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Outline

» Background information of FRBs
» Challenges faced in the cosmology

» Results and Summary



Event rate: ~ 1000/day
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e Fast: Narrow pulses (few ms)

Radio Band: 400 MHz-3 GHz _
* Burst: Relatively bright radio sources (few Jy)
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07 Dispersion Measure (DM)
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071 Use FRBs as a probe of the Universe
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As a cosmological
probe?
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The “Macquart Relation”— a way to FRB cosmology
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12 Cosmology with FRBs In the era of SKA
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FRB

Dark matter Baryon matter

The Square Kilometer array (SKA)

* Promises detection of FRBs many times
larger than the current sample size
Cempos#ion of  Detected FRBs can be simultaneously

the Universe localized

& Hubble Constant

SKA

Dark energy

Dark energy, the Hubble constant and baryons
are important issues in cosmology

(The picture is inspired by Simon C.-C. Ho)



Dark energy

A new component with Cosmic Microwave
negative pressure . Dark Energy | Background (CMB)
dominating the | /A cold dark matter "| strongly favors the ACDM
expansion—dark energy (ACDM) model cosmology
the fine-tuning problem many dark energy models have been
However { — > proposed, e.g., dynamical dark energy
the coincidence problem models: the wCDM, wow,CDM models...

It is essential to develop independent late-universe
cosmological probes!

Can SKA-era FRBs as a late-universe probe
iIndependently and precisely measure dark energy?

Cosmic Microwave Background

Credits:https://www.nationalgeographic.com



Hubble tension
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Einstein Telescope (ET) is upcoming...

GW standard sirens can precisely constrain H,

What extent can FRBs(SKA) and GWs(ET) as a "
combination to measure H,?

Gravitational Waves
Credits:https://www.nationalgeographic.com




02 *“Missing baryon” problem
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About 30% baryons are still missing (Macquart et.al, 2020)

0Q,=0.051"305:h75 (~ 40%)

What extent can SKA-era FRBs measure the baryon
density to solve the missing baryon problem?




02 How many FRBs will be detected by the SKA?

Fluence threshold All-sky event rate N, Reference
F, (Jy ms) (sky lday 1)

Parkes 1.7133 x 103 Bhandari et al., 2018
ASKAP 26 37 +8 Shannon et al., 2018
Nay(> F)) = F )" [sky 'day '] 1 1 1
Extra pOlate sky Ny P sky \J Nour = Neky[sky ™ day ™ " |Q[sky FoV™ " ]tons[day yr‘_l]l
Fluence All-sky event rate Ngy, Detection event rate N,
threshold (sky_1 day_1 ) (FOV_1 yr‘l )
F, (Jy ms)
SKA1-MID 0.014 2.9728 x 10° 1.0702 x 10°
(Based on Parkes)
SKA1-MID 0.014 3.0507 x 10° 1.0793 x 10°

(Based on ASKAP)

About 10° — 10° FRBs can be detected by SKA1-MID in a 10-year observation.




02 Simulation of FRB data detected by the SKA

(a). DM gy — Z plot

DMobs = DMyose + DMy + DI\-'I;\N oo}

DMpmw ism = 50 pc cm ™

DMMW,halo = 50 ~ 80 pc cm™?

(c). Redshift Distribution
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e.g., the 10° simulated FRB data under the fiducial ACDM

(b). Macquart relation
/ st = ST [

fiecm = 0.83

X(Z) = YHXC,H(z) + %YHechHc(z)-
YH = 3/4 and YHQ = 1/4
E@2)=[Qn(1 + 2)% + (1 — €,)30+w /2

(d). Uncertainty of DM,g),

g7 1/2
_ 2 2 2 Thost,src
ODMigu = |Tobs T 0w + Figm T+ ( [ )

Ogps = 0.5 pccm-3

oy = 10 pc cm3

oiem = 173.8z%*pccm™
Ohost.src — 30 pPC cm™3
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We choose ACDM,

wCDM and wow,CDM models as fiducial models to generate 10°> — 10° mock FRB data




03 Results—Dark Energy (“Pre-SKA” era)
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03 Results—Dark Energy (SKA era)
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Results—Hubble constant (“Pre-SKA” era)
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03 Results—Hubble constant (SKA era)
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O Combining 10* FRBs and O Combing 10_ FRBs and GWs(ET) can obtain
H, constraints better than CMB+BAO+SN.

GWSs(ET) can obtain  SKA-era
(ET) c SKacera, = _
H, constraints Combing 10° FRBs and GWs(ET) can obtain the

comparable to CMB+BAO. precisions e(Ho) < 1%.




Results—Baryon density
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Oin the many cases (different datasets
and constrained parameters), we
conclude that



03 Summary

Tremendous FRBs to be detected by the SKA can answer three important issues in cosmology.

B Using only the localized FRBs in the era of the SKA could answer

» What the nature of dark energy is (~ 2% — 5%).

» Where the missing baryons are (~ 0.1%). FRB GW

B Combined with future GW data could also answer

FRB
» Which H, measurement (67 or 74?) is true (< 0.1%). ", - . o
0 ( ) ( %) Hubble
tension
' - Missin
FRB Future is . B et :
' baryons

Promising!
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