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Abstract
Multi-strange baryon and anti-baryon production is expected to be a useful probe in
the search for Quark-Gluon Plasma formation. We present the transverse mass

distributions of negative particles, K9, As, Ks, and Z-s produced in sulphur-
tungsten interactions at 200 GeV/c per nucleon and give the corrected ratios AA,
Z-/A and Z-/A. We note that our ratio Z-/A appears large in comparison to that
from p p interactions.
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1. INTRODUCTION

Hyperon production is expected to be a useful probe of the dynamics of
hadronic matter under the extreme conditions realised in central heavy ion collisions
[1]. In particular, the onset of a Quark-Gluon Plasma (QGP) phase during the
collisions is expected to enhance the antihyperon yield with respect to normal
hadronic interactions and to give rise to a large Z-/A ratio [2]. WASS is the only
experiment which has obtained results on the production of cascades in heavy ion
- interactions. In this paper we present the transverse mass distributions for negative

particles (mostly pions), KOs, As, As and E-s produced in S-W interactions at 200
GeV/c per nucleon. We give the K/é_, Z-/A and Z-/A ratios, where the As (As) are
corrected for contamination from Z (Z) decays.

The WAS5 experiment [3] was performed using the CERN Omega

Spectrometer with a 200 GeV/c per nucleon beam of 325 jons incident on a tungsten
target. The aim is to study strangeness production at p7 > 1 GeV/c and central

rapidity. The Omega multiwire proportional chambers were modified to select only
high pr tracks so that only a few tracks are recorded out of the several hundred

produced in a central collision making reconstruction of both strange and multi-
strange baryons possible in this kinematic region.

2. APPARATUS AND TRIGGER

The main problem in the experimental study of heavy ion collisions is posed
by the very high event multiplicities. There are several different strategies for
coping with these conditions. The WA85 experiment measures tracks in a restricted
kinematic range (2.3 < ypap < 3, p7 > 0.6 GeV/c). This (i) simplifies the
reconstruction of tracks, allowing the identification of complicated topologies with
good reconstruction efficiencies, and (ii) allows the event records to be kept small,
resulting in a rapid event collection rate.

The layout of the experiment [3] is shown in Fig. 1. An upstream quartz
Cerenkov counter identifies incoming sulphur ions, which are incident on a thin
tungsten target (0.5% interaction length). An array of microstrip counters placed
close to the target (see inset) samples the charged particle multiplicity at central
rapidities, i.e. in the pseudorapidity range 2.1 < 7 < 3.4. The total number of
strips hit in the upper and lower microstrip arrays (microstrip multiplicity) is found
by simulation to be proportional to the overall charged multiplicity at central
rapidities. Particle tracking is performed in 21 planes of Multi Wire Proportional
Chambers (MWPC) placed between 2.3 and 4.1 metres from the target. The
sensitive region of the chambers has a "butterfly” geometry [4]. Only tracks with pr

> 0.6 GeV/c can reach this region from the target through the magnetic field. The
track multiplicity recorded in the Omega MWPCs, is about 1% of the overall



charged multiplicity. Two hodoscopes (HZ0 and HZ1) with a butterfly geometry
matching that of the chambers are placed downstream for triggering purposes.

Finally, a veto hadron calorimeter placed 25 metres downstream of the target is used
to reject events with large forward energy.
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Figure 1. Layout of the WA85 experiment.

3. SELECTION OF STRANGE PARTICLE DECAYS

The procedure used for selecting V° and cascade candidates has been
described in detail elsewhere{5]. A pair of oppositely charged tracks is considered a
V* candidate if the tracks intersect at a point well separated from the target (at least
1.4 metres), which is taken as the V° vertex (Fig. 2). The V° momentum vector
should point along the direction of the line of flight from the V° vertex to the target.
The V° decay tracks should miss the target when projected back through the
magnetic field to the target plane.

Mass distributions for V° candidates are shown in Fig. 3 for the 1987 S-W
data. We select candidates in a 50 MeV mass interval centred on the A mass, giving

13307 A and 3407 A candidates. In the case of the KO a mass interval of 100 MeV
is used, giving 2753 candidates.
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The method of selecting Z- (Z-) decays has also been described previously
[6]. In this case the A (A) is not required to point back to the target. A charged
track, which does not come from the target, is required to intersect the line-of-flight
of the A (A). The resulting Z- (£°) momentum vector should point back to the
target and the cascade decay should take place at least 100 cm from the target. Fig.
4 shows a fully reconstructed event with an Z- candidate.
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Figure 4. Reconstructed event with a cascade candidate.

Mass distributions for cascade candidates are shown in Fig. 5. Clear peaks
are seen at the Z- and Z- positions with little background. Selecting events in a 100
MeV mass interval centred on the Z- mass gives 108 Z- and 44 Z- candidates.

The full phase space window used for As and As is 2.3 < Yiab < 3.0 and

0.9 < p7< 2.8 GeV/c; for E-sand Zsitis 2.3 < yzp < 3.0and 1.1 < p7 <
3.3 GeVl/c.
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Figure 5. Mass distributions for cascade candidates as (a) Az~ and (b) Axt,

4. DATA SAMPLES

The results in this paper are based on 10 million S-W events obtained in 1987

and 18 million p-W events obtained in 1988. The VO and E yields from these data
are shown in Table 1. In 1990 80 million S-W events and 100 million p-W events
were recorded and analysis is still in progress. Preliminary mass distributions for A
candidates are shown in Fig. 6. Selecting candidates in 50 MeV mass intervals
centred on the A mass gives 67000 As from half of the S-W data and 26000 As from
half of the p-W data. A further 100 million S-S events have been obtained recently.

Table 1

Yields for different particle species; 1987 and 1988 data
Species S-W p-W
A 13307 3223
A 3407 959
KOs 2753 1001
= 108 82
= 44 22
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Figure 6. Preliminary mass distributions for VO candidates from the 1990 data,
(a) S-W and (b) p-W.

s. RESULTS
5.1. Muiltiplicity dependences

A study of A, A and negative hadron production as a function of the charged
multiplicity measured by the silicon microstrips has been published [5]. Negative
hadrons detected in the butterfly MWPCs are considered in the same rapidity and pr
region as that defined for the A and A samples. Fig. 7a shows the average number
of negative hadrons per event, <n.>, as a function of multiplicity, corrected for
geometrical acceptance (triangles) and for both geometrical acceptance and track
reconstruction efficiency (circles). A simulation study [5] shows that the mean
rapidity density for tracks in the region 2.3 < yjap < 3.0 is proportional to the
microstrip multiplicity and it is shown in the lower scales of Fig. 7.

1.5
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Figure 7. (@) <n->, (b) <np> and (¢) <n1-\> as a function of measured

multiplicity:  circles show data corrected for geometrical acceptance and
reconstruction efficiency and triangles show data with acceptance correction only.
The errors are statistical only. (d) <n->/multiplicity, <np >/multiplicity and

<n f&>/ multiplicity as a function of multiplicity. Points for negative particles have

been divided by 2, points for A have been multiplied by 2. The data are corrected
for geometrical acceptance and reconstruction efficiency. The lower scale shows the
average rapidity densities (evaluated in the interval 2.3 < Yigp < 3.0) which
correspond to the measured multiplicity.



Figs. 7b and 7c show the average number of A and A per event, <np > and
<n f&> respectively, as a function of multiplicity. The data are corrected for

geometrical acceptance, including correction for decays outside the fiducial region
and unseen decay modes (triangles) and in addition reconstruction efficiency
(circles). The reconstruction efficiencies have been determined by implanting
simulated A, A and = in real events of varying multiplicity. They vary from 90%to
60% for single tracks and from 85% to 40% for A and A as the multiplicity
increases. The ratios of A, A and negative hadron yields to multiplicity are shown in

Fig. 7d as a function of multiplicity. They are essentially constant over the
multiplicity range considered.

Similar plots for KOs are shown in Fig. 8. The average number of KOs also
shows a linear rise over the multiplicity range investigated. Thus we find no

evidence for a faster than linear increase for negative hadrons, A, A and KOs over
the rapidity density range 70 < dN/dy < 140.

|
—

A0.8 [ 210 ¢
voF (a) E X b)
0.5 |- ~ 0
R A L
; } } Vool
- + _ -
0s | ++Jr
- -2
0.3 |- f 10 | o
N - ot b
- - o
0.2 [ i
N R
X et i
0.1 ~ _
[ =3
o -lllll_LLJllllllll]lllllll 10 lllllllll'lllllllllLllll
O 20 40 60 80 100 O 20 40 60 80 100
Microstrip multiplicity _ Microstrip multiplicity

Figure 8. @) < Neo > as a function of measured multiplicity.
(b) <n->/multiplicity and < nK°> /multiplicity as a function of multiplicity.



T T 1 ! | 1
105 [ ~ — i
S+ W WA 85 peW WA 85
\*'
“ N negatives
- AN
5 ot \u\/ | B \*\\ negafives
N
oy LN \\/
[l NN \
a8 NN ~
E N N\ A AN
E \*\\\/ \\\
N\ — — —
= 10% |- Kl ‘o\ \b\\\
% \\ A \\x\
N \\ \\\ \\
% \\ \\ < N A
N 0, 9. N
e N \ N ¢\/
E N Mo N
- — AY - - N —
102 ‘/ \\ \\\ \\
A * [N N
N
/\\
K \\+
~
10 1 ] ] ] | 1
1.0 15 2.0 1.0 1.5 2.0
My GeV MT GeV

Figure 9. Transverse mass distributions for A, Aand h- in S-W and p-Ww
interactions.

5.2. Transverse mass distributions

The invariant transverse mass distributions (1/m7) dN/dmT have been studied

for A, A, K° and h- in both p-W and S-W collisions [7,8]: the distributions are
shown in Figs. 9 and 10. The slopes for all the distributions are similar, and for all
the species considered indicate an increase by a factor of about 2 in the ratio of
strange particle to negative production in S-W relative to p-W interactions.

The invariant transverse mass distributions fall exponentially with increasing

mT [8,9] according to

_l_ﬂ,exp[_rz]

mr dmt T

The inverse slopes 7 of these distributions provide valuable information as to the
temperature of the fireball from which they are produced. Fig. 11 shows the
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invariant m7 distribution in S-W interactions for A, A, =~ and h~. Here in addition
to corrections for acceptance and reconstruction efficiency, the A and A distributions
have also been corrected for feed-down from Z and Z decay [10]. The inverse
slopes obtained from the distributions in Fig. 11, and from Fig. 10 for K©°, are given

in Table 2. The inverse slopes for all the species considered are compatible with a
value of about 230 MeV.

Table 2.

Inverse slopes of my distributions for different particle species (MeV).
Species S-W p-W

h- 256 £ 3 £ 15 26+ 4 £ 15
1_\_ 238 £ 9+ 15 -

A 201 £ 24 £+ 15 -

KOs 24 +5+ 15 21+5+ 15
- 233 + 54 £ 15 -~

5.3. Strange and multistrange baryon and antibaryen ratios

Once corrections have been made to particle production rates to allow for
acceptance, reconstruction efficiency, particle identification and feed-down, it is
possible to compare production rates for the hyperons and antihyperons {10]. The

hyperon-antihyperon ratios A/A -and E-/Z- are straightforward to calculate;

however, the values obtained for the Z-/A and - /K_ ratios depend on whether a cut
is made in pr or mT, owing to the different rest masses for the Z and the A. In

Table 3 we present the ratios (i) in terms of an m cut, and (ii) in the prrange 1 <
PT < 2 GeV/c in order to facilitate comparison with other experiments. In addition,

Table 3

Relative hyperon production rates for S-W data

Ratio mr > 1.72 GeV 1<pr<2GeV/c
A/A 0.13 £ 0.03 0.13 £ 0.03
- 0.39 + 0.07 0.39 £ 0.07
Z°/A 0.20 £+ 0.04 0.11 £ 0.02
/A 0.6 +0.2 0.33 £ 0.11




a preliminary study of cascade production in p-W interactions gives the values
- /Z- = 0.27 + 0.06 [11], not corrected for acceptance or reconstruction
efficiency. The E- /Z- ratio appears to be higher in S-W than in p-W interactions,
while the Z /A ratio appears high in comparison with all other published values
(from e *e-, pp and pp interactions [12]) as shown in Fig. 12.

All these values point towards a considerable degree of flavour equilibration
in central nucleus interactions at a temperature (from the inverse slope of the mr
distribution) close to that at which a phase transition is expected to occur. The
errors are at present dominated by statistics, but will be reduced substantially when
the 1990 data are analysed.

WABS
o - -
= ¢ ¢ PP PP S W
<
m —— — ———
T 4= T T =
A+ A A A A
Q.5 '
T
Q.4
A
0.3
L
0.2
0.1} H 1 E {
SR
&%% § (;;g UAS AFS WABS
OG =~ o

Figure 12. Z°/A and Z~/A ratios for different experiments.



6. CONCLUSIONS

The WAB8S experiment has studied strange particle production in S-W and
p-W interactions at 200 GeV/c per nucleon. A general strangeness increase by a
factor of about 2 has been observed in S-W interactions relative to p-W interactions.

The average number of negative particles, KOs, As and As shows a linear rise over
the rapidity density range 70 < dN/dy < 140.

The transverse mass distributions for K9, A, K, and E- have inverse slopes
compatible with a value of about 230 MeV. The Z-/Z- ratio in S-W interactions is

0.39 £ 0.06, which appears to be higher than in p-W interactions. The E-/ A ratio
in S-W interactions is found to be 0.6 + 0.2 for m > 1.72 GeV. These ratios are

high compared with what is expected from current non-QGP models and suggest that

some flavour equilibration has taken place.
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