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Abstract

We study the individual pulse shapes in a Multi-pulse Gamma ray Burst (GRB) and its relation with the underlying emission mechanism.

A novel pulse shape model was introduced to quantify the asymmetry and evolution of pulse shapes.
Time-resolved spectroscopy with maximum likelihood analysis was performed and spectra fitted with Band Function using threeML package (Vianello et al. 2015).
The pulse shape evolves during the burst, initially tending to be predominantly symmmetric, while later pulses have more FRED-like lightcurve.

A moderately positive correlation between pulse shape and the low energy spectral shape d indicates an evolution in emission mechansim from thermal
to nonthermal in nature.

Introduction Sample selection

GRB 120129580

The X-ray and y-ray light curves of the prompt We select 22 multi-pulsed GRBs with 61
phase of GRBs exhibit diverse behaviour, often | | | | | | | | individual pulses from the Fermi/Gamma-Ray
with multiple pulses. For a complete picture, we Burst Monitor. A pulse selection example is

are considering the individual pulse shapes, shown in Figure 1. The samples follow the
spectrum and correlation between multiple | | | | | | | | given criteria:

pulses.

® The temporal pulse shape is often considered | | | | | | | | ® Each pulse is defined if the count-rate at the
as a Fast Rise Exponential Decay (FRED). start and end of the pulse are at most 50% of

, the peak count-rate or equal to the
® A novel pulse shape model implemented on | | | | | | | background levels.

the FERMI/GBM bursts to ascertain the
general variations in pulse shape over multi-
pulsed bursts.
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The shape function goodness of fit r* 2 0.7.

@® 0o - proxy for the emission mechanism (e.g, The temporal binning of the pulse interval
photospheric or synchrotron), becomes | Is performed via Bayesian block, and the
progressively softer for each pulse in a multi- Figure 1: First pulse spans from -0.7s to significance of at least two bins must be

pulse GRB. This, along with changes in pulse 2.5s and the second pulse from 2.5s to 4s. S 2 20.

;hgpe over a burst, offers insights into the The pulse number is defined as the order
jet's emission mechanisms and radii. in which a pulse appears in a burst

Novel Pulse Shape Model

081009140 190114873

12000 — / 25000 17— /
10000 ”/\\* A - 1 — 1 — 20000 Mlﬁ--- -[~\\
M\ I(t) = — x |1 —tanh { =(t — 7)) )| X |1+ tanh | =(t — @) Vi Y
8000 ) 4 L @ L 6? . // \
Q2 \\\ £ 15000 / v
£ 6000 N\ € c \ //J’
S S S 10000 ; :
4000 \\ \ Pulse shape, ¢ = ot // J
2000 ) <\ Sy 00 /1 \
N vt
0 — Here, s|, sy are the rise (left) and decay (right) slopes of the A |
0 SR 8 lightcurve, and rj, ry are the half-time of the lightcurve rise 000 025 050075 w90 125 130 LT3 200
and fall. Five degrees of Freedom of the function enables | -
Figure 2a : The novel pulse function fit for one to capture the rise and decay phases of the lightcurve Figure 2b : The rjovel pulse function fit
the prompt light curve of GRB 081009 (bn independently. for the prompt light curve of GRB
08109140). Here, the pulse shape parameter 190114 (bn 190114873). Here, the pulse

shape parameter ¢ =2.12, and the

¢ = 0.35, the pulse shape is FRED-like. 2, ar
pulse shape Is Symmetric-like.
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@ Singlepeskpulses | ® Temporal pulse shape changes from Lol & S ek b
$ 5 symmetric-like to FRED-like as burst evolves. " | — fast cooling synchrotron
' —— slow cooling synchrotron
® 9/22 ~ 41% of the first pulses have shape 05| — " | —0-
10°; function =1, indicating that they are nearly ' e
L1 symmetric. However, the picture changes for
S | 0 later (279, 3™) pulses: only 5/21 ~ 24% and _ 0.0- o &
§ | % 2/11 ~ 18% have shape > 0.7 respectively. L & _—d;___#_° @ —0—
" | @ ® ® Shape - pulse number of pulses in a —0.51 By 9 0 =
. T 5 burst shows a moderate Spearman anti- _0% o2 i
1071 @ | | | | correlation coefficient r. = -0.34.
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I ® Trend between the hardest value of a (dmax) T &
with the ¢ parameter given by Spearman 15
7 > 2 A : : correlation rg = 0.23. g1 T
Pulse Number e Indication that Symmetric-like pulses may Shape ¢
. have harder amax values compared to
Figure 3 : Pulse shape vs pulse number. FRED-like pulses. Figure 4 omax VS pulse shape with the a
Pulses with shape ¢ = 0.3 are FRED-like, ® 31% of the pulses lie between the amax bounds bounds of fast cooling (-3/2), slow cooling
and shape ¢ 2 1 are Symmetric-like. The of fast cooling and slow cooling synchrotron. synchrotron (-2/3) along with NDP emission
: : o ;
pulse shape changes over time with the AR o A {0.5). sy tends to become harder as shape
ulse number. g sy ' d P symmetry Increases.
P photospheric (NDP) emission.
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