arXiv:0904.1878v2 [hep-ph] 29 Sep 2009

TIFR/TH/09-11

B_s → μ^+μ^− decay in the R-parity violating minimal supergravity

Ashutosh Kumar Alok^{⋆1} and Sudhir Kumar Gupta^{†2}

⋆Tata Institute of Fundamental Research Homi Bhabha Road, Mumbai — 400005, INDIA †Department of Physics & Astronomy Iowa State University, Ames, IA — 50011, USA

Abstract

We study B_s → μ^+μ^− in the context of the R-parity violating minimal supergravity in the high tan β regime. We find that the lowest value of the branching ratio can go well below the present LHCb sensitivity and hence B_s → μ^+μ^− can even be invisible to the LHC. We also find that the present upper bound on Br(B_s → μ^+μ^−) puts strong constraint on the minimal supergravity parameter space. The constraints become more severe if the upper bound is close to its standard model prediction.

1E-mail address: alok@theory.tifr.res.in
2E-mail address: skgupta@iastate.edu

1 Introduction

Flavor changing neutral current (FCNC) interactions serve as an important probe to test the standard model (SM) and its possible interactions. The reason is that these interactions are forbidden at the tree level within the SM and can occur only via one or more loops. Hence such processes are highly suppressed within the SM. The high statistics experiments at the Large Hadron Collier (LHC) and the Super-B factories will measure FCNC interactions with high accuracy and hence will provide tests of higher order corrections to the SM and its possible extensions.

The quark level transition b → sμ^+μ^− serves as an important probe to test the SM at the loop level and also constrain many of its possible extensions. The b → sμ^+μ^− transition is responsible for the (i) inclusive semi-leptonic decay B → X_sμ^+μ^−, (ii) exclusive semi-leptonic decays B → (K, K^∗)μ^+μ^−, and (iii) purely leptonic decay B_s → μ^+μ^−. Both the exclusive and inclusive semi-leptonic decays have been observed in experiments [1, 2, 3, 4, 5, 6] with a branching ratio close to their SM predictions [7, 8, 9, 10, 11, 12].

The decay B_s → μ^+μ^− is helicity suppressed in the SM and its branching ratio is predicted to be (3.35 ± 0.32) × 10^{−9} [13, 14, 15]. This decay is yet to be observed experimentally. Recently the upper bound on its branching ratio has been improved to [16]

Br(B_s → μ^+μ^−) < 5.8 × 10^{−8} (2σ C.L.) (1)

which is still larger than an order of magnitude above its SM prediction. B_s → μ^+μ^− will be one of the important rare B decays to be studied at the LHC. The LHCb can exclude the region between 10^{−8} and the SM prediction with very little luminosity ∼ 0.5 fb^{−1}. It has the potential for a 3σ (5σ) observation (discovery) of the SM prediction with ∼ 2 fb^{−1} (∼ 6 fb^{−1}) of data [17]. Hence with a sensitivity exceeding the SM prediction of Br(B_s → μ^+μ^−), LHCb will be able to observe both ehnancements as well as suppression in the branching ratio of B_s → μ^+μ^−. The general purpose detectors, ATLAS and CMS can reconstruct the B_s → μ^+μ^− signal with 3σ significance after three years of running at a luminosity of 10^{33} cm^{−2}s^{−1} [18].

As B_s → μ^+μ^− is highly suppressed within the SM, it can serve as an important probe to test many new physics models. New physics in the form of magnetic dipole and tensor operators do not contribute to Br(B_s → μ^+μ^−). In [19], it was shown that new physics in the form of vector/axial-vector operators are constrained by the present measurement of the branching ratios of the exclusive semi-leptonic decays B → (K, K^∗)μ^+μ^− and an order of magnitude enhancement in Br(B_s → μ^+μ^−) due to such operators is not possible. However if new physics is in the form of scalar/pseudoscalar operators then the measurement of B → K^∗μ^+μ^− fails to put any useful constraint on the new physics couplings and allows an order of magnitude or more enhancement in Br(B_s → μ^+μ^−). Therefore Br(B_s → μ^+μ^−) is sensitive to the new physics models with non standard scalar particles like the multi Higgs doublet models and supersymmetric models. This is the reason why the decay B_s → μ^+μ^− has been studied in literature in great detail in context of multi-Higgs doublet models as well as supersymmetry (SUSY) [20]-[42]. SUSY is among the leading candidates for the extensions of the SM. This besides providing a natural solution to electroweak hierarchy problem counts upon many interesting features such as suppression of flavor changing neutral current, provides a candidate for cold dark matter, common ingredient to superstrings/Mtheory etc. Because of the broken nature of SUSY, it is yet to be observed in experiments.

In this paper we study B_s → μ^+μ^− in the context of R-parity violating (RPV) minimal supergravity (mSugra) framework for large tan β. Though B_s → μ^+μ^− has been studied in RPV supersymmetry in [37, 38, 39], these studies focus only on the contributions due to RPV terms only. Here, we present the contribution due to the two Higgs doublet and R-parity conserving (RPC) terms along with RPV terms and study the enhancement as well as suppression of Br(B_s → μ^+μ^−) as compared to its SM prediction. We also study the constrains on the mSugra parameter space coming from the present upper bound on the branching ratio of B_s → μ^+μ^−. In addition, we also see how the constraints change if the upper bound on Br(B_s → μ^+μ^−) is brought down to a value close to its SM prediction.

The paper is organized as follows. In Sec. 2, we discuss B_s → μ^+μ^− in the effective theory. In Sec. 3, we present the theoretical expressions for the branching ratio of B_s → μ^+μ^− in the RPV mSugra. In Sec. 4, we discuss our results. Finally in Sec. 5, we present our conclusions.

2 B_s → μ^+μ^− in the effective theory

The most general model independent form of the effective Lagrangian for the quark level transition b → sμ^+μ^− that contributes to the decay B_s → μ^+μ^− has the form [22, 24] L = G_F α 2 √ 2π (V^∗_{ts}V_{tb}) {R_A(s̄ γ_μγ_5 b)(μ̄ γ^μγ_5 μ)

+R_S(s̄ γ_5 b)(μ̄ μ) + R_P (s̄ γ_5 b)(μ̄ γ_5 μ)} , (2)

where R_P , R_S and R_A are the strengths of the scalar, pseudoscalar and axial vector operators respectively. R_A in eq. (2) is the sum of SM and new physics contributions. Here we assume R_A ≃ R^{SM}_A . In SM, the scalar and pseudoscalar couplings R^{SM}_S and R^{SM}_P receive contributions from the penguin diagrams with physical and unphysical neutral scalar exchange and are highly suppressed:

R^{SM}_S = R^{SM}_P ∝

(m_μm_b) m^2_W

∼ 10^{−5} . (3)

Also, R^{SM}_A = Y (x)/sin^2 θ_W , where Y (x) is the Inami-Lim function [43]

Y (x) = x 8 [ x − 8 x − 1 + 3x (x − 1)^2 ln x ] , (4)

with x = (m_t/M_W )^2. Thus, R^{SM}_A ≃ 4.3.

The calculation of the branching ratio gives [44]

B(B_s → μ^+μ^−) = a_s [ |b_{SM} − b_P |^2 + |b_S |^2 ] , (5)

where a_s ≡ G^2_F α^2 64π^3

|V^∗_{ts}V_{tb} |^2 τ_{Bs} f^2_{Bs} m^3_{Bs} √ 1 − 4m^2_μ m^2_{Bs} , (6)

b_{SM} = 2 m_μ m_{Bs} R^{SM}_A , b_P = m_{Bs} m_b + m_s

R_P , b_S = √ 1 − 4m^2_μ m^2_{Bs} m_{Bs} m_b + m_s

R_S . (7)

Here τ_{Bs} is the lifetime of B_s.

3 B_s → μ^+μ^− in the R-parity violating mSugra

To begin with, the MSSM superpotential, written in terms of the Higgs, quark and lepton superfields, is given by

W_{MSSM} = Y^l_{ij}L_iH_dE^c_j + Y^d_{ij} Q_iH_dD^c_j + Y^u_{ij} Q_iH_uU^c_j + μH_dH_u (8)

where L, Q are the left-chiral lepton and quark superfields respectively and E, U, D are the right-chiral lepton, up-type and down-type quark superfields respectively and H_d and H_u are respectively the Higgs superfileds. i, j are family indices. Y ’s denote the Yukawa matrices and μ is the Higgsino mass parameter. Now, if R = (−)^{(3B+L+2S)} is not conserved, the superpotential admits of the following additional terms [45]:

W_{Rp/} = λ_{ijk}L_iL_j E^c_k + λ^′_{ijk}L_iQ_j D^c_k + λ^{′′}_{ijk}Ū_iD^c_jD̄_k + ϵ_iL_iH_u (9)

where the terms proportional to λ_{ijk}, λ^′_{ijk} and ϵ_i violate lepton number, and those proportional to λ^{′′}_{ijk} violate baryon number. The constants λ_{ijk} (λ^{′′}_{ijk}) are antisymmetric in the first (last) two indices.

In case of exact SUSY, masses of superparticles are the same as their SM counterpart. Now, since no superparticle has been observed till date in experiments, which means SUSY must be broken in masses. SUSY breaking in masses can be achieved by the introduction of soft mass-terms corresponding to each superparticles. Thus in SUSY we have a large number of free parameters (∼ 150). In a mSugra framework, where same spin particles share a common (soft) mass at a high scale (Λ ∼ 10^{16}GeV ), the whole SUSY spectrum can be described in terms of five (5) free parameters at high scale Λ. These are as follows

• A universal scalar mass, m_0

• A universal fermion mass, m_{1/2}

• A universal trilinear coupling, A

• tan β =< H_d > / < H_u >, the ratio of vaccum expectation value (vev) of the down and up type Higgses, and

• sgn(μ), sign of the Higgsino mass parameter.

We now compute R_S and R_P , the Wilson coefficients of the scalar and pseudoscalar operators, in the b → sμ^+μ^− transition, within the context of RPV mSugra. We focus on the large tan β scenario (tan β > 30). There are three contributions to the R_S and R_P : (i) Contribution from the Higgs sector, (ii) Contribution from the RPC sector and, (iii) Contribution from the RPV sector.

3.1 Contribution from the Higgs sector

In SUSY, up-type quarks couple to one Higgs doublet (H_u) while the down-type quarks couple to the other Higgs doublet (H_d) which is the same as the type II-two Higgs doublet model (2HDM).

Retaining only leading terms in tan β (which is a valid approximation for tan β > 30), the Higgs contribution to R_S and R_P is given by [33]

R^{2HDM}

S = −R^{2HDM}_P = m_b m_l tan^2 β 4M^2_W sin^2 θ_W ln r 1 − r , r = m^2_{H±} m^2_t

. (10)

3.2 Contribution from the RPC sector

We consider a scenario with minimal flavour violation, i.e. we assume flavour-diagonal sfermion mass matrices, the contributing SUSY diagrams, in addition to those contributing to 2HDM, consist only of the two chargino states. The RPC contribution to R_S and R_P is given by [33] R^{RP C}_S = R^{box}_S + R^{peng}_S + R^{count}_S , (11) R^{RP C}_P = R^{box}_P + R^{peng}_P + R^{count}_P , (12) where

R^{box}_{S,P} = ∓ m_bm_l tan^2 β 2M_W 2∑ i,j=1 6∑ a=1 3∑ k,m,n=1 1 m^2_{χ̃±i} { (R^†_{ν̃} )_{lk}(R_{ν̃} )_{kl}(Γ^{UL} )_{am}U_{j2}Γ^a_{imn}

× ( y_{ai}U^∗_{j2}V^∗_{i1} ± m_{χ̃}±_j m_{χ̃}±_i U_{i2}V_{j1} ) D_1(x_{ki}, y_{ai}, z_{ji}) } , (13)

R^{peng}_{S,P} = ± m_bm_l tan^2 β M^2_W (m^2_{H±} − M^2_W ) 2∑ i,j=1 6∑ a,b=1 3∑ k,m,n=1 Γ^a_{imn}(Γ^{UL} )_{bm}U_{j2}

× { M_W ( y_{aj} U^∗_{j2}V^∗_{i1} ± m_{χ̃}±_i m_{χ̃}±_j U_{i2}V_{j1} ) D_2(y_{aj}, z_{ij} )δ_{ab}δ_{km}

− (M_U )_{kk} √ 2m_{χ̃}±_i [μ^∗(Γ^{UR} )_{ak}(Γ^{UL†})_{kb} ± μ(Γ^{UL} )_{ak}(Γ^{UR†})_{kb}]D_2(y_{ai}, y_{bi})δ_{ij} } , (14)

R^{count}_{S,P} = ∓ m_bm_l tan^3 β √ 2M^2_W (m^2_{H±} − M^2_W ) 2∑ i=1 6∑ a=1 3∑ m,n=1 [m_{χ̃}±_i D_3(y_{ai})U_{i2}(Γ^{UL} )_{am}Γ^a_{imn}], (15)

where M_U ≡ diag(m_u, m_c, m_t), (16)

Γ^a_{imn} = 1 2 √ 2 sin^2 θ_W [ √ 2M_W V_{i1}(Γ^{UL†})_{na} − (M_U )_{nn}V_{i2}(Γ^{UR†})_{na}]λ_{mn} . (17)

The mass ratios are defined as x_{ki} = m^2_{ν̃k} m^2_{χ̃±i} , y_{ai} = m^2_{ũa} m^2_{χ̃±i} , z_{ij} = m^2_{χ̃±i} m^2_{χ̃±j} , (18)

with ν̃_k, ũ_a, and χ̃^±_i denoting sneutrinos, up-type squarks, and charginos. The ratio of CKM factors λ_{mn} ≡ V_{mb}V^∗_{ns}/V_{tb}V^∗_{ts}, and the functions D_{1,2,3} are listed in Appendix A of ref. [33].

3.3 Contribution from the RPV sector

The RPV contribution to R_S and R_P is given by [46, 47] R^{RP V}_S = 1 4 ( B^{bq′}_{ββ} − C^{bq′}_{ββ} ) , (19) R^{RP V}_P = 1 4 ( B^{bq′}_{ββ} + C^{bq′}_{ββ} ) , (20)

where B^{bq′}_{ββ} = 2 √ 2π G_F α 3∑ i=1 1 V_{tb}V^∗_{tq}′ 2λ^∗_{iββ}λ^′_{iq}′_3 m^2_{~νiL} (21)

C^{bq′}_{ββ} = 2 √ 2π G_F α 3∑ i=1 1 V_{tb}V^∗_{tq}′ 2λ_{iββ}λ^{′∗}_{i3q}′ m^2_{~νiL} (22)

Here q^′ = s and β = μ.

G_F = 1.166 × 10^{−5} GeV^{−2} α = 1.0/137.0 τ_{Bs} = 1.45 × 10^{−12} s m_{Bs} = 5.366 GeV m_μ = 0.105 GeV m_b = 4.20 GeV m_s = 0.100 GeV m_t = 172.3 GeV m_W = 80.403 GeV V_{tb} = 1.0 |V_{ts}| = (40.6 ± 2.7) × 10^{−3} f_{Bs} = (259 ± 27) MeV [48]

Table 1: Numerical inputs used in our analysis. Unless explicitly specified, they are taken from the Review of Particle Physics [49].

Parameter Range m_0 100 − 2000 GeV m_{1/2} 100 − 2000 GeV A −3000 − 3000 GeV tan β 30 − 80 sgn(μ) +, − Table 2: Ranges of various Sugra parameters used in our analysis.

4 Numerical Analysis and Results

We have already seen in section 2, the low energy SUSY mass spectrum can be fully obtained by specifying the mSugra parameter set {m_0, m_{1/2}, A, sgn(μ) and tan β} at the high scale once R-parity is conserved. In order to generate low energy SUSY mass spectrum, we use Suspect2.0 [50]. Ranges of various High scale mSugra parameters used our analysis are summarized in Table 2. Finally for the sake of simplicity, in case of RPV-Sugra, we assume λ_{ijk} = λ and λ^′_{ijk} = λ^′ and λ^{′′}_{ijk} = λ^{′′} at the electroweak scale.

While scanning the parameter space we have taken into account upper bound on the supersymmetric contribution to the ρ-parameter [51, 52, 53, 54, 55, 56], anomalous magnetic moment of the muons [57, 58, 59, 60], bounds on b → sγ branching fraction [49, 61, 62, 63, 64] and LEP bounds on the Lightest neutral Higgs mass and superparticle masses [49, 65].

Further constraints has been employed in case of RPC Sugra in order to avoid charged lightest superparticle (LSP) as here, unlike RPV case, the LSP has be to stable as a consequence of R-parity conservation. Finally, in order to respect existing bounds on the products in RPV

Figure 1: RPV branching ratio for B_s → μ^+μ^− vs m_H± . The left panel of the Figure corresponds to μ > 0 whereas the right panel corresponds to μ < 0.

Figure 2: RPV branching ratio for B_s → μ^+μ^− vs |λλ^′|. The left panel of the Figure corresponds to μ > 0 whereas the right panel corresponds to μ < 0.

couplings from earlier analysis [45, 66, 67, 68], we use |λ.λ^′ | < 10^{−5}. It is to be noted that the products involving λ^{′′} will not affect our analysis. This is simply because pure baryon number violating terms does not contribute to the B_s → μ^+μ^− branching ratio.

4.1 Predictions for B_s → μ^+μ^− branching ratio

The possible values of Br(B_s → μ^+μ^−) in the RPV mSugra as a function of m_H± and |λλ^′| are shown in Figure 1 and 2 respectively. It is obvious from the Figure that the branching ratio of B_s → μ^+μ^− in the RPC mSugra can be enhanced by more than an order of magnitude above its SM expectation. In that case B_s → μ^+μ^− can even be observed at the tevatron. On the other hand, Br(B_s → μ^+μ^−) can also be suppressed to a value as low as 2 × 10^{−12} for μ > 0 (3 × 10^{−10} for μ < 0 ) which is well below the present LHCb sensitivity for

(a) 5.8 × 10^{−8} (b) 5.0 × 10^{−9} (c) 1.0 × 10^{−9}

Figure 3: RPV (m_0 − m_{1/2}) plane for μ > 0 for Br(B_s → μ^+μ^−) = (5.8, 0.50, 0.10) × 10^{−8}.

B_s → μ^+μ^−. In such a situation B_s → μ^+μ^− can be invisible to the LHC. The possibility of invisibility of B_s → μ^+μ^− at the LHC due to new physics scalar/pseudoscalar operators was first pointed out in the ref. [44] whereas in [41] it was shown that in the minimal supersymmetric standard model, Br(B_s → μ^+μ^−) can go well below the SM predictions in the low tan β regime (tan β < 10).

Thus we see that even in the large tan β regime, the lowest value of Br(B_s → μ^+μ^−) in the RPV mSugra can go several orders of magnitude below the present LHCb sensitivity. Hence B_s → μ^+μ^− can even be invisible to the LHC.

4.2 Constraints on the RPV mSugra parameter space from the upper bound on Br(B_s → μ^+μ^−)

We now study the constraints imposed on the RPV mSugra parameter space from the upper bound on B_s → μ^+μ^−. In the limit |λ.λ^′| → 0, which is the case of RPC mSugra, we find our results consistent with previous works in literature [29, 32, 34, 35, 40]. Hence we discuss constraints on RPV mSugra parameter space only.

Figure 3 shows the allowed RPV (m_0, m_{1/2}) plane for μ > 0 for several values of the branching ratio of B_s → μ^+μ^−. The present upper bound on the branching ratio of B_s → μ^+μ^− rules out some parameter space for m_{1/2} ∼< 400 GeV. The situation remains almost the same if the upper bound on Br(B_s → μ^+μ^−) is brought down to 5.0 × 10^{−9}. However if the upper bound on Br(B_s → μ^+μ^−) is as low as 1.0×10^{−9}, which is the LHCb sensitivity for Br(B_s → μ^+μ^−), a large (m_0, m_{1/2}) parameter space is ruled out. In this case all parameter space in the region m_0 ∼< 900 GeV and m_{1/2} ∼< 600 GeV is ruled out.

The constraints on the RPV plane for μ < 0 is shown in Figure 4. We see that in this case the upper bound on the branching ratio of B_s → μ^+μ^− puts more stringent constraint on (m_0, m_{1/2}) plane as compared to the case when μ > 0. It can be seen from the Figure 4a that the present upper bound on Br(B_s → μ^+μ^−) rules out all parameter space for m_0 ∼< 1000 GeV. All parameter space above m_{1/2} ∼> 1100 GeV is also ruled out. For the

(a) 5.8 × 10^{−8} (b) 1.0 × 10^{−8} (c) 5.0 × 10^{−9}

Figure 4: RPV (m_0 − m_{1/2}) plane for μ < 0 for Br(B_s → μ^+μ^−) = (5.8, 1.0, 0.50) × 10^{−8}.

(a) 5.8 × 10^{−8} (b) 5.0 × 10^{−9} (c) 1.0 × 10^{−9}

Figure 5: RPV (A − m_0) plane for μ > 0 for Br(B_s → μ^+μ^−) = (5.8, 0.50, 0.10) × 10^{−8}.

upper bound on Br(B_s → μ^+μ^−) close to the SM prediction, almost all parameter is ruled out.

The constraints on the allowed RPV (A − m_0) plane for μ > 0 and μ < 0 are shown in Figure 5 and 6 respectively. For μ > 0 , the present upper bound on the branching ratio of B_s → μ^+μ^− fails to put any useful constraint on the RPV (A − m_0) plane whereas for μ < 0 all parameter space for m_0 ∼< 1000 GeV is ruled out. If the upper bound on Br(B_s → μ^+μ^−) is improved to a value close to its SM prediction, the constraints on (A − m_0) plane for μ > 0 remains almost the same whereas for μ < 0, almost all parameter space is ruled out.

Figure 7 shows the allowed RPV (A − m_{1/2}) plane for μ > 0 corresponding to several possible values of the branching ratio of B_s → μ^+μ^−. It is obvious from the Figure 7a that the present upper bound on the branching ratio of B_s → μ^+μ^− fails to put any useful constraint on the (A−m_{1/2}) plane. The situation remains almost the same even if the upper bound is improved by an order of magnitude. However a large parameter space is ruled out if the upper bound on B_s → μ^+μ^− is as low as 1.0×10^{−9}. For μ < 0, the allowed RPV (A−m_{1/2}) plane is shown in Figure 8. It can been seen that the constraints on (A − m_{1/2}) plane are more severe as compared to the case when μ > 0. For the present upper bound on Br(B_s → μ^+μ^−), there is no allowed region for m_{1/2} ∼> 1000 GeV. For Br(B_s → μ^+μ^−) close to the SM prediction, almost all (A − m_{1/2}) parameter space is ruled out.

(a) 5.8 × 10^{−8} (b) 1.0 × 10^{−8} (c) 5.0 × 10^{−9}

Figure 6: RPV (A − m_0) plane for μ < 0 for Br(B_s → μ^+μ^−) = (5.8, 1.0, 0.50) × 10^{−8}.

(a) 5.8 × 10^{−8} (b) 5.0 × 10^{−9} (c) 1.0 × 10^{−9}

Figure 7: RPV (A − m_{1/2}) plane for μ > 0 for Br(B_s → μ^+μ^−) = (5.8, 0.50, 0.10) × 10^{−8}.

(a) 5.8 × 10^{−8} (b) 1.0 × 10^{−8} (c) 5.0 × 10^{−9}

Figure 8: RPV (A − m_{1/2}) plane for μ < 0 for Br(B_s → μ^+μ^−) = (5.8, 1.0, 0.50) × 10^{−8}.

(a) 5.8 × 10^{−8} (b) 5.0 × 10^{−9} (c) 1.0 × 10^{−9}

Figure 9: RPV (m_H± − tan β) plane for μ > 0 for Br(B_s → μ^+μ^−) = (5.8, 0.50, 0.10) × 10^{−8}.

(a) 5.8 × 10^{−8} (b) 1.0 × 10^{−8} (c) 5.0 × 10^{−9}

Figure 10: RPV (m_H± − tan β) plane for μ < 0 for Br(B_s → μ^+μ^−) = (5.8, 1.0, 0.50) × 10^{−8}.

Figure 9 shows the allowed (m_H± − tan β) parameter space in the RPV mSugra for μ > 0. We see that the present upper bound on the branching ratio of B_s → μ^+μ^− puts a useful constraint on the (m_H± − tan β) parameter space. The constraints of RPV Sugra parameter space becomes slightly weaker in comparison to that of R-parity conserving case is due to additional (RPV) parameters. The constraints are severe if the upper bound on Br(B_s → μ^+μ^−) is close to the LHCb sensitivity. In this case all (m_H± − tan β) parameter space is ruled out for tan β ∼> 50. If μ < 0, then it can seen from the Figure 10 that for the present upper bound on Br(B_s → μ^+μ^−), whole (m_H± − tan β) parameter space for tan β ∼> 45 is ruled out. For Br(B_s → μ^+μ^−) close the SM prediction, almost all (m_H± − tan β) parameter space is ruled out.

We noted that μ < 0 is strongly constraint as compared to that of μ > 0. This is due to the fact that contribution due to threshold correction depends on sign(μ) [42]. For μ < 0 the Higgs mass gets negative contribution due to the threshold corrections, thus making it inconsistent with the existing bound on the charged Higgs Mass in most of the μ < 0 region. We therefore observe relatively much smaller allowed parameter space for μ < 0 (see the Figures 9 and 10).

5 Conclusions

In this paper we study the decay B_s → μ^+μ^− in context of the RPV mSugra in the high tan β regime. In a mininal flavour violating scenario, we consider contribution from the two Higgs doublet and the RPC terms along with the RPV terms. The results may be summarized as follows:

We show that even in the case of large tan β, the lowest possible value of the branching ratio of B_s → μ^+μ^− in the RPV mSugra can go several orders of magnitude below the present LHCb sensitivity, and hence B_s → μ^+μ^− may be invisible to the LHC.

We find that the present upper bound on Br(B_s → μ^+μ^−) puts strong constraint on the μ < 0 mSugra parameter space. Almost whole RPV mSugra parameter space, except for a few points below tan β = 50 becomes disfavored. Once the constraint on B_s → μ^+μ^− are brought down to a value close to the projected LHCb sensitivity, there is hardly any allowed region. For μ > 0, constraints are relatively weaker.

Acknowledgements

We thank A. Dighe and S. Uma Sankar for helpful discussions and S. Raichaudhuri for technical help. SKG acknowledges the Tata Institute of Fundamental Research, Mumbai for their hospitality during initial stage of the work. This work was partially supported by funding available from the US Department of Energy (DOE) under the contract number DE-FG02-01ER41155.

References

[1] B. Aubert et al. [BABAR Collaboration], “Measurement of the B → X_sℓ^+ℓ^− branching fraction with a sum over exclusive modes”, Phys. Rev. Lett. 93, 081802 (2004) [arXiv:hep-ex/0404006].

[2] M. Iwasaki et al. [Belle Collaboration], “Improved measurement of the electroweak penguin process B → X_sℓ^+ℓ^−”, Phys. Rev. D 72, 092005 (2005) [arXiv:hep-ex/0503044].

[3] B. Aubert et al. [BABAR Collaboration], “Evidence for the rare decay B → K^∗ℓ^+ℓ^− and measurement of the B → Kℓ^+ℓ^− branching fraction”, Phys. Rev. Lett. 91, 221802 (2003) [arXiv:hep-ex/0308042].

[4] B. Aubert et al. [BABAR Collaboration], “Measurements of branching fractions, rate asymmetries, and angular distributions in the rare decays B → Kℓ^+ℓ^− and B → K^∗ℓ^+ℓ^−”, Phys. Rev. D 73, 092001 (2006) [arXiv:hep-ex/0604007].

[5] A. Ishikawa et al. [Belle Collaboration], “Observation of the electroweak penguin decay B → K^∗ℓ^+ℓ^−”, Phys. Rev. Lett. 91, 261601 (2003) [arXiv:hep-ex/0308044].

[6] E. Barberio et al., “Averages of b-hadron and c-hadron Properties at the End of 2007”, arXiv:0808.1297 [hep-ex].

[7] A. Ali, E. Lunghi, C. Greub and G. Hiller, “Improved model-independent analysis of semileptonic and radiative rare B decays”, Phys. Rev. D 66, 034002 (2002) [arXiv:hep-ph/0112300].

[8] E. Lunghi, “Improved model-independent analysis of semileptonic and radiative rare B decays”, arXiv:hep-ph/0210379.

[9] F. Kruger and E. Lunghi, “Looking for novel CP violating effects in B̄ → K^∗ℓ^+ℓ^−”, Phys. Rev. D 63, 014013 (2001) [arXiv:hep-ph/0008210].

[10] A. Ghinculov, T. Hurth, G. Isidori and Y. P. Yao, “New NNLL QCD results on the decay B → X_sl^+l^−”, Eur. Phys. J. C 33, S288 (2004) [arXiv:hep-ph/0310187].

[11] H. H. Asatryan, H. M. Asatrian, C. Greub and M. Walker, “Calculation of two loop virtual corrections to b → sl^+l^− in the standard model”, Phys. Rev. D 65, 074004 (2002) [arXiv:hep-ph/0109140].

[12] H. H. Asatrian, H. M. Asatrian, C. Greub and M. Walker, “Two-loop virtual corrections to B → X_sl^+l^− in the standard model”, Phys. Lett. B 507, 162 (2001) [arXiv:hep-ph/0103087].

[13] M. Blanke, A. J. Buras, D. Guadagnoli and C. Tarantino, “Minimal Flavor Violation Waiting for Precise Measurements of ΔM_s, S_{ψϕ}, A^s_{SL}, |V_{ub}|, γ and B^0_{s,d} → μ^+μ^−”, JHEP 0610, 003 (2006) [arXiv:hep-ph/0604057].

[14] G. Buchalla and A. J. Buras, “QCD corrections to rare K and B decays for arbitrary top quark mass”, Nucl. Phys. B 400, 225 (1993).

[15] A. J. Buras, “Relations between ΔM_{s,d} and B_{s,d} → μμ̄ in models with minimal flavor violation”, Phys. Lett. B 566, 115 (2003) [arXiv:hep-ph/0303060].

[16] T. Aaltonen et al. [CDF Collaboration], “Search for B_s → μ^+μ^− and B_d → μ^+μ^− Decays with 2fb − 1 of ppbar Collisions”, Phys. Rev. Lett. 100, 101802 (2008) [arXiv:0712.1708 [hep-ex]].

[17] M. Lenzi, “Rare B decays at LHCb”, arXiv:0710.5056 [hep-ex].

[18] M. Smizanska, f. t. ATLAS and C. collaborations, “Prospects for observing CP violation and rare decays at ATLAS and CMS”, arXiv:0810.3618 [hep-ex].

[19] A. K. Alok and S. U. Sankar, “New physics upper bound on the branching ratio of B̄_s → l+l−”, Phys. Lett. B 620, 61 (2005) [arXiv:hep-ph/0502120].

[20] W. Skiba and J. Kalinowski, “B(s) → τ^+τ^− decay in a two Higgs doublet model”, Nucl.

Phys. B 404, 3 (1993).

[21] Y. Grossman, “Phenomenology of models with more than two Higgs doublets”, Nucl.

Phys. B 426, 355 (1994) [arXiv:hep-ph/9401311].

[22] Y. Grossman, Z. Ligeti and E. Nardi, “B → τ^+τ^−(X) decays: First constraints and phenomenologica implications”, Phys. Rev. D 55, 2768 (1997) [arXiv:hep-ph/9607473].

[23] Y. B. Dai, C. S. Huang and H. W. Huang, “B → X_sτ^+τ^− in a two-Higgs doublet model”, Phys. Lett. B 390, 257 (1997) [Erratum-ibid. B 513, 429 (2001)] [arXiv:hep-ph/9607389].

[24] D. Guetta and E. Nardi, “Searching for new physics in rare B → τ decays”, Phys. Rev.

D 58, 012001 (1998) [arXiv:hep-ph/9707371].

[25] X. G. He, T. D. Nguyen and R. R. Volkas, “B meson rare decays in two Higgs doublet models”, Phys. Rev. D 38, 814 (1988).

[26] J. L. Hewett, S. Nandi and T. G. Rizzo, “B → μ^+μ^− in the two Higgs doublet model”, Phys. Rev. D 39, 250 (1989).

[27] C. S. Huang, W. Liao and Q. S. Yan, “The promising process to distinguish supersymmetric models with large tan(beta) from the standard model: B → X_sμ^+μ^−”, Phys. Rev. D 59, 011701 (1999) [arXiv:hep-ph/9803460].

[28] S. R. Choudhury and N. Gaur, “Dileptonic decay of B_s meson in SUSY models with large tan(beta)”, Phys. Lett. B 451, 86 (1999) [arXiv:hep-ph/9810307].

[29] K. S. Babu and C. F. Kolda, “Higgs-mediated B^0 → μ^+μ^− in minimal supersymmetry”, Phys. Rev. Lett. 84, 228 (2000) [arXiv:hep-ph/9909476].

[30] H. E. Logan and U. Nierste, “B_{s,d} → l^+l^− in a two-Higgs-doublet model”, Nucl. Phys.

B 586, 39 (2000) [arXiv:hep-ph/0004139].

[31] C. S. Huang, W. Liao, Q. S. Yan and S. H. Zhu, “B_s → l^+l^− in a general 2HDM and MSSM”, Phys. Rev. D 63, 114021 (2001) [Erratum-ibid. D 64, 059902 (2001)] [arXiv:hep-ph/0006250].

[32] P. H. Chankowski and L. Slawianowska, “B_{s,d} → μ^+μ^− decay in the MSSM”, Phys. Rev.

D 63, 054012 (2001) [arXiv:hep-ph/0008046].

[33] C. Bobeth, T. Ewerth, F. Kruger and J. Urban, “Analysis of neutral Higgs-boson contributions to the decays B̄_s → l^+l^− and B̄ → Kl^+l^−”, Phys. Rev. D 64, 074014 (2001) [arXiv:hep-ph/0104284].

[34] A. Dedes, H. K. Dreiner and U. Nierste, “Correlation of B_s → μ^+μ^− and (g − 2)_μ in minimal supergravity”, Phys. Rev. Lett. 87, 251804 (2001) [arXiv:hep-ph/0108037].

[35] A. J. Buras, P. H. Chankowski, J. Rosiek and L. Slawianowska, “ΔM_{(d,s)}, Bs, d → μ^+μ^− and B → X_sγ in supersymmetry at large tan β”, Nucl. Phys. B 659, 3 (2003) [arXiv:hep-ph/0210145].

[36] G. Hiller and F. Kruger, “More model independent analysis of b → s processes”, Phys.

Rev. D 69, 074020 (2004) [arXiv:hep-ph/0310219].

[37] C. H. Chen and C. Q. Geng, “Dilepton decays and oscillation of B_sin split supersymmetry with R-parity violation”, Phys. Rev. D 72, 037701 (2005) [arXiv:hep-ph/0501001].

[38] Y. G. Xu, R. M. Wang and Y. D. Yang, “Probe R-parity violating supersymmetry effects in B → K^∗l^+l^− and B_s → μ^+μ^− decays”, Phys. Rev. D 74, 114019 (2006) [arXiv:hep-ph/0610338].

[39] J. J. Wang, R. M. Wang, Y. G. Xu and Y. D. Yang, “The rare decays B^+_u → π^+ℓ^+ℓ^−, ρ^+ℓ^+ℓ^− and B^0_d → ℓ^+ℓ^− in the R-parity violating supersymmetry”, Phys. Rev. D 77, 014017 (2008) [arXiv:0711.0321 [hep-ph]].

[40] J. R. Ellis, S. Heinemeyer, K. A. Olive and G. Weiglein, “Light Heavy MSSM Higgs Bosons at Large tan β”, Phys. Lett. B 653, 292 (2007) [arXiv:0706.0977 [hep-ph]].

[41] A. Dedes, J. Rosiek and P. Tanedo, “Complete One-Loop MSSM Predictions for B → ll^′ at the Tevatron and LHC”, arXiv:0812.4320 [hep-ph].

[42] B. C. Allanach, G. Hiller, D. R. T. Jones and P. Slavich, “Flavour Violation in Anomaly Mediated Supersymmetry Breaking”, arXiv:0902.4880 [hep-ph].

[43] T. Inami and C. S. Lim, “Effects Of Superheavy Quarks And Leptons In Low-Energy Weak Processes K_L → μμ̄, K^+ → π^+νν̄ and K^0 ↔ K̄^0”, Prog. Theor. Phys. 65, 297 (1981) [Erratum-ibid. 65, 1772 (1981)].

[44] A. K. Alok, A. Dighe and S. U. Sankar, “Probing extended Higgs sector through rare b → sμ^+μ^− transitions”, Phys. Rev. D 78, 034020 (2008) [arXiv:0805.0354 [hep-ph]].

[45] See, for example, V. D. Barger, G. F. Giudice and T. Han, “Some New Aspects of Supersymmetry R-Parity Violating Interactions”, Phys. Rev. D 40, 2987 (1989); see also H. Dreiner in Perspective in Supersymmetry ed., G. Kane, (World Scientific).

[46] A. Mir, F. Tahir and K. Ahmed, “Lepton polarization asymmetry in B_s → l^+l^− decays in R-parity - violating minimal supersymmetric standard model”, Europhys. Lett. 83, 41002 (2008).

[47] H. K. Dreiner, M. Kramer and B. O’Leary, “Bounds on R-parity violation from leptonic and semi-leptonic meson decays”, Phys. Rev. D 75, 114016 (2007) [arXiv:hep-ph/0612278].

[48] P. B. Mackenzie, “CKM physics from lattice QCD”, [ In the Proceedings of 4th Flavor Physics and CP Violation Conference (FPCP 2006), Vancouver, British Columbia, Canada, 9-12 Apr 2006, pp 022] [arXiv:hep-ph/0606034].

[49] C. Amsler et al. [Particle Data Group], “Review of particle physics”, Phys. Lett. B 667, 1 (2008).

[50] A. Djouadi, J. L. Kneur and G. Moultaka, “SuSpect: A Fortran code for the supersymmetric and Higgs particle spectrum in the MSSM”, Comput. Phys. Commun. 176, 426 (2007) [arXiv:hep-ph/0211331].

[51] R. Barbieri and L. Maiani, “Renormalization Of The Electroweak Rho Parameter From Supersymmetric Particles”, Nucl. Phys. B 224, 32 (1983).

[52] C. S. Lim, T. Inami and N. Sakai, “The Rho Parameter In Supersymmetric Models”, Phys. Rev. D 29, 1488 (1984).

[53] E. Eliasson, “Radiative Corrections To Electroweak Interactions In Supergravity Guts”, Phys. Lett. B 147, 65 (1984).

[54] M. Drees and K. Hagiwara, “Supersymmetric Contribution to the Electroweak ρ Parameter”, Phys. Rev. D 42, 1709 (1990).

[55] A. Djouadi, P. Gambino, S. Heinemeyer, W. Hollik, C. Junger and G. Weiglein, “Supersymmetric contributions to electroweak precision observables: QCD corrections”, Phys. Rev. Lett. 78, 3626 (1997) [arXiv:hep-ph/9612363].

[56] A. Djouadi, P. Gambino, S. Heinemeyer, W. Hollik, C. Junger and G. Weiglein, “Leading QCD corrections to scalar quark contributions to electroweak precision observables”, Phys. Rev. D 57, 4179 (1998) [arXiv:hep-ph/9710438].

[57] M. Davier, S. Eidelman, A. Hocker and Z. Zhang, “Updated estimate of the muon magnetic moment using revised results from e^+e^− annihilation”, Eur. Phys. J. C 31, 503 (2003) [arXiv:hep-ph/0308213].

[58] K. Hagiwara, A. D. Martin, D. Nomura and T. Teubner, “Predictions for g − 2 of the muon and α_{QED}(M^2_Z )”, Phys. Rev. D 69, 093003 (2004) [arXiv:hep-ph/0312250].

[59] J. F. de Troconiz and F. J. Yndurain, “The hadronic contributions to the anomalous magnetic moment of the muon”, Phys. Rev. D 71, 073008 (2005) [arXiv:hep-ph/0402285].

[60] M. Passera, “The standard model prediction of the muon anomalous magnetic moment”, J. Phys. G 31, R75 (2005) [arXiv:hep-ph/0411168].

[61] A. L. Kagan and M. Neubert, “QCD anatomy of B → X_sγ decays”, Eur. Phys. J. C 7, 5 (1999) [arXiv:hep-ph/9805303].

[62] P. Gambino and U. Haisch, “Complete electroweak matching for radiative B decays”, JHEP 0110, 020 (2001) [arXiv:hep-ph/0109058].

[63] P. Gambino and U. Haisch, “Electroweak effects in radiative B decays”, JHEP 0009, 001 (2000) [arXiv:hep-ph/0007259].

[64] P. Gambino, M. Gorbahn and U. Haisch, “Anomalous Dimension Matrix for Radiative and Rare Semileptonic B Decays up to Three Loops”, Nucl. Phys. B 673, 238 (2003) [arXiv:hep-ph/0306079].

[65] For an uptodate summary of sparticle search limits from the LEP experiments, see http://lepsusy.web.cern.ch/lepsusy/; The ALEPH, DELPHI, L3 and OPAL Collabs; R. Barate et al. [LEP Working Group for Higgs boson searches and ALEPH Collaboration and and], “Search for the standard model Higgs boson at LEP”, Phys. Lett. B 565, 61 (2003) [arXiv:hep-ex/0306033].

[66] G. Bhattacharyya, “R-parity-violating supersymmetric Yukawa couplings: A minireview”, Nucl. Phys. Proc. Suppl. 52A, 83 (1997) [arXiv:hep-ph/9608415].

[67] H. K. Dreiner, “An introduction to explicit R-parity violation”, arXiv:hep-ph/9707435.

[68] B. C. Allanach, A. Dedes and H. K. Dreiner, “Bounds on R-parity violating couplings at the weak scale and at the GUT scale”, Phys. Rev. D 60, 075014 (1999) [arXiv:hep-ph/9906209].