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Introduction

Standard Model (SM) is consistent with the result in LHC

Unsolved problems: baryon asymmetry of the Universe, dark matter etc...

A

Energy scale

X

~100 GeV h, top

Contributions from heavy new particles can be described by EFT frameworks

e.g., Standard Model Effective Field Theory (SMEFT), Higgs EFT (HEFT)

[Buchmuller and Wyler: Nucl. Phys. B268 (1986)] [Feruglio: Int. J. Mod. Phys. A8 (1993)]
[Grzadkowski et al.: JHEP 10 (2010)]



Introduction

e The framework of the SMEFT is often used [Buchmuller and Wyler: Nucl. Phys. B268 (1986)]
[Grzadkowski et al.: JHEP 10 (2010)]

— SMEFT is a good EFT for the decoupling new physics

[Appelquist and Carazzone, PRD 11 (1975)]

* Heavy particles can arise large quantum effects (non-decoupling effects)

[Kanemura et al.: PRD 70 (2004)]
— SMEFT does not work well in such the case

[Falkowski, Rattazzi, JHEP 10 (2019), Cohen et. al, JHEP 03 (2021)]

* Higgs EFT can describe the new physics with the large quantum effects

[Feruglio: Int. J. Mod. Phys. A8 (1993)]

We develop the HEFT to discuss the non-decoupling effects



Non-decoupling effects in hhh coupling
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The non-decoupling effect is very important




Non-decoupling effects and new EFT

* Loop corrections to the effective potential  [Coleman and Weinberg: PRD 7 (1973)]
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Important to describe the non-decoupling effects

o Assuming M%(¢) = M? + dgp? with M? > Jgv?

; [Appelquist and Carazzone, PRD 11 (1975)]
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. In the case with M? < A4V?, we cannot expand Vi, in terms of ¢

= SMEFT is not appropriate to describe the non-decoupling effects

[Falkowski, Rattazzi, JHEP 10 (2019), Cohen et. al, JHEP 03 (2021)]

We need a new EFT framework — Nearly aligned Higgs EFT (naHEFT)



Nearly aligned Higgs EFT (naHEFT)

o Lagrangian in the naHEFT [Kanemura and Nagai, JHEP 03 (2022)]
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What is the meaning of “nearly aligned”?

 The naHEFT in the canonical basis [Kanemura and Nagai, JHEP 03 (2022)]
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SMEFT and naHEFT
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Possibility of new physics

New Physics

Decoupling Non-decoupling
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Possibility of new physics

New Physics

Decoupling Non-decoupling

Vasm ~ |9|° Vesm ~ In |®|?
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New Higgs EFT
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SMEFT vs naHEFT: hhh coupling

[Kanemura and Nagai, JHEP 03 (2022)]
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new Higgs EFT at the finite temperature

* We extend the new EFT at finite temperature [Kanemura, Nagai and Tanaka, JHEP 06 (2022)]
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Phenomenology in the new HEFT

We can test the extended Higgs models with the non-decoupling effects
by using the GW observations and the measurement of hhh coupling
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* We proposed the nearly aligned Higgs EFT
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— The naHEFT can describe models with the non-decoupling effects

» We discussed hhh coupling and EW phase transition in the naHEFT

— SMEFT may not be appropriate when we discuss phenomena
related to the non-decoupling quantum effects

* We can test extended models with the non-decoupling effects via
hhh coupling measurements and gravitational wave observations

Colliders: ILC, HL-LHC GW observations: DECIGO, LISA, etc...
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