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Central collisions of '°0 nuclei with the '’ Ag and *°Br nuclei in nuclear emulsion at 14.6, 60, and 200
GeV/nucleon are compared with proton-emulsion data at equivalent energies. The multiplicities of pro-
duced charged secondaries are consistent with the predictions of superposition models. At 200
GeV/nucleon the central particle pseudorapidity density is 58 &2 for those events with multiplicities

exceeding 200 particles.

PACS numbers: 25.70.Np

The recent surge of interest in relativistic nucleus-
nucleus (4-A4) collisions has been driven by the possibili-
ty of observing a new state of matter,! a quark-gluon
plasma. The critical energy density for quark-gluon
plasma formation, €22 GeV/fm?, may be reached in
central A-A collisions. In contrast, the conservative view
is that 4-A interactions can be explained as the superpo-
sition of many nucleon-nucleon (N-N) interactions in
which a nucleus can be approximated as a cluster of free
nucleons.>? This view has evolved from the study of p-A4
collisions, for which superposition models have been
shown to provide an adequate explanation of the experi-
mental data.*

The acceleration of beams of heavy ions up to 200
GeV/nucleon allows this question to be addressed experi-
mentally. Here we present results on particle production
in central collisions of 'O with Ag/Br nuclei, O-Ag/Br
interactions, compare them to central collisions of pro-
tons with Ag/Br and to inclusive proton-emulsion (p-
emul) interactions at similar cnergies,5 and examine the
consequences of interpreting these data in terms of mod-
els that describe 4-A4 collisions as the superposition of
N-N collisions.

Stacks of BR-2 emulsion pellicles with dimensions
5%10 cm?x600 um were exposed horizontally at the
Brookhaven National Laboratory to the 14.6-GeV/ nu-
cleon %0 beam and at CERN to 60- and 200-GeV/nu-
cleon '®0O beams. The emulsions were developed and

TABLE I. Central O-Ag/Br interactions with Ny > 15 and
NF =(.

Energy Number of _
(GeV/nucleon) events, Ney s D(ny) Nm
14.6 75 49.3+1.6 13.4+1.1 41.3%1.6
60 123 107.1 £3.2 35.3+2.2 99.1+3.2
200 120 171.8 £4.2 458 +3.0 163.8 +4.2
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then scanned with optical microscopes. An along-the-
track scan located 1855 inelastic events, giving an in-
teraction mean free path of 12.0 £ 0.3 cm, which corre-
sponds to a total inelastic cross section of 1052 + 26 mb.
This is in good agreement with the calculated value of
12.2 cm (6 =1040 mb),® indicating the high efficiency of
the scanning.

Only events accompanied by a high excitation of the
target nucleus were analyzed. An excited target nucleus
evaporates low-energy fragments which produce heavily
ionizing tracks (/V,) that are easily distinguished from
the n; relativistic secondaries, for which I < 1.41y;,, cor-
responding to pion energies above 70 MeV and proton
energies above 400 MeV. To provide a sample of small
impact parameter, or ‘“‘central,” interactions occurring
with the Ag or Br nuclei in emulsion, events with
Np>15 and no Z =2 fragments from the incident nu-
cleus (Ngp=0) were selected. These central collisions
represent (17 £2)% of the total inelastic cross section
and (31 = 3)% of the interactions with Ag and Br.
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FIG. 1. Normalized shower-particle multiplicity distribu-
tions for O-Ag/Br central collisions at (1) 14.6, (2) 60, and (3)
200 GeV/nucleon.
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FIG. 2. Average multiplicities, fcentral, in central interactions
of %0 (circles) and p (triangles) on Ag/Br nuclei vs the aver-
age multiplicities, Aciusive, 10 inclusive p-emul collisions at the
same energy. Lines are fits by Acentral =AM inclusive, Where A is
the ratio of the corresponding average numbers of interacting
nucleons.

Table I gives the number of central collisions ana-
lyzed, the mean shower-particle multiplicity, n,, the
dispersion of n;, D(n,)=I[n7—721"2 and the mean
meson multiplicity, Np (N, =0, —8, ie., subtracting the
eight projectile protons) at each energy. The n; distribu-
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FIG. 3. Experimental results: circles, O-Ag/Br; open trian-
gles, p-Ag/Br; and filled triangles, p-emul interactions com-
pared to predictions of superposition models (dashed lines).
(a) Energy dependence of the mean meson multiplicity per in-
teracting nucleon, and (b) relates the mean shower-particle
multiplicity per interacting nucleon to #f”, the produced
charged-particle multiplicity (7Y —1) measured in p-p col-
lisions. (Note: Data points at the same energy have been
shifted slightly for clarity.)
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tions are shown in Fig. 1. The dispersions of the multi-
plicity distributions are smaller than 7; due to the limit-
ed range of impact parameters for the central collisions.
This leads to much smaller dispersions than observed for
inclusive collisions (averaged over all impact parame-
ters) for which D = #,.?

In order to compare the results with superposition
models, we use the average number of interacting nu-
cleons, w=(Aops+Bo,4)/04, where A and B are
atomic masses of the colliding nuclei and 0,4, 6,8, and
o4p are corresponding inelastic cross sections. For pro-
ton interactions, the average number of interacting nu-
cleons is 3.5 £ 0.2 for inclusive p-emul and 5.9 0.5 for
central p-Ag/Br collisions.

The average multiplicities in central collisions of oxy-
gen and proton projectiles are proportional to the aver-
age multiplicity in inclusive p-emul interactions as shown
in Fig. 2, where the slopes of the lines represent the ra-
ti0S Weent/Wine. From one-parameter linear fits in Fig. 2,
ratios of 12.8 = 0.6 and 1.65 % 0.02 are obtained for cen-
tral O-Ag/Br and p-Ag/Br collisions, respectively. With
use of w=3.5£0.2 for inclusive p-emul interactions, the
average number of interacting nucleons is 44.1 £ 3.2 for
O-Ag/Br and 5.7 = 0.3 for p-Ag/Br collisions.

The average number of interacting nucleons for '°O
collisions can be estimated independently’ by applying
the Glauber model. The maximum impact parameter
corresponding to the data selection, calculated from the
relative cross sections, is byax =4.0-4.5 fm. This yields
w=41.52%2.0 in good agreement with the previous esti-
mate. Hence, we adopt w=43+3 for O-Ag/Br col-
lisions.

Figure 3(a) shows the energy dependence of the aver-
age meson multiplicity per interacting nucleon compared
to the energy dependence of the mean meson multiplicity
in (p,p) collisions (dashed line), obtained from fits to
charged pion and kaon data.® N,,/w increases somewhat
faster with energy than would be expected from the ener-
gy dependence of p-p multiplicities for both the 4-4 and
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FIG. 4. Normalized pseudorapidity distributions in O-
Ag/Br interactions at three energies: (1) 14.6, (2) 60, and (3)
200 GeV/nucleon.
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FIG. 5. Pseudorapidity distributions at 200 GeV/nucleon for
(1) O-Ag/Br and (2) p-Ag/Br collisions.

p-A results.

To illustrate this point further, Fig. 3(b) shows the
dependence of the average shower multiplicity per in-
teracting nucleon on the proton-proton average multipli-
city n?P. The fit to the experimental data shows that
ng/w is a linear function of 7PP, but increases faster than
simple superposition models would predict (dashed
curve). This behavior is indicative of some cascading
within the nucleus, which is not observed in p-p results.
However, the agreement of the 4-4 and p-A results in
Fig. 3 suggests that O-Ag/Br collisions can be explained
by the superposition picture.

The normalized pseudorapidity (n= —Intan6/2) dis-
tribution for the secondary particles produced in the O-
Ag/Br interactions are shown in Fig. 4. There is approx-
imate scaling in the target fragmentation region, but the
distributions shift toward larger n with increasing pri-
mary energy. The forward part of the n distributions
contains both mesons and proton projectile fragments be-
cause they cannot be distinguished. Figure 5 compares
the n distributions for particles produced in central O-
Ag/Br collisions with p-Ag/Br data at 200 GeV/nucleon.
The increase in particle production by heavy ions is evi-
dent over almost the entire range of 7.

The highest-multiplicity events (N, >200) at 200
GeV/nucleon have a central pseudorapidity density of
58 2. Assuming a normal average transverse momen-
tum of 350 MeV/c, the energy density we calculated
from Bjorken’s formula® is still less than the estimated
energy density required for a transition to a quark-gluon
plasma phase.

Preliminary results from the analysis of small-impact-
parameter (central) collisions of '%0 nuclei with Ag and
Br in nuclear emulsion do not provide evidence for any
unusual phenomena in the energy range 14.6-200 GeV/
nucleon. A similar conclusion has been reported from a

study of central O-Pb collisions by Bamberger er al.
(NA35 Collaboration).'® Our data on the average mul-
tiplicities, the dispersion of the multiplicity distributions,
and the angular distributions of secondary particles can
be adequately explained by the conservative picture of a
nucleus-nucleus collision as a superposition of elementa-
ry interactions, providing allowance is made for some
cascading within the nucleus. However, the average
multiplicities and the single-particle angular distribution
are rather insensitive to the dynamics of the collision
process. In order to study whether new phenomena do
occur in this mass-energy regime, it will be necessary
both to obtain larger statistical samples and to make de-
tailed analyses of individual events, searching for
multiple-particle correlations and anomalous signatures.
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