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Strange particle production in proton-beryllium, proton-lead and lead-lead interactions
as measured by the WA97 experiment at the CERN SPS is presented. Strangeness en-
hancement is observed to increase with the strangeness content of the particle, reaching
a factor 15 for Os. Inverse slope systematics are shown, including data from other exper-
iments.

1. Introduction

An enhanced production of strange particles has been put forward as one of the main

signals for the identification of a phase transition from hadronic matter to a quark gluon
plasma (QGP) [1,2].
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Figure 1. WA97 experimental setup

In particular, multistrange particles and antiparticles are expected to provide a sen-
sitive observable to identify quark matter formation [3] since, in a QGP scenario, the
enhancement is expected to increase with the strangeness content of the particle (sta-
tistical hadronization). In a purely hadronic scenario (i.e. no QGP) this is not to be
expected, since multistrange hadron production is hindered with respect to singly strange
production by high tresholds and low cross sections.

The WA97 experiment has measured mid-rapidity production yields of strange and
multistrange baryons and antibaryons carrying strangeness (0,1,2 and 3) in lead-lead,
proton-lead and proton-beryllium interactions. The enhancements observed by WA97,
and their increase with the strangeness content of the particle, form one of the main
motivations for the announcement of the observation of a new state of matter observed
at CERN [4].

2. Experimental setup

The WA97 setup, outlined in figure 1, is discussed in more detail in refs [5,6]. Tracks
are identified in a silicon telescope containing 7 pixel planes with 75 x 500 pm? pixel
size, and 10 microstrip planes with a 50 um pitch. Tracks are identified using the first
compact part of the telescope, where 6 pixel planes and 5 microstrip planes are placed
close together over a distance of 30 cm. The remaining silicon planes, as well as MWPCs
with pad cathode readout, are used to improve the momentum resolution.

Event multiplicities are measured by fast scintillators to provide a trigger signal, which
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Figure 2. Dependence of the mr spectra inverse slopes T on the particle mass m.

selects the 40% most central events in lead-lead interactions. Detailed multiplicity mea-
surements are made by two arrays of silicon microstrips.

In proton-induced reactions, additional scintillators were used in the trigger to select
events where at least a minimum number of particles (one or two) pass through the
telescope.

Hyperons are identified by their decay patterns. All decays are required to take place
before the first plane of the telescope, and all decay tracks are required to pass through
the compact part of the telescope. As no experimental particle identification of decay
tracks is provided, Qs kinematically ambiguous with the Z mass hypothesis are explicitly
excluded from the analysis.

Further details of the reconstruction procedure are discussed in refs [6,7].

3. Transverse mass spectra

Inverse slope parameters T' have been extracted by fitting the transverse mass spectra
by the formula

1 dN (__“_12) (1)
mr dm'r P T

A compilation of inverse slope parameters from NA44, NA49 and WA97 is shown in
figure 2[8]. The line represents an approximation of the RQMD model calculation for
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Figure 3. Yields per unit of rapidity at central rapidity as a function of number of wounded
nucleons.

non-strange particles [9]. The inverse slopes increases with increasing particle mass, with
exception of Qs and possibly Es. This suggests that Qs decouple from the interaction zone
at an earlier stage than the other particles, due to their small hadronic cross sections [8].

Figure 2 also show values obtained from RQMD calculations [9]. The calculated values
agree well with the experimentally observed ones, also for Qs.

4. Centrality measurement

The centrality measurement is based on the charged particle multiplicity measured by
the multiplicity microstrips. The lead-lead data sample is divided into four multiplicity
classes, with approximately equal numbers of measured hyperons in each multiplicity
class. The average number of participants for each multiplicity class is determined by
a Wounded Nucleon Model [10] fit. The procedure to obtain the number of wounded
nucleons in each multiplicity class is described in detail in ref. [11].

The number of wounded nucleons in proton-induced reactions has been determined as
an average value for inelastic collisions in the framework of the Glauber model [12].

5. Particle yields

The particle yields per unit of rapidity at central rapidity is presented for particles
carrying 0,1,2 and 3 levels of strangeness in figure 3. Particles with at least one quark
in common with the nucleon are shown in the left part of the figure, particles with no
quarks in common with the incoming nucleons are shown to the right.

The particle ratios calculated from these yields, along with measurements by other
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Figure 4. Thermal model fit to particle yields in lead-lead interactions [13].

experiments, have been compared with thermal model predictions in ref. [13]. A wide
range of particle ratios can all be fitted with a common temperature parameter of 170
MeV, as is shown in figure 4.

In figure 5 the yields are normalised to the value observed in proton-beryllium inter-
actions and divided by the corresponding (average) number of participants in the inter-
actions, displaying the enhancement factor for each particle species compared to proton-
beryllium interactions on the vertical scale. The particles are grouped the same way as
discussed for figure 3.

No enhancement beyond proportionality with the number of participants is observed
when proton-lead data are compared to proton-beryllium data.

Within the measured centrality sample in lead-lead interactions, corresponding to the
40% most central events, the enhancement factors do not depend on centrality. All yields
per participant measured in lead-lead interactions are significantly higher than the ones
observed in proton-induced reactions. These results call for a closer investigation of the
intermediate centrality region, to search for a possible transition behaviour.

Even negative particles (mostly pions) show a small enhancement in lead-lead interac-
tions. This could be interpreted by rescattering effects in a purely hadron scenario, or by
entropy production in a QGP case.

As no significant centrality dependence of the enhancement factors within the lead sam-
ple is observed, average enhancement factors over all multiplicity classes and for each of
the particle species presented are shown in figure 6. Within each group, the enhancement
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Figure 5. Yields per unit of rapidity at central rapidity scaled to pBe yields and divided
by number of participants.

factor increases with the strangeness content of the particle, reaching a factor 15 for (2~ +
§+). This enhancement pattern is not explained by currently used hadronic models. Col-
lecting all multiplicity classes allows separate presentation of 2~ and 0. As expected,
their enhancement factors are very similar.

6. Outlook

The experimental programme of WA97 has been taken over by the NA57 experiment.
The aim of this experiment is to extend the centrality range by measuring more peripheral
lead-lead interactions at 160 GeV per nucleon and by using a lower beam energy (40 GeV
per nucleon).

7. Conclusions

The WA97 experiment has measured particle spectra for particles carrying all levels of
strangeness. Strangeness enhancement is observed when yields measured in lead-lead in-
teractions are compared to yields measured in proton-induced reactions. A thermal model
with a common temperature of 170 MeV has shown good agreement with a wide range of
particle ratios measured by several experiments. The enhancement factor increases with
the strangeness content of the particle, reaching a factor 15 for §2. This enhancement
pattern cannot be explained by standard hadronic models. It provides strong evidence
for the production of deconfined matter in central Pb-Pb collisions at SPS energies.
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Figure 6. Enhancement factors for each particle species. The enhancement factors are
obtained from collecting data from all multiplicity classes.
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