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A's produced in central collisions of Ar + KCl at 1.8-QeV/u incident energy were
detected in a streamer chamber by their charged-particle decay. For central collisions
with impact parameters b & 2.4 fm the A production cross section is 7.6+2.2 mb. A cal-
culation in which A production occurs in the early stage of the collision qualitatively re-
produces the results but underestimates the transverse momenta. An average A polar-
ization of -0.10~0.05 is observed.

PACS numbers: 25.70 Bc

In the study of high-energy nucleus-nucleus
collisions it is difficult to extract information
about the initial stage of the reaction where high
baryon densities may occur. Studies of nucleon
and cluster emission' are consistent with a de-

velopment towards chemical equilibrium in the
final stages of the reaction preempting informa-
tion about the primary stages. In this Letter we

report the results of A production in central
nucleus-nucleus collisions, just above the NN
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—AKW threshold. A production near threshold
is expected to occur either in the first genera-
tions of binary nucleon-nucleon collisions or
from a localized, collective, high-temperature'e,
high-density system and, in any case, is ex-
pected to reflect the first stages of the inter-
action. Although rescattering of particles in the
nuclear medium is expected to be important, the
absorption of A's is minimal. Therefore, the
study of A production would provide a new way
to examine the interpenetration phase of nucleus-
nucleus collisions.

Strange-baryon production near threshold in
nucleus-nucleus collisions is interesting since it
provides an opportunity to test the effect of an
extended nuclear field on the production mechan-
ism. ' In the elementary NN-AKN process, a
strange-antistrange quark pair must be produced
from the sea. ' The existence of strange-anti-
strange quark admixtures4' in the nucleus may
enhance the strange-baryon production near
threshold.

A production was studied in central ~ Ar +Eel
collisions at 1.8 GeV/u incident energy using the
streamer chamber facility at the Bevalac. The
streamer chamber, with its 4~ solid angle cap-
ability, was operated in both inelastic and cen-
tral trigger modes as previously reported. ' The
central trigger selects events with small total
charge in projectile fragments. This trigger,
which corresponds to 10% of the reaction cross
section (v„=1.8 b), is associated with impact
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parameters b&2.4 fm in a geometric model. The
open channels for production of strange particles
in this energy regime are NN-AKN (1.58 GeV),
NN - ZKN (1.79 GeV), and NN -AKN& (1.96 GeV).
Neutral strange particles were detected by their
charged-particle decay in the active volume of
the chamber. In order to derive A production
cross sections and momentum spectra, detection
and scanning efficiencies were determined. The
detection efficiency is intrinsically a function of
the branching ratio for charged-particle decay,
the momentum of the decaying neutral particle,
its lifetime, and the fiducial volume of the de-
tection apparatus. To eliminate efficiency prob-
lems due to the high track density near the pri-
mary reaction vertex, only neutrals decaying
farther than 10 cm from the target center were
accepted. The resultant average efficiency for A
detection was -33/s. The neutral strange par-
ticles identified by a kinematical fit of the decays
A-pv and K -m's' are displayed in the m(pw )
vs m(s'~ ) invariant mass plane in Fig. 1. There
are two distinct bands corresponding to the A and
K masses. The low number of K' decays observed
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FIG. 1. Results of kinematic fits to the observed neu-
tral str&~e-particle decays, A—p~ and K —n + x,
plotted in the invariant mass plane m(p~ ) vs m{pvr+vr ).

FIG. 2. 4 Ar+KC1-A events as a function of p& and

p11 in the nucleus-nucleus c.m. at 1.8 GeV/u. (a) Scat-
terplot of the data. The hatched curve shows the region
where events were excluded as indicated in the text.
The solid curve corresponds to the NN AKÃ kinematic
limit. (b) Linear contour plot of the results for the
Monte Carlo calculation AA (Fermi motion only). (c)
Linear contour plot of the calculation RsII with sub-
sequent A rescattering (see text).
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is due to the mismatch between the effective
fiducial volume of the chamber and the lifetimes
of the K s' (c~ = 2.68 cm) and KL' (c7. = 1554 cm).
It should be noted that any A originating from Z'
production (100%branching ratio for Z;o —Ay de-
cay) would be included in these data. '

The identified A's are displayed in Fig. 2(a) as
a function of p ~ and p II

in the nucleus-nucleus
c.m. system. The solid curve in Fig. 2(a) rep-
resents the kinematic limit for A momenta pro-
duced in the elementary NN -AKN reaction at
1.8 GeV. Most of the A's are observed beyond
the kinematic limit indicating the necessity to
include Fermi motion and/or collective multi-
particle interactions. To investigate further the
origin of the observed high A momenta, a Monte
Carlo phase space calculation incorporating
Fermi motion of nucleons in both nuclei was
carried out. A Gaussian Fermi momentum den-
sity distribution f(p) rx:exp(-p'/2c') with v=90
MeV/c was employed' and the A's were produced
in an elementary NN —AKN process with a uni-
form phase space distribution. ' The results
(denoted as AA) after folding in the detection effi-
ciencies are shown in Fig. 2(b). The distribution,
which peaks at p =0, is broadened in phase space
but still does not adequately describe the ob-
served spectrum.

Inclusion of A rescattering in the nuclear medi-
um was next considered by adopting the simple
approach of Randrup. " In this model the geom-
etry is assumed to be two partially overlapping
spheres of normal nuclear matter density subject
to the usual I.orentz contractions. The mean
number of AN collisions was found to be n, = 1.86
using the AN elastic cross section" a~=20 mb.
In each collision the A scatters from a baryon
whose momentum is obtained from a chosen mo-
mentum density distribution. The angular dis-
tribution was taken to be isotropic in the A-baryon
rest frame. The baryon momentum distribution
was assumed to be either of two extremes: a
thermal "fireball" distribution" in the nucleus-
nucleus c.m. with T, = 120 MeV (which will be de-
noted RsI) or a superposition of the initial dis-
tributions of baryons in the two incident nuclei
represented by two moving (Lorentz contracted)
Gaussian Fermi momentum distributions (de-
noted RsII). Rescattering from the thermal "fire-
ball" distribution (RsI) has little effect on the A

spectrum. However, rescattering from a super-
position of the colliding initial distributions
(RsII) shown in Fig. 2(c) depletes events from the
central peak and creates peaks near p „=+0.8

TABLE I. Mean and rms values ofP& and IPtt'~'l for
the invariant (Z/2rrp&) (d rrldp~dp II ) distributions of the
data and calculations described in the text. (p~2) can
be extracted from the table using the relation orm, (p~)
= t&pi'& —&pi&'~' '.

&pa ) rmr (pJ)&~p II

' 'I) rrrm. r (p Il

' )
(GeV/c) (GeV/c) (GeV/c) (GeV/c)

Data
NN
AA
AA(~)
H,sI
Q,sII

0.493
0.122
0.207
0.227
p.220
0.276

0.243
0.077
0.150
0.163
0.180
0.233

0.429
0.117
0.212
0.247
0.229
0.641

0.264
0.077
0.154
0.179
p.184
0.380

GeV/c. The backward peak at p II
0 8 GeV/c

is suppressed by the detection efficiency which
is included in the calculation. In addition, the p ~
is boosted in qualitative agreement with the ob-
servations.

A quantitative comparison of the data with re-
sults of the Monte Carlo calculations can be found
in Table I, where the mean and rms values of p ~
and ~p II

' '
~

for the invariant (E/2&pg(d'o/dp, dpII)
distributions are presented. The data exhibit a
much higher (p~) than predicted by any of the
calculations. The RsII calculation which most
closely approximates the observed (p~) predicts
too large a value for (~pII

'
~). Other possibilities

which could influence these results have been ex-
plored. One mechanism of importance to A pro-
duction" is intermediate 6 formation. To test
whether the experimental results are sensitive
to the process NN-~ followed by ~-AKN,
further calculations including Fermi motion and
this two-step process were carried out. The re-
sultant spectrum of A's was found to be similar
to that produced in NN interactions as shown [de-
noted AA(b, ) ] in row 4 of Table I. A more elabo-
rate cascade calculation is needed; furthermore,
additional effects such as high density in the ini-
tial stages of the collision either in short-range
correlations or hydrodynamic flow may be neces-
sary to describe the observed A' s.

The topology for A-producing events does not
differ from the rest of the central-trigger events.
The mean & and total charged-particle multiplic-
ities are found to be the same for events with
or without A' s. In both cases (n, -) =6 and (n„,)
=42. The mean A multiplicity is found to be (n A)

=0.04 for the central trigger. Using the meas-
ured cross section for central-trigger events, '
o =180 mb, the A cross section in central colli-
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sions of 4'Ar +KCl at 1.8 GeV/u is found to be
vA=7. 6+2.2 mb. A multiple collision model em-
ploying a linear cascade'3'~ with impact param-
eter selection b &2.4 fm predicts a A+ 2; cross
section of o -10 mb. There is a large uncertainty
in the prediction due to the absence of pp -(A, Z)
+X production data at these low energies.

Since A decay is self-analyzing for polarization
in the decay process A-p&, the distribution of
decay protons in the A decay frame relative to
the A spin direction" is dW/dQ=(1+o. Pcos8)/4v,
where P is the A polarization, a=-0.642," and 0
is the angle between the decay proton and the
unit vector normal to the plane. Using the rela-
tion" nP = (cos8)/(cos'8), the polarization ex-
tracted from the present experiment was found
to be P = -0.10+ 0.05. Signif icant A polar ization
(0 &P & -0.3) has been observed in p-nucleus colli-
sions at incident energies 24-400 GeV." At
these higher energies jP~ increases monotonical-
ly as a function of transverse momentum and is
independent of incident energy. This polariza-
tion and its behavior have been described in
terms of spin features of the SU(6) quark wave
functions"'" whereby the spin of the A is deter-
mined by that of the produced strange quark.
Clearly, any interpretation of the A polarization
observed in the present study is complicated by
the rescattering of A's in the surrounding nuclear
matter which would be expected to degrade the
polarization.

In summary, A's have been studied in collisions
of 4'Ar + KCl at 1.8 GeV/u incident energy just
above the XN threshold. The average A polariza-
tion was found to be I.'= -0.10+0.05. The A

production cross section is OA =7.6+ 2, 2 mb for
the central-trigger mode. In a Monte Carlo cal-
culation it is necessary to include Fermi motion
and rescattering from the initial momentum den-
sity distributions to reproduce qualitatively the
A momentum phase space. This is consistent
with the hypothesis that A's are produced in the
initial stage of the reaction rather than in the lat-
er thermal phase. The high (p,) observed in
the data cannot be reproduced in the framework
of these calculations which are based on a direct
XN —AKN production mechanism in the first
binary encounter. Recent Monte Carlo-cascade
calculations" exhibit a central density pileup of
four times normal nuclear matter density in the
first few generations of interactions. In such

calculations there is local equilibrium in the high-
density region but global nonequilibrium. Such
high-density regions may provide a way for pro-
ducing A's with higher p~ than in a direct process.
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