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The ALICE experiment at CERN is primarily focused on quark-gluon plasma production in heavy ion (Pb-Pb) collisions. In addition, high multiplicity events from the LHC pp programme will provide an interesting field of study. As with A-A collisions, high multiplicity could suggest high underlying energy density of the system, possibly exceeding that required for deconfinement. Bjorken first suggested that deconfinement might occur in pp collisions, and evidence for this was sought by the E-735 experiment at Fermilab but no clear signature was seen. The LHC will offer new possibilities for examining this idea owing to the much greater multiplicity reach available at higher energy. The ALICE experiment has powerful triggering tools and particle identification (PID), which place it in a strong position to analyse these events and to measure the observable signatures of deconfinement that may arise. Signatures particularly related to strangeness production will be outlined and the capabilities for such studies at ALICE will be discussed.

Introduction

The Large Hadron Collider (LHC) at CERN will collide protons at up to 14TeV cms energy, and Pb ions with a nominal cms energy of 5.5TeV/u. ALICE, A Large Ion Collider Experiment, is designed to study Pb-Pb collisions, but its triggering and PID capabilities provide a unique opportunity to investigate the properties of high multiplicity pp events produced at the LHC. high multiplicity event can indicate that the system had high energy density;

ε B = 1 tA dE T dy = 1 tA dN dy m T ( 1 
)
where t is taken to be τ <1fm/c i.e. the formation time, E T and m T are the transverse energy and mass respectively, dN (t)/dy is the multiplicity per unit of rapidity and A is the cross sectional area. LHC pp collisions could reach 5-10GeV/fm 3 -comparable to A-A collisions at RHIC [2]. However, this comparison should be made with caution, as the pp systems have much smaller volume. High multiplicity can also be caused by minijet formation, which affects 50% of events at the Tevatron and is expected to increase with energy [3]. The E735 Collaboration have compared K/π and p/π -ratios from pp events at √ s=1900GeV as a function of multiplicity, reaching only dN/dη≈20 [4]. These measurements were inconclusive due to insufficient statistics, but at LHC energies a large number of pp events with much higher multiplicity can be produced.

Strangeness Production in pp vs A-A systems

Ratios of strange to non-strange particles in A-A collisions (e.g. at SPS [5], RHIC [6]) are enhanced compared with pp collisions. The yields in Pb-Pb collisions at the SPS and Au-Au collisions at RHIC can be described well by a grand-canonical system in equilibrium [7], implying saturation of strangeness upon hadronization of the system [8]. It has been proposed that in pp collisions, strangeness production is suppressed by the limited volume of the colliding system, which requires localised strangeness conservation [9], [START_REF] Kraus | These Proceedings[END_REF]. This canonical suppression, however, does not explain the suppression of the φ meson in pp with respect to A-A collisions [START_REF] Becattini | [END_REF], [12], because the φ has a net strangeness of zero. The γ s factor [START_REF] Rafelski | Hadrons and Quark-Gluon Plasma[END_REF] -which describes the fraction of s and s quarks produced with respect to saturation -is unity in the case where the system reaches equilibrium. The γ s factor affects strange and antistrange quarks equally, and γ s < 1 would be needed to help describe suppression of the φ in pp with respect to A-A collisions in this model.

It is likely that minimum bias pp collisions do not produce a system in full equilibrium. In order for equilibrium to be possible at all, it is necessary that the system has (i) adequate energy density and (ii) a sufficient number of particles to make a statistical ensemble. The increasing density of gluons with decreasing x at HERA suggest that in pp collisions at the LHC systems could have ∼ 30 partons [START_REF] Schukraft | Talk for the ALICE Collaboration[END_REF], which may be sufficient, in combination with the high multiplicity (large energy density) described in Section 1.1, to reach these minimum requirements. In this case, it is possible that a statistical system of a partonic nature could be formed in these collisions. Bjorken first suggested the idea of deconfinement in pp collisions in 1982 [START_REF] Bjorken | [END_REF]. More recently EPOS, a hadronic interaction model which has a core-corona approach to A-A collisions [START_REF] Werner | [END_REF], also points to the production of 'mini-plasma' in high energy density pp collisions.

ALICE at the LHC

ALICE is designed principally for heavy ion studies and is capable of dealing with very high multiplicity events [17]. The central barrel, contained within a large solenoid magnet with 0.5 T field, has an Inner Tracking System (ITS) and Time Projection Chamber (TPC) for tracking, and other detectors for PID and calorimetry. Detectors in the forward region provide triggering, timing and multiplicity information, muon trigger selection and muon tracking. The triggering capabilities and excellent PID of the ALICE detector makes it particularly useful for high multiplicity pp analysis. The Silicon Pixel Detector (SPD) of ALICE makes up the inner two layers of the ITS, providing very precise tracking in the vertex region and fast triggering capabilities. It covers the central region | η |< 1.95 and with ∼10 7 pixels it is designed to handle the extreme multiplicity encountered in A-A collisions, up to 8000 charged particles. In pp collisions, it is used along with forward scintillator detectors to form a first level (L0) minimum bias trigger, but there are many algorithm possibilities for the trigger; for example, one can set up to four tuneable levels of pixel-chip threshold for multiplicity. This is a feature unique to ALICE and provides the opportunity to acquire a large high multiplicity sample during pp collisions. ALICE uses several techniques for charged particle ID [18]. The TPC and Time of flight (TOF) detectors are most important for this, with large acceptance and central coverage. The TPC is a gas-filled chamber used for precise tracking measurements and it provides dE/dx information used for PID of protons, pions and kaons up to ∼1GeV/c. With this basic information, cuts can be made to reduce background in, for example, invariant mass distributions. This study has been limited to a pessimistic scenario, using only TPC PID information with a relatively loose cut of 3σ for kaon selection. The TPC is a relatively slow detector, with a maximum readout rate of around 1kHz, which has an effect on the maximum rate of a high-multiplicity trigger.

Strangeness Analyses with ALICE

Early analyses of strange particles include the relative yields of π/K/p, yields of Λ and Λ, and eventually Ξ and Ξ, as a function of multiplicity. For reasons outlined in the introduction it is clear that the φ yield is also of great interest. The strategy based on analysing a sample collected during the first three months of data taking has been developed. This will provide a first look at high multiplicity and allow for an evaluation of the appropriate next steps over the coming year. To establish the required statistics for each analysis, studies were done assuming multiplicities of at least 5×< dN/dη > would be needed for the high multiplicity sample. Estimates are based on requiring a statistical error of less than 10% for bins below a p T of 3GeV. As high multiplicity samples are difficult to simulate, estimates were made from minimum bias samples. For each case, scaling of significance with dN/dη and number of events was considered in order to obtain the required sample, as shown in Table 1. 

Factors in Acquiring a High Multiplicity pp Sample

The reach of multiplicity is not yet known in pp collisions at LHC energies. Different Monte Carlo (MC) models (e.g. PYTHIA [19] and PHOJET [20]) show quite different expected reach for samples of the same size. A reasonable description of the multiplicity distribution can be made using a negative binomial distribution [21], in which case the high multiplicity tail becomes exponential. An early look at LHC data, using four suitable pixel chip multiplicity thresholds, will provide enough statistics in the high tail to allow for an exponential fit. This can be extrapolated to larger statistics and gives the first guess to the potential reach over the period of a few months of data-taking. For interaction rates above about 0.1 interactions/bc, there is a non-negligible contribution to minimum bias data from more than one event in the same bunch crossing. The probability for these 'pile-up' events follows a Poisson distribution, increasing with the interaction rate. With increasing multiplicity, it becomes more likely that an event contains pile-up, as the probability of a single interaction drops faster than pile-up probability. The effect of pile-up events on the multiplicity distribution can be reproduced if the interaction rate is known. As seen in Figure 1(i), using Poisson probabilities and a MC single interaction multiplicity spectrum (b), a distribution for double (c) and triple (d) interactions can be produced, where each pile-up contribution is made up of the sum of multiple single-interaction multiplicities. The effective multiplicity distribution as seen before pile-up removal will be the sum of these contributions (a). Multiple interactions in the same bunch crossing can be removed using offline multiple-vertex finding software [22]. During reconstruction, a primary vertex is found using information from the tracking detectors (ITS, TPC). Once a primary vertex has been found, a further iteration can be used to search for a second vertex. With the right conditions two primary vertices can be distinguished with as little as 750µm separation. The event can then be classed as pile-up and removed. The overall efficiency for this study is assumed 95%. In order to optimise event selection using the high multiplicity trigger, the purity with respect to single interactions needs to be estimated. Using an iterative method based on the interaction rate, the single interaction multiplicity shape can be extracted from the full distribution. With a few million minimum bias events, aided by an exponential fit to the high tail, an estimate of the purity as a function of multiplicity threshold can be produced quickly, indicating the usefulness of a given threshold in selecting 'good' events (see Figure 1(ii).) With this information a suitable threshold can be chosen, balancing loss of statistics and (i).Full (a) and pile-up (c), (d) pixel-chip multiplicity distributions produced from single-interaction only sample (b), using PYTHIA MC with an extended exponential tail, assuming interaction rate of 0.06 ints/bc (colour online). (ii).Purity (fraction of single interactions remaining to total events remaining) as a function of the pixel-chip trigger threshold used. This drop-off describes the loss in purity of the sample and not the reduction in its rate, which drops off exponentially. purity, increased mean dN/dη (7.5 for the minimum bias sample) and suitable rate of the trigger.

Early and Long-Term Running Scenarios: Results and Conclusions

A realistic early (first three months) running scenario for the LHC at optimal energy for ALICE pp collisions is assumed for this study. The interaction rate is assumed to be 0.06 interactions/bc, with 24 bunches. Each bunch will orbit at a rate of just over 11kHz. It is likely that 70% of the triggering time will be dedicated to minimum-bias event selection. Within the remaining 30%, other rare triggers may be used, and the total rate must not exceed 100Hz (in order to keep deadtime to a minimum). For this study, it is assumed that the high-multiplicity trigger is allowed a rate of up to 10Hz. It is assumed that a purity of at least 5% will keep contamination at a safe level. PYTHIA MC simulation is used to generate the minimum bias distribution. Table 2 shows the maximum pixel chip multiplicity threshold and corresponding factor increase in < dN/dη > (assumed to be 7.5 for a minimum bias sample) for a trigger threshold in order to obtain the yields given in Table 1 required for a first analysis at high multiplicity. Even in the most statistically demanding analysis, it appears that in a few months a suitable sample of events of almost 7×< dN/dη > can be obtained. For a full year of running a sample 

Figure 1 .

 1 Figure 1. (i).Full (a) and pile-up (c), (d) pixel-chip multiplicity distributions produced from single-interaction only sample (b), using PYTHIA MC with an extended exponential tail, assuming interaction rate of 0.06 ints/bc (colour online). (ii).Purity (fraction of single interactions remaining to total events remaining) as a function of the pixel-chip trigger threshold used. This drop-off describes the loss in purity of the sample and not the reduction in its rate, which drops off exponentially.

Table 1 .

 1 The estimated numbers of events needed for each analysis.

	π/K/p Λ/Λ φ	Ξ/Ξ

Table 2 .

 2 For each analysis, estimated statistics required for the high multiplicity samples after 3 months of data-taking; corresponding maximum pixel chip multiplicity threshold; natural rate using each threshold; minimum dN /dη of the resulting sample; factor increase in <dN /dη> compared to minimum bias data.with appropriately high < dN/dη > can be acquired based on what is found. All PID detectors should be available for use and the first look will indicate whether it is more appropriate to collect a sample with much greater statistics to improve errors in high p T bins or to obtain a sample with a much higher multiplicity threshold. Data-taking from pp collisions at the LHC at 900GeV began in November 2009[23] and the outlook for 2010 looks promising.

		π/K/p	Λ/Λ φ	Ξ/Ξ
	N (10 3 Events)	5	50	300 500
	Max. Threshold	255 (5% pure) 236 208 199
	Rate (Hz)	1	2.4	7.2 10.6 (Max.)
	Min. dN /dη	64	59	52 50
	Factor ×<dN /dη> 8.5	7.8	6.9 6.6