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from Magnetic Bullets
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Origin of Long GRBs

SN (IcBL)




Origin of Short GRBs

BNS merger
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Origin of Short GRBs

BNS merger




Relativistic Jets from Compact Objects

Relativistic jet
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Shock dissipation of Intermittent Jets and Wind

Intermittent -
‘Wind interaction? = Y.K+ (2023) ‘
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https://ui.adsabs.harvard.edu/abs/2023MNRAS.526..512K/abstract

Efficient Magnetic Energy Dissipation by Internal Shocks
‘How efficient ? - Y.K+ (2023) ‘
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https://ui.adsabs.harvard.edu/abs/2023MNRAS.526..512K/abstract

1D Internal Shocks Radiation

/ID Radiation code (Kusafuka+)\

*1DSRMHD (Kusafuka & Asano 2024)
"Lagrange Particle (Vaidya et al. 2018)
*Radiative Transfer (Hummer & Rybicki 1971)
*Synchrotron / Synchrotron Self-Compton

Q)p collision (y-ray / secondary e* / v,,v,) j

/Application to GRB / Blazar / Microquasar / PWN\

[’m sorry, waiting for the next year!
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Gas pressure / Density
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Today’s Topic - Magnetic Bullet Afterglow
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Semi-Analytic Model of Magnetic Bullet Afterglow

Magnetic Bullet
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Two additional parameters are included
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Kusafuka & Asano (2024)




Semi-Analytic Modeling 1. Magnetic Acceleration

Magnetic Bullet
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Semi-Analytic Modeling 2. Reverse Shock Timescale
\ RS 1gnition condition )
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Semi-Analytic Modeling 3. Coasting to Transition

~

Magnetic Bullet
Acceleration ffCoasting Transition\ \Deceleration
t1/3 tO t—1/2 t_3/2
- v

@ssure balance at contact discontin@

(1 + URS)(4Frel + 3)(Frel — 1)nej — 4FP%SnO

l—‘CSt

Mo
[1 T ZFCSt\/nej(l + ORs)

Panaitescu & Kumar (2004)
Murase (2007)

l—‘FS — l—‘RS = 1/2

(for ogs = 0 case)

Coasting Phase: I' = I'.g¢

& I Transition Phase: T o« ¢t~/ 2/




Semi-Analytic Modeling 4. Rarefaction Catch-up

Rarefaction catch-up time tgy
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Semi-Analytic Model of Magnetic Bullet Afterglow

Magnetic Bullet \
Acceleration | Coasting | Transition | Deceleration
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Well consistent with simulation results
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~BOAT GRB~
Evidence of Magnetic

Acceleration in the Very
Early TeV Afterglow
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Energy flux [ erg cm?s]

What a coincidence!?

10°F
10°E
- +5.7 u
: T oc T14:9%57

107

108 E

Acceleration Phase: T « t1/3 « T
Roughly: Fesr o RT3 o« T1°

1 | 1 I UL 1 I LI
+0.21

« T182-018 — homogeneous CSM

Deceleration?

Jet Break?

|% 1| LHAASO collaboration (2023)

4 Phases in BOAT & Model
/ Magnetic Bullet \
Irs Acceleration | Coasting | Transition | Deceleration
Io
k-2 k-3
t1/3 t? |t & t 2

Emmmmmy manny
101 s 10% s

L
103 s




Flux (erg/cm’/s)

Inverted CSM Structure

Ren et al. (2024)
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VE, [erg cm™?% s71]

No Jet Break in TeV afterglow
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CSM Transition
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La_te Jet Break

ISM-like

VE, [erg cm™? s™1]
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ﬂate jet break ~ 50 days

Ojer = 0.03rad (= 1.7°)

Omean = 2.5 + 1.0° (Wang+ 2018)

We don’t need very narrow jet
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\ Comparable to SN energy /




Summar
y Kusafuka & Asano (2024)

MNRAS published gz
/ Magnetic Bullet o

arxiv: 2408.10750
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1eV afterglow is the best evidence for

> magnetic acceleration
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Thank you for your attention!!



