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GRB - Introduction

Prompt/ AG: importance of understanding prompt emission
Polarimetry: spectro-polarimetry
GRB polarisation - CGZ'T" Imager
GRB pol. as a class
Individual: GRB 160802A and GRB 171010A

Needed: better spectroscopy and better polarimetry
Other sources
Conclusions
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Gamma ray bursts (GRBs)
Observational Timeline

BeppoSAX
WHT, HST fOIIOW—Up.’ z=0.695 2004
1997 2002| *
INTEGRAL Swift
IBIS and SPI Slewing ability
polarisation XRT X-ray coverage

not tested on ground
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GRB models

@ Synchrotron radiation

Several shocks - - also
possible cross-shock IC

Internal Shock

Collisions betw. diff.
parts of the flow

Photospheric
th. radiation

~10"cm

External Shock

Flow decelerating into

the surrounding medium
Reverse Forward
shocke= => shock

>10"cm

& Fast cooling
& Slow cooling

Meszaros et al. 1994

@ Line of Death
@ Both

Yu et al., 2015
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Slow cooling
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GRB models
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© Photospheric models ol
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® Photosphere + shock
TS . 1 ® Dissipation inside a fuzzy

Planck Wien

photosphere

MeV
e 10 keV

II - I - 7:,,.| kT ~1GeV

o ey ©® Magnetic dissipation

(Beniamini and Giannios
2017)

Beloborodov and Meszaros (2017)
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GRB models

& Comptonization models
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GRB Physics
What do we want to answer ?

© What are the radiation mechanisms producing GRBs in
prompt emission?

© How is the distribution of electron is non thermal with a
low energy cutoff created?

w Jets or no jets (fragments)

© Geometry of jets

© What is the energy reservoir: Thermal, Kinetic or
magnetic?

© Central engine of GRBs: Black holes or Magnetars?
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Polarisation Measurements

RHESSI GRB 021206 Pi= 80+- 20 %
BATSE, INTEGRAL, GAP

Table 2: Summary of recent GRB polarization measurement by IBIS/SPI and GAP.

~—— .——.—.—.4.‘_—1.

GRB 11 Peak energy Fluence Energy Range Redshift Instrument
(68% c.l.) (keV) (erg cm™?) 2
041291A  65+26% 20175 2.5%x10~ 20-200 keV 0.31705:  IBIS, SPI
06122 >60% 188+17 2.0x107° 20-200 keV 1.33702¢  1IBIS, SPI
100826A  27+11% 606 109 3.0x107% 20 keV-10 MeV  0.71-6.84! GAP
110301A  70422% 10742 3.6x107° 10 keV-1 MeV  0.21-1.09* GAP
110721 84730% 3937107 35 x107* 10 keV-1 MeV  0.45-3.12! GAP
140206A  >48% 98+17 2.0x1075 15-350 keV  2.739+0.001 IBIS

I yedshift based on empirical prompt emission correlations, not on afterglow observations.

Source: Covino and Diego, 2016

Tbiricor | [[GLAJON. OP2GLAYLTIONZ"

High polarisation measured for prompt emission
« Synchrotron emission or Inverse Compton scattering
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Table 2. Table for polarization

GRB Name

Compton events

PF (%)

GRB 151006A
GRB 160106A
GRB 160131A
GRB 160325A
GRB 160509A
GRB 160607A
GRB 160623A
GRB 160703A
GRB 160802A
GRB 160821A
GRB 160910A

459
950
724
835
460

<62
68.51+24
94431
58.754+23.5
96140
<63
<35
<45
85429
48.71+14.6
93.71+30.92

-31.0+12.8°
-22.5+12.0°
41.24+5.0°
10.9+17.0°
-28.6+11.0°
-42.0+24.0°
-4.0+27.0°
-47.946.0°
-36.14+4.6°
-34.045.0°
43.5+4.0°
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VIOLATION OF SYNCHROTRON LINE OF DEATH BY THE HIGHLY POLARIZED GRB 16080

GRB 160802A
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The spectrum in general \114)\\\ a hard-to-soft

Vikas Chand, Chattopadhyay, T., S. Tyyani et. al. 2018

an optically thin syndnolmn shock model (SSM). I ciated

with a subdominant thermal emission, \11('11 a (‘()I]I])Hl]u is 1 nalysis.

0keV is too | i

in such a scenario. Jitter radiation, whic 11 alh)\\'s a much harder

In addition, the measured polarisation in 10 1odated
rinciple
to 200-

polarimetric

index up to a = 0.5, i

can produce high polarisation but only beyond the spectral peak, which in our case lies close
300keV during the time when most of the polarisation signal is obtained. The spectre-
data seems to be consistent with a subphotospheric dissipation process occurring within a narrow jet
with a sharp drop in emissivity beyond the jet edge, and viewed along its boundary.
individual (GRB160802A) — polarization

Keywords: gamma-ray burst: general — gamma-ray burst:

radiation mechanisms: non-thermal

1. INTRODUCTION

One of the putative models invoked to explain the

non-thermal spectral shape in the prompt emission of
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Aema oma s

'GRB 160802A conclusions

© Hard low energy index inconsistent with SSM

© Burst is not observed much off axis as then it
should be dominated by high latitude
radiation which is much softer

© Subphotospheric dissipation - low polarisation

v Jitter radiation can give larger polarisation,
however at energies beyond Ep, around
spectral peak polarisation <=40%

© Viewing geometry

« Very narrow jet viewed along its edge

© Sharp drop in the jet edge otherwise high
lattitude emission will soften the spectrum

« Cutoff in energy jet ~ 1 degree (lowest
deduced from jet breaks)

” > — pm— - -~
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* GRB 171010A
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Figure 15. Compton light curve (top), polarization fraction (middle) and angle (bottom) for three different time intervals
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| GRB 171010A conclusions

© Spectrum can be modelled by doubly broken
power law, Synchrotron radiation

© Low Polarisation: high Lorentz factor: Random
magnetic field at small scales (compared with
beaming angle)

o Polarisation variation: multiple fragments of
fireballs

© Polarisation variation with energy: angular
effect and dominance of fragments at different
energies

& Comptonization model can also explain low
polarisation

e o o
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in the same energy range. The ratio is initially ~ 5% and
increases to peak value of ~ 25%.
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