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Abstract. An LTE abundance analysis of the post-AGB candiith [C/Fe] = +1.2, [N/Fe] = +2.0, [O/Fe] = +1.0 andprocess

date star HD 196944 is presented based on high resolution, hégihancement. In this paper, an analysis of new high-resolution

SIN spectra. The radial velocity of HD 196944 is found to bebservations of the spectrum of HD 196944 is presented. For

—174 km s~! indicating that it belongs to the halo populationcomparison a spectrum of HD 211998, a more normal, metal-

The spectroscopic analysis provides the atmospheric paramepexs subgiant with colors similar to HD 196944, has also been

Tes = 5250 K,log g = 1.7 (cgs)&; = 1.9 km s! correspond- analyzed.

ing to those for G2-5 (bright) giants. A low iron abundance,

[Fe/H] =—2.45, is derived confirming the old, low mass natur¢ pservations and data reduction

of the star. With [C/Fe] = +1.4 and a measprocess overabun-

dance of [s/Fe] = +1.1 the peculiar atmospheric compositiénspectrum of HD 196944 in the wavelength region 5100 to

of HD 196944 is confirmed. Possible evolutionary stages 6100 A was obtained with the ESO 3.6m telescope and the

HD 196944, that can explain its atmospheric parameters &a8SPEC echelle spectrograph as part of a more extensive study

composition, are discussed. of metal abundances in halo stars. The spectrum was observed
with a resolution of? = 30000 and aS/N = 180 using a RCA

Key words: stars: evolution — stars: abundances — stars: che@<D as detector. In additiof, = 60 000 andS/N = 200 spec-

ically peculiar — stars: AGB and post-AGB - stars: individuatfa were obtained in the wavelength ranges 6130 - 6iaad

HD 196944 7760 - 78208 with the ESO CES instrument and the 1.4m CAT

telescope. The reduction of the CCD frames (subtraction of bias,

dark and scattered light, flat fielding, extraction of echelle orders

and wavelength calibration based on Th-lines) was performed

with MIDAS routines. More than 100 weak to medium-strong

It is now generally accepted that F-G supergiants at large digemic lines < EW < 100 m,&), free of blends, were identi-

tances from the galactic plane are not Population | objecfigd and their equivalent widths were measured with the IRAF

but low-mass stars in the late stages of stellar evolution. Timutine SPLOT. An extract from the spectrum of HD 196944 is

high latitude, high space motion, and low metal content as@own in Fig. 1 along with that of HD 211998, which was also

observational indications for the old and low-mass nature observed with the CASPEC and reduced in the same way. Given

these objects. However, only a few of such stars (HD 36126at the two stars have about the safg, it is evident from

HD 187885, HD 158616, IRAS 05341+0852; see Klochkowae Fe lines, that HD 196944 has a much lower iron abundance

1995, Van Winckel et al.1996, Van Winckel 1997, Reddy ehan HD 211998. Despite this, HD 196944 has much stronger

al.1997) show clear evidence of chemical evolution as expectiggs of the s-process elements than HD 211998.

after the 3rd dredge-up: a high C/O ratio and enhancement of In Table 1 the equivalent widths are given for all lines mea-

s-process elements. sured in the spectrum of HD 196944 along with the oscillator

By several observational criteria, the high latitude (b strengths and excitation potentials.

—27°), 8.4 magnitude star HD 196944 (HIC 102042) is an un-

usual object. It was classified by Bidelman (1981) as "extr. w§ Analysis and results

lined G/K” with very strong CH. Luck & Bond (1992) have a

short notice on HD 196944 suggesting that it is a post-AGB st1. Radial and space velocities

1. Introduction

Send offprint requests thaimons Z&s From the CASPEC spectrum (obtained on Oct 16, 1989,
* Based on observations carried out at the European Southern §3-=01:02) a heliocentric radial velocity 6f174 + 5 km s~*
servatory, La Silla, Chile was derived. The relatively large error is due to possible flexures
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AA) loggf x(eV) EWMA) AA) loggf x(eV) EW(mA) AA) loggf x(eV) EW(mA)
C1I 5127.36 —3.31 091 26.2 5473.91 —0.80 415 4.6
5380.31 -—-1.69 7.68 8.9 5133.69 0.23 418 31.3 5497.52 —2.85 1.01 55.8
O1 5141.74 -2.12 242 9.1 5501.47 —3.05 0.96 423
7771.96 0.33 9.15 21.6 5162.29 0.22 418 26.6 5506.78 —2.80 0.99 495
7774.17 0.19 9.15 21.1 5166.28 —4.20 0.00 345 5565.71 —0.29 461 5.7
7775.39 —0.03 9.15 13.7 5171.61 —1.79 1.48 74.0 5569.62 —0.52 3.42 322
Nai 5192.35 —-0.42 3.00 64.8 5572.85 —0.31 3.40 40.0
5688.20 —0.40 2.10 6.7 519494 —2.09 1.56 56.3 5576.10 —0.81 3.43 184
Mg1 5195.48 —-0.15 422 11.0 5586.76 —0.14 3.37 50.9
5528.40 —-0.56 435 69.6 5196.06 —0.67 426 3.3 5624.55 —0.79 3.42 21.1
5711.09 —-1.69 435 10.7 5198.71 —2.14 2.22 194 5701.55 —-2.14 256 75
Car 5215.18 —-1.01 3.27 19.2 5762.97 —0.20 421 13.0
5261.71 —-0.58 252 134 5216.28 —2.15 1.61 49.7 5816.38 —0.60 455 3.8
5512.98 —0.45 293 6.5 5217.39 —1.16 3.21 16.2 5859.61 —0.60 455 4.6
5581.97 —-0.56 252 129 5232.96 —0.06 294 799 5862.36 —0.38 455 7.4
5588.76 0.36 253 555 5242.50 —0.97 3.63 104 6024.07 —0.02 455 13.0
5590.12 —0.57 2.52 13.9 5250.65 —2.18 2.20 235 6065.49 —1.41 261 304
5601.28 —0.49 253 195 5253.46 —1.60 3.28 5.2 6136.62 —1.40 2.45 409
5857.45 0.24 293 29.2 5263.31 —0.91 3.27 21.2 6137.70 —1.35 259 36.8
6102.72 —0.79 1.88 32.2 5266.56 —0.39 3.00 55.8 6173.34 —2.88 2.22 438
6122.22 —0.32 1.89 62.1 5281.79 —0.83 3.04 348 Fer

6162.17 —0.09 190 824 5283.62 —0.52 3.24 422 5197.57 —2.23 3.23 40.7
6166.44 —1.14 252 53 5302.30 —0.75 3.28 28.9 5234.62 —-2.15 3.22 443
6169.06 —0.80 252 124 5307.36 —2.99 1.61 12.6 5275.99 —1.97 3.20 56.9
6169.56 —0.48 253 18.1 5324.19 —0.14 3.21 614 5284.09 —3.31 2.89 18.1
Scit 5339.93 —-0.72 3.27 32.2 5325.55 —3.22 3.22 6.3
5239.82 —0.80 1.46 18.9 5364.88 0.23 445 204 6149.24 —2.72 3.89 5.3
5526.82 0.02 1.77 34.1 5365.40 —1.28 3.57 8.7 Y11

Tit 5367.47 0.44 442 27.6 5123.22 —-0.83 0.98 28.0
5192.97 —-1.01 0.02 243 5369.96 0.54 437 28.4 5200.42 —0.57 0.98 33.7
5210.39 —-0.88 0.05 21.8 5379.58 —1.51 3.69 3.9 5509.90 —1.01 0.98 14.2
Titr 5383.37 0.65 431 36.0 Bai

5185.90 —1.46 1.89 33.2 5389.48 —0.22 442 8.0 5853.68 —1.01 0.60 86.0
5336.81 —1.59 1.58 46.6 5393.17 —0.75 3.24 355 6141.72 —0.08 0.70 146.0
5381.02 —-1.94 1.57 28.6 5397.13 —1.99 091 94.2 Ceal

Cr1 5398.28 —0.65 445 2.1 5274.22 —0.30 1.04 11.6
5296.69 —1.39 0.89 105 5400.51 0.01 437 125

5297.38 0.17 290 4.5 5405.78 —1.86 0.99 994 Ndr1

5345.81 —-0.98 1.00 22.2 5410.91 0.40 447 25.3 5212.37 —1.49 0.20 6.4
5348.32 —-1.29 1.00 94 5415.20 0.64 439 335 5234.21 —0.33 054 123
5409.79 —-0.72 1.03 32.2 5424.08 0.58 432 39.7 5249.59 0.20 0.97 14.1
Fel 543453 —-2.12 1.01 84.2 5293.16 —0.06 0.81 17.2
5123.73 —-3.07 1.01 46.2 5445.04 0.20 439 195 5319.82 —0.21 0.54 20.3

in the spectrograph (up to 1 pixel on the CCD) that may hatie center. This value fo¥., plus [Fe/H] =—2.45 from the
occurred between the stellar exposure and the thorium laamalysis below, indicates quite definitively that HD 196944 is
a halo star, according to thé,,[Fe/H] diagram of Schuster et

Using this radial velocity, plus the proper-motion and para- (1993, Fig. 5) and the discussions therein.

exposure.

lax data from Hipparcos (ESA 1997), and the matrix equations
of Johnson & Soderblom (1987), the Galactic space velocitiesph Atmospheric parameters
HD 196944 have been calculated with respect to the Local Stan-

dard of Rest, as well as the standard deviations of these velddimospheric parameters and the metal
ties. The results are, (U,V,W) = (144123,—13) + (20,23,57) HD 196944 and HD 211998 were initially estimated from
km s ! S0,Vit =V +220km s! =+97+ 23 km s is Stomgrenuvby — 3 photometry by Olsen (1983) (see Ta-
the rest-frame rotation velocity of HD 196944 about the Galable 2). It is seen that the two stars have practically the same

abundance for
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Fig. 1. Sample spectra for HD 196944 and the comparison star HD 211998. Lines used in the abundance analysis are identified by their chemical
symbol

Table 2. Stromgren photometry of HD 196944 and HD 211998 (Olse(b — y) index. This is due to the "violet deficiency”, also called

1983) the "Bond-Neff depression” (Bond & Neff 1969), which de-
creases the flux in the $imgrenv band. The actual surface
Star 1% b—y m c B gravity of HD 196944 might therefore be lower than the value

derived from the Stimgren photometry. Furthermore, thg
index is affected in such a way that a too high metallicity of
HD 196944 is derived.

To obtain a colour-independent estimate of the temperature
values of the temperature sensitive indides; y and 8, and for HD 196944, an excitation analysis of theifimes has been
of the metallicity indexm;. Using the metallicity calibration €mployed.T.¢ was chosen so that the derived iron abundance
of Schuster & Nissen (1989a), [Me/H] =1.5 is derived for VS. excitation potential has zero slope (see Fig. 2). In this way,
both stars. According to th€.g — (b — y) andT.g — (3 cal- Ter = 5250 4 100 K for both HD 196944 and HD 211998.
ibrations of Alonso et al. (1996), which are based on effec- Surface gravities for the stars were determined by requiring
tive temperatures determined with the infrared flux methothat Fer and Fati lines should provide the same iron abundance.
Teg(b — y) = 5315 K, andT,g(8) = 5265 K are derived for From this ionization balancéyg g = 1.7 4 0.3 (cgs) for HD
HD 196944, and (b — y) = 5240 K, T.g(8) = 5290 K for  196944. The Ti/Ti 11 ionization balance confirms this value.
HD 211998. Since thél; index is not affected by interstellarFor HD 211998 the spectroscopic analysis givgsy = 3.5 &
reddening, the good agreement between the effective temges-(cgs).
atures derived fronib — y) and 8 suggests that neither of the  An independent determination of the surface gravity can be
stars is affected by interstellar or circumstellar reddening in theade using the well known relatiogsx M/R? and R?
4500 - 60003 spectral region. L/T2;, if the parallax of the star is known (Nissen et al. 1997).

According to the position of the stars in tife— y) — ¢;  Unfortunately, the parallax for HD 196944 is rather uncertain.
diagram (Schuster & Nissen 1989b) both stars are subgiaHipparcos data (ESA 1997) give 2.@61.17 mas. Using this
with log ¢ values in the range 3.0 - 3.5. These calibrations refemlue, my = 8.40 mag,BC = —0.15, T, = 5250 K and
however, to stars of normal composition, but HD 196944 apdopting a mass af/ = 0.6M, the relation of Nissen et al.
pears to have a peculiar composition. Therefore, bothand (1997) leads ttog g inthe range 1.4t0 2.5 (cgs). For HD 211998
c1 may be affected by the abundance peculiarities. For examphe new Hipparcos value of 34.600.60 mas impliesog g =
according to Bond (1974) thg index of the CH subgiants is 3.44 4+ 0.10 (cgs) in excellent agreement with the spectroscopic
systematically smaller than that of normal stars with the sarapalysis. Thus, the comparison of spectroscopic results obtained

HD 196944 8.40 0.450 0.112 0.348 2.543
HD 211998 5.28 0.453 0.110 0.233 2.545
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Table 3. Averaged absolute and relative (to the Sun) abundances for
5.7rF 1 HD 196944. The standard deviation and the number of lines used in
the analysis are also given
5.4 .
n o
& . 3 o %>, k3 Element(X) log(X) o n [XIFe]
wo.l o)) o O, -
o ° s % ° o3 Og $§ %(éi CI 7.55 (1) +1.42
“ 4l © ] o1 761 005 (3) +111
Nai1 3.94 (1) +0.04
45l | Mgr 555 0.07 (2) +0.40
' Car 429 009 (13) +0.36
; 1 2‘ g A‘l ; Sci 086 008 (2) +0.19
0 Tit 282 008 (2) +0.26
Lower Excitation Potential (eV) Tin 280 0.01 ) +0.24
Fig. 2. The abundances of iron derived from theiHe) and Far Cri 3.09 0.08 ®) -0.15
(e) lines vs. the excitation potential of the lower energy level of theFe! 5.06 010 (64)
line, illustrating the estimation of the spectroscopic temperature fofen 511 0.08 (6)
HD 196944 Y 11 0.39 0.09 ) +0.58
Bar 1.26 030 (2) +1.56
5.7 F 7 Cen 0.61 (1) +1.49
Nd 1 0.01 017 (5) +0.94
5.4 - .
—~ o
& 8°°, ° 5 o rucz and adapted by V. Tsymbal for use on a personal com-
w5.1 - &o oS 02" . © o © - puter, which employs an input model atmosphere to compute
o ¥ gon SBe®e o & oo ) . .
S 00 25,0 © 4 the strength of a given atomic line formed in such an atmo-
4.8 1 ° _| sphere. The model atmospheres were interpolated from the grid
of Gustafsson et al. (1975) or extracted from Kurucz (1993).
Oscillator strengths for the lines have been taken from a va-
4.5 | | | | | | 4 L .
riety of sources and are given in Table 1. A majority of the values
0 20 40 60 80 100

are from high precision laboratory measurements. References
Equivalent Width (ma) for the Mg, Cax, Ti1, Cri, Fer and Fa lines can be found
Fig. 3. The abundances derived from theiRe) and Fai (s) lines N Nissen et al. (1994). Additional references are:abd O
plotted vs. the equivalent width of the line, illustrating the estimatiod-ambert 1878), Na(Lambert & Warner 1968), Sc (Lawler
of the microturbulent velocity for HD 196944 & Dakin 1989), Yu (Hannaford et al. 1982), Ba (Gallagher
1967), Ca1 (Grevesse & Blanquet 1969) and NdWard et al.
1985).
for HD 196944 and the normal metal-poor subgiant HD 211998 The mean absolute and relative abundances in the scale of
indicates that HD 196944 is a much more luminous object thagy (H) = 12.0 derived from a model atmosphere (Gustafsson
HD 211998. The parallaxes are consistent with this conclusien.al. 1975) withl.g = 5250 K, logg = 1.7,£, = 1.9 km s and
The procedure for estimating the microturbulent velocity {g¢1e/H] = —2.0 for HD 196944 are given in Table 3, together
illustrated in Fig. 3 for the atmospheric model (5250, +2,0).  with the standard deviation of abundances estimated from indi-
As we can see, a good agreement between the iron abundari®sal lines, and the number of lines used in the analysis. The
derived from individual lines was found usigg= 1.9 kms~!  abundances relative to the Sun were calculated using solar pho-
for HD 196944. tospheric data by Anders & Grevesse (1989), except in the case
The systematic errors in abundances produced by uncertahiron, for which we used the meteoritic solar abundance of
ties inT,¢ (4 100 K) andog ¢ (4 0.3 dex) would lead to errors, 7.51 recently confirmed from analysis of Fdines (Holweger
less than 0.1 dex for most elements. Only fort@e total error et al. 1990, Bemont et al. 1991).
may approach 0.12 dex. The final errors in the abundances re-As a test the abundances were derived also using a Kurucz
sulting from the choice of [Me/H] and microturbulence(.3 (1993) model with the same physical parameters. The difference
km s~1) for the model were found to be negligible: (0.03 between both results is not significart (.1 dex). Inspection
dex), excluding Ball, for which the microturbulence uncertairef the derived composition given in Table 3 shows that the at-
ties may lead to errors in the abundances of 0.25 dex. mosphere of HD 196944 is very metal poor ([Fe/H] =-2.45 dex)
and carbon rich ([C/Fe] = +1.4 dex). Furthermore, a significant
enhancement of the s-process elements is found (the mean for
4 elements [s/He= + 1.1 dex).
The chemical abundances were computed using the standard-or metal poor stars the hot UV radiation field might lead
LTE line analysis program WIDTH®6, written by R. L. Ku-to overionization. Such non-LTE effects have been reported in

3.3. Abundance analysis
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K giants (Brown et al. 1983; Ruland et al. 1980) and in F st
pergiants (Venn 1993; and references therein). The abundan 4
were found to be systematically smaller when derived from lov A
excitation lines than from high-excitation lines of iron-peak ele
ments. These effects increase with increasing effective temp
ature and decreasing metallicity. Due to overionization, the Fq; 1L
state is less populated than determined under the assumpt|0\ .
LTE, therefore, the neutral lines give underabundances of irc™ o °
Thus the non-LTE effects can have an effect on the atmosphe . N
parameters determined spectroscopically. However, sinceo | ....% o . . ..T ...
rionization occurs mostly in the upper layers of the atmosphe! s °©
using weak lines with high excitation potentials (i.e. lines th¢
form deeper in the atmosphere) may minimize the effect. F e
the (bright) giant HD 196944 the temperature and gravity a S o
not so extreme, therefore, by limiting the abundance analysis
to weak lines, the non-LTE effects are thought to be not veRg. 4. The abundance comparison for HD 19694, (wo post-AGB
large. Indeed, the excitation temperatures for both HD 1969gtars ¢ - HD 1878850 - HD 158616), and the extremely metal-poor
and HD 211998 are in good agreement with the effective teffiect LP 625-444)
peratures obtained from photometry.
Concern exists about hyperfine structure effects on the Ba
lines, which are fairly strong. Sneden et al. (1996) have stud@?ms (Luck & Bond 1991), [hs/ls] = [hs/Fe] - [Is/Fe] +0.8
this in detail for another very metal-poor, neutron-capture-ri
giant star, CS 22892-052, which has Ba lines of similar strength The typical temperature of the post-AGB phase is assumed
as HD 196944. For the two Ba lines used by us, the hfs effeésrange from 5000 t80 000 K. HD 196944 withT.s = 5250
were found to be negligibleq 0.02 dex). Therefore, we did not K would be a relatively young and thus cool post-AGB star,
take broadening by hyperﬁne Sp||tt|ng into account. because at about 5000 K the star moves off the AGB. Concern
exists, however, about its luminosity if it is a post-AGB star. The
Hipparcos parallax yields for HD 196944 an absolute magnitude
4. Discussion and conclusions My inthe range 1.0 te-2.0., and the spectroscopic parameters
using a mass oM = 0.6M, lead toMy ~ —1.5. It seems
The standard LTE analysis of a high resolution and high St be too faint for such a cool (young) post-AGB stard@&ter
spectrum gives for HD 196944 the spectroscopic atmosphet@95s).
parameterdes = 5250 K,logg = 1.7 (cgs), and§; = 1.9 Strong evidence against the post-AGB nature of HD 196944
km s~* approximately equal to those for normal G2-5 (brighf} the absence of an IR excess due to circumstellar material.
giants. The metal deficiency is astrong indicator that HD 19694dfew hundred years after the star has left the AGB, the dust
isan old star. Its radial velocity 6f174 km s~ ! is characteristic shell has cooled and should contribute strongly to the IRAS 12
for halo objects. HD 196944 is located at a galactic latitude g flux (Oudmaijer 1996). We examined the position of the
b = —27°, which puts it at a distance ~ 220 pc above the HD 196944 in comparison with IRAS PSC and FSC sources
galactic plane for a parallax value of 2 mas. and none of those are identified with HD 196944. A significant
The abundance pattern of HD 196944 shows clear evideriBeexcess at 12 and 28n is absent and therefore its post-AGB
of chemical evolution. Are these peculiarities the result of irstatus is doubtful.
ternal processes (nuclear reactions inside the star and mixing toBright giants with the enhancement of s-process elements
the surface) or an external process (mass transfer or exchan@ee been found in globular clusters (Kraft 1994, and references
across a binary system)? therein). For example, someCen stars are known to present an
Luck & Bond (1992) suggested that HD 196944 is a posenrichment of carbon, nitrogen and s-process elements. These
AGB star, which often have-heights larger than the Galac-abundance anomalies suggest that some form of mixing occured
tic scale-height for massive stars- (120 pc). Therefore, inthese stars. Possibly, they are in the asymptotic giant branch
HD 196944 would be a good candidate. Comparison of the phitase (Fraymis et al. 1988). The effective temperature of 5250
tospheric abundance for HD 196944 with published results fiéifor HD 196944 and the luminositydg(L/ L) from 2t0 2.5)
two post-AGB stars (HD 187885, HD 158616) shows in generliaces it in the region of the H-R diagram occupied by shell
similarities of the abundance patterns (Fig. 4): the enhancemkelium burning Pop. Il stars (Iben 1991). Possibly, HD 196944
of carbon, the overabundancemfelements (here Mg, Ca andis a hotter analog of halo carbon stars.
Ti) relative to Fe and a very significant enhancement of s-process Finally, the abundance peculiarities of HD 196944 are sim-
elements. HD 196944 displays, however, a more extreme iritar to those for CH stars (Keenan 1942) in which the molecular
deficiency, [Fe/H] =2.45, and a high abundance ratio of thébands of CH are very strong and heavy elements are enhanced.
heavy s-process peak elements to the light s-process peak lel@ddition to being metal poor, the CH stars have large radial
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velocities, typically 200 kns~1, indicating that they are halo

objects. The derived characteristics for HD 196944 correspo 201 A O ]

tothose of CH stars, except for the very low metallicity (for clas., A P o

sical (early type) CH stars [Fe/H] lies in the range freit,.5 to g 1.0 - AD IS o 7

—1.7; see, for example, Vanture (1992a)). Moreover, the ave <& o o o

age ratio of the heavy-to-light s-process elements, [hs/ls], int~ 0-0 |- 0676 & B

CH stars is +0.9 dex (Vanture 1992c), in agreement with th o

obtained for HD 196944. -1.0 - =
The oxygen abundance for HD 196944 was found to t

[O/Fe] = 1.1 using the Otriplet, in good agreement withthat 2 o[ A o |

derived by Luck & Bond (1992) from the [Ol] forbidden line at = o ° Ce

6300A Since studies of the IR triplet in giants of spectral typ E 1.5+ o O =

G and K (see forinstance Eriksson & Toft 1979) indicate that tt 3; - o

Ot tripletis subject to non-LTE effects, the conclusion has be¢ ™ 1.0 o N

O
made that in HD 196944 non-LTE effects are not significan o

On the other hand, analyses of tha @iplet in halo giants ~ 9-° [ ° & 7
indicate [O/Fe]~ 0.8 to 1.1 in a wide range of metallicities ‘
from [Fe/H] = —1.5 to —3.0 (Cavallo et al. 1997). Following 3.0 |- -
Cavallo etal. (1997) one would expect for HD 196944 ([FetH] A

—2.5) [O/Fe]~ 1. This means apparently that in the atmosphely 2.0 |- A
of HD 196944 oxygen must be considered as primordial alg N
equal to the value which is expected for a relatively unevolve — 1.0 - @QO e O =
halo object with a given [Fe/H]. Thus the abundance analys g O
of HD 196944 indicates that material enhanced in CN and 0.0 - f
process nuclei but not in O has been added to the atmospt : : : :
of HD 196944, in agreement with that obtained for classici =30 =2.0 -1.0 0.0
CH stars (Vanture 1992b). Note that the oxygen abundancec ... [Fe/H]

CH giants follow the normal pattern found in field and clustgtig 5. hs/is], [s/Fe], and [C/Fe] as functions of [Fe/H] for early type
giants. CH stars ¢), late type CH starss], extremely metal-poor carbon-rich
Recently a few extremely metal-poor, carbon-rich, argbjects ¢\), and HD 196944() in comparison with disk subgiant CH
s-process enhanced stars have been analysed using s ¢)
resolution spectra (Kipper & Jgrgensen 1994; Barbuy et al.
1997; Norris et al. 1997). The abundance pattern of one of these
stars LP 625-44 (Norris et al. 1997) is compared with that offts/Fe] using a different number of s-process elements for dif-
tained for HD 196944 in Fig. 4. Although these carbon-ricferent stars. It seems, that there is only a weak dependence of
halo objects have different temperatures (from 3000 to 600C average s-process overabundance, [s/Fe], with [Fe/H].
K) and luminosities (from dwarfs to supergiants), their abun- On the other hand, halo carbon-rich objects display an ap-
dance patterns display a lot of similarities: very low metalliggroximately constant [hs/ls] ratie 1.1 4 0.4. According to
ity, high average level of the s-process enhancement, high GQ/Gtk & Bond (1991) the ratio of [hs/Is] is a good indicator of
and [hs/ls] ratio, and lowW?C/*3C ratio. Besides some of thesehe neutron exposure in the processed material; high values of
stars show clear evidence for velocity variations (CS 22948-7fs/Is] corresponding to higher exposures. This means that the
LP 625-44), while for the rest duplicity needs to be confirmesinthesis of heavy metals in the atmospheres of the carbon-rich
(CS 29497-34, LP 706-7, HD 187216, and HD 196944). halo stars has occurred under similar conditions, characterized
Fig. 5 presents a comparison of some recent abundabgea high neutron exposure and apparently a single exposure
results for known carbon-rich Galactic halo stars: early tymwent (Vanture 1992c). The simplest explanation of Fig. 5 is
CH stars (Vanture 1992a,b,c), late type CH stars (Kipper et tdlat the analyzed carbon and s-process rich objects are the re-
1996), and extremely metal-poor carbon-rich objects (Kippergult of carbon and s-process enriched mass transfer in double
Jargensen 1994; Barbuy et al. 1997; Norris et al. 1997; presstatr systems. The apparent absence of radial velocity variations
work). For comparison purposes subgiant CH stars of the digkfour out of six very metal-poor peculiar halo stars cannot be
population (Luck & Bond 1991) are also shown. Inspectiomsed as a strong argument against this hypothesis. Some bina-
of the figure suggests that a correlation of [C/Fe] with [Fe/H]es could have either very long orbital periods or highly inclined
exists, [C/Fe] is found to increase with decreasing metallicityrbital planes. Note that the efficiency of accretion in the wind
Note that there is not a large gap of almost 1 dex in [C/Fe] asass transfer scenario is great enough to be to explain systems
hypothesized by Norris et al. (1997). Unfortunately, a relativelyith periods as long as 100 yr (Boffin & Jorissen 1988). On the
large dispersion in the [s/Fe] values exists probably becauber hand, if the abundance anomalies in the halo carbon-rich
[s/Fe] has been calculated as the arithmetic mean of [Is/Fe] atalrs are the result of mass transfer from a companion which has
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undergone AGB evolution, some examples of single halo AGBochkova V.G., 1995, MNRAS 272, 710

and post-AGB stars with high [hs/Is] ratios resulting from inteKraft R.P., 1994 PASP 106, 553

nal processes should be seen. The known s-process rich pgtucz R.L., 1993, CD-ROM 13, Smithsonian Astrophys.Obs.
AGB stars (Klochkova 1995; Z& et al. 1995; Van Winckel et Lambert D.L. 1978, MNRAS 182, 249

al. 1996; Van Winckel 1997; Reddy et al. 1997) display |0\jvam|bert D.L., VX‘?mer B. 1968, MNRAS 138, 181
heavy-to-light s-process ratio. Lawler J.E., Dakin J.T. 1989, J. Opt. Soc. Am. B6, 1457

L. . . Luck R.E., Bond H.E., 1991, ApJS 77, 515
We conclude that it is unlikely that HD 196944 is a pOSli:uck R.E., Bond H.E., 1992, BEII.American Astron. Soc. 24, 786

AGB star_. It could be an AGB star for which the pecu“ar_a_tNissen P.E., Gustafsson B., Edvardsson B., Gilmore G., 1994, A&A

mospheric composition is due to nuclear reactions and mixing g5 440

inside the star. Alternatively, itis a CH star, for which the abumissen P.E., Heg E., Schuster W.J. 1997, ESA SP-402, Hipparcos
dance peculiarities are due to mass transfer from a companionvenice '97, Ed. B. Battrick, p. 225.

that has undergone AGB evolution. The latter hypothesis is Harris J.E., Ryan S.G., Beers T.C., 1997 ApJ 488, 350

attractive explanation of the six very metal-poor stars recenfysen, E.H., 1983, A&AS 54, 55

studied on the basis of high resolution spectra. Despite the vefydmaijer R.D., 1996, A&A 306, 823

different evolutionary stages of these stars, ranging from turn&@ddy B.E., Parthasarathy M., Gonzalez G., Bakker E.J., 1997, A&A

stars and subgiants to late M giants, they have similar abundance328: 331

patterns. It is, however, premature to label HD 196944 as a B'@nd F.. Biehl D., Holweger H., Griffin R., Griffin R., 1980, A&A
CH star. Accurate radial velocity monitoring of HD 19694 92, 70
nhary ' Schuster W.J., Nissen P.E., 10898, ASGA 221, 65

and the other very metal-poor stars are needed to confirm thglf, \ster W.J. Nissen P.E.. 1989b. AQA 222 69
binary status. Schuster W.J., Parrao L., Contreras Nteez M.E., 1993, A&AS 97,
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