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Abstract

The mission of the Advanced Laser Interferometer Gravitational-Wave 
Observatory (aLIGO) is to detect gravitational waves that could be caused 
by the interaction of massive gravitating bodies such as coalescing black 
holes and neutron stars. BayesWave is an algorithm that can analyze 
possible gravitational wave event data and determine the likelihood that 
the event strain contains mostly Gaussian noise, signal, or glitches. The 
algorithm accomplishes this by using multi-component models and 
incorporating the Reverse Jump Markov chain Monte Carlo (RJMcMC) to 
simultaneously perform model selection and fully sample the posterior 
likelihood to estimate model parameters. We will describe previous 
investigations using BayesWave, and discuss future work using BayesWave 
in a new way to detect gravitational wave signals from eccentric black-hole 
binary sources.

What is aLIGO?

It is the Advanced Laser Interferometer Gravitational-Wave 
Observatory. The “advanced” portion of the acronym signifies the 
upgrades made to the two detectors: one in Hanford, Washington 
and the other in Livingston, Louisiana. These upgrades have 
improved the sensitivity of the detectors by introducing new 
equipment. aLIGO is currently undergoing its first observation run 
“O1” that started in September 2015.

What is BayesWave?

BayesWave is an algorithm that utilizes Bayesian probability theory, 
Markov chain Monte Carlo (McMC), and Reverse Jump Markov chain 
Monte Carlo (RJMcMC) methods to analyze the characteristics of a 
gravitational wave. These characteristics include signal and noise 
features such as frequency content and duration.
BayesWave uses the McMC to sample the posterior distribution function 
to find all possible gravitational wave solutions. To model the noise and 
signal of a gravitational wave, the algorithm uses a three layer model 
that includes a gravitational wave signal, short duration noise 
(“glitches”), and Gaussian noise.

The si are data samples from the ith detector, h is gravitational wave 
strain. Ai is an operator that maps the strain at the geocenter onto the 
ith detector. The gi represents a glitch from the ith detector and ni is 
the Gaussian noise.
The RJMcMC is used to determine what characteristics are present in 
the gravitational wave strain. This information is then used to calculate 
Bayes Factors. These Bayes Factors are relative probabilities that 
determine whether the strain data is a combination of glitch and noise, 
or gravitational wave signal and noise. 

Using BayesWave to Detect 
Eccentric Binary Sources

Our interest in BayesWave lies in its unique way of identifying 
“glitches”. Although glitches have generally been characterized as 
detector noise, we believe that aspect of BayesWave is crucial in 
identifying eccentric binary sources. 

The figure above is a simulation of a waveform for an eccentric black 
hole binary system [3]. From t=0.86 to t=0.91 one can see short 
frequency bursts occurring periodically before increasing in frequency. 
Then after t=0.91 you approach the familiar merger and ringdown. We 
believe these glitch-like bursts shown in the simulation are what can 
be detected using BayesWave. 
These types of sources are very difficult to model and therefore makes 
it difficult to use methods that require a model. BayesWave is the best 
candidate for these types of sources because it does not require a 
rigorous model for the waveform. 

The Next Step

Currently we are in the midst of installing a python module called pycbc 
that will allow us to generate and look at any waveform approximant. 
The one we are interested in is the EccentricFD approximant that will 
generate waveforms of eccentric compact binary sources in the 
frequency domain.
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