arXiv:hep-ph/0501061 v1 9 Jan 2005

Regge and factorized GPD models in ρ^0 elastic electroproduction

A.V. Vinnikov^∗

141980, BLTP, Joint Institute for Nuclear Research, Dubna, Russia

January 9, 2005

Abstract

A possibility to study Regge and factorized parameterizations of generalized parton distributions in hard electroproduction of ρ^0 on the proton is considered. For that the dependences of the differential cross sections on the transferred momentum for these parameterizations are compared.

In the past few years, much attention was drawn to generalized parton distributions (GPDs) [1, 2]. This is related to important issues in hadron physics which the knowledge of GPDs can resolve: nucleon spin composition [3] and three-dimensional nucleon structure [4]. GPDs formalism provides as well a consequent description of dynamics of hard exclusive hadronic reactions in terms of perturbative QCD.

At present, several experiments planned to study hard exclusive electroproductions of photons and mesons are expected to give access to GPDs [5, 6, 7, 8]. However, the extraction of information on GPDs from the electroproduction data is not simple. For example, the amplitude of photon electroproduction involves not only the deeply virtual Compton scattering process (DVCS) described in terms of GPDs, but also a contribution (dominant in a wide range of kinematics) from the Bethe-Heitler process. Thus, taking into account experimental uncertainties, it is not easy to extract pure DVCS contribution to the observables. In meson production, the meson wave function must be taken into account, which again gives rise to the uncertainty. Moreover, it was shown [9] that higher twist effects in hard exclusive meson electroproduction can be very large. Taking into account transverse motion of quarks in the proton and in the meson yields a factor of 5 suppression to the cross section at Q^2 = 4 GeV^2 and a factor of 2 suppression at Q^2 = 10 GeV^2. Therefore, estimation of model uncertainties in description of hard exclusive electroproduction reactions is important for extraction of GPDs from experimental data. In this letter, an impact of the input GPDs model on the cross section of ρ^0 electroproduction is considered. In particular, results of the cross section calculation in Regge and factorized GPDs models are compared. This issue is raised since Regge behavior of the GPDs is now widely discussed [10, 11, 12, 13, 14]

The cross section of hard exclusive ρ^0 electroproduction reads [9]: dσ_L dt = |T |^2 8mπ(W^2 − m^2)|⃗q_1| (1) where ⃗q_1 is the momentum of the photon in the center of mass system of the photon and the initial proton, W is their invariant mass, m is the proton mass, t is the transferred momentum

∗E-mail: vinnikov@theor.jinr.ru

and T is the scattering amplitude. The perturbative QCD describes only production of the longitudinal vector mesons by the longitudinal photons [15] therefore the present calculations cover only the longitudinal photons and ρ^0 mesons. In this letter, the most simple description for the amplitude is chosen in order to check the impact on the calculated cross section from the input GPD model solely. Therefore, the transverse motion effects are omitted even though they are expected to be large. In this approximation, the amplitude reads^1: T = −ıe 2 √ 2πα_s 9Q Aū(p_2)n^αγ_αu(p_1) 1∫ 0 dz Φ(z) z . (2)

Here Q = √ −q^2_1, n = (1, 0, 0, −1)/( √ 2(p_1 + p_2)^+) is a light-like vector along the z-axis, p_1 and p_2 are 4-momenta of the initial and final protons correspondingly. The ρ^0-meson wave function is taken in the form Φ(z) = 6z(1 − z)f_ρ (3)

with f_ρ=0.216 GeV^2. The factor A is given by

A = 1 √ 2 1∫ −1 ( e_uH_u(x, ξ, t) − e_dH_d(x, ξ, t) − 3 8 (e_u − e_d) H_g(x, ξ, t) x ) { 1 x − ξ + ıϵ + 1 x + ξ − ıϵ } dx, (4) where ξ = Q^2/4(p_1 · q_1). The functions H(x, ξ, t) entering the above expressions are the spin non-flip GPDs^2 of quarks (u, d) and gluons (g).

At present GPDs are usually described by simple parameterizations providing general symmetry properties (e.g. polynomiality) and reducing to the conventional parton distribution functions (PDFs) in the forward limit. The most common form for these parameterizations is the double distribution [17] complemented with the D-term [19]. This scheme allows to relate the non-forward distributions to the conventional (forward) PDFs and the proton elastic form factors. In this framework, the quark GPD H is given by H_q (x, ξ, t) = 4m^2 − 2.8t 4m^2 − t H_q(x, ξ) (1 − t/0.71)^2

. (5)

The t-independent part of the GPD reads H_q(x, ξ) = H^{DD}_q (x, ξ) + θ(ξ − |x|) 1 N_f D( x ξ ) , (6)

where H^{DD}_q is the part of the GPD which is obtained from the double distribution (DD) F_q:

H^{DD}_q (x, ξ) = 1∫ −1 dβ 1−|β|∫

−1+|β| dα δ(x − β − αξ) F_q(β, α) . (7)

For the double distributions Radyushkin’s suggestion [17] is used F_q(β, α) = Γ(2b + 2) 2^{2b+1}Γ^2(b + 1)

[(1 − |β|)^2 − α^2]^b (1 − |β|)^{2b+1} q(β). (8) 1Here, only the spin non-flip amplitude is taken into account. The spin-flip one calculated within the model of Ref. [16] gives very small contribution to the cross section and becomes visible only when considereing asymmetries.

2In this leter, GPDs definitions of [2] are used.

At x > 0, q(β) = q_{val} + q̄ is the forward quark density for the flavor q. The negative x range corresponds to the antiquark density: q(−x) = −q̄(x). For the profile parameter b the value 1.0 is taken. For the PDFs, the MRST98 [18] parameterization at Q^2=4 GeV^2 was used.

The D-term can be presented as series of Gegenbauer polynomials. The first terms were calculated in Ref. [16]:

D(z) = (1 − z^2) [ −4.0 C^{3/2}_1 (z) − 1.2 C^{3/2}_3 (z) − 0.4 C^{3/2}_5 (z) ] . (9)

For the gluons, the spin non-flip distribution is taken as

H^{DD}_g (x, ξ) = 1∫ −1 dβ 1−|β|∫

−1+|β| dαδ(x − β − αξ)βF_g(β, α), (10)

with the same shape of the profile functions in the double distribution F_g(β, α) = Γ(2b + 2) 2^{2b+1}Γ^2(b + 1)

[(1 − |β|)^2 − α^2]^b (1 − |β|)^{2b+1} g(β), (11)

and b=2. The t-dependence for the gluons is taken the same as for the quarks.

Another type of GPD parameterization is the Regge ansatz, where the double distributions (Eqs.8,11) have a Regge-type form: F_{q,g}(β, α, t) = F_{q,g}(β, α) 1 |β|^{α′t} . (12)

Here α^′ is the slope of the Regge trajectory. For quarks, α^′ = 1 GeV^{−2}, for gluons α^′ = 0.25 GeV^{−2}. Note that this parameterization is very simple and it is used in the present calculation since its main goal is to estimate, rather then to calculate carefully the effect of Regge tdependence. For solid analysis of Regge ansatz in GPD modelling see Ref. [10, 11].

The dependence of the cross section on the energy for the photon virtuality Q^2=4 GeV^2 is shown in Fig.1. The calculated cross section overshoots considerably the experimental data. This could be expected since the parton transverse motion was not taken into account. Besides, a significant impact on the value of the cross section can arise from the choice of the scale in α_s [20]. For both factorized and Regge input GPDs the present result confirms the conclusion of Ref. [21] that the ratio of gluonic and quark contributions to ρ^0 electroproduction is large even at intermediate energies.

Figure 1: The calculated hard exclusive ρ^0 electroproduction cross section at Q^2 = 4 GeV^2 for the factorized (left) and Regge (right) GPDs models versus HERMES [22] data. Q is quark amplitude, G is gluon amplitude and 2|Q||G| cos ϕ_{QG} is their interference. The quark real part is very small and is not shown.

Figure 2: The differential cross section of hard exclusive ρ^0 electroproduction at Q^2 = 4 GeV^2 for the factorized (left) and Regge (right) GPDs models.

From Fig. 1 it is clear that Regge and factorized models of the GPD H lead to visibly different values of the cross section. The reason of it is the well-known Regge exponential suppression of the differential cross section (see Fig. 2). However, such a different behaviors of the cross sections does not allow for experimental distinction of the veritable model (or extraction the value of the slope α^′ from data). Indeed, the momentum transfer goes mostly in the transverse direction:

t = −4ξ^2m^2 − (p_2 − p_1)^2_⊥ ≈ −(p_2 − p_1)^2_⊥. (13)

The larger the transverse momentum transfer is, the stronger is suppression due to the intrinsic transverse motion. Therefore it is expected that even in the factorized model a significant differential cross section suppression should occur as the momentum transfer grows. It means that including effects of the intrinsic transverse motion or inserting Regge behavior in the GPD t-dependence give a similar effect for ρ^0 electroproduction and a way to disentangle these two has to be found to access GPDs.

It is well-known that in soft reactions Regge behavior of the differential cross sections is expressed not only in the exponential dependence on t but also in the shrinkage. This means that as the c.m. energy grows, the t-dependence of the differential cross section becomes steeper. Thus the shrinkage might become an appropriate effect to investigate the t-dependence of the GPDs. However, a numerical calculation shows that the shrinkage does not help to study the t-dependence of the GPD H in ρ^0 electroproduction. Indeed, the t-dependence for two different energies (W = 4 and 20 GeV) given in Fig. 2 shows almost no shrinkage. This is related to the different slopes α^′ for quarks and gluons. At larger energy, the gluons are becoming dominant and the “effective” Regge slope of the GPD H becomes smaller. Therefore, the effect of shrinkage is depreciated.

To conclude, it appears that study of Regge behavior of the GPD H in hard exclusive ρ^0 electroproduction is embarrass by the effects of intrinsic transverse motion of partons in the nucleon and in the meson. A study of the intrinsic transverse motion and a calculation of its impact on the differential cross section is necessary to access the t-dependence of the GPD H in this reaction.

The author is gratefull to W.-D. Nowak, M. Diehl, Z. Ye and F. Ellinghaus for discussions. This work is supported by RFBR grants 03-02-17291 and 04-02-16445.

References

[1] F. M. Dittes, D. Muller, D. Robaschik, B. Geyer and J. Horejsi, Phys. Lett. B 209 (1988) 325.

D. Muller, D. Robaschik, B. Geyer, F. M. Dittes and J. Horejsi, Fortsch. Phys. 42 (1994) 101.

X. D. Ji, Phys. Rev. D 55, 7114 (1997). A. V. Radyushkin, Phys. Rev. D 56, 5524 (1997). A. V. Radyushkin, Phys. Lett. B 385, 333 (1996).

[2] M. Diehl, Phys. Rep. 388 (2003) 41.

[3] X. D. Ji, Phys. Rev. Lett. 78, 610 (1997) [arXiv:hep-ph/9603249]. [4] M. Burkardt, Phys. Rev. D 62 (2000) 071503 [Erratum-ibid. D 66 (2002) 119903].

M. Burkardt, Int. J. Mod. Phys. A 18 (2003) 173. J. P. Ralston and B. Pire, Phys. Rev. D 66 (2002) 111501. M. Diehl, Eur. Phys. J. C 25 (2002) 223 [Erratum-ibid. C 31 (2003) 277].

[5] C. Adloff et al. [H1 Collaboration], Phys. Lett. B 517 (2001) 47. [6] S. Chekanov et al. [ZEUS Collaboration], Phys. Lett. B 573 (2003) 46. [7] F. Ellinghaus [HERMES Collaboration], Nucl. Phys. A 711 (2002) 171. [8] A. Airapetian et al. [HERMES Collaboration], Phys. Rev. Lett. 87 (2001) 182001.

S. Stepanyan et al. [CLAS Collaboration], Phys. Rev. Lett. 87 (2001) 182002. [9] M. Vanderhaeghen, et al, Phys. Rev. D 60 (1999) 094017. [10] M. Diehl, T. Feldmann, R. Jakob and P. Kroll, arXiv:hep-ph/0408173. [11] M. Guidal, M. V. Polyakov, A. V. Radyushkin and M. Vanderhaeghen, arXiv:hep-ph/0410251.

[12] P. Hagler et al. [LHPC Collaboration], arXiv:hep-ph/0410017. [13] M. Gockeler et al. [QCDSF Collaboration], arXiv:hep-lat/0410023. [14] D. B. Renner, arXiv:hep-lat/0501005.

[15] J. C. Collins, L. Frankfurt and M. Strikman, Phys. Rev. D 56 (1997) 2982. [16] K. Goeke, M.V. Polyakov and M. Vanderhaeghen, Prog. Part. Nucl. Phys. 47 (2001) 401. [17] A. V. Radyushkin, Phys. Rev. D 59, 014030 (1999).

[18] A. D. Martin, R. G. Roberts, W. J. Stirling and R. S. Thorne, Eur. Phys. J. C 4 (1998) 463.

[19] M. V. Polyakov and C. Weiss, Phys. Rev. D 60, 114017 (1999).

[20] I.V. Anikin, B. Pire, L. Szymanowski, O.V. Teryaev, S. Wallon, arXiv: hep-ph/0411408. [21] M. Diehl, A.V. Vinnikov, arXiv: hep-ph/0412162.

[22] A. Airapetian et al. [HERMES Collaboration], Eur. Phys. J. C 17 (2000) 389.