Paper pa02-060
Submitted to the 28th International Conference on High Energy Physics
ICHEP’96, Warsaw, Poland, July 1996

A Measurement of the Production of D� Mesons in Deep-Inelastic Diffractive Interactions at HERA

H1 Collaboration

Abstract

The first measurement of the cross section for the production of D^{∗±} mesons in deep-inelastic diffractive interactions at the ep collider HERA is presented. The data were taken during the 1994 running period and correspond to an integrated luminosity of 2.2 pb^{−1}. Using the decay channel D^{∗+} → D^0π^+_{slow} → (K^−π^+)π^+_{slow} , a cross section of (380 ±^{150}_{120stat} ±^{140}_{110sys}) pb is measured in the kinematic region 10 GeV^2 < Q^2 < 100 GeV^2, 0.06 < y < 0.6, x_{IP} < 0.05, M_Y < 1.6 GeV, |η(D^∗)| < 1.25 and p_⊥(D^∗) > 1 GeV, where M_Y is the mass of the diffractively scattered proton-remnant system and η and p_⊥ are measured in the H1 laboratory frame. A predicted cross section is calculated using a partonic model of eIP collisions in which the parton density functions for the IP are taken from a QCD analysis of the diffractive structure function F^{D(3)}_2 . In this model a “leading” gluon distribution carries about 80% of the momentum of the diffractive exchange. The result (∼ 200 pb) is consistent with the measured value. A prediction (less than ∼ 10 pb) based on a quark-dominated IP is inconsistent at the 2σ level with the measured value.

Introduction

The contribution of charm production to diffractive interactions is sensitive to the partonic structure of the diffractive exchange. Measurements of the diffractive structure function F^{D(3)}_2 suggest that this structure receives a substantial contribution from gluons, and a QCD analysis of F^{D(3)}_2 employing the DGLAP evolution equations yields a solution which tends towards a “leading” gluon distribution at the starting scale for the perturbative evolution Q^2 = 2.5 GeV^2 [1, 2, 3, 4]. Such a solution gives rise to the expectation of a large cross section for charm production through the boson-gluon fusion process. In this paper we present a search for the production of D^{∗±} mesons which subsequently decay via the channel^1 D^{∗+} → D^0π^+_{slow} → (K^−π^+)π^+_{slow} . The first observation of D^{∗±} production in deep-inelastic diffractive interactions is reported and a measurement is made of the D^{∗±} production cross section in the kinematic region 10 GeV^2 < Q^2 < 100 GeV^2, 0.06 < y < 0.6, x_{IP} < 0.05, M_Y < 1.6 GeV, |η(D^∗)| < 1.25 and p_⊥(D^∗) > 1 GeV. The measured cross section is compared with two predictions of a partonic model of diffractive scattering based on electron-pomeron interactions. In one case, the parton distributions ascribed to the pomeron are obtained from the QCD analysis of F^{D(3)}_2 . In the other case, the pomeron is given an evolved quark-based structure [3]. This cross section measurement follows a comparison reported in [3] of the D^{∗±} yield in deep-inelastic diffraction with that expected based on the QCD analysis of F^{D(3)}_2 .

Event Selection

The data used were collected at the H1 detector [5] in 1994, using 27.5 GeV positrons colliding with 820 GeV protons. After rejecting data taken when parts of the detector needed for this analysis were not operational, the integrated luminosity used is 2.24 pb^{−1}.

This analysis is restricted to events with a scattered positron detected in the backward electromagnetic calorimeter (BEMC). There must be a localized energy deposit of at least 10 GeV within the angular range 155^∘ < θ < 173^∘ with respect to to the direction of the proton beam. The deposit must lie within the efficient region of the BEMC and be associated with a hit in the backward proportional chamber (BPC), which is immediately in front of the BEMC. These requirements restrict the accessible range in Q^2 and y. The requirement that a D^{∗±} be produced in the central region imposes an additional limit at the lower end of the y range. The region measured is 10 GeV^2 < Q^2 < 100 GeV^2 and 0.06 < y < 0.6. The kinematic variables Q^2 and y are calculated using the “sigma” method [6], which minimises the QED radiative corrections to the Born cross section.

Diffractive events are recognized by their lack of energy flow in the region around the proton beam. Energy flow in this region is detected through charged particles produced in secondary scattering in the beam pipe and associated material as well as those coming directly from the ep interaction vertex [7]. An event is rejected if it has more than 7.5 GeV in the plug calorimeter, more than one hit pair in the first half of the forward muon detector, or any hits in the first three layers of the proton remnant tagger. The pseudorapidity of the most forward cluster with more than 400 MeV, η_{max} , must be less

1Charge conjugate states are implicitly included.

than 3.2. The fraction of the proton’s momentum carried by the diffractive exchange, x_{IP} , is calculated using the formula x_{IP} = (Q^2 + M^2_X )/(Q^2 + W^2), where M_X is reconstructed using tracks and calorimeter information. Only events with x_{IP} less than 0.05 are accepted. The scattered proton is not detected, so it is not possible to distinguish an event in which the proton scatters elastically from one in which it dissociates into a low-mass state. The cross section is instead quoted for the range M_Y < 1.6 GeV, where M_Y is mass of the diffractively scattered proton remnant system. Models of proton dissociation [8, 9, 10] imply that the correction from the measured cross section (M_Y < 1.6 GeV) to one in which the proton vertex is truly elastic is about 5%.

Reconstruction of D^{∗±}

The charmed meson D^{∗+} is reconstructed in this analysis using its decay D^{∗+} → D^0π^+_{slow} → (K^−π^+)π^+_{slow}. Because of the small mass difference ΔM = M_D�+ − M_D0, the pion from the D^{∗+} decay (π^+_{slow} ) has a momentum of only 40 MeV in the D^{∗+} rest frame. Because of this kinematic constraint, ΔM is better resolved than the D^{∗+} mass itself and is used in the cross-section measurement. The combinatorial background is also suppressed by the proximity to threshold, further improving the signal-to-background ratio.

The decay products are detected in the central tracker. To ensure a good detection efficiency, tracks are only used if they lie within the angular range 25^∘ < θ < 155^∘ and have a p_⊥ of at least 200 MeV (K,π) or 100 MeV (π_{slow} ). To protect further against badly reconstructed tracks, each track must also be at least 10 cm long in the projection perpendicular to the beam and must start in the inner section of the tracker.

All accepted tracks with p_⊥ > 200 MeV are combined in oppositely charged pairs. No particle identification is used; each track is allowed to be either a kaon or a pion. If a pair has an invariant mass within 80 MeV of the D^0 mass, it is counted as a D^0 candidate. Each D^0 candidate is combined in turn with all remaining tracks with p_⊥ > 100 MeV and the appropriate charge to reconstruct D^{∗+} candidates. After cuts on the direction (|η| < 1.25) and transverse momentum (p_⊥ > 1 GeV) of the D^{∗±}, the mass difference ΔM is plotted as a histogram (fig. 1).

The number of D^{∗±} candidates is determined by fitting the histogram with a Gaussian peak plus a background function a(ΔM − M_π+ )^b, where a, b and the three parameters of the Gaussian are allowed to vary. The number of D^{∗±} detected is found to be 11.6±4.0_{stat} .

The distribution of η_{max} for D^{∗±} candidates in the region of the peak is shown in fig. 2. It clearly shows the low-η plateau characteristic of diffractive events.

Acceptance and Background Corrections

The acceptance is calculated by running the H1 detector simulation program on a sample of D^{∗±} events from the diffractive Monte Carlo generator RAPGAP [11], which is based on a partonic model of eIP interactions. The efficiency of the BEMC trigger is known to be better than 99% and is neglected.

The main sources of background are reflections (contributions from other D^0 decay modes), events outside the measured x_{IP} range, and proton dissociation events (those

Figure 1: Distribution of the mass difference ΔM = M(K^−π^+π^+_{slow} ) − M(K^−π^+), with a fitted curve of the form a(ΔM − M_π+)^b + Gaussian and a prediction from RAPGAP with the pomeron structure extracted from F^{D(3)}_2 .

Figure 2: Distribution of η_{max} for D^{∗±} candidates in the region |ΔM − 145.4 MeV| < 2.0 MeV.

with M_Y > 1.6 GeV). The contribution from reflections is estimated using RAPGAP. The contribution from high-x_{IP} events is estimated using RAPGAP (x_{IP} < 0.2) and the heavy quark generator AROMA [12] (x_{IP} > 0.2). The fraction of events where the proton dissociates is estimated using the diffractive vector-meson dominance (VMD) generator, DIFFVM [8].

Systematic Errors

The largest systematic errors on the cross section are those due to the uncertainty in the p_⊥ distribution of the D^{∗±} (±^{24}_{14}%) and the correction for reflections (±19%). The effect of varying the p_⊥ distribution is estimated by reweighting the Monte Carlo and recalculating the acceptance. There is also an error of ±11% from the fitting procedure, including uncertainty in the shape of the combinatorial background.

The other sources of systematic uncertainty taken into account, each responsible for an error of no more than 5%, are Monte Carlo statistics, the branching ratios for the D^{∗+} and D^0 decays, the corrections for proton dissociation and high-x_{IP} events, the effect of noise in the forward detectors, and the uncertainty in the distributions of t, x_{IP} and β.

Result

The cross section^2 is calculated for the following kinematic region: 10 GeV^2 < Q^2 < 100 GeV^2, 0.06 < y < 0.6, x_{IP} < 0.05, M_Y < 1.6 GeV, |η(D^∗)| < 1.25 and p_⊥(D^∗) > 1.0 GeV (η and p_⊥ in the H1 laboratory frame). The result is

σ(ep → eD^{∗±}XY ) = (380 ±^{150}_{120stat} ±^{140}_{110sys}) pb.

The Monte Carlo generator RAPGAP, which models diffractive events as the interaction of the positron with a partonic pomeron, predicts a value of ∼ 200 pb when the parton densities of the pomeron are taken from a QCD analysis [3, 4] of the diffractive structure function F^{D(3)}_2 . When the parton densities are instead calculated on the assumption of a quark-based pomeron at 2.5 GeV^2, evolved to higher Q^2 [3], the predicted cross section is less than ∼ 10 pb.

Conclusion

A first measurement of the cross section for D^{∗±} production in deep-inelastic diffractive interactions is reported. The result for the kinematic region covered is (380 ±^{150}_{120stat} ± 140 110sys) pb. The prediction (∼ 200 pb) of a model in which charm is produced by boson-

gluon fusion and the partonic structure of diffractive exchange is taken from a QCD analysis of diffractive interactions is consistent with the measured cross section. In this model, the structure of the pomeron receives a substantial contribution from a hard gluon

2The cross section is defined as N/L_{int} , where N is the corrected number of D� produced and L_{int} is the integrated luminosity.

distribution. The smaller prediction (less than ∼ 10 pb) of a model in which the diffractive exchange is a quark-based pomeron is inconsistent at the 2σ level with the measured cross section.

Acknowledgments

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 financial 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] J. P. Phillips: Rapidity Gap Events at HERA and the Structure of the Pomeron, in Proc. of the International Workshop on Deep–Inelastic Scattering and Related Topics, Paris, France, April 1995, ed. J-F. Laporte and Y. Sirois, p.359; J. B. Dainton: Deep–Inelastic Physics with H1 at the HERA ep Collider, in Proc. of the International Workshop on Deep–Inelastic Scattering and Related Topics, Paris, France, April 1995, ed. J-F. Laporte and Y. Sirois, p.37.

[2] H1 Collaboration: The Partonic Structure of Proton Diffraction, paper EPS–0491 submitted to the 1995 Europhysics Conference, Brussels, and to the 1995 Lepton Photon Symposium, Beijing.

[3] A. Mehta: Deep–Inelastic Diffraction, in Proc. of the Topical Conference on Hard Diffractive Processes, February 18–23 1996, Eilat, Israel.

[4] H1 collaboration: A Measurement and QCD Analysis of the Diffractive Structure Function F^{D(3)}_2 , paper pa02-061 contributed to this conference.

[5] H1 Collaboration: The H1 Detector, DESY 93–103 (1993).

[6] U. Bassler, G. Bernardi: On the Kinematic Reconstruction of Deep Inelastic Scattering at HERA: the Σ Method, DESY 94–231 (1994).

[7] H1 Collaboration: Phys. Lett. B 348 (1995) 681.

[8] B. List: Diffraktive J/psi-Produktion in Elektron-Proton-Stössen am Speicherring HERA, Diploma thesis H1–10/93–319 (1993).

[9] R. Engel: Proceedings of the XXIXth Rencontre de Moriond (1994) 321.

[10] T. Sjöstrand: Comp. Phys. Comm. 39 (1986) 347;

T. Sjöstrand, M. Bengtsson: Comp. Phys. Comm. 43 (1987) 367; T. Sjöstrand, M. Bengtsson: Comp. Phys. Comm. 46 (1987) 43.

[11] H. Jung: Comp. Phys. Comm. 86 (1995) 147.

[12] G. Ingelman, J. Rathsman, G.A. Schuler: AROMA 2.2 – A Monte Carlo Generator for Heavy Flavour Events in ep collisions, DESY 96–058 (1996).