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Abstract

We analyzed 15 exponential decaying GRBs observed by both the Swift/BAT and XRT (0.3-150 keV)
so that we measure the dependency in the lower energy band. We obtained energy resolved time constants
from 17 peaks (pulses) from 16 GRB events. Among them, the energy dependence of time constants of
2 GRBs were well fitted by a single power-law, while 14 GRBs ’were fitted only by broken power-law
models. The mean value of the low-energy index of decay constants was τ ∝ E0.54±0.14, which supports
synchrotron radiation. Whereas, the high-energy index of decay constants was distributed from -0.3 to
0.1. In this paper, we also discuss possible radiation process in higher energy band.

Key words: Data analysis—Swift—Radiation prosess

1. Introduction

Various evidence implies that the GRB prompt emis-
sion are produced via inverse Compton scattering (IC),
synchrotron and blackbody radiation. However, it is dif-
ficult to distinguish these emission by spectral study of
limited band width. To study emission mechanisms and
their time evolution, we focused on the energy depen-
dence of the time constants in the exponential decaying
phase of the prompt emission.

Decaying processes of GRBs thought to be the cur-
vature effect in emitting regions or radiational cooling.
Former one expects that decaying phase of GRB light
curve shows power-law (PL) (Fenimore et al. 1996). On
the other hand, latter one assumes that electrons in emit-
ting region lose their energy by radiation. Thus, GRBs
decay exponentially and the decay processes reflects cool-
ing processes. According to Sari et al. (1996), electron
cooling timescale due to synchrotron (or synchrotron self
Compton; SSC) radiation depends on observed photon
energy and the dependency is tcool ∝ E−0.5 (∝ E−0.25).
This suggests τ depends as same as tcool because expo-
nential decay reflects cooling processes. Table 1 summa-
rizes relationships between radiation processes and en-
ergy index (γ). Hence, we are possible to distinguish
radiation processes of prompt emission by studying the
energy dependence of the time constants in the exponen-
tial decaying phase.

Tashiro et al. (2012) reported that the dependency
derived from data of 7 GRB events observed with

SUZAKU /WAM (50-5000 keV) distributes around τ ∝
E−0.34±0.12, which was consistent to both synchrotron
and SSC cooling. We study, therefore, exponential de-
caying GRBs observed by both the Swift/BAT and XRT
(0.3-150 keV) in order to find out the energy dependence
of the time constants below the WAM energy band. Er-
ror bars are in the 90% confidence level unless noted
otherwise.

Table 1. Relationships between radiation processes and energy index.

SSC corresponds to Synchrotron Self Compton scattering.

Process Energy index (γ)
Synchrotron −0.5 (Rybicki & Lightman 1979)
SSC −0.25 (Sari et al. 1996)
Synchrotron + SSC −0.33 (Kumar & Panaitesca 2008)
Blackbody (kBT ≪ hν) 0
Blackbody (kBT ≫ hν) −3

2. Analysis

Samples of analysis were selected from 16 GRBs which
were satisfied with following conditions: (1) BAT and
XRT light curves are shown in the UK Swift Science
data Centre (Evans et al. 2009); (2)exponential decay is
better than PL decay; (3)pulses which can be fitted by
1 or some fast-rise-exponential-decay(FRED, Tashiro et
al. 2012) pulse(s); (4)3 or more significant bins are exist
in BAT 10σ or 10sec light curve during observation by



Fig. 1. The energy dependence of the time constants. The dashed line represents the best-fit (broken) PL. The x-axis and the y-axis in each

panel represent to photon energy energy [keV] and time constant [second], respectively.

XRT.

In order to obtain the energy dependence of the time
constants, we extracted the energy-resolved light curves
of samples in pure decay phases, and fitted the exponen-
tial function (N(t) = Aexp(

t−tp
τ ), where N(t) is count

rate, A is norm, and tp is time at pulse peak) into each
light curve. We achieve plots of time constant versus en-
ergy as a result of the analysis for each energy-resolved
light curves. Additionally, we performed model fitting
for the time constants with the models of a simple PL, a
PL with one break energy, and a PL with two break en-
ergy in this order until the resultant χ2 did not show an
improvement (corresponding to p-value > 0.1 in F-test).

3. Results and Discussion

Figure 1 shows the the energy dependence of the time
constants. The constants in the most of GRBs (except
GRB171027A and GRB181030A) were fitted by broken
PL. The constants depend on energy strongly to the
point of break energy, and depend it weakly above the
energy. Figure 2 shows energy index of each events.
The first energy index is γ̄1 = −0.54 ± 0.14 on average,
and the value is consistent with synchrotron radiation.
In contrast, second index distribute −0.3 < γ̄2 < 0.1,
which is too smaller than expected in SSC and consis-
tent with black body emission in Rayleigh-Jeans limit
(kBT ≪ hν). This suggests that that prompt emissions
consist both of synchrotron and of thermal components
in 0.3-150 keV band.
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Fig. 2. Energy index of decay constants in each events and histgrams

of the index. The solid line is γ = −0.5, the dot-dashed line

is γ = −0.33, and the dashed line is γ = −0.25, which are

the values corresponding to synchrotron, synchrotron + SSC, and

SSC, respectively.
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