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Strangeness in high-energy nuclear collisions

Marco van Leeuwen* for the NA/9 collaboration

ABSTRACT: Recent data from NA49 on strangeness production in nuclear collisions at
the SPS are presented. Kaon rapidity spectra at 40 A - GeV are shown and the kaon to
pion ratio is compared to other energies. There is an indication of a maximum in the
(K*)/(m") ratio near 40 A - GeV. Measurements of the mid-rapidity A and = yields
in p+p and p+A collisions at 158 A - GeV show that the hyperon yields increase faster
than the number of participants. The ¢-yield has been measured for Pb+Pb collisions
at different centralities and for central C+C collisions at 158 A - GeV. The yield in C+C

collisions is higher than in Pb+Pb interactions with the same number of participants.

1. Introduction

The aim of research in the field of high-energy heavy ion collisions is to find and characterise
the transition from confined hadronic matter to deconfined quark matter, the Quark Gluon
Plasma (QGP). Calculations of QCD on the lattice indicate that the phase transition should
occur at an energy density of ~ 1GeV/ fm? (see e.g. [, 2]). Based on experimental results,
the energy density at the highest SPS energy (158 A - GeV) is estimated to be 3 GeV/ fm?
[3], well above the threshold energy. In order to search for signs of a transition, NA49 has
recently taken data at lower energies (40 and 80 A-GeV). In addition, different system sizes
(p+p, p+A, C+C, Si+8Si, and Pb+Pb at various centralities) are studied at 158 A - GeV.

A selection of the most recent results of NA49 on strangeness production as a function
of beam energy and system size will be presented. An increase in strangeness production
was originally proposed as a signature of the QGP, because the equilibration of strangeness
in a QGP is much faster than in a hadron gas [4]. By now we know that even at low
energy, where there is certainly no QGP formation, the relative strangeness content in
nuclear collisions is already much higher than in elementary collisions. NA49 is studying
kaon production at several different energies to see whether there is any indication of
a transition when going to higher energies. The recent result at 40 A - GeV is a first
measurement which bridges the gap between AGS and SPS energies.
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Results on hyperon production in p+p and p+A collisions and ¢ production in Pb+Pb
collisions of different centralities and in central C+C collisions are presented to study the
system size dependence of strangeness production.

2. The experiment
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Figure 1: The NA49 experimental setup. Shown are the four TPCs (VIPC, MTPC), the dipole
magnets and the different TOF systems. The veto calorimeter (VCAL) is used for the centrality
determination in nuclear collisions.

The NA49 apparatus is a large acceptance hadronic spectrometer [5] at the CERN
SPS. The main detectors are four large TPCs, two of which are placed in a magnetic
field (see Fig. 1). The specific energy loss (dE/dz) is measured in the TPCs and used for
particle identification. Two large time-of-flight (TOF') detectors provide additional particle
identification around mid-rapidity. The detector system can be used for different beam-
target combinations. During p+Pb running an additional detector is used to determine
the centrality by measuring the knock-out of low-energy particles [f].

3. Results

3.1 Energy dependence of kaon production

Kaons are an important measure of the total produced strangeness, since they carry most
of the produced strangeness at AGS and higher energies. Kaons are identified in NA49
by dE/dx and TOF. The rapidity spectra of K™ and K~ at 40 A - GeV are shown in
Fig 2. Note that the experimental acceptance covers most of the forward hemisphere. The
energy dependence of the kaon to pion ratio in full phase space is shown in Fig 3. The
(K7)/(m™) ratio increases roughly monotonically with collision energy. The (K*)/(r™)
ratio in 40 A - GeV Pb+Pb collisions is the highest measured so far, although it is only
slightly higher than at the highest AGS energy (=~ 10 A - GeV).

A peak in the (K1) /(n") ratio between 10 and 40 A - GeV would imply that both the
strangeness to entropy ratio Eg [7] and the strangeness suppression factor A\, [§] have a
peak in this region, since the anti-strangeness in the final state is mostly carried by K+
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Figure 2: Rapidity distribution of kaons
produced in central Pb+PDb collisions at 40 A-
GeV beam energy. The closed points are
the measured values, the open points are re-
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Figure 3: Energy dependence of kaon to
pion ratios (full phase space) in central
Pb+Pb (and Au+Au) and minimum bias
p+p (open symbols) collisions for positive

flected around mid-rapidity. and negative particles separately.

(the anti-hyperon yields are very small compared to the K yield). In [7] it is argued that
this could be an indication of the phase transition. First results on kaon production at
80 A - GeV will become available in the near future.

3.2 Hyperon yields in p+p, p+A, and A+ A interactions
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Figure 4: Mid-rapidity yields of (anti-)hyperons at 158 A - GeV beam energy as a function of
system size. Results for p+p, p+Pb, and central Pb+Pb from NA49 and for p+Be, p+Pb, and
centrality dependent Pb+PDb from WA97 are shown.

In Fig. 4 the = and A yields at mid-rapidity in 158 A-GeV p+p and p+A collisions are
compared to Pb+Pb data from WA97 [9] and the central Pb+Pb result from NA49 [i10].
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The lines show an extrapolation of the p+p yields to p+A and A+A, assuming that they
are proportional to the number of participants. The enhancement of hyperon production
per participant in A+A collisions compared to p+A collisions is clearly visible. There
is, however also an enhancement when comparing p+p and p+A (except in the A which
also has the smallest enhancement in A+A). One might wonder whether it is sensible to
compare mid-rapidity yields of asymmetric p+A collisions to (symmetric) A+A or p+p
collisions. The effect of isospin on hyperon production is also not yet clear. Note that
NA49 has measured hyperon yields in a larger interval around mid-rapidity (2-3 units), see

).

3.3 System size dependence of ¢ production
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Figure 5: The dependence of (¢)/(r*) on the system size (using p+p, C+C, and Pb+Pb). In
the left panel the dependence on the number of participants is shown. The right panel shows the
dependence on R — b/2 (see text).

New results on ¢ production in central C+C collisions and Pb+Pb collisions at different
centrality at 158 A - GeV are presented in Fig. b as the ratio (¢)/(r*), where (7%) =
$((m) + (77)). The p+p result is taken from [12], where further details of the analysis
can also be found. It is seen that (¢)/(r*) in C+C collisions is closer to the value for
central Pb+Pb than one would expect from the number of participants. This could be
related to the geometry of the interaction zone. If we denote R the radius of the nucleus
and b the impact parameter of the collision, the thickness of the interaction region is given
by R — b/2. Plotting the data as a function of this measure of centrality, (see right panel
of Fig. 5), the C+C data follow the trend of the Pb+Pb data. Note that the surface to

volume ratio is closely related to the thickness of the interaction region [i13].

4. Summary

The data on kaon production in central Pb+PDb collisions show a maximum in the (K) /(7 ™)
ratio around 40 A - GeV. The closely related strangeness to entropy ratio will also have a
maximum at this energy, which might be related to the phase transition to the QGP [i].
The Z and A (anti-)hyperon yields at mid-rapidity in p+A collisions are larger than
one would expect assuming wounded nucleon scaling starting from minimum bias p+p

collisions.
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The system size dependence for the ¢ yield clearly shows that ¢ production does not
scale with the number of participants.
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