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BACKGROUND
๏ Gamma-ray bursts (GRBs) are intense 

beams of electromagnetic (EM) 
radiation. 

๏ Gravitational wave event GW170817 
associated with GRB170817A has 
confirmed the progenitors of short 
GRBs are binary neutron star merger. 

๏ Relativistic jet launched by the merger 
interacting with the ambient medium 
will produce an afterglow across the 
EM spectrum (Fig.1 & Fig.2). 

๏ Analyzing the afterglow light curves of 
GRBs can help us resolve the 
structure of these jets (Fig.2).

T im

F
lu

x 

P i ro 

METHOD
Parameter estimation
We create a multi-dimensional grid of light curves by 
simulating each model parameter across a certain range (as 
listed below) in the parameter space and store them.   

We apply Bayesian Inference. For each Monte Carlo 
sample, instead of calculating the likelihood from model, we 
replace it with a new function that interpolates between 
the adjacent parameter values stored in our high-
dimensional grid (Fig.4). 
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LC[tho=0.36,thj=0.3,thc=0.14,Eps0=1.70e+52]
LC[tho=0.4,thj=0.31,thc=0.15,Eps0=2.03e+52]
Interpolated LC[tho=0.37,thj=0.3,thc=0.15,Eps0=2e+52]
Simulated LC[tho=0.37,thj=0.3,thc=0.15,Eps0=2e+52]
Difference

Interpolated model + Bayesian inference
The GRB jet parameters are constrained and we save ~90x computation time.

RESULTS

DISCUSSION
๏ In this study, we assume SNR=3 for all observing 

epochs. The injection parameters are recovered 
by our analysis within uncertainty yields that the 
interpolated model has the ability to constrain 
most jet parameters under poor SNR situations.  

๏ Advantages 
- We only have to simulate light curves 

one time 
- > 90 times faster than original method 
- Allow model comparison and statistical 

inference with GW observations in the 
future. 

๏ Fig.5: Blue dots: Input X-ray light curve generated 
from GRB structured jet model (Fig.1) with noise 
added to mimic the true observation. Red: 1000 
random draws from posterior samples.  

๏ Fig.6 : Posterior distribution of power law jet 
parameters after adopting 5D interpolation 
function as likelihood. Orange lines indicate the 
injection parameters from which the input light 
curve was simulated.

GRB structured jet parameter Simulated range # of grids
Observing angle          (rad) [0.01,      /4] 40
Jet opening angle        (rad) [0.01,      /6] 50
Jet core angle        (rad) [0.01,      /6] 50
Kinetic energy       (erg/s) [1e50,  1e53] 40
Observing times (day) [0.001, 1000] 20
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Fig 1. Schematic plot of 
a GRB structured jet.

Fig.2. Multiwavelength light 
curves of GRB170817.

Fig. 3. Simulated light curves across 
different observing angles ( ).θobs

Figure 4.

Figure 5.
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Figure 6.


