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Abstract.

Evolutionary status of peculiar supergiants with large IR excesses, candidates for protoplanetary
nebulae (PPN), has been considered. -
Results of spectroscopy of supergiants with IR excesses obtained with the 6 m telescope in 1994~
1996 are presented. Using high spectral resolution CCD spectra taken with the echelle spectron-
eter LYNX, a sample of 14 supergiants, PPN candidates, having large IR flux excesses has been
studied. In the atmospheres of three metal-poor objects, IRAS 0429643429, [RAS 07134+1005
and IRAS 2227245435, overabundances of nuclei of s—process elements are reliably detected. In
the atmospheres of these stars large overabundances of carbon and nitrogen are also revealed.
A similar chemical abundance pattern is also derived for AC Her, one of four pulsating RV Tau
“type variables investigated. At the same time for the greater part of PPN candidates excesses
of leavy nuclei, whose synthesis in neutronization reactions and subsequent dredge—up to the
atmosphere of a post—AGB star is predicted by the stellar evolution theory, are not revealed.
For the star RV Tau the abundance of iron group elements is obtained to be solar, carbon and

s—process elements are estimated to be underabundant.

It. is shown that the sample of high luminosity stars with IR excesses is not homogeneous: these
are mostly low-rmass halo post—-AGB objects, but at the same time it includes stellar objects of
a different nature, e.g. the IR source IRC+10420. The metallicity we have determined. which
is close to solar. and the detailed chemical composition of the supergiant IRC+10420 verify the
hypothesis of its membership in the not numerous population of massive stars evolving towards
WR. Spectral monitoring has been started of the unique Sakurai’s object.
a post—

which is classified as
AGB star in the stage of the final helium flash from the results of 1996 observations.
The radial velocity variability of the object IRAS 0713441005 is confirined and lrulml velocity

oscillations of the peculiar supergiant UU Her are revealed.
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1. The problems of evolutionary status
of supergiants with IR excesses

1.1. Post—AGB evolution stage

The IRAS
view of infrared sky to astronomers. This made it
possible to select objects that represented circuimstel-
lar envelopes with temperatures from 200 to 1000 K
at high latitudes of the Galaxy. Later (Pottash &
Parthasarathy, 1988; Hrivnak et al., 1989; Oudmai-
1992; Oudmaijer, 1996) part of these ob-
jects were identified with high luminosity stars, be-
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telescope lannched in 1983 opened up a

stars: evolution — stars: post—-AGB — stars: chemical composition — stars: dy-

ing assumingly at the post—AGB stage of evolution. a
small fraction of which were observable spectroscopi-
cally with a high spectral resolution. Immediately af-
ter the optical identification of the first IRAS source
a boom in investigation of these objects was started.
The results of the first decade are presented in the

(1993).

survey made by Kwok

The objects at the transition post-AGB stage
(hereafter referred to as PPN, IRAS sources, post-
AGB-stage stars) offer a unique opportunity to ex-
amine detailed cheniical (:ofl’lpositiou which has un-
dergone changes as a result of nucleosynthesis pro-
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6 KLOCHKOVA

cesses in the course of evolution of a given star. This
problem has been traditionally studied using-spec-
tra of planetary nebulae, however in this case as a
result of ground-based observations one can obtain
only data on the light element abundances. The de-
tails of the abundance curve caused by nuclear pro-
cesses at late evolution stages remain insufficiently
studied. The spectra of the post-AGB-stage stars,
which are late (F, G) supergiants, allow one to es-
timate abundances of both light elements and heavy
metals synthesized in the process of neutronization of
nuclei. Apart from this classical problem of investiga-
tion of chemical composition of stars at non-trivial
evolution stages, the study of processes of matter ex-
change between the star’s atmosphere, the search for
mechanisms responsible for the peculiarities of chemi-
cal composition of stars surrounded by dust envelopes
are of independent interest.

From the general idea of evolution of the Galaxy
and stars we are to expect at high latitudes the pres-
‘ence of only low-1nass objects, representatives of old-
type populations, including low-mass supergiants at
final stages of stellar evolution. However, over the last
few years it has become clear that in the Galaxy halo
a population of obviously young massive B stars is
observed (see e.g. Conlon et al., 1988; 1992). A possi-
hility of existence of massive high luminosity stars in
the halo of the Galaxy needs ascertaining. The age,
the large distance frown the galactic plane, z, and kine-
matics of a nuber of such objects are inconsistent
within the frames of the mechanism of ejection from
the disk and require the hypothesis of formation of
these stars in the halo of the Galaxy to be involved.
We cannot reject a possibility of recent star forma-
tion because at high galactic latitudes clouds have
been discovered with masses and densities sufficient
for stars to be formed in collisions of the clouds (Van
Woerden, 1993).

The situation with supergiants at high latitudes is
sitnilar. A number of hypotheses have been put for-
ward that explain their existence at high latitudes:
ejection from the disk in the supernova outburst in
a binary system, formation in collisions of high lati-
tude clouds. accretion of intergalactic gas, formation
of stars in the halo through phase transitions in low-
density gaseous clouds. The hypothesis of ejection
from the disk do not explain the large observed values
of z and kinematics of stars as in the case of B stars.

The mechanism of phase transitions was counsid-
ered by Tohline (1985) and developed by him later
with his coauthors (Christodoulou et al., 1993). The
phase transition of low density diffuse gas to compact
~disk-like” structures occurs in a stochastic manner
inside the clouds without thermodynamic equilibri-
wn, and wmay be efficient enough at mass values es-
sentially lower than those required by Jeans criteri-
o1 Such a collapse calls for supersonic perturbations
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Figure 1: The spectral energy
HD 56126 (figure 1s borrowed from the paper by
Bakker et al. (1996b).

in a non—equilibrium medium and may be effective
at very low densities, n = 0.1 cm™? and low temper-
atures, T =~ 20K, as those, that have been measured
at high latitudes in the Galaxy.

1.1.1. Post-AGB stars in globular clusters and other
golawies

Part of the questions raised by the uncertainties in the
evolutionary status, distances and luninosity of PPN
candidates in the galactic field can be eliminated if
one turns to investigation of simnilar stars inside glob-
ular clusters. However, because the post-AGB stage
is of short duration, there is rather a limited sample
of such objects in globular clusters. PPNe in glohulan
clusters, which are accessible to high—resolution spec-
troscopy, are still less nuinerous. By the present timne
the detailed chemical composition has been investi-
gated for the post—AGB stars in the nearest globular
cluster w Cen (Gonzalez & Wallerstein, 1992: 1994).
The supergiant ROA 24 (Gonzalez, Wallerstein, 1992)
is a reliable representative of the post—AGB stage ow-
ing to its w Cen membership. The abundance of chen-
ical elements in the atmosphere of ROA 24 is treated
as a primary standard for the post-AGB stage and 1s
used in the study of the objects suspected to belong
to this stage.

But in this case too, which is the most favourable
for observations, the S/N ratio of the spectra obrained
with the CTIO 41m telescope is generally insufficient
for measurcment of weak absorption lines. It is ap-
parent that mass high accuracy observations with a
high spectral resolution of stars in globular clusters
is a priority programme for telescopes with a mirror
diameter over 41mn.

An independent problem is search for and study of
extragalactic stars, PPN candidates. For the selection
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of candidates, IR spectroscopy and two—colour IRAS
diagrams are used to advantage, For instance, in the
Sinall Magellanic Cloud Van Loot et al. (1997) have
selected post—AGB stars of subclasses 1T — III (by
classification of Van der Veen & Habing, 1988).

In the past years along with classical cepheids,
RV Tau and RR Lyr type stars, the post-AGB stars
have come to be treated as a standard candle in de-
termination of distances to galaxies. The post—-AGB
stars have a number of advantages over the enurnerat-
ed objects (Bond, 1996): high absolute luminosity in
the narrow range of luminosities, possibility of their
selection using low-resolution spectra (from the non-
standard peculiar H, profile and anomalously high
Baliner jump values), membership in population 11,
reliable endugh calibration of luminosities by .objects
mside our Galaxy, tusignificant light variability.

1.2. Observational manifestations of the PPN
stage

At the AGB stage. stars represent a dense C-O core
surrounded by an extended envelope (Iben & Renzini,
1983; Schouberner, 1983). A strong wind with a rate
f 107 Mg, /yr and even 107*Mg /yr is inherent in
this configuration, which eventually results in an op-
ically thick envelope, and a star ceases to be observed
in the optical range. Stars at the late stages, which
oseatter through the wind, resemble a candle burn-
ing at both ends (Masevich & Tutukov, 1988). When
the mass of the hydrogen shell drops to 0.001 Mg,
the wind stops and the star moves into the blue re-

sion of the Hertzsprung-Russel diagram because of
rising Tey. This stage may last to Teyr values as high
15 about 30000 K, at which ionization of the circumn-
stellar nebula is initiated. Recombination hydrogen
ines and forbidden metal lines make the object read-
- observable as a planetary nebula (PN). Most of
the time the luminosity of the star is provided by
shell hydrogen burning.
The term AGB indicates that for low—inass stars
1 —2Mp) the relationship Tey — L at this evolu-
ionary stage is very close to that on the first giant
branch (RGB) but slightly shifted blueward (the two
branches are well seen on the H-R diagrams of glob-
ular clusters). For MS stars with a mass from 2-3 to
R — 9M (these objects are called intermediate mass
stars. heliuin burning in their cores proceeds in the
:sbsence of electron degeneration) the term “asymp-
rotic” has no morphological sense and is used to de-
ote stars with a degenerate C-0O core. After heliumn
1 the core is exhausted, the degenerate C-O core is
riginated surrounded by energetically active He and
H burning layers, i.e. a configuration — analog of an
AGB star — is formed.

1.2.1. Gaseous—dust envelope manifestations

Thus, from the general ideas of the stellar evolution
theory it follows that objects at the transition post
AGB stage, having undergone the AGB phase with
a-considerable mass loss, are stellar remmnants of high
luminosity surrounded by a dust envelope with a temn-
perature of about 200 K. From the point of view of
the theory and observations the trausition, very short
(about 10° years) phase from the AGB stage to a
planetary nebula, is little studied. The theoretical
study of evolution of PPNe is impeded due to the
complexity of their structure including at least two
compouents: a cooling down envelope. which may be
of composite structure and a star coutinuing its evo-
lution. However, a number of papers is available in
which modelling of radiation of the expanding cooling
down dust envelope is made (see, for instance. the pa-
pers by Volk & Kwok. 1989; Szczerba & Marten, 1993:
Lopez et al., 1997) and tracks for the evolution of the
central star (Schénberner, 1983) have been comnput-
ed, including the evolutionary tracks with allowance
made for the mass loss (Vassiliadis & Wood, 1993:
1994; Blocker, 1995 a,b). In the papers by Blocker
(1995 a,b) the evolutionary tracks have been calcu-
lated for stars with initial masses of 1 — 7M. . tak-
ing into account the mass loss at the RGB, AGB and
post—AGB stages. The author emphasizes that the
mass loss rate in the course of evolution of a star is
the most important parameter along with the initial
mass on the main sequence, and it determines 1ot on-
ly the final mass after the AGB phase but the internal
structure of the star and time scales of evolution ar
the final phases as well as the chemnical composition
variations of the surface layers of the star.
Nonvariable OH/IR stars are likely to be the
youngest post—-AGB objects. Habing et al. (1987).
Van der Veen and Habing (1988). and Kwok et al.
(1987 a,b) have proposed to call this transition evo-
lution phase the late~AGB (LAGB). Since the phase
is short, the object preserves many properties of its
predecessors — stars at the AGB stage. At the begin-
ning of this stage the object is observed only in the IR
and radio ranges and not identified with objects visi-
ble in the optical range (Kwok et al.. 1987 a.b: Volk &
Kwok, 1989). The carbon star CW Leo (IRC+10216).
the brightest source in the sky at A = dpum, serves a
prototype of an OH/IR star with an optically thick
expanding envelope created through the strong stel-
lar wind at the preceding phases of the star evolution
(Olofsson et al., 1982; Groenewegen, 1997). Delfosse
et al. (1977) have wmodelled emission profiles of CO
observed in 5 of this kind of objects. Rotational tran-
sitions of CO are widely used in determnination of the
matter loss rate for long-period variables. However,
in the case of young (optically thick) OH/IR stars
the mass loss rate corresponding to the integral IR
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flux turned out to be an order of magnitude higher
than the value which is obtained from the intensity
-of the weak CO emission (this inconsistence is espe-
cially. pronounced for the CO line corresponding to
the transition J = 1 —0) (Heske et al., 1990). Such a
behaviour distinguishes young OH/IR stars from Mi-
ra variables and OH/IR stars with an optically thin
envelope, for which the mass loss rate estimates from
the CO line and from the IR radiation are consistent.

The optical thickness of the dust envelope dur-
ing expansion decreases, as a consequence of which
the ratio of IR flux to the total flux will decrease.
For young PPNe it is 1/3. Volk and Kwok (1989)
have performed modelling of energy distribution evo-
lution in the spectrum of PPN as the envelope cools
down and expands. When the effective temperature
of a star reaches a value of about 5000 K, the phase
of LAGB terminates and an object becomes a PPN
(Schonberner, 1983).

The objects AFGL 618 and AFGL 2688 (Egg Neb-
ula) may be an example. AFGL 618 is an IR source
with Te = 300 K which is located between two op-
tical components separated by 7" (Westbrook et al.,
1975). On the radio images small (0.4") ionized re-
gions embedded into the IR source are revealed. At a
distance of up to 20" a molecular envelope expanding
at the velocity V = 20km/s, like circumstellar enve-
lope of an AGB star. is observed. The optical compo-
nent of AFGL 618 is a faint star (Sp = B9,V = 19")
due to high absorption: the absorption in the visible
range, Ay, reaches 70 — 100 magnitudes under the
assumption that the circumstellar absorption affects
IR lines in a manner similar to the interstellar ab-
sorption (Lequeux. Jourdain de Muizon, 1990). The
IR and molecular emission arise in the asymrmetric
envelope. The remnants of the envelope are concen-
trated towards the equatorial plane, the lower optical
density at the poles allows the optical radiation to
pass, and the scattered light creates a bipolar nebula.
In consequence of asymmetry of such a structure the
observed image is dependent on the observer’s view
angle. ,

The mass of the ionized part of the PN enve-
lope is 0.2Me; if the age is about 5000 years, the
mass loss rate at the AGB stage miust then be about
4. 107N 5, whereas from Reiters (1975) for a star
of such a mass it may be by 1-2 orders of magnitude
lower. Therefore, to explain the formation of a PN
a hypothetic “superwind” with 107* M per year is

introduced (Renzini, 1981; Baud & Habing, 1983). At

a certain moment of the life time of an AGB star its
mass loss rate suddenly increases. This rapid increase
in the mass loss rate finds its reflection on the di-
agram of IR colours as a gap between non-variable
AGB stars, which have actually no IR excesses, and
post AGB star (see e.g. Van der Veen & Habing, 1988,
Figs. 3a and 5a). These authors suppose that one of

the causes of the abrupt rise in mass loss rate may
be the pulsating instability of supergiants since on
both sides of the gap mentioned the numbers of vari-
able stars differ essentially. Besides, in the extend-
ed atmospheres of super— and hypergiants a coruplex
pattern of turbulence exists, which creates turbulent
pressure on matter and may cause a high rate mass
loss (de Jager, 1992). The “superwind” stage in low
and mediuin-mass stars terminates when the hydro-
gen envelope is exhausted. The duration of the “su-
perwind” stage is not large, 10° — 10% years (Baud &
Habing, 1983; Delfosse et al., 1997).

Several stars at the post—-AGB stage, in particular
the above mentioned AFGL 618 and AFGL 2688, had
been known before the IRAS satellite was launched.
Besides in the paper of 1951 Bidelinan drew atten-
tion to the. presence of F,G supergiants located in
high galactic latitudes. However, as a result of obser-
vations with the IRAS devices a population of F,G su-
pergiants with large IR excesses was revealed (Lamers
et al., 1986: Parthasarathy & Pottash, 1986: Hrivnak
et al., 1989; Trarus et al., 1991). which were mter-
preted to be caused by radiation of circumnstellar en-
velopes. It is-from the results of identification of this
population in the optical range that a sample of pecu-
liar supergiants with large IR excesses mostly in high
galactic latitudes (b > 10°) was formed.

The IR flux maximum lies at about 25 — 60 jan.
The flux up to 5yun is mainly determnined by
a reddened star, and over 10pum — by dust.
Colour characteristics (flux ratios at the wavelengths
12, 25, 60, 100 um) are caused by the circurnstellar
envelope properties, therefore, they are dependent on
the wind parameters at the AGB stage. On the in-
frared colour diagrams the late AGBs and young PNe
are clearly distinguished (Van der Veen & Habing.
1988: Volk, Kwok, 1989).

In addition to the cool dust envelope with a temn-
perature of several hundred degrees in several PPNe
a hotter inner envelope (up to 1000 K) is observed. It
is important that the integral IR flux for a number
of stars is comparable (and even exceeds) with the
flux in the optical range, in consequence of which the
energy distribution in the spectrum of PPNe has a
two—peaked character (Volk & Kwok, 1989: Van der
Veen et al.. 1994; Oudmaijer, 1996). As a typical ex-
ample, in Fig. 1 is presented the distribution of ener-
gy in the spectrum of the PPN, HD 56126 (the figure
has been taken over from the paper by Bakker et al.,
1996b). It follows from the figure that the flux in the
visible range is consistent with the Kurucz’s model
with Ter = 6500 K and surface gravity logg = 1.0.
Note that the excitation temperature we have deter-
mined from a large set of neutral iron lines (Klochko-
va, 1995 a) equals 7000 K and is in fair agreement
with the data of energy distribution modelling. It
should be borne in mind that Tey of the given object
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may change (Oudmaijer & Bakker, 1994) because the
colour indices are observed to vary.

It should be noted that at high latitudes of the
Galaxy F, G supergiants have been selected (Bond et
al., 1984; Sasselov, 1984), which, by all indications,
may be considered as post—AGB stars (UU Her type
stars), however, they have no IR excess. 1t is assumned
that these are the objects with a low mass of the core,
in consequence of which their evolution is hindered.
As a result, the envelope has time to dissipate leav-
ing no trace, since the dynamic life time of the nebula
s much shorter than the trausition stage of the star
fromm the AGB to the post-AGB stage, hence these
bjects will never get PNe. On the other hand, in
the case of a more massive central star, which evolves
faster, the PN will be ionized earlier, when the dy-
namic age is still small, the ratio of the IR flux to the
flux in the optical range is still higher. Thus, there are
IR objects that have 110 optical counterpart identifica-
rion. as, for instance, the IR source IRAS 1853040817
Walker et al., 1997).

The envelopes of the greater part of the AGDB
bjects are of extended asymmetric shape (Bujarra-
bal et al., 1992). which is indicative of the non-
sphericity of the mass loss process and the likely
presence of a companion. Optical images of PPNe
brained in the last time with a resolution as high
s the diffraction limit of large telescopes point to a
omplex morphology of these objects. For instance.

ruzalebes et al. (1996). having adapted the bispec-
rral analysis method (Weigelt, 1977) of speckle im-
wes and conducted CFHT observations in the near
IR. drew a conclusion of the bipolar structure of the
PPN HD 44179 (Red Rectangle nebula). Some lat-
er Osterbart et al. (1997) confirmed this result us-
ng optical speckle-observations. From observations
f IRC+10216 (CW Leo) with a high spatial resolu-
rion by the method of speckle masking perforined at
the 61 telescope Osterbart et al. (1996) have drawn
1 conclusion of the presence of a resolvable central
peak surrounded by condensations of matter. The au-
thors infer that the character of the matter outflow
process is stochastic. From radio images of CW Leo
1 emission at a wavelength of 1.3 min the extended
fust envelope of this star is traced up to a distance of
50" (Groenwegen et al., 1997). At distances of about 5
aid 20" together with the monotonic decrease in den-
sity of the envelope the authors have detected rises i
rs density associated, apparently, with the enhanced
2-7 tiwes) mass loss by the star during the earlier
volution stage. :

Fromn CFHT observations Kwok et al. (1996) have
brained nmages of 20 PPN candidates and detect-
ed a bipolar structure in the visible range for 2 of
then. Analysis of subsequent iinages of the 2 selected
bjects obtained by those authors at the telescopes
CFHT and UKIRT in the visible and IR wavelength

ranges with a high spatial resolution led to the con-
clusion of the presence of circuinstellar disks, which
obscure the central zones of the objects under inves-
tigation.

A qualitatively new level of understanding the
structure and dynawmics of the envelopes around far
evolved stars is ensured by observations with the Hub-
ble space telescope. For examnple, very cowplicated
picture has been obtained for the young nebula Egg
(STSI, 1997). The non-uniforin asyunnetric itnage of
this nebula obtained with a wide—angle camnera in the
IR range represent a hierarchy of different scale de-
tails with a set of velocities: clouds of molecular hy-
drogen, arcs, jets.

1.2:2. Spectral features in the IR spectrum

In the spectruin of a number of PPNe in the near IR
range Hrivnak et al. (1989) have detected the Brack-
ett HI series lines, the absorption feature 1.54 o,
which is ascribed to Mgl; absorption (mnay change
over to circumstellar emissions, as in the case of
IRAS 222724-5435) bands at 2.4 jan due to rotatiou
transitions of the CO molecule; emission features at
about 3 an sinilar to those found in the spectra of
PNe and H1I regions, which have not yet been reli-
ably identified.

O-rich post-AGB stars (for the photosphere
0/C > 1) have in IR spectruin strong details of 9.7
and 18 yan caused by silicates such as for O-rich AGB
stars (Van der Veen & Habing, 1988). The line of
9.7 jun changes from emission for early AGBs (Mi-
ra type) to absorption in the evolved AGB (OH/IR)
objects with optically thick envelopes. C-rich PPNe
have a strong IR detail at 11an (Van der Veen &
Habing, 1988: Chan & Kwok, 1990). It may be due
to graphite. This is assuined to be a likely vibrational
band of some symnetric molecule.

A small number of PPNe (Kwok et al., 1989:
Heuning et al., 1996) have in the IR spectrumn an
unidentified emission band of about 21 jan. which is
found neither in the spectra of their predecessors.
AGB stars. nor in the spectra of PNe. Buss et al.
(1990) have supposed that this band may be caused
by the molecules of polycyclic aromatic hydrocarbon.
Goebel (1993) has identified the 21 band with
the vibrational band of the SiS, molecule, the pres-
ence of which is consistent with the temperature of
the envelope. As has been noted in the paper hy
Kwok et al. (1989) the objects whose spectra cou-
tain the 21 gan band are extremal carboun stars. It is
important to note that the sources IRAS 0713441005
(Klochkova, 1995a), 1RAS 2227245435 (Zacs et al.
1995), IRAS 0429643429 (Klochkova et al., 1997¢),
for which we have obtained the values of C/0O > 1
and the excess of s—process elements, using the spec-
tra of chemical composition investigation carried out
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at the 61n telescope, belong exactly to this kind of
PPNe. An interesting thing is the detection of the
band near 21 un in the spectra of the very young
stars with IR envelopes (Hebbing et al., 1996), which
apparently points to the similarity of physical and
chemical processes in the envelopes of these objects
at so different stages of evolution. The resemnblance
of these two types of objects shows up in morphology
(bipolar structure) and in the details of kinematics of
the envelope (Henuing et al., 1996).

The broad emission band at 30 um is observed as
rarely in PPNe spectra. Omont (1993) and Omont
et al. (1995) have found this band in the spectra
of four PPNe. The authors of these papers have in-
ferred that the intensity of the 30 um band does not
correlate with the presence of the band at 21 um.
Besides, in contrast to the 21 pm, the 30 pm band
occurs in the spectra of stars at the neighbouring
evolutionary stages, AGB and PN. In the spectra of
IRAS 22272+5435 the 30 zan band intensity amounts
to 20% of the bolometric source luminosity, while
in the spectrum of IRAS 0713441005, whose atmo-
sphere is also rich in carbon (Klochkova, 1995a), the
intensity of this band is not high. Szczerba et al.
(1997), when nodelling the detailed energy distribu-
tion in the spectrum of IRAS 2227245435, concluded
that the 30 un band is caused by pure magnesium
sulphite, MgS, condensed on carbon grains of dust.

1.2.3. Spectral features in the UV range

One of the PPNe puzzles is the combination of the
large IR excess with the object bright enough in the
visible and UV regions. Despite the large amount of
dust around PPN candidates, no essential absorption
is observed in the UV and visible wavelength ranges.
For instance, for HD 44179 the ratio of the UV lu-
minosity to the optical luminosity is large, about 33
(Leinert, Haas. 1989), the colour excess therewith is
as low as E(B — V) = 0.4, which can be explained ac-
cording to Waelkens et al. (1996) by the geometry of
a binary systemn surrounded by a gaseous—dust disk.

The energy distribution in the UV spectra of
IRAS objects does not show, as a rule, any peculia-
rities which could point to the presence of hot corn-
panions or considerable reddening. In this seuse the
energy distribution in the spectruin of the supergiant
HD 161796 having a large IR excess (Parthasarathy
& Pottash, 1986) and possessing no distortions in the
visible and UV ranges is typical (Humphreys & Ney,
1974; Parthasarathy et al., 1988). The distribution of
energy in its spectrum is suggestive of a small de-
ficiency of metals in the atmmosphere, which is con-
firnned well by the data of the chemical composition
of HD 161796 (Luck et al., 1990, see also Tablel of
this paper).

I a general case the absence of considerable ab-

sorption in the UV can be explained by the fact that
the dust envelope is spatially separated from the cen-
tral star and has an insignificant effect on its radia-
tion.

In a number of supergiants unusual spectral de-
tails in the UV region have been observed. For
instance, in the IUE spectrum of the supergiant
HD 187885 Parthasarathy et al. (1987) have found an
intensive broad absorption line of about 1657 A (C1
or Cy) and the emission line NIV, 1487 A.

High resolution UV spectra (IUE) near the chro-
mospheric lines Mgll 2800 A obtained for a sample
of high-latitude supergiants have signs of stellar wind
and 1mass loss. These objects are weak for IUE, that is
why the spectra are noisy. Emission profiles of P Cyg
type and extended absorptions shifted towards short
wavelengths have been found, which is indicative of
matter loss. The velocity may reach 200-300km/s.
The results obtained by Bakker et al. (1996a) for the
peculiar supergiant HD 101584 from the IUE high and
low spectral resolution spectra may be an example.

The UV monitoring has revealed in 89 Her an 30
day variability of the Mg Il profiles (photoretric cycle
about 65 days), which coufirmns the effect the pulsa-
tions have on the process (rate) of mmass loss (Dupree.

1993).

1.2.4. Spectral peculiarities in the radio wavelength
range

Observations of PPNe in the radio range have pro-
vided a wealth of information about the physical con-
ditions in circumnstellar envelopes. It is of inportance
that objects with high (interstellar and circunstellar)
absorption in the optical range, including objects in
the galactic plane, are observable by radio methods.
Radio observations in molecular bands (thermnal radi-
ation of the molecules CO, SiO, HoO in the centimeter
range and nonthermal maser radiation of OH. H. 0.
Si0) point to the presence of huge. frequently bipolar.
molecular envelopes/ina lot of post—AGBs (Likkel er
al., 1987, 1991; Likkel, 1989; Trams et al., 1990; te
Lintel Hekkert, 1991; te Lintel Hekkert, Chapian,
1996; te Lintel Hekkert et al., 1992; Van der Veen et
al., 1993; Engels & Lewis, 1996). The non—thermal
character of emissions in the radio wavelength range
follows fromn comparison of the brightuess tempera-
ture (usually < 10° K) and line widths, which point
to the kinetic temperature T ~ 100 K. The powerful
maser radiation is an effective means for the study of
circumstellar envelopes, which permits the detailed
spatial structure to be revealed and even molecular
envelopes in other galaxies to be observed (Wood et
al., 1986).

The existence of molecular envelopes and their op-
tical thickness is determined by the mass loss rate at
AGB-stage and by the rate of following evolution.
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Prior to the IRAS observations, the existence of an
expanding envelope was the principal distinguishing
characteristic of a post-AGB star. Objects with OH
ernission are likely to essentially differ from objects
with close IRAS parameters, but with no OH emis-
sion (Likkel, 1989). For quite a few IRAS sources a
variability of OH profiles has been revealed (te Lintel
Hekkert. Chapinan. 1996), which may be due to tem-
poral variable interaction between the stellar wind
and the circumstellar dust (Balick et al., 1987), to
mass transfer in a binary system (Waelkens, 1995).
Besides, as noted by te Lintel Hekkert and Chap-
man (1996), the dynanic and geometric conditions in
the system may be modulated by the star’s magnetic
field. which will involve variation of the OH profile.

The CO lines in the millimeter range, along with
the IR data, are widely used to study the history of
mass loss (Omont, 1996) owing to the interrelation of
he intensity of these lines and the mass loss rate.

The total widths of the CO profiles reach

Okm/s. On the CO profile discrete peaks are occa-
sionally observed, which are suggestive, for example,
f repeat events of matter dredge—up (Tramns et al.,
1990).

j &

9. Spectral peculiarities in the opticel spectra

Ifa post AGB star, a PPN candidate, is observed in
the optical range. 1t cannot at once be distinguished
fromn an ordinary massive supergiant. Most frequent-
- this star is of spectral class F (Waelkens et al..
1989), however, there are objects of earlier spectral
lasses. For instance, McCausland et al. (1992) in-
vestigated hot (11000-27000K) post-AGB stars at
high galacticlatitudes. With the application of MK-
lassification criteria a very high absolute luminosity
f these objects is obtained — luminosity classes la.
b1l =7 < My < —=35. However, such a high absolute
wmninosity obtained with the MK—classification crite-
ria points only to a low value of logg in the atmo-
sphere (or pseudophotosphere) of a star, and objects
t high galactic latitudes are generally not massive su-
pergiants. For a nunber of stars the high luninosity
ollows fromn the distribution of energy in the optical
range as well.

The spectruin of a PPN is distinguished fromn
the spectra of classical supergiants basically by the
momalous behaviour of the line profiles (H1, Nal.
Hel) and, first of all, of the neutral hydrogen H, line.
viinch is also observed in low spectral resolution spec-
rra. The presence of H, emission, along with the 1R
excesses, is the main criterion for the selection of PPN
andidates. In the spectra of typical PPNe the Hy, line
nas composite (emnission 4+ absorption) variable pro-
fles with asyimnetry of the core, P Cyg or inverse
P Cyg type profiles, profiles with emission asyimnet-

ric wings. It is not infrequent that a combination of
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Figure 2: Comparison of the spectra of some PPNe
near Hy .

such details is also observed. The H, emission pro-
file is known to be a sign of matter outflow processes
and/or pul%ari(ms The shift of the core is. as a rule.
smaller than that corresponding to escape velocity.
i.e. we can speak rarther about the outHow (expan-
sion) of the outer layers of the extended atmosphere
than about the wind (Dupree, 1993). To illustrate the
variety of the profiles, in Fig. 2 are displayed soine H,,
profiles we have obtained in the course of fulfilment
of the spectroscopic programme at the 6 1m telescope.
The differences in the shape of the H, profiles are
caused by the differences in dynamic processes thar
occur in the extended atinospheres of individual PPN
candidates: spherically symmetric outflow at a con-
stant rate or variable with height in the atimosphere,
accretion of matter onto the photosphere, pulsations.
The peculiarity of the PPN spectra also manifests
itself in that the spectral features of an F-K class su-
pergiant are not uncornmonly combined in them with
numerous absorptions of molecules. For instance, in
the spectrum of HD 56126 with Ty > 6500 K Bakker
et al. (1996:a) have identified the bands of the Phillips,
Swan systemn of the Ca molecule and of the red sys-
temn of the CN nolecule, which, in the opinion of those
authors, arc forined in the envelope, in a confined re-
gion closest to the star. A comnparison of the envelope
expansion velocity determined from the Cy and CN
lines with this parameter fromn CO observations will
make it possible to trace the process of mass loss by
the star at the AGB stage. :
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Klochkova et al.  (1997c) have detected emis-
sion features in the optical spectrum of the source
IRAS 0429643429 taken with ‘the echelle spectromn-
eter of the 61 telescope and identified with bands
(0.0) and (1.0) of the Swan system of the Cy molecule.
Similar spectral features (but with a different intensi-
ty ratio) we have also revealed with the same spectral
devices in the core of the Hale-Bopp comet (Fig. 3).
The detected analogy has enabled Klochkova et al.
(1997¢) to conclude resonance fluorescence to be a
mechanism that excites emission of the two objects
in the molecular bands indicated.

When analyzing the spectra of the variable super-
giant with an IR excess, IRAS 0733140021, for the
different phases of the light curve, Klochkova and
Panchuk (1996) have obtained for the “cool” phase
the effective temperature Tor = 4100 K from the neu-
tral iron lines and Top = 3500 K from the a-system
spectrumn of the TiO molecule. The authors have pro-
posed a nurnber of likely explanations to this discrep-
ancy: the upset of the dissociative equilibrium iu the
upper layers where the TiO bands are formed: un-
derestimation of blanketing in the upper layers of the
used 1odel atmosphere, which leads to overestima-
tion of temperature in these layers; large—scale inho-
mogeneity of the flux over the star’s surface.

1.2.6. Binarity, pulsations

A considerable part of PPN candidates demonstrate
a variability of the radial velocity V, (Waelkens and
Waters. 1993: Waelkens et al., 1993; Waters et al..
1993) with a characteristic time of the process of
several hundreds of days. which may suggest their
binarity. Indeed. for several optically bright objects
with IR excesses conclusive evidence of orbital mo-
tion has been found. For example, the binarity has
been proved, elements of the orbit have been de-
teriined and a model of a system for the high-
latitude supergiants 89 Her (Ferro, 1984; Waters et
al., 1993) and HR 4049 (Waelkens et al., 1991b) has
been proposed. Van Winkel et al. (1995) have shown
the stars HR 4049, HD 44179, surrounded by the Red
Rectangle nebula, and HD 52961 to be spectral bi-
naries with an orbital period of about 1-2 years.
These authors conclude that all the investigated
extremnal etal-deficient PPN candidates (HR 4049,
HD 441179, HD 52961, HD 46703, BD 39°4926) are bi-
naries.

The nature of the commpanion for the post-AGB
stars, suspected to be binaries, is so far unknown for
lack of its manifestations in the continumn and spec-
tral lines. all the known binaries among post—-AGBs
are SB1. This may be either a very hot object or a
very low luminosity object on the main sequence, a
white dwarf. as in the case of Ball stars (McClure.
1984). canmot be excluded.
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Figure 3: Comparison of the spectra  of PPN
IRAS 04296+3429 and Hale-Bopp comet nucler near
head band C = 2 (figure is borrowed from the paper of

‘Klochkova et al., (1997¢).

The observed correlation between the binarity and
the presence of a dust envelope (Waters et al.. 1991)
suggests that the binarity favours the formation of an
envelope. .

The temporal variability of the H, profiles is sig-
nificant: for months the intensity ratio of the ewission
components in the wings of H, may change to reverse.
Iu Fig. 4 is shown the variation of the H, profile in the
spectrumn of one of the 1R sources, IRAS 0733140021
(Klochkova & Panchuk, 1996). However, the charac-
ter of V, variability is not always consistent with the
hypothesis of binarity. For example, for sone objects
periodic (and quasiperiodic) V. variations are ob-
served, which are appareutly due to pulsations. The
pulsation instability is inherent in many objects at
the post-AGB stage, this follows already from the
fact of their location in the instability band on the
Hertzsprung—Russel diagram.

A similar variability of the H, profiles is ob-
served in the spectra of yellow pulsating superglants
— RV Tau and W Vir types stars. For the given types
of objects the H,, profile variability is due to the prop-
agation of a shock wave in an extended atinosphere
of a pulsating star (Lebre & Gillet, 1991, 1992; Fokin
& Gillet, 1994: Gillet et al., 1994). Pulsation peculiar
to many post—-AGB objects may facilitate mnass loss
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Figure 40 The spectrum  of the infrared source
[IRAS07331+0021 (Al CMi) near the Hy for differ-
ent observing moments (for details see Klochkova,
Panchuk, 1996).

v heating and expanding the atmosphere. Note that
RV Tau type objects are also post—AGB objects, but,
s Jura (1986) has emphasized, these “lazy” (called

v Jura) stars are likely to be the least massive, which
results in their slow evolution, and they will never be-

e PNe. Their low—dispersion spectra are like those

f carbon stars. The observed fact of O-rich envelopes
i C-rich stars of 'RV Tau type is a puzzle (Kwok,
1993). Several sufficiently bright RV Tau type stars
ve have included into the spectroscope programime
© the 6m telescope to obtain a detailed chemical

mposition pattern.

The H,, variability is naturally explained for post—
.GB stars with the signs of binarity and mass loss
HR 4049): in such systeins the H,, profile changes be-
wise of the orbital motion in the systemn. However, in

the case of post-AGB objects H, varies also for those

f them for which no signs of V, and brightness vari-
bility have been revealed (HD 133656, van Winkel

al., 1996a). The brightuess variability would al-

w a shock—wave mechanism to be involved as in
RV Tau stars for which a probable mechanisi stimu-
:ting outflow of matter is dissipation of shock waves
1 the atiosphere. Convection in envelopes gives rise

a flux of mechanical energy to the chromosphere

nd corona. The pressure of radiation upon grains

can also provide the conditions necessary for materi-
al loss. For the radiative mechanisin of initiation of
the wind, which is effective in the.case of hot mas-
sive supergiants, the radiation flux in post-AGBs is
insufficient.

The variability pattern of V, caused by the bi-
narity is not infrequently complicated by differential
motions in the extended atmospheres of the objects
under study. A detailed analysis of V, made from
high spectral and temporal resolution-spectra for the
selected, brightest PPNe has allowed the differential
behaviour of the V. derived from lines of different ex-
citation, which are formed at different depths in the
atmosphere of a star. to be detected. For instance.
Bakker et al. (1996a) have revealed in the spectrum
of the IRAS source, identified with the peculiar su-
pergiant HD 101584, 8 categories of spectral lines for
which the temporal behaviour of the profiles. widths
and shifts (hence V. values) is essentially different. In
particular, inost highly excited UV absorptions which
are formed in the photosphere of the star, show the
variability caused by the orbital motion in the bina-
ry systemn. At the saine time the low excitation lines
with the P Cyg profiles are formed in the stellar wind
region and represent outflow of matter. The velocity
of the systemn has been surely determined from radio
emissions of the CO and OH molecules.

A similar complex dynamic state of the atimo-
sphere is observed in the case of the unique ob-

ject IRC+10420 (IRAS 19244+1115) studied from the

spectra obtained at the 6 m telescope (Klochkova et
al., 1997a). The spectruin of IRC+10420 contains nu-
merous absorptions formed in the photosphere layers.
which are iirmovable with respect to the star’s inass
centre and ermissions forined in the expanding enve-
lope. The velocity of the centre of mass we have ob-
tained is 60-66 kin/s from a set of “pure” absorption
and emission details, which is consistent with a veloc-
ity value, 61-65 kin /s derived by other authors (Joues
et al., 1993: Oudmaijer, 1995). Frown the shifts of the
absorption components of P Cyg type profiles with
respect to the emission components the envelope ex-
pansion velocity is about 40-50ki/s, which is in a
good agreement with the data of Oudmaijer et al.
(1996) obtained in the radio wavelength range from
the line profiles of the CO molecule and with the ex-
paunsion velocity values obtained fromn the widths of
forbidden emission lines and reported by Klochkova
et al. (1997a). ,

Examination of the radial velocity variability of
the object IRAS 0713441005, one of a few post-AGB
objects in the atmospheres of which the products of
the 3-d dredge—up have been revealed (Klochkova.
1995a), is of iinportance. From a comparison of the
available IRAS 0713441005 radial velocity data with
the 6m telescope results we have obtained, a variabil-
ity of its radial velocity has been suspected (Klochko-
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va. 1995a). Later Lebre et al. (1996) have carried out
a detailed spectral monitoring of IRAS07134+1005.
On the basis of the Fourier analysis of a collection
of radial velocity data with the brightness variability
data involved, those authors have drawn a conclu-
sion about the similarity of the dynamic state of the
IRAS07134-+1005 and the pattern peculiar to pul-
sating variables of RV Tau type. The H, variability is
interpreted by themn as a result of shock wave propa-
gation. From a large collection of spectrograms with a
high temporal resolution and S/N ratio Oudmaijer &
Bakker (1994) have also analyzed the V, variability of
this object and concluded that the object is variable
on a scale of several mouths and has no variations
with a characteristic time of minutes—hours. It is ob-
vious that the comnplex dynamic state shmilar to that
observed in the atiosphere of the objects HD 101584
or IRC+10420 is caused by a recent or continuing pro-
cess of matter loss and is therefore inherent in those
PPNe with the emission compounent of the H, pro-
file which have large IR excesses (especially in the
near IR range). For the peculiar supergiant UU Her
without apparent excess of the IR flux, no V, gradi-
ent in the atmosphere has been found from the 61n
telescope spectra (Klochkova et al., 1997b), however.
oscillations of V. with an amplitude of about 15 kim/s
have been revealed. ’

The possible binarity of PPNe is a key point for
interpreting peculiarities of their chemical comnposi-
tion since the prevailing hypothesis for explanation
of anomalous chemical composition is the formation
of a circumnstellar envelope (disk) in a binary systeimn
(Trams et al.. 1993) and subsequent selective frac-
tioning of chemical eleiments. The preseuce of a co-
paniou is required only for stimulation of the process
of mass loss by the primary star, theretore the nature
of the companion (its mass and evolutionary stage) is
not crucial.

2. Spectroscopy of PPNe at the BTA

The programne of spectral observations of super-
giants with large IR excesses is a part of amore gener-
al project of spectroscopic study of stars at advauced
evolutionary stages that has been carried out at the
61n telescope for the last decade. The aim of this
project is a comnparative analysis of details of chein-
ical composition of stellar atmospheres at successive
phases of evolution of stars of different masses (see
e.z. Klochkova, 1991, and references therein). As a re-
sult of such a cotnparison one can detect in the outer
layers of stellar atimospheres the products of nuclear
reactions produced at the preceding stages of evolu-
tion and dredged up to the surface layers, which is
necessary for specification of the current kuowledge
about the evolution of stars at the advanced stages.

Using the 61 relescope, since 1982 we have been

carrying out a programine of spectroscopy of stars
belonging to different types of Galaxy populations
and observed at different stages of nuclear evolution.
These were normal B, A, F stars, wembers of open
clusters and stellar associations of the Galaxy: mas-
sive supergiants, members of open clusters; classical
cepheids of the disk; stars of the red, blue and extend-
ed parts of the horizontal branch of globular clusters

(in the field of the Galaxy and inside globular clus-

ters); metal-deficient red giants, members of globular
clusters and their analogs in the Galaxy field; peculiar
supergiants at high galactic latitudes (UU Her type
stars); pulsating halo cepheids (stars of W Vir type).
In the course of fulfilment of these programines we
adhered to two main principles: firstly, for each type
of stars a representative samnple of objects was ex-
amined, secondly, comparison was made of the ob-
tained results on chemical composition with those for
stars at other evolutionary stages. For instance. when
comparing the mean chemical composition of a repre-
sentative group of disk A stars and a sample of halo
A stars (iwembers of the blue part of the horizontal
branch), one can hold to a minimum the influence of
systematic temperature effects (the mean Tey values
for the two groups are practically the same). Or, when
comparing the chiemical composition of F supergiants
at high palactic latitudes and F supergiants. memnbers
of open clusters. one can rid the results of differential
determination of chemical composition of the effects
of lumninosiry.

Since 1994, spectroscopy of candidates for proto-
planetary nebulae. i.c. stars with large IR excesses.
assutningly at the post—asymptotic giant branch. has
been the central goal of our programmme. First of all
the programmme is directed towards the study of the
fundamental problem of stellar evolution associated
with the investigation of nuclear synthesis of chemi-
cal elements in the irterior of low- and medium anass
stars (under 8-9 solar masses). At the final evolution-
ary stages these stars supply the interstellar medi-
win with matter enriched in heavy elements. That is
why the prograimme bears a direct relationship to oth-
er fundamnental problems of astrophysics — origin of
chemical elements in the Universe and chemical evo-
lution of matter in the Galaxy.

The detection of chemical composition anomalies
of stars at the evolutionary stages “asymptotic giant
branch” and “post—asymptotic giant branch” is our
basic area of research within the programme en-
tioned. 1t is known (Iben & Renzini, 1983) that at
these stages two sources of energy release are oper-
ative in the envelopes of stars: heliwmm and hydro-
gen burning in the shells surrounding a degenerate
carbon-oxygen core. Most of the time the energy re-
lease is provided by the hydrogen layer, however at
certain motnents, as the hydrogen burning products
add the helium shell, a short—time helium ignition oc-
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curs in it. At this point the hydrogen burning in the
hydrogen convective shell ceases. This structure of a
star is unstable and the theory predicts a sufficient-
Iy effective mixing and dredge—up of matter (through
rhe penetration of convection), altered in nuclear re-
wrions which accompany the processes of energy pro-
luction mentioned, into the atinosphere of a star. The
iredge—up of matter caused by multiple change of en-
ergetically active layers is customarily called a third
fredge—up (see for details, for exainple, Sinith & Lam-
bert, 1990).

For stars with a sufficiently massive core
~ 0.96 M) about 1/3 of matter altered in the core
nay be dredged—up to the surface. In rapid transition
o the phase of a white dwarf (with a mass no larger
than 1.4 of solar) these stars (having an initial mass
f8 —9Mp) lose matter of the envelope, delivering
uto the interstellar imediuin material enriched in ele-
ients synthesized in the processes of thermonuclear
burning and neutronization reactions.

Thus, these stars are the only supplier of all nuclei
f heavy elements produced in the reactions of elec-
ron capture at a low density of electron fux, which
re observed in the Universe.

The investigations of IRAS sources were initiated
1 the early 1990s by the author at the 61n telescope
£ SAO and by a group of European astronomers at
the Ldm telescope of ESO. It goes without saying
that we were able to observe faiuter objects, i.e. with
higher circumstellar extinction, ie. with a higher
1 the average) wass loss rate. As a result of the
servations and their analysis, the first objects were
:tected that demonstrated in their atinospheres ma-
rerial having undergone the neutronization phase in
e mteriors of a given star. Judging by the munber of
vestigated objects of this type (and by the nuuber
freveals of changed chemical composition) SAO is
“he leader. More than half of the detections of chern-
abundance changes of both light and heavy s-
rocess elements have still been made in these objects
th the 6 telescope by the high resolution spec-
scopy rechnique with the use of inodel atimospheres
Jochkova, 1995a; Klochkova & Panchiuk, 1996; Zaés

o al.. 1995, 1996; Klochkova et al., 1997¢).
Spectral material of high accuracy is also used
ng with the study of chemical composition for the
railed analysis of the velocity field in the atmo-
vheres of these stars with mnass loss, which represents

separate astrophysical problemn.

)

2.1. Observations

1 the frames of the programme of investigation of
'PNe we have managed to obtain observational da-
v for a nunber of IRAS sources identified with suf-

Aciently bright in the optical range supergiants. In

[able1 are listed the numbers of the objects in the

12

Figure 5: Spectrum in the interval from A4330A to
A8300 A of the source IRAS 18062+2410 we obtained
with the echelle-spectrometer PEES. The most strong

emission line s Hy.

[IRAS catalogue, the name of the star (or the number
in the HD catalogue), the spectral class, the appar-
ent V magnitude, main parameters of the atmosphere
model (effective temperature, surface gravity), and
the metallicity with respect to solar.

Observations were obtained with the 6m tele-
scope, at the Nasmyth-2 focus. The echelle spec-
trometer LYNX was used (Klochkova, 1995b) in con-
junction with a CCD of 1040 x 1170 pixels devel-
oped by the Advanced Designs Laboratory (ADL) of
SAO RAS. For each star at least two spectra were
taken with the spectral resolution R = 24000 and a
signal-to-noise ratio higher than 100 in the wave-
length range 4700-7200 or 5200-8800A. Since 1996,
the echelle spectrometer PFES (Panchuk et al., 1998)
placed at the BTA prime focus has been used to ob-
serve the faintest programme objects (V > 12™). For
the objects as bright as V < 14.5™ the device ensures
the S/N ~ 100 wanted for our purpose with a spectral
resolution R ~ 15000.

For illustration in Fig.5 is presented a copy of
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the echelle frame for one of the programme objects,
IRAS 1806242410, identified with the peculiar super-
giant HDE 341617 (b = 20°).. Arkhipova et al. (1996)
have come to the conclusion that tlie apparent bright-
ness of this supergiant has decreased by 1.5™ as com-
pared with the first half of our century and that the
present—day spectral class value (B5I) is inconsistent
with the value A5 available in the HDE catalogue.
The same authors have revealed this object to have
a photometric variability from night to night with an
amplitude of up to 0.3™ in the V band.

During the first years of the observations
the software package LIMA (in the environment
DOS + WINDOWS) developed by 1.V. Afanasieva in
the ADL of SAO RAS was used. Since March 1996
the observations have been carried out in the envi-
ronment OS Linux with the application of the NICE
context (Knyazev & Shergin, 1995) of the MIDAS-

-ESO system (version NOV 95).

To select in the spectra the lines of the telluric
spectrum, on every observing night we obtained an
echelle spectrum of a fast-rotating star. The quality
of spectra of the programme stars allowed us to mea-
sure the equivalent widths, W, with an accuracy of
2-41mA, which is consistent with the accuracy esti-
mates made by Cayrel’s formula (Cayrel de Strobel,
1985).

2.2. Spectral data reduction and analysis tech-
niques

For the processing of two—dimensional echelle images
(swmation and averaging of spectra, cosmic parti-
cle traces removal, dark—fraine subtraction, extrac-
tion of echelle orders, linearization of spectra) the
context ECHELLE of the MIDAS system in the en-
vironment OS Linux was used. To measure the char-
acteristics of individual spectral details (equivalent
widths W, radial velocities V,, profiles), the software
DECH (Galazutdinov, 1992) in the envirommuent Li-
nux in combination with the DOS emulator was used.

For determination of the main parameters of the
model atmospheres, effective temperature Ter, sur-
face gravity logg, and for the computation of chem-
ical composition the grids of Kurucz’s (1979, 1993)
and Bell et al’s. (1976) models were applied. The de-
tails of the procedures we have used in determining
the parameters Ty, log g and microturbulent velocity
¢, as well as the errors of the obtained chemical ele-
ment abundances, which were caused by inaccuracies
of model approximation and by errors in the choice
of model parammeters and equivalent widths inea-
surement, are presented in the papers by Klochkova
(1995a) and Zacs et al. (1995).

3. Chemical composition

For more certain conclusions concerning the relation
between peculiarities of chemical composition and bi-
narity of the objects, repeated spectral observations
are needed. Because of the obvious inhomogeneity of
chemical composition of the objects, it is important
to obtain it for large sample of objects so that the
principal trends and relations can be revealed. This
makes the problem of observations still more compli-
cated. Accurate high resolution spectral observations
are presently available only for the brightest PPNe,
their observations baving been performed with CCD-
equipped echelle spectrometers at large telescopes. A
low metallicity (10-100000 times as low as solar) and
non-typical proportions of abundances of other ele-
ments have been obtained for these objects.

In the course of hydrogen burning in the core and
then in the shell the helium abundance increases. At
the advanced stages of evolution of a star, after the
AGB stage; when the process of the 3-d dredge—up
terminated, and after departure of the hydrogen en-
velope the layers enriched in altered matter became
uncovered, the helium abundance might be expect-
ed to essentially enhance. In the spectra of two best
studied stars (HR 4049, HD 44179) helium lines were
detected, which allowed its abundance to be estimat-
ed. For HD 44179, the central star of the nebula Red
Rectangle, Waelkens et al. (1992) have obtained he-
lium abundance slightly higher than the solar value.
A nearly solar helium abundance (within the errors)
has been obtained for the extremely metal-poor ob-

ject HD 4049 (Waelkens et al., 1991a). Conlon et al.

(1992) have obtained a normal helium abundance for
the sample of hot post—AGB stars with Teg of 11000~
27000 K. This is especially important since for such
an advanced stage of evolution an essential propor-
tion of hydrogen was expected to be replaced by he-
lium. So far only one of the PPN candidates, the star
HD 187885 investigated by Van Winkel et al. (1996a),
has helium excess.

For most of the PPN candidates studied interrela-
tion of the CNO-group element changed in the course
of their evolution is observed, the C/O ratio is varied
from C/O < 1 to C/O > 1 (Luck et al., 1983; Bond
& Luck, 1987; Lambert et al., 1988; Klochkova, 1995;
Zads et al., 1995, 1996; Van Winckel et al., 1996a.
1996b; Van Winckel, 1997). Analysis of the behaviour
of different chemical elements (Fe, CNO, S, Zn, s- and
r—process elements) for the complete sarnple of the
investigated PPN candidates shows that by chemical
composition they should, apparently, be divided in-
to two types: stars with an extremely low metallicity,
[Fe/H]o < —4dex, are attributed to the first type,
stars with a less pronounced metal deficiency — to
the second. The most likely and effective mechanism
that has produced the anomalous chemical composi-

s — _
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tion in the case of extremely metal-poor stars stud-
ed is not the nucleosynthesis but the processes of
hemical separation of elements in the gaseous—dust
nvelope.

In the case of a single post—AGB star the gaseous-
lust envelope may have been created by a slow stel-
i wind at the AGB stage. Grains of dust may be
ccelerated outwards by the radial pressure, absorh-
ng radiation. At the same tiime gas with the altered
hemical abundance patterns way fall back onto the
surface since, because of the great distance from the
star to the inner boundary of the gaseous—dust en-
velope, its gaseous component is staying in a neutral
state. that is why there is no significant absorption

> active absorbers — singly ionized metal atows)
f optical radiation of a star.

The existence of dust grains and processes of cou-
lensation is hard to assume under the condition of
stellar photospheres, these processes are most like-

to occur in the cremnstellar envelopes. However

ey et al. (1992) have shown the formation of
st near the photospheric layers to be possible in
case of R CrB type stars. The main argumnents:
norphous graphites may be forined at 4000 K. con-
nsation of dust may occur due to departure from
hennal equilibrium.
Bond (1991) has first proposed a scenario of se-
tive separation and subsequent reaccretion for a
sngle star, assuming that dust is formed in its at-
sphere. The main reason is the dependence of the
went abundance on the temperature of condensa-

i dust graius (Bond, 1992). The abundance of

Mg. Si. Ca in its atmosphere is decreased by a

- orders of magnitude, while CNO, S and even an

1 group element, Zn, have the solar abundances

Vaelkens et al., 1991a, 1992, 1996; Van Winckel et

1992). It should be noted that this picture is si-

to chemical abundance behaviour in the gascous

iponent, of 1SM.

Currently one more group of stars is known: the
rars of ABoo type (Veen, Lambert, 1990) in the at-

spheres of which anomnalies are observed that may

arise through selective separation into dust par-

s, A young A Boo type star may be surrounded

fust as a remnant of protostellar inaterial the star

s been formed frowm.

It is obvious the star’s atinosphere must be stable

ugh, so that the mixing of the stellar wind would

disturb the picture of distribution of chemical

neurs. However there is evidence that the atmo-

ieres of post—=AGB stars are not as stable: for most

“ these objects pulsations and outflow of matter have

211 noted, which manifests itself in the presence of
riable H, emission.

Models have been proposed of formation of stars

th a chemical composition modulated by selective

warion on grains of dust through accretion in a

binary system. Mathis and Lamers (1992) have con-
sidered a case of formation of the envelope of a star
through interception of matter being lost by the com-
panion as a strong, up to lO“‘M@/year, wind. They
have shown that as low as IO_GM@ of “purified” gas
is enough to ensure the selective depletion observed
in the atmosphere. The main problem of this sce-
nario is the low probability of the configuration (post-
AGB + AGB). At the same time, 100-1000 years ago
the two stars have to be at the AGB stage. Waters
et al. (1992), and Trams et al. (1993) have suggest-
ed that the presence of a companion is needed only
to stimnulate the process of mass loss in a primary
(AGB) star. In such a model the accretion of mat-
ter may be varied depending on the location of the
primary in the orbit (if the eccentricity is not equal
to zero). It is iimportant that this model is valid only
to some stars (the stars must be binaries with fit-
ted parameters of the orbit), which ensures the low
occurrence of post-AGBs with high deficiency and
anowalous chemical composition. As is noted by Wa-
ters et al. (1992), analogous processes of separation
in the gaseous—dust circuinstellar envelopes may oc-
cur in the case of A Boo stars. However the selective
depletion of the atimosphere is less effective for these
stars than for post—AGB stars. The differences may
be caused, for instance, by the differences in duration
of the processes for these two types of objects.

It is apparent that from the point of view of study-
ing the stellar nucleosynthesis and mixing processes,
the PPN candidates, having a moderate metal defi-
clency, appear the most attractive, in this case the
chemical abundance pattern is likely to be not signif-
icant distorted by the processes of separation.

3.1. Abundances of s—process elements

As a whole. based on the sample of PPN candidates
we have studied, and on the data available in litera-
ture, their chemical composition can be stated to be
inhomogencous. Now we present the inost iimportant
inferences we have made for individual investigated
objects (see Table2 and 3).

In particular, from the 611 telescope spectra
for the metal-poor ([Fe/H]s = —1.0) supergiant
IRAS 0714341005, we (Klochkova, 1995a) have reli-
ably revealed excess (relative to metallicity) of heavy
metals synthesized in the processes of neutronization
(Y, Zr, Ba, La, Nd). Along with excess of heavy net-
als, very large (over an order of magnitude) excesses
of CNO—group elemnents were found. Thus, from the
collection of parameters the source IRAS 0714341005
is a classical representative of post-AGB stars. The
fact of excess of s—process elements in the atmo-
sphere of IRAS 07143+1005 had repercussions among
astrophysicists concerned with stellar evolution since
the excess of s—process elements expected for post


we
Text Box


18 KLOCHEKOVA

AGB stars as a consequence of previous evolution
of a star and a third dredge—up has been observed
very rarely. For example, we (Klochkova, 1995a) have
not revealed excess of s—process elements for the IR
source IRAS 18095+2704, which is called an excellent
PPN candidate by all its observational characteristics
(Hrivnak et al., 1988).

Later we (Zacs et al., 1995) have revealed reliable
excesses of carbort, oxygen and heavy metals in the at-
mosphere of the cool supergiant SAQO 34504, which is
associated with the IR source IRAS 22724-5435. Our
“spectroscopic” value for the effective temperature of
SAO 34504 is in a good agreement with the result
obtained by Szczerba et al. (1997) by modelling the
energy distribution. From the radial velocity value
V, ~ 40 kin/s and the slight decrease in metallicity
as compared to the solar value [Fe/H]m = —0.5 dex
we refer this object to the population of the old disk.

Zats et al. (1996) have drawn less certain con-
clusions for the source 1RAS 1911440002 identified
with the bright star HD 179821, which is classified
by the spectruin as a high—luminosity object with
uncertain (or variable) spectral class: F8Ib (Volk &
Kwok, 1989) and G5la (Kwok, 1993); with signs of
mass loss and presence of an envelope expanding at a
velocity of 30kin/s (Van der Veen et al., 1993). Based
on the analysis of the spectrun of HD 179821 by the
model atinosphere method, in the paper by Zacs et
al. (1996) two sets of parameters of the model were
obtained which led to two essentially different val-
ues of metallicity and chemical element abundances.
The low value of temperature, Top = 5000 K leads
to the version of metal-poor star, which is in good
agreement with the high radial velocity of the ob-
ject: V, ~ 90kin/s (Zacs et al., 1996). Therewith the
s—process elements have been found to be consider-
ably underabundant. It is obvious that in order to
draw unambiguous conclusions concerning metallici-
ty. chemical composition and evolutionary status of
the piven object, mdependent estimates of Teir should
be involved. For HD 179821 Van der Veen et al. (1994)
have estimated Ty = 5000 K by modelling the ob-
served integral flux in the optical range. Thus, for
HD 179821 the low temperature value can be consid-
ered more reliable, hence the star has the status of a
low mass supergiant with decreased metallicity and
overdeficiency of the s—process elements.

Thus, by the present time excess of s—process ele-
ments has been reliably found in three objects investi-
gated at BTA: TRAS 04296+ 3429, IRAS 0713441005
and  1RAS 2227245435, Besides, shilar  couclu-
sions have appeared for another two PPN candi-
dates: HD 158616 (Van Winckel et al.,, 1995) and
IRAS 19500-1709 = HD 187885 (Van Winckel, 1997).

In the atmospheres of PPN candidates overdefi-
ciency (with respect to their metallicity) of heavy
muclet is generally observed (Klochkova, 1995a; Van

Winckel et al., 1996a, 1996b; Klochkova & Panchuk,
1996; Van Winckel, 1997), whose existence in the at-
mospheres of post-AGB low-mass supergiants has
not yet found an unambiguous explanation. Luck &
Bond (1989) have considered a number of physical
(hydrogen underabundance in the atmospheres; ove-
rionization of atoms having a low potential of the sec-
ond ionization) and methodical (errors in parameters)
effects which could explain the observed overdeficien-
cy of the s—process elements in the atmospheres of
low—1nass supergiants. But none of the proposed ex-
planations is consistent with the full pattern of chem-
ical composition of these objects.

3.2. The problem of UU Her type supergiants

The programme of spectroscopy of PPNe at the BTA
includes the peculiar supergiant UU Her, which has
served as a prototype for selection of a new type
of semi-regular variable stars (Sasselov, 1984). As a
rule, supergiants of UU Her type are located at high
galactic latitudes and have spatial velocities typical
of the halo population. These objects may be both
young massive stars that have recently been formed
at high latitudes and old low—1nass stars advanced in
the course of evolution as far as the post-AGB stage.
Our results for UU Her have not removed contradic-
tions of the situation since for this metal-poor object
([Fe/H] = —1.32 frown our data) we have obtained ex-

cess only for nitrogen. while carbou and the s—process
elements in the atmosphere of UU Her are essentially
underabundant.

We have thus detected the manifestation of only
the first episode of mixing and dredge—up of matter
to the surface. From a set of properties (high luminos-
ity, radial velocity value typical of the halo, chemical
abundance pattern) the object has been concluded
to belong to low-mass halo stars but its belonging
to post-AGB stage has been called in question. It
is likely that in the paper of Van Winckel (1997) an
object very close to UU Her in its set of characteris-
tics is examined — the supergiant HD 107369 having
a high galactic latitude (b = +30°) and a radial ve-
locity typical of old populations of the Galaxy. This
object, being in a munber of characteristics close to
post-AGB stars, has no IR excess and third dredge
up signs, as in UU Her.

The predecessor of the variable star UU Her may
be assumed to have a mass lower than 2 —2.3 Mg,
on the MS. A star of such an initial nass, at the
AGB stage, has a low-mass core and does not provide
in the core a temperature (T =3 - 108 K) necessary
for the reaction 22Ne(w,n)>*Mg, which is the maitl
provider of neutrons. This reaction occurs in cores
of M > 0.95M¢. However one should bear in mind
that there exists an alternative process: 2C(a,n)*0
that occurs at a lower teriperature (T = 108 K), and
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an, in principle, ensure a neutron flux for synthesis
t heavy metals.

The hypothesis on the low initial inass of UU Her
s confirmmed by the absence of 1R excess in this star
mid hence the dust envelope, which even in the event
f being at the AGB, has had time to dissipate be-
wse of the slowed-down evolution of the object.
[his star is likely to belong to “lazy” post-AGB stars
‘hat evolve ten times as slow (Schonberner, 1983).
[he rate of evolution at the post-AGB is deterinined
- the mass of the core, the dependence being very
roug: a core of 0.565 M, evolves about an order of
ragnitude faster than of 0.546 Mqo!

Several vears ago Klochkova and Panchuk (1988.
IR0, 1992) examined a sawmple of peculiar super-
Sants at high galactic latitudes (UU Her type stars),
vhich, by the set of their characteristics, are with
1iwh probability old objects at the post—AGB stage
nd for which we also obtained a significant under-
undance of s—process elements. As previously, we
Klochkova & Panchuk, 1992) are apt to consider the
served underabundance of heavy nuclei to be real
[ explain it by the absence of results of the third
edge—up products. It is most likely that because of
e low mass of the star its mass loss rate at the AGB
rage was insufficient for the uncovering of the surface
vers with the chemical composition changed in the
nrse of evolution. This assumption is also confirmed
the low carbon abundance in the atinosphere of
“Her.

Having studied a saiuple of post—AGB stars it can
wsunied that the abundance of s—process elements
pends on the detailed evolution at the post—AGB
ce. which, in rurn, is determined by the initial
ss of a star since it is the mnass that has an effect
the pulsation activity and mass loss rate. It can
wssuned that most likely the overabundance of s-
ess elenents can be expected in the atinospheres

© the stars lying above the evolution track “AGB-
[/IR” on the two—colour IR diagram. Van der Veen
Habing (1988) have paid attention to the ex-
nce of such objects and to their radiation near
an, which is so strong that can not be caused by
mary loss of matter. As Van der Veen and Habing
ieve, these objects have passed through the
pulse™,

“ther-
as a result of which the pulsations and
wind have been suppressed. It is in the course of
“thernal pulse” that inversion of C/O value could
- through the dredge—up to the surface of mnatter
ched v carbon and heavy wmetals. After the end
fthe “thermal pulse” and restoration of dynamical
sations the stars’ location on the diagramn is shift-
fue to the dust radiation in the wavelength region
10 to 80 yan, the star becomes a carbon star.

3.3. Chemical composition of pulsating super-
glants

Several RV Tau type supergiants have been includ-
ed into our PPN spectroscopy programnme at the 61
telescope since it is customary to assume that they
are passing the post—AGB stage (Gingold, 1985). The
understanding of the role of pulsations in the process
of mixing and dredge—up of altered matter is an addi-
tional stimnulus in the study of the detailed chemical
composition of RV Tau type supergiants. However, it
is so far little known about the chemical composition
of these objects to draw definite conclusions (Luck
& Bond, 1989; Giridhar et al., 1994 and references
therein).

Pulsating stars of this type have unusual photo-
metric and spectroscopic properties that distinguish
this class of objects from related W Vir type stars and
semi-regular variable supergiants. The main distin-
guishing characreristic of the stable enough periodi-
cal pulsatious of stars of RV Tau type is the presence
of two minima on the phase light curve. RV Tau type
stars with minimun luminosity (imnass) and periods
(shorter than 20 days) are close to W Vir stars. From
the presence of RV Tau type stars in globular clusters
and from the kinematic characteristics and distance
fron the galactic plane of their analogs in the galactic
field it follows that these objects belong to old stellar
populations (population 11 and thick disk). RV Tau
stars, mewmbers of globular clusters, apparently have
masses below solar and evolve to the stage of plane-
tary nebula and a white dwart.

From the spectra with classification dispersions
RV Tau type stars are peculiar supergiants of luni-
nosity classes 1b, 11. The spectral peculiarity is caused
by the appearance at certain phases of stroug variable
spectral details, identified with the bands of Ti0). CN.
CH 1molecules, in a spectrutn of an F-K supergiant,
which is evidence of an appreciable inhomogeneity of
their extended atmospheres.

Luminosity classes 1b, 1l for RV Tau type stars
have been confinned with the application of the IR
triplet of oxygen OI, AT773 A (Mantegazza, 1991).
whose equivalent width is a good lnminosity criterion
for A, F, G stars.

RV Tau type stars, as a rule, have excess radiation
in the IR range, the spectral index for the IR flux be-
ing close to unity (Jura, 1986). The deusity of parti-
cles in the dust envelope decreases with distance from
a star approximately as r—! (Jura, 1986), which con-
firins the presence of a strong (up to 1073 Meyyr™!)
stellar wind at the preceding moment of evolution.

It should be noted that RV Tau type stars satis-
fy four criteria of belonging to the post-AGB stage,
which have been stated by Trams et al. (1991):
a) spectral characteristics of a supergiant, b) loca-
tion off the galactic plane (outside the layer 100 pc).
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¢) presence of high IR excess caused by dust, d) pho-
tometric variability.

As it follows, for instance, from the low—dispersion
survey of Wahlgren (1972), the sample of the galactic
field RV Tau stars he has studied is rather heteroge-
neous in metallicity: [Fe/H] from —0.3 to —1.7, which
may suggest that they belong to galactic populations
of different age.

The deficiency of information on the chemical
composition details of RV Tau stars does not allow
a comparative analysis of the behaviour of different
chemical elements in the case of pulsating stars of dif-
ferent types (UU Her type peculiar supergiants, long-
period variable stars, W Vir stars) and stable super-
giants at close evolutionary stages to be made. Such
a comnparison could provide radically new conclusions
about the distinctions of the evolution of stars of dif-
ferent masses at their final phases, the structure of
the atmospheres of pulsating supergiants, the effec-
tiveness of mixing processes.

The results of our chernical composition deter-
mination for 4 pulsating stars with IR flux ex-
cess. U Mon, AC Her, RV Tau (Klochkova & Panchuk.
1998) and AICMi (from the paper by Klochkova &
Panchuk, 1996), are given in Table3. It is seen fromn
Table 3 that the chemical abundance pattern for pul-
sating supergiants is not uniforin. Ouly in the case of
AC Her it is consistent with the expected one for a
post-AGB halo star: underabundance of iron group
elements, overabundance of CNO and s—process ele-
ments. At the same time in the case of metal-poor
star UMon with large carbon excess we have found
no excess of s—process elements. The solar metallici-
ty and the proportion of CNO elements tor RV Tau
conformns to the status of a young supergiant.

3.4. Fast—ecvolving post—AGB objects

The results we have obtained for the abundauce of
chemical elements in the atmosphere of the source
IRAS 1911440002 are of iiportance from the point of
view of cornparison of its characteristics with those of
the unique IR source IRC+10420 (IRAS 19244+1115)
since these two objects are customarily considered
analogs (Kastner & Weintraub, 1995). The peculiar
supergiant IRC+ 10420 has first of all attracted inter-
est by its marginally high absolute luninosity typical
of hypergiants (Jones et al., 1993). What is more, this
object occupies peculiar position on the IR colour
diagram (Volk & Kwok, 1989) and is a source of
strong variable maser OH radiation (Lewis et al.,
1986: Nedoluha & Bowers, 1992), which suggests the
presence of an extended gaseous—dust envelope. From
observations in OH the source shows a comnposite spa-
tial structure (Nedoluha & Bowers, 1992).

The totality of the observed characteristics for this
peculiar supergiant is not contrary to two basic hy-

potheses on its nature: IRC+10420 may be a low--
mass object at the evolution stage of a protoplane-
tary nebula, or else a massive object, predecessor of
a Wolf-Rayet star. That is why some researchers (see
e.g. Hrivnak et al., 1989) rank it among candidates
for protoplanetary nebulae, others cousider it to be
a massive supergiant (Humphreys, 1991; Jones et al.,
1993). It is difficult to decide between the two cases
because the observational manifestations in both of
them are alike: the effective temperature rises with
time, a gaseous—dust envelope inherited from a red
giant or a supergiant is present. A good criterion for
a more certain choice of the evolutionary status may
be the metallicity in combination with a large set of
chemical elernent abundances. The task is, howevct,
complicated by the low optical brightness of the ob-
ject (see Tablel).

An analysis of the IRC 10420 spectra taken with
BTA in 1994-1996 made it possible to draw a num-
ber of conclusions (Klochkova et al., 1997a). Using
the intensities of absorption spectral lines an effective
temperature value, Tex = 8500 K. has been derived.
This result suggests thar the effective temperature
has increased for the last 20 years: its spectral class
has changed from F8 (Humphreys et al., 1973) to A5
(Klochkova et al., 1997a). which is indicative of com-
mencement of fast evolution. Qudmaijer et al. {1996}
have also inferred that the temperature of IRC+10420
has increased by about 1000 K since the tune of ob-
servations by Humphreys et al. (1973). This spectral
class change is likely to have occurred for an essen-
tially shorter period of tiine, since Jones et al. (1993)
write about the observed reduction of IR flux at a
coustant energy distribution in the optical range. The
abundance of the iron—group elements is the same as
in the atmosphere of the Sun, while carbon has been
found to be underabundant and nitrogen overabun-
dant, which is typical of massive supergiants of the
disk. Preliminary estimation of the abundance of the
elenents synthesized in the processes of slow neutron-
ization has shown their normal (solar) content.

Note that we have first managed to estimnate the
metallicity and some details of the chemical compo-
sition of IRC+10420. These results comubined with
the high lmninosity, close to the limit of Humphreys-
Davidson (Jones et al., 1993) confirm the hypothesis
that most likely IRC410420 is a massive star (up to
40M)) at a short and therefore rarely observed evo-
lutionary stage, transitional from OH/IR star to a
LBV or Wolf-Rayet star. It should be pointed out
that the value logg=1.0 we have obtained by the
model atinosphere method also confirins the high lu-
minosity of the object, which is close to the luminos-
ity of the brightest hypergiant 1) Car. Comparing the
obtained chemical comnposition of the atiospheres of
two supergiants, IRAS 19111440002 and IRC+10420,
we see that the details of chemical element abundance
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ndicate that their masses, metallicities and, eventu-
:lly, the evolution history are different. Thus, the in-
ference (Kastner & Weintraub, 1995) that the two
supergiants are analogs has not been confirned.

For more certain couclusions as regards the evolu-
ionary status of IRC+10420 we are planning to ob-
rain additional high—quality spectra with a S/N over
100, including the blue region, primarily to estimate
eliably the helium abundance. A long—duration mon-
roring of this rapidly evolving object, which is most

<ely being observed at a short (as short as 10 years)

[ therefore rarely observed trausitional stage from

ssive red supergiants to predecessors of SN, seeins

be of importance too. At the present time this tran-
tional evolution phase of massive stars is little stud-
I both theoretically and observationally.

Spectral monitoring is also needed for the pe-

iar object in Sagittarius, whose flare was detect-

i February, 1996 by the Japanese astronormer

Sakurai (Green, 1996). During 1996 the stellar

wgnitude of the object changed from 12.5 to 11.2.
wsified by the rate of brightness change during the

re as aslow Nova. it was referred to peculiar objects
Ter the first spectra were obtained with the ESO
01 telescope, since the spectrum did not corre-
nd to the expected spectrum of a Nova. In March,
196 on the direct CCD images of the Sakurai’s ob-
© obtained with the ESO 0.9 telescope a plan-
v nebula around the object was detected. Using
- resolution spectra Duerbeck and Benetti (1996)
coucluded that the neutral hydrogen line is sig-
wmtly weakened while strong carbon and oxygen
s are present. Based on the collection of distine-
is. they classified the flare object among R CrB
stars.
The first high-resolution spectra of Sakurai’s ob-
T were obtained with the 2.7m telescope of the Mc-
nald observatory (Asplund et al., 1997) and by us
s the 61 telescope in 1996. As a result of analysis
these spectra and calculation of chemical compo-
1 by the model atinosphere method (Asplund et
1997; Kipper & Klochkova, 1997), a 3 dex reduc-
of hydrogen abundance (moreover, it reduces by
“dex from May to October 1996), carbon excess
Li. Sr, Y, Zr increase have been revealed. Appar-
v. the object had undergone the final shell heliwn
mg and began to evolve rapidly similar to FG Sge
per, 1996; Blocker & Schéuberner, 1997).
From the evolution model of the star as a result
e helium shell flash (Iben, McDonald, 1995), one
ild expect an increase in luminosity as high as 10
s and a change in Ty from 40000 K to 6300 K for
vears. The model paraneters derived by Asplund
1997) and Kipper and Klochkova (1997) allow
state that Sakurai’s object is rapidly evolving (for
ialt-year its temperature dropped by 600K).
It should be emphasized that the scenario of for-

mation of hydrogen—deficient supergiants of RCrB
type proposed by Iben (1984) is not single. Apart
from the mechanisms of shell helium burning Iben et
al. (1996) bave considered a number of other scenar-
ios realized, in particular, in the course of evolution
of binary systerns. :

The body of the first observational data obtained
for Sakurai’s object permits it to be considered a
unique object being observed at a fast final evolu-
tionary phase and providing a rare chance of testing
theoretical modelling of the processes of evolution of
the cores of planetary nebulae and circumstellar cu-
velopes, loss of matter, convection, stellar nucleosyn-
thesis and alteration in the surface chemical compo-
sition. In this respect Sakurai’s object can be placed
on a level with FG Sge, which demonstrates, as is
known, a maximum rate of evolution (Van Genderen.
Gautschy, 1995; Kipper, 1996) and is called by right
“Rosetta stone” of stellar evolution (Kraft, 1974).

3.5. Conclusions

In the present paper are briefly cousidered the most
important problems and observed facts concerning
the evolution stage of transition from AGB to a pla-
netary nebula, and principal results are suimmed up
that have been obtained in the course of spectroscop-
ic study at the 61 telescope of a sample of peculiar
supergiants assutningly at the PPN stage, which are
associated with galactic IRAS sources.

The basic point of our prograimmne is analysis of
spectral manifestations of the dynamic state of ex-
tended envelopes of PPNe as well as search for evo-
lutionary variations of chemical conposition of stars
having passed the AGB stage and a third dredge—up.
The most significant result of the prograimue is the
discovery of 3 post—AGB objects in the atiospheres
of which real overabundances of s—process elements
have been revealed.

We consider it worthwhile to emphasize that all
the basic ideas of the nature of protoplanetary neb-
ulae as a particular stage of stellar evolution, which
is undergone by the overwhelming majority of stars
with masses ranging from 3 to 8 M, in the course of
their evolution, were stated as early as 40 years ago by
1.S. Shklovsky (1956). It is in that paper that he drew
conclusions about the relation between red giants
(supergiants), planetary nebulae and white dwarfs;
about the discrete formation of an extended envelope
as a result of departure of the outer layers of ‘a red
giant; about the evolution of a star core which leads
to formnation of a white dwarf. Questions were con-
sidered concerning morphology and dynamnics of en-
velopes and their connection with the type of the cen-
tral core, the presence of multiple envelopes and dou-
ble (multiple) cores, the duration of separate phases
of formation of a young PN on the basis of stellar
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statistics, the problem of chemical composition evo-
lution.

The decades that have passed since the paper
by Shklovsky (1956) was published have appeared
very fruitful for investigations of PPNe, primarily be-
cause astrophysics has become “all-wave” (Shklovsky,
1982), in particular, effective (ground-based and
space) observational techniques in the IR and radio
ranges have been developed, which are the most in-
formative for the study of PPNe, a considerable part
of energy of which is released in these very ranges.

In parallel, due to the advanced computing tech-
nologies and rapid growth of computer capacity, the
development of techniques of theoretical analysis and
modelling of observational data has become as inten-
sive. Combination of progress in observations and in
data analysis has led to the present—day knowledge of
origin, structure and evolution of PPNe, the princi-
pal points of which are briefly outlined in the present
review.
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Table 1: Peculiar supergiants we have observed at BTA with the echelle spectrometer
IRAS Ident Sp \% Tew, K logg [Fe/H]e IR-excess Remarks
IRAS04296+3429 GOla 14.2 6300¢ 0.0 -0.86 yes!
IRAS 0444042605 RV Tau G2lae 9.2 5600° 1.0 +0.07 yes puls®
AFGL 9154 HD 44179 A0 8.8 ' . yes
HD 529614 FI 6.4 yes bin?, puls
IRAS07134+1005 HD 56126 F5l 8.4 7000¢ 0.1 -1.00 yes bin?, puls
IRAS07284-0940 U Mon F8lbe 5.7-6.6 4950° 0.0 -0.69 yes bin?, puls
IRAS07331+0021 AICMi G5lab  8.0-9.3 45004 0.0 -1.13° yes puls
IRAS09276+4454 - SA0 42901 K711 8.1 3400¢ 1.0 -0.34 yes
'RAS15465+2818* R CrB GOlep  5.8-15 puls
UU Her F5Ib 9.0 6000/ 0.7  -1.32 110 ' bin?, puls
IRAS 1743645003 HD 161796 F3Ib 7.0 71009 0.5 -0.25 yes
' Sakurai’s object F2la 114 7250" 1.0 -1.54
IRAS 1806242410 HDE 341617 B5I 1.4 yes var
THAS 18095+2704 F3Ib 10.4 6700¢ 1.0 -0.78 yes. Si0O
IHAS 1828142149 AC Her F2lpe 6.8-9.0 6100° 1.5 -0.82 ves bin, puls
HAS 1910240329 FN Aql F8-G2 9.1 57004 2.0 +0.17 puls
IRAS 1911440002 ° HD 179821 Gila 8.0 6800* 1.3 -0.10 yes, SiO  bin?
5000F  -0.75 -0.98
HAS 1924441115 IRC+10420 ASla .2 8500 1.0 -0.12 ves
TRAS 2000442955 V1027 Cyg GT7lab 8.9 ' yes, SiO
IRAS 21153468421 SAO 19283 AOp 8.0 yes
(RAS 2227245435  HD 235858 Gb5la 9.3 5600™ 0.5 -0.49 yes, Si0

- there is an IR-excess

-~ - pulsating star
binary star

* — data for this object are now in preparation

values of Tey, K, logg and [Fe/H]g are from the following papers:

© — Klochkova et al., 1997¢

-~ this paper

-~ Klochkova. 1995a

Klochkova & Panchuk, 1996
Klochkova & Mishenina, 1998
Klochkova et al., 1997b

* — Klochkova et al., 1998

-~ Kipper & Klochkova 1997

¢ - Zacgs et al., 1996

- Klochkova et al., 1997a

"~ Zacgs et al., 1995
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Table 2: a. Chemical‘ composition for IRAS sources studied loge(X) £ o (log(H) = 12.0). n - number of lines
used for calculation :

Sun! | IRAS07134+4 10057 IRAS18095+2704% | IRAS17436+5003 TRAS04296+3429°
X - loge | loge n ol loge n o| loge n o | loge n o
Lil 3.31 2.85 1 3.23 1
Cl 855 | 8.63 3 0.04 | 827 4 0.04 ] 852 5 007|855 21 0.10
NI 7.97 | 8.00 3 0.09| 766 3 0.06,| 839 3 025795 4 0.05
01 R.87 | 850 3 0.06 | 8.74 3 002 9.15 2 009|821 3 0.03
Nal 6.33 | 5.87 4 0.17 | 6.02 4 015| 6.40 4 007593 3 0.14
Mgl 758 | 7.55 5 028 | 742 .5 0.16 | 7.26 1
Mgll 752 2 R.06 2 0.02
All 6.47 | 6.95 3 0.29 | 5.81 3 0301 620 2 006]|68 3 0.08
Sil 7.55 | 7.50 17 0.11 | 7.48 22 0.04
Sill 8.76 1 6.96 1
SI 721 | 6.84 2 0.18 | 6.96 1
K1 5.12 5.04 1
Cal 6.36 | 5.81 12 0.19 | 5.84 18 0.06 | 6.02 17 004|575 19 0.07
Scll 3.17 | 224 8 0.09 | 225 9 008 | 243 6 012]252 10 009
Till 4.05 1 . 4.05 5 0.15
VII 297 4 0.16 | 345 3 0.12 324 4 0.14
Crll 498 7 494 10 0.09
Mnl 539 | 540 3 0.34 | 5.12 8 0.13
Fel 7.50 | 6.50 39 0.06 | 6.71 62 0.04 | 7.25 63 0.02|6.66 82 0.04
Fell 6.50 10 0.04 | 6.73 12 0.05 7.27 13 0.04 | 6.65 18 0.05
Nil 6.25 | 6.49 21 0.16 | 6.13 22 0.12 | 6.28 12 0.11 | 6.30 9 0.08
Cul 4.21 | 4.24 1 4.06 1 4.23 1 3.64 1
Znl 4.60 4.60 1 4.63 1 3.87 1
Y11 294 2 024 | 142 7 244 3 0.19
Zrll 2.39 1
Ball 2.13 | 2.12 1 ‘ 1.13 3 0.11 ] 162 3 0.07
Lall 1.22 | 1.81 4 0.10 | 0.83 4 0.15 149 6 0.18
Cell 1.55 1.53 5 0.07
Prll  0.71 0.50 2 0.63 1
NdIl  1.50 | 1.80 3 0.16 | 1.56 3 0.08 | 1.58 1 1.75 12 0.09
Smll  1.01 ‘
Eull  0.51 | 0.57 2 0.30 | 0.96 2 -0.42 1 0.03 2 0.03

! _ data from (Grevesse, Noels, 1993)
2 _ Klochkova (1995a)
3 _ Klochkova et al. (1997c)
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Table 2: b. Relative chemical comnposition [X/Felq
X TRAS07134 IRAS18095 IRAS17436 IRAS04296. « Per | ROA24°

+1005 +2704 +5003 +3429
Lil 1.94 0.77
Cl 1.08 0.50 0.22 0.85 - -0.17 0.67
NI 1.03 0.47 0.67 0.83 0.65 1.02
© 0l ' 0.63 0.65 0.53 0.19 -0.27 1.01
Nal 0.54 0.47 0.32 0.45 0.23 0.71
Mgl 0.97 0.62 -0.07 0.22 0.31
Mgll 0.72 1.33 ' 0.09
All 1.48 0.12 -0.02 0.46 0.05 -0.88
Sil 0.95 0.71 +1.46 0.19 0.80
Sill 0.26
S1 0.63 0.53 0.55 1.03
Kl 0.77
Cal 0.45 0.26 -0.09 0.24 0.15 0.60
Scll -0.07 ©-0.30 -0.49 0.20 -0.36 -0.13
Till -0.19 -0.12 0.00 0.33
VII -0.03 0.23 i -0.09 -0.28 0.15
Crll 0.09 0.12 0.08 -0.01
Mnl 1.01 -0.51 -0.06 0.35
Fel 0.00 -0.01 0.00 -0.01 0.00
Fell 0.00 0.01 0.02 0.00 0.02 - 0.00
Nil 1.24 0.66 0.28 0.93 -0.01 0.23
Cul 1.03 - 0.63 0.27 0.28 0.53
Znl 0.78 0.28 0.12 0.56
Y11 1.70 -0.04 1.05 0.02 0.37
Zrll . 0.64 ' 0.57
Ball 0.99 -0.22 -0.26. ' 0.01 0.96
Lall 1.59 0.39 1.12 «+  -0.02 0.54
Cell 0.83 :
Prll - 0.57 0.76
NdII 1.30 0.84 . 0.33 1.10 -0.52 0.67
Sinll _
Eull 1.06 1.23 - -0.68 -0.37 0.09 0.25

! — Klochkova, 1995a
> — Gonzales, Wallerstein, 1992
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Table 3: a. Chemical composition of pulsating stars studied loge(X) £ o (log (H) = 12.0). n - number of lines

used
Sun! AC Her U Mon RV Tau ATCMi °
s15411 s17910
X loge | loge n o | loge n o | loge n o | loge n o | loge m ‘
Lil 3.31 | 2.39 1 2.20 1 0.19 1
Cl 855 | 859 21 0.05 | 8.63 6 0.12 | 847 10 0.10
NI 7.97 | 8.50 2 0.50 8.20 1
0Ol 8.87 | 8.40 2 0.06 | 873 2 0.5519.20 2 0.24 8.63 1
Nal 6.33 | 5.91 4 0.02| 6.34 4 0.18]6.93 3 0.09 550 3 0.1
Mgl 7.58 | 7.03 6 0.16 | 6.78 1 7.51 1 6.71 4 0.1,
Mgll 763 1
All 6.47 | 5.52 3 0.06 | 5.82 1 6.42 4. 0.14 | 6.64 2 0.26] 562 3 0.1
Sil 7.55 | 6.84 11 0.05) 7.04 17 0.09 | 7.69 20 0.05 | 7.72 18 0.07| 685 20 0.1
Sill 6.72 2 0.14 7.66 2 0.18
SI 7.21 | 6.96 8 0.03] 7.12 7 0.1} 8.10 10 0.10 | 8.12 7 0.16
Kl 5.12 | 4.68 1
Cal 6.36 | 5.32 20 0.04 | 5.65 18 0.05 | 6.32 12 0.09 | 6.29 & 0.10] a&.18 12 0.2
Scll 3.7 | 205 12 006 228 10 0.01] 2.98 8 0.08 ] 2.88 6 0.15] 1.83 6 0.1
Til 5.02 4.76 13 0.06 | 4.85 10 0.07 | 4.96 20 0.06 | 4.47 19 0.1
Till 3.89 8 0.09| 4.26 5 0.15 | 4.76 4 0.08 | 4.86 4 0.10| 363 2 0.0
Vi 4.00 2.89 5 0.16 | 4.10 10 0.05 | 3.94 15 0.04| 329 14 0.1
V1l 3.32 2 0.14 | 2.61 3 0.18 ] 3.83 4 0.14 | 3.62 4 013 260 3 0.1
Crl 5.67 | 4.87 10 0.11 4.78 7 0.0 | 5.7 9 0.07) 5.67 12 0.09] 4.59 8 (.2
Crll 4.78 12 0.06 | 4.78 7T 0.04 | 5.66 8 0.08 ] 5.72 7 0.06
Mnl 5.39 | 4.59 3 0.07( 4.53 7 0.9 5.80 10 0.15 | 5.54 9 0.11 ] 3.96 3 0.0
Fel 750 1 6.60 148 0.02 | 6.80 133 0.02 | 7.56 131 0.02] 7.58 147 0.02 | 6.3% 20 0.0
Fell 6.67 19 0.05| 6.83 13 0.06 | 7.58 12 0.08 | 7.60 15 0.07| 634 17 0.1
Nil 6.25 | 5.87 28 0.08 623 29 0.08 ] 5.04 22 0.
Cul 4.21 | 3.60 2 0.01] 295 1 4.42 2 0.40 | 4.94 2 0.18 | 2.82 2 0.2
7nl 4.60 | 4.48 | 4.11 1 4.76 3 018 | 4.78 1 4.17 1
Y1l 2.2¢ 1.16 5 0.14 | 1.29 4 0.17 | 1.67 7 0.08 | 177 5 0.09 1.06 3 0
Zvl 2.60 150 1 152 4 0.l
Zrll 1.36 1 2.00 1 1.91 1 1.05 1
Ball 2.13 1 1.15 2 0.22 0.97 2 0l
Lall 1.22 | 0.84 4 0.06 | 0.32 6 0.10 | 1.24 6 0.1 0.94 30 0.10 4 -0.03 4 0.1
Cell  1.55 | 0.94 4.0.08 | 0.39 4 0.03 | 1.17 3 17 | 0.74 4 0.09 | -0.24 1
Pril  0.71 | 0.57 1 -0.89 1
NdIl  1.50 | 0.65 7 0.08) 0.26 5 0.18 ] 1.08 6 0.10| 1.13 8 0.09] 035 1
Sinll 101 | 0.54 1 -0.57 1 0.67 1
Eull 051 | 0.14 2 0.16 | -0.25 3 0.08 | 0.64 3 0.13] 0.5l 3 0.12 ] -0.31 2 0

I~ solar abundances (Grevesse, Noels, 1993)
2~ averaged data for AICMi (Klochkova, Panchuk, 1996)
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Table 3: b. Relative chemical composition [X/Fe]e

X  ACHer UMon . RV Tau ATCMi
s15411  s17910

Lil 0.1 118 2.02

Cl +0.85 +0.77  -0.15

NI +1.34 +0.16

o) +0.34  +0.55  +0.26 +0.85

Nal +0.39  +0.70  +0.53 +0.26

Mgl 026  -0.11 0.6  +0.22

MglI -0.02

All 014 +0.04  -0.12 4008  +0.24

Sil +0.10  +0.18  +0.07 +0.08  +0.39

Sill 0.01 +0.04

S +0.56  +0.60 +0.82 +0.82

K1 +0.37

Cal 023 002  -0.11  -0.16  -0.09

Sell 031 <020 026 -038  -0.25

Til +043 024 015 +0.54

Till 031 007 <033 025  -0.30

\% 042 4003  -0.15  +0.30

VI +0.14 070 -0.24 047 -0.31

Crl  +0.01  -020  -0.02  -009  +0.01

Crll 0.07 020 -0.08  -0.04

Mnul +0.01 © -0.17  +0.34 -0.04 -0.35
Fel +0.00 -0.01 -0.01 -0.01 -0.03
Fell +0.02 +0.01 40.01 -0.07
Nil +0.43 -0.11 -0.12
Cul +0.20 -0.57  +0.14  +0.62 -0.30
Zul +0.69  4+0.20  4+0.09 +0.09 +0.66

Y11 -0.27 -0.26 -0.64 -0.56 -0.09
Zrl -1.59 -0.03
Zr11 -0.42  +0.09 -0.74 -0.46
Ball -0.17 -0.07

Lall +0.43 -0.21 -0.09 -0.37 -0.16
Cell +0.20 -0.47 -0.45 -0.90 -0.70
Prll +0.67 -0.51
NdIl -0.04 -0.55 -0.49 -0.46 ~-0.06
Sinll +0.34  -0.89 -0.41

Eull +0.44 -0.07 -0.20 -0.09 +0.28
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