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Primordial Black Holes

PBHs form through the collapse of large overdensities

Figure from [P. Villanueva-Domingo et. al., (2021)]




Primordial Black Holes - Constraints

M PBH [g ] [P. Villanueva-Domingo et. al., (2021)]
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Second Order Gravitational Waves

PBH production can be associated with stochastic gravitational waves!

[J.R. Espinosa, D. Racco, A. Riotto, (2018)]

[K. Kohri, T. Terada, (2018)]...
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Figure from [NANOGrav 15-year New-Physics Signals, 2306.16219]



Second Order Gravitational Waves
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PBH production can be associated with stochastic gravitational waves! e D oy o (2O
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Stochastic GWs involving PBHs well in reach with future GW observatories

Figure from [NANOGrav 15-year New-Physics Signals, 2306.16219]



Iiggs-R 2 Inflation

Question) What can be our inflaton? —> SM Higgs? Considering dim-4 operators, R* present!
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Iiggs-R 2 Inflation
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Higgs-R > Inflation, SM Higgs Running

Higgs mass m,=125.15 GeV, m; = 172.4+1.5 GeV
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Higgs-R > Inflation, SM Higgs Running
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Higgs-R* Inflation, SM Higgs Running

Higgs mass m,=125.15 GeV, m; = 172.4+1.5 GeV
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Higgs-R* Inflation, SM Higgs Running

Higgs mass m,=125.15 GeV, m; = 172.4+1.5 GeV
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Higgs-R* Inflation, SM Higgs Running
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Higgs-R* Inflation, SM Higgs Running

Higgs mass m,=125.15 GeV, m; = 172.4+1.5 GeV
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[DYC, S.M. Lee, S.C. Park, JCAP 01 (2021), 032]

Higgs-R2 Inflation - Ultra Slow-Roll
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Higgs-R2 Inflation - Ultra Slow-Roll
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Higgs-R 2 Tnflation / USR vs Tachyonice Instability?
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nggs R? Inflation / USR vs Tachyomc I]flsta]oﬂltyp
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nggs R? Inflation / USR vs Tachyomc I]flsta]oﬂl‘typ
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l Multi-field effect / Exponential Growth




Higgs-R 2 Inflation Tachyomc Instablhty

[DYC, K. Kohri, S.C. Park, JCAP 10 (2022) 015]
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Higgs-R 2 Inflation Tachyomc Instablhty

[DYC, K. Kohri, S.C. Park, JCAP 10 (2022) 015]

4.

1.22

1.21

1010y

120

3

|

4.4

119 L,
0.4

4.5

S

4.8
a6 47

10—10

1074

100}

50

-100———

0.01}

10—6 B

10

k/(aH)

1073 107°
B 7DT\’,(keXita N)
N 7DS(keXita N)

e 102 10g10 92/H2 :
— Mg/H”

-50

h - e e e e e .
&)

40

50 55 60




Higgs-R 2 Inflation Tachyomc Instablhty

[DYC, K. Kohri, S.C. Park, JCAP 10 (2022) O
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Higgs-R 2 Inflation Tachyomc Instablhty

[DYC, K. Kohri, S.C. Park, JCAP 10 (2022) 015]
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Higgs-R 2 Inflation Tachyomc Instablhty

[DYC, K. Kohri, S.C. Park, JCAP 10 (2022) 015] B - ,f — — 4
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Higgs-R 2 Inflation Tachyomc Instablhty

[DYC, K. Kohri, S.C. Park, JCAP 10 (2022) 015]
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Higgs-R 2 Inflation, Tachyonie Instability

0.100

0.001

107°

10~

107°

10—11

77 (k, Nend)

zw_13xu)%h”5$_05x

i

By = 0.21, € = 4.0
hy = 0.21,€ = 3.5
By, = 0.21, € = 3.0

By = 0.21,€ = 2.5

0.001

10.000

10°

10°
k (Mpc™)

1013

1017

1021

[DYC, K. Kohri, S.C. Park, JCAP 10 (2022) 015]

16



Higgs-R 2 Inflation, Tachyonie Instability
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Higgs-R 2 Inflation, Tachyonie Instability
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Higgs-R 2 Inflation, Tachyonie Instability
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Phenomena — Primordial Black Holes

[DYC, K. Kohri, S.C. Park, JCAP 10 (2022) 015]
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Phenomena — Primordial Black Holes

[DYC, K. Kohri, S.C. Park, JCAP 10 (2022) 015]
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Phenomena — Second order GW's

[DYC, K. Kohri, S.C. Park, JCAP 10 (2022) 015]
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Higgs-R* inflation + SM Higgs Running
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Summary

l Higgs-R* inflation + SM Higgs Running l
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Higgs-R* inflation + SM Higgs Running l
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Introduction - Primordial Black Holes

Then, how large should the density perturbations / curvature perturbations be?
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Higgs-R 2 Inflation, Perturbations

Second order perturbation with ¢° (¢, Z) = ¢§(t) + d¢*(t,

T), ds* = —(1 + 2¢)dt* +

a(t)?(1 — 2¢)0;,;dz' dz? .

L

o Mz < 0 leads to tachyonic growth of Qn, then gets sourced to R through turns in the trajectory.
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QN BHQN (&2 Meff) QN — 2¢O TM_R [S. Groot Nibbelink, B.J.W. van Tent,(2002)] ,[S. Cespedes et. al, (2012)]
| [A. Achucarro et. al, (2012)] ... |
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Higgs-R % Inflation, Slow-Roll Parameters
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Higgs-R2 Inflation / Scalaron
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S,]—/d T/ g_ : R A 12ng 59 0,ho,h 79 Wi W, (h+v)” + 4h +£_ .
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