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Fast Radio Bursts
• Mechanism still debated 

• First discovered in archival data 2007 

• Short (~ms), bright (~Jy) radio transients 

• Frequencies 300 Mhz - 8 Ghz 

• Extragalactic 

• About 800 known events, soon several 1000s 

• Some repeating



Known FRBs
• Until now: detections mostly 

incidental 

• Expect rates of  / sky / 
night 

• Now: dedicated searches 
ongoing

103 − 104

CHIME

ASKAP

DSA-110



Dispersion measure
• Radio signals undergo 

dispersion 

• Pulse delay  

• Depends on integrated 
electrons along LoS
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DM =

Z
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1 + z
dl

Lorimer et al 2007 
Cordes & Chatterjee 2019



LSS

Dispersion measure

Milky Way models 
Can be checked with Pulsars 
Quite accurate!

Host halo models 
Depends on galaxy types? 
Location of FRBs?

*

<latexit sha1_base64="pg08/op2NGdhX96GWmyoL2tTYEM="></latexit>

DMobs(x, z) = DMMW(x) + DMLSS(z,x) + DMhost(z)

Redshift 
scaling:

<latexit sha1_base64="YtsvFFA56hQS29Ic8R3oNATE9HQ="></latexit>
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1 + z0

E(z0)
+

1

1 + z

Statistics can tell contributions apart 



Dispersion measure
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DMLSS =

Z
dl

ne

1 + z

<latexit sha1_base64="3hZc1Cb8chuL3gkHVB/CTi08HGo="></latexit>

ne ⇡ F (z)
⇢b
mp

= F (z)
⇢̄b
mp

h
1 + be�m

i

Ionisation history 
Need redshifts Density field

(Part III)

Baryon fraction 
Need redshifts

Distance measure
Need redshifts 
(Part II) 

<latexit sha1_base64="pg08/op2NGdhX96GWmyoL2tTYEM="></latexit>

DMobs(x, z) = DMMW(x) + DMLSS(z,x) + DMhost(z)
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Starting point

<latexit sha1_base64="XVJtI3S6ju18p3Q1ZWtazroZRHY="></latexit>

FRBi DMi,obs xi zi,host �i

Position 
(If host known, 
very accurate)

Host redshift and 
other properties



Distance scale

• Perfect degeneracy at the background level 

• Combine with prior on baryon density  
(from CMB or BBN)

Mean LSS dispersion:
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< DMLSS > (z) =

Z
dl

ne

1 + z

=
3⌦bH0

8⇡GmP
�efIGM

Z z 1 + z
0

E(z0)
dz0

<latexit sha1_base64="iBaMTdLNczKvq/aKss4vCkz6kYs=">AAACHHicbVDLSsQwFE19juOr6tJNcBBcDa0O6nLQjcsRHBWmpaSZ1AnmRZKKQ+mHuPFX3LhQxI0Lwb8xHbvwdSBwcs693HtPqhg1Ngg+vKnpmdm5+cZCc3FpeWXVX1s/NzLXmPSxZFJfpsgQRgXpW2oZuVSaIJ4ycpFeH1f+xQ3RhkpxZseKxBxdCZpRjKyTEn9PJARGSCktb2GER7T6ZhrhIkqRhpEeySTiyI40L9KyLHiiysRvBe1gAviXhDVpgRq9xH+LhhLnnAiLGTJmEAbKxgXSlmJGymaUG6IQvkZXZOCoQJyYuJgcV8JtpwxhJrV7wsKJ+r2jQNyYMU9dZbWn+e1V4n/eILfZYVxQoXJLBP4alOUMWgmrpOCQaoItGzuCsKZuV4hHyEVjXZ5NF0L4++S/5Hy3He63O6edVveojqMBNsEW2AEhOABdcAJ6oA8wuAMP4Ak8e/feo/fivX6VTnl1zwb4Ae/9EwxJoqY=</latexit>

ne ⇡ �e
⇢̄b
mp<latexit sha1_base64="aSKFqnD/AuAmiVcYU2sNoLBpUos=">AAACFXicbVDLSgMxFM34rPU16tJNsAgVpMyIr2VRFy4UKrUP6JSSSTNtaJIZkoxQh/6EG3/FjQtF3Aru/BvTdgRtPRA4nHMuuff4EaNKO86XNTM7N7+wmFnKLq+srq3bG5tVFcYSkwoOWSjrPlKEUUEqmmpG6pEkiPuM1Pze+dCv3RGpaChudT8iTY46ggYUI22klr3vMSQ6jECPI92VPLm4HrR++FW5PICeHAfy93stO+cUnBHgNHFTkgMpSi3702uHOOZEaMyQUg3XiXQzQVJTzMgg68WKRAj3UIc0DBWIE9VMRlcN4K5R2jAIpXlCw5H6eyJBXKk+901yuK+a9Ibif14j1sFpM6EiijURePxREDOoQzisCLapJFizviEIS2p2hbiLJMLaFJk1JbiTJ0+T6kHBPS4c3RzmimdpHRmwDXZAHrjgBBTBJSiBCsDgATyBF/BqPVrP1pv1Po7OWOnMFvgD6+MbOZGe2A==</latexit>

hDMLSSi(z)
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hbe�mi = 0



Distance scale

Events at large z most 
important 

Uncertainty in host DM 
dominates error
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Distance scale
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Correlated events

*

*
…

Nearby lines of sight 
traverse similar structures 

 correlated DM→
probe statistical properties 

of electron distribution
→



Correlated events

*

*
…

Nearby lines of sight 
traverse similar structures 

 correlated DM→

*
…

arxiv:2301.03527



Correlated events

*
…

Correlation becomes important for 
few 100s FRBs/sky..

arxiv: 2301.03527

…but also is a source of information

cov(H0, Ωm, …)
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DM correlations
θ ∼ 1/ℓ

A very biased list of what you can do with FRBs 
• Shapiro delay tests of GR (2102.11554, 2302.10072) 
• PNG or GR (2007.04054, 2409.11163) 
• Tests of baryonic feedback (2309.09766) 
• Simulation-based inference (2410.07084) 

Cℓ =
2
π ∫ k2dk∫ dχ1 ∫ dχ1W(χ1)W(χ2) Pe(k, χ1)Pe(k, χ2)jℓ(kχ1)jℓ(kχ2)

Redshift distribution, 
ionisation history

Matter power spectrum, 
electron bias



DM correlations
<latexit sha1_base64="McWSsB1AmgeOB9vGPvGxBKhpDso="></latexit>

C` = h�FRB
` �FRB

`0 i

Correlate FRBs

Correlate dispersion measure

Sparse, noisy distances, shot-noise dominated

signal noise
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DMLSS(z) � DMhostBecause

Bad galaxy survey

*(but still sparse)

weak lensing on steroids*
<latexit sha1_base64="EPhwuAs1bMPgaUhqawT+VERwwaA="></latexit>
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Baryonic Feedback
*
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Baryonic Feedback
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Summary
• FRBs can provide independent measurement of the 

Hubble constant 

• Can provide tests of ionisation history and ISM/IGM 
transition 

• Currently limited by statistics, SKA will improve numbers of 
current flagships by an order of magnitude 

• Direct measurement of baryons to constrain feedback, key 
for upcoming LSS surveys 

• Correlations allow powerful tests of fundamental physics


