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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?



www.frbtheorycat.org

arXiv 1810.05836
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Proposed Mechanisms
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Neutron stars? Mergers? AGN?



Known FRBs
• Until now: detections mostly 

incidental 

• Expect rates of  / sky / 
night 

• Now: dedicated searches 
ongoing

103 − 104

CHIME

ASKAP



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



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 



Dispersion measure
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Density field
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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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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
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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>

DMLSS =

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
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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

Overview

1. Fast Radio Bursts 101 

2. Distance scale

3. Effects of the LSS



FRB distance scale
Mean LSS dispersion:

<latexit sha1_base64="v+4edT7Tg7ngzSyO/y0uvGdpwdE="></latexit>
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<latexit sha1_base64="aSKFqnD/AuAmiVcYU2sNoLBpUos=">AAACFXicbVDLSgMxFM34rPU16tJNsAgVpMyIr2VRFy4UKrUP6JSSSTNtaJIZkoxQh/6EG3/FjQtF3Aru/BvTdgRtPRA4nHMuuff4EaNKO86XNTM7N7+wmFnKLq+srq3bG5tVFcYSkwoOWSjrPlKEUUEqmmpG6pEkiPuM1Pze+dCv3RGpaChudT8iTY46ggYUI22klr3vMSQ6jECPI92VPLm4HrR++FW5PICeHAfy93stO+cUnBHgNHFTkgMpSi3702uHOOZEaMyQUg3XiXQzQVJTzMgg68WKRAj3UIc0DBWIE9VMRlcN4K5R2jAIpXlCw5H6eyJBXKk+901yuK+a9Ibif14j1sFpM6EiijURePxREDOoQzisCLapJFizviEIS2p2hbiLJMLaFJk1JbiTJ0+T6kHBPS4c3RzmimdpHRmwDXZAHrjgBBTBJSiBCsDgATyBF/BqPVrP1pv1Po7OWOnMFvgD6+MbOZGe2A==</latexit>

hDMLSSi(z)



FRB distance scale
Mean LSS dispersion:

<latexit sha1_base64="iBaMTdLNczKvq/aKss4vCkz6kYs=">AAACHHicbVDLSsQwFE19juOr6tJNcBBcDa0O6nLQjcsRHBWmpaSZ1AnmRZKKQ+mHuPFX3LhQxI0Lwb8xHbvwdSBwcs693HtPqhg1Ngg+vKnpmdm5+cZCc3FpeWXVX1s/NzLXmPSxZFJfpsgQRgXpW2oZuVSaIJ4ycpFeH1f+xQ3RhkpxZseKxBxdCZpRjKyTEn9PJARGSCktb2GER7T6ZhrhIkqRhpEeySTiyI40L9KyLHiiysRvBe1gAviXhDVpgRq9xH+LhhLnnAiLGTJmEAbKxgXSlmJGymaUG6IQvkZXZOCoQJyYuJgcV8JtpwxhJrV7wsKJ+r2jQNyYMU9dZbWn+e1V4n/eILfZYVxQoXJLBP4alOUMWgmrpOCQaoItGzuCsKZuV4hHyEVjXZ5NF0L4++S/5Hy3He63O6edVveojqMBNsEW2AEhOABdcAJ6oA8wuAMP4Ak8e/feo/fivX6VTnl1zwb4Ae/9EwxJoqY=</latexit>
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<latexit sha1_base64="v+4edT7Tg7ngzSyO/y0uvGdpwdE="></latexit>
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<latexit sha1_base64="aSKFqnD/AuAmiVcYU2sNoLBpUos=">AAACFXicbVDLSgMxFM34rPU16tJNsAgVpMyIr2VRFy4UKrUP6JSSSTNtaJIZkoxQh/6EG3/FjQtF3Aru/BvTdgRtPRA4nHMuuff4EaNKO86XNTM7N7+wmFnKLq+srq3bG5tVFcYSkwoOWSjrPlKEUUEqmmpG6pEkiPuM1Pze+dCv3RGpaChudT8iTY46ggYUI22klr3vMSQ6jECPI92VPLm4HrR++FW5PICeHAfy93stO+cUnBHgNHFTkgMpSi3702uHOOZEaMyQUg3XiXQzQVJTzMgg68WKRAj3UIc0DBWIE9VMRlcN4K5R2jAIpXlCw5H6eyJBXKk+901yuK+a9Ibif14j1sFpM6EiijURePxREDOoQzisCLapJFizviEIS2p2hbiLJMLaFJk1JbiTJ0+T6kHBPS4c3RzmimdpHRmwDXZAHrjgBBTBJSiBCsDgATyBF/BqPVrP1pv1Po7OWOnMFvgD6+MbOZGe2A==</latexit>

hDMLSSi(z)



FRB distance scale
Mean LSS dispersion:

<latexit sha1_base64="iBaMTdLNczKvq/aKss4vCkz6kYs=">AAACHHicbVDLSsQwFE19juOr6tJNcBBcDa0O6nLQjcsRHBWmpaSZ1AnmRZKKQ+mHuPFX3LhQxI0Lwb8xHbvwdSBwcs693HtPqhg1Ngg+vKnpmdm5+cZCc3FpeWXVX1s/NzLXmPSxZFJfpsgQRgXpW2oZuVSaIJ4ycpFeH1f+xQ3RhkpxZseKxBxdCZpRjKyTEn9PJARGSCktb2GER7T6ZhrhIkqRhpEeySTiyI40L9KyLHiiysRvBe1gAviXhDVpgRq9xH+LhhLnnAiLGTJmEAbKxgXSlmJGymaUG6IQvkZXZOCoQJyYuJgcV8JtpwxhJrV7wsKJ+r2jQNyYMU9dZbWn+e1V4n/eILfZYVxQoXJLBP4alOUMWgmrpOCQaoItGzuCsKZuV4hHyEVjXZ5NF0L4++S/5Hy3He63O6edVveojqMBNsEW2AEhOABdcAJ6oA8wuAMP4Ak8e/feo/fivX6VTnl1zwb4Ae/9EwxJoqY=</latexit>
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<latexit sha1_base64="v+4edT7Tg7ngzSyO/y0uvGdpwdE="></latexit>
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<latexit sha1_base64="aSKFqnD/AuAmiVcYU2sNoLBpUos=">AAACFXicbVDLSgMxFM34rPU16tJNsAgVpMyIr2VRFy4UKrUP6JSSSTNtaJIZkoxQh/6EG3/FjQtF3Aru/BvTdgRtPRA4nHMuuff4EaNKO86XNTM7N7+wmFnKLq+srq3bG5tVFcYSkwoOWSjrPlKEUUEqmmpG6pEkiPuM1Pze+dCv3RGpaChudT8iTY46ggYUI22klr3vMSQ6jECPI92VPLm4HrR++FW5PICeHAfy93stO+cUnBHgNHFTkgMpSi3702uHOOZEaMyQUg3XiXQzQVJTzMgg68WKRAj3UIc0DBWIE9VMRlcN4K5R2jAIpXlCw5H6eyJBXKk+901yuK+a9Ibif14j1sFpM6EiijURePxREDOoQzisCLapJFizviEIS2p2hbiLJMLaFJk1JbiTJ0+T6kHBPS4c3RzmimdpHRmwDXZAHrjgBBTBJSiBCsDgATyBF/BqPVrP1pv1Po7OWOnMFvgD6+MbOZGe2A==</latexit>

hDMLSSi(z)



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>
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<latexit sha1_base64="v+4edT7Tg7ngzSyO/y0uvGdpwdE="></latexit>
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<latexit sha1_base64="iBaMTdLNczKvq/aKss4vCkz6kYs=">AAACHHicbVDLSsQwFE19juOr6tJNcBBcDa0O6nLQjcsRHBWmpaSZ1AnmRZKKQ+mHuPFX3LhQxI0Lwb8xHbvwdSBwcs693HtPqhg1Ngg+vKnpmdm5+cZCc3FpeWXVX1s/NzLXmPSxZFJfpsgQRgXpW2oZuVSaIJ4ycpFeH1f+xQ3RhkpxZseKxBxdCZpRjKyTEn9PJARGSCktb2GER7T6ZhrhIkqRhpEeySTiyI40L9KyLHiiysRvBe1gAviXhDVpgRq9xH+LhhLnnAiLGTJmEAbKxgXSlmJGymaUG6IQvkZXZOCoQJyYuJgcV8JtpwxhJrV7wsKJ+r2jQNyYMU9dZbWn+e1V4n/eILfZYVxQoXJLBP4alOUMWgmrpOCQaoItGzuCsKZuV4hHyEVjXZ5NF0L4++S/5Hy3He63O6edVveojqMBNsEW2AEhOABdcAJ6oA8wuAMP4Ak8e/feo/fivX6VTnl1zwb4Ae/9EwxJoqY=</latexit>
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<latexit sha1_base64="aSKFqnD/AuAmiVcYU2sNoLBpUos=">AAACFXicbVDLSgMxFM34rPU16tJNsAgVpMyIr2VRFy4UKrUP6JSSSTNtaJIZkoxQh/6EG3/FjQtF3Aru/BvTdgRtPRA4nHMuuff4EaNKO86XNTM7N7+wmFnKLq+srq3bG5tVFcYSkwoOWSjrPlKEUUEqmmpG6pEkiPuM1Pze+dCv3RGpaChudT8iTY46ggYUI22klr3vMSQ6jECPI92VPLm4HrR++FW5PICeHAfy93stO+cUnBHgNHFTkgMpSi3702uHOOZEaMyQUg3XiXQzQVJTzMgg68WKRAj3UIc0DBWIE9VMRlcN4K5R2jAIpXlCw5H6eyJBXKk+901yuK+a9Ibif14j1sFpM6EiijURePxREDOoQzisCLapJFizviEIS2p2hbiLJMLaFJk1JbiTJ0+T6kHBPS4c3RzmimdpHRmwDXZAHrjgBBTBJSiBCsDgATyBF/BqPVrP1pv1Po7OWOnMFvgD6+MbOZGe2A==</latexit>

hDMLSSi(z)



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

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
z

0

200

400

600

800

1000

D
M

[p
c
cm

°
3
]

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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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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Steffen Hagstotz

Overview

1. Fast Radio Bursts 101 

2. Distance scale 

3. Effects of the LSS



Correlated events

*

*
…

Nearby lines of sight 
traverse similar structures 

 correlated DM→
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Reischke & Hagstotz, 2301.03527



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



Correlated events
*

Reischke & Hagstotz, 2301.03527

…but also is a source of information

cov(H0, Ωm, …)
Correlation becomes important for 

few 100s FRBs/sky..

*
…



Pulse dispersion?
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Is plasma dispersion the 
only effect?
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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
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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
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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
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Possible frequency dependence
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Equivalence principle tests
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Equivalence principle tests
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FRB statistics

Correlate dispersion measure

Redshifts in general not known: consider angular clustering 

signal noise>>
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DMLSS(z) � DMhostBecause

*(but still sparse)

weak lensing on steroids*
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Baryonic Feedback
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Baryonic Feedback
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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 

• Correlations allow powerful tests of fundamental 
physics 

• Direct measurement of baryons to constrain feedback
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