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Delayed light curves with Poisson distributed counts

GRB emits signal

Two detectors observe the signal at different times

Light curves sampled at different resolutions
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Cross-correlation
Hurley et al. 1992-2013
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Cross-correlation

Beware of statistical “methods” developed by 
astronomers!

(This includes the 2DKS test)
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Posterior predictive checks

Generative model



Simulations



Simulations



Simulations



Simulations
props to Leo Singer (ligo.skymap) 
and Israel Martinez-Castellanos 
(mhealpy) 



Simulations

nazgul

cross-correlation



Simulations



Simulations

nazgul cross-correlation



Simulations



nazgul cross-correlation

Simulations

duration of temporal binning



Simulations
ℒ ({ci(t)}i=1,…,Ndet 

∣ {Ci(t)}i=1,…,Ndet ) = ∏
i=1,…,Ndet 

ℒ (ci(t) ∣ Ci(t))

More than two detectors is 
naturally handled by the 
likelihood  



Simulations

Can add occultation by planets,

energy dependence,

etc



Real data

true position 



Applications





https://github.com/grburgess



• Standard cross-correlation approach for the IPN provides unreliable 
uncertainties 


• Intersecting annuli from multiple baselines can be replaced with 
posteriors via a proper joint likelihood


• Forward (Bayesian) modeling of locations (triangulation / changing 
effective) allow for proper quantifying of uncertainty and combining 
of results.


• nazgul can be extended to include spectral responses, occultation, 
and any forward model component that adds information to the data

Summary


