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Antibaryon production in sulphur-nucleus collisions at 200 GeV
per nucleon
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Abstract

Antiproton production near midrapidity has been studied in central collisions of *28 with sulphur, silver and gold nuclei
at 200 GeV per nucleon. The measured transverse mass distributions can be described by an exponential with inverse slope
parameters of about 200 MeV, similar to those obtained from A spectra. The rapidity density increases weakly with the
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target mass, ranging from 0.4 to 0.7. The ratio K/F near midrapidity is approximately 1.4 on average, significantly larger
than the corresponding ratio observed in proton-proton and proton-nucleus collisions.

Information about baryons and mesons in the
hadronic final state is important for understanding the
reaction dynamics of relativistic heavy ion collisions.
In particular, the study of antibaryons, such as A and
P, near midrapidity in central nucleus-nucleus colli-
sions may shed light on the mechanisms of antiquark
production. The ratio A /P provides information on the
production of strange antiquarks compared to light an-
tiquarks. Antibaryon yields in central nucleus-nucleus
collisions are expected to exhibit the subtle interplay
between various partonic and/or hadronic production
and annihilation processes as well as properties of a
possible partonic equilibration of the system [1-9].
Theoretical consideration of the possible creation of
a quark gluon plasma in ultrarelativistic nuclear col-
lisions [10] has indicated that strange/antistrange
quark pairs might be copiously produced, resulting in
an approximate flavour symmetry among light quarks,
namely up, down and strange [11]. Under such con-
ditions the A /p-ratio, which roughly reflects the 5/7-
ratio, should approach unity (or larger for non-zero
baryon densities) [11], far exceeding the value of
~ 0.25 observed in proton-proton collisions. In this
letter we shall present a detailed study of antibaryon
production in central S+S, S+Ag and S+Au colli-
sions and a comparison with models. Since the results
on A production in central sulphur-nucleus collisions
have been published recently [12], we will focus
on F production and shall show that the A/p-ratio
assumes values larger than unity in central collisions.

Experiment NA35 at the CERN SPS investigates
collisions of *?S-projectiles of 200 GeV per nucleon
incident energy with nuclear targets. The main detec-
tors are two large-volume tracking devices: a streamer
chamber inside a 1.5 Tesla magnet and a time projec-
tion chamber (TPC) positioned in the field-free region
downstream from the magnet [12]. Both detectors
record the trajectories of charged particles from which
the particle momenta are derived. The acceptances of
the detectors for negatively charged hadrons are com-
plementary and cover the full phase space with some
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overlap. Central events are selected by the absence
of projectile spectators in a veto calorimeter placed
downstream [12-15]. The central collision fractions
of the inelastic cross sections of the nucleus-nucleus
collisions, on which we are focusing, are 3%, 3.2%
and 6% for the S+S, S+Ag and S+Au collisions, re-
spectively.

The objective of the experiment is to measure the
hadronic final state in nucleus-nucleus collisions. In
addition to negatively and positively charged parti-
cles, weak decays of charged and neutral particles
can be detected in the streamer chamber. The TPC on
the other hand identifies charged particles by multi-
ple sampling of the specific ionisation with a dE/dx
resolution of about 5-6% in the momentum range of
the relativistic rise, where particle identification using
statistical methods is possible. Combining both detec-
tors, spectra of negative hadrons, net protons (p —p),
K9, K, K=, A, A and p are obtained. Simulations
based on the measured A production show that typi-
cally 25-30% of all detected 7 stem from A decays.
The measurement of A and 7 in the same experiment
is essential for a model-independent correction of this
contamination in the p spectra.

The TPC covers one unit in rapidity (3 < y <
4) and the entire range of transverse momenta (0 <
pr < 2 GeV/c) for antiprotons. The p are sepa-
rated from kaons and pions by a statistical method
based on multiple measurements of the specific ioni-
sation of charged particles traversing the TPC. Sam-
pling the ionisation up to 60 times per reconstructed
track results in a Landau-distributed energy-loss spec-
trum. Applying the truncated mean method by order-
ing the energy losses and discarding the highest val-
ues up to 30% ( which originate from highly energetic
d-electrons), leads to a gaussian-distributed spectrum
of the mean energy loss dE/dx for particles with a
fixed momentum [16,17]. The relative dE/dx resolu-
tion achieved is 4% for deuteron beam tracks and 5.9
6.4% in the case of high multiplicity events in which
the number of usable samples per track — and thus the
resolution — are reduced due to the high track density
[18].
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Particle identification based on the specific ionisa-
tion requires an accurate determination of the particle
momentum. Track reconstruction in the NA35 TPC
provides correct momentum information for primary
tracks emerging from the production vertex, but not
for secondary tracks — primarily weak decay products
and tracks from interactions of produced particles in
the detector materials. The main contribution of this
background results from decays of A, A and K?. Since
many of these decays occur between the target and
the TPC, charged decay products such as p, p and
@+ are not deflected by the full magnetic field. As a
result a momentum determination based on a straight
line trajectory in the TPC outside the magnet overes-
timates the momentum. In order to correct for the cor-
responding distortion of the dE/dx spectra, strange
particles were generated with a phase space popula-
tion determined by the measured distributions [19].
These particles were passed to a GEANT simulation
package [20] implemented with the NA35 detector
geometry. Raw data were then generated using a detec-
tor response simulator and analyzed in the same way
as real data. The simulated dE/dx distribution of the
decay products accepted by the TPC track reconstruc-
tion program is finally subtracted from the measured
dE/dx distribution.

The dE/dx resolution achieved is approximately
6%. This results in a 1-2 standard deviation separa-
tion between p and K, and up to 2.5 standard devia-
tions in the case of K~ and 7~ in the relativistic rise.
In order to obtain spectra for various particle species
a statistical method of particle identification must be
applied to the data. A gaussian distribution of the en-
ergy loss of each particle type (p, K=, 7, e ) fora
given momentum is assumed, implying that a super-
position of four gaussian distributions describes the
dE/dx spectrum in any given range of momentum. A
Monte Carlo study has demonstrated the validity of
the deconvolution method using gaussian distributions
to fit in (y, pr) bins.

To deconvolute the dE/dx distribution. the data are
parametrized in small pr (0.2 GeV/c) intervals in a
given y range by the function

_(dE/dx—,u,-)z)
2- (o) /)’
i=p, K ,m e, (1)

f(dE/dx | ®;) = Z‘I’iCXP (

where the fitted parameters ®; are proportional to the
particle yields, w; is the mean dE/dx of a particle
in a given (y, pr) bin and o is the relative width of
the dE/dx distribution. The u; are calculated from a
parametrisation of the relativistic rise [21] adapted
to NA35 data by using identified pions, electrons and
protons, whereas o is the relative resolution achieved
in high multiplicity events.

The extracted particle yields, especially the kaon
yield, depend crucially on the dE/dx resolution
achieved, which itself varies with the track density of
the TPC event. Therefore a careful determination of
the relative dE/dx resolution for each target-projectile
system is necessary. The relative dE/dx resolution o
is 5.9, 6.1 and 6.4% for the S+S, S+Ag and S+Au
systems, respectively.

An analysis of the systematic errors exhibits a sensi-
tivity of the fit to the uncertainties of the parameters u;
and o of the order of 5-15% for antiprotons. A com-
parison of the kaon yields extracted from the above
dE/dx analysis to results obtained by analysis of the
K¥ kink-decay topology allows for another indepen-
dent estimate of possible systematic errors. The de-
cays of charged kaons have been measured both in the
NA3S streamer chamber and in the TPC [12,22,23].
The results on K~ yields obtained by both methods
agree within 25%, i.e. within the errors [18]. Fixing
the K~ yield to the value determined from the kink
analysis gives another handle on the antiproton sys-
tematic error and results in a 15-20% change in the
antiproton yields. All the above studies allow us to
estimate the total systematic error in the antiproton
yields to be 20-25%, which includes the uncertainties
of the deconvolution and the error of the background
subtraction (typically 5%). These errors are included
in the quoted errors of p spectra.

Fig. 1 (top) shows the background corrected dE/dx
distribution of particles produced in central S+Au col-
lisions at 200 GeV per nucleon in a y — pr bin (the
antiproton mass was assumed for all particles in the ra-
pidity calculation) of 3 < y<4and 0.8 < pr <1.2
GeV/c together with the fit result. The fit describes
the spectrum well, even though it deviates from the
spectrum in the dE/d x range between kaons and pions
due to the sensitivity to the resolution discussed above
and the uncertainty in the corrections. Fig. 1 (bottom)
shows the four gaussian distributions obtained from
the fitted parameters ®; and the appropriate values
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Fig. 1. The dE/dx spectrum of negatively charged particles pro-
duced in central S+Au data at 200 GeV per nucleon together
with the fitted curve (top) and its decomposition into single par-
ticle contributions (bottom) in the py interval from 0.8 to 1.2
GeV/c and the rapidity interval from 3 to 4 (the antiproton mass
is assumed for all particles).
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Fig. 2. Transverse mass distributions of p (3 < y < 4) and A
(S4S, S+Agat 1 <y <3,S+Auvat 3 <y <35) produced in
central sulphur-nucleus collisions at 200 GeV per nucleon. The
solid lines are exponential fits (see Eq. (2)). The vertical scale
is in GeV 2.

of u; and o. The extracted yields are then corrected
for geometrical acceptance, tracking inefficiency and
quality cuts in order to obtain cross sections.

The invariant spectra of the antibaryons, 5 and A,
as a function of the transverse mass my are shown
in Fig. 2. The distributions are compatible with an
exponential

1 dn mr
m—Td—m—;—C'eXP(—?), (2)

where C is a normalization factor and 7 is the inverse
slope parameter. These two parameters are determined
by fitting the experimental data. The inverse slope pa-
rameters are around 200 MeV and show a slight target
mass dependence (see Table 1). Experiment NA44
has reported similar inverse slope parameters for an-
tiprotons near midrapidity (7 = 17546 MeV for cen-
tral S+S and 7 = 215 £ 6 MeV for S+Pb collisions
at 200 GeV per nucleon) [24].

The rapidity densities of 7 and A at (3 < y < 4)
for central sulphur-nucleus collisions are given in Ta-
ble 2. The extrapolation of the measured particle yields
into the mr regions outside the acceptance was based
on the exponential mr parametrization (see Eq. (2)).
The rapidity density of As produced in S+Ag colli-
sions in the p acceptance is obtained from averaging
S+S and S+Au data. Because these data cover the ac-
ceptance completely and since no target dependence
is observed at rapidities above midrapidity, the sys-
tematic uncertainty of this procedure is expected to
be small. The yields contain primordial A as well as
A from decays of heavier antihyperons (contributing
typically about 30%) [12]. There seems to be a weak
increase in the p yield with increasing target mass,
whereas the A yield in the rapidity interval studied is
independent of the target mass number.

In order to compare the results of this experiment
with preliminary data from the NA44 experiment, all
7 from A decays have been added to the primordial
yields, resulting in a rapidity density for central S+S
collisions of 0.9 4 0.1 and for central S+Au collisions
of 1.2 & 0.2, A similar trend in the target mass depen-
dence is seen in preliminary NA44 data for p produced
at y = 2.8 in central S+S (dn/dy =0.4+ 0.1 [24])
and S+Pb collisions (dn/dy = 1.4 4+ 0.2 [24]), but
the yields are different.

Since A and p data at midrapidity in minimum
bias proton-proton, proton-neutron and minimum
bias proton-nucleus collisions are sparse, results from
various experiments must be compiled, analysed
[12,25,26,28-31] and compared (see Table 2 for the
results). When necessary, particle yields have been
extrapolated into the mr regions outside the accep-
tance assuming an exponential my or pr distribution.
The ISR data cover a wide mr-range at midrapidity
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Inverse slope parameters 7 for 5 and A produced in central S48, S+Ag and S+Au collisions at 200 GeV per nucleon. The errors include

systematic uncertainties

Reaction P A
rapidity inverse slope rapidity inverse slope
interval parameter 7 interval parameter 7
S+S 3<y<4 184 + 14 MeV 1<y<3 180 + 24 MeV
S+Ag 3<y<4 189 £+ 15 MeV 1<y<3 221 &+ 24 MeV
S+Au 3<y<4 239 + 20 MeV 3<y<5 223 + 22 MeV

Table 2

Rapidity densities of p, A and h™ produced in central sulphur-nucleus collisions at 3 < y < 4 and minimum bias nucleon-nucleon and
proton-nucleus interactions at v = 3 *. The value of the A rapidity density for S+Ag collision is not directly measured, but estimated as the
average of the corresponding values for S+S and S+Au collisions (see text). This number and the ratio A/p are therefore shown in italics

Reaction %(ﬁ) %(X) AP ‘d’—;(h‘)

S+S 0.4+ 0.1 0.75 + 0.16 1.9 107 25+ 1

S+Ag 0.6 £ 02 075 £ 0.9 1.3 147 40 £ 2

S+Au 0.7 £ 02 0.75 £ 0.10 1.1 04 4745

N+N (2.04+02) 1072 (0.5+£02)- 102 0.25+0.10 0.74 + 0.04

p+S (3.2+03).1072 0.5 + 0.1 13 + 02 [27]
(154£0.3) . 1072 [25]
(2.054+025) - 1072 [12]

p+Au (46+£05)-102 (1.5+0.5) - 1072 03 + 0.1 16 +0.1

4 The rapidity density of A for the Ag target was interpolated between the data from the S and Au target [12]. The A data from p+S
collisions [12,25] have to be corrected for a trigger bias (A~ >5). The p+S data set [25} and the A for p+Au collisions [26] do not
contain the feed-downs from antihyperon decays. The corrected A yield at midrapidity for minimum bias p+S collisions (data set [27])

is (1.5 £ 0.3) -10~2,

b The 4~ rapidity density for p+$ collisions [34] had to be corrected for a trigger bias (A*/~ > 5). This correction was based on the

measured total 2~ multiplicities for the various p+S data sets [12,25].

but were taken at higher /s = 23 GeV. The Fermilab
data on p production in p+p and p+A collisions were
taken at 200 GeV/c (/s = 19.4GeV), but cover only
high pr. Combining both data sets one finds that the 7
production at midrapidity in p+p collisions increases
by about 15% from /s = 20 GeV to 23 GeV [32,33].

The ratio A/ is expected to be a good measure of
strange quark production as compared to the produc-
tion of non-strange quarks, because the valence anti-
quark content of the A is 7d5 and that of the 7 is adi.
This ratio reflects the yield of 5-quarks relative to that
of non-strange light quarks g. Furthermore, the anti-
quarks of these antibaryons are newly created so that
their distributions should not directly reflect the distri-
butions of the valence quarks of the incoming nuclei.
However, since antibaryons have a large annihilation

cross section with nucleons which are abundant in the
central rapidity region [35,36], the antibaryon yields
in central nucleus-nucleus collisions should be sensi-
tive to the net baryon density.

These concepts make the A /P-ratio a valuable tool
for studying quark/hadron production in a baryon-
rich environment. One expects a dramatic increase
in this ratio when going from minimum bias p-+p
collisions, in an almost baryon-free midrapidity re-
gion with strangeness suppression, to central sulphur-
nucleus collisions where high baryon densities and
reduction of strangeness suppression are observed at
midrapidity [12,36]. The A/p-ratio near midrapidity
in proton-proton, minimum bias proton-nucleus and
central nucleus-nucleus collisions is shown in Fig. 3 as
a function of the rapidity density at midrapidity of neg-
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Fig. 3. K/]_J»ratio near midrapidity in proton-proton, minimum
bias proton-nucleus and central nucleus-nucleus collisions at 200
GeV per nucleon as a function of the rapidity density of nega-
tively charged hadrons at midrapidity. The result for S+Ag (open
symbol) is not the result of a direct measurement (see text).

Table 3

Ratio of rapidity densities of A and p in the rapidity interval
3 < y £ 4 (RQMD) and in full phase space (generalized thermal
approach [9,39,40]). For both models As contain feed-downs
from E and 7 do not contain 7 from A decays as in the case of
the experimental data

Reaction RQMD 1.08 Generalized
thermal
approach

dn = dn (x X5 AR
&P H) AIF A/p

p+p 15-1072 05-1072 03 0.2

S+S 0.7 0.75 1.1 15

S+Ag 1.0 0.9 09 -

S+Au/Pb 1.4 1.2 0.9 1.1

atively charged hadrons A~. The ratio increases from
a value of 0.25 for p+p (and p+A) collisions to a
value of approximately 1.4 for central S+A collisions
(subtracting the feed-downs from decays of heavier
antihyperons into A - typically 30% - would give a
ratio at freeze-out of about 1 for the nucleus-nucleus
reactions). The increase in the ratio can be studied in
more detail for the S+S system. If rapidity densities at
midrapidity in nucleon-nucleon collisions are scaled
by the ratio of A~ -multiplicities in central S+S and in
nucleon-nucleon collisions (see Table 2), the p pro-
duction decreases by about 30 % and the A abundance
at midrapidity is strongly enhanced by a factor of 5.
Models of nucleus-nucleus collisions assuming

independent superpositions of nucleon-nucleon-like
interactions (e.g. FRITIOF [37]) predict no change
of the A/p-ratio when going from p+p to central
nucleus-nucleus collisions. Therefore, inclusion of
secondary processes at a partonic and/or hadronic
level is needed to explain the data. The string-hadronic
RQMD model including secondary collisions under-
estimates the A production in central S+S$ collisions
at 200 GeV per nucleon by a factor of 5 and the p
yield by a factor of about 3 [1]. By adding a new re-
action mechanism (RQMD 1.08), namely the fusion
of strings into color ropes in the early stage of the
reaction, the model reproduces the measured rapidity
distributions of A by means of enhanced production
of antibaryons, although for the antiprotons this in-
crease is partially compensated by their large absorp-
tion. The prediction of the model, however, exceeds
the actual 7 yield by 75%. Therefore the A/p-ratio
predicted by RQMD is lower than the measured
value. The predictions for central S-+Ag and S+Au
collisions for this ratio are close to 1, but the model
overestimates the A and p yields (see Table 3) [38].
Attempts to describe the antibaryon yields within
the RQMD model require the introduction of a new
production mechanism beyond hadronic rescattering.

Thermal models assume that hadrons freeze-out
in chemical equilibrium. The generalised thermal
approach [9,39], excluding pions from the chemi-
cal analysis and allowing only partial equilibration
of strangeness, reproduces A and 7 yields and con-
sequently the A/p-ratio (see Table 3). The fitted
strangeness saturation factor for central S+S colli-
sions [39] is close to unity (about 0.9 for S+Au
collisions [40]) and the strange chemical potential
is close to zero. Both values may be interpreted as a
consequence of the formation of the deconfined phase
at the early stage of the collision.

In summary, experiment NA35 at CERN has mea-
sured A and 7 production near midrapidity in central
S+S, S+Ag and S+Au collisions. The inverse slope
values of the mr-spectra of these antibaryons are all
about 200 MeV. The measured ratio A/p of approxi-
mately 1.4 near midrapidity is significantly larger than
the ratio measured in p+p interactions and minimum
bias p+A collisions and shows a slight tendency to
decrease with the target mass in sulphur-nucleus col-
lisions.
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