EPJ Web of Conferences 125 , 02011 (2016)

DOI: 10.1051/ epjconf/201612502011

QUARKS-2016

The Higgs bosons decays in the NMSSM with CP-violation
A.V. Gurskaya1 , and M.V. Dolgopolov1,
1

Samara University, Academician Pavlov 1, 443011 Samara, Russia.

Abstract. We investigate the Higgs bosons decay width in the framework of NMSSM in
the one-loop approximation. The Higgs sector under consideration contains CP-violation
in the general case due to explicit and spontaneous violations of the CP-symmetry.
The local minimum conditions for the Higgs bosons physical states are taken into account as necessary requirements. So, calculation of the decay width reduces to the calculation of corresponding processes amplitudes. The strategy of calculation is based on the
perturbation theory.

Introduction
The Higgs sector is the main object of our research. The Higgs boson with mass 125 GeV is observed
in the experiments at the LHC. There are no signals of other particles that could be Higgs bosons with
smaller masses. Why do we extend the Higgs sector?
First, the Higgs sector is responsible for the masses of fundamental particles. But there is a
discrepancy between the SM predictions and neutrino oscillation experiments. We know that diﬀerent
types of neutrino transit into each other [1, 2]. Therefore, the neutrino has mass. Since the SM does
not explain this problem, then the Higgs sector of this model is still under consideration in this sense.
Secondly, there is the vacuum stability problem. There are researches [3, 4], in which it is considered that the vacuum is the metastable state for the Higgs boson with mass of order 125 GeV. Then,
we need to understand where the "island of stability" is and for what values of physical parameters it
exists?
The third problem is the baryon asymmetry justification. There is a hypothesis that the baryon
asymmetry appear already at an early stage of the Universe formation in the framework of process,
so-called, baryogenesis. It is the formation of hadrons from quarks and gluons. One of the condition
of baryon asymmetry is combined violation of C- and P- parity (CP-violation) [5]. The SM contains
the complex CP-violating-phase in the fundamental fermions mix matrix. However, this phase is not
enough to explain of the baryon asymmetry. May be, there are additional CP-violation sources in the
Higgs sector. It is reason for we need to extend the Higgs sector [6, 7].
Note also that the supersymmetric models contain extended Higgs sector naturally. There are
requirements of supermultiplets chirality. It is leading to the replacing the hermitian conjugate doublet
in the new doublet. We can not realize supersymmetry in SM because the degrees of freedom for
bosons and fermions states are not the same. The simplest susy-model is MSSM, but it has so-called
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μ-problem. The solution of this problem is the introduction of the additional Superpole chiral singlet
in the Higgs sector. This model is called Next-to-MSSM or NMSSM [8, 9].

1 Higgs bosons in NMSSM with CP-violation
In order to introduce the CP-violation in our model, we need to rewrite the complex structure in
Lagrangian (complex couplings or complex vacuum expectation values parameters). Note also, the
supersymmetry is broken, otherwise superparticles would have the same masses as their partners in
the SM. Terms, which violate the supersymmetry, also violate CP-symmetry.
The CP-violation case in the NMSSM was considered by author in earlier work [10]. There is
also a similar work dedicated to the potential of the Higgs NMSSM with explicit CP-violation [11].
In general case the explicit CP-violation and spontaneous violation of CP-symmetry take place. In
order to calculate physical states of the Higgs bosons, we have to find the local minimum conditions
of Higgs potential. This procedure is necessary for finding stable vacuum states. So, for it, we found
the first and second derivations of potential on the fields in the minimum. We need to diagonalize of
the 5x5 mass squared matrix of neutral Higgs bosons, and does not have viable analytical solutions.
The eigenstates considered to be positive in local minimum.
The local minimum requirements fix all parameters ranges and set fixed parameters like valid
scenarios. Several scenarios compare with CP-conserving case were considered in [10]. the scenario
with the first Higgs boson mass less then 125 GeV is of the principal interest. We are interested in this
scenario in the context of the baryon asymmetry problem and baryogenesis. There is the hypothesis
of electroweak baryogenesis, in which a strong phase transition of the first order is required. And
this phase transition is realized for the Higgs bosom with the mass less than 50 GeV. The considered
scenario satisfies this hypothesis.

2 Higgs bosons decay width calculation
We will consider 1 → 2 process. General formula for this case is well known:

4m2
|AH→XX (ϕ)|2
Γ(H → XX) =
1 − 2X ,
16πMH
MH

(1)

where MH – Higgs boson mass, mX – final particle mass, AH→XX (ϕ) – the process amplitude, depending on CP-violation phase.
And we consider decay into vector bosons and into fermions (see Fig.1).

Fig. 1. Two types for decay of scalar particle without definition of loop topology.
Choosing the method of calculating the next perturbation order, we can represent the results of
calculations close to the full set of loop contributions. The advantage of this approach is that the
computation reduces to the minimum set of scalar integrals, and those, in turn, are expressed through
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known functions of the Veltman–Passarino A0, B0, C0 [12, 13]. The calculation of the vertex functions in the appropriate order of perturbation theory in the framework of this approach should be
limited only to the numerical calculation of the reduced analytical results for the select set of generalized structures that contributed to this vertex function, bypassing the stage tensor, dimensional and
algebraic reduction [13, 14].
Diagrams on Fig.1 present general case for decay of scalar particle. In particular, we have five
types of diagrams for final states (see Fig. 2, 3).

Fig.2. Diagrams of the neutral Higgs bosons decay to the gauge.

Fig 3. Diagrams of the neutral Higgs bosons decay to the fermions.
For example, there is the diagram type, when the Higgs boson has decay into any vector particles.
We may define it like this (Fig 4):

X
X
Fig.4. Diagram of the scalar particle decay into the vector particles.
Formula for this one-loop correction is given by
T svv =  μνσρ p2σ p3ρG(1)
+

hm XX
μ
p3 pν3G(4)
hm XX

+ gμνG(2)
+

μ

+ p2 pν2G(3)

hm XX
μ
p2 pν3G(5)
hm XX

+

hm XX
μ
p3 pν2G(6)
hm XX

⎫
⎪
⎪
⎬
⎪
⎪
⎭

Each factor has analytical expression. For example, first G(1) :
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G(1)

hm XX

=−

iNc K (1)
[F m1C0 + (F (1) m1 − F (2) m2 )C1 + (F (1) m1 + F (3) m3 )C2 ],
4π2

where F (1) , F (2) , F (3) are defined from s + pγ5 and υγμ + aγμ γ5 as its combinations.
In the CP-violating case in the Higgs sector the scalar (s) and pseudoscalar (p) Yukawa couplings
are following:


gMu A1 j sβ − iγ5 A2 j cβ + A3 j cβ
uuh j : −
(3)
2mW sβ



gMd −A1 j cβ + sβ A3 j + iγ5 A2 j
ddh j :
,
(4)
2cβ mW
where Ai j – squared mass matrix components of CP-add and CP-even mixing between physical states.
We take into account the mixing between CP-states in two stages. The parametrization is given
by:

H1 =

√1 (υ1
2

+ φ01 + iχ1 )
φ−1

, H2 = eiθ

√1 (υ2
2

φ+2
+ φ02 + iχ2 )

(5)

1
S = √ eiϕ (υ3 + φ03 + iχ3 ),
2
where υi – the vacuum expectation of Higgs field; θ, ϕ – spontaneous
CP-violation
phases.


First, we get the basis of fields with defined CP-parity H, h, A0 , G0 :
φ01
φ02

=

cosβ −sinβ
sinβ cosβ

H
h

;

χ1
χ2

=

cosβ −sinβ
sinβ cosβ

G0
A0

And then the second twist is following:
⎛
⎜⎜⎜
⎜⎜⎜
⎜⎜⎜
⎜⎜⎜
⎜⎜⎜
⎜⎜⎝

H
A0
h
φ03
χ3

⎞
⎛
⎞
⎟⎟⎟
⎜⎜⎜ h1 ⎟⎟⎟
⎟⎟⎟
⎜⎜⎜ h ⎟⎟⎟
⎟⎟⎟
⎜ 2 ⎟
⎟⎟⎟ = Ai j ⎜⎜⎜⎜⎜ h3 ⎟⎟⎟⎟⎟ ,
⎟⎟⎟
⎜⎜⎜
⎟
⎟⎟⎠
⎜⎜⎝ h4 ⎟⎟⎟⎟⎠
h5

(6)

where hi – physical states without defined CP-parity.

3 Summary and Outlook
In the presented note we deal with the one-loop corrections to Higgs bosons decay widths in the
framework of NMSSM. We considered combined CP-violation due to explicit and spontaneous violations in the Higgs sector. We conclude that the local minimum conditions of potential have the crucial
role for the Higgs bosons physical states existence in agreement with allowed ranges of NMSSM
parameters.
Authors are going to consider the temperature evolution of the Higgs potential in the next upcoming work. It will allow the range selection for free and control parameters of the model. Some analysis
in the study of this problem was developed by methods of the catastrophes theory [15, 16].
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