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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

e Extragalactic

* About 600 known events, soon several 1000s

* SOme events are repeating
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Hosted
by the

Neutron stars? Mergers? AGN?

Article | Published: 04 November 2020
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Known FRBs

 Until now: detections mostly
iIncidental

» Expect rates of 10° / sky / night

e Now:; dedicated searches
ongoing

CHIME

78 .
Steffen Hagstotz Chdew l@ew



Known FRBs

75 FRB cat

15°

-15°

-75°

Events uncorrelated with the Milky Way
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Known FRBs

75 FRB cat

.. With host
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Events uncorrelated with the Milky Way
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Known FRBs

75 FRB cat

... With host
CHIME/FRB

15°

-15°

-75°
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Dispersion measure
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Dispersion measure

DMtot(z) — DMMW + DMLSS (Z) + DMhost(Z)

Milky Way models ost halo models
Can be checked with Pulsars Depends on galaxy types?

Quite accurate! ocation of FRBs?
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Dispersion measure

DMtot(z) — DMMW + DMLSS (Z) + DMhost(Z)

Milky Way models ost halo models
Can be checked with Pulsars Depends on galaxy types?

Quite accurate! ocation of FRBs?

Redshift
scaling:

const. X 1““
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Dispersion measure

DMtot(z) — DMMW + DMLSS (Z) + DMhost(Z)

Milky Way models ost halo models
Can be checked with Pulsars Depends on galaxy types?

Quite accurate! ocation of FRBs?

Redshift 1
. const. X
scaling: 1+ 2

|

Statistics can L tell contrlbuhons apart | &
Steffen Hagstotz 'L —— - — C%‘Zﬂl,-/cC&“‘




Dispersion measure

Dispersion measure has several contribution:
DM;ot(2) = DMyw + DMpgs(2) + DMpest (2)

Te
1+ 2z

DMjp,gs = /dl
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Dispersion measure

Dispersion measure has several contribution:

DMjot(2) = DMymw + DMpss(2) + DMpost (2)

DMy, g5 = / d/
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Dispersion measure

Dispersion measure has several contribution:

DMjot(2) = DMymw + DMpss(2) + DMpost (2)

DMpgg = / di

Density field

/T
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Dispersion measure

Dispersion measure has several contribution:

DMjot(2) = DMymw + DMpss(2) + DMpost (2)

DMpss = / dl

lonisation history \

Density field
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Dispersion measure

Dispersion measure has several contribution:

DMjot(2) = DMymw + DMpss(2) + DMpost (2)

_(F(2) 2 [1+b(5 }

My

Distance measure - j |
lonisation history

Density field
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Dispersion measure

Dispersion measure has several contribution:
DM;ot(2) = DMyw + DMpgs(2) + DMpest (2)

Baryon fraction

\

Po_ g P [1+b(5 }

My

Distance measure - j |
lonisation history

Density field
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Dispersion measure

Dispersion measure has several contribution:
DM;ot(2) = DMyw + DMpgs(2) + DMpest (2)

Baryon fraction
Need redshifts

\

Pb_ g P [1+b(5 }

My

Distance measure - j |
Need redshifts lonisation history
Need redshifts Density field

Steffen Hagstotz Chdaun llc&u.



Dispersion measure

Dispersion measure has several contribution:
DM;ot(2) = DMyw + DMpgs(2) + DMpest (2)

Baryon fraction
Need redshifts

\

Pb_ g P [1+b(5 }

My

Distance measure o j |
Need redshifts lonisation hlstory
Need redshifts Density fiald
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Redshitts in general not known: consider angular clustering

Correlate FRBs
Cr = (67 85

Sparse, noisy distances, shot-noise dominated

N
®)),

+

Steffen Hagstotz Chden

ntre



Redshitts in general not known: consider angular clustering

Correlate FRBs

Ci = (61" 55 [Bad galary rorver

Sparse, noisy dlstances, shof-norse dominated
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Redshitts in general not known: consider angular clustering

Correlate FRBs

Ci = (61" 55 [Bad galary rorver

Sparse, noisy dlstances, shof-norse dominated

Correlate dispersion measure
2
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Redshitts in general not known: consider angular clustering

Correlate FRBs

Ci = (61" 55 [Bad galary rorver

Sparse, noisy dlstances, shof-norse dominated

Correlate dispersion measure
2

n
signal >> noise

Because DMipss(z) > DMy ost
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Redshitts in general not known: consider angular clustering

Correlate FRBs

Ci = (35" 5 [Bod goiary sover]

Sparse, noisy dlstances, shof-norse dominated

weak lensing* |

Correlate dispersion measure

n
signal >> noise

Because DMjss(2) > DMpogt &

Steffen Hagstotz Cvé;a‘,‘f./‘Cﬂa;.



Redshitts in general not known: consider angular clustering

Correlate FRBs

C, = (6,56, | rvey
Sparse, noisy dlstances, shot-norse dominated

Superweak lensmg * |

CE — <DM£ DM@/> ~ /dgk{ N Pee(k)} | O-h_ost (bf ISPCII'SG)

Correlate dispersion measure

n
signal >> noise

Because DMjss(2) > DMpogt &
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FRB statistics

Correlate dispersion measure

Cg — <DM£ DM£/>

Great for signals on large scales!

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)
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Distance scales
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FRB distance scale

Mean LSS dispersion

30, H 14+ 2
< DMypgs > (2) = 87er¥m(; XefIGM/ B(2) dz’

e 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

75°

15°

-15°

-75°

10 events with redshifts known

2
\'<}

Steffen Hagstotz Cvé;a, el

-



Known FRBs

0.0 0.5 1.0 1.5 2.0 2.9 3.0 ]
' ' ' ' ' ' * [rue FRB population
CHIME

120 - - other not well known

100 A
g * Detections up to
k Z~2 possible
S 60

-  Maybe beyond?
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Host ID

HG 190608 (g-band)

BRSEN , _ (17788

54"

57//

2.1 kpc
54'00" P
1 arcsec

22h16m05.25  05.0° 04.8% 04.6°

VLT + ASKAP (Macquart et al 2020)

Steffen Hagstotz

Dedicated FRB searches from
radio arrays

Long baselines, excellent
angular resolution

Optical follow-up allows host
ID and redshitt
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FRB distance scale

1000 P » Compile DM-z diagram
W sold sample similar to SNe la
800
_ * Absolute calibration via
5 | N
» " subtraction of host &
§ 100 - MW DM
200 - + Jf | e Additional "gold
sample” of high quality
o 0 05 oi 05 us o os events
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Hubble constant

FRB redshift
....... .« | Events at large z most
s important
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The Future

When can FRBs be competitive”?

;- e A few hundred events
with host ID get to
~1% precision

a * Can we relax some
2- assumptions with
- larger samples”
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Dispersion measure

DMtot(Z) — DMMW + DMLSS (Z) + DMhost(Z)

Milky Way models ost halo models
Can be checked with Pulsars Depends on galaxy types?

Quite accurate! ocation of FRBS?

Redshift 1472, 1
const. X dz’ -

scaling: .

" . |

Statistics can tell contributions apart |
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Forecast

h =0.676 £ 0.021

500 events with host ID
can determine host DM
00 =0y and Hubble constant
i simultaneously

Available soon!

(DMpost) = 88 & 10

| H | | | i | | i
0.65 0.70 0.75 0.2 0.3 0.4 40 70 100 130
h Qm <DMhost>
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e Mechanism of the bursts unknown

 FRBs can provide independent® measurement of
the Hubble constant Hy = 62.3 == 9.1

* 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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