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Abstract:

Fast Radio Bursts are a recently discovered phenomenon consisting of brief (typically
coming from far outside our Milky Way galaxy, indeed from cosmological distances. The
is known about these mysterious sources, and how they can act as novel probes of the n
focus on results from the CHIME Fast Radio Burst Project, which uses a new Cane
revolutionizing our view of the fast transient sky. | will also introduce the CHIME/FRB
localizations for >1000 CHIME FRBs, hence permit host galaxy ID and redshift determina
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Fast Radio Bursts

Few millisecond bursts
of radio waves

Coming from far
outside Milky Way

Cosmological distances

Some repeat h
BS000 S Lo Origin Unknown!
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Lorimer et al. 2007

Time after UT 19:50:01.63 (ms)
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Lorimer et al. 2007
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Milky Way Free Electron
Distribution:

determined using radio pulsars with independent distance
estimates

Milky Way
Model:
Contours
of constant
dispersion
measure

DM o j n dl

Cordes & Lazio 2002
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DMmax =25 pc/cm3

DMburst =375 pc/cm3
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cosmological distance!
Implies tremendous luminosity! |
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Nimmo et al. 2022
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FRB Properties

= Energy range 1035 —10% erg
Luminosity range 1038 — 1047
erg/s

= Some repeat!
~3% of observed FRBs repeat
Some more active than others

Repeaters typically have wider,
more complex bursts,
narrower spectra

Unclear if different class

= Mostly associated with star-

forming galaxies
(e.g. Sharma et al. 2024; Bhardwaj et
al. 2024)
One (maybe two?) in globular
clusters

Frequency (MHz)

Curtin et al. 2025

FRB 20201228A
FRB 20190804f

-34.9 -23.3-11.6 0.0 11.6 23.3
Time (ms)
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DM Excess vs Redshift:
“Missing Baryon Problem”

"Macquart
—— DMcoxmic(z) [Planck15] Relatlon

L

FRB180924
FRB181112
F

RI3190102
FRIB190G08
FRB190711
FRB121102
FRB190523
FRB190611

Macquart et al.
2020 Nature

DMEXCGSS = DMObS — DMNE2001 — DMhan = DMhOSt
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FRBs: The
Univere’s
New Probe

* Encoded with:
Plasma column depth

1494 MHz

(DM) 'Scintillation!

0 200 400 600 800 1000 1200 1400

Information about T
plasma distribution

Scattering

Scintillation . ﬂﬂﬁf\f\uﬂ i \W WJM&’MWW NM\W\P
Magnetic fields (RM) RS ‘Wﬁ ‘W\WMWWMMX\/M%M
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VK & Beloborodov (2018) in ARAA

M a g n e t a r‘ S http://www.physics.mcgill.ca/~pulsar/magnetar/main. htm|

Ultra-highly magnetized,
young neutron stars

Ages < 104 yr

B>1x10%G
Magnetic energy reservoir
10%47-10%2 erg

Magnetic fields unstable =
cause massive explosions
seen in X-rays, gamma-rays

~24 known in the disk of
Milky Way

6 have shown radio emission
~103* erg/s

Not known for ultra-luminous radio bursts!
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CHIME

Canadian Hydrogen Intensity Mapping Experiment

400-800 MHz interferometric transit telescope oriented N-S
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Analog signal chain

Digitizers + FPGAs

GPU correlator

o

1512 dual-pol inputs|
wom S Thifs et

|
) t

F-Engine

X-Engine

1512 dual-pol inputs|
l

L—— 6.5 Th/s ‘——J

X-Engine

E & W

Receiver Huts

N&S
GPU Huts

2M visibilities
1024 frequency channels
20-s sampling

CHIME/Cosmology

1024 stationary intensily beams
16k frequency channels

l-ms sampling

10 tracking dual-pol voltage beams
1024 frequency channels
2.5-us sampling

CHIME,/FRB

CHIME/Pulsar
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CHIME/FRB Beamforming

digital
beams

Masui+ 2017

" Ng+ 2017
CHIME/FRB
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CHIME/FRB Detection Pipeline

LO L1 L2 L3

FFT Beamforming RFI removal Multi-beam grouping Identification Database for
1024 intensity Dedispersion Multi-beam RFI Action headers
beams More RFI rejection removal choice Intensity data

128 trsEmes Localization Baseband data
o L1 Node Offline analysis
| Lonode | A LLNode L2/L3 Node | Archiver + DB

® © Y s

Buffer @ y 4 @ Buffer

@ @
64 freq

chanx 8

Realtime (dispersion sweep + 2-3 seconds)

CHIME/FRB Collaboration 2018
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Are they all Repeaters?

Declination (deg.)
30 40 50

60 70

80 90

FRB20201124A
.

Confirmed Repeaters
Candidate Repeaters
Non-Repeaters

FRB20180916By

Burst Rate (hr™1)

—40 20 0
Zenith Angle (deg.)

40 0.00 0.05 0.10 0.15
Prob. Density x Rate

CHIME/FRB Collaboration 2023
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Some Key CHIME/FRB Discoveries

Periodic FRB 16.35 days
(CHIME/FRB Collaboration 2020, Nature;
Sand et al. 2023)

Galactic magnetar
(CHIME/FRB Collaboration 2020, Nature)

Nearby FRB in globular

cluster

(Bhardwaj et al. 2021;
Kirsten et al. 2022, Nature)

PA (degrees)

-1.0 -05 0.0 0.5 1.0

Polarization PA S-swing T Tmems)

(Mckinven et al. 2025; o Ryan McKinven
Nimmo et al. 2025, Nature) = ef al. 2025
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CHIME/FRB: Luminous Radio
Burst from Local Magnetar!

Occurred
during time of
Intense X-ray

activity

CHIME/FRB Collaboration
2020 Nature

Bochanek et al 2020 Nature

Time (ms)

irsa: 25080046 Page 21/33




CHIME/FRB Collaboration 2020 Nature
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CHIME/FRB’s
Sky Localization Problem

CHIME/FRB
* 8oMX 100M
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New!CHIME/FRB
Outrigger + VLBI ofCHI ME/FRB events

Telescopes! * Goal:<somas
* |dentify galaxy hosts and

“synoptic FRB locations therein
VLBI™

Kiyo Masui
Outrigger
Projec]
Scientist

FOUNDATION
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CHIME/FRB
KKO Outrigger near Allenby, BC

K’niPatn k’l—stk’masqt

GORDON AND BETTY

MOORE

FOUNDATION
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New! Repeater o5
KKO Localization!
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« Shah et al. ApJL 2025 -
« FRB 20240209A: highly 30
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Right Ascension (J2000)

active repeater detected
many times with CHIME, KKO EEs
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CHIME/FRB OQOutrigger at
Green Bank,
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GORDON AND BETTY

MOORE

FOUNDATION
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f ~1" x 1" (CHIME-KKO)

~50mas x 20"

+CHIME-GBO

+CHIME-HCO

~50mas x 100mas

Slide courtesy &%
Shion Andrew &
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; CHIME/FRB
New! First Full-Array Collaboration

Localization by CHIME/FRB Blanchard et
& Outriggers s

» Bright FRB event
during HCO

commissioning
March 2025

* Full array data
acquired, source
localized to

NGC 4141 @ 40 Mpc

* Just outside region of
young stars

* Faint JWST source
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