arXiv:nucl-ex/0702053v2 29 Mar 2007

ALICE potential for Heavy-Flavour Physics

Ginés Martínez García for the ALICE Collaboration

Subatech (Université de Nantes, Ecole des Mines and CNRS/IN2P3), Nantes, France

E-mail: Gines.Martinez@subatech.in2p3.fr

Abstract. Heavy Quarks will be abundantly produced in Heavy Ion Collisions at LHC energies. Both, the production of open heavy flavoured mesons and quarkonia will probe the strongly interacting medium created in these reactions. In particular, the ALICE detector will be able to measure heavy flavour production down to low transverse momentum, combining leptonic and hadronic channels, covering a large rapidity range |η| < 0.9 and −4 < η < −2.5. In this talk we will present the main physics motivations for the study of heavy flavour production at LHC energies and some examples of physics analyses developed by the heavy flavour working group of ALICE.

1. Introduction

The Large Hadron Collider (LHC) will provide ion beams at ultra-relativistic energies. Luminosity of lead lead collisions is expected to be < L >= 5·10^{26}cm^{−2}s^{−1} at √ s =5.5A TeV. In addition, the LHC will deliver proton proton collisions and proton lead collisions, providing a solid baseline for the study of medium effects in heavy ion collisions (HIC) [1]‡. At such ultra-relativistic energies, new observables will become accessible to study the strongly interacting medium that will be produced in HIC. In particular, the increase of the production cross-section of hard probes will allow to probe the hadronic matter via high p_T hadrons, jets, high p_T photons and heavy flavours (HF) [1, 2, 3]. In this talk we will present the main physics motivations for the study of HF production at LHC energies and a few examples of physics analysis developed by the ALICE collaboration.

2. Heavy Flavour production at LHC energies

In HIC, heavy quarks are expected to be produced in the first stages of the collision and to coexist with the surrounding medium due to their long life-time. Therefore HF production will probe the strongly interacting medium produced in these reactions.

• Initial production. Charm quarks will be copiously produced in hadron collisions at LHC energies via predominantly gluon-gluon fusion: more than 100 cc̄ and

‡ The duration of a proton-proton run at 14 TeV is expected to be 10^7 s. For the other systems, the duration of the run is expected to be 10^6 s.

around 5 bb̄ pairs per central Pb+Pb collision are expected [2, 4]. In the ALICE acceptance, HF production will probe the gluon small Bjorken-x domain (x ∈ [10^{−5}, 10^{−3}]). In the case of HIC, one should expect that gluon shadowing modifies the heavy quark production with respect to the binary scaling. Indeed, a suppression of about 20% (10%) for charm (beauty) in p+Pb collisions is expected due to gluon shadowing [5]. About 1% of the heavy quark pairs should result in the formation of colourless bound states: the quarkonia. The process of formation of quarkonia from the initially produced QQ̄ pair is a non-perturbative process. In this respect, quarkonia production is challenging for QCD theory since it must be addressed by non-perturbative models like non-relativistic QCD (see [4] and reference therein).

• Heavy quarks in hot and dense medium. Heavy quarks will propagate in matter mainly formed by gluons and light quarks (u, d, s). It is still an open question how heavy quarks will behave in such a medium, although PHENIX and STAR experiments are already addressing this question [6]. Will heavy quarks thermalize? Will heavy quarks develop collective motion? Some models assume that heavy quarks behave like Brownian particles (m_Q >m_q) [7] and their transverse momentum (p_T ) and rapidity distributions and azimuthal asymmetries will probe the properties of the QGP. Other models do not address the problem of thermalization and directly assume statistical coalescence of heavy quarks [8, 9, 10]. The measurement of the QQ̄ bound states will allow to study the properties of the medium via the Debye screening [11] and/or the gluon dissociation of quarkonia [10]. In addition, the charmonium states will also allow to study the kinetic recombination of heavy quarks [9] and/or their statistical hadronization [8].

• Secondary production. ψ^′ and χ_c charmonia resonances will decay into J/ψ with a relative contribution to the full direct J/ψ production of about 40%. Υ(1S) (Υ(2S)) production will be increased by radiative decay of the χ_b resonance and decays of higher Υ(nS) resonances. It is expected about 45% (30%) of feed-down from other bottomonia resonances for the Υ(1S) (Υ(2S)). In addition, there will also be production of J/ψ due to charmonium decay modes of the B mesons. At LHC energies the relative contribution of J/ψ (ψ^′) from B-meson decay should be about 22% (39%) [4]. However, the latter will be evaluated on a statistical basis via the measurement of open beauty production cross-section and via the high precision vertexing of quarkonia decay products on an event-by-event basis.

3. Heavy Flavour Physics in the ALICE detector

A Large Ion Collider Experiment (ALICE) has been designed for addressing the physics of HIC at LHC energies and will study the production of HF in several channels [1] in p+p, p+Pb and Pb+Pb collisions. In the following, we will present a few examples of physics channels addressed by the heavy flavour working group of ALICE:

• Heavy flavoured mesons in the hadronic channels. Production of open charmed hadrons will be studied in the ALICE central barrel (|η| < 0.9) via their decay into hadronic channels like D^0 → K^−π^+. Hadrons from secondary vertices will be tracked by the central tracking system of ALICE: the six layers of the silicon Internal Tracking System (ITS) and the Time Projection Chamber (TPC). The Time Of Flight (TOF) detector will allow for pion/kaon discrimination in the low transverse momentum domain (p_T < 2 GeV/c). Cuts on the separation between the primary vertex and secondary tracks, on the secondary vertex quality and on the pointing angle of the reconstructed mother particle will allow for improving the signal to background ratio. In particular, during one year of data taking at LHC, D^0 meson will be studied in the transverse momentum range from 1 to 20 GeV/c in the K^−π^+ channel in p+p p+Pb and Pb+Pb collisions with a statistical error better than 20% [2, 12, 13, 14]. The D^± can also be studied by the ALICE detector [15]. Studies of D_s and Λ_c are also in progress.

• Beauty detection in the electron channel. Open beauty production can be studied via the electron detection in the central barrel. Electrons will be identified using the information of the Transition Radiation Detector (TRD) and their energy loss in the TPC and will be tracked by the ITS, TPC and TRD detectors. High precision vertexing will be necessary to select electrons (p_T > 1GeV/c) created several hundreds of micrometers away from the primary vertex. These electrons are mainly produced by semi-electronic decays of charm and beauty hadrons. The direct measurement of the charmed meson production will allow to evaluate the contribution of charm to the electron spectrum [2, 16] in order to extract the beauty yields.

• Beauty and W^± detection in the muon and di-muon channels. Open beauty production will be studied via the measurement of muon and di-muon production in the muon spectrometer of ALICE (−4.0 < η < −2.5). High p_T muon events will be efficiently triggered by the trigger system of the muon spectrometer [17]. The analysis of the single muons and the correlated continuum of di-muon invariant masses will allow for studying the beauty production in the p_T range from 1 to 20 GeV/c [2, 18, 19, 20]. For p_T higher than 20 GeV/c, the W muon decay will be the dominant contribution to the muon p_T distribution [21, 22]. W boson production will be studied by measuring the muon p_T distribution in the range from 25 to 50 GeV/c. W bosons will interact weakly with the QGP and would provide a baseline to study medium induced effects on beauty flavour production.

• Quarkonia detection in the di-electron channel. Quarkonia production at mid-rapidity (|y| < 0.9) will be studied in the di-electron channel. Electrons will be identified by the TRD and TPC, and tracked by the ITS, TPC and TRD. The invariant mass resolution is expected to be around 30 (90) MeV/c^2 for charmonia (bottomonia). Good statistics of J/ψ events will be collected for the most central Pb+Pb collisions, more than a hundred thousand J/ψ’s (and about 900 Υ(1S)

Author guidelines for IOP journals in L^ATEX 2ε 4

events) during one year of data taking [2, 23]. The high precision vertexing of the ITS system should allow for tagging J/ψ from beauty hadron decays.

• Quarkonia detection in the di-muon channel. Quarkonia production at rapidities −4.0 < |y| < −2.5 will also be studied in the di-muon channel. The invariant mass resolution will be around 70 (100) MeV/c^2 for charmonia (bottomonia) in central Pb+Pb collisions. Novel observables like the relative yield of Υ’s N_{Υ(2S)}/N_{Υ(1S)} will be studied [2, 24]. More than half a million J/ψ’s are expected to be detected during one Pb+Pb run at LHC. This will allow to study the charmonia production in the p_T range from 0 to 20 GeV/c. Quarkonia will also be studied in proton proton collisions, where about 3 millions J/ψ events per run will be collected [25]. Such a high statistics will open the possibility to study the J/ψ polarization at high transverse momentum [26].

4. Conclusions

HF production at LHC energies is a very promising probe to study the properties of the high energy density medium formed in HIC. The ALICE experiment will address the richness of HF physics in a large rapidity window, down to very low p_T ’s by combining the analysis of hadronic and leptonic channels.

[1] ALICE collaboration, ALICE Physics Performance Report Vol I, J. Phys. G 30 (2004) 1517. [2] ALICE collaboration, ALICE Physics Performance Report Vol II, J. Phys. G 32 (2006) 1295. [3] F. Antinori in these proceedings.

[4] M. Bedjidian et al., CERN Yellow Report hep-ph/0311048 (2003). [5] J. Raufeisen, hep-ph/0403195 and J. Phys. G 30 (2004) S1159. [6] M. Calderón, A. Suaide, M. Leitch and R. Averbeck in these proceedings. [7] P.B. Gossiaux, hep-ph/0411324 (2004) and in these proceedings. [8] A. Andronic et al., nucl-ex/0303036 and Phys. Lett. B 571 (2003) 36. [9] R.L. Thews et al., Phys. Rev. C 63 (2001) 054905. [10] L. Grandchamp et al., Phys. Rev. Lett. 92 (2004) 212301. [11] S. Datta et al., J. Phys.G: Nucl. Part. Phys. 30 (2004) S1347. [12] A. Dainese, R. Turrisi and N. Carrier, ALICE-INT-2002-05 v.1 (2002). [13] A. Dainese, Eur. Phys. J. C 33 (2004) 495.

[14] A. Dainese et al., nucl-ex/0405008 (2004); nucl-ex/051008 (2005); nucl-ex/0608005 (2006). [15] E. Bruna et al., Poster at Quark Matter 2006, to be published in Int. J. of Mod. Phys. E (2007). [16] F. Antinori, C. Bombonati, M. Lunardon and A. Dainese, ALICE-INT-2006-015 (2006). [17] F. Guerin, F. Yermia, P. Dupieux, P. Rosnet and E. Vercellin, ALICE-INT-2006-002 (2006). [18] R. Guernane, P. Crochet, A. Morsch and E. Vercellin, ALICE-INT-2005-018 (2005). [19] R. Guernane et al., hep-ex/0506019 (2005). [20] Ph. Crochet et al., nucl-ex/0503008 (2005). [21] Z. Conesa del Valle et al., ALICE-INT-2006-021 (2006).

[22] Z. Conesa del; Valle et al., nucl-ex/0609027 (2006); Eur. Phys. J. C 49, 149-154 (2007). [23] W. Sommer et al., Poster at Quark Matter 2006, to be published in Int. J. of Mod. Phys. E (2007). [24] E. Dumonteil and P. Crochet, ALICE-INT-2005-002 (2005). [25] D. Stocco, E. Vercellin and R. Guernane, ALICE-INT-2007-006 (2007). [26] R. Arnaldi and E. Scomparin, work in progress within heavy flavour working group of ALICE.