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Abstract. We present the first results of our ongoing chemical studyadb@n stars in the Local Group of galaxies. We used
spectra obtained with UVES at the 8.2 m Kueyen-VLT telescape a new grid of spherical model atmospheres for cool
carbon-rich stars which include polyatomic opacities, ¢éof@rm a full chemical analysis of one carbon star, BMB-B i80,
the Small Magellanic Cloud (SMC) and two, IGI95-C1 and IGI®8, in the Sagittarius Dwarf Spheroidal (Sgr dSph) galaxy.
Our main goal is to test the dependence on the stellar m@Etylif the s-process nucleosynthesis and mixing mechanism
occurring in AGB stars. For these three stars, we find impbreelement enhancements with respect to the mean migyallic
(IM/H]), namely [¢M]~+1.0, similar to the figure found in galactic AGB stars of semimetallicity. The abundance ratios
derived between elements belonging to the first and sec@ndcgss abundance peaks, corresponding to nuclei with @mag
number of neutron® = 50 (88Sr, 89Y, 90Zr) antN = 82 (138Ba, 139La, 140Ce, 141Pr), agree remarkably well thich
theoretical predictions of low mass (M3 M) metal-poor AGB nucleosynthesis models where the mainceoafrneutrons is
the3C(a, n)1°0 reaction activated during the long interpulse phase, mallpocket located within the He-rich intershell. The
derived QO and*2C/*3C ratios are, however, morefficult to reconcile with theoretical expectations. Possébiplanations,
like the extrinsic origin of the composition of these carlsbars or the operation of a non-standard mixing processgltinie
AGB phase (such as tfgeol bottom process), are discussed on the basis of the collected observationatraints.
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LO 1. Introduction of these massive AGB, tHéNe is exposed to a temperature as

L . high as 35 x 10® K, which dst ilibrium den-
O) Asymptotic giant branch (AGB) stars are believed to be thélg as =5 x WRICh COrTesponas fo an equiibniim den

. / . fty of about 18 neutrons per cri¥. However, due to such a

Q© main pro_duce_rs of s-elt_ements in the Universe. I_nd_eed, t_h%?gh neutron density, the resulting nucleosynthesis isastar-
8 pLocI:less IS aCt'Vﬁted gurmg lghe Igte AS ?&ase’ within th:rm ized by the activation of several branchings along the s¢B®

shell region, when the He-burning shellfars recurrent ther- ath, leading to an elemental distribution of the heavy eiucl

1 mal mSt.ab'“t'eS (thermal pulses or TPS)' After each TR, thy, ot is rather dterent from those observed in the majority of

convective er_lvelopg can pgnetrate inward in mass, dred : ggalactic MS, S and C (N type) stars (see e.g. Lambert et al.
() up the material enriched with the ashes of He-burning (thiigg ang Abia et al. 2000) and to an isotopic composition that
O dredge up or TDU), mainly carbon and s-elements. Later Q0

O thi terial is eiected th h stell ind difvite t in conflict with those found in meteoritic SiC grains, whic
IS material IS ejecte rough steflar winds, mo ifyihg re presolar condensates formed in the outflows of carlotn-ri
chemical composition of the interstellar medium (cf. Iben

. GB stars (e.g. Zinner 1998). On the contrary, in low mass
Ren2|r1| 1983; BUSSO etal. 1999). AGB stars (Mk 3 Mg, LMS), the temperature within the He-
In intermediate mass AGB stars @8 Mo, IMS), free neu- ich, intershell barely attains 8 168 K and the?Ne(a, n)?Mg
trons can be released at the base of the convective zone %€Bnly marginally activated. Nowadays, it is well accepteat
erated by a thermal pulse through #le(e, n)**Mg reaction 0 13¢(, 11)160 reaction is the main neutron source acting in
(see e.g. Iben & Renzini 1983). Indeed, in the He-rich ifitells | \15 ¢ only requires~ 1Cf K to be activated, a temperature

Send offrint requests to: P. de Laverny: laverny@obs-nice. fr usu_ally attained a_t the top layer of the He-_rich intersheting
* Based on observations collected with the YUT2 Kueyen tele- the interpulse periods. The extant theoretical models(&tro

scope (Paranal Observatory, ESO, Chile) using the UVERimsnt €t al. 1995; Straniero et al. 1997; Herwig et al. 1997; Galéb
(program ID 71.D-0107) al. 1998; Goriely & Siess 2001) assume that a small amount of
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hydrogen is injected from the convective envelope into the iet al. 2004; Rizzi et al. 2004). This increases the prokisgtufi
tershell region during the TDU. At hydrogen reignition, ogri observing in these stellar systems metal-poor thermallg-pu
to proton captures offC, a'3C pocket forms within the inter- ing AGB (TP-AGB) stars, whose abundance pattern is being
shell. Then, thé3C is fully consumed by captures during the modified by the occurrence of the TDUs (intrinsic AGBs). Last
interpulse phase, and then leads to a substantial s-progessbut not least, the knowledge of the contribution of these low
cleosynthesis with a peak neutron density never exceedhg inetallicity AGB stars to the chemical evolution of their par
cm3. Then, the freshly synthesized s-elements are engulfeddajtaxies provides new hints to discriminate between aitern
the convective shell generated by the next TP. The marginal ive scenarios of galactic formation (Venn et al. 2004): evthie
tivation of the?’Ne neutron source may slightly modify thesatellite galaxies the basic building blocks of our own Ggta
s-element distribution within the He-rich intershell. Tha- (e.g. Bullock et al. 2001), or are they debris of larger syste
hancement of the s-elements revealed by spectroscopiestudhose structure and evolution have been altered by thek- pro
of MS, S, SC and C-stars confirms the occurrence of repeaiaty to our Galaxy (e.g. Grebel et al. 2003)?
TDU episodes. In this paper we report the first chemical analysis of ex-
One of the most important theoretical results concernimigagalactic low-metalicity carbon stars found in the Small
this new s-process nucleosynthesis paradigm is its drifie;a Magellanic Cloud and the Sagittarius dwarf spheroidalxgala
pendence on the stellar metallicity and mass. Current rsod€he selected stars are presented in Section 2 togetherheith t
(e.g. Busso et al. 1999; Goriely & Siess 2001) show that théservations. We describe in Section 3 the chemical arsalysi
predicted relative abundances of the s-peak nuclei (Zr,r8&a gperformed. Then, by analyzing the derived abundances and in
Pb) vary according to the stellar metallicity. At low mei@l particular those of the s-elements versus metallicity, we p
ity, the flow along the s-path drains the Zr and Ba peaks avidle constraints to the evolutionary status of the studtadss
builds an excess at the doubly madiéPb, which is at the ter- and discuss our results in the framework of the current AGB
mination of the s-path. Thus, as the metallicity of the AG& stnucleosynthesis models at low metallicity.
decreases, models predict largefBdsZr ratios. However, for
a given metallicity, a spread in the /Ba/Zr ratios indicates a
spread in the amount #C, which drives the neutron produc-2. Star selection and observations

tion ".md the subse.quent s-process nucleosynthesis in a I‘M%m the available catalogs of carbon-rich stars in externa
(Gallino etal. 1998; Delaude et al. 2004). The s-elemenisab

. o5h . .
dance pattern found in the metal-poor Pb-rich stars (Vandfckgz,:i)giz i(;a.\?ésetrhoaeinaer\g?s?oggg’pﬁiﬁgsé:r?;ifrﬁgg gfntgrlg
al. 2001, 2003; Aoki et al. 2002) and, at higher metallisitia

post-AGB stars (Reyniers et al., 2004) points to the extsﬂengCh and as members of their host galaxy. Host gqlgme; have
een selected to span a large range of metallicities, in or-
of such a spread.

A comfortable agreement between nucleosynthesis calcu(iie-r to provide better constraints to the nucleosynthesis-mo
9 y £% of AGB stars. In this first study we present the spectro-

tions and s-element abundance patterns derived in AGBatars _ . .
) . . Scopic results for three carbon stars, one belonging tortiedlS
different types in the solar neighborhood has been found (q\ﬂa

. : igellanic Cloud (SMC) and two stars to the Sagittarius dwar
Busso et al. 2001). However, such comparisons mainly concer - roidal galax (Sgr dSph). Table 1 shows the photometric
extrinsic stars (i.e. stars that owe their chemical pedtiéa P g y g Ph)- P

probably to mass transfer in a binary system) belongingeo t

disk of our Galaxy. Only in a few cases has the predicted cheg}g kpc (Cioni et al 0) and fiering an interstellar ex-
ical pattern in intrinsic AGB or post-AGB stars (i.e. stanatt .~ . ~ g

) . L L ._tinction Ag = 0.16™9 (NASA/IPAC database, Schlegel et al.
owe their chemical peculiarities to an situ nucIeosyntheS|s) Its mean metallicity is around [M]= —0.74* (Luck
and m_ixing processes) in arange of metallicity peen chec St al. ) although lower metallicities (e.g. '—1.05) asa
(Reyniers et al. 2004; Dominguez gt al. 2004; Abia et aI?ZOO reported (Rolleston et 99). The selected star, BMEIB 3
Note that metal-poor AGB belonging to the old galactic hal& standing for the bar of the SMC), was first identified as
have such small masses (0 on the average) that the TDUcarbon-rich by Blanco et al80). Its carbon-rich natuas

cannot take place (Straniero et al. 2003). . . 3 .
Due to their diferent chemical evolution histories, theIater confirmed by Rebeirot et al. (1993) and, since the surve

! N X ;
satellite galaxies have stellar populations with met'lalllicOlc Smith et al. [1995), it was also known to be non-enhanced in

: . . lithium.
ties covering a wide range-8.0 <[Fe/H]< 0.0, see e.qg. .
Groenewegen 2004; Shetrone et al. 1998; Bonifacio et al. The Sgr dSph galaxy was discovered ten years ago by Ibata

2004a). Therefore, the study of AGB stars in the Local Groﬁj} l' )('j I_t ”ersl at abo_ut 36bkpc Ifrom the Sl:jn. (Monaclp _et
of galaxies provides an alternative sample of intrinsicahet < 2004) and is characterized by a large spread in metgliici

poor and relatively young AGB stars. Most importantly, sainc_o'8 < [F&/H] < 0.0 (see e.g. Bonifacio et al. 2004b), and re-

the distance of these external stellar systems is well kmawncent observations reveal the existence of stars with natgll

more accurate determination of the stellar luminosity can s low as [FfH] ~ -3 (Bonifacio et al. 2004a). The adopted
estimated. Furthermore, there is observational eviddratént 1 pere we use the standard notation for the chemical abundance

many of these galaxies the star formation histories ex@ndgtio of any element X, [}] = log (X/H),— log(X/H) » where log

at least until a few Gyr ago (e.g. Demers, Battinelli & Letart(H)= 12 is the abundance of hydrogen by number. In this scale the
2003; Battinelli et al. 2003; Arimoto et al. 2004; Domingueabundance of any element X is notede€x)

Hroperties of our programme stars.
The SMC is an irregular galaxy at a distance of about
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interstellar extinction ifdg = 0.66™9 (NASA/IPAC database, Table 2. Spectroscopic parameters of the new identified lines.
Schlegel et af. 1998). The two selected stars were confirmed t

be carbon-rich and members of the Sgr dSph galaxy by Ibata et lon A(R) x(€V) logdf
al. (1995). According to Whitelock et al. (1996), IG195-G8, Znl 481052 4.08 -0.170
one of the brightest star in Sgr dSph, with extremely redrsolo NbI 480244 0.08 -1.900
suggesting a large mass-loss rate/and low efective temper- Rul 475784 093 -0.280
ature (see below the problems encountered during its claémic Rul 4769030 0.81  -1.740
analysis). Rul 4844.56 1.12 -0.810
. Pril 4801.13 0.48 -0.878
To date, the spectral type of the three carbon stars is un- Pril 483703 020 -1.464
known since their full spectrum has never been observed. We Prii 484852 005 -1.584
therefore cannot use common indicators as the relativa-inte Gdl 475870 088  0.045
sity of molecular bands of £& CN to classify them (such Hfl 480050 070 -1.210
indicators lie outside our observed spectral ranges). We ha W1 484384 0.41 -0.990

estimated their bolometric luminosity using the calibwas by

Alksnis et al. (1998) from M (see Table 3). These calibrations

are obtained from studies of galactic carbon stars with knowxpected continuum windows identified by Wyller (1966) were
distances from Hipparcos parallax measurements. Itisleat c used as reference points. Due to the huge number of atomic
whether these calibrations can be safely applied to meai-pand molecular lines used for the synthetic spectra caloulat
carbon (C) stars such as those studied here. Neverthetessitus reasonable to think that the theoretical continuunmsoi

ing the bolometric corrections of Mfrom the (J-K) index for  are not too far from the true continuum. Indeed, our thecaéti
carbon stars in the SMC by Wood et al. (1983), we obtain vegpectra show maximum flux points at these wavelengths. It was
similar luminosities (see Table 3). The bolometric magihétsl never necessary to modify the initial placement of the ¢anti
obtained for BMB-B 30 and IGI95-C3 are compatible wittuum by more thar5%. Errors introduced by this uncertainty
the hypothesis that they are TP-AGB stars undergoing TDld.the continuum position were taken into account. However,
IG195-C1 seems too faint to be an intrinsic C-star, even icbnssystematic errors due to a larger uncertainty in the cootmu
ering that the minimum luminosity at which an AGB star béecation cannot be completely discarded (see below).

comes carbon-rich is lower at low metallicity (Stranieraét

2003). In fact, by using a simple core mass-luminosity retat

to constraint the initial luminosity of a thermally pulsidgsB 3. Analysis: The extragalactic carbon stars and

phase (Paczynski 1970), and adopting M 0.55 M, for the  their chemical properties

mass of f[he H-exhausted core, one gets a minimum bOIOWé have used the method of spectral synthesis in LTE to de-
ric magnitude of about4. In any case, the bolometric magni-

wud h in Table 3 aréfected by | tainties. A rive the chemical abundances of the sample stars with a spe-
udes shown in fable > aréiected Dy 'arge uncertainties. As;,, emphasis on specific spectral regions. In particutar se-
pointed out by Busso et al. (2005), with afiestive tempera- lected regions were: (i) between 47504950 A mainly for
ture of ~ 3000 K, most of the energy radiated by a C-star is : iitdi _ A
. . : s-elements and the mean metalli€jtyii) 6 700— 6 730 A for
in the mid infrared wavelength range. By using ISO plus Two

. L1, (i) 7050 — 7 080 A for some Ti lines and one Sr line, (iv)
Micron Sky Survey data_ between 1 andmz these authors 780- 7820 A for Rb and two Ni lines and 7 9908 040 A to
conclude that the galactic carbon stars are, in many cases,

. 4 . . ..* derive the carbon isotopic ratio. The adopted atomic lisieidi

2 bolometric magnitudes brighter than reported in the aisé! basically that used in AFl))ia et al. (2001, 2F())02). We have added

Cat?ﬁgiéggig?g;?gg?;ggg'Were observed in service m %ne lines taken from the atomic data bases of Kurucz (CD-
. M No. 13) and VALD (Kupka et a[- 1999). Some revisions

Wr']t.? (tgeeUe\:]Eilsg:e;treo)g.rsth r?:a:gde% tlo ?gogeﬁ]ld SVlhqve been made using solar gf-values derived by Thévenin

unit (ruey pe) in Ju vy ‘ p?‘f989, 1990), and the theoretical estimates by Xu et al.3200

tra have been collected using the UVES standard settir}%%d Den Hartog et al. (2003) for the Nd Il lines, and the

chhr0|c2,CD_#2 centered at 4370 A arde#_4 centered at DREAM data base (httpyw3.umh.ac.beastrgdream.shtml)

8600 A, leading to observed spectral domains frord 200 for S d Ce sinalv ionized li With Abi

to ~ 5000 A and from~ 6700 to~ 9000 A. The slit width o' —nt and &e singly ionized ines. With respect to Abia et
' g (2001, 2002), we have identified additional spectratihezss

was 1’, corresponding to a resolving power of about 4000 ; .
The UVES Data Reduction Standard Pipeline was used for t%;e_ls_gglrédér)lg to elements whose abundances are derived her

reduction of the spectra. Then, for each star and spectrgéra L :
the spectra were first averaged and then binned by three pixt The molecularline listincludes CNOCH and MgH lines

els as well as corrected to the local standard of rest. Fina fth the corresponding isotopic \_/ar|at|0nsg hes are from
. . ... Querci et al. (1971). CN and CH lists were assembled from the
all the spectra were normalized to a local continuum by §tti

est available data and are described in Hill et al. (2008) an

e O 11 Shecayrl . (2004 Mok s come fom K (CD o
9 ) b ' 9 ' 0. 13). In particular, the MgH lines, which were not incldde

continuum location that may be inferred looking at the spec-
tral atlas of carbon stars offtierent types by Barnbaum et al. 2 The mean metallicity of the stars [M] (Table 3) was obtained as
(1996) and, in particular, in the 8 000 A region theoretically the mean value derived from several lines of Fe, Ti, V, Ni, @i &n.
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Table 1. Carbon stars observations log and properties. Referemeegad Ibata et al.[(1995), (b) Whitelock et dl. (1996), (c)
Blanco et al.[(1980) and (d) Two Micron All Sky Survey.

Star Date Obs. Exp. time (min) B; R J H K
Sag IGI195-C1 2003-07-03 195 16.9 1468 123 114 11.P
Sag IGI195-C3 2003-07-(084/06 195 173 143 11.3 100 9.4
SMC BMB-B 30 2003-06-11 & 2003-07-080/31 195 - 148 12.¢ 11.¢ 107

in Abia et al. (2001, 2002), act like a pseudo-continuumeldbased their choice on the luminosities and masses of carbon
4800 A. This might be significant if the star under analysis &ars in the Magellanic Clouds. For the microturbulence, we
found to ben-enhanced ([MgFel> 0), as one would expect foradopteds = 2.2 km s, which is a value suitable for AGB
metal-poor stars according to the trend found in our Galavstars (Lambert et al. 1986). Theoretical spectra were deeto
However, as far as we know, all the chemical analysis so fasing Gaussian functions with a FWHM value according to the
performed in the SMC and the Sgr dSph stellar populations mstrumental profile 4 0.15 A) and macroturbulence veloci-
not reveal a cleaz-enhancement trend. Thus, we have adoptéids ranging from 4 to 7 k2. Uncertainties in the abundances
in the analysis no enhancement, i.e. |[dgl= 0.0. The ratio derived due to changes in gravity, microturbulence and macr
[Ca/M] derived in two stars (see Table 4) is compatible witturbulence withint0.5 dex,+0.20 km st and+1 km s, re-

this figure although we note that our Ca abundance estinspectively, were considered.

tion is made only from one line, Cal 6 717 A. We checked our ) _ )

line list by comparing theoretical with observed spectréhef Apgrt from Ter, the main atmospher!c paramgtﬁeatmg
Sun and Arcturus. The comparison with Arcturus allowed 6§e°fet'ca'_ speqtra of carbon-r.|ch st.ars is thie @atio. We es- i
to check some molecular lines whereas most of these feat/jff@ted this ratio through an iterative process, by conmgari
are not visible in the Solar spectrum. For the Sun, we us@fServed and theoretical spectra computed fiexént values
the semi-empirical model atmosphere by Holweger & Muué}f the carbon abundance, while keeping the oth_er atmogpheri
(1974) with abundances from Grevesse & Sauval (1998). Fgﬂrame_ters constant. Fo_r thqt purpose, we mapply considere
Arcturus we computed a model atmosphere with main para,mg region near 8000 A since it is the most sensmye tc_) chapge
eters according to Decin et al. (2000) and abundances frdhih€ GO ratio. Indeed, the spectrum of C-stars in this region
Peterson et al. (1993). Theoretical spectra were compuitad WS MOstly dfected by CN and much weaker, @bsorptions.
the turbospectrum code (Alvarez & Plez 1998, and further inj/e could not derive the carbon abundance directly from C
provements by Plez) in spherical geometry. The comparisd'rlf?S since (_') our linelist is not enough accu__rate arourd th
showed an excellent agreement with the solar spectrum in 8,00 A region (see Plez & Cohen, 2005), (ii) tthS\Nan

the spectral ranges studied, although the comparison was @00) band arOEJ”d 5160 A was not observeq and (iii) the col-
as good in the case of Arcturus in the 4 75@ 950 A region. lected spectra in the blue part become too noisy to _conshdert
This indicates that our atomic and molecular line list idi stC2 SWan (1,0) band around 4735 A. We thus derive the car-
not complete in this spectral range (despite the fact thahwe bon abundanf:e from the CN lines assuming thaFgi= 0.0.
cluded about 100000 lines in this region) #orcthe line data We checked in previous works (Abia & Isern 1996) that the

of some molecules are partially erroneous. Most of the salectc/o ratio derived from the 8000 A range is almost insensi-

features used in the chemical analysis of our stars, nelegts, V€ t0 the assumed abundance of nitrogen withli3 dex.
are well fitted in the Arcturus spectrum. However, the derived fO ratios have an additional uncertainty

due to the adopted O abundance which we cannot determine

The dfective temperatures were first estimated from ttiedependently. This is because theoretical spectra aresaim
calibrations of the (V-K) and (J-K), color indexes by insensitive to a large variation in the O abundance provided
Aaronson & Mould (1985). However, the estimated values atleat the diferencee(C)—e(O) is kept constant. Indeed, when
just used as a starting point, the final values adopted ireTabladding equal amounts of carbon and oxygen to the atmosphere,
being obtained through an iterative process by comparing dbe sole &ect in the outer layers is to increase the abundance
served and theoretical spectra computed witfiedent €fec- of the CO molecule which has a negligiblgezxt on the atmo-
tive temperatures. It is well known that AGB stars are varspheric structure. Therefore, this ambiguity allows a eanf)
able and, hence, theiref may change during the pulsationoxygen abundances and@ratios giving almost identical syn-
The photometric calibration used to estimate tiieaive tem- thetic spectra. Nevertheless, even considering an uncgrtd
perature indicates that the uncertainty in oy 15 certainly a factor three in the oxygen abundance, tf@® €atios derived
not lower than+250 K. We also note thatfiective tempera- in our stars are found in the range<1C/O < 1.5. On the other
ture estimates from (V-K) may bdfacted by stellar variability hand, and as already found by Abia et al. (2002), the derived
since the measurements in the two bands were obtained on @ifd ratio slightly decreases with the wavelength of the spéctr
ferent occasions. Nevertheless, the final adopted values agegion fitted. For instance, in BMB-B 30, we found a best value
quite well with those derived from the photometric caliimas  of C/O = 1.2 at~ 8000 A, but O = 1.09 at~ 4 800 A. Similar
within £100 K. We set the gravity at log=g0.0 for all the stars, differences are obtained for the other two program stars. The
following Lambert et al. (1986) who to a considerable degreeason of this discrepancy is unknown. It may be relateddo th



P. de Laverny eal.: Chemical analysis of carbon stars in the Local Group: 5

continuous opacity of the model atmosphere or to an incol 4000

plete or erroneous molecular line list. Note that a modificat 0 Teym3300. [FeM=-0.8
of the continuum location by 15% in the 4 750- 4950 A 0 Ter2900, [Fe;H]:‘O'E’
range would increase our derivedCCratio in this region by ~ 3500 o Tef3000. [Fe/H]=-1.0

only a few hundredth of dex. Thus, the discrepancy would r
main. The range in the/O ratios derived for each star is giver
in Table 3 as well as the corresponding abundanfteréince
€(C)—¢(0).

Regarding the model atmospheres, we used a new gric
models for cool carbon-rich stars. The spherically symimet! 2
model atmospheres were calculated with the MARCS coc 2@
using opacity sampling in 11 000 frequency points. Atomie,d 20001
atomic and polyatomic (&1, HCN and G) absorptions were
included. The microturbulence parameter was set to 2-3kn

3000

2500

mperature [K]

Turbulence pressures were neglected. Convection wagliedIu 1500

according to the local mixing-length recipe and found torbe i

significant. The masses of the models were set to.2 - 1000 — — . - . . .
lowing Lambert et al. (1986). The abundancgatience ¢(C)- 10 10 10 10 10 10 10
€(0)) and the overall metallicity were varied. The adopted sc Gas pressure [dyne cm 7]

lar abundances for C, N and O in the models are 8.41, 7.80 and

8.67 according to the recent revision by Asplund et al. (300%ig. 1. Temperature structures of the model atmospheres com-
As mentioned previously, the models were found to be quipaited with the stellar parameters corresponding to theethre
insensitive tae(O) as long as€(C)-¢(0)) was unchanged. Thestars studied in this work. The points where the optical ldept
typical extension (from optical depths Tto 10 in ros Was  l0gTross= —4, -3, ..., 0 are indicated by markers. The models
7% of the total stellar radius. The temperature structuwesie corresponding to 1G195-C1 are marked with diamonds, IG195-
models used for the three stars are presented in Fig. 1.6furt@3 with circles and BMB-B 30 with squares. The structure is
details will be given in forthcoming papers by Gustafssoal et very sensitive to the carbon excess. The structures comhpute
(2005) and Jgrgensen et al. (2005). For each star we chase frath the lower value of @ in Table 3 are plotted with solid
the grid a specific model atmosphere with a given valuegf T lines and markers while the structures with higioGre indi-
C/O and the metallicity and proceeded iteratively by changimgted with markers only.

these parameters until a good fit (by eye) in all the spectral r

gions was found. Then, the abundances of the other chemical

Species (S_e|ementS’ L|’ etc) were Changed to fit Speciﬂc_sp@.meters shown in Table 3 as the best ones for IGI95-C3 (W|th
tral features. C/O = 1.05) but, in any case, we cannot obtain as good a fit

A full discussion of the sources of error in the derived abs@s that obtained for BMB-B 30 and 1GI95-C1 in this spec-
lute abundances and element ratios due to uncertaintibgintfal region. We believe that this may be caused by the pres-
atmospheric parameters, continuum locaties%) and ran- ence of Merrill-Sanford bands (SiTin this star. These molec-
dom errors when a given element is represented by a few lingi@r bands are identified between 4 106500 A in carbon
as in our case, can be found in Abia & Isern (1996) and Abfars (e.g. Sarre et al. 2000; Yamashita & Utsumi 1968 and
et al. (2001, 2002) and will not be repeated here. These McKellar, 1947). In fact we detect extra-absorptions acbun
rors range from:0.2 dex for Ba to+0.45 dex for Ce. We es- 4867 and 4906 A, not present in the other stars of the sam-
timate a typical uncertainty in the mean metallicity,/HJ, of ple, which coincides with the position of some band heads of
+0.30 dex. The typical error for the elemental ratios with rehis molecule. Merrill-Sanford bands are indeed detectehiis
spect to the metallicity ([4V]) range between 0.30-0.40 dexsPectral region in some galactic C-stars wity < 3100 K
since some of the uncertainties cancel out when derivirgy thBergeat et al. 2001; Morgan et al. 2004), and our estimated
ratio. For the same reason, the error in the abundance r&figctive temperature for this star&T= 2900 K, see Table 3)
between elements ([X]) is somewhat lower::0.30 dex. For agrees with this figure. This means that the derived abureganc
Nb and Gd, the identified spectral features are very weak dAdG!95-C3 from the region 4 850 4950 A have to be con-
blended, thus in some cases we can only establish uppes.linfitdered with caution. Obviously, Merrill-Sanford bandsru
We estimate an uncertainty in the Carbon isotopic ra“&@f affect the abundances derived in thIS star from the Other ﬁjectl’
(see Abia & Isern 1996). These numbers do not include podsi'ges.
ble systematic errors as N-LTHfects or an uncertainty larger
than 5% in the continuum location (see below).

The abundances derived in IGI95-C3 from the 4850
4950 A region, merit a special note of caution. We found mamjg. 2 and 3 show examples of theoretical fits to spectral re-
difficulties to fit this spectral region. In fact, in this region-se gions from where most s-element abundances are derived. The
eral choices of &, C/O ratio and metallicity can lead to a sim-its are reasonably good despite the line lists used arglikel
ilar match of the observed spectrum. Finally we adopt the pgamplete. We are able to obtain a reasonable reproduction of

4. Results and discussion
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Fig. 2. Synthetic fits to the spectrum of the star IGI95-C1 in theaagiround 4 825 A. From this region we derived most of
the s-elements abundances and the mean metallicity ofdhee Some atomic lines, main contributors to the specifictsple
feature, are marked. Black dots represent the observettsped.ines are synthetic spectra: only molecules and médalshed
line), and including s-elements (best fit, continuous line)
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Table 3. Main characteristics of the extragalactic C-stars. We
give the stellar name, theffective temperature, the mean

metallicity [M/H], the carbon over oxygen abundances ratio
(C/O), the corresponding fierence between carbon and oxy-

gen abundanceg(C)—¢(0)), the carbon isotopic ratio and the

range of estimated bolometric absolute magnitudes.

Star Ter(K) [M/H] c/o? e(C)-€(0) TC/BC Mpol
IGI95-C1 3300 -0.80 1.18-1.06 7.23 25 -31,-33
IGI95-C3 2900 -0.50 1.10-1.05 7.33 40 -45,-45
BMB-B30 3000 -1.00 1.20-1.09 7.35 >300 -56,-51

a8 The QO ratios indicate the range of values estimated from the
analysis of the dferent spectral ranges (see text).

b The first value indicates the luminosity obtained from Btcord-
ing to the calibration by Alknis et al. (1998). The second w@es de-
rived after the bolometric correction by Wood et al. (1983)e Sect. 2
for more details.
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Fig. 3. Synthetic fit to the spectrum of IGI95-C1 in the region of treelBline at.14 934 A. Black dots are the observed spectrum.
Lines are synthetic spectra forfidirent [BgM] ratios: no Ba and-0.0 (dashed lines} 1.5 (best fit, continuous line).

some specific spectral features representative of singleyheln the case that more than one line was used in the analysis we
elements. As noted above, for several elements the abuadaterived the mean value and its dispersion.
is derived from just one line. Table 4 summarizes the abun-

dances derived for individual elements in the programnmssta | N three stars have low Li abundances, similar to that typ-
ically found in large Li abundance surveys of galactic Gssta

(Denn et al. 1991; Abia et al. 1993). The Li content in BMB-
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Fig. 4. Synthetic fit to the spectrum of the star IGI95-C1 in the regicound 8 025 A from which we derive th&C/*3C ratio and

a first estimate of the O ratio (see text). Th&C abundance is estimated from the weak&N features aft ~ 7991, 7997,
8004, 8016, 8019, 8023 and 8034 A. The figure shows only sortieesé features for clarity. As previous figures, black dots
represent the observed spectrum while lines are synthsticts for diferent GO and2C/*3C ratios. Dashed lines are for no
13C and!?C/*3C = 100 with GO = 1.18, respectively; the continuous line is made with the sari@ 1@tio and with our best
estimate for thé?C/*3C ratio in this star equal to 25. The dotted line repres&@g-3C = 25 but with GO = 1.80. Clearly, a
C/O ratio much larger than unity is discarded.

B 30 was already studied by Smith et al. (1995) and their estie estimate a formal error in [ZKI] of 0.25 dex. Keeping in

mate agrees with the value given in Table 4. On the other hamdnd this uncertainty, let us recall that AGB stars do notpro

the mean metallicity derived in the stars, are compatibté widuce a sizable amount of Zn (Bisterzo et al. 2004; Travaglio

the typical metallicity ranges derived from the stellar plap et al. 2004), so we can directly compare the abundances mea-

tions of these satellite galaxies in other observationaliss sured in our sample of extragalactic carbon stars with that i

(see references in Sect. 1). In particular, the metallidégived unevolved galactic stars. For [ between-1 and-0.5, un-

for BMB-B 30, belonging to the SMC, confirms the low val-evolved galactic stars show, on the average/f2&h~ +0.15,

ues previously reported by Rolleston et al. (1999) as thenmeaith a rather large spread (Mishenina et al. 2002; Bihair.et a

metallicity for this galaxy. On the basis of the derived Ca arR004; Cayrel et al. 2004; Travaglio et al. 2004). Taking ixte

Ti abundances, and considering the error bars, we do not faalint this spread and the quoted error bar, we can conclatle th

evidence ofr—enhancementin any of the stars studied. the overabundance of Zn we find in Sagittarius dSph and SMC

C-stars does not significantly depart from the figure fourrd fo

It should be remarked that this is the first time that specigglactic stars of similar metallicity. Note that Reynietsaé

like Zn, Ru, Hf and W are detected and measured in giant cg2004) found [ZiFe]= +0.33 in the galactic post-AGB star

bon stars. We find a moderate overabundance of Zn in all #fAS 08143-4406 with [F#1]= —0.40.

studied stars. Zn abundance is derived from the only adaessi

line (Zn 1 at 4810 A) which seems to be more sensitive to er- The average abundances of the light s-elemdstsS¢, Y

rors in the atmospheric parameters and damping constant taad Zr, corresponding to the first peak of the main component)

other Zn lines (see discussion in Chen et al. 2004). In arg, caand that of the heavier s-elemernts:(Ba, La, Nd and Sm, cor-
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Table 4. Summary of the abundances derived in the programme
stars. N, indicates the number of lines utilized for a speeifi
ement if more than one line was used (we then give the mean
abundance together with its dispersion)/Nglis the abun-
dance ratio with respect to the mean derivedHil\(see text
and Table 3) and is only quoted for elements with 30.

IG195-C1 IGI195-C3 BMB-B 30

Element N loge [el/M] N log € [el/M] N log e [el/M]

Li < -0.50 -1.00 -0.80

Ca - 585 530

Ti 3 420+£012 2 470+0.05 4 390+ 0.08

\% 3 310+£015 3 350+0.15 -

Cr 2 490+0.10 532 2 498+0.05

Mn - - 3  439+0.05

Fe 6.85 - 3 60+£0.08

Ni 2 550+0.10 2 585+0.05 525

Zn 4.00 020 410 Q00 400 040

Rb <210 < 0.50 - 140 Q00

Sr 2 300+017 080 2 335+005 090 2 255+015 060

Y 2 205+003 060 255 080 2 165+0.02 040

Zr 4 230+0.09 050 5 330+0.20 120 4 200+ 0.04 040

Nb <0.72 <0.10 <120 <0.30 <042 < 0.00

Ru 2 150+0.10 050 - 145 < 0.60

Ba 280 150 2552 0.80 260 150

La 5 195+0.20 160 135 Q70 2 150+0.15 140

Ce <250 <170 - 2 160+0.20 100

Pr 4 110+ 0.04 120 - 2 080+0.08 110

Nd 5 250+0.12 180 2 200+0.05 100 4 210+0.11 160

Sm 2 140+ 0.01 120 2 150+0.10 090 2 105+0.05 095

Gd <150 <120 - -

Hf 1.00 090 - 110 120

" 1.20 090 - Q50 040

a8 The Ba abundance derived in this star may fiected by the pres-
ence of Merrill-Sanford bands (see text).

responding to the second peak) are reported in Table 5. C&dble 5. Metallicity and the s-process indices of the extragalac-
not included in théns definition, because there is no single feaic C-stars studied. The typical error in [M] and [h9ls] is
ture in the spectral ranges studied whose main contribator+0.3dex and the average error on the other indice®i85dex.
Ce and, our derivation of its abundance is quite uncertain. |

addition, we do not include Sm in the case of IGI95-C3 be- Star [M/H]  [s/M] [Is/M] [hs/M] [hs/Is]
cause it was not measured. The abundance ratios in Table 51G195-C1 ~ -0.8 11 0.6 15 0.9
would be not significantly modified if a flerent continuum lo- IGI95-C3 0.5 1.0 1.0 1.0 0.0
cation would have been adopted. For instance, we checked ifBMB-B30 -1.0 0.9 0.5 13 0.8

a veil of moderate intensity of some unknown molecular ab-

sorption is contributing in this region. It has been foundtth

considering a continuum placement15% higher, the mean

metallicity should be increased 0.25 dex, the [8V] ratio

by +0.30 dex,+0.25 dex for the [IAV] ratio, +0.38 dex for the

[hs/M] ratio, but only by+0.13 dex in the [h4s] ratio. In this (see Busso et al. 2001 and references therein). The same hap-
case, however, the global fit obtained to the observed sped@ns when comparing the intrinsic index A} used to char-

in the 4750-4950 A region is considerably worse. The sarféterize the neutron capture process. Hence, indepepdsnt|

test shows that the/O and*2C/*3C ratios would be altered by their extrinsic or intrinsic nature (see below), the exélagtic
+0.02 dex and-5, respectively. C-stars studied here are similar to their galactic couatesp

as far as the s-element enhancements are concerned. On the
Table 5 shows that the three stars have moderate s-elenwthér hand, comparisons with galactic post-AGB stars of low
enhancements,/d]~ +1.0. This level of enhancement agreemetallicity (Zacs et al. 1995; Reddy et al. 1999; Van Winckel
with the figure found in galactic extrinsic (MS, S and CH type& Reyniers 2000; Reyniers et al. 2004) show a s-element en-
with no Tc) and intrinsic (halo) AGB stars of similar metaity hancement typically lower by one order of magnitude.
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4.1. C and O abundances Another possible explanation of the low@may be a par-

, S tial conversion of the C dredged up intéC and*N at the
Fig. 4 shows a theoretical fit of the observed spectrum for 815 m of the convective envelope. Intermediate mass AGBs

star 1GI95-C1 in the spectral region around 8 025 A. This Spege known to experience a hot bottom burning (e.g. Lattanzio
tral region is dominated by CN absgrpltéons and it has beeth USe Forestini 1999), but in low mass AGBs the temperature at
to derive the @O and (mainly) the“C/°C ratios. The values e pase of the convective envelope is too low to activate the
obtained for our stars are reported in Table 3. Similarlyh® t - cycle. Some low mass AGB, however, show evidences of a
figure found in most galactic N-type C-stars (Lambert et glo| pottom process (Abia et al. 2002; Nollet et al. 2008),4.
1986; Eglitis & Eglite 1995, 1997; Abia et al. 2002), the deg|qy mixing process acting below the convective envelope th
rived GO ratios are only slightly larger than 1. Even CO”S'%ay be capable of reducing thg@and the'2C/13C ratios.
ering the uncertainty in the model atmosphere paranet®es  an alternative solution for the low O ratio would arise in the
do not believe that the spectra of our stars could be reaonabyse that our stars were extrinsic C-stars. Abia et al. (2002
fitted with a GO ~ 2, or larger as it is clearly seen in Fig. 4. Ahqyed that, under flerent assumptions for the dilution fac-
solar metallicity, sever_al TP a_nd TDU episodes are requoed;, 6 the secondary star cannot appear as a carbon a0
transform an oxygen-rich M giant into a carbon star, becalisgt the metallicity exceeds [Fel] ~ —0.3. This also implies that
the relatively large O contentin the envelope. When the metg, insic C-stars with a metallicity slightly lower tharigtimit
licity is reduced down to /10 of the solar value, © > 1S ghgy|d have D ratios not too much larger than unity, in agree-
attained after 1 or 2 dredge-up episodes, only. More dregement with our finding. This is not a proof of the extrinsic matu
episodes may be required if the original composition was &g qyr sample stars, but simply indicates that this hypasties
hanced in oxygen, a possibility that we cannot exclude giveBmpatible with the measured@ ratios. We will come back
the low metallicity of the staf's to this point later, but note that according to the estinretiby
Itis often claimed that the reason for the recurrence/@f C Abia et al. (2002) (see their Table 6), this hypothesis neui

~ 1in the majority of galactic giant carbon stars may be afat the O ratio in the primary star at the mass-transfer epoch
observational bias: an excess of carbon in the envelope-is &hould have been larger than about 5 (the exact value depends
mediately translated into a copious production of cartioh-r on the metallicity). As far as we know, only a few planetary
dust that induces the formation of a thick circumstellarlishéebulae has already been observed with such a lg@eatio.
obscuring the photosphere at optical wavelengths. In téec A second remarkable result, which is related to t/® €-
the mass loss rate can reach up to5]M®/.yr. and the AGB star jg concerns thé2C/13C ratio. In two of the stars studied here
rapidly looses its H-rich envelope. Thensible C-stars repre- e find relatively low carbon isotopic ratios 20— 40), simi-
sent a short stage of AGB evolution. We also note that evgp (4 those found in many galactic carbon stars of nearlgrsol
without the star being obscured by dust, the rapid incre@segieta|jicity (see e.g. Abia et al. 2003, and references thgre
visible and IR gas opacity wheryQ passes unity might in it- the opserved?C/L3C ratio in galactic RGB stars of low metal-
self create a strong levitation which will facilitate theia licity is near 7 (Gilroy & Brown 1991: Gratton et al. 2000).
driven) mass loss and quickly bring the stellar life time tas 3 consequence of the TDU, the carbon isotopic ratio is ex-
an end. Numerical calculations (Jergensen & Johnson, 1982} e to increase during the TP-AGB phase. Then, the values
give some support to this theory. However, exceptions segfasyred in the case of IGI95-C1 and IG195-C3, namely about
to exist: Draco 461 is an intrinsic metal-poor C-star belong times |arger than the typical value found in bright red gi-
ing to the Draco Spheroidal galaxy which Show®©C 3 -5 gt stars, are compatible with th enhancement implied by
(Dominguez et al. 2004). Therefore, if we apply the same rfeir O ~1. This is also valid in the case of mass transfer and
soning to our sample stars, we should conclude that they h@i@ion (extrinsic C-stars). In contrast to this, the vhigh car-
SL_ffered a _Ilmlted number of TDUs. This might be in contragj,, isotopic ratio found in BMB-B 30 300) would require a
with the evidence that also for metal-poor stars, numer@s T 1, ;¢ higher gO ratio than the one we derive. There are no ob-
episodes are required to obtain s-element enhancemehss at {,,;s solutions for this problem, namely how to keep tH® C
level found in the stars analyzed here (see Table 5). In &W, C341i close to unity without decreasing tHE€/13C ratio. A pos-
this figure merits further observational studies in a lasgen- sibility would be the existence of a deep enough conveative |
ple of metal-poor C-stats tershell region during the thermal pulse. This would mix © (i
- _ ) ) _ addition to C) up to the top of the intershell. Then, the subse

® As commented in the previous section, the derived @tios vary - quentormal TDU may bring C and O to the surface, reducing
depending on the spectral region analyzed, which probaloligates o increase of the /O ratio. However, there are at least two
that something is wrong in the model atmosphereganuolecular important consequences of this. First, because the tetpera

line lists. Note also th ibility of t ti do th .
ne 1Ists, No"e aiso the POSSIDIIL of & systematic erraedo Me - 4t the base of the convective TP would be as largessi®P K,

uncertain continuum location. .
4 The opposite Bect would result if the initial C, N and O abun-then one would expect an s-element pattern altered acgprdin
dances in the theoretical models are scaled according tretheed 1O the activation of thé?Ne neutron source. Second, since the

solar values by Asplund et al. (2005). TDU of carbon would be very strong, théC/*3C ratio should

5 On the other hand, it would be interesting to derive th® €tios
in a large sample of CH stars; the only metal-poor (extrinsizbon  © The dilution factor is defined as the ratio of the mass transfie
stars where the /O ratios found are considerably larger than unitfrom the primary star to the envelope mass of the accretiognsiary
(Vanture 1992). star, supposed to have the original or post first dredge-mposition.




P. de Laverny eal.: Chemical analysis of carbon stars in the Local Group: 11

be very large{ 500-1 000). Leaving apart that this possibilityaverage abundance ofC (or spread) with a dierent éfect at
may have also important consequences for the subsequent elfferent metallicities.
lution of the star, the s-element pattern found in this stee( To return to the question of the extrinsic or intrinsic natur
Table 4, 5 and Fig. 5) is at odds with this possibility. of our stars, as it is well known, the detection of Tc is an un-
From the previous discussion, it is seen that the C-N-@&niable evidence that a star, with s-element enhanceda@omp
abundances are key to understanding AGB evolution and nhudgion, is currently undergoing TDU. The only Tc isotopelwit
osynthesis. Additional observational studies in a largepa a suficiently long life to be observable is inde€drc, whose
of stars are required, preferably withfidirent indicators, such decay lifetimé is comparable to the time elapsed between two
as the CNO-bearing molecular bands in the infrared, whishbsequent TPs in low mass AGB stars. This Tc isotope is pro-
seem to be less prone to line formation problems like saturhiced by the s-process and it is expected to appear at the sur-
tion or blends. face of a TP-AGB star undergoing TDU. Unfortunately, our
instrument set-up did not include the adequate spectraineg
for Tc detection. However, an alternative test of the irsiiin
nature of a C-star is provided by the measurement of Nb abun-

The relative abundances of s-elements that follow?tie re- dance, a chemical element with only one stable isotdjpé,
action branching (Rb, Sr, Zr and Y) along the s-process pa¥Rich can be produced b¥Zr decay. The *Zr lifetime is
yield information on the neutron density prevailing durthg Ccomparable with the duration of the whole AGB phase and,
neutron capture processes occurring in the He intershet(Bthus, the comparison of the abundance of Nb and that of its
& Macklin 1989; Lambert et al. 1995; Abia et al. 2001). In par2€ighbors (e.g. Zr, Y) would tell us if the s-process enhance
ticular, the [RBST] helps to discriminate between the two maifi"ent is intrinsic or due to mass transfer. S-process nugfeos
neutron sources, tH8C(e, n)10 and?2Ne(e, n)2°Mg, operat- thesis calculations predict that the Zr isotopes and, itigar
ing in TP-AGB stars. The former dominates the s-process rilar °Zr, increase during the AGB phase, while Nb remains
cleosynthesis in low mass AGBs (M3M) for which [RlySr]  a@lmost unchanged (Straniero et al. 2005). As a consequence,
< 0'is expected. Fig. 5 shows the comparison of the/§Rb When the star attains the C-rich star stage,/mMp~ 0.5, al-
ratios derived in BMB-B 30 and 1GI95-C1 (no detection fomostindependently of its metallicity. After a few millioregrs,
IG195-C3) with s-process model predictions for a 1.5 MGB however, as a consequence of tRzr decay, this ratio rises to
star at QO > 1 (Gallino et al. 1998; Busso et al. 1999; BussHe scaled solar value. In other words, for an extrinsic&2-st
et al. 2004). The same ratios derived in galactic N-typeagsst [NP/Zr] should be~ 0. From our spectra we were only able to
are also shown for comparison. The lines in Fig. 5 correspofi@rive upper limits, [Nfr]< —0.4 + 0.4, for all the three stud-
to a specific assumption about tHi€ abundance in th&C- ied C-stars. This figure would hence indicate that they asb-pr
pocket. We show the case defined as standard (ST) by Galifdy intrinsic C-stars. A better determination of the Nb u
et al. (1998), corresponding tox41078 M, of 13C7. The de- dance is however needed to give a definitive answer.
rived ratios are in good agreement with the model predistion
and are similar to those obtained for galactic N-type Csstag Conclusions
Comparison of the derived [Rbr,Y] ratios with model predic- ~*
tions leads to the same conclusion. In this paper we have presented for the first time a detailed
Fig. 6 reports the intrinsic index [Hs] ratio in our stars chemical analysis of three extragalactic carbon starsisiog
in comparison with model predictions for a 1.5MGB star mainly on their s-element content and its dependence on-meta
at the beginning of the TP-AGB phase (the same modelslaity. The three stars are moderately metal-poor with amea
Fig. 5). The solid line represents the standard choice fer tmetallicity compatible with the typical metallicity obsed
amount of*3C in the®3C-pocket (ST case). Similar abundanci the main stellar population of the respective host sell
ratios found in N-type galactic C-stars (Abia et al. 2003) agjalaxy, namely: the SMC and Sgr dSph. All the stars show an
also plotted. At high (nearly solar) metallicity the lightls) s-element enhancement ofNg§~ +1.0, which is of the same
are slightly overproduced with respect to the Ba group efémeorder as that found in galactic AGB stars of similar metéilic
(hs). The [hds] ratio increases with decreasing metallicity a¥he s-element abundance pattern found acros§iréoranch-
more neutrons are available per seed. A maximum is reachweg point and the second s-peak (Ba group elements) of the
around [FeH] ~ -1, a metallicity within the range spanned bys-path can be understood on the basis of theoretical nyeleos
our sample of stars. Then, at very low metallicity (JHp< —2) thesis models, if the stars have low masses (80 M), and
and at the end of the TP-AGB phase, theg/l§jdends toward a the 3C(a, n)'°0 reaction is the main source of neutrons. The
constant value, since most of the neutrons are spent to peodgerived intrinsic index [h4s] in the three stars seems to be in
lead (see e.g. Busso et al. 1999). The three studied stanstseeagreement with a preferred choice for the abundanceof
follow the variation with the metallicity of the standardabte that is burnt in stars with dierent metallicity. However, given
of the 13C-pocket (ST case). Obviously, the large uncertaintie large error bars in the abundances and the limited number
in the abundance ratios and the scarcity of data at low metafstars analysed here, our results are not in contradietitin
licity prevent us from concluding whether there is a preddrr the figure extracted from studies in galactic AGB & post-AGB

4.2. Heavy elements

7 For a more detailed discussion of the models see Gallino. et af The value isry, ~ 2 x 1P yr.
(1998). 9 Half-life 71/, ~ 1L.5x 10° yr.
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Fig. 5. Comparison of the observed [F%] ratio vs. [MH] with the theoretical predictions for fierent choices of th€C-pocket
(see text) for a 1.5 M TP-AGB. Continuous line represents the ST (standard) ehoettle dashed lines limit the area allowed
by the choices from STx2 to $I2. Theoretical models are from Gallino et al. (1998). Tlessstudied here are marked. The
abundance ratios corresponding to IGI95-C3 are not showause we do not detected Rb in this star. Similar ratios et
galactic N-type carbon stars (Abia et al. 2001) (black dotsear solar metallicity) are also shown for comparison.

stars concerning the existence of a dispersion in the amafunfbia, C., Dominguez, |., Gallino, R., et al. 2002, ApJ, 5887

13C burnt in stars with dferent metallicity. Obviously, more Abia, C., Dominguez, I, Gallino, R., et al. 2003, PASA, 204
extended studies with narrower error bars on the derived-ab&lknis, A., Balnauss, A., Dzervitis, V., Eglitis, 1. 1998,&R, 338,
dances are needed to confirm this. As for galactic C-stags, th 209

C/O ratios derived in these three extragalactic C-stars amdfo ~Varéz, R., & Plez, B. 1998, A&A, 330, 1109

) . h Asplund, M., Grevesse, N., Sauval, A.J., et al. 2005, A&AL 4303
to be only slightly larger than unity. This fact, togethetwtihe Aoki, W., Ryan, S.G., Norris, J. E., et al. 2002, ApJ, 580,914

derived2C/*3C ratios and the large s-process enhancementalSmoto N Ikuta. C. Jablonka. P. 2004. Swdies of Galaxies in
in disagreement with theoretical predictions for TP-AG&rst the Young Universe with New Generation of Telescope, Eds. N.
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