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FOREWORD

This volume of Odessa Astronomical Publications contains the contributions that have been pre-
sented by the participants of International conference “Chemical and dynamical evolution of stars and
galaxies”. Mentioned conference is a successor of the annual workshop “Stellar atmospheres”, that was
first organized in 1976. During 25 years “Stellar atmospheres” workshop was held many times in
different cities of the former USSR, frequently in Odessa. An idea to transform the workshop into
International conference significantly enlarging its scientific scope, and to invite astronomers which are
working not only in the field of stellar, but also galactic chemistry, was proposed by Prof. Dr.
N.S.Komarov {chairman of the conference).

The conference “Chemical and dynamical evolution of stars and galaxies” was held in Odessa (8-24
August 2002) and appeared to be a very fruitful. Meeting where two groups of specialists both on
galactic chemodynamics and stellar physics discussed a big number of different actual problems (http:/
/www.conference. pochtarnt ru).

At the concluding session all the participants made an unanimous resolution to regularly organize
such conferences in the future with a periodicity of 4 years. The next conference "Chemical and
dynamical evolution of stars and galaxies” has been scheduled for 2006 in Odessa.

Past conference “Chemical and dynamical evolution of stars and galaxies” was supported by INTAS.
The conference was combined with the Summer International school of young astronomers “Astrono-
my and beyond: Astrophysics, Cosmology and Astrobiology” (12-18 August 2002).

The conference and the Summer school were organized by astronomers of Astronomical Observato-
ry and Department of Astronomy of Odessa National University, Radioastronomical Observatory
“URAN-4" of Radioastronomical Institute of Ukrainian Academy of Sciences, and members of Odessa
Astronomical Society under the support from Ukrainian Astronomical Association {Kiev) and Euro-
Asian Astronomical Society (Moscow).

The published in this volume reviews are systematized in the alphabetic order using the name of
the first co-author. These reviews, as well as all the rest contributions {abstracts} presenied at the
conference, can be found at http:/“oapl4.pochtamt.ru/0apld him.

Editorial Board expresses a hope that all the materials presented at the conference “Chemical and
dynamical evolution of stars and galaxies” will be interesting for the specialists.

V. G. Karetnikov
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GALACTIC ABUNDANCE GRADIENT

S.M. Andrievsky
Department of Astronomy, Odessa National University, Shevchenko Park, 65014, Odessa, Ukraine
email: scan@deneb.odessa.ua

ABSTRACT. This contribution is an overview of
three papers (Andrievsky et al. 2002a; 2002b; 2002¢)
devoted to the metallicity distribution in galactic disc.

1. Introduction

Tn recent years the problem of radial abundance gra-
dients in spiral galaxies has emerged as a central prob-
lem in the field of galactic chemodynar . Abundance
gradients as observational characteristics of the galac-
tic disc are among the most important input parame-
tors in any theory of galactic chemical evolution. Fur-
ther development,of theorics of galactic chemod.
ies is dramatically hampered by the scarcity of observa-
tional data, their large uncertaintics and, in some cases,
apparent contradictions between independent, observa-
tional resnlts. Many questions concerning the present-
day abundance distribution in the galactic disc, its spa-
tial properties, and evolution with time, still have to
be answered.

A sberl st of shindsics el i

galactic disk have been performed in
St obisinat ars rather digpersles. Eons 1 oo
tacablegradien o ather gt sl ofshout
~0.1dex

Lsually o Tollowing objects are used to derive
galactic_ abundance gradient: hot main sequence B
stars, HII regions, planctary nebulac, open ehisters.

Compared to other objects supplying us with an in-
formation about. the radial distribution of elemental
abundances in the galactic disc, Cepheids have several
advantages:

hey are primary distance calibrators which pro-
vide excellent distance estimates;

2) they are luminous stars allowing one to probe to
large distances;

3) the abundances of many chemical clements can
be measured from Cepheid spectra (many more than
from HIL regions or B stars). This is important for
investigation of the distribution in the galacti
absolute abundances and abundance ratios. Addition-
ally, Gepheids allow the study of abundances past
iron-peak which are not,generally available in HII re-
gious or B stars;

4) lines in Cepheid spectea are sharp and well-defined

which enables one to derive elemental abundances with
high reliability.

Asit was shown in Andricvsky et al. (2002a) - Pa-
per I, Andrievsky et al. (2002b) - Paper T the radial
abundance distribution within the region of galactocen-
tric distances from 4 to 10 kpc is best described by two
distinct zones. One of them (inner: 4.0 kpe <R < 6.5
kpe) is characterized by a rather steep gradient, while
in the mid part of galactic disc (6.5 kpe<Rg < 10.0
kpe), the distribution is essentially flat (e.g. for iron
the gradient, is d[Fe/H]/dRq ~ ~0.03dex/kpc).

As discussed in Paper I and Paper I, such a bimodal
character in th distribution may result from the com-

bined o e radial gas flow in the disc and the
vadial disuibution of the st ormation rate, Wo note
here that there are conflicting models of the galactic
structure, and that possibly the metallcity gradients
can help to decide which are the more likely ones. Ac-
cording to Sevenster (1999a; 1999b) and others (see
rel‘mncei in Paper I) the bar extends its influence to
a co-rotation radius at about 4-6 kpc. In contrast,
according to Amaral & Lépine (1997) and others, the
spiral arms extend from the Inner Lindblad Resonance
which s at about 2.5 kpe, to the Outer Lindblad Res-
onance, at about 12 kpe, and the co-rotation of the
spiral pattern is close to the solar galactic orbit. In the
iy o bar W it S0 s gt oot of
stars, and consequently, a small m¢
On the other hand, according to Leplne, Mishurov &
Dedikov (2001) and Paper I an interaction between the
gas and spiral waves in the disc forces the gas to flow in
opposite directions inside and outside the Galactic co-
rotation annulus. ‘This mechanism produces a cleaning
effect in the middle part. of the disc and consequently a
fattening of the metallicity distribution. At the same
time, a decreased star formation rate in the vicinity of
the galactic co-rotation, where the relative velocity of
the spiral arms and of the gas passing through these
arms is small, should also result in some decrease in
the abundances.

In Andrievsky et al. (2002¢) ~ Paper III we have
begun to investigate the radial abundance distribution
in the outer disc. The region of primary interest is at
a galactocentric radius Rg % 10 kpc, where according
to Twarog ct al. (1997) there exists a discontinuity in
the metallicity distribution. Such a discontimuity can
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[Fe/H]

Figure 1: The radial distribution of the iron abundance. Open circles - the data from Paper 1, black circles

- the data from Paper I, black triangles - Paper IIL.

2-¢ interval is indicated. The position of EE Mon is

indicated by filled asterisk. The Sun is marked by the intersection of the dashed lines.

be suspected from earlier works of Janes (1979), Pana-
gia & Tosi (1981) and Friel (1995). However, Twarog
et al. (1997) were the first to clearly stress this re-
sult. Twarog et al. used photometic metallicities (in-
terpreted to imply [Fe/H]) for a large sample of open
clusters, and they found that galactic disc breaks into
two distinct zones. Between R & 6.5 — 10.0 kpe they
found a mean iron abundance <[Fe/H]> of ~ 0 (i.c.,
the slope is very small, if present). Beyond R ~ 10.0
kpe the mean <[Fe/H)> is ~ —03. This implies a
sharp discontinuity at Rg ~ 10 kpc.

Recently, Caputo ct al. (2001) reported a simi-
lar result. Those authors calibrated BV1 data for a
large sample of galactic Cepheids (galactocentric dis-
tances from 6 to 19 kpc) as a function of metallicity
using non-linear pulsation models. Their results (al-
though not very reliable on a per star basis) suggest
that the derived metallicity distribution in the galac-
tic disc can be represented either by a single gradi-
ent of —0.05dex kpc ™!, or by a two-zone distribution
with a slope of —0.01 +0.05 dex kpc~" within 10 kpc
and —0.02 £ 0.02dex kpc™" in the outer region of the
galactic disc. In other words, within each region the
metallicity gradient is weak to no-existent, while be-
tween these regions a significant change of the metal-
licity/gradient does occur.

2. Radial abundance distributions: from in-
ner to outer disc

To make the picture on galactic abundance gradients
as complete as possible, one can plot data from Paper

I-IT together Figs. 1-5 display the derived dependen-
cies between the abundances of 25 chemical elements
and galactocentric distances. As the iron abundances
are the most reliable we will concentrate our discussion
on the iron gradient d[Fe/H]/dRg.

3. Discussion
3.1, Iron abundance gradient

Distances can be separated into three zones: the in-
ner part of the galactic disk (gradient d[Fe/H]/dRg ~
—0.13::0.03 dex kpc™"), the mid part of the disk (gra-
dient &~ —0.02 £ 0.01 dex kpc™), and a piece of outer
disc. For the latter we derive a gradient —0.06 +0.01
dex kpe™ and a mean [Fe/H] & —0.19+0.08 dex. The
gradient for each zone was derived from a least-squares
fit using the weighted data. Thus, the abundance dis-
tribution over the galactocentric distances 4-10 kpc
cannot by represented by a single gradient value. More
likely, the distribution is bimodal: it is fatter in the so-
lar neighborhood with a small gradient, and becomes
stecper towards the galactic center. The steepening
begins at the distance about 6.5 kpc.

The transition zone at 10 kpc can be easily identi-
fied in Fig. 1. After this point the metallicity drops by
approximately 0.2 dex. All the stars in the bin beyond
10 kpe are iron-deficient. The same result is seen in
Fig. 3ab of Twarog et al. (1997) which shows their
open cluster metallicity values as a function of galac-
tocentric radius. It should be noted that the sample
of open clusters used by Twarog et al. consists of the
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Figure 2: Same as Fig. 1, but for clements C-Si
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clusters with ages spanning from 1 to 5 Gyr. Thus,
the youngest clusters used for the gradient study are
approximately 10 times older than Cepheids. By com-
paring the iron abundance gradient from Cepheids with
that from open clusters one would, in principle, esti-
mate how the abundance gradient evolved with time.
Nevertheless, in practice it is difficult to realize, be-
cause any conclusion will suffer from the rather high
uncertainty of the open cluster data. The only we can
state confidently is that the discontinuity of the metal-
licity distribution has really survived over several Gyrs,
until now.

3.2 A possible explanation for some observed fea-
tures

Recently Mishurov et al. (2002) produced a detailed
model of chemical evolution of the galactic disc, taking
into account the effect of co-rotation, to explain our
data presented in Papers I and II. The new data pre-
sented in Paper I11, suggest that the model of Mishurov
ot al. (2002) is basically correct, but that the co-
rotation radius should be slightly shifted to about 10.5
kpe. The discontinuity in the metallicity distribution
at 10 kpc is possibly explained by the gap in the gas
density distribution that is associated with co-rotation
(see Lépine, Mishurov & Dedikov (2001). If we divide
the Galactic disc in a large number of concentric rings,
the gas from neighbouring rings tends to mix due to su-
pernova explosions, stellar winds, eloud collisions, ctc.,
that do not respect the frontiers between concentric
rings. This mixing is equivalent to a diffusion term,
and tends to smooth out metallicity gradients in the
gas (and therefore, in recently formed stars). However,
the gas density gap associated with co-rotation, which
is observed in the 21 em hydrogen line as discussed by
Lépine, Mishurov & Dedikov (2001) is possibly a bar-
rier that avoids contact between the gas at Rg > Re
and Rg < R and allows the existence of two distinct
zones.

Acknowledgements. 1 would like to express my grat-
itude to all my colleagues with whome three basic pa-
pers on galactic metallicity gradient were published:
Drs. V.V. Koviyukh, RE. Luck, JR.D. Lépine, W.J.
Maciel, B. Barbuy, V.G. Klochkova, V.E. Panchuk, Yu.
V. Beletsky, D. Bersier, R.U. Karpischek.
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ATOMS IN MAGNETIC FIELDS: POSSIBLE ORIGIN OF
CHEMICAL ANOMALIES IN MAGNETIC STARS

G.S. Bisnovatyi-Kogan

Space Research Institute, Russian Academy of Sciences
Profsoyuznaya 84/32, Moscow 117810 Russia, gkogan@ma.iki.rssi.ru

ABSTRACT. The interaction of atomic magnetic
moments with non-uniform magnetic fields may be im-
portant for the diffusion in the matter near the sur-
face of neutron and magnetic stars. Formation of the
anomalous abundance of some elements in magnetic
stars is considered as an extension of the old model of
Babeock (1963) and Jensen (1962). Phase transition
of the second order is shown to be held in helium as
a transition from diamagnetic to paramagnetic stare
with increasing of magnetic field (Bisnovatyi-Kogan
and Hoflich, 1990), efficiency.

Key words: Stars: atomic magnetic moments; mag-
netic stars.

1. Introduction
Chemical anomalies are observed in Ap stars, having
masses M < 2 M and strong magnetic fields up to 10°
Gs. The existence of such anomalies may be connected
with the following exceptional properties of these stars.

They have a small convective core < 0.3 Mo, and
very thin convective envelope. Absence of strong con-
vective zones make it ineffective an action of dynamo
processes. The magnetic field of such stars is formed
from the compression of the contracting magnetized
loud, and dynamo action on the short convective stage
during star evolution to the main sequence, lasting
about 5 - 10° years (Bisnovatyi-Kogan, 2001). These
property may imply a large variety of magnetic field
strength and topology in Ap stars. Slow rotation ob-
served in these stars may be connected with a large
rate of a loss of stellar angular momentum due to
magnetic stellar winds. Slow rotation implies negligi-
ble meredional circulation and consequently negligible
mixing. It also decrease even more the action of the
dynamo processes. Strong magnetic field suppresses
completely the residual convection in the outer enve-
lope. That create conditions of accumulation of slow
diffusive changes of the composition in stellar layers
near the photosphere.

Three types of a diffusion are considered in the lit-
erature for creation of chemical anomalies.

1. Radiative diffusion (Mishaud, 1970).

2. Accumulation of anomalies during accretion
(Havnes and Conti, 1971).

3. Diffusion of paramagnetic atoms in the non-
uniform stellar fields (Babcock, 1963; Jensen, 1962).

The last mechanism was considered because of a
striking correlation between the anomalous abundance
and magnetic moment of the corresponding atoms: the
largest anomaly (~ 107 times over the solar abun-
dance) has the clement Eu, which has the largest
atomic magnetic momentum in S state, J = 7/2. The
first models could not quantitatively explain the ob-
served anomalies. The improvement of this model
by Bisnovatyi-Kogan and Hoflich (1990) (see also
Bisnovatyi-Kogan, 1992) permitted to obtain much
better quantitative agreement with observations.

2. Observational correlations.

The largest chemical anomalies correspond to ele-
ments with large atomic magnetic momentum, among
which the most distinguished are, see Table

Another intriguing correlation_exist beween the
spectral class of a star where maximum anomalies for
given element are observed, and the ionization poten-
tial of the corresponding atom (Ledoux and Renson,
1966), see Table 2.

The model, explaining these anomalies by motion
of paramagnetic atoms in non-uniform magnetic fields,
was proposed by Babcock (1963) and Jensen (1962).
The "optical pumping” was used for increasing the rel-
ative population of atoms with a given orientation of
their spins. The "equilibrium” abundance gradient es-
tablished in the non-uniform magnetic field, which bal-
ances the diffusion under the action of a field gradient,
is determined by formula

Vn _ upVB

R ) [0}
where pup is the atomic magnetic momentum. It was
noted by Babcock (1963) and Ledoux and Renson
(1966), that for large observed Vn/n very large field
gradients VB > 10~° Gs/cm are needed, which at least
100 times exceed observed ficld gradients in solar spots.
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“Table 3: Elements abundances in the star SCrB, according to Ledoux and Renson (1966).

Element Mg Si Ca Sc Ti v Cr Mn
Abundance of clements

relative to solar & L6 34 14 25 77 25 30 40
Element Fe Co Ni S Z Ba La
Abundance of elements

relative tosolar (& 7 105 18 40 90 45 620
Element Ce Pr Nd Sm Eu Gd Dy
Abundance of clements

relative tosolar (& 880 535 150 192 1440 890 3800

Let us suppose for simplicity that outside the spot. the
composition is normal X{}, % 7.9-10~° by mass, and
X%, ~ 4.4- 10712 by number of atoms, Ag, = 152.
The concentration of Eu in the spot increases in time
due to diffusion and according to (5-7), is equal to

anLEu

RYVBY ]

B

) 1g-14 BXEWL (Voo

=x0. [1 +807 7 () Y ®)
where ni3 = n/10'* em™?, o1 = 6/0.1 rad, Vaoo =
R,VB/300 B. V300 = 1 at B = 10* corresponds to the
magnetic field gradient in solar spot (Babcock, 1963).
When B = 10° Gs, T = 5000 K, xEul = 0.001, and
t=13-10' s = 10° years we have from (8) in the spot.

Xppu s X, +

B lelB HHXE\\I
kT mec nocuR26?

~ x:‘?,!“{l +T

13 = Vaoo = o,

Note that the main contribution to the diffusion flux
comes from layers with n < 10° cm™®. Smaller spots,
laxger field gradients may give even larger Eu concen-
trations. The value from (9) is about 10° times larger
than Babcock (1963) estimated for the same V B.

If an atom of Eu changes its spin direction during
its motion to the poles, it does not reach the magnetic
poles, and starts to move in opposite direction. But
this motion does not lead to hot region, atoms are not
ionized, and the equilibrium concentration gradient is
formed which prevents the motion from the poles (sec
Fig.1). Atn < 3-10° cm™* the spin does not change its
direction due to small overturn cross-section (3), and
Eul flux goes directly to the poles.

4. He atoms in a very hlgh magnetic fields:
second order phase transit

The magnetic field has a large influence on the
atomic structure when the energy level of the electron
in the magnetic field By exceeds the binding energy
Ey of the clectron in the atom. For hydrogen we have
(Landau and Lifshits, 1963)

mee? le|B

@’ 2m.c’
and these energies are equal at characteristic magnetic
field

B= Eg=h (10)

=235-10° Gs. (11)
When the atomic J # 0 the atom is paramagnetic with
a positive susceptibility, like H or Eu. The ground
enegy level of this atom deepens and its binding en-

ith increase of B. The ground state
=L =0, and in it is diamag-
netic with a negative susceptibility. The ground en-
ergy level of this atom goes up with B, making it less
bound. The first excited state of He with excitation
energy o = , 8§ =J =1 and with atomic
structure 25, has paramagnetic properties. With in-
creasing of B the binding energy of the diamagnetic
ground level decrease, and the binding energy of the
first excited state (paramagnetic) increases. As was
obtained by Gadiyak et al. (1982) the binding energies
of the ground and the first excited state become equal
at B, = 0.7B, = 1.7-10° Gs (see Fig4). At B > B, the
ground state of the atom is already paramagnetic with
nonzero spin. It was noted by Bisnovatyi-Kogan and
Hoflich (1990), that the phase mnsmon or the second
order happens at B = B, tral helium
change its property from dmmagnem 'y pamnwgletm
ground state.
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calculations are given by Bisnovatyi-Kogan and Hoflich
(1990).

2.5. Structure of non-LTE atmosphere.

The density and temperature profiles in non-LTE at-
mosphere shown in Fig.2 from Bisnovatyi-Kogan and
Hofiich (1990) resembles closely at the photosphere to
the corresponding LTE model of Kurutz (1979) in all
layers except, the very inner regions, because in normal
atmospheres convection results in slightly less steep
remperature gradient. The minimum temperature is
somewhat lower because of the stronger cooling due
<0 metal lines. In the very outer regions the relative
abundance of Eul is higher by more than an order of
magnitude than the LTE value due to reduction of the
radiation field. The fraction xgur of the neutral Eul
is of the order of 107 - 1073 over a large fmmon
of the (see Fig.3 from Bi

and Haflich, 1990), and is Saticon to explain our ef-
fect. The concentration of Eul may increase due to in-
crease of a local electron density n, which in the layers
10g 75000 = —8— 10 is determined mainly by fonization
of abundant elements with low ionization potential like
Na (1=5.138 eV, X, na,0 = 4.4-107%), K (I=4.339 eV,
Xy =44-107), for solar abundances.

Wo o 1o o a8 40 40 2 a3 10
e

Figure 2: Temperature and density profile as a function
of 7(5000 Angstrom) for an atmosphere with Tor=7600
K, and logg = 4. Element abundances are taken which
can be regarded as typical for Ap stars (see text).

Wo e 0 o wv 46 45 20 56 10

Figure 3: Xpwi and atmosphere height h as a function
of 7(5000 Angstrm).

Eul lines have not been observed in the spectra of Ap
stars, probably, because they are strongly blended by

other lines. Lines of atomic Cal with I=6.11 eV, close
to Eul with I=5.67 ¢V, have been observed in the spec-
trum of A2.6 star TX Leo (Leushin and Topil'skaya,
1988).

3. Diffusion flux of Eu atoms into the polar
regions.

Consider diffusion of Eun atoms under the action of
the magnetic field gradient, taking into account colli-
sions with the H atoms. Collisional cross-section and
the cross-section of a spin overturn during collision are
written as

Geon 107 %cm?,

®)
oy = 107%a%00u = 10~ cm?®

Eu atoms in S state with a spin projection ¢ =  is
drifting in the direction of increasing of the magnetic
field to the magnetic poles. The diffusive flux of Eu
atoms is equal to (Lifshits and Pitaevski, 1979)

i _p(neaf

Here ngis the concentration of Eu atoms, ' =
IhVwp is the force acting on the paramagnetic Eu
atom in a non-uniform magnetic field, wp = L2 is
cyclotron frequency, D & 724 is a diffusion coeﬂicleut
for Eu atoms, 7 = n + nig, vy is the thermal veloc-
ity of hydrogen. Without ionization the concentration
gradient balances the magnetic forse and in equilib-
rium, when brackets in (4) are equal to zero we have
the Babeock -Jensen result (1). If Eu atoms are ionized
during the move along the magnetic field lines, when
they enter the hot regions near the magnetic poles, the
term Vng,; does not prevent continuous diffusion. The
total flux of Eu atoms in this case is equal to

- vm.) cm™ ()

Vup
Lo = 2“5."5\.!27!?;"0"”“ ™),
where 7igur (cm™?) is the surface density of the Eu
atoms of the star reverse layer, R, is a radius of the
star.
Let # be the angle size of the polar spot (or of the
surface of a spherical layer) with anomalous composi-
tion. The surface area of the spot is

®)

§ 2 27 R2(1 ~ cost) TR0 ©

The total mass of the spot over the reverse layer, cor-
responding to the mass over the layer where Eull lines
are formed, is equal to

= jS ~ prR2%. (@)
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‘Table 1: Properties of elements showing strong chemical anomalies
Element En O Mn
Atomic shell structure  4/76s? 34s  3d%4s?
Atomic state 8Sis TS Sap
“Table 2: Elements showing strongest chemical anomalies versus spectral class of  star
Element Eu Sr Cr Mn
Spectral class corresponding
to maximum overabundance  A8-A3  AS-A5 A2 B8
Tepy (K) 7580 - 8720 7580 - 8200 8790 11900
Tion (V) 567 5605 6766 744
for ground states (Mihalas, 1978)
2. The model

The modification of the Babcock-Jensen model sug-
gested by Bisnovatyi-Kogan and Hoflich (1990) is based
on the fact, that atoms moving in the magnetic field
towards magnetic poles enter a regon with greater den-

% mz.uvvm—"m?c"s-/ﬂr-’/* =2.10""n, (2)
for Tg, = 5.67 6V, ga=8, 9:=9, and T = 6000, which
can be regarded s a representative value above the
Plokompbate o 4843 stas (Kurutz, 1979). Tak-

sities and where the ion-
ized. 1t means that concentration gradient of neutesl
stocs poraiing !arther rlxﬁ'\mon il nct bt sl
and the real gr entration (includ-
ing atoms and |ons) 'may be much greater than follows
from (1). Due to ionization there is a continuous flux
of paramagnetic atoms to the regions of the magnctic
poles, sec Fig1.

diffsion

Figure 1: Schematic picture of the magnetic diffusion
into polar region.

2.1 Neutral atoms in Ap stars.

Let us investigate Eu anomalics, and find first the
concentration of Eu atoms in the surface layers of Ap
stars with the effective temperature T.s; = 7600 K,
characteristic for (AT-A8) type stars. In LTE equilib-
tium the concentration is determined by Saha formula.

ing =5-10° - 5-10', we obtain
o= 1077 1074, R e o
fhie observed anomalies duc to diffusion of atoms. But
the condition of LTE is violated in the regions above
the photosphem, 50 the degree of ionization may be
less in reality.

2.2. Non LTE treatment of upper layers.

Non-LTE model of thr- atmosphere of the star with
Ty = 7600 K, 4 was constructed by
Bisnovatyi Kogan and Hofich (1900), usin a method
of Hoflich and Wehrse (1987). The propertics of the
star were close to those of the star SCrB, which el-
ement abundances (Ledoux and Renson, 1966) have
used in caleulations (see Table 3). Other abundances

re presumed to be solar. The non-LTE atmosphere
was constructed for optical depths log7 between -15
and 1.2, Up to 20 lower levels mere allowed to de-
viate from LTE for H, He, C, N, 0, Na, Mg, K, Ca

d Eu. All and collisional bound-bound
o Do tes R e e ot s
tistical equations. Having in mind a suppression of the
convection by the strong magnetic field, only radiative
cnergy transport was taken into account in the atmo-
sphere. Farther details of physical conditions used in
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)

Figure 4: Semi-quantitative behaviour of energy of the
He atomic levels (ground and first excited states) in a
‘magnetic field. The point B = B, corresponds to the
second order phase transition.

The motion of He atoms in the non-uniform mag-
netic ficld may create an inverse population of He
atomic states, leading to laser-like radiation. It may
happen during accretion of He atoms onto a neutron
star, having B >> B, o in the more exotic situation
with an ejection of atomic He from the neutron star
surface. Matter velocities at accretion and ejection are
very large (sub-relativistic), so the He atoms become
excited in both cases, giving finally the strongly colli-
mated pulse of ultraviolet radiation.
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ported by RFBR grant 02-02-16900.

References

Babcock M.W.: 1963, ApJ, 137, 690.

Bisnovatyi-Kogan G.S.: 1992, in *Chemical evolution
of stars and galagies” (in Russian), ed. A.G.Masse-
vich, Kosmosinform, p.130.

Bisnovatyi-Kogan G.S.: 2001, "Stellar Physics”, vol.2,
Springer, Heidelberg.

Bisnovatyi-Kogan G.S., Hoflich P.:
Space Sci., 168, 293,

Gadiyak G.V., Lozovik Yu.E., Mashchenko AT and
Obrecht M.S.: 1982, J. Phys. B: At. Mol. Phys,,
15, 2615.

Havnes O., Conti P.: 1971, ALA, 14, 1.

1990, Ap. and

Jensen E.: 1962, Nature, 194, 668.

Kurutz R.L. 1979, ApJ Suppl., 40, 1.

Landau LD. and Lifshits EM.: 1963, Quantum
mechanics (in Russian), Nauka, Moscow.

Ledoux P., Renson P.: 1966, Ann. Rev. A&A, 4, 293.

Leushin V.V., Topilskaya G.P: 1988, in Proc.
Int. Meeting *Magnetic Stars”, Nauka, Moscow.

Lifshits E.M., Pitayevski L.P.: 1079, Physical kinetics
(in Russian), Nauka, Moscow.

Mihalas D.: 1978, Stellar atmospheres”, Freeman and
Co., San Francisco.

Mishaud G.; 1970, ApJ, 160, 641.




Odessa A ical P

vol. 15 (2002)

CHEMICAL ABUNDANCES AND EVOLUTIONARY STATUS OF
SOME X Bootis TYPE STARS AND FBSwl
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ABSTRACT. Comparative analysis of chemical
abundances in the atmospheres of A Bootis type stars
and FBSwl (field blue stragglers week lined) is pre-
sented. Evolutionary status of these metal deficient
stars is discussed.

Key words: chemically peculiar stars, A-dwarfs, F-
dwarfs, synthetic spectra, abundance, A Bootis

1. Introduction

Group of A Bootis type stars consists of Population
1, metal poor (except C, N, O and S clements which
have almost solar abundance), non-magnetic, late B to
early F-type dwarfs. They fall into two classes with
normal (NHL) and peculiar (PHL) hydrogen profiles
with weak cores and broad but often shallow wings,
have a weak A4481 lines and high v sin i. Some of
them have TR excesses and strong absorption features
in IUE spectra. According to Venn and Lambert, (1990)
accretion theory, the chemical peculiarity of A Bootis
stars originates from the presence of a circumstellar
shell (most likely a remnaat of the star formation).
Depleted gas from the circumstellar envelope con:
of CNO and S elements is accreted by the star while
elements with higher condensation temperature accu-
mulate in the dust grains.

A-component. (V=6."71, A-type) of unusual visual
binary system VW Ari (HD15165, BDS 1269) wide
known as multiperiodically pulsating star (probably of
6 Sct-type) having non-radial modes. This star shows
the spectrum typical for very metal deficient star and
high v sin i value, while B-component (V=8."33, F-
type) possesses a solar-like chemical composition and
slow rotation (Andrievsky et al. 1995). Such a strange
difference in the chemical composition of both compo-
nents could appear due to the peculiar evolution of VW
Ari A as a X Boo-type star (Chernyshova et al. 1998).

Olsen (1980) had applied Strémgren photometry to
predict spectral classifications of faint stars and find-
ing lists of potentially interesting objects. He has in-
detified a category of carly F type metal-poor dwarfs
(50 called "week-lined field blue stragglers” (FBSwl))

among stars brighter than m,—8™. Their Sm, values
indicate abundances in the interval -0.9<(Fe/H|<-0.4.
A spectroscopic investigation of this group of metal-
deficient F dwarfs to clarify their nature was recom-
mended. Bond (1970) and Gray (1988) suggested that
FBS possibly are cool representatives of the A Bootis
class of young stars with weak metallic lines

2. Observation and abundance analysis

Tn our works Paunzen et al. (1999) and Andrievsky
et al. (2002) we determined accurate LTE abundances
for 7 well established A Bootis stars and 20 candidates
to A Bootis type stars. We compared abundances of
our candidates with two MK standard stars and abun-
dance pattern from Paunzen et al. (1999). Details of
observations of 19 FBSwl are presented in Andrievsky
et al. 1995, 1996. High resolution and high S/N CCD
spectra have been obtained at six sets. The effective
temperatures and surface gravities were estimated us-
ing the Stromgren photometric indices checked with
additional calibrations in the Geneva system. We ob-
tained LTE abundances and rotational velocities by
using method of synthetic spectra with help of pro-
grams STARSP (Tsymbal 1996) and WIDTHY, the at-
‘mosphere models of Kurucz and atomic data from the
Vienna Atomic Lines Database (Kupka et al. 1999).

3. Obtained results

All metals show moderate deficiency on FBS and
moderate or strong deficiency on 7 A Bootis type stars
and VW Ari A. C and O are in little deficiency on
all stars. Most of the stars show normal abundance of
sodium. VW Ari A show distribution of elements like
typical A Bootis type star. Take into account normal
hydrogen profile of star we can call it NHL type star
(of course if all other main features of A Bootis type
stars will be found on this star).

After our detailed abundance analysis for test of
membership of twenty A Bootis type stars candi-
dates we are able to confirm or establish the member-
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<uip for nine objects (HD23238, HD36726, HD40588,
HD74011, HD84123, HDO1130, HD106223, HD111604
4 HD290799). Six stars (HD90821, HDOSTT2,
103483, HD108765, HD201184 and HD261904) can
cfinitely ruled out as being member of the A Bootis
up whereas no ambiguous decision can be drawn for
five stars (HDG6684, HD105058, HD120500,
HD1141851 and HD294253).

The results of investigation of chemical abundances

£ FBSwl were published in Andrievsky et al. (1995,
96) and Chernyshova (1999). Although most of FB-
ow slight metal deficit and some of them show
dance pattern similar to A Bootis type stars. So
can add them to the list of candidates of A Bootis

4. Conclusions

Future investigations of A Bootis should concentrate
2 establishing homogenity of the group of A Bootis

andidates should show the most of common proper-
ties), clarification of the main physical processes re-
ponsible for its phenomenon by analysing of param-
(abundance pattern, behaviour in the infrared
improving theory of A Bootis forming by tak-
ing all observational results and evolutionary status
‘group’s members into account. Precise IR spec-
iroscopic and pliotometric observation of A Bootis is
sary for understanding the physico-chemical pro-
ses of accretion and diffusion in their circumstellar
s and dust discs and chemical anomalies on a sur-
. possible discovering of binaries among them.
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ABSTRACT. We have calculated the model at-
mosphere of extremely peculiar roAp star
HDI101065. The line opacity with individualized
abundances has been executed by eline-by-line»
method. Due to lack of data for the REE lines we
scaled D.R.E.A.M. data base by ten. The synthetic
spectrum and indices in photometric system uvby
have been calculated as: by = 0.713, m, = 0.336,
¢, = -0.121. We had obtained good agreement be-
tween an observation and modelling.

Key words: pecullr star, model atmosphere, in-
fividualized abundances, HD101065.

1. Introduction

At present time observed spectra of stars are
main sources of the information for stellar astro-
physics. Because of most of the radiation origi-
nates in outer layers of a star, named stellar at-
mosphere, we have to build sufficient atmosphere
model for proper analysis of stellar spectra.

“The evolution of atmospheric models was closely
related to the evolution of our conception of the
energy transfer in outer layers of stars and the his-
torical progress of the computer power. From 70’
great necessity appeared to create the opacity tables
and the spectral lines lsts. The mast important projects
became the works of Kurucz, OPACITY and OPAL
projects (1988-96), VALD (1995-99) (1,2 For the cool
stars it s very important to consider molecular sources
of opacity, that is why a number of authors creat-
ed lines lists of molecules: H,0, TiO,, TiO, OH, CH,
H, and other. Lately, more attention was paid to the
lists of REE lines among which we want especially
note the D.R.E.AM. database of REE lines [3].

Currently there are several methods of opaci-
ty calculation. The main methods are: OPDF and
OS. The most actively used OPDF (Opacity Distri-
bution Function) method. The OPDF method is re-
alised in ATLASS [4] code of Kurucz. It should be
noted that using of OPDF method is complicated
because it requires calculation of opacity distribu-
tion function each time for given abundances, sets

of pressures and
velocities. It is possible to make calculations more
easier by using the set of pre-calculated OPDF
tables for different abundances, for example the
abundances scaled to solar composition (Kurucz,
1992-93) [5]. Thus, set of tables makes possible
quick calculation atmosphere models with tabulat-
ed values of T, Ig g and metallicity [A] for nor-
mal stars. Though, in case of chemically peculiar
(CP) stars it is impossible to take into account wide
range of potential abundances. Therefore, stars
of this kind require calculations of individual
OPDF tables (Piskunov, Kupka, 1998-2001) [6] or
use of other opacity calculation method, such as
Opacity Sampling method

The main idea of Opacity Sampling (OS) method
lies in fitting the number of points along frequency
in given range so as mean statistical dependency of
the absorption coefficient in spectral lines is repro-
duced satisfactory. Points upon the frequency are
chosen either with fixed step or randomly (Monte-
Carlo method). By increasing the number of points
we can achieve convergence in atmosphere struc-
ture to approach, which is got if opacity is calculat-
ed by direct method for great number of points.
Using of OS technique leads to less calculation time
in comparison to OPDF method only an average
resolution of 4000 or less, that is fully insufficiently
for CP stars modelling. OS technique realised in AT-
LASI12, Phoenix, SAM12 and other codes.

‘The methods described above have generic defi-
ciency. These methods do not allow efficient calcula-
tions of models with stratified abundances. The fact
is that stratification of the abundances with depths
leadss to changing of absorption coefficient with depths
for given wavelength range. Consideration of stratifi-
cation by OPDF technique is very difficult and time-
consuming, by the OS technique s not trustworthy
enough because of its statistical character.

Till present time the guess about chemical ho-
‘mogeneity of atmosphere along depth did not call
in question. Though indications had appeared of
possible stratification due to help of high quality
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spectra, Especially, taking into account that na-
ture of such phenomenon has been determined —
diffusion of atoms under the influence of radia-
tive field or magnetic field.

The method which allows to avoid limitations
described above is the direct method of opacity
calculation. It allows to calculate the model atmos-
here with individualized and stratified abundances
Though this method is simple by its ideology it
was very difficult to employ it till recently be-
cause of insufficient computer power.

2. Calculations

In present work we made the model atmosphere
calculations by LLModels code (V. Tsymbal, D.
Shulyak) (7], which computes opacity by direct meth-
od. The LLModels code was created on base of the
ATLASY code of Kurucz and code of calculation of
synthetic spectrum from set of programs STARSP

o1 Tsymbal (8], Modellng i performed with guesses
¢ plane-parallel structure of and LTE

We performed elimination of spectral lines
which don’t make significant contribution to lines
opacity for speed-up of calculation. The criteria
of selection is

Zegx,

ac
where a, a, are coefficients of absorption in line and
continuum respectively, x is a criteria of selection.
The testing calculation shows that using criteria 10%is
well enough for accurate model calculation

We used LOWLINES. DAT lines list of Kurucz
(9] which includes more than 31 millions lines for
elements up to fifth ionization stage. It should be
noted that for hot stars it is necessary to add
HILINES.DAT list which includes about 10 millions
lines up to ninth ionization stage.

The elimination of spectral lines allows consid-
erably decrease computing time of a atmosphere
model. Thus, for example, using criteria 10 and
10 reduces the number of lines needed for opac-
ity ion by a factor 20 and 100 respectively.

Ior early and intermediate type of stars.

The absorption coefficient in lines is calculated
for each wavelengths point including opacities pro-
duced by neighbouring lines. The step of calcula-
tions must be small enough to provide accurate lines
profiles calculations (approximately 300-400 thou-
sands of points in field of radiation maximum of a
star). This leads to the full account of frequency
and depths dependencies of the line absorption co-
efficient. This method is named line-by-line meth-
od, further in article we will use this term.

The calculation of opacity in continuum is per-
formed with 1A step. We found that using of 14
step does not change atmosphere structure in com-
parison with calculations with the same step as in
lines opacity computing. The hydrogen lines are
Is0 calculated with 14 step excluding the range
30A from the center of hydrogen lines where
lculations are performed with the same step as
in lines opacity calculations.

The computing of correction to integral of den-
sity in column unit is performed by same method
in TCORR subroutine of ATLAS9 code. Where-
25 using of rosseland mean tables is unwarranted
for stars with stratified abundances we have ap-
plied different approach. The equation of hydro-
atic equ)]ibrium is resolved at t,, Ky set in-
eadof t,_, k. Owing to the facl that obtained
values are Interpolaled backward to standard set
of rosseland depths and opacities it is necessary to
provide agreement between values of physical
arguments, which used in following iterations
Therefore, absorption coefficients for current set
of temperatures and pressures are calculated for
wavelength 50004 excluding lines opacities.

In process of lines selections it is appropriate to
use prepared Kurucz solar scaled model or to cal-
culate the modl using ATLASS. Here, values of

T,,, Ig g should be chosen at the nearest parame-
ters values of the sought model. Scale parameter
[A] - metallicity should be chosen so as abundanc-
es correspond or slightly increase expected or known
mean abundances in investigated star.

The method was approved on Vega. We have
calculated atmosphere model for Vega with AT-
LAS9 (OPDF), ATLAS12 (OS) and <line-by-line»
codes. The T-t,_ relation, synthetic fluxes and col-
ours didn’t show any significant differences among
various opacity techniques and observed values.
The accounting of faint spectral lines (criteria of
selection 10+) in opacity calculation doesn't show
any distinctions (more than error of calculation)
in comparison with criteria 107,

3. Model atmosphere of HD101065

The HDI101065 star (Przybylski’s star) is often
called the most unusual roAp star. At the 32 IAU
colloquium in 1975 Przybylski attracts attention to
spectral features of this star. He notes deficiency
or strong weakening of iron peak lines and points
to serious restriction in selection of model atmos-
phere. First lines identifications works were made
by Przybylski [10, 11}, Warner [12], Wegner and
Petford [13]. They confirmed excess of rare-earth
clements (+4 dex). Cowley used method of wave-
length coincidence statistics to show the presence
of weak Fe lines [14].

‘The main problem in model atmosphere calcu-
lation lies in the difficulty of the effective tempe-
rature determination. The presence of strong opac-
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ity caused by great number of REE lines made
impossible correct finding of the effective temper-
ature by use of observed photometry values. The
considering of REE opacities was heavy due to the
lack of atomic data for REE lines. The analysis of
hydrogen lines [15] gives value of T.,=7500K. Ob-
served photometric indices in 6-colours system leads
to conclusion that effective temperature is about
6000KK. This disagreement could be well explained
by influence of strong opacity in REE lines which
leads to changes in atmosphere structure.

The most detailed abundance analysis of
HDI01065 is performed by Cowley and Mathys
[16] in wavelengths range 3900-6500A. They point
the presence of doubly ionized rare-carth ele-
‘ments (Pr III, Nd II1, Ce III) that indicate unusual
structure of model atmosphere. The last work de-
voted to analysis of abundances of HD101065 was
made by Cowley and others [17]. As this work
presents the most detailed analysis at present time
we are describing its major results below.

Cowley derived abundances for 54 clements (in-
cluding a lot of rare-earth elements). The funda-
‘mental parameters of model atmosphere were de-
rived as: T,,, = 6600K, Ig g = 4,2. He showed, that
convection plays no significant role in the tempera-
ture structure through strong blanketing and mag-
netic field. The magnetic broadening of spectral lines
‘might be roughly approximated with a microturbu-
hmce velocityu, = 1 kms" for iron peak lines and

=2kms" forr rar&earth elements. Cowley used
el
calculated by the oathed of Pheav s Kupka
[6] which based on the OPDF method.

The considering of absorption in REE lines was
complicated because trustworthy atomic data are
known only for 13000 lines of neutral and once
ionized rare-earth elements. That is why to com-
pensate for missing line opacities caused by the
incompleteness of rare-earth line lists Piskunov
[6] and Cowley [17] increased the abundances of
iron peak elements by 1.5 dex. It should be noted
that described procedure is just empirical opera-
tion. The increasing value of iron peak elements
was determined with best agreement between ob-
servations and theoretical study.

In present work we attempted to calculate model
atmosphere of HDI01065 with consideration of
opacity caused by REE lines. The parameters of

elfective
gravity and abundances were taken from ch-
= 6600K, Ig g = 4,2, microturbu-
e = 2 ks the range of optical depths
from —f 0 2 with step 0.1

We used LOWLINES.DAT lines list of Kurucz,
which includes more than 31 millions lines for ele-
ments up to fifth ionization stage. In selection of
lines which have significant influence on opacity

i P
1

e
Figure)1: Temperature difference between a model
atmosphere for HDI01065 with individualized abun-
dances and model with solar abundances. The differ-
ence between a model with scaled metallcity (+1dex)
and solar abundance model is displayed as well.

we used model calculated by ATLAS9 code of
Kurucz. Cowley work shows that abundances of
non rare-earth elements in atmosphere of
HDI01065 are near or less than solar ones, that is
why we used OPDF tables for [A] = 0. The abun-
dances were taken from Cowley’s work. The crite-
ria of selection of spectral lines was picked up as
10, Thus, about 280 thousands of spectral lines
were selected in range 500-300004 of the maxi-
‘mum radiation of the star.

‘The addition of Kurucz preselected list by data
about REE lines was made by using D R.E.A.M. da-
tabase, which includes more than 56 thousands
lines of Cell, DyIll, ErIII, Holll, Lalll, Lull, Lu-
1II, NdITI, PrIIl, TbIII, ThIIl, TmlI, TmIII, YbII,

Figurel2: Synthetic fluxes for model atmosphere
HD101065 with individualized abundances. Strong
absorption features in the 40'nm region smoothes
the Balmer jump.
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YBIIL YBIV, caleulated with known Cowan’s code
18] Unfortunately, at present time D.R.E.A.M. in-
udes data of a quarter of all rare-earth ele-

sual abundances (extremely peculiar stars), for
which it is impossible to make correct model at-
mosphere by scaling abundances to solar ones. In
general case the task of analysis of CP stars is
essentially nonlinear. We must consider not only

iations of opacity. The total number of lines is

zbout 850 thousands.

Then we calculated model atmosphere of

101065 with individualized abundan 1
bet

individual for opacities but
also possible stratification with depth. The used
line-by-line code of opacity calculation allows to
make such computing.

The executed work shows that model atmos-
phere of HD101065 calculated only with individu-

H )101065 wlth individual composition and a cor-

s0 J..r abundance (+1 dex) is also shown in Fig. 1. It
<hould be noted that all models have been calculat-

alized presents a large step towards
precision analysis of this star, although it should
be noted that calculated colours are still not in
excellent agreement with observations.

Acknowledgement. We are grateful to A. Shav-
rina this work, as well as V. Tsym-

ed with the same
The HD101065 model with

bal for useful di

position is quite different from the scaled abun-
3ance model. Its enhanced opacity leads to higher

nperatures than the solar abundance model.
“niike, the heating found for the model with scaled
lar abundances is less than 100K in layers deep-
thant,  =-14.

Fig. 2 shows synthetic fluxes for calculated model
with individual chemical composition. It also shows
that the Balmer jump is smooth out because of a
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Table 1: Comparison between the observed Strom-
zren indices and calculated ones

Observa-  Cowley'’s <lne-by-Tne>
values odel
0.387 0.713
0582 0336
0.298 -0.121

4. Conclusions

Conducted computations of HD101065 model
atmosphere showed that accounting of opacity
caused by lines is extremely important in model
atmosphere calculations of peculiar stars. This fact
becomes especially important for stars with unu-

-N1-pll9.

Biemont E., Palmeri P., Quinet P. DR E.A M. Data-
base on Rare Earth at Mons University, http://
www.umh.ac be/~astro/ dream.shtml

Kurucz R L. CD-ROM N13, 1993 //Smithsonian
Astrophysical Observatory.

Kurucz R.L. CD-ROM N14, 1993 //Smithsonian
Astrophysical Observatory

Piskunov N., Kupka F. Model atmospheres with
indi /The

Journal. = 2001. — v. 547. - N 2. — p. 1040-1056.
Tsymbal V., Shulyak D. Line-by-line opacity stel-
lar atmosphere models //Scientific conference
«Chemical and dynamic evolution of stars and
galaies». Odessa, 18-24 august, 2002.

Tsymbal V. STARSP: A Software System For the
‘Analysis of the Spectra of Normal Stars // ASP
Conference Series. ~ 1996. - v.108. - p.198-199.

Kurucz R L. CD-ROM N1, 1994 //Smithsonian As-
trophysical Observatory.

Przybylski A. A GO Star with High Metal Content
//Nature. = 1961. - v. 189. - p. 739,

Przybylski A. //Nature. = 1966. - v. 210. - p. 20

Warner B. //Nature. — 1966. - v. 211. - p. 55.

Wegner G., Petford A.D. Abundance analysis of
Przybylskis star (HD 101065) //MNRAS. — 1974.
- v.168. - p. 557.



22

Odessa A ical F

vol. 15 (2002)

Cowley C.R., Cowley A. P., Aikman G., Grosswhite
H. Element identification in Przybylski’s star //
Astrophysical Journal. — 1977. = v. 216. - N 1. -

p.31.

Kurtz D., Wegner G. The nature of Przybylski’s
star - an AP star model inferred from the light
variations and temperature // The Astrophysi-
cal Journal. — 1979. - v.232. -N 1. - -p- 510

Cowley C.R., Mathys G. Line identi and

Cowley C.R., Ryabchikova T., Kupka F., Bord J.D,,
Mathys G., Bidelman W.P. Abundances in Przyb-
yiski's star //MNRAS. — 200. - v.317. = N 2. - p.

299.

Quinet P., Palmeri P., Bi'emont E. On the use of
the Cowan’s code for atomic structure calcula-
tions in singly ionized lanthanides //JQSRT. -
1999. - v.62, p. 625 646

Hauck B., il byb

preliminary abundances rmm the red spechum
of HD 101065 ( A

tometrcctaloe / //Asmmmny & Astrvphys-
s. ~ 1998, - v.129. =N 3. -

Astrophysics. — 1998. — v. g —Nl ‘p]Gﬁ

p PASLASS,



Odessa A ical F

vol. 15 (2002)

23

EVOLUTION FROM THE NUCLIDES TO THE
CHEMICAL ELEMENTS

N.S. Komarov

Astronomical Observatory, Odessa National University,
Odessa 65014 Ukraine, e-mail: astro@paco.odessa.ua

ABSTRACT. The chemical evolution of Universe
and it’s objects (from grains to black holes) were
of main goal of recent reviews and investigations.

The evolution of chemical elements and their iso-
topes (early nuclides) discussed as indicator of evo-
lution of Universe from Big Bang to now. The
problem of determination of contents of chemi-
cal elements and their isotopes in atmospheres of
cool giants to use method of the models of atmos-
pheres and the synthetic spectra s discussed briefly.
The determination of fundamental characteristics
of cool stars (the effective temperature T,,, sur-
face gravity Ig g, metallicity [Fe/H)) are discussed
+00. The evolution of all nuclides heaver ‘He (with
the exception, possibly, of most lightest nuclides
- °Li, 'Li, *Be, “B, 'B) are caused of these stars.

mic», <normals, estandards or <solar» of contents
of all nuclides must be adopted?

The main results of determination of content
of chemical elements in the atmospheres of the
cool giants of only oxygen sequence of the Gal-
axy disk and their fundamental characteristics are
given in this brief review. A brief survey of re-
sults is presented. The conclusion are making pos-
sible about evolution of the contents of chemical
elements in the atmospheres of cool stars at tran-
sition stages from main sequence (MS) to red giant
(FRGB), from the upper boundary of a giant branch
to the horizontal one, and eventually, at the stage
of asymptotic giant branch (AGB). The velocity of
stellar evolution, efficiency of mixing depends on
initial mass of the stars and primordial chemical

Key stars,
abundances-stars, nucleosynthesis-stars, evolution-

Introduction

The of the cearth» Mendel
table and/or the distribution of contents of chem-
cal elements and their isotopes in different objects
of Universe must be accounted with theory of the

of progenitor matter.

The full description about it was made by Trim-
ble (1975, 1991), Geheren (1988), Lyubimkov
(1995), Komarov (1999). The current «standards dis-
tribution of contents of nuclides usually are com-
paring with theoretical predictions in results nu-
clear reactions (synthesis or decay), of theory stel-
lar and galactic evolution, theory of Big Bang and
so on. The distribution of nuclides should be ex-
changed in time and therefore it is very interest-
ing t igate contents of chemical elements

origin and evolution of th

f the Universe may be looked as evolution of
nuclides, and then as evolution of chemical ele-
ments and their isotopes! The first nuclides were
formed in result of the Big Bang. The accuracy of
determination of contents of chemical elements
and their isotopes in various objects our Universe is
the key in our understanding of evolution of all
objects Universeafter Big Bang. The answer on ques-
tion about origin of nuclides heaver ‘He is basic for

ling of evolution us of Wh

haven't stars without heavy elements? What is the
distribution of nuclides from its masses (mass of
chemical element from Mendeleev's table is of
weighted mean value on all stable isotopes of this
clement plus electons) or what Mendeleev's table is
at other objects of the Universe? What the «cos-

and their fotopes m various objects of Galaxy
and Universe having of various ages.

«Cosmic», «Normal», «Standard» and «Solar» abun-
dance

The lightest nuclides have arisen in result of
Gamow's Big Bang. The Big Bang hypothesis sup-
port of four pillars:

1) The Hubble expansion. It can be proved of
redshift of spectra lines in galaxies and superno-
vae. In spite of the numerous attempts are deter-
mining the Hubble constant, its actual value re-
mains one of the fundamental problems in cos-
mology. However, now, the most probable value
for this constant is H, = 5916 km(sMpe)*.
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2) The relict radiation. It is Plank function with
temperature equal 2.726+0.010 K at 95% confi-
dence level. The fluctuations of radiation are
present. Small spatial anisotropy could indicate that
the matter wasn't distributed homogeneously when
microwave background radiation originated, and
small deviations with respect lo the black body
spectrum should indicate the presence of high en-
ergy sources in the primordial Universe. You can-
not make galaxies without disturbing the micro-
wave background and without chemical elements.

3) The abundance of light nuclides. The pre-
dicted cosmological abundance of light nuclides
depends mainly on the universal baryonic density.
Common particles at that epoch include: photons,
neutrons, electrons, and quarks. After another
phase, the quark condenses into ordinary parti-
cles: neutrons and protons. Then we finally enter
into a regime where there is a direct comparison
with our observations of galaxies and stars. So,
the light elements with observed abundance ~75%
for H and ~25% for He in weight fit with the
cosmological predictions with only the one value

baryon density ©,-0.05+0.03. Two paths are
for formation of *He:

a) The deuterium nucleus collides with proton
to form *He, then a neutron to form ‘He.

b) The deuterium collides first with a neutron to
form *H (tritium), then with a proton to form *He.

4) The kind of neutrinos, The Big Bang model
predicts that the contents of light nuclides would
fit only if there were no more than three families
of neutrinos. This was exactly what was observed
at Large Electron-Proton collider. So, the light el-
ements with abundance ranging from 76% for H
to 10" for Li all fit with the cosmological predic-
tions with the one adjustable parameter being the
baryon density ©,-0.05+0.03.

The density of particles was dropped to value
~16° grsm? after 1s of the Big Bang (T = 10° K,
dimension of Universe was increased to 10" km,
or 10 ly). The thermodynamic equilibrium of neu-
trino with other particles can’t more to stay in this
condition. This neutrino began to move in Universe
freely. The electrons and protons have been stop to
form in a few second (energy below 10° eV). The
protons and neutrons began coupling in the 100 s
after Big Bang (T = 1¢° K, and dimension 100 ly) in
lightest nuclides H, D. *He, *He and "Li (more heav-
ier nuclides can'’t formed in result absent of stable
nuclides with masses number 5 and 8). Besides H,
the nuclides “He had been appeared in main, which
consists of nearly 1/4 baryonic mass of Universe.
This process call of first nucleosynthesis, but rela-
tive distribution in Universe of lightest nuclides is
good test of model of Big Bang. The final step to
the formation of nuclides was capture of the suit-

able number of free electrons to form neutral at-
oms! However, the remaining electrons still had
plenty of energy. The Universe was obscured. The
cooling was continued about 3x10° years. Tempera-
ture was decreased to 100K diameter of Universe
had of dimension 10° ly, the nuclides have been
surrounded of electronic envelopes and first light
atoms H and He (first of chemical elements) have
been formed. The average energy of photons was
became a few eV in this time and it was not enough
to destroy of atoms. At that moment, Universe be-
came transparent to radiation because it became
without free electrons. When the temperature was
decreased to 300 K of gravitation forces between
atoms was became to exceed of other forces. The
gravitation was acted on fluctuation of density in
spatial distribution of atoms (mainly H and He)
was led to accretion of matter and was formed of
large scale structures — proto-galaxies. In latter,
the stars and stellar systems - galaxies (the dimen-
sion 10° light yrs after Big Bang and T~100 K) were
formed on this base.

The other nuclides were formed in result of
nucleosynthesis in core stars and their subsequent
development. Most the reactions occur during of
the evolution of the star, but some are formed in
the shock wave that accompanies a supernovae
explosion (in example, e-process). The atoms of
these newly formed elements are injected into the
interstellar medium at high velocity, and by proc-
esses that are not well understood, many of them,
such silicon and iron atoms, become constituents
of tin: dust grains. The
shocks can then act to destroy these particles. The
charged grains move on a spiral in the post-shock
magnetic field and are actually accelerated as the
post-shock gas (a process called betatron accelera-
tion). The refractory grain such as graphite and
silicates destroy in shock with V>100 kms™. The
compression and cooling behind shock waves may
be trigger of the formation of galaxies as well as
stars. During the era of galaxy formation, the prop-
agation of huge shock waves — driven by the
collective effect of supernovae in “seed” galaxies
— or possibly by super-conducting loops of cosmic
string, may have swept up and compressed by
hydrogen gas to galactic proportions, and triggered
the collapse of protogalactic gas clouds ln addl—
tion, the shock waves can produc abling
the nearly pure hydrogen gas to cool s)gm(n:antly
below 10V K and thereby form stars.

Some stars observe as supernovae in result of
super explosions. The interstellar shocks driven by
supernovae may determine the structure of the
interstellar medium (ISM). A five-phase model o
the ISM has been developed

- most of the volume of the ISM is hot (T=10° K)
gas that has been shocked by supernova blast waves;
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ost the mass of the ISM is in cold (T<100K)

clouds are surrounded by warm envelopes
re heated to T=8000K and are partially ion-
=4 of radiation

- the cold, warm, and hot phases are all at

same pressure;

de non-radiating blast waves, evaporation
clouds and their envelopes injects material
=10 the hot gas phase; after the blast waves be-
¢ radiating, the hot gas cools and returns to
arm and cold phases.
e meteorites contain dust grain with pre-
- (other stellar systems or interstellar medium)
<er, which formed from nuclides forming in
nuclear reactions in cores of stars of vari-

individual grain have of different isotopic
its Al, O, Si and C. The major effect is due

Zinner&Amari, 1999). The meteorites give impor-
information on nucleosynthesis, and stellar
ution, and the evolution of the Mendeleev's
able of the Galaxy. The contents of isotopes in

various grains are completely different from

olution status (red giant or asymptotic giant
anches). Variations in the /170 ratio reflect
fierences in stellar mass but variations in the
0710 ratio can only be explained by differences
= the original isotopic ratio of the stars. The pres-
ce of large *Mg excesses from the decay of *Al
n many grains is observed. Since #Al is produced
*he higher temperatures of shell burning of H
hese nuclides was formed in AGB-stars. The
dust grains was formed in time burst super-
ac and novae stars

The meteoritic SiC have of pre-solar origin from
carbon stars.
The heave elements show that nuclides were
oduced in result of the s-processes (Kr, Sr, Zr,
o, Xe, Ba, Nd, Sm and D

This evol s going about 10° years. The con-
<ents of chemical elements in atmospheres of var-
ious types of stars can provide some information
about cosmic contents pf nuclides from Gamow’s
Big Bang to now. They can give information about

nuclear processes, about evolution of stars and of
Galaxy. The stars may be divided on two main groups
- unevolved and evolved. In first group stars’ of
elemental abundances in their atmospheres has
probably not affected by nuclear reactions in ap-
pointed stage of evolution, but in second group -
vice versa. We investigated of evolved stars for
testing of theories of nucleosynthesis, of stellar
evolution and chemical evolution of Galactic disk
For it is necessary to know of the distribution of
chemical elements from mass number in the atmos-
pheres of stars with different masses. They have
passed through this or that stage of evolution.

The distribution contents nuclides from atomic
number Z, or number of neutrons N, or upon mass
number A=N+Z (atomic weight) is of source for
testing of theories of their evolution. The informa-
tion about distribution of nuclides is of Earth crust,
‘meteorites, atmosphere of Sun with corona and so-
lar wind, atmospheres of planets, soil of Moon,
atmospheres of stars, interstellar medium and so on.
L s . -

al
of Sun can be taken from Anders&Grevesse (1989),
Rykaljuk (200), Grevesse&Sauval (1998), but dis-
tribution of isotopes was taken according to their
distribution in Earth crust and meteorites
Anders&Grevesse (1989), Cameron (1986),
Grevesse&Sauval (1998). The contents of nuclides
relate to the progenitor matter of solar system. The
initial distribution was taken to account nuclear de-
cay which may to bring to change of abundances of
parent and daugther nuclides This distribution of
elemental abundance is adopted as "cosmic”, "nor-
mal”, "standard” one. The solar abundances of some
nuclides are different from "normal” one (Tabl. 1).
The distribution of nuclides have of characteristic
properties: the contents of nuclides expotentially
decrease of with the growth of mass number to
A=100, and than observe a considerable slowing
down; large fluctuations in abundances of light ele-
ments; peaks of abundances of nuclides with defi-
nite of mass numbers.

The analysis of contents of chemical elements
in atmospheres of stars shows that have of stars
with different from "solar” contents of elements
(for example, stars of Population T of the Gal-
axy, stars of the RCrB-type, peculiar, metallic,
zirconium, carbon and so on stars). It should be
noted, however, that at the same time the con-
tents of elements of interstellar medium in re-
gions HII around newly formed stars and in plan-
etary nebulae (old objects) is close to that of the
solar system. Moreover, elemental contents in oth-
er galaxies and quasars (at oldest objects of the
Universe) don’t differ almost from solar one. The
theory of formation and evolution of nuclides,
and then of chemical elements and all their iso-
topes (stable and non-stable) must explain all this.
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Table 1: The abundances of nuclides and chemical elements

Z B A process An&Gr An&Gr  Cam Ryk Gr&Sau  Gr&Sau
1989 1989 1986 3000 1998 1998
1 H 1 U 12.00 12.00 12.00
10079 1200 1200 12.00 12.00 12.00
D 2 o7l 753 722
2 He 3 w 714 7.08
4 UH 1099 [1089] 1083
4.00280 1099 [10.99] 1083 1092 [10.93:0.04]
3 L 6 1 219 222
6941 331 116 332 108 L10:000 3312004
3 7 LHU? 328 332
4 Be 9 1u? 142 115 165 115 1.40+0.09 1424004
5 B 10 Lu? 1.83 183
1081 289 (26) 253 23 [25540.30) 2794005
1 17 243 243
6 C 12 Hea 855 8.62
12011 856 8.60 862 857 8.520.30
13 H 660 667
7N 1 H 80 794
14.0067 805 8.00 793 794 7.9240.06
15 H 5.62 5.50
8 0 15.9994 893 893 884 8.86 8.83+0.06
16 He 893 884
17 H 5.51 554
18 HeN 623 6.15
9 F 19(18.9984) H 448 456 441 456 [4.5640.3) 4.4810.06
10 Ne s 806 794
20,179 809 [8.09] 799 763 8084006
21 HeNs 544 542
22 HeNs 692 702
11 Na 23(229897) Cs 6.31 6.31 635 632 6.3310.03 6.3210.02
12 Mg 24 HeCoa 7.48 750
24.305 759 758 7.60 76 7.580.05 7.5840.01
25 Cs 6.58 6.60
26 Cs 6.63 6.65
13 Al 27(2698154) Cs 648 647 6.50 647 6474007 6492001
14 si 28 o} 752 754
28.085 7% 15 758 80 7554005 7561001
29 Os 622 625
30 Os 605 607
15 P 31(30.97378) Ogs 557 545 5.39 548 5.4540.04 5.5610.06
16 S 32 0pBs 724 7.25
3206 721 721 727 7.23 7.3340.11 7.20+0.06
33 0Sis 514 515
34 OSis 58 590
36 i 341
17 «ca 35 OSis 513 513
35.453 527 55 525 5.50 [5.540.3] 5.280.06
37 OSis 451 464
18 Ar 36 0Si6s 648 6.53
8 OSis 576 5.80
39.048 656 [6.56] 6.60 6 6.40+0.06)
40 s 297 3.96
19 K 39 OSis 5.10 5.09
39.008 513 512 5.12 515 5.1240.13 5.1340.02
40 0Sis 120 226
41 OSis 3% 396
20 Ca 40 OSia 633 636
Ca 4008 6.34 6.36 6.37 645 6.36+0.02 6.35+0.01
42 Sis 415 418
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Z B A process An&Gr An&Gr  Cam Ryk Gr&Sau  Gr&sSau
1980 1989 1986 300 1998 1998
3 a7
m 399 4
46 193 189
a8 NSi 361 363
Sc 45(44.9559) 3.09 3.10 3.07 3.06 3.1740.10 3.10+001
T 46 E 38 385
a7 E 38 382
47.90 493 499 496 5 5.02+0.06 4.9440.02
48 Ea 4.8 482
49 E 367 3.
50 ENSi 367 368
X : 50 E 142 1.36
509414 02 40 398 4 400£002 4024002
1 E 40 398
% Cr 50 E 432 431
51996 568 567 568 57 5672003 5604001
52 E 5.61 5.60
53 E 4 466
54 E . 406 406
M 55(54.9380) E 553 5.39 554 54 5.39+0.03 5.534001
Fe 54 E 627 6.29
35,847 751 167 753 6 7508005 7.504001
36 Es 747 749
57 Es 58 586
8 Es 49 506
27 Co  59(58.9332) Es 491 492 492 494 4.9240.04 4.91+0.01
2% N 8 Es 608 609
58.10 625 625 626 63 6258004 6255001
60 Er 566 567
61 Er 430 433
62 Er 48 482
64 Er 42 429
2 Cu 63 Es 41l 415
63.541 427 421 431 406 4.214004 4.2940.04
65 Er 37 3.80
) Zn 64 s 43 436
65.38 465 4.60 468 445 4.60+0.08 4.6710.04
66 Es 410 412
67 Es 321 328
68 Es 393 394
70 Er 2 247
Ga 69 Es 291 204
6972 313 288 316 28 2.8840.103.13:004
7 Es 2. 275
2 Ge 70 Es 204 296
2 Er 307 308
72.59 363 341 364 34 3414014 3.6340.04
73 Er 252 253
k(3 Er 419 3.
6 Er 252 253
B oAs T(T49216) sr 237 = 237 = = 2.374002
HoSe T p 12 134
76 s 230 236
7 sr 223 228
8 sr 272 217
7896 334 . 340 - - 3413003
80 sro 304 3.10
82 r 231 236
B Br 19 sr 233 224

79.904 263 = 254 = < 2.6340.04
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Z B A process An&Gr An&Gr  Cam Ryk Gr&Sau  Grasau
1989 1989 1986 300 1998 1998
a1 ST 232 223
3% Kr 78 p 07 074
80 sp 1% 155
82 s 227 225
83 sroo22 225
83.80 321 - 319 - - 3314008
8 sro 29 205
8 T 245 243
37 Rb 8 st 2% 222
854675 241 260 236 26 260£015 2414002
87 r 185 184
3B S 84 p 067 068
86 v 192 193
8 r 177 175
8762 293 290 294 29 207007 2924002
88 r 284 285
39 Y 89849054 sr 222 24 226 22 2243003 2234002
0 zr 90 sro 232 237
91 sro 166 L7
9122 260 260 265 268 2604002 2614002
92 s 18 189
% v 18 190
r 106 111
41 Nb  93929064) sr 140 142 153 186 1423006 140002
2 Mo 92 I 113 138
94 p 093 113
% st L6 13
95.94 1% 192 218 209 1924005 1974002
9% s 118 140
97 sro 094 115
9% st 1y 155
100 v 094 116
3 T (9] s 06
4 Ru 9 p 057 0.60
98 p 010 013
% sr 093 096
100 5 093 096
101 a1 1.06 1.09
10001 182 18 185 185 1842007 183004
102 sro 132 135
104 v 109 112
45 Rh 103(102.9055) sr 109 112 118 134 LIZH00 L10H004
46 Pd 102 p 029 033
104 s 074 073
105 st L0 104
106 st L3 113
1064 L0 189 169 156 1694004 L70+0.04
108 r 112 112
110 r 077 076
Ay 107 seo 096 094
107.868 124 (094) 124 09 094£025) 1243004
109 r 092 093
4 Ccd 106 p Ol 015
108 p 029 0.29
110 r 0.86 085
111 r 0.87 087
112 r 114 115
11240 176 18 177 2 L774011 1763004
113 T 085 085
14 T 122 123
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Z B A process An&Gr An&Gr  Cam Ryk Gr&Sau  Gr&Sau
1989 1989 1986 3 1998 1998
116 T 064 06
In 113 ps 055 052
11482 082 (1L66) 085 17 (L6620.15)  0.82+004
115 r 0.80 084
30 Sn 112 p 0.12 012
114 p 00 004
115 psr 033 031
116 s 1.30 1.30
17 sro 102 103
18 sr 152 152
11869 214 20 214 2 20£0.3) 2145004
119 sro 107 102
120 st 165 166
122 r 0.80 082
124 r 0.90 092
Sbo 121 st 080 083
12175 104 10 107 1 10+0.3) 1032007
123 r 067 0.92
52 Te 120 p 081 0.66
122 s 065 078
123 s 019 03¢
124 s 091 105
125 sro 109 123
126 sr 151 166
127.80 224 - 239 - - 2244004
128 r 174 189
130 r 177 193
I 127(126.9045) sr 151 - 168 - - 1514008
Xe 124 069 036
126 p 0T -0.60
128 s 057 068
129 s 166 178
130 s 087 097
131 st 136 167
131.30 223 - 234 = = 2.1740.08
132 sr LG4 176
134 r 122 135
136 r 113 1215
G 133132.9054) sr 112 - 117 21 - 1133002
Ba 130 p 077 074
132 p 079 0.76
134 s 059 0.80
135 st LB 107
136 s 110 115
137 seo 126 131
137.34 221 213 226 201 2134005 2224002
38 seo 206 211
57 la 138 p L8 -189
138.9055 120 122 114 132 1172007 1.224002
139 s 1.20 114
38 Ce 136 p -l 106
138 p 09 0.95
140 st 158 160
14012 16 155 165 168 1564009 1.634002
142 r 065 0.70
59 Pro 141(1409077) sr 078 071 083 076 0714008 0.80+0.02
50 Nd 142 s 091 091
143 st 056 056
144 st 08 085
14424 147 150 147 138 1.50£0.06 1.494002
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Z ®B A process An&Gr An&Gr Ryk Gr&Sau  GrasSau
1989 1089 1086 300 1998 1998
145 sr 0.39 0.39
146 s 01 071
148 : 3 023 0.23
150 r 022 0.22
62 Sm 144 p 54 055
147 sr 142 114
148 s 002 001
149 sr 011 0.10
150 s -0.16 017
150.4 0.97 1.00 0.95 0.86 1.01+0.06 0.98+0.02
152 r 0.39 0.38
154 r 032 031
63 Eu 151 s 022 0.23
15196 054 051 055 061 0513008 0552002
153 s 0.26 0.27
64 Gd 152 p 6 150
154 s -0.59 -047
155 sr 0.24 0.37
156 sr 0.38 0.51
157 sr 0.27 0.39
157.25 107 112 120 114 1.1240.04 1.0940.02
158 se 047 059
160 r 041 054
65 Tb 159(158.9254) sr 033 01 0.46 01 (-0.140.3) 0.3540.02
66 Dy 156 p 210 214
158 P -1.87 -1.90
160 s 048 -0.50
161 sr 043 042
162 sr 0.56 0.35
162.50 15 11 114 11 L14008 1174002
163 sr 055 054
164 s 0.60 0.59
67 Ho 16515493M) sr 050  (026) 05¢ - (026£016)  0.51£002
68 Er 162 P -1.90 -1.93
164 ps 084 087
166 sr 048 046
167 sro 031 0.30
167.26 095 093 094 083 093006 097002
168 sr 0.38 0.40
170 r 013 0.11
69 Tm  169(167.26) sr 013 (0.00) 012 0.28 (0.00+0.15) 0.1530.02
70 Yo o168 p -9 -199
170 s -0.57 -0.64
171 sr 0.10 0.03
172 st 029 021
173 s 0.16 0.08
173.04 095 108 0.88 08 LOB£0.15)  0.96£002
174 sr 045 0.38
176 r 0.05 -0.02
71 La  175(174.97) sr 011 (0.76) 0.11 0.76 0.06+0.10 0.1340.02
176 s -147 -1.40
72 Hf 174 P -2.06 -1.93
176 s 054 048
177 sr 0.01 0.07
178 sr 0.18 024
178.49 0.74 0.88 0.81 0.85 0.88+(0.08) 0.7540.02
179 sr .12 ~0.06
180 st 029 035
73 Ta 180 p Ak 404
180.9479 013 - 012 o - ~0.1340.02
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Z B A process An&Gr An&Gr  Cam Ryk Gr&Sau  Gr&sSau
1989 1989 1986 30 1998 1998
181 s <013 012
W 180 p 022 182
182 s 0.10 047
183 sr 017 021
183.85 068 (L1) 105 118 (L114015)  0.694003
184 sro017 053
186 oo 051
75 Re 185 sr -0.18 -0.15
186.207 027 - 0.28 03 = 0.28003
187 st 006 012
6 Os 184 p 236 233
186 s 042 048
187 s 042 052
188 st 051 054
189 st 059 062
190 st 080 084
1902 13 145 141 145 1455010 1394002
192 1.00 103
7 Ir 191 sr 095 1.00
192,22 137 13 143 145 1354010 137002
193 s 17 123
78 Pt 190 P -2.21 =217
192 s 042 038
194 sro L2 124
195 sr 121 126
195.95 168 18 172 175 18403 160004
196 st 108 113
198 roo054 058
79 Au 197(196.9665) sr 083 (L01) 0.90 095 (101£015)  0.8520.04
30 Hg 196 p LB 193
198 s 008 009
199 s 031 012
200 sro 045 026
200.59 st 109 = 0.90 19 - 113008
201 sro 021 019
202 s 056 037
204 ro 008 007
3T 208 st 029 032
204.37 082 (09 085 09 09+0.2) 083004
205 sr 0.67 0.70
32 Pb 204 s 03 0.28
206 sro 133 127
207 Sr 137 131
207.2 205 18 199 193 1954008 2062004
208 sro 182 176
33 Bi 200(208.98M4) sr 071 = 072 19 - 0713004
90 Th  232(2320381) r 008 012 023 02 - 0.090.02
2 U 2% T 062 062
23823802) r 049 (<047) 012 (<-047) -0.50+0.04
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A remarkable complication arises due to scanty
number of stable isotopes (islands of stability)
among the set of unstable isotopes (the sea of
non-stability). Therefore, the distribution of nu-
clides to a greater extent must be modified as a
result of radioactive decay. The process may be
different under these or those conditions (up to no
decay all, example neutron). The chemical compo-
sition of atmospheres of the stars of first evolu-
tion stage is not contaminated with stellar nucleo-
synthesis products, whereas that of the second
evolution stars can be diluted with products of

obtained at Astronomical Observatory of Odessa
National University.

The stars-giant in the Galaxy disk are at vari-
ous stages of evolution — the first and subsequent
giant branches (FRGB and other), blue and red
parts of the horizontal branch (BHB and RHB),
the asymptotic giant branch (AGB), the post-as-
ymptotic giant branch (post-AGB). These stars have
located in the regions H-R diagram, which will
penetrate each other. If the mixing of atmospheres
of stars with products of elements nucleosynthe-
sis hold true, that the contents of nuclides in at-

and to differ from pro
genitor matter. The atoms of these newly formed
elements are injected into the interstellar medium
at high velocity, and by processes that are not
well understood, many of them, such silicon and
iron atoms, become constituents of tiny interstel-
lar dust grains. The interstellar shocks can then act
to destroy these grains by collisions with high ve-
locity atoms and by collisions with other dust par-
ticles. The stars of the Galactic disk are objects
second or third stars’ of generation

The testing of theories of nucleosynthesis and
stellar evolution, chemical and dynamical evolu-
tion of the Galaxy is the one from problem of
modern astrophysics The testing was based upon
data of abundances of chemical elements and their
isotopes in diverse object of the Galaxy. In particu-
lar, for this goal necessary to know the almost pre-
cision about the contents of chemical elements and
their isotopes in the atmospheres of stars different
masses which have passed through this or that stage
of evolution. The cool giants and super-giants are
of the convenient object for such investigation. They
are the brightest objects of stellar population in
the Galaxy and in their spectra a great number of
absorption and \or emission lines various chemical
elements and their compounds are detected (even
for stars with extreme iron deficienc;

According to the present concepts of theory of
stellar evolution, the star’s time stay at a certain
stage (in this at that locus of H-R diagram) consid-
erably depends of its mass, initial chemical compo-
sition and nucleosynthesis processes. The belonging
of stars to various types of population of the Gal-
axy, to different types of clusters and dynamic
groups gives an excellent possibility of tracing evo-
Lution of chemical composition of their atmospheres.

The contens of chemical elements in stellar at-
mospheres

In this paper we shall to spoke about remns of
of chem

of stars in common with their known
(undamem.sl characteristics can provide informa-
tion about evolution status of stars, about its of
mass and about chernical composition of progeni-
tor matter (Sweigart et al., 1989)

The existence of three stages of possible deep
‘mixing is supposed:

- on a stage MS, or at an exist on a stage FRGB,

- on a stage AGB (in time burning H and He in
layers sources),

- on a stage of thermal flares of He.

The simplest interpretation of spectral classifi-
cation of stars males necessary to suggest a differ-
ence between chemical compositions in the atmos-
pheres of cool giants stars. It are stars with excess
or deficiency of elements of iron group, with var-
ious ratio of abundances of carbon and oxygen
elements with even and odd Z, with excess or defi-
ciency of elements of s-process and so on.

A great number of works have been issued
recently on the determination of contents of
chemical elements and their isotopes in the atmos-
pheres of stars, and other fundamental charac-
teristics, by using spectra with a high signal-noise
ratio (S/N~300) and the method of model atmos.
pheres and of synthetic spectra. We shall consider
in brief the results of survey given in literature.

The stars of the main sequence (MS) of the
Galaxy disk in the solar vicinities have the fallow-
ing contents of elements CNO - group relative to
the Sun:

[C/H] = -0.23, [N/H] = 0.38, (0/H] = 0.3,
where [EL/H) = log (EL/H)*- log (EL/H), and log (El)
is the abundance of element in the scale of log
H=12.0. The ratio of contents of isotopes C and
C range from 4 to 90 (The average value C/3C =
22.5 whereas that of “C/"'C for the solar atmos-
phere is equal ~90). The values %C//*C from 20 to 30
have of stars with M>2M, The ratio swiftly de-
crease for stars with more little mass according to
observations and that contradcts of theory. To ex-
plain this effect it is necessary to suppose unknown

e at-
‘mospheres of cool glams of oxygen sequence of
the Galaxy thick and thin disks which have been

of mixing. During further evolution of
stars with M<1.5M, they proceeds in sequence of
spectral types M-MS-S-SC-C (R or N).
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The progenitors of G-M giant stars are F-G
dwarf stars with masses ranging from 0.8<M/M° <

). Therefore, the products of nucleosynthesis in
“eir atmospheres should be expected Is the par-
* matter in atmosphere of stars-giant diluted
+h products nuclear synthesis? Indeed, the av-
age ratio abundances is equal C/N=0.9 for open
15 of the Hyades and Praesepes (Mishenina
21,1990, Komarov&Basak,1992) while for the
n C/N=4.8, but for star-dwarfs of Hyades was
d C/N=(C/Ny. The average value C/N=2.3is
tzined for cool giant stars of Galaxy field
Komarov, 1999). It means that the content N grows
iile content C decrease. It should be noted that
“heory of evolution of single star predicts ratio
N=20after mixing. The ratio of isotopes *C/“C
atmospheres of cool star-giants are much less

the solar (earth) one. The ratio contents of

brained that C/N=2.3, L. the content of nitrogen
found to enhance while that of carbon to

1y identical. The carbon and essential nuclides
re synthesized in the interior of giant stars,
then were injected into the space by means
olent supernova explosions, or continuously,
ough with much less efficiency via stellar winds.
. atmospheres of star-giants must be carbon
 nitrogen rich at the constant oxygen abun-
rce in comparison to the contents of these ele-
s in the atmospheres of dwarf stars.
The light elements Li, Be and B are easily de-
ssructed at low temperatures (nearly from 2x106
= 5x106) that must decrease abundance these ele-
in atmospheres giant stars especially Li. These
=uclides can't be formed during of stellar evolu-
7 (during of the processes nuclear synthesis),
=xcluding may be, "Li. However, content of "L in
me star-giant exceeds the cosmological content!
contents of "Li in meteorites and the solar
mosphere differ by nearly two orders. Now it is
ecessary to determine of contents of  these ele-
s in atmospheres oldest of Galaxy stars with
deficiency of metal.
The contents of chemical elements had obtained
the atmospheres of field giant stars and it is in

oheres of metal deficient stars, but Na and Al are

in deficiency relative to elements a-process (Grat-
ton et al., 1987). It should be noted that "excess” of
some elements relative to the solar abundance could
be result from either hyperfine structure of atomic
lines or isotopic shift. The excess in contents is ob-
served not only for Na, but also for Al and Si. The
overabundances increase with luminosity of stars.
The observed anomalies provide evidence that, in
addition to the CNO hydrogen-burning cycle, the
MgAl and NeNa cycles operate of main-sequence
phase. The anomalies in contents of s-process ele-
ments, also observed in the atmospheres of field
stars, testify to the presence of a substantial number
of neutrons. The anomalies in contents of s-process
clements are absent from giant of the young Hya-
des cluster. The readers can to write of capital re-
views by Gehren (1988).

Therefore, the structure of a lower level of every
line of absorption is necessary to carefully anal
in determining elemental abundance. The contents
of chrmical clements can be in several times overes-
timate. It is necessary to take account of relative
contents of all stable isotopes at determination of
content a certain chemical element. The isotopic shift
for the elements of iron group is unlikely to occur
since isotopes Cr, #Mn, “Fe, “Co, **Ni are prima-
rily observed. For elements with odd Z the hyper-
fine structure of atomic levels is probable. Abun-
dance ratios of isotopes of elements C, O, Ng, AL
Si, Ca, Ti, Zr can differ from those of the Earth
and give information about nucleosynthesis process
of addition of a-particles and neutrons.

The structure of a red giant can exist only at
absence of full mixing between outer and inner
layers. However, as was shown above, the 11C/5C
isotopic ratio for giant stars is considerably less than
that of the Earth (the Sun). The interest represent
of metal-poor red giants with [Fe/H]<-2 which are
likely to be stars with low mass (M<0.8M°) and which
have originated from a cloud with mass 10°+10° e,
Massive stars have of short lifetimes and they sup-
ply the cloud with different metals and products of
the CNO-cycle. Variations in intensity bands of CN,
CH and NH indicate that red giants originated
from progenitor matter with various ratios of nu-
cleosynthesis products. In this respect, rather illus-
trative is the Cas A object - a remnant of the
supernovae flared up approximately 330 year ago.
The clouds are found with a primary oxygen abun-
dance ([H/O}=-3.7, [He/O]<-1.9 and [C/O]<-2.1). The
lines of S, Ar and Ca elements are visible in vari-
ous clouds. This means that the star is in the pre-
supernovae stage of evolution has layer structure,
and thickness of corresponding layers depend on
initial mass of thestar.

The determination of contents of chemical el-
ements of cool stars is associating with the prob-
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lem of

ie. of effective temperatures Ty, of gravities on
the surface (g), of metallicities ([Fe/H]), of mi-
croturbulent velocities (V,), with that of calcula-
tion of model atmospheres adequate to the struc-
ture of atmospheres of real stars, with that of
of ra-
diation and of collxslun of atoms and molecules
Ridgway et al. (1980), Komarov et al. (1985), Ko~
rotina et al. (1992), Komarov (1999).

The value of microturbulent velocity V, in the
first approximation was estimated from the curve
of growth for absorption lines Fel. The value V,
was revised by the method of model atmospheres
by means of calculation of abundance log (Fe),
the values V, being diverse. The correlation be-
tween log (Fe) and W, was found, and the value
V, was selected when there was no correlation
between log (Fe) and W,. The influence of rotation
and macroturbulence on the profile of absorption
lines was taken into account by the convolution of
a synthetic spectrum with the apparatus function
of a spectral device.It is suggested that broaden-
ings of a profile of the line due to rotation and
‘macroturbulence are small as compared to those
caused by the apparatus function of the device.

For cool stars it is difficult to select relatively
pure absorption lines by taking no account of a
synthetic spectrum and its convolution with the ap-
paratus function of the device as the apparatus func-
tion of a spectral device. The apparatus function of
a spectral device was taken the Gaussian with a
half-width equal to spectral resolution. For selecting
pure and weakly blended absorption lines the calcu-
lation of synthetic spectra were carried out. The
‘models atmospheres was taken from the grid (Bell et
al,, 1978) with parameters T, log g, [Fe/H] corre-
sponding to K0 IIT and K5 III stars, but namely
(5000, 3.00, 0.0) and (4000, 1.50, 0.0) respectively.

The fundamental characteristics and chemical
composition of same stars y Tau, 8 Tau, € Tau
(clusters of Hyades), o Tau, y Sge their were found
from spectrograms with reciprocal dispertion to
be not worse than 5.6 A/mm with the wavelength
range 5360-6700 A. In the same detail chemical
composition of stars BS 3427 and BS 3428 of
open clusters Hyades and Praesepe was investigat-
ed Komarov et al. (1985), Komarov et al. (1985),
Mishenina et al. (1986), Gopka et al. (1990), Gopka
etal. (1990), Komarov et al. (1992)

The chemical contents in the atmospheres of
cool giant stars of oxygen sequence depends from
belonging of stars to various stages of star evolu-
tion (Korotina et al., 1989; Korotina et al., 1992).
It is related to our possibility of only rough esti-
mating mass of field of stars and in even such
assumption there arises a question on reliability

of the results. We judge of evolutionary status of
astar from it position in the H-R diagram but at
the same locus of H-R diagram can be located
stars proceeding different stages of evolution af-
fected by distinctions in masses and initial chemi-
cal composition of pro-star medium. The best po-
sition of stars seemed to be those belonging to the
open clusters or dynamical groups because of a
possibility of estimating there age. But here we
come across a paradox. As is known (Korotina et
al., 1989, Korotina et al., 1992) relative quantity
of stars of G5 III — K0 III spectral types with
“standard” chemical composition must be small but
that of stars in K2 I1I - K5 III range with "stand-
ard” chemical composition is predominant. Howev-
er, in the most nearby open Hyades and Praesepe
clusters KO III giant stars have "standard” abun-
dance (except for same elements C, O, Na) where-
asin the most well studied dynamical group the a
Boo star (K2 I1lp) is certain to be metal-deficient.
In the analysis and comparisons of results obtained
various authors the abundances should be given
relative to hydrogen in the same star rather than
relative to abundance in the solar atmospheres.
From our data The elemental contents in atmos-
pheres of star giants belonging to the thick disk
and thin of Galaxy are obtained.

The quality of determination of contents of
chemical elements and their isotopes in atmospheres
of stars must be connected with problems of pos-
sible influence of fundamental characteristics of
atmospheres of stars as well as of effects:

-non-LTE;

-rotation;

~chromosphere, corona and wind;

-starspotting;

~fluorescence;

-nonthermal of transfer of energ,

The elemental contents of ~120 of cool giant
stars in vicinity of Sun have been determined
The method of model atmospheres and of syn-
thetic spectra was used. It should be noted that
many elements show discrepancies in content de-
termined absorption lines of atoms and ions. For
us, astrophysics-observers, the following question
is of importance:

"At what stage does the mixing of interstellar
medium with matter, as having passed through
the stellar evolution stage, take place.”

As is well known, the basic suppliers for newly
synthesized nuclides into the interstellar medium
are of the outburst of supernovae types SNI, SNI,
possibly, of outburst of novae N. The stars being
on the AGB are as a result of outflow of matter
(stellar wind and super-wind). Massive, short-liv-
ing stars M>BM, synthesize oxygen, elements of
a-process and light Z-odd and N-even elements
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Na, Al). The SNI-type stars with M~(1+3)M, are
+he source of elements iron-group. These stars are
‘olved slower than those of SNII-type. SNI-type
ars are basic suppliers of these elements into the

d their isotopes (for example, the values of ra-
<105 of isotopes C/C vary in the atmospheres
cool stars from 4 to 90). The stars of the given
etallicity can have various contents of other el-
nts, in particular, elements of a-process. The
AGB-stars have of a degenerate CO-nucleus and

wo thin layer sources of He and H. The He flares

ceurs. This promotes to the mixing of interstellar
medium with newly formed stable and unstable
nuclides, which passed through nucleosynthesis,
with matter of stellar atmospheres. These stars
have M from 1108 M,

In the Astronomical Observatory of Odessa
National University the new data about tempera-
<ure, gravity, microturbulent velocity, radius, mass
and total luminosity of ~1500 G-, K-, M star-
ants are obtained (Korotina et al., 1989, Koroti-
et al,, 1992, Komarov et al., 1996). The metal-
icities of star-giants belonging to 27 open clusters
1 moving groups of various ages were deter-
mined. The dispersion of metallicities for old stars
amounts from 0.0 to -0.5 dex, but for young stars
amounts from 0.1 to -0.1 dex. It is assumed that the
division of star-giants in vicinity Sun into two
roups corresponds to their division into two ages
‘oups or into two star formation {lashes localized

time. The processes of mixing in interstellar
edium have been increased in the course its ev-
olution. It should be noted that T,y of these stars

¢ the same spectral type increases with growth
metallicity. It is shown that their luminosities are
nereased with growth metallicity too. The distri-
on of stars for various intervals of metallici-
es and for various intervals of space velocities
was studied. It was found that for stars with slow

ace velocities V,, <60 kms™ (stars of Galactic
) have maximum in distribution for [Fe/H]=-

2 dex. The distribution of stars from metallicities
with V,,>60 kms™ is nearly constant.

The contents of chemical elements in atmos-
heres of K-supergiants belonging in the Small
agellan Cloud were determined. The all investi-
ted of stars have a deficit in the contents of
ron on a comparison with the solar ones. For all
ars the same method was used. Al stars have
close photometric and spectral characteristics. The
variations of the contents of iron [Fe,/H] at select-
=d stars SMC, on all probability, reflect differenc-
2 primordial of chemical structure of an inter-

stellar medium. The interest represents the con-
tents of elements of a-process in our case the
contents of elements Ca, Si. In our Galaxy in at-
mospheres of stars with a deficit of metals have
the enrichment contents of these elements. At in-
vestigated 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 con-
tents one for stars with solar content of iron
(Komarov et al., 2001).

We began of investigation of contents of nu-
clides to use of molecules-hydrides namely Mg,
Ca, Zr and etc. The new molecular characteristics
of radiation have been used. The stars belongs thick
(0ld?) and thin (young?) disks of Galaxy. It should
be noted, the production of nitrogen is dominated
by primary processes at low metallicity and sec-
ondary processes at high metallicity for spiral gal-
axies and vice versa. The production of carbon in-
creases with increasing metallicity. The masses de-
pend neither from the spectral type nor from the
metallicity. The most impressive result is that of
cool star-giants in the spectral region from G5 to
K5 have masses statistically less then solar one, and
consequently, these have the ages compared with
that of a globular clusters. The determination of
contents of elements and their isotopes in atmos-
pheres cool giant stars was made (Komarov et al.,
1985a, Komarov et al., 1985b, Gopka et al., 1990a,
Gopka et al., 1990b, Komarov&Basak, 1992,
Komarov et al., 1994, Komarov, 1999, Kovtyukh
et al., 2000, Komarov et al., 2001) to use of model
atmospheres Bell et al. (1978), Kurucz (1993) and
codes of Tsymbal (1994, 1995).

Conclusion

The accretion of small satellite galaxies appears
to have been important in the formation of the
halo, thick and thin discs of the Galaxy. The dis-
rupting Sgr dwarf galaxy and the recent discovery
of a young, metal-poor component of the halo
indicate that this is a continuing process. The Milky
Way is large disk galaxy. Its main components are
the rapidly rotating thin and thick disks, the very
slowly rotating metal-poor halo, the bulge, and the
dark corona. The contents of chemical elements in
atmaospheres of stars belonging of thin disk gives
information about the later stage of evolution.

The differences in the relative contents of nu-
clides of a Mg for cold stars - giants of thin and
thick disks of a Galaxy are within the limits of
errors of their determination. The study of the
relative contents of nuclides of a Mg, and nu-
clides of other elements, and for the greater
number of star-giants of thick and thin disks of
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a Galaxy is necessary for final conclusions. As
shown early, in processes of enrichment of atmos-
pheres of stars by products of nuclear fusion (s-
process) can happens at the stage of transition
from MS on a branch of the star-gianis.

We believe that cool star-giants in vicinity of
Sun don’t belong to one group. They belong of
thick and thin disks of Galaxy. Therefore, the con-
tents of light as well as heavy nuclides in their
atmospheres must be studied by the same meth-
od, same observable material, same input physics
and same physical approximations. The conclusion
about evolution of chemical elements and their
isotopes in stellar stage of evolution may be made
only in this a case.
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1. Introduction

Abundunces of chemical elements observed in
arious astrophysical objects now are, in general,
2 result of nucleosynthetic processes occurring in

Ui imordi tellar i
the nuclei consisting of integer number of a-
les (*C, %0, @N, ..) are the most stable and
..) are not

part
undance. Intermediate nuclei (4N, F,

A theory of element nucleosynthesis, beginning
“zom hydrogen and ending with transuranium nu-
is studied sufficiently well and only in some de-

examples of exact agreement with the presented
eme of nucleus synthesis, there are some cases
+hich deviate from the scheme of nucleus evolution
ven in that paper. The observation indicate a few
<ars with very high helium content and with anoma-
in heavy element abundances. As a rule, all of
~em have low iron abundance, predomination of
= trogen in comparison with carbon and oxigen and

t neon fraction (Rolleston, Dufton, Fitzimmons,
4; Conlon, Dufton, Keenan, 1994; Drilling, Jef-
, Heber, 1998). These and similar anomalies can

297, Marigo, Bressan, Chiosi, 1098).

The most stars where the results of such mixing

< observed as chemical anomalies in the athmos-

res are the main components of the binary sys-

<ms (v Sgr, B Lyr, KS Per..). The characteristics
rather

The brightness of the stars abovementioned is
hlgh enough for photoelectrical and spectroscopi-
he correctness of

of their

and evolution status is rather low.

In this paper we analyse their evolutionary sta-
tus in order to draw some conclusions on internal
processes which determine the chemical anomalies
presently observed in stars of this type. From our
point of view these anomalies are caused by the
followings: i) nucleosynthetic processes in the inter-
nal layers of the stars; ii) diffuse and convective
‘mixing of matter in the contacting layers; iii) ejec-
tion of the surface matter into the interstellar me-
dium. The primary of the system is a helium star
which is in the stage of carbon burning in the shell
source before neon burst in O-Ne-Mg core. The ob-
served helium stars could be formed in the systems
in the process of evolution of their main compo-
nents after hydrogen burning in the core and after
expansion and expulsion of the hydrogen envelope
as a result of filling their Roche lobes.

2. Chemical ition of helium-rich st

In Table 1 the observed surface abundances of
chemical elements of some typical helium-rich stars,
their effective temperatures, and surface gravities
are presented in comparison with solar ones (An-
ders, Grevesse,1989; Harris, Lambert, 1984; Harris
et al,, 1987, 1985, 1988; Leushin, Topilskaya, 1988;
Cameron, 1986; Leushin, 2000; Leushin, 2001).

The abundances of elements in these stars are
normalized to the unit without allowance for the
of elements heavier than Ne. In spite

. y features of
ose. These systems represent just that rare case of
cllar evolution when the star allows the products
 nuclear reactions occurred in its internal regions
-0 be studied. Quantitative investigation of process-
=s. which transform the initial chemical composi-
o of the star into the one currently observed, is
cossible only when the stellar structure and its ev-
ution status are sufficiently known,

of this neglection the main regularities in relative
abundances are observed sufficiently clear. First of
all this is redistribution for same stars of C, N and
0 abundances as a result of CNO-cycle processes.
Then the characteristic feature of these stars is the
increase of the total abundance of the elements
of CNO group as compare to the solar one. The
exception from the general tendency are some stars,
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in particular V652 Her and HD 144941, in which
the measure abundance of CNO elements is essen-
tially lower than the solar one. B Lyr and v Sgr are
the most bright and well studied among the stars
of this group. But since p Lyr is currently at the
beginning of the stellar evolution stage studied,
the main attention we pay to consideration of the
processes mentioned above in v Sgr.
Table 1: The abundances of light elements in the
atmospheres of some helium-rich stars

Star Ty lgg H He C__ N
KS Per om 11 10+ 0.004
B Lyr 1200 2. ).001
v Sgr 13500 15 10¢
HD 168476 14000 1.5

O Ne
m’nmx

0023 UIDZ mm
0012 0.003
001 0022

0029 0.009
0.009
0.001
0.002
. 104 0.008
2.6 0001 098 0013 0001
098 510° 3-10°
4.3 071 0265 0.004 0001

The stage of fast evolution, in which v Sgr is at
present, is associated with the filling of Roche lobe
and small energetic efficiency of nuclear reactions
in its interior at considerable luminosity excess.
Besides, investigations of chemical composition in-
dicate almost complete loss of hydrogen envelope
of the star. Since the hydrogen abundance in the
atmosphere of the primary is less than 10 by mass,
then we deal with the remnant in which hydrogen
has already burned and the component has passed
the stage of purely helium star.

In with the results of
culations (Seidel, 1929; Leushin & Topilskaya, 1987
Dudley & Jeffery, 1990, 1993), the fundamental
parameters of the main component of v Sgr are as
Tollows:

M=(25404)Mo,

LSS4300 14700 1
HD 124448 15750 3.
BD+0217916250 3.6
1
LSS3184 23310

HD 144541 23200
Sn 560

Te = (I350£ 150K,
lgg=15401.

The structure of helium star with a mass of
about 2.5Mo is very compact. Its radius does not
exceed 0.4—0.6Ry, its effective temperature should
be close to 80000 K (Paczynski, 1970; 1971). There-
fore, the observed values of temperature (10000-
13500 K) and radius (40-50Ro) are caused by the
envelope. The size of the star is defined by chem-
ical composition and mass of this envelope.

1t the hydrogen abundance s considerably less (in
case of v Sgr, X=10), then the radius of hydrogen
envelope cannot have sizes of 40-50R as in v Sgr.
And a thin hydrogen envelope won't give a neces-
sary optical depth for decrease of helium core tem-
perature to the observed value. And therefore, the

observed now filling of Roche lobe cannot be caused-
by the first expansion of the star after hydrogen
burning and formation of helium core.

According to Schonberner and Drilling (1983) the
currently observed primary of v Sgr is at the second.
stage of Roche lobe filling and mass loss (BB case). At
the first phase of mass loss the primary has released
almost all hydrogen envelope. The remained hydro-
gen forms a very rarefied envelope of small mass
(My/M<<0.1) over the extended pure helium enve-
lope reaching the sizes of 40-50)

The observed characteristics of the primary of
 Sgr impose very strong restrictions on the evolu-
tion scenery. In the case of passive role of the
secondary, the evolution scenery of the system is
defined only by the primary component.

Mass of the secondary is currently 4Mo, that
corresponds to a star at the initial main sequence
with an effective temperature of 1.510'-210* K
(Chin and Stothers, 1991). In this case luminosity
of the secondary in the optical range is about 0.01
of the total luminosity of the system, therefore
its spectrum is not observed in the visible range.
And in ultraviolet the picture is vice versa. The
luminosity of the primary companion in ultravio-
let is weakened by strong absorptlon caused by

‘A the sarus time because of fhe wigh effective
temperature the secondary contributes strongly to
luminosity in this spectrum region

Since 4Mp is mass of the component at the
present time (this occurred possibly after the first
filling of the Roche lobe by the primary and get-
ting of a part of the envelope onto the secondary)

RRg

A B [
Figure 1: The size of the helium envelope as a
function of evolution stage for helium stars of dif-
ferent masses. The letters indicate the evolution stages:
A-B — nucleus helium burning in the convective
core, B-C — compression of carbon-oxygen core,
C-D — carbon burning in the convective core, D-E
— neon burning in the core. The square shows the
position of the primary component of v Sgr.

D max E
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 initial mass of the secondary could be less
t observed now. All this confirms the above
ned assumption that evolution of v Sgr was
d up to now only by the primary component.
1 shows helium envelope radius as a func-
f evolution stage and mass of the star itself
<, 1986a,b). According to evolution calcula-
helium stars with masses less than 2Mo do
ch the stage of carbon burning in the con-
envelope (stage D), their radii decrease at
al stages of evolution as compared to the
massive stars. Helium stars within the mass
| 2.2Mo<M<2.9M, evolve to the stage of
= burning in the core (stage E). Between the
ces D and E, their radii have maximal values

masses, decreases sharply. Therefore, the
<eserved for v Sgr radius of the primary (R=40Ro)
s restrictions on both component mass
Mo) and its evolution stage (see Fig. 1, posi-
of the primary is shown with the square)
. the observed values of mass and radius of
rimary of v Sgr are in good agreement with
corefically calculated ones for the evolved
m star with the initial mass within 2.0-2.5Mo.
a helium star could originate in the binary
m in the process of evolution of normal com-
with the initial mass 7-8Mo after hydrogen
ing in the core, expansion and release of hy-
envelope as a result of Roche lobe filling.
case, the mass of the remained helium
1l be 2.5Mo. The duration of the process of
star formation is 4060 million years (Chin
Stothers, 1991; Maeder and Meynet, 1988;

Further evolution of helium remnant with
- mass s calculated in detail up to the stage
burning in O-Ne-Mg core (Habets, 1986a).
m the observed values of luminosity and
tive temperature the primary enters the evo-

rary track of a helium star with mass 2.5M
<7e point that corresponds to C-O-Ne core with

im shell above the upper zone of nucleus burn-
equal approximately to one sollar mass. The
time of the component from the time when
- r=leased the hydrogen envelope is about 2.5—2.7
Llion years, and the duration of the observed
with the radius that fills the Roche lobe is
han 5000 years. Some other stars presented
= Table 1 pass the similar evolution. The differ-
1 chemical contents He-rich stars are con-
ted with distinctions in initial values of dy-
sic characteristics of binary systems. The dy-
nic characteristics cause distinctions in evolu-
ary processes inside a star and result in vari-
s of observable abundances.

Table 2: The contents of light elements in atmos-
phere of v Sgr and Sun

Element  On number of atoms _ On weight
LgN, /3N, 1g(mN /Z),lN )
v Sgr Sun
H 340 005 -4 w
He  -001 -100 003
c 231 -350 185
N 215 412 164
o 341 328 270
Ne 276 -39 205 .70
Fe  -38 450 205 275

Compositions of more abundant elements in the
atmosphere of the primary of the system v Sgr in
comparison with the data for the solar atmosphere
are listed in Table 2 (Leushin, Topilskaya, 1988).

High abundance of elements of CNO group
(0.040 in mass) in comparison with the solar (0.012)
and especially high neon abundance (to 0.01) de-
mand extended stages of nucleus burning at least
up to neon synthesis.

Moreover, if the initial chemical composition,
suffered evolutionary nucleus changes, was simi-
lar to the solar one then the observed excess of
the total abundance of CNO-elements demands
corresponding nucleus processes. And if carbon in-
crease as a factor of 3.5, as compared to that in
the Sun, can be explained by conversion of ‘He
into %C, then nitrogen increase as a factor of 20is
amore complicated problem, since nitrogen is syn-
thezed at hydrogen burning in CNO cycle only
from carbon and at rather high temperatures from
oxigen also. During this cycle carbon converts into
nitrogen, but the total abundance of CNO ele-
‘ments does not change transforming into equilib-
rium quantity at which relation of nitrogen and
carbon is ¥N/'2C = 10°~1(F. Thus, nitrogen abun-
dance can not be higher than the total abundance
of C, N and O. The following stages of nucleus
evolution (up to iron formation) change abundanc-
es of He, C, O, Ne and so on, while nitrogen

remains practi

The two above mentioned peculiarities in abun-
dances of light elements in the atmosphere of the
primary of v Sgr do not agree with theoretical
calculations of stellar evolution. The modern evo-
lution theories state that rather intensive mixing
of zones of various nucleus burning and those
free from burning do not exist. According to the
theoretical calculations the products of nucleus
burning remain in those layers where the reac-
tions of this type occurred, and the element in
the star are located in layers (Masevich, Tutukov,
1988; de Jager, 1984; Haiashi et al., 1962). There-
fore, if we observe in the primary the shell con-
sisting of helium, that is formed from hydrogen
in CNO cycle reactions, then there must not be
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higher neon abundance than in the initial matter.
As a rule, chemical composition of the initial matter
for the stars, being formed, is solar in which neon
abundance is equal to 0.002, and the total abun-
dance of CNO elements is 0.012. At the same time
for v Sgr these values are essentially higher.

We could understand a great carbon overabun-
dance in v Sgr, if we observe a layer in which
helium burning process had begun converting he-
lium into carbon in triple a-process. However, here,
as it was mentioned above, along with the carbon
overabundance we observe essentially higher ni-
trogen and neon abundances. And what is more
the total value of C, N, O and Ne abundances is
essentially higher than the initial one. The data on
C,N, O and Ne elements are obtained with a good
accuracy and need careful considerations

We may suppose that the matter observed in
the v Sgr and other stars atmospheres was ori
nated due to at least two nucleus burning sources.
If in the period of the first expansion of the
component, helium core compression and helium
flare the core is convective, and at the same time
at the boundary of the core hydrogen is burning
in the envelope, then there occurs exchange (mix-
ing) of matter between zones of helium and hy-
drogen burning. In this case in the region of hy-
drogen burning additional synthesis of nitrogen is
possible from carbon thrown there from the zone
of helium burning. This process is simultaneous
and. increased carbon and nitrogen abundances
sharply accelerate hydrogen burning with all cir-
cumstances that follows after this.

1£ at the moment of this exchange there occur
expansion and release of the outer layers (that are
not in reactions) either on the component or out of
the system, then we can observe just that part of
the star where hydrogen burning in CNO cycle takes
place, and in the region with carbon overabun-
dance. The fact, that oxygen abundances in the Sun
and v Sgr are similar and neon abundance is sharp-
ly increased, imposes restrictions on mixing rate
and on temperature of helium burning in the core.

3. Nucleus reactions of CNO cycle and triple
a-process

Below we consider possible theoretical scheme
of formation of the observed chemical composition
of the helium-reach stars. Main attention at calcula-
tions is paid to CNO cycle in the zone of hydrogen
burning. The zone of helium burning is interesting
in our case only from the view point of chemical
composition of the matter which is diffused from
this zone. The triple a-process is the main nucleus
reaction here. Generation of nuclei that follow after
carbon is taken into consideration only for oxygen

1 and *Ne, since the formation rate of other nuclei
(*Mg, Si and etc.) are negligibly small.

The theory of CNO cycle, beginning from Bethe
(1939) is described in detail many times. The total
scheme of nucleus reactions of hydrogen burning
in high temperature reactions represents some con-
nected circles: CN, NO, OF, FNe... with formation
of a-particles from protons in each of them. For
our calculations we used all the reactions of the
first two circles. The third circle of CNO cycle

1O T0 IR0 SN
is not closed here, since the reaction in the second
channel at interaction of "O with proton

N +*He

O+ H<
which gives 'F e oads to formation of this cir-
cle, has a very low rate. And slow reactions in the
third circle cause small corrections of the results
of the first two circles. The same can be said ac-
cording to all following circles.

Except hydrogen reactions we included into cal-
culations helium reactions, that is, triple a-proc-
ess and neutron formation reactions from the nu-
clei of C. Thus, for calculations of chemical evo-
lution we use the following set of reactions. Reac-
tions of CNO cycle:

+1H 55N +y
BN BC+ B4y
BC+IH >N +y  CNeycle
N+ 1H 550 +y
5O BN + Bty

BN + 1H 1€ + ‘He

BN +'H "0 +y

O + 1H - VF + y

YF 10 + B+ y

Y0 +1H - ¥N + *He OF cycle.

Reactions of helium burning:
‘He + ‘He + *He —1C +y
HC + HHe 10 +y
BC +1He 50 + n
10 + {He »3Ne +y
The fact that all these reactions proceed both for-
ward and backward is taken into consideration.

The rates of the given reactions are taken from
data by Leng (1978), Fowler, Cauglan, Zimmer-
‘man (1975) and NACRE — http://pntpm.ulb.ac.be/
nacre htm (Angulo et al., 1999). The character of
cross sections of the calculated nucleus reactions
and the physical conditions in the system investi-
gated indicate that the process of hydrogen burn-
ing, continuing for rather a long time, takes place
atequilibrium values of concentrations “iC, “C,
“N and ®N, which grows very slowly due to burn-
ing of O (three last reactions of CNO cycle, which
we took into considerations). The nuclei of *N
formed from oxygen transform simultaneously into
equilibrium concentrations of the above mentioned

NO cyele
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isotopes. Such character of hydrogen burn-
rocess allows us to use equilibrium condi-
for calculations at different stages.

each moment of time the quantity of *N
nated from “O is calculated. Then, the equilib-
ratios of isotopes of the CN cycle are re-
d taking into account this change. Just the
procedure (analogous set of equations) was
for calculations of equilibrium relations of

ne evolution of mass nucleus concentrations
ictermined by the following equations:

e =A(+E<bPX() AT <bIR>K(G) AX () Ay
e X(i) is the mass concentration of the i-th

all j for one-particle nucleus reactions, the
- from jand k for two-particle reactions.

e final value of mass concentration of each
+at the time moment T—X,(i), in accordance
e above mentioned, is defined by numerical
ration in time (X(i) — the initial value of
niration).

© carried out a number of calculations of
2l composition changes caused by CNO cy-

Table 3: The time (in sec) of hydrogen burning
in CN eycle up to X(H)=2- 10*

B g/cm T, K
0015 0020 0030 0040 0050

5 317 6107 10° 107 5100
0 10® 35104 4104 6102 25101
N 510° 15107 2104 2100 10
B 3¢ 107 15104 18100 9100
50 L510° 6106 104 100 7100
10 109 310 3.510% 410" 4.510°

In the process of hydrogen burning the abun-
dances of the main isotopes change by two steps.
" At the first stage all carbon is converted to
nitrogen, at the second stage, covering all the pe-
riod of hydrogen burning, oxygen is gradually
transformed to nitrogen and to equilibrium con-
centrations of *C, C, “N and “N. The character
of these changes is presented in Table 4 and Fig. 2.

4.The internal structure of the stars during the
mixing stage

The data from Tables 2-4 show that some var-
iants of calculations can not be realized by the
present moment in our Universe, since the time
of these processes exceeds the age of the Uni-
verse. At the same time under certain physical
conditions, which exist, in particular, in the star

x
An interval of the used temperatures is (15~ 1 "
initial chemical composition is close to the so- 1 e
= X(H)=0.7, X(C)=0.005, X(N)=0.001,
09. Some results of these are g
1 Tables 2 and 3. Thus the time of hydro-
urning (decrease of its abundance 10 0.02in 1)
) under stationary conditions (constant tem-
ure, density and absence of mixing) is from  yoq|
0 years (for T=50- 10° K and p=100 g/em?) to
ears (for T=15- 10 K and p g 100
time the burning proceeds at equilibrium
© CN cycle, which is attained for a much 1%
< time (0.1 years in the first case and 2.7 - 10°
in the second). W’
e 2: The time (in sec) of entering to the  10°L o - - —
brium hydrogen burning in CN cycle Pt 07"t e
- Figure 2: Dynamm of nucleosynthesis in the star at
i Tg‘& 0080 0050 “1F K, p=25 g/cm’ and initial chemical composi-
T S - tion: X(H)— 7, X(CNO)=0.015 before termination of
oo s Sl 1080 210 10 bydrogen buming, The signs show the initial and equi-
10 4108 3108 5100 6100 510" libris ol f 2C, UN. 0 abundanc
D 2008 151007 310° 410 2107 i values azC, "N, 0 aundances,
;| 10° 1.510° 310 1810  under study, for all the stages of the CNO cycle to
¥ 910% 6102 10° 21 10 pe realized short time intervals are required that
0 4104 4107 610° 105100 can well fall in time within the corresponding stag-

es of evolution of the star.
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& M=4Me
g 135
115 M=15.6Mg

750 770 790 8.10 830
logT,

X
750 770 7.9 810 830
logTe

Figure 3: Temperature T, and density p of the hydrogen shell source for stars of different masses as a
function of temperature T, at the centre (from calculations of Haiashi et al., 1962).

Table 4: Mass abundance of different isotopes after hydrogen burning in the layer above the helium core

T, K ts H He 5C Y BN %0 "0

p, i/cm®

0015 50 | IE+22 53E08 .9BE+N .30E-04 .12E-04 .10E-01 53E-06 .18E-02 .23E-02
200 | IE+21 49E-03 .98E+M) 40E-04 I12E-04 IE-0l 53E-06 .18 24E-02
1000 | IE+20 22E-01 96EH0 .39E-04 12E-04 .10E01 53E-06 .19E-02 24E-02

0020 50 | 5E+19 16E-11 .98E+D 83E-04 26E-04 .13E-01 60E-06 .12E-02 50E-04
200 | 5E+18 17E-04 9BE+N 84E-4 26E-04 .13E-01 .60E-06 .12E-02 SIE-04
1000 | IE+18 17E-04 98+ B4E-04 26E-04 .13E-01 .60E-06 .12E-02 51

0030 50 |IEHE 48E-02 9BEHN .1TE-03 S52E04 I3E0L 55E-06 47ED3 15E-06
200 | IE+16 11E08 98E+M 16E-3 52E-04 “13E-01 5SE-06 46E-03 .1SE-06
100.0 2E+15 .11E-08 .98E+N .16E-03 52E-04 13E-01 55E-06 .46E-03 .15E-06

0040 50 | 5E+14 87E-08 9BE+0) 25E-03 78E-M 1301 49E-06 27E-03 4207
200 | 2E413 40E-01 94BHD 25E-03 79E-04 .14E-0l 49E-06 .28E-03 43E-07
1000 | 1E+13 49E03 OBEHM 25E03 79E-4 .14E-01 4OE-06 27E-03 43E7

The stars presented in Table 1 may be condi-
tionally divided into three groups with general
evolution scenarios: the first group - v Sgr and
LSS 4300 in which overabundance of N and gen-
eral increase of elements of CNO group are ob-
served. They formed their chemical abundances
before the stars lost its hydrogen envelope in the
period of evolution when the layer hydrogen burn-
ing above the helium core was in progress. At the
same time helium burning took place in the core,
which began shortly after the onset of the core
compression. During the compression time, accord-
ing to theoretical calculations of evolution, the
temperature at the centre rises from a few tens
million degrees to hundreds million degrees, the
central density being increased by more than 3
orders (see, for instance, Maeder and Meynet,
1988; Chin and Stothers, 1991). At the same time,
physical characteristics in the region of shell, source
of hydrogen burning at the boundary of helium
core change much less.

Fig. 3 shows the relationship between temper-
ature and density of the layer source and temper-
ature at the centre, which grows as a result of

compression (Haiashi et al., 1962). As it is seen
from these data the temperature varies here by a
factor of 1.1-1.5, while the density changes even
less. Helium flash at the centre (and hence termi-
nation of the core compression, which caused the
temperature and density to increase) for stars of
different masses occurs with the parameters shown
by the dashed lines in Fig. 3.

Thus for a star of 7M, the parameters of the
layer source must be close to the following: T=40—
10° K and p=20 g/cm’. Since the temperature and
density inside the helium core decrease rather slow-
ly and at the boundary the decrease rate of these
quantities rises sharply, then the de pth of the lay-
er source is very small and its mass is 10+—10°Mo.

According to our assumptions, it is this layer
that entraps matter enriched in carbon from the
helium burning zone. On the one hand, this car-
bon, when transforming to nitrogen, changes the
abundance of the CNO group elements, and on the
other hand, accelerates transformation of hydro-
gen to helium, increasing thus energy release in
the layer. This additional energy release can stimu-
late instability of the inner parts of the star, mix-
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ing and thermal pulsations (Marigo et al., 1998).
‘The dependence of the chemical composition of the
core region upon the time (derived for T=180 - 10°K
and p=3.15 - 10°g/cm?) is shown in Fig. 4. From this
region additional carbon is supplied to the layer
source of hydrogen burning amount.
The whole period of formation of the observed
chemical composition by the mechanism consid-
ered here takes, depending on the adopted phys-
cal conditions (first of all on the values of mixing
parameters), from 5 to 10 million years (47—57
million years of evolution from the initial main
sequence) (Maeder, Meynet, 1988; 1989; Chin and
Stothers, 1991). The temperature at the centre
hanges in this period from 100- 10° to 200+ 10° K,
he central density p,=2.7 - 1°~7.0+ 10° g/cm?. The
iecrease in temperature and density within the
aelium core is smooth and slow enough and can be
described by a polytrope, but at the boundary the
-emperature and density undergo an abrupt change.
The temperature at the boundary of the hydro-
zen layer source drops from a few tens million to
few hundreds thousand degrees, the density de-
ases from hundreds to tens of g/cm?.
The carbon-oxygen-neon core at the final stage
¢ helium burning has a mass of 1-1.3Me; this
ore is surrounded by a helium shell of 1-1.2Mo,
the upper boundary of which nuclear hydrogen
ourning in the layer fakes place. The mass of this
r is 104=10*Mo. Thus a star with a mass of
"M has a very complex He-C-O-Ne core of a total
~uass of 2.1-2.6M, surrounded by a hydrogen en-
<lope of 4.9-4.4Mo. The observed component of

X
080
He
250
240
c
220
[
0 L
440 480 520 560
1, million years

re 4: Variation of chemical composition of the

=2 region of the star with the temperature 2 - 10°

and log g=3.5 when carbon s synthesized from
um.

10
2, "XEHe)X (C)
<
=
o1
480 520 560
, million years

Figure 5: He/C and O/C ratios as a function of
time for the core region of a star of TMe.

v Sgris exactly this core, that remained after loss
of the whole hydrogen envelope. Apparently, evo-
lution run of LSS 4300 is the same that we propose
for v Sgr. The initial stage of identical process is,
apparently, observed in § Lyr, which has not lost
yet its hydrogen envelope.

The helium star with a mass of 2.5M, evolves
very fast, expanding the envelope (now helium)
up to 40—50 solar radii, i.e. it is transformed to the
observed component off v Sgr. The chemical com-
position of the observed atmosphere of the pri-
mary is formed precisely in the considered period
in down the hydrogen envelope, in the layer of
hydrogen burning above the He-C-O-Ne core. And
if at this moment there exists faint mixing be-
tween the helium burning and hydrogen burning
zones, then we can get a chemical composition
with the above described peculiarities.

The physical structure of the considered stars in
the stage of formation of the observed chemical
for the dis-
tribution of dlements along the star rad)us The
varying abundances of the He, C, and O nuclei in
the helium core are shown in Fig. 4 for T=1.8 10° K
and Ig p=3.5. At these temperature, and density
values helium burns in the core of a star with
M=7M,. The ratios between mass concentrations
X(He)/X(C) and X(0)/X(C) for such a core, depend-
ing on time, are presented in Fig. 5. The nitrogen
abundance in the core is constant and is within —
X,(N) +X,(C)=X(N)=X,(N}+X,(C)+X,(0) depending on
the amount of oxygen converted to nitrogen in
hydrogen burning in the CNO cycle. The zero indi-
cates the initial values of concentrations of the
corresponding elements. The chemical composition
of the helium envelope is defined by the conditions
in the CNO cycle and the results of calculation for
the corresponding parameters.
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Initial abundances of elements in the zone of
shell hydrogen burning depend on the time of the
CNO cycle action up to the moment of mixing with
the matter from the core and on the initial condi-
tions. Thus for the modeling of the chemical compo-
sition that is produced in the zone of the shell source
of hydrogen with the presence of mixing, it is nec-
essary to allow for the content of three zones men-
tioned. The initial chemical composition of the mix-
ture in the zone of hydrogen burning is calculated

from the followin;

) Matter in the zones of hydrogen and helium
burning can be taken in any stage of transforma-
tion, i.e. hydrogen abundance can be varied from
the initial (X=0.7) to the final (X=0); the same
refers to helium (from ¥ =0.285 to Y =0)

b) The ratio between the isotopes of C and N
in the zone of hydrogen burning is taken equilib-
rium. The oxygen abundance is defined by the
amount of burned hydrogen.

©) The chemical composition of matter from
the helium burning zone is determined by the pa-
rameters: n, =X(*He),/X(“C) and n, =X(*0)/X(“C). The
nitrogen abundance here is fixed and is equal to
«equilibriumy for the CNO cycle in the zone of
hydrogen burning.

d) The portion of matter brought to the zone
of hydrogen burning (M,) is determined by the
parameter n, =M,/M, where M, is the mass of matter
in the hydrogen burning zone.

¢) The portion of matter dredged up from the
helium burning zone (M,) that is mixed with mat-
ter of the helium shell, is determined by the pa-
rameter n,=M,/M,.

Then the initial chemical composition in the
hydrogen burning zone is produced in two stages
in the following manner:

i) Mixing of matter of the core and helium shell.

i) Diffusion of matter with the formed composi-
tion to the hydrogen burning zone. Th

After mixing in the helium shell the chemical com-
position will be:

X(He),,, = (1 - CNO +n X(He),,]
e = 1X(C),,./(m, +1),

/(1 ng),

X -X,(0),

X(0)m = (%,0) +n,X(0),,)/(1 -n,).

In the core and in the shell it is sufficient to take
into account only the main isotopes — He, C, “N
and 0. Matter with the obtained composition is
dredged up from the shell to the hydrogen burning
zone in different stages, then is mixed and trans-
formed in the nuclear reactions. The final composi-
tion in the hydrogen burning zone is calculated for
all isotopes taking into account the relation:
XCHYEXCHe)y X0 XUOHXUNHXENHX O X0) =1
The corresponding concentrations are:

X(H) =X(H)/(1 +n,),

X(He), (o)t nX(He), )/ +n,),
X(20), = (X0 + nX(C) J/ ),
X(9C),, (“C)/(1 +my),

XN = GeN) o, x(“\n M+ny),
X(N), = X(N)/(+ ),

X(0)" = (X(40) +n,X(<0) )/ +1,),
X("0),,, =(X("0)/(1 +n,).

Thus changing the input parameters n,, n,,
and X,(0), one may change the rate and degree
of mixing in different stages of helium burning in
the core and hydrogen burning in the shell.

5. Structure extreme He-rich Stars and
Conclusions

Using the above described model of chemical
composition change in different stellar zones, we can
simulate the process of formation of the observed
abundances of light elements in the atmospheres of
the considered stars. Varying the model parameters,
we can obtain the agreement with the results of
observations of clements in different helium-rich

of the helium shell i

stars. The p was used in details in

by the
CNO ~ total initial mass concentration of the
CMJ o elements,
(0) — amount of oxygen unburned in the
by

calculations for obtaining with the chem-

ical composition of the most unique star v Sgr. For

this purpose we made a series of calculations of
with different of mix-

CNO cycle which is
calculations.

Then the mass concentrations in the shell will
e e tliing:

éNo -X,0),

The mass concentrations at the centre of the star:

X(He),wX(C) +X(N),, +X(O),,,
(©

X(C) 0 LX) )/(7. 1),

X(N).\. = CNO - X,(0)

X(0) =nX(Q),,.

ing. Since there can be numerous variants of such
calculations, we restricted their number, proceed-
ing from the most likely assumptions.

The carbon-oxygen core with a mass of 1.3Mo i
surrounded by a helium envelope with a mass of
1.2M. At the bottom of this envelope helium is burn-
ing, while at the upper boundary (in the layer with a
mass of 104~10°Mo) hydrogen burning occurs. Above
is the hydrogen envelope with a mass 4.5Mo.

Since the mass of the helium envelope is suffi-
ciently large, and the mixing between the core and
this shell must not be very intensive for the inho-
mogenety in the core and the star as a whole to be
preserved, we have considered the variants when
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Table 5: Concentration of elements in different zones of the star with varied parameters of mixing

Model

X
5] N

0.068

0015 14
0015 0015
ass of 0.05-0.5 of the helium envelope mass is
dredged up to the helium shell. At the same time,
since the mass of the hydrogen burning shell is

small, then the ratio between the shell mass and
+he mass dredged up was supposed to be equal to
unity. Besides, we varied the chemical composition
of matter transferred from the helium burning zone
=X(He)/X(C) and n,=X(0)/X(C)). The value of n,
aried from 10 to 0.5. A certain stellar evolution
ge (at the stage of shell helium burning) and a
definite value of n, correspond for each selected

alue of 7, that proceeds from the relation be-
“ween n, and n, and the time shown in Fig. 6. These
relations have been obtained from the

0.004 0043

The parameter n, denotes the mass proportion,
mixed into matter of the layer hydrogen source
after the termination of hydrogen burning.

A comparison of the C, N and O abundances
observed in the atmosphere of v Sgr

(X(C)=0.012, X(N)=0.043, X(0)=0.008)
with the data from Table 5 shows that within the
accuracy the observed values are in good agree-
ment with the theoretical, the fit being the best

.26 and n,=0.33 the cor-

ssults of helium burning in the reactions
“He(2a, 1)*C and “C(q, 1)O
=t a temperature T=1.8 - 10* and r=3.15" 10" (the
semperature and density correspond to a star with
= mass of M=7M, in the period of helium burn-
). We may be found many variants for which
total number of the CNO elements or the ni-
ogen abundance will coincide with those observed
2 v Sgr, none of the variants with the equilibri-
distribution of N and C (X(N)/X(C)=5.5) alone
give the carbon - nitrogen ratio (X(N)/
0.043/0.012=3.3) observed in v Sgr. Thus to
<xplain the observed chemical composition, we
mzke another assumption that the reaction prod-
215 of the shell hydrogen source after hydrogen
=ompletely burned out continued mixing with mat-
=r of the helium envelope enriched in carbon.
Table 5 shows the distributions of C, N and O
s close in mass to those observed in v Sgr,
+hich can be obtained as a result of varying mix-
parameters.
As it was mentioned above, n, in Table 5 char-
rizes the composition of matter dredged up from
shell helium source to the helium envelope and
erefore the evolutionary stage. The amount of
matter is characterized by the value of n,. The
ratio of the corresponding element in the he-
“um envelope after mixing is denoted by parame-
X, while for the shell hydrogen source after
ing and hydrogen burning by X. At last, X, is
mass ratio of the element after the final mixing
vdrogen burning products in the layer with
ter from the helium envelope.

are
X,(C)=0.015, X(N)=0.043, X (0)=0.006,
which is also close enough to the observed values.

Thus it can be stated that the observed abun-
dances of the C, N and O elements in the atmos-
phere of v Sgr were generated about five million
years ago in a star that had not lost its thick hydro-
gen envelope. This moment came approximately af-
ter 52+ 1(° years of evolution of the star with the
initial mass 7Mo from the main sequence. By that
time the amount of helium in the shell helium source
‘was still twice that of synthesized carbon (n,=2). About
a quarter of the core mass (n,=0.25—0.26) containing
He, C and O (X(He)/X(C)=2, X(0)/X(C)=0.21) was
mixed with the helium envelope and the mixture,
having been dredged up to the shell hydrogen source,
was momentarily (for about 10000 years) converted
to helium and nitrogen. Then the products of nucle-
ar hydrogen burning were mixed with matter of
helium envelope again after hydrogen had been de-
pleted. The amount of mass dredged up from the
helium envelope was 0.25-0.3 of the hydrogen shell
source mass. Just at this moment hydrogen envelope
release completed and chemical composition of the
star became such as we observe now.

The problem neon also is solved within the frame-
work of the offered model. Neon is one of most
abundant (after helium and nitrogen) elements in
the atmosphere v Sgr. Neon is formed as a result of
reactions helium with carbon and oxygen

HC (@) O (05y) "Ne
in a core of a star, and then arise from the mixing
in those layers of a star, which are now observed
in result of losses of an envelope. In this case we
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should assume, what in a core of v Sgr during
helium burning in three a-process the carbon
promptly turned to oxygen, and last in neon. The
formation of neon in a nuclear chain with nitro-
gen s simultaneously possible

N (a,y) "F (B'v) O (@,v) *Ne.

Taking into account, that in v Sgr the large
contents of nitrogen, we should assume, that the
generation neon goes simultaneously with genera-
tion of nitrogen. The mixing between hydrogen-
burning and helium-burning zones results in that
generated in a helium-burning zone the carbon
having got in shell a source burning of hydrogen
will be to nitrogen.
by nitrogen in turn getting in a helium-burning
zones increases quantity neon, which then is again
arise the top layers. Thus, the simultaneous en-
richment and nitrogen and neon is created.

Such situation is possible in another He-rich
stars. The change of parameters of mixing at dif-
ferent stages of evolution can result in various
features of observable abundances.

The work is executed at support of the RFBR
grants.
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ON THE CRIMEA-TEXAS PROJECT “SURFACE
ABUNDANCES OF LIGHT ELEMENTS FOR A LARGE
SAMPLE OF EARLY B-TYPE STARS”

L.S. Lyubimkov

Crimean Astrophysical Observatory, p. Nauchnyj, Crimea, Ukraine

1. Introduction

Empirical data on the chemical composition of
strs provide s unique passibiit for testing and
orrecting modern theories of stellar evolution.
Jight chemical clomente, namely He, C, N and O,
n surface layers of young massive stars are of
<pecial interest. Actually, their abundances change
gnificantly in stellar interiors during the hydro-
core burning which is realized in stars of in-
rest through the CNO cycle. If some mixing ex.
s between interiors and surface layers of the

H on age was found for hot MS stars that are compo-
nents of close binaries. The dependence seems not to
be monotonic; in fact, the initial abundance He/H is
unchanged for the first half of the MS lifetime, but
then it increases abruptly by about two times (Lyu-
bimkov 1996). There are also some hints of similar
nomotosts ineresnent of He/ B for ingle B stars
(Lyubimkov 1998). Second, one can expect that, ac-
cording to the theory, there are correlations between
the He and N abundances at the end of the MS
phase, on the one hand, and rotational velocities of
thestars,on the ther il Fowever, allatempls o

ars, appreciable changes of surface
these elements should take place, too. This proc-
s can have a noticeable influence on all subse-
-uent evolutionary stages of the stars. Moreover,
nen these massive stars explode as Type IT su-
cernovae at the end of their evolution and eject
~atter into the ambient interstellar medium (ISM),
& mass of ejected elements seems to be strongly
pendent on the mixing during this early evolu-
nary phase known as the main sequence (MS)
-nase. Since supernova explosions are the main
ce of ISM enrichment by many elements, this
y mixing should be taken into consideration in
odels of the Galaxy's chemical evolution.
Observational manifestations of the mixing in
= 0- and early B-type MS stars were reviewed
detail elsewhere (see, e.g., Lyubimkov 1996, 1998;
-der & Meynet 2000). It should be noted that the
hints of the mixing came more than 25 years
» from studies of the surface helium abundance
= hot MS stars (Lyubimkov 1975, 1976; see also
_rubimkov 1988). It was shown that this value in-
~ases as the stellar age increases. Later a signifi-
=nt increment was found for the surface nitrogen
z~undance (Lyubimkov 1984). These data on the He
:=d N enrichment of surface layers of O and B
~=rs during the MS phase were unexpected for the
“=<ory of that time. However the present-day the-
~ recognizes a reality of this process and suggests
tellar rotation as a source of the mixing (see,
Meynet & Maeder 200 Heger & Langer 2000)

‘Unfortunately, available data on the He, C, N
and O abundances in O and B stars were insuffi-
cient in order to understand more in detail the
process of mixing and, in particular, to solve two
above-mentioned problems. It was necessary to in-
crease strongly the number of the stars observed
and to raise an accuracy of the abundances de-
rived. Therefore the project “Surface abundances
of light elements for a large sample of early B-

as presented as a result of collaboration
between the Crimean Astrophysical Observatory
(Ukraine) and the University of Texas at Austin
(USA). Permanent members of the Crimean team
are LS. Lyubimkov, T.M. Rachkovskaya, S.I. Ros-
topchin and D.B. Poklad. The American team is pre-
sented by Prof. D.L. Lambert. Our general goal was
to provide new comprehensive observations for a
large sample (about 100) of early B-type MS stars
and to complete a thorough analysis of CNO-cycle
elements, namely He, C, N and O. A brief de-
scription of main results is given below.

2. Observatory

High-resolution spectral observations of 123 B0-
B5 stars, which are likely to be in the MS phase,
were implemented in 1996-1998 at two observato-
ries, namely the Crimean Astrophysical Observato-
ry (CrAO) and the McDonald Observatory (McDO)
of the University of Texas. The 2.6-m telescope and
the coude with a 1024x256 CCD were

‘wo important details remain
he viewpoint of the theory. First, an interest-
pendence of the surface helium abundance He/

used at the CrAO, while the 2.7-m telescope and
coude 2D Echelle spectrometer with 2048x2048 CCD



48

Odessa Astronomical Publications, vol. 15 (2002)

were employed at the McDO. All details of the ob-
servations and reductions of spectra are described
in Lyubimkov et al. (2000, hereinafter Paper I).

There were some limitations when B stars were
selected for the observations. The limitations arise
from the locations of the stars on the sky, their
visual magnitudes and their physical properties. The
electronic version of the Bright Star Catalogue (Hof~
fleit & Warren 1991) has been used for the selection.

In particular, we tried to observe only normal
B stars. Spectroscopic binaries, Be stars and varia-
ble stars were usually excluded. Nevertheless, 16
of 123 stars from our list were found to show
hints of Ha emission, duplicity or pulsations, so
they are not normal. We measured for these 16
stars the equivalent widths of HI and Hel lines,
but excluded them from further analysis.

Furthermore, we selected rather bright and,
therefore, rather near B stars. Two reasons can be
given for our selection. First, unlike faint stars,
spectra of high quality can be obtained for bright
stars. Second, one may expect for distant stars that
their initial helium abundance ¥ and metal abun-
dance Z (by mass) differ from the Y and Z values
for stars in the solar neighbourhood. Further anal-
ysis will demand the use of evolutionary tracks
Tor determinations of masses and ages of the stars.
The tracks depend on Y and Z ; therefore, gener-
ally speaking, it is impossible o use one and the
same set of the tracks both for near stars and for
distant ones. The B stars with the visual magni-
tudes I 6.7 have been included in our list

One of our goals was to search for possible
correlation between the He, C, N and O abun-
dances and the observed rotational velocities v sin
i. So, we selected B stars with a wide range of
sin i values, from 0 to about 300 km/s where this
value is known. For many observed stars the rota-
tional velocities were unknown; they are deter-
mined for the first time in this project.

Other details of the star selection, as well as
the full list of 123 programme stars are presented
in Paper

3. Hydrogen and helium lines

Equivalent widths W of two Balmer lines, Hb
and Hg, and ten Hel lines were measured for 123
programme stars, as well as of the Hell 4686 line
for the hottest ones. The Balmer lines are used as a
good indicator of the surface gravity log g, whereas
the Hel lines are used for determination of the he-
lmm abundance He/H, the microturbulent parame-

er V and the projected rotational velocity v sini.

Aﬂ ‘measurements of the equivalent widths have
been implemented by the Crimean team. Two hy-
drogen lines were measured i by two

WA (CrAO)

00 05 10 15
W, A (McDO)

Figure 1: Comparison of the mean Hel equivalent
widths measured from the CrAO and McDO spec-
tra for 14 common stars.

It is interesting that there were 14 common
stars, for which all these lines have been observed
both at the CrAO and at the McDO, so we were
able to compare the equivalent widths derived
from two sets of spectra. Such comparison for Hel
lines is presented in Fig.L. A very good agreement
is seen between the CrAO and McDO data; in fact,
there s no systematic difference, and the acciden-
tal scatter is within + 5 per cent. The measured
equivalent widths, as well as their detailed analy-
sis can be found in Paper I

4. Basic parameters

As mentioned above, 16 of 123 programme
stars are not normal, so our further analysis in-
cluded 107 remaining stars. We determined basic
parameters of these stars, first of all their effec-
tive temperatures T.,.and surface gravities Iog g.
Both were derived
the basis of standard T, — log g diagrams Two
colour indices were used as good indicators of T.,,,
namely the index @ in the UBV photometric sys-
tem and the index [c,] in the uvby system. As is
known, both values ate independent of interstel-
lar extinction. As far as log g is concerned, equiva-
lent widths W of the above-mentioned Balmer
lines, i.e. Hb and Hg, as well as the b-index were
used as good indicators of this parameter.

InFig.2 the T,,, ~ log g diagrams are shown as
examples for two B stars, namely HR 8797 (B0.5
1V) and HR 6588 (B3 1V). Various curves here are
the loci from the theoretical models, which pre-
dict the observed value for each of the considered

‘members of the team, whereas helium lines were
measured independently by three members. When
comparing different sets of the W values, we ob-
tained a good agreement. The averaged W values
are employed in further analysis.

Pitoimetee s o bt star Y 5797
we also display in Fig.2 the curve that corresponds
to the Hell 4686 line. It should be noted that all
computed values in our analysis are based on Ku-
rucz’s (1993) model atmospheres.
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Figure 2: Diagrams for the T, and log g determi-
nation for the stars (a) HR 8797 (B0.5 IV) and (b)
R 6588 (B3 IV).

Furthermore, we found the interstellar extinc-
onin the V band, i.e. the A, value, basing on the
by phuu)metry Using Lhree derived parameters,
.amely T, log g and A, one can evaluate the
Fistance d'ot the stars (note that the masses M are
necessary as well; they were determined from ev-
lutionary tracks, see below). We found the d val-
ses and compared them with distances obtained
“rom the Hipparcos parallaxes (ESA 1997). The com-
oarison is presented in Fig.3. The upper panel shows
“he two sets of d values with their errors. In the
ower panel the relative difference between our
d the Hipparcos data including common errors
both sets is displayed. When taking into account
ncertainties in the d values, one may see that
greement between the two sets is rather good. In
ticular, the scatter in the lower panel is mostly
vithin #50 per cent and can be explained, as a
ule, by errors of the d determination.
In Fig. 4 the T, and log g values derived for
gramme stars are compared with the evolu-
onary tracks of Claret (1995). One may see that

1e tracks we estimated the masses M of the stars.

Furthermore, using the M values, we determined
the radius R and luminosity L. The age t was eval-
uated as well from Claret’s computations.

The derived values of T,,, log g, d, M and
iher patamoters for 107 Stars are pesaenten and
discussed in Lyubimkov et al. (2002, Paper II). In-
terpolating among Kurucz's (1993) model atmos-
pheres, we found for each star the model atmos-
phere according to its T,,, and log g values. These
models were used in further analysis of the He,
C, N and O abundances.

5. Helium abundances and microturbulent pa-
rameters

Non-LTE analysis of Hel lines in spectra of
102 programme stars was implemented in order to
determine the helium abundance He/H, the mi-
croturbulent parameter V, and the projected rota-
tional velocity v sin i (five stars of 107 were omit-
ted). A determination of He/H and V, was based
on the equivalent widths measured in Paper I, the
lines 4471 and 4922 were used as indicators of He/
H and the lines 4713, 5016, 5876 and 6678 were
used as indicators of V.. The velocities v sin  were
found from profiles of the same lines.

The He/H-V, diagram for the star HR 8797 is
shown in Fig.5 as an example. An idea of such dia-
gram is similar to the well-known T, ~log g dia-
gram (see Fig.2); various curves here are the loci
from the theoretical models, which predict the ob~

o0 |- 1

Distance (present work)
g

Relative difference, %

50 500 750
Distance (Hipparcos)

Figure 3: Comparison of our distances d (pc) with
the Hipparcos d values
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a6 a5 a8 a3 a2 a1 a0
logT,,

Figure: 4. Location of programme stars on the ev-
olutionary diagram. Claret’s (1995) evolutionary
tracks are shown for stars with masses M from 3.2
t0 25.1M,, Dotted line corresponds to the ZAMS.

served equivalent widths of the used helium lines.
This diagram allow to obtain simultaneously both
parameters, He/H and V,, basing on the different

f the lines on the mi

Two of 102 stars were found to be the helium-
weak stars. Since one of our objectives was a search
of possible correlations of He/H and V, with stel-
lar masses M, we divided the remaining 100 stars
into three groups as follows. Group A includes the
stars with relatively low masses between 4.1 and
6.9M,, 42 objects in all (M, is the solar mass). Group
B contains the stars of intermediate masses be-
tween 7.0 and 11.2M,, 46 objects in all. Group C
includes the most massive stars with M between
12.4 and 18.8M,, 12 objects in all.

We analyzed a relation between the microtur-
bulent parameter V, and the relative age t/t, , for
each group separately (here ¢, _is the MS lifetime).
In group A the parameter V, Seems to be small for
all stars independently of t/t,_. The V, values vary
within the 0-5 km./s region, 35 a rule. Similar low
velocities V, were found for stars of group B with
the relative ages 0.0<t/t_<0.8, however the
evolved stars with 0.8<¢/t "<1.02 showed a large
scatter of V, from 0.3 to 11.0'km/s. For most mas-
sive stars of group C, in contrast with group A
and B, a strong correlation between V, and t/t, .
was obtained. Actually, for the non-evolved stars
with t/t_<0.3 the V, values varied from 4 to 7
km/s, whereas for the most evolved stars with
t/t,,>0.8 the high velocities V, in the 16 to 23 km./
s range were found.

It interesting that whenV>7 kam/s, the V,(Hel)

pa-
rameter V,. The 4471 and 4922 curves, on the one
hand, and the 4713, 5016, 5876 and 6678 curves,
on the other hand, show a number of intersec-
tions; their averaged coordinates give He/H and V,
for the star. In particular, for HR 8797 the parame-
ters He/H=0.131 and V,=13.8 km//s were obtained.
The He/H and V, values for 102 stars are presented
in Lyubimkov et al. (2003, Paper III).

HR 8797

=

Vi ks

o0 s o 3
Hert

Figure 5: Diagram for the He/H and V, determi-
nation for the star HR 8797.

ly overestimatedi as compamd with the V{(OILNTD
values derived from OII and NII lines. Moreover,
this discrepancy tends to increase as V, increases, so
the most marked difference takes place for hottest
evolved B giants. One may suppose that the veloci-
ty gradient due to mass loss is very likely to exist in
atmospheres of such giants, like O and B super-
giants. This elfect can be a principal cause of over-
broadening of Hel lines as compared with weaker
Ol and NII lines (see Paper III for details).

We analyzed as well a relation between the
helium abundance He/H and the relative age t/,.
A correlation was found for each of the groups A,
B and C, so the helium abundance tends to in-
crease with the age. For instance, Fig.6 displays
this relation for stars of group A. The straight line
drawn by the least squares method shows that the
He/H value increases from 0.105 to 0.13¢ during
the MS phase when t/1,, varies from 0to 1. There-
fore, the mean helium énrichment of atmospheres
of the 4.1-6.9 M, stars is 28 per cent

The most pronounced helium increment was
found for most massivesstars, ie. for group C. When
using the V,(Hel) values derived from Hel lines, we
obtained for this group the mean He enrichment
of 43 per cent, while when the V,(OILNII) values
based on OII and NII lines are employed, the He
abundance increases on the average by 2.2 times. It
should be noted that the He/H values based on the

V,(OILNII) scale are in better agreement with the



Odessa Astr ical Publig vol. 15 (2002) 51
= 7. Concluding remarks
o . ° . A significant part of the project is already im-

He/it

plemented. Actually, high-resolution spectra of
more than 100 early B stars were obtained. A
number of basic parameters was determined in-
cluding the effective temperatures T, surface
gravities log g, masses M, ages t etc. A detailed
non-LTE analysis of Hel lines was effected to find
the helium abundance He/H, microturbulent pa-
rameter V, and rotational velocity v sin i Rela-
i hefuees He/H and V,, from the one hand,
and M, and v sin i from the other hand,
were constructed It was conflrmed that there is
the helium enri he MS phase, which

e
Figure 6: The helium abundance as a function of
the relative age for stars of group A. The straight
line is drawn by the least-squares method.

theory (see Paper III). There is a possibility that

correlates with the masses M and rotational veloe.
ities v sin 4. It is necessary to note that from the
outset we tried to get a highest accuracy on each
stage of this work.

At present we are implementing a last stage of
the project, i.e. an analysis of CII, NII and OIL
lines on the basis of non-LTE computations. Our
goal is an accurate determination of the C, N and

such massive singl
of binaries, keep their mmal He abundance un-
changed during the first half of the MS lifetime.

6. Rotational velocities

A determination of the projected rotational
welocities v sin i for 102 programme stars was based
2 analysis of profiles of the same Hel lines; the
ndividual parameters He/H and V, were taken
sto consideration for each star. The non-LTE pro-
es computed for the various v sin i values were
ted to the observed ones to derive v sin 7. It is
portant that a difference in v sin ¢ for various
lines was found to be small. The averaged
Stational velocities are presented in Paper IIT;
y vary from 5 to 280 km/s. It should be noted
ai for many stars the v sin i values have been
not determined easfer.
The

o and a search for correlations with
M, t/t, andvsini.
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ABSTRACT. It is shown that general populations
of globular clusters and metal-poor field stars are
components at least of three subsystems aceupy-
ing different volumes in the Galaxy. The thick disk
and proto-disk subsystems are genetically associ-
ated with the Galaxy. The age distributions of these
two subsystems do not overlap. It is argued that
heavy-element enrichment and the collapse of the
proto-galactic medium occurred mainly in the pe-
riod between the formation of the proto-disk halo
and thick disk subsystems. The largest third sub-
system has no metallicity gradient, most of its
objects have retrograde motion in the Galaxy, some
of them have unusually low content of a-ele-
ments, and their ages are comparatively low in
average, supporting the hypothesis that the ob-
jects in this subsystem had an extragalactic origin.

Quite recently the Milky Way was supposed to
forms from single proto-galactic cloud. However,

RRLyrae stars

Globular clusters

recently published observations that
some galactic objects have obvious extragalactic
origin. In particular, the most direct evidence is
provided by the Sagittatius dwarf spherical gal-
axy, which is now in the process of tidal destruc-
tion if the halo (Ibata et al. 1994). There are five
globular clusters associated with this galaxy. Fur-
thermore, one of the most significant results was
the discovery of a large clump of field stars, which
is part of the tidal tail of the Sgr galaxy (Ivesic et
al. 2000). It should be noted that the existence of
several populations among globular clusters (GC)
and high velocity field stars belonging to different
subsystems of the Galaxy follows from the dis-
creteness of their distributions on metallicity and
angular moment. Even the earliest metallicity func-
tions revealed a gap near [Fe/H]|=-1.0, which di-
vides the populations of these objects into two
discrete groups: a metal-poor, spherically symmet-
ric, slowly rotating halo subsystem and a metal-
rich, rather rapidly rotating, thick-disk subsys-
tem (Marsakov & Suchkov 1977, 1978, Zinn 1985).
Halo globular clusters were further shown to sepa-

U A I

Figure L: Relations between metallicity and other
parameters of GCs and field RR Lyraes. A Sharp
jump near [Fe/H}=-1 is seen in all panels.

rate into two groups with different horizontal-
branch (HB) morphologies. These subgroups, whose
distributions are both spherical, differ in their kin-
ematics and the spatial volume they occupy (Mi-
ronov & Samus 1974, Zinn 1993). Halo clusters,
which have redder HBs for a given metallicity
(i.e., with horizontal brunches showing a consider-
able number of stars on the low-temperature side
of the Schwarzschild gap) are predominantly out-
side the solar circle, have a large velocity disper-
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Figure 2: The spatial distributions for metal rich GCs (the first column), metal-poor GCs with ex-
tremely blue HBs (the second column), and metal-poor GCs with reddened HBs (the third column).

The closed curves are upper envelopes drawn by eye.
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Figure3: Properties of metal-rich populations. The first column shows the kinematical diagrams, where
is the angle between the line of sight on the object and the vector of rotation about Z-axis, and V, is

bjects line-of-sight velocity relative to an observer at rest at the position of the Sun. The straight lines
are regression fifs, whose slopes yield the subsystem's rotation rate. The second column shows the
-elations between metallicity and distance from the Galactic plane. The slope of the regression line yields

+he metallicity gradient. The third column shows the distributions of GCs and field RR Lyrae stars in Z.
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‘Table: Characteristic parameters of subsystems RR Lyrae field stars and globular clusters
Parameter Thick disk Proto-disk halo Accreted halo
RRLyrae RRLyrac Gc RRLyrae f
Number 30 37 68 30 76 47
<(Fe/t]> 0574005 | 056005 | 154004 | -171+005 | -159+004 | 160007
[Fe/t] 028003 | 028+003 | 036003 | 026:003 | 029:003 [ 035+005
<05, ks 198+9 | 16543 104+ 10 a0+ 12 B
(g, ks 51+7 88+15 34 +7 10148 140+ 18
<e> 0234003 | 0.13+0.04 0.54 +£0.03 0.75+0.03 059 £0.06
[imR .y, kpe 13 7 18 40 20
limZ,,, kpc 2 10 10 22 20
Z,, kpc 0.74 £ 0.05 31401 2505 64+05 85+15
|grady[Fe/H], kpe' -0.03 £0.04 -0.00 £ 001 -0.03 £0.02 -0.00+001 | -0.03+0.01
|grad,[Fe/H), kpe' -023£0.10 0021001 -0.03 £0.02 -0.00 £ 0.01 -0.03+0.01
<r>, Gyr 155405 138403
0, Gyr 08+02 14+02
[Mg/Fe) 0.26 £0.02 0350.02 029+0.03
Ooura 0.17£001 0.14£002 0.15+0.02

sion, lower rotational velocities, and smaller ages
than clusters with blue HBs, which are concen-
trated inside solar circle. (Da Costa & Armandroff
1995). This difference can be explained if the old-
er proto-disk halo subsystem shares a common or-
igin with the thick-disk, whereas the clusters of
another subsystem — accreted halo — were cap-
tured by the Galaxy from intergalactic space dur-
ing later stages of its evolution (Zinn 1993).

The presence of two populations with differ-
ent histories in the low-metallicity halo was sug-
gested by Hartwick (1987). He argued that two com-
ponents were needed to model the dynamics of
field RR Lyrae variables with metallicities [Fe/
HJ<-1: one spherical and somewhat flattened in-
ner that is d t i
distances less than radius of the solar circle. Study
of a large sample of stars in a deep survey in the
direction of the North Galactic Pole demonstrates
that stars further than 5 kpe from the plane of
the disk tend to have retrograde orbits (Majewski
1992). (A retrograde rotation is a pretty convincing
argument for an origin largely independent of
the Galaxy.) Further evidence for the presence of
objects with an extragalactic origin among field
stars is the identification of objects with relatively
young ages and low abundances of heavy ele-
ments (so that they should have been older, a
cording to abundance age indicators). The subsys-
tem of accreted globular clusters sometimes is
named the “young halo” for precisely this reason.
On average, high-velocity field subdwarfs with
highly eccentric orbits (¢>0.85) are younger than
subdwarfs with similar metallicities but less eccen-
tric orbits (Carney 1996). Carney derived the isn-

orbits were relatively young. ([o/Fe] is known to
be low for younger objects formed from matter
already enriched in the injects of type 1a super-
novae, whereas the higher relative abundances
of a-elements in older stars are due to type 11
supernovae.) However, observations of field RR
Lyrae stars and blue horizontal-branch stars were
used in (Lauden 1998) to estimate the number ra-
tions of these objects in different directions from
the Sun. Blue horizontal-branch giants dominate
among stars close to the Galactic center and Galac-
tic plane, whereas the numbers of variable stars
and giants were approximately the same at great-
er distances. These stars have similar metallicities,
suggesting that the inner, bluer population of the
Galaxy is older than the outer population.

Thus, the existence of two subsystems in the
metal-poor halo is no doubt, but it is very difficult
toidentify all objects, which are the debris of dwarf
galaxies, with direct observations. Fortunately, all
reliable identified accreted globular clusters posses
a distinctive inner feature: the morphology of their
‘horizontal branches. Therefore, to determine char-
acteristics of different halo subsystems we suppose
that the Galaxy accretes only metal-poor globulars,
which have reddened HB for a given metallicity.
And on the contrary, only metal-poor globulars
with extremely blue HB belong to the proto-disk
halo subsystem. Objects of this subsystem formed |
together with the Galaxy as a whole. When proto-
galactic cloud appreciable contracted, metal-rich
globular clusters was born and formed younger,
something flattening thick disk subsystem.

Objects belonging to the thick disk can be relia-
bly distinguished based on metallicities. Figure la

chrone ages of arfs based on

tometry. Hanson et al. (1998), who also used abn
dances of a-elements as age indicators, likewise
concluded that metal-poor red giants in retrograde

shows of heavy-element abundance
for all Galactic globular cluster from catalogue with
spectroscopic determination of [Fe/H] of Harris (1996).
The solid curve shows an approximation of the his-
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togram using a superposition of two Gausian curves
with using a

hood method. It is seen that the entire globulars
‘population can be divided into two metallicity groups,
separated by a well-defined gap at [Fe/H] =-1.0. Th

metallicity function of field RR Lyrae stars in Fig. b
can also be described by two normal curves at high
confidence level. The mean values and dispersions
of the metallicities in the groups coincide with the
corresponding parameters for globular clusters with-
in the errors (see Table). The breakdown of both
(the globular clusters and the field stars) populations
into two subsystems separated by [Fe/H}=-1.0is fur-
ther supported by the fact that diagrams in Fig. 1 (c-
d, e-f) demonstrate an abrupt change of spatial lo-
cations and velocity distribution when the metallici-
ty crosses precisely this boundary value of [Fe/H].
Note that we can observe only nearest field stars
and therefore in Figures 1c and le we use calculated
orbital parameters (apogalactic distances and the max-

imum distance of the orbit from the Galactic plane)
for determination of spatial distributions. The present
spatial distribution of globular clusters in Fig. 2ad
demonstrates that subsystem of metal-rich ([Fe/HJ>-
1.0) objects is concentrated toward both the center
and the Galactic plane, and its shape can be very
roughly described as an ellipsoid of revolution slight-
ly flattened along the Z-axis. The flattening is caused
by rapid rotational velocity of this subsystem (see
Fig. Ja,d). Present position of metal-rich globulars
and fieid stars indicate high negative vertical metal-
liity gradients (Fig. 3b,e) and relatively small scale

Fig. 4a,d show that subsystem of globular clusters
with extremely blue horizontal branches exhibits a
fairly well defined prograde rotation, whereas sub-
system of clusters with reddened horizontal branch-
es indicates retrograde rotation (see Table). Hence
most clusters with reddened HB are really accreted
objects. Metallicity gradients for both subsystems were
negligible but non—zero. Fig. 4c,f shows that scale
heights of these subsystems differ dramatically.

It is much more difficult to identify field stars
that have an extragactic origin, i.e. those belonging
to the accreted halo. According to the hypothesis
that the proto-galaxy collapsed monotonically from
the halo to the disk, suggested by Eggen et al. (1962),
stars genetically related to the Galaxy cannot have
retrograde orbits. Only the oldest halo stars may be
an exemption, since they could have retrograde
orbits due to the natural initial velocity dispersion
of proto-stellar clouds. On the other hand, some
stars formed from extragalactic fragments and cap-
tured by the Galaxy may have prograde orbits. In
any case, such stars should have fairly large pecu-
liar spatial velocity relative to the Local Standard
of Rest. We used for this study the largest cata-
lugue of RR Lyrae variables compiled by Dambls

2001). tars
w1th publxshed photoelectric photometry, metalllc-
ities, radial velocities, and absolute proper motions.
The diagram in Fig. 5a shows that there is a transi-
tion from prograde to retrograde orbits around the
galactic center near V=280 km/s. We also can see
in the rest diagrams in Fig. 5 that all orbital param-
eters the break of their relations and

heights. Taking i
characteristics of metal rich globulars and held RR
Lyraes (see Fig. 3 and Table) we have to conclude
that both populations belong to the same subsystem
of the Galaxy, named the thick disk.

Let us now consider the metal-poor objects. Fig-
ures 2b-e,c-f show the spatial distributions of the
two groups that selected according to horizontal
branch color. We can see that the globular clusters
of our proto-disk halo are appreciable concen-
trated toward the galactic center, and their galac-
tocentric distribution is enclosed by a sphere of
radius =9 kpe. The distribution of intended accret-
=d clusters in the YZ plane fits well inside a circle
of radius =19 kpe. The accreted clusters occupy a
much smaller area in the XY plane, and their
distribution can be described by an elongated fig-
ure with semi-axis equal to 18 and 10 kpc. The
semi-minor axis is perpendicular to the Z-axis and
makes an angle of about 3(° to the X-axis. That is
subsystem of the metal-poor clusters with red-
dened horizontal branches occupy a slightly flat-
tened spherical value which is a factor of =2 larg-
er than for the clusters with extremely blue HB.

Properties of these suhsystems of metal-poor
globular clusters differ also. Kinematical diagrams in

abrupt increase in their dispersions in the vicinity
the same threshold peculiar velocity. Fig. 5f shows
that RR Lyraes with velocities near the threshold
lever might have any orbital inclination up to or-
thogonal to the galactic plane, whereas the range
of "permitted” inclinations continuously becomes
narrower when velocity moves away from this
threshold level in both sides. For this reason, we
adopt V,.>280 km/s as the critical value for distin-
guishing stars of the accreted halo. We suppose that
stars with lower peculiar velocities have a galactic
origin and belong to the proto-disk halo, and to the
thick disk halo subsystems. Apparently, this kine-
matical eriterion is not entirely unambiguous: some
stars of proto-disk halo may have larger peculiar
velocities. Evidence for this is provided, in particu-
lar, by the increase in the star density immediately
to the right of the threshold level in our diagrams.
However, we decided to retain a simple criterion,
in order not to artificially coiffeuse the situation.
The spatial velocities of the stars can be used to
obtain estimates for a numbers of characteristics
for subsystems, if we can first reconstruct the star’s
galactic orbits. The orbital elements were computed
using the Galactic model of (Allen & Santillan 1991),
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Globular Clusters

Proto-disk halo
-
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Accreted halo
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s

Figure 4: Properties of metal-poor subsystems of GCs with blue HBs (top row), and with redden HBs
(bottom row). Notations are the same as in Fig. 3.

RR Lyrae

ow.

Voo, kanls

Figure 5: Relations between peculiar velacity and other characteristics of the RR Lyraes. The large
open circles with error bars are mean values and dispersions of the corresponding parameters in
narrow intervals of V, . The straight lines are the least-square fits for the stars lying both on the left
and on the right of V=280 km./s (the vertical dotted lines).



Odessa Astronomical Publications, vol. 15 (2002)

n
2 .
S
£
S s
T
B . 28
& 0152009
0
9 o
R O T T T T S S B 03 4 6§ Wi e
Zmax, kpe Zmax, kpe
=
"
1
o n » . E
E =00£01
s{l] Z=64%05
3 2 ’
[ 1
8
8
s
o 5 .
o o
0150 0 10 0 2 0 @8 L I
©, lan's Zmax, kpe Zmax, kpe

Figure 6: Properties of metal-poor subsystems of

RR Lyraes with low peculiar velocity (top row) and

high peculiar velocity (bottom row). The first column shows histograms in the rotation velocities. The

second column shows the dlslrlbuhon of Z (see

Height above the galastic plans and metallicity.

which includes a spherical bulge, disk, and extend-
ed massive halo. Fig. 6 (see also Table) shows that
the vertical metallicity gradients (Fig. 6 c-f) and the
distributions of RR Lyrae stars in the two metal-
oocr subsystems as a function of their rotation ve-
locities and distances to the Calactic plane differ
drastically. (Note, that to compute the scale height
151ng Zp we must first to reconstruct the "real”,
instantaneous Z-distribution for all stars according
<0 probability density of its location at different Z.
The filled dots in the histograms (Fig. 6c,f) are the
reconstructed distributions in Z.)

Age is one of the most uncertain parameters.
In particular, Hipparcos data requires substantial
revision of GC distances. As a result, the ages of
=ven the most metal-poor (i.e., oldest) clusters do
not exceed =10 Gyr (see, e.g., Reid 1997). Howev-
. we adopted the old scale here, because the
efinement of the age-scale zero point based on
‘he new data is probably now only in its initial
stage, and we are primarily interested in relative
oarameters. The data of the comparative cata-
ogue of homogeneous age dating of 63 globular
clusters by Borkova & Marsakov (2000) shows,
“hat the globulars of different subsystems have
different ages also. Fig. 7a demonstrates the age
istribution of globular clusters, which have a com-

text for details), and the curves approximate the

law The third column shows relations between maximum

mon origin with the Galaxy. It is seen that age
distributions of the thick disk and proto-disk halo
clusters do not overlap. It follows from Fig. 7a and
from the Table the age dispersion for the proto-
s il custers s nearly equal to the error in
‘The thick disk cluster
& Tonich Tangor séathes T iher wiids, tha 7
clusters formed almost simultaneously, whereas the
corresponding processes in the thick disk required
at least several billion years. The age gap between
subsystems, if any, might be swamped by the
errorsin th d ages. From the
of Fig.7h and 7a it is seen that the ages of the
clusters with reddened horizontal branches (Fig.
7b) demonstrate large spread, and mean age of
their age distribution is smaller than that for the
proto-disk halo clusters.

Figure 8 demonstrates that field stars of dif-
ferent subsystems differ also in content of a-ele-
ments. As a surrogate of a-elements content may
be accepted magnesium abundance. We compile
all known to us published spectroscopic determi-
nation of [Mg/Fe] with non-LTE models, led these
data into the united scale, and compute stellar
spatial velocities using Hipparcos parallaxes (it is
used only stars with error of parallax <25%). In
any interstellar cloud star formation process en-
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Figure 7: The age distribution of the globular clusters of (a) Galactic origin and (b) accreted by the
Galaxy. Different shadings are used to show the thick disk and prot-disk halo clusters. The curves are
Gaussian fits to the corresponding histograms. Data was taken from (Borkova & Marsakov, 2000).

rich their gas with the ejects from Type II, then
Type Ia supernovae, and each would yield a dis-
tribution similar to Figure 8. Wyse & Gilmore (1988)
has discussed the possible utility of [c/Fe] as a
chronometer. If the model for Type 1a superno-
vae are a good quite, once there has been a burst
of star formation it should take roughly 1 Gyr for
the first Type 1a supernovae to appear, although
timescales ranging from 0.5 to 3 Gyr have been
suggested by Yoshii et al (1996). Thus, the simplest
interpretation of Fig. 8 is that the Galaxy took
only about =1 Gyr to rise from primordial chemi-
cal abundances to [Fe/H=-1. According to the chem-
ical evolution calculations of Travaglio et al (1999)
the thick disk population formed in the early Gal-
axy during an interval of =1.1 Gyt to 1.6 GyT after
the beginning of the protogalactic collapse. (Note,
that this time interval is in some disagreement
with age dispersion for the thick disk clusters, de-
termined with the help of theoretical isochrones
(see Fig.7a).) Gilmore & Wise (1998) have suggested
that the very low [a/Fe] values for metal-poor
stars could be produced by very slow, perhaps
episodic, star formation. Only small galaxies, whose
chemical enrichment history was quite different
from that of the Galaxy, might be recognized by
unusual locations in this diagram. Nissen & Schus-
ter (1997) noted that while some of the halo stars
followed the same trend in [o./Fe] as did the disk
stars, some of the halo stars were clearly defi-
cient in [o./Fe]. These deficiencies also seemed to
be related to the maximum distance these stars
from the galactic plane, their maximum distance

from the Galactic center, and their high spatial
wvelocities. This last point is illustrated in our Fig. 8.
We can see in the diagram that overwhelming
number of fast metal-poor stars (V,.>280 km/s)
have magnesium content that appear to be appre-
ciably lower than those of majority of stars hav-
ing similar metallicities (see also Table). Probably,
some victims have star formation that was slow
enough to permit inclusion of SN Ia ejecta into
the star-forming gas, and also produce relatively
low metallicity. Thus, the content of a-elements
can be used as additional inner criterion for dis-
tinguishing accreted objects.
Here, we compare the characteristics of the
I-poor The the cor-
responding halo subsystems differ somewhat. In
particular, the metallicity dispersion of the pro-
to-disk halo derived from the globular clusters is
lower than that of the outer halo. The field stars
show the opposite pattern (see Table). However,
the differences are comparable to the formally com-
puted uncertainties, indicating that any conclu-
sions about between these
have low statistical significance. The vertical gra-
dients in the proto-disk halo for both the RR Lyr-
ae stars and the globular clusters almost coincide,
but the radial gradients differ (see Table). In the
accreted halo, both gradients are absent for the
field RR Lyrae stars but are non-zero for the clus-
ters. However, both gradients for the globular clus-
ters in the accreted halo are due exclusively to
metal-richer objects close to the galactic center
(R~Tkpc). Distant RR Lyraes were not included in
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Figure 8: Abundance ratio [Mg/Fe] versus [Fe/H] for nearby field stars. Drawn by eye straight lines
divide panel into four sections, which mainly occupied stars of different subsystems of the Galaxy. Mean
pecular velocities of stars into each panel are denoted (km.s). Ranges of star’s peculiar velocities are

denoted.

three different of the Galaxy: the met-

our sample. In any case, values of all
ing gradients coincide within the uncertainties. In
his study, we have identified the halo subsystems
based on spatial velocity. Therefore, the differ-
=nces between the proto-disk halo and accreted
nalo in any kinematical parameter for field stars
<hould be more prominent. The velocity disper-
<ions for the subsystems of globular clusters are
sbviously overestimated due o the larger distance
incertainties and, as a result, are much higher
han the valuesfo fild RR Lyrae sars. The radi-

al-rich thick-disk, related to it by its origin the
inner proto-disk halo, and the outer accreted halo
Analysis of these patterns suggests the following
scenario for the early evolution of our Galaxy.
The first stellar objects were formed when the
proto-galactic cloud had already collapsed to the
size of the modern Milky Way. The proto-disk
halo formed over a short time interval. The radial
and vertical metallicity gradients in this oldest
known Galactic subsystem provide evidence that

2l size of the proto-disk halo i a
“actor of 1.8 larger for the field stars than for the
“lusters, whereas the two scale were the same
within the errors. Recall that we can estimate the
“zdial sizes of RR Lyrae subsystems only from
heir maximum distances from the galactic center,
hich leads to appreciable overestimates of these
zes. Note, that in order to obtain correct esti-
nates of sizes of galactic subsystems based on
data for nearby stars, it is necessary to take into
ount the kinematical selection effect, which
ads to a deficiency of stars with large R, and
7..in the solar neighborhood.

Thus, we can see generally good agreement
setween characteristics of corresponding subsys-
ems of field RR Lyrae stars and Galactic globular
lusters distinguished using different criteria. This
~vidences for that populations of both the clusters
nd the field stars are not uniform and compose

the first h of the gas-
dust medium took place before the clusters and
field stars of this subsystem formed. Both, the
spatial and chemical characteristics change abruptly
as we move to the thick-disk subsystem. The for-
‘mation of stars in these subsystems was apparent-
ly separated by a substantial time lag, which shows
up only as a gap in the age distribution. This time
lag enabled the gas and dust clouds to become
appreciable enriched in heavy elements (which had
time to mix) and to collapse to much smaller sizes
before the new generation of stars and clusters
began to form. As a result, a rather flat, metal-
rich, thick-disk subsystem formed. The apprecia-
ble collapse of the proto-disk cloud after the for-
mation of the halo subsystem resulted in an in-
crease of the rotational velocity and a rapid flat-
tening of the future subsystem. Strong negative
vertical metallicity gradient in the thick-disk tes-
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tify to continuing collapse of this subsystem to
the Galactic plane in their formation time. Dif-
ferences in age, metallicity, and spatial distribu-
tions indicate that heavy-element enrichment and
collapse of the proto-Galaxy occurred mainly in
period between the formation of the proto-disk
halo and thick disk subsystems. The collected re-
sult indicate that outer halo subsystem is charac-
terized by a large size an absence of appreciable
metallicity gradients, predominantly large orbital
eccentricities, a large number of objects on retro-
grade orbits, and, on average, younger ages for
its objects, supporting the hypothesis that object
in this subsystem had an extragalactic origin.

More detail about subsystems of metal-poor
populations of the Galaxy can be seeing in (Bork-
ova & Marasakov, 2000, 2002).
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ABSTRACT. To construct the correct scale of
astrophysical quantities a simple procedure of
ination of self. tent and i

ent with each other mean values of basic charac-
teristics for every spectral subclass is offered.

Key words: Stars: the scale of astrophysical quan-
tities.

1. Introduction

It is not necessary to explain anybody how

useful the scale of astrophysical quantities turns
out to be in different astronomic investigations.
But the following question is to the point : are the
scales' data and the approach used to construct
them reliable? As investigations show, there are
grounds to raise such question. So, when compar-
ing with cach other the already existing scales of
the same luminosity class, the following peculiari-
s are revealed:
1) distinetions in the mean values according the
very spectral subclass of one scale turn out to be
essential towards another one, and evidently ex-
ceed the errors of determination of basic charac-
teristics themselves.

2) strange and illegitimate behavior of some
values, derivatives (combinations) of basic char-
acteristics, along spectral sequence from hot stars
10 cold ones.

3) absence of precise and single-valued con-
nection between such values as mass of a star and
ts luminosity.

The list of only just these peculiarities gives
us a reason to doubt in the reliability of data the
=xisting scales have. That's why, to construct a cor-
rect scale it is necessary to study out the reasons
+hat cause an uprise of these peculiarities, and to
find the ways of their removal. Right this is the
aim of the present article.

In this case we'll not touch the ways that deter-
mine basic characteristics of individual stars (they
are well-known) and the approach of the scale con-
truction as a whole (every investigator uses his

own methods with this purpose (see e.g. Allen, 1997;
Strajzys and Kuriliene, 1981), but we'll consider only
several details of this problem. In particular, we'll
analyze the procedure of stars selection with the
purpose of sample formation and the receipt with
its help the mean values of basic characteristics for
the given subclass. Under the sample we under-
stand a collection of stars having the same MK~
characteristics. Further, to shorten the notation we'll
write "the mean values of basic characteristics” im-
plying by this that these values refer to the given
spectral subclass of the given luminosity class.

2. Heterogeneity of the sample. Near values
of basic characteristics.

Let refer to the analysis of the first peculiarity.
Usually, to construct the scale of astrophysical
quantities of the given luminosity class, investi-
gators concentrate their attention on the receipt
of one or at least two mean values of some basic
characteristics, attracting with this purpose such
types of stars whose corresponding characteristic
bl g 2 B
However, in practice everything is more compli-
cated. For example, to construct the scale of ef-
fective temperatures, the stars with surely deter-
mined absolute power distributions in their spec-
tra and angular diameters are usually attracted
(see, e.g. Morton and Adams, 1968; Hayes, 1978).
However, the number of such well-known stars is
in fact not great, and it is often not enough to
consider the obtained values as the reliable and
typical for the given subclass. This remark remains
reasonable also for the mean values of other basic
characteristics. It is necessary to add that the selec-
tion of stars into the sample is not strict. Essential-
Iy, except MK-characteristics there are no any other
criteria controlling such selection.

‘The pictures 1 and 2 taken from Merezhin (2001)
will help us to judge either the obtained mean
values of basic characteristics are typical for the
given spectral subclass or not. As an example, here
are presented histograms for effective tempera-
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Tigure 1: Distributions of T, and R inside spectral subclass are shown. The luminosity class is V (see text).

ture T, and radius R (picture 1), as well as mass
M and absolute star magnitude M, (picture 2) in-
side spectral subclass for stars of V luminosity
class. To demonstrate this we confine ourselves
by subclasses B3, B5 and B6. The total amount of
stars (N) participated in the formation of mean
values T, R, M and M, is indicated at pictures for
each sample. It is possible to find the algorithm of
construction of such histograms in the quoted ar-
ticle, and we'll not recur to it here. When con-
structing these histograms, the only criteria ac-
cording to which we reckoned the star in one or
another spectral subclass was its MK-characteris-
tics obtained directly by the observational data.
As it is shown on pictures 1 and 2, the spread
in values of every from quantities T,, R, M and
M, inside of any from the presented subclasses,
turns out to be a considerable one and noticeably
exceeds the interval of 3x0width that in fact
determines the reliability of <@>'s mean value,

where @ is any of quantities under consideration,
and og s an average square error of determina-
tion of <@> value. If take into account the value
of o, ination error itself of @ i
tic, then the difference between its minimum and
maximum values denominated i this measure turns
out to be very large inside the given subclass. So,
for subclass B3 the determination error oy0f <T.>
value is equal to +2054 K, and determination er-
ror 6y of <M> value is £1.27Mo. Then, as it shown
on pictures 1 and 2 the difference between mini-
mal and maximum values of T, inside B3 subclass
turns out to be equal to ~18500K (~90y), and the
difference between minimum and maximum val-
ues of mass — 12.7Mo(~100y,)

1t is clear that because of big variation of ba-
sic characteristics values and small amount of stars
attracted to such determinations, it is rather prob-
lematically to consider the received value as a
typical one for the given subclass. At least we can
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advance two arguments supporting the justness
of this remark. The last remark is equally related
to any from characteristics considered here and to
the effective temperature as well. Firstly, errors
of determination of basic characteristics which
are inevitably contained in every star, will influ-
ence on the mean value formation. Secondly, val-
ues of characteristics of the same stars received
by different investigators are noticeably differ from
each other, and this may tell on the mean forma-
tion, Such differences are conditioned by the usage
of different methods of observation and determi-
nation of basic characteristics of individual stars,
by dissimilarity of ways of attaching the obser-
vational data to different standards and calibrated
dependencies, by the use of different standards
and calibrated dependencies and methods of ob-
servational data processing. However we shouldn‘t
think that the contribution of this component will
be meaningful, and the differences between the
characteristics values of the same stars received
by different investigators will be dramatic. As in-
vestigations show, these differences do not usually
fall outside the intervals equaled in the trebled
value of determination error of characteristics
themselves. This is conditioned by the following
circumstance — in spite of the variety of meth-
ods of observation and determination of basic
characteristics, methods of observational data
processing and their attaching to standards and
calibrated dependencies, all of them do not differ
trom each other in principle, and eventually lead
imilar results. Nevertheless, when the number
of stars in a sample is not big, this circumstance
should be taken into account.

The appearance of variation of basic charac-
teristics inside spectral subclass is the statement of
a well-known fact that the stars having even equal
MK-characteristics can differ from each other in
their basic characteristics (Underhill, 1982). This
variation as it follows from the data on pictures 1
and 2 turns out to be considerable, and it should
be taken into account when constructing the scale
of astrophysical quantities. In principle, except
stars which are the typical representatives of the
en spectral subclass, there in a sample can be
presented episodic stars, such as: a) the very
evolved objects; b) the durable variable stars which
happened to be in the given subclass temporarily
at some phase of the sparkle and evolution chang-
ng; c) the stars having though cognate MK-char-
acteristics but yet slightly different from the stand-
ard ones; d) the objects having values of MK- and
basic characteristics as if similar with the stand-
ard ones only through the influence of the per-

urbing factors on their pressure-temperature field
structure (e.g., rotation and turbulence) and oth-
ors. Investigations show that the analogous spread

in values of any from basic characteristics is de-
tected in other not represented here spectral sub-
classes of V luminosity class, and in IV and III
luminosity classes of stars as well.

It is clear that in order to correct the above-
stated and 1o find the stable solution, the sample
should contain if possible a big number of mem-
bers that is computing in some tens. However, ac-
cording to the objective and subjective reasons such
approach fais to be realized in practice. That's why
a big variety of stars types inside spectral subclass
from one hand, and their small number partici-
pating in formation of the mean value, as well as
highhandedness in their selection and the absence
of strict selection criteria from the other hand,
are the main sources of appearance of the peculi-
arity that was the first to be enumerated in the
previous paragraph.

3. Quantities g;, and v,, as the indicators of the
reliability of determination of the mean values of
basit istics, M iinosi i

We can judge about the reliability of the
obtained values with the help of derivatives of
basic characteristics by studying their behavior
according to changes in characteristics that form
these derivatives. As the behavior of derivatives
is known beforehand, its bare change will serve
us as the evidence of the fact that the derivatives
together with the mean values of basic character-
istics are not correct. In other words, it is possible
to choose such values that will serve as the indica-
tors which allow to judge about the reliability of
the data from the scale of astrophysical quantities.

As an example, let limit ourselves by studying
the behavior of such derivatives as dynamic grav-

ity 8am= R1 Jand critical rotation velocity ve.
These are the functions of M and R characteristics,
and therefore they give us a possibility to judge
about the reliability of <M> and <R> values
determination. If we are dealing with the single
stars, then as it is known (see, e.g., Sinnerstad,
1980) their mass is estimated according to the evo-
lutionary tracks. The effective temperature and the
absolute star value (or its luminosity) are attracted
with this purpose. Then due to gyy,and V. quanti-
ties we can judge indirectly about the reliability of
<T,> and <M,> (or <L>) values determination

In order to get the formulae for estimating ve-
locity v, let use a well-known expression (Huang
and Struve, 1963).

R
2X7XGXp ®
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‘we find the necessary folmulae

v, =2.10873x107 x M
% JXR

where Q,, denotes the critical rotation angular ve-
locity; R,is the critical radius; pis the mean den-
sity; and G is the constant of gravitation.

When deducing the formulae (2) we used the
correlation R, = R‘,x(lfﬁx[f J* taken from Maed-
er and Peytremann (1970) that ties together polar
radius R, of the rotating star with radius R, of the
non-rotating star of the same mass. The constant p
is equal to 0.030 if M>2Mj, and is equal to 0024
when M<2Moand where Mo is mass of the Sun.

then after small transformations

(&)

Table 1: The variation of gy, and v, quantities
along the spectral sequence. The luminosity class V

Everybody can get acquainted in details with
the method of constructing the scale of Straizhys
and Kuriliene in the work of reference. Popper's
data were received on the ground of measuring
M and R values of the components of close bina-
ry stars. As for our scale, we can mark the follow-
ing. In order to construct this scale we attracted
152 stars with the reliable photometric and spec-
trophotometric data. The stars values T,, M, and
B.C. were determined according to D-test (Merezhin
and Shaimukhametova, 1992) with the help of
Kuruts data (1979). The radiuses were measured
under the formula (Allen, 1977)

M = a:Mp + by @)
and masses were derived from the evolutionary
tracks of Maeder and Megnet (1978). The quanti-
ties T, R, M, M, and B.C. of every star were
used then to obtain their mean values.

Taking into account a smooth course of chang-
ing of characteristics R and M along spectral se-
quence from hot stars to cold ones, we have a
right to anticipate the analogous change of gy,

nd v, quantities along the same sequence. How-
ever, it is not so. As it follows from the data of
Table 1 (see columns No. 2, 4 and 6) for gravity
Gepm though generally it is detected a tendency to
the increase in its value from hot stars to cold
hange of g,,, value along spec-

Our scale | The scale of | Popper's | Rencwed
trajaysand | scale ale
Kurielene ones,

Sp | Gom Vo | Oam Vo |Oam Ve | Oum Ve
0555 5660 55 8083 756 - - 4500 518
0665 102 525  T543 698 - - 6698 549
O1-75 6596 537 7370 651 9942 617 6675 545
0885 6918 528 754 65 10301 610 7196 538
5 7138 557 9742 728 6803 509 7274 538
B0 833 558 10413 720 6375 482 7592 523
BL 8452 489 10173 642 7714 490 8119 473
B225 0821 485 11680 620 8702 477 9280 470
B) 9996 483 11415 565 12220 463 10366 449
Bi 10758 448 12262 460 10500 440 10679 434
B 10882 463 13169 445 1607 10923 429
B6 10913 455 12232 420 13211 424 11135 425
B7 11313 410 11684 397 - - 1921 4n
B 11288 408 11955 388 15457 409 12366 416
BS-05 10278 370 10656 362 11781 377 12038 386
A0 10621 361 11693 358 15334 391 14219 382
Al 10441 356 13107 366 10203 349 14357 378
A2 4127 374 14378 370 20794 393 14754 318
A3 4792 36 16502 379 13551 364 14938 377
Ad-5 16428 376 17280 375 12793 358 15684 372
AT 17489 375 18950 375 37847 272 18107 378
FO 18328 371 19859 366 11822 329 15704 353
F2 20133 374 18534 34 11865 326 21262 376

Let consider now a well-known to us behavior
of gymand v,, quantities along spectral sequence,
viz.: gravity g,,, must rise and velocity v, must
decrease from hot stars to cold ones. The results
of this analysis are shown in Table 1 within spec-
tral range from O5 to F2 for the stars of V lumi-
nosity class according to the data of our scale, the
scale of Straizhys and Kuriliene (1981) and the
Popper’s scale (1980) of masses and radiuses

tral soquence evidaatly e b iiaar chatae
ter. We see that change is not smooth, and in some.
sections of the sequence a change of gravity g,
turns out to be antithetic the general tendency.
The same behavior is discovered at the velocity v,
(see columns No. 3, 5 and 7). It is clear that such
strange and illegitimate behavior of g, and Ve,
quantities is impossible to be explained by the ac-
tion of some perturbing factors, it is evidently
conditioned by the fact that we have incorrect
knowing of <R> and <M> values in separate sec-
tions of spectral sequence. This fact is confirmed
by the circumstance that the character of irregu-
larity and its amplitude are not constant and are
changed from one scale of astrophysical quantities
to another. It is important to underline that irreg-
ularity is kept regardless of the method the quan-
tities <R> and <M> were determined — either it
was made together with the formula (3) by the use
of evolutionary tracks or with the help of close
binary stars. A5 investigations show such peculiar-
ity of behavior of g,,, and v, quantities is ob-
served in all scales of V, IV and III luminosity
classes without exception. Let us nominally call this
behavior of derivative quantities as the internal
inconsistency of astrophysical quantities. Right this
inconsistency conditions the second peculiarity.
In the light of the above-stated the third pecu-
liarity finds its own explanation. It is completely
connected with mass-luminosity correlation and
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allows to judge about the reliability of <M>
and <L> values determination. As investigations
show (see,e.g. Schwarzschild, 1961) there are strong

its values goes within the interval of ~23.c,width
The cited values of the intervals' width evidently
exceed the admissible limits of the intervals cor-

reasons the exist e-

equal to 3:0, and 3:0, that in fact

tween the star's mass and its luminosity. Usually
this dependence is presented as a linear correla-
tion (Aller, 1955)
lgM =a,xlgL+b, (4)

or (Schwarzschild, 1961; Aller, 1955)

IgM =a, XM +b,, (5)
where a; and b,(i = 1, 2) are the coefficients sub-
jected to determination. Here quantities M and L
are expressed in the sun measures.

As investigations show such form of depend-
ence between quantities M and L (or M and M,q) is
kept up to the III luminosity class, and only a,and
b,values undergo changes from one luminosity class
to another. Not going into details of the problem
as a whole, let consider only such part of the
problem that refers to , and b, values determina-
tion. As it is well known (see, e.g., Demircan and
Kanraman, 1991) the quantities <M> and <L>
take part in their determination.

Table 2: The values of a, and b, coefficients ac-
cording to the literature and our data
References
Deich (1962)
Russll and Moor (1940)
Parenago and Masevich (1951)
Our scale
Demircan and Kanraman (1991)
Demircan and Kanraman (1991)
Eggen (1956)
Svechnikov (1969)
McCluskey and Kondo (1972)
0.263 +0.011 Heintz (1973)
0358 -0.220 Kopal (1978)
12:0272 -0.046 Cex
13 0.240 -0.001 Criffins et al. (1988

Let refer to the data of table 2, where a,and b,
values are cited for the stars with measurable mass
values, and where are indicated the references to
the works from which these data were taken. As
the literature data show, the errors of a,and b,
coefficients determination are on the average equal
10 = +0.010 and = 0012, respectively. To demon-
strate graphically the spread in a,and b, values
received by different investigators, let use the scale
where the units of measurement are o,and o,
+hemselves. The measurements received by differ-
ent investigators, e.g. a, value, in such scale notice-
ably differ from each other, and the spread in
their values goes within the interval of =120,
width. Much bigger differences are detected when
estimaling bicoefficient. In this case the spread in

N a by
0.298 +0.030
0.262 +0.056

-0.013

-0.022

-0.019

-0.002

-0.013

-0.145

0. Z5H +0.021

© oo
o °
-
3

determine the reliability of the found g and b,
values. Here: 6,and o,are the errors of determi-
nation of a,and b, values, respectively.

So we can state that a,and b, values received by
different investigators differ noticeably from each
other. Besides, b value in some cases is positive, and
in others is negative. This allows to make a conclu-
sion about the instability of the received solutions
and about the unreliability of determination of <M>
and <L> values, as well as about the absence of
clear connection between M and L quantities.

4. Correction of the scale of astrophysical quantities

As it follows from the above-stated, a tradi-
tional approach used to construct the scale of as-
trophysical quantities requires to be corrected. To
fulfill this correction let refer to pictures 1 and 2.
These pictures suggest us one of the possible var-
iants of its realization. We suppose that the cor-
rection should be made in two steps. The first one
concerns the sample as a whole itself. We just add
that it is not necessary to impose any rigid restric-
tions on its formation. For the sample to be a re-
spectable one, a selection of members must be
rather mild, and any stars having even peculiari-
ties in their spectra can be present there. (Here the
similarity of MK-characteristics of the sample
‘members have still a great importance. In this case
such factor as subjectivity in stars selection is ex-
cluded). But the stars with a very quick change of
shine can be the exception.

To analyze the sample at the second step, we
can offer the following algorithm. Let us have the
sample, for each member of which there are known
its basic Then, for each
tic Q from the total set of Q quantities we choose
its maximum and minimum values and determine
a width of the interval inside which all existing @
values of the sample under investigation must be
located. Thereater, this interval is divided to equal
sections and we construct a histogram in the same
way as it was made in the second paragraph of
the present article. The length of a section is de-
termined a'priory with consideration of all mem-
bers in the sample and the correctness of deter-
mination of Q characteristic under investigation.
For example, we can take quantity oqas a length
of such section. These histograms will not differ in
their form from those shown on pictures 1 and 2
That is why we return to these pictures again.
We see that a certain similarity of distributions*
forms of characteristics presented here is noticea~
biy detected. Each distribution has the maximum.
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Namely, the major and considerable part of stars
from their whole collection of the given sample is
centralized at a comparatively narrow section of
each histogram. It is clear that the stars having
close to each other values of Q characteristics are
grouped near the maximum of distribution. On
this basis we consider that:

(a) stars grouping near the maximums of dis-
tributions for different basic canbe

strictly well-founded one. That's why, in order to
be sure in the correctness of partition of stars of
the sample to (a) and (b) groups, it is preferably to
use at one time several distributions for different
basic characteristics. In perfect case we expect that
the same stars will be gmuping in each of such
distributions near the maximu

‘The last remark requires an Y additional explanz-
tion. As the same

referred to the typical representatives of the giv-
en spectral subclass;

(b) stars distant far from the maximum in the
same distributions are rather not typical; and ac-
cording to different reasons they accidentally hap-
pened to be in the sample under investigation.

an example, let analyze the sample of spec-
tral subclass B3. If we refer to the distribution
according to the effective temperature, then we
may consider the stars having T, values inside
14125 K<T<17783K interval to be typical for this
subclass. While the stars whose temperatures must
have either T,<14125 K or T,>17783 K values should
be referred to (b) group. The analysis of distribu-
tion according to radius leads us to the conclusion
that the stars found inside the 3.6Rg<R<4.6R, in-
terval should be reckoned in (a) group, and the
objects having R, R<3.6R or R>4.6Ro values should
bereferred to (b) group. For distributions according
to mass and absolute star value, the stars with M
and M, values existing inside intervals
5.0Mo<M<7.0M, and -1™.00<M,<-1™80 should be re-
ferred to (a) group, and the stars whose M and M,
values turns out to be either M<5.0Mo or M>7.0Mo,
as well as either M, <-17.00 or M,>-1".80 are re-
ferred to (b) group. It is not difficult to make the
analogous analysis for the stars of BS and B6 spec-
tral subclasses.

Naturally, to find the mean values of any from
basic characteristics it is better to use the stars
which can be considered typical for the given spec-
tral subclass with more certainty. It follows from
the above-stated that more suitable to this aim
are the stars grouping near the maximums of dis-
tributions. Then, as one of the selection criteria it
is possible to use a narrow section near the maxi-
mum of of Q which al-

fars oo fie mexiroym of Atz for cach
from T,, R, Mand M, quantities for B3, B5 and B§
subclasses is really observed in most cases. Howev-
er, sometimes it is detected that in the same distri-
bution the objects according to one of these quan-
tities turns out to be near the maximum, and ac-
cording to the other ones — not at all. In the last
case basic characteristics of these objects are either
wrong determined or they are just not typical rep-
resentatives for the given subclass. That's why, o
correct the indefiniteness they can be attributed to
(b) group and excluded from the further analysis.
Namely, we have a possibility to enforce the con-
trol for the sample members selection.

The reliability of determination of the mean
values of basic characteristics after the use of eve-
ry from the specified steps must be executed by
indicators. By way of control it is suggested here to
use even such indicators as dynamic gravity and
critical rotation velocity. Right smooth increase and
decrease of gay and v, quantities along spectral
sequence Imm hot stars to cold ones without any

will indicate us that me:
Values o ey actecitics aré sorLGet, Foweves. fuch
selection of indicators is not obligatory. In princi-
ple, it is possible with this purpose to attract other
indicators derived from basic characteristics having
a well-known behavior along spectral sequence, or
very attractive peculiarities according to which it
would be also possible to judge about the reliability
of the obtained results. All this will strengthen the
reliance in the data of astrophysical quantities scale.

It is clear that if investigator takes into consid-
eration all stars of the sample, the mean value of
any basic characteristic found by him, must differ
from the analogous mean value of the same char-

by procedure. The

lows to separate typical stars from accidental ones
in the sample under investigation. To obtain the
mean values of basic characteristics, there should
be used only the stars of (a) group, and the stars
of (b) group can not be taken into consideration
and can be excluded from the further analysis. We
expect that in this case the objects grouping at a
comparatively narrow but rather noticeable sec-
tion of distribution admit us to get constant solu-
tions with small errors. Length of a section can be
changed at the investigator's will. It is clear that
such criterion is impossible to be considered as a

y
mean derived by traditional approach will be dis-
located to the right or to the left from the mean
determined by the correction procedure. The ex-
tent of dislocation (according to the module) i
determined as a difference between the mean values
obtained by two approaches. It depends upon a
width of the interval inside which the whole set
of values of basic characteristic Q (which we have
in our disposition) is located. The direction of dis-
location will depend on what kind of “tail” from
the maximum of distribution, from the right or
left sides, is more extended.
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Table 3: In good repair scale of astrophysical quantities for the luminosity classes V + IV
Sp N <T,> <I> _<R> <R> <M>__<M®> <igh> <Igl’> <M,> <M,
05  B(3) 41155 39505 1136 1243 2667 2544 552 553 -5.64
06 15(5) 37049 37464 10.10 940 2124 2161 524 520 -5.32
o1 10(3) 36117 37450 9.14 930 2012 2108 511 519 -5.15
08  18(7) 32903 34720 843 840 1795 1854 488 497 -4.59
09 207, 32380 30900 8.60 832 1758 18.38 483 476 -448
B0 32(9 20234 29669 7.87 754 15.71 15.76 461 460 -3.98
Bl 59(15) 24968 24627 6.58 597 1144 9.87 418 404 -3.30
B2 31(9) 21459 23170 548 543 8.90 9.44 376 388 -247

B2.5 29(8 19782 18625 4.66 4.58 7.56 7.50 348 336 -2.09
B3 96(42] 18680 18297 431 407 6.97 627 332 322 -168
B4 38(14) 16650 16430 3.9 3.69 5.78 5.31 302 294 -1.38
B5 108(54) 15992 15598 3.69 353 541 4.97 290 282 098
B6 71 15288 14508 3.56 3.40 505 4.70 280 266 0.8
B7 42(12) 13618 13156 3.33 3.11 4.29 4.21 254 242 057
B8 46(14] 12566 12798 2.94 2.92 364 3.85 229 231 038
B9 49(15) 11078 10703 270 252 307 290 200 188 006
B9.5 259 10294 9986 245 229 2.71 2.56 178 167 0.34
23(9) 9840 9620 2.32 2.15 2.59 240 166 156 052

Al 15(5) 9454 9423 2.29 2.08 2.39 2.39 158 149 0.80
A2 16(7) 9112 9176 222 203 2.29 2.03 149 142 107
A3 13(5) 8796 8971 207 1.99 2.15 2.16 136 136 129
Ad-5  9(4) 8446 8545 1.82 185 1.97 1.96 118 122 168
AT 8(3) 8007 7878 175 1.65 181 1.80 1.06 098  1.92
o 6(2) 7320 7165 158 1.66 1.57 1.58 0.81 082 230
F2 4(3) 6674 6552 157 1.39 1.39 1.39 064 051 334

In principle, b, and b, coefficients in the for-
mulae (4) and (5) must be absent in order not to
break the equality when M=1 and L=1. Other-
wise, the disruption of mass-luminosity correla-
tion takes place. If the coefficient is really by#0,
then as it is not difficult to make sure, the Sun
turns out to be 10° times brighter than it should
be judging by its mass. In other words, the mean
star of V luminosity class that has a mass equal to
that of the Sun, will be weaker than the Sun for
2 5+b, stars quantities, as well as will have rather
less dimensions and more density than the Sun has
(Russell and Moore, 1940). That's why it would be
interesting to ascertain the situation with coeffi-
cients b, and b, and their physical sense. However,
we are not succeed yet in finding any concrete
recommendations to solve this problem in the
frames of the suggested correction procedure. Nev-
ertheless, we hope that the solution of the prob-
lem will be found in case the exactness of <M>
and <L> values determination will increase.

Of course, from the formal point of view the
offered approach is impossible to be considered as a
perfect one. But it can be quite acceptable in prac-
tice. Having even the unrepresentative sample of
stars which the investigator succeeded to attract
with the purpose of constructing the scale of as-
trophysical quantities, the correction procedure, as
it seems to us, is still necessary to be held. Other-
wise, it will be difficult in future to depend upon
the obtainment of the reliable and steady results.

In principle, we can assure in reliability and
steadiness of the results which are obtained by
the correction procedure, in the following way. It
is necessary to take other stars that did not partic-
ipate in the construction of astrophysical quanti-
ties scale, and to construct a new scale with them
according to the methodic described above. Even-
tually we should come to the results identical to
those obtained earlier by the other set of stars.
Our assurance is grounded on a quite obvious po-
sition that we should always obtain equal mean
values of basic characteristics regardless of the
set of stars we use. That is quite understandable
as the selfsame set of mean values of basic char-
acteristics should always answer the objects hav-
ing equal MK-characteristics in the frames of the
given luminosity class and the given subclass.

5. Results

To demonstrate the correction procedure let
refer to the stars of V and IV luminosity classes.
We'll limit ourselves by constructing a scale in the
spectral range from O5 to F2. Let unite the stars
of these luminosity classes for the sample to be
representative. The results of these investigations
are presented in Table 3 where there are the data
obtained by traditional (in columns No. 3, 5, 7, 9
and 11) and other methods offered by us (in col-
umns No. 4, 6, 8, 10 and 12). In the last case when
constructing the histograms it was used one of the
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criteria of dividing the members of a sample to (a)
and (b) groups, viz. we choose the section near
the maximum of distribution which extension for
each from T, 1gL, R, M and M, characteristics
changed according to the number of N members
of the sample and according to the exactness of
their determination. It is natural that under such
division a number of stars n_participated in for-
mation of the mean value, turns out to be visibly
less than number N. In column No. 2 of table 3 a
number of members of each sample found in
group (a) is indicated in round brackets. As investi-
gations show, the higher is the exactness of basic
characteristic determination in practice and the
more stars are in the sample, the narrower can be
chosen the section near the maximum to find the
mean value. We will nominally call the scale of
astrophysical quantities received by the use of
the correction procedure — the renewed scale.

The way of obtaining basic characteristics of
stars that were used to construct the scale of as-
trophysical quantities, was traditional (Merezhin,
1994 a, b). Namely, the magnitude V, the color
indicators U-B and B-V of the UBV system, the
excess of color E (B-V) and the angular diameter
D were in the first place collected for each mem-
ber of the sample according to the published data.
All these data are necessary for us to derive an
absolute energy distribution in the spectrum of
the used star. The quantities V, U-B and B-V were
‘mainly taken from Mermilliod and Nicolet (1977).
A standard energy distribution in the spectrum of
astar with MK-characteristics AOV and V=0 were
obtained according to data of Vega's absolute cal-
ibration performed by Arkharov (1989). Then, us-
ing D-test (Merezhin and Shaimukhametov, 1992)
there were received the self-consistent and inter-
dependent with each other T,, M, and B.C. values
that form a reliable base to find other basic char-
acteristics of a star. In cases when the data for D:
test usage were not enough, we used the trad
tional ways of determination of the quantities
we are interested in. As a result, a homogeneous
set of data was received, because all basic char-
acteristics of stars were found by the same means
and according to the single methodic

Let now refer to the analysis of the data of
table 3. As it follows from these data, the correction
procedure of the scale doesn't bring any essential
changes into the scale of astrophysical quantities,
although the mean values of basic characteristics
of the renewed scale differ slightly from the anal-
ogous values obtained in the frames of the tradi-
tional approach. So, <T,> value obtained by the
use of all stars of the sample (N=108) turns out to
‘make 15992K for spectral subclass B, while <T.™>
value with the use of stars of only (a) group (n=54)
makes 15598K. For the same subclass the quantities

<R>and <R are equal to 3.69R, and 3 53Ro,
and <M> and <M<> quantities are equal t0 5 ﬂ.‘)Mn
and 4.97Mo, respectively. For the absolute star
value its mean values <M.> and <M."> are equal
to -07.98 and -17.09, respectively. We see that the
differences in the mean values of basic characteris-
tics received by two different ways are really in-
significant and their values are within the errors of
determination of these mean values. So, the val-
uesof differences <T,>-<T,">, <R>-<R>, <M>-
<M*>and <M,>-<M,"> are equal to 394°K, 0.16Ro,
0.08Mp and +0m11, respectively. Comparing these
values of differences with those oz, 0z 0y and oy,
values cited for that subclass on pictures 1 and 2,
we assure in the validity of our remark

It should seem that such small distinctions in the
mean values obtained by two different ways do not
deserve a special attention. However, if we analyze
the behavior of g, and v, quantities along spectral
sequence from hot stars to cold ones in the renewed
scale of astrophysical quantities, then the advan-
tage of the offered approach is easily traced. Let
refer to the data of Table 1 where the quantities
Gan and v,, obtained by the renewed scale are pre-
sented in columns No. 8 and 9. We see that in spectral
range from 05-5.5 to A7 the behavior of the gravity
gam along spectral sequence from hot stars to cold
ones turns out to be habitual. A deviation from such
behavior is revealed only near FOsubclass. The change
of the velocity v,,along the same sequence is habit-
ualin spectral range from 06-6.5 to Ad-5. Interrup-
tions in the behavior of the last is observed at very
hot (subclass 05-5.5) and cold (subclasses A7, F and
F2)stars. It's to the point to underline that the nor-
mal behavior of g, and v, quantities at a big
expansion along spectral sequence from hot stars to
cold ones which we observe, results automatically
from the data of the renewed scale.

The following two arguments give us an occa-
sion to assert that the mean values found by the
correction procedure are still more correct as com-
pared with those values of the same means deter-
mined by traditional method. Let consider the first
one. We see that errors of determination of the
mean values <T >, <M>, <R°> and <lgL"> are
much less than errors of determination of the
mean values <T,>, <M>, <R> and <lgL>. So for
Bl subclass we received: root-mean-square er-
rors G Gy 0y and o, in determination of <T.>,
<M>, <R>and <IgL> values turn out to be equal
102595 K, +2.04Mo, £1.22Ro and 20.30, while root-
mean-square erTors oy’ oy's 0y’ and 0,°in deter-
mination of <T,%>, <M>, <R> and <IgL> are
equal to £325 K, £0.65Mo, £0.10R and 0.06, re-
spectively. For B9 subclass we found that:
0r=+650K, 0y=0.32Mo, 6y=20.35R¢ and 6,=20.17
for quantities <T.>, <M>, <> and <IgL>; and
O, =160K, 0y =40.15Mo, 0,°=40.06Ro and 0,°=+0.03
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for quantities <T,>, <M*>, <R*> and <IgL*>, re-
spectively. That is, in both subclasses under con-
sideration the values of errors of determination oy,
Gy 0y and o, turn out to be much more than the
values of errors of determination o oy o5’ and
6", The second argument is a habitual behavior of
dynamic gravity and critical rotation velocity along
spectral sequence from ot stars to cold ones inside
the renewed scale of astrophysical quantities.

As investigations show, when the sample is thin,
it is practically impossible to use the correction pro-
cedure. In this case the maximum s faintly observed,
and this fact complicates the'selection of stars to (a)

roup. Asa result we get the uncertain mean values.
Therefore, the only one device required to obtain
the reliable mean values of any from basic charac-
teristics is to increase a number of stars in every
sample. In our case this remark concerns 05-5.5, A7,
F0 and F2 subclasses. Practice shows that when the
sample includes 25-30 members, the procedure of
selection leads already to the correct results.

Using the data from columns No. 7 and 9 of
Table 3, by filling them with polynomial of the
first order, we find that the values of a, and b, are
equal to 0.2612 (+0.01) and -0.0260 (+0.003), but
using data of columns 8 and 9 we get that a,=
0.2593 (+0.005) and b,=-0.0160 (:0.013). We see that
the distinctions in values of a, and b, coefficients
of the renewed and not renewed scales are not
essential. hen, in order to establish the reasons of
appearance in the relation (4),
let alll the fonnw-mg simple calculations. Let refer
to the data of columns No. 8 and 10 of Table 3 and
consider the following two examples. Let <lgL™>
values to be higher and <M*> values to be lower
than the true values of <|gL™> and of <M">, re-
spectively (example No. 1). According to the second
example, we suppose that <IgL®> values are low-
er, and <M°> values are higher the true values of
<lgL"> and <M">, respectively. Then, if <lgL>
and <M*> values presented in Table 3 differ from
the true ones <IgL®> and <M> for 10% only, we
get 0,=0.2603 and b,=-0.0734 and ,=0.2592 and
0387 for the first and second examples, re-
spectively. We see that the values of a, coefficient
remain in both cases invariable, while the values
of coefficient b, noticeably differ from each other.
So, it even changes the sign when transferring from
one example to another.

Further, if <IgL*> and <M*> values presented
in Table 3 differ from the true ones <IgL> and
<M*> for 5% only, we find that a,=0.2594 and
b,=-0.0445 and a,~0.2592 and b,=0.0102 for the first
and second examples, respectively. We see that in
this case the situation with a, and b, coefficients
doesn't differ notably from the previous one. But
it suffers from evident changes if <IgL"> and <M>
values presented in Table 3 differ from the true

ones <IgL*> and <M*>, e.g. for 1-2% only In the
last case we have a,=0.2593 and b,=-0.0302 and
0,40.2593 and b,=-0.0034 for the first and second
variants, respectively. We also see that in both
examples the quantity b, remains negative.

These examples allow to make the following
conclusion. In principle, if deviations of quanti-
ties <IgL™> and <M"> from the true values <IgL™>
and <M"> are not great, then it is not difficult to
obtain the elimination of b, coefficient in the re-
lation (4) by variation of values of these quanti-
ties. However, as it seems to us, the following ar-
gument binds us with the necessity of the obliga-
tory presence of the last in mass-luminosity cor-
relation. As calculations show, the quantity g, re-
mains practically invariable even under consider-
able deviations of the mean values <IgL®™> and
<M"> from their true values, while b, quantity
suffers from essential changes even under small
deviations in the mean values under consideration.
Then the appearance of coefficient b, in the rela-
tion (4) is conditioned by not only incorrect know-
ing of <IgL®> and <M*> values, but also by the
presence of different perturbation effects inside
the stars. Right their presence brings to the dis-
ruption of mass-luminosity correlation and leads
to the necessity of introducing the mean star of
the given luminosity class. For example, the rota-
tion effect can play the role of one of them. It is
known (see, e.g., Sackman and Anand, 1970) that
the presence of the angular moment the star has,
brings to the deceleration of the nuclear reactions
rate and the lowering of its luminosity as com-
pared with non-rotating star of the same mass. It
is clear that we should expect even though a weak
disruption of mass-luminosity correlation. To con-
firm this, we can present the fact already estab-
lished by the observations. So, as investigations
show (see, e.g., Krat, 1962), mass-luminosity cor-
relation is not implemented by the secondary com-
ponents of close binary systems. It is stipulated by
the non-standard evolution of stars entering a pair.

6. Conclusion

The offered correction procedure of the scale
of astrophysical quantities is not burdensome to
our mind. It doesn't change the approach to the
scale’s construction as a whole, but improve the
exactness of finding the mean values of basic char-
acteristics. It is realized by attraction of a big
number of stars with the already known values
of basic characteristics and their thorough selec-
tion. To check the reliability of the obtained mean
values it is offered to attract the indicators with
their already known behavior. Right the correct-
ness of their behavior in the frames of the con-
structed scale of astrophysical quantities allows to
judge about the reliability of the results
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ELEMENT ABUNDANCES IN STARS: CONNECTION
WITH CHEMICAL EVOLUTION OF A GALAXY

T.V. Mishenina

Astronomical Observatory, Odessa National University,
Shevchenko Park, Odessa, 65014, Ukraine

ABSTRACT. Abundaces of 17 elements in the at-
‘mospheres of 100 stars belonging to different popu-
lation of the Galax y were determined. The com-
paring of the obtained results with the predictions
of current chemical evolution models was made.

1. Introduction
The i of efficient high-resol
spectrographs on modern telescopes and the de-
velopment of theoretical interpretation of spec-
tra allow to define very accuracy the chemical
composition of stars and to !est me theories of
mical g luti

One of the xmpmanc questions of modern as-

trophysics is the investigation of enrichment of

Mbol

the chemical elements and then the
of an adequate model of the chemical and dy-
namic evolution of the Galaxy. The individual el-
ements are produced at various events and on dif-
ferent timescales, and the observed abundances
may be used to decode the galactic evolution. How-
ever, the chemical enrichment is realised by the
return of new elements into the interstellar me-
dium (ISM) through slow and fast mass loss phe-
nomena, whose relative importance is controlled
by several parameters, like the initial stellar mass
distribution, the physics of stellar winds, star for-
mation rates, stellar lifetimes, the metal depend-
ency of the nucleosynthesis, the galactic gas flows,
the mixing processes in the ISM etc. As we cannot
get this information directly from observations, it
is necessary to use models of galactic evolution
taking into account all these processes in detail
‘The goal of this work is the determination and
the analysis of several element inat-

aﬁz 03 04 05 06 07 08 09 10
by
Figurel: The diagram of M, , vs b-y for program stars

2. Observations

For the decision of the task we selected 100
stars (dwarfs, giants and subgiants) in a range of
‘metallicity -3<[Fe/H]<0.3 (Fig. 1). The observations
were taken from the library of spectra were col-
lected at the Haute Provence Observatory (Soubi-
ran et al., 1998). They had been made with the 193
cm telescope equipped ELODIE spectrometer (R =
42 000), the spectral range is 4400-6800 A, signal-
to-noise rations are more 100. Spectra were previ-
ously reduced (Kats et al., 1998), the further
processing of spectra (continuum level location,
measuring of equivalent widths etc) was carried
out by us sing the DECH20 software (Galazutdi-

‘mospheres of the stars belonging to various sub-
systems of the Galaxy and the choice of sources
of the contributions in the element abundances
by the comparison of the observations with the
predictions of some galactic models.

nov, widths EWS of lines were
meﬁsured by means of a Gaussian fitting.

We have compared our EWs with those defined
by other authors (Mishenina, Kovtyukh, 2001;
Mishenina et al., 2002a, b). The agreement is suffi-
ciently good.
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3. Stellar parameters

The basic characteristics of investigated stars
are given in the papers (Mishenina, Kovtyukh,
2000; Mishenina, et al., 2002a, b). The spectral
classes Sp, stellar magnitude V and colour index
(B-V) are taken from a database SIMBAD, paral-
lax — from the observation of Hipparcos (ESA
1997). Bolometric magnitudes M, are calculated
with use bolometric corrections from the paper of
Alonso et al. (1995). Use of direct methods of def-
inition of effective temperature T is possible
only for the limited number of stars. The used
photometric and spectral methods are burdened
by some additional errors. The photometric meth-
ods base on theoretical or empirical spectral cali-
brations and require the account of the interstel-
lar reddening. The spectral methods require the
reliable damping constant and account of proba-
ble influence of the departures from the local ther-
modynamic equilibrium (NLTE) require the ac-
count interstellar reddening, spectral. Therefore
for T, determination we used the following iter-
ative procedure. As the first approach, we adopt-
ed T,y determinations given in the paper of Sou-
biran et al. (1998), they are based on a statistical
method using the large number of lines in a spec-
trum and calibration of effective temperature T,
taken from the reference sources with certain
weight. Then T, was specified on conditions that
the iron abundance determined on any line is in-
dependent on its low level energy E,,,. As the con-
trol of a choice Ty, we carried out the compari-
son of the observational profile of the Ha lines
with the theoretical calculations of the Ha lines
under the program STARSP (Tsymbal, 1996).

The surface gravity log g was determined on
the assumption of the ionisation balance for iron
lines and then it was specified under the standard
formula:

log g = 4log T H.AM,,Hog(M/ M, .,)-12.5,
where the following parameters for the Sun
T.=5T70 K and log g=4.40 are accepted.
t velocity V, was on
conditions that the iron with

us authors is within the limits of determination er-
rors. The available divergences are caused, first of
all, by the various methods of parameter defini-
tions that were used by the authors.

In order to distinguish disk stars (D) from halo
stars (H) by kinematic criteria, we determined the
spatial velocities and galactic orbital parameters of
our target stars. The first group of stars (D) includes
objects with disk-like kinematic, (nearly-cirular or-
bits, not reaching extreme distances from the plane
and with a significant component of rotational ve-
locity. Thick-disk stars dominate this group. The sec-
ond group (H) includes all stars whose orbits reach
larger distances from the galactic plane; they have
larger values of ecentricities or retrograde rotation-
al velocities. All other stars fall into an intermediate
group (I) corresponding to the overlap between the
thick disk and the halo (Mishenina, et al., 2002a)

Lithium. The change of any element abun-
dance with age or with distance in the Galaxy
represents undoubted interest for the theories of
chemical evolution of the Galaxy and nucleosyn-
thesis. But the lithium occupies the special place,
both by amount of papers on Li abundance deter-
‘mination, and on that role, which it plays in build-
ing of an adequate picture of the Universe. Lith-
ium is one of few elements formed as a result of
the Big Bang and its cosmological abundance can
characterize baryon-proton ratio and the baryon
contribution to density of the Universe. Li abun-
dance characterizes also physical and nuclear proc-
esses oceurring inside stars.

The lithium is destroyed in nucleosynthesis at
rather low temperatures (near 2.5+10° K) and its
abundance in stellar atmospheres varies already
at stages Pre Main Sequence and Main Sequence
(Tben, 1965; D'Antona, 1991). Since Spite&Spite
(1982) revealed that the lithium in enevolved stars
of Population 11 shows comparable surface abun-
dances (for stars with T,,, beyond 5800 K, [Fe/H]
<-1.4), many Li abundance investigations were
made that confirmed this result. In recent works
the obtained value of logA(Li) is equals to 2.1 (Pila~
chowski et al., 1993), 2.32 (Thorburn et al., 1994),

Fe I lines is independent on its equivalent widths
EWs. As a metallicity of star [Fe/H] the iron abun-
dance determined with the oscillator strengths from
Gurtovenko, Kostyk (1989) on the program of
Kurucz WIDTHY is accepted.

The accuracy of definition of parameters is equal:
AT =+100 K, Alog g=+0.3 dex, AV,=+02 km/s,
A[Fe/H]=20.1 dex. The parameters of atmospheres
of studied stars are given in Tab. 1. The comparing
of our studies with results of some recent works
was made in paper (Mishenina, Kovtyukh, 2001;
Mishenina, et al., 2002a,b). The agreement between
parameters of atmospheres determined by other and

2.24 (. 1997), 2.40 (Gratton et al.,
2000). The primordial abundance of Li according
to the big bang models is 3:10*% on mass (Walker
etal., 1991). That value is close to those observed
in dwarfs and subdwarfs

Lithium abundances for the stars of our target
were derived from a fitting of observational data
with a synthetic spectra computed by STARSP code
(Tsymbal, 1996) in LTE assumption using the de-
tailed structure of the lithium feature at 6707 A.
Atomic and molecular line list was taken from
Mishenina&Tsymbal (1997). The calculations of
NLTE (Carlsson et al., 1994) departures show that
the 6707 lines are slightly affected by it
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Figure 2: Comparison of Li dwarf observations
(T ,>5600 K) with theretical models of Timmes et al.

Our result is a higher (0.1 dex on the average) than
Li abundance, predicted by the model. Probably, it
is result of errors of Li abundance definition or
there is a consequence more high cosmological val-
ue of Li abundance (larger than 2.1 dex). Models of
Li dilution, taking into account various transport
mechanisms (Pinsonneault et al., 1992; Proffitt,
Michaud, 1991; Chaboyer, Demarque, 1994) also
requires more larger primordial lithium abundanc-
es than log (Li) = 2.1. Certainly, it may be also due
to unreliable choice of sources of Li-production
or preconditions of model of chemical evolution.
Ryan et al. (2001) carefully studied the abun-
dance and evolution of Li in galactic halo and disk.
They draw attention to a choice of effective tem-
perature of stars. ngher temperature conducts to
the larger Li Ryan et al. (2001) also have

(1995, ApJS 98, 617) (the calculated Li i
show as the solid line, the dotted lines show factors
of two variation in the v-process yields) and Ro-
mano et al. (1999, A&A 352, 117) (dashed line).

The study of behaviour of the Li abundance for
stars with T,,>5600 K, and log g>3 on various me-
tallicities allows to estimate the contribution of var-
ious sources of the Li production in enrichment of
interstellar mediurn (ISM). The lithium abundance
raises with [Fe/H] increasing and it shows the larger
dispersion on [Fe/HJ>-1.3 (see Fig. 2, and also Rebolo
et al., 1988; Chen et al., 2000).

Lithium evolution has already been studied in
detail by several authors and some sources of the
Li-production were considered. The model of chem-
ical evolution of D'’Antona and Matteuci (1991) con-
sidered classical novae and AGB stars as additional
sources of Li-production. In the later model of
Matteuci et al. (1995) the neutrino-process nucleo-
synthesis from Type 1T SNe and hot bottom burn-
ing in intermediate mass AGB was taken. Abia et al.
(1995) has accepted the Li production from low mass
AGB stars (C-stars) and Galactic cosmic ray (GCR)
nucleosynthesis. We have compared our Li determi-
nation logA(Li) to the calculation of lithium evolu-
tion (Timmes et al., 1995) (Fig. 2). The authors used
simple standard model, which accepted, that halo
and disk are parts of the same system distinguished
only on age. Timmes et al. (1995) have considered
twa sources of the Li — production: as a product of
homogeneous Big Bang (Walker et al., 1991) and
synthesized Li in processes of neutrino capture in
massive stars (at [Fe/HJ>-1). As to iron, it is deliv-
ered with two main sources — supernovae SN II

carried out the comparison of the evolution of Li
as a function of [Fe/H] with the predictions of
several models of galactic evolution that is taking
into account various sources of Li-production and
their combination (primary nucleosynthesis, reac-
tions cosmic ray spallation, nucleosynthesis in su-
pernovae through v-process, nucleosynthesis in AGB
stars and novae). The main distinctions between
models arise at a stage of a disk (on [Fe/HP-1),
where AGB stars and novae begin to bring the re-
markable contribution to Li enrichment with inter-
stellar medium (ISM). For halo star evolution the
essential processes are primary nucleosynthesis, v-
process, and reaction of GCR spallation. We have
compared our data to model Romano et al. (1999),
taking into account the above-mentioned processes.
This model gives the good agreement with our data
(see Fig. 2, dashed line) and we may conclude, that
the main sources of Li enrichment of halo stars are
Li-production as a result of the Big Bang, reaction
of cosmic ray spallation and n-process in massive
supernovae.

Carbon. The main nuclear source of carbon is
helium hydrostatic burning in massive stars (He
burning before explosion, the yield depends on
presupernovae model — convective criterion, pro-
cesses of hashing, expiration of masses and rate
of nuclear reactions) and in stars of intermediate
and low masses. The supernovae Type IT and Type
Ia are the main producer of carbon at earlier
stage of the Galaxy, then the longer lived inter-
mediate- and low-mass stars play important role,
and also at the same time metal-rich Wolf-Rayet
stars eject the carbon in ISM by stellar wind

Our the carbon

and SN Type Ia. The analysis of the metallicity in
the solar neighbourhood shows that of 1/3 the So-
lar System iron abundances arise from SN Il and 2/
3 from SN Ta. The calculated Li abundance is dis-
played as the solid line, and the dashed lines show
factors of two variations in the v-process yields.

made on C 1 lines 4817, 5052, 5380 AA. These ik
are weak and they are invisible at [Fe/H]<-1. There-
fore our [C/Fe] data present the small region of
metallicity. For metal-poor stars the carbon abun-
dance are determined on molecular CH lines in ul-
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Figure 3: The trend of [C/Fe] vs [Fe/H]. Our [C/
Fe] - black circles, open circles - [C/Pe] (Ryan et
al., 1991, AJ 102, 303); Norris et al., 2001, ApJ 561,
1034). The dashed lines show the calculations of
Timmes et al. (1995) with two factors variation in
the iron yields from massive stars, dotted line shows
the results when Type Ia supernovae are excluded;
solid line - Liang et al. (2001, A&A 374, 936)

tra-violet (UV) range, CO lines in infra-red (IR) range,
on atomic CI and [CI] lines, at that [CI] lines no
effects the departures from LTE. As a whole, [C/Fe]
determinations for unevolved stars show the larger
dispersion from 0.5 up to + 0.5dex (Tomkin et al.,
1992; Carretta et al., 2000; Gratton et al., 2000) and
the average relation [C/Fe] roughly solar at [Fe/HJ>
-2.5. At [Fe/H|<-2.5 there are the larger scattering of
[C/Fe] (from 0.7 to +1.1) with some tendency of
growth of observed [C/Fe] with [Fe/H] increasing
(Ryan et al., 1991; Norris et al., 2001).

The different sources of carbon-production were
used in several chemical evolution models. So in
model Timmes et al. (1995) the carbon yields from
Supernovae II (Woosley, Weaver 1995) and the
yields from stars of intermediate- and low- mass-
es independent from metallicity (Renzini, Voli,
1981) was accepted, at that the main contribution
was made the intermediate- and low- mass stars.

Other source of carbon contribution to the chem-
ical enrichment of the ISM was proposed in model
Prantzos et al. (1994). The authors have assumed,
that after during the near 1-2 Gyr of the halo
phase, the massive stars by means of a stellar wind
enriched by carbon with ISM during the further
galactic evolution. Gustaffson et al. (1999), having
considered evolution of carbon in a Galactic disk,
have accepted, that the main source — the stellar
‘wind from rich metal massive stars. Later Gustaff-
son, Ryde (2000) have concluded, that a source of
carbon still is not clear. Hou et al. (2000) have united
sources of carbon; they have accepted a star wind

from massive stars both star of intermediate- and

low-masses. Goswai, Prantzos (2000), having ap-
plied our new model considering halo and a disk as
two independent systems, have concluded, that the
C yields from SN II (Woosley, Weaver 1995) are
not sufficient reflect an observational picture and
that there are other sources, for example, Wolf-
Rayet stars or intermediate- and low mass stars.

Liang et al. (2001) using the standard infall model
was explored the origin of carbon by 8 different
models of stellar nucleosynthesis yields. They have
shown that at early stages of a Galaxy, the mas-
sive stars are the main source of carbon, then the
contribution from the longer lived intermediate-
and low-mass stars and from the metal-rich WR
stars grows. Unfortunately, the modern nucleo-
synthesis calculations do not allow selecting pre-
cisely the main carbon sources. We have carried
out the comparison the [C/Fe] data with of Liang
et al. (2001) (Fig. 3, solid line) model, using as the
basic sources of carbon production the intermedi-
ate- and low-mass stars (with the yields depend-
ent from metallicity, Marigo, 2001) and the stellar
wind from massive stars (Portinari et al., 1998)
Noted, the authors do not examine observational
increase of [C/Fe] (up to +1) at [Fe/H]<-2.5. We
suppose, that this growth may be explain by the
contribution from Supernovae II type, and the
larger dispersion of [C/Fe] values at these metal-
licity by early Galaxy.

The model Timmes et al (1995)
described observable trend of [C./Fe] with [Fe/H].
particularly, at low metallicities (Fig. 3, our [C/Fe]
~ black circles, open circles — [C/Fe] (Ryan et al.,
1991; Norris et al., 2001). The dashed lines show
the calculations of Timmes et al. (1995) with two
variations in the iron yields from massive stars,
dotted line shows the results when Type Ia super-
novae are excluded. Chiappini et al., (1997) have
received similar result by two-infall model. The
carbon yields from the intermediate- and low- mass
stars as the main source of carbon was also con-
sidered by Oberhummer et al. (2000). Marigo (2001)
has analysed the carbon yields, but dependent
from metallicity for the same stars.

Oxygen. The oxygen abundance does not change
during burning hydrogen in traditional CNO cycle,
and so both the dwarf s and the giants can be
indicators of enrichment by oxygen of ISM. How-
ever, globular cluster giants show remarkable (up
10 15 dex) scattering of [0/Fe] and anticorrelation
of oxygen abundance with the sodium and alu-
minium abundance. On it we shall stop later.

Overabundance of oxygen to iron relative to
solar [0/Fe] in stars with deficiency of metals was
revealed Conti et al. (1967). The values of oxygen
excess have evoked significant discussion that re-
mains undecided till now. The question is that the
oxygen abundance determined on forbidden [0 1]
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lines, IR triplet OI lines and molecular features
(OH lines) will not be come to an agreement among
themselves (Nissen, Edvardsson 1992; Fulbright,
Kraft 1999). The [O/Fe] value determined on lines
[O1] 6300, 6360 AA is equal to near 0.4 dex (Spite,
Spite 1986; Barbuy, 1988; Spissman, Wallerstein,
1991) and it is lower, than in case of use of IR
triplet lines at 7770 AA, [O/Fe] = 0.9 dex (Abia,
Rebolo, 1989; Cavallo et al., 1997). Furthermore
the last determinations show the trend of (O/Fe]
with metallicity decreasing. The first attempt to
improve this situation was made by Kiselman (1991).
Using NLTE calculations, he found the encourag-
ing result — NLTE corrections were achieved 0. 4dex.
However, further attempts of the NLTE calcula-
tions (Tomkin et al., 1992; Takeda, 1994; Misheni-
na et al., 2000) have resulted in lower values of
NLTE departures (up to 0.2 dex) and it has not
removed the contradictions for these two groups
of lines. The subsequent attempt to rule the situa-
tion has touched the change of a scale of effec-
tive temperatures for metal-poor stars (King, 1993)
Later it was confirmed and accepted in works Grat-
ton et al., 2000; Carretta et al., 2000.

But the oxygen abundance study using UV mo-
lecular lines have shown more high [0./Fe] which
is agree to results on IR triplet lines (Tomkin et
al., 1992, Boesgaard et al., 1999, Israelian et al.,
1998). The situation is complicated by the fact,
+hat at [Fe/H]<-2.0 the analysis of the giants [0 1]
lines and of the dwarfs IR triplet lines are used
At the same time the definitions of oxygen abun-
dance on these two groups of lines for dwarfs
with [Fe/HJ>-1.5 has given the similar result (Spite,
Spite, 1991). Tomkin et al have assumed, that the
neglect of convection can be responsible for the

B R T
e

Figure 4: The trend of [O/Fe] vs [Fe/H] (black
ircles — this work, open circles — Mishenina et al
2000, A&A 353, 978). Lines represent of models
“immes et al., 1995 (solid); Shustov et al. (1997,
A&A 317, 397) (dash-dotted); Chang et al (1999,
ARA 350, 38) (dashed); Qian, Wasserburg (2001,
4pJ 549, 337) (dotted)

. We have
using the models with convection (Castelli et al.,
1997) for metal poor giants (T, <4600 K) and with-
out convection (Kurucz, 1993). We found the small
difference (0.05), which has not removed the ob-
servation contradictions.

And, at last, the application of 3D models gives
one more chance to solve this problem within the
framework of stellar atmosphere modelling (Asplund
et al., 1999). However, Israelian et al., (2001) find for
a star BD+23 3130 ([Fe/H]=-2.43) high oxygen abun-
dance ((0/Fe]=0.78), using three indicators of 0xy~
gen in frameworks of one-dimensional models, and
they assumed that is not a problem of theoretical
‘modelling of atmospheres. The question still remains
open. Therefore the interpretation of a trend [0/ Fe]
with [Fe/H] by the theories of chemical evolution
of the Galaxy has some uncertainty

In our work the average value of [0/Fe] was
obtained from [OI] lines and it is +0.46:0.12 (8 stars)
in the region of -1.5<[Fe/H]<-0,7. At metallicities
from -0.7 to 0.3 the <[O/Fe}> is ~0.17+0.09 (15 stars).
These values are lower than those were defined
from IR triplet lines (Cavallo et al.,1997, Misheni-
na, et al., 2000) and from OH ultraviolet lines (Boes-
gaard et al., 1999; Israelian et al., 1998). But our
present result carried out at [Fe/H}>-1.5 and it was
quite concordance with our proceeding one (see Fig.
4). All remain intricate in case of cool giants. Just
for these stars the forbiden oxygen lines is detecta~
ble in their spectra at low metallicities. In our ex-
ample of stars there is star BD+30 2611 with the
low O abundance ([0/Fe]=+0.19 from our determi-
nation), its low O abundance was noticed by Kraft
et al. (1992), King (1997) and Gratton et al. (2000). As
see from Fig. 4, and also see (Carretta et al., 2000;
their Fig. 3) the scatter in [0//Fe] is wide at [Fe/H]<~
1 from both [OI] lines and IR triplet lines. This may
be as the result of determination errors or the
prestellar medium scatter of oxygen abundance.

In the given research we used [OI] lines, as the
spectra, examined by us, have no IR spectral re-
gion. We receive average value <[O/Fe[>=+) 461012
(8 stars) in a range -1.5<[Fe/H|<-0.7 and <[0//Fe]
+0.1820.09 (17 stars) in a range -0.7<[Fe/H]<-0.3.
The mean value of [0/Fe] does not contradict the
tendency of growth [O//Fe] on lower [Fe/H]. The
average value of [0/Fe], obtained in this work
for dwarfs and in the paper of Mishenina, et al
(2000), for halo stars <[O/Fe]>=+0.53+0.08 (4 stars)
and disk <[O/Fe]>=+0.2410.12 (16 stars)

Hydrostatic burning of He in massive superno-
vae SN II (Woosley, Weawer, 1995) is the main
source of oxygen. These calculations of the O yields
are used in models of chemical evolution. We have
carried out the comparison [O//Fe] data with sev-
eral chemical evolution models (Timmes et al, 1995;
Shustov et al., 1997; Chang et al., 1999). [O/Fe]




76

near 0.4—0.5 dex was accepted in these models
and it is lower, than those obtained with permit-
ted IR triplet lines and UV molecular lines. The
model which is taking into account loss of heavy
elements into intracluster medium (Shustov et al.,
1997) better, than other considered models, are
reproduced the run of oxygen with [Fe/H], how-
ever, on low [Fe/H] is not achieved the values of
[O/Fe]=1 dex and more. Three components model
of Qian, Wasserburg (2001) supposing, that the
first massive stars M>100M,,, produce oxygen in
an early Galaxy, reflects well enough the obser-
vation data. It is necessary to note, that there is
also other opportunity to explain the larger dis-
persion at low metallicity, it may be due to homo-
geneous of the earlier Galaxy. Among stars the
poor metals observe stars, which show low enough
value of [0/Fe]. So in our example there is a star
BD+30 2611 ¢ by very low value of [0/Fe]=+0.19
(our definition), such low value was marked also
Kraft et al. (1995); King (2000); Gratton et al. (2000).
As see from Fig.4 the larger scatter of [O/Fe] is
observed at low [Fe/H].

Using our [O/Fe] and executed by us early, in-
cluding recalculation NLTE of [O/Fe], obtained in
work Cavallo et al. (1997) we have estimated the scat-
tering of |O/Fe] values for stars with [Fe/H]<-1 and
[Fe/HP>-1, it is equal +0.29 (43 stars) and +0.17 (33
stars), i Thus th inatic
are equal accordingly +0.19 and $0.15. Thus, observa-
tion dispersion for stars with [Fe/HJ>-1 is caused, for
the most part, of measurement errors, but in case
of stars with [Fe/H]<-1 parts of an errors may be
due to ungemogenous prestellar matter.

Sodium. Sodium is synthesized during hydro-
static burning of carbon and partially, during hy-
drogen burning shell through the NeNa cycle.

The observational situation for sodium abun-
dance in metal-poor stars is not quite clear. Pila-
chowski et al.(1996) studied halo stars and found a
slight mean deficiency <(Na/Fe]>=-0.17+0.22 and
aslight tendency for [Na/Fe] to increase with ad-
vancing evolutionary stage. Investigation of Na
abundance of halo stars on extreme orbits
(Stephens, 1999) exhibits the [Na/Fe] decrease (up
10 -0.7 dex) at [Fe/H] from -1 to -2. Study of thick
disk stars displays mildly enhanced Na with an
average <[Na/Fel> is 0.087+0.014, there is a mild
trend with metallicity (Prochaska et al., 2000). The
determination of Na abundance was carried out
by Carretta et al.(2000). They found for stars with
[Fe/HJ<-0.6, that the average [Na/Fe] is .09+0.19.

Lines of a doublet Na I 6154 and 6160 AA, and
line 5682 A, (other component of this doublet is
blended by telluric spectrum line) were chosen for
definition of the sodium abundance. Not LTE depar-
tures for 6154 and 6160 AA lines are insignificant,
but it is more important for a 5682 A line as was
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Figure 5: The trend of [Na/Fe] vs [Fe/H] Our
[Na/Fe] data — black circles; dotted line — Timmes
et al. (1995); solid line — Samland (1998, ApJ 496,
155); dashed lines — Goswami, Prantzos (2000, A&A
359, 191).

shown earlier for stars of various types (Mashonki-
na et al., 2000; Korotin, Mishenina, 1999; Baumuller
et al., 1998; Gratton etc. 1999), but for D of Na I
lines, they achieve -0.5 dex (Baumuller 1998).

We determined Na abundance with taking into
account the NLTE corrections (Mishenina et al.,
2002b). NLTE calculations were made under the
program MULTI (Carlsson, 1986), modified (Koro-
tin, Mishenina, 1999). In our case the corrections
for 6154, 6160 lines are slightly and they are high-
er (up to 0.2 dex) for 5682 line

Let’s consider the behaviour of [Na/Fe] with
[Fe/H] and compare it to the predictions of mod-
els of chemical evolution of the Galaxy (Timmes
et al., 1995; Samland, 1998; Goswami, Prantzos,
2000) (Fig. 5). All these models as the main source
of Na production consider massive stars and a Na
yields take from nucleosynthesis calculations of
Woosley, Weaver (1995). The authors specify, that
on [Fe/HJ>-1.0 some synthesis of sodium in in-
termediate mass stars can occur in the hydrogen
burning shell through the neon-sodium cycle (De-
nissenkov, 1989). Mass loss of the stellar enve-
lopes would enrich the interstellar medium. How-
ever, they did not it take into account in model
calculation. Note, that the important question con-
cerning synthesis of Na is a question on that,
primary it is an element or secondary. In the first
case it syntheses directly burning carbon and the
Na yields is independent from metallicity. In a
case of its production during neutron or proton
capture the Na yields depends on neutron excess
(Woosley, Weaver, 1995) and, correspondingly,
from metallicity (Samland, 1998). In last case Na

iciency in re-

E
lation to iron in metal — poor stars.

As see from a Fig 5., the calculations of Timmes
et al. (1995) (dotted line) and Goswami, Prantzos
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(2000) (dashed lines) do not reproduce an observa-
tion run of [Na/Fe] with [Fe/H]. At that Timmes
(1995) consider the Na yields independent from [Fe//
H] and accepting, that halo and disk are parts of
the same system, differing only on age. Gosvami,
Prantzos (2000) take the Na yields dependent from
metallicity and considers halo and disk, as two in-
dependent subsystems. It is interesting, that in case
of the Na yields independent from metallicity (up-
per dashed line), the behaviour [Na/Fe] in model
Gosvami, Prantzos (2000) is similar to the behav-
iour of alpha-elements (Mg, Si), this case is marked
by the authors as not realistic. Model Samland (1998)
(solid line) better describes the trend of Na with
[Fe/H], than other models. This model using the
metal dependency of stellar nucleosynthesis, and
taking into account the large number of free mod-
el parameters (gas flows in the galaxy, mixing proc-
esses in ISM, energy release of supernovae etc.),
have a great influence o the dstributionof chem-
ical elements, and, in particular.

‘The average values of [N, Fe] forstarswith [Fe/
HJ>-1 is equal to 0.07+0.09 (60 stars) and slightly
larger than for stars with [Fe/H]<-L, it is equal —
002:£0.14 (38 stars). NLTE corrections reduce the dis-
persion (in LTE assumption the sigma is +0.14 and
0.20, accordingly), but the scattering is larger for
stars of lower metallicity. We suppose that the larg-
er dispersion is due to the larger determination er-
rors at [Fe/H]<-1, though the Na dispersion in prest-
ellar medium can also do its part for total dispersion.

Aluminium. The aluminium is a product of hy-
drostatic burning of carbon and neon in massive
stars, and partially, hydrogen burning in MgAl a
cycle. Al a yield is strongly effect to influence of a
shock wave depends on model pre-supernovae and
power of a shock wave.

The Al abundance determination is made in LTE
approach wilh lines ALY 5605, 8098 AA. For thess
lines NLTE corrections do not exceed 0.15 dex (Bau-
muiller, Gehren, 1997), AL [Fe/ H]-1.0~-1.5 ines of
aluminium weaken in stellar spectra depending on
temperature and surface gravity of a star. The ob-
tained values of [Al/Fe] are in the good concord-
ance with those obtained in some papers (Edvards-
son et al., 1993; Baumuller, Gehren, 1997; Prochaska
etal., 2000) for stars with [Fe/HJ>-1.

T examine the evolution of aluminium at lower
metallicities we have taken the result of works
(Ryan et al., 1996b; Norris et al., 2001). These de-
terminations are carried out on a resonance line
of AT 39615, very effected to influence of NLTE
departures (-0.65 on [Fe/H] - -3, Baumuller, Ge-
hren, 1997). I to correct [AL/Fe] data for NLTE,
we shall get [AL/Fe] on 0.2-0.3 over solar relation
at [Fe/HJ>-1.5 and on -0.2-0.3 below solar relation
with a wide scatter at [Fe/H] - -3. As [AL/Fe] data
were found without the NLTE departures the com-
parison observation data to calculation of models
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Figure 6: The trend of [AL/Fe] vs [Fe/H]. Our
[AL/Fe] — black circles, open circles — [AL/Fe]
(Ryan, 1991; Norris et al., 2001). The solid and
dashed lines show the calculations of Timmes et
al. (1995) with two factors of variation in the iron
yields from massive stars.

of chemical evolution is not enough correct. We
carry out such comparison as a first approximation.
In a fig. 6 the comparison [AL/Fe] with models (Tim-
mes et al., 1995 — solid line, our [Al/Fe] ~ black
circles, open circles — Ryan et al., 1996b; Norris
et al. (2001) is displayed. We see underproduction
of aluminium at higher [Fe/H], especially if to
take into account the NLTE corrections. The calcu-
lations of Goswami, Prantzos (2000) for alumini-
um yields independent from metallicity predict
the trend of [AL/Fe with [Fe//H] similariy the trend
of I (with [AL/H]
0o [Fe/H] - 3). The authors consider this
model only for illustration. Samland (1998), using
Alyields dependent from metallicity and enlarged
on the factor 5, achieves the quite good concord-
ance between observational data and model cal-
culation. Additional source of Al can be Al-produc-
tion through AIMg cycle. There is another source
of Al-production. There is another source of Al-
production. The origin of a radioactive isotope #Al
became interesting problem with the discovery of
an excess of *Mg in the Allende meteorite (Lee et
al., 1977). The presence of array line due to the
decay of**Al in #Mg in the Galaxie pointed to the
production of *Al in a Galaxy at present time,
since the half-life of XAl is 7.2¢10° years.

As a whole, the theories of nucleosynthesis and
chemical evolution do not yet describe the trend
of [AL/Fe] with [Fe/H].

-elements. The so-called a-elements are formed
due to capture of o-particles in the processes of
hydrostatic neon and oxygen burning. Oxygen, mag-
num, silicon, sulfur, calcium and titanium tradi-
tionally belong to this group (though Ti is an
element of iron peak). Supernovae SN I and, par-
tially, SN Ia are producer of silicon and calcium.
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tracks computed by Timmes et al. (1995) and by
Pagel, Tautvaisiene (1995). The thick solid line
represents the results of Pagel, Tautvaisiene (1995).
The thin solid line corresponds to the data from
Timmes et al. (1995), the dashed line shows varia-
tion of the iron yield by a factor of two and
dotted line reflects variation in an exponent by 0.3
in the initial mass function. For [Si/Fe] vs [Fe/H]
and for [Ca/Fe] vs [Fe/H] plots observations are in
the reasonable agreement with both models, and
(Mg, Fel vs [FeH] ~ with the model of Page,
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Figure 7: Our relative abundance of the 6-ele-
ments, Mg, Si, Ca and the tracks for these ele-
ments computed by Timmes et al. (1995) (thin solid
line) and by Pagel&Tautvaisiene (1995, MNRAS
276, 505) (thick solid line).

‘The Si, Ca yields depend on pre-supernovae model
and power of a shock wave,

We carried out Mg, Si, Ca abundance determi-
nation using the lines of neutral atoms of these
elements and LTE approximation. Some authors
(Gratton et al., 1999; Thevenin, Idiart, 1999; Shi-
‘manskaya, Mashonkina, 2000) have estimated the
departures from LTE for lines of Mg. The NLTE
corrections for Mg 1 lines (for example, Shiman-
skaya, Mashonkina 2000) have not change the trend
of [Mg/Fe] with [Fe/H] and the average value of
[Mg/Fe]=0.45+0.05. Estimations of the departures
from LTE for lines Mg at [Fe/H]<-0.6.

The effects of non-LTE for Fe and Mg lines
were investigated by Gratton et al. (1999). They
shown that the size of the model atom impact on
results of non-LTE computations. Using 60-level
model of the iron atom, they found negligible de-
partures from the LTE in high gravity stars and
slightly pronounced in low gravity stars, which is
evidently due to the less efficient thermalization by
collisions in giants. Non-LTE corrections for Fe lines
are very small in dwarfs, and only small correc-
tions (<0.1 dex) are expected for giant stars. The
main non-LTE effect for Mg is overionization, but
for high excitation lines these corrections are small
in cool dwarfs (T,,<6000K) and larger in warmer
dwarfs (-0.15 dex). Corrections are larger also in
giants due to collisions less efficiently complete

In Fig.7 we plotted our [Mg/Fe], [Si/Fe] and
[Ca/Fe] vs [Fe/H] abundances together with the

(1995), as one can see from Fig. 7
But, the discrepancy between the tracks for Mg
of two models is evident, «for reasons which are
not yet clear» (Pagel, Tautvaisiene, 1995). Both
models assume that magnesium is a pure product
of massive supernovae SNII. The best fit the mod-
el of Timmes et al. (1995) to the [Mg/Fe] observa-
tions may be a systematic reduction of the iron
yields from massive stars by a factor of two and a
small maguestum conteibution originating from
another source (Timmes et al.,

"The model of Goswam, Prantzos (20) de-
scribes well the behaviour of a-elements, except
Mg. Samland (1998) accepts, that the main source
of Mg are massive stars (SN 1I) and 1.5% of Mg —
production come out from SN Ia. The complicated
model of Samland (1998) describes well the trend
of [Mg/Fe] vs [Fe/H]

Iron, The main nuclear s
sive nucleosynthesis in su
2/3 of solar abundance of
explosion of white dwarfs 1
Ta), supernovae SN IT is produ
solar abundance.

The abundance of iron relz
[Fe/H] = lg(Fe/H) star —

of iron is explo-
N I and SNIa.
- is a product of
(stems (SN
1/3 of iron

ur

ve to solar one
H) is used as pa-

on similar
set of lines for all study st
tion. From 50 up to 150 lin:
licity were used in our
NLTE effects on the neut
was investigated in some «
1999; Gratton et al., 1
Unfortunately, the co:
el of atom (as iron, for
especially in absence of p:
satisfactory aceuracy.
Other problem conce:
in metal-poor stars, the
of iron, which can result in
in giants (Chaboyer et al
of dwarfs and giants in glob
support this assumption — Fe a
and giants coincide amor

meters with

abundance

dance in dwarfs
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n-capture elements. Two main are
responsible for the production of these elements:
the r-process (for rapid neutron capture and the s~
process for slow neutron capture depending on the
magnitude of the neutron flux available, and in
some cases the p-process (Burbidge et al., 1957).
The r- and s-process syntheses are supposed to
occur at different stages of star’s lifetime. The r-
process nuclei are synthesized in massive stars,
that explode as Type 11 supernovae (SNe) (Cowan
et al., 1991). The s-process is traditionally divided
into two types: the weak s-component and the main

The weak is i

for the production of lighter elements (Sr, Y, Zr)
during the core He burning in massive stars (Lambd.
et al., 1977; Raiteri et al, 1991). The main s-
component elements (heavier than Ba) can be syn-
thesized during the termal pulses in the AGB phase
of intermediate- and low-mass stars (Iben, Renzini,

1982; Hollowell Tben, 1989).In the work
n-capture elements determinations (Spite, Spite,
1978; Gilroy et al., 1988) the pattern of an element
relative to iron ratio has been found not to follow
that of a- or iron-peak elements at [Fe/H]<-2
Truran (1981) speculated that for low metallicity
stars this might be due to the dominant role of the
r-process. Later Gratton Sneden (1994) found that
the relative contribution of the s-process is smaller
in the metal-poor stars than in the solar system
but that it is not at all negligible, even in stars as
metal-poor as [Fe/H]=-2.5. McWilliam et al. (1995)
confirmed the slump for [Sr//Fe), [Ba/Fe] vs [Fe/
H] at a unique metallicity, about of [Fe/H}=-2.4
early detected by Spite, Spite (1978). This observa-
tion implies that a distinct phase of nucleosynthe-
sis occurred before the Galaxy reached [Fe/H]=
-2.4. McWilliam et al. (1995), Ryan et al. (1996)
found also that the dispersions in some heavy ele-
ment abundances (Sr for example) represent a scat-
ter in the original stellar compositions at [Fe/HJ<
-2.5. This signature may have arisen from the weak
s-process in massive stars or by r-processing.
McWilliam (1998), Sneden et al. (1998), Burris et al
(2000) confirmed the significant scatter in n-capture
elements at low metallicities.

In our study Sr.Y, Ba, La, Ce, Nd and Eu abun-
dance analysis was carried out in the LTE ap-
proximation using the oscillator strengths log g
from the paper of Gurtovenko, Kostyk (1989). Os-
cillator strengths from this source for some of the
elements (including Ba, Eu) allow for the effect of
hyperfine structure.

Non-LTE calculations for Ba were performed in
the work by Mashonkina et al. (1999). They showed
that corrections are small for subordinate lines
(<0.08 dex) and increase to 0.20 for the Ba II reso-
nance line lambda 4554 A. Departure from the

35 90 25 20 15 10 05 00 05
[FeH]

Figure 8: Relative abundances of Sr, Y, Ba, La,
Ce, Nd to Eu versus [Fe/H].

LTE gets stronger with lower metallicity, depends
on temperature and microturbulence but is insen-
sitive to surface gravity and EW. However, the
observed underabundance of Ba at the considered
low metallicities is 1—-1.5 dex, and this amount can’t
be removed completely by accounting for these
corrections only. Therefore, we consider our analy-
sis to be quite robust against non-LTE effects.
The study of the trends of relative abundances
vs [Fe/H] is important to investigate of the influ-
ence of the n-capture elements in enrichment of
the Galaxy (Mishenina, Kovtyukh 2001). Investiga~
tion of -, s-processes in the Solar System was car-
ried out by Kappeler et al. (1989) and Raiteri et al.
(1991). They conclude that more than 90% of Eu
should come from the r-process. Relative abundanc-
es of Sr, Y, Ba, La, Ce, and Nd to Eu may indicate
the efficiensy of the s-process at the epocs of dif-
cit Fig. 8). [Nd/] ibits lar
er contribution of the 7-process than other elements.
[Y/Eu), [Ba/Eu] and [Ce/Eu] show trend with
[Fe/H] that may be the evidence of the s-process
enrichment growth with increasing metallicity.
Mashonkina et al. (1999), by direct determination of
the odd-to-even isotopic ratio from the Ba II reso-
nance line, showed at the instance of two stars that
they have been formed from material whose bari-
um content originated mainly in the s-process
([Fe/H>-2.2). This result agrees with our conclu-
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and low mass SN as the sauces of production of 7~
and s-elements. Ba, La, Ce, Nd, and Eu that contain
species of very different origin (mostly r-process
production for Eu and s-process for Ba) were ana-
Iyzed by these authors. Fig. 10 represents the be-
havior of these elements among the three popula-
tions of the Galaxy (the solid line corresponds to
thin disk, the dotted line — thick disk, the dashed
line — halo). For La, Nd, and Eu the agreement
between observations is good, while for Ce and,
especially, Ba it clearly breaks down. The model of
Travaglio et al. (1999) predicts the appearence of s-
enrichment at lower [Fe/H] than it follows from our
observation data (for Ba, for example). It may be
due to that at [Fe/H]<-2'5 the inhogeneous models
of chemical evolution are required. Analysis of our
data and matching with various evolutional models
testifies to s enrichment at [Fe/H]>-2.5 by a wind
from AGB stars of small masses. Some our target
st i a7 oo contr il ko B, Yl

Fig. 9. Relative abundances of Sr, Y, Ba, La, Ce,
Nd, and Eu versus [Fe/H] and the tracks for these
elements computed by Pagel&Tautvaisiene (1997,
MNRAS 288, 108) (solid line).

sion. Relative abundances to iron of [Sr/Fe], [¥/
Fe), [Ba/Fe], [La/Fe], [Ce/Fe), [Nd/Fe], [Eu/Fe]
vs [Fe/H] and comparison with the tracks of the
model of Pagel Tautvaisiene (1997) are given in Fig.
9. The run of [Ba/Fe] vs [Fe/H] confirms the well-
known jump of Ba abundances at [Fe/H] about of -
2.5 dex (Spite Spite, 1978). Unfortunately, the lack
of more stars in our sample with metallicities <-2.5
does not permit to trace the behavior of Ba abun-
dances at earlier times and check if there is a pla-
teau at [Fe/H]<-2.5 predicted by the model of Pagel
Tautvaisiene (1997). But inside the available e
of 0.5>[Fe/H]>-2.5

these model calculations s pretty good. These theo-
retical abundances have been computed assuming
two separate time delays in s-elements production
of the order of 37 Myr and 2.7 Gyr, corresponding
to progenitor masses of about 8 Msolar and 1.5 Msolar
respectively. Now, let’s compare our results with
the chemical evolution theory of Travaglio et al.
(1999), which considers AGB stars of different masses

./H]<-2.0. Sr shows larger scat~
Ler. McWilliam elal (1995), Ryan et al. (1996) found
larger dispersion in [Ba/Fe] and [Sr/Fe] at lower
metallicities ([Fe/HJ<-2.5) and have interpreted it
as the evidence of the formation of our Galaxy at
early times by mergers of the fragments with vari-
ous proper enrichments (Searle, Zinn, 1978). Re-
cently, the inhomogeneous chemical evolution mod-
els have been constructed by Raiteri et al. (1999) —
for the run of [Ba/Fe] vs [Fe/H], by Travaglio et
al., (2000) — for the run of [Eu/Fe] vs [Fe/H] and
Tsujimoto et al. (2000) — the run of (Ba/Mg] vs [Mg/
H], [Eu/Mg] vs [Mg/H]. We compared our [Eu/Fe]
vs [Fe/H] data with the calculations of the inhomo-
‘geneous chemical evolution models by (Travaglio et
al., 2000 (schematically, Fig. 11, 12). A Monte Carlo
model by Travaglio et al. (2000) is based on the idea
of fragmentation and coalescence between interstel-
lar gas clouds, taking into account the effects of
local enrichment and mixing of the halo gas, and
accentuating on elements like Eu produced by 7-
process from low-mass SN. In case of Eu production
from high-mass SN (15-25M), the time delay in the
enrichment of Eu with respect to Fe will be too
small and it is not enough to explain the observed
spread in [Eu/Fe] at -3 5<[Fe/H|<-2.5. Our data
are overlapped with the model dots partially in com-
mon region of [Fe/H]. Never the less, inhomogene-
ous models are very perspective for the interpreta-
tion of the behavior of r- and s-elements at early
times of galactic evolution (at [Fe/H]<-2.5)

and zine. Cu and 7, two elements im-
mediately following the iron peak. The first sche-
matic description of the chemical evolution of Cu
and Zn was proposed by Sneden et al. (1991), who
suggested that they might be ascribed mainly to
the weak s-process. Their conclusions were sub-
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sequently questioned by Raiteri et al. (1992) and
by Matteucci et al. (1993). In this last work evi-
dence was presented in favor of a large
contribution from relatively long-lived processes,
tentatively identified as Type la supernovae
Contrary fo this, Timmes et al. (1995), using the
copper and zin yields of Type II supernova ex-
plosion from Woosley, Weaver (1995), suggested

(BaFe]

[La/Fe]

that these elements might be in sig-
nificant amounts by the major nuclear burning
stages in massive stars. These contrasting expla-
nations are an example of the large uncertainties
one meets when an incomplete picture of stellar
yields and a simplified chemical evolution scheme
have to be used for interpreting the data.

The 5105.54, 5218.20, 5782.12 AA lines of Cu I
were used for abundance definition (Mishenina et
al., 2002a). Synthetic spectra were calculated taking
into account the hyper-fine structure of Cu I com-
ponents (Steffen, 1985). The abundance of zinc was
obtained from the 4722 16,4810.53, 6362.35 A lines
of Zn L. We used the EWs of these lines and Oscil-
lator strengths for Zn I lines were taken from Gur-
tovenko, Kostyk (1989). The abundance definition
was made in LTE assumption. Concerning Cu and
Zn, computations of NLTE-effects on their abun-
dances are complex and so far a good estimate of
NLTE-corrections has not been presented. A poste-

[CefFe]

[Nd/Fe]

[Eu/Fe]

4540 35 30 25 20 15 10 05 00 05
o)

Figure 10: Relative abundances of Ba, La, Ce, Nd,

and Eu versus [Fe//H] and the tracks for these cle-

viori, obtaining diff from lines with
different low-level excitation potentials can be an
empirical demonstration that departures from LTE
are present. In the case of Cu, the lines 5105 AA
and 5782 AA occur from meta-stable levels £, =1.39
and 1.64 eV, respectively, unlike the line at 5218
AAE,, V. We have estimated that the dis-

epancy in Cu abundance, as determined from
+he lines at 5105 A and at 5218 A, is <[Cu/H], ~
{Cu/Hl,,,,>= 0.040.10. The difference is well within
the uncertainty of the estimate, and does not pro-
vide reasons for assuming that departures from LTE
wre of any importance. Unfortunately, Zn I lines
nave similar potentials and we cannof perform a
similar analysis for the Zn abundance. We can how-
=ver note that we used solar oscillator strengths for
Zn T lines from Gurtovenko, Kostyk (1989), which
icitly include departures from LTE. We thus
nsider that our results can be affected only mar-
zinally by NLTE-effects.

Our values of [Cu/Fe], [Zn/Fe), and [Cu/Zn]
2re shown as a function of [Fe/H] in Fig. 13, and
ompared to abundances available in the literature.
the figure we prefer to use different points for
easurements of the same star made by different
thors, instead of making averages: in this way

ends for Cu and Zn are remarkably different,
uggesting that differences in the dominant stellar

d by Travaglio et al. (1999, ApJ 521,
691) (the B g corresponds to_thin disk, the
dotted line — thick disk, the dashed line — halo).

‘mechanisms controlling the production of these el-
ements must exist. Observational trends of [Cu/
Fe), [Zn/Fe], and [Cu/Zn] versus [Fe/H] are shown.
Symbols are for: H stars, D, and I stars from this
work; Sneden et al. (1991); Westin et al. (2000); Hill
et al. (2002) and Cowan et al. (2002). Thin dotted
lines connect the points representing observations
of the same stars by different authors. Error bars
for individual objects are shown only when report-
ed in the original papers. Fig. 14 shows indeed that
fitting their relative trends requires at least a poly-
nomial function with a quartic term. The line in the
figure has no special meaning other than minimiz-
ing the sigma of the fit; it however shows that any
reasonably accurate interpolation curve must nec-
essarily assume relationships more complex than
expected from purely primary or purely secondary
processes. A purely secondary element would have
a linear trend with slope +1. On the contrary, in
the region where an almost linear trend exists
(-2<[Fe/H]<-0.5) the observed slope is about 0.6.
Hence, already in early times of galactic evolution
(the halo phases) Cu cannot be considered as a
purely secondary element. In such phases it might
be explained as the superposition of (at least) two
independent processes, one of primary and one of
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Figure 11: [Eu/Fe] versus [Fe/H], the filled triangles represent our data, the small open circles
correspond schematically to the calculations of Travaglio et al. (2001, ApJ 549, 346). The r-process
yields of Eu are derived from SN II in the mass range 8-10 M,y,..

secondary origin. A parabolic relation does in fact
hold for the Cu abundance data in the shown me-
tallicity interval, and Cu can have contributions
from both primary and secondary processes in
short-lived (i.e. massive) stars. The importance of
secondary mechanisms can be quantitatively esti-
mated by considering Cu production compared to
the s-only isotope 80Kr. This nucleus is known to
be produced at about 129 of its abundance in the

main component of the s-process (Arlandini et al.,
1999) and to have possibly a 10% p-process contri-
bution. The rest is due to neutron captures in mas-
sive stars. Let us use for these last the recent models
by Hoffman et al. (2001), where the overproduction
of isotopes up to A=100 is given. Those models
have to produce 80Kr at the 78% level of its solar
abundance, then summing over the isotopes of Cu
one gets for this element a contribution from sec-

2 T T T T
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T
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[Fe/H]

Figure 12: [Bu/Fe] versus [Fe/H], the filled triangles represent our data, the small open circles

P to the
derived from SN 11 in the mass range 15-30 M,

of Travaglio et al. (2001). The r-process yields of Eu are
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ondary processes in massive stars of about 23%
(assuming no primary contribution from the same
stars). el [Fe/H)=
, [Cu/Fe] reaches an apparent plateau (though
this mnclusmn is uncertain due to the limited data)
around 0.6 dex. As 70% of iron comes later from
type la Supernovae, this implies a primary contri-
bution by population II massive stars of 10960.3,
which gives a total contribution as small as 7.5%.
From the recent work by Heger et al. (2002) we also
see that pre-galactic very massive stars cannot give
remarkable contributions to Cu.

We can also exclude that the primary massive
star contribution be dominated by the r-process.
The comparison with Ba (Fig. 15), which galactic
evolution in early phases is due to r-process
(Travaglio et al., 1999) confirms it. Summing up,
inspection of the observed data, comparisons with
other elements and isotopes of known origin, and
a very rough scheme for the chemical enrichment
of the galactic halo allows us to predict that Cu
receives a primary contribution by massive stars
of about 7.5% of its abundance, while something
around 25% should come from secondary process—
esin the same stars (slow neutron captures, or the
weak s-process). Another 5% have been already
attributed to the main s-component from AGB stars
of long lifetime. We cannot avoid the suggestion
that the remaining part (formally 62.5%) comes
from the less known processes we have so far ne-
glected, i.e. explosive nucleosynthesis in Type Ia
supernovae. A similar reasoning can be repeated
for 7n, which however shows a trend very close
to Feitself, so that the conclusion is more straight-
forward. Attributing 3% of its production to the
main s-process component in AGB stars, the rest
should come either from primary nucleosynthesis
in massive stars (30%), or from Type [a superno-
vae (something around 67%, like for Fe). The mas-
sive star yield cannot be dominated by the 7-proc-
ess, but some contribution from this last remains
possible. For this «test» we make use of a metallic-
ity distribution and a Star Formation Rate previ-
ously obtained (Travaglio et al., 1999) through an

-y model suitable for alarge
set of Galactic and extragalactic constraints (for
details on the code see Ferrini et al., 1992; for its
application to galactic heavy element enrichment
see also Travaglio et al., 2001). The model consid-
ers the Galaxy as divided in three zones, halo,
thick disk and thin disk. For Cu and Zn, we simply
mimic the input stellar yields by imposing the ten-
tative production sites derived in the previous sec-
tion for the primary and secnndaxy contributions
in massive stars, in Type la supernoave and in
AGB stars. Fig.15 and Fig. 16 show the resulting
chemical enrichment, through plots of [Cu/Fe],
[Zn/Fe), [Cu/Zn] and [Cu/Ba], [Zn/Ba) versus [Fe/
H]. Chemical evolution predictions for Ba are from

teofza)
b
50}
.l

tro/m)
Figurel3: Observational trends of [Cu/Fe], [Zn/
Fe], and [Cu//Zn] versus [Fe/H] are shown. Symbols
are for: H stars (open triangles), D (open circles),
and I stars (open squares) from this work; Sneden
ct al. (1991, A&A 246, 354) (stars); Westin et al
(2000, ApJ 530, 783), Hill et al. (2002, A&A 387,
560, and Cowan et al. (2002, ApJ 572, 861) (filled
circles)). Thin dotted lines connect the points repre-
senting observations of the same stars by different
authors. Error bars for individual objects are shown
only when reported in the original papers.

Travaglio et al. (1999). Being an outcome of the
very crude estimates previously discussed, the re-
sults illustrated by the figures are not bad, and
confirm that our suggestions for the stellar yields
should be roughly correct. However, while they
can interpret the general trends, they cannot ex-
plain the spread of abundances at very low me-
tallicity. This is in particular related to the over-
simplification of attributing massive star yields of
Cu and Zn to generic explosive phenomena, in
the absence of a criterion for distinguishing dif-
ferent processes occurring in different masses. In
the galactic evolution results presented by Travaglio
etal. (1999), the r-process was attributed to mod-
erately massive (8-10 Msolar stars, ejecting their
nucleasynthesis contribution after some delay com-
pared to the typical products of very massive ob-
jects; this was adopted as a possible explanation
for the delay in the appearance of Eu and Ba
with respect to oxygen and iron (Travaglio et al.,
1999). Making use of this same separation of mas-
sive star yields in two groups with different time
scales for enrichment, we might improve our sug-
gestions on the origin of Cu and Zn, trying to
disentangle their 7-process contribution from the
rest. Actually, if the T-process becomes well mixed
in the Galaxy only after [Fe/H] has reached the
value -2.5 or so, we can tentatively interpret the
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Figure 14: [Cu/Fe] vs [Fe/H]: filled squares are
the observations of Fig. 12. The fit (continuous
line) shows that the dependency of [Cu/Fe] on
[Fe/H] is more complex than implied by purely
primary or purely secondary mechanisms.

scattered Cu and Zn abundances in very metal-
poor stars as an indication that these last were
born out of clouds sclectively contaminated hy
different supernova types, sometimes carrying th

Signatare of the r-process sometimes that of NSE
A B

1

=2
[re/u)

Figure15: Galactic evolution of [Cu/Fe], [Zn/Fe],
[Cu/Zn] according to the chemical evolution pre-
scriptions described in the text (including primary
processes from massive stars, secondary processes
from SNII, s-processes from AGB stars, and SNIa
contributions). Symbols are the same as in Fig. 12.

or other explosive nucleosynthesis phenomena, in
a poorly mixed early Galaxy.

Results and conclusions

‘We have determined the stellar parameters and
abundances of 17 chemical elements in the atmos-
pheres of 100 stars of various metallicities. The
comparison of obtained data with current chemi-
cal evolution model was made. In summary, we
found the following results.

Lithium. The main sources of Li enrichment of
ISM are the Li yieds as a result of the Big Bang,
the reaction of cosmic ray spallation and v-process
in massive supernovae. At disk metallicities there
are additional sources of Li-production, these are
SN Ta and AGB stars. Some dispersion of Li at low
[Fe/H] nevertheless is observed. It can be due to
intrinsic scatter of Li in ISM or presence of physi-

processes, what change the lithium abundance.

Carbon. The description of behaviour of car-
bon, as a whole, is unsatisfactory. The increasing
[C/Fe] with decreasing [Fe/H] may be to explain
by grow of the contribution from Supernovae type
1T and larger scatter at low metallicities may be
due to unhomogeneous of early Galaxy.

Oxygen. The trend of (O/Fe] with (Fe/H] at
[Fe/H]<-2 remains conflicting, as the observation
data give not agree result through different indi-
cators of oxygen. Probably, the main source of
oxygen on early times of the Galaxy is the very
massive stars (about 100 Msolar)

fium. The complicated model of Samland
(1998) describes well the Na trend with [Fe/H]. This
model uses the Na yields dependent from [Fe/H]
and it accounts of the large number of parameter
appreciably changing distribution of chenical ele-
ments. The larger scatter of [Na/Fe] at [Fe/H]<-1
than at [Fe/H]> — may be due to larger uncertain-
ties of Na determination at (Fe/H]<-1 or intrincic
sodium dispersion at low metallicities.

Aluminium. The observation of Al is unsatis-
factory. The resonance lines of Al I are affected
by strong NLTE departures. The nucleosynthetic
theories and chemical evolution models do not de-
scribe well the behaviour of aluminium

a-elements. As a whole, the evolution of [Si/Fe]
and [Ca/Fe] with [Fe/H] is well described within the
framework of various models of chemical evolution.
The main sources of this element production are SN
type Il and, partially, SN Ia. The evolution of [Mg/
Fe] is less certain, because rot all models describe
well the trend Mg with [Fe/H], though everyone
accepts the same source of Mg production.

Neutron captures elements. R-process of the
contribution of Ba abundance leaves from 8-10
M, SN II and this component dominates on low
metallicities. S-process becomes dominant above
r-process only after 1 Gyr of galactic evolution
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([Fe/H}--1) and it is connected 1o a long scale of
evolution of stars of small weights and efficiency
of s-production in AGB stars on different metal-
licities. The larger scatter of abundance at low
metallicities is interpreted within the framework
of unhomogeneous galactic models (Ba — Raiteri-
et al., 1999; Ba, Sr, Eu — Travaglio et al., 2000;
Tsujimoto et al., 2000).

Cooper and zinc. Using our analysis the observa-
tion data, we have carried out the calculation of
chemical evolution for Cu and Zn (Travaglio et al.,
1999; Ferrini et al,, 1992; Travaglio et al., 2001). The
model of the Calaxy has three zones — halo, thick
cisk, e thin ik We mggest that abot 23,0

second:
and anly 7-8% i due ta primary phenomena in the
same environment (either explosive or from a prima-

n-process). The bulk of Cu abundance (at least 62
— 65%) should be instead contributed on long time
scales by type Ia supernovae. For Zn, its trend with
respect to iron implies similar percentage yields for
the two elements: 1/3 from primary processes in mas-
sive stars and 2/3 from type Ta supernovae. These
rough indications were shown to roughly account for
the Cu and Zn enrichment in the Galaxy. This ap-
proach was however found to be too schematic for
interpreting the details of the database, including
the scatter at very low metallicity. We argued that
this last might be due to poorly mixed different con-
tributions from massive stars in a non-homogeneous
early stage (perhaps also complicated to the non-

i h 9.A stativeansl

ysis must therefore wait for a clarification of the
underlying physical processesin evolved stars.

Examined element abundances show the scat-
ter at low metallicities ([Fe/H]<-2.0). On the one
hand it may be due to the low accuracy of the
observatinal data, on the other hand it may be
the evidence of the unhomogeneous of early Gal-
axy. The last may be due to the accretion of dwarf
galaxies — satellites, or merging of separate frag-
ments, on which has desintegrated primary uni-
form protogalaxy (Searle, Zinn, 1978). The scatter
in element abundances in metal-poor stars may be
also as result of small number supernovae (about
20), with various masses and, accordingly, differ-
ent yields of heavy elements (Audouze, Silk, 1995)
at earle Galaxy. The stochastic halo formation models
(Argast et al., 2000) investigated the dispersion of
the relative abundances as result of enrichment
of ISM by single core-collapse supernovae. At [Fe/
HJ<-3, representative an early phase, the halo
ISM is unmixed and dominated by local inhomo-
geneities caused by individual supernovae events.
In the range -3<[Fe/H]<-2 the dispersion notecea-
blly decreases, ISM becomes better mixed and at
[Fe/H]>-2 the halo ISM is well mixed.

‘The comparison of the thrends of [EL/Fe] vs [Fe/
H] with calculations of the theories of chemical evo-

Y
tre/m]

Figure16: The same as Fig. 14 for the ratio [Cu/Ba],
and [Zn/Ba]. Symbols are the same as in Fig. 12.

lution and nucleosynthesis shows that many ele-
ments
investigations in the theories and e earvation
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ABSTRACT. Problems of modeling of IR spectra of
the cool stars are discussed. Some results for M-giants,
C-giants, peculiar stars and brown dwarfs are shown.
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1. Water spectra of M-dwarfs

More than 70% of stars in the vicinity of the Sun
are M dwarfs. These mimerous low-mass stars (0.08
Mg) € M < 0.6 M ), together with substellar objects
- brown dwarfs (M < 0.08 Mo) can contain an appre-
ciable amount of the baryonic matter in the Galaxy.
Rescarch of M dwarf spectra are of interest for many
branches of modern astrophysics. Verification of the
theory of stellar evolution and structure of stars, the
detection among M dwarfs of a subset of young brown
dwarfs, the physical state of plasma of their atmo-
spheres at low temperatures, as well as the chemical
and physical processes of dust formation are only a
few of them.

The dominant opacity sources in the optical and
IR spectra of M dwarfs are electronic band systems
of diatomic molecules, such as TiO and VO, as well
as fotational-vibrational bands of Hy0 . HoO provide
special interest for modern astrophysics. Long history
of H;0 band modelling in stellar spectra is described
elsewhere (sce Pavienko 2002 and references therein).

Recently Jones et al. (2002) carried out a number
of different tests on the fits of observed spectra of M-
dwarf in order to find preferred model fits. For every
spectrum they carry out, the minimisation of a 3D func-
tion § = f(@,27,70) = 1/N x (1~ Foss/ Foyn)?s
where Fyps, Foyns are observed and computed fluxes, N
is the number of points in observed spectrum to be
fitted, 2,7, 7, are relative shift in wavelength scale,
a normalisation factor which was used to coincide ob-
served and computed spectra and parameter of instru-
‘mental broadening, respectively. As input data Jones
ct al. (2002) used AMES line lists of H,O (Partrige &
Schwenke 1998), CO (Goorvich 1984) and NEXTGEN
model aimospheres of Haushild at al. (1999).

Normaized Fiix
3

24 25 28 27 28 25 3 a1
Wavelengin n s

/f GJ 406 compared
tallicity synthetic
for more detals.

Figure 1: The observed spectrum
to a 3100 K, log g = 5.5, solar
spectrum. See Jones et al. (2002

spectral type dwarf
the IR are shown

Fits to observed spectrum of lat
GJ 406 with strong water ban:
in Fig. 1.

2. M-dwarfs. CO spectra

M dwarf infrared spectra addic
sorption bands of CO. One of me
tional regions s located in the K band from 2.2 to 2.4
pm. Second overtone bands 0 and '3C'80 are
located here. As well as parameters such as effective
temperature and gravity, they can be used for deter-
mination of carbon and oxygen abundences and the
120/13C ratio in atmospheres of late-type stars. The
determination of the '2C/**C ratio in M dwarf atmo-
spheres is especially interesting. The ratio is a good age
indicator for more massive (M > 1 M) late-type stars.
Following the conventional theory of stellar evolution
(see Aller & McLaughlin 1963), M dwarfs save their
initial 12C/*C from their time of formation. Since the

nally contain ab-
promising observa-
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Figure 2: Fit to observed spectrum of GJ406. Syn-
thetic spectra are shown for Ter = 2800 and 3000
K for NEXTGEN model atmosphere (Haushildt et al
1999), line lists of H,O (Partrige & Schwenke 1998),
CO (Goorvich 1994) and VALD (Kupka et al. 1999).

galactic 12C/*3C ratio is expected to change by around
a factor of four over the lifetime of the galaxy, the de-
termination of the 12C/1C ratio for M dwarfs poten-
tially gives a strong constraint on their age. Then, at-
mospheric models need to include additional physical
processes in their prescription for mixing between nu-
cleosynthetic cores and observable atmospheres (Palla
et al. 2000). On the other hand, M-dwarfs are not ex-
pected to modify their 2C/'3C and are fully convec-
tive. Thus the C/*C ratios for a diverse sample of M
dwarfs is expected to be a relatively straight-forward
function of time and galactic location. However, de-
termining the 12C/13C ratio is only a strong constraint
on age if that ratio is a single-valued function of time
and Galactic location. If that underlying assumption is
not valid, any dispersion of '2C/'*C in M-dwarf atmo-
spheres might give for us some evidences about mixing
processes inside our Galaxy. Unfortunately, due to the
technical reasons we can carry out the analysis only for
dwarfs of the solar vicinity.

Recently Pavlenko & Jones (2002) performed an ex-
tended study of formation of CO bands in atmospheres
of late M-dwarfs. Namely, the best fit for M-dwarf G.
406 was found for 2800 K for the solar abundance case,
and 3000 K for log N(C) = -3.28, Fig. 2. The new
estimation of effective temperature corresponds better
with empirical values for the effective temperature of
the spectral class MGV than the Jones et al. (2002)
analysis found using a similar technique but using a
region dominated by water vapour. Best fits for GJ406
are found for solar metallicity rather than the metal
poor result found by Jones et al. (2002)

5 s w0

T2 3 & 5 6
Wavolongih n microns

Figure 3: HDO and Hy0 molecular bands computed
for different, D/H for 1200/5.0 model atmospheres.

3. Brown dwarfs. Deuterium test

Lithium depletion takes place pre-main sequence
stars and massive brown dwarfs when the temperature
in the core is high enough (T~ 2.5 10° K) to produce
the following reaction Li(p,a)*He. Less massive brown
dwarfs (M< 0.060 Mo) are unable to reach these tem-
peratures in their interior and this fact has been used
to define a substellar criterion by the presence of Li in
the atmosphere of these objects, the so called " Lithium
test” (Revolo et al. 1992). This test has been widely
proved to determine the true substellar nature of sev-
cral brown dwarfs (Rebolo et al. 1996, Ruiz et al. 1997,
Martin et al. 1998). Aditionally the frontier of ob-
jects which burn lithium and those less massive which
have not yet depleted it (Lithium Depletion Boundary,
LDB) provide an alternative method to date clusters
younger than 150 Myr (Martin et al. 1998; Stauffer et
al. 1998, 1999; Basti & Martin, 1999).

Deuterium is an element which can be depleted at
lower temperatures than Lithium (T ~ 8 10° K) in
the fusion reaction D(p,*He). That means that ob-
jects below a mass around 0.011-0.013 M (Saumon et
1996, Burrows et al. 1997, Chabrier et al. 2000)
should preserve their deuterium from the time of for-
mation. Those objects will never burn any element
and several authors established at this frontier the sep-
aration between brown dwarfs and planets (Saumon
et al. 1996). Following the same arguments than in
the case of lithium, the *deuterium test” have been
recently proposed (Béjar et al. 1999, Chabrier et al.
2000) to discriminate between substellar objects and
stars which have burned their deuterium in less than
1-3 Myr (D’Antona & Mazitelly 1998, Chabrier ct al.
2000). This deuterium test, if applicable in practice,




90 Odessa Astr 1P ions, vol. 15 (2002)
= ° e —
120 g 5 TG
. vason s on A2} —— ,
s il

005

2006

"1z 14 is 18 2z 22 24 26 28
Wavoiengin n mcrons

Figure 4: Strongest absoption features identifications
in the 1.0-2.5 jum spectrum of Sakurai's Object spec-
tra during 1997, computed for Tes /log g = 5500/0.0
mud(-l atmosphere of Asplund at al. ~ (1999) abun-

Spectra arc artificially shifted on the y-axis.
SR Pavlenko & Geballe for more details.

will provide a tool to date cluster younger than 50
Myr, including those younger than 7 Myr, in which the
lithium dating is no longer valid, because all the stars
preserve their initial content. (D’Antona & Masitelly
1998, Chabrier et al. 2000).

In Fig.3 we show some spectral energy distributions
of ultracool dwarf of T.ff 1200 K, log = 5.0 from
2 grid of “dusty” C-models of Tsuji (1999) and Sheh-
wenke and Partrige (1998) list of H>0 and HDO lines.
Chemical equilibrium of HDO and H;0 were computed
using information of molecular levels of Hy0 in AMES
database (Shchwenke and Partrige 1998). Syntheti-
cal spectra were computed by program WITAG with
step 0.05 nm and then convolved with gaussian of 1
nm. SEDs were computed for different D/O ratios (see
Pavlenko 2002 for more details).

1t’s worth to note:

« Bands of HDO are shifted in the IR region in re-
spect to HyO ban

# The best regions for D/H ratio determinations are
3.5-4, 6-7 microns as well as a region around 8
micron

4. Sakurai’s object

V4334 Sgr (Sakurai's Object), the “novalike object
in Sagittarius” discovered by Y. Sakurai on February
20, 1996 (Nakano et al. 1996) is a very rarc exam-
ple of extremely fast evolution of a star during a very
late final helium-burning event. (Duerbeck & Benetti
1996). During the first few months after discovery,

12 14 18 18z 2z 24 26 28
Wavolengh i merers

Figure 5: Fits to IR SEDs of 4

Sakurai's Object increased in visual

brightness to V
oV ~11m In

~ 12", In 1997 it increased
March 1997 the first evidence formation was
seen (Kimeswenger et al. 1997 & Ashok 1099,
Kerber et al. 2000). In early 1995 the optical bright-
ness of Sakurai’s Object decreased ( dimming first re-
ported by Liller et al. 1998). but then recovered. How-
ever, during the second half of 1998 an avalanche-like
growth of the dusty envelope occurred. causing a rapid
decrease in optical brightness an
disappearance of the star in 1999
tially only thermal emission
(Geballe et al.
star has been completely o
produced.

IR spectra of Sakurai's ob)
tion of a few molecules (4).
to observed in 1997 - 1998 or
Tor and En_y of Sakurai
of its evolution (Fig. 5 in the
approach(Pavlenko et al. 2
2001, Pavienko & Geballe 2002

soverned by absorp-
theoretical SEDs
allow us to determine

10 IR specira

allows to clearly determine an ess due to
emission of hot (T > 1000 K e Pavlenko
& Geballe 2002 for more
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ABSTRACT. We have shown the possibility for
modelling Li blend 6708 A for two roAp stars,
HD83368 and HD60435, taking into account lithium
spots on the surfaces of these rotating stars. REE
spots were also included in calculations. Slow rotating
ar HD101065 (Przybyslski's star) give the possibility
of scrupulous identification of REF lines blending Li
line and estimation of 6Li/7Li ratio.
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1. Introduction

The chemically peculiar stars possess unusual indi-
vidual characteristics, first of all, such chemical anoma-
lies as high abundance of heavy elements, particularly
of rare elements, sufficiently strong magnetic field, un-
homogenious distribution of chemical clements on the
star surface. The method of Doppler imaging, ap-
plied to some stars, shows that chemical anomalies are
distributed in spots, rings, connected apparently with
‘magnetic field structure (Hatzes, 1991). Some of these
roAp stars are characterized by non-radial pulsations
on time scale of minutes, tens of minutes (Kurtz, 1990).

The big range of the lithium line intensity in the
spectra of CP stars (Faraggiana et al., 1996; Hack et
al., 1997) is an evidence of the complexity of the phys-
ical nature of these stars. Until now there is no theor
which can explain this phenomenon. The behaviour of
the Li line at 6708 A in spectra of several magnetic
CP stars is studied in the framework of international
project " Lithium in CP stars”.

2. Lithium spots in two roAp stars: HD83368
and HD60435.

A different behaviour of the 6708 A line can be ex-
plained in terms of the oblique rotator model and oc-
curence of Li spots at the magnetic poles. In general,
the line profile variations seen in CP stars are due to
‘abundance inhomogencities on the surface of a rotating
star.

We calculated the synthetic spectra in the range
6675-6735A and 6112-6174 A with the help of
"STARSP” and "ROTATE’ code developed by
V.Tsymbal (see Tsymbal, 1994; Shavrina et al., 2000).
Thelast code was modified by A. Yushchenko. The Ku-
rucz’s model atmospheres were used (Kurucz, 1993).
We carried out the model caleulation of lithium line
6708 A forming in two lithium spots, using observed by
P. North (see Shavrina et al. 2000) spectra for different
rotation phases (7 phases for HD 60435 and 8 phases for
HD 83368) with spectral resolution 100000, We used
a method of direct modelling, based on Doppler varia-
tions of the Li line profile at 6708 A for rotating star.
Computations of spots’ parameters (size, location and
elemental abundance) were performed with Tsymbal's
ROTATE code (see Polosukhina et al. 2000), which
allows to calculate the photosphere plus spots line pro-
files for rotating star.

Preliminary consideration of Li profile changes with
phases and father modelling shows that while the be-
haviour of the Li line for HD 83368 we can describe
with two spots, of the same size, near the magnetic
poles and at opposite places of the star’s surface, the
spots on the surface of HD 60435 do not lie on the
opposite sides and/or are not of the same size. The
next results are obtained for HD83368 using the atmo-
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sphere model with T.;; = 7750K, lg g = 4.0 and values
3!

of parameters: i = 90°, v 5k

o the spot 1: [ = 337°,p = 0°R = 35°e1; =
723

o the spot 2: [ = 173°,p = 0°,R = 33°.5,e5; =
—713.

The resulting lithium spots parameters for HD60435

o

o spot 1: [y =205+ 10°% ¢ = 15 5° R=40 £ 7°,
log(Nei/Nu) = —9.3£0.2

o spot 2: Iy = 11£ 6% p = ~15£59, R= 44 £3°,

log(Nui/Nu) = —8.2+02.

‘The observed and calculated Li line profiles with pa-
rameters given above are shown in Fig.1. Fig.2 shows
observed and calculated spectra for one phase for each
star when calculation included REE spots, parameters
of which were also found. We also have calculated the
profiles of Pr I11 lines 6160 A 6161 A (Fig.3) and Eu IT
6645 A (Fig.4). Spot parameters obtained from these
lines are agreed good with results of REE lines, blend-
ing Li doublet line 6708 A as it is seen from the table.
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Figure 1: Observed (dots) and computed(solid curves)

profles at (a)eight rotational phases for HD 83368 and
(b)seven rotational phases for HD 60435.
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Figure 2: Observed and computed Li T 6708A pro-
files for (a)HD 60435 (phase 0.743) and (b) HD 83368
(phase 0.689).

3. Praybylski’s star (HD101065)

Following Cowley & Mathys (1998) and Cowley et
al. (2000) we have undertaken the analysis of the spec-
trum near 6708A0f Przybylski's star (HD 101065, V816
Cen), which has the most unusual of all stellar spec-
tra (Wegner et al. 1974; 1983). As it was noted by
its discoverer, A. Praybylski (1961; 1966; 1977), the
strongest spectral lines in the spectrum of HD 101065
generally belong to lanthanides. The strong compli-
cated spectral feature at A 6708A in the observable
spectra creates the problem of correct line identifica-
tion in this region. The comprehensive analysis of
REE lines was performed and the main contribution
of lithium was shown for this blend. We have cal-
culated the model atmosphere with Teyy = 6600 K
and logg =4.0 and abundances from Cowley ct al.
(2000) with modified Kurucz's code ATLAS12 (Ku-
rucz, 1999). The line opacity was accounted by "opac-
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Table 1: REE spots data derived from line profiles for
105 HD 83368
Z El, Teir Tong, R, Tog Mo,
groo Mo A A i Ry, dex
z Phase = 0.689 (248°.04)
- Cell 67055 305£10° 30410°
£ 6706.051 6706.1 240£10° 10£10°
] Cell 67076 305+10° 26+10°
708.099  A708.0 250 +10° 15+ 10°
Zoso Prill 67061 305+10° 15+10°
6706.705 67068 240+10° 30+ 10°
] 67073 195:£10° 15+ 10°
L wroz " gigg  SmIl 67076 285+10° 20+ 10°
Wavelength, A 6707473 67080 207£10° 20+10°
- ST Phase = 0.768 (276°.48)
§ Eull 66445 310+£10° 40+ 10°
! ] 6645064 6645.2 272+10° 154 10°
= 66455 228+10° 27+10°

616z
Wavelongih, A

“ore0

Figure 3: Observed (thick solid curves) and computed
profiles of the Pr IIT 6160.2A and 616124 lines (a)
for HD 83368 (phase 0.320), dotted and dashed lines
correspond to contributions of two main spots, visible
in this phasc; (b) for HD 60435 (phase 0.005), here spot.
components are not resolved.

ity sampling” method using VALD (Kupka et al. 1999)
and DREAM (Biemont et al.) line lists. The Kurucz's
model of T = 6750, logg = 4.0 (Kurucz, 1993) was
also used in calculations of synthetic spectra. The ro
tation line profile with vsini & 0.5kms~! and
microturbulence velocity Viniero = 2kms~" were ap-
plied. T-P dependence for used models is shown in
Fig.5 (upper).

We calculated the synthetic spectra in the range
6705.8-6708.7A with the help of "STARSP” and "RO-
TATE” (Tsymbal, 1994). Line list consisting of VALD
(Kupka et al. 1999) and DREAM (for REE, Biemont et
al.) lines and chemical element m (Cow-

Phase = 0.320 (115°.2)

Pril  6160.0 145+10° 25+10°
6160243 6160.2 120+ 10° 15+ 10°
6160.8 654 10° 20+ 10°

61609 45+10° 20+ 10°

Prill 61609 145+10° 25+10°
6161221 61611 1204+10° 15+ 10°
6161.7 65+10° 20+10°

61618  45410° 20£10°

lines with known gf values. We calculated positions
of additional REE lines on the base of NIST energy
levels (http://physics.nist.gov/cgi-bin/AtData). GE-
values for such lines, which are rather distant from
Li lines, were matched for better agreement with ob-
served spectrum. Gf-values for 2 nearest to Li 6708A
line, Nd T1 67067.755 and N 1 6708.03 were estimated
by P. Quinet with Cowan’s code. The line of Sm IT, A
6707.779A coincides almost with the centre of lithium
blend, but unfortunately, the calculations for Sm IT
are not possible due to fact that the energy matrix
dimensions exceed (e permitted values, We tried
calculate the blend 6708A with SmlI line absorption
instead of Li lines, choising gf values for Sm II line.
Result fitting was bad (see Fig.2). Only the inclusion
of 7Li and ®Li lines with ratio 9Li/"Li = 0.3 allowed
us to represent the observed blend profile rather well
(see Fig.6).

We have considered the possibility to model the re-
markable spectral feature 6708A for HD 101065 (Przy-
byslski’s star) in two ways - as a blend of Li and REE
lines and as blend of REE lines only. We show by

" :

ley, 2000) were used in synthetic spectra simulations.
Some REE element abundances were changed for bet-
ter agreement with observed spectrum, using pure

model that Li lines absorb significantly in
the range 6707.72 - 6708.02AA and resulting Li abun-
dance is 3.1 dex (in the scale lg N(H)=12.0), isotopic
ratio 8Li/'Li is near to 0.3



Odessa As ical P

vol. 15 (2002)

95

6642 goer

.98

Residual intensity

86146.0

6ais GoasD  eoiss
Wavelength,

Figure 4: Eu I1 6645.06A profiles for HD 83368 (phase
0.768); solid curve - the observed spectrum, dashed and
dotted curves -the caleulated spectra for 11 and 2 kG;
upper - caleulated profiles for all photosphere, vsi
km/s; lower - for two spots
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Conclusion

Our line profile computation with Tsymbal’s code
ROTATE for a spotted stellar surface allowed us to
derive the lithium and REE spot parameters: location,
size, element abundance. As a rule it results in a good
agreement between caleulated and observed profiles for
subsolar position of lithium spots. When the spots
lie near the limb, however, it is difficult to achieve a
good agreement due to a complicated blending with
lines of other elements (mainly REE) and the weakness
of the Li line. A similar problem was mentioned in
other papers too with Piskunov’s code (Kuschnig et
al., 1999). Taking into calculations the REE spots we
achived a better representation of observed spectra for
rotating ToAp stars HD83368 (Vsini=34 km/sec) and
HD60435(11 kim/sec).
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Figure 5: Upper: TP dependence for model atmo-
spheres, calculated by us and Kurucz’s model from
(Kurucz, 1993); lower: Li blend profiles, the dots -
observed spectrum, dashed curve - calculated with 7Li
only, thick curve - with ratio of 6Li/7Li . Thin
curve - calculated spectrum without Li - with Sm 11
line 6707.799A.

We have considered the possibility to model the re-
markable spectral feature 67084 for HD 101065 (Pray-
byslski’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- 6708.02AA and resulting Li abundance
is 3.1 dex (in the scale lg N(H)=12.0), isotopic ratio
SLi/7Li is near to 0.3. Our calculations and identifica-
tions of REE lines, additional to VALD and DREAM
lists, demostrate the necessity of gf values for them.
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ABSTRACT. During their life galaxies exchange
in matter and energy with the intergalactic me-
dium (IGM). This complex process is a most im-
portant factor in galactic evolution as well in evo-
lution of the IGM. In this paper recent progress
in the IGM studies and mechanisms of mass gain
and mass loss from galaxies are briefly reviewed.
Using a model of chemo-dynamical evolution of
galaxies I discuss enrichment of the IGM with
‘metals and origin of the radial gradients of chemical
composition in disk galaxies as possible conse-
quence of heavy elements loss. The general con-
clusion is simple: many problems remain unsolved
but we are under way to understanding of con-
sistent evolution of galaxies — IGM system.

1. Introduction:

One of the most fundamental questions of ga-
lactic evolution can be formulated very simply ~

‘what are main features of evolutionary interre-
lations galaxies — intergalactic medium?” This ques-
tion is addressed to both groups of experts: cos-
‘mologists and astrophysicists. From the commonly
used terminology the galactic history is divided in
two eras (Hensler, 1987):

- the time before and during protogalactic clouds
on galactic mass scale grow. In this era the matter
can be considered as primordial gas that is a build-
ing material for the future (clusters of) galaxies;

- the time after these protogalactic clouds have
commenced to collapse as isolated systems (in this
era galaxies become a dominant baryonic structures
in the Universe which strongly influence on the IGM),

First item is a subject of cosmological studies.
The second one — lies mostly in the domain of
astrophysics. Martin Rees noted (1985) that “galaxy
formation straddles the interface between cosmol-
ogy an astrophysics”. Recent observations and the-
oretical models brought valuable data about ga-
lactic evolution and arguments for considering the
galactic evolution in consistence with evolution of
the intergalactic medium (IGM). In this paper I

inasan.ru

briefly review this issue drawing special attention
to chemical evolution.

In Sect. 2 T introduce some general facts about
the intergalactic medium. Mechanisms of interac-
tion between galaxies and IGM are discussed in
Sect. 3. In Sect. 4. a simple though powerful model
of chemo-dynamical evolution of (disk) galaxies
is introduced and two problems related to chemi-
cal interrelations between the IGM and galaxies:
enrichment of the IGM and radial gradients of
chemical abundances in disk galaxies are discussed

2. Intergalactic medium before and after galaxy
formation

2.1. 1GM before formation of galazies

With the expression “intergalactic medium” one
indicates the material other than ordinary galax-
ies. This is some analogy between stars = interstel-
lar medium (ISM) and galaxies — IGM. Astrophys-
icists do not classify the ISM in the stellar clusters
as separate object though detailed classification of

i (shell )

is elaborated. In the case of IGM inside clusters of
galaxies (remember that most of galaxies belong
to some cluster, and in contrary most of stars in
galaxies are those of field) we use the expression
“intracluster medium” (ICM). The properties of the
IGM drastically changed in the process of evolu-
tion of the Universe. I sketch the evolution just to
introduce main ingredients of the IGM and their
general interrelations with galactic evolution.
According to the conventional picture of Crea-
tion Myth (see Fig. 1) the smooth baryonic plasma
consisted of hydrogen, helium and light elements,
produced in the first three minutes after the Big
Bang, and hot black body radiation filled the ex-
panding Universe. After few hundreds thousands
of years at epoch corresponding to 210, the black-
body radiation cooled below 3000 K and the plasma
(primordial IGM,) is expected to recombine and re-
main neutral until sources of radiation develop that
are capable of reionizing it. Primordial IGM in this
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Figurel: History of the Universe

epoch (“dark ages”) consists of ool gas filled with
ever—faded cosmic background radiation.

Information of great importance about this pri-
mordial IGM is coming from observation of cosmic
microwave background. The observed features, im-
printed at z-1000, enable direct investigation of the
formation of structure of the Universe as well as
constraining the values of basic cosmological quan-
tities such as the amounts of various forms of mat-
ter and vacuum energy in the Universe. The
rently most favored theoretical model for describ-
ing our Universe is based on idea of inflation, which
provides a natural mechanism for producing initial
density fluctuation described by power-law spec-
trum and also predicts the Universe to be spatially
flat. The initial spectrum of adiabatic density fluc-
tuations is modulated through acoustic oscillations
in the plasma phase prior to recombination and the
resulting inhomogeneities are then imprinted as
anisotropies in the CMB. In the inflationary scenar-
io the CMB temperature anisotropies are predicted
to follow a multivariate Gaussian distribution and
50 may completely described in terms of their an-
gular power spectrum. Recent observation (Taylor
et al. 2002) with the Very Small Array (a 14-ele-
ment interferometer array installed at the Teide
Observatory, Tenerife) at frequency 34 GHz on
angular scales 3.6-0.4 degrees (1 = 150 ~900) brought
new confirmation of this theory. The power spec-
trum obtained (Scott et al. 2002) is in a very good
agreement with the results of the BOOMERAN
DAST and MAXIMA telescopes. Combining the re-
sults obtained with all other CMB experiments and
assuming the HST key project limits for H, Rubino-
Martin et al. (2002) obtained the tight constraints
for fundamental cosmological parameters.

In most of current models the contents of the
Universe are divided into three components: ba-

ryonic (ordinary) matter, cold dark matter (CDM),
which interacts with baryonic matter solely
through its gravitational effect, and intrinsic vac-
uum energy. Some presence of so called warm
dark mater is not excluded. Major difference be-
tween warm and cold dark matter is related to
ability of weakly interacting particles, which the
CDM or warm dark matter consists of, to wipe
out part of the initial density fluctuations. For
warm dark matter this scale of wiping out is
much larger than for CDM. Durer&Novosyadly
(2001) constructed a mixed dark matter model
with some addition of massive neutrinos, which
are assumed to be particles of warm dark matter.
The general consensus is now almost universal
that some variant of CDM including mixed mod-
els is probable. The present day contributions of
these components to the overall density of the
Universe are usually expressed in terms of the
“omega parameter” ©=p/p,,, Where p,,=3Hy/
(8nG)=h?1.88x10"* g-cmis the critical denslty with
H, the present day Hubble constant H,=h-100 km-
7 ‘Mpc" (most estimates of h lie in the range of
0.5-0.8). For our flat Universe Q=1. Fundamental
parameters of cosmological models are contribu-
tion in © by vacuum energy QA and matter @ ,
which consists of contribution of baryonic mat-
ter ©, and cold dark matter Q. Rubino-Martin
et al (2002) derived: @ =0.28(+14-0.07) and
QA=0.72(+0.070.13). Durer&Novosyadly (2001) give
similar estimates, except additional term — the
density of massive neutrinos Qv =0.03(+0.07-0.03).
The evolution of the primordial IGM up to the
end of “dark ages” is characterized by growth of
the density fluctuations that eventually brings to
formation of (cluster of) protogalaxies. Due to
progress in numerical and analytical modeling in
last decade (see e.g. review of Bertschinger 1998)
most of researchers accept that clustering of small
scale CDM fluctuations leads in a natural way to
formation of so called “dark matter haloes”, which
are spheroidal non-dissipative CDM structures,
governing by their gravitation the evolution (gath-
ering and virialization) of dissipative baryonic
matter in the central areas of the haloes. In such a
scenario diffusely distributed baryonic material
responds to the gravitational influence of the un-
derlying dark matter. The most overdense regions
collapse first to form the earliest galaxies. This leaves
the remaining gas as the IGM. Rather than being a
uniform medium filling the space between galax-
ies, the IGM itself should show structure on scales
larger than that of individual galaxies. (Clusters
of) galaxies are forming in the central parts of the
haloes. At the heart of the hierarchical clustering
process lies the fact that galaxies tend to form first
near high peaks of the density field because these
are the first to collapse at any given epoch. This is
known as “biased galaxy formation”, because the
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distribution of galaxies offers a biased view of the
underlying distribution of mass. An important con-
sequences of biased galaxy formation is that bright
galaxies tend to be born in a highly clustered
state that is strongly supported by observation
(Benson et al. 2000, 2001

Itis a great challenge for scientists to find “ex-
act” value of &, i.e. to estimate amount of ordinary
(baryonic) matter. This value can be estimated for a
given cosmological model by measuring of primor-
dial abundance ratio D//H. Standard nucleosynthesis
models together with recent observations of deu-
terium yield Y=0.247+0.02 and ©, h*=0.0193+0.0014
(Burles&Tytler 1999). As some of the baryons had
already collapsed into galaxies at z=2-10, the value
of ©,2=0.019 should strictly be considered as an
upper limit to the intergalactic density parameter.

More direct way is to estimate relevant contribu-
tions from observations of all baryonic components.
The problem is that we can only observe part of
baryonic matter. The cosmic density distribution of
galaxies is related to the measured laminosity densi-
ty (1.720.6)x10°Lo Mpe* in V-band. From mass-lumi-
nosity relation for galaxies the luminous matter den-
sity is estimated as © h=0.002—0.006 (Carr 1994).
Other forms of baryonic matter are believed to be:

- Intergalactic gas

- Hot gas in the ICM observed in X-ray domain

- Dim stars (only low mass first generation stars
can be considered), small planet- or comet-like
bodies and cloudlets.

Tbriefly deseribe first two constituents of the IGM.

2.2. Intergalactic gas

According to results of Burles and Tytler (1999)
the proper mean density of hydrogen nuclei at
redshift z may be expressed in standard cosmo-
logical terms as n,=1.6x107 cm (2, h2/0.019)(1+2)".
Cosmological models predict that most of the inter-
galactic hydrogen was reionized by the first gen-
eration of stars or quasars at z~7 or larger (this is
considered as a workable definition of the “end
of dark ages”). The process of reionization began
as individual sources started to generate expand-
ing HIT regions surrounding IGM. As more and more
sources of ultraviolet radiation switched on, the
fonized volume grew in size. The reionization end-
ed when the cosmological H II regions overlapped
and filled the intergalactic space. The lack of smooth
Ly-alpha absorption by HI in quasar spectra

Peterson, 1965) led to the conclusion that
diffusely distributed hydrogen s totally ionized at
relevant z. From other side numerous absorption
features (“Lyman alpha forest”) clearly evidence
for existence of clouds of neutral hydrogen in all
range of z for quasars

The term ‘Ly-alpha forest’ is used to denote
the huge amount of narrow absorption lines whose

measured equivalent widths imply N, ranging
from ~10" em down to 10 cm™. A comprehen-
sive review of properties of these absorbers is
given by Rauch (1988). (An example of hydrogen
Ly-a forest, observed with Keck telescope is shown
below in Fig. 3.) Other class of intervening ab-
sorbers having a neutral hydrogen column densi-
ty exceeding 2x10"” em? are optically thick to pho-
tons having energy greater than 13.6 eV and pro-
duces a discontinuity at the hydrogen Lyman lim-
it, i.e. at an observed wavelength of 912(1+2)A.
These scarcer objects (Lyman Limit Systems -LLS)
are associated with the extended gaseous haloes
of bright galaxies near the line of sight. It is a
reasonable approximation to use for the distribu-
tion of absorbers along the line of sight:
f(Nyyp2)=AN,, (1 +2). The function of column
density appears to provide at high redshift a sur-
prisingly good description over 9 decades in N,
i.e. from 107 to 10" cm. The y is different for
Ly-a clouds (y=2.8) and for LSS (y=1.5). Typical
normalization value o A=4x10" per unit redshift at
2=3 produces 3 LLSs and ~150 forest lines above
N, =10%%cm?. In “Damped Ly-alpha Systems”
(DLA) the HI column density is so large (N,,~>10°
em?, comparable with the interstellar surface den-
sity of spiral galaxies today) that the radiation
damping wings of the Ly-o line profile become
detectable. While relatively rare, damped systems
account for most of the neutral hydrogen seen at
high redshifts.

"All Ly-o absorbers observed up to redshifts larg-
er than 5 are believed to trace the potential wells
of the dark matter. Except at the highest column
densities, discrete absorbers are inferred to be
strongly photoionized.

‘The most important outstanding issue regard-
ing the DLA concerns their relationship with gal-
axies, though it is open question. Lanzetta et al.
(1995) noted that while it is known that at least
some DLA systems arise in galaxies, it is not known
what range of properties (in terms, for example,
of morphological type, luminosity, and surface
brightness) are spanned by the absorbing galaxies,
or even whether all DLAs arise in galaxies. Part of
the difficulty is that the high neutral hydrogen
column densities of damped Ly-c absorption sys-
tems imply small impact parameters to the lines
of sight, and it is difficult to identify faint galax-
ies at small angular separations to bright quasars.

Pichon et al. (2001) analyzed the structure of
the IGM using information on Ly~ forest from the
spectra of QSO HE1122-1628 obtained with VLT/
UVES and new inversion method. This method
was applied to recover the temperature of the gas
and underlying density field and to obtain 3D spa-
tial distribution of the IGM from 1D information
along grid of lines of sight. To test the method
Pichon et al. (2001) simulated 3D distribution of
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Figure 2: Top panels: the model of the IGM and the reconstructed density for distances between lines
of sight 2.5, 4 and 5.5 Mpe. Bottom panels — a slice of 1x80x80 Mpe across the simulation and the
reconstructed fields (the scale on the panels is in pixels) (from Pichon et al. 2001).

CDM and used the restoring technique (see Fig.
2). The technique seems to be tested successfully.

Helium is probably not reionized until z-3, as
inferred from the strong Hell Ly-a absorption de-
pressions due to Gunn-Peterson effect at (304
E)(1+2) in the UV spectra of high-z QSOs. This
absorption was first observed (Heap et al. 1999)
with HST spectrometer STIS along line of sight to
the quasar Q0302-003 (2=3.29) (see Fig. 3).

It is an interesting discussion (see in Kriss et al.
2001) if Hell is smoothly distributed over the IGM
or the depression at (304 A)(1+2) in the UV spec-
tra of this and other quasars is caused by Hell

Redshift
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©
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T 8f m_
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il s e
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located in HI Ly-a absorbers and not resolved in
spectra as Hell Ly-a forest only because of poor
spectral resolution of UV telescopes. Kriss et al.
(2001) probably elucidated the problem. They pre-
sented the FUSE observations of the line of sight
to the quasar HE2347-432 in 1000-1187 A band at a
resolving power 15000 (Fig. 4). The Hell Ly-a ab-
sorption was resolved as discrete forest of ab-
sorption lines at redshif range 2.3 o 2.7. About
half of these features have HI counterparts with
column densities N, >10“cm®. The Hell to HI
column density ratio ranges from 1 to >1000 with
an average ~80. These data strongly support mod-
bl frghrasiai

of the IGM by integrated light from quasars prop-
agated through the IGM (Madau et al., 1999, Fardal
et al. 1998), which predict values of N,/ N,,~30-
100 for quasar spectra with the spectral indices

g=1.5 t0 2.1 (fveev3). Intrinsic spectral indices for
quasars (as measured down to ~350 A) lie in this
range (Zheng et al. 1997). Recently Telfer et al.
(2002) used a sample of 332 HST of 184 QSOs with
2>0.33 to study the typical ultraviolet spectral prop-
erties of QSOs, with emphasis on the ionizing con-
tinuum. The sample is nearly twice as large as
that from work by Zheng et al. (1997) and pro-
spectral coverage in the ex-

EUV). The overall

1160 1180

Wavelength (A)

1200 1220

Figure 3: The HST/STIS spectrum (solid line at
bottom) of the quasar QU302 shows Hell absorption
shortward of 1300 A (Heap et al.1999) with super-
posed higher resolution spectrum of HI Ly-alpha
from Keck/HTRES. The HI Ly-c: were normalized
and multiplied by 0.25 in wavelenght to match the
Hell wavelenght scale (from Shull et al.1999).

tinuum can be-described by a power law with
index yy,,=-1.7620.12 (f,-v") between 500 and
1200 A. Ratios >100 (about 40) indicate that local-
ized regions of the IGM are photoionised by soft-
er spectra. This may be additional contributions
from starburst galaxies or heavily filtered quasar
radiation. The 304 A (Ly-a) lines of He II can be
used to probe low-density regions of the IGM,
particularly the void-like gaseous structures in the
baryon distribution that develop in concert with
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Figure 4: The upper part is a portion of the FUSE
spectrum of HE2347—4342. The smooth curve across

The cloud structure is seen not only for HI and
Hell but also for some highly ionized ions (e.g.
OVI). Tripp et al. (2000) observed OVI absorption
lines in spectrum of quasar H1821+643 (Fig. 5.)
The number density of OVI absorbers with rest
equivalent width >30 mA in the H1821+643 spec-
trum is remarkably high (>17). The cosmological
mass density of the hot matter (under assumption
that metallicity is of 1/10 solar and the fraction of
oxygen in the OIV ionization stage is 0.2) is esti-
mated as ©,h=0.003. This is comparable to the com-
bined cosmological mass density of stars and cool
gas in galaxies and X-ray emitting gas in galaxy
clusters at low redshift.

Establishing the epoch of reionization and re-
heating is crucial for determining its impact on
several key cosmological issues, from the role reion-
ization plays in alluwmg promgalacuc objects to
cool and make st: e
structure in the lamperature fluctuauons of the
cosmic background radiation. Conversely, probing
the reionization epoch may provide a means for
models for the formation

the top is the The light-
thaded ires shows the fraction of the Hell opact:

of cosmic structures and for detecting the onset
of the first of stars, galaxies and black

ty due to eatures that
HI absorption lines 1dent|f|ed in the Keck spec-
trum (bottom). The area shaded in green shows
the fraction of the opacity due to additional HeIl
absorption features that have no HI counterparts
in the Keck spectrum. (Kriss et al. 2001).

the large-scale structures in dark matter and the
reionization. The presence of Hell Ly-o absorbers
with no HI counterparts indicates that that struc-
ture is common even in low-density regions. This is
consistent with hydrodynamic models that predict
i) s i e

holes in the Universe.

The metallicity of the IGM is not unified. The
typical metallicities range from 0.3% to 1% of so-
lar values as derived from observations of Ly-o.
forest absorbers (Rauch 1998). It can be measured
from the strong UV resonance lines such as CIV
A1549, Si VA1400, CIIIA977, SITIIA1206, OV.1035.
Shull et al. (1999) remark that these UV resonance
lines are the most sensitive abundance indicators
available in astrophysics, and they are widely used
as abundance indicators in stars, in the low-red-

on all scales, from the high density peaks that form
galaxies to the distribution of gas in low-density

shift ind in the high-redshift IGM.
Current evidence at high redshift suggests that CIV/Si IV
abundance ratios shit at 2-3, possibly due to a spec-

voids (Hui&Gnedin 1997, Cen&Ostriker 1999). tral by the br
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Figure 5: Spectrum of quasar H1821+643 showing the strong OVI absorption lines at z = 0.22497 and
the weaker absorber at z = 0.22637. The calibrated flux is plotted vs. observed heliocentric wavelength,
and the solid line near zero is the 1s flux uncertainty (Tripp et al., 2000)
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and overlap of the cosmological He II ionization
fronts from QSOs and starburst sources (Giroux &
Shull 1997). Songaila (2001) using observation of 32
quasars with emission redshift in range 2.31-5.86
studied evolution of the intergalactic metal density
at high z. The CIV column density distribution func-
tion appeared to be invariant throughout the whole
z-range. The metallicity at =5 exceeds 3.5x10%, which
in turn implies that massive star formation took
place beyond this redshift.

Important property of the damped Ly-o ab-
sorption systems is that they are predominantly
neutral (neutral hydrogen and singly-ionized heavy
elements are the dominant ionization species), ai-
lowing for heavy element abundances to be meas-
ured sl the needl of applying lares fanlia-

mn rrecti

d species, includin

o 1, Cr 11, Ni II and Zn II, are of particular
importance because they are usually unsaturated
(or only mildly saturated), allowing accurate col-
umn densities to be measured. The typical metal-
licities for DLA systems are about 10% of solar
and do not evolve significantly over a redshift in-
terval 0.5<z<4 during which most of today’s stars
were actually formed (Lanzetta et al. 1995). Clear-
1y, these metals were produced in stars that formed
in a denser environment; the metal-enriched gas
was then expelled from the regions of star forma-
tion into the IGM but it is striking that there is no
pronounced trend for heavy element abundances
to increase with decreasing redshift, and in par-
ticular no trend for heavy element abundances to
approach solar values at redshifts 2-0, as would be
expected under scenarios of chemical evolution
due to the conversion of gas into stars. It is not yet
clear how to interpret these results.

2.3. Hot gas and other constituents of the ICM

It is well established (see e.g. White et al. 1993,
David 1997 that the x-ray hot gas is the main
“visible" component of clusters of galaxies, its to-
tal mass varies from 1 (groups) to 7 (rich clusters)
times the stellar mass present in cluster galaxies
and it can reach up to 30% of the total-cluster
mass: “visible” plus dark matter (see Fig. 6). Such a
high gas mass fraction has been deemed “the bary-
on catastrophe” (While et al. 1993),since i s incon-
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Figure 6: Mass fraction of stars (M, /M,;
symbols), stars plus gas ([M,,,,+M,,}/ M, ,; crosses

epen symbol),and tars plus gas pltis MACHOSs (M,,,,
+M,, +My\0)/M,,; open symbols). Ellipticals are
indlsated by diamonds, groups of galaxies by
squares, and rich clusters of galaxies by circles. Er-
rors are shown at 68% confidence (David, 1997).

clusters. The gas mass in the ICM is also highly
correlated with the luminosity from ellipticals and
lenticulars present in the cluster. The total mass in
the hot-gas component of the ICM ranges from
2x10" to 5.2x10" solar masses within a 3 Mpe radi-
us: this corresponds very roughly to a gas density
of 10 atoms cm. If one includes the X-ray emit-
ting gas in groups and clusters in the luminous
mass, the ratio of total gravitating mass to lumi-
nous mass decreases significantly between galax-
ies and rich clusters. This has the unexpected re-
sult that a greater fraction of the gravitating mass
is observable in rich clusters than in individual
galaxies. David (1993) showed, by including the
mass of MACHOS in galaxies in the baryonic mass,
that the baryon-mass fraction is essentially con-
sistent among galaxies, groups, and clusters.

Studies of the effect of clumpiness of the ICM
suggests clumping only overestimates ICM gas frac-
tion <20% (Mathiesen et al. 1999).

The x-ray emission from galaxy clusters is gen-
erally interpreted as due to thermal bremsstrahl-

filled

sistent with ©_=1 and Big Bang
culations (Wallker et al. 1991). However, if 2, =0.2,
then the inferred baryon density is 6% of the crit-
ical density, which is consistent with Big Bang nu-
cleosynthesis. ROSAT observations have shown that
groups of galaxies contain significantly less hot gas
than rich clusters (Mulchaey et al. 1996). In general,
the mass fraction of hot gas increases from 29 in
ellipticals, to 10% in groups, and up to 30% in rich

ung in hot gas (gas temperature within 10—10° K):
the tions of the  profiles of
the hot gas are consistent with the gas itself being
in hydrostatic equilibrium. Poor clusters have low
central density, low gas mass and low tempera-
ture, whereas rich clusters have high central den-
sity, high gas mass and high femperaiare The ICM

+ sarmple of 45 galzxy
ependence of ICM mass

by Mohr at al (1998)
clusters. It is a mild
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fraction f,.,, on <T,>, the clusters with ICM tem-
peratures below 5 keV have a mean ICM mass
fraction <f,.,>=0.160£0.008, which is significantly
lower than that of the hotter clusters
<fez>=0.212:£0.006 (90% confidence intervals)

The hot diffuse component of the ICM peaks at
the center of the cluster and falls off with dis-
tance from the center, and the x-ray emission can
be traced out to a distance of 3 Mpc. It is enriched
with heavy elements: x-ray satellite observations
done in the late 1970s revealed the presence of
heavy-element emission lines in the x-ray emis-
sion associated with clusters. The elemental abun-
dances of O, Ne, Mg, Si, S, Ca, Ar, and Fe for
four clusters of galaxies (Abell 496, 1060, 2199,
and AWM 7) were determined by Arnaud et al.
(1996) from X-ray spectra derived from ASCA. Since
the gas in the outer parts of the cluster s optical-
ly thin and virtually isothermal, the abundance
analysis is very straightforward compared to the
analysis of stellar or H II region spectra. Arnaud
etal. (1996) found that the abundance ratios of all
four clusters are very similar. The mean abun-
dances of O, Ne, Si, S, and Fe are 0.48, (.62,
0.65, 0.25, and 0.32, respectively, relative to solar.
The abundances of Si, S, and Fe are unaffected
by the uncertainties in the atomic physics of the
Fe L shell. The abundances of Ne and Mg and toa
lesser extent O are affected by the present uncer-
tainties in Fe L physics and are thus somewhat
more uncertain. The Fe abundances derived from
the Fe L lines agree well with those derived from
the Fe K lines for these clusters. The observed
ratio of the relative abundance of elements is
consistent with an origin of all the metals in Type
Tl supernovae. More recent results (Dupke et al.1999)
of spatially resolved ASCA spectral analysis of
A496, A2199, A3571 and Perseus. Mild, but signif-
icant, central abundance enhancements are found
in each. The analysis of an ensemble of individu-
al elemental abundance ratio indicates that ~50%
of the intracluster iron near the centers of these
clusters is from Type Ia supernovae.

It is a challenge for theory of enrichment of
the ICM with products of stellar evolution. The iron
yield needed to reproduce the typical observed iron
mass over stellar mass ratio in a typical cluster turns
out to be 5x10° which is 5 times larger than that
‘measured for the Milky Way galaxy. The conclusion
is that one cannot account for the iron mass in the
ICM using standard iron mass yield, i.e. that of our
Galaxy. This implies that there was a high superno-
va activity in cluster galaxies in the past, either a
much higher past average SNI rate as compared
with the present value observed in ellipticals (at
least a factor 10) or a high SNII rate (Arnaboldi,
200). The presence of large numbers of Type 1L
supernovae during the early stages of evolution of

cluster galaxies is a very strong constraint on all
models of galaxy and chemical evolution and i
plies either a very flat initial mass function or bi-
modal star formation during the period when most
of the metals were created

Chemical evolution models, which make use
of bimodal star formation or a higher SNII rate,
are able to predict the iron masses (typically of
the order of 10 solar masses) in the ICM, but the
total ejected masses of gas are always an order of
magnitude smaller than the observed ones
(Matteucci&Vettolani, 1988). This would imply that
the bulk of gas observed in the hot x-ray emitting
component of the ICM has a primordial origin, i.e.
it is pristine material produced during the big bang
and was never used to form stars. The agreement
between the prediction of the chemical evolution
model for early-type galaxies and the observed
heavy element content of the ICM is based on the
assumption that there had been a complete mixing
of the galactic heavy-element-enriched gas with
the unprocessed ICM gas on a time scale shorter
than the age of the Universe.

Another constraints comes from the observed
trend of increasing gas mass fraction between
groups (poor clusters) and rich clusters. The effi-
ciency of galaxy formation could not be greater in
groups compared to rich clusters since groups and
clusters produce the same light per unit mass
(David&Blumental, 1992). If groups and clusters
are closed systems (i. Lhey retain all gas shed by
evolving stars), then should be a con-
stant. Since this is contrary to ‘observations, groups
cannot be closed systems and must have experi-
enced significant gas loss. (David 1997).

Very recent observations (see e.g. Arnaboldi et
al. 2002) have shown that direct detection of indi-
vidual stars in the ICM is possible. Studies of the
ICM in the Virgo and Fornax clusters have detect-
ed several hundreds of point-like emissions from
individual stars in their post-AGB phase of plane-
tary nebulae. The planetary nebulae are very easy
to detect because their nebular outer shell encir-
cling the central star emits nearly 15% of the
total energy from the central star in the [O 111}
emission line at 5007 A: by simply taking an image
through a narrow-band filter centered at the plan-
etary nebulae redshifted [O I1I] emission and in its
adjacent continuumn, it has been possible to identi-
fy nearly a hundred planetary nebulae emissions
in nearby clusters. Simulations based on the over-
all number of detected planetary nebulae emis-
sions and the properties of their luminosity func-
tion in early-type galaxies indicate that the dif-
fuse stellar component in the ICM can contribute
up to 50% of the total light emitted by galaxies in
the Virgo and Fornax clusters. The detailed spa-
tial distribution of this diffuse stellar component
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is not known yet on the Mpc scale, and its distri-
bution may be related to the origin of this ICM
component itself. Tidal interactions between gal-
axies in a cluster are expected to be frequent and
cause galaxies to lose a substantial fraction, 30—
0%, of their stars to the cluster potential where
they become the stellar component of the ICM.
Because this diffuse component would then origi-
nate from tidal tails, one expects its spatial distri-
bution to be quite inhomogeneous. The debris can
be relaxed in the cluster core but the further out
one goes, the more unrelaxed the population might
becomne.

3. Mechanisms of interaction of galaxy and IGM

Galaxies and pregalactic stars (if they exjsl) and
Mecha-

generally not carry off great amounts of mass from
a galaxy, but may carry substantial amounts of
kinetic energy and metals generated in the super-
nova explosions driving them. If galactic winds es-
cape their host galaxies and impact the intergalactic
medium (IGM) then probes of the diffuse IGM,
such as the Lyman-alpha forest, should reflect this
energy input. i i
that do not include winds accurately reproduce the
observed Lyman-alpha absorption properties. On the
other hand, metal-line observations indicate that
the low-density IGM has been polluted with metals
(presumably via galactic outflows).

There are numerous observations of the galac-
tic wind. I just mention one, which evidences for
galactic wind developing at very early stages of
galacuc evnluucn Dawson et al (2002) report the

IGM are closel
nisms respcnslble for interrelations can be sepa-
rated in two groups according to the “direction”
of influence: galaxies—IGM and IGM—galaxies. In
first group I include ionization of the IGM by stel-
lar radiation and massive black holes in central
parts of galaxies, heating of the IGM (not only by
ionization but also via hot wind), and replenish-
ment the IGM with (chemically processed) matter
(accretion, infall). In second group there are proc-
ess of providing galaxies with (chemically differ-
ent) matter, dynamical stripping of gaseous com-
ponent of galaxies and dynamical friction that could
play significant role in structural evolution of clus-
ters of galaxies (e.g. formation of gravitational lead-
er in a clusters — cD galaxy (Gorbatskii, 1984)). I
do not consider violent exchange processes during
the close galactic encounters (collisions). In this sec-
tion I only discuss mechanisms important for chem-
ical evolution of galaxies and the IGM: galactic
wind, expelling of dust and briefly comment on
other mass loss and mass gain mechanisms.

3.1. Galactic wind

The galactic wind is believed to be produced by
multiple supernovae events in galaxies. Galactic
winds in elliptical galaxies play an important role
in the evolution of the interstellar medium in these
systems. According to conventional theory at early
stages massive SN explosions lead to sweeping out
of remaining gas and stopping star formation. High
intensity rate of the outflow will pollute the sur-
roundings with metals. The impact of supernova-
driven galactic winds on the formation and evolu-
tion of galaxies depends on how well the high-
velocity gas in the wind can couple to the rest of
the gas in the galaxy and its halo. Numerical simu-
lations demonstrate that this coupling will general-
ly be rather poor, as the wind tends to follow the
shortest path to vacuum. As a result, winds will

detection in high-resolution optical
spectmsccpy of a strong, asymmetric Ly6 emission
line at . The detection was made ina 2.25 hr
exposure w.m the Echelle Spectrograph and Imag-
er on the Keck II telescope through a spectroscopic
slit of dimensions 1°x20". The progenitor of the
emission line lies in the Hubble Deep Field-North
northwest flanking field, where it appears faint
and compact. The Ly-alpha line profile shows the
sharp blue cutoff and broad red wing commonly
observed in star-forming systems and expected for
radiative transfer in an expanding envelope. The
L profileis Gonsi ith a gal le outfl
with a velocity of v>300 kmys™. This value is con-
sistent with wind speeds observed in powerful local
starbursts (typically 10-10° km:s™).

Most authors are dealing with the galactic winds
from ellipticals, starburst galaxies (wind is expect-
ed to be very might from these) and dwarf galax-
ies. Dwarf galaxies are very numerous and low
gravitational potential makes easier the expelling
of hot metal enriched material into the IGM. In
next section we will discuss the role of disk galax-
ies in enrichment of the IGM with heavy ele-
ments. These will be based on the model of blow-
out presented by Igumentshchev et al. (1990). Based
on this model we estimated metal mass loss rate
due to wind as ~0.01 Mo yr (Shustov et al., 1997).
Relative efficiency of loss strongly depends on the
mass of galaxy. The dependence on mass of gal-
axy is presented in Fig. 7 from paper of Wiebe et
al. (1999), in which oxygen and iron mass loss rate
are compared with estimates of David et al. (1991)
and Matteucci&Gibson (1995) for ellipticals. As we
see metal mass loss rate from spiral galaxies is

uite comparable with that from ellipticals. It s
important that according to our model the mass
loss rate from unit of the disk area for same gal-
axy varies depending on radial distance. In outer
part of disk galaxies it is higher. Observationally
it is supported by larger radii of supershells at
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Figure 7: Dependence of theoretical oxygen (&) and iron (b) ejected masses on the mass of a galaxy for
spirals (Wiebe et al 1099) and ellipticals (David et al. 1991, Matteucci et al. 1995).

larger distances from galactic center. However for
some galaxies decrease of star formation activity
in galactic outskirts can reduce this effect.

3.2. Dust expelling from galaxies

Recent studies have proven that dust is an im-
portant constituent of intergalactic matter. In par-
ticular, the emission spectra of quasars have been
found to exhibit intergalactic absorption bands that
are also typical of the interstellar extinction curve
and that are commonly explained by the presence
of graphite grains in the interstellar medium (Chens
etal. 1991). Data on a few clouds of intergalactic dust
obtained from direct observations of grain infrared
radiation are presented by Wszoiek & Rudnicki (1990).

Outside galaxies the conditions necessary for dust
to be formed — low temperature and high gas density
-are not fulfilled. Therefore, one has to assume that
dust produced in galaxiesis brought to the intergalac-

indicates that about half of quiescent spiral disks pos-
sess detectable dust chimne;

Starburst galaxies also reveal the presence of
dust in circumgalactic vicinity. Alton et al. (1999)
presented SCUBA images of the nearby, starburst
galaxies NGC 253, NGC 4631 and M82 (primarily at.
wavelengths of 450 and 850 mem). The existence
of a dust outflow along the minor axis of M82 and
make a similar (but somewhat more tentative re-
port) for the other two galaxies NGC 253 and NGC
4631. The scale-size of the “vertical” features is0.7-
1.2 kpe. A mass of 10 Mg is inferred for the out-
flowing grains in M82. This amount of grain mate-
rial could either have accrued from an inflow along
the disk (e.g. a bar) or, if the lower mass limit
applies, have been synthesized by massive stars in
the starburst. The ejected grains are probably trav-
elling close to the escape velocity of the host gal-
axy and assuming, hypothetically, that they do
manage to breach the halo Alton et al. (1999) expect

perwinds to expel up to 109 of the dust residing

tic space by one or sev
of dust out of galaxies as they move through the
intergalactic gas or dust motion driven by the inter-
galactic wind have been proposed for such mecha-
nisms. The latter is discussed by Faber and Gallagher
(1976) who argued that this mechanism can be effi-
cient only in elliptical galaxies. Alton et al. (2000) ob-
served dust outflows from quiescent spiral disks. They
have conducted a search for «dust chimneys» in a
sample of 10 highly-inclined galaxies. The have pro-
cured B-band CCD images for this purpose and em-
ployed unsharp-masking techniques to accentuate the
structure of the dust lane. Three of these galaxies
possess numerous curvi-linear chimney structures
stretching up to 2 kpe from the midplane and the
fraction of total galactic dust contained in such struc-
tures is of order 1%. Optical extinction offers a lower
limit to the amount of dust contained in the extra-
planar layer but, by examining the transparent sub-
mm thermal emission from NGC 891 the limit was
fixed of 5%. These results are consistent with a sim-
ilar recent study by Howk & Savage (1999) which

in interstellar disks into the intergalactic medium.

The motion of dust under the action of radia-
tion pressure is most commonly considered in the
vicinity of individual stars, notably the Sun. Only a
few authors have explored the possibility of large-
scale motion of dust caused by this mechanism. The
problem of the possible blowing of dust out of
galaxies by radiation pressure from stars is raised by
Pecker (1974) who concluded that the radiative force
on dust does not exceed the gravitational attraction
and cannot result in large-scale sweeping of dust
out of galaxies. Having considered this possibility,
Chiao et al (1972) reached an apposite conclusion;
however, they used a simplified galaxy model. This
process has been more thoroughly studied in Ferrara
et al. (1991). The authors considered the motion of
graphite and silicate grains under the effect of the
total radiation field and the gravitational field of a
spiral galaxy. It was important results of their calcu-
lations that dust grains can be raised by this mech-
anism to a considerable height above the galactic
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Figure 8: Left panel: Evolution of radius a, radial distance R and height Z of silicate grain; right panel
~ density distribution of silicate grains (Shustov&Wiebe 1995).

disk in a time of the order of 10* yr, virtually escap-
ing into the intergalactic space. However, many im-
portant points are only outlined in this paper or are
not treated at all. The entire study was carried out
for a single dust grain, and no detailed analysis of
the motion of dust as an assembly of grains charac-
terized by a size distribution and an initial number-
density distribution was given. Furthermore, un-
derestimated values of the interstellar gas density
(0.1 em at the Galactic center) were used to inte-
grate the equation of motion of the grain, resulting
in the effects of braking processes and dust destruc-
tion being underestimated. Shustov and Wiebe (1995)
improved this approach and included all considered
factors. They calculated the density distribution of
dust near a spiral galaxy (for definiteness, near the
Milky Way) established as a result of its sweeping
by radiation pressure from stars. This mechanism is
‘most efficient for grains with radii of (0.7-2)x10°
em, which escape into the intergalactic space mainly
with velocities of the order of 100—2000 km-s
Grains with smaller radii also leave the disk but are
completely destroyed at distances of the order of
30-70 kpe. Graphite grains are swept out of the
Galaxy more effectively, because they are less prone
to destruction. In Fig. 8 evolution of silicate dust
grain and dust density field at high 7 are shown. The
rate of mas loss from the Galaxy in the form of
dust is estimated for the Milky Way as ~0.04 Mo yr-
This value should be decreased (3-5 times) because
of Lorenz force in magnetic field of the Milky Way.
The role of magnetic field is hard to estimate be-
cause of poorly known structure of the field. The
latter conclusion is confirmed by the fact that our
values of dust density (10107 g-cm?) in the cir-
cumgalactic space are consistent with observations.

ILis imporiant that effectiveness of dust expel-
ling depends on the galactic mass similar to that
for the wind. For low mass galaxy 5x10°Mo it is 5
times relatively higher while for massive galaxy
10"*Mg becomes negligible.

3.3. Other mechanisms

Ram pressure by ICM causes stripping of inter-
stellar matter from galaxies. Since Gunn&(hu (1972)

of ram
mechaniem has been invoked 1o explain différent
observational phenomena, such as HI deficiency of
spiral galaxies in clusters (Giovanelly & Haynes,
1985) and low star formation activity (Dressler et al.
1999). Many theoretical studies of this process were
‘made e.g. Faruoki&Shapiro (1980), Kritsuk (1984). A
comprehensive analysis of physical processes of in-
teraction of galaxies with IGM was done by Gor-
batskii (1986) and I will comment only on some re-
cent results. Vollmer et al. (2001) investigated the
role of ram pressure stripping in the Virgo Cluster
using N-body simulations. Radial orbits within the
Virgo Cluster’s gravitational potential are modelled
and analyzed with respect to ram pressure strip-
ping. The N-body model consists of 10,000 gas cloud
complexes that can have inelastic collisions. Ram
pressure is modeled as an additional acceleration on
h the gas distrib

tionin the direction of the galaxy’s motion within
the cluster. Several simulations were made, chang-
ing theorbital parameters in order to recover differ-
ent stripping scenarios using realistic temporal ram
pressure profiles. It was demonstrated thatram pres-
sure can lead t0 a temporary increase of the central

part

of the total atomic gas mass (several 10° Mo) can Fa
backonto the galactic diskafter the stripping event.
A quantitative relation between the orbit parame-
ters and the resulting HI deficiency is derived con-
taining explicitly the inclination angle between the
disk and the orbital plane. Itis concluded that the
scenario in which ram pressure Stripping is respon-
sible for the observed HI deficiency is consistent
with all HI 21 em observations in the Virgo Cluster.
Gas flows in galaxies are fundamental ingredi-
ents for studying their chemical evolution. More-
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over the formation of galaxy itself in accretion
mode can be considered as intensive infall. There
are dircct observations of infall of HI clouds ontc
galaxies. Oort in 1970 first (see in Matteucci 2001)
discussed the possibility of matter infalling onto

model is the idea proposed by Firmani and Tutukov
(1992), who assumed that the thickness of the gase-
ous disk is determined by two competing processes:
the input of energy from supernova explosions and
the dissipation of energy in cloud-cloud collsions.
Th

the disks of spiral galaxies. He envis that the
penetration into the Galaxy of extragalactic neu-
tral gas clouds with very high velocities (V>
140 km-sec) can trigger the formation of high
velocity clouds (HVC; 80<[V, | km sec'< 140) when
they interact with galactic matter and suggested
that the present time infall rate onto the Galaxy
should be of the order of IM,yr. Mirabel and
Morras (1990) presented observations at 21 cm n(

‘makes it possible to obtain the halo-
disk transition in a self-consistent manner and to
avoid artificial assumptions about the character and
rate of accretion onto the gaseous disk from the halo
Later basic improvements to the model were the
inclusion of galactic mass loss in the form of stellar
wind and due to the sweeping out of dust grains by
stellar radiation pressure as it was described in the

HIin the di f the galactic
that a stream of VHVC has reached the outer
Galaxy and is interacting with galactic matter. Their
HI survey provided evidence for the accretion of
gas onto the Galaxy at very high velocities: more
than 99% of the VEVC in the direction of the
galactic anticenter and 84% of the VHVC in the
inner Galaxy have negative (approaching) veloci-
ties. Mirabel and Morras (1990) derived from a sur-
vey of VHVC & total infall rate onto the galactic
disk of 0.2-0.5 Meyr™.. Estimates of the infall rate
should be regarded as still uncertain. Chemical com-
position of the high velocity in modelsis typically
d to be primordial.

4. Modeling galactic evolution

In recent years, various models have been wide-
Iy used for the study of the evolution of galaxies
(see a comprehensive book of Matteucci (2001).
Basic equations of any model include the conser-
vation laws of mass of gas and mass of i-th ele-
ment. Four basic processes are used to be taken
into account: star formation, the return of gas to
the interstellar medium by evolved stars, the ac-
cretion of intergalactic gas, and the cjection of
‘matter into the intergalactic space. For multi-zone
models additional terms describing transfer and
interaction between zones should be added.

T will not analyze all model approaches. Modern
numerical models are complex codes, which include
to some extent all the approaches (stellar dynamics,
gas dynamics, chemical evolution) and are able to
produce impressive evolutionary scenario. Very im-
pressive is quick progress in N-body and SPH tech-
nique s developing quickly (see e.g. Klypin et al. 1999,
Berzik 1999, Westera et al. 2002). Nevertheless basic
principles of all models are same and for quick look
some simple and clear model remains a useful in-
strument. Below I demonstrate some results, obtained
with a simple model (‘our model") which includes

All models typically have a large number of
free parameters. It is desirable to check the agree~
ment with observations of «final» (current) char-
acteristics of a galaxy, and data on evolution of
similar galaxies with time. In studies of our Gal-
axy, it is customary to use G-dwarf problem and

R

"y
Figure 9: General test results obtained with model
(Shustov et al.(1997) and Wiebe et al.(1998)for the
Galaxy: a) The calculated metallicity distribution
for stars (dashed curve) compared to the data of
the catalog of Cayrel de Strobel (1992), estimates
for Simple close model (dots) an close model with
dynamically changing half thickness of the disk
(solid line); b) The observed metallicity (filled cir-
cles) as a function of height above the disk plane
(Grenon 1990). The calculated dependence is shown
by the solid line — for closed model, dashed line—
for our model; c) The observed [0/Fel-[Fe/H]
relations from (Barbuy 1988, 1989) (circles) and
{Edvardson (1988) (triangles). The solid line corre-
sponds to the chernical composition obtained in our

‘most important i 1 ev-
olution of the a]axy.FordetadsseeShuswvetal(lggm
and Wiebe et al(1998). The dynamic basis of the

model; d) D on galac-
tic luminosity. Observations — from Brodie&Huchra
(1991); our model is shown by solid line.
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the «age-metallicity» relation for this purpose.
However, the latter test is not conclusive: the wide
spread of age and metallicity determinations for
galactic objects makes it impossible to sufficiently
constrain the choice of model parameters. In Fig. 9
some general test results obtained with our model
for the Galaxy are shown.

Asit can be seen from Fig. 9. our model reason-
ably well passed the tests. Now I briefly comment
some items related to the topic of the paper: en-
richment of the IGM and radial gradients of chem-
ical composition in the disk galaxies.

5. Enrichment of the IGM with heavy clements
by galaxies

Asit was discussed above the studies of quasar
absorption lines reveal that the low-density inter-
galactic medium (IGM) at 2-3 is enriched to be-
tween 102 and 10 solar metallicity. This enrich-
ment may have occurred in an early generation of
Population III stars at redshift z>~10, by protogal-
axies at ~6<z<~10, or by larger galaxies at ~3<z<~6.
One introduces the episodes of pre-galactic star
formation as a possible explanation for the wide-
spread existence of heavy elements (such as car-
bon, oxygen and silicon) in the IGM. Evolution of
massive PoplIl stars is now popular subject to in-
vestigate. In our Galaxy we never observed such

stars, though this research direction seems to be
pros . Nevertheless galaxies remain to be be-
Hevad as thi o htietivs Droducess ot walols

Itis recent tendency that model appear in which
chemical evolution of galaxies and the IGM are
followed in consistent way starting from cosmolog-
ical simulations. Aguirre et al. (2001) constructed a
‘model (cosmological simulation), to which they add
a prescription for chemical evolution and metal
ejection by winds, assuming that the winds have
properties similar to those observed in local star-
bursts and Lyman break galaxies. Aguirre et al
(2001) found that winds of velocity >~200-300 km. s°
are capable of enriching the IGM to the mean
level observed, although many low-density regions
would remain metal free. Calibrated by observa-
tions of Lyman break galaxies, their calculations
suggest that most galaxies at z>-3 should drive
winds that can escape and propagate to large radit
The primary effect limiting the enrichment of low-
density intergalactic gas in their scenario is then
the travel time from high- to low-density regions,
implying that the metallicity of low-density gas is
astrong function of redshift.

As we discused in Section 2.2 measurements of
the chemical compositions of distant objects-qua-
sars and galaxies-show that their heavy element
abundances are high and do not increase apprecia-
bly as 7 decreases, i.e. with approach to the current
epoch (Pettini et al. 1997). This is usually taken as

evidence that most of the heavy elements in gal-
axies were synthesized shortly after the formation
of the galaxies, on a very short timescale of the
order of 10°10° yr. The high rates of heavy-ele-
‘ment formation at high z should correspond to high
SFRs (>100M, yr-' for a massive galaxy) and large
bolometric luminosities exceeding the current lumi-
nosities by an order of magnitude or more

The early activity of star forming galaxies: heat-
ing and outflows from dwarf galaxies can sub-
stantially influence on the subsequent formation
of larger galaxies and on chemical evolution of
the IGM. E.g. Scannapiesco (2001) using semiana-
Iytic and numerical techniques, showed that the
winds identified with high-redshift low-mass gal-
axies may strongly affect the formation of stars in
more massive galaxies that form later. Winds typi-
cally strip baryonic material out of pre-virialized
intermediate mass halos, suppressing star forma-
tion. More massive halos trap the heated gas but
collapse later, leading to a larger characteristic
metallicity. This scenario accounts for the observed
bell-shaped luminosity function of early-type gal-
axies, explains the small number of Milky-Way
satellite galaxies relative to standard CDM pre-
scriptions, and provides a reasonable explanation
for the lack of metal-poor disk stars in the Milky
Way and in other massive galaxies.

Elliptical galaxies are widely assumed to be the
primary source of heavy elements in the intraclus-
ter medium (ICM), with a role of other morpho-
logical types being negligible. In this paper we ar-
gue that contribution of spiral galaxies into the
chemical evolution of the ICM is also important.
This statement rests upon our recent calculations
of the heavy element loss from a disk galaxy, in-
voking two mechanisms: hot steady-state galactic
wind and dust expulsion by the stellar radiation
pressure. This model reproduces main properties of
our Galaxy and, being applied to galaxies of vari-
ous masses, describes well the observed correlation
between spiral galaxy mass (luminosity) and metal-
licity. In our model this correlation develops as a
result of the mass dependence of both loss mecha-
nisms, in the sense that less massive galaxies lose
‘metals more efficiently. We showed that a typical
disk galaxy is nearly as effective in enriching the
ICM as an elliptical galaxy of the same mass.

We calculated integrated mass of O and Fe eject-
ed by spiral galaxies in a galactic cluster (Fig.10). To
assess the overall production of O and Fe in disk
galaxies one has to integrate mass of the element
ejected from a single galaxy over the galactic mass
function. It is now widely assumed that the present
galactic luminosity function (LF) can be described
by Schechter (Schechter 1976) law with reasonable
accuracy. We take Schechter function in its original
form, assuming that the spiral luminosity function
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Figure 10: Integrated oxygen (a) and iron (b) ejected mass vs. redshift for different choices of stellar
and galactic mass function: f — share of spirals, n. - richness of cluster according Schechter (1996).

From Wiebe et al. (1999)

is proportional to it (universality of LF for all mor-
phological types was recently argued by Andreon
(1998) and Marzke et al. (1998)).

‘We demonstrated that "effective” loss (per unit
luminosity) from spiral galaxies is only slightly low-
er than loss from ellipticals. The dominant role of
garly-type galazie nrich clusteris caused by that
they als. We present
tional arguments to this point, based on recent da-
ions of the ICM

the fact that the ratio of total iron mass to cluster
luminosity does not depend on the fraction of clus-
ter spirals in a wide range of the latter, contra

to what one might expect if they do not contribute

type of object. For example, estimates of the oxy-
gen abundances in HII regions vary from -0.13 to -
0.05. Nevertheless, it can be considered well estab-
lished that heavy element abundances are a factor
of two to five higher in the central part of the
Galaxy than at its periphery. The similarity be-
tween the gradients inferred from young and old
objects indicates that they do not depend signifi-
cantly on age, at least during most of the Galaxy's
lifetime. For other disk galaxies gradients of about
-0.03 to -0.1 dex kpe? are typical (Kennicutt &
Garnett 19946, Garnett et al 1997, van Zee et al.
1998), s0 that the Milky Way is typical in this re-
spect. Recent results of Andrievski et al. (2002a) of

into the ICM heavy element
In recent years the problem of mixing attracts
attention of researchers. Ferrara et al. (2000) em-
phasised that from one side galaxies are believed to
be primary sources of heavy elements injected into
the IGM, however from the other side it remains
still far from being clearly understood what mech-
anisms spread metals over Mpc scales from parent
* galaxies. Many open questions related to a produc-
tion of heavy elements and enrichment of the IGM
with them are discussed by Shchekinov (2002).

6. Radial gradient in the Galaxy

In most disk galaxies, negative radial gradients
of abundances of heavy elements are observed.
This has been the subject of many observational
and theoretical studies (sce reviews of Pagel (1977),
Henry&Wortney 1999)). In the disk of our Galaxy,
all the most abundant elements (C, N, 0, Ne, S,
Fe, Ar, Al) show radial gradients (see e.g. Fig. 11)
The gradients for many types of objects with ages
from 10 to 10'Myr within R-5-15 kpe of the Ga-
lactic center (open clusters, HII regions, planetary
nebulae, B stars) have similar values of -0.04 to
~0.08 dex kpe-* However, the uncertainties are fair-
Iy high, even if we consider a single element and

the galactic gradient in
the range 6-11 kpe using most accurate data on 77
galactic Cepheides brought similar estimates though
even more recent detrermination of metallcity using
Cepheides at galactocentic distances 4—6 kpe (of
Andrievski et al. (2002b) ) revealed that radial me-
tallicity distribution is more likely bimodal: it is
fatter in the solar neighbourhoud and steepens to
the center starting from ~6.5 kpc.
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Figure 11: Chemical gradients in MW disk (from
Hou et al. 2000)
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There have been many attempts to explain the
origin of radial gradients of chemical composition.
The «static> models (ie., including only star forma-
tion and the return of gas to the interstellar medi-

ity of the gaseous disk; (3) gravitational interaction
between the gas and spiral density waves. It has
been shown that taking these processes into account
together with radially dependent accretion can ex-

um by evolved stars) fail to reproduce the gradients:
it is necessary to take into account gas motions in
one way or another. The dynamical factors involved
can be subdivided into two groups: (1) accretion at a
rate that depends on time and galactocentric dis-
tance and (2) radial gas flows in the galactic disk.

The first hypothesis is especially popular, since
introducing aceretion makes it possible to simulta~
neously resolve the "G-dwarf problem”. To repro-
duce the observed gradients, we must assume that
the time scale for accretion depends on galacto-
centric distance R, so that gas accumulates at the
center of a galaxy and heavy elements are pro-
duced at a higher rate there (Portinari&Chiosi 1999,
Chiappini et al. 1997, Pranzos&Boissier 2000). The
accreting gas could originate from (1) the galactic
halo (in this case, accretion corresponds to the on-
going formation of the disk) and (2) matter swept
up by the galaxy as it moves through the interga-
lactic medium. Kennicut (1996) summarized argu-
ments against sustained gas infall onto the Galactic
disk. Modern observational data can be reconciled
with the accretion scenario only if the accretion
rate is much lower than the current star-forma-
tion rate. Direct observations of gas accretion onto
the Galactic disk are available only for individual
high-velocity clouds and say nothing about the role
in the disk's evolution played by the periodic ac-
cretion of such clouds. Even if these clouds pro-
vide an infall of intergalactic gas onto the disk at
a mean rate of 0.5Moyr, due to its episodic na-
ture, this process cannot produce a regular and
sustained heavy-element distribution across the disk.
Moreover, the typical sizes of high-velocity inter-
galactic clouds (up to 25 kpe) substantially exceed
the interval of Galactocentric distances where the
gradient is observed (about 10 kpe). Another argu-
ment against a radial dependence of the accretion
rate is that the accumulation of gas by a galaxy
can be a self-regulating process. An enhanced ac-
cretion rate in the central region of a galaxy should
lead to more active star formation and, conse-
quently, to more intense energy release by young
stars. This energy (e.g., in the form of galactic
fountains and wind) can act against the infall of
gas onto the disk, weakening the dependence of
the aceretion rate on R

A possible alternative scenario to radially de-
pendent accretion could be radial gas flows in the
galactic disk. Lacey and Fall (1985) identified three
main origins for the development of radial gas
motions in a galactic disk: (1) infall onto the disk of
a material with low angular momentum; (2) viscos-

lain the
dients. However, Lhus fa.r radial gas flows lack a
sound theoretical basis and must be artificially added
to models. Moreover, to equalize the radial gas dis-
tribution and solve the G-dwarf problem, a model
must include radially dependent accretion even if
radial inflows are present.

We (Wiebe et al. 2001) used our model in two-
zone modification. The galucuc disk was divided in
two parts (zones): zone A: kpe M=0.5x10"Mo
and zone B: R=5-15 kpc M=1.5x10" M. Four vari-
ants (models) were calculated:

- closed model (just to compare with, we name
it standard or reference model),

- closed with dark matter as a parameter (just
to try to stop some discussion concerning possible
role of dark matter),

- open with radially dependent accretion (in
zone A My =0, in zone B M, =2Mo/yr. Such ac-
cretion rates are expected for a galaxy moving at
a velocity of 100-300 km/s through intergalactic
space of density 107-10 em™ with capture efficiency
1). We assumed lowest metallicity Z (O,N)=0 of
accreted material. Note — extreme values were
chosen. This was to make most favorable environ-
‘ment for this hypothesis)

- open with loss of heavy elements up to 30%,
depending on radial distance.

Results are shown in Fig. 12., that presents its
‘main characteristics: star formation rate (SFR) and
abundances of oxygen Zo and nitrogen Zy as func-
tions of time for the four variants of model. At
the initial stage of the Galaxy’s life, the gradient
of the oxygen and nitrogen abundances is about
0.05 kpe-l. This gradient arises because the initial
density in the inner regions is a factor of three
higher than in the outer regions. Combined with
the adopted of the SFR on the gas density (Smidt
law), this means that the time scale for star for-
‘mation at the Galactic center is shorter than at the
periphery, implying a faster accumulation of
heavy elements at the center. Therefore, the closed
model can adequately explain the chemical-com-
position gradient for old objects. However, the O-
gradient disappears by the time the Galaxy reach-
es an age of t~3x10° yr. The situation is similar for
nitrogen; however, since this element is synthe-
sized in long-lived, intermediate-mass stars, the
nitrogen abundances in the outer and inner re-
gions equalize at a later stage, when the Galaxy
is t-5x10° yr old. This absence of a gradient is
typical of models in which the star-formation pa-
rameters (and the rate of gas accretion onto the
disk) are independent of R (Portinari&Chiosi 1999).
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Figure 12: Star formation rate: panels (a) and abundance distributions for O and N: panel (b) for
different variants of the evolutionary model (Wiebe et al. 2001 - 1) closed model; 2) closed model with
dark matter; 3) model with radially dependent accretion; 4) standard model. The solid and dashed
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A decrease in the gradient with time was also
noted in models with radially varying accretion,
such as those in paper of Pranzos&Boissier (2000).

The absence of any significant dependence of
Z, and Zy on time in our model is due to the fact
that we take into account the finite lifetime of stars
When the star formation rate decreases with time,
the enrichment of the ISM with heavy elements
synthesized in massive stars at late stages of the
Galaxy’s evolution is compensated by the supply
to the ISM of gas with low Z ejected by long-lived,
low-mass stars formed during the main episode of
star formation and whose lifetimes are shorter than
the age of the Galaxy. As a result, Z is maintained
at an approximately constant level, The "asymp-

totic” values Zy and Z, are determined by fixed
parameters of stellar evolution and the shape of
the IMF and are, accordingly, virtually the same in
outer and inner regions. Evolution of of galaxy
whose outer regions contain some mass fraction of
dark matter is shown in panel 2). We considered two
cases, with the dark mass fractions equal to one-
third and two-thirds of the initial mass of the zone
B. It is evident from the figure that the gradient
increases during the initial evolution of the Galaxy;
however, even in this case, it eventually levels off.
Note that the adopted dark mass fractions for the
disk are probably strongly overestimated and that,
in reality, dark matter accounts for a much smaller
fraction of the disk mass.
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Results for the model with radially dependent
aceretion are shown in panel 3). In this case, the
negative abundance gradients of both oxygen and
nitrogen vary little throughout the evolution of
the Galaxy, in agreement with observations. How-
ever, there are two arguments against this possibil-
ity. First, it is not obvious why accretion of inter-
galactic gas should be more efficient at the periph-
ery than at the center of the Galaxy. Second, the
metallicities of intergalactic gas (and of high-ve-
locity clouds) are lower than the solar value but are
not equal to zero. The dashed curve in Fig.12 corre-
sponds to the case when the value of Zy and Zo of
the accreted gas is one-third of the current oxygen
abundance in the ISM at any time. We can see that
the gradient levels off with time, even if accre-
tion is present. In panel 4) the curves for zonel A
again correspond to the standard case, while Model
B assumes that 30% of the heavy elements syn-
thesized in the disk of the Galaxy are ejected into
the surrounding space via Galactic wind and the
expulsion of dust by stellar radiation pressure. It is
evident that these models are characterized by very
constant gradients. This is due to the fact that a
fixed fraction of heavy elements is ejected from
the Galaxy at any given time.

Possible explanations of the negative gradient
of chemical composition are not confined to ac-
cretion of gas and loss of heavy elements by the
Galaxy. A similar gradient also develops if radial-
ly dependent star formation parameters are intro-
duced into the model. For example, the IMF and
the coefficient of proportionality in Schmidt law
could depend on R. However, issues connected with
quantitative estimates of these parameters are not
sufficiently well understood to be included in re-
alistic evolutionary models of the Galaxy and we,
accordingly, do not discuss them further here.

Conclusion

Let me conclude very generally. Many prob-
lems remain still unsolved, new will appear, but
we are under way to understanding of consistent
evolution of galaxies — IGM system.
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