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Fast Radio Bursts



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 repeating?
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Energy

supernova

CHIME/FRB collaboration, Nature 587, 54-58(2020)
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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



Pulse structure

Puls substructure at the ms level -> source not bigger than 
O(100) km



Dispersion measure
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Milky Way models

Can be checked with Pulsars

Quite accurate!
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Depends on galaxy types?

Location of FRBs?

LSS
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Statistics can tell contributions apart 
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DMtot(z) = DMMW +DMLSS(z) + DMhost(z)

Density field



Dispersion measure

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

Distance measure


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

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



Dispersion measure

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

Need redshifts

Baryon fraction

Need redshifts

Distance measure

Need redshifts


<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)

Density field



Dispersion measure

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

Need redshifts Density field

Baryon fraction

Need redshifts

Distance measure
Need redshifts


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



Dispersion measure

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

Need redshifts Density field

Baryon fraction

Need redshifts

Distance measure
Need redshifts


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

DMLSS =

Z
dl

ne
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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)



<latexit sha1_base64="McWSsB1AmgeOB9vGPvGxBKhpDso="></latexit>
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`0 i

FRB statistics

Correlate FRBs

Redshifts in general not known: consider angular clustering 

Sparse, noisy distances, shot-noise dominated



<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
Bad galaxy survey



<latexit sha1_base64="EPhwuAs1bMPgaUhqawT+VERwwaA="></latexit>
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<latexit sha1_base64="McWSsB1AmgeOB9vGPvGxBKhpDso="></latexit>

C` = h�FRB
` �FRB

`0 i

FRB statistics

Correlate FRBs

Correlate dispersion measure

Redshifts in general not known: consider angular clustering 

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



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

C` = h�FRB
` �FRB
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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

<latexit sha1_base64="EPhwuAs1bMPgaUhqawT+VERwwaA="></latexit>
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<latexit sha1_base64="McWSsB1AmgeOB9vGPvGxBKhpDso="></latexit>

C` = h�FRB
` �FRB

`0 i

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

<latexit sha1_base64="EPhwuAs1bMPgaUhqawT+VERwwaA="></latexit>
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weak lensing on steroids*



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

C` = h�FRB
` �FRB

`0 i

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)

weak lensing on steroids*
<latexit sha1_base64="EPhwuAs1bMPgaUhqawT+VERwwaA="></latexit>
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Equivalence principle

• If EP is broken, photons of different frequencies would pick up 
an additional (to  scaling) delay 


• So far what has been assumed is the classical Shapiro delay 
expression


• Idea: assume to know a subset of potentials along line-of-sight


• Put upper limits on 

ν−2

Δγ

<latexit sha1_base64="+pgwHnvaogArQoL9QQCZc5QfgA4=">AAACIXicbZDLSgMxFIYzXmu9VV26CRZBEMpMEe1GKNqFG6GCvUBbhkyaaUOTmSE5UyhDX8WNr+LGhSLdiS9jpq2grT8EPv5zDjnn9yLBNdj2p7Wyura+sZnZym7v7O7t5w4O6zqMFWU1GopQNT2imeABqwEHwZqRYkR6gjW8wW1abwyZ0jwMHmEUsY4kvYD7nBIwlpsrtStMAMGAr/EPum1JoK9kUrkf4/Nlu6fIcOzm8nbBngovgzOHPJqr6uYm7W5IY8kCoIJo3XLsCDoJUcCpYONsO9YsInRAeqxlMCCS6U4yvXCMT43TxX6ozAsAT93fEwmRWo+kZzrTJfViLTX/q7Vi8EudhAdRDCygs4/8WGAIcRoX7nLFKIiRAUIVN7ti2ieKUDChZk0IzuLJy1AvFpzLQvHhIl++mceRQcfoBJ0hB12hMrpDVVRDFD2hF/SG3q1n69X6sCaz1hVrPnOE/sj6+gZRfqMR</latexit>

�t = �tDM +�tgrav



Problems

• Adding structure increases the limit monotonically


• In a cosmological setting the standard expression 
diverges due to boundary conditions


• Should rather use 


• New problem: no longer upper bound since  
fluctuates

ϕ

<latexit sha1_base64="HFa0JKtHkdhyly38maACn7TTtUg="></latexit>
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Equivalence principle tests

• True observable: time delay between frequency 
arrival


• Shapiro delay


• Can imprint additional correlations when 
interpreted as DM signal

<latexit sha1_base64="+pgwHnvaogArQoL9QQCZc5QfgA4=">AAACIXicbZDLSgMxFIYzXmu9VV26CRZBEMpMEe1GKNqFG6GCvUBbhkyaaUOTmSE5UyhDX8WNr+LGhSLdiS9jpq2grT8EPv5zDjnn9yLBNdj2p7Wyura+sZnZym7v7O7t5w4O6zqMFWU1GopQNT2imeABqwEHwZqRYkR6gjW8wW1abwyZ0jwMHmEUsY4kvYD7nBIwlpsrtStMAMGAr/EPum1JoK9kUrkf4/Nlu6fIcOzm8nbBngovgzOHPJqr6uYm7W5IY8kCoIJo3XLsCDoJUcCpYONsO9YsInRAeqxlMCCS6U4yvXCMT43TxX6ozAsAT93fEwmRWo+kZzrTJfViLTX/q7Vi8EudhAdRDCygs4/8WGAIcRoX7nLFKIiRAUIVN7ti2ieKUDChZk0IzuLJy1AvFpzLQvHhIl++mceRQcfoBJ0hB12hMrpDVVRDFD2hF/SG3q1n69X6sCaz1hVrPnOE/sj6+gZRfqMR</latexit>

�t = �tDM +�tgrav

Possible frequency dependence
<latexit sha1_base64="HFa0JKtHkdhyly38maACn7TTtUg="></latexit>
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Equivalence principle tests
Reischke, Hagstotz, Lilow, 2102.11554
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• Events ~ms, line of 
sight ~Gpc


• Any       would 
completely dominate 
the correlation signal


• Any detection puts 
tight constraints on 
the EP

<latexit sha1_base64="OLzao5z1aBaBs1EPmWVY7rI1ByU=">AAAB9HicbVBNSwMxEM3Wr1q/qh69BIvgqewWUY9FPXisYD+gu5TZNNuGJtk1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmhQln2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiFoypmkTcMMp51EURAhp+1wdDvz22OqNIvlo5kkNBAwkCxiBIyVAv+OcgPYH4AQ0CtX3Ko7B14lXk4qKEejV/7y+zFJBZWGcNC667mJCTJQhhFOpyU/1TQBMoIB7VoqQVAdZPOjp/jMKn0cxcqWNHiu/p7IQGg9EaHtFGCGetmbif953dRE10HGZJIaKsliUZRybGI8SwD3maLE8IklQBSzt2IyBAXE2JxKNgRv+eVV0qpVvctq7eGiUr/J4yiiE3SKzpGHrlAd3aMGaiKCntAzekVvzth5cd6dj0VrwclnjtEfOJ8/RMWRyA==</latexit>

��



Distance scales

Bahcall 2015



FRB distance scale
Mean LSS dispersion:

<latexit sha1_base64="v+4edT7Tg7ngzSyO/y0uvGdpwdE="></latexit>
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FRB distance scale
Mean LSS dispersion:
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FRB distance scale
Mean LSS dispersion:

<latexit sha1_base64="v+4edT7Tg7ngzSyO/y0uvGdpwdE="></latexit>

< 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



FRB distance scale
Mean LSS dispersion:

• Perfect degeneracy at the background level


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



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



Hubble constant
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Uncertainty in host DM 
dominates error



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.
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Forecast
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Available soon!



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, Hagstotz, Lilow 
2020)

Equivalence principle (Reischke, Hagstotz, Lilow 2021)
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H0 = 62.3± 9.1



Steffen Hagstotz

Backup



Known FRBs

• True FRB population 
not well known


• Detections up to 
z~2 possible


• Maybe beyond? 
Reionisation 
studies?
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