DVCS AND VECTOR MESON PRODUCTION AT HERA

K. KRÜGER FOR THE H1 AND ZEUS COLLABORATIONS Kirchhoff-Institut für Physik, Ruprecht-Karls-Universität Heidelberg, 69120 Heidelberg, Germany E-mail: katja.krueger@desy.de

The measurement of exclusive vector meson production and deeply virtual Compton scattering (DVCS) at HERA allows to study the nature of diffractive exchanges. New results from the H1 and ZEUS Collaborations on exclusive J/ψ and ρ production as well as on DVCS are presented and compared to predictions based on Regge theory and perturbative QCD.

1. Introduction

Perturbative Quantum-Chromodynamics (pQCD) successfully describes the strong force between hadrons and between their constituents, the quarks and gluon, in the limit of short distances (“hard” interactions). Hadron scattering cross sections are however dominated by long-range forces (“soft” interactions), where an understanding in the framework of QCD remains a challenge. A large fraction of these soft interactions are mediated by a colourless exchange (“diffractive” interactions) which are described in Regge theory by the t-channel exchange of a trajectory with vacuum quantum numbers called “Pomeron”. Both the elastic production of vector mesons and deeply virtual Compton scattering (DVCS) are examples for diffractive processes. In the framework of pQCD diffractive processes in which the proton remains intact after the collision (“elastic” processes) give access to the transverse momentum distributions of the parton in the proton.

The wide range in the photon proton center-of-mass energy W and the photon virtuality Q^2 make the HERA electron-proton collider and its two colliding beam experiments H1 and ZEUS a unique facility to study diffractive processes and especially the transition region between soft and hard regimes.

2. Diffractive Vector Meson

Production

Measurements of the elastic production of light vector mesons (ρ,ω,ϕ) in electronproton collisions at HERA at low Q^2 (called photoproduction regime) as function of W_{γp} have verified the expected Regge behaviour with a Pomeron trajectory depending on the momentum transfer t at the proton vertex (σ ∝ W^{4(α(t)−1)}). A new preliminary H1 measurement^1 of exclusive ρ photoproduction with greatly improved statistics allows the extraction of the Pomeron trajectory from the data of a single experiment (Fig. 1).

A linear fit α(t) = 1.093 ± 0.003^{+0.008}_{−0.007} + ( 0.116 ± 0.027^{+0.036}_{−0.046} ) GeV^{−2} · t to the data differs significantly from the global Pomeron trajectory of Donnachie and Landshoff.^2 In the measurement of diffractive vector meson photoproduction the momentum tansfer |t| can provide a hard scale ensuring the applicability of pQCD. A stringent test of pQCD based models is given by the helicity structure of exclusive vector meson production, where QCD predicts significant deviations from s-channel helicity conservation (SCHC). Measurements^3 of the spin density matrix elements for ρ production at large |t| are compared to pQCD based models^{4,5} in Fig. 2. A violation of SCHC shows up in all three matrix elements, especially in r^{04}_{1−1}

1

2

Fig. 1. Pomeron trajectory extracted from photoproduction of ρ mesons

Fig. 2. Spin density matrix elements for ρ photoproduction at large |t|

which corresponds to a helicity double-flip. Neither the BFKL nor the two-gluon model can describe all measured spin density matrix elements.

The photoproduction of J/ψ mesons^{6,7} shows a much steeper rise with W than observed for light vector mesons, compatible in a simple pQCD two-gluon exchange picture with a steeply rising gluon density towards low fractions of the proton momentum carried by the gluons. The W (Fig. 3) and Q^2 dependence of the J/ψ photoproduction cross section can be compared to pQCD based models.^{8,9} The accuracy of the measurements and the shape predictions (calculations giving an absolute normalisation are not yet available) are reaching a level, where vector meson measurements could constrain the gluon density in regions of phase space where it is poorly known from inclusive DIS measurements.

Fig. 3. J/ψ cross section as a function of W for |t| < 1.2 GeV^2 compared to a fit W^δ (upper) and ratio of QCD based calculations to the fit (lower).

The new preliminary ZEUS measurement^{10} of diffractive J/ψ photoproduction at large |t| allows to distinguish between different evolution equations for the gluon ladder mediating the interaction. The data show an increasing rise of the cross section as a function of W with rising |t|. This behaviour is qualitatively described by the BFKL-basel model^{11}, while the DGLAPbased predictions^{12} are too flat.

3

Fig. 4. J/ψ cross sections at large |t| as a function of W compared to pQCD based calculations.

3. Deeply Virtual Compton

Scattering

In deeply virtual Compton scattering, a real photon is produced by a virtual photon scattering off the proton. The photon in the final state removes the theoretical uncertainties linked to the vector meson wave-function and make this a particularly clean process to study – in fact DVCS is the first diffractive process fully calculable in pQCD^{13,14,15}. The DVCS process is experimentally indistinguishable from the Bethe-Heitler process, where the photon is radiated from the incoming or outgoing electron. The Bethe- Heitler process is calculable in QED and statistically subtracted to obtain the DVCS cross sections^a. Via the momentum difference between the emitted and absorbed parton, DVCS gives access to the transverse momentum distributions of the parton in the

aThe interference between the DVCS and Bethe- Heitler processes gives rise to asymmetries, which however vanish when integrating over the azimuthal angle in unpolarised scattering.

proton that can be expressed by generalised parton distributions (GPDs).

A new preliminary H1 measurement^{16} increases the available statistics significantly. The fall of the cross section differential in t (Fig. 5) can be described by the form e^{−b|t|} with b = 5.83 ± 0.27 ± 0.50 providing a constraint on the normalisation of the theoretical predictions.

Fig. 5. DVCS cross sections as a function of |t|

The W dependence of the combined H1 results (Fig. 6) can be parameterized as σ ∝ W^δ with δ = 1.00 ± 0.16 ± 0.22 indicating the presence of a hard regime. The data can be described by pQCD based calculations^{15} as well as a prediction based on the colour dipole model^{17}.

4. Conclusion

For exclusive vector meson production and deeply virtual Compton scattering, the experimental accuracy is reaching a level where it starts to constrain theoretical models and the parton distributions in the proton. More results from the HERA II running period will add to this with higher statistics and new measurement capabilities with the upgraded detectors.

4

Fig. 6. DVCS cross sections as a function of W compared to NLO QCD calculations (upper) and a prediction based on the color dipole model (lower). The error bands correspond to the uncertainty in the |t| slope measurement.

Acknowledgments

It is a pleasure to thank the organizers for this interesting and well prepared conference. I would like to thank my colleagues in H1 and

ZEUS for providing the figures shown in this report.

References 1. A. Aktas et al. [H1 Collaboration], Contribution to DIS, 2006.

2. A. Donnachie and P. V. Landshoff, Phys.

Lett. B296, 227 (1992) 3. A. Aktas et al. [H1 Collaboration], Phys.

Lett. B638, 422 (2006) 4. R. Enberg, J. R. Forshaw, L. Motyka and G. Poludniowski, JHEP 09, 008 (2003) 5. G. G. Poludniowski, R. Enberg, J. R. Forshaw and L. Motyka, JHEP 12, 002 (2003) 6. S. Chekanov et al. [ZEUS Collaboration], Eur. Phys. J. C24, 345 (2002) 7. A. Aktas et al. [H1 Collaboration], Eur.

Phys. J. C46, 585 (2006) 8. A. D. Martin, M. G. Ryskin and T. Teubner, Phys. Rev. D62, 014022 (2000) 9. L. Frankfurt, M. McDermott and M. Strikman, JHEP 03, 045 (2001) 10. S. Chekanov et al. [ZEUS Collaboration], Contribution to LP05 and EPS05, 2005.

11. R. Enberg et al., Eur. Phys. J. C26, 219 (2002) 12. E. Gotsman et al., Phys. Lett. B532, 37 (2002) 13. J. C. Collins and A. Freund, Phys. Rev.

D59, 074009 (1999) 14. X.-D. Ji and J. Osborne, Phys. Rev. D58, 094018 (1998) 15. A. Freund and M. McDermott, Eur. Phys.

J. C23, 651 (2002) 16. A. Aktas et al. [H1 Collaboration], Contribution to DIS, 2006.

17. L. Favart and M. V. T. Machado, Eur. Phys.

J. C34, 429 (2004)