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Intfroduction
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Potential at high
V(¢) temperature

Sakharov’s conditions T=T,

[A. D. Sakharov, Pisma Zh. Eksp. Teor. Fiz. 5, 32 (1967)] Potential at criticg)
temperature T
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i £ : Loop effects of bosons

e : Mixing effects at the tree level
EE*ﬁﬂf(i_;ﬂjﬁ $ﬁ5f§7ﬁ§¥ﬁ?§7ﬁib\ [Y. Aoki, F. Csikor, Z. Fodor and A. Ukawa, Phys. Rev. D 60, 013001 (1999)]

B —REEBZTEEIT HICITHYPERDUNALE



Intfroduction
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Sakharov’s conditions T=T,

[A. D. Sakharov, Pisma Zh. Eksp. Teor. Fiz. 5, 32 (1967)] Potential at criticg}
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i £ : Loop effects of bosons

Va(p, T) = D(T* - T3)¢* + (e — ET)¢" +
ale,T) ( 0e ( )¢ e : Mixing effects at the tree level

tgﬁi‘%ﬁﬂf!igﬁtﬂiﬁ%ﬁ‘iﬁféfﬁb N [Y. Aoki, F. Csikor, Z. Fodor and A. Ukawa, Phys. Rev. D 60, 013001 (1999)]
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Testability of the model with ¢_/T_21
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Testability of the model with ¢_/T_21
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Testability of the model with ¢_/T_21
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LISA: A. Klein et al., PRD93 no. 2,
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Testability of the model with ¢_/T_21
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Primordial black holes from first-order
phase transition
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M. J. Baker, M. Breitbach, J. Kopp and L. Mittnacht,[arXiv:2105.07481 [astro-ph.CO]], K. Kawana and K. P. Xie, PLB
824 (2022), 136791 [arXiv:2106.00111 [astro-ph.CO]], M. J. Baker, M. Breitbach, J. Kopp and L. Mittnacht,
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Primordial black holes from first-order

phase transition
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Primordial black holes from first-order
phase transition

e False vacuum&True vacuumfE D T RILF—FEDE(E

Vacuum energy density p, ~ AV ~ a
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J. Liu, L. Bian, R. G. Cai, Z. K. Guo and S. J. Wang, Phys. Rev.
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Primordial black holes from first-order
phase transition

. J. Liu, L. Bian, R. G. Cai, Z. K. Guo and S. J. Wang, PRD
ZEDEL 105, 10.2, 2 (2022) [arXiv: 2106.05637 [astro-ph.CO]].
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Primordial black holes from first-order
phase transition
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Primordial black holes from first-order
phase transition
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Primordial black holes from first-order
phase transition

* BE - RMBEBBEEDEREIBITSvIHR—IL
NE=

]\[PBH ~ J;7I'f{_1 ~ 10_5]\»[5*UA,T

* [RBTSVIR—IVEEFES,, [FEZED
ARIENRIZ L5 T 5.

I T Ak :
I'(t) = Toe L 3 | U, fper =Qppa/QcpM
BINTA—BMINEL o TA—EMKREVEIZS,,, [EK
%(fd:%) [K. H., S. Kanemura, T. Takahashi, PLB, Volume 8

833, 137261, arXiv:2111.13099]



Contents

Introduction

Testability of the model with ¢ ./ T . > 1

® /hhh coupling
e Gravitational waves from first-order phase transition

e Primordial black holes from first-order phase transition

Effective field theory

e SMEFT
e naHEFT

Summary

19



Standard model effective field theory

#5812 Standard model effective fields theory [Z;EB 3%

% Effective potential AV _ : Finite temperature effects | SIN>10, s = 1year

Red : PBH productions

Blue: LISA
Cyan:DECIGO

-Red points: f,,,, 2310 *&H 25

PBH

-Blue points: LISA T 7] 8870 8 /)%
AT VAL D

-Cyan points: DECIGO C#i | 7] RE7/2 B /)7
ATV LSH

-Orange points: F555 — IRFHEAE 3 FEHL 7] 58
*Black contours: hhh &5 OFEAERING DT 4

[K. H., S. Kanemura, T. Takahashi, PLB, Volume )
833, 137261, arXiv:2111.13099]




Nearly aligned Higgs effective field theory

M. Kakizaki, S. Kanemura and T. Matsui,

ZXIZnearly aligned Higgs effective field theory [Z;EB 95 Phys. Rev. D 92 (2015) no.11, 115007
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Nearly aligned Higgs effective field theory
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Nearly aligned Higgs effective field theory
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Measurements of PBHs, GW, the hhh
coupling

New work!

i
PBHs measurements: OGLE,
PRIME, Roman
GW spectra measurements: LISA,
DECIGO

The hhh coupling measurements: HL-LHC, ILC

2022 2030 2040
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S/N > 10, tobs = 1year

Red : PBH productions

Summary o4
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