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FRB Cosmology
2021/02/18 FRB Breakout from Fireball by K. Ioka 2

KI 03, Inoue 04

90% of 
DMcosmic

Macquart+ 20

Takahashi,
KI+ 20

Kumar’s, Hashimoto’s, Takahashi’s talks



Magnetosphere Model
2020/07/07 Binary Comb for Periodic FRBs by K. Ioka 3

Lu et al. 2020; Lyutikov & Popov 2020; Katz 2020;
Kashiyama et al. 2013; Cordes & Wasserman 2016; 
Lyutikov et al. 2016; Kumar et al. 2017; Zhang 2017; 
Yang & Zhang 2018; Lyubarsky 2020; 
Kumar & Bošnjak 2020; Ioka & Zhang 2020 

FRB from near-by 
magentar magnetosphere

Zhang’s, Lu’s, 
Kumar’s talks



Ejecta Model
2020/07/07 Binary Comb for Periodic FRBs by K. Ioka 4

Margalit et al. 2020; Yu et al. 2020; Yuan et al. 2020
Lyubarsky 2014; Murase et al. 2016; Waxman 2017; 
Beloborodov 2017; Metzger et al. 2017 

FRB from far-away
circum-stellar matter
interacting with
relativistic ejecta

Metzger’s,
Sridhar’s,
Sironi’s,
Iwamoto’s talks



FRB from Magnetar Bursts
2021/02/18 FRB Breakout from Fireball by K. Ioka 5

Li+ 20, Mereghetti+ 20, Bochenek+ 20, 
CHIME/FRB+ 20, Ridnaia+ 20, Tavani+ 20

1. e± fireball
opaque for FRB

2. But FRB could
break out of e±Lin’s, Enoto’s, Kulkarni’s, Lee’s talks

SGR 1935+2154 & FRB 200428



e± Fireball before FRB
2021/02/18 FRB Breakout from Fireball by K. Ioka 6
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KI 20, Yamasaki’s talk



Energetics
2021/02/18 FRB Breakout from Fireball by K. Ioka 7

FRB ~ 1038 erg/s e± ~ 1036 r7-1 erg/sLu’s talk



Energetics
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FRB ~ 1038 erg/s

X-ray burst 
~ 1041 erg/s

e± ~ 1036 r7-1 erg/s



Trapped Fireball
2021/02/18 FRB Breakout from Fireball by K. Ioka 9

Thompson & Duncan 95



e± Creation
2021/02/18 FRB Breakout from Fireball by K. Ioka 10

Equilibrium number density of e±

Optical depth



High Temperature
2021/02/18 FRB Breakout from Fireball by K. Ioka 11

Spectrum
FE ∝ Ea exp(-E/Ecut)

Younes+ 20



Optical Depth
2021/02/18 FRB Breakout from Fireball by K. Ioka 12
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t >>1 at the surface
of the trapped fireball

X-rays create e±
→ Surrounding field 

should be open
→ Expanding fireball

KI 20 T~80keV T<80keV
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Trapped-Expanding FB



e±g Diffusion across B
2021/02/18 FRB Breakout from Fireball by K. Ioka 14

Diffusion condition across B

Fireball acceleration

is satisfied at

Meszaros & Rees 00

→ X-rays are released with T~T0

~106 cm



e± Outflow
2021/02/18 FRB Breakout from Fireball by K. Ioka 15

Annihilation freezes out at tann~tdyn

e± Outflow

L± ~ 1036 r7
-1 erg/s LX~1041 erg/s

LFRB~1038 erg/s

Thomson thin, but opaque for FRB



Energetics
2021/02/18 FRB Breakout from Fireball by K. Ioka 16

FRB ~ 1038 erg/s

X-ray burst 
~ 1041 erg/s

e± ~ 1036 r7-1 erg/s



Idea from GRB Breakout
2019/11/19 EMs from GWs by K. Ioka 17

Hamidani+ 20, 21 𝛽 = 𝛽!" + 𝛽#" 𝑙𝑜𝑔$% 𝜌

Velocity Density



Energetics
2021/02/18 FRB Breakout from Fireball by K. Ioka 18

FRB ~ 1038 erg/s

X-ray burst 
~ 1041 erg/s

e± ~ 1036 r7-1 erg/s



e± rest mass energy < Compton cooling energy

Breakout condition

Compton Drag is Strong
2021/02/18 FRB Breakout from Fireball by K. Ioka 19

mec
2 < c�Tu

0
Xt0dyn

<latexit sha1_base64="jDtgz2x2vaKP1v+qWj51LcloR9U="></latexit>



Breakout 
2021/02/18 FRB Breakout from Fireball by K. Ioka 20
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e± outflow is
optically thick

FRB should break
out the e± outflow

No X-ray burst 
with weak FRBs

No FRB with 
bright X-ray bursts

KI 20



FRB Breakout from e±
2021/02/18 FRB Breakout from Fireball by K. Ioka 21
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Thank You


