3: The density contours for the very large grid
the 2d-model of the outer envelope.
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Figure 4: The density contours in orbital plane for 3d-
simulations, Rprim=0.2, fV=0.5.
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Figure 5: The temperature contours in orbital plane
for 3d-simulations, Rprim=0.2, fV=0.5.
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Figure 6: The density contours in zy-plane, lying on
the spiral shock I.
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Figure 7: The temperature contours in zy-plane, lying
on the spiral shock I.
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Figure 8: The density contours in zy-plane, lying on
the mass accreting star.
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Figure 9: The temperature contours in zy-plane, lying
on the mass accreting star.
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Figure 10: The density contours in zx-plane, lying on
line of centres.
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Figure 11: The temperature contours in zx-plane, lying
on line of centres.

Kurucz’s grid (Kurucz, 1979)

To calculate the mass flow We use non-stationary
Euler-hydrodynamics equations which are resolved by
"big-particles’ code developed by Belotserkovskii and
Davydov (Belotserkovskii and Davydov, 1982) at the
computer center of Akademy of Science of SU. We use
such the code version where the artificial viscosity is
implemented at the first time substep and which is
two order accuracy in time and space. The simplicity
of algorithm organization and high stability in calcu-
lation allow to use PC to calculate the mass transfer
in CBS. WE have used in simulations PS-Pentiuum 3
of Odessa Astronomical Observatory of Odessa State
University. On practice the CPU time of every time
step take about 2.6-3.5 sec. and total required num-
ber of the time step to obtain the steady state in the
solution is order of 300,000 -500,000.

Our treatment of binary model is standard since We
consider: the synchronization rotation of the spin ro-
tation of the binary components with them orbital mo-
tion when we shall simulate the stream formation near
Ly-point and its motion further in a calculation area;
We use the Roche lobe model of the binary component
gravitation and all the effects of the orbital rotation in
the binary (the centrifugal and Coriolis forces); circular
orbits of the binary components. We account a gas as
perfect one consisting from hydrogen for the simplicity.

We drop the specific heats ratio to 1.3-1.4 to take into
account the possible radiative cooling effect in mass
flow. This is usual way to take in account this radiative
effects (see for example Molteni et, al 1991; Bisikalo
et.al. 1999). We adopt the binary parameters to be:
mass of the mass losing star (the secondary) equal to 2
Mg, mass of mass accreting star is 12 M, orbital pe-

riod of 13.086 days. The peculiarity of mass transfer in
binaries with the binary components - normal stars is
the problem to discribe stream-the primary star inter-
action. We decide this problem introducing the special
coefficient on the primary surface, Fv, which decreases
the gas velocity here relatively velocity in surrounding
cells. By such the way if the velocity in cells surround-
ing the primary’s surface is V than the velocity on the
primary’s surface is Fv*V where Fv<1. The case Fv=1
discribes the entirely free flow of gas via the primary,
maximum of accretion process; the case Fv<1 discribes
partially reflecting and partially absorbting boundary
conditions; the case of Fv=0 shows the absent accretion
process on the primary, the entirely reflecting bound-
ary conditions.

Taking into account the inevitable indefinite in the
binary parameters (We have in mind in the first turn
the primary radius) We calculate 2d- and 3d-models for
the various primary radius:- 0.5 for 2d-simulations and
0.2 for 3d simulations (hereafter all the distance will be
given in units of the orbital separations). We choose
the Fv-coefficient to be equal to 0.1 for 2d-model and
to be 0.5 for 3d-model.

The 2d-model we show in Fig.1a and Fig.1b where
the density and temperature contours are plotted. As
one can see from this Figure the mass flow with large
primary radius and strong reflection of a stream from
the primary produces the contact envelope around the
binary components. The peculiarity of this mass trans-
fer variant is that a gas of a stream reflecting from the
primary is going back to L;-point and interacts with
a gas placed here. As result of this the mass trans-
fer rate in L;-point decrease on the appreciable value
in 5-7 time. The another peculiarity of this model is
the mass outflow from another side of the secondary
in the vicinity of Ls-point. This take place due to
considerable size of the secondary’s atmosphere which
penetrates beyond Lz-point. The mass transfer in Lgz-
stream is 40 per cent of mass transfer from L;-point. In
order to show how Lz-stream moves out of the system
We calculate the mass transfer in the system on the
very larger grid, where x-coordinates range in the in-
terval —8+ 419 and y-coordinate range in the interval
—8+ + 9. Such outer envelope produced by Lz-stream
is shown in Fig.2 where the density contours are plot-
ted. It is clear seen how the L3 stream is moving under
Coriolis forces and regularly transform in the outer en-
velope. Thus, Ls-stream originates the binary system
wind blowing from the system with the velocity 50-350
km. sek~1 and density less than 10° em~3 on the dis-
tance more than 2-3 from center mass of the system.
We also think that z-thickness of this wind is increased
with increasing of the distance from center mass of the
system.

We present 3d-model of the mass transfer in 8 Lyrae
in Fig.3-6. In Fig.3 the density and temperature con-
tours are plotted in the orbital plane of the system.
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We clear see the place where a stream interacts with
the primary, the spiral shock I when a gas orbiting the
primary strikes a stream moving from L;-point, a thin
ring of high temperature in internal parts of accreting
disk close to the primary’s surface. We also see the
spiral shock II (these notations of spirals shocks are
given in that of Bisikalo’s paper, 1999) that is placed
upper and right of the primary star. Thus a mass flow
in 3d-simulations produces the spiral shocks I and II,
accreting disk, the place of star-stream interaction (PS-
SI) and outer envelope. The cross-sections of a stream
and spiral I in the z-y plane near PS-SI in the direc-
tions perpendicular to the stream motion are shown in
Fig.4 a and b where density and temperature contours
are plotted. As one can see from this Figure y-size of
a stream is about 0.2 and z-size is almost 0.08 that
show that y-z cross section of a stream is elliptical.
The Fig.4b show that spiral I reflects from a stream
and have the complicated form of the standing wave.
The Fig.4b also show that a stream is very cool in re-
spect to surrounding a gas in a disk and envelope. The
Fig.4c show the velocity field in y-z cross section stated
above. This velocity fields has a jet-like structures (a
mass flow in vertical direction) over a stream. It con-
firms the suggestion of Harmanec et al. (1996) and
numerical simulations of Bisikalo et al. (2000) about
jet-like structures in 8 Lyrae.

The Fig. 5 and 6 show the y-z cross-section lying on
the center of the primary and x-z cross-section lying
on line of center respectively. These Figures show that
upper the primary a pillar of a gas exists with a small
density and high temperature. This pillar is a result

from an accreting of a gas on the primary. It structure
also originates jet-like structure (upper the primary).

It show that jet-like structure in 8 Lyrae is more
complicated than was supposed and was calculated in
Harmanec et al.(1996) and Bisikalo et al.(2000) papers.
As one can see from Figures 5 and 6 circumstellar enve-
lope consists of two parts: accreting disk that have the
form of torus and outer envelope in which z-thickness
of a gas is increased with a increasing of distance from
the primary. The essential part of outer envelope has
the size of 12 R although to define exactly ’size’ of
the envelope is hard problem (it is necessary to define
optical thickness in 3d-medium).
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ABSTRACT. The importance of studying Eclipsing
Binary Stars for the determination of fundamental stel-
lar data is sketched. The eclipsing binaries, originally
clagsified phenomenologically, are now understood on
the basis of much firmer physics and the improved un-
derstanding has led to a morphological basis of clas-
sification. The main light curve models developed
since Russell’s era are presented along with the respec-
tive programs for analysis (Kallrath & Milone 1999).
These models are based on the geometric effects due
to eclipses and on physical proximity effects between
the components. Significant progress was made in the
early 1970s, when models and programs were devel-
oped to compute (synthetic) light and velocity curves
directly. Such models and programs were based on
spherical stars, ellipsoidal geometry and on Roche ge-
ometry. During the last 25 years the analysis of photo-
metric and spectroscopic data of eclipsing binaries has
been performed by means of synthetic light curve pro-
grams based on Roche geometry. The synthetic light
curve programs, based on physical models, have con-
tributed to our understanding of physical processes in
stars and have been used to solve several important
astrophysical problems. A desirable feature of a light
curve program is the ability to incorporate additional
astrophysics. There is a continuing need to improve
the model physics, as we become more aware of the
observational properties of stars.

Key words: Stars: binary: eclipsing: light curve mod-
els: light curve analysis.

1. Introduction

There are several reasons why the study of Binary stars
is so important:

e they are as common as single stars in the Universe.
In the solar neighborhood the frequency is more
than 50%

e they are the primary source of our knowledge of
the fundamental properties of stars. Their study
allows direct determination of stellar masses, stel-
lar radii and stellar luminosities

e they are distant indicators for nearby galaxies

e the evolution of binary stars helps to explain a
host of diverse and energetic phenomena such as :
X-ray binaries, cataclysmic variables, novae, sym-
biotic stars and some types of supernovae

e these binaries are classic examples of the fun-
damental contribution that stellar astrophysics
makes to our general understanding of physical
processes in the universe.

2. Classification of Eclipsing Binaries and
Importance of their Study

2.1 Phenomenological classification
2.1.1 EA Light Curves (Algol type)

e they show clearly defined eclipses with obvious
start and end times

o the outside eclipses parts are flat-topped, suggest-
ing that the effects due to proximity of the two
components are small

e there is large difference between the depths of the
two minima

e the reflection effect is pronounced.
2.1.2 EB Light Curves (8 Lyrae type)
e they show well-defined eclipses
e the variation is continuous (ellipsoidal variation)

e they are characteristic of tidally distorted compo-
nents

e the large difference in depths of minima indicates
components of quite different surface brightness.

2.1.3 EW (or W UMa) Light Curves
e a continuous variation of brightness is present

o there is small difference in depths of the minima
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e proximity effects are pronounced (mainly tidally
distorted shapes of the stars)

Studies of eclipsing binaries show the value of treating
all aspects of the light of the systems in light curve
analysis, and not only their geometric characteristics.
Eclipsing binary analysis is a formidable astrophysical
task. The field includes radiation physics and some-
times hydrodynamics. It borrows methods from celes-
tial mechanics, thermodynamics, and other branches
of physics. Physical models are required for radiation
transport in the component’s atmospheres and for the
dynamic forces controlling the stellar mass distribu-
tion.

2.2 Morphological classifification

The concept of the equipotentials in the Roche geom-
etry allows us to separate eclipsing binaries into mor-
phological classes :

o detached systems, if neither component fills its
Roche lobe

o Semidetached systems, if one component fills its
Roche lobe and the other does not

e QOver contact systems, if both components ex-
ceed their Roche lobes and a common envelope
is formed

o Double contact system, where each component fills
its lobe exactly, and at least one rotates supersyn-
chronously. The two components fill their limited
lobes but do not touch each other (Wilson 1979).

There is a correspondence between the morphologi-
cal classification and the phenomenological classifica-
tion. The Algol-type light curves are produced by semi-
detached systems and the W UMa-type light curves by
over contact systems.

The phenomenological classification of § Lyrae-type
light curve has no morphological counterpart. Some-
times, 8 Lyrae-type light curves are produced by de-
tached systems, sometimes by semi-detached systems
and sometimes also by systems having marginal over-
contact.

2.8 Why data derived from eclipsing binaries are im-
portant

A light curve can provide : the orbital inclination, the
relative radii in units of the separation, the ratio of
luminosities and the photometric mass ratio.

The radial velocity curves can provide : the mass
ratio, the separation a in physical units (if inclina-
tion is known), the orbital dimensions (if inclination
is known), the period P (also known from light curve).

The spectroscopic observations can provide: the
spectral classification, the chemical composition and
the temperatures of the two components.

The full determination of absolute eclipsing binary
parameters requires both a light curve and a radial-
velocity curve for each component. A combination of
the above observations yields the fundamental source of
information about sizes, masses, luminosities and dis-
tances or parallaxes of stars. This information provides
the means : to test stellar structure and stellar evolu-
tion theories, to improve our understanding of such
exotic objects as X-ray binaries, novae and Wolf-Rayet
stars and to get a great wealth of knowledge from bi-
naries in globular clusters.

3. Methods of Light Curve Analysis
3.1 The age of geometrical models

H.N. Russell (1887-1957) spoke about the Royal Road
of Eclipses. Traveling this road entails the decoding
of the messages encrypted in the light curves of eclips-
ing variables. As a rule, the light curve is determined
by geometric effects due to eclipses and by physical
proximity effects. The effects of ellipticity and reflec-
tion effect can be treated through the rectification pro-
cedure and the solution is made for spherical mode
(Russell- Merrill method, 1952). Computer programs
based on rectifiable models were developed by Jurke-
vich (1970)and Proctor and Linnell (1972). The so-
lutions are possible only for well-separated detached
systems, but not for semi-detached and over-contact
systems.

3.2 The age of computational Astrophysics

Significant progress in the fiels was made in early 1970s.
Models and programs were developed to compute (syn-
thetic) light and velocity curves directly. Such pro-
grams are : the EBOP, based on spherical stars (Etzel
1993), the WINK, based on ellipsoidal geometry (Wood
1971), and models and programs based on Roche ge-
ometry developed by Lucy (1968), Hill and Hutchings
(1970), Wilson and Devinney (1971) and Mochnacki
and Doughty (1972). These new approaches permit-
ted the computation of light curves on the basis of
complex physical models describing the dynamic forces
controlling the stellar mass distribution and the radia-
tion transport in the component’s atmospheres.
Physical models based on equipotentials and Roche
geometry were implemented in the Wilson-Devinney
program (Wilson & Devinney 1971, Wilson 1979) and
in LIGHT2 program (Hill & Rucinski 1993). Physical
models and programs led to least-squares determina-
tions of the light curve parameters (Wilson & Devinney
1971,1972, 1973) and Lucy (1973). The computational
implementation of Roche models coupled with least-
squares analyses really started the age of computa-
tional astrophysics in eclipsing binary research. Other
programs based on physical models are those of Hill &
Rucinski (1993), Linnell (1984), Hadrava (1997)
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and others.

3.8 Astrophysical problems solved by Light Curve
Methods

e the Algol paradox

o the structure of W UMa-type stars

e bolometric albedos of convective envelopes
o undersized subgiants (Wilson 1994)

e understanding intriguing binaries such as € Auri-
gae and § Lyrae by including gas streams and discs
in the light curve modelling

¢ understanding of physical processes in stars

e successful modelling of W UMa stars as over-
contact systems

e understanding evolution subsequent to mass
transfer episodes through observations of binaries
with major circumstellar mass flows. Examples :
B Lyrae, V356 Sge, KU Cyg, AX Mon and many
symbiotic stars

4. Models for computing eclipsing binary
observables and Software

4.1 A general approach to modeling Eclipsing Binaries
We define an eclipsing binary observable curve O

O :=[(tr,0r) |1 < k<

a set of n elements in which each element is a pair,
(t, 0), where ¢ represents an independent, time-related
quantity and o is the corresponding observable (Kall-
rath & Milone 1999). The quantity t may either rep-
resent the time or the photometric phase ® (tradition-
ally used). The term light is usually used in the ab-
stract sense and may represent not only the photomet-
ric brightness but any observable, such as :

e the light at a given wavelength
o the radial velocity

e polarisation

e photospheric spectral line profile

e spectral distributions due to circumstellar flows,
and

e any other quantity associated with the phase, but
also other quantities independent of phase which
we call systemic observables.

It may represent a measured value of an observable,
and/or a value derived from a light curve program.
Thus an ’observable curve’ may be, for instance:

e an observed light curve Q°%*

a calculated light curve Q%

e a wavelength-dependent light curve O*

a radial velocity curve Ov¢

¢ a polarization curve OP%
o a set of output arrival times OP%

Before 1970 an observed light curve O°%® of an eclipsing
binary was analyzed following rectification procedures.
However, the underlying physical models were rela-
tively simple and neglected effects which later turned
out to be relevant. Photometric and spectroscopic data,
were analyzed separately and with different methods.
Today’s methods permit analysis of photometric, spec-
troscopic, and other data simultaneously.

4.2 Direct problem

If the vector x represents all relevant eclipsing binary
parameters, then for a given set of phases a whole
observable curve 0% (x), or a set of several curves
O°%(x%) can be computed. Such a computation con-
sists of three major parts:

1. The physics and geometry of orbits and compo-
nents

2. The computation of local radiative surface inten-
sity as a function of local gravity, temperature,
chemical composition, and direction. The proper
formulation of the radiative physics requires the
use of accurate model atmospheres

3. The computation of the integrated flux in the di-
rection of the observer. This computation must
take eclipses into account. The inclusion of
other effects such as circumstellar matter, i.e., gas
streams, disks, attenuating clouds, etc., may be
desirable.

4.3 Inverse problem

Determine a set of parameters x* from a set of eclips-
ing binary observations by the condition that the set of
curves O° (xx*) best fits a set of observed curves 0%,
The system parameters z are modified according to an
iterative procedure until the deviation between the ob-
served curves 0°% and the calculated curves 0% (xx)
becomes minimal in a well- defined sense. The system
parameters x* , corresponding to the observed curves
0%, are ordinarily regarded as the solution of non-
linear least-squares problem. The least squares tech-
niques used in Eclipsing Binary Data Analysis are:
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1. The classical Differential Corrections

2. Multiple Subset Method and Interactive Branch-
ing

3. Damped Differential Corrections
4. The Simplex Algorithm

5. Other approaches.

4.4 Distinction Between Models and Programs

A model is a set of mathematical and physical relations
which enables the mapping of a set of eclipsing binary
parameters x to a light curve L°® for a given set of
phase values, while a light curve code or program is the
software implementation of such a model.

While the model is abstract and generic and relates
a stellar system’s physical attributes (gravitational po-
tential, eclipse conditions, etc.), the program requires
a choice of coordinates, integration or summation pro-
cedures and matrix inversion routines. The degree
of realism of the model fundamentally determines the
reliability of the predicted light curve. However the
program itself constrains the accuracy of the result as
well as the efficiency with which the result is reached.
Therefore, it seems reasonable that those who develop
light curve models maintain close contact with those
who write and upgrade the program.

A desirable feature of the a light curve program is an
ability to incorporate additional astrophysics. There is
a continuing need to improve the model physics, as we
become more aware of the observational properties of
stars. It should also be structurally well defined but
especially expandable.

5. Synthetic Light Curve Models
The Russell-Merrill Model and Technique

o Bagsic assumptions : spherical stars and in subse-
quent versions ellipsoidal in shape. The technique
is described in Russell and Merrill (1952).

e The geometrical model for distorted stars is a tri-
axial ellipsoid.

o Light curves of stars showing evidence of tidal dis-
tortion and reflection are transformed by rectifica-
tion process into those of spherical stars.

e The physics is limited to Planckian radiation, lin-
ear limb darkening law, gravity darkening and sim-
ple treatment of reflection effect.

e Manual techniques continued to be used till 1970.

e Computerized versions were developed by Jurke-
vich (1970) and Proctor and Linnell (1972).

The eclipsing Binary Orbit Program EBOP

e A FORTRAN program based on spheroidal model
(Etzel 1981), known as NDE model (Nelson and
Davis 1972).

Suitable for for detached systems, not for de-
formed components.

Provides options to implement further physics.

Makes use of spheroidal stars moving in circular
or eccentric orbits.

Linear limb darkening law is used.

The Wood model and the WINK program

e Agsumes the components of the binary system to
be triaxial ellipsoids (Wood 1971, 1972).

e Suitable for systems with moderate oblateness and
reflection effect.

o It is not in use any more.

PHYSICAL MODELS :

ROCHE GEOMETRY BASED PROGRAMS
Binnendijk’s Model

e Synthetic light curve program for contact binaries,
based on Roche model with cylindrical coordinates
(Nagy 1975, Binnendijk 1977).

e Good exposition of the physical principles behind
the model.

e Binnendijk stressed the importance of surface
brightnes as a radiation parameter and empha-
sized the importance of radial velocity, line profile,
and spectrophotometric data and therefore he for-
saw many of the modern advances that have been
made.

Hadrava’s Program FOTEL

e Suitable for simultaneous solution of light curves
and radial velocity curves of eclipsing binaries
(Hadrava 1997).

o It uses a very simplified model of physics and ge-
ometry for the flux calculations.

e Designed to handle a large number of original ob-
servational data and to run on a PC.

e It can take into account a third body or compo-
nent.
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The code uses a Simplex algorithm compined with
a direct least-squares solution of multiplicative pa-
rameters.

Errors and cross-correlations of all fitted parame-
ters are included.

Hill’s Model and its Program LIGHT2

Based on Roche model;

Black-body, color-index based, and theoretical at-
mosphere fluxes;

Differential
method;

corrections based on Marquardt

Multiple (< 10), elliptical spot structures;
Line profiles are calculated;

For complete review and current capabilities see
Hill and Rucinski (1993).

Linnell’s model

Based on Roche geometry (Linnell 1984, 1993);
Assumes circular and eccentric orbits;

The software package consists of a series of pro-
grams;

Monochromatic light curves are calculated;

Calculates theoretical light curves at the times of
observations;

Permits placement of dark (bright) spots on the
component photosphers;

Synthetic spectra are calculated (Linnell et al.
1998);

Can handle multicolor light curves;

Impractical implementation of the whole synthetic
photometry program except for the division of the
entire project into separate programs.

Rucinski’s Model

Free of systematic errors related to uneven distri-
bution of integration points;

Roche model;

least-

Differential corrections via Rucinski’s

squares program;

No spots are modelled;

The

Line profiles are calculated;

Extreme simplicity and modular structure permit
easy modification;

Input through a separate file;

The code (in FORTRAN) is not supported gener-
ally and has restricted distribution.

Russian school’s Models

Strong focus on eclipsing binaries with extended
atmospheres (Wolf-Rayet binaries and X-ray bi-
naries) (Cherepashchuk 1966, 1975);

Spherical models with enhanced features for atmo-
spheric eclipses and disks;

Methods used are based on the regularization algo-
rithms by Tikhonov (1963); Strong mathematical
background;

Unique solutions are determinable only in certain
cases;

X-ray systems are among the principal binaries
studied by the Russian school (Bochkarev & Kar-
itskaya 1983, Bochkarev et al. 1975, Goncharsky
et al. 1991, Antokhina et al. 1992. 1993).

Wilson-Devinney’s Model and Program

Extended in many publications and software re-
leases (Wilson and Devinney 1971, Wilson 1979,
1990, 1993).

Supports elliptical orbits with eccentricity and
non-synchronous rotation of components;

The most recent version includes Kurucz stellar
atmospheres models;

Simple reflection effect is considered;
Different laws of limb-darkening can be used;

Several modes are provided to specify the geom-
etry of a binary system or to add constraints or
relations between parameters;

Gravity darkening and albedos can be treated ei-
ther as fixed parameters or adjusted ones;

It consists of two main programs named LC and
DC, where two dozen subroutines are utilized.

Relative dimensions of the components are derived
and many quantities and parameters in the model
are dimensionless.
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Other approaches

Budding’s Eclipsing Binary Model

Spherical model, circular orbits, circular spots;

Original light curves are cleaned from the effects
of spots.

Kopal’s Frequency Domain Method

Kopal’s contributions to the field of modern light
curve analysis were crucial;

The basic aspects of the technique are described
in Kopal (1979, 1990);

Methods in great mathematical depth are used for
the representation of the fractional loss of light in
symmetric eclipsing binary light curves in terms of
integral transforms, especially Hankel and Fourier
transforms, and discuss the asymptotic properties
of finite sums of the latter;

Corrections are applied for limb- and gravity-
darkened tidally distorted non-spherical stars with
light curve perturbations;

Superiority of the method, since allows direct de-
termination of the parameters from the observa-
tions;

Main disadvantages:
1. components are assumed to be spheres, or

corrected spheres

2. it is doubtful whether a few Fourier coeffi-
cients can contain all the information in a
light curve

3. the angle of the external tangency must be
specified

4. it is not easy to introduce additional physical
effects into the model in this analysis.

5. the method becomes complicated in the case
of partial eclipses.

Mochnacki’s General Synthesis Code, GENSYN

GENSYN was developed by Mochnacki and
Doughty in the early 1970s and further improved
around 1983. It was intended to do both light
curve and line profile synthesis;

Uses cylindrical coordinate scheme;

It was the first Roche-geometry based light curve
code to incorporate full mutual irradiation by
mapping each surface element to all those illumi-
nating it.

Collier-Mochnacki-Hendry Spotted General Synthesis
Code

e Combination of the programs SPOTTY (Collier)
and GENSYN (Mochnacki) in 1987 to analyze
spotted eclipsing systems (Hendry and Mochnacki
1992);

e Allows determination of the most likely spot dis-
tribution making use of the maximum entropy al-
gorithm (Hendry et al. 1992);

e More recently, Hendry wrote a program to fit both
orbital elements and spot distributions to photo-
metric and spectroscopic data.

THE WILSON-DEVINNEY PROGRAM

The Wilson-Devinney program is the most widely used
of all the synthetic and analytic light curve modeling
codes. It is appropriate to describe its features, capa-
bilities, and continuing developments in some detail. It
has seen continual improvements and the 1998 version
provides powerful features.

Current Capabilities of the WD program

¢ Full functionality of the WD-Program (version dis-
tributed before 1995);

e Kurucz atmospheres;

e Initial parameter search with the Simplex algo-
rithm;

e Automatic differential corrections;
o Damped Levenberg-Marquardt scheme;

e Spectral line profiles can be computed; they can be
associated with specific regions of the stars, per-
mitting an analysis of chromospheric fluorescence
and also lines from spots;

e Either time or phase can be independent variable;

e Qutput data can be used as input to any commer-
cial or private plotting program;

e The program is now entirely in double precision;

e The LC input/output format is determined by a
control integer allowing certain decisions about
what will be computed;

e The parameter error estimates are now standard
deviations;

e Shell-based I/0O interface.
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Several improvements await incorporation

1. Polarimetry is a ripe field for exploitation in the
light curve analysis. The existing data are scarce
but the means to incorporate them into analytical
methods could encourage further observations in
this demanding field;

2. Atmospheric eclipses for components with ex-
tended atmospheres;

3. Improved accuracy.

Atmospheric Options

1. Kurucz new stellar atmospheres incorporate com-
puted opacities from a comprehensive list of 58
million lines and for 56 temperatures in the range
2000 to 200,000 K.

2. The models range from 3500 K to 50,000 K and
over a large range in log g, but not over the entire
range of opacities;

3. The atmospheres were integrated over the stan-
dard passbands UBVRJILJ, RCIC, and uvby, the
nominal extended Johnson infrared passbands
JHKLMN, the improved infrared bands, iz, iJ, iH,
iK, iL, il’,iM, iN, in, and iQ, and for a range of
narrow, square-edged passbands centered on wave-
lengths in the far-ultraviolet, appropriate for IUE,
HSP, or other space platforms with far-ultraviolet
detectors.

Applications and Eztensions

The intention is to provide hints about what can be
achieved and how various extensions can be used to
derive astrophysical results;

1. The eclipsing X-ray Binary HD 77581 / Vela X-1

e The binary contains an X-ray pulsar, while
the ellipsoidal variable HD 77581 / GP Velo-
rum is the optical counterpart of the pulsed,
eclipsing X-ray source Vela X-1

e A BO.5 supergiant and a neutron star move
in an eccentric orbit of about e=0.1 and a
period of 8.96 days

e The pulse arrival times are an additional ob-
servable used in a simultaneous analysis

e B, V light curves, optical radial velocities,
pulse arrival times and estimations of the X-
ray eclipse duration are used in a simultane-
ous analysis to ensure a self-consistent solu-
tion (Wilson & Terrell 1998).

2.

Eclipsing binaries in Clusters

The objective is to analyze eclipsing binary sys-
tems in well studied clusters in a boot-strap pro-
gram to increase knowledge of both binaries and
clusters and test evolution models.

Fitting of Line Profiles

Mukherjee et al. (1996) combined the theory of
stellar line broadening for local profiles with the
WD program and used it to estimate rotation rates
of Algol binaries by fitting line profiles to observed
data.

6. The Structure of the Future Light Programs

The aspects of a general light curve program include:

the light curve models (provided by astronomers);

capabilities of the least-squares solvers (could
be implemented by astronomers, mathematicians,
computer scientists);

user-friently front-ends (the development requires
the expertise of a software engineer rather than
an astronomer or mathematician. Of course many
gifted individuals are capable of fulfilling more
than one of these roles).

the above three components need to be linked ap-
propriately. Such a program is expected to emerge
in the future.

Prospects and expectations

Modern light curve analysis was born early in
the twentieth century with the pioneering work of
Henry Norris Russell;

Thanks first to the theoretical investigations of
Zdenek Kopal beginning in the 1940s, and second
to a number of workers who developed practical
computer applications, two decades later;

The WD program has become the light curve anal-
ysis tool of choice by the majority of the commu-
nity;

The number of observed light curves will continue
to exceed the number analyzed (use of CCDs etc.);

New techniques of analyzing data should be in-
vented (Neural network techniques);

The quality of light curve analyses can also be ex-
pected to improve;

Phenomena of extended atmospheres, semi-
transparent atmospheric clouds, variable thickness
disks, and gas streams will be treated by such pro-
grams;
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e Targets of modeling work : besides the determi-
nation of orbits, stellar sizes and masses, it seems
likely that the detailed physics of stellar surfaces,
including those arising from activity cycles will be
included.

Close binary research might initiate projects in-
volving complicated physics and requiring so-
phisticated mathematics and numerical meth-
ods.

Recommendations to Observers

1. Mid-range to long-period binaries (P > 5d, but
especially P > 50d) need observations of all kinds.
The longer period binaries are nearly unexlpored
territory;

2. Infrared light curves are especially needed for bi-
naries with large temperature differences between
the two components. Simultaneous observations
in the optical and infrared are critically important;

3. Individual observations should be published or
archived with easy access to them;

4. Binaries with active mass flow need to be followed
continuously over at least several orbits. Suitable
targets for APTs.

5. Polarimetric observations are equally important.
Although light curves are nearly periodic, polar-
ization curves mainly show transient events. Ab-
solute time of observations should be given;

6. X-ray binaries are a major and important new
area. Again absolute time should be published. X-
ray binaries provide excellent data for simultane-
ous fitting of multiband light curves, optically de-
termined radial velocities, and pulse arrival times.

7. Spectrophotometry provides an even greater po-
tential bounty, and, in principle, thousands of light
curves, if proper star spectra are taken (not easy
and seldom done).
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SYMBIOTIC NOVA V1016 CYG AS INTERACTING BINARY
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ABSTRACT. Long-term UBV photoelectric and
photographic photometry of the symbiotic nova V1016
Cyg is discussed. The pre-outburst brightening in
1949, main nova-like outburst in 1964 and two small
brightenings in 1980 and 1994 suggest 15.1+0.2 years
period of activity. It is shown that a variation in the
(J — K) colour index as well as that in the UV con-
tinuum and emission line fluxes in the IUE, HUT and
HST spectra exhibit the same periodicity, which is in-
terpreted as the orbital period of the binary on an ec-
centric orbit. The basic parameters of the system are
given.

Key words: Stars: symbiotic, stars: individual -
V1016 Cyg, stars: photometry, stars: UV spectroscopy

1. Introduction

V1016 Cyg is a member of a small subgroup of sym-
biotic novae, also including V1329 Cyg and HM Sge,
in which the outburst leads to a nebular spectrum
(Miirset & Nussbaumer, 1994). Symbiotic novae are
wide interacting binaries, where matter from a late-
type giant is transferred onto the surface of the more
compact companion. The nova-like optical outburst
(Am ~ 5 — 7 mag), lasting decades, is caused by a
thermonuclear runaway on the surface of a wind accret-
ing white dwarf after the critical amount of material
has been accumulated (e.g., Mikolajewska & Kenyon,
1992). V1016 Cyg underwent such nova-like outburst
in 1964 (McCuskey, 1965). The object is classified as
a D-type symbiotic. The cool component is the Mira,
variable embedded in the dust envelope. Its pulsation
period of ~478 days was determined by Munari (1988).
Episodic formation of the dust in the system in 1983
was reported by Taranova & Yudin (1986).

Previous estimates of the orbital period of the symbi-
otic binary V1016 Cyg were not succesful. Taranova &
Yudin (1983) used an increase of Balmer emision lines
in combination with the appearance and disappearance
of Fell lines to estimate the orbital period of 20 years.

Nussbaumer & Schmid (1988) proposed the orbital pe-
riod of 9.5 years on the basis of periodicity in the UV
fluxes of OI and MglI lines observed by IUE satellite.
However they have not observed any two subsequent
maxima or minima indicating that a phenomenon re-
peats with time. Munari (1988) analyzed IR obser-
vations and proposed 6-year orbital period based on
modeling of the dust obscuration episodes related to
the passage of the Mira at the inferior conjunction
in the system. Wallerstein (1988) suggested that the
sharp Fell emission lines are formed in the chromo-
sphere of the cool star and reflect the orbital motion.
Their radial velocities between 1978-1985 limit any or-
bit of high inclination to a period greater than 25 years
or to a large eccentricity. Schild & Schmid (1996) con-
cluded from analysis of spectropolarimetric data taken
from 1991-94, that the orbital period is about 80 +
25 years. However, new observations in 1997 put this
result into question (Schmid, 1988).

Long-term photographic, photoelectric and visual
photometry of the object gathered and analysed by
Parimucha et al. (2000), led to the discovery of 15-year
periodicity of activity, interpreted as the orbital period.
The aim of the present paper is to confirm this period
using available IR photometry and the IUE, HUT and
HST spectroscopic observations and to determine the
basic parameters of the system.

2. UBYV photoelectric and photograhic pho-
tometry

The historical light curve of V1016 Cyg based on the
photographic and UBYV data gathered by Parimucha
et al. (2000) is presented in Fig. 1. The light curve
suggests four stages of activity marked by arrows in the
figure: the pre-outburst flare @ in 1949, the main nova-
like outburst b in 1964 and two post-outburst flares ¢
and d in 1980 and 1994, respectively. The ephemeris
for maxima, of activity calculated in Parimucha et al.
(2000) is as follows:
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Figure 1: Long-term photographic and photoelectric U BV observations
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The brightness maxima in 1980 and 1994 followed
the well detected brightness decreases as possible sig-
natures of an enhanced mass transfer from the cool to
the hot component. Similar effect was detected in the

light curve of very slow classical nova V723 Cas (Cho-
chol & Pribulla, 1998).

3. Infrared photometry

We have used all available infrared photometry (for
complete list of the observations see Parimucha (2001))
to improve the period of pulsation of the Mira variable
present in the system. The Fourier period analysis ap-
plied to the JHK data, after the trend removal, led
to the mean period P = 47446 days (Fig. 2). Corre-
sponding phase diagrams are presented in Fig. 3.

According to Whitelock (1987), the (J — K) color
index in symbiotic Miras is little affected by the Mira
pulsation but it is very sensitive to the circumstellar
dust around cool component. The transient dust ob-
scuration episodes are orbitally related, so they could
be used to find the orbital period. It is well known,
that the dust can be formed also in the ejecta of novae
(e.g., Bode, 1993).

The long-term behaviour of the (J — K) color in-
dex of V1016 Cyg using all available infrared data is
presented in Fig. 4. The most interesting feature is a
short-term but strong dust formation episode in 1983
detected by Taranova & Yudin (1986), which occurred
three years after the brightness maximum of the nova
in U passband. We interpret this by a dust forma-
tion in the ejecta of the symbiotic nova. Detailed in-

0.6

0.5 j \L

Power

L - L N /\ - L /\ L T L 7\ L
200 300 400 500 500 700 800
Period [ days]

Figure 2: The Fourier power spectra of the pulsation
period of Mira in the JHK data

spection of the behaviour of the (J — K') index shows
wave-like variation with the maxima in 1988 and possi-
bly in 1973 (marked by o and 0?) and minima in 1992
and possibly in 1977 (marked by b and 4?). It sug-
gests the rs15-years periodicity in agreement with that
found from UBYV photometry. The (J — K) index is
influenced also by a dust formation due to the activity
of the hot component and possible mass transfer bursts
in the periastron of eccentric orbit. Combination of all
these effects leads to & 6-year periodicity interpreted
by Munari (1988) as the orbital period of the binary.

4. Ultraviolet spectroscopy

We have analyzed low and high dispersion IUE (In-
ternational Ultraviolet Explorer) spectra, HUT (Hop-
kins Ultraviolet Telescope) spectrum taken on March
6, 1995 and two HST (Hubble Space Telescope) spec-
tra taken on March 24, 2000 (for complete list see
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Figure 4: (J — K) color index of V1016 Cyg

Parimucha (2001)). We have excluded saturated spec-
tra or saturated lines and bad pixels. The low dis-
persion IUE spectra and the HST spectra were used
to determine the continuum flux. To establish the
continuum behaviour, we measured average fluxes in
20A bins free from emission lines. The high dispersion
IUE spectra, the HUT and HST spectra were used to
determine the fluxes of the emission lines. The spectra
were dereddened with E(B — V) = 0.28 (Nussbaumer
& Schild, 1981). Fluxes of non-saturated lines were
determined by fitting Gaussian profiles.

The temporal behaviour of the continuum and line
fluxes are shown in Figs. 5 and 6, respectively. We have
found the ephemerides for the maxima of the contin-
uum and line fluxes as follows:

JDE™ — 2444150 +5400 xE.

4120  £200 (2)
JDknes — 2444650 +5630 xE.

£240 300 3)

Figure 5: Fluxes of the UV continuum

The maximum of the continuum flux agrees within
the uncertainty with that detected photometrically (see
ephemeris (1)). On the other hand, the maximum of
emission lines occurred 1.4 years after the maximum of
the continuum. Nevertheless, the ~15-year period is
clearly present in all sets of data.

4. Basic parameters of the binary system

The period of Mira star pulsation in V1016 Cyg al-
lows to determine basic parameters of the cool com-
ponent using the standard pulsation equation, period-
luminosity relation, period-T¢ s relation and Stephan-
Boltzmann law (Cox, 2000; Glass & Feast, 1982): L, =
7600£100 Lg, Tepr = 2450+50 K, R, = 485£20 Rg,
M, = 0.81£0.11 M. If we accept the orbital period
of the binary 5510 days and the mass of the hot com-
ponent 1.1 Mg estimated by Miirset & Nussbaumer
(1994) and Mikolajewska & Kenyon (1992), the semi-
major axis of the system is 1630 Rg. Then, the Roche
lobe radius of the cool component is Rgycpe = 576 Rg.
The possible small eccentricity of the orbit can cause
the pulsating Mira variable to fill-up the Roche lobe
near periastron, so the matter is easy transferred to the
hot component. The distance to V1016 Cyg derived
from IR photometry by Parimucha (2001) is 2.940.7
kpc.

5. Discussion

Symbiotic nova V1016 Cyg is a wide-orbit binary
consisting of a pulsating Mira and a white dwarf that
after prolonged accretion underwent a thermonuclear
outburst in 1964 leading straight to a nebular spec-
trum. According to the ionization model of symbiotic
binaries, the hot luminous component ionizes the neu-
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Figure 6: Fluxes of the emission lines

tral wind of the giant giving rise to the nebula in the
system. The times of brightness maxima in the U pass-
band observed in 1980 and 1994 agree with that in the
ultraviolet continuum. This suggests that the nebula is
responsible for both continua. The periodic variations
of the optical and UV continuum can be caused by the
different contribution of the nebula to the brightness of
the system along the orbital cycle (Skopal, 2001) and
individual flares originated in the accretion disk of the
white dwarf. These flares are triggered by enhanced
mass transfer bursts from the Mira during the perias-
tron passage of the hot object on the 15-year eccentric
orbit. The pre-outburst flare in 1949 could be of the
same nature. The 1.4 years delay of the maxima of the
OIII], CIII}, NIII] and SiIll] UV emission line fluxes in
comparison with the maximum in the UV continuum
shows that the lines are excited in the surrounding neb-
ula collisionally when the fast wind from the hot object
interacts with the slow wind from the Mira variable.
Present analysis of the photometry and UV spec-

troscopy shows that V1016 Cyg is a binary system with
the orbital period 15.1+£0.2 years (Parimucha et al.,
2001). V1016 Cyg is the first D-type symbiotic system
in which the orbital period was determined.
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ABSTRACT. This work presents a new solution for
the close binary system DV Aqr (HD 199603, HR. 8024)
based on archival International Ultraviolet Explorer
observations, ground-based photometric light curves
and radial velocity data. The solution is obtained as
the best fit of the theoretical model to all these obser-
vations simultaneously. Roche geometry of the binary
system is assumed and a grid of the newest Kurucz
models of stellar atmospheres is used in the calcula-
tions.

Key words: Stars: close binary; stars: individual:
DV Aqr.

1. Introduction

The energy flux distributions, light and radial ve-
locity curves of a binary contain information about
the basic parameters of the system. To obtain these
parameters a separate treatment of different types of
data is usually made. In this work all observations are
analyzed simultaneously giving only one set of model
parameters. For this purpose we construct models
which allow us to calculate energy flux distributions,
light curves in different wavelengths, and radial veloc-
ity curves, according to prescriptions given by Polubek
(1998). The main properties of the model are the fol-
lowing;:

e Roche model is assumed for the system geometry,
e irradiation effect is taken into account,

e synchronous rotation of both components is as-
sumed,

e newest Kurucz (1996) models of stellar atmo-
spheres are included.

We use a differential correction scheme to derive the
basic parameters of the system. This scheme is equiv-
alent to the chi-square value minimization procedure
(cf. Numerical Recipies in Fortran, Chapter 15):

2 _ X (O (k) = C (kD)
= - :
k

where § = (p1,p2, ..., PNpar) i the vector of model pa-
rameters , C°" (k) and C°!(k, §) correspond to the ob-
served and theoretical values of different types of data,
respectively; oy is the error of k-th point and Nyps is
the number of observations. The vector p must include,
in general, geometrical parameters of the system, as
well as parameters describing the radiation field. Our
choice of p is the following:

ﬁ = (d7 T£‘(p01e)7 e%(pOIe)7q7uP7usai7Mtot7
m
P7E(B - V)777Uturb7 [E])a

where d is the distance to the system, T (pole) and
Tesﬂ(pole) are polar temperatures of the primary and
secondary components of the binary system, respec-
tively, ¢ is the mass ratio, U* and U° are the surface
physical potentials of the components, i is the binary
inclination angle, M, is the total mass of the system,
P is the orbital period, E(B—V) is the colour excess, v
is the radial velocity of the barycentre, vyyp is the tur-
bulent velocity, and [%] is the metallicity. In our case

r 1-11.0
r 4-11.5
=
>
E+ 1-12.0
(@]
)
- 1-12.5
- 1-13.0

1400 1700 2000 2300 2600 2900 3200
wavelength [,&]

Figure 1: Observed (symbols) and synthetic (solid line)
flux distributions of DV Aqr.

the minimization of chi-square x? must be achieved by
an iterative scheme. We have to find corrections Ap,
which added to the current approximation of the sys-
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Table 1: Archival IUE observations of DV Aqr.

image identifier | dispersion | aperture date and time integration time
in seconds
SWP52093 low large 1994-09-12 07:44:38 359.5
LWP29159 high large 1994-09-12 08:00:38 2159.7
SWP52160 low large 1994-09-20 07:50:30 119.5

tem parameters Pou, give smaller value of x2.

2. Observational material

Observational material used in our analysis consists
of:

e International Ultraviolet Explorer spectra listed in
Table 1;

e B and V light curves of Okazaki & Yamasaki
(1985);

e radial velocity curve of the primary component
taken from Paffhausen & Seggewiss (1976).

Orbital phases are calculated assuming the ephemeris
given by Strohmeier (1965):

Min.I : HJD2426160.500 + 19575531 x E.

3. Analysis

Okazaki & Yamasaki (1985) found photometric value
of the mass ratio ¢ = 0.6 and our first solution assumes
this value.

Table 2: Parameters of DV Aqr.

Parameter Value

d 91 pc £ 12 pc

TX: (pole) 7905 K & 320 K

T (pole) 6056 K + 240 K

q 06 *

ur 1.474E15 + 0.085E15 cgs
us 2.255E15 + 0.181E15 cgs
] 83%18 £ 0°11

Mot 2.76 + 0.04 Mg

P 19575531 *

EB-V) 0.04 £ 0.03

% 10.0 kms™! &+ 2.3 kms™!
Vurb 2.0 kms™! *

£ 00"

*) assumed value

Model parameters derived from the best fit proce-
dure are shown in Table 2. Table 3 gives additional

RSN AB(obs) - AB(cal) | m
s o5 Qfozﬁ 0900 0.06
L AR LA A
- 1 -0.06
_ e A{/(ob:s)-:AV(C:éﬂ) : {006
- 1 0.0
- 4 -0.06
_ 115
_ {11.25
- 11.35
_ {145
- 4 1.55

0.2 0.3 04 05 0.6 0.7 0.8 0.9 0.0 0.1 0.2 0.3
orbital phase

Figure 2: Lowest panel shows B and V light curves
of DV Aqr (open symbols) with the best fit synthetic
curves (solid lines). Upper two panels show the resid-
uals.

information about the binary system. Observed en-
ergy flux distributions, light curves and radial velocity
curve are marked in Figures 1 — 3 as open symbols,
while solid lines represent theoretical values. DV Aqr
appears to be a detached system just as in the solu-
tion of Okazaki & Yamasaki, but model parameters
of our solution are significantly different from those of
Okazaki & Yamasaki. In contrast, light curves minima
are flat in our solution (see Figure 2) and dimensions
of secondary component are considerably smaller. Our
estimate of the inclination angle is ¢ = 83°18, while
Okazaki & Yamasaki give ¢ = 70°.

To check quality of the solution we compare the rms
residuals of the light curves. For scatter of the observa-
tions from synthetic light curves Okazaki & Yamasaki
report ooy = 0.019 mag and oap = 0.033 mag for V
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Table 3: Other characteristics of DV Aqr.
| s 1 100 Primary | Secondary

L 175 Roche potentials 3.467 8.603

21 150 Radius*
= | j pole | 0.345 0.144
’§ L 1o point 0.384 0.146
3 | 1 s side | 0.357 0.144
8 L 150 back | 0.371 0.145

8| 1.75 Radius**
H 1 .100 pole 2.756 1.149
T S point 3.067 1.164
0.0 0.1 0.2 0.3 04 05 0.6 0.7 0.8 09 0.0 side 2.854 1.154
orbital phase back 2.963 1.162

Temperature
Figure 3: Observed radial velocities (open symbols) pole | 7905 6059
and the synthetic curve of the best fit solution (solid point | 7613 6289
line). side 7815 6052
back 7721 6035
logg

' ' ' ' ' pole 3.803 4.334
point 3.585 4.312
side 3.742 4.327
120 back | 3.676 4.315

R ST

distance [pc]

0.6
mass ratio

Figure 4: Distance to the DV Aqr as a function of mass
ratio. Solid line corresponds to the Hipparcos parallax
of the system.
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o
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Figure 5: Mass of primary (circles) and secondary (di-
amonds) component of DV Aqr as a function of mass
ratio. Shaded region corresponds to mass range of §
Scuti variable stars.

*) fractional radius (in separation units)
**) radius in solar units

and B bands, respectively. OQur solution is much better
since ooy = 0.011 mag and oay = 0.018 mag.

In the next step we search for a photometric value
of the mass ratio, ¢. For this purpose, a sequence of
solutions is calculated for different values of ¢ in the
range from 0.4 to 0.8. In all cases we get a detached
configuration. However, no unique minimum can be
reached. Thus, photometric value of ¢ cannot be de-
termined with reasonable accuracy.

Alternative way to find the mass ratio is the follow-
ing. Different values of g give different values of dis-
tance to the system. Figure 4 shows a distance to DV
Aqr as a function of g. The solid line represents the
Hipparcos (ESA 1997) data, viz. d = 84.5 + 6.0 pc.
As can be seen from this comparison, the value of ¢
consistent with the Hipparcos distance is in the range
from 0.55 to 0.8.

Additional constraint on the mass ratio may be se-
cured from Hg observations of DV Aqr (Kilambi 1975).
These data suggest that the binary system contains a
pulsating star of é Scuti type. Mass of such a star must
be in the range from 1.5 to 2.5 Mg (cf. Gautschy &
Saio 1995). Figure 5 shows masses of the primary and
secondary components as a function of g. Formal errors
of the mass determinations are small (they are compa-
rable to the size of symbols used in Figure 5). As can
be seen, the secondary component may be a & Scuti
variable only for ¢ < 0.45. It is inconsistent with the
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mass ratio determination from the Hipparcos parallax.
This indicates that only the primary component may
be a § Scuti variable. In this case the mass of the pri-
mary component lies in the range from 1.5 to 2.5 Mg
for ¢ = 0.50 — 0.65. This indicates that the Okazaki
& Yamasaki value of ¢ is reasonable estimation of the
mass ratio.
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ABSTRACT. The results of the long-term UBV R
photoelectric monitoring of active close binaries XY
UMa, RT And, VW Cep and SW Lac are presented.
The orbital period changes are discussed including
light-time effect and apparent changes caused by the
surface activity. The presence and effects of other
components to the studied close binaries are stressed.
Clean light curves are constructed and resulting pho-
tometric elements are used to determine the absolute
parameters of the systems.

Key words: Stars: binary: contact; stars: individual:
XY UMa, RT And, VW Cep, SW Lac

1. Introduction

Surface and super-surface activity in the stars is con-
nected with the presence of magnetic fields. The sur-
face regions with stronger magnetic field, cool spots,
are also origin of other manifests of activity like erup-
tions and flares, coronal transients, stellar wind. In-
tensity of the surface magnetic field is proportional to
the rotational velocity of the star and depends also on
the turn-over time of the convective zone. These two
quantities are connected by so called Rossby number.
It is widely known that magnitude of the stellar activ-
ity increases toward late spectral types. Unlike in the
Sun (vro; = 1.8 km.s™!) and other single stars, mag-
netic braking in close, tidally coupled binaries spins-up
rotation of the components. Due to tidal coupling of
the rotational and angular momentum rotational ve-
locities of the components in close binaries are often
higher than 100 km.s~!.

The present study deals with two separate groups of
active close binaries. Short-period RS CVn-like sys-
tems are detached binaries with main-sequence com-
ponents. Their orbital periods are in the range 0.49 <
P < 0.9 days, spectral types F8V-G9V (primary com-
ponents) and KOV - K5V (secondary components).
The activity is displayed as an enhanced Ca Il H and K

emissions, flares in visual region and light-curve distur-
bances up to 0.3 mag. W UMa systems (W-type group,
the more massive component is cooler) are contact bi-
naries with very short orbital periods 0.22 < P < 0.40
days and late spectral types G3V - K5V. The activity
is usually lower compared with RS CVn-like binaries
of the same spectral type. LC disturbances are ob-
served up to 0.1 mag. The presence of the magnetic
field causes also coupling of the magnetic and angular
momentum (Applegate, 1992) displayed as the cyclic
period, brightness and colour variation. The activity
of the eclipsing pairs is probably connected with the
presence of other component(s) to the binary systems.
In present sample: XY UMa, RT And (RS CVn-like
short period group), VW Cep, SW Lac (contact bina-
ries of the W type), the third components were con-
clusively detected in XY UMa, VW Cep and SW Lac.
Important physical parameters of the studied systems
are given in Table 1.

2. Long-term multicolour photoelectric
photometry

New extensive photoelectric photometry was per-
formed at 0.6m Cassegrain telescopes at the Skalnaté
Pleso (UBVR) and Stard Lesnd (UBV) Observato-
ries, 0.6m Cassegrain of the Mt. Laguna Observatory
(BVRI). XY UMa was observed in 1994-2001, RT
And 1997-2000, VW Cep in 1968-9, 1976, 1998-2001,
SW Lac from 1998-2001. Selected photoelectric light
curves are shown in Fig. 1. The comparison stars are
given in Table 1. For RT And additional high-speed
photometry was performed to determine the type of
the eclipses. For RT And, XY UMa and VW Cep also
photometry of all comparison stars used by different
observers, necessary for the analysis of the long-term
brightness variability, has been performed. All our ob-
servations were used to determine times of the minima
using Kwee and van Woerden’s (1956) method.
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Table 1: Fundamental parameters of the studied systems
RS CVn (SPG) W UMa - (W-type)
XY UMa RT And VW Cep SW Lac
JDg 49777.9429 50000.3588 | 50003.2992 51056.2890
Period [days] 0.47899819 0.62892932 | 0.27831149  0.32071484
AP/P [1078 year™!] +8.66 -22.4 -76.0 +18.9
Interval 1994-2001 1968-2000 1995-2001 1993-2001
Comparison BD+55 1320 BD+52 3384 | SAO 9836 BD+37 4715
g=M./My 0.61 0.74 2.53 1.255
i [°] 80.9 87.6 63.6 80.2
M.[Mg] 0.66 0.79 1.16 0.96
Mp[Mg) 1.10 1.13 0.46 0.78
R.[Ro] 0.63 0.89 1.00 1.00
Ru[Ro) 1.16 1.22 0.66 0.91
(B-V) 0.80 0.50 0.93 0.82
71 [pc] 66 75 27 81
P; [years] 30 - 32 90
P, [years] - - 197 23
3. Methods CVn-like binaries. The system was discovered by Geyer

For the studied systems we gathered all available
times of minima from Krakéw database (Kreiner et
al., 2000). The minima were weighted according to
their mean precision: photographic and photovisual
w=3, photoelectric and CCD w=10. Our analysis in-
cluded Fourier and pdm analysis of the residuals, deter-
mination of the orbital elements of the multiple com-
ponents to the eclipsing pairs including quadratic or-
bital ephemeris optimization and correlational analysis
of the LC asymmetries and (O-C) residuals. The ob-
served period changes and the new linear ephemerides
of all four studied systems valid for the coming years
are given in Table 1. The ephemerides were up-dated
using all available minima, (until September 2001) from
the last approximately linear part of the (O-C) diagram
(Table 1).

All observations were used to construct the clean
”unspotted” light curves selecting the brightest points
in the 0.01 phase bins. For the determination of the
photometric elements we have used the 1992 version of
the differential corrections code developed by Wilson
and Devinney (1971) (W&D). The clean elements were
used to determine also individual spotted light curves
assuming circular starspots. The resulting clean photo-
metric elements together with published spectroscopic
elements were used to determine the absolute param-
eters of the studied systems (Table 1). The long-term
changes of the maximum brightness were studied for
XY UMa, RT And and SW Lac.

4. Results for individual objects
4.1. XY UMa

XY UMa is the most active member among all RS

et al. (1955), who later performed extensive photo-
metric and spectroscopic observations. The bright-
ness of XY UMa exhibits night-to-night LC varia-
tions, changes from symmetrical to asymmetrical LC
shape as well as long-term total brightness and colour
changes. The observed period changes were interpreted
either by the light-time effect caused by another body
in the system (Pojmanski and Geyer, 1998) or Ap-
plegate’s mechanism (Erdem and Giidiir, 1998). The
latter possibility was not tested observationally. Poj-
manski and Udalski (1997) were first to determine the
semi-amplitude of the radial velocities of the secondary
component. The spectroscopic elements were later im-
proved by Pojmanski (1998) by analysis of the near-
infrared spectra.

Our extensive photometric monitoring (16 LCs) re-
sulted in the determination of the clean photometric
elements as well as absolute parameters of the compo-
nents (Table 1). The observed (O — C) diagram was
interpreted by the combination of the LITE (P; = 30
years) and maculation effects. This result was conclu-
sively supported by the correlational analysis of the
(0-C) residuals and light-curve asymmetries as well
as the eclipse of the binary by the protostellar third
body around 1977. The LC asymmetries and (O-C)
residuals from LITE were found to display 710 days
periodicity. High-dispersion spectroscopy showed the
presence of additional chromospheric emission in the
H,. New spectral classification showed discrepancy be-
tween the spectral type and observed (B — V') colour
index. Hipparcos distance d = 66+6pc was found to
be much lower than distance determined from simul-
taneous analysis of the photometry and spectroscopy
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Figure 1: Selected photoelectric light curves of XY UMa, RT And, VW Cep and SW Lac

d = 86pc. New results are presented in Pribulla et al.
(2001) and Chochol et al. (1998).

4.2 RT And

Active eclipsing binary RT And has been known
from the beginning of the 20th century. Williamon
(1974) interpreted observed period decrease by two
jumps caused by instantaneous mass exchange bursts.
Albayrak et al. (1999) and Borkovits and Hegediis
(1996) explained the long-term period decrease by the
LITE caused by the presence of one or two other bod-
ies, respectively. Photometric solutions of the binary
lead to the detached configuration with an inclination
angle either close to 82 or to 88 degrees and small
orbital eccentricity 0.02 - 0.08. The Mg IT H and K
lines indicate high degree of the chromospheric activ-
ity (Budding et al., 1982).

Our analysis of the clean light curve lead to two pos-
sible solutions: ¢ = 82.6°, ¢ = 87.6°. Additional high-
speed photometry of the secondary minimum showed
that the eclipses are total. Possible small orbital ec-
centricity was ruled out. It was shown to be only re-
sult of the distortion of the RV and LC curves caused
by the maculation effects. All published photoelectric
LCs were solved individually to find the positions and
parameters of the spots. For some LCs the face-to-

face position of the polar starspots on both compo-
nents was detected, leading to possible interconnection
of the magnetic fields - magnetic bridge. The Fourier
analysis of the spot longitudes on the primary compo-
nent showed the presence of the 6.8 year oscillation.
The distance to the system determined from photom-
etry and spectroscopy d = 83 pc is within error of the
Hipparcos distance d = 75+6. Detailed results of our
study are given in Pribulla et al. (2000).

4.8 SW Lac

SW Lac is the most extreme representative of W-
type W UMa stars and is well known for its vari-
able light curve and period (Brownlee, 1957). Van’t
Veer (1972) explained period changes by jumps alter-
nated with intervals of constant period. Panchatsaram
and Abhyankar (1981) explained (O-C) diagram by the
presence of double sinusoids, interpreted as the LITE
in a quadruple system. Zhang and Lu (1989) reli-
ably determined spectroscopic elements. Rucinski et
al. (1984) found strong chromospheric and coronal ac-
tivity of the system. The presence of another compo-
nent to the system was conclusively shown by Hendry
and Mochnacki (1998).

The (O-C) diagram constructed using all available
photographic and photoelectric times of minima (in-
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Figure 2: (O-C) diagrams from the mean linear ephemeris for XY UMa, RT And, VW Cep and SW Lac. LITE

fits are shown for XY UMa and SW Lac.

cluding our 12 determinations) was explained by a sec-
ular period increase AP/P = 1.89 107 year—! and
light-time effect due to the presence of another two
bodies in the system with orbital periods P; = 23 and
Py =~ 90 years. The minimum masses of these bod-
ies are M3 = 0.41 Mg and My = 1.47 Mg. The ob-
served UBYV light curves of the system were found to
be quite asymmetric: max I (phase 0.25) was about
0.02 mag brighter than max II (phase 0.75). All obser-
vations were used for the LC analysis. The resulting
elements are given in Table 1. The slight asymmetry
of the light curve was explained by a cool spot on the
primary component facing the observer in phase 0.75.
We have checked also possibility that the light curve is
affected by the third light caused by the other compo-
nents to the binary. The third light was found to be
negligible. The geometric elements ¢ = 80.2° and fill-
out factor F = 0.39, obtained from our observations
are close to that determined by Leung et al. (1984).
Our results are presented in Pribulla et al. (1999).

4.4 VW Cep

VW Cep is a very bright (V4 = 7.3 mag) chromo-
spherically active system. The pronounced variations
of the light curve and presence of the third body have
caused it to be one of the most observed variable stars.
The system was the subject to the multi-site interna-
tional campaign organized by Kwee (1966) and exten-

sive observations by Pustylnik and Sorgsepp (1976).
Many alternative models were proposed to explain the
light-curve disturbances including a circumstellar ring,
hot spot due to a gas stream and dark starspots. The
starspot model is supported by an enhanced surface
activity indicated by flare events and increased H,
emission. The presence of the third body affecting ob-
served times of minima was conclusively proved by as-
trometric observations (Hershey, 1975). Hendry and
Mochnacki (2000) performed a detailed analysis of the
simultaneous U BV RI photometry and high-dispersion
spectroscopy. Except the reliable determination of the
absolute parameters (see Table 2), maximum entropy
images of the eclipsing pair show rather high spot cov-
erage of both components.

The detailed analysis of the (O-C) diagram revealed
the continuous period decrease explained by the mass
transfer from the more to less massive component
and/or the magnetic braking process. A mass trans-
fer rate of (1.3840.01) 10~7 Mg, y~! fully explains the
period decrease. (O-C) residuals from the parabolic fit
show the light-time effect due to the third body on the
30-years orbit and 19-years wave-like variation caused
either by the fourth body orbit or by the Applegate’s
mechanism. The latter possibility should be tested,
however, by the analysis of the long-term changes of
the brightness and colour of the eclipsing pair. If VW
Cep is a quadruple system the minimum masses of the
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components are mg = 0.49 Mg (P = 31.3 years) and
my = 0.19 Mg (P = 18.6 years). The mass of the third
body is still incompatible with the observed third light
and intensity of the third-component lines in the spec-
trum. Hence, it is possible that the observed period
changes are partly caused by the intrinsic processes
in the system. The preliminary results of our period
study are given in Pribulla et al. (1999).

Although our analysis of the (O-C) diagram are not
conclusive, it is probable that VW Cep is a multiple
system. For the reliable detection of all components
more extensive and precise observations are needed.
The orbital elements of the third and fourths compo-
nents should be determined by simultaneous fitting of
the astrometric data and observed times of the mini-
mum light. A detailed analysis of the observed light
curves is under preparation.

5. Conclusions

Analysis of the (O-C) diagrams of several close active
binaries of the RS CVn-like and W-type W UMa type
has shown that incidence and importance of the mul-
tiple systems is higher than previously thought. The
existence of other components to the studied pairs was
independently proved by an infrared excess (XY UMa),
visual detection (VW Cep) and spectral lines (SW Lac,
VW Cep). On the other hand, so called Applegate’s
orbital - magnetic momentum coupling mechanism was
not found to be important for XY UMa.

Analysis of new and published light curves led to
the determination of the reliable clean photometric el-
ements for RT And and XY UMa. Variations of the
LCs were found to occur on the time scales of months.
The night-to-night variations are seldom and not im-
portant. The asymmetry of the LCs was found to
change on a time scale of months (XY UMa). Surface
mapping of the active systems (XY UMa, RT And, SW
Lac) using circular starspots model did not support the
active longitude belts hypothesis (Zeilik et al., 1989).
The occurrence of the facing polar spots indicates pos-
sibility of the complicated magnetic connection of the
components.

Activity of the short-period RS CVn-like systems is
higher than W-type W UMa, systems of the same spec-
tral type. The maximum observed differences in the
maxima, heights are: 0.10 mag in SW Lac, 0.27 in XY
UMa, 0.27 mag, 0.11 in RT And and 0.05 mag in VW
Cep.

The spectral type of XY UMa was found to be
later than previously thought. Its spectral classifica-
tion is negatively influenced by the enhanced chromo-
spheric emission, filling of the spectral lines, presence
of the cool spots on the surface. Hence, one has to be
careful in spectral classification of the chromospheri-
cally active systems since amount of the detected ex-
tra emission depends on the accepted spectral type.
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ABSTRACT. The long-term UBV R photoelectric
monitoring of 44i Boo performed at the Skalnaté Pleso,
Stari Lesnd and Kryonerion observatories is presented.
The orbital period changes are discussed including
light-time effect caused by the visual companion. The
radial velocity of the visual companion as well as ob-
served period change conclusively determine the as-
cending node of the visual orbit to be in the first
quadrant. The light curve of the system was found
to be quite stable but asymmetric: maximum in the
phase 0.25 has always been fainter than maximum in
the phase 0.75. Light-curve analysis of the V obser-
vations since 1998 provided new inclination angle ¢
=73.66+£0.14°. Combination of the inclination angle
with the published spectroscopic elements gave reliable
masses of the components: m;=0.861+0.008 Mg and
mg = 0.419£0.11 M.

Key words: Stars: binary: contact; stars: individual:
44i Boo

1. Introduction

Triple system 44i Boo (V = 4.76, sp. K2V) com-
posed of a W-type contact binary star and a main se-
quence companion forms a, visual double star ADS9494
(Pi23= 206 years). The system is unique since it has
precisely known astrometric orbit and it is our clos-
est W UMa neighbour (x = 0.0784”). The contact
pair shows enhanced photospheric activity displayed
as the differences in the maxima heights and brighten-
ings in the UV region. Because of its brightness the
system has been subject to numerous photometric ob-
servations. Unfortunately, the precise determination
of the photometric elements is complicated not only
by the photospheric activity but also low inclination
angle (~69-73°) and considerable third light making
the amplitude of the light variation as small as AV =
0.17 mag.

Lu et al. (2001) performed extensive high-dispersion

Table 1: Spectroscopic elements of the contact pair (Lu
et al., 2001) and the orbital elements of the relative
12-3 orbit (S6derhjelm, 1999). Errors are given in the
parentheses.

Spectroscopic orbit 12 Visual orbit 12-3

Vo [km.s—] 17.9(4) [ S.m [Mg]  2.70(16)
K, [km.s_l] 2313(6) Piog [year] 206(2)
K; [km.s™! 112.7(5) | a ["] 3.8
Q12 0.487(6) | e 0.55
migsin®i [Mg] 1.132(11) | i [°] 84
Py [day] 0.267818 | w [°] 45

Ty [year] 2013

Q[ 57

spectroscopic observations of the system. A thorough
analysis of the broadening functions resulted in new
reliable spectroscopic elements of the contact pair (see
Table 1). Séderhjelm (1999) used all Hipparcos and
Earth-bound astrometry and re-computed the relative
visual orbit (Table 1).

2. New observations

In our paper we present three sets of U BV R photo-
electric observations. In all three cases the combined
light of the visual pair was measured. The first set of
data are UBYV observations obtained at the Skalnaté
Pleso (SP) observatory of the Astronomical Institute
of SAS in 1968 (3 nights) and in 1969 (4 nights only in
V). The second set of data was obtained with the 1.2m
Cassegrain reflector at the Kryonerion Astronomical
Station (KAS) of the Athens National Observatory on
5 nights from May 1994 to May 1996. Standard BV fil-
ters and a two-beam, multi-mode, nebular-stellar pho-
tometer was used. 54 Boo served as the comparison
star. The system was also observed on 18 nights from
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Table 2: New times of the primary (p) and secondary
(s) minima. The standard errors are given in paren-
theses

TDha Fil. | IDper FiL.
2400000+ 2400000+

p 39222.5889(2): B | p 50204.4309(1) V
p 39222.5851(3) V | s50204.5613(1) V
p 39887.5749(4) U | s50204.5620(2) B
p 39887.5755(2) B | s50205.3654(1) B
p 39887.5744(1) V| s50205.3645(1) V
s 39940.4618(5): U | p 50205.4996(1) B
s 39940.4650(3) B | p 50205.5017(1) V
s 39940.4651(5) V| s52001.3670(8) B
p 39995.4973(3): U | s 52001.3675(5) V
p 39995.5000(8) B | p 52097.3817(1) B
p 39995.5021(7) V| p52097.3816(1) V
p 40286.6217(3) V | p52123.3557(1) B
p 50204.4286(2) B | p 52123.3572(6) V

February 1998 to August 2001 at the Stara Lesn4 (SL)
and SP observatories of the Astronomical Institute of
the SAS. At both observatories a single-channel pho-
toelectric photometer installed at the Cassegrain focus
of the 0.6m reflector was used. The standard UBV
and UBVR filters were employed at SL and SP, re-
spectively. 47 Boo was used as the comparison star.

Our observations led to the determination of 31 min-
ima times. They have been calculated separately for
each passband using Kwee & van Woerden’s (1956)
method. Twelwe previously unpublished minima times
are listed in Table 2.

3. Period Analysis

The orbital period of the system was analysed by
many investigators. Part of them correctly included
the light-time effect (hereafter LITE) caused by the
presence of the third component, others ignored the
LITE in their analysis entirely. Hill et al. (1989) tried
to re-analyse the times of the minima including the
LITE. The authors, however, computed the scale factor
s erroneously.

The analysis of the orbital period changes of the
contact pair has no meaning without proper subtrac-
tion of the LITE. The mass ratio gias = ms/(m1 +
ma +mg), necessary for the determination of the semi-
amplitude of the LITE, can be determined from the
total mass of the system determined from the visual
orbit (Séderhjelm, 1999) and the simultaneous spec-
troscopic (Lu et al., 2001) and photometric analysis of
the contact pair. From Table 1 we have mi +mq + mg
= 2.70+0.16 Mg and (m; + ms)sin®i = 1.132+£0.011
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Figure 1: (O — C) diagram of 44i Boo from the mean
linear ephemeris. The theoretical LITE curve corre-
sponds to the visual orbit and parallax given in Table 1
and ¢up. = 0.52

Mg. If we take the orbital inclination ¢ = 73.7° (see
Section 4), we get g123 = 0.52£0.03.

The theoretical LITE correction with respect to the
center of the mass of the triple system can be computed
as follows:

2
a’qioz . . 1-e
= Sin 193

AT —_
cw 1+ ecosv

sin(v+w), (1)

where a” is the semi-major axis in arcsec, e eccentric-
ity, w longitude of the periastron, v true anomaly and
i123 inclination of the relative orbit, ¢ is the velocity of
light and 7 is the parallax of the system.

The contact pair revolves the third component in the
direct orbit. Unfortunately, the positional measure-
ments do not allow to distinguish between two possi-
ble positions of the ascending node !: either in the first
or third quadrant. Both cases computationally differ
in the longitude of the periastron w. If the ascending
node is positioned in the first quadrant, then w = 45°.
In the second case w = 45 + 180 = 225°.

To analyse the orbital period changes of the con-
tact pair we have gathered all available minima mainly
from Hill et al. (1989) and Kreiner et al. (2001).
The minima were weighted according to Kreiner et al.
(2001): photographic and photovisual w = 3, photo-
electric w = 10. The (O — C) diagram from the mean
weighted linear ephemeris Min I = 2450945.4376 +
0.26781558 x E is presented in Fig. 2. The general
course of the observed times of minima (mainly since
1955) as well radial velocity of the third component in-
dicates that the ascending node is in the first quadrant
i.e., the contact pair is now receding from the Sun. Al-
though the LITE correction to the minima cannot be

Lwhere the fainter component (contact pair) crosses the plane
of the sky while receding from the observer
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Figure 2: Selected UBV R photoelectric light curves of 44i Boo

neglected, the corrected (O — C) residuals still show
steady period increase.

The (O — C) diagram for the corrected times of the
minima can be divided into two parts (i) till ~ JD
2431000 when the orbital period seemed to be con-
stant: Min I = 2450945.078(6) + 0.26780838(7) E
and (ii) since JD 2431000 when the orbital period is
increasing at an approximately constant rate: Min I =
2450945.4910(5)+0.26781565(3) E+2.21(5) 10~ E2.
Although the ephemerides describe the general trend
well, the individual minima show large scatter (caused
most probably by the photosheric activity) and small
intermittent period changes. Hence our light curves
(hereafter LCs) were phased using minima in short in-
tervals around observations.

4. Light-curve analysis

In the present paper we have aimed at the determi-
nation of the geometrical elements necessary for the
absolute parameters determination. Hence we tried to
remove the photometric disturbances caused by the ac-
tivity on the surface of the contact pair. The most sta-
ble and best covered is the V passband LC. U and B
passband observations are negatively influenced by the
chromospheric, flare and spot activity on the surface.

R passband observations are rather scanty. Hence we
have analysed only the V LC.

It is interesting to note that all V' LCs observed at
the SP and SL observatories since 1998 are very similar
and stable (see Fig. 2). Therefore, we used them for
the determination of the photometric elements. These
LCs only slightly differ mainly in the maxima heights.
The maximum I (phase 0.25) has been always observed
to be fainter by 0.004 - 0.017 mag than maximum II
(phase 0.75). If we assume that the component 3 is not
variable and we correct the LCs for its light, the cor-
responding maxima differences are 0.012 - 0.052 mag.
The most stable part of the LC was around the max-
imum I. Assuming the presence of dark starspots on
the surface we have used only the brighter half of the
LC around the maximum II. All V passband observa-
tions in this phase interval were used to form 89 normal
points by the running parabolae method.

For the determination of the photometric elements
we have used the 1992 version of the differential cor-
rections code developed by Wilson & Devinney (1971)
(W&D). Since the spectroscopic elements are reliably
known, we have fixed the mass ratio ¢ = 0.487 (Lu
et al., 2001). Mode 3 of the W&D code appropriate
for the contact binaries was employed. For the com-
putation of the monochromatic luminosities we have
used the approximate atmospheric model option of the
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W&D program. Coeflicients of the gravity darkening
g1 = g2 = 0.32 and bolometric albedo A; = A3 = 0.5
were fixed as appropriate for the convective envelopes.
The limb darkening coeflicients were interpolated from
Table 1 of Al-Naimiy (1978). The mean temperature
of the primary (the more massive and cooler compo-
nent) was taken 4830 K corresponding to the (B — V)
colour of the contact pair. Fabricius & Makarov (2000)
give Viz = 6.12 (average) and V3 = 5.28. The corre-
sponding maximum V magnitude of the contact pair
is 6.05 and the third light is I3y = 0.676. The result-
ing geometrical elements are: i = 73.66° £0.14° , Q =
2.8020+0.0038 (fill-out = 0.1674+0.013). The tempera-
ture of the secondary (hotter and smaller component)
is Ty = 5174410 K. The corresponding fit of the V LC
is depicted in Fig. 3 by the solid line.

Using ”clean” geometric elements we have tried to
solve the whole V' LC assuming that the cool circular
spot is positioned on the primary component. Due to
the fact that the spot is not eclipsed we have fixed
its latitude on the stellar equator. The best fit was
obtained for the spot positioned at the longitude | =
68° with radius 7ot = 20° and the temperature factor
k = 0.937. Fitting the one-passband photometry we
must be aware that the radius and temperature factor
of a spot are quite correlated. The resulting spot fit is
depicted in Fig. 3 by the dashed line in the residuals.

44 Boo, mean V light curve 1998 — 2001
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Figure 3: Best fit of the mean V LC constructed from
observations since 1998. The spot fit corresponds to a
dark spot positioned on the primary component.

5. Absolute parameters of the components
and conclusion

Using our new determination of the inclination angle
i = 73.7° , new spectroscopic elements of the contact
pair (Lu et al., 2001) and the elements of the visual
orbit, we have computed masses of the components

mq = 0.816 £ 0.008 My and mo = 0.419 &+ 0.003 M.
If we accept the total mass of the system as 2.701+0.16
Mg (Soderhjelm, 1999) we have the mass of the third
component mg = 1.424+0.16 M. As this component is
much more massive than expected for its spectral type
(G5V), it can be a binary system.

Including the semi-major axis a;2 = 1.898 +0.006 in
the W&D code we have obtained the absolute visual
magnitude of the contact pair as M?$ = 5.31. Using
the appropriate bolometric correction BC = -0.46 we
obtained absolute visual magnitude Mo = 5.77. Since
the distance to the system is precisely known, we can
determine the absolute magnitude from the observed
maximum visual brightness Vi, = 6.05 assuming zero
interstellar absorption. The resulting absolute visual
magnitude 5.52 is much lower than that obtained from
the spectroscopic and photometric data. The luminos-
ity of the contact pair increases with the semi-major
axis (and masses) of the components. Hence, it is pos-
sible that the most recent determination of the spec-
troscopic elements (Lu et al., 2001) is still negatively
influenced by the third component.

Our monitoring of the eclipsing system 44i Boo
shows that the system’s LC suffers small seasonal vari-
ations but the general shape of the LC remains sta-
ble. It is interesting to note that the asymmetry in the
maxima heights (maximum II brighter) was persistent
during our observations since 1968.

The orbital period of the system is variable. Apart
from the LITE caused by the third component on the
206 years orbit, the orbital period of the system con-
tinuously increases. The large scatter of minima times,
highly exceeding the standard errors of the minima, is
probably caused by the LC disturbances.

The detailed analysis and revision of both LC and
period changes is under preparation.
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ABSTRACT. The observed mass distribution for
the compact remnants of massive stars (neutron stars
and black holes) and its relationship to possible mech-
anisms for the ejection of the envelopes of type II
and Ib/c supernovae is analyzed. The conclusion is
drawn that this distribution can be obtained only by a
magneto-rotational mechanism for the supernovae with
sufficiently long time of the field amplification, and a
soft equation of state for neutron stars with limiting
masses ~1.5-1.6 Mg. Some consequences of this hy-
pothesis are discussed.

Key words: Stars: neutron, black holes, supernova.

1. Introduction

The observed masses of white dwarfs lie in a wide
range from several tenths of a solar mass to nearly teh
Chandrasekhar limit (~1.2My), with low-mass white
dwrafs encountered more often. We are not concerned
with these objects here, and will not consider them fur-
ther. The masses of neutron stars (NS) measured so
far lie within a very narrow interval: the masses for 26
NS radio pulsars in binary systems are consistent with
a normal distribution with mean mass 1.35My and dis-
persion 0.04Mg (Thorsett and Chacrabarty 1999). As
noted by Thorsett and Chakrabarty, there is currently
not a single pulsar in a binary system whose mass ex-
ceeds 1.45Mg. The recently obtained upper limit on
the NS mass in millisecond pulsar PSR J2019+2425
is Mng < 1.51 M@® (Nice et al 2001). If we add the
less accurately determined masses of NS in X-ray bina-
ries (Cherepashchuk 2000) to this sample, the observed
mean mass of NS is Mng = (1.35+£0.15) M® (the same
mean as above with a larger dispersion).

More than a dozen of black hole (BH) candi-
dates in close X-ray binary systems are known (see
Cherepashchuk (1996, 2000) and references therein).
The masses of these objects are determined using ra-
dial velocity curves of optical counterparts of binary
systems. According to current data, the masses of BH
candidates fill the interval ~3-40 Mg, with a mean
value of about 10 Mg,

In addition to the reliable dynamical determinaitons

of the NS and BH masses in binary pulsars and X-
ray novae, there are a number of less accurate mass
estimates for compact objects in X-ray binaries. (1)
The mass of NS in the low-mass X-ray binary Cyg X-2
is determined by Orosz and Kuulkers (1999) to be 1.8+
0.2 Mg. (2) X-ray pulsar Vela X-1: Myg ~ 1.9 Mg,
according to van Kerkwijk et al (1995), but Myg ~
1.4 My, according to Stickland et al (1997). (3) The
eclipsing low-mass X-ray binary 4U 1700-37: Myg =
1.8+ 0.4 Mg according to Heap and Corcoran (1992),
but it could be a low-mass BH (Brown et al 1996).
Until the high masses of these NS are independently
verified, we will consider them to be uncertain.

Thus, we assume that current reliable measurements
of NS masses lie in a narrow interval Mg = (1.35 &
0.15) Mg, masses of BH lie in a wide range Mpy >
3Mg, and not a single NS has currently been reliably
detected to have mass in the gap between 1.5 and 3Mg,
and the number of BH with such small masses is small
(the total absence of such BH is not required).

This picture is in a dramatic disagreement with both
a monotonic distribution of the initial masses of main-
sequence stars and the monotonic distribution of of
masses of carbon and iron cores that are developed
during nuclear evolution of massive stars. If a massive
star is deprived of its hydrogen envelope during evolu-
tion, its carbon core is observed as a Wolf-Rayet star.
The current observations show that their masses lie in
a wide range from ~3Mg to ~50Mg (Cherepashchuk
2001, 2000, 1998). According to calculations Timmes
et al (1996), the masses of the iron cores before collapse
lie in the interval from 1.25 to 2.05Mg. Both the car-
bon and iron cores depend monotonically on the initial
masses of the stars.

2. The enevelope ejection

In sufficiently massive stars (>8-10Mg), which can
produce NS and BH, the nuclear evolution ends up with
the core collapse which can be accompanied by the en-
velope ejection, leading to the supernova type II or
Ib/c. If the shell is ejected "efficiently” (i.e., it receives
an energy of the order of the bininding energy of the
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remnant), it expands in the surrounding medium and
a low-mass compact object forms with a mass of order
the mass of the collapsed core of the pre-supernova. If
the shell is ejected ”inefficiently”, a large fall of mat-
ter from the envelope to the forming compact object is
inevitable. As a result, the mass of the latter can sub-
stantially grow and approach the pres-supernova mass.

There can be a continuous transition between these
two limiting cases. However, if we suppose that the
ejection of the envelope during the supernova explosion
is sharply (even in a step-like manner) weakened for
pre-supermnova core masses above some threshold, the
continuous sequence of the pre-supernova masses would
give rise to two types of objects with sufficiently differ-
ent masses.

3. The core collapse

The formation of a compact object during the core
collapse can occur in two ways.
(1) The direct collapse into a BH, bypassing an inter-
mediate stage of a hot proto-neutron star, if its mass
is above some threshold My;. > Moy (see Prakash et
al (2000) and references therein for a more detailed de-
scription of this process).
(2) Via the intermediate stage with hot proto-neutron
star lasting several seconds or tens of seconds, in which
there is intense radiation of thermal energy by the
neutrino flux, after which the hot proto-neutron star
”cools” or, if its mas exceeds the Oppenheimer-Volkoff
limit for neutron star matter Moy, collapses into a
black hole.

The modern calcupations of core collapses show that
Mg — Moy = 0.3-1Mg (Strobel and Weigel (2000)
and refrences therein). Clearly, that for a static NS

My;, is always larger than Moy.
/ a

Hot NS M<M

(neutrino cooling) ov

direct BH
co\lapse

core dlr

Figure 1: The scheme of the core collapse

The possible ways of the core collapse are schemati-
cally shown in Fig. 1.

4. Supernova mechanisms

Let us now consider various mechanisms for super-

nova. explosions to find a qualitative shape of the re-
sulting mass distribution of compact objects. The con-
sideration will be based on the illustration with the
scheme of Fig. 1 to the left, completed with details
of various SN mechanisms, and by the compact mass
distribution plot turned counterclockwise to the right.

Excluding exotic models, currently there are three
different mechanisms for supernova explosions: (1) The
standard mechanism, in which a shock wave appears
as a result of the bounce of the matter flux from the
”solid” core; the shock wave propagation is sustained
by the neutrino flux. (2) The mechanism proposed by
Imshennik (1992) is associated with the division of the
rapidly rotating collapsing stellar core into two parts.
(3) Magneto-rotational mechanism of envelope ejection
(Bisnovatyi-Kogan 1970). Let us consider these mech-
anisms in turn.

Note that none of these mechanisms can presently
explain all the facts related to supernova phenomenon.
So a priori all these mechanism may be equally appli-
cable.

4.1. The standard (neutrino) supernova mechanism

In the standard model, the energy is transferred from
the hot compact remnant to the envelope by the neu-
trino flux. Unfortunately, this mechanism is unable to
eject the supernova shell either in the spherically sym-
metric or the axially symmetric (with rotation) case
(Janka 2001). There is some hope that the situation
can be saved by large-scale neutrino convection (Her-
ant et al 1994, Mezzacappa et al 1998).

BH

—> [ BH
. NS

Figure 2: The standard (neutrino) mechanism
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The envelope ejection, if any, must occur on the first
stage of the hot NS with most intensive neutrino emis-
sion (this stage lasts for several seconds). The neutrino
fluxes from hot NS with a mass below and above Moy
are not strongly different. In a direct collapse, the hot
stage is appreciably shorter (of the order of the dynam-
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ical time scale for the collapse), and, consequently, is
less efficient.

The resulting mass distribution consists of a class
of massive BH formed during the direct collapse and
a comparable number of NS and low-mass BH (see
Fig. 2). This distribution does not match with ob-
servations.

4.2. Imshennik’s mechanism (the double core)

This mechanism is associated with the division of a
rapidly rotating collpasing stellar core into two parts,
at least one of which must be a NS. The parts of the bi-
nary core then approach due to the emission of gravita-
tional radiation, until the component with the smaller
mass (and larger size) fills its Roche lobe. Further,
there is an exchange of mass until the mass of the
smaller component reaches the lower limit for the mass
of a neutron star (about 0.1Mg), at which point there
is an explosive de-neutronization of the low-mass neu-
tron star. This mechanism was first suggested by Blin-
nikov et al (1984) and applied to supernova explosions
by Inshennik (1992). This additional release of energy
fairly far from the center of the collapsing star can effi-
ciently eject its envelope. This mechanism can act only
for the most rapidly rotating supernova precursors.

s
MERGING BH
. ——> BH

(gravitational radiation)

o<=-0nno3

EXPLOSION
BH

NS

BH
([

NS [
©

deneutronisation
(Mys<0.1M,) =

Figure 3: Imshennik’s supernova mechanism

The approach of the binary core up to its merging
could last from several minutes to several hours; i.e.,
appreciably longer than the hot neutron star can exist.
The scheme of the collapse shown in Fig. 3 is somewhat
different: here massive is the binary system in which
both parts of the core become BH. In this case the
process results in a ”quiet” coalescence of BH with a
concomitant accretion of matter from the envelope.

The processes which take place in the low-mass sit-
uation are descrivbed above and their result is weakly
dependent on the mass and type of the compact rem-
nant. As a result, the same mass distribution as for

the neutrino mechanism is obtained, in contradiction
with observations.

4.3. Magneto-rotational mechanism

This mechanism was proposed by Bisnovatyi-Kogan
(1970). The supernova shell is expelled by the mag-
netic field at the expense of the rotational energy of
the newborn NS. The process occurs in two stages. At
the first stage, a toroidal magnetic field appears and
linearly grows with time. The duration of this stage
depends on the NS rotational velocity and its initial
magnetic field value and can vary from fraction of a
second to hours. When the magnetic field strength
approaches some critical value (~ 10'6-10'7 G), the
magneto-rotational explosion occurs which accelerates
and expells the envelope in 0.01-0.1 s (see Ardeljan et
al (1998)). For this mechanism to operate, the star
should have a sufficiently rapid (but not limiting) ro-
tation.

Depending on the relation between the time of the
magnetic field amplification tg (time before the explo-
sion) and the hot NS cooling time scale t,, different
compact object mass distributions appear.

During the direct core collapse into BH, the magnetic
field amplification never starts and the envelope are not
ejected. In contrast, on the branch leading to NS for-
mation, the magneto-rotational mechanism ultimately
leads to the explosion and the envelope ejection.

The difference between the two variants concerns
only objects with masses Moy < M < My;, in which
initially a hot NS forms and after cooling collapses into
BH. If the explosion occurs at the stage of a hot NS
(ts < t,), the envelope is ejected before stars with
M > Moy collapse; they form low-massive BH. There-
fore, we for the third time obtain the mass distribution
in disagreement with observations.

In contrast, if the field amplification porceeds slowly
(tg > t,), the objects with Moy < M < My, col-
lapse into BH, after which the field amplification stops.
No magneto-rotational explosion, and hence, envelope
ejection occurs, so masses of these BH will be weakly
different from those formed during the direct collapse.
The mass distribution will consist of only two groups
of objects: NS and massive BH.

Note one very important corollary of the scheme con-
sidered: the upper boundary of the NS mass distri-
bution must coincide (to the mass defect) with Moy.
Thus the current observations suggest that NS should
have a very soft EOS with Moy ~ 1.5-1.6Mg (such
equation are possible, e.g. GS1, PAL6 and PCL2 in
Lattimer and Prakash (2000).

The magneto-rotational explosion is illustrated in
Fig. 4.
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Figure 4: Two ways of the magneto-rotational mechanism for SN explosion

5. Conclusions

We have shown that the magneto-rotational mecha-
nism for supernova explosions, with the additional re-
quirements that the time before the explosion is larger
than the cooling time of a proto-NS (rp > 7,) with
a soft equation of state of NS matter (Moy =~ 1.5-
1.6 Mg), leads naturally to the mass distribution of
compact objects similar to what is currently observed.
To eject the envelope, the NS rotational energy should
be above ~ 10°0 ergs (period of rotation < 10 ms).
Unless the magnetic coupling between the pre-collapse
core and envelope is strong enough to preclude rapid
rotation of the core, as was suggested in Spruit and
Phinney (1998), the magneto-rotational supernova ex-
plosion is very attractive mechanism. This hypothesis
has a number of addtional predictions, which can be
verified by observations:

(1) Accretion-induced BH with masses of about Moy
should exist. They could be detected in low-mass tran-
sient X-ray binaries.

(2) Supernova remnants containing BH must be less
energetic evidencing less energetic supernova explo-
sions. Supernova remnants with NS should be axially
symmetric.

(3) The coaxiality of the angular momentum and the
space velocity of a pulsar, as observed in Crab and Vela
pulsars, must be a common property of all radiopulsars.

(4) BH should have very small space velocities in
comparison with pulsars.

Reliable measurements of the NS mass substantially
above 1.6 Mg would be a direct refutation of the pro-
posed hypothesis.
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ABSTRACT. In our brief review we summarize the
latest advances in studies of white dwarfs both as sin-
gle objects and the components of binary systems.
We discuss the observed properties of the hot subd-
warfs(sdws), the various techniques of their discovery
and some peculiarities of their evolution following the
final stages of AGB, both for single stars and binary
cores of PN. We find that the observed statistics of
sdws clearly point to drastically different evolution-
ary histories for sdws belonging to very wide pairs and
those found in close binaries.

Key words: stars: binary: AGB; stars: evolution-
stars:mass loss;stars: rotation-white dwarfs.

1. Introduction

In the last twenty years we witness an ever increas-
ing interest among astronomers in studying physical
properties and final stages of evolution of medium
mass stars leading to formation of wide dwarfs (WD).
Roughly during one generation observational and the-
oretical research of WD transformed into one of the
most flourishing branches of modern astrophysics, a
cosmic laboratory for a detailed verification of the pre-
dictions of WD theory, more specifically mass-radius
relation derived by S.Chandrasekhar almost seventy
years ago (for the most recent successes in this field see
articles by Wood (1995), Shipman et ¢l(1997),Shipman
and Provencal (1999), Provencal et al(2001). There
are several important reagons behind these spectacular
achievements and the most impressive of them deserve
at least a brief enumeration.

1) Although even today the bulk of all known to us
WD lie within 25 pc from us, the number of the newly
discovered WD is rapidly growing and the latest Mc-
Cook & Sion Villanova Catalogue of Spectroscopically
Identified White Dwarfs (see McCook & Sion (1999)
contains entries for 2249 WD stars (for more details
on catalogues, data bases and Websites of WD see the
paper by Holberg et al(2001).

2) It is universally acknowledged that WD-s are the
end product of evolution of stars with initial masses
between 0.5mg and 8mg which implies that 98% of all
stars are or will be WD-s (if one applies the standard
”Salpeter mass function” to estimate the fraction of
total stellar mass contained in existing and ” would be”
WD-s).

3) Since the seminal paper by L.Shklovski who first
noticed the rough coincidence between the velocity of
expansion of planetary nebulae (PN) and the terminal
wind velocities for red giants and conceived its deep
evolutionary implication, a remarkable progress has
been achieved in both observational and theoretical in-
vestigations of the internal structure and evolution of
AGB stars leading to superwind, ejection of the ex-
tended convective envelope which finally becomes visi-
ble as PN illuminated by the bare core - emerging hot
subdwarf (sdw) star, the progenitor of future WD. This
in its turn inspired both observers and theoreticians to
study even more closely the questions of morphology
and kinematics of PN, to look for the role of duplic-
ity of illuminating stellar source in shaping PN-g, to
explore the physical mechanisms governing the forma-
tion of novae and more generally cataclysmic binaries
from initially wide pairs.

4) Because the theoretical treatment of the cooling
of WD stars is relatively simple (at least for the early
stages before effects of crystallization in the interiors of
WD become important) it soon became clear that WD
can serve as a powerful tool for measuring the age of
Galactic disc population provided that one possesses a
statistically sufficient observed population of WD-s of
different ages. This is due to the fact that the cooling
time of WD is inversely proportional to its intrinsic lu-
minosity, therefore we should see more and more WD-g
as we proceed to the fainter objects until the luminos-
ity function turns down because of the finite age of the
Galaxy. In addition the location of the turning point
of the evolutionary tracks on the H — R diagram at the
onset of the cooling process of the new borne hot sdws
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appears to be very similar for PN-g discovered in other
galaxies thereby making the so-called PN luminosity
function a useful tool for measuring distances to the
extragalactic PN-s (for a detailed discussion of these
and related problems see, for instance, the articles by
Jacoby (1989)), Iben, Laughlin (1989), Wood (1992)).

5) In addition to the galactic and extragalactic out-
reach of WD research discovery of rapid oscillations
in WD like PG 1159 stars opened up the new hori-
zons for probing both the deep interiors and the thin
”crust” of the evolved WD. This new branch has culmi-
nated in project WET enabling to achieve an unprece-
dented accuracy in measuring the masses of individual
WD through a detailed study of their oscillation spec-
tra (for a more recent progress in astroseismology of
WD see, for instance, detailed discussion of the current
state of WET in the article by Kleinman (1999) and
references therein, also a number of articles ” Variable
White Dwarfs” in the Proceedings of the 12th Euro-
pean Conference on White Dwarf Stars (2001), see the
list of references to this article).

Until recently the observed statistics of binaries with
the hot sdw primaries has been significantly biased
since a number of observational selection criteria favors
discovery of strongly interacting binaries with short or-
bital periods. In a striking contrast to this trend pe-
culiarities of the wide pairs up to most recent times
remained largely non-explored (with an exception of a
limited number of symbiotic stars).

The so-called precataclysmic binaries (PCB) provide
an important link between the short period cataclysmic
variables and wide pairs.PCB-s is a small group of de-
tached close binary systems, which are observed at cen-
tre of planetary nebula, consisting of a hot white dwarf
or a subdwarf accompanied by an essentially unevolved
low mass cool companion mg < 1mg. PCB orbital pe-
riods are so short (typically less then two days) that
they can only have been formed via a common en-
velope evolution (see, for instance, Bond et al 1991,
Ritter 1986). Despite the fact that PCB-s have been
intensively studied for the last twenty years a number
of important problems remains open. PCB-s are dis-
covered mostly due to a pronounced irradiation effect
(conveniently called ”reflection effect”). Since the early
paper by Paczynski and Deaborn (1980) the problem
of anomalously high reflection effect amplitude remains
unsolved (see a discussion in paper by Hildtich (1994)).
It seems that the key to the solution of this problem lies
in the reprocessing of Lyman continuum of hot sdws in
the uppermost atmospheric layers of the late type un-
evolved companion (for more details see the paper by
Pustynki, Pustylnik and Kubat (2001)).

2. Statistics of the Hot Subdwarfs in Binaries

To understand better the difference between the sin-
gle sdws and their counterparts in binary systems sev-

eral groups of investigators have undertaken systematic
searches for the late-type companions of sdws.Thus,
Saffer, Green and Bowers (2001) have studied a sam-
ple of 70 bright B type sudwarfs (SdB) and obtained
accurate radial velocities for them. According to these
authors SdB stars fall into three distinct groups based
on their kinematic and spectroscopic properties. No
detectable spectral lines from a cool companion have
been found in Group I and only insignificant velocity
variations have been detected. These objects consti-
tute around 35% of all SdB stars in Saffer’s et al sample
and this estimate sets an upper limit for the total frac-
tion of non-binary SdB-s. Group II SdB-s are single-
lined spectroscopic binaries, comprising about 45% of
the objects from the same sample. The remaining 20%
of SdB-s are binaries which indicate the presence of
additional spectral lines from a cool MS or a subgiant
companion. In this Group III all systems reveal slowly
varying or nearly constant radial velocities indicating
orbital periods ranging from many months to several
years. According to Saffer et all "the current data are
insufficient to rule out the possibility that some SdB-
s in Group I may be analogs of the wide binaries in
Group III with undetectable faint companions. The
clear division into three groups with such disparate
properties suggests very different evolutionary histo-
ries even though the current physical status are essen-
tially indistinguishable”. These results may be con-
fronted with those of Maxted, Marsh and North (2001)
who found 23 stars in a sample consisting of 44 SdB
stars definitely to be short period binaries. This con-
clusion corroborates an earlier estimate of 54% — 66%
obtained by Allard et al(1997) based on circumstantial
evidence from UBV RI colours of sdws (in fact Berg-
eron et al (1995) have demonstrated that model at-
mosphere calculations reproduce quite successfully ob-
served M, — (V —I) diagram for DA and non-DA white
dwarfs).

Several observational tests can be proposed to
discriminate between different evolutionary scenarios
leading to formation of WD-s. In particular statis-
tically more rapid axial rotation is expected for hot
sdws in binaries (when compared to single objects).
In reality Koester et al (1999) have determined vsini
for 26 WD by fitting H, rotationally broadened pro-
files to the observed ones. Only in 3 cases vsini def-
initely exceeded 50km/s (in all these cases magnetic
field higher than 40 KG was detected), only in one case
the presence of a companion was established beyond
any doubt (similar results have been obtained earlier
by Heber et al (1997)). These results are in accord
with the theoretical predictions of Spruit (1998) who
presented numerous arguments favouring the idea that
the rotation of WD is not a remnant of the angular
momentum of their MS progenitors but a result of the
mass loss process during the AGB stage. According
to this author strictly axisymmetric mass loss during
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the AGB stage from uniformly rotating stars would
lead to WD with rotation periods P > 10y but small
random non-axisymmetry of order 10~ in the mass
loss process add sufficient angular momentum to pro-
duce observed rotation of order 1 day. Unfortunately
up to now the existing data on radial velocities of
sdws in binaries remains scarce and scattered. On the
other hand, two ultra-rapid K-dwarfs 2REJ004 + 093
and 2REJ0357 4 287 (projected velocities respectively
90km/s and 140km/s) have been discovered in wide bi-
naries with hot sdws (see Jeffries and Stevens (1996)).
Jeffries and Stevens propose a model which explains
the origin of such systems as the consequence of the
spinning up late type components due to accretion of
the slow wind from the AGB progenitor.

Different evolutionary histories for very wide pairs
and relatively close binaries with hot sdws may solve
a certain controversy concerning the role of binarity
in the observed diversified morphology of PN-s. Ac-
cording to Tutukov, Yungelson and Livio (1993) the
fraction of all PN-s posessing binary cores is ~ 22%
whereas Schwarz and Corradi (1995) find 11% among
the bipolar PN-s. Bond and Livio (1990) who stud-
ied 10 precataclysmic binaries MT Ser, UU Sge, V477
Lyr, V664 Cas, VW Pyx, V 651 Mon, Abell-35, LSS
2018, LoTr1, LoTr5 and their environments derive the
following conclusions: 1) in nebulae with binary cen-
tral cores no double shells have been detected typical
for PN-s, 2) roughly in 50% of PN-s elliptical or bipo-
lar structures have been observed, 3) morphology of at
least three PN-s unambigously points to the interac-
tion effects with interstellar medium. The fraction of
PN-s with such features is higher for binary cores in
comparison with single objects.

Bearing in mind resluts of Saffer et al (2001) it is
clear that actual fraction of PN-g with binary cores
may be significantly underestimated for wide pairs. Al-
though the original interacting winds model of Kwok,
Purton and Fitzgerald (1978), later generalized by
Kahn and West (1985) and by Balick (1987) does not
invoke specifically the effects of binarity to explain el-
liptical and bipolar shape of PN, it is evident that
even in very wide systems the presence of a companion
should influence both the overall distribution of cir-
cumstellar material and its chemical composition due
to effects of accretion of ejecta (see also a discussion of
various scenarios for production of elliptical and bipo-
lar shapes of PN-s in Hrivnak (2001)).

There are several independent methods of discovery
of the faint late type components accompanying hot
sdws. One of the most promising technique lies in the
detection of infrared flux excesses in the spectra of hot
sdws through application of JH K photometry of sdws
in combination with the IUE data for spectral distri-
bution of sdws. Although this technique has its limi-
tations (it implies a reliable knowledge of the gravity
acceleration for sdw which suffers from the uncertain-

ties in the radii values, also it is a common practice to
assume the average values of mggw = 0.55mg) it en-
abled to discover 88 new binaries with sdws as the pri-
maries (for details see the papers by Thejll et al(1995)
and Ulla, Thejll (1998)). A circumstellar origin of IR
excess has been excluded by Thejll et al(1995). Es-
sentially the same method has been applied the other
way round: by inspecting the spectral energy distri-
bution of late type MS stars in far UV it is possible
to detect the signatures of the hot companions short-
ward of 1600A. Nine such systems have been identified
through ROSAT,EUVE and IUE observations summa-
rized by Barstow et al (1994). Unfortunately, these
indirect methods cannot provide data on orbital pa-
rameters without follow-up spectroscopic and photo-
metric observations. At least for some of these objects
inspection of HIPPARCOS data should give the dis-
tances to these binaries, while in absence of eclipses
and pronounced irradiation effects one can get at least
the lower limits to separation between the components
and the order of magnitude estimate of anticipated or-
bital period.

3. Different Evolutionary Histories for
Moderately Wide Binaries and Wide Pairs 7

In Table I reproduced from paper by Burleigh et al
(2001) the estimated separations and orbital periods
of some binary systems resolved by HST with the hot
subdwarfs primaries and the late type MS stars or sub-
giants as the secondaries are given. We use this small
sample for making rough estimates of the plausible or-
bital parameters of the progenitors of these systems.

To see more distinctly the differences between the
consequences of disparate evolutionary histories for
WD in close and wide binaries we compare the cooling
time fco01 of WD and the time scale for the mass loss
during the final stages of AGB immediately preceding
the emergence of the hot sdw from the ejected envelope
of AGB star.

A € m L
Fom % 04110 ()~ ey T L
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Here p is the mean molecular weight of the giant’s
envelope, e is the mean molecular weight per electron
in the core, A -is the atomic weight of the matter in
the core. Assuming that the masses and luminosities
of the WD in wide pairs like HD27483 or 14 Aur C are
comparable to those typical for such PCB-s like UU
Sge or V477 Lyr (see Polacco and Bell (1993),(1994))
we estimate teo01 a8 7.7 - 10%yr and 10%yr for masses of
WD respectively 0.51mg and 0.63mg and luminosities
of the hot sdws taken from papers of Polacco and Bell.
Confronting these values t.oq with the time scales of
increase the temperature of the hot sdw due to the
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Table 1: Estimated physical parameters for the resolved binaries

System Sp.type Dist(pc) Plyr) a(Rp)
HD2133 F7V+DA 140 590 1.7-10%
HD27483 F6V+DA 46 260 104
14 Aur C F4V+DA 82 1307 2.9-10*
RE J1925-566 G7V+DA 110 95 5100
HD223816 F8V+DA 92 200 1.1-10%
56 Per F4V+DA 42 47 3190
MS 0354.6-3650 G2V+DA 400 6200 8.3-10*
(Cyg GS8IlIp+DA 46 18 1680

decrease of the mass of hydrogen envelope T,y

1000L¢ ) )

and time scale 75, of the mass loss during the phase of
superwind

Meny
10—3me

Toue = 6 - 104yr(

1 Meny )

~ 2.10%
T & 3 10%yr( 103mG

m
10=8mg /yr
we see that teool, Thue, T are all roughly of the same
order magnitude and less or comparable t0 Tgherm fOr
the cool companion of the hot sdw. This means that
during the phase of superwind and after emergence of
the hot sdw following ”shedding” of the envelope the
distant companion in a binary had no time enough for
accreting appreciable portion of the material lost from
sdw. We use this fact to estimate the initial separation
between components of the binaries shown in Table I.

For very wide pairs with the estimated orbital peri-
ods 102 — 103 yr the size of the orbit found from the
Kepler’s third law @ = 214Rgmi/>(1+ q)'/3 P2 is
indicated in the last column of the Table I (assuming
m; = lmg and ¢ = 0.5). For half of the systems
in the Table I the size of orbit is a > 10* Rg. This
means that such wide pairs most probably escaped in
past the phase of common envelope because even dur-
ing the AGB stage the progenitor of WD had no chance
to fill in its Roche lobe or because due to the very large
size of the orbit the magnetic braking and the ensuing
orbital decay could not operate efficiently. Arguing in
that way we ignore the evolution of the orbit in the
past. If, on the other hand, we make an assumption of
the net mass loss from the AGB star without a consid-
erable accompanying angular momentum loss, then us-
ing the relation PM? = const (M being the total mass
of a binary) for M ~ 5mg,q = 0.5 and myg = 0.6mg
we find that initial separation between the components
was of order 103 R®. Thus, the validity of conventional
concept about the Roche lobe overflow and subsequent
formation of common envelope in application to such
binaries looks problematic.

A reasonable estimate of an impact caused by a dis-
tant companion upon the properties of stellar wind

from AGB can be found using the recently pub-
lished results of Frankowski and Tylenda’s investiga-
tion(2001) of stellar wind peculiarities in a binary.

Frankowski and Tylenda (2001) have explored the
influence of a companion on the wind from the giant
in the AGB stage in a binary system. They have de-
rived a simple relation for the equatorial-to-polar wind
intensity contrast

—4ab—14
@225 04 5060 ()

Here ¢ - is the mass ratio , R -the radius of a giant,
&€ = Rp /A, A being a semi-major axis of the relative
orbit, Ry, - the radius of the Roche lobe. # is a free pa-
rameter describing the effectiveness of the Newtonian
gravitational force (it accounts for the effects of pul-
sation, radiative pressure and convective motions all
acting to diminish the gravity on the giant’s surface),
a is a parameter describing the effect of gravity dark-
ening (o = 0 for uniform temperature distribution and
a = 0.25 for the atmosphere being in a state of strict
radiative equilibrium according to von Zeipel’s theo-
rem), parameters a, b, ¢ are determined from the power
law approximation of the mass loss rate m ~ R* Té’ﬂ g°
and found from the model of stellar wind for AGB
stars (for example, in case of the models by Arndt
et al (1997), a = —4.70,b = —-2.14,c = —2.88).
For reasonable combinations of parameters a, b, ¢, 7y, a
Frankowski and Tylenda find the effect of the con-
trast (req/Mpol — 1) ranging between 10~% — 102 for
(R/Ry < 1) up to 1-5 for R/Ry, ~ 1. Using the above-
given expression for g‘eq we can easily verify that effect
of the wind contrast between equator and pole will not
influence appreciably the above-given estimate of the
initial separation between the components. Thus, the
following conclusion seems to be unavoidable: evolu-
tionary history for very wide pairs (with Py, > 100yr)
should be drastically different from binaries with initial
orbital periods Py, < 100yr. In view of the above-
stated a comparative study of the evolutionary history
for binaries with moderate masses (M < 10mg) and
orbital periods (P, ~ 10 — 100yr) deserves a special
investigation.

hea _
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ABSTRACT. We report results of modeling physi-
cal processes in the outermost layers of strongly irra-
diated atmospheres of low mass companions in PCBs
where Lc¢ radiation coming from the hot subdwarf
(sdw) primary is reprocessed. We solve explicitly a
set of equations of hydrostatic, ionization and thermal
equilibrium and calculate the intensity of reprocessed
emergent radiation in recombinations for optically thin
plasma. For purely hydrogenic atmosphere and typi-
cal for PCBs values of incident fluxes, densities, gas
pressures of irradiated upper atmospheric layers we
find that Lc¢ will be absorbed and re-emitted in re-
combinations within the column of effective thickness
(108 —10%)cm of HIT depending on the electron density
and the effective temperature of sdw. The most inter-
esting and non-trivial result of our model computations
lies in the overheating of the uppermost layers of irra-
diated atmosphere: the equilibrium temperature of gas
turns out to be considerably higher than the value of
radiative temperature in the black body approximation
following from the total irradiating flux of the diluted
incoming radiation of sdw. This result enables one to
explain the abnormally high values of albedos follow-
ing from the conventional analysis of the light curves
of PCBs (amplitudes of the light curves correspond to
albedo values typically amounting to 3 — 5 for well-
studied systems like V477Lyr). The effect of overheat-
ing is determined solely by the effective temperature of
irradiating source. Thus, we indicate how the effect of
reprocessing of Le radiation can be used as a sensitive
tool for a more rigorous determination of the effective
temperature of the sdw primaries in PCBs.

Key words: Stars: binary: precataclysmic, reflec-
tion effect.

1. Introduction

PCBs is a group of close binary systems composed
of a sdw or a white dwarf precursor (primary star)
and an unevolved secondary star, usually a red dwarf.
Periods of these systems are very small, varying from
several days to several hours, and separations between
the components are also small, so systems are close.
Nonetheless, they are still not close enough for the sec-
ondary’s Roche lobe to be filled, so cataclysmic activity
hasn’t yet started. PCBs are frequently found to be the
cores of planetary nebulae.

It is generally accepted now that such systems orig-
inate from wider binaries as a result of the common
envelope stage that once took place in course of their
evolution. The common envelope originates, when the
more massive primary fills its Roche lobe and begins to
loose matter forming a shell embracing the system and
effectively brakes it down, forcing the secondary to spi-
ral down towards the common gravity center. There-
after the matter is expelled from the system and is
observed as a planetary nebula.

One of the most spectacular particularities of PCBs
is an extremely high reflection effect. Being only a sec-
ond order effect in common semi-detached systems, it is
often the main cause of optical variability in such close
systems as PCBs. Due to the fact that the distance
between the components is very small (about some
units of solar radius) and that the effective temperature
of the primary is extremely high (tens of thousands
Kelvins), the hemisphere of the secondary facing the
primary star is highly overheated. The physics stand-
ing behind the emergent radiation transformations in
the overheated phototosphere of the secondary, is very
complicated; that is why we cannot treat the flux es-
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caping from the secondary’s illuminated hemisphere as
simply as it is usually done in conventional models of
reflection effect in ordinary semi-detached systems (see,
for instance, Paczynski and Dearborn 1980).

An adequate model of the processes involved in the
transformation of the incoming hot radiation in the
photosphere of the secondary star would let one to ob-
tain independent estimations of the system’s parame-
ters, including so important one as temperature of the
white dwarf. Such model would also help us to pre-
dict the future evolution of the system, to answer the
question if it has enough time to start cataclysmic ac-
tivity. Some specific questions, like an unusually high
reflection albedo found from observations, could also
be answered (see for instance, Pustylnik and Pustyn-
ski 1999).

2. Model for upper layers of irradiated
atmosphere.

We developed a theoretical model of the upper pho-
tosphere of the secondary.

As already mentioned above, effective temperatures
of the primary correspond to absolutely black body
temperatures of some tens thousands Kelvins. It means
that a significant portion of the incoming flux energy is
concentrated in the far ultraviolet portion of the spec-
trum, namely in the band with wavelengths shorter
than Lyman limit. This hard flux falls onto rarefied
layers of the secondary’s photosphere, and processes
in these layers are somewhat similar to the processes
taking place in planetary nebulae. This fact justifies
application of similar methods in our model. It is in-
tuitively clear that there shouldn’t exist local thermal
equilibrium in such overheated medium. To escape so-
phisticated non-LTE calculations that would make our
reflection effect model extremely complicated, we sup-
pose upper non-LTE layers to be purely hydrogenic and
describe them generally in the on-the-spot approxima-
tion by the system of three equations: the equation of
ionization balance

L e T

= Ne(r) N*(r) o[T'(r)] -

the equation of thermal equilibrium

* B, (T1) k, [T(r)] exp(-7,(r)) ,
No(r) Wa /;/Ly hv(hv — hvry)—! dv=

=A4r /VLy G[T(T), Ne(r)] [1 =+ TI/(T)] dv )
0

and the equation of hydrostatic equilibrium
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stands for ionization degree (it is unit when all hy-
drogen is ionized and is zero when all hydrogen is neu-
tral), a is the recombination coefficient to all levels
except the first one, € is the total emission coeflicient
for recombinations, Ny , Ne, N1 are respectively the
number density of neutral H atoms, of free electrons
and protons, B, is the Planckian, W is the local value
of dilution factor, 4 being the angular distance from
substellar point of irradiated component, 7, (r) - the
monochromatic radial optical depth counted from the
surface of the star, P is the gas pressure (the mean-
ing of other notations is self-explanatory). We ne-
glect the number of ionizations from upper levels in
equation of ionization equilibrium. We add the op-
tical depth-dependent coefficient into the right-hand-
side integrand of the thermal equilibrium equation to
take into account approximately contribution from dif-
fuse radiation. In the formula for hydrostatic equilib-
rium we take into account the dependence of effective
gravity acceleration G on coordinates of the selected
point upon the secondary’s surface. The applicability
of such simplified description was checked by our nu-
meric estimations which showed, that the upper layer
of the irradiated atmosphere is opaque for Lyman con-
tinuum photons, at the same time photons with lower
energy penetrate freely through the same layer practi-
cally without being absorbed; so, the non-LTE layer in
the first approximation may be considered transparent
for radiation in optical wave-band.

When the above-mentioned system of equations is
solved, we obtain models of the upper photospheric
layer of the heated secondary’s hemisphere. As it could
be expected, they demonstrate a certain qualitative
analogy with models of planetary nebulae.

It is seen that the radiation penetrates into the pho-
tosphere until a certain depth, while ionization degree
remains close to unity. Thereafter almost whole flux
is absorbed in relatively very thin layer of practically
neutral hydrogen.

From our models one may conclude that the great-
est portion of the Lyman continuum flux is absorbed
in the rarefied upper layer, and the energy of Lyman
continuum photons is reprocessed into energy of less-
energetic quanta, as a result of hydrogen ionization
from the ground level and subsequent recombinations
onto upper levels, and in addition is expended on heat-
ing electron gas. Thus, the reprocessed radiation has a
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typical recombination spectrum, and its intensity may
be obtained from the equation

7). M) = sz BT (), Ne(r)] espl— ),

where

®, =54(F,[T(r)] + G,[T(r), Ne(r)])-

Here F,[T'(r)] is the Gaunt factor for free-free tran-
sitions and G, [T'(r), Ne(r)] is the Gaunt factor for
bound-free transitions. The normalization coefficient,
introduced into this equation to keep emitted energy
rate equal to absorbed energy rate, is omitted in this
formula. This coefficient differs from unity in our
model due to the fact, that the model doesn’t include
self-absorption that may be important at large wave-
lengths and its value is found by equalizing the total
energy emitted in recombinations to the local value of
the incident flux from sdw.

Next we should analyze physical processes involved
in transformation of radiation with longer wavelengths.
This is the radiation coming directly from the primary
star and penetrating through the upper layers nearly
without attenuation, and also the radiation reprocessed
in the upper layer and penetrating deeper into the pho-
tosphere.

The numeric estimations show that the deeper lay-
ers may be treated as medium with LTE, and thus we
may use diffusion (Eddington) approximation to model
them. Following Basko and Sunyaev 1973, we write the
Eddington equation in the following form:

160z p(r) T(r)® dT
" 3my k[T(r), P(r)] dy’

where variable y is defined as follows:

Fy, + F(y) =

TH r
vr) = =22 [ pwyar
(r) —
and
2 [e9)
F(y) = El'p(—@) -Finc exp[—yNk()\, T7 P)] dX.
ALy

This equation is solved numerically together with hy-
drostatic equilibrium equation
2 P(r) = o plr)
dr ’
and the results of the solution may be expressed as
temperature, pressure and flux functions of the mean
optical depth 7 that is introduced with the formula

() = /00 k(r) dr .

Having obtained this solution, we may deduce the
intensity of emergent radiation from the deeper photo-
sphere:

© 1k k
I,,(,u):/ 1 ka3 () B,,(T)exp(—%(") ™y dr.
0o K ko ko 1

This intensity is function of the angle arccos u with
the local normal.

In this way we obtain intensities of emergent radi-
ation escaping from the upper non-LTE and deeper
LTE layers of the secondary’s photosphere. Taking
these two intensity components together and integrat-
ing them over the whole visible sector of the secondary
at a particular orbital phase, we get the total flux in-
tercepted from the secondary by an observer:

Smaz  pXmae
L,(i,0) = 2R2/ / L, (T) sin(§) cos(T)dxds.

x=0

Smin

For different phase angles the observable illuminated
sector has different shapes, and thus we may construct
a smooth light curves by computing the reemitted ra-
diation input into the total system’s luminosity at var-
ious phases. We normalize the light curves so, that the
total relative luminosity in minimum light were unity:

L1 (V) =+ L2 (V, 0)
Ly(v) + LY (v) -

lnorm (V 0) =

3. Results and Conclusions

1. The effective thickness of the column where
the total Lc¢ flux is absorbed for typical temperatures
Tsdw = (40000 — 70000)K and electronic densities
Ne = 103em =2 amounts to Ar = (10° — 10%)em. As
we can see from the Figure 1, the thickness of the ion-
ized zone is rather strongly dependent both on the val-
ues of Tsdw and the distance from substellar point.
Since the emission measure is proportional to Ne? it is
clear that the contribution from the zones close to the
substellar point will be dominant (both Ne and Ar are
higher).

The first attempts to substitute black body spec-
tral distribution of the hot subdwarf by the distribu-
tions following from the model atmospheres discussed
in (Kubat at al., 1999) demonstrate sensitivity of both
temperature and ionization degree runs to Lyman con-
tinuum of the irradiating source.

2. One of the observational phenomena that receives
a natural explanation in our model is a well-known
excess of the secondary’s albedo coefficient in optical
and infrared bands in comparison with estimates made
from the models based on simple black body approxi-
mation . In our model this discrepancy is explained by
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Figure 1: Ionization degree z as function of depth R in
irradiated photosphere for different values of angular
distance from the substellar point. PCB parameters
are: @ = 2R, R1 = 0.01Rg, Ry = 0.2Ry, M; =
051Mg, Mo = 015Mg, Ty = 60000K,T, =
4000K, N.(0) = 5-10'2em 3.

the fact, that the energy in the ultraviolet part of the
spectrum is reprocessed due to recombinational pro-
cesses into low-energetic quanta, and thus gives rise to
the above-mentioned excess.

3. The high values of albedo from irradiated atmo-
spheres follow from the fact that the upper layers where
the Lc continuum is absorbed are strongly overheated.
This is illustrated in the Figure 2 where the runs of
equilibrium temperature T' (following from solution of
the set of equations of thermal, hydrostatic and ioniza-
tion equilibrium), Ty.p, (ionization temperature fol-
lowing from Saha formula for a given local values of
electron and neutral hydrogen densities), Ty (black
body temperature following from the value of total in-
cident flux from sdw) are compared. As we see T is
systematically higher than both Ty, p, and Typp, the dif-
ference being progressively larger as one moves towards
the uppermost layers of the irradiated atmosphere.

Figure 2: Runs of equilibrium temperature T', ion-
ization temperature T,y and black body temperature
Tepy in the irradiated photosphere. PCB parameters
are the same as in the Figure 1.
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ABSTRACT. In this review, the traditional and the
new ways of treatment of the orbital period changes
of close eclipsing binaries are presented. Moreover, a
comparison is made, and a general discussion is given.
All methods are described, in a more or less detail
way, and examples are given to prove the inadequacy
of the traditional methods. The latter are not only
very simple and extremely restrict, but they violate
the uniqueness of the solutions. Moreover, it is shown
that, although sometimes traditional methods give re-
sults close to that found by the continuous methods,
and because of this some could conclude that the re-
sults coming out from the classic methods and the new
ones are equivalent (within observat

ional errors), this is not the case. The big and impor-
tant difference between traditional and new ways of the
(O-C) diagrams’ analysis, is their physical interpreta-
tion, which in the new ways of treatment is consistent
with the physics of close eclipsing binaries and with
the physical mechanisms which could produce the ob-
served orbital period variations.

Key words: Stars: eclipsing binaries: orbital period
changes

1. Introduction

A basic characteristic of an eclipsing binary, is its
orbital period, P,.y. If P, is constact, the time that
a primary minimum occures (an observed minimum,
hereafter referred as O), will coincide with this its ap-
propriate ephemeris formula predicts, (the calculated
minimum, hereafter referred as C); see, for example,
Tsesevich (1973).

If, for any reason P,,; changes, the observed mini-
mum will be different than the calculated one, and thus
the difference (O-C) will not be equal to zero. In such
a way an (O-C) diagram is builted up.

The appereance of an (O-C) diagram, is strongly de-
pended on the ephemeris formula used to construct
it. See for example the (O-C) diagrams of AM Leo
(Demircan and Derman 1992), of V566 Oph (Rovithis-
Livaniou et al. 1993); of ST Per (Demircan and Selam

1993); of AB And (Kalimeris et al. 1994b, or Demir-
can et al. 1994). For this reason, some investigators are
using different ephemeris formulae, as well as different
ways of approach to describe an (0O-C) diagram.

Traditional analysis ways of an (O-C) diagram, use
a linear, or a quadratic least square fitting, which is
sometimes combined with a sinusoidal periodic term
(Batten 1973, Tsessevich 1973).

On the other hand, three new ways of treatment de-
veloped during the last seven years. The new proposed
methods are:

1) the higher order polynomial method, (HOP), or the
first continuous method, (Kalimeris et al. 1994a);

2) the state-space model, (SSM), (Koen, 1996), and
3) a second continuous method (Jetsu et al. 1997).
The later is considered as a method, although it has
been applied to one system only, namely to the AR
Lac, so far. It is considered so, because it fulfils the
basic condition of the new methods; that is, to treat
and subsequently analyze an (O-C) diagram as a whole.
Actually, the most important difference between tradi-
tional and new methods is that the new ones face an
(0-C) diagram as a whole. They describe and analyze
it in the same continuous way, without deviding it to
linear segments, that yield to abrupt period variations
which although have been proven to be inconsistent
(e.g. Hall 1990, Kalimeris et al., 2001), are still in use
(e.g. Qian 2001ab).

Thus, in this review, and after the short description
of all methods, (presented in Sections 2 and 3), a gen-
eral discussion will be given, and a comparison will be
made, which will prove the inadequancy of traditional
methods of (O-C) diagrams analysis.

2. Traditional Methods
2.1. Linear and Piecewise Approximation

Orbital period, P,., is not only a basic characteristic
of an eclipsing binary, but is also one of its elements
caclulated with great accuracy. If P,.; is known, the
time of minimum light (primary minimum, or Minl),
is given by a linear relation of the form:

Min_[:to +Porb x FE
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where tg stands for the time of the first observed min-
imum, (zero epoch), and E -known as the epoch- is an
integer number that denotes the number of the cycles
elapsed from .

The forgoing linear formula is very simple, and pre-
dicts the time a primary minimum is expected; thus, is
widely used by observers. Egpecially by those who are
mainly interested to minimum times only, and not for
the whole light curve of an eclipsing binary.

If the orbital period of an eclipsing binary is con-
stant, let us say: P,., = F,, where P, will be here-
after used to denote the constant orbital period of
an eclipsing binary given by its ephemeris formula
(ephemeris period), its (O-C) diagram will be appeared
as a straight line. More specifically: if the (O-C) resid-
uals from some assumed ephemeris are plotted versus
the number of cycles elapsed, they should be clustered
around the line (O-C)=0, if the period is chosen cor-
rectly. This line will be parallel to the time-axis, if the
period is accurately determined; while a positive or a
negative slope indicates that the real orbital period is
longer or shorter than P., respectively (Batten 1973).

In reality things are not thus simple. The (O-C)
diagrams of many systems appeared to be quite com-
plicated. A simple glance to the (O-C) diagrams of
some eclipsing binaries (e.g. Hall and Kreiner 1980,
Kreiner et al. 1994, Kalimeris et al. 1994ab, 1995, Si-
mon 1996, Kim et al. 1997, Mayer 1997, Chochol et
al. 1998, Qian 2000), is enough to recognize this fact,
which is not due to scatter. (Scatter is expected, since
individual points, used for the construction of an (O-C)
diagram, usually exhibit small or large discrepancies).

In cases where an (O-C) diagram is impossible to
be described by a linear relation -similar to that pre-
viously described- the usual way of treatment is to de-
vide it in a number of small linear segments, each one
of which is interpreted by a different linear ephemeris.
This procedure is known as the step variation tech-
nique, (e.g. Hall 1975, Yamasaki 1975, Kreiner 1977).
Both the number of segments, as well as the choice
of time is not objective and is subject to high-handed
acts, according to the investigator wish. In spite of
all these, the method is still in use, (e.g. Chambliss
1976, Bakos 1977, Demircan et al. 1990, Kim 1991,
Herczeg 1993, Berrington and Hall 1994, Simon 1996,
1997, Kim et al. 1997, Pribulla et al., 1997, Qian et
al. 1999a, Qian 2000, Qian and Liu 2000, Qian et al.
2000, Qian 2001ab, Qian and Ma 2001).

2.2. Quadratic Approzimation

When the orbital period of an eclipsing binary is vari-
able, and this variation is made at a constant rate,
then the quadratic least squares approximation is used
to describe an (O-C) diagram. This is the case of the
well-known parabola fitting. In such a case, the (0-C)
differences can be calculated by the relation:

(O = C) = 1/2(dP,/dt) PE?

where P is the average period over the elapsed time
interval.

Many (O-C) diagrams of eclipsing binaries have been
treated using the parabola fitting. In some of the cases,
this quadratic approximation is enough; but, it is not
always the case. Two good examples to explain and
present this fact, are the RT And, and AH Vir systems.

In the RT And case (Rovithis-Livaniou et al. 1994),
parabola fitting as well as third and fourth order poly-
nomials were used to describe its (O-C) diagram. A
comparison of the polynomials coefficients, their RMS
errors and the fitting in these three different cases, did
not show significant differences. Thus, a second order
approximation is good enough for the (O-C) discription
of RT And, yielding to the conclusion that its period
varies with a constant rate. (See also Rovithis-Livaniou
et al. 1996).

On the other hand, the case of AH Vir (Kalimeris
et al. 1994a, Rovithis-Livaniou et al. 1996a), shows
that quadratic approximation -except the restriction it
puts- is not always enough. Indeed, neither a piece-
wise linear approximation, presented by Demircan et
al. (1990), who devided the (O-C) diagram of AH Vir
in 3 segments, nor the quadratic approximation they
used, is good to describe the (O-C) diagram of the sys-
tem. This is more than obvious from a glance to Figs.
1 and 2 of the foregoing mentioned paper. The division
in 3 linear segments, yields to the previously described
step-variation technique, and the parabola fitting to a
continuous variation, with a constant rate. It’s not only
that none of them is good enough for the description
of the (O-C) diagram of AH Vir. This is not a simlpe
description’s matter. It is very important, because de-
scription is related to results concerning the way the
system’s orbital period varies. Thus, a roughly or not
accurate description yields to inaccurate or even to er-
roneous results.

2.3. Sinusoidal Variation

In some cases the appereance of an (O-C) diagram,
yield investigators to include for its description a sinu-
soidal term, too. In such a case, the time of minimum
light is given by an equation of the form:

MinI = to+PE+1/2(dP/dt)PE2 +asin(2nE/ P, + )

where a is the amplitude of the sinusoidal variation,
P, its periodicity, and ¢ stands for the phase.

See for example the cases of XX Cep (Mayer 1984),
of TX Her (Kreiner and Zola 1989), of TW Dra (Ab-
hyankar and Panchatsaram 1984), of R CMa (Radhakr-
ishnan et al. 1984), of AK Her and ER Ori (Abhyankar
and Panchatsaram 1982), of CM Lac, AB And,and YY
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Eri (Panchatsaram and Abhyankar 1981) and many-
many others, analyzed by various investigators.

In all of the cases mentioned above the presence of
a third body in the system was assumed. But, in more
recently published papers, another mechanism is also
considered; namely, that of magnetic activity cycles
(Applegate 1992).

2.4 Combined Methods

In cases of (O-C) diagrams, that have a more or less
strange appereance, and since is well known that this
is strongly depended on the ephemeris formula used to
construct the diagram, all three previously described
methods might be used.

See for a example the case of ST Per in the analysis
made by Demircan and Selam (1993), where the (O-C)
diagram of the system was treated using;:

a) a linear ephemeris
b) using 8 linear segments
c) by the combined effect of two sinusoidal variations.

3. New Methods
3.1. The First Continuous Method

According to this new method, the orbital period P,
and its rate of change d P,y /dt are assumed to be con-
tinuous functions of time, of a non-prescribed
form. It is also supposed that the calculated time of
conjuction is given, at any cycle E, by the usual linear
ephemeris:

T.(E) =to+ P.E
where E has been used as the time variable, tg is a
time of conjuction (in Hel.JD), and P, is the ephemeris
period, (which is always constant, as has been already
mentioned).

In absence of photometric perturbations (such as
spots, flares etc) conjuctions should coincide with pri-
mary eclipses. Expressing the T(E) function piece-
wise, e.g. by least squares, using orthogonal polynomi-
als over a weighting sequence (Kalimeris et al. 1994a),
it is found that: .

AT(E) = Y1y ¢, Bl
where the best order of approximation, n, can be cho-
sen by inspection of the error diagram, and E} is de-
fined as: E4 = E/c, where ¢ is a constant, (scale
constant), such that: | mazEwN, min, EN,maez |< 1
Then, the period of the system at cycle E is equal to
the duration of the corresponding cycle E, that is:
PE)=Tu(E)-Tw(E-1)=P.+AT(E)-AT(E-1)
So, the orbital period variations of the system, are cal-
culated with a simple and accurate mathematical way.
More details can be found in Kalimeris et al. (1994a)
paper. Moreover, the P(E) function shape, -being in-
dependent of the ephemeris formula used to construct
the (O-C) diagram- can be used to search for period-
icities, if any (Kalimeris et al. 1994b).

3.2. A Statistical Method

Koen (1996) used a statistical method to find the or-
bital period changes from the (O-C) diagrams of some
stars. He applied this method to the following 18 vari-
ables:

4 Cepheids, the: S Sge, BW Vul, Y Oph, { Gem,

3 & Scuti stars, the: CY Aqu, DY Peg, YZ Boo,

3 RS CVn’s, the: RS CVn, RT Lac, RT And,

5 eclipsing binaries, the: V471 Tau, SV Cam, U Cep,
X Tri and ST Per, to the dwarf nova V1159 Ori, to the
X-ray source Cygnus X-3, and to the RR Lyrae-type
system AR Per.

The method is the second one that appear to treat an
(0-C) diagram as a whole. Koen is continuously work-
ing in time series analysis methods. His methods are
statistical, and the last one (Koen 2001), was used for
the analysis either of the maximum or minimum light
of monoperiodic pulsating stars.

3.3. Another Continuous Method

Another continuous method was proposed to describe
and analyze the (O-C) diagram of the RS CVn-type
system AR Lac, and has not been used to any other
eclipsing binary. We considered it as one of the new
methods proposed so far for the (O-C) diagrams treat-
ment of eclipsing systems, as has been already men-
tioned, since it was shown that it is possible to ex-
plain the period variations of AR Lac without abrupt
changes. This is very important, for the reasons ex-
plain below, in the next Section.

According to this method, the models for the (O-C)
data are given by equation:

(0 - CYf(T,Py) = Ci(Ry)T*

where the standard least squares fit method is ap-
plied to solve the best value for the free parameters
Co(Po),...,Cr(Py). Time scale is T = (£ — t"")/Tscate,
where ¢ is the mid point of the time interval of the
data, and the choice of k can be settled by setting
all weights to unity, modeling the foregoing equation
to different orders, and find where the mean residuals
stop decreasing.

4. Mechanisms causing Period Changes

If the (O-C) diagram of an eclipsing binary, is such that
it can be described by a linear least squares approxi-
mation, the orbital period of the system is constant.

If, on the other hand, it is curved, the orbital period
changes. In this case, the main aim of an investigator,
is not only to make a good description of the (O-C) dia-
gram, and find the way the orbital period of the system
changes; but, to find also the physical mechanisms that
might cause it.
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As was mentioned before, quadratic approximation
is widely used. This is so, because the following three
physical mechanisms support such period changes:

1) Mass transfer from one star to the other.

2) Mass loss through L, or via enhanged stellar wind.
3) Tidal interaction of the two members of the binary
star.

The description of an (O-C) diagram of an eclips-
ing binary using a sinusoidal term can be physically
supported, too. In such a case, the existence of a third
body, the well known light-time effect, could be respon-
sible for a sinusoidal variation, (Borkovits and Hegedus
1996).

Another possible explanation for a sinusoidal or any
other periodic variation could be the development of
magnetic activity cycles, in one or both of the compo-
nents (Applegate 1992). Applications have been made
to many systems (e.g. Lanza and Rodono 1999)

On the other hand, the orbital period changes of
many eclipsing systems have been explained as com-
ing from one or the other of these two mechanisms,
idependently of the way used to describe their (O-
C) diagram. More specifically, the systems: AM Leo
(Demircan and Derman 1992), AB And (Kalimeris et
al. 1994b, Demircan et al., 1994), RZ Psc (Kalimeris
et al. 1995), V505 Sgr (Rovithis-Livaniou et al. 1996b,
Qian et al. 1998a), UV Psc, ER Vul, and AR Lac
(Qian et al. 1998b, 1998c, and

1999b, respectively).

Only the abrupt period changes seems to be poorly
supported, as is explained below.

Sudden period changes are not suitable for the de-
scription of an (O-C) diagram of an eclipsing binary
for the following reasons:

1) they introduce arbitrary restrictions, since it is sug-
gested to describe a random time-series, as an (0-C)
diagram is, with an arbitrary and pre-chosen way.

2) the whole procedure is arbitrary, since both the
place and the number of the suspected (or supposed)
sudden changes are strongly depended on the personal
choice of the investigator.

3) the mathematical description and the analysis of
the observational material, based to a number of small
linear parts, is not either self-consistent, nor unique de-
pedent.

4) there is not any physical mechanism to produce such
sudden period changes. Most of the earlier models pro-
posed (e.g. the rocket effect, the sudden mass transfer,
or coronal mass ejections), yielding to abrupt orbital
period changes, have been proven to be inconsistent
(Hall 1990).

5) they require immediately cutting in of the dynam-
ical and thermal perturbations, although there is not
any binary that could be back to a totally stable situ-
ation just after a sudden change of its orbital period,
(e.g. Van’t Veer 1972, 1991).

In spite of the foregoing referred reasons, sudden pe-
riod variations are still in use (e.g. Kim 1991, Demircan
and Derman 1992, Demircan and Selam 1993, Simon
1996 and 1997, Qian 2000, Qian et al. 2000ab, 2001ab,
and many others).

A possible explanation is that in some cases, the or-
bital period variation is made in a very short interval
of time. Thus, although there are not abrupt orbital
period variations, but continuous changes made very
rapidly, this rapid change gives the inpression of an
abrupt period variation. A very good example to see
this very clearly is the X Tri case. In an analysis of this
system, presented by Rovithis-Livaniou et al. (2000a),
is shown -(their Fig. 3)- that a big period change oc-
cured in a rather s

mall time interval.

It seems that some of the pioneers in the binary stars
field, agree with these statement. For example, Batten
(1973), on page 86 of his book, writes for the period
variations of RW Tau: the change in period of RW
Tou appears to have been abrupt, but there is always
sufficient observational error to obscure the distiction
between an abrupt change and a very rapid change that
was continuous.

5. Summary Discussion and Conclusions

In this review the traditional as well as the new meth-
ods used to analyze an (O-C) diagram of an eclipsing
binary were outlined. It was shown that:

Linear approximation is easy in use; moreover, it is
very useful, mainly to observers, and especially to some
amateurs, who are dealing with observations of minima,
times only. Linear fitting, on the other hand, can not
be used to most of the systems, since it corresponds to
constant orbital period, which is usually an exceptional
case.

On the other hand, linear approximation can be ap-
plied to a small interval of time, if one wants to com-
pute and propose a new ephemeris formula; but, we
should keep in mind that this formula might not be
valid for long (depending on the rate of period change).

The step variation technique, is absolutely inconsis-
tent with the physics of eclipsing binaries, since there
is no any mechanism that could produce abrupt pe-
riod changes. Those proposed so far, are not valid any
more, (Hall 1990), and in general, in most of the cases,
there is plenty of freedom in choosing the intervals
for fitting. Sterken (2000) refers to this subject as: ” the
piecewise linear segments can point out the occurance
of a period jump, but cannot reveal exactly when such
events do occur”. Moreover, one must be very care-
full and special attention has to be paid during their
construction. In many cases, period jumps may not
real, and might come from erronious computation of
the value of epoch E, especially in cases of very short
period eclipsing binaries.
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Second order approximation, (the classical parabola
fitting), corresponds to a continuous period variation,
at a constant rate. There is physical support for such a
change, but as was shown, it is not suitable in all cases.
This seems to be more and more clear, as much more
observational material is added. A good example to
recognize this is the XX Cep case. In this, when newer
data were used (Mayer 1984), it was found that the
clagsical parabola fitting that had been earlier applied
(Rafert 1982), was not good enough any more.

It is also worthwhile to mention, Wood and Forbes
(1963) work, where some (O-C) diagrams of eclipsing
binaries were described using a third order approxima-
tion. They did so, in cases where this was impossible
with any other of the known methods, at that time.

A sinusoidal fitting, although has been satisfactorily
used in many cases, is restricted, and this might yield
to erroneous results. A good example to present this
is the AK Her case. In this, when newer times of min-
imum light were used (Rovithis-Livaniou et al. 1999),
it was shown that they did not follow the previously
proposed sinusoidal variation (Tunca et al., 1987).

Moreover, sinusoidal variation, in some cases, is not
consistent with the presence of a third body (Kreiner
et al. 1994). In such cases, magnetic activity cycles
can be also used (e.g. Demircan and Derman 1992,
Qian et al. 1999b, Rovithis-Livaniou et al. 2000).

Much more cases is expected to be added in the
examples previously referred for quadratic approxima-
tion, as well as for sinusoidal variations.

These as regards the traditional methods of an (O-
C) diagram analysis. Concerning the new ones: this of
Koen (1996) is statistical and has been applied so far
to a rather small number of eclipsing binaries; that of
Jetsu et al. (1997) to one system only.

On the other hand, the first continuous method, has
been applied to a large number of eclipsing binaries of
every kind. In Kalimeris et al. (1994a), the orbital pe-
riod variations of four contact binaries were examined;
namely of: GK Cep, V502 Oph, V566 Oph and AH
Vir. The AB And system in (Kalimeris et al. 1994b);
the RZ Psc in (Kalimeris et al. 1995); the V505 Sgr
by Rovithis-Livaniou et al. (1996b), as well as by Qian
et al. (1998a); the UV Psec, ER Vul, and AR Lac by
Qian et al. 1998b, 1998c, 1999b, respectively; the X Tri
(Rovithis-Livaniou et al. 2000); the AK Her (Rovithis-
Livaniou et al. 2001a), and some semi-detached sys-
tems (Rovithis-Livaniou et al. 2001b).

Moreover, this method does not put any restriction,
(as quadratic or sinusoidal approximations do), and is
well supported by physical mechanisms (Kalimeris et
al. 1994b, 1995; Qian et al. 1998a,b,c, 1999b).

Besides, it is worthwhile to mention that the classi-
cal way of (O-C) curves analysis emerges as a specific
application of Kalimeris et al. (1994a) method. This
is obvious from the following:

Suppose that T(E) is given by: AT(E) = ¢1 En + ¢o-

Then, P(E) =0 and AP(E) =0

That is, the well known fact: whenever an (O-C) di-
agram exhibits linear sections, the period remains con-
stant.

Moreover, suppose that T(E) is given by:

AT(E) = coE3 +c1En + ¢,

Then:

P(E) = 2¢; and AP(E) = 2¢,

which is another well known result: whenever an (O-
C) diagram ezhibits parabolic arcs, the period is chang-
ing at a constant rate.

For the above mentioned reasons, it is clear that
the first continuous method proposed and developed
by Kalimeris et al. (1994a) is a remarkable and reli-
able method.

The appereance of an (O-C) diagram, is strongly de-
pended on the ephemeris formula used to construct it.
For this reason, some investigators are using different
ephemeris formulae, as well as different approaching
ways to describe an (O-C) diagram. See for example
the AM Leo case in the paper by Demircan and Derman
(1992), where 1) a linear least square fitting, 2) three
linear segments, and 3) a fifth degree polynomial were
used for its (O-C) diagram description. Doing so, and
because of the strong depedence of the appereance of
an (O-C) diagram on the ephemeris formula used, they
are hoping that another look will help them to get an
idea for a possible hinden periodicity. But this is not a
proper way to search for periodicities. Kalimeris et al.
(1994b) have shown, (see Appendix I, of their paper),
that: The orbital period P(E), as well as its spectrum,
remain invariable -within the errors of least squares
description of an (0O-C) diagram- irrespective of the
ephemeris used to calculate the (O-C) differences. 1t is
thus suggested that searching for periodicities, one has
to analyse the P(E) — P, function which remains in-
variant and is independed of the ephemeris used, and
not the (O-C) diagram which varies according to the
ephemeris.

Finally, dealing with (O-C) diagrams of eclipsing bi-
naries, one has to be patient, and do not come to con-
clusions that may be proven wrong afterwards. Espe-
cially when the results are covering a small time inter-
val, and if there is an undetected third companion in
the system. Many years of observational material is
needed to get reliable results.
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CCD OBSERVATIONS OF THE POLAR AM HERCULIS

S.Yu. Shugarov!, N.I. Ostrova?

1 Sternberg State Astronomical Institute, Moscow State University, Moscow 119899 Russia

2 Department of Astronomy, Odessa National University
T.G.Shevchenko Park, Odessa 65014 Ukraine, astro@paco.odessa.ua

ABSTRACT. Results of two CCD runs of V obser-
vations of AM Her obtained on August 1 and 2, 1998
are reported. The moment of minimum brightness at
HID 2451027.4014 + 090012 is in a good agreement
with an ephemeris by Andronov et al. (2001).

Key words: Stars: binary: cataclysmic; stars: indi-
vidual: AM Her

AM Her was observed at the 38cm telescope of the
Crimean Astrophysical Observatory equipped with a
CCD camera ST-7 in the V filter with the exposure
varying from 60 to 90 sec. These runs were obtained
on August 1 (HJD 2451027.3369 — .4234) and 2 (HJD
2451028.3423 — .3914), 1998 as a part of the campaign
of the observations simultaneous with that obtained at
the 6m telescope of the Russian Academy of Sciences
by N.N.Somov and T.A.Somova.

The star was in its intermediate state, varying in the
range Am from 076 to 204 during the first run and
0™68 — 1™19 during the second run. The amplitude
in the second interval is underestimated, as the obser-
vations cover only 0.4 of the cycle, being close to the
maximum of brightness. The comparison star is ”d”
(Liller, 1977) with V = 13™10.

We have used the recent ephemeris

Min.HJD = 2446637.0510(6) + 0.12892711(3)E (1)

(Andronov et al., 2001), which was based on 267 tim-
ings. The latest review on AM Her may be found in
this volume (Andronov, 2001). The extensive multi-
wavelength photometric and polarimetric study of AM
Her is presented by Shakhovskoy et al. (2001).

The light curve is shown in Fig. 1. To avoid system-
atic differences of the fits owed to various methods, we
have used the method of ”Running parabolae” with a
filter half-width A¢ = 09035 adopted in previous stud-
ies (Shakhovskoy et al., 2001).

The broad minimum was observed at HJD
2451027.4014 + 090012 Am = 2™043 £ 0™014 at the
phase —0.035 + 0.009, i.e. in an excellent agreement
with the ephemeris. At the second night, the secondary
minimum occurred at HJD 2451028.3708 + 090044
(Am = 0™965 £ 0™.026) at the phase 0.485 & 0.034

close to 0.5. However, during the first run, at the same
phase the maximum is observed, which is followed by
an interesting narrow minimum at HJD 2451027.353 at
the phase 0.59. If interpreting both secondary minima
as eclipses of the column of the same nature, the phase
difference of 0.1P corresponds to the angle difference
of ~ 36°. Such drastic changes of the structure and
position of the accretion column may be owed to the
instability of the trajectory of the flow, rather than
to the years-scale variations of the orientation of the
magnetic axis of the white dwarf.

Am I T T T T I T T T T I T T T T I

1.0
1.6

2.0

2.5

LI L B

3.0

T T T A A

Phase

Figure 1: Light curves of AM Her on August 1 (up)
and 2 (bottom), 1998. The bottom curve is shifted by
2™ to avoid overlapping.
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THE AM CVN SYSTEMS -
THE FINAL STAGE OF BINARY WHITE DWARF EVOLUTION
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ABSTRACT. The last decade has shown a surge in
research on the Interacting Binary White Dwarf s (IB-
WDs), or Helium CVs, also called AM CVn systems.
We have witnessed long photometric campaigns, time
resolved spectroscopy, UV and X-ray observations, and
modelling of disc structure, disc atmosphere and their
evolution. Recently several new members of the AM
CVn family have been added, and a new subclass -
double degenerate polars has been identified. A review
of the research on AM CVn systems during the last
decade is given, and some problems to be solved in the
future are presented.

Key words: Stars: binary: cataclysmic; interacting;
helium cataclysmic; stars: individual: AM CVn, HP
Lib, V803 Cen, CR Boo, CP Eri, GP Com, CE 315,
RX J1914+4-24

1. Introduction

The AM CVn objects are helium-rich analogues to
the ER UMa cataclysmic variables - they have short
orbital periods and a low mass secondary, transferring
mass through the L1 point between the stars.

They evolve through common envelope phases to
a close binary system, where the secondary appears
as a low mass stellar core, either degenerate or semi-
degenerate. Because of the close orbits, angular mo-
mentum is lost by gravitational radiation, and the or-
bits shrink until mass transfer takes place and the
orbits again increase. During the common envelope
phase the outer hydrogen atmosphere is lost, and we
get systems with almost pure helium - at least in the
outer parts.

Observations show that the AM CVn stars have or-
bital periods between 9 and 65 minutes, and that their
orbits are increasing while the mass transfer rate is
decreasing (Patterson et al. 2001). For the objects
with periods more than 15 minutes the mass is trans-
ferred through an accretion disc which is made of al-
most pure helium. For periods between 15 and 30 min-
utes the discs show signs of non-circularity and thermal
and tidal instabilities. Recently the first magnetic AM
CVn object type polar, RX J1914+24 has been discov-
ered (Cropper et al. 1998), with an orbital period of

only 9.5 min. This is an exciting discovery, and more
possible polars are under investigation.

In the following we will give a review of the status
of the research on the AM CVn objects, basically after
1994, when an extensive review was given by Warner
(1995). We will start with a presentation of new re-
search related to old and new members of the AM CVn
family, and then discuss models for their evolution and
challenges for future research.

2. The Family Members

Photometry shows that they have nova or dwarf nova
like variability. Two of the objects (AM CVn and HP
Lib) are stuck in a high, superoutburst state. For the
objects with discs the light curve is modulated by a
fundamental period, interpreted as the superhump pe-
riod, and the FT of the light curve shows a series of
harmonics, which are related to structures in the disc
(Solheim & Provencal 1998)

Warner (1995) argued that the two members AM
CVn and HP Lib are equivalent to H-rich nova-like
variables with high mass transfer rate M, which leads
to a stable high state disc, and V803 Cen, CR Boo and
CP Eri are the helium analogues of the VY Scl stars,
moving from high to low states as a result of variations
in M(2), and that GP Com is probably a SU UMa ana-
logue, spending long time in the low state with very
infrequent superoutbursts. Skillman et al. (1997) ar-
gued that CR Boo is a” helium Z Cam star ” (standstill
slightly below maximum light) and a ”helium ER UMa
star” (very frequent short maxima) as well as a ”helium
SU UMa star” (superoutbursts punctuated by common
superhumps). The same nomenclature may be used for
V803 Cen and CP Eri.

Some of the AM CVn stars: AM CVn, CR Boo and
GP Com are weak, soft X-ray emitters (Ulla 1995).
The X-rays come from the accretor or the inner part
of the accretion disc and is evidence for non-magnetic
behaviour (Teeseling et al. 1996). A reanalysis of
the ROSAT Position Sensitive Proportional Counter
(PSPC) data for AM CVn gave as a best fit a black-
body source of temperature ~ 3 x 10K from a hot
boundary layer between the disc and the white dwarf
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Table 1: Basic data for for AM CVn family members.

Object V Porp Py, q
RX J1914+24 >19.7 569
AM CVn 13.7-14.2 1029 1051 .084
HP Lib 13.7 1103 1119 .060
CR Boo 13.0-18.0 1471 1488 .037
V803 Cen 13.2-17.4 1611 1618 .014
CP Eri 16.5-19.7 1701 1716 .029
KL Dra 16.8-20  unknown
GP Com 15.7-16.0 2790 .02
CE 315 17.5 3906 .022

GP Com o

CP Eri—lo I

CP Eri—nhi o

V803 Cen—lo no

V803 Cen—hi [

CR Boo—lo [

CR Boo—hi [T N B

HP Lib [ N R

AM CVn I T T T

0 fo h1 h2h3h4h5h6h7h8

Figure 1: Modulation frequencies observed for AM
CVn objects. Frequencies detected are shown relative
to a fundamental frequency fy which is the superhump
frequency if that is detected, otherwise the orbital fre-
quency. Thicker bars tell that closely spaced signals in
frequency exists.

(Kellogg et al. 2000). GP Com also shows X -ray mod-
ulations both in flux and hardness ratio with its orbital
period (Teeseling & Verbunt 1994), which may be ex-
plained by modulations of the accretion stream on to
the accreting object.

Table 1 gives some basic data for the AM CVn fam-
ily. In this table P, is the orbital period, P is the
superhump period, and ¢ = M (2)/M (1) which is de-
termined by the formulae (1) in Warner (1995) , except
for GP Com and CE 315 where q is determined by spec-
troscopy. References for each object are given in the
subsections below. Data, for orbital and superhump pe-
riods are mostly from Patterson (2001) and Patterson
et al. (2001).

Figure 1 shows the modulation frequencies observed
for the AM CVn systems. fy is the fundamental fre-
quency, which for the disc-objects is the superhump
frequency, and hn is the harmonics of number n.

2.1. The Nowalike: AM CVn And HP Lib

For AM CVn there has long been a controversy on

what is the orbital period and what is the superhump
period. Based on WET observations in 1990, Provencal
et al. (1995) and Solheim et al. (1998), concluded
that the period 1051 s was stable over time and should
therefore be the orbital period, even if the period itself
was not detected in the FT of the light curve, while the
low amplitude 1029 s peak was the superhump period,
classifying AM CVn as a negative superhumper.

Harvey et al. (1998) proposed P=1029 s as the or-
bital period. Skillman et al. (1999) observed the star
for 670 hr over 227 nights in the period 1992-1999,
and concluded that P=1029 s is the orbital period and
P=1051 s is the superhump period, with 5 harmonics
and sidebands representing periods of apsidal advance
Q and nodal regression N of 13.36 and 16.69 hr, respec-
tively.

The controversy is finally put to rest with the de-
tection of a clear S-wave in spectra folded on the 1029
s period, and at the same time Doppler tomography
showing a prominent hot spot superimposed on a weak
disc emission when folded on this period (Nelemans et
al. 2001a).

So far secondary objects in any AM CVn system
have not been observed in their spectra. The reason
for this is that they are sub-luminous, and do not show
up as infrared objects as normal CV secondaries do.
The short orbital periods bring them close to the hot
disc and the hot primary, and their atmospheres are
irradiated and heated up to the same temperature as
the outer part of the disc (Nymark 1997). Figure 2
shows how the secondary and the disc spectrum adds
up in the AM CVn case.

For the second nova like, HP Lib, a 70 hr photometric
campaign revealed the 4 harmonics of the fundamental
periods, and its similarity with AM CVn (Aminzade et
al. 1999). A more substantial campaign covering 720
hr over 185 nights, reported by Patterson et al. (2001)
shows that the main photometric signal varies between
1118.89 and 1119.14 s on a time scale of a few years,
and displays a waveform characteristics of superhumps.
After subtracting the main signal they found a weak
residual signal at 1102.70 s, which they interpreted as
the underlying orbital period of the binary. The full
amplitude of this variation is just 5 mma, which makes
it the weakest orbital signal yet found in a CV. The
star showed remarkable constancy in magnitude and
superhump behaviour, and displayed sidebands giving
a precession period of @ =21 hr. It has much more
power in the fundamental period and much less power
in the harmonics than AM CVn. This may be related
to their different angles of inclination and different dis
¢ structures.

2.2. The Dwarf Novae

Six of the AM CVn systems are helium dwarf novae
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AM CVn: Disk+WD+Secondary

Flux, ergs/(cm®s*A)

Wavelength(A)

Figure 2: A combined model spectrum (dash-dot) con-
sisting of a blackbody disc model(dash-trippel dots),
an irradiated secondary star (dots) and a hot accret-
ing white dwarf (solid line), that fits the observed
IUE spectrum plus photometric points for AM CVn.
The model parameters are M; = 1.1Mg, M = 3 x
10_9M®/y1‘, R, = 14R,, Ry = 15R;,1 = 45°,d =
288 pc, Tepy =10000K for the secondary star and for
the central star T, sy = 1.0x 105 K (Nasser et al. 2001).

analogues. 4 of these have frequent dvarf nova outburst
and two are SU UMa analogues, spending a long time
in the low state with very infrequent superoutbursts.
Due to the rapid variability — the changes can be of the
order 0.1 mag/hr — stable light curves over long peri-
ods of time are difficult to obtain, and spectra change
continuously.

2.1.1 Dwarf Novae: CR Boo, V803 Cen CP Eri

An intensive photometric campaign for CR Boo in
1996 (Patterson et al. 1997) confirmed the orbital pe-
riod of 1471 s which was found in the first WET cam-
paign (Provencal et al. 1997). This signal kept its
phase and amplitude despite erratic variations of the
total brightness. In addition Patterson et al. (1997)
proved that the signal with period 1486 — 1494 g is the
superhump period, which at the end of an outburst
stabilised itself at P=1487.29 s. They also found that
CR Boo for two weeks went into a qua si periodic cy-
cling stage with P~19 hr between the high and low
states. From the beat between the superhump period
and the orbital period an eccentric precession of the
accretion disc with period P~36 hr can be calculated.
This was also observed as a skewness variation in ab-
sorption lines (Patterson et al. 1997).

Photometry of V803 Cen in the period 1992-1999
(Patterson et al. 2000) showed a strong periodic sig-
nal at P=1618 s with harmonics, which resembles the
superhumps associated with the other AM CVn ob-

jects. However, it is unusual because it appears to en-
dure through all brightness states, even down to V=17.
The system also shows some times a periodic signal at
P=1612 s which by Patterson (2001) is interpreted as
the orbital period. The star is occasionally stuck in
a cycling stage with a quasi period of P~ 22 hr in
the magnitude range 13.4-14.5 and shows in addition
a period of ~ 5 days between outbursts from the lowest
state at V=17.2 (Patterson et al. 2000).

Spectroscopy is done of CP Eri in its low state by
Groot et al. (2001). They found a spectrum dominated
by He I emission lines, as observed for GP Com and
CE 315. All clearly identified lines were double-peaked,
which is an indication of lines formed in a rotating ac-
cretion disc. One marked difference was observed with
respect to GP Com and CE 315: No central low radial
velocity amplitude peak was seen in the He I line pro-
files, and the presence of Si II lines points to a progen-
itor with solar metallicity (Marsh et al. 1991). They
conclude that CP Eri has lower than solar metallicity
but is certainly not as metal poor as GP Com and CE
315.

The helium accretor GP Com has been studied by
Marsh (1999) and he confirms the S-curve with period
46.52 min and the absence of hydrogen and the pres-
ence of strong helium and nitrogen emission lines. This
is consistent with seeing material from the core of a star
that has undergone hydrogen burning and CNO-cycle
processing of most of the carbon and oxygen into nitro-
gen. Mash (1999) also found erratically variability in
the emission lines. The He II line at 4686 A changed
most, which is consistent with X-ray driven photoion-
ization. The flaring part of the line profiles are broader
than the average, as expected if they originate in the
inner, unstable, 1/4 of the disc. Marsh (1999) also
detected a small radial velocity variation with a semi-
amplitude of ~10 km s~! in the sharp component in
the centre of the emission lines, which indicates that it
comes from the accreting star. He found ¢ of the order
0.02, as expected on evolutionary grounds.

2.1.2 New Members: KL Dra and CE 315.

KL Dra was first identified as a supernova (SN
1998di), but a spectrum showing shallow He I absorp-
tion features at zero relative velocity, made an identifi-
cation as an AM CVn object of the dwarf nova type in
outburst more likely (Jha et al. 1998). The magnitude
at discovery was 16.8. Because of its variability we
expect an orbital period between 20 and 40 minutes.

A new member of the family, CE 315 — much like GP
Com — was discovered during a spectroscopic follow up
of proper-motion stars in the Calan-ESQO Catalog (Ruiz
et al. 2001). The object was found to have a spectrum
consisting of a blue continuum with strong emission
lines of He I and He II, with a handful of faint lines
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of nitrogen. The He lines exhibit triple peaked pro-
files with remarkably broad widths of ~ 2000 km s~!
. Ruiz et al. (2001) find an orbital period of 65.1 min
and a mass ratio ¢g=0.022. The line profiles consists of
a double peaked profile from the disc, and a central, oc-
casionally quite strong peak, which may originate from
the accreting object.

2.8. New Class Of Members: AM CVn Polars

The X-ray object RX J1914+424 was identified as a
polar with a degenerate secondary object by Cropper
et al. (1998) on the basis of ROSAT observations with
the PSPC and the High Resolution Imager (HRI). The
object has an X-ray light curve with a single strong
modulation at 569 s, which is interpreted as the orbital
period of a syncronized binary system. I-band observa-
tions with the Nordic Optical Telescope (NOT) show
the same period but with maximum out of phase with
the X-ray peak flux (Ramsay et al. 2000). The I-band
flux must be from the face of the donor star irradiated
by the X-ray flux from the accreting region of the pri-
mary star. Since only one period is observed, a disc
is not present, and the short period makes a double
degenerate system the only possibility. In order to be-
come a stable syncronized system the acccretion torque
must be balanced by a MHD torque from a magnetic
field of the order a few MG (Ramsay et al. 2000).

This polar may be the first example of an electric
powered star. Because of the short orbital period and
large mass of the primary, huge electric currents are
driven between the stars, and the energy of these cur-
rents is liberated at the magnetic poles of the magnetic
white dwarf and X-rays are generated. Much of the ob-
served flux may come from this energy source (Wu et
al. 2001).

Another source RX J0806+1527 has similar X-ray
characteristics, showing a single period ~ 321 s pulsa-
tion. It has B=20.5 with no red counterpart (Israel et
al. 1999), and may be another member of the polar
branch of the AM CVn family.

3. Disc Atmosphere And Structure

A remarkable paper on the spectral properties of AM
CVn was published by Voikhanskaya (1982). She ob-
served in the prime focus of the six-meter telescope in
1978 and 1980 and noted many details in the spectrum
which have much later been confirmed. In addition to
the broad He I lines, she identified an emission feature
at A4640 A as the C ITI-NIII blend, which is also ob-
served in many X-ray sources, and also the faint He II
emission at A4686 A. She also noted emission peaks in-
side the He I absorption lines which moved with time,
and that the absorption line edges also moved with

Flux, ergs/(cm?s*A)

4500 5000
Wavelength, A

4000 5500

Figure 3: Observed AM CVn spectrum (thin line) fit-
ted with NLTE a pure helium disc atmosphere model
(thick line) with the following parameters: M (1) =
1.1M®,M =3 x 10_9,M®/yT,Rin = 1-4R1,Rout =
15R;,7 = 45° and d = 288pc. R; is the radius of the
central star. The excess flux beyond 5000A may be a
sign of the donor star (Nasser et al. 2001).
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Figure 4: Observed V803 Cen (thin line) fitted with a
pure helium NLTE disc atmosphere model (thick line)
with the following parameters: M (1) = 1.2Mg, M =
3x107%My/yr, Rin, = 1.4R1, Rout = 15R1,7 = 5° and
d = 380 pc. (Nasser 2001).

time. Recently it is found that the emission peak vari-
ability shows an S-wave with period 1029 s identified
as the orbital period (Nelemans et al. 2001a), and the
movement of the absorption line edges has revealed the
13.4 hr precession period of the disc (Patterson et al.
1993).

3.1. Disc Atmosphere Models

The main contribution to the flux observed in the
optical region for the AM CVn objects is from the disc
(Figure 2). Disc spectra can be calculated for geomet-
rical thin discs and depend on the following parame-
ters: The mass of the accreting star: M (1), the mass
transfer rate: M, and the inner and outer radii of the
disc: R;, and R,,:, and the disc inclination: i. In ad-
dition the abundance, in particular the H/He ratio is
important.

El-Khoury and Wickramasinghe (2000) has calcu-
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lated syntetic disc spectra for a range of parameters
and fitted them to observed spectra of AM CVn and
CR Boo. They use a x? minimisation technique to
determine the best fit in a grid of acceptable models,
but reduce their number of free parameters by keeping
the disc size between the Roche Lobe radius Ry and
the maximum radius for the last stable orbit in the re-
stricted three body problem Rg. Their best fits for
AM CVn and CR Boo are given in table 2. In addi-
tion they find upper values for the hydrogen to helium
number density ratios to be 1072 to 1073, which they
claim is consistent with a helium-degenerate donor sur-
rounded by a helium-rich envelope. The mass transfer
rates determined place the objects in the region of a
thermally-stable disc for AM CVn and thermally un-
stable for CR Boo.

Another approach has been taken by Nasser et al.
(2001) who used the TLUSDISK code to calculate
NLTE accretion disc models. NLTE models give differ-
ences in line equivalent widths between 10 and 40 per
cent for certain temperatures or mass transfer rates,
and may be a better approximation than the LTE mod-
els.

We observed 4 of the AM CVn systems with the
NOT during 3 observing seasons, and determined the
best set of parameters that fitted the observed spec-
tra. Figures 3 and 4 give examples of the best fits for
two of the objects: AM CVn itself and V803 Cen. For
this model fitting procedure the inner and outer radius
of the disc and the mass of the accretor is determined
from photometry, and only allowed to vary within the
uncertainty limits. The parameters determined from
the spectra are given in table 2 and sho wn in Figure
5. In none of the spectra the H, is detected, and the
model calculations show that this gives us an upper
limit of the number density of H/He of 10~5. For all
the observed objects the mass transfer rate is so high
that it indicates a stable disc, which is not obviously
true for the dwarf nova like objects CR Boo and V803
Cen. This discrepancy may be due to the observations
done only in the outburst state, and that the objects
on the average have lower mass transfer rates.

3.2 Disc Structure

The AM CVn systems have all a mass ratio, ¢ < 0.1.
Simulations have shown (Whitehurst 1988) that discs
with such small mass ratios will develop assymetries
due to tidal stress produced by parametric resonance
between particle orbits and an orbiting secondary star
with a 1:3 period ratio. The initially circular disc is de-
formed into a slowly precessing disc. Hirose and Osaki
(1990) found a similar result and in addition noted that
the difference between the superhump period and the
orbital period is a fu nction of the mass ratio: ¢. Us-
ing this relation, and a mass-radius relationship for the

secondary, which radius is determined from the Roche
Lobe size at a given period, the mass of the primary
object can be determined (Warner 1995).

For the AM CVn stars 3-D SPH models of helium
accretion discs with small ¢ values have been calculated
by Wood and Simpson (1995), and they have also com-
puted the energy production time series that display
remarkable similarities with the observed light curves
(Simpson & Wood 1998). These calculations show that
the disc during one orbital revolution changes its shape
from circular to elliptical, and that the stress in the disc
when it is non-circular produces more energy, which
leads to a pulse profile which can be compared with
the observed profiles from the light curves. The pulse
will change with time, giving a more triangular shape
of young pulses from a newly formed disc, than for
the more pulses from more mature (old discs which are
confined to a smaller part of the period.

From the SPH calculations it is also found that spi-
ral shocks appear near the outer edges of the discs, and
that the appearances of spiral shocks will have a no-
ticeable effect on the light curve, producing the higher
harmonics in the FT of the light curve ( (Simpson et
al. 1998). They also show that the amplitudes of the
harmonics are very sensitive to the angle of inclina-
tion, and that the time series amplitude spectra for
inclination angles ¢ < 45° are dominated by the super-
hump frequency, but t hat linear combinations of the
superhump and orbital frequencies appear at higher in-
clinations.

3.2.1 Discoseismology

A special feature of the photometric light curves of
the AM CVn stars with discs is the appearance of har-
monics in the times series amplitude spectra as shown
in Figure 1. The number of harmonics and their rela-
tive amplitude is obviously a function of properties of
the disc. For AM CVn itself 13 modulation frequencies
were detected in the WET campaign in 1990 (Solheim
et al. 1998). These frequencies are all related to 3 in-
dependent frequencies: w, Q,and N with harmonics of
the orbital fre quency w and sums and differences of the
type nw — mf), where m = 1,...,n are a manifestation
of the positive superhump, and this =N demonstrate
the negative superhump (Skillman et al. 1999).

Simulations as described in the section above (Simp-
son et al. 1998), show that the synthetic light curve
produced also show harmonics, in particular for high
values of inclination, and we expect that the relative
amplitudes of the harmonics may be related to the visi-
bility of the spiral shocks that appear in the discs (Sol-
heim & Provencal 1998). The relation between the
harmonics and disc structure may be a way to investi-
gate discs, we may call it discoseismology, and should
be explored in more det ail (Solheim 1999).
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Table 2: Parameters determined from disc spectra.

Object M1)/Mg log(M(Mg/yr) i B
AM CVn'! 0.84 8.8 45°

AM CVn? 1.1 -8.5 45°

HP Lib? 1.1 -8.4 28°

CR Boo! 0.94 -8.9 44°

CR Boo? 1.0 84t0-8.2  30° 14.7-13.9
V803 Cen? 1.2 -8.5 t0 -8.3 5°  14.8-14.3

Notes: 1. El-Khory & Wickramasinghe 2000; 2. Nasser 2001

Figure 1 shows that there is a difference in the pat-
tern of the harmonics when objects go from the high
state to the low state. This must reflect changes in the
structure or size of discs. Discoseismological studies of
AM CVn dwarf nova type objects which go from high
to low states and back may reveal how disc structures
evolve through an outburst.

4. Evolution — From Common Envelope
to Helium CV

One model for formation of AM CVn systems (Tu-
tukov & Yungelson 1996) is the formation of close white
dwarfs during two phases of common envelope evolu-
tion in which a substantial mass is lost from the system.
The initial mass of the primary is between 1.5 and 6
Mg. The emission of gravitational waves will subse-
quently bring the two white dwarfs in a semi-detached
phase and mass transfer will start. The Tutukov &
Yungelson (1996) evolution calculations predict that
at the time of the start of stable mass transfer the sec-
ondary white dwarfs must have masses between ~ 0.3
and ~ 0.13M and the mass function for the accretors
peaks at 0.65-0.75Mg, which is 0.05Mg higher than
the normal WD mass distribution peak.. They claim
that a non-degenerate secondary is not possible, but
allow for a larger radius for the secondary than a zero
temperature white dwarf has.

An alternative route of evolution is that the donor
star is replaced by a helium star that becomes semi-
degenerate and dim during the mass transfer (Iben &
Tutukov 1991). A population synthesis (Nelemans et
al. 2001b) has compared the two models for AM CVn
stars evolution. They find that for the first route pos-
sibly no accretion disc forms at the onset of the mass
transfer. The stability and the rate of mass transfer
then depend on the tidal coupling between the accre-
tor and the orbital motion. If this co upling is not
efficient most systems merge, and the formation rate
of AM CVn stars becomes very low. In this case the
magnetic coupled systems are almost the only ones to
survive. RX J19144-25 may be such a system. In the

second channel of formation — from a helium star that
stops burning — the formation of AM CVn stars may
be prevented by explosive burning of the helium layer
which may cause detonation of the CO white dwarf
accreator and the disruption of the system.

Nelemans et al.( 2001b) combine their population
synthesis results into two models, one efficient, in
which the stability of mass transfer is not affected by
the absence of an accretion disc and explosive helium
burning happens when 0.3 Mg has accumulated, and
one inefficient model in which the the absence of an ac-
cretion disc is very important and the explosive helium
burning disruption starts already when 0.15 Mg has
accumulated. In the inefficient model only one in 30
pote ntial AM CVn systems evolve from double white
dwarfs. In the efficient route both progenitor families
produce a comparable number of observable system.

4.1 Comparison Of Two Routes Of Evolution

It is now possible to test the evolutionary scenarios
in a more direct way, by comparing the calculated re-
lations between orbital periods and mass transfer rates
for the two routes of evolution with the mass transfer
rates determined from spectra (Tables 1, 2). The re-
sult is shown in Figure 5 where we have drawn the evo-
lutionary relations for degenerate and semi-degenerate
secondaries and show the mass transfer rates calculated
from our spectra as diamonds with error bars. The er-
ror bars also include s ystematic errors in determining
the rate, and are quite long for the dwarf nova ob-
jects since they are observed only in a high state. The
figure also include the results of El-Khory & Wickra-
masinsinghe (2000) for the two objects AM CVn and
CR Boo. In the figure we have also drawn the the bor-
der line between stable and unstable discs according
to the thermal-tidal instability calculated by Tsugawa
& Osaki (1997). The conclusion is that all the 4 ob-
jects with discs have mass transfer rates far too high
to have degenerate secondaries. The only evolutionary
route for these is the helium secondary that becomes
semi-degenerate.
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Figure 5: The mass transfer rate versus period for the
AM CVn objects as calculated by Nasser et al (2001)
and Nasser (20001) are shown as diamonds with error
bars representing the systematic errors due to the ob-
servations done at a particular phase. Also the results
of El-Khory & Wickramasinghe (2000) are included as
stars. The solid line is the border between the ther-
mally stable (upper part) and unstable discs (lower
part) (Tsugawa & Osaki 1997). The dashed line is the
evolution calculated for systems with a white dwarf
secondary and the dotted line is the evolution of sys-
tems with a semi-degenerate pure helium atmosphere
secondary with a C-O core (Nelemans et al. 2001b).

4.2. Future Evolution

Some time in the future the accretion will cease, and
the stars will again come closer by loss of angular mo-
mentum by Gravitational Radiation. A new period of
low mass transfer may take place. Finally the degener-
acy of the secondary will be completely lifted, and no
material can be transferred. The end product can be
a helium type white dwarf (DB) with a small object,
maybe planet or brown dwarf, in orbit. A search for
such objects has started, but no convincing example
has been found yet.

The accreting object may have undergone several he-
lium flashes, and this may make the stellar interior dif-
ferent from normal stars. We may also also find signs
of magnetic field and circumbinary matter for some of
the objects (Solheim & Sion 1994).

5. Conclusions

The smallness of these systems, and the closeness of
the secondary, makes these systems laboratories for ex-
citing physics. In the future we expect Gravitational
Radiation to be detected from a large no of AM CVn
systems by space borne devices. Hydrodynamic simu-
lation of the particle flow through the discs and to the

accreting object may also be done. One day we may
also discover a pulsating accreting AM Cvn object, and
get a possibility to test directly how the accretion can
change the structure of a star.

The metallicity variations observed in the emission
line objects CP Eri (low state) , GP Com and CE 315
opens the possibility of constraining the evolutionary
history of these system from the chemical composition
of the transferred material. One remaining question
is if some AM CVn systems have already evolved into
DBs. This is related to the age of the Universe - at
least the age of the nearby population in our galaxy.
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PHOTOMETRIC MONITORING
OF SHORT-PERIOD CONTACT BINARIES

M. Vaiiko

Astronomical Institute of the Slovak Academy of Sciences,
Tatranskd Lomnica 05960 Slovakia, vanko@ta3. sk

ABSTRACT. The first photoelectric B,V light
curves of the contact binary FU Dra, as well as new
B,V light curves of the contact binaries AH Aur, UV
Lyn and YY CrB, obtained at the Stari Lesns and
Skalnaté Pleso Observatories, are presented. New pho-
tometric elements of AH Aur, FU Dra and UV Lyn
computed from these light curves were combined with
published spectroscopic elements to derive the absolute
parameters of the systems.

Key words: Stars: binary: contact; stars: individual:
FU Dra, UV Lyn, AH Aur, YY CrB

1. Introduction

Last year we started at the Astronomical Institute of
the Slovak Academy of Sciences the program of photo-
metric monitoring of neglected and faint short-period
contact binaries. The aim of this program is to ob-
tain the photoelectric light curves (LCs) of contact bi-
naries, to study their orbital period and LCs changes.
The LCs analysis provides photometric elements and in
combination with published radial velocity curves also
the absolute parameters of the studied systems. The
LCs of contact binaries and their analysis presented in
our paper were obtained in the frame of this program.

2. Our observations

New photoelectric BV observations of UV Lyn, FU
Dra, AH Aur and UBV observations of YY CrB
were performed from December 2000 to May 2001 at
the Stard Lesna (SL) and Skalnaté Pleso (SP) Ob-
servatories of the Astronomical Institute of the Slo-
vak Academy of Sciences. At both observatories a
single-channel photoelectric photometer installed at
the Cassegrain focus of the 0.6m reflector was used.
The detailed description of the observational technique
and reduction of the data to the international photo-
metric system is given in Pribulla et al. (2001). The
stars BD+38°1990, BD+28°1109, GSC 4181-1726 and
GSC 3054-640 were used as the comparison stars for

UV Lyn, FU Dra, AH Aur and YY CrB, respectively.
Our new photoelectric LCs of these contact binaries
are shown in Fig. 1 and Fig. 3.

Our observations enabled us to determine 5 minima
times (MT) of UV Lyn, 5 MT of FU Dra, 4 MT of AH
Aur (Vaiko et al., 2001) and 3 MT of YY CrB (Varko
et al., 2002).

3. Interpretation

The W&D (Wilson & Devinney, 1971) code was em-
ployed to determine the photometric elements of UV
Lyn, FU Dra and AH Aur. We have used the Mode 3
appropriate for the contact configuration. All our BV
observations were used to compute about 150 normal
points for each passband. The normal points were de-
termined by running averages of phased observations
calculated using ephemerides (1), (2) and (3). The
standard deviations (o) used for weighting of the LC
in each passband were evaluated as described by Wil-
son (1979).

For the computation of monochromatic luminosi-
ties, the approximate atmospheric models option of the
W&D program was used. Since all three systems have
late F type spectra, we have assumed coefficients of
gravity darkening and bolometric albedo appropriate
for convective envelopes (T.yy <7500 K). Therefore,
we adopted g1 = go = 0.32 (Lucy, 1967) and 4; = A4,
= 0.5 (e.g., Rucinski, 1969). The limb darkening were
interpolated from Tab. 1 of Al-Naimiy (1978). The
mean temperatures of the primary components were
fixed according to their spectral types (UV Lyn-F6V,
FU Dra-F8V, AH Aur-F7V, YY CrB-F8V) using the
spectral type - Tezy callibration of Popper (1980).

The initial parameters of UV Lyn and FU Dra were
taken from Maceroni & van’t Veer (1996) and Heiner
(2000), respectively. Both systems are W-type con-
tact binaries, i.e. the smaller and hotter component
is eclipsed during the primary minimum. Hence us-
ing the W&D code we have interchanged them shift-
ing the orbital phases by 0.5. Throughout the article
we adopted the following notation: the primary com-
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ponent is always the more massive one - mass ratios
g = me/my <1. No reliable photometric elements were
published for AH Aur.

The resulting photometric and absolute parameters
are given in Tab. 1 and Tab 2, respectively.
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Figure 1: The photoelectric BV LCs of UV Lyn (top),
FU Dra and AH Aur (bottom) obtained at the SL and
SP Observatories in 2000 and 2001, respectively

2.1. UV Lyn

UV Lyn was discovered to be a variable by Kippen-
hahn (Geyer et al, 1955). Bossen (1973) classified UV

Lyn as a W UMa, type binary with a period 0.415 day,
maxima of unequal brightness and the distance of the
system d = 176 pc. The first spectroscopic orbit of UV
Lyn was determined by Lu & Rucinski (1999).

We have collected more than 140 minima times of
UV Lyn. The photovisual minima with a very large
scatter (about 0.05 day) were only available until 1968.
More recent photoelectric and CCD minima times
clearly show the increase of the orbital period. The
(0-C) diagram of all available minima times from the
mean linear ephemeris is shown in Fig. 2.

The period increase AP/P = (4.88+0.47) 1077
year™! can be interpreted by the mass transfer from
the less to more massive component. Using the masses
of the components given in Tab. 1 we need the mass
transfer rate Am/At = (1.2840.12) 10~7 M, year—!
to explain the observed period increase. Since the
broadening function of the system does not show the
third component, an explanation of the observed pe-
riod change by a light-time effect is questionable.

The recent photoelectric and CCD minima times
were used to determine the linear ephemeris:

Min I =2447000.4197 + 0.41498460 x E. (1)
+10 +15

This ephemeris was used for phasing our new pho-
tometry and it is suitable for the future minima fore-
cast.

UV Lyn is a W-subtype contact binary (Lu & Rucin-
ski, 1999). During our observations, the BV LCs were
clearly asymmetric - the maxima I (phase 0.25) was
brighter than the maximum II (phase 0.75) about 0.02
mag in the V and 0.03 mag in the B passband. The
depression of the observed LCs was largest around the
phase 0.85. The colour index was A(B — V) = -
0.34540.005 and A(B—V') =-0.324£0.004 at the phase
0.25 and 0.85, respectively.

2.9. FU Dra

Contact binary FU Dra was discovered by Hippar-
cos. Although the system is relatively faint (Ve
= 10.55), it was observed spectroscopically by Lu &
Rucinski (2000). On the assumption of the Hippar-
cos determination of the primary eclipse the authors
concluded that the object belongs to W-type binaries.
The system is known to have large proper motion (see
Rucinski & Lu, 2000). Combining radial velocity of
the mass center V5 = -11 km s~ ! and the Hipparcos
proper motions in the right ascension and declination
one gets the spatial velocity 195 km s~1.

The system was observed at the Baja Observatory
in June 2000 as a part of the diploma thesis (Heiner,
2000). The CCD observations yielded two times of



108

Odessa Astronomical Publications, vol. 14 (2001)

o 112900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000
. T T T T T T T T T T

010" ooooo CCD

xxxxx photoelectric
----- photovisual
AAAAA photographic
+++++ visual

0.08 -

s o 9o
o o o
5 R o

o
=
S

-0.02-

—0.04 -

(0—C) residuals [ days]

—0.06-
—0.081
-0.10

UV Lyn

Min | = 2447000.4273 + D.41498B017xE

-0.12
15000

L L L L L
30000 35000 40000 45000 50000

JD — 2 400 000
1945 1955 1965
T T T

L L
20000 25000

1915 1925 1835 1975 1985 1995
0.15 1 : - T T T

AH Aur

o
)

00 ®

Wy

(0—C) residuals [ days]
°
3

I
e
o
=]

#kkoxk photaele
00000 CCD

L L L L
35000 40000 45000 50000

JD — 2 400 000

I I
25000 30000

~0%Bo00

Figure 2: The (O-C) diagrams of UV Lyn (top) and
AH Aur (bottom).

the secondary minima and approximate geometric el-
ements: inclination ¢ = 80.8° and fill-out f=0.05 as-
suming the spectroscopic mass ratio ¢ = 0.25.

The linear fit to the available 12 minima times pro-
vides the following ephemeris:

Min I =2450866.2770 + 0.30671686 x E.

+3 +9 )

The (O-C) residuals do not exceed 0.003 day. Hence
the period of the system seems to be stable since its dis-
covery. The ephemeris (2) was used for phasing of our
photometry. The maximum I of the LC is about 0.02
mag brighter than the maximum II. We have detected
small perturbations of the LC during the primary mini-
mum. The small interval of constant brightness during
the primary eclipse suggests that the system is totally
eclipsing (subtype W).

2.3. AH Aur

Contact binary AH Aur was discovered by Prager
& Guthnick (1929). Photographic LC obtained by
Bodokia (1938) shows clear asymmetry of the minima.
The system has been neglected since its discovery. The
photoelectric observations of AH Aur were published
only by Hinderer (1960). The first spectroscopy of the
system was performed by Rucinski & Lu (1999).
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Figure 3: The photoelectric UBV LCs of YY CrB

obtained at the SL Observatory in 2001. The phases

of the light curve correspond to the ephemeris:
Min I =2450955.8688(12) + 0.37656421(9) x E.

The available minima times consists mainly of the
minima published in BAV Mitteilungen (Huebscher et
al., 1989, 1990, 1991), minima determined from the
Hipparcos photometry (Kreiner, 2000) and our obser-
vations. The photoelectric and CCD minima times are
rather ample after about JD 2445000. The weighted
linear regression gives:

Min I =2448500.3296 + 0.49410834 x E.

+8 +21 (3)

The (O-C) diagram for all available minima corre-
sponding to the ephemeris (3) is presented in Fig. 2.
The period behaviour before 2445000 was very un-
usual. The minima in the interval JD 2426000 -
2445 000 occurred about one quarter of the period later
than predicted by the ephemeris (3). The shift is so
large that the primary and secondary minimum could
be interchanged. The fact that it is almost impossible
to determine the type of the minimum in older ob-
servations could cause, that the O-C diagram is am-
bigues. The B passband LC of Hinderer (1960) sug-
gests, however, that the minima HJD 2435186.4372
and 2435191.3788 determined from the Hinderer’s
photometry by Lichtenknecker (1986) are secondary.
Two visual minima just prior to JD 2443000 and three
photographic minima after HJD 2445000 give orbital
period P = 0.494074(8). After HID 2445000 period
increases by about AP/P = 6.9 1075 I. Since Rucinski
& Lu (1999) did not detect the third component in the
broadening functions the LITE explanation is question-
able. Also the LC analysis does not indicate the third
light. It is possible that the hypothetical third body is
not a main-sequence object.

The LC of the system seems to be rather stable.
There are only slight variations in the minima depth -
the secondary minima are relatively deeper during the
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2000 CCD photometry. The short interval of constant
light during the secondary minimum indicates that the
system is just totally eclipsing.

For the determination of the photometric elements
we have used the phototoelectric BV observations ob-
tained in December 2000 - February 2001. We have
accepted spectroscopically determined mass ratio ¢ =
0.169. Due to the fact, that the broadening functions
did not indicate the presence of the third component
in the system (Rucinski & Lu, 1999), we have fixed the
zero third light. Since the mass ratio was also fixed,
the differential corrections converged rather fast.

Table 1: Photometric elements and their standard er-
rors (o). Parameters not adjusted in the solution are
denoted by a superscript ”a”

UV Lyn FU Dra AH Aur
Parameter
i [°] 66.80(12)  78.64(24)  75.46(26)
q 0.367° 0.251@ 0.169¢
Q 2.5590(19)  2.3180(16)  2.0805(19)
Fill-out 0.455 0.235(10)  0.674(18)
r1 0.4821 0.5143(5)  0.5647(7)
T2 0.3091 0.2788(6)  0.2737(11)
Ty [K] 6045 5800 6215%
Ty [K] 6262(12) 6133(8) 6141(8)
LB/LE +LB) | 0.6769(8)  0.7216(5)  0.8270(2)
% ;&:g I 2:1‘2;)) 2.6769(7) 2.7290(4) 2.8260(2)

1 1 2

> (0-C)? 0.00073 0.00534 -

Table 2: Absolute parameters and the distance of the
observed systems. The masses of the components were
derived from spectroscopic elements and new inclina-
tion angles (Tab. 1).

UV Lyn(W) FU Dra(W) AH Aur(A)
M [Mg)] 1.356(19) 1.169(39) 1.683(47)
M, [Mg)] 0.498(8) 0.293(10) 0.284(8)
A [Rp] 2.875(13) 2.172(24) 3.294(31)
Ri [Rg] 1.386(6) 1.117(12) 1.853(17)
Rz [Rp] 0.889(4) 0.605(6) 0.891(8)
log g1 [cm s72] 4.29 4.41 4.12
log g2 [em s72] 4.24 4.34 3.99
My 3.386 4.160 2.831
d [pc] 134 175 282
T 0.717 1.181 0.372
Pz 0.998 1.863 0.401

4. Conclusion

The first photoelectric B,V light curves of the con-
tact binary FU Dra, as well as new B,V light curves
of the contact binaries AH Aur, UV Lyn and YY CrB

are presented. The absolute parameters of the contact
binaries UV Lyn, FU Dra and AH Aur were deter-
mined using the published spectroscopic elements and
photometric elements computed by the WD code from
our photoelectric LCs. The absolute maximum visual
magnitudes of the systems were determined from the
temperatures of the components (Tab. 1) and absolute
radii (Tab. 2) using Popper’s (1980) radiative calibra-
tion for the main-sequence stars. The distance were
computed using the Hipparcos maximum visual mag-
nitudes assuming interstellar or/and circumstellar ex-
tinction.
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RAPID OSCILLATIONS IN THE SPECTRUM OF
roAp STARS xy PSC AND ~ EQU

S.G. Aliev, N.Z. Ismailov
Shemakha astrophysical observatory NAS of Azerbaijan
box1955n@Qyahoo.com

ABSTRACT. Results of high time and spectral res-
olution spectral observations with CCD in 1998-1999
for Ap stars x Psc and v Equ were presented. Spectro-
scopic parameters (Vr, W) of spectral lines Sill, Crl,
Crll, Fel, Fell, Ha, HS shows that despite of different
value of rotation velocity of x Psc (180 km/s) and ~y
Equ (~74 years), both stars shows short-time oscilla-
tions of spectral parameters, and concern to a subgroup
of roAp stars. It is showed that spectroscopic param-
eters and magnetic field strength variations may be
described with short-time pulsation periods ~17 min
and ~12 min for x Psc and v Equ correspondingly.

Key words: spectroscopy of stars-roAp stars-stellar
magnetism.

On the basis of echelle-spectrums, received with the
high time and spectral resolution in spectrometer with
application CCD in Cude-focus of 2 telescope of ShAO
NAN of Azerbaijan (dispersion 3-5 A/mm), variations
of spectrum Ap stars xy Psc and v Equ were investi-
gated. The spectral resolution R = 30000. For 1998-
1999 was received only 84 spectrums for x Psc and 56
for v Equ with a signal to noise relation in area Ha ~
80-120. In detail about an observational material and
technique of observation was described in works Aliev
and Ismailov (2000, 2001).

x Psc. The changes of equivalent widths and radial
velocities of lines H, and Hg within the first and sec-
ond night of observations have shown, that the wavy
type changes both equivalent widths, and radial veloc-
ities of these lines was obtained. In a fig. 1 the time
dependence of parameters (radial velocities Vr, equiv-
alent width W,) of spectral lines H, and Hg is given.
Pulsation type short time variations of parameters of
spectral lines were discovered. On the Fourier anal-
ysis of parameters of spectral lines in an interval of
frequencies 0-120 d~!, the period of oscillation P2 =
0.0119+0.0008 day was obtained. Besides it, probably,
there is a period P3 = 0.0093+0.0005 day, and also the
period of axial rotation P1 = 0.5583+0.025 day was
found. The different spectral lines show different am-
plitudes with a short time pulsation, and the largest

amplitudes of changes of radial velocities shows lines
of peculiar of elements.

In a fig. 2 the phase diagram of relative equivalent
widths of a star x Psc determined for the period P2a17
minute is given for different spectral lines.

As shown here, within one year the received results
give satisfactory stability on the given period.

In a fig. 3 the phase curve of a magnetic field of a
star for the period of a pulsation x Psc is given. It is
shown, that the strength of a magnetic field is satisfac-
torily described by this period. The measurements of
a magnetic field strength were taken from Borra and
Landstreet (1980). Though quantity of magnetic field
measurements is small, confidently it is possible to tell
about periodic changes its with the period of pulsa-
tion P2. This observational fact shows, that, appar-
ently, main reason of processes of a pulsation also is
the magnetic field, though complete understanding of
this process encounters difficulty.

The magnetic field of a star varies with a phase also
with both period’s P1 and P2, though the forms of
curves are various. Average curves of radial veloci-
ties of lines of peculiar elements show’s synchronism of
changes with a magnetic field strength. On the rota-
tion velocity of the star are determined an inclination
of rotation axis with beam of sight i = 9°+1° and cor-
ner of inclination of a magnetic axis of a star to a beam
of sight equal § = 63°+1°. The maximal strength of
a magnetic field of a star equal about 1468+200 G is
appreciated.

For the first time is shown, that the magnetic field of
a star synchronously varies with radial velocity of lines
CrII and Sill, and to a lesser degree by other lines. We
suggested that this is a result of direct connection of a
magnetic field of the star and it peculiar properties.

~v Equ. In the fig.4a for example the change of radial
velocities of spectral lines FeIX 5171A, MgI\ 51724,
CrlI)\ 4836A is given for the first night of observation.
In the fig. 4b is given change of Vr for the second se-
ries of observation, for lines FeI\ 51624, FelI\ 5169A,
CrlII\ 4836A and Ha. From a fig. 4 it would be vis-
ible, that two type of changes Vr are observed simul-
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Figure 1: Time variations of spectral parameters W and Vr for hydrogen lines Ha and HS during two different
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taneously: a) a short-time pulsation type variability,
b) rather slow wavy type variation during characteris-
tic time about 1.5 hours. Both types of variations are
well appreciable till a fig. 4 both in first, and in the
second series of observation: in the first series two min-
ima and one maximum, and in the second series two
minima and two maximum are observed. The similar
fluctuations of Vr are observed the in other series of
observations too.

As a result of frequency Fourier analysis of spectral
parameters, from our observation two most probable
frequencies vo and v, are revealed which correspond
1324+80 mHs and 1440+70 mHs. These meanings pul-
sation of modes are very close to meanings of the period
given in work Martinez et al. (1996) and on spectral
observation, found in Kanaan and Hatzes (1998), and
also Malanushenko et al. (1998). As a result of our
analysis of a spectrum v Equ the following basic re-
sults are received:

a) The analysis of the data on Vr measurements on
different lines showed to existence the pulsation period
on a surface of a star v Equ about P = 0.400804-0.40002
(~12 minutes) and period, contiguous to this meaning.
On the radial velocities the separate groups of lines are
observed which make pulsation in an antiphase.

b) All spectral parameters (W, Vr, A, /o (FWHM),
R,) have shown synchronous change with pulsation pe-
riod, that confirms a reality of existence oscillations
processes as the physical phenomenon on a surface of a
star. Two extreme during one pulsation period on all
spectral parameters of a star was observed.

c) It is shown, that the magnetic field of a star makes
pulsation type fluctuation in an interval £350 G. The
variations of a magnetic field of the star, on the data
of the different authors, will not bad be coordinated
with pulsations by the period of the star, and testi-
fies to genetic connection between a magnetic field and
processes of oscillations in the atmosphere of the star.

In the conclusion we shall note, that despite of differ-
ent value of rotation velocity of x Psc (180 km/s) and
~v Equ (~74 years), both stars show short-term oscilla-
tions of spectral parameters, and concern to a subgroup
of roAp stars. It testifies that the origin pulsations pro-
cesses in atmospheres of roAp stars, apparently, is not
a consequence of their axial rotation.
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DETERMINATION OF CHARACTERISTIC TIME SCALES
IN SEMI-REGULAR STARS:
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ABSTRACT. Results of the analysis of the charac-
tersistic time scales using the periodogram, scalegram
and the wavelet analysis are compared for 173 stars
most actively observed by the members of the AFOEV
and VSOLJ. The periodogram analysis is more effec-
tive for stars with stable nearly coherent pulsations,
whereas the wavelet analysis is a better tools for stars
with switching pulsational modes, e.g. AF Cyg. The
scalegram analysis is effective for non-harmonic and
chaotic-like variations. The diagrams of the effective
time scales obtained using these methods are analyzed
for making additional classification of the stars within
subclasses. The use of the test functions for automatic
clagsification is discussed. An example analysis is made
for S Aql. Particularly, the ephemeris is determined:
Maz.JD = 2443578.9(3) + 1469693(6) - E.

Key words: Stars: variable: semi-regular: S Aql

1. Introduction

Semi-regular variables represent a highly interesting
class of long-period pulsating stars, which exhibit a
variety of types of observational appearance. Present
paper continues the series of articles dedicated to the
time series analysis of the patrol visual observations of
the members of AFOEV:
ftp://cdsarc.u-strasbg.fr/pub/afoev/aql/s
and VSOLJ:
ftp.kusastro.kyoto-u.ac.jp/pub/vsnet/VSOL.J /database
/stars/aql s.jd .

The catalogues of the characteristics of 53 long—
period (mainly Mira—type) stars have been published
by Marsakova and Andronov (1998, 2000). The cata-
logue of characteristics of 173 semi-regular variables
was recently published by Andronov and Chinarova
(2000).

Here we present time series analysis using various
methods, using S Aql as an example of data. The com-
plete data set contains 4537 observations in the time
interval JD 2422579.98-2451549.20 since 1920.

2. Methods for time series analysis

Taking into account non-stable character of the light
curve, it is necessary to use few supplementary meth-
ods, which should be optimized for various types of
variability. Extensions of the existing methods for as-
tronomical signals with (generally) irregularly spaced
arguments are described e.g. in the monographs by
Terebizh (1992) and Andronov (2001b).

2.1. Mono-, multi- periodic and multiharmonic
variations

The method for determining parameters of harmonic
signals is obviously the sine fit

m(t) = C1 —r1 cos(w(t — To1)), (1)
where C is the zero-point coinciding with the signal
continuously averaged over the complete phase inter-
val. w = 2n/P is angular frequency, and P is the
period of variations, and Ty is initial epoch for the
maximum (i.e. minimum of the magnitude). For such
an analysis, we use the program Four by Andronov
(1994).

The periodogram for S Aql (Fig.1) shows a highest
peak at the periodogram at P = 14696934 + 090057,
semi-amplitude r; = 0™884 £ 0™012, initial epoch for
maximum Ty, = 2443578.89 + 0931 and zero-point
C; = 10™m337 £ 0™008. This value differs from the
sample mean for the data (m) = 10™284 £ 0™012
because the data cover the phase interval not homo-
geneously. The scatter of the data at the phase curve
is o9 = 0™550, whereas the standard deviation of the
data from the mean is 0™829. The test function S(f),
which is equal to the ratio of the variance of the signal
to the variance of ”signal+noise”, is equal to 0.544 in
our case, i.e. the "noise” only a little bit smaller than
the "signal”.

There are two other relatively high peaks at the pe-
riodogram corresponding to the periods P, = 104364
and P; = 245923. Tt is noticeable, that Py/P = 5/7
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and P;/P = 5/3 within few tenth of per cent. So these
waves may be formally interpreted as harmonics of the
main period Py = 7349 : P = P;/5, 5 = P,/7 and
P; = P4 /3. Another formal explanation is that P, and
P; are biases of the primary wave with P = P4/5 with
a wave with a period Ps = P;/2 = 3674 = 1 year.
Thus the star is an excellent example of possibility of
misinterpreting the results of the periodogram analysis
as a presence of multiple waves with rational period
ratio. The cause is that the photometric period of the

star deviates from 2 yr by only 0.4% !.

There are no high peaks corresponding to harmon-
ics at periods P/j, where j is an integer, thus one may
conclude that the mean light curve is nearly sinusoidal.
Otherwise, one could use the program Fdcn for deter-
mination of the parameters of the trigonometric poly-
nomial, including the statistically significant value of
it’s order s. Another program was elaborated to deter-
mine parameters of the multi-periodic model, including
unknown periods (Andronov, 1994).

2.2. Wavelet analysis

To study nearly-periodic and multiperiodic processes
with variable shape of the signal, the wavelet analy-
sis is used. Foster (1996) has extended the ”Morlet
wavelet” method for general case of signals with ir-
regularly spaced arguments. One may name it as a
”weighted periodogram analysis with a running win-
dow”. Andronov (1998, 1999) generalized this ap-
proach, adding possibilities to compute weighted mean
test functions and to make wavelet smoothing.

In Fig. 2, the test functions used for the wavelet
analysis, are shown: WWZ, WWT, S and the wavelet
(semi-)amplitude R (see Andronov, 1998, 1999 for a
complete description). The main peak occurs at 14536,
14647, 14593, 14594, respectively, corresponding to
the test function S = 0.74, which is much larger (and
closer to unity), than its analog for periodogram anal-
ysis (0.54). This shows an advantage of the wavelet
analysis for signals with variable shape. Similarly, the
mean wavelet amplitude R = 0™98 is much larger than
0™88 for a coherent sinusoid.

The peak at P; is distinguishable, and it corresponds
to R = 0/™58. Another intersting feature is maximum
at P = 35209 with R = 0™19. This period is located
between the values 38319 4 209 and 32469 4299 corre-
sponding to the peaks at the periodogram. Obviously,
the peaks so close in frequency may not be separated
by the wavelet analysis, as well as that of 1049 and
1464,

The "wavelet skeleton” is shown in Fig. 3. One
may note a large number of low peaks with apparently
changing periods. However, the main peak has a rel-
atively smaller scatter in period and a better separa-
tion from the low peaks. However, at the time inter-
vals with gaps in the observations, the best fit appar-
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i 2457 104° 7
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Figure 1: Periodogram of the observations of S Aql.
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Figure 2: The main test functions for the wavelet
analysis averaged over time as described by Andronov
(1999).
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Figure 3: The ”wavelet skeleton”, i.e. dependence of
periods corresponding to local peaks at the wavelet pe-
riodogram computed at a mean time ¢. The highest (at
this ¢) peak is shown by most thick line, the peaks
higher than 50% of the highest peak, are shown by an
intermediate line, and lower peaks - by a thin line. For
the main period value, lg P = 2.17.
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ently ”switches” to larger values, increasing the effec-
tive width of the time filter.

Another effective method intermediate between the
periodogram and wavelet analysis is the method of
”running sines”, where the weight function (time fil-
ter) is rectangular, and the period is constant. In this
case, the fit (1) is computed for a local interval from
t — At to t + At, where At is called ”the filter half-
width”. The parameters zero-point C7, semi-amplitude
r1 and the phase (corresponding to Tp;) are deter-
mined as functions of time. Such a method has advan-
tages over the periodogram analysis (owing to study
signals of low coherence) and the wavelet analysis (as
the phase variations allow to study period variations of
much smaller amplitude). An example of application
of such a method for variations of UV Aur (symbiotic
binary with a pulsationg component) is presented by
Chinarova (1998). Statistical properties of model pa-
rameters are discussed by Andronov (1999).

2.8. Scalegram analysis using “running parabolae”

This method was proposed by Andronov (1997). It
may be classified as the Morlet-type wavelet method
with At/P « 1. Instead of making slow computations
of trigonometric functions (few hours of computer time
for a typical number of data of few dozens thousand),
the polynomials are computed, and the weight function
is non-zero only in the vicinities of the center.

In Figure 4, the test functions are shown, i.e. an
unbiased error estimate oz of the r.m.s. deviation of
the observations from the fit; o[zc]— the mean squared
error estimate of the smoothing function at the argu-
ments of observations; S/N = o¢/o[zc]— the ampli-
tude signal-to-noise ratio, where o2 is the variance of
the fit values.

As achieved, at small At, there is a standstill at
the dependence o3(At), showing no significant regular
variability at high frequencies. The value o3 = 024
is much smaller than gy = 0™55 corresponding to
the harmonic sine fit, and is typical for the scatter of
the visual observations from the AFOEV and VSOLJ
databases. Thus ”running parabolae” are better fit be-
cause of variations of the shape of the individual cycles.

The accuracy estimate of the fit o[z¢] reaches its
local minimum of 0™083 at At = 6095, despite the
global one is at At — o0, i.e., according to this crite-
rion, it is "better” to assume the signal to be constant
and to neglect variations. The signal-to-noise ratio is
at maximum of 9.3 at At = 4448. This value should
be used for further fits.

2.4. 70-C7 analysis

This approach allows to study period variations with
much smaller level of detectability than the methods of
determination of local period. An extensive description
and examples one may find e.g. in Kopal and Kurth
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Figure 4: Scalegram for S Aql using ”running parabo-
lae”.

(1957), Tsessevich (1970) and Kalimeris et al. (1994).
The methods of ”best accuracy” determination of the
moments of ”characteristic events” are currently pro-
posed by Marsakova and Andronov (1996) and Chi-
narova and Andronov (2000). Some methods of study
70-C” diagrams are available using the program OO
described in this volume (Andronov, 2001a).
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data.
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THE PHOTOMETRIC STUDY OF TWO FAINT
MIRA-TYPE STARS UX CYG AND AP CYG
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ABSTRACT. Two faint Mira-type stars were inves-
tigated on the Moscow and Odessa plates collections.
The new ephemerids are T, = 2426875 + 27498 - E
for AP Cyg and 2442162+ 568¢- E for UX Cyg. For UX
Cyg, the multiharmonic variability was detected. Two
stars were suspected in variability among the compar-
ison stars.

Key words: Stars: miras; suspected; stars: individ-
ual: UX Cyg, AP Cyg.

The stars AP Cyg and UX Cyg have been observed on
the Odessa and Moscow collections of the plates. The
finding chart is shown in the figure 1. The magnitudes
of the 13 comparison stars have been derived from the
standard NGC 6633 (Kazanasmas et al., 1981). Their
magnitudes are given in the table below. The maxi-
mum error estimate for brightest stars reaches 074.

Table 1.

Star  myp, o Mpg — Muyis
a 9.40 04 +0.6
B 9.62 0.35 +0.3
C 11.35 0.08 +1.85
D 11.50 0.10 +1.6
E 11.63 0.11 +1.7
F Var. suspect
K 12.18 0.12 +1.2
G 12.24 0.11 +1.8
X 1227 0.10 -
m 12.39 0.15 +0.9
Y 1243 0.17 -
N 12.51 0.15 +0.5
o 12.75 0.11 +0.15
o) 12.95 0.11 -0.25
AP Cyg: The GCVS (1985) data: 20527232,

+30°25.4 (eq. 1950.0); 14™0 — (15™0 in pg-system;
Trnas = 2426875, P = 27448, the type - Mira?. Bel-
jawsky (1935) gives the period also 2754

This star is not visible on the Odessa collection
plates. Another 38 certain points are available in the
AFOEYV database.

Only Moscow collection plates were used for the re-

search of the period. The total interval of observation
is 31206 days. But two points are very away from the
rest. If these points exclude, the interval of observation
is only 17374 days. Therefore obtained results are not
satisfactory.

For the analysis, the program FO.EXE was used
(Andronov, 1994).

UX Cyg: The GCVS data (1985): 20"53™00%,
+30°13.4 (eq. 2000.0); 9™0-165 in visual system;
Trnas = 2444421, P = 56520, type - Mira, spectral type
- M4e-M6.5e. The period is variable. Sometimes rapid
light decreases on the ascending branch near maximum
are observed.

On the Moscow collection plates, 10 observations
have been obtained. These data point to descending
branch. On the Odessa collection plates, 189 obser-
vations of summary brightness UX Cyg and near star
?varl” have been obtained. These objects are not vis-
ible separately at one plate. With regard to the inves-
tigations ”varl” on the Moscow collection plates, the
deviations from the mean brightness may think the real
variations of light of UX Cyg.

The periodogram analysis has been carried out on
the base of the AFOEV (France) and VSOLJ (Japan)
data and the multiharmonic variability of UX Cyg has
been detected. The parameters of the mean light curve
of this star have been calculated used the program
FDCN (Andronov, 1994). The light curve is described
by a 4" — order trigonometric polynomial with the best
fit period P = 5679995 + #111; initial epoch for the
maximum JD 2442161.84+2.1;
initial epoch for the minimum JD 2441953.14+12.5;
the asymmetry f = 0.37 £ 0.02; Amag = 4™68 £ ™08;
The parameters of sharpness:
the ascending branch -

dm/dt = —0.058 £ 0.003; dt/dm = —17 £ 1;
the descending branch -

dm/dt =0.031 £0.003; dt/dm = 32+£3.

The amplitude of the wave with main frequency:

ri = 1™86 = 008 and the phase of its maximum:
Omaz = 0P072 £ 0P006 in respect to the maximum of
the light curve.

The amplitudes and the phases of maximum of others:
2: 099+ 0™08; 02026 £ 0P006; ro/r; = 0.53 £0.06
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3: 009 £ 0™08; — 0P05+0713; rg/r; = 0.05+0.04 I te ey o .
4: 034+ 0706; — 0P14+0P03; ry/r1 =0.18+£0.04 | - . "+ ™" " S
Suspected variables: During the observations of UX o -, Loee Ve . .. ¢
Cyg and AP Cyg, two comparison stars were suspected | * A .. e:: . o% o
of the variability. These are the stars ”v1” and ”v2(f)” ;V2(f) e ., ‘é : Cepe ¥
in the figure 1. The observations are given in the table | q¢ .\. iie "z2. 08 X eed F IR
2. ”v1” shows the variation on 017, and "v2(f)” |g ., ¢ ‘ puxe"v’i t- O T e ,
shows the variation on 0”41 during the interval of the m-oN®. % .-, e
observations. However, with regard to the scattering |®: - .. - .Qy- «? e .
of the magnitudes, the star ”v1” may be classified as T T LT U AP
constant. The variation of the star ”v2(f)” is larger, 0.0 . : Y A “ee®
but not exceed 30. I R ®
Acknowledgements. We thank V.I.Marsakova for .. d . TS e ¢
useful discussions. The paper is partially based on the Voe o
observations from the AFOEV and VSOLJ databases. -
Ta};)llle 2. v2() D 243 vl v2(0) ID 243 Figure 1: The finding chart for UX and AP Cyg.
12.69 12.00 9024.383 12.72 12.07 9027.264 0.60
12.68 12.07 348 1270 1193  9035.398 — °° N
12.64 12.13 311 12,69 12.02 .364 \5 - -
12.74  12.02 277 12.68 11.83 9034.421 W - UX Cyg -
1272 12.02 241 1270 1199 9038427 o T P=568"d .
12.72  11.93 9023.400 12.68 11.80 9032.417 o V- | |
12.66 12.04 371 1274 11.87 380 O L i
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12.68 11.98 279 1266 1197  0153.374 frequency
12.69 12.02 235 12,69 12.07 0122.364
1270 1191 9024.455 12.68 11.98 0097.537 Figure 2: The periodogram for UX Cyg.
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ON THE PERIODS OF THE g CEPHEI STARS
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ABSTRACT. On the base of GCVS’ data the analy-
sis of periods distributions for 8 Cep stars (BCEP and
BCEPS) has been carried out. Identifications for all
peaks on the histogram have been performed. There
are some overtones and their harmonics. These are re-
lated with multiplicity ratios. In addition to GCVS
clagsification it is proposed to extend the range of pe-
riods for short-period group (BCEPS) to (0.02 - 0.13)
days instead of (0.02 - 0.04) days. We propose a new
classification of these stars according to their mode
identifications.

Key words: Stars: 8 Cep, § Scuti, RR Lyrae, Cepheids,
histogram of periods distribution, mode identifications

1. Introduction

The matter of modal content for the pulsating
stars has only been solved satisfactory for double-mode
Cepheids. The failure to establish the driving mecha-
nism in 8 Cephei stars is one of the most serious prob-
lems in our understanding of stellar pulsations.

We look at the matter the other way round using:
1) statistical data from the fourth edition of the Gen-
eral Catalogue of Variable Stars (Volumes 1-3, here-
after GCVS), considering distribution of periods for
these stars; 2) histogram of periods distribution and
dependencies of masses, radii and radial pulsation con-
stants, Q, upon period (from Shobbrook’s data, 1985);
3) the results of periodogram analysis of individual 8
Cep stars in NGC 3293 (Engelbrecht, 1986).

2. The analysis of periods distributions from
GCVS’ data

On the base of GCVS’ sampling (75 8 Cep stars with
the known periods) has been carried out the analysis
of periods of these stars. We have constructed a his-
togram of periods distribution of 8 Cep variables with
interval of periods AP = 0.02 days. It is given in Table
2 and shown in Figure 1.

On the base of our analysis of this histogram (Ta-
ble 2 and Figure 1), we have 10 peaks (maxima) and
some steps near to them (see Table 1). The main peak
at the mean period of 0.170 days (interval of periods
AP=0.160-0.180 days) has amplitude n=12 stars. If

TR,
NE 3
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£ 0.0,
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Figure 1: Periods distribution of 8 Cep stars according
to GCVS, total number of stars N=75)

Table 1. Results of periods identifications for GCVS’
data (m is the number of the peak)

m i B n  Pieor Ident. k;
1 1 0.0196 1 0018 P, /4 1.043
1 2 0.028 2 0.028 Pr/4 1.000
2 3 0.08 2 0.084 Py 0.952
2 4 0.0896 2 0.090 P, 0.996
2 5 0.101 2 0.100 P, 1.01
2 6 0.108 1 0.1081 Px 0.999
2 7 011267 3 0.11264 Py 1.000
2 8 012377 1 0.120 2P, 1.031
3 9 01378 3 0.135 2P 1.021
3 10 0.153 4 0.150 2P, 1.02
3 11 0.162 5 0.162 2Px1 g 1.000
3 12 0.173 7 01728 2Px, 1.001
3 13 0.1684 12 0.169 2P g 0.996
3 14 0.1846 2 0.180 2P, 1.026
3 15 0.1909 5 0.192 2Px, 0.994
4 16 0.201 6 0.200 2P, 1.005
4 17 0.203 1 0.203 3Py 1.000
4 18 0.2156 4 0.216 2Py 0.998
5 19 0.2374 4 0.2400 4P, 0.989
5 20 0.2538 6 0.2535 3Py 1.001
5 21 0.2758 4 0.270 4Py 1.021
6 22 0.305 2 0.300 3P.=4P, 1.017
7 23 0.3768 3 03755 5P 1.003
7 24 0.3971 4 0.400 4P, 0.993
8 25 0.4504 1 04506 4P;=6F, 0.9996
9 26 0.6096 1 0.609 9Py 1.001

10 27 0.7015 1 0.701 7P, 1.001
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Table 2. The histogram of 8 Cep stars’ periods distribution (AP=0.02 days)

AP (days) Nstars AP (days) Nstars AP (days) Nstars AP (days) Nstars
0.00-0.02 1 0.20-0.22 9 0.40-0.42 1 0.60-0.62 1
0.02-0.04 2 0.22-0.24 4 0.42-0.44 0 0.62-0.64 0
0.04-0.06 0 0.24-0.26 5 0.44-0.46 1 0.64-0.66 0
0.06-0.08 0 0.26-0.28 4 0.46-0.48 0 0.66-0.68 0
0.08-0.10 4 0.28-0.30 1 0.48-0.50 0 0.68-0.70 0
0.10-0.12 5 0.30-0.32 2 0.50-0.52 0 0.70-0.72 1
0.12-0.14 3 0.32-0.34 0 0.52-0.54 0 0.72-0.74 0
0.14-0.16 5 0.34-0.36 0 0.54-0.56 0 0.74-0.76 0
0.16-0.18 12 0.36-0.38 3 0.56-0.58 0 0.76-0.78 0
0.18-0.20 8 0.38-0.40 3 0.58-0.60 0

we compare it with individual periods in this step,
it gives us the mean period 0.1684 days. Its identi-
fication (see Table 1) is a double period of the first
overtone 2P y=0.169 days for a fundamental period
P;=0.11267 days (the mean period for three stars) in
peak 2. This period is equal to the fundamental period
of radial pulsation of the sun P;=0.11264 days. The
ratio of these two periods P; to Pipeor is k;=1.0003!
The ratio of the period 0.1684 days to the theoretical
one 2P ;=0.169 days is 0.996. The analysis of periods
of individual stars in the peak 2 gives us else four mean
periods. We identify period 0.08 days (for two

stars with equal periods) as the first overtone
P y=0.084 days of fundamental period P;=0.11264
days. The ratio of the observed and theoretical periods
is equal 0.952. Period 0.0896 days is close to theoretical
one P,=0.90 days (the ratio is 0.996) in our extended
set of radial modes (see Bezdenezhnyi, 1994a, 1994b,
1997a, 1997b). Period 0.101 days (for two stars with
close periods) is identified as period P,.=0.100 days (the
ratio is 1.01). And period 0.12377 days for one indi-
vidual star is close to double period P;: 2P,=0.120
days (the ratio is 1.031). For the first peak we have
one individual period 0.0196 days near the theoretical
one P,;/4=0.0188 days(the ratio is 1.04) and one the
mean period about 0.028 days (for two stars) identi-
fied as P;/4=0.028 days. The main (third) peak has
some more three mean periods in its wings (steps on
the left and on the right). Period 0.1378 days (for three
stars) is close to the theoretical one 2P, =0.135 days
(the ratio is 1.021), period 0.153 days (for four stars) is
identified as 2P,=0.150 days (the ratio is 1.02) and pe-
riod 0.1846 days (for two close periods) - as 2P,=0.180
days (the ratio is 1.026). Period 0.1909 days (for five
close periods) is not commensurable with P=0.11264
days but it is so with period 0.108 days (we denote it as
P*). The latter is a minimal of ones in the mean period
P;. Their ratio (P* to 0.1909) is equal 0.566 (close to
the theoretical ratio 0.5625 for double period P, if we
consider P* as a fundamental one). There is one more

case like that for the mean period 0.2156 days in the
next (the fourth) peak. One can identify this period as
a double of P*. We have a splitting of the period P
and its overtones accordingly. In the fourth peak we
have some more two mean periods: 0.201 days (for five
close periods) near the theoretical period 2P.=0.200
days (the ratio is 1.005) and 0.203 days (an individual
period) equal to 3Py (the ratio is 1). These two and
the next periods are commensurable with P;.

The fifth peak has three mean periods. Period 0.2374
days (for four close periods) identified as 4P;=0.240
days (the ratio is 0.989), 0.2538 days (for six peri-
ods) near the triple Pigy (3P1g=0.2535 days, the ra-
tio is 1.001), and 0.2758 days (for four periods) near
4P =0.270 days (the ratio is 1.021). The sixth peak
has only one mean period 0.305 days (for two close in-
dividual periods). It may be identified as the following
equal overtones: 3P.=4P,=5F,=0.300 days (the ratio
is 1.017). The seventh peak has two mean periods:
0.3768 days (for three close periods) near 5P;=0.3755
days (the ratio is 1.003) and 0.3971 days (for four close
periods) near 4P,=0.400 days (the ratio is 0.993). Fur-
ther, three small peaks with single periods follow. Peak
8 has period 0.4504 days near 4P;=6F;=0.4506 days
(the ratio is 0.9996). Peak 9 has period 0.6096 days
near 9Pg= 0.609 days (ratio is 1.001), and peak 10
has period 0.7015 days near 7P.=0.701 days (the ratio
is 1.001).

So, we have explained all peaks in the histogram of
periods distribution for 8 Cep stars by means of com-
mensurability with the fundamental period for these
stars coincides with the fundamental period of radial
pulsation of the sun. Period P* (with its sequence) is
found in other pulsating stars types: é Sct and SX Phe,
for example (from our unpublished data).

3. Identifications of § Cep stars’ periods in
NGC 3293

Engelbrecht (1986) has studied ten 8 Cep stars in
NGC 3293. All stars are multiperiodic, some showing
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Table 3. Results of identifications of § Cep stars’ periods in NGC 3293

star freq P; A,mag ident k; star freq P; A,mag ident k;
5 5.64 0.177 .0074 2P, 0.983 16 3.99 0.251 .0267 3Pty  0.990
6.66 0.150 .0050 2P, 1.000 4.92  0.203 .0023 3Py 1.000
7.17 0.139 .0028 2Poy 1.030 18 5.66 0.177 .0136 2P, 0.983
10 592 0.169 .0100 2P g 1.000 5.74 0.174 .0094 2Px, 1.006
568 0.176 .0061 2Px, 1.019 6.58 0.152 .0046 2P, 1.013
4.76  0.210 .0043 2Pxy 0.972 5.77 0.173 .0046 2P g 1.024
6.11 0.164 .0034 2Px1p  1.012 23 6.17 0.162 .0063 2Px1g 1.000
546 0.183 .0027 2P, 1.017 5.74 0.174 .0043 2Px, 1.007
11 6.86 0.146 .0065 2Px, 1.014 6.64 0.151 .0036 2F, 1.004
6.69 0.149 .0039 2P, 0.993 24 4.85 0.206 .0065 3Py 1.015
7.22  0.138 .0034 2Py 1.021 6.25 0.160 .0062 2Px1yg 0.988
7.06 0.142 .0028 2Px, 0.986 5.86 0.171 .0052 2P g 1.012
6.61 0.151 .0023 2P, 1.007 5.65 0.177 .0034 2P, 0.983
14 6.56 0.152 .0045 2F, 1.013 27 440 0.227 .0103 2P 1.008
6.33 0.158 .0040 2Px1y 0975 4.33 0.231 .0022 4Px, 1.002
590 0.169 .0029 2P g 1.000 65 8.81 0.114 .0030 Py 1.012
9.97 0.100 .0022 P, 1.000
from two to five periods. He has found a range of possi- 755 " T IR
ble non-radial modes identifications. ” A roughly equal NE
distribution of radial, dipole and quadrupole modes ap- F
pears in these stars.” 10¢ E
Our identifications give that all ten stars from Ta- F 1
ble 3 of this work maybe have radial modes (and their i ! 2 ]
harmonics) in our extended system: F (2 times), 1H 5| 5 ]
(5), 2H (4) and the modes R (1), G (6), E (4) in- - 1
troduced by the author (Bezdenezhnyi, 1994a, 1994b, | | | | ?‘
1997a, 1997b) earlier for RR Lyrae, § Scuti and for 0?00 005  0.10  0.15  0.20 025P 030

other radial pulsating stars. The sequence of period
P*=0.1081 days: 2P%1 5, 2P%¢, 2P%,, 2P%,, and 4Px,
is present too (see Table 3). All the periods we may ex-
plain as radial modes for these two main fundamental
periods P;=0.11264 and Px;=0.1081 days. The pres-
ence of these two sequences is the reason that we have
so many close frequencies.

We know (GCVS) that the majority of 8 Cep stars
probably show radial pulsations, but some (V649 Per)
display non-radial pulsations. Multiperiodicity is char-
acteristic of many of these stars. In our identifications
we don’t need to attract non-radial pulsations for ten
B Cep stars as in original work (Engelbrecht, 1986).

4. The analysis of periods distributions from
Shobbrook’s (1985) data

On the base of Shobbrook’s (1985) data for 47 8 Cep
variables we have constructed a histogram of periods
distribution of these stars with the interval of periods
AP=0.01 days (Fig.2). Using distributions of individ-
ual periods into close groups, we have the following 23
mean periods (see Table 4). 11 periods from 23 ones

Figure 2: Periods distribution of 8 Cep stars (Shob-
brook, N=47)

are commensurable with period P*=0.1081 days, and
the rest 12 periods follow Py-sequence.

This border at period of 0.133 days has astrophys-
ical bases as it follows from Shobbrook’s (1985) data.
The mean pulsation constant, Q, has a linear correla-
tion with period and a sharp bend at this period of
0.133 days (see Fig. 3). After this period the slope of
the second line is less. Using the pulsation ratio Q =

<pE>
<p>

and < p >3=0.038 _Z; for the mean lines (before and
after period 0.133 days of this sharp bend). This bor-
der coincides with a gap between two peaks (2 and
3, see Fig 1 and 2). This gap lies between theoreti-
cal periods 2P%,r=0.130 days and 2P;=0.135 days.
Mean masses and radii distributions from period have a
gap (or minimum) near this period. They change syn-
chronously. So is behavior of lg T, and My, with pe-

, we estimate mean densities < p >1=0.068
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Table 4. Periods of 8 Cep stars’ from Shobbrook’s data histogram (47 stars)

P, ident k; P; ident k; P; ident k; P; ident k;

0.055 P;/2 0977 0.115 2Px, 0997 0.169 2Py 1000 0.212 2Pxg 0.981
0.061 P, 1.017 0.118 2P, 0.983 0.174 2Px, 1.006 0.229 4Px, 0.993
0.067 P,y 0991 0.130 2Pxymg theor 0.178 2P, 0.989 0.246 4P, 0.984
0.088 Px, 1.017 0.141 2Px, 0979 0.191 2Px, 0.995 0.250 3Py 0.984
0.100 P, 0.999 0.153 2P, 1.020 0.201 2P. 1.005 0.258 4Pxyg 0.995
0.108 Pxp 0.999 0.161 2Pxiy 0993 0.203 3Py 1002 0.302 4P, 1.007

0.04
Qt

0.02 }

0.00
0.00

Figure 3: Mean pulsation constant correlation with pe-
riod

riod as minimum My,; coincides with one for T,. That
behavior of physical parameters before, after and at
period of 0.133 days let us to pick out two groups of §
Cep stars. It is possible one of them is BCEPS stars
group.

In addition to GCVS’ classification it is proposed
to extend the range of periods for short-period group
(BCEPS) to (0.02-0.13) days instead of (0.02-0.04)

days. It is proposed a new classification of these stars
according to their mode identifications.
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ABSTRACT. The Fourier analysis are performed
for photoelectric and photographic B-observations
(Goranskij and Shugarov, 1979) of RR Lyrae star RW
Ari. Besides the main frequency fo and four its first
harmonics two more frequencies are found: fi=fy/3
and f,=0.711fy c¢/d. It permits to identify frequen-
cies: fo as fs, introduced by us earlier (Bezdenezhnyi,
1997b) for RR Lyrae star T Sex, and f2 - as fig.

Such analysis of photographic author’s observations
of RR Lyrae star BK Dra is performed too. It is shown
that BK Dra is a multiperiodic variable star. Its fre-
quencies identifications are carried out and given.

Three data sets of Cepheid V477 Oph: visual au-
thor’s (Bezdenezhnyi and Mandel, 1977), photographic
Mandel’s (1970) observations and (O-C) - residuals
(Hacke, 1988) show that V477 Oph apparently can be
referred to bimodal Cepheids.

Key words: Stars: RR Lyrae, individual: RW Ari,
BK Dra; Cepheids, individual: V477 Oph; Fourier
analysis, mode identifications

1. Introduction

By using Breger’s (1991) program PERIOD the
Fourier analysis for photographic (and some photoelec-
tric and visual) observations of two RR Lyrae stars RW
Ari and BK Dra, and Cepheid V477 Oph has been car-
ried out. Identifications for all frequencies have been
performed. There are some overtones and their har-
monics. These are related with multiplicity ratios.

2. Multiperiodicity of RR Lyrae star RW Ari

The Fourier analysis of photoelectric B-observations
(n=132) from Goranskij and Shugarov’s work (1979)
are performed. The observations have been ob-
tained on 60-cm telescope of Astronomical Institute
of Uzbekistan Academy of Sciences (at the Maid-
anak mountain) and at Crimean Station of Stern-
berg Astronomical Institute. The main frequency
f0=2.8222241 ¢/d with B-amplitude A=0.267 mag
has been obtained as well as its first four harmonics:
2£0=>5.6467821 c¢/d (A=0.028 mag), 3f,=8.4758498
¢/d (A=0.021 mag), 4f,=11.2864165 c/d (A=0.015
mag) and 5£,=14.1199694 c¢/d (A=0.016 mag).

Photographic B-observations (n=122) of the same
authors obtained from the plates collection of Stern-
berg Astronomical Institute also show {frequency
f0=2.8222747 ¢/d (A=0.257 mag) and the secondary
frequency f1=0.93564 c¢/d (A=0.039 mag at amplitude
of 0.01 level false alarm probability a=0.022 mag). The
frequency ratio fi1/fo=0.332 enables to assume that
the frequencies be related with the multiplicity ratio
fo=3f1. This value of frequency f; is close to that of
a triple frequency of the orbital period given by Wis-
niewski (1971): 3f,rp = 0.9448 ¢/d. It is because of
the multiplcity of these frequencies that the question
may have arisen on a possible star binarity.

Photoelectric observations show one more frequency
f2=2.01018 c¢/d (A=0.029 mag at amplitude of 0.01
level false alarm probability a=0.012 mag) which has
not been found when analyzing photographic obser-
vations. If it is a real one, then from the ratio
f2/fo=0.712, which is close to the theoretical ratio of
a frequency of the first overtone to frequency f, intro-
duced by us (Bezdenezhnyi, 1997b) for RR Lyrae star
T Sex and also observed in other RR Lyrae stars (see
for BK Dra in this paper) and in bimodal Cepheids
(Bezdenezhnyi, 1997a), we can identify frequencies
of RW Ari. Thus, fo=fs, fi=fs/3 and fo=fim.
Then rather numerous Penston’s (1972) B-observations
(n=29) have been added to above set and the Fourier
analysis for general photoelectric set (n=161) was per-
formed. The meaning of the frequency f,=3.0133114
c/d (A=0.029 mag at a=0.012 mag) was revealed.

We can conclude that RW Ari is rather a multi-
modal of RR Lyrae star than a binary variable. Further
analysis of photoelectric Wisniewski’s (for 19 nights)
and photographic Detre’s (1937) observations (n=293)
would be needed in order to confirm these results.

3. Multiperiodicity of RR Lyrae star BK Dra

The analysis has been performed of the light varia-
tion of BK Dra based on 165 light determination from
the Dushanbe plate collection in the interval of 28 years
(J.D. 2430166 - 2440448). Range of the brightness vari-
ations is 10.59-11.87 mag (pv), the meaning of one de-
gree is 0.05 mag. The observations fit well the lin-
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ear elements of General Catalogue of Variable Stars
(Kholopov et al., hereafter GCVS, 1985):

Mazpe = J.D.2425523.305 + 0.5920815 E, (1)

acting from 1905 (J.D.2416940). However, before an
interval of time J.D. (2414900 - 2416150) another ele-
ments were true (GCVS, 1985):

Mazpg = J.D.2415150.817 + 0.592019 E.  (2)

For all the observational seagsons mean light variation
curves have been plotted. There is not any progressive
deviation of the maximum light phase from zero but
slight variations ranging from 0.99 - 0.02 are possible.
The stellar light at minimum is constant, and that at
maximum varies and the amplitude does respectively.

The frequency analysis of observations has shown
that BK Dra is a multiperiodic star. Besides the main
frequency fo=1.68896 ¢/d (Py=0.5920803 days fits well
the linear elements (1)) and its first three harmonics
three more frequencies are found. It permited to iden-
tify the main frequency as the one f; introduced by the
author (Bezdenezhnyi, 1997b) for RR Lyrae star T Sex
observed in bimodal Cepheids (Bezdenezhnyi, 1997a)
too. The main frequency amplitude A43=0.36 mag, its
first harmonic 2f,= 3.37793 ¢/d (A=0.17 mag), the
second harmonic 3 f;=>5.06687 ¢/d (A=0.10 mag) and
the third one 4f,=6.75582 c¢/d (A=0.08 mag).

Three additional frequencies are identified as dou-
ble frequencies of known ones fig, fom and fre-
quency fe introduced by us earlier (Bezdenezhnyi,
1994) for RR Lyrae star AE Boo. So, these frequen-
cies are: f1=2f17=2.38671 c¢/d (A=0.08 mag at am-
plitude of 0.01 level false alarm probability a=0.04
mag), fo=2f>p=3.00325 c¢/d (A=0.07 mag) and fz=
2f.=4.50194 ¢/d (A=0.08 mag).

Thus, BK Dra seems to be a multiperiodic RR Lyrae
star as AE Boo and T Sex studied by us (Bezdenezhnyi,
1994, 1997b) earlier. But more precise photoelectric
observations of this star are needed to confirm these
results.

4. The multimodality of Cepheid V477 Oph

In our work (Bezdenezhnyi and Mandel, 1977) from
Simeiz photographic observations period of 2.01566917
days was found, the star was classified as Cepheid sim-
ilar to VZ Aql and V439 Oph. The period found has
shown a good agreement for over 17000 days.

Unfortunately, Simeiz observating are not numer-
ous therefore we added to them photographic Man-
del’s (1970) observatins obtained from Odessa plates
collection. The Fourier analysis of the data (n=46)
was performed. It gave frequencies: the main one
f0=0.4961166 c/d (with amplitude A=6.9 degrees at
amplitude of 0.01 level false alarm probability a=0.6
deg) and two its harmonics 2f,=0.9921909 c¢/d (A=1.9
deg), 3fo=1.4882756 c¢/d (A=1.5 deg). Two more fre-
quencies were found: f;=0.464799 c¢/d (A=1.9 deg)

and f,=1.097299 ¢/d (A=1.1 deg). The frequency ra-
tio f1/fo=0.737 is close to the theoretical ratio (0.738)
of a frequency f, to frequency of the first overtone fig.
And the frequency ratio fa/fo=2.212 approaches the
theoretical one (2.25) for double frequency f, intro-
duced by us (Bezdenezhnyi, 1994). Due to this it is
possible to identify these frequencies as fo=f1m, fi=f.
and fa=2f,.

The Fourier analysis was done for 98 visual author’s
observatins (Bezdenezhnyi and Mandel, 1977) covering
17 nights within 363 days. The same frequencies as be-
fore has been obtained: the main one f;5=0.4962053
c/d (A=4.4 deg at a=0.4 deg), the first harmonic
of this frequency 2f;7=0.9920007 c¢/d (A=3.5 deg),
3f1p=1.489035 c/d (A=2.1 deg), f.=0.4635215 c/d
(A=3.1 deg) and 2f,=1.0980822 c/d (A=1.5 deg).

Then Fourier analysis of 135 (O-C)-residuals within
20439 days (Hacke, 1988) was performed. (O-C)-
residuals were given with period Fy=2.015669 days
(f0=0.496113 c/d) from our work (Bezdenezhnyi and
Mandel,1977). Fourier analysis showed: peak at fre-
quency 2f,=0.992225 (that is equal sharp to above our
double one) had the biggest amplitude. Two higher
harmonics 3fy and 5fy are present too. We have done
a fitting with these three frequencies: 2f,=0.9922261
c¢/d (A=0.403 days), 3fo0=1.4883391 c¢/d (A=0.192
days) and 5f;=2.4805642 c/d (A=0.020 days). After
subtraction of this fitting the frequencies 7fy=3.4728
c/d (A=0.006 days at a=0.002 days) and f,=0.4673
(A=0.004 days) were found.

Thus, V477 Oph apparently can be referred to bi-
modal (or even multimodal) Cepheids. To confirm
these results the analysis of more precise photoelec-
tric observations of V477 Oph are needed.
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ABSTRACT. BD +20°1171 (= NSV 16732 = TYCHO
132091 1 = HD 39785 = SAO 077726) is a long-periodic
pulsating variable star of SRc-type with a period of
20930, range of variations in B 8.8 - 10.™3, and the most
realiable maximum is JD 2443410.5

Key words: Stars: SRc - type: BD +20°1171

The variability of brightness of the star BD +20°1171
(a = 05°55"37.8°, § = +20°28'08".4 (2000.0); spectrum
K5), has been discovered by An-dronov et al. (1994) and
Renaut (1984). The highest peaks at the periodogram
computed for the measurements on the Odessa Sky Patrol
plates (Andronov et al., 1994) correspond to possible
periods 13700% and 50 - 200°.

The author made an independent research of the star BD
+20°1171 on the negatives of the S, T, A series of the
Moscow plate collection. Alltogether 90 data points have
been obtained. The finding chart and the comparison stars
have been kindly given to us by [.L.Andronov. The author
determined the brightness of comparison stars according
to the standart SA 74 in the photometric system B.

Computer analysis of the observations obtained in the
interval 1896-1994 argues for the most satisfactory period
~20930° (Fig. 2) and possible periods of 11500 - 14000,
16000 - 18000° corresponding to lower peaks at the
periodogram and also didn't prove periods 50 - 200°.

Such a discrepancy in results is caused by absence of
coherent periodicity and shows variations of the possible
period and shape of the pulsations. Much shorter cycles of
low coherence of a thousand day (or even shorter) scale
are possible.

For the provement of all the reserch results, it is nec-
essary to make an independent research on negatives of
the Sonneberg and Harvard photograph libraries in the
interval 1900 - 1960.

Acknowledgements. The author is thankful to V.G.
Karetnikov and I.L. Andronov for attention and help.
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Figure 2: Phase light curves of BD +20°1171
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ABSTRACT. Based on 218 negatives from the
Odessa plate collection, BM Eri is classified as an SRa-
type star with a 56595 period; range in pv 6™9 -
8™5; spectrum gM6; more probable minimuma, at JD
2439042, 2440183.4, 2446475.

Key words: Stars: SRa - type: BM Eri

The variability of BM Eri was discovered by S.
Gaposchkin (1946, 1953). A number of authors proved
the discovery. The star was also rediscovered by C.
Hoffmeister (1963) in 1959. A small number of mea-
surements lead researchers to a conclusion, that BM
Eri is an eclipsing binary with a 15320 - 20000 day pe-
riod (Kholopov et al., 1987). Independently the vari-
ability of BM Eri was rediscovered by V.A.Bartalog
(1987) with a minimum at 13.02.1986. A.L. Pikhun’s
advise led the autor to the decision to do an inde-
pendent research, using the negatives from the Odessa
plate collection.

The star was measured in the photovisual system
pv. Visual estimates have been carried out using the
method by Nuyland - Blazhko. The finding chart is
shown in Fig.1. The brightness of the comparison stars
was determined by linking to the photometrical stan-
dart Hyades (Kazanasmas eat al., 1981). The light
curve is shown in Fig. 2.

The time series analysis has been carried out using
the method by Deeming (1975). The period of 56595
was detected, which perfectly confirms photometrical
measurements of the ”Hipparcos” experiment. oreover,
the star shows the period of ~ 9000¢, the ”season of
eclipses” - the most noticeable weakenings of bright-
ness with an amplitude from 0™5 to 1™5, which last
~ 6000%;; the ”season of quasiconstancy” with a small,
(< 0™4) amplitude, which lasts for ~ 3000%. This con-
firms results by Gaposchkin (1946) and Hoffmeister
(1963).

Acknowledgements. The author is thankful to A.IL
Pikhun, N.N. Samus, I.L.Andronov, V.G. Karetnikov,
V.A. Bartolog, M.A. Grishel for attention and help.
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Figure 2: Phase light curve.
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ABSTRACT. Recently we proposed a new method
of mode identification based on spectroscopic nonadi-
abatic diagrams (Cugier & Daszyfiska 2001, As.Ap.,
377, 113). Our results are for 8 Cephei models. These
diagram involve the amplitude ratios and phase dif-
ferences calculated from various oscillating parameters
measured from line profiles. We found that the spec-
troscopic observables are especially useful to determine
m values. In this paper we investigate the case of mul-
timodal pulsating models.

Key words: Stars: variable: 8 Cephei, multiperiodic;
Line: profiles, Pulsation: mode identification.

1. Introduction

In many 8 Cephei stars we observe more than one ex-
cited mode of pulsation. The mode identification in the
multiperiodic variables is of great importance, because
the richer spectra of oscillation frequencies constrain
potentially much stronger the stellar properties. Un-
fortunately the frequency spectra of B type stars are
spare, in comparison to the Sun or some white dwarfs,
and we need more sophisticated method to derive three
quantum numbers, which characterise a given mode of
oscillation.

In previous papers we proposed the method of mode
identification in 8 Cephei stars based on the construct-
ing diagrams with amplitude ratios and phase dif-
ferences derived from various line profile parameters
(Cugier & Daszyriska 2001, Daszyriska & Cugier 2001).
We adopted the term spectroscopic nonadiabatic o0b-
servables for these quantities. The properties of these
observables were investigated from calculated time se-
ries of theoretical line profiles of Si IIT 455.26 nm for
Main Sequence stellar models with a mass of 10 M.
All unstable modes were considered in the limit of the
single mode of oscillation. In this paper we study the
multimode case.

The plan of the paper is as follows. In Section 2 we
describe the method of calculations. The results for a
MS stellar model of 10 M with three unstable modes
excited simultaneously are given in Section 3.

2. Model calculations

We calculated time series of Si III 455.26 nm line pro-
files for the 10 Mg stellar model of log Tex = 4.3693
and log g = 3.9137. We used results of linear nona-
diabatic calculations of Dziembowski & Pamyatnykh
(1993), as well as the line blanketed models of stellar
atmospheres of Kurucz (1996), see Cugier & Daszyriska
(2001) for details. We selected three modes with the
periods: P, = 0.911846, P, = 0.915633 and P; =
0.917112, and assumed the corresponding amplitudes
of the radius variations of € = 0.015, ¢ = 0.005 and
e = 0.003, respectively. The (¢, m)-values are £ = 0 for
P,l=2m=+2for P, and £=1,m = —1 for P;.

The data contain 3000 line profiles calculated at
equally distant time points with the step of 0.005 day.
From these line profiles we measured several charac-
teristics including residual intensities measured at the
deepest point of the normalized line profiles (Fiin),
radial velocities corresponding t0 Finin (Vinin), equiva-
lent widths (EW), full width at the half of maximum
(FW HM), radial velocities corresponding to FWHM
(Vim), line intensities at Ag = 455.26 nm (F),) and line
intensities at Ay = Mg — 0.05 nm (F),). The data span
an interval of 15 days.

Now, we search frequency spectra of these time se-
ries. For this purpose we compute the least-squares
(LS) power spectra using Jerzykiewicz’s computing
code, which is based on the well-known method of
Lomb (1976). The computations were carried out
with the step of 0.001 cycles day~'. The results were
searched for the maximum values of the power, p(f),
over frequency interval up to 30 cycles day~'. The fre-
quency responsible for the highest value of the power
was found. After prewhitening with this frequency,
we repeated the calculations. In some cases the peri-
odogram analysis reveals the presence of many mixed
frequencies in addition to the primary frequencies of
modes of oscillations. Finally, for a given set of fre-
quencies we calculated synthetic curves, which fit the
best, in the sense of LS, the measured quantities as a
function of time.
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3. Mode identification for multiperiodic
B Cep star

Having frequencies, amplitudes and phases as de-
scribed in Sect. 2, we constructed various spectro-
scopic nonadiabatic diagrams in order to check whether
it is possible to retrieve the quantum numbers for the
modes of oscillations. In Figure 1 we plot the dia-
gram A(FAO)/A(FAO) vs. (P(FAO) - QO(FM)' Big dia-
monds are assigned to the three modes studied in this
paper. Here we also show all unstable modes with
£ =10,1,2,m = —4,...,+£ for Main sequence mod-
els with the mass of 10 Mg, at the selected epoch
of evolution taken from Cugier & Daszyriska (2001).
The modes with different azimuthal order are marked
by various symbols. As we can see, the radial mode
(£ = 0,m = 0) is in proper place. In the case of the
left two modes, (£ = 2,m = +2), ({ = 1,m = —1), we
have a good location as far as the amplitude ratio is
concerned, but in the values of phase difference they
are a little misplaced.

Another example is for the observables Fp;, and
Vmin-

Figure 3 illustrates the possibility of deriving the
harmonic degree. It turned out that the diagram
employing FWHM and radial velocity corresponding
to it, Vim, is the best to obtain this quantum num-
ber. In Figure 3 we show the location our modes
on this diagram, where various symbols are for differ-
ent f-values. As previously the modes obtained from
the "multiperiodic” calculation are marked by big di-
amonds. In this case we have problem only with the
mode of (¢ = 2,m = +2), because it is located at the
joint of two regions: with m = +1 and with m = +2.

More detailed discussion will be given in a future pa-
per.
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ABSTRACT. We briefly communicate about 21st
run of the Whole Earth Telescope (WET) in April
2001, where the eclipsing short period binary sdB sys-
tem PG 1336-018 was the primary target.

Key words:Stars: hot subdwarfs: stars: individual:
PG 1336-018, stars: oscillations, stars:: variables: EC
14026

1. The WET

The Whole Earth Telescope (WET) is a collaboration
of astronomers who agree to observe a target star in
such a way that observations can continue around the
globe 24 hours a day, from site to site. The WET was
organised in 1988, as an instrument to solve the alias
problem which appears when on tries to interpret the
time series amplitude spectra for a multimode pulsator
from one single observatory. In order to resolve close
modes, long nearly continuous coverage is necessary.
So both the length of a run and the number of obser-
vatories that participate and their distribution in lon-
gitudes on the Earth are important parameters. Due
to the wish of as global coverage as possible the cam-
paigns are named as XCOVs for EXtended COVerage.
A summary of the first 10 years of WET operations
was given by Kleinman (1999).

So far telescopes of sizes 1-2.5m have been used
for the WET. The main instruments during the first
10 years have been two channel (object and compari-
son star) and 3 channel photometers (object, compar-
ison star and sky background). The experience has
shown that the 3 ch photometer can get good data even
through light cirrus clouds, and it has been able to ex-
tend the length of a nights run with at least one hour,
by the continuous measurement of the sky brightness.
To be accepted for the WET observers and instruments
have to fill requirements given by the WET collabora-
tion.

Now the WET instrumentation is in a transition
state as more and more of the observers use CCDs spe-
cially programmed for continuous readouts. With such

instruments it is possible to observe fainter stars, and
also to correct for thin clouds.

Data are produced as standard ascii files and the
WET collaboration has developed a set of PC programs
(DOS) for the observations and the data reduction. In
addition an interface card with a precise oscillator has
been developed to collect the pulses from the photome-
ter and send to the PC as numbers. A group in Lithua-
nia has produced amplifiers, interface cards and com-
plete photometers for the collaboration.

During a campaign a headquarters is organised with
some experts that collect the data sent by e-mail from
the observers as soon as they finish a night’s ob-
servations. The headquarters people reduce data as
soon as they get their hands on it, and post the re-
sults immediately on the internet pages of the WET
(http://wet.litap.iastate.edu), so that each observer in
the field can follow his or hers contribution to the total
light curve and also participate in the running discus-
sion of the analysis of the data. Headquarters people
are in daily contact with the observers, asking them
about the weather prospects and tell them what to
observe. A campaign has usually several targets, and
if two observatories at the same longitude have clear
weather, the headquarters can decide that one site ob-
serve the primary target and another one observe an-
other target. The headquarters also give advice on
the observing procedures and in particular check the
timing, which has proved to be a problem at some ob-
servatories.

All the telescopes involved in WET work as a single
instrument, as an orchestra - actually, to run an XCOV
could be compared with a piece of music (Kleinman &
O’Donoghue, 2000). At the moment Professor Steve
Kawaler is the Director of WET, and Reed Riddle is
his Deputy Director. They are located at the Iowa
State University, Iowa, U.S.A.

Targets are traditionally chosen from the classes of
pulsating white dwarfs (ZZ Ceti=DAV, DBV, DOV)
and other rapidly (multiperiodic) variable stars, like
IBWDs, interacting binaries,  Scuti and roAp stars,
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Figure 1: Light curve for PG 1336-018 observed at the Teide Observatory.

and the newly-discovered sdB pulsators.

2. The Target

The pulsating hot subdwarf PG 1336-018 (hereafter
PG 1336) was the primary target of XCOV21 from
April 15 to May 4 2001. 20 observatories from 16 coun-
tries around the globe aimed on this object during the
run (Table 1). The list of observatories in Table 1 is
sorted accordingly to their East longitudes which were
extracted from Astronomical Almanac (2001).

The Principal Investigators for this run was Mike
Reed from Iowa State University (USA), he observed
in CTIO, and Dave Kilkenny from SAAO.

PG 1336 was also the target of XCOV17 in April,
1999, (Reed et al., 2000) and is really remarkable. It
is a sdB star (V=13.4 mag) in a close binary system
with P=2.4 hr. The name of the object is derived from
Palomar-Green colorimetric survey. Recently some col-
orimetric surveys focus on the blue subluminous ob-
jects, above all quasars and hot stars different kinds.

Understanding the evolution of sdB stars, the so
called prewhite dwarfs, is very important and can be
a clue to understanding of many mysteries of the late
history of massive stars and population synthesis.

When a group of astronomers from SAAO (Kilkenny
et al., 1997) discovered the pulsating sdB stars, it has
opened the prospect of using asteroseismology to exam-
ine the interiors of these stars. Kilkenny et al. (1997)
refered these objects to the EC 14026 stars, because a
prototype was discovered in the Edinburgh-Cape sur-
vey investigations. According to the 75th namelist of

variable stars (Kazarovets, Samus & Durlevich, 2000)
the class has been named RPHS — or ”very rapidly
pulsating hot (subdwarf B) stars”, and the Prototype
EC 14026 has been given the variable star designation
V361 Hya. The pulsation periods of the EC 14026
stars range from 80 to 500 s and amplitudes are up to
30 mmag.

The 184 s and 141s pulsations of the sdB star, which
is the primary of the partially eclipsing binary system
PG 1336 were discovered by Kilkenny et al. (1998).
As a result of the 17th run of WET Reed et al. (2000)
found that the subdwarf pulsates in at least 15 modes
- radial and non-radial. The companion is an M4-5
dwarf of approximately the same radius but consider-
ably fainter and in the primary eclipse it covers roughly
half of the pulsating star. The XCOV21 run of WET
was optimised to search for the pulsations during the
eclipses. The investigation of rotational splitting of the
modes in eclipse and out of eclipse promises a real op-
portunity to identify radial and nonradial modes of the
pulsations.

3. Some Results from XCOV21

Simulations done before the XCOV21 showed that
some modes would be observable only outside the
eclipses, some would be observable only during eclipses,
and some both. This would help in classifying the
modes. In the campaign it was expected to observe
all eclipses during one week (Reed et al., 2001).

The coverage for PG 1336 in the XCOV21 became
quite good. According to the WET internet pages
(http:/ /wet.litap.lastate.edu) 268 hours were spent on



Odessa Astronomical Publications, vol. 14 (2001)

131

Table 1: WET XCOV21 observatories and telescopes.

Observatory Abbr. Country Longitude Tel. (m)
Mauna Kea Hawaii, USA -155° 28" 0.6
Southeastern Association SARA USA -111° 36° 0.9
Mt.Lemmon USA -110° 48" 1.5
McDonald USA -104° 01° 2.1; 0.9
Hard Labor Creed Observatory HLCO USA -83°36° 04
Cierra-Tololo Interamerican Observatory CTIO Chile -70°49° 1.5
Pico dos Dias (Itajuba) Brazil -45° 35" 1.6
Nordic Optical Telescope NOT  La Palma Spain -17° 53" 2.6
Teide Observatory oT Tenerife, Spain -16° 30" 0.8
Haute Provence Observatory OHP France +5°42° 1.93
Loiano Italy +11°20° 1.5
South African Astronomical Observatory SAAO South Africa +18° 28" 1.9;1
Mt. Suhora Poland +20° 04" 0.6
Moletai Lithuania, +25° 17" 1.65
Turkish Natl. Observatory Turkey +32°477 1.5
Crimean Astrophysical Observatory CrAO Ukraine +34°01° 1.25
Wise Observatory Israel +34° 46" 1
Uttar Pradesh (Naini Tal) India +79° 277 1
Beijing Astronomical Observatory BAO China +116° 22" 0.85
Mt.Stromlo Australia +149° 00" 1.9

PG 1336, and a total of 206 eclipses observed. Fig. 1
shows a long light curve from the Teide Observatory,
Tenerife, where we can follow the pulsations into the
eclipses which are only partial. The light curve from
one of the primary eclipses is shown in more detail in
Fig. 2.

However, the coverage in UT or longitude was quite
uneven distributed in this campaign. From UT 21hr
— to UT 09hr the object was observed 15-17 nights,
while the coverage between 9 and 21 hr, corresponding
to Asian longitudes, was an average 6 nights on the
target, with a minimum of only one night between UT
18 and 19.

Fig. 3 shows the coverage hour by hour, and we note
that there is considerable hole in the data set East of
the Black Sea all the way to the Pacific Ocean. One
could see also returning to Table 1 that from 20 obser-
vatories which participated in the run: 10 observatories
were in the interval from -35° to +35°, 7 ones were in
the interval from -35° to -180°, and 3 observatories only
- from +35° to +180°, so we could make good use of
more telescopes in this region.

At the same time on the location of the former So-
viet Union stay large and equipped observatories, such

’

as Mt.Dushak-Erekdag (A = 57° 53), Mt. Majdanak

’ ’

(A=66° 53), and Tien-Shan (A=76° 57) observatories.
Their modern instrumentation is not in use and decay
from the lack or complete absence of local financial
support.

We applied for the participation in this run of
WET with the 0.8 m telescope and two-star photome-
ter of Odessa Observatory which are situated at the
Mt.Dushak-Erekdag in Central Asia (Dorokhov et al.,
1997). However, for financial reasons we could not go
to the Mt.Dushak-Erekdag and applied instead for an
observational time in the Crimean Observatory.

4. The Multi-Colour Observations

The time for the simultaneous UBVRI photometry
has been given on 1.25 m AZT-11 telescope of the
Crimean Observatory with the 5-channel photometer-
polarimeter (Efimov et al., 1984). The multi-colour
observations of PG 1336 prove useful to the mode iden-
tification and the eclipse modeling. Unfortunately the
weather was not favourable in Crimea this spring, and
only short series of observations could be obtained be-
tween the clouds. We selected a short interval of ob-
servations of 19 Apr with a bearable transparency and
try to reveal the colour amplitudes in the region of
principal frequency 5440 Hz, following to Kurtz (1998).
The results are shown in Table 2:the filter, the effec-
tive length of band, the dominant frequency, the ampli-
tude in mmag and the error of amplitude. Apparently,
the results reflect the variability of atmospheric trans-
parency in the Crimean Observatory on that time.
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Figure 2: Details of the light curve for PG 1336-018 observed at the Teide Observatory. The curves show how the
pulsations continue through two of the eclipses on April 24, 2001. (from wet.litap.iastate.edu/xcov21/pgl336)
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Figure 3: The distribution of the nights observed in particular intervals of UT, or the longitudes’ distribution
of the observatories. We see a substantial lack of coverage over the Asian continent.

Table 2: The colour semiamplitudes.

Filter A Frequency Amplitude
A pHz mmag,
U 3670 5675 10+ 7
B 4360 5710 125 £5
A% 5450 5118 45+7
R 6380 5662 6.6 £5

I 7970 5611 1.6 +£ 10

5. The Future of the WET

The next campaign XCOV22 is planned for May
2002, and in the WET internet pages it will be
possible to follow this campaign as it happens
(wet.iitap.lastate.edu). The targets selected are PG
1456+103 and PG 1159-035. For this campaign we
hope there will be possible to fill the Asian gaps in the
coverage we experienced in XCOV21.
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ABSTRACT. The variations of the polarization pa-
rameters of three Mira—type stars V CrB, S CrB, T Her
in the UBVRI bands are presented.

Key words: Stars: late-type: miras; stars: individ-
ual: V CrB, S CrB, T Her.

1. Introduction

An existence of dusty circumstellar envelopes is a
wide-spread phenomenon. Such envelopes have been
detected at R CrB-type stars, red giants and super-
giants, T Tau-type stars, hot non-periodic Algol-type
stars, IR sources etc.

Visible appearance of the dust existence varies from
the existence of great IR excesses and absorption lines
to photometric and polarimetric peculiarities. The
physics of dusty circumstellar envelopes is a subject
for special study.

In spite of the quite a few data on the miras po-
larimetry and spectropolarimetry one should note its
inhomogenity and fragmentary. Rather detailed infor-
mation has been obtained for only small number of
miras. Besides, most observations has been made at
bright stage of stars due to brightness deficiency.

However, observations at the minimum and nearby
to the co-called Eruption Point (EP) at the phase 0.8
(Fischer, 1968) are of special interest. That is a rea-
son why at the Crimean Astrophysical Observatory
(CrAQ) in 1987 have been started the photopolarimet-
ric observations of a sample single miras representing
various spectral types and types of variability to study
their polarimetric characteristics in minima and nearby
to EP.

In this note we present some data of photopolarime-
try of mira-type stars T Her (M-type), V CrB (C-
type) and S CrB (M-type) based on the observations
at CrAO. Everywhere the elements from the GCVS
(Kholopov, 1985) were used to calculate the phases of
light variations.

2. Observations and data reduction

All our photopolarimetric observations of miras
were carried out at CrAO from May, 1987 till June,
1988 with the 125 cm telescope using the computer
controlled UBVRI Double Image Chopping Photopo-
larimeter, developed by V. Piirola (1988).

The instrument provides measurements of the inten-
sity and polarization simultaneously in UBVRI bands
centered at 0.36, 0.44, 0.53, 0.69, and 0.83u, respec-
tively.

The instrumental polarization in each color, de-
termined from the observations of unpolarized stan-
dard stars, was usually very small (< 0.2%). The
calibration of the position angle was made observ-
ing stars with well known large interstellar polariza-
tion (Serkowski,1974; Coyne et al.,1974, Hsu & Breger,
1982). The duration of observation varied from 15 min
till one hour depending on the brightness of the star
and sky conditions.

3. T Her

The star belongs to the most numerous class M-type
miras. Only communication about the polarimetric ob-
servations of the star has been published in 1967 (Zap-
pala, 1967). No polarization has been found. New
observations of this star were carried out at the CrAO
from May 11, 1987 till August 22, 1988.

Comparison star was SAO 66729 (V=7.42, B-
V=0.98, U-B=0.87, V-R=0.73, V-I=1.31).

No correction for interstellar polarization was ap-
plied since the star is located at high galactic latitude
(b=+58°).

The period of pulsation of this star is one of shortest.
It allowed us to monitor the polarimetric and photo-
metric variations in the course of four adjacent cycles
of pulsation (practically at all phases in one cycle and
in some part of three adjacent cycles.
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The visual light curve from the data of AAVSO is
shown in Fig. 1 (upper panel).

In the figure an abscissa shows the phase of light vari-
ations and number of cycle calculated from the moment
of previous light maximum. The light minimum is at
the phase 1.6. A middle panel shows the variations of
the degree of polarization P(%) only for two bands: U
(open circles) and B (filled circles). The polarization in
V,R and I bands is close to zero and does not depicted
in the figure to avoid the overlap of the points. It is seen
that the polarization is small everywhere except the
phase interval between 1.5 and 1.6 which corresponds
to the light minimum. In more details the variations
of the polarization in this phase interval are shown in
lower panel for three bands: U (open circles), B (filled
circles) and R (filled triangles). It is seen that in this
phase interval the degree of polarization has maximum
and rises up to 4% in U-band.

Wavelength dependencies of T Her for some phases
are shown in Fig. 2.
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Figure 2: Wavelength dependencies of polarization P
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1987 (JD 2447046).
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It is seen that the shape of these dependencies tends
to the the curve of Rayleigh scattering (thick dashed
line) as the star approaches to its light minimum. The
most prominent maximum of the degree of polarization
in U band is also located in this narrow phase interval
at the very bottom of the light minimum. So, it seems
that the polarization is in fact produced by the scat-
tering the radiation of the star on small dust particles
in its circumstellar envelope.

It is well known that late-type stars are unstable on
various time scales. In contrast to the longtime vari-
ability of miras much less is known about their intra-
day variations. Fig. 3 shows the brightness variations
of T Her during one of night (September 7, 1987) when
one can see the different kind of variations.

It is well seen that the maximum amplitude of bright-
ness variations was in U band (about 0.5™) and de-
creased toward red light where the amplitude of bright-
ness variations in I band was less than 0.1"*. The time
scale of variation was about one hour.

According to the classification by Strelkova (1956)
T Her belongs to the II type of light variability, which is
characterized by the shortwave colors variations in op-
posite sense with respect to the brightness variations,
i.e. in the phase of minimum the star became bluer due
to the decreasing of the TiO absorption bands with the
decreasing the stellar temperature. This is well seen in
Fig. 4 where we show the colors variations in four ad-
jacent cycles of pulsation.

4. S CrB

The star belongs to the M-class. Previous polari-
metric measurements, made by several authors in 1966
— 1970, revealed rather large and variable polariza-
tion. It was found that the degree of polarization in-
creased when the brightness of the star goes toward its
light minimum. New photopolarimetric observations
of the star was made at CrAO from May 12, 1987
till August 11, 1988. The comparison star was SAO
64617 for which we estimated V=6.86, B-V=0.95, U-
B=1.01, V-R=0.75, V-I=1.28. OQur results are shown
in Figs. 5,6,7.

Ag it is seen in Fig. 5, the broad polarization max-
imum, mostly prominant in U-band, locates in the
broad light minimum. The position angle of polariza-
tion changed in the large interval of angles without any
obvious dependence on phasge.

The wavelength dependence of polarization is typical
for miras, with large scattering in ultraviolet (Fig. 6).

The shortwave color indices changed in accord with
the variation of brightness (Fig. 7).

It allows us to place this star into group I by the
Strelkova’s (1956) classification.
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Figure 4: Variations of brightness v and colors u-b, b-v,
v-r, v-i of T Her in instrumental system with phase.
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5. VCrB

The star belongs to C-class. Previous polarimetr
observations of the star made by different observe
encompass the wavelength from the blue region to 2;
The variation of polarization parameters with time an
wavelength was revealed inthe sence the star faded o.
the degree of polarization increased. Our observations
were carried out from June 5,1987 till June 20, 1988.
No correction for interstellar polarization was applied
since the star is at high galactic latitude (b=51°. The
detailed analysis of polarimetric study of V CrB had
been published by Efimov (1995). Here we pay atten-
tion to some features. Beside of rise the polarization
at the brightness minimum it is seen from Fig.8 that
rather large (up to 5%) degree of polarization in B-
band was observed at the maximum, in contrast to the
polarization in other bands. It is seen also that the po-
larization plane has a continuous rotation in the course
of pulsation cycle (Fig. 8, bottom panel).

Wavelength dependencies of the degree of polariza-
tion in different phases show that the polarization rises
toward shortwaves more fast then it may be expected
from the Rayleigh scattering (Fig. 9).

It is interesting that behaviour of position plane of
polarization is quite different for two extreme stage
of the star: in phase of minimum the orientation of
the position angle in all bands is the same. However,
the position angles of polarization in the maximum of
brightness turns from visual and red to ultraviolet by
90° (Fig. 10). Till now no reasonable explanation was
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Figure 7: Same as Fig. 4 for S CrB but in standard
Johnson system.
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suggested.

The results of observations of V CrB may be sum-
marized as follow:

1. There are two different state of polarization. One
state is observed at the phase of minimum and char-
acterized by the practically constant orientation of the
polarization plane along the spectrum. The other one
with strong wavelength dependence of the position an-
gle of polarization is typical for phase of maximum.

2. When star goes from maximum to minimum the
degree of polarization increases and the position angle
of polarization rotates.

3. The fast increase of the polarization occured at
the phase nearby to 0.6.

6. Discussion

From the study of the polarization variations at
o Ceti it was found that its degree of polarization in
UV at the phase 0.8 has a rapid increase at the fac-
tor two and then falls down. This rise of polarization
occured at the EP in the light curve described by Fis-
cher (1968). This is also the time of the minimum of
the U-B color (Serkowski, 1971) and the appearance of
hydrogen emission lines. It was suggested that at this
point starts the process of fast generation of small (less
then 0.05u) dust particles.

Ag the distance from the EP increases the size of the
particles increases to 0.1y or more (Materne, 1976) just
before the new EP (Shawl, 1975b). However, until now
we cannot distinguish between very small dust and gas
atoms or molecules, since both give rise to Rayleigh-
like scattering.
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Figure 10: Same as Fig. 2 for V CrB but for position
angle.

Three classes of models basing on asymmetry of
physical or/and geometrical conditions have been pro-
posed to explain the polarimetric features of miras:

1. Asymmetric distribution of circumstellar silicate
dust with ferromagnetic inclusion (Shakhovskoj, 1963;
Serkovski, 1971; Shawl, 1975a, 1975b).

2. Photospheric asymmetry, convective cells (Har-
rington, 1969; Schwarzschild, 1975).

3. Alignment of dust particles by magnetic field
(Donn et al., 1966,1968; Kruszewski, 1971; Dolginov
and Mitrofanov, 1977).

The best agreement with observations has a com-
bined model by Marcondes-Machado (1987), suggest-
ing that:

1) dust consists of the silicate particles with ferro-
magnetic inclusions;

2) size of particles changes with the distance from
the star;

3) there is the alignment of particles by the stellar
magnetic field;

4) the geometry of magnetic field transforms with the
distance from the star from dipole near to the stellar
surface to the helix one;

5) the radiation at different spectral regions is gen-
erated at different distances from the star;

6) the dust condensation to certain final size occurs
at the distance from the star from 3 to 10 stellar radii.

Physical characteristics of miras are strongly
changed in the course of the pulsation cycle. Change of
temperature exerts influence on the such physical prop-
erties of dust particles as their size, shape and compo-
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sition which are connected with the optical properties
of dust particles. It is clear that the change of these
properties at the time of dust formation will change
the properties of radiation passed through the dusty
envelope. In particular, one may expect the specific
changes of the colors and polarization parameters.

These variations will be most significant during the
process of the dust formation as it takes place at
R CrB-type stars. These changes may be used as the
diagnostic tool for the property of circumstellar dust
(Grinin, 1988; Efimov, 1988a, 1988b).

7. Conclusion

The comparison of our observations with the data
from literature allow to conclude that cycle-to-cycle
variations of polarization parameters of optical radi-
ation may occure for stars of the same spectral class.
The fast increase the polarization may take place not
only at phase 0.8 but at other phases at the minimum
brightness of star. There are some evidence on the
possible intraday variations of brightness of some mi-
ras. To study the process of dust formation one need
to estimate the effect of the absorption lines on the
the observed photometric behaviour of miras and dis-
criminate between the scattering on dust and gas. The
tools to detect and study the dust around stars are the
IR radiarion, the comparison of changing the degree of
polarization and color indices with variation of bright-
ness. The corresponding data may be obtained from
the potopolarimetric monitoring of miras at the stage
of dust formation.
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SEARCH OF VARIABILITY OF THE COMPANION
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ABSTRACT. Spectroscopic observations of EV Sct
obtained on 4m telescope at KPNO showed that the Table 1: UBVR observation
secondary component is probably situated within the  J.D Hel U-B B-V \% R
instability strip (Kovtyukh & Andrievsky, 1999). Some 2415200+
observers (Pel, 1976; Mermilliod, 1987) have noted a  12.32491  0.751 1.077 10.123 11.131
significant data scattering on the light curve. Therefore  12.32913  0.768 1.076 10.124 11.130
the companion of EV Sct perhaps is a small amplitude  12.34900 0.764 1.101 10.126 11.113
variable star. We present results of photoelectric ob-  12.35157 0.766 1.096 10.121 11.110

servations of the EV Sct. 1236166  0.791 1.102 10.103 11.094
Key words: Stars: Cepheids; stars: individual: EV 1236378  0.791 1.099 10.099 11.097
Sct. 12.38340 0.779 1.099 10.110 11.114

12.38542  0.797 1.096 10.116 11.120
| Introducti 12.39313  0.805 1.084 10.131 11.125
- Introduction 12.39579  0.792 1.076 10.133 11.122

12.40287 0.799 1.094 10.128 11.118
EV Sct is a famous classical Cepheid (P=3.091%) be- 1343067 0.852 1.170 10.343 11.178

longing to NGC 6664 cluster, which was for a long time  13.4498  0.871 1.150 10.360 11.181
used for P — L calibration. 13.46313  0.861 1.173 10.339 11.169
15.31943 0.699 1.066 10.103 11.085
15.34042 0.680 1.073 10.110 11.085
15.35807 0.665 1.097 10.074 11.074
15.36800 0.696 1.070 10.102 11.080
1537766  0.709 1.068 10.088 11.078

2. The observations and analysis

We have observed the EV Sct in June 2000. The
observat.lons were made on the 1.25m telescope AZT- 16.31805 0598 1.116 10.323 11.082
11 of Crimean AQ. For 9 nights more than 600 UBVR
. . . 16.33207  0.600 1.117 10.346 11.131
estimates of brightness of the star with accuracy of
. 16.34560 0.567 1.094 10.323 11.110

0.02-0.03 mag have been obtained. As a standard we
Lo st o NGC 6664 (V10 6L BVo047). The 1636675 0587 1102 10.346 11.120
Ese afst}?r L 1(5 e Tho oot )- The 1638851  0.620 1.102 10.382 11.131
- %1 ; eg"?"? o Wta}f Sje‘t:: ‘i)resu tsj arelgcll"in 16.39376  0.611 1.100 10.353 11.116
intabl.l. Lniortunaly the existing observational data 16 40590 0,603 1.102 10.345 11.117

E smzll and prelir;linax:ykfrlt.a?uerfl‘(glanalysis h.asn’t con- 1742659  0.652 1.082 10.230 11.130
rmed presence of variability of the companion. 17.44177  0.671 1.072 10.207 11.112

N;\P/Ihgh ka“ti"?sf "}Vl‘,’mﬁl l?keth tob thank thr' 1747369 0.652 1.066 10.236 11.143
-M.Shakovskoj for his help in the obtaining of the 19 39958 (g06 1.162 10.294 11.181

observational data and Dr. N.I.Bondar’ for helpful ad- 19.34126 0772 1.159 10.302 11.191

vices. 19.36829  0.731 1.148 10.295 11.200
19.38698  0.706 1.160 10.263 11.184

References 20.34944 0.823 1.121 10.248 11.137
Kovtyukh V.V., Andrievsky S.M.: 1999, As.Ap., 350, 2037786 0.803 1.106 10.236 11.135
L55. 20.39740 0.802 1.119 10.229 11.130
Mermilliod J.C., Mayor M., Burki G.: 1987 As.Ap. 2145544 0.774 1.090 10.075 11.094
Suppl., 70, 389. 22.34105 0.866 1.162 10.276 11.164

Pel J.W.: 1976, As.Ap.Suppl., 24, 413. 22.36098 0.872 1.170 10.300 11.187
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THERMAL WAVES AND UNSTABLE CONVECTION
IN Z7Z CETI STARS
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ABSTRACT. We analyze the stability criteria by
convection in ZZ ceti stars when the thermal relax-
ation times are not negligible. Using the Cattaneo law
and the Mixing Length Theory in the degenerate reg-
imen, is shown that the heat flux can be propagated
by thermal waves and predicts quasi periodic pulses in
luminosity. This formalism is consistent with the semi-
analytically approaches to temperature variations and
several ZZ ceti light curves.

Key words: Stars: interiors, ZZ ceti: convection, sta-
bility.

1. Introduction

The thermal properties are responsible of radiation
and further evolution of white dwarfs (WD) and ZZ
stars. Also, the oscillations and pulsation’s (non ra-
dial g modes) in DA and ZZ ceti stars are usually at-
tributed to temperature intrinsic variations (Vth et al,
2001; Brickhill, 1992), in which the convection would
be an important aspect (Althaus and Benvenuto, 1996;
Bergeron et al 1992). Several investigators thinks
about these oscillations as ”temperatures” waves or
heat waves ( thought spherical harmonics model in the
luminosity variation). However, is necessary to propose
some evolutionary pattern of the oscillations observed
in the light curves, starting from a formalism based on
the usual equations of evolution and stellar structure.
But, in standard calculations of the ZZ ceti asterosis-
mology the possibility of the heat propagation by waves
is obviated in the energy transport equation. This sim-
plification will be spurious in the degenerate material
because, the relaxation time (the time required for to
establish the heat flux when one temperature gradient
is switched on) is not negligible. In this article, it is
described how the energy transport equation and the
luminosity in WD stars change if heat waves are taken
into account. To make this, the Maxwell-Fourier law
is replaced by the Cattaneo causal law (section 2). A
general version of variation of the luminosity and the
relaxation time based on the Cattaneo equation and

the heat waves is presented in section 3. Finally, a
short discussion of the results, and its application in
Z7Z Ceti light curve is given in the last section.

2. The Cattaneo Law and the Energy Trans-
port Equation

If the energy in stars is transported though the
stellar layer by radiation, conduction and/or convec-
tion, the temperature gradient is given, in a good
approximation, in the stellar interior in terms of lo-
cal values of opacity k density p and energy flux F
by the energy transport equation (Kippenhahn and
Weigert:1990, p.28; Hansen and Kawaler:1994, p.181.):

ar _
dr

_ 3kpF
4acT3

1)

where a = 7,5710 Yerg.cm 3K ~* is the radiation
density constant and c is the light velocity. This re-
lation is just Fourier-Maxwell law for energy flux due
to thermal conductivity and/or radiative diffusion:
F(#,1) = —kVT(Z,1) (2)
where the coefficient of conduction for the diffusion en-
ergy is:k = 4acT®
It is well known that Fourier-Maxwell law leads to
a parabolic equation for T, according to which pertur-
bations propagate with infinite speed (see Joseph and
Preziosi 1989 and references therein). The origin of
this non-causal behavior found in Eq. 2 which it is as-
sumed that the energy flux appears at the same time
the temperature gradient is switched on. Neglecting
the relaxation time (7) is, in general, sensible thing to
do because for most materials it is very small (of the or-
der of 107! s for the phonon-electron interaction and
of the order 107'2 s for the phonon-phonon and free
electron interaction, at room temperature). There are,
however, situations where the relaxation time may not
be negligible. For example in neutron star interior the
relaxation time 7 is the order 10% s by temperature the
105 K (Herrera and Falcon; 1995a).
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The problem of heat propagation for times shorter
than the relaxation time has been the subject of
lengthy discussions since early work of Maxwell
(Joseph and Preziosi 1989 and references therein) and
most recently has been introduced in astrophysical
scenarios. A heat flux equation leading to a hyper-
bolic equation is the Cattaneo law (see Joseph and
Preziosi,1984; Herrera and Falcn,1995b):

O L F— _pvr

5 3)

We assume the Cattaneo law for the temperature
gradient similarly to the Eq.(1) we obtain:

oF .

ar 3
— -2 L F)

P vt Ly ()

If we replace F by the usual luminosity (L) Eq.(4)
can be written as

. 6)
dr  16acT3r2" Ot
In case of 7 & 0 to take notice of the relation (3)

and (5) are the ”classical” energy transport equation
by stellar interior.

+L)

3. The Luminosity and the Relaxation Time

The influence and importance of the convection and
mixing length theory (MLT) in a study and calcula-
tions of the atmosphere model for white dwarf is highly
report (Atweh and Eryurt-Ezr, 1992, and references
therein). However, the possibility that the time of
relaxation is not negligible, in the nucleus of WD, it
would bear to the existence of thermal waves. In that
case the luminosity change admit quasi periodic varia-
tion when the times are less than relaxation time. We
now used the Eq. (5) in the convection theory before
relaxation ( MLT before relaxation) which the lumi-
nosity is ( Herrera, L. and Falcon, N.; 1995b):

L=LYf(x,w) (6)

with
foow) = e[S @ -] @
(5 + w?) cos(wx) — B-w?) sin(wx)]
and
= ®
Td
ot
Y= —
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This equation (6) connects the standard luminosity
(L) of MLT and the luminosity before thermal relax-
ation (L(%) owing to the heat waves, where f is a func-
tion of time t, relaxation time 7 and thermal adjust
time 74. The true luminosity change (L/L{¥) is show
in the figure 1 for several values of the w . Note that
the luminosity function is a dampen oscillation.

On the other hand, the calculation of the relaxation
time can be starting from the relationship (see Herrera
and Falcon, 1995a for details):

k10737
IRET A

in the last term it has been used the thermal conductiv-

T

9)

21
209
181
181
171

Linaaecin

i

Luminisity (10" counts/s)

000 1500 2000 2500
time(z)

Figure 3: Simulation of the Light Curve of G 29-38
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ity (k) for degenerate material (Flower and Itoh, 1979)
and the specific heat (Cy) by the Chandrasekhars re-
lationship (Hansen and Kawaler, 1994).

Obviously the relaxation time will depend of the
value assumed for the thermal waves speed (V = fc).
The figure 2 shows the relaxation time for diverse val-
ues of temperature and several thermal waves speed.

4. Results and Discussion

The luminosity fluctuation, due to the causal prop-
agation of the thermal flow (Eq. 5 and 6) suggest an
approximate model for the study of the ZZ Ceti stars.
Inside the WD the matter is degenerate and the ther-
mal conductivity is dominated by electrons, therefore
the use of the Cattaneo Law is justified.

It can be thought of the existence of statistical fluc-
tuations in the density or in the temperature, in some
fluid portion in the stellar deep interior. The aleatory
movement of certain convective globule, inside the gra-
dient of temperature, would carry a fluctuation in the
temperature and, in consequence a variation in the
brightness. The luminosity variation of the convective
flow would have, by virtue of the Eq. 6, a dampen
oscillatory behavior.

In scales of time comparable to the time of relaxation
the stellar total luminosity is due to the contributions
of the radiative flow (approximately constant) more the
contribution of the convective flow (which is damped
oscillatory). According to this model the periods of
the luminosity fluctuations would be of the order of the
thermal relaxation time. Also, because the convective
flow is only an fraction of the total thermal flow, then
the luminosity variations would be dampen and small
width regarding the intrinsic luminosity. The behavior
as erratic function of the ZZ ceti light curves would
be explained in term of the sum of several convective
fluctuations along time.

Several convective flows sequentially, each one due to
some specific thermal fluctuation, they could reproduce
the light curves of some ZZ ceti stars. Indeed, it is
shown in the figure 3, the modeling of the light curve

of the rapid variable G29-38 ( data experimental due to
McGraw, 1977). Here we used that the relaxation time
in order to 1000 second and the thermal wave speed in
order to sound speed in degenerate material. The ther-
mal adjust time is account in order to 12 second.

The group of Eq. 6-9 can be used for the modeling
of other light curves, using conveniently it values of
relaxation time and of the thermal adjustment time.
For that should be considered the speed of the thermal
waves and the effective temperature by means of the
figure 2.

The presented ideas could be good in order to con-
nect the usual stellar evolution formalism with the
quasi-analytical approaches (distribution of tempera-
ture surface like sum of spherical harmonics) in the
study about ZZ ceti light curve.
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ABSTRACT. A general review is given of the cali-
bration of the Cepheid distance scale, with particular
reference to its use in the determination of Hy. Em-
phasis is placed on the advantage of using a galactic
calibration of the Cepheid scale, rather than relying
on an adopted distance to the LMC. It is then possible
to use LMC data to test for possible metallicity effects
on this scale.
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1. Introduction

Cepheid variables are at the present time of key impor-
tance for establishing distances within our own Galaxy
and to nearby galaxies and as the basis for the determi-
nation of cosmological parameters. As is well known,
the determination of Hy by groups working with the
Hubble Space Telescope (e.g. Saha et al. 1999, Freed-
man et al. 2001 = F2001) rests on Cepheid observa-
tions in relatively nearby galaxies which are then used
as calibrators of more general distance indicators (e.g.
SNIa, the Tully-Fisher relation, surface brightness fluc-
tuations etc.) It is therefore important that every effort
should be made to understand these stars and their lu-
minosities, and particularly to determine where present
uncertainties lie.

The requirements of a primary distance indicator are
easily stated. They must be bright, so that they can be
seen and measured at large distances. They must also
be recognizable for what they are. That is, they must
not be confused with other types of objects. Their
absolute magnitudes must be accurately known. This
means that the intrinsic scatter in the absolute mag-
nitudes must be small and that these absolute magni-
tudes can be accurately calibrated locally. There are
two other considerations which are of equal importance
to these. Firstly, the reddenings must be measurable.
This is a crucial requirement. Secondly if there are
effects due, or likely to be due, to differing metallici-
ties or ages between the calibrators and the programme
stars, these effects must be known and measurable. In
addition to all this, it is highly desirable that the cali-
bration and use of a primary distance indicator should
be as free as possible from theoretical derivations or
assumptions. Unless we can establish distance scales

empirically we have no way of testing theory.

Very few objects, if any, can match the classical
Cepheids in fulfilling the requirements just set out.
The main reason for this is that they have been ex-
tensively studied both locally and in the Magellanic
Clouds for many years by a large number of investiga-
tors. It can thus be fairly claimed that they are the best
understood of all pulsating variables. Other distance
indicators will be mentioned below, but it can also be
claimed with justification that Cepheids are the best
understood of all the distance indicators.

The importance of Cepheids for distance determina-
tions rests of course on the period-luminosity (PL) re-
lation. The existence of this relation is well established,
particularly in the Magellanic Clouds. The PL relation
has relatively small scatter and the period-luminosity-
colour relation seems to have negligible intrinsic scat-
ter. A detailed discussion of some of these issues is
given in Feast (1999). Furthermore it will be shown
below that a reliable calibration of the Cepheid scale
can now be obtained locally.

Whilst therefore we can have some confidence in the
Cepheids as indicators of distance we should not be
complacent. As will be indicated later there are a
number of areas where an improvement of our knowl-
edge of Cepheids is very desirable in order to further
strengthen their use as distance indicators.

2. The HST Key Project Procedure

In order to focus the discussion, the present paper is
limited to a discussion of factors relevant to the use
which is made of Cepheids in the HST programmes for
the determination of Hy. These depend on V and I
photometry. In their “final results” paper (F2001) the
HST Key Project workers adopt period-luminosity re-
lations at V and I (PL(V) and PL(I)) of the following
forms;

My = —2.760 log P — 1.458, (1)

and

M; =—2.962 log P —1.942. (2)

These relations are derived from the observations of
LMC Cepheids by Udalski et al. (1999, table 1), as-
suming the distance modulus of the LMC is 18.50. For
a Cepheid in a programme galaxy the observed (in-
tensity weighted) mean V and I are used with these
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equations to derive apparent moduli. The difference
between these is Ey_y) and multiplying this by 2.45
gives Ay and hence the true modulus.

The large number of Cepheids in the Udalski et al.
work on the LMC obviously makes this data-set at-
tractive to use as a basis. It has, however, the draw-
back that individual reddenings of the Cepheids them-
selves could not be determined (as can be done from
multi-colour photometry). The reddenings were de-
rived by dividing the LMC into a number of areas
and estimating mean reddenings from the colours of
giant-branch-clump stars. The mean reddening of the
Cepheids used by Udalski et al. to derive equations
1 and 2 was E@g_y) = 0.147 (not 0.10, as implied by
F2001, section 3.1). The method used by F2001 only
requires the relative reddenings of the LMC and their
programme Cepheids. The absolute value of the LMC
reddening is not required. However, F2001 have not
discussed whether the Udalski et al. reddenings (which
are considerably larger than have been used in the past)
are consistent with their adopted true modulus of the
LMC. It would also be useful in the future to have in-
dividual reddenings from multi-colour photometry (see
e.g. Caldwell and Coulson 1985) for many more LMC
Cepheids than are presently available. This could be
used to check whether equations 1 and 2 are affected
by a dependence of mean reddening on period which
would affect the slope of the relations. In addition rela-
tions 1 and 2 depend heavily on short period Cepheids
(log P ~ 0.5) (see Udalski et al. 1999 figs 2 and 3) with
very few at the long period end because of saturation of
the detector used by Udalski et al. A derivation of the
PL relation based on long period Cepheids would be
important since the weighted mean log P of the F2001
programme Cepheids is 1.42. In addition to this there
is some evidence that Cepheid moduli derived from VI
photometry require a metallicity dependent correction.
This will be discussed in detail below, where it will be
noted that the LMC Cepheids are metal-weak com-
pared with the mean of the HST Key Project sam-
ple which has a mean metallicity near solar. Thus if
Cepheid absolute magnitudes are based on the LMC,
a metallicity dependent uncertainty will enter.

3. A Galactic Calibration of Cepheids

A calibration of Cepheid luminosities and colours based
on observations in the general solar neighbourhood
seems very desirable. It would avoid basing distance
scales on the metal-poor LMC Cepheids. It would also
be free of estimates of the LMC distance based on non-
Cepheid estimators, most of which are less well un-
derstood than Cepheids themselves. However, as dis-
cussed below these non-Cepheid LMC estimates can be
used together with a Galactic Cepheid calibration, to
place some limits on metallicity effects on Cepheid lu-
minosities. Such a Galactic Cepheid calibration is now
possible.

Individual reddenings of many Galactic Cepheids
have been derived (Caldwell and Coulson 1987) based
on the BVI system. These lead to the relation;

(VYo — (I)o =0.297 log P +0.427 (3)
(see Feast 1999 where a slightly more exact procedure
is given). In this equation angle brackets denote in-
tensity mean values. Using a relation of this kind to
obtain reddenings, together with a PL(V) relation is
equivalent to the HST Key Project procedure.

The PL(V) relation can be written;

My =a log P+1. (4)
Various estimates have been made for the slope «
of this relation. Caldwell and Laney (1991) derived
—2.63 £+ 0.08 from SMC Cepheids; The OGLE results
for the LMC discussed in the previous section gave
—2.76 £0.03. The uncertainty is bracketed since much
of the weight is in very short period Cepheids. Cald-
well and Laney (1991) derived —2.81 £ 0.06 for the
LMC. For Cepheids in the general solar neighbourhood
Gieren et al. (1998) obtained —3.04+0.14 from Baade-
Wesselink luminosities. There is a slight hint here that
there may be a trend of slope with metallicity since
this changes in the sequence, SMC, LMC, Galaxy. It
would be valuable to study this further, but at present
there is no strong evidence of a significant trend of
slope with metallicity. In the following we adopt for
the Galaxy the result of Caldwell and Laney for the
LMC, —2.81+0.06. This is the only result taken from
the LMC in the present calibration.

It is of interest to see how the Cepheid distance scale
would be affected by a change of slope from the adopted
value, —2.81, to the Galactic value of Gieren et al.,
—3.04. The mean log P of the Cepheids used in F2001,
weighted according to their contributions to the final
value of Hy, is 1.42. Most of the Cepheids used as cal-
ibrators in the discussion below are of shorter period.
The weighted mean log P of the parallax calibrators is
0.8 whilst for the clusters it is 1.1. Changing the PL(V)
slope from —2.81 to —3.04 would result in an increase
in the parallax scale when applied to the F2001 results
of 0.14 mag (a seven percent increase in distance scale)
over that actually adopted. Thus if a variation in slope
with metallicity in the sense tentatively suggested by
the possible SMC/LMC/Galaxy trend is actually con-
firmed it would result in a decrease in the revised value
of Hg discussed in section 7.

A change of slope from the value adopted here (-
2.81) to the LMC OGLE value (-2.76), would result in
a negligibly small increase in Hy.

There are four principal ways of obtaining a value of
the PL(V) zero-point v for galactic Cepheids (see Feast
2001).

1. A bias free analysis of the Hipparcos parallaxes of
Cepheids leads to v = —1.43 £ 0.12 (Feast and Catch-
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pole 1997, Feast 1999). This result and its bias free na-
ture has been confirmed both directly and with Monte
Carlo simulations (Pont 1999, Lanoix et al. 1999,
Groenewegen and Qudmaijer 2000).

2. Hipparcos proper motions can be combined with
radial velocities in a statistical-parallax type solution.
This requires a model. The dominant effect in the
case of Cepheids is that of differential galactic rota-
tion which is clearly seen in the radial velocities and
the proper motions separately. The model therefore
is rather firmly based. Using this method Feast, Pont
and Whitelock (1998) obtained v = —1.47 + 0.13.

One can attempt a solution using the solar motion
obtained from a combined discussion of solar motion
and differential galactic rotation using proper motions
and radial velocities. In this way the solar motion has a
value which is averaged out over the whole large region
covered by the Hipparcos and radial velocity Cepheids
and is not confined to a small region near the Sun. The
results of Feast and Whitelock (1997) imply a scale
which is 0.04 £ 0.26 mag larger than that just given
(Feast 2000). However, the uncertainty is too large for
this solution to make any significant contribution to a
final value.

The above discussion refers to the use of the system-
atic motions of the Cepheids. Because the velocity dis-
persion of Cepheids is small, any comparison of radial
velocity and proper motion residuals will be sensitive
to the treatment of observational scatter and probably
also to group motions.

3. Pulsation parallaxes (the Baade-Wesselink
method in its various forms) requires a number of as-
sumptions to be made regarding such things as limb
darkening, the colour-surface brightness relation etc.
Thus whilst the internal consistency of the method is
good, the external uncertainty is difficult to estimate.
Feast (1999) derived, v = —1.32 & 0.04(internal) from
the discussion of Laney (1998). The angular diameters
of a few Cepheids have recently been determined in-
terferometrically (Kervella et al. 2001; Nordgren et al.
2000; Armstrong et al. 2001) and the change in angular
diameter of { Gem due to pulsation has been detected
(Lane et al. 2000). When more measurements along
these lines are made it should be possible to refine the
pulsation parallax method further.

4. Young open clusters containing Cepheids can be
used to derive y provided the cluster scale is known.
Feast (2001) shows how this scale can be rather firmly
based on the well-determined Hipparcos parallax of the
Hyades. This leads to v = —1.43 £ 0.05(internal).

Because some of the error estimates are internal only,
it is not safe to use these errors to weight the four esti-
mates of v given above. A straight mean gives —1.41.
The uncertainty in this value is probably somewhat less
than 0.10. It should be noted that methods 1 and 2 for
determining +y lead to distance scales which do not de-
pend on the zero-point of the reddening scale adopted,

so long as consistent reddenings are applied to both
calibrating and programme Cepheids. This is not the
case for the other two methods. This is particularly
so in the case of the clusters where the main sequence
fitting depends sensitively on the adopted reddening in
a way which does not cancel out in application to pro-
gramme Cepheids.

4. Tests for Metallicity Effects. I

It has long been believed from observations of metal-
poor Cepheids in the Magellanic Clouds that there is
a metallicity effect at least in the (B-V) colours of
Cepheids. Laney (quoted by Feast 1991) showed that
the BVI colours of SMC Cepheids could not be brought
into agreement with those in the LMC unless such an
effect was assumed to exist due to the SMC Cepheids
being more metal-poor than those in the LMC (a result
which is known spectroscopically).

There are at least three effects attributable to metal-
licity differences which could affect the PL relation at
a given wavelength.

1. Laney and Stobie (1986) showed from infrared
photometry of galactic and Magellanic Cloud Cepheids
that metallicity changes lead to a change in surface
temperature at a given pulsation period.

2. There must be some effect (especially at the
shorter wavelengths) due to a change of blanketing with
metallicity at a given surface temperature.

Both the above have the effect of changing the bolo-
metric corrections applicable at different wavelengths.

3. Although it is generally assumed that the bolo-
metric PL relation is insensitive to metallicity changes,
not all theorists agree on this issue.

Laney (1999) showed that the radii of Magellanic
Cloud Cepheids as derived from Baade-Wesselink anal-
yses fitted the galactic period-radius relation. Infrared
photometry (Laney and Stobie 1986) shows that at a
given period the metal-poor Cepheids in the Clouds
are slightly hotter than the galactic ones. The evi-
dence thus suggests that the bolometric luminosities of
Cepheids of a given period increases with decreasing
metallicity. However, the effect is small and within the
uncertainties of the measurements.

Evidently in the case of the HST work we require
to estimate the effects of metallicity changes on equa-
tions 3 and 4 above (or equivalently, equations 1 and
2). There has been some confusion in the literature
since the effect on the derived distance moduli due to
a metallicity change is found to be in opposite direc-
tions for the equations 3 and 4. It is thus essential to
discuss the combined effect on these two equations of
a change in metallicity.

The most direct empirical test of the effect of metal-
licity in determining distance moduli from V,I photom-
etry is that carried out by Kennicutt et al. (1998).
They observed Cepheids in the galaxy M101 at differ-
ent distances from the centre. At these different posi-
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tions they could estimate abundances ([O/H]) from HII
region observations. Their results lead to a metallicity
effect on Cepheid distance modulus determinations of
0.24£0.16 [O/H]! in the sense that without the cor-
rection the distance of a metal-poor Cepheid would be
overestimated. This result suggests that a metallicity
effect in the V,I method exists, but the uncertainty is
evidently still large. (For a more detailed discussion of
metallicity effects, see Feast (1999)).

5. Tests for Metallicity Effects. I1. The LMC.

It has often been suggested that the Cepheid distance
scale can (and should) be determined by deriving the
distance to the LMC in some non-Cepheid way and
then using this as the standard. However, quite apart
from possible metallicity effects on the Cepheid scale,
it must be born in mind that all non-Cepheid dis-
tance indicators so far used to estimate the distance
of the LMC have their own problems and uncertain-
ties. These problems include the calibration of these
other indicators, their possible metallicity dependence,
and, their reddenings relative to the Cepheids. Never-
theless, these non-Cepheid indicators can give a useful
indication of a probable metallicity effect on Cepheid
moduli.

Non-Cepheid moduli of the LMC were discussed by
Feast (2001). The following is a slightly updated sum-
mary of that discussion which should be consulted for
details.

1. RR Lyraes. The absolute magnitudes of RR Lyrae
stars can be derived from; parallaxes (Koen and Laney
1998), parallaxes of horizontal branch stars (Gratton
1998), globular clusters with distances derived from
sub-dwarf fitting (Carretta et al. 2000), § Sct par-
allaxes (McNamara 1997) and statistical parallaxes
(Gould and Popowski 1998). These can be combined
with the data on LMC field RR Lyraes (Clementini et
al. 2000) to obtain an LMC true distance modulus of
18.54.

2. Mira Variables. The infrared (K) period-
luminosity relation for Miras can be calibrated us-
ing Hipparcos parallaxes (Whitelock and Feast 2000)
and also using Miras in globular clusters with clus-
ter distances on the subdwarf scale of Carretta et al.
(2000). Using these calibrations with the LMC Mira
data (Feast et al. 1989) gives (Feast, Whitelock and
Menzies, to be published) an LMC modulus of 18.60.

3. The ring round SN1987A. The best estimate of
the LMC modulus from this is probably that of Panagia
(1998) which is 18.58.

4. LMC globular clusters. Main-sequence fitting
(Johnson et al. 1999) of LMC clusters can be used
to derive a modulus of 18.52.

5. The red giant clump. The use of the red giant
clump as an LMC distance indicator is complicated by
age and metallicity effects and by reddening uncertain-
ties. The best estimate is probably that of Girardi and

Salaris (2001) who find a modulus of 18.55.

6. Eclipsing Variables. Although the use of eclipsing
variables as distance indicators seems rather straight
forward in theory, its application to the LMC requires
at present a number of assumptions. The best cur-
rent estimated of the modulus by this method is prob-
ably that of Groenwegen and Salaris (2001) who obtain
18.42.

The real uncertainties of the above estimates are
probably about 0.1mag. The first three estimates seem
likely to be the most secure and a straight mean of
them is 18.57. A straight mean of all six estimates is
18.54. The V,I distance modulus of the LMC using
equations 3 and 4 and v = —1.41 is 18.66, uncorrected
for metallicity effects. If we adopt a metallicity effect
of 0.2 mag [O/H]™! and [O/H]pmc = —0.4 as is done
by F2001 following Kennicutt et al. (1998), we obtain
a corrected Cepheid modulus of 18.58. The close agree-
ment of this value with the mean non-Cepheid estimate
is no doubt partly fortuitous since the uncertainties in
both estimates are probably of order 0.1. However, the
results do suggest that a metallicity correction of the
approximate amount suggested by Kennicutt et al. is
present in VI estimates.

6. A Cepheid test using NGC4258

A distance to the galaxy NGC4258 has been derived
from the motion of HoO masers in the central region
and a simple model (Herrnstein et al. 1999). New-
man et al. (2001) have recently published HST V,I ob-
servations of Cepheids in this galaxy which can thus
also be used to derive a distance. The metallicity
adopted by Newman et al. (from HII region measure-
ments by Zaritsky et al. 1994) is slightly below so-
lar ([O/H] = —0.05). Thus any reasonable metallicity
correction to a galactic calibration will be very small.
Adopting the galactic calibration given above and a
metallicity effect of 0.20 mag [O/H]™! one obtains a
true distance modulus of 29.53 + 0.17, where the stan-
dard error is taken from the discussion of Newman et al.
together with an estimated error of the galactic zero-
point of ~ 0.10. In deriving this value we have followed
the procedure of Newman et al. and used template-
fitted DOPHOT mean magnitudes kindly supplied by
Dr Newman. These magnitudes differ slightly from the
values given in Table 2 of Newman et al. A metallic-
ity correction of —0.01 mag has been applied. The
Cepheid distance is therefore greater than the maser
one by 0.24 + 0.21 mag. This difference is not signifi-
cant.

7. Key Project Value of Hy based on a Galac-
tic Calibration
F2001 have summarized the HST Cepheid Key Project
data together with related HST data by other groups
(especially the SNIa group). As indicated in the Intro-
duction they use an adopted LMC modulus as the ba-
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sis of their analysis. They also introduce a metallicity
correction for the first time in their series of papers.
They derive a value of Hy = 72+ 8 km s~! Mpc~!.
Using their data and with the same metallicity term
(0.2 mag [O/H]™!) but with the galactic calibration
derived above, one obtains Hy = 67 +£8 where the stan-
dard error is taken from F2001. These two estimates
of H, are gratifyingly close. Amongst the reasons for
preferring a scale based on the galactic calibration is
that it is practically immune to the uncertain metal-
licity correction. This follows since the mean metal-
licity of the F2001 Cepheid galaxies, weighted accord-
ing to their contribution to the final value of Hy is
close to solar ([O/H] = -0.08). It has been hypothe-
sized that the metallicity correction could be as high
as 0.6 mag [O/H]~!. Whilst it seems unlikely that
it could be as large as this, even such a large value
will have only a very small effect on Hy derived us-
ing the galactic calibration. On the other hand, since
[O/H]tmc = —0.4, such a large correction coefficient
would have a significant effect (a six percent decrease
in Hy) on a calibration based on an adopted LMC mod-
ulus.

It should be made clear that the above discussion
is given to illustrate how the galactic calibration af-
fects the conclusions of F2001. There appears still to
be considerable differences in the interpretation of the
HST data by different groups, unrelated to the adopted
basic Cepheid distance scale (see for instance Saha et
al. 1999). Full agreement on these matter is required
before the value of Hy can be considered properly es-
tablished.

8. Conclusions

The calibration of the Cepheid zero-point is now
quite well established from galactic observations. The
present uncertainty is about 0.10 mag. It is obviously
desirable to improve this accuracy, though it is not
clear that this can be achieved without further astrom-
etry from space (GAIA etc.). It is evident that further
work is needed on the PL(V) and PL(V-I) slopes at
long periods and it would be very desirable to deter-
mine empirically if these slopes depend on metallicity.
In doing this it would be essential to derive individual
reddenings for the Cepheids from multicolour photom-
etry. It would also be of considerable interest to mea-
sure the metallicities of many more galactic Cepheids.
In particular it would be useful to know more precisely
the spread in metallicities amongst local Cepheids.
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ABSTRACT. We discuss the results of our many-
year program of Cepheid radial velocities concern-
ing the Hertzsprung sequence in radial-velocity curves,
double-mode Cepheids, the period-radius relation, bi-
nary Cepheids.
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1. Introduction

In this contribution, we present some results of
our program based upon observations of Galactic
Cepheids with a CORAVEL-type correlation spectrom-
eter. The program uses the principal advantage of
small-telescope programs, namely, the possibility to
have plenty of observing time in the course of many
years, combined with special advantages of the partic-
ular radial velocity spectrometer, namely, its outstand-
ing effectiveness combined with quite modest require-
ments to the size of the telescope used and with the
possibility to carry the spectrometer from one observ-
ing site to another, according to availability of tele-
scopes and to weather conditions.

The spectrometer, ILS, was designed and built by
Tokovinin (1987) in 1986. It uses the ideas first sug-
gested by Felgett (1953) and by Griffin (1967) and
then implemented for echelle spectrometers in the
CORAVEL machine (Baranne et al., 1979). The gen-
eral idea of a CORAVEL-type spectrometer is the fol-
lowing. An echelle spectrograph forms an image of a
star’s spectrum. In the focal plane, a physical mask
is placed. It is actually an image of the spectrum of
a “standard” star, in our case, of Arcturus; the posi-
tions of the mask corresponding to spectral lines are
transparent, those between them are not. A special
plane mirror added into the optical scheme oscillates
at a frequency about 10 Hz so that the observed spec-
trum moves back and forth along the mask. The flux
passing through the magk is minimal when the lines of
the observed spectrum coincide with the “lines” of the
mask. The light passing through the mask is then col-

lected and measured with a photomultiplier. A special
controller (in the earlier configuration of the instru-
ment) or a computer (currently) serves to collect the
measurements of light separately for 50 time intervals
of each oscillation cycle of the plane mirror. Thus,
we obtain a “generalized spectral line”, actually corre-
sponding, in our case, to 1500 lines in the spectrum of
the program star or of Arcturus. The registered “line”
covers the range of approximately £25 km/s; but we
can search for the radial velocity in a much wider in-
terval, about £300 to 500 km/s, using calibrated ro-
tation of the diffraction grating of the spectrometer.
The generalized line is then fitted to a relevant profile
(usually, but not exclusively, Gaussian), and the po-
sition of its minimum determines the radial velocity.
Preliminary reductions are performed already during
observations, but more sophisticated software can be
used off-line to improve accuracy. The reductions take
into account all necessary corrections for the motion of
the observer; the zero point correction, characteristic of
similar instruments, is determined using observations
of radial velocity standards acquired each night. The
profile shape gives additional information about abun-
dances or rotation.

The main technical characteristics of the ILS ma-
chine are the following. It can measure radial veloc-
ities of main-sequence stars with “normal” chemical
abundances in the spectral type range approximately
from F5 to M5; somewhat earlier giants can also be
measured. The characterisctic accuracy for sufficiently
bright stars in the middle of the spectral type range
is 0.3 to 0.5 km/s. The limiting magnitude for tele-
scopes of the 1-m class is about 12™.5; in record cases,
stars as faint as 14™ could be measured. The typical
exposure time for brighter stars is about 5 min; for
faint stars, it seldom exceeds 30 min.

Several instruments of CORAVEL-type design were
built in the 1980ies or early 1990ies in different coun-
tries. By now, ILS seems to be one of very few sur-
vivors. Surely there are advantages in registering the
complete spectrum with a CCD and then determining
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the radial velocity (and numerous other parameters)
by means of purely digital reductions. However, in-
struments like the ILS have proved to be excellent ma-
chines for “the poor”, the reductions are very simple,
almost no additional technical support is needed, and
you can bring your instrument to an isolated observa-
tory and start observing the next night. We are going
to continue the use of the ILS for several more years.

During 15 years of active exploitation of the ILS, it
was used by several groups for rather many scientific
programs, among them:

— orbits of binary and multiple stars;

— kinematics of the Galaxy;

— kinematics of stars in open and globular clusters;

— pulsations of stars (Cepheids and some others).

Here we’ll discuss only the latter program.

2. Observations

Table 1: Telescopes and Observations of Cepheids.

No Telescope Years No. of
observ.
1 70 cm, Moscow, 1987-2000 867
Russia
2 60 cm, Nauchny, 1987-1990 47
Crimea, Ukraine
3 200 cm, Shemakha, 1988 2
Azerbaijan
4 122 c¢cm, Abastumani, 1988 8
Georgia
5 125 cm, Nauchny, 1989-1990 64
Crimea, Ukraine
6 100 cm, Mt.Maidanak, 1989-1993 283
Uzbekistan
7 100 cm, Simeiz, 1990-2000 3792
Crimea, Ukraine
8 60 cm, Simeiz, 1990-1998 1902
Crimea, Ukraine
9 200 cm, Mt.Rozhen, 1990 16
Bulgaria
10 60 cm, Mt.Maidanak, 1991 212
Uzbekistan
11 60 cm, Zvenigorod, 1997 18
Russia

Grand total: 14 years, 1341 nights, 7211 observations
of 144 Cepheids

In 1987-2000, we acquired more than 7000 observa-
tions of 144 Cepheids using 11 telescopes in 6 coun-
tries (Russia, Ukraine, Georgia, Azerbaijan, Uzbek-
istan, Bulgaria), from 60 cm to 2 m aperture. Table 1
shows some additional information on the telescopes.
Mainly, telescopes of the 1-m class were used. Probably
we may call our main instrument the 1 m telescope of
the Simeiz Observatory (Crimea, Ukraine). The obser-
vatory is now a department of the Crimean Astrophys-

ical Observatory, but, despite the disintegration of the
Soviet Union, the telescope still belongs to the Institute
of Astronomy, Moscow. Note also that we use, rather
effectively, the 70 cm telescope of the Sternberg As-
tronomical Institute, installed in Moscow, in less than
10 km from the Kremlin! The observations have been
continued in 2001, but the reductions have not been
completed yet.

The specific feature of our program is that we try to
obtain a good coverage of the pulsation velocity curve
for each Cepheid during each year season. Our data
base of original accurate radial velocity measurements
for Cepheids currently appears to be the world-richest.

3. Results

Figure 1 shows characteristic radial velocity curves
for Cepheids, folded with their pulsation periods. Note
that the scatter of data points in the upper panel is
very low, and the velocity curve looks not worse than
good photoelectric light curves of Cepheids. Thus, if
applying the Baade—Wesselink technique to determine
Cepheid radii, the factor crucially limiting the accuracy
is no longer the uncertainty in radial velocities. The
two lower panels show examples looking not so nice. If
the period of the Cepheid is correct and does not vary
strongly, there can be two reasons for the increased
scatter. The first of them is double-mode pulsation
(middle panel).

We have observed several double-mode Cepheids and
were able to separate the two pulsation modes in their
radial velocities. EW Sct is a well-known double-mode
Cepheid; its amplitude of radial velocity variations cor-
responding to the fundamental mode exceeds that cor-
responding to the first overtone. V458 Sct (Fig. 2)
is a new double-mode Cepheid discovered by Antipin
(1997). (Less than 20 double-mode Cepheids are cur-
rently known in the Galaxy, two of them recently dis-
covered in Sternberg Institute by S.V. Antipin.) We
have already accumulated enough observations of V458
Sct to separate its two modes in radial-velocity varia-
tions (Antipin et al., 1999). For this star, the first over-
tone amplitude is larger; the same effect is revealed by
the star’s light curve, but the interpretation of the ra-
dial velocity curve in terms of energy is more straight-
forward, and coexistence of two oscillations, the first-
overtone one with higher energy, poses a problem in
front of the theory of stellar pulsations.

The second reason for the higher scatter is Cepheid
binarity (bottom panel of Fig. 1). TX Del is an ex-
treme case (it is not definite if the star is a classical
Cepheid or a Population II Cepheid). We indepen-
dently discovered the binarity of this star, first noted
by Harris and Welch (1989). Its pulsation period is
62.17; its orbital period is only 133¢, a very low value
for binary Cepheids (remember that classical Cepheids
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Figure 1: Radial velocity curves for three Cepheid,
folded with their pulsation periods. See text for ex-
planations.

are supergiants). Its separated pulsational and orbital
velocity curves show comparable amplitudes. The star
is rather unusual for binary Cepheids, even its veloc-
ity curve based on observations of a single year reveals
quite obvious signatures of binarity.

We discovered the binarity of the classical Cepheids
V496 Aql, BY Cas, VY Cyg, VZ Cyg, MW Cyg.
A number of stars have been suspected in binarity
from our data. Figure 3 is the velocity curve of the
newly-discovered binary Cepheid V496 Aql (Samus and
Gorynya, 2001). Table 2 presents a summary of our
results on spectroscopic binary Cepheids. Our obser-
vations show that at least 22% Cepheids are binaries
(Gorynya et al., 1996); however, we consider much
higher estimates of some other authors, like 50% or
more, to be too high.

As noted above, our data are very advantageous
for determinations of Cepheid radii using the Baade—
Wesselink technique. Here we make extensive use of
the detailed data base on Cepheid photometry com-
piled and supported in Moscow by Berdnikov (1995).
From our original radii of 62 Cepheids, we derived
the period-radius relation in the form (Sachkov et al.,
1998):

log R = 1.23(£0.03) + 0.62(£0.03) log P.

The radii derived with the Baade—Wesselink technique
are very improtant as a tool to distinguish between
different pulsation modes for Cepheids.

From our observations, we also have studied the
Hertzsprung sequence, a relation quite well known for
Cepheids as a dependence of their light curve shapes
upon the period value but here revealed, for the first
time, in their radial velocity curves rather than in their
light curves (Gorynya, 1998).

4. Some prospects

In the recent years, we have entered a most fruit-
ful collaboration with Dr. Pawel Moskalik (Warsaw)
who uses our data for Fourier decomposition of radial
velocity curves. This sensitive tool of research also
makes it possible to study the Hertzsprung sequence
as well as to reveal resonances between different pulsa-
tion modes. Currently, Dr. Moskalik studies our most
recent observations and gives us advice on our program
of observations, indicating insufficient coverage of ve-
locity curves for stars of interest, hints to binarity, etc.
In the nearest future, we are planning to continue this
cooperation. Also, we try to apply our instrument to
different variability type, but this is arleady outside the
scope of this presentation.

Acknowledgements. Our study was financially sup-
ported, in part, by grants from the Russian Foun-
dation for Basic Research, Program of Support for
Leading Scientific Schools of Russia, and the Russian
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from our observations only; bottom: with data from the literature added.
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Table 2: Results for binary Cepheids.

Cepheid  Pyyis, d P, d asini, AU f(m), Mg M, Mg M, Mg
FF Aql 4.4709 1432.2 0.67 0.02 5.5 >1+0.2
V496 Aql 6.8072 1447(573) - - - -
RX Cam 7.9122 1116 1.2 0.19 6.5 >25+0.2
SU Cas 1.9495 407.2 0.13 0.002 4 -
BY Cas 3.2223 563 - 0.04 - -
DL Cas 8.0007 684.4 - 0.2784 - -
SU Cyg 3.8456 549.25 1.42 1.27 5.0 >5
VY Cyg 7.8570 941 - - - -
VZ Cyg  4.8644 1483 1.39 0.16 5.5 >2+15
MW Cyg 5.9547 437.3 0.25 0.011 6 >0.8+£0.05
V532 Cyg 3.2838 3887 - 0.00017 - -
V1334 Cyg 3.3325 1947(1463) - - - -
TX Del 6.1659 133.3 0.17 0.037 6 >1.25+0.15
Z Lac 10.8860 376.9 0.54 0.14 6 >0.8+0.1
T Mon 27.0333 25000 - - - -
AU Peg 2.4115 53.34 0.22 0.49 4 >27+0.2
AW Per 6.4636 19117 - 0.0167 - -
S Sge  8.3823 675.75 0.93 0.23 ~6.5 >1.1+£0.05
V350 Sgr  5.1539 1481.8 1.34 0.15 >~ 5.5 >21+0.2
BQ Ser 4.2712 136 or 1009 - 0.005 - -
SZ Tau 3.1489 12447, 2407 — - - -
EU Tau 2.1025 9807 - - - -

Remarks to Table 2.
SU Cyg: A triple system.
TX Del: 1) If considered a classical Cepheid:
M, =6.0Mg; My > 1.25 £0.15M
2) If considered a Population II Cepheid:
M; 20.7Mg; M2 > 0.35 £ 0.06Mg
AU Peg: 1) If considered a classical Cepheid:
My =4Mg; Ms > 2.7+ 02Mg
2) If considered a Population II Cepheid:
My 2 0.7Mg; My > 1.2+ 0.1Mg
AW Per: The first known SB2 Cepheid.
BQ Ser: CEP(B) with Py = 49.27073 and P, = 3¢.012.

Federal Scientific and Technological Program ” Astron-
omy”. Thanks are due to many observers who partici-
pated in our program. We wish to thank S.V. Antipin
for his help during preparation of the manuscript.
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ABSTRACT. Some numerical parameters of long
term changes of light curves in LPVs are obtained. Re-
sults of analysis of the sample of 53 LPVs and classifi-
cation of these stars are discussed.
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1. Introduction

The long period variables (LPVs) is characterized by
significant changes of their light curves from cycle to
cycle. So the parameters of light curves are unstable
and can not be used as reliable classification criteria.
One of the way is to use types long term changes of
light curves as criteria for classification.

The sample of 53 LPVs, which are actively observed
by amateur astronomers, has been studied. Most of
them (43) are Mira-type stars, according to GCVS
(Kholopov et al., 1985), others are semiregular (SR)
variables.

2. Data analysis

To study cycle-to-cycle changes in these variables,
the dense series of data during long time interval are
needed. We use the AFOEV and VSOLJ data-bases
for this research. We have obtained the following
characteristics of each individual cycle: moments and
magnitudes of extrema and hump at the ascending
branch, periods between maxima and minima, ampli-
tudes of both branches, asymmetry, slopes of the as-
cending and descending branches, mean brightness of
the branches. Analysis of variations of these character-
istics with time and correlation analysis of them have
been made. We also applied the periodogram, Fourier
and wavelet analysis to study the periodicities and its
stability. Parameters of the mean light curves such as
period, amplitude, asymmetry has been obtained by
using the trigonometrical polynomial fit. (Below these
characteristics are mentioned as ”mean period”, ” mean
amplitude”, etc.) The example of our analysis has been
described by Marsakova and Andronov (1998).

3. Results

Also we have analyzed the relations between numeri-
cal characteristics of the cycle-to-cycle changes and the
parameters of the mean light curves (including the de-
gree of trigonometrical polynomial fit) and the spectral
class. For spectral class we have used conditional scale
from -5 (spectral class K5) to 29 (C9), where interval
0-9 corresponds to spectral classes M0-M9, 10-19 cor-
responds to S0-S9, 20-29 corresponds to C0-C9. For
the cycle-to-cycle changes we have used the following
characteristics:

— relative quantity of humps at the ascending branch;
— scatter the of mean brightness;

— scatter the of amplitudes;

— scatter the of asymmetry;

— scatter ot the individual periods between maxima;
— scatter ot the individual periods between minima.
Four last characteristics also have been used as arbi-
trary to mean light curves characteristics.

We have obtained a sequence of diagrams, such as
spectral class — arbitrary amplitude scatter, spectral
class — arbitrary mean brightness scatter, arbitrary pe-
riod scatter — arbitrary amplitude scatter, etc.

Several diagrams show that all values differ for differ-
ent spectral classes in sequence C—-M-S. They show no
changes between Miras and semiregular variables in the
sample. But diagram spectral class — arbitrary scat-
ter the of amplitudes shows that three stars (RU Cyg,
V Boo, V CVn, all of them were classified as semireg-
ular in GCVS) significantly differ by the value of ar-
bitrary scatter the of amplitudes from other stars in
group of spectral class M. Y Per (classified as Mira, but
with significant irregularity in last decade) also differ
from other stars in group of spectral class C.

Almost all stars of spectral class C have amplitudes
smaller than 2 magnitudes mentioned in GCVS as the
limit for discerning Miras and SR variables. And there
is a subgroup of stars where Mira-type and semiregu-
lar variability exchange each other in the different time
intervals. Diagram mean amplitude — scatter of the in-
dividual periods between maxima shows that the tran-
sition between small amplitude and large amplitude
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stars is very fluent. So the majority of stars in our
sample of spectral class C may be classified as peri-
odic carbon LPVs. There are no significant differences
between Miras and SR variables.

Other diagrams also show that limited quantity of
stars (both SR and Miras) differ from majority by val-
ues of characteristics of the cycle-to-cycle changes.

Stars RU Cyg, V Boo, V CVn lie separately at the
majority of diagrams. So these stars may be classified
as semiregular variables confidently.

In stars wit progressive period changes were pointed
out two types of light curve transformation: in R Aql
and R Hya period decrease is followed by very strong
amplitude decreasing, in T UMi fast period decreasing
is followed by significant changes of curve sharpness.
In some papers (Wood and Zarro, 1980; Gal and Szat-
mary, 1995) it is suggested, that T UMi is in the be-
ginning of helium shall flash, but R Aql and R Hya are
in the more later stages of it.

The secular amplitude increase or decrease (except
the stars on the stage of helium shell flagsh) probably
also may serve to classification. Also for 5 stars (4
Miras and SS Vir which was classified as SR in GCVS)
the amplitude increase has been obtained. For V Boo,
RU Cyg we have obtain amplitude decrease.

In three Miras: R LMi, R Dra and V CrB we also
have found the decrease of mean brightness.

In some Miras were found period and amplitude
changes which like cyclic ones in the observational in-
terval. But there are some difficulties: characteristic
times of this cyclicity is about 15000-23000 days, so we
can’t study more than 2-3 long cycles.

The group of periodic carbon LPVs shows differ-
ent types of amplitude variations (cyclic, irregular,
parabolic trend).

So analysis of the long-term light curve changes al-
lows to introduce the new criteria of the classification
of LPVs into Miras and semiregular variables.

Acknowledgements.  For our time series analy-
sis, we have used the observations published in
the AFOEV (http://cdsarc.u-strasbg.fr/afoev) and
VSOLJ (http://www.kusastro.kyoto-u.ac.jp/vsnet) in-
ternational databases. The author is thankful to
I.L.Andronov for supervision of current research.
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ABSTRACT. We apply the False Alarm Probability
analysis, (FAP), to the multiperiodicity search. Then
we show the necessity of using the FAP method in the
analysis of the astronomical time-series. We present
the results obtained for 153 stars supposed or known
to be pulsating variables. We examine the statistical
properties of the excited frequencies and find a relation
between the parameters of the fitted sine-curves and
the FAP. Finally we show the application of our re-
sults to the individual stars and large samples of stars.

Key words: Stars: variables; statistics: numerical
methods.

1. Introduction

Testing significance of periodigram peaks is very im-
portant. Identyfying a frequency we should be sure
that we do not take stochastical fluctuations of noise
as an intrinsic variability. In our analysis we exam-
ined the Hp magnitudes of 153 stars observed by the
Hipparcos satellite (ESA 1997). All of the stars are sit-
uated in the domain of instability of Slowly Pulsating B
stars. We computed the least—squares power spectra as
described in Jerzykiewicz & Pamyatnykh (2000), using
the Lomb (1976) method modified by adding a float-
ing mean and weights calculated for each Hp magni-
tude. Then we prewhitend data fitting simultaneously
all frequencies found so far. The False Alarm Proba-
bility method described by Cumming et al. 1999 was
used by us to test significance of periodogram peaks.
We generated hundrets sets of gaussian noise and com-
pared the height of the highest peaks produced by the
noise with the height of the highest peak, zpax, Ob-
tained for the stellar data.

Having derived all excited frequencies, we examined
the distributions of A;/c 4, obtained for all the stars.
We analysed the statistical properties of the distribu-
tions and compared the results obtained for the Hip-
parcos observations with the results obtained for pure
gaussian noise and for gaussian noise with the sinu-
soidal signal added.

p(®
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0 3 6 9
frequency c/d

Figure 1: A periodogram of pure gaussian noise.
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Figure 2: A periodogram of the pure gaussian noise
from Fig 1 with a sine—curve added. The highest peak
indicates the hidden periodicity.



Odessa Astronomical Publications, vol. 14 (2001)

157

2. Testing significance of periodogram peaks.

It is well-known that noise can give rise to high pe-
riodogram peaks and fluctuations of noise can mimic
periodic variations. To show how high such noise—
originated peaks can be, we show two periodograms
in Figs 1 and 2. In Fig 1 we can see a periodogram of
pure gaussian noise while in Fig 2 we can see a peri-
odogram of the same noise with a sine—curve added. In
both figures the highest peaks, zmax, have comparable
height. When we analyse data which consists of lit-
tle number of observations scattered over hundrets of
days, as in the case of Hipparcos observations, we often
face situation when fluctuations of noise are compara-
ble with the supposed variability. Therefore for stars
with small-amplitude variations it is easy to miss a hid-
den periodicity taking it as fluctuations of the noise.

Most of the statistical tests are not applicable in as-
tronomy. The majority of the tests are devised for
equally spaced observations containing noise or noise
with a known number of periodic signal present. While
the stellar observations are usually unequally spaced
and contain huge gaps. The False Alarm Probability
(FAP) method used by us gives the probability that
the highest periodigram peak, znax, is due to the noise—
fluctuations. The adventage of the FAP method is that
FAP does not require equally—spaced observations and
can be applied to all data with the know distribution.

In case of gaussian distribution, which is the most
common in astronomy, we are able to generate sets of
gaussian noise with the same mean and variance as the
original observations. Computing the power—spectra
we can compare the height of peaks computed for the
noise, with the height of z,,,x computed for the original
observations. When we express in percents the num-
ber of peaks which are higher than z,,x, we obtain the
probability (FAP) that we deal with pure noise. Using
the FAP method we obtain information of presence of
not periodic variations which produce more power than
the pure noice could do. We can also know whether
the high peaks in the low frequency region indicate a
changing mean of the time—series or are rather due to
fluctuations of the noise.

3. Analysis of individual stars.

As the FAP method requires knowledge of the
distribution of observations we used the Lilieforse-
Kolmogorov and the Shapiro-Wilk statistical tests to
find stars with gaussian distribution of observations.
We used the STATISTICA software package which pro-
vides both tests. We found that over 50% of the dis-
tributions were accepted by both tests as gaussian at
the @ = 0.05 level, where a is the probability that
we uncorrectly classify a distribution as non—gaussian.
For these stars we performed the periodogram analysis

and, having found the frequency of the hidden period-
icity, we fitted the data with a sine—curve and obtained
the amplitude of the variation, A; 0 4,. Then we per-
formed the FAP analysis accepting a periodicity as real
only if the FAP was less then 1%. Seeking for the next
frequencies we repeated all the described procedure.

Then we found that FAP is strongly correlated to
the value of A;/04,, where i is the number of a de-
rived frequency (Molenda—Zakowicz 2000) and found
this correlation as a usefull tool for testing significance
peaks for stars with non—gaussian distribution of data.
We show this correlation in Fig. 3 where we denoted
A1 /o4, with dots, As/oa, with squares, As/o 4, with
triangles and A4/ 4, with crosses. One can see that
for each next frequency the threshold where FAP be-
comes greater than 1% is higher. We list in Table 1 the
thresholds accepted by us for the first four periodicities
detectable in the Hipparcos data.

Table 1: The accepted thresholds for A;/o 4.
number of frequency, ¢ threshold for A;/o 4,

1 5.8
2 6.2
3 7.0
4 7.8

When dealing with stars with non-gaussian distri-
bution of observations, we assume that the general
population of the observations was gaussian and the
observed irregularities were due to sampling. Then we
performed the periodogram analysis and accepted only
these frequencies for which the values of A;/o 4, were
greater than the accepted thresholds. Because there
was some scatter present around each thershold, we
set the thersholds high enough to protect us from con-
sidering fluctuations of noise as a hidden periodicity.

2. Analysis of large samples of stars

In this section we pay attention to large samples of
stars. We defined a sapmle as large when the number
of stars exceeds 30 and ananysed the distribution of the
values of A;/0 4, of constant, mono— and multiperiodic
stars in order to examine the statistical properties of
these distributions.

We studied samples of stars denoted as constant in
the Hipparcos Catalogue and mono— and multiperiodic
stars extracted from the 153 stars examined by us. In
all cases we obtained skewed distributions of A;/o4;
(in case of constant stars we analysed distribution of
A; /o4, obtained by fitting data with a sine—curve with
the frequency indicated by the highest peak of the pe-
riodogram). This result is in a full agreement with the
theoretically predicted distribution of extreme values
(Sachs 1984 and references therein). The new result
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Figure 3: The correlation of 4;/o4, and FAP for the
first four frequencies detectable in the Hipparcos obser-
vations. We denoted ¢ = 1 with asterisks, ¢ = 2 with
triangles, ¢ = 3 with squares and ¢ = 4 with dots.

is a dependence of the skewness coefficient, 7, on the
amount of multiperiodic stars in the sample. The skew-
ness coeflicient, ~, is defined as

_ M3
7_57

with
1
ps = E_ (zi —%)°

where g is the third central moment, x; is the observed
magnitude, X is the mean magnitude derived from the
data, n is the number of observations, and o is the
standard deviation of the analysed time—series.

We found that the distribution of A/o4 obtained
for constant stars was steep on the left and flat to the
right as we expected. For all the other distributions
we observed cutting of the left tail. This cutting arises
because of the observational selection: the histograms
obtained for variable stars were limited from the left
side to these values of A;/c 4, for which FAP was less
than 1%. This result is an important indication that
we still miss many low—amplitude periodicities looking
for multiperiodic stars.

Analysing the dependence of y on the amount of mul-
tiperiodic stars in the sample we found that the higher
is the value of v, the higher is the amount of multi-
periodic stars. For samples containing only constant

stars we obtained values of v from the range 0.6-0.9
while for samples containing a mixture of mono— and
multiperiodic stars, ¥ was much higher. We preformed
the same analysis for pure gaussian noise and noise
with sinusoidal signal added and obtained a full agree-
ment with the results for Hipparcos observations. In
this way we showed that not only the cutting of the
distribution of A;/o4, but also its skewness gives in-
formation of the non—detected periodicities hidden in
data.

3. Conclusions

Basing on our results we reccomend the FAP analysis
as a tool that should be used to testing periodogram
peaks of mono— and multiperiodic stars. Our work
gave two important results. The first was the relation
of A;/o4,—FAP which should be used for testing signif-
icance of periodogram peaks when it is not possible to
compute FAP directly. The second result was the rela-
tion between v and the amount of multiperiodic stars
in the sample. This relation, however not so strict as
the first one, can be used for estimating the number of
not—detected variables present in large data-bases.
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ABSTRACT. Analysis of the absolute uvby —
photometry of the Open Clusters NGC 6910 and
NGC 6913 show well-defined peaks that clearly de-
fine the accumulation of stars. Differential photometry
of five stars in the direction of each cluster determines
that at least two stars in each cluster are variables. For
NGC 6910 both belong to the cluster and are § Scuti
stars and for NGC 6913 two short period variables one
does not belong to the cluster and it might be a § Scuti
star. The other one is a B type star and it belongs to
the cluster.

Key words: § Scuti, variable stars, open clusters, pho-
tometry; stars: individual: HO1, HO5, H09, H10.

1. Introduction

Since Strémgren uvby — 8 photometry provides unique
opportunities for determining both cluster membership
and physical characteristics of observed stars, several
bright stars in the direction of the clusters, as well as
several standard stars, were observed in order to trans-
form their photometric values into the standard sys-
tem. Simultaneously, differential photometry of a few
stars within the instability strip limits was carried out
for detection of new short period variables.

2. The Open Cluster NCG 6910.

Due to its youth, this cluster has been a subject of
numerous studies, the last one of which, Delgado &
Alfaro (2000), provides us with an excellent review.
They report the following values for this cluster:

E(B -V) = 1.02+0.13,
Vo—My = 112402 and
age = (6.53) x 105yr.

I NGC 6910 |

« HO9
i +HO5 1

A, i

Figure 1: Diagram [m4]vs[ci]

We carried out observations of a few stars in the
uvby — B system that complemented those of Craw-
ford, Barnes and Hill (1977) in 35 stars, 10 of which
were in common with CBH and 13 were observed by
them but not by us, constituting a total sample of 48
stars. Their unreddened indexes [m1] — [¢1] which es-
tablish their spectral class as early A are also shown in
Fig. 1.

3. The Open Cluster NCG 6913

This cluster (M29, 20h, 23m; +38.32 (2000), is located
in the Cygnus OB1 Association. A fine recent com-
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Figure 2: Distances modulus at 10.02 =+ 1.17 of
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Figure 3: Diagram [m;]vs[c;].

pilation of the cluster can be found in Wang & Hu
(2000). In summary: it is considered to be a very
young cluster. Its estimated age vary between 0.3 to
1.75 Myr. Since it is so young, it should have stars in
the pre-main-sequence phase; a mean distance modulus
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Figure 4: Distances modulus at 10.14 =+ 0.76 of
NGC 6913.
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Figure 5: Light Curves of variable stars in NGC 6910.

0 10.17£0.14 mag (dist = 1.08 kpc) is determined; ex-
tinction in the cluster center is relatively homogeneous,
but very large; out of 100 spectroscopically classified
stars they found: 2 O type stars, 4 0 B type stars, 33
A type stars,15 F, 6 G, and 4 K.
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3.1 Absolute photometry

We carried out uvby — 8 absolute photometry at the
San Pedro Martir Observatory, México, in two season:
October 1989 and June 2000 with 40 stars, 21 in com-
mon with Crawford et al. (1977) and 6 more observed
only by them, constituting a whole sample of 46 stars.
Their [m1] — [¢1] diagram shown in Fig. 3.

3.2 Differential photometry

The stars were observed in September 1995 at the 84cm
telescope. Five stars within the instability strip limits
were chosen: (Hoag number 01, 07, 09, 10 and 11;
Sanders number 135, 174, 146, 182, and 178, respec-
tively) Two were constants (07 and 09) whereas two,
(01 and 10) were found to be variables.

In a parallel run in the V filter in 1995, five stars
(Hoag’s number: 02, 04, 05, 08 and 09) were monitored
for variability. Of these two had constant behaviour
(02 and 08), two are clearly variables (05 and 09) and
one (04) marginally variable. The corresponding light
curves are shown in the Figure 5.

From the [m1] — [¢1] diagram, (Fig. 1), it is evident
that both variable stars belong to early stars class A
and from their distances they belong to the cluster.

The star (11) most likely is variable, but its light
curve is too noisy to unambiguously establish the vari-
ability. Of the two short period variables, one, HO1
does not belong to the cluster and might be a § Scuti
star. The other star, H10, is a B type star and it be-
longs to the cluster.

4. Conclusions.

Although this study is preliminary, at this stage we can
conclude the following: From the photometric analy-
sis carried out on the wwvby — 8 data, both clusters,
NGC 6910 and NGC 6913 show well-defined peaks that
clearly define the accumulation of stars (Figures 2 and
4). Differential photoelectric photometry of five stars
in each cluster was carried out and in each cluster, at
least two short period variables were found in the di-
rection of each of the clusters. For NGC 6910, two
variable stars HO5 and H09 that belong to the clus-
ter were found; for NGC 6913, of the two short period
variables one, HQ1, does not belong to the cluster and
it might be a § Scuti star. The other one, H10 is a B
type star and it belongs to the cluster.
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ABSTRACT Periodogram analysis of the photo-
graphic observations of UV Boo based on Hipparcos
data has showd two photometric periods: 596% + 47¢
and 1127440201 and the same high peak on the value
10260+£0202. On Odessa plates data have showed three
periods: 3514101950, 1969140441, 109442 +04002.

Key words: Stars: semi-regular; stars: individual:
UV Boo

The variable star UV Boo = BD+26°2559 = HD
126030 = SAO 083315 has been discovered in 1929
and had variations of the light 74 — 8™6. In further,
the different limits of light oscillations were showed:
8™17 — 9™01 (Kukarkin, 1930), 7™8 — 8™4 (Kopal,
1931, 1933), 8™36 — 8™886, 85 — 9™2 PG (Ahnert,
1947), 7™95 — 8 ™25 (Beyer, 1950), 746 — 830 Vis,
7M™l —8m0,8™11 — 8™16 V, 8™1 — 8™5 etc.

The star was classified different variable types:
6 Cep, Irr, Is (Kopal 1931, 1933, Kholopov, 1959),
6 Cep (Beyer, 1950), RW. The star has classified as
constant by Zajtseva (1967) and other observers. Wen-
zel (1965) observed small oscillations about 0™03. In
Albireo (N25, 1973), were noted the sharp fluctuations
7m6 —7™9. In MVS (B.2, H.1, 4, 1963), the spectrum
F5 V and slow 100 — 10002 oscillations with amplitude
0™45 are reported. Kholopov et al. (1985) report that
the star is constant.

In our work, we have used the Hipparcos data and
Odessa Plate Patrol Collection data. We have used
the finding chart of variable star presented by Taylor
(1987). Moreover, our systematic patrol observations
since 1988 show the doubtless variation of this star.

The magnitudes of the comparison stars were deter-
mined in the BV-system (Kudashkina et al., 1989).

The periodogram analysis of the photographic obser-
vations of UV Boo based on Hipparcos data has showed
two photometric periods: 596%+47¢ and 112744+0201.
The peak on the value 10260 + 0202 is also pre-
sented. The both peaks have the identical ratio sig-
nal/noise (more 5) and the imilar value of the test
function S(z). The periodograms for the Odessa data

have shown three peaks corresponding to the periods:
351910 & 1950, 196414 £ 0941, 109442 & 04002.

The value of test-function in every case is: (1) for
196914, S(z) = 0.12; (2) for 351410, S(z) = 0.08; (3)
for 104442, S(z) = 0.03. The period 102442 is similar
to the value corresponding to the Hipparcos’ values.
This period is the most interesting because this peak
presents on all periodograms. However, it is necessary
to assume the most certain the value of 196 days.

The periodograms of UV Boo are shown below. S(z)
is the test-function (Andronov, 1994). The value of the
period corresponding to a highest peak is shown at the
vertical axis.

For the analysis, the programm FO.EXE by An-
dronov (1994) has been used.

Undoubtedly, the star UV Boo is a variable star. It
is possible that UV Boo belongs to the type SRd, but
for all that shows the multi-periodicity.
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Figure 1: The periodogram of the UV Boo according
to Odessa collection. The right peak corresponds to
the period of about 10.442 days.
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Figure 2: The periodogram of the UV Boo according
to Odessa collection after subtraction of the value 1962

Figure 3: The periodogram of the UV Boo according
to Hipparcos data. The right peaks correspond to the
periods 11.74 and 10.60 days.
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ABSTRACT. Using the known connection between
pulsations and the deep light decline in stars of the R
Coronae Borealis — type variability, the pulsation pe-
riod of FG Sge is determined, which is now equal to
103 days.

Key words: Stars: variable; stars: individual: FG
Sge.

Two types of variability are observed in stars with
the R Coronae Borealis (RCB) type variability: deep
light declines by several magnitudes with a duration
up to hundreds of days and pulsations with periods of
30-50 and more days and an amplitude up to 0.4™.
In RY Sgr, the most stable pulsating star with such
variability, the declines are found to be triggered by a
pulsation after its light maximum (Pugach 1977). The
most deeper part of a light minimum falls at a pul-
sation minimum, i.e., the RCB minimum resembles a
giant pulsation (Feast 1996). Similar properties were
found to a different extent in other stars with the vari-
ability of this type: V854 Cen (Lawson et al. 1992)
and FG Sge (Arkhipova 1996). In FG Sge Gonzalez
et al. (1998) found a deviation from the ephemeris
of Arkhipova (1996) and ascribed this to a possible
change of pulsation period of the star.

The 6th RCB minimum of FG Sge which started re-
cently manifested both these properties, and this allows
us the possibility to follow the change of the pulsation
period of this unique star. In addition this minimum
also displays quasi-periodicity in the succession of the
RCB minima.

The present research is based on visual estimations
from the VSOLJ and the AFOEYV databases and from
the VSNET.

The definition of a light minimum and light maxi-
mum is important for our study. We propose and use
such ones. A maximum is a state with the bright-
ness close to the maximal one documented for the full

history of observations of a star. It is typical for the
maximum when a star is weakenned up to 0.5™ but
without a stable trend to the increasing of brightness.
A minimum is a state of weakenning star between two
succesive maxima with a typical shape of light curve
and a duration more than one pulsation period. The
typical light curve is with a sharp light decline and a
slower recovering to normal brightness.

For FG Sge this means that the state of brightness
during JD 2449870-...2450100 was the giant pulsation
according the definition of Feast (1996) and Menzies
and Feast (1997). A relatively short-term duration of
maximum state becomes typical in the behavior of FG
Sge. It is so short that the star shows no more than
1-3 pulsations. The pulsation period P, according to
Arkhipova (1996), is nearly 114 days, and it decreases.

From the full light curve since 1992 it is obvious that
the typical RCB minima follow at 530-780—day inter-
vals (Table 1). For a more unambiguous determina-
tion of the initial moment of the RCB minimum we
took into consideration that observed light curves in
a minimum are described sufficiently well by the sim-
ple analytic expression as the sum of several shallower
declines (Rosenbush 1996)

m(t) = Mmaz + 2": Am; - (1 +1)*7 - exp(=2.77), (1)

=1

where m(t) is the star brightness at the current time £,
Mymqy 18 the star brightness in the quiet state, X is the
sum over ¢ from 1 to n ”elementary” minima shaping
the observed light curve, Am; is the depth of the i-th
light decline, 7; = (t—T})/To; is a time parameter, T} is
the moment of minimal brightness in the i-th decline,
T,; is the duration of light drop in the i-th decline.
Therefore the beginning of light decline was obtained
by us with an accuracy of ten days and correspondingly
the accuracy of determination of pulsation period was
higher then two days. Here we assumed that a light



Odessa Astronomical Publications, vol. 14 (2001)

165

Table 1: Parameters of the RCB minima of FG Sge

Minimum  Moment of Time interval Number of Pulsation
number minimum between pulsations period,

beginning,  minima, day day
JD-2400000

1 48860

2 49430 570 5 114

3 50110 680 6 113

4 50890 780 7 111

5 51420 530 5 106

6 52030 610 6 102

Table 2: Parameters of the RCB minima of FG Sge.

Minimum  Moment of Time interval Number of Pulsation
number minimum between pulsations period,

beginning,  minima, day day
JD-2400000

1 48860

2 49430 570 5 114

3 50110 680 6 113

4 50890 780 7 111

5 51420 530 5 106

6 52030 610 6 102

minimum always begins since the same pulsation phase
(at least within 0.1P), and we oriented on the known
pulsation period P=114 days.

Ag a result we derive the equation for the FG Sge
pulsation period in 1992-2001:

P 113.95 + 0.000361 - (J.D — 2448800)

—1.5285- 1075 - (JD — 2448800)°.

2)

A comparison with Arkhipova’s ephemeris shows a,
distinction. According to our ephemeris, the pulsa-
tion period decreases faster and now the distinction
reaches ten days. We cannot answer, at which pulsa-
tion phase a RCB minimum begins, as the pulsation
period is very unstable and the star has two pulsation
periods (see below). Thus we confirm the well-known
property (Pugach 1977) that the RCB minimum begins
after the light maximum in a pulsation.

As a result we can say that the RCB minima in FG
Sge follow after 5-7 pulsations and, correspondingly, we
can expect the 7th minimum.

The light curve of FG Sge has only two intervals of
maximal light with the duration more than 2P. In the
last of these intervals, before the 6th RCB minimum,
the pulastion, which was more or less well observed,
had the period P;, which is nearly 1.4P. Two periods
with the similar ratio were noted by Arkhipova (1996),

but she suggested that the second period was false. As
it seems to us in this connection, it should be noted
that the time intervals between the 3th and 4th, and
the 5th and the 6th RCB minima are multiples of Py,
and P;=155 days. But the data are deficient for cer-
tain conclusions. It is necessary to expect the following
RCB minima. It is not improbable that the RCB type
variability is operated by the interplay of pulsations
with these two periods.
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ABSTRACT. Results are presented for a new map-
ping of the instability strip for Milky Way Cepheids
based upon field reddenings for 40 stars (mainly mem-
bers of open clusters and associations), color excesses
for 53 stars obtained from reddening-independent sys-
tems, and photometric reddenings for 200 additional
Cepheids tied to the new system. The data provide new
insights into features of the Cepheid instability strip
and indicate that photometric reddenings for Cepheids
are generally not of high accuracy.

Key words: Stars: variable: pulsating: Cepheids.

1. Introduction

Two unresolved issues raise concerns about the use
of Cepheids as extragalactic distance indicators: “How
important are metallicity differences between stars?”
and “How well is interstellar (or intergalactic) redden-
ing established?” Distances to galaxies derived from
Cepheids, for example, are normally tied to a subset of
Magellanic Cloud Cepheids for which reddenings are
uncertain and the chemical compositions differ from
those of Cepheids in the spiral galaxies targeted by the
Hubble Space Telescope (HST) Key Project. Both fea-
tures could affect the calibration of the Cepheid period-
luminosity (PL) and period-luminosity-color (PLC) re-
lations, which would affect distance estimates in a sys-
tematic fashion.

The question of Cepheid reddenings has been ad-
dressed many times in the literature. At present most
adopted color excesses for Milky Way Cepheids are
taken from a compilation by Fernie (1990a) based
upon a scale of reddenings (Fernie 1987) linked to
Strémgren system photometry by Feltz & McNamara
(1980). Turner et al. (1987) discussed problems with
some of the Strémgren system data of Feltz & McNa-
mara, and Turner (1995) noted sizable differences be-
tween the resulting reddenings of Fernie (1990a) and
well-established space reddenings for the same objects.

Presented here are the results of an empirical study
of the instability strip for classical Cepheids in the
Galaxy tied to a separate scale of interstellar red-
dening for such objects. The new system is defined

by space reddenings (Eg_y) for 40 Cepheids (mainly
members of clusters and stellar groups) and color
excesses for 53 Cepheids obtained from reddening-
independent indices. Photometric reddenings for an
additional 200 Cepheids have been tied to the new
system by regression techniques using published data
on the UVBGRI (six-color), BVRI, Walraven, DDO,
Geneva, Stromgren, Washington, and VHK systems,
often involving recalibration of the system reddenings.
The basic premise behind such a step is examined here
in light of the fact that one expects a natural spread
in colors for stars populating the instability strip.

2. Details of the Reddening System

The 40 Cepheids for which field reddenings are avail-
able originate from photometric studies of the sur-
rounding fields (by Turner and collaborators) in which
the exact form of the reddening law was established
beforehand. It is an important caveat given that no
single relationship accurately describes the reddening
in all regions of the Galaxy (e.g., Turner 1989). Many
published studies of Cepheids in clusters followed the
more traditional use of fixed reddening relations to ana-
lyze the photometric data; they were excluded from the
resulting sample. An added concern in some studies is
the question of potential uncertainties in the standard-
ization of the photometry (Turner 1990).

Full details of the study will be presented elsewhere,
but it can be noted that all field reddenings obtained
from early-type stars in the Cepheid fields were ad-
justed to values appropriate for the Cepheids them-
selves. The 53 color excesses obtained from reddening-
free indices (Kraft 1960; Turner et al. 1987; Spencer
Jones 1989; Sasselov & Lester 1980; Krockenberger et
al. 1998) were adjusted, where necessary, to the sys-
tem defined by Cepheids with field reddenings. A final
step was to add photometric color excesses to the data
base, after such values were normalized to the present
system using the 93 Cepheids above as standards.

Fernie (1990b) has argued that (B — V) is better
correlated with effective temperature for Cepheids than
({(B) — (V'))o, the latter being designated as the better
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temperature index by older stellar atmosphere studies
(e.g. Karp 1975). The problem was tested using the
sample of 93 Cepheids of well-established reddening.
The results are presented in Fig. 1, which plots unred-
dened color as a function of Cepheid pulsation period.
The scatter in the ({B) — (V))o data is similar to that
in the (B — V)¢ data, but is about 5% larger for the
latter. If small scatter is taken as a positive test for
a correlation with effective temperature of stars in the
Cepheid instability strip, then it appears that older
model atmosphere studies of Cepheids are correct in
asserting that the optimum temperature indicator is

({B) = (V))o-

1.5 ——————————————————

(<B>—<V>)o r

1.0

0.5

1.5 ——+—+—+—f—+—+—+—+—f—+—+—+—+——

<B—V>0 [

2.0

0.0

log P

Figure 1: Derived intrinsic colors for ({(B) — (V))o (up-
per) and (B—V}q (lower). The dispersion for the latter
is about 5% larger than that for the former.

The final period-color relation is depicted in Fig. 2,
in which the best-fitting relation is given by:

((B) = (V))o = 0.330(£0.132) + 0.369(0.140) log P.

The intrinsic dispersion in the data is +0.076, although
the full color width of the strip is more like 0.25, com-
parable to what was found by Fernie (1990b).

3. Radii and Effective Temperatures

An empirical map of the instability strip for Milky
Way Cepheids can be made once a system of redden-
ing is established, but an important step involves the
derivation of effective temperatures and absolute bolo-
metric magnitudes for individual objects. The trans-
formation of ({B) — (V})o to effective temperature was

1.5 ———————————————————

(<B>—<V>)0 r

1.0

0.5

0.0 2.0

log P

Figure 2: Derived intrinsic colors for the full sample of
Cepheids, with the best-fitting relation depicted.

made here using the sixth order polynomial given by
Gray (1992, eqn. 15.14), which provides an excellent fit
to stars of all luminosity classes for which good model
atmosphere data are available. An examination was
made of the various alternative linear relationships es-
tablished for Cepheids in the literature, but none were
any better than Gray’s relationship, and most provided
poor fits to Cepheids of very red color.

Rather than depend upon an uncertain PLC rela-
tion for Cepheids, we estimated absolute bolometric
magnitudes for Cepheids in our sample from their de-
rived luminosities, through a combination of the in-
ferred mean effective temperature of the variable (from
its mean dereddened color) with a value calculated for
its average radius, in other words from:

(L) = 4n(R)?0(Tor)".
Such an approach does not properly account for abun-
dance differences between stars, which presumably af-
fect their ((B) — (V})o colors, but such effects are dif-
ficult to include in any event.

Mean radii were established in simple fashion from
each star’s pulsation period using the period-radius re-
lation established below. That step entailed knowledge
of whether an individual star was pulsating in the fun-
damental mode or first overtone, but suitable tests are
available to establish that characteristic.

The most reliable radii for Cepheids are generally
those established from variants of the Baade-Wesselink
(BW) method, although one must be wary of sub-
tle assumptions in some versions of the BW method
that may invalidate a feature of the approach adopted.
Perhaps the best BW radii published for Cepheids are
those of Laney & Stobie (1995) and Laney (1995) based
upon VJK observations in conjunction with published
radial velocity data.

A variant of the BW method developed by Turner
(1988) uses published narrow-band KHG spectropho-
tometry from Feltz & MaNamara (1980) to isolate
phases of identical effective temperature in Cepheid
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light cycles. The method employs an empirical cor-
rection factor to adjust for systematic effects on the
V magnitudes and B-V colors during the cycles, and
has some similarities to the inverted BW method of
Ivanov (1984). An advantage of the KHG version is
that the main assumptions of the BW method appear
from tests to be fully satisfied in practice, while the ex-
ternal uncertainties in the results seem to be no larger
than about 2-4%, compared with 5-8% in most other
variants.

3.0 ———————————————————
Period—Radius Relation

log R

(solar units)

2.51

2.0

1.5}

N N R
1.0 1.5 2.0

log P(d)

Figure 3: Derived BW radii from the KHG method
(solid circles) and from Laney (1995) and Laney & Sto-
bie (1995) (open circles), with the best-fitting relation
depicted.

00 05

The original application of the KHG variant of the
BW method provided a radius only for § Cep, but
unpublished results are available for ten additional
Cepheids, the only objects for which good KHG data
are available and the technique yields reliable results.
The full set of BW radii for those stars, along with the
independent BW radii published by Laney & Stobie
(1995) and Laney (1995), are plotted in Fig. 3. The
best-fitting relation, established by means of regression
and non-parametric techniques, is:

log(R/Ro) = 1.064(%0.006) + 0.750(%0.006) logPy.

Such a simple relationship between radius and pulsa-
tion period (R oc P3/*) appears to be valid for § Scuti
variables as well (Fernie 1992).

A survey of the data for main-sequence companions
of Cepheids in open clusters (Turner 1996) noted that
Cepheid mass correlates with pulsation period, namely
M o P'/2. From the discussion above it follows that
the average surface gravity for Cepheids should also
vary with period, i.e., (g) oc P71, and, from the period-
density relation, that the pulsation constant Q o« P1/8,

4. Results

The resulting data for all Milky Way Cepheids in
the complete sample are illustrated in Fig. 4, which
plots the derived average bolometric magnitude for
each variable as a function of inferred effective temper-
ature, with symbol size increasing in direct proportion
to observed blue light amplitude. Hidden in the scatter
of Fig. 4 are a variety of features. The width of the
strip, for example, appears to widen with decreasing
temperature, although not to the extent indicated by
Fernie (1990b). In fact, the temperature width of the
strip remains essentially constant (~ 870 K) as a func-
tion of Cepheid pulsation period. There is one isolated
point in Fig. 4 lying well outside the instability strip
boundaries at (logTesr, Mbo1) = (3.784, —8.94). That is
V810 Cen, which is clearly a Cepheid-like supergiant
rather than a true Cepheid.

—-10 T T T T

4.0 3.4

log T4

Figure 4: The new empirical map of the instability
strip tied to the system of Cepheid reddenings de-
scribed here. Symbol size increases in direct proportion
to observed blue light amplitude.

Close examination of the data in Fig. 4 also reveals
that the location of a Cepheid in the strip correlates
with light amplitude, as argued previously by Pel &
Lub (1978). The evidence for that is illustrated in Fig.
5, which plots blue light amplitude versus inferred ef-
fective temperature for individual Cepheids at specific
pulsation periods, P = 159 + 14,84 4 0d.5,69 £ (4.5,
and 34.5 + 09.5.
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Figure 5: Plots of Cepheid light amplitude as a func-
tion of temperature for isolated cuts through the insta-
bility strip at P = 159,89, 64, and 39.5. High weight
points are represented by filled circles, low weight
points by open circles.

It seems clear from Fig. 5 that there is a tendency for
light amplitude to increase dramatically on the blue-
ward (hot) side of the Cepheid instability strip and to
fall off gradually toward the redward (cool) side, where
surface convective layers presumably become more ef-
ficient at damping out pulsation. The evidence is
strongest for the longer period Cepheids; for shorter
period pulsators there is increasing contamination by
small-amplitude Cepheids lying near the middle of the
strip. The contamination is mostly illusory, however,
and arises in large part from Cepheids for which only
photometric reddenings are available. Since most pho-
tometric color excesses are derived from period-color
relations, there is a natural tendency for the values
to cluster objects towards the center of the instabil-
ity strip, independent of light amplitude. The same
systematic effect can account for the fact that Fernie

(1990b) was unable to find any evidence for a temper-
ature dependence of light amplitude in his system of
photometric reddenings, and argues that purely pho-
tometric reddenings should not be used where high ac-
curacy is required.

There are a few high-weight points in Fig. 5 that
also contribute to the low-amplitude contamination
for Cepheids with periods of 39.5 and 69. In some
cases they represent objects of intermediate weight
that have several independent photometric reddening
sources. The systematic effect identified above proba-
bly applies to those stars as well. Stars for which the
color excesses originate from the 93 standards are in-
teresting cases. Two of them in the P = 39.5 group
are Polaris (@« UMi) and EV Sct, both of which are
suspected overtone pulsators. The problem disappears
if the stars are overtone Cepheids. The last object is
V367 Sct, a double-mode pulsator in the heavily red-
dened cluster NGC 6649. It is conceivable that the
space reddening for this Cepheid is in error, given the
large and often patchy extinction that is present along
the line of sight to cluster stars. NGC 6649 is a diffi-
cult cluster to observe photometrically, however, so an
immediate resolution to the problem for V367 Sct is
not envisaged.
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ABSTRACT. Analyses of Cepheid period changes
using O-C diagrams are used to establish the direction
of evolution of individual stars through the instability
strip. The superposition of random fluctuations in pe-
riod on O-C data is less easy to interpret. Such chaotic
behavior is a standard feature of Mira and RV Tauri
variables according to the work of Percy, but has not
been examined in detail for Cepheids. Unlike the sit-
uation for cooler classes of pulsators, most Cepheids
do not exhibit random fluctuations in period. Binarity
plays only a minor role in the scatter in O-C data.

Key words: Stars: variable: pulsating: Cepheids.

1. Introduction

Stellar evolutionary tracks associate classical
Cepheids with stars in a variety of instability strip
crossing modes during advanced stages of nuclear fuel
consumption. In the very rapid first crossing of the
strip the energy originates from hydrogen burning in
a thin shell surrounding a helium-rich core. In the
slower second and third crossings energy is generated
primarily from helium burning in the core, while dur-
ing somewhat faster fourth and fifth crossings energy
is generated from helium burning in a thin shell sur-
rounding the core. During intermediate evolutionary
stages as a red supergiant, large scale convection is ca-
pable of dredging up processed material from the core
with abundance patterns reflecting previous stages of
nuclear processing that have taken place in the core:
depleted C and O abundance and enhanced N abun-
dance reflecting prior stages of core hydrogen burning
through CNO processing, and enhanced C and O abun-
dance reflecting prior stages of helium burning (e.g.
Luck & Lambert 1981). The neon-sodium cycle is re-
sponsible for enhanced Na abundances in such stars
(Sasselov 1986; Luck 1994; Denissenkov 1994). Careful
abundance analyses of Cepheids can therefore be used
to establish likely evolutionary status on the basis of
such patterns.

Alternatively, each instability strip crossing for a
Cepheid is accompanied by gradual changes in over-
all dimensions and pulsation periods, P, as they evolve:
increasing mean radius and P during evolution towards
the cool side of the HR diagram (first, third, and fifth
crossings), and decreasing mean radius and P during
evolution towards the hot side of the HR diagram (sec-
ond and fourth crossings). Since each crossing occurs
at a different pace and at a different luminosity, the
rate of period change is closely related to strip cross-
ing mode, within possible constraints imposed by vari-
ations in chemical composition and pulsation mode
(Berdnikov et al. 1997; Turner et al. 1999). The
changes are revealed by parabolic trends in O-C data,
where each datum represents the difference between
Observed and Computed times of light maximum cal-
culated from a linear ephemeris. The changes amount
to mere seconds or minutes per year in pulsation peri-
ods of days to months, but the effects are cumulative.
The observed offsets from established ephemerides are
therefore significant and measurable as differences from
the predicted epochs of light maximum amounting to
several hours or more — in some cases as offsets of
several days.

Two other mechanisms can generate systematic
trends in O-C data. One is binarity, which produces
light travel time differences in times of light maximum
resembling cyclical changes in pulsation period as a
Cepheid orbits the system’s center of mass. The other
is a meandering trend observed for some Cepheids that
apparently originates from random changes in the pe-
riod of pulsation. Of the three effects, evolution, light
travel time effects, and chaotic fluctuations, evolution
is the most obvious over long time bagelines, while light
travel time effects are usually marginally detectable
at best. Chaotic period fluctuations are conspicuous
relative to evolutionary trends and observational scat-
ter for some Cepheids, but their origin is unexplained.
Such behaviour is obvious in Cepheids such as S Vul,
SV Vul and SZ Tau for example (Berdnikov 1994; Berd-
nikov & Pastukhova 1995), but is not observed in many
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Figs. 1 and 2 illustrate evolutionary effects in the
O-C data for four Population I Cepheids: n Aql and §
Cep (Fig. 1), and T Ant and SV Vul (Fig. 2). The time
baselines of O—-C data for  Aql and é Cep span more
than two centuries and the evolutionary trends are very
well established: period increase for  Aql and period
decrease for 6 Cep. The same is true for T Ant and
SV Vul (period increase for T Ant and period decrease
for SV Vul), although the data for the two stars span
only a century. Turner et al. (2001) recently demon-
strated that evolutionary trends are detectable even in
V1726 Cyg, a Cepheid discovered only two decades ago.
Archival data from the Harvard Observatory plate col-
lection were essential for augmenting the small amount
of O-C data for the star.

Least squares fitting of a parabola to O-C data pro-
vides a rate of period change (in seconds per annum)
that can be compared directly with predictions from
stellar evolutionary models. In most instances the ob-
served rates of period change agree closely with predic-
tions and empirical expectations for different instabil-
ity strip crossings (Fig. 3), although some ambiguous
cases may warrant additional O-C data or more care-
ful analyses of existing data. The O-C trends for the
Cepheids in Figs. 1 and 2 indicate a third crossing for
1 Aql, a second crossing for § Cep, a third crossing for
T Ant, and either a second or fourth crossing for SV
Vul (the rates of negative period change are about the
same for Cepheids with periods of 40-80 days).

Cepheids T Ant (upper) and SV Vul (lower).

3. Random Fluctuations in Period

Random fluctuations in period are a standard feature
of long-period pulsators, as revealed by the work of
Percy and his collaborators (Percy et al. 1997; Percy &
Hale 1998; Percy & Colivas 1999). They have examined
the O-C data for Mira variables and RV Tauri stars
using a test devised by Eddington & Plakidis (1929),
in which one calculates the average accumulated delays
between light maxima separated by z cycles, (u(z))},
without regard to sign. The data should follow a trend
line represented by the relation:

(u(z))? = 2a® + ze?,

where a represents the magnitude of the random errors
in measured times of light maximum and e represents
the magnitude of any random fluctuations in period.

The “e” parameter, as a measure of randomness in
pulsating stars, appears to increase roughly linearly
with period (Percy et al. 1997; Percy & Hale 1998;
Percy & Colivas 1999; Percy 2001). The available data,
plotted in Fig. 4, when analyzed by non-parametric
techniques (to avoid undue influence from outliers), are
described by:

e = —0.421(£0.146) + 0.015(0.001) P.
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Figure 3: Observed rates of period change (with cal-
culated uncertainties) are compared with predictions
from stellar evolutionary models and empirical calcula-
tions (from top to bottom, the lines indicate first, fifth,
and third crossings, upper; fourth and second cross-
ings, lower). Different symbols indicate the assessment
of likely crossing mode to individual Cepheids.

The possibility arises that the scatter in Fig. 4 origi-
nates largely from chemical composition differences be-
tween stars, but only stellar atmosphere studies can
test that properly.

The situation for Cepheids is relatively unstudied,
which is where O-C data are useful, once evolutionary
trends are removed. The situation is less straightfor-
ward than for Miras and RV Tauri stars, since very few
light maxima are ever observed directly, except possi-
bly for a few long period Cepheids. An O-C datum
usually represents a value obtained from fitting a light
curve derived from observations over several adjacent
cycles to a standard light curve. Eddington & Plakidis
tests for the four Cepheids of §2 are illustrated in Fig.
5, and reveal no signature of random fluctuations in
period for 5 Aql, § Cep, and T Ant, but a strong pos-
itive signature for SV Vul. The case for V1726 Cyg is
described by Turner et al. (2001). According to the
results of Fig. 4, chaotic fluctuations in period should
be relatively uncommon in Cepheids, except possibly

The cases for T Ant and SV Vul are rather curious,
given that the residuals for both stars appear to dis-
play similar signatures (Fig. 6). The alternative pos-
sibility to random fluctuations in period is to consider
light travel time effects in a binary system. Such an
alternative fails for SV Vul since it produces unreason-
able parameters for the system (P ~ 57.5 yrs, a;sini ~
329 AU, M; > 10* My). It is a possibility for T
Ant, where the derived parameters are more reason-
able (P ~ 424 yrs, a;sini ~ 10.8 A.U., M; > 0.7 Mg).

4. Discussion

Few correlations exist between deductions about in-
stability strip crossing mode for Cepheids made from
atmospheric abundance analyses and the modes in-
ferred from rates of period change. Sometimes the lat-
ter are ignored entirely, as was the case for SV Vul in
the recent study by Luck et al. (2001). Luck et al.
argue that SV Vul seems likely to be in the first cross-
ing of the instability strip on the basis of C, O, and
Na abundances that appear to be representative of its
original composition. As demonstrated in §2, however,
SV Vul is crossing the instability strip for the second or
fourth time. The possible discrepancy with the abun-
dance data is now rather interesting. In order to re-
solve the two seemingly discordant results, it is neces-
sary to consider other possibilities, such as (i) SV Vul
is in the fourth crossing of the instability strip and its
abundance pattern reflects a partial second dredge-up,
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Figure 5: Randomness diagrams (plots of (u(z))? ver-
sus cycle count difference z) derived from residuals in
the O—-C data for n Aql (upper), § Cep (upper middle),
T Ant (lower middle), and SV Vul (lower). Symbol size
increases with increasing weight for the data.

or (ii) SV Vul merged with a close companion prior to
reaching the first dredge-up and is presently in a second
crossing of the strip without displaying the abundance
anomalies of other second crossing Cepheids.

Examination of abundance patterns in the Cepheids
studied by Luck & Lambert (1981) suggests that the
second scenario proposed above is unnecessary. All
Cepheids in the fourth crossing of the strip (DT Cyg,
RT Aur, and ¢ Gem) or fifth crossing (X Sgr) share sim-
ilar abundance anomalies to SV Vul, namely solar or
mildly underabundant C and O and overabundant N. If
the analogy extends to Cepheids with long periods like
SV Vul, one can conclude that the second dredge-up is
not as efficient as the first in bringing core-processed
material to the stellar surface.

Of the other Cepheids studied by Luck & Lambert
(1981) which have derived rates of period change, five
(SU Cas, n Aql, X Cyg, T Mon, and RS Pup) are in-
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ABSTRACT. Three classical Cepheids in galactic
open clusters (CF Cas, DL Cas and WZ Sgr) were in-
vestigated, using high-resolution CCD spectra. Their
Tesr and Ep_y estimations have a good agreement
with photometrically determined ones. CF Cas and DL
Cas have metallicity values, close to those of the Sun,
whereas WZ Sgr has overabundant metallicity content
with Z=0.029. Chemical abundance data show that
they are the post first dredge-up stars. C and O con-
tent and ages have a good agreement with the theoret-
ically predicted values. All these objects have a good
fit with the PL relation for galactic Cepheids.

Key words: Stars: abundances ; stars: Cepheids in
open clusters; stars: individual: CF Cas, DL Cas, WZ
Sgr.

1. Introduction

Since until now classical Cepheids in galactic open
clusters are the calibration objects for ”period — lu-
minosity” relation, it would be important to deter-
mine spectroscopically their atmospheric parameters
and metallicity. It is very appreciably for the faint
Cepheids, for which T.;; and metallicity values es-
timated till recently using multicolour photometries
data. In our work we represent the results of inves-
tigations for three Cepheids in galactic open clusters:
CF Cas (NGC 7790), DL Cas (NGC 129) and WZ Sgr
(C1814-191). Thus, there was set the problems:

1) To obtain the high-resolution CCD — spectra in
different phases of light curve for each Cepheid.

2) Using the new method of effective temperature
determination, based on the ratio of the spectral line
depths (Kovtyukh & Gorlova 2000), to obtain the T,y
estimates for these stars.

3) To compare our mean T, ¢y estimations with ones,
obtained from UBV- photometry and to specify the
colour excess values.

4) On the base of equivalent widths data of Fe I
and Fe II lines to determine the gravities and turbu-
lent velocities for these Cepheids, using the atmosphere

Table 1: Program stars spectra

Star Period A (B-V)  Number of Region
(days) (mag) (mag) spectra (A)
CF Cas 4.88 11.126 1.232 6 5500-7200
DL Cas 8.00 8.964 1.206 12 5500-7200
WZ Sgr 21.85 8.030 1.485 10 5500-7200

V and (B-V) data from Berdnikov (1987)

models from Kurucz (1992) grid and WIDTH 9 code.

5) To calculate the elemental abundance for these
Cepheids, drawing the main attention for carbon and
oxygen content.

6) To compare our C and O abundance results with
theoretically predicted ones from Schaller et al.(1992)
evolutionary models grid.

7) To estimate the evolutionary masses and ages for
these Cepheids and to determine their evolutionary sta-
tus.

2. The observations and analysis

All spectra was obtained using échelle spectrograph
Sandiford, fed by 2.1-m Struve reflector, McDonald
Observatory. The resolving power R = 60000, S/N =
100. The information concerning the program stars
and their CCD spectra is given in Table 1.

Using the IRAF procedure we extracted échelle or-
ders from CCD frames, made dark and cosmic ray hit
substraction, and wavelength calibration. The contin-
uum level drawing, wavelength calibration, equivalent
width measurements, — were made using the IBM/PC
compatible DECH 20 package (Galazutdinov, 1992).

The atmospheric parameters:

1) T.zs were found using the ratio of the depths of
spectral lines by the method of Kovtyukh & Gorlova
(2000) with an accuracy of £10-30 K.

2) The surface gravities were determined by forcing
the Fe I and Fe II to produce the same abundance
(within an accuracy of about £0.20 dex).

3) Vi were obtained by forcing the abundances from
the Fe II lines to be independent of the equivalent
widths (with an accuracy of about £0.30 km s~1).
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unblended solar lines. All the data of Cepheids chemi-
cal composition are given in Table 3.
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Table 2: Atmosphere parameters, colour indices and colour excesses
Our estimations Eg_v Gray BCP
Star T.sr logg Vi Ep_y Other authors (B-V)g Tepy (B-V)o Teys
CF Cas 5636 1.7 3.8 0.55 0.55 (1) 0.682 5650 0.685 5635
DL Cas 5715 1.7 44 055 0.50 (2) 0.656 5702 0.660 5725
WZ Sgr 5036 0.7 42 0.57 0.56 (3) 0.920 5023 1.030 5025

(1) — Matthews et al. (1995); (2) — Gieren et al. (1994); (3) — Turner et al. (1993)
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Figure 4: The HR diagram for CF Cas, DL Cas and
WZ Sgr. The instability strip edges for fundamen-
tal mode pulsation were derived using relations from
Chiosi et al. (1992)

Since carbon and oxygen are the best indicators
of the evolutionary state of yellow supergiants, it
would be interesting to compare our observational data
with the theoretically predicted ones from Schaller et
al.(1992) evolutionary models grid. All these results
are given in Table 4.

As seen from Tables 3 and 4, all these Cepheids are
the post first dredge-up yellow supergiants. Therefore
their evolutionary masses can be determined from the
mass—luminosity relation with overshooting (Antonello
& Morelli 1996):

2)

The final results, including our ages estimation from
Schaller et al. (1992) evolutionary models grid, are
given in Table 5.

In the Figures 4 and 5 we represent the positions of
our investigated Cepheids on the HR and PL diagrams,
respectively.
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Figure 5: Positions of CF Cas, DL Cas and WZ
Sgr on PL diagram. Solid line,—~ PL relation from
Gieren, Barnes & Moffit (1993), dashed, - the same
from Turner (1992)

3. Conclusions

1) The mean effective temperatures of CF Cas, DL
Cas and WZ Sgr, obtained by using of the spectro-
scopical criterion have a good agreement with ones,
determined photometrically.

2) Our colour excesses for CF Cas and WZ Sgr are
in good agreement with the estimates of other authors,
while for DL Cas it has a slightly more value.

3) CF Cas and DL Cas have metallicity values, close
to those of the Sun, whereas WZ Sgr has overabundant
metallicity content with Z = 0.029.

4) Chemical abundance data for all these Cepheids
show that they are the post first dredge-up stars. Their
carbon and oxygen content have a good agreement with
the theoretically predicted ones.

5) Both positions of CF Cas and DL Cas on the HR
diagram corresponds to their third crossing of Cepheids
instability strip. Position of WZ Sgr is not clear and
it might be connected with uncertainty in the distance
determination. Moreover, WZ Sgr located near the red
edge of the instability strip.

6) The ages of these Cepheids have a good agreement
with ones, determined for their open clusters. Their
positions on the PL diagram have a good fit with the
”period—-luminosity” relation for galactic Cepheids.
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Table 4: Metallicities and C and O abundances

Star [Fe/H] Z Carbon Oxygen
Predicted  Observed  Predicted  Observed
CF Cas 0.00 0.020 -0.175 -0.1940.09 —0.030 +0.06+0.32
DL Cas -0.01 0.020 —0.174 —0.31+0.12 -0.032 —0.01+0.12
WZ Sgr 4018 0.029  -0.181 +0.03+0.12  -0.036 +0.13£0.25
WZ Sgr
([El/Fe)) -0.181 -0.15+0.12 —0.036 —0.05+0.25
Table 5: Luminosities, distances, radii, evolutionary masses and ages
Star My  d(pc) log(L/Lg) R/Ry M., logt logt (Other authors)
CF Cas -3.05 3130 3.13 40.6 43 814 8.0-8.1(1)
DL Cas -4.20 2034 3.59 66.0 58 7.78 7.6 (2)
WZ Sgr -5.07 1787 3.94 1229 73 7.66 7.3 (3)

(1) — Matthews et al. (1995); (2) — Gieren et al. (1994); (3) — Turner et al. (1993)
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ABSTRACT. The observation of RR Lyr type star
XZ Cyg were carried out at 50” telescope of Crimean
Astrophysical observatory and covered the time inter-
val of JD 2441483 - 2441579. For radial velocities mea-
suring were used H, Call and other metals line of low
dispersion spectrograms. The frequency analysis was
carried out using computer code FOUR-1 (Andronov
I.L., Odessa Astron. Publ., 1994, 7, 49). Radial veloc-
ities variations are sufficiently fitted by sinusoid. The
variations of radial velocities with the phase of curve
lights and of Blazko effect was investigated.

Key words: Stars: RR Lyr-type; Stars: individual:
XZ Cyg.

1. Introduction

The spectral observations of the variable star of RR
Lyra type-stars XZ Cyg were carried out at 50” tele-
scope of the Crimean Astrophysical observatory with
the new to inves-tigate of the changes of radial veloc-
ities v,. The spectrograms X7 Cyg were obtained in
the minimum of its brilliancy with the maximal pos-
sible resolution of the lines were converted into radial
velocities v, considering the corrections of the orbital
motion and axial rotations of the Earth. The radial ve-
locities were mainly determined with the help of lines
of absorption H,, Hs, Hg and Hy.

In certain cases the radial velocities were determined
with the help of Hg orthother hydrogen lines till Hy4
homeliness in the region of the ascending bronch of
the curve of brightness certain lines of absorption bi-
furcate. Due to the phenomenon two radial velocities
were determined with the aid of the bifurcated lines.

The phases of the basic period ¢ and of the period
of the Blazhko effect 3 were calculated the elements
Kynchev (1974):

JD Max hel =2440445.789 + 0.466497 E

JD Max A =2441571.50 + 57.52 N

In the atmospheres of stars of this type occur stormy,
rapid processes, which are accompanied by impact
ware and by the appearance of the excessive radiation.
May be that’s why calcium atoms which are easily ion-
ized can be in the higher grade of ionization, and their

lines of absorption’s can be located beyond the visible
of the spectrum. It night be the reason for the weak-
ening of the intensity of lines of absorption K Call in
comparison with stationary stars. Though the neasur-
ing of the H and K lines Call was difficult, we radial
velocities v, for 1) phases of the Blazko effect. In certain
spectrograms we managed to measure separate lines of
iron, magnesium, and titanium and their v,.

The radial velocities XZ Cyg were determined with
the help of the spectra with prolonged exposition with-
out taking into account the influence of the changes of
brilliance and velocity.

Using the multi-frequency changes of the parame-
ters of the stars, which was worked out at the Odessa
Agtronomical Observatory by Andronov I. L.

zy = C1 + Cy sinwt + Cs coswt , where fi(tx) = 1,
fo = sin(wty), f3 = cos(wtg).

Here w = 27 f, where f is trial frequency.

The changes of the radial velocities may be repre-
sented by trigonometric polynomial of the first degree

v(p) = C1 + Ca cos2x(p - Cs),

C} - is the mean value of the radial velocity i.e. 7y -
velocity.

Cs - the semi-amplitude of the radius variations of
the layer of formation of spectral lines H, H and K Ca Il
and Me.

C3 - the phases ¢y,4; of maximum (the approxima-
tion after iterating).

The results obtained are represented in table 1.

The table also represents the number of lines n,
which were included in the determination of the mean
radial velocity.

o, - error estimate of v - velocity and o, - error
estimate of r and o, - error estimate of .

Acknowledgements. Special thanks to I.L. Andronov
for his kind help in making necessary modification to
his computer code.
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Table 1: Radial velocities of XZ Cyg

Elements n vkm/s oy R OR POmaz Oy

¥ = 0.135 -0.275
H 11 -157.52 16.8 58.15 11.5 0.87 0.072
Call 8 -130.73 14.2 31.66 25.1 0.76 0.073

W = 0.465 - 0.570
H 18 -175.25 6.7 31.93 9.2 0.99 0.061
Call 13 -159.08 10.28 17.60 9.26 0.870 0.183
Me 6 -185.71 78.01 94.24 105.65 0.073 0.089

¥ = 0.570 - 0.670
H 18 -172.88 5.95 39.45 11.14 0.044 0.038
Call 8 -131.73 21.00 49.02 51.09 0.601 0.076

1 = 0.990 - 0.130
H 21 -169.18 5.50 61.39 10.54 0.065 0.026
Call 17 -156.26 5.77 37.58 8.05 0.965 0.047

Me 9 -139.85 13.71 55.53 49.25 0.169 0.083




180

Odessa Astronomical Publications, vol. 14 (2001}

ASYMPTOTIC GIANT BRANCH VARIABLES

P.A. Whitelock

SAAQ, P.O. Box 9, Observatory, 7935,
South Africa. pew@sago.ac.za

ABSTRACT. Asymptotic Giant Branch variables
are the brightest and most distinctive individual stars
to be found in the resolved, old and intermediate age,
stellar populations of galaxies in the Local Group and
beyond. The characteristics of these stars are reviewed
here with particular emphasis on the luminous AGB
stars in the LMC. Most large amplitude variables, both
carbon- and oxygen-rich, fall close to a linear extrapo-
lation of the period Inminosity relation determined for
shorter period Miras. The few such stars which are
more luminous than predicted appear to be experienc-
ing extra energy production via hot bottom burning.

Key words: AGB stars, Mira variables, carbon stars,
OH/IR stars, hot bottom burning.

1. Introduction

The very first pulsating star on record is Mira itself,
now known as o Ceti (e.g. Hofflcit 1997). The discov-
ery of Mira as a variable is usually attributed to the
Netherlands astronomer, David Fabricius, who noted
extreme changes of brightness in 1596, although there
are hints that it might have been recognized at even
ecarlier times. Some while later the star was named Stel-
lar Mira meaning the Wonderful Ster, when it was ap-
preciated that its extreme changes in brightness, from
visible to invisible, were actually periodic on a time
scale of 11 months. We now know Mira Ceti as the pro-
totypical Asympiotic Giant Branch (AGB) variable.
Given their long history it is perhaps surprising that
the AGB variables have remained such an enigma; they
are the most poorly understood of all the recognized
classes of variable star - to the extent that even their
pulsation modes remains a source of controversy. A
visual light curve for Mira Ceti, from amateur obser-
vations, is reproduced in AAVSO Report 38 (note that
amateur observations remain important in character-

coming both practical and important as we develop
not only telescopes in gspace, but also large telescopes
with adaptive optics on the ground. At the same
time, advancements in the appropriate array technol-
ogy is pushing near-infrared observations onto the crit-
ical path for understanding of individual stars in these
resolved populations, When we examine old or inter-
mediate age populations what we see most clearly are
the very brightest individual stars at the very top of
the Asymptotic Giant Branch and those are typically
the AGB, or Mira, variables. The fact that we are still
far from a detailed understanding of these stars, even
in our own galaxy, is bound to hinder our attempts
to characterize populations in and beyond the Local-
Group galaxies.

With this in mind I briefiy review below our current
understanding of AGB evolution, mentioning dredge
up and hot bottom burning, before looking in more
detail at recent observations of AGB variables in the
LMC, which provide our first step to more distant pop-
ulations. AGRE wariable is a term that means different
things to different people, but the stars covered here
include the Mira variables, mentioned above, OH/IR
stars and dusty carbon stars. Where appropriate the
lower amplitude, semi-regular variables are also re-
ferred to.

The classical defining characteristics of Mira vark
ables are: a large amplitude, emission line spectra (Me,
Se or Ce), and periods in excess of 100 days. The
OH/IR- and dusty carbon-stars are assumed {0 be sim-
ilar to the Miras although they are often too faint at
visual wavelengths to determine amplitudes or measure
spectra. Their periods are generally long, up to 1000
days for the carbon stars and up to about 2000 days
for the OH/IR stars.

2. AGB Evolution

izing the behaviour of these very Jarge ampltude vart-
ables). The peak-to-peak amplitude, which is typical
of these variables, is about 3 mag and the period is 332
days. The behaviour is somewhat erratic with different
maxima from one cycle to another; this is quite typical
of Mira variables.

Studies of extragalactic resolved populations are be-

The AGB evolution of low and intermediate mass
stars was described by Iben and Renzini (1983); the
salient features are outlined below. Stars leave the
horizontal branch when they run out of helium in the
core; they ascend the AGB burning hydrogen in a shel
around an inert C/O core. As the hydrogen burning
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proceeds a helium shell gradually builds up and will
eventually ignite explosively producing a helium shell-
flash and starting the phase of evolution known as ther-
mal pulsing; successive shell flashes will occur on time
scales of the order of 10° years. At the very top of the
thermally pulsing AGB the outer atmosphere of the
star becomes unstable to pulsations and the Mira vari-
able is born. The Mira pulsations drive mass-loss from
the outer atmosphere and most of the hydrogen enve-
lope is eventually lost. Qur star then leaves the AGB
to cross the HR. diagram, becoming first a planetary
nebula and then cooling to oblivion as a white dwarf.

The internal structure of an AGB star at the time
its atmosphere starts to pulsate is that of an inert C/0O
white dwarf surrounded by heliuin and hydrogen burn-
ing shells. This core is surrounded by the huge convec-
tive hydrogen atmosphere of the red giant and that
in turn is surrounded by material of the circumstellar
shell. This shell is dominated by dust and molecu-
lar effects - showing perhaps Maser emission from SiQ,
H,O and/or OH molecules. One of the consequences of
thermal pulsing is to allow carbon-rich material from
the core to be dredged up inte the convective enve-
lope from which it can reach the surface. In this way
some stars dredge up sufficient carbon to overwhelm
the oxygen and they become carbon stars. At this
stage carbon chemistry and carbon dust dominate the
stars’ observed characteristics.

It is perhaps worth emphasizing that there is no con-
nection between the atmospheric pulsations that give
us the AGB variables and the thermal pulsing of the
core. The AGB variations occur in the outer atmo-
sphere of the red giant on a time scale of about one
year, while thermal pulsing oceurs in the core on a
time scale of 10° years.

To a first approximation the larger the initial mass
of a star the higher the luminosity at which its AGB
will terminate. Thus the metal-rich Globular Clusters
have AGB tips only slightly brighter than the tip of
the first giant branch (M, ~ —3.7 mag), while the
brightest AGB variables in the LMC, which probably
have progenitors of about M; ~ 8My,, are found at
about, My, ~ —7.2 mag.

For the most part the luminosities of AGB stars are
afunction of their core mass (Paczyriski 1970). How-
ever, towards the end of AGB-evolution, for stars with
an initial mass in excess of 4 or 5 Mg, the base of the
cwavective envelope can dip into the hydrogen-burning
shell, resulting in hot bottom burning (HBB), with far
reaching consequences for the evolution of the star.
The transition from oxygen-rick to carbon-rich is af-
fected; exactly how seems to depend on the specific

- model and in particular on how mass loss is treated.
EBB may prevent carbon stars happening at all, or
prevent them from happening until the envelope mass

B depleted (Frost et al. 1998). In some models car-

bon stars do form and then HBB turns them back into

oxygen-rich stars (Marigo et al. 1999). Anocther con-
sequence, for stars in a rather narrow mass range, is
the formation of lithium via beryllium (Sackmann and
Boothroyd 1992). One of the most important results
in the present context is a rapid increase in luminos-
ity (Blocker and Schénberner 1991); again the details
depend on mass loss which will tend to decrease the ef-
fect of HBB. This is obviously very important in terms
of the behaviour of the most luminous AGB stars and
the apparent ohservational consequences of HBB are
discussed in more detail below.

3. AGB Stars in the LMC

The following discussion and Fig. 1 assume a dis-
tance modulus for the LMC of 18.5 mag, for conve-
nience; the best current estimate of the distance mod-
ulus is actually 18.58 + 0.1 mag (Feast 2001). Until
relatively recently our knowledge of AGB variables in
the LMC was very heavily biased towards large am-
plitude variables and stars with only thin dust shells.
The results of the microlensing surveys and the follow-
up work from the IRAS survey has changed the picture
considerably during the last decade.

Period luminosity (PL) relations were established by
Feast, et al. (1989) for carbon- and oxygen-rich Miras in
the LMC. They were derived from large amplitude vari-
ables monitored over their light cycles to derive mean
luminosities. At K {2.2 ygm) the carbon- and oxygen-
rich stars obey the same PL relation, with a scatter of
< (.18 mag, up to periods of around 420 days. Bolo-
metric luminosities were determined by fitting black-
hodies to JHK photometry - a reasonable approxi-
mation for those stars which have only very thin dust
shells. The bolometric PL relations appeared to be dif-
ferent for the oxygen- and carbon-rich Miras, although
it was never clear if this was really so, or an artifact of
the way the bolometric luminosities were derived.

Groenewegen and Whitelock (1996) derived a bolo-
metric PL relation for LMC carbon Miras using all
the spectroscopically confirmed carbon stars, although
there were only single epoch observations for many of
them. Their PL relation was essentially indistinguish-
able from that for oxygen-rich stars. At the time this
work was done no LMC carbon Miras were known at
periods significantly longer than 500 days, and the opti-
cally visible longer period oxygen-rich stars lay clearly
above an extrapolation of the PL relationship for short
period stars. As discussed below this is quite possibly
because they are experiencing extra energy production
via HBB.

Smith et al. (1995) performed a survey for lithium
among AGB stars in the SMC and LMC. They found
that a very large fraction of those with bolometric mag-
nitudes in the range —6 < My, < —7 were lithium rich,
as were a much smaller number of lower luminosity
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stars. Our present understanding of lithium enhance-
ments in AGB stars is that most of them occur as a
result of HBB as described in section 2 above.

According to Sackmann and Boothroyd (1992)
lithium enhancements are to be expected in stars with
initial masses around 4 or 5 Mg, the exact value de-
pending on metallicity. In view of this it is interesting
to note that a very large fraction of the stars which
fall above the PL relation must be undergoing HBB,
as their high lithium abundance indicates. Note that
in fig 6 of Smith et al. (1995) the PL relation runs
through the low juminosity ridge line of the points. A
few of the brighter star will be SR variables which we
would expect to lie above the Mira PL relation and
some others almost certainly have erroneous periods.
Furthermore, the luminosities of all these stars require
more detailed investigation, most are based on single
observation of large amplitude variable.

As we would expect to detect enhanced lithium only
from a fraction of the stars actually experiencing HBB
it is possible to speculate that all of the stars with
luminosities above the PL are there because of HBB.
It is perhaps important to remember that the stars
investigated by Smith et al. are not representative of
AGB stars generally; they are the brightest ones with
the thinest dust shells, as it was only practical to ob-
tain spectra, with sufficient resolution to measure the
lithium lines, of that subgroup.

A group of people with whom I have been work-
ing (see, e.g. van Loon et al. 1999b) have, over the
last few years, obtained ground-based and ISO data
of about 5C¢ thick-shelled LMC sources originally se-
lected from the IRAS data-base. We have also been
able to derive periods for many of them. By combining
ground-based, JH K L, photometry with ISOCAM and
ISOPHOT photometry and spectroscopy it has been
possibie to derive luminosities by fitting models to the
combined dataset. Because the [SQ observations do
not cover the light cycle and most of the energy is
emitted longward of 5um we should expect a lot of
scatter in the results. Carbon- and oxygen-rich stars
were distinguished on the presence or absence of the
3 um, CoHz + HCN, feature which is a very clear diag-
nostic of carbon-rich chemistry {van Loon et al. 1999b
and references therein). A PI. diagram of the results is
shown in Fig. 1.

Seven of the stars in Fig. 1 are commeon with the
saraple discussed by Wood (1998), and some of the
long-period oxygen rich stars are OH/IR stars. Al-
though our periods agree very well with those derived
by Wood, the luminosities (van Loon et al. 1999b) do
not, and five of the six carbon stars we find to be con-
siderably brighter than he did {Whitelock and Feast
2000a). The Groenewegen and Whitelock (1996) re-
lation for carbon stars extrapolates between the two
lines shown in Fig. 1. In interpreting this figure it is
crucial to remember that the luminosities illustrated
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Figure 1: The PL rclation for long period AGB stars
in the LMC. The luminosities are from van Loon et al.
(1999b) and are single phase measurements. The pe-
riods are from Whitelock et al. (in preparation). The
solid and broken lines are extrapotations of the PL re-
lations, determined by Feast et al. (1989}, for oxygen-
and carbon-rich stars, respectively. Solid symbols rep-
resent carbon stars and open ones oxygen-rich stars.
The stars marked as asterisks are TRAS 044966958
and SHV F4488 which are both carbon-rich (but see
text). Connected points represent measurements of the
same star at different epochs. The crosses represents
carbon stars in LMC clusters and their luminosities
and periods are from Nishida et al. {2000).

here are onc-off measurements of large amplitude varl-
ables, because we have, in general, only single epoch
ISO observations. Where points are joined together
they represent separate observations of the same star
at different phases. It has to be clear from this that a
good deal of the scatter in this diagram is due to vari-
ability. It is also clear that the bulk of these stars, both
oxygen- and carbon-rich, fall close to the extrapolated
PL relation for oxygen-rich variables.

4. Some Interesting Individual Stars

Figures 2 and 3 illustrate K light curves for two
of the LMC carbon stars. These particular examples
combine SAAQ data with Wood’s published observa-
tions to give very good light curve coverage - over a
time interval of 5 to 6 years. With an 830 day period
TRM 4 is one the longest period carbon stars in our
sample, and indeed one of the longest period carbon
stars known. The peak-to-peak amplitude is almost 2
mag at K. The other star, TRM 88, has a somewhat
shorter period and lower amplitude, although it has a
very marked secular or long period variations on top
of the pulsation. The net result of this is an effective
peak-to-peak amplitude of about 2 mag. This type of
erratic behaviour is quite common among mass-losing
carbon stars both in the LMC and in the Galaxy. It is
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Figure 2: The light curve of carbon star TRM 4, us-
ing data from Wood {1998) and Whitelock et al. {in
preparation). The curve is a sinusoid of period 830
days together with a long-term trend.

probably caused by variations in the mass-loss rates.
It is difficult to put an accurate figure on the bolo-
wetric amplitudes of these stars as very little mon-
itoring kas been done at wavelengths beyond 4 um.
The best we can do {see van Loon et al. 1998) is
lock at the individual ISO measures we have for these
LMC sources together with 10 gm repeated measures
of Galactic sources by Le Bertre (1992) and by Harvey
et al. {1974). This leads to an estimate of a bolomet-
ric amplitude for the carbon stars of a little under 1.0
mag peak-to-peak and for the oxygen-rich stars with
periods over 1000 days between 1.0 and 1.5 mag.
Returning again to the PL plot in Fig. 1, The as-
terisks represent luminous carbon-stars at which we
will take 2 closer look. For IRAS 044966958 there are
four independent measures of the lumincsity (from van
Loon et al. 1998, 19992, 1999b) as indicated in the fig-
we. lis 3 gm spectrum shows the clear signature of the
C;H, + HCN carbon-star feature, but its 10 um ISO
spectrum (Trams et al. 1999) is very unusual - showing
a feature which indicates the presence of both silicates,
which suggest an oxygen-rich shell, and silicon carbide,
which suggests a carbon-rich shell, It is thercfore the
fisst extragalactic example of a carbon star with sili-
aate emission. There are several Galactic stars which
show a similar combination of oxygen- and carbon-rich
katures. They are generally understood to be binary
wstems i which silicate dust surrounds the binary of
which one component is a carbon star {Lloyd Evans
1990). It may be that the same explanation applies
bere, although in view of its high luminosity Trams
et al, offered an alternative explanation - that it was,
until recently, a star undergoing HBB - hence the sil-
icate dust. It would thus be an example of a star in
which HBB terminated, perhaps due to mass-loss, and
vhich then underwent a thermal pulse and dredge-up,
taming it into a carbon star.
The other high luminesity carbon star in Fig. 1, SHV
4488, was noted by Smith et al. (1995) as Jithium rich.
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Figure 3: The light curve of carbon star TRM 88, us-
ing data from Wood (1998) and Whitelock et al. (in
preparation}. The curve is a sinusoid of period 543
days together with a long-term trend.

Our luminosity is considerably higher than that used
by Smith et al. (Mjyy = —6.3 mag compared to ~5.7).
This might be due either to variability or passibly to
the flux used by Smith et al. being underestimated,
as they had no information on the contribution from
mid-infrared waveiengths. In any case we can presume
the star is undergoing HBB and it is interesting to see
that lithium and carbon enrichment can comcide at
these high luminosities. So it would appear that even
among the carbon-stars the most luminous examples
show signs of HBB.

There have aiso been some recent discoveries of ob-
scured carbon stars in Magelianic Cloud star clusters,
which are particularly interesting because we know
something about their ages and metallicities. Nishida
et al. (2000) have published periods for three such stars,
two of which are in LMC clusters. These are marked
as crosses on the PL diagram of Fig. 1. They seem to
be quite comparable to the obscured field-carbon-stars.
These two clusters have turn-off masses of around 1.5
M. This initial mass for 500 day carbon Miras is
very similar to that found in a recent study of obscured
AGB variables in the solar neighbourhood, by Olivier
et al. (2001). They estimate that both the carbon- and
oxygen-rich stars, with periods in the 400 to 800 day
range have masses between 1 and 2 M. They also es-
timate the initial masses of OH/IR stars with periods
over 1000 days at around 4 M. The same may be true
of the obscured LMC stars under discussion, although
it is difficult to say with certainty.

5. Other AGB Variables

Wood (2000) discusses the PL relationship (his fig. 1)
for LMC variables found from the Macho data-base.
He assumes, probably reasonably, that those stars with
redder J - K colours are carbon-rich. Most of the stars
ke describes are more luminous than the tip of the giant



184

Odessa Astronomical Publications, vol. 14 (2001)

branch and are therefore clearly on the AGB. What
he finds are four (perhaps five) PL relations running
approximately parallel to each other. The luminosities
are derived from single observations and therefore show
a certain amount of scatter,

The large amplitude variables fall close to the Mira
sequence, which is identical to the one discussed above,
but so do some of the smaller amplitude variables.
Two sequences at shorter periods contain variables
with smaller amplitudes and another sequence is seen
at longer periods. Wood interprets this diagram as
demonstrating that fundamental pulsators lie on the
Mira sequence, while the shorter period sequences
mark the positions of overtone pulsators. Of course we
know nothing about the relationship of the stars in the
various sequences to each other and it is possible that
their differences are in more than pulsation mode. The
origin of the fourth, long period, sequence is unclear,
although Wood discusses various possibilities.

If Miras pulsate in the fundamental mode, which
seems possible; we must still explain why their diame-
ters, which have many optical and near-IR. measure-
ments, imply that they are overtone pulsators (e.g.
Whitelock and Feast 2000b).

6. Conclusions

Observations of AGB vartables in the LMC show the
following:

1. Those which are close to the end of their AGB
lifetimes fall close to the Mira PL relation.

2. Carbon- and oxygen-rich Miras obey the same PL
as well as we can establish with the available data.

3. Many, perhaps all, of the large amplitude variables
which lie above the PL relation are undergoing hot
bottom burning.

4. The sequences of variables identified from the Ma-
cho data show pulsation in a variety of modes, and
indicate that we are far from fully understanding
AGB variables even in our nearest galaxy.
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ROTATION PERIODS AND ACTIVITY ON RED DWARFS
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ABSTRACT. Relation between duration of cycles of
photospheric activity and stellar rotation are consid-
ered here for samples of dKe-dMe stars and compared
with similar ones for solar-like stars. Fast and slowly
rotating stars shown two sequences on the diagram.
Cycle length of slowly rotating stars is close to solar
and not depend on rotation, but red dwarfs with P,,; <
54 show tendency to insceasing of cycle time with faster
rotation. Activity of fast rotating K and M dwarfs are
more higher as well on photospheric level as coronal
region.

Key words: Stars: stellar activity, magnetic cycle on
red dwarfs.

1. Introduction

Magnetic activity on late-type dwarfs are manifested
in different atmosphere layers through photospheric
spots, chromospheric Ca II H and K emission lines and
coronal X-ray fluxes. This type of activity reflects the
processes of interaction between magnetic field, rota-
tion and convective motions in subsurface convective
zone and described for solar-like stars due to action of
dynamo mechanism (Parker 1955). Studying of active
processes on the bright F-K dwarfs are based on the
long-term monitoring chromospheric Ca II H and K
emission lines (Baliunas and Vaughan 1985). Research
of these stars allow to find the relation between cycli-
cal changes in H and K fluxes, rotational velocities and
stellar ages. Rotational velocity of the main-sequence
stars (MSS) with B —V < 1 is fitted well as t~1/2
(Skumanich 1972, Rengarajan 1984).

2. Rotation and activity properties of red
dwarfs

To study of magnetic activity nature on dKe-dMe
stars we obtained long-term light curves using photo-
graphic archives and photometric data and found slow
changes, suspected cyclical, in photospheric spotted-
ness. Rotation—activity relation for late dwarfs with
0.4 < B -V < 1.9 are represented on fig. 1. Data in-
cludes chromospheric active stars taken from so—called

H-K project (Baliunas et al. 1995, Bruevich et al.
2001) and active red dwarfs ( Bondar’ 1996, 2001; Alek-
seev 2000).

According to the diagram P,,; vs. B — V, the ro-
tation period of the MSS increases steady towards the
later spectral classes. Most of dKe—dMe stars and few
F-G dwarfs are the fast rotating objects with P,y <
10¢. This stellar group contains young stars and in-
dependently of spectral classes they have the similar
rotation periods before they reach the main sequence
(NS) stage. Then rotational velocity drops in many
times, especialy for late-type stars, and P,,; increases
smoothly along the MS as a function of stellar age.

The plot log Ly, vs. Prot shows the obvious relation
between total luminosity and rotation for F-K MSS.
According this diagram the upper value of rotation pe-
riod for MSS is 2 days. The lower luminosity dKe—-dMe
stars show any relation between the considered values.
Most of red dwarfs have P, < 6¢. Surface spottedness
of red dwarfs is changed with time and that has pro-
duced their long-term light variations. Typical time
of such variations is about one or some decades and
comparable at present with their observational spans.
In this sence P,y is uncertain value for K-M dwarfs
and should be considered as suggested. Diagrams P,
vs Prot and Agye vs. log Py, show that fast rotating
stars have more strength and long spot cycles than it
defined for stars with P.,; > 10¢, which cycles are not
exceed of 18 years. Both fast rotation and large cy-
cle length represent observational evidences that mag-
netic activity on the lower luminosity red dwarfs and
on solar-like stars are different and produced by differ-
ent dynamo mechanism. It seems that period of 5 or
6 days is the critical for existence of cyclical stellar ac-
tivity. According diagram log Ly /lpe; - Prot stars with
chaotic chromospheric activity are located in region,
where rotation period is less than 6¢ and they absent
at all when P, > 204.

The photospheric activity level of fast rotating dKe
stars is higher than dMe stars. These stars show
large amplitude of long-term variations and long cy-
cles. They are the most active among late—type dwarfs.
The same conclution follows from the plot log L/ Ly,
-ot- The fast rotation of K dwarfs leads to their
high coronal fluxes. The other observational fact is
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Figure 1: Rotation-activity relations for F-M dwarfs. The filled circles indicate spotted dKe—dMe stars. Chro-
mospheric active F-K dwarfs are represented by open triangles (cyclical changes) and by filled triangles (chaotic
changes). Special symbol signs the Sun.
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that some chromospheric active stars with P, < 20%
and chaotic changes in H and K fluxes have the higher
ratio L, /Ly than slow rotating stars.

3. Summary

Rotation period is not one but a dominant factor re-
sponsible for a development of cyclical stellar activity
and its level. Fast and slowly rotating stars are sep-
arated on two sequences on the rotation-activity dia-
grams when P,,; < 6¢. This value appears the critical
to occur the different activity properties in low and fast
rotating late-type dwarfs and may be a different dy-
namo mechanism. Cycle length of slow rotating stars
with P,,; > 20¢ is not longer than 18 years that are
close to the solar cycle. Chaotic chromospheric activ-
ity starts occur on several stars when 6¢ < P,.,; < 20
When rotation period of chromospheric active stars
drops to 6¢ then activity character becomes chaotic
only. If the spotted activity of fast rotating K and M
dwarfs is cyclical these stars show tendency to inscea-

sing cycle length twith rotation period. Among ac-
tive F-M dwarfs the fast rotating dKe stars appear
the highst activity level as well on photosphere as in a
coronal region.
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ABSTRACT. Results of long time homogenous
medium resolution spectral observations of classic T
Tauri type stars DI Cep, T Tau and GW Ori obtained
during 1972-1990 are analyzed. Weak correlation with
on metallic absorption lines of optical spectrum spec-
tral types and equivalent widths of hydrogen lines is
discovered. It is showed that spectral types of these
stars are varying during observation seasons in differ-
ent ranges. More wide range of variations of spectral
types, is observed in DI Cep - F4-K5V, are of all 21
subtypes, in GW Ori - F3-G5V, are of all 13 subtypes
and T Tau - G1-K5V, are in all 9.5 subtypes. Obser-
vational photometric and spectral properties of these
stars may be explained by formation of hot (in case of
DI Cep) and cool (in case of GW Ori and T Tau) spots
on these stars. We are suggesting that simultaneously
a presence of variable circumstellar dust may also be a
cause of variability of following two stars.

Key words: stars: pre-main-sequence - stars: spec-
tral types - photometry- variability.

1. Introduction

Studies of photosphere absorption spectrum of T
Tauri type stars (TTS) are much confused. Observa-
tions by modern detectors shows that the optical ab-
sorption spectrums of T'TS, consist of a star absorption
line spectrum, stellar continuum, superimposed non-
photosphere continuum and linear emission spectrum
(e.g. Appenzeller 1986; Finkenzeller and Basri 1987;
Hartigan et al. 1989; Franchini et al. 1989). Because
of superimposed nonphotospheric emission continuum,
all the photosphere absorption lines look generally wide
than in the standard stars with comparable effective
temperature. In some strong-emission T'TS this veiling
absorption spectrum is so strong that the photosphere
absorption lines are not detectable on low-resolution
spectrograms. Spectral clagsification on the visual blue
range of absorption spectrum gives more high effective
temperature in T'TS than on spectral lines in red range
(Herbig 1977; Walker 1980; Appenzeller 1986). Non-

photospheric continuum is free on spectral lines and
superimposed to star continuum especially in blue side
of spectrum (see, e.g., Hartigan et al. 1989).

More early spectral observations of TTS evidence
on short time (see, e.g. Mundt 1979, 1984; Aiad et
al. 1984; Hartigan et al. 1986; Ismailov 1987, 1988)
and long time (see, e.g. Krasnobabtsev 1982; Grinin et
al. 1985; Guliev 1994) variations of Balmer lines of hy-
drogen, H, K Call, Fell, etc. Investigators more often
studied weak absorption components of shell spectrum
(see, e.g. Holtsman et al. 1986, Hartigan et al. 1986,
Petrov et al. 1996). However photosphere absorption
spectrum investigations in visual range were provided
poorly.

The aim of our work is to study a time variability of
absorption spectrum of some T Tauri type stars and to
search its possible connection with emission lines and
in whole with star activity for these objects.

2. Observations and results

All the observations of program stars were carried
out in Cassegrain focus of 2 m Karl Zeyss telescope of
ShAO AS of Azerbaijan with 2X2 prism ”Kanberra”
spectrograph. Spectral range is AA3600-5100 AA, dis-
persion 93 A /mm at H, and 60 A /mm at H, K Call. All
spectrograms were processed in standard conditions,
identical methods and homogenous equipment. In our
previous works a method of processing this spectro-
grams was described in detail (Ismailov, 1992, Rusta-
mov, 1987).

For this work we were chosen of all 46 spectro-
grams for DI Cep, obtained in 1978-1988(Ismailov,
1987, 1988), 13 spectrograms for GW Ori - 1972-1988
(Ismailov, 1993), 88 spectrograms for T Tau, obtained
in 1972-1985 (Guliev, 1991, 1994, Rustamov, 1999).

For investigation of relation with emission and ab-
sorption spectrum in this TTS we used definition
equivalent widths of emission lines Hg, H,, Hs, H, K
Call (Ismailov, 1987, 1988, 1993; Guliyev , 1991, 1994;
Rustamov, 1999).



Odessa Astronomical Publications, vol. 14 (2001)

189

Wi(A)
! '
d
z
7 Bad 4 g
N . ’g E;%{éﬁf Eﬁ
R H
S 'S'p' IF'S' ‘ IGi()' o 'Glj' o 'Kl()l o 'KI5‘ C

Figure 1: Relation of equivalent width W of emission
lines H., (black circles) and H; (light circles) with spec-
tral types.

DI Cep. In fig. 1 was showed equivalent width of
emission lines of H, and H; and spectral types for DI
Cep. As demonstrated in this figure, weak correlation
between W), and spectral type till spectral range of
spectral types G5-G7 was observed. For all range of
observed spectral types variability quantity of coeffi-
cient of correlation R for this lines is equal to 10.6%
and 13%, correspondingly.

In fig. 2 was given histograms on frequency distribu-
tion of spectral types of star DI Cep in all observation
time. In ordinate were given the relation of spectral
types in given observed subrange Ni to all observed
spectral types N. Every subranges include 2.5 spectral
subtypes. On the abscissa spectral subranges are pre-
sented. For DI Cep were observed of all 9 subranges
where including number of spectral types varied from
1 to 14. Limits of spectral types of each subrange were
given in fig. 2.

Thus, a range of variability of spectral types for DI
Cep is corresponding 21 subtypes, from F4V to K5V. A
maximum in diagram is G5-7.5V. As shown in this di-
agram spectral condition after maximum was observed
rarely (of all 4 spectrum from 40), while till maximum
11 subtypes were observed (of all 22 spectra ~55%) in
the range F4-G5V, where a number of spectral types
is increasing monotonic till maximum.

As shown in fig. 2 after maximum (G5-7V) of spec-
tral types frequency distribution we observed highly
rare condition, while till maximum of diagram spectral
types shows smooth distribution. From side of later
spectral types is destroyed normal distribution of ran-
dom values, which we conditionally will call as ”cool
break”.

In a fig. 3 (a, b, ¢) were displayed diagrams of light
distribution of DI Cep in UBV photometric bands.
For analysis UBV photometric characteristics of this
star we used literature data from Kardopolov and Fil-
ipyev (1985), Grinin et al. (1980), Keleman (1985)

0.4
DI Cep
| —F2.5-F5
034 2-Fs5F75
7-G7.5-K0
8 —K0-K2.5
024 9_k25K5
0.1
0 | [
T T

1 2 3 4 5 6 7 8 9
Spectral ranges
Figure 2: A diagram of spectral distribution of DI Cep.

Of all 8 subranges, include 2.5 subtypes of each. A
maximum is corresponding G5-7V. In ordinate relative
number of spectra in subrange was given.

and proper observations of Ismailov (1988, 1999) (of
all ~500 measure in each bands). In these diagrams
each column from left to right decreased with step
0.™1. Light variations of star occur in range 11.™5 (1
band) -12.™8 (13 band) in U, 11.™9 (1 band) -12.™9
(10 band) in B, 11.™1 (1 band) - 11.™8 (7 band) in V
with amplitudes AU=1."3, AB=1.""0, AV=0.""7. It
is shown that distributions of lights in U and V bands
have similar kind with spectral distribution diagram.
Thus, in U and V bands we see, more frequently a star
being in more wide light range, i.e. ”cool break” are
observed in light distribution diagram. Consequently,
small quantity of equivalent width of absorption lines
(t.i. more early spectral type) of photosphere absorp-
tion more frequently correspond more bright condition
of star.

GW Ori. In fig. 4 dependence of equivalent width
of emission line of Hg (filled circles) and H., (open cir-
cles) and spectral types for GW Ori . As demonstrated
here, till range G2.5-G5V, with increasing W) emission
lines, spectral type becomes more lately. In whole co-
efficient of correlation R for W lines of Hg and H, is
equally to 25% and 19%, correspondingly.

In fig. 5 was demonstrated diagram of spectral dis-
tribution for spectral conditions of GW Ori. We ob-
tained variation of spectral types in ranges F3-G5, of
all 13 subtypes. Maximal number of spectral types was
placed in ranges G2.5-G5, of all 5 (38.5%) were ob-
served. A diagram maximum unlike of DI Cep placed
nearly in lately condition of spectral types. In this
diagram as in case of DI Cep we also observed ”cool
break” effect.

A diagram of light distribution on the UBV photom-
etry data for GW Ori was presented in Ismailov’s work
(1993). In this work it was shown that for GW Ori in
all photometry bands light distribution diagram with-
out exception had a maximum corresponding to more
bright condition of star. We also observed break in
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distributions of light in direction of increase of magni-
tudes. Thus, if suppose that maximums in spectra and
light diagrams are more stable conditions of the star,
then we must accept that more early spectral types are
observed in more weak brightness. Consequently de-
crease of equivalent widths of absorption photosphere
lines must be observed in case of decrease of brightness
of star.

T Tau. Of all 87 spectrograms of T Tau dur-
ing 17 separate nights were obtained. In fig. 6, was
demonstrated relation of mean for each night equiva-
lent widths of emission spectral lines Hg and H, W
and obtained mean for night spectral types for T Tau.
A number of spectrogram differs in different nights
from 1 to 12, often 5-6. Therefore, statistical weight of
each point in fig. 6 considerable larger than in case of
DI Cep and GW Ori. As showed in this figure, there
is a weak correlation between W, of this emission lines
and spectral types. For lines Hg and H, correlation
coefficient is 40% and 18%, correspondingly. We must
note that unlike analogy diagrams for previous stars
in T Tau some maximum W of emission lines do not
distinguish here.

In diagram of spectral type distribution demon-
strated in fig. 7 for T Tau we obtained similarity with
previous stars. So, spectral types varied in range G1-
KO0.5V, of all 9.5 subtypes. A maximum of spectral
types distribution was obtained at G5-G7.5V, in lately
spectral types. At maximum of diagram we observed
47% of all observations, and in latter column 6% (of all
1 case). From this diagram we may confirm that, a)
later than G5-G7.5V spectral types was not observed
or observed rarely, b) more possible condition of spec-
tral types of star is G5-7.5V and with a time spectrum
crosses to more early spectral types fluently.

3. Conclusions

Thus, spectral and photometry results obtained in
long time period for some TTS allowed doing follow-
ing conclusions: 1. More stable condition of spectral
types of DI Cep is determined as G5-G7.5V, and max-
imal variable ranges of spectral types is 21 subtypes.
Spectral types more often vary to more early types, cool
break effect is observed. Taking into account photomet-
ric characteristics, variability of star can be explained
with formation of hot spots on the star surface.

2. More stable spectral type condition of GW Ori
determined as G2.5-G5V, maximal observable range
of spectrum variability -13 subtypes. A spectral type
more often varied to more early types, which have cool
break. With take account photometry characteristics
a variability of star may be explained dust obscuration
of star with circumstellar matter. Moreover one cannot
accept cool spot origin effect.

3. More stable spectral condition of spectral types
of T Tau is determined as G5-G7.7V, maximal range

of variation is -9.5 subtypes. Is observed cool break at
more probable condition of spectrum. Taking into ac-
count photometric observations variability of star may
be explained with cool spots on star surface. One
mustn’t except dust obscuration by circumstellar mat-
ter.

4. More often observed spectral types on our data
are more stable and near to real mean spectral types of
stars. Simultaneously, cause of variation of real physi-
cal conditions is observed in different spectral types for
a time in TTS, which were obtained, perhaps, by same
authors.

5. Emission line equivalent widths variability, which
weakly correlated with spectral types in all three stars,
only in part may be described by variable total lumi-
nosity of central star. It shows that main causes of
variability of emission lines in TTS are other unclear
processes.

References

Aiad A., Appenzeller 1., Bertout C. et. al.:
As.Ap., 130, 67.

Appenzeller 1.: 1986, Physica Scripta, 11, 76.

Cabrit S., Edwards S., Strom S.E., Strom K.M.: 1989,
Ap.J., 354, 687.

Finkenzeller U., Basri G.: 1987, Ap.J., 318, 823.

Franchini M., Ferluga S., Stalio R.: 1989, An Atlas
of CASPEC Spectra of T Tauri Stars, Department
of Astronomy, University of Trieste.

Grinin V.P., Petrov P.P., Shakhovskaya N.I.:
Izv. Krim. A.O., 71, 109.

Grinin V.P., Yefimov Y.S., Krasnobabtsev V.1, et al.:
1980, Peremennie zvezdi, 21, 247.

Guliyev N.Kh.: 1994, Peremennie zvezdi, 23, 241.

Guliyev N.Kh.: 1991, Kinem. fiz. nebes. tel., 7, 51.

Hartigan P., Hartmann L., Ken-yon S., Hewett R.,
Stauffer J.: 1989, Ap.J.Suppl., 70, 899.

Hartigan P., Mundt R., Stocke J.: 1986, A.J.,91, 1357.

Herbig G.H.: 1977, Ap.J., 214, 747.

Holtsman J.A., Herbst W., Booth J.: 1986, A.J., 92,
1387.

Ismailov N.Z.:

Ismailov N.Z.:

Ismailov N.Z.:

1984,

1985,

1988, Peremennie zvezdi, 22, 892.

1992, Peremennie zvezdi, 23, 11.

1987, Peremennie zvezdi, 22, 489.

Ismailov N.Z.: 1993, Kinem. fiz. nebes. tel., N 3, 65.

Ismailov N.Z.: 1998, Inform. Bull. Var. Stars, 4470.

Kardopolv V.., Filipev G.F.: 1985, Peremennie
zvezdi, 22, 103.

Keleman J.: 1985, Inform. Bull. Var. Stars, 2744.

Krasnobabtsev V.I.: 1982, Izv.Krim.A.O., 65, 100.

Mundt R.: 1979, As.Ap., 74, 21.

Mundt R.: 1984, Ap.J., 280, 747.

Petrov P.P., Gullbring E., Ilyin 1., et al.
As.Ap., 314, 821.

Rustamov B.N.: 1999, Circular ShAO, N 97.

Rustamov B.N.: 1987, Kinem. fiz. nebes. tel, 3, 15.

Walker M.F.: 1980, P.A.S.P., 92, 66.

1996,



192

Odessa Astronomical Publications, vol. 14 (2001)

ULTRA FAST EVOLUTION OF SAKURATI's OBJECT

Ya. Pavlenko

Main Astronomical Observatory, National Academy of Sciences of the Ukraine
Golosiiv woods, Kyiv-127, 03680, Ukraine

ABSTRACT. We model theoretical spectral energy
distributions of the “born-again” V4334 Sgr for our
grid of hydrogen-deficient model atmospheres with a
range of Teg = 4000-5000 K anf log g = 1.0 - 0.0.
These SED’s are compared with the observed in 1997-
1998 spectra of V4334 Sgr. In that way we determine
Tesr of Sakurai’s object for the years, and parameters
of interstellar + circumstellar reddening in the frame
of self-consistent approach.

Key words: post-AGB stars: V4334 Sgr: stellar evo-
lution: model atnospheres: SED

In many ways, the existence of irregular hydrogen-
deficient (Hd) variables remains puzzling. R CrB is
the most well-known member of the post-AGB group.
Sakurai’s object (SO, V4334 Sgr) provides another, ex-
treme case of stellar evolution.

It has been firmly established that the most abun-
dant elements in atmosphere of V43334 Sgr are helium
and carbon (see table 1).

Opacities.

In the photosphere of V4334 before 1997 (Teg > 7000
K), the continuum opacity was governed mainly by a
bound-free absorption of C atoms. There the situation
was quite different from the case of solar-like atmo-
spheres. Later opacity above the photosphere of V4334
Sgr with Teg < 6500 K was determined, to a large ex-
tent, by absorption of molecules consisting of C, N and
O (Pavlenko, Yakovina & Duerbeck 2000).

Table 1: Abundances of H, He, C, N, O (scaled to > N;
= 1) in atmospheres of R CrB and, V4334 Sgr(Asplund
et al. 1998) and the Sun (Anders & Grevesse 1979).

R CrB Sakurai the Sun
H -4.03 -2.42 -.04
He -0.01 -0.020 -1.05
C -2.01 -1.62 -3.48
N -2.13 -2.52 -3.99
O -2.73 -2.02 -3.11

Model atmospheres and SEDs of Sakurai’s
object.

We computed a grid of model atmospheres of R CrB-
like stars and Sakurai’s object of Teg = 7000-4000
K, log g = 0 - 1 (Pavlenko & Yakovina 1994, 2000,
Pavlenko, Yakovina & Duerbeck 2000). Opacity sam-
pling treatment was used to take into account atomic
and molecular absorption. We used JOLA as a model
of absorption by electronic band systems of diatomic
molecules.

Fits of theoretical SEDs to observations in 1997 -
1998 ones allow us to determine Tex and Eg_vy of
Sakurai’s object at the latest stages of its evolution
(Pavlenko & Duerbeck 2001). In 1996-1999 T of SO
was reduced from 7000 K (Asplund et al. 1998) down
to 5200 K (Pavlenko & Duerbeck 2000). Due to the
high sensitivity of molecular densities of C3 and CN
to temperature in the atmosphere of SO its molecular
bands intensities were changed drastically both in IR
and optical regions (Fig. 1). Identification of the main
molecular features in SO spectrum is given in Fig. 2a.
Fig. 2b shows a fit to observed spectrum of SO in Au-
gust 1998. For the time the photosphere of SO was
engulfed by a dusty envelope (Eg_y =1.3!). Later SO
was completely covered by the dust (Duerbeck 2001).
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MAGNETOSPHERIC ACCRETION IN T TAURI STARS:
OBSERVATIONAL TEST
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ABSTRACT. In the classical T Tauri stars (CTTS)
the magnetic field plays an important role in the in-
teraction between the star and the accretion disk. In
1996-2000 we have carried out an extensive spectro-
scopic and photometric monitoring of the extremly ac-
tive CTTS RW Aur A in order to check for predictions
of the magnetospheric accretion model. We find peri-
odic rotational modulations in many spectral features,
which may be explained as due to non-axisymmetric
accretion, well in accordance with the model. The sta-
ble period (2¢64) was also found in the variations of
the blue colours. Nevertheless, some of the important
predictions of the model were not found in the star.

Key words: Stars: individual: RW Aur A—stars:
pre-main sequence—stars: variables

1. Introduction

The young pre-main sequence objects of solar mass
are known as irregularly variable T Tauri type stars.
The classical T Tauri stars (CTTS) with strong emis-
sion spectrum, veiling and IR excess, are believed to
possess accretion disk (Berout et al. 1988). The stellar
magnetic field plays an important role in the interac-
tion between the star and the disc. The concept of
magnetically channeled accretion has been a guiding
idea in the recent decade. The magnetospheric accre-
tion model (K&nigl 1991, see also Calvet 1998 and ref-
erences therein) predicts exsistence of accretion shocks
at the footpoints of magnetic accretion channels. The
hot spots at the stellar surface, assotiated with the ac-
cretion shocks, are believed to be responsible for the
veiling and brightness variations.

In order to study the expected correlation between
the veiling and brightness, we selected the most ac-
tive CTTS RW Aur A, which varies in brightness in
a vide range and shows clear evidences of accretion.
Simultaneous spectroscopic and photometric observa-
tions were carried out during 32 nights in three seasons
of 1996, 1998 and 1999, at the Nordic Optical Tele-
scope (La Palma, Spain), with additional photometry
at the Swedish telescope at the same site (for details see
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Figure 1: Two fragments of the spectrum of RW Aur A,
showing the range of variability in the line profiles with
accretion components. The wavelength scale is in the
stellar rest frame. The radial velocity scales (in kms™1)
are shown for the Hel and the Nal D1 lines.

Petrov at al., 2001a, hereafter referred to as Paper I).
During our observations the star varied in brightness
within V=978-11"0, which is the most typical range
of its variability.

2. Spectral variability

The spectrum of RW Aur A shows different compo-
nents, among those are: a) highly veiled photospheric
spectrum of K1-K4 star, a) broad emission lines of H,
Hel, neutral and ionized metals, b) narrow emission
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lines of Hel and Hell, 3) red-shifted absorption compo-
nents in many lines. An example of the night-to-night
variability is shown on Figs. 1. The red-shifted absorp-
tions, hearafter called the ”accretion components”, are
present in most of the spectra. As a parameter of the
accretion component we will use the equivalent width
of the Nal D1 absorption within the interval of radial
velicities from +200 to +400km s—1. The Hel emission
consists of the broad and narrow components (which
is also observed in some other CTTS). The two com-
ponents can be decomposed and the equivalent width
and radial velocity of each one can be measured. The
equivalent width of emission can be converted into flux
using the simultaneous photometry.

From analysis of the spectra collected during the
three seasons, we discovered periodic variations in
many spectral features, the most pronounced are those
in radial velocity and equivalent width of the narrow
Hel emissions, and in the equivalent widths of the ac-
cretion components, with a period within 2.6-2.8 days.
More exact value of the period, P = 29641, was found
from the long time series of the photometrical data
(see next Section). The phase diagrams are shown in
Fig. 2. Note that the D1 accretion component vary in
phase with the Hel narrow emission, while there is a
phase shift, about 1/4 period, between the radial ve-
locity and the flux of the Hel narrow emission. The
period within 2.6-2.8 days is also present in radial ve-
locity of the photospheric lines, which may be an indi-
cation that a low-mass invisible companion is orbiting
the star (Gahm et al. 1999).

The veiling of the photospheric spectrum was de-
rived in several spectral regions relatively free from
the emission lines, within 5550-6050 A, by means of
cross-correlation technique using the template spectra
of K-stars. The veiling factor varied irregularly within
1-10, with the average value about 3. One unexpected
result is that no correlation between the veiling and the
brightness was found, although both parameters var-
ied in wide ranges. This is illustrated in Fig. 3, where
two spectra shows very different levels of veiling at the
same brightness of the star. Analysis of the variations
in other spectral features is given in the Paper 1.

3. Photometric variability

The photometry made simultaneously with our spec-
troscopic observations was used to convert the equiva-
lent widths of emission lines into fluxes, and to study
the correlations between spectral and photometric vari-
ability. In order to search for the periodicity in the
photometrical data, we combined our data with much
more extended time series available from the electronic
catalogue compiled by Herbst (1994), which covers a
time span over 30 years. For RW Aur A, the catalogue
containes 575 observations in V and B-V and some-
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Figure 2: Phase diagrams for the period 2.641 days.
Upper: radial velocity of the Hel narrow emission.
Middle: flux (in 10712 ergecm=2s71) in the Hel narrow
emission. Lower: equivalent width of the D1 accretion
component.
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Figure 3: Two spectra with very different veiling, but
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Figure 5: LS spectra for the brightness and colours in
the range of periods from 2 to 10 days.

what less in other colours. The major part of the data
are from the Majdanak Observatory (the ROTOR pro-
gram by V.S.Shevchenko’s group) and from Van Vleck
Observatory (unpublished).

There is a good correlation between V and the
colours B-V, V-R and R-I, with the slopes roughly
corresponding to the mean law of interstellar extinc-
tion (Fig. 4). It looks very much like the result of vari-
able circumstellar extinction. Note, however, that for
the spectral type of RW Aur A (K1-K4 V) the normal
photospheric colour B-V should be 0786-1705. With
Ay = 0™3 (Paper I) the observed photospheric colour
B-V is expected to be within 0™95-1"14. Most of the
observed B—V colours are much bluer. This effect is
also known for other CTTS: the stars typically have
closest to normal photospheric colours when they are
at minimum brightness, while becoming overly blue at
maximum light (Vrba et al.,1993). This is believed to
be due to an additional, variable non-photospheric hot
continuum which also accounts for the veiling of the
photospheric line spectrum. The contribution of the
emission lines to the photometric bands also accounts
for a part of the excessively blue colours. From the
spectra with the strongest emission lines we estimate
the maximal contribution to the B-V colour as 0™2.

The search for periods in the brightness and colours
variations was made using the LS-statistic (Pelt 1992):
variance of the least square fit residual divided by orig-
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Figure 6: Phase diagram for the period 2.641 days.
Upper panel: variations in the observed colour. Lower
panel: variations in the residual colour (see text).

inal variance of the data. As a model to be fitted we
used a single harmonic curve. No periodicity was found
in the V-magnitude within a region of periods from 1
to 100 days, while the blue colours reveal a significant
period around 2.64 days, in accordance with that found
from the spectral analysis. The LS spectra are shown
in Fig. 5.

From the colour-magnitude diagrams (Fig. 4) we can
conclude that the total variability of RW Aur consists
of at least two components: a large-scale variability in
all the colours within about 0™5, and a scatter around
the linear trend on the diagrams. This scatter is very
small in the red colours but steeply increasing towards
the UV, which indicates the presence of a hot variable
source of radiation. We can eliminate the linear trend
in the colour-magnitude diagrams and investigate the
time variations in the residual colours, which can be
defined as §(B-V)=(B-V)-C-V+const for B-V and in
a similar way for other colours. The period 2.641 days
is better seen in the residual colours (see Fig. 6). When
the whole data set is used, the full amplitude of the si-
nusoidal variations is: 0721 in U-V, 007 in B-V, and
about 0M02 in V-R and V-1. More detailed analysis of
this periodicity is given in Petrov et al.(2001b).

4. Discussion

The correlated periodic variations in the Hel narrow
emission and the D1-accretion components (Fig. 2) is
the most important finding of our research. The vari-
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Figure 7: Correlation between the resudual B-V colour
and the fluxes in the Hel narrow and broad emission
lines.

ations are most probably caused by rotational modu-
lation of the non-axysimmetric accretion, as it is de-
scribed below.

The quater-period phase-shift between the radial ve-
locity and the flux variations is a clear indication to the
spot-like region of the Hel narrow emission: the radial
velocity is minimal when the spot is face on to the
observer, and maximal when the spot is at the limb
(all the velocities discussed here are in the stellar rest
frame). Note, that the average radial velocity of the
Hel narrow emission is not zero, but positive: +10
kms~!. This emission may arise from the post-shock
region at the footpoint of the accretion column (Calvet
& Gullbring 1998). The accretion components of Nal D
and many other lines indicate the inflow velocity up to
+450 km/s, which is consistent with the free-fall veloc-
ity to the star. The broad emission lines may originate
from the global magnetosphere of the star threaded by
streams of gas flowing towards the star (Calvet 1998).
At the moments when the star is seen through the ac-
cretion column, both the strength of the accretion com-
ponents and the flux in the Hel narrow emission are
enhanced. The rotational modulation arise due to the
presence of one or two dominating columns of accre-
tion, that is accretion is non-axisymmetric. The asym-
metry may arise due to a misalignment of the magnetic
and rotational axes (Konigl 1991). An alternative hy-
pothesis (a binary star) is discussed in Paper I.

So far, the results of our research seem to support
the magntically channeled accretion model. Since the
model predicts the existence of a hot photospheric spot
below the accretion shock, we should expect periodic
modulations in brightness and colours as well. The
amplitudes of the periodic colour variations (Section 3)
rising steeply towards the UV indicate the presense of
a hot source of radiation, which might be identified
with the expected hot spot. Using black body approx-
imations for the fluxes from the photosphere and the
hot spot, one can estimate the temperature of the hot
spot and the fraction of the visible stellar disc covered
by the spot. With Tpnet=4800K, and the amplitudes
given in Section 3, we get Tsp0t=15000K and the cov-
ering fraction 0.1%. Such a small spot gives only a

0™05 amplitude in the V magnitude. Then, we should
expect the bluer colour when the Hel narrow emission
is stronger. However, quite the opposite is observed:
when the residual colours are bluer, the flux in the
narrow Hel emission is lower (Fig. 7). The "normal”
correlation exists between the colour and the broad line
flux: the larger the broad line flux, the bluer the colour.

Hence, the residual blue colours vary in ” anti-phase”
to the strength of the accretion components and to the
flux in the narrow Hel emission, in the sense that the
star is redder when the shock region is facing the ob-
server. There is no doubt that magnetospheric accre-
tion is going on in RW Aur A, and that the accretion
column(s) exists, but the expected hot spot at the base
of the accretion column does not reveal itself in our
series of data. The small hot spot, discussed above,
may belong to the non-uniformely distributed hot gas,
which also radiates in the broad emission lines.

In the case of RW Aur A we met with the follow-
ing contradiction. On the one hand, the large level
of the veiling of the photospheric spectrum and the
large amplitude of the irregular light variations sug-
gest the presence of strong accretion shocks. On the
other hand, the strong spectroscopic evidences of ac-
cretion do not show any relation to the brightness of
the star. In addition, no correlation between the veil-
ing and brightness was found, when both parameters
varied in a wide range.

The apparent absence of the hot spot related to the
accretion column is really puzzling. Either the accre-
tion shock is absent indeed, i.e. all the kinetic energy
of the infalling gas dissipates before it reaches the stel-
lar surface, or the complicated geometry of the flows
and possible extinction of light within the gas streams
makes the observed variations so complicated.
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ABSTRACT. The questions of the ionosphere re-
fraction account at radiosources observation on the
radiotelescope URAN-4 at 20-25 MHz are considered.
The experimental data are received which will be co-
ordinated to results of ionosphere refraction modeling.

Key words: Radiosource, refraction, ionosphere

The radiotelescope, RT, URAN-4 (Galanin et al.,
1989) is one of elements of the radio interferometer
long baseline system. The operating frequency range
of system is 10-30 MHz. The antenna of the instrument
consists of 128 crossed dipoles forming the phased ar-
ray with dimensions of 232.5 x 22.5 m. The hardware
of telescope provides receiving of the radio signals with
two linear polarizations. The instrument as part of the
radio interferometer with a very long baseline (radiote-
lescopes UTR-2 and URAN-4) and to perform research
in a single regime as well is used. The instrument an-
tenna pattern HPBW at frequency 25 MHz is 2.7°x22°.

Simultaneously at two frequencies 20 and 25 MHz
the space radiosources observations carry out by mod-
ulation radiometers. The computer saves received in-
formation on the disk and operates orientation of di-
rectional pattern in the space. The information about
sources and the current time synchronized by digital
clock standard in the computer are entered.

The ionosphere provides the essential influence on
the space radiosources radiowave propagation in the
HF band. The variations of its electronic density create
heterogeneities, which cause refraction as shift of a seen
location of the radiosource.

It is known, that were are a right ascension refraction
At and a declination refraction Aéd. Refraction carries
regular and not regular character. Usually it’s value
depends from a ionosphere condition, Sun zenithal cor-
ner, time of day.

The given work is devoted to an opportunity of an
experimental research of the refraction with using of

the radiotelescope URAN-4.

The technique of measurement of the refraction value
is known. It is based on measurement of the refraction
angle, using comparison of a radiosource location to
its true calculated coordinates. For an illustration of
this method figure 1 is given. In this figure the record
of a source 3C-144, received at June 20 in 1998 year
in day time on the frequency 25 MHz is represented.
In the experimental directional pattern, DP, is entered
calculated DP with determined width. The measured
and calculated DP position value is marked and the
shift At by right ascension is determined. Also seen,
that the source passes through DP before calculated
time and the refraction carries positive character.

It is necessary to notice the RT URAN-4 have wide
directional pattern by declination. The signal value
change for the account influence of the refraction will
be less than 0.5% at the shift value 20 angular minutes.
Therefore the experimental investigation was carried
out only on a right ascension.

The regular refraction dependences from time of day
were given by Megn and Antonov (1973). From this
work follows, that the refraction by right ascension At
is minimal at night, and at forenoon and in the after-
noon is maximal. Its character varies from negative
to positive. Its minimal value makes units of angular
minutes at night, and in the day time comes nearer 20
angular minutes.

Therefore the most suitable time for measurement of
the refraction on RT URAN-4 is first and second half
of day, when the refraction is maximal.

For refraction researches the source 3C-144 with the
flux of radiation in 3300 jan was chosen. The measure-
ments were carried out during Mays — Junes, when
the source had the culmination in middle of day. The
record 3C-144 was carried out by scans of 20th minutes
in the hour angles range from -160 to +160 minutes
on two frequencies 20 and 25 MHz simultaneously. It
is necessary to note, that the character of record was
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Figure 3: Comparison of the refraction average values
AtQO/k and At25.

affected by radiohandicapes and sporadic solar flares.
Therefore the observation not subject to influence of
handicapes were selected for processing. The process-
ing included the described above standard procedure.
Finally information was averaged and was analyzed.

In figure 2 the diagram of the dependence refraction
value from a hour angle is submitted. It contain cal-
culated and measured refraction values for frequency
25 MHz. The measured and average data received for
the mentioned above period, are put on figure with
confidential intervals. The calculated values of the
refraction are received from ionosphere model which
was described by Davies (1973) and Antonov (1973).
It is submitted by a electronic concentration gradient
which appears in consequence of Sun zenithal distance
change. The refraction calculation was carried out for
ionosphere model received at the square-law equation
of recombination. The character of two curves basi-
cally is identical also calculated curve is in the field of
confidential intervals.

The frequency dependence is important parameter
which characterizes the refraction. It is known, that it
should be square-law.

The average refraction values At obtained at the fre-
quencies 20 and 25 MHz are shown in figure 3. The
curve Atoomir, was drew as Atgommz/k, where k is a
square ratio of 20 and 25 MHz. The curve character
on 20 MHz basically repeats measurements on 25 MHz.
Their divergence is caused of the unsufficient statistics
of measurements.

From told above it is possible to make conclusions.
The wide directional pattern and limited sensitivity of
the radiotelescope URAN-4 allow to carry out by the
specified technique of regular refraction measurement
only on a right ascension and in a light time of day. As
the directional pattern value of instrument by declina-
tion is 22°, its refraction displacement does not render
an appreciable influence on measurements.
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offers at discussion of results of the research.
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ABSTRACT. Histograms and mean value of scin-
tillations indixes are obtained for power cosmic radio
sources on observations during1998-2001. Using sim-
ulations it is showed that scintillations with periods
more then 10 minuts give the error of measuring of
amplitude of radio telescope response pattern within
the limits from 5 into 50 per cent in dependence of
strenth of the scintillations.

Key words: Cosmic radio sources: ionospheric scin-
tillations; radio telescope: response pattern: amp-
litude.

The preliminary analysis of the ionospheric scintilla-
tions on the cosmic radio sources observation data ob-
tained with the radio telescope URAN-4 during 1998-
2001 at the frequency 25 MHz is presented. Long
time on the radio telescope URAN-4 observations of
the power cosmic radio sources 3C144, 3C274, 3C405,
3C461 carried out to study the behaviour of their flux
densities (Ryabov et.al.1987). Method of measure-
ments consist that for each source 4 - 6 records of pass-
ing through the radio telescope array direction pattern
registered every day. Amplitude of the direction pat-
tern response for the signal from radio source is the
measuring value. Most regular data were received as
analog records on the paper tape of recorder in 1987-
1989 and in 1998-2001when data were stored to the
computer memory.

Such phenomenon as scintillations of the radio source
flux densities on the ionospheric irregularities (Crane
1977, Yeh and Liu) is ordinary for decametric range
that is really display all records obtained on the
URAN-4. It would be useful to estimate the effect of
radio source signal fluctuations on the accuracy mea-
surement of record amplitude. For this purpose it is
necessary know characteristics of the ionospheric scin-
tillations. In the previous paper (Litvinenko and Pan-
ishko 2000) we analyzed scintillation analog data for
1987-1989. Similar results obtained in 1998-2001. As
the characteristic of fluctuations the index of scintil-
lations was used. It was determined as follows: the
computational direction pattern was fitted in a source
record by selection of parameters, then for processing

the part of record of length 15 minutes near to maxi-
mum counting was selected and from it the appropriate
part of the fitting response pattern was subtracted.The
square root of standard deviation of this realisation di-
vided on amplitude of record, gives an index of scintil-
lations. In a figure 1 it is possible to see, that the values
of indexes vary within the limits from 0.25 up to 0.41.
The characteristic times T of scintillations constitute
from 64 up to 148 seconds.

The effect of scintillations to measuring accuracy of
amplitude of record can be estimated with simulating
calculations. For this purpose the theoretical response
pattern F with known amplitude A was multiplied on
a function, which sets scintillations with two parame-
ters: AF/A - ratio of amplitudes of fluctuations and
response pattern and P/PF- ratio of periods of the
response pattern and fluctuations. In the results we
receive a function FS, which is the simulation of real
record.Further is used a fitting procedure of a function
of the response pattern FA and is computed its ampli-
tude. The comparison with initial value gives error of
measuring. The changes of amplitudes of fluctuations
were set in limits from 0.1 up to 1.0, and ratio of peri-
ods - in limits from 2 up to 20. In general it is possible
to select two characteristic cases: 1) at change of ratio
of periods from 4 up to 20 and amplitudes of scintilla-
tions from 0.1 up to 1.0 functions F and FA coincide;
2) for ratio of periods 2 and 3 and at change of ampli-
tudes of fluctuations from 0.1 up to 1.0 measurement
errors of amplitude varies within the limits from 5 up
to 50 per cent (Figure 2).

From the received calculations, it is possible to make
a conclusion, that in case of simulating scintillations
with ratio of periods from 4 up to 20 it is possible to
apply a fitting procedure to measure of amplitude of
record. If the scintillations have characteristic periods
more than 10 minutes, depending on amplitude of fluc-
tuations the error can considerably effect outcome of
measurements. The observational data show, that the
records with large-scale scintillations constitute about
1/10 part of all observable. Thus, measuring charac-
teristic time of fluctuations on record of a radio source
and having the dependenceof measuring error on scin-
tillation parameters, it is possible to estimate an error
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Figure 1: Histograms and mean values of scintilla-
tion indexes for cosmic sources were observed on RT
URAN-4 in 1998-2000.
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of obtaining of amplitude of record at fitting of the
computational response pattern.
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ABSTRACT. Spectra of the radiation arising at in-
teraction of the spherically symmetric accreting flow
with the matter of the atmosphere of the supermassive
compact object without events horizon are found.

Key words: Galactic center, Sgr A*.

1. Introduction

The observations of the Galactic center give evi-
dences that a supermassive compact object can be
identified with the nonthermal radiosource Sgr A * (Es-
kart A. and Genzel R., 1996), (Eskart A. and Gen-
zel R., 1997), (Ghez A.M., et al., 1998). The mass of
this object is equal to (2.6 &£ 0.2) - 108 M. It is sup-
posed that similar supermassive compact objects exist
also in the nuclei of other galaxies (Ferrarese F., et
al., 1996), (Iyomoto N., et al., 2001), (Miyoshi M., et
al., 1995). These objects are usually identified with a
supermassive black hole, but there are also other at-
tempts to explain the observation data (Tsiklauri D.
and Violler R.D., 1998), ( Torres D., et al., 2001). In
the paper (Verozub L.V., 1996) another possibility was
proposed, which is based on bimetric gravitation equa-
tions(Verozub L.V., 1991), the spherically symmetric
solution of which has no a physical singularity in flat
space-time from the viewpoint of a remote observer.
The physical consequences from the equations coincide
with the consequences from the Einstein equations at
the distances, much larger than the Schwarzshild ra-
dius r, = 2GM/c?, however the ones essentially differ
from them at r < r4. According to the equations the
events horizon is absent in the spherically symmetric
solution. The radial component of the gravity force F
affecting a test particle with mass m in the spherical
coordinates system in flat space-time is given by

F = —m[c¢®By, + (2By, — B}, )v*] . (1)

Here Bj,, BY, and B}, are nonzero components of the

strength tensor Blﬁ of gravity field in flat space-time:

Al
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By = By, = %a By, =

f=

(r3 + r®)1/3, v is the radial component of the

particle velocity, the prime is the derivative on r,
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It follows from these equations that there can exist
0.05
0.025 2
F 0
-0.025
-0.05
-0.075 1
-0.1
2 4 6 8 10
r/ry

Figure 1: The gravitational force F' (in arbitrary units)
as the function of r/r, affecting a particles at rest (the
curve 1) and free falling particles (the curve 2).

the equilibrium stable configurations of the degener-
ated electronic gas with masses up to 10° M, or more
than that and with the radius less than Schwarzshild
radius (Verozub and Kochetov, 2001). Such objects
are an alternative to black holes.

The object without events horizon, unlike the black
hole has a surface and atmosphere, a radiation from
which at an accretion can be essential. In this paper
a simplified model of the radiation arising at interac-
tion of the spherically symmetric accreting flow with
the matter of the atmosphere of such an object is con-
sidered without taking into account the magnetic field.

2. The radiation from the vicinity of the ob-
ject

To find a spectrum of the radiation arising from the
atmosphere, we find the profiles of temperature and
matter density near to the surface using a method by
Zeldovich and Shakura (1969).

Let’s introduce parameter y = [ 1::: pdR, where p is
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the matter density, R is the radial coordinate. This pa-
rameter characterizes a quantity of the matter which
was decelerated. The quantity of the matter of the
atmosphere needed to the complete stop, we shall des-
ignate through yo. Similarly (Zeldovich and Shakura,
1969) we will assume that 5 < yo < 20.

The transfer of the radiation in the atmosphere is
governed by the equation for the radiation energy den-
sity U which, in spherically symmetry and using the
Eddington approximation, can be written as:

1dU L
3dy 4nR2c’ @)
where L = Loo(yo — ¥)/y, Lo is the total radiative
luminosity at outer edge of the atmosphere, R, is the
radius of the object. It follows from the solution of
the equations of the hydrostatic balance that to the
given value of the mass of the central object M, = 2.6-
108 Mg corresponds radius R, = 0.04r, (Verozub and
Kochetov, 2001). Taking into account the scattering
and bremsstrahlung, the mean opacity it is possible to
write down: ki = kes + kp, where ke = 0.4 em?/g is
the coefficient of the scattering on free electrons, k, =
6.4-1022pT-7/2 cm? /g is the Planck mean opacity, T
is the gas temperature.

The equation of the hydrostatic balance and radia-
tive energy equilibrium is

dP  GM r

hainli *11 = g

dy R ( (r + R§)1/3> ’ @
W . kT T,
— =kl -U)+ thesl o= =) (@)

where W ~ L, /(47w R2y,) is the energy, that release
on 1g. of the matter at y < yg. At y > yo, W = 0.
We neglect pressure in a layer yo, which is created by
the falling particles since it is much lower than the pres-
sure due to the matter of the atmosphere, and also we
use the perfect gas equation of state assuming that the
matter is the completely ionized hydrogen. The radia-
tion temperature T, is related to U as U = anyl, where
a = 7.56 - 1071 erg/(cm3grad?). Thus, we have re-
ceived the system of differential equations (2), (3), (4),
the solutions of which are U, T, p as the functions of
y. The boundary condition at the outer edge is U(0) =
Loo/(4n(Ry + H)?c) ~ Lo /(4nR2c), where H is the
height of the atmosphere; p(0) = 10712g/cm?® corre-
sponds to the solution of the equations of the spher-
ically symmetric accretion near the surface (Verozub
L.V. and Bannikova E.Yu., 1999); T'(0) = 10°K (the
solution there exists only for T(0) < 4-10°K). L
end yo are the parameters. The thermal properties
of the atmosphere are illustrated in fig.2 for differ-
ent luminosities at outer edge of the atmosphere in
the case yo = 20g/cm?. The solution slightly de-
pends on the boundary conditions. Near the surface

5
1.5-10 =

5
1-10

Figure 2: The temperature T as the function of y for
Lo = 10%%erg/s (dashed line) and Lo, = 10%erg/s
(solid line).

p(yo) = 5-107%g/cm®. The height of the homogeneous
atmosphere is

-1

kTR
-~ wmypGM,

(rS + R3)'/3

(5)

and for the maximum temperature H ~ 10%cm.

To find the spectrum of the radiation, it is necessary
to take into account the gravitational redshift and grav-
itational capture of the radiation by the central object,
as in the case for a black hole (Shapiro and Teukolsky,
1985). The light frequency v measured close the ob-
ject is related to the light frequency vy as measured at

infinity:
r -1/2
= (1- 52 :
= (r3+r3>) "

At r = R, obtain v = 216.519. The equations of mo-
tion of a test particle in the spherically symmetric field
is

(6)

—2

ar\*> ¢&c C raJ

(a) =4 1‘§(1+ 5> @
dp cClr,

where (7, ,8) are the spherical coordinates, B = f2,
E = E/(mc?), J = J/(ryme), E is the particle energy,
J is the angular momentum. If we through v denote
the angle between a direction of motion of the photon
and the radius, taking into account the equations of
motion (7) and (8) we receive
2
b = brmaxT

Ch2 ..
7 (1‘ 72 )

where bmax = 3v/3/2. Fig.3 shows | cos)| as the func-
tion r/r,. Take into account to scattering and gravi-

9)
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Figure 3: The plot | cosy| versus r/r,.

tational effects we found that the flow of the radiation

18
[ X
F,,O ~ (1 - COS’I,[J(R*)) 7TBV0 Fos + X, (10)

where x = 1.14-10%T—1/2y=3 (1 — exp(—hv/(kT))) o,
v is determined by expression (6) at r = R.. The
values of T' and p correspond to the solution of the
system (2), (3), (4) at y = yo. Thus we obtain the
following results.

a) Let Ly, = 10%7erg/s. Thus k.s < x at the fre-
quency interval vy < 10'*Hz and the atmosphere ra-
diates as a black body; at vy > 10YHz (ks > X)
and taking into account that the atmosphere of the
object is not homogeneous (density grows very quickly
with depth), the flow of the radiation (Zeldovich and
Shakura, 1969)

3x
pkzH

1/2

F,, ~ (1 —cos®(Ry)) ( ) By,  (11)
where B,, is the Planck function. The maximum of
the frequency spectrum is at vy = 5 - 10'*Hz and cor-
responds the luminosity L, ~ 10'%erg/(s- Hz).

b) For Lo, = 10%8erg/s the radiation is a black body
at the frequency interval vy < 3-10'3 (kes < X); at
vy > 3 - 10'13Hz the flow of the radiation is according
o (11). Here the maximum of the frequency spectrum
is at vy ~ 10'3Hz with the appropriate value of the
luminosity L,, =~ 10?2 erg/(s-Hz). In figures 4 and 5
the frequency spectra in the vicinity of the maximums
for the various luminosities is shown. Both cases are
considered at yo = 20g/cm?. Thus the spectrum 5) are
in accordance with the observation data of the Galac-
tic center.

3. Conclusion

It follows from the above results that the our hy-
pothesis that Sgr A* is a supermassive compact object
without events horizon does not contradict the observa-
tion results and required further deeper investigation.

Figure 4: The frequency spectrum for L, = 10%7erg/s.

1022

1010
LVO
1016

1013

1-10*%* 2-.10% 5.10%

Vo

5-10%3

Figure 5: The spectrum for L, = 1038erg/s.
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PLANETARY SYSTEMS OF THE GALAXY
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ABSTRACT. Definition of planets, relative contents
of planetary systems in Galaxy, and main results of
searching for them are adduced. It is supposed to dis-
tinguish four types of planets accordingly their inner
substance composition: hydrogenous-helium (H., He,
Ne), ice (H2O, CH4, NH3 and their cluster tree, also
N, and Ar), silicate, or metallic (alligations of Fe with
Ni, Co, Cr) ones. Hydrogenous-helium compositions
of planets are the most possible. But existence of two
metallic (or metallic and silicate) and one ice planet in
pulsar systems are suspected.

Key words: planetary system, types of planets.

1. Definitions

Planets are generated in circumstellar disks with a
residual of angular momentum, where exist conditions
for forming space bodies with mass of about some
Jupiter masses (Ruzmaykina, 1981, Dole, 1970).

Evolution of planets is bond with gravitational dif-
ferentiation that defines the lowest values of planetary
masses of about 10~ %m, with a diameter of about 500
km) (Alexandrov and Zakhozhaj, 1980).

Depending on medium elemental composition values
of planet masses and can deflect from the mentioned
above (mass at a tenth, and size at 100 less).

Space bodies with masses less then stellar, which are
possible to be formed, as well as stars, by means of
autogravitation, are defined as substars (Alexandrov
and Zakhozhaj V.A., 1980), or brown dwarfs (Tarter,
1975). As the highest possible mass of planet is ac-
cepted the least mass of substar.

So, in accordance to Rees (1976), if temperature of
the coldest interstellar clouds is about 10K, then the
highest valuation of planet mass makes up (0.003 —
0.007)mg.

In the article under ’planetary system’ we under-
stand a space bodies system, in which at least one
planet is present (Alexandrov and Zakhozhaj, 1983ab,
1986). Other components of the system can be plan-
ets, substars, stars, or their remnants (white dwarfs or
pulsars).

2. Desired relative composition of planetary
system

Hohlfeld and Terzian (1977), using results of Hep-
penheimer (1974) about influence of secondary com-
ponents on protoplanetary nebula evolution, and us-
ing mass function of secondary components, inputed
by Abt and Lavy (1970), proposed method for estima-
tion of relative composition in double stellar systems.
Alexandrov and Zakhozhaj (1983a) have generalized
the results on different multiplicity stars with taking
into account Branch’s (1976) remarks about propriety
of reduced power dependency of mass function for sec-
ondary components after Abt and Lavy (1970). Us-
ing mainly statistic characteristics of the nearest stars,
they have determined value of relative contents of plan-
etary systems in Galaxy as 0.2 + 0.3. Another authors
appraisals are about 0.1 (Problema CETI, 1975, Prob-
lema Poiska vnezemnich Tzivilizatziy, 1981, Problema
Poiska Zhizni vo Vselennoy, 1986).

3. Results of searching for planetary systems

The most effective methods of searching for plane-
tary systems are the astrometrical one, radial veloci-
ties, direct images of protoplanetary formations, cov-
erings, analyses of pulsars emission (Alexandrov and
Zakhozhaj, 1983b, 1986, Gold, 1975, Zakhozhaj and
Aleksandrov, 1981, Zakhozhaj and Ruzmaykina, 1986,
Moroz V.1, 1981, Black, 1980, Greenstein, 1977). It is
known already, that masses of invisible (obscure) satel-
lites of Proxima (Niedzielski, 2001), Barnard’s star (till
three planets) (van de Kamp, 1974, 1975), and Laland
21185 (Gatewood, 1996) correspond to planets. It is
suspected existence of planets or substars in systems
of € Eridanus (Lippincott, 1974, van de Kamp, 1974,
1975b) and DM + 59°1915 (Shaht, 1984), and double
star 61 of Cygnus (two satellites near A component
and one - near B) (Deych, 1978, 1977, Niedzielski A.,
2001). Till April, 2001, 53 solitary obscured satellites
and three components near v And were detected by
means of radial velocities’ variations measures (Bur-
rows, Hubbard, Lunine, Liebert, 2001). For the objects
m -sini < 38my, where my -Jupiter mass, ¢ - declina-
tion of planet orbit to viewing plane. For 37 satellites
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among mentioned ones m - siné = 0.15 + 3my. As the
method gives masses of satellites with accuracy up to
sin i, it is too early to assert, that all the objects are
planets. And only for system HD 209458, that is fond
as shadowing variable (Charbonneau et al., 2000), it
succeeded determine angle i. Mass of component as it
was shown was planetary one m = 0.69m ;.

Measurements of pulsar emission frequency varia-
tions allowed to detect two and suspect one plane-
tary systems. Till four planets are disclosed near pul-
sar PSR B1257+12 (Wolszcan and Frail, 1992, Wol-
szcan, 1994, 1997). One planet is fond near pulsar
PSR B0329+54 (Demianski and Proszynski, 1979). A
planet, or substar is revealed near double pulsar PSR
B1620-26, which is located in spherical cluster N1 (Ar-
zoumanian et al., 1996).

The orbital telescope IRAS has permitted to re-
veal protoplanetary formations near Vega and S Pic.
(Robinson, 1984, Smith and Terrile, 1984). Later it
has succeeded to receive protoplanetary disk image 8
Pic (Fizika za Rubezhom, 1986) with using of special
eclipse coronograph. In the inner vicinity of the disk
(to 30 A.U.) area without gas and dust was detected.
It can’t be excluded presence there some formed plan-
ets. In nearstellar disk of HD 141569 (radius of the
disk - 400 A.U.) there is a slit at 250 A.U. from the
central star, where a planet with mass m ~ 1.3my is
prospected (Perryman, 2000, Weinberger et.al., 1999).
Now altogether about a hundred of protoplanetary
disks are revealed around young stars of the main se-
quence with ages 10 + 107 years, including T Tauri
stars (Kalas, 1998). Typical disk size is about 103 A.U.
(Beckwith and Sargent, 1996, Perryman, 2000).

4. The main types of hypothetical planets

Depending on physical conditions (temperatures and
pressures) in planets formation zones of protoplanetary
clouds, and if chemical elements prevalence there likes
to the solar one, so it is proposed to separate planet
composition substances in four groups (Flirenskiy et
al., 1981, Cameron and Pine, 1973). To group I actu-
ally volatile elements (Hz, He and Ne,), which can’t be
condensed under temperatures higher then 10 K, are
related. Substances, that can be condensed into ices
under temperatures 10 K < T < 200 K (Hz0, CHy,
NH; and their clutrat tree, also No and Ar). Group
IIT consists of silicates (can be condensed under tem-
peratures less 1700 K and pressure about 0.1 bar). Al-
ligations of Fe with Ni, Co, Cr are included to group
IV. Under pressure less 107% bar and temperatures less
1350K iron can be condensed after wide spread silicates
of enstatite and forsterite. Under the higher pressures
condensation of iron surpasses silicates condensation.
Under pressure 0.1bar iron condensation temperature
(T =~ 1700 K) is higher by 80 K than forsterite. con-

densation temperature. With increasing of pressure
the tendency keeps. If temperature is below 700 K,
then begins FeS, which stands apart in the cores of
planets jointly with iron alloies.

H,; and He, as gases, can be captured by enough
massive planets (masses more 10%° g) under temper-
atures below 200 K (Zharkov, 1980). Such planets
are hydrogenous-helium ones. In less massive planets
of low-temperature vicinity will predominate ices (ice
planets). In middle-temperature zone of protoplane-
tary disk (7" > 200 K) ices can’t be condensed. They
disappear like hydrogen and helium. Under tempera-
tures T' < 350 K will be appeared hydrated silicates,
which under heating educe water and can form hydro-
sphere, or cryolitesphere. In range of temperatures less
1500+1700 K (depending on pressure) are to be formed
silicate planets. Higher by 200 K is a zone, where sili-
cate substance is lost but exist conditions for forming
of metallic planets.

Zone of metallic planets has too narrow temperature
interval (T' = 1700+ 1900 K) under pressure P = 1 bar
and T = 1600 + 1700 K under P = 0.1 bar. In Solar
system this vicinity spreads from 0.1A.U. till 0.4A.U.
Correspondingly, silicate planets zone has upper tem-
perature limit about 200 K and spreads up approxi-
mately to 3 A.U.

Increasing of protoplanetary disk density by k times
causes the same growth of optical thickness at arbitrary
distance r. To restore optical thickness to previous
meaning it is necessary decrease the distance r by k
times. But, as result, right away it causes insolation
increasing and upgrowth of temperature by vk times.
So, dimensions of temperature zones are to decrease
by vk times correspondingly. If star like Sun has a
protoplanetary disk 10-ly denser, than Sun’s one, so
dimensions of metallic and silicate planets zones are to
be less 3, i.e. 0.03 +0.1A.U. and 0.1 + 1A4.U.

Extension of temperature zone boundaries is possi-
ble as result of star luminosity (L) increasing, because
dust particles temperature in nonabsorbing interstellar
medium oc L'/4/r1/2. When increasing of star luminos-
ity is 10 arm (A5V spectrum), boundaries dimensions
rise by 3 times, i.e. reach 0,3 + 1 A.U. for metallic
planets and 1 +10 A.U. for silicate ones. In model of
protoplanetary cluster after Cameron and Pine (1973)
masses of silicate planets reach 20mg and faintly de-
pend on density of cluster substance. For metallic plan-
ets zone mass of planet is limited by 0.2mg, that cor-
responds to Earth core. Thus the largest radius of
metallic planets is finite by 3000 km, and upper limit
for silicate planets masses is, probably, equal some tens
of meg.

For low-luminosity stars (MOV spectrum) and for
density of near-Sun protoplanetary disk situation be-
comes reverse - magnitudes of temperature zones de-
crease by 3 times 0.03 + 0.1 A.U. for metallic planets
and 0.1 + 1 A.U. for silicate planets). Masses of the
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planets decrease by order too. Hydrogen-helium plan-
ets could be formed at orbits like orbit of the Earth.

5. Desired physical properties of extrasolar
planets

Masses of invisible (obscure) satellites of main se-
quence stars correspond to hydrogen-helium giant
planets. Their parameters (0.38 g/cm=2 - medium
density of planet in system HD 209458, mentioned be-
fore) are in good coincidence with models of hydrogen-
helium planets, located near stars.

Masses of planets near pulsar PSR B1257+12 equal
to 2.8mg and 3.1mg, their big orbit semi-axes amount
t0 0.17 A.U. and 0.36 A.U. Most probably, the planets
are silicate or metallic. The third desired planet with
period 25.34 days is metallic. The fourth planet with
period 170 years is hydrogen-helium one.

There is a planet with mass more than 2mg and
big orbit semi-axis a = 7.3 A.U. near pulsar PSRB
0329+4-54. Most probably the planet is icy or hydrogen-
helium.

Temperatures of hydrogen-helium planets in range
200 + 1500 K increase thickness of their atmospheres
and can’t provide dissipation of atmosphere hydrogen.
As result, there is a wide variety in optical properties
of their atmospheres.

Sudarsky et. al. (2000) have proposed to segre-
gate giant planets into four types, or classes. ’Jupiter’
class (Teys ~ 150K) planets have ammoniac clouds,
for ’water’ class (Ters ~ 250 K) is specify predomi-
nance of condensed water. For planets *without clouds’
Tepr > 350 K. In fourth, ’high temperature’ class
(Teys > 900 K) predominance of absorption by alkaline
metals and by iron is specify.
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ABSTRACT. We found the cosmological luminosity
periodicity in decametric and optical ranges on basis
of spectral analysis of luminosity distribution in quasar
and galaxy samples. Comparison with known redshift
periodicity for quasars and galaxies is made. Charac-
teristic scales of luminosity periodicity are conformable
to cell structure of the Universe and to activity recur-
rence of object nuclei.

Key words: quasar, galaxy, luminosity distribution,
decametric range, cosmological luminosity periodic-
ity, cell Universe structure, activity recurrence, syn-
chrotron mechanism of radiation.

1. Introduction

G. Burbidge (1968) revealed the periodicity in red-
shift distribution of quasars. In following years number
of authors confirmed the redshift periodicity of quasars,
for example (Cowan 1969, Karlsson 1977). The period-
icity of galaxy redshifts was found in 1990 (Broadhurst
et al. 1990). Then the conclusion about connection of
peaks in redshift distribution with cell Universe struc-
ture was made (Cohen et al.1996).

In this paper the periodicity of luminosity distribu-
tion of quasars and galaxies is determined in decamet-
ric and optical ranges. The calculations are carried
out within the framework of Friedmann world model
with parameters go = 0.25, Hy = 100km/sMpc. We
assume the synchrotron mechanism of radiation of ob-
ject active nuclei in decametric and in optical ranges.
Obtained estimations of characteristic parameters sup-
pose connection of the cosmological luminosity period-
icity both with cell large-scale structure of the Uni-
verse, and with recurrence of activity of galaxy nuclei
and quasars.

2. Periodicity peaks of luminosity in deca-
metric and optical ranges

During the lifetime of cosmic object an activity of its

nucleus may display the cyclic changes (activity recur-
rence). In this case the cosmological periodicity in the
object luminosity distribution should be observed. For
examination of our assumption we used the statistically
complete samples of 114 galaxies and 69 quasars from
the UTR-2 catalogue at 25 MHz with corresponding
optical data (Miroshnichenko 1994). We considered lu-
minosity distribution of quasars and galaxies upon the
redshift, which indicated on possible periodicities both
in decametric and in optical ranges. The subsample of
powerful radiogalaxies (FRII-type) was examined sep-
arately.

We derived power spectra (periodograms) of sam-
ple luminosity distribution at 256 MHz and in optics
for quasars and galaxies. Significant luminosity peaks,
connected with certain values of redshifts, were re-
vealed in this power spectra (significance levels are
from 90% to 99%), as shown in Table 1.

Four from six peak values z,, found by us for lumi-
nosity distributions in decametric and optical ranges,
agree with results by other authors for object redshift
distribution (Karlsson 1977, Broadhurst et al. 1990,
Duari et al. 1992, Gwyn and Hartwick 1996).Moreover,
positions of three peaks in the luminosity distribution
in decametric range coincide with analogous values in
optical range (see Table 1). Conformity of obtained
values of z, may be caused by the cell Universe struc-
ture.

3. Space and time scales of cosmological pe-
riodicity of quasar and galaxy luminosities

As follows from our data, the redshift values zp, cor-
responding to periodicity peaks in luminosity distribu-
tions of quasars and galaxies in decametric and optical
ranges, are from z, = 0.0125 to 2z, = 2.222. We as-
sume, that revealed values 2, are multiple to the least
from these, and determine space and time scales of the
cosmological periodicity in object luminosity distribu-
tion.

The characteristic size 7, in object space distribu-
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tion, associated with luminosity periodicity, is found
at Friedmann Universe model with parameter ¢ =
0.25 and Hubble constant Hy = 100km/sMpc for z,
= 0.0125 as distance (Zeldovich and Novikov 1975) in
comoving volume:

_ @0z + (90 — D[(1 + 2g02)'/* — 1]
= ! 1)
H0q0 (1 + Zp)
It is received from (1), that r, = 40 Mpc. This value
of rp, is close to the characteristic size of galaxy super-
cluster. As we know, chains of these superclusters form
the cell large-scale Universe structure, so the size of
large-scale inhomogeneities in object distribution may
be multiple to supercluster size. It should be noted,
that galaxy clustering is described well by fractal dis-
tribution with dimension D = 2 at scale 20-30 Mpc
(Amendola and Palladino 1999, Joyce et al. 1999). So,
the estimation of value r, conforms with data of other
authors, concerning characteristic scale in space object
distribution.
Let us consider, that quasar and galaxy distribution
is inhomogeneous, that is fractal at the scale r, = 40
Mpc, with the fractal dimension D = 2. Then we de-
termine ”correlation length” 7y - the scale, at which
the correlation function of object space distribution (in
sphere by radius r) must be £(r9) = 1 (Sylos Labini and
Amendola 1996):

ro = [(3 —7)/6]"/r, 2)

where v = 3 - D. Hence, at v = 1 and r = rp, it is
received, that ro = 13.3 Mpc. It is known, that values
of ”correlation length” for space distribution of objects
are next: r, = 6-10 Mpc for galaxies and quasars, and
ro = 18 Mpc for galaxy clusters (Peebles 1980). So,
our estimation of value ro by value r, is conformed
with literature data.

We define the time scale, connected with obtained
cosmological periodicity of luminosity from expression:

[z — (1.5 +0.5g0)2%],  (3)

_ 1
tp=t—to= -7

where t,fy - is the cosmological time for epochs z
and zp = 0 (our epoch), respectively (Zeldovich and
Novikov 1975). At parameters go = 0.25 and Hy =
100km/sMpc for z = z, = 0.0125 it is obtained, that
characteristic time of the cosmological periodicity of
luminosity is equal £, = 1.2- 108 years. This time scale
allows an existense of the activity recurrence of galactic
nuclei and quasars. The value ¢, is close to period of
galaxy rotation (= 2 - 10® years).

Also, the value ¢, is conformed with estimations of
the quasar stage duration (107 — 10® years) (Martini
and Weinberg 2001, Haiman and Hui 2001). Besides,
the obtained value ¢, corresponds to the estimation of

time variation in relationship of dust and gas masses
for spiral galaxies (107 — 10® years) (Hirashita 2000).
This fact may be significant evidence of the activity
recurrence of objects.

According to synchrotron mechanism of the object
radiation (Kardashev 1962), positions of periodicity
peaks of luminosity distributions in optical and deca-
metric ranges may not coincide due to decrease of the
time of synchrotron radiation decay t4 with increase of
frequency:

tq ~ 340B~%/?y71/2, (4)

where B - is magnetic field strength in source of ra-
diation, that is, in object (uG), v - is frequency (MHz),
tq - is in units 10° years. Let us estimate difference of
the times of synchrotron radiation decay for the same
relativistic electron ensemble in source in decametric
and optical ranges. If the strength of magnetic field in
the source is supposed be equal B = 1073 G, then the
difference of corresponding times of synchrotron radia-
tion decay (by formulae (4)) is: Aty = 1.18 - 108 years
at considered frequencies 25 MHz (decametric range)
and 5.45 - 108 MHz (optical range). With assistance of
expression (3) for Friedmann world model at gop = 0.25
and Hy = 100km/sMpec, we found that given difference
of times of synchrotron radiation decay corresponds to
the redshift difference Azg = 0.013. Everybody can
see, the analogous difference of radiation decay times
is Atg = 3.69 - 10° years at strength of magnetic field
B = 1079 G, so the corresponding redshift difference
is Azg = 0.264.

Thus, the difference in positions of corresponding lu-
minosity peaks upon redshift may change from Azg ~
0.01 to Az; ~ 0.3 in decametric and optical ranges.
Inhomogeneities of magnetic field in sources, and dif-
ferent values of magnetic field strength in different ob-
jects of our sample may cause additional variations of
the value Azy, that is incoincidence of corresponding
luminosity peak positions observed in two frequency
ranges.

4. Conclusion

Results of our examination for luminosity distribu-
tion of quasars and galaxies in decametric and optical
ranges indicate on cosmological periodicity of luminos-
ity of these objects with the time scale ~ 10® years and
the space scale ~ 40 Mpc. We note the conformity in
positions of peaks of luminosity periodicity and known
redshift periodicity of quasars and galaxies. The ac-
complished analysis of luminosity periodicity in deca-
metric and optical ranges allows to consider the cos-
mological periodicity of luminosity as evidence on cell
Universe structure and on activity recurrence of ob-
jects.
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Table 1: Values of redshifts z,, corresponding to sig-
nificant peaks in power spectra for luminosity distribu-
tions of galaxies and quasars.

Objects of samples Decametric(25MHz) Optical
range range
Galaxies 0.200 0.0125
Galaxies FRII 0.192 0.048
Quasars 1.124 1.124
2.222 2.222
0.448
0.224
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ABSTRACT. Quasar-galaxy associations can be ex-
plained as gravitational lensing by globular clusters,
located in the halos of foreground galaxies. We pro-
pose new observational test for checking this hypothe-
sis. We used SUPERCOSMOS sky survey to find over-
densities of star-like sources with zero proper motions
in the vicinities of foreground galaxies from CfA3 cat-
alog.. Preliminary results show that our hypothesis is
true. We discuss the influence of microlensing on the
results of observations. We made CCD VRI photome-
try on 1.22 meter telescope of Kryonerium observatory
(Greece) to select extremely lensed objects around 6
galaxies.

Key words: quasi-stellar objects; galaxies:
gravitational lensing

halos,

1. Introduction

Quasar-galaxy associations is one of the most in-
triguing puzzles of modern astronomy. Arp (1968) was
the first, who noticed it. There were a lot of papers,
with possible explanations of Arp’s objects. We must
mention a series of Schneider’s articles (from Schnei-
der, 1988 to Bartelmann, Schneider, 1993). In these
papers it had been shown that the gravitational lens-
ing can be a good hypothesis for explanation of this
phenomena. But the nature of objects which can act
as gravitational lenses in this case was unknown.

In our previous papers (Baryshev et al., 1993,
Yushchenko et al. 1998, Yushchenko & Raikov 1998)
we proposed, that gravitational lensing by cores of
globular clusters, dwarf galaxies or other middle mass
objects (MMO) in the halos of foreground galaxies can
be the reason of quasar-galaxy associations. We used
Yakovlev et al. (1983) formulae for calculation of am-
plification of background objects by foreground objects
with King’s mass distribution, for example by globu-
lar clusters. Yushchenko et al. (1998) developed the
software which permit to use these formulae for calcula-
tions of amplifications of extended sources. The ampli-

fication can reach 5-10 magnitudes for typical cases and
QSO-galaxy associations can be explained by this ef-
fect. Baryshev & Ezova (1997) and Yushchenko (1999)
proposed the observational tests for validation of this
hypothesis.

Yushchenko (1999, 2000) showed that simple calcu-
lations of surface density of star-like sources around
galaxies can be a good test. In these papers author pre-
dicted that surface density of star-like sources around
foreground galaxies must be increased. Why?

Let us imagine, that Arp’s objects are produced by
gravitational amplification of distant sources by objects
in the halos of foreground galaxies. It is well known
that gravitational lensing can not strongly influence
on the spectral properties of the sources. That is why
spectral properties of distant sources must be similar
to that of quasars. We must find the class of objects
whose spectral properties are quit close to properties
of QSO. Seyfert galaxies can be this type of objects. If
Seyfert nuclei, amplified by globular clusters in the ha-
los of foreground galaxies, are responsible for quasar-
galaxy association, we must to point, that (usually)
there are not only one globular cluster in the halo of the
ordinary galaxy. There are near 10 or more globular
clusters in the halo. And every cluster can amplificate
the background source by 5-10 magnitudes. If there
are sufficient number of sources at high redshifts, the
globular clusters will amplificate these source. The re-
sult will be the increasing of surface density of star-like
sources around foreground galaxies.

Star-like? Baryshev & Ezova (1997) and Yushchenko
(1998) showed, that the angular size of extremely am-
plificated images are equal to angular size of the core of
the globular cluster. The angular size of the core of the
globular cluster at redshift near 0.01 is near 0.05 arc-
seconds - it is a point-like source for optical telescope.
The extremely high level of amplification will help us
to detect the high redshift objects, but the structure
of the images of these objects will be broke by grav-
itational lensing. That is why (in the first approach)
we can receive only spectral and coordinate informa-
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tion about extremely lensed objects (ELO). It will be
very difficult to investigate internal structure of these
objects.

Galaxies with z higher than 5 can be discovered now.
For example Hu et al. (1999) found the galaxy with
z=5.74, Yahata et al. (2000) identified near 4000 galax-
ies over the range in redshifts from 0 to 10 and beyond.
That is why the big number of sources can exist, and
they can be amplified due to gravitational lensing by
globular clusters. The number of Seyfert galaxies is
near 1% of the total number of galaxies. We must ex-
pect, that the surface density of extremely lensed ob-
jects must be two orders higher than the surface den-
sity of QSQOs. The spectral properties of ELOs will be
similar to that of ordinary galaxies with correction for
redshift and evolution.

We wrote ordinary galaxies. But we have very lit-
tle knowledge about the properties of objects at high
redshifts. That is why it will be better to write that
the spectral properties of ELOs will be the same as the
spectal properties of unknown objects at high redshifts.
The investigations of ELOs, will help us to learn more
about the nature of the Univerce at high redshifts.

Yushchenko (1999, 2000) showed that the expected
overdensity exist. The USNOA2.0 catalog (Monet D.
et al. 1998) was used as a catalog of star-like sources.
The vicinities of 35862 galaxies with redshifts more
than 3000 km/s from CfA3 catalog (Huchra et al.,
1995) were investigated to find or reject overdensities.
The well pronounced effect was found.

But one can point, that USNOA2.0 catalog contain
only cooordinate and magnitude information. There
is no objects classification information in this catalog.
That is why usual clustering of galaxies can strongly in-
fluence on surface densities, calculated with these data.
To avoid contamination of the results by galaxy clus-
tering we must use catalog with stellar/galaxy classifi-
cation of the objects.

2. SUPERCOSMOS sky survey

SUPERCOSMOS sky survey (Hambly et al., 2001)
is a digitization of photographic survey of the south-
ern hemisphere obtained with 1-meter class Schmidt
telescopes at two different epochs. It is full up to
21 magnitude. For each object this catalog contains
classification of the object (star/galaxy), coordinates,
magnitudes in three filters, proper motions and other
information.

For testing of our hypothesis we used SUPERCOS-
MOS catalog as a catalog of star-like images. We se-
lected from the catalog only star-like images with zero
proper motions as a background images. We investi-
gated the expected overdensity in the vicinities of more
than 19 thousands galaxies from CfA3 catalog. We
calculated the number densities of selected objects in
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Figure 1: Surface density of star-like sources with zero
proper motions in the vicinities of two groups of galax-
ies. The axes are the distance from the galaxy center
in arcseconds and the surface density of investigated
objects per square degree. Circles and dashed line -
mean of 5 regions around galaxies with redshifts from
60,000 to 65,000 km/s. Crosses and solid line - mean
of 5 regions around galaxies with redshifts from 5,000
to 6,000 km/s.

the concentric rings (the widths of the rings are 120
arcseconds) around each galaxy. The similar calcula-
tions were made for random centers. Random centers
showed the zero overdensity.

Results for the regions with the galaxies in their
centers are more interesting. As we have wrote, we
expected to find overdensity of star-like sources with
zero proper motions around galaxies. But it appeared,
that the results are quit different for different groups
of galaxies. We are able to show only preliminary re-
sults in this article. On the fig. 1 one can see mean
resuts for two different groups of galaxies. The first
group consist of 5 galaxies with redshifts from 60,000
to 65,000 km/s. The second group consist of 5 galaxies
with redshifts from 5,000 to 6,000 km/s.

The expected overdensity is well detected for the first
group of galaxies - for the galaxies with higher red-
shifts. The overdensity begins from the distance near
300 arcseconds from the galaxy centers. It corresponds
to the linear distance near 1 Mpc from the galaxy cen-
ters. Globular clusters and dwarf galaxies can con-
centrate around host galaxy in the radii less than 1
Mpc and produce amplification of distant sources due
to gravitational lensing. We expected to find this effect
and we found it.

Now we discuss the second group of galaxies - the
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galaxies with redshifts from 5 to 6 thousands km/s.
We see no overdensity for these galaxies. We can see
underdensity of the star-like objects with zero proper
motions in the vicinities of these galaxies. We have
wrote that these data are preliminary. But we can
write that for all distant galaxies with redshifts less
than, say, 20 thousands km/s we can observe under-
density, not overdensity. That is why we must point
the reason of this underdensity.

We must also explain the reason of zero overden-
sity for foreground galaxies with redshifts more than
300,000 km/s. The rezults are also preliminary, but
big number of galaxies permit us to claim that the fi-
nal result will be changed unsignificantly.

In all our previously cited papers we considered
the properties of the globular clusters as gravitational
lenses neglecting microlensing effects. Let us consider
the influence of microlensing on amplification proper-
ties of globular clusters.

3. Microlensing?

Microlensing is the lensing by individual stars or
planets. Now we will try to estimate the importance
of this effect for our observations. The extremely high
level of amplification of the MMO can be explained in
the following way. All light rays from the source to the
solid angle of the core of MMO will be focused near
the observer. That is why the amplification can be es-
timated as the ratio of angular squares of the MMO’s
core and of the source. The typical diameter of the core
of MMO is 10-50 pc, the size of emitting region of QSO
can be of the order of 1 pc or less. The square ratio
of these quantities give us the amplification coefficient
from 102 to 10* or from 5 to 10 magnitudes. If we ob-
serve not overdensity, but underdensity of the objects,
it means that above described effect is destroyed. How
it can be destroyed?

Individual star in the core of MMO must produce
its own Einstein ring. In the first approach all light
beams from Einstein ring of the star will reach the
observer. All light beams from the area inside the Ein-
stein ring must be strongly declined and will not rich
the observer. If the total square of Einstein rings of
individual stars will be of the order of the square of
the core of MMO, then all light beams from the source
will be strongly declined and will pass beside the ob-
server. That is why the amplification coeflicient will
be not very large. In this case it can be less than 1.0.

Let the typical radii of the core of MMO is 10 pc,
the typical number of 0.2 solar mass stars within this
radii is of the order of 10°. Let the sources distance is
near 3000 Mpc.

For the first group of galaxies with z near 60,000
km/s we can estimate the linear radii of Einstein ring to
be near 10~2 pc. The total square (the optical depth)

of 10% circles is near 10 pc® or near one tenth of the
total square of the core of MMO.

For the second group of galaxies with z near 5,000
km/s we can estimate the linear radii of Einstein ring
to be near 2*10~3 pc. The total square of 10° circles
is near 0.4 pc? or less than 10~2 of the total square of
the core of MMO.

In both cases low massive stars can not strongly in-
fluence on the lensing properties of MMO. The optical
depth due to microlensing by stars is small and we can
neglect microlensing produced by stars if the redshift of
MMO is less than 100,000 km/s. For foreground galax-
ies with higher redshifts the influence of microlensing
by stars must be significant, The effect of overdensity of
star-like objects around these galaxies can disappear.

We can see, that microlensing by stars can explain
the zero overdensity of ELOs in the regions around
foreground galaxies with redshifts more than 300,000
km/s.

We must to mention, that recently Sahu et al. (2001)
pointed that the number of planets in globular cluster
M22 can be 3 orders higher than the number of stars.
Let us suppose that all globular clusters contain the
similar number of planets. If we repeat previous calcu-
lations with 0.0002 solar mass objects and the number
of these objects will be 10® we can obtain that the op-
tical depth of the cluster will be increased by factor
near 2.

That is why the optical depth of globular cluster with
redshift higher than 60,000 km /s will be increased and
it will be impossible to have a high level of amplification
for clusters with significantly higher redshift.

It should be noted that de la Fuente Marcos and
C. de la Fuente Marcos (2001) performed detailed nu-
merical simulations and showed that the existence of
a big number of the planets in the globular clusters is
impossible.

In any case we can not neglect the microlensing pro-
duced by planets. Now we are preparing the software
for direct calculation of influence of microlensing on
the lensing properties of globular clusters.

4. How we can find ELOs?

For final testing of our hypothesis we must find sev-
eral ELOs and measure their redshifts. Results, ob-
tained from digitized photographic sky surveys can
help us to find individual ELOs. ELOs are star-like
objects with zero proper motions and with high red-
shifts. The spectra of ELOs must be similar to that of
normal galaxies. We can not expect to observe emis-
sion lines in their spectra. We must search for ELOs in
the vicinities of bright foreground galaxies. Usual two-
color diagrams permit us to find objects with unusual
colors. Spectra of these objects can be measured with
big telescopes. With high probability objects with un-
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usual colors can show cosmologocal redshifts in their
spectra.

We observed the vicinities of six galaxies, namely
A2046+1925, A20214+6127, A0051-0038, A21534+-0109,
AQ008-0001 from CfA3 catalog. The 1.22 meter tele-
scope at Kryonerion observatory, Greece, was used for
VRI CCD photometry of regions around these galaxies.
The redshifts of the galaxies are from 55000 to 78000
km/s. The full list of selected objects will be published
later.

4. Conclusion

We predicted and found the overdensity of star-like
images with zero proper motions (ELOs) around fore-
ground galaxies. But it appears that this overdensity
exist only for intermediate-redshift groups of galaxies.
For galaxies with highest redshifts we observed the zero
overdensity. For nearest galaxies we observe the nega-
tive overdensity - underdensity.

We are able to explain the observations for interme-
diate and high-redshift groups of galaxies. We have
some difficulties with the nearest groups of galaxies.
Now we are perparing software for direct calculation of
imaging by globular clusters with full inclusion off all
stars (planets?). The first results obtained with this
software show, that it is possible that central image
produced by globular cluster can be high amplificated
at intermediate redshifts, but degenerated at low red-
shifts. It can be a good explanation of observational
data.

In the previous section of this paper we show a way
for selection the individual ELOs. Spectral observa-
tions of preselected objects will be performed in the
nearest time. We hope that at least part of these ob-
jects will show cosmological redshifts. It will be direct
spectral confirmation of our hypothesis.
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ABSTRACT. The results of a systematic magnetic
survey of the brightest northern MS stars are pre-
sented. A homogeneous and representative sample of
30 upper MS stars was observed. Both fast and slow
rotating normal and CP stars have been investigated
by the same technique. A limit in accuracy of magnetic
field measurements at a level of 10 G was reached for
the stars with sharp lines in spectra. A statistical anal-
ysis of the magnetic field strength distribution of MS
stars have been made. In the surface magnetic field
range, Bg = 0.1 + 100 kG, the distribution cannot be
represented by a single power relation. There is a real
break at Bs &~ 3 — 5 kG earlier suspected, and which
cannot be explained by observational selections only.
We discuss a possible mechanism of the break.The dis-
tribution of highly magnetic stars is represented by a
power law. It was shown that normalization of the
high—field part of the distribution could be obtained in
the study of the low—field part where the probabilities
of finding are much higher. The distribution of weakly
magnetic stars is flat. It is very similar to that of mag-
netic white dwarfs. It has been determined that there
are 7.2+ 8.7 % of MS stars with surface magnetic fields
higher than 1 kG among MS stars of B8 + F9 spectral
classes.

Key words: Stars: Magnetic fields: Magnetic survey:
Surface field strength distribution; stars: individual:
x Dra, a Aql.

1. Introduction

Magnetic fields can be found everywhere in the uni-
verse. The existence of a field was discovered in many
types of stars having different evolutionary status: pre—
main sequence stars, main sequence (MS) stars, subd-
warfs and degenerate objects such as white dwarfs and
neutron stars.

There is evidence that magnetic fields evolve dur-
ing star’s life (Glagolevskij 2001, Hubrig et al. 2000,
Valyavin & Fabrika 1999). In studying general mag-

netic properties of stars which are at different stages
one may hope to follow the magnetic fields evolution
from protostar to degenerate object. It is believed that
when MS star becomes a white dwarf, the field of de-
generate remnant are thought to form from the field
of its progenitor, MS star, by simple flux conservation.
But it is not clear how the field is preserved during the
convective giant phase. It can in principle be newly
generated by dynamo processes or these processes can
amplify initial field. To understand the ways of mag-
netic fields evolution after MS the general magnetic
properties of both MS stars and white dwarfs should
be analyzed and compared.

First statistical investigation of white dwarfs has
been done by Angel et al. (1981). And latter their
methods have been strongly improved by Fabrika et
al. (1997) and Fabrika & Valyavin (1999).

Progenitors of white dwarfs, upper MS stars, show
the presence of global magnetic fields. They has
been definitely and repeatedly detected in two hundred
MS stars, mainly chemically peculiar (CP) stars (Ro-
manyuk 2000). Their longitudinal field strength are
from a few 102 G to 10* G. But most of upper MS stars
do not seem to have a magnetic field. For a few bright-
est stars with narrow spectral lines very high precision
of measurements was obtained. Example of such data
are field measurements of Procyon (Landstreet 1982),
for which an uncertainty of 7 G was achieved. Only
about 10 upper MS stars have been measured so far
with error of less than 50 G (Wade at al. 2000). But for
all that stars no field has been detected. Are they dis-
tinguished group of stars or their fields simply less than
limit of measurements? Or may be they have complex
field structure? How frequent are the magnetic stars?
How many of stars are weakly magnetic? What is the
limit of global field strength that may occur in MS
stars? To answer all this questions one should analyse
the distribution of magnetic fields of a sample of MS
stars.

Based on all available longitudinal magnetic field
measurements of upper MS stars Bychkov et al. (1997)
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constructed such distribution. It reflects the ratio of
stars having surface magnetic field in interval Bg, Bg+
AB to the total number of stars. In logarithmic coor-
dinates log(Pg) = alog(Bs) + const the distribution
has been found to be almost linear in the range of sur-
face fields ~ 3 - 10° — 3 - 10* G, the spectral index is
a ~ —1.9. Bychkov et al. (1997) pointed out that con-
stant term const cannot be determined correctly. It
means that the total number of stars in the sample is
indefinite and the percentage of magnetic stars is un-
known. The magnetic field measurements have so far
been made basically in stars which are very likely to
possess magnetic fields, sharp lined CP stars. These
measurements are not homogeneous both in methods,
accuracies and selection criteria. Authors do not al-
ways publish null results. Thus the sample cannot be
considered as unbiased.

Bychkov et al. (1997) have also noted that the dis-
tribution can have a different behavior in the low—field
part, where the surface field is less than a couple of kG.

2. The magnetic survey: uncertainties of
measurements and promising candidates

We have started systematic magnetic survey of an
unbiased sample of upper MS stars with high accuracy
of measurements (Monin et al. 2000). The criteria for
stars to be included in the sample are as follows:

o stellar magnitude V < 470,
e luminosity class V,
e declination § > 0°.

Our sample of 57 stars represents well MS stars in spec-
tral classes B3 + F9. Chemically peculiar stars are
included in the list.

The magnetic survey is carried out on the coude
echelle spectrograph CEGS of the 1m telescope of the
Special Astrophysical Observatory. The spectra were
taken between March 1996 and June 2000. The total
number of observed stars is 30. The uncertainty of B,
is varied from star to star and is mainly determined
by signal-to—noise ratio, line contrast, and the number
of simultaneously measured lines. We used weighted
values of B;. The weighting is made over the signal-
to—noise ratio and central depth of lines. It improves
the precision of field estimates up to factor 2. The
measurements of slow rotating stars with a great num-
ber of measurable lines tend to be more precise. It
appears that the smallest error which can be reached
is 10 + 15 G. The remnant instrumental effects which
cannot be removed even by differential measurements
lead to the precision limitation at the level of 10 G.

Except for 4 well known magnetic stars, e UMa,
8 Aur, o CVn, 8 CrB, only two stars out of 30, x Dra
(F7V) and a Agl (A7V), have shown a global magnetic

field, which is slightly above the 3o level. Simultaneous
analysis of more than 500 metallic lines in the spectra
of x Dra gives B; = —45+—55+10+15 G. The field of
the same strength is detected from the Zeeman broad-
ening of the spectral lines. A search for magnetic field
in the fast rotating stars is more difficult task. The
accuracy is dependant on radial velocity. As compared
with slow rotating stars having the same brightness,
one needs to get better spectra quality (signal-to—noise
ratio) to have similar accuracies. Among fast rotating
stars being included in our list a Aql is the brightest
one. The most accurate measurement of its field gives
B; = 122435 G. It has been made using hydrogen lines
only. The field is detected at 3.5¢0 level. Further time
resolved spectropolarimetric observations are necessary
to ascertain if longitudinal magnetic field variation is
occur with a period of rotation. But the detailed study
of any star in the list is beyond the scope of the present
work. We conclude that x Dra and a Aql are likely to
possess a magnetic field. And they must be considered
as promising candidates.

3. The magnetic field function

Using the results of the magnetic survey, all pub-
lished high-accuracy observations of the brightest MS
stars and the published data on highly magnetic stars,
the magnetic field strength distribution of MS stars
(the magnetic field function) have been constructed
(Fig. 7).

The magnetic field function (MFF) is the probability
of finding a star with a surface magnetic field in the
interval Bg, Bs + AB per one G. Where measurements
give By rather than surface fields, we take the limit on
surface field to be three times of B; (Angel et al. 1981).
The probability can be evaluated as the ratio of the
number of magnetic stars to the total number of stars
observed with an accuracy which allows a magnetic
field to be detected in the interval. And it is supposed
to be constant within that interval. That intervals are
arbitrary chosen. We propose they should be two—fold.

There is a probability of null detection of a longi-
tudinal field because of the star rotation (Schmidt &
Smith 1995; Fabrika & Valyavin 1999). We can miss
magnetic star in isolated observation. The probability
is independent of the rotational period because an ob-
servation falls within a random phase of rotation. It is
determined by the accuracy of measurements and the
field strength. We take into account the probability of
null detection for each star. It reduces the probability
of finding a star.

The sample of 57 stars was used to get the MFF in
the range 60 G-8 kG. We obtained a field strength in
30 upper MS stars through our survey program. Let
recall that two of them are supposed to be magnetic. 27
additional stars were studied by other authors, mainly
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Figure 1: The MFF of the upper MS stars derived in
11 intervals of the surface magnetic fields. Horizontal
bars below show the interval boundaries. Open circles
and open triangles represent the upper and lower lim-
its respectively. Filled circles correspond to stars whose
a mean magnetic field modulus has been derived. The
dotted line is the best fit power relation to the filled cir-
cles with index —2.2. The line bends downwards where
the total probability becomes equal to 1 (see text). The
dashed line is the fit to the lower limits. The index is
—1.0. The Filled squares represent the probability in
the 2nd and 3rd intervals supposing x Dra and o Agl
to be magnetic.

by Landstreet (1982). For the sample we can set the
upper limits in the 6 low—field intervals (60 G—4 kG).
Not all of stars from the target list of the survey have
been studied so far. It may happen that some of them
are magnetic. An upper limit value is proportional
to 1 — {1 — (), where n is a number of stars in the
interval and @) is a significance level. @ was chosen
to be 0.75. Such significance level is strong enough.
There are 4 stars with well established magnetic fields
in the list. They were used to derive the lower limits.
The lower and upper limits in intervals 6 and 7 (2-
8 kG) are close to each other and, obviously, to the
true probability values. It is hardly probable that there
are other strongly magnetic stars among brightest MS
stars.

Measurements of mean magnetic field modulus of 49
stars with spectral lines resolved into magnetically split
components form the high—field part of the distribution
(Bs more than two kG). This data was taken from
Mathys et al. (1997) and Romanyuk (2000) (filled cir-
cles in Fig. ??). We have a poor knowledge of the
normalization factor in the high—field part because the
way in which the magnetic stars are discovered is far
from being systematic. The high and low-field parts
are intersected in both the 6th and 7th intervals. Be-
low a few kG the sensitivity of measurements of mean

magnetic field modulus is greatly reduced. So, in the
6th interval the frequency of magnetic stars is under-
estimated. We shifted the high—field part to bring it
into coincidence with low—field one in the 7th interval.
Thus, normalization factor of the high-field part of the
distribution is obtained in the study of the low-field
part where the probabilities of finding a magnetic star
are much higher. Indeed, below 8 kG the star frequency
exceeds 1/50. Therefore, it is necessary to observe a
few tens stars to find a magnetic one. In high-field
part the probabilities are lesser by two orders. So, one
should observe about 1000 stars to discover one with
a strong magnetic field. The precise measurements of
weak fields in unbiased sample of stars give a possi-
bility to analyse general magnetic properties in a wide
range of surface fields.

In the surface magnetic field range, Bg = 0.1 —
100 kG, the magnetic field function cannot be repre-
sented by a single power relation. The distribution of
highly magnetic stars is represented by a power law
with index —2.2 & 0.2. We confirm the steep slope
obtained previously by Bychkov et al. (1997). The dis-
tribution of weakly magnetic stars is flat, with index
—1.0+ —1.3. It is very similar to that of white dwarfs
(Fabrika & Valyavin 1999). There is a real break at 3—
5 kG earlier suspected by Preston (1971) and Mathys
et al. (1997), and which cannot be explained by obser-
vational selections only. Behavior of the MFF in the
low— and high—field parts is clearly different. Below a
surface field 1 kG the density of motions energy of mat-
ter and the density of the thermal energy in the atmo-
sphere of MS stars become higher than the density of
energy of magnetic field. The global field configuration
can become unstable. And a field can organize more
complex structures. Such fields do not detect through
Zeeman measurements. As a result the probability of
finding a star decreases.

The total probability in whole range must equal to
1. It is not so if the index is -1. We suggest that the in-
cidence of magnetism in the low—field part is somewhat
large. In fact, if ¥ Dra and a Aql are magnetic, the
probabilities in 2nd and 3rd intervals are significantly
higher (see Fig. 77). With the index -1.3 the limiting
field strength (where the total probability becomes 1)
is approximately 1 G.

The total probability of finding a star with a field
Bg > 1 kG among MS stars of B8 through F9 spectral
classes is 7.2 + 8.7%. There are about 205 MS stars
brighter than 570 on the northern sky. So, one may
expect about 18 highly magnetic stars among them.
14 such stars are in the latest catalogue of magnetic
chemically peculiar stars by Romanyuk (2000). One
may hope to discover some others. Considering the in-
cidence of the weak magnetic fields in MS stars, we find
that every 5—-6th star is expected to have a magnetic
field in the range Bg = 120 — 4000 G.
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4. Conclusion

The MFF is a powerful tool to diagnose general prop-
erties of stellar magnetism. A principal advantage of
this method is a possibility to derive statistics of the
data obtained in not systematic manner using measure-
ments (which include null ones) of unbiased sample of
stars. The distribution can be compared with those
of other type stars, for example, white dwarfs to fol-
low the magnetic field evolution. The essential result
is the presence of the break in the MFF of upper MS
stars. To understand its nature it is important to con-
tinue an extensive study of stars having a weak surface
magnetic field. Do most of them really have complex
magnetic field geometry?

In the future, we aim at completing the survey of
bright upper MS stars of luminosity class V and do the
same analysis for a sample of stars of luminosity class
Iv.
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ABSTRACT. We report the high-precision spec-
tropolarimetric measurements of the general magnetic
field (GMF) on a solar-like star 61 Cyg A. The mag-
netic field shows periodic variations due to stellar rota-
tion with a period of P,y = 36.59 £ 0.18 days. The net
longitudinal magnetic field of 61 Cyg A varied from -
13 G to + 4 G. The conclusion was made that the non-
axisymmetric large-scale magnetic field (original mag-
netic field - OMF) on the surface of the Sun and solar-
like stars € Boo A and 61 Cyg A is present in addition
to toroidal and axisymmetric poloidal fields, which are
produced by dynamo. The characteristics of the OMF
point to a presence of a global magnetic field in the star
radiative interior and reflect internal field properties on
the surface. The birth and formation of magnetic ac-
tive regions (ARs) on the surface of the solar-like star
61 Cyg A has been registered. The numerical simula-
tions were compared with magnetic measurements, and
lead us to the conclusion about the presence on 61 Cyg
A of more strong magnetic fluxes of ARs (~ 1023 —10%*
Mx) than on the Sun. These ARs can be formed at the
same latitudes as on the Sun.

Key words: Stars: late-type; stars: individual: 61
Cyg A, £ Boo A, Sun; stars: magnetic fields.

1. Introduction
1.1. SUN

The Sun is the only star for which detailed observa-
tions with very high spatial and temporal resolution are
available. The general magnetic field on the Sun, seen
as a star (GMFS), is the surface-averaged value of the
longitudinal component of small- and large-scale mag-
netic structures (Severny 1969; Scherrer et al. 1977;
Kotov et al. 1998). Small-scale magnetic structures

are one manifestation of the large-scale, organized mag-
netic field on the Sun.

As we believed, there are two main components of
the large-scale magnetic field on the Sun in terms of
standard a-w dynamo:

1). The magnetic field at the base of the convec-
tion zone of approximately toroidal geometry with a
field strength in the range (3-10)x10* G and mani-
fests itself when magnetic loops emerge on the surface
in bipolar active regions. The latitude distribution of
the toroidal field is mirrored by the observed active
latitudes. In the northern and southern hemispheres
of the Sun the directions of the azimuthal field com-
ponents are reversed and the direction of these fields
changes cyclically with a period of about 22 yr.

2). The second component of the large-scale field
is an axisymmetric poloidal field (essentially a dipole)
that also changes its polarity with a period of about 22
yr. The poloidal dipole reaches peak values of about
2-3 G on the surface of the Sun during minima, of spot
activity (see, for example, Zhang, Zirin, and Marquette
1997).

Variability of the GMFS with the synodic rotation
period of 26.92 days is shown in Figure 1 (see Plachinda
and Tarasova 2000). The average daily values of the
GMFS from 1968 to 1997 (N = 10838 measurements)
were kindly provided by Kotov V.A. and Haneychuk
V.1 (1999, private communication). Results of GMFS
observations obtained at three observatories (Crimean
Astrophysical Observatory, 1968 — 1976; Mount Wil-
son Observatory, 1970 — 1982; Wilcox Solar Observa-
tory of the Center for Space Science and Astrophysics
of Stanford University, 1975 — 1997) were used as the
basic data. The full rotation period is plotted twice
on the X-axis. Filled circles are measured data binned
into 16 bins, and error bars are rms errors above the
binned means. One can see that during 29 years of
observation of GMF of the Sun as a star, the excess of



220

Odessa Astronomical Publications, vol. 14 (2001)

the positive magnetic flux dominated on one side of the
Sun, the excess of the negative flux dominated on the
opposite side, and GMFS does not reverse its polarity
with the 22 yr solar cycle period.

1.2. ¢ Boo

The first observational study of the general magnetic
field (GMF) as a function of rotation on a solar-like
star other than the Sun was carried out for £ Boo A
(Sp G8 V) by Plachinda and Tarasova (2000). The
magnetic field variations on & Boo A phased with the
rotation period of 6.1455 days are represented in Fig-
ure 2 (see Plachinda and Tarasova 2000). Magnetic
field measurements are in gauss and the total period
is shown twice. The ”X” shows the single measure-
ment by Brown and Landstreet (1981), obtained with
multislit magnetometer. Measurements obtained by
Borra et al. (1984) using the multislit magnetometer
are shown by filled triangles and by small open trian-
gles as well. Measurements obtained with Stokesme-
ter by Hubrig et al. (1994) are shown by filled circles
and by small open circles. Results of observations pre-
sented by Plachinda and Tarasova (2000) are shown by
filled squares. Small open circles and triangles repre-
sent data that lie out of the supposed curve of magnetic
field variations with rotational period. Bars are mean
values of rms errors of every type of measurements.
The GMF of the £ Boo A varies from -10 G up to +30
G as a function of stellar rotation phase and the phase
of the polarities has remained constant for about 16 yr.
& Boo A is more young and more active solar-like dwarf
than the Sun with variability of the Ca I emission but
without clearly expressed solar-like periodicity of the
activity (Baliunas et al. 1995).

1.3. 61 Cyg A

Cyg A were made at the Crimean Astrophysical Ob-
servatory and at the McDonald Observatory. This star
has the same level of activity as the Sun and clearly
expressed solar-like Ca II emission periodicity 7.3 yr
(Baliunas et al. 1995). We find significant power in
the magnetic field variations with a period equal to
Py = 36.59 £ 0.18 days. The rotational period Py,
which determined using magnetic field measurements is
smaller than the rotational period P, determined using
the variability of Ca II H and K line index S both for &
Boo A (P; = 6.2 and P,y = 6.1455 days) and 61 Cyg
A (P, =379 and P,y = 36.59 days). Furthermore, for
& Boo A Toner and Gray (1988) determined the period
of 6.45 days from the variations in line asymmetries
and temperature. We supposed that observed discrep-
ancy in the values of the rotational periods for £ Boo
A and 61 Cyg A can be caused by differential rotation

of these stars. The magnetic field variations on 61 Cyg
A phased with the rotation period are represented in
Figure 3. Magnetic field measurements are in gauss
and the total period is shown twice. Phases are cal-
culated with a zero epoch at the positive extremum of
the magnetic field: HJD(;42) = 2,450,989.20 + 36.59
=+ 0.18, where HJD is the Julian Date in the heliocen-
tric coordinate system. Measurements obtained using
2.6-m Shajn telescope are shown by filled and open cir-
cles, and measurements obtained using 2.7-m Harlan J.
Smith telescope are shown by filled and open squares.
The filled down triangle shows the single measurement
by Borra et al. (1984), obtained with multislit magne-
tometer. Single measurement obtained by Brown and
Landstreet (1981) using the multislit magnetometer is
shown by open up triangle. The measurements, which
lie out of the fitting curve more than 3 o were single
out by open signs. If deviations of the measurements
from a curve in following night or in one-two nights
exceeded 2 ¢ they also were designated by open sym-
bols. Dashed arrows connect progression of the obser-
vations in time for lie out points. The solid curve was
obtained by least squares fitting numerical simulations
for the filled signs. We used magnetic configuration
that was produced by two centered magnetic dipoles:
the axis of the first dipole coincides with rotation axis
of the star (axisymmetric dipole) and axis of the sec-
ond dipole lies in the plane of rotation equator of the
star (nonaxisymmetric dipole). We do not know geo-
metrical structure of a global magnetic field of this star
therefore the values of both formal magnetic churches
of the dipoles were taken equal each other (by anal-
ogy to the Sun, where magnitudes of the axisymmetric
dipole and general magnetic field of the Sun as a star
are close on values and varies in the range 0.2 - 3 G).
For the case of such approximation conditions there is
a unique solution for the angle between the rotation
axis and the line of sight, i = 52°, and for the polar
strength of the field of both dipoles, B, = & 34 G. The
error in standard deviation of the magnetic field mea-
surements (filled signs) concerning the fitting curve o
= 1.9 G. The best fitting curve in the case of modeling
by one dipole is practically coincides with the found
curve for two dipoles, but in the latter case i = 33°,
B, =+60Gand s =19G.

These abovementioned high-precision spectropolari-
metric measurements open up the question: Whether
GMF contains the third large-scale component of the
common magnetic field on the Sun and solar-like stars
or it is the surface-averaged value of the longitudinal
component produced by presence of the toroidal and
azisymmetric fields only? In particularly, Plachinda
and Tarasova (2000) hypothesized that the GMF is
observed as a bicomponent magnetic field composed of
a large-scale axisymmetric magnetic field and a large-
scale nonaxisymmetric magnetic field. A possible con-
tribution to the GMF by strong local magnetic fields
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(manifestation on the star surface of the toroidal large-
scale component) similar to solar active regions was not
considered, because authors assumed the mutual can-
cellation of opposite polarities typically found in active
regions.

2. General Magnetic Field

According to theoretical researches executed by Mes-
tel (1967), Alfven (1981), Rudiger and Kitchatinov
(1977), Gough and MclIntyre (1998), MacGregor and
Charbonneau (1999), Schussler (1975), Parker (1981),
Dudorov et al. (1989), and Kitchatinov, Jardine, and
Cameron (2001) we can build following scenario:

1) a magnetic flux (primordial magnetic field) is cap-
tured from a protostellar cloud by the forming star;

2) pre-main sequence rotating fully convective star
(Hayashi-phase) can drive hydromagnetic dynamos;

3) the dynamo-generating field is incorporating into
the growing radiative core;

4) magnetic field of the radiative core is largest for an
orientation normal to the rotation axis of the star (non-
axisymmetric field); 5) Gough and McIntyre (1998):
7 ...t seems unlikely that the rapidly oscillating field
associated with the solar cycle would contribute signif-
icantly to the dynamics in the radiative zone, particu-
larly in view of the 10® yr tachocline ventilation time”
(stability of the internal magnetic field).

On the other hand, today we have measurements of
the GMF for three solar-like star: Sun (observations
average about 30 yr), £ Boo A (observations average
about 16 yr), and 61 Cyg A (observations average 2 yr).
In all three cases nonaxisymmetric large-scale compo-
nent of the field is present. For the Sun the reverse of
the nonaxisymmetric field sign with activity cycle is ab-
sent. For £ Boo A phases of GMF field variability also
remained to be a constant without the reverse of the
sign in contradiction to a non-periodic long-time vari-
ability of the Ca II emission. These coincidences on the
one hand of abovementioned theoretical conclusions of
different authors as well as results of their numerical
simulations and on the other hand the observed data
(the presence of the nonaxisymmetric large-scale field
component and the absence of the sign reverse with pe-
riodicity of the activity (Sun) or with non-periodic time
of the activity (£ Boo A) allows us to make the assump-
tion that the nonaxisymmetric large-scale component
of GMF is really present and its characteristics point
to a presence of a global magnetic field in the solar-like
radiative interior and reflect internal field properties
on the surface as well. We define the nonaxisymmet-
ric large-scale component of GMF ag the ”origin mag-
netic field” (OMF), meaning that this field point to
a presence of a global magnetic field in the solar-like
star’s radiative interior beneath the tachocline, reflect
its properties on the surface of the star, and this field

can be initial magnetic field for hydromagnetic dynamo
of solar-like stars. If nonaxisymmetric field is really a
large-scale component then it is necessary for taking
into account OMF both at modelling a dynamo and at
an explanation of phenomena of activity. Kitchatinov,
Jardine and Cameron (2001) assume that the presence
of the nonaxisymmetric field rooted in the core may be
the reason why the solar activity statistics lack axial
symmetry. Besides, a superposition of the nonaxisym-
metric field of internal origin with the toroidal field of
the axisymmetric dynamo makes an enhanced field on
the longitude region where both fields coincide in sign
and it makes a decreased field where both ones have
opposite signs (phenomenon of the active longitudes
observed in solar and stellar activity (in the last case
see Berdyugina and Tuominen (1998) and Korhonen et
al. (1999)). Also the observed alteration of high and
low activity cycles on the Sun is explained in terms of
a weak internal magnetic field (Pudovkin and Benev-
olenskaya 1984).

3. Local Active Regions on
the Surface of the 61 Cyg A

The greatest duration of observable magnetic disbal-
ance on 61 Cyg A (see Figure 3) is only four days, while
the period of rotation P,.,; = 36.59 £ 0.18 days. What
is nature of these events? We have rejected the hy-
pothesis of short-time variations of the GMF because
we have not found real arguments for the benefit of
such assumption. After numerical simulations, using
the spots of the round form with dipole geometry of
the magnetic field, we have rejected also the hypothe-
sis about unipolar very big spot, which crossing the
visible hemisphere of the star near the limb. It is
not possible to approximate the observed behaviour of
the longitudinal field component without rapid chang-
ing in time of dipole parameters. Additionally, the
strength of such spot field must be 60,000-70,000 G.
It not seems real, because for more active M dwarfs
Saar and Linsky (1985), Saar (1994), and Jochns-Krull
and Valenti (1996) detected spot magnetic fields not
exceeding 5 kG. Furthermore, Savanov and Savelyeva
(1996) using Stenflo-Lindergen method detected spot
magnetic fields for 61 Cyg A By = 1300 £ 250 G, but
f, filling factor, is unknown value.

Owing to the above we have assumed the following.
Open circles and squares indicate the process of emer-
gence in the atmosphere of a first ”preceding” part of
the active region (complex of the magnetic flux tubes of
one sign), and after that, with a time lag, a second ”fol-
lowing” part of the active region with opposite sign of
flux that compensates registered disbalance of the ob-
served magnetic field emerge on the surface. In other
words, it is supposed that the birth (stage of the dis-
balance growth) and formation (stage of the disbalance
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compensation) of magnetic active regions on the sur-
face of the solar-like star 61 Cyg A has been registered.
It do not seems impossible that the occurrence on the
surface of one magnetic polarity outstrip another, and,
in result, a balance of total magnetic flux on the sur-
face can be broken for a short time. As we know for the
Sun, first manifestation of a new bipolar active region
in the solar atmosphere is the appearance of a small,
compact and bright bipolar plages (Sheeley 1969). In
different terms, an emerging flux region is caused by
the emergence of the top of a loop bundle, shaped as a
peaked arch, consisting of many magnetic flux tubes.
It is meaning that areas of strong magnetic field of one
sign are paired with strong, adjacent fields of the oppo-
site sign during first manifestation of magnetic flux of
new active region (AR) on the surface. In this case we
can not register the disbalance of the magnetic flux be-
cause occur the mutual cancellation of opposite polar-
ities, and therefore the GMF is registered only. What
is necessary for receiving the observed short-time mag-
netic disbalance? One can supposed follow most simple
scenario: 1) the rising magnetic loop (as complex of the
magnetic flux tubes) must be broken off by motions of
the matter and after that 2) the passage outside on a
surface both arms of the magnetic loop with opposite
signs should not be synchronous. Owing to the above
the magnetohydrodynamic computation of the process
of the magnetic flux tubes capture and avulsion by con-
vective motions of the matter, as well as more detailed
observations, are needed to build an actual picture of
the observed disbalance events on the 61 Cyg A.

What parameters of AR on the surface of the 61 Cyg
A are necessary to describe observed events of the dis-
balance? One can see there is no unambiguous solution
because excessive number of free parameters: coordi-
nates, magnetic flux, and size of area. Therefore the
question needs to be restated: Whether there are solu-
tions which would be relative to parameters (flux, size,
and latitude) of ARs on the Sun? Such type question
based on the general ideas today about analogies of
processes of activity on the Sun and late-type stars, be-
cause we have a wealth of evidences for such analogies.
Alekseev and Gershberg (1997) have successfully ap-
plied models of a zonal spottedness of G - K - M dwarfs
in order to study the photometric rotational variabil-
ity of these stars. The our numerical simulations were
compared with magnetic measurements, and lead us to
the conclusion about the presence on 61 Cyg A of more
strong magnetic fluxes of ARs (~ 1023 —102* Mx) than
on the Sun (~ 5 x 1022 Mx). These ARs can be formed
at the same latitudes as on the Sun.

4. Summary

1) The magnetic field on a solar-like star 61 Cyg A
shows periodic variations due to stellar rotation with a

period of 36.59 days and varies from - 13 G to + 4 G.

2) The supposition that observed discrepancy in the
values of the rotational periods for £ Boo A and 61 Cyg
A can be caused by differential rotation of these stars
was made.

3) The conclusion was made that the nonaxisymmet-
ric large-scale component on the surface of the Sun and
solar-like stars € Boo A, and 61 Cyg A is present, in
addition to toroidal and axisymmetric poloidal fields,
which produced by dynamo. The characteristics of the
OMF point to a presence of a global magnetic field
in the stars radiative interior and reflect internal field
properties on the surface.

4) The birth (stage of the magnetic disbalance
growth) and formation (stage of the magnetic disbal-
ance compensation) of magnetic active regions on the
surface of the solar-like star 61 Cyg A has been regis-
tered. The occurrence on the surface of one magnetic
polarity outstrips another, and, in result, a balance of
total magnetic flux on the surface is broken for a time
of the AR formation.

5) The conclusion about the opportunity of the pres-
ence on 61 Cyg A of more strong magnetic fluxes of
active regions (~ 102% — 102* Mx) than on the Sun
(~ 5 x 10?2 Mx), which can be formed at the same
latitudes as on the Sun, was made.
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ABSTRACT. We show, that different types of iso-
lated neutron stars (INSs) show evidence in favor of
magnetic field decay in these objects and discuss how

observations of INSs can help to constrain models of
field decay.

Key words: Stars: neutron, magnetic fields.

1. Introduction

Evolution of isolated stars of any type is much more
simple in comparison with the case when the object is a
member of a close binary system, where mass transfer
takes place. That is why looking for some undetected
process it is much better to search for it in a more
simple isolated case.

In this short note we will speak about magnetic field
decay (MFD) in neutron stars (NSs), see the paper by
Konenkov and Geppert (2001) for recent calculations
of MFD. Of course it is much more convenient to dis-
cuss this process in INSs, where there is no influence
of strong accretion from the second companion.

In some details we will discuss anomalous X-ray pul-
sars (AXPs), soft gamma repeaters (SGR) and ROSAT
INSs (RINSs). See for recent reviews on SGRs (Hurley
2000), AXPs — (Mereghetti 1999), RINSs — (Treves
et al. 1999, Popov 2001). In the final section we briefly
review indications of MFD in other types of INSs.

2. Soft gamma repeaters and anomalous X-
ray pulsars: period clustering for magnetars

Most probably AXP and SGR are ultramagnetized
INSs, so called magnetars (Duncan, Thompson 1992).
The alternative hypothesis that these objects are young
INSs accreting from a remnant (fall-back) disk meets
difficulties (see Kaplan et al. 2001 and Duncan 2001
for a recent discussion on difficulties of both models).

The main feature of SGR and AXP which we are
going to discuss here is period clustering: periods of
all this objects are situated in a very narrow range 5—

12 s (see the table). This phenomenon can be easily
explained by MFD. We follow here Colpi et al. (2000).

The authors discuss three main mechanisms of the
MFD in magnetars (in normal NSs mechanisms can be
different): ambipolar diffusion in the irrotaional and
solenoidal modes and the Hall cascade. For all three
cases Colpi et al. calculate p—p diagrams.

They obtain that if the Hall cascade is the main
working mechanism and if typical decaying time scale
is ~ 10* years, then it is possible to explain the ob-
served data. For these parameters INSs reach asymp-
totic periods, i.e. their spin rate is not changing sig-
nificantly during their subsequent evolution. The pe-
riod “remembers” the value it had before the magnetic
field significantly decrease as far as spin-down rate is
strongly dependent on the value of the magnetic field.

Note, that as far as during MFD the NS’s crust is
heated, this phenomenon is necessary to explain rela-
tively strong thermal radiation of these sources.

3. Seven ROSAT INSs: old accretors or/and
young coolers

Now we know seven RINSs (Treves et al. 1999,
Zampieri et al. 2001). Their nature is not clear. They
can be young cooling or old accreting INSs. For three
of them spin periods are determined (see the table). In
this section we will try to show, that in both alterna-
tive hypothesis it is necessary to introduce MFD.

3.1. Old accretors

Old low velocity INSs can reach accretion stage (see
a recent review in Treves et al. 2000). In (Popov et
al. 2000a,b) we calculated evolution of populations of
INSs in order to explore relative numbers of INSs at
different stages. One of the result is that without MFD
it is impossible to explain the observed population of
RINSs by old accretors.

Fitting parameters of decay it is possible to obtain
necessary number of accretors. It is unexplored yet
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Table 1: Periods of INSs (from Mereghetti 1999, Hurley
2000, Treves et al. 2000, Zampieri et al. 2001)

Source Type | Period, s
1E 1048-59.37 AXP 6.44
AX J1845-0258 AXP 6.97
1E 22594586 AXP 6.98
4U 0142+61.5 AXP 8.69
RX J1708.49-400.90 AXP 11.00
1E 1841-045 AXP 11.77
SGR 1900+14 SGR 5.16
SGR 1627-41 SGR 6.41
SGR 1806-20 SGR 7.48
SGR 0526-66 SGR 8.1
1RXS J130848.6+212708 | RINS 5.15
RX J0720.4-3125 RINS 8.37
RX J0420.0-5022 RINS 22.7

if it is possible to explain the observed log N — log S
distribution.

After the first period determination for RINS was
announced (Haberl et al. 1996) two papers appeared,
in which authors explained this period as a result of
MFD in old accreting INS, (Wang 1997, Konenkov,
Popov 1997).

The idea is the following. For such short periods and
typical parameters of INSs and interstellar medium ac-
cretion is not aloud. The only possibility is that the
magnetic field is very low, ~ 108 G. If the NS was
born with such field and typical period of a young NS
(about 20 ms), then it is impossible to decrease spin
period up to 8.4 s even in 10'° years! So, the INS
should be born with "normal” pulsar parameters, and
then magnetic field decays and the period again ”re-
members” the value, when the field was strong.

3.1.1 Constraints on magnetic field decay

If we assume, that accreting INS are really observed,
then we can put limitations onto the models of MFD.

MFD can both increase and decrease number of ac-
cretors (Colpi et al. 1998, Livio et al. 1998, Popov
et al. 2000a). In (Popov, Prokhorov 2000) we tried
to estimate these limitations for exponential decay,
W= fto€xp —t/tq, > pp. In this case we can discuss
two parameters: time scale, t4, and bottom magnetic
moment, uy. The later is the value, when decay stops.

For typical ”pulsar” parameters of NSs we find out
that intermediate values of the bottom magnetic mo-
ment, 1028 Gem® < py < 10295 Gem?, and time scale,
107 yrs < tg < 108 yrs, are forbidden.

3.2. Young coolers

If we try to explain all observed RINSs as young
cooling NSs, then we come to a conclusion, that log
N — log S distribution can not be explained with-
out an assumption that the total number of INSs is
higher than the one derived from radiopulsar statistics
at least locally in time (< 107 years) and space (< 300
pc around the Sun) or that the time, when an INS is
still hot, is longer than it is assumed in standard mod-
els of NS cooling (Netlihauser, Triimper 1999, Popov et
al. 2000Db).

Such high rate of recent supernova explosions in the
solar vicinity is in wonderful correspondence with re-
cent results of computer simulations of the Local Bub-
ble formation (Smith, Cox 2000, Maiz- Apell4niz 2001).
These authors argue, that it is necessary to have at
least 3-6 recent (< 107 yrs) bursts in the region close
to the Sun and the youngest explosion should appeared
less than < 10® years ago. Other data (even geophys-
ical!l) also supports recent and close supernova, explo-
sions.

As far as it is necessary to introduce magnetars in
order to explain periods of RINSs, we can also ask
why relative fraction of ultramagnetized NS is so high
among RINSs. The answer can be the following: due
to MFD the crust of the INS is heated, and it can stay
hot for a longer time. This effect is especially impor-
tant for magnetars, that is why their fraction is so high.

3.8. ROSAT INSs: mized population?

As the nature of RINSs in unclear they can be not
a one-type population, but a mixture of coolers and
accretors.

It is very difficult to distinguish between cooling and
accreting INSs. The only case, about which most of sci-
entists are sure that it is a cooler, is RX J185635-3754.
For this object parallax, proper motion and many other
characteristics are known (see Pons et al. 2001 for the
latest information about this object).

Log N — Log S calculations (Popov et al. 2000b)
show, that it is nearly impossible to explain significant
part of RINSs by accretors with constant field. Nobody
made careful population synthesis for isolated accre-
tors with MFD. Most probably it is possible to find
parameters for which we can explain log N —log S dis-
tribution with accretors with decayed magnetic field,
but the exact answer should come from observations.
Future observations of p of RX J0720.4-3125, RBS1223
(1RXS J130848.6+212708) and RX J0420.0-5022 can
provide direct evidence for field decay in INSs and help
to distinguish between two interpretations.
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4. Discussion

Here we briefly discuss types of objects which are
not described in details in previous sections.

Pfahl and Rappaport (2001) suggested, that some of
dim X-ray sources in globular clusters can be old ac-
creting INSs. In our paper (Popov, Prokhorov 2001a)
we checked this possibility with a simple population
synthesis model, and found, that results of calculations
were not in contradiction with observations.

As far as no spin periods are observed for these ob-
jects one can suggest two hypothesis: very long spin
periods (see for example Popov, Prokhorov 2001b for
discussion about spin periods of old accreting INSs) or
accretion onto significant part of the NS’s surface due
to small magnetic field (Popov, Prokhorov 2001a). Rel-
atively low temperatures of dim X-ray sources suggest,
that accretion proceeds not onto small polar caps, cor-
responding to fields < 10° G (such values of magnetic
field can be reached in these extremely old objects due
to MFD). It can be an indication, that between two
hypothesis the second one is closer to reality.

It was suggested (Popov 1998), that a compact X-ray
source inside the supernova remnant RCW 103 can be
a relatively old accreting INS, and the remnant itself
was produced by an explosion of the secondary com-
ponent of a binary system. The object does not show
any modulation of radiation on short time scales (which
can correspond to spin period), but demonstrates flux
variability on long time scale (years). It can be an
indication of accretion onto very large polar caps, cor-
responding to low magnetic field (< 10° G). As far
as such values are not typical for most part of known
young NSs (i.e. radiopulsars), one can suggest, that
magnetic field significantly decayed during the lifetime
of the NS.

We conclude that different types of INSs show evi-
dence for magnetic field decay.
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ABSTRACT. Original integral interconsistent and
interconnected magnetohydrodynamical system of pe-
riodicities and resonances over their long-time variabil-
ities is developed. The study is based upon three differ-
ent observed secondary periods in 8 Lyrae system and
taking into account geometrical features of the non-
standard magnetic field in a losing star, as well as due
to the asynchronizm of the orbital and rotational peri-
ods.

Key words: Stars: binary: cataclysmic; stars: indi-
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1. Introduction

It should be recognized that after twenty years of
magnetic field research of the § Lyrae system (Skul-
sky 1985, 1986, 1990; Skulsky and Plachinda, 1993)
our comprehension of the subject appears to be insuf-
ficient. Existence of the losing star (hereafter, loser) as
the magnetic rotator in an interacting close binary sys-
tem should produce complex causal relationships and
their detection could occur unexpectedly. Recently we
have shown this with the example of the first stage
of nature studies of the three mostly observable sec-
ondary periods in their detected relationship with the
magnetic field geometry of the loser (Skulsky, 2000).
To develop our ideas we present here certain results of
further studies of nature of this phenomenon. Firstly,
we will characterize these secondary periods and elab-
orate the matter of the issue.

2. To physics of observational second periods.

The first of these periods has a century-old prehis-
tory of researching the long-term changes of the light
curve. However, similar and reliable data concerning
such changes in the shape of the light curve between its
two extremes, namely with the duration of 240d and
(275+20)d respectively, were presented in relatively re-
cent studies by Alduseva and Kovalenko (1976) and
Guinan, (1989). Yet, Van Hamme et al., 1995 found

the period of (283.39+0.26)d due to the deviations
from 150 years-averaged light curves; and Harmanec et
al., 1996 found the period of (282.4254+0.070)d with the
amplitude of A=0."0326 £ 0.0.0008 with the similar
procedure for the averaged light curve using the most
accurate observations available over the last 36 years.
Only then, was the secondary period of (283+1)d con-
sidered a fact. It was unclear why such a considerable
difference (much more than 3¢) in 0.965d for the value
of this period was obtained by the two groups of scien-
tists, as well as the reasons of existence of this period
itself and its physical nature.

The second of these periods, a much shorter one
of 4.74d was given in Harmanec’s et al. (1996) as
well. This period is detected by the deviations from
averaged curves of radial velocities of strong emis-
sion lines (which were obtained with the use of the
most accurate available measurements along with our
CCD-observations at the 2.6 m telescope - Skulsky and
Malkov, 1992; Skulsky, 1993). They have assumed cer-
tain causal relationships between long- and short-term
periods (let us denote them as T and T; respectively)
and orbital period P, which is more conveniently to
express analytically as:

Tt =3Pt -2 (1)

Trying to understand the nature of secondary peri-
odicity, we have noticed (Skulsky, 2000) that the pe-
riod T; in the scale of orbital cycle is almost in phase
agreement with the first extremum of magnetic field
of the loser. This was considered rather strange, since
the third independently observed 1.85d secondary pe-
riod (which is the seventh part of the orbital period)
with high amplitude of variable parameter, which we
had discovered earlier while performing the absolute
spectrophotometry in the H, a line (Burnashev and
Skulsky, 1980), was also clearly revealed during obser-
vations of magnetic field strength at the loser surface
(Skulsky, 1990; Kosovichev and Skulsky, 1990; Burna-
shev and Skulsky, 1991). Therefore, we had sufficient
background to assume, that there could exist a cer-
tain causal relationships between these three observ-
able secondary periods. This is more so if we take into
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consideration the existing, already clear correlations of
magnetic field strength curves with change curve the
flux of radiation with phase in H, a line, with the radial
velocity curves of emission lines (Burnashev and Skul-
sky, 1991; Skulsky and Malkov, 1992; Skulsky, 1993).

Having analyzed the relationship between T; and
T3, we presumed (Skulsky, 2000) that: there should
exist yet another secondary period with the duration
of Ty 2T1+T/2 in the 8 Lyrae system, which is phys-
ically similar to T; (it means period T3 should be in
phase coincidence with the second extremum of mag-
netic field of the loser, and periods T; and Ty should
reflect the magnetic field axis orientation); period Ty
should be determined by an equation similar to the
(1) equation; long-term period T could arise as (ana-
logue) the particular case of beating period for two
much shorter paired periods T; and T5. This equation
was found to be expressed as follows:

P (2)

Solving the system of equations (1) and (2) brings
forth in the simple relationships

9T\ Ts
P=_—"" d
3Ty +om,

_’nrn 2TV\Ts P 3)
3TN -2T, ATV, — P(Ty+Th)’
which remind us of classical formulas for the resulting
period and beating period of the oscillations with close
periods:

T

2T Ty
T+ 15

T,

Tres = = .
res T, — T,

Ty

and

4)

These relationships have confirmed our assumptions
and their studies have led to the detection of several
other periods. For example, more fully set of periods
associated with the season of 1980, taking into account
the variability of the orbital period (corresponding cor-
rections were made in the equation (1) by Harmanec
et al., 1996), is expressed as follows (Skulsky, 2000):

P =12.9355d,

T, = 4.746634d,

T, = 10.932617d,

T = 282.42524d,

P, = 2T = 564.85158d,

Tres = 6.619338d,

Prot = Prag = 2Tes = 13.238675d

Finally, this has allowed us to make certain conclusions,
most of them also presented in the paper of Skulsky,
2000:

1. Secondary periods of T;, Ty and T are in the
causal resonance interaction between each other
and the orbital period.

2. When expressing T; and Ty periods as the phase
fractions of the orbital period their determinations
is preset by the structure and geometry of mag-
netic field of the loser, and they are almost pro-
jections of magnetic field dipole axis to the orbital
plane.

3. When rotational and magnetic periods of the
loser rotation are equal, their values are
Prot=Pmag=2Tres (due to (4) formula Tres is re-
sulting for periods T; and Tq, which are strictly
connected with the geometry of magnetic field
of the loser), which exceed the orbital period by
several percents, but then the beating period of
the orbital and rotational periods of the loser is
equal to Py=2T and is the fundamental one, and
observations-based period T being its first har-
monics, by its physical nature is a running tidal
wave at the loser surface.

4. Difference in AT=0.965d between T values, ob-
tained by the deviations from averaged light
curves by two groups of scientists Van Hamme
et al.,, 1995 and Harmanec et al., 1996, is the
consequence of variability of the orbital period
and is caused by the observation sampling which
were used for formation of these independent
light curves (time difference of the efficient for-
mation is equal to 60 years, and increment of the
orbital period over these years is AP=0.0131d,
which caused corresponding changes of related
periods T1, T2 and T; in this case period
T=(282.4254+0.070)d concerns the averaged light
curve with the center in the season of 1980, and
the period T=(283.394+0.26)d — in the season of
1920 respectively.

3. Interconnected magnetohydrodynamical
system of periodicities.

Therefore, yet before starting the present study, we
already had the unconventional concepts about the na-
ture of the observed secondary periods and even discov-
ered three new periods Tq, Py, Py, thus reaching a
certain level of confirmation of the asynchronism of the
loser. To the aggregate, conclusions made and the new
set of periods claim also that there exits certain group
of interconsistent periods in the § Lyrae system, with
the pair of adjusted periods T; and T being the basic
one. This fact convinced us to perform a deeper study
of the nature of secondary periodicity in the 8 Lyrae
system, which was based on the following statements
and predictions: there are two axes in the 8 Lyrae sys-
tem (gravitational axis, passing through the centers of
the both components, and magnetic axis of the loser),
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which spatial location is considerably different along
the phase of the orbital period, and this effects on the
passing of physical processes in the system; the real
magnetic field of the loser has a complex configuration
and its magnetic axis could not be the straight line of
the classic dipole, in particular, presented above set of
the secondary periods could be considered as the result
of about +0.01P discrepancy of Ty and T9 periods (as
phase fractions of the orbital period), with the values
of phase angles of the averaged axis of magnetic field
dipole (due to the observations at the 6 m telescope
and solution of averaged magnetic field strength curve,
the field maximum and minimum are equal to 0.355P
and 0.855P — Skulsky, 1990; Burnashev and Skulsky,
1991).

In other words, our predictions are based on the
statement of non-standard magnetic field structure
(one may predict its noticeable quadrupole component,
loser asynchronism should be important here as well).
This reinforces our assumption that the straight line
passing through the loser center and phases of 0.355P
and 0.855P of field maximum and minimum of the av-
eraged magnetic field strength curve, is only an imag-
inary dipole axis, and the real magnetic field dipole
is either a little curved or has some other deviations
from a line (let us call it ”broken dipole”) and ap-
pears at the loser surface in another phases of the
orbital cycle. However, it corresponds to the phase
angles of the periods T;=4.746634d=0.366946P and
T2=10.932617d=0.845164P (by the calculations for the
light curve, presented by Harmanec et al., 1996, which
we have centered for the season of 1980). In this case
one may predict that the pair of adjusted periods T,
and T, is not unique as well, and the group of already
discovered periods should be the fragment of yet more
full system of periods, which are in a causal relation-
ship between each other. One of them should be the
period of 1.85d which we had discovered earlier. It is
also observed at the magnetic field strength curve of
the loser.

These ideas are presented at the figure, where the
loser and gainer are defined with the cross-section of
their Roshe surface in the orbital plane. The magnetic
field dipole axis of the loser (according to the solu-
tion of averaged magnetic field strength curve it passes
along the phases of 0.355P and 0.855P) is designated
by the thin straight line H,. Phase angles 0.367P and
0.845P, which correspond to the periods T1 and Ty of
the "broken dipole”, are given with the thicker lines.
Agsuming that the direction of these lines corresponds
to the direction of real magnetic field axis, which spa-
tial location does not depend on the gravitational axis
of the binary system, we see that the determination of
T; and Ty periods as the phase angles in relation to
the gravitational axis is arbitrary. Such angles for ex-
ample could be counted from the 0.5P phase also; one
of them could be counted from the 0.0P phase and the

other one from the 0.5P phase or, vice versa. There are
eight such variants of adjusted pairs of periods. We will
present here only the results of the interaction of four
of them. Let us denote as Ty 7 and T ; the first vari-
ant of adjusted and paired periods which corresponds
the set of periods (5). Another three variant II-IV are
given in the table, and these pairs of adjusted periods
according to the figure above are defined as follows:
T1,rr=0.5P-T ; and Ty ;;=P-T3 1; T1 r77=T1,r and
T2,1112T2’1—0.5P; Tl’IV:TQ’I and T2,1V2T1,1+0.5P.
Values of three corresponding resulting periods T,q 1
are also given in the table, which are calculated from
the formula (4) as well as the value of Tpeg 1.

0.75P

0.0P

0.25P

Figure 1: Sketch of the § Lyrae system.

II variant

Ty ;1 = 1.721116d = 0.133054P
Ty 1 = 2.002883d = 0.154836 P
Tres 1 = 1.851340d = 0.143121P
P/Tyes1r = 6987127

IIT variant

Ty 111 = 4.74663d = 0.366946 P
To, 111 = 4.464867d = 0.345164P
Tres 111 = 4.601441d = 0.355722P
P/Tres,III =2.8111%2 14/5

IV variant

Ty v = 10.932617d = 0.845164P
Ty ;1 = 11.214384d = 0.866946 P
Tres, v = 11.071707d = 0.855916 P
P/Tyes v = 1168322 7/6

Looking at this table let us emphasize, firstly, in-
teradjustment of resulting periods which are multi-
ple with high accuracy to (1/14)P: T,s,rr/P=2/14;
Tres,III/P:5/14; Tres,IV/P:12/14- There are also
very accurate resonance relationships: 3Py = 131P,,
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= 128P,,; or 11P = 30T, ; = 13T5 7, and they are sat-
isfied for the data of Van Hamme et al., 1995 as well as
for the data of Harmanec et al., 1996, which averaged
light curves are separated with the interval of 60 years.
However, the next two results are much more impor-
tant from the physical point of view. The first states
the fact of coincidence of T,.s rr with the accuracy of
0.001d with the secondary period of 1.85d, which was
firstly detected with high amplitude of variable param-
eter in absolute spectrophotometry of 8 Lyrae in Hy,
line (Burnashev and Skulsky, 1980) and was also clearly
revealed during observations of magnetic field strength
at the loser surface Skulsky, 1990. We can now state
that all three observable secondary periods with the
duration of 1.85d, 4.74d and 282.425d are causally in-
terconnected. The second result fixes the coincidence
of Tres, 111 and Tyes ry with the accuracy of 0.001P
with the values of 0.355P and 0.855P of magnetic field
extrema, obtained on the base of solution of averaged
magnetic field strength curve, formed by the observa-
tions of 1980-1988 at the 6 m telescope — Skulsky, 1990;
Burnashev and Skulsky, 1991. We can also state now
that observed values of magnetic field extrema are av-
eraged, but could be simply calculated if configuration
of real magnetic field of the loser reminds the ”broken
dipole”, i.e. it is not the field structure with classic
dipole.

3. Conclusion

Main conclusion is that the loser as the component,
which is at the final stage of intensive matter loss in the
close binary system and at the same time as magnetic
rotator of complicated configuration of magnetic field,
produces a self-adjusted magnetohydrodynamic system
of periods and resonances part of which has already
been discovered from methodically different observa-

tions of 8 Lyrae. We see the theoretical background
for this new phenomenon in the concepts of paramet-
ric resonance when the losing mass of magnetic rotator
is a variable parameter. At the stage of active mass
transfer to more massive satellite it leads to the ob-
servable increase of the orbital period and to the ob-
servable changes in the whole magnetohydrodynamic
system of the secondary periods.
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CHARACTERISTICS of COLD STARS
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ABSTRACT. The effective temperatures, loga-
rithms of surface gravities and parameters of metallic-
ities [Fe/H] for stars of spectral classes G and K from
the list of the Odessa catalogue of energy distributions
in spectra of stars 555 are received. The different grids
of Kurucz models of atmospheres are used. The com-
parison of the received results is carried out.

Key words: Stars: cold stars: fundamental charac-
teristics

Plenty of the catalogues of energy distributions in
spectra of stars now are saved; the mechanisms of ac-
counts of theoretical spectra of stars are developed on
the basis of models of star atmospheres. All this rep-
resents an opportunity to lead search of fundamental
parameters of atmospheres of stars, directly comparing
theoretical flows with observable. We carried out the
work in this direction in some stages.

Using the models of atmospheres (Kurucz, 1979,
1988, 1993) and the program for computation of the
synthetic spectra of stars (Tsymbal, 1996), we have
calculated synthetic flows for comparison with distri-
butions of energy in spectra of cold stars. The observed
flux distribution was taken from the catalogue by Ko-
marov et al. (1995). The random errors of results of
the catalogue are nearly equal to 2-3(to 5%) in the vi-
sual range of a spectrum and 5-10% at the edges of
the spectral bands - near ultraviolet and near infrared
regions. For reduction of time of accounts firstly we
carried out calculations not on all observable area of a
spectrum, but only in sites of width 10 nm in 7 char-
acteristic points - in the "windows of a transparency”
(Dragunova, 1996). Selecting model giving the best
concurrence of a theoretical spectrum with observable,
we received thus the values of Teg, g g and the metallic-
ity parameter [Fe/H]. As a criterion of best agreement,
the achievement of the minimal value of sum of mod-
ules of differences of compared sizes was considered.

Later, with occurrence of the calculated synthetic
spectra (Kurucz, 1994) for a wide set of Tunr, lg g and
[Fe/H] values, we began to compare the theoretical
flows with the observable spectra on all area, i.e. in
103 points (Belik, 1997; Komarov, 1999). We estimate

the accuracy of reception of temperature in 50, and lg
g in 0.5, that is conditioned by a step of a grid of set
parameters in theoretical spectra. The parameter of
metallicity has appeared for the majority of stars close
-1. For an exit from this situation we have carried out
search of sites in spectra of stars sensitive to change lg
g and [Fe/H].

For the further work two wavelengths areas were cho-
sen: 365 - 415 nm and 480 - 530 nm. The following
stage of our searches of fundamental parameters be-
came calculations under the following circuit: effective
temperature is determined by comparison of distribu-
tions of energy in spectra of stars with the calculated
spectra and selection of the most suitable theoretical
spectrum with its values of Tes, lg g and [Fe/H]; then
with fixed Teg also [Fe/H] the closest theoretical spec-
trum is selected by a variation lg g, but the comparison
will be carried out in a narrow site of a spectrum from
480 to 530 nm; then with the already found and fixed
values of Tex and lg g the search of the most suitable
theoretical flow on parameter [Fe/H] is made in the
range 365 - 415 nm. Control search lg g with new value
of [Fe/H] further will be carried out, and, if the mean-
ing which is distinct from already turns out received
the new cycle of searches is carried out.

6000 ———T T T T

5500

Torre

5000

4500

4

5000 5500 6000
Terr1

000 L
4000 4500

Figure 1: Comparison of temperatures, received on dif-
ferent model grids: Temr (0ld), Teme (new).
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Table 1. The fundamental characteristics of stars.

HD Sp Tenr lgg Fe/H Teg lgg Fe/H Teg lgg Fe/H T lgg Fe/H
1 2 3 4 5 6 7 8 9 10 11 12 13 14
74 K2III 4670 2.1 0.09 4550 1.5 -0.5 4550 1 -0.5
163  G5III 4843 258 -0.67 5050 2.5 -0.5 5050 25 -0.5
4950* 2.1* -0.63*
188  KOIII 4995 26  0.01 4800 2.5 -0.5 4800 2 -0.5
219 GOV 5920 4.37 -0.3 5650 2.5 -0.5 5650 3.5 -0.5
265 G8&IV 4785 255 -0.75 4810 2.6 -0.49 4850 3 -0.5 4700 25 -0.5
4800* 2.5* -0.19*
285 K2III 4600 2.1 0.07 4550 1.5 -1 4500 1 -1
456  GS8II-III 4900 0 -1 4800 1 -1
489 K3III 4070 141 -0.27 4150 1.7 -0.13 4350 0.5 -1 4350 0.5 -1
509 G8V 5450 2 0 5400 3 -0.5
5270* 4.2% -0.56*
510 KOIII 4960 2.6 -0.22 5000 O -0.5 4900 2 -0.5
660 GOV 5594 5700 4 -1 5650 5 -1
788 F9V 5950 4 -0.5 5900 5 -0.5
937 G4V 5944 4.08 0.03 5650 3 -0.5 5600 3 -0.5
941 KOIII 5958 44  -2.01 5040 26 -0.03 5050 25 -0.5 5000 2.5 -0.5
1017 F5la 6000 1 -1 6000 1 -0.5
1030 G8III 5075 2.85 -0.23 5150 O -1 5050 2.5  -0.5
1052 K3III 4130 1.7 -0.16 4300 1 -1 4300 1 -1
1136 KOIV 5100 4 -0.5 5050 3.5 -0.5
1311 GS5III 5200 1.5 -0.5 5150 2 -0.5
1325 KOV 5250 4 -0.5 5200 4 -0.5
1346 KOIII 5050 :2.6 -0.03 4850 2.5 -0.5 4800 25 -0.5
1373  KOIII 5070 2.65 0 5100 2.5 0 5100 2.5 -0.5
1409 GOIIII 5050 2.6  0.05 4950 3 -0.5 4950 3 -0.5
1454 G8II 4350 0.5 -1 4400 1 -1
1580 K2III 4515 2.15 -0.26 4650 2.5 -0.5 4600 2.5 -0.5
1601 K2II 4600 0.5 -0.5 4500 1 -1
1729 GOV 5840  4.16 0 5850 3.5 0 5850 4 0
1995 G8III 4960 2.7 -0.3 5100 0 -0.5 5100 0 -1
2012 KOIII 4597 217 -01 4725 235 -0.06 4650 2 -0.5 4600 2.5 -1
2035 G8III 4725 255 -0.7 4800 3 -0.5 4800 2 -0.5
2047 GOV 5913 438 -0.02 5800 3.5 -0.5 5750 3 -1
2134 G5III 5000 3 -1 5000 2.5 -1
2473 G8Ib 4350 0.5 -1 4350 0.5 -1
2693 F8lIa 5650 0 -1 5650 0 -1
2085 G8III 4950 2.78 -0.08 5030 2.75 -0.17 5100 1 -0.5 4950 1 -0.5
2990 KOIII 4850 271 -0.02 4950 2.6 -0.1 4950 0 -0.5 4850 1 -0.5
3323 G5III 5350 2 0 5250 2 -0.5
3547 KOIII 4870 249 -0.01 4910 2.6 -0.18 4950 2.5 -0.5 4900 2.5 -0.5
3748 K3III 4185 1.7 0.02 4200 1.5 -1 4250 1.5 -1
3771 G2IvV 5450 3.5 0 5250 3.5  -0.5
3873 GOII 5250 0 -1 5200 O -1
3905 K2III 4511 232 03 4775 2 032 4350 1.5 -0.5 4350 2 -0.5
4166 G2II 5200 2 -0.5 5200 15 -0.5
4301 KOIII 4945 :2.6 -0.05 4700 1.5 -1 4700 1 -1
4418 G8II-III 4900 1 -0.5 4900 0.5 -0.5
4471 GIIII 4845 2.6 -0.36 5050 O 0 5000 O -0.5
4518 KOIII 4360 1.62 -044 4430 2.2 -036 4600 1.5 -0.5 4500 2 -1
4527 GSII-IV 5650 0.5 -1 5550 O -1
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Table 1 (continued)

HD Sp Tw lgg Fe/H Tg lgg Fe/H T lgg Fe/H Ty lgg Fe/H
1 2 3 4 5 6 7 8 9 10 11 12 13 14
4785 GOV 5887 4.39 -0.14 5750 2 -0.5 5700 25 -0.5
4932 GOIII 5028 2.81 0.12 5105 2.75 -0.08 5200 0.5 -1 5200 3 0
4983 GOV 5979 434 0.01 5900 1.5 0 5900 2 0
5235 GOIV 6100 3.5 6000 3.5 0 5925 3.5 0
5315 K3III 4155 1.8 -0.3 4150 1 -1 4150 1 -1
5340 K2III 4250 2 4400 2.5 -1 4300 2 -1
5544 G8V 5200 4 -0.5 5200 4 -0.5
5601 KOIII 4765 2.5 -0.26 4650 1 -1 4700 05 -1
5602 G8III 4950 2.7  -0.24 5150 3 -0.5 4950 25 -1
5616 K2III 4475 2.1 -0.13 4500 1.5 -0.5 4450 2 -1
5681 G8III 4835 2.6 -0.5 5000 O -1 4900 O -1
5787 G&IV 4805 2.55 -0.42 4800 1.5 -05 4600 1.5 -1
5868 GOV 5900 3.5 0 5850 4 0
5889 G5-1V 5130 295 -0.5 5500 2 -0.5 5450 3 -0.5
5968 G2V 5500 4 -1 5400 3.5 -1
6075 G8III 4855 265 -0.34 4900 1.5 -0.5 4850 2 -1
6148 GS8III 4967 2.62 -0.27 5000 28 -0.26 5150 O -1 5000 O -1
6212 GOIV 5793 3.77 0.03 5700 3.5 0 5700 4 0
6526 KA4III 4120 1.6 -0.04 4300 2 -1 4200 1.5 -1
6623 G5IV 5518 3.87 0.19 5500 3 0 5400 3 -0.5
6695 KI1III 4300 0.75 4600 0 -1 4600 0 -1
6698 KOIII 4940 25 -0.08 4900 25 -0.5 4800 25 -0.5
6703 KOIII 5011 271 0.09 5040 2.7 -0.17 5150 1.5 -0.5 5050 125 -1
6752 KOV 5094 5 -0.25 5100 4 -0.5 4900 4 -0.5
6770 G8&IV 4975 265 -0.18 5050 O -1 5050 O -1
6895 K2III 4580 2.1 -0.14 4700 25 -1 4500 2.5 -1
7063 G5II 4750 0 -1 4600 0 -1
7150 KI1III 4820 24 -0.03 4700 25 -1 4600 2 -1
7176 K2III 4945 235 0.08 4850 25 -0.5 4750 25 -0.5
7193 KI1III 4715 2.3 -0.14 4650 2 -1 4650 2 -1
7310 GOIII 4818 2.54 -0.14 4835 2.6 -0.29 4950 0.5 -0.5 4800 1 -1
7314 KOII 4350 1.5 -1 4400 1.5 -1
7352 K3III 4480 2 4450 3 -1 4450 3 -1
7417 K3II 4400 2.5 -1 4400 2.5 -1
7478 G8III 5000 2.65 -0.1 5050 1 -0.5 4950 0 -1p
7479  GOII 5400 15 -0.5 5250 2.5 -0.5
7488 G8II 4800 2.7 4850 2 -1 4850 2 -1
7576 K3III 4350 2.25 4400 2.5 -1 4400 2.5 -1
7602 G8IV 5120 3.14 -0.08 5050 2 -0.5 5050 225 -0.5
7660 Kl1Ib 4700 1.5 -1 4600 1.25 -1
7685 K3III 4400 2.5 -1 4450 2.5 -1
7744 K3III 4210 1.7 -0.37 4100 1 -1 4050 1 -1
7747 G3Ib 4900 0 -1 4700 1 -1
7754 GIIII 5005 2.65 -0.2 5100 3 -0.5 5000 3 -0.5
7796 F8Ib 5600 0.5 -0.5 5700 1 -0.5
7806 K3III 4275 1.75 -0.04 4150 1 -1 4150 1 -1
7896 GBIV 5513 3.54 -0.08 5450 3 -0.5 5450 3 -0.5
7949 KOIII 4780 2.52 -0.12 4750 245 -0.32 4900 0.5 -0.5 4900 O -0.5
8008 KAJ4III 4110 15 0.02 4300 2 -1 4100 0.5 -1
8115 GS8II 4945 2.49 0 5150 0 -1 5050 O -1
8167 GS8III 5129 2.74 -0.05 5045 28 -0.28 5150 2 -1 5050 1 -1
8232 GOIb 5452 1.38 -0.04 5450 2.5 0 5350 0 -1
8308 K2Ib 4290 0.96 -0.07 4200 0 -1 4200 05 -1
8321 KOIb 4400 0.5 -1 4450 0.5 -1
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Table 1 (continued)

HD Sp Tw lgg Fe/H T lgg Fe/H Tw lgg Fe/H Ty lgg Fe/H
1 2 3 4 5 6 7 8 9 10 11 12 13 14
8308 K2Ib 4290 0.96 -0.07 4200 0 -1 4200 05 -1
8321 KOIb 4400 0.5 -1 4450 0.5 -1
8414 G2Ib 5246 1.32 0.18 5150 0 -0.5 5150 0 -0.5
8465 KlIb 4150 1 -1 4150 1 -1
8538 GIIII 4760 2.5 -04 4700 15 -1 4650 1.5 -1
8667 GS8II-III 4775 2.47 -0.09 4850 0.5 -1 4850 025 -1
8684 KOIII 4991 278 -0.09 4960 2. -0.31 5100 25 -0.5 4900 3 -1
8694 KI1III 4748 235 0.01 4820 2.5 -0.12 4800 2.5 -1 4750 2 -1
8796 KOII 4500 2.5 -1 4500 2 -1
8812 KOIII 4870 24  0.09 4500 25 -1 4500 2 -1
8852 GTIII 4861 2.54 -0.44 4910 275 -0.52 4950 0.5 -0.5 4800 1.5 -1
8916 KI1III 4815 24  -0.08 4800 3 -1 4800 35 -1
8923 G8III 5080 2.7 -0.1 4900 3 -1 4900 25 -1
8974 KI1IV 4833 299 -0.01 4810 3 4900 3 0 4800 3.5 -0.5
9003 G5Ib 4600 2 -1 4600 2 -1

Later F.Castelli found out the mistakes in ATLAS9,
and R.Kurucz has amended to the program and has
presented the new convective models and flows (Ku-
rucz, 1996) we have lead repeated definitions of pa-
rameters on new flows. The received results differ from
former (Fig. 1) a little.

In the Table 1 the characteristics of stars found by
various methods from different sources are given: in
columns 3-5 from Cayrel de Strobel (2001), Mishenina
(2001); in columns 6-8 from Korotina (1998); and also
our old (columns 9-11) and new (columns 12-14) data
. The undertaken attempt to improve accuracy of def-
inition [Fe/H] has not resulted in success. Apparently,
the technique, developed by us, can be applied to defi-
nition of temperature and tentative estimation lg g and
[Fe/H]. The accuracy of definition can be increased if
to use distributions of energy with a smaller step, at
least, about 10 A, i.e. - with higher spectral resolution.
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ABSTRACT. The abundances of nuclides magne-
sium in the atmospheres of Arcturus and Aldebaran
thick and thin disks of Galaxy have been studied. The
stars have various chromospheric activity. We used the
new data on molecular constants of radiation for ev-
ery electrically-vibrationally-rotating line of molecular
system A2TI-X2Y. for MgH. The synthetic spectra were
calculated. The values determined are generally close,
but not equal, to the solar ratios.

Key words: Cool stars: abundances isotopes: indi-
vidual: a Boo, a Tau.

1. Introduction

The determination of the contents of nuclides both
with small, and with large nuclear numbers, is nec-
essary for testing the processes of nuclear fusion and
radioactive decay and theories of the stellar evolution.
The contents of nuclides in the atmospheres of giant
stars should vary during their own evolution and the
chemical evolution of interstellar medium as a result:
of Supernova and Nova outbursts, of the matter out-
flow from the outer layers of stars at various stages of
their evolution. The nuclides
H/D, ®*He/*He, %Li/"Li, 12C/3C
N /15N,160 /170 /180,24 Mg /2> Mg/* Mg,

28 Si/29 Si/3OSi, 35 01/3701,
40Ca/42ca/430a/44ca/460a,
46Ti/47TI/48Ti/49Ti/5OTi,

90Zr/91 ZI‘/92ZI‘/94ZI‘/96ZI‘

would be originated as a result of those or other nuclear
processes (s and r-processes of neutron capture, pro-
cesses of burning of hydrogen and helium in the cores of
stars and in higher layers of stars, proton capture etc.),
and, therefore, their ratios of their abundance can differ
from the ones in the Solar system, including the terres-
trial crust and the atmosphere of the Sun. The deter-
mination of the contents of these nuclides in the atmo-
spheres of stars at different stages of evolution will help
to test processes of nuclear fusion for transitions from
the branch of dwarfs (main sequence -MS) to the red

giants branch (RGB), and, consequently, to the asymp-
totic giant branch (AGB). It is important for stars be-
longing to thin and thick disks of the Galaxy, which
originated, a-priori, in different conditions. So the nu-
clides Mg could arise as a result of burning of carbon,
or sequential caption of the a-particles, i.e. burning of
helium. Tomkin and Lambert (1976, 1980) have shown,
that 2°Mg and 26Mg will be found as a result of burn-
ing of helium in the core of AGB stars and an outburst
during a thermal pulsing, and ?Mg - during carbon
burning at the advanced stage of AGB. All three sta-
ble nuclides of Mg can arise during explosive burning
of carbon. The MgAl and NeNa - cycles operate in the
interior of MS stars. Their products are brought to the
stellar atmospheres by convection after the transition
to the RGB phase. The relations 2*Mg/?*Mg/?*Mg
are 78.99/10.00/11.01 (de Bierve and Barnes, 1985) for
the Solar system or for the terrestrial crust and for the
solar corona 76/12/12 (Wallace et al., 1999), respec-
tively. The star Gumbridge 1840 (very old subdwarf
with a small mass) has the contents of isotopes Mg
within limits 2#Mg/2°Mg/?¢Mg = (0.88-0.94) / (0.07-
0.03) / (0.05-0.03) (Tomkin and Lambert, 1980). The
contents 2*Mg for this star is possible can reach even
100 % (Mewaldt and Lambert, 1989). These relations
of isotopes essentially differ from the relations in the
Solar system and in the terrestrial crust. The role of
those or other nuclear processes can be changed dur-
ing evolution of galaxies. The content of nuclides of a
magnesium in the atmospheres of Arcturus (thick disk)
and of Aldebaran (thin disk) have been investigated.

2. The synthetic spectra

Komarov and Shevchuk (1995) have shown for a
branch of the giants, that the partial pressure of
molecules - hydrides does not vary almost along this
branch from Teg=5000K, log g = 3.0 to Teg= 3500K,
logg = 0.75 dex. The determination of the contents
of isotopes of a magnesium on electronic - vibration
- rotation lines of the molecule MgH will depend on
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fundamental parameters of atmospheres of researched
stars very weakly, and will depend on an accurate of
molecular constants and on blending by other atomic
and molecular absorption lines.

For a research of the contents of nuclides of a magne-
sium, the Atlases of spectra of Arcturus and Aldebaran
with the resolutions 0.02 and 0.08 A have been used, re-
spectively. The synthetic spectra have been calculated
using the programs by Tsymbal (1995), kindly given
to our operation. The models of atmospheres were se-
lected from the grid by Kurucz (1992, 1993) interpo-
lated on fundamental parameters of stars. The funda-
mental parameters were taken from Komarov (1999)
and are given in the Table 1.

Table 1: The characteristics of stars and abundances
isotopes Mg.

* Teﬂ‘ logg AFe 24Mg/25Mg/26Mg
aTau 3800 1.67 7.65 88:5:7
aBoo 4350 1.73 7.05 80:10:10

For two investigated stars of the input data, were
took identical sets of absorption lines.

The relative content of the nuclides Mg was de-
termined using the synthetic spectra. The oscillator
strength were changed (analog change of contents of
nuclides Mg) to get best agreement of observational
and theoretical spectra. The comparison with theoret-
ical spectra was made after convolution with the ap-
paratus function. The apparatus function is assumed
to be a Gaussian with a half-width equal to the spec-
tral resolution of the spectrographs, using which the
spectra. of Arctur and Aldebaran were received. The
check was conducted using the method of comparison
of the observational and calculated contours of absorp-
tion lines of iron.

3. Conclusion

In Table 1, the main result is given. The differences
in the relative contents of nuclides of a magnesium for
cold giant stars of thin and thick disks
of the Galaxy are within the limits of errors of their
determination. For final conclusions, the study of the
relative contents of nuclides of the magnesium, and nu-
clides of other elements, and for the greater number of
stars - giants of thick and thin disks of a Galaxy, is
necessary. As have been shown earlier, the processes
of enrichment of atmospheres of stars by products of
nuclear fusion (s-process) can happen at the stage of
transition from the Main Sequence on the branch of
the Giants.

References

de Bierve P., Barnes I.L.: 1985, Int. J. Mass Spectrum
Ion Processes, 65, 211.

Komarov N.S., Shevchuk T.V.. 1995, Vienna, IAU
Simposium N176: Stellar Surface Stucture, 223.
Komarov N.S.: 1999, The cool giant stars. Odessa,

Astroprint, 213p. (Rus.)

Kurucz R.L.: 1992, Rev. Mex. Astron. Astrofis., 23, 181.

Kurucz R.L.: 1993 CD-ROMs 1-23 Smithsonian Astro-
phys. Obs.

Mewaldt R.A., Lambert D.L.: 1989, Astrophys. J.,
337, 959.

Tomkin J., Lambert D.L.: 1976, Astrophys. J.,
208, 436.

Tomkin J., Lambert D.L.: 1980, Astrophys. J.,
235, 436.

Tsymbal V.V.: 1995, ASP Conf. Ser., 108, 198.

Wallace L., Hinkle K., Li G., Bernath P.: 1999, Astro-
phys. J., 524, 454.



Odessa Astronomical Publications, vol. 14 (2001)

237

ABOUT THE HEAVY ELEMENTS ABUNDANCES
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ABSTRACT. We present results of preliminary de-
terminations of abundances of heavy elements in three
metal-poor stars: HD37828, HD44008, HD221170.
Careful comparison of observed and synthetic spectra
permit us to increase the number of lines heavy ele-
ments identified in observed spectra. Results will be
used for determinations of the abundances of these el-
ements with the spectrum synthesis method in these
and other metal-poor stars.

Key words: nucleosynthesis; stars:

stars: poor-metal; stars: individual:
HD37828, HD44008, HD221170.

abundances;
Arcturus,

1. Introduction

The elements heavier than the iron peak are mainly
produced through neutron capture reactions. Two
main mechanisms are generally distinguished: the s-
process (slow) and r-process (rapid), depending on the
magnitude of the neutron flux available. Other mecha-
nisms are p-process and a-process (Woosley, Hofman,
1992). The site of the r-process is explosive situations,
such us those encountered in Type IT supernovae seem’s
to be required. The most popular site for the operation
of the s-process is the thermally pulsing shell in inter-
mediate mass asymptotic giant branch (AGB) stars.

Investigation of abundances of heavy elements in the
atmospheres of old stars with low metal content is the
direct method for detection of AGB stars, for testing
the theories of stellar evolution and nucleosynthesis.

Table 1: Parameters of atmosphere models for Arc-
turus and program stars

Star Teg (K) lgg Vmicro (kms™1)
Arcturus 4350 1.60 1.6
HD37828 4350 1.00 1.5
HD44007 4950 2.25 1.5
HD221170 4500 1.00 1.5

The comparison of chemical composition of stars of
different populations is very interesting because of the

information about the process of chemical enrichment
during early stages of Galaxy formation.

2. Observations

In this work we report the preliminary results of
determination of chemical composition of Arcturus-
like red-giants stars with low metallicity: HD37828,
HD44008 and HD221170. Spectra of these stars were
selected from a library of high-resolution stellar spectra
(Soubiran et al., 1998). The spectra of the library were
obtained with the echelle spectrograph ELODIE at-
tached to the 1.93 m telescope at the Haute-Provence,
France. The spectra cover the spectral range 4400-
6800 A, resolving power was R=42000, signal to noise
ratio was about S/N=100 and higher. Wavelength cal-
ibration, continuum fitting and other preliminary data
reduction were made by Mishenina & Kovtyukh (2001).

Griffin (1968) Atlas of Arcturus spectrum and Del-
bouille et al. (1973) Atlas of the spectrum of the center
of solar disk were used as a spectra, of comparison stars.
The resolving power of these Atlases are R=150000 and
R=500000, signal to noise ratio are R=100 and more
than one thousand respectively.

3. Methodics

The abundance analysis needs little description. It
is based on technique of synthetic spectra and com-
parison of synthetic spectrum with observed one. We
calculated the synthetic spectra of Arcturus, Sun and
program stars in the wavelength region covered by ob-
served spectra using Kurucz (1995) SYNTHE program.
Synthesis was performed taking into account all possi-
ble blending by atomic and molecular lines with mea-
sured wavelengths and oscillator strengths from Ku-
rucz (1995) database (CD-ROMs 1, 15, 18, 23). We
used also new data from VALD database (Piskunov et.
al., 1995) and recently published Morton (2000) data.

The values of abundances of elements were adopted
from previous investigations of the stars (see Mishenina
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Table 2: Abundances of heavy elements in Arcturus and three metal-poor stars

Arcturus Arcturus HD37828 HD44007 HD221070
(Griffin)  (ELODIE)
Z Element AlgA N AlgA N AlgA N AlgA N AlgA N
30 Znl -0.83 3 -0.92 1 -1.33 4 -1.45 3 -1.97 3
38 Srl -0.63 4 -0.83 1 -1.35 2 -1.61 1 -1.62 3
39 YI -0.79 3 -1.43 2 -1.26 1
YII -0.72 15 -0.64 6 -1.47 7 -146 12 -2.22 7
40 Zrl -0.65 17 -0.63 9 -1.21 9 -1.80 3
Zr 11 -1.33 3 -1.84 3
41 NbI -2.02 1
42 Mol -0.45 2  -0.51 1 -1.04 1 -1.10 1
44 Rul -0.62 1 -0.65 1 -1.20 1
56 Ball -0.72 2 -1.40 2
57 Lall -068 11 -0.71 9 -144 10 -1.46 7 -1.99 8
58 Cell -069 22 -068 14 -1.32 15 -1.52 7 -1.83 11
59 Prll -0.83 2 -1.63 3 -1.34 1 -1.86 1
60 NdII -049 25 -050 19 -1.20 20 -1.20 12 -1.74 10
62 SmII -0.51 20 -0.52 9 -1.27 9 -125 23 -1.82 9
63 Eull -0.41 2 -0.41 1 -1.50 2 -0.99 1 -1.40 1
64 GdII -0.62 2 -031 1 -1.57 2 -1.21 1
66 Dy II 037 1 146 1
68 ErlIl -0.36 1 -1.25 1
74 WI -0.82 1 -2.29 1
& Kovtyukh (2001) and references there in). Careful 4. Results

comparison of calculated and observed spectra permit
us to identify the lines of heavy elements. URAN soft-
ware (Yushchenko, 1998) was used for screening the
observing and synthetic spectra of program and com-
parison stars simultaneously in any desired scale. This
methodics permit us to minimize the number of errors
in the identifications of faint spectral lines and to find
new lines of heavy elements in the spectra of program
stars.

Determination of equivalent widths was made with
URAN software (Yushchenko, 1998). Fig. 1 show the
comparison of equivalent widths of heavy elements ob-
tained from the two spectra of Arcturus - Griffin’s atlas
and ELODIE spectrum.

The overabundance of lanthanides (with respect to
iron) in the atmosphere of HD221170 was detected
without difficulties. As an example on Fig. 2 we show
an example of the spectra of Arcturus and HD221170
in the vicinity of Nd IT X 5291.815 A and Fe I X
5320.039 A lines. The Fe line can be detected only
in the spectrum of Arcturus, while the Nd line is well
detected in both spectra.

The used parameters of atmosphere models were de-
termined by Mishenina & Kovtyukh (2001) and can
be found in Table 1. Abundances of selected heavy
elements were derived using WIDTH9 code (Kurucz,
1995).

The mean values of abundances of heavy elements
derived for Arcturus and program stars can be found
in Tab. 2. In this table one can found the relative
abundances with respect to the solar values and num-
ber of lines, used for determination of abundance of
investigated heavy elements.

The difference in abundances of heavy elements
in the atmosphere of Arcturus, obtained from spec-
tra with different resolving power (Griffin’s atlas and
ELODIE spectrum) is quite little. The are no big sys-
tematic trends in determinations of equivalent widths
(see Fig. 1) and, respectively, in calculated abun-
dances.

The abundance patterns for HD37828 and HD44007
are similar to that of Arcturus, shifted approximately
by -0.9 dex (see Fig. 3). The abundances of heavy
elements in HD221170 is different from scaled Arc-
turus and solar patterns. The abundances of heavy
lanthanides in the atmosphere of this star show large
overabundance with respect to iron (see Fig. 4). The
overabundance reach 0.8 dex for erbium.

5. Conclusion

We made a detailed analysis of abundance of heavy ele-
ments in the atmospheres of three stars with low metal
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Figure 1: The comparison of equivalent widths of heavy
elements measured in the Atlas of the spectrum of Arc-
turus (Griffin, 1968) and in the ELODIE spectrum of
the Arcturus.
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Figure 2: Spectra of HD221170 and Arcturus in the
vicinity of Nd IT line A 5291.815 A. Fe I line X 5320.039
is well detected in Arcturus spectrum but disappears in
the spectrum of HD221170. The decrease of strength
of Nd II X 5291.815 A line is significantly less than the
decrease of iron line. in HD221170
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Figure 3: Relative abundances (with respect to the
Sun) of iron and heavy elements in the atmospheres
of Arcturus (circles), HD37828 (triangles), HD444007
(squares) obtained from ELODIE spectra. The abun-
dances of iron were determined by Mishenina and Kov-
tyukh (2001).
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Table 3: The number of heavy elements investigated in
program stars

Star [Fe/H] N
Arcturus  -0.56 13
HD37828 -1.41 14
HD44007 -1.49 11
HD221170 -2.05 14
content. Our methodics permit to identify the big-

ger number of lines of heavy elements in the observed
spectra. In Table 3 one can find the number of heavy
elements, which were investigated in the atmosphere
of Arcturus and program stars. The values of [Fe/H]
were determined by MIshenina & Kovtyukh (2001).

These preliminary results will be used for more de-
tailed investigations of these and other metal-poor
stars with spectrum synthesis method.

Arcturus and Arcturus-like stars with low metallic-
ity showed abundance patterns for heavy elements:
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SEARCH FOR TiO-BAND VARIABILITY OF COOL GIANT
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ABSTRACT. The dissipation of acoustic energy
and bombardement of high energy particles of TiO
molecules can be sources of temperature ”inversion”
and nonstability of outer layers of atmospheres of cool
giants. In 1993 the trial observations on variability
of outer layers of the cool giant HD73665 was made
at the Mt. Dushak-Erekdag station of Odessa Astro-
nomical Observatory. For simultaneous observations
in TiO-band and Johnson V-band, a split prism in the
dual-channel photometer was used . The observations
show quasi-periodical variations at the time scale of 2-
12 min.

Key words: Stars: cool giants, stars: individual:

HD73665, stars: oscillations

Recently, the TiO spectroscopy is used for investiga-
tion of surface peculiarities of cool giants, particularly,
for purposes of Doppler imaging. The speckle imaging
in various TiO bands is used for determination of angu-
lar size of stars. We decided to use a narrow-band pho-
tometry instead the spectroscopy of high resolution.
The two pairs of interference filters have been made
in Kiev. When the 80 cm Ritchey-Chretien telescope
at the Mt. Dushak-Erekdag station of Odessa Astro-
nomical Observatory (Dorokhov et al., 1994a) was put
into operation, and the high accuracy of the data was
obtained (better then 2 mmag), we took a chance to
test rapid variability in outer layers of cool giants. The
reports of such experiments appeared in 80th (see, for
example, Smith, 1983, Livi and Bergman, 1982).

We used for observations a split prism in the dual
channel photometer (Dorokhov et al., 1994b). A nar-
row band interferometric filter with FWHM=50A cen-
tered at the A=5500A (TiO-band) was mounted in the
first channel, the Johnson V filter (the effective length
of band 5450A) was in the second channel.

This way assumes to exclude sky transparency and
scinscillation variations entirely because of high corre-
lation in two channels. Therefore the normalized data
showed the ”clear” pattern of TiO-band processes rel-
ative to ”continuum”.

The set of observations of cool giant HD73665
(m=6.39, KOIII), belonging to Praesepe, was about 100
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Figure 1: Amplitude Fourier-spectrum of normalized
data. The arrows show peaks, for which S/N ratios
exceed 2.

min. with the 10 sec. integrating time on the night
October 19, 1993.

In Fig.1, an ”amplitude” Fourier-spectrum of nor-
malized data obtained by using the program PERIOD
(Breger, 1989) is shown. The arrows indicate the peaks
at the frequencies 1.48 mHz (11.3 min), 2.25 mHz (7.4
min), 6.16 mHz (2.7 min), where the signal/noise level
exceeded 2. There were no similar features in the
Fourier-spectrum of V-filter’s data.

We do not expound the result, it was only a trial test
for variability. Unfortunately, the work was not con-
tinued because of hard economical situation with our
science.
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IN THE ATMOSPHERES OF K SUPERGIANTS
OF THE SMALL MAGELLANIC CLOUD
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ABSTRACT. The abundances of chemical elements
Na, Ca, Mg and Al of the nine K-supergiants in SMC
was investigated by a method of models of atmo-
spheres. With this goal the CCD-spectrograms with
high resolution was used. It is showm that all stars
have a deficit abundances of iron from -0.40 to -0.97
dex. relatively of Sun. The some diff erences of con-
tents of elements Na, Ca, Mg and Al in atmospheres
of stars SMC and our Galaxy relatively of content of
iron was found.

Key words: Stars: K-supergiants SMC ; stars: abun-
dances of chemical elements.

1. Introduction

The Large and Small Magellan Cloud (LMC and
SMC) together with our Galaxy enter into a Local
System of a cluster of galaxies and consequently the
research of all objects which are included in the LMC
and the SMC represents doubtless interest from testing
of evolution of a Local System, including our Galaxy.
The last years due to application of large telescopes
and modern equipment of a radiation it was possi-
ble to receive the important data about parameters
and chemical structure of a number of bright objects
LMC, SMC and stars YC, in main, for supergiants.
It is seem, that for these stars, as well as for stars
of the population II types and thick disk of a Galaxy
the common deficit of metals. The spectra were ob-
tained in an European Southern observatory (CHILE)
on a telescope equipped EMMI, and on 3.6 tele-
scope with K spectrograph. The spectra obtained with
EMMI have the resolution R = A/AX = 30000. Spec-
tra obtained on K - spectrograph R ~ 20000. The
relation a signal-to- noise S/N ~ 100. A spectral
interval AX— (500 —630nm) and (580 - 700nm ).. Early
the nine stars were investigated us of method of model
of atmospheres and send in publication. In the given
work the results of a research of contents Na, Ca, Mg

and Al in atmospheres of nine stars SMC (from them
three stars earlier are resulted are not investigated Hill
(1997) and Hill et al. (1997) by method of synthetic
spectra. The spectral lines of this elements are blended
of lines other elements. For stars - supergiants it is nec-
essary to take into account deviations from LTE and an
approximation of plane geometry. As have shown ac-
counts, the effects of a deviation from LTE and spher-
ical geometry influence in an opposite direction on in-
tensity of lines of absorption. The grid of models Bell
et al. (1976) was used. The lines were selected from
the list of lines, as well as their input parameters - force
of oscillators, of energy of lower layers of excitation of
atom or ion (Kurucz, 1992, 1993). The synthetic spec-
tra for stars was calculated on code Tsymbal (1996).
The list of lines was made for each line of investi-
gated elements in interval 50 A. The average contents of
chemical elements in atmosphere of the Sun were taken
from work Grevesse and Sauval (1998). The parame-
ters of atmospheres of stars PMMR 23, PMMR 27,
PMMR 48, PMMR 102, PMMR 144, PMMR 145 are
taken from Hill (1997). For stars PMMR 219, PMMR
390, PMMR 667 parameters of atmospheres were de-
termined on equivalent widths of lines of iron. Effective
temperature (Tey¢) was determined from a condition of
independence of the contents of neutral iron lg(Fe/H)
from potential of excitation. The accounts were made
for an interval of temperatures from 4000 to 4500 K
through 100 K. Acceleration of gravity log g was se-
lected from ionization equilibrium for elements Fe, Ti,
V. The turbulent velocity V; was selected from a con-
dition of absence of correlation between the contents
of iron 1g(Fe/H) and of equivalent width (W)) of dif-
ferent lines Fel. V; varied in an interval from 3 km/s
up to 4.5 km/s. An error in definition(determination)
of a turbulent velocity of £0.5 km/s . In Table 1 the
parameters of atmospheres of stars for choice of models
of atmospheres from a grid Bell et al. (1976) and for
their interpolation are represented.
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Table 1: Physical parameters of stars

Star Tepr(K) logg Vi (km/s) [M/H]
PMMR23 4200 0.2 4.0 -0.8
PMMR27 4300 0.1 3.0 -0.6
PMMRA48 4300 0.3 3.5 -0.6
PMMR102 4300 -0.2 3.5 -0.6
PMMR144 4100 -0.7 3.5 -0.9
PMMRI145 4300 0.3 3.0 -0.6
PMMR219 4200 0.3 3.5 -0.5
PMMR390 4200 0.2 4.0 -1.0
PMMR667 4300 0.2 3.5 -04

2. Conclusion.

The results of determination of the contents of chem-
ical elements of Na, Ca, Mg and Al researched stars
SMC are indicated in Tab. 2. From Table 2 it is vis-
ible, that the atmospheres of all investigated of stars
have a deficit in the contents of iron on a comparison
with the solar ones. For all stars the same method was
used. All stars have close photometric and spectral
characteristics. The variations of the contents of iron
[Fe/H] at selected stars SMC, on all probability, re-
flect differences primordial of chemical structure of an
interstellar medium. The interest represents the con-
tents of elements of « - process in our case the contents
of elements Ca, Si. In our Galaxy in atmospheres of
stars with a deficit of metals have the enrichment con-
tents of these elements. At investigated stars SMC, on
the contrary, the small deficit in the contents Si, Ca
to relative iron are observed. The values [Si/Fe] vary
from - 0.5dex up to -0.1dex. The contents Ca is more
close the contents one for stars with solar content of
iron. From all elements, considered by us, noticeable
exceed in the contents to relation to iron show Na. It
is notes, that at stars - giants of the disk of a Galaxy
the enrichment in the contents Na (Komarov, 1999) is
detected. This result is agreed in work (Bojarchuk et
al., 2001). The magnitude of enrichment depends on a
luminosity of a star. With increasing of a luminosity
of a star the abundance Na is increased. It is consider,
may be, that at stars - supergiants SMC on a stage of
dwarfs was proceeded with convective outflow of prod-
ucts of nuclear processes in surface of stars.
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ABSTRACT. Procedure and some preliminary re-
sults of abundances determination in binaries with twin
components from solar neighbourhood are discussed.
Numerical analysis were carried out by fits of synthet-
ical spectra and COG to high resolution (R=50000)
observed data. To fit the observations we used model
atmospheres of Kurucz with different metallicities and
(modified) VALD line list.
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1. Introduction

Binary stars with twin components from Solar neigh-
bourhood are interesting because they allow to test the
validity of stellar evolution models. If all the proper-
ties of stars are determined by age, mass and chem-
ical composition, twin componenys should be identi-
cal. However, King et.al.(1997) found that in binary
16 Cyg components are nearly identical (Teg =5785 K,
log g=4.28; Teg =5747, log g=4.35), but lithium abun-
dances dramatically differ from each other - for com-
ponent A - log N(Li)=1.25£0.05, but for component B
- log N(Li)<0.6. (Lithium abundances are given in the
the customary logarithmic scale with log N(H)=12.).
Thus, the systematic study of binaries may help us to
establish causes of different rates of lithium depletion
or any other deviations in chemical abundances in iden-
tical stars.

2. Observations.

Observable set of stars was selected from the list of
common proper motion pairs compiled by Halbwachs
(1986). Spectral type of chosen stars are between F8
and KO. Four stars from our list are given in Table 1.

High resolution (0.05 A ) observations were obtained
during several observing runs at Lick and Keck obser-
vatories between January 1998 and February 1999 by
E.Martin et.al.

3. Analysis.

Since the photometry of our sample of binaries does
not come from a single source, and there could be prob-
lems with systematic errors, we have preferred to deter-
mine the temperatures and chemical abundances of our
stars using synthetical spectra fitting to the observed
spectra.

We determined the continuum level in the observed
echelle spectra using the DECH20 software (Galasutdi-
nov, 1992). Preliminary determination of Teg and log g
of observable stars was done using the astrometrical
catalogues (Hipparcos was included) from programms
and data of Kharchenko N.V. ( private communica-
tion). Then, these data were compared to Simbad ref-
erences.

We carried out computations using spectral synthe-
sis program Abel8 (Pavlenko, 2002) Qur computations
of LTE synthetic spectra were carried out in the frame
of classical approaches: a plane-parallel model atmo-
sphere in LTE, with no energy divergence. In our com-
putations we refer to the solar abundances given by
Anders & Grevesse (1989).

Kurucz model atmospheres (Castelli et.al.,1997)
were used to compute synthetical spectra. In these
models convection is treated with overshooting. We
compared the results of synthetical spectra compu-
tation using different approximations of convection (
mixing length theory and overshooting) and concluded
that differences are not very strong for temperature
range Teg =5250 — 6500 K.

We had to use metallicities in the range [m/H]=0 +
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Figure 1: The fit of synthetical spectra 5770/4.44/0
(dashed line) to observed solar spectra (solid line).
Identefied lines are labeled, asterisks marked lines with
changed gf.
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Figure 2: Solid lines: Lick Hamilton echelle spectra of
HD 6872 A and B. Dashed lines: Synthetic spectra for
Ter=6250 K, [m/H]=-0.2, and log N(Li)=1.8 (above),
and for Tex=6250 K, [m/H]=-0.2, and log N(Li)=2.6
(below). Synthetical spectra is convolved with rotatin
profile, vsini = 14km/s.

-0.2 for fitting the observed spectra. Chemical equi-
librium was computed for the mix of 100 molecu-
lar species. Data for the computations were taken
from Tsuji (1973). ATLAS9 (Kurucz, 1993) grid of
continuum opacity sources are used in our computa-
tions. We used atomic line list and damping con-
stants from VALD (Piskunov et.al., 1995). We had
to change log gf for some elements to find good fits
to the observed spectra. New log gf were taken from
Gurtovenko & Kostyk(1989), all changes are listed in
Table 2. The fit of synthetical spectrum (5770/4.44/0),
for a model atmosphere computed with adjasted log g f
of some elements, to solar spectrum is given in fig. 1.

Computations were carried out with step 0.02 Afor
microturbulent velocity V;=2 km/s and Voigt profile
for absorption lines.

Instrumental profile and macroturbulence broad-
ening effects were modelled by convolution with a
gaussian of half-width (~0.1 A). For two stars ro-
tational broadening was taken into account with
vsini=14 km/s. Abundances of five elements were
found by Abel8 using the algorithm of minimization
of differences between observed and computed spectra
(Pavlenko,2002). For each LTE lithium abundances
we determined NLTE abundance corrections using the
LTE and NLTE grid of curves of growth of Pavlenko
& Magazzu (1996).

4. Results.

In Table 1 we present the results for two pairs from
the list of programm stars. Here we give the tempera-
tures, metallicities that we used to get the best fits to
the observed spectra and abundances of five elements:
Si, Al, Ca, Fe, Li. We have found that abundances of
Si, Al, Ca, Fe differ from solar ones not dramatically
(< 0.1-0.2dex).

Next, we have found three binaries with large dif-
ferences in the lithium abundances of their stars (see
Martin, 2001). The pair HD 6872 A, B is shown in
fig. 2. Ryan (2000) claimed that the difference in
lithium abundance in 16 Cyg, mentioned above, can
be explained by the normal mass-dependent lithium de-
pletion mechanism in main-sequence stars, because the
star with the lower abundance also has slightly lower
mass.

Four other binaries have components with undistin-
guishable lithium abundances. We cannot say much
about the remaining 7 binaries because we did not de-
tect the lithium line in any of their stars, and hence
we only have upper limits to their lithium abundances
(Martin, 2001).

These results indicate that twin stars in binaries of-
ten do not share the same lithium abundances and that
lithium depletion in solar-type stars does not only de-
pend on age, mass and metallicity. And it is clear, that
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Table 1: Characteristics and element abundances of program stars.

HD/BD Sp.T. Tex [m/H] logN(Li) logN(Si) logN(Al) logN(Ca) logN(Fe)
(K)
SUN: 7.51 6.43 6.32 7.63
HD 6872 A F8 6250 -0.2 <18 7.5 6.05 6.24 74
HD 6872 B F8 6250 -0.2 2.6 7.4 6.15 6.14 74
HD 224984 F8 6000 -0.1 2.3 7.5 6.25 6.24 7.5
HD 224994 GO 6000 -0.1 2.3 7.4 6.25 6.24 7.5
Table 2: List of identified lines and changes in gf’s. References
Chemical X, A gf, VALD gf, Gurtovenko&
element Kostyk, 1989 Anders E., Grevesse N.: 1989, Geochim. et Cosmoch.
Si 6696.044  1.479e-02 — Acta, 53, 197.
6721.848  3.236e-02 7.079e-02 Castelli F., Gratton R.G., Kurucz R.L.: 1997, As.Ap.,
Ni 6690.770 5.620e-03 — 318, 841.
Al 6696.023  4.170e-02 2.630e-02 Galazutdiniv G.A.: 1992, 7”Stellar echelle-spectra
6698.673  1.780e-02 1.259e-02 processing system. IImage processing. II. Spectra
Ca 6717.681  2.535e-01 — processing. Prepr.92, SAQO RAN, Nizhnii Arhyz.
Fe 6696.320  2.138¢-02 - Gurtovenko E.A., Kostyk R.L.: 1989, Fraungher
6699.142 7.925e-03 — . .
spectrum and solar lines oscillator strengths.,
G05001 3100002 400002 Naukova Dumka, Kyiv.
6707432  4.4706-03 T Halbwachs J.L.: 1986, As.Ap.Suppl., 66, 131.
6713.046 3.090e-02 2.511e-02 King JR, Deliyannis CP, Hiltgen DD, et al.:
6713.195  2.754e-03 — 1997, Astron. J., 113, 1871.
6713.745 5.010e-02 2.951e-02 Kurucz R.L.: 1993, CD ROM No. 15.
6715.383  2.291e-02 — Martin E., Basri G., Pavlenko Ya., Lyubchik Yu.: 2001,
6716.237  1.202e-02 — Astron. J., in preparation.
6717.298  1.107e-02 — Pavlenko Ya.V.. 2002, Kinemat. and Physics of
6724.082 3.013e-02 —

more observations are necessary to establish the frac-
tion of binary twins that show similar lithium abun-
dance anomalies and to establish the causes of these
anomalies.
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ABSTRACT. We provide parameter and abundance
determination of 9 subwarfs including two SMR stars
(HD 161797 and HD 182572). These stars show metal-
licity overabundance in agreement with previous re-
sults. Further we plan to carry out the detailed analysis
of luminosity, evolutionary status, age and belonging of
studied stars to spatial structures of the Galaxy.

Key words: Stars: abundances; stars: subdwarfs.

1. Introduction

The stars showing metal abundances far larger than
solar one were found by Spinrad & Taylor (1969) and
named the super metal rich (SMR) stars. Till now
this rather small group of stars attracts attention of
many researchers because the properties of metal-rich
are important for interpretation of metal- rich stellar
populations, such as the Buldge and their possible con-
nection with extra-solar planets. Taylor (1996) made a
critical appraisal of published values of the metallicity
[Fe/H] of stars and the status of SMR star (with 95%
confidence) was confirmed only for seven dwarfs and
subdwarfs including the subgiant 31 Aql (HD 182572).
Malagnini et al. (2000) analyzed a sample of 91 bright
stars in the solar vicinity and found that 73 stars of
their sample correspond to Taylor’s (1996) criterion
([Fe/H])>0.2 dex). The goal of our work is comparative
analysis of two SMR subdwarfs HD 161797 (Malagnini
et al. 2000) and HD 182572 (Taylor 1996) with an-
other subdwarfs. We study the chemical composition
and physical parameters of 7 subdwarfs by using model
atmosphere and spectra with a high dispersion and a
high signal-to-noise ratio.

2. The observations and reduction

The investigated spectra are part of the library col-
lected at the Haute Provence Observatory (Soubiran
et al. 1998) and they were obtained with the 193 cm
telescope equipped ELODIE spectrometer (R=42000).
The spectral range is 44006800 AA, signal-to- noise
ratios are more than 100. Spectra were previously re-
duced (Katz et al. 1998), the further processing of
spectra (continuum level location, measuring of equiv-

Table 1. Basic characteristics of the program stars
HD V B-V T logg V: Sp

161797 3.42 0.75 5750 3.87 13 G5IV
182572 5.17 0.76 5580 4.22 1.0 GS8IV
188512 3.17 086 5250 3.14 14 GS8IV
191026 5.38 0.85 5300 3.49 14 KOIV
196755 5.07 0.70 5680 3.54 14 G5IV
198149 341 091 5150 3.19 1.2 KOIV
216385 5.45 047 6400 3.97 14 F7IV

alent widths etc.) was carried out by us using the
DECH20 software (Galazutdinov 1992). Equivalent
widths EWs of lines were measured by means of a
Gaussian fitting.

3. Parameter determination

The basic characteristics and atmospheric parame-
ters of studied stars are listed in Table 1.

As the first approximation for Teg we took the T
derived in the paper of Soubiran et al. (1998). Then,
Tes were specifayed from the condition that the abun-
dances obtained from individual Fe I lines must be in-
dependent of the excitation potential Elow. The gravi-
ties log g have been determined through the ionization
equilibrium by forcing Fe II lines to yield the same
total Fe abundances as Fe I lines. Microturbulent ve-
locities V; were determined by forcing the abundances
determined from individual Fel lines to be indepen-
dent of equivalent width The precision of parameter
determination is A Tepy = £100 K; £ A logg=20.3; A
Vi==%0.2 km s~!, respectively.

4. Abundance determination

The abundance analyses presented in this paper were
carried out using WIDTH9 code by Kurucz. Appropri-
ate models for each star were derived by means of stan-
dard interpolation within the grid of atmosphere mod-
els by Kurucz (1993). The choice of model on metal-
licity was done with accuracy of A [Fe/H] £0.25. The
oscillator strengths log gf were taken from Gurtovenko
& Kostyk (1989). The stellar abundance derived in
this study are summarized in Table 2.
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Table 2. Abundance of the program stars
Element HD 161797 HD 182572 HD188512 HD 191026 HD 196755 HD 198149 HD 216385

Ol 8.94 8.74

Nal 6.96 6.24 6.54 6.47 6.44 6.20
Mgl 8.00

All 6.89 6.91 6.46 6.77 6.65 6.57 6.25
Sil 7.95 8.05 7.42 7.61 7.70 7.61 7.51
Sil I 7.58

Cal 6.84

Scl 3.29

Scl I 3.45 3.43 2.82 2.97 3.10 3.10 2.99
Til 5.41 5.42 4.96 5.17 5.06 5.11 4.96
Til 1 5.18 5.32 4.75 4.95 5.01 4.95 4.99
VI 4.41 4.32 3.96 4.19 4.11 4.13 4.03
Crl 7.44 6.10 6.52 6.33 6.15 6.35 6.13
Crll 6.08

Mnl 6.27

Fel 7.97 7.98 7.45 7.60 7.66 7.58 7.52
Fell 7.83 7.90 7.26 7.44 7.62 7.48 7.54
Col 5.36 5.27 5.56 5.04 5.52 5.14
Nil 6.65 6.01 6.16 6.26 6.17 6.12
Cul 5.27 4.68 4.59
Znl 5.35 5.17 4.78 4.47 4.50 4.33
Srl 3.03 3.29 2.58

YI 2.60 2.99 2.41 2.37 2.44

YII 2.46 2.44 2.10 2.29 2.90 2.26
Zrl 3.01 2.74

Zrl 1 3.57

Rul 3.01

Ball 2.33 2.32 1.91 1.91 2.20 2.20 2.4
Lal I 1.23 1.16 0.95

Cel I 1.88 1.83 1.61

Prll 1.02 1.01 0.73 0.78

NdI I 1.56 1.40 1.47 1.63 2.12 1.5
SmI I 1.80

Eull 3.84 0.38

5. Discussion

HD 161797 and 182572 show slight overabundance in
agreement with previous results (Taylor 1996; Mishen-
ina 1996; Malagnini et al. 2000). Further we plan to
carry out the detailed analysis of luminosity, evolution-
ary status, age and belonging of studied stars to spatial
structures of the Galaxy.

Naukova Dumka, Kiev, 200p.

Katz D., Soubiran C., Cayrel R., Adda M., Cautain R..:
1998, As.Ap., 338, 151

Kurucz R.L.: 1993, CD ROM n13

Malagnini M.L., Morossi C., Buzzoni A., Chavez M.:
2000, PASP, 112, 1455

Mishenina T.V.: 1996, As. Ap.Suppl., 119, 321
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ABSTRACT. We have considered the possibility for
modelling of remarkable spectral feature 6708 A for Tuble 1: List of observations for HD101065.
HD101065 (Przybyslski’s star) in two ways - as a blend Date UT Exp. D Range
of Li and REE lines and as blend of REE linesonly. We & gny hm [m] 2450000+
show by model calculations that Li lines absorb signifi- —94 11306 5 11 20 153.726 6675—6735 A
cantly in the range 6707.72 -6708.02 AA and resulting 96 10.3.96 441 20 152.705  6120-6180 A

Li abundance 3.3 dex (in the scale lg N(H)=12.0) is
near to the primordial value.

Key words: Stars: chemically peculiar; individual:
HD101065 stars: individual: HD101065.

1. Introduction

Following to Cowley & Mathys (1998) and Cowley
et al. (2000) we undertaken the new analysis of the
spectrum of Przybylski’s star (HD101065, V816 Cen),
which has the most unusual of all stellar spectra (Weg-
ner et al.,, 1983). As was first noted by it’s discov-
erer, A. Przybylski (1961, 1977), in the spectrum of
HD101065 the strongest spectral lines generally belong
to lanthanides. For this star the relative abundances of
elements depend critically on the assumed stellar tem-
perature and applied line identification method (Cow-
ley et al., 2000).

The strong complicated spectral feature at A 6708 A
in the observable spectra creates the problem of cor-
rect line identification in this region. The comprehen-
sive analysis of REE lines was performed and the main
contribution of lithium was shown for this blend.

2. The observations and their reductions

The observations were made by PN with the ESO
Coudé Auxiliary Telescope. The Coudé Echelle Spec-
trograph was used with resolving power R=100000 and
the S/N ratio for an individual spectrogram was better
than 100 at the 1o level. The detector was ESO CCD
34 with 2048 pixels along the dispersion. A thorium-
argon lamp was used for the wavelength calibrations
with an accuracy better than 0.3km s~!. Primary data,
reduction was done by PN during the observing run,
using the old IHAP system of ESO. In Table 1 the date,
exposure time and wavelength coverage are given.

3. Atmosphere model

The values of Teg = 6750, logg = 4.0 and vsini =
3.5+ 0.5km s—!, that are close to the model param-
eters of Cowley et al. (2000) Tex = 6600,logg = 4.0
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Table 2: Abundances of the elements (log N/Ny,:) for HD101065 as compared with data of Cowley et al. (2000)
for this star, for the HD166473 (Gelbmann et al., 2000) and for the Sun (Grevesse & Sauval, 1998).

El HD101065 n HD101065 HD166473 Sun
Li1 —-8.70+£0.10 2 - - -10.887
C1 —410+£0.10 3 -3.97+0.01 —-4.24+0.11 -3.52
O1 —4.40+010 3 -3.724+0.25 —-4.76+0.21 -3.21
Na1 -550+010 3 —-581+0.23 —5.84+0.37 -5.72
Al1 —6.10£0.10 1 - —4.78 £0.37 -5.57
Sit —460+£010 9 —-4384+0.24 -410%+0.26 -4.48
Cal —-635+010 4 —-6.67+034 —534+0.29 -5.69
Ti1 -7.05+020 3 —-7.08+0.29 —6.70 : -7.10
Cr1 —470+020 6 —-6.19+0.21 —5.50+0.45 -6.35
Fe1 -510+£020 6 —-5.414+0.26 —-4.34+0.22 -4.54
Co1 —-6.20+020 1 —-5.67+020 —-6.03+0.12 -7.13
Y1 -6.60+020 3 —7.67: - -9.81
Banm -9.10£025 1 —-769+£0.01 -1037+0.06 -9.82
Lait —-782+£020 6 —-7.7+£035 —-830+0.25 -10.82
Cenn -735+025 4 -7194+033 -755+0.41 -1041
Pro -9.16+020 5 —-863+031 -—-881+0.22 -11.24
Priur  —-800£025 6 —7.05+£036 —-760+038 -11.24
Ndmm —-755+£0.20 11 —-6.91+034 -797+0.28 -10.55
Ndmr -6.10£0.20 2 —-6.52+040 —-643+037 -10.55
Smin -760+0.15 16 -7.124+0.39 -825+0.23 -11.06
Eun -753+020 1 -8.03+041 -843+0.20 -11.49
Gdu -752+025 7 -7.144+038 -—-787+0.20 -10.95
Tbr -890+0.25 1 - - -12.10
Dyn —-764+£020 1 —-752+£0.27 -779+£037 -10.87
Eru -781+020 1 -7824+0.28 —-822+0.17 -11.07
Ybir -7.96+020 2 —-8924+0.34 -893+£0.32 -11.08
Lunm -7284+£025 1 -—-831+0.28 -882+£0.27 -11.91
Os1 —-759+£025 1 - - -11.55
Ir1 -795+025 1 - - -11.65

and v sini = 3.5+ 0.5km s~! were used by us for
analysis. Model with [M/H]=0.0 was applied. In or-
der to take into account the magnetic broadening of
spectral lines for the surface magnetic field 2.3 kG
Cowley et al. (2000) value of microturbulent velocity
Vinicro = 2km s~ was applied.

4. Rotation and magnetic field

The high-speed photometric observations reveal that
HD101065 pulsates with at least three frequencies near
1.37 mHz (Kurtz, 1978). But the detected frequencies
are not equally spaced and hence cannot be straight-
forwardly interpreted in terms of the oblique pulsator
model (Martinez & Kurtz, 1990). Therefore these au-
thors can not obtain the value of stellar rotation veloc-
ity from the analysis of photometric data variability.

The first magnetic field observations for HD101065
were carried out by Wolff & Hagen (1976), that ob-
tained the three evaluations of the mean longitudinal

field ranging from —2100 to —2500 G, with estimated
error of 450G. Such large uncertainties could be due to
the severe blending (Cowley, 2000), that is usual as for
the Przybylski’s star. Another estimates of the mean
longitudinal magnetic field (—1408 &+ 50) G as well as
of the crossover (—2670 & 980) km s~! G and the mean
quadratic field, with a 3¢ upper limit of 8.7 kG, (the
analysed spectrum of HD101065 was obtained in June
1992) were performed by Cowley & Mathys (1998)
in the same way as described by Mathys & Hubrig
(1997). The last derived value for the mean longi-
tudinal field is marginally smaller (in absolute value)
than previous ones. But in order to make a final con-
clusion about the reality of mean longitudinal mag-
netic field variation during the time interval of about
20 years, that separates these two determination mo-
ments, the new additional observations (Mathys, 2001)
should be carried out. At the recent paper of Cowley
et al. (2000) authors have relatively well represented
the observed line profiles of HD101065 (obtained at
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Table 4: The shares of main absorption contributors.

Line (Ao, A)  El A (A)  Share (%)) El A (A)  Share (%)
6707.72 "Lit  6707.756 11 "Lit  6707.768 16
*Smir  6707.779 1
6707.82 "Lit  6707.756 9 "Li1  6707.768 17
*Smi1r  6707.779 1 "Lit  6707.907 2
Lit  6707.908 1 6Li1 6707.916 2
Lit  6707.919 3 "Lit  6707.920 2
6Lit  6707.928 2
6707.92 "Lit  6707.756 1 "Li1  6707.768 2
"Lit  6707.907 4 "Lit  6707.908 2
fLi1  6707.916 4 "Li1  6707.919 6
Lit  6707.920 4 6Li1 6707.928 6
6708.02 "Lit  6707.907 1 "Lit  6707.908 1
fLi1  6707.916 1 Li1  6707.919 2
Lit  6707.920 1 6Li1 6707.928 3
6Lit  6708.067 1 6Li1  6708.068 1
bLit  6708.079 1 6Li1  6708.080 1
*Cenl  6708.099 6
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Figure 1: The observed (thick line) and simulated
with Gd II 6707.462 A line (dashed thin line) spectra
for HD101065. Thin line - calculated spectrum with
shifted Gd II line 6707.602 A.

February 1998) by synthetic profiles calculated with a
mean surface magnetic field Bs = 2300 £+ 350 G and
vsini = 3.5+ 0.5km s~ L.

5. Abundance analysis

All the available spectra have been analysed with the
help of ”"STARSP” and "ROTATE” code developed by
V.Tsymbal (1996). The last code was modified by A.
Yushchenko. ”URAN” (Yushchenko, 1998) and ”SYN-

0.6
6705 6706 6707

Wavelength, A

6708 6709

Figure 2: The same as at the Fig.1, but without the
lithium lines (only REE lines).

THE” (Kurucz, 1995) codes were also used.

The chemical element abundances used in synthetic
spectra simulations are given in Table 2. Table 3 con-
taing the line list used in model calculations. The
wavelengths of lines marked by asterisk were calculated
on the base of NIST energy levels. Corresponding gf-
values were estimated by us using the abundances of
each element determined on the base of other lines with
known gf-values (from VALD and Kurucz lists) in two
spectral regions, 6113-6173 AA and 6675-6735 AA.

The line Sm II A 6707.779 A coincides almost with
the centre of lithium blend X\ 6707.844 A. We tried to
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Table 3: Line list used in synthetic spectra.

El A (A) Eiow (€V) loggf
*Pri1 6705.5470 0.000 -2.985

Cenmr  6706.0510 1.840 -1.253
*Tm  6706.2620 3.955 -1.253
*Prim 6706.4920 3.104 -1.285

Priir  6706.7050 0.550 -1.285
*Nd1ir  6706.9220 3.211 -2.179
*Cell 6707.1210 1.255 -2.303
*Smi11  6707.3420 0.885 -2.579
*Nd1ir  6707.4530 2.880 -2.179

Smir 6707.4730 0.930 -2.679
*Gdu  6707.6021 3.270 -0.679
TLi1 6707.7560 0.000 -0.427
TLi1 6707.7680 0.000 -0.206
*Smi1  6707.7790 2.037 -2.679
TLi1 6707.9070 0.000 -0.931
"Li1 6707.9080 0.000 -1.161
61 6707.9160 0.000 -0.927
TLi1 6707.9190 0.000 -0.712
TLi1 6707.9200 0.000 -0.931
61 6707.9280 0.000 -0.706
61 6708.0670 0.000 -1.431
61 6708.0680 0.000 -1.661
61 6708.0790 0.000 -1.212
61 6708.0800 0.000 -1.431
*Cell  6708.0990 0.700 -1.950
*Nd1ir  6708.4580 3.536 -2.579

*gf-values were estimated by us (see text).

calculate this blend without lithium lines with shifted
Sm II line on X 6707.844 A. Result fitting was bad
(see Fig. 2). Only the including of “Li and ®Li dou-
blets with ratio ®Li/"Li = 0.3 permitted us to well
represent the observed profile of blend (see Fig. 1). In
Table 4 we show the shares in total absorption of the
main contributors as ones were given by ”STARSP”
code in four representative wavelengths for lithium
doublet range 6707.72-6708.02 AA of blend profile (for
Viniero = 2 km s1) without instrumental smoothing,.

6. Discussion

We have considered the possibility for modelling
of remarkable spectral feature 6708 A for HD101065
(Przybyslski’s star) in two ways - as a blend of Li and
REE lines and as blend of REE lines only. We show by
model calculations that Li lines absorb significantly in
the range 6707.72-6708.02 AA and resulting Li abun-
dance 3.3 dex (in the scale IlgN(H)=12.0) is near to the
primordial value.

Our synthetic spectra calculations show the necessity
of additional absorption at 6707.6 A. Instead of includ-

ing of new unknown lines for better fitting to observed
profile we shifted Gd II line centre at 6707.602 A.
We changed the gf-value for +0.2 dex for line Gd
II 6707.462 A, calculated by us, when shifted it at
6707.602 A with fixed Gd abundance. In the Li ab-
sorption range (6707.72-6708.02 AA) this line does not
add any noticeable contribution (see Table 4).
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Li I LINE A 460.3 nm IN SPECTRA
OF SUPER LITHIUM-RICH CARBON STARS

L.Yakovina, Ya. Pavlenko
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Golosiiv woods, Kyiv-127, 03680, Ukraine

ABSTRACT. Subordinate Li I line A 460.3 nm is
quite strong and sensitive on lithium abundances at
log N(Li) =3-5 that are typical in atmospheres of super
lithium-rich AGB giants. However, this line cannot be
a good indicator of lithium abundances due to severe
blending, especially by line Fe I A 460.294 nm. On the
other hand, a sensitivity of calculated blend containing
Li I line A 460.3 nm on log N(Li) increases for more
complete system of continuum opacity sources in the
blue and if use this indicator for metal-deficient stars.

Key words: AGB stars: WZ Cas: lithium abun-
dance indicator: subordinate Li I lines.

Super lithium-rich AGB stars (SLR, log N(Li) > 4)
are of great cosmological interest, because ones belong
to the main suppliers of lithium into interstellar me-
dia. Resonance Li I line A 670.8 nm is very strong in
spectra of SLR stars. Besides, there are some strong
subordinate Li I lines in optical and near IR regions
formed by transitions from a level 2p. Four strong lines
of this series lie in AX 450-820 nm, namely, A\ 812.6,
610.4, 497.2 and 460.3 nm. From Abia et al. (1999)
and Yakovina & Pavlenko (2001) computations follow
that Li I lines AX 812.6 and 610.4 nm are saturated in
spectra of SLR C—stars and therefore they are rather
non sensitive on lithium abundance. LiT lines A\ 497.2
and 460.3 nm are quite sensitive on log N(Li), but re-
ally only Li I line A 497.2 nm can be good lithium
abundance indicator due to severe blending of the line
A 460.3 nm. The last almost coincides in wavelengths
with strong Fe I line A 460.294 nm. Furthermore, it lies
in region of strong bands Av =-2 of CN violet system.
Li I line A 460.3 nm is blended mainly by the band 0-2
with head at ~ A 460.6 nm. We investigate if there are
any conditions for blend at A 460.3 nm which make one
more sensitive on log N(Li).

For the first time subordinate triplet Li I A 460.3
nm was considered by Abia et al. (1999). But esti-
mation of log N(Li) was not derived due to not per-
fect fit of synthetic spectra to observed spectrum of
C-star in this region. To improve the fit we refine line
lists for region near Li I line A 460.3 nm. Then we
consider one as indicator of lithium abundance. The

Table 1: The parameters of triplet Li I A 460.3 nm.
(Kupka et al. 1999).

Wavelength[nm] log gf EileV] Transition(i->k)
460.2826 -0.613 1.848 2p 2P - 4d 2D
460.2894 -0.3563 1.848 2p 2P - 4d 2D
460.2897 -1.313 1.848 2p 2P - 4d 2D

triplet line parameters are listed in Table 1. We use the
observed spectrum of WZ Cas (C9.2J) kindly provided
by C.Abia (see (Abia et al. 1999) for more details).

Synthetic spectra were computed in LTE approach
by the program WITA6 (Pavlenko 2000). Continuum
opacities for a case of carbon-rich atmospheres were
used. Then, we implement additional continuum ab-
sorption to account of unidentified yet sources by in-
creasing of continuum opacity by factor & . Parame-
ters of the used model atmosphere (see Eriksson et al.
1984) are: Tes/log g/[u] = 3000/0./0., C/0O=1.007.
We adopt oxygen and nitrogen abundances from the
atmosphere model. Carbon abundance was refined us-
ing fits to observed spectrum. Microturbulence veloc-
ity V; =2.5 km/s and isotopic ratio 2C/13C =5 were
used (see Abia et al. 1999).

We compile line list using atomic lines from (Abia
et al. 1999) and molecular lines from CD-ROM N18 of
Kurucz (1993-1994). Molecular line list includes lines
of A-X and B-X systems of CN, D-A system of C, ,
A-X and B-X systems of CH and A-X system of MgH.
The list of atomic lines was verified by a fit to spectrum
of the Sun (Fig.1a). Atlas of solar spectrum (Kurucz
et al. 1984) and solar atmosphere model from Kurucz
(1993-1994) were used. Some atomic lines were taken
from Bell’s tape kindly provided by T.Kipper. Fit of
A 460.3 nm region to observed spectrum of WZ Cas is
quite good (Fig.1b). The differences of the observed
and synthetic spectra are caused mainly by the lack of
precision and completeness of used molecular line lists,
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especially C, lists.

Sensitivity of Li I line A 460.3 nm profile and A 460.3
nm blend on log N(Li) for different « and [g] and fit
of this blend to the observed spectrum of WZ Cas are
shown in Fig.2. Fig.2a shows the modelled Li line itself.
Fig.2b illustrates the blend at A 460.3 nm for case k =1
(no additional opacity) and []=0.0 (solar metallicity).
Cases of k =5, [u]=0.0 and k =5, [u]=-1.0 are shown in
Figs. 2c and 2d, respectively. We see, that sensitivity
of the blend on log N(Li) is rather weak in case 2b)
and essensially rises if additional opacity sources are
implemented (Fig.2c). Note, k =5 was chosen from the
best fit to the observed spectrum of WZ Cas. Fig.2d
shows that this Li abundance indicator is more suitable
for metal-deficient stars.

We cannot use the line Li I A 460.3 nm for log
N(Li) determination because the computed blend’s
core is too deep in comparison with the observed one
(Fig. 2c). This can be explained by different reasons:
a) used gf of line Fe I A 460.294 nm is too high, b) too
rough model atmosphere and adopted approaches, c)
NLTE effects in Fe I line A 460.294 nm. Note, that
NLTE correction to log Nyrg(Li) from line A 460.3
nm is Alog N(Li)=40.1 for used atmosphere model
(cf Abia et al. 1999). Then, we use log gf=-2.220 for
line Fe I A 460.294 nm from Blackwell et al. (1980) as
the most exact. It is the lowest value among known gf.

Fig.2 shows, that the A 460.3 nm blend is the most
sensitive on lithium abundance at log N(Li) = 34. It
cannot be used yet for lithium abundance determina-
tion in SLR AGB stars, but a situation can be improved
in the case of more precise calculations. This indicator
is more suitable for metal-deficient stars.
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"OBSERVATION OBSCURER” -
TIME SERIES VIEWER, EDITOR AND PROCESSOR
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ABSTRACT. The program is described, which con-
tains a set of subroutines suitable for fast viewing and
interactive filtering and processing of regularly and ir-
regularly spaced time series. Being a 32-bit DOS appli-
cation, it may be used as a default fast viewer/editor
of time series in any computer shell (”commander”) or
in Windows. It allows to view the data in the ”time”
or ”phase” mode, to remove (”obscure”) or filter out-
standing bad points; to make scale transformations
and smoothing using few methods (e.g. mean with
phase binning, determination of the statistically opti-
mal number of phase bins; "running parabola” (An-
dronov, 1997, As.Ap. Suppl. 125, 207) fit and to make
time series analysis using some methods, e.g. correla-
tion, autocorrelation and histogram analysis; determi-
nation of extrema etc. Some features have been de-
veloped specially for variable star observers, e.g. the
barycentric correction, the creation and fast analysis
of 7O-C” diagrams etc. The manual for "hot keys” is
presented. The computer code was compiled with a
32-bit Free Pascal (www.freepascal.org).

Key words: Data reduction

1. Introduction

Despite hundreds of programs exist for various oper-
ating systems, which allow to visualize data and create
graphs of different complexity, it takes time to run the
program, load the data file. Many programs may draw
graphs with automatically determined limits with fur-
ther possibility of formatting the graph.

One of the aims of this program is fast visualizing
the data, which allows the batch mode. Besides, it has
additional possibilities oriented to data checking and
preliminary data reduction. A part of these features is
oriented to specific astronomical needs, partially con-
nected to the variable star research. After running, the
data are visualized with determining the limits auto-
matically. The cursor marks the point, the character-
istics of which are shown. This possibility allows to
check the data, especially outstanding points and, if
decided that this point is wrong, to delete (obscure) it.
If the data are the compilation, there may be groups of

points of joint origin (same filter, telescope, observer),
which should be deleted or analyzed. There is a pos-
sibility of a convertation of times to phases and vice
versa, to scale and transform coordinates from linear
to logarithmic and back, inverting etc.

The arrays reserved are the following: ¢; - argument;
x; - signal; s; - error estimate (sometimes may be used
as a working array); e; - working array. Contrary to
electronic tables, the number of arrays is fixed. The
graph always show a dependence of z; vs t;. Hereafter
the value ¢ will indicate a number of the current point,
i1 and i are the first and last numbers of the point
seen at the current screen.

The program is issued ”as is”, without warranty of
any kind. If using, please refer to this paper.

The program is rapidly operated by "hot keys”, con-
trary to the menu-oriented mouse control, which is usu-
ally applied in professional packages. Such an approach
allows to speed up the work after learning the keys for
most frequently used operations. The program can be
classified as a viewer or simplified editor, complemen-
tary to that used in the shells like Norton Commander,
Volkov Commander or FAR.

Running the program

The simplest way to run is just to launch ”o.exe”.
Then the promt for the file name occurs. The input
file should contain columns of numbers separated by
spaces. The commas and the tabulation symbol (#9)
are not acceptable. It is possible to add one to four
parameters in the fixed sequence:

[path]o.exe [[FileIn] [[Column] [[FileOut] [Skip]]]],

where [FileIn] is the input file. Parameter [Column]
is the column number - default is 0 for the ”time” (%)
axis and 1 for the ”signal” (z) axis. If the column is set
to zero, t; = j, j := 1..N where j is the trial number
of observations, and N is their total number read by
the program. If changing the column from within the
program (”C” button, one may use negative values to
use their absolute values without changing ¢ from cur-
rent values to column zero. The parameter [FileOut]
is the name of the output file, to which one may write
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results of data transformation/reduction. There is a
special value ”-”, which will force typing to the screen
the input data. This option is needed, if there are er-
rors in the input data (”illegal real”, often appears, if
there are additional symbols or absence of the space
separating the columns). The last parameter allows to
skip [skip] lines at the beginning of the file. So large
files may be viewed or processed in parts.

To exit the program, press F10, ” Escape” or ”En-
ter”; other "hot keys” are not duplicated;

The 16-bit "lite” version O.EXE is compiled with
Turbo Pascal 6.0 (www.borland.com) and works with
the number of data N < 10000, whereas the 32-
bit version OO.EXE compiled with the Free Pascal
(www.freepascal.org) has a limit N < 300000 and a
lot of additional features.

If the number of data exceeds the limit, only a lim-
iting value is read. To read other parts of the file,
one may skip Np lines. If the data are not sorted ac-
cording to the argument, a note appears with a listing
of inverse t; 1 > t;. In the 32-bit version, it is pos-
sible to sort these data in ascending order of ¢;. In
the 16-bit version, the program determines the graphic
resolution and automatically uses monochrome Her-
cules or 16-color EGA mode. The appropriate driver
herc.bgi or egavga.bgi should be copied in a fixed di-
rectory c: \Andronov. In the 32-bit version, only EGA
mode is possible.

For further designations, we use symbols @ (”Alt”),
T(”Shift”) and ~(”Ctrl”). If few digits are listed after
#, e.g. #123, this corresponds to a special symbol
with this ASCII code. These digits should be pressed
only at the numerical keyboard, after Alt is pressed,
and releasing Alt after the code is entered completely.
Alternatively, ®6 means ”Alt 6” (6 at the main, not
numerical, keypad). The letters may be inserted in
any case. Some "hot keys” are binary, e.g. @ R means
that the keys Q and R are pressed consequently. The
number of the current point is designated as i, whereas
usage of the index j means that all data points are
transferred: j := 1..N. If the index j — 1 is used, then
the cycle is j := 2..N.

The output files with fixed names corresponding to
different functions, have the ”.dat” extension, if they
may be used as columns of data for further view-
ing/plotting, and have no extension, if they contain
values of various nature. All these files have an under-
brace ”_” symbol as the first mone in the file name.

The ”hot keys” used in both versions, they are shown
in the bold font, whereas the advanced commands,
which are used in the 32-bit version only, are shown in
the slanted font.

The first used line of the file is a control one. The
program uses it for automatic definition of the format,
which is used for the point and axis labels and the
output. An entry likewise ”-.1” is interpreted as -0.1
with adding a missing position. The data should be

T T
9.20 u
< DFCYG.DAT 5
> DFCYG.DAS
N=3623
c= 1 nb= o +
i= 2816 e +
*x*=48746 . 29000 LA
x =48746 . 29000 + 4 EAn J
1/%=  0.000021 Al e 4
12.60 M IL;: b 14 % 3
T e e a3
e +
L I 5 Nz 4
+ = t
= e —] [+
r | =
f’} S _ir* .
o 2 +[fe] + PAES
8 +
+ +], o
+
1a.50[, . B
short 48746.29000 49429.951250 13.61250

00_ILA Esc=Quit <>=-+1 0.=-+10 S5=discard F2=SaveFile F3=NewFile /=Resize
U2770 *=Reverse +-=Zoom PgDown PgUp t=1lgt 9=10~t y=lax h=10"x m=i->mag i=mag->i

Figure 1: Interface of the program. Part of the light
curve of pulsating variable star DF Cyg from the
AFOEV database. The parameters listed at the left
part of the figure (up to bottom):

input file (dfcyg.dat), output file (dfcyg$.dat), number
of data N = 3623, number of column m = 1, num-
ber of lines skipped nb = 0, number of current point
marked with a vertical line ¢ = 3623, current argument
t; (x*), current argument ¢; (x, not affected), inverse
argument 1/t;, value of the signal z;. The numbers
at the borders show the limits of the argument and
signal, respectively. Two bottom lines contain a short
help. After pressing F4, the interval is splitted into
m(= 20) subintervals separated by vertical lines. The
horizonatal lines show mean values and +1o values.

in fixed (not exponential) format in this line, whereas
the rest may be in both formats. The format may be
changed by pressing the ”J” button - ”j1 : j2” (j1
digits, including j2 digits after decimal point) for ¢ and
j3:j4 for z.

After reading the columns for ¢ and z, the data are
plotted with automatic determination of the limits and
corresponding scaling.

Note, there is no multiple "undo”, thus, using
”undo” with switches, one should use them in the re-
verse order (likewise hierearchical loops).

To make the work with the program faster, the oper-
ation is based on the "hot keys” instead of menu. Here
we present their list with a short description.

Screen changes

+ - zoom (twice pixels per argument interval);
— - unzoom (twice argument interval per pixel);
- input axis limits;
- restore automatic limits;
- center current point at the screen;
- resize current window according to the signal lim-
its;
- change direction of the signal axis;
| - initial resize (set signal borders to limits for all
data);
F6 , Meft - shift window to the left by a half-width;
F7 - make current point the left limit of the interval;

~ =%
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F8 - make current point the right limit of the interval; \ - inverse argument t; := 1/t; (e.g. time-frequency
F9 , “right - shift window to the left by a half-width; switch);
J - change output format of the argument (j1 : j2) F - time - phase (the initial epoch Tj, period P and
and signal (53 : j4); quadratic term () may be separately read into the
Tab - swap t; < z;; program after pressing the buttons O, P and Q,
ATab - swap z; <= s;. respectively. By default, they are read from the file
c:\Andronov\c.z .
Change the current point % - add unity to signal from current point to the end
Generally, if changing the point number i, it will (u}i?fd for a dLagram p}.lasefvs tm.le); L
be checked for (and, if needed, changed to) the range (s lht 6) ;ilsu tract unity irom signal from current
[1,n], numbering neglecting skipped lines. to the end; . )
Home - first point of the screen: #2 #5 - f11v1de current signal \{alue.a:i by 2.5 (this
End - last point of the screen: option is used e.g. .Wher} plotting time intervals be-
AHome - first point of data; tween characteristic points, and few moments be-
AEnd - last point of data; R tween them may be 10§t5)
Down - lowest point of the screen; Z - decrease shift u‘b.y unity and plot amap (zg, T4,
Up - upper point of the screen; R k‘: Ln— U?? mlmmal‘ value of u = 1;
Del, 5 - delete point above cursor; X - increase shift u by unity and plot a map (zg, Tr+u,
"gY  feial: k =1,n — u); maximal value of u = n — 2;
o "y i 1:1—:’ AR restore the arguments from a working array and
_()) T _1(1)'__1_ ' show a full interval of data,
L= 1F9 - divide: z; := 2;/t;, i == 1,n; if t; = 0 then
. - :i=i+10; s = 1032:
4 - i:=i-100; v '
5 - i;:i+106; Time-phase transformations are made according to
7 - i:=i-1000; the linear expression t = Ty + Py - E+ Q- E?, the phase
X - i:=i+1000; is computed as ¢ = E — E;, where E; = INT (E) is the
7 - previous local extremum; integer cycle number;
9 - next local extremum; O - input initial epoch Tp and write to file;
V - corlrect current. pf)int assurr.ling r(.agular argumer}t P - input period P and write to file;
spacing and cubic interpolation using 4 symmetric [ - input quadratic term and write to file;
pomts, Le. T = (4 (wifl +a:%»+1) ~ri-2— wi+2)/_6 F - toggle t; time-phase (computed for current Ty, Pp,
for 2 < ¢ < n — 1; this option may be used, if Q);
Ehe point 1s errenegus anq Sh}?u(lid be. dleleted, bu(‘; AS - show phase curve for the next frequency listed in
rom .Sfome reason the gap in t el ata 1fs 58 Wanfte the file (cyclic rule: 7 : ((i — 1) mod N) + 1);
(e-g. if computing an autocorrelation function, fast AA - show phase curve for the previous frequency listed

”)”

Fourier transform etc.);

- delete all points with current signal value (remove
horizontal line). This option may be used, if such
a value indicates wrong value (out of detection);

Data transformation switches

First click makes changes, second one on the same
button - makes an inverse transformation. Please note:
the inverse transformation will be made for current vec-
tor, so, if it was changed between pressing the buttons,
the restored vector will not coincide with the initial
one. If restoring, the rule is simple: the inverse trans-
forms should be made in an inverse order.

M

I

T
Y
H
G

- the data z are transferred from intensities to mag-
nitudes in the sense z; := —2.51g(%; /Tmaz);

- the data = are transferred from magnitudes to
intensities in the sense z; := 1070-4(2i=Zmin),

- linear/log time scale: t; := lg(t;);

- linear/log signal scale: z; := lg(z;);

- log/linear signal scale: z; := 10%4;

- exponential/linear scale: t; := 10%;

P

2O

AN

in the file;

- compute deviations from the best linear fit and
write to the file _o-c_lin.dat;

- set period value to the value last determined with
a 3-point parabolic fit (with ”Ins” button) or cur-
rent argument ¢;. Initial epoch Ty and the quadratic
term () are set to zero;

- set initial epoch Ty to the argument of current
point ¢; and save this value;

- change column; if C' > 0, the zero column is set to
the argument ¢;, and the C*" column as the signal
x;; if C' = 0, the zero column is set to the signal x;
and argument t; = ¢; if C' < 0, the argument ¢; is
not changed and the (—C)* column as the signal
z;; the last possibility is used e.g. to plot nonzero
column as the argument: press C 2 Enter Tab C
-3 Enter. As a result, ¢; is the second column, and
x; is the third column.

- the argument ¢; := j and the signal z; is not
changed;
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B - skip lines till the current point inclusive; U U - Determination of the corrected values of the pe-
AU - evaluation of the smoothed value using the linear riod P and 1n1t1.a1 epoch T ASSUTING @i are the
fit: phases, t; are times, and (possibly) s; are error
’ . . estimates. For such redetermination, the current
A - compute autocorrelation function for all N data: .
ACFyuy1 = Ru/Ro, Ra i= Z]\:u TiTin, the ar- Zaluss of Ty and Py ar(? used (either read from the
. : = c.z” file or after pressing O or P.
gument is set to t; ;=14 — 1.
@6 - remove all data outside the window and replace
the data with the autocorrelation function.
F2 - save all data Error column
©F2 - save data from the current window only; K insert column number for the array s; (e.g. with
F3 - reaFl new file; ) ) ) error estimates);
F4 - split current VY]I]dOW‘ into subintervals [ := 1"”?’ AW effective error corresponding to the mean weight:
compute mean Z;, unbiased root mean square devi- ~1/2
ation of the data from the mean o, error estimate on = (& (Zfil 0;2)) , 0 = 1 Zfil O,
of the mean o,;. Results (I, %), 07,0,;) are written A2 B
(appended) to the file _f4.dat. Nepp = (Zf\il 9; 4) /Zfil 0
AF4 - compute mean values from m subsequent points
and append to the same file;
@F4 - histogram of the data from current window (split- Work with data labels
ted }nto m subln‘g,ervals?’. N Y While working with data obtained from dif-
F5 ;nswglcslizigve;: Isrlll?cr}fe f:}?origni Ogipiisfoilfr}; ferent sources, sometimes it is needed to select
vals. .
ﬁlf name is transferred from the inpilt namepby @ part of them accordlng to th-e soutee, ©&
. : to the observer. For time series analysis of
changing the last symbol to ”1” ("#” in the "long” 0 ApQEY (http://cdsarc.u-strasbg.fr/afoev) and
mode).. The interval limits marked with F'7 a;fld F§ VSOLJ (http://www.kusastro.kyoto-u.ac.jp) data, we
are written to the file: n; ’.tnl’ N2, tn2. In the long”  se an intermediate format (time, magnitude, 3-symbol
I.HOde’ the oujuput format is: number of points; next abbreviation of the observer). These 3 last symbols are
lines: t;, T, b :=M1-N2. read (in the 32-bit version) as an array and are shown
Ins - Determlr}atlon Of, the ext.remur.n nea.re.st to the at the screen with the information of the current point.
current pO}nt by usmg' 3 pomts‘ (¢ =1,4,i+1). In Few operations are available with the subset of data
the left WlndOW, the 1nf01."mat.1on appears on the having the same mark:
argument and signal value in this approximation. If
the argument axis is transformed, the initial value - - put mark (observer’s abbreviation) of the current
is also shown. Eg., if the argument was transferred point to be a selected one. All points with the same
logarithmically, then one may see the value in the label will be drawn in another (??7) color.
N linear scale. ADel - delete all observations with the same mark;
2

cles; in the 32-bit version, large symbols mode also
corresponds to a local cubic interpolation line

Work with phases

¢ x; :=frac(xz;)— leave only fractional part of the sig-
nal;

QF -z :=v-int(v+0.5),v:= (t; —To)/ P, j = 1.N;
i.e. x; is the phase corresponding to the current
values of Ty and P.

& xj:=tjy1—tj,j =1.N—1; z; = x; + j;, where an
integer j; is determined so that j; := 0 and |z;41 —
x;| < 0.5. This option is used when the signal is
the phase. If the phase variations are smooth, this
option is usually sufficient to restore proper cycle
numbering; otherwise one may use manual cycle
renumbering using buttons ®5 and ©6.

@5 _xii=a 1, ii=041;
6 -gi=x;— 1,0 =04+ 1;

- switch between presenting data as small/large cir- 5 Ins

- leave only observations with the same mark,
delete others;

”Non-undo” data transformation.

AG - generator of the signals, including periodic (si-
nusoidal and asymmetric), uncorrelated random
(Gauss, x?, Cauchy et al. distributions) autore-
gressive models of the first and user-defined order
and chaotic processes;

QO0-zj:=axzj+bxs;, j =1.N; the coefficients a
and b are requested; this option is used e.g. if com-
puting 1o deviations from the signal or to compute
deviations O — C' (z; — s;) of the signal from the
fit;

QS -z = ,/a:?—

a2, j 1..N; the coefficient a is

requested;
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Q@ D - approximation of the derivative dz/dt by linear
expression: ;1 := (¢j—xj_1)/(tj —tj—1); tj—1 :=
(tj +tj-1)/2.

QY - d(x?)/dt. This option is used e.g. in the scale-
gram analysis. Computing the scalegram the test
function oo_c(At) (unbiased r.m.s. deviation of
the data from the fit, Andronov, 1997), one may
determine the derivative of the energy on lg At to
obtain the scalegram.

Q 1 - t; to the integer cycle number (e.g. primary min-
imum in eclipsing variables);

Q 2 - t; — Py/2 to the integer cycle number (e.g. sec-
ondary minimum);

QP -z ==z P, j= 1.N. This option is used to
transfer phases to 7O-C”.

Q I - Table of interpolated data using local cubic fit us-
ing 4 nearby data points. This is a spline of power
3 and defect 2, i.e. despite the interpolation is cor-
rect for the polynomial of power up to 3, the first
derivative may be discontinuous at the arguments
of points. The same interpolation is used for draw-
ing an interpolation curve (button ).

- square: x; =7, j := 1..N.

, @S - sort data (t;,z;, s;) in ascending order of ;.

- switch ”show s;” (used e.g. to show both data

and a fit);

- table of values smoothed using running parabolae

- double the data using local cubic polynomial as-

suming regular spacing of arguments. This option

is used to make graph more smooth.

- time correction: input two times, where correc-

tions are made. This option is used e.g., if the file

contains computer times, which should be corrected
using linear approximation.

- linear transformation: z; :=a+b-x; +c-t;, the

coefficients a, b, ¢ should be requested.

- inverse computation z; := (z; —a —c - t;)/b, is

made.

- computes the scalegram assuming a histogram-

like fit (spline of power 0 and defect 1) of the data

present at the current window for numbers of subin-

tervals m = 1..50.

QQ
QR
Q7

The weights of all the data are assumed to be the same.
The following test functions are written to the file with
fixed name _scale.dat: the trial number of subintervals
m, number of subintervals with at least one point mq;
r.m.s. deviation of the smoothing value from the mean
o¢; unbiased value of the r.m.s. deviation of the data
from corresponding smoothing values o¢; the ”S/N”
(”signal/noise”) ratio o¢/o,c; the rm.s. error esti-
mate of the smoothing value 0,,.; the number of points
in the current window n,. The file ”_scale.dat” may be
studied separately, but, after running the present com-
mand, the program determines m,,,, corresponding to
the maximal value of ”S/N” and uses it for showing the
”histogram-like”. This feature is an extension of that

available by pressing F4, because allows to use the op-
timal value of m instead of the user-defined one.

Launching external programs

@R - runs external program from the list in the file
”c:\Andronov\0.mnu”; the format of the file is ”Short
description of the program”,”full name of the file to be
run”; the symbol ”;” in the first line means that the
line is ignored as a comment; the symbol ”-” in the
first line means that the line contains ”minus” sym-
bols and is used for separation of different groups of
programs; likewise menu in Volkov Commander, it is
possible to make submenus by making a link to a file
with ”.mnu” extension. The only restriction for one
submenu is 20 lines, just to make them not exceed-
ing the standard PC text screen. At the end of the
command line, the file name is added, as a parameter.
This option is suitable, if using an external program to
proceed (edit file, make computation or preparation of
the print-quality figure etc). E.g., if the file contains
the line Edit,c:\vc\e.exe, the command executed will
be: c¢:\command.com /c c:\vc\e.exe filename , where
filename is the name of the current file being processed
by the program OOQ.exe. Of course, this option may
be used as a launcher of any DOS/Windows programs,
neglecting the filename parameter. As usual, the file-
names containing spaces, should be written likewise
"c:\Program Files\FAR\far.exe”.

@T - the same as above, but the data visible at the
current screen are written to the file tmp.dat, and this
fixed file name is used as a parameter instead of the
name of the current file containing all the data. This
option may be suitable if processing subintervals of the
data using an external program, e.g. for determination
of the extrema or other local characteristics of vari-
ability. So the commands ©T and ®R may be used to
make possibility of using external programs instead of
plugins in the Windows programs.

Q B - runs ”c:\Andronov\Bary.exe”, the external
program, which computes barycentric correction used
in the variable star research and then replaces argu-
ments ¢; by barycentric values.

Running parabola fits

For smoothing the data, we have used the method
of running parabolae with a filter half-width At (An-
dronov, 1990). This free parameter At may be deter-
mined from the scalegram analysis (Andronov, 1997).
However, the scalegrams are computed using a sepa-
rate program, thus At should be input manually after
pressing "F6. The commands are:

TF6 - input At and compute the smoothing values at
the arguments ¢; and store them as s; instead of
possible error estimates.
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< greve.par *° 1 of “running parabola” scalegrams - the maximum of

L d S/N_a - which usually corresponds to much smaller
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Figure 2: Results of the correlation analysis. The
regression lines are © = x,, + b(t — t,,) = a + b,
t =ty +d(x — z) = ¢+ dt, the correlation coeffi-
cient r, its error estimate s, number of points nj, mean
argument tm, its r.m.s. deviation from the mean, stan-
dard error of the mean for constant sT and linear ST
fits.

Evaluation of the trigonometric polynomial

This option for the data visible at the screen is avail-
able by pressing two buttons @ 8. The fixed value of the
period is used, being equal to that used for the phase
computations, by default, being read from the param-
eter file c.z or changed after pressing the P button. In
the phase curve mode (switched by the F button), the
period is set to unity. The test functions computed for
different values of the degree of the trigonometric poly-
nomial s = 0..s,, are written both to the screen and
the file _four and are subject to make decision on the
degree of the polynomial. The following columns are
shown: s— the degree of the polynomial (starting from
0, i.e. constant); sig 0 = og— the unit weight error,
szc = o[xc]— mean error estimate of the values of the
smoothing function computed at the arguments of real
data; S/N_a— ”amplitude signal-to-noise ratio”, which
is equal to the r.m.s. deviation of the fit from the mean
to the mean error estimate of the fit; ”Degeneracy” of
the matrix of normal equations being equal to 1 for
diagonal matrices and 0 for degenerate ones; Lp— is
the ”false alarm probability” to get a signal of such an
amplitude for a pure white noise of the amplitude oy;
S/N_F— is the Fischer’s ratio of variances with 2 and
n; —2s—1 degrees of freedom; Ampl— is the amplitude
of the last harmonic wave used (with a period of P/s)
and Ampl/sig is the ratio of this amplitude to its error
estimate. To choose the optimal value of s, one may
use several test functions. A classic way is to use the
Lp, which shows the Fischer’s probability of 1077, so
one may use the minimum limiting value of Lp,,, e.g.
2.5 corresponding to the ”3¢” criterion and to deter-
mine a maximum value of s, for which Lp > Lp,,.
We use another criterion similar to that in the method

our program, the optimal value of s, corresponding to
this criterion, is determined and proposed as the de-
fault one in the forthcoming dialog. However, one may
use other value, e.g. corresponding to the minimum of
the test function o[zc]. However, for noisy signals, the
minimum corresponds to s = 0, i.e. to the mean value,
neglecting variations. The formulae and the descrip-
tion of the more advanced specialized program FDCN
is described by Andronov (1994).

Further information written to the file _four_.dat is:
the unit weight error o, then the coefficients of the fit

CUc(t) =c + Z(CQ]’ cos(jwt) + C2j+1 sin(jwt) (1)
=1

and their error estimates. The matrix A;;', which
is needed for computation of errors of the smoothing
function and its characteristics (see Andronov 1994 for
more details), is printed at the end of the file, and
may be used by external programs. In this version, the
weights are assumed to be equal for all data points.

The output file _four_c.dat may be created on request
to be used for creating figures. It contains argument
or phase, the smoothed value z¢, its error estimate o
and then two columns z¢ — o and z¢ + o.

The file _four.dat contains 3 columns (¢;, z;, xc (¢;))
and may be used for further preparation of printer-
quality graph. It should be noted, that, despite this
file contains n points, the fit itself is computed for the
points at the screen only. So, for ”global” fit, the screen
should contain all the data before processing.

Further development

In the current version, the main purpose is to include
features, which need visualisation and interactive pro-
cessing. The set of well-working specialised programs
for the time series analysis may be run either separately
or from within the program OO.exe. From this point
of view, there is no necessity to translate these pro-
grams from other languages to FreePascal. However,
some new features may be included in further releases
of this program. The bugs may be reported to the
author at il-a@mail.od.ua
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and Free Pascal (www.freepascal.org) for their compil-
ers allowing to prepare these programs. For illustra-
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tional database (cdsarc.u-strasbg.fr/afoev). Many fea-
tures have been added on requests from my colleagues.
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ELABORATION OF THE BATCH OF THE PROGRAMS
FOR CELESTIAL MECHANICS FOR THE COMPUTATION
OF THE ASTRONOMICAL EPHEMERIS

V.V.Mikhalchuk

Odessa State Maritime Academy
Didrikhsona 8, Odessa 65029 Ukraine, phys@ma.odessa.ua

ABSTRACT. The batch of the programs for ce-
lestial mechanics are elaborated in order to obtain the
ephemeris of the Sun, the Moon, the planets and their
satellites, the asteroids, the comets, the binary stars,
the variables stars, determination of the conditions of
the visibility these the celestial bodies at any point of
the surface of the Earth, as well as predict the astro-
nomical phenomena’s at the celestial sphere and their
circumstances.

Key words: Batch of the programs for the astronom-
ical ephemeris.

1. Introduction

Author from 1991 elaborates the batch of the pro-
grams by celestial mechanics. The batch are created in
order to obtain the ephemeris of the Sun, the Moon, the
planets and their satellites, the asteroids, the comets,
the binary stars, the variables stars. The programs of
the batch permit determine of the conditions of the
visibility these the celestial bodies in the any point of
the surface of the Earth, as well as predict of the astro-
nomical phenomena’s at the celestial sphere and their
circumstances as for the Earth on the whole also for
given point Earth’s surface.

2. Description of the batch of the programs
2.1. Possibility of the batch of the programs

When calculation of the ephemeris of the celestial
bodies have primary meaning spare to informatively of
the programs. The high informatively of the programs
of the given batch permit comprehend the great va-
riety of the astronomical phenomena’s by ephemerid,
universal, zonal and legal time of the any station.

The results of calculations take out as the form of
the tables also in the form graphic. The ephemeris
of the Sun, the Moon the major planets, as well as
the circumstances of the astronomical phenomena’s for
these the celestial bodies are determine at the temporal

interval about 5000 years in the past and the future.
Also have possibility determine the physical ephemeris
of the Sun, the Moon, and the major planets.

The database of the batch contains the orbital el-
ements of the 50 bright asteroids and 100 comets.
The coordinates of the 1500 stars, are contains in the
database of the batch, permit to get the star catalogue
and the celestial map for any epoch at the temporal in-
terval about 30000 years in the past and the future. At
the celestial map show the geocentric and the topocen-
tric positions of the Sun, the Moon and the planets
on the given moment of the time, as well as the visi-
ble roads of the their motion. There are represent the
phases of the Moon and the planets, the pictures of
the solar and lunar eclipses. There are draw the geo-
graphic maps of the zones of the visible of the solar and
lunar eclipses, the occultations of stars and planets by
the Moon, the occultations of stars by the planets, the
transits of planets on the disk of the Sun. There are
show the pictures of the schemes of the motion of the
objects for the lunar eclipses, the transits of planets on
the disk of the Sun and the systems of the satellites of
the planets.

All programs of the given batch are writes at the
algorithmic language Quick Basic, working in the op-
eration system MS-DOS and have the commons re-
sources: the commons library subroutines and the com-
mons database.

2.2 The apply methods

At the programs for determination of the position of
the Sun, the Moon and the major planets, the asteroids
and the comets are apply methods, are describe in the
(Meeus, 1988). The position of the Pluto is determi-
nate by the method, is describe in the (Montenbruk,
Pfleger, 1993). The main perturbations for the po-
sitions of the Sun, the Mercury, the Venus, and the
Mars are complete in the (Montenbruk, Pfleger, 1993),
for the positions of the planets-giants - in the (Gaillot,
1904; 1910; 1913), for the position of the Moon - in
the (Montenbruk, Pfleger, 1993; Ed. Duboshin, 1976).
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Figure 1: The solar eclipse on 11 August 1999 at
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Figure 6: The map of the visible of the solar eclipse on
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Figure 8: The configuration of Galilean satellites of

Figure 4: The transit of Mercury on the disk of the Jupiter on January 2001

Sun on 7 May 2003



Odessa Astronomical Publications, vol. 14 (2001)

263

3anafp BocTok

Figure 9: The satellites of Saturn on 6 February 2001
at 0200™ UT

The physical coordinates of the Sun, the Moon and
the major planets are determined by method (Abal-
akin, 1979; Ed. Abalakin, 1989-1997). The longitude
of the central meridian of the illuminated part of the
visible disks of the planets is calculated by the exact
formulas (Mikhalchuk, 2001). The circumstances of
the solar and lunar eclipses, occultations and the tran-
sits of planets on the disk of the Sun are determined
by methods (Mikhailov, 1954). The mean and the visi-
ble places of the stars are determined by methods (Ed.
Abalakin, 1989-1997). For determination of the mo-
ments of the phases of the Moon, as well as the posi-
tions of the planet’s satellites and phenomena’s in the
systems of the planet’s satellites are apply methods,
are elaborated by author.

2.8 The accuracy of the output information

The accuracy of the information, which output by
the programs, is equally: for the moments of the time
1 min.; for the coordinates of the points of the Earth’s
surface 0.1°; for the heliocentric and the geocentric
ecliptic coordinates 0.1°; for the distances 0.001 AU;
for the heliocentric and the geocentric equatorial coor-
dinates of the Sun 0.1% by the right ascension and 1" by
the declination; for the geocentric and the topocentric
equatorial coordinates of the Moon, the planets, the
asteroids and the comets 1° by the right ascension and
0.1’ by the declination, for the physical coordinates of
the Sun, the Moon, and the planets 0.1°. Equatorial
coordinates of the mean and the visible places of the
stars are outputted with the accuracy to 0.1° by the
right ascension and 1" by the declination.

All celestial coordinates of the Sun, the Moon, and
the major planets are reference to the mean equinox of
the date. The coordinates of the Pluto, the asteroids,
the comets and the stars are can reference both to the
mean equinox of the date and to any standard equinox.

2.4 The composition of the batch of the programs

In the composition of the considered batch come in
the following programs:

EPHEMECL - calculation of the ephemeris of the
Sun, the Moon and the major planets (the heliocentric
and the geocentric ecliptic coordinates, the geocentric
and the topocentric equatorial coordinates, the condi-
tions of the visibility in the any point of the surface of
the Earth (the information about the rises, the settings
and the culminations of the celestial objects and about
the duration their visibility), the visible diameter, the
phase, the magnitude), the physical coordinates of the
Sun, the Moon and the major planets, the moments
of the transits of the main points of the orbits of the
Earth, the Moon and the major planets, the moments
of the conjunctions of planets with the Moon and with
each other, the phases of the Moon, the configurations
of the planets, the circumstances of the solar and lunar
eclipses, occultations of planets by the Moon, the tran-
sits of planets on the disk of the Sun as for the Earth
on the whole also for given point Earth’s surface, the
positions of the satellites of the Jupiter and the Saturn;

ASTERCOM - calculation of the ephemeris of the
Sun, the Moon, the major planets, the asteroids and
the comets (the heliocentric and the geocentric ecliptic
coordinates, the geocentric and the topocentric equa-
torial coordinates, the conditions of the visibility in the
any point of the surface of the Earth, the magnitudes,
the visible diameters of the Sun, the Moon, the major
planets and the asteroids), the moments of the begin-
ning and the end of the twilights, the moments of the
transits of the main points of the orbits of the Earth,
the major planets, the asteroids and the comets, the
configurations of the major planets, the asteroids and
the comets;

STARS - determination of the mean and the visible
places of the stars, the conditions of the visibility of
the stars in the any point of the surface of the Earth,
the moments of the conjunctions of the Moon and the
planets with the stars, the circumstances of the oc-
cultations of stars by the Moon and the planets, the
construction of the celestial maps;

SATELLIT - determination of the positions of the
satellites of the planets (Galilean satellites of Jupiter
and 6 the most bright satellites of Saturn), the con-
figurations of the satellites, the phenomenon’s in the
systems of the satellites of the planets, as well as cal-
culation of the ephemeris of the Sun, the Moon and the
major planets;

BINSTAR - calculation of the ephemeris of the visual
binary stars;

VARSTAR - determination of the moments of the
maximums (minimums) of the brightness of the peri-
odic variable stars;

MAPS - construction in the various projections of
the geographic maps of the zones of the visibility of
the solar and lunar eclipses, occultations of stars and
planets by the Moon, occultations of stars by the plan-
ets, the transits of planets on the disk of the Sun;

ELORB - determination of the elements of the orbits
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Figure 10: The map of the visible of the lunar eclipse 26 May 2002
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HORIZON - calculation of the correction for geo-
graphic latitude to the moments of the rising and the
setting of the celestial bodies, as well as to the azimuths
and the hour angles of the points of their rising and set-
ting.

3. Conclusion

The results, are give by this batch of the programs,
was permit the author do begin the annual issue of the
collection of the scientific-popular articles ” The Odessa
Astronomical Calendar” (OAC) from 2000 in common
with the Astronomical Observatory of the Odessa Na-
tional University. These results are publication in the
main part of the OAC and are intended for the am-
ateurs of astronomy and the professional workers of
southern locale of Ukraine.
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ON THE ERRORS IN PRACTICE OF OBSERVATIONS
AND THEIR REDUCTIONS
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ABSTRACT. Specifical errors are not rare in the
practice of astrophysical observations. Examples of
such errors are given.

Key words: observations: errors.

1. Misidentification of object

The practice of observations on modern telescopes
convince us that the accurate of telescope pointing on
an object is on a level of several arcsecs. The analogic
accurate may characterize the definition of observable
object coordinates on the sensors. If the coordinates
of objects are systematic different then this, among
other things, may be caused by the distinguish of these
objects, i.e., we observe two different objects.

It is presented a history of the identification of V605
Aql by the IR observations of V605 Aql, which initially
lead to peculiar characteristics of this variable [Rosen-
bush 1999; Kimeswnger et al. 2001]. The pecularity in
the IR spectral energy distribution is disapeared after
the correct identification.

As it seems to us the question of identification of this
object do not be close yet. Kimeswenger et al. give the
A58’s coordinates which are also equal to V605 Aql:
19h 18m 20.42s (epoch 2000.0) 01° 47’ 01.1”. At that
time the IRAS’s coordinates are: 19h 18m 19.9s (epoch
2000.0) 01° 46’ 49.9”.

I.e., we have considerable distinguishes only in the
declination which is more than the photometer’s ap-
perture size or the CCD pixel.

2. Software for the reduction of observations

The wide spreading of the software for the reduction
of observations arises one more problem, connected
with an re-installation of this software in other com-
puter working with different OS.

3. On an analytical formula of the Earth’s
velosity

The use of high-resolution spectroscopy, in addition
to others, puts in the forefront the necessity to take
into consideration the nonuniform moving of the obser-
vation point. This is both the Earth’s orbital velocity

and the velocity of her rotation. The latter reaches 465
m/s in the equator and it needs to take into consider-
ation only the latitude of observatory. The taking into
account of the first is more complicated by the ellipti-
cality of the Earth’s obrit, and the perturbations from
the Moon and the planets. For all of these corrections
exist both an analytical formulae and the analytical
expressions (the latter is traditional for the computer’s
calculations). Comparing to one another we have the
possibility to chose the best.

We made this comparison for the analytical formula
for taking into account the orbital velocity of the Earth
from any course of practical astrophysics beginning
from Vorontsov-Velyaminov (the 30-th) and ending by
Martynov (the last publication in the 80-th)

v="V, cosb-sin(lg — 1 +1). (1)

The ellipticity of the Earth’s orbit come into the ex-
pression in two terms: the velocity V,, and the angle i.
The value of the angle i varies within the limits from
-57’ up to 57’ and the analytical formulae exists for this

2)

If we make the comparison between the Earth’s ve-
locity by this formulae and by any analytical expres-
sion, for example, then we find systematic difference
up to +0.6 km/s. It disappears if we change the sign
of 7 in the common formulae. The final difference does
not exceed 50 km/s. In one’s turn, the comparison
of the Soma et al.’s expression with the more exact
ephemeries given the difference not more 1.64 m/s.
Ie., the common formula has the error and it needs to
change the sign of 4, than the formula takes the form

3)

tgi =esin(le — 7)/(1 + ecos(lg — 7)).

v ="V, cosbsin(lg — — ).
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ABSTRACT. The General Catalogue of Variable
Stars (GCVS) is a large-scale project undertaken in
Moscow since 1946 on behalf of the TAU. After a brief
outline of its history, we discuss current problems of
variable star catalogues and present our plans for the
nearest future, including determination of accurate co-
ordinates for all GCVS stars, new Name-lists, improve-
ments of the classification scheme, etc.
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1. Introduction

The history of catalogues of variable stars begins as
early as 1786, when Edward Pigott published his first
list of 12 objects. In the early 20th century, before the
2nd World War, catalogues of variable stars were com-
piled at the Berlin-Babelsberg Observatory on behalf
of the “Astronomische Gesellschaft”, a society compet-
ing, at that time, with the International Astronomical
Union (TIAU) as a coordinator of international astro-
nomical research. These catalogues were regularly pub-
lished till 1942, first by R. Prager and then, after his
emigration from nazi Germany, by H. Schneller. Only
after the war, the IAU assumed responsibility for vari-
able star catalogues and commissioned this job to two
groups in Moscow, the Variable Star Commission of
the Academy of Sciences (now the GCVS group at the
Institute of Astronomy, Russian Acad. Sci.) and the
Variable Star Department of Sternberg Astronomical
Institute (now the GCVS group in the Department of
Galactic Studies and Variable Stars of Sternberg Astro-
nomical Institute, Moscow University). The leaders of
the project in Russia were P.P. Parenago (1906-1960),
B.V. Kukarkin (1909-1977), P.N. Kholopov (1922-
1988). They were among the founders of the renowned
traditions of the USSR astronomers in variable star re-
search. One of the leading representatives of this tradi-
tion was the many-year Director of the Odessa Obser-
vatory, Prof. V.P. Tsessevich. His studies of RR Lyraes
and of young irregular variables, and especially his fa-
mous Atlas of Finding Charts, are still widely used by
the community of astronomers studying variable stars.

B.V. Kukarkin and P.N. Kholopov initiated the work
on the fourth edition of the GCVS in the second half
of the 1970ies. This work was finished only compar-
atively recently, in mid-1990ies. The fourth edition
consists of five volumes and containg more than 28000
reliable variable stars of the Galaxy, almost 11000 vari-
able stars in external galaxies, and about 1000 reliable
or suspected extragalactic supernovae. The 4th GCVS
edition is complimented by the New Catalogue of Sus-
pected Variable Stars (the NSV Catalogue; Kholopov,
1982), with 14810 objects; many of these objects have
since become GCVS stars.

The Moscow GCVS team was, on behalf of the
TAU, the official center of information on variable stars
till 1994, when the IAU discontinued funding for the
GCVS project. Nevertheless, we continue our GCVS
activity and, though we do see serious problems in our
work (to be discussed below), are ready to remain the
world center of the variable star catalogues. Our work
is supported by the IAU Commissions 27 and 42.

2. GCVS: Traditions and New Trends

The long history of the GCVS has created a num-
ber of traditions. The GCVS is intended to include
only reliable variable stars that should be sufficiently
well investigated, so that they could be attributed to
one of numerous variability types of the existing elab-
orated classification system or declared “unique” vari-
ables, not attributable to any type (and maybe future
prototypes of new variability types). If a star meets
these criteria, it will be included in one of the Name-
lists of Variable Stars where it will get its “variable
star name”, like RR Lyrae (the well-known prototype
of pulsating halo stars) or V1343 Aquilae (the famous
SS 433). The GCVS names of prototypes and of unique
objects are actively used by many astronomers, and
thus we are forced to continue the use of the traditional
nomenclature of variable stars (R-Z, RR-ZZ, AB-QZ,
V335... in each constellation, with the letter J not
used) despite its being obviously clumsy.

We have recently published the 76th Name-list of
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Variable Stars (Kazarovets et al., 2001), and now the
GCVS system includes 37391 "named” variables (this
number does not include spurious objects, now proven
to be nonexistent, but includes named variables for
which further studies led to doubts in variability). Nor-
mally, the GCVS team critically evaluates published
variability information; in many cases, we used to de-
rive new light elements from published photometric
data, to change published classifications according to
uniform criteria, etc. Stars with doubtful variability or
insufficiently studied variable stars should be included
into catalogues of suspected variable stars. Recently,
we published a catalogue of 11206 stars suspected in
variability since the publication of the NSV catalogue
(Kazarovets et al., 1998).

The situation with variable stars has changed rather
drastically during the recent decade. Several large-
scale space-borne or ground-based projects aimed at
automatic discovery of variable stars have been suc-
cessfully carried out and resulted in discoveries of many
thousands of new variable stars. Our traditional indi-
vidual approach to each star included into the GCVS
becomes very difficult to be continued. However, we
cannot just drop this tradition and include new stars
into the GCVS with the published information ac-
cepted “as is”. Here our experience with the 74th
Name-list of Variable Stars (Kazarovets et al., 1999),
specially devoted to new variable stars discovered by
the Hipparcos mission (ESA, 1997), teaches us a num-
ber of important lessons.

The Hipparcos team initially suggested the authors
of the GCVS to give GCVS names to 5665 stars, of
which, only (only!) 3157 were then named by us. It
may be interesting to note that the selection process,
with our usual individual approach to candidate ob-
jects, was completed in one month. The majority of
the stars not named were included into the Supple-
ment to the NSV Catalog (Kazarovets et al., 1998); a
small number of stars were found identical with stars
already having GCVS or NSV identifications (and not
recognized as such by the Hipparcos team). Hipparcos
variables included into the NSV Supplement (a total of
1956 objects) are mostly stars with information insuf-
ficient for even more or less reliable determination of
their variability types. Of the 3157 newly named Hip-
parcos variables, nearly 50 percent (1464 stars) have
uncertain classification. We have encountered a num-
ber of cases of spurious variability in the Hipparcos
data: due to wrong identifications in the input cat-
alogue, some stars were attributed absolutely wrong
spectral types, resulting in erroneous photometric re-
ductions.

This experience shows some drawbacks of even a
very good large-scale automatic survey from the GCVS
point if view:

First, observations are scheduled according to rea-
sons far from those of variable-star research. As a

result, it is difficult to derive types for stars with cer-
tain characteristics. Interesting enough, pulsating vari-
ables dominate in the sample of the named Hipparcos
variables (2027 of 3157 stars). There are practically
no Cepheids among new Hipparcos variables (11 stars
have been attributed to all subtypes of CEP, DCEP,
or CW variables, and for 10 of them classification is
uncertain). The Hipparcos team admits that it was es-
pecially difficult to derive, from their data, periods in
the typical Cepheid period range. The number of RR
Lyraes is also low (28 stars, only 6 of them with certain
classification). Contrary, Delta Scuti and SX Phe stars
are well represented (97 stars, certain classification for
68 of them). Semiregular and irregular variables give
a total of 1692 stars, 54 percent of the sample. Thus,
the distribution of the stars of the 74th Name-list over
types is rather peculiar.

Second, insufficient attention to identifications
makes it more difficult to analyse photometric data.
In the Hipparcos project, extensive use was made of
SIMBAD data base. This important source of astro-
nomical information contains, however, quite a number
of mistakes and incompletenesses in identifications (re-
sulting, in particular, from the fact that, up to recently,
many catalogs had very bad positional accuracy). In
the process of our work on the 74th Name-list, we re-
vealed more than 500 mistakes or imperfections in SIM-
BAD identifications.

It is obvious that one of the most important draw-
backs of the existing catalogues of “old” variable stars,
making automatic identification with “new” variable
stars difficult or even impossible, is their low posi-
tional accuracy. Formally, the equatorial coordinates
presented in the published 4th GCVS edition are given
to 1% in right ascension and to 0’.1 in declination. Ac-
tually, the accuracy of the GCVS coordinates, usu-
ally just taken from discovery announcements, can be
very different. Till the beginning of the XXth century,
many discoverers used to determine quite accurate co-
ordinates for their newly-discovered variable stars, and
these coordinates were rounded by GCVS compilers.
Then, discoveres at Harvard and Sonneberg Observa-
tories, who were most active in the variable star re-
search (at each of the two observatories, more than
13000 variable stars were discovered photographically),
began to present only very rough coordinates. Besides
rare cases of absolutely wrong positions (errors up to 1°
or even more), many faint variable stars have positions
in error by several arcminutes. We think that dras-
tical improvement of positional accuracy for all “old”
GCVS stars is a very urgent task. Many groups in the
world are now working in this field. It is now much eas-
ier to solve the problem thanks to catalogues like the
US Naval Observatory A1.0/A2.0 catalogue (Monet et
al., 1998) containing more than 500 million stars with
positional accuracy quite sufficient for automatic iden-
tifications. (Even larger catalogues begin to appear.)
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For variable stars not contained in the A1.0/A2.0 cat-
alogue, it is often possible to use A1.0/A2.0 catalogue
objects as reference stars and apply simple astrometric
methods to Digitized Sky Survey images. A new and
very important tool is the Pixel Server of the US Naval
Observatory where one can retrieve images from all ex-
isting Sky Survey Schmidt plates, often scanned with
better resolution than in the Digitized Sky Survey.

Our group possesses the most complete information
on “old” variable stars and is now approaching the
problem of accurate coordinates systematically. We
have recently prepared a version of the GCVS Volume
I (constellations Andromeda—Crux) containing, when-
ever possible, improved positions and proper motions
for variable stars. In this version, sufficiently accurate
coordinates are presented for more than 8400 stars.
Similar work is in progress for Volume II, improved co-
ordinates have already been listed for about 4600 stars.
For identifications, we try to use all published posi-
tions, photometric information, finding charts. Similar
work on identifications and positions of variable stars
is being done by several researchers in other countries,
among them C. Lopez, T. Kato, B. Skiff, R. Webbink,
G. Williams, and others. Comparison of results makes
it possible to reveal mistakes and solve especially com-
plicated cases.

It is to be noted that finding charts are available
practically for all variable stars discovered at Son-
neberg Observatory, and thus it is possible to find
them despite published coordinates being very rough
for many stars. On the other hand, several thousand
Harvard variables have no finding charts published,
and in many cases their identification is not straight-
forward. Fortunately, the accuracy of published co-
ordinates is, on average, better for Harvard variables
than for Sonneberg variables. Some red stars can be
identified taking into account their associations with
infrared objects of the IRAS catalogue. In our work on
the “astrometric” version of the GCVS Volume I, we
have been able to recover a number of variable stars on
plates of Moscow collection of sky photographs and of
the Maria Mitchell Observatory plate collection. Hun-
dreds of variable stars were recovered in the Harvard
plate stacks by Drs. M. Hazen and G. Williams, whom
we are most grateful for cooperation. They are of-
ten able to use ink marks left by discoverers on the
plates. Some cases remain very difficult despite serious
attempts to solve them.

Another important thing to do for the GCVS team is
to improve the classification scheme for variable stars.
It is tempting to introduce many new types of variable
stars, and we are often urged by experts on particu-
lar kinds of variables to do so. But the GCVS team
must consider our catalogs as products to be used by
a rather wide community of astronomers, and the ex-
isting version of the classification system already con-
tains too many types to be eagily understood by the

users. We would be grateful for suggestions aimed to
a clear and minimally sufficient system of variable-star
clagsification. Again, our experience with the Hippar-
cos Name-list teaches us some importan lessons, mainly
concerning the classification scheme for pulsating stars,
for example:

— Among red stars, we meet probable pulsators not
only among supergiants and giants but also among sub-
giants. For subgiants and especially for dwarfs, it is not
easy to decide whether the observed variability is due
to rotation or to pulsation. Already, it seems justi-
fied to introduce a type for semiregular pulsating red
subgiants.

— Among red giants and supergiants, the Hipparcos
team derived quite a number of short periods of vari-
ability (of the order of days). The light curves do not
look very convincing. If real, such periods would cause
problems for interpretation and make it necessary to
revise the classification of numerous “old” SRB, SRC,
LB, and LC stars for which such a behavior was even
not looked for. A new type for red giant and super-
giant variables with short periods (SRS), presumably
overtone pulsators, has just been introduced into the
GCVS scheme (Kazarovets et al., 2001).

— Among O-F stars, we meet variables, and prob-
ably pulsating ones, not quite satisfying GCVS crite-
ria for DSCT, SXPHE, BCEP, or ACYG-type stars.
The Gamma Dor stars, actively introduced as a new
type of pulsating variables (e.g. Balona et al., 1994),
are obviously a related phenomenon (the corresponding
GCVS type was introduced by us in the 75th Name-list
— Kazarovets et al., 2000), as are the Maia variables,
suggested long ago and not understood until recent im-
provements of stellar opacities.

We are aware of many classification problems besides
the short above list concerning only pulsating stars.
Thus, most recently he have had to introduce, for the
first time in many years, a new type of eclipsing vari-
ables (EP, a star eclipsed with a planet).

Having in mind future survey, to be surely expected
to result in a still much higher rate of variable-star
discoveries, it is important to develop a fully automated
approach to preliminary classifications of variable stars
on the base of photometric information. This work is
now beginning in Moscow.

So far, the Hipparcos Name-list was our first ex-
perience with large surveys. Quite a number of
stars of other, comparatively minor, surveys (e.g.
Takamizawa’s program of variable star discoveries)
have been included in our regular Name-lists, but new
special Name-lists, dedicated to larger surveys, will fol-
low. Here we would like to emphasize that, provided
a large survey presents well-structured information on
variable stars, such a survey becomes self-sufficient to a
considerable degree, a variable star catalogue in itself,
and delays with GCVS naming are not so worrying in
such cases. Almost perfect is, for example, the pre-
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sentation of data in many OGLE publications (see, for
instance, Udalski et al., 1994). However, the level of
OGLE classification (eclipsers, short-period pulsators,
miscellaneous periodic variables) is insufficient for tra-
ditions of variable star research. The same holds for
the first impressive results of the ASAS project (Poj-
manski et al., 2000), presented as a detailed catalogue
of several thousand variables, even with light curves
and epoch photometry, but again with insufficiently
detailed classification. On the other hand, the avail-
ability of data from some other surveys (for exam-
ple, MACHO) becomes a serious problem, to be dis-
cussed at the TAU level. The MACHO team members
promised, at the IAU Colloquium No. 183 (Taiwan,
January 2001), to send us a list of their discoveries,
with coordinates, within several weeks; this promise
has not been fulfilled, despite reminders. If, in a sur-
vey project, thousands of stars are being discovered,
but only a small part of them are being announced in
a manner sufficient for subsequent identification, the
rest of the discoveries are effectively lost.

The delays with special Name-lists for large sur-
veys and the problem of acquiring good coordinates for
“old” GCVS stars are obviously interconnected: to be
able to check automatically if a newly discovered vari-
able is really a new objects or already a GCVS star,
we need good coordinates both for the newly discovered
stars and for all stars of the GCVS.

It is also a problem if a comparatively small sur-
vey provides only few observations per star, like the
MISAO project. The majority of stars in such surveys,
good large-amplitude variables, remain objects for cat-
alogues of suspected variables because it is not possible
to classify them with the data available.

Summing up, we can say that the situation with vari-
able stars discovered in large-scale automatic surveys
is generally more or less satisfactory from the GCVS
point of view, though we are somewhat slow with “spe-
cial” Name-lists dedicated to such surveys: the re-
sults of many surveys are published in a self-sufficient,
catalogue-like form. Variable stars discovered individ-
ually or in small surveys are regularly included into

Name-lists. Since 1999, we give GCVS designations
to Novae announced in TAU Circulars within days,
upon request from the TAUC editors.

For new GCVS, NSV, and NSV Supplement ver-
sions, regularly corrected and improved, with search
options, see our web site at
http:/ /www.sal.msu.su/groups/cluster/gcvs/gevs/
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PURPOSES.

A.V.Sergeev!, T.P. Sergeeva?

1 Centre of Astronomical and Medico-Ecological Investigations
31 Akademika Zabolotnoho, Kyiv 03680 Ukraine, sergeecv@mao.kiev.ua

2 Main Astronomical Observatory, National Academy of Sciences of Ukraine,
27 Akademika Zabolotnoho, Kyiv 03680 Ukraine, sergeecv@mao.kiev.ua

ABSTRACT. We propose to create a system for
quick search and analyses of astronomical events and
objects in plate archive of the Ukrainian Main astro-
nomical observatory of NAS. The proposed idea of ef-
fective restoring of astronomic information is based on
the treatment of the digitized plate archive as whole.
The plates will be digitized by commercial scanner with
optical resolution of 20 mkm and resolution on ampli-
tude of 4096 grey levels. Such scanning parameters
give the opportunity to receive the plate image files
of the reasonable sizes suitable enough to identify the
required object and to define its precise photometric
characteristics. Connection of the system to Internet
will allow a remote user to have access to plate images
archive and to work with it. Modular structure of the
system basic software and standard format of the plate
image files allow future development of problem- ori-
ented software for special astronomical researches by
means of the cooperative projects.

Key words: Photographic plates: collections: data
archives; photographic plate: digitization: methods;
image processing: data bases.

1. Introduction

During the period when the photographic plates
have been used in observational astronomy the world
observatories have accumulated two, possibly up to
three millions astronomical plates which have been pro-
cessed only in a part accordingly to scientific task or
not have been processed at all. Many of them contain
the unique information about astronomical events or
objects, registered at the moment of observation, but
not call for till now. Among them are the variables of
diverse nature, asteroids, comets and other Sun system
bodies, optical sources in direction of gamma-bursts
and other interesting objects. The information about
this events or objects can not be obtained or restored

with the help of any modern facilities, space missions
included, and so may be useful for many astronomical
investigations.

The threat of astronomical plate archive loss caused
by economical, technical or some other causes have put
before world astronomical community a problem: the
preservation of the unique information kept on those
plates. The problem is solving by transformation of
the information from plates to digital forms and keep-
ing it on electronic data medium. There are two ap-
proaches to the solution. The most widespread one till
some recent years is the global scanning of plates with
high spatial resolution by specially designed measur-
ing machines. The digitization of a single plate with
such machines takes several hours. Volumes of the re-
ceived information run up to 100 Gigabytes for one
plate. Processing and storage of such data volumes are
technically complicated and expensive. However, not
for all astronomical investigations such image sampling
is necessary.

In nineties new digitizing technology based on
flat-bed commertial scanners equipped with trans-
parency extention had appeared (see for more info-
mation the proceedings of the International Workshop
?Threshure-Hunting in Astronomical Plate Archives”,
1999, Sonneberg). There are a lot of scanner mod-
els from different producers on the market with rather
wide range of parameters to satisfy many of astronom-
ical scientific tasks.

2. System concept and main principles

The proposed system for quick monitoring of astro-
nomical plate archives is intended for quick looking up
and analyses of astronomical events and objects in elec-
tronic archives of plate images. For effective restoring
of historical astronomic information it is necessary to
work with digitized plate archive as whole. In such case
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the sizes of plate image files become very crucial. But
they depend singificantly from the parameters of digiti-
zation. So if the plates will be digitized by commercial
scanner with optical resolution of 20 mkm and resolu-
tion on amplitude of 4096 grey levels it will allow to
receive file-images with sizes not exceeding hundreds
and even tens Megabyte (dependently on plate size).
For effective work with archive of plate images spesial
data base for all photographic plate collection is nec-
essary

If the exact definition of coordinates of researched
object will be necessary some other digitization meth-
ods can be used among which is the measuring with
precise measuring machines like an automatic mea-
suring complex PARSEC, automated coordinatometer
” Askorecord” and so on.

So the main principles of proposed sistem for quick
monitoring of astronomical plate archives may be for-
mulated such as:

— The system is oriented on looking up and detection
of astronomical events and objects that have been reg-
istered on plates but have not been found in previous
researches.

— The hardware and software of the system allow
receiving file-image of the plate with spatial resolution
not above 20 microns and dynamical range up to 4096
grey levels.

— The database of plates, which permits operatively
receiving of the information on availability of necessary
area plates and their characteristics, is employed.

— The simultaneous access to the file-images of all
plates of the necessary sky region is provided.

— The three-level software is constructed on a modu-
lar approach and will be gradually developed according
to problems to be solved.

— The standard formats of file-images are used.

— Extended users access to archive of the file-images,
databases and software by methods of modern infor-
mation technology are intended.

3. Purposes and tasks

The first step is the development of the network-
accessible database of the Ukrainian Main astronom-
ical observatory of NAS plate collection. The plate
archive of MAO is accounted more than 15000 astro-
nomic plates, obtained during last 50 years which are
good for the monitoring of astronomical events and ob-
jects. When a suitable scanner will be obtained the
creation of plate-images electronic archive will begin
with parallel development image database and soft-
ware environment creations for archive fast viewing
and carrying-out researches on its bagis. The next
step will be the organization of access to archive and
its service software for the remote user. The connec-
tion to the international integrated electronic fund of

the plate-images (incorporated virtual observatory) is
assumed. The scientific programs to be solved with
the system for quick monitoring of astronomical plate
archives are such as:

— Opening of new and missed astronomical objects
in the Universe.

— Monitoring and searching for new and missed bod-
ies of the Solar System, near-Earth asteroids included.

— Researching of flare and other variable stars.

— Looking up and research of optical objects in di-
rections of gamma- bursts. — Informational support of
the space projects.

4. Hardware and software solutions

The minimum hardware requirements are:

— The scanner with a capability of large format (up
to 300300) slides digitization with optical resolution up
to 1200 dpi (20 microns image sampling) and discred-
iting on amplitude up to 4096 grey levels (12 bits of an
analog-digital converter).

— Connected to the scanner IBM PC compatible
computer with the central processing unit not lower
than eleron 800Mhz, RAM 256b, hard disk not less
10Gb, and recorder for CD-ROM.

—IBM PC compatible computer with the central pro-
cessing unit not lower than a Pentium - III 800Mhz,
RAM 512Mb, having RAID- massive by a volume 100-
200Gb for storage of digital archive and astronomical
researches on its basis.

— The Internet connection based on the leased line
with throughput not lower than 64Kbit/sec.

The modular software will have three levels struc-
ture:

1 level - digitization of plates, preliminary processing
and storing of plate image files.

2 level - work with digital archive, image process-
ing, search and detection of astronomical events and
objects.

3 level - remote users support.

The modular and extensible basic software and stan-
dard format of the file-images allow future development
of the problem-oriented software for special astronom-
ical researches by means of the cooperative projects

5. First results

Ten plates have been scanned on small format scan-
ners to determine the revealing abilities at various pa-
rameters and conditions of scanning, coordinate and
photometric errors of scanners. The selective analysis
of the MAQO NAS of Ukraine plate archive have been
carry out and some hundreds plate have been selected
for search and rediscovery of asteroids. On plates, re-
ceived in 1950 - 1970, several traces from asteroids, for
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the first time discovered in 1996- 1998, were found and
measured.

The photometric characteristics of the images of
NGC-6913 cluster stars on two plates of the Goloseev’s
double wide-angle astrograph have been determined.
We have found very good conformity of photomet-
ric characteristics (obtained with external accuracy of
0™.13 and 0™.15) between the plates.

The positional accuracy with the certificated test-
plate has been evaluated. It was found that there is
the difference between X and Y pixel size caused by
the difference of mechanical and optical discretization
steps sizes, and the dependence of the pixel size from
the distance between a plate and CCD line. The repro-
ducibility of distances between objects was about +0.5
pixel.

5. Conclusion

The development of system for quick monitoring of
electronic plate- images archives based on inexpensive
commercial scanner with optical resolution of 20 mkm
and resolution on amplitude of 4096 grey levels give
us an oppotunity to extract the unique historical infor-
mation from astronomical plates. Such digitization pa-
rameters will allow to receive file-images of plates with
sizes not exceeding hundreds and even tens Megabyte
without compression. This files allow to identify re-
quired objects and to determine their exact photomet-
ric characteristics that permit to realize various astro-
nomical investigations.

Acknowledgements. The authors are thankful to Or-
ganizing Committee for financial support.
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ABSTRACT. We constructed CCD-device working
in TV standard. The exposure time can be changed
from 1 to 16 TV frames. We report the results of test
observations with new CCD-device and discuss the pos-
sible types of observations with this device.

Key words: instrumentation: detectors;

1. Introduction

Now it is usual to use high-precision CCD-devices
for photometry, spectroscopy, astrometry and other
branches of astronomy. These CCD devices are of
different types - from big and expensive professional
CCDs with sizes up to 50-200 mm to small PC cam-
eras, which can be used only for observations of very
bright objects by amateurs.

In this work we report the results of out attempt
of construction a relatively cheap device which can be
used in professional astronomy for a precise measure-
ments (guiding, search of objects, etc.). This device
is working in TV standard. We show the structural
scheme of this CCD and present the results of test ob-
servations.

2. The structural scheme

We constructed the device for work in TV stan-
dard. Exposition time can be selected in discrete mode
(1,2,4,8,16 TV frames). The output in TV standard
permit us to see images on TV-monitor, to use com-
puter with TV-tuner for registration and digitization
of images, to write images on videotapes or computer
hard disk.

The device was made without cooling. It permit us
to made very compact and light receiver. Our detector
can be used instead of eyepiece, guide, etc. The size of
CCD chip in this device is near 4.5x6 mm.

On Fig. 1 we show the structural scheme of
the device.  Digital distributor produce impulses,
which are necessary for reading information from CCD
in the units of amplitudes of digital electronic schemes.

Timer can block the receiving of control information.
The time of the blocking can be varied by external de-
vice. Voltage transformer transform the levels of volt-
age of digital electronic schemes to levels, which are
necessary to control CCD. After reading from CCD,
the signal is amplified by an amplifier and transformed
to TV standard by TV pattern generator. The next
operation is output of the signal in TV standard to
external device.

As an external device we can use TV videomonitor
or computer. In the first case the exposition time can
be varied with the help of digital switch. In the second
case the connection with computer can be made with
the help of TV-tuner. The parallel port can be used
for control the exposure time. In all cases the unit of
the time of exposition is one TV frame - 0.02 seconds.

2. Observations

We made test observations with photographic objec-
tive and small 15-cm refractor to find the limiting mag-
nitude of our device with these optics. Observations
were made in the center of Odessa city. The quality of
the sky was quit good in both cases.

In the first case we used photographic objective with
a focal length 85 mm and diameter 49 mm. We used
no filters. With exposition time 16 TV frames (each
frame - 0.02 sec) we detected star of 8.0 magnitude
(spectral class F4). With exposition time 8 TV images
we detected star of 7.5 magnitude (spectral class B9).

In the second case we used 15-cm refractor with focal
length 2.8 meters. For increasing of the field of view we
used simple focal reducer. The equivalent focal length
of the telescope was reduced nearly twice. We observed
photometric standards in Pliades. The faintest stars,
that we were able to observe was 10.2 magnitude star
(spectral class G0). The used exposition time was 16
TV frames.
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Figure 1: The structural scheme of CCD receiver in TV standard

5. Conclusion

We hope that described device will be useful for ob-
servation of artificial satellites, for guiding, for astrom-
etry, etc. When using with the telescope with large
focal length it is necessary to use focal reducer if we
want to reach faint stars.

The main feature of observations in TV standard
is high time resolution. This feature can be useful

in different type of observations. The digitization of
image in TV standard can be made with &-bit trans-
former. In many cases this precision is sufficient.

We hope that this device will be the first in the series
of CCD detectors. We will use cooling in the next
devices of this series. It will permit to increase limiting
magnitude and exposure time.
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ABSTRACT The results of the photometric obser-
vations of V4334 Sgr and characteristics of its evolution
after outburst are presented.

Key words: Stars: variables and pecular; stars: indi-
vidual: V4334 Sgr.

On the 20, 1996, the Japanese amateur astronomer
Sakurai discovered a novalike variable in Sagittarius;
it was designated as V4334 Sgr and is commonly re-
ferred as Sakurai’s object. It happened one year after
its outburst. The observations of V4334 Sgr by Duer-
beck and Benetti (1996) immediately after its discovery
show that the star is similar to an F supergiant whose
atmosphere is depleted of hydrogen and enriched with
carbon and oxygen. They also detected an old plane-
tary nebula of low surface brightness around the star.
All these findings led them to suggest that V4334 Sgr
was a star that underwent the final helium flash at
the stage when it was already a planetary nebula nu-
cleus. After the flash, the star returns to the Post AGB
track, initially moving backward along it, i.e., gradu-
ally cooling down through it expansion. Such novalike
stars were called born again AGB stars, which include
FG Sge, V605 Aql, and V4334 Sgr.

The photometric JHK LM observations of V4334
Sgr are being carried out with the 1.9-m SAAO tele-
scope (South Africa) and with the 1.25-m telescope at
the Crimean Station of Sternberg Astronomical Insti-
tute.

Figure 1 shows V, K magnitude and B—V, H - L
color variations in V4334 Sgr, as well as variations in
its bolometric magnitude and in the optical depth of
its dust shell at the wavelength of 1.25um (Tatarnikov
et al. 2001, and references therein). Before calculat-
ing mype; the magnitudes were corrected for interstellar
reddening with color excess E(B —V) = 0/54. In this
way, the bolometric light curve differs from the remain-
ing light curves in Fig. 1, which were not dereddened.
The arrows mark the times when the bolometric flux
reached its maximum and when the first profound vi-
sual fading of the star began.

After outburst V4334 Sgr has passed already
through four well-defined stages as it moved backward
along Post AGB track. At the first stage (1996), there
was not dust in the star’s shell. Its visual brightness
slightly increased, as the bolometric flux, and it red-
dened (Fig. 1). At the second stage (1997), an opti-
cally thick dust shell condensed around the star, which,
however, essentially did not manifest itself at optical
wavelength (V' = const, Fig.1). The bolometric flux
continued to rise though an increase in the star’s IR
brightness alone; the rate of its rise also increased.

At the third stage (1998-March 1999), V4334 Sgr
entered the R CrB phase. First two shallow minima
and then two deep minima were observed in optical
wavelength. Before the first deep minimum (July 1998)
the bolometric flux had reached its maximum value and
began to gradually fall in the second part of 1998.

At the fourth stage (since March 1999 up till now),
V4434 Sgr has been at a protracted deep minimum,
which is typical of the R CrB stars. The total ampli-
tude of the bolometric flux variations was about 0.5
mag, and they did not correlate with the variations of
the optical depth of the dust shell.

Until the mid-summer of 2000, the optical depth
of the dust shell had increased gradually, but non-
monotonically to its maximum 7(J) & 11.3, which was
reached in July. The model of a two-layer dust shell, in
which each layer is formed with a constant rate of dust
condensation at the inner boundary of the dust enve-
lope, satisfactory reproduces the rate of increase in its
mass, at least until the mid-summer of 2000. The sec-
ond, denser layer began to form in July 1998 through
an approximately fivefold increase in dust production,
from ~ 3.5 x 1078 to ~ 2.0 x 107" My /yr (Tatarnikov
et al. 2001). The fraction large (az, = 0.2 — 0.3um)
grains were increasing remarkably during its formation.
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Figure 1: Variations in the V and K magnitude, B — V and H — L color, and bolometric magnitude my,;

the V4334 Sgr and in the optical depth 7(J) of the dust envelope during 1996-2000.
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ABSTRACT The spectrophotometric and photo-
metric observations of the classical symbiotic star
YY Her both during its quiescent state and during a
strong outburst in 1993 are presented.

Key words: Stars: binary: symbiotic; stars: individ-
ual: YY Her.

We carried out UBYV-photometric, spectrophoto-
metric and high-dispersion spectral observations of
classical symbiotic star YY Her using 0.6-m and 1.25-
m telescopes of the Crimean Laboratory of the Stern-
berg Astronomical Institute, and 1.8-m telescope of the
Padua Observatory in Asiago (Italy). The results of
the observations were published by Tatarnikova et al.
(2001) (and references therein).

Figure 1 shows the UBYV light curves of the classical
symbiotic star YY Her both during its quiescent state
and during a strong outburst in 1993.

The variability of the U-brightness in the quiescent
state is due to eclipse of most part of the nebula by
cool component and the great amplitude of the pri-
mary minimum (AU = 1™6) is indirect evidence that
the line of sight is close to the binary orbital plane. The
minimum in 1997 (third from the beginning of the out-
burst) is characterized by long-time phase (~ 0.17P,
where P = 586¢ is the orbital period) of constant low-
est brightness. If we consider this minimum in the
framework of classical model of eclipse of hot compo-
nent and circumstellar envelope, the main contributer
to the filter U, this would mean that cool component
of YY Her fills its Roche lobe for anything real relation
Mhot/Mgiant-

In the quiescent state the red giant’s radiation dom-
inate in visual lights even at phases near photometric
maxima. Therefore, at this time, the visual light curve
characterize the variability of the cool component of
YY Her. The existence of the shallow (< 0™2) sec-
ondary minimum in the visual lights may be connected
with the ellipsoidal shape of the red giant. This would
mean that the cool component of YY Her fills essential

part of its tidal volume.

Figure 2 presents UV+optical spectrum of YY Her,
which was obtained near maximum of brightness dur-
ing strong outburst in 1993. In the quiescent state the
energy distribution of YY Her in UV and optical diapa-
sons may be represented in terms of three-component
spherical model (hot subdwarf + gaseous nebula + red
giant). But in the active phase the essential excess of
near-UV radiation was observed. The energy distribu-
tion in the spectrum of this additional warm compo-
nent (may be accretion disk) may be represented with
sufficient precision by means of Planck’s curve for black
body radiation with Ty4ppm = 13000K. The luminos-
ity of the warm component was near ~ 10% from the
luminosity of the hot component.

On the Figure 2 the thin line indicate dereddened to-
tal UV+optical spectrum of YY Her during outburst
(color excess E(B — V) = 0™2); the thick line - calcu-
lated continuum energy distribution of the star in the
”spherical + warm component” model; dashed lines -
contributions of the radiation sources forming the to-
tal emergent flux: hot subdwarf, warm component,
cool component (M3.5IIT) and the nebula, which ab-
sorb all Lc-photons of the hot component. The en-
ergy distribution in the spectra of first two compo-
nents are black body curves with T}, = 82000K and
Twarm = 13000K.

In the maximum of the outburst the bolometric
flux from the hot component increased by a factor of
~ 10 and its temperature decreased from ~ 10°K to
~ 6 x 10*K. The active period of YY Her lasted about
7 years and finished in 2000.

The main features of YY Her are:

1. The great amplitude of luminosity’s growth for
active hot component. Among all well-studied
classical symbiotic stars (with prototype Z And)
YY Her has the maximum amplitude of luminos-
ity’s change during outburst of the hot component.
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Figure 1: Light curves of YY Her in the U, B and V
bands. Open circles and crosses are, respectively, vi-
sual and photoelectric brightness estimates from Mu-
nari et al. (1997), filled circles are our data. Open
squares are brightness estimates obtained by convolv-
ing the spectra with the transmission curves of the cor-
responding filters. The vertical ticks near the horizon-
tal axes (bottom) indicate the dates of minima in the
visual light curve, calculated using the ephemeris from
Tatarnikova et al. (2001). For the visual light curve,
the vertical ticks indicate dates of spectrophotometric
observations.
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Figure 2: The UV+optical spectrum of YY Her. The
solid thick line indicates the calculated continuum en-
ergy distribution of the star. The energy distribution
in the spectra of the radiation sources forming the total
emergent flux (hot component + warm component +
M3.5 red giant + gaseous nebula) are shown by dashed
lines.

2. The existence of bright Hell-lines in the maximum
of outburst. But these lines totally disappeared
from the typical spectrum of the active classical
symbiotic star and its hot component’s energy dis-
tribution is similar to A-F supergiants.

3. The appearance of the new structure element
(warm component) during outburst.

The first feature doesn’t allow to describe the active
state of YY Her in the framework of thermonuclear
runaway model because, according to theoretical cal-
culations the growth of the hot component’s luminosity
must be < 3 times.

The appearance of the warm radiation source is the
strong argument for standard model of disk accretion.
However this model could not explain the decrease
of the hot component’s temperature during transition
from quiescent to active state.

The decrease of the temperature is connected with
intensification of mass loss rate of the hot component
during outburst, which, as one suppose, directly de-
pend on the luminosity of the star. In this case the
effective temperature of the hot component of YY Her
in the maximum of outburst must be one of the low-
est values among temperatures, characterized for hot
components of classical symbiotic stars. But we have
another picture.
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OF FRAUNHOFER’S LINES IN SOLAR ATMOSPHERE
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ABSTRACT. To define chemical contents of ele-
ments in stars’ atmospheres we need reliable data on
their damping in spectral lines. We have found distinct
expressions for damping constant with consideration
of several mechanisms that influence the expansion of
spectral lines. We have calculated parameter of damp-
ing for some spectral lines under different temperatures
with consideration of inelastic collisions by means of
these expressions. Using the most correct and empir-
ically tested method of investigation of spectral lines
we have calculated parameter of damping for spectral
lines of iron group in Solar atmosphere. Calculation of
Damping Constant of Fraunhofer’s Lines in Solar At-
mosphere.

Key words: Solar atmosphere: Fraunhofer’s Lines;
damping constant; inelastic collisions.

The problem of damping constant emanates from de-
ficiency of reliable theoretical results, which according
to opinion of many authors is related to computational
complications. Theoretical value of damping constant
does not always coincide with the value determined
from observed spectra profiles. This is the case even
for Solar atmosphere. Furthermore, for the conditions
close to Solar atmosphere the damping constant is cal-
culated theoretically only for several lines. The corre-
sponding value lays within the interval (1.1...1.9) s,
where 75 is the classical (Unsold) approximation for
van der Waals interaction. Results of laboratory mea-
surements appear to be even more inconsiderable in
number and unreliable since it is practically impossi-
ble to reproduce in laboratory the conditions prevailing
in Solar atmosphere. Specifically, it is difficult to carry
out an experiment with hydrogen as a basic agent of
van der Waals collisions in conditions of Solar atmo-
sphere. However, the results of laboratory investiga-
tions yield a correction factor for g only a bit greater
than 1. Many attempts of empirical studies of Fraun-
hofer’s lines damping constant were made in order to
verify and improve theoretical and laboratory results.

Recently, modern devices have allowed improvement

of precision of observed data; there appeared more ac-
curate laboratory measurements of atomic parameters
and interaction constants and more adequate models
of Solar atmosphere have been devised. However, no
convenient formulae have been introduced so far which
provide theoretical estimation of damping constant by
account of all mechanisms bringing about the exten-
sion of spectral lines profiles. A problem of explicit
calculation of a whole profile when only a few mecha-
nisms act is apparently not simple, and also calls for
separate researches. The misarranged empirical meth-
ods and inconsistency of observed data with theoretical
calculations are considered as inability of theory to pro-
vide quantitative description of profiles of Fraunhofer’s
lines, or as unreliability of damping constant theoreti-
cal computations.

Starting from first principles for expressions for
damping constant, a series of mechanisms is found
which lead to its increase in comparison with
Weisskopf-Lindholm damping for van der Waals in-
teratomic interactions (Vakarchuk et al., 1998). As
it’s known, in order to obtain trustworthy conclusions
about nature and structure of space objects, the anal-
ysis of star radiation requires detailed study of mecha-
nisms of interaction between radiation and atomic sys-
tems. Atmospheres of majority of stars consist prelim-
inary of hydrogen and helium, while the quantity of
atoms of other elements is of few orders less. Certain
amount of atoms and molecules are on various ionisa-
tion levels according to interactions with radiation and
among themselves. The full description of star atmo-
spheres needs a simultaneous solution of the transfer
equation and the equations determining occupations
of atoms quantum states. Within the approach of one-
photon transitions a central role in the description is
played by light absorption coefficient.

The profile of the so-called absorption coefficient in a
line, that is its dependence on light frequency, as well as
the profile of atom spectral line is formed by a series of
mechanisms. The full profile is a fold of profiles which
are caused by various mechanisms. Among these, the
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colliding mechanism is determinative for the spectral
line wing and leads to the formation of Lorentz profile.

Lorentz profile is characterised mainly by the damp-
ing constant -, which determines the profile width.
The value and temperature dependence of the constant
are of particular importance for star spectra analysis.
To adjust the observed profiles of Fraunhofer’s lines
with theoretically calculated profiles, the damping con-
stant obtained from Weisskopf-Lindholm theory is of-
ten increased artificially. In some cases the magnifica-
tion is unnaturally large, which is interpreted as the-
ory inability to give quantitative description of profiles
of Fraunhofer’s lines. In our opinion this is incorrect
point; it is necessary to carry out a detailed investi-
gation of quantities, obtained from first principles and
characterising profiles of atomic spectral lines.

The damping constant v and the frequency shift A
of radiation of an atom interacting with other parti-
cles according to mechanisms, which form Lorentz con-
stituent of spectral line:

_ 1
Iw) =5 (@ —wo — A + (7/2)2

1)

are connected with scattering cross-section ¢ by the
following equation:

12 = iA = T (wo), )

where

o= /(1 — e 2npdp (3)
0

In the above formula p denotes aiming distance, while
complex phase reads

6 =mn+il, (4)
where real part 7 is equal to the difference between
shifts of atomic phases, among which the transitions
of frequency wg occur. This phases shift is caused by
the shift of atomic energy levels as a result of inter-
action among atoms and perturbing particles. Let us
consider for simplicity of records N particles of one
sort embedded in volume V. Moreover, this is just
the case which occurs in star atmospheres, since ba-
sically atoms of hydrogen are the perturbing parti-
cles there. The value of 2I' is equal to total proba-
bility of atom transition from states, between which
transition of frequency wy takes place, to all other
states. The quantity I' causes additional extension of
spectral lines, the so-called extension caused by elas-
tic collisions. Natural or radiation width of atomic
spectral line is not taken into account. The quan-
tity vmeansatomvelocityrelatively toaperturbingparti-
cle; bracketsinEq.(2) stay for averaging over velocities.

The computations are performed in assumption that
quasi - classical approximation is fulfilled, when real

part of the phase reads:
(5)

Here AE is the correction to atom energy, caused by
its interaction with perturbing particle,t denotes time.
We consider a rare particles system similar to star at-
mosphere. In this case the contribution to n will be
determined mainly by interactions between particles in
large distances. Then the potential energy U(R) con-
sists of interactions between their multipole momenta,
and decreases with the distance R according to a power
law:

Cn+2l
U(R) = _hz Rntal’
1>0

(6)

where n determines the type of interaction, # is Planck
constant.

Considering the Maxwell distribution over velocities,
the dependence of damping constant on temperature
is obtained within Weisspopf-Lindholm approximation.
The corresponding expression reads:

n—3
N, ~(20\*=5 _(2n-3
= Vam (2 r
i Vﬁ(M) (n—l)x

o (n—3) [F(I/Z)F ("T_l)cn] T ) x

n—1 T(n/2)

2 1
X COS arctg — 7
| Zqeete |, 0
where M is reduced atom mass, T is temperature in
atomic units, I'(z) is Euler’s gamma-function. In the
case n=6, p=0, the van der Waals damping constant is
obtained within Weisspopf-Lindholm approximation:

8T

N 3/10
YW = 7‘901VC"'215 (—) ) (8)

TM
where p is a parameter of inelastic collisions, 0< p <1.
The value of vy for p # 0 and p = 0, in particular,
reads:
. cos (%arc‘ug %)
=
) cos I '

Yo/ywr = (1+p° 9)

The ratio is greater than 1. Therefore, account of
inelastic collisions increases the damping constant and
the increase is considerable.

In order to estimate the contribution of post van der
Waals interactions, let us write the expansion of the
Eq. (9) in powers of temperature:

v =1+ AT/To)7,
E>1

(10)
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where coefficients Ay, are determined from constants of
post van der Waals interactions.

The repulsion forces are also found to contribute into
damping constant. The contribution is estimated ap-
proximately as follows: v > Nwa3(v)/V = N2x-

02 (8T/wM)'/?]V | where ap denotes a scattering
length which is of atomic diameter order.

Let us make a quantitative estimate of inelastic col-
lisions contribution to . In the case of van der Waals
interactions (n = 6) for the maximal contribution of in-
elastic collisions (p = 1), elementary calculations yield:
Y = 1)/ywr = 13504. This estimate of inelastic
collisions contribution can partially improve mentioned
above artificial increase of damping constant which is
common in analysis of star spectra.

Let us estimate numerically the values of A;. Con-
sider an example of sodium atom in Solar atmosphere,
where hydrogen atoms at the temperature of 7= 1000
K serve as perturbing particles. Thus, for a Na-H sys-
tem we find: A; = 0.452, A; = 0.295, v/v > 1.2. Even
such not so high temperature in the star atmosphere
scale causes significant increase of 7. For T' = 6420°K,
¥/ > 1.32.

The contribution of repulsion forces for the discussed
above system Na-H for o > 2.6A yields A4; > 0.595,

which results v/yw > 1.92 for T = 1000 K. For T' =
6420°K, v/vyw 1 = 2.206.

By means of the proposed explicit expressions for
the damping constant, one can make numerical esti-
mation of the constant for various temperatures in So-
lar photosphere attached to various values of inelastic
collisions parameter. Computations, performed by us
on the base of different methods of the damping con-
stant investigations (Yankiv-Vitkovska, 1999) are well-
consistent with our theoretical computations.

Thus, our newly obtained results are consistent with
the data of other authors. They can be used for expla-
nation of experimental studies of Fraunhofer’s lines,
in particular, for determination of chemical elements
content in Solar atmosphere. The proposed theoretical
method for damping constant calculations can be gen-
eralised for the case of star atmospheres.
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