arXiv:hep-ph/0701176v3 25 Jul 2007

Analysis of the vertices ρNN, ρΣΣ and ρΞΞ with light-cone QCD sum rules

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

Abstract

In this article, we calculate the strong coupling constants of the ρNN, ρΣΣ and ρΞΞ in the framework of the light-cone QCD sum rules approach. The strong coupling constants of the meson-baryon-baryon are the fundamental parameters in the one-boson exchange model which describes the baryonbaryon interactions successfully. The numerical values are in agreement with the existing calculations in part. The electric and magnetic F/(F + D) ratios deviate from the prediction of the vector meson dominance theory, the SU(3) symmetry breaking effects are very large.

PACS numbers: 24.85.+p; 12.40.Vv; 13.75.Ev; 13.75.Gx

1 Introduction

One of the successful approaches in describing the two-baryon interactions is the oneboson exchange (or the Nijmegen soft-core potential) model [1, 2]. In this model, the baryon-baryon interactions are mediated by the intermediate mesons, such as the pseudoscalar octet mesons π, K, η, the vector octet mesons ρ, K^∗, ω and the scalar octet mesons σ, a_0, f_0, etc. The strong coupling constants of the meson-baryon-baryon are the fundamental parameters, they have been empirically determined (or fitted) to reproduce the data of the nucleon-nucleon, hyperon-nucleon and hyperonhyperon interactions. The strong coupling constants of the vector mesons with the octet baryons (thereafter we will denote them by g_{V NN} ) can be written in term of the ρNN couplings and the electric (and magnetic) F/(F + D) ratios. The vector meson dominance theory indicates that the electric F/(F + D) ratio α_e be α_e = 1 via the universal coupling of the ρ meson to the isospin current [3].

It is important to determine those fundamental quantities directly from the quantum chromodynamics. Based on the assumption of the strong couplings between the quarks and vector mesons, the g_{V NN} have been calculated in the external field QCD sum rules approach, while the coupling constants of the quark-meson were determined in some phenomenological models [4]. The strong coupling constants of the scalar mesons with the octet baryons have also been calculated in the external field QCD sum rules [5]. In the external field QCD sum rules, the operator product expansion is used to expand the time-ordered currents into a series of quark condensates, gluon condensates and vacuum susceptibilities which parameterize the

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

long distance properties of the QCD vacuum and the non-perturbative interactions of the quarks and gluons with the external field [6].

In this article, we calculate the strong coupling constants of the ρNN, ρΣΣ and ρΞΞ in the framework of the light-cone QCD sum rules approach, and determine the electric (and magnetic) F/(F + D) ratios α_e ( and α_m). The strong coupling constants of the ρNN have been calculated with the light-cone QCD sum rules approach [7], we revisit this subject and obtain different predictions. Furthermore, the strong coupling constants of the pseudoscalar mesons with the octet baryons have also been calculated with the light-cone QCD sum rules [8]. The light-cone QCD sum rules approach carries out the operator product expansion near the lightcone x^2 ≈ 0 instead of the short distance x ≈ 0 while the non-perturbative hadronic matrix elements are parameterized by the light-cone distribution amplitudes which classified according to their twists instead of the vacuum condensates [9, 10]. The non-perturbative parameters in the light-cone distribution amplitudes are calculated by the conventional QCD sum rules and the values are universal [11].

The article is arranged as: in Section 2, we derive the strong coupling constants ρNN, ρΣΣ and ρΞΞ in the light-cone QCD sum rules approach; in Section 3, the numerical result and discussion; and in Section 4, conclusion.

2 Strong coupling constants ρNN, ρΣΣ and ρΞΞ with light-cone QCD sum rules

In the following, we write down the two-point correlation functions Π_i(p, q),

Π_N (p, q) = i ∫ d^4x e^{−iq·x} ⟨0|T { J_N (0)J̄_N (x) } |ρ(p)⟩ , (1) Π_Σ(p, q) = i ∫ d^4x e^{−iq·x} ⟨0|T { J_Σ(0)J̄_Σ(x) } |ρ(p)⟩ , (2) Π_Ξ(p, q) = i ∫ d^4x e^{−iq·x} ⟨0|T { J_Ξ(0)J̄_Ξ(x) } |ρ(p)⟩ , (3) J_N (x) = ϵ^{abc}u^T_a (x)Cγ_μu_b(x)γ_5γ^μd_c(x) , J_Σ(x) = ϵ^{abc}u^T_a (x)Cγ_μu_b(x)γ_5γ^μs_c(x) , J_Ξ(x) = ϵ^{abc}s^T_a (x)Cγ_μs_b(x)γ_5γ^μu_c(x) , (4)

where the baryon currents J_N (x), J_Σ(x) and J_Ξ(x) interpolate the octet baryons p, Σ and Ξ, respectively [12], the external state ρ_0 has the four momentum p_μ with p^2 = m^2_ρ .

The vector meson V_μ can couple with the vector current J_μ with the following Lagrangian,

L = −gJ_μ(x)V^μ(x) , (5) where the g denotes the coupling constant. The form factors of the vector current between two octet baryons can be written as

⟨N(p_1)|J_μ(0)|N(p_2)⟩ = N(p_1) { g_V γ_μ + ig_T σ_{μν} p^ν 2m + g_P p_μ 2m } N(p_2) , ∫ dx⟨N(p_1)|iL(x)|N(p_2)ρ(p)⟩ = −iN(p_1) { g_V ϵ̸ + ig_T ϵ^μσ_{μν} p^ν 2m + g_P p · ϵ 2m } N(p_2) , (6) where the m is the average value of the masses of the two octet baryons. In the limit p^2 = m^2_ρ, ϵ · p = 0, the form factors g_V (p^2 = m^2_ρ) and g_T (p^2 = m^2_ρ) are reduced to the strong coupling constants of the phenomenological Lagrangian, L = −g_V ψ̄γ_μψV^μ + g_T 4m ψ̄σ^{μν} ψ(∂_μV_ν − ∂_ν V_μ) . (7)

According to the basic assumption of current-hadron duality in the QCD sum rules approach [11], we can insert a complete series of intermediate states with the same quantum numbers as the current operators J_N (x), J_Σ(x) and J_Ξ(x) into the correlation functions Π_i(p, q) to obtain the hadronic representation. After isolating the ground state contributions from the pole terms of the baryons p, Σ and Ξ, we get the following results,

Π_i(p, q) = λ^2_i [m^2_i − (q + p)^2] [m^2_i − q^2] { − [g_V + g_T ] m^2_ρ 2 ϵ̸ − g_V ϵ · q [2q̸+p̸] } + · · · , = Π^1_i (p, q)ϵ̸ + Π^2_i (p, q)ϵ · q q̸ + · · · , (8)

where the following definitions have been used, ⟨0|J_i(0)|N(p)⟩ = λ_iU(p) , U(p)U (p) = p̸ + m_N , (9)

here we use the notation N to represent the octet baryons p, Σ and Ξ. We have not shown the contributions from the single pole terms in Eq.(8) explicitly, they can be deleted completely after the double Borel transformation. In the original QCD sum rules analysis of the nucleon magnetic moments [6], the interval of dimensions (of the condensates) for the chiral odd structures is larger than the interval of dimensions for the chiral even structures, one may expect a better accuracy of the results obtained from the sum rules with the chiral odd structures. In this article, we choose the tensor structures ϵ̸ and ϵ · q q̸ for analysis.

In the following, we briefly outline the operator product expansion for the correlation functions Π_i(p, q) in perturbative QCD theory. The calculations are performed at the large space-like momentum regions (q + p)^2 ≪ 0 and q^2 ≪ 0, which correspond to the small light-cone distance x^2 ≈ 0 required by the validity of the operator product expansion approach. We write down the ”full” propagator of a massive light quark in the presence of the quark and gluon condensates firstly [11]^2, ⟨0|T [q_a(x)q_b(0)]|0⟩ = iδ_{ab} x̸ 2π^2x^4 − δ_{ab}m_q 4π^2x^2 − δ_{ab} 12 ⟨q̄q⟩ + iδ_{ab} 48 m_q⟨q̄q⟩ − δ_{ab}x^2 192 ⟨q̄g_sσGq⟩ + iδ_{ab}x^2 1152 m_q⟨q̄g_sσGq⟩x̸ − i 32π^2x^2 λ^A_{ab} 2 G^A_{μν} (x̸σ^{μν} + σ^{μν} x̸) + · · · , (10)

then contract the quark fields in the correlation functions Π_i(p, q) with the Wick theorem, and obtain the results Π_N (p, q) = 2iϵ_{abc}ϵ_{ijk} ∫ d^4x e^{−iq·x} T r [ γ_ν CU^T_{bi} (−x)Cγ_μU_{aj} (−x) ] γ_5γ^μD_{ck}(−x)γ^ν γ_5 , (11) Π_Σ(p, q) = 2iϵ_{abc}ϵ_{ijk} ∫ d^4x e^{−iq·x} T r [ γ_ν CU^T_{bi} (−x)Cγ_μU_{aj} (−x) ] γ_5γ^μS_{ck}(−x)γ^ν γ_5 , (12) Π_Ξ(p, q) = 2iϵ_{abc}ϵ_{ijk} ∫ d^4x e^{−iq·x} T r [ γ_ν CS^T_{bi}(−x)Cγ_μS_{aj} (−x) ] γ_5γ^μU_{ck}(−x)γ^ν γ_5 , (13)

where the U, D and S stand for the full propagators of the u, d and s quarks respectively. Take the replacement U^{ab}_{αβ} (−x) → ⟨0|u^a_α(0)ū^b_β(x)|ρ(p)⟩ , (14) D^{ab}_{αβ} (−x) → ⟨0|d^a_α(0)d̄^b_β(x)|ρ(p)⟩ , (15) for one of the quark propagators in the correlation functions in Eqs.(11-13), perform the following Fierz re-ordering

q^a_α(0)q̄^b_β(x) = − 1 12 δ_{ab}δ_{αβ}q̄(x)q(0) − 1 12 δ_{ab}(γ^μ)_{αβ}q̄(x)γ_μq(0) − 1 24 δ_{ab}(σ^{μν} )_{αβ}q̄(x)σ_{μν} q(0) + 1 12 δ_{ab}(γ^μγ_5)_{αβ}q̄(x)γ_μγ_5q(0) + 1 12 δ_{ab}(iγ_5)_{αβ}q̄(x)iγ_5q(0) , (16)

and substitute the hadronic matrix elements ( such as the ⟨0|ū(x)γ_μu(0)|ρ(p)⟩, ⟨0|ū(x)u(0)|ρ(p)⟩, ⟨0|ū(x)σ_{μν} u(0)|ρ(p)⟩, etc. ) with the corresponding light-cone distribution amplitudes of the ρ meson, finally we obtain the spectral densities at the coordinate space.

2One can consult the second article of Ref.[11] for the technical details in deriving the full propagator.

In calculation, we can encounter some terms like x^μ⟨0|ū(x)γ_μd(0)|ρ(p)⟩^3, there are two approaches to deal with them, ⟨0|ū(x)x̸d(0)|ρ(p)⟩ = f_ρm_ρϵ · x ∫_1 0 due^{−iup·x} { ϕ_‖(u) + m^2_ρx^2 16 A(u) }

+ 1 2 x^2ϵ · xf_ρm^3_ρ ∫_1 0 due^{−iup·x} ∫_u 0 dt ∫_t 0 dλC(λ) , (17) and ⟨0|ū(x)x̸d(0)|ρ(p)⟩ = if_ρm_ρϵ · xp · x ∫_1 0 due^{−iup·x} ∫_u 0 dt { ϕ_‖(t) − g^{(v)}_⊥ (t) + m^2_ρx^2 16 A(t) }

+ϵ · xf_ρm_ρ ∫_1 0 due^{−iup·x}g^{(v)}_⊥ (u) + 1 2 x^2ϵ · xf_ρm^3_ρ ∫_1 0 due^{−iup·x} ∫_u 0 dt ∫_t 0 dλC(λ) . (18) The two approaches can lead to different results, the analytical expressions of the second approach are more cumbersome, after the double Borel transformation and some technical details, we can prove that the two approaches are equal. In the following, we will present the analytical results of the first approach only. Once the spectral densities in the coordinate space are obtained, we can translate them to the momentum space with the D = 4 + 2ϵ dimensional Fourier transformation, √ 2Π^1_N = − 1 2π^2 f_ρm_ρ ∫_1 0 dug^{(v)}_⊥ (u) Γ(ϵ − 1) (−Q^2)^{ϵ−1} + 1 2π^2 f_ρm^3_ρ

∫_1 0 du ∫_u 0 dt ∫_t 0 dλC(λ) Γ(ϵ) (−Q^2)^ϵ + 2 3 ⟨q̄q⟩f^T_ρ m^2_ρ ∫_1 0 duh^{(s)}_‖ (u) Γ(1) (−Q^2)^1 − 1 12 ⟨ α_sGG π ⟩f_ρm_ρ ∫_1 0 dug^{(v)}_⊥ (u) Γ(1) (−Q^2)^1 − 1 6 ⟨q̄g_sσGq⟩f^T_ρ m^2_ρ ∫_1 0 duh^{(s)}_‖ (u) Γ(2) (−Q^2)^2 + 1 12 ⟨ α_sGG π ⟩f_ρm^3_ρ ∫_1 0 du ∫_u 0 dt ∫_t 0 dλC(λ) Γ(2) (−Q^2)^2

, (19)

3Here we use the ρ^− meson to illustrate the calculation.

√ 2Π^2_N = 1 π^2 f_ρm^3_ρ

∫_1 0 du ∫_u 0 dt ∫_t 0 dλC(λ) Γ(1) (−Q^2)^1 + 4 3 ⟨q̄q⟩f^T_ρ m^2_ρ ∫_1 0 duh^{(s)}_‖ (u) Γ(2) (−Q^2)^2 − 1 3 ⟨q̄g_sσGq⟩f^T_ρ m^2_ρ ∫_1 0 duh^{(s)}_‖ (u) Γ(3) (−Q^2)^3 + 1 6 ⟨ α_sGG π ⟩f_ρm^3_ρ ∫_1 0 du ∫_u 0 dt ∫_t 0 dλC(λ) Γ(3) (−Q^2)^3

, (20)

√ 2Π^1_Σ = − 1 12π^2 f_ρm_ρ ∫_1 0 du [ ϕ_‖(u) + 6g^{(v)}_⊥ (u)

] Γ(ϵ − 1) (−Q^2)^{ϵ−1} + 1 π^2 f_ρm^3_ρ

∫_1 0 du ∫_u 0 dt ∫_t 0 dλC(λ) Γ(ϵ) (−Q^2)^ϵ + 1 16π^2 f_ρm^3_ρ

∫_1 0 duA(u) Γ(ϵ) (−Q^2)^ϵ − 1 3 m_s⟨s̄s⟩f_ρm_ρ ∫_1 0 du [ ϕ_‖(u) + 2g^{(v)}_⊥ (u)

] Γ(1)

(−Q^2)^1 + 2 3 ⟨q̄q⟩f^T_ρ m^2_ρ ∫_1 0 duh^{(s)}_‖ (u) Γ(1) (−Q^2)^1 − 1 72 ⟨ α_sGG π ⟩f_ρm_ρ ∫_1 0 du [ 4g^{(v)}_⊥ (u) + ϕ_‖(u)

] Γ(1) (−Q^2)^1 + 1 18 m_s⟨s̄g_sσGs⟩f_ρm_ρ ∫_1 0 duϕ_‖(u) Γ(2) (−Q^2)^2 + 1 12 m_s⟨s̄s⟩f_ρm^3_ρ ∫_1 0 duA(u) Γ(2) (−Q^2)^2 − 1 6 ⟨q̄g_sσGq⟩f^T_ρ m^2_ρ ∫_1 0 duh^{(s)}_‖ (u) Γ(2) (−Q^2)^2 + 4 3 m_s⟨s̄s⟩f_ρm^3_ρ ∫_1 0 du ∫_u 0 dt ∫_t 0 dλC(λ) Γ(2) (−Q^2)^2 + 1 12 ⟨ α_sGG π ⟩f_ρm^3_ρ ∫_1 0 du ∫_u 0 dt ∫_t 0 dλC(λ) Γ(2) (−Q^2)^2 + 1 288 ⟨ α_sGG π ⟩f_ρm^3_ρ ∫_1 0 duA(u) Γ(2) (−Q^2)^2

, (21)

√ 2Π^2_Σ = − 1 6π^2 f_ρm_ρ ∫_1 0 duϕ_‖(u) Γ(ϵ) (−Q^2)^ϵ + 1 8π^2 f_ρm^3_ρ

∫_1 0 duA(u) Γ(1) (−Q^2)^1 + 2 π^2 f_ρm^3_ρ

∫_1 0 du ∫_u 0 dt ∫_t 0 dλC(λ) Γ(1) (−Q^2)^1 − 2 3 m_s⟨s̄s⟩f_ρm_ρ ∫_1 0 duϕ_‖(u) Γ(2) (−Q^2)^2 + 4 3 ⟨q̄q⟩f^T_ρ m^2_ρ ∫_1 0 duh^{(s)}_‖ (u) Γ(2) (−Q^2)^2 − 1 36 ⟨ α_sGG π ⟩f_ρm_ρ ∫_1 0 duϕ_‖(u) Γ(2) (−Q^2)^2 + 1 9 m_s⟨s̄g_sσGs⟩f_ρm_ρ ∫_1 0 duϕ_‖(u) Γ(3) (−Q^2)^3 + 1 6 m_s⟨s̄s⟩f_ρm^3_ρ ∫_1 0 duA(u) Γ(3) (−Q^2)^3 − 1 3 ⟨q̄g_sσGq⟩f^T_ρ m^2_ρ ∫_1 0 duh^{(s)}_‖ (u) Γ(3) (−Q^2)^3 + 8 3 m_s⟨s̄s⟩f_ρm^3_ρ ∫_1 0 du ∫_u 0 dt ∫_t 0 dλC(λ) Γ(3) (−Q^2)^3 + 1 6 ⟨ α_sGG π ⟩f_ρm^3_ρ ∫_1 0 du ∫_u 0 dt ∫_t 0 dλC(λ) Γ(3) (−Q^2)^3 + 1 144 ⟨ α_sGG π ⟩f_ρm^3_ρ ∫_1 0 duA(u) Γ(3) (−Q^2)^3

, (22)

√ 2Π^1_Ξ = − 1 12π^2 f_ρm_ρ ∫_1 0 duϕ_‖(u) Γ(ϵ − 1) (−Q^2)^{ϵ−1} + 1 16π^2 f_ρm^3_ρ

∫_1 0 duA(u) Γ(ϵ) (−Q^2)^ϵ + 1 2π^2 f_ρm^3_ρ

∫_1 0 du ∫_u 0 dt ∫_t 0 dλC(λ) Γ(ϵ) (−Q^2)^ϵ − 2 3 m_s⟨s̄s⟩f_ρm_ρ ∫_1 0 du [ ϕ_‖(u) − 2g^{(v)}_⊥ (u)

] Γ(1)

(−Q^2)^1 + 1 72 ⟨ α_sGG π ⟩f_ρm_ρ ∫_1 0 du [ 2g^{(v)}_⊥ (u) − ϕ_‖(u)

] Γ(1) (−Q^2)^1 + 1 9 m_s⟨s̄g_sσGs⟩f_ρm_ρ ∫_1 0 duϕ_‖(u) Γ(2) (−Q^2)^2 + 1 6 m_s⟨s̄s⟩f_ρm^3_ρ ∫_1 0 duA(u) Γ(2) (−Q^2)^2 + 1 288 ⟨ α_sGG π ⟩f_ρm^3_ρ ∫_1 0 duA(u) Γ(2) (−Q^2)^2

, (23)

√ 2Π^2_Ξ = − 1 6π^2 f_ρm_ρ ∫_1 0 duϕ_‖(u) Γ(ϵ) (−Q^2)^ϵ + 1 8π^2 f_ρm^3_ρ

∫_1 0 duA(u) Γ(1) (−Q^2)^1 + 1 π^2 f_ρm^3_ρ

∫_1 0 du ∫_u 0 dt ∫_t 0 dλC(λ) Γ(1) (−Q^2)^1 − 4 3 m_s⟨s̄s⟩f_ρm_ρ ∫_1 0 duϕ_‖(u) Γ(2) (−Q^2)^2 − 1 36 ⟨ α_sGG π ⟩f_ρm_ρ ∫_1 0 duϕ_‖(u) Γ(2) (−Q^2)^2 + 2 9 m_s⟨s̄g_sσGs⟩f_ρm_ρ ∫_1 0 duϕ_‖(u) Γ(3) (−Q^2)^3 + 1 3 m_s⟨s̄s⟩f_ρm^3_ρ ∫_1 0 duA(u) Γ(3) (−Q^2)^3 + 1 144 ⟨ α_sGG π ⟩f_ρm^3_ρ ∫_1 0 duA(u) Γ(3) (−Q^2)^3

, (24)

where Q_μ = q_μ +up_μ, the ϵ is a small positive quantity, after taking the double Borel transformation, we can take the limit ϵ → 0. The light-cone distribution amplitudes ϕ_‖(u), g^{(v)}_⊥ (u), h^{(s)}_‖ (u), C(u) and A(u) of the ρ meson are presented in the appendix

[13], the non-perturbative parameters in the light-cone distribution amplitudes are scale dependent, in this article, the energy scale is taken to be μ = 1GeV . Here we have neglected the contributions from the gluons G_{μν} , the contributions proportional to the G_{μν} can give rise to three-particle (and four-particle) meson distribution amplitudes with a gluon (and quark-antiquark pair) in addition to the two valence quarks, their corrections are usually not expected to play any significant roles^4.

Matching the hadronic representations in Eq.(8) with the corresponding ones in Eqs.(19-24) below the threshold s^0_i , then perform the double Borel transformation with respect to the variables Q_1 = −q^2 and Q_2 = −(p + q)^2 respectively, subtract the contributions from the continuum states,

B_{M1} B_{M2}

Γ[n] [ u(1 − u)m^2_ρ + (1 − u)Q^2_1 + uQ^2

]_n =

M^{2(2−n)} M^2_1 M^2_2 e^{− u(1−u)m} 2 ρ M2 δ(u − u_0) , 1 M^2 = 1 M^2_1 + 1 M^2_2 , u_0 =

M^2_1 M^2_1 + M^2_2 , M^{2n} → 1 Γ[n] ∫_{s0} 0 dss^{n−1}e^{− s}M^2 , (25)

finally we obtain the following six sum rules for the strong coupling constants,

g^V_N = − 1 2 √ 2λ^2_N e^m 2 N −u0(1−u0)m 2 ρ M2 { 1 π^2

M^2E_0(x)f_ρm^3_ρ ∫_{u0} 0 dt ∫_t 0 dλC(λ) + 4 3 ⟨q̄q⟩f^T_ρ m^2_ρh^{(s)}_‖ (u_0) − 1 3M^2

⟨q̄g_sσGq⟩f^T_ρ m^2_ρh^{(s)}_‖ (u_0) + 1 6M^2 ⟨ α_sGG π ⟩f_ρm^3_ρ ∫_{u0} 0 dt ∫_t 0 dλC(λ) } , (26)

4For examples, in the decay B → χ_{c0}K, the factorizable contribution is zero and the nonfactorizable contributions from the soft hadronic matrix elements are too small to accommodate the experimental data [17]; the net contributions from the three-valence particle light-cone distribution amplitudes to the strong coupling constant g_{Ds1D}∗_K are rather small, about 20% [18]. The contributions of the three-particle (quark-antiquark-gluon) distribution amplitudes of the mesons are always of minor importance comparing with the two-particle (quark-antiquark) distribution amplitudes in the light-cone QCD sum rules. In our previous work, we study the four form-factors f_1(Q^2), f_2(Q^2), g_1(Q^2) and g_2(Q^2) of the Σ → n in the framework of the light-cone QCD sum rules approach up to twist-6 three-quark light-cone distribution amplitudes and obtain satisfactory results [19]. In the light-cone QCD sum rules, we can neglect the contributions from the valence gluons and make relatively rough estimations.

g^V_Σ = − 1 2 √ 2λ^2_Σ e^m 2 Σ−u0(1−u0)m 2 ρ M2 { − 1 6π^2

M^4E_1(x)f_ρm_ρϕ_‖(u_0) + 1 8π^2

M^2E_0(x)f_ρm^3_ρA(u_0) + 2 π^2

M^2E_0(x)f_ρm^3_ρ ∫_{u0} 0 dt ∫_t 0 dλC(λ) − 2 3 m_s⟨s̄s⟩f_ρm_ρϕ_‖(u_0) + 4 3 ⟨q̄q⟩f^T_ρ m^2_ρh^{(s)}_‖ (u_0) − 1 36 ⟨ α_sGG π ⟩f_ρm_ρϕ_‖(u_0) + 1 9M^2 m_s⟨s̄g_sσGs⟩f_ρm_ρϕ_‖(u_0) + 1 6M^2 m_s⟨s̄s⟩f_ρm^3_ρA(u_0) − 1 3M^2

⟨q̄g_sσGq⟩f^T_ρ m^2_ρh^{(s)}_‖ (u_0) + 8 3M^2 m_s⟨s̄s⟩f_ρm^3_ρ ∫_{u0} 0 dt ∫_t 0 dλC(λ) + 1 6M^2 ⟨ α_sGG π ⟩f_ρm^3_ρ ∫_{u0} 0 dt ∫_t 0 dλC(λ) + 1 144M^2 ⟨ α_sGG π ⟩f_ρm^3_ρA(u_0) } , (27)

g^V_Ξ = − 1 2 √ 2λ^2_Ξ e^m 2 Ξ−u0(1−u0)m 2 ρ M2 { − 1 6π^2

M^4E_1(x)f_ρm_ρϕ_‖(u_0) + 1 8π^2

M^2E_0(x)f_ρm^3_ρA(u_0) + 1 π^2

M^2E_0(x)f_ρm^3_ρ ∫_{u0} 0 dt ∫_t 0 dλC(λ) − 4 3 m_s⟨s̄s⟩f_ρm_ρϕ_‖(u_0) − 1 36 ⟨ α_sGG π ⟩f_ρm_ρϕ_‖(u_0) + 2 9M^2 m_s⟨s̄g_sσGs⟩f_ρm_ρϕ_‖(u_0) + 1 3M^2 m_s⟨s̄s⟩f_ρm^3_ρA(u_0) + 1 144M^2 ⟨ α_sGG π ⟩f_ρm^3_ρA(u_0) } , (28) g^V_N + g^T_N = − √ 2 λ^2_N m^2_ρ e^m 2 N −u0(1−u0)m 2 ρ M2 { − 1 2π^2

M^6E_2(x)f_ρm_ρg^{(v)}_⊥ (u_0) + 1 2π^2

M^4E_1(x)f_ρm^3_ρ ∫_{u0} 0 dt ∫_t 0 dλC(λ) + 2 3 M^2E_0(x)⟨q̄q⟩f^T_ρ m^2_ρh^{(s)}_‖ (u_0) − 1 12 M^2E_0(x)⟨ α_sGG π ⟩f_ρm_ρg^{(v)}_⊥ (u_0) − 1 6 ⟨q̄g_sσGq⟩f^T_ρ m^2_ρh^{(s)}_‖ (u_0) + 1 12 ⟨ α_sGG π ⟩f_ρm^3_ρ ∫_{u0} 0 dt ∫_t 0 dλC(λ) } , (29)

g^V_Σ + g^T_Σ = − √ 2 λ^2_Σm^2_ρ e^m 2 Σ−u0(1−u0)m 2 ρ M2 { − 1 12π^2

M^6E_2(x)f_ρm_ρ [ ϕ_‖(u_0) + 6g^{(v)}_⊥ (u_0) ]

+ 1 16π^2

M^4E_1(x)f_ρm^3_ρA(u_0) + 1 π^2

M^4E_1(x)f_ρm^3_ρ ∫_{u0} 0 dt ∫_t 0 dλC(λ) − 1 3 M^2E_0(x)m_s⟨s̄s⟩f_ρm_ρ [ ϕ_‖(u_0) + 2g^{(v)}_⊥ (u_0) ]

+ 2 3 M^2E_0(x)⟨q̄q⟩f^T_ρ m^2_ρh^{(s)}_‖ (u_0) − 1 72 M^2E_0(x)⟨ α_sGG π ⟩f_ρm_ρ [ 4g^{(v)}_⊥ (u_0) + ϕ_‖(u_0) ]

+ 1 18 m_s⟨s̄g_sσGs⟩f_ρm_ρϕ_‖(u_0) + 1 12 m_s⟨s̄s⟩f_ρm^3_ρA(u_0) − 1 6 ⟨q̄g_sσGq⟩f^T_ρ m^2_ρh^{(s)}_‖ (u_0) + 4 3 m_s⟨s̄s⟩f_ρm^3_ρ ∫_{u0} 0 dt ∫_t 0 dλC(λ) + 1 12 ⟨ α_sGG π ⟩f_ρm^3_ρ ∫_{u0} 0 dt ∫_t 0 dλC(λ) + 1 288 ⟨ α_sGG π ⟩f_ρm^3_ρA(u_0) } , (30) g^V_Ξ + g^T_Ξ = − √ 2 λ^2_Ξm^2_ρ e^m 2 Ξ−u0(1−u0)m 2 ρ M2 { − 1 12π^2

M^6E_2(x)f_ρm_ρϕ_‖(u_0) + 1 16π^2

M^4E_1(x)f_ρm^3_ρA(u_0) + 1 2π^2

M^4E_1(x)f_ρm^3_ρ ∫_{u0} 0 dt ∫_t 0 dλC(λ) − 2 3 M^2E_0(x)m_s⟨s̄s⟩f_ρm_ρ [ ϕ_‖(u_0) − 2g^{(v)}_⊥ (u_0) ]

+ 1 72 M^2E_0(x)⟨ α_sGG π ⟩f_ρm_ρ [ 2g^{(v)}_⊥ (u_0) − ϕ_‖(u_0) ]

+ 1 9 m_s⟨s̄g_sσGs⟩f_ρm_ρϕ_‖(u_0) + 1 6 m_s⟨s̄s⟩f_ρm^3_ρA(u_0) + 1 288 ⟨ α_sGG π ⟩f_ρm^3_ρA(u_0) } , (31)

where

E_n(x) = 1 − (1 + x + x^2 2! + · · · + x^n n! )e^{−x} , x = s^0_i M^2 , the s^0_i are the threshold parameters.

3 Numerical result and discussion

The input parameters are taken as ⟨q̄q⟩ = −(0.24±0.01GeV )^3, ⟨s̄s⟩ = (0.8±0.1)⟨q̄q⟩, ⟨q̄gσGq⟩ = m^2_0⟨q̄q⟩, ⟨s̄gσGs⟩ = m^2_0⟨s̄s⟩, m^2_0 = (0.8±0.1)GeV^2, ⟨^{αGG}_π ⟩ = (0.33GeV )^4, m_u = 0, m_d = 0, m_s = (140 ± 10)MeV [9, 10, 11], f_ρ = (0.198 ± 0.007)GeV , f^T_ρ = (0.160 ± 0.010)GeV , a^⊥_2 = 0.20 ± 0.10, a^‖_2 = 0.18 ± 0.10, ς_3 = 0.032 ± 0.010, ς_4 = 0.15±0.10, ς^T_4 = 0.10±0.05, ~ς^T_4 = −0.10±0.05, ω^A_3 = −2.1±1.0, ω^V_3 = 3.8±1.8, ω^T_3 = 7.0 ± 7.0 [13], m_ρ = 0.77GeV , m_p = 0.938GeV , m_Σ = 1.189GeV , m_Ξ = 1.315GeV , λ_p = (2.4 ± 0.2) × 10^{−2}GeV^3, λ_Σ = (3.2 ± 0.2) × 10^{−2}GeV^3, λ_Ξ = (3.8 ± 0.2) × 10^{−2}GeV^3, s^0_p = 2.3GeV^2, s^0_Σ = 3.2GeV^2 and s^0_Ξ = 3.6GeV^2 [15]. The values of the vacuum condensates have been updated with the experimental data for the τ decays, the QCD sum rules for the baryon masses and analysis of the charmonium spectrum [20, 21, 22], in this article, we choose the standard (or old) values to keep in consistent with the sum rules used in determining the non-perturbative parameters in the light-cone distribution amplitudes. The Borel parameters are chosen as M^2_1 = M^2_2 = (2 − 4)GeV^2 and M^2 = (1 − 2)GeV^2, in those regions, the values of the strong coupling constants g^V_N , g^V_Σ and g^V_Ξ are rather stable with the variation of the Borel parameter M^2 from the sum rules in Eqs.(26-28), while the sum rules for the g^V_N + g^T_N , g^V_Σ + g^T_Σ and g^V_Ξ + g^T_Ξ in Eqs.(29-31) are not as stable as the corresponding ones for the g^V_N , g^V_Σ and g^V_Ξ , which are shown in the Figs.(1-3).

Taking into account all the uncertainties, finally we obtain the numerical results of the strong coupling constants g^V_N , g^V_Σ , g^V_Ξ , g^V_N + g^T_N , g^V_Σ + g^T_Σ and g^V_Ξ + g^T_Ξ , which are shown in the Figs.1-3,

g^V_N = 3.2 ± 0.9 , g^V_Σ = 4.0 ± 1.0 , g^V_Ξ = 1.5 ± 1.1 , g^V_N + g^T_N = 36.8 ± 13.0 , g^V_Σ + g^T_Σ = 53.5 ± 19.0 , g^V_Ξ + g^T_Ξ = −5.3 ± 3.3 . (32)

The numerical values are in agreement with the existing calculations in part, for examples, the values of the external field QCD sum rules (g^V_N = 2.4±0.6, g^V_Σ = 4.8±1.2 g^V_Ξ = 2.4 ± 0.6, g^T_N = 7.7 ± 1.9, g^T_Σ = 2.3 ± 0.4, g^T_Ξ = −5.0 ± 1.0) [4] and the phenomenologically fitted values of the one-boson exchange model (g^V_N = 3.0, g^V_Σ = 5.9 g^V_Ξ = 3.0, g^T_N = 12.5, g^T_Σ = 9.1, g^T_Ξ = −3.4) [2]. In calculation, we observe that the main contributions come from the perturbative terms and the quark condensates terms (⟨q̄q⟩ and ⟨s̄s⟩), the contributions of the mixed condensates and gluon condensates are of minor importance. It is not un-expected. From the Table.1, we can see that the contributions from the terms of quark condensates are comparable with the perturbative terms in the region M^2 = (1 − 2)GeV^2. The presence of the chiral symmetry breaking quark condensates and the existence of the massive baryons are closely related to each other, m_p ≃ −^{8π2⟨q̄q⟩}_{M 2} [12], the contributions from the quark condensates (of order O(M^2) or O(M^0)) in the sum rules in Eqs.(26-31) are of great importance, the subtractions of the continuum states can be implemented by the simple replacement M^{2n} → M^{2n}E_{n−1}(x) for n ≥ 1, we have to introduce some unknown parameters C_A and C_B to subtract the contributions from the continuum states of order O(M^0) with g_V → g_V + C_A and g_V + g_T → g_V + g_T + C_B, however, it is difficult to obtain the values of the C_A and C_B . In the region M^2 = (1 − 2)GeV^2, α_s(M) π ∼ 0.14 − 0.18 [22], if the radiative α_s corrections to the perturbative terms are companied with large numerical factors, just like in the case of the QCD sum rules for the masses of the proton [21], the contributions of order O(α_s) may be large, neglecting them can impair the predictive power. The contributions of the three-particle (quark-quark-gluon) light-cone distribution amplitudes may be of the same order as the mixed condensates (⟨q̄g_sσGq⟩ and ⟨s̄g_sσGs⟩), neglecting them would not impair the predictive power much. The consistent and complete light-cone QCD sum rules analysis should include the contributions from the perturbative α_s corrections, the distribution amplitudes with additional valence gluons and quark-antiquark pairs, the reasonable subtractions of the continuum states of order O(M^0), and improve the parameters which enter in the light-cone QCD sum rules, that may be our next work.

Figure 1: The g^V_N and g^V_N + g^T_N with the Borel parameter M^2 .

Figure 2: The g^V_Σ and g^V_Σ + g^T_Σ with the Borel parameter M^2.

g^V_N g^V_N + g^T_N g^V_Σ g^V_Σ + g^T_Σ g^V_Ξ g^V_Ξ + g^T_Ξ P T O(M^2) O(M^6, M^4) O(M^4, M^2) O(M^6, M^4) O(M^4, M^2) O(M^6, M^4) ⟨q̄q⟩ O(M^0) O(M^2) O(M^0) O(M^2, M^0) O(M^0) O(M^2, M^0)

Table 1: The power counting order of the g^V_N , g^V_Σ , g^V_Ξ , g^V_N + g^T_N , g^V_Σ + g^T_Σ, g^V_Ξ + g^T_Ξ , respectively. The P T stands for the perturbative terms and the ⟨q̄q⟩ stands for contributions from the quark condensates, we have not shown the terms which are suppressed by negative powers of the M^2 explicitly.

Figure 3: The g^V_Ξ and g^V_Ξ + g^T_Ξ with the Borel parameter M^2.

The Clebsch-Gordan coefficients of the octet VNN vertices indicate that [16]

g_Σ = 2αg_N , g_Ξ = (2α − 1)g_N , (33)

where we use the same notation α to present the electric and magnetic ratios α_e and α_m. Our numerical values α_e ∼ 0.6 − 0.7 and α_m ∼ 0.4 − 0.7 deviate greatly from the prediction of the vector meson dominance theory, α_e = 1 [3]. The numerical values of the g^V_N , g^V_Σ , g^V_Ξ , g^T_N , g^T_Σ, g^T_Ξ do not obey the simple relation obtained from the group theory in Eq.(33), the SU(3) symmetry breaking effects are very large.

4 Conclusion

In this article, we calculate the strong coupling constants g^V_N , g^V_Σ , g^V_Ξ , g^T_N , g^T_Σ, g^T_Ξ of the ρNN, ρΣΣ and ρΞΞ in the framework of the light-cone QCD sum rules approach. The strong coupling constants of the meson-baryon-baryon are the fundamental parameters in the one-boson exchange model which describes the baryon-baryon interactions successfully. The numerical results are in agreement with the existing calculations in part, for examples, the predictions of the external field QCD sum rules and the phenomenologically fitted values of the one-boson exchange model. The electric and magnetic F/(F + D) ratios deviate greatly from the prediction of the vector meson dominance theory, the SU(3) symmetry breaking effects are very large. Those deviations may be due to the failure to take into account the perturbative α_s corrections, the un-subtracted contributions from the continuum states of order O(M^0), and the neglected distribution amplitudes with additional valence gluons and quark-antiquark pairs. The consistent and complete light-cone QCD sum rules analysis should include the contributions from the perturbative α_s corrections, the distribution amplitudes with additional valence gluons and quarkantiquark pairs, the reasonable subtractions of continuum states of order O(M^0), and improve the parameters which enter in the light-cone QCD sum rules.

Appendix

The light-cone distribution amplitudes of the ρ meson are defined by [13] ⟨0|ū(x)γ_μd(0)|ρ(p)⟩ = p_μf_ρm_ρ ϵ · x p · x ∫_1 0 due^{−iup·x} { ϕ_‖(u) + m^2_ρx^2 16 A(u) }

+ [ ϵ_μ − p_μ ϵ · x p · x ] f_ρm_ρ ∫_1 0 due^{−iup·x}g^{(v)}_⊥ (u) − 1 2 x_μ ϵ · x (p · x)^2 f_ρm^3_ρ

∫_1 0 due^{−iup·x}C(u) , (34)

⟨0|ū(x)d(0)|ρ(p)⟩ = − i 2 [ f^T_ρ − f_ρ m_u + m_d m_ρ ] m^2_ρϵ · x ∫_1 0 due^{−iup·x}h^{(s)}_‖ (u) . (35)

The light-cone distribution amplitudes are parameterized as [13] ϕ_‖(u, μ) = 6u(1 − u) { 1 + a^‖_2 3 2 (5ξ^2 − 1) } , g^{(v)}_⊥ (u, μ) = 3 4 (1 + ξ^2) + { 3 7 a^‖_2 + 5ς_3 } (3ξ^2 − 1) + { 9 112 a^‖_2 + 15 64 ς_3(3ω^V_3 − ω^A_3 ) } (3 − 30ξ^2 + 35ξ^4) ,

g_3(u, μ) = 1 + { −1 − 2 7 a^‖_2 + 40 3 ς_3 − 20 3 ς_4 } C^{12}_2 (ξ) + { − 27 28 a^‖_2 + 5 4 ς_3 − 15 16 ς_3(ω^A_3 + 3ω^V_3 ) } C^{12}_4 (ξ) ,

h^{(s)}_‖ (u, μ) = 6u(1 − u) { 1 + ( 1 4 a^‖_2 + 5 8 ς_3ω^T_3 )(5ξ^2 − 1) } , A(u, μ) = 30u^2(1 − u)^2 { 4 5 + 4 105 a^‖_2 + 20 9 ς_4 + 8 9 ς_3 } , C(u, μ) = g_3(u, μ) + ϕ_‖(u, μ) − 2g^{(v)}_⊥ (u, μ) , (36)

where the ξ = 2u − 1, and the C^{12}_2 and C^{12}_4 are Gegenbauer polynomials [13].

Acknowledgments

This work is supported by National Natural Science Foundation, Grant Number 10405009, and Key Program Foundation of NCEPU.

References

[1] M. M. Nagels, T. A. Rijken, J. J. de Swart, Phys. Rev. D15 (1977) 2547; M.

M. Nagels, T. A. Rijken, J. J. de Swart, Phys. Rev. D20 (1979) 1633; P. M. M. Maessen, T. A. Rijken, J. J. de Swart, Phys. Rev. C40 (1989) 2226.

[2] T. A. Rijken, V. G. J. Stoks, Y. Yamamoto, Phys. Rev. C59 (1999) 21; V. G.

J. Stoks, T. A. Rijken, Phys. Rev. C59 (1999) 3009.

[3] J. J. Sakurai, Ann. Phys. 11 (1960) 1.

[4] C. Y. Wen, W. Y. P. Hwang, Phys. Rev. C56 (1997) 3346; G. Erkol, R. G. E.

Timmermans, T. A. Rijken, Phys. Rev. C74 (2006) 045201.

[5] G. Erkol, R. G. E. Timmermans, M. Oka, T. A. Rijken, Phys. Rev. C73 (2006) 044009; G. Erkol, T. A. Rijken, R. G. E. Timmermans, Phys. Rev. C72 (2005) 035209.

[6] B. L. Ioffe and A. V. Smilga, Nucl. Phys. B232 (1984)109; I. I. Balitsky and A. V. Yung, Phys. Lett. B129 (1983) 328.

[7] S. L. Zhu, Phys. Rev. C59 (1999) 435.

[8] T. M. Aliev, A. Ozpineci, S. B. Yakovlev, V. Zamiralov, hep-ph/0609026; T.

M. Aliev, A. Ozpineci, M. Savci, Phys. Rev. D64 (2001) 034001; T. Doi, Y. Kondo, M. Oka, Phys. Rept. 398 (2004) 253; and references therein.

[9] I. I. Balitsky, V. M. Braun and A. V. Kolesnichenko, Nucl. Phys. B312 (1989) 509; V. L. Chernyak and I. R. Zhitnitsky, Nucl. Phys. B345 (1990) 137; V. L. Chernyak and A. R. Zhitnitsky, Phys. Rept. 112 (1984) 173; V. M. Braun and I. E. Filyanov, Z. Phys. C44 (1989) 157; V. M. Braun and I. E. Filyanov, Z. Phys. C48 (1990) 239.

[10] V. M. Braun, hep-ph/9801222; P. Colangelo and A. Khodjamirian, hep-ph/0010175.

[11] M. A. Shifman, A. I. Vainshtein and V. I. Zakharov, Nucl. Phys. B147 (1979) 385, 448; L. J. Reinders, H. Rubinstein and S. Yazaki, Phys. Rept. 127 (1985) 1; S. Narison, QCD Spectral Sum Rules, World Scientific Lecture Notes in Physics 26 (1989) 1.

[12] B. L. Ioffe, Nucl. Phys. B188 (1981) 317; V. M. Belyaev, B. L. Ioffe, Sov. Phys.

JETP 56 (1982) 493; V. M. Belyaev, B. L. Ioffe, Sov. Phys. JETP 57 (1983) 716.

[13] P. Ball, V. M. Braun, Nucl. Phys. B543 (1999) 201; P. Ball, V. M. Braun, hep-ph/9808229; P. Ball, V. M. Braun, Phys. Rev. D54 (1996) 2182; P. Ball, V. M. Braun, Y. Koike, K. Tanaka, Nucl. Phys. B529 (1998) 323; P. Ball, G. W. Jones, R. Zwicky, hep-ph/0612081.

[14] C. B. Chiu, J. Pasupathy, S. L. Wilson, Phys. Rev. D32 (1985) 1786; C. B.

Chiu, J. Pasupathy, S. L. Wilson, Phys. Rev. D36 (1987) 1451; C. B. Chiu, S. L. Wilson, J. Pasupathy, J. P. Singh, Phys. Rev. D36 (1987) 1553.

[15] C. B. Chiu, J. Pasupathy, S. L. Wilson, Phys. Rev. D32 (1985) 1786; C. B.

Chiu, J. Pasupathy, S. L. Wilson, Phys. Rev. D36 (1987) 1451; C. B. Chiu, S. L. Wilson, J. Pasupathy, J. P. Singh, Phys. Rev. D36 (1987) 1553.

[16] J. J. de Swart, Rev. Mod. Phys. 35 (1963) 916.

[17] L. Li, Z. G. Wang, T. Huang, Phys. Rev. D70 (2004) 074006; B. Melic, Phys.

Lett. B591 (2004) 91.

[18] Z. G. Wang, hep-ph/0611271.

[19] Z. G. Wang, J. Phys. G34 (2007) 493.

[20] B. L. Ioffe, K. N. Zyablyuk, Nucl. Phys. A687 (2001) 437; B. V. Geshkenbein, B. L. Ioffe, K. N. Zyablyuk, Phys. Rev. D64 (2001) 093009; B. L. Ioffe, K. N. Zyablyuk, Eur. Phys. J. C27 (2003) 229; K. Zyablyuk, JHEP 0301 (2003) 081.

[21] B. L. Ioffe, Prog. Part. Nucl. Phys. 56 (2006) 232; and references therein. [22] M. Davier, A. Hocker, Z. Zhang, hep-ph/0507078; and references therein.