arXiv:hep-ph/0109050 v2 4 Mar 2003

g_{ρσγ} coupling constant in light cone QCD

T. M. Aliev^∗, A. Özpineci^†, M. Savcı^‡ Physics Department, Middle East Technical University 06531 Ankara, Turkey

Abstract The coupling constant g_{ρσγ} is determined from light cone QCD sum rules. A comparison of our result with the ones existing in literature is presented. PACS number(s): 11.55.Hx, 13.40.Hq, 14.40.Cs

∗e-mail: taliev@metu.edu.tr †e-mail: altugoz@metu.edu.tr ‡e-mail: savci@metu.edu.tr

1 Introduction

The quark model describes hadrons successfully. In its simplest version mesons are interpreted as pure q̄q states. Scalar mesons might constitute an exception to this successful scheme and indeed their nature is not well established yet [1]. At present there goes great deal of investigation about the identity and interpretation of the lowest lying scalar resonances. One remarkable feature of these particles is that they appear to be rather wide [2]–[5]. Other peculiar property of these particles is the observation that they have very short lifetimes and large couplings to the hadronic channels such as KK̄ or ππ. It should be noted here that the mass of the scalar mesons varies in the region (400 − 1200) MeV [6].

Photoproduction of the ρ^0 meson with proton near threshold can successfully be described by a simple one meson exchange, more precisely, by exchange of a scalar σ meson. An analysis of experimental data requires to know the g_{ρσγ} coupling constant. This coupling constant is calculated in frame work of the effective Hamiltonian approach and 3–point sum rules in [7, 8], which predict g_{ρσγ} = 2.71 and g_{ρσγ} = 3.2±0.6 at m_σ = 0.5 GeV , respectively. Since this coupling constant is one of the important quantities in analyzing the hadronic processes involving σ meson, its calculation in frame work of the other approaches is needed in order to get a reliable conclusion.

In the present note we study the coupling constant g_{ρσγ} in frame work of the light cone QCD sum rules (more about QCD sum rules and its applications can be found in [9, 10]). In further analysis we assume that the content of σ meson is a pure q̄q state (although this point is still under debate, see for example [11, 12]).

The coupling of the σ meson to the scalar current J^σ =^1_2 (ūu + d̄d) can be parametrized in terms of a constant λ_σ: ⟨0 |J^σ| σ⟩ = λ^σ . (1) In order to determine the coupling constant g_{ρσγ} in frame work of the QCD sum rules, we consider the following two point correlator function

Π_μ = i ∫ d^4x e^{ip2x} ⟨ 0 | | |T { J^σ(x)J^ρ_μ(0) }| | 0 ⟩ γ , (2)

where γ means external electromagnetic field, and J^ρ_μ and J^σ are the interpolating currents with ρ and σ meson numbers. The physical part of the sum rules can be obtained by inserting a complete set of one meson states into the correlator:

Π_μ = ∑ ⟨0 |J^σ(x)| σ(p_2)⟩ p^2 − m^2_σ ⟨σ(p_2)|ρ(p_1)⟩_γ ⟨ ρ(p_1) | | |J^ρ_μ (0) | | | 0 ⟩ p^2_1 − m^2_ρ

, (3)

where p_2 = p_1 + q and q is the photon momentum. The matrix element ⟨ ρ(p_1) | |J^ρ_μ (0) | | 0 ⟩ in Eq. (3) is defined as ⟨ 0 | |J^ρ_μ | | ρ ⟩ = m_ρf_ρε^ρ_μ , (4)

where ε^ρ is the ρ meson polarization vector. In general, the ⟨σ|ρ⟩_γ matrix can be parametrized as ⟨σ(p_2)|ρ(p_1)⟩_γ = e { F_1(q^2)(p_1q)ε^ρ_μ + F_2(q^2)(ε^ρq)p_{1μ} } ε^μ , where ε is the photon polarization vector. In this parametrization of the matrix element ⟨σ|ρ⟩_γ , we neglect the terms ∼ q^μ since q^με_μ = 0. From gauge invariance we have q^μ { F_1(p_1q)ε^ρ_μ + F_2(ε^ρq)p_{1μ} } = 0 . (5) Since photon is real in our case, we immediately get from Eq. (5) F_2(0) = −F_1(0) .

So, the matrix element ⟨σ|ρ⟩_γ takes the following form: ⟨σ|ρ⟩_γ = eF (0) { (p_1q)ε^ρ_μ − (qε^ρ)p_{1μ} } ε^μ . (6) We can use an alternative parametrization for the ρσγ vertex, i.e., L_{int} = e m_ρ g_{ρσγ} ∂^αρ^β (∂_αA_β − ∂_βA_α) . (7) When we compare Eqs. (6) and (7) we see that F (0) = g_{ρσγ} m_ρ . (8) Using Eqs. (1), (3), (4) and (6), for the phenomenological part of the sum rules we get Π^{phen}_μ = g_{ρσγ} λ_σ p^2 − m^2_σ f_ρε^ν p^2_1 − m^2_ρ [ − (p_1q)g_{μν} + p_{1ν} q_μ ] . (9) Our next problem is the calculation of correlator function from QCD side. First of all we note that the structure of the correlator is such that perturbation contribution to it is absent due to the odd number of γ matrix. So, QCD part of the correlator contains only nonperturbative contribution. Calculations lead to the following result for the theoretical part of the correlator: Π^{theor}_μ = e⟨q̄q⟩ 4π^2

(e_u − e_d) [ (qx)ε_μ − (εx)q_μ ]χφ + g_1x^2 x^4

, (10) where φ and g_1 twist–2 and twist–4 photon wave functions, respectively, defined as [13]–[15]: ⟨γ(q)|q̄σ_{αβ}q|0⟩ = ie_q⟨q̄q⟩ ∫_1 0 du e^{iuqx} { (ε_αq_β − ε_β q_α) [ χϕ(u) + x^2 ( g_1(u) − g_2(u) )]

+ [ qx(ε_αx_β − ε_βx_α) + εx(x_αq_β − x_βq_α) ] g_2(u) } , (11) where χ is the magnetic susceptibility of the quark condensate, e_q is the quark charge.

The sum rules is obtained by equating the phenomenological and theoretical parts (in Eq. (10) it is necessary to perform Fourier transformation first) of the correlator. Performing double Borel transformations on the variables p^2 = p^2 and p^2_1 = (p + q)^2 on both sides of the correlator in order to suppress the contributions of the higher states and the continuum (see [16]–[18]), we get the following sum rules for the g_{ρσγ} coupling constant:

g_{ρσγ} e^−(^{m2ρ /M 21 +m2σ /M 22} ) = (e_u − e_d)⟨q̄q⟩ f_ρλ_σ [ χφ(u_0)M^2E_0(s_0/M^2) − 4g_1(u_0) ] , (12)

where

E_0(x) = 1 − e^{−x} ,

is the function used to subtract continuum, s_0 is the continuum threshold and

u_0 =

M^2_2 M^2_1 + M^2_2

, M^2 =

M^2_1 M^2_2 M^2_1 + M^2_2 , where M^2_1 and M^2_2 are the Borel parameters in ρ and σ channels. Since we assume that m_σ ≈ 700 MeV , which is close to the ρ meson mass, we will set M^2_1 = M^2_2 = 2M^2 and hence u_0 = 1/2.

It follows from Eq. (11) that in order to determine the coupling constant given in Eq.(12), one needs to know the parameters f_ρ and λ_σ . Leptonic decay constant of the ρ meson is known to have the value f_ρ = 0.18 GeV from experimental result of the ρ → e^+e^− decay width [19]. The residue λ_σ is determined from sum rules obtained in [12]

λ^2_σ e^{−m2σ /M 2} =

3M^4 16π^2 {[ 1 − ( 1 + s_0 M^2 ) e^{−s0/M 2} ] [ 1 + (α_s π ) 17 3 + ( α_s π )_2

31.864 ]

− (α_s π ) [ 2 + 95 3 (α_s π )] ∫_{s0 /M} 2 0 x ln(x)e^{−x}dx + (α_s π )_2 17 4 ∫_{s0/M} 2 0 x [ln(x)]^2 e^{−x}dx }

+ 3 2 ⟨m_qq̄q⟩ + 1 16π ⟨ α_sG^2 ⟩ − 88π 27 ⟨α_s(q̄q)^2⟩ M^2 − 3ρ^2M^6 16π^2 e^{−ρ2M 2/2} [ K_0 ( τ^2M^2 2 ) + K_1 ( τ^2M^2 2 )] , (13)

where the last term describes the single instanton contribution, K_i are the modified Bessel functions and τ is the instanton size for which we will use τ = (0.6 GeV )^{−1} (see [20]).

In further numerical analysis we use the following values for the input parameters: ⟨m_qq̄q⟩ = (−0.82±0.1)×10^{−4} GeV^4, ⟨α_sG^2⟩ = (0.038±0.011) GeV^4, ⟨α_s(q̄q)^2⟩ = (−0.18± 0.1) × 10^{−3} GeV^4 (see for example [10]). For the mass of the scalar meson we use m_σ ≈ 700 MeV . The dependence of λ_σ on Borel parameter M^2 at three values of the continuum threshold s_0 = (1.4; 1.6; and 1.8) GeV^2 is presented in Fig. (1). Since the Borel parameter M^2 has no physical meaning, we must look for the so–called stability region where sum rules is practically independent of M^2. We observe from Fig. (1) that the stability window M^2 lies in the interval 1.2 GeV^2 < M^2 < 1.4 GeV^2 and we get

λ_σ = (0.2 ± 0.02) GeV^2 , (14) where the error can be attributed to the variation of the continuum threshold s_0, Borel parameter M^2 and the errors in the condensates ⟨q̄q⟩ and ⟨G^2⟩. It should be noted that if we had used the values of the input parameters given in [8] we get

λ_σ = (0.16 ± 0.02) GeV^2 .

This difference arises from the omitted instanton contribution and terms in perturbative contribution in [8].

Having the values of λ_σ and f_ρ, our next goal is calculating the coupling constant g_{ρσγ} from Eq. (12). As is obvious from Eq. (12) the main input parameters of the sum rule is photon wave functions. We shall make use of the following expressions for the photon wave functions [13, 15] φ(u) = 6u(1 − u) , g_1(u) = − 1 8 (1 − u)(3 − u) ,

and for the magnetic susceptibility we use χ = −4.4 GeV^{−2} [21].

In Fig. (2) we present the dependence of the coupling constant g_{ρσγ} on the Borel parameter M^2at three different values of the continuum threshold: s_0 = 1.4 GeV^2; 1.6 GeV^2; 1.8 GeV^2. It follows from this figure that for the choices s_0 = 1.4 GeV^2 and s_0 = 1.8 GeV^2 the variation in the result is about ∼ 10%, i.e., the coupling constant can be said to be practically independent of the continuum threshold s_0. Furthermore the coupling constant seems to be insensitive to the variation of the Borel parameter M^2. Along these lines, we calculated the coupling constant g_{ρσγ} and our final result is value

g_{ρσγ} = (2.2 ± 0.4) , (15)

where all possible sources of uncertainties are taken into account, namely, errors coming from determination of λ_σ , from variation of the continuum threshold s_0, Borel parameters M^2, neglected twist–3 photon wave functions and errors in the values of the condensates.

Finally, we would like to present a comparison of our prediction on the coupling constant g_{ρσγ} with the existing results in literature. Traditional 3–point QCD sum rules analysis predicts g_{ρσγ} = (3.2 ± 0.6) [8]. Our result is about 50% lower than this result, which can be attributed to the difference in the values of λ_σ . More over our result is slightly lower than the result obtained from effective Lagrangian approach, which predicts g_{ρσγ} = 2.71 [7].

References

[1] L. Montanet, Rep. Prog. Phys. 46 (1983) 337;

F. E. Close, Rep. Prog. Phys. 51 (1988) 833; N. N. Achasov, Nucl. Phys. Proc. Suppl. B21 (1991) 189; T. Barnes, Prep. hep–ph/0001326 (2000).

[2] J. Weinstein and N. Isgur, Phys. Rev. Lett. 48 (1982) 659. [3] K. L. Au, D. Morgan and M. R. Pennington, Phys. Rev. D35 (1987) 1633. [4] G. Jansen et al., Phys. Rev. D52 (1995) 2690. [5] J. A. Oller and E. Oset, Phys. Rev. D60 (1999) 074023. [6] Particle Data Group, C. Caso et al., Eur. Phys. J. C3 (1998) 1. [7] B. Friman and M. Soyeur, Nucl. Phys. A600 (1996) 477. [8] A. Gokalp and O. Yilmaz, Phys. Rev. D64 (2001) 034012.

[9] V. M. Braun, Proc. in ”Rostock, Progress in heavy quark physics”, (1997) 105. [10] P. Colangelo and A. Khodjamirian, To be published in the Boris Ioffe Festschrift ”At the Frontier of Particle Physics / Handbook of QCD”, ed. by M. Shifman (World Scientific, Singapore, 2001), Prep. hep-ph/0010175 (2000).

[11] N. A. Törnqvist, Prep. hep-ph/0081135 (2000); hep-ph/0011107 (2000). [12] V. Elias, A. H. Fariborz, Fang Shi, T. G. Steele, Nucl. Phys. A633 (1998) 279. [13] V. M. Braun, I. E. Filyanov, Z. Phys. C48 (1990) 239.

[14] I. I. Balitsky, V. M. Braun, A. V. Kolesnichenko, Nucl. Phys. B312 (1989) 509. [15] A. Ali, V. M. Braun, Phys. Lett. B359 (1995) 223. [16] T. M. Aliev, A. Özpineci, M. Savcı, Nucl. Phys. A678 (2000) 443. [17] V. M. Belyaev, V. M. Braun, A. Khodjamirian and R. Rückl,

Phys. Rev. D51 (1995) 6177.

[18] T. M. Aliev, A. Özpineci, M. Savci, Phys. Rev. D62 (2000) 053012. [19] Particle Data Group, D. E. Groom, et al., Eur. Phys. J. C15 (2000) 1. [20] M. A. Shifman, V. I. Vainshtein, V. I. Zakharov, Nucl. Phys. B147 (1979) 385. [21] V. M. Belyaev, Ya. I. Kogan, Yad. Fiz. 40 (1984) 1035.

Figure captions

Fig. (1) The dependence of λ_σ on Borel parameter M^2 at three different values of the continuum threshold s_0 = 1.4 GeV^2; 1.6 GeV^2 and s_0 = 1.8 GeV^2.

Fig. (2) The dependence of the g_{ρσγ} coupling constant on Borel parameter M^2 at three different values of the continuum threshold s_0 = 1.4 GeV^2; 1.6 GeV^2 and s_0 = 1.8 GeV^2.

Figure 1

Figure 2