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N~ ABSTRACT

o

O Aims. Our aim is to determine Li abundances in TO stars of the GaotDluster 47 Tuc and test theories about Li variations anfédigtars.
Q\l Methods. We make use of high resolution {R43000), high signal-to-noise ratio/{$=50-70) spectra of 4 turnfi(TO) stars obtained with

«_ the UVES spectrograph at the 8.2m VLT Kueyen telescope.

O Resuits. The four stars observed, span the rangelA(Li) < 2.14, providing a mean A(Li} 1.84 with a standard deviation of 0.25 dex.
When coupled with data of other two TO stars of the clustailable in the literature, the full range in Li abundancesesied in this cluster
is 16 < A(Li) < 2.3. The variation in A(Li) is at least 0.6 dex (0.7 dex considgralso the data available in the literature) and the scite
six times larger than what expected from the observatiomat.8/Ve claim that these variations are real. A(Li) seemsat@nti-correlated with

—i A(Na) exactly as observed in NGC 6752. No systematic erroumanalysis could produce such an anti-correlation.

1 Conclusions. Na production througtp captures orf?Ne at temperatures in excess ok30'K and the contemporary Li destruction could
result in this anti-correlation. However such nuclear pssing cannot have taken place in the stars themselved) ddicot reach such high
temperatures, even at their centre. This points towardgrtheessing in a previous generation of stars. The |g@ fatios in the observed stars

C and the apparent lack of correlation between N an Li aburefamace a strong constraint on the properties of this puswjeneration. Our

O results indicate a ierent behaviour among the Globular Clusters so far studiddras the abundance patterns are concerned.

n
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Oo"l. Introduction with an accuracy previously possible only for Halo field star

© ] which are several magnitudes brighter. It is one of the main
The Globular Cluster (GC) 47 Tuc is a good example of thgrgets of the ESO Large Programme 165.L-0263 (P.I. R.G.

metal-rich end population of these very old objects (ag&é tGration). The chemical composition of turff §TO) and sub-

range 11 to 14 Gy[, Grafton efial. 2003). In view of its brighjiant (SG) stars from our UVES data is given in another paper
ness it is one of the best studied GCs and with the advent of thenis seriesl(Carretta et HI. 2004), which provided a rtietal

UVES spectrograph at the ESO-VLT it has become possibleifp [Fe/H]=—0.64 for the TO stars of this cluster.
oobtain abundances of individual stars on the Main Sequence,
1

1423

It has been known for almost thirty years that 47 Tuc

C_5 Send gffpprint requests to: P. Bonifacio exhibits a bimodal distribution of CN band strengths, sug-

-+ Based on observations made with the ESO VLT-Kueyen telescdg€sting a bimodal distribution of N abundances, among gi-
atthe Paranal Observatory, Chile, in the course of the E&@e.pro- ant starsi(Norris & Freemen 1979) and also among TO stars
gram 165.L-0263 (Briley et al.|1994). Thus abundance inhomogeneities among
Correspondence to: P. Bonifacio stars in this cluster are expected.
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In this paper we examine the Li abundances in the TQur result has recently been challenged by Korn étlal. (2006)
stars. The only previous investigation of Li in this clusteas who have claimed to have found affdrence in lithium con-
performed by Pasquini & Molara (1997) who could detect thent between the TO stars and subgiant stars atfiactive
Li line in two TO stars, using spectra obtained with EMMtemperature around 5800 K. According to their interpretati
on the 3.5m ESO NTT telescope. In the present investighese observations are in agreement with thkusive models
tion we shall make use of the equivalent widths measured tfyRichard et al..(2005). It should however be kept in mind tha
Pasquini & Molarb|(1997). the result of Korn et al.| (2006) depends on their adopted tem-

Old metal-poor warm dwarfs in the Galactic Halo show perature scale and that an increase of only 100 K of the temper
rather uniform lithium abundance, whichever their metéifi atures of the TO stars, as suggested by the cluster photgmetr
or effective temperature. This was discovered by Spite & Spiteould erase this dierence. Note that such an increase in the
(1982) and is usually called ti@pite Plateau. This behaviour Ter would at the same time erase the claimedttdiion signa-
of lithium is unique among chemical elements, all of whickires” also in Fe, Ca and Ti. The question is therefore sl n
show a decreasing abundance with decreasing metallicBgitled.

lithium is the only element to display a plateau. The most-obv At variance, the GC NGC 6752, which is about a fac-

i ion is still th f by Spite &1t€ipi X )
?f;sl.r,])t?;zﬁtha:ﬁ?h:3;“0; sgr\c/)gg i?]utt}&eoi?gli:gt e;/u isls?m I'pl tor of 4 more metal rich than NGC 6397, displays a strong
- PY" ariation (up to 0.4 dex ) in Li abundances among TO stars

the “primordial” lithium, that is the lithium that has beerop — L
) ) . : - (Pasguini et al._2005). These variations, however, do net ap
duced during the big bang, together with the other light ewcl . . L
3 . : ear to be random, but are anti-correlated with the variatio
D, He and*He. The abundance of the nuclei produced in th . . . o
of sodium and nitrogen, and correlated with the variations

way depends on the barypn to _phpton ratjo{ ny/ny) which of oxygen, in the same stars. Such variations cannot be pro-
cannot be deduced from first principles, but has to be someh&%ed by difusion mechanisms. since th&eet of difusion
measured. The WMAP satellite has provided this ratio with a id b()a/ similar for lithium an,d sodium. Neither can they
Y ..2003, 2 o o ' .
a;:é:;rsaeczacl)ljethbeei(r)]rdfr(so{f Jr/)O(ZSZpErfOefllgt&h;g?r?ser?eocﬂﬁ ta(ralse from mixing occurring in the stars themselves, sihee t

P : g=021%0.c0x ' . ase of the convection zone in such stars attains a tempera-
standa_\rd t."g bang nucleosynthesis computatlons (SBBN) t ulre of 1.5 MK, which is very far from the region of lithium
vaIuellmphes A(Li) = 2.64. Current efst|r-nates: of the level o urning (Piau 2005, private communication). Pasquinilet al
the Spite Plateau range from 2.1/ (Bonifacio et Al. 2007) to 2. ’ :

(Bonifacio et al.| 2002; Meléndez & Ramirez _2004). There 2005) suggest t_hat the most Ilkely_ source of such anoma-
thus tension between the observed lithium abundancesri sta - o ¢ intermediate mass asymptotic giant branch (IM-AGB
fars which have polluted either the material out of whiah th

and the predictions of SBBN, when the baryonic density de- :
rived from WMAP is adopted. The most obvious ways to re ‘?-O stars were formed, or their atmospheres. The nucleosyn-

) . : hetic signatures of IM-AGB stars are in qualitative agree-
oncile these results are either to look for new physics at the : o
: . . . . ment with the observed patterns, although quantitativepe
time of nucleosynthesis or to find mechanism(s) which hav

depleted uniformly Li from the primordial value to what isreu 0? the_current models is capable of fully explaining the ob-
: servations. We refer the reader to the papers_of Fenner et al.
rently observed in Halo stars.

(2004); L Ventura & D’Antona [ (2005);_D’Antona etlal._(2006)

In order to test the theories which predict Li depletion, GCihd Ventura & D'Antora (2006) where some of the problems
are, in principle, an ideal target: the stars have the sa@eRtj ¢ |\1_ AGB models in reproducing the observed abundance
chemical compos_ition, at_variance with what happens witti fievariations in GCs are discussed, as well as possible soiitio
stars. Hfects O_f _L' depletion could be Qbscured by pther COrom a diferent perspective Prantzos & Charbonhnel (2006) ex-
current metallicity or agefects. The Li abundance in GCs IS3mined the constraints on the cluster’s Initial Mass Famdit
therefore of great importance; we may try to detect somee)ftﬁ]e case the polluters are IM-AGB stars or the winds of mas-
features which are predicted by models, such as a mild scalige giars Their main conclusion is that if IM-AGB stars aer

in Li abundances, above what is expected from observaﬂo% main polluters the current mass of the clusters should be

errors, or the existence of “outliers”, i.e. heavily deptéstars. dominated by stellar remnants. Since this does not appéar to

Our observations of the GC NGC 6397 (Bonifacio €t ajhe case, they consider the winds of massive stars as a more at
2002) show that all the observed stars in this metal pootenusy g ctive hypothesis. Following up on this idea, Decressaile
share the same abundance and there are no “outliers”. Tf@r@o-r) investigated the possibility that windsrofating mas-
is very little room for intrinsic scatter; this does not rwet gjye stars are the polluters causing the observed abundance

any of the depletion models, but does place a very strong cQgriations. We shall later discuss these results in the bigh
straint to be fulfilled. Therefore the currently availableser- oy findings.

vations seem to argusgainst any Li depletion in NGC 6397.

In this paper we explore the Li content of 47 Tuc, at the
I Throughout the paper we use the notation A&IPg[N(X)/N(H)] metal rich end of the metallicity range span by halo GCs. In

+12. spite of its relatively high metallicity 47 Tuc is very old{P
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Table 1. Log of the observations

star # a ) date uT texp seeing
J2000 dmy h:m:s s arcsec

952 00:21:39.14 -72:02:53.73 /282001 00:37:18 6000 "B

952 28102001 02:18:28 6000 "B
952 28102001 06:14:43 2700 @
975 00:20:52.72 -71:58:04.16 @B2000 06:28:57 5400 T
975 07092000 08:00:57 5400 T
975 08092000 05:42:13 3600 "B
975 08092000 06:43:42 3600 "2
1012 00:21:26.27 -72:00:38.73 /252001 03:31:42 6000 "®
1012 23102001 05:12:35 6000 "B
1081 00:21:03.82 -72:06:57.74 /P82001 08:30:57 4500 T
1081 30082001 07:26:16 4500 "G
1081 30082001 08:42:39 3600 '@

Gyr, |Gratton et dll_2003) and the Galactic production shoulidn was the same as in_Bonifacio el al. (2002): we iterafivel
not have greatly enhanced its lithium content. computed synthetic spectra using the SYNTHE cade (Kurucz
1993; Kurucz 2005) until the equivalent width of the synihet
spectrum matched the measured equivalent width. The abun-
dances are given together with the equivalent widths inélabl
Our spectra were collected at ESO-Paranal with the UVIES

spectrographl (Dekker et al. 2000) at the Kueyen 8.2m tele- For star # 952, for which abundances are not given in
scope in the course of three runs, covering two years. TGarretta et al. [ (2004), we measured the Na abundance from
log of the observations is given in Tallé 1, the DIMM sedghe 616.1 nm, 818.3 nm and 819.4 nm lines, and derived
ing was noted. The data were reduced using the UVES cdpg(NaH)+12=A(Na)=5.61, taking into account the NLTE
text within MIDAS. Different spectra of the same star were cgorrections of Gratton et al. (1999).

added reaching/8 ratios in the range of 50 to 70 per pixel. The only two other TO stars of this cluster for which
The coadded spectra of the Li doublet for each star, togethémeasures exist are the stars BHB 5 and BHB 7 (where
with the best fitting synthetic profile are shown in Elg.1. BHB stands foi_Briley et al. 1994, who provide coordinates
and finding charts for these stars) that have been observed
by [Pasquini & Molaro|(1997) with EMMI on the ESO 3.5m
NTT telescope at a resolution~RL8000. These two stars have
The equivalent widths of the Li doublet were measured by fgolours (see Tablgl 2) which place them in the same position
ting synthetic spectra, as done lby Bonifacio étlal. (2002) aift the colour-magnitude diagram as the stars observed with
errors estimated through Monte Carlo simulations. The ¢her/ VES. We therefore decided to use the equivalent widths mea-
cal composition and atmospheric parameters of these staes tsured by Pasquini & Molara (1997) and the same model atmo-
been studied by Carretta etlal. (2004). Both with respect $8here used for the stars observed with UVES to derive the
colours and Balmer line profiles the four stars studied heagundances provided in Talple 2.

are twins and share the samfeetive temperature and sur-

face gravity. We adopt here the parameters_of Carrettaletal. )

(2004), namelyTer= 5832 K, log g= 4.05 (c.g.s. units) and 4- Discussion

a microturbulent velocity of 1.07 km& for all the stars.
The iron abundance measured for these stalrs by Carretta et a
(2004) is [F¢H]= —0.64. We used the ATLAS codée (Kurucz Although still very limited, the data suggest that there is a
1993; | Kurucz 2005) to compute a model atmosphere, usirgal scatter in the lithium abundances of this metal-riets<l
the Opacity Distribution Function (ODF) pbf Castelli & Kurfic ter. The mean Li abundance is 1.84 with a standard deviation
(2003) with [M/H]= -0.5, ¢ = 1 kms!and« elements en- of 0.25 dex. We do not perform any correction for NLTE ef-
hanced by 0.4 dex. The procedure for Li abundance determifects or standard depletion as donel by Bonifacio let al. (P002

2. Observations and data reduction

3. Lithium abundances

. Are the Li variations real ?
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1.05 T T T T T T T T T T T ™) 6 ._' Frrrprrrprrrp Tyt '__
- J 47 Tuc #1081 : g -
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0.95 |- ] 41 < s4F 3
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] 1.4 1.8 1.8 2 2.2 24
47 Tuc #952 A(Li)
Fig. 2. Na abundances versus Li abundances for the four stars
measured by us.

—
rrrrriyrrTHpH{rrrid

0.95
Table 2. Equivalent widths and Li abundances for TO stars in
47 Tuc. Errors take into account only the uncertainty onequi
0.9 alent widths, the #ects of uncertainties ifiey are neglected.
1.05 —+—+— —+—+—+—+——+—+—+—

47 Tuc #1012 . star#  V BV EW owmc SN AL) o
I mag  mag pm  pm

@) @) (©) @ © e O ®)

0.95 - measures from our VLT-UVES data

0.9 952 17.36 0557 277 020 78 195 0.04

) N T 975 17.33 0597 141 030 54 158 0.11

1.05 LN L L L R L L J_ 1012 17.36 0581 169 021 71 1.68 0.07
e s

—
L ILINLINLINLI NLINLENLINE 0 % W g B
—

1081 17.37 0587 391 0.24 47 2.14 0.04

> Tuc #9

=

2

g ! :

8 - b measures of Pasquini & Molaro (1997)

—_ B 7 from NTT-EMMI data

g 0.95 ]

o = 141 pm-

0 C ] BHB7 17.38 0.57 530 0.80 230 0.08
x 0.9_— . BHB5 17.35 0.59 560 1.10 233 0.12

670.75 670.8
Wavelength (nm)

@ o level. Since the errors in Tad@ 2 arise only from errors in
the equivalent widths one could argue that a refibdénce in

the temperature of the stars could justify the scatter oleser

A random scatter of 100 K in thefective temperatures would
and Bonifacibl(2002), since all the stars have the ségaeand imply changes of the order of 0.08 dex in the derived Li abun-
these would be the same for all the stars and would have demces. If we increase all the errors in Li abundances by this
effect on the dispersion in Li abundances. A Monte Carlo sirmmount and perform another Monte Carlo simulation the mean
ulation of 1000 ensembles of 4 "observations” with the esrodispersion is 0.141 dex with a standard deviation of 0.063 de
reported in Tabld]2, as done by Bonifacio €t al. (2002) ard this point the detection of extra scatter is marginal dtyon
Bonifacio (200P), provides a mean dispersion of 0.063 délx wil.8 o, yet still present. In order for the observed dispersion to
a standard deviation of 0.032 dex, we can claim that dispersbe entirely consistent with the observational errors, weldo

in excess of the expected measurement error is detected atidfve to increase the scatterTig: up to 250 K. Given the sim-

Fig.1. Li doublet for the program stars, the best fitting sy
thetic profile is shown as a thin line.
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[N/Fe]

Fig. 3. Na abundances versus N abundances for the four dw

f .
stars (opens symbols) and for the subgiant stars (Carlteitaeé{g‘4‘ Li abundances Versus N abundances for_the four
20041 Carretta et Hl. 2005). dwarf stars and for the subgiant stars (Carretta et al. 12004;

Carretta et ell_2005). Only upper limits are available fog th
subgiants stars.

ilarity of the spectra of the elierent stars there is little support
for the existence of such a spread in tlieetive temperatures
of our stars. Furthermore, such a scatter in temperatuoesdsh
also produce some scatter in derived iron abundances, \ighicl.2. The Li-Na anti-correlation
not observec (Carretta et al. 2004). We believe it is sinipies
accept that the stars observed by us do show real variation¥he Li abundances in 47 Tuc appear to be anti-correlated with
the Li abundances. Clearly the observation of a larger sampte Na abundances; in our view this is a fact which further sup
of stars is required to firmly establish the reality of Li \ari ports the reality of the abundance variations. A plot of A(Li
tions. We have repeatedly tried in the last four years toinbtaversus A(Na) is shown in Fidl 2. Kendalkstest provide a
time at the VLT to observe further TO stars in this clustet, bprobability of 82% that this anti-correlation is real. Itasbit
have been unsuccessful. low to make a strong claim, but with only 4 points it igftult

Let us assume, for the sake of discussion, that the spré@a@xpect more definite results. If the spread in Li abundance
in Li abundances is entirely due to observational errorhi Were due to incorrect temperatures it could not possibly cre
case itis legitimate to average the values in TBble 2 toolitei ate such an anti-correlation, since any changgsn produces
Li content in 47 Tuc. The mean A(L 1.84 is 0.5 dexower ~ changes oequal sign and comparable magnitude on both Li
than the lithium content in NGC 6397. One is thus lead to ti@d Na. There is no way to create the anti-correlation by an
inescapable conclusion that Li has been depleted in thiseslu incorrect choice of atmospheric parameters.

Un_der these assumptions the depletion would have beey fairl |f we accept the hypothesis that the “unpolluted” Na abun-
uniform. dance of the cluster is provided by the stars with the highiest
We believe it is less contrived to assume that Li has beabundance then it should be [[F&]=—0.36, or perhaps even
depleted in a non-uniform way and that this non-uniformitpwer, if the stars BHB 5 and BHB 7 follow the trend traced by
givesrise to the scatter in Li abundances. Finally one shool  the other four stars. We examined again the EMMI spectra of
discard the information provided by the two stars obserwed the two stars observed by Pasquini & Molaro (1997) to see if it
Pasquini & Molarbl(1997), both of which show a higher A(Liwere possible to measure the Na abundance from those spec-
than any of the stars observed with UVES, and indeed to a letral. The only usable Na lines were those of the 615.4-616.0nm
comparable to that observed in NGC 6397. This considerablgublet, which are weak in these warm TO stars. Given the low
strengthens the claim that there are indeed real variaitiohis S/N of the spectra, the lines cannot be reliably used and only a
abundance among TO stars in 47 Tuc. very high (not significant) upper limit can be obtained.
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have experienced high temperatures in order to produceithe L
2.5 . 7] Na anti-correlation, however we do not observe signature of
B T i extensive O burning, N production é$C production. A fur-
. ther complication in this picture is the possitgeduction of
- - . Li, e.g. via Cameron-Fowler mechanism_(Cameron & Fawler

T
Fan)
pV!

| ® . 1971) or otherwise. Any production of Li, however, wouldden
2 . to erase the Li-Na anti-correlation, it is therefore likéhat
i ¢ ] there is no, or very little, Li production.

In Fig.[d we show [NA-€] as a function of [NFe] for both
the dwarf and subgiant stars observed in 47 Tuc. There ista hin
+ of a correlation, albeit with a very large scatter. We inspéc
i + i all the spectra of the subgiant stars observed in this ¢cluste
m UVES, but could not convincingly detect the Li doublet in any
- . of them. Considering the quality of the spectra we set anuppe
5 . limit on the equivalent width of the Li doublet in these staf&
| 4 pm, this implies an upper limit A(L§ 0.34. In Fig[3 we show
PRI RN T T SO T (Y N SO ST S N T SR B the Li abundances, or upper limits, as a function gH&l, con-
-25 -20 -15 -10 trary to what observed in the cluster NGC 6752 (Pasquinilet al
Vhel (km/s) 2005), Liand N appear to be totally uncorrelated. We stieess t
] ] ) ] ) ] some caution must be exerted in interpreting this data sowe
Fig.5. Liabundances as a function of heliocentric radial velogs,,, stars have been observed. It should be noted that accord-
ities The four stars observed by us are shown as filled circl% to the measures bf Briley efldl. (1994), BHB 5 is CN-weak
while the two stars observed by Pasquini & Moléro (1997) afH-strong, while BHB 7 is‘CN-strbng CH-weak (see Fig. 7
shown as open circles. of Briley et al.| 1994). If we interpret the CN band strength in
terms of N abundance, this would be further evidence of véghat i
. . hinted at by Figl[4: that Li abundance does not seem to be cor-
4.3. The need for “pollution related to N abundance. It would clearly be of great intet@st
When considering field stars, the usual interpretation taf-re €-observe stars BHB 5 and BHB 7 with an 8m class telescope

tively cool and metal-rich stars found below tBgite plateau in order to perform a complete chemical analysis and improve

is that Li is depleted in these stars due to a deeper cdReir Li abundances.

vection zone an@r atomic difusion (Michaud et all 1934,

Vauclair & Charbonnel_1995| _1998; Salaris & Weiss 2001 4. Neutron capture elements: absence of an AGB

Richard, Michaud, & Richi&r 2002; Richard etlal. 2002, 2005). signature

In the case of 47 Tuc the observation of low Li abundances

is accompanied by the finding of the Li-Na anti-correlatiorl{ is interesting to look also at the abundances of the
which implies that some of the polluting material has been pr—capture elements in these stars, which have been measured
cessed at temperatures in excess of B)’ K so that Li has by lJames et all (2004). In this respect the cluster seems ex-
been destroyed and Na created fpgaptures orf?Ne. These tremely homogeneous and the abundances are consistent with
temperatures, are high enough for extensive burning of oxjrose observed in field stars of the same metallicity, with th
gen through the CNO cycle, which can well explain the Naxception of Sr, for which both the [&re] and the [S§Ba] ra-

O anti-correlation present in this clustar (Carretta ei24104). tios are slightlyhigher than in field stars of the same metallic-
These temperatures are however too high to be found witliiyn This situation makes it unlikely that these stars hagerb

TO cluster stars, which, even at the centre should not exaeddrmed out of, or polluted by, material heavily enrichedsy
temperature of % 10° K. Therefore the Na-O anti-correlationprocess elements, as may be expected in the ejecta of AGB star
requires processing in a previous generation of stars amd sehich have undergone thermal pulses.

sequent non-uniform pollution of the ISM. This view has to be It should be here noted that a recent investigation of the
consistent with the [MD] ratio in the TO stars in this cluster,chemical composition of AGB stars in this cluster (Wylie Et a
which has a mean value of -0.85 dex (Carretta et al.|2005), t2806) has claimed a true scatter in the ratios-eapture el-

is about 0.5 dexower than what observed in field stars of thements. Since the stars currently observed on the AGB in 47
same metallicityl(Israelian etial. 2004). Also tR€/*3C ratios Tuc are of too low mass to have undergone the third dredge-
(> 10,/Carretta et al. 2005) argues against CNO cycling of map one should conclude that this inhomogeneity is intrinsid
terial in the TO stars of 47 Tuc. This poses serious problemstot due to the self—pollution. To further support this paiht
explain the observed Li-Na anti-correlation. The pollgtma- view Wylie et al. (2006) point out the large scatter in sodium
terial probed by the abundances in the TO stars of 47 Tuc, mabundances in their stars@3 <[Na/Fe] s +1.0) and claim

ACL1)
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that this, and the variations m-capture elements could be ex4.6. Are massive stars the polluters ?
plained by the presence of at least two separate stellar pop-

ulat_ions. This suggestion is intriguing, however the ressuf. The lack of nitrogen enhancement seemsidilt to repro-
Wylie etal. [2005) forn—capture elements are at odds withy,ce ysing AGB stars as polluters. A distinct possibilithiat
those ofl.James etial._(2004) for the stars examined in @ qiuters are instead massive stars, an alternativehvisi
present paper and with those [of Alves-Brito €t Al. (2005) @4oyred by Prantzos & Charbonrel (2006). These authors sug
a sample of 5 giants stars in this cluster. Further investigaagt that it is the wind of massive stars which is retainedién t
tion would be desirable to rule out the possibility of sys#it | ster, while the SN ejecta are lost, due to their higheedpe
differences among theférent analysis. Note that the Na engt gjection [ Meynet et all (2006) present the results for mod

hancements observed by Wylie et al. (2006) are all larger thays of 60 Mo star of very low metallicity Z/Z, = 10-8 and

what observed in our TO stars. Z/Z, = 10°%), both with and without rotation. According to
these computations theind of such a star, can provide large
4.5. Do all GCs evolve in a similar way ? 12C/13C ratios, however very small/® ratios, as observed in

this cluster, only if the star has a low enough rotationaboiy,

It appears clear that GCs exhibit a considerable diversity $o that rotational mixing is unimportant. If instead alse 8N
their abundance inhomogeneities. NGC 6397 displays no ldjecta are mixed to the wind, due to the large production of O,
Na anticorreation and a marked enhancement of N. NGC 674h2 NO ratio is considerably lowered, whatever the rotational
displays a well defined Li-Na anti-correlation, accompdiie velocity. It seems however likely that the fagNSjecta are lost
arather large enhancement of nitrogen, compared to figisl Stgo the cluster and do not contribute to its chemical evotytad
and a [NO] ratio which ranges between 0.6 and 1.8, over twgariance to what we expect from the relatively slow-moving
orders of magnitude larger than what observed in field starswinds. The investigation of Meynet et/ al. (2006) has been ex-
the same metallicity. 47 Tuc displays a Li-Na anti-corielat tended by Decressin etlal. (2007), who computed also models
however N does not appear to be enhanced and subsolar valgeg0, 40, 60 and 120 M, for a metallicity ofZ = 0.0005,
of [N/O] are found. Recently Bekki etlal. (2007) have proposeghich corresponds, roughly, to [F#]=—1.5, adequate, e.g. for
a scenario by which GCs are formed at high redshift in dwasiGC 6752. These rotating models seem to produce winds with
galaxies, embedded in dark matter subhalos and the palutgtomposition apt to reproduce the C,N, O and Na variations in
are mainly the field IM-AGB stars of the host galaxy, which iSiGC 6752. We cannot apply directly these models to 47 Tuc,
subsequently tidally disrupted. Such a scenario has dem@ra which is considerably more metal-rich. We note however that
pealing aspects, among which, in our view, the most int&rgst the winds of mass 60 and 120dylaccording to Decressin etial.
is that it may accomodate quite naturallyftdrences in self- (2007), display low MO ratios only up to the end of central H-
enrichment histories of GCs, which may be traced to tifftedi burning, after this phase/® is always greater than the solar
ent properties (masses, dynamics, age...) of the, nowadeitu ratio, which is~ 0.1, while the observed M ratio in 47 Tuc is
host galaxies and dark matter subhalos. Currently such maglver than solar. The 20 8 model never provides wind with
els are unable to explain the Na-O anti-correlations, agd, R/O > 1 and the 40 M does so only after the appearance of
inference, they should likewise be unable to explain th&lai- the He-burning products at the surface. Decressin et ai(20
anti-correlation. However, more generally, the abundaate do not provide the fraction dfC in the wind, so that we cannot
tern in the GC hosting dwarf galaxies may result from comples|| if at any of these phases a low®lis accompanied by high
histories, which may allow to explain the variety of abuntian 12C/13C. Even if it were so, one would have to admit that the
patterns observed in GCs. The scenario_of Bekkilel al. (20(llution was made only during such phases (or by stars df suc
is supported by the dynamical simulations of Gnedin & Prieipasses, e.g. masses of 2@ lower) ! Decressin et al. (2007)
(2006), which suggest that GCs may form in giant moleculagsume that the massive stars winds are essentially Lificte a
clouds within high redshift galaxies. By computing the &sbiinvoke a dilution of the wind with about 30% of pristine gas, i
of such clusters in a Milky Way-sized galaxy Gnedin & Prietorder to reproduce the lowest Li abundance observed in NGC
(2006) conclude that all clusters found at distances latger 6752, assuming the pristine lithium was what derived froen th
10 kpc from the Galactic center were indeed formed in s&elliSBBN predictions, and the baryon to photon ratio provided by
galaxies, which have now been tidally disrupted. WMAP. In the case of 47 Tuc, since some of the observed val-

At this point it is perhaps worth to mention the significaues of Li are even lower than in NGC 6752, these should have
tive difference in HB morphology between NGC 6752 and 4¥een formed almost exclusively out of the winds, with an ad-
Tuc, the former beeing characterized by an extended bllue tdition of at most 9% of pristine material. It is certainly éru
Of course this dference could be simply due to thefdrent that at the temperature necessary for sodium production the
metallicity of the two clusters, however the long blue tail ilithium should be completely destroyed, therefore to be-con
the HB of NGC 6752 could also be linked to stars pollutesistent with the observed Li abundances, the processed mate
by He-enriched matter, according to the scenario suggéstedial must anyway be diluted with material in which Li has been
D’Antona & Caloi (2004). preserved. Such a pollution may provide the observed Li-Na
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anti-correlation, however the abundances of N &@ishould D’Antona, F., Ventura, P., & Caloi, V. 2006, Memorie della
follow this pattern. Societia Astronomica Italiana, 77, 168
Decressin, T., Meynet, G., Charbonnel, C., Prantzos, N., &
Ekstrom, S. 2007, A&A, 464, 1029
Dekker, H., D'Odorico, S., Kaufer, A., Delabre, B., &
An interesting feature emerges if we plot Li abundances as &otzlowski, H. 2000, Proc. SPIE, 4008, 534
function of radial velocities (see Hig.5): there is a milahthi Gnedin, O. Y., & Prieto, J. L. 2006, ArXiv Astrophysics e-
(probability of correlation between radial velocity anddbiun- prints, arXiv:astro-pf0606169
dance~ 91 %) that the most Li-rich stars have a radial velocitiratton, R. G., Carretta, E., Eriksson, K., & Gustafsson, B.
different from the less Li-rich. This may point towards a kine- 1999, A&A, 350, 955
matic distinction between the more polluted and the less p@ratton, R. G., Bragaglia, A., Carretta, E., Clementini, G.
luted stars, however, given the limited size of the sampie it Desidera, S., Grundahl, F., & Lucatello, S. 2003, A&A, 408,
premature to claim this is a real feature; neverthelessélgu 529
prompts for the observation of a larger sample of stars. Israelian, G., Ecuvillon, A., Rebolo, R., Garcia-Lopéz,
Bonifacio, P., & Molaro, P. 2004, A&A, 421, 649
Fenner, Y., Campbell, S., Karakas, A. I., Lattanzio, J. C., &
Gibson, B. K. 2004, MNRAS, 353, 789
The new high quality spectra of the Li doublet in TO stars gfames, G., Francois, P., Bonifacio, P., Carretta, E.,t@rat
47 Tuc strongly suggest that Li has been depleted in a nonR. G., & Spite, F. 2004, A&A, 427, 825
homogeneous way in this cluster. The existence of an arfern, A.J., Grundahl, F., Richard, O. et al. 2006 Nature 442,
correlation between A(Li) and A(Na)tectively rules out the 657
possibility that the spread in A(Li) arises from incorrgatho- Kurucz, R. L. 1993, CD-ROM 13, 18, Smithsonian
sen atmospheric parameters. Astrophysical Observatory, htfjicfaku5.harvard.edu
The newly established Li-Na anti-correlation, and the N&urucz, R. L. 2005, Memorie della Societa Astronomica
O anti-correlation argue in favour of nuclear processingcivh  Italiana Supplement, 8, 14
has taken place in a previous generation of stars. The loa-nitMeléndez, J., & Ramirez, |. 2004, ApJ, 615, L33
gen abundance in these stars places however a strong donsthdeynet, G., Ekstrom, S., & Maeder, A. 2006, A&A, 447, 623
on the properties of this previous generation of stars.peaps Michaud, G., Fontaine, G., & Beaudet, G. 1984, ApJ, 282, 206
unavoidable to conclude that the self-enrichment histé®7o Norris, J., & Freeman, K. C. 1979, ApJ, 230, L179
Tuc has been distinctly fierent from that of the more metal-Pasquini, L. 2005, IAU Symposium, 228, 363
poor cluster NGC 6752. Pasquini, L. & Molaro, P. 1997, A&A, 322, 109
Pasquini, L., Bonifacio, P., Molaro, P., Francois, P., §pit,
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