arXiv:1012.1704v3 [hep-ph] 28 Jan 2012

Analysis of the B → K^∗_0 (1430), a_0(1450) form-factors with light-cone QCD sum rules

Zhi-Gang Wang^1, Jun-Fang Li Department of Physics, North China Electric Power University, Baoding 071003, P. R. China

Abstract

In this article, we take the scalar mesons K^∗_0 (1430) and a0(1450) as the conventional twoquark states, and study the B → K^∗_0 (1430), a0(1450) form-factors with the B-meson light-cone QCD sum rules, then take those form-factors as basic input parameters to study the semileptonic decays B̄^0 → a^+_0 (1450)lν̄_l and B^− → K^{∗−}_0 (1430)ll̄, the predictions can be confronted with the experimental data in the future.

PACS numbers: 12.38.Lg; 13.20.He Key Words: B meson, Light-cone QCD sum rules

1 Introduction

There are many candidates with the quantum numbers J^{P C} = 0^{++} below 2 GeV, which cannot be accommodated in one q̄q nonet, some are supposed to be glueballs, molecular states and tetraquark states (or their special superpositions) [1, 2, 3, 4]. The dynamics dominates the 0^{++} mesons below and above 1 GeV respectively maybe different, and there maybe exist two scalar nonets below 1.7 GeV [1, 2, 3]. The strong attractions between the scalar diquark states Q^a and Q̄^a in the relative S-wave maybe result in a nonet tetraquark states manifest below 1 GeV, while the conventional 3P_0 q̄q nonet have masses about (1.2 − 1.6) GeV, and the well established^3P_1 and^3P_2 q̄q nonets with J^{P C} = 1^{++} and 2^{++} respectively lie in the same region. There are enough candidates for the 3P_0 q̄q nonet mesons, a_0(1450), f_0(1370), K^∗_0 (1430), f_0(1500) and f_0(1710) [5]. In Ref.[4], Klempt and Zaitsev suggest that there maybe exist four scalar nonets below 2.3 GeV,

{f_0/σ(600), a_0(980), K^∗_0 (800), f_0(980)} , {f_0(xxx), a_0(1450), K^∗_0 (1430), f_0(1500)} , {f_0(xxx), a_0(xxx), K^∗_0 (xxx), f_0(1760)} , {f_0(xxx), a_0(2020), K^∗_0 (1950), f_0(2100)} . (1)

The lowest scalar nonet mesons {f_0/σ(600), a_0(980), K^∗_0 (800), f_0(980)} are usually taken as the tetraquark states, while the higher scalar nonet mesons {f_0(xxx), a_0(1450), K^∗_0 (1430), f_0(1500)} are taken as the conventional^3P_0 q̄q states [6]. We should study such an scenario extensively before making definite conclusion, it is interesting to study the scalar meson productions in the semi-leptonic B-decays. Compared with the two-body hadronic B-decays, the semi-leptonic Bdecays suffer from much less theoretical uncertainties involving the hadronic matrix elements.

Experimentally, the semi-leptonic decays B̄^0 → a^+_0 (1450)eν̄_e, B̄^0 → a^+_0 (1450)μν̄_μ, B̄^0 → a^+_0 (1450)τν̄_τ , B^− → K^{∗−}_0 (1430)e^+e^−, B^− → K^{∗−}_0 (1430)μ^+μ^−, B^− → K^{∗−}_0 (1430)τ^+τ^−, which take place through the transitions b → ulν̄_l, sll̄ at the quark level, have not been observed yet [5]. The theoretical predictions of the branching ratios based on the QCD sum rules [7], the perturbative QCD [8], the light-cone QCD sum rules [9, 10] and the covariant light-front quark model [11] differ from each other greatly, another study using a different approach is worthy.

The processes induced by the flavor-changing neutral currents b → s(d) are forbidden at the tree-level in the standard model, provide the most sensitive and stringent test for the standard model at one-loop level, and can put powerful constraints on the new physics models [12, 13, 14]. Experimentally, the semi-leptonic decays B^0 → π^−l^+ν_l, ρ^−l^+ν_l, B^+ → π^0l^+ν_l, ηl^+ν_l, η^′l^+ν_l, ρ^0l^+ν_l, ωl^+ν_l have been observed [5]. In studying the semi-leptonic B-decays to the pseudoscalar (P ), vector (V ), axial-vector (A), tensor (T ) and scalar (S) mesons, we often encounter the B → P , V , T , S form-factors, which are highly nonperturbative quantities. The existing theoretical works focus on the B → P, V form-factors, while the works on the B → T, S form-factors are relatively

1E-mail,wangzgyiti@yahoo.com.cn.

few. It is worthy to study the B → S form-factors and calculate the B → Sl̄l, Slν̄_l branching ratios to confront with the experimental data in the future.

In Refs.[15, 16], Khodjamirian et al obtain new sum rules for the B → π, K, ρ, K^∗ form-factors from the correlation functions expanded near the light-cone in terms of the B-meson distribution amplitudes, and suggest QCD sum rules motivated models for the three-particle B-meson lightcone distribution amplitudes, which satisfy the relations between the two-particle and three-particle B-meson light-cone distribution amplitudes derived from the QCD equations of motion and heavyquark symmetry [17]. The new light-cone QCD sum rules (or the B-meson light-cone QCD sum rules) have been applied to calculate the B → a_1(1260), K^∗_2 (1430), a_2(1320), f_2(1270), D, D^∗ formfactors [18, 19, 20]. Compared with the light-cone distribution amplitudes of the light pseudoscalar mesons and vector mesons, the B-meson light-cone distribution amplitudes have received relatively little attention. Our knowledge about the nonperturbative parameters which determine the Bmeson light-cone distribution amplitudes is limited and an additional application based on the light-cone QCD sum rules is useful. In this article, we use the B-meson light-cone QCD sum rules to calculate the B → K^∗_0 (1430), a_0(1450) form-factors, and study the semi-leptonic B-decays. We expect to extract the B → S form-factors from the experimental data on the semi-leptonic decays B → Sl̄l, Slν̄_l at the LHCb in the future, and obtain severe constraints on the input parameters of the B-meson light-cone distribution amplitudes.

The article is arranged as: in Sect.2, we derive the B → K^∗_0 (1430), a_0(1450) form-factors with the B-meson light-cone QCD sum rules; in Sect.3, we present the numerical results and discussions; and Sect.4 is reserved for our conclusion.

2 The B → K^∗_0 (1430), a_0(1450) form-factors with light-cone QCD sum rules

In the following, we write down the definitions for the B → K^∗_0 (1430) form-factors A_1(q^2), A_0(q^2), T (q^2) and T_5(q^2) [7, 8, 21], ⟨K^∗_0 (p)|s̄(0)γ_μγ_5b(0)|B(P )⟩ = −i {[ (P + p)_μ − m^2_B − m^2_K∗_0 q^2 q_μ ] A_1(q^2) + m^2_B − m^2_K∗_0 q^2 q_μA_0(q^2) } , ⟨K^∗_0 (p)|s̄(0)σ_{μν} b(0)|B(P )⟩ = −iϵ_{μναβ}(P + p)^αq^β 2T (q^2) m_B + m_K∗_0 , ⟨K^∗_0 (p)|s̄(0)σ_{μν} γ_5b(0)|B(P )⟩ = (q_μp_ν − p_μq_ν )

2T_5(q^2) m_B + m_K∗_0

, (2)

where q_μ = P_μ − p_μ. In this article, we write down the calculations for the B → K^∗_0 (1430) form-factors explicitly, and obtain others via the flavor SU(3) symmetry for simplicity.

We study the form-factors with the two-point correlation functions Π^k_μ(p, q),

Π^k_μ(p, q) = i ∫ d^4x e^{ip·x}⟨0|T { J(x)J^k_μ (0) } |B(P )⟩ , J(x) = ū(x)s(x) , J^1_μ(x) = s̄(x)γ_μγ_5b(x) ,

J^2_μ(x) = s̄(x)σ_{μν} b(x)z^ν ,

J^3_μ(x) = s̄(x)σ_{μν} γ_5b(x)z^ν , (3)

where k = 1, 2, 3, P_μ = p_μ + q_μ = m_B v_μ, v^2 = 1, and z_μ is a four-vector.

According to the quark-hadron duality [22, 23], we can insert a complete set of intermediate states with the same quantum numbers as the current operator J(x) into the correlation functions

Π^k_μ(p, q) to obtain the hadronic representation. After isolating the ground state contributions from the pole term of the scalar meson K^∗_0 (1430), we obtain the results:

Π^1_μ(p, q) = − if_K∗_0 m_K∗_0 m^2_K∗_0 − p^2 [ ~A_1(q^2)p_μ + ~A_2(q^2)P_μ ] + · · · , Π^2_μ(p, q) = − if_K∗_0 m_K∗_0 m^2_K∗_0 − p^2

4T (q^2) m_B + m_K∗_0 ϵ_{μναβ} z^ν p^αP^β + · · · , Π^3_μ(p, q) = f_K∗_0 m_K∗_0 m^2_K∗_0 − p^2

2T_5(q^2) m_B + m_K∗_0 (P_μp · z − p_μP · z) + · · · , (4) where

~A_1(q^2) = ( 1 + m^2_B − m^2_K∗_0 q^2 ) A_1(q^2) − m^2_B − m^2_K∗_0 q^2

A_0(q^2) ,

~A_2(q^2) = ( 1 − m^2_B − m^2_K∗_0 q^2 ) A_1(q^2) + m^2_B − m^2_K∗_0 q^2

A_0(q^2) , (5)

and the decay constant f_K∗_0 is defined by ⟨0|J(0)|K^∗_0 (p)⟩ = f_K∗_0 m_K∗_0 . In this article, we derive the QCD sum rules with the tensor structures P_μ, p_μ, ϵ_{μναβ} z^ν p^αP^β and P_μp · z − p_μP · z, respectively.

In the following, we briefly outline the operator product expansion for the correlation functions Π^k_μ(p, q) in perturbative QCD. The calculations are performed at the large space-like momentum region p^2 ≪ 0 with the constraint 0 ≤ q^2 < m^2_b + m_bp^2/Λ̄, where m_B = m_b + Λ̄ in the heavy quark limit. We write down the propagator of a massive quark in the external gluon field in the Fock-Schwinger gauge and the B-meson light-cone distribution amplitudes firstly [16, 24],

S_{ij} (x, y) = i ∫ d^4k (2π)^4 e^{−ik(x−y)} k̸ + m k^2 − m^2 δ_{ij} − 1∫ 0 du g_s G^{μν}_{ij} (ux + (1 − u)y) [ 1 2 k̸ + m (k^2 − m^2)^2 σ_{μν} − 1 k^2 − m^2 u(x − y)_μγ_ν ]} , (6)

⟨0|q̄_α(x)h_{vβ} (0)|B(v)⟩ = − if_Bm_B 4 ∞∫ 0 dωe^{−iωv·x} { (1+ v̸) [ ϕ_+(ω) − ϕ_+(ω) − ϕ_−(ω) 2v · x x̸ ] γ_5 } βα ,

⟨0|q̄_α(x)G_{λρ}(ux)h_{vβ} (0)|B(v)⟩ = f_Bm_B 4 ∞∫ 0 dω ∞∫ 0 dξe^{−i(ω+uξ)v·x} { (1+ v̸) [ (v_λγ_ρ − v_ργ_λ)

(Ψ_A(ω, ξ) − Ψ_V (ω, ξ)) − iσ_{λρ}Ψ_V (ω, ξ) − x_λv_ρ − x_ρv_λ v · x X_A(ω, ξ) + x_λγ_ρ − x_ργ_λ v · x Y_A(ω, ξ) ] γ_5 } βα , (7) where

ϕ_+(ω) = ω ω^2_0 e^{− ωω}0 , ϕ_−(ω) = 1 ω_0 e^{− ωω}0 , Ψ_A(ω, ξ) = Ψ_V (ω, ξ) = λ^2_E 6ω^4_0 ξ^2e^{− ω+ξω}0 , X_A(ω, ξ) = λ^2_E 6ω^4_0 ξ(2ω − ξ)e^{− ω+ξω}0 , Y_A(ω, ξ) = − λ^2_E 24ω^4_0 ξ(7ω_0 − 13ω + 3ξ)e^{− ω+ξω}0 , (8)

the ω_0 and λ^2_E are some parameters of the B-meson light-cone distribution amplitudes, then contract the s-quark field in the correlation functions Π^k_μ(p, q) with Wick theorem to obtain the s-quark propagator, extract the B-meson light-cone distribution amplitudes, and carry out the integrals over the variables x and k, finally obtain the spectral densities at the level of quark-gluon degrees of freedom. In this article, we take the three-particle B-meson light-cone distribution amplitudes suggested in Ref.[16], they obey the powerful constraints derived in Ref.[17] and the relations between the matrix elements of the local operators and the moments of the light-cone distribution amplitudes. In the region of small ω, the exponential form of distribution amplitude ϕ_+(ω) is numerically close to the more elaborated model suggested in Ref.[25],

ϕ_+(ω, μ = 1GeV) = 4ω πλ_B (1 + ω^2) ( 1 1 + ω^2 − 2 σ_B − 1 π^2 ln ω ) , (9)

where ω_0 = λ_B , the ω is in unit of GeV, and the σ_B is a parameter.

We match the spectral densities at the hadron-level and quark-level below the continuum thresholds s_0, perform the Borel transformation with respect to the variable −p^2, and obtain the QCD sum rules for the B → K^∗_0 (1430) form-factors ~A_+(q^2), ~A_−(q^2), T (q^2) and T_5(q^2), respectively,

~A_±(q^2) = f^B m^{2B} f_K∗_0 m_K∗_0 e m2 K∗0 M 2 {∫_{σ0} 0 dσ { ϕ_+(ω^′) σ̄ ( 1 ∓ ω^′ + m_s m_B ) + [ ~ϕ_+(ω^′) − ~ϕ_−(ω^′) ] [ m_s σ̄^2M^2 ( 1 ∓ ω^′ m_B ) ∓ 1 σ̄m_B ∓ m^2_s σ̄^2M^2m_B ]} e^{− s}M^2 + ∫_{σ0} 0 ~dσ { Ψ_A(ω, ξ) − Ψ_V (ω, ξ) σ̄^2 [ 1 + 2u M^2 ± 3[(1 − 2u)~ω − m_s]

m_B M^2 ± 2(1 − u)

m^2_B ( 1 − ~m^2_B M^2 )] + 6Ψ_V (ω, ξ)

σ̄^2M^2 ( u ∓ m_s + u~ω m_B )

+ 2uX(ω, ξ) σ̄^2M^2 ( 1 ∓ ~ω m_B ) + 6m_s ~Y (ω, ξ) σ̄^3M^4 [ −1 ± ~ω + (2u − 1)m_s m_B ] + ~X_A(ω, ξ) σ̄^2M^2 [ ± 3 m_B + 2(~ω + m_s)

σ̄M^2 ∓ 4 m_Bσ̄ ( 1 − s 2M^2 ) + 2 m_Bσ̄ ( 1 − ~m^2_B 2M^2 ) ( 1 ± ~ω + m_s m_B ) ∓ 4um^2_s σ̄M^2m_B ]}

e^{− s}M^2 } , (10)

T (q^2) = f_B m_B (m_B + m_K∗_0 ) 4f_K∗_0 m_K∗_0 e m2 K∗0 M 2 {∫_{σ0} 0 dσ { ϕ_+(ω^′) σ̄ + m_s σ̄^2M^2 [ ~ϕ_+(ω^′) − ~ϕ_−(ω^′) ]} e^{− s}M^2 + ∫_{σ0} 0 ~dσ { 1 + 2u σ̄^2M^2

[Ψ_A(ω, ξ) − Ψ_V (ω, ξ)] + 6uΨ_V (ω, ξ) σ̄^2M^2 + 2uX(ω, ξ) σ̄^2M^2 − 6m_s ~Y (ω, ξ) σ̄^3M^4 + 2 ~X_A(ω, ξ) σ̄^3M^2 [ ~ω + m_s M^2 + 1 m_B ( 1 − ~m^2_B 2M^2 )]} e^{− s}M^2 } , (11)

T_5(q^2) = 2T (q^2) , (12)

where

~A_±(q^2) = ~A_1(q^2) ± ~A_2(q^2) , ∫_{σ0} 0 ~dσ = ∫_{σ0} 0 dσ ∫_{σmB} 0 dω ∫_∞ σm_B −ω dξ ξ , s = m^2_B σ − σq^2 − m^2_s σ̄ , ω^′ = σm_B , σ̄ = 1 − σ , ~ω = ω + uξ ,

σ_0 = s^{K∗0}_0 + m^2_B − q^2 − √ (s^{K∗0}_0 + m^2_B − q^2)^2 − 4(s^{K∗0}_0 − m^2_s)m^2_B 2m^2_B , u = σm_B − ω ξ , ~m^2_B = m^2_B (1 + σ) − q^2 − m^2_s σ̄ , ~X_A(ω, ξ) = ∫_ω 0 dλX_A(λ, ξ) , ~Y_A(ω, ξ) = ∫_ω 0 dλY_A(λ, ξ) , ~ϕ_±(ω) = ∫_ω 0 dλϕ_±(λ) . (13) With a simple replacement, m_s → 0, m_K∗_0 → m_{a0} , f_K∗_0 → f_{a0} , s^{K∗0}_0 → s^{a0}_0 , we can obtain the corresponding QCD sum rules for the B → a_0(1450) form-factors.

3 Numerical results and discussions

The input parameters for the B-meson light-cone distribution amplitudes are taken as ω_0 = λ_B (μ) = (0.46 ± 0.11) GeV, μ = 1 GeV [25], λ^2_E = (0.11 ± 0.06) GeV^2 [26], m_B = 5.279 GeV, and f_B = (0.18 ± 0.02) GeV [27]. The dominating contributions in the QCD sum rules come from the two-particle B-meson light-cone distribution amplitudes, the contributions from the three-particle B-meson light-cone distribution amplitudes are of minor importance as they are suppressed by additional powers of^1_{M 2} . The main uncertainty comes from the parameter ω_0 (or λ_B ), which determines the line shapes of the two-particle and three-particle light-cone distribution amplitudes of the B-meson. In this article, we take the value from the QCD sum rules [25], where the B-meson light-cone distribution amplitude ϕ_+(ω) is parameterized by the matrix element of the bilocal operator at imaginary light-cone separation.

The masses, decay constants, threshold parameters and Borel parameters for the scalar mesons K^∗_0 (1430) and a_0(1450) are determined by the conventional two-point QCD sum rules with the scalar currents ū(x)s(x) and ū(x)d(x), respectively. The values are m_K∗_0 = (1.435 ± 0.065) GeV, m_{a0} = (1.470 ± 0.070) GeV, f_K∗_0 = (0.435 ± 0.015) GeV, f_{a0} = (0.460 ± 0.015) GeV, s^{K∗0}_0 = (4.0 ± 0.2) GeV^2, s^{a0}_0 = (4.4 ± 0.2) GeV^2, and M^2 = (1.2 − 1.8) GeV^2, (1.3 − 1.9) GeV^2 in the channels K^∗_0 (1430), a_0(1450), respectively. In Ref.[28], Du, Li and Yang perform detailed studies of the mass and decay constant of the isospin I = 1/2 scalar mesons composed of sq̄ or qs̄ using the QCD sum rules, and observe that the K^∗_0 (1430) is the lowest scalar state and the first radial excited state has the mass larger than 2.0 GeV. Close and Tornqvist propose that the lowest scalar nonet mesons {f_0/σ(600), a_0(980), K^∗_0 (800), f_0(980)} are tetraquark states consist of the scalar diquarks in the relative S-wave near the center, with some q̄q components in the relative P -wave, but further out they rearrange to form two colorless q̄q pairs and finally as the meson-meson states [1]. The contaminations from the scalar mesons K^∗_0 (800) and a_0(980) are very small if there are some.

Taking into account all uncertainties of the relevant parameters, we obtain the numerical values of the form-factors A_1(q^2), A_0(q^2), T (q^2) and T_5(q^2), which are shown in Fig.1 at zero momentum transfer. From the figure, we can see that the values of the form-factors are very stable with

F_{BK}∗_0 (0) [a_F , b_F ] F_{Ba0} (0) [a_F , b_F ] A_1 0.42^{+0.25}_{−0.13} [−1.50, 0.42] 0.45^{+0.25}_{−0.13} [−1.46, 0.39] A_0 0.42^{+0.25}_{−0.13} [−0.42, 0.19] 0.45^{+0.25}_{−0.13} [−0.43, 0.16] T 0.27^{+0.16}_{−0.09} [−1.55, 0.44] 0.28^{+0.16}_{−0.08} [−1.52, 0.40] T_5 0.54^{+0.32}_{−0.18} [−1.55, 0.44] 0.56^{+0.32}_{−0.16} [−1.52, 0.40]

Table 1: The values of the form-factors at zero momentum transfer and the parameters of the fitted form-factors.

Ref.[7] Ref.[8] Ref.[9] Ref.[10] Ref.[11] This Work A^{BK∗0}_1 (0) 0.31 ± 0.08 0.60^{+0.18}_{−0.15} 0.49^{+0.10}_{−0.10} 0.49 0.26 0.42^{+0.25}_{−0.13} T^{BK∗0}_5 (0) 0.26 ± 0.07 0.78^{+0.25}_{−0.19} 0.60^{+0.14}_{−0.13} 0.69 0.34 0.54^{+0.32}_{−0.18} A^{Ba0}_1 (0) 0.68^{+0.19}_{−0.15} 0.52^{+0.10}_{−0.10} 0.45^{+0.25}_{−0.13} T^{Ba0}_5 (0) 0.92^{+0.30}_{−0.21} 0.66^{+0.13}_{−0.14} 0.56^{+0.32}_{−0.16}

Table 2: The values of the form-factors at zero momentum transfer from different theoretical approaches.

variations of the Borel parameter. The form-factors can be parameterized in the double-pole form,

F_i(q^2) =

F_i(0) 1 + a_F q^2/m^2_B + b_F q^4/m^4_B

, (14)

where the F_i(q^2) denote the A_1(q^2), A_0(q^2), T (q^2) and T_5(q^2), the a_F and b_F are the corresponding coefficients and their values are presented in Table 1.

In Table 2, we also present the values of the form-factors from other theoretical calculations, such as the QCD sum rules [7], the perturbative QCD [8], the light-cone QCD sum rules [9, 10], and the covariant light-front quark model [11], the central values differ widely. If we take into account the large uncertainties, there are some overlaps among the predictions from different theoretical approaches. In this article, we will focus on the central values.

We can take those form-factors as the basic input parameters and study the semi-leptonic decays to the scalar mesons K^∗_0 (1430) and a_0(1450). The effective Hamiltonians for the b → ulν̄_l

Ref.[7] Ref.[8] Ref.[9] Ref.[11] This Work B̄0 → a^+_0 (1450)eν̄_e 3.25 × 10−4 1.8 × 10−4 1.59 × 10−4 B̄0 → a^+_0 (1450)μν̄_μ 3.25 × 10−4 1.8 × 10−4 1.59 × 10−4 B̄0 → a^+_0 (1450)τν̄_τ 1.32 × 10−4 6.3 × 10−5 5.83 × 10−5 B^− → K^{∗−}_0 (1430)e^+e^− 2.09 × 10^{−7} 9.78 × 10^{−7} 5.7 × 10^{−7} 1.63 × 10^{−7} 4.51 × 10^{−7} B^− → K^{∗−}_0 (1430)μ^+μ^− 2.07 × 10^{−7} 9.78 × 10^{−7} 5.6 × 10^{−7} 1.62 × 10^{−7} 4.48 × 10^{−7} B^− → K^{∗−}_0 (1430)τ^+τ^− 1.70 × 10^{−9} 6.29 × 10^{−9} 9.8 × 10^{−9} 2.86 × 10^{−9} 7.35 × 10^{−9}

Table 3: The branching ratios from different theoretical approaches.

Figure 1: The values of the form-factors at zero momentum transfer with variation of the Borel parameter M^2, the (I) and (II) denote the transitions B → K^∗_0 (1430) and B → a_0(1450), respectively. A_0(0) = A_1(0) and T_5(0) = 2T (0).

Figure 2: The values of the differential decay widthes, the A, B, C, D, E and F denote the decays B̄^0 → a^+_0 (1450)eν̄_e, B̄^0 → a^+_0 (1450)μν̄_μ, B̄^0 → a^+_0 (1450)τν̄_τ , B^− → K^{∗−}_0 (1430)e^+e^−, B^− → K^{∗−}_0 (1430)μ^+μ^− and B^− → K^{∗−}_0 (1430)τ^+τ^−, respectively.

and b → sll̄ transitions can be written as H_{ef f} (b → ulν̄_l) = G_F √ 2 V_{ub}ūγ_α(1 − γ_5)bl̄γ^α(1 − γ_5)ν_l , H_{ef f} (b → sll̄) = G_F √ 2 V_{tb}V^∗_{ts} [ C^{ef f}_9 (μ) s̄γ_α(1 − γ_5)b l̄γ^α(1 − γ_5)l + C_{10}(μ)s̄γ_α(1 − γ_5)bl̄γ^αγ_5l − 2m_bC_7 (μ) q^2 σ_{αβ} (1 − γ_5)q^β bl̄γ^αl ] , (15)

where the G_F is the Fermi constant, the V_{ub}, V_{tb}, V_{ts} are the CKM matrix elements, l = (e, μ, τ), C^{ef f}_9 (μ) = C_9(μ) + Y_{SD} + Y_{LD} , μ = m_b [12], the Y_{SD} describes the short-distance contributions from the four-quark operators far away from the c̄c resonances [12], the Y_{LD} denotes the longdistance contributions from the four-quark operators near the c̄c resonances and is neglected due to the absence of experimental data on the decays B → J/ψS. The non-factorizable effects from the c-quark loop can be absorbed into the effective Wilson coefficient C^{ef f}_7 [29], C^{ef f}_7 (μ) = C_7(μ) + C^′_{b→sγ} (μ), the C^′_{b→sγ} denotes the absorptive part for the b → scc̄ → sγ re-scatterings.

From the effective Hamiltonians, we obtain the partial decay widths dΓ/dq^2, the numerical values are shown explicitly in Fig.2, then carry out the integrals τ_B ∫ dq^2dΓ/dq^2 to obtain the branching ratios, where the τ_B is the lifetime of the B-meson, Br (¯ B^0 → a^+_0 (1450)eν̄_e ) = 1.59 × 10^{−4} , Br (¯ B^0 → a^+_0 (1450)μν̄_μ ) = 1.59 × 10^{−4} , Br (¯ B^0 → a^+_0 (1450)τν̄_τ ) = 5.83 × 10^{−5} , Br ( B^− → K^{∗−}_0 (1430)e^+e^− ) = 4.51 × 10^{−7} , Br ( B^− → K^{∗−}_0 (1430)μ^+μ^− ) = 4.48 × 10^{−7} , Br ( B^− → K^{∗−}_0 (1430)τ^+τ^− ) = 7.35 × 10^{−9} . (16)

In Table 3, we also present the branching ratios from the QCD sum rules [7], the perturbative QCD [8], the light-cone QCD sum rules [9], and the covariant light-front quark model [11], the values differ widely. The present predictions of the partial decay widths and the branching ratios can be confronted with the experimental data at the LHCb in the future. Furthermore, we expect to extract those form-factors from the semi-leptonic decays B → Slν̄_l, Sl̄l, and obtain severe constraints on the input parameter λ_B of the B-meson light-cone distribution amplitudes.

4 Conclusion

In this article, we take the scalar mesons K^∗_0 (1430) and a_0(1450) as the conventional two-quark states, and calculate the B → K^∗_0 (1430) , a_0(1450) form-factors A_1(q^2), A_0(q^2), T (q^2) and T_5(q^2) with the B-meson light-cone QCD sum rules, then take those form-factors as the basic input parameters to study the semi-leptonic decays B̄^0 → a^+_0 (1450)lν̄_l and B^− → K^{∗−}_0 (1430)ll̄, the predictions can be confronted with the experimental data at the LHCb in the future, which are worthy in identifying the nature of the scalar mesons. In calculations, we observe that the main uncertainty comes from the parameter ω_0 (or λ_B ), which determines the line shapes of the twoparticle and three-particle B-meson light-cone distribution amplitudes. We can extract those form-factors from the experimental data on the semi-leptonic decays B → Slν̄_l, Sl̄l, and obtain severe constraints on the input parameter λ_B .

Acknowledgments

This work is supported by National Natural Science Foundation of China, Grant Number 11075053, and the Fundamental Research Funds for the Central Universities.

References

[1] F. E. Close and N. A. Tornqvist, J. Phys. G28 (2002) R249. [2] R. L. Jaffe, Phys. Rept. 409 (2005) 1.

[3] C. Amsler and N. A. Tornqvist, Phys. Rept. 389 (2004) 61. [4] E. Klempt and A. Zaitsev, Phys. Rept. 454 (2007) 1. [5] K. Nakamura et al, J. Phys. G37 (2010) 075021.

[6] R. L. Jaffe, Phys. Rev. D15 (1977) 267; Phys. Rev. D15 (1977) 281. [7] T. M. Aliev, K. Azizi and M. Savci, Phys. Rev. D76 (2007) 074017. [8] R. H. Li, C. D. Lu, W. Wang and X. X. Wang, Phys. Rev. D79 (2009) 014013. [9] Y. M. Wang, M. Jamil Aslam and C. D. Lu, Phys. Rev. D78 (2008) 014006. [10] Y. J. Sun, Z. H. Li and T. Huang, Phys. Rev. D83 (2011) 025024. [11] C. H. Chen, C. Q. Geng, C. C. Lih and C. C. Liu, Phys. Rev. D75 (2007) 074010. [12] G. Buchalla, A. J. Buras and M. E. Lautenbacher, Rev. Mod. Phys. 68 (1996) 1125. [13] M. Antonelli et al, Phys. Rept. 494 (2010) 197. [14] M. Artuso et al, Eur. Phys. J. C57 (2008) 309.

[15] A. Khodjamirian, T. Mannel and N. Offen, Phys. Lett. B620 (2005) 52. [16] A. Khodjamirian, T. Mannel and N. Offen, Phys. Rev. D75 (2007) 054013. [17] H. Kawamura, J. Kodaira, C. F. Qiao and K. Tanaka, Phys. Lett. B523 (2001) 111. [18] Z. G. Wang, Phys. Lett. B666 (2008) 477.

[19] S. Faller, A. Khodjamirian, C. Klein and T. Mannel, Eur. Phys. J. C60 (2009) 603. [20] Z. G. Wang, Mod. Phys. Lett. A26 (2011) 2761.

[21] H. Y. Cheng, C. K. Chua and K. C. Yang, Phys. Rev. D73 (2006) 014017. [22] M. A. Shifman, A. I. Vainshtein and V. I. Zakharov, Nucl. Phys. B147 (1979) 385. [23] L. J. Reinders, H. Rubinstein and S. Yazaki, Phys. Rept. 127 (1985) 1. [24] V. M. Belyaev, V. M. Braun, A. Khodjamirian and R. Rückl, Phys. Rev. D51 (1995) 6177. [25] V. M. Braun, D. Yu. Ivanov and G. P. Korchemsky, Phys. Rev. D69 (2004) 034014. [26] A. G. Grozin and M. Neubert, Phys. Rev. D55 (1997) 272. [27] P. Colangelo and A. Khodjamirian, hep-ph/0010175. [28] D. S. Du, J. W. Li and M. Z. Yang, Phys. Lett. B619 (2005) 105. [29] C. H. Chen and C. Q. Geng, Phys. Rev. D64 (2001) 074001.