arXiv:hep-ph/0310259 v1 22 Oct 2003

1/m_Q order contributions to B → πlν decay in HQEFT

W.Y. Wang Department of Physics, Tsinghua University, Beijing 100084, China

Y.L. Wu and M. Zhong Institute of Theoretical Physics, Academia Sinica, Beijing 100080, China

Abstract

Contributions to B → πlν decay from 1/m_Q order corrections are analyzed in the heavy quark effective field theory (HQEFT) of QCD. Transition wave functions of 1/m_Q order are calculated through light cone sum rule (LCSR) within the HQEFT framework. The results are compared with those from other approaches.

PACS numbers: 11.55.Hx, 12.39.Hg, 13.20.Fc, 13.20.He Keywords: B → πlν, 1/m_Q correction, effective field theory, light cone sum rule

Typeset using REVTEX

I. INTRODUCTION

Heavy to light semileptonic decay B → πlν has attracted much interest due to its special role in determining the important Cabibbo-Kabayashi-Maskawa (CKM) matrix element |V_{ub}|. A lot of work concerning this decay may be found in the literatures [1–3]. Since B meson consists of a heavy quark and a light quark, it is natural to explore B decays with considering the heavy quark symmetry. This has been proved to be powerful in relating various heavy hadron processes, and distinguishing between long and short distance dynamics reliably.

The leading order wave functions of the decay B → πlν have been calculated in Ref. [4] by using light cone sum rules within the heavy quark effective field theory (HQEFT) [5–9]. In this paper, we present the next to leading order study for B → πlν decay in HQEFT. In section II we formulate this decay up to 1/m_Q order in HQEFT. In section III the 1/m_Q order wave functions are calculated by using light cone sum rule method in HQEFT framework. Section IV devotes to the numerical analysis and relevant discussions in comparison with other approaches. A short summary is outlined in section V.

II. B → πLν DECAY IN HQEFT

The semileptonic decay B → πlν is determined by the matrix element

⟨π(p)|ūγ^μb|B(p_B)⟩ = 2f_+(q^2)p^μ + (f_+(q^2) + f_−(q^2))q^μ

= f_+(q^2) [ p^μ_B + p^μ − m^2_B − m^2_π q^2 q^μ ] + f_0(q^2) m^2_B − m^2_π q^2 q^μ (2.1)

with

f_0(q^2) = q^2 m^2_B − m^2_π f_−(q^2) + f_+(q^2), (2.2)

where q = p_B − p is the momentum carried by the lepton pair.

In HQEFT, the heavy quark field Q is decomposed into two parts Q^+ and Q^−, which are formally corresponding to the two solutions of the Dirac equation. For the free particle case, they are known to be the quark and antiquark fields respectively. In order to shift out the large component of heavy quark momentum and also to make the leading order Lagrangian explicitly m_Q independent, an effective heavy quark field can be conveniently defined as Q^+_v = e^{iv/mQ v·x}Q̂^+_v = e^{iv/mQ v·x}P_+Q^+ (2.3) with v being an arbitrary four-velocity satisfying v^2 = 1, and P_+ ≡ (1 + v/)/2 being a projection operator. Under this definition, Q^+_v is actually the “large component” of heavy quark field. Similarly, one can define the “large component” of heavy antiquark field. This becomes transparent if one considers a free quark field in the frame v = (1, 0, 0, 0), where one has in the momentum space

Q̂^+_v → 1 + v/ 2 u_s(p) = √ E + m 2m ( 1 0 ) φ_s, Q̂^−_v → 1 − v/ 2 v_s(p) = √ E + m 2m ( 0 1 ) χ_s. (2.4)

Here u_s and v_s are the four-component spinors, while φ_s and χ_s are the two-component Pauli spinor fields that annihilate a heavy quark and create a heavy antiquark, respectively. A detailed discussion on the “large” and “small” components of the heavy quark and antiquark fields can be found in Refs. [5,6].

Integrating out the small component of quark field as well as the antiquark field, the effective Lagrangian can be represented in terms of Q^+_v as

L^{(++)}_{ef f} = Q̄^+_v iv · DQ^+_v + 1 m_Q Q̄^+_v (iD/_⊥)^2Q^+_v + O( 1 m^2_Q

). (2.5)

At the same time, a heavy-light quark current q̄ΓQ with Γ being arbitrary Dirac matrices is expanded into q̄ΓQ → e^{−imQ v·x} { q̄ΓQ^+_v + 1 2m_Q q̄Γ 1 iD/_‖ (iD/_⊥)^2Q^+_v + O( 1 m^2_Q ) } , (2.6)

where q denotes an arbitrary light quark. In Eqs.(2.5) and (2.6) the operators iD/_‖ and iD/_⊥ are defined by iD/_‖ = iv/v · D, iD/_⊥ = iD/ − iD/_‖. (2.7) For detailed derivation of HQEFT, the interested readers are refered to Refs. [5,6].

For the B → π weak transition matrix element, it receives 1/m_Q order contributions not only from the expansion of effective current (2.6) but also from the insertion of the effective Lagrangian (2.5). As a result, the heavy quark expansion (HQE) of the transition matrix element can be simply written as [6] ⟨π|ūγ^μb|B⟩ = √ m_B Λ̄_B { ⟨π|ūγ^μQ^+_v |M_v ⟩ + 1 2m_Q ⟨π|ūγ^μ 1 iv · D P_+ ( D^2_⊥ + i 2 σ_{αβ}F^{αβ} ) Q^+_v |M_v ⟩ + O(1/m^2_Q) } , (2.8)

where Λ̄_B is defined by the mass difference of B meson and bottom quark, Λ̄_B = m_B − m_b, and F^{αβ} is the gluon field strength tensor. |M_v⟩ is an effective heavy meson state defined in HQEFT to manifest the spin-flavor symmetry,

⟨M_v |Q̄^+_v γ^μQ^+_v |M_v ⟩ = 2Λ̄v^μ (2.9)

with the binding energy Λ̄ ≡ lim_{mQ→∞} Λ̄_M being heavy flavor independent.

Note that in Eqs.(2.6) and (2.8) we have used the operator 1/(iv · D) to effectively represent the contraction of effective heavy quark fields (or say heavy quark propagator) [6,9]. In calculating Green functions in the next section, we will treat this operator as contraction of Q^+_v and Q̄^+_v . It is seen in Eq.(2.8) that the 1/m_Q order corrections to B → π transition are simply attributed to one kinematic operator and one chromomagnetic operator.

Based on heavy quark spin-flavor symmetry, we parameterize the matrix elements in HQEFT as ⟨π(p)|ūΓQ^+_v |M_v⟩ = −T r[π(v, p)ΓM_v], (2.10) ⟨π(p)|ūΓ P_+ iv · D D^2_⊥Q^+_v |M_v⟩ = −T r[π_1(v, p)ΓM_v], (2.11) ⟨π(p)|ūΓ P_+ iv · D i 2 σ_{αβ}F^{αβ}Q^+_v |M_v⟩ = −T r[π^{αβ}_1 (v, p)ΓP_+ i 2 σ_{αβ}M_v ], (2.12)

where M_v is the flavor independent spin wave function for pseudoscalar heavy mesons,

M_v = − √ Λ̄P_+γ^5.

The functions π(v, p), π_1(v, p) and π^{αβ}_1 (v, p) can be generally decomposed into π(v, p) = γ^5[A(v · p) + p̂/B(v · p)], (2.13) π_1(v, p) = γ^5[f_a(v · p) + p̂/f_b(v · p)], (2.14) π^{αβ}_1 (v, p) = γ^5[(p̂^αγ^β − p̂^β γ^α)(s_1(v · p) + p̂/s_2(v · p)) + iσ^{αβ}(s_3(v · p) + p̂/s_4(v · p))] (2.15)

with p̂^μ = p^μ/(v · p). The Lorentz scalar functions A, B, f_a, f_b and s_i(i = 1, 2, 3, 4) are independent of the heavy quark mass. Their scale dependence is suppressed in these formulae. In Eqs.(2.13)-(2.15) we use for convenience v · p as the variable of wave functions, which is related to the momentum transfer q^2 by ξ ≡ v · p = m^2_B + m^2_π − q^2 2m_B . Now after trace calculation Eq.(2.8) yields

⟨π(p)|ūγ^μb|B(p_B)⟩ = 2 m_BΛ̄ Λ̄_B { v^μ ( A + 1 2m_Q A_1 ) + p̂^μ ( B + 1 2m_Q B_1 ) + O ( 1 m^2_Q )} (2.16)

with

A_1 = f_a + 2s_1 − 2s_2 m^2_π ξ^2

− 3s_3, (2.17)

B_1 = f_b − 2s_1 + 2s_2 − 3s_4, (2.18)

where p^2 = m^2_π is used. Eqs.(2.1) and (2.16) yield relations between the form factors f_± and the universal wave functions,

f_±(q^2) = Λ̄ m_BΛ̄_B {[ A(ξ) + 1 2m_Q A_1(ξ) ] ± [ B(ξ) + 1 2m_Q B_1(ξ) ] m_B ξ + O ( 1 m^2_Q )} . (2.19)

As a comparison, in the usual heavy quark effective theory (HQET) one uses the effective Lagrangian

L_{ef f} |_{HQET} = Q̄^+_v iv · DQ^+_v + 1 2m_Q Q̄^+_v (iD/_⊥)^2Q^+_v + O ( 1 m^2_Q ) , (2.20)

and the heavy-light current expansion (at tree level)

q̄ΓQ^+ → q̄ΓQ^+_v + 1 2m_Q q̄ΓiD/_⊥Q^+_v + O ( 1 m^2_Q ) . (2.21)

In some references the notation h_v is used for the field variable Q^+_v here.

For the heavy quark expansion of the transition matrix element in HQET, the 1/m_Q order corrections from the current expansion (2.21) and those from the insertion of the Lagrangian (2.20) can not be attributed to the same set of operators. In particular, there are both operators with even and odd powers of iD/_⊥ which contribute at 1/m_Q order. Therefore the corrections from these two sources have to be characterized by different sets of wave functions and considered separately.

In HQEFT, however, there are only operators with even power of iD/_⊥ appearing in the effective Lagrangian (2.5) and current (2.6). The terms with odd powers of iD/_⊥ are canceled due to the inclusion of the antiquark contributions. Therefore the 1/m_Q order corrections to transition matrix elements from the two sources can be attributed to the same set of operators, and the final formulation in HQEFT is simple [6]. In this paper, we need only calculate the two composite functions A_1 and B_1.

III. LIGHT CONE SUM RULES IN HQEFT

To calculate the 1/m_Q order wave functions A_1 and B_1, we consider the two-point correlation function

F^μ = i ∫ d^4xe^{i(q−mQv)·x}⟨π(p)|T { ū(x)γ^μ 1 iv · D P_+ ( D^2_⊥ + i 2 σ_{αβ}F^{αβ} ) Q^+_v (x), Q̄^+_v (0)iγ^5d(0) } |0⟩ (3.1)

where Q̄^+_v (0)iγ^5d(0) is the interpolating current for B meson. Inserting between the two currents in Eq.(3.1) a complete set of intermediate states with the B meson quantum number, one gets 2iF A_1v^μ + B_1p̂^μ

2Λ̄_B − ω + ∫_∞ s_0 ds ρ_a(v · p, s)v^μ + ρ_b(v · p, s)p̂^μ s − ω + subtraction (3.2) with ω ≡ 2v · k, where k = p_B − m_Qv is the residual momentum. F is the decay constant of B meson at the leading order of 1/m_Q expansion, defined by [8] ⟨0|q̄ΓQ^+_v |B_v⟩ = F 2 T r[ΓM_v]. (3.3)

At the same time, in deep Euclidean region the correlator (3.1) can be calculated in effective field theory. The result can be written as an integral over a theoretic spectral density, ∫_∞ 0 ds ρ^{th}_a (ξ, s)v^μ + ρ^{th}_b (ξ, s)p̂^μ s − ω + subtraction. (3.4)

In the sum rule analysis, one assumes the quark-hadron duality, and equals the hadronic representation (3.2) and the theoretic one (3.4), which provides a sum rule equation. Furthermore, in order to enhance the importance of the ground state contribution, to suppress higher order nonperturbative contributions and also to remove the subtraction, a Borel transformation B̂^{(ω)}_T ≡ lim_{−ω, n → ∞} −ω/n = T (−ω)^{n+1} n! ( d dω )^n

should be performed to both sides of the sum rule equation. With using the formulae

B̂^{(ω)}_T 1 s − ω = e^{−s/T} , B̂^{(ω)}_T e^{λω} = δ(λ − 1 T ), (3.5)

one gets

2iF (A_1v^μ + B_1p̂^μ)e^{−2Λ̄B /T} = ∫_{s0} 0 dse^{−s/T} [ ρ_a(ξ, s)v^μ + ρ_b(ξ, s)p̂^μ ] (3.6)

with

ρ_a(ξ, s)v^μ + ρ_b(ξ, s)p̂^μ = B̂^{(−1/T )}_{1/s} B̂^{(ω)}_T F^μ(ξ, ω). (3.7)

The operator 1/(iv · D) in Eq.(3.1) may be effectively regarded as a heavy quark propagator [6,9]. Namely, in the following we conveniently calculate the correlator (3.1) via the three-point one: i ∫ d^4xe^{i(q−mQv)·x}⟨π(p)|T { ū(x)γ^μQ^+_v (x), i^3 ∫ d^4yQ̄^+_v (y) ( D^2_⊥ + i 2 σ_{αβ}F^{αβ} ) Q^+_v (y), Q̄^+_v (0)iγ^5d(0) } |0⟩. (3.8)

In calculating the three-point function (3.8), we represent the nonperturbative contributions embeded in the hadronic matrix element in terms of light cone wave functions up to twist 4. Among them are the two-particle distribution functions defined by [1,2,10] ⟨π(p)|ū(x)γ^μγ^5d(0)|0⟩ = −ip^μf_π ∫_1 0 due^{iup·x}[φ_π (u) + x^2g_1(u)] +f_π(x^μ − x^2p^μ x · p ) ∫_1 0 due^{iup·x}g_2(u), ⟨π(p)|ū(x)iγ^5d(0)|0⟩ = f_πm^2_π m_u + m_d

∫_1 0 due^{iup·x}φ_p(u), ⟨π(p)|ū(x)σ_{μν} γ^5d(0)|0⟩ = i(p_μx_ν − p_ν x_μ) f_π m^2_π 6(m_u + m_d)

∫_1 0 due^{iup·x}φ_σ(u), (3.9) where φ_π is the leading twist 2 distribution amplitude. φ_p and φ_σ are twist 3 distribution amplitudes, while g_1 and g_2 are of twist 4. Furthermore, we would also include three-particle distribution functions [10–12],

⟨π(p)|ū(x)σ_{μν} γ^5F_{αβ}(ωx)d(0)|0⟩ = −f_{3π}[(p_αp_μg_{βν} − p_β p_μg_{αν} ) − (p_αp_ν g_{βμ} −p_βp_ν g_{αμ})] ∫ Dα_iφ_{3π} (α_i)e^{i(α1+ωα3)p·x}, ⟨π(p)|ū(x)γ_μγ^5F_{αβ}(ωx)d(0)|0⟩ = if_π[p_β (g_{αμ} − x_αp_μ p · x ) − p_α(g_{βμ} − x_βp_μ p · x )] × ∫ Dα_iφ_⊥(α_i)e^{i(α1+ωα3 )p·x} + if_π p_μ p · x (p_αx_β − p_β x_α) × ∫ Dα_iφ_‖(α_i)e^{i(α1+ωα3 )p·x}, ⟨π(p)|ū(x)γ_μF̃_{αβ}(ωx)d(0)|0⟩ = −f_π[p_β (g_{αμ} − x_αp_μ p · x ) − p_α(g_{βμ} − x_β p_μ p · x )] × ∫ Dα_iφ̃_⊥(α_i)e^{i(α1+ωα3 )p·x} − f_π p_μ p · x (p_αx_β − p_β x_α) × ∫ Dα_iφ̃_‖(α_i)e^{i(α1+ωα3 )p·x}, (3.10) where Dα_i = dα_1dα_2dα_3δ(1 − α_1 − α_2 − α_3) and F̃_{αβ} =^1_2 ϵ_{αβρσ}F^{ρσ}. φ_{3π} is a distribution amplitude of twist 3, while φ_⊥, φ_‖, φ̃_⊥ and φ̃_‖ are of twist 4.

After contracting the effective heavy quark fields Q^+_v (x_1)Q̄^+_v (x_2) into propagator P_+ ∫_∞ 0 dtδ(x_1 − x_2 − vt), the correlation function (3.8) becomes i ∫ d^4x ∫ d^4y ∫_∞ 0 dl ∫_∞ 0 dte^{i(q−mQv)·x}⟨π(p)|ū(x)γ^μP_+δ(x − y − vl) × [ ∂^2_{(y)} − v_αv_β∂^α_{(y)}∂^β_{(y)} − ∂^α_{(y)}A_α(y) − A_α(y)∂^α_{(y)} + v_αv_β∂^α_{(y)}A^β(y)

+v_αv_βA^α(y)∂^β_{(y)} + i 2 σ_{αβ}F^{αβ}(y) ] P_+δ(y − vt)γ^5d(0)|0⟩ (3.11)

with ∂^α_{(y)} ≡ ∂/(∂y_α), which includes only terms related to the two-particle and three-particle distribution functions (3.9) and (3.10), while other terms are not considered in this paper.

Then one can represent the matrix elements by the distribution functions defined in Eqs.(3.9) and (3.10). In doing this we choose to work in the fixed-point gauge x^μA_μ(x) = 0, where one has

A_μ(x) = x^ν

∫_1 0 dωωF_{νμ}(ωx). Using Eqs. (3.5), (3.9) and (3.10), we finally get ρ_a(ξ, s) = i 12ξ^3 f_π [ 36μ_π (u − 1)ξξ̃^2φ_p + 18μ_π (u − 1)^2ξξ̃^2φ^′_p − 6μ_π m^2_π ξφ_σ

+μ_π (u − 1)ξ(10ξ̃^2 − 2m^2_π)φ^′_σ + 3μ_π (u − 1)^2ξξ̃^2φ^{′′}_σ + 36m^2_π g_2 −(u − 1)(60ξ̃^2 − 12m^2_π )g^′_2 − 18(u − 1)^2ξ̃^2g^{′′}_2 ] u=1−^s_{2ξ} + i 2ξ^3 f_π ∫_1 0 dα_3 1 α_3 [[ 2ξ^2(φ̃_⊥ − φ_⊥) + m^2_π(φ̃_⊥ + φ̃_‖) ] α_2=1−α_1−α_3 ]_{α1=1−α3 −} s_{2ξ} α_1=1−^s_{2ξ} , (3.12) ρ_b(ξ, s) = i 12ξ^3 f_π [ 36(u − 1)ξ^2ξ̃^2φ_π + 18(u − 1)^2ξ^2ξ̃^2φ^′_π + 2μ_π ξ(ξ^2 + 3m^2_π)φ_σ

−μ_π (u − 1)ξ(10ξ̃^2 − 2m^2_π )φ^′_σ − 3μ_π (u − 1)^2ξξ̃^2φ^{′′}_σ + 36(ξ^2 + 3m^2_π )g^′_1

−108(u − 1)ξ̃^2g^{′′}_1 − 18(u − 1)^2ξ̃^2g^{′′′}_1 − 12(2ξ^2 + 5m^2_π)g_2 +(u − 1)(72ξ̃^2 − 12m^2_π )g^′_2 + 18(u − 1)^2ξ̃^2g^{′′}_2 ] u=1−^s_{2ξ} − i ξ^3 f_π ∫_1 0 dα_3 ∫_1 0 du ∫_1 0 dρ 1 α_3

(2ξ^2 + m^2_π ) [ φ_⊥ + φ_‖ ] α_1=1−uρα_3 −^s_{2ξ} ,α_2=(uρ−1)α_3 +^s_{2ξ} + i 2ξ f_π ∫_1 0 dα_3 1 α_3 [[ 2φ_⊥ − φ̃_‖ ] α_2=1−α_1 −α_3 ]_{α1=1−α3−} s_{2ξ} α_1=1−^s_{2ξ} , (3.13)

where ξ̃^2 ≡ ξ^2 − m^2_π, and for arbitrary function f(x, y) we use the symbols [f(x, y)]_{x=x0} ≡ f(x_0) and [f(x, y)]^{x=x1}_{x=x2} ≡ f(x_1, y) − f(x_2, y). For the detailed techniques used in evaluating Eqs.(3.12)-(3.13), we refer to Ref. [4].

IV. NUMERICAL ANALYSIS

With the scale dependence written explicitly, the distribution amplitudes read [2,10–13]

φ_π (u, μ) = 6u(1 − u) { 1 + 3 2 a_2(μ)[5(2u − 1)^2 − 1] + 15 8 a_4(μ)[21(2u − 1)^4

−14(2u − 1)^2 + 1] } , φ_p(u, μ) = 1 + 1 2 B_2(μ)[3(2u − 1)^2 − 1] + 1 8 B_4(μ)[35(2u − 1)^4 − 30(2u − 1)^2 + 3],

φ_σ (u, μ) = 6u(1 − u) { 1 + 3 2 C_2(μ)[5(2u − 1)^2 − 1] + 15 8 C_4(μ)[21(2u − 1)^4

−14(2u − 1)^2 + 1] } , g_1(u, μ) = 5 2 δ^2(μ)u^2(1 − u)^2 + 1 2 ε(μ)δ^2(μ)[u(1 − u)(2 + 13u(1 − u))

+10u^3 log u(2 − 3u + 6 5 u^2) + 10(1 − u)^3 log((1 − u)(2 − 3(1 − u) + 6 5 (1 − u)^2))],

g_2(u, μ) = 10 3 δ^2(μ)u(1 − u)(2u − 1),

φ_{3π}(α_i, μ) = 360α_1α_2α^2_3[1 + 1 2 ω_{1,0}(μ)(7α_3 − 3) + ω_{2,0}(μ)(2 − 4α_1α_2 − 8α_3 + 8α^2_3)

+ω_{1,1}(μ)(3α_1α_2 − 2α_3 + 3α^2_3)],

φ_⊥(α_i, μ) = 30δ^2(μ)(α_1 − α_2)α^2_3[ 1 3 + 2ε(μ)(1 − 2α_3)],

φ_‖(α_i, μ) = 120δ^2(μ)ε(μ)(α_1 − α_2)α_1α_2α_3,

φ̃_⊥(α_i, μ) = 30δ^2(μ)α^2_3(1 − α_3)[ 1 3 + 2ε(μ)(1 − 2α_3)],

φ̃_‖(α_i, μ) = −120δ^2(μ)α_1α_2α_3[ 1 3 + ε(μ)(1 − 3α_3)]. (4.1)

The asymptotic form of these functions and the renormalization scale dependence are given by perturbative QCD [11,14]. In the current study, μ should be a typical scale of B → πlν decay. We set μ to the typical virtuality of the bottom quark, μ_b = √ m^2_B − m^2_b ≈ 2.4GeV, (4.2)

which is the same as that used in Refs. [2,10]. Accordingly, the parameters appearing in the distribution amplitudes (4.1) are taken as [2,10]

a_2(μ_b) = 0.35, a_4(μ_b) = 0.18, B_2(μ_b) = 0.29, B_4(μ_b) = 0.58, C_2(μ_b) = 0.059, C_4(μ_b) = 0.034, δ^2(μ_b) = 0.17GeV^2, ε(μ_b) = 0.36. (4.3)

Other meson quantities needed in the sum rule study have been studied via sum rules and other approaches. Here we use μ_π = 2.02GeV, f_π = 0.132GeV [2,10], Λ̄_B = 0.53GeV and F = 0.30GeV^{3/2} [8].

With these quantities, the variation of 1/m_Q order wave functions with respect to the Borel parameter T is shown in Fig.1, where v · p = 2.64 GeV is fixed. Appropriate values of the threshold s_0 should be determined by the stability of the wave functions. Due to the general criterion that both the higher nonperturbative corrections and the contributions from excited and continuum states should not exceed 30%, we focus on the region around T = 1.5GeV. In this region, as shown in Fig.1, there is no corresponding value of threshold which makes the curves of wave funtions very flat. We choose s_0 ≈ 1.8GeV and s_0 ≈ 0.8GeV respectively, where the wave functions A_1 and B_1 become relatively stable, though the stability here is not as optimistic as that for the leading order wave functions A and B [4].

Using the thresholds given above, the wave functions are obtained straightforwardly from Eqs.(3.6), (3.12) and (3.13). And the form factors f_+(q^2) and f_0(q^2) can be easily evaluated from the relations (2.2) and (2.19). However, it is known that the light cone expansion and the sum rule method would break down as q^2 approaches near m^2_b [2]. At large q^2 (or very small y), the results directly evaluated from the sum rule (3.6) turn out to be not trustworthy. In order to probe the dynamics of the whole kinematically allowed region, we have to extrapolate the sum rule results in the small q^2 region to large q^2 region in an appropriate way. For this purpose, for f_+(q^2) we use the sum rule results at small momentum transfer, whereas at large q^2 we assume the single pole approximation [2]

f_+(q^2) = f_B∗ g_B∗_{Bπ} 2m_B∗ (1 − q^2/m^2_B∗ )

, (4.4)

where m_B∗ = 5.325GeV, f_B∗ ∼ 0.16GeV and g_B∗_{Bπ} ∼ 29 [2] would be used. Furthermore, it is convenient to parametrize the form factors as

F (q^2) =

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

, (4.5)

where F can be f_+ and f_0, respectively. We fit the parameters a_{f+} and b_{f+} by using the sum rules and Eq.(4.4), i.e., requiring Eq.(4.5) approach the sum rule results at q^2 < 15GeV^2 but be compatible with Eq.(4.4) at q^2 > 15GeV^2. f_0 is not important in extracting |V_{ub}|, because when the lepton masses are neglected, the B → πlν decay width depends only on f_+. So we use the low q^2 (q^2 < 15GeV^2) region results from LCSR to fix the relevant parameters for f_0 in Eq.(4.5). Since f_0 is nearly constant in q^2 [15], one may expect this parameterization yield reasonable approximation for f_0 in the whole kinematical region.

In this way we get the fitted parameters in table 1. Then the variation of f_+ and f_0 with respect to the momentum transfer q^2 are plotted in Fig.2. In table 2 we present values of wave functions at some kinematical points of momentum transfer.

F (0) a_F b_F f_+ 0.35 1.31 0.35 LO 0.38 1.19 0.25 NLO f_0 0.35 0.60 −0.19 LO 0.38 0.71 0.41 NLO

Table 1. Results of LCSR calculations up to leading (LO) and next leading order (NLO) in HQEFT. The leading order results are obtained in Ref. [4].

q^2(GeV^2) 0 6 12 18 24 f_+ 0.38 0.51 0.72 1.16 2.50 HQEFT-NLO-LCSR 0.35 0.48 0.71 1.18 2.70 HQEFT-LO-LCSR [4] 0.42 0.54 0.77 HQET-NLO-LCSR [16] 0.36 0.47 0.68 HQET-LO-LCSR [16] 0.28 QCD-LCSR [3] 0.27 QCD-LCSR [2] 0.24 QCD-SR [15] f_0 0.38 0.44 0.50 0.54 0.55 HQEFT-NLO-LCSR 0.35 0.41 0.50 0.66 1.02 HQEFT-LO-LCSR [17]

Table 2. Values of the form factors f_+ and f_0 at some kinematical points.

Neglecting lepton mass, the differential decay width of B → πlν is given by dΓ dq^2 = G^2_F |V_{ub}|^2 24π^3

(E^2_π − m^2_π )^{3/2}[f_+(q^2)]^2 (4.6)

with E_π = (m^2_B + m^2_π − q^2)/(2m_B ). Now using the branching ratio Br(B^0 → π^−l^+ν_l) = (1.8 ± 0.6) × 10^{−4} and the lifetime τ_B0 = 1.542 ± 0.016 ps [18], one gets from Eq.(4.6)

|V_{ub}| = (3.2 ± 0.5 ± 0.2) × 10^{−3}, (4.7)

where the first (second) error corresponds to the experimental (theoretical) uncertainty. Here the theoretical uncertainty is mainly considered from the threshold effects. Besides this, theoretical uncertainty may arise also from using the single pole approximation to fit the form factors at small recoil. To take this into account effectively, if we let the couplings in Eq.(4.4) change in the regions f_B∗ = 0.16 ± 0.03GeV and g_B∗_{Bπ} = 29 ± 3 [2], we get a more conservative value for |V_{ub}|:

|V_{ub}| = (3.2 ± 0.5 ± 0.4) × 10^{−3}. (4.8)

Eq.(4.7) and (4.8) can be compared with the average obtained by CLEO [18],

|V_{ub}| = (3.25^{+0.25}_{−0.32} ± 0.55) × 10^{−3}, (4.9)

where the uncertainties are statistical and experimental ones.

It is also interesting to compare our results with the relations predicted by the large energy effective theory (LEET) [19]:

f_+(q^2) = m^2_B + m^2_π m^2_B + m^2_π − q^2 f_0(q^2). (4.10)

In Fig.3 we see that the form factor ratio f_+/f_0 derived from our calculations in HQEFT is compatible with that predicted by the LEET relation (4.10). They agree well with each other at regions not very far from the maximum recoil point. As a comparison, both numerical results of the 1/m order contribution in this manuscript and that in Ref. [16] are not large, but the former turns out to be a little smaller than the latter. This may be attributed to the fact that we have considered the antiquark contributions and also the input values for the involved parameters are slightly different.

V. SUMMARY

We have studied the 1/m_Q order corrections to B → πlν decay in HQEFT, while most formulae and discussions here can also be generally applied to other heavy-to-light pseudoscalar meson decays. In HQEFT, 1/m_Q order corrections from the effective current and from effective Lagrangian are given by the same operator forms. Consequently the independent wave functions are reduced in HQEFT in comparison with the ones in HQET. These 1/m_Q order contributions have been calculated using light cone sum rule with considering two-particle and three-particle distribution amplitudes up to twist 4. Numerically, the 1/m_Q order wave functions give only about 10% correction to the transition form factor f_+. This correction indicates a slightly smaller value of the CKM matrix element |V_{ub}|. As to the form factor ratio f_+/f_0, good agreement is observed between the sum rules in HQEFT and the LEET at large recoil region.

ACKNOWLEDGMENTS

This work was supported in part by the key projects of National Science Foundation of China (NSFC) and Chinese Academy of Sciences, and by the BEPC National Lab Opening Project.

REFERENCES

[1] V. M. Belyaev, A. Khodjamirian and R. Rückl, Z. Phys. C 60, 349 (1993). [2] A. Khodjamirian and R. Rückl, WUE-ITP-97-049, MPI-PhT/97-85, hep-ph/9801443. [3] A. Khodjamirian, R. Rückl, S. Weinzierl, C. W. Winhart and O. Yakovlev, Phys. Rev.

D 62, 114002 (2000).

[4] W. Y. Wang, Y. L. Wu, Phys. Lett. B 515, 57 (2001). [5] Y. L. Wu, Mod. Phys. Lett. A 8, 819 (1993).

[6] W. Y. Wang, Y. L. Wu and Y. A. Yan, Int. J. Mod. Phys. A 15, 1817 (2000). [7] Y. A. Yan, Y. L. Wu, W. Y. Wang, Int. J. Mod. Phys. A 15, 2735 (2000). [8] W. Y. Wang and Y. L. Wu, Int. J. Mod. Phys. A 16, 377 (2001). [9] W. Y. Wang, Y. L. Wu, Int. J. Mod. Phys. A 16, 2505 (2001).

[10] V. M. Belyaev, V. M. Braun, A. Khodjamirian and R. Rückl, Phys.Rev. D 51, 6177 (1995).

[11] V. M. Braun and I. B. Filyanov, Z. Phys. C 48, 239 (1990). [12] P. Ball, JHEP 01, 010 (1999).

[13] V. M. Braun and I. B. Filyanov, Z. Phys, C 44, 157 (1989). [14] V. L. Chernyak and A. R. Zhitnitsky, Phys. Rep. 112, 173 (1984). [15] P. Colangelo, P. Santorelli, Phys. Lett. B 327, 123 (1994). [16] J. G. Korner, C. Liu, C. T. Yan, Phys. Rev. D 66, 076007 (2002). [17] W. Y. Wang, Y. L. Wu, M. Zhong, Phys. Rev. D 67, 014024 (2003). [18] Particle Data Group, Phys. Rev. D 66, 1 (2002).

[19] D. Ebert, R. N. Faustov, V. O. Galkin, Phys. Rev. D 64, 094022 (2001).

FIGURES

(a) (b)

Fig.1. Variation of 1/m_Q order wave functions A_1 ((a)) and B_1 ((b)) with respect to the Borel parameter T at the momentum transfer q^2 = 0GeV^2 (or ξ = v · p = 2.64GeV). The dashed, solid and dotted curves in (a) correspond to the thresholds s_0 =1.5, 1.8 and 2.1 GeV respectively, while those in (b) are derived at s_0 =0.3, 0.8 and 1.1 GeV respectively.

(a) (b)

Fig.2. Form factors f_+ ((a)) and f_0 ((b)) obtained from light cone sum rules in HQEFT. The dashed curves are the leading order results in HQEFT [4,17], while the solid curves are the results with including 1/m_Q order correction.

Fig.3. Comparison of the ratio f_+(q^2)/f_0(q^2). The dashed curve is obtained from the LEET relation (4.10), and the dotted curve is from HQEFT sum rule with including only the leading order wave functions [4,17], while the solid curve is the result of this paper, which includs also the 1/m_Q order contributions.