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What are Fast Radio Bursts? (FRBs)

Lorimer et al. 2007 arXiv:0709.4301

Parkes Radio Telescope (CC BY-SA Stephen West)

https://www.atnf.csiro.au/news/newsletter/oct07/MSburst.htm
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Current and future telescopes

CHIME: Canada, HI mapping, 
large FOV  very good→
for FRBs as well

ASKAP: SKA pathfinder, good localization
 allows follow up redshift measurements.→

GBT Photo: 
NRAO/AUI/
NSF

FAST Photo: 
Absolute 
Cosmos

Photo credit: CHIME

Photo credit: Ant Schinkel, CSIRO (CC BY-SA)

(Future) SKA Photo credit: SPDO/TDP/DRAO/ 
Swinburne Astronomy Productions (CC BY)

(Past) Arecibo
Photo credit:
Mario Roberto 
Durán Ortiz
(CC BY-SA)



4 Stefan Heimersheim 
sh2061@cam.ac.ukHigh Energy Journal Club, 21st April 2022, Paris

Recent FRB discoveries
CHIME: Canada, HI mapping
large field of view

 accidental FRB machine.→

Photo credit: CHIME

Animation by Cherry Ng,  CHIME, Dunlap Institute (github.com/cherryng) Figures: CHIME field of view (Kendrick Smith)
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Repeating FRBs

“The Repeater”
– Arecibo (2016)

– CHIME (2019)
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Repeating FRBs!

CHIME/FRB Collaboration 2020, arXiv:2001.10275 – 8 new repeaters

● Some FRBs seem to emit 
repeated bursts

● Are all FRBs to-be-detected 
“repeaters”?

● Implications for source 
models?
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What is the origin of Fast Radio Bursts?
FRB source & mechanisms
still uncertain!

Discussion at FRB 2021:
https://sites.google.com/view/frb2021/
(talks on YouTube)

Sample of FRB origin theories from
https://frbtheorycat.org
(currently via archive.org)

arXiv:
2102.06138

arXiv:
2008.01114
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Magenetars as FRB sources?

Most promising currenly: Magnetars
 → “FRB” from Magnetar SGR 1935+2154

Amanda Weltman & Anthony Walters, Nature | Vol 587 | 5 November 2020

Observed by STARE2 + CHIME (radio),
Swift Burst Alert Telescope, INTEGRAL, Konus-WIND, Insight-HXMT (X-ray, space)

Soft gamma-ray repeaters (SGRs), already proposed by
e.g. Popov & Postnov 2007 (arXiv:0710.2006), and
recently Metzger et al. 2019 (arXiv:1902.01866)

Bochenek et al. 2020,
arXiv:2005.10828
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Properties of FRBs
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FRB Localization (approx)

FRBs in CHIME/FRB Catalog 1 (arXiv:2106.04352)Figure: MeerTRAP, FRB & Pulsar locations 
(https://www.meertrap.org/science-goals/fast-radio-bursts/)
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FRB Localization (precise + redshift)

FRB 121102 by DSA-10, follow-
up by VLA (arXiv:1701.01098)

FRB 180916 by CHIME, follow-up with
Europ. VLBI Net. (arXiv:2001.02222)
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FRB 180924 by ASKAP, follow-up 
by VLT (arXiv:1906.11476)

All localized FRBs from https://www.frbcat.org/
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Follow-up & localization within a galaxy

 Mannings et al. 2021 (arXiv:2012.11617) Bhandari et al. 2020 (arXiv:2005.13160)
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Instruments for localizations

CHIME Ourtiggers. Juan Mena-Parra, FRB2021 (8A)

CHORD (Vanderlinde et al. 2020, arXiv:1911.01777)
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Typical properties

● Intrinsic width ~ 1ms
● Dispersion ~ seconds

Lorimer et al. 2007 arXiv:0709.4301

Bochenek et al. 2020 arXiv:2005.10828

https://www.atnf.csiro.au/news/newsletter/oct07/MSburst.htm


15 Stefan Heimersheim 
sh2061@cam.ac.ukHigh Energy Journal Club, 21st April 2022, Paris

Signal shapes

Downward-drifting substructure
(“sad trombone”)
CHIME/FRB Collaboration, arXiv:1908.03507
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Repeaters – A distinct population?

non-repeaters repeaters

CHIME/FRB Collaboration 
2021, arXiv:2106.04352
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Repeaters – A distinct population?

Figures from Cui et al. 2021 (arXiv:2011.01339)



Cosmology with FRBs
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The FRB Dispersion Measure

Lorimer et al. 2007 arXiv:0709.4301

Jingchuan Yu, Beijing Planetarium

● Velocity frequency-dependent
 → Arrival times shifted

● Dispersion slope Δν/Δt

Macquart et al. 2020 arXiv:2005.13161

DM            Redshift z

https://www.atnf.csiro.au/news/newsletter/oct07/MSburst.htm
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Dispersion Measure Contributions

Milky Way – from 10
to 3000 pc/cm³ but
known from model:

Image: BG - NASA; FG - ESA; B. Holwerda; Illingworth, Oesch, Bouwens and the HUDF09 Team
Figure: MeerTRAP, FRB & Pulsar locations (https://www.meertrap.org/science-goals/fast-radio-bursts/)
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Dispersion Measure Contributions

Milky Way – from 10
to 3000 pc/cm³ but
known from model:

Host galaxy – unknown
~ 200 +/- 100 pc/cm³

Image: BG - NASA; FG - ESA; B. Holwerda; Illingworth, Oesch, Bouwens and the HUDF09 Team
Figure: MeerTRAP, FRB & Pulsar locations (https://www.meertrap.org/science-goals/fast-radio-bursts/)

 Jarozynski 2020
arXiv:2008.04634
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Dispersion Measure Contributions

Milky Way – from 10
to 3000 pc/cm³ but
known from model:

Intergalactic medium – 
depending on the distance, 
and ionization of the IGM 
along the line of sight
                                                   

~ 4000 - 6000 pc/cm³ ± 5-9%
  (for z=5 to 15)

Host galaxy – unknown
~ 200 +/- 100 pc/cm³

Image: BG - NASA; FG - ESA; B. Holwerda; Illingworth, Oesch, Bouwens and the HUDF09 Team
Figure: MeerTRAP, FRB & Pulsar locations (https://www.meertrap.org/science-goals/fast-radio-bursts/)
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Cosmology with FRBs

Localized FRBs
Farthest FRBs today

Image credit: Nicolas Laporte

Possible range of FRB sources

Furthest reionization:
● Quasars z<7.7
● Galaxies z<8

SNe

Riess et al. 2016
arXiv:1604.01424
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FRB (angular) clustering

Shirasaki et al. 2017 (arXiv:1702.07085)
see also Dai & Xia 2021 (arXiv:2004.11276)

FRBs in CHIME/FRB Catalog 1 (arXiv:2106.04352)

● Location (approximate, or accurate from 
interferometry)

● Redshift (approximate from DM, or 
accurate from follow-up)
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FRB DM statistics

Takahashi et al. 2020
arXiv:2010.01560

Beniamini et al. 2021
arXiv:2011.11643
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FRB DM(z) relation

Batten et al. 2020, arXiv:2011.14547

Astrophysics

Background Cosmoloy

Reionization
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Effects on DM(z)

Wu et al. 2021, 
Hagstotz et al. 2021

Macquart et al. 2020 E.g. Zhou et al. 2014 (forecast)

Focus of this work
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Cosmic reionization

Well studied (CMB) Galaxy surveysDark Ages & EoR

Image credit:  Nicolas Laporte

Cosmological standard model 
(Planck analysis incl. BAO):
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Cosmic reionization

Well studied (CMB) Galaxy surveysDark Ages & EoR

Image credit:  Nicolas Laporte

Reionization history from Kulkarni et al. [1809.06374]
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Reminder: We will have many FRBs in the future!

Animation by Cherry Ng,  CHIME, Dunlap 
Institute (github.com/cherryng)

Hashimoto et al. 2021, arXiv:2008.00007

Forecast for
FRBs/sky/day:
104 at z>2,
102 at z>6, 
10 at z>10
(rates still uncertain 
and assumption 
dependent though)

CHIME Ourtiggers. Juan Mena-Parra, FRB2021 (8A)
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How to we currently measure Reionization from FRBs

Common tanh parameterization:

Reionization history xi(z)
Optical depth τ
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How to we currently measure Reionization from FRBs

Common tanh parameterization:
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How to we currently measure Reionization from FRBs

Reionization simulations
(Fialkov et al.):

Common tanh parameterization:

Problem: Assuming a model  Wrong result if model → ≠ reality
E.g. the standard tanh step function reionization underestimates τ by 10%



Need a new approach – model-independent!
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How to “free-form” parameterize a function?

?

What we can assume:

 → Function from x=1 at low z
     to x=0 at high z

 → Monotonously decreasing with z
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FlexKnot parameterization

Coordinates (x,z) of interpolation 
knots as parameters

Basically, knots can move around and 
adjust to the data

Prior parameter distribution Posterior parameter distribution
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FlexKnot Reionization history
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FlexKnot – How many knots do we need?
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FlexKnot – How many knots do we need?

Only start + end knot:

too simple?

Add +2 more knots:

fits well?

Add +9 additional knots:

too many params?
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FlexKnot – How many knots do we need?

Only start + end knot:
too simple

Evidence Z = 0.4

Add +2 more knots:
fits well

Evidence Z = 1

Add +9 additional knots:
too many params

Evidence Z = 0.01

Marginalize over number
of knots (  Evidence)→
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Concrete forecasts!
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Measurement uncertainties

Main uncertainty: 
IGM 
inhomogeneity

Redshift error
(DM-equivalent)

Unknown host 
contribution Observational error

Generating mock observations
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Reionization history posteriors – 1,000 FRBs
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Reionization history posteriors – 1,000 FRBs

+ CMB z>15
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Reionization history posteriors – 1,000 FRBs
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Optical depth constraint

Brickmann et al. 2018
(arXiv:1808.05955)

Key point: Reionization model-
marginalized (“independent”), i.e. 
averaged over all reionization models.
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Degeneracies
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Reionization history posteriors – 1,000 FRBs
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Summary

● FRBs originate from cosmological distances  new probe of the high-z Universe→

● This is just the beginning: New instruments  More FRBs→

● Many open questions: Origin, Mechanism, Repeaters

● Cosmology with Dispersion Measure:
H0, Reionization and more

● Use model-independent parameterizations
of functions  applicable everywhere!→

0.04 0.05 0.06 0.07 0.08Optical depth τ

100 FRBs1, 000 FRBsTruth (input)Planck CMB
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