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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%. (@)



12 Odessa A vol. 15 (2002)
‘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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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




Odessa Astronomical Publications, vol. 15 (2002)

19

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-
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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



32

Odessa ical P

vol. 15 (2002)

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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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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