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Background

- Fast Radio Burst (FRB):
Short duration (0.1 — 10 ms)

Detected in radio band, 800 MHz (UTMOST, GBT) — 1.4 GHz (Parkes,
Arecibo) — 3 GHz (VLA)

Prominent flux density (0.1 — 100 Jy)
Transients, only one repeater currently.
High Dispersion Measure (DM, 260 — 1630 cm-3 pc)
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Previous Discoveries

e By Parkes 64-m radio telescope (17 FRBs)
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Previous Discoveries

e By Arecibo 300-m radio telescope
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Declination, &

° 57

e FRB121102

e counterpart:

Right ascension, a

Spitler et al. 2016

FRB Repeater

26+ repeating bursts

dwarf elliptical galaxy at z~0.193
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e By UTMOST (first interferometric detections)
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e 23 FRBs up to now

Catalogue Version 1.0
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Theoretical models

Cosmological:

Collapses: SMNSs -> BHs (Falcke & Rezzolla 2014, Zhang 2014)

Mergers: BH-BH (Zhang 2016, Liu et al. 2016), NS-NS (Totani 2013), BH-NS (Mingarelli et al.
2015), WD-WD (Kayashima et al. 2013)

Radio emission from magnetar (Popov & Postnov 2007 & 2013, Katz 2015, Metzger et al. 2017)
Superconducting cosmic string (Cai et al. 2012, Yu et al. 2014)

Extragalactic:

Supergiant pulses of young pulsars (Cordes & Wasserman 2015, Connor et al. 2016, Lyutikov et
al. 2016)

Supergiant pulses or radio emission from magnetars at galactic center of nearby galaxies (Penn
& Gonnor 2015)

Collisions between pulsars and asteroids (Geng & Huang 2015, Dai et al. 2016)

Galactic:
Flaring stars at high galactic latitude (Loeb et al. 2014) x




Motivations

To figure out how host galaxies contribute to DM

DM =DM,,,, + DM,.(z)
=DM,,,, + DM, (2)+ DM, (z)

f(OM, )= [ f(DM,,,[n)Dn, - f(.|T)Dn. - f(T]2)- f(2)dz

To derive FRB intrinsic LF based on the distance estimates
dL=(1+Z)J.Z ch,'
0 H(z")

_3cH S, fiow (130 Xen(@E) 9 Xen (I +2)d2" DM, H
DME (Z) — J' 7\3 172 t
SxGm, 0 [ (1+277) +€Q,] 1+z

L=4nd;Fy,

DMIGM+DMhost >z=>dr > L

To constrain current models and study searching efficiency of
different radio telescopes




DM simulations

Use Monte Carlo Simulation to obtain DM distribution of FRB host
galaxies

n )Dn, - f(n.

T)Dn. - f(T,

2)- f(z)dz

f(OM,,)= Y | F(DM,,

Elliptical

o f(DMtempl) - Zj‘f(DMtempl
\@Spnal

f(DM, )= [ f(DM,,,)Dn,Dn. dn_dn.

n,)Dn, - f(n.|T)Dn., - f(T|2)- f(z)dz



DM simulations

e Galaxy morphology

Ne Of ETGS:
spheroidal or
spherical

Schema Hubble — Vaucouleurs
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Building galaxy templates morphologically

DM simulations

Milky Way as LTG template

Star Distribution of Spiral Galaxies
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DM simulations

e Scaling for different host galaxies

 Using Ha emission as free electron density tracer

* recombination processes of free electrons and protons in HIl regions due
to photoionization.

e Derive Scale Formula from Ha Emission Measure

T I(R) i
10° K) 2 42x107 ergem s o7 O™ P¢ (Reynolds 1977)

EM:jnjd1=2.75(

_ LHa _ LHa[erg s_l]
I(R) o 2 46 12
4n(R/f)° 6.88x10“R

[kpc]

ergem™ 8™ st where f is the filling factor

0.45 0.5 -1.5
Scale formula: 1, y_1 23 ( I j Ly, R e
‘ 10* K 10 erg s~ 1 kpc




DM simulations

e Scaling for different host galaxies

e According to the results of large sample galaxy survey

olL) (B* Mpc™®)

Ha Luminosity Function for different types of galaxies

r-band Luminosity Function for different types of galaxies

R—M relations:
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Results of DM simulations

- DM distribution of host galaxies

!ﬂ DMpeak ~ 6000 C' C ;‘

DM distribution of active giant elliptical galaxies
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Discussion for FRB150418

@ Subaru r’/Subaru i’/P200K s -

Simulation for FRB150418 doubtful host galaxy

DM, distribution of FRB150418 host galaxy
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It's very difficult to account for the FRB150418’s observed DM if it
does come from this giant elliptical galaxy

This host galaxy identification is ruled out by following VLBI observations.
(Bassa et al. 2016, arXiv:1607.08257)



FRB LF derivation

- likelihood prior
Bayesian inference:

Pr(DI©®,H)Pr(®|H)
Pr(D | H)

posterior Pr(®ID,H)=

The likelihood function building:

dv _4rmr(z)’n,
dz H,E(z)

[(2)=
f(logS.DM,) = | f(logS. DM, 2)dz

:jo max ¢(1()g L> log LO) . f; (Z) . fD (DMhost (Z)) ) (1 + Z)dZ DM, . (z)=[DM, — DM, ()] +2)

, o L=S-4rd;
where @(L) is the FRB intrinsic LF

Using MultiNest (Feroz et al. 2009) to run MCMC.



Results of MCMC

L L

¢™ is the normalized factor, « is the power-law index, L™is the cut-off luminosity.

e For Schechter function: ¢(L)dL:¢*(é)anp(_£*)d(£)
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Results of MCMC

e For Schechter function: ¢(L)dL=¢*(é)aexp(—%)d(%j

¢™ is the normalized factor, « is the power-law index, L™is the cut-off luminosity.
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Results of MCMC

e For Schechter function: ¢(L)dL=¢*(é)aexp(—%)d(%j

¢™ is the normalized factor, « is the power-law index, L™is the cut-off luminosity.
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KS method

e Kolmogorov-Smirnov test

Cumulative Prabability

N oo (> S0) dN  dT dv U arey
J. JLo(z) dVdTldL dT . dz aL - f(L)= J.O O(L > O)1+z = ;?fz)

= 1 4rr(z)’ | =
J 1+z H,E(2) * JLO pL)dL CDF(L)=Pr(i>L)= L [l

where  @(L) 1s the FRB 1intrinsic LF



Results of Comparison

e Limitation of KS method:

can only be used for single survey with at least two detections

S(L)dL = ¢*( g )“ exp(_ £ ) d( L ) Parkes Phase 1: BW= 288 MHz, 3 FRB detections

The K55
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Summary

1. The most probable DM of FRB host galaxies, DMmp = 40 cm™ , is
lower than assumption of people previously (DMhost = 100 cm= pc,
Thornton et al. 2013).

2. The current FRBs are unlikely to come from active giant elliptical
galaxies due to the extremely high Ha luminosity from AGNS.

3. The FRB LF can be derived with Schechter function, MCMC
method shows the power-law index a~-1.5, cut-off luminosity log L
~ 42.9.

4. KS method can also constrain FRB LF parameters, but it is limited
due to sample number in single survey.



THE END



