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Abstract

Since the start-up of the LHC in 2009 the ALICE experiment has collected more than 700 M minimum bias events in pp collisions at the center of mass energies of 0.9, 2.36 and 7 TeV. The measurements of various benchmark processes have demonstrated that ALICE is well calibrated and the detectors are performing as expected. This provides a remarkable opportunity for detailed studies of pp collisions with an integrated luminosity of  10 nb-1 expected by October 2010. An overview of the obtained physics results are presented along with a first attempt of their interpretation. These results are considered as the reference measurements for the future studies with PbPb collisions which are expected  at the end of 2010.        

            Introduction


  Since the start-up of the LHC in November 2009 and till October 2010 the ALICE experiment [1], see Fig.1, has collected ~10 M Minimum Bias (MB) events in pp collisions at the Center of Mass (CM) energy of 0.9 TeV, as well as 40 k and 700 M events at 2.36 and 7 TeV CM energies respectively. This provides a remarkable opportunity for calibrations of all ALICE detectors, comparisons of the obtained data with previous experiments and detailed studies of pp collisions at the highest CM energy, so far, of  7 TeV with an integrated luminosity of  10 nb-1. 
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Fig. 1.  ALICE 3D setup: size 16 x 26 meters, weight 10000 tons,  L3 solenoid, Dipole magnet and 18 sub-detectors [1]. 

1.  ALICE performance


   In the ALICE experiment Particle IDentification (PID) is provided by various detectors. Charged particles can be identified by the ionization loss dE/dx measured by the Internal Tracking System (ITS), or by the Time Projection Chamber (TPC). In addition, separation of charged pions, kaons and protons is performed by the Time-Of-Flight measurements using the TOF detector. The identification of neutral mesons is provided by the electromagnetic calorimeters, i.e. PHOS and EMCal. To  illustrate the very good shape of the ALICE setup the PID performances of several major ALICE detectors (ITS, TPC, TOF and PHOS) are presented in Fig.2 for real pp-data at 0.9 and 7 TeV. 
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Fig.2. Upper figures: the π, K, p  identification with the ITS (left) and TOF (right) in dependence on the particle momentum for the 0.9 TeV data; lower figures: the e, π, K, p, d, t  identification with the TPC (left) in dependence on the particle magnetic rigidity and π0 identification with the PHOS (right) for particles with PT>3 GeV/c for the 7 TeV data. 

       As an example of strange particles identification with the ALICE setup, the π+π- and Λπ- mass spectra are shown in the upper plots of Fig.3, where the peaks of KS0 mesons (left) and Σ- hyperons (right) are shown. As for charmed particles identification the measured K-π+ and K+K-π+ mass spectra are shown in the lower plots of Fig.4 for 7 TeV pp-data. The clear peaks of  D0→ K-π+ and DS+→ φπ+ decays can be seen in the left and right figures respectively. All measured meson masses are in good agreement with the PDG values.   

            Several papers have been published by the ALICE collaboration on the base of collected pp-data, see [2-7]. Many more papers are now in the stage of preparation. The most interesting results are discussed below with further details and short comments.   
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Fig. 3. Upper figures: the measured π+π- and Λπ- mass spectra in the ALICE experiment for 0.9 TeV data, the peaks of KS0 mesons (left) and Σ- hyperons (right) are shown; lower figures: the measured K-π+ and K+K-π+ mass spectra for 7 TeV data, the peaks of D0→ K-π+ and DS+→ φπ+ decays can be seen in left and right panels respectively. 

2.  Charged particle multiplicity 


    Charged particle production was studied in pp collisions with ALICE at the CM energies of 0.9, 2.36 and 7 TeV [2-4] in the central pseudorapidity region for events with at least one charged particle in |η|<1. For inelastic interactions the measured particle pseudorapidity densities are shown in Fig.4 (left). The relative increase of the particle density between 0.9 and 2.36 TeV data and between 0.9 and 7 TeV data are shown in Fig.4 (right) with vertical dashed lines in comparison with various Monte Carlo (MC) models. As can be seen in the figures the measurements are significantly higher than the values from the models considered, except for PYTHIA tune ATLAS-CSC. The excess of the pseudorapidity density compared with the MC models is increasing with the CM energy in pp collisions.    
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Fig. 4. Left panel: measured charged-particle pseudorapidity density for inelastic events at the CM energies of 0.9, 2.36 and 7 TeV in the central pseudorapidity region for events with at least one charged particle in |η|<1; right panel: relative increase of the pseudorapidity density between 0.9 and 2.36 TeV data and between 0.9 and 7 TeV data compared to various model predictions. The ALICE measurements are shown by the  vertical dashed lines.   

3.  Two-pion Bose-Einstein correlations and average pT of charged particles 


The measurements of two-pion correlation functions were performed in pp collisions at the CM energy of 0.9 TeV. The collected data are consistent with previous measurements of high-energy hadron-hadron and nuclear collisions. The extracted HBT radius increases with the charged particle multiplicity, see Fig.5 (left panel). The ALICE data (full dots) are shown in comparison with other experiments. The dependence of the measured HBT radius on the transverse momentum of pion pairs is practically constant within the transverse momentum range which was studied.     
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Fig. 5. Left panel: one-dimensional Gaussian HBT radius in pp collisions at 0.9 TeV as a function of the charged-particle multiplicity (full dots) in comparison with other experiments [6], the analysis was performed using charged pion pairs with kT = 0.1-0.55 GeV/c.  Right panel: the average transverse momentum of charged particles for pT = 0.15-4.0 GeV/c in inelastic pp collisions at 0.9 TeV as a function of the charged-particle multiplicity in comparison to different MC models, the ratio Monte-Carlo over data is shown in the lower panel [7].


As for the transverse momentum measured for charged particles in inelastic pp collisions at 0.9 TeV, none of the Monte-Carlo (MC) models and tunes investigated simultaneously describes the pT spectrum of charged particles and the correlation between the average <pT> and the charged multiplicity. A significant increase of <pT> with the charged multiplicity is observed and shown in comparison to the models in the right panel of Fig.5. The disagreement is clearly seen.

4.  Underling event studies


      The general  shape  of  the detected events in ALICE is the subject of great interest. In Fig.6 the back-to-back correlations for one-jet events are shown for 0.9 (left panel) and 7 TeV (right panel) pp data in comparison with the prediction of PYTHIA and PHOJET MC models. As one can see from these figures the real events are more spherical than those produced by the MC models or, in other words, the jet quenching in the data is higher than that predicted by the MC models.
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Fig. 6. Back-to-back correlations in one-jet events measured in pp collisions at CM energies 0.9 (left panel) and 7 TeV (right panel) in comparison with MC models. 


      Another general characteristic of the events is the transverse sphericity ST , see [8], defined as a function ST = 2λ2/(λ2-λ1) of eigenvalues λi of the transverse momentum tensor Sxy[image: image16.jpg](Strip ) (_Drift ) ( Pixel )
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The dependence of event sphericities on the measured charged particle multiplicity  is presented in Fig.7 for 0.9 and 7 TeV pp data in comparison with the MC models [8]. As one can see from the figures, the high multiplicity events are more spherical than expected from the MC models. 
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Fig. 7.  Average transverse sphericity as a function of the charged particle multiplicity for 0.9 (left panel) and 7 TeV (right panel) pp data in comparison with the MC models [8].   

Conclusion


Proton-proton collisions have been measured in 2009-2010 with the ALICE detector at the CM energies of 0.9, 2.36 and 7 TeV. These CM energies in pp collisions are comparable with the total CM energy in PbPb collisions at √SNN = 4.3, 11.3 and 33.7 GeV respectively, and thus collective phenomena in the pp collisions could be expected as well. The HBT radius, average transverse momentum, back-to-back correlations and event sphericity in dependence on the charged multiplicity etc. indicate that collective phenomena in pp collisions are stronger than expected in various MC models. This discrepancy is an interesting subject and therefore the base of further detailed studies with the ALICE detector.   
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