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Inverse Compton in Afterglow (Ultra-relativistic Shock)

Lightcurves Corrected for EBL abs.

GRB 190114C



Acceleration Efficiency

𝜂𝜂 = 1,10,100,
1000, 3000, 10000

𝑡𝑡acc ∼ 𝜂𝜂
𝑟𝑟𝐿𝐿
𝑐𝑐

Fermi-LAT photon index: ～-2

𝜂𝜂 < 100

Asano+ 20



Thermal Electron Fraction

Solid

Dashed

PICsimulations suggest 𝑓𝑓e = 0.01 − 0.1
𝜖𝜖th ∼ 0.3

All electrons are accelerated?

Upper Limit for thermal synchrotron Number fraction of accelerated electrons：𝑓𝑓e
Pre-heating efficiency: 𝜖𝜖th



GeV Reverse Shock Emission

GRB 180720B

Optical Polarization

Arimoto, Asano+ 23



Shallow Decay Phase

X.-K. Ding+ 22

X-ray LCs

GRB 110731A (Ackerman+13)

X
Fermi

Opt.

Fermi-LAT GRBs tend to show
no shallow decay.

See Yamazaki+ 20



1D time-dependent calculation

Electron energy distribution

Taking into account the theta-
dependence on observables.

Fukushima, KA+ 2017

𝐸𝐸0 = 1052erg, Γ0 = 100,𝑛𝑛ISM = 1cm−3, 𝑝𝑝 = 2.2,
𝜖𝜖𝑒𝑒 = 𝜖𝜖𝐵𝐵 = 0.1

𝜖𝜖𝑒𝑒 = 0.9, 𝜖𝜖𝐵𝐵 = 0.05
Dashed: radiative

Γ ∝ 𝑡𝑡−2

not 𝑡𝑡−3



Energy Injection Model

Shock Front

Late Jet, catching up

Energy behind the Forward Shock [erg]
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Phenomenological Model 

𝜖𝜖e ∝ 𝑅𝑅2 for 𝑅𝑅 < 3.2 × 1017cm
10−4 → 10−1

R [cm]

Electron Energy Density [erg cm-3]
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𝜖𝜖e ∝ 𝑅𝑅2

𝜖𝜖𝐵𝐵 ∝ 𝑅𝑅4 for 𝑅𝑅 < 3.2 × 1017cm
10−6 → 10−3
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Low-Γ+ Wind

𝜌𝜌𝑅𝑅2 = 1.5 × 1011g/cm

A*=0.3

Γ0 = 30,𝐸𝐸0 = 2 × 1053erg

R [cm]

Γβ

ISM Model

Wind Model
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See Dereli-Bégué+22



Lightcurves

X-ray (1keV) Optical
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Contamination of Reverse Shock?



Theoretical Approximation

One-to-One Correspondence

Once Γ and 𝑅𝑅 are given,

All parameters we need

For a snap shot,
we do not need information
for evolution of shocks.
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Numerical Estimate: Electron Energy Distribution

Epsilon e evol

Epsilon B evol

Common parameters for Γ, 𝜖𝜖𝑒𝑒 , 𝜖𝜖𝐵𝐵
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Numerical Estimate: Electron Energy Distribution

3e+17 cm
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Common parameters for Γ, 𝜖𝜖𝑒𝑒 , 𝜖𝜖𝐵𝐵



Lightcurves
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TeV Lightcurves
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TeV Lightcurves
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Spectral evolution
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Summary

•Several models are possible for shallow decay 
phase.

•Gamma-ray detection constrains model of 
shallow decay.

•Parameter evolution affects the spectrum.

•Initial Low-B leads to hard electron 
distribution.
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