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Fast Radio Bursts
• Mechanism unknown 

• First discovered in archival data 2007 

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

• Frequencies 300 Mhz - 8 Ghz 

• Extragalactic 

• About 600 known events, soon several 1000s 

• Some events are repeating
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Known FRBs
• Until now: detections mostly 

incidental 

• Expect rates of  / sky / night 

• Now: dedicated searches 
ongoing

103

CHIME

ASKAP
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Known FRBs

Events uncorrelated with the Milky Way

FRB cat 
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Dispersion measure
• Radio signals undergo 

dispersion 

• Pulse delay  

• Depends on integrated 
electrons along LoS
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Lorimer et al 2007 
Cordes & Chatterjee 2019
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Dispersion measure
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DMtot(z) = DMMW +DMLSS(z) + DMhost(z)

Milky Way models 
Can be checked with Pulsars 
Quite accurate!

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

LSS

*
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Redshift 
scaling: const.
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Statistics can tell contributions apart 
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Dispersion measure
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Density field
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Dispersion measure
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Ionisation history 
Distance measure 
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DMtot(z) = DMMW +DMLSS(z) + DMhost(z)

Density field
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Dispersion measure
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Ionisation history 
Distance measure 
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Dispersion measure has several contribution:

Baryon fraction 
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DMtot(z) = DMMW +DMLSS(z) + DMhost(z)

Density field
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Dispersion measure
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Ionisation history 
Need redshifts

Baryon fraction 
Need redshifts

Distance measure 
Need redshifts 
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Dispersion measure has several contribution:
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DMtot(z) = DMMW +DMLSS(z) + DMhost(z)

Density field



Steffen Hagstotz

Dispersion measure
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Ionisation history 
Need redshifts

Baryon fraction 
Need redshifts

Distance measure
Need redshifts 
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Dispersion measure has several contribution:
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DMtot(z) = DMMW +DMLSS(z) + DMhost(z)

Density field
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FRB statistics

Correlate FRBs

Redshifts in general not known: consider angular clustering 

Sparse, noisy distances, shot-noise dominated
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FRB statistics

Correlate FRBs

Redshifts in general not known: consider angular clustering 

Sparse, noisy distances, shot-noise dominated
Bad galaxy survey
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FRB statistics

Correlate FRBs

Correlate dispersion measure

Redshifts in general not known: consider angular clustering 

Sparse, noisy distances, shot-noise dominated
Bad galaxy survey
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FRB statistics

Correlate FRBs

Correlate dispersion measure

Redshifts in general not known: consider angular clustering 

Sparse, noisy distances, shot-noise dominated

signal noise>>
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DMLSS(z) � DMhostBecause

Bad galaxy survey
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FRB statistics

Correlate FRBs

Correlate dispersion measure

Redshifts in general not known: consider angular clustering 

Sparse, noisy distances, shot-noise dominated

signal noise>>
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DMLSS(z) � DMhostBecause

Bad galaxy survey

Super weak lensing*
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FRB statistics

Correlate FRBs

Correlate dispersion measure

Redshifts in general not known: consider angular clustering 

Sparse, noisy distances, shot-noise dominated

signal noise>>
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DMLSS(z) � DMhostBecause

Bad galaxy survey

*(but still sparse)

Super weak lensing*
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FRB statistics
<latexit sha1_base64="XvVfUJSATSyZvcUaC07gzjfnn5g="></latexit>
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Correlate dispersion measure

• DM correlations - Masui & Sigurdson (1506.01704) 
• Cross-correlations with galaxy surveys - Rafiei-Ravandi, Smith & Masui 

(1912.09520) 
• Primordial non-Gaussianity - Reischke, SH, Lilow (2007.04054) 
• Shapiro delay tests of GR - Reischke, SH, Lilow (2102.11554) 
• … 

Great for signals on large scales!
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Distance scales

Bahcall 2015
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FRB distance scale

<latexit sha1_base64="SRWVvz8KYl1YXJrpzRTM1jzx/N0="></latexit>
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Mean LSS dispersion

• Slope of relation gives Hubble constant 

• Perfect degeneracy at the background level 

• Combine with prior on baryon density (CMB, BBN or 
late times)
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Known FRBs

10 events with redshifts known
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Known FRBs

• True FRB population 
not well known 

• Detections up to 
z~2 possible 

• Maybe beyond? 
Reionisation 
studies?
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Host ID

VLT + ASKAP (Macquart et al 2020)

• Dedicated FRB searches from 
radio arrays 

• Long baselines, excellent 
angular resolution 

• Optical follow-up allows host 
ID and redshift
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FRB distance scale
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• Compile DM-z diagram 
similar to SNe Ia 

• Absolute calibration via 
subtraction of host & 
MW DM 

• Additional “gold 
sample” of high quality 
events
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Hubble constant
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The Future

• A few hundred events 
with host ID get to 
~1% precision 

• Can we relax some 
assumptions with 
larger samples?

When can FRBs be competitive?
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Dispersion measure
<latexit sha1_base64="sjAvpoBl5vPFNi2C3Q6blztE2Gw=">AAACXHicbVHLSgMxFM2MVfvwURXcuAkWoSKUmSLqRijqwoWFSu0D2lIyaWqDmcmQ3BHqMD/prht/RdOHoG0PBA7n3Htzc+KFgmtwnIllb6Q2t7bTmWxuZ3dvP39w2NQyUpQ1qBRStT2imeABawAHwdqhYsT3BGt5b/dTv/XOlOYyeIFxyHo+eQ34kFMCRurnddcnMFJ+/FBN+r8cJCTFj3N8i9e51VaCL9Y6T/X6rG+9O5J6PrafLzglZwa8StwFKaAFav38Z3cgaeSzAKggWndcJ4ReTBRwKliS7UaahYS+kVfWMTQgPtO9eBZOgs+MMsBDqcwJAM/Uvx0x8bUe+56pnC6ql72puM7rRDC86cU8CCNgAZ1fNIwEBomnSeMBV4yCGBtCqOJmV0xHRBEK5j+yJgR3+cmrpFkuuVel8vNloXK3iCONTtApKiIXXaMKekQ11EAUTdC3lbYy1pedsnP27rzUthY9R+gf7OMfvuK2XQ==</latexit>

DMtot(z) = DMMW +DMLSS(z) + DMhost(z)

Milky Way models 
Can be checked with Pulsars 
Quite accurate!

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

LSS

Redshift 
scaling: const.

<latexit sha1_base64="0sDLW+xkwdVcqIDMH+PR9cBK0eo="></latexit>
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/ 1

1 + z

*

Statistics can tell contributions apart 
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Forecast
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Available soon!
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Summary
• Mechanism of the bursts unknown 

• FRBs can provide independent* measurement of 
the Hubble constant 

• Currently limited by statistics, many more events are 
coming from CHIME/ASKAP/HIRAX/… 

• FRBs can do many more things for cosmology! 
Primordial non-Gaussianity (Reischke, SH, Lilow 2020) 
Equivalence principle (Reischke, SH, Lilow 2021)
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H0 = 62.3± 9.1


