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The Hunt for Supermassive Black Hole Binaries Building a Better Model BayesHopper

 (J. Simon & S. Burke-Spolaor)

Gravitational Wave Sky from SMBHBs 

Stochastic background with identical power spectrum

The Nano Hertz gravitational wave  
sky is dotted by thousands of 
supermassive black hole binaries. 

The less massive and more distant 
sources will combine to form an 
approximately isotropic stochastic 
background. 

But the Nano Hertz sky will be 
dominated by a few dozen of the 
most massive nearby systems [1]. 

What is the optimal way to search 
for such a signal? 

 (N. Cornish & L. Sampson)

Current analyses look for either a stochastic background or a single 
black hole binary [2]. A better approach is to allow the number of model 
components to be determined by the data using trans-dimensional 
Bayesian inference. 
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Trans-dimensional Markov Chain Monte Carlo

A trans-dimensional extension of the usual MCMC algorithm is able to 
explore both the space of possible models and the parameters of each 
model [5]. The signal model may include an isotropic stochastic 
background and a variable number of individual binary sources. 

Evidence ratios between models can be estimated from the fraction of 
time the chains spend in each model. To test the algorithm we simulated 
a stochastic background and a single black hole binary, and computed 
Bayes factors, to evidence ratios between the signal and noise models.

The Bayes factors from the trans-dimensional analysis were found to be 
in agreement with those computed using the Savage-Dicke density ratio,

The new BayesHopper model [3] includes white timing noise in each 
pulsar, common red noise, a timing model [4], and the possibility of 
including an isotropic stochastic background, and the signals from 
multiple black hole binaries. 

References

The biggest challenge in implementing a trans-
dimensional analysis is coming up with jump 
proposals that allow for rapid exploration of the 
model space. The BayesHopper algorithm [3] 
employs several custom proposals, including 
maximum likelihood maps for individual SMBHBs. 

Tests on simulated data containing an isotropic background and 
several loud binaries have yielded promising results. The next 
steps are to run on realistic population synthesis models, followed 
by an analysis of the actual NANOGrav data. 
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Model selection using simulated data: The models 
include noise n, up to ten isolated binaries c, and 
possibly a stochastic component g


