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What is a Fast Radio Burst (FRB) ?

FRBs are the brightest radio transients, first
Lorimer et al. 2007

discovered in 2007.

« Origin and mechanism of FRBs are not fully understood.

* FRB 20200428 from the Galactic magnetar

marked a step
towards understanding

the phenomena.

CHIME/FRB et al. 2020,
Bochenek et al. 2020
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We want to clarify the FRB emission in magnetar.
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FRB Emission Models in Magnetars

Two major locations for FRB generation in the

magnetar are considered. Far-away models

Magnetosphere models Lyubarsky 2014; Murase et al. 2016; Waxman
_ 2017; Margalit et al. 2020; Beloborodov 2020
Katz 2014; Lyutikov et al. 2016; Lu and

Kumar 2018; Yang and Zhang 2018; Kumar Circumstellar
and Bosnjak 2020; Cooper and Wijers 2021 medium
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Scattering of FRBs in the Magnetosphere Model

Coherent waves (FRBs) can be significantly attenuated by

induced Compton scattering in a magnetar magnetosphere.

Blandford and Scharlemann 1975; Wilson and Rees 1978; Wilson 1982;
Lyubarskii and Petrova 1996; Lyubarsky 2008

C
tagn = = ~ 3.0x10% s 1 gt

!

2,2
_1 Wple M : multiplicity
t ~ Lyubarsky 2021
C 2eE
— o ae =

Linear growth rate of
induced Compton scattering

3
By,14MeL3gRNs 6

5,,3

~1.1%x10%0 51

> tigm



Parametric Instability

The beat between the incident and scattered waves
resonantly generates plasma density fluctuations.

@ : positron
« A variety of instabilities exist. Step 1
Scattered wave A :electron
- Stimulated Brilliouin scattering A @ Al A .A °
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(Landau resonance)
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Parametric Instability

The beat between the incident and scattered waves
resonantly generates plasma density fluctuations.

« A variety of instabilities exist. Step 2

'
| /n

« Stimulated Brilliouin scattering
(w = kcy)

* Induced Compton scattering
(Landau resonance)

' Beating wave

Wy = W + W1

Incident wave R Density fluctuation + Scattered wave
(Transverse wave) (Longitudinal wave) (Transverse wave)



Ponderomotive Force (No background magnetic fields)

Charged particles experience a force toward regions of
lower amplitude in a slowly varying field.

MeT o4 = _V(Pp
I

Oscillation center

e? <|E(r0i, t)|2>
time

Pp = 2
Mewy 2

Ponderomotive potential

 The ponderomotive force does Envelope of electric field amplitude
NOT depend on the charge sign in

nonmagnetized plasma.



Parametric Instability

The beat between the incident and scattered waves
resonantly generates plasma density fluctuations.

« A variety of instabilities exist. Step 3 Ponderomotive force

« Stimulated Brilliouin scattering
(w = kcy)

* Induced Compton scattering
(Landau resonance)

(1)0 — w

Incident wave R Density fluctuation + Scattered wave
(Transverse wave) (Longitudinal wave) (Transverse wave)



Suppression Effects in Scattering Cross-Section

In a strongly magnetized e* plasma, scattering of

perpendicular polarized wave is greatly suppressed.
Canuto et al. 1971; Herold 1979; Ventura 1979; Meszaros 1992
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Vlasov equation for e plasma

Drake et al. (1974) : nonmagnetized ion-electron plasma

Our study : magnetized electron-positron plasma
) )

dt or op
/ \
vXB, The new terms we introduce
F = +e (E + ) — Vo, in this study
C T
Lorentz force exerted = Ponderomotive force in
on the plasma a magnetic field
V-E=4np = z 4qneg J d3v O0fy :Maxwell equation
q=ze

fi(ri D, t) — fOi(v) + 5fi(ri D, t)
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How to derive the linear growth timescale?

We take the imaginary part of the dispersion relation
for scattered wave.

(c?k? — wi)A; = 47rcA—1 -] : Dispersion relation
1
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The linear growth timescale for the scattered wave

There are two types of induced Compton scattering,

and a new suppression factor is obtained.

(ot = [m (a)o)z wpag mec? 8k]37;e (a)o)z -
32e \w, wo kgTe MeC™ \Wp

T

The previously considered
growth timescale

Magnetic effects
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Induced Compton scattering with Debye screening

Induced Compton scattering of the charged mode is
suppressed by Debye screening.

4 2
» T (wo\2wpas mec? 32e (wo\ [kpTe Abebye
Lcharged = X > K1
32e \w./ wqo kgle 7w \wp/ \mec Ao
{
1 1 2
kgT. \2
Ap E( B e ) ( Debye> Ao : Wavelength of
ebye 2 yl .
8me“n, 0 the incident wave
: A A @ : positron
“. Electric field A
' I A A :electron
A A
A
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Ponderomotive force in a magnetic field

The ponderomotive force induces charge separation in

strongly magnetized e* plasma.  Cmran o e
2 * * 1983; Lee and Parks 1996
5, = e’ |Ef  EP . ia)c(EZEy — EyE,)
+ 2Me w% wg — w? wo(wg _ w%) @ : positron

A : electron

Charged mode ~ 0(wy/w.)
EowaveXByg ﬁ ’—_ﬁ\\




The order estimation for FRBs from magnetosphere

FRBs can propagate even in the mangetar magnetosphere
of the large plasma density.

tagn ~ 3.0x102 st rg!
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Previous studies have overestimated the reaction rate.
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Conclusion

We formulated induced Compton scattering
in a background magnetic field for the first time.

« Both the magnetic field and Debye screening are important

in strongly magnetized e* plasma.
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Charged mode Neutral mode

 FRBs can sufficiently escape the magnetar magnetosphere

even if they undergo induced Compton scattering.
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Mode Coupling

When one pendulum is oscillated, energy is transferred
through the spring to the other pendulum.

Copyright (c) 2021 sparshg.
Full license details: [https://github.com/sparshg/animations/tree/main]

Z Z Z Z = Z Z i i Z 3 4 Z

Energy transfer

Left pendulum R The spring oscillation Right pendulum
(Transverse wave) (Longitudinal wave) (Transverse wave) 21
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BB RYTOFT—FT « 7 : neutral mode

ERNEESIESRECIBVWRYTOFT—T 1 T HIFIEXERW

Cary and Kaufman 1977; Hatori and Washimi 1981; Lee and Parks 1983; Lee and Parks 1996
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Narrowband or wideband FRBs

Broadband FRB I3 5FE IV 7 VEELD
EZZADNENGD  Pleunisetal 2021
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Broadband ASHRDEZESEDOEY NPV

Broadband AR DIES. RIDENZSICHFIENS

Ghosh et al. 2022
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Nonlinear current as functions of ¢, and v(l)
j_;*nonlinear(kl’ (1)1) _ 65?[_,_ Vg+) ST v(l)
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