hep-ph/9906397 16 Jun 1999

BA-99-51

LOW ENERGY CONSEQUENCES FROM SUPERSYMMETRIC MODELS WITH LEFT-RIGHT SYMMETRY

Shaaban Khalil^{1,2} and Qaisar Shafi^1

1Bartol Research Institute, University of Delaware Newark, DE 19716.

2Ain Shams University, Faculty of Science, Cairo 11566, Egypt.

ABSTRACT

We consider several low energy consequences arising from a class of supersymmetric models based on the gauge groups SU(2)_L × SU(2)_R × U(1)_{B−L} and SU(4)_C × SU(2)_L × SU(2)_R in which the gauge hierarchy and μ problems have been resolved. There are important constraints on the MSSM parameters tan β(≃ m_t/m_b), B and μ, and we discuss how they are reconciled with radiative electroweak breaking. We also consider the ensuing sparticle and Higgs spectroscopy, as well as the decays b → sγ and μ → eγ. The latter process may be amenable to experimental tests through an order of magnitude increase in sensitivity.

Date: June 16, 1999. 1

1. Introduction

In a couple of recent papers [1, 2], the minimal supersymmetric standard model (MSSM) arose from the low energy limit of a special class supersymmetric models based on SU(3)_C × SU(2)_L × SU(2)_R × U(1)_{B−L} [3] and SU(4)_C × SU(2)_L × SU(2)_R [4]. By imposing a suitable R-symmetry, U(1)_R, which contains the unbroken Z_2 ‘matter’ parity of MSSM, it was shown that this class of models has some interesting ‘low energy’ consequences. For instance, the magnitude of the supersymmetric μ-term of MSSM gets related to the supersymmetry (SUSY) breaking scale m_{3/2}. The Bμ term of MSSM is also generated and found to be of order m^2_{3/2}, while the MSSM parameter tan β ≃ m_t/m_b, where m_t and m_b are the top and bottom quark masses respectively. The apparent stability of the proton (τ_p > 10^{32} − 10^{33} yrs.) is understood to be a consequence of an ‘accidental’ global U(1)_B symmetry. The SU(4) × SU(2)_L × SU(2)_R model also suggest the existence of ‘heavy’ charge ±e/6 (colored) and ±e/2 (color singlet) states.

Motivated by these results we propose to investigate additional ‘low energy’ implications of these left-right symmetric models. In particular, we would like to focus on the important issues of radiative electroweak (EW) breaking, sparticle and Higgs spectroscopy, composition of the lightest supersymmetric particle (LSP), and implications of the radiative processes b → sγ and μ → eγ. Since tan β(≃ m_t/m_b) is large and the parameter Bμ is also constrained, the requirement of radiative EW breaking turns out to be non-trivial. In particular, non-universal soft SUSY breaking terms and some deviation from the minimal Kähler potential must be considered. The requirement that SUSY correction to the bottom (b) quark mass should not be excessive (≤ 20%) imposes additional constraints on the parameters of the model.

The plan of the paper is as follows. In the next section (2), we briefly describe the underlying left-right symmetric models, the mechanism for resolving the μ-problem, and the origin of the Bμ term. We also discuss deviations from Refs. [1, 2] needed to obtain a B term that is consistent with radiative EW breaking. In section (3) the EW symmetry breaking is discussed in detail, while constraints arising from the b-quark mass are taken up in section (4). Section (5) deals with the ensuing SUSY spectrum as well the composition of the LSP. The corresponding Higgs spectroscopy is briefly considered in section (6). Sections (7) and (8) focus on the radiative processes b → sγ and μ → eγ respectively. Our conclusions are summarized in section (9).

2. The Model

For definiteness, we will take the underlying symmetry group to be G = SU(4)_C × SU(2)_L × SU(2)_R and follow the notation used in Ref. [1]. The breaking of G at the GUT scale (M_{GUT} ) to SU(3)_C × SU(2)_L × U(1)_Y is achived by introducing non-zero vacuum expectation values (VEVs) for the Higgs superfields H and H̄, which transform under G as: H = (4, 1, 2), H̄ = (¯4, 1, ¯2). (1)

The MSSM Higgs doublets are contained in the representation h of G, where

h = (1, 2, 2). (2)

A color sextet superfield D = (6, 1, 1) is also included to ensure that the ‘low energy’ particle sector coincides with that of MSSM. Finally, the quarks and leptons belong to the (4, 2, 1)_i +(¯4, 1, 2)_i representations of G, where i = 1, 2, 3 denotes the generation index.

The superpotential of the minimal G model is given by (after imposing a suitable U(1)_R symmetry) [1, 2],

W = S[κ(H̄H − M^2) + λh^2] + λ_H DHH + λ¯_H DH̄H̄

+ λ_{33}F̄_3F_3h + λ_{ij}F̄_iF_jh (H̄H)^n M^{2n}_P + λ_{νij} F̄_iF̄_jHH M_P , (3)

where S denotes a gauge singlet superfield, the parameters κ, λ and M can be taken to be real and positive, and h^2 denotes the unique bilinear invariant ϵ^{ab}h^{(1)}a h^{(2)}_b . Also, M_P (≃ 2.4 × 10^{18} GeV) denotes the ‘reduced’ Planck mass. The Higgs fields develop VEVs, |⟨H⟩| = |⟨H̄⟩| ≃ M, which lead to the symmetry breaking

SU(4)_C × SU(2)_L × SU(2)_R → SU(3)_C × SU(2)_L × U(1)_Y . (4)

Note that supersymmetry is unbroken at this stage. The inclusion of soft SUSY breaking terms will induce an expectation value (proportional to m_{3/2}), namely ⟨S⟩ = − A_κ − A_1 2κ^2

. (5)

Here and throughout, as is customary, the scalar components of the superfields are denoted by the same symbols as the corresponding superfields. A_κ and A_1 denote the coefficients of the soft trilinear and linear terms that contain S. This means that the λ⟨S⟩h^2 term in eq. (3) provides an effective MSSM μ parameter of the correct order of magnitude. With A_κ = κAm_{3/2}, A_1 = κ(A − 2)m_{3/2} (minimal supergravity), μ = − λ κ m_{3/2}. (6) Furthermore, the bilinear term is given by B = 2m_{3/2}. (7) This model implies Yukawa unification for the third family (see eq.(3)), which leads to a large top mass m_t > 165 GeV and tan β ∼ m_t/m_b [5]. The first and second family Yukawa couplings, as well as mixings, eventually must be generated by non-renormalisable operators and/or the inclusion of additional states. We will not address this important issue here.

Since tan β ≫ 1, it is necessary to employ non-universal soft SUSY breaking to satisfy the EW breaking conditions [6]. However, it turns out that, even with non-universal soft SUSY breaking, the condition sin 2β = 2Bμ m^2_{H1} + m^2_{H2} + 2μ^2 (8) cannot be satisfied with the value of B at M_{GUT} of order 2m_{3/2}. We can modify the value of B as follows. Consider the relevant superpotential terms, namely δW = S[κ(H̄H − M^2) + λh^2], (9) which leads to the potential

δV = |κ(H̄H − M^2) + λh^2|^2 + |S|^2(κ^2|H̄|^2 + κ^2|H|^2 + λ|h|^2) + m_{3/2}(|S|^2 + |H̄|^2 + |H|^2 + |h|^2) + (A_κSH̄H + A_λSh^2 − A_1SM^2 + h.c). (10) We now depart from the minimal Kähler potential considered in Ref. [2] by assuming non-universality between the trilinear couplings A_λ and A_κ, namely we assume A_κ = κAm_{3/2}, (11) A_λ = λA^′m_{3/2}, (12) but keep the assumption A_1 = κ(A − 2)m_{3/2}. (13) Then, we still have ⟨S⟩ = −m_{3/2}/κ, and μ = −^λ_κ m_{3/2}.

The bilinear coupling Bμ is given by

Bμ = λF^∗_S + A_λS. (14)

Since

F^∗_S = − 1 κ (κ^2|S|^2 + m^2_{3/2}) − 1 κ A_κS, (15)

we find that Bμ = −2 λ κ m^2_{3/2} + λ κ (A − A^′)m^2_{3/2}, (16)

so that

B = (2 − (A − A^′)) m_{3/2}. (17)

For A > A^′, we can have B < m_{3/2}, which is needed to realize the EW breaking scenario in the large tan β case.

3. Electroweak Symmetry breaking

The phenomenological aspects of models with large tan β can be quite different from those with small tan β values. In particular, radiative EW symmetry breaking is an important issue. This has been discussed under the assumption of universal soft SUSY breaking parameters in Ref. [7, 8]. In the large tan β scenario the mass squared parameters for the down (up) sector Higgs H_1 (H_2) run from the higher energy scale M_{GUT} to the weak scale M_Z in very similar ways if these masses are universal at M_{GUT} . This is not conducive for successful EW symmetry breaking, especially in view of the above constraints on μ and B. Requiring non-universality at M_{GUT} such as

m^2_{H1} > m^2_{H2} , (18)

turns out to be favorable for symmetry breaking with large tan β. Also the trilinear coupling should be larger than the gaugino masses. Large values of the A parameter are crucial to reduce the value of B during the running from M_{GUT} to M_Z. Also, radiative breaking requires non-universality among the gaugino masses. As we will show in the next section, the supersymmetric correction to the bottom quark mass constrains the gluino mass to not be very heavy and therefore implies a constraint on M_3. The running of B imposes a constraint on M_2, while M_1 is essentially unconstrained. However, at the weak scale it turns out that in all cases we have M_1 < M_2 < M_3.

We will assume the following boundary conditions on the soft scalar masses at M_{GUT} :

m^2_{H1} = m^2_Q = m^2_U = m^2_D = m^2_{3/2}, m^2_{H2} = m^2_{3/2}(1 − δ), (19)

where values of δ of order unity are preferred by the electroweak symmetry breaking. As we will discuss in the next section, the SUSY corrections to the bottom mass require δ to be close 0.3. In this case we find that B is sufficiently small at the weak scale, which is very important for successful electroweak breaking with such large value of tan β. Figure (1) shows the running of B from M_{GUT} to M_Z.

Figure 1. Running of the bilinear term B from M_{GUT} to M_Z .

With the choice made in (19) the Higgs masses easily satisfy the constraint

m^2_{H1} − m^2_{H2} > M^2_Z . (20)

Moreover, from the electroweak breaking condition

μ^2 = m^2_{H1} − m^2_{H2} tan^2 β tan^2 β − 1

− M^2_Z /2, (21)

we can determine the factor λ/2κ (see eq.(6)).

4. SUSY correction to the bottom quark mass

It is well known [10] that in models with large tan β the bottom quark mass can receive a sizable SUSY correction. The dominant contributions are due to the sbottomgluino and stop-chargino loops. The tree level value of the bottom mass is m_b(M_Z ) = λ_b(M_Z )v cos β ≃ 3.3 GeV, to be compared with the ‘measured’ value [9]

m_b(M_Z ) = 2.67 ± 0.50GeV.

We therefore would like the SUSY corrections to be negative and ≤ 20%. In this section we estimate the SUSY corrections to m_b, and we are interested in finding regions of the parameter space which simultaneously allow small SUSY corrections and acceptable electroweak breaking.

The dominant contributions to the bottom quark mass δm_b are given by [10]

δm_b = μ tan β [ 2α_S 3π M_{g̃}I(m^2_{b̃1}, m^2_{b̃2} , M_{g̃}) + λ^2_t 16π^2

A_tI(m^2_{t̃1}, m^2_{t̃2}, μ^2) ] , (22)

where λ_t is the top Yukawa coupling and I(x, y, z) = − xy ln(x/y) + yz ln(y/z) + zx ln(z/x) (x − y)(y − z)(z − x) . The sign of δm_b is the same as the sign of μ. Since we require a negative SUSY correction to reduce the tree level value (≃ 3.3 GeV) of m_b, we must choose μ < 0. The first contribution to δm_b in eq.(22) is the dominant one. For SUSY corrections to remain small (≤ 20%), the gluino mass and μ should not be too large. The experimental lower limit on the gluino mass is about 150 GeV, and so a plausible solution is to have μ small. In fact this can be achieved for δ ≤ 0.3. It is important to mention that for δ ≤ 0, the EW breaking conditions are not satisfied. In Figure (2) we see that μ ≪ m_{q̃} for δ ≤ 0.3 (μ ≃ 50 GeV corresponds to m_{q̃} ≃ 300 GeV). We also find that the corresponding values of δm_b for this region of the parameter space are less than 20%.

5. SUSY spectrum and the LSP

In this section we investigate the SUSY spectrum in this class of large tan β models arising from the parameter space that also lead to successful EW breaking and small SUSY correction to the mass of the bottom quark. As mentioned above, non-universality between the gaugino masses is preferred for EW breaking and other phenomenological aspects.

Figure 2. The value of μ versus the parameter (1 − δ)

From the correction to m_b we have the constraint that the gluino mass should be comparable (more or less) to the experimental limit, and μ should be small. This, as we will see, has important implications for phenomenology and cosmology of these models. We observe that with M_1 < M_2 < M_3 at M_{GUT} , the value of M_1 is quite low due to the constraint on M_3. This implies masses for the lightest neutralino (LSP) which are far below the experimental limit. To avoid this we must consider sufficiently large values for the gaugino masses (and hence m_{3/2} too). Note that M_2 is constrained to be small from the running of the bilinear term B, or else we need very large values of the trilinear coupling to reduce the value of B at M_Z . However, the experimental limit on the lightest chargino can impose a lower bound on the value of M_2. The gaugino mass M_1 is essential unconstrained. An interesting and viable region is given by M_3 < M_2 < M_1 at M_{GUT} . However, taking account of the different ‘running’, this again leads to M_1 < M_2 < M_3 at the weak scale M_Z .

In all of the above mentioned regions, and for m_{3/2} not too large, the LSP is expected to be Higgsino like since μ is small. For large values of m_{3/2}, μ becomes larger than M_1, and hence the LSP starts to be more bino like. Figure (3) shows the neutralino composition function f_g versus the neutralino mass, with

f_g = |N_{11}|^2 + |N_{12}|^2, (23) where N_{ij} is the unitary matrix that diagonalize the neutralino mass matrix. It relates the neutralino field χ^0_1 to the original ones, namely

χ^0_1 = N_{11}B̃ + N_{12}W̃^3 + N_{13}H̃^0_1 + N_{14}H̃^0_2 . (24)

Figure 3. The value of the neutralino composition function f_g versus the neutralino mass m_χ.

The model is characterized by heavy SUSY scalar masses and ‘light’ gaugino masses. For instance, when the chargino mass is of order the experimental bound, m_χ+ ≃ 90 GeV, the lightest scalar mass which corresponds to one of the stop squarks is ≃ 500 GeV. Furthermore, the right selectron turns out to be the lightest slepton, with a lower bound ∼ 500 GeV. The positivity of the eigenvalues of the stau mass squared matrix is an important condition and usually imposes a severe constraint on models with large tan β [11]. The relevant matrix is ( m^2_{τ̃L} + M^2_Z cos 2β(−^1_2 + sin^2 θ_W ) vY_τ (A_τ cos β − μ sin β) vY_τ (A_τ cos β − μ sin β) m^2_{τ̃R} − M^2_Z cos 2β sin^2 θ_W ) , (25)

where v^2 = ⟨H_2⟩^2 + ⟨H_1⟩^2. In the case of large tan β the tau Yukawa coupling is large and hence the off diagonal elements relative to the diagonal elements cannot be ignored. This could lead to a negative eigenvalue. However, with m^2_{τ̃L} and m^2_{τ̃R} of order m^2_{3/2} at M_{GUT} , it turns out that this is not the case and even the lowest eigenvalue of this matrix is larger than the mass squared of the right selectron.

6. Higgs spectrum

In the limit λ = κ, the superpotential W = κS[(HH̄ −M^2)+h^2] has an accidental U(4) symmetry under which (H, h^{(1)}) ∈ 4 and (H̄, εh^{(2)}) ∈ ¯4, i.e., they transform as the fundamental and antifundamental representation respectively. When H and H̄ acquire their VEV, the U(4) symmetry breaks to U(3). Hence, we expects seven ‘goldstone’ superfields, only three of which are true goldstone superfields that are absorbed by the massive gauge superfields. The remaining four superfields correspond to the physical state h^{(1)} and h^{(2)}. This accidental symmetry of the superpotential is broken when supersymmetry is broken, so that h^{(1)} and h^{(2)} are ‘psuedogoldstone’ bosons. For λ ≠ κ the U(4) symmetry is explicitly broken in the superpotential and the above arguments must be reconsidered.

The lightest Higgs scalar (h^0) has the well-known mass at tree level,

m^2_h0 = 1 2 (m^2_A + m^2_Z − √ (m^2_A + m^2_Z)^2 − 4m^2_Z m^2_A cos^2 2β), (26)

where

m^2_A = m^2_{H1} + m^2_{H2} + 2μ^2. (27)

For tan β ≃^{mt}_{mb} , eq.(26) gives m_h0 ≃ m_Z. However, one loop corrections [12] can increase this by about (40-60) GeV, while two loop corrections [13] can lower the value by approximately 10 GeV (see also [14]).

Since the value of μ is quite constrained, we expect that the neutral pesudoscalar Higgs boson A, whose mass m_A is given in eq.(27), is not too heavy. Indeed we find that m_A ≃ 100 GeV for m_{3/2} ≃ 500 GeV. However, h^0 turns out to be the lightest supersymmetric Higgs. In Figure 4 we display the correlation between the masses of h^0 and A.

One could expect that in the region where m_A is of order O(100) GeV, the charged Higgs boson mass is of the same magnitude,

m^2_H� = m^2_Z + m^2_A,

which may lead to a large value for the branching ratio of b → sγ. However, the chargino mass in this model is very close to the experimental bound, so that we have a large chargino contribution which gives rise to destructive interference with the SM and charged

Figure 4. Correlation of masses of the lightest and psuedoscalar Higgses

Higgs contributions, as will be explained in the next section. Hence, a relatively light psuedoscalar Higgs is allowed.

7. Constraints from b → sγ

In this section we focus on the constraints on the parameter space which arise from the decay b → sγ. The CLEO experiment [15] has confirmed that 1 × 10^{−4} < BR(b → sγ) < 4 × 10^{−4}. In supersymmetric models there are three significant contributions to the total amplitude, namely from the W -loop, charged Higgs loop and the chargino loop. The inclusive branching ratio for b → sγ is given by R = BR(b → sγ) BR(b → ceν̄) . (28)

The computation of R yields [16] R = | V^∗_{ts}V_{tb} |^2 | V_{cb} |^2 6α_{em} π [η^{16/23}A_γ +^8_3 (η^{14/23} − η^{16/23})A_g + C]^2 I(x_{cb})[1 −^2_{3π} α_S (m_b)f(x_{cb})]

. (29)

Here, η =^{αS(mW )}_{αS(mb)} , and C represents the leading-order QCD corrections to b → sγ amplitude at the scale Q = m_b [17]. The function I(x) is given by

I(x) = 1 − 8x^2 + 8x^6 − x^8 − 24x^4 ln x,

where x_{cb} =^{mc}_{mb} , and f(x) is a QCD correction factor, with f(x_{cb}) = 2.41. The amplitude A_γ is from the photon penguin vertex, the amplitude A_g is from the gluon penguin vertex, and they are given in Ref. [16]. It was shown in MSSM [16], and in models with dilaton dominated SUSY breaking [18] that with tan β ≃ 2, the chargino contribution gives rise to a destructive interference with SM contribution and charged Higgs (H^+) contribution, but it is generally smaller than the latter. This leads to a severe constraint on the parameter space of these models. It was also realized that the constraint is less severe if the soft terms are non-universal. In the moduli-dominant SUSY breaking model [19] it was shown that the chargino contribution gives rise to substantial destructive interference with SM and H^+ amplitude, so that the branching ratio of b → sγ is less than the SM value.

In figure (5) we show that we have a similar situation here since the model is characterized by ’not too large’ guagino masses. Therefore, the chargino contribution which is inversely proportional to its mass square becomes significant. This result is quite interesting since, as pointed out in [20], the SM prediction is above the CLEO measurement at the 1σ level. Hence, any new physics beyond the SM should provide destructive interference with the SM amplitude and our model has this feature.

Figure 5. The branching ratio of b → sγ versus the lightest chargino mass. The horizontal lines at 1×10^{−4} and 4×10^{−4} correspond to the experimental bounds.

It is important to note that for m_χ+ ≃ 200 GeV the gravitino mass m_{3/2} is of order 1.5 TeV. Furthermore, for this value of m_{3/2} the signs of the quantity M^2_2 − μ^2 − 2M^2_W cos 2β as well as the chargino contribution are reversed. Thus, destructive interference from the chargino contribution now corresponds to the case μ > 0 (instead of μ < 0). However, from δm_b < 0, we obtained the constraint that μ should be negative. Therefore, from the supersymmetric correction to the bottom quark mass and the experimental bound on the branching ratio of the b → sγ we find an upper bound on m_{3/2} of about 1.5 TeV.

8. Enhancement of μ → eγ at large tan β

Lepton flavor violation (LFV) is considered a significant prediction of many supersymmetric models and provides a sensitive probe of physics beyond the standard model. In this section we show that with tan β ≃ m_t/m_b the LFV process μ → eγ may be enhanced in the class of models under discussion and presumably amenable to ongoing and planned experminets.

This result can be understood as follows. After symmetry breaking we can write the superpotential in (3) as

W = W_{MSSM} + λ_{νi}V^{ij}_{νCKM} N̄_iL_j H_2 + M^{ij}_{νR}N̄_iN̄_j . (30)

Here, i, j = 1, ..., 3 are the generation indices, and the superfields L and N̄ represent the leptons (ν_L, e_L) and ν^c_R respectively. The lepton sector has a mixing matrix V_{νCKM} analogous to the CKM matrix in the quark sector, which contributes to lepton flavor violation. In particular, the off-diagonal components of the matrices m^2_ẽ, m^2_{l̃} and A_l are the sources for LFV.

In our model, the amplitude of the photino contribution is given in terms of the mass insertion δ^l_{AB} defined by δ^l_{AB} =^{ΔlAB}_{m̃2} , where m̃ is an average slepton mass and Δ^l denote the off-diagonal terms in the slepton mass matrices. The mass insertion to accomplish the transition from l̃_i to l̃_j is given by [21]

(Δ^l_{LL})_{ij} ≃ − 1 8π^2 λ^2_{ν3}(V^†_{νCKM} )^{i3}V^{3j}_{νCKM} (3m^2_{3/2} + A^2) ln( M_{GUT} M_{νR} ), (31)

(Δ^l_{LR})_{ij} ≃ − 1 8π^2 λ^2_{ν3}(V^†_{νCKM} )^{i3}V^{3j}_{νCKM} λ_{lj} vA ln( M_{GUT} M_{νR} ), (32)

(Δ^l_{RL})_{ij} = (Δ^l_{LR})^†_{ij}, (33) (Δ^d_{RR})_{ij} = 0. (34)

Here the neutrino Yukawa coupling constants except for λ_{ν3} are ignored. Since Δ^l_{LR} is proportional to λ_lv = m_l/ cos β this quantity, and hence the branching ratio, is enhanced for large tan β. The branching ratio for the process μ → eγ is given by [22] BR(μ → eγ) = α^3 G^2_F 12π m^4_{l̃} [ |M_3(x)(δ^l_{21})_{LL} + m_{γ̃} m_l M_1(x)(δ^l_{21})_{LR}|^2 + L ↔ R ] BR(μ → eνν̄), (35) where x =^{mγ̃}_{ml̃} , and the functions M_1(x) and M_3(x) are given by

M_1(x) =

1 + 4x − 5x^2 + 4x ln(x) + 2x^2 ln(x) 2(1 − x)^4

, (36)

M_3(x) =

−1 + 9x + 9x^2 − 17x^3 + 18x^2 ln(x) + 6x^3 ln(x) 12(x − 1)^5

. (37)

From eqs.(31-34) the branching ratio depends on the neutrino Yukawa couplings. Several forms for these Yukawa matrices were studied in the supersymmetric SU(4)_C × SU(2)_L × SU(2)_R model [23]. Here we consider the ansatz given in Ref.[24] which is compatible with the solar and the atmospheric neutrino data. It remains to be seen whether this ansatz or some form close to it can be realized in the present scheme which contains U(1)_R symmetry.

In Figure (6) we exhibit the branching ratio BR(μ → eγ) versus the chargino mass. It is interesting that the predicted values of the branching ratio are very close to the experimental bound, and even for very heavy sleptons only about one order of magnitude below the current limits.

Figure 6. The branching ratio BR(μ → eγ) versus the lightest chargino mass

9. conclusions

We have studied the low energy consequences of a class of supersymmetric models with left-right symmetry, in particular the SU(4)_C ×SU(2)_L ×SU(2)_R scheme. In these models the gauge hierarchy and μ problems are first resolved and tan β is constrained to be of order m_t/m_b. We have shown that non-universality between m^2_{H1} and m^2_{H2} is favorable for successful EW symmetry breaking. On the other hand, the requirement that SUSY corrections to the bottom quark mass should not be exceed 20% gives strong constraints on the allowed parameter space, namely it leads to μ < 0 and not too large, while the gluino mass should be of order the experimental bound.

We have investigated the SUSY spectrum in this class of large tan β models. It turns out that the lightest chargino and neutralino are almost gaugino-like for large (∼ T eV ) values of m_{3/2}, and they become more Higgsino-like if m_{3/2} is not too large, since in this region μ is small. Furthermore, we have shown that the lightest Higgs mass is of order 120 GeV, and the neutral pesudoscalar Higgs boson A is not too heavy(∼ O(100) GeV).

We also examined the radiative process b → sγ. This process imposes the constraint that the gravitino mass to be less than 1.5 TeV. Finally, we find that the LFV process μ → eγ is expected to be enhanced due to the large value of tan β.

Acknowledgments We would like to thank G.Dvali for useful discussions. S.K. would like to acknowledge the financial support provided by the Fulbright Commission and the hospitality of the Bartol Research Institute. Q.S. is supported in part by DOE Grant No. DE-FG02- 91ER40626, and by Nato contract number CRG-970149.

References

[1] S. King and Q. Shafi, Phys. Lett. B 422 (1998) 135. [2] G. Dvali, G. Lazarides and Q. Shafi, Phys. Lett. B 424 (1998) 259. [3] R. Mohapatra and J. Pati, Phys. Rev. D 11 (1975) 566;

G. Senjanovic and R. Mohapatra, Phys. Rev. D 12 (1975) 1502; G. Senjanovic , Nucl. Phys. B 153 (1979) 334;

M. Magg, Q.Shafi and C. Wetterich, Phys. Lett. B 87 (1979) 227. [4] J. Pati and A. Salam, Phys. Rev. D 10 (1974) 275.

[5] B. Ananthanarayan, G. Lazarides and Q. Shafi, Phys. Rev. D 44 (1991) 1613. [6] S. Khalil and T. Kobayashi, Nucl. Phys. B 526 (1998) 99, and references therein. [7] B. Ananthanarayan, G. Lazarides and Q. Shafi, Phys. Lett. B 300 (1993) 245;

B. Ananthanarayan and Q. Shafi, Phys. Rev. D 54 (1996) 3488; R. Rattazzi and U. Sarid; Phys. Rev. D 53 (1996) 1553;

[8] M. Carena, M.Olechowski, S.Pokorski and C.Wagner, Nucl. Phys. B 426 (1994) 269. [9] S. Marti i Gracia, J. Fuster and S. Cabrera, Nucl. Phys. (Proc. Suppl.)B 64 (1998) 376. [10] L. Hall, R. Rattazzi and U. Sarid, Phys. Rev. D 50 (1994) 7048;

R. Hempfling, Phys. Rev. D 49 (1994) 6168.

[11] Y. Kawamura, T. Kobayashi and H. Shimabukuro, Phys. Lett. B 436 (1998) 108. [12] H. Haber and R. Hempfling, Phys. Rev. Lett. 66 (1991) 1815;

Y. Okada, M. Yamaguchi and T. Yanagida, Prog. Theor. Phys. 85 (1991) 1; J. Ellis, G. Ridolfi and F. Zwirner, Phys. Lett. B 257 (1991) 83; Phys. Lett. B 262 (1991) 477; R. Barbieri and M. Frigeni, Phys. Lett. B 258 (1991) 395;

M.Carena, J.R.Espinosa,M.Quiros and C.E.Wagner, Phys. Lett. B 355 (1995) 209; M.Carena, M.Quiros and C.E.Wagner, Nucl. Phys. B 461 (1996) 407.

[13] S. Heinemeyer, W. Hollik and G. Weiglein, hep-ph/9812472; [14] S. Khalil, A. Masiero and Q.Shafi, Phys. Lett. B 397 (1997) 197. [15] M. Alam et al., Phys. Rev. Lett. 74 (1995) 2885 [16] S. Bertolini, F. Borzumati, A. Masiero and G. Ridolfi, Nucl. Phys. B 353 (1991) 591;

R.Barbieri and G.F. Giudice, Phys. Lett. B 309 (1993) 86 N.Osimo, Nucl. Phys. B 404 (1993) 20; R.Garisto and J.N. Ng Phys. Lett. B 315 (1993) 372; B.de Carlos, J.A. Casas, Phys. Lett. B 349 (1995) 300.

[17] S. Bertolini, F. Borzomati and A. Masiero, Phys. Rev. Lett. 59 (1987) 180;

N. Deshpande, P. Lo, J. Trampetic, G. Eilam, and P. Singer, Phys. Rev. Lett. 59 (1987) 183;

B. Grinstein, R. Springer, and M .Wise Phys. Lett. B 202 (1988) 138; R. Grigjanis et al Phys. Lett. B 213 (1988) 355;

M. Misiak Phys. Lett. B 269 (1991) 161; M. Misiak , Nucl. Phys. B 393 (1993) 23; M.Ciuchini, E.Franco, G.Martinelli and L.Silvestrini Phys. Lett. B 316 (1993) 127; G.Cella, G.Curci, G.Ricciardi and A.Vicere Phys. Lett. B 325 (1994) 227.

[18] S. Khalil, A. Masiero and Q. Shafi, Phys. Rev. D 56 (1997) 5754.

[19] Y. Kawamura, S. Khalil and T. Kobayashi, Nucl. Phys. B 502 (1997) 37.

[20] K. Chetyrkin, M. Misiak and M. Munz, Phys. Lett. B B400 (1997) 206. [21] J. Hisano, D. Nomura, Y. Okada, Y. Shimizu and M. Tanaka, Phys. Rev. D 58 (1998) 116010;

J. Hisano, T. Moroi, K. Tobe, and M. Yamaguchi, Phys. Rev. D 53 (1996) 2442

[22] F. Gabbiani, E. Gabrielli, A. Masiero and L. Silvestrini, Nucl. Phys. B 477 (1996) 321

[23] B. Allanach and S. King, Nucl. Phys. B 459 (1996) 75;

B. Allanach and S. King, Phys. Lett. B 353 (1995) 477

[24] K.Babu, B.Dutta and R.Mohapatra, hep-ph/9904366;

K.Babu, J.Pati and F.Wilczek hep-ph/9812538.