arXiv:nucl-th/0108027 13 Aug 2001

!-Meson Photoproduction on Nucleons In the Near Threshold

Region

H. Babacan, T. Babacan, A. Gokalp, O. Yilmaz Physics Department, Middle East Technical University, 06531 Ankara, Turkey (August 13, 2001)

Abstract

The ω-meson photoproduction, γ +p → p+ω, is studied in the framework of a model, containing π-meson exchange in t-channel and nucleon-exchange in s- and u-channels. Considering both ωNN-coupling constants in the region of time-like meson four momenta as the free parameters, we find different sets of solutions for these constants from the existing data on the t-dependence of the differential cross sections, dσ(γ + p → p + ω)/dt, in the near threshold region E_γ ≤ 2 GeV. These sets of ωNN-coupling constants, corresponding to destructive and constructive π ⨂ N-interference contributions to dσ/dt can be well distinguished by measurements of beam asymmetry, induced by linear photon polarization.

I. INTRODUCTION

The vector meson photoproduction on nucleons, γ + p → p + V , V = ρ or ω, in the near threshold region E_γ < 2 GeV, can be considered as a source of important information concerning interesting problems of hadron electrodynamics, such as for example the values of different electromagnetic and strong coupling constants and the properties of the so-called ”missing” resonances [1,2]. To solve these and other similar problems a suitable model for γ + p → p + V must be formulated. This is especially important for the study of the physics of missing resonances. It is a well known fact that in the N^∗-resonance physics for the successful extraction of adequate resonance information, the correct theoretical description of nonresonant mechanisms must be at hand. This is not a simple task and it has been an actual problem up to now even for the case of ”oldest” Δ(1232)-resonance, where for the exact value of the small quadrupole (E2) multipole amplitude for the decay Δ → N + γ, the correct knowledge of the corresponding nonresonant background is needed [3–5]. Evidently, this statement is correct for any N^∗-resonance.

The theoretical study of the nonresonant mechanisms for the processes of vector meson photoproduction on nucleons, γ + N → N + V , in the near threshold region E_γ < 2 GeV, is at its beginnings, there is no unique and well-proved solution of this task. The following mechanisms are considered in the literature [1,2,6–13]: pseudoscalar (π, η) and scalar (σ)-meson exchanges in t-channel, one-nucleon exchanges in (s+u)-channels, and Pomeron exchange for the case of neutral vector meson photoproduction. Typically, different combinations of these contributions are analyzed by different authors. All these ingredients are characterized by relatively large number of coupling constants and cut-off parameters which determine the phenomenological form factors for the electromagnetic and strong vertexes of the considered pole diagrams. Some of these parameters can be determined from other processes, such as for example, the radiative decays of vector mesons V → π(η) + γ, with good enough accuracy. The same is correct for the πNN-coupling constant, which has been determined with the highest accuracy among different strong coupling constants. However, another situation exits for VNN-coupling constants which determine the nucleon pole diagrams for processes γ + N → N + V in the region of time-like momentum of vector meson, q^2 = m^2_v. In general, therefore, these values can be very different from their values in the space-like region of vector meson momentum, which is the case of pion photoproduction, γ + N → N + π, vector meson exchange in t-channel, or NN-potential [14,15].

Another important question concerns applicability of Pomeron exchange in the near threshold region, where the validity of the Regge-regime seems problematic, and not so evident. It is enough to remember that, typically the kinematic region of application of Regge-theory is determined by the following conditions: s ≫ M^2, s ≫ t, where s and t are the standard Mandelstam variables, M is the nucleon mass. Evidently such conditions can not be realized in the near threshold region for γ + N → N + V .

In this work, we attempt to consider these questions for the ω-meson photoproduction, γ + N → N + ω, which have some special properties, different from ρ^0-meson photoproduction, γ + N → N + ρ^0. First of all, due to the relatively large ωπγ-coupling constant in comparison with ρπγ-coupling constant, one-pion contribution can be considered as the main mechanism in the near threshold region for γ + N → N + ω processes. That is an important point because this contribution is determined by product of the well-known coupling constants, g_{ωπγ} g_{πNN} . So here we have a situation, different from the case of ρ^0-photoproduction, where another t-exchange is important, namely σ-exchange. But properties of the σ-meson are not well established now, even its mass is inside of a wide interval: 400-1200 MeV [16], the same is also true for the σ-width: Γ = 600 − 1000 MeV. Moreover, the product of necessary coupling constants, namely g_{ρσγ} g_{σNN} cannot be considered as well known. For example, the ”standard” assumption [13] that ρσγ-coupling constant is essentially larger in comparison with ωσγ-coupling constant must be revised now after the experiment of Novosibirsk group [17], which proved definitely that the width of radiative decays ω → π^0 + π^0 + γ and ρ → π^0 + π^0 + γ are comparable. Let us note in this connection the previous conclusion about large enough ρσγ-coupling constant that was obtained on the basis of the relatively large measured branching ratio for ρ → π^+ + π^− + γ in comparison with ω → π^0 + π^0 + γ branching ratio [18]. However, the main contribution to ρ → π^+ + π^− + γ must be not due to σ-mechanism (ρ^0 → γ + σ^0 → γ + π^+ + π^−) but due to γ-radiation of final charged pions.

Therefore, the situation with σ-exchange in the process γ + p → p + ρ^0 becomes more complicated now. In principle it is possible to ”save” σ-exchange in γ + p → p + ρ^0: the decrease in the value of g_{ρσγ} -coupling constant , which follows from the Novosibirsk experiment, can be compensated by correspondingly increasing the value of g_{σNN} coupling constant. By such a manipulation it is possible to conserve the substantial σ-contribution to the matrix element for process γ + p → p + ρ^0 in the near threshold region, but as a result, we will obtain quadratically increasing σ-contribution to NN-potential. Therefore, this problem must be studied independently.

And another point with increasing σNN-coupling constant is that this will also increase respectively σ-contribution to the matrix element of the process γ + p → p + ω making this contribution comparable with that of the process γ + p → p + ρ^0. So, in such a situation, we will have large and comparable contributions, namely σ and π, to the matrix element of γ + p → p + ω which evidently contradicts the existing explanation of experimental data about differential cross sections for this process. In order to remove this contradiction, these two large contributions must be essentially compensated by some destructive interference with other possible contributions to the matrix element of γ + p → p + ω process. But pure imaginary Pomeron contribution cannot interfere with real amplitudes of π- and σexchange. So the best candidate for such interference could be N-contribution considered in (s+u)-channels to satisfy gauge invariance, or N^∗-contributions.

We like to note that in the general case each N^∗-resonance, with spin J ≥ 3/2, produces complicated enough spin structure in the matrix element due to the possible six independent multipole amplitudes, which must be nonzero. In any case, the situation with resonance physics in γ + N → N + V processes is evidently more complicated in comparison with the pseudoscalar meson photoproduction on nucleon: γ + N → N + π or γ + N → N + η. This means that the polarization phenomena in processes γ + N → N + V are especially important to realize more or less unique multipole analysis.

The specific property of N^∗-contributions in s-channel is the generation of the complex amplitudes. This new property of the corresponding model will result in rich and specific T-odd polarization effects in γ + N → N + V , such as the analyzing power induced by the polarized nucleon target, or the polarization of produced nucleon. So, namely the T-odd polarization phenomena in γ + N → N + V will be the most decisive for the estimation of N^∗-contributions in a more definite way. Being the simplest among all vector meson photoproduction processes, the reaction γ + N → N + ω seems as the most suitable for the identification of the adequate nonresonant mechanisms for such processes in the near threshold region.

In this paper, we try to estimate the role of nucleon contribution to the matrix element of the processes γ + N → N + ω. Instead of standard and oversimplified model for γ + p → p + ω with π-exchange only we consider here more complicated (π + N)-model, but without Pomeron exchange in the near threshold region. To estimate possible strong dependence of ωNN-coupling constants on vector meson four momenta, going from the region of space-like to time-like vector meson momentum, we consider in our approach both possible ωNN-coupling constants, tensor and vector types, as free parameters to be determined by performing a fit to the existing experimental data on the differential cross section dσ(γ + p → p + ω)/dt in the near threshold region. Such a model will produce non-trivial and relatively intensive polarization phenomena in γ + N → N + ω. Of course, all these polarization effects have T-even character. But instead of trivial polarization effects of the π-exchange model, the (π + N)-model will produce specific t-behaviour of such observables, such as the asymmetry Σ induced by photon linear polarization, the elements of density matrix for the vector mesons produced in collisions of polarized and unpolarized particles. Among the possible two spin polarization observables of T-even nature let us note the asymmetry in collisions of circularly polarized photons with polarized targets. High energy photon beams with high degree of circular polarization is available in JLAB now. Note also that the suggested model with (π + N)-contributions will produce also essential difference in observables on proton and neutron targets due to π ⨂ N-interference and due to different N-contributions.

So our main aim in this work is to find a special simple (π+N)-model with relatively large N-contribution, which is cancelled in differential cross section with unpolarized particles by the essential π ⨂ N-interference, as a result imitating the differential cross section dσ(γ+p → p+ω)/dt of the pure π-exchange model. Evidently such (π+N)-model and simple π-exchange model will differ essentially in isotopic effects and in polarization phenomena.

II. DESCRIPTION OF THE MODEL

We begin here by discussing the main properties of the suggested model for the process γ +N → N +ω in the near threshold region. The nucleon s-channel contribution is described by the following amplitude:

M_s = e s − M^2 u(p_2)(g^V_{ωNN} Û + g^T_{ωNN} 2M Û q̂)(p̂_1 + k̂ + M)(Q_N ε̂ − κ^N 2M ε̂ k̂)u(p_1) , (1) where ε_μ and k (U_μ and q) are the polarization four-vector and four-momentum of the photon (ω-meson), ε · k = U · q = 0, â = γ^μa_μ, M is the nucleon mass, Q_N is the nucleon electric charge, i.e Q_N = 1(0) for proton (neutron), κ_N is the nucleonic anomalous magnetic moment, κ_N = 1.79(−1.91) for proton (neutron); g^V_{ωNN} and g^T_{ωNN} are the vector (Dirac) and tensor (Pauli) coupling constants of the ωNN-vertex. The notation of particle four momenta is presented in Fig. 1. We consider here the quantities g^V_{ωNN} and g^T_{ωNN} as constants, neglecting their possible dependence on the virtuality s of the intermediate nucleon. Therefore, the same coupling constants g^V_{ωNN} and g^T_{ωNN} determine the matrix element of nucleon exchange in u-channel as

M_u = e u − M^2 u(p_2)(Q_N ε̂ − κ_N 2M ε̂ k̂)(p̂_2 − k̂ + M)(g^V_{ωNN} Û + g^T_{ωNN} 2M Û q̂)u(p_1) , (2) where u = (k − p_2)^2.

We like to repeat here once more that, in the general case the quantities g^V_{ωNN} and g^T_{ωNN} in Eq.(2) must be considered as some form factors, g_i = g_i(u), but to preserve gauge invariance of the sum M_s + M_u, we will neglect the possible s- or u-dependence of g_i. In any case we consider here the very probable possibility that the g^V_{ωNN} and g^T_{ωNN} in Eqs.(1) and (2) are different from their values in the space-like region of vector meson momentum, i.e. we will consider the coupling constants g^V_{ωNN} and g^T_{ωNN} as the fitting parameters of the suggested model.

The matrix element for t-channel π-meson exchange can be written straightforwardly in the following way:

M_t = e g_{ωπγ} m_ω g_{πNN} t − m^2_π F_{πNN} (t) F_{ωπγ} (t) (u(p_2) γ_5 u(p_1)) (ϵ^{μναβ} ε_μ k_ν U_α q_β) , (3)

where t = (k − q)^2, m_π is the pion mass, m_ω is the ω-meson mass, g_{ωπγ} and F_{ωπγ}(t) (g_{πNN} and F_{πNN} (t)) are the coupling constant and the corresponding form factor for the electromagnetic-ωπγ (strong-πNN) vertex of the considered diagram.

We like to note that, in our analysis we avoid using any form factor in M_s + M_u, again to preserve gauge invariance of M_s + M_u. Evidently, a s-dependent form factor for M_s and a u-dependent form factor for M_u, which seems as the most natural way to introduce form factors, will destroy the coherence of both of these contributions with respect to the conservation of the electromagnetic current for the considered process.

We prefer in our treatment to include the possible form factor effects and also the effects of transition from space-like to time-like region in ω-meson four momentum in the effective values of the coupling constants g^V_{ωNN} and g^T_{ωNN} . If the above mentioned effects are important, the resulting values of fitted coupling constants g^V_{ωNN} and g^T_{ωNN} , which are to be obtained by a fit to the existing experimental data about differential cross section for γ + p → p + ω [19], will be different from their values obtained in the space-like region. Therefore, these new values for the coupling constants g^V_{ωNN} and g^T_{ωNN} can also be used in similar analysis of the nucleon contribution to many other processes with ω-meson production, such as, π + N → N + ω, e^− + N → e^− + N + ω, π + N → π + ω etc.

In our calculation of different observables for γ + N → N + ω we use the formalism of so called transversal amplitudes in the center of mass system (CMS) of the considered reaction. This formalism is effective for the analysis of polarization phenomena in the processes of the vector meson photoproduction, and especially useful in the analysis of the problem of the full reconstruction of the spin structure of the matrix element for γ + N → N + V from the complete experimental data.

The corresponding parametrization of the general matrix element of any photoproduction process γ + N → N + V , which is valid for any model, can be written in terms of 12 independent transversal spin structures in the following way:

M = φ^†_2Fφ_1 , F = if_1(⃗ε. ^⃗m)(⃗U . ^⃗m) + if_2(⃗ε. ^⃗m)(⃗U .^⃗k) + if_3(⃗ε.^⃗n)(⃗U.^⃗n) + (⃗σ.^⃗n)[f_4(⃗ε. ^⃗m)(⃗U . ^⃗m) + if_5(⃗ε. ^⃗m)(⃗U .^⃗k) + if_6(⃗ε.^⃗n)(⃗U.^⃗n)] + (⃗σ. ^⃗m)[f_7(⃗ε. ^⃗m)(⃗U.^⃗n) + if_8(⃗ε.^⃗n)(⃗U. ^⃗m) + if_9(⃗ε.^⃗n)(⃗U.^⃗k)] + (⃗σ.^⃗k)[f_{10}(⃗ε. ^⃗m)(⃗U.^⃗n) + if_{11}(⃗ε.^⃗n)(⃗U . ^⃗m) + if_{12}(⃗ε.^⃗n)(⃗U .^⃗k)] , (4) where the set of unit orthogonal 3-vectors ^⃗m, ^⃗n, and ^⃗k are defined as: ^⃗k = ⃗k/|⃗k|, ^⃗n = ⃗k × ⃗q/|⃗k × ⃗q|, ^⃗m = ^⃗n × ^⃗k and ⃗k and ⃗q are the three-momentum of the photon and the vector meson in CMS, φ_1 and φ_2 are the two-component spinors for initial and final nucleons; f_i, i = 1, ..., 12, are the so-called transversal amplitudes, which are complex functions of two independent invariant variables, s and t, f_i = f_i(s, t).

The differential cross section dσ/dΩ with all the particles in the initial and final states unpolarized, and the beam asymmetry Σ which is defined as Σ = dσ_‖/dΩ − dσ_⊥/dΩ dσ_‖/dΩ + dσ_⊥/dΩ , (5)

can be expressed as the following quadratic combinations of the transversal amplitudes f_i: dσ dΩ = N (h_1 + h_2) , Σ = (h_1 − h_2) (h_1 + h_2) , h_1 = 1 2 { [ |f_1|^2 + |f_2|^2 + |f_4|^2 + |f_5|^2 + |f_7|^2 + |f_{10}|^2 ]

+ [ q^2 sin^2 θ

m^2_v ] [ |f_1|^2 + |f_4|^2 ] + [ q^2 cos^2 θ m^2_v ] [ |f_2|^2 + |f_5|^2 ]

+ [ q^22 sin θ cos θ m^2_v ] Re [(f_1f^∗_2 ) + (f_4f^∗_5 )]} , h_2 = 1 2 { [ |f_2|^2 + |f_6|^2 + |f_8|^2 + |f_9|^2 + |f_{11}|^2 + |f_{12}|^2 ]

+ [ q^2 sin^2 θ

m^2_v ] [ |f_8|^2 + |f_{11}|^2 ] + [ q^2 cos^2 θ m^2_v ] [ |f_9|^2 + |f_{12}|^2 ]

+ [ q^22 sin θ cos θ m^2_v ] Re [(f_8f^∗_9 ) + (f_{11}f^∗_{12})]} , (6)

where N = |⃗q|/64π^2s|⃗k| and dσ_‖/dΩ (dσ_⊥/dΩ) is the cross section of photon absorption with linear polarization which is parallel (orthogonal) to the reaction plane.

Let us give now, as an example, the expressions for f_i corresponding to π- and σ-exchange: f_{iπ} = e g_{ωπγ} m_ω g_{πNN} t − m^2_π √ (E_1 + M) (E_2 + M) f^′_{iπ} , f^′_{1π} = f^′_{2π} = f^′_{3π} = f^′_{4π} = f^′_{5π} = f^′_{6π} = 0 f^′_{7π} = |⃗q| E_2 + M

B_{1π} sin θ , f^′_{8π} = (A_{1π} cos θ + B_{2π}) sin θ f^′_{9π} = −

E_2 − M E_ω B_{1π} sin^2 θ , f^′_{10π} = (A_{2π} sin^2 θ + B_{3π}) f^′_{11π} = (A_{3π} sin^2 θ + B_{4π}) , f^′_{12π} = −(A_{1π} cos θ + B_{5π}) sin θ , (7) and f_{iσ} = e g_{ωσγ} m_ω g_{σNN} t − m^2_σ √ (E_1 + M) (E_2 + M) f^′_{iσ} , f^′_{1σ} = −(A_{3σ} sin^2 θ + B_{2σ}) , f^′_{2σ} = −(A_{4σ} sin^2 θ + B_{3σ}) sin θ f^′_{3σ} = −( E_ω |⃗q| A_{4σ} sin^2 θ + B_{4σ}) , f^′_{4σ} = −(A_{2σ} cos θ + B_{6σ}) sin θ f^′_{5σ} = −A_{5σ} sin^2 θ , f^′_{6σ} = −(− E_ω |⃗q| A_{4σ} cos θ + B_{5σ}) sin θ f^′_{7σ} = f^′_{8σ} = f^′_{9σ} = f^′_{10σ} = f^′_{11σ} = f^′_{12σ} = 0 , (8) where E_1(E_2) is the energy of the initial(final) nucleon, E_ω is the energy of ω-meson, θ is the angle between ⃗k and ⃗q in CMS, and the coefficients A_{iπ} (i = 1 − 3), B_{iπ} (i = 1 − 5), and A_{iσ} (i = 3 − 5), B_{iσ} (i = 2 − 6) in Eqs. (7) and (8) are given in Appendix A.

Similar expressions can also be written for the (s+u)-contributions to the transversal amplitudes as f_{is} = e W + M √ (E_1 + M) (E_2 + M) f^′_{is} , f^′_{1s} = (A_{1s} + B_{1s} cos θ + C_{1s} cos^2 θ) , f^′_{2s} = −(B_{1s} + C_{1s} cos θ) sin θ f^′_{3s} = (A_{2s} + B_{1s} cos θ) , f^′_{4s} = (B_{2s} + C_{1s} cos θ) sin θ f^′_{5s} = (−A_{2s} + B_{2s} cos θ + C_{1s} cos^2 θ) , f^′_{6s} = B_{1s} sin θ f^′_{7s} = f^′_{6s} , f^′_{8s} = − f^′_{4s} , f^′_{9s} = − f^′_{5s} f^′_{10s} = f^′_{3s} , f^′_{11s} = − f^′_{1s} , f^′_{12s} = − f^′_{2s} , (9)

f_{iu} = e u − M^2 √ (E_1 + M) (E_2 + M) f^′_{iu} , f^′_{1u} = −(A_{1u} sin^2 θ + B_{1u}) , f^′_{2u} = −(A_{1u} cos θ + B_{2u}) sin θ f^′_{3u} = −(A_{2u} sin^2 θ + B_{1u}) , f^′_{4u} = (A_{3u} cos θ + B_{3u}) sin θ f^′_{5u} = −(A_{3u} cos^2 θ + B_{4u}) , f^′_{6u} = A_{4u} sin θ f^′_{7u} = −A_{5u} sin θ , f^′_{8u} = (A_{6u} cos θ + B_{5u}) sin θ f^′_{9u} = (A_{7u} sin^2 θ + B_{6u}) , f^′_{10u} = (A_{8u} sin^2 θ + B_{1u}) f^′_{11u} = −(A_{9u} sin^2 θ + B_{1u}) , f^′_{12u} = −(A_{10u} sin^2 θ + B_{7u}) , (10) where W = √ s, the coefficients A_{is} (i = 1, 2), B_{is} (i = 1, 2), C_{is} (i = 1) and A_{iu} (i = 1−10), B_{iu} (i = 1 − 7) in Eqs. (9) and (10) are given in Appendix B and C, respectively.

III. NUMERICAL RESULTS AND DISCUSSION

In the suggested model there are two different sets of parameters, namely the coupling constants, and the cut-off parameters Λ_i which characterize the t-dependence of the phenomenological form factors F_{ωπγ}(t) and F_{πNN} (t) for the two vertexes of one-pion diagram: F_{ωπγ}(t) = Λ^2_{ωπγ} − m^2_π Λ^2_{ωπγ} − t , F_{πNN} (t) = Λ^2_{πNN} − m^2_π Λ^2_{πNN} − t , (11) Evidently, these two sets have different physical content and different physical meaning.

First of all, the parameters Λ_i are positive, whereas for the coupling constants g^V_{ωNN} and g^T_{ωNN} not only their absolute values are important but their signs as well, because of the essential interference effects. So, on the level of differential cross section with unpolarized particles there is a strong π ⨂ N-interference, and the interference of type g^V_{ωNN} g^T_{ωNN} , as well. As a result, the fitting procedure can produce not only the absolute values of both constants g^V_{ωNN} and g^T_{ωNN} but their signs also. Of course, it is not the absolute signs we can speak here, but only about the relative signs of coupling constants g^V_{ωNN} and g_{ωNN} with respect to the π-contribution. Therefore, it is possible to assume that the product g_{ωπγ} g_{πNN} must be positive, thus fixing by this agreement some system for relative signs. In any case, the cut-off parameters Λ_i must be positive and can be fixed at some plausible values.

So, in our model we have two fitting parameters, namely the ωNN-coupling constants g^V_{ωNN} and g^T_{ωNN} . To find these constants we use the ”new” experimental data about dσ(γp → pω)/dt in the near threshold region [19]: namely, for E_γ = 1.23, 1.45, 1.68, and 1.92 GeV corresponding to four energy intervals, 1.1 < E_γ < 1.35 GeV, 1.35 < E_γ < 1.55 GeV, 1.55 < E_γ < 1.8 GeV, and 1.8 < E_γ < 2.03 GeV, and in our fit we use all the experimental data in these energy intervals. Minimizing procedure demonstrates that (s+u)-contribution, being very important, can not be fixed uniquely on the basis of existing experimental data about dσ(γp → pω)/dt. There are two sets of different pair g^V_{ωNN} and g^T_{ωNN} , which are equivalently good for the description of differential cross section dσ(γp → pω)/dt with almost the same value of χ^2. For example, if one uses the ”standard” values for the cutoff parameters, namely Λ_{πNN} = 0.7 GeV and Λ_{ωπγ} = 0.77 GeV, the best solution with χ^2/ndf = 2.2 corresponds to the following values of g^V_{ωNN} and g^T_{ωNN} :

(a) g^V_{ωNN} = −1.4 , g^T_{ωNN} = 0.4 (12)

To analyze the sensitivity of the ”best” fit to Λ_{πNN} , and Λ_{ωπγ} we produce fitting with variable values of Λ_i, and discover that the ”standard” values of Λ_i are not the best ones. For example for Λ_{πNN} = 0.5 GeV, Λ_{ωπγ} = 1.0 GeV we find a better solution, namely

(b) g^V_{ωNN} = 0.5 , g^T_{ωNN} = 0.1 (13) with χ^2/ndf = 1.6. For these values of parameter Λ_i the solution with negative value of coupling constant g^V_{ωNN} , namely

(c) g^V_{ωNN} = −0.4 , g^T_{ωNN} = 1.0 (14)

can also be found, but not with the best value of χ^2/ndf = 2.5, which is near to the solution (a). The resulting differential cross sections obtained using the above solutions of the coupling constants in the model considered for γ + p → p + ω at E_γ = 1.23, 1.45, 1.68, and 1.92 GeV are shown in Fig. 2. All these solutions are good enough to reproduce the t-dependence of dσ/dt but they are different in physical content: the fit (b) is producing positive π ⨂ N-interference contribution to dσ/dt whereas the fit (a) and (c) negative interference contribution. But in all cases we are evidently improving in description of tbehaviour for −t > 0.5 GeV^2, in comparison with one-pion exchange only. As we can see from Fig. 3, the different sets result in different cross section for γn → nω. So from the point of view of suggested model the future data about γn → nω will be very interesting.

In this respect the beam asymmetry Σ which is very sensitive to the considered variants of the model here, is also important. Predicted behaviours of beam asymmetry Σ for γ +p → p + ω and γ + n → n + ω are presented in Fig. 4 and Fig. 5, respectively. In the case of (b) model, the one-nucleon contribution is producing in absolute value a large, in sign a negative value of Σ, but the π ⨂ N-interference is cancelling this value. Therefore, we have here some ”imitation” of pure one-pion exchange, for which Σ = 0 exactly, but for this set of values of corresponding coupling constants and cut-off parameters in this model Σ ≠ 0, being Σ ≤ 0.1. In some sense contrary situation appears for model (a) and (c), where the one-nucleon contribution generates small values of Σ, but the π ⨂ N-interference is very important, especially for the neutron target, producing even the maximal value |Σ| = 1 at t ≃ 1.0GeV^2. Another prediction of our model is the ratio of differential cross sections R = dσ(γn → nω)/dσ(γp → pω) which is shown in Fig. 6. In this figure, different contributions of exchange mechanisms to dσ(γp → pω)/dt, R, Σ(γp → pω) and Σ(γn → nω) at E_γ = 1.45 GeV are shown for the values of the ωNN-coupling constants g^V_{ωNN} = 0.5 and g^T_{ωNN} = 0.1.

In principle σ-contribution can be estimated here on the basis of coupling constant g_{ωσγ} obtained from the branching ratio ω → π^0 + π^0 + γ. Considering two mechanisms for this decay namely, σ-exchange: ω → σ + γ → π^0 + π^0 + γ, and ρ-exchange: ω → π^0 + ρ^0 → π^0 + π^0 + γ, then utilizing the experimental value of branching ratio it is possible to find two solutions for g_{ωσγ} [20]. But these possible solutions for g_{ωσγ} with different signs will result however, in very small contribution to dσ/dt and Σ, on proton and neutron targets.

Of course, our investigation is succeptible to both experimental and theoretical uncertainties. Experimentally, a systematic study of differential cross section dσ(γp → pω)/dt with high enough accuracy is not available. And the absence of any polarization data about process γ + p → p + ω seems as a serious defect at the moment. This, combined with overall poor quality of the reported data, may make a detailed analysis non-conclusive at this stage. Therefore, our calculations are performed on the boundary of the modern approaches to these processes, and as such should be considered as a first approach.

Although our dσ/dt fit demonstrates our point that the existing data about real ωphotoproduction in the near threshold region can be explained in the framework of (π + N)- model, we do not consider our success to be decisive. Indeed, we obtained a fit in which only nucleon exchange in s- and u-channels is taken into account. In principle a fit of better quality can be done in a model with N^∗-contributions. But we must repeat once more that the quality of existing data is not so good for more refined analysis. In any case it is demonstrated here that the proposed model in this work provides not only explanation of existing data about dσ(γp → pω)/dt in the near threshold region in the whole t region, but our analysis also proves that information about polarization observables in γp → pω will help in clarifying the picture of ω-meson photoproduction mechanism.

IV. CONCLUSIONS

So our previous analysis allows us to obtain the following conclusions:

• The existing experimental data about t-dependence of the differential cross section dσ(γp → pω)/dt in the near threshold region (E_γ ≤ 2.0 GeV) can be described in the framework of model with π- and N-exchanges, only.

• For the coupling constants g^V_{ωNN} and g^T_{ωNN} of the ωNN-vertex the different solutions have been obtained, corresponding to positive and negative values of g^V_{ωNN} and g^T_{ωNN} , respectively, with constructive and destructive π ⨂ N-interference contributions to the differential cross section dσ(γp → pω)/dt. Let us note that all these sets of the coupling constants g^V_{ωNN} and g^T_{ωNN} are different from the ”standard” values of these constants for the space-like values of vector meson four-momentum.

• It is demonstrated that the t-behaviour of the beam asymmetry Σ is especially sensitive to above mentioned sets of ωNN-coupling constants obtained in time-like region of vector meson four momentum.

ACKNOWLEDGEMENT

We thank M. P. Rekalo for suggesting this problem to us and we gratefully acknowledge his guidance and fruitful discussions during the course of our work.

REFERENCES

[1] Y. Oh, A. I. Titov, T. -S. H. Lee, Phys. Rev. C 63, 025201 (2001). [2] Q. Zhao, Z.Li, and C. Bennhold Phys. Rev. C 58, 2393 (1998). [3] H. Schmieden, Eur. Phys. J. A 1, 427 (1998). [4] G. A. Warren et al., Phys. Rev. C 58, 3722 (1998). [5] F. Kalleichen et al., Z. Phys. A 359, 201 (1997).

[6] Y. Oh, A. I. Titov, T. -S. H. Lee, Talk at the NSTAR2000 Workshop, The Physics of Excited Nucleons, Jefferson Lab., Newports News, Virginia, U.S.A., 16-19 February 2000, nucl-th/0004055.

[7] R. A. Williams, Phys. Rev. C 57, 223 (1998). [8] J. M. Laget, Phys. Lett. B 489, 313 (2000).

[9] J. M. Laget and R. Mendez-Galain, Nucl. Phys. A581, 397 (1995). [10] Q. Zhao, B.Saghai, and J. S. Al-Khalili, Phys. Lett. B 509, 231 (2001). [11] Q. Zhao, J. P. Didelez, M. Guidal, and B. Saghai, Contributed to 2nd ICTP International Conference on Perspectives in Hadronic Physics, Trieste, Italy, 10-14 May 1999, nucl-th/9909059.

[12] Q. Zhao, J. P. Dielez, M. Guidal, B. Saghai, Nucl. Phys. A660, 323 (1999). [13] B. Friman, M. Soyeur, Nucl. Phys. A600, 477 (1996). [14] R. Machleidt, Phys. Rep. 149, 1 (1987).

[15] T. A. Rijken and V. G. J. Stoks, Phys. Rev. C 59, 21 (1999). [16] D. E. Groom et al., Eur. Phys. J. C 15, 1 (2000). [17] M. N. Achasov et al., JETP Lett. 71, 355 (2000).

[18] A. Gokalp, O. Yilmaz, Phys. Rev. D 62, 093018 (2000).

[19] SAPHIR Collaboration, F. J. Klein et al., πN Newsletter 14, 141 (1998); F. J. Klein, Ph. D. Thesis, Bonn Univ. (1996).

[20] A. Gokalp, O. Yilmaz, Phys. Lett. B 494, 69 (2000).

APPENDIX A: THE COEFFICIENTS IN TRANSVERSAL AMPLITUDES OF π-

AND σ -EXCHANGE FOR T-CHANNEL

A_{1π} = −

(t − 2M^2 + 2E_1E_2)(E_2 − M) 2E_ω A_{2π} = |⃗k| (E_2 − M) A_{3π} = − ( A_{1π} + A_{2π} + |⃗q|^2(E_1 − M) E_ω )

A_{4π} = A_{2π} + E_ω(E_1 − M)

A_{5π} =

(t − 2M^2 + 2E_1E_2) 2 |⃗k| (E_1 + M) + E_ω (E_2 + M) B_{1π} = |⃗k|E_ω − (t − 2M^2 + 2E_1E_2) 2 B_{2π} = |⃗q| (E_2 + M)

(t − 2M^2 + 2E_1E_2) − |⃗k|m^2_ω E_ω B_{3π} = A_{5π} − A_{4π}

B_{4π} = A_{4π} −

(t − 2M^2 + 2E_1E_2) 2 |⃗k| (E_1 + M) + (E_2 − M) E_ω + m^2_ω E_ω(E_2 + M) B_{5π} = |⃗q| (A_{5π} E_ω − (E_1 − M) )

A_{1σ} = |⃗k||⃗q|^2 E_ω + (E_1 − M)(E_2 − M)

A_{2σ} =

(t − 2M^2 + 2E_1E_2)(E_2 − M)|⃗k| 2E_ω(E_1 + M) A_{3σ} = A_{2σ} − A_{1σ}

A_{4σ} = (E_1 − M)(E_2 − M)|⃗q| E_ω A_{5σ} =

(m^2_ω − t)(E_1 − M)(E_2 − M) 2E_ω|⃗k| B_{1σ} = ( (t − 2M^2 + 2E_1E_2) 2 ) 1 + |⃗k|E_ω (E_1 + M)(E_2 + M)

B_{2σ} = A_{1σ} − B_{1σ} + |⃗k|m^2_ω E_ω B_{3σ} = |⃗q| E_ω (B_{1σ} − |⃗k|E_ω) − A_{4σ} B_{4σ} = B_{1σ} − |⃗k|E_ω − (E_1 − M)(E_2 − M)

B_{5σ} = Eω(E_1 − M)|⃗q| (E_2 + M)

B_{6σ} =

B_{5σ}m^2_ω E^2_ω − (t − 2M^2 + 2E_1E_2)|⃗k||⃗q| 2(E_1 + M)(E_2 + M)

(A1)

APPENDIX B: THE COEFFICIENTS IN TRANSVERSAL AMPLITUDES FOR

S-CHANNEL

A_{1s} = − 1 E_ω ( Q_N − κ_N 2M (W − M) ) ( g^V_{ωNN} (W − M) − g^T_{ωNN} 2M m^2_ω )

A_{2s} = − ( Q_N − κ_N 2M (W − M) ) ( g^V_{ωNN} − g^T_{ωNN} 2M (W − M) )

B_{1s} = − ( Q_N + κ_N 2M (W + M) ) ( g^V_{ωNN} + g^T_{ωNN} 2M (W + M) )

× |⃗k||⃗q|(W + M) (E_1 + M)(E_2 + M)(W − M)

B_{2s} = − ( Q_N + κ_N 2M (W + M) ) ( g^V_{ωNN} (W + M) + g^T_{ωNN} 2M m^2_ω )

× − |⃗k||⃗q|(W + M) E_ω(E_1 + M)(E_2 + M)(W − M)

C_{1s} =

(E_2 − M) E_ω ( Q_N − κ_N 2M (W − M) ) ( g^V_{ωNN} + g^T_{ωNN} 2M (W + M) )

(B1)

APPENDIX C: THE COEFFICIENTS IN TRANSVERSAL AMPLITUDES FOR

U-CHANNEL

A_{1u} = [ Q_N (g^V_{ωNN} a_{1u} + g^T_{ωNN} 2M a_{3u}) − κ_N 2M a_{5u}(g^V_{ωNN} + g^T_{ωNN} 2M (W + M)) ]

A_{2u} = [ Q_N g^T_{ωNN} 2M + κ_N 2M (g^V_{ωNN} − g^T_{ωNN} 2M (W − M)) ] a_{11u} A_{3u} = [ Q_N (g^V_{ωNN} a_{12u} + g^T_{ωNN} 2M a_{13u}) − κ_N 2M (g^V_{ωNN} a_{14u} + g^T_{ωNN} 2M a_{15u}) ]

A_{4u} = [ Q_N (g^V_{ωNN} a_{20u} + g^T_{ωNN} 2M a_{21u}) + κ_N 2M (g^V_{ωNN} a_{22u} − g^T_{ωNN} 2M a_{23u}) ]

A_{5u} = [ Q_N (g^V_{ωNN} a_{24u} + g^T_{ωNN} 2M a_{25u}) + κ_N 2M a_{26u}(g^V_{ωNN} + g^T_{ωNN} 2M (W + M)) ]

A_{6u} = [ Q_N g^T_{ωNN} 2M a_{28u} + κ_N 2M (g^V_{ωNN} a_{30u} − g^T_{ωNN} 2M a_{32u}) ]

A_{7u} = [ −Q_N (g^V_{ωNN} a_{35u} + g^T_{ωNN} 2M a_{37u}) + κ_N 2M (g^V_{ωNN} a_{39u} + g^T_{ωNN} 2M a_{40u}) ]

A_{8u} = [ Q_N (g^V_{ωNN} + g^T_{ωNN} 2M (E_1 + M)) − κ_N 2M |⃗k|(g^V_{ωNN} + g^T_{ωNN} 2M (W + M)) ] a_{41u} A_{9u} = [ Q_N (g^V_{ωNN} a_{35u} − g^T_{ωNN} 2M a_{42u}) + κ_N 2M (g^V_{ωNN} a_{43u} − g^T_{ωNN} 2M a_{44u}) ]

A_{10u} = [ Q_N g^T_{ωNN} 2M a_{42u} + κ_N 2M (g^V_{ωNN} a_{43u} − g^T_{ωNN} 2M a_{44u}) ]

B_{1u} = [ Q_N (−g^V_{ωNN} a_{2u} + g^T_{ωNN} 2M a_{4u}) − κ_N 2M (g^V_{ωNN} a_{6u} − g^T_{ωNN} 2M a_{7u}) ]

B_{2u} = [ Q_N (g^V_{ωNN} a_{8u} − g^T_{ωNN} 2M a_{9u}) − κ_N 2M a_{10u}(g^V_{ωNN} + g^T_{ωNN} 2M (W + M)) ]

B_{3u} = 1 E_ω [ Q_N (−g^V_{ωNN} a_{9u} + g^T_{ωNN} 2M a_{8u}m^2_ω) − κ_N 2M a_{10u}(g^V_{ωNN} (W + M) + g^T_{ωNN} 2M m^2_ω) ]

B_{4u} = [ Q_N (−g^V_{ωNN} a_{16u} + g^T_{ωNN} 2M a_{17u}) − κ_N 2M (g^V_{ωNN} a_{18u} − g^T_{ωNN} 2M a_{19u}) ]

B_{5u} = [ Q_N (g^V_{ωNN} a_{27u} + g^T_{ωNN} 2M a_{29u}) + κ_N 2M (g^V_{ωNN} a_{31u} − g^T_{ωNN} 2M a_{33u}) ]

B_{6u} = [ Q_N (g^V_{ωNN} a_{34u} + g^T_{ωNN} 2M a_{36u}) − κ_N 2M (g^V_{ωNN} a_{38u} − g^T_{ωNN} 2M a_{6u} m^2_ω E_ω ) ]

B_{7u} = [ Q_N (g^V_{ωNN} a_{45u} − g^T_{ωNN} 2M a_{46u}) + κ_N 2M (g^V_{ωNN} a_{47u} − g^T_{ωNN} 2M a_{48u}) ]

(C1)

where

a_{1u} =

(E_2 − M) E_ω [ (t − 2M^2 + 2E_1E_2)

(E_1 + M)

+ (2E_1 + W + M) ]

a_{2u} = [ (t − 2M^2 + 2E_1E_2)(W + M)

2(E_1 + M)(E_2 + M) + (W − M) ]

a_{3u} =

(E_2 − M) E_ω [ (t + m^2_ω + 2|⃗k|E_ω) − (E_1 − M − |⃗k|)(E_2 + M − E_ω) ]

a_{4u} =

(t − 2M^2 + 2E_1E_2)(E_1 + M − |⃗k|)(E_2 + M − E_ω) 2(E_1 + M)(E_2 + M) − (E_1 − M − |⃗k|)(E_2 − M − E_ω) a_{5u} =

(E_2 − M) E_ω (t − 2M^2 + 2E_1E_2)|⃗k| (E_1 + M)

+ 2E_2(E_1 − M) + 2|⃗k|E_ω a_{6u} = |⃗k| (E_1 + M) − E_2 (E_2 + M)

(t − 2M^2 + 2E_1E_2)

− 2|⃗k|(E_2 − M) + 2E_2(E_1 − M)

a_{7u} = |⃗k|(W − M) (E_1 + M) + E_2(W + M) (E_2 + M)

(t − 2M^2 + 2E_1E_2)

+ 2|⃗k|(E_2 − M)(W + M) + 2E_2(E_1 − M)(W − M)

a_{8u} = |⃗k||⃗q| (E_1 + M) 2 + (E_1 + M − |⃗k|) (E_2 + M)

a_{9u} = |⃗k||⃗q|(E_2 + M − E_ω) (E_2 + M) + |2⃗k||⃗q|(W − M) (E_1 + M) − (E_1 − M)(W + M)|⃗q| (E_2 + M)

a_{10u} = 2|⃗k||⃗q|E_2 (E_2 + M) a_{11u} = 2(E_1 − M)(E_2 − M)

a_{12u} = (E_2 − M) ( (t − 2M^2 + 2E_1E_2) E_ω(E_1 + M) ) + 2 − |⃗k|(E_1 + M − |⃗k|) E_ω(E_1 + M)

a_{13u} =

(E_2 − M) E_ω [ (t − 2M^2 + 2E_1E_2) + (W + M)(2E_ω − |⃗k|) − (E_1 − M)(E_2 + M − E_ω) ]

a_{14u} =

(t − 2M^2 + 2E_1E_2)(E_2 − M)|⃗k|

E_ω(E_1 + M) + 2|⃗k|(W + M)(E_2 − M) E_ω + 2E_2(E_1 − M)(E_2 − M) E_ω a_{15u} =

(t − 2M^2 + 2E_1E_2)(E_2 − M)|⃗k|(W + m) E_ω(E_1 + M) + 2|⃗k|m^2_ω(E_2 − M) E_ω + 2E_2(E_1 − M)(E_2 − M)(W + M) E_ω a_{16u} =

(t − 2M^2 + 2E_1E_2)

E_ω(E_1 + M)

(E_2 + M − E_ω)(E_1 + M − |⃗k|) 2(E_2 + M)

+ (E_2 − M)

+ 2(E_2 − M) + (E_1 − M − |⃗k|)

a_{17u} = [ (t − 2M^2 + 2E_1E_2) E_ω ( (W + M)m^2_ω 2(E_1 + M)(E_2 + M)

− (E_2 − M) )]

− 2(E_2 − M)(W + M) + E_ω(W − M) − 2(E_2 − M)(E_1 − M − |⃗k|)

a_{18u} =

(t − 2M^2 + 2E_1E_2) E_ω |⃗k|E_ω (E_1 + M) + E_2(W + M) (E_2 + M) + 2E_2(E_1 − M) a_{19u} =

(t − 2M^2 + 2E_1E_2) |⃗k|(W − M) (E_1 + M) − E_2m^2_ω E_ω(E_2 + M) + 2E_2(E_1 − M)(W − M)

a_{20u} = |⃗k||⃗q|(W + M) (E_1 + M)(E_2 + M)

a_{21u} = |⃗q| (E_2 + M)

(t − 2M^2 + 2E_1E_2)|⃗k|

(E_1 + M) + |⃗k|(W + M) + |⃗q|(E_1 − M)(E_2 + M − E_ω)

(E_2 + M)

a_{22u} = |⃗q| (E_2 + M)

(t − 2M^2 + 2E_1E_2)|⃗k|

(E_1 + M)

+ 2M|⃗k| + 2(E_1 − M)(E_2 + M)

a_{23u} = |⃗q| (E_2 + M)

(t − 2M^2 + 2E_1E_2)|⃗k|(W − M) (E_1 + M) − 2M|⃗k|(W + M) + 2|⃗q|(E_1 − M)(W − M) a_{24u} = |⃗k||⃗q| (E_1 + M)(E_2 + M) [ (t − 2M^2 + 2E_1E_2)

(E_1 − M)

− 2(E_2 + M) + (W + M) ]

a_{25u} = |⃗k||⃗q| (E_1 + M)(E_2 + M) [ (t − 2M^2 + 2E_1E_2)(E_1 + M) (E_1 − M)

+ (W − 3M)(E_2 + M) ]

+ |⃗k||⃗q|E_ω(E_1 + M − |⃗k|) (E_1 + M)(E_2 + M)

a_{26u} = |⃗q| (E_2 + M) [ (t − 2M^2 + 2E_1E_2) + 2|⃗k|E_2 ]

a_{27u} = |⃗q| E_ω(E_2 + M)

(t − 2M^2 + 2E_1E_2)(E_1 + M − |⃗k|) 2(E_1 + M) + |⃗k|(W + M) − |⃗q|(E_1 − M)(E_2 + M − E_ω)

E_ω(E_2 + M)

a_{28u} =

(E_2 − M) E_ω [ (t − 2M^2 + 2E_1E_2) + (E_1 − M)(W + M) + |⃗k|(E_2 + M − E_ω) ]

a_{29u} = |⃗k||⃗q|m^2_ω(E_1 + M − |⃗k|) E_ω(E_1 + M)(E_2 + M)

a_{30u} =

(E_2 − M) E_ω [ (t − 2M^2 + 2E_1E_2) + 2|⃗k|(E_2 + M) + 2W (E_1 − M) ]

a_{31u} = 2|⃗k||⃗q| E_ω |⃗k|(W − M) (E_1 + M) + M(W + M) (E_2 + M)

a_{32u} =

(t − 2M^2 + 2E_1E_2)(E_2 − M)(W − M) E_ω a_{33u} = |⃗q| E_ω (W − M) − W |⃗k|(E_2 + M − E_ω) (E_1 + M)(E_2 + M)

(t − 2M^2 + 2E_1E_2)

+ 2|⃗q|m^2_ω E_ω (E_1 − M) − M|⃗k| (E_2 + M)

a_{34u} = (E_1 + M − |⃗k|) E_ω(E_1 + M) ( (t − 2M^2 + 2E_1E_2)(E_2 + M − E_ω) 2(E_2 + M) + |⃗k|(E_2 − M) )

+ (E_1 − M − |⃗k|) a_{35u} = |⃗k|(E_2 − M)(E_1 + M − |⃗k|) E_ω(E_1 + M)

a_{36u} = |⃗k|(E_2 − M)(E_1 + M − |⃗k|) (E_1 + M) + (E_1 − M)(E_2 − M)(W + M) E_ω + |⃗k|(E_2 − M)(E_2 + M − E_ω) E_ω − (t − 2M^2 + 2E_1E_2)m^2_ω(W + M) 2E_ω(E_1 + M)(E_2 + M) − E_ω(W − M) a_{37u} =

(E_2 − M) E_ω [ (t − 2M^2 + 2E_1E_2) + (E_1 − M)(W + M) + |⃗k|(E_2 + M − E_ω) ]

a_{38u} =

(E_2 − M) E_ω [ (t − 2M^2 + 2E_1E_2) + 2(E_1 − M)(E_ω + M) ]

a_{39u} =

(t − 2M^2 + 2E_1E_2) E_ω |⃗k|(W − M) (E_1 + M) + E_2(W + M) (E_2 + M)

+ 2|⃗k|(E_2 − M) + 2E_2(E_1 − M) +

2M(E_1 − M)(E_2 − M) E_ω a_{40u} =

(E_2 − M) E_ω [ (t − 2M^2 + 2E_1E_2)(W − M) 2 + 2|⃗k|(E_2 + M)(W − M) ]

− 2W (E_2 − M)(E_1 − M)(E_2 + M − E_ω) E_ω a_{41u} = 2(E_2 − M)

a_{42u} = [ (E_2 − M)(t − 2M^2 + 2E_1E_2)(E_1 + M) E_ω(E_1 + M) ]

+ (E_2 − M)|⃗k|(E_2 + M − E_ω)(E_1 + M − |⃗k|) E_ω(E_1 + M)

a_{43u} =

(E_2 − M) E_ω [ (t − 2M^2 + 2E_1E_2) + 2|⃗k|(E_2 + M) ]

+ 2(E_2 − M)(E_1 − M)(E_ω − M) E_ω a_{44u} =

(E_2 − M)(W − m) E_ω [ (t − 2M^2 + 2E_1E_2) + 2|⃗k|(E_2 + M) ]

+ 2(E_2 − M)(E_1 − M)(M(E_2 + M − E_ω) + E_ω(W + M)) E_ω a_{45u} = |⃗q|(E_1 + M − |⃗k|) E_ω(E_1 + M)(E_2 + M) [ (t − 2M^2 + 2E_1E_2) 2 − |⃗k|E_ω ]

a_{46u} = |⃗q| (E_2 + M) [ |⃗k|(W + M) − (E_1 − M)(E_2 + M − E_ω) ]

a_{47u} = 2|⃗q| (E_1 − M) − 2M|⃗k| (E_2 + M) a_{48u} = 2|⃗k||⃗q| |⃗k|(W − M) (E_1 + M) + M(W + M) (E_2 + M) (C2)

FIGURES

FIG. 1. Mechanisms of the model for ω-photoproduction: (a) t-channel exchanges, (b) and (c) s- and u-channel nucleon exchanges.

FIG. 2. Comparison of experimental differential cross section data for γ + p → p + ω at E_γ = 1.23, 1.45, 1.68 and 1.92 GeV from [19] with the calculation of suggested model. Solid, dashed and dot-dashed lines correspond to g^V_{ωNN} = 0.5, g^T_{ωNN} = 0.1 ; g^V_{ωNN} = −0.4, g^T_{ωNN} = 1.0 ; and g^V_{ωNN} = −1.4, g^T_{ωNN} = 0.4, respectively.

FIG. 3. Ratio of differential cross section on neutron and proton target (R = dσ(γn → nω/ dσ(γp → pω) ) at (a) E_γ = 1.45 GeV and (b) E_γ = 1.68 GeV with the total contributions of exchange mechanisms (π,s, u). Notation for different graphs is the same as in Fig.2.

FIG. 4. Predicted behaviour of beam asymmetry for γ + p → p + ω at (a) E_γ = 1.45 GeV and (b) E_γ = 1.68 GeV. Notation for different graphs is the same as in Fig.2.

FIG. 5. Predicted behaviour of beam asymmetry for γ + n → n + ω at (a) E_γ = 1.45 GeV and (b) E_γ = 1.68 GeV. Notation for different graphs is the same as in Fig.2.

FIG. 6. Different contributions of exchange mechanisms to: (a) dσ(γp → pω)/dt, (b) R = dσ(γn → nω)/dσ(γp → pω), (c) Σ(γp → pω), (d) Σ(γn → nω) at E_γ = 1.45 GeV for g^V_{ωNN} = 0.5, g^T_{ωNN} = 0.1 . Solid, dashed and dot-dashed lines correspond to total, π-exhange and (s+u)-nucleon contributions, respectively.