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Why Primordial Black Hole (PBH)?

BHs exist in the universe
No need for new physics
PBHs may dominate Dark Matter

Detected GW events from LIGO may originate from the merger
of PBH binaries

M. Sasaki, T. Suvama, T. Tanaka, S. Yokoyama, PRL 117, no. 6,061101 (2016)
A possible way to probe the primordial power spectrum of
curvature perturbation on small scales




Masses in the Stellar Graveyard
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event rate [Gpc ™3 yr ]

Massive PBHs for explanation of LIGO events
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Moreover , small PBHs are candidate for DM
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Moreover , small PBHs are candidate for DM
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Moreover , small PBHs are candidate for DM
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Formation of PBHs from enhancement of
primordial curvature perturbations
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Formation of PBHs from enhancement of _
primordial curvature perturbations e
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Single Field Inflation:

Multi-field Inflation:

Supergravity Model:

Curvaton Model:
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P1, Wang 2022
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Pi, Zhang, Huang, Sasaki 2018

Anguelova 2020

Cai, Chen, Fu 2021

Meng, Yuan, Huang 2022......
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Question: Any hints on such huge amplification?

107 amplification

[ PBH formation:]

"'-'-'--'"'--'-'-__-'-_-,;-'-?-—'a:

w U LIMpe <<1Mpe

Wang, YZ, Kimura, Yamaguchi, SCPMA 66 (2023) 6, 260462




Question: If no IGW observed, can we rule out PBH scenario?

Question: Is there any PBH scenario without amplification

of primordial power spectrum?




Another mechanism: The Bubble Nucleation

Bubble will be nucleated via tunneling process in early universe

V(o) False

Vacuum

During Inflation



The Bubble Nucleation

Bubble will be nucleated via tunneling process in early universe

False True
Vacuum Vacuum
During Inflation After Inflation

Question: How to realize this scenario?



fmax

0.100

0.001

10-°

10~

Case of a constant tunneling rate

H. Deng, A. Vilenkin, JCAP 2017(12): 044.

MACHO
Kepler EROS
femtolensix / O Planck
HSC

evaporation

10" 10%2 10% 10% 10°7
M/g



fmax

Case of a constant tunneling rate

H. Deng, A. Vilenkin, JCAP 2017(12): 044.
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We need a varying tunneling rate to explain DM



Running of local minima
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Expectation: Two field with
nonminimally coupling?
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Setup of Model

- Vi(x) = %mzx2
1 1
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Vs(x, @)

Setup of Model
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Setup of Model

Question: Process of Inflation?

(" )

Effective potential - B
for Inflation: Vet () = Va(X) + Vo(x, ¢ = ¢-)

J

-
Necessary condition dVeg
. > ()
for Inflation; dx
N y
m2 > 290'04

X0X f (a+ V1 +a2)



Setup of Model

Question: Process of Inflation?

dV,

V, :
H2%3]\/‘>;2 : SHyx ~
Pl

|

2
X(t) ~ Xi — \/;Mplm(t e tz')

dx

m = 107>Mpy
Xi = 15Mp

Xr =V2Mp




Question 2: From tunneling rate to PBH?

Express Euclidean action S in terms of PBH mass M

S=Sx) — x=x(@®

|

1
t—tf=—ﬁln(HR) —— HR%2 =M

R: bubble radius at
the end of inflation



Question 2: From tunneling rate to PBH?

_ ppeu(t) _ [dM _
PBH = oo ] M f(M) e
- f(M) = ']
| pcom(t) dM
oo () = ] Man(t) i A
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B X=Xt

m X=X.

* Open window for PBH DM m x=x
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Question 3: Analysis of tunneling rate?

(1) Coleman-de Luccia case

For a general potential  V(¢) = A¢* — u¢® + %u%z + Vo
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We can shift our potential to fit the fitting function
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(2) Hawking-Moss case
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Similar with CDL case!




Summary

We constructed a double-field model to realize a varying tunneling
rate during inflation.

From analysis of HM and CdL cases, this model results
monochromatic PBHs from the collapse of bubbles. This may
greatly relieve the constraints from observations.

We can realize either PBHs DM, sub-solar PBHs or supermassive
PBHs.



A first taste: without gravity

There exists a fitting formula for estimation of Euclidean action

V() = W — ay® + by’

8Ab

Defining 5=

€ (0,2)




We firstly hope to fix gg

When y = y.
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An example: DL limit case (Coleman-de Luccia)

_ do 1—27g+3\/1—27‘g

g()()_ h(X_X*) > O = 2X
COS Yo Zg Zg
2_T+2 —

mM M
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~N
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log,of(M)

An example: DL limit case (Coleman-de Luccia)
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In case with gravity, no fitting formula, but we can work
in the HM and CdL cases analytically

Numerical calculations are 1n process

1 1
St = 247" Mp, (V (bev) V(c/)top))

vt 20y ¢
2 4
— 9672 M 129
967T Pl 4X4 ( )\ )

We first fix the point at X« so that Synm(x«) = 37.18
this fits Av* = 1.9845 x 10~'7
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