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ABSTRACT

Fast Radio Bursts (FRBs) are mysterious millisecond-duration transient radio bursts.
The large dispersion measure (DM) of FRBs and especially the identification of the
host galaxy of FRB 121102 at z = 0.193 firmly established the cosmological origin
of FRBs. The physical origins and progenitors of FRBs, however, remain a puzzle
and a highly debated topic. Proposed progenitor models range from young pulsars or
magnetars that track star formation history of the universe, mergers of compact stars
that have a delay with respect to star formation, and the events without significant
cosmological evolution. In this paper, we test the cosmological origin of FRBs using
the observational data and attempt to constrain the energy and redshift distributions
of FRBs using Monte Carlo simulations. By confronting the model predictions with
the observed peak flux, pulse width, and DM distributions, we discuss compatibility of
three redshift-distribution models (no evolution, tracking star formation history, and
compact star mergers) with the observational data. We find that with the limited data,
all cosmological models can be made to be consistent with the data, with each model
having different preferred values of the spectral index @ and the energy-distribution
index og:. Future observations may pin down these parameters, and hence, provide
better constraints on the redshift distribution models of FRBs.
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A decade ago and a?ter

+ Adecade ago, we didr’t know short duration
radio bursts from cosmological distance could be

observecl;
» Inthe years since, we have detected 26 bursts;

» Have been scouring the COSMOS, l’]OPiﬂg to
Pinpoint their locations, to ﬁgure out their
l:)rogenitor and host Galaxg ;

* A]Cter a dCCEBCIC, we have ﬁna”g ]COUﬂCl our quarrg;

* Thanks to continuous egort ancl mul’ti——
wavelength observations that leacl (@) Preciselg

locate the radio nebula associated with the
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z=0.19%; :
95) [- ++‘.+ +.¢ﬁ+
I R I T T e e T e e et —— + .++

l N Qlt""aw Lorimer et al. 2007 b
S '?"-33-'}%%‘: i s
sl BN §

SO L‘}j’\r 'r'm" "M 1\\1,!#"\1,

k““" P A I LA 2 My
A“fl

.‘

Chatterjee et al. 2017
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FRB Progenitors

*» FRB Progenitor are yet to be
identified and is highlg debated
topic;

[ - E:xcept for one FRB, no other

FRBs have been detected to

repéat;

NEEveh thougl’] WeE areé lOOkiﬂg 1COF

one single tgpe of Progenitor
may explain all the FRB, their
might be multiple Progenitors;

From
- Aliens?
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FRB Progenitors and their evolution

In order to understand the Progenitor sgstem of the FRBs and
their evolution, we need to constrain the distance, energy

distribution and emission spec‘crum of FRBs- two ways

1. Radio telescol:)es should be able to localize the FRB with
high angular resolution to geta better estimates on
distance, energy clistribution) emission spectrum and event

rate;

7. Altcmativelg, one could consider ensemble Properties of

observed FRBs and compare them to simulated FRBs.
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An Alternative Approach

Mocleling the ensemble Properties of FRBs

Intrinsic Pulse
Width

Energg
Distribution
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DMiGp = DMghs — (DMgw +DMpog)-

3HycQ,

8aGmy

/ 2 (142) fism[(3/4) Xe 1 (2) + (1/8) X, pre(2)
0 [Qn(1+2)3 + QA (1 +2)3]1/2

(DMigm(z)) =

Deng & Zhang (2014).
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Mocleling the observed Pulse Width

o Observed Pulse Width are genera”g influenced bg

several gactors |
Signal Processi ng related efHects

SR, > SU— W

T 2 2 2 2 )
o e R Y TR Scattering in IGM T8 = TOM T TspMm T Tsy + Tsamp-

T T T oM = 8.3 x 10°AvDM v 3 ms, |

2 Tsamp ~ US.

2 2 2 2 2 2 .a
Tobs = Tint + ™MW + TIGM + Thost T L Tsy ~ (AV) "1 = (Avmnz) ' (us)

l l tspm = Tom(0DM/DM)

Scattering in Mi||<9 Way at Scattering in ISM of

HighLat SO st G les i Galaxg
Cordes xet. al: (2016) ,{

s
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Mocieiing scattering in the host ISM

* Xué& Z,nang (2017) showed that a Kolmogorov spectrum IS

not adequate to lDrociuce a desired amount of scat Vering
seen in the FRBs

+ Hence, we need to introduce supersonic turbulence

regions with B <3to account for the scattering tail of FRBs

B =26
r2AYDE fontiy! 2.5(14z)3 [ — —LS
THost ~ — 0 I m lkpC
drc THost ™~ 5 2 I —
(14 )‘*(B)r<_ﬁ)( 3P )q fe S 0 ms
4 2 2(2m)4-B (\ 10-1Tcm—3 10-6 10-11pc
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Energg distribution

We assume the energy distribution of

FRB follows a simple

power law distribution. FRBs are not standard candles;

N(E) = N, <£> )

Eo

O

O is the energy index, which we vary from 0 to 3

The estimated energy for each FRB is calculated as

47 BW D§ Fops x 1072 1

Errp = (1+2) erg

Eepp =107 2 oin
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Emission spectrum distribution

we assume intrinsic sPectrum of FRB emission follows a power

law distribution Sy o< vy &

spectral index —a ranges from -5 to +5

The Peak flux of an FRB as observed bg

the telescope

E(1+2)0(z)B(v. é)
47[0% Tobs

Spe ak —

average emission line profile

- | Va(l+42) |
0(z) / o(v)dv.
\

(14+2z2)(va—Vy) Jvi(142)
Bera et al. 2016
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Monte Carlo Simulation

e We Pemcorm a series of MC simulations to confront

the various Energy, spectrum and redshift

@ istributions;

* alphag - Energy distribution index and

alpha - SPectral distribution index are free

Parametcrs in our simulations

&

KEEP
CALM

AND WAIT FORTHE |

MONTE CARLO |
SIMULATION

CREATE YOUR OWN AT POSTERGEN.COM
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Models Parameters ~ ADpy, ADs., ADrg ADDMga XS Xt
(op,0) Ty, P-vale Ty, P-value Ty, P-value A

10,20
10,00

0.764 0.799  1.07903368  1.004 0.3407  0.57
09510448 03730455 095304365 0.56

No evolution

(L0, 20)
(10,00)

Star formation history ~ (10,30) 00620096 07500611 14770.1970 063
(10,00)

10,00) 130202418 07350622 180001314 0.24
3.0,-20) 098104890 -0.024,0.9345 0.7810.5185 0.82

(30,-20)
(10,30) 05140820 06820458 18080000 0.3

Merger (Gaussian)
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Conclusions

The observed DM, Flux and Pulse widths are genera”g consistent |
with the cosmological models (see also Caleb et al.(2016));

All the three redshift models can be made to veri?g the

observational constraints;

Each redshitt distribution have different PreFerrecl values of
(all:)ﬂa~E, alpha) pair.

I+ we could observational constraints the energy distribution

index and sPectral index would be useful to differentiate between

the models and Potentia”g identi{y the Progenitor.







