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Gamma-ray burst (GRB)
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Radius 7, Lorentz factor I

iIndicate its energy fraction.
c.f B-field: | r1/3, radiation: 1 « r

Piran+93, Granot+10, Kusafuka+23, ‘



Gamma-ray burst (GRB
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Gamma-ray burst

-

last only ~10 s.
. — difficult to observe
— limitted dat

— difficult to "measure”



Our idea : Let’'s see in 100-1000 s

X-ray flare : 100-1000 s emission after the main burst.
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Jets are ejected for 100-1000 s.

See also Ioka+035, Perna+06, Zhang+06




Our idea : Let’'s see in 100-1000 s

X-ray flare : 100-1000 s emission after the main burst.
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They are less luminous,
but recent detectors are sensitive enough.




Our idea : Let’'s see in 100-1000 s

X-ray flare : 100-1000 s emission after the main burst.
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Our target:

What can we say from the multi-messenger observations?




Framework

Shock/Turbulence Observer
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Framework

Shock/Turbulence Observer
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AMES (Astoronomical Multimessenger Emission Simulator)

.Coded by Bing T. Zhang, Kohta Murase, RM, etc

-Solving kinematic equations (One-zone) :
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‘Including Loss Coo Production Injection
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adiabatic cool, EBL.
*To be Included or updated

pair annhilation, Comptonization
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Possible detection in UV, X-ray, and subTeV .
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Possible detection in UV, X-ray, and subTeV .
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Multi-wavelength Detectability

Le iso = 10°° erg/s,
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We can “measure” v and | for the future.




Multi-wavelength Detectability

Le iso = 10°° erg/s,
SB = 101: Pe, min = 200mec, P = 2, Z= 0-
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Neutrino Detectability

RM+24 — fiducial
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lceCube-Gen2 may detect neutrinos.

Also we can “measure” r and 1 for the future.



We need combination
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Neutrinos
(IceCube etc.) .
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burst (GRB)

o
-~

Gamma-ray

How fast ?

first step to see through the center.
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Summary

o It Is difficult to detect multi-wavelength emission from
(main burst of) GRBs

due to the short duration ~ 10 s.

 X-ray flares at 100-1000 s after the GRBs are
good opportunities to observe in multi-wavelength.

. | found that Future UV, subTeV, and Neutrino
observations will reveal the jet physics.




Back up



Multi-wavelength Detectability

. CTAO
Swift/UVOT — ~ | deg localization
Observations are conducted. , 5 .
30% of GRBs have flares. — SWift/BAT detection
Association? Sewnson+2013 — 80 GRBs/yr

— 10 GRBs(z < 0.8)/yr
— 3 flares(z < 0.8)/yr
— 0.3 CTAO flare/yr




§ Compton
| thick

L iso = 10°! erg/s,
p — 2, EB =1O-2, EQ — 10-1, pe’ min —_ 200, Z= 0.8

6t =107

102 103




L iso = 10°! erg/s,
p=2, €g=1, €=10"1, pe min =200, z=0.8




L iso = 10°! erg/s,
p=2.5, €g=107%, €.=10"1, pe min = 200, z=0.8
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L iso = 10°! erg/s,
1 R C8 =10 *raiss12) €e = 107", Pe,min = 200r;,/_:}s 5, z=0.8
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UV/X =0.2

Dissipation

Le iso = 10°° erg/s,
$p = 10_1: Pe, min = 200mec, p=2, z=0.8
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Le iso = 10°° erg/s,
$p = 10—1: Pe, min = 200mec, p=2, z=0.8
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B field v.s. Radiation

Energy
Injection
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