arXiv:hep-ph/0611252 v2 21 Nov 2006

The Neutral Higgs Effects on Rare Decay B → X_sℓ^+ℓ^− in T2HDM

Lin-xia Lü^{a,b∗} and Zhen-jun Xiao^{a†}

a. Department of Physics and Institute of Theoretical Physics, Nanjing Normal University, Nanjing, Jiangsu 210097, P.R.China and

b. Department of Physics, Nanyang Teacher’s College, Nanyang, Henan 473061, P.R.China (Dated: November 21, 2006)

Abstract

We calculate the new physics contributions to the branching ratios of the rare decays B → X_sℓ^+ℓ^− (ℓ = e, μ) induced by neutral Higgs bosons loop diagrams in the top quark two-Higgs-doublet model (T2HDM). From the numerical calculations, we find that (a) the neutral Higgs boson’s correction to B → X_sℓ^+ℓ^− decays interferes constructively with its standard model counterpart, but small in magnitude; (b) the neutral Higgs contributions to the branching ratio of B → X_sℓ^+ℓ^− decay can be neglected safely if their masses are larger than 100 GeV and tan β ≤ 40.

PACS numbers: 13.20.He, 12.60.Fr, 14.40.Nd

∗Electronic address: lulinxia@email.njnu.edu.cn †Electronic address: xiaozhenjun@njnu.edu.cn

I. INTRODUCTION

Flavor changing neutral current (FCNC) induced B-meson rare decays occurred only at the loop level in the Standard Model (SM) and the fact that their branching ratios are tiny seems to be confirmed by the present experimental data. Since FCNC processes strongly depend on virtually exchanged particles, they provide a test of the SM and strong constraints on the parameter space of new physics models beyond the SM.

Among various rare B meson decay modes, B → X_sγ decay has received resounding reception in the interested theoretical physics community. From the B → X_sγ decay, only the magnitude of C_{7γ} instead of its sign can be constrained by the relevant data. Recently in Ref. [1], the authors investigated the branching ratio Br(B → X_sℓ^+ℓ^−) in the Standard Model or with the reversed sign of C_{7γ} , and found that the recent data prefer a SM-like Wilson coefficient C_{7γ} (m_b).

The B-meson semileptonic decays B → X_sℓ^+ℓ^− (ℓ = e, μ) are of special interest because it is amenable to a clean theoretical description, especially for dilepton invariant masses below the charm resonances, namely in the range 1GeV^2 ≲ m^2_{ℓℓ} ≲ 6GeV^2. The calculation of the next-to-next-to-Leading Order (NNLO) QCD corrections in the SM for B → X_sℓ^+ℓ^− has been completed [2, 3, 4, 5, 6]. These semileptonic decays, on the experimental side, have been measured by Belle and BaBar [7, 8, 9]. At the forthcoming LHC-b or the future super B factory experiments, the dilepton invariant mass spectrum will be measured precisely, which will provide strong constraints on the new physics beyond the Standard Model.

In a previous paper [10], we studied the new physics contributions to the B → X_sγ and B → X_sℓ^+ℓ^− decays induced by the charge-Higgs loop diagrams, and found that a charge-Higgs boson with a mass lighter than 200 Gev is clearly excluded by the data, but a charged Higgs boson with a mass around or larger than 300 GeV is still allowed. In this paper, we will concentrate on the calculation of new physics contribution to the semileptonic decays B → X_sℓ^+ℓ^− (ℓ = e, μ) induced by the loop diagrams involving the neutral-Higgs bosons appeared in the T2HDM.

This paper is organized as follows. In section II, we briefly review the top quark two-Higgs-doublet model, then calculate the new penguin or box diagrams induced by neutral Higgs bosons, extracting out the new physics parts of the Wilson coefficients in the T2HDM and giving the related formulae for branching ratio Br(B → X_sℓ^+ℓ^−). In section III, we present the numerical results for the branching ratios of the rare decays B → X_sℓ^+ℓ^− in the SM and the T2HDM.

II. RARE DECAYS B → X_sℓ^+ℓ^− IN THE T2HDM

In this section, we present the basic theoretical framework of the T2HDM and calculate the new physics contributions to the Wilson coefficients induced by loop diagrams involving the neutral Higgs bosons.

The new physics model considered here is the T2HDM proposed in Ref. [11] and studied for example in Refs. [10, 12, 13, 14], which is also a special case of the 2HDM of type III [15]. The top quark is assigned a special status by coupling it to one Higgs doublet that gets a large VEV, whereas all the other quarks are coupled only to the other Higgs doublet whose VEV is much smaller. As a result, tan β is naturally large in this model.

The Yukawa interaction of the T2HDM can be written as follows [11]:

L_Y = −L_Lϕ_1El_R − Q_Lϕ_1F d_R − Q_L ~ϕ_1G1^{(1)}u_R − Q_L ~ϕ_2G1^{(2)}u_R + H.c. (1)

where ϕ_i (i = 1, 2) are the two Higgs doublets with ~ϕ_i = iτ_2ϕ^∗_i ; and E, F , G are the generation space 3 × 3 matrices; Q_L and L_L are 3-vector of the left-handed quark and lepton doublets; 1^{(1)} ≡ diag(1, 1, 0); 1^{(2)} ≡ diag(0, 0, 1) are the two orthogonal projection operators onto the first two and the third families respectively.

The Yukawa couplings for quarks are of the form [11]

L_Y = − ∑ D=d,s,b m_DD̄D − ∑ U=u,c,t m_UŪU − ∑ D=d,s,b m_D v D̄D[H^0 − tan βh^0] − i ∑ D=d,s,b m_D v D̄γ_5D[G^0 − tan βA^0] − m_u v ūu[H^0 − tan βh^0] − m_c v c̄c[H^0 − tan βh^0] − m_t v t̄t[H^0 + cot βh^0] + i m_u v ūγ_5u[G^0 − tan βA^0] + i m_c v c̄γ_5c[G^0 − tan βA^0] + i m_t v t̄γ_5t[G^0 + cot βA^0] + g √ 2M_W {−U_LV m_DD_R[G^+ − tan βH^+] + U_Rm_U V D_L[G^+ − tan βH^+]

+ U_RΣ^†V D_L[tan β + cot β]H^+ + h.c.}. (2)

where G^± and G^0 are Goldstone bosons, H^± are charged Higgs bosons, while the CP-even (H^0, h^0) and CP-odd A^0 are the so-called neutral Higgs bosons. Here M_U and M_D are the diagonal up- and down-type mass matrices, V is the usual Cabibbo-Kobayashi-Maskawa ( CKM ) matrix and Σ ≡ M_U U^†_R1^{(2)}U_R. U^†_R is the unitary matrix which diagonalizes the right-handed up-type quarks as defined in Ref. [12].

The effective hamiltonian inducing the transition b → sℓ^+ℓ^− at the scale μ has the

FIG. 1: The typical Feynman diagrams for the decay B → X_sℓ^+ℓ^− when the new physics contributions from the loops involving the neutral Higgs bosons in T2HDM. The box diagram in the lower right corner is an example of the diagrams involving the charged Higgs boson.

following structure [16]: H = − 4G_F √ 2 V^∗_{ts}V_{tb} 10∑ i=1 [C_i(μ)O_i(μ) + C_{Qi} (μ)Q_i(μ)] (3)

Where C_i, C_{Qi} are the Wilson coefficients at the renormalization point μ = m_W , O_i’s (i = 1, · · · , 10) are the operators in the SM and are the same as those given in the Ref. [2], and Q_i’s come from exchanging the neutral Higgs bosons in T2HDM and have been given in Ref. [16]. G_F = 1.16639 × 10^{−5} GeV^{−2} is the Fermi coupling constant, and V^∗_{ts}V_{tb} is the CKM factor. We work in the approximation where the combination (V^∗_{us}V_{ub}) of the CKM matrix elements is neglected. The top-quark and charm-quark contributions are added up with the results in the summed form.

In the framework of the SM, the rare decays B → X_sℓ^+ℓ^− proceed through loop diagrams and are of forth order in the weak coupling. The dominant contributions to this decay come from the W box and Z penguin diagrams. The corresponding oneloop diagrams in the SM were evaluated long time ago and can be found for example in Refs.[17, 18].

In the T2HDM, the B → X_sℓ^+ℓ^− decays proceed also via additional loops involving charged and/or neutral Higgs bosons exchanges. In Ref. [10], we have given a detailed derivation of the lengthy expressions of the T2HDM corrections to the relevant Wilson coefficients induced by the loop diagrams involving charged Higgs bosons. Here we first consider the neutral Higgs bosons contributions to the Wilson coefficients.

At the high energy scale μ_W ∼ M_W , the leading contributions to C_{Qi} come from the diagrams in Figs.1. By calculating the Feynman diagrams, we find analytically that

C_{Q1} (M_W ) = −f_{ac} ∑ i=c,t κ^{is} { m^2_i m^2_{h0} ( − tan^2 β +

(Σ^T V^∗)_{is} m_iV^∗_{is} (tan^2 β + 1) ) B̄_0(y_i) − m^{2i} m^2_{h0}

B̄_0(x_i)

− M^2_W m^2_{h0} [ x_i ( −1 +

(Σ^†V )_{ib} m_iV_{ib} (cot^2 β + 1) ) ( 2C̄_{01}(x_i, y_i, x_H+ ) − C̄_{11}(x_i, y_i, x_H+ ) )

+ m^2_b M^2_W ( 2C̄_{11}(x_i, y_i, x_H+ ) − C̄_{22}(x_i, y_i, x_H+ ) ) + C̄_{21}(x_i, y_i, x_H+ ) ]

+x_i ( m^2_H+ m^2_{h0} − 1 ) [( −1 +

(Σ^†V )_{ib} m_iV_{ib} (cot^2 β + 1) ) C̄_{11}(x_i, y_i, x_{H+} )

+C̄_{01}(x_i, y_i, x_H+ ) ] + m^2_i (2m^2_{H+} + m^2_{H0} − 2m^2_{h0} ) m^2_{H+} m^2_{H0} ( −1 +

(Σ^T V^∗)_{is} m_iV^∗_{is} (cot^2 β + 1) )

× [( −1 +

(Σ^†V )_{ib} m_iV_{ib} (cot^2 β + 1) ) C_{11}(y_i) + C_{01}(y_i) ]

+ m^2_i Q^′_{h0} tan β

m^2_{h0} [ y_i ( −1 +

(Σ^T V^∗)_{is} m_iV^∗_{is} (cot^2 β + 1) )

× ( C^{′′}_{01}(y_i) − m^2_b m^2_i

C^{′′}_{11}(y_i) − 1 y_i C^{′′}_{21}(y_i) )

+y_i ( −1 +

(Σ^T V^∗)_{is} m_iV^∗_{is} (cot^2 β + 1) ) ( −1 +

(Σ^†V )_{ib} m_iV_{ib} (cot^2 β + 1) )

× (C^{′′}_{01}(y_i) − 2C^{′′}_{11}(y_i)) + m^2_b 18M^2_{H+} ( −1 +

(Σ^T V^∗)_{is} m_iV^∗_{is} (cot^2 β + 1) ) C^{′′}_{22}(y_i) ] − B_+(x_H+ , x_t) } , (4)

C_{Q2} (M_W ) = f_{ac} ∑ i=c,t κ^{is} { m^2_i m^2_{A0} [( − tan^2 β +

(Σ^T V^∗)_{is} m_iV^∗_{is} (tan^2 β + 1) ) B̄_0(y_i) − B̄_0(x_i) ]

− M^2_W m^2_{A0} [ x_i ( −1 +

(Σ^†V )_{ib} m_iV_{ib} (cot^2 β + 1) ) ( 2C̄_{01}(x_i, y_i, x_H+ ) − C̄_{11}(x_i, y_i, x_H+ ) )

+ m^2_b M^2_W ( 2C̄_{11}(x_i, y_i, x_H+ ) − C̄_{22}(x_i, y_i, x_H+ ) ) + C̄_{21}(x_i, y_i, x_H+ ) ]

+x_i ( m^2_H+ m^2_{A0} − 1 ) [( −1 +

(Σ^†V )_{ib} m_iV_{ib} (cot^2 β + 1) ) C̄_{11}(x_i, y_i, x_{H+} )

+C̄_{01}(x_i, y_i, x_H+ ) ] − m^2_i Q^′_{A0} tan β

m^2_{A0} [ y_i ( −1 +

(Σ^T V^∗)_{is} m_iV^∗_{is} (cot^2 β + 1) )

× ( C^{′′}_{01}(y_i) + m^2_b m^2_i

C^{′′}_{11}(y_i) + 1 y_i C^{′′}_{21}(y_i) )

+y_i ( −1 +

(Σ^T V^∗)_{is} m_iV^∗_{is} (cot^2 β + 1) ) ( −1 +

(Σ^†V )_{ib} m_iV_{ib} (cot^2 β + 1) ) C^{′′}_{01}(y_i) − m^2_b 18M^2_{H+} ( −1 +

(Σ^T V^∗)_{is} m_iV^∗_{is} (cot^2 β + 1) ) C^{′′}_{22}(y_i) ] − B_+(x_H+ , x_t) } , (5)

C_{Q3} (M_W ) = m_b e^2 m_ℓ g^2_s

(C_{Q1} (M_W ) + C_{Q2} (M_W )) , (6)

C_{Q4} (M_W ) = m_b e^2 m_ℓ g^2_s

(C_{Q1} (M_W ) − C_{Q2} (M_W )) , (7)

C_{Qi} (M_W ) = 0, for i = 5, · · · , 10, (8)

where f_{ac} =^{mbmℓ tan2 β}

4M^2_W sin^2 θ_W , κ

is = −V_{ib}V^∗_{is}/(V_{tb}V^∗_{ts}), x_H+ = m^2_{H+} /M^2_W , x_i = m^2_i /M^2_W , y_i = m^2_i /m^2_{H+} , and Q^′_{A0} = Q^′_{h0} = tan β(− cot β) for c (t) quark. The one-loop integral functions appeared in C_{Q1} (M_W ) and C_{Q2} (M_W ) can be written as

B̄_0(y) = 1 + y 1 − y ln[y] ,

B_+(x, y) = y x − y ( ln[x] 1 − x − ln[y] 1 − y ) , C_{01}(y) = 1 1 − y + y (1 − y)^2 ln[y] ,

C_{11}(y) = 1 − 3y 4(1 − y)^2 − y^2 2(1 − y)^3 ln[y] , (9)

C^{′′}_{01}(y) = − 1 1 − y − 1 (1 − y)^2 ln[y] ,

C^{′′}_{11}(y) = y − 3 4(1 − y)^2 − 1 2(1 − y)^3 ln[y] ,

C^{′′}_{21}(y) = 3 − y 2(1 − y) + 1 (1 − y)^2 ln[y] ,

C^{′′}_{22}(y) =

−11 + 7y − 2y^2 (1 − y)^3 − 6 (1 − y)^4 ln[y], C̄_{01}(x, y, z) = y ln[x] − x ln[y] − ln[z] (1 − x)(1 − y)(1 − z) , C̄_{11}(x, y, z) = − 1 2(1 − y)(1 − z) − y^2 2(1 − x)(1 − y)^2 ln[y] − 1 2(1 − x)(1 − z)^2 ln[z] ,

C̄_{21}(x, y, z) = 3 2 − xy (1 − x)(1 − y) ln[y] + 1 (1 − x)(1 − z) ln[z] ,

C̄_{22}(x, y, z) = −3x + 5y + z − 3 6(1 − y)^2(1 − z)^2 + y^3 3(1 − x)(1 − y)^3 ln[y] − 1 3(1 − x)(1 − z)^3 ln[z] .(10)

Neglecting the strange quark mass, the effective Hamiltonian (3) leads to the following matrix element for the rare decays B → X_sℓ^+ℓ^− M = α_{em}G_F 2 √ 2π V_{tb}V^∗_{ts} { −2 ~C^{eff}_{7γ} m_b q^2 s̄iσ_{μν} p_ν (1 + γ_5)bℓ̄γ_μℓ + ~C^{eff}_{9V} s̄γ_μ(1 − γ_5)bℓ̄γ_μℓ + ~C^{eff}_{10A}s̄γ_μ(1 − γ_5)bℓ̄γ_μγ_5ℓ + C_{Q1}s̄(1 + γ_5)bℓ̄ℓ + C_{Q2}s̄(1 + γ_5)bℓ̄γ_5ℓ } . (11)

with q the momentum transfer.

The Wilson coefficients can be evolved from the electroweak scale μ_W ∼ M_W down to the low-energy scale μ ∼ m_b, according to the renormalization group equation [5]. The mixing of the operators O_i(i = 1, 2, · · · , 10) in the SM has been studied and the anomalous dimension matrix (ADM) has been given in Refs. [3, 4, 5, 6]. Neglecting the mixing between O_i(i = 1, 2, · · · , 10) and Q_i(i = 1, 2, · · · , 10), the effective Wilson coefficients including charged Higgs bosons contributions at the low scale μ = m_b can be found in Ref. [10].

The operators O_i(i = 1, · · · , 10) and Q_i(i = 3, · · · , 10) do not mix into Q_1 and Q_2 and there is no mixing between Q_1 and Q_2 [19]. Therefore, the evolution of the Wilson coefficients C_{Q1} and C_{Q2} is

C_{Qi} (μ_b) = η^{−12/23}C_{Qi} (M_W ) , (12)

where η = α_s(M_W )/α_s(μ_b).

In order to eliminate the large uncertainties due to the factor m^5_b and the CKM elements appearing in the decay width for B → X_sℓ^+ℓ^−, it has become customary to normalize the decay to the semileptonic decay rate. The integrated branching ratio in low-q^2 region can be written as [6, 20] Br_{ℓℓ} = Br(B̄ → X_cℓν) ∫_{ŝb} ŝ_a R(ŝ), (13)

where ŝ = q^2/m^2_b with ŝ_a = 1/m^2_b and ŝ_b = 6/m^2_b , R(ŝ) is the differential decay rate for the decay B → X_sℓ^+ℓ^− and has been derived in Ref. [16] R(ŝ) ≡ d dŝ Γ(b → sl^+l^−) Γ(b → ceν) = α^2_{em} 4π^2 | | | V^∗_{ts}V_{tb} V_{cb} | | | 2 (1 − ŝ)^2 f(z)κ(z) ( 1 − 4r ŝ )_{1/2} D(ŝ), (14)

where

D(ŝ) = 4| ~C^{eff}_7 |^2(1 + 2r ŝ )(1 + 2 ŝ ) + | ~C^{eff}_9 |^2(1 + 2r ŝ )(1 + 2ŝ)

+| ~C^{eff}_{10} |^2(1 − 8r + 2ŝ + 2r ŝ ) + 12Re( ~C^{eff}_7 ~C^{eff∗}_9 )(1 + 2r ŝ ) + 3 2 |C_{Q1} |^2(ŝ − 4r) + 3 2 |C_{Q2} |^2ŝ + 6Re( ~C^{eff}_{10} C^∗_{Q2} )r^{1/2}. (15)

Here r = m^2_ℓ /m^2_b , z = m_c/m_b, f(z) = 1 − 8z^2 + 8z^6 − z^8 − 24z^4 ln z is the phase-factor, and κ(z) ≃ 1 −^{2αs(μ)}_{3π} [( π^2 −^{31}_4 ) (1 − z)^2 +^3_2 ] is the single gluon QCD correction to the b → ceν̄ decay.

III. NUMERICAL RESULT

In numerical calculations, we will use the following input parameters m_d = 5.4MeV, m_s = 150MeV, m_b = 4.6GeV, m_c = 1.4GeV, m_t(m_t) = 165.9GeV, m_{Bd} = 5.279GeV, m_{Bs} = 5.367GeV, A = 0.853, λ = 0.225, ρ̄ = 0.20 ± 0.09, η̄ = 0.33 ± 0.05, (16)

where A, λ, ρ̄ and η̄ are Wolfenstein parameters of the CKM mixing matrix.

From the data of the radiative decay B → X_sγ and B^0 − B̄^0 mixing, we found strong constraints on the parameter space of the T2HDM [10]. Here we will consider these constraints in our choice for the free parameters of the T2HDM.

On the experimental side, the average of the measured branching ratios of B → X_sℓ^+ℓ^− (ℓ = e, μ) for the low dilepton invariant mass region (1GeV^2 < m^2_{ℓℓ} ≡ q^2 < 6GeV^2) as given in Ref. [1] is

BR(B → X_sℓ^+ℓ^−) = (1.60 ± 0.51) × 10^{−6}. (17)

At NNLO level, the SM prediction after integrating over the low-q^2 region reads

Br(B → X_sℓ^+ℓ^−) = (1.58 ± 0.08|_{mt} ± 0.07|_{μb} ± 0.04|_{CKM} ± 0.06|_{mb} + 0.18|_{μW} ) × 10^{−6} = (1.58 ± 0.13 + 0.18|_{μW} ) × 10^{−6}. (18)

FIG. 2: Plots of the branching ratios of B → X_sℓ^+ℓ^− vs the mass m_H+ in the SM and T2HDM for δ = 0^∘, m_H0 = 160GeV, m_h0 = 115GeV, m_A0 = 120GeV and for tan β = 10, tan β = 30, tan β = 40, respectively.

where the errors show the uncertainty of input parameters of m_t, A, ρ̄, η̄ and m_b, and for m_b/2 ≤ μ_b ≤ 2m_b. The last error corresponds to the choice of μ_W = 120 GeV, instead of μ_W = M_W . Since here we focus on the new physics corrections to the branching ratios of B → X_sℓ^+ℓ^− decay, we will take μ_W = M_W in the following unless stated otherwise.

The new physics corrections to the branching ratio of B → X_sℓ^+ℓ^−(ℓ = e, μ) in T2HDM are shown in Fig. 2 and Fig. 3. The band between two horizontal dot lines refers to the data within 1σ error: Br(B → X_sℓ^+ℓ^−) = (1.60±0.51)×10^{−6}; while the solid line corresponds to the central value of the SM prediction at NNLO level: Br(B → X_sℓ^+ℓ^−) = 1.58×10^{−6}.

In Fig. 2, the dot-dashed and dashed curve little above the solid line ( SM prediction) are the T2HDM predictions for tan β = 40 and 30 respectively, when only the new physics contributions from neutral Higgs bosons are taken into account (the case A), while the dot-dashed and dashed curves below the solid line (SM prediction) show the corresponding T2HDM predictions when the new physics contributions from both the neutral and charged Higgs bosons are included (the case B). For tan β ≤ 10, the new physics contributions in both case A and B are always very small and can be neglected safely.

In Fig. 3, we show the the m_A0 dependence of Br(B → X_sℓ^+ℓ^−) for δ = 0^∘, m_H+ = 300GeV, m_H0 = 160GeV, m_h0 = 115GeV, and for tan β = 10, 30, 40, respectively.

FIG. 3: Plots of the branching ratio of B → X_sℓ^+ℓ^− vs the mass m_A0 for δ = 0^∘, m_H+ = 300GeV, m_H0 = 160GeV, m_h0 = 115GeV, and for tan β = 10, 30, 40, respectively.

Again, the dot-dashed and dashed curve little above ( below) the central solid line are the T2HDM predictions for the case A ( case B) and for tan β = 40 and 30 respectively. For tan β ≤ 10, the curves in the T2HDM can not be separated with the solid line (SM prediction).

For the CP-even neutral Higgs boson H^0 and h^0, we have the similar results. The neutral Higgs bosons contributions to the decays B → X_sℓ^+ℓ^− are always very small if their masses are heavier than 100 GeV as suggested by the direct experimental searches.

To summarize, we have calculated the new physics contributions to the rare B meson decays B → X_sℓ^+ℓ^− induced by the loop diagrams involving the neutral or charged Higgs bosons in the top-quark two-Higgs-doublet model, and compared the theoretical predictions in the SM and the T2HDM with currently available data. From the numerical results and the figures, we found the following points

(i) The neutral Higgs contributions to the branching ratio Br(B → X_sℓ^+ℓ^−) interfere constructively with their SM counterparts, but small in magnitude. The charged Higgs, however, can provide large new physics contribution to both B → X_sγ and B → X_sℓ^+ℓ^− decays.

(ii) The neutral Higgs contributions to the branching ratio of B → X_sℓ^+ℓ^− decay can be neglected safely if their masses are larger than 100 GeV and tan β ≤ 40.

(iii) Within the considered parameter space of the T2HDM, the theoretical predictions for Br(B → X_sℓ^+ℓ^−) always agree well with the measured value within one standard deviation.

Acknowledgments

This work is partly supported by the National Natural Science Foundation of China under Grant No.10575052, and by the Specialized Research Fund for the Doctoral Program of Higher Education (SRFDP) under Grant No. 20050319008.

[1] P. Gambino, U. Haisch, and M. Misiak, Phys. Rev. Lett. 94 061803 (2005). [2] C. Bobeth, M. Misiak and J. Urban, Nucl. Phys. B 574, 291 (2000) [hep-ph/9910220]. [3] H. H. Asatryan et al, Phys. Rev. D 65, 074004 (2002); H. H. Asatryan et al, Phys. Rev.

D 66, 034009 (2002); A. Ghinculov et al, Nucl. Phys. B 648, 254 (2003); H. M. Asatrian et al, Phys. Rev. D 66, 094013 (2002).

[4] P. Gambino, M. Gorbahn and U. Haisch, Nucl. Phys. B 673, 238 (2003). [5] M. Gorbahn and U. Haisch, Nucl. Phys. B 713, 291 (2005). [6] C. Bobeth, P. Gambino, M. Gorbahn and U. Haisch, JHEP 0404 071(2004). [7] K. Abe et al., [Belle Collaboration], Phys. Rev. Lett. 88, 021801 (2002); B. Aubert et al.

[BaBar Collaboration] Phys. Rev. Lett. 88 241801 (2002).

[8] BaBar Collaboration, B. Aubert et al., Phys. Rev. Lett. 93, 081802 (2004). [9] Belle Collaboration, M. Iwasaki et al., Phys. Rev. D 72 , 092005 (2005). [10] Zhen-jun Xiao and Lin-xia Lü, Phys. Rev. D 74 (2006) 034016. [11] A. Das and C. Kao, Phys. Lett. B 372, 106 (1996).

[12] K. Kiers, A. Soni and G.H. Wu, Phys. Rev. D 59 (1999) 096001; G.H. Wu and A. Soni, Phys. Rev. D 62 (2000) 056005.

[13] K. Kiers, A. Soni and G-H. Wu, Phys. Rev. D , 62 (2000) 116004. [14] L.X. Lü and Z.J. Xiao, hep-ph/0609279.

[15] W.-S. Hou, Phys. Lett. B 296 (1992) 179 ; M. Luke and M.J. Savage, Phys. Lett. B 307 (1993) 387.

[16] Yuan-Ben Dai, Chao-Shang Huang, and Han-Wen Huang, Phys. Lett. B 390 257(1997);

Erratum-ibid, 513, 429 (2001); Chao-Shang Huang, Liao Wei, Qi-Shu Yan, and Shou- Hua Zhu, Phys. Rev. D 63 114021 (2001); Erratum-ibid, 64, 059902 (2001).

[17] T. Inami and C.S. Lim, Prog. Theor. Phys, 65, 297 (1981) [erratum 65, 1772 (1981)]. [18] M. Misiak, Nucl. Phys. B 393, 23 (1993). [19] C.S. Huang, Commun. Theor. Phys. 2, 1265 (1983).

[20] C. Bobeth, A.J. Buras, F. Früger and J. Urban, Nucl. Phys. B 630, 87 (2002); C. Bobeth, A.J. Buras and T. Ewerth, Nucl. Phys. B 713, 522 (2005).