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Why H-COUP?



 Deviations indirectly tell us information of BSM

・Size of deviations 
→ BSM mass scale

Kanemura, Kikuchi, Mawatari, Sakurai, KY (2018)

Higgs sector as a probe of BSM

・Pattern of deviations 
→ BSM Higgs structure
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 Higgs precise calculations are inevitable. 

・Nondecoupling-loop effects lead to sizable deviations 
even in the Higgs alignment limit. 
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・Permille level measurements are realized 
at Higgs factories. 
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H-COUP realizes such precise calculations! 2



What is H-COUP?



https://www-het.phys.sci.osaka-u.ac.jp/~hcoup/

H-COUP is a package of Fortran codes to calculate Higgs observables including 
radiative corrections in various extended Higgs models. 
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Structure of H-COUP

Inputs

Model, Parameters, EW/QCD Order

Renormalized Vertices

𝜙𝑉ఓ𝑉ఔ 𝜙𝜓ത𝜓 𝜙𝜙𝜙𝜙𝜙𝑉ఓ

Renormalization
-On-shell scheme
-Gauge-independent 
mixing angles 
using pinch-technique

Higgs Observables

Decay rates, Widths, Branching ratios

Constraints (Option)
-Perturbative unitarity
-Perturbativity w/ RGEs
-Vacuum stability
-S, T parameters

Form factor decomposition
Box diagrams (for h → VV*)

Bremsstrahlung (for ΛIR-free)
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Recent Developments



Models with Isospin Triplets

𝜙ା

𝜙଴ , 
Δାା

Δା

Δ଴

𝜉ା

𝜉଴

𝜉ି

𝜙ା

𝜙଴ , 𝜙ା

𝜙଴ ,
𝜉ା

𝜉଴

𝜉ି

Complex Triplet Model Georgi-Machacek Model

Custodial bi-triplet
𝜌୲୰ୣୣ ∼ 1 െ 2

Δ଴ ଶ

𝜙଴ ଶ 𝜌୲୰ୣୣ ∼ 1 ൅ 2
𝜉଴ ଶ

𝜙଴ ଶ 𝜌୲୰ୣୣ ൌ 1 with Δ଴ ൌ 𝜉଴

Real Triplet Model

・4 EW inputs are required for EW renormalization : {𝛼ୣ୫, 𝑚௓ , 𝐺ி, 𝑋}

𝜅ௐ, 𝜅௓  ൐  1 𝜅ௐ  ൐  1 𝜅ௐ, 𝜅௓  ൐  1

-Effective weak mixing angle sin 𝜃ୣ୤୤

-Mixing between NG boson & Higgs boson (e.g., A-G0)

-T parameter

Δାା

Δା

Δ଴
, 

・Alignment w/o decoupling is not possible (κV → 1 means MΔ → ∞)

→ See talk by K. Sakurai (Thu. morning)

Aoki, Kanemura, Kikuchi, KY 1201.6287

Chiang, Kuo,, KY 1804.02633

Blank, Hollik 9703392 , Kanemura, Yagyu 1201.6287

Aiko, Kanemura, Kikuchi, Sakurai, 
Taniguchi, KY, 2611.04857

Aiko, Kanemura, Kikuchi, Sakurai, 
Taniguchi, KY, 2601.15983

Aoki, Kanemura, Kikuchi, KY, 1211.6029
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Complex Higgs Triplet Model (CHTM)

 Scalar content

H±±, H±, H0, A0, h125

Cheng, Li (1980)
Schechter, Valle (1980)
Maag, Wetterich (1981)
Mohapatra, Senjanovic (1981)

Φ ൌ
𝜙ା

𝜙଴ , Δ ൌ
Δାା

Δା

Δ଴

𝑉 ⊃ 𝜆ହΦற 𝜎௔Δ௔ 𝜎௔Δ௔ றΦ

H0, A0

H±

H±±

(Mass)2

H0, A0

H±

H±±

(Mass)2λ5 < 0 λ5 > 0 

𝜈௅ 𝜈௅

Δ଴

Type-II seesaw mechanism

 Mass formulae (𝑣୼/𝑣 ≪ 1)

 Parameters {𝑚ுേേ, 𝑚ுേ, 𝑚஺, 𝑚ு, 𝑚௛, 𝛼, 𝑣୼, 𝑣ሽ
H0 - h0 mixing angle

 Neutrino mass
𝑚ఔ ൌ  𝑌୼ 𝑣୼

ℒ ⊃ 𝑌୼ 𝐿𝐿Δ
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W boson mass

 Renormalized W mass

Tree: mW ↓, Loop: mW ↑

 Constraint on the triplet VEV

・LO

・NLO Dependent on the mass splitting
from STU fit

Δ𝜌 ∼
2𝐺ி

3𝜋ଶ ሺ𝑚ுേ െ 𝑚஺ሻଶ W W

H±±

H±

W W
H±

H0/A0
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Large vΔ is allowed for a large mass difference. 

Aiko, Kanemura, Kikuchi, Sakurai, Taniguchi, KY 2601.15983 (JHEP)
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𝜆ுశశுషష௛ ≲ െ
4Δ𝑚ଶ

𝑣
Vacuum stability

Constraints (𝐻േേ heaviest case)

𝑣୼ ≲ 17.5 GeV

Large vΔ → Large Δm → Large |Δκγ|

𝐻േേ

𝛾

𝛾

mW
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h → ZZ* vs h → ττ

CHTM (H±± heaviest)
300 GeV ≤ mA ≤ 1 TeV, 0 ≤ Δm ≤ 150 GeV, 0 < λ4 < 4𝜋

Δm = mH±－mA

LO NLO

Aiko, Kanemura, Kikuchi, Sakurai, Taniguchi, KY 2601.15983 (JHEP)

2HDM: 0.99 ≤ sin(β-α) ≤ 1, cos(β-α)<0, 1.5 ≤ tanβ ≤ 10, ０ ≤ M ≤ mH + 500 GeV, 

400 GeV ≤ mH ≤ 1 TeV (Type-I), 800 GeV ≤ mH ≤ 1 TeV (Type-II)

HSM: 0.95 ≤ cosα ≤ 1, 0 ms ≤ mH + 500 GeV, 400 GeV ≤ mH ≤ 1 TeV 

IDM: 100 GeV < mH± < 1 TeV, ｍH = 60 GeV (DM), mA = mH±, μ2
2 = 3581 GeV2

Δ𝑅 ℎ → 𝑋𝑋 ൌ
Γ௛→௑௑

Γ௛→௑௑
ୗ୑ െ 1
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h → ZZ* vs h → γγ

vΔ = 15 GeV

10 GeV

1 GeV

Aiko, Kanemura, Kikuchi, Sakurai, Taniguchi, KY 2601.15983 (JHEP)

CHTM (H±± heaviest)
300 GeV ≤ mA ≤ 1 TeV, 0 ≤ Δm ≤ 150 GeV, 0 < λ4 < 4𝜋

Δm = mH±－mA

2HDM: 0.99 ≤ sin(β-α) ≤ 1, cos(β-α)<0, 1.5 ≤ tanβ ≤ 10, ０ ≤ M ≤ mH + 500 GeV, 

400 GeV ≤ mH ≤ 1 TeV (Type-I), 800 GeV ≤ mH ≤ 1 TeV (Type-II)

HSM: 0.95 ≤ cosα ≤ 1, 0 ms ≤ mH + 500 GeV, 400 GeV ≤ mH ≤ 1 TeV 

IDM: 100 GeV < mH± < 1 TeV, ｍH = 60 GeV (DM), mA = mH±, μ2
2 = 3581 GeV2

Δ𝑅 ℎ → 𝑋𝑋 ൌ
Γ௛→௑௑

Γ௛→௑௑
ୗ୑ െ 1

h → ZZ* : NLO

h → γγ : LO
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Summary

 Recent developments toward Ver. 4
→ Implementing CHTM and RHTM (see talk by Sakurai). 

 Why H-COUP → To compare future Higgs precise measurements
To extract BSM Higgs structure & BSM mass scale 

 What is H-COUP → Higgs observables computed at one-loop level in various 
extended Higgs sectors.                    
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Backup



Constraints (𝐻േേ lightest case)



Ratio of the BRs (𝐻േേ heaviest case)



Lightest H±± case
Aiko, Kanemura, Kikuchi, Sakurai, Taniguchi, KY 2601.15983 (JHEP)

vΔ = 10 GeV

1 GeV



hhh vs h → γγ
Aiko, Kanemura, Kikuchi, Sakurai, Taniguchi, KY 2601.15983 (JHEP)
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hhh (NLO), h → γγ (LO), H±± heaviest

vΔ = 15 GeV

10 GeV

1 GeV

HSM

Type-II

Type-I

IDM



Scenarios

H±±

H±

W 

H±±

W±

W±H±±

ℓ±

ℓ±

Melfo, Nemevsek, Nesti, Senjanovic, Zhang 
(1108.4416; PRD)
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Scenarios
Ashanujjaman, Ghosh (2108.10952; JHEP)

H±± ℓ±

ℓ±

H±±

W±

W±

vΔ (GeV)
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Ashanujjaman, Ghosh (2108.10952; JHEP)
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Higgs potential

8 parameters

・Mass formulae (@ vΔ/v ≪ 1)

H, A

H±

H±±

(Mass)2

H, A

H±

H±±

(Mass)2

λ5 < 0 λ5 > 0 

・Decoupling limit

M2 → ∞ (vΔ  0)

・Most general Higgs potential

30



Complex Higgs Triplet Model (CHTM)

 Scalar content

 Type-II seesaw mechanism

 ρ parameter

 hVV couplings

L L

μ

H±±, H±, H0, A0, h125

YΔ

Cheng, Li (1980)
Schechter, Valle (1980)
Maag, Wetterich (1981)
Mohapatra, Senjanovic (1981)
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Reno. of the potential parameters

 We apply the on-shell scheme.  

・8 (13) CTs from potential parameter (wavefunction) shift.  

・20 on-shell conditions + 1 EW condition for the VEV.

5 conditions

7 conditions

5 conditions

3 conditions

・Pinch technique applied to δα, δβʼ 

(to remove gauge dependence)

Aoki, Kanemura, Kikuchi, KY (1211.6029; PRD )

Cornwall (1990)
Papavassiliou (1994)
Krause, Lorenz, Muhlleitner, Santos, Ziesche (1605.04853; JHEP)
Aoki, Kanemura, Kikuchi, Sakurai, KY (1705.05399; PRD)

Denner, Sack (1990)
Kanemura, Okada, Seaha, Yuan (0408364; PRD)
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