arXiv:0907.2178v1 [hep-ex] 13 Jul 2009

Electroproduction of Vector Mesons

Aharon Levy^∗

The Raymond and Beverly Sackler School of Physics and Astronomy Tel Aviv University, 69978 Tel Aviv, Israel

The energy dependence of the cross section for exclusive electroproduction of vector mesons is discussed as a way to learn about the interplay of soft and hard interactions. The question of determining the scale of these processes is addressed.

1 Introduction

Exclusive electroproduction of vector mesons (VMs) is a particularly good process for studying the transition from the soft to the hard regime of strong interactions [1], the former being well described within the Regge phenomenology while the latter - by perturbative QCD (pQCD). The interest in this interplay comes from the need to understand at which scale a partonic language is applicable. The exclusive electroproduction of VMs can then be used to extract information about the generalized parton distributions (GPDs) [2], an essential addition to understanding the partonic wave-function of the proton.

Among the most striking expectations [1] in this transition is the change of the logarithmic derivative δ of the cross section σ with respect to the γ^∗p center-of-mass energy W , from a value of about 0.2 in the soft regime to 0.8 in the hard one, and the decrease of the exponential slope b of the differential cross section with respect to the squared-four-momentum transfer t, from a value of about 10 GeV^{−2} to an asymptotic value of about 5 GeV^{−2} when the virtuality Q^2 of the photon increases.

2 Exclusive vector meson photoproduction

The soft to hard transition can be seen by studying the W dependence of the cross section for exclusive vector meson photoproduction, from the lightest one, ρ^0, to the heavier ones, up to the Υ. The scale in this case is set by the mass of the vector meson, as in photoproduction Q^2 = 0. Figure 1 shows σ(γp → V p) as function of W for light and heavy vector mesons. For comparison, the total photoproduction cross section, σ_{tot}(γp), is also shown. The data at high W can be parameterised as W^δ , and the value of δ is displayed in the figure for each reaction. One sees clearly the transition from a shallow W dependence for low scales to a steeper one as the scale increases.

3 Exclusive vector meson electroproduction

One can also check this transition by varying Q^2 for a given vector meson. The cross section σ(γ^∗p → ρ^0p) is presented in Fig. 2 [3] as a function of W , for different values of Q^2. The cross section rises with W in all Q^2 bins. In order to quantify this rise, the logarithmic derivative δ of σ with respect to W is obtained by fitting the data to the expression σ ∼ W^δ in each of the Q^2 intervals. The resulting values of δ from the recent ZEUS measurement are compiled in Fig 3. Also included in this figure are values of δ from

∗This work was supported in part by the Israel Science Foundation.

DIS 2009

Figure 1: Total and exclusive vector meson photoproduction data, as a function of W . The curves are fits of the form ∼ W^δ .

Figure 2: The W dependence of σ(γ^∗p → ρ^0p) for different Q^2 values, as indicated in the figure. The lines are the result of a fit of the form W^δ to the data.

other measurements [4] for the ρ^0 as well as those for ϕ [5, 6], J/ψ [7, 8] and γ [9, 10] (Deeply Virtual Compton Scattering (DVCS)). In this case the results are plotted as a function of Q^2 + M^2, where M is the mass of the vector meson. One sees an approximate universal behaviour, showing an increase of δ as the scale becomes larger, in agreement with the expectations mentioned in the introduction. The value of δ at low scale is the one expected from the soft Pomeron intercept [11], while the one at large scale is in accordance with twice the logarithmic derivative of the gluon density with respect to W . The differential cross section, dσ/dt, has been parameterised by an exponential function e^{−b|t|} and fitted to the data of exclusive vector meson electroproduction and also to DVCS. The resulting values of b as a function of the scale Q^2 + M^2 are plotted in Fig. 4. As expected, b decreases to a universal value of about 5 GeV^{−2} as the scale increases.

4 The effective scale of vector mesons

Figures 3 and 4 might give the impression that the variable Q^2 +M^2 can serve as an effective scale for vector mesons. In the following we will show that this is not the case and that further study is needed to determine this scale.

One way to study this question is to look at the W dependence of the cross section ratio r_V of exclusive vector meson electroproduction to that of the total γ^∗p one, r_V ≡ σ(γ^∗p → V p)/σ_{tot}(γ^∗p). It was shown [12] that using pQCD arguments this ratio should have, at fixed Q^2, a W dependence of the form r_V ∝ W^{2λ}/b, where λ is the parameter describing the increase of the proton structure function F_2 with decreasing x, F_2 ∝ x^{−λ}. Using Regge arguments, one obtains that r_V ∝ W^{2(αIP (0)−1)}/b, where α_{IP} (0) is the intercept of the Pomeron trajectory. Since λ = α_{IP} (0) − 1, both approaches predict the same r_V behaviour. The variable b is the exponential slope of the differential cross section. Both in

DIS 2009

Figure 3: A compilation of the value of δ from a fit of the form W^δ for exclusive vector-meson electroproduction, as a function of Q^2 + M^2. It includes also the DVCS results.

Figure 4: A compilation of the value of the slope b from a fit of the form dσ/d|t| ∝ e^{−b|t|} for exclusive vector-meson electroproduction, as a function of Q^2 + M^2. Also included is the DVCS result.

pQCD and Regge approaches the ratio r_V rises with W . The W dependence is not strongly affected by b since both for the exclusive electroproduction of ρ^0 and J/ψ shrinkage was found to be small [3, 7].

When calculating the ratio r_V one has to ensure that both cross sections are taken at the same hard scale, which we denote as Q^2_{ef f} . Clearly, for the total inclusive cross section, the effective scale is Q^2. In Fig. 5 one can see the Q^2 dependence of λ resulting from fitting the F_2 data in the low-x region (x < 0.01) to the form F_2 ∼ x^{−λ}. For photoproduction and the low Q^2 region, the value of λ is in good agreement with that expected from the Pomeron intercept (λ = α_{IP} (0) − 1). Starting at about Q^2 >1 GeV^2, the value of λ rises logarithmically with Q^2. It is of interest to see if r_V shows the expected W^{2λ} behaviour.

It is not clear what is the effective scale for exclusive vector meson electroproduction. One suggested scale, originally for the J/ψ [13], is Q^2_{ef f} = (Q^2 + M^2)/4. Frankfurt, Koepf and Strikman [14] calculated the effective scale for ρ, J/ψ and Υ, and find that their effective scale for the J/ψ and for the Υ are significantly larger than that suggested by [13]. One can

parameterise [15] their effective scale for the ρ^0 as Q^2_{ef f} = (_{Q2} 2.65

)_{0.887} . As the most precise data at present are those of the exclusive electroproduction of ρ^0 [3], we will use these data to investigate the question of the effective scale. The ratio σ(γ^∗p → ρ^0p)/σ_{tot}(γ^∗p) as a function of W , for different fixed effective scales, seems to be constant with W and shows a possible W dependence only at the highest scale. We have shown earlier that this ratio is expected to grow with W like W^{2λ} in both the pQCD and the Regge approaches. This would thus indicate that the λ values obtained from this ratio are inconsistent with those obtained in the inclusive total deep inelastic cross section case.

We can in fact compare directly the values of δ obtained from the W dependence of the

DIS 2009

Figure 5: The values of λ, obtained by fitting the proton structure function F_2 to the form ∼ x^{−λ}, as a function of Q^2. The shaded band shows α_{IP} (0)-1 as obtained from hadron-hadron total cross section data.

ρ^0 cross section, shown in Fig. 3, to the λ values shown in Fig. 5, keeping in mind that δ = 4λ. This is shown in Fig. 6, for the effective scale (Q^2 + M^2)/4. The λ values obtained from the W dependence of the ρ^0 are lower than those of the inclusive one for all but the highest effective scale of the ρ^0. This is true also for Q^2_{ef f} = Q^2 + M^2 as well as for the effective scale suggested in [14].

One way to find experimentally the right effective scale is to force the λ from the ρ^0 to agree with that of the inclusive data. This is shown in Fig. 7. The resulting values of Q^2_{ef f} are much smaller than (Q^2 + M_ρ)/4 for low Q^2 values and can be described by the following ad hoc parameterisation Q^2_{ef f} = 0.23e^{0.1Q2} . The fact that the Q^2_{ef f} in the exclusive ρ^0 electroproduction is much smaller than Q^2 of the photon might be due to the presence of the convolution of the soft ρ^0 wave-function and the small size longitudinal photon wave-function. This is a clear sign of the interplay of soft and hard physics [1].

Unfortunately, the precision of the data on exclusive electroproduction of J/ψ does not allow a similar study.

In principle, the question of the effective scale should not be an issue at all. If we were able to perform calculations in pQCD to all orders, we would know exactly what is the right scale. However, as long as we do not yet have a full calculation, precision measurements of exclusive electroproduction of vector mesons would be helpful to resolve this problem.

DIS 2009

Figure 6: Comparison of the λ values obtained from the exclusive electroproduction of ρ^0 with those from the total inclusive cross section, as a function of Q^2 for an effective scale of the ρ^0 of Q^2_{ef f} = (Q^2 + M^2)/4.

Figure 7: The λ values obtained from the exclusive electroproduction of ρ^0 together with those from the total inclusive cross section, as a function of Q^2. The effective scale of ρ^0 was chosen so that the two λ agree.

5 Summary

The HERA data are a good source to observe the interplay of soft and hard dynamics, through the study of energy dependences of different processes.

The process of exclusive electroproduction of vector mesons at high scales is a good source to study perturbative QCD. It is important to understand the issue of the effective scale. This is an essential step in relating the production of exclusive VMs with the GPDs, the ultimate source of knowledge about the 3-dimensional partonic structure of the proton. For the ρ^0, the effective scale is much smaller than the Q^2 of the photon. Better precision measurements are needed for the ϕ, J/ψ and DVCS to get a determination of the effective scale in these processes.

6 Acknowledgments

It is a pleasure to thank Juan Terron, Claudia Glasman, Cecilia Uribe-Estrada and Augustin Sabio Vera for organising a most pleasant and excellent workshop.

References

[1] H. Abramowicz, L. Frankfurt and M. Strikman, Interplay of hard and soft physics in small x deep inelastic scattering., Survey High Energy Phys. 11, 51 (1997).

[2] D. Mueller et al., Wave functions, evolution equations and evolution kernels from light-ray operators of QCD,, Fortsch. Phys. 42 (1994) 101, [arXiv:hep-ph/9812448];

DIS 2009

A. V. Radyushkin, Nonforward parton distributions., Phys. Rev. D56 (1997) 5524, [arXiv:hep-ph/9704207]; X. Ji, Off-forward parton distributions., J. Phys. G24 (1998) 1181, [arXiv:hep-ph/9807358].

[3] ZEUS Collab., S. Chekanov et al., Exclusive ρ^0 production in deep inelastic scattering at HERA., PMC Phys. A 1, 6 (2007).

[4] ZEUS Collab., J. Breitweg et al., Elastic and proton-dissociative ρ^0 photoproduction at HERA., Eur. Phys. J. C 2, 247 (1998); Exclusive electroproduction of ρ^0 and J/ψ mesons at HERA. Eur. Phys. J. C 6, 603 (1999).

[5] ZEUS Collab., S. Chekanov et al., Exclusive electroproduction of ϕ mesons at HERA., Nucl. Phys. B 718, 3 (2005).

[6] H1 Collab., C. Adloff et al., Measurement of elastic electroproduction of ϕ mesons at HERA., Phys. Lett. B 483, 360 (2000).

[7] ZEUS Collab., S. Chekanov et al., Exclusive electroproduction of J/ψ mesons at HERA.

Nucl. Phys. B 695, 3 (2004).

[8] H1 Collab., A. Aktas et al., Elastic J/ψ production at HERA., Eur. Phys. J. C 46, 585 (2006).

[9] ZEUS Collab., S. Chekanov et al., A measurement of the Q^2, W and t dependences of deeply virtual Compton scattering at HERA., JHEP05, 109 (2009).

[10] H1 Collab., A. Aktas et al., Measurement of Deeply Virtual Compton Scattering and its t-dependence at HERA., Phys. Lett. B 659, 796 (2008).

[11] A. Donnachie and P.V. Landshoff, Total cross sections, Phys. Lett. B 296, 227 (1992). [12] A. Levy, Energy dependence of exclusive vector meson production in ep interactions at HERA., Acta Phys. Polon. B 33, 3547 (2002).

[13] M.G. Ryskin, Diffractive J/ψ electroproduction in LLA QCD., Z.Phys. C 57, 89 (1993). [14] L. Frankfurt, W. Koepf and M. Strikman, Diffractive heavy quarkonium photoproduction and electroproduction in QCD., Phys. Rev. D 57, 512 (1998).

[15] M. Strikman, private communication.

DIS 2009