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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
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According to LIGO/Virgo O3 data
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91 BBH candidates, 76 of them satisfy[m > 1.5Mg and |xes| < 0.3 ]
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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 DI
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Moreover, small PBHs are candidate for DI
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Moreover, small PBHs are candidate for DI
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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
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Formation of PBHs from enhancement of

primordial curvature perturbations
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We proposed a model driven by Starobinsky model with a non-minimally coupled field
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1
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2 Pi, YZ, Huang, Sasaki, JCAP 05 (2018) 042 [arxiv:1712.09896]
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R. (R
Avoid huge perturbations: f(R) =R+ M2 M—SI(X @)2

1

Expand the potential to 4-th order: V(x) = Vo — §m2 X2

X. Wang, YZ, M. Sasaki, [2404.02492]
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Avoid huge perturbations:

Expand the potential to 4-th order:

X. Wang, YZ, M. Sasaki, [2404.02492]
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The Primordial Power Spectrum can be analytically approximated as

Pr(k) ~

16 | g2p2 (k )@

Broken power-law!
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Induced Gravitational Wave (IGW)

K. Ananda,
17 / 21 a4 Im C. Clarkson,
hz’j 25 ZHhij =V hij = —4T;;7" Sim D. Wands,
3 5 ’ 7 i Phys.Rev.D 75
Sy = 40 +29,0); — 5o [H ©1i0); + 2H e D)5 + ¢ IJ’] (2007) 123518

( A

— QOur model
10-5k Narrow peak i
NANOGrav
- e EPTA
VQB { )
10-8F
o]
1 O—ll E
10710 107° 1078 1077 107

J(Hz)

Data from: NANOGrav, 2023 (2306.16219), EPTA, 2023 [2306.16227]



An interesting scenario: Ligcht PBH formation during break stage
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Radiation-dominated Era from Evaporation of PBHs
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Question: Any hints on such huge amplification?
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Idea

NG J

PBHs from large curvature perturbations

+ LIGO data from mergers of PBH binaries

Primordial Power Spectrum of
curvature perturbations?
(on small scales)



Assumptions

. At least some of the BBH LIGO events are PBHs

merger rate from observations

. PBHs formed out of high peaks of curvature perturbations
the simplest case

. Window function: top-hat form

semi-analytic expression for calculation of merger rate

. Gaussian distribution of density perturbation

simple relation between between power spectrum and
the variance



The LIGO/Virgo released data R (mi,m;) = RoN(mi,m;), Ro=
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We simply identify these events as PBH mergers

WARN: The largest Uncertainty comes from here!




Merger rate is given by
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If f(m,) is fitted, to obtain f(m,)(n = 2,3,4...),

we need to get X (ml, my, t), 4 (mn, m,. 1, t) (n=1,2,3..)



Large difference of # of points included
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Then 1t 1s straightforward to obtain the mass function
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log(10'°PR)

Common feature:

Amplitude of order 0.01

Consistent with PBH scenario
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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
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Another mechanism: The Bubble Nucleation

Bubble will be nucleated via tunneling process in early universe
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Another mechanism: The Bubble Nucleation

Bubble will be nucleated via tunneling process in early universe
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Case of a constant tunneling rate
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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?



Running of local minima
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