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ABETRACT. Theoretical energy distribotions in a
gpectrum of Salkorai’s object (S0} are calculated for
a grid of hydrogen-deficient and carbonrich model at-
mospheres of Teg = 5000-6200 K and log g= 0.0-1.0
Model atimospheres of SO are compubed by the tech-
nique of opacity sampling with account of atomic and
molecular absorption. Theoretical energy distributions
are compared with the spectrum of S0 in April 1937
ab.Ah 300—1000 nm. We show, thatb (1) theoretical en-
ergy distribotions agree well ab least qualitavely with
the observed ones and depend strongly on Tz ; (2)
an absorption by the Cs and CIY bands is dominated
in visible and near TR region of the 85O spectrum, an
abtomic absorption becomes important in TV and blue
region. We estimabe for 50 T.g = BB00K and its in-
terstellar reddening Eg_+ = 0.70 for April, 1997

Key words: Salurai’s object, AGE and post-AGE
evolution, mode abmospheres, synthetic spectra.

1. Introdaixtion

Salurai’s object (80, V1331 Sapitbarii) was diseow-
ered on Febroary 20, 1396 (IMalano et al., 1936) as “no-
valile object in Sagitbaring” at ~ 11", but no emission
lines were found in its spectrum. Its progenitor was a
faint blue skar (~ 21%) in the centre of a low surface
brightness planetary nebula,

It is supposed that the beginning of the flash was
in the end of 1331 Then the effective temperature of
50 decreased, but its optical luminecsity increased in
1925-1297. In early and in late 1398 abrupt dedines of
brightness at all colours occurred. This is inberprebed
as onsets of dust formebion, very similar to those ob-
served in R CrE variables (see Duerbecl et al 12080}
The nature of observed processes testifies that 50 isan
AGE star at a final stage of helium source flare (Duer-
beck & Benetti 1936}, that was predicked by theory
{Iben 1281) The exact spectral classification of S0
iz essentially hindered doe to the unusual abundan ces:

there is a hydrogen deficitin the akmeosphere, and C/O
> 1 (Asplund ek al. 1997, Kipper & Klochlova, 1997).
From the spring of 1337 SO is classificated as C-star
{Arhipova et al 1998).

We compute and compare with observabions theo-
retical energy distributions in the 80 spectrum and
determined the effective temperature of 50 in April
1337, This requires calculations of mode abmospheres
with peculiar chermical sbhundances and synthetic spec-
tra talking into account the numeroos atomic lines and
melecular bands in the wide spectral region.

2. Obzervations

In cur work we use an observed spectrum of 50 in
the range of A% 300-1000 mm, taken April 23, 1997 (zee
Duerbecl: et al. 1933 for more detaile). Mo obvious
dust obscuration is seen in the light curve of 80 ab
this data. Heowever, Kamath & Ashok (1993} claim
that some dust had formed in April-May 1997

The extinction is still an unclear point. We use the
correction for the interstellar reddening Eg_ =054 as
well 0.70 (see Pavlenko ek al. 2000).

3. Procedire.

Our computabions of model abmospheres and syn-
thetic spectra are carried oub for classical approaches:
LTE, plane-parallel model atmosphere, no energy di-
vergence The diemical composition of 50 of Asplund
et al. (1097) is used (see Table 1). It agrees well
enough with the data of Kipper & Klodlova (1937).
Ionization-dissocation equilibrinm is calcolated for a
geb of Y0 atoms, lons and melecules. For camputing of
abscrption by atoms and ions we use YALD line lists
{Piskunov et al. 1935). Molecular absorption in fre-
quencies of 20 band systems of diatomic molecules (see
Table 2) is calculated in the " just overlapping approxi-
mabion” (JOLA) approach. The input informakion for
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Table 1: Abundances of chemical elements in the at-
mosphere of S0 (Asplund eb al. 1937), %" N, =1

Z  Element logIM{30) log N (Sun)
1 " -1.73 -0.04
2 He -0.03 -1.05
3 Li -7.83 -10.88
] C -1.75 -5.48
7 T -2.83 -5.29
8 o -1.85 -8.11
10 MNe -2.18 -3.95
11 IMa .73 -671
12 Mg .85 -1.18
15 Al .85 -B.B7
11 2l .35 -1.43
186 g -1.83 -183
13 K -B.83 -6.92
20 Ca -5.83 -5.68
21 Be -5.33 -804
22 Ti -7.33 -7.08
24 Cr -6.93 -6.37
26 Fe -5.13 -1.37
28 i -5.33 -5 70
20 Cu -6.53 -7.83
30 Zn -6.73 -7.44
a7 Eb -7.73 -0.11
38 &r -6.53 -0.14
29 A 813 -8.80
40 Zr 813 -0.11
BE Ea -8.03 -0.01
57 La -9.83 -10.82

thiz caleulations is described in Pavlenlo & Yaliovina
(1000} MNote, that we suppose that all carbon exisks in
the form of 13C.

Opacity sampling model atmospheres of S0 and
its synthetical spectra are computed by SARMII1
(Pavlenko 1993 and WITAG programs, respectively.
The last iz the version of the program WITAZL
(Pavlenkeo 1337). In WITAS some additionsl opacity
sources, L.e. bound-free abscrphion of CI, O I, O are
included (see Pavlenko et al. 2000 for more details).

We put microturbulent velocity in 80 atmosphere &
lim /s, as a typical value for atmospheres of post AGE
sbars. Thecretical spectra are convolved by a gaossian
with half-width 0.5nm.

4. Results

In Fig. 1 we show an identification of the main fea-
tures in the SO spectrum of April 1397, Its overall
shape is governed by the bands of C: Swan system
and by violet and red systems of CIM. In the near TY

Table 2: Band systems of diatomic meolecules thab were
taken into account in this paper

Melecule Eystem

Ca ESHF- 2 11, Fox-Herzherg
Ca dSH_r_.- a 11, Swan
Ca AT, -XLE;," Phillips
Cas = -a’I, B allile-Rarmsay
CI Bim+ogim+ violet
CIT - N red

C3 AUTRIS+

co AUTRISH

co Clet AT Herzberg
co Elzt AT Angstrém
MO ATt AT ¥

NGO B3I -X*I1,

i @] alin iy £yl g
Mo Elztxlz+

AlD O, Xt

AlD Bzt ot

S0 Elztxliz+

S0 AL Xie+

S0 AT -

Cal Cle ®1%

{4 < 100 am} the abomic absorption becomes impor-
tant. Inour low-resclution spectrum only the skrongest
abornic lines can be identified: Cat H and K (4 303 18,
A 396,96 nm), IMa D (A B80.16, A 680.75 nm), IR triplet
of Ca® (A 850.03, & 85114, A 866.15 nm ).

A comparison of observed and computed energy
distributions shows their reasonably good gualitative
agresment. Thus, the main opacity sources in the at-
mesphere of 80 can be considered as well defined. At
the same time, the comparizon of observed and com-
puted flux intensities of Cs; and CI bands in the near
UV part of the spectrum of 80 shows that the theo-
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Figure 1: Tdentification of the strongest features in the
S0 spectrum of April 1947,
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should inerease with the lowering of effeckive tempera-
ture. Comparison of observed and computed fluxes Fy
for model abmespheres with Toz = 5000 and 6000 K
iz shown in Fig. 3. This picture shows that the energy
distribution in the spectrum of 80 depends critically
on T.g . The best fit we obtained for an intermediate
Tog ~ BB00 K. It can be seen on Fig. 4.

To study an inpact of log g on the SO spectrum
we computed two mode abmospheres 5500/1.0 and
B500,/0.0 and theoretical energy distributions for these
models. We conclade that the dependence of the S0
spectrum on log g is of "second order importance” and
it al=n can be affected by the sphericity =offecks in the
50 abmosphere.

In Fig. 4 we show the fits to the cbserved SO spec-
trum, corrected for Eg_+r=0.70 and 0.53. The fit with
Er_+r=0.70 lools better, especially in the red part of
the spectrum.

There are several hints thab the chemical abundances
in the 30 atmosphere are dhanged in short time scales
(1005-1007, see Asplundet al. 1997 for details). There-
fore, & sbudy of a dependence of the cubtpuat fluxes
on the H, C, M, O abundances is of inberest. First
of all, the abundance changes affect the chemical bal-
ance, and, hence, the emitbed spectra of 30, Furthe-

Figure 1: Comparizon of computed radiative fluyes for
atmeospliere models with Tog = 5500 and observed 50
spectrim corrected for Eg_ar=0.54 and 0.70.
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Figure & Comparizon of the observed spectrum of 50
and theoretical ones on different input hydrogen abun-
dances
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more, a structure of model atmospheres is changed
also. As a result, we have a complicate dependence
of the SO spectra on abundances. We computed sev-
cral model atmospheres for different abundances and
found that variations of the hydrogen abundance, for
example from the logN (I} = —4.0 (hydrogen abun-
dance in R CrB atmospherc, see Asplund at al. 1997}
up to log N(H) = —1.73 {a casc of 80, sec Table 1),
show a rather weak impact on the model atmospheres
or output spectra of SO (fig. 5). In general, a depen-
dence of the theoretical spectra of SO from the H, C,
N, (0 abundances is rather complicate.

5. Discussion

There are several essensial subjects for discussion
in this work: adopted approaches for computations,
the enormous intensitics of the theoretical spectra of
carbon-containing moleciles in blue and UV region,
the estimations of Tey for SO in April, 1997 and inter-
stellar reddening Ep_v.

Our computations were carried out in the framework
of plane-parallel approach. We simplify the real sit-
uation (sce Asplund et al. 1997) by ingoring of the
sphericity effects. Note, however, that there are a
few other problems to be studied even in the frame-
work of this simple approach. Furthemore, shperic-
ity effects should affect mainly the outermost layers,
whose structure depends also on many processes: dust
particles formation, depletion of molecular species,
chromospheric-like effects, interaction with the dusty
envelope, nonhomogenuity, ete. Unfortunately, for the
time being, physics of the processes is poorly known
yet.

Also the accuracy of JOLA approach can be unsuffi-
cient for faint molecular bands. But we note, that only
due to using JOLA we could to make such a wide work,
while the contribution of faint bands iu total molecular
absorption is usually small.

We note sume enhancening of the theoretical Ca and
CN bands in blue and UV region. One may interpret
these results within the frame of the phenomenon of
”too strong carbon lines” (see Asplund et al. 1997) for
type R CrB stars or as an impact of the dust {Duerbeck
et al. 1999). It can be also a consequence of the lack
of the continuum or line opacities in the blue part of
the spectrum (Pavlenko & Yakovina 1999). The last
is caused by incompletness of lists of the used atomic
lines and molecular bands.

Obtained in this work T.y SO in April 1997
Tex ~ 5300 K is lower than the value of Kipper and
Klochkova (1997) T.q = 7250 K for July, 1996. In

general, effective temperatures of SO were reduced by
time in 1995 - 1997. Arhipova ct al. (1998), using the
photometric calibration of "normal” C-giants, deter-
mined for SO T.q =5100 K in March, 1997 and 4600
K in June, 1997. Their Tey are lower than our estima-
tion for April, 1997, but one should remember about
uncertainties of spectral classification of SO due to its
unusual evolutionary status. :

We found that the observed spectrum of Sakurai’s
object in April, 1997 corrected by interstellar redden-
ing Eg_v= 0.70 is well fitted by theorectical spectra
computed for model atmosphere 5500/1.0. In that way,
in the frame of our self-consistent approach, we inde-
pendently obtained also the interstellar reddening pa-
rameter which was poorly known for SO (see discussion
in Pavlenko et al. 2000).
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