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GAMMA-RAY BURSTS (GRBS)

• Discovered by accident in the 1960s 

• The most energetic events in the 
Universe: ~1051-55 erg/s  

• 0.5 events per day (over 3000 observed) 

• Most likely the death cry of Pop III stars 
or binary neutron star mergers. 

• Hyper-relativistic outflows (the 
compactness problem) 

• Cosmological (z = 0.1 - >~ 9.0) 

• No agreed upon the so-called prompt 
emission mechanism



3Compton Gamma Ray Observatory & BATSE 
1991 - 2000

Fermi Gamma-ray Space Telescope & GBM 
2008 - present

The Band function (Band+93)

Conventional interpretation: 
synchrotron radiation

Typical GRB prompt spectrum



NAI X 12

BGO X 2

GAMMA-RAY BURST MONITOR (GBM)

LARGE AREA TELESCOPE

Meegan+09





bomb! 
(no sound in space btw)
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Bayes’ Theorem
P( model | data ) = P( data | model ) * P( model ) / P( data )

PriorLikelihoodPosterior
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Thou shall Bayesian.



A photon has an intrinsic energy E from a direction ψ
The detector registers its arrival time and observed energy ε

Data reduction means to invert the detection process in 
order to obtain the intrinsic energies of a spectrum of 
photons at the same arrival time
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detector response 
matrices (DRMs)

effective area

energy dispersion



First, we need to estimate the GBM BACKGROUND

P (t; θj0, θ
j
1 . . . θ

j
n) = θj0 + θj1t+ . . .+ θjnt

n

MODEL BACKGROUND AS POLYNOMIAL

APPLY POISSON MLE

−2 logL = 2
N∑

i=1

Mi − Si + Si(logSi − logMi)

• Associated  errors  on  parameters  are  assumed 
Gaussian to allow for error propagation 

• Error propagation assumes parabolic surface for profile 
of parameter and then Taylor expands assuming small 
errors  

• This of course fails if any of these assumptions is false!

the posterior of the fit 
background is propagated into 
the on source time interval
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Then, we need to define the SOURCE function

assuming GRBs are point sources at cosmological distances

Φs are the GRB spectral energy distribution (SED) parameters



Bayes’ Theorem
P( model | data ) = P( data | model ) * P( model ) / P( data )

PriorLikelihoodPosterior
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for a single channel:



Bayes’ Theorem
P( model | data ) = P( data | model ) * P( model ) / P( data )

PriorLikelihoodPosterior

14

Φs uniform with appropriate bounds

ψs



Bayes’ Theorem
P( model | data ) = P( data | model ) * P( model ) / P( data )

PriorLikelihoodPosterior
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BALROG (BAyesian Location 
Reconstruction Of Gamma-ray bursts)



BALROG scheme 16



Checking BALROG with simulated bursts 17

CPL standard “hard’ template 
(Connaughton+15)



Checking BALROG with simulated bursts 18

angular separation of the location posterior and 
the best fit location (blue) and true location (green) 



BALROG result for GRB 121128212 19

CPL + subset of 
detectors



BALROG result for GRB 121128212 20

“hard” template + 
subset of detectors



BALROG result for GRB 121128212 21

CPL + all detectors
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24BALROG result for GRB 080916C

BALROG prefers Band function only



25BALROG result for GRB 080916C



26BALROG result for GRB 080916C



27BALROG result for the claimed GBM signal 
of GW 150914

all detectors, as in Connaughton+16

PL CPL
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only n5 and b0, as in Greiner+16

PL CPL

BALROG result for the claimed GBM signal 
of GW 150914
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see Greiner+16 and Savchenko+16 for more details!

BALROG result for the claimed GBM signal 
of GW 150914



30BALROG on arXiv:1610.07385


