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Abstract. We present results from a series of projects aimed at better understanding the ages,
velocities, metallicities, and distances of populous clusters in the LMC. Using FORS2 on the
VLT, we obtained near-infrared spectra for more than 200 stars in 28 LMC clusters, which span
a large range of ages and metallicities. The strong absorption lines of the Ca II triplet are used to
calculate cluster velocities and abundances. We determine cluster ages through main sequence
fitting of theoretical isochrones to deep optical photometry using a combination of published
photometry, VLT FORS2 images and archival HST WFPC2 images. As shown by Grocholski
& Sarajedini, a cluster’s age and [Fe/H] can be used to predict the K-band luminosity of core
helium burning red clump (RC) stars in that cluster. Using ISPI on the CTIO 4m telescope,
we imaged 17 LMC clusters in the J− and K−bands, with the resulting photometry reaching
∼0.5 mag below the RC. We combine the measured apparent RC magnitudes with the predicted
absolute values to determine absolute distances to each of these clusters and thereby probe the
structure of the LMC as traced by its intermediate-age clusters.
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1. Introduction
Due to the proximity of the Milky Way’s (MW) satellite galaxies, we are able to

resolve and determine physical properties of individual stars, something that is currently
not possible with high redshift systems. The Large Magellanic Cloud (LMC), as it is both
nearby and located well away from the Galactic plane, provides an excellent opportunity
to study the structure and formation history of a satellite galaxy using resolved stars.

Although it is often considered to lie at a single distance from us, the LMC is well
known to have a relatively complicated structure. Field star studies have shown that
the disk of the LMC is inclined ∼ 35◦ with respect to the plane of the sky (e.g. van
der Marel & Cioni 2001). In addition, the disk is thick, flared, and possibly warped
(e.g. Alves & Nelson 2000, Olsen & Salyk 2002), likely a result of interactions with the
Small Magellanic Cloud (SMC) and MW. Only recently, however, has the distribution
of the LMC cluster system been explored; using main sequence turnoff (MSTO) fitting

227

https://doi.org/10.1017/S174392130700796X Published online by Cambridge University Press

https://doi.org/10.1017/S174392130700796X


228 A. J. Grocholski et al.

distances for a sample of 15 intermediate-age clusters, Kerber et al. (2006) showed that,
like the LMC’s field stars, their clusters have a planar geometry.

In an effort to further explore the geometry of the LMC’s cluster system, we calculate
absolute cluster distances to a sample of intermediate-age clusters using the K-band
luminosity of the core helium burning red clump (RC) stars as a standard candle (see
Grocholski & Sarajedini 2002; GS02). These distances not only allow us to determine the
spatial distribution of our target clusters, but we are also able to calculate the absolute
distance to the center of the LMC. In §2 we discuss the data necessary to properly employ
the RC as a standard candle and in §3 we summarize the primary results of our work.

2. The Data
As discussed in GS02, both age and [Fe/H] have an effect on the K-band luminos-

ity of the RC (MRC
K ) and, thus, must be taken into account when using the RC as a

distance indicator. For clusters in the LMC, the work of Olszewski et al. (1991; OSSH)
represents the only previous large scale spectroscopic [Fe/H] determinations. However,
due to limitations of technology at the time, they were only able to observe an average of
2 stars per target cluster. To improve upon their work, we used the FORS2 multi-object
spectrograph on the VLT 8.2m telescope to obtain moderate-resolution spectra of more
than 200 red giant branch stars in 28 LMC clusters. The absorption lines of the calcium
II triplet (CaT) were then used to calculate cluster velocities and abundances with small
random errors (σ ∼ 1.6 km s−1 and σ ∼ 0.04 dex, respectively; Grocholski et al. 2006).

To calculate cluster ages, we have compiled deep optical photometry for a sample of
LMC clusters using a combination of published photometry, VLT FORS2 images and
archival HST WFPC2 images. These data reach well below each cluster’s MSTO and,
combined with our spectroscopic abundances, allow us to calculate accurate main se-
quence fitting ages using theoretical isochrones that include treatment for core overshoot
(Grocholski et al. 2007, in prep).

Using the Infrared Side Port Imager on the CTIO 4m telescope, we obtained near-
infrared images for 17 intermediate-age LMC clusters, with the resulting photometry
reaching K ∼ 18.5, or about 0.5 mag below the RC (Grocholski et al. 2007). Similar to
the approach of GS02, we use our derived cluster ages and metallicities along with an
interpolation over the RC models of Girardi & Salaris (2001) to predict MRC

K for each
cluster. We then combine MRC

K , the apparent K-band RC magnitudes measured from
our photometry, and cluster reddenings to determine absolute cluster distances.

3. Results
The results of our study of the ages, abundances, velocities, and distances of populous

clusters in the LMC are now summarized, and we note that points 1-3 are discussed in
more detail in Grocholski et al. (2006), point 4 can be found in Grocholski et al. (2007,
in prep) and 5-7 are presented in Grocholski et al. (2007).

1. Our derived cluster radial velocities, including six clusters with no previously re-
ported velocities, are in excellent agreement with the work of Schommer et al. (1992),
which shows that the LMC cluster system has disk-like rotation with no clusters exhibit-
ing obvious halo kinematics.

2. Similar to previous studies, we find no evidence for a metallicity gradient in the
LMC cluster system. This is in stark contrast to stellar populations in both the MW and
M33, which have abundances that decrease with increasing galactocentric radius.
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Figure 1. We plot the metallicity distribution of LMC clusters as determined by OSSH and this
paper. Published values from OSSH are given in the top panel while the middle panel shows their
values converted onto our metallicity scale using Eq. 5 in Grocholski et al. (2006); in the bottom
panel we plot our results. In all three panels, the dark shaded region shows the distribution for
the 20 clusters in common between OSSH and this paper, while the light shaded region shows
the entire cluster sample from each study. Our results indicate that the LMC’s intermediate age
cluster metallicity distribution is much tighter than suggested by the results of OSSH.

3. The intermediate-age clusters in our sample show a very tight metallicity distribution
([Fe/H] = −0.48 ± 0.09), with no tail of clusters approaching solar metallicity. This is
in contrast to the work of OSSH, who find a similar mean abundance value, but with a
much larger spread in metallicity, as shown in Fig. 1.

4. Cluster ages range from only ∼ 1− 3 Gyr for the intermediate-age clusters, and we
confirm that ESO 121-SC03, the only cluster in the LMC known to have an age between
∼ 3 − 13 Gyr, formed approximately 9 Gyr ago.

5. Absolute cluster distances calculated using the RC method of GS02 allow us to
explore the spatial distribution of the LMC cluster system. Previous work has shown
that the LMC’s field populations reside in a thick, inclined disk; our results, shown in
Fig. 2, illustrate that the intermediate age clusters are distributed in the same manner.

6. Using previously published RR Lyrae photometry for seven old LMC globular clus-
ters (e.g., Walker 1993), we calculate their distances and find that, like the intermediate-
age clusters, the globular cluster distribution is also consistent with the inclined, thick
disk geometry of the LMC (see Fig. 2).

7. Taking into account the inclined geometry of the LMC, we use the absolute distances
of the intermediate-age clusters to calculate a mean distance to the center of the LMC,
which we find to be (m−M)0 = 18.40± 0.04random ± 0.08systematic or D0 = 47.9± 0.9±
1.8 kpc. Our distance is in excellent agreement with the recent work of Macri et al. (2006)
who found (m − M)0 = 18.41 ± 0.1 ± 0.13 through a comparison of Cepheid variables
in the LMC with those in the maser-host galaxy NGC 4258. This distance, however, is
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Figure 2. Cluster distances as a function of their position along the line of maximum gradient.
Open circles mark the old globular clusters from Walker while the filled circles represent the
populous clusters in our study. The dashed line marks the LMC’s disk with i = 34.7◦ and
D0 = 47.9 kpc (at x = 0), and the dotted lines represent a disk thickness of ± 1 kpc; the filled
square denotes the center of the LMC. This plot illustrates that both the old and intermediate
age clusters are distributed along the disk of the LMC.

∼ 0.1 mag shorter than the commonly accepted distance of 18.5±0.1 mag, which was
adopted by the HST Key Project to calculate H0 (see Freedman et al. 2001).
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Discussion

Ferguson: It is interesting that you see no evidence for a halo population of clusters
yet there are claims for a field halo from RRLyraes. Could you comment on that?.

Grocholski: I am not familiar with the details of the RRLyrae studies but believe the
sample size are not very large and are confined to central parts of the galaxy.
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