
Gamma-ray Burst X-ray Flares Light Curve Fitting
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𝜏𝑝𝑒𝑎𝑘 = 𝑡𝑠 + 𝜏1𝜏2 𝜏2= pulse decay parameter

A= pulse amplitude
𝑡𝑠= pulse start time

❖ Integral of this function was attempted but an analytical
integration is not possible being that it is a series and
therefore, the numerical integral of the function had to be
used.

• The Norris function plus the underlying power-law were fit
to the XRT data with methods described in Racusin et al
(2009). (Figures 4-7)

• Go through each light curve data and fit using the Norris
plus power law functions and plot residuals.

Abstract
Gamma Ray Bursts (GRBs) are the most luminous explosions
to occur in the Universe. These electromagnetic explosions
produce jets in a short burst of prompt emissions followed by
an afterglow that also radiates across the electromagnetic
spectrum. There are sharp increases of flux in the X-ray
spectrum known as flares that occur in about 50% of
afterglows. In this project, all of the afterglow emissions that
were recorded by the Swift X-ray telescope (XRT) , whether
with flares or without, were fit using the Norris function
(Norris et al. 2005) and power laws (Racusin et al. 2009). The
Norris function and power laws fit the XRT data and also
display the residual which is a crucial part of what is to be
understood in the research, being the part which will give an
idea of how good the fit is. The purpose of this research is to
find a pattern within these flares and see if they look similar
to the prompt emissions in hopes of characterizing them and
alleviating some of the ambiguity of what causes them, as
well as, how these flares are produced.

Background
Gamma Ray Burst (GRB):
• There are two kinds:
➢ Short bursts (duration < 2 seconds)
➢ Long bursts (duration > 2 seconds)
• During the collapse of a massive star or the merging of

compact objects, matter is drawn towards the central
engine, and when ejected, produces the relativistic jets that
can reach speeds close to that of the speed of light.

• The jets interacting with the surrounding environment
produces afterglow.

X-ray Flares:
• Bursts of X-rays that occur during the afterglow period,

after the central engine has ceased activity.
• Photon Count rate is in the range of 0.3-10 keV.
• The question is, what can cause the central engine to be

active for so long or to restart after a period of subdued
activity.

Prompt Emission Signature

❖ Figure 3: Fitted from the Norris et al. (2005) pulse model, Hakkila et al. 
(2015) shows the fitting of the residual from GRB060206 using the 
parameters and BATSE pulses (Hakkila & Preece 2011). The left picture is fit 
to the residual and the right is fit to both the residual plus the pulse model.

Example Afterglow Fits 

❖Figure 1: The Swift satellite contains the Burst Alert 

Telescope (BAT), X-ray Telescope (XRT), and Ultra-violet 
Optical Telescope (UVOT). BAT detects gamma-ray emission 
and the XRT and UVOT rotate to focus on that specific point 
in the sky, which takes only a minute, being one of the only 
astronomical satellites that is able to rotate so quickly.

Figure 2:Diagram of the emissions from either the merging of 
two neutron stars or a death of a massive star turning into a 
black hole.

❖Figure 4: A fit of an afterglow from 
GRB050603 that has neither flares 
nor breaks.

❖Figure 5: A fit of an afterglow from 
GRB050126 that has one break but 
no flares. 

❖Figure 6: A fit of an afterglow from 
GRB050502B  that has one break 
and three flares.

❖Figure 7: A fit of an afterglow from 
GRB050726 that ha one break and 
one flare.

• The upper graph in each window is the fitting of the light curve from the
afterglow and the numbers on the lower left-hand corner are the
parameters. The more breaks and flares there are, the more parameters
there will be.

• The lower graph in each window is the residual of the light curve. The
residual is similar to the left over of the light curve that does not fit within
the fit function curve. The closer the data is to one, the less residual there
are, but some of the light curves have a lot of residual, which gives an idea
of how good the fit is .

Conclusion & Future Work
• Fit entire sample of ~1000 light curve data.
• Interesting flares that are both bright and isolated will be

selected to characterize the residuals by collaborator, Jon
Hakkila (University of Charleston), to further research in
understanding these flares.

• Research from these flares will relate to shock physics and
aid in a deeper understanding of relativistic shocks.

With Flares

Without Flares

❖ Artist rendition of a GRB portraying horizontal jets and 
relativistic shocks. 
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