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Abstract

The recent discovery of the ∼ 125 GeV Higgs boson by Atlas and CMS experiments has set strong constraints

on parameter space of the minimal supersymmetric model (MSSM). However these constraints can be weakened by

enlarging the Higgs sector by adding a triplet chiral superfield. In particular, we focus on the Y = 0 triplet extension

of MSSM, known as TESSM, where the electroweak contributions to the lightest Higgs mass are also important and

comparable with the strong contributions. We discuss this in the context of the observed Higgs like particle around

125 GeV and also look into the status of other Higgs bosons in the model. We calculate the Br(Bs → Xsγ) in this

model where three physical charged Higgs bosons and three charginos contribute. We show that the doublet-triplet

mixing in charged Higgses plays an important role in constraining the parameter space. In this context we also discuss

the phenomenology of light charged Higgs probing H±
1
−W∓ − Z coupling at the LHC.
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1. Introduction

The discovery of the Higgs boson [1, 2] has given us

new window in understanding the electroweak symme-

try breaking (EWSB) and its underlying theory. The

experimental results for Higgs production and decay

channels are in very good agreement with the Standard

Model (SM) predictions [3, 4] but there are still room

for other models. Such models often are motivated by

the problems of the SM such as naturalness, the lack

of neutrino masses and a dark matter candidate. Super-

symmetry (SUSY) removes the famous hierarchy prob-

lem and also gives dark matter candidates.

In the minimal supersymmetric extension of the SM

(MSSM), the lightest neutral Higgs mass is mh ≤ mZ

at the tree-level and the measured Higgs mass can only

be achieved with the help of large radiative corrections.
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The observation of the ∼ 125 GeV Higgs thus either

leads to a large mixing between the third generation

squarks and/or soft masses greater than a few TeV [5, 6].

This pushes the SUSY mass limit to � a few TeV for the

most constrained scenarios [7, 8].

Here we consider the triplet supersymmetric exten-

sion of Standard Model (TESSM). This extension helps

to accommodate a light Higgs boson around 125 GeV

without pushing the SUSY mass scale very high. This

happens for two reasons, firstly due to the extra tree

level contribution from the triplet and secondly it also

contributes substantially at 1-loop level. TESSM has an

extended Higgs sector which constitutes more than one

neutral as well as charged Higgs bosons. In this contri-

bution we will report our analysis of the case where the

lightest CP-even neutral scalar is the candidate discov-

ered Higgs boson around ∼ 125 GeV.

In section 2 we discuss the model briefly and in sec-

tion 3 we present the status of the ∼ 125 GeVHiggs in

this model after the Higgs discovery. In section 4 we

discuss the charged Higgs phenomenology at the LHC

and conclude in section 5.

Available online at www.sciencedirect.com

Nuclear and Particle Physics Proceedings 273–275 (2016) 2473–2475

2405-6014/© 2015 Elsevier B.V. All rights reserved.

www.elsevier.com/locate/nppp

http://dx.doi.org/10.1016/j.nuclphysbps.2015.09.429



2. The model

In TESSM, the field content of the MSSM is en-

larged by introducing an SU(2) complex Higgs triplet

with zero hypercharge which can be represented as a

2x2 matrix
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Here ξ0 is a complex neutral field, while ξ−
1

and ξ+
2

are

the charged Higgs fields. Note that (ξ−
1

)∗ � −ξ+
2

. The

triplet part of superpotential of the Higgs sector in addi-

tion to MSSM is given by

WT ES S M = λHd · ΣHu + μT Tr(Σ2) (2)

where λ is the coupling of Higgs doublets and triplet

and μT is the mass parameter of the triplet.

3. Status of ∼ 125 GeV Higgs and Br(Bs → Xsγ)

After the electroweak symmetry breaking, TESSM

possesses three neutral CP-even Higgses (h1, h2, h3),

two CP-odd Higgses (A1, A2) and three charged Higgs

bosons (h±
1,2,3

). This makes the Higgs phenomenology

very rich. The lightest neutral Higgs mass gets an addi-

tional contribution from the λ term in Eq. 2 at the tree-

level. This extra contribution increases for low tan β and

high λ [9]

m2
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, tan β =
vu

vd

, (3)

where g1 and g2 are the electroweak gauge couplings

and vu, vd are doublet VEVs. Due to this additional tree-

level contribution, the required loop contributions to

have the lightest neutral Higgs mass around ∼ 125 GeV

are decreased so that the required soft SUSY mass scale

does not have to be as high as in the case of MSSM.

We calculated the one-loop neutral Higgs masses via

Coleman-Weinberg effective potential approach [10].

We found that the contribution of triplet superfield to

one-loop Higgs mass is not negligible specially for large

λ and further reduces the required SUSY mass scale

[11]. From Fig. 1 we can see that even for minimal mix-

ing scenario (no-mixing in the stop sector of MSSM),

the required SUSY mass scale is less than TeV. Thus

∼ 125 GeV Higgs in a supersymmetric scenario does

not imply that supersymmetry will be discovered be-

yond few TeV and we have to look for the direct SUSY

searches.

The important feature of the triplet is that it does not

couple to the SM fermions directly (see Eq. 2.). Thus it
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Figure 1: mh1
vs mt̃1

for the minimal mixing scenarios, where the

black and red points represent λ = 0.1; and the green and blue

points stand for λ = 0.9 for tan β = 5.[11]

diminishes the strength of the SM fermion-Higgs cou-

pling through the doublet-triplet mixing governed by

the λ term in the superpotential. The mixing certainly

changes the decay widths of Higgs to gluon pair as well

as Higgs to di-photon [12]. In TESSM there are three

charged Higgs bosons and three charginos which con-

tribute to the rare decays such as Bs → Xsγ. If the

corresponding charged Higgses or charginos are triplet

type they will not contribute to the decay process. Thus

such doublet-triplet mixing is very crucial. Generally

the charged Higgs and chargino diagrams come with

different sign and depending on their doublet content,

they partially cancel.

In Fig. 2 we show the doublet and triplet structure of

the light charged Higgs as a function of μD, the mix-

ing parameter between the two Higgs doublets (Hu, Hd)

for λ = 0.9 and tan β = 5. It can be seen that the

mixing could be substantial and can lead to cancella-

tion between charged Higgs and chargino diagrams at

a different parameter space than in the MSSM. These

two reasons lead to allowed parameter space quite dif-

ferent than MSSM or 2HDM. We have also calculated

Br(Bs → Xsγ) at NLO in this model and showed that

the 2σ allowed region constrains the high λ region of

parameter space preferred by naturality[12].

4. Phenomenology at the LHC

We have seen that TESSM can accommodate a ∼ 125

GeV Higgs consistent with the Higgs data and the con-

straints from Br(Bs → Xsγ) [11, 12]. It would be in-

teresting to see if we can probe the triplet nature of the

model by some other properties of it.

In any hypercharge Y = 0,±2 triplet extended model,

the charged Higgs bosons couple to ZW± at tree level.

Such a coupling is induced only at loop level in MSSM
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Figure 2: The doublet-triplet in lightest charged Higgs mass eigenstate

with the variation of μD for λ = 0.9 and tan β = 5.[11]

or 2HDM. For Y = 0 triplet extended model the cou-

pling can be written as

gh±
i

W∓Z = −
1

2
ig2

(

g1 sin θw(vuR(i+1)1 − vdR(i+1)2)
)

(4)

−1

2
ig2

(√
2g2vT cos θW (R(i+1)3 + R(i+1)4)

)

.

where θW is the Weinberg angle and the triplet VEV

vT � 5 GeV by the EW ρ parameter [13]. Ri j is the rota-

tion matrix that relates the physical charged Higgs mass

eigen state with the charged Higgs fields as, hi = Ri jH j.

The h±
i
W∓Z coupling goes to zero for vT = 0 to pre-

serve U(1)em gauge symmetry. A non-zero triplet VEV

(vT ) leads to a unique coupling that carry the triplet in-

formation and can be obtained through charged Higgs

phenomenology.

Recent search for light charged Higgs at the LHC for

2HDM and MSSM looked for pp → tt̄ and assumed

Br(H± → τν) to be 100% [14]. This lower bound cer-

tainly changes with the non-standard decays of the light

charged Higgs. In TESSM if the lighter charged Higgs

is triplet type then it can decay to ZW± and when kine-

matically allowed gets strong competition from tb mode

[15].

As the triplet type charged Higgs does not couple

to fermions, the dominant production modes in MSSM

i.e., gg → h±
1
tb and bg → h±

1
t are no longer dominant

for heavy triplet type charged Higgs. For mh±
1
< mt,

pp → tt̄ is not the primary production process at the

LHC in which ATLAS/CMS searched for light charged

Higgs [14]. Certainly we need to look for other pro-

duction mechanisms and due to the triplet nature of the

charged Higgs they have to be electroweak. The charged

Higgs pair productions h±
i
h∓

j
, associated gauge boson

productions: h±
i
W±, h±

i
Z and associated neutral Higgs

productions i.e. h±
i
φ (φ : h1,2,3, A1,2) could be impor-

tant. In addition we have vector boson fusion channel

giving charged Higgs due to no-zero h±
i
W∓Z which is

absent in MSSM.

As the charged Higgs can decay to ZW±, it can lead

to multi-leptonic final states. The charged Higgs pro-

ductions in pair or in association with neutral Higgs and

gauge bosons can lead to multi-lepton +τ and multi-

lepton + jets final states. All these modes are quite

interesting in probing the light charged Higgs boson

at the LHC 14 TeV which can provide us the earliest

hint about TESSM [15]. Reconstructing ZW± invariant

mass via constructing �� j j invariant mass can give us

the charged Higgs mass peak.

5. Conclusions

TESSM gives an option where we can accommodate

a ∼ 125 GeV Higgs and still expect that the SUSY scale

is not very high. The charged Higgs phenomenology in

TESSM is very interesting and can give us the key fea-

tures of a triplet. In order to pin down the parameter

space we need to use the direct and indirect experimen-

tal bounds as well as to look for various possible final

states. We hope that LHC at 14 TeV can shed some light

on its phenomenological searches.
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