Submitted to the 29th International Conference on High-Energy Physics ICHEP98, Vancouver, Canada, July 1998

Observation of � Production at HERA

H1 Collaboration

Abstract

Data collected by the H1 detector in the years 1994 to 1997 have been used to search for a signal of diffractively produced Υ (Υ(1S), Υ(2S), Υ(3S)) decaying into two muons. The cross section for exclusive photoproduction at an average photon proton centre-of-mass energy of 160 GeV is determined to be σ(γ p → Υ p) × BR(Υ → μ^+μ�) = 16 ± 8 ± 4 pb (H1 preliminary).

Abstract: 574 Parallel sessions: 7,5 Plenary sessions: 9,7

Introduction

Measurements of diffractive photoproduction of J/ψ mesons at HERA demonstrate cross sections of the order of 100 nb [1] at a photon proton centre-of-mass energy of 100 GeV. Good progress was made in describing the production properties within the framework of perturbative QCD [2, 11]. Predictions from such models lead to a cross section for Υ production about three orders of magnitude lower. Since a recent measurement of inclusive photoproduction of b quarks [3] yields a higher cross section than anticipated, the measurement of Υ mesons is interesting.

Data and Event Selection

The data used in this analysis were collected during the years 1994 to 1997 using the H1 detector [4] at the HERA collider, which was operated with positrons at an energy of 27.5 GeV and protons at 820 GeV. The data sample corresponds to an integrated luminosity of 34.5 pb�^1.

In order to search for exclusively produced Υ mesons the decay mode Υ→ μ^+μ� is used and events with two high quality reconstructed tracks in the H1 detector are selected where there is no further signi^cant activity in the tracker or in the calorimeter. The tracks must lie in the angular range 20ffi < θ < 165ffi, where the polar angle θ is measured with respect to the beam axis, and the direction of the outgoing proton beam is called forward, corresponding to small values of θ. Furthermore the tracks must be ^tted to the event vertex within the nominal interaction zone. The two tracks must be identi^ed as oppositely charged muons either in the muon detector (instrumented iron return yoke of the magnet) or as minimum ionizing particles in the calorimeter (Liquid Argon). In order to suppress cosmic ray events the tracks are required to have timing compatible with a possible ep interaction and a difference in polar angles of less than 165ffi. The photon proton centre-of-mass energy is restricted to 70 < W_{γp} < 250 GeV. For each data taking period a set of triggers is selected which is known to work ef^ciently. These triggers are based on track information from proportional and drift chambers and on information from the muon detector.

The mass spectrum for the selected events is shown in ^g. 1 for masses above 5 GeV. A peak is seen at m_{μμ} ∼ 9.3 GeV above a background spectrum which is mainly due to the process γγ → μ^+μ�. For the evaluation of the cross section the event sample is further restricted by requiring no scattered positron visible in the detector, so that Q^2 < 2 GeV^2. Detectors in the forward region, close to the outgoing proton beam, are used to eliminate events in which the scattered proton dissociates.

Background and Ef�ciencies

In order to subtract the background and to compute ef^ciencies two Monte Carlo generators are used: DIFFVM [5] and LPAIR [7]. With the aid of the generator DIFFVM, where diffractive Υ events are produced with and without dissociation of the proton, the data are corrected for inef^ciencies due to trigger and selection cuts. The parameters used follow those from J/ψ analyses [1], assuming they are roughly the same: the slope parameter b for the dependence of the cross section on t, which is the squared momentum transfer at the proton vertex: dσ/dt ∼ exp(−b|t|) with b = 4 GeV�^2 (elastic), b = 1.6 GeV�^2 (proton-dissociation); the dependence of the cross section on W_{γp} (σ_{γp} ∼ W_{γp}^{0.9}) and on the mass of the dissociated proton system M_Y (σ_{γp} ∼ 1/M_Y^{2(1+0.0808)}).

The relative contributions from the states Υ(1S), Υ(2S) and Υ(3S) are roughly 10:2:3 (estimated from BR×Γ_{ee} of each state) if the decay branching ratios into muons are taken into account (BR(Υ(1S)→ μ^+μ�) = 2.48%, BR(Υ(2S)→ μ^+μ�) = 1.31%, BR(Υ(3S)→ μ^+μ�) = 1.81%) [6]. Because of the mass resolution of the detector it is not possible to distinguish these states experimentally. The peak and width which are found in the data are compatible with the sum of the three Υ states estimated by Monte Carlo simulation.

The QED process γγ → μ^+μ�, where one photon stems from the positron and the other from the proton, is simulated using the generator LPAIR. It produces elastic events and events with proton dissociation.

The ef^ciencies of the data selection were carefully checked in all data taking periods and the Monte Carlo simulation was corrected accordingly. For comparison with the data a ^xed contribution from Υ meson production is added to the absolutely normalized γγ events so that the mass distribution is described. In ^g. 2 distributions comparing data and this simulation are shown. Good agreement is observed in shape and also in the absolute cross section of the background. In the right column the distributions are shown only for those events, which have an invariant mass between 9 and 10 GeV, where the contribution by Υ meson production is maximum. The discription of the data by the simulation is found to be good.

Result

The number of events in the signal (N_Υ = 8.3 ± 3.9) is determined by a ^t of a Gaussian plus an exponential for the background to the invariant mass distribution in the data. The resulting number of events is corrected successively for remaining background from proton dissociation (12%), for acceptance and selection ef^ciency (25.5%) and trigger ef^ciency (57.6%). Using the luminosity of 34.5 pb�^1 an ep cross section times branching ratio is computed in the kinematic region Q^2 < 2 GeV^2 and 70 < W_{γp} < 250 GeV:

σ(e p → e Υ p) × BR(Υ → μ^+μ�) = 1.4 ± 0.7 ± 0.4 pb (H1 preliminary).

Using the improved WeizsĺackerŰWilliams approximation [8] this is converted to a photon proton cross section at a mean ⟨W_{γp}⟩ = 160 GeV:

σ(γ p → Υ p) × BR(Υ → μ^+μ�) = 16.0 ± 7.5 ± 4.0 pb (H1 preliminary)

where Υ stands for the the sum over the states Υ(1S), Υ(2S)Ÿ and Υ(3S). The systematic error is estimated by varying the background ^t used to extract the number of events (15%). As a cross check on the trigger selection, cross sections were computed with two independent trigger sets and were found to agree within errors. The difference is used to estimate the systematic error on the trigger ef^ciency (16%). The remaining errors (13%) have been estimated for analyses of J/ψ production and are dominated by the uncertainty on the separation of elastic and proton dissociation processes.

Conclusions

We obtain a photon proton cross section times branching ratio for the sum of exclusively produced Υ(1S), Υ(2S) Ÿand Υ(3S) of σ(γ p → Υ p) × BR(Υ → μ^+μ�) = 16.0 ± 7.5 ± 4.0 pb (H1 preliminary) for Q^2 < 2 GeV^2 and 70 < W_{γp} < 250 GeV. A similar measurement reported by the ZEUS collaboration [9] agrees well with our result.

Calculations by Frankfurt et al. [2], based on perturbative QCD relating vector meson photoproduction to the square of the gluon density in the proton, predict a cross section times branching ratio for the sum of the three Υ states considered here of 2.7 pb in the same kinematic region using the GRV-HO [10] gluon density.

Assuming a contribution of 70 % from Υ(1S) to the measured cross section, the cross section for exclusive photoproduction of Υ(1S) is 450 ± 240 pb, roughly a factor 200 lower than the one for J/ψ at the same W_{γp}. Calculations by Nemchik et al. [11] based on colour dipole phenomenology predict a cross section for Υ(1S) production of about 30 pb, again in the same kinematic region. The predictions from the different models are lower than the measurement by about two standard deviations.

Acknowledgements

We are grateful to the HERA machine group whose outstanding efforts have made and continue to make this experiment possible. We thank the engineers and technicians for their work in constructing and now maintaining the H1 detector, our funding agencies for ^nancial support, the DESY technical staff for continual assistance, and the DESY directorate for the hospitality which they extend to the non-DESY members of the collaboration.

References

[1] H1 Collaboration (S. Aid et al.), Nucl. Phys. B472 (1996) 3;

ZEUS Collaboration (J. Breitweg et al.), Z. Phys. C75 (1997) 215.

[2] L. Frankfurt, W. Koepf and M. Strikman, Phys. Rev. D54 (1996) 319; ibid. D57 (1998) 512.

[3] H1 Collaboration (C. Adloff et al.), The First Measurement of Open Beauty Production at HERA, contributed paper 575 to ICHEP 1998, Vancouver.

[4] H1 Collaboration (I. Abt et al.), Nucl. Instr. and Meth. A368 (1997) 310;

H1 Collaboration (I. Abt et al.), Nucl. Instr. and Meth. A368 (1997) 386.

[5] B. List, Diploma Thesis, Techn. Univ. Berlin, unpublished (1993).

[6] Particle Data Group (M. Aguilar-Benitez et al.), Phys. Rev. D 54 (1996), Part I.

[7] S. P. Baranov, O. Dĺunger, H. Shooshtari and J. A. M. Vermaseren, Physics at HERA, Proceedings of the Workshop, Hamburg (1991), Vol.3, 1478.

[8] C. F. von Weizsĺacker, Z. Phys. 88 (1934) 612;

E. J. Williams, Phys. Rev. 45 (1934) 729;

V. M. Budnev, I. F. Ginzburg, G. V. Meledin, V. G. Serbo, Phys. Rep. 15 (1975) 181.

[9] ZEUS Collaboration, talks by A. Bruni and T. Doyle at the 6th International Workshop on Deep Inelastic Scattering and QCD (DIS98) Brussels, April 1998.

[10] M. Glĺuck, E. Reya and A. Vogt, Z. Phys. C67 (1995) 433.

[11] J. Nemchik, N. N. Nikolaev, E. Predazzi, B. G. Zakharov, V. R. Zoller, hep-ph/9712469 (1997).

Figure 1: The invariant mass spectrum of the diffractive (elastic and proton-dissociative) twomuon events above 5 GeV for all Q^2. A ^t of an exponential plus a Gaussian to the data is also shown.

a)

b)

c)

d) e)

f)

g)

Figure 2: Comparison between data and Monte Carlo simulation for elastic twomuon events in photoproduction. a) Invariant mass of the muon pair between 5 and 15 GeV, b) and e) azimuthal opening angle of the muon pair Δϕ, c) and f) polar angle of the muons θ_μ and d) and g) transverse momentum of the muons p_{t,μ}. For pictures a)-d) events with an invariant mass between 5 and 15 GeV are shown, for e)- g) only those between 9 and 10 GeV, where roughly half of the events should stem from Υ meson production. The full points are the data and the hatched histograms show the Monte Carlo simulation, which is a sum of LPAIR (normalized to the data luminosity) and DIFFVM (normalized to ^t the mass peak in the data).