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2) Difference Image (DI) analysis

• Difference image combined drizzled 
exposures of candidate-hosting clusters.

→89 cluster variables with light curve 
variability & counterpart detections.

How?
3) Isochrone analysis
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Data

• PHAT survey: ACS/WFC3 data (Dalcanton+ 2012).
• Mapped ~1/3 of M31 disk & bulge.

We use:
• photometry of >117 million PHAT stars in 

Williams+ 2014 catalog.
• 2753 PHAT stellar clusters identified by 

Johnson+ 2015.

→ Initial sample of 375 luminous (F814W < 19 mag) 
cluster stars.

Results

1) Light curve analysis

• Compare F814W light curve with mean 
F814W mag for each luminous star using 
reduced χ2.

→239 luminous candidate variable stars with 
light curve variability.

Goals

→ Identify variable stars in M31 stellar clusters using 
PHAT (Dalcanton+ 2012) light curves and difference 
imaging.

→ Obtain evolutionary phase of cluster variable stars 
from host cluster isochrones, using PHAT photometry 
and available stellar cluster age & metallicity data.

→ Identify most likely variable star type of each cluster 
variable star using evolutionary phase, initial mass & 
variability characteristics.

  

F475W and F814W light curves for a candidate cluster variable 
using Williams+ 2014 PHAT photometry

Example difference images for verifying the light curve variability 
of variable stars located at each crosshair.

Example cluster variable star CMD, including its host 
cluster isochrone and error ellipse scaling used to 
calculate the most probable isochrone datum. 

Confidence Levels:

Gold – Good DI detection & photometry least likely blended.

Silver – Good DI detection & photometry likely blended.

Bronze – Ambiguous DI detection & photometry highly likely blended.

2753 Johnson+ 2015 PHAT stellar clusters; 
colors denote number of luminous (F814W 
< 19 mag) stars in the cluster.

No Targets

Candidate super-AGB

Red Super Giants (RSGs)

Candidate Mira 
variables

Candidate RV Tauri 
variables

BL Herculis variables

𝛼 Cygni variables

β Cephei variable

Slowly pulsating B-type 
“super giants” Isochrone-derived color vs absolute magnitude

Classical Cepheids
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