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A binary star is a system that contains two stars orbiting each other. A contact binary is a binary star 
whose component stars are so close that they share the same atmosphere. Our system of interest, KIC 
9832227, is one of these contact binaries. What sets it apart is that its orbital period is decreasing faster 
than any other contact binary system known, and the rate of decrease is accelerating. This is of particular 
interest, because some speculate that all contact binaries end in a stellar merger and subsequent nova. 
The extreme period decay in our system may be a harbinger of such an event in the near future. 

We continue to monitor our system’s light curve as the predicted merger approaches.  I have 
analyzed data from October 2016 to June 2017 and find that the orbital timing is on track for the system 
to merge and go nova sometime in early 2022.  We continue to rule out other possible explanations for 
the behavior of KIC 9832227’s timing variations. 

In addition to monitoring the light curve, we have begun to investigate what could cause systems like 
ours to become unstable.  One relevant factor that we are looking into is how much our system fills its 
gravitational potential.  In a binary system, this is called fillout factor.  If two stars orbiting each other are 
just barely touching, we say they have a fillout factor of 0.  If they fill their gravitational potentials so much 
that material pours out the back of the smaller star, we say it has a fillout factor of 1.  Our system has a 
fillout factor of about 0.45.  We are beginning to fit models to light curves from hundreds of other contact 
binaries observed with the Kepler spacecraft to see how distinctive our fillout factor is.  To do this, we are 
using a new program called PHOEBE (PHysics Of Eclipsing BinariEs).  We have been running extensive 
tests to validate the results the program produces.  We are working on getting it to run in a loop in order 
to fit multiple binaries without the need for user intervention.  We can then make a histogram showing the 
distribution of fillout factors among contact binaries. 

So why is fillout factor important?  Well we are investigating possible mechanisms that could make 
systems like ours unstable.  We suspect that even in between the fillout factors 0 and 1, significant 
amounts of material in the stars’ corona (the layer above the visible surface) can still leak out the back of 
the smaller star.  Since this is where angular momentum is the highest, material that leaks through this 
point would steal significant angular momentum from the system, causing the stars’ orbit to shrink.  This 
would result in even more material escaping out the back, and we suspect it could become a runaway 
process, ending in the merger of the two stars.  If our hypothesis is correct, it follows that other contact 
binary systems should fill their gravitational potentials less (have a lower fillout factor) than our system.  
This is why we are working on a histogram of fillout factors.  Another check for this hypothesis comes in 
the form of X-rays.  If there are significant amounts of high-energy material capable of escaping the 
corona of KIC 9832227, it should shine brightly in the X-ray part of the spectrum.  From X-ray data taken 
this last spring with the XMM-Newton satellite, we find that our system outshines everything else in the 
field of view, including active galactic nuclei.  We will analyze these data further to infer the density of 
material in the corona. 

As we sift through dozens of other contact binaries, we are keeping an open mind to the possibility of 
finding similar systems to our own.  However, all systematic searches to date for binary systems other 
than KIC 9832227 likely to merge in the near future have come up empty. 

In summary, we continue to process the photometric data we take on KIC 9832227. Our data support 
the prediction of a stellar merger under 5 years from now.  We have begun to track down the mechanisms 
behind such stellar mergers by modeling many other binary systems, and we remain hopeful in our 
search for other, similar stellar systems. 

 
Overall, this has been an unbelievable opportunity for me. I am learning just how demanding full-time 

research can be.  I continue to learn more about that particular brand of humor specific to the physics 
community. I have read and, to some degree, understood a number of astrophysics articles, and have 
discussed them with my professor and others. All these things have enabled me to more fully engage 
research. In the end, the most important thing I have gained is a sense of place within the science 
community. 


