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Fast Radio Bursts

 Millisecond-duration
high-energy
e <50ms
e >30 Jy

* Extragalactic
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https://ui.adsabs.harvard.edu/abs/2007Sci...318..777L/abstract
https://ui.adsabs.harvard.edu/abs/2013Sci...341...53T/abstract

Fast Radio Bursts

FRB Newsletter Volume 07, Issue 9 — September 2026

Total FRB count: 4500+
Repeaters: 124

Host galaxies: 139 (20 new)
TNS FRB Search
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Progenitor Models for FRBs

e Extragalactic sources —
cosmologlcal’?
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e Soft Gamma Repeater giant flares (Popov &
Postnov 2007).

Collapsing supra-massive NS (Falcke &
Rezzolla 2013).

Bright, rare, Crab-like giant pulses from
extragalactic pulsars (Cordes & Wasserman
2016)

Merging white dwarfs (Kashiyama et al. 2013).

Merging neutron stars (Hansen & Lyutikov
2001)

Pulsar planets — Alfven wings (Mottez & Zarka
2014).

.. etc. etc. etc.
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Progenitor Models for FRBs

 Extragalactic sources —
cosmologlcal’?
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e Soft Gamma Repeater giant flares (Popov &
Postnov 2007).

Collapsing supra-massive NS (Falcke &
Rezzolla 2013).

Bright, rare, Crab-like giant pulses from
extragalactic pulsars (Cordes & Wasserman
2016)

Merging white dwarfs (Kashiyama et al. 2013).

Merging neutron stars (Hansen & Lyutikov
2001)

Pulsar planets — Alfven wings (Mottez & Zarka
2014).

.. etc. etc. etc.
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https://ui.adsabs.harvard.edu/abs/2026arXiv260627546C/abstract
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* Highly Active Repeaters: Some B R AR e sveaeaa,
sources show extreme activity with D i 1 1
dozens or hundreds of detected bursts. — SRR 3 e
» Examples labeled on the right include | . e a———
FRB 20190123A, which boasts a | N S S A D
massive 373 recorded bursts, and L R —— S
FRB 20180916B with 113 bursts
(represented by dense horizontal e e e
tracks of green and light blue dots). — . -
* Low Activity/Sparse Repeaters: Many T e eme e
sources are listed with very few = - s
recorded events—often just 2, 3, or 4 . -
bursts over the entire multi-year | 2 & :
monitoring period (e.g., FRB 20200420A 2t s : SQZ,SZ 12
with only 2 bursts) - = . detecedin
0 SIS0 S0 S

Cook et all 2026
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Placement of FRBs

Host galaxy

.d‘me

DMsource + DMHost Circumgalactic medium

DMmw hato + DMmw 1sm + DMionosphere

Caleb & Keane 2021
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DM-z Relation

DM, 1.0 = DMy 1500 + DM yw gaio + PMygy + DMy,
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f(z) = exp

*IGM is homogenous
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FRB-SIM Methodology and ZOM

 Have a Generic FRB simulation: Constrain the intrinsic FRB population responsible for detections by telescopes
like MeerKAT and CHIME.

 FRBpoppy (Gardenier et al 2019)
 The 3-Step Pipeline: (1) Cosmic Population (2) Photon Transport (3) Telescope Response.

e The Computational Challenge

 These simulations are computationally expensive, limiting exhaustive parameter space searches
e Solution: Develop a Deep Learning (ML) surrogate model to drastically accelerate runtimes

e Phased Approach & Validation

1.Zero-Order Model (ZOM): Build a fast, simplified population synthesis model with a 1:1 input/output
architecture matching FRBpoppy.

2.Proof-of-Concept: Use ZOM to constrain setup for surrogate model (e.g., which parameters to freeze,
parameter ranges, etc.); build physics intuition so we can interpret eventual results.

3.The Switch: Deploy the verified ML pipeline onto the full FRBpoppy framework.
4.Comparative Analysis: Evaluate the constraining power and output accuracy of ZOM vs. FRBpoppy.

HEASA, 2026


https://ui.adsabs.harvard.edu/abs/2019A&A...632A.125G/abstract

FRB
Source

FRB Host Transport Medium Telescope Response

d,: Luminosity, Spectral Shape ®: Intergalactic Medium DM ®: Milkyway DM, Scattering,
(bandwidth, spectral index, spectral Scattering, Flux/Fluence, Lensing (?) lonosphere scattering
running) ®,,: Telescope function

® . Host DM, Host Scattering

Deep-Learning-Based FRB Populations Simulation
Why*?
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Current Status: ZOM

HEASA, 2026

Imports and modules
cosmology, event rates, CHIME

generate_frb_population()

Sample redshifts DM budget
SFR, comoving or uniform prior Macquart IGM + host + NE2025 MW
Flux SFR weights and z-bins
Schechter LF, luminosity distance 5 bins + bin count table

| \
| \
\ \
| \ J |
| J
N o e o o e e e e e e — e bt b b l _________________________________________ 7/

df _local
z, DM, flux, sky position, bin_id
CHIME selection effects Theory event rate per bin
sky, beam, smearing, flux cuts Macquart and Ekers 2018

l l

‘ Detected FRB sample ] { Rate per redshift bin ]

detection mask + cut fractions normalised theory vs simulated

Machine Learning
Speedups

Speeding up isotropic
measurements?

Parametric Search?
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* Source Generation Engine:
X, = [z;, RA;, Dec;, L;] Tracks non-
homogeneous spatial Poisson birthrates

following global cosmic star-formation
history via Madau & Dickinson (2014):

(1 +Z)2.7
1+ [(1 4+ 2)/2.9]>0

W(z)
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Cosmic Population Setup
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https://ui.adsabs.harvard.edu/abs/2014ARA&A..52..415M/abstract

FRB Event Rate

FRB Population Distribution across Redshift Bins (source_population="'sfr’, sfr n=1.0)
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. Fluence-Limited Selection Rate: The differential event rate ——givena limiting survey fluence threshold F| is:
<
a—1
dRp (1+72)

P — 47D, D4 (D) o(F 2
dz e E(2) )

where g(F, z) is the completeness fraction over the burst energy power law 6, o E~7, Following (Macquart & Ekers (2018))
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https://ui.adsabs.harvard.edu/abs/2018MNRAS.480.4211M/abstract

Source Distribution

Macquart Relation: Redshift vs. DM Standard Candle: Redshift vs. Log-Flux Sky Coverage: RA vs. Dec
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«Transport Plasma Medium: Maps spatial properties to the continuous target matrix y; = [log,oSopserved.i» PMtotal ;|- Total
dispersion combines its plasma components:

DMiotq) = DMpw(b) + DMpygo + DM \gMm(2) + DMy st

eSchechter Luminosity Function

O(L)dL = ¢* LY L d -
(L)dL = ¢ I AT T*
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e Geometric Horizon Cutoff: Prevents detection below CHIME's southern horizon:
MaSkHorlz — 1 |f 51 Z — 11.()0

CHIME/FRB Selection Effects

» Dispersion Smearing: Broadening: Afgmear Must not exceed the processing window (100 ms):

Alchan

3
Ymid

* Primary Beam Response: Projected sensitivity B(0,) via a cosine-squared model:

B6) = cos? (£ 1A= 493
2 60°

 Flux Sensitivity: Observed flux must clear the baseline threshold of 0.05 Jy:
MaSkFlux — 1 |f lOglO SObS Z lOglo(OOS)

Atemear = 8.3 X 107 - DM -

HEASA, 2026

CHIME/FRB collaborations 2018
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Macquart Relation: Redshift vs. DM
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Redshift Distribution DM vs. Redshift — Smearing Cut
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Current Machine Learning Setup

Source Regression Head
Flux and DM

Redshift | Output?2
Sky Location, Deep Learning

Selection Head
Telescope Detectability

Luminosity Distance Model
[Inputs]

Rate Head
Inference of Event Rates

HEASA, 2026
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Future Outlook

* Progenitor Modelling

 Integrate actual burst profiles and emission geometries into the population
synthesis.

 Test population metrics under the explicit assumption of a magnetar progenitor
engine.

e Comparison of MeerKAT and CHIME/FRB rates

Thank you!

HEASA, 2026
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