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Abstract

The WA94 experiment uses the production of strange particles and antipar-

ticles to investigate the properties of hot hadronic matter created in heavy{ion

interactions. �, �, �� and �
+
particle yields and transverse mass spectra are

presented for pS interactions. These results are compared with those from SS

interactions. Our results are also compared with those from pW and SW inter-

actions of the WA85 experiment.
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In order to improve understanding of the dynamics of hot, hadronic mat-

ter, the WA94 experiment examines hyperon production from collisions of ultra{

relativistic nuclei. Current understanding suggests that hyperons provide a test

for the existence of a Quark{Gluon Plasma (QGP) [?], which might be formed

in ultra{relativistic heavy{ion collisions. In the simplest case, the central region

of such collisions is thought to exist in one of two states; a dense hadron gas

(HG) phase or a QGP phase. Both produce strangeness and both can saturate

strangeness phase space. The QGP phase achieves saturation much earlier than

the HG phase, because low threshold ss production from gluon-gluon fusion is

open to it. This gives rise to copious production of strange quarks and anti-

quarks compared with the HG scenario in a short-lived �reball [?, ?]. It has

been argued, therefore, that relative abundances of particles containing di�erent

amount of strangeness, such as ��/� and especially �
+
/� , could be sensitive

to a phase change [?]. For this reason, the WA94 experiment examines sulphur{

sulphur interactions with the aim of measuring strangeness enhancement, using

proton{sulphur interactions as a control. It is also possible to gain independent

estimates of temperature and to investigate collective ow from transverse mass

spectra.

The WA94 experiment [?] was performed at the CERN OMEGA spectrom-

eter and took data using both a sulphur ion beam and a proton beam incident

upon a sulphur target. Figure ?? shows the layout for the proton beam run.

Scintillators and di�erential �Cerenkov counters (CEDARS [?]) upstream of the

target identi�ed an incident proton. A further scintillator, in anti-coincidence

with the beam scintillators, was positioned on the beam line, downstream from

the target, to detect the presence of a beam proton that had not interacted with a

target nucleus. Multiwire Proportional Chambers (MWPCs), operating in `but-

tery' mode [?], provided tracking information. Their positions, relative to the

9% interaction length target, ensured that only particles in the kinematic region

pT � 0:6 GeV/c and 2:4 < YLAB < 3:2 were selected. This corresponds to the

central rapidity region for the sulphur beam run and is similar to the centre{of{

mass rapidity coverage used by WA85 for sulphur{tungsten and proton{tungsten

interactions [?].

To enhance the number of events with a medium pT track, the scintillator

hodoscopes HZ0 and HZ1 were placed downstream from the MWPCs. Each half

of a hodoscope consisted of �ve horizontal slabs, covering the same phase space as

the MWPCs. As the magnetic �eld was aligned along the vertical axis, positively

and negatively charged tracks traced through di�erent halves of the hodoscopes.

Only events in which at least one track satis�ed a correlation of hits in either the

left{ or right{hand halves of the hodoscopes were considered. A further trigger

condition, to increase V0 detection, required a multiplicity greater than one in the

fourth MWPC and also in at least two of the �rst three MWPCs. The apparatus
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was symmetric with respect to charge, giving equal acceptances for both particles

and anti{particles and data were taken with both magnetic �eld polarities so as

to reduce residual systematic e�ects. The strange particle sample was taken from

a total of 52 million triggers.

The selection procedure for V0s and cascades is very similar to that employed

by WA94 in sulphur{sulphur interactions [?], taking into account the small dif-

ferences in layout. A pair of oppositely{charged tracks is considered as a � or �

candidate if

1. each track has at least four space points,

2. each track traces through the seven MWPCs,

3. the distance of closest approach between the two tracks is less than

1.0 cm,

4. the angle between the V0 line{of{ight from the target and the sum

of the tracks' three-momenta is less than 0:75�, ensuring that the can-

didate comes from the target,

5. the decay occurs between 135 cm from the target and the �rst MWPC,

6. the Podolanski{Armenteros variable � [?] lies in the range 0:45 < j�j <

0:60, reducing contamination from K0 decays1,

7. the transverse momentum of the decay tracks with respect to the V0

is greater than 0.01 GeV/c, to remove background from photon con-

versions, and

8. at least one of the decay tracks satis�es the hodoscope condition.

Figures ??a and ??b show the (p��) and (p�+) mass spectra that these

criteria yield. The vertical lines indicate a 50 MeV interval centred on the � mass,

giving 11846 � and 3147 � candidates.The shaded regions are those candidates

whose mass, when interpreted as (�+��), lie within 50 MeV of the K0 mass.

Figure ?? shows the � candidates' masses when interpreted as (p��) and (�+��).

The vertical lines show again a 50 MeV region centred on the � mass. From this

plot, it can be shown that there is about 2% contamination in the � sample from

K0s.

The �� and �
+
candidates are selected by combining a V0 with an appropri-

ately charged pion to identify the decay sequence

1This is equivalent to a cut of cos �� � �0:5, where cos �� is the angle between the lines of

ight of the baryon in the V0 rest frame and of the V0 in the LAB frame. Positive � corresponds

to � and negative � corresponds to �.
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or the charge conjugate decay. Any combination of a V0 with an appropriately

charged pion is considered as a cascade candidate if

1. each track has at least four space points,

2. each track traces through the �rst four MWPCs,

3. the distance of closest approach between the line of ight of the V0

and the pion is less than 1.6 cm,

4. the cascade decay occurs between 90 cm from the target and the �rst

MWPC,

5. the impact parameter of the cascade in the target plane is less than

2.0 cm (the cascade comes from the target),

6. the impact parameter of the pion from the cascade vertex, in the target

plane, is greater than 6.0 cm (the pion does not come from the target),

7. the V0 vertex is downstream from the cascade vertex, and

8. at least one of the tracks satis�es the hodoscope condition.

Figures ??c and ??d show the mass distributions from the resulting �� and �
+

candidates. There are clear peaks with little background at the � mass. The

vertical lines indicate a 100 MeV interval centred on the �� mass, giving 450 ��

and 185 �
+
candidates.

The data have been corrected for geometrical acceptance, unseen decay modes

and reconstruction e�ciencies. A further correction, for the contamination of the

� and � samples due to feed{down from �� and �0 decays, has been made. It

has been found that 16% of the � sample and 28% of the � sample come from

these decays. Figure ?? shows the corrected transverse mass distributions, which

have been �tted using the expression [?]

1

m
3=2

T

dN

dmT

= Ae�mT=� ;

where mT =
q
p2T +m2 is the transverse mass, in the rapidity window 2:5 <

YLAB < 3:0. The inverse slopes are presented in table 1, along with corresponding

results for the WA94 sulphur{sulphur data [?]. The errors on the inverse slopes

are statistical only. The systematic errors are estimated to be about 10 MeV.

Each proton{sulphur inverse slope is smaller than that for the corresponding
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sulphur{sulphur inverse slope. It is interesting to note that the WA85 experiment

reports a similar relationship between proton{ and sulphur{induced collisions in

a similar rapidity window [?, ?].

Table 2 shows relative hyperon yields for the rapidity interval 2:5 < YLAB <

3:0 for both proton{sulphur and sulphur{sulphur collisions. The regions 1:2 <

pT < 3:0 GeV/c and mT � 1:9 GeV correspond to where �� and � acceptances

overlap. Ratios for the interval 1:0 < pT < 2:0 GeV/c are extrapolated from

the 1:2 < pT < 3:0 GeV/c region and are shown in table 2 and in �gure ??

to allow direct comparison with the �
+
/� ratio from proton{proton collisions

obtained by the AFS collaboration (0:06� 0:02) [?]. The �/� and �
+
/�� ratios

for proton{sulphur collisions are consistent with the corresponding ratios from

sulphur{sulphur collisions. There is, however, a 30% increase in the �
+
/� ratio

when going from proton{ to sulphur{induced collisions. This corresponds to

about a two standard deviation e�ect. The WA85 experiment observed a similar

e�ect when going from proton{tungsten to sulphur{tungsten collisions, albeit in

a slightly di�erent kinematic window [?, ?].

In conclusion, results are presented for hyperon production from proton{

sulphur interactions at 200 GeV/c. They have been compared with the WA94

sulphur{sulphur results in the same laboratory kinematic window. The inverse

slopes obtained from the transverse mass distributions for �, �, �� and �
+
decays

are lower than those obtained from the sulphur beam data. The relative hyperon

yields have also been determined. The �/� and �
+
/�� ratios for proton{sulphur

collisions are consistent with the corresponding ratios from sulphur{sulphur col-

lisions. There is a 30% increase in the �
+
/� ratio when going from proton{ to

sulphur{induced collisions.
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Tables

Table 1: Inverse slopes of hyperons in proton{sulphur and sulphur{sulphur

interactions.

Inverse slope (MeV)

Particle Proton Interactions Sulphur Interactions

� 191 � 3 213 � 2

� 181 � 5 204 � 5

�� 212 � 9 222 � 10

�
+

202 � 12 208 � 25
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Table 2: Relative hyperon yields in proton{sulphur and sulphur{sulphur

interactions.

2.5 � YLAB � 3.0

mT � 1.9 GeV

Ratio Proton Interaction Sulphur Interaction

�/� 0.20 � 0.01 0.22 � 0.01

�
+
/�� 0.43 � 0.05 0.54 � 0.06

��/� 0.15 � 0.01 0.18 � 0.01

�
+
/� 0.30 � 0.03 0.44 � 0.02

2.5 � YLAB � 3.0

1.2 � pT � 3.0 GeV/c

Ratio Proton Interaction Sulphur Interaction

�/� 0.22 � 0.01 0.23 � 0.01

�
+
/�� 0.46 � 0.05 0.55 � 0.07

��/� 0.078 � 0.004 0.09 � 0.01

�
+
/� 0.16 � 0.02 0.21 � 0.02

2.5 � YLAB � 3.0

1.0 � pT � 2.0 GeV/c

Ratio Proton Interaction Sulphur Interaction

�/� 0.24 � 0.01 0.24 � 0.01

�
+
/�� 0.45 � 0.06 0.58 � 0.07

��/� 0.068 � 0.007 0.08 � 0.01

�
+
/� 0.13 � 0.02 0.20 � 0.02
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Figures

Figure 1: Layout of the WA94 experiment as used for proton{sulphur data tak-

ing.

Figure 2: E�ective mass distributions for a) p��, b) p�+, c) ���, and d) ��+.

Figure 3: E�ective mass of �+�� versus e�ective mass of p�� for � candidates.

Figure 4: Transverse mass distributions for a) � and � and b) �� and �
+
.

Figure 5: Comparison of WA94 ��/� and �
+
/� ratios with WA85 and AFS

ratios.
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