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Abstract. The minimal supersymmetric extension of the standard model with
CP-violation is considered in this paper. The main area of the model param-
eters, which is attractive for researchers, corresponds to small values of the
tangent mixing angle of two doublets Higgs fields (tanβ). The authors discuss
the possibilities of the model in correlation with the data on the search for the
lightest stable supersymmetric particle. The masses of neutral Higgs bosons in
the basis of CP-violationwas calculated.The results are presented as dependen-
cies neutral CP-odd Higgs boson mass mA on tanβ. At small values tgβ the mass
of the lightest stable particle must be more than ∼ 250 GeV.

1 Introduction

Supersymmetry attracts many researchers, because it allows to solve some difficulties of the
standard model, for example, the hierarchy of masses of fundamental fermions, the union of
fundamental constants on a certain energy scale and others. Also new particles of the theory
can be considered as candidates for the role of dark matter particles. The possibilities of
supersymmetric models do not end here.

Minimum supersymmetric standard model (MSSM) is already considering on Large
Hadron Collider (LHC) nowadays using specific scenarios, so called, benchmark scenario
[1-4]. A characteristic feature of these scenarios is that the authors leave only two free pa-
rameters. This is the mass of the light CP-odd neutral Higgs boson mA and the tangent of the
mixing angle of the two doublets of Higgs fields tanβ. But almost all of these scenarios have
been closed by the accelerator experiment nowadays.

One of the directions of the search for supersymmetry is the search for the lightest stable
superparticle, which, at the same time, is a candidate for the role of a dark matter particle
(neutralino χ̃0) [5]. Several processes have been selected to search for this particle. For
example, there are restrictions on processes such as g̃ → qq̃χ̃0

1, q̃ → qχ̃0
1, g̃ → bb̃χ̃0

1, q̃L →
qWχ̃0

1, g̃ → tt̃χ̃0
1. The neutralino mass must be more than 1 TeV at mass gluino more than

about 1.6 TeV according experimental data. Of course, its have their own limitations for each
individual process. We give a lower value here, i.e. there are more serious restrictions. And
in such processes as q̃L → qWZχ̃0

1, g̃ → qq̃Wχ̃0
1, q̃, b̃, t̃ → q(γ/Z)G̃ via χ̃0

1, g̃ → qq̃WZχ̃0
1

there are weaker restrictions: mχ̃0
1
> 500 GeV at mq̃ > 0.6 − 1.8 TeV.
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In any case, the closure of benchmark scenarios does not mean that supersymmetry does
not exist. In principle, all possible parameter regions are difficult to test in full on the experi-
ment. Another possibility for "saving" the model lies in its modification. One motivation for
this may be to try to explain the baryon asymmetry. This problem is directly related to the
inclusion of new sources of CP-violation in the model. In particular, the researchers are look-
ing at CP-violation in the Higgs sector. The authors considered the MSSM with CP-violation
earlier [6, 7].

In this paper there are some estimates on the mass of the neutral Higgs boson and the neu-
tralino mass for the MSSM which was developed by the authors using modern experimental
data the LHC.

2 Investigation of MSSM free parameters

A description of the MSSM can be found in the works [6, 7]. Inclusion of CP-invariance
violation is carried out in the effective potential method. The effective Higgs potential may
include members that explicit violate CP-symmetry, as well as additional phases of sponta-
neous CP-violation in vaccum. In the simplest case, the effective potential also contains pa-
rameters that on the energy scale of the standard model are nonzero and that they violate the
CP-invariance explicitly. But these non-zero values are not explained. We believe that these
parameters have contributions from supersymmetric partners of heavy fermions (squarks). In
addition, we require vacuum stability and find the masses of neutral Higgs bosons at the local
minimum of potential.

The transition to CP-mixed states is also realized by an additional rotation from a basis
with CP-defined neutral Higgs bosons (h, H, A) to a basis with CP-violation (h1, h2, h3) using
an additional rotation matrix A:


h
H
A

 = A


h1
h2
h3

 (1)

Hence, the given turn at diagonalization of the mass matrix of neutral Higgs bosons m:
(hi)T (A−1)T m A−1hi give us the squares of the three neutral Higgs bosons masses:

MD =


M2

h1
0 0

0 M2
h2

0
0 0 M2

h3

 , (2)

We consider further the dependences (fig. 1) of the neutral CP-odd Higgs boson on the
tangent of the mixing angle of two Higgs doublets as in benchmark scenarios in the range
mA = 100 ÷ 500 GeV and tan β = 3 ÷ 50. The remaining parameters are fixed: Msusy = 500
GeV, µ = 500 GeV, At = Ab = 1000 GeV. The mass of the neutral CP-odd Higgs boson at
large tan β is almost independent on the angle. We can see the dependence on small values
of tan β. The masses of CP-odd Higgs bosons are predominantly in the region greater than 1
TeV.

We focused our attention on the area in the small angles and considered them separately,
and did it so that limited mh1 ≤ 127 GeV. The new parameter areas are represented by fig-
ures 2. The white area is the area the heavy neutral Higgs bosons with undefined CP-parity.
This area was excluded from consideration. Blue area on the contour plot corresponds small
values of neutral Higgs boson with lightest mass on figure 2a. In this area, there are many
opportunities to implement a model on an experiment as for heavy mA and as for light mh1 .
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Figure 1. Dependences mA on tanβ: a) for mh1 , b) for mh2 .

The last possibility is probably talking about non-observed a light Higgs boson. The possi-
bility of the existence of a light Higgs boson was discussed by the authors in a more General
two-doublet model [8].

Figure 2. Dependences mA on tanβ: a) for mh1 , b) for mh2 , c) for mh3 , d) for mχ̃0
1
. The white area

is the area the heavy neutral Higgs bosons with undefined CP-parity. This area was excluded from
consideration.

The comparison of masses dependencies mh2 and mh3 give us interesting result. There are
areas when mh3 < mh2 with light mh1 at the same time. We also calculated the neutralino mass
for the selected data for the free parameters of the model. At small values tgβ the mass of the
lightest stable particle must be more than ∼ 250 GeV (fig. 2d).
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3 Summary

We considered the masses of neutral CP-undefined neutral Higgs bosons in the MSSM. Also
we can conclude that the masses of Higgs bosons at small tgβ values have a complex depen-
dence on the model parameters. There is a possibility of an unobservable light Higgs boson.
At small values tgβ the mass of the lightest stable particle must be more than ∼ 250 GeV.

Despite closed CP-preserving MSSM scenarios, there is many opportunities for searching
for heavy supersymmetry within the MSSM. CP-invariance violation is also considered in the
framework of more extended (non-minimal) models and give us rich phenomenology.
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