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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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