Primordial black holes and gravitational
waves Induced by exponential-tailed
perturbations

AAAAAAAAAAAAAAAA

it | i NAGOYA Ryoto Inui
JCAPO5(2023)044

Collaboration with Katsuya. T. Abe(Chiba U.), Yuichiro Tada(lAR, KEK, Nagoya U.), and
Shuichiro Yokoyama(KMI, Nagoya U.)

1 NEHOP 2023 Contribution ID:13



Primordial black hole(PBH)
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Constraints of PBH abundance
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Test of PBH DM scenario by induced GWs

Assumption : density perturbation follows Gaussian distribution
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Non-Gaussianity of primordial perturbation

Probability density function
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The aim of this work

PBH abundance

PBH abundance Mppy = 107"'M)

Kitajima et al.2021
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Formulation of scalar induced GWs

Equation of motion for GWs

hy(t,k) + 27 h(t,k) = 4%(% k) o< C(q)C(1k —qq|)
A=+, %) Source —»  Solution: ,(z,k) « &gk — g, ])

Power spectrum of GWs
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Formulation of scalar induced GWs

Non-Gaussian perturbation
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Corrections of non-Gaussianities
Exponential tall
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Result

« GWs can be detectable in LISA
- DECIGO might detect the footprint of Exponential tail

tial tail case

Effect of Expotail
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Summary

- Can GWs test the scenario where PBH = 100% DM?

- We investigated the detectability of GWs induced by

Exponential tall

Exponential tail-type

GWs are detectable in LISA
DECIGO might detect the footprint of Exponential tail
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Appendix



Feynman diagram

Diagram of {(h(z,k)h,(z, k"))
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Contribution of Gaussian perturbation
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Contributions of Exponential tail
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Contributions of Exponential tail
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Contributions of Exponential tail
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USR (Ultra slow-roll models)

PBH can be realized in USR

Primordial density perturbation High peak spectrum
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PBH abundance

Primordial perturbation : ¢ = %ln(l - pL)

Determination of PBH formation
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PBH abundance
Peak theory

Peak humber density Around peak : spherical symmetric
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Compaction function

Overdensity Spacial mean value Conserved at super horizon
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Mean compaction function

Threshold value of the compaction function
1 1

5 < Cy, < 3 Changed by the peak profile
Mean compaction function

Almost universa
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Diagrammatic approach
Diagrammatic rules

1. 3.
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Diagrammatic approach
Loop structures
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Diagrammatic approach

Renormalized propagator

R Ry

Renormalized vertex
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Diagrammatic approach
Prohibited structure
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Diagrammatic approach
Vanilla term
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