arXiv:hep-ph/0106136 13 Jun 2001

B ! K^�τ^+τ^� decay in the general two Higgs doublet

model including the neutral Higgs boson effects

E. O. Iltan^∗, G. Turan^† and I. Turan^‡ Physics Department, Middle East Technical University Ankara, Turkey

Abstract

We study the CP violating asymmetry, the forward-backward asymmetry of the lepton pair and the CP asymmetry in the forward backward asymmetry for the exclusive decay B ! K^∗τ^+τ^− in the general two Higgs doublet model including the neutral Higgs boson effects. We analyse the dependencies of these quantities on the model III parameters, We found that the physical parameters studied above are at the order of the magnitude 1% and neutral Higgs boson effects are detectable for large values of the coupling ξ̄^D_{N,ττ}.

∗E-mail address: eiltan@heraklit.physics.metu.edu.tr †E-mail address: gsevgur@rorqual.metu.edu.tr ‡E-mail address: Ituran@metu.edu.tr

1 Introduction

Rare B decays are induced by flavor changing neutral currents (FCNC) at loop level in the Standard model (SM) and they are rich phenomenologically. They open a window for the determination of free parameters in the SM and also the investigation of the physics beyond, such as, two Higgs Doublet model (2HDM), Minimal Supersymmetric extension of the SM (MSSM) [1], etc. The experimental work for rare B decays continue at SLAC (BaBar), KEK (BELLE), B-Factories, DESY (HERA-B) and this stimulates the theoretical effort on them.

The exclusive B → K^∗l^+l^− process is an important candidate among rare B decays. Since its branching ratio (Br) predicted in the SM is large, there is a strong hope that this physical quantity is measured in the near future. The inclusive decay which induces B → K^∗l^+l^− process is b → sl^+l^− transition and it is extensively studied in the literature, in the framework of the SM, 2HDM and MSSM. In [2]-[15], b → sl^+l^− process is studied for light lepton pairs, namely l = e, μ. In this case, the neutral Higgs boson (NHB) effects can be neglected since those contributions are proportional to the light lepton masses or corresponding Yukawa couplings. However for l = τ , the NHB effects give sizable contributions. In [16, 17] B → X_sτ^+τ^− process was studied in the model I, II versions the 2HDM and it was shown that NHB effects are important for large values of tanβ. Currently the inclusive b → sl^+l^− decay was studied in the model III version of 2HDM [18] and it was observed that NHB effects can give considerable contribution if the Yukawa interaction between τ lepton and neutral Higgs bosons is large.

The theoretical analysis of exclusive decays is difficult due to the hadronic form factors which contain uncertainities. However, their experimental investigation is easier compared to the one for the inclusive decays. The calculation of physical observables in the hadronic level needs non-perturbative methods. In the literature there are different studies based on different approches, such as relativistic quark model by lightfront formalism [15], chiral theory [19], three point QCD sum rules method [20], effective heavy quark theory [21] and light cone QCD sum rules [22, 23].

With the measured upper limit 5.2 × 10^{−6} (4.0 × 10^{−6}) for the Br of the decay B^+ → K^+μ^+μ^− (B^0 → K^{∗0}μ^+μ^−) [24], the process B → K^∗l^+l^− have reached great interest. There are various studies on these decays in the SM, SM with fourth generation, multi Higgs doublet models, MSSM and in a model independent way, in the literature [2]-[15] and [19]-[36].

The CP violating effect is an important physical quantity to ensure the information about the free parameters of the model used. Since the CP violation for B → K^∗l^+l^− decay almost vanishes in the SM due to the unitarity of Cabibbo-Kobayashi-Maskawa (CKM) matrix elements and smallness of the term V_{ub} V^∗_{us}, we have a chance to investigate the physics beyond the SM by searching the

CP violating effects. In the model III version of the 2HDM, there is a new source for CP violation, namely complex Yukawa couplings. In [26, 27], CP violating effects due to new phases in the model III and three Higgs doublet model, 3HDM(O_2 ), were studied and it was observed that a considerable CP asymmetry was obtained.

In this work, we study the exclusive B → K^∗τ^+τ^− decay in the general 2HDM , so-called model III, by including NHB effects. We use the quark level effective Hamiltonian which is calculated in [18] and investigate the A_{CP} and the forward-backward asymmetry (A_{F B}) of the lepton pair for the process underconsideration. Further, we calculate the CP asymmetry in A_{F B}, (A_{CP} (A_{F B})) and observe that it can be measured in the forthcoming experiments.

The paper is organized as follows: In Section 2, we present the leading order (LO) QCD corrected effective Hamiltonian and the corresponding matrix element for the inclusive b → sτ^+τ^− decay, including NHB effects. Further, we give the matrix element for the exclusive B → K^∗τ^+τ^− decay and the explicit expressions for A_{F B}, A_{CP} and A_{CP} (A_{F B}). Section 3 is devoted to the analysis of the dependencies of A_{F B}, A_{CP} and A_{CP} (A_{F B}) on the CP parameter sin θ, Yukawa coupling ξ̄^D_{N,ττ} and the mass ratio^{mh0}_{mA0} and to the discussion of our results. In Appendices, we give the explicit forms of the operators appearing in the effective Hamiltonian, the corresponding Wilson coefficients and the form factors existing in the hadronic matrix elements.

2 The exclusive B ! K^∗τ^+τ^− decay in the model III including NHB effects.

In the model III, the flavour changing neutral currents in the tree level are permitted and various new parameters, such as Yukawa couplings, masses of new Higgs bosons, exist. Yukawa couplings describe the interaction of fermions with gauge bosons. Our starting point is the inclusive b → sτ^+τ^− process which induces the exclusive B → K^∗τ^+τ^− decay and the corresponding Yukawa interaction is given by

L_Y = η^U_{ij}Q̄_{iL}ϕ̃_1U_{jR} + η^D_{ij} Q̄_{iL}ϕ_1D_{jR} + ξ^{U †}_{ij} Q̄_{iL}ϕ̃_2U_{jR} + ξ^D_{ij} Q̄_{iL}ϕ_2D_{jR} + η^D_{kl}l̄_{kL}ϕ_1E_{lR} + ξ^D_{kl}l̄_{kL}ϕ_2E_{lR} + h.c. , (1) where i, j (k, l) are family indices of quarks (leptons), L and R denote chiral projections L(R) = 1/2(1 ∓ γ_5), ϕ_m for m = 1, 2, are the two scalar doublets, Q_{iL} (l_{kL}) are quark (lepton) doublets, U_{jR}, D_{jR} (E_{lR}) are the corresponding quark (lepton) singlets, η^{U,D}_{ij} and ξ^{U,D}_{ij} are the matrices of the

Yukawa couplings which have complex entries in general. Here ϕ_1 and ϕ_2 are chosen as

ϕ_1 = 1 √ 2 [( 0 v + H^0 ) + ( √ 2χ^+ iχ^0 )] ; ϕ_2 = 1 √ 2 ( √ 2H^+ H_1 + iH_2 ) . (2)

with the vacuum expectation values,

< ϕ_1 >= 1 √ 2 ( 0 v ) ; < ϕ_2 >= 0 . (3)

With this choice, the SM particles can be collected in the first doublet and the new particles in the second one. Further, we take H_1, H_2 as the mass eigenstates h^0, A^0 respectively. Note that, at tree level, there is no mixing among CP even neutral Higgs bosons, namely the SM one, H^0, and beyond, h^0.

The part which produce FCNC at tree level is L_{Y,F C} = ξ^{U †}_{ij} Q̄_{iL}ϕ̃_2U_{jR} + ξ^D_{ij} Q̄_{iL}ϕ_2D_{jR} + ξ^D_{kl}l̄_{kL}ϕ_2E_{lR} + h.c. . (4) In eq.(4) the couplings ξ^{U,D} for the FC charged interactions are ξ^U_{ch} = ξ_{neutral} V_{CKM} , ξ^D_{ch} = V_{CKM} ξ_{neutral} , (5) where ξ^{U,D}_{neutral} is defined by the expression

ξ^{U (D)}_N = (V^{U (D)}_{R(L)} )^{−1}ξ^{U,(D)}V^{U (D)}_{L(R)} . (6)

and ξ^{U,D}_{neutral} is denoted as ξ^{U,D}_N . Here the charged couplings are the linear combinations of neutral couplings multiplied by V_{CKM} matrix elements (see [37] for details).

At this stage we would like to present the calculation of the matrix element for the inclusive b → sτ^+τ^− decay, briefly. The procedure is the following:

• The calculation of the full theory including the NHB effects which comes from the interactions of neutral Higgs bosons H^0, h^0 and A^0 with τ lepton.

• Overcoming the logarithmic divergences by using the on-shell renormalization scheme. Here the renormalized vertex function is taken as

Γ^{Ren}_{neutr}(p^2) = Γ^0_{neutr}(p^2) + Γ^C_{neutr}, (7)

with the renormalization condition

Γ^{Ren}_{neutr} (p^2 = m^2_{neutr}) = 0, (8) and the counter terms are obtained. Here the phrase neutr denotes the neutral Higgs bosons, H^0, h^0 and A^0 and p is the momentum transfer. Note that the self energy diagrams do not contribute in this scheme.

• Integrating out the heavy degrees of freedom, namely t quark, W^±, H^±, H^0, h^0, and A^0 bosons in the present case and obtaining the effective theory.

• Performing the QCD corrections through matching the full theory with the effective low energy one at the high scale μ = m_W and evaluating the Wilson coefficients from m_W down to the lower scale μ ∼ O(m_b).

• Obtaining the effective Hamiltonian relevant for the process b → sτ^+τ^− which is given by H_{eff} = −4 G_F √ 2 V_{tb}V^∗_{ts} { ∑ i C_i(μ)O_i(μ) + ∑ i C_{Qi} (μ)Q_i(μ) } , (9)

where O_i are current-current (i = 1, 2), penguin (i = 3, ..., 6), magnetic penguin (i = 7, 8) and semileptonic (i = 9, 10) operators. Here, C_i(μ) are Wilson coefficients normalized at the scale μ and given in Appendix B. The additional operators Q_i(i = 1, .., 10) are due to the NHB exchange diagrams and C_{Qi} (μ) are their Wilson coefficients (see Appendices A and B) .

Therefore the QCD corrected amplitude for the inclusive b → sτ^+τ^− decay in the model III reads as, M = α_{em}G_F √ 2 π V_{tb}V^∗_{ts} { C^{eff}_9 (s̄γ_μP_Lb) τ̄γ_μτ + C_{10}(s̄γ_μP_Lb) τ̄ γ_μγ_5τ − 2C^{eff}_7 m_b q^2 (s̄iσ_{μν}q_νP_Rb)τ̄γ_μτ + C_{Q1} (s̄P_Rb)τ̄τ + C_{Q2} (s̄P_Rb)τ̄ γ_5τ } . (10)

The matrix element for B → K^∗l^+l^− decay can be obtained by inserting the inclusive level effective Hamiltonian in eq. (9) between inital, B, and final, K^∗, hadronic states. The necessary matrix elements in this calculation are ⟨K^∗ |s̄γ_μ(1 ± γ_5)b| B⟩, ⟨K^∗ |s̄iσ_{μν} q^ν(1 + γ_5)b| B⟩ and ⟨K^∗ |s̄(1 ± γ_5)b| B⟩. They are calculated by using some non-pertubative methods like QCD sum rules, light-cone QCD sum rules, etc., and using the parametrization of the form factors as in [20], the matrix element of the B → K^∗τ^+τ^− decay is obtained as [22]: M = − Gα_{em} 2 √ 2π V_{tb}V^∗_{ts} { τ̄ γ^μτ [ 2Aϵ_{μνρσ}ϵ^{∗ν}p^ρ_K�q^σ + iB_1ϵ^∗_μ − iB_2(ϵ^∗q)(p_B + p_K�)_μ − iB_3(ϵ^∗q)q_μ ]

+ τ̄ γ^μγ_5τ [ 2Cϵ_{μνρσ}ϵ^{∗ν}p^ρ_K�q^σ + iD_1ϵ^∗_μ − iD_2(ϵ^∗q)(p_B + p_K�)_μ − iD_3(ϵ^∗q)q_μ ]

+ i τ̄ τ F (ϵ^∗q) + i τ̄γ_5τ G(ϵ^∗q) } , (11) where ϵ^{∗μ} is the polarization vector of K^∗ meson, p_B and p_K� are four momentum vectors of B and K^∗ mesons, q = p_B − p_K�. A, C, F and G, B_i and D_i, i = 1, 2, 3 are functions of Wilson coefficients and form factors of the relevant process. Their explicit forms are given in Appendix C.

Now we are ready to calculate the forward-backward asymmetry of lepton pair, CP-violating asymmetry and CP violating asymmetry in forward-backward asymmetry for the given process.

The forward-backward asymmetry A_{F B} of the lepton pair is a measurable physical quantity which provides important clues to test the theoretical models used. Using the definition of differential A_{F B}

A_{F B} =

∫_1 0 dz^{dΓ}_{dz} − ∫_0 −1 dz^{dΓ}_{dz} ∫_1

0 dz^{dΓ}_{dz} +

∫_0 −1 dz^{dΓ}_{dz} (12)

with z = cos θ, where θ is the angle between the momentum of B-meson and that of τ^− in the center of mass frame of the dileptons τ^+τ^−, we get

A_{F B} = ∫ ds E(s) ∫ ds D(s) . (13)

Here,

E(s) = 6 m_B λ v^2 { 1 m_b r (r − 1) ( 4 m_B m_τ Re(C^{eff ∗}_7 C_{Q1} ) ( m_b( √ r − 1) A_2 (q^2)

+ m_b( √ r + 1) A_1 (q^2) − 2 m_B s T_3 (q^2) )( (r − 1) (3 r − s + 1) T_2 (q^2) + (r^2 + (s − 1)^2

− 2 r (s + 1)) T_3 (q^2) ) )

− 1 m^2_b r (1 + √ r) ( m^2_B m_τ Re(C^{eff ∗}_9 C_{Q1} ) ( m_b( √ r − 1) A_2 (q^2) + m_b( √ r + 1) A_1 (q^2)

− 2 m_B s T_3 (q^2) )( (1 + √ r)^2 (r + s − 1) A_1 (q^2) + λ A_2 (q^2) ) )

+ 8 C_{10} ( − 2 m_B m_b ( √ r − 1) Re (C^{eff}_7 ) T_2 (q^2) V (q^2)

+ A_1 (q^2) ( 2 m_b m_B( √ r + 1) Re (C^{eff}_7 ) T_1 (q^2) + m^2_B s Re(C^{eff}_9 ) V (q^2) ) )} (14)

D(s) = √ λ v { 32 m_B s^2 m^2_b |C_7|^2 (2 m^2_τ + m^2_{Bs} s) ( 2 s r (r − 1) (1 + 3 r − s)(T_2(q^2) T_3(q^2) λ)

+ 8 T^2_1 (q^2) λ +

T^2_3 (q^2) s λ^2 r (r − 1)^2 + 1 r T^2_2 (q^2) ( 12 (r − 1)^2 r − (4 r − s) λ ) )

+ 2 (1 + √ r)^2 r s m_B|C^{eff}_9 |^2(2 m^2_τ + m^2_{Bs} s) ( 2 A_1(q^2) A_2(q^2) (1 + √ r)^2 (r + s − 1) λ

+ A^2_1(q^2) (1 + √ r)^4 (12 r s + λ) + λ (8 r s V^2(q^2) + A^2(q^2) λ) )

+ 2 C^2_{10} m_B ( 1 r s ( 2 A_1(q^2) A_2(q^2)(2 m^2_τ (r − 2 s − 1) + m^2_{Bs} s (r + s − 1))λ )

− 1 m_b r ( 24 m_B m^2_τ (A_2(q^2) (−1 + √ r) + A_1(q^2) (1 + √ r)) T_3(q^2) λ )

+ 24 m^2_b r m^2_{Bs} m^2_τ λ s T_3(q^2) + 8 (1 + √ r)^2

(m^2_{Bs} s − 4 m^2_τ ) V^2(q^2) λ) + λ (1 + √ r)^2 r s

A^2(q^2) ( m^2_{Bs} s λ + 2 m^2_τ (6 s (1 + r) − 3 s^2 + λ)) )

+ 1 r s ( (1 + √ r)^2 A^2_1(q^2)(m^2_{Bs} s(12 r s + λ) + m^2_τ (−48 r s + 2 λ)) ) )

+ 3 m^3_B λ m^4_b r |C_{Q1}|^2 ( m^2_{Bs} s − 4 m^2_τ )( A_2(q^2) m_b ( √ r − 1) + A_1(q^2) m_b ( √ r + 1) − 2 T_3(q^2) m_B s

)_2

+ 3 m^5_B λ m^2_b r

|C_{Q2} |^2 s ( A_2(q^2) ( √ r − 1) + A_1(q^2) ( √ r + 1) − 2 T_3(q^2) m^2_{Bs} √ r s )_2

+ 1 (1 + √ r)^2 s

Re(C^{eff ∗}_7 C^{eff}_9 )16 m_b (2 m^2_τ + m^2_{Bs} s) ( 8(1 + √ r) T_1(q^2) V (q^2) λ − 1 (−1 + √ r) r ( A_2(q^2) (λ(r − 1)(1 + 3 r − s) T_2(q^2) + λ T_3(q^2)) + A_1(q^2) (1 + √ r)^2

( (r − 1) T_2(q^2) (12(r − 1) r − λ) + (r + s − 1) T_3(q^2) λ) ) )

− 12 m^2_b r

C_{10} Re(C_{Q2} ) m^3_{Bs} m_τ ( m_b ((−1 + √ r) A_2(q^2) + (1 + √ r) A_1(q^2))

− 2 m_B T_3(q^2) )( A_2(q^2)(1 − √ r) − A_1(q^2) (1 + √ r) + 2 m^2_{Bs} √ r s T_3(q^2) ) λ } (15)

where λ = 1 + r^2 + s^2 − 2r − 2s − 2rs, r =^{m2K}�_m2_B and s =^{q2}_m2_B .

The NHB effects bring new contribution to A_{F B} and we will study those contributions in the Discusssion part.

The complex Yukawa couplings are the possible source of CP violation in the model III. In our calculations we neglect all the Yukawa couplings, except ξ̄^U_{N,tt}, ξ̄^D_{N,bb} and ξ̄^D_{N,ττ} and choose ξ̄^D_{N,bb} complex, ξ̄^D_{N,bb} = |ξ̄^D_{N,bb}| e^{iθ} (see Discussion part). Therefore the CP violation comes from the Wilson coefficients C^{eff}_7 , C_{Q1} and C_{Q2} . Using the definition of A_{CP} A_{CP} = Γ(B → K^∗τ^+τ^−) − Γ(B̄ → K̄^∗τ^+τ^−) Γ(B → K^∗τ^+τ^−) + Γ(B̄ → K̄^∗τ^+τ^−)

. (16)

we get A_{CP} = ∫ ds Ω(s) ∫ ds Λ(s) . (17)

where

Ω(s) = m_b α^2_e G^2_F λ^2_t 384 π^5 s (1 + √ r)^2 v √ λ Im(C^{eff}_7 ) Im(C^{eff}_9 ) (2 m^2_τ + m^2_{Bs} s) { 8 ( √ r + 1) λ T_1(q^2) V (q^2)

− 1 r ( √ r − 1) ( λ A_2(q^2) ( (r − 1)(3 r − s + 1) T_2(q^2) + λ T_3(q^2) )

+ ( √ r + 1)^2 A_1(q^2) ( (r − 1) T_2(q^2)(12 (r − 1) r − λ) + (r + s − 1) λ T_3(q^2) ) )} (18) and Λ(s) = D(s) + D_{CP} (s) . (19)

Here D_{CP} (s) is the CP conjugate of D(s) which is defined as D_{CP} (s) = D(s)(ξ̄^D_{N,bb} → ξ̄^{D∗}_{N,bb}) . (20) The CP violating asymmetry in A_{F B} is also a measurable physical quantity and it can give strong clues for the physics beyond the SM. This quantity is defined as

A_{CP} (A_{F B}) = A_{F B} − Ā_{F B} A_{F B} + Ā_{F B} . (21)

where Ā_{F B} is the CP conjugate of A_{F B} and it is given as Ā_{F B} = A_{F B}(ξ̄^D_{N,bb} → ξ̄^{D∗}_{N,bb}) . (22) Note that during the calculations of A_{CP} , A_{F B} and A_{CP} (A_{F B}) we take into account only the second resonance for the LD effects coming from the reaction b → sψ_i → sτ^+τ^−, where i = 1, .., 6 and divide the integration region for s into two parts :^{4m2τ}_m2_B ≤ s ≤^{(mψ2 −0.02)2}_m2_B and^{(mψ2 +0.02)2}_m2_B ≤ s ≤ 1, where m_{ψ2} = 3.686 GeV is the mass of the second resonance (see Appendix B for LD contributions).

3 Discussion

In the general 2HDM model, the number of free parameters, namely the masses of charged and neutral Higgs bosons and complex Yukawa couplings (ξ^{U,D}_{ij} ), increases compared to the ones in the SM and model I (II) version of 2HDM. The arbitrariness of the numerical values of these parameters can be removed by using the restrictions coming from the experimental measurements.

Since the neutral Higgs bosons, h^0 and A^0, can give a large contribution to the coefficient C^{eff}_7 (see the Appendix of [38] for details) which is in contradiction with the CLEO data [39],

Br(B → X_sγ) = (3.15 ± 0.35 ± 0.32) 10^{−4} , (23)

we take ξ̄^D_{N,ib} ∼ 0 and ξ̄^D_{N,ij} ∼ 0, where the indices i, j denote d and s quarks . Further we use the constraints [37], coming from the ΔF = 2 mixing (here F = K, B_d, D) decays, the ρ parameter [40], and the measurement by CLEO Collaboration eq. (23), we get the condition for ξ̄_{Ntc}, ξ̄_{Ntc} << ξ̄^U_{Ntt} and take into account only the Yukawa couplings of quarks ξ̄^U_{N,tt} and ξ̄^D_{N,bb}. We keep the Yukawa coupling ξ̄^D_{N,ττ} free and increase this parameter to enhance the effects of neutral Higgs bosons.

In this section, we study the CP parameter sinθ, the Yukawa coupling ξ̄^D_{N,ττ} and the mass ratio

m_h0 m_A0 dependencies of the AF B, ACP and ACP (AF B) of the exclusive decay B → K

∗τ^+τ^−, restricting |C^{eff}_7 | in the region 0.257 ≤ |C^{eff}_7 | ≤ 0.439 due to the CLEO measurement, eq.(23) (see [37] for details). Our numerical calculations based on this restriction and throughout these calculations, we use the redefinition ξ^{U,D} = √ 4G_F √ 2 ξ̄^{U,D} , we take |^{ξ̄UN,tt}_{ξ̄DN,bb} | < 1, the scale μ = m_b, include the LD effects and use the input values given in Table (1).

Parameter Value m_τ 1.78 (GeV) m_c 1.4 (GeV) m_b 4.8 (GeV) ξ̄D_{N,bb} 40 m_b α^{−1}_{em} 129 λ_t 0.04 m_t 175 (GeV) m_W 80.26 (GeV) m_Z 91.19 (GeV) m_H0 150 (GeV) m_h0 70 (GeV) m_H� 400 (GeV) Λ_{QCD} 0.225 (GeV) α_s(m_Z) 0.117 sinθ_W 0.2325 Table 1: The values of the input parameters used in the numerical calculations.

In Fig. 1 we present sinθ dependence of A_{F B} without NHB effects, for m_A0 = 80 GeV . Here A_{F B} lies in the region bounded by solid (dashed) lines for C^{eff}_7 > 0 (C^{eff}_7 < 0). The solid straight line shows the SM contribution. In the model III without NHB effects, |A_{F B}| is smaller compared to the one in the SM (0.195), for C^{eff}_7 > 0, however it is possible to enhance it at the order of the magnitude 2% with increasing sinθ. For C^{eff}_7 < 0, A_{F B} is not sensitive to sinθ and the restriction region is narrow. For this case |A_{F B}| can have slightly greater values compared to the SM one. Addition of NHB effects (see Fig. 2) reduces |A_{F B}| for C^{eff}_7 > 0 almost 30% compared to the one without NHB effects. For C^{eff}_7 < 0, the restriction region becomes narrow and A_{F B} reaches the SM prediction for small sinθ.

Fig. 3 represent ξ̄^D_{N,ττ} dependence of A_{F B} for sinθ = 0.5 and m_A0 = 80 GeV . |A_{F B}| vanishes with increasing ξ̄^D_{N,ττ} for C^{eff}_7 > 0. For C^{eff}_7 < 0, |A_{F B}| does not vanish in the given region of ξ̄^D_{N,ττ} and it stands less than the SM result.

Fig. 4 is devoted to the ratio^{mh0}_{mA0} dependence of A_{F B} for sinθ = 0.5 and ξ̄^D_{N,ττ} = 10 m_τ . Increasing values of the ratio causes to increase |A_{F B}| for both C^{eff}_7 > 0 and C^{eff}_7 < 0. If the masses of h^0 and A^0 are far from the degeneracy, |A_{F B}| becomes small especially for C^{eff}_7 > 0.

Figs 5-7 represent A_{CP} of the process B → K^∗τ^+τ^−. In Fig. 5 we present sinθ dependence of A_{CP} without NHB effects, for m_A0 = 80 GeV . Here A_{CP} lies in the region bounded by solid (dashed) lines for C^{eff}_7 > 0 (C^{eff}_7 < 0). For C^{eff}_7 > 0, A_{CP} is at the order of the magnitude of 1% for the intermediate values of sinθ and its sign does not change in the restriction region. However A_{CP} can have both signs, even vanish for C^{eff}_7 < 0. With the addition of NHB effects (see Fig. 6) A_{CP} for C^{eff}_7 > 0 decreases to almost one half of the value we get without NHB effects. For C^{eff}_7 < 0 there is still a decrease in A_{CP} .This behavior can be seen from the expression eq. (18) since the numerator of the A_{CP} ratio is free from NHB effects and their additional contributions enter into the expression in the denominator part. Further the restriction regions becomes narrow.

Fig. 7 represent ξ̄^D_{N,ττ} dependence of A_{CP} for sinθ = 0.5 and m_A0 = 80 GeV . A_{CP} is sensitive to the parameter ξ̄^D_{N,ττ} and it decreases with increasing ξ̄^D_{N,ττ} for C^{eff}_7 > 0. However, for C^{eff}_7 < 0, the dependence of A_{CP} to ξ̄^D_{N,ττ} is weak.

The ratio^{mh0}_{mA0} dependence of A_{CP} for sinθ = 0.5 and ξ̄^D_{N,ττ} = 10 m_τ is presented in Fig. 8. As seen from the figure the sensitivity A_{CP} to the ratio is small, especially for C^{eff}_7 < 0.

Finally, we present the CP violating asymmetry in A_{F B} in a series of figures (Figs. 9-11). Fig. 9 represent sinθ dependence of A_{CP} (A_{F B}) with NHB effects, for m_A0 = 80 GeV and ξ̄^D_{N,ττ} = 10 m_τ . A_{CP} (A_{F B}) is at the order of the magnitude of 1% for the intermediate values of sinθ for C^{eff}_7 > 0. Its sign does not change in the restriction region similar to the A_{CP} of the process under consideration. However A_{CP} (A_{F B}) can have both signs, even vanish for C^{eff}_7 < 0. A_{CP} (A_{F B}) is sensitive to the parameter ξ̄^D_{N,ττ} especially for the large values of ξ̄^D_{N,ττ} and C^{eff}_7 > 0 (see Fig. 10). It can reach 10% for ξ̄^D_{N,ττ} = 50 GeV . In the case C^{eff}_7 < 0, A_{CP} (A_{F B}) is not sensitive to ξ̄^D_{N,ττ} and it almost vanishes.

Fig. 11 is devoted to the ratio^{mh0}_{mA0} dependence of A_{CP} (A_{F B}) for sinθ = 0.5 and ξ̄^D_{N,ττ} = 10 m_τ . Increasing values of the ratio causes to increase |A_{CP} (A_{F B})| for C^{eff}_7 > 0. With the increasing mass ratio of h^0 and A^0, |A_{CP} (A_{F B})| can take large values. For C^{eff}_7 < 0, A_{CP} (A_{F B}) is not sensitive to the mass ratio.

Now, we would like to summarize our results.

• |A_{F B}| for the process under consideration is at the order of 10^{−2} and smaller compared to the SM one, for C^{eff}_7 > 0. It can exceed the SM value (0.195) for C^{eff}_7 < 0. Addition of NHB effects decreases its magnitude by 30% (slightly) for C^{eff}_7 > 0 (C^{eff}_7 < 0). A_{F B} is sensitive to the parameters sinθ, ξ̄^D_{N,ττ} and^{mh0}_{mA0} especially for C^{eff}_7 > 0. Its magnitude decreases (increases) with increasing values of ξ̄^D_{N,ττ} (^{mh0}_{mA0} ).

• |A_{CP} | is at the order of 10^{−2}. Addition of NHB effects decreases its magnitude by 50% (slightly) for C^{eff}_7 > 0 (C^{eff}_7 < 0). It has the same sign in the restriction region C^{eff}_7 > 0 and it can take both signs for C^{eff}_7 < 0. A_{CP} is sensitive to the parameters sinθ, ξ̄^D_{N,ττ} especially for C^{eff}_7 > 0. It decreases with increasing values of ξ̄^D_{N,ττ} . The sensitivity of A_{CP} to the ratio^{mh0}_{mA0} is weak.

• A_{CP} (A_{F B}) is at the order of the magnitude of 1% for the intermediate values of sinθ for C^{eff}_7 > 0. It has the same sign in the restriction region C^{eff}_7 > 0 and it can take both signs for C^{eff}_7 < 0. A_{CP} (A_{F B}) is sensitive to the parameters ξ̄^D_{N,ττ} and^{mh0}_{mA0} for C^{eff}_7 > 0. It increases with increasing values of ξ̄^D_{N,ττ} , even reach to 10%. Further the increasing values of the ratio^{mh0}_{mA0} causes to increase |A_{CP} (A_{F B})|.

Therefore, the experimental investigation of A_{F B} and A_{CP} and A_{CP} (A_{F B}) ensure a crucial test for new physics effects beyond the SM and also the sign of C^{eff}_7 .

A The operator basis

The operator basis in the 2HDM (model III ) for our process is [16, 41, 42]

O_1 = (s̄_{Lα}γ_μc_{Lβ})(c̄_{Lβ}γ^μb_{Lα}),

O_2 = (s̄_{Lα}γ_μc_{Lα})(c̄_{Lβ}γ^μb_{Lβ}),

O_3 = (s̄_{Lα}γ_μb_{Lα}) ∑ q=u,d,s,c,b (q̄_{Lβ}γ^μq_{Lβ}), O_4 = (s̄_{Lα}γ_μb_{Lβ}) ∑ q=u,d,s,c,b (q̄_{Lβ}γ^μq_{Lα}), O_5 = (s̄_{Lα}γ_μb_{Lα}) ∑ q=u,d,s,c,b (q̄_{Rβ}γ^μq_{Rβ}), O_6 = (s̄_{Lα}γ_μb_{Lβ}) ∑ q=u,d,s,c,b (q̄_{Rβ}γ^μq_{Rα}), O_7 = e 16π^2 s̄_ασ_{μν} (m_bR + m_sL)b_αF^{μν}, O_8 = g 16π^2 s̄_αT^a_{αβ}σ_{μν} (m_bR + m_sL)b_βG^{aμν} , O_9 = e 16π^2 (s̄_{Lα}γ_μb_{Lα})(τ̄ γ^μτ ) , O_{10} = e 16π^2

(s̄_{Lα}γ_μb_{Lα})(τ̄ γ^μγ_5τ ) ,

Q_1 = e^2 16π^2

(s̄^α_L b^α_R) (τ̄ τ )

Q_2 = e^2 16π^2

(s̄^α_L b^α_R) (τ̄ γ_5τ )

Q_3 = g^2 16π^2

(s̄^α_L b^α_R) ∑ q=u,d,s,c,b (q̄^β_L q^β_R)

Q_4 = g^2 16π^2

(s̄^α_L b^α_R) ∑ q=u,d,s,c,b (q̄^β_R q^β_L)

Q_5 = g^2 16π^2

(s̄^α_L b^β_R) ∑ q=u,d,s,c,b (q̄^β_L q^α_R)

Q_6 = g^2 16π^2

(s̄^α_L b^β_R) ∑ q=u,d,s,c,b (q̄^β_R q^α_L)

Q_7 = g^2 16π^2

(s̄^α_L σ^{μν} b^α_R) ∑ q=u,d,s,c,b (q̄^β_L σ_{μν}q^β_R)

Q_8 = g^2 16π^2

(s̄^α_L σ^{μν} b^α_R) ∑ q=u,d,s,c,b (q̄^β_R σ_{μν} q^β_L)

Q_9 = g^2 16π^2

(s̄^α_L σ^{μν} b^β_R) ∑ q=u,d,s,c,b (q̄^β_L σ_{μν}q^α_R)

Q_{10} = g^2 16π^2

(s̄^α_L σ^{μν} b^β_R) ∑ q=u,d,s,c,b (q̄^β_R σ_{μν} q^α_L) (24) where α and β are SU(3) colour indices and F^{μν} and G^{μν} are the field strength tensors of the electromagnetic and strong interactions, respectively. Note that there are also flipped chirality partners of these operators, which can be obtained by interchanging L and R in the basis given above in model III. However, we do not present them here since corresponding Wilson coefficients are negligible.

B The Initial values of the Wilson coefficients.

The initial values of the Wilson coefficients for the relevant process in the SM are [41] C^{SM}_{1,3,...6}(m_W ) = 0 , C^{SM}_2 (m_W ) = 1 , C^{SM}_7 (m_W ) =

3x^3_t − 2x^2_t 4(x_t − 1)^4 ln x_t +

−8x^3_t − 5x^2_t + 7x_t 24(x_t − 1)^3 , C^{SM}_8 (m_W ) = −

3x^2_t 4(x_t − 1)^4 ln x_t +

−x^3_t + 5x^2_t + 2x_t 8(x_t − 1)^3 , C^{SM}_9 (m_W ) = − 1 sin^2θ_W B(x_t) +

1 − 4 sin^2 θ_W

sin^2 θ_W

C(x_t) − D(x_t) + 4 9 , , C^{SM}_{10} (m_W ) = 1 sin^2 θ_W

(B(x_t) − C(x_t)) , C^{SM}_{Qi} (m_W ) = 0 i = 1, .., 10 . (25)

and for the additional part due to charged Higgs bosons are

C^H_{1,...6}(m_W ) = 0 , C^H_7 (m_W ) = Y^2 F_1(y_t) + XY F_2(y_t) , C^H_8 (m_W ) = Y^2 G_1(y_t) + XY G_2(y_t) , C^H_9 (m_W ) = Y^2 H_1(y_t) , C^H_{10}(m_W ) = Y^2 L_1(y_t) , (26)

where X = 1 m_b ( ξ̄^D_{N,bb} + ξ̄^D_{N,sb} V^{ts} V_{tb} ) , Y = 1 m_t ( ξ̄^U_{N,tt} + ξ̄^U_{N,tc} V^{∗cs} V^∗_{ts} ) , (27)

The NHB effects bring new operators and the corresponding Wilson coefficients read as

C^{A0}_{Q2} ((ξ̄^U_{N,tt})^3) = ξ̄D_{N,ττ} (ξ̄U_{N,tt})3m_by_t(Θ_5(y_t)z_A − Θ_1(z_A, y_t)) 32π^2m^2_A0 m_tΘ_1(z_A, y_t)Θ_5(y_t) ,

C^{A0}_{Q2} ((ξ̄^U_{N,tt})^2) = ξ̄D_{N,ττ}(ξ̄U_{N,tt})2ξ̄D_{N,bb} 32π^2m^2_{A0}

( (y_t(Θ_1(z_A, y_t) − Θ_5(y_t)(xy + z_A)) − 2Θ_1(z_A, y_t)Θ_5(y_t) ln[^{zAΘ5(yt)}_{Θ1(zA,yt)} ] Θ_1(z_A, y_t)Θ_5(y_t) ) ,

C^{A0}_{Q2} (ξ̄^U_{N,tt}) = g^2ξ̄^D_{N,ττ}ξ̄^U_{N,tt}m_bx_t 64π^2m^2_A0 m_t ( 2 Θ_5(x_t) − xyx_t + 2z_A Θ_1(z_A, x_t)

− 2 ln[ z_AΘ_5(x_t) Θ_1(z_A, x_t) ] −xyx_ty_t( (x − 1)x_t(y_t/z_A − 1) − (1 + x)y_t) (Θ_6 − (x − y)(x_t − y_t))(Θ_3(z_A) + (x − y)(x_t − y_t)z_A) − x(y_t + x_t(1 − y_t/z_A)) − 2y_t Θ_6Θ_3(z_A) ) )

C^{A0}_{Q2} (ξ̄^D_{N,bb}) = g^2ξ̄^D_{N,ττ}ξ̄^D_{N,bb} 64π^2m^2_A0 ( 1 − x^2_t y_t + 2y(x − 1)x_ty_t − z_A(x^2_t + Θ_6) Θ_3(z_A) + x^2_t (1 − y_t/z_A) Θ_6

+ 2 ln[ z_AΘ_6 Θ_2(z_A, x) ] )

C^{H0}_{Q1} ((ξ̄^U_{N,tt})^2) = g^2(ξ̄^U_{N,tt})^2m_bm_τ 64π^2m^2_{H0}m^2_t ( x_t(1 − 2y)y_t Θ_5(y_t) + (−1 + 2 cos^2 θ_W )(−1 + x + y)y_t cos^2 θ_W Θ_4(y_t) + z_H(Θ_1(z_H, y_t)xy_t + cos^2 θ_W (−2x^2(−1 + x_t)yy^2_t + xx_tyy^2_t − Θ_8z_H)) cos^2 θ_W Θ_1(z_H, y_t)Θ_7 ) , (28)

C^{H0}_{Q1} (ξ̄^U_{N,tt}) = g^2ξ̄^U_{N,tt}ξ̄^D_{N,bb}m_τ 64π^2m^2_{H0} m_t ( (−1 + 2 cos^2 θ_W ) y_t

cos^2 θ_W Θ_4(y_t) − x_ty_t Θ_5(y_t) + x_ty_t(xy − z_H) Θ_1(z_H, y_t) + (−1 + 2 cos^2 θ_W )y_tz_H

cos^2 θ_W Θ_7

− 2x_t ln [ Θ_5(y_t)z_H Θ_1(z_H, y_t) ]) ,

C^{H0}_{Q1} (g^4) = − g^4m_bm_τ x_t 128π^2m^2_H0m^2_t ( − 1 +

(−1 + 2x)x_t Θ_5(x_t) + y(1 − x_t) + 2x_t(−1 + (2 + x_t)y) Θ_5(x_t) − 4 cos^2 θ_W (−1 + x + y) + x_t(x + y)

cos^2 θ_W Θ_4(x_t) + x_t(x(x_t(y − 2z_H ) − 4z_H) + 2z_H ) Θ_1(z_H , x_t) + y_t((−1 + x)x_tz_H + cos^2 θ_W ((3x − y)z_H + x_t(2y(x − 1) − z_H (2 − 3x − y)))) cos^2 θ_W (Θ_3(z_H ) + x(x_t − y_t)z_H )

+2 (x_t ln [ Θ_5(x_t)z_H Θ_1(z_H, x_t) ] + ln [ x(y_t − x_t)z_H − Θ_3(z_H) (Θ_5(x_t) + y(1 − x_t)y_tz_H ] ) ) ,

C^{h0}_{Q1} ((ξ̄^U_{N,tt})^3) = − ξ̄D_{N,ττ} (ξ̄U_{N,tt})3m_by_t 32π^2m^2_h0 m_tΘ_1(z_h, y_t)Θ_5(y_t) ( Θ_1(z_h, y_t)(2y − 1) + Θ_5(y_t)(2x − 1)z_h )

C^{h0}_{Q1} ((ξ̄^U_{N,tt})^2) = ξ̄D_{N,ττ} (ξ̄U_{N,tt})2 32π^2m^2_h0 ( (Θ_5(y_t)z_h(y_t − 1)(x + y − 1) − Θ_1(z_h, y_t)(Θ_5(y_t) + y_t) Θ_1(z_h)Θ_5(y_t)

− 2 ln [ z_hΘ_5(y_t) Θ_1(z_h) ])

C^{h0}_{Q1} (ξ̄^U_{N,tt}) = − g^2ξ̄^D_{N,ττ}ξ̄^U_{N,tt}m_bx_t 64π^2m^2_h0 m_t ( 2(−1 + (2 + x_t)y)

Θ_5(x_t) − x_t(x − 1)(y_t − z_h) Θ^′_2(z_h)

+ 2 ln [ z_hΘ_5(x_t) Θ_1(z_h, x_t) ]

+ x(x_t(y − 2z_h) − 4z_h) + 2z_h

Θ_1(z_h, x_t) − (1 + x)y_tz_h xyx_ty_t + z_h((x − y)(x_t − y_t) − Θ_6) + Θ_9 + y_tz_h((x − y)(x_t − y_t) − Θ_6)(2x − 1)

z_hΘ_6(Θ_6 − (x − y)(x_t − y_t)) + x(y_tz_h + x_t(z_h − y_t)) − 2y_tz_h Θ_2(z_h) ) ,

C^{h0}_{Q1} (ξ̄^D_{N,bb}) = − g^2ξ̄^D_{N,ττ}ξ̄^D_{N,bb} 64π^2m^2_h0 ( yx_ty_t(xx^2_t (y_t − z_h) + Θ_6z_h(x − 2)) z_hΘ_2(z_h)Θ_6

+ 2 ln [ Θ_6 x_ty_t ] + 2 ln [ x_ty_tz_h Θ_2(z_h) ])

where Θ_1(ω, λ) = −(−1 + y − yλ)ω − x(yλ + ω − ωλ) Θ_2(ω) = (x_t + y(1 − x_t))y_tω − xx_t(yy_t + (y_t − 1)ω)

Θ^′_2(ω) = Θ_2(ω, x_t ↔ y_t)

Θ_3(ω) = (x_t(−1 + y) − y)y_tω + xx_t(yy_t + ω(−1 + y_t))

Θ_4(ω) = 1 − x + xω

Θ_5(λ) = x + λ(1 − x)

Θ_6 = (x_t + y(1 − x_t))y_t + xx_t(1 − y_t)

Θ_7 = (y(y_t − 1) − y_t)z_H + x(yy_t + (y_t − 1)z_H) (29)

Θ_8 = y_t(2x^2(1 + x_t)(y_t − 1) + x_t(y(1 − y_t) + y_t) + x(2(1 − y + y_t)

+ x_t(1 − 2y(1 − y_t) − 3y_t)))

Θ_9 = −x^2_t (−1 + x + y)(−y_t + x(2y_t − 1))(y_t − z_h) − x_ty_tz_h(x(1 + 2x) − 2y)

+ y^2_t (x_t(x^2 − y(1 − x)) + (1 + x)(x − y)z_h) and x_t = m^2_t m^2_W

, y_t = m^2_t m_H�

, z_H = m^2_t m^2_{H0}

, z_h = m^2_t m^2_{h0}

, z_A = m^2_t m^2_{A0} , The explicit forms of the functions F_{1(2)}(y_t), G_{1(2)}(y_t), H_1(y_t) and L_1(y_t) in eq.(26) are given as

F_1(y_t) = y_t(7 − 5y_t − 8y^2_t )

72(y_t − 1)^3 + y^2_t (3y_t − 2) 12(y_t − 1)^4 ln y_t ,

F_2(y_t) = y_t(5y_t − 3) 12(y_t − 1)^2 + y_t(−3y_t + 2) 6(y_t − 1)^3 ln y_t ,

G_1(y_t) = y_t(−y^2_t + 5y_t + 2)

24(y_t − 1)^3 + −y^2_t 4(y_t − 1)^4 ln y_t ,

G_2(y_t) = y_t(y_t − 3) 4(y_t − 1)^2 + y_t 2(y_t − 1)^3 ln y_t ,

H_1(y_t) = 1 − 4sin^2θ_W sin^2θ_W xy_t 8 [ 1 y_t − 1 − 1 (y_t − 1)^2 ln y_t ]

− y_t [ 47y^2_t − 79y_t + 38 108(y_t − 1)^3 − 3y^3_t − 6y_t + 4 18(y_t − 1)^4 ln y_t ] , L_1(y_t) = 1 sin^2θ_W xy_t 8 [ − 1 y_t − 1 + 1 (y_t − 1)^2 ln y_t ] . (30)

Finally, the initial values of the coefficients in the model III are C^{2HDM} i (m_W ) = C^{SM}_i (m_W ) + C^H_i (m_W ), C^{2HDM} Q1 (m_W ) =

∫_1 0 dx ∫_{1−}x 0 dy (C^{H0}_{Q1} ((ξ̄^U_{N,tt})^2) + C^{H0}_{Q1} (ξ̄^U_{N,tt}) + C^{H0}_{Q1} (g^4) + C^{h0}_{Q1} ((ξ̄^U_{N,tt})^3) + C^{h0}_{Q1} ((ξ̄^U_{N,tt})^2) + C^{h0}_{Q1} (ξ̄^U_{N,tt}) + C^{h0}_{Q1} (ξ̄^D_{N,bb})), C^{2HDM} Q2 (m_W ) =

∫_1 0 dx ∫_{1−}x 0 dy (C^{A0}_{Q2} ((ξ̄^U_{N,tt})^3) + C^{A0}_{Q2} ((ξ̄^U_{N,tt})^2) + C^{A0}_{Q2} (ξ̄^U_{N,tt}) + C^{A0}_{Q2} (ξ̄^D_{N,bb})) C^{2HDM} Q3 (m_W ) = m_b m_τ sin^2 θ_W (C^{2HDM} Q1 (m_W ) + C^{2HDM}_{Q2} (m_W )) C^{2HDM} Q4 (m_W ) = m_b m_τ sin^2 θ_W (C^{2HDM} Q1 (m_W ) − C^{2HDM}_{Q2} (m_W )) C^{2HDM} Q_i (mW ) = 0 , i = 5, ..., 10. (31)

Here, we present C_{Q1} and C_{Q2} in terms of the Feynmann parameters x and y since the integrated results are extremely large. Using these initial values, we can calculate the coefficients C^{2HDM}_i (μ) and C^{2HDM} Q_i (μ) at any lower scale in the effective theory with five quarks, namely u, c, d, s, b similar

to the SM case [13, 34, 38, 42].

The Wilson coefficients playing the essential role in this process are C^{2HDM}_7 (μ), C^{2HDM}_9 (μ), C^{2HDM} 10 (μ), C^{2HDM}_{Q1} (μ) and C^{2HDM}_{Q2} (μ). For completeness, in the following we give their explicit expressions.

C^{eff}_7 (μ) = C^{2HDM}_7 (μ) + Q_d (C^{2HDM}_5 (μ) + N_c C^{2HDM}_6 (μ)) , where the LO QCD corrected Wilson coefficient C^{LO,2HDM}_7 (μ) is given by C^{LO,2HDM} 7 (μ) = η^{16/23}C^{2HDM}_7 (m_W ) + (8/3)(η^{14/23} − η^{16/23})C^{2HDM}_8 (m_W ) + C^{2HDM} 2 (m_W ) 8∑ i=1 h_iη^{ai} , (32)

and η = α_s(m_W )/α_s(μ), h_i and a_i are the numbers which appear during the evaluation [13].

C^{eff}_9 (μ) contains a perturbative part and a part coming from LD effects due to conversion of the real c̄c into lepton pair τ^+τ^−: C^{eff}_9 (μ) = C^{pert}_9 (μ) + Y_{reson}(s) , (33) where

C^{pert}_9 (μ) = C^{2HDM}_9 (μ)

+ h(z, s) (3C_1(μ) + C_2(μ) + 3C_3(μ) + C_4(μ) + 3C_5(μ) + C_6(μ)) − 1 2 h(1, s) (4C_3(μ) + 4C_4(μ) + 3C_5(μ) + C_6(μ)) (34) − 1 2 h(0, s) (C_3(μ) + 3C_4(μ)) + 2 9 (3C_3(μ) + C_4(μ) + 3C_5(μ) + C_6(μ)) , and Y_{reson}(s) = − 3 α^2_{em} κ ∑ V_i=ψ_i πΓ(V_i → τ^+τ^−)m_{Vi} q^2 − m_{Vi} + im_{Vi}Γ_{Vi} (3C_1(μ) + C_2(μ) + 3C_3(μ) + C_4(μ) + 3C_5(μ) + C_6(μ)) . (35)

In eq.(33), the functions h(u, s) are given by h(u, s) = − 8 9 ln m_b μ − 8 9 ln u + 8 27 + 4 9 x (36) − 2 9 (2 + x)|1 − x|^{1/2} ( ln | | | √ 1−x+1 √ 1−x−1 | | | − iπ ) , for x ≡^{4u2}_s < 1 2 arctan^{1√}_{x−1} , for x ≡^{4u2}_s > 1, h(0, s) = 8 27 − 8 9 ln m_b μ − 4 9 ln s + 4 9 iπ , (37) with u =^{mc}_{mb} . The phenomenological parameter κ in eq. (35) is taken as 2.3. In eqs. (30) and (35), the contributions of the coefficients C_1(μ), ...., C_6(μ) are due to the operator mixing.

Finally, the Wilson coefficients C_{Q1} (μ) and C_{Q2} (μ) are given by [16]

C_{Qi} (μ) = η^{−12/23} C_{Qi} (m_W ) , i = 1, 2 . (38)

C The form factors for the decay B ! K^∗l^+l^−

The structure functions appearing in eq. (11) are A = −C^{eff}_9 V m_B + m_K� − 4C^{eff}_7 m_b q^2

T_1 ,

B_1 = −C^{eff}_9 (m_B + m_K�)A_1 − 4C^{eff}_7 m_b q^2

(m^2_B − m^2_K�)T_2 ,

B_2 = −C^{eff}_9

A_2 m_B + m_K� − 4C^{eff}_7 m_b q^2 ( T_2 + q^2 m^2_B − m^2_K�

T_3 ) , B_3 = −C^{eff}_9

2m_K�

q^2

(A_3 − A_0) + 4C^{eff}_7 m_b q^2

T_3 ,

C = −C_{10} V m_B + m_K� ,

D_1 = −C_{10}(m_B + m_K�)A_1 ,

D_2 = −C_{10}

A_2 m_B + m_K� , D_3 = −C_{10}

2m_K�

q^2

(A_3 − A_0) , F = C_{Q1} 2m_K� m_b A_0 , G = C_{Q2} 2m_K� m_b A_0 , (39)

We use the q^2 dependent expression which is calculated in the framework of light-cone QCD sum rules in [23] to calculate the hadronic form factors V, A_1, A_2, A_0, T_1, T_2 and T_3:

F (q^2) =

F (0) 1 − a_F^{q2}_{m2B} + b_F (^{q2}_{m2B} )^2

, (40)

where the values of parameters F (0), a_F and b_F are listed in 2.

F (0) a_F b_F A_1 0.34 ± 0.05 0.60 −0.023 A_2 0.28 ± 0.04 1.18 0.281 V 0.46 ± 0.07 1.55 0.575 T_1 0.19 ± 0.03 1.59 0.615 T_2 0.19 ± 0.03 0.49 −0.241 T_3 0.13 ± 0.02 1.20 0.098

Table 2: The values of parameters existing in eq.(40) for the various form factors of the transition B → K^∗.

References

[1] J. L. Hewett, in Proc. of the 21^{st} Annual SLAC Summer Institute, ed. L. De Porcel and C. Dunwoode, SLAC-PUB-6521 (1994) [2] W. S. Hou, R. S. Willey and A. Soni, Phys. Rev. Lett. 58 (1987) 1608. [3] N. G. Deshpande and J. Trampetic, Phys. Rev. Lett. 60 (1988) 2583. [4] C. S. Lim, T. Morozumi and A. I. Sanda, Phys. Lett. B218 (1989) 343. [5] B. Grinstein, M. J. Savage and M. B. Wise, Nucl. Phys. B319 (1989) 271. [6] C. Dominguez, N. Paver and Riazuddin, Phys. Lett. B214 (1988) 459. [7] N. G. Deshpande, J. Trampetic and K. Ponose, Phys. Rev. D39 (1989) 1461. [8] P. J. O’Donnell and H. K. Tung, Phys. Rev. D43 (1991) 2067. [9] N. Paver and Riazuddin, Phys. Rev. D45 (1992) 978. [10] A. Ali, T. Mannel and T. Morozumi, Phys. Lett. B273 (1991) 505. [11] A. Ali, G. F. Giudice and T. Mannel, Z. Phys. C67 (1995) 417. [12] C. Greub, A. Ioannissian and D. Wyler, Phys. Lett. B346 (1995) 145;

D. Liu Phys. Lett. B346 (1995) 355; G. Burdman, Phys. Rev. D52 (1995) 6400:

Y. Okada, Y. Shimizu and M. Tanaka Phys. Lett. B405 (1997) 297. [13] A. J. Buras and M. Münz, Phys. Rev. D52 (1995) 186.

[14] N. G. Deshpande, X. -G. He and J. Trampetic, Phys. Lett. B367 (1996) 362. [15] W. Jaus and D. Wyler, Phys. Rev. D41 (1990) 3405.

[16] Y. B. Dai, C. S. Huang and H. W. Huang, Phys. Lett. B390 (1997) 257,

C. S. Huang, L. Wei, Q. S. Yan and S. H. Zhu, Phys. Rev. D63 (2001) 114021. [17] H. E. Logan and U. Nierste, Nucl. Phys. B586 (2000) 39. [18] E. Iltan and G. Turan, Phys. Rev. D63 (2001) 115007.

[19] R. Casalbuoni, A. Deandra, N. Di Bartolemo, R. Gatto and G. Nardulli, Phys. Lett. B312 (1993) 315.

[20] P. Colangelo, F. De Fazio, P. Santorelli and E. Scrimieri, Phys. Rev. D53 (1996) 3672. [21] W. Roberts, Phys. Rev. D54 (1996) 863.

[22] T. M. Aliev, A. Özpineci and M.Savcı, Phys. Rev. D56 (1997) 4260. [23] P. Ball and V. Braun, Phys. Rev. D57 (1998) 4260. [24] T. Affolder, et.al. , Phys. Rev. Lett. 83 (1999) 3378. [25] T. M.Aliev, E. Iltan, Phys. Lett. B451 (1999) 175. [26] E. Iltan Phys. Rev. D60 (1999) 034023 [27] E. Iltan Phys. Rev. D61 (1999) 054001 [28] T. M. Aliev, C. S. Kim, Y. G. Kim Phys. Rev. D62 (2000) 0140264 [29] T. M. Aliev, D. A. Demir, M. Savci Phys. Rev. D62 (2000) 074016 [30] T. M. Aliev, M. Savci Phys. Lett. B481 (2000) 275. [31] T. M. Aliev, M. Savci Phys. Lett. B481 (2000) 275. [32] T. M. Aliev, M. K. Cakmak, M. Savci hep-ph/0009133 [33] T. M. Aliev, A. Ozpineci, M. Savci Nucl.Phys. B585 (2000) 275 [34] C. S. Huang, Nucl.Phys.Proc.Suppl. 93 (2001) 73 [35] T. M. Aliev, M. K. Cakmak, A. Ozpineci, M. Savci hep-ph/0103039 [36] T. M. Aliev, A. Ozpineci, M. Savci hep-ph/0103261 [37] T. M.Aliev, E. Iltan, J. Phys. G:. Nucl. Part. Phys. 25 (1999) 989. [38] T. M. Aliev, and E. Iltan, Phys. Rev. D58 (1998) 095014. [39] M. S. Alam Collaboration, to appear in ICHEP98 Conference (1998) [40] D. Atwood, L. Reina and A. Soni, Phys. Rev. D55 (1997) 3156.

[41] B. Grinstein, R. Springer, and M. Wise, Nuc. Phys. B339 (1990) 269; R. Grigjanis, P.J.

O’Donnel, M. Sutherland and H. Navelet, Phys. Lett. B213 (1988) 355; Phys. Lett. B286 (1992) E, 413; G. Cella, G. Curci, G. Ricciardi and A. Viceré, Phys. Lett. B325 (1994) 227, Nucl. Phys. B431 (1994) 417.

[42] M. Misiak, Nucl. Phys. B393 (1993) 23, Erratum B439 (1995) 461.

Figure 1: A_{F B} as a function of sinθ for m_A0 = 80 GeV without NHB effects. Here A_{F B} is restricted in the region between solid (dashed) lines for C^{eff}_7 > 0 (C^{eff}_7 < 0). Straight line corresponds to the SM contribution.

Figure 2: The same as Fig.1, but for ξ̄^D_{N,ττ} = 10 m_τ and including NHB effects.

Figure 3: A_{F B} as a function of ξ̄^D_{N,ττ} for sinθ = 0.5 and m_A0 = 80 GeV . Here A_{F B} is restricted in the region between solid (dashed) lines for C^{eff}_7 > 0 (C^{eff}_7 < 0). Straight line corresponds to the SM contribution.

Figure 4: A_{F B} as a function of^{mh0}_{mA0} for sinθ = 0.5 and ξ̄^D_{N,ττ} = 10 m_τ . Here A_{F B} is restricted in the region between solid (dashed) lines for C^{eff}_7 > 0 (C^{eff}_7 < 0). Straight line corresponds to the SM contribution.

Figure 5: The same as Fig. 1 but for A_{CP} .

Figure 6: The same as Fig. 2 but for A_{CP} .

Figure 7: The same as Fig. 3 but for A_{CP} .

Figure 8: The same as Fig. 4 but for A_{CP} .

Figure 9: The same as Fig. 2 but for A_{CP} (A_{F B}).

Figure 10: The same as Fig. 3 but for A_{CP} (A_{F B}).

Figure 11: The same as Fig. 4 but for A_{CP} (A_{F B}).