arXiv:1111.3258v3 [hep-ph] 18 Apr 2012

B^∗_{s1}B^∗K form factor from QCD sum rules

Chun-Yu Cui, Yong-Lu Liu and Ming-Qiu Huang Department of Physics, National University of Defense Technology, Hunan 410073, China

In this article, we calculate the form factors and the coupling constant of the g_B∗_{s1B}∗_K vertex in the framework of the three-point QCD sum rules. Three point correlation functions responsible for the vertex are evaluated by considering both B^∗ and K mesons as off-shell states. The form factors obtained are different if the B^∗ or the K meson is off-shell but give the same coupling constant.

PACS numbers: 11.55.Hx, 13.75.Lb, 13.25.Ft, 13.25.Hw

I. INTRODUCTION

During the last decade, both theoretical and experimental studies on heavy mesons have received considerable attention. Studying the properties of bottom-strange orbitally excited states can provide tests for various models of quark bound states[1]. Recently, two orbitally excited narrow B_s mesons are reported by the CDF collaboration with masses m_{Bs1} = 5829.4 ± 0.7 MeV and m_B∗_{s2} = 5839.6 ± 0.7 MeV [2], which are assigned as the J^P = (1^+, 2^+) doublet states in the heavy quark effective theory [3]. The D0 collaboration confirmed the B^∗_{s2} state with mass m_B∗_{s2} = 5839.6 ± 1.1(stat.) ± 0.7(syst.) MeV in fully reconstructed decays to B^+K^− [4]. In contrast, the B_s states with spin-parity J^P = (0^+, 1^+) still lack experimental evidence because they are supposed to be broad decaying through an S-wave transition.

Based on the potential quark models, heavy quark effective theory, and lattice QCD [5–10], masses of the B_s mesons with (0^+, 1^+) have been estimated. With QCD sum rules [11], Wang studies masses of the bottomed (0^+, 1^+) mesons. The calculation indicates that the central values are below the corresponding BK and B^∗K thresholds respectively, which is just like the case of their charmed cousins D_{s0} and D^∗_{s1}. This prediction is compatible with speculation in Refs. [6, 12]. For this reason, the strong decay of B^∗_{s1} → B^∗K is not predicted to occur. As a consequence, the width of B^∗_{s1} is very narrow since the main decay channel for this state is isospin symmetry violating B^∗_{s1} → B^∗_s η → B^∗_s π^0. In Ref. [13], the isospin-violating strong decay width of B^∗_{s1} is calculated, which is around several tens of keV.

Knowledge of the heavy-heavy-light mesons vertices is of crucial importance to estimate the strength of the hadron interactions. They are fundamental objects of low energy QCD. On the experimental side, the excited B_s mesons will be copiously accumulated at the CERN LHC, which makes investigations of their decay characters promising. Their coupling constants can bring important constraints in constructing the meson-meson potentials and help us to analyze results of existing experiments in the framework of the meson exchange model [14]. For example, Faessler et.al used a phenomenological Lagrangian approach to calculate the strong and radiative decay of the B_s doublets with j^P = (0^+, 1^+), which were considered as bound states of the BK and B^∗K mesons respectively [15]. In the process of their calculation, the coupling constant of B^∗_{s1}B^∗K vertex was an necessary input parameter. However, such low-energy hadron interaction lie in a region which is very far away from the perturbative regime, precluding us to use the perturbative approach with the fundamental QCD Lagrangian. Therefore, we need some non-perturbative approaches, such as QCD sum rules [16, 17], to deal with processes relevant to hadron physics. Taking the point of view that the bottomed (0^+, 1^+) mesons B_{s0} and B^∗_{s1} are the conventional bs̄ mesons, strong coupling constants g_{Bs0BK} and g_B∗_{s1B}∗_K are calculated with the light-cone QCD sum rules [18]. The bottomed 0^+ meson B_{s0} is identified with the conventional bs̄ meson and B_{s0}BK vertex has been calculated in Ref. [19].

In this article, the form factor and the coupling constant of the g_B∗_{s1B}∗_K vertex is calculated in the framework of the three-point QCD sum rules. In the calculations we use the same technique developed in the previous works for the evaluation of the coupling constants in the vetices D^∗Dπ [20, 21], DDρ [22], D^∗D^∗π [23], D_sD^∗K, D^∗_s DK [24], DDω [25], D^∗D^∗ρ [26], D_{sj}DK [27] and D_sDK^∗_0 [29].

This paper is organized as follows. In Sec. II, we give the details of the QCD sum rules for the considered vertex when both B^∗ and K mesons are off-shell. Sec. III is devoted to the numerical analysis and we compare them with results obtained in other works.

II. THE SUM RULE FOR THE B^∗_{s1}B^∗K VERTEX

In this section, we obtain QCD sum rules for the form factor of the B^∗_{s1}B^∗K vertex. The three-point function associated with the B^∗_{s1}B^∗K vertex, for an off-shell B^∗ meson, is given by Γ^{B∗}_{μνα}(p, p^′) = ∫ d^4x d^4y e^{ip′·x} e^{−iq·y}⟨0|T {j^K_α (x)j^{B∗}_ν (y)j^{B∗s1†}_μ (0)|0⟩, (1) where the interpolating currents are j^K_α (x) = s̄(x)γ_αγ_5u(x), j^{B∗}_ν (x) = ū(x)γ_ν b(x), and j^{B∗s1}μ (x) = s̄(x)γ_μγ_5b(x). The correlation function for an off-shell K meson is

Γ^K_{μν} (p, p^′) = ∫ d^4x d^4y e^{ip′·x} e^{−iq·y} ⟨0|T {j^{B∗}_ν (x)j^K (y)j^{B∗s1†}_μ (0)}|0⟩ , (2) with the interpolating currents j^{B∗}_ν (x) = ū(x)γ_ν b(x), j^K (x) = s̄(x)γ_5u(x), and j^{B∗s1}μ (x) = s̄(x)γ_μγ_5b(x). In the expressions, q = p^′ − p is the transferred momentum.

The general expression for Eq. (1) has fourteen independent Lorentz structures, which can be decomposed in terms of the invariant amplitudes associated with each of these tensor structures in the following form:

Γ^{B∗}_{μνα}(p, p^′) = Γ_1(p^2, p^{′2}, q^2)g_{μν} p_α + Γ_2(p^2, p^{′2}, q^2)g_{μα}p_ν + Γ_3(p^2, p^{′2}, q^2)g_{να}p_μ

+Γ_4(p^2, p^{′2}, q^2)g_{μν} p^′_α + Γ_5(p^2, p^{′2}, q^2)g_{μα}p^′_ν + Γ_6(p^2, p^{′2}, q^2)g_{να}p^′_μ +Γ_7(p^2, p^{′2}, q^2)p_μp_ν p_α + Γ_8(p^2, p^{′2}, q^2)p^′_μp_ν p_α + Γ_9(p^2, p^{′2}, q^2)p_μp^′_ν p_α +Γ_{10}(p^2, p^{′2}, q^2)p_μp_ν p^′_α + Γ_{11}(p^2, p^{′2}, q^2)p^′_μp^′_ν p_α + Γ_{12}(p^2, p^{′2}, q^2)p^′_μp_ν p^′_α +Γ_{13}(p^2, p^{′2}, q^2)p_μp^′_ν p^′_α + Γ_{14}(p^2, p^{′2}, q^2)p^′_μp^′_ν p^′_α. (3)

In principle, we can work with any Dirac structure appearing in Eqs. (3). However, there are still some points which one must follow: (i) The chosen structure must appear in the phenomenological side. (ii) The chosen structure should exhibit good OPE convergence. (iii) The chosen structure should have a stability that guarantees a good match between the two sides of the sum rule. After some calculations, we find that the structures which obey these points are p^′_μp^′_ν p^′_α in the case of B^∗ off-shell, and p^′_μp^′_ν in the case of K off-shell.

In order to get the sum rules, the correlation functions need to be calculated in two different ways: in phenomenological or physical side, they are presented in terms of hadronic parameters such as masses, leptonic decay constants and the form factor; in theoretical or QCD side, they are evaluated in terms of QCD degrees of freedom via operator product expansion (OPE) in deep Euclidean region. The sum rules for the form factors are obtained with both representations being matched, invoking the quark-hadron global duality and equating the coefficient of a sufficient structure from both sides of the same correlation functions. To improve the matching between the two representations, double Borel transformation with respect to the variables, P^2 = −p^2 → M^2 and P^{′2} = −p^{′2} → M^{′2}, is performed.

In detail, we calculate the physical part of the first correlation function (1) for an off-shell B^∗ meson. The form factor g_B∗_{s1B}∗_K (q^2) is defined by the matrix element ⟨B^∗_{s1}(p)|K(p^′)B^∗(q)⟩ = −ig_B∗_{s1 B}∗_K (q^2)η^∗ · ϵ, (4) where ϵ and η are the polarization vectors associated with the B^∗ and B^∗_{s1}, respectively. The meson decay constants f_B∗_{s1} , f_B∗ , and f_K are defined by the following matrix elements: ⟨0|j^{B∗s1}_μ |B^∗_{s1}(p)⟩ = m_B∗_{s1} f_B∗_{s1} η_μ, ⟨0|j^{B∗}_ν |B^∗(p)⟩ = m_B∗ f_B∗ ϵ_ν , ⟨0|j^K_α |K(p)⟩ = if_K p_α. (5) Saturating Eq. (1) with B^∗_{s1}, B^∗ and K states, using Eqs. (4) and (5), and then summing over polarization vectors via

ϵ_μϵ^∗_ν = −g_{μν} + q_μq_ν m^2_B∗ , η_μη^∗_ν = −g_{μν} + p_μp_ν m^2_B∗_{s1}

, (6)

the physical side of the correlation function for B^∗ off-shell can be obtained as Γ^{B∗phen} μνα (p, p^′) = g^{B∗}_B∗_{s1B}∗_K (q^2) f_B∗_{s1} f_K f_B∗ m_B∗ m_B∗_{s1} (p^2 − m^2_B∗_{s1} )(q^2 − m^2_B∗ )(p^{′2} − m^2_K ) ×

( −g_{μγ} + p_μp_γ m^2_B∗_{s1} ) ( −g_{νγ} + q_ν q_γ m^2_B∗ ) p^′_α + ... . (7) A similar procedure is carried out to obtain the final expression of the physical side of the correlation function for an off-shell K meson as Γ^{Kphen} μν (p, p^′) = g^K_B∗_{s1B}∗_K (q^2) f_B∗_{s1} f_K f_B∗^{m2K}_{ms} m_B∗_{s1} m_B∗ (p^2 − m^2_B∗_{s1} )(q^2 − m^2_K )(p^{′2} − m^2_B∗ ) × ( −g_{μγ} + p_μp_γ m^2_B∗_{s1} ) ( −g_{νγ} + p^′_ν p^′_γ m^2_B∗ ) + ... , (8) in which “...” represents the contributions of the higher states and continuum.

In the following, we turn to the QCD side of the correlation functions in deep Euclidean space. For an off-shell B^∗ meson, each invariant amplitude Γ^i(p^′, p) appearing in Eq. (3) can be written in terms of perturbative and non-perturbative parts:

Γ^i(p^′, p) = ( Π^i_{per} + Π^i_{nonper} ) . (9)

In the expression, the perturbative part is defined as Π^i_{per} = − 1 4π^2 ∫_∞ s_{min} ds ∫_∞ u_{min} du ρ_i(s, u, Q^2) (s − p^2)(u − p^{′2})

, i = 1, . . . , 14, (10)

where ρ_i(s, u, Q^2) is called spectral density. The spectral density is obtained by calculating the bare loop diagrams (a) and (b) in Fig. (1) for B^∗ and K off-shell, respectively. We calculate these diagrams in terms of the usual Feynman integral with Cutkosky rules, i.e., by replacing the quark propagators with Dirac delta function^1_{q2−m2} → (−2πi)δ(q^2 − m^2)θ(q^0). After some straightforward calculations, the spectral density associated with the structure p^′_μp^′_ν p^′_α is obtained as following: ρ^{B∗} (s, t, u) = 12 [λ(s, u, t)]^{7/2} [m^6_b (s^3 − 3s^2(t − 3u) + 3s(t^2 − 4tu + 3u^2) − (t − u)^3)

+ m^4_b (3m^2_s(3s^3 + s^2(3u − 5t) + s(t^2 + 4tu − 5u^2) + (t − u)^3) − 2s^4 + s^3(5t − 13u) + s^2(−3t^2 + 4tu + 3u^2) − s(t − 11u)(t − u)^2 + (t − u)^4) + m^2_b (3m^4_s(3s^3 + s^2(3t − 5u) + s(−5t^2 + 4tu + u^2) − (t − u)^3) − 2m^2_s(4s^4 − s^3(t + u) + s^2(−9t^2 + 22tu − 9u^2) + 5s(t − u)^2(t + u) + (t − u)^4) + s(s^4 − s^3(t − 5u) + s^2(−3t^2 + 10tu − 9u^2) + s(5t^3 − 17t^2u + 13tu^2 − u^3) − 2(t − u)^3(t + 2u))) + m^6_s(s^3 + s^2(9t − 3u) + 3s(3t^2 − 4tu + u^2) + (t − u)^3) + m^4_s(−2s^4 + s^3(5u − 13t) + s^2(3t^2 + 4tu − 3u^2) + s(t − u)^2(11t − u) + (t − u)^4) + m^2_ss(s^4 + s^3(5t − u) + s^2(−9t^2 + 10tu − 3u^2) − s(t^3 − 13t^2u + 17tu^2 − 5u^3) + 2(t − u)^3(2t + u)) + s^2(s^3(−(t + u)) + s^2(3t^2 − 2tu + 3u^2)

+ s(−3t^3 + t^2u + tu^2 − 3u^3) + (t − u)^2(t^2 + 4tu + u^2))] (11)

With a similar procedure, we obtain the spectral density ρ^K (s, t, u) = 6m_s [λ(s, u, t)]^{5/2} [m^4_b (s^2 − 2u(s + t) + 4st + t^2 + u^2)

+ m^2_b (m^2_s(4s2 − 2s(t + u) − 2(t − u)^2) − (s − t + u)(s^2 − 2u(s + t) + 4st + t^2 + u^2)) + m^4_s((s − t)^2 + 4su − 2tu + u^2) − m^2_s(s + t − u)((s − t)^2 + 4su − 2tu + u^2) + s(s^2(t + u) − 2s(t^2 − tu + u^2) + (t − u)^2(t + u))] (12)

for the off-shell K meson associated with the structure p^′_μp^′_ν . All powers of the strange quark mass are included when calculating the spectral density. Herein λ(a, b, c) = a^2 + b^2 + c^2 − 2ac − 2bc − 2ab and t = q^2 = −Q^2.

The nonperturbative contributions in the QCD side are determined from the quark condensate diagrams (c), (d), (e) and (f) of Fig.(1). As what has been shown in Refs. [19, 20], heavy quark condensate and gluon condensate contributions are negligible as compared with the perturbative one. As a result, only light quark condensates contribute to the calculation. It is noticed that contributions of diagrams (d), (e) and (f) are zero after the double Borel transformation with respect to the both variables P^2 and P^{′2} . Hence, we calculate the diagram (c) for the off-shell B^∗ meson and obtain Π^{B∗}_{nonper} = − m_b⟨ss⟩ (p^2 − m^2_b )p^{′2}

(g_{μν} p^′_α + g_{μα}p^′_ν − g_{να}p^′_μ) (13)

for the off-shell B^∗ meson.

We use the quark-hadron duality assumption to subtract the contributions of the higher states and continuum, i.e., it is assumed that ρ^{higherstates}(s, u) = ρ^{OP E}(s, u, t)θ(s − s_0)θ(u − u_0), (14) where s_0 and u_0 are the continuum thresholds.

The next step of the method is to apply the double Borel transformation with respect to the P^2 = −p^2 → M^2 and P^{′2} = −p^{′2} → M^{′2} to the physical as well as the QCD side. We get the final sum rules for the corresponding form factors as

g^{B∗}_B∗_{s1B}∗_K (Q^2) =

3m_B∗ (Q^2 + m^2_B∗ ) f_B∗_{s1} f_B∗ f_K m_B∗_{s1} e m2B∗ s1 M2 e^m 2 K M′2 [ 1 4 π^2 ∫_{s0} (m_b +m_s)^2 ds ∫_{umax} 0 duρ^{B∗} (s, u, t) e^{−s}M^2 e^{−u}M^{′2} ] (15) and g^K_B∗_{s1B}∗_K (Q^2) =

3m_sm_B∗ (Q^2 + m^2_K ) f_B∗_{s1} f_B∗ f_K m^2_K m_B∗_{s1} e m2B∗ s1 M2 e m2B∗ M′2 [ −1 4 π^2 ∫_{s0} (m_b+m_s)^2 ds ∫_{u0} u_{min} duρ^K (s, u, t)

FIG. 1: (a) and (b): Bare loop diagram for the B^∗ and K off-shell, respectively; (c) and (e): Diagrams corresponding to quark condensate for the B^∗ off-shell; (d) and (f): Diagrams corresponding to quark condensate for the K off-shell.

e^{−s}M^2 e^{−u}M^{′2} ] (16)

for the off-shell B^∗ and K meson associated with the B^∗_{s1}B^∗K vertex, respectively. In the above expressions, we have u_{min} = m^2_b −^{m2b t}_{s−m2b} and u_{max} = s + t − m^2_b −^{st}_{m2b} , and the integration regions are determined from the fact that arguments of the three δ functions must vanish simultaneously with consideration of the three Heaviside step functions.

It is noticed that in this work we use the relations between the Borel masses M^2 and M^{′2} with^{M 2}_{M ′2} =^{m2B∗ −m2b}_{0.64} for a B^∗ off-shell and^{M 2}_{M ′2} =^m 2 B∗s1 m^2_{B∗} for a K off-shell.

FIG. 2: a) The dependence of the form factor g^{B∗}_B∗_{s1B}∗_K (Q^2 = 1.0 GeV^2) on Borel mass parameters M^2 for Δ_s = 0.5 GeV and Δ_u = 0.5 GeV and b) pole-continuum contributions.

III. NUMERICAL ANALYSIS

This section is devoted to the numerical analysis of the sum rules for the form factor. Input parameters are shown in Table I. The values f_B∗_{s1} , m_B∗_{s1} and m_b are used the same as that in Ref. [11]. We first determine the three auxiliary parameters in the sum rules, namely the Borel mass parameter M^2 and the continuum thresholds, s_0 and u_0. The continuum thresholds, s_0 and u_0, are not completely arbitrary as they are correlated to the energy of the first excited states with the same quantum numbers as the state we concern. They are given by s_0 = (m_B∗_{s1} + Δ_s)^2 and u_0 = (m + Δ_u)^2, where m is the K meson mass for the case that B^∗ is off-shell and the B^∗ meson mass for that K is off-shell. Since these parameters are not physical quantities, we need to look for the working regions at which pole dominance and stability of the sum rule with the Borel mass parameter are satisfied. Using Δ_s = Δ_u = 0.5 GeV for the continuum thresholds and fixing Q^2 = 1 GeV^2, we find a good stability of the sum rule for g^{B∗}_B∗_{s1B}∗_K with M^2 ≥ 10 GeV^2, as is shown in Fig. (2a). Fig. (2b) demonstrates that contributions from pole terms with variation of the Borel parameter M^2. We see that the pole contribution is larger than continuum contribution for M^2 ≤ 17 GeV^2. We choose M^2 = 15 GeV^2 as a reference point.

TABLE I: Parameters used in the calculation.

m_s(GeV) m_b(GeV) m_B∗_{s1} (GeV) m_B∗ (GeV) m_K (GeV) f_B∗_{s1} (GeV) f_B∗ (GeV) f_K(GeV) ⟨s̄s⟩(GeV)^3 0.13 4.7 5.72 5.325 0.49 0.24 0.17 0.16 0.8 ∗ (−0.23)^3

Now, with the determined M^2 and other input parameters, the dependence of the form factors on Q^2 is plotted in Fig. 3. The circles correspond to the g^{B∗}_B∗_{s1B}∗_K (Q^2) form factor in the interval where the sum rule is valid. Following previous works [19, 22], we fit the

FIG. 3: g^{B∗}_B∗_{s1B}∗_K (circles) QCDSR form factors as a function of Q^2. The solid line correspond to the monopolar parametrization of the QCDSR data.

circles with B^∗ off-shell by the monopolar parametrization,

g^{B∗}_B∗_{s1B}∗_K (Q^2) =

1739 GeV^3 Q^2 + 98 GeV^2

. (17)

The coupling constant is defined as the value of the form factor at Q^2 = −m^2, where m is the mass of the off-shell meson. Using Q^2 = −m^2_B∗ in Eq. (17), the coupling constant is obtained as g^{B∗}_B∗_{s1B}∗_K = 24.96 GeV.

In the case that K is off-shell, Fig. (4a) demonstrates a good stability of g^K_B∗_{s1B}∗_K with respect to the variations of Borel parameters for M^2 ≥ 15 GeV^2. We see that the pole contribution is bigger than the continuum one in the Borel window M^2 ≤ 25 GeV^2 from Fig. (4b). We choose M^2 = 23 GeV^2 as a reference point. Our numerical results can be fitted by the exponential parametrization

g^K_B∗_{s1B}∗_K (Q^2) = 19.48 Exp ( −Q2 1.78 GeV^2 ) GeV, (18)

shown by the solid line in Fig. 5. Also, g^K_B∗_{s1B}∗_K = 22.29 GeV is obtained at Q^2 = −m^2_K in Eq. (18), which is in a good agreement with the result g^{B∗}_B∗_{s1B}∗_K = 24.96 GeV. Taking the

FIG. 4: a) The dependence of the form factor g^K_B∗_{s1B}∗_K (Q^2 = 1.0 GeV^2) on Borel mass parameters for Δ_s = 0.5 GeV and Δ_u = 0.5 GeV and b) pole-continuum contributions.

FIG. 5: g^K_B∗_{s1B}∗_K (Q^2) (circles) QCDSR form factors as a function of Q^2. The solid line correspond to the exponential parametrization of the QCDSR data. average of these results, we get g_B∗_{s1B}∗_K = (23.62 ± 1.33) GeV. (19) Comparing Fig. 3 with Fig. 5, we also discover that the heavier is the off-shell meson, the

FIG. 6: Dependence of the form factor g_B∗_{s1B}∗_K (Q^2) on the continuum threshold for both B^∗ and K off-shell cases. The dotted curve corresponds to Δ_{s,u} = 0.4GeV, the solid one to Δ_{s,u} = 0.5GeV and the dashed curve to Δ_{s,u} = 0.6 GeV.

TABLE II: Theoretical estimations of the strong coupling constants from different models

Coupling constant This work [30, 31] [18] g_B∗_{s1 B}∗_K (GeV) 24.53 ± 5.20 23.572 18.1 ± 6.1

more stable is its form factor in terms of Q^2, which was first observed in Ref. [22].

In order to study the dependence of our results on the continuum threshold, we vary Δ_{s,u} between 0.4 GeV ≤ Δ_{s,u} ≤ 0.6 GeV in the parametrization corresponding to the case of an off-shell B^∗ and K. As can be seen in Fig. 6, this procedure gives us an uncertainty interval of 20.55 GeV ≤ g^{B∗}_B∗_{s1B}∗_K ≤ 29.73 GeV and 19.33 GeV ≤ g^K_B∗_{s1B}∗_K ≤ 27.87 GeV. Taking into account uncertainties due to the continuum threshold parameter, we finally obtain

g_B∗_{s1B}∗_K = (24.53 ± 5.20) GeV. (20)

Together with the predictions from other theoretical approaches, the numerical results of the coupling constant are presented in Table II. Based on the heavy-light chiral lagrangian, the unitarized two-meson scattering amplitudes are analyzed, and the strong coupling constants g_B∗_{s1B}∗_K = 23.572 GeV is obtained [30, 31]. Our result is in good agreement with their estimate. Whereas, it is estimated to be 18.1 ± 6.1 GeV with light-cone QCD sum rules [18], the central value of which is about 30% smaller than above two predictions.

In conclusion, we have used three-point QCD sum rules to calculate the form factor of the B^∗_{s1}B^∗K vertex. Both cases that B^∗ is off-shell and K is off-shell have been considered. As a side product of the form factor, the coupling constant is estimated, which is compatible with the results in Refs. [30, 31] but larger than that from light-cone QCD sum rules [18].

Acknowledgments

The author Chun-Yu Cui thank Yi-Sheng Yang for his useful discussions. This work was supported in part by the National Natural Science Foundation of China under Contract Nos.10975184 and 11047117, 11105222.

[1] E. S. Swanson, Phys. Rep. 429, 243 (2006).

[2] T. Aaltonen et al., CDF Coll., Phys. Rev. Lett. 100, 082001 (2008). [3] M. Neubert, Phys. Rept. 245, 259 (1994).

[4] V.M. Abazov et al., D0 Coll., Phys. Rev. Lett. 100, 082002 (2008). [5] D. Ebert, V. O. Galkin and R. N. Faustov, Phys. Rev. D 57, 5663 (1998). [6] W. A. Bardeen, E. J. Eichten and C. T. Hill, Phys. Rev. D. 68, 054024 (2003). [7] A. M. Green, J. Koponen, C. Michael, C. McNeile and G.Thompson, Phys. Rev. D 69, 094505 (2004).

[8] M. Di Pierro and E. Eichten, Phys. Rev. D 64, 114004 (2001) [9] J. Vijande, A. Valcarce and F. Fernandez,Phys. Rev. D 77, 017501 (2008). [10] T. Matsuki, K. Mawatari, T. Morii and K. Sudoh, Phys. Lett. B 606, 329 (2005). [11] Z.-G. Wang, Chin. Phys. Lett 25, 3908 (2008) [12] P. Colangelo, F. De Fazio, R. Ferrandes, Nucl. Phys. Proc. Suppl 163, 177 (2007) [13] J. Lu, W.Z. Deng, X.L. Chen, S.-L. Zhu, Phys. Rev. D 73, 054012 (2006) [14] X. Liu, Z. G. Luo and Z. F. Sun, Eur. Phys. J. C 61, 411 (2009).

[15] Amand Faessler, Thomas Gutsche, Valery E. Lyubovitskij, Yong-Liang Ma, Phys.Rev.D 77:114013, 2008.

[16] M. A. Shifman, A. I. Vainshtein and V. I. Zakharov, Nucl. Phys. B 147, 385 (1979); M. A.

Shifman, A. I. Vainshtein and V. I. Zakharov, Nucl. Phys. B 147, 448 (1979). [17] L.J. Reinders, H. Rubinstein and S. Yazaki, Phys. Rept. 127, 1 (1985). [18] Z.-G. Wang, Phys. Rev. D 77, 054024 (2008) [19] M. E. Bracco, M. Nielsen, Phys. Rev. D 82, 034012 (2010) [20] F.S. Navarra et al., Phys. Lett. B 489, 319 (2000).

[21] F. S. Navarra, M. Nielsen, M. E. Bracco, Phys. Rev. D 65, 037502 (2002). [22] M. E. Bracco et al. Phys. Lett. B 521, 1 (2001).

[23] F. Carvalho, F. O. Durães, F. S. Navarra and M. Nielsen, Phys. Rev. C 72, 024902 (2005). [24] M. E. Bracco et al. Phys. Lett. B 641, 286 (2006).

[25] L. B. Holanda, R. S. Marques de Carvalho and A. Mihara, Phys. Lett. B 644, 232 (2007). [26] M.E. Bracco, M. Chiapparini, F.S. Navarra, M. Nielsen, Phys. Lett. B 659, 559 (2008). [27] L. W. Chen, C. M. Ko, W. Liu, M. Nielsen, Phys. Rev. C 76, 014906 (2007). [28] K. Azizi and H. Sundu, J. Phys. G: Nucl. Part. Phys. 38, 045005 (2011).

[29] H. Sundu, J. Y. Süngü, S. Şahin, N. Yinelek, x and K. Azizi, Phys. Rev. D 83, 114009 (2011).

[30] F. K. Guo, P. N. Shen, H. C. Chiang and R. G. Ping, Phys. Lett. B 641, 278 (2006). [31] F. K. Guo, P. N. Shen and H. C. Chiang, Phys. Lett. B 647, 133 (2007).