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Fast Radio Bursts

e Mechanism unknown

* First discovered in archival data 2007

e Short (~ms), bright (~Jy) radio transients

* Frequencies 300 Mhz - 8 Ghz

* Extragalactic

* About 500 known events, soon several 1000s

e Some events are repeating
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Proposed Mechanisms =

A Living Theory Catalogue for Fast Radio Bursts
arXiv 1810.05836

E. Platts®*, A. Weltman?, A. Walters®°, S. P. Tendulkar?, J.E.B. Gordin?, S. Kandhai®
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3 Summary Table

Neutron stars? Mergers? AGN?

Article | Published: 04 November 2020

A bright millisecond-duration radio burst froma
Galactic magnetar

The CHIME/FRB Collaboration A repeating fast radio burst source in a globular cluster
Nature 587, 54-58(2020) ! Cite this article F. Kirsten (Chalmers), B. Marcote (JIVE), K. Nimmo (ASTRON, University of Amsterdam), J. W. T. Hessels (L
University), S. P. Tendulkar (TIFR, NCRA), A. Keimpema (JIVE), J. Yang (Chalmers), M. P. Snelders (Univers
University, Caltech), C. J. Law (Caltech), W. M. Peters (NRL), M. Giroletti (INAF), D. M. Hewitt (University of
Steffen Hagstotz Burgay (INAF), S. T. Buttaccio (INAF), J. E. Conway (Chalmers), A. Corongiu (INAF), R. Feiler (NCU), O. For:
(MPIfR), M. A. Kharinov (IAA RAS), M. Lindgvist (Chalmers), G. Maccaferri (INAF), A. Melnikov (IAA RAS), C
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Known FRBs

 Until now: detections mostly
iIncidental

. Expect rates of 103 — 10* / sky /
night

e Now: dedicated searches
ongoing

CHIME
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Dispersion measure

FRB010724
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Pulse structure
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a | FRB20191221A b | FRB20210206A c | FRB20210213A
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Puls substructure at the ms level -> source not bigger than
O(100) km
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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 1
. const. X
scaling: 1+ 2
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Dispersion measure

DM;¢ot(2) = DMumw + DMpss(z) + DMhost(

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

Quite accurate! ocation of FRBs?

Redshift
scaling:

const. ~
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Dispersion measure

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

Te
1+ z

DMip,ss = /dl

10943
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Dispersion measure

Dispersion measure has several contribution:

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

DMypss = / dl
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Dispersion measure

Dispersion measure has several contribution:

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

DMypss = / dl
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Dispersion measure

Dispersion measure has several contribution:

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

DMLSS — /dl "

Steffen Hagstotz



Dispersion measure

Dispersion measure has several contribution:

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

DMypss = / dl
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Dispersion measure

Dispersion measure has several contribution:

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

DMLSS — /dl " Bal’yOﬂ fraCtIOﬂ
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Dispersion measure

Dispersion measure has several contribution:

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

_ Baryon fraction
DMss = /dll Iy Need redshifts

\

n, ~ F(2) Tﬁf - F(z)% [1 + be(Sm}
p p

Distance measure - j |
Need redshifts lonisation history

Need redshifts Density field £ 5 ‘-:;'
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Dispersion measure

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

Baryon fraction
Need redshifts

\

P (F) 2 [1+b5 }

My

waqe Vature, volume 581, 391-395(2020)

A census of baryonsin the Universe from
localized fast radio bursts

Distance measure - j |
Need redshifts lonisation history

Need redshifts Density fiald

m\
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Dispersion measure ‘.

Dispersion measure has several contribution:

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

_ Baryon fraction
DMrss = ‘ z Need redshifts

\

— F(2) 22 1+ bedin]

My

waqe Vature, volume 581, 391-395(2020)

A census of baryonsin the Universe from
localized fast radio bursts

Distance measure o ] |
Need redshifts lonisation history

Need redshifts
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Distance scales
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FRB distance scale

Mean LSS dispersion:

e

< DMgs > (2) = /dll
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Mean LSS dispersion: e & yo L2

< DMgs > (2) = /dll
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Mean LSS dispersion: Pb

< DMgs > (2) = /dll
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Steffen Hagstotz



Mean LSS dispersion: Pb

< DMjgs > (2) = /dll

SQbH() © 1 Z/
— o d /
87TGmPX fIGM/ z

* Perfect degeneracy at the background level

« Combine with prior on baryon density Qph?
(from CMB or BBN)
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0.0 0.5 1.0 1.5 2.0 2.9 3.0
! ! ! ! ! —— * [rue FRB population
120 - B other not well known
100 - |
g * Detections up to
s z~2 possipble
S 601
-  Maybe beyond?
- Reionisation
h____ studies?
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e Dedicated FRB searches from
radio arrays

54"

57//

21 kpe * [Long baselines, potentially

54/00" Y=

1 arcsec excellent angular resolution

22h16m05.25  05.0° 04.8% 04.6°

VLT + ASKAP (Macquart et al 2020) . OptiCa| follow—up allows host

ID and redshift
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DM [pccm ™3]

FRB distance scale
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« Compile DM-z diagram
similar to SNe la

e Apbsolute calibration via
subtraction of host &
MW DM

« Additional "gold
sample” of high quality
events

Al ey
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Hubble constant

MUNCHEN

all : Hy =62.3 £9.1
gold : Hy = 62.5 £ 10.1

dIND

probability density

FRB redshift
all
....... gold
0.03
0.12
0.19
0.29
— 0.32
— 0.38
— 0.48
— 0.52
— 0.66

SH, Reischke & Lilow arXiv 2104.04538
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Events at large z most
important

Uncertainty in host DM
dominates error
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Hubble constant

all : Hy =62.3 £9.1
gold : Hy =62.5 £ 10.1

probability density

dIND

GW170817

FRB redshift

Steffen Hagstotz

Events at large z most
important

Uncertainty in host DM
dominates error
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When can FRBs be competitive”?

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

5
" * Can we relax some
2- assumptions with
- larger samples?

100 200 300 400 500
number of FRBs

. _sf\
%ﬂ@l
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Milky Way models ost halo models

Can be checked with Pulsars
Quite accurate!

Redshift
scaling:

Steffen Hagstotz !

Depends on galaxy types?
_ocation of FRBs?

2 1 /
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Statistics can tell contributions apart|
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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

1 H 1 1 1 i 1 | 1 i
0.65 0.70 0.75 0.2 0.3 0.4 40 70 100 130

h Qm <DMhost>

2230
. . . A e )
Steffen Hagstotz SH, Reischke & Lilow arXiv 2104.04538 ALY ;




Standard Beacons?
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Standard Beacons?
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Standard Beacons? iy =

MUNCHEN

Composite Milky Way Globular Cluster CMD 1 05

TRGB

. CHIME
104 1 localized sample

Cutoff?
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FRB statistics

Redshitts in general not known: consider angular clustering

Correlate FRBs
C <5£RB 5FRB>

Sparse, noisy distances, shot-noise dominated

m\
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FRB statistics

Redshitts in general not known: consider angular clustering

Correlate FRBs
Co= (6, 5ERB

Sparse, noisy d|stances “shot-rored dominated

m\
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FRB statistics

Redshitts in general not known: consider angular clustering

Correlate FRBs
Co= (6, 5ERB

Sparse, noisy d|stances “shot-rored dominated

Correlate dispersion measure
2

CE — <DMg DM£/> ~ /dX[Pee(k)} | O-h_ost

n

m\
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FRB statistics
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Redshitts in general not known: consider angular clustering

Correlate FRBs
Co= (6, 5ERB

Sparse, noisy d|stances shof-forse dominated

Correlate dispersion measure
2

CE — <DM€ DM£/> ~ /dX[Pee(k)} | O-h_ost

n
signal >> noise

Because DMiyss(z) > DMjost

Steffen Hagstotz
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MUNCHEN

FRB statistics

Redshitts in general not known: consider angular clustering

Correlate FRBs
Co= (6, 5ERB

Sparse, noisy d|stances “shot-rored dominated

Correlate dispersion measure  |Super weak lensing* |

signal >> noise

Because DMyss(z) => DMjost

m\
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FRB statistics

Redshitts in general not known: consider angular clustering

Correlate FRBs
Co= (6, 5ERB

Sparse, noisy d|stances shof-forse dominated

SUPel'eCIk lensmg o

CE _ <DMg DM5/> N /dX[- N Pee(k)} | O};_;)st *(but sul sparse)

signal >> noise

Correlate dispersion measure

Because DMiyss(z) > DMjost

Pfi:x\ [
Steffen Hagstotz ° )//,?V,,Q) ;



Correlated events

Nearby lines of sight
traverse similar structures
— correlated DM
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Correlated events
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Nearby lines of sight
traverse similar structures
— correlated DM
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Correlated events iy =
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—0.10 1

200 400 600 800 1000
NrrB

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

Steffen Hagstotz Reischke & Hagstotz, 2301.03527

¢ . - )

(Y 2\

==
TN ESK




Correlated events
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...but also is a source of information

cov;;(0) fog =1
—-= covy;(6o)
S
2
@F
—0.10 -
00 400600100 ~0.10 ;:)'.05 0.00 0.'0\5. 0.10
. Ah/h
Correlation becomes
important for few 100s cov(Hy, L2, ...
FRBs/sky..

Steffen Hagstotz Reischke & Hagstotz, 2301.03527



FRB statistics
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Correlate dispersion measure

Cg — <DM£ DM£/>

Great for signals on large scales!

* Primordial non-Gaussianity
Reischke, SH, Lilow arXiv 2007.04054

* Equivalence principle tests with Shapiro delay
Reischke, SH, Lilow arXiv 2102.11554
Reischke & Hagstotz arXiv 2302. 10072
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Baryonic Feedback
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Baryonic Feedback

|Preliminary S
Measure DM,
to constrain
feedback?

0 50 100 150 200 250 300
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Summary

e Mechanism of the bursts unknown

 FRBs can provide independent™ measurement of the
Hubble constant Hy = 62.3 & 9.1 km/s/Mpc

e Currently limited by statistics, many more events are
coming from CHIME/ASKAP/HIRAX

 FRBs can do many more things for cosmology!

Primordial non-Gaussianity
Equivalence principle

Calibrating baryonic effects @
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