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SIMILARITIES AND DIFFERENCES IN STRANGENESS PRODUCTION AT 
BNLANDCERN 

ABSTRACT 

Grazyna Odyniec 

Lawrence Berkeley Laboratory 
University of California 
Berkeley, CA 94720 

Relativistic heavy ion collisions provide, in principle, necessary conditions for the 
formation of the quark gluon plasma. Strangeness enhancement was amoung the 
announced specific signals expected from this new, hypothetical state of nuclear matter. 
Analysis of the first generation of experiments with light and medium sized ions have 
been completed. Results on strangeness production become precious handles to study in 
great detail what is actually happening. The current experimental situation is assessed. 
The emerging picture is still incomplete: however, open questions constrain requirements 
on future heavy ion experiments. 

INTRODUCTION 

The search for a quark-gluon plasma has been a long one. The creation of the 
primordial quark-gluon plasma phase in laboratories and subsequent study of its 
properties has been an ultimate goal for nuclear scientists since the mid-seventies. Thanks 
to Quantum Chromodynamics, we know what this new state is likely to be. We know 
rather precisely the value of the key parameters, such as the temperature and the baryon 
chemical potential, beyond which nuclear matter can only exist in the form of quarks and 
gluons in thermal equilibrium. Furthermore, we also know what kind of characteristic 
signals should mark the formation of a new plasma phase. Strangeness is one of them. 
Enhancement of strange particle production in the plasma phase as compared to a 
thermalized hadronic gas, was originally proposed by Koch, Muller and Rafelski 1 almost 
a decade ago. Indeed, high quark and gluon densities and frequent partonic collisions 
together with a temperature on the order of 200 MeV (which should a priori correspond 
to the plasma phase) should enhance the strangeness content of the final state with 
insufficient time to return to equilibrium in a hadronic phase at lower temperature. 

But achieving all the prerequisite conditions experimentally may still not be enough 
for the formation of a quark-gluon plasma phase in the laboratory. Perhaps there is no 
simple way to detect it as well. Nevertheless, much can be learned about this new form of 
highly excited nuclear matter by studying strange particles in general, and multistrange 
baryons in particular. 

In this lecture, the current status of selected experimental results on strangeness 
production in relativistic ion collisions at CERN and BNL is reviewed. I will try to 
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convey not only my own understanding of the present experimental situation, but also 
those arising from discussions which took place during this meeting. I would like to 
apologize in advance to those who may feel that their results are omitted or not fairly 
represented here. It is clear that due to the time constraints I have had to make choices, 
emphasizing more the data which are suitable for the comparisons between the two 
energy regimes. 

"FAVORABLE" CONDITIONS AT CERN AND AGS FOR QGP FORMATION 

Transition to the hypothetical quark-gluon plasma phase might only take place when 
the energy density and temperature, reached in the early stages of the collision, exceed 
their critical values. Creation of a high density requires large energy deposition from the 
longitudinal motion of the projectile into the interaction volume. In the early eighties, it 
was realized that there was a chance to reach at least the energy density needed with 
collisions of heavy ions accelerated in existing machines. Soon after, an exploratory 
program was successfully launched at the Brookhaven AGS with silicon beams at 14 
GeV/c and at the CERN SPS with oxygen and sulphur beams at 200 GeV/c. 

The first results were as expected: a significant degree of stopping appeared at both 
energies. This was the first piece of good news, especially in case of the CERN data, 
since a rather large degree of transparency was forecast for such a high energy domain, 
which would, undoubtedly, complicate the interpretation of the data. 

e .. 
0 ..s 
.... ... ...... 
c ... 

40 ,........~...,......~-.-,.w-.lnro,._,,•t~onlsf'...-~.,...,..~........, 
I 

30 

zo 

lOr 

Au 1 solid symbols: Si+A. 14.6 CeV/nucl. E802 
open symbols: S+A. 200 CeV /nucl. NA35 

* •OAu 

eOCu.A& 

• •D.AI.S 

Agpp • 
q> • 

qi . . i Cue • • qi 
• qi+ ~ 

l]j. ••••• i 
s .~ ,n• i'!J. ij ' i :tJ . t ~ Au Al 

(I) 

I 0 

~ 

~ 

0.2 0.4 O.G 0.8 1.0 
Rapidity fBeamraplclity 

Figure 1: Relative rapidity (y/ybeam) distributions of primordial protons in nucleus-nucleus collisions 
from the AGS E802 experiment (solid symbols) and the CERN NA35 experiment (open symbols). 

Fig.1 shows the compilation of the relative rapidity distributions (y/ybeam) of net 
protons for various nucleus-nucleus collisions observed at both energies. Solid symbols 
represent AGS E802 experiments at 14.6 GeV/c, and an open symbols- CERN NA35 
data a at 200 Ge V /c. First of all, we see that in all reactions there is an appreciable number 
of baryons at mid-rapidity, and that with increasing target mass more and more projectile 
and target nucleons are shifted towards mid-rapidity. Momentary stopping of projectiles 
on target nucleons implies a momentary high baryon energy density. Thus the high 
energy density seems to be well within reach in experiments at both laboratories. 

a Since the streamer chamber (NA35 CERN experiment) has no identification capability for stable particles 
the net proton distribution was deduced froiTl the measurement of the charge excess by subtracting 
negative hadron distributions from positive hadron distributions and applying all the necessary corrections. 
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ENCOURAGING FIRST RESULTS ON STRANGE PARTICLES PRODUCTION 

The second piece of good news came in 1988 from the NA35 experiment at CERN 
and the E802 experiment at BNL. _ 

NA35 observed for the first time a significant enhancement (-factor 2) of A, A and 
K0 particle production in S+S collisions at 200 Ge V2. Initial estimates of energy densities 
in central S+S collisions3 were of the order of 2 GeV/fm3 and appeared to be, in 
principle, adequate for plasma formation. However, this was not likely to happen due to 
the rather small volume (- 90 fm 3) which did not seem to be sufficient even for partial 
thermalization. 

Also, the BNL E802 collaboration reported an enhanced K+f1t+ ratio in Si+Au 
collisions at 14.6 GeV4. 

This initial excitement stimulated a lot of experimental and theoretical effort. The 
data, available now, are more mature and better understood; however, theory still does 
not offer an explanation of the observed phenomena. 

RECENTAGSRESULTSONSTRANGENESS 

The E859 experiment was designed to improve and expand on single particle 
inclusive and two-particle correlation data obtained previously by the E802 collaboration. 
Single particle inclusive measurements have been made for the wealth of particle species, 
as illustrated in Fig.2. The E859 data analysis provided integrated yields, dN/dy, for both 
K + and K- in several ranges of rapidities, different centralities and targets. In tum, these 
results were used to investigate whether the K +f1t+ enhancement reported earlier by the 
E802 experiment also persisted in the K- channel. 
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Figure 2: Rapidity distributions for all the 
particle species measured by the E802 
and E859 experiments. Values shown are 
for central Si+Au collisions at 14.6 GeV/c. 
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Figure 3: K + /K- ratios vs. rapidity for 
peripheral and central Si+Al and Si+Au 
collisions from E859 experiment at AGS. 

Fig.3 shows the K+/K- ratios as a function of rapidity for peripheral and central 
Si+Al and Si+Au collisions. In both reactions, the K- and K+ yields scale almost exactly 
with each other. Both the magnitude and rapidity dependence remain unchanged. 
However, the absolute number of kaons in these two reactions differs by more than a 
factor of 25 and the K/1t ratio by a factor of 2. The fact that the enhancement of K + and 
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K- seems to be the same, even though the particles are believed to have very different 
production mechanisms, will require special attention within the theoretical models. 

Furthermore, the K +frc+ signal may allow for the assessment of the degree of 
thermalization. The increase of the K +frc+ ratio with the incident ion size is illustrated in 
Fig.4. . 
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Figure 4: K+tn+ ratio versus incident ion size at AGS energies. 

It gradually rises by a factor of two from p-p to A-A collisions and then levels off. A 
thermal system at a temperature of about 200 MeV is expected to favor far more kaons as 
compared to pions than the typical p-p collision [mt(K)-111t(TC)]. However, one is rather 
surprised to see the symptoms of thermalization already at the AGS energies since this 
energy is believed to be too low for thermalization 5. · _ 

Recently the E859 collaboration reported measurements of A and A. Earlier 
measurements of A production by the E81 0 experiment were confirmed and expanded, 
and the first results on A production (one-point, spectrometer integrated yield for central 
Si+Au collisionat mid-rapidity, shown in Fig.2) on a heavy target were obtained. The 
data with an inverted magnetic field to collect lambdas with the same acce_p_tance as A 
were used to extract a ratio. At the moment the preliminary value of the A/ A ratio is 
estimated to be about (4.0±2)xl0-3 with large systematic uncertainty. Details of the 
analysis and some very interesting results on antilambdalantiproton ratios are discussed 
by S.G.Steadman in these proceedings. 

The first observation of multistrange baryon production in heavy ion collisions at the 
AGS was made by E810 collaboration6. The lifetime of s- measured in Si on Pb 
collisions at 14.6 GeV/c agrees very well with the particle data group value. Fig.5 
presents the observed s- effective mass spectrum (a) and the rapidity distribution (b) after 
an acceptance correction. 
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HOW CAN WE INTERPRET STRANGENESS DATA FROM THE AGS ? 

Some qualitative description of the AGS experimental results was provided by the 
ARC, ~ relativistic particle .Q.ascade model, without need for any novel mechanism for 
enhanced strangeness production. The ARC simulations indicate transient presence of a 
clearly defined high density_ matter at mid-rapidity. This suggests that the local 
equilibrium thermal model (fireball) may provide the correct description of the collision. 
Such an approach was advocated by Rafelski and Danos 7, and with further development 
by Lettesier, Rafelski and Tounsi8 to extract chemical potential values from the available 
experimental data. The basic difference between this method and other models9 is that 
instead of testing the validity of a particular model, they developed a method of 
translating the experimental results into a set of parameters characterizing the collision. 
Under very few, but rather strong, general assumptions these parameters can be 
interpreted as the usual thermal parameters (temperature and chemical potentials) of Jhe 
hadron system at freeze-outiO_ They assume that all central rapidity strange particles are 
emitted from a thermally equilibrated fireball with u and d flavors in chemical 
equilibrium, but the strange quark flavor only in relative chemical equilibriumb. As a 
result of this approximation the relative yields of the different particles are described in 
terms of two fugacity parametersc: the strange-quark fugacity As and the light-quark 
fugacity Aq- Namely: 

NA = As -2 Aq 4 and K+IK.- =As -2 A.q2. 

These permit the determination of fugacity values and chemical potentials from 
experimental particle yields. The E859 obtained yields with Si+Au at 14.6 GeV/c, even 
though the data is still preliminary, of : 

NA- (4±2)xl0-3 (in the central rapidity region, see Fig.2), and 

K+/K.-=4.5±0.5 (which is constant in the entire central rapidity range 
l<y<1.6, but varies strongly near target and projectile 
rapidities (see Fig.3)) 

are presented graphically in,the Aq vs. As plane in Fig.6. 
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Figure 6: Constraint bJ;.tween the strange-quark fugacity A.s and the light quark fugacity A.q, choosing fixed 
ratios of K+ IK- and N A (from the E859 experiment) in a thermal fireball model. The horizontal dotted 
line indicates the result expected for QGP. The CERN result is indicated as a solid dot. 

b Strange particle phase space is NOT fully occupied (it is also called "partial saturation" of the strangeness 
phase-space). When produced, strangeness is distributed among the different particles as governed by the 
size of the accessible phase space. 

c fugacity - concentration of quarks 
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The straight line represents ~=0.47Aq taken from the kaon ratio and the squared 
hyperbolad curve reflects the parametrization ~=17(1/A,q2) deduced from the 
lambda/antilambda ratio. These lines cross at ~-1.5 and Aq slightly above 3. The large 
value of Aq indicates a relatively high baryon density for a mid-rapidity fireball at the 
AGS, whereas the strangeness fugacity 1..5-1.5 implies Jlsff -0.4 (with -20% error bar). 
The latter is considerably different from the CERN result ~-1 (and J.L 5-0), as will be 
discussed later in the paper. 

_As a consistency chec_k., one would like to independently measure relative yields 
of p and p and comll-are p/p ..r.atiose with the value calculated indirectly from the kaon 
and lambda ratiosf. p/p (and NA) ratios are very interesting, but difficult to specify 
precisely. Since protons are predominantly from participant nuclei and not from pwduced 
particles, so their rapidity distribution is very different in shape compare to a p. Thus 

p/p has a strong rapidity dependence, ~ven at mid-rapidityg. 
However one can calculate the p/p ratio J!.t a fixed rapidity (very small rarodity 

interval), e.g. at y=1.3 (-mid-rapidity) dN/dy( p)-I0-2 and dN/dy(p) is -20, thus p/p at 
y=1.3 amounts to about (0.5±0.2)xi0-3, \Y,.hich agrees within two standard deviations with 
the E859 p/p value extracted from the ( NA)/(K+fK.-) ratioh. 

Our picture is still incomplete. The key signature for the quark-gluon plasma 
formation is the saturation of the strange quark phase space, due to the shorter time scale 
expected in the QGP 1 • Assessment of the degree of strangeness Sf!..tUrf!Hon would require 
additional experimental information, e.g. measurements of the A/ p ratio. This is not 
available presently from existing AGS experiments. We will come back to the more 
detailed discussion of the strangeness saturation factor after visiting CERN results on 
strangeness. 

CERN RESULTS ON STRANGENESS AND SOME ATTEMPTS AT ITS 
INTERPRETATION 

A vast body of data now exists on the sp~ctra of mesons, baryons and hyperons 
produced in the collisions initiated by sulphur nuclei at CERN energy. To illustrate the 
quality of the data and the sophistication of the experiments, I have chosen, as an 
example, the transverse mass spectra from the NA35 experiment presented in Fig. 7. The 
inverse slope parameters of all hadrons except pions exhibit "thermal" behavior. Their 
values are 210±20 MeV, which is surprisingly high for a hadronic system. Remarkable 
consistency between transverse mass distribution of neutral and averaged (0.5x(K++K-)) 
charged kaons produced in S+ Ag collisions indicates the quality of the analysis i . 

Equally excellent results emerged from CERN experiments also on strange particle 
production. The first messenger of the unusual behavior arrived in 1988 (two ~ars after 
the first heavy ion beams at CERN) with the NA35 report on enhanced A, A and K0 

yields in S+S collisions at 200 Ge V /c 11 These early results have shown that the yields of 
strange particles relative to the yield of non-strange particles produced in central S+S 
collisions are higher than the corresponding yields in nucleon-nucleon interactions at the 
same energies. This observation and the lack of strangeness enhancement in nucleon
nucleus collisionsl2 ruled out the interpretations of models based on the superposition of 
p-p or p-N collisions. 

d here a (llx)2 dependence 
e Ratios involving protons should be taken with a grain of salt since experimental values need to be 
corrected due to contamination by cold projectile and target spectator protons. This task is ussually 
difficult. 

f p/p ratios can be expressed by the double ratio of ( NA)/(K+fK-). 
g Note that the slopes of protons and antiprotons are higher than 1t 's and K' s. This suggests that at the AGS, 

they may be freezing in different conditions (the same situation is seen in the CERN data). 
h In these calculations the resonance decays, which roughly double the yields of both protons and hyperons, 
are not taken to the account- therefore above relations hold only approximately. 

i Both data sets were obtained with different detection techniques. 
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New results from the NA35 collaboration have shown that the enhanced strangeness 

production also persists in central S+Ag collisions at 200 GeVfcl3. Fig.8 shows the A and 
K 0 rapidity spectra (over full phase space) in collisions of Son Ag (a asymmetric system) 
and S on S (a symmetric system). 

A comparison of the A distribution in S+Ag and S+S collisions and a scaled 
distribution of minimum bias p+S interactions for S+Ag and p+p interactions for S+S 
(with the scale factor adjusting the multiplicities of negative charged hadrons) shows that 
the production is not only enhanced, but that this enhancement is most pronounced 
around midrapidity. The A rapidity density at midrapidity and below increases with 
increasing target mass, whereas for y>4, almost no dependence is observed. The 
production of K5 ° in S+ Ag and S+S collisions is enhanced by factor of 1. 7 compared to 
the scaled yield of p+S (for S+Ag) and p+p (for S+S). The charged kaons show a similar 
trend. Antilambda production is concentrated at midrapidity and the trend seems to be 
very much like the one seen in A's, although the error bars are still very larg~3. It is quite 
surprising that the strength of this effect is almost the same in all cases (A, A and kaons) 
in both S+S and S+Ag collisions, since one would expect that strangeness enhancement 
more pronounced in collisions of heavier systems. 

Consistently, the strangeness suppression factor which was used to estimate the 
deviation from flavor symmetry at the quark level in the final state 14 has. been found to be 
similar in S+S and S+Ag collisions and only half as strong as in nucleon-nucleon and 
nucleon-nucleus collisions. 

Other new results from the NA35 experiment which address the systematic study of 
inverse slope parameters in p+S and S+A interactions at 200 GeV/c are presented in 
Fig.9. · 
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Figure 9: Inverse slope ("temperature" parameter) for A, A and K0 in p+S and S+A collisions at 200 
Ge V /c (NA35). 

The inverse slope for A, A and K5 ° is higher in S+A than in p+S and further 
increases with the size of the target nucleus. . 

The NA35 strange particle ratios, summarized in table 1, ·were used to extract the 
quark (baryon number) and strange quark fugacities and the strange quark phase-space 
occupancy at the freeze-out temperature. 

Within the generalized thermal model approach 8,10, discussed in the previous 
section, the strange quark chemical potential was found to be consistent with zero, and 
the strange quark abundance was found to be close to the full strangeness saturation as 
would be expected for the deconfined phase14. The same analysis applied to nucleon
nucleon interactions at 200 GeV/c and to nucleus-nucleus collisions at the AGS (see 
previous paragraph) yields significantly differ~nt freeze-out parameters, in particular 
regarding the degree of strangeness saturationJ . The freeze-out temperature obtained 

j In p-p only, at AGS the degree of strangeness saturation can not be assessed. 
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from the particle yields is consistent with the slopes of transverse mass distributions, 
which support the notion of a common chemical and thermal freeze-out required in 
explosive disintegration of a high entropy source14. An extention of this model avoids the 
strong assumption of thermal equilibrium (essential at the present stage) in favor of 
admitting an additional parameter15. Consequently, a preliminary estimate suggest that 
the strangeness phase space saturation, y, will decrease in value by about 60-70 %. 

Table 1: Strange particle ratios from NA35 experiment. 

Multiplicity s-s s-s N-N 
&: Ratio 411" midrap. 4or 

A. 
0.18±0.05 0.28±0.1 0.135 ± 0.055 

A 
J(+ 

1.8 ±0.1 1.45 ± 0.4 1.4 ± 0.2 K-
A 

0.41 ±0.08 ~ 0.64±0.2 0.11 ± 0.02 p-p 

Reports from NA36, another large CERN experiment designed to study strangeness, 
support the NA35 results. Fig.lO presents the lambda yields as a function of centrality in 
S+S collisions measured by the NA35 and NA36 experiments (the acceptance of NA36 
was adjusted to match that of NA35). 
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Figure 10: Lambda yields as a function of centrality in S+S collisions at 200 GeV/c (NA35 and NA36). 

The comparison shows not only that the production of A's in both experiments grow 
faster with centrality (measured by the multiplicity of negative particles, mostly pions) 
than the production of negative particles, but also good agreement between these two 
experiments. The NA36 results, with sulphur collisions on heavier targets, show a 
monotonically increasing strangeness yield that saturates at high multiplicities, where all 
the projectile nucleons are involved in the collision, with centrality. Analysis shows that 
the strangeness production in S+Pb is almost a factor of two higher than in p+Pb 16. 

In addition to A, A and K0 yields, the NA36 TPC detected of 3- and 3+ hyperon 
decays. This data is of great importance since the information of singly strange particles 
alone does not unambiguously distinguish between the hadronic gas and the quark-gluon 
plasma phase scenarios. The relative abundances of strange (antistrange) baryons with the 
same or different strangeness content contain a unique characterization of a new_form of 
matter. The particle ratios, after subtraction of the 3-, 3 + contribution to the A, A yields, 
are listed in Table 2. These ratios are also plotted in Fig. II and compared with a 
previously published compilation of measurements 17. The N A36 results indicate that the 
enhancement in the 3+/ A ratio is at most a factor 2-3 over the p+p results. The partiCle 
ratios of Table 2 allow one to extract18, within the same, already discussed, general 
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thermodynamical scenario, values: J.Laff = 1.73±0.15, J.Lsff = 0.03±0.06 and 'Ys = 0.38± 
0.04. 

0.5 

Table 2: Strange particle ratios and 0.45 

their acceptance intervals from NA36 0.4 
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Figure 11: A summary Of the world data on 
various particle ratios involving A, A,:=;-, and:=:+. 

___ Qj.ffei"e.n.e_e_ip._valll_es gf cl1e_mical potenti<ll_s m~asured by various CERN ex2eriinents 
can be interpreted as a reflection of different degrees of centrality of the collisions. 
However, f.Ls is small and compatible with zero (and consistent with NA35 
measurements). This implies that the system formed near central rapidity contains nearly 
equal number of strange and antistrange quarks. To extract a value for the strange quark 
saturation factor, 'Ys· the ratio of doubly- to singly-strange particle species was usedk. The 
calculated 'Ys value of 0.38±0.04 differs from that expected for the plasma case (y5-1), 
where the strange quarks would be close to their equilibrium abundance. 

An alternative approach, also founded on thermodynamical arguments, was proposed 
by Cleymans and Satz. They have shown that in a model of an ideal gas composed of 
hadrons and known hadronic resonances at fixed temperatures and baryon density, which 
is assumed to be in equilibrium with zero net strange quark density, one can tabulate the 
production rates of strange particles as a function ofT and f.LB· The measured ratios and 
their experimental uncertainties can then be used to establish an allowed region of the T
f.LB plane, which is necessary to explain the observed yields of A, A, :s- and B+. The 
details of this approach could be found in J.Cleymans contribution to this proceedings. 

Slightly different ratios19 are reported by the CERN WA85 experiment (see the 
triangles in Fig.ll), presumably due to the different phase space coverage! and, therefore, 
different values of f.LB· However the J.Ls value remains consistent with zero. 

The rare fr's are of particular interest since they contain three strange quarks; 
therefore their production by rescattering is practically impossible. The first and only 
experimental information on omega particles in heavy ion collisions was reported by the 
WA85 experiment20. Amazingly from a data sample of about 60 million triggers, only 7± 
3.6 Q::_s and 4.o±2.0 Q-'s survived all cuts applied during the analysis. The estimated 
ratio Q-/Q- for central rapidity (2.5<y<3) and high Pt (pt>l.6 GeV/c) is 0.57±0.41. This 
ratio_is not yet corrected for possible differences in acceptance and efficiency for Q-'s 
and Q-'s. 

k y5 2 is given by product of the:=:-; A and:=;+; A ratio. 

I WA85 experiment acceptance covers only high Pt region of the phase space (Pt>l GeV/c). 
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I will stop the reviewing of experimental results here and conclude that the 

enhancement of strangeness at CERN has become certain. 
But what about theory ? Are there any explanations of the observed phenomena 

within available models? 
We have seen that some of the thermodynamical models did manage to describe the 

measured strange particle ratios fairly well. Let us now examine microscopic models. 
First of all, there is no ARC type model for CERN energies. All models in which the 
produced particle system has passed through a phase of thermal equilibrium21,22 do not 
predict enhanced population of strange particles observed by the CERN experiments. 
More successful in describing strangeness enhancement in heavy ion collisions at CERN 
energies appear to be non-equilibrium models based on a string picture which employ 
new mechanisms. The formation of "double strings" connected to the same leading 
quarks to enhance the production of baryons containing strange quarks was introduced in 
the VENUS model23. In the RQMD model, a mechanism of string fusion into "color 
ropes"24, which break faster, aij_owed more frequent production of strange quarks and 
diquarks resulting_in enllitnced A and p production. Very recent, and still preliminary, 
NA35 results on p and A yields may help shed some light. The measured ratio Np near 
midrapidity is approximately 1 and is therefore significantly larger than the 
corresponding ratio observed in p+p collisions and minimum bias p+A interactions and 
shows a slight dependence with the target mass in S+A collisions. Fig.12 summarize the 
rapidity density of antiprotons at midrapidity observed in central S+A collisions at 200 
GeV/c. -

S +A ~ p +X, 200 GeV/nucl. 
3 

2 
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.0 0 

NA44 
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.&. S+S 
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0 S+Ag t- "'S+S 

+t 
3 4 5 6 

y 

Figure 12: Rapidity density at midrapidity of antiprotons (primordial and from decays) produced in central 
S+A collisions at 200 GeV/c (NA35 experiment). · 

However all of these new mechanisms, which allowed models to come closer to 
experimental measurements, also affect pion yields. At this moment, there are no models 
which would provide satisfactory simultaneous description of strangeness and pion 
production at CERN energies. 

INSTEAD OF CONCLUSIONS 

The local thermal equilibrium model, with allowance for only partial saturation of 
the strangeness phase space, lets us study the properties of high energy nuclear collisions 
based on the analysis of the particle multiplicities. Table 3 shows the chemical freeze-out 
parameters for central collisions at CERN and AGS energies. All three CERN 
experiments are characterized by vanishing strange quark chemical potential at large 
baryon density combined with a large degree of strangeness saturation, which differs 
significantly (by more than 4 cr) from ~ at the AGS, where baryon chemical potential is 
more than two times larger than at CERN. · 
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Table 3: Comparison of experimental values of thermal parameters. 

AGS CERN-WA85 CERN-NA36 CERN-NA35 

Jlsff 0.54±0.11 0.03±0.05 0.03±0.06 0.025 

Jlqff 1.3±0.1 0.39±0.04 0.57±0.05 0.48 

Ys -50% -40% -100% 

These numbers invite some speculations: CERN results could be seen as consistent 
with a scenario of QGP formation followed by a sudden disintegration; fls=O was found 
despite the expectations that in the hadronization process of QGP the memory about 
deconfinement will be erased and hadronic particles will reflect conditions of an 
equilibrated hadronic gas. Interpretation within the hadronic gas scenarios require 
extremely long fireball lifetimes in order to reach the measured degree of strangeness 
saturationm . In view of the present results, one can not yet exclude the possibility of QGP 
formation at the AGS. However, the dramatic difference in strangeness chemical 
potentials suggests that, if it is formed, it must be much slower than at the SPS. 
Comparison of baryon chemical potentials is complicated by different impact parameters 
and sizes of the systems measured at both energies. 

However, granting the fact that the observed particle ratios for hyperons and 
antihyperons were reproduced in the scenario of a hot hadronic system freezing out 
rapidly into the final state, one has to go back and verify the underlying assumptions. 
This is not going to be easy at all. Therefore, one has to be v·ery careful with any 
speculative conclusions until more data are available. The future experiments will 
provide, hopefull-y,-t-he-information-on-the-dependcmce-of-~-'thermal'.:__parameters-on the. ---
masses of the colliding systems, their impact parameters, and energyn . Such a systematic 
study might allow us to understand the properties of the "macroscopic" high energy 
density system created in the collisions. In particular, it will be important to determine 
whether a change of the strangeness saturation factor and chemical fugacity is gradual 
with ..Js or sudden as is characteristic of color deconfinement. 

Furthermore, the measurements of other strange and non-strange particle ratios are 
necessary to constrain the final state better, since presently there are only three 
independent particle ratio results available0 . 

On the theoretical side, let us hope that the present results provide sufficient 
motivation for working out a consistent dynamical non-equilibrium hadronization 
scenario for a quark-gluon plasma. 
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