arXiv:0909.4769v1 [hep-ex] 25 Sep 2009

Heavy flavour production at LHC

Alessandro GRELLI^{∗†}and André MISCHKE^†.

ERC-Starting Independent Research Group, Faculty of Science, Utrecht University, Princetonplein 5, 3584CC Utrecht, The Netherlands. E-mail: a.grelli@uu.nl, a.mischke@uu.nl

The Large Hadron Collider (LHC) will open a new era in high energy physics. The expected large cross section for heavy flavour production in proton-proton collisions at √ s = 14 TeV will allow detailed studies of the production mechanisms and an extensive test of Quantum Chromodynamics. Since charm and beauty has been proposed as a good probe to study hot and dense QCD matter, the understanding of the production mechanisms in elementary proton-proton collisions is of primary importance as a reference for studies in heavy-ion collisions. In the early phase of LHC operation the experiments will focus on the investigation of the heavy flavour production mechanisms.

The 2009 Europhysics Conference on High Energy Physics, July 16 - 22 2009 Krakow, Poland

∗Speaker.

†The European Research Council has provided financial support under the European Community’s Seventh Framework Programme (FP7/2007-2013) / ERC grant agreement no 210223. This work was supported in part by a Vidi grant from the Netherlands Organization for Scientific Research (project number: 680-47-232).

© Copyright owned by the author(s) under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike Licence. http://pos.sissa.it/

1. Introduction

Since more than 30 years heavy flavour production at hadronic colliders is one of the main fields of investigation in high energy and heavy-ion physics. In the last few years, thanks to a strong theoretical effort, great improvements are achieved in the understanding of c and b production at the Tevatron. On one side the b production cross-section is well described by theory expectations [1], on the other side the data points for charmed mesons cross sections are on the edge of theoretical errors and the low p_T part of the spectra is not accessible [2]. In the last decade results from the Relativistic Heavy Ion Collider (RHIC) experiments at Brookeanven National Laboratory became available. In particular, the STAR and PHENIX experiments measured the charm production crosssection at √ s = 200 GeV in proton-proton, deuton-gold and gold-gold collisions. Although a factor two discrepancy in the central values, the measurements are in agreement with the model calculations within errors.

In this paper we introduce the heavy flavour production at LHC reviewing the ALICE [3], ATLAS [4] and CMS [5] programs with early data. The LHCb program is not covered in this paper, for references see [6, 7, 8]. For CMS and ATLAS we will focus on the possible first physics results using quarkonia states. In the CMS case the inclusive b production will be introduced. The ALICE detector, considering the excellent inner tracker, the low material budget and the 0.5 T magnetic field is expected to allow, in addition to quarkonia measurements, extensive open heavy flavour studies both in proton-proton (p-p) and nucleus-nucleus (A-A) collisions.

2. Heavy flavour production at LHC

The Large Hadron Collider, thanks to the center of mass energy of √ s = 14 TeV for p-p collisions (5.5 TeV for Pb-Pb) and to the unprecedent high luminosity, is expected to open a new era in high energy and heavy-ion physics. It will be an heavy flavour factory where bb̄ and cc̄ cross sec- √ s_{NN} Pb-Pb(0-5%) 5.5 TeV p-Pb(min. bias) 8.8 TeV p-p 14 TeV σ^{QQ̄}_{NN} [mb] 4.3 / 0.2 7.2 / 0.3 11.2 / 0.5 N^{QQ̄}_{tot} 115 / 4.6 0.8 / 003 0.16 / 0.007

Table 1: Cross-section and yield for charm and beauty (italic) production obtained from MNR calculations (FO NLO) using EKS98 shadowing. The theoretical uncertainties are of a factor two [9].

tions will increase 100 and 10 times with respect to RHIC. In table 1 the ALICE baseline for charm and beauty is summarized [9]. At the LHC energies the Next-to-Leading-Order (NLO) production mechanisms such as gluon splitting and flavour excitation are expected to became competitive with the flavour creation. Moreover, thanks to the wide η-p_T range covered by the ATLAS, ALICE, CMS and LHCb [6] experiments a new small Bjiorken-x range, down to 10^{−6}, is available for the investigation. Therefore, the detailed study of the heavy flavour production mechanisms represents by itself a strong test of perturbative QCD in an energy regime never investigated before. In addition, the heavy quarks are excellent candidates to probe the Quark-Gluon Plasma (QGP) formed in the nucleus-nucleus collisions. Due to the large virtuality Q, they have a formation time Δt ∼ 1/Q ∼ 0.1 fm/c smaller than the expected formation time of the QGP at LHC (∼ 10 fm/c).

Figure 1: Prompt J/ψ differential cross-section versus p^{J/ψ}_T integrated over the pseudo-rapidity range |η^{J/ψ} | < 2.4.

Figure 2: J/ψ differential cross section versus the azimuthal angle ϕ after unfolding and including systematics uncertainties.

In addition, less energy loss in the medium is expected for charm and beauty compared to light quarks and gluons due to the suppression of small angle gluon radiation, the so-called dead-cone effect [10]. Therefore, heavy quarks provide the possibility to probe deeper into the hot and dense QCD medium. The use of heavy quark energy loss as a probe to study the QGP properties requires a fine calibration in p-p and p-A, strongly related on the ability to understand the production mechanisms and, in particular, the nuclear initial state effects (e.g effects before the hard scattering) happening in nucleus-nucleus collisions such as k_T broadening and shadowing.

3. Quarkonium production and polarization

Due to high production rate of quarkonia states such as J/ψ and ϒ and to their branching fraction into charged leptons some of the first physics results at LHC are expected from quarkonia. From one side these resonances are a good tool for alignment and detector calibration in the early operation phase. On the other side the study of the J/ψ and ϒ polarization can allow to test QCD predictions and to discriminate between production models even with and integrated luminosity of 10 pb^{−1}. Figure 1 illustrates the capability of CMS to study J/ψ and extract the prompt differential cross-section. The result is expected with an integrated luminosity of 3 pb^{−1} [11]. Going up with the statistic, for an integrated luminosity of 50 pb^{−1} CMS expects to measure the differential crosssection dσ_b¯_b/dΔϕ with an initial precision of 15-25% depending on the Δϕ bin (see figure 2) [12]. This analysis is sensible to NLO production mechanisms being the gluon splitting expected to peak at Δϕ = 0 while the pair creation peaks at Δϕ = π. In figure 3 the ATLAS approach to J/ψ and ϒ studies is presented. Here, the prompt-onia is separated from the b decay contribution using the pseudo-proper time distribution as cutting variable (cf. figure 4). In order to extract the J/ψ and ϒ polarization [13] and discriminate between production models, the data are fitted to the acceptancecorrected cosθ^∗ distributions, where θ^∗ is the angle between the quarkonium state and the positive lepton. With a luminosity of 10 pb^{−1} ATLAS expects to measure the J/ψ polarization with a precision of order of 0.02-0.06, depending on the level of polarization itself in a range of p_T from 10 to 20 GeV/c and beyond. The ϒ case is more difficult with first data due to lower cross section

Figure 3: Sources of low di-muon invariant mass before (black dotted line) and after (brown) vertexing and pseudo-proper time cuts.

Figure 4: Pseudo-proper time distribution for reconstructed prompt J/ψ (blue shading) and the sum prompt and indirect (green shading).

Figure 5: Sketch of the b-tagging method in CMS. Figure 6: Uncertainties on cross-section evaluation.

and higher background.

Moreover, heavy quarkonia measurements are a very promising tool for the investigation of QGP properties. ALICE will use heavy quarkonia studies in p-p collisions as reference for studies in lead-lead collisions. The detector features allow a detailed study down to p_T ∼ 0 of many channels as J/ψ, ψ^′, ϒ, ϒ^′, ϒ^{′′} and χ_c. For reference see [14, 15].

4. Inclusive B production

The understanding of inclusive b production and b-tagging is a key task not only to test QCD but because b-jets represent a source of background for many of the most insteresting physics programs, from Higgs search to top studies. Reference to ALICE, ATLAS and CMS programs can be found in [16, 17, 18]. The CMS collaboration carried out a b-tagging study in 2006 [5], updated at the end of 2008 [18]. The trigger is based on a level 1 single muon trigger of 14 GeV/c. The high level trigger request is a single-non isolated μ with p_T > 19 GeV/c and a btagged jet with p_T > 50 GeV/c within the acceptance region of |η| < 2.4. The b-tagging algorithm is based on an inclusive secondary vertex reconstruction in jets. The tagging algorithms combine

Figure 7: Sketch of the D^0 → Kπ decay topology considered in ALICE.

Figure 8: Kπ invariant mass distribution before and after background subtraction (inset) expected for one year of Pb-Pb data taking [20].

several topological and kinematic secondary vertex related variables into a single tagging variable to discriminate between jets originating from b quarks and those from light quarks and gluons (cf. figure 5). The most energetic b-tagged jet in the event is used as B-particle candidate to measure the differential cross sections dσ/d p_T and dσ/dη. In figure 6 the estimated statistical and systematic uncertainties are shown. The expected b-tagging efficiency is ∼ 65% in the barrel and almost 55% in the end-cap region.

5. Exclusive B production

Production channels such as B^+ → J/ψK^+ and B^0 → J/ψK^{∗0} represent for CMS and ATLAS good calibration tools and an important reference for future studies of B_s states. CMS expects to measure their differential cross-sections with a statistical precion better than 10% with the first 10 pb^{−1} of statistic [19]. With the same statistic ATLAS expect to reach a statistical precision of ∼ 5% with systematics of order of 10% for the B^+ channel [13].

6. Open heavy flavour

The measurement of open charm and beauty production allows to investigate the mechanisms of heavy quark production, propagation and hadronization in the hot and dense medium formed in high energy nucleus nucleus collisions. Moreover, the open charm and beauty cross sections are important for the quarkonia program in ALICE. The ALICE detector was designed and optimized to study Pb-Pb collisions at √ s_{NN} = 5.5 TeV, providing excellent capabilities for tracking and particle identification. The strategy for the exclusive reconstruction of D^0 → Kπ (branching ratio ∼ 3.86%), key channel for open charm studies, is based on:

• Displaced vertex topologies. Tracks with large impact parameter and small pointing angle are selected. The decay topology is illustrated in figure 7.

• Identification of the kaon using the TOF detector.

Figure 9: Expected D^0 differential cross-section versus p_T .

Figure 10: Expected differential cross-section versus p_T evaluated for the b → e channel.

• Invariant mass analysis as illustrated in figure 8.

The D^0 selection cuts are optimized separately for p-p, p-A and A-A collisions. The D^0 p_T spectrum for one year of p-p data taking is depicted in figure 9. The statistical error is expected to be in the order of 15-20% and the systematic uncertainties less than 20% [20].

Another promising channel for heavy-flavour studies is the semi-leptonic decay of open beauty (B → e + X) [21]. Here, the detection strategy is based on three points. At first order the electron particle identification using TPC and TRD detectors is expected to reject most of the hadrons. The background from charm, the contribution from Dalitz decays and γ conversions are suppressed cutting on the small impact parameter values < 200 μm. The small residual background will be removed using ALICE data and Monte Carlo simulations. ALICE has many other channels for D and B under study to better constrain the production cross-section. The expected precision, equivalent to one year of data taking at the nominal ALICE working luminosity of L = 3 × 10^{30}cm^{−2}s^{−1} is shown in figure 10. To improve the knowledge about the different charm production mechanisms, an analysis to measure the gluon splitting rate is in development [22]. Here, the D^{∗±} content in jets is investigated, and using the different fragmentation charateristic of gluon splitting and pair creation the two contribution can be separated.

7. Conclusions

We reviewed parts of the ALICE, ATLAS and CMS heavy-flavour programs. In the early phase of data taking a focus will be in the understanding of the different production mechanisms. On one side these studies are a powerful tool to test QCD and on the other side they are the baseline for B_s studies and new physics search in ATLAS and CMS and the reference for heavy flavour measurements in heavy-ion collisions in ALICE.

References

[1] D. Acosta et al., Phys. Rev. Lett. 91, 241804 (2003).

[2] M. Cacciari, S. Frixione, M.L. Mangano, P. Nason and G. Ridolfi, JHEP 0407, 033 (2004). [3] The ALICE Collaboration, F. Carminati et al., J. Phys. G 30, 1517-1763 (2004). [4] The ATLAS Collaboration, JINST 3, S08003 (2008).

[5] The CMS Collaboration 2007 J. Phys. G: Nucl. Part. Phys. 34, 995-1579 (2007). [6] The LHCb Collaboration, A. Augusto Alves Jr et al., JINST 3 S08005 (2008). [7] J.T.M. Baines, A. Dainese et al., HERA and LHC workshop, (2005). [8] M. Pepé-Altarelli, LHCb status and early physics prospects, arXiv:0907.0926 (2009). [9] M.L. Mangano, P. Nason and G. Ridolfi, Nucl. Phys. B 373, 295 (1992). [10] Yu.L. Dokshitzer, D.E. Kharzeev, Phys. Lett. B 519, 199 (2001). [11] The CMS Collaboration, CMS Note, PAS BPH-07-002 (2008). [12] The CMS Collaboration, CMS Note, PAS BPH-08-004 (2009).

[13] The ATLAS Collaboration, CERN-OPEN-2008-020, Geneva, arXiv:0901.0512 (2008). [14] M. Malek, Quarkonia measurements with ALICE at the LHC, arXiv:0909.0357 (2009). [15] W. Sommer et al., "Quarkonia Measurements with the Central Detectors of ALICE", arXiv:nucl-ex/0702045 (2007).

[16] R. Guernane, Heavy flavour production in ALICE, arXiv:0707.2526 (2007). [17] G. Piacquadio et al., J. Phys.: Conf. Ser. 119, 032032 (2008). [18] The CMS Collaboration, CMS Note, PAS BTV-07-003 (2008). [19] The CMS Collaboration, CMS Note, PAS BPH-09-001 (2009).

[20] A. Dainese, Hadron Collider Physics 2005, Springer Proceedings Physics 190-194 (2005). [21] F. Antinori, C. Bombonati, M. Lunardon, A. Dainese, ALICE Note, ALICE-INT 2006-015 (2006). [22] A. Grelli and A. Mischke, D^⋆ Mesons in Jets Analysis in proton-proton collisions at √ s = 10 TeV using the ALICE detector at CERN-LHC , this volume.