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What Are Gamma Ray Bursts (GRBs)?

• High energy jets of photons 
usually above 0.1 MeV and 
peak in the gamma-
spectrum.

• GRBs were first discovered 
in the late 1960s by military 
satellites.

• GRBs’ light curves are very 
diverse but can be 
categorized into short GRBs 
and long GRBs
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Fireball Model

• The process is modeled 
as discrete shells 
expanding at different 
velocities.

• Pressure and 
temperature 
fluctuation causing the 
shells in GRB to expand 
at different velocities.

• The collisions between 
fast expanding shell 
and slowly expanding 
shells release gamma-
ray.
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Motivation

• To exam the initial environment’s effects on the observed light curve 
of a GRB.

• To exam the expanding velocity’s  effects on the observed light curve 
of a GRB.
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Methods

• Using Monte Carlo methods (MCM) to mimic the photon scattering 
process in GRBs.

• Three models: 
Model 1: Non-expanding centered photon model

Model 2: Non-expanding uniformly distributed photon model

Model 3: Expanding centered photon model
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Photon Scattering

• Photons were generated at the center/ uniformly distributed inside 
with a known radius of a sphere, using MCM. The sphere also had an 

opacity, τ= σ x 𝜌𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛.

• The photons were assigned a random initial velocity (using MCM) and 
were scattered until they escaped the sphere.

• The photons were assigned with a new normalized velocity after each 
scattering.

Scattering Cross Section
Electron Density

7



Scattering Time

• The stepsize for the scattering was determined using Beer’s law 
combined with Poisson probability distribution:

ɛ = exp(−τΔ𝑥)

Δ𝑥 = -ln(ɛ)/τ

Opacity

Photon  Mean Path

Random number  between 
0 and 1
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Generating Emission and Observed Light 
Curves.

• The emission times of the photons were recorded to generate the 
observed light curve.

• The observed light curve was generated using the expression:

𝑇𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑= 𝑇𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 − 𝑇𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛
𝑉𝑠𝑝ℎ𝑒𝑟𝑒

𝑐
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Non-Expanding Photon Centered Photon Model and Uniformly 
Distributed Parameters

• The radius and the opacity were different for each case.
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Expanding Centered Photon Model 
Parameters
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Results
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Non-Expanding Centered Photon Cases
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Kolmogorov-Smirnov Test (KS2)

• Level of significance was 0.1.

• Cases with τ> 100, changing τ and keeping R fixed produced the same observed 
light curve.

• Cases with the same τ, changing R did not alter the observed light curve.
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Non-Expanding Uniformly Distributed Photon Cases
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Kolmogorov-Smirnov Test (KS2)

• Level of significance was 0.1.
• Cases with different τ, changing R did not produce the same observed light curve.
• Cases with the same τ, changing R did not alter the observed light curve.
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Expanding Centered Photon Cases
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Expanding Centered Photon Cases

• The results were modified and 
compared with GRB 7475 from 
BATSE.

• 𝜒2 tests were used to 
compare the data.
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• Level of significance was 0.001.

• 1718 data points and 5 fitting parameters.

• Critical 𝜒2 was 1900.

• Case 2 has 𝜒2-value less than 1900. 
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Summary

• The photon scattering process in GRBs was simulated using Monte Carlo method for three 
different models: 

• 1) Non-expanding centered photon model.

• 2) Non-expanding uniformly distributed model.

• 3) Expanding centered photon model.

• Model 1: 

• Cases with the same τ, changing R did not alter the observed light curve.

• Cases with τ> 100, changing τ and keeping R fixed produced the same observed light 
curve.

• Model 2:

• Cases with the same τ, changing R did not alter the observed light curve.

• Cases with different τ did not produce the same observed light curve.

• Model 3: 

• Only  case 2 with 𝑉𝑠𝑝ℎ𝑒𝑟𝑒 = 0.2𝑐 had 𝜒2 < 1900
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Future Goals

• Obtain results for Model 4: Expanding uniformly distributed photon 
model.

• Compare Model 3 and Model 4 with other GRB data from BATSE.
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