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A decade ago and  after

A decade ago, we didn’t know  short duration 
radio bursts from cosmological distance could be 
observed;  

In the years since, we have detected 26 bursts; 

Have been scouring the cosmos, hoping to 
pinpoint their locations, to figure out their 
progenitor and host Galaxy; 

After a decade, we have finally found our quarry;  

Thanks to continuous effort and  multi-
wavelength observations that lead to precisely 
locate the radio nebula associated with the 
repeating FRB and a star-forming host galaxy at 
z=0.193;



FRB progenitors 
FRB progenitor are yet to be 
identified and is highly debated 
topic; 

Except for one FRB, no other 
FRBs have been detected to 
repeat;  

Even though we are looking for 
one single type of progenitor 
may explain all the FRB, their 
might be multiple progenitors;
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FRB progenitors and their evolution 

In order to understand the progenitor system of the FRBs and 
their evolution, we need to constrain  the distance, energy 
distribution and emission spectrum of FRBs- two ways 

1. Radio telescopes should be able to localize the FRB with 
high angular resolution to get a better estimates on 
distance, energy distribution, emission spectrum and event 
rate;  

2. Alternatively, one could consider ensemble properties of  
observed FRBs and compare them to simulated FRBs. 



An Alternative Approach 
  Modeling the ensemble properties of FRBs 
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Modeling Redshift Distribution of FRBs 

For some of the models, the FRB 
redshift distribution should closely 
track the star formation history.  

For Double compact merger 
models, the redshift distribution 
differ from the models that track 
the star formation - since there is 
delay in the star formation and 
merger  

Or in the simplest case, they are 
just uniformly distributed in space.

f(z)- evolutionary effect 



Modeling observed DM
For each FRB, the observed DM consist 
of three components;  

DM
obs

 >> DM
MW 

+ DM
Host

 which implies 
DM

obs 
has a significant contribution from 

the free electron density in the IGM; 

Averaging over all directions for a given 
‘z’

correction factor = 0.73

z = DMexcess/875 



Modeling the observed Pulse Width
Observed Pulse Width are generally influenced by 
several factors  

Intrinsic Width
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Modeling scattering in the IGM
The scattering time scale in general is given by: 

Diffraction scale of the scattering medium

We assume turbulence in IGM 
is close to Kolmogorov 
spectrum 



Modeling scattering in the host ISM

Xu & Zhang (2017) showed that a Kolmogorov spectrum is 
not adequate to produce a desired amount of scattering 
seen in the FRBs 

Hence, we need to introduce supersonic turbulence 
regions with         to account for the scattering  tail of FRBs 



Energy distribution  
We assume the energy distribution of FRB follows a simple 
power law distribution. FRBs are not standard candles; 

The estimated energy for each FRB is calculated as 

EFRB = 1040-41 erg



Emission spectrum distribution  
we assume intrinsic spectrum of FRB emission follows a power 
law distribution  

The peak flux of an FRB as  observed by  

the telescope 



Recap..

Energy 

Redshift 

Spectrum  

SF NE Merger

DMIGM

Flux

Pulse 
Width

Intrinsic 
Pulse Width

S/N 
cutoff

Anderson- 
Darling (AD) 

Test 

Observed 
Pulse Width

Observed 
Peak Flux

Observed 
DMIGM



Monte Carlo Simulation
• We perform a series of MC simulations to confront  
the various Energy, spectrum and redshift 
distributions; 

• alphaE - Energy distribution index and  
alpha   - Spectral distribution index are free 
parameters in our simulations 

 



Results - SFH Model



No-Evolution Model



Merger Model



Results



Conclusions 
The observed DM, Flux and pulse widths are generally consistent 
with the cosmological models (see also  Caleb et al.(2016));  

All the three redshift models can be made to verify the 
observational constraints; 

Each redshift distribution have different preferred values of 
(alpha_E, alpha) pair.  

If we could observational constraints the energy distribution 
index and spectral index would be useful to differentiate between 
the models and potentially identify the progenitor.                



Thank you… 


