Fast Radio Burst Breakouts
from Magnetar Burst Fireballs

Kunihito loka (YITP, Kyoto U.)

= m  YUKAWA INSTITUTE FOR CGP
Yol Insio for Thoreca Prysis

TTTTTTTTTTTTTTTTTT



2021/02/18 FRB Breakout from Fireball by K. loka

FRB Cosmology

Kumar’s, Hashimoto’s, Takahashi’s talks
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Magnetosphere Model

R, FRB from near-by
magentar magnetosphere

7

) %
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Peharge Kashiyama et al. 2013; Cordes & Wasserman 2016;
starvation Lyutikov et al. 2016; Kumar et al. 2017; Zhang 2017;
Yang & Zhang 2018; Lyubarsky 2020;

Kumar & Bosnjak 2020; loka & Zhang 2020
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gfjﬁiii’f ’ Ejecta Model

Iwamoto’s talks
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FRB from Magnetar Bursts
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e® Fireball before FRB
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Energetics

FRB ~ 1038 erg/s Lu's talk et ~ 103 r, ! erg/s



2021/02/18 FRB Breakout from Fireball by K. loka 8

Energetics

X-ray burst
~ 10* erg/s

FRB ~ 1038 erg/s et ~ 10% r ! erg/s
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Trapped Fireball
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High Temperature
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Optical Depth

|o'°; ——————————————  7>>] at the surface

108 | - ] of the trapped fireball
10°} g
) [ o
£ 10%) 2 3 X-rays create e*
T 3 S — Surrounding field
o i © o
Q. - 9 z
g2 10° g £ should be open
83 02l ' 3 — Expanding fireball
i ’ ! ]
8- g 4 | ' é -
0 10 . O
S . : z |
5 10
® : _1n4l ]
108 . Ly=10 erg/s_;
10° 10’ 102 10°

K| 20 Cutoff energy (Effective temperature) T . [keV] T~80keV T<80keV



2021/02/18 FRB Breakout from Fireball by K. loka

Trapped-Expanding FB
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ey Diffusion across B

Fireball acceleration Meszaros & Rees 00
[~ (r/R?, T ~Tou(r/R)>2

Diffusion condition across B
{ L r
/ /
cop = < —
tdlff C [ T tdyn’

is satisfied at
~106 cm

r=rg~19R, TI'=1,4~ 2.6,

— X-rays are released with T~T,



2021/02/18 FRB Breakout from Fireball by K. loka I5

e Outflow
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Energetics

X-ray burst
~ 10* erg/s

FRB ~ 1038 erg/s et ~ 10% r ! erg/s
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Idea from GRB Breakout

Hamidani+ 20, 21 B = |Bf+Bs logy0(p)
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Energetics

X-ray burst
~ 10* erg/s

FRB ~ 1038 erg/s erg/s



2021/02/18 FRB Breakout from Fireball by K. loka 19

Compton Drag is Strong
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FRB Breakout from e*
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