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H-COUP Version 2.0 was released!!
http://www-het.phys.sci.osaka-u.ac.jp/~hcoup/



H-COUP Version 2.0

 H-COUP is a tool to calculate decay rates, width & BRs of h(125). 

 H-COUP includes Higgs singlet model, 2HDMs (4 types) & IDM. 

 Calculations are performed with NLO EW and NNLO QCD corrections.   

H-COUP v1

Vff vertex

Box corrections



Application I: Fingerprinting
Kanemura, Kikuchi, Mawatari, Sakurai, KY, arXiv:1906.10070
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Application II: Synergy 
Kanemura, Mawatari, KY, preliminary



Higgs coupling 
measurements

Application II: Synergy 
Kanemura, Mawatari, KY, preliminary

κV = 0.995±0.0038
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Motivation

 Mystery of flavor structure︓Why are there 3 gens?

 Mystery of neutrino masses︓Why are they so tiny?

331 models can solve them simultaneously!
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Rank２

Hypercharge: Y

EM charge: Q

In this talk, we take η = -√3 
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Anomaly cancellation

 SM: Cancelled for each gen.  331 models: Cancelled by 3 gens.

SU(2)L

SU(2)L SU(2)L

SU(3)L

SU(3)L SU(3)L

３ leptons ３ quark

３ quarks

Gauge anomaly: 

# of generations must be 3 (6, 9, …) because # of color is３!
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Our model
Das, Enomoto, Kanemura, KY, in preparation
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Our model

Minimal Higgs sector

V ~ Multi-TeV ~ Mass scale for extra fermions and gauge bosons
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Our model

V ~ Multi-TeV ~ Mass scale for extra fermions and gauge bosons

For neutrino masses

Das, Enomoto, Kanemura, KY, in preparation
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Neutrino masses

 Majorana neutrino masses（Radiative seesaw mechanism）
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Neutrino masses

 Majorana neutrino masses（Radiative seesaw mechanism）

Same structure as the Zee model



Neutrino Mixing in the Zee Model

x > 0 [N.H.]

x < 0 [I.H.]
For V13 ≪ 1, only the IH is possible. 

BUT



Neutrino masses

 Majorana neutrino masses（Radiative seesaw mechanism）

Neutrino mixings cannot be explained!
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Neutrino masses

 Majorana neutrino masses（Radiative seesaw mechanism）

= W

From the mixing matrix W, 

we can explain ν mixings!!





Higgs sector at low energy



NG bosons (5 degrees of freedom)

CP-odd

Higgs sector at low energy



They have an accidental Z2-odd like parity, where  

The lightest neutral Z2-odd can be a candidate of DM. 

CP-odd

Higgs sector at low energy



Decoupled by taking V ≫ v

CP-odd

CP-even

Higgs sector at low energy



Remaining Higgs fields at the EW scale

2HDM appears as the EFT. 

Higgs sector at low energy



Higgs basis

 Higgs basis can be defined in the same way as in the 2HDM. 



Effective Yukawa interactions
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Flavor dependent structure 
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Effective Yukawa interactions

Higgs basis

Flavor dependent structure 

Flavor off-diagonal elements appear 



Higgs boson couplings

Deviations in quark Yukawa couplings depend on the flavor.

This pattern does not appear in the usual Z2 symmetric 2HDMs.   

H. Okada, N. Okada, Y. Orikasa, KY, 1604.01948 (PRD)



Extra Higgs boson decays
H. Okada, N. Okada, Y. Orikasa, KY, 1604.01948 (PRD)

mA = mH = mH+ = 600 GeV, sin(β-α) = 1

Flavor violating decays of A → tc and H+ → ts can be dominant. 



Summary

 Origin of 3 generations can be explained in 331 models. 

 Tiny neutrino masses and mixings can be explained by the radiative 

seesaw mechanism within the 331 model. 

 Our 331 model predicts a 2HDM as low energy EFT. 

 The quark Yukawa structure is different from usual Z2 symmetric 2HDMs. 
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