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Fast Radio Burst
Brightest radio transient in the universe!

- Short Duration At~ O(ms)
- Radio Band 150 MHz — 8 GHz

- Bright L~ 10* ergs™*
- Cosmological D, ~4Mpc—2z~2
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FRB 20200428A

FRB & X-ray short burst from
a galactic magnetar SGR 1935+2154!
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FRB & X-ray association
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Dim FRB & X-ray short burst from galactic magnetar
(SGR 1935+2154)
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-> Connection between magnetar
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X-ray short burst associated with FRB

High cut-off energy E~“exp(—FE/FEcut)
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Fireball model =~ Wada & Ioka 2023
Fireball expanding along flux tube of a magnetar
1. Strong B

- number dgnsity it/ tagn < 1| taigr/tagn > 1 /
- cross section (E-mode) \ y, e*, baryon
2. Baryon loading +
N\ <1

3. Lateral diffusion
of photons

~ Radiative acceleratio E-mode

diffuse out

w/resonant scattering

Trapped
fireball




High-temperature of X-ray & Radio burst

Ecut ~ 80 keV

Relativistic motion
of outflow
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T o r—3/2

- Observed temperature

Tops ~ 1T =17
1

Doppler shift
High 1,15 for high initial 7

Errp ~ 107°Ex

Kinetic Energy of outtflow
Converted to radio burst
@ outer region

A\
low 7T, wp

X-ray

high Ep
A\ \
Magnetar (\%



Fireball dynamics

Initially (optically thick), B r
Fireball acceleration &
cooling [ o r3/2 Resonant e
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Normal mode in magnetized pair plasma
There are two mode in magnetized plasma

X-mode O- mode
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Cross section in magnetized plasma

- O-mode: By oo in E, ébg plane
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Radiative acceleration @optically thin region

B Y
In optically thin region
Radiative force
| resF Restczna.nt e
F ! scattering
rad C I'>1
* res : resonant X-ray
Cross section
F' : X-ray flux Tph
Expanding ' ~O(1)
Fireball
I Acceleration by (optically thick)

Resonant scattering
| High Kinetic energy Magnetar



Basic Equations
Plasma : spherically symmetric fluid equation,
particle are ground state of Landau level (o =0)
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Solve to be

Radiation : Radiation transfer equation,
solved by Monte-Carlo scheme
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Scattering process of photons

For a scattering,
a target electron is chosen
from 1D Maxwellian

' 2 ~dy 2 2
m2ct+ pZc
T,

exp !

fip(p,T))dp = dp

mcK 1(mc3/T )

@ guiding-center rest frame,
scattered photon (X/O-mode, angle)
are randomly determined.
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(e.g., of cross sections)  Resonant scattering



Physical & numerical setup
Initial condition :
Analytic solution of fireball o

Solved numerically

Solve radiation in
a given plasma protfile

l Radiative force

Solve the plasma
lPlasma profile I Magnetar

Radiative force .
—— Iteration
_Solve the radiation | /. steady solution

Optically thick
(Analytic)




Result: radiative acceleration
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: Acceleration
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14" fireball acceleration
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Plasma outflow is accelerated by the radiation



Result: radiative acceleration J
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|Resonant scattering
(') Tes"(#" #B))

Isotropic
scattering

(1 ' 1)

Resonant
scattering
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Fireball aCCeleration / ....................

rir o

1C 100, 10

The resonant scattering accelerate outflow

to a higher Lorentz factor



Rle:wliative acceleration by resonant scattering
!

B( !s) Accelerate via
resonant scattering

LD Tes"(# 7 #B)

r’r o
Depend on magnetic field & X-ray spectrum



Result: X-ray spectrum

Flux density[ergs ' cm™2 keV™1]
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X-ray is weakly Comptonized
-> Observed spectrum may be created



Summary

- We study the X-ray spectrum & outflow Kinetic
luminosity in magnetar short bursts.

- Relativistic outflow is strongly accelerated
by the radiation via the resonant scattering.

Resonant | I n 5 # Ekm | n 3C

scattering

- X-ray is weakly Comptonized.
It may be the origin of
the observed spectrum.

- Future plans..
Including baryons
-> circular polarization of X-ray? & high Kinetic Energy



