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This work 2

We study the scenario where experimental data are explained as a consequence of 
the global symmetry of the Higgs potential at a higher scale .Λ

Assumption Softly-broken  and twisted-custodial symmetry at a higher scale Z2 Λ

• tree-level Flavor Changing Neutral Currents (FCNCs) 
• Electroweak  parameter 
• SM-like Higgs couplings

T
Experimental constraints

Results and predictions • The above constraints are satisfied without decoupling 

•  can be taken at the Planck scale 

• Mass spectrum of the additional Higgs bosons  
• Deviations in the Higgs couplings

Λ



Introduction 3
Problems in the SM • Baryon asymmetry of the universe 

• Dark matter 

• Neutrino tiny mass   etc.

Extended Higgs model • One  doublet is an assumption in the SM. 

• The above problems can be solved.
SU(2)L

Determination of the Higgs sector is important.

SM must be extended to solve these problems.

Higgs sector • Number and representation of Higgs fields 
• The typical mass scale of new scalars 
• Structure of the Higgs potential   etc.

We study the global symmetry of the Higgs potential from the viewpoint of 
experimental constraints.



Two Higgs doublet model (2HDM) 4

• Tree-level Flavor Changing Neutral Currents (FCNCs) 
• Electroweak  parameter 
• SM-like Higgs couplings

T

The model with two scalar doublet  and  with Φ1 Φ2 Y = 1/2
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This solution is scale-independent
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Yukawa matrices would not be diagonalized simultaneously. 

S. L. Glashow, S. Weinberg, PRD15 (1977)
E. Paschos, PRD15 (1966)

If  (Type-II) at a scale  →  at any low energy scale.yu,1 = yd,2 = yℓ,2 = 0 Λ yd,2 = 0

Tree-level FCNCs

 symmetryZ2

　  or Φ1 → Φ1, Φ2 → − Φ2 Yd,1 = 0 Yd,2 = 0
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Softly-broken  symmetric 2HDMZ2 6

Potential
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LYukawa = �QLYu�̃uuR �QLYd�ddR � LLY`�``R + h.c.

Particles & Parameters •  (SM-like Higgs boson),  

•  (=246 GeV),  (=125 GeV), , , , 

h H, A, H±

v mh mH, mA, mH± M2 = m2
12/(sβcβ) tan β sβ−α

2HDM can be classified into Type-I, II, X and Y. Barger et al. PRD41 (1990) 
Aoki et al. PRD80 (2009)

• tree-level FCNCs ✔ 
• Electroweak  parameter 
• SM-like Higgs couplings

T
Experimental constraints
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The twisted custodial symmetry ensures  ✔sβ−α = 1
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V µ
X V ⌫

Y
= gµ⌫⇧XY + (qµq⌫ term)

J. Gerard, M. Herquet, PRL 98 (2007)
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A. Pomarol, R. Vega NPB413 (1994)(Usual) Custodial  SymmetryO(4)

Twisted Custodial Symmetry

The smallness of  is understood by symmetry ✔ΔT

G. Aad et al, PRD101 (2020)

PDG 2020

Electroweak  parameterT

SM-like Higgs couplings
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Violation of twisted-custodial symmetry 8

The Yukawa and  gauge couplings violate 

 symmetry.

U(1)Y

O(4)

!"	$ℎ&'()

2"#$
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�1(mZ) = �2(mZ) = �3(mZ), �4(mZ) = ��5(mZ)

 symmetryZ2 × O(4)

Violation in RGE

• Twisted custodial symmetry at EW 
-  should be adjusted.λi(Λ)

Scenario

• Twisted custodial symmetry at a high scale 
- Can we explain the experimental constraint?



Twisted custodial symmetry at high scale Λ 9

•  at EW scale without decoupling 

• The scale  can be taken to the Planck scale

m2
H ≃ m2

H± and sβ−α ≃ 1

Λ

These features can be tested at LHC and HL-LHC

Assumption
• Twisted-custodial symmetry at Λ

- These relations are violated under the RG evolution
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�1(⇤) = �2(⇤) = �3(⇤), �4(⇤) = ��5(⇤)

Results

Predictions

•  

•  takes a fixed value if  is high.

mA ≥ mH ≃ mH±

m2
A − m2

H± Λ

MA, S. Kanemura, JHEP (2021) 



Twisted custodial symmetry at high scale Λ 10

• Deviations in  couplings depend on  hff̄ ξf

• The directions of deviations  
→ types of Yukawa interactions 

• The size of deviations → possible scale Λ

S. Kanemura, et al, PRD90 (2014) 

Deviation in the Higgs couplings

•  couplings proportional to  → %hVV sβ−α 𝒪(0.1)

Predictions

These % level deviations can be tested at future lepton collider

MA, S. Kanemura, JHEP (2021) 
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We have found the scenario where experimental data are explained as a consequence 
of the global symmetry of the Higgs potential at a higher scale .Λ

Assumption Softly-broken  and twisted-custodial symmetry at a higher scale Z2 Λ

• tree-level Flavor Changing Neutral Currents (FCNCs) 
• Electroweak  parameter 
• SM-like Higgs couplings

T
Experimental constraints

Results and predictions • The above constraints are satisfied without decoupling 

•  can be taken at the Planck scale 

• Mass spectrum of the additional Higgs bosons  
• Deviations in the Higgs couplings → detectable at the ILC

Λ
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Custodial symmetry in the 2HDM 1/3
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Custodial symmetry in the 2HDM 2/3

Transformation of  under Mi O(4) ≃ SU(2)L × SU(2)R
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Custodial symmetry in the 2HDM 3/3
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Results for λi(mZ)

First relation is violated under the RG evolution. 
However,  is approximately realized.λ4(mZ) = − λ5(mZ)
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Assumption
• Twisted-custodial symmetry at Λ
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Mass differences
The following conditions are approximately realized in 
this scenario. 
•  

•
sβ−α ≃ 1 if mH± ≳ 300 GeV

λ4 + λ5 ≃ 0 at EW scale

The mass squared differences among the additional 
Higgs bosons can be simplified as 

 
The mass difference between  and  is generated via 
violation effects for . 

However, it is suppressed via .

<latexit sha1_base64="RcCAeKQsuH2EEqXqW1kR8KyVRwc="></latexit>

m2
A
�m2

H±

v2
' �4 & 0,

m2
H
�m2

H±

v2
' (�1 + �2 � 2�3) cot

2 �

✓
1

1 + cot2 �

◆2

H H±

λ1 = λ2 = λ3

tan β



Positivity of m2
A − m2

H± = λ4v2
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Observed data：  

 GeV is determined only by   →  

 is almost rejected by vacuum stability 

Z6v2 ≃ 0, (β − α ≃ π/2)

mh = 125 Z1v2 Z1 ≃ 0.26

λ4 < 0

Type-I 2HDM, tan β = 5

Higgs basis

Mass matrix of neutral scalars


