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Abstract. Within the framework of the Next-To-Minimal Supersymmetric Standard Model
(NMSSM), we present the Feynman diagrams as well as the explicit formulas for the decay
width of neutral Higgs boson to two charginos and two neutralinos. The importance of these
decays is that they may have sizeable probability that the Higgs boson decays into LSPs.

1. Introduction

In this work we study the Next-to-Minimal Supersymmetric Standard Model (NMSSM) in which
a singlet Higgs superfield is added to the two doublet superfields that are present in the minimal
extension (MSSM) [1], [2].

The addition of a SU(3) xSU(2) x U(1) gauge singlet supermultiplet to the MSSM has been
motivated by several issues: (i) the solution of the so-called p-problem; (ii) the possibility of
spontaneous breaking of the CP symmetry; (iii) the upper limits on the Higgs mass that are
relatively low in the MSSM could be relaxed; (iv) the neutral particle spectrum is enriched by
two scalars and one fermion, which could mix with other Higgs bosons and neutralinos and
modify their physical properties; (v) possible deviations from the MSSM could urge to enlarge
the experimental searches, which have been centred upon the MSSM. We refer here to the
supersymmetric model with a gauge singlet in its simplest version, the NMSSM [2], [4]. As
compared to the MSSM, the NMSSM can induce a richer phenomenology in the Higgs and
neutralino sectors.

2. Generalities

One of the most attractive supersymmetric models is the Next to Minimal Supersymmetric
Standard Model [5] which extends the MSSM by the introduction of just one singlet superfield,
S. When the scalar component of S acquires a TeV scale vacuum expectation value (a very
natural result in the context of the model), the superpotential term Agﬁuﬁd generates an
effective ,uf[uﬁd interaction for the Higgs doublet superfields with g = A(S). Such a term is
essential for acceptable phenomenology. No other SUSY model generates this crucial component
of the superpotential in as natural a fashion [6]. The additional singlet superfield of the NMSSM
leads to extended Higgs and neutralino sectors.
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The Higgs sector of the NMSSM consists of the usual two Higgs doublets H, and H; and an
extra Higgs singlet S. The extra singlet field is allowed to couple only to the Higgs doublets of
the model, the supersymmetrization of which is that the singlet field only couples to the Higgsino
doublets. Consequently, the couplings of the singlet S to gauge bosons and fermions will only
be manifest via their mixing with the doublet Higgs fields. After the Higgs fields take on the
VEV’s and rotating away the Goldstone modes, we are left with a pair of charged Higgs bosons,
3 real scalar fields, and 2 pseudoscalar fields [7]. Therefore the Higgs sector of the NMSSM
contains five physical neutral Higgs bosons, three Higgs scalars S, = h, (with a = 1,2,3) and
two pseudoscalars P, = h,, (with a = 1,2), and two degenerate physical charged Higgs particles
H*.

In contrast to the Higgs sector, the neutralino sector 2 is complemented only by the familiar
SU(2) and U(1) gaugino mass terms, resulting in a much less complex parameter space. The
extra singlet superfield adds an extra higgsino to the spectrum, often called a singlino, resulting
in five neutralino states [8], [9].

With fixed parameters of the Higgs sector the masses and mixings of the neutralinos are
determined by the two further parameters M and M’ of the Lagrangian
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the mass term of the Lagrangian reads like

Lony = —%(wo)TY”L/JO + He. (4)
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The symmetric neutralino mixing matrix is given as

—Ms%, — M'c, (M — M)swew 0 0 0
(M — M)swew —Mck, — M's%, myz 0 0
Y = 0 mg —Az sen23 Axcos2f 0
0 0 Az cos2f8  Axsen2f v
0 0 0 Av —2kx
It can be diagonalized by a unitary 5 x 5 matrix N
mgo 0 0 0 0
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with real and positive mass eigenvalues mgo. If one tolerates negative eigenvalues, the
diagonalization matrix can be chosen to be real. Then the absolute values of mso 2 0 are
the physical neutralino masses. The upper 4 x 4 matrix of Y represents the neutralino mixing
matrix of the MSSM with p = Az [10]. The remaining particle content is identical with that of
the MSSM.

3. Decay widths
In this section we expose the decay rate T' (the probability per unit time of carrying out a
particular process [11]) and Feynman diagrams for the coupling of the neutral Higgs bosons to
pairs of neutralinos and charginos in the NMSSM.

The formulas for the decay widths of a scalar or pseudoscalar Higgs boson into two neutralinos
[12]:

2)\2 1, .
T(hy — XX = g — QL2 L'y2
( - XzX]) 167TM2G(1 —|—5(’L,])) |:<92 [(Qazg) +( ajz) })
X (M,fa — mfz? - m%) - {4migm)~<ﬂ

<[ (k) ()] ©)

g2\
167 M (1+6(i,5))
X (M,%a — m%) - m?{o) + [4m~om~?]

[ () () @

The decay of a scalar or pseudoscalar Higgs boson into two charginos
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In Figure 1, we can shown the Feynman diagrams for the following couplings: (i) when neutral
scalar Higgs bosons decay into pairs of neutralinos the processes that occur are I'(h, — 5{?)??),
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(a = 1,2,3); and (i) the neutral pseudoscalar Higgs bosons processes are I'(h, — )Z?)NC?)
(a=1,2).

For the case in which the neutral scalar Higgs bosons decay into pairs charginos the
processes presented are: (i) I'(hy — X:rf;), and (i7) the neutral pseudoscalar Higgs bosons

I'(ha — X; i})

A)

Figure 1. Feynman diagrams for the couplings of a scalar or pseudoscalar Higgs boson to two
neutralinos ((A) and (B)) and two charginos ((C) and (D)).

4. Conclusion

The search for important particles such as Higgs bosons, leads to develop an exhaustive study on
the possible decays in supersymmetric models like the NMSSM. In the framework of the basic
supersymmetric model NMSSM, the decay width was calculated for the couplings of neutral
Higgs bosons to charginos and neutralinos, recovering the equations decay widths incontrend
in the literature for this kind of processes. A contribution of this work is to have obtained the
formula that determines the decay width for neutral Higgs bosons in charginos.
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