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ABSTRACT

We present time-resolved spectral analysis of prompt emission from GRB 160625B, one of the brightest bursts ever detected byFermi
in its nine years of operations. Standard empirical functions fail to provide an acceptable �t to the GBM spectral data, which instead
require the addition of a low-energy break to the �tting function. We introduce a new �tting function, called 2SBPL, consisting of
three smoothly connected power laws. Fitting this model to the data, the goodness of the �ts signi�cantly improves and the spectral
parameters are well constrained. We also test a spectral model that combines non-thermal and thermal (black body) components,
but �nd that the 2SBPL model is systematically favoured. The spectral evolution shows that the spectral break is located around
Ebreak � 100 keV, while the usual� F� peak energy featureEpeak evolves in the 0.5–6 MeV energy range. The slopes below and above
Ebreakare consistent with the values –0.67 and –1.5, respectively, expected from synchrotron emission produced by a relativistic electron
population with a low-energy cut-off. IfEbreak is interpreted as the synchrotron cooling frequency, the implied magnetic �eld in the
emitting region is� 10 Gauss, i.e. orders of magnitudes smaller than the value expected for a dissipation region located at� 1013� 14 cm
from the central engine. The low ratio betweenEpeak andEbreak implies that the radiative cooling is incomplete, contrary to what is
expected in strongly magnetized and compact emitting regions.
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1. Introduction

The physics of gamma-ray burst (GRB) prompt emission is still
debated. The main radiative process responsible for the observed
soft -ray emission has not been clearly identi�ed even �fty years
after their discovery. Independently from the details of the accel-
eration mechanisms (shocks at internal collisions or in magnetic
reconnection events), the presence of energized electrons and
strong magnetic �elds points toward synchrotron radiation as
the most natural and ef�cient process for conversion of parti-
cle energy into non-thermal -ray radiation (Rees & Meszaros
1994; Katz 1994; Tavani 1996; Sari et al. 1996, 1998). The sim-
plest predictions from synchrotron radiation in the fast cooling
regime are, however, inconsistent with the shape of the observed
prompt emission spectra. Below the peak energy of the� F� spec-
trum, the photon index indeed has a typical valueh� i � � 1
(Preece et al. 1998; Frontera et al. 2000; Ghirlanda et al. 2002;
Kaneko et al. 2006; Sakamoto et al. 2011; Nava et al. 2011;
Goldstein et al. 2012; Gruber et al. 2014; Lien et al. 2016). This
slope is harder than the predicted� syn = � 1:5 expected in the
case of synchrotron emission from a population of non-thermal
electrons undergoing ef�cient cooling (Ghisellini et al. 2000).

Different solutions for this major inconsistency have
been proposed in the literature. Within the synchrotron sce-
nario, harder spectra can be achieved in some non-standard

con�gurations. These include a magnetic �eld decaying
downstream on timescales shorter than the dynamical one (Pe'er
& Zhang 2006; Zhao et al. 2014) or decaying with the dis-
tance from the central engine (Uhm & Zhang 2014), highly
anisotropic magnetic �elds (Medvedev 2000), synchrotron self-
absorption frequency close to the X-ray range (Lloyd & Petrosian
2000; Daigne et al. 2011), inverse Compton scattering in the
Klein–Nishina regime (Derishev et al. 2001; Nakar et al. 2009;
Daigne et al. 2011).

In two recent studies, Oganesyan et al. (2017a,b) extended
the investigation of the prompt emission spectra down to the soft
X-ray band, taking advantage of 34Swift GRBs with prompt
emission observed not only by the Burst and Alert Telescope
(BAT; 15–150 keV), but also by the X-ray Telescope (XRT;
0.3–10 keV). Time-resolved XRT+BAT joint spectral analysis
has revealed the necessity of going beyond the standard �tting
models, by adding a further, hard power-law segment at low
energy. In the GRBs considered by Oganesyan et al. (2017a,b),
the energyEbreak at which the spectrum breaks, assumes values
in the range 2–30 keV. In both studies, this break is required
with high statistical signi�cance (more than 3� ) in � 65% of
the analysed spectra. These spectra also display a peak energy
Epeak, with values similar to those of the whole population, i.e.
ranging from 10 keV to 1 MeV. The photon index� 1 describ-
ing the spectrum below the break energy has a distribution

Article published by EDP Sciences A16, page 1 of 11

http://www.aanda.org
https://doi.org/10.1051/0004-6361/201732245
mailto:m.ravasio5@campus.unimib.it
http://www.edpsciences.org





















