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Zee model:

A. Zee, Phys. Lett. 93B (1980) 389

neutrino mass

dark matter and 1st phase transition

type-II see-saw model:

P. F. Perez, H. H. Patel, M. J. Ramsey-
Musolf, K. Wang, PRD 88, 035013 (2013)

M. Cirelli, N. Fornengo and A. Strumia, 
NPB 753, 178 (2006)

J. W. F. Valle, Phys. Rev. D 22 (1980) 
2227; R.N. Mohapatra and G. Senjanovic, 
Phys. Rev. D23 (1981) 165

 ΣSM:
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singlet: S+

Qing-Hong Cao, GL, Ke-Pan Xie, Jue Zhang, PRD 97 (2018) 115036



Renormalizable model
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SU(2)L U(1)Y

S ~ (1,-2)

A. Zee, Phys. Lett. 93B (1980) 
389; 161B (1985) 141; K.S. 
Babu, Phys.Lett. B203 (1988) 
132 

Higher dimensional operators are important

α, β are generation indices

Assumption: S is the only new
degree of freedom at vEW

SM + S with dimension-4 interactions



Effective operators
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• Dimension-5 operators (non-redundant)

How light is the charged scalar?

In the 2HDMs,

flavor-diagonal*

Eur.Phys.J. C73 (2013) 2463



LEP Joint SUSY Search Results
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Constraints from the LEP

Light S+ is allowed



Direct searches at the LHC
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No constraint due to mH+ > 80 GeV and Htb coupling
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Direct searches at the LHC

Dilepton: ATLAS JHEP 1405 (2014) 071 (8TeV), ATLAS-CONF-2017-
039 (13TeV, 36.1 fb-1) ATLAS-CONF-2016-096 (13TeV, 13.3 fb-1) 

Ditau: ATLAS JHEP 1410 (2014) 096 (8TeV), CMS-PAS-SUS-17-003 
(13TeV, 35.9 fb-1)  

No constraint due to mSUSY > 80 GeV and low luminosity
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Direct searches at the LHC

Dilepton (chargino):  ATLAS-CONF-2016-096 (13TeV)

Ditau (slepton): CMS-PAS-SUS-17-003 (13TeV)  

with the same cuts and BKGs taken from

following slepton/chargino searches, we consider
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Combined sensitivities for S+

with BJ=0 

Qing-Hong Cao, GL, Ke-Pan Xie, Jue Zhang, PRD 97 (2018) 115036
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Combined sensitivities for S+

with BJ=0 

Qing-Hong Cao, GL, Ke-Pan Xie, Jue Zhang, PRD 97 (2018) 115036
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doublet, triplet: H+

Jian-Yong Cen, Jung-Hsin Chen, Xiao-Gang He, GL, Jhih-Ying Su, Wei Wang, 1811.00910



No H+W-Z interaction in doublet models
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J. F. Gunion, H. E. Haber, G. L. Kane, S. 
Dawson, The Higgs Hunter's Guide

vev in the last component

Distinctive signature for higher representation 



H+W-Z interaction at the LHC
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type-II see-saw model

 ΣSM

Georgi-Machacek model

…… 

Where does H± come from?
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H+W-Z interaction in triplet models

ρ=1 real tripletcomplex triplet

PDG 18'

① vev is servely constrained with one triplet (type-II see-saw model and ΣSM)

② vev is less constrained with two triplets (Georgi-Machacek model)
H. Georgi and M. Machacek, Nucl. Phys. 
B262 (1985) 463 

SMH+

SMH+
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Georgi-Machacek model

Higgs potental

M. S. Chanowitz and M. Golden, Phys. Lett. 165B 
(1985) 105, M. Aoki, S. Kanemura Phys.Rev. D77 
(2008) 095009
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Georgi-Machacek model

scalar fields can be decomposed:

H3+, G+ (W+), G0 (Z) H5+

Two H+'s in the GM model  

• H3+ couples to fermions but 
not W-Z

• H5+ couples to W-Z but not 
fermions (need to check it)
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Modified Georgi-Machacek model

ρ = 1 at tree-level

kinetic:

(our convention)
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Modified Georgi-Machacek model

General potential

custodial symmetry restored only if               and specific coupling relations

J.-Y. Cen, J.-H. Chen, X.-G. He, J.-Y. Su, 
Int.J.Mod.Phys. A33 (2018) 1850152; S. 
Blasi, S. De Curtis, K. Yagyu, 
Phys.Rev. D96 (2017) 015001 



Modified Georgi-Machacek model

Couplings to WZ and quarks

δ is a function of vχ and couplings in the general Higgs potential
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GM model: δ = 0

J.-Y. Cen, J.-H. Chen, X.-G. He, J.-Y. Su, 
Int.J.Mod.Phys. A33 (2018) 1850152; H. E. 
Haber, H. E. Logan, Phys.Rev. D62 (2000) 
015011
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Modified Georgi-Machacek model

pertuabative unitarity:

vχ < 117 GeV 

Zbb data:

J.-Y. Cen, J.-H. Chen, X.-G. He, J.-Y. Su, 
Int.J.Mod.Phys. A33 (2018) 1850152; H. E. 
Haber, H. E. Logan, Phys.Rev. D62 (2000) 
015011



H+W-Z interaction at the LHC
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type-II see-saw model

 ΣSM

Georgi-Machacek model

modified GM model

J.-Y. Cen, J.-H. Chen, X.-G. He, GL, J.-Y. 
Su, W. Wang, 1811.00910
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Collider analysis at the 13 TeV LHC

(in pb)

VBF and optimal cuts for 
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Sensitivities at the 13 TeV LHC

3ab-1

GM
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Summary

• A light S+ with mass as low as 65 GeV is allowed

• It is very promising to discover/exclude S+ at the LHC

• mS± ≲ 80 GeV (LEP blind spot) can be discovered/excluded in 
dilepton channel

• mS± ≲ 140 GeV (260 GeV) can be discovered (excluded) at the 
HL-LHC

• We proposed a complementary search for H+


