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Color magnitude diagrams (CMDs) of the sources detected as variables in the SAGE survey overplotted on a Hess diagram showing 
the distribution of  all the stars in the SAGE Epoch 1 catalog.

Variable sources  in the Large Magellanic Cloud (LMC) have been well studied in the optical bands by monitoring programs such as 
MACHO (e.g. De Fabrizio et al. 2005).  However,  very little is known about the infrared variability of sources  in the LMC and such 
studies may uncover new astrophysical phenomena.  In this poster, we present preliminary results on the population of variable 
sources in the Large Magellanic Cloud (LMC) detected in the Spitzer Space Telescope (SST) SAGE (Surveying the Agents of a 
Galaxy's Evolution) survey (Meixner et al. 2006, AJ, 132, 2268). The SAGE data consists of 2 epoch photometry, 3 months apart using 
the IRAC (3.6, 4.5, 5.8 and 8.0 µm) and MIPS (24, 70 and 160 µm) instruments on board the SST. Stars on the upper asymptotic giant 
branch (AGB) are known to be pulsating with large amplitudes and long periods based on optical studies. These evolved stars vary 
on a ~1 yr timescale, and thus, our two epochs of photometry, separated by ~3 months, are crucial to constrain the expected variabil-
ity of Spitzer photometry. Because the Spitzer photometry will be used to estimate the dusty mass-loss return of AGB stars,  the in-
frared variability of these evolved stars will result in a systematic uncertainty in these mass-loss estimates.  Some classes of YSOs, 
such as FU Orionis systems, may be detectable by their variability in SAGE.  Finally,  background galaxies, which may comprise 
~12% of our source list (Meixner et al. 2006), also may be variable in SAGE,  e.g. active galactic nuclei and quasars.  Here, we  at-
tempt to classify the SAGE variable sources based on their colors and magnitudes.

Variable Sources in the LMC using 
the SAGE Survey

Uma P. Vijh1, M. Meixner2, B. Babler4, M. Block5, S. Bracker4, C. Engelbracht5, B. -Q. For5, K. Gordon2, J. Hora6, R. 
Indebetouw7, C. Leitherer2, M. Meade4, K. Misselt5, M. Sewilo2, S. Srinivasan3, B. Whitney8 

1University of Toledo, 2STScI, 3JHU, 4U. Wisconsin, 5U. Arizona, 6Harvard/CfA, 7U. Virginia, 8SSI.

Variability index V was defined as the erorr-weighted flux difference in each SAGE band. 

V=f1-f2/(df1
2+df2

2)
All four IRAC bands and MIPS 24 micron, 2-epoch data was used for this study. The SAGE IRAC epoch 1 and epoch 2 catalogs were 
matched with each other with a search radius of 0.9”, to find the sources common to both catalogs with accurate photometry. Any 
multiply matched sources, and sources with neighbors within 3” were dropped from the list. Sources were then matched to Mips 24 
epoch 1 and epoch 2 catalogs. Sources with V > 3 in at least two consecutive bands in the same direction were classified as variable 
sources. The MIPS 24 µm variable sources were identified as those sources with V24 > 3 in addition to V8 > 3 in the same direction. 
The following flux cuts were applied to limit the sources to those with highly accurate photometry and to further reduce the possi-
bility of detection of false variables: [16, 16, 14 and 13.5] mag at 3.6, 4.5, 5.8 and 8.0 µm respectively.

We have identified a population of variable stars in the LMC using the 2-epoch SAGE survey. Being a 2-epoch survey this list of variable 
sources is not complete. However we have identified a large number of evolved sources and some candidate YSOs. The SAGE Project is supported by NASA/Spitzer grant 1275598 and NASA NAG5-12595.

We use CMDs to classify the SAGE variable sources. Most of the variable sources can be classified as AGB stars and the [J] - [3.6] vs 
[3.6] CMD is the most useful one to separate the AGB population. In the figures below, all the sources in the SAGE epoch 1 catalog 
are used to plot the Hess diagram shown in greyscale. On the other hand the [8.0] - [24] vs [8.0] CMD is most appropriate for sepa-
rating the dusty objects based on mass loss. In both the CMDs, the epoch 1 magnitudes of the SAGE variable sources are overplotted 
over the Hess diagram.  The O-rich, C-rich and extreme AGBs are shown in blue, green and red open circles respectively following 
the classification based on Cioni et al. (2006) and Blum et al. (2006). We cross-correlate the variable sources with the SAGE-YSO list 
from Whitney et al. (2008) and these sources are shown in cyan. Sources marked with filled diamonds are those for which the 2-
epoch SEDs are shown later. Sources that are not classified are plotted in yellow and these could be OB stars, RGB stars, post-AGB 
stars, PNe, background active galaxies or other classes of variables like cepheids or RR Lyrae stars or WR stars.
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Example SEDs of Variable 
sources classified as 
O-rich, C-rich and Extreme 
AGB stars and YSO candi-
dates. (Epoch 1 fluxes in 
solid and Epoch 2 fluxes in 
dashhed lines). The sources 
are marked by solid dia-
monds on the CMDs

The spatial distribution of the 
evolved variables, correlates ap-
proximately with LMC 3.6 µm 
image (left) which traces pre-
dominantly the old stellar popu-
lation of the LMC (Blum et al . 
2006) and supports our identifi-
cation of the variables as 
evolved stars. In particular, the 
highest density of sources is lo-
cated in the main stellar bar of 
the LMC. The image to the right 
shows the spatial distribution of 
the YSO candidates and the un-
classified sources on the 24 µm  
map. The color coding of the 
point sources on this image fol-
lows that of the CMDs.Results

Of the ~3 million sources in both epochs of IRAC catalog and ~50,000 sources in both epochs of MIPS 24 catalog we find the following number 
of variable sources satisfying the criteria for the variability index V described in the methodology section.

Source Type  SAGE Variables SAGE Epoch 1 Sources % detected as variable 
Total      1674    4,338,548       0.039
O-rich AGB   326     17,875a       1.824 
C-rich AGB    400     6,935a        5.768
Extreme AGB   809    1,240a        65.24 
YSO candidate   31     990b        3.131 
Unclassified    108     4,311,508       0.003 
a Classified by Blum et al. (2006) 
b Classified by Whitney et al. (2008)

Spectral Energy Distributions of Variable Sources
The infrared variability of the different classes of SAGE variable sources is revealed in the 2-epoch spectral energy distributions 
below. Sources were selected to show a range in luminosity as well as redness and are marked by solid diamonds on the CMDs. The 
O-rich and C-rich AGB stars show a similar amount of variation and the extreme AGB stars shows a larger variation. The extreme 
AGB stars do typically have a larger variability index than the O-rich and C-rich AGB stars. The YSO candidates not only have a 
have a large range of variability but also variety of SED shapes revealing their complex natures.


