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GAMMA RAY BURSTS (GRB) - INTRODUCTION

• Highly energetic outbursts of EM radiation
• Occurring during supernovae explosion
• During the merging of compact binary objects 

(NS-NS, NS-BH).

• One of the most luminous events in the 
universe.
• Observed at great distances (as far as 

redshift z = 9.4). 
• Useful for cosmological applications.

Artistic depiction of a GRB. 
Credit: ESO/A. Roquette
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AIM & MOTIVATION

• We want to better study the plateau 
emission, flat part of GRB lightcurve.
• Plateau emission is generally explained 

via the dipole radiation of newly born 
neutron star.
• Thus, it is grounded in fundamental 

physics.
• However, such studies are hindered by 

temporal gaps in the plateau emission, 
which can arise due to:
• Orbital periods of satellites
• Lack of fast follow-up
• Atmospheric turbulence
• Intrumental errors.

GRB PLATEAU

AFTERGLOW PHASE

PROMPT EMISSION
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• Thus, we want to reconstruct the 
lightcurve of GRBs in the plateau 
region.
• This can help us obtain better 

estimates on plateau parameters.
• These have been used to build 

relevant plateau parameter 
correlations, to be used as 
cosmological tools ( The Dainotti 
relations).
• Also these estimates can be used 

for better machine learning 
models! M. G. Dainotti, S. Postnikov, X. Hernandez, M. Ostrowski, 2016, ApJL, 825L, 20

AIM & MOTIVATION
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• GRB plateau emissions are typically 
studied using:
• Broken powerlaw (BPL)
• Smooth broken powerlaw (SBPL)
• Willingale model (W07)

• A typical GRB afteglow lightcurve 
with plateau feature

• Red line is a BPL fit

HOW TO STUDY THE PLATEAU?
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• Reconstruct the plateau emission of GRB LCs using 
two methods:

1. Model dependant reconstruction:
a) Willingale reconstruction
b) Broken powerlaw reconstruction

2. Model independent reconstruction:
a) Gaussian Process

OBJECTIVE



A brief overview of

Willingale model, BPL model and 

Gaussian Process
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• The W07 phenomenological model can be described as:

• Ti and Fi are the times and fluxes, respectively. 

• Either at the end of the prompt (Tp, Fp).

• Or at the end of the plateau emission (Ta, Fa). 

• The temporal decay index after the plateau is denoted by αa (shown 
generally as αi).

THE WILLINGALE ET AL. 2007 (W07) MODEL
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• The BPL model can be described as:

• Ti and Fi are the times and fluxes at the end of the plateau.

• α1 and α2 are the slopes of the LC before and after the 
break.

THE BROKEN POWERLAW MODEL
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• GP is a generic supervised learning method 
designed for regression problems.
• Based on the properties of Gaussian 

distributions
• GP fits multiple functions to a given set of 

data points.
• Then it assigns a weight to each of the 

function based on their fit statistics. 
• This results in a confidence region within 

which GP predicts the results (orange 
band).
• We use the Radial Basis Function + white 

noise kernel for our analysis.

THE GAUSSIAN PROCESS (GP)



Methodology of LCR
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Fit W07/BPL 
model on 

original GRBs.

Produce Flux 
Residual 

Histogram 
“Original flux 

points – Flux on 
W07/BPL line”

Fit Gaussian 
Distribution on 

the Flux 
Residual 

Histogram.

To reconstruct 
the LC draw new 
flux points from 

the W07/BPL fit. 

Apply a noise value 
to the new flux point 
drawn from the flux 
residual gaussian fit. 

The noise can be 
increased by 10 or 

20%

MODEL DEPENDANT RECONSTRUCTION
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Adding noise: n = noise parameter 

(0.1, 0.2 and so on)
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Fit the GP 
function (orange 

band)

Derive the best 
GP fit (red line) 

Perform 100 
MCMC simulation 

of the 
reconstructed LC

Pick one flux 
value at random 

at equal time 
intervals

MODEL INDEPENDANT RECONSTRUCTION
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• Refit the W07 and BPL model on the 
reconstructed GRB 
• Check how the individual 

parameters have changed.
• For W07: Ta, Fa, α a

• For BPL: Ta, Fa, α 1, α 2

• Compare the error fractions (EF) of 
the parameters before and after 
reconstruction. 
• The error fractions are defined as 

(for W07):

METRICS FOR RESULTS

𝐸𝐹 log (𝑇𝑎)=|Δ log(𝑇 𝑎)
log (𝑇 𝑎) |

𝐸𝐹 log (𝐹𝑎)
=|Δ log(𝐹𝑎)
log (𝐹𝑎) |

𝐸𝐹𝛼𝑎
=|Δ𝛼𝑎

𝛼𝑎
|
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Table showing error fractions before and after reconstruction. 
Last three columns show the relative percentage decrease in the W07 
parameter error fractions. As we can see, a majority of them show a decrease.

RESULTS FOR W07 RECONSTRUCTION
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Table here showing error fractions before and after reconstruction, for 10% 
noise level. Last four columns show the relative percentage decrease in the BPL 
parameter error fractions. Similar to the W07 reconstruction, a majority of 
them show a decrease.

RESULTS FOR BPL RECONSTRUCTION



Polish Astronomical Society, 2023 19

Here we show the results from the 
GP reconstructed LC refitted with 
W07 and BPL.

We see a decrease in the error 
fractions here as well!

RESULTS FOR GP RECONSTRUCTION
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Taking an average over 218 reconstructed LCs, we see an overall decrease in the 
error fraction of all the parameters.

OVERALL RESULTS
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Here we have proposed a relatively simple reconstruction technique for 
GRB LCs. This can lead to severe advantages such as:
• Discovery of plateau features in GRB LCs, which otherwise may remain 

undetected.
• Better classification of GRBs according to their morphology with 

increased accuracy.
• Better GRB correlation using plateau emission, leading to reduced 

scatter on cosmological parameters.
With the GP reconstruction, this method can be generalized to different 
LC morphologies (with flares and bumps).

All the reconstructed LCs and the new parameters are freely available 
along with the publication.

CONCLUSIONS



Thank you!
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