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Relativistic Jets from Compact Objects

Interaction with Jet and CircumStellar Medium
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Basic Scenario
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Most late-phase afterglows are well explained, but ...
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Kusafuka et al. (2023), Kusafuka & Asano (2024)

Magnetic Bullet Stmulation
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Semi-Analytic Model of Magnetic Bullet Afterglow

/ Magnetic Bullet \

Ies | Acceleration Coasting | Transition | Deceleration
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Two additional parameters are included
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Kusafuka & Asano (2024,2025), Kusafuka et al. (in prep)
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Semi-Analytic Modeling 1. Magnetic Acceleration

Magnetic Bullet
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Semi-Analytic Modeling 2. Reverse Shock Timescale
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Semi-Analytic Modeling 3. Coasting to Transition
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Semi-Analytic Modeling 4. Rarefaction Catch-up
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Semi-Analytic Model of Magnetic Bullet Afterglow

/ Magnetic Bullet \ Well consistent with simulation results
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Open-Source Afterglow Simulator “Magglow.j1”

“Magglow” will elucidate the diversity of early afterglows

Magglow is a Multi-Messenger Early Afterglow Moderator

Name MHD RS SSC pp,py CSM Language

afterglowpy ISM  Python/C
AMES O O O Both Python/C++
PyBlastAfterglow O O Any Python/C++
jetsimpy O O Any Python/C++
VegasAfterglow Any Python/C++
Magglow O O O O Any Julia

So far, only Magglow includes the dynamical effects of 1D simulation

Time = 1.000000e+01 s

-- Forward shock

Reverse shock
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Application to GRB 221009A

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




Exploring Extreme Transients 2025

Kusafuka & Asano (2025)
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Our results naturally explain the observations
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Towards Elucidation of the
Diversity ot GRB Afterglows

Open Source Multi-Messenger Emission Simulator

-Magglow.jl-

[0 README &3 MITI%cense https://eithub.com/yo3-sun/Magglow ; Summar‘y

"Magglow" - Magnetic Bullet Afterglow A =new semi-analytic  afterglow
occlom e a i model, Magnetic Bullet Afterglow,
agglow is a Julia module to calculate Gamma-ray

Magnetic Bullet Burst (GRB) afterglow light curves and spectra based haS SuCC€SSfu lly ln Cluded ]D

on Magnetic Bullet model Y. Kusafuka & K. Asano

Acceleration = Coasting | Transition | Deceleration (2024). The framework implements semi-analytic dynamical eﬁQCtS in the ShOCk

models for forward and reverse shock dynamics

propagating in a stratified CSM and leptonic wayve dynamlCS An Open_Source

(synchrotron with self-absorption and self-Compton

scattering with Klein-Nishina corrections) and aﬁel"glOW SimulatO]’; “MaggZOW ”,

hadronic (pp colisions and photomeson interactions)

multimessenger emission mechnisms observed from Wlll eluCZdate the dlveI/'Slly Of GRB
arbitrary viewing angle.
early afterglows. We should do

Details of the methods can be found in Y. Kusafuka,

K. Obayashi, K. Asano, & R. Yamazaki (in prep). beyand one-zone Studles.


https://github.com/yo3-sun/Magglow

