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The two primary goals of the WA80 collaboration are (1) to survey
nucleus-nucleus collisions at 60 and 200 GeV/nucleon and to compare the
results to those obtained from proton-nucleus interactions and (2) to search
for evidence that a quark-gluon plasma has been formed or that some similar
phase transition has taken place. One of the ways to pursue the first goal
is by means of forward and transverse energy measurements* These relate to
important quantities such as the degree of nuclear stopping, the magnitude
of attained energy densities, and the level at which collective effects mani-
fest themselves. These measurements and their Interpretation were discussed
during the oral presentation at this meeting for both l f 0 - and 32S-induced
reactions. Since the 1 60 results are now published [1], we present here
only the preliminary unpublished 3 2S transverse energy distributions. In
addition, we show sample results obtained with the single-arm photon spec-
trometer, SAPHIR (2], and with the Plastic Ball [3]. Charged-particle
multiplicity results, also published recently (4], are not shown here.

One of the most important conclusions resulting from the 1 60 data [1] is
chat the energy densities attained in collisions between 1 60 and 197Au nuclei
at 200 GeV/nucleon are as high as 2.8 GeV/fm3, reaching the lower-limit
region of energy densities that are believed to be required for the formation
of the quark-gluon plasma. This conclusion is based on the observed trans-
verse energy (Ej) distribution shown in Fig. 1. The relationship between
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transverse energy distributions and energy density (e) distributions is
obtained by means of a formula based on an expression first suggested by
Bjorken [5]:

1 dET

? dy

Hera we take the formation time, XQ , to be 1 fm/c, and we use the sharp-
surface electron-scattering value of 3.0 fm for R, the radius of * 60.
Rapidity, y, is replaced by pseudorapidity, n, and an interval of 2.4 < T)
< 4.0 is used.
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Fig. 1. Preliminary transverse energy distributions measured
in the pscudorapidi ty range of 2.1* < n < 5.5 for 200 A GeV 32S on
targets of Al and An. Also shown for comparison is the 1 60 on Au
result with the same preliminary calibration.



A crucial question answered by data obtained with 3 2S projectiles con-
cerns the variation of Ej and of the energy density with the size of the
projectile. The E7 distributions for 3 2S + 27A1 and 3 2S + 197Au are shown
in Fig. 1. The Ej distribution Is seen to extend to much higher values for
the 3 2S + Au reaction than for the 1 60 + Au reaction. However, when the
BJorken formula Is applied to the data, the e distribution is not markedly
different for the two projectiles. This effect is easily understood on the
basis of the differing transverse areas of the projectiles, resulting in
different volumes of high energy density. The net result is that the
volume-averaged energy densities do not increase with increasing projectile
size.

Based on the above considerations, the advantages of Pb + Pb collisions
over S + Au collisions in searches for the quark-gluon plasma do not, at
first sight, appear to be important. It must be noted, however, that high
energy densities are achieved over a much larger volume in the case of very
heavy projectiles and that the central (as opposed to volume-averaged) energy
density is significantly higher for heavier projectiles [6,7]. Thu^, the
attainable central energy density at 200 GeV/nucleon varies from 2.9 GeV/fm3

for 0 + Au to 4.1 GeV/fra* for Pb + Pb. Extensive discussions of WA80 energy
density results and of c predictions are presented in Refs. [6] and [7].

We turn next to the results obtained with SAPHIR, the finely-segmented,
lead-glass, electromagnetic calorimeter. This photon detector is capable
of measuring inclusive photon and neutral pion distributions at mid-
rapidity, as well as intrinsic photon spectra. Characteristic signals for
the deconfinement phase transition are expected from the spectroscopy of
Intrinsic photons. SAPHIR results from 160-induced reactions are described
In Ref. 12]. An example of SAPHIR data that may pertain to a phase transi-
tion Is discussed below. A plot of <Px>v i»oo versus the entropy density,
(dN/dn.)A~2/3 , is shown in Fig. 2. Here, <PT>V,I»00 *9 t*ie average transverse
momentum obtained from inclusive photon pj spectra for p-p > 0.4 GeV/c, and
dN/dr) is the central multiplicity density, which is approximated by the
charged-particle multiplicity in the range 1.2 < n < 4.2 multiplied by a
correction for undetected neutral particles of 1.5. A i n c is defined to be
the number of incident projectile participants. It is obtained by means
described in Ref. [1]. The noteworthy feature of Fig. 2 is the large pla-
teau observed for 0 + Au at 200 GeV/nucleon. Such a plateau, followed by a
rise of <Px> with increasing entropy density, was postulated by Van Hove [8]
to be an indication of a phase transition to the quark-gluon plasma. The
observation of an extended plateau in our case may be an indication of the
formation of a mixed hadronic and plasma phase.

Finally, we turn to results obtained in the target fragmentation region
with the Plastic Ball. These results are described in Ref. (3). The Plastic
Ball identifies and measures charged particles (n, p, d, t, and 3He) in the
angular range from 30° to 160° (-1.7 < T) < 1.3). The data presented here
are characterized by the remaining energy of the projectile detected in the
forward direction by the Zero-Degree Calorimeter (ZDC). Low remaining energy
indicates a central collision. The average number of target baryons per
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Fig. 2. Experimental <Px>y,i»0O f o r Inclusive photons from the
truncated pj distribution as a function of the entropy density
estimated from the central charged-particle multiplicity and the
number of participating nucleons.

event Is shown as a function of the remaining energy in the ZDC, E(ZDC), In
Fig. 3 for 160-induced reactions at 200 GeV/nucleon. The figure shows that
for the roost central collisions, the average number of baryons measured in
the target rapidity region amounts, approximately, to the total number of
baryons of the colliding system after one subtracts the participating
baryons. This means that, for a central collision, enough energy is trans-
ferred from the projectile to the target matter to allow for the complete
disintegration of the target Into light particles with Z < 3. This obser-
vation, together with considerations of the transverse momenta of target
spectators and of the entropy produced, indicates that the target spectator
matter following collisions at 200 GeV/nucleon has characteristics similar
to those of the participant fireball produced In nucleus-nucleus collisions
at Bevalac energies [3].

We appreciate the excellent work of the accelerator divisions of
CF.KN, GSI, and LBL, which has resulted in the development and delivery
of the heavy Ion beams useci in this work.
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Fig. 3. Average number of baryons per event for the reaction
1 60 + Au at 200 GeV/nucleon as a function of the energy measured
at ±0.3° in the ZDC. The number of baryons is corrected for mul-
tiple hits and the nonobserved neutrons. The error band accounts
for the systematic uncertainty in proton identification at high
energies.
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