Proceedings of the DIS’2004, Štrbské Pleso, Slovakia

BEAUTY AND CHARM PRODUCTION IN FIXED TARGET EXPERIMENTS

NIKOLAOS KIDONAKIS^1 AND RAMONA VOGT^2 1Cavendish Laboratory, University of Cambridge Madingley Road, Cambridge CB3 0HE, UK E-mail: kidonaki@hep.phy.cam.ac.uk 2Nuclear Science Division, Lawrence Berkeley National Laboratory, Berkeley, CA 94720, USA and Physics Department, University of California at Davis, Davis, CA 95616, USA E-mail: vogt@lbl.gov

We present calculations of NNLO threshold corrections for beauty and charm production in π^−p and pp interactions at fixed-target experiments.

1 Introduction

Recent calculations for heavy quark hadroproduction have included next-to-next-to-leading-order (NNLO) soft-gluon corrections [1] to the double differential cross section from threshold resummation techniques [2]. These corrections are important for near-threshold beauty and charm production at fixed-target experiments, including HERA-B and some of the current and future heavy ion experiments.

Soft-gluon corrections dominate the cross section near threshold. They take the form of logarithms, [ln^l(x_{th})/x_{th}]_+, with l ≤ 2n − 1 for the order α^n_s corrections, where x_{th} is a kinematical variable that measures distance from threshold. In NNLO calculations (n = 2) we denote leading logarithms (LL) with l = 3, nextto-leading logarithms (NLL) with l = 2, and next-to-next-to-leading logarithms (NNLL) with l = 1. The latest calculation used the methods of Ref. [3] to include next-to-next-to-next-to-leading logarithms (NNNLL, l = 0) at NNLO [4,5]. These NNNLL terms minimize the kinematics and scale dependence of the cross section.

Our calculation is done in single-particle-inclusive (1PI) kinematics since, in this kinematics, the NLO threshold approximation to the full NLO result is very good, as shown in Ref. [5]. In 1PI kinematics, we define s = (p_a + p_b)^2, t_1 = (p_b − p_1)^2 − m^2, u_1 = (p_a − p_1)^2 − m^2 and s_4 = s + t_1 + u_1 for the process i(p_a) + j(p_b) −→ Q(p_1) + X[Q](p_2) with ij = qq̄ or gg. At threshold s_4 → 0 and the soft corrections take the form [(ln^l(s_4/m^2))/s_4]_+.

2 Beauty production

There is not much data on beauty hadroproduction at fixed-target energies. The π^−p data [6,7,8,9,10] are shown on the left-hand side of Fig. 1 along with our calculations with several choices of bottom quark mass and scale. We use the GRV98 HO proton parton densities [11] with the GRS pion densities [12]. For our central value

© Institute of Experimental Physics SAS, Košice, Slovakia 1 of the bottom quark mass, m = 4.75 GeV, we present the exact NLO cross section (solid curve), the 1PI NNLO-NNLL cross section (dot-dashed) and the 1PI NNLO- NNNLL+ζ cross section (dashed). Here NNLO-NNLL indicates that we include the NNLL terms at NNLO, while, for NNLO-NNNLL+ζ, we include the NNNLL terms and some virtual ζ terms [5]. We also show the 1PI NNLO-NNNLL+ζ cross sections for m = 4.5 GeV (dotted) and 5 GeV (dot-dot-dot-dashed). On the righthand side of Fig. 1 we present the K factors for m = 4.75 GeV. We show σ_{NLO}/σ_{LO} (solid), σ_{NNLO−NNLL}/σ_{NLO} (dashed), and σ_{NNLO−NNNLL+ζ} /σ_{NLO} (dot-dashed).

Figure 1. Beauty production cross sections and K factors in π^−p interactions.

We now turn to beauty production in pp interactions. The data points from three experiments [13,14,15] are compared to our calculations with the MRST2002 NNLO parton densities [16] on the left-hand side of Fig. 2.

On the right-hand side of Fig. 2, we plot the scale (μ) dependence of the cross section at HERA-B for 0.3 < μ/m < 10 with √ S = 41.6 GeV and m = 4.75 GeV.

We show results for the Born, NLO, and NNLO-NNNLL+ζ cross sections. The scale dependence decreases with increasing order of the cross section. The plateau at μ/m ≈ 0.4 is broader for the NNLO-NNNLL+ζ cross section and the overall scale dependence is reduced relative to the exact NLO cross section.

The NNLO-NNNLL+ζ bb cross section at √ S = 41.6 GeV and μ = m = 4.75 GeV with the MRST2002 NNLO parton densities is σ^{MRST2002NNLO}_{NNLO−NNNLL+ζ} = 28 ± 9^{+15}_{−10} nb. The GRV98 densities give σ^{GRV98}_{NNLO−NNNLL+ζ} = 25^{+7}_{−8}^{+13}_{−9} nb. The first

Figure 2. Beauty production in (left) pp interactions and (right) at HERA-B.

uncertainty is due to the scale variation, m/2 ≤ μ ≤ 2m, while the second is due to mass variation, 4.5 GeV ≤ m ≤ 5 GeV.

Finally, we note that we find a reduction of the scale dependence for the NNLO- NNNLL+ζ bb̄ cross section over all energies for both π^−p and pp interactions [5].

3 Charm production

We now turn to charm quark production. There is much more data on charm than bottom production.

In Fig. 3 we compare the π^−p data from Refs. [17,18,19,20,21] with the exact NLO (solid), 1PI NNLO-NNLL (dashed) and 1PI NNLO-NNNLL+ζ (dot-dashed) cross sections, calculated with the GRV98 HO proton parton densities and the GRS pion parton densities. The mass of the charm quark is 1.2 GeV in (a) and (b), 1.5 GeV in (c) and (d), and 1.8 GeV in (e) and (f). On the left-hand side μ = m while, on the right, μ = 2m.

Finally, we consider pp → cc interactions. In Fig. 4, we compare the data from Refs. [17,18,22] with exact NLO, 1PI NNLO-NNLL and 1PI NNLO-NNNLL+ζ cross sections calculated with the MRST2002 NNLO proton parton densities.

We note that the K factors are larger for charm than for beauty production and that the reduction of the scale dependence is not as large [5].

Figure 3. Charm quark production in π^−p interactions.

Acknowledgements

The research of N.K. has been supported by a Marie Curie Fellowship of the European Community programme “Improving Human Research Potential” under contract no. HPMF-CT-2001-01221. The research of R.V. is supported in part by the Division of Nuclear Physics of the Office of High Energy and Nuclear Physics of the U.S. Department of Energy under Contract No. DE-AC-03-76SF00098.

References

1. N. Kidonakis, Phys. Rev. D 64, 014009 (2001); N. Kidonakis, E. Laenen, S.

Moch, and R. Vogt, Phys. Rev. D 64, 114001 (2001); Nucl. Phys. A715, 549c (2003); Phys. Rev. D 67, 074037 (2003).

2. N. Kidonakis and G. Sterman, Phys. Lett. B 387, 867 (1996); Nucl. Phys.

B505, 321 (1997); N. Kidonakis, G. Oderda, and G. Sterman, Nucl. Phys. B531, 365 (1998); N. Kidonakis, Int. J. Mod. Phys. A 15, 1245 (2000); N. Kidonakis and J.F. Owens, Phys. Rev. D 61, 094004 (2000).

3. N. Kidonakis, Int. J. Mod. Phys. A 19, 1793 (2004); Mod. Phys. Lett. A 19, 405 (2004).

4. N. Kidonakis and R. Vogt, Phys. Rev. D 68, 114014 (2003); in EPS-HEP 2003, Eur. Phys. J. C, hep-ph/0309045.

Figure 4. Charm quark production in pp interactions.

5. N. Kidonakis and R. Vogt, hep-ph/0401056.

6. P. Bordalo et al. (NA10 Collaboration), Z. Phys. C39, 7 (1988). 7. M.G. Catanesi et al. (WA78 Collaboration), Phys. Lett. B231, 328 (1989). 8. M. Adamovich et al. (Beatrice Collaboration), Nucl. Phys. B519, 19 (1998). 9. K. Kodama et al. (E653 Collaboration), Phys. Lett. B303, 359 (1993). 10. R. Jesik et al. (E672-E706 Collaborations), Phys. Rev. Lett. 74, 495 (1995). 11. M. Glück, E. Reya and A. Vogt, Eur. Phys. J. C5, 461 (1998). 12. M. Glück, E. Reya and I. Schienbein, Eur. Phys. J. C10, 313 (1999). 13. D.M. Jansen et al. (E789 Collaboration), Phys. Rev. Lett. 74, 3118 (1995). 14. T. Alexopoulos et al. (E771 Collaboration), Phys. Rev. Lett. 82, 41 (1999). 15. I. Abt et al. (HERA-B Collaboration), Eur. Phys. J. C26, 345 (2003). 16. A.D. Martin, R.G. Roberts, W.J. Stirling, and R.S. Thorne, Eur. Phys. J. C 28, 455 (2003).

17. S. Barlag et al. (ACCMOR Collaboration), Z. Phys. C39, 451 (1988). 18. G.A. Alves et al. (E769 Collaboration), Phys. Rev. Lett. 77, 2388 (1996). 19. S. Barlag et al. (ACCMOR Collaboration), Z. Phys. C49, 555 (1991). 20. M.I. Adamovich et al. (WA92 Collaboration), Nucl. Phys. B495, 3 (1997). 21. M. Aguilar-Benitez et al. (LEBC-EHS Coll.), Phys. Lett. B161, 400 (1985). 22. M. Aguilar-Benitez et al. (LEBC-EHS Coll.), Z. Phys. C40, 321 (1988).