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1. Introduction

Since the launch of theermiGamma-ray Space Telescope in 2008, deviations from the canon-
ical Band function [1] at both low and high energies have been obdémgamma ray burst spectra
(e.q.[2],[3].[4]). [5] suggested that GRB spectra are a superposfitwo spectral components:
photospheric blackbody emission and an accompanying nonthermal comipArfeaction of the
emission comes from the photosphere and another fraction is from dissipattee optically thin
region of the flow. According to the classical fireball model of GRBs (¢6j), the relativistic
outflow produced by the collapse of a massive star is initially radiation-dondgirzette accelerates
from an initial radiugg. Assuming that no dissipation takes place in the flow, the plasma expands
adiabatically with a Lorentz factay(r) O r up to the saturation radiuss. At this point the outflow
becomes matter-dominated and coasts with a constant Lorentz factdhe photons are decou-
pled from the plasma at the edge of the photosphggg, where the plasma becomes optically
thin.

The energy that is dissipated in subphotospheric shocks will partly theeved@in to an
extent that depends on the conditions at the dissipation site. [7] showtetth¢h@lanck function
injected into the dissipation region is modified to a varying extent dependingeodigkipation
fractions and the optical depth. In the case of low dissipation, the Plarekram can retain
its original shape. Regardless of the exact nature of the dissipatioegsothe electrons are
expected to cool rapidly on a time-scale much shorter than the dynamical tiovidgut that (i)
the dissipation occurs below or not too high above the photosphere atldafidhe energy that
is being dissipated is not much larger than the energy density in the photespBienulations
of subphotospheric shocks and their effect on the emitted photospleticrpenergies [8] show
that dissipation occurring at a low optical depth only marginally affects the ehptietospheric
emission.

From the observed physical quantities such as thermal Figg, temperaturd,p,, normalisa-
tion of the thermal componen#, ratio between total fireball energy and the energy emitted in
gamma raysYy, the dynamics of the flow, such as the bulk Lorentz factgrthe photospheric
radius,rpnn, and the initial radius of the fireballg can be derived under certain assumptions [9].

2. Sample

We studied the sample of bright and hard GRBs presented in [10] andedpttie sample to
all bright and hard long GRBs observed to the end of September 2011of &ie bursts in the
sample are observed by at least one BGO detector. This resulted in€4 Wose spectra were
split into time-resolved bins by ensuring a minimum signal to noise ratio of 15 indteetbr with
the smallest off-axis angle relative to the burst location. A further 26 wrctuded due to a low
number of time-resolved bins, where the evolution of the spectrum couldenexamined. Of the
remaining 38, 19 bursts can be fit with a combination of a Band and blacki&®lyfunction.
We therefore interpret the combination of the two functions as two sepavatpanents, where
the blackbody corresponds to the photosphere, visible due to low dissipattbe outflow. In
this work we discuss in particular the properties of GRB 110920, whicHajisfpoth components
throughout the time-resolved spectra [11].
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Figurel: Lightcurve of GRB 110920. Top panel: Nal (8—20 keV). Secoadgd: Nal (20—250 keV). Bottom
panel: BGO 0 (200 keV-40 MeV).The vertical lines indicate time interval used in the spectral analysis
(To+0.0—To+5275s).
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Figure2: Time-integrated/F, spectra of GRB 110920 fit by the Band function (left) and BaBEfunction
(right).

3. GRB 110920

On September 20th 2011 at 13:05:43.8 (UT), GRB 110920 triggered the i@&Mment on
boardFermi. The best location from GBM was at RA =159M16.8%, Dec =—27°3336”, at an off-
axis angle from the LAT zenith of 26 The lightcurve of GRB 110920 is shown in Fig. 1 as seen
by Nal detectors 0, 1 and 3 and BGO detector 0. The burst clearly shdas rise, exponential
decay (FRED) structure with agd duration [12] of 17Qt 17 seconds. The bulk of the emission
occurs in the 20-250 keV energy range.

The best fit Band parameters for the time interfigHf 0.003 To + 52.737] werea = —0.20+
0.02, B = —2.65'50%, Epeak= 334+ 5keV with C-stat = 3206.5 (485 d.o.f.), as shown in Fig. 2
(left). However, when a blackbody component was included in the fit, Hs¢éaCis reduced to
2848.3 (483 d.o.f.) which is a difference of 358.2. The peak energyeoBt#nd component is
shifted up toEpeak= 978" 131keV and the temperature of the blackbodk®= 61.3"3f keV as
shown in Fig. 2 (right). The low energy indexbecomes shallowen(= —1.05+ 0.04).
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The burst spectrum was then split into approximately 25 time bins flgm 0.003— Tp +
52.737s. These bins were determined by dividing the data observed in N& @nre intervals
with a minimum signal-to-noise ratio of 30 counts per bin. There was a markedwerpent in the
C-stat parameteMC-stat > 10) when a blackbody component is added to the Band fit in 1@ of th
25 bins. The blackbody flux is between 20%-40% of the total flux througti@ burst in the 10—
10000 keV energy range. The blackbody temperature decreasgeagialaw from~ 100 keV to
~ 40 keV as shown in Fig. 3 (left).

4. Interpretation

GRB 110920 follows the general trend throughout the burst samplesdisdiabove, where
the peak energy of the Band functi@eax is shifted to higher values due to the presence of the
blackbody, creating a double-peaked spectral effect, and whetdfts froma ~0toa ~ —1,
becoming more consistent with synchrotron emission models.

Since there is no redshift estimate available for GRB 110920, the outflawmeders are cal-
culated for the time resolved analysis, assuming a redskif2 (average value fofermi GRBS),
and luminosity distancel, = 4.9 x 10?8 cm. The normalisation of the thermal component, which
is shown in Fig. 3 (right) can be parametrized by

%:<%B>1/ZZEWRW

ot d T

which is proportional to the transverse sizgsp/n, Where the baryonic photospheric radius is
given by
Fohb = (Loor)/ (871 °mpc?)

The values of the Lorentz factay, radius of the fireball and saturation radiyscan thus
calculated. Oncg is known, the photospheric radiug,, can also be determined,tifn, > rs.

The evolution of the Lorentz factay is shown in Fig. 4 and decreases with time from 588 to
280, but the baryonic photosphegg, remains constant at 6 x 10 cm throughout the burst. The
average parameter values agg, = 5.9 x 1011Y01/4 cm;n = 442Y01/4; ro=2x 108Y(;3/2 cm and
rs==8.6x 1010Y0_5/4 cm; whereYy is the ratio of the total fireball energy to the gamma ray energy,
and is close to unity [9]. These values are close to previous estimates aitflevoparameters

(e.g. [13] [4]).
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Figure 3: Evolution of the temperature (left) and normalisation paeterZ (right).
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Figure 4: Evolution of " throughout GRB 110920 at varying redshift.

[5] F. Ryde,The Cooling Behavior of Thermal Pulses in Gamma-Ray Butst3614 (2004) 827
[6] P. MészarosGamma-ray burstsRep. Prog. Phys$9 (2006) 2259

[7] A. Pe’er, P. Mészaros and M. Re@%)e Observable Effects of a Photospheric Component on GRB
and XRF Prompt Emission SpectrufApJ 642 (2006) 995

[8] F. Ryde, A. Pe’er, T. Nymark et alQbservational evidence of dissipative photospheres in
gamma-ray burstdVNRASA415 (2011) 3693

[9] A. Pe’er, F. Ryde, R. A. M. J. Wijers et aly New Method of Determining the Initial Size and Lorentz
Factor of Gamma-Ray Burst Fireballs Using a Thermal EmissimmponentApJ 664 (2007) L1

[10] E. Bissaldi, A. von Kienlin, C. Kouveliotou et aFjrst-year Results of Broadband Spectroscopy of
the Brightest Fermi-GBM Gamma-Ray BursipJ 733 (2011) 97



Photospheric Emission in Fermi GBM Gamma Ray Bursts Sinéad McGlynn

[11] S. McGlynn et al.Photospheric Emission in the Fermi Gamma ray Burst GRB 1008%rep(2012)

[12] C. Kouveliotou, C. A. Meegan, G. J. Fishman et kElgntification of two classes of gamma-ray buysts
ApJ413(1993) L101

[13] J. Larsson, F. Ryde, C. Lundman et &8pectral components in the bright, long GRB 061007:
properties of the photosphere and the nature of the outfldMRASA14 (2011) 2642



