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WHAT ARE

FAST

KIYOS'HI MASUT v ER o, A : 5 ; s ~artwork: Jingchuan Yu, Beijing Planetarium 2



FAST

RADIO

BURSTS
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FAST

RADIO

BURSTS Bright, single flashes of light
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FAST

Occur in the radio bana

RAD|O Observed between 0.1 - 8 GHz

Each burst typically broadbano

BURSTS Bright, single flashes of light
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FAST Very brief, typically milliseconds in duration

Occur in the radio bana

RAD|O Observed between 0.1 - 8 GHz

Each burst typically broadbano

BURSTS Bright, single flashes of light
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EFXTRAGALACTIC Billions of light years distant

LUMINOUS ~1 Jansky tlux ~ bright radio galaxy

POORLY Usually degree scale localization,
L OCALIZED host galaxies unidentitied
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TO UNDERSTAND THESE THINGS

We need a larger sample

KIYOSHI MASUI
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TO GET A BIGGER SAMPLE WE NEED

A new kind of radio telescope

KIYOSHI MASUI
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NEW TECHNOLOGY

WHAT HAS CHANGED? i =
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Noise/

interference
wavefront

KIYOSHI MASUI

Target
wavefront

Cell Phones Graphics Cards

(amplitiers) / (computation)
Steering Signal
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: - delay stage alignment
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'CANADIAN HYDROGEN INTENSITY MAPPING EXPERIMENT .
* Digitally driven telescope operating from 400to800MHz

.

KIYOSHI MASUI
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CHIME DETECTS ~1000 FRBS/YEAR
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PROGRESS ON PROGENITORS

Detection at low frequencies

CHIME/FRB Collaboration 2019, Nature, arXiv:1901.04524

Subpopulation of sources that emit repeat bursts

CHIME/FRB Collaboration 2019, Nature, arXiv:1901.04525
CHIME/FRB Collaboration 2019, ApJL, arXiv:1908.03507

A repeater that is active on a 16-day period
CHIME/FRB Collaboration 2020, Nature, arXiv:2001.10275

An FRB with 100 ms quasi-periodicity
CHIME/FRB Collaboration 2022, Nature, arXiv:2107.08463

A repeater near a star-forming region of a nearby galaxy
Marcote et al. 2020, Nature, arXiv:2001.02222

A repeater in a globular cluster in M8
Kirsten et al. 2022, Nature, arXiv:2105.11445

A fast radio burst emitted from a Galactic magnetar S v QUALITY
CHIME/FRB Collaboration 2020, Nature, arXiv:2005.10324 MAYA LIVED CONTROL

Meet the bioarchaeologist Time to set up a US research
reshaping views of the past policy board
PAGE168 PAGE173

KIYOSHI MASUI

DRUG DISCOVERY

VIRTUAL DRUG
SCREENING

Arapid route to viable
candidate compounds
PAGES 193 & 224

© NATURE.COM
14 February 2019 £10

Vol 566, No. 7743

7700280830




FRB FROM A GALACTIC SOURCE
CHIME/FRB
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PUNCHLINE AFTER 6
YEARS OF CHIME/FRB

» At least some FRBs come from
magnetars

* But phenomenology far more
diverse than expected, maybe
hinting at multiple populations

KIYOSHI MASUI

‘Artist's impression of
magnet,ér
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THAT'S A GOOD START

Where to we go from here?

KIYOSHI MASUI
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CHIME'S WEAKNESS: RESOLUTION
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WHAT WE WOULD LIKE

RA (hh mm ss) RA (hh mm ss)
04> 02° 58M00° 585 1h57M56S 01.0° 00.8° 00.65 1"58™M00.4S
65°43'30"
| 02||
15"
7 w,
& Olu 2
s g
_O OOII 3
o 43'00"
5 -
a @
42'45" 5Q"
65°42'58"

endulkar et al. 2021 -



CHIME/FRB VLBl OUTRIGGERS
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iNng area

IME collect
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CHIME/FRB VLBl OUTRIGGERS

(Outrigger
Station

Rolled” reflectors but otherwise nearly identical optical, analog, and digital systems

ach outrigger about 1/8 C
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GOAL:

| ocalize Every CHIME-Detected FRB (few
thousand) to < 50 mas
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HAPPENING NOW IN GREEN BANK
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KKO LOCALIZATION

FRB localized using the first
(shortest) Outrigger baseline

Host galaxy clearly identifieo

Addition of GBO, HCO

baselines will greatly improve
porecision
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FINAL THOUGHT

FRBs as Cosmological Probes

KIYOSHI MASUI
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FRBS PROBE LINE-OF-SIGHT GAS

Dispersion and other propagation effects
impart distinct signatures on FRB morphology _

\

We can leverage this to understand the
distribution of otherwise-invisible intergalactic gas
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CANADIAN HYDROGEN

CHORD

(Outrigger Station

Wideband outrigger
64xé6m

b

SOOOD
99? ﬁWidefield

o
st
outrigger
.

KIYOSHI MASUI

OBSERVATORY AND RADIO-TRANSIENT DETECTOR

CHORD Core

Outrigger Station\

| Wideband outrigger
64x6m

SOOOD
SLLLL /F7 widefield

$3995 e

POOP
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CANADIAN HYDROGEN OBSERVATORY AND RADIO-TRANSIENT DETECTOR

CHORD

* Order of magnitude more 51206
sensitive than CHIME

* Larger sample of more
distant FRBs

* Wide 300 - 1500 MHz

b an d ” Outrigger Station

Wideband outrigger
64x6m

SOOOD

Outrigger Station\

| Wideband outrigger
64x6m

Widefield
outrigger

* Precisely measure
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PO

poropagation effects
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SPECTRUM CAN
BE RESPONSIBLY |
MANAGED. -

2022-01

=50

il

Sl T

it | I
a1 T T ‘
il
L ‘ . ok

2023-03

gy

i "‘W"'"W'" |

0

2021-08

2021-03 ¢

2020-09

|

=
=
- 3

2020-04 ¢

ST T

2019-10%

8 I\

2019-04 1

2018-10 1

S R P b o
LE S B RIS 1

. § i B 4 |

i !
Plot: Seth Siegel, McGill ; II ,
2018-04 600 ) 700 750 800

KIYOSHI MASUI Frequency [MHz]

=4 I T R T S
S ™

Qi g i

Power [dBm]



CONCLUSIONS

e Fastradio bursts are a mysterious high-energy phenomena

e CHIME is discovering thousands, showed some come from magnetars, but
evidence for multiple populations

e CHIME VLBI Outriggers here soon, providing rich spatial information that
will dramatically improve our understindl

g
e FRB data from CHIME and future mstruments |||<e CHORD will be a unique

orobe of the large-scale distribution of intergalactic gas
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