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Srief (~ms)

—nergetic (~1-100 Jy;
1 Jdy =106 \N/mZ/ Z)

Broadband radio ‘re’quehciés
(observed 110 MHz — 8 GHZz)

“Ubiguitous (~1 Oé/sky/day) |
SOMme observed {o kepeat

DIVerse morphobgies and
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-RBs: Dispersion Vleasure

Credit: Erik Madsen



-RBs: Dispersion Vieasure
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Frequency (MHZz)

FRBs: Scattering Timescale
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FRBs: Origins?



FRBs: Origins?

Progenitors’”

SGR J1935+2154 =

(e.g., CHIME/FRB Collaboration et
al., 2020; Bochenek et al., 2020)

FRB 20200120k

(e.g., Bhardwaj et al., 2021;
Kirsten et al., 2022)




FRBs: Origins?

Progenitors’”

SGR J1935+2154 =

(e.g., CHIME/FRB Collaboration et
al., 2020; Bochenek et al., 2020)

FR

(e.g., Bhardwaj et al., 2021;
Kirsten et al., 2022)

3 20200120

—MISSION Mechanism®

magnetospheric }
(e.g., Lu et al., 2020)

shock waves
(e.qg., Metzger et al., 2019)




200/-2018: ~o0

B



VWe need more FRBS!



CHIME telescope

At Dominion Radio Astropnhysica
Observatory, British Columbia

[ransit telescope
Observes at 400 — 800 MHz

1024 dual-polarization antennas

Digitally forms 1024
interferometric synthesized beams

11



CHIME primary beam

Credit: CHIME
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CHIME/FRB search

Baseband
(Electric field)

Correlator/
Beamformer

Beamformed
Intensity

FRB Search
Backend

FRB Triggers
Credit: Kiyoshi Masul

Real-time search and detection
oipeline

Baseband data rate: 6.0 Th/s

INnput data rate to search througn:
1.5 PB/day

1 ms sampling cadence
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CHIME/FRB search

Baseband
(Electric field)

Correlator/
Beamformer

Beamformed
Intensity

FRB

| o

Search

Backend

FRB Triggers

Credit: Kiyoshi Masul

Real-time search and detection
oipeline

Baseband data rate: 6.0 Th/s

INnput data rate to search througn:
1.5 PB/day

1 ms sampling cadence
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CHIME/FRB observations

o (2019 Observations of Fast Radio Bursts at
—-reguencies down to 400 Megahertz

. Fe

L

v 1 - L2 T ek
N '
wy N
4 .
v o’ . "
s s, 1
.
.
-
] “u v
o™ b
.

 SPACEN e [2020] Periodic activity from a fast radio burst
N e source

- T .
L v P
: B ek o8
' -
ity '8 ¢
. . -
- &
2
» .' .
. .

e [2020] A bright millisecond-duration radio burst
from a Galactic magnetar

o 2021] A nearby repeating fast radio burst in the
direction of M81 (Bnardwaj et al., ApJL)

o [2021] The First CHIME/FRB Fast Radio Burst
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CHIME/FRB observations
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o [2022] Modeling
oropert

:%

w49 | ° [2027] Statistically cross-correlating FRB positions
AN with large-scale structure (Rafiei-Ravandi et al., ApJ)

RB dispersion and scattering

eS (Chawla et al., ApJ)

o [2022] Constraining primordial black holes with
- ch (Leung, Kader et al., PRD)

o [2022] Constraining FRB-like counterparts to
Bie (Curtin et al., submitted, ApJ)

S energy and distance

10NS (Shin et al., accepted, ApJ)
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CHIME/FRB observations
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o [2022] Modeling
oropert

:%

o [2021] Statistically cross-correlating FRB positions
with large-scale structure (Rafiei-Ravandi et al., ApJ)

RB dispersion and scattering

eS (Chawla et al., ApJ)

o [2022] Constraining primordial black holes with
- ch (Leung, Kader et al., PRD)

o [2022] Constraining FRB-like counterparts to
Bie (Curtin et al., submitted, ApJ)

S energy and distance

10NS (Shin et al., accepted, ApJ)

.o and many, many more!
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3 CHIME/FRB observations



Discovery of periodicity

-RB 201809168: localized to a massive spiral galaxy at z ~ 0.03; offset from star-forming
egion

FRB180916.J0158+65

N\
e

.I...I....I..-.I....I-...I...: ‘__ J
Marcote et al. (2020) Tendulkar et al. (2021) 19
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Discovery of periodicity

~10 day period, with freguency-dependent activity
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Association with a Galactic magnetar

o April 2020: Unusually hignh X-ray

activity from known magnetar SGR
1935+2154

e FRB 202004

STAREZ

e SUP

eas

L SOME

DOIs Mag

q

Z28A: Very pbrignt radio
ourst caught by CHIME/FRB,

netar origin for at

BN

Frequency (MH2)

-~ o — - —

-
-E:— -

-15 0 I 30 46 -1 © 15 30 45
Time + 28 April 2020 14:34:33.04672 utc (ms)

CHIME/FRB Collaboration et al. (2020)
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e SUPPOrts non-magnetar origin for some

q

|_ocalization to a globular cluster

5 20200120

—. localized to a nearby galaxy, then a globular cluster

Bhardwaj et al. (2021)

%

B

Kirsten et al. (2021)




|_ocalization to a globular cluster

e Opbservational bridge between known Galactic radio transients and extragalactic =R

. | * FRE 201809768 (Nimmo et @.'®) « FRB 20190711A
10 OB A FRE 201211024
o o PR | ~
T I % L 2 P
N ot 8 FRB 20180916B
" % FRB 20200120E o
»n Q ,
o 10%° 4 + | Xy
% o L X« SGR 1935+2154
§ Crab nanoshots \6’”\ ’ ® RRATs
ﬁ 1022 ™ | ' % ).' %
8 CrabGRPs X BN X
10" 4 D e
. M(s, g
10" - \&- ~ Pulsars .-~
107 107 107 107 107

Transient duration (vW) (GHz s) Nimmo et al. (2022)




the more the merrier!



CHIME/FRB Catalog 1

e 536 FRBs detected

between July 2018 and KRS YN go * Toen & gop 0 X0 sg F LAY S

Ju\y 2019 S 60° - ° igp%loo;o(:bf:%w °°°°°Qé :?’g gz:A i o%;oo} o °00A?o o°§ °8, " [
o Sample INCUdES 671 DUISIS § s0- 2%, sses o0 o, 00 me o s 2% 20 & 2 5as% o o0 ik

from 18 repeating sources £ oot W, P E S L °°°g’: o E

8§ o] o o o°°o°o°9 o S o oooooc

e Each burst has measureo o CHIME/FRB Non-Repeating Ao CHIME/FRB Repeating

properties 0 o 8y & A 1o o o > o

(:|U@ﬂce, DI\/’ Scattering Right ascension (J2000)

timescale, intrinsic pulse width) CHIME/FRB Collaboration et al. (2021)
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Injections System

2x4 beams

: .1 Nade
’| L1 Node L2/L3 Node |_T°L4>
* [njecting a mock populationof T~ (InjectionSnatcher)
synthetic pulses directly into P e .
the realtime search pipeline —= T e parameters
___________ 1 Request beam
o Characterize telescope L1 Sender Node | [RPC iq “F Mo | &
sensitivity to burst properties T T——— e L

beamy 4, beamp4s, beampyg, beamy .7

e Allows us to correct for el gection

. 5 : parameters
selection biases . | 1x4 beam | mgection
. duplication population
\ 4
Epp— . | Injection
| Dnriver

L1' Receiver , RPC |

TDuphLdtedbedmhedderb

Merryfield et al. (2022) 26
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Selection

-RB scattering distribution

p—
1

e T \ 75 | == Fiducial model

=
o
-

- Fiducial model X selection

1.25 -
|"" Raw catalog

1.00 -

0.75 A

o
w
o

Scattering timescale X Probability density

o
N
v

"

— ——— —— ———tp
1074 107~ 1072

|" Selection-corrected catalog

v T T

Substantial
Unobserved
population of
highly scattered

<Bs”
e.g., Chawla et al., 2022)

| | =R
1071 10°4 10~3

y

1072 107!

Scattering timescale (s) Scattering timescale (s)

CHIME/FRB Collaboration et al. (2021)
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-RB energy function
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100 -

 Volumetric rate greater
than rates of known one-off
transient populations

e \Well-constrained energy
function of FRBs

1078 1077 100 10 1042 103 10%

Energy [erg]

Shin et al. (2022)
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CHIME/FRB Outrlggers

Domlmon Radio Astro Obs. !
Prlnceton ~

S’:‘S
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Hat Creek

Ok o
X 4
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Credit: Adam Lanman, McGill
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CHIME/FRB Outriggers

Princeton AN



CHIME/FRB Outriggers

Dominion Radio Astro Obs. -
Princeton

Green Bank
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CHIME/FRB Outriggers
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CHIME/FRB Outriggers

Dominion Radio Astro Obs.

\‘rg Green Bank
Q
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Hat Creek
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e Can prec

CHIM

—/

q

Predicting a P;,.(2)

ct P obs(Z) for certain

3-observed sources

e Peaks around z ~ 0.36

e >09% of area withinz < 2

2.00 -
1.75 -
1.501 | [f#7/%&N -
1.25{ RS
1.004 1l

0.75-'

Pops(2) [Z_l]

0.50 -

2.0 75

Shin et al. (2022)
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1,000

DM-z Macquart Relation

—— DM

800

200

cosmic

FRB 180924
FRB 181112
FRB 190102
FRB 190608
FRB 190711
FRB 121102
FRB 190523
FRB 190611

0.1

0.2

0.3

(2) Planck15 cosmology

ZeRB

0.4

0.5

0.6 0.7

Macquart et al. (2020)
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10 wrap up

e | Ots of data, progress, mysteries, & opportunities

with FRBS!

e CHIME/FRB has enormous scientific impact on

the community
— [Nndividual
populatio

— 200/7-20°

(papers, Alels, etc)
-BB sources and FRBSs as a

]
3: ~00 FRBs

2018-2023: ~3,000 FRBS @

bullding new telescopes,

developing new analysis technigues, and working
oNn groundbreaking scilence!
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10 wrap up

e | Ots of data, progress, mysteries, & opportunities
with FRBS!

B20191221A
oSN
on Jad el
N N R RN
T 700 SRR AR S TR N

CHIME/FRB has enormous scientific impact on
the community (papers, Alels, etc)
— [ndividual FRB sources and —RBs as a
population
— 200/7-2018: ~50 FRBs

2018-2023: ~3,000 FRBS @

bullding new telescopes,
developing new analysis technigues, and working
oNn groundbreaking scilence!

(@and even more | couldn't fit in!)
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