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Introduction

At the very beginning

AbstractAbstract: We present results of several consecutive studies of the near-infrared integrated-light properties of star clusters in the Large 
and Small Magellanic Clouds based on 2MASS archival imaging. The sample is covering a wide range in the age/metallicity parameter space and 
the ages and metallicities for the majority of the clusters are derived based on deep CMDs and spectroscopy of individual cluster members. It 
is a valuable new resource to study the evolution of the near-infrared integrated-light properties as a function of the properties of the 
underlying stellar populations. Some future projects are briefly outlined in terms of further development of the integrated-light database 
and its applications.

Persson et al. 1983 published 

We present new aperture photometry database for a sample of 22 
young LMC clusters. With the pre-existing data the number of 
Magellanic Clouds objects with integrated-light near-infrared 
photometry available increases to 106 objects. A new approach for 
“optimal aperture” photometry extraction was introduced. This 
approach has a great potential when working with the faint cluster 
population in a given data set. An analysis was performed that the 
current data set effectively pushes the limits of the 2MASS 6X LMC 
Atlas Data. Future works will probably utilize data from newer and 
deeper surveys.

Stay tuned for future results from this and related projects!

Bringing the field up to speed
By the beginning of the new century the integrated-light near-
infrared data of Magellanic Clouds clusters was significantly 
lagging behind compared to other fields of the NIR astronomy. In 
Pessev et al. 2006 a new data set based on 2MASS Atlas images was 
published. We presented curve of growth photometry for 75 clusters, 
covering a wide range of ages and metallicities. The curves of growth 
allow an easy combination with pre-existing optical integrated-light 
photometry (usually performed with a set of fixed apertures). 

Utilizing the new database
The photometry from Pessev et al. 2006 was combined with optical 
integrated-light data and a test sample was defined utilizing only the 
clusters with the best age and metallicity data available. The 
performance of the most widely used sets of Simple Stellar 
Populations (SSP) Models was tested (see Pessev et al. 2008). See the 
figure below for more information about the test sample. We also 
added 9 more clusters to our photometry database. 

The properties of the test sample are 
presented on this illustration .It was 
divided into four age bins (see the 
upper left panel). It was extremely 
important to add enough mass in each 
age bin to minimize the effects of the 
stochastic fluctuations in the un-
derlying stellar populations. (See the

paper for more details.) This 
forced us to add a few clus-
ters with stellar population 
properties not known in such 
exquisite detail. It is easy to 
see that these are mostly in 
the youngest age bins. And 
this naturally  led to the next 
project.

Expanding the sample to younger 
ages

Rationale
Currently observational astronomy is acquiring new tools to probe 
the Universe at higher and higher redshift. Meanwhile the available 
wavelength parameter space is getting broader as well. For example 
with ALMA we'll be able to observe rest-frame Near-IR of young 
stellar populations. Hence we need to test the performance of the 
SSP models for these ages of the underlying stellar component. Once 
again the Magellanic Clouds are the perfect laboratories to 
complete this test. Recently Glatt et al. 2010 published a new 
extensive database of ages of LMC and SMC clusters. Although based 
on ground-based data (Magellanic Cloud Photometric Survey /MCPS/ 
by Zaritsky et al. 1997) the large number of potential targets  is going 
to compensate for the uncertainty of the ages. Also the MCPS data is 
extremely suitable to work with relatively young stellar populations 
and to derive the ages of the clusters. 

Data reduction and analysis
For the sample selectionsample selection  we focused on the most under-represented 
age bin of the test sample available so far (ages between 108.5  and 108.9 

years). All clusters from Glatt et al. In the age interval were checked 
on the 2MASS (Skrutskie et al. 2006) Atlas Images .Our main selection 
criterion was that a given object is detected in all three bands of the 
survey. Overall 22 clusters were reliably detected. A representative 
illustration of the cluster sample is presented. 

For the analysis of the analysis of the 
datadata  we applied the metho-
dology introduced by 
Pessev et al. 2006 to 
perform the photometry of 
the 22 clusters in our 
sample.  The main steps in 
the process are:
1) Performing PSF photo-
metry on the Atlas Images
2) Deriving the cluster 
centers
3) Background/foreground 
contamination subtraction 
using the luminosity 
functions of the cluster 
and background regions on 
the images
4) Aperture photometry 
curves of growth of the 
clusters
A probabilistic method was 
used for the background/ 
foreground contamination 
subtraction and 100 
realization of the last two 
steps were performed to 
provide a reliable 
statistical estimate of the 
uncertainties of the entire 
process. To minimize the 
effect of the stochastic 
fluctuations we defined an 
“optimal aperture”.

Illustration of the curves of growth 
technique. J,H and Ks data is presented 
from left to right. The statistical 
evaluation of the errors due to the 
background subtraction is 
particularly important in the case of 
these relatively faint clusters. We 
performed a test that showed that the 
brighter clusters from the previously 
published data sets were not affected 
by such effects.

7 outliers outside axes not on 40” 
plot

The “optimal aperture” method is presented above. On the left side – 
error plots as a function of the radii for two clusters. On the top – 
“normally behaving” error plot of a relatively bright cluster. On the 
bottom – an example of a faint object. The error plots as function of 
radius are presented for 20 objects on the right. Optimal apertures 
assuring the lowest uncertainties of the photometry are also marked. 
Note the improvement of the errors for the final photometry.

Results

Rationale

Part of this project was conducted in the framework of the CTIO REU Program, 
which is supported by the National Science Foundation under grant AST-1062976.

This publication makes use of data products from the Two Micron All Sky Survey, 
which is a joint project of the University of Massachusetts and the Infrared 
Processing and Analysis Center/California Institute of Technology, funded by the 
National Aeronautics and Space Administration and the National Science 
Foundation.

The “optimal aperture” method is presented above. On the left side – 
error plots as a function of the radii for two clusters. On the top – 
“normally behaving” error plot of a relatively bright cluster. On the 
bottom – an example of a faint object. The error plots as function of 
radius are presented for 20 objects on the right. Optimal apertures 
assuring the lowest uncertainties of the photometry are also marked. 
Note the improvement of the errors for the final photometry.

Persson et al. 1983 published the first integrated-light near-infrared 
photometry database consisting of 84 LMC ans SMC star cluster. They 
were using a single-channel detector and performed the photometry 
with a set of fixed apertures. This work remained the “golden 
standard” in the field for more than 25 years. 
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