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A B S T R A C T

We present deep photometry ðV & 26Þ in V and I bands obtained with the Wide Field and

Planetary Camera 2 on board the Hubble Space Telescope for 7 fields ,58 away from the

Large Magellanic Cloud centre. The fields contain, typically, 2000 stars each. Isochrones

were fitted to the colour–magnitude diagrams in order to identify different star populations in

these fields. An old population ðt . 10 GyrÞ has been found in all fields. Some events of

enhanced star formation, with ages between 2 and 4 Gyr, were identified in the fields localized

in the north to north-west regions. Luminosity functions of low-mass stars were also obtained

for all fields. Kolmogorov Smirnov test results suggest differences smaller than 30 per cent in

the mixture of stellar populations contributing to the fields. Finally, density profiles were

derived for old and intermediate-age stars. The former shows a slightly steeper decline than

the latter.
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1 I N T R O D U C T I O N

Even with the highest-resolution instruments, it is not yet possible

to resolve individual stars in images of distant galaxies. Therefore,

our Milky Way galaxy and its closest neighbours in the Local

Group remain the main source of information about stellar

populations. Knowledge about the present stellar content within

nearby galaxies of different types, besides being an essential step

towards recovering their star formation history and understanding

their evolution, is a powerful tool in interpreting integrated images

and spectra of distant galaxies.

The Magellanic Clouds, and in particular the Large Magellanic

Cloud (LMC), have been increasingly targeted in studies of stellar

populations, given their proximity to the Galaxy and their

markedly distinct properties. Many studies have concentrated on

the extensive cluster system in the LMC, displaying a wide range

of ages and properties, but for which there seems to be an age gap,

with essentially no clusters with ages in the range 4 & t & 10 Gyr

(Jensen, Mould & Reid 1988; Da Costa 1991). As for their spatial

and kinematical distribution, LMC clusters seem to make up a

rotating disc, regardless of age (Schommer et al. 1992; Olszewski

1993).

Field stars are probably more representative of the overall star

formation history in the LMC. The complexity of analysing

colour–magnitude diagrams (CMDs) with heterogeneous mixtures

of populations, and the need for deep high-resolution photometry

in order to explore the turn-off points of old and intermediate-age

populations, have been the main obstacles to analyses of field

stellar samples (Olszewski, Suntzeff & Mateo 1996). Ground-

based studies have concluded that the bulk of star formation has

occurred in the past 4 Gyr. Bertelli et al. (1992) suggest a constant

star formation rate (SFR) in the LMC during the past 4 Gyr, with an

order of magnitude decrease in SFR at earlier times. Similar

conclusions have resulted from the analyses by Westerlund, Linde

& Lynga (1995) and Vallenari et al. (1996). These latter authors

identify events of enhanced star formation at 2.0, 2.5 and 4.0 Gyr in

different LMC fields. More recently, work has been based on

Hubble Space Telescope (HST ) data. Gallagher et al. (1996) have

suggested a roughly constant SFR in the past few Gyr, except for a

small period of enhanced star formation about 2 Gyr ago.

Holtzman et al. (1997) analysed the luminosity function of stars

in the same HST field, located some 48 from the LMC bar, and

favoured a constant SFR for 10 Gyr in the LMC followed by a

factor of 3 increase in the last 2 Gyr, yielding roughly the same

number of stars younger and older than 4 Gyr. They also identified

an intermediate-age turn-off in their field. Elson, Gilmore &

Santiago (1997) have studied an HST field closer to the LMC bar

and have identified two main populations, with ages t , 1–2 Gyr

and t , 2–4 Gyr, the exact ages depending on metallicity. Geha

et al. (1998) have studied three HST fields in the outer region of the

LMC and also favour a model with roughly equal numbers of stars

younger and older than t ¼ 4 Gyr.

In this paper we analyze seven fields imaged with HST’s Wide

Field and Planetary Camera (WFPC2) in two filters and situated in

different directions within the LMC, at angular distances varying

from ,48 to ,68 from its centre. The fields were observed in

parallel to NICMOS and STIS exposures of rich clusters targeted

by the ‘Formation and evolution of rich LMC clusters’ projectPE-mail: santiago@if.ufrgs.br (BXS)
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(LMC7307) (Beaulieu et al. 1998; Elson et al. 1998a,b; Johnson

et al. 1998). Our main goals are the identification of individual

populations from the observed CMDs, determination of ages and

metallicities (especially for the oldest field stars in the LMC), and

analysis of possible variations in population mix from one region

of the LMC to the other. In Section 2 we present the data,

describing the field characteristics and exposure times, sample

selection and photometry. The CMDs are presented in Section 3

along with isochrone fits using modern grids. In Section 4 we

compare the stellar luminosity functions (LFs) of different fields in

an attempt to discuss the population mix and its possible variations.

Density profiles of different populations within our limited angular

range are also shown. Finally, in Section 5 we present our

conclusions.

2 O B S E RVAT I O N S

The seven HST/WFPC2 fields analysed in this work were imaged

with two filters: F555W and F814W, closely matching Johnson–

Cousins V and I, respectively. The total exposure times were 1200s

for F555W and 800s for F814W. Two exposures were taken with

each filter in order to facilitate cosmic-ray subtraction. Saturation

limits are of about V555 . 18:5 and I814 . 17:5.

Table 1 lists the field IDs, borrowed from the rich clusters close

to which they lie, their equatorial coordinates for the 2000 epoch,

their angular distance from the optical LMC centre (this last taken

from Westerlund 1990) and the date of the observations.

Table 2 shows more information related to the fields. It lists the

visual radius of the rich clusters, taken from their density profiles

(Santiago et al. 2001); the reddening coefficient EðB 2 VÞ, most of

them taken from isochrone fits to the clusters CMDs; and the

expected distance moduli in the direction of each field. Also shown

is the total number of stars found in each field. The distance moduli

Table 1. Fields description. The columns list the field ID, right ascension
and declination, angular distance to the LMC centre, and the date when
they were observed. Notice that the fields are identified by the rich cluster
with which they were observed in parallel.

Field ID a(2000) d(2000) Ang. Dist. (8) Date

Hodge 11 6 15 43 269 48 18 4.5 1998 April 20
Hodge 14 5 28 50 273 30 32 3.8 1998 February 4
NGC1805 5 01 28 266 01 43 4.3 1997 December 8
NGC1818 5 03 24 266 20 42 3.9 1997 December 11
NGC1831 5 05 34 264 49 17 5.2 1997 December 18
NGC1868 5 15 31 263 53 07 5.9 1998 March 23
NGC2209 6 09 58 273 45 40 5.4 1998 March 31

Table 2. The columns show: field ID, cluster visual radius and
redenning, adopted distance modulus and total number of stars.

Field Cluster radius EðB 2 VÞ Dist. Mod. # of stars

Hodge 11 1.40 0.0 18.34 2056
Hodge 14 1.20 0.04 18.49 2816
NGC1805 0.80 0.04 18.59 3798
NGC1818 1.30 0.03 18.58 4887
NGC1831 1.20 0.0 18.58 2030
NGC1868 1.40 0.02 18.55 1699
NGC2209 1.20 0.07 18.39 1314

Figure 1. Comparison between the CMD built from aperture photometry (upper panel) and the one built by PSF modelling and fitting (lower panel).
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were inferred assuming a disc model for the distribution of stars in

the inner and intermediate regions of the LMC, with the plane of

the disc inclined by 458 relative to the sky, its centre at a distance

modulus of m 2 M ¼ 18:5 (Panagia et al. 1991), the line of nodes

pointing in the north–south direction and the east side of the disc

lying on foreground (Westerlund 1990).

Each field is located 7.3 arcmin from the neighbouring cluster.

From the table it is clear that this is well beyond the visual radii of

each cluster, therefore making cluster contamination of our field

stars a negligible effect, unless a substantial fraction of the original

stars making up each cluster has been tidally stripped from them.

We discuss this issue in the next section.

2.1 Sample selection and photometry

All exposures were put through the standard HST pipeline

procedure that corrects them for several instrumental effects, such

as bias and dark currents and flat-fielding (Holtzmann et al. 1995a).

The two exposures taken in each field/filter configuration were then

combined using the IRAF task CRREJ, in order to increase the

signal-to-noise ratio and to remove cosmic rays.

The IRAF DAOPHOT package was used for most of the

photometry. An automated search for peaks in the light distribution

was carried out with the task DAOFIND. Events 5s above the sky

background (where s is the standard deviation in the background

counts) were selected. A full-width at half maximum (FWHM) of

1.4 pixel (0.14 arcsec) was adopted for point sources in the three

Wide Field Camera (WFC) chips, whereas a FWHM ¼ 2 pixels

(0.1 arcsec) was used for the Planetary Camera (PC) chip.

Magnitudes were obtained in two ways: using aperture photometry

(with the PHOT task) and by fitting a point spread function (PSF)

model to a template (built with the PSF task from bright, isolated

and unsaturated stars in the images themselves) and applying it to

all selected objects (ALLSTAR task).

Fig. 1 shows the CMD obtained for the same sample with each

method. A 2-pixel (0.2 arcsec) aperture was used to build the upper

CMD. As for the PSF fitting, we found the best-fitting Moffat

function with b ¼ 1:5 (Moffat 1969; Elson et al. 1995) to our

template and applied it to all detected objects, resulting in the lower

CMD in the figure. The aperture photometry data yielded narrower

main-sequence and giant branches as attested by Fig. 1 and was

therefore used throughout the analysis.

Sample selection and photometry were carried out indepen-

dently for both filters. The final sample used in each field (the

number of stars in which is listed in Table 2) resulted from a

positional match of the two independently derived samples. Most

spurious objects were automatically thrown out by this matching

procedure. Any remaining extended sources or spurious detections

Figure 2. A sample image of our data showing LMC field stars of different magnitudes. The stars that made it into our final sample are marked with points.
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(usually located along diffraction spikes of bright stars) were

eliminated by eye.

In Fig. 2 we show chip 3 in the NGC1818 field imaged with the

F555W filter. Dots indicate the objects remaining in our final

sample. Notice the absence of non-stellar objects and the inclusion

of essentially all stars visible in the figure.

Aperture magnitudes in both filters were corrected for infinite

aperture. A charge transfer effect (CTE) correction was also

applied to the data. Both corrections followed the prescriptions

given by Holtzman et al. (1995a,b). Photometric zero-points were

also taken from these references. More recently, Whitmore, Heyer

& Casertano (1999) have derived more detailed CTE corrections.

We tested the difference between the two correction methods for

one of our fields and found at the most a 0.05-mag effect for our

faintest magnitudes. As this systematic affects both filters the same

way, it has a negligible effect on the ðV555 2 I814Þ colours and a

very small effect on our brighter magnitudes. We therefore did not

redo the analysis using the more recent CTE correction by

Whitmore et al. (1999).

As well as the aperture and CTE corrections, the data were also

corrected for extinction and reddening using the EðB 2 VÞ values

listed in Table 2. The corresponding A555 and A814 values were

taken from Holtzman et al. (1995b).

3 T H E C O L O U R – M AG N I T U D E D I AG R A M S

The final CMDs for each field are shown in Figs 3 and 4. The fields

are ordered with increasing angular distance from the LMC centre

(see Table 1). In all panels, a clear main sequence stretches all the

way down to V555 . 26. The giant branch is also visible along with

a turn-off around V555 . 22:5. As we will see later, this

corresponds to an old population ðt * 10 GyrÞ. The red giant

clump, a signature of intermediate-age stars, is also visible at

V555 , 19 and V555 2 I814 , 0:9 in most cases. Boxes are shown

in one of the panels to indicate the location where the red giant

clump and the base of the old giant branch are. These stars will be

used in Section 4. The faint red stars at the bottom right of the

CMDs are low-luminosity M dwarfs in the Galaxy.

The red giant clump is not clearly visible in three fields:

NGC2209, 1868 and 1805. The first two are the farthest from the

LMC centre (5.48 and 5.98 away, respectively) and have the

smallest numbers of stars. As for NGC1805, it is located in a region

with a patchy distribution of dust, something known to be the case

for the cluster itself. This may well be responsible for the large

spread in colour seen in the giant branch and, to a minor extent, in

the main sequence of this cluster. Even for the remaining fields,

given the smallness of our sample of clump stars, we did not

attempt to study clump morphology as has been done by other

authors (Beaulieu & Sackett 1998; Piatti et al. 1999; Girardi,

Mermilliod & Carraro 2000), nor did we attempt to extract ages for

the intermediate populations using the magnitude difference

between clump and turn-off stars (Geisler et al. 1997; Bica et al.

1998).

One distinct feature in the NGC1805 and 1818 fields is the much

larger number of stars in their upper main sequence, extending up

to the saturation limit ðV555 . 18:5Þ. This is indicative of more

Figure 3. Final observed CMDs for four of the seven fields studied here: Hodge 14, NGC 1818, NGC 1805 and Hodge 11. The fields are ordered in increasing

angular distance to the centre of the LMC. The boxes shown in the NGC1818 panel indicate the positions of the clump of red giants and of the base of the red

giant branch.
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recent star formation in that particular region, also attested by the

young ages of the clusters themselves (Johnson et al. 2001). These

fields are also the closest to the LMC bar among the seven fields

studied here, there being an overall excess of stars in them as well;

this excess is dominated by intermediate-age populations, as we

will discuss in the next section.

In most fields, no clear turn-off is seen in their CMDs, apart from

that of the older population. But in a few cases, particularly in

NGC1818 and 1868, there are strong hints of an intermediate-age

turn-off. As for the younger populations, we see a relative paucity

of main-sequence stars brighter than V555 . 20 in all fields apart

from NGC1805 and 1818.

Isochrone fits were used in an attempt to derive ages and

metallicities typical of the individual populations seen, especially

for the oldest and relatively unstudied stellar component in the

LMC. We used the Padova isochrones (Bertelli et al. 1994) for that

purpose. A grid of isochrones with ages and metallicities

respectively in the range 4 Myr # t # 16 Gyr and 21:7 #

½Fe=H� # 0:4 are available for CMD fitting. However, the

magnitudes and colours are in the Johnson–Cousins (UBVRI )

system, which would require us to calibrate our HST data. As an

alternative, we used, whenever possible, the smaller set of Padova

isochrones converted to the HST filters by Guy Worthey (private

communication). We should stress, however, that the F555W and

F814W filters closely match the standard V and I; the calibration

terms are thus small.

Figs 5 and 6 show the same CMDs as in Figs 3 and 4 but now

with a set of isochrones superposed on them. In each panel, the

distance modulus listed in Table 2 was applied to the isochrones to

make them consistent with the data. As mentioned before, these

values of distance moduli were inferred assuming a planar

distribution of LMC stars, inclined by 458 relative to the celestial

sphere and with the line of nodes pointing in the North–South

direction (Westerlund 1990).

In all fields available, it is possible to fit the oldest population

with 10 & t & 16 Gyr isochrones with ½Fe=H� ¼ 21:7. The only

exception is NGC2209, for which a ½Fe=H� ¼ 21:3 is required.

These isochrones provide very good fits to the subgiant branches

and, in most cases, account nicely for the giant branches as well.

For NGC1805, given its ill-defined giant branch, the t ¼ 12:6 Gyr

isochrone is used only for guidance.

As mentioned before, in most fields it is hard to visually identify

isolated main-sequence turn-off points or subgiant branches

associated with individual populations. For instance, in the two

fields located in star-forming regions, NGC1805 and 1818, the

upper mainsequence ð18:5 & V555 & 20:5Þ is clearly wider than

would be the case given the photometric errors alone. This is

consistent with age spreads caused by continuing star formation in

the past 1.5 Gyr. Despite the smaller number of stars, a similar

conclusion holds for the other fields.

For NGC1868, on the other hand, a clear turn-off associated with

stars of t . 2 Gyr and ½Fe=H� . 20:7 is visible. A slightly older

turn-off, with t . 3 Gyr and the same metallicity is apparent in

NGC1818. A hint for a yet-older event of enhanced star formation

is also present in the field near NGC1831 ðt . 4:0 GyrÞ.

Notice that in a couple of cases none of the isochrones used fit

Figure 4. Final observed CMDs for three of the seven fields studied here: NGC 1831, 2209 and 1868. The fields are ordered in increasing angular distance to the

centre of the LMC.
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the lower main sequence adequately. The clearest such case is

Hodge 11, where the isochrones are too red compared to the bulk of

the stars. This is indicative of lower metallicities, larger distance

moduli or a combination of both.

One possible problem with the CMDs studied here is

contamination by cluster stars. Except for NGC 1805 and 1818,

the clusters located near our fields are old enough so that stars at

typical escape velocities from them would have time to cover the

angular distance to our fields. We note, however, that the density

profiles of these rich clusters flatten out considerably within our

WFPC2 fields centred on them, usually reaching number densities

of the order of a few per cent of the central cluster density at

distances of about 20 pc from the centre (Santiago et al. 2001). In

an attempt to assess contamination of our field stars by cluster

stars, we compared the surface brightness values, m555, in our fields

with those shown in Santiago et al. (2001). Our m555 values for

each field are listed in Table 3. We show the m555 values over the

entire field (column 2) as well as that for each WFC chip separately

(columns 3, 4 and 5). We choose surface brightness rather than

number density of stars as a means of comparison because the

former is less sensitive to exposure time. In three fields, these

values are extremely close to those in the outermost radial bin

shown in Santiago et al. (2001) (last column of Table 3). For the

field close to NGC 1818, m555 is actually brighter by 0.5 mag than

in the outermost radius in the cluster field. It is hard to explain this

by any effect other than real variations in the surface brightness of

field stars; such variations are also attested to on a smaller scale by

the chip-to-chip scatter seen in the Table. The two cases where the

field is fainter than the ‘cluster outer radius’, H14 and NGC 1831,

could signal cluster contamination. Notice, however, that the

discrepancies may also be accounted for by field-to-field scatter.

Therefore, unless escaping cluster stars make up a roughly

uniform-density halo stretching out to . 100 pc from the centres of

the clusters, our surface brightness comparisons rule out strong

cluster contamination in most of our fields.

4 L U M I N O S I T Y F U N C T I O N S A N D D E N S I T Y

P R O F I L E S

In this section we extract and compare the luminosity functions

(LFs) of main-sequence stars below the turn-off point of the oldest

population. In this region of the CMD, main-sequence stars

belonging to the different populations found in each field are mixed

up. Their composite LFs can then be expressed as

FðM555Þ dM555 ¼
XNp

i

f ici½mðM555Þ�
dm

dM555

� �
i

dM555; ð1Þ

where F(M555) is the differential LF, written as a function of the

absolute magnitude in the F555W filter, ci(m ) is the differential

mass function of the i th population and Np is the number of

populations present, each one contributing a fraction fi to the total

number of stars in the field. The stellar mass corresponding to a

specific value of M555 will vary from one population to another,

depending on the mass–luminosity relation and its derivative,

usually a function of metallicity.

Thus, assuming that the same stellar populations contribute to all

fields, variations in the composite LF shown in equation (1) will

Figure 5. Isochrone fits to the observed CMDs for Hodge 14, NGC 1818, NGC 1805 and Hodge 11. Metallicities and ages are indicated in each panel, in the

first and second columns, respectively, by the [Fe/H] and t (in Gyr) values.
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depend only on the relative contribution to the total number of stars

given by each population, which is quantified by the fractions fi.

The LFs, normalized to unity, are shown in Fig. 7, in the range

4 , M555 , 6:5. We divided the figure into two panels to avoid

cluttering. In the range considered, V555 is typically &24.5, making

completeness corrections unimportant, given that our HST fields

are not very crowded.

A visual inspection shows that the LF shapes are similar to one

another. The field star LF close to Hodge 14 looks slightly steeper

than the others shown in the upper panel, whereas that of NGC1818

seems shallower. In order to quantify any discrepancy among the

field LFs, we ran the Kolmogorov–Smirnov test (KS test) for all

pairs of LFs. The probabilities that the LFs in each pair are derived

from the same parent distribution of stars is listed in Table 4.

The probabilities are very large in most cases and in all of them

P $ 10 per cent. We thus conclude that, under the assumptions

outlined in the beginning of this section, the mixture in stellar

populations does not vary significantly from one field to another.

Notice, however, that this statement is restricted to a narrow

Figure 6. Isochrone fits to the observed CMDs for NGC 1831, 2209 and 1868. Metallicities and ages are indicated in each panel, in the first and second

columns, respectively, by the [Fe/H] and t (in Gyr) values.
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Table 3. Surface brightness values (in mag arcsec22) for
the WFPC2 fields in this paper (columns 2 thru 5;
7.3 arcmin away from the clusters) and for the outermost
radius (6th column; , 1.7 arcmin) of the profiles shown
by Santiago et al. 2001.

Name Field WF2 WF3 WF4 Cluster

Hodge 14 24.4 24.4 24.5 24.2 23.7
NGC1805 23.5 23.6 23.5 23.6 23.6
NGC1818 23.1 22.9 23.2 23.2 23.6
NGC1831 24.7 25.0 24.6 24.6 23.7
NGC1868 24.7 24.6 24.8 24.7 24.8
NGC2209 25.1 25.0 25.1 25.2 25.0

Deep colour–magnitude diagrams of LMC field stars 339

q 2001 RAS, MNRAS 326, 333–341



interval in luminosity and mass and assumes that the same

populations are present in all fields. This latter assumption is

probably true, considering that most LMC stars are older than the

typical crossing time in the central 10 kpc of that galaxy.

One important issue is how sensitive the KS test is to variations

in population mix among the fields. This may be especially

important when the LFs available for comparison cover a narrow

mass range, as in our case. In order to assess the sensitivity of our

composite LFs, we have created and compared artificial LFs with

variable contributions from two different populations: one

markedly old and metal-poor ðt ¼ 12:6 Gyr; ½Fe=H� ¼ 21:7Þ and

the other of intermediate age ðt ¼ 2 Gyr; ½Fe=H� ¼ 20:7Þ. This

choice is consistent with our isochrone fits shown in the previous

section and with the evidence for an age gap in the LMC star

formation. The results of such artificial simulations are shown in

Table 5. The first two columns show the population mixture used to

create the two composite LFs (d1 and d2) to be compared; the first

(second) number in each column gives the percentage of stars from

the old (intermediate) population. Notice that we always compare

two composite LFs where the percentage values of population mix

are swapped. In building these composite LFs, we assumed that

both populations have a Salpeter initial mass function. The last

three columns in Table 5 show the 25 per cent, median and 75 per

cent positions of the distribution of KS probabilities over 100

realizations. As expected, the KS P values are large when the two

populations contribute similar fractions (*40 per cent); when we

compare composite LFs for which each population in turn

contributes about 2/3 of the stars or more, the probabilities become

smaller than those in Table 4. Thus, we conclude that the KS test is

capable of ruling out variations larger than about 30 per cent in

population mix from one field to another.

We next attempt to isolate stars belonging to old and

intermediate-age populations in order to infer their distribution

within the LMC. Our fields are located from about 48 to 68 from the

centre of the LMC. In Fig. 8 we show the surface density of stars of

intermediate (upper panel) and old (lower panel) populations, both

scaled to a 1 deg2 solid angle.

The intermediate-age stars were extracted from the red giant

clump position. All stars contained in a box centred on

ðV555;V555 2 I814Þ ¼ ð19; 0:9Þ and with DV555 ¼ 1 mag and

DðV555 2 I814Þ ¼ 0:4 were counted and considered to be of an

intermediate age ð0:5 & t & 10 Gyr; Hatzidimitriou & Hawkins

1989). A similar procedure was used for the old stars: a box with

DV555 ¼ 0:5 mag and DðV555 2 I814Þ ¼ 0:2 was placed at the base

of the giant branch, redwards of the old main-sequence turn-off at

V555 . 22:5, where only the evolved stars belonging to an old

t * 10 Gyr reside. These boxes are the ones shown in one of the

panels in Fig. 3.

A large peak in the position corresponding to the field close to

NGC1818, r ¼ 3:98, is seen in Fig. 8. As mentioned earlier, this is,

along with the one near NGC1805, the closest field to the LMC bar,

where intermediate-age stars are known to dominate (Gallagher

et al. 1996; Elson et al. 1997). As for the field close to NGC1805, it

was not possible to derive old and intermediate stars counts from

its ill-defined clump and giant branch.

Santos et al. (1999) also show a number density profile of clump

stars based on a large-angle ground-based sample in the outer

LMC. Apart from the large peak in NGC 1818, there is excellent

agreement between both profiles within the angular range in

common. If we again disregard the field close to NGC 1818, our

two profiles are similar, with the number of old stars declining

slightly more steeply than the number of intermediate age ones.

These two profiles are representative of regions situated well away

from the bar and/or star-forming regions.

Table 4. KS test probabilities obtained
by comparing pairs of LFs.

Field pairs Probability (P )

Hodge 11, Hodge 14 0.45
Hodge 11, NGC1805 0.88
Hodge 11, NGC1818 0.85
Hodge 11, NGC1831 0.66
Hodge 11, NGC1868 0.88
Hodge 11, NGC2209 0.95
Hodge 14, NGC1805 0.45
Hodge 14, NGC1818 0.28
Hodge 14, NGC1831 0.42
Hodge 14, NGC1868 0.78
Hodge 14, NGC2209 0.77
NGC1805, NGC1818 0.10
NGC1805, NGC1831 0.73
NGC1805, NGC1868 0.91
NGC1805, NGC2209 0.91
NGC1818, NGC1831 0.73
NGC1818, NGC1868 0.49
NGC1818, NGC2209 0.58
NGC1831, NGC1868 0.71
NGC1831, NGC2209 0.86
NGC1868, NGC2209 0.91

Table 5. KS results for simulated composite LFs
with different mixtures of intermediate-age and old
stars.

d1 d2 P(25%) P(50%) P(75%)

20–80 80–20 4.3E25 6.7E24 5.6E23
30–70 70–30 4.0E23 0.034 0.086
40–60 60–40 0.080 0.253 0.455
50–50 50–50 0.208 0.455 0.687

Figure 8. Density profiles. Upper panel: red giant clump. Lower panel: old

subgiants.
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5 S U M M A RY A N D C O N C L U S I O N S

We have obtained and analysed seven deep V � ðV 2 IÞ CMDs

ðV555 & 26Þ of field stars in the LMC using HST WFPC2. Our

WFPC2 fields, located from 48 to 68 from the LMC centre and

within . 7 arcmin from rich star clusters, contain from 1300 to

5000 stars each. The CMDs show clear evidence of an old stellar

population with t * 1010 Gyr and ½Fe=H� & 21:7. Red giant

clumps are visible in most CMDs as are main sequences extending

up to V555 . 20, indicative of stars with intermediate ages

ðt * 1–1:5 GyrÞ. Younger field stars are clearly seen only in the

fields close to NGC 1805 and 1818.

The CMDs suggest a complex star formation process in the

LMC, especially in the last ,2.0 Gyr. Awide upper main sequence,

much wider than expected from photometric errors alone, reveals a

continuous spread in the ages of field stars younger than t .
2:0 Gyr around NGC 1805 and 1818. As for older populations, we

have CMDs both with and without discrete main-sequence turn-

offs in the range 2 & t & 4 Gyr. Events of enhanced star formation

within this range of ages are visible in the fields close to NGC

1868, 1818 and 1831. It is interesting to note that these fields are all

in the same direction (north to north-west) relative to the LMC bar.

The other CMDs show at best only hints of individual intermediate

populations. A hint of a similar east–west difference in stellar

populations in the LMC had been detected by Vallenari et al.

(1996). The old populations are also found to have variable ages as

inferred from isochrone fits.

We analysed the shapes of the luminosity functions in the lower

part of the CMDs, where the different populations are combined, in

order to search for possible significant differences in population

mix. The field-star luminosity functions look remarkably similar,

both visually and according to the KS test. Our results indicate that

variations larger than 30 per cent in population mix from one field

to another are unlikely, since they would probably translate into

significant differences in the composite LFs.

Finally, we estimated the surface density of stars of intermediate

and old ages in each field, by counting stars in regions of the CMD

occupied by a single population. The angular density profile of

t * 1010 stars is slightly steeper than that of intermediate-age ones.

We should point out that the current sample is being enlarged by

deeper HST WFPC2 fields close to the ones studied here. This

larger data set, along with two-dimensional modelling of the

CMDs and use of modern statistical methods (Saha 1998; Valls-

Gabaud & Lastennet 1999; Hernandez, Valls-Gabaud & Gilmore

1999; Kerber, Javiel & Santiago 2001) will provide a more detailed

picture of the field-star formation history in the LMC.
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