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Fast Radio Bursts (FRB)
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Most luminous
radio transients

discovered in 2007

Thornton+ 13

Lorimer+ 07



Brightness Temperature
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Coherent Emission
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Galactic FRB from 
Magnetar Bursts
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A smoking gun! Magnetar: One of the origins

Mereghetti+ 20, 
Bochenek+ 20, 
CHIME/FRB+ 20, 
Li+ 20, 
Ridnaia+ 20, 
Tavani+ 20

LX~1041 erg/s >>
LFRB~1038 erg/s



Energy source is near surface

M
agnetar

Kinetic? Magnetic?

<latexit sha1_base64="+AKAMRi50pIuPTlI7ZK/HlY7+9c="></latexit>Z
dV

B2

8⇡
/ r�3

FRB

Energy
 tra

nsfer

2024/10/22 Induced Compton by K. Ioka 6

Starquake or Reconnection
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Magnetic Pulse: Poynting Flux

Alfve
n wave
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~10kHz-MHz
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M
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e±p outflow

Fireball: Kinetic Flux
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LX~1038 erg > LEdd⇒ Baryon may be loaded



Wave in Plasma
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?
w > wp plasma frequency



Antenna vs. Maser
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Induced Scattering
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: positron

: electron

Incident wave

Scattered wave
Step 1

Ponderomotive forceStep 3

Density perturbation

Step 4

Beating wave

Step 2

!" ↗ !!"!#$!%&' ∝ #$ ⋅ #& ↗

Maser (induced emission)

Classical plasma process
Parametric instability
- Induced Compton
- Induced Brillouin
- Induced Raman
- Filamentation instability

3 waves w0 = w1 + |w|

Nishiura+ 24
EM  → EM  +  Density wave



Growth Rate
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Strength parameter 
(dimensionless amplitude)

(for A0∥B0)

Frequency of the most growing waves

Plasma frequency

Inverse of the burst duration

Scattering rate

➡ Many scatterings
➡ Dissipation



Wave in Plasma
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?
w < wp (plasma frequency) can propagate

Magnetic field

w < wc
cyclotron 
frequency



Growth Rate
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研究背景 強磁場中のThomson散乱
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Scattering Rate
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Inverse of the 
burst duration

Scattering rate

Waves can escape!



Polarization
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Scatt.
angle

Escaping 
polarization

Max

Ordinary mode E1∥E0 E⟂B0 100%

Charged mode E1⟂E0 E⟂B0 ~50%

Neutral mode E1∥E0 E⟂B0 ~50%

Feng+ 22



Summary
l Induced Compton scattering in B0 for pairs 

is formulated for the first time

l Ordinary, Charged & Neutral modes
l Suppression of scatterings
– Gyroradius effect
– Debye screening

l FRB can escape from a neutron star magnetosphere
l Polarization ⟂B0 100% to ~50%
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Implications for binary neutron star mergers?
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M
agnetar

e±p outflow

X-ray from Fireball

X-ray

X-ray

Trapped fireball KI 20
Wada & KI 23
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M
agnetar

Wave Amplitude

Alfve
n wave
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Ponderomotive Force
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Density perturbation

: positron

: electron

Envelope of electric field amplitude

oscillation
center

Independent of the charge sign

fast
oscillation

ponderomotive
potential



Basic Equations
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Maxwell eq.

Equations of motion

Vlasov equation

EM waves
Density fluctuation

Current

Ponderomotive force

(w~w0,1)

(w<<w0,1) ➡ Dispersion relation for (w1,k1)
(for A0∥B0)



Detail Calculations
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Solution of EOM (v<<c)Solution of density fluctuations

longitudinal electric susceptibility

longitudinal dielectric constant

For thermal distributions



Ponderomotive Force in B0(⟂A0)
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Nonlinear Current
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Ponderomotive Force in B0(⟂A0)
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Charge independent



Cyclotron & Plasma Frequency
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