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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 100 known events, soon several 1000s 

• Some events are repeating
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Known FRBs

Events uncorrelated with the Milky Way
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Known FRBs
• Until now: detections mostly 

incidental 

• Expect rates of  / sky / 
night 

• Now: dedicated searches 
ongoing

103 − 104

CHIME

ASKAP
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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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Dispersion measure
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Redshift 
scaling: const.
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Statistics can tell contributions apart 
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Dispersion measure

<latexit sha1_base64="KCJuOfZSVxbLWWUDELuTudS+g2A=">AAACJ3icbVDLSsNAFJ3UV62vqks3g0UQhJJIQTeFoi5cKFRqbaEJYTKZtEMnkzAzEWrI17jxV9y4qCC69E+cvkBbDwwczrmXOfd4MaNSmeaXkVtaXlldy68XNja3tneKu3sPMkoEJk0csUi0PSQJo5w0FVWMtGNBUOgx0vL6lyO/9UiEpBG/V4OYOCHqchpQjJSW3GLVDpHqiTC9us3cGb9pNDJYhTblCs40P4MM2oFAOOUuyVLr5CmDbrFkls0x4CKxpqQEpqi7xaHtRzgJCVeYISk7lhkrJ0VCUcxIVrATSWKE+6hLOppyFBLppOMzM3ikFR8GkdBPJxurvzdSFEo5CD09OQot572R+J/XSVRw7qSUx4kiHE8+ChIGVQRHnUGfCoIVG2iCsKA6K8Q9pKtQutmCLsGaP3mRtE7LVqVsWXeVUu1i2kceHIBDcAwscAZq4BrUQRNg8AxewRC8Gy/Gm/FhfE5Gc8Z0Zx/8gfH9A3FDpiM=</latexit>

DMLSS =

Z
dl

ne

1 + z

Dispersion measure has several contribution:
<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)



Steffen Hagstotz

Dispersion measure
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Density field
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Dispersion measure
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Dispersion measure
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Ionisation history 
Distance measure 
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<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)

Density field
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Dispersion measure
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Dispersion measure has several contribution:

Baryon fraction 

<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)

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:
<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)

Density field
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Dispersion measure
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Ionisation history 
Need redshifts Density field

Baryon fraction 
Need redshifts

Distance measure 
Need redshifts 

Nature, volume 581, 391–395(2020)
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Dispersion measure has several contribution:
<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)



Steffen Hagstotz

Dispersion measure
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Ionisation history 
Need redshifts Density field

Baryon fraction 
Need redshifts

Distance measure
Need redshifts 

Nature, volume 581, 391–395(2020)

<latexit sha1_base64="KCJuOfZSVxbLWWUDELuTudS+g2A=">AAACJ3icbVDLSsNAFJ3UV62vqks3g0UQhJJIQTeFoi5cKFRqbaEJYTKZtEMnkzAzEWrI17jxV9y4qCC69E+cvkBbDwwczrmXOfd4MaNSmeaXkVtaXlldy68XNja3tneKu3sPMkoEJk0csUi0PSQJo5w0FVWMtGNBUOgx0vL6lyO/9UiEpBG/V4OYOCHqchpQjJSW3GLVDpHqiTC9us3cGb9pNDJYhTblCs40P4MM2oFAOOUuyVLr5CmDbrFkls0x4CKxpqQEpqi7xaHtRzgJCVeYISk7lhkrJ0VCUcxIVrATSWKE+6hLOppyFBLppOMzM3ikFR8GkdBPJxurvzdSFEo5CD09OQot572R+J/XSVRw7qSUx4kiHE8+ChIGVQRHnUGfCoIVG2iCsKA6K8Q9pKtQutmCLsGaP3mRtE7LVqVsWXeVUu1i2kceHIBDcAwscAZq4BrUQRNg8AxewRC8Gy/Gm/FhfE5Gc8Z0Zx/8gfH9A3FDpiM=</latexit>
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Dispersion measure has several contribution:
<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)
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Overview

1. Fast Radio Burst cosmology 

2. Dispersion measure correlations

3. FRB distance scale and the Hubble parameter



Steffen Hagstotz

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

C` = h�FRB
` �FRB

`0 i

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>>
<latexit sha1_base64="wV0rPXsmbh6zC2rcE8wU8pC6b2Y=">AAACJXicbZDLSsNAFIYn9VbrLerSzWAR6qYkUlBwU9SFC4VKrS00IUymk3bo5MLMRKghD+PGV3HjQkUEV76KkzaCtj0w8PH/5zDn/G7EqJCG8aUVFhaXlleKq6W19Y3NLX17506EMcekhUMW8o6LBGE0IC1JJSOdiBPku4y03eF55rfvCRc0DG7lKCK2j/oB9ShGUkmOfgotH8kB95OL69T55atmM608HEKr35/rD0IhU+joZaNqjAvOgplDGeTVcPR3qxfi2CeBxAwJ0TWNSNoJ4pJiRtKSFQsSITxEfdJVGCCfCDsZH5nCA6X0oBdy9QIJx+rfiQT5Qox8V3VmW4ppLxPned1Yeid2QoMoliTAk4+8mEEZwiwx2KOcYMlGChDmVO0K8QBxhKXKtaRCMKdPnoX2UdWsVU3zplaun+V5FMEe2AcVYIJjUAeXoAFaAINH8AxewZv2pL1oH9rnpLWg5TO74F9p3z9WUKWr</latexit>

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>>
<latexit sha1_base64="wV0rPXsmbh6zC2rcE8wU8pC6b2Y=">AAACJXicbZDLSsNAFIYn9VbrLerSzWAR6qYkUlBwU9SFC4VKrS00IUymk3bo5MLMRKghD+PGV3HjQkUEV76KkzaCtj0w8PH/5zDn/G7EqJCG8aUVFhaXlleKq6W19Y3NLX17506EMcekhUMW8o6LBGE0IC1JJSOdiBPku4y03eF55rfvCRc0DG7lKCK2j/oB9ShGUkmOfgotH8kB95OL69T55atmM608HEKr35/rD0IhU+joZaNqjAvOgplDGeTVcPR3qxfi2CeBxAwJ0TWNSNoJ4pJiRtKSFQsSITxEfdJVGCCfCDsZH5nCA6X0oBdy9QIJx+rfiQT5Qox8V3VmW4ppLxPned1Yeid2QoMoliTAk4+8mEEZwiwx2KOcYMlGChDmVO0K8QBxhKXKtaRCMKdPnoX2UdWsVU3zplaun+V5FMEe2AcVYIJjUAeXoAFaAINH8AxewZv2pL1oH9rnpLWg5TO74F9p3z9WUKWr</latexit>

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>>
<latexit sha1_base64="wV0rPXsmbh6zC2rcE8wU8pC6b2Y=">AAACJXicbZDLSsNAFIYn9VbrLerSzWAR6qYkUlBwU9SFC4VKrS00IUymk3bo5MLMRKghD+PGV3HjQkUEV76KkzaCtj0w8PH/5zDn/G7EqJCG8aUVFhaXlleKq6W19Y3NLX17506EMcekhUMW8o6LBGE0IC1JJSOdiBPku4y03eF55rfvCRc0DG7lKCK2j/oB9ShGUkmOfgotH8kB95OL69T55atmM608HEKr35/rD0IhU+joZaNqjAvOgplDGeTVcPR3qxfi2CeBxAwJ0TWNSNoJ4pJiRtKSFQsSITxEfdJVGCCfCDsZH5nCA6X0oBdy9QIJx+rfiQT5Qox8V3VmW4ppLxPned1Yeid2QoMoliTAk4+8mEEZwiwx2KOcYMlGChDmVO0K8QBxhKXKtaRCMKdPnoX2UdWsVU3zplaun+V5FMEe2AcVYIJjUAeXoAFaAINH8AxewZv2pL1oH9rnpLWg5TO74F9p3z9WUKWr</latexit>

DMLSS(z) � DMhostBecause

Bad galaxy survey

*(but still sparse)

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

C` = hDM` DM`0i ⇠
Z

d3k
h
. . . Pee(k)

i
+

�2
host

n̄

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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Primordial Non-Gaussianity

<latexit sha1_base64="MC9RJwatn/J4MbzX/cPjORmeoAg=">AAAB8nicdVDNSgMxGMzWv1r/qh69BIvgadlsl7ZepODFYwVri+1Ssmm2Dc1mlyQr1KVv4cWDgnj1abz5NmbbCio6EBhm5iPfN0HCmdKO82EVVlbX1jeKm6Wt7Z3dvfL+wY2KU0lom8Q8lt0AK8qZoG3NNKfdRFIcBZx2gslF7nfuqFQsFtd6mlA/wiPBQkawNtLtPewrFkFkVwflimOfNWquV4OO7Th15KKcuHWv6pmAM0cFLNEalN/7w5ikERWacKxUDzmJ9jMsNSOczkr9VNEEkwke0Z6hAkdU+dl84xk8McoQhrE0T2g4V79PZDhSahoFJhlhPVa/vVz8y+ulOmz4GRNJqqkgi4/ClEMdw/x8OGSSEs2nhmAimdkVkjGWmGhTUsmU8HUp/J90XBt5NkJXXqV5vuyjCI7AMTgFCNRBE1yCFmgDAgR4AE/g2VLWo/VivS6iBWs5cwh+wHr7BPkkkEY=</latexit>

z ⇠ 1.3
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<latexit sha1_base64="hGOdIo5Qu1vlavX7zlEP6XRR0hI=">AAACAHicbVBPS8MwHE3nvzn/VQUvXoJD8DRaGehJBl48iExwbrCWkmbpFpakJUmFUXvwq3jxoCBe/Rje/DamWw+6+SDweO/34/fywoRRpR3n26osLa+srlXXaxubW9s79u7evYpTiUkHxyyWvRApwqggHU01I71EEsRDRrrh+LLwuw9EKhqLOz1JiM/RUNCIYqSNFNgHnqJDjoIsCjyO9Ejy7OY6zwO77jScKeAicUtSByXagf3lDWKcciI0Zkipvusk2s+Q1BQzkte8VJEE4TEakr6hAnGi/GyaP4fHRhnAKJbmCQ2n6u+NDHGlJjw0k0VGNe8V4n9eP9XRuZ9RkaSaCDw7FKUM6hgWZcABlQRrNjEEYUlNVohHSCKsTWU1U4I7/+VF0j1tuM2G6942662Lso8qOARH4AS44Ay0wBVogw7A4BE8g1fwZj1ZL9a79TEbrVjlzj74A+vzB1GAlrw=</latexit> �
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FRBs could cover large volumes faster than galaxy surveys

• Tomographic 
analysis without 
host ID 

• Competitive limits 
if we get ~1000 
events/night
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CDM
`

Reischke, SH, Lilow arXiv 2007.04054



Steffen Hagstotz

Equivalence principle tests

• True observable: time delay between frequency 
arrival 

• Shapiro delay 

• Can imprint additional correlations when 
interpreted as DM signal
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�t = �tDM +�tgrav

Possible frequency dependence

Reischke, SH, Lilow arXiv 2102.11554

<latexit sha1_base64="HFa0JKtHkdhyly38maACn7TTtUg="></latexit>
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Equivalence principle tests
Reischke, SH, Lilow arXiv 2102.11554
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• Events ~ms, line 
of sight ~Gpc 

• Any       would 
completely 
dominate the 
correlation signal
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Overview

1. Fast Radio Burst cosmology 

2. Dispersion measure correlations 

3. FRB distance scale and the Hubble parameter
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Distance scales

Bahcall 2015
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FRB distance scale

<latexit sha1_base64="SRWVvz8KYl1YXJrpzRTM1jzx/N0="></latexit>

< DMLSS > (z) =
3⌦bH0

8⇡GmP
�efIGM

Z z 1 + z
0

E(z0)
dz0

Mean LSS dispersion

• Slope of relation gives Hubble constant 

• Perfect degeneracy at the background level 

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

118 events known, 9 with redshift
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Known FRBs
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• 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
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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

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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can determine host DM 
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simultaneously  

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


