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Fast Radio Bursts
• FRBs are radio transient events.

• 838 FRBs have been detected.

• Some are observed to be repeating and some
apparently not.

• FRBs have relatively large dispersion mea-
sures (DMs) =⇒ Sources are extragalactic.

• DM = DMMW + DMIGM(zS) +
DMHost
1+zS

.

⟨DMIGM⟩ = 3cH0Ωb

8πGmp

∫ zS
0

fIGM(z)χ(z)(1+z)√
Ωm(1+z)3+ΩΛ

dz .
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Key Takeaways
• FRBs can be used in estimating the Hub-

ble constant as well as constraining frac-
tion of primordial mass black holes made
of dark matter.

• Modified gravity mimics like a scattering
screen in the path of light ray, analogous
to the scattering effect by plasma on light
rays.

• This result will be improved by HIRAX,
which will soon be able to detect a lot more
FRBs in the Southern sky.
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Hubble Constant estimation using Localized Fast Radio Bursts
• DMexc = DM − DMMW − DMHalo = DMIGM(zS) +

DMHost
1+zS

.

• Defining ∆IGM = DMIGM/⟨DMIGM⟩, the likelihood function is defined as

L =

NFRB∏
i=1

Pi (DMexc,i | zS,i)

where Pi (DMexc,i | zS,i) =
∫ DMexc,i

0
PHost

(
DMHost

1+zS,i

)
PIGM

(
DMexc,i − DMHost

1+zS,i

)
dDMHost, with

PIGM (∆IGM) = A∆−β2

IGMe
− (∆−β1

IGM
−C0)

2

2β2
1σ2

DM and PHost (DMHost) =
1√

2πDMHostσHost
e
− (ln DMHost−µHost)

2

2σ2
Host .
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Figure 1: Left panel: H0 for different host DM contributions under ΛCDM cosmology. Right panel: H0 for
dynamical dark energy model with equation of state w(z) = w0 + waz/(1 + z).

Constraints on Fraction of PBHs Made of Dark Matter
• Consider the following modified gravity metric with Ψ is the modified gravity parameter:

ds2 =

(
1− 2GML

c2r
+Ψr2

)
c2 dt2 − 1

1− 2GML

c2r +Ψr2
dr2 − r2dθ2 − r2 sin2 θdϕ2,

where ML is the mass of the lensing object.

• Optical depth:

τ(ML, zS) =
3

2
fPBHΩc

∫ zS

0

dzL
H2

0

cH(zL)

DLDLS

DS
(1 + zL)

2 [
y2max(µ)− y2min(ML, zL)

]
.

where fPBH is the fraction of PBHs made up of dark matter.

• Integrated optical depth for all FRBs (636 detected by CHIME):

τ̄ =
1

NFRB

NFRB∑
i=1

τ(ML, zS,i).

• Poisson distribution:
Nlensed,FRB =

(
1− e−τ̄

)
NFRB, τ̄ = fPBHτ1.

• No lensed FRB has been con-
firmed =⇒

fPBH <
1

τ1
ln

(
NFRB

NFRB − 1

)
.

• Assumption:

⟨DMHost⟩ ≈ 100 pc cm−3.

• The left cut-off of fPBH is de-
termined from the minimum ∆t
of the telescope (≈ 10−9 s for
CHIME telescope). The right
cut-off is determined from the
maximum magnification ratio µ.
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Figure 2: Bounds on the fraction of dark matter made up of
primordial black holes for different values of modified gravity pa-
rameter Ψ.


