Energy dissipation of relativistic outflow
~Internal and External Shocks~
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Prompt Emission

e Eiso=10°2- 107> erg may require high efficiency of energy
dissipation,

e Several gamma-ray polarization reports imply
synchrotron emission, (Some can be photospheric)

e Jets are driven by Blandoford-Znajek process?
 Then, magnetically dominated jets?
e The classical internal shock model works?



Objection to Internal Shock Model
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Objection to Internal Shock Model
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Small Dispersion in typical photon energy
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Magnetically dominated case
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Shock dissipation of high-sigma flows
Komissarov 12 Periodic Boundary
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1D-spherical simulations

KusafuKa, KA+ 23
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Shocks in wind
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Shocks in rarefaction wave
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Energy Dissipation
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External Shock (Sorry despite session for prompt emission ---)

e External shockK is also a way 1o
dissipate the magnetic energy.
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Transition Phase=Energy Injection Phase

Kusafuka & KA 24
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Afterglow lightcurve
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Transition phase leads to shallow decay in X-ray



Shallow Decay Phase
X-ray LCs
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1D time-dependent calculation

FuKushima, KA+ 2017
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1D time-dependent calculation

Electron energy distribution
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Energy Injection Model
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Phenomenological Model
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Low- I" + Wind Eo = ToM (Raeo)”
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Lightcurves
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Spectrum Evolution

107

jort®

1o

2l

101

10°

|1

1wt

10712

Scyl:hsF(gobs)[erg Cll]LB S‘l]

LLLLURELLL L At AL L L L

EI

100 s

codols vl ol ol vod ol vl vl 4

LUMBIL UL LR L L e R

Lol

ool vood vowd ol ol ol vl Vinsble

10° 10° 10°

10° 10" 107
Sobs[e\q

. -2 -1
Eubsl:(sobs)[elg cm-s ]
QLA UL L R R e L
" EB 103
Ml 300s

+ 1ol

o vl ol voond voond vovd voumd voed ol vl cod vowel vd vowd ol di

LURBLL LS B AL AL AL maLL A

a1l [T

Tl

10° 10° 10°

8obs[e\rj

10°

10

1o

1o

10-10

jot

-12

EopF(Eqps)[erg cm™ 57

LALLU BRI S AL LR EELL I R B L L L L e e

100 s
300s

vl

Ll

ol ol v omd vl ol vod vomd vod vl ol ol v il o

10° 10° 10° 10" 107
Sobs[e‘rj
SobsF(Eubs)[erg Cnl‘: 5'1]

T T T TV Ty T YT Ty TYey T YTy Yy T TYwy T TTomy TV T IO T Ty T TTomy T oy T Ty 7T

Wind ]

uud vl vvod vod vl vod voued vvul el vod voed ol vl o el

Sobs[e\-]

10° 10° 108 10°



Multi-wavelength Lightcurves
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Summary

 Internal Shock. High sigma outflow can be
dissipated via interaction with winds or
rarefaction waves,

e External Shock Transition phase before catch-
up of rarefaction wave=Energy injection phase.
Relevant for Shallow-decay phase?

* GRB 240529A. Shallow decay with gamma-rays,
e BOAT GRB. Model without early jet break



