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photon counts /64ms

Gamma-Ray Burst
Most luminous explosion in the universe

L, ~10°° - 10~*erg/s

duration
tyur ~ 10ms — 100s

o ey rapid variability
0O 20 40 t?g) 80 100 120 6t ~ Mms

Flux (erg/cm?/s)

non-thermal spectrum

broken power law with sharp peak

E, ~ 102 - 10% keV

10 102 103 104 10°
E, . (keV)

Emission mechanism unetablished



Peak Luminosity Lp[erg/s]
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Yonetoku Relation

Tight correlation between Ej - L
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Yonetoku + 2004 ;2010

Important for application to
cosmology

Powerful diagnostic for
emission mechanism




Models for Emission Mechanism
Internal Shock Model
-radiation efficency

-rapid time variabilit
O P Y ’7 -hard spectra at low energy
non-thermal spectrum " «sharp spectral peak

Photospheric Emission Model

-radiation efficiency
-hard spectra at low energy
-sharp spectral peak

*non-thermal spectrum
= -soft spectra at low energy

photosphere Internal shock
Optically thick  Optically thin External shock



Yonetoku relation & Internal shock model

Poor predictability due to too many parameters

Optically thin synchrotron

ocC 2
E, 'y, B
o< [.sm./m Properties of outflow
T sh™e™'p © and physics of
Boc T [eg nm, ]1/2 collisionless shock

must be specified

Lp oc L €e  for fast cooling

Self-regulation among various parameters is
necessary to reproduce the relation

e.g., Zhang & Meszaros 2002



Yonetoku relation & Photospheric model

Theoretical prediction is (relatively) solid

Optically thick thermal radiation

Ep ~ 600 1“4008/3 |_53-5/12 rin,81/6 (keV)

L, ~ 1.2X10°2T 4% Lgs3 1y, 2 (ergls)

for rop > reg

—

Cluster of E, ~ 10 — 10° MeV naturally achieved

Correlation in outflow properties is necessary to
reproduce the relation e.g., Fan + 2012, lto + 2013

assumption: 1D Steady spherical outflow




Photospheric Emission in GRB jet
Dynamics of Jet have significant effect on the radiation signature

Fast @ (go 1) Dynamics of Jetand
- Cocoon Radiation transfer must be solved

Previous Studies

steady outflow or 1D model

Pe’er +2005,2006,2011; Giannios 2008; Beloborodov
2010,2011; Vurm+2011,2016; Lundman+2013,2014,
[to+2013,2014, Chhotray 2015

> approximated treatment for radiation

Thermal Peak

i - 1%
Plex e / Lazzati+2009,2011,2013; Mizuta+2011;Nagakura+2011;
loka+2011 Lopez-Camara+2014
This Study

Radiation transfer calculation based on
3D hydrodynamical simulation

See also Lazzati 2016, Parsotan + 2017




3D relativisitic hydrodymaical simulation

Calculation of relativistic jet breaking out of massive progenitor star

Density log p: £=0004 sec

-1 Progenitor star

4x10'|
x10") 16Tl (Woosley & Heger 2006)
ol Mi ~14Msun
— x1010. R* ~ 4 x 1010 Cm
@presupernova phase
—4x10") 15
oL 5.0x10'° 1.0x10" 1.5x10" 2.0x10" 2.5x10%p 'Jet parameter
. Density log p: t=0300 sec B |_J — 1049, 1050 ,1051 erg/S
2x10'? Gj =5°
1x10" —
I[=5
> 0
I'n = 500, 900
1x10
| R, =100 cm
—2x%10/ ]
—3x1012; : . .
0 2.0x10'% 4.0x10" 6.0x10'% B.0x10'? 1.0x10™ 1.2x10" 1.4x10"% g 3models with different power

Radiative transfer calculation
Propagation of photons are calculated until they reach optically thin region




fiducial model L; = 10°° erg/s

log p
(g/cm3)

3.2

t=20s k=110

2.8

8.8 —
3x1012 ¢m
- r log I’ logI"
1.0 1.6 2.1 2.7

Ilto + 2015



= 10°0 erg/s

fiducial model L;
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E, & L, decline as O, increases



Dependence on jet power

L;=10% erg/s L; =10 erg/s L;=10% erg/s

t=40s

Ito + 2017, submitted



Dependence on jet power

1053
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L, & E, are systematically higher for higher L,



Yonetoku relation
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Remarkable match with observations
Evidence of photospheric emission as dominant radiation process



L, (erg/s)

Yonetoku relation: viewing angle dependence
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L, (erg/s)

Yonetoku relation: viewing angle dependence
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L, (erg/s)

Yonetoku relation: viewing angle dependence
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L, (erg/s)

Yonetoku relation: viewing angle dependence
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Origin of viewing angle dependence

Lateral structure developed during propagation

log T r Ly on-axis

jet structure

Initial

0.8

Fast Powerful core
surrounded by decaying wing




polarization
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High polarization (>10%) at off-axis regions



Summary

Yonetoku relation is an inherent feature of
photospheric emission

Lateral structure of jet developed during propagation is
an origin of the correlation between Ep & Lp

This relation holds regardless of the jet power

Compelling evidence of photospheric emission as a dominant
radiation mechanism for GRBs

Prediction of high polarization at large viewing angle



