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Introduction: Detection per year

~100 FRBs in total 
as of Sep. 2020

2020-
2021

>1000 FRB detections w
ill 

be released by CHIM
E soon
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Introduction: >50 theories
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Only one confirmed case
out of  >100 FRBs

A statistical approach to 
constrain their origins 

Problem

Solution (my talk)



2. Our results: origins of FRBs
TH et al. 2020a and c 
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Results: (i)Luminosity and (ii)duration
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Results: (iii)Luminosity functions
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Introduction: Old vs Young

Magne
tar

White 
dwarf

Neutron 
star

Black 
hole (BH)

SN rem.
Young  
Pulsar

FR
Bs

’ n
um

be
r d

en
sit

y

Number density ∝ stellar mass

Number density ∝ activity

Nearly constant 

Increase

Nearby Distant

Nearby DistantO
ld

 o
bj

ec
ts

Yo
un

g 
ob

je
ct

s

Active 
SMBH

TH+2020c



Results: Non-repeaters

Nearby Distant

Lo
g 

nu
m

be
r d

en
sit

y 
(G

pc
-3

yr
-1

)
TH+2020c



Results: Non-repeaters

Nearby Distant

Lo
g 

nu
m

be
r d

en
sit

y 
(G

pc
-3

yr
-1

)
TH+2020c



Nearby Distant

Lo
g 

nu
m

be
r d

en
sit

y 
(G

pc
-3

yr
-1

)

Stellar-mass density

Results: Non-repeaters TH+2020c



Nearby Distant

Lo
g 

nu
m

be
r d

en
sit

y 
(G

pc
-3

yr
-1

)

Stellar-mass density
Star formation-rate density
BH accretion-rate density

Results: Non-repeaters TH+2020c



Lo
g 

nu
m

be
r d

en
sit

y 
(G

pc
-3

yr
-1

)

Nearby Distant

Stellar-mass density
Star formation-rate density
BH accretion-rate density

Results: Repeaters TH+2020c



Results: Repeaters
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Summary: 
(2. Our results: origins of FRBs)

Non-repeaters and repeaters are indeed different in 
terms of duration, luminosity, and luminosity function, 
suggesting different origins.

Non-repeaters and repeaters likely originate from old 
and young objects, respectively. 

Our statistical approach is consistent with the 
confirmed case (Galactic magnetar).



3. Future prospects:
the Square Kilometre Array

TH et al. 2020b



Future: FRB-related key sciences

Credit: Loeb 2006

Credit: NASA
(2)Cosmic reionization
(e.g., Ioka 2003, Inoue 2004)

(1)Dark energy
(e.g., TH et al. 2019a)

However, only ~100 FRBs to date (FRBCAT)
http://frbcat.org/

(3)Missing baryon 
problem
(e.g., Prochaska et al. 2020)

(0)Origin of FRBs
(e.g., TH et al. 2020a,c)



TH+2020b:
How many FRBs will the SKA detect?

See also

Focusing Squarely on FRBs with 
the Square Kilometre Array

https://astrobites.org/2020/08/27/focusing-squarely-on-frbs-with-the-square-kilometre-array/

https://astrobites.org/2020/08/27/focusing-squarely-on-frbs-with-the-square-kilometre-array/


Future: The Square Kilometre Array

The SKA will start science operation in 2020s
in South Africa and Australia.

Credit: SKA



Future: The Square Kilometre Array
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Future: How many FRBs with the SKA?

TH et al. 2020b

Different 
assumptions 
on redshift 
evolution
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3. Future prospects:
Cosmic reionization

TH et al. 2020d.



Introduction: Cosmic reionization history

e.g., 
- Quasar spectrum
- 21 cm emi. abs. lines

Credit: Loeb 2006

- Cosmic microwave 
background (CMB)
- Fast radio bursts (FRBs)

Neutral hydrogen Ionized material

Neutral
(high redshift)

Ionized
(low redshift)
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Introduction: Reionization with the CMB

Electron density

z=1100 z=0



CMB --> only averaged 
epoch of reionization

FRBs --> reionization as a 
function of redshift

Problem

Solution (my talk)



Introduction: Reionization with FRBs
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Dispersion measures 
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This work



The same τCMB

TH et al. 2020d

CMB cannot distinguish between these

This work: The cosmic reionization histories 



This work: Mock FRBs (CSFRD evolution case)
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TH+2020d
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Results: Reconstructed ionization fraction

(i) CMB cannot distinguish between these but FRBs can 
(ii) FRBs measure the reionization history as it is



Final conclusion

• Our statistical approach: different origins 
of non-repeating and repeating FRBs, i.e., 
old and young objects, respectively. 

• The SKA: 105-106 FRBs per year
• Future FRBs: cosmic reionization history


