arXiv:hep-ph/0306086 v2 8 Dec 2003

Neutral Higgs boson contributions to CP asymmetry of B → ΦK_S in MSSM

Jian-Feng Cheng^a, Chao-Shang Huang^a, and Xiao-Hong Wu^{b,c} a Institute of Theoretical Physics, Academia Sinica, P. O. Box 2735, Beijing 100080, China b Department of Physics, Peking University, Beijing 100871, China c CCAST (World Lab.), P.O. Box 8730, Beijing 100080, China

We have studied the neutral Higgs boson (NHB) contributions to the pure penguin process B → ϕKS in MSSM with middle and large tan β (say, > 8). We show that the αs order hadronic matrix elements of NHB induced operators can make sizable effects on both the branch ratio and time dependent CP asymmetry SϕK . Under the all relevant experimental constraints, the Higgs mediated contributions to SϕK alone can provide a significant deviation from SM and, in particular, lead to a negative SϕK which is reported by BaBar and Belle.

Among charmless hadronic B decays, the rare decay B → ΦK_S is one of channels which provide a powerful testing ground for new physics. The reason is simply because it has no tree level contributions in the standard model (SM). The decay has been studied in SM and the predicted branching ratio (Br) in the perturbative QCD framework is (3.5−4.3)×10^{−6} [1] by using the BBNS approach [2, 3] or about 10×10^{−6} [4] by using the H.-n. Li et al’s approach [5], which is somewhat smaller than or consistent with the measured value (8.4^{+2.5}_{−2.1}) × 10^{−6}, the current world average from BaBar [6] and Belle [7].

The recently reported measurements of time dependent CP asymmetries in B → ΦK_S decays by BaBar [6] and Belle [7] lead to the error weighted average

S_{ϕK} = sin(2β(ΦK_S ))_{ave} = −0.39 ± 0.41 (1)

with errors added in quadrature^∗.

Here the time-dependent CP -asymmetry S_{ϕK} is defined by

a_{ϕK} (t) = −C_{ϕK} cos(ΔM_B0_d t) + S_{ϕK} sin(ΔM_B0_d t), (2)

where C_{ϕK} = 1 − |λ_{ϕk}|^2 1 + |λ_{ϕk}|^2 , S_{ϕK} = 2 Imλ_{ϕk} 1 + |λ_{ϕk}|^2

, (3)

with λ_{ϕk} being λ_{ϕk} = ( q p ) B A(B̄^0_d → ϕK_S ) A(B^0_d → ϕK_S )

. (4)

In the SM the above asymmetry is related to that in B → J/ΨK_S [10] by

sin(2β(ΦK)) = sin(2β(J/ΨK))+O(λ^2) (5)

where λ ≃ 0.2 appears in Wolfenstein’s parameterization of the CKM matrix and sin(2β(J/ΨK_{S,L}))_{world−ave} = 0.734 ± 0.054. (6) Therefore, (1) violates the SM at the 2.7 σ deviation.

Obviously, the impact of these experimental results on the validity of CKM and SM is currently statistics limited. However, they have attracted much interest in searching for new physics [11, 12, 13].

In the letter we inquire the possibility to explain the 2.7 σ deviation in R-parity conservative supersymmetric models, e.g., the minimal supersymmetric standard model (MSSM). There are mainly two new contributions arising from the QCD and chromomagnetic penguins and neutral Higgs boson (NHB) penguins with the gluino and squark propagated in the loop. The QCD and chromomagnetic penguin contributions to b → sss̄ have been analyzed in Refs.[12, 13]. The NHB penguin contributions have been discussed in Ref.[13]. However, the conclusion on NHB contributions, S_{ϕK} can

∗ 2003 data is −0.96 ± 0.50^{+0.09}_{−0.11} by Belle [8] and it is +0.45 ± 0.43 ± 0.07 by BaBar [9].

not smaller than 0.71, in Ref.[13] is valid only in some special cases, e.g., the extended minimal flavor violation (MFV) scenarios[13] with the naive factorization of hadronic matrix elements of operators and the decoupling limit in MSSM, and it is not valid in (general) MSSM, as we shall show. We concentrate on the Higgs penguin contributions in MSSM in the letter. An interesting fact is that the Higgs penguins contribute to B → ϕK_S but not B → J/ψK_S at the α_s order of hadronic matrix element calculations due to the non-match of color and flavor. At the tree level of hadronic matrix element calculations (i.e., the naive factorization) their contributions to the branch ratio of B → J/ψK_S (the time dependent CP asymmetry S_{J/ψK} ) are very small (negligible). Therefore, we do not need to worry about the effects of the Higgs penguins on S_{J/ψK} . It is shown that the Higgs mediated contributions in the case of middle and large tan β (say, ≥ 8) are important under the constraints from the experimental bounds of B_s → μ^+μ^− and ΔM_s as well as b → s γ, s g, B → X_sμ^+μ^− and consequently can have significant effects on B → ΦK_S due to the tan^2 β enhancement of Wilson coefficients of the NHB induced operators in MSSM [14, 15]. Our results show that the Higgs mediated contributions to S_{ϕK} alone can provide a significant deviation from the SM and a possible explanation of the 2.7 σ deviation, satisfying all the relevant experimental constraints.

The effective Hamiltonian induced by neutral Higgs bosons can be written as

H^{neu}_{eff} = G_F √ 2 (−λ_t) ∑ i=11,...,16 (C_i Q_i + C^′_i Q^′_i) + h.c. , (7)

where Q_{11} to Q_{16}, the neutral Higgs penguins operators, are given by

Q_{11(13)} = (s̄ b)_{S+P} ∑ q m_q m_b (q̄ q)_{S−(+)P} , Q_{12(14)} = (s̄_i b_j)_{S+P} ∑ q m_q m_b (q̄_j q_i)_{S−(+)P} ,

Q_{15} = s̄ σ^{μν} (1 + γ_5) b ∑ q m_q m_b q̄ σ_{μν} (1 + γ_5) q ,

Q_{16} = s̄_i σ^{μν} (1 + γ_5) b_j ∑ q m_q m_b q̄_j σ_{μν} (1 + γ_5) q_i , (8)

where (q̄_1q_2)_{S±P} = q̄_1(1 ± γ_5)q_2^†. The operators Q^′_is are obtained from the unprimed operators Q_is by exchanging L ↔ R. There are new sources of flavor violation in MSSM. Besides the CKM matrix, the 6 × 6 squark mass matrices are generally not diagonal in flavor (generation) indices in the super-CKM basis in which superfields are rotated in such a way that the mass matrices of the quark field components of the superfields are diagonal. This rotation non-alignment in the quark and squark sectors can induce large flavor off-diagonal couplings such as the coupling of gluino to the quark and squark which belong to different generations. These couplings can be complex and consequently can induce CP violation in flavor changing neutral currents (FCNC). It is well-known that the effects of the primed counterparts of usual operators are suppressed by m_s/m_b and consequently negligible in SM because they have the opposite chiralities. However, in MSSM their effects can be significant, since the flavor non-diagonal squark mass matrix elements are free parameters. We have calculated Wilson coefficients of Q_i and Q^′_i coming from the gluino-squark loop contributions at the m_w scale and their explicit expressions are given in Ref.[15]. We evolve the Wilson coefficients to the low scale μ ∼ m_b using the one loop QCD anomalous dimensions [16, 17, 18].

The effective Hamiltonian (7) results in the following matrix element for the decay B → ϕK_s ⟨K_sϕ|H^{neu}_{eff} |B⟩ = G_F √ 2 ∑ p=u,c λ_p ⟨K_sϕ|T^{neu}_p |B⟩ , (9) where T^{neu}_p is given by

T^{neu}_p = a^{neu}_4 (s̄ b)_{V−A} ⊗ (s̄ s)_{V−A}

† Strictly speaking, the sum over q in expressions of Q_i should be separated into two parts: one is for q=u, c, i.e., upper type quarks, the other for q=d, s, b, i.e., down type quarks, because the couplings of upper type quarks to NHBs are different from those of down type quarks. In the case of large tan β the former is suppressed by tan^{−1} β with respect to the latter and consequently can be neglected. Hereafter we use, e.g., C^c_{11} to denote the Wilson coefficient of the operator Q_{11} = (s̄ b)_{S+P}^{mc}_{mb} (c̄ c)_{S−P} .

+ m_s m_b [ − 1 2 a_{12}(s̄ b)_{V+A} ⊗ (s̄ s)_{V−A} − 1 2 a^′_{12}(s̄ b)_{V−A} ⊗ (s̄ s)_{V+A} + 4m_s m_b (a_{16} + a^′_{16})(s̄ b)_{V−A} ⊗ (s̄ s)_{V−A} ] . (10)

In Eq.(10)

a^{neu}_4 = C_F α_s 4π P^{neu}_{ϕ,2} N_c , a_{12} = C_{12} +

C_{11} N_c [ 1 + C_F α_s 4π ( −V^′ − 4π^2 N_c H_{ϕK} )] , a_{16} = C_{16} +

C_{15} N_c , (11)

with P^{neu}_{ϕ,2} being P^{neu}_{ϕ,2} = − 1 2 (C_{11} + C^′_{11}) × [ m_s m_b ( 4 3 ln m_b μ − G_ϕ(0) ) + ( 4 3 ln m_b μ − G_ϕ(1) )]

+(C_{13} + C^′_{13}) [ −2 ln m_b μ G^0_ϕ − GF_ϕ(1) ]

−4(C_{15} + C^′_{15}) [( − 1 2 − 2 ln m_b μ ) G^0_ϕ − GF_ϕ(1) ]

−8(C^c_{16} + C^{′c}_{16}) [ ( m_c m_b )_2 ( −2 ln m_b μ G^0_ϕ − GF_ϕ(s_c) ) ]

−8(C_{16} + C^′_{16}) [ −2 ln m_b μ G^0_ϕ − GF_ϕ(1) ] (12)

where

G^0_ϕ =

∫_1 0 dx x̄ Φ_ϕ(x) , GF (s, x) = ∫_1 0 dt ln [ s − x tt̄ ] , GF_ϕ(s) = ∫_1 0 dx Φ_ϕ(x) x̄ GF (s − i ϵ, x̄) (13) with x̄ = 1 − x and Φ_ϕ(x) = 6xx̄ in the asymptotic limit of the leading-twist distribution amplitude. In calculations we have set m_{u,d} = 0 and neglected the terms which are proportional to m^2_s/m^2_b in Eq.(12). We have included only the leading twist contributions in Eq.(11). In Eq.(10) a^′_i is obtained from a_i by substituting the Wilson coefficients C^′_js for C_js. Here we have used the BBNS approach [2, 3] to calculate the hadronic matrix elements of operators. Notations not explicitly defined are the same as those in Ref.[3].

Before numerical calculations a remark is in place. From Eq. (12) we can see that the large contributions to matrix elements of the operators Q^{(′)}_i , i=11,...,16 arise from penguin contractions with b quark in the loop. It is the contributions which make the effects of Higgs mediated mechanism sizable at the α_s order. At the μ = m_w scale only non zero Wilson coefficients are C^{(′)}_{11,13}, and C^{(′)}_{15,16}(μ) are obtained from C^{(′)}_{13} (m_w ) due to the operator mixing under renormalization. Moreover, because of the mixing of Q_i, i=13,...,16, onto Q_{7γ,8g}, C_{8g}(μ) (μ ∼ m_b) can be significantly enhanced[18], which can have large effects on both Br and S_{ϕK} , as can be seen from the SM decay amplitude of B → ϕK_s. In numerical calculations we use the SM decay amplitude of B → ϕK_s given in Ref.[3]. We calculate the evaluation of Wilson coefficients to the next-to-leading for the SM operators and to the leading order for Q_{11,...,16} and their mixing with the SM operators. In order to see how large the effects of NHBs can be we switch off all other SUSY contributions except for those coming from NHB mediated penguin operators. We show model-independently in FIG. 1 S_{ϕK} versus the phase of C_{13}(m_w ) with fixed values of |C_{13}(m_w )|, setting C_{11}(m_w ) and C^′_{11,13}(m_w)=0 in order to see the essential feature of the α_s order corrections due to the Higgs mediated mechanism. We find that S_{ϕK} can reach

FIG. 1: SϕK versus the phase of C13 (mw ) for fixed |C13 (mw)| for (a) μ = mb, (b) μ = mb/2. The solid, dotted and dashed curves correspond to |C13 (mw )|= 0.05, 0.15 and 0.25 respectively.

FIG. 2: The correlation between SϕK and Br(B → ϕKs) for including only SM and NHB contributions. (a) is the tree level result for μ = mb. (b) is including the αs corrections. In Fig. 2b green and red dots denote the results for μ = mb and μ = mb/2 respectively. Current 1σ bounds are shown by the dashed lines.

a minus value if |C_{13}(m_w )| is equal to or larger than 0.10 for μ = m_b and 0.11 for μ = m_b/2. S_{ϕK} can be negative in quite a large range of the phase of C_{13} for a larger value of |C_{13}(m_w )|. S_{ϕK} is dependent of but not sensitive to the characteristic scale μ of the process. For a specific model, e.g., MSSM which in the letter we are interested in, we calculate all relevant Wilson coefficients C^{(′)}_{11,13}(m_w) in reasonable regions of parameter space with middle and large tan β and present numerical results in FIG. 2 below.

We impose two important constraints from B → X_sγ and B_s → μ^+μ^−. Considering the theoretical uncertainties, we take 2.0 × 10^{−4} < Br(B → X_sγ) < 4.5 × 10^{−4}, as generally analyzed in literatures. The current experimental upper bound of Br(B_s → μ^+μ^−) is 2.6 × 10^{−6} [19]. Because the bound constrains |C_{Qi} − C^′_{Qi} | (i=1, 2)^‡ we can have values of |C_{Qi} | and |C^′_{Qi} | larger than those in constrained MSSM (CMSSM) with universal boundary conditions at the high scale and scenarios of the extended minimal flavor violation in MSSM in which |C^′_{Qi} | is much smaller than |C_{Qi} |. We require that predicted Br of B → X_sμ^+μ^− falls within 1 σ experimental bounds. We also impose the current experimental lower bound ΔM_s > 14.4ps^{−1} and experimental upper bound Br(B → X_sg) < 9%. In numerical analysis we fix m_{g̃} = m_{q̃} = 400GeV and tan β = 30. We vary the NHB masses in the ranges of 91GeV ≤ m_h ≤ 135GeV, 91GeV ≤ m_H ≤ 200GeV with m_h < m_H and 200GeV ≤ m_A ≤ 250GeV for the fixed mixing angle α = 0.6, π/2 of the CP even NHBs and scan δ^{dAA}_{23} in the range |δ^{dAA}_{23} | ≤ 0.1 which arises from the constraints of b → sγ and ΔM_s (A = L, R). Here δ^{dAA}_{23} is the parameter in the usual mass insertion approximation [21] and its definition can be found in Refs. [15, 21]. We perform calculations of hadronic matrix elements of the Higgs penguin operators Q^{(′)}_i at the α^0_s order (tree level), i.e, in the naive factorization formalism, and to the α_s order. The results for tree level (i.e., the naive factorization) and to the α_s order are shown in FIGs. 2a and 2b, respectively. Fig. 2a is given for μ = m_b. In Fig. 2b green and red dots denote the results for μ = m_b and μ = m_b/2 respectively. We find that although S_{ϕK} can have a sizable deviation from SM but it can not be smaller than 0.6 if one use the naive factorization to calculate hadronic matrix elements. However, S_{ϕK} for both μ = m_b and μ = m_b/2 can have a significant deviation from SM when we include the α_s corrections. We find that there are regions of parameters where S_{ϕK} falls in 1σ experimental bounds and Br is smaller than 1.6 × 10^{−5}. The FIGs. 2a and 2b are plotted for α = π/2. The similar figures are obtained for α = 0.6. We stress that at tree level S_{ϕK} can have a sizable deviation from SM because we can have values of |C_{Qi} | and |C^′_{Qi} | larger than those in CMSSM with universal boundary conditions at the high scale and the extended MFV scenarios in MSSM by a factor of 3 or so, as pointed out above. It is instructive to note that because the LR and RL mass insertions do not contribute to the Higgs penguin operators, the Higgs mediated

‡ C^{(′)}_{Q1,2} are the Wilson coefficients of the operators Q^{(′)}_{1,2} which are Higgs penguin induced in leptonic and semileptonic B decays and their definition can be found in Ref. [20]. By substituting the quark-Higgs vertex for the lepton-Higgs vertex it is straightforward to obtain Wilson coefficients relevant to hadronic B decays.

FIG. 3: The correlation between SϕK and Br(B → ϕKs) for (a) including only SM and NHB contributions and only a LL insertion, (b) all contributions in MSSM. Green and red dots denote the results for μ = mb and μ = mb/2 respectively. Current 1σ bounds are shown by the dashed lines.

mechanism probes the LL and RR insertions, in contrast with the QCD and chromomagnetic penguins whose effects are too small to alter S_{ϕK} significantly in the case of only LL and RR insertions [13]^§. We have also carried through the calculations in the middle tan β case, tan β = 8, within the range |δ^{dAA}_{23} | ≤ 1 and the results are similar to those in the large tan β case.

Next we consider the case of large m_A. In the limit M^2_A ≫ M^2_Z (for M_A ≥ 300GeV), the charged, heavy CP-even and CP-odd neutral Higgs bosons are nearly mass degenerate, M_H± ≃ M_H ≃ M_A, sin(β − α) approaches 1, and the properties of the lightest CP-even neutral Higgs boson h are almost identical to those of the SM Higgs boson (so called the decoupling limit). In this case, C^{(′)}_{13} approaches to zero if m_bA_b ≪ m^2_{g̃}. So S_{ϕK} for μ ∼ m_b can not be smaller than 0.7 under the constraint from B_s → μ^+μ^−. However, as shown in Ref. [22], the decoupling limit can be relaxed in some regions with M^2_A ≫ M^2_Z of the parameter space which are allowed by experiments of (g − 2)_μ, b → sγ and lower bounds of Higgs and sparticle masses, due to the large off-diagonal scalar top and scalar bottom mass matrix elements contributing to the Higgs sector by radiative corrections. In the regions, the charged, heavy CP-even and CP-odd Higgs bosons are not mass degenerate, and sin^2(β − α) can be damped from 1. We take two typical set of parameters in the regions given in the TABLE 1 Case B of Ref.[22] to calculate Wilson coefficients C^{(′)}_i (m_w ), i = 11, 13, 7γ. Corresponding numerical results are that S_{ϕK} = −0.53 and −0.19, Br = [0.77 and 0.98] × 10^{−5}, respectively.

We now consider the case of only a LL insertion. Then C^′_{11,...,16} = 0 and consequently the experimental bound of B_s → μ^+μ^− constrains |C_{Qi} | (i=1, 2). We scan δ^{dLL}_{23} in the range |δ^{dLL}_{23} | ≤ 0.1 with other parameters same as above under all relevant constraints. The result is shown in Fig. 3a. We find that S_{ϕK} can significantly deviate the SM value but it can not be smaller than 0.4. As pointed out above, if using the naive factorization of hadronic matrix elements, the minimal value of S_{ϕK} is o.7, in contrast with that of including the α_s corrections of hadronic matrix elements. The similar result is obtained for the case of only a RR insertion.

Finally we switch on other SUSY contributions of which the contributions of the chromomagnetic penguin with gluino-down type squark in the loop are dominant. We scan |δ^{dLL,RR}_{23} | ≤ 0.1, with values of other parameters the same as those above under the constraints from b → sγ and ΔM_s as well as other relevant experiments mentioned above. The result including both the chromomagnetic and QCD penguin contributions and NHB penguin contributions is shown in FIG. 3b. One can see from the figure that there are regions of parameters where S_{ϕK} falls in 1σ experimental bounds and Br is smaller than 1.6×10^{−5}. Comparing FIG. 3b with FIG. 2b, one can see that the regions of parameter space in the case including both contributions are larger than those when including only the NHB contributions.

Our results show that both the Br and S_{ϕK} of B → ϕK_S are dependent of the scale μ , which can be understood as follows. Let us look at, e.g., the contributions coming from Q_{13,...,16} in a^{neu}_4 (see, Eq. (12)), we have: da^{neu}_4 d ln μ = d [_{αs} 4π C_F 4N_c (C13 2 ln μ − 4C15 2 ln μ − 8C16 2 ln μ)G 0 ϕ ] d ln μ + ... = α_s 4π C_F 4N_c [ (C_{13} 2 − 4C_{15} 2 − 8C_{16} 2)) ] G^0_ϕ + α^2_s ln μ terms + ..., (14)

§ It is possible that effects of the QCD and chromomagnetic penguins are significant to alert S_{ϕK} greatly for only a LL or RR insertion because there can be an induced LR or RL insertion if μ tan β is large enough [13].

where ”...” denotes the terms coming from Q_{11} and Q^′_i, i=11,13,...,16. The first term in Eq. (14) is cancelled by

d(−2C_{8g}G^0_ϕ) d ln μ = α_s 4π C_F 4N_c [ − 2(C_{13} − 4C_{15} − 8C_{16}) ] G^0_ϕ + ..., where −2C_{8g}G^0_ϕ is the contribution coming from the chromomagnetic dipole operator and ”...” denotes the terms independent of C_{13,...,16}. However, the α^2_s ln μ terms in Eq. (14) is left. Although their appearance is of α^2_s order, their magnitude indeed are of α_s order. Similar analysis can be down for the other terms in a^{neu}_4 .

It is necessary to make a theoretical prediction in SM as precision as we can in order to give a firm ground for finding new physics. For the purpose, we calculate the twist-3 and weak annihilation contributions in SM using the method in Ref. [23] by which there is no any phenomenological parameter introduced^¶. The numerical results show that the annihilation contributions to Br(B → ϕK) are of order 10^{−8} which are negligible, the twist-3 contributions to Br are also very small, smaller than one percent, and both the annihilation and twist-3 contributions to S_{ϕK} are negligible.

In summary, we have shown that the NHB contributions in MSSM can have a significant effect on both the Br and S_{ϕK} of B → ϕK_S . We can have large Wilson coefficients (comparable with those in SM) of the NHB penguin induced operators Q^{(′)}_i , in some regions of the parameter space in MSSM under all relevant experimental constraints, which leads to that even at the tree level of hadronic matrix element calculations the time dependent CP asymmetry S_{ϕK} can deviate from SM sizably. Due to the large contributions to the hadronic elements of the operators at the α_s order arising from penguin contractions with b quark in the loop, both the Br and S_{ϕK} are sizably different from those in SM. The mixing Q_{13,...,16} with Q_{8g} makes the Wilson coefficient C_{8g}(μ) (μ ∼ m_b) enhanced a lot, which has large effects on both S_{ϕK} and the Br. In some regions of the parameter space in MSSM, the NHB contributions alone can lead to negative S_{ϕK} which is reported by BaBar and Belle in 2002 and even make S_{ϕK} agreed with 2003 Belle data in a 1σ experimental bounds. Our results show that both the Br and S_{ϕK} of B → ϕK_S are dependent of the scale μ. The sizable scale dependence, which implies hadronic uncertainties up to the α_s order, comes mainly from the O(α_s) corrections of hadronic matrix elements and also from leading order Wilson coefficients C^{(′)}_i , i=11,...,16. However, despite there are hadronic uncertainties, the conclusion that the NHB contributions in MSSM can have a significant effect on both the Br and S_{ϕK} of B → ϕK_S can still be drawn definitely.

Acknowledgment

The work was supported in part by the National Nature Science Foundation of China.

References

[1] X.-G. He, J.P. Ma and C.-Y. Wu, Phys. Rev. D63 (2001) 094004 ; H.-Y. Cheng and K.C. Yang, Phys. Rev. D64(2001) 074004.

[2] M. Beneke et al., Phys. Rev. Lett. 83(1999) 1914; Nucl. Phys. B591(2000) 313. [3] M. Beneke et al., Nucl. Phys. B606(2001) 245.

[4] S. Mishima, hep-ph/0107163; C.-H. Chen, Y.-Y. Keum and H.-n. Li, Phys. Rev. D64 (2001) 112002. [5] H.-n. Li and H.-L. Yu, Phys. Rev. Lett. 74(1995) 4388; Y.-Y. Keum, H.-n. Li and A.I. Sanda, Phys. Lett. B504 (2001) 6;

Phys. Rev. D63(2001) 054008.

[6] Aubert et al. (BABAR Collaboration), hep-ex/0207070.

[7] T. Augshev, talk given at ICHEP 2002 (Belle Collaboration), BELLE-CONF-0232; K. Abe et al., BELLE-CONF-0201 hep-ex/0207098.

¶ The twist three and annihilation contributions are included by Cheng and Yang in Ref.[1]. However, they introduce a phenomenological parameter instead of the integral containing end point singularity and consequently the prediction ability of theory is decreased.

[8] The Belle Collaboration, K. Abe et al, hep-ex/0308035(BELLE-CONF-0344). [9] S. M. Spanier, Preliminary result presented at LP03 by BaBar.

[10] Y. Grossman and M. P. Worah, Phys. Lett. B 395(1997) 241; R. Fleischer, Int. J. Mod. Phys. A12(1997) 2459; D. London and A. Soni, Phys. Lett. B407(1997) 61; Y. Grossman, G. Isidori and M. P. Worah, Phys. Rev. D58(1998) 057504.

[11] A. Datta, Phys. Rev. D66(2002) 071702; S. Baek, Phys. Rev. D67 (2003) 096004; M. Raidal, Phys. Rev. Lett. 89(2002) 231803; K. Agashe and C.D. Carone, hep-ph/0304229; B. Dutta, C.S. Kim, S. Oh, Phys. Rev. Lett. 90 (2003) 011801; J.-P. Lee, K.Y. Lee, hep-ph/0209290.

[12] M. Ciuchini, L. Silvestrini, Phys. Rev. Lett. 89(2002) 231802; L. Silvestrini, hep-ph/0210031(talk contributed at ICHEP02);

S. Khalil, E. Kou, Phys. Rev. D67 (2003) 055009; R. Harnik, D.T. Larson, H. Murayama, A. Pierce, hep-ph/0212180; A. Kundu and T. Mitra, hep-ph/0302123. After hep-ph/0306086, there are the following papers to analyze the CP asymmetry SϕK in SUSY models: R. Arnowitt, B. Dutta and B. Hu, Phys. Rev. D68 (2003) 075008; J. Hisano, Y. Shimizu, hep-ph/0308255; C. Dariescu, M. A. Dariescu, N.G. Deshpande and D. K. Ghosh, hep-ph/0308305; Y. Wang, hep-ph/0309290; V. Barger, C.-W. Chiang, P. Langacker, H.-S. Lee, hep-ph/0310073.

[13] G.L. Kane et al., hep-ph/0212092, Phys. Rev. Lett. 90 (2003) 141803, and references therein. [14] C. Bobeth, T. Ewerth, F. Krüger, J. Urban, Phys. Rev. D66(2002) 074021. [15] C.-S. Huang and X.-H. Wu, Nucl. Phys. B657(2003) 304.

[16] J.A. Bagger, K.T. Matchev and R.J. Zhang, Phys. Lett. B412(1997) 77; M. Ciuchini et al., Nucl. Phys. B523(1998) 501;

C.-S. Huang and Q.-S. Yan, hep-ph/9906493; A.J. Buras, M. Misiak and J. Urban, Nucl.Phys. B586 (2000) 397. [17] F. Borzumati, C. Greub, T. Hurth and D. Wyler, Phys. Rev. D62, 075005 (2000). [18] G. Hiller, F. Krüger, hep-ph/0310219.

[19] CDF Collaboration, F. Abe et al., Phys. Rev. D57(1998) 3811.

[20] Y.-B. Dai, C.-S. Huang and H.-W. Huang, Phys. Lett. B390(1997) 257; C.-S. Huang and Q.-S. Yan, Phys. Lett. B442(1998) 209 ; C.-S. Huang, W. Liao, and Q.-S. Yan, Phys. Rev. D59(1999) 011701.

[21] L.J. Hall, V.A. Kostelecky, S. Raby, Nucl. Phys. B267(1986) 415 ; F. Gabbiani, E. Gabrielli, A. Masiero, L. Silvestrini, Nucl. Phys. B477(1996) 321.

[22] C.-S. Huang and X.-H. Wu, Phys. Rev. D66(2002) 075002.

[23] J.-F. Cheng and C.-S. Huang, Phys. Lett. B554(2003) 155. In the paper the constraint from B → μ^+ μ^− is not imposed.