arXiv:hep-ph/0701088v1 11 Jan 2007

A supersymmetric 3-4-1 model

M. C. Rodriguez Fundação Universidade Federal do Rio Grande-FURG Departamento de Física Av. Itália, km 8, Campus Carreiros 96201-900, Rio Grande, RS Brazil

Abstract We build the complete supersymmetric version of a 3-4-1 gauge model using the superfield formalism. We point out that a discrete symmetry, similar to the R-symmetry in the minimal supersymmetric standard model, is possible to be defined in this model. Hence we have both R-conserving and R-violating possibilities. We also discuss some phenomenological results coming from this model.

PACS numbers: 12.60.-i, 12.60.Jv

1 Introduction

The full symmetry of the so called Standard Model (SM) is the gauge group SU(3)_c ⊗ SU(2)_L ⊗ U(1)_Y . Nevertheless, the SM is not considered as the ultimate theory since neither the fundamental parameters, masses and couplings, nor the symmetry pattern are predicted. Even though many aspects of the SM are experimentally supported to a very accuracy, the embedding of the model into a more general framework is to be expected.

Some of these possibilities is that, at energies of a few TeVs, the gauge symmetry may be SU(3)_c ⊗ SU(3)_L ⊗ U(1)_N (3-3-1 for shortness) [1, 2, 3]. Recently, the supersymmetric version of these model have alreday benn constructed in [4, 5]. These 3-3-1 models can be embedded in a model with 3-4-1, its mean SU(3)_c ⊗ SU(4)_L ⊗ U(1)_N gauge symmetry [6].

In SU(4)_L ⊗ U(1)_N , the most general expression for the electric charge generator is a linear combination of the four diagonal generators of the gauge group Q = 1 2 ( aλ_3 + b √ 3 λ_8 + c √ 6 λ_{15} ) + NI_{4×4}

= diag [ 1 2 ( a + b 3 + c 6 ) + N, 1 2 ( −a + b 3 + c 6 ) + N, 1 2 ( −2b 3 + c 6 ) + N, −c 4 + N ] , (1) where λ_i, being the Gell-Mann matrices for SU(4)_L, see [7, 8], normalized as Tr(λ_iλ_j ) = 2δ_{ij} , I_{4×4} = diag(1, 1, 1, 1) is the diagonal 4 × 4 unit matrix, and a, b and c are free parameters to be fixed next. Therefore, there is an infinite number of models can, in principle, be constructed.

A model with the SU(4) ⊗ U(1) symmetry in the lepton sector, quarks were not considered on this work, was suggested some years ago in Ref. [9], in wchich the magnetic moment of neutrinos arises as the result of charged scalars that belong to an SU(4) sextet, and the mass of neutrino arises at two-loop level as the result of electroweak radiative correction.

The 3-4-1 model in Ref. [6] contain exotic electric charges only in the quark sector, while leptons have ordinary electric charges and gauge bosons have integer electric charges. The best feature of this model is that it provides us with an alternative to the problem of the number N_f of fermion families. These sort of models are anomaly free only if there are equal number of quadriplet and anti-quadriplet (considering the color degrees of freedom), and furthermore requiring the sum of all fermion charges to vanish. Two of the three quark generations transform identically and one generation, it does not matter which one, transforms in a different representation of SU(4)_L ⊗ U(1)_N . This means that in these models as in the SU(3)_c ⊗ SU(3)_L ⊗ U(1)_N ones [1], in order to cancel anomalies, the number of families (N_f ) must be divisible by the number of color degrees of freedom (n). This fact, together with asymptotic freedom in QCD, the model predicts that the number of generations must be three and only three.

On the other hand, at low energies these models are indistinguishable from the SM. There is a very nice review about this kind of model see [10, 11]. This make 3-4-1 model interesting by their own. In this article we construct the supersymmetric version of the model in Ref [6].

The outline of the paper is as follows. In Sec. 2 we present the representation content of the supersymmetric 3-4-1 model. We build the lagrangian in Sec. 3. While in Sec. 4, we discuss the double charged charginos inthis model, while in the last section we present our conclusion.

2 The model

In this section (Sec. 2.1) we review the non-supersymmetric 3-4-1 model of Refs. [6] and add the superpartners (Sec. 2.2) of the usual particles of the non supersimmetric model. The superfields, useful to construct the supersimmetric lagrangian of the model, associated with the particles of this model are introduced in section (Sec. 2.3).

2.1 The representation content

In the model of Ref. [6], the free parameters for the eletric charge generators are a = 1, b = −1, c = −4, (2) and Eq.(1) can be rewritten as Q = 1 2 ( λ_3 − 1 √ 3 λ_8 − 4 √ 6 λ_{15} ) + NI_{4×4}, = diag(N, N − 1, N, N + 1). (3)

However, let us first consider the particle content of the model without supersymmetry. We have the leptons transforming in the lowest representation of SU(4)_L the quartet^1 in the following way

L_{aL} = ν_a l_a ν^c_a l^c_a L ∼ (1, 4, 0), a = 1, 2, 3. (4)

In parenthesis it appears the transformations properties under the respective factors (SU(3)_C , SU(4)_L, U(1)_N ).

In the quark sector, one quark family is also put in the quartet representation

Q_{1L} = u_1 d_1 u^′ J L ∼ ( 3, 4, 2 3 ) , (5)

1In the same way as proposed by Voloshin [9] in order to understand the existence of neutrinos with large magnetic moment and small mass.

and the respective singlets are given by u^c_{1L} ∼ ( 3^∗, 1, − 2 3 ) , d^c_{1L} ∼ ( 3^∗, 1, 1 3 ) , u^{′c}_L ∼ ( 3^∗, 1, − 2 3 ) , J^c_L ∼ ( 3^∗, 1, − 5 3 ) , (6)

writing all the fields as left-handed; u^′ and J are new quarks with charge +2/3 and +5/3 respectively.

The others two quark generations, as we have explained in the introduction, we put in the anti-quartet representation

Q_{2L} = d_2 u_2 d^′_1 j_1 L ∼ ( 3, 4^∗, −^1_3 ) , Q_{3L} = d_3 u_3 d^′_2 j_2 L ∼ ( 3, 4^∗, −^1_3 ) , (7)

and also with the respective singlets, u^c_{αL} ∼ ( 3^∗, 1, − 2 3 ) , d^c_{αL} ∼ ( 3^∗, 1, 1 3 ) , d^{′c}_{βL} ∼ ( 3^∗, 1, 1 3 ) , j^c_{βL} ∼ ( 3^∗, 1, 4 3 ) , (8)

j_β and d^′_β, β = 1, 2 are new quarks with charge −4/3 and −1/3 respectively, while α = 2, 3 is the familly index for the quarks. We remind that in Eqs. (4,5,6,7,8) all fields are still symmetry eigenstates.

On the other hand, the scalars, in quartet, which are necessary to generate the quark masses are

η = η^0_1 η^−_1 η^0_2 η^+_2 ∼ (1, 4, 0)

ρ = ρ^+_1 ρ^0 ρ^+_2 ρ^{++} ∼ (1, 4, 1) χ = χ^−_1 χ^{−−} χ^−_2 χ^0 ∼ (1, 4, −1) . (9)

In order to avoid mixing among primed and unprimed quarks, we have to introduce an extra scalar transforming like η but with different vacuum expectation value (VEV)

ϕ = ϕ^0_1 ϕ^−_1 ϕ^0_2 ϕ^+_2

∼ (1, 4, 0) . (10)

In order to obtain massive charged leptons it is necessary to introduce the following symmetric anti-decuplet

H = H^0_1 H^+_1 H^0_2 H^−_2 H^+_1 H^{++}_1 H^+_3 H^0_3 H^0_2 H^+_3 H^0_4 H^−_4 H^−_2 H^0_3 H^−_4 H^{−−}_2

∼ (1, 10^∗, 0) . (11)

then the charged leptons get a mass but neutrinos remain massless, at least at tree level.

2.2 Supersymmetric partners

Now, we introduce the minimal set of particles in order to implement the supersymmetry [12]. We have the sleptons corresponding to the leptons in Eq. (4); squarks related to the quarks in Eqs.(6)-(8); and the Higgsinos related to the scalars given in Eqs. (9) and (11). Then, we have to introduce the following additional particles

Q̃_{1L} = ũ_1 d̃_1 ũ^′ J̃ L ∼ ( 3, 4, 2 3 ) , Q̃_{αL} = d̃_α ũ_α d̃′_β j̃_β L ∼ ( 3, 4^∗, − 1 3 ) ,

L̃_{aL} = ν̃_a l̃_a ν̃^c_a l̃c_a L ∼ (1, 4, 0),

u^c_{iL} ∼ ( 3^∗, 1, − 2 3 ) , d^c_{iL} ∼ ( 3^∗, 1, 1 3 ) , u^{′c}_L ∼ ( 3^∗, 1, − 2 3 ) , J^c_L ∼ ( 3^∗, 1, − 5 3 ) , d^{′c}_{βL} ∼ ( 3^∗, 1, 1 3 ) , j^c_{βL} ∼ ( 3^∗, 1, 4 3 ) . (12)

Where α = 2, 3 and β = 1, 2. The higgsinos of these model are given by

η̃ = η̃^0_1 η̃^−_1 η̃^0_2 η̃^+_2 ∼ (1, 4, 0) , ϕ̃ = ϕ̃0_1 ϕ̃^−_1 ϕ̃0_2 ϕ̃^+_2

∼ (1, 4, 0) ,

ρ̃ = ρ̃^+_1 ρ̃^0 ρ̃^+_2 ρ̃^{++} ∼ (1, 4, 1) , χ̃ = χ̃^−_1 χ̃^{−−} χ̃^−_2 χ̃^0 ∼ (1, 4, −1) ,

(13)

H̃ =

H̃ 0_1 H̃^+_1 H̃ 0_2 H̃^−_2 H̃^+_1 H̃^{++}_1 H̃^+_3 H̃ 0_3 H̃ 0_2 H̃^+_3 H̃ 0_4 H̃^−_4 H̃^−_2 H̃ 0_3 H̃^−_4 H̃^{−−}_2

(1, 10^∗, 0) . (14)

Besides, in order to to cancel chiral anomalies generated by the superpartners of the scalars, we have to add the following higgsinos in the respective anti-quartet representation,

η^′ = η^{′0}_1 η^{′+}_1 η^{′0}_2 η^{′−}_2 ∼ (1, 4^∗, 0) , ϕ^′ = ϕ^{′0}_1 ϕ^{′+}_1 ϕ^{′0}_2 ϕ^{′−}_2 ∼ (1, 4^∗, 0) ρ^′ = ρ^{′−}_1 ρ^{′0} ρ^{′−}_2 ρ^{′−−} ∼ (1, 4^∗, −1) , χ^′ = χ^{′+}_1 χ^{′++} χ^{′+}_2 χ^{′0} ∼ (1, 4^∗, 1) , (15)

and the decuplet

H^′ =

H^{′0}_1 H^{′−}_1 H^{′0}_2 H^{′+}_2 H^{′−}_1 H^{′−−}_1 H^{′−}_3 H^{′0}_3 H^{′0}_2 H^{′−}_3 H^{′0}_4 H^{′+}_4 H^{′+}_2 H^{′0}_3 H^{′+}_4 H^{′++}_2

∼ (1, 10, 0) . (16)

Their superpartners, higgsinos, are

η̃^′ = η̃^{′0}_1 η̃^{′+}_1 η̃^{′0}_2 η̃^{′−}_2 ∼ (1, 4^∗, 0) , ϕ̃^′ = ϕ̃′0_1 ϕ̃^{′+}_1 ϕ̃′0_2 ϕ̃^{′−}_2 ∼ (1, 4^∗, 0) ,

ρ̃^′ = ρ̃^{′−}_1 ρ̃^{′0} ρ̃^{′−}_2 ρ̃^{′−−} ∼ (1, 4^∗, −1) , χ̃^′ = χ̃^{′+}_1 χ̃^{′++} χ̃^{′+}_2 χ̃^{′0} ∼ (1, 4^∗, 1) , (17)

H̃^′ =

H̃ ′0_1 H̃^{′−}_1 H̃ ′0_2 H̃^{′+}_2 H̃^{′−}_1 H̃^{′−−}_1 H̃^{′−}_3 H̃ ′0_3 H̃ ′0_2 H̃^{′−}_3 H̃ ′0_4 H̃^{′+}_4 H̃^{′+}_2 H̃ ′0_3 H̃^{′+}_4 H̃^{′++}_2

∼ (1, 10, 0) . (18)

The vev of our scalars are given by ⟨η⟩ = ( v √ 2 , 0, 0, 0 ) , ⟨ρ⟩ = ( 0, u √ 2 , 0, 0 ) , ⟨ϕ⟩ = ( 0, 0, z √ 2 , 0 ) , ⟨χ⟩ = ( 0, 0, 0, w √ 2 ) , ⟨H^0_3 ⟩ = x √ 2 , ⟨H^0_1 ⟩ = ⟨H^0_2 ⟩ = ⟨H^0_4 ⟩ = 0, ⟨η^′⟩ = ( v^′ 2 , 0, 0, 0 ) , ⟨ρ^′⟩ = ( 0, u^′ √ 2 , 0, 0 ) , ⟨ϕ^′⟩ = ( 0, 0, z^′ √ 2 , 0 ) , ⟨χ⟩ = ( 0, 0, 0, w^′ √ 2 ) , ⟨H^{′0}_3 ⟩ = x^′ √ 2 , ⟨H^{′0}_1 ⟩ = ⟨H^{′0}_2 ⟩ = ⟨H^{′0}_4 ⟩ = 0.

(19)

Concerning the gauge bosons and their superpartners, if we denote the gluons by g^b the respective superparticles, the gluinos, are denoted by λ^b_C , with b = 1, . . . , 8; and in the electroweak sector we have V^a, with a = 1, . . . , 15; the gauge boson of SU(4)_L, and their gauginos partners λ^b_A; finally we have the gauge boson of U(1)_N , denoted by V^′, and its supersymmetric partner λ_B.

2.3 Superfields

The superfields formalism is useful in writing the Lagrangian which is manifestly invariant under the supersymmetric transformations [13] with fermions and scalars put in chiral superfields while the gauge bosons in vector superfields. As usual the superfield of a field ϕ will be denoted by ϕ̂ [12]. The chiral superfield of a multiplet ϕ is denoted by ϕ̂ ≡ ϕ̂(x, θ, θ̄) = ϕ̃(x) + i θσ^mθ̄ ∂_mϕ̃(x) + 1 4 θθ θ̄θ̄ □ϕ̃(x) + √ 2 θϕ(x) + i √ 2 θθ θ̄σ̄^m∂_mϕ(x) + θθ F_ϕ(x), (20)

while the vector superfield is given by V̂ (x, θ, θ̄) = −θσ^mθ̄V_m(x) + iθθθ̄Ṽ (x) − iθ̄θ̄θṼ (x) + 1 2 θθθ̄θ̄D(x). (21) The fields F and D are auxiliary fields which are needed to close the supersymmetric algebra and eventually will be eliminated using their motion equations.

Summaryzing, we have in the 3-4-1 supersymmetric model the following superfields: L̂_{1,2,3}, Q̂_{1,2,3}, η̂, ρ̂, χ̂, ϕ̂, Ĥ; η̂^′, ρ̂^′, χ̂^′, ϕ̂^′, Ĥ^′; û^c_{1,2,3}, d̂^c_{1,2,3}, u^′, d^′_{1,2}, Ĵ and ĵ_{1,2}, i.e., 28 chiral superfields, and 24 vector superfields: V̂ a, V̂ α and V̂ ′.

3 The Lagrangian

With the superfields introduced in the last section we can built a supersymmetric invariant lagrangian. It has the following form L_{341} = L_{SUSY} + L_{soft}. (22) Here L_{SUSY} is the supersymmetric piece, while L_{soft} explicitly breaks SUSY. Below we will write each of these lagrangians in terms of the respective superfields.

3.1 The Supersymmetric Term.

The supersymmetric term can be divided as follows L_{SUSY} = L_{Lepton} + L_{Quarks} + L_{Gauge} + L_{Scalar}, (23) where each term is given by LLépton = ∫ d^4θ [ ^̄Le2g^^V L̂ ] , (24)

LQuarks = ∫ d^4θ { ^̄Q_1e[2gs^^VC +2g^^V +g^′(^2_3 )^^V^′]Q̂_1 + ^̄Q_αe [ 2g_sV̂_C +2g ^̄V +g^′(−^1_3 )V̂^′ ] Q̂_α + ^̄u^c_i e [ 2g_s ^̄V_C +g^′(−^2_3 )V̂^′ ] û^c_i + ^̄d^c_i e [ 2g_s ^̄V_C +g^′(^1_3 )V̂^′ ] d̂^c_i + ^̄J^ce [ 2g_s ^̄V_C +g^′(−^5_3 )V̂^′ ] Ĵ^c + ^̄j^c_β e [ 2g_s ^̄V_C +g^′(^4_3 )V̂^′ ] ĵ^c_β + ^̄u^{′c}e^{[2gs ^̄V} C^{+g′}(^{− 2}3 )^{V̂ ′]}û^{′c} + ^̄d^{′c}_β e^{[2gs ^̄V} C^{+g′}(^13 )^{V̂ ′]}d̂^{′c}_β } , (25) where α = 2, 3 and β = 1, 2, while the third term is

LGauge = 1 4 ∫ d^2θ T r[W_C W_C ] + 1 4 ∫ d^2θ T r[W_LW_L] + 1 4 ∫ d^2θW^′W^′ + 1 4 ∫ d^2θ̄ T r[W̄_CW̄_C ] + 1 4 ∫ d^2θ̄ T r[W̄_LW̄_L] + 1 4 ∫ d^2θ̄W̄^′W̄^′ (26) where V̂_c = T^aV̂^a_c , V̂ = T^iV̂^i and T^a = λ^a/2 are the generators of SU(3) i.e., a = 1, · · · , 8, and T^i = λ^i/2 are the generators of SU(4) i.e., i = 1, · · · , 15, and g_s, g and g^′ are the gauge coupling of SU(3)_C , SU(4)_L and U(1)_N . W^a_c , W^i and W^′ are the strength fields, and they are given by W^a_{αc} = − 1 8g_s D̄D̄e^{−2g}s^{V̂}c D_αe^{−2g}s^{V̂}c W^a_α = − 1 8g D̄D̄e^{−2gV̂} D_αe^{−2gV̂} W^′_α = − 1 4 D̄D̄D_αV̂^′ . (27) Finally LEscalar = ∫ d^4θ [ ^̄ηe^{2gV̂} η̂ + ^̄ρe(^{2gV̂ +g′V̂ ′})ρ̂ + ^̄χe(^{2gV̂ −g′V̂ ′})χ̂ + ^̄ϕe^{2gV̂} ϕ̂ + ^̄He^{2gV̂} Ĥ + ^̄η^′e^{2g ^̄V} η̂^′ + ^̄ρ^′e ( 2g ^̄V −g^′V̂^′ ) ρ̂^′ + ^̄χ^′e ( 2g ^̄V +g^′V̂^′ ) χ̂^′ + ^̄ϕ^′e^{2gV̂} ϕ̂^′ + ^̄H^′e^{2g ^̄V} Ĥ^′ ]

+ ∫ d^2θW + ∫ d^2θ̄W (28) where W is the superpotential, which we discuss in the next subsection.

3.2 Superpotential.

The superpotential of our model is given by W = W_2 2 + W_3 3 , (29) with W_2 having only two chiral superfields and the terms permitted by our symmetry are W_2 = 3∑ a=1 μ_{0a}L̂_{aL}η̂^′+ 3∑ a=1 μ_{1a}L̂_{aL}ϕ̂^′+μ_ηη̂η̂^′+μ_ϕϕ̂ϕ̂^′+μ_2η̂ϕ̂^′+μ_3ϕ̂η̂^′+μ_ρρ̂ρ̂^′+μ_χχ̂χ̂^′+μ_HĤĤ^′, (30) and in the case of three chiral superfields the terms are W_3 = 3∑ a=1 3∑ b=1 3∑ c=1 λ_{1abc}ϵL̂_{aL}L̂_{bL}L̂_{cL} + 3∑ a=1 3∑ b=1 λ_{2ab}ϵL̂_{aL}L̂_{bL}η̂ + 3∑ a=1 3∑ b=1 λ_{3ab}ϵL̂_{aL}L̂_{bL}ϕ̂

+ 3∑ a=1 3∑ b=1 λ_{4ab}L̂_{aL}L̂_{bL}Ĥ + 3∑ a=1 λ_{5a}ϵL̂_{aL}χ̂ρ̂ + f_1ϵρ̂χ̂η̂ + f_2ϵρ̂χ̂ϕ̂ + f_3η̂η̂Ĥ + f_4η̂ϕ̂Ĥ

+ f_5ϕ̂ϕ̂Ĥ + f_6χ̂ρ̂Ĥ + f^′_1ϵρ̂^′χ̂^′η̂^′ + f^′_2ϵρ̂^′χ̂^′ϕ̂^′ + f^′_3η̂^′η̂^′Ĥ^′ + f^′_4η̂^′ϕ̂^′Ĥ^′

+ f^′_5ϕ̂^′ϕ̂^′Ĥ^′ + f^′_6χ̂^′ρ̂^′Ĥ^′ + 3∑ i=1 κ_{1i}Q̂_{1L}η̂^′û^c_{iL} + κ^′_1Q̂_{1L}η̂^′û^{′c}_L + 3∑ i=1 κ_{2i}Q̂_{1L}ϕ̂^′û^c_{iL} + κ^′_2Q̂_{1L}ϕ̂^′û^{′c}_L + 3∑ i=1 κ_{3i}Q̂_{1L}ρ̂^′d̂^c_{iL} + 2∑ β=1 κ_{3β}Q̂_{1L}ρ̂^′d̂^{′c}_{βL} + κ_4Q̂_{1L}χ̂^′Ĵ^c_L + 3∑ α=2 3∑ i=1 κ_{5αi}Q̂_{αL}ρ̂û^c_{iL} + 3∑ α=2 κ^′_{5α}Q̂_{αL}ρ̂û^{′c}_L + 3∑ α=2 3∑ i=1 κ_{6αi}Q̂_{αL}η̂d̂^c_{iL} + 3∑ α=2 2∑ β=1 κ^′_{6αβ}Q̂_{αL}η̂d̂^{′c}_{βL} + 3∑ α=2 3∑ i=1 κ_{7αi}Q̂_{αL}ϕ̂d̂^c_{iL} + 3∑ α=2 2∑ β=1 κ^′_{7αβ}Q̂_{αL}ϕ̂d̂^{′c}_{βL} + 3∑ α=2 2∑ β=1 κ_{8αβ}Q̂_{αL}χ̂ĵ^c_{βL} + 3∑ α=2 3∑ a=1 3∑ i=1 κ_{9αai}Q̂_{αL}L̂_{aL}d̂^c_{iL} + 3∑ a=1 2∑ α=1 2∑ β=1 κ^′_{9aαβ}L̂_{aL}Q̂_{αL}d̂^{′c}_{βL} + 3∑ i=1 3∑ j=1 3∑ k=1 ξ_{1ijk}d̂^c_{iL}d̂^c_{jL}û^c_{kL} + 3∑ i=1 3∑ j=1 ξ_{2ij}d̂^c_{iL}d̂^c_{jL}û^{′c}_L + 3∑ i=1 2∑ β=1 3∑ j=1 ξ_{3iβj}d̂^c_{iL}d̂^{′c}_{βL}û^c_{jL} + 3∑ i=1 2∑ β=1 ξ_{4iβj}d̂^c_{iL}d̂^{′c}_{βL}û^{′c}_L + 2∑ α=1 2∑ β=1 3∑ i=1 ξ_{6αβi}d̂^{′c}_{αL}d̂^{′c}_{βL}û^c_{iL} + 2∑ α=1 2∑ β=1 ξ_{6αβ}d̂^{′c}_{αL}d̂^{′c}_{βL}û^{′c}_L + 3∑ i=1 3∑ j=1 2∑ β=1 ξ_{7ijβ}û^c_{iL}û^c_{jL}ĵ^c_{βL} + 3∑ i=1 2∑ β=1 ξ_{8iβ}û^c_{iL}û^{′c}_Lĵ^c_{βL} + 2∑ β=1 ξ_{9β}û^{′c}_Lû^{′c}_Lĵ^c_{βL} + 3∑ i=1 2∑ β=1 ξ_{10iβ}d̂^c_{iL}Ĵ^c_Lĵ^c_{βL}. (31)

In the next subsection, we will show that it is possible to define the Rparity symmetry, the phenomenology of this model with R-parity conserved has similar features to that of the R-conserving MSSM: the supersymmetric particles are pair-produced and the lightest neutralino is the lightest supersymmetric particle (LSP), see in (subsection 3.2.2). Then in (subsection 3.2.3) we will show that there are terms that will induce mass to the neutrinos of the model.

3.2.1 Discrete R-Parity in SUSY341 To get the terms that are invariant under discrete R-parity in the superpotential, we need to check the following condition [14] ∫ d^2θ ∏ a Φ_a(x, θ, θ̄) , if ∑ a n_a = 0. (32)

Choosing the following R-charges

n_η′ = n_ϕ = n_ρ = n_H′ = 1, n_η = n_ϕ = n_ρ′ = n_H = −1, n_L = n_{Q1} = n_{Qα} = n_{di} = n_u′ = 1 2 , n_J = n_j = − 1 2 , n_{ui} = n_d′ = − 3 2 , n_χ = n_χ′ = 0, (33) with this R-charge assignment, we get that all the usual particle in the 341 model has R-charge equal one while their superpartner has R-charge opposite, as happen in the MSSM.

Next we will present some discussion about the physical consequences on the superpotential, and point some likeness with the MSSM phenomenology.

3.2.2 R-parity conservation The terms in the superpotential that satisfy the R-parity, W_{2RC} + W_{3RC} , are given by the following terms W_{2RC} = μ_ηη̂η̂^′ + μ_ϕϕ̂ϕ̂^′ + μ_ρρ̂ρ̂^′ + μ_χχ̂χ̂^′ + μ_HĤĤ^′, W_{3RC} = 3∑ a=1 3∑ b=1 λ_{2ab}ϵL̂_{aL}L̂_{bL}η̂ + 3∑ a=1 3∑ b=1 λ_{4ab}L̂_{aL}L̂_{bL}Ĥ + f_1ϵρ̂χ̂η̂ + f_6χ̂ρ̂Ĥ + f^′_1ϵρ̂^′χ̂^′η̂^′

+ f^′_6χ̂^′ρ̂^′Ĥ^′ + 3∑ i=1 κ_{1i}Q̂_{1L}η̂^′û^c_{iL} + κ^′_2Q̂_{1L}ϕ̂^′û^{′c}_L + 3∑ i=1 κ_{3i}Q̂_{1L}ρ̂^′d̂^c_{iL} + κ_4Q̂_{1L}χ̂^′Ĵ^c_L + 3∑ α=2 3∑ i=1 κ_{5αi}Q̂_{αL}ρ̂û^c_{iL} + 3∑ α=2 3∑ i=1 κ_{6αi}Q̂_{αL}η̂d̂^c_{iL} + 3∑ α=2 2∑ β=1 κ^′_{7αβ}Q̂_{αL}ϕ̂d̂^{′c}_{βL} + 3∑ α=2 2∑ β=1 κ_{8αβ}Q̂_{αL}χ̂ĵ^c_{βL}. (34)

The first term in W_{3RC} , will leave some leptons massless and some other mass generate, because L_aL_b ≡ 4 ⊗ 4 = 6 ⊕ 10 and how this term is antisymmetric in the generation indices (a, b) it implies that the Yukawa coupling λ_{2ab} is antisymmetric matrix. We have three antisymmetric factors hence only the antisymmetric part of the coupling constants λ_{2ab} gives a non-vanishing contribution and the mass matrix has eigenvalues 0, −M, M, so that one of the leptons does not gain mass and the other two are degenerate, at least at tree level. Due this fact the second term will generate masses to the charged leptons [6].

With this superpotential, it is possible to give mass to all charged fermions in the model but neutrinos remain massless. Using Eq.(19) in Eq.(34), we get the following mass matrices in the quark sector:

Γ^u = 1 √ 2 κ_{11}v^′ κ_{12}v^′ κ_{13}v^′ κ_{521}u κ_{522}u κ_{523}u κ_{531}u κ_{532}u κ_{533}u , (35) for the u-quarks, and

Γ^d = 1 √ 2 κ_{31}u^′ κ_{32}u^′ κ_{33}u^′ κ_{621}v κ_{622}v κ_{623}v κ_{631}v κ_{632}v κ_{633}v , (36) for the d-quarks, and for the exotic quarks, J and j_{1,2},we have M_J = κ_4w^′/ √ 2 and Γ^j = w √ 2 ( κ_{821} κ_{822} κ_{831} κ_{832} ) , (37)

respectively. The quark u^′ get the following mass M_u′ = κ^′_2z^′/ √ 2 while the quark d^′ has

Γ^{d′} = z √ 2 ( κ^′_{721} κ^′_{722} κ^′_{731} κ^′_{732} ) , (38)

From Eqs.(35) and (36) we see that all the VEVs from the quartet and anti-quartet have to be different from zero in order to give mass to all quarks. Notice also that the u-like and d-like mass matrices have no common VEVs. On the other hand, the charged lepton mass matrix is already given by M^l_{ij} = xλ_{3ij} / √ 2, where x is the VEV of the ⟨H^0_3 ⟩ component of the antidecuplet H in Eq.(11). However, all other VEV from the anti-decouplet and from the x^′ can both be zero since the decouplet H^′ does not couple to leptons at all.

3.2.3 R-parity violation

While the R-parity violating terms are given by W_{2RV} + W_{3RV} , where

W_{2RV} = 3∑ a=1 μ_{0a}L̂_{aL}η̂^′ + 3∑ a=1 μ_{1a}L̂_{aL}ϕ̂^′ + μ_2η̂ϕ̂^′ + μ_3ϕ̂η̂^′,

W_{3RV} = 3∑ a=1 3∑ b=1 3∑ c=1 λ_{1abc}ϵL̂_{aL}L̂_{bL}L̂_{cL} + 3∑ a=1 3∑ b=1 λ_{3ab}ϵL̂_{aL}L̂_{bL}ϕ̂ + + 3∑ a=1 λ_{5a}ϵL̂_{aL}χ̂ρ̂ + f_2ϵρ̂χ̂ϕ̂ + f_3η̂η̂Ĥ + f_4η̂ϕ̂Ĥ + f_5ϕ̂ϕ̂Ĥ + f^′_2ϵρ̂^′χ̂^′ϕ̂^′ + f^′_3η̂^′η̂^′Ĥ^′ + f^′_4η̂^′ϕ̂^′Ĥ^′ + f^′_5ϕ̂^′ϕ̂^′Ĥ^′

+ κ^′_1Q̂_{1L}η̂^′û^{′c}_L + 3∑ i=1 κ_{2i}Q̂_{1L}ϕ̂^′û^c_{iL} + 2∑ β=1 κ_{3β}Q̂_{1L}ρ̂^′d̂^{′c}_{βL} + 3∑ α=2 κ^′_{5α}Q̂_{αL}ρ̂û^{′c}_L + 3∑ α=2 2∑ β=1 κ^′_{6αβ}Q̂_{αL}η̂d̂^{′c}_{βL} + 3∑ α=2 2∑ β=1 κ^′_{7αβ}Q̂_{αL}ϕ̂d̂^{′c}_{βL} + 3∑ α=2 3∑ a=1 3∑ i=1 κ_{9αai}Q̂_{αL}L̂_{aL}d̂^c_{iL} + 3∑ a=1 2∑ α=1 2∑ β=1 κ^′_{9aαβ}L̂_{aL}Q̂_{αL}d̂^{′c}_{βL} + 3∑ i=1 3∑ j=1 3∑ k=1 ξ_{1ijk}d̂^c_{iL}d̂^c_{jL}û^c_{kL} + 3∑ i=1 3∑ j=1 ξ_{2ij}d̂^c_{iL}d̂^c_{jL}û^{′c}_L + 3∑ i=1 2∑ β=1 3∑ j=1 ξ_{3iβj}d̂^c_{iL}d̂^{′c}_{βL}û^c_{jL} + 3∑ i=1 2∑ β=1 ξ_{4iβj}d̂^c_{iL}d̂^{′c}_{βL}û^{′c}_L + 2∑ α=1 2∑ β=1 3∑ i=1 ξ_{5αβi}d̂^{′c}_{αL}d̂^{′c}_{βL}û^c_{iL} + 2∑ α=1 2∑ β=1 ξ_{6αβ}d̂^{′c}_{αL}d̂^{′c}_{βL}û^{′c}_L + 3∑ i=1 3∑ j=1 2∑ β=1 ξ_{7ijβ}û^c_{iL}û^c_{jL}ĵ^c_{βL} + 3∑ i=1 2∑ β=1 ξ_{8iβ}û^c_{iL}û^{′c}_Lĵ^c_{βL} + 2∑ β=1 ξ_{9β}û^{′c}_Lû^{′c}_Lĵ^c_{βL} + 3∑ i=1 2∑ β=1 ξ_{10iβ}d̂^c_{iL}Ĵ^c_Lĵ^c_{βL}. (39)

The superpotential give in Eq.(39) provide us the mass terms for leptons and higgsinos − μ_{0a} 2 L_{aL}η̃^′ − μ_{1a} 2 L_{aL}ϕ̃^′ − μ_2 2 η̃ϕ̃^′ − μ_3 2 ϕ̃η̃^′ − λ^{5a} 3 (L_{aL}χ̃ρ + ρ̃l_{aL}χ) + hc, (40) wchich will induce mass for thre neutrinos as was show in [15, 14].

However the R-violating interactions can give the correct masses to e, μ and τ, even without a decouplet in the same way as happened in thew minimal supersymmetric 331 model, [15], where only the mixing between the higgsinos with the leptons reproduce the mass spectrum of the physical charged leptons.^2.

2Work in progress.

u_1 d_1

ξ_1 κ9 d̃c_2, d̃c_3 u^c_1, u^c_2

l^+_1 , l^+_2 , l^+_3

Proton Decay in charged leptons in the SUSY341 exchanging d̃.

u_1 d_1

ξ_1 g d̃c_2 d^c_2

γ̃, Z̃, Z̃^′ g d_1, d_2

ξ_3 d̃′c_1 , d̃′c_2 u^c_1, u^c_2

d^c_1, d^c_2

Proton Decay in charged leptons in the SUSY341 exchanging d̃^′.

By another hand, the superpotential give at Eq.(39) will also induce the proton decay. The terms proportional to κ_9, ξ_1, ξ_3 would produce the dominant decay p → π^0e^+, shown in Figs.(3.2.3,3.2.3).

Remember that in the MSSM m̃_d ∝ m_d, and due the fact that m_d′ > m_d then it implies that m̃_d′ > m̃_d. Due this fact we can negligible the contribution coming from the Fig.(3.2.3) and imposing

κ_{4α11}ξ_{1α11} < 5, 29 × 10^{−25}, (41)

we will get that τ(p → eπ) > 1.6 × 10^{33} years [16]^3.

3The decay mode p → K^+e^∓μ^±ν_τ was considered in Ref [16] is also present in this model.

3.3 The soft terms

The soft terms can be written as Lsoft = L_{GMT} + LsoftScalar + L_{SMT} , (42) where L_{GMT} = − 1 2 [ m_{λC} 8∑ b=1 ( λ^b_C λ^b_C ) + m_λ 15∑ b=1 ( λ^b_Aλ^b_A ) + m^′λ_Bλ_B + H.c. ] , (43) give mass to the boson superpartners and LsoftScalar = −m^2_η η^†η − m^2_ϕϕ^†ϕ − m^2_ρρ^†ρ − m^2_χχ^†χ − m^2_H H^†H − m^2_1ϕ^†η^′ − m^2_η′ η^{′†}η^′ − m^2_ϕ′ ϕ^{′†}ϕ^′ − m^2_ρ′ ρ^{′†}ρ^′ − m^2_χ′ χ^{′†}χ^′ − m^2_H′ H^{′†}H^′ − m^2ϕ^{′†}η + [k_1ϵ_{ijk}ρ_iχ_j η_k + k_2χρH + k^′_1ϵ_{ijk}ρ^′_iχ^′_j η^′_k + k^′_2χ^′ρ^′H^′]. (44) in order to give mass to the scalars, we have omitting the sum upon repeated indices, i, j, k = 1, 2, 3 , and we only write the terms that respect R-parity see Eq.(34). Finally, we have to add −L_{SMT} = m^2_{La}L̃^†_{aL}L̃_{aL} + m^2_{la}l̃^{c†}_{aL}l̃^c_{aL} + m^2_{Q3}Q̃^†_{1L}Q̃_{1L} + m^2_{QαL}Q̃^†_{αL}Q̃_{αL} + m^2_{ui}ũ^{c†}_{iL}ũ^c_{iL} + m^2_{di}d̃^{c†}_{iL}d̃^c_{iL} + m^2_u′ũ^{′c†}_L ũ^{′c}_L + m^2_d′_αd̃^{′c†}_{βL}d̃^{′c}_{βL} + m^2_JJ̃^†J̃ − ∑ β j̃^†_βm^2_{jβ}j̃_β + [υ_{1ab}ϵL̃_{aL}L̃_{bL}η + υ_{2ab}L̃_{aL}L̃_{bL}H + ϑ_{1αi}Q̃_{1L}η^′ũ^c_{iL} + ϑ_{2α}Q̃_{1L}ϕ^′ũ^{′c}_L + ϑ_{3i}Q̃_{1L}ρ^′d̃^c_{iL} + ϑ_4Q̃_{1L}χ^′J̃^c_L + ϑ_{5αi}Q̃_{αL}ρũ^c_{iL} + ϑ_{6αi}Q̃_{αL}ηd̃^c_{iL} + ϑ_{7α}Q̃_{αL}ϕd̃^{′c}_L + ϑ_{8αβ}Q̃_{αL}χj̃^c_{βL}] (45) The pattern of the symmetry breaking in this model is given by

susy341^{Lsof t}−→ SU(3)_C ⊗ SU(4)_L ⊗ U(1)_N^{⟨χ⟩⟨χ′⟩}−→ SU(3)_C ⊗ SU(2)_L ⊗ U(1)_Y ⟨ρ,η,ϕ,Hρ^′η^′,ϕ^′,H^′⟩ −→ SU(3)_C ⊗ U(1)_Q. (46)

4 Double Chargino and Neutralino Production e^−e^− → χ̃^{−−}χ̃^0

Models with SU(3) (or SU(4)) electroweak symmetry and left-right symmetry (LR) may have doubly charged vector bosons and scalars, respectivelly.

model charginos and neutralinos MSSM [12] χ̃^±(2) χ̃^0(4) NMSSM [18] χ̃^±(2) χ̃^0(5) SUSYLRT [19] χ̃^{±±}(1) χ̃^±(5) χ̃^0(9) SUSYLRD [20] χ̃^±(6) χ̃^0(11) MSUSY331 [4] χ̃^{±±}(5) χ̃^±(8) χ̃^0(13) SUSY331RN [5] χ̃^±(6) χ̃^0(15) SUSY341 χ̃^{±±}(5) χ̃^±(16) χ̃^0(25)

Table 1: Spectrum of Charginos and Neutralinos in several SUSY models

This means that in some supersymmetric extensions of these kind of models we will have double charged charginos [17]. On the table, Tab.(1), we show the possible states in the supersymmetric models, in parenthesis we show the number of states that they appear. Therefore we can distinguish the differents models with base in the numbers of particles. In Left-Right Supersymmetric Model (SUSYLRT) the doubly charged higgsinos do not mix with gauginos. The production of a double charged higgsino was studied in [21].

Because of low level of SM backgrounds, the total cross section σ ≈ 10^{−3}nb at √ s = 500GeV [22], e^−e^− collisions are a good reaction for discovering and investigating new physics at linear colliders. With this process is possible to study reactions that violate both lepton and/or fermion number, and this kind of reaction are expected in supersymmetric models, as we will briefelly present next.

In the minimal supersymmetric 331 model the chargino (neutralino) base is given by

ψ^{++} = ( −iλ^{++}_U ρ̃^{++} χ̃^{′++} H̃^{++}_1 H̃^{′++}_2 )_t ψ^+ = ( −iλ^+_W −iλ^+_V η̃^{′+}_1 η̃^+_2 ρ̃^+ χ̃^{′+} h̃^{′+}_1 h̃^+_2 )_t Ψ^0 = ( −iλ^3_A −iλ^8_A −iλ_B η̃^0 η̃^{′0} ρ̃^0 ρ̃^{′0} χ̃^0 χ̃^{′0} σ̃^0_1 σ̃^{′0}_1 σ̃^0_2 σ̃^{′0}_2 )_t (47) while the base on the susy341 model is

ψ^{++} = ( −iλ^{++}_U ρ̃^{++} χ̃^{′++} H̃^{++}_1 H̃^{′++}_2 )

ψ^+ =

−iλ^+_W −iλ^+_{V1} −iλ^+_{V2} −iλ^+_{V3} η^{′+}_1 η^+_2 ϕ^{′+}_1 ϕ^+_2 ρ^+_1 ρ^+_2 χ^{′+}_1 χ^{′+}_2 H^+_1 H^{′+}_2 H^+_3 H^{′+}_4

Ψ^0 =

−iλ^3_A −iλ_X0 −iλ_X0∗ −iλ^8_A −iλ^{15}_A −iλ_B η̃^0_1 η̃^0_2 η̃^{′0}_1 η̃^{′0}_2 ϕ̃0_1 ϕ̃0_2 ϕ̃′0_1 ϕ̃′0_2 ρ̃^0 ρ̃^{′0} χ̃^0 χ̃^{′0} H̃ 0_1 H̃ 0_2 H̃ 0_3 H̃ 0_4 H̃ ′0_1 H̃ ′0_2 H̃ ′0_3 H̃ ′0_4

(48)

The interaction lagrangian in the supersymmetric 331 model is presented at Appendix A of [17], the respective lagrangian interaction in the susy341 model is given by

Llep_{llV} = g 2 L̄σ̄^mλ^aLV^a_m, Llep_{ll̃Ṽ} = − ig √ 2 (L̄λ^aL̃λ̄^a_A − ¯L̃λ^aLλ^a_A).

Lgauge λλV = −igf^{abc}λ̄^a_Aλ^b_Aσ^mV^c_m, LScalar H̃H̃V = g 2 [ ¯η̃σ̄^mλ^aη̃ + ¯ϕ̃σ̄^mλ^aϕ̃ + ¯ρ̃σ̄^mλ^aρ̃ + ¯χ̃σ̄^mλ^aχ̃ + ¯H̃σ̄^mλ^aH̃

− ¯η̃^′σ̄^mλ^{∗a}η̃^′ − ¯ϕ̃^′σ̄^mλ^{∗a}ϕ̃^′ − ¯ρ̃^′σ̄^mλ^{∗a}ρ̃^′ − ¯χ̃^′σ̄^mλ^{∗a}χ̃^′ − ¯H̃^′σ̄^mλ^{∗a}H̃^′ ] V^a_m + g^′ 2 [ ¯ρ̃σ̄^mρ̃ − ¯χ̃σ̄^mχ̃ − ¯ρ̃^′σ̄^mρ̃^′ + ¯χ̃^′σ̄^mχ̃^′ ] V_m. (49)

Comparing both lagrangian, we notice that both have the same structure. Terefore, the Feynman rules in both model are the same, and they are given in Table 2 we have defined the following operators:

O^1_{ij} = A^∗_{i1}( √ 3N_{j2} − N_{j1}) + √ 2A^∗_{i2}N_{j5} + A^∗_{i5}N_{j8},

O^2_{ij} = − ( D^∗_{i1}E_{j2} − D^∗_{i2}E_{j1} + D^∗_{i4}E_{j3} + 1 2 D^∗_{i7}E_{j8} ) . (50)

This implies new interactions that are not present in the MSSM, for instance: χ̃^{−−}χ̃^0U^{++}, χ̃^−χ̃^−U^{++}, l̃^−l^−χ̃^{++} where χ̃^{++} denotes any doubly charged chargino. Moreover, in the chargino production, besides the usual mechanism, we have additional contributions coming from the U-bilepton in the s-channel. Due to this fact we expect that there will be an enhancement in the cross section of production of these particles in e^−e^− collisors, such as the ILC.

Therefore the result to the light double chargino production are the same as presented in [17]. We must remember that the susy341 model differ from the minimal supersymmetric 331 model in the number of neutralinos. On this way we can distuinguish between both models.

In the future, we want to compare the results about the double chargino production on SUSYLRT, SUSY331 and SUSY341, bacause this kind of phenomenology was not so much studied in the literature and it can be very nice signal to new physics.. We believe that these new states can be discovered, if they really exist, in linear colliders ILC.

5 Conclusions

We have built the complete supersymmetric version of the 3-4-1 model of Ref. [6].

Vertices Feynman rules l^−l^−U^{−−} −^{ig√}_2 Cγ^mL χ̃^{−−}_j χ̃^0_i U^{−− ig}_2 O^1_{ij}Cγ^mR χ̃^−_i χ̃^−_j U^{−− ig}_2 O^2_{ij}Cγ^mR l̃^−_1 l−χ̃^{−−}_i −2iλ_3A_{i5} sin θ_f R l̃^−_2 l−χ̃^{−−}_i −2iλ_3A_{i5} cos θ_f R l̃^−_1 l−χ̃0_i i [ g (_{Ni1√} 2 +^{Ni2√}_6 ) cos θ_f R − λ_3^{2√}_2 sin θ_f N_{i8}R ] l̃^−_2 l−χ̃0_i i [ g (_{Ni1√} 2 +^{Ni2√}_6 ) sin θ_f R + λ_3^{2√}_2 cos θ_f N_{i8}R ] l̃^+_1 l−χ̃0_i i [ g (_{N ∗i1√} 2 +^{N ∗i2√}_6 ) cos θ_f L − λ_3^{2√}_2 sin θ_f N^∗_{i8}L ] l̃^+_2 l−χ̃0_i i [ g (_{N ∗i1√} 2 +^{N ∗i2√}_6 ) sin θ_f L + λ_3^{2√}_2 cos θ_f N^∗_{i8}L ] l̃^+_1 l−χ̃^{−−}_i −igA_{i1} sin θ_f RC l̃^+_2 l−χ̃^{−−}_i −igA_{i1} cos θ_f RC ν̃_ll^−χ̃^−_i −iλ_3^{2√}_2 D^∗_{i7}L ν̃_l^∗l^−χ̃^−_i −iλ_3^{2√}_2 D_{i7}R

Table 2: Feynman rules derived from susy341 model in the same way as done in [17].

From the phenomenological point of view there are several possibilities. Since it is possible to define the R-parity symmetry, the phenomenology of this model with R-parity conserved has similar features to that of the Rconserving MSSM: the supersymmetric particles are pair-produced and the lightest neutralino is the lightest supersymmetric particle (LSP).

While in the case that R-parity is not conserved we can induce masses to neutrinos of the model in the same way as in the MSSM. We also studied the proton decay problem in this model, and we show that it is in asgreement with the experimental data.

Acknowledgments

This work was supported by Conselho Nacional de Ciência e Tecnologia (CNPq) under the processes 309564/2006-9.

References

[1] F. Pisano and V. Pleitez, Phys. Rev. D46, 410, (1992); R. Foot, O. F.

Hernandez, F. Pisano and V. Pleitez, Phys. Rev. D47, 4158, (1993).

[2] P. H. Frampton, Phys. Rev. Lett. 69, 2889, (1992); D. Ng, Phys. Rev.

D49, 4805(1994).

[3] J. C.Montero, F. Pisano and V. Pleitez, Phys. Rev. D47, 2918 (1993);

R. Foot, H. N. Long and T. A. Tran, Phys. Rev. D50, 34 (1994); H. N. Long, Phys. Rev. D53, 437 (1996).

[4] J. C. Montero, V. Pleitez and M. C. Rodriguez, Phys. Rev. D65, 035006 (2002).

[5] J. C. Montero, V. Pleitez and M. C. Rodriguez, Phys. Rev.D70, 075004 (2004).

[6] F. Pisano and T.A. Tran, ICTP preprint IC/93/200 (1993); V. Pleitez, arXiv: hep-ph/9302287; R. Foot, H.N. Long and T.A. Tran, Phys. Rev. D50, R34 (1994); F. Pisano and V. Pleitez, Phys. Rev. D51, 3865 (1995).

[7] W. Greiner and B. Müller, Quantum Mechanics Symmetries 2nd edition, Springer-Verlag, Berlin, (1994).

[8] D. Amati, H. Bacry, J. Nuyts and J. Prentki. Nuovo Cimento 6,1732,(1964).

[9] M.B. Voloshin, Sov. J. Nucl. Phys. 48, 512 (1988). [10] W. A. Ponce and L. A. Sanchez, hep-ph/0607175. [11] S. Sen and A. Dixts, hep-ph/0609277.

[12] H. E. Haber and G. L. Kane, Phys. Rep. 117, 75 (1985). [13] J. Wess and J. Bagger, Supersymmetry and Supergravity 2nd edition, Princeton University Press, Princeton NJ, (1992).

[14] P. V. Dong, D. T. Huong, M. C. Rodriguez and H. N. Long, Eur. Phys.

J. C48, 229 (2006).

[15] J. C. Montero, V. Pleitez and M. C. Rodriguez, Phys. Rev. D65, 095008 (2002).

[16] H. N. Long and P. B. Pal, Mod. Phys. Lett. A13, 2355 (1998). [17] M. Capdequi-Peyranère and M.C. Rodriguez, Phys. Rev. D65, 035001 (2002).

[18] M. Dress, R. M. Godbole and P. Royr, Theory and Phenomenology of Sparticles 1st edition, World Scientific Publishing Co. Pte. Ltd., Singapore, (2004).

[19] R. M. Francis, M. Frank and C. S. Kalman, Phys. Rev. D43, 2369 (1991); C.S.Aulakh,A.Melfo and G.Senjanovic, Phys.Rev.D57,4174 (1998); G. Barenboim and N. Rius, Phys. Rev.D58, 065010, (1998); N. Setzer and S. Spinner, Phys. Rev. D71, 115010 (2005).

[20] K. S. Babu.B. Dutta and R.N. Mohapatra, Phys.Rev. D65:016005, (2002).

[21] K. Huitu, J. Maalampi and M. Raidal, Nucl. Phys. B420 449 (1994).

[22] J. C. Montero, V. Pleitez and M. C. Rodriguez, Int. J. Mod. Phys. A16, 1147, (2001).