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Strangeness production at the CERN Super Proton Synchroton energies is studied within the
quark-gluon string model. The observed shape of rapidity and transverse mass distributions are
reproduced fairly well for both peripheral and central heavy ion collisions. However, for central
collisions the model underpredicts strange particle abundances by a factor of about 2:2:4 for K&,
A, and A, respectively. This discrepancy can be considered as a possible manifestation of collective
string-string interactions similar to the formation of a color rope. Model predictions for coming
experiments with the Pb beam at CERN are given.

PACS number(s): 25.75.+r, 24.85.+p, 25.40.—h, 25.40.Ve

I. INTRODUCTION

Heavy ion experiments at ultrarelativistic energies
have largely been motivated by the search for a quark-
gluon plasma (QGP), a macroscopic state of matter
where quarks and gluons are free to move in a large vol-
ume. Enhanced strangeness production [1, 2] in ultra-
relativistic heavy ion collisions is one of the most widely
discussed signatures for creating QGP. Various mod-
els were developed to study this signature in differ-
ent dynamical scenarios. Recently, several experiments
have been performed to investigate strangeness produc-
tion in reactions involving relativistic nuclei, particu-
larly NA35 and WA85 at the CERN Super Proton
Synchrotron (SPS), and E802, E810, and E814 at the
Brookhaven National Laboratory Alternating Gradient
Synchrotron (BNL AGS). The predictions of the quark-
gluon string model (QGSM) for AGS energies were pre-
sented in Ref. [3]. Most of the results show an increased
strangeness production above the p+ p data, and some-
times even above previous theoretical expectations. An
exciting finding of the last experiments with the 2002
GeV Sulphur beam at CERN SPS is the observation of
an increase in abundance for strange particles and an-
tiparticles when one proceeds from peripheral collisions
to central ones [4—6]. This effect has not been observed
at the lower AGS BNL energies of about 154 GeV [7] or
at the CERN SPS energy of 200A GeV for lighter projec-
tiles [8]. As has been discussed in a previous work [3], the
E802 measurements at the AGS BNL can be understood
within the quark-gluon string model (QGSM).

In this article, we present rapidity and transverse mo-
mentum distributions of protons, negative and neutral

strange particles in p+S and S+S collisions at 200A GeV
and compare our calculations with NA35 [4, 5] and WA85
[6] SPS CERN experiments. We present also the mean
multiplicities of the above particles in the acceptance of
NA35 and in the full rapidity range as predicted by the
QGSM for p+S, S+S, and central Pb+Pb collisions at
the energy of 200A GeV.

Before passing to the calculational results, one should
note that the QGSM includes neither the formation of
QGP nor some collective dynamics on either the hadronic
or string level. Had a noticeable discrepancy between
experiment and QGSM predictions been observed, both
possibilities should be considered in order to obtain a
complete assessment of the strangeness production prob-
lem.

II. THE MONTE CARLO QUARK-GLUON
STRING MODEL

The QGSM is a detailed realistic microscopic model
[9—ll] based on string phenomenology of hadronic inter-
actions. In the case of hadron-hadron (h + h), hadron-
nucleus (h+ A), and nucleus-nucleus (A+ A) collisions,
one or more strings can be formed which decay later into
secondary hadrons. The QGSM takes into account that
the string decay products (stable hadrons and their ex-
cited states resonances) can interact again with other
hadrons. Yet one new physics feature is included in the
model: the interaction of strings (treated in an approx-
imate way by allowing the diquarks in a string, which
have not yet been hadronized, to rescatter). However,
string fragmentation into hadrons occurs independently
like in free hadron collisions. There are other models
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which also include similar features like the relativistic
quantum molecular dynamics (RQMD) by Sorge and co-
workers [12—14] and the last version of VENUS by Werner
[15].

The QGSM has several possibilities to account for pro-
duction of strange particles and their transverse momen-
tum distributions. The strange production rate is de-
termined by the strange quark content of the colliding
hadrons and by the strangeness suppression probability
at string breakup. Strange hadrons are created by the
decay of strings with strange and nonstrange quarks at
their ends. In the QGSM the model parameters that in-

fluence most strangeness abundance are the flavor forma-
tion probabilities and the probabilities of the quark-pair,
diquark-pair formation at string breaking.

Two- and three-particle reactions, which are not going
through string formation, are important for strangeness
production and absorption also (see Ref. [3]).

The transverse motion of hadrons in the QGSM arises
from different sources: primordial transverse momentum
of the constituent quarks, transverse momentum of both
quark-antiquark and diquark-antidiquark pairs acquired
at string breakup, the original transverse Fermi motion of
nucleons in projectile and target, and finally rescatterings
of secondaries or of leading valence quarks or diquarks of
a string which are not yet completely hadronized. Pa-
rameters of the first two sources are fixed by hadronic
data. The Fermi motion changes the effective trans-
verse distribution of strings formed by the valence quarks
and diquarks of the initial projectile and target nucle-
ons. Hence, the original strings formed by the valence
quarks or diquarks of the initial projectile and target
nucleons are not completely parallel to the hearn axis.
The last source is a purely nuclear one and can result
in some observable effects. For example, considerable
transverse momentum arising due to secondary interac-
tions may give rise to some azimuthal asymmetry, the
so-called transverse flow, as was pointed out in an earlier
publication [16].

The parameters of the model were adjusted to the
known h + 6 and h + A data.

III. CENTRAL S+S EVENTS. NONSTRANGE
PARTICLE PRODUCTION
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FIG. 1. Rapidity distribution of protons and negative par-
ticles from central S+S collisions at the energy of 200A GeV.
Circles are experimental points of the NA35 Collaboration [4,
5, 18]. Histograms are QGSM results.
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onic component as follows from noticeable enhancement
of the proton yield at midrapidities. The latter results
from string-string scatterings and secondary interactions
particles arising from earlier string hadronization. This
takes place even far behind the nucleus due to finite-
ness of the hadron formation time. It is of interest that
the widely discussed [19] two-component structure of the
transverse momentum spectrum of pions is nicely fitted
by the QGSM. Note that the production and decay of

The QGSM provides a tool to predict rapidity, y, and

p~ distributions for produced hadrons. Comparing trans-
verse momentum distributions for different hadrons is
convenient to do in terms of transverse mass, mz
gp&2 + mo2 shifted by the value of a hadron mass mo,
that is m~ —mo, called transverse kinetic energy. In this
paper we use this variable.

As has been shown in previous works [9, 17], proton
and pion rapidity distributions and p~ spectra measured
at SPS CERN are well reproduced by the QGSM for

0-induced reactions. This turns out to be true also
for central S+S collision data [4, 5, 18] (see Figs. 1 and
2), and means that our model describes correctly the
overall evolution of a colliding system. Note that some
kind of thermalization is approached even for the bary-
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FIG. 2. Transverse momentum, p~ (in GeV/c), distri-
bution of negatives and transverse kinetic energy, m~ —mo
[GeV/c ], distribution of protons from central S+S collisions
at energy 200A GeV. The rapidity acceptance intervals are
0.8 & y & 2.0 for negative hadrons and 1.5 & y & 2.7 for
protons. Notation is the same as in Fig. 1.
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hadronic resonances (mostly 6's) contributing to the low

p~ region are taken into account properly.

IV. NEUTRAL STRANGE PARTICLE
PRODUCTION
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A. y+S collisions

It is quite instructive to start the consideration of
strangeness production from the p+S collisions to see how
well the QGSM works for this simple case in the NA35
acceptance. As follows from Figs. 3 and 4 the shape of
rapidity and transverse mass spectra for kaons, lambdas,
and anti-lambdas is reproduced fairly well. The rapidity
sPectra of newly Produced hadrons (Kso and A) have a
sharp peak in the midrapidity range. The model agrees
with this observation. The target-fragmentation region
dominates in the rapidity distribution of lambdas, so that
the A yield in the central region of rapidity spectra is un-
derestimated by the QGSM. The model fits the slopes of
transverse mass distributions in the whole kinematic re-
gion considered.

For the hadron-nucleus case, the QGSM describes suc-
cessfully not only the shape of distributions but the ab-
solute yield of strange particles, as well. This is demon-
strated by calculational results in Table I, where the av-
erage multiplicities of strange particles and accornpany-
ing negative hadrons (tj, ) in the NA35 acceptance a
are given and compared to the data [4, 5, 18]. For com-
pleteness, data for p+ p collisions are included, as well.
Average hadron multiplicities in the whole phase space
(h) are even in a better agreement with the data.
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FIG. 4. Transverse kinetic energy distributions for neutral
strange particles produced in p+S collisions at 200A GeV.
Events with h, h & 5 are selected. The rapidity acceptance
intervals are 0.8 & y & 4.2 for A, 1.7 & y & 4.2 for K&, and
0.8 ( y ( 4.2 for A. Notation is the same as in Fig. 1.

B. S+S collisions

The rapidity and transverse mass distributions for
strange particles produced in the central S+S collisions
are presented in Figs. 5 and 6. The total number of
events generated with impact parameter b = 0 fm is 1500.
In the calculation the experimental acceptance for mea-
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FIG. 3. Rapidity distribution for neutral strange particles
produced in p+S collisions at 200 GeV. Events with charged
hadron multiplicity, h, h ) 5, are selected. The rapidity dis-
tributions correspond to the full transverse momentum range.
Notation is the same as in Fig. 1.

FIG. 5. Rapidity distributions of K~, A, and A per trig-
ger in central S+S collisions at the energy of 200A GeV. The
rapidity distributions are for transverse momentum, p~ & 0.5
GeV/c (0.62 GeV/c) for A, A (Ks), respectively. Theoreti-
cal QGSM values are multiplied by the factors shown in the
figure. Notation is the same as in Fig. 1.
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TABLE I. Comparison of neutral strange particle multiplicities observed in the NA35 accep-
tances with the QGSM predictions. Data are given for p+S (minimum bias, excluding events with
charged hadron multiplicity h, q & 5) and p+ p collisions (extracted by the NA35 Collaboration from
different measurements, see [4, 5, 18]). Total negative hadron multiplicities, (h ), and associated
multiplicities, (h ) ', representing the fraction of (h ) that falls into the acceptance region of (a)
Kz and (b) A and A of the NA35 experiment are also given for the reactions considered.

Reaction
(selected
events)

(/1, )
(KO)a
(h )

(A)'

NA35
u+u

2.850 + 0.040
0.022 + 0.004

0.0190 + 0.0060
0.0014 + 0.0006

QGSM
P+P

2.790
0.029

0.0320
0.0028

NA35
p+S
(h, h ) 5)

5.50 + 0.20
0.06 + 0.01
0.39 + 0.03

0.070 + 0.010
0.006 + 0.002
0.480 + 0.040

QGSM
p+S
(h..» 5)

5.520
0.057
0.51

0.080
0.0044
0.56

10
10

1

10
E10
~10
z10

1 -1
E102

10
1

10
-2-

10
&3

10

S+S

0.4

x2

08 1.
m, —Alo

Ks

I I I

2

FIG. 6. Transverse kinetic energy distributions of K~, A,
and A in central S+S collisions at the energy of 200A GeV.
The rapidity acceptance intervals are 0.8 c y & 2.0 for A,
1.5 ( y & 2.7 for K~, and 0.8 & y ( 2.0 for A. Theoreti-
cal QGSM values are multiplied by the factors shown in the
figure. Notation is the same as in Fig. 1.

sured neutral strange particles as well as for accompany-
ing charged hadrons was taken into account accurately.

Similarly to p+S (or peripheral S+S) collisions, the ra-
pidity spectra of K&o and A particles have a sharp peak
centered at midrapidity, and their widths are close to the
ones for the proton-induced case. For A particles the dis-
tribution is naturally symmetrical and its width is larger
due to possible production of strange baryons in the tar-
get (projectile) fragmentation region. It is interesting
to note that the calculated rapidity spectrum for lamb-
das from central S+S collisions exhibits a distinct dip at
midrapidities like in the proton distribution while the ex-
periment shows a quite flat behavior at these rapidities.
However, statistical uncertainties for this rapidity range
are large enough in the NA35 experiment; this point is

quite important for estimating the total multiplicity of
lambdas.

According to the NA35 data the effective tempera-
tures for A, A, and Ko are around T = 193 —194 MeV
in S+S collisions, compared to TA = 174 MeV and
T~o = 206 MeV in p+S collisions. As seen from Fig. 6 the
QGSM gives a perfect description of the slope of trans-
verse kinetic energy distribution for all strange particles
considered.

An important experimental observation of the WA85
Collaboration (particles measured with pq & 1 GeV/c)
is that the A and A effective temperatures (or slope pa-
rameters) are rather high, T = 230 MeV, at the energy
of 200A GeV for S+W collisions. The slope parameter of
negative hadrons is even higher, T = 250 MeV [6]. These
slopes are reproduced by QGSM. It is an interesting con-
sequence that particles containing valence diquarks have
a larger transverse momentum than particles containing
an antiquark-diquark pair because in the QGSM they
have a contribution from the original Fermi motion, too.
In particular, this leads to a higher eEective temperature
for A's than for A's [6].

This success of the QGSM is related to taking into
consideration the nonequilibrium nature of an interact-
ing string-hadron system and all subsequent interactions
of system constituents. The equilibrium thermodynamic
consideration using the initial temperature as a free pa-
rameter fails to reproduce simultaneously the shape of
transverse mass distributions for all hadrons even if res-
onance decays would be included [19].

C. Strange particle abundance
in central S+S collisions

Although the existing trends of hadron distributions
are quite satisfactorily approximated by the quark-gluon
string model, this approximation is getting less reliable
for strange particle abundanees produced in heavy col-
liding systems. In our case, this is evidently seen in the
model results for central S+S collisions. The needed mul-
tiplication factors to match the experimental data are
shown in Figs. 5 and 6, and the average hadron multi-
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TABLE II. Comparison of neutral strange particle multiplicities observed in the NA35 accep-
tances with the QGSM predictions. Data for S+S collisions (3 trigger modes) and predictions for
Pb+Pb collisions are given. The total negative hadron multiplicities, (h ), and associated multi-
plicities, (h ) ', representing the fraction of (h ) that falls into the acceptance regions of (a) Ks
and (b) A and A of the NA35 experiment are also given for the reactions considered.

Reaction
(trigger modes)

NA35 S+S
(10 ( h, h ( 100)

QGSM S+S
(10 & h,h & 100)

NA35 S+S
(h, h ) 100)

QGSM S+S
(h, h ) 100)

NA35 S+S
(central)

QGSM S+S
(b=Ofm)

QGSM Pb+Pb
(b = 0 fm )

(h )

18.5 + 1.5

18.5

70.0 + 4.0

78.0

103+5

1512

(Ks)
(h )

0.20 + 0.04
1.33 + 0.10

0.17
1.25

1.27 + 0.40
5.00 + 0.25

0.65
5.05

1.85 + 0.11
7.90 + 0.25

0,94
7.43

7.5
54.9

(A)
'

(h )

0.29 + 0.06
1.67 + 0.13

0.24
1.46

1.28 + 0.35
5.91 + 0.30

0.77
5.59

2.30 + 0.12.
9.40+ 0.30

1.25
8.18

9.1
63.0

0.011
1.460

0.041
5.590

0.31 + 0.05
9.40 + 0.30

0.085
8.18

0.47
63.0

plicities for difFerent triggers (i.e. , different impact pa-
rarneter selection) are compared with experimental data
in Table II. In the most central 2002 GeV S+S collisions,
the A and K abundance is underpredicted by a factor of
about 2; and A abundance, by a factor of 4.

From Table III one can find the (h ) dependence of the
experimental ratios, extrapolated to the full phase space,
and model ratios of strange particle multiplicity to the
total multiplicity of negatively charged particles which
are mainly pions. Roughly, this ratio is proportional
to the relative content of strange quark-antiquark pairs,
ss/(Gu+ dd). The NA35 experimental ratios (K&)/(h )
and (A)/(h ) were found to increase by a factor of about
2, going from p+ p to central S+S collisions and by a
factor of about 3 for the ratio (A)/(h ).

In the string model FRITIOF [20], which is neglecting
secondary interactions, these ratios should be equal to
that for nucleon-nucleon collisions because the strings

produced in nucleon-nucleon and nucleus-nucleus colli-
sions have the same valence quark content as the ini-
tial nucleons, and particle ratios are governed by the
same strangeness and antibaryon suppression parame-
ters. This is also true for the QGSM and RQMD [12—14]
approaches if secondary rescatterings are switched off.

In the QGSM approach, secondary interactions at en-
ergies lower than the threshoM for strange particle pro-
duction lead even to decreasing ratios (by a factor of
about 2 for Pb+Pb collisions) while experimental ratios
have an opposite trend: Strangeness abundance grows
with increasing negative multiplicity (decreasing impact
parameter). The most drastic difference is observed for
the A production.

It should be noted that in the QGSM the relative abun-
dance of strange baryons and antibaryons (A and A) ver-
sus negatives is reproduced for p+W [6] but the QGSM
underpredicts the A and A yields measured by the WA85

TABLE III. Comparison of experimental multiplicities of negative hadrons and neutral strange
particles, extrapolated to full phase space (upper lines), in p+ p, p+S, and central S+S collisions
with QGSM predictions (lower lines).

Reaction

NA35 p+p
QGSM p+p
NA35 p+S
QGSM p+S
NA35 S+S
QGSM S+S
QGSM Pb+Pb

(h )

2.85 + 0.04
2.85

5.00 + 0.2
5.87

103+ 5
120

1536

(z,')
0.17 + 0.01
0.21

0.28 + 0.03
0.34

10.7 + 2.0
7.4

93.4

(A)

0.095 + 0.010
0.15

0.22 + 0.02
0.24

8.2 + 0.9
4.7

49.6

(A)

0.013 + 0.004
0.015

0.028 + 0.004
0.023

1.50 + 0.4
0.35

1.73
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Collaboration [21]. At the same time the slopes of the
p~ spectra are reproduced.

In VENUs [15], in the multichain model by Ranft [22] or
in the version of the QGSM [17] which belongs to the so-
called dual parton approach, the ratios considered above
can be rather difFerent from that for nucleon-nucleon col-
lisions because newly produced strings can have not only
a valence, but also a sea quark at their ends. The number
of strings having a sea quark depends on the number of
nucleon interactions, i.e. , from the centrality of nucleus-
nucleus collisions. The model strangeness abundance is
governed also by the strange sea-quark structure of a nu-
cleon. In Ref. [23], it was shown that the proper choice
of the amount of strange sea-quark component of nu-
cleon structure function gives a possible explanation of
the abundance of the neutral kaons in central S+S colli-
sions.
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V. MODEL PREDICTIONS
FOR Pb+Pb COLLISIONS

It is of great interest to look at what predictions are
given by the QGSM for the heaviest colliding systems.
Such results for central Pb+Pb collisions at the energy
of 200A GeV and for acceptance of the NA35 experiment
are presented in Table II, and in Figs. 7 and 8, where
data for central S+S collisions are shown for comparison
also. The following remarks should be made about these
results:

A huge number of hadrons is produced in lead-on-lead
collisions. Specific numbers depend essentially on se-
lected windows in the rapidity and transverse momentum
phase space. As to the mass-dependence of total mul-
tiplicity, the two available experimental points may be
well approximated by (h ) A ~ . The average abun-
dance of strange particles is (K+):(A):(A) = 93:50:1.7;

FIG. 8. Predicted transverse momentum distributions of
negatives and transverse kinetic energy distributions of pro-
tons in central Pb+Pb (full lines) and S+S (dashed lines)
collisions at 200A GeV. The rapidity acceptance intervals are
0.8 & y ( 2.0 for negative hadrons and 0.8 & y ( 2.0 for
protons. Notation is the same as in Fig. 1.

thus, strange particle interferometry measurements on
an event-by-event basis become feasible.

The baryonic rapidity spectra are tending to a "bell-
like" shape; thus lots of baryons will be at midrapidities
(Fig. 7). This eKect has been noted for protons in Ref.
[24]. In the present QGSM calculation we have found the
same for A particles also (Fig. 9).

As seen in Fig. 7 the negative hadron density in the
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FIG. 7. Predicted rapidity distributions of negatives and
protons per trigger in central Pb+Pb (full lines) and S+S
(dashed lines) collisions at the energy of 200A GeV. Notation
is the same as in Fig. 1.

FIG. 9. Rapidity distributions of K&'s, A' s, and A's per
trigger in central Pb+Pb (full lines) and S+S (dashed lines)
collisions at the energy of 200A GeV. Notation is the same as
in Fig. 1.
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FIG. 10. Transverse kinetic energy distributions of K&'s,
A' s, and A's in central Pb+Pb (full lines) and S+S (dashed
lines) collisions at 200A GeV. The rapidity acceptance inter-
vals are the same as in Fig. 6. Notation is the same as in
Fig. 1.

VI. DISCUSSION AND CONCLUSIONS

As has been shown above and in previous works [3, 9,
17], the quark-gluon string model is quite successful in
describing a large variety of characteristics of hadron-
and heavy-ion —induced reactions in both BNL-AGS and
CERN-SPS energy regions. A quantitative prediction is
given for the rapidity and transverse kinetic energy distri-
bution of neutral strange particles in p+S collisions at 200
GeV, except the rapidity distribution of A. The QGSM
gives a quantitative prediction of rapidity and transverse
momentum distribution of pions and protons in central
S+S at 200A GeV. Furthermore, the model reproduces
the observed enhancement of the low-p~ spectrum for

midrapidity range is expected to be about 500. Using
the simple formula [25], we get for the energy density
e —10GeV/fm if ro = 1 fm. This value is higher than
the maximal transverse energy density resulting from the
dynamical consideration of evolution of the colliding sys-
tem [17]. This observation is not very surprising because
the QGSM dynamics differs quite essentially from the
Bjorken dynamics which assumes free stemming of bary-
onless matter.

The transverse mass spectra of negatives look similar
for both combinations of colliding nuclei, but the two-
slope structure of distributions seems to be more notice-
able in the Pb+Pb case (Fig. 8). The slope parameter of
the proton transverse mass distribution is approximately
the same for S+S and Pb+Pb collisions. However, spec-
tra of strange particles, e.g. , K, , are softened going from
S+S to Pb+Pb (Fig. 10). This effect is due to the fact
that strange hadrons are produced mainly in secondary
interactions.

negatively charged particles measured by the NA35 Col-
laboration. The QGSM describes correctly the shapes of
the rapidity and transverse kinetic energy distributions
in central S+S at 200A GeV collisions for neutral strange
particles.

The most striking discrepancy is found for the strange
particle abundance in central S+S collisions at the energy
of 200A GeV. In this connection the NA35 data are in an
exceptional position because a strangeness enhancement
with decreasing impact parameter has not been observed
at lower AGS-BNL energies [7] or for the same energy
2002 GeV with lighter projectile [8]. Such a large excess
of strangeness can signal a possible transition (or proxim-
ity) of an excited hadronic matter into quark-gluon phase
or some essential change in the interaction dynamics.

Dynamical consideration of the energy density evolu-
tion for central S+S collisions shows [17] that on the av-
erage a system spends less than 0.5 fm/c in the state
with average transverse energy density (et, ) & e„- 3
GeV/fms. This short time is not enough for a quark-
gluon phase transition to be realized. For central
~s 0+Au collisions this condition is even worse: (eq) & e„
and a critical state can be approached only due to fluc-
tuations [17], if ever.

However, the high energy density means that the den-
sity of strings formed in an interaction is high, and an ap-
proximation of the independence of strings and of string
fragmentation becomes poor. In other words, one should
take into account the influence of surrounding strings on
the hadronization process of a given string. (A notice-
able discrepancy in strange particle abundance between
string model predictions and NA35 data and its possible
relation to a collective string-string interaction have been
mentioned in Refs. [17,26].) This can be done via differ-
ent assumptions [27, 28]. The essence of such modifica-
tions or improvements of string models are that instead
of the usual (triplet) strings fewer but more energetic
objects, double strings or fused strings, are created which
enable an easier baryon and strange particle formation.

For a qualitative estimate of the physical consequences
of such a collective string-string interaction, we present
here some preliminary results of the Monte Carlo string
fusion model (SFM) [29] which is based on a simple prob-
abilistic model of string fusion [30]. In this approach it
is assumed that strings fuse as soon as partons, which
serve as their sources, have their transverse positions
close enough. The parton-parton cross section param-
eter, cr, determines the interaction probability. To de-
scribe A enhancement we choose cr = 3.5 mb [29]. The
fused strings possess all energy and momentum of their
constituent strings.

The fusion of at most two strings is taken into account,
with no more than four valence quarks at the end of
a fused string, resulting in color sextet- or octet-fused
strings. The string tension for a sextet or octet string is
2.5 times as large as for ordinary (triplet) strings.

Figure ll demonstrates the A production enhancement
as a result of string fusion for different combinations
of colliding nuclei at 200A GeV. Without string fusion
SFM yields approximately the same rapidity distribu-
tion for A's as QGSM. The inclusion of string fusion in
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FIG, 11. Rapidity distributions of A per trigger in central
S+S and Au+Au collisions at 200A GeV. The rapidity dis-
tributions are for transverse momentum, pT ) 0.5 GeV/c for
A. Black circles are experimental data of the NA35 Collabo-
ration [4, 5, 18]. Black and open squares are SFM predictions
with and without string fusion respectively.

cle multiplicity suppression, string fusion does not aEect
the Ko production in the case of central S+S collisions.

Summarizing, one can conclude that the strangeness
enhancement observed in central S+S collisions may be
considered as a manifestation of a collective string-string
interaction, such as formation of a color rope. On the
other hand, other possible explanations are not excluded.
One may also view fused energetic strings as precursors
to a thermalized plasma.

The model predictions presented above for central
Pb+Pb collisions give an idea for particle abundances
in experiments planned in the near future at CERN and,
at the same time, can serve as a test of the hypothesis
of a color rope formation. We believe that our predic-
tions for nonstrange hadrons will turn out to be close to
what will be measured, but we expect that strange par-
ticle abundances are underpredicted by the model. This
difFerence, being compared to the S+S case, can shed
additional light on the origin of strangeness production.
The shape of transverse mass spectra of strange and non-
strange hadrons is also of great interest.
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