arXiv:1106.6314v2 [hep-ex] 2 Aug 2011

Multi-strange particle measurements in 7 TeV proton-proton and 2.76 TeV PbPb collisions with the ALICE experiment at the LHC

D.D. Chinellato^1 for the ALICE Collaboration

1 Universidade Estadual de Campinas (UNICAMP), Campinas, Brazil

E-mail: daviddc@ifi.unicamp.br

Abstract. The production of charged multi-strange particles is studied with the ALICE experiment at the CERN LHC. Measurements of the central rapidity yields of Ξ^− and Ω^− baryons, as well as their antiparticles, are presented as a function of transverse momentum (p_t) for inelastic pp collisions at √ s = 7 TeV and compared to existing measurements performed at the same and/or at lower energies. The results are also compared to predictions from two different tunes of the PYTHIA event generator. We find that data significantly exceed the production rates from those models. Finally, we present the status of the multi-strange particle production studies in Pb-Pb at √ s_{NN} = 2.76 TeV performed as a function of collision centrality.

PACS Numbers: 25.40.Ep, 25.75.-q, 25.75.Dw

1. Introduction

The study of charged multi-strange particles in high-energy proton-proton collisions serves not only as an important benchmark for heavy-ion collisions, but it can also provide us with information pertinent to the interplay between different particle production mechanisms. At low transverse momenta, soft interactions are the dominant source of particle production, while at high p_t perturbative quantum chromodynamics (pQCD) processes take over as the most significant mechanism. Information on these mechanisms can be used to constrain the phenomenology of QCD-inspired models and event generators such as PYTHIA [1]. The multi-strange baryons are of particular interest as the colliding particles have no net strangeness content, so that any open strangeness must have been created in the collision.

In heavy-ion collisions, multi-strange baryon measurements can reveal information about the early partonic stages of the event, since these baryons have small hadronic cross-sections. In Au-Au systems at √ s_{NN} = 200 GeV at RHIC, radial flow was observed for the Ω that must have been accumulated prior to chemical freezeout [2].

2. Data Analysis

For this work, we studied multi-strange baryon production using a sample of 130 × 10^6 pp events measured by the ALICE experiment in 2010. The cascade decay candidates at mid-rapidity (|y| ≤ 0.5) are reconstructed out of combinations of high-quality tracks as measured by the ALICE time projection chamber (TPC) and the silicon Inner Tracking System (ITS) [3]. Further selections applied to these candidates include topological cuts and particle identification by energy loss while traversing the TPC gas. In addition, for the Ω, we reject all candidates whose invariant mass under the Ξ mass hypothesis is less than 8 MeV/c^2 from the Ξ nominal mass.

The number of counts in each p_t bin is taken within 4.5σ from the invariant mass peak after background subtraction, where we determine the background in the regions from 4.5σ up to 9σ away from the peak. In order to compute detection efficiency, we used Ξ^± or Ω^± enhanced Monte Carlo event generators such that every simulated event has at least one Ξ or Ω baryon, and subsequent propagation of the particles is performed through the full ALICE geometry with GEANT3 [4, 5].

Systematic errors are deduced point-by-point for the topological selections, signal extraction and track quality cuts; the p_t-independent uncertainties contributing to the systematic error are normalization, material budget, GEANT3 (anti-)proton crosssection, TPC particle identification and mass under the Ξ^± hypothesis rejection for the Ω^±.

3. Results and Discussion

The Ξ^± and Ω^± efficiency-corrected spectra are shown in Fig. 1. The anti-particle to particle ratios are consistent with unity throughout the measured p_t region for both multi-strange baryon species. We fit the spectra with Lévy functions as done previously in the ALICE √ s = 900 GeV pp strangeness analyses [6]. An additional 8% normalization uncertainty is not shown in Fig. 1.

The wide range in observed transverse momentum leads to an extrapolated area of only 22% for the Ξ^± and 26% for the Ω^±. The Ξ^± integrated yield is approximately 60% higher than the one measured by ALICE at √ s = 900 GeV for inelastic events [6].

The mean p_t of Ω^± is about 20% higher than for Ξ^±.

When compared to Monte Carlo event generators, the total yields within the inelastic event category are 2.5 ± 0.3 times higher than the PYTHIA 6.4 Perugia-0 [7] predictions for Ξ^± and 8.0 ± 1.1 times higher for Ω^±. Newer tunes have been altered to match charged particle production measurements from pp collisions at 7 TeV, such as the Z2 tune [8]; however, the Z2 tune still underpredicts total Ξ^± production by a factor of 1.9 ± 0.2 and Ω^± production by a factor of 6.0 ± 0.8. In either tune used, the shape of the p_t spectra is not well described, as shown in Fig. 1 for the Z2 tune, and the ⟨p_t⟩ is larger in data by about 20%. The one notable exception is the Ξ^± spectrum at high p_t, where the predictions and the data seem to converge.

Figure 1. Ξ^−, Ξ^+, Ω^− and Ω^+ transverse momentum spectra. Also shown are ratios to Pythia Z2 predictions.

Figure 2. The ratio of Ξ^± and Ω^± transverse momentum spectra compared to MC predictions.

When compared to other experiments, the measured yield for the Ξ^± is smaller than the one measured by CMS [9]. This is due to the difference in normalization, as the ALICE results are normalized to inelastic events and CMS results are normalized to non-single-diffractive (NSD) events. Under the assumption that the multi-strange baryon production at mid-rapidity is negligible in single-diffractive events, the difference is solely due to the cross-section ratio σ_{NSD}/σ_{inelastic}, which the comparison shows to be 76 ± 13%. The ⟨p_t⟩ measured by ALICE and CMS for Ξ^± is in agreement.

In order to compute the ratio of Ω^±/Ξ^± as a function of p_t, the Ξ^± analysis was also performed in the same transverse momentum binning as the Ω^±. The resulting ratio can be seen in Fig. 2 and is shown to rise with momentum, which is consistent with the different slopes observed in Fig. 1. PYTHIA predictions are also shown and do not reproduce this ratio well in any of the tunes used. This information could be used to further tune PYTHIA to reproduce the strangeness production rates seen in pp collisions at LHC energies.

Figure 3. Ξ^± and Ω^± invariant mass distributions in peripheral and central Pb- Pb collisions and in high and low transverse momentum bins. The minimum bias distributions are shown as black histograms.

4. Status of the analysis of Pb-Pb data

Using a data sample of 15 × 10^6 lead-lead (Pb-Pb) collisions as measured by ALICE in 2010, we show in Fig. 3 the invariant mass distributions for the multi-strange baryons. A clear signal can be seen in both a wide transverse momentum range (from 1.0 − 6.0 GeV/c for the Ξ^− and Ξ^+ and 1.0 − 5.0 GeV/c for the Ω^− and Ω^+) and a large reach in centrality, making it possible to perform spectrum extraction even in peripheral event categories such as 60-80%. The combinatorial background is significantly larger than in pp collisions, so that topological cuts had to be tightened to improve the signal to background ratio. Comparisons to pp systems will be drawn once the proper efficiency corrections have been applied.

Acknowledgements

We wish to thank Fundação de Amparo a Pesquisa do Estado de São Paulo, FAPESP, Brazil for the support.

References

[1] Sjostrand T, Mrenna S and Skands P Z 2006 JHEP 05 026 hep-ph/0603175 [2] Adams J et al. (STAR) 2005 Nucl. Phys. A757 102 arXiv:nucl-ex/0501009 [3] Aamodt K et al. (ALICE) 2008 JINST 3 S08002 [4] Brun R et al. 1985 CERN Data Handling Division DD/EE/841 [5] Brun R et al. 1994 CERN Program Library LongWrite- up, W5013 [6] Aamodt K et al. 2011 Eur. Phys. J. C 71 1594 [7] Skands P Z 2010 Phys. Rev. D 82 074018 [8] Field R 2010 arXiv:1010.3558v1 [9] Khachatryan V et al. (CMS) 2011 arXiv:1102.4282