Fast Radio Bursts

Tetsuya Hashimoto ({8 A& 1)
(National Chung Hsing University)

Tomotsugu Goto, Bo Han Chen, Simon C.-C. Ho, Tiger Y.-Y. Hsiao, Yi Hang
Valerie Wong, Alvina Y. L. On, Seong Jin Kim, Ece Kilerci-Eser, Kai-Chun

Huang, Daryl Joe D. Santos, Ting-Yi Lu, Leo Y.-W. Lin, Cossas, K.-W. Wu,
Kaustubha Sen, Chih-Teng Ling, Shotaro Yamasaki

NCTS-TCA Summer Student Program 2022 workshop, 5 July 2022



Outline

1. Introduction:

FRBs and dispersion measure

2. The origin of FRBs

2-1. Localization 2-3. number density of FRBs
2-2. host galaxies 2-4. FRB classification

\

3, Applications of FRBs  ftimeisallowed

3-1. missing baryon problem 3-3. dark energy 3
3-2. testing general relativity 3-4. cosmic reionization)

\.

4. A new telescope plan in Taiwan: BURSTT



Optical

O%gdit: the I\/Iurchiso_r] ,,Wj@efﬁe__ld_Arrav,(M}NA)_



Intro: Fast radio burst (FRB)

Extra-galactic burst in radio
g >10 Nature papers
£ sinee 2019
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Intro: new parameter space
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1000

FRBs per year

Game changers! >1000

FAST

. Parkes [}
1+ UTMOST
- GBT
{1 Arecibo
- ASKAP

7 61 FRBs in total

' Keane 2018




fast-growing field

Intro

Petroff et al. 2021

-
Q
Q
o
O =
o 9
O
—
(@)
Y £
=) =) =
= =) =
e o) N =

SO[2IME JO JoquIn



Intro: Two types of FRBs
Non-repeating FRBs Repeating FRBs

More than 1000 FRBs on sky every day!

Their origins are unknown




Intro: the detection of an FRB
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Intro: unique observable, 'dispersion measure’

cf. prism
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Intro: the Universe is filled with plasma




Intro: the speed of light changes in plasma

Speeds of radloemlssmns i "
hlgh frequency fast -
low freqUency sIow

¥ more plasma
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* |ess pIasma
> shorter time Iag
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Intro: time lag = dispersion measure
= distance indicator
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Intro: time lag = dispersion measure
= distance indicator
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2. The origin of FRBs



Origin: possible FRB origins

White dwarf Old neutron Old stellar-mass
black hole (BH)

Credit: B. Kiziltan/T.
Karacan.

Credit: Te'-o

Hashimoto Credit: Mark Garlick

Magnetar Young pulsar Super Supernova
massive BH remnant

Credit:
Nature astronomy

Credit: MIT Kavli [ credit:NASA .



Origin: How can we identify the progenitor?

Prog.enitor: T T e
astrophysical source which capﬂ'emijRB(S)




Origin: where does the FRB come from?

Positional uncertainty (cf. CHIME)

Progenltor | e
astrophysmal source whnch can em|t~FRB(s)




Origin: the localization identifies the progenitor

Localization (cf. interferometric obs.)

Progenltor | o (. w.
astrophysmal source whuch can em|t~FRB(s)




Origin: the localized FRB at a Galactic magnetar
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Origin: the localized FRB at a Galactic magnetar

Mereghetti et al. 2020
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Origin: an extragalactic repeating FRB source
localized at a star-forming region

Tendulkar et al. 2021
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Origin: an extragalactic repeating FRB source

localized at a globular cluster
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FRB 20200120E --> globular cluster (old stellar system)



Origin: FRB host galaxies:
FRBs happen in any type of galaxies(?)

351 & Repeating  Bhandari et al. 2022 |
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Problem

Previous research: tried to ‘localize’ FRB
positions in the sky to reveal their origins
- didn’t work well

Solution (this work)

We changed the point of view
- focus on the history of FRBs
(x10 more samples than before )




Origin: possible FRB origins

White dwarf Old neutron Old stellar-mass
black hole (BH)

Credit: B. Kiziltan/T.
Karacan.

Credit: Te'-o

Hashimoto Credit: Mark Garlick

Magnetar Young pulsar Super Supernova
massive BH remnant

Credit:
Nature astronomy

Credit: MIT Kavli [ credit:NASA .



Origin: possible FRB origins

White dwarf Old neutron OId steIIar-mas

o star

Old obJects X steIIar mass

Credit: |et' Credit: B. Kiziltan/ I.
Hashimoto Credit: Mark Garlick Karacan.

Magnetar Young pulsar §uper Superova

Young objects < star formatlon

Cwuk\\ Credit: l I ’ I ; ?‘ “”‘ﬂ o
H A chrivriata Nature astronomv Credit: MIT Kavli Credit* NASA S




Origin: Old vs Young

Redshift
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Origin: example (LGRBs)

Long Gamma-ray bursts
o< star formation

Credits: NASA, ESA and M.

Kornmesser Pe rlev+2016
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Origin: Let’s see the answer!

Credit: CHIME

CHIME: ~500 non-repeating FRBs in 2021 !




Origin: Old vs Young

Redshift
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Our result: Non-repeater - Olad

Redshift
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Origin: other FRB population analyses

free from the | test an old

z-evolution

population
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Origin: FRB population model

PDF of dN/(dtdV)
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Origin: the stellar-mass scenario better explains

Star formation

Stellar mass
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Origin: including the old population better explains

Hybrid

Stellar mass

DMg [pc em™3]

log(E [erg])

100
== = Data == = Data ,\
140 4 ~ Hybrid (20%/80% SFH/Delayed) - Hybrid (20%/80% SFH/Delayed) 7\
.l\\ 80 d , (,' \‘\
120 4 \ I /| v
% \ s 4
c \ /
5| Zh & Zh 2022 2\
> 3 J
: | % ang dang R
£ 80 \ A v\
w \ \ f \
5 L\ 5 [1 \\
5 \ § 404 ' ‘
g 601 \ \ 2 b \
E \ \ E , \
3 B =
= \\ = J A\
40 A \ j \\
\\ ~ 20 4 > \
\" \ \\
20 e e Va4 \ \
: - ’:\ ’7;/ \\\
04 7 e N ™ AP, 04 = J-AM*/‘ e
0 500 1000 1500 2000 2500 3000 36 37 38 39 40 41 42
DM¢ [pc em~3) log(E [erg])
100 A
== = Data -= = Data
- Accumulated R A
120 Accumulated I\
80
100 A
13 2
[=
o
& 80- 3 601
[++] ]
& &
S 60 %5
2 g 401
g E
3 40 3
20
20 1
0 0
0 500 1000 1500 2000 2500 3000 3'6 3'7 3'8 3'9 4’0 4‘1 4’2




Conclusion TH+2022a

Xx10 more samples than before

Non-repeater = Old objects

White dwarf Old neutron Old stellar-mass

Credit: Tetguans Credit: B. Kiziltan/T.
Hashimoto Credit: Mark Garlick Karacan.




Origin: hard to classify Repeater/Non-repeater

Repeater Non-repeater

Brightness

Time

Repeater

Origin(s)

Non-repeater

Problem:
need long monitoring observations with a high sensitivity



Oliver
(Bo Han Chen)

testing w/ FAST

Chen+2022
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ML classification of
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3. Applications of FRBs



App: key sciences to be addressed by FRBs

Missing baryon  General
problem relatlwty

Dark energy




App: key sciences to be addressed by FRBs

Missing baryon  General
problem relat|V|ty

Dark energy
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App: key sciences to be addressed by FRBs

Missing baryon  General

D
i relat|V|ty ark energy

Cosmic

L Dark matter
reionization




App: the missing baryon problem

missing

~30% of the baryons

expected from BBN
have yet to be detected
(Shull et al. 2012)

WHIM: Warm-h@
intergalactic medium



Intro: the speed of light changes in plasma

Speeds of radloemlssmns i "
hlgh frequency fast -
low freqUency sIow

¥ more plasma
e Ionger tlme Iag

* |ess pIasma
> shorter time Iag
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App: the missing baryon problem
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The next step would be the spatial distribution of baryon




App: ~100 localized FRBs may reveal the baryon
distribution

Predictions of dispersion measure
distributions at a fixed redshift

D ‘
Bhandari and Flynn (2021)




4. A new telescope plan
in Taiwan: BURSTT



BURSTT: what are the bottlenecks of observations?

* lack of localization capability
e.g., CHIME ~ arcmin

spec-z, host galaxy, progenitor etc.

* small FoV and low cadence
e.g., CHIME: 5-10 min per day (<1% of the day)
missing population of FRBs?
expensive for follow-up telescopes

* mismatched distance

GWs, neutrinos, high-time resolution follow-up
--> nearby Universe



Future FRB telescope in Taiwan
Bustling Universe Radio Survey Telescope

in Taiwan (BURSTT)
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Future FRB telescope in Taiwan
Bustling Universe Radio Survey TeIescope

in Taiwan (BURSTT) Sraichan B8
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BURSTT will resolve the bottlenecks

* lack of localization capability
BURSTT: sub-arcsecond

e.g., CHIME ~ arcmin

* small FoV and low cadence
BURSTT: 25 times better than that of CHIME

e.g., CHIME: 5-10 min per day (<1% of the day)

e mismatch in distance

BURSTT: dedicated to the nearby Universe
GWs, neutrinos, high-time resolution follow-up
--> nearby Universe



field of view (deg?)
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Predictions of BURSTT FRBs
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Predictions of BURSTT FRBs

Number prediction 1400 alpha =-1.5
. . EE BURSTT
of Galactic FRB-like  CTARE2
_ B GReX ||
events (E>10° erg) . I e
, 0 1000}

System parameters Ratio of value compared with STARE2  Ratio of detection rate

Area of antenna X 56 larger 10

SEFD % 20000 more sensitive 28

Central frequency X 2 smaller 0.7

Bandwidth X 2 larger

Field of view (FoV) X 1.4 larger

Expected detection rate




Predictions of BURSTT FRBs

Number prediction of
gravitationally lensed FRBs

= BURSTT-2048, M;=0.001Mg, At=10"9s
- B Number of FRBs

Number of lensed FRBs

101.

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
Redshift

» to constrain dark matter and cosmological parameters




Conclusion: FRB science is exciting

Missing baryon  General
problem relat|V|ty

Dark energy

The origin

Dark matter of FRBs




Backup slides



9: Our result:

: do CHIME FRBs show the correlation?
== Yes, at z<0.3

Kim et al. 2022
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