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Fast Radio Bursts
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Enigmatic transients
Extremely high TB~1032-36K

Lorimer+ 07
Thornton+ 13

FRB cosmology
DM as a unique probe

KI 03, Inoue 04



Macquart+ 20
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The real
FRB cosmology!

90% of 
DMcosmic



Galactic FRB from 
Magnetar Bursts
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Mereghetti+ 20, Bochenek+ 20, CHIME/FRB+ 20, Li+ 20, Ridnaia+ 20, Tavani+ 20

A smoking gun! But new puzzles arise
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CHIME+ 2005.10324
The Algonquin Radio Observatory (ARO)



STARE2 FRB
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Owens Valley Radio 
Observatory alone
De-dispersed time series
DM=332.702 pc cm-3

No other burst 
in a window of 131.072 ms
< 400 kJy ms
XP2: the second peak in X-ray

CHIME first reported kJy ms
STARE2 daily manual inspection

Bochenek+ 2005.10828
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1281-1468 MHz
Dt=65.536 µsec
Dn=122.07 kHz

Bochenek+ 2005.10828

S/N=21, 15, 20



SGR 1935+2154
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P=3.24 s
Pdot=1.43e-11 s/s
B=2.2e14 G

d=6.6-12.5 kpc
100 pc above the disk
9 kpc from the GC
at the center of 
SNR G57.2+0.8
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Bochenek+ 2005.10828

Assuming
d=6.5-12.5 kpc

Only FRBs detected 
at 1-2GHz with known
distance

RRAT: rotating radio 
transients

GRP: max ~ 3e4 Jy ms
~6e31 erg @430MHz
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CHIME+ 2005.10324



Galactic FRB from 
Magnetar Bursts
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Mereghetti+ 20, Bochenek+ 20, CHIME/FRB+ 20, Li+ 20, Ridnaia+ 20, Tavani+ 20

A smoking gun! But new puzzles arise
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Li+ 2005.11071

Insight-HXMT
7.14+0.41-0.38e-7 erg/cm2
~1e40 erg

HE: 1 ms resolution 
near the peak
10 ms outside
ME & LE: 5 ms bin

Saturation near the peak 
for HE & LE
Deadtime in ME

T0=14:34:24.0114UT
(geocentric time)



Konus-WIND
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T0=14:34:24.447 UT
(geocentric time)

Ridnaia+ 2005.11178



AGILE
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18-60 keV (Super-AGILE), ~0.5 sec, cutoff ~80 keV (No AC signal), ~8.1e39 erg @12 kpc
at 121 deg off-axis angle, S/N=3.8s, post-trial 2.9s

Tavani+ 2005.12164



FRB from a Magnetar!
• Fast radio burst 200428
– STARE2, CHIME

– ~MJy, ~msec, Eradio~1035 erg

• Magnetar SGR 1935+2154 in our Galaxy

• With X-ray bursts
– EX~1040 erg, Ep~80 keV, EX/Eradio~105

– Other FRBs are >108 times fainter

• Cosmological FRBs are also magnetar bursts?
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No FRB from Others!?
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CHINA, Spain, New Zealand, US

1.25 GHz
460 MHz band

29 bursts
in ~30 min

No radio
to 10-40 mJy ms

8 orders-of-mag
deeper limits

FAST+ 2005.11479

GBM



High Temperature!?
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Spectrum
FE ∝ Ea exp(-E/Ecut)



Weaker FRBs w/o X-ray
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~104x fainter bursts
112±22 Jy ms
24±5 Jy ms

separated by 1.4 sec
(43% of P=3.25 sec)

X-ray non-detected

Kirsten+ 20



Galactic FRB from 
Magnetar Bursts
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Mereghetti+ 20, Bochenek+ 20, CHIME/FRB+ 20, Li+ 20, Ridnaia+ 20, Tavani+ 20

A smoking gun! But new puzzles arise



FRB from a Fireball?
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X-ray

X-ray

Trapped fireball

FRB↑W
ave

Ex
pa
nd
ing

fir
eb
all

Breakout

M
agnetar

e± outflow

e±

ou
tfl

ow

KI 20



Trapped Fireball
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Thompson & Duncan 95



e± Creation
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Equilibrium number density of e±

Optical depth



Optical Depth
2020/07/07 Binary Comb for Periodic FRBs by K. Ioka 23

�
�
��
��

��
	

�

��
�

��
��
��


�
��

��
�

	

�
�


�
��
��
��

��
��




�������
�
��������
����
��
��
�����
���������
� 

!"
#!"

!"
#$

!"
#%

!"
#&

!"
#'

!"
"

!"
'

!"
&

!"
%

!"
$

!"
!"

!"
"

!"
!

!"
'

!"
(

!"
#!"

!"
#$

!"
#%

!"
#&

!"
#'

!"
"

!"
'

!"
&

!"
%

!"
$

!"
!"

!"
"

!"
!

!"
'

!"
(

��
�
��
��
�)

*
+
��

�
��

��

)*
+
�,

#�
��

��
�
��

��
'
"
"
&
'
$

��

�
�

-,.!"
&!


��/�

0.'1!"
!&

*

t >>1 at the surface
of the trapped fireball

X-rays creat e±

→ Expanding fireball
→ e± outflow & X-ray

KI 20
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X-ray

X-ray

Trapped fireball
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ave
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Trapped-Expanding FB



e±g Diffusion across B
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Diffusion condition

Fireball acceleration

is satisfied at



e± Outflow
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Annihilation freezes out at tann~tdyn

e± Outflow

LX~1041 erg/s, LFRB~1038 erg/s



Compton Drag
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Compton drag due to X-rays is very strong
is shorter than

if 

i.e., in the magnetosphere
The velocity of the e± outflow is forced to be



Induced Compton
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Scattering probability
is enhanced by the
occupation number

Wilson & Rees 78, 
Thompson+ 94, 
Lyubarsky 08

Thick!

Thomson thin



Breakout Criteria
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The work done by FRB g on e± is less than the FRB energy

The pushed e± is heated up and 
the wasted energy per volume is
But the actual energy is much more
The Compton cooling takes energy
from a heated electron



Breakout 
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e± outflow is
optically thick to

induced Compton

FRB should break
out the e± outflow

No X-ray burst 
with weak FRBs

No FRB with 
bright X-ray bursts

KI 20
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ⓒLi+ @FRB20
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ⓒLi+ @FRB20



Future Prospects
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ⓒMasui



Interplay w/ Laser Physics
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Mourou+ 12

L

⇡✓2r2
⇠ 3⇥ 1019

L41

✓2r27
Wcm�2

⇠ 3⇥ 1027
L43

✓2�3r
2
7

Wcm�2

<latexit sha1_base64="pasQ1pcqYID/dRGSpetJZZUjRaA="></latexit>

FRB intensity

Nonlinear QED
Vacuum polarization

Schwinger effect
Ponderomotive force

Wake field acceleration
Beyond the standard model
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Summary



Magnetosphere Model
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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



Ejecta Model
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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
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CHIME+ 2005.10324



2020/06/03 FRB from Magnetar by K. Ioka 39

Bochenek+ 2005.10828

Tb~1.4e32 K

No evidence for a local DM

scattering ~0.4(1) ms@1GHz



No Detection by FAST
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FAST+ 2005.11479

~108 deeper limits!


