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VHE emission from GRBs: beyond synchrotron

v" VHE emissions in the TeV band detected for several GRBs
v" Synchrotron process can NOT explain TeV photons — Synchrotron Self Compton (SSC)
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Axelsson+2024
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Where is emission site of gamma-rays 7

External forward )
il shock
B creonuc
v GRB 180720B
v GRB 190829A etc. )

Internal shock ? ey Ao e

Black hole
engine
g%y External reverse shock ?

Afterglow



Objective

e Does the forward shock (FS) only contribute to HE/VHE
gamma-ray |C emission ?

« What else ? e.g., reverse shock (RS)
—  Early observation

« What is the B field structure of IC emission 7
—  Polarimetic observation
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Flux density [Jy]

GRB 180720B

Optical & GeV onset -
afterglow emission
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Flux density [Jy]

GRB 180720B

Optical & GeV onset -
afterglow emission
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S and RS lightcurves Rg =¢5,/e5;

Re :Ee,r/se,f
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Flux density [Jy]

GRB 180720B
optical emission
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Emission in the late phase

Forward shock model

* Eof = 0.2, EBf = 1.5x10~%
* Itgm = 5)(10_3 Cm_3
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Emission in the early phase
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Single component can explain the data ?

Interval Il
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* Synch energy from RS cannot go
up above v, ~ keV

* No fresh particles injected after RS
passes through the shell
(Kobayashi+ 00 etc.)

* Single synch component is not
feasible for RS

— Two components are needed !
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VF, [erg s™1 cm~2]

Emission in the early phase:
Synch and SSC from a reverse shock

" o « High-energy gamma rays are well
Sy explained by inverse Compton scenario
—— Rs.SSC (model 1) SSC (RS) . SSC/Synch ratio: Y~ 6

10-8
* gor~ 1077

* gg,~7%x107*
Synch. (RS) ‘ v’ Ref: ERBf = 1.5x10~%
oo, " X-ray from FS v" GRB ejecta relatively magnetized

v SSC from RS was predicted (Zhang+01)
v Observational evidence with
optical and GeV (SSC) excesses
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Optical polarization

RS dominant
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v’ First detection of polarization
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v PD=1-5% @RS
v PD=1-2% @ FS
Ref. 1-3 % (typ) Covino+03

v’ Relatively high PD @ RS
v PA change in the RS and

/ FS phases

175
150

125 =

& 100
75
50 -
25

PA

—— ++* + * 610‘ '1;5: +2/\0
= b SN
| L
tow e j=t-—2- ¥
——- ISP }_’ +_.*++ FoT og | of o
= __2—_-1—.....":*'_; _________ + _______________
= l. L — + , OIQH
102 103 104

Time (s) from T,

17



Magnetic field in a collisionless shock e

Weakly magnetized plasma
(e.g., Medvedv & Loeb 1999)

(skin depth ~ 105 cm)

Weibel instability
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Amplified magnetic field decays immediately
— B-field size is very small (< GRB shell size)
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What causes A PA = 90deg *

Early phase Late phase
Toroidal B-field Radially stretched B-field
@ RS @ FS

| v' Ejecta polarization v" Shock-generated polarization
Special thanks go to R.G. v Origin: central engine, v Origin: plasma instability in a
rotating blackhole shock (e.g., Medvedev 99)

(e.g., Mészaros 98)



SSC emission in a “turbulent

SSC from RS
M
T 4 orer
T % cac2 1 + Very Early phase
< 64— 1
e N / +
a 4 —— ++ ‘ +
? . &
0 —+ 4 I
C i5- J
4= GrB* |
01 & clac2 | *
125 + 18P 1 i
& 100 - 4_/'&
& 754 —— 34
50 -+ + ‘
25 :
o N l . Toroidal

v' PD is fluctuating with high PDs
v PA is gradually changing
v Weibel inst. may not work

3-tield”

Randomly turbulent with
hydrodynamic scale (e.g.,
Rayleigh Taylor instability) =



Summary

« GRB 180720B shows

v Optical & GeV emission in the early phase
— Significant detection of SSC from external
reverse shock
v'Optical polarization from RS and FS was detected
. gllgsl,gt detection of polarization from RS and FS in a single

e Detection of APD = ~90deg difference btw RS and FS
— Strong probe of B-field origin

e Fluctuating PD and PA during the SSC emission
— Existence of the turbulent B-field structure when
emitting gamma rays
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Theoretical lightcurves
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