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Observational Features

• What are Fast Radio Bursts?


• More important features:

• highly-dispersed single pulse 
• scattering and scintillation

• polarization and Faraday rotation

• repeatable: FRB 121102, FRB 

180814.J0422+73 and else?

FRB 110220 (Thornton et al. 2013)

short durations 
(0.1— 20 ms)

observed in radio band 
(400-800 MHz, L, S, C band) 

Transients, prominent flux 
density (10 mJy — 130 Jy )



The 1st FRB

• “Lorimer” Burst, found in archival data of Parkes Pulsar 
Survey for SMC

Lorimer et al. 2007

Prof. Duncan Lorimer (WVU)



Expanding sample

• Facilities with large field of view conduct FRB surveys

Canadian Hydrogen Intensity Mapping Experiment

Australian Square Kilometer Array Pathfinder 



ASKAP detections

• 24 detections from CRAFT survey

Shannon et al. 2018

Macquart et al. 2018

Qiu et al. 2019



CHIME detections

• 13 detections, 2nd repeater was found in commissioning 
phase.

CHIME/FRB collaboration 2019a CHIME/FRB collaboration 2019b



Verified FRBs

• 80+ FRBs by Mar. 2019

Data source: FRB catalog (Petroff et al. 2016) and ATNF pulsar catalog (Manchester et al. 2004)

DM = ne dl∫



Theoretical Models
• Stage I: 2007—2013 (Limited sample) 

• BH evaporation (Rees 1977)


• Superconducting cosmic string (Cai et al. 2012a, b; Yu et al. 2014)


• Magnetar hyper flare (Popov & Postnov 2010, 2013)


• Stage II: 2013—2016 (Growing sample) 

• Collapse: NS->BH (Falcke & Rezzolla 2014, Zhang 2014, Fuller & Ott 2015)


• Mergers: NS-NS (Totani 2013, Wang et al. 2016), WD-WD (Kashiyama et al. 2013), BH-BH (Liu et al. 
2016, Zhang 2016), NS-BH (Mingarelli et al. 2015), NS-Asteroids (Geng & Huang 2015), WD-BH (Li 
et al. 2018)


• Synchrotron maser (Lyubarsky 2014)


• Stage III: 2016 — now (Repeater finding) 

• Supergiant pulses (Cordes & Wasserman 2016, Connor et al. 2016)


• NS-Asteroids (Dai et al. 2016), NS-WD (Gu et al. 2016)


• Magnetar (Metzger et al. 2017, Waxman 2017, Beloborodov 2017)


• Cosmic comb (Zhang 2017)

image credit: NASA/LIGO/ESO 



Motivations
• To reveal the FRB nature


• To investigate the detection rates of different radio telescopes

Image Credits: LIGO/ESO

Image Credits: XAO/CSIRO/NRAO/FAST



Bayesian Framework

• Bayes’ theorem:


• The big recipe:

Pr(Θ |D,H ) = Pr(D |Θ,H )Pr(Θ |H )
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Bayesian Framework

• The likelihood function


• To normalize the selection biases from different widths of 
FRBs, we assume intrinsic width distribution follow log-
Normal distribution
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Normalized likelihood

• Likelihood:


• Joint PDFs:

f (logS ,DME, z,DMs,logε ) = φ(log L) ⋅ fz (z) ⋅ fD (DMh z) ⋅(1+ z) ⋅ fs (DMsrc ) ⋅ f (logε )

L = f (logS , DME) =
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N f
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∞

∫

Nf = dlogS
logSmin

∞

∫ f (logS, DME, z) dDME dz∫∫

f (DMsrc ) =
const,  0< DMsrc ≤ 50 cm−3  pc

0 ,                        other

⎧
⎨
⎪

⎩⎪

logε ∝θ 2

f (logε ) = const

f (logS ,DME, z) = f (logS ,DME, z,DMs,logε )∫∫ dDMsdlogε

fz (z) =
cr(z)2

H (z)
dr
dz

Consideration: 
Flat spectrum 
the width is 
referenced at  
Δν = 1 GHz



DM of nearby host galaxies

• DM distribution functions of different types of host galaxies

f
D
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Luo et al. 2018



The sample we use
• 46 FRBs from 7 surveys



Measurements
• Posteriors of LF parameters
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FRB luminosity function

• LF with 2σ error: event rate distribution

Luo et al. 2019
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Population

• The cumulative event rate of FRB population
RFRB = φ

* L
L*( )α exp − L

L*( )d L
L*( )

Lmin L
*

∞

∫
RNS-NS = 1540−1220

+3200Gpc−3  yr−1

(GW170817, Abbot et al. 2017)

RBH-BH = 9− 240 Gpc−3  yr−1

(Abbot et al. 2016)

RNS-BH ~ 10−100 Gpc−3  yr−1

RccSNe = 1.06 ± 0.19×105  Gpc−3  yr−1

(Taylor et al. 2014)



Flux — DME relation

• Discussion:

• The two repeaters are low-luminosity FRBs

repeaters



Detection rate

• The detection rate is as function of field of view (Ω) and 
sensitivity (Smin)
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Detection rate
• Rate Contour (detection number per day)

Luo et al. 2019



All sky rate

Lawrence et al. 2017Men et al. 2019
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• For single dish:


• Optimal scenario: 30m — 40 m dishes

Searching efficiency
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Summary

• FRB luminosities range at least 2.5 order of magnitudes, 
the volumetric rate R~102.4 — 104.7 Gpc-3 yr-1.


• FRBs population seems to have multiple classes, 
repeaters favor low-luminosity FRBs, high-luminosity FRBs 
can reach NS-NS merger rate.

• Both sensitivity and field of view should be taken into 
account for FRB search. CHIME lead the current FRB 
large-sample search, while FAST is promising to detect 
very distant sources.


• 30—40m radio dishes are optimal scenario to do FRB 
searching with single dishes.


