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Fast Radio Burst (FRB)

Most luminous radio transient
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Magnetar Model

The wave propagation in magnetized plasma is common for both models.
Parametric instabilities are important for wave propagation in plasma.
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Parametric Instability in Unmagnetized Plasma
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Parametric Instability in Unmagnetized Plasma
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Parametric Instability in Unmagnetized Plasma
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The beating wave between the incident
and scattered waves is created.
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Parametric Instability in Unmagnetized Plasma
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Parametric Instability in Unmagnetized Plasma
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The density fluctuation is amplified.



Parametric Instability in Unmagnetized Plasma

@ : Positron
Particles oscillated by the incident A : Electron
: Incident Wave
wave make the nonlinear current. PR AR A
—— ]
-

:..... Nonlinear Current
Scattered Wave jNL o Snox Sv 7



Parametric Instability in Unmagnetized Plasma
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Parametric Instability in Unmagnetized Plasma
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Parametric Instability in Unmagnetized Plasma
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Parametric Instability

Incident Wave
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Incident wave —  Scattered wave + Density fluctuation
(Transverse mode)  (Transverse mode) (Longitudinal mode)
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Incident waves lose their energy while propagating in plasma.
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Parametric Instability for FRB

OEscape of waves from the magnetar magnetosphere/wind

Induced Compton scatterings (ICS) prevent from propagation of FRB emission
and Alfvén wave.

O Growth rate of ICS w/o background B-field [prake+1974, Ghosh+2022]

2,2 .2
T Wple MsC B 14M6L38RNS6 _
rw/oB _ /3 D <1020 sec1 2 = > tan

¢, max 2e wqo kgT, PsecrssngSO keV
tal — E~3.O><102 sec 1 rg?t
yn r
energy loss (ICS
FRB emission/ <gy ....... ( ), 'I
energy Iciss(ICS) Alfvén wave A

t AN
Magnetar I\M’ e energy loss (|CS)



Growth Rate of ICS in Magnetized Plasma
The background B-field suppresses the growth rate of ICS.
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Parametric Instability in Magnetized Plasma
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Ponderomotive Force in Magnetized Plasma

[e.g. Klima 1966, 1968, Lee & Parks 1983,1996]
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Growth Rate in Magnetized Plasma

[Nishiura & loka 2024, Nishiura+ in prep.]
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Updated growth rate of ICS in magnetized plasma
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Neutral Mode Charged Mode

We investigate the growth rate of neutral and charged
modes by using Particle-in-Cell (PIC) simulations.




Particle-in-Cell (PIC) Simulation |
O WumingPIC2D (public code) [Matsumoto+2024] /?’
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Setup

O mass ratio: m, = m;/m, = 1 (ex plasma) Red values are given by hands.
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Setup

O Right-handed circular pol. Alfvén wave (incident wave)
[Matsukiyo & Hada 2003]
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Wave Decomposition

InC|dent Wave

Scattered Wave
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The growth rate is estimated from the time evolution of the power
(or amplitude) of the scattered wave.

We decompose the forward propagating incident wave and
the backward propagating scattered wave from the snapshot data.



| Results
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I'max / g (= growth rate)

o/ W, = 9.00e-01, o, = 1.00e+04, vyy/c = 5.00e-01
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Charged Mode

0p/Wye = 9.00e-01, 0, = 1.00e+04, vyy/c = 5.00e-01  [Kamijima+in perp ]
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Neutral Mode

wo/W,e = 1.00e-01, o, = 4.00e+00, vy,/c = 3.00e-02 [Kamijima+ in perp.]
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I'nax / ©9 (= growth rate)

Neutral Mode

Kamijima+ in perp.
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Neutral Mode vs. Induced Brillouin Scattering

I'nax / ©9 (= growth rate)
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Inax / @9 (= growth rate)

Neutral Mode vs. Induced Brillouin Scattering
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Summary & Future Work

OWe investigate propagation of Alfvén waves in magnetized pair plasma
by using Particle-in-Cell simulations.

OSimulation results are almost in good agreement with the theoretical
growth rate of induced Compton scatterings (charged & neutral modes)
and induced Brillouin scatterings.

Oincident wave: plane wave -> pulse, circular pol. -> linear pol.
ONonlinear phase & Saturation

ODependency of other parameters.



