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Abstract. We investigate, on the basis of CCD Stromgren phenrichment history can be described by a simple global age-
tometry, the ages and metallicities of six LMC clusters thge metallicity relationship (AMR).
with their surrounding field population. The clusters andatie First efforts to determine the AMR of LMC clusters have
licities are: NGC 1651 (in the rangé'e/H] = —0.65 dex been made with integrated broad band photometry of clusters
to —0.41 dex), NGC 1711 40.57 & 0.17 dex), NGC 1806 (Westerlund 1997). Recent work continuing these studigs is
(—0.71 £ 0.23 dex), NGC 2031 {0.52 + 0.21 dex) and for example, Bica et al[ (19P8) and Girardi et 4I. (1995). An-
NGC 2136/37 {0.55+0.23 dex) and NGC 2257+1.63+0.21 other major step towards an understanding of the LMC clus-
dex). The metallicities for NGC 1651, NGC 1711, NGC 180fer AMR has been undertaken by Olszewski et[al. (1991), who
and NGC 2031 have been determined for the first timsed medium resolution spectroscopy of individual giaots t
(NGC 2031 and NGC 2136/37 are interesting for the Cepheiteasure the metallicity for around 70 clusters, with a ggiote
distance scale). uncertainty of+0.2 dex. In addition many photometric stud-
In the cluster surroundings, we found about 650 field staes of stars in LMC clusters (e.g. with the Washington system
that were suitable to be used for a determination of an adw Bica et aI.8) contributed to the unveiling of the chust
metallicity relation (AMR). Our method is to estimate ages f AMR.
individual stars on the basis of Stromgren isochrones inidir The current wisdom on the cluster AMR that has been
vidually measured metallicities. With this method we arteabestablished by these studies is, that the mean metalli¢ity o
to sample the AMR of the field population up to 8 Gyr. younger clusters is distinctly higher than that of old chust
Our metallicity data are incompatible with models predicby more than 1.2 dex. However, it is difficult to trace the AMR
ing many metal-poor stars (G-dwarf problem). The metalliover the entire LMC history with this cluster sample, singe f
ity of the field population increased by a factor of six, stayt a long time, only one cluster (ESO121-SC03) with an age be-
around 2 Gyr ago. The proposed AMR is consistent with theeen 3 Gyr and 11 Gyr had been found (Mateo e986,
AMR of the LMC cluster system (including ESO 121 SCOBica et al[1998). Recently, Sarajedihi (1p98) found threeem

and three clusters with an age of 4 Gyr). clusters with an age of about 4 Gyr (NGC 2121, NGC 2155 and
The proposed AMR is incompatible with the recently proSL 663).
posed AMR by Pagel & Tautvaidvien (1998). The AMR as derived from LMC clusters shows a very large

scatter (Olszewski et al__1991), which, if intrinsic and doe
Key words: Stars: abundances - Galaxies: abundances, evdlumeasurement uncertainties, would argue for a more comple
tion, Magellanic Clouds, star clusters, stellar content chemical enrichment history. In addition there are hintst th
at least some clusters have smaller mean metallicitiesttiean
surrounding field population (e.g. Bica et pl. 1098, Riah¢te
al. [L989). Thus possibly the chemical evolution of the @ust
1. Introduction and field stars is to some degree decoupled. However, this is

In spite of its enormous importance for understanding gaIaQIOt -W'thUt ::qntrz:\jdlﬁtl?r:h(e.g. lﬂ'n .?t OQ)' Sin:r?ﬂr
evolution in adequate detail, the chemical enrichmentqmsca' mt)t():alme I ?h ethm'? e} tlﬁl Y | |st)er3|or; 0 f _|e_|
in galaxies is still poorly known, which is especially truar f seems to be smaller than that ot the cluster system of simiiar

the field star component. The Large Magellanic Cloud (LMC,e}ge' ! . . o .

is a natural target to study the chemical evolution becaﬁsekcr)] ol\jvc;rptrri]riafrli(le)ll?‘oftohiu)lgt:;r; ;?aersmsiit?(lehr?rgnllj;slir::glgzpfr
its proximity. Also, its structure seems to be less comptext ™ X i X . )
that of the Milky Way which might imply that the chemicaﬁjg;tsL*‘jé’f;iz?nirslS;ngg!gl;rge;etlsg gget;\blcl-o .
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derived with high resolution spectroscopy can be found & tiable 1. Coordinates of the investigated clusters
appendix (Tablg¢ AJ4). Thévenin & Jasniewi¢z (1992) study 9
field stars in the LMC with medium resolution spectroscopy (5_Cluster 2000 92000 ! b
A) and found an average abundancéfaf/ H] = —0.25+0.08 ~ NGC 1651 4737”1125 —70733" 282757 —36.42
which is higher than the mean value of field stars that has beddCC 17111 4 ;507"36.6 _69259:: 281'612 _35-572
derived with high resolution spectroscopy(.38 £ 0.11 dex). NGC 1806 ‘r),LLT:}l: _67003,, 278.89 _35'160
Dopita et al. [1997) measured element abundances of pf@(netaugg gggé 5,L33m365 _70059,, 281.73 _31'850
- . . . 5"H3™17 —69-32 279.83  —30.35

nebulae (PNs) in the LMC and derived their age by modelllnq\IGC 2957 | 6"30m24°  —64°17" 27410  —26.51°
the hot, central star. They found four PNs that are older thar : :
4 Gyr. Their AMR shows only little enrichment frortb to 5
Gyr ago, while the metallicity doubled in the last- 3 Gyr.  The measurements in these filters have been transformed into
The study of the older stellar field component has been linitg Johnsorl” magnitude, the colour — y and the colour index
to studies using broad band photometry (e.g. Holtzman et g1 — (v —1b) — (b—1y).
and Elson et gl. 1997). Except for NGC 1711 each cluster has been observed on

We used a different approach and measured the metalligieast two different nights to have photometrically inelep
ity of individual stars by using the medium wide Stromgregient measurements. The reduction included bias subtmactio
filter system, that gives a good metallicity discriminati@n flat-field correction and the elimination of CCD defects. We
giants and supergiants red-wardsbof- y = 0.4 mag. This used DaoPhot Il in the MIDAS and IRAF environments for the
method has already been used by Grebel & Richfler (1998hotometry.
Hilker et al. (1995p) and Hilker et af (1995a) to determigea  For the calibration we employed six different E-region stan
and metallicity of NGC 330, NGC 1866 and NGC 2136/3%ard stars from the list of Jench-Sgrengen (1993) and fddsfie
Ardeberg et al[(1997) used HST observations transfornted ifith secondary Strémgren standards measured by Richtler
the Stromgren system to derive the SFH and the metallidity @99¢), namely M 67, SK -66 80, NGC 2257 and NGC 330.
LMC bar stars. Their investigation differs from our approacThe heavily crowded field of NGC 330 with the secondary
by the calibration they employed which is based on bluesstatandards measured with photoelectric photometry is probl
and includes the gravity dependemtStromgren colour index. atic since slight differences in centring the aperture otaa-s

In the current work we investigate mainly young LMGdard star lead to deviations in the obtained magnitude on the
clusters and their surrounding fields, namely NGC 165dsder 0f0.02 mag. Thus several stars in this field have been re-
NGC 1711, NGC 1806, NGC 2031, and NGC 2257, an olfloved from the calibration. The photometric error of a sng|
cluster. We have also re-analysed NGC 2136/37 because offifigasurement is given by the standard deviation of the stdnda
availability of Stromgren isochrones and a new calibrafior stars:o,, = 0.031, 0, = 0.028 ando,,,; = 0.036. We ob-
photometric metallicities, which improves the calibratifor tained the errors by averaging the residuals of the caidrat
more metal poor stars. This ensures the homogeneity of #iars in all nights. The calibration errors for the 1992 rum a
sample and also tests if systematic shifts are present batwgmauer;gy = 0.016, oy, = 0.023 0,,1 = 0.025. However,
the older investigations and the new one. An important d@spefhce standard stars are always measured in the centrahregi
of this new work is exactly this homogeneity of the metalliciof the CCD chip, this error does not include flat-field errors
ties allowing one to assess the real magnitude of the imtringvhich are much harder to quantify (especially also due to the
dispersion among metallicities of clusters of similar age.  problematic field concentration in telescopes with focelie

Two of the clusters (NGC 2136 and NGC 2031) are pagrs (Andersen et al. 1995). From inspection of the sky back-
ticularly interesting because they contain Cepheid vémb ground the accuracy of the flat-fieldis 1 — 2% and we there-
whose metallicities are important to know for distance scafore assigned an additional error @b15 to each magnitude.
problems. NGC 1866 might serve as example. Its metallicitthe photometric standards were measured with apertures and
has been determined by Hilker et dl. (I995b) via Stromgrefus it was necessary to determine the aperture - PSF steft ca
photometry which was used for the distance determination d@glly. The remaining uncertainty is of the order 003 mag.
ing its Cepheid members by Gieren et fil. (1994). Even if several nights have been averaged this calibration e
ror has been kept, since the calibrations in each night are no
truly independent: the colour terms have been determined us
ing the standard star observations from all nights togeTters
The data have been obtained during two observing runs witle overestimated the calibration error for the clusters faca
the 1.54-m Danish telescope at La Silla, Chile. NGC 2136r < +/nights if observations from several nights have been
and NGC 2031 were observed during 13.11. - 15.11.1992, aaraged.
NGC 1651, NGC 1711, NGC 1806, NGC 2257 during 4.1. - The calibration error causes the deviation of the measured
7.1.1994. The observing log is shown in TaA.l in the Apnetallicity from the “true” metallicity of a star to be a futien
pendix. We used the UV coated Thomson THX 31560 chipf its colour (shown in Fig[]l). The corresponding metaljici
that has afield of view d3.5’ x 6.5" and a scale of 0.377pixel. error is larger for blue stars since lines of constant miets|
The Danish imaging Stromgren filters b andy were used. approach each other on the blue side (seeﬂ:ig. 5 forillistrat

2. Data & Reduction
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0.6 R L L L should also apply to supergiants. For stars bluery = 0.7
i 1 this has been predicted by Gustafsson & Bell (1979). We will
discuss this question in greater detail in Sect. 3.4.

The reason for the metal sensitivity is the line blocking in
4 thew filter, which is best measurable for G and K stars. The
measured flux depends largely on the strength of the Fe | lines

0.4 - 1 butalso CN and CH bands contribute. Systematic deviatibns o
L 1 less tharD.1 dex are expected from theoretical isochrones due
E to a small luminosity dependence.
£,
< - 1 3.1. The CN anomaly
0.2 -

—1 A severe problem in the interpretation of Stromgren caour
is the contribution of the CN molecule absorption (band head
at421.5 nm) in thew-filter (410 nm, width20 nm) to the line
71 blocking. CN variations have been observed in several galac
tic globular clusters, however, the exact mechanism is abt y
fully understood. An increased CN abundance leads to an in-
obb o L b L creased photometric metallicity and thus to a decreased age
0.4 0.6 0.8 1 1.2 .. . o i
(b-y), it is denvgd via |sochr9nes. As a rule of t_humb we est.|ma.ted
with the aid of Geneva isochrones that an increased maétallic

Fig. 1. The calibration error results in an error of the measur 0.2 dex will decrease the age by 20%. A recent investi-
metallicity that depends on the colour of the star. In thipgr gation using Stromgren photometry of two globular clustef
we plotted the metallicity error due to this calibrationcever- Which one has CN anomalous stars, the other not, illusttiages
sus the star’s colour, each curve sample corresponds taianegffect of CN anomaly on the Stromgren metallicity (Richeer
(1994 & 1992). Lines are drawn for 0;1 and —2 dex stars al-[1999).

(solid lines, short dashed lines, long dashed lines) We cannot account for this CN anomaly. In this study we
have to live with this uncertainty, but there is evidence this

effect is only modest: in the nearby giant sample (see next se
tion) three stars were assigned to be CN enriched, but they do
not deviate within the standard deviation from the CN-ndrma
stars, however most probably due to the uncertain reddening
correction. Pilachowski et al[ (1996) found that for popioa

3. Metallicity determination via Str dmgren colours Il halo stars the CN anomaly does not play an important role,

The major advantage of the Stromgren system comparedric>colrnr"’lslt K;.M 1?0: exl\:;llmgle. Th|(s&c:nlnot be eg;la]}meddby
broad band photometric systems is the ability to get the metd 'P'e Isgfl%'? etec E c kregcc:)g b yda 'mth LI\/I)COtl;]n a
licity of a star nearly independent of its age The reasonHisr t genera eticiency by weaker anasintne 1anin
independence is the minor luminosity effect in the metiaylic galactic supergiants of the same temperature. Concerning o

determination, which amounts to less thaf.1 dex over a lu- \I/_v’?:lr?sﬂeelgtféas::sowi :#Qd:egzzdﬁgiﬁ?;ntﬁgroﬁzeeyﬁ;g? sotars
minosity interval of—4 < My < 3. P P y pop

We have used a new metallicity calibration of th ation with observed clusters (see below). Therefore atomsa

. . . N abundances should not play a devastating role. Ultimatel
Stromgrenn1 — (b — y) two-colour relation by Hilker[(1999) - ; I ,
which is valid in the colour range5 < b—y < 1.1. For redder this can only be checked with a spectroscopic investigaifon

stars the calibration breaks down due to the onset of alcienrptthe CN behaviour of cool LMC giants and supergiants.

by TiO and MgH molecules in thgband. The used calibration

In the following stars bluer thaln— y = 0.6 are excluded from
the metallicity determination because of this strong risthe
metallicity uncertainty.

equation is 3.2. The influence of reddening uncertainties
@ ~ mlog+al-(b—y)o+a2 Photometrically measured metallicities are very serssitiy
H| a3-(b—y)o + a4 reddening errors, which is a major error source of the deter-

mined metallicities. For example an underestimation of éue
dening of 0.02 mag iF,_, leads to an average underestima-
al=—1.277+0.050, a2=0.331+0.035 tion of the metallicity byA[F'e/H] = 0.1 dex for a fully popu-
43=0.324 + 0.035, ad——0.032 % 0.025 lated RGB with an age grourid_i)golyr. This problem is symp-
tomatic for photometric investigations. For example Bitale
This calibration has been derived using primarily gia) who used Washington photometry to derive ages and
stars, however as investigated by Grebel & Rich992)metallicities of old LMC clusters and the field, stated ttaat

with
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—LS T L T M 3.3. Unresolved binaries and blending

N NGO 1806 | The observation of unresolved binaries, which is likely & b

the case for a considerable fraction of stars, leads to agghan

in the photometric metallicity. Fortunately this effecap$ a

B i 1 negligible role for stars on the RGB where the mass-lumigosi

1 —{ relation is steep and even small differences in the initiatsn

N § resultin large differences in luminosity. This has beerckkd

E with the aid of synthetic CMDs and two-colour diagrams,
i which is described in Sect. 12 below.

i In crowded fields blending of stars is a related problem
r 1 which is nicely illustrated in Fig. 1 in the work of Arde-
0.5 - E - berg et al. [[1997). The first correction is to exclude the most
L | crowded inner part of the clusters thus we excluded stafrsmwit
E ~ 19” from the cluster center (details in the cluster sections).
The most probable, but unimportant, case is blending with a
faint, red main sequence star: they are not luminous enaugh t
- 41 change the photometric metallicity of a RGB star. To estémat
gl L ol the probability of blending with other stars we used the fol-
0 0.05 0.1 0.15 lowing approach: we assumed that blending takes place if the
assumed E,_ luminosity centres of gravity of two stars are nearer than th

Fig. 2. The metallicity of NGC 1806 derived from thel,(b — PSF radius divided by/2 (sampling theorem). Since the PSF

. : . : . radius was always arouridpixels the area in which only one
y) diagram is plotted as a function of the applied reddening. 5
The errors have been derived by dividing the standard demiatéj:]blend%ﬁj stba}r can ge @z ' 3d/\/§f) th' & bNext Wg éiﬂugteb? the q
of the mean metallicity with the square-root of the number ?(ﬁ?i:jse?Thaf(b _uz)ai Ori) iil Il?n?ino:it?/ irsl':aerx/ills faintefr tﬂ(;]an
stars used for the metallicity determination. the main star and calculated the probability that one ofehes

fainter stars lie within the area of the main component. Wella

the blending with a star “strong blending”, if the lumingsilif-

ference of this star and the main component is less 2hang.
increase of the assumed reddening by E(B-V)=0.03 decreaBégnding with a star that is betwe@rand4 magnitudes fainter
the derived metallicity by 0.12 dexThe degeneracy betweeris called "weak blending” and corresponds to a luminosity ra
reddening and abundance becomes a severe problem fortislef at least6 that results in shifts ok 0.2 dex. The proba-
clusters and field stars, while for young clusters it is dalssi bility of weak blending is underestimated since incomplietes
to determine the reddening quite accurately because tbercohas not been considered. However, weak blending primasily r
of the hot, bright main sequence stars is nearly independeults in a broadening of the metallicity distributionaf0.15
of temperature and thus of metallicity. The dependenceef tlex. Also the strong blending is slightly underestimatedsi
derived metallicity on the assumed reddening is illusttate a truly blended star is counted in the observed CMD only once,
Fig.E, with NGC 1806 as an example (we note that this figubit since the probability for strong blending is well belo0%
greatly exaggerates the realistic uncertainty of the reuge (See below) we regard this approximation to be justified tor o
for this particular cluster and just serves to illustraie titend). fields. Blending with a main sequence star results in a shift o

Differential reddening is another aspect of this problera. W€ combined pair towards bluer colour and and smaller m1.
cannot exclude it, however there are also no hints in favoli?® Shift in (b — y) dominates and thus the resulting metal-
of strong differential reddening. Olse@%) investigtour licity is in general larger for this pair than for the indiudl
fields in the LMC (three in the bar, one in the inner disk), vehefRGB star. Very strongly blended stars even leave the selecte
the reddening is expected to be larger than in our furtheidert colour range and thus our selection also ensures the eswlusi
lying fields. However, they detected strong differentialden- ©f heawly blended stars.
ing only around NGC 1916. For the other fields it is not signif- The fields of NGC 1711 and NGC 1806 shall serve as
icant. examples for the expected blending probability. These field

We estimated with the aid of Monte Carlo simulations, th&© rather crowded compared to the fields arqund NGC 1(.551'
as long as the differential reddening is less tfan y — 0.03 NGC 2257 and NGC 2136, but comparable with the crowding

(peak to peak), the uncertainty is small compared to theqaho?round NGC 2031. The strong blending probability with a blue

metric uncertainty. In any case differential reddeningitssn mallin seguenc? star decreases .fﬂﬁﬁhlofr.aklj&? mag RGB sta;
a broadening of the metallicity and hence the age distobuti to less t _ari% oralsmag s_,tar |n_t efieldof NGC 1711. The
probability for strong blending with a red star decreasemir

3% to < 1%. Around NGC 1806 the strong blending with red

derived [Fe/H]
1
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stars is more probable: it decreases frobfic to < 1% for a 0.5 L L R '
luminosity of the main component betwe#®.5 mag andl5 " .
mag. The probability of weak blending is forl& mag RGB L 4
starsa 10% around NGC 1806 ang: 5% around NGC 1711.
We conclude thats 5% of our selected stars have a Stromgre
metallicity that deviates by more tham2 dex from its “true”
value due to blending. Arount0% of the stars are blended
with a resulting shift ok 0.2 dex.

The deviations in age due to blending are more difficult T
determine: on the one hand the increasing luminosity wou™
result in an underestimation of the age, on the other hand
strong blending with a blue star, the metallicity would be ur
derestimated, which generally leads to an overestimafitreo
age. We conclude that also for the age, blending results
marily in a broadening of the age distribution, howeverhvet
distribution that is more extended towards younger agesiti. o
is more probable to underestimate than to overestimategihe
(this has been found with the aid of the mentioned simulatior " 7
In the discussion in Sect. 14 we will give an additional argt S T T T O S S
ment that the blending in clusters result in shifts of lesmth -1 —0.5 0 0.5
0.1 dex compared to the field, assumed that cluster and fit [Fe/H]usrel e strobel
population of the same age have the same metallicity base
the observations.

H]Cayrel de dtrobel
Q
[ ]
-
L ]

T
L]
|

SMEren
T
|

[Fe/H]Stro

dl:ci)é] 3. Difference between the Stromgren metallicity of galac-
tic supergiants (luminosity class | & II) and the metaliiegt

given by Cayrel de Strobe[ (1997). Solid dots denote "nor-
3.4. AGB versus RGB stars mal” stars while open dots are used for variable supergiants

. The reddening correction employed igB — V) = 0.03.

8.4 9.0
AGB. St"’?rs are in the age range 20° yr to 1_0 yr th_e With such a small average reddening the metallicity differ-
dominating giant stars. These stars are potentially proale

. . . .ence of the normal stars which are metal poorer thatex
since their surface abundances might have changed cons@

FA[Fe/H] = —0.01 + 0.12 dex.

ably compared to the initial composition. However, in M 1 [Fe/H] ' ' X
Pilachowski et al.[(1996) found that the AGB stars are less CN
enriched than the RGB stars.

Frogel & Blanco [1990) identified several AGB star . :

around some of our clusters, for which Olszewski et[al. (199 at are most probable highly reddened we took only super

: L lgiants with a galactic latitudg| > 20° and brighter tharg
obtained the metallicity. However, these stars are alwags oo - ;
red to allow a photometric metallicity determination mag IV into accounj[. The remaining supergiants are s_hown
' in Fig. B where the difference of the Stromgren metalilitdt

the measured metallicity (taken from the list of Cayrel d®St

3.5. Are the Stsimgren metallicities independent of the bel et al.[1997) versus the measured metallicity is displaye
luminosity class? Fig. B open circles are used for variable stars, and open star

symbols for carbon stars and stars with a CN anomaly. We

L:EerfigaigoSaZL?i:gg r:'?:;rsmf?)t?':lrl\ztlsi)\(/)vferregr:;[:j)l/ici did not attempt to correct for the individual reddening, @hi
range a-nd approach the calibration of Grebel &Rich99eXp|amS partially the considerable scatter. The verticeds

for hiah tallicities (h Iso below 0 d errif shows the location of the literature metallicity-e.1 dex and

"Z rr v:/%rlf rbr;%?elbctlallis Igei(c:)r\:\ileevreg) r?ooéviffer::():.e rt])etweeethe horizontal line indicates where spectroscopic and ghot

giantand supergiant stars has been found. ¢ From the tivabre etric metaII|C|t|e§ arg equal. . )

point of view, only a very small luminosity effect is expedte Itcan be seenin Fig] 3_that the calibration seems to hold for

(Bell & Gustafssorf 1918 and the used isochrones by GrebePgPergiants with a metaliicity of less thar0.1 dex (we have

Robertd 1995a). corrected for a systematic shift ef0.1 dex which can easily
To reinvestigate observationally the dependence of tH8 explained W'Fh_‘f’m average reddenlngEg,Y = 0.02).

Stromgren metallicity on the luminosity class, we seldctd O" Iargermetalllcmes the St_rc_;mgren metalhuuesrgete un-

supergiants (luminosity class 1 & 1) with metallicity mea_deresumgte th? ]:[rue meta!hutg. I—llowever,”tlhg ca::hmatrr‘lgz

surements and Stromgren photometry from the compilatfonk?J‘:fen rrf1a e only olr Sft?:s of subsolar met_a_ icity, thus t €

Cayrel de Strobel et al[ (1997) and SIMBAD, respectivelye THLION Of more metal rich stars Is not surprising.

major problem of this approach is the largely unknown redden

ing towards these galactic field supergiants. To exclude sta
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4. The age determination 5.1. Cluster stars

To determine ages of stars and clusters we employgHe first step in measuring the metallicity of a cluster isep-s
isochrones provided by the Geneva (Schaerer ef al.] 199&te its members from the surrounding field population. We
and Padua (Bertelli et a]. 1994) groups transformed into therformed this mainly by selecting stars within a certatiah
Stromgren system by Grebel & Roberfs (1395a); they ag@stance from the cluster. The selection radius is definddeas
called "Geneva” and "Padua” isochrones in the followingeThradius where the cluster star density starts to be higherdha
isochrones show a zero point difference to the empirical caver the background star density, which has been derived wit
ibration in the sense that an isochrone of a given metallicig radial density profile of the stars in the frame. The innestmo
is too red and/orn1 is too low compared to the calibration,part (< 20”) of the clusters has been excluded because it is im-
which is of the order of).15 dex. To solve this discrepancypossible to derive reliable photometry for stars in thisaated

we increased the:1 values of the isochrones lty04 mag to region, especially due to blending.

bring them into accordanqe with the emp|r|cal_callbr§tm For young clusters also the luminosity of a star is a good
have chosen the:1 colour index, since it contains thefilter, ¢ iterion to separate cluster and field stars, since it iy eas

which is the most critical one in the filter-band integratin 1, gistinguish bright, young cluster stars from old field RGB
the model spectra due to it's fairly short wavelength. F@8 thyi, o Clearly this criterion does not separate field and-clu

central wavelength the applied stellar atmospheres ofie®dg (o stars of similar age. The lower luminosity limit that was
and supergiants are not very precise (Bressan priv. corim). e to exclude RGB field stars in this approach has been de-
fortunately, only Geneva isochrones with metallicitiesyafre ;o mined by visual inspection of the CMD. It is straightfamat

than—1.4 dex and ages of less than®? yr were available. for NGC 1711, NGC 2031 and NGC 2136/37, where the clus-
Padua isochrones on the other hand covered only the age rgag&yars are much brighter than the field RGB, however, this

7. . . .
betweenl0™ — 10%% yr and10'%? — 10"%2* yr, thus most of ¢ yjterion could not be applied for NGC 1651, NGC 1806 and
our results are based on the Geneva isochrones. NGC 2257.

The very red part of the RGB is not red enough to de-

scribe the location of the observed RGB stars correctly, tPv(\?o reasons: we wanted to have the most reliable clustes star

isochrones are slightly too steep fd8 — V) > 1.1. With the . . . ) ;
observed RGBs of NGC 1651, NGC 1806 and the field sii0 In¢luding stars from a larger radius might lead to a twias t
wards field stars that have a similar age and metallicitgesin

. . . : e statistical field star subtraction has to work in chunks o
term to bring the isochrones into agreement with these St%ﬁour and luminosities. If the colour and luminosity rarafe
(for (b — y) > 0.7 the applied shift is0.6 - ((b — y) — 0.7), : Y

. L ) the bins in which the field stars are subtracted are chosen too
the maximum correction i&(b—y) = 0.12). After we applied . . .
) ! : . small than the Poisson error is large, if they are chosen too
this correction the isochrones fit also to the younger ctaste . Lo u "
. : : ) ... __large, then the resulting distribution is not “cleaner’nihthe
which is a hint that the colour term is valid for all gravities : )
one in our approach. Moreover, since the numbers of stars are

; . 0.5 i
However, nothmg can be said for old Stal?s (0™ yr) since frequently much smaller than for the field population, the er
no clear RGB with such an age was available to test the em-" : .

r in the number of stars would heavily depend on the field

pirical colour term (NGC 2257 is too metal poor and too oI(rl0

for this purpose). Then1 had to be changed according to thgtar population, especially if the incompleteness vatiesigly

: ; .~ with radial distance from the cluster. This varying incoetpt
colour term inb — y, which has been performed on the basis g ; . .
o . N ness would lead to a considerable uncertainty. The disadvan
the empirical metallicity calibration.

. . tage of our approach is certainly that there will always baso
The isochrones show a small age-metallicity degenera%(‘.:l]d stars |ef$p 4 4

a substantial age difference betweeh0a® yr and a10%° yr
isochrone leads only to a difference in the photometric et / .
licity of A[Fe/H] = 0.2, in the sense that younger stars woul (b N y) = 0.1 andAml =01 have been discarded. This
appear more metal rich. Since we adjustd®@’ yr isochrone selection ensures more reliable results.

(via them1 shift) to the empirical metallicity calibration, the ~ Finally, only stars redder thai — y)o = 0.6 have entered
resulting metallicity uncertainty is less than dex. Through- the metallicity measurement to reduce the systematicssinift
out the paper we assumed a distance modulus of 18.5 for the derived metallicity due to a possible error in the amplie
LMC based on surface brightness analysis of Cepheids (Gieféddening correction, which is illustrated in F[§. 2. Alsars
etal[199B), results from SN1987A (Panagia el al. 1991) andleeing redder thaib — y) = 1.1 have been discarded due to
the recent revision of the "classical” Cepheid distancébcal additional lines in the filter.

tion (Madore & Freedm8). A distance uncertainty has a From the remaining sample, individual stars have been ex-
direct effect on the age determination in the sense that Besmacluded if they deviate strikingly from the mean metallicdy

We did not perform a statistical field star subtraction for

Stars with a photometric error (DaoPhot) of more than

distance to the LMC would result in lower ages. from the mean RGB location of the other stars, because still a
few field and foreground stars might be present, as mentioned
above.

5. Selecting cluster and field stars
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5.2. Field stars Table 2. Expected foreground stars (Ratnatunga & Bahcall
: . . .. [198%) pen4(")? (the size of our CCD field) for the LMC.

Field stars have been selected with a radial selectiorricrite ) P ()" ( )

as well: we regard as field stars those with a _radial distance v, b—y) <04 05<(b-y) <08 (b—y)<08

of more than30” plus the radius used for selecting the corre13 — 15 13 0.7 0.1

sponding cluster The additionz0” have been added to ensure 15 — 17 4 3.4 0.7

that cluster stars are a minor fraction among the field stars.7 — 19 4 7.0 5.0

Only field stars with a relative photometric error of lessrtha 19 — 21 8.4 5.7 17.2

A(b —y) = 0.1 andAm1 = 0.1 have been kept. In case of To transform( B — V) into the Stré . B
the young clusters NGC 1711, NGC 2031 and NGC 2136/37 1° ransform(5 — V) into the Stromgrei — y) we used 3 —
. . V) = —0.055 + 1.707(b — y), that has been derived with the
we used all RGB stars having a distance of more @gnfrom available isochrones
the cluster center, since they clearly do not belong to thstet. '
To minimise the influence of photometric and calibration

errors on the derived metallicity, it is necessary to introsl , )
the colour criterion(d — y)o > 0.6, as it has been done in theSequence. Rotation shifts a star redwards and thus one has to

case of clusters. However, it is dangerous to limit the sam[ﬁt the isochrone more to the blue border of the observed main

just in colour since this introduces a large bias towardsamefeduence. Also unresolved binaries on the main sequence are
poor stars with larger metallicity errdlsThis is not a big prob- redder than the observed isochrones. However, since pledtom

lem for younger clusters, where the giants extend far inéo tFc errors are also present the fit of a blue envelope would be
red and therefore the metallicity measurement does nordepg*aggerated. _ _

so severely on the blue stars. To circumvent this problem and For the extinction correction the relations of Crawford &
to have nevertheless a reasonable homogeneous selegtiorB@& Nes [1970) have been employéd, (, = 0.7Ep_v and
terion, we included only stars that are redder than an iadlin£m1 = —0.3Es—,). Since the reddening is derived on the as-
line in them1 — (b — y) diagram that is nearly perpendicular t&u_mphon that the colour of the |sochroqe is correct fpr gy v
[Fe/H] = —1 dex, a metallicity which is in the middle of thePright blue main sequence we only give the possible uncer-
expected metallicity range in the LMC. This line is shown fdi@inty in the adjustment of the isochrones to the main secgien
example in the two-colour plot of the field population aroun@S & réddening error. However, our reddening is always emall

NGC 1711 (Fig[J7). than the reddening given by Schlegel et pl. (1998), which is a
hint that there is a zero point shift in— y between either our

. calibration or the isochrones on the orderf — y = 0.03. It
5.3. Galactic foreground stars might of course be a zero point shiftin the Schlegel et aliesl

Foreground stars of our own Galaxy contaminate the field afi§ Well. especially when considering that the given redugni
cluster sample in the observed fields. Most of the foregroutf@lues are frequently larger than the one by other authees (s
stars are red clump stars which show up as a broad vertiegCt: 6 - Sect. 11).

strip atb — y ~ 0.4. Ratnatunga & Bahacafl (1985) presented a

galax;_/ moneI and give thg amoun_t of galactic foregr.ounq;st@r_ NGC 1711

in luminosity and colour bins. Their results are compiledan

ble[2. With these numbers in mind it is obvious that we expeétl. The cluster

only few galactic foreground stars in the colour and lumityos

o o Several attempts have been made to determine the age of
range we used for the metallicity and age determination. P 9

NGC 1711. One of them used also isochrone fitting (Sagar &

Richtler[199]1), however, with aassumednetallicity of —0.4

6. The reddening towards individual clusters and the dex. The previous results on the age of NGC 1711 are compiled
surrounding field in Table[A.2 in the appendix. No metallicity measurement for

) _ this cluster has been published yet. The CMD of the entire CCD
Because of the large influence of the reddening on the mgaiq is shown in Fig.

sured metallicity, as described in Sect. 3, it is necessary t Using the upper main sequendé (< 18.5) we have de-
get a hand on the reddening correction towards the obseryg.q 4 reddening of,_, — 0.06 + 0.02, relative to the
regions. For this purpose we used the theoretical upper m%i&:hrone, which correspyonds 05, = 0.09 + 0.05 (the
sequence(b — y)o < 0.1 and My < 0) for the reddening ,jipration error has already been included). The detezchin
determination, because of the negligible metallicity rtieta reddening agrees, within the errors, with;_y = 0.14 given
ity effects. It is essential not to fit the isochrone to thetoen p, ~assatella et aIG) and with the reddening derive fr

of the main sequence, since the isochrones are calculated fQ, <, rements by Schwering & Isrdel (JO9A)( v = 0.11).
non-rotating stars and evolutionary effects on the uppeénmg, ; stein & Heiles (1992) giveB_y = 0.12.

! Am1 is the dominating error in the Stromgren two-colour dia- Concerning the reddening, it is important to note that the
gram. Therefore, the metallicity error will be larger for manetal surrounding field, where one can observe young stars with a
poor stars than for more metal rich stars of the same colour. similar age, shows @02 mag higher reddening, indicating that
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12 prrr ICII ' It' TTTTTITTTTT IFI‘ Ilclll T can only be decreased if observations from different nighgs
. user e averaged.
14 We measured a metallicity dF'e/H] = —0.57 + 0.06

dex for NGC 1711. The error is the standard deviation of

16 the individual stars divided by the square root of the num-
. = ber of used stars3]. Reddening and calibration error account
18 for an additional error 0f).16 dex, thus we finally obtained

[Fe/H] = —0.57 + 0.17. To be able to fit the red supergiants
one needs an isochrone with a metallicity of at leagt4 dex,

. ‘f" e

V
| T T T | T T T ‘ LI | T T T
=7
Lo v by Py
| LI | LI ‘ LI | LI
Lo by v bvr Py

LT

RO b T R 1 despite the measured metallicity. We showed in Sect. 3a2, th
0 0.5 1 0 6.5 1 the calibration is valid for supergiants, as long as theyehav
{b—y) (b—y) metallicity below0 dex. From Fig[[3 one could estimate that a

. . — T supergiant with a metallicity arourtd2 dex could be mistaken

80 E for a —0.5 dex star. However, we prefer a different explana-
60 3 tion: as described in Sect. 3, a slight age dependence exist a
o A0 & 3 counting for+0.1 dex, in the sense that younger stars appear
c ] more metal poor. With this in mind we derived a metallicity of
O F E [Fe/H] = —0.45 4+ 0.2 (we assigned an additional error of
0 F == 0.05 because of the uncertainty of the shift). A third possibil-
—n2 0 02 ity is that the isochrones does not sufficiently extend tolwar
(b—v) the red for these bright stars, despite the empirical ctonec

This is mainly a problem in the treatment of overshooting and

Fig. 4. lllustration of the reddening difference 0102 mag be- 3 common problem for red supergiants (Bressan priv. comm.).
tween NGC 1711 and its surrounding field stars. In the uppgg arrived at an age af)7-700%-05 yr using Geneva isochrones.

panel the CMDs of cluster and field are shown. In the lowgthe isochrone is overlayed in F@. 6.
panel the colour histogram of main sequence stars brigtaer t

V = 19.5 mag are plotted with a dotted line for the cluster and o )
with a solid line for the field. For illustrative purposesetta- -2+ The surrounding field population

dial selection for the field was chosen to resultin approxéiya \we used only bright{{ < 16) stars that are more thano”
the same number of field and cluster stars. away from the cluster centre and all RGB stars with a distance
of > 50”.
The field population consists of a main sequence slightly

NGC 1711 is located in front of the LMC disk. Fif}. 4 illus-more reddened and an older population clearly distingbisha
trates this difference. This also holds for a small conadiun by its giant branch. A remarkable feature is the verticatext
of brighter stars south-east of NGC 1711. Unfortunatelg, tision of the red clump (VRC), which has been observed in other
number of stars in this group is not large enough to allowageas of the LMC as well. This has been interpreted by Zarit-
reliable age or metallicity determination. However, beseaaf sky & Lin () as a signature of an intervening population
the same colour difference between field and cluster, it migowards the LMC, but Beaulieu & Sackdt (1998) showed that
form a binary cluster with NGC 1711, a configuration, whichlso normal stellar evolution could lead to such a featdra, i
seems to be common in the LM{Ze.g. Dieball & Grebef 1998 10% yr to 10°° yr old population is present. Even the fainter
and references therein). extension (or fainter second red clump), might be present (G

By inspecting the radial number density of stars arouriardi[L99p, Piatti et a[_19p9), however the numbers are defi-
NGC 1711, we have found that cluster stars begin to domin&iéely too small to allow an unambiguous identification.
(20 level) the field stars at a radial distance96f . This radius With a reddening ofEz_y = 0.11 we can derive the
has been used for the radial selection. To exclude older figngtallicity of the field stars which is illustrated in F{g. The
RGB stars, we regarded only stars brighter thgn= 15.5 average metallicity of the field population[iBe/H] = —0.53
as potential cluster members for the metallicity analyBiee  dex and the standard deviationi2 dex.
CMD and two-colour diagram of NGC 1711 is presented in The unambiguously young field stars, which are marked
Fig. [§ and Fig[J5, respectively. In the two-colour diagram waith star symbols in Figl] 7 and Fif] 8, have a mean metallicity
plotted the calibration error separately and assigned trdy of —0.56 4 0.27 which is not systematically larger than the one
photometric error to the individual stars. The effect ofsiae of the older population, even when accounting for the slegje
two errors is completely different: the metallicity errasedto  dependence of the metallicity. Stars in the narrow metsllic
the photometric errors decrease with increasing size afdhve  range—0.75 < [Fe/H| < —0.45 (filled circles) do not exhibit
ple, while in contrast the metallicity error due to the cedifion @ uniform age. An upper age limit of the field starg @2 yr.
This means that betwed”-” yr and approximately0%-2 yr
2 10% of the LMC clusters are thought to be paired no clear age-metallicity dependence can be seen in this field
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Fig. 5. Reddening corrected two-colour diagram for the starBig. 7. Two-colour diagram for the stars which are further

selected in the CMD of NGC 1711 with a radial & 90”)

bration error.
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than110” away from the cluster centre of NGC 1711. The in-
and a luminosity criterion|( < 15). (Fig. @). The open clined line from the upper left to the lower right marks the se
squares are used for excluded stars, while the filled circlésction criterion applied to the colour: only stars reddenrt
show stars which entered the metallicity determinatiore Ththis line have been used to calculate the mean and standard
apparently metal poor star is most probable a Galactic hateviation of the field star metallicity. The open squares red
foreground star. The cross at the right border shows the catler than the selection line are stars fairiter= 15, the stars
brighter thanV/ = 15 are shown as open stars. Filled circles
represent stars being faintér = 15 and in the metallicity
range—0.75 < [Fe/H] < —0.45. The other open squares
mark all stars for which the calibration by Hilkdr (1$99) is

\/al'i% The insert shows the metallicitv distrihiition of sthrs

14 —

18 —

20

0.5 1
(bfy)n

Fig.6. CMD for the cluster area of NGC 1711. The symbold-ig. 8. CMD of the field stars around NGC 1711. Only stars
are the same as in Fig. 5. Geneva isochrones are overlaid wigtdder than the colour selection line have been marked with
—0.4 dex (full line) and—0.7 dex (dashed line) with an age symbols. The symbols are the same as those used in the
two-colour diagram of the field stars (Fiﬂ. 7). The younger
isochrones are Geneva isochrones with a metallicity @f

dex and—0.7 dex and an age dfo”% yr, the older one has a

of 1077 yr.
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8. NGC 1806 8.2. The surrounding field population

8.1. The cluster The metallicity of the field population has been derived with
all stars that have a distance of at leadt” from the cluster

NGC 1806 is older than NGC 1711, which can immediatelyentre. With the above stated reddening the mean metgallicit

be seen from its pronounced RGB (see I@ 10). No prewif the field population can be obtained a8.67 dex with a

ous CCD CMD is available in the literature. A faint main sefrelatively small) standard deviation 623 dex.

guence of a younger field population is visible in the field A feature that is visible in the two-colour diagram of

around NGC 1806 (Fid. Al1). This population has been us8tGC 1806 (Fig[ 41) is that stars that are redder thany ~ 1

to determine a reddening &,_, = 0.12 £ 0.02 (Ep_y = seem not to follow a straight line for a given metallicity,tbu

0.17 4+ 0.03), which agrees, within the errors, with the valuesther get smallern1 values with increasing — y. The de-

given by Cassatella et a87E,§_V = 0.12). Schwering viation is of the order-0.5 dex. This behaviour is similar to

& Israel (199]1) giveE5_ = 0.10 and Schlegel et al[ (1998)what is observed among the cluster stars of NGC 1806. Again,

Ep_v = 0.24. Burstein & Heiles [1982) derived a reddenwe argue that these stars might deviate from the line of con-

ing of Ez_y = 0.06 towards this direction. We assumed thaitant metallicity given by the calibration. If these staetomg

the cluster is reddened by the same amount as the field maim true metal-poor population one would expect to find more

sequence stars. The strong dependence of the derivedimetathetal-poor stars with a colour betwee® < (b — y)o < 1.1;

ity on the reddening correction has been demonstrated ifor tthis is not the case. No star is found in the whole colour range

cluster in Fig[p. with a metallicity of lower than -1.3 dex, while four starsar

Only stars within the radial distance @ have been taken found in an even smaller colour range afb — y) = 0.1.
for the metallicity determination. In addition, some strs Therefore, one would expect to find at least eight stars in the
ing apart from the average RGB location have been exclud@#!€r colour range when assuming a homogeneously populated
These stars are marked with open star symbols in the clug&#B. which is not unreasonable since the bottom part of a
CMD (Fig.[I9). The inclusion of these stars would not chang&®B around this age usually is even more populated than the
the derived metallicity. upper part of the RGB. These peculiar red stars could be fore-

. o _ ground stars as well, however it is intriguing that they abeeth

We obtained a meta_lhcny die/H] = 0.'71 + 0.06 d_ex with the other RGB stars in the CMD. Therefore we think that
for NGC 1806. The calibration and reddening uncertainty res :
sult in an additional error of\[Fe/H] — +0.23 dex, hence ey belong to the LMC. Thus we reconfirm the statement that

[Fe/H] = —0.7 + 0.24 dex. The reddest cluster star (that hadven low metallicity stars are only good tracers for metjfi

been excluded because of its red colour) is an identified AGE long as they are bluer than- y = 1.1.
star (Frogel & Blancd 1990, LE 6), for which Olszewski et al.
(1991) determined a metallicity 6f0.7 dex, which is in good 9. NGC 2136/37
agreement with our value for this cluster.
9.1. The cluster

The two-colour diagram is presented in F[b 9. Some re-
markable stars are those being red@er y) = 1.0 and ap- NGC 2136/37 is a potential triple cluster system (Hilkerlet a
parently more metal poor than the other cluster stars. Behdl995k) and thus another example of the common multiplicity
stars were members of a true metal poor population one wo@f@ong LMC clusters. The main components have an angular
have expected to find bluer stars of the same metallicitycvhiseparation ofl’.34. We have re-investigated this cluster due
is not the case. Because of this reason we think that these si@ the availability of Stromgren isochrones and becausbef
belong to NGC 1806, but they possess additional absorptia@ calibration. NGC 2136 contains at least eight Cepheids
lines in they band compared to the bluer RGB stars. This i§aking the knowledge of its metallicity particularly inésting
theoretically expected for red stars with solar metaffidiow- for the Cepheid distance scale and the metallicity depeseden
ever the theoretical Geneva isochrones of this meta”hﬁjy of the PLC relation. The Cepheids have not been included in
not extend far into the red regime and no Padua isochrone wifig derivation of the metallicity.
appropriate metallicity and age has been available. ;Fnem t After the inspection of the radial number distribution of
identified AGB star one might speculate that these deviatifitprs around the cluster centre we selected all stars wit-a d
stars are AGB stars in NGC 1806, which is Supported by tk@nce of less thams” . Additionallywe excluded probable RGB
best fitting isochrone (see below). stars of the field population with > 16.5.

The age determination is illustrated in F@ 10. The best The reddening can be determined with the upper main se-
fitting isochrone yields an age ab®7+%! yr. This is much gul%ni% gg)d _I‘f‘r’:iesc;ztgggi’;i;ﬁ th:e rgggeﬁifé(gb(EB_VO (;
younger than the age df0?-6+-! yr derived by Bica et al. " o). TS DBV =
(1996) using the SWB classification. The red branch of t ven by Schwerm_g & Israe[ (19p1). Burstein & Heilgs (1082)
isochrone consists mainly of AGB stars especially in the erﬂ-taIneOI a reddening @p_y = 0.075.

- Lo The resulting metallicity of NGC 2136 i§Fe/H| =
loyed colour range for the metallicity determination.
Ploy g Y —0.55 4 0.06 dex (see Fid. 13). Two stars have been excluded,

one metal rich one with solar metallicity and a metal poor one
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Fig. 9. Two-colour diagram of NGC 1806. The filled circlesFig. 11. Field population around NGC 1806 (radial distance
refer to stars with a distance of less thi#¥f from the cluster larger than120”). The filled circles are stars that have been
centre. In addition to the usual selection criteria we hawve eused to determine the mean metallicity of the field and are
cluded stars that are brighter or fainter than the average@ RGused for the metallicity histogram shown in the small panel.
asindicated in FigEZlO. These stars are marked with open stne open squares on the blue side are stars for which the
symbols. The stars marked with filled circles have been usedlibration is valid, but have been excluded according to ou
for the metallicity determination. The applied reddening-c colour selection. The open squares on the red side of the two-
rection is shown as an arrow in the upper left corner. colaiir dianram show stars hevofir— .. = 1 1. for which
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{b=v) Fig.12. The CMD of the field stars around NGC 1806. The
Fig. 10. CMD of the NGC 1806 cluster stars. The overplotfilled circles are stars which have been used for calculating
ted Genevaisochrones have a metallicity of -0.7 dex and agé§ mean metallicity. The overplotted isochrone is the same
of 1087 yr (solid line) and1086 y (dashed line). The sym- solid one as in Fig. 10 and serves to illustrate the locatfon o
bols are analogous to the ones described in the two-coloifie cluster RGB.
diagram for NGC 1806 (Fig] 9).
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with ~ —1 dex. The more metal rich star is most probably &3 as galactic foreground reddening in this direction. On the
binary star or the centre of a background galaxy, sincgits other hand derived Schwering & Isra91) a reddening of
value given by the DaoPhot PSF fitting routine is worse thdriz_ = 0.1. Burstein & Heiles 2) derived a reddening
for stars with comparable luminosity. The more metal poar stof Egz_y, = 0.07. Using our reddening value a metallicity of
might be a remaining field star. The stars used for the metfre/ H] = —0.52 & 0.21 can be derived (the error includes the
licity determination are shown together with thiée/H| his- reddening error and the calibration error). With this metal
togram in Fig[ 1B. Including the calibration and reddenimge ity we found the best fitting isochrone to be®!%%-1 yr. This

we got—0.55 + 0.23 dex. This is the same value as Hilker eagrees well with the age determined by Mould et 993)
al. (1995p) one obtained. (108-14%0-05 yr with —0.4 dex).

The age of this cluster i$0%°*%-1 yr. In Fig.[14# Geneva
isochrones with an age / metallicity ef0.4 dex /107 yr and
—0.7 dex /103! yr are overlayed.

For NGC 2137 we have chosen a radial selection radiibe mean metallicity of the field population for this clusier
of 20”. Within this radius two stars remain after applying th&'e/H] = —0.75 dex and the standard deviationi4 dex.
usual selection criteria. These stars are plotted witls stam- Definitely young stars are selected in the CMD (I@. 20) and
bols in the two-colour plot and CMD of NGC 2136/37 (Fig] 1&re marked with open star symbols, while the older starshvhic
and Fig.[14). The metallicities and ages of NGC 2136 amdn be used to determine a metallicity are marked with filled
NGC 2137 agree well. Therefore, it is plausible that thess-cl circles. The metallicity distribution of the older starsstsown
ters are a physical pair and not just a chance superpositionin the small panel with the solid line and the distribution of
Hilker at al. {1995a) already stated. the younger stars with a dashed line. It can be seen, that we
do not find young metal poor stars, although we also find older
stars with the same metallicity as the younger ones. However
the younger stars are in average more metal rich than the olde
The two-colour diagram of the field star population is showsfars.
in Fig. 1 and the corresponding CMD in Fig] 16. The stars
brighter thanV = 16.2 are younger than the majority of the
RGB stars and are marked with open stars in the two-colobt NGC 1651
diagram and the CMD of the field population. Unlike the casg| 1. The cluster
of the field population around NGC 1711, the younger stars
have a lower metallicity than the dominating older RGB fieldhe RGB of NGC 1651 merges with the RGB of the field pop-
stars, however, also a large fraction of RGB stars have thi@tion which can be seen in the CMD of all stars found in the
same metallicity. We measuréfie/ H] = —0.75 dex for the field around NGC 1651 (Fig. A-1). This makes the visual sep-
mean metallicity and).59 dex for the standard deviation. Foraration of field and cluster stars in the CMD impossible. It is
the younger population (star symbols in Higl 16) we derive &hly possible to distinguish a few young field stars unambigu

10.2. The surrounding field population

9.2. The surrounding field population

abundance ofFe/H] = —0.46 and a standard deviation ofously from the mixture of field and cluster RGB.
0.11 dex. In Fig.[1Ip an isochrone with a metallicity ef0.4 We decided, after inspecting the radial number density of
dex and an age dfo®? yr is plotted that fit these stars. stars around NGC 1651, to use a radiussf for the field

and cluster separation. In addition we excluded three $tars
ing well below the cluster RGB. They are most probably fore-
10. NGC 2031 ground stars in the Galactic halo because a LMC star with such
10.1. The cluster a luminosity and metallicity would have an unreasonable age
of more thar20 Gyr. Also two stars above the mean RGB of
To select the members of NGC 2031 we chose (from the radiaé cluster stars have been excluded. All these excludesl sta
density distribution of starsj5” as a good radius to separatdave been marked in the CMD and two-colour diagram of
cluster and field stars effectively. In addition to our ussed NGC 1651. The remaining stars used for the metallicity and
lection criteria we have also excluded the very metal paar stge determination are shown as filled circles in the two+aolo
with —2.3 + 0.3 dex, which is most probably a foreground stadiagram (Fig@l) and CMD ( Fi@Z).
judging from its very deviant metallicity. Another exclutle  The reddening given by Schwering & Isragl (1991) is
star is slightly above the cluster RGB. However, its matalli Ez_y, = 0.08, Mould et al. [1997) used’z_, = 0.1 for
ity fits well to the metallicity of the cluster. The stars uded this cluster, Schlegel et aI) foutfth_ = 0.14 to-
the metallicity and age determination are shown in Eb 1y awards this direction and Burstein & Heiles gi##;_y = 0.1.
Fig.. With a reddening offz_y = 0.1 the cluster metallicity would
For this cluster we have found a reddeningf , = be—0.28 £+ 0.02 dex. However, no fitting isochrone with such
0.06 = 0.03 (Eg_yv = 0.09 &+ 0.04). Mould et al. 3) reddening and metallicity can be found. The theoretical RGB
quote Ep_y = 0.18 £ 0.05 based on HI measurementsstars of this rather large metallicity would be too red orr fo
Schlegel et al.8) give the even larger valudigf_y, = younger ages - the main sequence should be visible. The only
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Fig.13. Two-colour diagram of NGC 2136/37. Solid dotsFig.15. Two-colour diagram for the field stars around
are used for stars which have been used to determine tN&C 2136/37 (further than20” away from the centre of
metallicity of NGC 2136. The two open star symbols shoWNGC 2136 and further thafi0” away from the centre of
the giants that belong to NGC 2137. Open squares bluBiGC 2137). Filled circles and open stars symbols mark stars

b —y = 0.6 mark stars for which the calibration holds, butthat have been used to calculate the mean and standard devi-

which have been excluded. The apparently metal rich staasion of the field star metallicity. Open squares show starrs f
has been excluded because of its deviant location from tlhich the calibration is in principle valid, but they havesbe
other giants in this diagram. The histogram shows the metaxcluded due to our colour selection. In the insert the solid

licity distribution of the NGC 2137 and NGC 2136 giants.
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line shows the metallicity distribution of all stars reddean

the colour selection line, the dashed line indicates themet
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Fig. 14. CMD of the NGC 2136/37 stars. The red giants useéig. 16. CMDs of the field population around NGC 2136/37.

for the metallicity determination are denoted by the sam&he symbols of the marked stars are the same as the two-

symbols as in the two-colour diagram (F@ 13). Overlayed isolour diagram (Fig|:1.5). The isochrone has an age0df
a—0.4 dex Geneva isochrone with an agel6f-® yr (solid yr and a metallicity of-0.4 dex.

line) and one with a metallicity of-0.7 dex and an age of

1089y (dashed line).
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Fig. 19. Two-colour plot for the field stars around NGC 2031

the centre of NGC 2031. The stars that have been used fovith a radial distance larger thdn0”). Filled circles mark

the determination of the metallicity of NGC 2031 are showrstars which have been used to calculate the mean and stan-
with solid circles and in the insert with the solid line indard deviation of the field star metallicity. The open sqeare
the histogram. Excluded stars are displayed using with opémdicate excluded stars In the small panel the solid linevsho
squares: one is redder than the used colour range, four @ne metallicity distribution of the older stars, the one loé t
bluer and 2 stars lie well apart from the mean location of thgounger stars is plotted using a dashed line. The younger

other stars in the CMD shown in Fig.]18.
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stars are selected in the CMD (F@ 20) and are marked in
theli:MD with open star symbols.
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Fig.18. CMD of NGC 2031. The symbols are the same-ig.20. CMD of the field population surrounding NGC 2031
as those in Figlj?. Overlaid are Geneva isochrones with(they have a distance of more thar)” from the cluster cen-
metallicity of —0.4 dex and an age afo®° yr and108! yr,

respectively.

tre). The filled circles are the older stars that have beed use
for the metallicity determination of the field. The open star
symbols have been selected due to their younger age, their
metallicity distribution is shown in the insert in Filg] 18twi

the dashed line.
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possibility to fit an isochrone is to use a smaller reddenimdy adening being present, one would have derived a metallidity o

hence a lower metallicity. Only with such a metallicity afsel [F'e/ H] = —0.21+0.19 dex for these stars. With such a metal-
consistent fit in the CMD and the two-colour diagram can Bieity they could have been fitted with E08-8+9-1 yr Geneva
found. isochrone.

Using Ey—, = 0.03 (Ep—v = 0.04) the cluster metallicity
derived is[Fe/H] = —0.58 &+ 0.02 dex. The two-colour di-

agram for this reddening is shown in Fg] 21. The calibratiok?- NGC 2257
error accounts for an additional error @fl9 dex._Using this 15 1 The cluster
metallicity the age ig€0%3+%! yr. The isochrone is overlayed
to the cluster CMD in Fig| 22. The oldest cluster in our sample is NGC 2257, which can be
However, this solution is not unique: also with a smallezeen from the cluster CMD (Fify. 26) that is very similar to the
reddening acceptable fits are possible, resulting in laages CMDs of Galactic globular clusters. Especially the pronmedh
and smaller metallicities, hence we only got a range of paranilue horizontal branch (HB) is a sign for an old, metal poor
ters for this clusterd.01 < E,_, < 0.05, —0.65 < [Fe/H] < population. NGC 2257 liesr 9° away from the centre of the
—0.45, 10%4 > Ig(Age) > 10%9. The calibration uncertainty LMC to the north east. Because of this large distance the field
has to be included into these upper and lower limits. Thians stis very sparsely populated, thus we renounced a radial-selec
around this cluster have been spectroscopically investigay tion, because no radius can be found at which the field stars
Olszewski et al.[(1991). Two have been identified, both bdominate.
ing very red (b — y) > 1.3. They are also identified AGB No reddening determination via a main sequence is pos-
stars (Frogel & Blancp 1990). These stars have a metalligitysible. However, only a reddening of less thAp_, = 0.06
—1.33 dex and—1.6 dex, a more metal rich{0.37 dex) AGB results in consistency of a reasonable age with a reasonable
star could not be identified. metallicity. We adopt here the reddening used by Testa et al.
NGC 1651 has been observed with the HST by Mould et §.995),E5 1 = 0.04 and an error oAEp_y = 0.04. Schw-
([997). They derived an age d6°2+0-1 yr (using[Fe/H| = ering & Israel's map[(1991) shows a reddeningfo_ =
—0.4dex). The age is in good agreement despite the metallicity)3 at position of NGC 2257, Schlegel et 4l 1b98) give

discrepancy. Ep_v = 0.06 and Burstein & Heiles[(19B2F 5z = 0.04.
The elongated and tilted red clump of the cluster (sd¥ith a reddening of£z_y = 0.04 the metallicity measure-
Fig. R2) is a feature that remains worth mentioning. The €loment results infFe/H] = —1.63 + 0.21 dex (including the

gation is approximately along a reddening vector, howevealibration errors). In the two-colour diagram the metétli
strong differential reddening should not cause this shames determination is illustrated in Figj. 5.
the RGB does not show a similar large colour spread. We con- The age has been determined like in the previous cases,
sider it more probable that this it is an intrinsic featureaeHB however since no Geneva isochrone with such an age and
of a certain age and metallicity. The red clump of the field-pometallicity had been available we used Padua isochrones. Th
ulation does not show this elongated shape, it is ratheghthli best matching (-1.7 dex) isochrone is overlaid on the CMD of
fainter clump. Such an elongated red clump has also been titis field in Fig.. The RGB of an old population evolves
served by Piatti et al[ (19p9) with in the Washington system slowly and thus its location does not differ much between dif
three of their21 investigated fields. In case of NGC 2209 theferent ages. Therefore, we can only define an age range from
discuss the possibility that an increased helium contedtifer 10'° yr to 10193 yr for this cluster, when limiting the age de-
ferential reddening could cause such a red clump morphologgrmination to the RGB. If the isochrones represent well the
colour of the HB, then the age uncertainty will drop severely
since the HB of younger clusters is much redder (around
(b — y) ~ 0.3) than that of older ones. In this case the al-
The dominating field population around NGC 1%k /H] = lowed age range is merelp!%-24 — 101%-3% yr. The linear age
—0.75 using the low reddening of,_, = 0.04. The two- uncertainty is much larger than for the younger clusters, di
colour diagram for the field population is shown in . 23 anclissed above. The reason for this is not an increased photo-
the corresponding CMD in Fi@m. The red clump of the fielthetric error, but rather an intrinsic effect of the age-Inasity
population is not elongated and slightly fainter. evolution: the brightness (in magnitudes) of the RGB desgsa

In this field, two groups of stars show up with distinctvith age approximately logarithmically, therefore theoerin
metallicities: one group with an approximately solar alamzk the age of young and old stars should be in first order the same
([Fe/H] = 0.03 £ 0.03 dex) and one group aroundl dex. in theexponentFor the younger cluster this error was around
The metal poor stars can be fitted with a Geneva isochrdhd, comparable to the error in case of NGC 2257.
of —1 dex and an age on the order %6 yr. However, it Testa et aI.5) obtained deep B and V HST observa-
is impossible to find a fitting isochrone for the apparent motions and concluded from the Turn-Off location and an assume
metal rich stars (around dex), since these stars would havenetallicity of -1.7 dex that the age s 10'°! yr. Geisler et
an age around0®® yr and thus many more main sequencal. (1997) found an age df0'%-°7 yr. Recently, Johnson et al.
stars should be present. Only with the assumption of no rfl999) used deep HST observations of three true LMC globular

11.2. The surrounding field population
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Fig. 21. Two-colour diagram of NGC 1651. The cluster starg-ig. 23. Two-colour diagram of the field population around
have a distance of less théf” from the cluster centre. The NGC 1651. The stars that have been used for the metallic-
filled circles denote stars which have been used for the metidtly determination are marked with filled circles and openm sta
licity determination. The stars marked with open star synsymbols. In the insert their metallicity distribution isofted

bols have been excluded because they deviate considera#$yhistogram. The separation into stars marked by filled cir-
from the mean RGB location in the CMD of this clustercles or open star symbols has been applied according to their

(Fig. ). location in the two-colour diagram (metal poor/ metal rich)
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Fig.22. CMD of NGC 1651 with a-0.4 dex,10%! yr (solid  Fig. 24. CMD of the field population around NGC 1651. The
line) isochrone and a-0.7 dex, 10°2 yr isochrone over- symbols correspond to those used in I@ 23. The isochrone
plotted. The filled circles are the stars that have been uséds a metallicity of-1 dex and an age of Gyr.

for the metallicity measurement.
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Fig.25. Two-colour diagram of the stars in the field of Fig.26. CMD of the stars around NGC 2257. The solid
NGC 2257. Since no radial selection criterion has been apadua isochrone has a metallicity efl.7 dex and an age
plied, stars have only been selected in the CMD, accordiraf 10'%2* yr. The dashed Geneva isochrone has a metallic-
to colour and luminosity. Stars being most probable clustéty of —1 dex and an age df0* yr and the dotted Padua
members are shown as filled circles, stars fainter the me&wchrones have 1.3 dex and10%2 yr, 10%-6 yr. Symbols as
RGB are shown as open star symbols and brighter stars iasFig..

squares. Stars blu¢b — y) = 0.6 for which the calibration

is valid, but have been discarded are shown as open squares

asstal iRehutimgeltazesitenide asotheierdtalfig 26amco gradient in the outer cluster system while none was obstvab
pared to Galactic globulars. They found that these old etgstfor the inner clusters.

have an age that is not distinguishable from that of M 3 and The field population in the vicinity of NGC 2257 has been
M 92. studied by Stryke[(1984). Her analysis revealed that theaine
licity of the field population is larger than that of NGC 2257
and that“star formation occurred in the field long after the
formation of the cluster”.She estimated the age of the field

In spite of the low stellar density, a few field stars couldénaomponent to b& — 7 Gyr old. We recalculated the age of
been identified due to their deviating age and metallicitghe this population based on her photographic CMD: we estimated
two-colour diagram (Fid. 25) stars having a metallicityiard  the luminosity difference between the turn-off of this plapu

1 dex and being redder than- y = 0.6 have been marked tion and its red HB to b\l = 2 + 0.3. Walker et al. [[1993)
with open star symbols. These stars form in the CMD (Fip. 28}so found a younger field population around NGC 2257 with
a RGB lying below the cluster RGB. With a metallicity of 1ST observations. The field population around this cluster i

12.2. The surrounding field population

[Fe/H] = —1 dex the age of the population 1§°4 yr. No best fitted by a Padua isochrone with an agé.6fgyr and a
other field component (except probably some Galactic for@etallicity of —0.6 dex. Using F'e/H] = —1 and applying the
ground stars aroun@ — y) = 0.5) have been found. calibration given in Binney & Merrifield (1998) we end up with

The age and metallicity obtained for the field stars agreB8 29€ Oft & 1 Gyr for this population which is comparable to

well with the values found for the field population around th@Ur derived age.

investigated clusters that are closer to the LMC centres Thi

indicates that, if a radial_m_etallicity gradie_nt existsc#nnot 3. The method to derive an AMR and SFH of the field
be very pronounced. This is consistent with the result of OI- population

szewski et all 1991 who did not find a radial metallicity geadi
in the cluster population of the same age. However, there isnaorder to extract detailed information concerning an AMR
metallicity gradient in the sense that younger clustersfestdi and/or the chemical enrichment history of the field, it is-nec
stars tend to be more concentrated (Santos Jr. 1969) essary to use a more sophisticated analysis than just nigrivi
thus the mean metallicity of all stars should show a metsfllic a mean metallicity and its standard deviation. Thus we esti-
gradient. In contrast Kontizias et 93 found a metgylic mated an age for each star with a measured metallicity. For
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these measurements a set of isochrones with different ageseit masses on the RGB. Therefore one has to account for the
each metallicity has to be available. Therefore we intexfeal IMF to get the SFH. Secondly, systematic shifts, for example
Genevaisochrones linearly to generate isochrones thabare due to differential reddening or binaries, have to be carsid.
tinuously distributed in metallicity. For each star thedsmne Finally one has to be aware of the fact that the conclusions de
of the appropriate abundance with the minimal luminosify dipend sensitively on the used set of isochrones. Taking edieh
ference to the star has been identified and the correspondiffgcts into account is a highly complex problem and there is
age has been assigned to the star. This method obviouslylitde hope to disentangle them analytically. To get nevel¢ss
sulted in discrete age binning for the field stars (the sizh®f a handle on these effects and an idea about the accuracy of our
age bins idog(t) = 0.1). We did not interpolate in age, sincemethod, we created synthetic CMDs of field populations with
the age uncertainty due to the discrete age sampling isamatlifferent ages and metallicities using a Monte Carlo alfjoni

than the error due to the photometric error, the calibragimar and Geneva isochrones. The program allows one to include the
and the errors connected to reddening and blending. (measured) errors, differential reddening, depth stnecta bi-

Our method is not free from ambiguity, since for most stargry fraction and arbitrary SFHs. Binaries have been chosen
one can derive two solutions, one for the RGB and one ftandomly (according to a white random distribution) and are
the AGB. For stars older thar0?-2 yr one can neglect this ef- not important for the further investigation that regardlysad
fect becausa) the luminosity difference between the AGB angjiants. Even apart from the problems in interpreting the AND
RGB and thus the inferred age difference is small comparedi@ age distribution and thus the SFH depends rather sgrongl!
the other uncertainties in determining an age for thesevedol on the assumed reddening and possible differential reddeni
stars andb) the fraction of AGB to RGB stars in our colourThus the results should be regarded more in comparison with
range is small due to the lifetime difference. For youngasagthe SFH derived with deep photometry (e.g. Gallagher et al.
the AGB stars play a considerable role: they dominate in t, than as an independent measurement of the starformati
used colour range for populations with an age betws®? history. Holtzman et a[. 1999, Elson et al. 1097, Romanietlo
yr and 10! yr (see e.g. the overlayed isochrone in FIE 10;1I.) and serve as a consistency check.

To account for this problem we used the following approach:

we determined an AGB age and a RGB age for each star. If L

AGB andthe RGB age were older tha®®3 yr we assigned PE1. Tests with simulated data

only a RGB age to the star. In case that we found a RGB age test our applied method we generated several artifictal da
betweenL0% yr and10%7 yr we used the AGB age to accounsets. In Fig[ 34, bwe show the resulting AMR and AND of two
for the dominance of the AGB stars in our used colour rangsf.these simulations. The left ona)(consists of three popula-
For the other ages we used either a mean AGB & RGB agetidns with 1034 yr, —0.2 dex and10%! yr, —0.4 dex and10°-3
none of the isochrones had a luminosity difference of leas thyr, —0.7 dex, respectively. The number ratio old-to-young-stars
0.1 mag or we used the age that correspond to the isochrage : 1 : 10. No error was applied. In the right two panels
with a luminosity difference of less thanl mag to the star.  (Fig. [23b) we have included the photometric errors, a binary

The uncertainties in the extension of the isochrone téraction of 70% and differential reddening &fE'5_y = 0.04.
wards the red is not critical for this investigation as lorgy ahe IMF used in both simulations (a Salpeter IMF down to
one is not concerned with the number of stars with a cér8M ) is not important for the resulting AMR because of the
tain age/metallicity. More severe are possible problemthén small mass interval on the RGB. The open circles show the in-
shape of the theoretical models, which might result in a sysdt age and metallicity, while filled circles are used for ¢ixe
tematic shift or distortion in the age scale, thus all ouultss tracted mean values for the metallicity. However, the IMBns
on the field population is valid for the only currently availa essential input parameter when deriving a SFH. Fortunately
Stromgren isochrone set. However, since these isochifitness not very critical for relative number ratios as long asltfie
reasonably well to the studied clusters, we are confident tllid not change with time. This is an ad hoc assumption in our
the AMR is quite robust concerning the applied isochronesimulation since we cannot constrain any mass function with
We cannot circumvent this problem and it is necessary dor method. The AMR of the input population in the shown
get Stromgren isochrones for more recent stellar modets wsimulation follow the AMR proposed by Pagel & Tautvaiswéen
which the results can be compared. ). Thus this simulation demonstrates our ability table

Since the age resolution on the RGB is not very good th@recover the shape of the AMR proposed by these authors (on
derived age for an individual star is not more precise thartlze basis of the given isochrones). It is impossible to séempo
factor of2 for older stars, therefore all results can only be irtial bursts in the SFH and it is clear that it is very difficudt t
terpreted statistically. derive the SFH from this procedure, only rough estimatidns o

The applied procedure resulted in an AMR and an age nuthe SFH can be made.
ber distribution (AND). The latter can be used to derive tteg S
Formation History (SFH) of lthe combined pop_ulation_. Howi3.2. Tests with the observed fields
ever, one has to bear in mind that the AND is not just the
star formation rate (SFR) counted in logarithmic bins.trrsd  We tested our method also with the aid of the observed clus-
most obvious is the fact, that stars of different ages haferdi ter stars. We used radially selected samples around the clus
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Fig.27. The age-metallicity relation (AMR) and the agefig-28. The age distribution of stars around the combined
number diagram (AND) of two simulations are shown t§€lds of NGC 1806 and NGC 1651. The solid lines shows

demonstrate the effect of selection effects, photometrizre the number of stars recovered when stars are used that are les

and systematic uncertainties. The input of the simulatimm ¢ than75” away from the centre of NGC 1651 ai6d” from
sists of three discrete populations with-4 yr, —0.2 dex, 1091  the centre of NGC 1806. We used a smaller selection radius

yr, —0.4 dex and10%8 yr, —0.7 dex as age and metallicity, re-for NGC 1806 since this cluster appears considerably larger
spectively. The number ratio is : 1 : 10. In the left panel than NGC 1651 and we wanted to get comparable results. Stars
a no error was applied, in the right panelwe assumed the Nearer thar20” to the cluster centre have been excluded. The

same photometric errors as for NGC 1711, a binary fractigiotted line are the number of field stars around these chister
of 70% and a differential reddening &fE_y = 0.04 (peak Scaled to the same area.

to peak). The open circle indicate athe input population’s

age and metallicity and ib our measured mean AMR. Filledthan the one we used to derive the cluster’s age and metgallici
circles are used for the mean metallicity we derived from théa isochrone fitting. In Fig: 28 the age distribution of theldi
simulated measurements. The dotted lines in the lower graghars scaled to the same area as the cluster stars is platted w
illustrate the input population’s age. the dotted line.

log(age [yrs])

ter centre and determined for them automatically the mean eiLgA' The AMR of the combined field population

and metallicity. The results are shown in Taple 3 where algomajor problem in deriving a reliable AMR and SFH is the
the error of the mean metallicity and the standard deviatiosmall number statistic of field stars available for such ar$n
o([Fe/H]) ando(log(Age [y]))) is given for each cluster. Thetigation after applying the selection criteria. To overethe
results for all clusters (except for NGC 2257, see below) aseatistical problems, we have summed up all the CCD fields to
in good agreement with the ages that had been found witlork on a “global” LMC field population. With this approach,
isochrone "fitting”. For NGC 2257 we did not expect to findve are able to present an overall picture of the field AMR of
the cluster's age and metallicity since or method applidg orthe observed regions. Our sample of field stars (comprigidg 6
to stars having an age of less than10 Gyr and a metallic- RGB stars, for which an age and a metallicity has been mea-
ity of more than—1.5 dex. The standard deviations around thsured) enabled us to derive a "global” AMR and AND, where
mean values are considerable, however, systematically% “global” rather means an average over our pointings. The dis
smaller than for the field populations. tances of our inner clusters from the LMC centre are between
In Fig. we show for two clusters one with a pronounced6® and4°. This corresponds to a projected distance differ-
RGB and the other with a AGB the result of this method. Wence of approximatelg kpc between the investigated fields.
use the stars up to a distances6f and75” around NGC 1806 However, we did not weight these different fields and thus our
and NGC 1651, respectively, as a combined input. The clustegsults are more influenced by the stellar population around
can be seen as peaks at the correspondinglddé r, 1057 NGC 2031 and NGC 1806 than by for example the field stars
yr). The selection radius for NGC 1651 was two times largaround NGC 1651. Since aftérGyr the stars should be well
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Table 3. Automatically determined age and metallicity of the inigested clusters

Cluster [Fe/H] o([Fe/H]) log(Agely]) o(log(Age [y])
NGC 1651 —0.63 +0.04 0.26 9.24 +0.06 0.35
NGC 1806 —0.56 £ 0.04 0.32 8.66 + 0.05 0.38
NGC 2031 —0.45 £+ 0.05 0.19 8.16 +£0.07 0.26

NGC 2136/37 —0.56 + 0.03 0.10 8.16 +0.05 0.16
NGC 2257 —0.85+£0.10 0.29 9.27 +£0.14 0.40

! A reddening ofE,_, = 0.03 has been used.The whole field of NGC 2257 is used.
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%ig. 30. Two-colour diagram of all field stars found around the
investigated clusters. Solid circles are used to mark sténsa
reliable metallicity measurement. Stars being redder than
y) = 1.1 have been excluded, as usual. The solid histogram
mixed within the LMC (Gallagher et gl. 1996; they assuntiedin the insert shows the metallicity distribution of all stathe
km/sec as velocity dispersion of a typical LMC star). Thus thdashed line the distribution of stars being younger thath*
sample has a global meaning at least for the stars being older
thanl Gyr.
The CMD and two-colour diagram of this combined popu-
lation is shown in Fig] 30 and Fifj. 29, respectively. licity of the Geneva isochrone set is1.3 dex. For stars that
The derived AMR is shown in Fig. B1 and tabulated in Teare more metal poor we used thé.3 dex isochrones to derive
bI. The plotted “error” bars give the standard deviafio the age (if the luminosity difference between the star armd th
metallicity of stars with the same age and is not an erroref tfsochrone was< 0.1 mag), which means an underestimation.
mean metallicity, since we do not believe that in each age BWvith these stars included, the oldest bin of the AMR contains
all stars have the same metallicity even if we could measigre stars, which in reality are older and more metal poor than the
age with much higher accuracy. The age resolution on the giabove stated limits. Therefore the number of stars in the age
branch drops considerably for stars that are older 188 yr  rangel0°° yr - 1099 yr is slightly overestimated.
because the spacing in luminosity between isochrones of dif The colour selection can introduce a bias, since the RGB of
ferent ages shrinks. This could cause the flat appearanhe ofa metal rich population lies completely in the employed aolo
AMR for these old ages, which is compatible with the showrange, while for example only half of-al.3 dex RGB extends
"error” bars. so far red which can be seen from the employed isochrones.
The upper age limit of our investigationi8°-° yr because The fraction of the RGB within the selected colour range is
no older Geneva isochrones were available, the lowest metalgood approximation independent of the age as long as stars

Fig.29. CMD of all field stars found around the investigate
clusters. Only stars are plotted that fulfil the error sébtectri-
teria (see Sect.4.2).
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0 © In order to compare our results with the literature, we com-

piled a list of clusters with ages and metallicities accogdio
various sources (all published after 1989). The data id o

w in TabIIn addition, we used the compilation of Sagar &

% H J L ’ Pandey [(1989), from which only clusters have been selected

—0.5 —-0.5

[Fe/H]

with a limiting magnitude below = 21. This limit shall serve

as a rough quality criterion that is comparable to the more re

TR LR cent data and explains why most (photographic) papers cited
2 4 6 8 10 pySagar & Pandey are excluded. These clusters are plotted to

log(age [yrs]) age [Gyrs] gether with the newly investigated clusters and our field AMR

in Fig.@. The solid line is the field AMR accompanied by two

dotted lines which markd borders. If the older clusters are

excluded, a weak correlation appears for the clusterstertus

youngerl Gyr have a mean metallicity dF'e/H| = —0.34

with a standard deviation of 0.14 and in the age rahge2.5

Gyr the mean metallicity i§F'e/H] = —0.71 with a standard

deviation 0f0.17 (11 cluster).

I\llll\llllll\llll\lllll 0 11| |I 11 |I 11 | 11 | 11 The mean meta”iCity Of Our young C|USterS aogo yr) is
8 85 9 9.5 10 o 2z 4 6 8 10 —0.57£0.04dexand thuslowerthanwhatwe found using the
logfage [yrs]) age [Gyrs] newer cluster sample from the literature. The field of theesam

. . o _ age has a mean metallicity f0.4 £+ 0.2 dex and is in good
Fig.31. The AMR and AND in logarithmic and linear age reP'agreement with spectroscopic measuremer@ g + 0.11

resentation of all field stars around the investigated etust dex) of young field stars. The latter comparison is reason-
able sincea) most of the stars for which high resolution spec-

older thanl Gyr are considered (concluded from visual inspeél0SCopy has been obtained are located at a similar radial di
tion of the employed Geneva isochrones). For younger a@est@,,nce and) no radlgl grad|_ent can be seen |n.the spectroscop_lc
problem becomes less severe, since the red supergianlmiex?é‘mme- We compiled a list _of high resolution spectroscopic
further red. Since all our conclusions on the metallicitg ameasurements of LMC stars in Tabple]A.4.

based on simple means this introduces a bias towards higherBica et al. [1998) obtained ages and metallicities of 13route
metallicities if equal aged stars with different metatljcex- clusters in the LMC using Washington photometry. The mean
ist. To estimate the amount of the most extreme shift, we ametallicity of all the surrounding field stars {$Fe/H]) ~
sume two populations with the same age but one having sed.6 4+ 0.1. The mean metallicities of our field populations
lar abundance and the other having a metallicity-af3 dex. seem to be systematically more metal poor than this value thu
The difference in the mean metallicity, if only half of thetale indicating a possible zero point difference of the order @f 0
poor giants are observed compared to the mean metallicitydefk and comparable to the probable shift between our cluster
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the whole sample i\[Fe/H]mean = —1.3(1/2 — 1/3) = metallicities and the ones taken from the literature. Havev
0.2 dex. Thus we conclude that deviations due to this problesuch a difference between cluster and field stars has not been
are well less than.2 dex. seen in a study by Korn et a[. (2000) who employed high reso-

The CN anomaly leads to an overestimation of the metallittion spectroscopy of supergiants.
ity and hence to an underestimation of the age. The deviation the AMR for stars older thas Gyr is consistent with little
of the age acqordlng tc_) .the. deviation of an overestimation gf aven no enrichment until 8 Gyr ago. The AMR in this age
the photometric metallicity is nearly parallel to the oh®&t 46 agrees well with the Gyr old clusters studied by Sara-
AMR for ages larger than0™* yr. Even with CN anomalous jedinj (L998) and also ESO 121 SCO3 is in agreement with the

stars we should be able to distinguish between the propoggdied field star AMR, especially when taking the systemati
AMR and for example the AMR propposed by Pagel & Taungerestimation of the metallicity for older stars on thésmof

vaisvienne|(1998): the influence of CN anomalous star$ien {) o5 _ .1 dex into account (see Sect. 3). Therefore, we do not
second AMR would result in an even more pronounced diff&fg the necessity that ESO 121 SC03 belongs to a dwarf galaxy

ence as it is already seen, since metal poorer stars wouldybg is in the process of merging with the LMC as proposed by
shifted to even more metal rich and younger locations. Bica et aI).

The field population of NGC 1651 and NGC 2257 is con-
15. Discussion siderably different from that around the other clustersuad
i .- . NGC 1651 we find two distinct field populations, around
15.1. The Age-Metallicity Relation NGC 2257 only one, thus these fields cannot be compared to
In Table}] we summarise the resulting ages and metallicfiesthe other fields, where a mixture of populations have been de-
the investigated clusters. tected. These fields contain a significantly larger fractibold
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Table 4. Results for the 5 clusters investigated in this work. Therdncludes the calibration uncertainty.

Cluster Ep_v Metallicity [dex] log(Age [y]) Remarks
NGC 1651 0.01t00.05 —0.65to—0.45 9.4t09.1 reddening problematic
NGC 1711  0.09 +0.03 —0.57 £0.17 7.7 +£0.05 reddening of the field is larger

NGC 1806 0.16 + 0.06 —0.71+0.24 8.7+0.1
NGC 2031 0.09 £ 0.05 —0.52£+0.21 82+0.1

NGC 2136/37 0.09 + 0.05 —0.55 +0.23 8.0+0.1 no differences between the two clusters
NGC 2257 0.04 + 0.04 —1.63£0.21 10.2 £ 0.1

[Fe/H]
|
T | T 17T | T 1T | T

)
—
—

Fig. 32. Published ages and metallic-
ities for LMC clusters, given in Ta-
blgfA5 (open triangles) and in the com-
pilation by Sagar & Pandey (1989) with
a limiting magnitude of fainter than
V = 20 (open squares). The cluster
data from this investigation are marked
with solid circles. The solid line con-
nects the points in our derived AMR
for the field population. The dotted line
surrounding the solid line marks the
standard deviation of the metallicity
around a given age. In addition three
| models for the AMR are plotted: Pagel
& Tautvaisviene[(1998) as short dashed
line and two models calculated by Geha
et al. (199B) as long dashed line.
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stars than the other fields, what is expected from their iooat measurements{0.69 dex, Hill [L999) ( for a more comprehen-
in the LMC (e.g. Santos Jr. et 4. 1$99). sive discussion on NGC 330 the reader is referred to the work

If cluster and field are compared it becomes apparent ti Gonzalez & Wallersteifi 19p9). Having this agreement in
our AMR does not argue for an extremely decoupled enrickuind, one can estimate from the difference of mean field and
ment history between cluster and field stars, only hints n gJuster metallicity that the contamination has a minoreifte
seen that the younger clusters are slightly more metal jpaor t OUr derived metallicities, accounting possibly for a sysiéc
the surrounding field population of the same age. Bica et ggviation of less thart 0.15 dex.

) found the same behaviour for several of their (young) Our AMR is inconsistent with a recent calculation pre-
clusters and the surrounding field population. One has te caented by Pagel & Tautvai“svien98) based on LMC clus-
sider the possibility, that these low mean cluster abunesneers and on planetary nebulae observed by Dopita 1997
are a result of the statistically larger effect of blendiogiards that predicts a steeper increase of the metallicity in eatilne,

the cluster. This has been proposed by Be1993) taiexpthus older stars should have a higher metallicity than what
the low Stromgren metallicity of NGC 330 measured by Grebale observe (see Fig[l32). The AMR is more consistent with
& Richtler (1992). In this work of Grebel & Richtlef (1992) closed box model calculations performed by Geha efal. {1998
the mean metallicity found for the surrounding field popiolat They present theoretical enrichment models for the two SFHs
(—0.74 dex) agreed well with later on performed spectroscopput forward by Holtzman et al. (1997) and by Vallenari et al.
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o
o

(19964a,b). These SFHs agree in the sense, that a long pério 0

low star formation activity was followed by a sudden inceas

about 2 Gyr ago. With the Vallenari et al.- SFH, the metaifici _, _g =

increased by a factor of five during the last 2 Gyr, while a mowﬁ\

est increase of a factor of three resulted from the Holtzmank,

al.-SFH. -1
Dopita et al. [1997) published an AMR for the LMC base

-
- ——
.
S
g

. —
=

-0.5

[Fe/H]

on planetary nebulae and found that the metallicity only-do  —1.5 bbb b —1.5 hdnn oo |
bled in the last 2-3 Gyr which is seen in our AMR as well 8 8‘5ag3 25 10 8 8‘5ag§ 9.5 10
Another common feature is that a distinct enrichment (if)an

between 4 and 9 Gyr cannot be seen. A comparisonofthe [  g.12 - 0.12 [

pita et al.-values with ours is made difficult by the fact tttnezty o1 E o1 b
measuredv-element abundances instead[ 8%/ H|, but they E .

stated thatthere is no evidence in this sample of any "halo” 998 | 0.08 =

abundance object’lf we would apply a constant shift 6f0.35 = 0.06 |- A 0.06

on the [O/H]-abundance, to correct approximately the [D/F g4 [ 0.04 L

overabundance in the LMC in comparison to the Milky Wa 3 0.02 g

the metallicity of the PNs with an age b8 — 10°-8 yr would TUE R

nicely be in coincidence with our measurements. However, t ' aal5 ‘ g...gé..gn 0 al5 ‘ Iglalllél,émllo
[0/ Fe] variationin dependene/O] is still under discus- age age
()s'ee e.g- Russell & Dopita 1992 or Pagel &TautvamneEig.%. Simulation with a quasi continuous SFR. The left

anel shows the AMR and AND for a constant SFR over the

. - : : : ast10 Gyr. In the right graph the symbols and solid line corre-
radial metallicity gradient can be seen, since the fieldssiae spond to a SFH which was constant untf-7 yr, at10° yr it

consistent with the AMR derived from the inner fields. Takin 086
also NGC 1651 into account we find that in fields where n%creased by a factor afuntil 10" yr ago after that the SFR

. L ropped to the same level as in the beginning. The dashed line
recent star formation happened the stellar population isi€o shows the result of our composite field
nated by a population with an age betw&eand4 Gyr. Thus '
deriving a global SFH on a limited sample is quite uncertain.
eral trend, namely, the increase of the SFR aroupitP®-2
yr (2 — 5 Gyr) ago and the necessary declining SFR some
10%® yr ago in these fields is more robust. Since stars in the
The manner in which we derived the field star SFH contai$1C should be mixed (at least azimuthally) after 1 Gyr
several points that may induce biases. One reason is that (Bellager et al[ 1996) the SFH of the older stars should be a
isochrones have only a crude spacing in the parameters dgerapasure for the average SFH of the LMC in the radial distance
metallicity. Therefore, simulations are helpful for a dission of the investigated clusters. As a rule of thumb an increase i
ofthe SFH of the field population as described above (Segt. 1fhe applied reddening correction é}_, = 0.1 results for a
To derive a SFH from our data is more difficult than to derivsingle age population in a decrease in age by a factorrof
an AMR, since one has to know not only the age of a star with Vallenari et al. (1996a,b) proposed, on the basis of ground
a given metallicity, but the amount of stars with a given age hbased observations, a SFH in which the SFR increased about
to be quite precise. As a result the AMR is quite robust agairzsfactor of ten 2 Gyr ago, thus only around 5 % of the stars
for example reddening variations compared to the AND.  should be older than 4 Gyr. This has recently also been found
Two SFHs are shown that illustrate how to interpret thigy Elson et al.[(1997) with HST observations. A different SFH
AND (Fig. B3). One SFH has a constant SFR during the whaleas advanced by Holtzman et gl. (1p97), Geha et[al. {1998)
LMC evolution and thus serves to give an impression how tlaad Holtzman et aI.9) also based on HST observations.
selection effects behave (left two panels in Fid. 33).Th& SHn their model, approximately half of the stars are oldentAa
of the second SFH was constant until®” yr ago, then it Gyr. In our data the fraction of stars older than 4 Gy#(s+
increased by a factor &f until 1034 yr ago, before the SFR 20%, but we note that already a small additional reddening of
dropped to its old low level. The AND & AMR resulting fromof E,_, = 0.015 leaves only=~ 15% of the stars older than
this SFH is plotted in the right panel of F@l 33. 4 Gyr. Olsen 9) used Washington photometry of the LMC
The constant SFR is marginally inconsistent with our datfield population and derived a SFH which is compatible with
which holds for a different reddening correction Bf_, = the one proposed by Holtzman et 4. (11999).
+0.02. This is not true for exact behaviour of the SFH: for ex- Summarizing, despite the uncertainty in the amount of the
ample a decrease in the reddeningfbf v = 0.02 results in increase, the SFH is consistent with an increased SFR that
a SFH in which a much larger increase (around a factdiOpf started roughly & 1 Gyr ago. Interestingly the sparsely popu-
is necessary to describe the observations. However, the dated outer fields are tentatively populated by mainly a pepu

Judging from the field around NGC 2257 we find that n

15.1.1. The Star Formation History
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tion with ages betweehand4 Gyr. If this result will hold for a servatory. We are grateful to E. Grebel and J. Roberts fooppertu-
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Table A.1.Observing log
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Table A.2. The age of NGC 1711 given in the literature.

Object Filter Night Exposure time  Seeing
NGC 1711 y 8.1.94 300 sec 1.4”
y 8.1.94 300 sec 1.3”
b 8.1.94 600 sec 1.2”
b 8.1.94 600 sec 1.3”
% 8.1.94 900 sec 1.5”
Y 8.1.94 900 sec 1.2”
NGC 1806 y 6.1.94 300 sec 1.1”
y 6.1.94 300 sec 1.17
y 6.1.94 900 sec 1.5”
b 6.1.94 900 sec 1.17
y 7.1.94 600 sec 1.0”
Y, 7.1.94 1200 sec 1.17
b 7.1.94 900 sec 1.0”
y 8.1.94 600 sec 1.3”
b 8.1.94 900 sec 1.2”
% 8.1.94 900 sec 1.3”
% 8.1.94 900 sec 1.3”
NGC 1651 y 6.1.94 300 sec 1.4”
y 6.1.94 600 sec 1.17
b 6.1.94 1200 sec 1.17
v 6.1.94 1200 sec 1.2”
v 6.1.94 1200 sec 1.17
y 7.1.94 600 sec 0.9”
b 7.1.94 1200 sec 1.0”
v 7.1.94 1200 sec 1.0”
Y 7.1.94 1200 sec 1.0”
NGC 2031 y 12.11.92 300 sec 1.1"
b 12.11.92 600 sec 1.3"
Y 12.11.92 240 sec 1.3”
Y 12.11.92 1200 sec 1.2”
y 14.11.92 600 sec 1.2”
y 14.11.92 120 sec 1.4”
b 14.11.92 120 sec 1.3”
b 14.11.92 400 sec 1.17
v 14.11.92 240 sec 1.4”
v 14.11.92 1140 sec 1.3”
NGC 2136/37 y 12.11.92 120 sec 1.17
b 12.11.92 120 sec 1.5”
v 12.11.92 120 sec 1.17
y 13.11.92 600 sec 1.2”
b 13.11.92 900 sec 1.2”
% 13.11.92 1200 sec 1.2”
NGC 2257 v 6.1.94 1200 sec 1.2"
Y 6.1.94 600 sec 1.2”
b 6.1.94 600 sec 1.2”
y 6.1.94 300 sec 1.2”
y 7.1.94 600 sec 1.17
b 7.1.94 900 sec 1.17
b 8.1.94 300 sec 1.0”
b 8.1.94 300 sec 1.0”
b 8.1.94 300 sec 1.0”
y 8.1.94 300 sec 1.4”
y 8.1.94 600 sec 1.17
v 8.1.94 900 sec 1.2”
v 8.1.94 900 sec 1.2”

Hilker M., 1999 | astro-ph/9911387

Hilker M., Richtler T., Stein D., 1995a, A&A 299, L37

Hilker M., Richtler T., Gieren W.P., 1995b, A&A 294, 37

Hill V., 1999, A&A 345, 430

Hill V., Andrievsky S., Spite M., 1995, A&A 293, 347

Hill R.S., Cheng K.P., Bohlin R.C., et al., 1995, ApJ 446, 622

Holtzman J.A., Mould J.R., Gallagher J.S. lll, et al., 1983, 113,
656

Holtzman J.A., Gallagher 1l J.S., Cole A.A, et al., 199%tre-
ph/9907259

Author Age Method
Cassatella et gl. 1996 107" yr UV spectra
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Fig. A.1. The CMDs of the whole fields containing the observed clustéesreddening correction has been applied. The points
in bold face are stars with an errdr(b — y) < 0.1 andAm1 < 0.1; the other dots are used for stars found with larger errors.
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Table A.5. Literature values for age, metallicity and reddening detior assumed in photometric observations resulting in an
CMD.

Cluster Ep_v [Fe/H] log(Age [y]) Authors
ESO 121-SC03 0.03 —-1.1+0.2 9.93 £0.01 Bicaetal[19
R 136 0.38 —-0.4 7.0 Hunter et al| 1995
OHSC 33 0.09 —1.054+0.2 9.18 £0.03 Bica et al {1998
OHSC 37 0.15 —0.7+0.2 9.32 £0.03 Bica et al[1998
LH 47/48 0.11 —-0.4 6.3 Oey & Massey 1995
LH 52/53 —-0.4 7.0 Hill et al. [L99
LH 72 0—-0.17 -0.6 6.7 — 7.18 (age spread) Olsen et pl. 1997
LH 77 —0.06 £0.01 —-0.4 7.20 +0.14 Dolphin & Hunter|199
SL8 0.04 —0.55 4+ 0.2 9.26 = 0.03 Bica et al|1998
SL 126 0.01 —0.5+0.2 9.34 +£0.03 Bica et al {1998
SL 262 0.00 —0.6 0.2 9.32 £ 0.03 Bica et al{1998
SL 388 0.03 —0.7+0.2 9.34 £ 0.03 Bica et al{1998
SL 451 0.1 —0.75+ 0.2 9.34 £ 0.03 Bica et al{1998
SL 503 0.04 £ 0.01 —0.4 7.20 £0.22 Dolphin & Hunter|199B
SL 509 0.03 -0.9 9.08 Bica et al{1998
SL 663 —1.05£0.16 9.60 £ 0.03 Sarajedin| 1998
SL 817 0.07 —0.554+0.2 9.18 £ 0.03 Bica et al{1998
SL 842 0.03 —0.65 + 0.2 9.34 +£0.03 Bica et al {1998
SL 862 0.09 —0.9+0.2 9.26 = 0.03 Bica et al{1998
NGC 1711 0.09 0 7.8 Richtler & Sagaf 1991
NGC 1754 0.09 +£0.02 —1.42 £ 0.15(—1.54%) 10.19 4+ 0.06 Olsen et all )
NGC 1786 0.09 +0.05 —2.1£0.3 as old as M68 Brocato et 96
NGC 1835 0.08 £ 0.02 —1.62 £+ 0.15(—1.72%) 10.21 £ 0.07 Olsen et aI8
NGC 1841 0.20 £ 0.03 —2.2+40.2 as old as M68 Brocato et 4l. 1996
0.18 +0.02 —23+04 as old as M92 Walk
NGC 1848 023 —0.4 6.7 — 7.0 Will et al.
NGC 1850A 0.18 £0.02 —0.12 £ 0.03" 7.7+0.1 Gilmozzi et al
0.18 —-0.4 7.7+£0.1 Vallenari et al b
NGC 1850B 0.18 £ 0.02 —0.12 £+ 0.03* 6.6 £0.1 Gilmozzi et al{ 19
0.18 —-0.4 7.0 Vallenari et al] 1994b
NGC 1858 0.15 —-0.4 6.9 Vallenari et al] 1994b
NGC 1866 0.03 —0.43 +0.18 8 Hilker et al.|
NGC 1898 0.07 £0.02 —1.37 £ 0.15(—1.37%) 10.13 +0.07 Olsen et al
NGC 1955 0.09 £0.01 —-0.4 7.19+0.15 Dolphin & Hunter|
NGC 1978 0.08 —0.4 9.34 Bomans et alf 19
NGC 2004 0.07 £+ 0.01 —0.4 7.19+£0.15 Dolphin & Hunter|199|
0.06 0 6.9 Benicivenni et al
NGC 2005 0.1 +0.02 —1.35 £ 0.15(—1.92%) 10.22 £ 0.11 Olsen et al
NGC 2019 0.06 = 0.02 —1.23 £ 0.15(—1.81%) 10.21 +0.08 Olsen et al
NGC 2027 0.05 £0.01 —-0.4 7.06 +0.14 Dolphin & Hunter,
NGC 2121 —1.04 +0.13 9.60 £+ 0.03 Sarajedin
NGC 2134 0.22 —-0.4 8.28 Vallenari et al
NGC 2155 —1.08 +0.12 9.60 £+ 0.03 Sarajedin
NGC 2164 0.10 0-—0.4 8 Richtler & Saga
NGC 2210 0.09 +0.03 -2.24£0.2 as old as M68 Brocato et gl. 1996
NGC 2214 0.07 0 7.95 Bhatia & Piotto
0 7.78 £0.1 Lee[199p
0.07 0-—0.4 8 Richtler & Sagl
NGC 2249 0.25 —-0.4 8.74 Vallenari et al{ 1994a

We collected literature which has been published after thekway Sagar & Pande@Sg). The metallicities are in séveases from
other sources: Jasniewicz & Thevenir| (19p43,0lszewski et aI.l)'*, Schwering & Israell)‘. The authors quote two values for
the cluster, one derived with the method by Sarajel@éml one obtained earlier by Olszewski et @991); thaastprefer the
photometrically determined metallicities and thus onlgsgccording to these metallicities are stated.



