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A primary goal of relativistic heavy-ion studies is to verify the existence of
the postulated quark-gluon plasma (QGP). Since most of the possible plasma
signatures are indistinguishable from background created by nonplasma events,
thorough understanding of reaction mechanisms is an important prerequisite
in any QGP search. To isolate collective features of nucleus-nucleus collisions
from those that may be expected on the basis of a linear superposition of
nucleon-nucleus collisions, we compare measured quantities with calculations
that reproduce data from nucleon-induced reactions and that make predictions
for nucleus-nucleus reactions. Here we discuss the data obtained from our Zero-
Degree Calorimeter (ZDC) and the transverse energy obtained from the Mid-
Rapidity Calorimeter (MIRAC).7 The experimental arrangement for WA80 is
shown in Figure 1.

An important aspect of high-energy nucleus-nucleus collisions is the geom-
etry as determined by the relative sizes of the target and projectile nuclei, the
overlap volume, and the impact parameter. Consequently, simple geometrical
considerations can be used for a qualitative understanding of the ZDC energy
spectra. At 200 A GeV, the 16O + 12C reaction has essentially no cross section
for events depositing a small amount of energy in the ZDC because, even in
the most central collisions, several projectile spectator nucleons, each with an
energy of 200 GeV, continue in the beam direction. The particles measured
with the ZDC are within 0.3 deg of the beam (77 > 6.0). In contrast, a peak is
seen at small ZDC energies for the 16O + 197Au reaction. In this case, events
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with low ZDC energies result from central collisions in which the projectile is
engulfed by the massive Au nucleus, with the emission of only a few loading
particles at angles less than 0.3 deg. Furthermore, a low-energy peak would
result from a wide range of impact parameters leading to collisions in which
the entire projectile interacts with nearly constant numbers of target nucleons.

The histograms shown in the figure 2 are calculations based on a Glauber-
type multiple collision model which issumes a specific law for nuclear stopping.8

The formation of the QGP will, of course, depend on the degree of nuclear
stopping. It has been shown for proton-proton scattering at energies above a
few tens of GeV that the cross section is independent of energy and of the light
cone variable, x; i.e., da/dx = constant:

* = (Eb
0 + Pt)/{El + Pt).

The denominator and numerator are four momenta of the parent particle,
a, and daughter particle, b. For nucleus-nucleus collisions we assume in a
series of many collisions that the individual nucleons interact continuously with
all the colliding nucleons. By a nucleon-nucleon collision we mean a non-
diffractive inelastic collision with a cross section <7jn = 29.4 mb. The particle
production is parametrized by simple functions in the Glauber theory. In order
to further simplify the calculations th • placement of nucleons within the target
and projectile are chosen by random selection and each nucleus is divided into
tubes of cross section 2.94 fm2 extending through the nuclei. The geometrical
situation is shown schematically in figure 2. The impact parameter dependence
is also sampled randomly. It is assumed that the energy is high enough so that
the baryons and produced particles remain within a given tube.

The stopping law should depend on the number of collisions and has been
investigated in some cases with the functional form a = 1 -f j3(n — 1). However,
the results indicate that (3 can be taken to be zero. It is assumed that the
baryon-baryon collisions lead to particle clusters, and the momentum state of
the leading clusters is given by P(x) = axa~l, where a is a constant for a given
calculation. Nuclear stopping is maximum for a = 1 and decreases for larger
values of a. The histograms shown in figure 3 are for a = 1 and a = 3. We
see that a = 1 maximum stopping yields the best fit to our ZDC data.

Since the model is general we may compare calculations of this model with
the transverse energy measured in the Mid-Rapidity Calorimeters. Figure 1
shows the location of these calorimeters. The calculations and experimental



data for the transverse energy, Et, are show in figure 4, and again we see that
rv = 1 yields the best. fit. These results show that for this model the maximum
degree of nuclear stopping is required to fit our data. In a multiple scattering
theory, it would be reasonable to expect that the cross section would change
after each collision, due to the baryon excitations. However, it appears that
this assumption is not necessary in order to fit our data with this model.

It is of interest to extract the energy densities produced within the tubes of
colliding nucleons9 which are calculated under the same conditions and with
the same parameters as are the cross sections. The energy densities are shown
in figure 5. It should be stressed that the tube volumes are based on the
nucleon-nucleon cross section and the calculated region over which the colli-
sions take place. These parameters have been the subject of much discussion,7

with no definite conclusions as to the values one should use.10 Therefore, the
calculations shown in figure 5 should be viewed with caution. As in the calcu-
lations cf the cross section, the number of nucleons in a tube drawn through
the projectile and target nuclei will vary according to A1/3, and the calculations
are for combinations of n incident nucleons on m target nucleons where n and
m vary from 1 to 7. For example, 5+5 would represent a central collision for
Pb + Pb at 200 A GeV. The abscissa in figure 5 displays the sum (n + m) of
nucleons in the tubes, and the ordinate is the energy density produced within
the interaction volume.

CONCLUSION
Our measurements show that there is a high degree of nuclear stopping,

and the energy densities may be large enough to produce a transition to the
Quark-Gluon Plasma.
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FIG. 1. Experimental arrangement for WA80, top view. The energy resolution
of the Zero-Degree Calorimeter (ZDC) is 2.5% at 3.2 TeV.
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FIG. 2. (a) The collision geometry is shown. The dashed lines represent a tube
through the nuclei. The area of the tube is 29.4 mb. (b) Shows a space-time
diagram with nuclear stopping indicated by the dashed lines.
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FIG. 3- The data points shown are cross sections as a function of energy, which
were obtained from the WA80 Zero-Degree Calorimeter, and the histograms
are calculated (see text) with no trigger conditions. The parameter a — 1
indicates maximum stopping.
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FIG. 4. The transverse energy measured in MIRAC at 200 A GeV, circles, is
shown. The Glauber-type calculations for a = 1 (histograms) give the best
fit to our data.



Glauber Type Calculations
energy = 200 AGeV alpha = 1
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FIG. 5. Energy densities calculated for colliding tubes of nucleons. The ab-
scissa < • the sum of the nucleons in each of the tubes.


