arXiv:nucl-th/0402004 v1 2 Feb 2004

Polarization phenomena in elastic e^∓N scattering, for axial parametrization of two-photon exchange

M. P. Rekalo NSC Kharkov Physical Technical Institute, 61108 Kharkov, Ukraine

E. Tomasi-Gustafsson DAPNIA/SPhN, CEA/Saclay, 91191 Gif-sur-Yvette Cedex, France (Dated: February 2, 2004)

We analyze polarization phenomena for elastic lepton-nucleon scattering, parametrizing the 2γexchange contribution, as the product of lepton and nucleon axial vector currents, that correspond to C = +1 exchange in the annihilation channel. We found two combinations of polarization observables (one for three T-odd observables and another one - for five T-even observables), which allow to measure the ratio GE (Q^2)/GM (Q^2 ) of nucleon electromagnetic form factors in model independent way, without any specific assumption about the 2γ-exchange mechanism. Both these combinations have a general character and do not depend on the choice of the spin structure for the 2γ-exchange. We show the inconsistency of other approximations recently used in the literature.

PACS numbers: 25.30.Bf, 13.40.-f, 13.60.-Hb, 13.88.+e

I. INTRODUCTION

The presence of 2γ-exchange in elastic e^∓N scattering, can essentially change the traditional procedure of extracting information about the nucleon electromagnetic structure [1]. The necessity to introduce an additional amplitude to describe this exchange, leads to a complicated analysis of polarization effects in elastic and inelastic eN -scattering (as well as in other processes of elastic and inelastic electron scattering by different hadronic targets) in order to determine the corresponding electromagnetic form factors [2, 3]. This is not only due to the presence of an additional amplitude, but mainly to the fact that all amplitudes for elastic eN -scattering must be complex functions of both kinematical variables, in the presence of 2γ-contributions.

We proved earlier [3], that, in any case, the realization of the complete experiment for elastic eN -scattering, (which can be done in at least two possible ways) allows to measure the ratio G_E(Q^2)/G_M (Q^2) of physical nucleon electromagnetic FFs. Both methods differ essentially from the standard procedure for the determination of the FFs [4, 5, 6]. In particular, the 2γ contribution destroys the linearity in the variable ϵ (the degree of polarization of the virtual photon) of the differential cross section for elastic eN scattering, and the relatively simple dependence of the ratio P_x/P_z (the components of the final nucleon polarization in the scattering of longitudinally polarized electrons by an unpolarized nucleon target) on the ratio G_E(Q^2)/G_M (Q^2), which can be predicted for the one-photon mechanism [5, 6].

However, both the above mentioned methods involve the measurement of very small effects (≃ α = 1/137) of T-odd nature, or the measurement of relatively large T-even observables, but with very large accuracy, i.e. better than 1%. Note that, in any case, such complementary procedure seems unavoidable, in presence of the 2γ contribution.

In framework of the formalism, necessary to describe the 2γ-contribution, ’generalized’ FFs have been introduced, ~G_{E,M} , which are complex functions of both kinematical variables Q^2 and ϵ [7]. Such functions do not have a straightforward physical interpretation, as they can not be uniquely defined. Therefore, the experimental procedure to determine these ’generalized’ FFs depends on the parametrization of the additional 2γ spin structure, for the matrix element in eN -scattering. Therefore, different parametrizations lead to different sets of polarization experiments for the determination of G_{E,M} (Q^2, ϵ). This means that the ’generalized’ FFs are not physical observables, and instead of the simple coherent and unique formalism to determine the real FFs, G_{E,M} (Q^2), one has to deal with non-physical quantities. As a result, any procedure to simplify the general analysis of processes in presence of 2γ exchange, through additional and unjustified assumptions, will give different answers, depending on the parametrization of the general matrix element. This explains the disagreement of recent analysis of existing experimental data about elastic eN -scattering [8].

The aim of this paper is to continue our previous analysis of polarization phenomena for elastic eN scattering, in presence of the 2γ-contribution, using a special parametrization of the spin structure of the matrix element. Such parametrization has been suggested long ago, [9], and describes the 2γ exchange as an axial meson exchange, with positive C-parity. This is a simplified picture, because this model generates a 2γ-real amplitudes, proportional to the axial nucleon form factor.

But the corresponding spin structure, as a product of electron and nucleon axial currents, has a more general character, and can therefore be used for the description of the 2γ-contribution. This means that a new, additional invariant amplitude has to be introduced here, which in general, is complex function of both independent kinematical variables, A = A(Q^2, ϵ). Such parametrization, henceforth called the axial parametrization, has to be completely equivalent to the parametrization from [3], henceforth called the tensor parametrization.

We derive here polarization phenomena for elastic eN -scattering, using the axial parametrization of the 2γ contribution. The expressions for the polarization observables will differ from the ones derived in [3], but the final strategy for the measurement of the physical FFs G_{E,M} (Q^2) must be the same.

The paper is organized as follows. After a discussion of the general parametrization of the matrix element for elastic eN scattering, using the axial form (section II), we present, in Section III, the corresponding formulas for the differential cross section and for the P_x and P_z components of the final nucleon polarization, in terms of three invariant amplitudes. These formulas allow us to prove that the measurement of these three observables in electron and positron scattering can be considered the simplest way for the determination of G_{E,M} (Q^2). T-odd polarization effects, analyzed in Section IV, give a specific combination of observables, which is proportional to G_E (Q^2)/G_M (Q^2). An equivalent combination of T-even observables is derived in Section V.

II. THE MATRIX ELEMENT FOR eN ELASTIC SCATTERING: AXIAL PARAMETRIZATION

The general structure of the matrix element for eN elastic scattering, which can be written for the one-photon + two-photon exchange mechanism is [9]:

M^{(∓)} = e^2 Q^2 { u(k_2)γ_μu(k_1)u(p_2) [ γ_μF^{(∓)}_1 (Q^2, ϵ)+ σ_{μν}q_ν 2m F^{(∓)}_2 (Q^2, ϵ) ] u(p_1)

+u(k_2)γ_μγ_5u(k_1)u(p_2)γ_μγ_5u(p_1)A^{(∓)}(Q^2, ϵ) } , (1)

where k_1 (p_1) and k_2 (p_2) are the four-momenta of the initial and final electron (nucleon), m is the nucleon mass, q = k_1 − k_2, Q^2 = −q^2 > 0, and the upper index (∓) corresponds to e^−(e^+) scattering. The variable ϵ characterizes the virtual photon polarization (in the case of the one-photon mechanism): ϵ = 1 1 − 2 ⃗q^2 Q^2 tan^2 θ_e 2 , (2)

where θ_e is the electron scattering angle in Lab system, ⃗q is the three momentum transfer. Therefore 0(θ_e = π) ≤ ϵ ≤ 1(θ_e = 0).

The three complex amplitudes,F^{(∓)}_{1,2} (Q^2, ϵ) and A^{(∓)}(Q^2, ϵ), which, generally are functions of two independent kinematical variables, Q^2 and ϵ, fully describe the spin structure of the matrix elements for e^∓N elastic scattering - for any number of exchanged photons.

This expression holds under assumption of P-invariant electromagnetic interaction and conservation of hadron helicity, which is correct for standard QED at high energy, i.e. in the limit of zero electron mass. Note, however, that Eq. (1) is one of the many equivalent representations of the matrix element for e^∓N elastic scattering.

The C-invariance and the crossing symmetry of the eN -interaction allows to write (in the 1γ + 2γ approximation):

F^{(∓)}_{1,2} (Q^2, ϵ) = ∓F_{1,2}(Q^2) + ΔF^{(∓)}_{1,2} (Q^2, ϵ),

ΔF^{(−)}_{1,2} (Q^2, ϵ) = ΔF^{(+)}_{1,2} (Q^2, ϵ) ≡ ΔF_{1,2}(Q^2, ϵ), (3)

A^{(−)}(Q^2, ϵ) = A^{(+)}(Q^2, ϵ) ≡ A(Q^2, ϵ),

where F_{1,2}(Q^2) are the Dirac and Pauli nucleon electromagnetic FFs, which are real function of one variable, Q^2, only (in the space-like region of momentum transfer square). It follows from (3), that both elastic processes, e^∓ + N → e^∓ + N , with six complex amplitudes, F^{(∓)}_{1,2} (Q^2, ϵ), A^{(∓)}(Q^2, ϵ) can be described by eight different real functions: F_{1,2}(Q^2), ReΔF_{1,2}(Q^2, ϵ), ReA(Q^2, ϵ), ImΔF_{1,2}(Q^2, ϵ), and ImA(Q^2, ϵ). The order of magnitude of these quantities is

ΔF_{1,2}(Q^2, ϵ) and A(Q^2, ϵ) ≃ α ≃ e^2 4π ≃ 1 137 , and F_{1,2}(Q^2) ≃ α^0.

It is important to stress that the main contributions, F_{1,2}(Q^2), are functions of Q^2 only. Note that, due to C-invariance and crossing symmetry, the ϵ dependence of the other six functions occurs through a specific argument, x = √ 1 + ϵ 1 − ϵ , (4)

with the following symmetry properties, with respect to the change x → −x:

ΔF_{1,2}(Q^2, −x) = −ΔF_{1,2}(Q^2, x), (5) A_3(Q^2, −x) = + A(Q^2, x). (6)

The functions, ΔF_{1,2}(Q^2, ϵ) and A(Q^2, ϵ) describe the 2γ contribution to the matrix element. Having the axialvector, i.e. γ_μγ_5-structure, the corresponding contribution to the matrix element, characterized by the complex amplitude A(Q^2, ϵ) can not be identified with the nucleon axial FF, f_A(Q^2), which is a real function of Q^2, only. In principle, it can be defined again as a ’generalized’ axial FF, but this will be source of confusion. The amplitude A(Q^2, ϵ) describes only the part of the 2γ contribution, the spin structure of which, γ_μγ_5, corresponds to C = +1 exchange in the t channel, with definite symmetry properties with respect to x → −x transformation, Eq. (6). The functions ΔF_{1,2}(Q^2, ϵ) also characterize the 2γ contribution, but with other symmetry properties, see Eq. (5), due to the vector-like (C = −1) nucleonic currents, γ_μ and σ_{μν} q_ν. The choice of these vector structures looks unique, as they appear also for one-photon exchange, whereas the third (2γ) spin structure can be chosen in different but equivalent ways.

The resulting expressions for the differential cross section and different polarization observables will depend on this choice. But the procedure to extract the physical FFs, F_{1,2}(Q^2) from polarization experiments, can not depend on this choice. The proof is given in this paper, where the expressions for the polarization observables will be derived using the axial parametrization, and compared with the (more complicated) expressions found in the analysis of the complete experiment based on the tensor parametrization [3]. A rigorous analysis of polarization effects has to give the same physical result, concerning the physical quantities, such as the nucleon form factors, independently of the parametrization used (tensor or axial). It has been suggested [7, 11], that the presence of 2γ exchange could solve the discrepancy between experimental data on the proton electromagnetic FFs, extracted by different procedures, through the Rosenbluth fit [10], or from the polarization transfer method [5, 6]. Quantitative estimations depend on the choice of the third spin structure. More precisely, additional assumptions have to be done, which translate differently in the axial or tensor polarization. In both cases these assumptions can not be justified on the basis of general principles, but such considerations can solve the contradiction between different sets of data. Unfortunately, it is not a rigorous and unique solution, as some of these simplifying assumptions contradict C-invariance and crossing symmetry. This is true using both parametrizations of the 2γ term.

III. DIFFERENTIAL CROSS SECTION AND Px,z COMPONENTS OF THE NUCLEON POLARIZATION

We discuss here the three observables, the differential cross section dσ/dΩ_e, and the P_x and P_z components of the nucleon polarization, in the scattering of longitudinally polarized electrons by unpolarized target, ⃗e^− + N → e^− + ⃗N , which are the relevant observables for the extraction of the nucleon FFs.

Using the general parametrization of the spin structure of the matrix element, Eq. (1), one can find the following expressions for these observables, taking into account the main (α^2) and the 1γ + 2γ contribution, (α^3): dσ^{(∓)} dΩ_e = σ_0 [ τ |G^{(∓)}_M (Q^2, ϵ)|^2 + ϵ|G^{(∓)}_E (Q^2, ϵ)|^2+ √ 1 − ϵ^2 √ τ (1 + τ )ReG^{(∓)}_M (Q^2, ϵ)A^{(∓)∗}(Q^2, ϵ) ] ≡ σ_0N^{(∓)}, (7)

N^{(∓)}P^{(∓)}_x ) = −λ_e √ 2ϵ(1 − ϵ)τ [ ReG^{(∓)}_E (Q^2, ϵ)G^{(∓)∗}_M (Q^2, ϵ)+ √ 1 + ϵ 1 − ϵ ReG^{(∓)}_E (Q^2, ϵ)A^{(∓)∗}(Q^2, ϵ) ] , (8)

N^{(∓)}P^{(∓)}_z ) = λ_eτ √ 1 − ϵ^2 [ |G^{(∓)}_M (Q^2, ϵ)|^2 + 2 √ (1 + τ ) τ (1 − ϵ^2)

ReG^{(∓)}_M (Q^2, ϵ)A^{(∓)∗}(Q^2, ϵ)|^2 ] , (9) where λ_e is the degree of the initial lepton longitudinal polarization, and

G^{(∓)}_M (Q^2, ϵ) = F^{(∓)}_1 (Q^2, ϵ) + F^{(∓)}_2 (Q^2, ϵ), G^{(∓)}_E (Q^2, ϵ) = F^{(∓)}_1 (Q^2, ϵ) + τ F^{(∓)}_2 (Q^2, ϵ). (10)

A quick inspection of Eqs. (7,8,9) shows that even the complete measurement of the Q^2 and ϵ dependencies of these three observables, (dσ/dΩ_e)^{(−)}, P^{(−)}_x and P^{(−)}_z do not allow to find five quadratic combinations of the corresponding amplitudes:

|G^{(−)}_{E,M} (Q^2, ϵ)|^2, ReG^{(−)}_E (Q^2, ϵ) G^{(−)∗}_M (Q^2, ϵ),

R^{(−)}_E (Q^2, ϵ) ≡ ReG^{(−)}_E (Q^2, ϵ)A^{(−)∗}(Q^2, ϵ), R^{(−)}_M (Q^2, ϵ) = ReG^{(−)}_M (Q^2, ϵ)A^{(−)∗}(Q^2, ϵ), (11)

which determine these observables. So, additional assumptions have to be done, to reduce the number of five amplitudes to three, which imply different speculative approaches. This can be done in different ways and the results will be correspondingly different. We will use another procedure, which allows to avoid this simplification. Using Eq. (3), we rewrite Eqs. (7,8,9) in the following form, keeping the 1γ ⨂ 2γ interference contribution:

N^{(∓)} = ϵ [ |G_E (Q^2)|^2 ∓ 2G_E (Q^2)ReΔG_E (Q^2, ϵ) ] + τ [ |G_M (Q^2)|^2 ∓ 2G_M (Q^2)ReΔG_M (Q^2, ϵ) ] ∓ (12) √ (1 − ϵ^2)τ (1 + τ )G_M (Q^2)ReA(Q^2, ϵ), N^{(∓)}P^{(∓)}_x ) = −λ_e √ 2ϵ(1 − ϵ)τ { G_E (Q^2)G_M (Q^2) ∓ Re [ G_E (Q^2)ΔG_M (Q^2, ϵ) +

G_M (Q^2)ΔG_E (Q^2, ϵ) + √ 1 + ϵ 1 − ϵ G_E (Q^2)A(Q^2, ϵ) ]} , (13)

N^{(∓)}P^{(∓)}_z ) = λ_eτ √ 1 − ϵ^2 [ |G_M (Q^2)|^2 ∓ 2G_M (Q^2)ReA(Q^2, ϵ) ∓ √ 1 + τ τ (1 − ϵ) G_M (Q^2)ReA(Q^2, ϵ) ] ,

where G^{(∓)}_{E,M} (Q^2, ϵ) = ∓G_{E,M} (Q^2) + ΔG_{E,M} (Q^2, ϵ). In (12) and (13) we used the fact that the FFs G_{E,M} (Q^2) are real functions of Q^2. The determination of the FFs is given by the measurement of these observables in e^−N and e^+N -scattering, in identical kinematical conditions: dσ^{(−)} dΩ_e + dσ^{(+)} dΩ_e = 2σ_0 [ ϵG^2_E(Q^2) + τ G^2_M (Q^2) ] , 1 2 N (P^{(+)}_x + P^{(−)}_x ) = −λ_e √ 2ϵ(1 − ϵ)τ G_E (Q^2)G_M (Q^2), (14) 1 2 N (P^{(+)}_z + P^{(−)}_z ) = λ_eτ √ (1 − ϵ^2)G^2_M (Q^2),

Such experiment can not be presently realized, due to the absence of high quality polarized positron beams.

IV. T-ODD POLARIZATION OBSERVABLES

We discuss here another possible strategy for the determination of the nucleon FFs, in absence of positron beam, i.e. using the measurement of different polarization observables in electron scattering, only. For this aim, the following set of T-odd observables must be measured:

• P_y or A_y: the transversal component of the final nucleon polarization, in the collision of unpolarized leptons with unpolarized nucleon target, e^− + N → e^− + ⃗N or the analyzing power, induced by the collision of unpolarized leptons (electrons or positrons) with a transversally polarized nucleon target e^− + ⃗N → e^− + N ;

• the following components of the depolarization tensor, D_{ab}, a, b = x, y, z, which characterize the dependence of the b-component of the final nucleon polarization on the a- component of the nucleon target, (in the scattering of longitudinally polarized leptons ⃗e^− + ⃗N → e^− + ⃗N ): D_{xy}(λ_e), D_{yx}(λ_e), D_{yz} (λ_e), and D_{zy}(λ_e), The expressions for these polarization observables in terms of the nucleon electromagnetic FFs G_{E,M} (Q^2) and for the 2γ amplitudes, A(Q^2, ϵ) and ΔG_{E,M} (Q^2, ϵ) can be written in the following form:

N P_y = N A_y = √ 2ϵτ (1 + ϵ)I_3(Q^2, ϵ) + √ 2ϵ(1 − ϵ)(1 + τ )I_1(Q^2, ϵ),

N D_{xy} (λ_e) = N D_{yx}(λ_e) = 2λ_eϵ √ τ (1 + τ )I_2(Q^2, ϵ), (15)

N D_{yz} (λ_e) = −N D_{zy} (λ_e) = λ_e √ 2ϵ(1 + τ )(1 + ϵ)I_1(Q^2, ϵ)

with the following notations:

I_1(Q^2, ϵ) = G_E (Q^2)ImA(Q^2, ϵ), I_2(Q^2, ϵ) = G_M (Q^2)ImA(Q^2, ϵ),

I_3(Q^2, ϵ) = ImG_E (Q^2, ϵ)G^∗_M (Q^2, ϵ) (16)

These quadratic combinations are uniquely determined solving Eqs. (15) as a set of three linear equations with respect to the quantities I_i(Q^2, ϵ), i=1-3, at any values of both variables, Q^2 and ϵ. The ratio

R_{E,M} (Q^2) =

I_1(Q^2, ϵ) I_2(Q^2, ϵ) = G_E(Q^2) G_M (Q^2)

has the most interesting physical meaning, as it is related to the true FFs, real functions of Q^2, not to the ’generalized’ FFs, function of two variables.

The three T-odd polarization observables enter in the determination of R_{E,M} (Q^2):

R_{E,M} (Q^2) = − λ_e D_{xy}(λ_e) [ P_y + √ 1 + ϵ 1 − ϵ D_{zy} (λ_e) λ_e ] √ 1 − ϵ 2ϵ τ (17)

This formula does not depend on the choice of the spin structure for the 2γ amplitude, it is correct for the tensor structure discussed in [3], and for the axial structure as well.

Therefore, this relation indicates a possible way to extract the nucleon FFs with electron beams only, in presence of a 2γ-contribution, without arbitrary assumptions.

We stress once more, that the formulas for all these observables are different for tensor and axial parametrizations, but Eq. (17), connecting directly the ratio G_E (Q^2)/G_M (Q^2) to the observables has to be the same.

This method, without positron beam, looks more difficult, as all the T-odd polarization observables are small in absolute value, being of the order of α. There are no experimental data, only upper limits for P_y [13] and A_y [14]. No experimental attempt has been done to measure the components of the depolarization tensor. If the 2γ contribution is present and its contribution is sizeable, in absence of positron beams, polarization experiments will have to reach another level of precision.

The number of independent T-odd observables is the same as the number of quadratic combinations I_i(Q^2, ϵ), i = 1 − 3, Eq. (16).

Such polarization observable as A^{(e)}, induced by the scattering of a transversally polarized electron beam ( by unpolarized nucleon target), being T-odd also, is not interesting at large momentum transfer, due to its proportionality to the small ratio m_e/E, where E is the initial electron energy.

Note that the observables P_y and D_{zy} allow us to determine I_3(Q^2, ϵ) through the following relation:

I_3(Q^2, ϵ) = N 2ϵ √ ϵτ [ P_y √ 1 + ϵ + √ 1 − ϵ D_{zy}(λ_e) λ_e ] (18)

but there is no direct relation between this quantity and physical observables.

V. T-EVEN POLARIZATION OBSERVABLES

We discuss in this section, other polarization observables, T − even, which can also lead to the determination of the (real) nucleon FFs.

Writing the components of the depolarization tensor, D_{ab}, a, b = x, y, z, for the scattering of unpolarized leptons, as: D_{ab} = D^{(0)}_{ab} + D^{(1)}_{ab} ,

(where D^{(0)}_{ab} describes the main contributions to D_{ab}, which are independent from the axial amplitude A(Q^2, ϵ), D^{(1)}_{ab} describes the corresponding corrections, which are linear with respect to the amplitude A(Q^2, ϵ)) one can find for D^{(1)}_{ab} the following expressions:

N D^{(1)}_{xx} = N D^{(1)}_{yy} = 0, N D^{(1)}_{zz} = √ τ (1 + τ )(1 − ϵ^2)R_M (Q^2, ϵ), (19) N D^{(1)}_{xz} = −N D^{(1)}_{zx} = − √ 2ϵ(1 − ϵ)(1 + τ )R_E (Q^2, ϵ), (20)

where

R_{E,M} (Q^2, ϵ) = G_{E,M} (Q^2)ReA(Q^2, ϵ) (21)

We stress here once more that the formulas for D^{(1)}_{ab} (in terms of the corresponding amplitudes) are different for axial and tensor parametrizations, but again, the physical answer for the ratio of electromagnetic FFs:

G_E (Q^2) G_M (Q^2) = R_E (Q^2, ϵ) R_M (Q^2, ϵ)

(22)

in terms of T-even polarization observables has to be independent on the choice of the additional non-vector amplitude, either it is axial or tensor.

In the case of T-even observables, there is more freedom for the determination of five combinations of amplitudes, having seven possible observables: dσ dΩ_e , P_x(λ_e), P_z(λ_e), D_{xx}, D_{yy}, D_{zz} , and D_{xz}, (23) The seven observables (23) are not independent, and are related by two model independent relations: D_{xx} + D_{yy} − D_{zz} = 1,

(1 + ϵ)^2D_{xx} − (1 − ϵ)^2D_{yy} − 4ϵD_{zz} = 2ϵ √ 1 − ϵ^2 P_z λ_e (24)

at the level of the (1γ + 2γ)–approximation.

The diagonal elements of the depolarization tensor D_{ab} allow us to find the following combinations of amplitudes for eN scattering:

2ϵ|G_E(Q^2, ϵ)|^2 = [D_{xx} + D_{yy}]N , 2ϵτ |G_M(Q^2, ϵ)|^2 = [−D_{xx} + D_{yy} ]N , (25) √ τ (1 − ϵ^2)(1 + τ )G_M (Q^2)ReA(Q^2, ϵ) = 1 + 1 − ϵ 2ϵ D_{xx} − 1 − ϵ 2ϵ D_{yy} . Other two combinations, ReG_E (Q^2, ϵ)G^∗_M (Q^2, ϵ) and G_E(Q^2)ReA(Q^2, ϵ) can be found through the observables P_x(λ_e) and D_{xz}:

G_E(Q^2)ReA(Q^2, ϵ) = − N 2ϵ √ 2ϵ(1 + τ ) [ P_x(λ_e) λ_e √ 1 + ϵ − D_{xz} √ 1 − ϵ ] , ReG_E (Q^2)G^∗_M (Q^2, ϵ) = N 2ϵ √ 2ϵτ [√ 1 − ϵ P_x(λ_e) λ_e − D_{xz} √ 1 + ϵ ] (26)

Comparing Eqs. (25) and (26), one can find:

G_E(Q^2) G_M (Q^2) = − 1 2ϵ √ τ 1 − ϵ^2 2ϵ

[ √ 1 + ϵ

P_x(λ_e) λ_e − D_{xz} √ 1 − ϵ ]

1 + 1 − ϵ 2ϵ D_{xx} − 1 + ϵ 2ϵ D_{yy} , (27)

which involves five independent T-even polarization observables, in the same form as found for the tensor parametrization.

The key formulas, Eqs. (17) and (27) are the same for axial and tensor parametrizations, because both formulas describe the physical ratio G^(_EQ^2)/G_M (Q^2). It is not the case for the generalized FFs. For example, in the tensor parametrization one finds:

|G^{(t)}_E (Q^2, ϵ)|^2 = N 2ϵ { 1 + D_{zz} − √ 2ϵ(1 + ϵ) τ (1 − ϵ) [√ 1 + ϵ

P_x(λ_e) λ_e + √ 1 − ϵD_{zx} ]} , ReG^{(t)}_E (Q^2, ϵ)G^{(t)∗}_M (Q^2, ϵ) = − N √ 2ϵ(1 − ϵ)τ { P_x(λ_e) λ_e + (1 − D_{yy} ) √ 2τ (1 − ϵ) } , (28)

where the upper index (t) indicates that these formulas are correct for the tensor parametrization.

These expressions differ essentially from the corresponding ones for axial parametrization, Eq. (25). Of course, these formulas are equivalent at the level of the one-photon mechanism, as they depend on the choice of the parametrization of the 2γ-contribution.

VI. CONCLUSIONS

We analyzed the polarization effects in elastic lepton-nucleon scattering, using the axial parametrization of the two-photon contribution. The corresponding formulas are in general different from the case of tensor parametrization, which has been analyzed earlier [3]. However, the combinations of T-odd and T-even observables, which allow to determine the ratio G_E (Q^2)/G_M (Q^2), without any assumption concerning the 2γ amplitudes, are the same for the two parametrizations. These formulas indicate a model independent way to measure the G_E (Q^2)/G_M (Q^2) ratio, using an electron beam, only. It is, however, necessary to measure very small (of the order of α) T-odd polarization observables, or to measure five T-even observables, with large accuracy.

The experimental evidence of the presence of 2γ contribution is mandatory, with a quantitative estimation of this effect as a function of Q^2, before involving such a complicated procedure for the measurement of nucleon electromagnetic FFs. If this effect appears in elastic ep scattering already in the range of momentum transfer investigated at JLab, all findings based on the one-photon assumption will have to be reanalyzed at the light of new and complicated formalism. In this case, most of the advantages related to the electromagnetic probe would be lost, as it was indicated already long ago [15].

[1] R. Hofstadter, F Bumiller and M. Yearian, Rev. Mod. Phys. 30, 482 (1958). [2] M. P. Rekalo and E. Tomasi-Gustafsson, arXiv:hep-ph/0307066. [3] M. P. Rekalo and E. Tomasi-Gustafsson, arXiv:hep-ph/0312030. [4] M. N. Rosenbluth, Phys. Rev. 79, 615 (1950).

[5] A. Akhiezer and M. P. Rekalo, Dokl. Akad. Nauk USSR, 180, 1081 (1968); Sov. J. Part. Nucl. 4, 277 (1974). [6] M. P. Rekalo and E. Tomasi-Gustafsson, Lecture Notes, arXiv:nucl-th/0202025. [7] P. A. M. Guichon and M. Vanderhaeghen, Phys. Rev. Lett. 91, 142303 (2003). [8] J. Arrington, arXiv:nucl-ex/0309011.

[9] S. D. Drell and J.D. Sullivan, Phys. Lett. 19, 516 (1965). [10] R.G. Arnold et al., Phys. Rev. Lett. 35, 776 (1975).

[11] P. G. Blunden, W. Melnitchouk and J. A. Tjon, Phys. Rev. Lett. 91, 142304 (2003).

[12] M. K. Jones et al. [Jefferson Lab Hall A Collaboration], Phys. Rev. Lett. 84, 1398 (2000); O. Gayou et al. [Jefferson Lab Hall A Collaboration], Phys. Rev. Lett. 88, 092301 (2002).

[13] H. C. Kirkman et al., Phys. Lett. B32, 519 (1970). [14] T. Powell et al., Phys. Rev. Lett. 24, 753 (1970).

[15] J. Gunion and L. Stodolsky, Phys. Rev. Lett. 30, 345. (1973);

V. Franco, Phys. Rev. D 8, 826 (1973);

V. N. Boitsov, L.A. Kondratyuk and V.B. Kopeliovich, Sov. J. Nucl. Phys. 16, 237 (1973); F. M. Lev, Sov. J. Nucl. Phys. 21, 45 (1973).