arXiv:hep-ph/0702020v2 11 Apr 2007

On the possible resolution of the B-meson decay polarization anomaly in R-parity violating SUSY

Amand Faessler^1, Thomas Gutsche^1, J.C. Helo^2, Sergey Kovalenko^2, Valery E. Lyubovitskij^{1 ∗}

1 Institut für Theoretische Physik, Universität Tübingen, Auf der Morgenstelle 14, D-72076 Tübingen, Germany

2 Centro de Estudios Subatómicos(CES), Universidad Técnica Federico Santa María, Casilla 110-V, Valparaíso, Chile

(Dated: April 11, 2007)

We examine the possible resolution of the recently observed polarization anomaly in B^0(B̄^0) → ϕK^{∗0}(K̄^{∗0})-decay within R-parity violating (Rp/ ) SUSY. We show that a combination of the superpotential trilinear Rp/ -interactions, with the couplings λ^′, and the soft SUSY breaking bilinear Rp/ sneutrino-Higgs mixing, proportional to μ̃^2, can potentially generate the effective operators with the chirality structure necessary to account for this anomaly. However, we demonstrate that the existing experimental data on Bs → μ^+μ^−-decay lead to stringent upper limits on the Wilson coefficients of these operators, which are about two orders of magnitude below the values required for the resolution of the B-decay polarization anomaly, and, therefore, it can hardly be explained within the Rp/ SUSY framework.

As a byproduct result of our analysis we derive new limits on the products of the soft bilinear and the superpotential trilinear Rp/ -parameters of the form μ̃^2λ^′.

PACS numbers: 12.39.Fe, 11.30.Er, 13.40.Em, 14.20.Dh, 12.60.Jv Keywords: B-meson, CP-violation, polarization anomaly, effective operators, supersymmetry, new physics

∗ On leave of absence from Department of Physics, Tomsk State University, 634050 Tomsk, Russia

I. INTRODUCTION

Now it is widely recognized that B-mesons offer powerful means for testing the standard model (SM) and probe physics beyond its framework. Recently, remarkable progress has been achieved in experimental and theoretical studies of B-physics. One of the most important experimental results of the last years in this field was, certainly, the discovery of CP violation in the B-system. The running B-experiments [1] at BABAR, BELLE, CDF, D0 and CLEO have also collected a large statistics on various decay modes of B-mesons some of which seem to be quite challenging for the SM.

The BABAR [2] and BELLE [3] Collaborations reported experimental data on B-meson decay to a pair of light vector mesons: B → V V where V = ρ, ϕ, K^∗. An intriguingly large transverse polarization fraction comparable to the longitudinal one has been observed in the B^0(B̄^0) → ϕK^{∗0}(K̄^{∗0})-decay channel. This result has been recently confirmed by the CDF collaboration [4] as well. This polarization anomaly is hard to be explained within the SM and may indicate some new physics. As is known, the SM predicts for the helicity amplitudes of B^0 → ϕK^{∗0} the following ratios [5, 6]: H_{00} : H_{−−} : H_{++} ∼ O(1) : O(1/m_b) : O(1/m^2_b ), where H_{00} corresponds to the final vector mesons in the longitudinal polarization state, while H_{++}, H_{−−} in the transverse positive and negative one. This SM result is in an obvious disagreement with the BABAR [2], BELLE [3] and CDF [4] observations, demonstrating that |H_{++} ± H_{−−}|^2 ≈ |H_{00}|^2.

In the literature various efforts have been undertaken to account for the polarization anomaly from the view point of the SM [6, 7] and in various scenarios of new physics beyond the SM [8, 9]. In Ref. [9] a model independent analysis of the B-decay polarization anomaly has been carried out on the basis of the effective Lagrangian approach. Two sets of effective ΔB = 1 operators necessary for the resolution of this anomaly have been identified. In addition from the experimental data [2, 3] the corresponding values of their Wilson coefficients have been determined. These two sets of operators have the following chirality structure: (i) (1 − γ_5) ⊗ (1 − γ_5), σ(1 − γ_5) ⊗ σ(1 − γ_5) and (ii) (1 + γ_5) ⊗ (1 + γ_5), σ(1 + γ_5) ⊗ σ(1 + γ_5).

In the present paper we use this model independent result in order to examine the ability of R-parity violating SUSY (R_p/ SUSY) to resolve the above discussed polarization anomaly in B^0(B̄^0) → ϕK^{∗0}(K̄^{∗0})-decay. In Sec. 2 we specify the effective ΔB = 1 operators satisfying the polarization Anomaly Resolution Criteria (pARC). In Sec. 3 we determine these operators in the context of R_p/ SUSY and derive their Wilson coefficients. In Sec. 4 we study experimental limits on these Wilson coefficients from the existing B_s → μ^+μ^− data and discuss the compatibility of the pARC with these limits.

II. CRITERIA FOR RESOLUTION OF THE POLARIZATION ANOMALY

The effective Hamiltonian H describing B̄^0 → ϕK̄^{∗0} with ΔB = 1 can be written in the form:

H_{ΔB=1} = H^{SM}_{ΔB=1} + H^{NP}_{ΔB=1} = G_F √ 2 14∑ i=1 c_i(μ) · O_i(μ) + G_F √ 2 44∑ i=15

c_i(μ) · O_i(μ) + H.c. , (1)

where c_i(μ) are the Wilson coefficients evaluated at the renormalization scale μ ∼ m_b. The first 14 terms correspond to the penguin-dominated SM contributions H^{SM}_{ΔB=1} listed in Ref. [10], the last 30 terms H^{NP}_{ΔB=1} appear in the presence of new physics (NP). In Ref. [9] it was shown that out of the 30 NP-operators only the following operator set

O_{15} = s̄_αP_Rb_α · s̄_β P_Rs_β , O_{16} = s̄_αP_Rb_β · s̄_β P_Rs_α, (2) O_{17} = s̄_αP_Lb_α · s̄_β P_Ls_β , O_{18} = s̄_αP_Lb_β · s̄_β P_Ls_α, (3) O_{23} = s̄_ασ^{μν} P_Rb_α · s̄_β σ_{μν} P_Rs_β, O_{24} = s̄_ασ^{μν} P_Rb_β · s̄_β σ_{μν} P_Rs_α, (4) O_{25} = s̄_ασ^{μν} P_Lb_α · s̄_β σ_{μν} P_Ls_β , O_{26} = s̄_ασ^{μν} P_Lb_β · s̄_β σ_{μν} P_Ls_α, (5)

satisfies the polarization Anomaly Resolution Criteria (pARC) [9], allowing one to possibly solve the polarization anomaly in B^0(B̄^0) → ϕK^{∗0}(K̄^{∗0})-decay. Here, α and β are the color indices. In what follows we denote the set of operators in Eqs. (2)-(5) as pARC operators. In Ref. [9] it was noted that the (pseudo-)scalar operators O_{15−18} can be expressed in the basis of (pseudo-)tensor operators O_{23−26} by Fierz transformation

O_{15} = 1 12 O_{23} − 1 6 O_{24}, O_{16} = 1 12 O_{24} − 1 6 O_{23}, (6)

O_{17} = 1 12 O_{25} − 1 6 O_{26}, O_{18} = 1 12 O_{26} − 1 6 O_{25}. (7)

The contributions of the operators O_{15−26} to the helicity amplitudes of B̄^0 → ϕK̄^{∗0}-decay can be calculated within the QCD factorization (QCDF) approach in terms of the corresponding Wilson coefficients and hadronic form factors. In this approach the helicity amplitudes take the form [6, 9] H̄_{00} = −4if^T_ϕ m^2_B (ã_{23} − ã_{25}) [h_2T_2(m^2_ϕ) − h_3T_3(m^2_ϕ)] , (8) H̄_{±±} = −4if^T_ϕ m^2_B {ã_{23} [±f_1T_1(m^2_ϕ) − f_2T_2(m^2_ϕ)] + ã_{25} [±f_1T_1(m^2_ϕ) + f_2T_2(m^2_ϕ)]} . (9)

Here the ϕ-meson tensor decay constant f^T_ϕ and the form factors of the B̄ − K̄^∗ transition are defined as ⟨ϕ(q, ϵ_1)|s̄σ^{μν} s|0⟩ = −if^T_ϕ (ϵ^{μ∗}_1 q^ν − ϵ^{ν∗}_1 q^μ), (10) ⟨K̄^∗(p^′, ϵ_2)|s̄σ_{μν} q^ν (1 + γ_5)s|B̄(p)⟩ = 2iϵ_{μνρσ} ϵ^{ν∗}_2 p^ρp^{′σ} T_1(q^2) + T_2(q^2)[ϵ^∗_{2μ}(m^2_B − m^2_K∗ )

− (ϵ^∗_2 · p)(p + p^′)_μ] + T_3(q^2)(ϵ^∗_2 · p) [ q_μ − q^2(p + p^′)_μ m^2_B − m^2_K∗ ] , (11)

with q = p − p^′ and m_B = 5.279 GeV, m_K∗ = 0.892 GeV, m_ϕ = 1.019 GeV being the masses of the B, K^∗ and ϕ mesons, respectively. The kinematical factors in Eqs. (8) are:

f_1 = 2p_c m_B , f_1 = m^2_B − m^2_K∗

m^2_B

, (12)

h_2 = 1 2m_K∗ m_ϕ [ (m^2_B − m^2_ϕ − m^2_K∗ )(m^2_B − m^2_K∗ ) m^2_B

− 4p^2_c ] , (13)

h_3 = 1 2m_K∗ m_ϕ 4p^2_c m^2_ϕ m^2_B − m^2_K∗

, (14)

where p_c is the momentum of the ϕ or K^∗ meson in the rest frame of the decaying B̄^0 meson. The effective coefficients in Eq. (8) are expressed in terms of the Wilson coefficients as [9]

ã_{23} = ( 1 + 1 2N_c ) ( c_{23} + 1 12 c_{15} − 1 6 c_{16} ) + ( 1 N_c + 1 2 ) ( c_{24} + 1 12 c_{16} − 1 6 c_{15} ) + nonfact. , (15)

ã_{25} = ( 1 + 1 2N_c ) ( c_{25} + 1 12 c_{17} − 1 6 c_{18} ) + ( 1 N_c + 1 2 ) ( c_{25} + 1 12 c_{18} − 1 6 c_{17} ) + nonfact. (16)

The last terms in (15) and (16) indicate corrections due to deviations from the QCDF.

On the basis of the above equations in Ref. [9] there has been made an analysis of the experimental data obtained by BABAR [2] and BELLE [3] on the angular distribution in B^0(B̄^0) → ϕK^{∗0}(K̄^{∗0})-decay. It was shown that there are two theoretical scenarios which can separately account for the polarization anomaly of these data. Scenario (i): ã_{23} = 0 and

|ã_{25}| = 2.10^{+0.19}_{−0.12} × 10^{−4}, δ_{25} = 1.15 ± 0.09, ϕ_{25} = −0.12 ± 0.09 . (17)

Scenario (ii): ã_{25} = 0 and

|ã_{23}| = 1.70^{+0.11}_{−0.07} × 10^{−4}, δ_{23} = 2.36 ± 0.10, ϕ_{23} = 0.14 ± 0.09 . (18)

Here the following notations were used ã_{ij} = |ã_{ij} |e^{iδij} e^{iϕij} , identifying ϕ_{ij} and δ_{ij} with the weak (coming from the terms in Eq. (1)) and strong phases, respectively. The values of Eqs. (17) and (18) correspond to the best fit values for the combined data of BABAR [2] and BELLE [3]. In what follows we use these results as a criterion to assess if a particular model is able to resolve the polarization anomaly in question or not.

III. PARC OPERATORS IN Rp/ SUSY

In relation to the polarization anomaly in B̄^0 → ϕK̄^{∗0} we are studying the ΔB = 1 transitions on the quark level. Here we derive the effective Lagrangian describing these transitions within the minimal R_p/ SUSY model (R_p/ MSSM) and show that among the resulting set of operators there emerge the pARC operators O_{15} and O_{17}. In the generic case of R_p/ MSSM R-parity is violated by the following terms in the superpotential

W_{Rp/} = μ_j L_j H_2 + 1 2 λ_{ijk} L_iL_j E^c_k + λ̄^′_{ijk} L_iQ_j D^c_k + 1 2 λ̄^{′′}_{ijk} U^c_i D^c_j D^c_k, (19) and in the soft SUSY breaking part of the scalar potential

V^{soft}_{Rp/} = Λ_{ijk}L̃_iL̃_jẼ^c_k + Λ^′_{ijk}L̃_iQ̃_jD̃^c_k + Λ^{′′}_{ijk}Ũ^c_i D̃^c_jD̃^c_k + μ̃^2_jL̃_j H_2 + μ̃^2_{1j}L̃_j H^†_1 + H.c. (20)

In Eq. (19) L, Q stand for the lepton and quark doublet left-handed superfields, while E^c, U^c, D^c for the lepton and up, down quark singlet superfields; H_2 is the Higgs doublet superfields with a weak hypercharge Y = +1, respectively. In Eq. (20) L̃_i denotes the scalar slepton weak doublet, H_{1,2} are the scalar Higgs doublet fields. In the above equations the trilinear terms proportional to λ, λ̄^′, Λ, Λ^′ and the bilinear terms violate lepton number, while the trilinear terms proportional to λ̄^{′′}, Λ^{′′} violate baryon number conservation. The coupling constants λ (λ̄^{′′}) are antisymmetric in the first (last) two indices. The bar sign in λ̄^′, λ̄^{′′} denotes that all the definitions are given in the gauge basis for the quark fields. Later on we will change to the mass basis and drop the bars. Using the freedom in the definition of lepton and Higgs superfields we choose the basis where the vacuum expectation values of all the sneutrino fields vanish: ⟨ν̃_i⟩ = 0.

The Lagrangian terms generated by the trilinear terms of the superpotential in Eq. (19) and involving two down quarks needed for the construction of the pARC operators in (2)-(5) are as follows: L_λ = −λ^′_{ijk}ν̃_{iL}d̄_kP_Ld_j − 1 2 λ^{′′}_{ijk}ũ^⋆_{iR}d̄_j P_Ld^c_k + H.c. (21)

where d_j stands for the down quark. It can be easily seen that the interactions in Eq. (21) can generate in second order perturbation theory the only ΔB = 1 effective operator contributing to B^0(B̄^0) → ϕK^{∗0}(K̄^{∗0})-decay. This is the operator (s̄P_Lb)(s̄P_Rs) which does not belong to the pARC operators listed in Eqs. (2)-(5). Thus, we conclude that the trilinear R_p/ -couplings alone cannot resolve the polarization anomaly in B^0(B̄^0) → ϕK^{∗0}(K̄^{∗0})-decay.

Let us see if the bilinear R_p/ -terms may help in the solution of this problem. The presence of the bilinear terms leads to terms in the scalar potential which are linear in the sneutrino fields, ν̃_i. First, this results in ν̃ − H^0_{1,2} mixing. Also, the linear terms drive the ν̃_i fields to non-zero vacuum expectation values ⟨ν̃_i⟩ ≠ 0 at the minimum of the scalar potential. At this ground state the MSSM vertices Z̃ν ν̃ and W̃ eν̃ produce the gaugino-lepton mixing mass terms Z̃ν⟨ν̃⟩, W̃ e⟨ν̃⟩ (with W̃ , Z̃ being wino and zino fields). These terms taken along with the lepton-higgsino μ_iL_iH̃_1 mixing from the superpotential of Eq. (19) form 7 × 7 neutral fermion and 5 × 5 charged fermion mass matrices [11]. This leads to a non-trivial neutrino mass matrix and Lepton Flavor Violation in the sector of charged leptons. However, these effects are obviously irrelevant for the generation of the effective 4-quark operators.

The above mentioned effect of sneutrino-Higgs mixing ν̃ − H^0_{1,2} is different. It corresponds to a non-diagonal mass matrix for the neutral scalars (H^0_1 , H^0_2 , ν̃_e, ν̃_μ, ν̃_τ ) in the bilinear part of the R_p/ scalar potential [12]. From Eqs. (19) and (20) we write:

V^{soft}_{Rp/} = (μ^∗μ_j H^†_1 + μ̃^2_j H_2 + μ̃^2_{1j} H^†_1 )L̃_j + H.c. (22)

Using the minimization condition

μ̃^2_{1j} + μ^∗μ_j + μ̃^2_j tan β = 0 (23)

in the basis of lepton and Higgs superfields where ⟨ν̃_i⟩ = 0 we can rewrite Eq. (22) in the form

V^{soft}_{Rp/} = μ̃^2_j (H_2 − tan βH^†_1 )L̃_j + H.c. , (24)

where tan β = ⟨H^0_2 ⟩/⟨H^0_1 ⟩. Rotating these fields to the mass eigenstate basis we assume smallness of sneutrino-Higgs mixing characterized by the small ratio (μ̃_{kj} /M_{h1,2} )^2, where μ̃^2_{kj} is the R_p/ soft parameter from Eq. (20) and M_{h1,2} are the neutral Higgs masses [13]. In the leading order in this small parameter we obtain the following interactions of sneutrinos with down quarks and charged leptons L_{ν̃ll} = η_j [ m_{di} M_W (d̄_i d_i) + m_{li} M_W (l̄_i l_i) ] ν̃_j , (25)

with the couplings

η_j = g_2 2 μ̃^2_j tan β √ 1 + tan^2 β ( cos α M^2_{h2} − sin α M^2_{h1} ) . (26)

Here α is the mixing angle of the neutral Higgses in the limit of no mixing with the sneutrino fields:

H^0_1 = − sin α · h^0_1 + cos α · h^0_2, H^0_2 = cos α · h^0_1 + sin α · h^0_2 , (27) where h^0_{1,2} are the corresponding mass eigenstates with the masses M_{h1} , M_{h2} . Note that H^0_2 , which has no couplings to the down quarks and leptons, does not contribute to Eq. (25).

Now, combining the trilinear and bilinear R_p/ -interactions from Eq. (21) and Eq. (25), as shown in Fig.1, we obtain in second order perturbation theory the following effective Hamiltonian after integrating out the heavy sneutrino fields: H_{Rp/} = m_{dj} M_W (d̄_j d_j ) ( η_i m^2_{ν̃i} λ^{′∗}_{im3} d̄_mP_Rb + η^∗_i m^2_{ν̃i} λ^′_{i3m} d̄_mP_Lb ) + + m_{lj} M_W (l̄_j l_j ) ( η_i m^2_{ν̃i} λ^{′∗}_{im3} d̄_mP_Rb + η^∗_i m^2_{ν̃i} λ^′_{i3m} d̄_mP_Lb ) + H.c. (28)

The 4-quark terms involve the pARC operators O_{15} and O_{17} from the list of Eqs. (2)-(5) with the following Wilson coefficients:

c_{15} = √ 2 G_F m_s M_W η_i m^2_{ν̃i} λ^{′∗}_{i23} , c_{17} = √ 2 G_F m_s M_W η^∗_i m^2_{ν̃i} λ^′_{i32} . (29)

Thus R_p/ SUSY seems to satisfy the pARC as it allows appropriate operator structures. In the following we have to check if the existing experimental constraints on the R_p/ -parameters entering into the definition of the Wilson coefficients allow one to accommodate the values of Eqs. (17) and (18).

IV. EXPERIMENTAL CONSTRAINTS ON WILSON COEFFICIENTS

Examining Eq. (28) we note that the strength of both the 4-quark and quark-lepton operators is determined by the same combination of the R-parity conserving and R_p/ -parameters forming the Wilson coefficients c_{15,17}. Therefore, one can directly constrain the c_{15,17} parameters from the existing stringent experimental upper bound on the B_s → μ^+μ^− branching ratio [15]

Br(B_s → μ^+μ^−) ≤ 1.0 × 10^{−7} (90% C.L.) . (30)

An important advantage of this constraint is that it applies to the coefficients c_{15,17} as a whole, avoiding uncertainties related to the presence of several R-parity conserving (tan β, α, M_{h1,h2} , m_{ν̃} ) and violating parameters (μ̃^2_j , λ^′).

The contribution of the quark-lepton interactions in the Lagrangian (28) to the decay rate of this process can be written in terms of the Wilson coefficients c_{15,17} as

Γ(B_s → μ^+μ^−) =

G^2_F 2 m_{Bs} 32π ( m_μ m_s )_2 ( f_{Bs} m^2_{Bs} m_b + m_s )2 (c_{15} − c_{17})^2 [ 1 − ( 2m_μ m_{Bs} )_2]3/2 (31)

where we used ⟨0|s̄γ_5b|B̄^0_s ⟩ = if_{Bs} m^2_{Bs} m_b + m_s

. (32)

We use the following numerical values for the quantities in above equations: f_{Bs} = 0.2 GeV [16], m_{Bs} = 5.367 GeV, m_b = 4.6 GeV, m_s = 0.15 GeV and τ_{Bs} = 1.46 × 10^{−12}s [1]. Considering the two scenarios of Ref. [9] as displayed in Eqs. (17) and (18) [denoted as (i) and (ii)] we get from the experimental limit (30) the following upper bounds

|c_{15}|, |c_{17}| ≤ 1.4 × 10^{−4}. (33)

Using the definitions of Eqs. (15) and (16) these limits can be translated to upper limits on the effective coefficients

|ã_{23}|, |ã_{25}| ≤ 5.9 × 10^{−6}. (34)

These limits are about two orders of magnitude smaller then the values given in Eqs. (17) and (18) required for the solution of the polarization anomaly.

Thus, we conclude that the polarization anomaly observed in B^0(B̄^0) → ϕK^{∗0}(K̄^{∗0}) decay by the BABAR [2] and BELLE [3] collaborations cannot be explained within the R_p/ SUSY framework, despite the occurrence of effective operators with the chiral structure required qualitatively.

As a byproduct of our analysis the limits of Eq. (33) set new upper limits on the products of the soft and superpotential R_p/ -parameters of Eqs. (26) and (29). Since the expressions for the Wilson coefficients c_{15,17} contain the R-parity conserving parameters as well we choose one representative point in the SUSY parameter space in order to illustrate the limits on the R_p/ -parameters. We take a typical mSUGRA: the so-called SPS 1a point from the list of nine Snowmass benchmark points [17]. This choice corresponds to tan β = 10, m_0 = −A_0 = 0.25m_{1/2} = 100 GeV and μ > 0. For this parameters we find ( μ̃_{2i} 100 GeV

)_2 |λ^′_{i23}|, ( μ̃_{2i} 100 GeV

)_2 |λ^′_{i32}| ≤ 5.6 × 10^{−3}. (35)

To our knowledge in the literature (for a review see, for instance [14]) there have not been established experimental limits on these products of R_p/ -parameters. However, there exist bounds on μ̃^2_i, λ^′_{i23} and λ^′_{i32} separately from various low energy processes [14]. This allows one to obtain indirect bounds on their products and compare them with those in Eq. (35). The soft R_p/ -parameter μ̃^2_i, contributes to the neutrino mass matrix at one-loop level. Thus it is constrained by the present limits on neutrino masses and mixing from neutrino oscillations. With the SPS 1a set of the R-parity conserving parameters one has: (μ̃_{2i}/100 GeV)^2 ≤ 10^{−4}. Existing constraints on the trilinear R_p/ -couplings are typically as follows: λ^′_{i23}, λ^′_{i32} ≤ 0.2. Combining these constraints we have the limits: ( μ̃_{2i} 100 GeV

)_2 |λ^′_{i23}|, ( μ̃_{2i} 100 GeV

)_2 |λ^′_{i32}| ≤ 2.0 × 10^{−5}. (36)

which are two orders of magnitude better then those in Eq. (35). Nevertheless, the latter can still be useful as direct constraints on the specific products of the bilinear and trilinear R_p/ -parameters. Note that these constraints correspond to a particular point in the MSSM parameter space and in some other points the above limits may significantly change. The detailed study of this question is beyond the scope of the present paper.

V. CONCLUSIONS

We analyzed the R_p/ SUSY model with respect to its ability to account for the polarization anomaly in B^0(B̄^0) → ϕK^{∗0}(K̄^{∗0})-decay observed by the BABAR [2] and BELLE [3] collaborations. Within this framework we have determined the effective ΔB = 1 operators with chirality structures appropriate for a possible resolution of this anomaly. However, the experimental data on B → μ^+μ^−-decay set stringent limits on the respective Wilson coefficients, which are about two orders of magnitude below the values required to resolve the polarization anomaly. This gap of two orders of magnitude can hardly by eliminated by the uncertainties in the hadronic parameters involved in the calculation of the helicity amplitudes of B^0(B̄^0) → ϕK^{∗0}(K̄^{∗0})-decay. Therefore, we do not believe that R_p/ SUSY is able to account for the B-decay polarization anomaly.

As a byproduct we used the experimental data on B → μ^+μ^−-decay to set a new upper limit on the product of the two R_p/ -parameters μ̃^2_i |λ^′_{i23}| and μ̃^2_i |λ^′_{i32}|, where μ̃^2_i and λ^′_{ijk} are bilinear soft and trilinear superpotential R_p/ -parameters, respectively.

Acknowledgments

This work was supported in part by CONICYT (Chile) under grants FONDECYT No.1030244 and PBCT/No.285/2006 and by the DFG under contracts FA67/31-1 and GRK683. This research is also a part of the EU Integrated Infrastructure Initiative Hadronphysics project under the contract No. RII3-CT-2004-506078 and President grant of Russia ”Scientific Schools” No. 5103.2006.2. SK would like to thank Deutscher Akademischer Austausch Dienst (DAAD) for the support within the program “Förderung ausländischer Gastdozenten zu Lehrtätigkeiten an deutschen Hochschulen”. SK is also thankful to the Tübingen theory group for hospitality. J.C.H. thanks High Energy Physics LatinAmerican-European Network (HELEN) for the support within the Advanced Training program.

FIG. 1: The Rp/ SUSY contribution to the b̄ → sss̄ (a) and to the b̄s → ll̄ transition operators. The sign ⊗ denotes Rp/ soft sneutrino-Higgs mixing. The left hand vertices in both diagrams are due to the Rp/ superpotential λ^′ coupling, while the right hand ones correspond to the R-parity conserving H1 − q − q̄ and H1 − l − l̄ Yukawa couplings.

[1] W. M. Yao et al. [Particle Data Group], J. Phys. G 33, 1 (2006).

[2] B. Aubert et al. [BABAR Collaboration], Phys. Rev. Lett. 91, 171802 (2003) [arXiv:hep-ex/0307026]; Phys. Rev. Lett.

93, 231804 (2004) [arXiv:hep-ex/0408017]; Phys. Rev. Lett. 98, 051801 (2007) [arXiv:hep-ex/0610073]; A. Gritsan, arXiv:hep-ex/0409059.

[3] K. Abe et al. [BELLE Collaboration], arXiv:hep-ex/0408141; K. F. Chen et al. [BELLE Collaboration], Phys. Rev. Lett.

94, 221804 (2005) [arXiv:hep-ex/0503013].

[4] P. Bussey [CDF Collaboration], Talk given at the ICHEP 2006.

[5] A. Ali, J. G. Korner, G. Kramer and J. Willrodt, Z. Phys. C 1, 269 (1979); J. G. Korner and G. R. Goldstein, Phys. Lett.

B 89, 105 (1979).

[6] H. Y. Cheng and K. C. Yang, Phys. Lett. B 511, 40 (2001) [arXiv:hep-ph/0104090].

[7] A. L. Kagan, Phys. Lett. B 601, 151 (2004) [arXiv:hep-ph/0405134]; H. N. Li and S. Mishima, Phys. Rev. D 71, 054025 (2005) [arXiv:hep-ph/0411146]; P. Colangelo, F. De Fazio and T. N. Pham, Phys. Lett. B 597, 291 (2004) [arXiv:hep-ph/0406162]; H. Y. Cheng, C. K. Chua and A. Soni, Phys. Rev. D 71, 014030 (2005) [arXiv:hep-ph/0409317].

[8] E. Alvarez, L. N. Epele, D. G. Dumm and A. Szynkman, Phys. Rev. D 70, 115014 (2004) [arXiv:hep-ph/0410096];

A. K. Giri and R. Mohanta, arXiv:hep-ph/0412107; C. S. Kim and Y. D. Yang, arXiv:hep-ph/0412364; W. S. Hou and M. Nagashima, arXiv:hep-ph/0408007; Y. D. S. Yang, R. M. S. Wang and G. R. S. Lu, Phys. Rev. D 72, 015009 (2005) [arXiv:hep-ph/0411211]; C. H. Chen and C. Q. Geng, Phys. Rev. D 71, 115004 (2005) [arXiv:hep-ph/0504145]; S. Baek, A. Datta, P. Hamel, O. F. Hernandez and D. London, Phys. Rev. D 72, 094008 (2005) [arXiv:hep-ph/0508149]; C. S. Huang, P. Ko, X. H. Wu and Y. D. Yang, Phys. Rev. D 73, 034026 (2006) [arXiv:hep-ph/0511129]; Q. Chang, X. Q. Li and Y. D. Yang, arXiv:hep-ph/0610280; C. H. Chen and H. Hatanaka, Phys. Rev. D 73, 075003 (2006) [arXiv:hep-ph/0602140].

[9] P. K. Das and K. C. Yang, Phys. Rev. D 71, 094002 (2005) [arXiv:hep-ph/0412313]. [10] G. Buchalla, A. J. Buras and M. E. Lautenbacher, Rev. Mod. Phys. 68, 1125 (1996) [arXiv:hep-ph/9512380]. [11] M. Nowakowski and A. Pilaftsis, Nucl. Phys. B 461, 19 (1996) [arXiv:hep-ph/9508271]; A. S. Joshipura and M. Nowakowski, Phys. Rev. D 51, 2421 (1995) [arXiv:hep-ph/9408224].

[12] F. de Campos, M. A. Garcia-Jareno, A. S. Joshipura, J. Rosiek and J. W. F. Valle, Nucl. Phys. B 451, 3 (1995) [arXiv:hep-ph/9502237]; M. A. Diaz, J. C. Romao and J. W. F. Valle, Nucl. Phys. B 524, 23 (1998) [arXiv:hep-ph/9706315]; C. H. F. Chang and T. F. F. Feng, Eur. Phys. J. C 12, 137 (2000) [arXiv:hep-ph/9901260]; S. Davidson, M. Losada and N. Rius, Nucl. Phys. B 587, 118 (2000) [arXiv:hep-ph/9911317]; O. C. W. Kong, Int. J. Mod. Phys. A 19, 1863 (2004) [arXiv:hep-ph/0205205].

[13] J. F. Gunion, H. E. Haber, G. Kane, S. Dawson, The Higgs Hunter’s Guide, Perseus Books Group; Lightning Source Inc, July 2000, 425p.

[14] M. Chemtob, Prog. Part. Nucl. Phys. 54, 71 (2005) [arXiv:hep-ph/0406029]; R. Barbier et al., Phys. Rept. 420, 1 (2005) [arXiv:hep-ph/0406039]; A. Dedes, S. Rimmer, J. Rosiek, JHEP 0608, 005 (2006) [arXiv:hep-ph/0603225].

[15] D. Tonelli [CDF Collaboration], In the Proceedings of 4th Flavor Physics and CP Violation Conference (FPCP 2006), Vancouver, British Columbia, Canada, 9-12 Apr 2006, pp001 [arXiv:hep-ex/0605038].

[16] S. Hashimoto, Int.J.Mod.Phys. A 20, 5133 (2005); F. Bodi-Esteban, J. Bordes and J. Penarrocha, Eur. Phys. J. C 38, 277 (2004) [arXiv:hep-ph/0407307].

[17] N. Ghodbane and H. U. Martyn, in Proc. of the APS/DPF/DPB Summer Study on the Future of Particle Physics (Snowmass 2001) ed. N. Graf, arXiv:hep-ph/0201233.