arXiv:hep-ex/0010079 v2 3 Nov 2000

BONN-HE-2000-03 October, 2000

Measurements of Diffractive Vector-Meson Photoproduction at High Momentum Transfer from the ZEUS Experiment at HERA

James A. Crittenden ∗† Physikalisches Institut, University of Bonn, Nußallee 12 53115 Bonn, Germany

We discuss recent preliminary results on the diffractive photoproduction of ρ0, ϕ, and J/ψ mesons at high momentum transfer reported by the ZEUS collaboration at HERA. A special-purpose calorimeter served to tag the quasi-real photons (Q2 < 0.01 GeV2) in the process γ + p → VM + Y , where Y represents a dissociated state of the proton. The resulting range in photon-proton center-of-mass energy extends from 80 to 120 GeV. The differential cross sections dσdt were obtained in the region |t| > 1.2 GeV2, where t denotes the squared momentum transfer to the proton. The measurements provide good sensitivity to the observed power-law dependence dσdt ∝ (−t)−n. Over the region in momentum transfer covered by the data, the power is found to be approximately n ≃ 3 for ρ0 and ϕ photoproduction, and approximately n ≃ 2 for J/ψ photoproduction.

1. Introduction

The broad measurement program of vector-meson photo- and electroproduction presented by the ZEUS and H1 experiments operating at the electron-proton collider HERA since 1992 has proven to be a rich source of information on the strong interaction. In the context of quantum chromodynamical descriptions of these processes, factorization scales given by the photon virtuality, the momentum transfer to the proton, and the mass of the vector meson have been proposed. In this talk, we discuss recent preliminary results^1 presented by the ZEUS collaboration on ρ^0, ϕ, and J/ψ photoproduction for values of the squared momentum transfer |t| greater than 1.2 GeV^2. The hardest scale in this process for the light vector mesons is thus the momentum transfer, and comparison to J/ψ photoproduction yields information on the rôle of the vector-meson mass. The broad range in momentum transfer covered by these results provides good sensitivity to the observed power-law dependence in the differential cross sections^{dσ}_{dt} . We discuss the scaling characteristics of the cross sections and summarize the salient features of these results, including the production ratios and vector-meson polarization measurements.

2. Differential cross section^{dσ}_{dt}

Differential cross sections^{dσ}_{dt} for ρ^0, ϕ, and J/ψ mesons were measured using data recorded in 1996 and 1997 which correspond to a total integrated luminosity of 24 pb�^1. The trigger conditions required the scattered positron to be detected in a special-purpose tungsten/scintillator calorimeter located 3 cm from the positron

∗Work supported by the Federal Ministry for Education and Research of Germany †Present address: Deutsches Elektronen-Synchrotron, Notkestr. 85, 22607 Hamburg, Germany

1

beam axis, 44 meters distant from the nominal e^+ p interaction point in the positronbeam flight direction. The position of this photoproduction tagger determined the accepted range of energy lost by the positron to the photon which interacted with the proton, thus restricting the range in photon-proton center-of-mass energy, W , to 80 < W < 120 GeV. Since the transverse momentum of the final-state positron was required to be small by the acceptance of the tagger (Q^2 < 0.01 GeV^2), the transverse momentum of the vector meson, p_t, provided an accurate estimate of the square of the momentum transferred to the proton via t ≃ −p^2_t . The ρ^0, ϕ, and J/ψ meson samples were selected by fitting invariant-mass spectra of track pairs with a sum of functions for signal and background. Offline data selection criteria included the reconstruction of exactly two tracks from the interaction vertex and rejected events with energy deposits in the rear and barrel sections of the calorimeter which did not match the extrapolation of either track. The selected events exhibit a semi-exclusive topology with a gap between the dissociated nucleonic system and the two tracks of at least two units of rapidity. Trigger requirements limited the range in t to |t| > 1 GeV^2, where the proton-dissociative process dominates over elastic production. The dependence on the invariant mass of the dissociated proton system, M_Y , was estimated by comparing forward energy deposit distributions with calorimeter response simulations. The differential cross sections^{dσ}_{dt} were calculated by integrating over M_Y up to the limit given by M^2_Y = 100 ∗ |t| for fixed t.

Fig. 1a compares the result for the ρ^0 cross section to the extrapolation of the exponential behavior observed^2 at low |t|, showing that it underestimates the cross section by an order of magnitude even at the lowest |t| value of the new result.

Fig. 1. a) Differential cross section dσdt for the process γ + p → ρ0 + Y , where Y is a dissociated proton state. The line shows the t dependence measured for this process γ + p → ρ0 + Y (∝ e6.5·t ) at low |t| (solid line) and its extrapolation to higher |t| (dashed line) for comparison. b) Differential cross section dσdt multiplied by (-t)n, where n=2, 3, 4.

Fig. 1b investigates the validity of the hypothesis of a power-law dependence by scaling the cross section values with the function (−t)^n, for n = 2, 3, 4. While n = 3 describes the data best over the measured region, there is evidence for a contribution steeper than a simple power law for |t| < 4 GeV^2.

Such a scaling comparison is repeated for the differential cross sections measured for ϕ and J/ψ photoproduction in Figs. 2a and 2b. The data exhibit behavior consistent with a simple power law, with a power n = 3 (2) for the ϕ (J/ψ).

Fig. 2. Differential cross sections dσdt for the process γ + p → VM + Y for (a) ϕ mesons and (b) J/ψ mesons, multiplied by (-t)n, where n=2, 3, 4.

3. Summary

The principle features of the results can be summarized as follows: 1) the ρ^0 and ϕ differential cross sections may be approximated by a simple power law (−t)�^n, where n ≃ 3. Single powers of n = 2 and 4 are clearly excluded by the data over the t range of the measurement. The t dependence for ρ^0 photoproduction is somewhat steeper than that for the ϕ in the region 1.2 < |t| < 4 GeV^2; 2) analysis of the decay angular distributions show that the ρ^0 and ϕ are produced with predominantly transverse polarization; 3) the ratio of ϕ to ρ^0 reaches the value of 2/9 consistent with SU(3) flavor symmetry at high momentum transfer; 4) the t dependence observed for J/ψ photoproduction shows a power n ≃ 2 to describe the dependence quite well, disfavoring higher powers. The flavor-symmetric value of 8/9 for the J/ψ-to-ρ^0 ratio is not observed in this region of momentum transfer.

References

1. ZEUS Collaboration, J. Breitweg et al., Paper 442 submitted to the XXX Int. Conf. on High Energy Physics, 27 July - 2 August, 2000, Osaka, Japan, talk by B. Mellado; see also talks by K. Klimek at Photon 2000, 26-31 August 2000, Ambleside, England, and L. Adamczyk at Diffraction 2000, 2-7 September 2000, Cetraro, Italy 2. ZEUS Collaboration, J. Breitweg et al., Eur. Phys. J. C2 (1998) 247