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　複合ヒッグス模型のレビュー
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今日のトーク

　複合ヒッグス 2HDM



Hierarchy Problem

• SM はとても優れた有効理論

• とすると、なぜ                          ? 
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⇤SM ' MPlanck
あるいは GUT scale ?



Composite Higgs
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From Wikipedia
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• Higgs は New strong dynamics から生じる 複合粒子

•                              

•         以上のスケールからくる補正は遮蔽される。
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⇨   mh は UV insensitive

Kaplan, Georgi (86) +++

⇤SM ' MGUT , MPlanck
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Higgs as “Hadron”
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Hadron’ Higgs
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Higgs as “Pion”
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Mass Gap
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“Higgs decay constant”



Composite sector

Higgs

Mixing !

(Fermion)comp

(Gauge)comp

“Partial compositeness”
Kaplan (91)
Contino, Kramer, Son, Sundrum (06)

“Resonances”
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Quark / Leptons

W / Z



Yukawa
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Higgs

(Fermion) SM

(Fermion) SM

 Large Mixing    ⇆   Large Coupling

“Partial compositeness”



Higgs potential
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…
..

Higgs Potential 
(CW potential)

“Partial compositeness”



Key point
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Higgs Potential Top Yukawa

CPV

CPV CPV

Partial Compositeness



Benchmark
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•  G/H  =  SO(6) / SO(4) × SO(2)

•  dim(G/H)  =  8  =  4 + 4

•  Composite Two Higgs Doublet Model

•  NGBs  =  Two Higgs Doublets   

Mrazek, Pomarol, Rattazzi, Redi, Wulzer (2011)
Bertuzzo, Ray, de Sandes, Savoy (2012)
DeCurtis, Moretti,  Yagyu, Delle Rose (2018)



NGB (=Higgs) sector
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•  NGBs  =  Two Higgs Doublets   
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G/H = SO(6)/[SO(4)×SO(2)] 
の generator
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NGB (=Higgs) sector
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•  NGBs  =  Two Higgs Doublets   

<latexit sha1_base64="8LMBov2s9prCxL6FKsTqR7EJuCQ="></latexit>

T

<latexit sha1_base64="8LMBov2s9prCxL6FKsTqR7EJuCQ="></latexit>

T



<latexit sha1_base64="ABi8aayNpv1t4OxVGeRZ3L6UHRA="></latexit>

f

<latexit sha1_base64="C0hIWlmpc/t4kuDwHcZ0/SJXkZE="></latexit>

Aµ

Elementary sector
<latexit sha1_base64="8oZ6QbxTbTjiW8YtnOiF5fATK/Y="></latexit>

G1 = SO(6)

( = Higgs)

<latexit sha1_base64="5kdwXPBoi1QDDdHoTogytEisLxc="></latexit>

U

Composite sector
<latexit sha1_base64="1AtLSjlY4oJ1eifMqapfKz0f6IM="></latexit>

G2 = SO(6)

12



Multi-site 
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•  Multi-site 化
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•  Decay constant
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Partial compositeness
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 Fermion
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Elementary Composite

Parameter
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Partial compositeness
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 Fermion

  Gauge
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Partial compositeness
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 Fermion

  Gauge
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Fermion sector
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U2 を線形化したもの (Adjoint Higgs)

•  SM fermion は fL,R の中に埋め込まれている。
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+ f̄R�R U1 L

•  SM fermion は fL,R の中に埋め込まれている。

U2 を線形化したもの (Adjoint Higgs)

今日のトークでは
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Higgs Potential Top Yukawa

CPV

CPV CPV

tR ΨL

今日のトークでは
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Higgs and Top
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•  m2 ,  λ,   Yt  は Partial compositeness で決まる
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EWPTs

•   ( Higher dim. )
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Small tanβ ! 

※  Large tanβ は mt ~ 173GeV 

を説明できない 

f = 1TeV
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Higgs coupling

•  Compositeness の影響で Higgs coupling がずれる。
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•  SO(6) / SO(4)×SO(2)  模型 に注目

ここまでのまとめ

•  T ~ 0 かつ CPV    → 　Small tanβ   

•  Composite 2HDM

   Decoupling  and  Alignment
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CPV signals

i)    CPV  top Yukawa coupling
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CPV signals

ii)    Three neutral Higgs decay into  WW/ZZ

  CPV   → 
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Summary

•  複合ヒッグス模型では、Partial compositeness を
     通じて、Higgs potential と Top-Yukawa が相関をもつ。

•  CPV 複合2HDM [ G/H  =  SO(6) / SO(4) × SO(2) ] について調べた。
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