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Abstract

Assuming that the Yukawa couplings between the Higgs and exotic quarks cannot be ignored, we analyze
the signals of decay channels h → γ γ and h → V V ∗ (V = Z,W ) with the Higgs mass around 125 GeV
in a supersymmetric extension of the standard model where baryon and lepton numbers are local gauge
symmetries. Adopting some assumptions on relevant parameter space, we can account for the experimental
data on Higgs from ATLAS and CMS naturally.
© 2013 Elsevier B.V. All rights reserved.
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1. Introduction

The main destination of the Large Hadron Collider (LHC) is to understand the origin of
the electroweak symmetry breaking, and searches the neutral Higgs predicted by the standard
model (SM) and its various extensions. Recently, ATLAS and CMS have reported significant
excess events which are interpreted probably to be related to the neutral Higgs with mass
mh0 ∼ 124–126 GeV [1,2]. This implies that the Higgs mechanism to break electroweak sym-
metry possibly has a solid experimental cornerstone.
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As the simplest soft broken supersymmetry theory, the minimal supersymmetric extension of
the standard model (MSSM) [3] has drawn the attention from physicist for a long time. Further-
more, broken baryon number (B) can explain the origin of the matter–antimatter asymmetry in
the Universe naturally. Since heavy majorana neutrinos contained in the seesaw mechanism can
induce the tiny neutrino masses [4] to explain the neutrino oscillation experiment, lepton num-
ber (L) is also expected to be broken. Ignoring Yukawa couplings between Higgs doublets and
exotic quarks, the authors of Refs. [5,6] investigate the predictions for the mass and decays of the
lightest CP-even Higgs in a minimal local gauged B and L supersymmetric extension of the SM
which is named BLMSSM. Since the new quarks are vector-like, one obtains that their masses
can be above 500 GeV without assuming large couplings to the Higgs doublets in this model.
Therefore, there are no Landau poles for the Yukawa couplings here. Additionally, Ref. [7] also
examines two extensions of the SM where B and L are spontaneously broken gauge symmetries
around TeV scale. Assuming that the Yukawa couplings between Higgs and exotic quarks cannot
be ignored here, we investigate the lightest CP-even Higgs decay channels h → γ γ , h → V V ∗
(V = Z,W ) in the BLMSSM.

Our presentation is organized as follows. In Section 2, we briefly summarize the main in-
gredients of the BLMSSM, then present the mass squared matrices for neutral scalar sectors
and the mass matrices for exotic quarks, respectively. We discuss the corrections on the mass
squared matrix of CP-even Higgs from exotic fields in Section 3, and present the decay widths
for h0 → γ γ,V V ∗ (V = Z,W ) in Section 4. The numerical analyses are given in Section 5, and
our conclusions are summarized in Section 6.

2. A supersymmtric extension of the SM where B and L are local gauge symmetries

When B and L are local gauge symmetries, one can enlarge the local gauge group of the
SM to SU(3)C ⊗ SU(2)L ⊗ U(1)Y ⊗ U(1)B ⊗ U(1)L. In the supersymmetric extension of the
SM proposed in Ref. [5,6], the exotic superfields include the new quarks Q̂4 ∼ (3,2,1/6,B4,0),
Û c

4 ∼ (3̄,1,−2/3,−B4,0), D̂c
4 ∼ (3̄,1,1/3,−B4,0), Q̂c

5 ∼ (3̄,2,−1/6,−(1 + B4),0), Û5 ∼
(3,1,2/3,1+B4,0), D̂5 ∼ (3,1,−1/3,1+B4,0), and the new leptons L̂4 ∼ (1,2,−1/2,0,L4),
Êc

4 ∼ (1,1,1,0,−L4), N̂c
4 ∼ (1,1,0,0,−L4), L̂c

5 ∼ (1,2,1/2,0,−(3 + L4)), Ê5 ∼ (1,1,

−1,0,3 + L4), N̂5 ∼ (1,1,0,0,3 + L4) to cancel the B and L anomalies. The ‘brand new’
Higgs superfields Φ̂B ∼ (1,1,0,1,0) and ϕ̂B ∼ (1,1,0,−1,0) acquire nonzero vacuum ex-
pectation values (VEVs) to break Baryon number spontaneously. Meanwhile, nonzero VEVs
of ΦB and φB also induce the large masses for exotic quarks. In addition, the superfields
Φ̂L ∼ (1,1,0,0,−2) and ϕ̂L ∼ (1,1,0,0,2) acquire nonzero VEVs to break Lepton number
spontaneously. In order to avoid stability for the exotic quarks, the model also includes the su-
perfields X̂ ∼ (1,1,0,2/3+B4,0), X̂′ ∼ (1,1,0,−(2/3+B4),0). Actually, the lightest one can
be a dark matter candidate. The superpotential of the model is written as

WBLMSSM =WMSSM +WB +WL +WX, (1)

where WMSSM is superpotential of the MSSM, and

WB = λQQ̂4Q̂
c
5Φ̂B + λUÛc

4 Û5ϕ̂B + λDD̂c
4D̂5ϕ̂B + μBΦ̂Bϕ̂B

+ Yu4Q̂4ĤuÛ
c
4 + Yd4Q̂4ĤdD̂c

4 + Yu5Q̂
c
5ĤdÛ5 + Yd5Q̂

c
5ĤuD̂5,

WL = Ye4L̂4ĤdÊc
4 + Yν4L̂4ĤuN̂

c
4 + Ye5L̂

c
5ĤuÊ5 + Yν5L̂

c
5ĤdN̂5

+ YνL̂ĤuN̂
c + λNcN̂cN̂cϕ̂L + μLΦ̂Lϕ̂L,
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