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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 repeating?
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Energy

supernovae

CHIME/FRB collaboration, Nature 587, 54-58(2020)
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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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Events uncorrelated with the Milky Way
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Known FRBs

Events uncorrelated with the Milky Way

FRB cat

… with host

CHIME/FRB
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Dispersion measure
• Radio signals undergo 

dispersion


• Pulse delay 


• Depends on integrated 
electrons along LoS

<latexit sha1_base64="viYPOmem2qYUJKHGfsdNDvWR2Kk=">AAACAHicbVBNS8NAEN3Ur1q/ooIXL4tF8GJJSkGPRT14rGBtoYlls920SzebsDsRSuzBv+LFg4J49Wd489+4bXPQ1gcDj/dmmJkXJIJrcJxvq7C0vLK6VlwvbWxube/Yu3t3Ok4VZU0ai1i1A6KZ4JI1gYNg7UQxEgWCtYLh5cRvPTCleSxvYZQwPyJ9yUNOCRipax94V0wAwYA9zSPsyfQ+O62Ou3bZqThT4EXi5qSMcjS69pfXi2kaMQlUEK07rpOAnxEFnAo2LnmpZgmhQ9JnHUMliZj2s+n9Y3xslB4OY2VKAp6qvycyEmk9igLTGREY6HlvIv7ndVIIz/2MyyQFJulsUZgKDDGehIF7XDEKYmQIoYqbWzEdEEUomMhKJgR3/uVF0qpW3FrFdW9q5fpFnkcRHaIjdIJcdIbq6Bo1UBNR9Iie0St6s56sF+vd+pi1Fqx8Zh/9gfX5A0uQlXM=</latexit>
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<latexit sha1_base64="bV303022zOrEqGAT1TOd1Wil0PA=">AAACGXicbVDNSsNAGNzUv1r/oh69LBZBEGoiBb0IRT14ESpYW2hC2Gw37dLNJuxuhBryGF58FS8eFMSjnnwbN20EbR1YGGbmY79v/JhRqSzryyjNzS8sLpWXKyura+sb5ubWrYwSgUkLRywSHR9JwignLUUVI51YEBT6jLT94Xnut++IkDTiN2oUEzdEfU4DipHSkmceOiFSAxGmF1cZPIUO5Qo6gUA45R7JUvvgPoM/kV4GmWdWrZo1BpwldkGqoEDTMz+cXoSTkHCFGZKya1uxclMkFMWMZBUnkSRGeIj6pKspRyGRbjo+LIN7WunBIBL66cXG6u+JFIVSjkJfJ/Md5bSXi/953UQFJ25KeZwowvHkoyBhUEUwbwn2qCBYsZEmCAuqd4V4gHQtSndZ0SXY0yfPkvZRza7XbPu6Xm2cFX2UwQ7YBfvABsegAS5BE7QABg/gCbyAV+PReDbejPdJtGQUM9vgD4zPbys2oEk=</latexit>

DM =

Z
ne

1 + z
dl

Lorimer et al 2007

Cordes & Chatterjee 2019
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Pulse structure

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

*
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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>

/
Z z 1 + z0

E(z0)
dz0

<latexit sha1_base64="E1p3O5Dd7Z66mJCMZ/x0fN37xjs=">AAAB/nicdVDLSsNAFJ34rPUVFVduBosgCCFTtdZd0Y3LCvYBTSiT6aQdOnkwMxFqCPgrblwo4tbvcOffOE0jqOiBC4dz7uXee7yYM6ls+8OYm19YXFourZRX19Y3Ns2t7baMEkFoi0Q8El0PS8pZSFuKKU67saA48DjteOPLqd+5pUKyKLxRk5i6AR6GzGcEKy31zV0nFlGsIuj4ApMUZSk6usv6ZsW2Tm10XrOhbdk5clJHxwiiQqmAAs2++e4MIpIENFSEYyl7yI6Vm2KhGOE0KzuJpDEmYzykPU1DHFDppvn5GTzQygD6kdAVKpir3ydSHEg5CTzdGWA1kr+9qfiX10uUX3dTFsaJoiGZLfITDvW70yzggAlKFJ9ogolg+lZIRljnoHRiZR3C16fwf9KuWqhmVa9PKo2LIo4S2AP74BAgcAYa4Ao0QQsQkIIH8ASejXvj0XgxXmetc0YxswN+wHj7BEnOlbU=</latexit>

/ 1

1 + z

*
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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>

/
Z z 1 + z0

E(z0)
dz0

<latexit sha1_base64="E1p3O5Dd7Z66mJCMZ/x0fN37xjs=">AAAB/nicdVDLSsNAFJ34rPUVFVduBosgCCFTtdZd0Y3LCvYBTSiT6aQdOnkwMxFqCPgrblwo4tbvcOffOE0jqOiBC4dz7uXee7yYM6ls+8OYm19YXFourZRX19Y3Ns2t7baMEkFoi0Q8El0PS8pZSFuKKU67saA48DjteOPLqd+5pUKyKLxRk5i6AR6GzGcEKy31zV0nFlGsIuj4ApMUZSk6usv6ZsW2Tm10XrOhbdk5clJHxwiiQqmAAs2++e4MIpIENFSEYyl7yI6Vm2KhGOE0KzuJpDEmYzykPU1DHFDppvn5GTzQygD6kdAVKpir3ydSHEg5CTzdGWA1kr+9qfiX10uUX3dTFsaJoiGZLfITDvW70yzggAlKFJ9ogolg+lZIRljnoHRiZR3C16fwf9KuWqhmVa9PKo2LIo4S2AP74BAgcAYa4Ao0QQsQkIIH8ASejXvj0XgxXmetc0YxswN+wHj7BEnOlbU=</latexit>

/ 1

1 + z

*

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)
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Dispersion measure

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

ne ⇡ F (z)
⇢b
mp

= F (z)
⇢̄b
mp

h
1 + be�m

i

<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)
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Dispersion measure

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

Density field
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Dispersion measure

<latexit sha1_base64="3hZc1Cb8chuL3gkHVB/CTi08HGo="></latexit>
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Ionisation history
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DMtot(z) = DMMW +DMLSS(z) + DMhost(z)

Density field
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Dispersion measure

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

ne ⇡ F (z)
⇢b
mp

= F (z)
⇢̄b
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h
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i

Ionisation history

Distance measure


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

DMLSS =
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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



Steffen Hagstotz

Dispersion measure

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

ne ⇡ F (z)
⇢b
mp

= F (z)
⇢̄b
mp

h
1 + be�m

i

Ionisation history

Distance 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:

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



Steffen Hagstotz

Dispersion measure

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

ne ⇡ F (z)
⇢b
mp

= F (z)
⇢̄b
mp

h
1 + be�m

i

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



Steffen Hagstotz

Dispersion measure

<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

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)



Steffen Hagstotz

Dispersion measure

<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

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)

See next talk 
by Robert 
Reischke
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Distance scales

Bahcall 2015
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FRB distance scale
Mean LSS dispersion:

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

ne
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=
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�efIGM

Z z 1 + z
0

E(z0)
dz0



Steffen Hagstotz

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



Steffen Hagstotz

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



Steffen Hagstotz

FRB distance scale
Mean LSS dispersion:

• Perfect degeneracy at the background level


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

<latexit sha1_base64="XekC5FpKaJUajHMzYnXq/1ebWfM=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgKrspMEXVZdOPOCvYBnXHIpJk2NMkMSUYoQ8FfceNCEbd+hzv/xkw7C209cOFwzr3k5IQJo0o7zrdVWlldW98ob1a2tnd29+z9g46KU4lJG8cslr0QKcKoIG1NNSO9RBLEQ0a64fg697uPRCoai3s9SYjP0VDQiGKkjRTYR94tJ0MUeBzpkeRZOIWjh0ZgV526MwNcJm5BqqBAK7C/vEGMU06Exgwp1XedRPsZkppiRqYVL1UkQXiMhqRvqECcKD+bxZ/CmlEGMIqlGaHhTP19kSGu1ISbaLU8pVr0cvE/r5/q6NLPqEhSTQSePxSlDOoY5l3AAZUEazYxBGFJTVaIR0girE1jFVOCu/jlZdJp1N3zunt3Vm1eFXWUwTE4AafABRegCW5AC7QBBhl4Bq/gzXqyXqx362O+WrKKm0PwB9bnD/kSlX4=</latexit>

⌦bh
2

<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
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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



Steffen Hagstotz

FRB distance scale
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optional

gold sample

• 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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Events at large z most 
important


Uncertainty in host DM 
dominates error



Steffen Hagstotz

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>

/
Z z 1 + z0

E(z0)
dz0

<latexit sha1_base64="E1p3O5Dd7Z66mJCMZ/x0fN37xjs=">AAAB/nicdVDLSsNAFJ34rPUVFVduBosgCCFTtdZd0Y3LCvYBTSiT6aQdOnkwMxFqCPgrblwo4tbvcOffOE0jqOiBC4dz7uXee7yYM6ls+8OYm19YXFourZRX19Y3Ns2t7baMEkFoi0Q8El0PS8pZSFuKKU67saA48DjteOPLqd+5pUKyKLxRk5i6AR6GzGcEKy31zV0nFlGsIuj4ApMUZSk6usv6ZsW2Tm10XrOhbdk5clJHxwiiQqmAAs2++e4MIpIENFSEYyl7yI6Vm2KhGOE0KzuJpDEmYzykPU1DHFDppvn5GTzQygD6kdAVKpir3ydSHEg5CTzdGWA1kr+9qfiX10uUX3dTFsaJoiGZLfITDvW70yzggAlKFJ9ogolg+lZIRljnoHRiZR3C16fwf9KuWqhmVa9PKo2LIo4S2AP74BAgcAYa4Ao0QQsQkIIH8ASejXvj0XgxXmetc0YxswN+wHj7BEnOlbU=</latexit>

/ 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)

<latexit sha1_base64="pgfiBl+52lJeAqF79GR582kvtHI=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgKiRVqi6EopsuK9gHtCFMppN26MwkzEzEEvorblwo4tYfceffOG2z0NYDFw7n3Mu994QJo0q77rdVWFvf2Nwqbpd2dvf2D+zDclvFqcSkhWMWy26IFGFUkJammpFuIgniISOdcHw38zuPRCoaiwc9SYjP0VDQiGKkjRTY5UbgwhtYqzrnsJ9weO14gV1xHXcOuEq8nFRAjmZgf/UHMU45ERozpFTPcxPtZ0hqihmZlvqpIgnCYzQkPUMF4kT52fz2KTw1ygBGsTQlNJyrvycyxJWa8NB0cqRHatmbif95vVRHV35GRZJqIvBiUZQyqGM4CwIOqCRYs4khCEtqboV4hCTC2sRVMiF4yy+vknbV8WpO9f6iUr/N4yiCY3ACzoAHLkEdNEATtAAGT+AZvII3a2q9WO/Wx6K1YOUzR+APrM8fmHGRlA==</latexit>

H0 = 62.3± 9.1
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Backup
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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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