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Abstract.

We present here the first measurements of sulphur abundenegragalactic stars. We make use of high resolution spect
obtained with UVES at the ESO 8.2 m Kueyen telescope, of thiasts of the Globular Cluster Terzan 7, which belongs to
the Sagittarius dwarf galaxy. We measure the sulphur aimoegausing the lines of iSnultiplet 1. The & e ratios for all three
stars are nearly solar, thus considerably lower than wHatiisd in Galactic stars of comparable iron content (fje —0.50).
This finding is in keeping with the abundances of otlierhain elements in this cluster and in Sagittarius and alsghs in
general. These low-chain elements to iron ratios suggest that Sagittariusitan@lobular Clusters have experienced a low
or bursting star-formation rate. Our sulphur abundancesyifiog(S/0)) = —1.61 which is comparable to what is found in
many Hu regions of similar oxygen content, and is slightly lowerthie solar value (log (®)o= —1.51). These are also the
first measurements of sulphur abundances in a Globulare2)ubtis a direct comparison of Terzan 7 and Galactic Globula
Clusters is not possible yet. However our analysis sugdhatsthe lines of $multiplet 1 should be measurable for other
Globular Clusters at least down to a metallicity-1.5.
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1. Introduction terpretation is not always straightforward (5ee Kobayashl.

. ' 1998 and references therein). Among &hehain elements sul-
The a-chain elements (i.e. all the even elements from oxyggRur is not often studied in stars because there are few suit-

to titanium) may be produced in stars during carbon-burninge jines, at variance with the neighbouring elements 8i an
oxygen-burning and neon-burning phases, both in centratbuc \which are more easily measured. Sulphur is instead more
ing and convective shell burning, as well as in explosiveburgasily measured in the interstellar medium, both in the warm
ing phasesl(Limongi & Chif 2003). It is only the massive |\ through absorption lines (Savage & Sembach 1996, and
stars, which end their lives as Type Il SNe, which underggferences therein) and iniHregions through emission lines
these phases and have a means to eject their nucleosyni@gmel{ 1989} Torres-Peimbert el fal._1989). This makes sul
sis products in the interstellar medium. Thus thehain el- phyr an element which is readily measured in external gegaxi
ements are a good tracer of the nucleosynthesis of .the shQhich one of its gaseous phases is measurable, i.e. Damped
lived massive stars. On the other hand Fe and other |ron—pq:_9ka galaxies (DLAs,Centurion et 4l 2000) and Blue Compact
elements are produced both in Type Il SNe and in Type 12 SNgaaxies (BCGE,Garnktt 1969; Izotov & Thllan 1999). With re-
which may explode over longer time-scales (Tinsley 1978pect to other easily accessilieelements, such as Si or Mg,
Kobayashi et 4l 1998). For this reason the ratidse (wherer s |phur has the advantage that itis not depleted onto daistsyr

is any of thea-chain elements) are sensitive diagnostics whic(gavage & Sembath 1996); thus its abundance in the gas phase
may give us information on the time scales for the evolutiqqya|s the total abundance.

of a galaxy and on the star formation rate, although their in-

This situation makes it highly desirable to have a direct
Send offprint requests to: E. Caffau comparison with sulphur abundances measured in stars, ei-
* Based on data obtained in ESO programme 65.L-0481 ther in the Milky Way or in gas-poor galaxies, such as dwarf
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Fig.1. The spectrum of star # 1282 (black line) and the spectrumeBtistar HD 68761\(sini = 350 kms?!) (grey line),
which has been used to remove the telluric lines. The thres prominent telluric features have been marked with a eass
circle. The three sulfur lines (marked by asterisks), as asethe other stellar lines, with central residual intgnkss than 0.8
have been identified. Also the position of Paschdas been identified (and marked by a triangle), althougtrégipted central
residual intensity is 0.9665; note that, due to the radildeity of Terzan 7 this coincides with the telluric line at®28 nm.
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Table 1. Atmospheric parameters and S abundances.

Star Tet logg & [Fe/H] [S/H] [S/Fe]
cgs kms? dex dex dex
1665 S16 3945 0.8 1.55 -0.51 -0.59 -0.08
1282 S34 4203 1.3 1.60 -0.54 -0.59 —-0.05
1708 S35 4231 1.2 1.70 —-0.56 -0.62 -0.01

othera-chain elements such as Ca or Si could be used as prox-
ies, there are some theoretical predictions that nat-alain
elements should vary in lockstep_(Lanfranchi & Matteucci
2003, and references therein), as well as some observationa
hints (Venn et al. 2004). Clearly, accurate observatiorseuof
erala-chain elements are needed to decide if this is the case or
not. For these reasons the addition@ibg to measure sulphur

in stellar spectra is justified.

Terzan 7 |(Terzan 1968) is a Globular Cluster associated
with the Sgr (dSph) system. Its low stellar concentration al
lowed to obtain accurate photometry into the central region
from these data the young age and the metallicity have been
estimated|(Buonanno et Bl. 1995). However it appeared soon
that the metallicity determined photometrically (loweath
[Fe/H]= —0.74,|Buonanno et al._1995) is in clear disagree-
ment with that obtained spectroscopically from iCtiplet
lines ([F¢H]= -0.36 + 0.11Da Costa & Armandifi [1995).

The metallicity derived from high resolution spectra ofrgia

Fig. 2. Fit of the 922.8 nm line of the three stars, from top t§%@'S iS [F&H]=-0.61 according tb TautvaiSiené eflal. (2004)

bottom are stars # 1665, # 1282 and # 1708. This line is ftd [F#H]=-0.59 according to_Shordone efial. (2005), both
contaminated by telluric lines in any of the stars.

obtained from spectra observed with UVES.
BothlTautvaiSiené et all (2004) and Sbordone etlal. (2005)
found that the abundance ofchain elements, notably Ca, Si

spheroidals, for which stellar measurements are the main,amd Mg, impliesy to iron ratios which aréower than the ratios
only source of abundances. Although it could be argued thadiserved in Galactic stars of comparable metallicity. thiss



. 7 1 0ances or C ana N because we are not sure of the quality or
0. 40 i + + - the oscillator strengths we are using. The abundances of C
P :tf 1 and N in these stars will be the object of future work, mak-
N + j;; + i ing use also of the blue spectra available. For 'the' stars.we
o0 ®.1 + ++& 1 | adopted the atmospheric parameters and metallicitiesederi
|+ f +-T'-'+ 4t N 1 by IShordone et &l.| (2005), these are reported in Table 1 to-
_ - T+ +# # + 4 gether with the derived sulphur abundances, the star nismber
o - + lL ifﬂ’r ot 1 refer to thd Buonanno et all_(1995) catalogue, the names used
3 0. 00 B _fE’r %}"‘ H + 7| DbylTautvaiSiené et al. (2004) are also provided. Tlkecknce
- | - + _*# B, 1 in S abundance derived from the threéeatient lines is< 0.06
L+ | + *"‘*%E":ﬁ,: + T ] dexin all cases. The model atmospheres were the same used
-0.20 - + N ++++"3FF*.¢$J5;|-+ - bylSbordone et &l.| (2005), thfective temperatures were de-
5 ++ +#+ J.rp'f + 7 rived from theB - V colour and have an uncertainity of the or-
i 4 Tt % 7 derof100K. The model atmosphere for star # 1665 was com-
—0.40 + | puted with ATLAS 12 and custom abundances, while for the
- -4 othertwo stars ATLAS 9 with solar-scaled Opacity Distribat
L b e | Functions foré = 1 kms?® was used. The synthetic spectra
-1.00 -0. SO[FE/H] 0.00 0.50  were computed using th&YNTHE suite (Kurucz 1993) in its

Linux version (Sbordone et al. 2004). The oscillator sttbag
Fig. 3. [S/Fe] versus [F#H] for Galactic stars of the compila- of the St lines were taken from Wiese et dl. (1969).
tion of|ICdfau et all [(2005) (crosses) and Terzan 7; each star is To estimate the errors in the sulphur abundances we re-
denoted by a letter: # 1665 is D, # 1282 is E and # 1708 is Fsorted to a Monte Carlo simulation. Since all the stars hewe s
ilar atmospheric parameters and signal to noise ratios,exe p
formed the simulation only for star # 1282, and take thesarerr
quite interesting to investigate whether sulphur behakeste estimates as representative also for the other stars. Aéviont
othera-chain elements. We stress that these are the first megy|o set is obtained by injecting noise into a syntheticcspe
surements of S in a Globular Cluster. The usually studiedyym so that AN=50, all sets comprised 10000 events. The in-
elements are: O, Si, Ca and Ti. put synthetic spectrum hady = 4203 K, log g=1.30,¢ = 1.60
km s! [Fe/H]=—0.54, [$Fe]=—0.05. The simulated spectrum is
fitted as though it were an observed spectrum and the standard
deviation from the mean fitted abundance is taken as errier est
Our sample consists of three giant stars of Terzan 7 abate. The synthetic spectra used in the fitting have eithealeq
served with UVES at the 8.2 m Kueyen ESO telescope whidly , log g and¢ as the input spectrum, in order to estimate
have already been analyzedlby TautvaiSiené el al. (20@#) she random error due to the noise in the data, fiedént pa-
Sbordone et al.L (2005). UVES has been used with dichroic #rameters e , l0g g, &, [Fe/H]) to estimate the joint féect of
for the present work we used only the data of the upper CCDsgstematic errors in the parameters and noise in the data.
the red arm. The resolution iss”R43000. We determine the sul-  From these simulations we derive a random error of 0.04
phur abundance using line profile fitting in the region from 92dex. A change of metallicity of 0.2 dex results in a change of
nmto 924 nm (see Fifl 1), which covers the three lines of the &out 0.10 dex in the mean S abundane® {0 for an increase
multiplet 1, the signal to noise ratio in this regiomi$0 for all  of 0.20 in [F¢H]; —0.06 for a decrease of 0.20 in [F§). A
three stars. We use @ minimization code as we did for sul-change in log g of:0.5 dex results in a change a.18 dex
phur determination for Galatic stars (seeff@a et all| 2005). in sulphur abundance. A changeTgr of +100 K results in a
Telluric lines were subtracted making use of the spectrum o€hange in sulphur abundance.18 dex (note the change in
fast rotator, suitably scaled. In all three stars one sulfihe sign).
(922.8 nm) was not blended with telluric lines and this akdw
to check the success of the telluric subtraction procedure. 3. Discussion
921.2 nm line has very near a telluric line, while the 923.8 nm
line was contaminated. With respect to Galactic stars of comparable metallicitg t
With respect to the Galatic stars which we analyzatiree Terzan 7 stars which we analyzed are clearly deficient
(Caffau et all | 2005), these Terzan 7 stars are cooler andiB. In Fig[3 are shown the [Se] ratios versus [F&l] for the
lower gravity, so that some weak CN molecular lines astars of the compilation of G&au et all [(2005), and each of our
present. Of the three sulphur lines only the 923.8 nm is lddndTerzan 7 stars is identified with a letter. Virtually all Getia
with a CN feature, however for all three the presence of thestars, of metallicity comparable to Terzan 7, have highgr¢b
CN lines dfects the position of the continuum. Therefore atatios. We note a few Galactic stars with low/F8] ratios,
first we fitted the CN features in the region between 921.2 nahich could be accreted by the Galaxy, however their Galacti
and 922.8 nm, in order to fix the CN abundance, then we firbits do not appear to be distinctive (€ai et alll 2005). Our
ted S lines. Fits to the 922.8 nm line in the three stars am&in conclusion is that sulphur appears to track the other
shown in Fig.[R. We do not report here the adopted abuglements. Moreover, since for the otheelements, Terzan 7

2. Data analysis and results



i LI LR DL L L L L L L L L mignt be due 1o observational errors, nowever It IS Inumguli
- + 4 that most galaxies (and GalacticuHegions) show 8 ra-
| + 4 tios which arebelow the solar value. Note that in the previous
work on S abundances iniHregions this fact was not apparent
i + T because the value A(®)= 8.93 for the solar oxygen abun-
-14 - -1 dance, from_Anders & Grevesse (1989), was adopted. Instead
- -k + 4 we have adopted the determination of Asplund &t al. (2004, us
o i R A | ing MARCS 1D models). The quality of the data does not allow
@ i ' -H'—l—_h_-li'_“_+* + | to claim that IMF variations actually exist. However new and
w0 " ++ + * :|Jr++ D 4 4 more accurate observations gf&ratios, both in stars andid
o ~181- + + B III E 7| regions should be able to address this point. The success of o
B ++ + +_#_4-__|t|- Fy ‘T +1 measurement of S in Terzan 7 suggests that the lines of multi-
- + +dF -4 plet 1 should be measurable, at least down &[S —1.5, for
| ++ + 1 ] starsin Globular Clusters and Local Group galaxies.
~18 | . * -
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