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Abstract. The production of strange baryons and anti-baryons in PbPb and pBe collisions has been studied by the NA57 experiment at the CERN SPS, extending down the centrality range covered by the previous WA97 experiment, and collecting data at two different energies. The enhanced production of such particles in central PbPb collisions with respect to pBe has been experimentally confirmed. This paper discusses results on ( and ( hyperon production obtained at 40 and 158 A GeV/c.

INTRODUCTION

The investigation of the behavior of nuclear matter under extreme conditions of energy density, temperature and pressure has received a strong boost, especially in the last decade, with the advent of accelerator facilities allowing the study of ultra-relativistic heavy-ion collisions. 

Experiments carried out at the CERN SPS with Pb projectiles at beam momentum  of 158 A GeV/c showed that in central PbPb collisions a strongly interacting nuclear state is indeed produced, which has an energy density larger by at least one order of magnitude than that of normal nuclear matter. A deconfinement phase transition is predicted under such conditions by the Quantum ChromoDynamics (QCD). Several possibilities of observing specific signatures originating from the Quark Gluon Plasma (QGP) deconfined phase, have been discussed in the past.

One of such signals, originally proposed by Rafelski and Müller1, is the strangeness enhancement. This effect is expected to be larger for particles with more than one strange quark, such as the cascade baryons (- and (- (and their antiparticles).

Such a pattern of strangeness enhancement has been observed by the WA97 Collaboration, which has studied2 strange baryon and antibaryon production in PbPb and pBe collisions at 158 A GeV/c. The NA57 experiment (successor of WA97) was designed  to understand how the strangeness enhancement depends on the collision centrality down to small centrality regions, on the bombarding energy and on the system size. The NA57 centrality range was lowered to about 50 wounded nucleons (Nwound), i.e. the nucleons which are found within the geometrical overlap of the two colliding nuclei3 (the corresponding limit for WA97 was about 100). The experiment has collected data both at 158 and 40 A GeV/c,  corresponding to a factor of  2 in (s , while WA97 collected data at 158 A GeV/c only.

This paper reports some recent results on the production of (, 
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+ in PbPb and pBe collisions at SPS energies. Results on strange baryon production from the  NA57 experiment have also been reported in recent Conferences4.

THE NA57 EXPERIMENT

The experimental setup of the NA57 experiment is shown in Fig.1. The main tracking device is a compact telescope made by 13 silicon pixel planes with a sensitive area of about 5 x 5 cm2. The telescope is placed 60 cm downstream of the target position (30 cm at 40 A GeV/c) and is inclined with respect to the beam in such a way as to cover the central rapidity region. Charged particles are tracked in a magnetic field of 1.4 T, provided by the GOLIATH magnet. 
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Figure 1.  Experimental lay-out of the NA57 experiment at the CERN SPS.

Two stations of silicon strip detectors (MSD1, MSD2), covering the pseudorapidity interval 2 < ( < 4, are used to measure the charged particle multiplicity and to determine the collision centrality for  PbPb collisions. A set of scintillators (Petals), placed 10 cm downstream of the target ( 1 < ( < 2) is used to trigger on the centrality of the collision. In case of PbPb collisions at 158 A GeV/c, the most central 60 % of the total inelastic cross section has been selected. 

   A more detailed description of the experimental lay-out can be found in Ref5. The main differences with respect to the previous experiment, WA97, are the use of  a different beam line with a smaller spot size, a new telescope layout, fully based on silicon pixel detectors, a new magnet (GOLIATH), a new data acquisition system, and a revised set of software programs for detector alignment, track finding and event reconstruction.

   Strange and multistrange baryons are identified by the topology of their weak decays into charged particles in the final state (Table 1). Particles are detected in a kinematical window Δy = ± 0.5  around midrapidity, with a minimum transverse momentum of about 0.3 GeV/c, depending on the detected particle. Fig.2 shows the invariant mass spectra of  (-  and 
[image: image3.wmf]-

X

+ (left), together with their acceptance window (right). 
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Figure 2.  Lambda-pion invariant mass spectra (left) and the corresponding acceptance window (right), for PbPb collisions at 158 A GeV/c.

   To correct for acceptance and efficiency losses, each individual detected particle is weighted by generating Monte Carlo particles with the same rapidity and transverse momentum as the real particles and tracing them through the experimental set-up. Generated hits are then embedded into real events to account for background. These events are finally processed by the same analysis chain used for real data. 
TABLE 1.  Strange particles decay parameters.



Particle
Decay
B.R. (%)
cτ (cm)
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DATA ANALYSIS AND RESULTS

Table 2 reports a summary of the data sets measured so far by the NA57 experiment.  

TABLE 2.  Data sets measured by NA57.



System
Beam Momentum
Sample size
Data taking
Event reconstruction

PbPb
158 A GeV/c
230 Mevents
1998
Completed

pBe
40   A GeV/c
60   Mevents
1999
Completed

PbPb
40   A GeV/c
290 Mevents
1999
Completed

PbPb
158 A GeV/c
230 Mevents
2000
Completed

pBe
40   A GeV/c 
100 Mevents
2001
Ongoing

Collision centrality
The collision centrality is estimated by the number of wounded nucleons, according to the method described in  Ref 6.  Events are divided into five centrality classes (0 to IV), class 0 being the most peripheral one (<Nwound >  ( 50). Classes I to IV correspond approximately to the four centrality classes of WA97. Fig.3 (left) shows the distribution of the charged particle multiplicity  in the range 2 <  η < 4, for PbPb collisions. The boundary of the five centrality classes are shown, together with the values of the corresponding cross-sections. The distribution of the number of wounded nucleons for the five centrality classes (0 to IV) is shown in fig.3 (right).
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Figure 3.  (Left) Charged particle multiplicity distribution in the range 2 < η < 4 measured by NA57, together with the five centrality classes used in the analysis and the values of the corresponding cross-sections. (Right) Distribution of the number of wounded nucleons for the five centrality classes.

Particle ratios

Particle production ratios provide information on the chemical equilibrium in a heavy-ion collision. Antibaryons to baryons ratios in particular give information on the baryon density. Table 3 lists the present status of antibaryon to baryon ratios at 40 and 158 A GeV/c, extracted from the analyzed sets of data. Results are still preliminary. For the (’s in pBe at 40 A GeV/c only a part of the statistics has been analyzed so far.

   A significant decrease, by a factor 6 for (’s and a factor 3 for (’s,  is observed for antibaryons to baryons ratios when going from 158 to 40 A GeV/c for PbPb collisions. The same reduction is observed for  (’s in the pBe case. This behavior suggests a larger baryon density at lower bombarding energy. 
TABLE 3.  Particle ratios in NA57.  The values of the particle ratios in pBe are from WA97.



Particle ratio
PbPb @ 158 A GeV/c
PbPb @ 40 A GeV/c
pBe @ 158 A GeV/c
pBe @ 40 A GeV/c
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Transverse mass spectra

Transverse momentum distributions d2N/dmTdy have been extracted from the data for (, 
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+ produced in PbPb collisions at 158 A GeV/c. The following parametrization
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has been used to evaluate the inverse slope T via a log likelihood fit. Fig. 4 shows the results for ( and 
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. The values of the inverse slopes (see Table 4) are found to be compatible for particles and their antiparticles; they are also consistent with those measured by WA97. In case of Λ’s the transverse mass spectra have been analyzed for different centrality bins, going from class 0 (the most peripheral one) to class IV (the most central one). A slight increase of the inverse slopes with the collision centrality is observed for (’s, whereas no significant variation, within the present statistics, is evidenced for (’s. 
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Figure 4.  Transverse mass spectra of (’s and their antiparticles.

TABLE 4.  Inverse slopes (MeV) for the five centrality classes (0-IV). PbPb at 158 A GeV/c (preliminary).





Particle 
0 - IV
0
I
II
III
IV

(
284 (   6
258 (   19
261 (   11
276 (   11
313 (   13
310 (   15
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Particle Yields

Particle yields are obtained by integration of  previous equation over y and extrapolating to full mT:
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   Fig. 5 shows the yields per wounded nucleon, rescaled to the pBe values, for (, 
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+. Yields are evaluated separately for the five classes, as discussed before. NA57 results confirm that the strange particle yields per participant in PbPb collisions are enhanced with respect to the proton-nucleus case. By comparison to the previous WA97 data, yields are found to be larger by up to 20-30%. Extensive checks of the data analysis procedure have been carried out. The results of these checks give us confidence in the recent NA57 results. Most of the differences in the yields are mainly due to underestimation of acceptance corrections due to the transversal beam spread at target position in case of the WA97 runs. 

   The data indicate a general increase in the yields per wounded nucleon with the centrality of the event. The 

 EMBED Equation.3  


+  yield per wounded nucleon increases by a factor 2.6 (3.5 σ).  
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Figure 5.  Yields per wounded nucleon relative to pBe, at 158 A GeV/c, as a function of the number of wounded nucleons. 

CONCLUSIONS AND OUTLOOK

Preliminary results from NA57 experiment in PbPb and pBe collisions at 40 and 158 A GeV/c have been reported. Antibaryon to baryon ratios exhibit a reduction when going from 158 to 40 A GeV/c. The (-, 

 EMBED Equation.3  


+ and ( yields per wounded nucleon, normalized to the pBe yields show a significant decrease for the most peripheral bin, up to a factor 2.6 for 
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+, which could be indicative of the onset of the QGP phase transition.

   The data analysis is still in progress to extract the (- and 
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+  yields from the PbPb data sample at 158 A GeV/c and to double the overall statistics, and to extract the absolute values of the yields and enhancements for the data sample at 40 A GeV/c.
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