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Artist's impression of a high-speed jet. The close-up shows how the expansion of the gamma-
ray burst jet enables gamma rays (represented by white dots) to escape. (Credit NAOJ)
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Powerful diagnostics for emission mechanism

Can photospheric emission reproduce this relation ?




Photospheric Emission in GRB jet

Dynamics of Jet and
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This Study

MC Radiation transfer calculation based on
3D hydrodynamical simulation => Ep - Lp

See also Lazzati 2016, Parsotan & Lazzatil 2018, Parsotan, Lopez-Camara, Lazzati 2018



3D relativisitic hydrodymaical simulation

Calculation of relativistic jet breaking out of massive progenitor star
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3D relativisitic hydrodymaical simulation

Calculation of relativistic jet breaking out of massive progenitor star

Density log p: t=0004 sec

- Progenitor star

16Tl (Woosley & Heger 2006)
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Radiative transfer calculation
Propagation of photons are calculated until they reach optically thin region




fiducial model L; = 10% erg/s
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fiducial model L; = 10% erg/s
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VL, (erg/s)

fiducial model L; = 10% erg/s
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E, & L, decline as O, increases



Dependence on jet power
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Dependence on jet power

1053 . ‘
|
| |
| |

L |

002 [

VL, (erg/s)
> 5 5 o
5 & 2

Op b

—

o
W
[0}

S
-3

ot
Do
T

—
]
[V}
Juiy
\
]
1

[t
=]
ol
o
T
\
\
’
'
L

VL, (erg/s)
S
&
\
¢
\
4

Vd -~
1
1
1
1

VL, (erg/s)

L, & E, are systematically higher for higher Lj'



Dependence on jet power

1053
002 [

—

(=)
ot
—

en,er

Obs

VL, (erg/s)
S S
5 3

—

o
W
[ee]

S
-3

ot
Do
T

—
]
[V}
Juiy
]
1

VL, (erg/s)
= =
o O
[ Al
G © O
\
¢
\
4
1

o
-
.Y
'

—
o
N
-3
\
N
%
Q
{;

-~
1
1
1
1

VL, (erg/s)

Ogps = 0° E Oobs = 50: "7 Ogps= 107

E, & L, decline as O, increases
lateral structure of jet induces the viewing angle dependence



Yonetoku relation
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Remarkable match with observations



p

log [E | keV]

T

4F ® 090902B A 080916C £ ¥
F @ 090323 m 100414A - 3
[ v 091003 110731A ]
; 100906A 080916A [ ]
s €4 100814A ]
E > 091127 ]
® 091020 ]
* 090618 ]
| ® 000424 i ]
F 081222 &l n Bl R .

Time resolved Yonetoku relation
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Yonetoku Relation holds regardless of the time interval

photospheric emission as dominant radiation process
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Jet axis

High polarization (>10%) at large O,

Ito + 2019, in prep.



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

Support to photospheric emission as a dominant radiation
mechanism for GRBs

Prediction of high polarization at large viewing angle









