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What is a Fast Radio Burst (FRB) ?

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

« FRBs origin is not fully understood.

« FRB 20200428 from the Galactic magnetar marked a step

towards understanding o .. Mereghetti et al.
= | 2020,

the phenomena. o * Zhang et al. 2020,
O | Tavani et al. 2020
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the FRB emission in magnetar.



FRB Emission Models in Magnetars

Two major locations for FRB generation in the

magnetar are considered. g, 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 Bo$njak 2020; Cooper and Wijers 2021 medium
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Discussion on Scattering in the Magnetosphere Model

Coherent waves (FRBs) can be significantly attenuated by

induced Compton scattering in a magnetar’s magnetosphere.

Blandford and Scharlemann 1975; Wilson and Rees 1978;
Wilson 1982; Lyubarskii and Petrova 1996; Lyubarsky 2008
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Focus on the cross-section affecting the reaction rate.




Suppression Effects in Scattering Cross-Section

In a strongly magnetized e* plasma, scattering

can be suppressed by various effects.

Canuto et al. 1971;
Herold 1979;

. X_—mggle waves In pa.lr plasma exp_erlence t Z Ventura 1979:
significant suppression of scattering. Meszaros 1992;
Gonthier et al. 2000
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« It is argued that the drift motion of electrons and Lyubarsky 2020;

Golbraikh and

positrons significantly cancels out the scattering.
Lyubarsky 2023

| want to cohesively understand the scattering
in magnetized e* plasma. ‘



Scattering of Electron-Positron (e* ) Pairs

At first glance, when e* pairs scatter with X-mode waves,
the drift motion seems to cancel out the scattering.

« Assuming the electron and positron
are stationary before scattering.

1 w\?
o) ~ or (=)
C

W 2
J§1)~0T (—0> {1 —cos(k,d)}~0

C

S
in
EX

Direction of the

A

d

Is the same scattering cancellation effect
realized in multi-particle scattering ? ;



Collective Thomson Scattering

Collective Thomson scattering considers the interactions
among many charged particles in plasma.

Fejer 1960; Dougherty and Farley 1960; Salpeter 1960; Hutchinson 2002; Froula et al. 2012
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Spectral density function of electrons

« We must consider a strong magnetic field.
« We must replace ions with positrons in plasma.

mm) \We must also consider scattering from positrons. 6



Evaluation of Plasma Density Fluctuations

Plasma density fluctuations are determined by expanding
the Vlasov equations for electric field variations.
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Cross-Section in Magnetized e* Plasma

The scattering cross-section is described by
four types of spectral density functions.
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Scattering Spectrum in Maxwellian Distribution
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« The spectrums of waves propagating perpendicular to the
magnetic field peaks at cyclotron intervals.



Scattering Cross-Section in Cold Plasma

The cross-section is consistent with single-particle

scattering in the cold plasma limit.
2
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The magnetic field still suppresses X-mode wave scattering.

Drift motion of electrons and positrons does NOT cancel
scattering.
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Why is the Scattering NOT Canceled out ?

It is necessary to incorporate the particle statistics of plasma
just before scattering.

« For et pair scattering: The cross-terms remain.
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Physical Interpretation (Without Magnetic Filed)

Without a magnetic field, the collective effect
does NOT appear at all in et plasma scattering.

Sincell and Krolik 1992

In plasma, the response of particle groups to a single
particle can be viewed as an averaged cloud
(Hartree-Fock-like description).

The radiative electric field, being X
charge-sign independent, results in Efad
mutually canceling radiation from
the clouds.

e . _
El#ad = iC_R{nX(nXBi)}ret = Efaqa = Erad
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Physical Interpretation (With Magnetic Field)

With a magnetic field, we have newly found

that the cross-section retains a collective effect.
arXiv: 2310.02306
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Observational Implications of Scattering Spectrum

Multiple radiation bands have been observed
in the Crab Pulsar. Hankins and Eilek 2007
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Conclusion

Collective Thomson scattering in magnetized
e* plasma has revealed the following:

« Considering particle interactions, the scattering wave
cancellation effect still does NOT occur.

X-mode FRBs can extend their propagation range
due to magnetic field effects but not significantly due to
particle interactions.
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Sincell and Krolik 1992
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