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Abstract. We report on the first high-resolution spectroscopiprmation; information on the chemical evolution of the MCs g
of 10 giants in LMC Globular Clusterim a wide age range early stages of their evolution is kept in the atmosphere of t
obtained with the newly commissioned spectrograph UVES@uster stars; kinematics of the clusters can be used as a trg
VLT UT2. These observations are used to derive oxygen aafialo structure.
iron content of these clusters, and the abundances are then usetivhile kinematics issues were addressed at length alreg
to cast a more precise view, not only on the age-metallicispme time ago (e.g. Schommer et al. 1992), topics in need
relation in the LMC, but also on the chemical evolution of thiprecise metallicities were so far quite tentative: because of t
dwarf irregular galaxy. faintness of their members, chemical composition of old a
intermediate age clusters were not known with a very good 8
Key words: stars: binaries: spectroscopic — stars: late-typarracy (low-resolution Call IR triplet, photometric estimates
— Galaxy: globular clusters: individual: NGC 2210, ESO 12M/e are now for the first time, thanks to VLT and its efficien
SCO3, NGC 1978, NGC 1866 — galaxies: Magellanic Cloudsspectrograph UVES, in a position to improve dramatically th
knowledge with detailed analysis of individual cluster giant
fainter than 16 magnitudes.
As part of UVESScience Verificatiora sample of 10 giants
in 4 clusters in a very wide age-range (0.1 to 15 Gyrs) we
The Magellanic Clouds (MCs) possess a large population of stepserved at high spectral resolutionr~R0000). In this paper,
lar clusters of a whole range of ages, includingob®a fideold Wwe present the analysis of this data, derive oxygen and ir
Globular Clusters in the LMC and only one somewhat younge@ntent of the four clusters, and use them to further constrg
counterpart in the SMC. The photometry of these clusters Hh€ age-metallicity relation in the LMC. We also present, for th
been extensively studied over the years, and especially sifitgt time, the evolution of the [O/Fe] along time in the LMC,
HST started producing high quality CMDs reaching the ve@nd briefly discuss the implications on the processes drivi
densest central part of the clusters (Olsen et al. 1998, John#tshchemical evolution of this dwarf irregular galaxy. A futurg
etal. 1999). paper (in preparation) will deal with the full analysis of the 2(
The opportunities offered by these clusters are twofold: thelements measured in these giants and the full implication
provide laboratories to study stellar evolution in a range of difae chemical evolution of the LMC.
ferent conditions (the young and yet metal-poor MC clusters
have no Galactic counterparts and serve as a test of stellar evo-
lution models at low metallicities), and give us the opportunity. Observations

to study the formation and evolution of magellanic-type galax- )
ies (determination of the age-metallicity relation,.etd. It is | "€ observations were performed from the 10 to the 18th

with this second aspect that we will be dealing in this paper. F€Pruary 2000, as part of the VLT UTcience Verification

In particular, the oldest component of these stellar clustéts YVES, the UV and Visual Echelle Spectrograph recentl
(the bona fideold metal-poor globular clusters) can serve &2mmissioned on VLT (D'Odorico etal. 2000). The setting use
tracers of early epochs of the evolution (halo phases) in séFED @M, Acentral 58004) provided a wavelength coverage
eral ways: precise determination of ages of these old globufét00-680@.. The entrance slit was adjusted to fit the seein

clusters yield estimates of the characteristic time-scales of h&f§'ditions, between 1 and 1,2which translate respectively
into a resolving power of R45000 to 38000. The Table 1 gives

Send offprint requests . Hill a short logbook of the observations, together with the achiev
* based on observations made at the ESO Telescopes in Chile S/N (per 0.02\ pixel, at 600@\).
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The spectra were reduced using the UVES context withiable 1. Log book of the observations
MIDAS, which performs bias subtraction (object and flat-field),

inter-order background subtraction (object and flat-field), opttar MJD slit  Exp. SIN

mal extraction of the object (above the sky, rejecting cosmic " h.m

hits), division by a flat-field frame extracted with the samgGC 1866 B444 51584.10565 1.2 1h30 75

weighted-profile as the object, wavelength calibration and ne&C 1866 B1653 51586.04048 1.2 1h00 85

binning to a constant step and merging of all overlapping ordek&sC 1866 B867 51591.03805 1.0 1h00

The spectra were then corrected for barycentric radial velocity 51591.08042 1.0 1h00 40

and coadded, and finally normalized. NGC1978 LE8 51590.03804 1.2 1h15
51590.09094 1.2 1h15 70

NGC 1978 LE9 51589.03189 1.0 1h15

51589.08487 1.0 1hl5 70

3. Abundance analysis ESO121-SCO3M313 51585.04156 1.0 1h30

A detailed di . ill be ai . Hill et al 51585.10510 1.0 1h30 45
more detailed discussion will be given in a paper (Hill et alzg 5 191.5c03 M167 5158703766 1.0 1h15

in preparation) dealing with the full abundance analysis of the 51588.10597 1.0 1h15 60
20 elements detected in these giants. We give however heligat 2210 B4364 51586.08746 1.0 1h40 55
short summary of the methods used to determine the iron agdc 2210 B110 51586.08746 1.0 1h40 30
oxygen abundances. NGC 2210 B4793 51588.04009 1.0 1h30 60

Identifications for the clusters: NGC 1866: Brocato et al. 1989;
3.1. Atmospheric parameters NGC 1978: Lloyd Evans 1980; ESO 121-SC03 Mateo et al 1986;
. . NGC 2210 Brocato et al. 1996.
The effective temperatur@.q and gravitylog g of each star + he two stars were observed on the same slit (12 arcsec long).
were determined in a two-step process:

1. The colour and absolute magnitudes of the cluster stars wgre Apundance determinations
used to derive the effective temperatures using the Alonso
et al. (1999) calibrations for giants, and the gravity usinghe abundance calculations were made using model atmo-
the simple relation between gravity and absolute luminosi@pheres from the MARCS suite: the models of Plez (1998, a
(onceT.¢ and masses are known). The colour informatio§fid especially computed for cool giants in the metallicity range
together with the derived temperatures and gravities of ed€t¢/H]=—1 to +0.3 dex) were used for the three more metal rich
program star are given in the Table 2 (columns 1 to 7). pelusters, and Gustafsson (1975), for the more metal poor cluster
each cluster, the table also lists the reddening, distance mbéC 2210. _ _ _ _
ulus, metallicity and masses (isochrones Bertelli etal. 1994) The abundance of iron was determined using the equivalent

adopted for the computation of thes andlog g . width of up to 70 lines of Fel and up to 10 Fell lines. Alu-
2. In a second step, we used spectroscopic indices to furtAdhum lines (Al 6696.08 and 6698.6A) were also mea-
constrain the atmospheric parameters: sured to check for possible deep-mixing effects (cf. Sect. 4.2).
e T.;was constrained requiring the excitation equilibOXygen abundances, on the other hand, were determined from
rium of Fe | to be fulfilled. the forbidden [O1] 6308 line, by comparing the line directly to
and Il (and Ti when available) taken into account while computing the synthesis, including

e the microturbulence velocity( ) was determined ask- CO. CN, C2, and TiO molecules. For the two younger clusters
ing the Fel abundance to be independent of the lifGC 1866 and NGC 1978), a telluric line was contaminating
strength. the [OI] 630 line, and was removed using the spectra of

extremely metal-poor turnoff stars observed during the same

The temperatures and gravities deduced in that ngéhts. Examples of the [Ol] fits are displayed in Fig. 1, and the

(columns 8-10 of Table 2) were very close to the ones derive

from photometry and were adopted for the rest of the analyé@.T able 2 col. 12-14.

The only counter-example is NGC1978 LE9, for which the ion-

ization balance requires a gravity 0.5 dewerthan predicted. 4. Results

This behaviour is well known in very cool galactic metal-poo I

giants (field and Globular Clusters), where it is interpreted asz,ii'}' Cluster metallicities

signature of NLTE effects. Both ESO 121-SC03 and NGC 1866 are found to have metal-
The associated uncertainties are expected to be of the oldgties similar to what was previously assumed in the literature.

of AT, = +150K Alogg = £0.2 Av; = £0.2kms~!. ESO121-SC03 has a mean iron abundance [Fefd)gl +

Also listed in Table 2 are the measured heliocentric radial vé416 (2 stars) compared te0.93+0.2in 091 (Ca IR triplet) and

locity for each star. —0.9 in Mateo et al. (1986, BV photometry), while NGC 1866

asured abundances obtained for Fe, O and Al are displayed
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Table 2. Photometry, atmospheric parameters and measured abundances for the program stars.

NGC 1866 EB — V)=0.06(M — m)=18.6 [Fe/H]=-0.4 Mass=5(4),

Star \% (B-V) Ref. Tef phot 108 gphot Ter 10gg ve  Vrneio [Fe/H] [O/Fe] [AllFe]
B444 15.49 1.51 1 4021 1.0 4020 1.0 1.9 3005 -0.45 0.03-0.23
B1653 15.01 1.49 1 4048 0.8 4050 0.8 2.0 300.7 -0.48 0.06-0.27
B867 16.60 1.14 1 4550 1.7 4550 19 1.8 298.2 -0.56 0.14-0.25
NGC1978 EB — V')=0.08(M — m)=18.5 [Fe/H]=-0.4 Mass=21,

Star \% (B=V) (J—=K)Ref. Tes phot 10ggphot Terr logg vy Vrneio [Fe/H] [O/Fe] [AllFe]
LE8 16.71 1.66 1.09 2,3 3860/4000 0.8 3860 0.7 1.9 292.2 -1.10 0.45 0.28
LE9 16.85 1.77 0.94 2,3 3734/3800 0.8 3750 0.3 1.9 294.7 -0.82 0.36-0.07
ESO121-SCO3 & — V)=0.03(M — m)=18.5 [Fe/H]=-1 Mass=1.00/(,

Star Vv (B — V) Ref. Ter phot logg phot Tear logg Vg VT helio [Fe/H] [O/Fe] [A|/FE]
M313 17.05 1.29 4 4224 1.1 4220 1.1 1.7 3105 -0.89 0.15-0.43
M167 16.74 1.47 4 3999 0.9 4000 09 1.7 3139 -0.93 0.15-0.33
NGC2210 EB — V')=0.06(M — m)=18.4 [Fe/H]=-2.0 Mass=1M

Star \% (V — 1) Ref. Test phot 1087 phot Tet logg v Vrneno [Fe/H] [O/Fe] [AllFe]
B4364 16.22 1.39 5 4261 0.7 4260 0.7 1.8 342.2 -1.78 0.02 0.47
B110 16.89 1.21 5 4570 1.2 4570 1.0 1.8 344.2 -1.81 0.21-0.14
B4793 16.12 1.41 5 4231 0.6 4230 0.7 1.8 338.8 -1.68 0.19 0.00

References: 1: Brocato et al. 1989 2: Will et al. 1995 3: Ferraro et al 1995 4: Mateo et al. 1986 5: Brocato et al. 1996
Note: The measure@V — I')cousins Were converted int@V — I) jonnson (SUited for the Alonso et al. (1999) temperature calibration) using t
relation (V' — I)johnson = 1.273 X (V' — I)Cousins — 0.05.

' NGC 22fo B4793 T T b has a mean iron abundance [Fe/H]x50 + 0.1 (3 stars), in
e ; A A - 1 very good agreement with Hilker et al. (1995) who derive
[Fe/H]=—0.46 using Stimgren photometry (there are no previ
ous spectroscopic determinations of metallicity of NGC 186
On the other hand, two clusters are found to have a met
content significantly different from the previously assumed v
ues:
NGC 2210:The mean iron abundance of the 3 giants in thi
cluster is [Fe/H]=1.75 4+ 0.1, whereas Olszewski et al. (1991,
hereafter 091) derived1.97+0.2 from 4 similar giants. These
two values taken at face are only marginally consistent,
taking into account that the O91 metallicity indicator are ca
cium lines calibrated to [Fe/H] using galactic globular cluste
as comparison, this difference might even vanish completely.
effect, as itis discussed in Sect. 6 and appears clearly in Tabl
the [O/Fe] ratio in NGC 2210 is lower than in galactic globul
clusters of the same metallicity. In fact, as will be developed
the main paper of this series (in preparation),caktlements,
including calcium, are also less abundant than in the gala
clusters. Hence using the Call IR triplet would lead to syste
atically low [Fe/H] estimates, by 0.2 dex.
NGC 1978:The mean iron abundance derived from the 2 g
ants in NGC 1978 is [Fe/H}=0.96 + 0.2, whereas 091 derived
—0.42 £ 0.2 from the twosamestars. It has to be emphasize
that these stars are the coolest giants of our sample, and

K . | . |
6298 6300 6302 analysis of such objects is always difficult, due to the presen

of molecular features, and to the more uncertain stellar para

A (R) eter determinationT(.g and gravity). However, a very simple

Fig. 1. Examples of oxygen line synthesis. Three synthesis are sho@$t can be performed: in Fig. 2, we overplotted Fel lines
in each case, computed with the best fitting [O/H] value #62 dex. NGC 1978 LE8 and LES9 to those of NGC 1866 B1653. B165
The spectra were shifted vertically for lisibility purposes. is at least 200 K hotter than the NGC 1978 giants, since it do
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Fig. 2. Fel lines of NGC 1978 LE8 and LE9
(upper and lower solid lines) compared to the

<~ ~

%026 602‘65 60‘27 602‘75 6028 9055 605‘5.5 6056 605‘6.5 6057 200-300K hotter star NGC 1866 1653 (dotted
A (R) A (R) line).

not show any TiO bands, whereas LE8 and LE9 do (dissoci-f L R AR
ation of TiO is too efficient fofT' ¢ hotter than 3900-4000K), [ @ LMONGE 2270 & ESO 121
and however, the Fe | lines of BL653 are larger than the ones of | ™~ o o

LE8 or LE9. NGC 1978 thereforeas to besignificantly more = [ |/ _ giants o ° " o ]
metal poor thanr-0.5 dex. I o o ]
Another interesting issue is that NGC 1978 has a high ellip- , e ° o
ticity and a broadened red giant branch and clump, that cowd® |
be due to the merging of two individual clusters. Alcaino et
al. (1999) proposes that the two clusters should have similar_ * g o
ages (explaining the sharp turnoff region), but different metal- | + " e B +
licities (differing by~0.2 dex) depending on the location inthe | °
cluster. The two giants studied here are indeed located in thé [ b
south-east of the cluster, where the most metal-poor population | | +
is expected. It would be extremely interesting to study systemat- ° -1 -2 -3 -4 -5
ically the abundances of individual stars as a function of location Mee,

in the cluster and in the CMD.

0
- T T T

4.2. Oxygen abundance and deep mixing effects

Oxygenabundances in evolved red giant stars, can be affected b}»
internal mixing phenomena bringing internally-processed ma- | .
terial to the surface of the star. The oxygen abundance observed | 0°m © ]
at the surface of the star in this case is not the same as the &ne[ ]
the star was born with. Before using [O/Fe] ratios for chemical

oo

L @ LMC NGC 2210 & ESO 121 o +¢

evolution purposes, we therefore checked the status of mixing> [ o me2 k E‘E - .
in our stars. L o M13, M5 & NGC 7006 . ® 0

In the CNO cycle of hydrogen burning, the final oxygen [ ¢ S
abundance is very little affected, the cycle basically turning CS [~ = %" . ]
into N. So that giants experiencing “normal” shallow mixing (. . . . . b-
do not show depleted nor enhanced oxygen. However, other cy- ' -03 ° 05 !
cles involving oxygen, such as the Ne-Na and the Mg-Al cycles [O/Fe]

may occur at hotter temperature and hence deeper inside the pfgrsa and b. [Al/Fe] abundances for the stars in NGC 2210 and
If mixing mechanisms reach deep enough within the star, thgo 121-SC03 are plotted, against bolometric magnitude in panel
products of such cycles can be brought up to the surface, whaté as a function of [O/Fe] in pankel Overimposed are various sam-
depleted O and Mg, and enhanced Na and Al can be observedlgs of red giants in Globular clusters and in the field of our Galaxy (see
very good tracer of deep mixing are the anti-correlations O-Ngxt for references), illustrating the difference of mixing experienced
Mg-Al, or the even more spectacular O-Al. In our Galaxy, gian@/ field and cluster stars. With one exception (NGC2210 B4364), the
in globular clusters and similar giants in the field do not behatMC old cluster giants clearly follow the galactic field behaviour.
similarly: while O-Na O-Al anti-correlations are commonly ob-
served in globular clusters of various metallicities (e.g. Shetrone
1996, Kraft et al. 1998), field stars of comparable evolutionatggether with data for classical galactic globular clusters of three
stage and metallicities show no such trends. This differencedifferent metallicities covering the same metallicity range as the
generally attributed to environment effects within the cluster&MC clusters. M92 has a[Fe/H}=2.2, M13, M5 and NGC7006

In Fig. 3, we have plotted the data points of the 5 gianteve [Fe/H] from—1. to —1.5, and M71 is more metal-rich
in the 2 older LMC clusters (ESO 121-SC03 and NGC 221@)ith [Fe/H]=—0.8. All data (galactic clusters and field) are from
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Shetrone (1996), except NGC7006 which is from Kraft et atancels out almost exactly, so that the age of NGC 2210 sho
(1998). The upper panel shows how the Al overabundances amain very similar to the age of the old Galactic clusters.
linked to the evolutionary stage of the giants (wherg Mraces NGC 1978 was found 0.54 dex more metal deficient th
evolution), and in the lower panel is displayed the O-Al antprevious estimations, but the stars we have studied are rat
correlation. Also displayed are the galactic field giants, whiatool and this result is more uncertain. If this metallicity is co
clearly do not follow the same trend, although spanning tfiemed, the effect on age would be of afew tenths of billion year
same M, range. making the cluster10-20% older than its current 2.2 Gyrs es

Out of our five LMC old cluster giants, however, only ond¢imate.
(NGC 2210B4364) has a high [Al/Fe] ratio, while the four oth-
ers hav_e [AI/I_:e] ratios similar or even sligh?ly Iower.than thosg_z_ Age-metallicity relation
of the field giants of comparable bolometric magnitudes, sug-
gesting that these four giartteve not experienced major deefhe LMC cluster distribution has along-known peculiarity: bot
mixing eventsThe anti-correlation between [Al/Fe] and [O/Fenetallicity and age distributions are bimodal, with a well d
is also not observed as such (the LMC sample is far too smalijied gap between 3-4 Gyrs and 10-12 Gyrs, corresponding
but as expected, the star which is Al-rich is also O-poor: B43@4minimum of the metallicity distribution between—1.0 and
has most probably dredged up material processed through Ne—1.5 dex. This bimodality has been interpreted as the sig
Na and Mg-Al cycles. ture of two bursts of star formation, an early one giving birt

From panel b. of Fig. 3, it is striking that not only are th¢o the 12-15 Gyrs clusters and a more recent one some 3G
[Al/Fe] ratios low compared to galactic globular cluster starago, possibly triggered by tidal interaction of the LMC with ou
but that the LMC globular cluster giants seem to define a loweilky Way. Although the validity of such a conclusion on th
envelope to the anti-correlation: [O/Fe] seems to be systemgibal history of the LMC is still a matter of debate (is the clu
ically lower in the LMC giants. Galactic cluster giants whicher formation directly linked to the global star formation? wh
have [Al/Fe] close to zero (where the deep mixing mechanigmthe current rate of cluster disruption in the LMC and wh
is not acting), have [O/Fe] values of the order of +0.4 dewas it in the past?), it is of great interest to investigate wheth
whereas our four LMC giants with low Al have [O/Fe]=+0.15ints of this bimodal star formation can also be found in th
to +0.20 dex. If confirmed on larger samples, this [O/Fe] diffeage-metallicity relation. Both clusters (see for example Geisl
ence between LMC and Galactic clusters could be attributedetibal. 1997 and Olszewski et al. 1991) and planetary nebul
a difference in the chemical evolution of the two galaxies. (Dopita et al. 1997) have been used for this purpose, clust

having more precise age determinations, while planetary n
ulae have more accurate chemical composition determinati

5. Evolution of metallicity with age in the LMC (O, Ne, Ar, S).

In Fig. 4, the newly derived abundances of the four cluste
studied here are overplotted onto the cluster sample of Gei

Many papers have recently discussed the ages of the old Magéfl. (1997) (panel a., metallicity is traced by [Fe/H]) and th
lanic clusters compared to their Galactic counterparts (Johngdanetary nebulae (PN) sample of Dopita et al. (1997) (pa
elal. 1999, Olsen et al. 1998, Brocato et al. 1996), coming to tRewhere metallicity is traced by:{H]). The ages of the old
common conclusion that Galactic and Magellanic clusters colfd10 Gyrs) clusters were not taken from Geisler et al. 1997,
have been drawn from the same parent population. Howeverasppted from more precise determinations using deep CM
age determination methods are dependent (through direct or [E§@cato et al. 1996, Olsen et al. 1998 and Johnson et al. 19
direct ways) on the assumed chemical composition of the cl@d brought to the same scale using an age of 14 Gyrs for
ters (overall metallicities but alse-element abundances). weGalactic comparison clusters. Overplotted are predictions fr
are now for the first time, in a position to improve dramaticallfagel & Tautvaiene (1998) semi-empirical model for two dif-
this knowledge with precise abundances of individual clustérent star formation regimes: the full line is a continuous st
giants. formation rate, whereas the dashed line arise from two stro

ESO 121-SCO3 and NGC 1866 were found to have the saf@r formation episodes (14 and 3 Gyrs ago respectively) se
metallicity as previous estimations and, as a consequence[@§d by a low star formation period. In panel b., the abundan
effect on the age of these clusters is expected. plotted are, in the case of PN, a mean of Ne, S and Ar, and

For NGC 2210, on the other hand, our [Fe/H] determinatidi€e four program clusters, the O abundance. In both cases
is +0.25 dex higher than the value generally assumed to deféft claimed by Dopita et al. (1997), the age-metallicity distri
mine the age of the cluster. Age determination by isochroREtion seems to be compatible with a burst of star formati
turnoff fitting is sensitive to the adopted metallicity, an increas@me 3 Gyrs ago, triggering an increase of metal-abundan
of 0.25 dex inducing up to 2 Gyrs younger ages (cf Fig. 10 8y a factor~3 around this age. Of course, our sample is t
Johnson et al. 1999). But we found on the other hand, trigpall to be conclusive by itself, but the confirmation that the
NGC 2210 is oxygen poor compared to similar Galactic cluldeed exist clusters (NGC 1978) as young as 2Gyrs and
ters, by~ —0.2dex. In this case, the opposite effect on tH&etal-poor as clusters of ages 9-10 Gyrs (ESO 121-SCO3
isochrones locus of a higher iron and loweelement content by itself an interesting conclusion.

5.1. New estimations of cluster ages
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r In the hypothesis that oxygen has not been depleted in the

°r 50 7 four old LMC cluster giants (all except NGC2210B4364, see

| | Sect.4.2), we can now understand the chemical evolution im-
+ - plications of the observed [O/Fe] ratios.

,NGCWBGG"O ° Fig. 5 displays the observed [O/Fe] versus [Fe/H] locus of

L o

~Oo
Yol -

4 our LMC sample, compared with the predictions of two fam-
1 ilies of models computed for the LMC (see caption for de-
# 1 tails). On the left panel is the semi-empirical model by Pagel
| & TautvaBiene (1998), which use the same IMF and yields
T than in the solar neighbourhood (SN), a star formation rate
\ 1 (SFR) proportional to gas content, a gradual inflow of unpro-

[Fe/H]

o ESO 121
NGC 1978

T
1

cessed material and galactic wind proportional to the SFR. Their

* prescriptions include a [O/Fe] ratio at present time such that

[O/FelLmc=[O/Fekn at present time. Two models are consid-

ered: one where the SFR is continuous, and the other where two

o ‘ ‘ ‘ 1  bursts occur 14 Gyrs and 3 Gyrs ago respectively. On the other
% e 1 hand, on the right panel of Fig. 5 are models by Tsujimoto et al.

| (1995) which, at variance with the Pagel & Tauiane (1998),

i N ]  allowthe IMF slope to change such that the [Offzg}=—0.2 at
866

o
o
3
o

Age (Gyrs)

-0.5

#

present time! The IMF needed to fulfill this constraint (where
[O/Felme #[O/Fekn) is steeper in the LMC than in the SN
(in both continuous and bursting SFR models).

Interestingly, none of the two families of models appear
to be able to reproduce the observed [O/Fe] of LMC clusters:
while Tsujimoto et al. (1995) can almost reproduce the low
[O/Fe] of the metal-poor cluster (thanks to their steeper IMF),
they cannot reproduce the relatively high [O/Fe] of the younger
. .1 clusters at all; Pagel & Tautv&iene (1998) on the other hand,
predict compatible [O/Fe] in the young population, but too high
[O/Fe] for the older clusters.

Fig. 4a — Age-metallicity relation derived from the four clusters in ~ The main lesson which can be learned from Fig. 5 is that, if
this paper, together with the data for LMC clusters from Geisler the low [O/Fe]ratio in the older LMC clusters is confirmed, then
al. (1997). Overplotted is a theoretical age-metallicity relation fromthe [O/Fe] run with increasing metallicity would be extremely
model using a continuous (thin line) and a bursting (dashed line) SABt. This is a hint that the LMC chemical evolution might have
(Pagel & Tautvasiene 1998). The same clusters from the two sourcggen driven by a different fraction of SN 1I/SN | than in our own
are joined by thick linesb — Age-abundance for oxygen in the LMC, 4 14yy SN | contributing a larger fraction of the iron in the LMC
from the four clusters in this paper, together with data for PN fro%‘man in the solar neighbourhood. This finding is still specula-
Dopita et al. (1997). Curves as in a-. . . . .

tive at this point, as we definitely need larger samples, both of
globular cluster and old field giants in the LMC to demonstrate
it. Also, extending this work to the SMC would be a comple-
mentary approach to understand the role of the parent galaxy

The most powerful tool available to study the chemical evolutidgRorphology on chemical evolution.

of a galaxy is to follow the behaviour, along time, of the abun-

dance of elements which trace various nucleosynthetic chanrigiknowledgementsie thank the Science Operations on Paranal and
and sites. In particular, the evolution of elements producedthﬁ UVES Science Verification team for the conduction of the observa-
different mass-range progenitor stars, gives insight on the INigns and the timely public release of the data to ESO member-states.
and the SFR of the parent galaxy. The most well known sueh—— — y

ratio is the [O/Fe], which evolution along time (or metallicity) * This major difference between the two families of models has
allows to constrain the ratio of the number of massive sup&en trlggtered by a ‘:)'Ve:jg'”g '”tipretat'c’? of the obfebrv;ed LMC
novae (SNII) over supernovae type la (SNla). Up to recentlyPe'9'an's oxygen abundances. A general agreement between var-
the detfaliled)study of E?he chemic)gl) comi)ositign 0[13 Magellan{lhUls sources (Cf Luck et al. 1998, Hill et al. 1997) has found

. . . . 6/Fe]LMc=—O.2 from F-K supergiants, but, as argued by several au-
objects were mainly restricted to the brightest stars, namely {Qg, (Luck & Lambert 1992, Hill et al. 1997, Pagel & Tausiane

young supergiants (cfe.g. Luck etal. 1998, Hill et al. 1995) a’l@%), this value should not be taken as absolute, but in reference to
to the H1l regions, which trace matter younger thad.1 Gyr.  stars of similar type in the SN, which also give [O/Fgl=—0.2 to

We are now in the position timllow along time the evolution —0.3 dex, so that one can safely assume that [QAreF[O/Feky at

of element ratios. present time.

L NGC1

NGC 1978

[0/H]
-1

Age (Gyrs)

6. Oxygen over iron ratios and chemical evolution
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Fig. 5. Evolution of the oxygen over iron ratios with metallicity in the LMC. The mean oxygen abundance for the LMC clusters (this p
are plotted together with LMC chemical evolution models using a bursting SFR (thin line) and a continuous SFR (dotted line) from: le
Pagel & Tautvaiene (1998) and right panel Tsujimoto et al. (1995). The thick line represents the behavior of [O/Fe] in our Galaxy (P
Tautvabiene 1995).
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