Proceedings of the DIS’2004, Štrbské Pleso, Slovakia

BEAUTY IN DIS WITH ZEUS

K. H. WICHMANN (ON BEHALF OF ZEUS COLLABORATION) Hamburg University, Institute of Experimental Physics Luruper Chaussee 149, 22761 Hamburg, Germany E-mail: kklimek@mail.desy.de

The results of measurement of beauty quark production at HERA performed by the H1 and ZEUS collaborations are presented. Total visible cross sections and the differential cross sections have been measured in the deep inelastic scattering regime. The results are compared with the NLO QCD calculations.

1 Introduction

The measurement of the production of heavy quarks can be used to probe Quantum Chromodynamics (QCD) and to understand the structure of the proton and photon. The large beauty (b) quark mass provides a hard scale that ensures perturbative QCD (pQCD) is applicable and makes such calculations more reliable than for light quarks. Additionally, the production of b quarks is a source of background for many searches for new physics at existing and future experiments.

The cross sections for b-quark production in strong interactions have been measured in proton-antiproton collisions at the Spp̄S [1] and the Tevatron [2] and, more recently, in two-photon interactions at LEP [3] and in γp interactions at HERA [4]. Some of the b-production cross sections are significantly above the QCD expectations calculated to next-to-leading order (NLO) in the strong coupling constant, α_s.

This analysis presents results of the measurement of b-quark production in DIS obtained with the ZEUS detector at HERA, in the reaction with at least one hard jet in the Breit frame and a muon, from a b decay, in the final state: ep → e b b̄ X → e+jet+μ+X. Experimental procedures rely on signatures or features characteristic of b production and decay. The one used in the presented analysis is a measurement of the transverse momentum, p^{rel}_T , of the muon produced in the semi-leptonic decay with respect to the axis of the closest jet. The fact that this spectrum is harder for b quarks than for c or light quarks allows a statistical separation of the signal and the background. Total visible cross sections and the differential cross sections have been measured. The results are compared with the NLO QCD calculations and MC Models.

2 Total Cross Section

The total visible cross section, σ_b¯_b, was determined in the kinematic range Q^2 > 2 GeV^2, 0.05 < y < 0.7 with at least one hadron-level jet in the Breit frame with E^{Breit}_{T,jet} > 6 GeV and −2 < η^{lab}_{jet} < 2.5 and with a muon fulfilling the following conditions: −0.9 < η^μ < 1.3 and p^μ_T > 2 GeV or −1.6 < η^μ < −0.9 and p^μ > 2 GeV. The muons coming from direct and indirect b decays are matched to any jet in the

© Institute of Experimental Physics SAS, Košice, Slovakia 1 event. The measured cross section is σ_b¯_b = 40.9 ± 5.7 (stat.)^{+6.0}_{−4.4} (syst.) pb.

This measurement has been corrected for electroweak radiative effects using Heracles [10]. The result has been compared with a NLO QCD calculation implemented in the HVQDIS program [5], after folding the b quark momentum spectrum with a Peterson fragmentation function and subsequently with a spectrum of the semi-leptonic muon momentum taken from JETSET [6]. The NLO QCD prediction with hadronisation corrections is 20.6^{+3.1}_{−2.2} pb, which is about 2.5 standard deviations lower than the measured total cross section. The Cascade [7] MC program, which implements a calculation based on the CCFM evolution equations [8] and uses a k_T -dependent gluon density, gives σ_b¯_b = 28 pb.

3 Differential Cross Sections

The differential cross sections were calculated in the same restricted kinematic range as the total cross section and the electroweak radiative corrections were evaluated in each bin. Figures 1a and 1b show the differential cross sections as functions of Q^2 and x, respectively, compared to the NLO QCD calculation. The NLO QCD predictions generally agree with the data; in the lowest Q^2 and lowest x bins, the data are about two standard deviations higher. Figures 1c and 1d show the same differential cross sections compared with the Rapgap [9] and Cascade MC simulations. Cascade agrees with the data except for the lowest Q^2 and lowest x bin. Rapgap is well below the data in all bins.

Figure 1. Differential b-quark cross section as a function of (a) Q^2 and (b) Bjorken x. The solid line shows the NLO QCD calculations with the hadronisation corrections and the dashed line the same calculation without the hadronisation corrections. Differential b-quark cross sections as a function of (c) Q^2 and (d) Bjorken x, compared with the LO QCD MC programs Cascade (solid line) and Rapgap (dashed line).

Beauty in DIS with ZEUS 3

Figures 2a and 2b show the differential cross sections as functions of the transverse momentum, p^μ_T , and pseudorapidity, η^μ, of the muon, compared to the NLO QCD calculation. They generally agree with the data; in the lowest p^μ_T bin and the high η^μ bin, the NLO QCD prediction is about two standard deviations below the data. Figures 2c and 2d show the same differential distributions compared with Cascade and Rapgap. Cascade describes the measured cross sections well except for the lowest p^μ_T bin, while Rapgap lies below the data.

Figure 2. Differential b-quark cross section as a function of (a) p^μ_T and (b) η^μ. The solid line shows the NLO QCD calculations with the hadronisation corrections and the dashed line the same calculation without the hadronisation corrections. Differential b-quark cross sections as a function of (c) p^μ_T and (d) η^μ, compared with the LO QCD MC programs Cascade (solid line) and Rapgap (dashed line).

Figure 3a shows the differential cross section as a function of E^{Breit}_{T,jet} of the leading jet compared to the NLO QCD calculation. The NLO QCD prediction agrees with the data reasonably well, though it is systematically below. For the highest E^{Breit}_{T,jet} bin the difference is about two standard deviations. Figure 3b shows the same differential distribution compared with Cascade and Rapgap. For all E^{Breit}_{T,jet} values, Cascade reproduces the measured cross section reasonably well while Rapgap lies below the data.

4 Summary

The production of b quarks in the DIS process ep → e μ jet X has been measured with the ZEUS detector at HERA. The NLO QCD prediction for the visible cross section lies about 2.5 standard deviations below the measured value.

The differential cross sections are in general consistent with the NLO QCD predictions; however at low values of Q^2, Bjorken x, and muon transverse momentum, and high values of jet transverse energy and muon pseudorapidity, the prediction is about two standard deviations below the data.

The Cascade MC program, implementing the CCFM QCD evolution equations, gives a good description of the measured cross sections. It is, however, below the data for low values of the transverse momenta, low Q^2 and low values of x. Rapgap is well below the data for all measured cross sections.

Figure 3. Differential b-quark cross section as a function of (a) E^{Breit}_{T,jet} . The solid line shows the NLO QCD calculations with the hadronisation corrections and the dashed line the same calculation without the hadronisation corrections. Differential b-quark cross sections as a function of (c) E^{Breit}_{T,jet} , compared with the LO QCD MC programs Cascade (solid line) and Rapgap (dashed line).

References

1. UA1, C. Albajar et al., Phys. Lett. B 256 (1991) 121. Erratum, ibid., B 262, 497 (1991) 2. CDF, F. Abe et al., Phys. Rev. Lett. 71 (1993) 500;

CDF, F. Abe et al., Phys. Rev. Lett. 71 (1993) 2396; CDF, F. Abe et al., Phys. Rev. D 53 (1996) 1051; CDF, F. Abe et al., Phys. Rev. D 55 (1997) 2546; D0, B. Abbott et al., Phys. Lett. B 487 (2000) 264.

3. L3, M. Acciari et al., Phys. Lett. B 503 (2001) 10. 4. H1, C. Adloff et al., Phys. Lett. B 467 (1999) 156;

ZEUS, J. Breitweg et al., Eur. Phys. J. C18 (2001) 625; ZEUS, S. Chekanov et al., Preprint hep-ex/0312057, 2003; ZEUS, S. Chekanov et al., Preprint hep-ex/0405069, 2004.

5. B. W. Harris and J. Smith, Phys. Rev. D 57 (1998) 2806. 6. T. Sjostrand, Comput. Phys. Commun. 82 (1994) 74; E. Norrbin and T. Sjostrand, Eur. Phys. J. C 17 (2000) 137.

7. H. Jung and G. P. Salam, Eur. Phys. J. C 19 (2001) 351; H. Jung, Comput.

Phys. Commun. 143 (2002) 100.

8. M. Ciafaloni, Nucl. Phys. B 296 (1988) 49; S. Catani, F. Fiorani and G. Marchesini, Phys. Lett. B 234 (1990) 339; G. Marchesini, Nucl. Phys. B 445 (1995) 49. 9. H. Jung, Comput. Phys. Commun. 86 (1995) 147.

10. H. Spiesberger, An Event Generator for ep Interactions at HERA Including Radiative Processes (Version 4.6), 1996, www.desy.de/∼hspiesb/heracles.html.