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l. Primordial Black Holes and Induced Gravitational waves
from Inflation

Based on 2404.02492, 2412.16463, 2504.12035, 2505.09337, 2506.06797 + upcoming works
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Primordial Black Hole seeded from Inflation
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Amplifying the Superhorizon Perturbations (Multi Field)
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Amplifying the Superhorizon Perturbations (Multi Field)
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Amplifying the Superhorizon Perturbations (Multi Field)
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Amplifying the Superhorizon Perturbations (Multi Field)
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Amplifying the Superhorizon Perturbations (Multi Field)
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Amplifying the Superhorizon Perturbations (Multi Field)

KR * inflation + non-minimally coupled ¥ \

XW, YL. Zhang, M. Sasaki, 2024 (2404.02492)
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Large scale effect: a solution to the 7, tension

/R * inflation + non-minimally coupled ¥ \
XW, K. Kohri, Tsutomu T. Yanagida, 2025 (2506.06797)
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Large scale effect: a solution to the 7, tension
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Amplifying the Superhorizon Perturbations (Multi Field)

XW, YL. Zhang, M. Sasaki, 2024 (2404.02492)
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Amplifying the Superhorizon Perturbations (Multi Field)
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Inflation Break Stage: Dual PBH Formation
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Inflation Break Stage: Dual PBH Formation
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Inflation Break Stage: Dual PBH Formation
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XW, M. Sasaki et al 2025, (2505.09337)
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Il. Gravitational Waves from Yukawa Force Mergers
— An Alternative to Small Scale Perturbations

Based on 2510.12984
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Amendola, Rubio, and Wetterich, 2017
Savastano, Amendola, Rubio, and

Early halo formation: Theory e =0

Flores, Kusenko 2021
Domenech and Sasaki, 2021

The long-range Yukawa forces, if much stronger than Gravity 3> = Fy/ F,> 1,
can efficiently form structures, halos, and black holes in the very early universe.

The Basic Lagrangian
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Amendola, Rubio, and Wetterich, 2017
Savastano, Amendola, Rubio, and

Early halo formation: Theory e =0

Flores, Kusenko 2021
Domenech and Sasaki, 2021
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Amendola, Rubio, and Wetterich, 2017
Savastano, Amendola, Rubio, and

Early halo formation: Theory e =0

Flores, Kusenko 2021
Domenech and Sasaki, 2021
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Amendola, Rubio, and Wetterich, 2017
Savastano, Amendola, Rubio, and

Early halo formation: Theory e =0

Flores, Kusenko 2021
Domenech and Sasaki, 2021

The long-range Yukawa forces, if much stronger than Gravity 3> = Fy/ F,> 1,

can efficiently form structures, halos, and black holes in the very early universe.
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Early halo formation: Theory

Something is not yet considered.. S “a
For two fermionic minihalos:
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Radiations from halo binaries:

GW and SW from the Halo Inspirals
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The fraction of merger relics in dark matter
fiergero = 107

erger,0 —

Radiations from halo binaries:
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Radiations from halo binaries: If we consider the potential with Screening:
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Cooling of the halo After virialization...

it ot L Without dissipation, halos will remain virialized until the
Flores, Lu, Kusenko 2023 ! :
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The loss of scalar charge of the halo

If the degeneracy pressure cannot support anymore...

A black hole will form eventually!
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Comparing the time scale
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Comparing the time scale
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Interrupted Merger
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Comparing the time scale
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A plot of parameter space constraints
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Summary of the Summary

Primordial Black Holes (PBHSs) are
promising dark matter candidates.

They can form from enhanced small-
scale primordial density
perturbations, from attractive
interactions among dark matter
particles, or through other non-
standard early-Universe
mechanisms...

PBHs also act as sources of
gravitational waves across a wide
range of frequency bands, offering
distinctive signals that can be probed
by future experiments.

Xinpeng Wang (Kavli IPMU)




