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Abstract. The production of A’s and Z-’s in proton-
antiproton collisions at 200 and 900 GeV c.m. energy
has been studied using decays observed in the UAS5
streamer chambers. The results are compared to pre-
viously published 546 GeV data, to results from other
experiments, and to four theoretical models. The A
vield per inelastic event is estimated to be 0.42 & (.11
at 200 GeV and 0.66+0.14 at 900 GeV. We find a mean
number of Z~’s per inelastic collision of 0.03730% at
200 GeV and 0.0610 33 at 900 GeV. The average trans-
verse momentum of A’s in the rapidity region |y| < 2 is
found to be 0.80%5 1S GeV/c at 200 GeV and 0.7420.09
GeV/cat 900 GeV. The average transverse momentum
of £~ ’s in the rapidity region ly| < 3 is estimated to be
0.8%3% GeV/c at 200 GeV and 0.7*%2 GeV/c at 900
(GeV which is lower than the unexpectedly high value
of 1.1+ 0.2 GeV/c measured at 546 GeV. The ratio of
E7 production to A production in the region |y| < 2,
p: > 1 GeV/c is 0.07F532 at 900 GeV. This value is
consistent with the ratio found in e*e~ collisions and
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lower energy pp collisions but lower than the value ob-
tained at 546 GeV. The average particle composition
of events at 200 and 900 GeV, estimated using UA5
data, is presented.

1 Introduction

A high energy hadronic collision is a complicated pro-
cess nvolving many steps leading to the production of
many particles. Quantum chromodynamics (QCD) is
believed to be the correct theory for hadronic inter-
actions, but for low momentum transfer processes its
use is severely limited by computational problems. In
recent years phenomenological models of hadronic col-
lisions have therefore appeared. Some of them attempt
to describe in detail the wealth of new minimum bias
data coming from the CERN pp Collider. Most of these
data are on light mesons (pions, kaons). Knowledge
about the production of heavier particles and baryons
is also needed to test fully the ideas underlying these
models. In addition, heavy particles have the advan-
tage that they “remember” more of the primary par-
tonic interaction due to the nature of the fragmenta-
tion process and decay kinematics. Besides teaching
us something about standard physics, hyperon produc-
tion could signal new phenomena. For example, it is
believed that enhanced hyperon production could be a
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sign of quark-gluon plasma formation [1].

The UAB collaboration has previously published re-
sults on A and =~ production” at 546 GeV c.m. en-
ergy [2,3]. The measured mean transverse momentum
of Z=’s was surprisingly large. Also the value found
{or the ratio of the Z~ yield to the A yield was unex-
pectedly high. In 1985 we again took data, this time
at 200 and 900 GeV, the higher energy having been
made possible by running the Collider in pulsed mode
[4]. The experimental methods used are essentially the
same at all three energies.

This paper is structured in the following way. In
section 2, the experimental methods are explained, in-
cluding descriptions of the detector and the scanning,
correction, and fitting procedure. The physics results
are presented in section 3. Finally, section 4 contains a
comparison of our results with four particle production
models.

2 Experimental procedures

2.1 Detector and data taking

The main components of the UAS detector are two
large (6 m x 1.25 m x 0.5 m) streamer chambers
placed about 5 cm above and below the collision point,
each viewed by three cameras. The chambers cover
the solid angle where the great majority of particles
are produced: +5 units of pseudorapidity** and 95%
of the azimuthal angle. The trigger was provided by
two scintillator hodoscopes placed at the ends of the
streamer chambers. A detailed description of the de-
tector can be found in ref. [3]. We require the de-
cay vertices of the hyperons to be inside the streamer
chambers. A typical vertical component of the path
length is 4.9 cm for A’s and 2.6 em for =7 's ({(p:} = 0.7
GeV/c) which means that a useful fraction of the de-
cays is seen. Decays occuring instde the chambers can
be identified with Ligh confidence due to the excellent
two-track resolution of the order of 1 mm. The mea-
suring and three-dimensional reconstruction procedure
is described in [3]. For the hyperon analysis we have
used a sample of events taken with our non single-
diffractive (NSD) trigger which has an estimated effi-
ciency of about 95 % for NSD events while keeping the
background down to approximately 5 % (beam-gas in-
teractions and single-diffractive events, for details see
refs. [3,5,6]). The detector was essentially the same
during the pulsed Collider run as during the earlier

*Unless otherwise stated we use the shorthand notation A for
A4+ A+EY+3T0 = for == + E—, and =0 for 20 4 =0,
**Psendorapidity 7 is defined as = —Intan{6/2), where 0 is
the c.am. production angle.

Tahle 1: The number of NSD events scanned for A's
and =7 ’s. The different classes of events are explained
in the text.

C.ITL. eNergy Event sample A =

(GeV)

200 normal 3480 3480
special 598 3664
total 4078 7144

900 normal 5823 5823
special 980 5395
total 6803 11218

546 GeV run.

2.2 Identification of hyperons
2.2.1 Scanning

The decay channel used in the A analysisis A — pm~
which has a branching ratio of 64.2%. The signature
looked for is a V pointing to the main vertex. In the =~
analysis the decay mode == — Ax~, with a branching
ratio of 100%, and A — pr~ was used. The topol-
ogy is that of a primary track which undergoes a sharp
change of direction (called a kink) and a V pointing to
the kink vertex. Due to the short decay path of these
particles the decays are clustered near the base of the
streamer chambers. To avoid background due to ran-
dom association of tracks and interactions just outside
the visible volume the decay vertex was required to be
inside the chamber.

The event samples consist of two classes of events
which were treated differently with respect to the scan-
ning and measurement procedure. The first class,
called the normal sample, had been measured com-
pletely before being scanned for strange particles
whereas events in the second class, called the special
sample, were scanned first and subsequently fully mea-
sured if they contained a 2~ candidate. In events from
the special sample containing a A candidate, in addi-
tion to the V tracks, five primary tracks were measured
to allow the determination of the position of the pri-
mary interaction. For further details see ref. [T]. The
number of events in the different classes is given
Table 1.

In addition to being scanned, the normal sample
measurements were searched for V's and kinks by a
computer program. The search criterla were loose ver-
sions of the final cuts described below. The program
did not attempt to find =~ candidates by coupling to-
gether associated kinks and V's. This was left to the
check scan {see below). Since a software search was
impossible for the special sample it was replaced by a



Table 2: Criteria to be fulfilled to be accepted as a hy-
peron candidate. The variable d is the distance in cen-
timeters between the primary interaction point and the
plane formed by the V tracks and é is the angle in de-
grees between this plane and the flight path of the de-
caying particle. The variable 8% is the c.m. decay an-
gle of the A candidate when analyzed as a K3. The ra-
pidity of a particle with energy £ and longitudinal mo-
mentum p; is defined as y = 1/2 In[(£ + p;)/(E — p)].

Cuts applied to A candidates

length of each track > 15 cm
track fit RMS < 30 pm
opening angle > 8 degrees
coplanarity cut d<4-§
distance between decay vertex and

entrance plane of visible volume > 0.5 cm
straddling yes
distance between decay

vertex and beam axis < 40 cm

- lcas 8%, | > 0.5

abs. value of rapidity < 2
Cuts applied to = candidates
length of each V track > 15cm
track fit RMS < 30 um
opening angle of kink > 3 degrees
opening angle of V > 3 degrees
V coplanarity cut d<4-6
distance between decay vertex and

entrance plane of visible volume 2 3 cm
distance between kink

vertex and V vertex >3cm
V straddling ves
abs. value of rapidity <3

second, independent, visual scan.

Each candidate was inspected on the scanning table
by a physicist to check that it fulfilled the criteria of
the visual scan. Many software search candidates could
be dismissed as random assoclations of tracks which
contaminated the sample due to the rather loose cuts.
Each combination of a kink and a V occuring in the
same frame was inspected to see if it constituted a
=~ candidate. Candidates with badly measured tracks
were rerneasured.

From the two independent scans we estimate the to-
tal scanning efficiency for A’s and E7’s to be 98% at
both energies.

2.2.2 The final sample

Several cuts were applied to the candidates found in
the scanning in order to minimize the background, to
allow an accurate caleulation of the dynamical quan-
iities, and to ensure a high and uniform scanning ef-
ficiency. The cuts are listed in Table 2. The opening

Table 3: The observed number of A and =~ decays.

C.M. energy p: range A =

(GeV) (GeV/c) by <2 [yl < 2 ly{ <3

200 all ps 68 3 3
> 0.5 139 3 3
>1 63 3 3

900 all p: 463 6 7
> 0.5 379 6 7
>1 172 4 5

angle cut of 8 degrees for A’s was increased from the
value of 3 degrees used in our 546 GeV A analysis [3]
and in our K% analysis [7]. This was done in order to
improve the precision of the momentum determination
which is worse for A’s as compared to K2’s for equal
opening angles due to the decay geometry [8]. For a
more detailed discussion of the cuts see refs. [3,9].

All criteria in Table 2 except the rapidity and cos 8%
criteria are purely geometrical. The UAD detector has
no magnetic field for the measurement of particle mo-
menta. However, the momenta of particles in the de-
cay topologies studied can be calculated from the track
angles, once a hypothesis about the identities of the
particles is made. A kinematical, least squares fit was
made to the decay hypothesis taking into account the
measurement errors and correlations of the track pa-
rameters [8]. There are two possibilities when assign-
ing masses to the V tracks. However, the hypothesis
giving the lower A or Z— momentum can always be
rejected since 1t corresponds to a negligible probabil-
ity for the particle to reach the chamber. Monte Carlo
simulations show that the precision in the transverse
momentum determination is about 5% for both A’s and

_—2

E~ s,
The sizes of the final A and =~ samples in different
regions of phase space are given in Table 3.

2.3 Correction of data
2.8.1 Background subtraction

The K2 background in the A sample is shown for the
variable | cos % | in Fig. 1. About half of the K§ back-
ground is eliminated by requiring that | cos &% | > 0.5,
since the distribution for observed K2 is approximately
flat. Only about 3% of the primary A’s are lost by this
cut. This is due to the fact that A decays tend to be
asymmetric in the lab frame {the heavier proton tends
to be emitted more forward than the pion). When in-
terpreted as K2 decays and boosted to the kaon rest
frame they obtain large values of | cos #% . The remain-
ing background is expected to be A from =~ /=? decays
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Figure 1: The | cos 8% | distribution of V’s passing the A
cuts at a) 200 GeV and b) 900 GeV. The solid line is the
expected distribution calculated using the measured A
and Z- rates and a kaon rate adjusted to give the
correct nurnber of observed candidates in the region
|cosf} | < 0.5. The dashed line shows the expected
kaon contribution. The |cos @} | cut is indicated with
the arrow.

Table 4: Contamination in the A sample in the region
pe > 0.5 GeV/c estimated using our measured K2 [7]
and Z- yields and a MC program. The Kg and K}
yields are assumed to be equal. The errors guoted are
statistical only.

Type of Contamination (%)

contarnination 200 GeV 900 GeV
K% 315 3543
=0 A 7T g+3
=T = A TET 93
f\"?‘ 0302 0.4x0.2

and K?. The background from photon conversion is
estimated to be less than 0.1% at both energies. The
estimated sizes of the background sources are given in
Table 4. It is clear from Table 4 that the main source
of background in the A sample is K2 decay. The back-
ground was estimated using MC simulated events with
UAS data on R [7], E= and charged particle [10] pro-

duction used as input.

Two methods were used to subtract the K% back-
ground from the A sample. In the first, 0.5 is added to
the |cos 0% | of the V's with |cos8%| < 0.5. The V’s
are then reanalysed as A’s and subtracted statistically
from the A sample. This was the procedure used in
the 546 GeV analysis [3,11]. In the second method the
K? background is generated by a MC program and
subtracted. The background was normalized to the
observed number of coplanar V’s with {cos 8| < 0.5.
The results obtained using the two methods were con-
sistent and in the following we will present their aver-
age.

The K? background correction is very small and was
incorporated in the factor, deseribed below, which cor-
rects for measurement errors and interactions of the
particles with the material of the detector.

The background from Z- — Az~ and 2% — Ax®
decays was generated using a MC program. The A
analysis was limited to p, > 0.5 GeV/c to avoid the
low p, region where the relative size of the background
is larger. The subtraction of A’s from Z’s introduces
large errors since the p; distribution and rate of the =
hyperons are poorly known (see section 3). The values
of {p1)=- and (nz-) found at 900 GeV are much lower
than the values at 546 GeV, probably due to statistical
fluctuation. We conclude that the best values to use
for the background subtraction are those given by a fit
to the combined 546 and 900 GeV data. This fit gave
(peyz- =0.9+0.1 GeV/e and (nz-) = 0.06 & 0.02 for
all p, in the region |y| < 3. The raw p, distribution
of the A sample is given in Fig. 2 with the different
background components shown separately.

The main sources of background to the =
are given below:

sample

e 7% and K? interacting in the streamer chamber
(SC) gas giving one charged particle and a K¢ or
A

s Photons from K* — 7% 7% and £+ — pr0 decays
which convert in the SC gas.

¢ RRandom association of a V from the primary ver-
tex to a kink vertex.

o 7t interacting in the SC gas giving one charged
particle and a photon which converts in the gas.

In 34000(29000) events generated at 200(900) GeV
with the UAS MC program [12] no background event of
the above types was found which gave a kinematic fit to
the =~ hypothesis. We conclude that the background
in our Z~ sample is at most 0.6(1) events at 200(900)
GeV (95% confidence level).
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Figure 2: The observed p; distribution of A’s at

900 GeV with the estimated background contributions
from K3 and A’s coming from =~ and EU decays
shown. The 200 GeV distributions are similar.
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2.3.2 Correction and fitting procedure

The geometrical acceptance g was obtained by numer-
ically integrating the distributions of the kinematical
quantities over the domain defined by the geometrical
cuts. Figure 3 shows the A and =7 acceptance as a
function of p;. For A’s we have made an additional
correction for effects due to interactions, measurement
errors, and contamination from Kg ’s. The overall ac-
ceptance, not including the branching ratios, is about
12% for the A’s and 2% for the =~ ’s. The low accep-
tance is mainly due to the short hyperon lifetimes.
An exponential function in p; was used to fit the
corrected py distributions of the A’s and Z7's

;‘% ox exp(=2pe/ {p1)) (1)

t
The A sample was fitted by the method of least
squares. The mean number of A’s per event was cal-
culated by integrating the fitted p, function over all
p:. The generalized maximum likelihood (ML) method
was used to fit simultaneously the py function and the
rate to the =~ data. The fit parameters are (p;), the
average transverse momentum and (n), the corrected
yield per event. The likelihood function employed
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Figure 3: The A and E~ acceptances at 900 GeV as a
function of p;. The acceptances do not include branch-
ing ratios. The 200 GeV acceptances are very similar.

Roby

obs oX
£ = 2 OPEW T pp, 2)
i=1
fps) = g(psi )P exp(—2pui/ {pe) )
t
fo (pe)pe exp{—2p./{p:})dp:
= (n )NBfg (pe)pe exp(—2py /{p:) )dpe
15" peexp(—2p./{p:))dp:
where n.s; is the number of observed Z~'s, N is the

number of events, and B is the branching ratio for the
=~ decay mode used. For the s, the errors were
found by the graphical method, t.e. using the extreme
values of the 39% likelihood contour of £({p;}, {n}).
The above correction procedure is strictly correct
only if two conditions are fulfilled: (i) the invariant
cross section factorizes, 1/7 d2a/dydp? = fi(p:)f=(y)
and (i1) the rapidity distribution f3(y) used in the cal-
culation of g{p:) = [ fo(w)e(p:, y)dy is correct. The
factorization of the invariant cross section cannct be
checked with the data itself due to the low statistics
but is known to hold in the central region for our kaon
data {7,9]. The choice of rapidity distribution is not
critical In the limited regions of rapidity considered in
this analysis. The acceptance g(p;) was calculated us-
ing the y distribution produced by the UAL MC pro-
gram. Also the extrapolation of the rates from the

_—
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Figure 4: The corrected p; distributions of A’s at 200,
546, and 900 GeV. The lines are exponential functions

in p; which have been fitted to the data. The 546 GeV
data is from [3].

limited rapidity region to full phase space was done
using this y distribution.

3 Results and discussion

3.1 Transverse momenta

The corrected p; distribution of A’s in the rapidity
range {y| < 2 is shown in Fig. 4. The data are seen to
follow the exponential form within errors. We obtain
an average transverse momentum of 0.80 £32% GeV/ec
at 200 GeV and 0.74 £0.09 GeV/c at 900 GeV.

The observed =~ distributions at 900 GeV for differ-
ent variables are given in Fig. 5 together with curves
obtained from MC simulation. The data and MC
curves are seenl to be consistent. This is also true for
the smaller 200 GeV data sample not shown.

The observed =~ transverse momentum distribu-
tion at 900 GeV in the region |y| < 3 is shown in
Fig. ba. The MC curve was calculated using the fit-
ted p; function. The average transverse momentum
resulting from the ML fit was 0.8 153 GeV/c at 200
GeV and 0.7 757 GeV/c at 900 GeV. These values
are lower than our previcusly published result at 546
GeV, 1.1 £ 0.2 GeV/c [2,3], but all three values are
compatible within errors.

Our results are summarized and compared to our

Table 5: Average transverse momenta of strange par-
ticles as measured by the UA5 experiment at 200, 546,
and 900 GeV c.m. energy [2,3,7,9]. The notation A
stands for A + A+ X%+ £0 and = signifies T~ 4+ =,

Particle

¥y region {pt} (GeV/c)
200 GeV 546 GeV 900 GeV
K2 lyl<25 0531338 0574003 o062 F392
A lyl < 2 0.80 1929 062 £0.08 0.74 £0.09
== iyl <3 0.8 194 1.1 £0.2 0.7 152

kaon results in Table 5. The evolution of {p;) with
energy is shown in Fig. 6. Our 546 GeV results as well
as data for A’s, protons, charged hadrons, and pions
from other experiments are included for comparison.
The error on each antiproton and pion point below
200 GeV 1s assumed to be 5%. The 546 GeV pion and
proton results have been estimated from fits [9] to UA2
data {15].

Knowing the transverse momentum distribution we
can correct the lifetime distribution of primary A’s
and see if it has the correct shape and normaliza-
tion, thereby cross-checking our analysis procedure. In
Fig. 7 the proper lifetime distribution of primary A’s
is shown. It is seen to be consistent with the expected
exponential function.

The observed proper lifetime distributions of the
Z7’s and their daughter A’s at 900 GeV are given in
Fig. 5¢ and d. Fig. 5b shows the distribution of the
=7 decay vertex along the vertical axis perpendicular
to the chamber base (z axis), at 800 GeV. The ver-
tices are clustered near the base of the chamber as
expected. The decay angular distributions of A's and
=7’s in their respective rest frames at 900 GeV are
given in Fig. be and f, respectively. The curves were
calculated assuming flat cos #* distributions.

3.2 Hyperon yields

We consider the =~ yield first since this result is used
in the A background correction. The mean number
of Z=’s per NSD event in the region jy| < 3, p, > 1
GeV /¢, where we have reasonable detection efficiency
(see Fig. 3), was found to be 0.011 ¥3 033 at 200 GeV
and 0.011 T5:32% at 900 GeV. The rate for all p, was
determined by fitting the exponential function to all
data and extrapolating it to p, = 0. We obtained
0.03 *2:9 at 200 GeV and 0.05 *291 at 9500 GeV for
all p;, |y| < 3. Due to the acceptance the mean num-
ber of =’s 13 highly negatively correlated with the
average transverse momentum, which has a large er-
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Figure 6: The average transverse momentum of A’s
and E7’s plotted as a function of c.m. energy. Also
shown are data from other experiments on A’s [13], pro-
tons {14,15], charged hadrons [16], and pions [14,15].

Figure 7: The corrected proper lifetime distribution of
A’s at 200 and 900 GeV. The lines are exponential func-
tions expected from the known lifetime and normalized
to the A rate as determined from the p; distributions.
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Figure 8: Contour diagrams of the =~ likelihood func-
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ror. The likelihood contours in Fig. 8 illustrate this.
If one fixes the average transverse momentum at 900
GeV to the 546 GeV value, for example, one gets a
mean number of about 0.02, which is much lower than
the 546 GeV value of 0.08. This difference in the =~
vield between the 546 GeV and the 900 GeV mea-
surements was studied statistically. The probability
for the actual outcome (16 =~ ’s at 546 GeV and 7
Z’s at 900 GeV) or "worse” was calculated assum-
ing the true yields and average p,’s to be the same
at the two energies. The probability thus obtained
was 1% and the most probable outcome 9(14) 2= ’s at
546(900) GeV. Since the systematic uncertainties are
almost identical at the two energies we conclude that
the difference in observed rates is mainly due to sta-
tistical fluctuation. Using the UAS MC program to
extrapolate the = yleld from |y| < 3 to full phase
space we obtain 0.03 T5-03 at 200 GeV and 0.07 2308
at 900 GeV. To allow comparisons with results from
other experiments, these values have been extrapolated
to mean numbers per inelastic event using the assump-
tion that the Z~ to charged particle ratios are the same
in single-diffractive and non single-diffractive events.
This assumption leads to the relation {nz-);.., =
(n=-)nsp R, R = (nen)inet/{nen}nsp. The ratio R
can be calculated using UAD results on pp cross sec-
tions [5], single-diffraction [6], and charged multiplici-
ties {10] and we obtain 0.907 & 0.016 at 200 GeV and
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Figure 9; The dependence of a) (pi)a, b) {na) and ¢)
{n=-} on the assumed value of {p;)=- at 900 GeV. The
filled markers indicate the most probable values. {nz.}
and (p;)=- have been calculated using the combined
546 and 900 GeV sample. The resulis at 200 GeV are

similar.

0.87240.012 at 900 GeV. Using these ratios we calcu-
late a Z- yield per inelastic event of 0.03 £33 at 200
GeV and 0.06 ¥593 at 900 GeV.

We obtain a A yield per NSD event of 0.27 4 0.07
at 200 GeV and 0.38 + 0.08 at 300 GeV in the re-
gion |y| < 2. The dependence of {(p)4 and (na) on
the assumed value of (p;)=- is illustrated in Fig. 9.
The Z~ rate and average transverse momentum are
negatively correlated. The fact that A’s from == /Z°
are a source of background in the A sample leads to
a positive correlation between the A yield and {p;)=-.
Since the background preferentially affects the higher
transverse momenta, {p:}4 is positively correlated with
the =~ yield and, in turn, negatively correlated with
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Figure 10: The yields of A’s and £~’s per inelastic
event in pp(Fp) collisions as a function of c.m. energy.
Data on antineutrons from this experiment [18] and
data on A’s [13,19,20] and protons [14,15] from other
experiments are also shown. The 546 GeV proton yield
has been estimated from a fit [9] to UA2 data [15].
Leading particles are excluded. The curve represents a
fit of the function (np);,,; = a+bln s+cln® s to the
A data above 10 GeV. The parameter values are given
in the text.

{pt)=- . Extrapolating to all y we find a mean number
of 0.46 +£0.12 at 200 GeV and 0.76 +0.16 at 900 GeV.
The yield per inelastic event is estimated at 0.42 +£0.11
at 200 GeV and 0.66 £ 0.14 at 900 GeV.

The A and E~ yields per inelastic event are plot-
ted as a function of energy in Fig. 10. UAS data on
antineutrons as well as data on A’s and antiprotons
from other experiments are shown for comparison. The
curve is the result of a fit of a quadratic function in In s

to the A/A data:

(0.10 £ 0.03) 4+ (—0.039 + 0.010) Ins
+ (0.0040 % 0.0008) In* 5

(nA)inef =

(s expressed in GeV?) with x*/NDF = 12/11. This
form has also been used in our charged particle multi-
plicity analysis [17]. It is suggested by the logarithmic
rise in both the width and the height of the plateau of
the charged particle pseudorapidity distribution [21].
In addition to A, 2=, K} [7,9], and antineutrons
[3,18], UA5 has measured the yields of photons [3,22]

Table 6: The average particle composition of non sin-
gle-diffractive events at 200, 546, and 900 GeV c.m.
energy as measured by the UAS experiment {for refer-
ences see the text) or estimated using the assumptions
in [3]. The leading particles, assumed to be one pro-
ton and one neutron per event on average, have been
subtracted.

Particle {n)

200 GeV 548 GeV 900 GeV
all charged 204+ 0.4 28,4403 346+0.9
~ 2224 2.4 33.04 3.0 414+ 4.1
KO+ K° 1.50£0.18 2244016  2.74 % 0.30
K+ +K~ 1.50+¢.18  2.2440.16 2.7440.30
n+w 0.5+0.2 1.45+£0.15 1.040.4
pP+5 0.5+0.2 1.45£015 1.0+0.4
A "‘XLBG +E% 0464012 053+£011 0.76 4 0.16
ot +ot 0.23:40.06 0.274+008 038+ 0.08
+ZT I
E-+4E- 0.0373% 0104003 007398
=0 4320 0.03+5%2 010+ 003 0.07+90¢
et +e— 0.27+0.03 041+004 0.50+0.05
ot +7- 17.94+ 0.5 23.9+ 04 20.941.0

and the total charged multiplicity [3,10]. Using the
assumptions described in ref. [3} we can calculate the
particle composition of an average NSD event at 200
and 900 GeV. The result is given in Table 6 together
with the earlier 546 GeV result [3].

3.3 Rapidity distributions

The rapidity distribution of A’s is givenin Fig. 11, The
distribution is fairly flat in the central region where we
have acceptance. The observed rapidity and pseudora-
pidity distributions of Z7’s at 900 GeV are shown in
Fig. 5g and h.

3.4 Particle ratios

The ratio of 2~ production to A production was cal-
culated in the region |y| < 2, p; > 1 GeV/c where we
have a relatively high acceptance for both particles.
We obtain 0.0772-%% at 900 GeV. This value and the
corresponding confidence interval is given in Table 7.
The experimental correlation between the Z- and A
rates has been taken into account in the calculation.
Results from 546 GeV [3], from pp collisions at 63 GeV
[23], and from ete™ collisions [24,25,26] are also shown
for comparison. The 900 GeV result is consistent with
the value of 0.06 & 0.02 found at the ISR and = 0.08



Table 7: The Z— /A ratio in the region |y} < 2, pr > 1 GeV/c at 900 GeV can. energy. Also given are UAS
data at 546 GeV [2,3), pp data at 63 GeV and data from ete~ experiments (for references, see text). When
both statistical and systematic errors have been given, they have been combined by adding their squares.

Experiment c.ml. energy Type of pt range =-/A 95 % confidence
(GeV) interaction (GeV/c) interval
UA5 900 Pp >1 0.07 ¥9-%8 0.01 - 0.46
546 >1 0.6 0.26 {lower limit)
AFS 83 Py 1-2 0.06 £ 0.02
TASSO 34.4 ete— all 0.087 4 0.042
MARK II 29.0 0.08 £ 0.03
HRS 29.0 0.073 £ 0.028
TEC 29.0 0.101 & 0.048
CLEO 10.38-10.64 0.07 £ 0.01
CLEO T(18) 0.10 £ 0.02
ARGUS 10.0 0.08 + 0.01
3 02— T U ] [9], respectively. The mean number of antineutrons
\E\ L Uss 1 at 546 GeV is derived from UA2 data on protons [15]
4 | 1 assuming o(n + ) = e(p+ p) (3], The particle yields
£ | © 900 Gev 4 were extrapolated or interpolated to the region |y| < 2
™~ g.15F 0 200 Ge¥ - using the UA5 MC. We obtain a A/K ratio of 0.31
r 1 0.09 at 200 GeV, 0.2240.05 at 546 GeV, and 0.26+0.06
i | at 900 GeV. These values are comsistent with those
. | found in eTe™ collisions, which are in the range 0.07-
0.1 - 4 0.21 [25,27,28]. The A/n ratio is estimated to be 0.9+
i 1 0.5 at 200 GeV, 0.34 1+ 0.08 at 546 GeV, and 0.8 +£0.3
" / 1 at 900 GeV. These ratios are compatible with the A/p
i 1 value of 0.27 + 0.02 measured at the ISR [23] and with
0.05 T - the range of Afp values found in e*e™ experiments,
E 1 0.16-0.39 [28,29].
lyt 3.5 Systematic errors

Figure 11: The rapidity distribution of A’s at 200 and
900 GeV.

found in ete~ collisions. The high ratio of 0.6 (with a
tower limit of 0.26 at 95% confidence level) measured
at 546 GeV is probably due to an upward fluctuation
in the = yield.

We have also determined the A/ K and A/n ratios in
the region |y| < 2 using our data. Mare precisely, the
ratios are (na + ny + nxo + ngg)/2{nge) and (s +
ny + o + 1y} /2(na). The mean number of K§ has
been measured in the range |y| < 3.5 [7] and the 7
rate has been determined in the region |y| < 0.5 [18}.
The 546 GeV data on A’s and KY’s are from [3] and
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Three sources of systematic error have been stud-
ied: the extrapolation to zero of the fitted p, func-
tion, the extrapolation from the limited rapidity re-
gion to full phase space, and the choice of y distri-
bution in the acceptance calculation. The first source
clearly dominates the systematic error. For example,
if one fits an exponential function of transverse mass
my = \/m? + p,2, instead of p¢, to our data the average
transverse momenta increase and the particle yields de-
crease by about 20%. We therefore estimate the sys-
tematic error in {) and in the hyperon rate per event
to be 20%. The =~ /A ratio is calculated in the limited
range p; > 1 GeV/c resulting in a smaller systematic

error which 1s negligible compared to the statistical er-
ror.



4 Comparison with models

We have compared our results to the predictions of
four particle production models. Three of them at-
tempt to describe hadronic collisions in detail and have
been implemented as Monte Carlo programs. They
are the Dual Parton Model (DPM) [30, and references
therein]|, the FRITIOF model [31], and the PYTHIA
model [32]. Comumon to these models is the basic idea
of string formation between quarks and/or diquarks in
the colliding hadrons, followed by fragmentation of the
strings nto particles and resonances. The PYTHIA
and FRITIOF models are based on the LUND frag-
mentation model [33]. In addition we have made com-
parisons with the Statistical Thermodynamical Model
{STM) presented in [34], which includes the formation
of quark-gluon plasma.

To generate events according to the DPM model we
have used a modified version [35] of the simulation pro-
gram by P. Aurenche, F.W. Bopp, and J. Ranft [36].
This program has been tuned to describe the 548 GeV
nuitiplicity distribution {3], the total pp{pp) cross sec-
tions in the energy range 40-546 GeV [37, and ref-
erences therein], and the vp -+ 7£X fragmentation
functions [38].

For the PYTHIA MC program, the following non-
default options were chosen. The option of variable
impact parameters was selected, with a double Gaus-
sian distribution of matter in the incident hadrons. A
smooth turnover between low-p; soft gluon exchange
processes and perturbative QCD was chosen, at an
energy-dependent value. The turnover values used
were 1.90 GeV/c at 200 GeV and 1.96 GeV/c at 546
and 900 GeV [39]. In the calculation of the strong
coupling constant ¢,, the option which takes into ac-
count a second order evaluation was selected. In addi-
tion, several other non-default option values were used
as recommended by the PYTHIA authors [39]. For
the FRITIOF model the default parameters were used
throughout but the program was modifted to exclude
single-diffractive events.

In the STM model it is assumed that all the avail-
able energy 1s transformed into a2 quark-gluon plasma
with a temperature of 250 MeV and a radius of 3 fm.
The plasma expands and cools until it reaches the crit-
ical temperature, 160 MeV, where the transition to
the hadronic gas phase occurs. Since the total baryon
number in Fp collisions is zero we have used the model
results valid at zero baryochemical potential [34]. The
average transverse momenta were calculated using the
thermal p, distributions described in [40], taking into
account quantum statistics. A hadronization temper-
ature of 160 MeV was assumed, as above, and particle
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emission at higher temperatures was ignored.

The results are shown in Table 8. The agreement
is good except for the average p; of A’s where the
FRITIOF model predictions at 546 and 900 GeV are
too high and the A yields where the DPM model pre-
dicts too high values at 546 and 900 GeV. The high
value of the 2~ /A ratio found by UAS at 546 GeV was
interpreted as a possible sign of quark-giuvon plasma
[41]. The lower 900 GeV wvalue is in good agreement
with data from other experiments but it does not rule
out even the extreme case of all particle production
in every pp Interaction occuring via the quark-gluon
plasma.

5 Conclusions

Results have been presented on the production of A
and =~ hyperons in pg collisions at 200 and 900 GeV.
The data samples are based on decays seen in the UAD
streamer chambers. The following conclusicns can be
drawn from the data:

e The p; distributions of A’s are well described by
an exponential function in p;. We find an average
trausverse momentum of 0.80793% GeV/c at 200
GeV and 0.74 £ 0.09 GeV/c at 900 GeV in the
rapidity region |y} < 2. The average p; of Z7's
in the range |y| < 3 is estimated to be 0.8%9%
GeV/c at 200 GeV and 0.7'{_'8'_? GeV/c at 900 GeV.
Our best estimate of the 2~ average momentum
at the highest Collider energies is the fit to the
combined 546 and 900 GeV samples which gives
a value of 0.9 £ 0.1 GeV/c. The A and =~ (p)’s
are consistent with being equal and seem to be
slightly higher than the (p;) found for K3’s at the
same energies. Taking all the baryon preduction
together it appears that the (p;) has increased in
going from the ISR to the Collider.

The A yield has increased significantly when gomg
from lower energies to the Collider energy range.
The energy evolution of the A rate is similar to
that of the total charged multiplicity and is well
described by a second degree polynomial in Ins.
The mean number of A’s per inelastic event is esti-
mated to be 0.424:0.11 at 200 GeV and 0.66:+0.14
at 900 GeV. The =~ yield per inelastic event is
found to be 0.03F051 at 200 GeV and 0.067003
at 900 GeV. The =~ corrected rates at 546 and
900 GeV are very close in spite of the large dif-
ference in the observed rates. This is due to the
sensitivity of the correction procedure to the {p,)
which differs between the two energies. Assuming



Table 8: Model predictions compared to UAS5 results. The particle yields are given per non single-diffractive
event. The ratios are explained in the text. The lower and upper limits given for the ratios predicted by the
STM model correspond to slow and fast volume expansion of the quark-gluon plasma, respectively.

region UAS5 DPM FRITIOF PYTHIA STM
/3 = 200 GeV
(pe)a (GeV/c) lyl < 2 0.80 1029 0.57 0.75 0.35 0.62
tna) 0.27 £0.07 0.39 0.16 0.17 -
{p)z— {GeV/e) ly| €3 0.8 194 0.6 0.74 0.57 066
{nz-) 0.03 1992 0.04 0.02 0.02 -
==/A ly| < 2, 0102058 0.10 0.07 0.07 0.3~ 0.4
pe > 1GeV/e
AJK lv| < 2 0.3140.09 0.36 0.18 0.16 0.3 - 0.4
Ajn lyl <2 0.940.5 0.55 0.32 0.32 06-1.4
V§ = 546 GeV
o (GeV/c) ly| < 2 0.62 + 0.08 0.60 0.97 0.60 0.62
{na) 0.25 4 0.05 0.55 0.21 0.23 -
{pe)=- (GeV/c) lv] < 3 1.1 0.2 0.70 0.99 0.64 0.66
{ng-) p.08 1508 0.07 0.02 0.63 -
=-/A lv| < 2, 0.6 0.10 0.08 0.08 0.3 - 0.4
pe > 1 GeV /e
AJK ly] <2 0.2240.05 0.38 0.18 0.17 03-04
Aln ly] < 2 0.34£0.08 0.55 0.30 0.33 06-1.4
\/.; = 900 GeV
{piha (GeV/c) lv| < 2 0.74 40,09 0.62 1.08 0.64 0.62
{n4) 0.38 +0.08 0.64 0.24 0.26 -
{p)=. (GeV/c) luf <3 0.7 192 0.70 1.4 0.73 0.66
{nz.) 0.05 1952 0.08 0.03 0.03 -
E-fA Iyl < 2, 0.07 ¥9-% 0.09 0.08 0.07 0.3-04
pr > 1 GeV/e
AMK lut < 2 0.26 £0.06 0.39 Q.18 0.18 0.3-0.4
Afn ly} < 2 0.840.3 0.58 0.30 0.33 0.6-1.4

the yields and {p:}’s to be the same at the two en-
ergies, a simple calculation shows that the results
are compatible at the one percent level.

o The ratio of =~ to A production obtained at 900
GeV in the region p, > 1 GeV/c is 0.071058
which is consistent with the ratios found in ete~
collisions and in pp collisions at 63 GeV c¢.m. en-
ergy. The surprisingly high value of 0.6 measured
at b46 GeV appears to be an upward fluctuation
when compared to the new data. Our upper limit
at 95% confidence level is 0.46 at 900 GeV.

¢ The Dual Parton, FRITIOF, and PYTHIA mod-
els describe most of the data well. Lxceptions
are the high average p;’s of A’s predicted by the
FRITIOF model at 546 and 900 GeV and the high
mean number of A’s given by the DPM model at
546 and 900 GeV. The enhancement of strange
particle production predicted by the Statistical
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Thermodynamical Model to result from the for-
mation of quark-gluon plasma cannot be ruled out
on the basis of our data.
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