arXiv:hep-ph/0503167 v2 20 Oct 2006

Split supersymmetry and the role of a light fermion in a supergravity-based scenario

Biswarup Mukhopadhyaya^1 Harish-Chandra Research Institute, Chhatnag Road, Jhusi, Allahabad - 211 019, India Soumitra SenGupta^2 Departmernt of Theoretical Physics, Indian Association for the Cultivation of Science Jadavpur, Kolkata- 700 032, India

Abstract

We investigate split supersymmetry (SUSY) within a supergravity framework, where local SUSY is broken by the F-term of a hidden sector chiral superfield X. With reasonably general assumptions, we show that the fermionic component of X will always have mass within a Tev. Though its coupling to the observable sector superfields is highly suppressed in Tev scale SUSY, we show that it can be enhanced by many orders in split SUSY, leading to its likely participation in accelerator phenomenology.We conclude with a specific example of such a scenario in a string based supergravity model.

1E-mail: biswarup@mri.ernet.in 2E-mail: tpssg@iacs.res.in

Supersymmetry (SUSY), that is to say, a symmetry between fermions and bosons, has long been deemed to be phenomenologically significant if it is broken within the TeV scale, whereby the quadratic divergence in the Higgs boson mass is tamed, and the superpartners of all the standard model (SM) particles lie within this mass range. This age-old dictum has been given a jolt by the recently suggested notion of split supersymmetry [1] , which allows the SUSY breaking scale, and all scalars except one light Higgs to be much higher than a TeV, while at the same time retaining light fermionic superparticles. Although this destroys the cancellation of quadratic divergence, it is argued that having a fine-tuned Higgs mass is not that unexpected, since one has to resort to more severe fine-tuning anyway in order to suppress the cosmological constant in a broken SUSY. Such a possibility is inspired by the landscape scenario in string theories, which opens up the possibility of a large multitude of vacua [2, 3, 4, 5, 6, 7]. Living in a universe with unexpectedly small Higgs mass and cosmological constant, it is argued, is quite possible for us if we happen to be located around one such vacuum which supports galactic structures [8, 9, 10]. Once the Higgs mass is not its responsibility, SUSY, possibly an artifact of superstrings, can be broken at an arbitrary high energy scale. However, it not only suppresses flavour-changing neutral current (FCNC) and proton decay, but also helps the unification of gauge coupling [11] and supplies a cold dark matter candidate in the acceptable range [12, 13, 14] if the gauginos and Higgsinos are within a TeV. Thus one is now faced with a new possibility– namely, only the SM spectrum (including one Higgs scalar) plus gauginos and Higgsinos within the search limit of particle accelerators, but all other scalars way upward. There is no flavour-changing neutral current problem here due to decoupling. Furthermore, the undesirable possibility of gluinos having as large a lifetime as the age of the universe restricts the SUSY breaking scale to be ∼ 10^{13} GeV [1]. Phenomenological consequences of split SUSY [15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28] as well as various aspects of theoretical models that can lead to it [29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46] have been widely discussed in recent times.

In this note we look at some general consequences of SUSY breaking within an N=1 supergravity (SUGRA) scenario. A hidden sector chiral superfield X is assumed responsible for all soft SUSY breaking terms in the observable sector through its nonrenormalizable interaction with the superfields in the minimal SUSY standard model (MSSM).

We make no specific model assumption excepting the postulate that SUSY is broken in the hidden sector via F-terms. In addition, we include, in a phenomenological approach, the possibility of having a large mass hierarchy between the scalars and the fermions, which can give rise to split SUSY. In order to achieve this, we assume that various terms involving the chiral superfield X, arising from both the Kahler potential and the superpotential, can have multiplicative factors that may in principle arise from other new physics effects. Such multiplicative factors are treated as free parameters, capable of being very small. It is then shown that if all soft terms as well as the Higgsino mass term in the superpotential originate from interactions from X, then the requirement of gauginos and Higgsinos within a TeV implies that the fermionic component of X also must be within this range. Moreover, while this light fermion (called ψ_X here) has extremely small coupling with the MSSM fields in TeV scale SUSY, the strength of such coupling can be much higher if the SUSY breaking scale is high. Thus one has to admit the possibility of low-energy phenomenology being altered by the field ψ_X (which can even turn out to be a dark matter component). This is a reaffirmation of our earlier conclusion [47] in the special context of a braneworld model of split SUSY. However, it is now established on more general grounds.

The most general action for a supergravity multiplet coupled to chiral superfield and super Yang-Mill field is given by [48, 49, 50, 51] ∫ d^4xd^4θK(S, S̄e^{2V} ) + ∫ d^4xRe ∫ d^2θW (S) + ∫ d^4xRe ∫ d^2θf_{αβ} (S)W^αW^β (1)

where K(S, S̄) is an arbitrary real function of the chiral multiplets S_i and and their conjugates, W (S) is a holomorphic function of S_i, V is the vector multiplet of a Yang-Mill gauge group U and W^α is the corresponding field strength. The analytic gauge kinetic function f determines the kinetic terms for the fields in the vector multiplet V and the gauge coupling constant Ref_a = 1/g^2_a, where the index a is associated with different gauge groups U_a with total gauge group U = ΠU_a. If now one defines a function G = K + log|W |^2 (2) then all mass terms and couplings are determined by the vacuum expectation values (vev) of appropriate functions of G, it’s derivatives and the chiral scalars. As with global supersymmetry, spontaneous breakdown of local supersymmetry may take place either as F term breaking and/or a D term breaking. In either case one of the auxiliary component of superfield must develop a nonzero vev. In this work we focus on a F -type breaking and the relevant term under consideration is, F_i = M_P e^{G/2M 2P} (G^{−1})^j_i G_j + f^∗_{,k}(G^{−1})^k_i λ̄λ + ....... (3) where λ is a gaugino field. We further concentrate on scenarios where the local SUSY is broken in the hidden sector by the usual mechanisms [52] under which the auxiliary component of a chiral supermultiplet acquires a non-zero vacuum expectation value (vev) or gaugino condensation takes place in the hidden sector gauge group at some condensation scale where the gauge theory becomes strongly coupled. In either case, a superpotential W (X) ( where X is either some hidden sector chiral scalar or an effective scalar originated from the gaugino bilinear ) develops in the hidden sector resulting into breakdown of local SUSY at some scale, say vev of the scalar component of the chiral superfield or condensation scale. This breaking is mediated to the observable sector through gravitational interaction leading to the generation of soft SUSY breaking parameters in the observable sector. If C^α’s are generic observable sector fields then the full Kahler potential K and the superpotential W can be expanded ( suppressing the dummy indices between C’s and it’s coefficients) around the hidden sector field X as K = K_1(X, X̄) + K_2(X, X̄)C̄C + K_3(X, X̄)CC + ............ (4) W = W_1(X) + W_2(X)CC + W_3(X)CCC + ............ (5)

Various masses of the observable sector fields and their couplings can be determined from these coefficients K_i’s and W_i’s. Different terms in the SUSY Lagrangian generate masses for the sfermions, gauginos, Higgsinos as well as the scalar and spinor components of X. We now describe the exact expressions for the different mass terms that arise from the corresponding terms in the Lagrangian.

First, we note that the generic scalar mass arises from the term ∫ d^4θX^†XQ^†Q (6)

and is given by, m_0 = F_X /M_P (7)

If we wish the SUSY breaking scale to be ≃ 10^n GeV , then we have

F_X /M_P = 10^n (8)

or, in other words, F_X ≃ 10^{19+n} GeV^2.

The observable sector gaugino mass M_{1/2} (assuming it to be universal) originates from (dropping coefficients of the different terms) ∫ d^2θfXW_βW^β + h.c. + ∫ d^4θX^†XW_βW^β (9)

where W can be expressed in terms of the components of a gauge supermultiplet

W_α = 4iλ_α − [ 4δ^β_αD + 2i(σ^μσ̄^ν )^β_αV_{μν} ] θ_β + 4θ^2σ^μ_{αα̇}∂_μλ̄^{α̇} (10)

D and V_{μν} being respectively the auxiliary part of the vector superfield and the field strength of the gauge boson V_μ.

The term arising from the superpotential in the above expression is subject to a suppression factor f in order to allow the possibility of gaugino masses being smaller than the scalar masses (or the observable sector SUSY breaking scale) by the same factor. In order to achieve split SUSY, the factor f will be as small as the level of ‘splitting’ required, caused by instruments of specific models, such as R-symmetry or gaugino condensation.

Thus the contributions to gaugino mass turn out to be

m_{1/2} = fF_X /M_P + F^2_X /M^3_P (11)

Of course, this corresponds to the scenario of a universal gaugino mass at the SUSY breaking scale. Gaugino non-universality will require one to assume something like a non-minimal Kahler potential, whereby the second term in (9) can be different for different gauginos.

If now m_{1/2} is required to be within a TeV, each of the terms on the right-hand side in the above equation must not exceed that value, since they arise from different sources and an accidental cancellation between them is unlikely. Using the value of F_X , this immediately disallows n >∼ 11, thus imposing a rather strong constraint on the split SUSY scale. At the same time, the restriction on the magnitude of the first term on the right-hand side leads to

f <∼ 10^{−8} for n = 11; f = 10^{3−n} for n <∼ 11 (12)

Thus the generic SUGRA scenario, with hidden sector F-term breaking, does not allow scalar masses above about 10^{11} GeV.

Before proceeding further, let us note that masses of both the scalar and fermion components of x arise from the term ∫ d^4θ(X^†X)^2 (13)

arising from the Kahler potential, giving

m_X = F_X /M_P (14) and m_{ψX} = XF_X /M^2_P (15)

In the most general case, the following terms in the SUGRA Lagrangian can lead to the term μH_uH_d in the MSSM superpotential ∫ d^2θf_1XH_uH_d + ∫ d^4θf_2X^†H_uH_d + ∫ d^4θX^†XH_uH_d (16)

where the suppression factors f_1, f_2 are model-dependent; various things, ranging from nonperturbative effects to Peccei-Quinn symmetries, have been invoked [53], [54], [55], [56, 57, 58] to justify their smallness. In fact, similar effects have been claimed to arise in braneworld scenarios such as that described in [1], playing roles analogous to those of the factors f, f_1 and f_2 in generating various terms. Even without making any specific model assumption, one can, however, see that the Higgsino mass μ ≃ 1 T eV requires

μ = f_1X + f_2F_X /M_P + XF_X /M^2_P ≃ 10^3 (17)

Again, the requirement that each term should not exceed the stipulated value of μ means

XF_X /M^2_P <∼ 10^3 (18)

which immediately implies m_{ψX} <∼ 10^3.

Whether such a light fermion will be phenomenologically significant depends on the strength of its interaction with other fields in MSSM. Take, for example, the first term in the expression for μ, where f_1 is the strength of ψ_X − H̃_u − H_d interactions. A further constraint on f_1 follows from the observation that both the first and third terms contributing to μ can also give rise to the bilinear soft breaking term Bμ:

Bμ = f_1F_X + F^2_X /M^2_P (19)

The contribution from the second term is on the same order as m^2_0, the square of the SUSY breaking scale, as expected. We have to demand further that

f_1F_X <∼ 10^{2n} (20)

or, inserting the value of F_X , f_1 <∼ 10^{n−19} (21)

Thus we are led to interesting conclusions. First, by following this approach, one does not end up with Bμ ≃ T eV^2, which would have caused a problem with the value of tan β [40]. Secondly, and more crucially, although one has a light fermion ψ_X , it has no perceptible effect on phenomenology when the SUSY breaking scale in the observable sector is ≃ TeV, because of the stringent upper limit on its interaction with the Higgs-Higgsino sector. However, as n increases, or as the SUSY scenario is more and more ‘split’, the interactions strength also increases, and it can be as large as 10^{−8} for n = 11. As we have shown in an earlier work [47], such a strength of the ψ_X − H̃_u − H_d coupling can be envisioned in a braneworld scenario leading to split SUSY, and can be phenomenologically significant. For example, for m_{1/2} > μ > m_{ψX} , the Higgsino-type lightest neutralino can then decay into ψ_X and the Higgs in about 10^{−8} seconds, thus having ψ_X as the invisible superparticle controlling the final state in SUSY cascades in collider experiments.

Another point to note here is that although ψ_X can be light here, its coupling to the gaugegaugino pair is always a dimension-five operator, suppressed by the Planck mass. Therefore, such coupling does not upset the phenomenology of Tev-scale MSSM, even if the suppression factor f present in such an interaction term be of order unity.

Let us re-iterate that our claim that the various suppression factors can be accommodated within the framework is somewhat phenomenological. Our purpose is just to emphasize that if there is F-term SUSY breaking and split SUSY has to be nonetheless a viable possibility, then there must be room for such suppression. It may be noted that the gaugino mass may acquire a correction from anomaly mediation and this correction depends on the gravitino mass. Since the anomaly-mediated contribution to the ith gaugino mass is ∼ g^2_i m_{3/2}/(16π^2) (where m_{3/2} is the gravitino mass and g_i is the corresponding gauge coupling) [59], this contribution remains within the order of a TeV if the gravitino mass is within apppximately 10^5 GeV. As has been shown in reference [12], such a gravitino is viable cosmologically and otherwise, so long as the lightest neutralino mass is within about 100 GeV. In addition, it is possible to have the anomaly contribution within control for even higher values of m_{3/2}, with specific theoretical assumptions.

Thus one can have a split SUSY spectrum well within a supergravity framework. With the gravitino mass given by m_{3/2} ∼ M_P e^{K(X)}W (X), an appropriate choice of the Kahler potential K(X) and superpotential W (X) may lead to m_{3/2} within the ranges specified above, while SUSY breaking scale is still on the order of 10^n Gev In such a situation one can observe the consequences of a light ψ in the most pronounced form, with f_1 at its upper limit.

It may be noted from the first term in the left-hand side of equation (17) that vev of X must be less than equal to 10^{22−n}. So larger is the SUSY breaking scale i.e n, smaller is the the vev of the hidden sector scalar X. In other words ,when the SUSY is maximally split the hidden sector scalar X, responsible for the breakdown of SUSY,has the least vev. Thus for n = 11, vev of X (given by < X >) is ≤ 10^{11}. However an exact value of the vev of X can only be determined from the knowledge of the exact form of Kahler and superpotential. If V is the scalar potential then, from the requirement of the vanishing cosmological constant

< V >= 0 (22) (23)

This leads to, < e^G(G_AK^A_{B̄} G^{B̄} − 3) >= 0 (24) where the indices A,B runs over various chiral superfields, with G_A indicating the derivative of G with respect to the superfield Φ_A. But we have already shown that the vev of X is also ≤ 10^{11}. This puts strong constraints on the choice of the Kahler and superpotential of the hidden sector field X. It should be noted that the specific situation considered in reference [47], based on a braneworld picture, can be considered as a special case of the general principle presented here. There, the appropriate suppression factors leading to split SUSY arise from the hierarchy of a few orders between the five-and four dimensional Planck masses. However, they all get mapped into our scheme, giving specific values of f, f_1 and f_2. On the other hand, the conclusions presented here have not taken into account the effects for D-terms or anomaly mediation where a large value of the scalar mass parameter m_0 may cause a split in the spectrum under appropriate assumptions [1, 12].

To illustrate the validity of our result we finally present an example of a string-inspired effective 4-dimensional SUGRA model[60]. Consider an E_8 × E_8 heterotic string model where the second E_8 sector corresponds to the gauge group of the hidden sector. Local SUSY breaks via gaugino condensation[61] in the hidden sector at some condensation scale μ leading to a superpotential contribution from the hidden sector field given by,

Ω(X) = a + be^{−X/β} (25)

where a and b are constatnts and β is the coefficient of the E_8 gauge coupling beta function or the beta function of some subgroup of E_8, if E_8 is broken spontaneously during compactification. The scalar potential is given by the expression,

V = −e^G[G_i(G^{−1})^i_j G^j − 3] (26)

where G = K(X) + Φ(y, ω) + ln|Q(T )W + Ω(X)|^2 (27) where K(X) and Φ(y, ω) are the Kahler potential for the X field, the axion field T ( y = T + T*) and the gauge non-singlet scalars C_i( ω = C_iC^{i∗}), Q(T) is the world sheet instanton correction to the superpotential and W is the usual trilinear superpotential for the fields C_i. Various forms for both K(X), Φ(y, ω) have been determined for various compactification schemes using classical string symmetries. However taking into account the string loop corrections which breaks some of the classical symmetries , a generic form for Φ(y, ω) can be written as,

Φ(y, ω) = −3ln(y − 2ω) + α(y − 2ω)^n (28)

After a long but straightforward calculation one finds that the cosmological constatnt vanishes by the condition, < Φ^{′2} >= 3 < Φ^{′′} > (29)

It is now easy to show that in order to have finite vev for the field y and non-vanishing gravitino mass to break supersymmetry, the value of n must be ≤ −2 . As a specific case we choose n = −2. This immediately determines masses and vevs for various fields. Here, the hidden sector gauge group becomes strongly coupled and gives rise to gaugino condensation. If M_c is the condensation scale determined by the vev of the hidden sector gaugino bilinear then, we obtain the SUSY breaking scale M_S ,the gravitino mass m_{3/2} and the gaugino mass m_{1/2} as,

M^2_S ∼ M^3_c /M_P (30)

m_{3/2} ∼ M^3_c /M^2_P ∼ m_{1/2} (31)

while the scalar mass is given as,

m^2 = exp(< K > +3/2) < Ω >^2 (2α/3)^{−3} (32)

Choosing M_c ∼ 10^{13−14} we get the desired values for the SUSY breaking scale, gravitino mass and the gaugino mass . The vev for the y field is given by,

< y >∼ M^2_S /M_P (33)

and that for the X field is determined from the condition

K_X (< X >)Ω((< X >) = Ω_X (< X >) (34)

where the suffix X implies derivative with respect to the field X. Clearly for a suitable choice for K(X) ( completely arbitrary so far), one can generate the desired split SUSY scenario with all the features described previously. It should be remembered though, that < y > of a magnitude implied by equation (33) means a large radius of compactification. Such a large compactification radius pulls down the compactification scale and the effective field theory therefore breaks down much above the compactification scale. This also may lead to difficulties with Grand Unification, as a power law behaviour of the gauge couplings above the compactification scale tends to reduce the lifetime of the proton [62, 63]. However, one should note that the above case is just an example of achieving split SUSY, where additional special assumptions may have to be made [64] in order to avoid the problems related to Grand Unification and dynamical SUSY breaking.

To conclude, a general scheme of hidden sector F-term SUSY breaking, keeping the provision of arbitrarily large scalar masses but TeV-scale fermions, is seen to entail a fermion with mass within a TeV. The strength of its coupling, although negligibly small in the case of TeV-scale SUSY, can be considerably higher for a split SUSY scenario with large scalar masses, and can even have observable effects on final states in SUSY cascades.

Acknowledgment: We thank Ashoke Sen for helpful comments. BM acknowledges the hospitality of Indian Association for the Cultivation of Science, Kolkata, where this study was initiated. SSG thanks Harish-Chandra Research Institute for hospitality during the concluding part of the project.

References

[1] N.Arkani-Hamed and S.Dimopoulos, hep-th/0405159. [2] R.Bousso and J.Polchinski, JHEP 0006, 006 (2000). [3] L.Susskind, hep-th/0302219. [4] M. Douglas, JHEP 0305,046 (2003).

[5] S.Kachru, R.Kallosh, A.Linde and S.P. Trivedi, Phys. Rev. D68, 046005(2003). [6] M. Dine, D. O’Neil and Z. Sun, hep-th/0501214.

[7] N. Arkani-Hamed, S. Dimopoulos and S. Kachru, hep-th/0501082. [8] S.Weinberg, Phys. Rev. Lett. 59, 2607(1987). [9] A. Vilenkin, Phys. Rev. Lett. 74, 846 (1995). [10] M. J. Rees, astro-ph/0401424.

[11] G. Giudice and A. Romanino, Nucl. Phys. B699, 65 (2004).

[12] N. Arkani-Hamed, S. Dimopoulos, G. Giudice and A. Romanino, Nucl. Phys. B709, 3 (2005). [13] A. Arvanitaki and P. Graham, hep-ph/0411376. [14] A. Masiero, S. Profumo and P. Ullio, hep-ph/0412058. [15] See, for example, S. H. Zhu, Phys. Lett.B604, 207 (2004). [16] P. H. Chankowski et al.,Phys. Lett. B598, 252 (2004).

[17] W. Kilian, T. Plehn, P. Richardson and E. Schmidt, Eur. Phys. J. C39, 229 (2005). [18] J. L. Hewett, et al., JHEP 0409, 070 (2004).

[19] S. K. Gupta, P. Konar and B. Mukhopadhyaya, Phys. Lett. B606, 384 (2005). [20] K. Cheung and W. Y. Keung, Phys. Rev. D71, 015015 (2005); D. A. Demir, hep-ph/0410056. [21] E. J. Chun and S. C. Park, JHEP 0501, 009 (2005).

[22] K.Huitu, J. Laamanen, P.Roy and S.Roy, Phys.Rev.D72,055002 (2005). [23] M. Diaz and P. F. Perez, hep-ph/0412066; L. Senatore, hep-ph/0412103. [24] S. P. Martin, K. Tobe and J. Wells, hep-ph/0412424. [25] K. Huitu et al., hep-ph/0502052. [26] C. H. Chen and C. Geng, hep-ph/0502246. [27] D. Chang, W. Chang and W. Keung, hep-ph/0503055. [28] N. Deshpande and J. Jiang, hep-ph/0503116. [29] See, for example, L. Susskind, hep-th/0405189. [30] M. Dine, E. Gorbatov and S. Thomas, hep-th/0407043. [31] E. SIlverstein, hep-th/0407202. [32] U. Sarkar, hep-ph/0410104.

[33] V. Barger et al. ,Nucl. Phys. B705, 71 (2005). [34] B. Bajc and G. Senjanovic, hep-ph/0411193. [35] B. Kors and P. Nath, th/0411201.

[36] K. R. Dienes, E. Dudas and T. Gherghetta, hep-th/0412185. [37] A. Datta and X. Zhang, hep-ph/0412255. [38] P. C. Schuster, hep-ph/0412263.

[39] K. S. Babu, T. Enkhbat and B. Mukhopadhyaya, Nucl. Phys. B720, 47 (2005). [40] M. Drees, hep-ph/0501106.

[41] K. Cheung and C. Chiang, hep-ph/0501265. [42] N. Haba and N. Okada, hep-ph/0502213.

[43] B. Dutta and Y. Mimura, hep-ph/0503052. [44] P. Schuster, hep-ph/0412263.

[45] I. Antoniadis and S. Dimopoulos, hep-th/0411032. [46] J. Wells,Phys. Rev. D71, 015013 (2005).

[47] B. Mukhopadhyaya and S. SenGupta, Phys. Rev. D71, 035004 (2005). [48] P. Van Nieuwenhuizen, Phys. Rep.68, 191 (1981). [49] H. P. Nilles, Phys. Rep.110, 1 (1984). [50] E. Cremmer et al., Nucl. Phys.B212, 413 (1983). [51] J. Bagger, Nucl. Phys.B211, 302 (1983).

[52] E. Cremmer et al., Phys. Lett.79B, 231 (1978); Nucl .Phys. B147, 105 (1979). [53] R. Rohm and E. Witten, Ann. Phys. 170, 454 (1986). [54] G. Giudice and A. Masiero, Phys. Lett. B206, 480 (1988). [55] J. Casas and C. Munoz, Phys. Lett. B306, 288 (1993). [56] E. J. Chun, Phys. Lett. B348, 111 (1995).

[57] L. Hall, Y. Nomura, and A. Pierce, Phys. Lett. B538, 359 (2002). [58] P. Nath, hep-ph/0307123.

[59] L. Randall and R. Sundrum, Nucl. Phys. B557, 79 (1999).

[60] P.Majumdar, S.SenGupta, Phys.Lett.B203,400 (1988); Int.Journ.Mod.Phys.A6,41 (1991). [61] M.Dine, R.Rohm,N.Seiberg and E.Witten, Phys.Lett.B156, 55 (1985). [62] T.Taylor and G.Veneziano, Phys.Lett. B212, 147 (1988). [63] Pran Nath, Part.Nucl.Lett. 104 (2001) 7. [64] R. Arnowitt and P. Nath, Phys. Rev.D38, 1479(1988). [65] Phys. Rev. Lett. 62, 2225(1989).

[66] A.E. Farragi, Nucl. Phys. B428,111(1994);hep-ph/0011006. [67] J.C. Pati, Phys. Lett.B388, 532(96).

[68] J. Ellis, A.E. Faraggi and D.V. Nanopoulos, Phys. Lett.419, 123(1998).

[69] K.R. Dienes, E. Dudas and T. Ghergetta, Phys. Lett. B436,(1998)55; Nucl. Phys. B537, (1999)47.

[70] D. Gilencea and G.C. Ross, Phys. Lett. B442, 165(1998). [71] A. Delgado and A. Quiros, Nucl. Phys. B559, 235(1999). [72] A. Perez-Lorenzana and R.N. Mohapatra, Nucl. Phys.B559,255(1999). [73] K. Huitu and T. Kobayashi, Phys. Lett.B470, 90(1999). [74] D. Dumitru and S. Nandi, Phys. Rev. D62, 046006(2000).