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1. Introduction

The ultimate goal of the WA80 collaboration is to search for
tne transition from hadronic matter to deconfined quark matter.
Such a transition may occur in the finite volume of hadronic
matter that is formed with high energy density in very high-
energy nucleus-nucleus collisions. At the CERN SPS energies of
200 GeV/nucleon, it is estimated that the required critical
energy density may be reached in central collisions between
sufficiently large nuclei, provided that the degree of nuclear
stopping is high enough to concentrate a large fraction of the
available c.m. energy at mid-rapidity. Thus, the immediate goal
of the collaboration is to study the extent of stopping and the
nature of the baryon~poor excited nuclear matter in the rapid-
ity range intermediate between the projectile and the target
rapidities. Comparisons between nucleon-nucleus and nucleus-
nucleus collisions play a key role in such investigations. In
addition to the above primary goal, WA80 aims to investigate
the fragmentation region associated with the target remnants.
As will be seen below, the WA80 experimental arrangement is
uniquely suited to undertake such studies due to the use of the
Plastic Ball detector.
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WAB0 is the CERN designation for the original "Plastic Ball"
collaboration which, along with the "Streamer Cgamber" collabo-
ration, was one of the two original experiments that were con-
sidered at the time of the 1982 agreement between CERN, GSI,
and LBL, in which the foundations for the CERN heavy-ion pro-
gram were laid. The fru}%ion of this endeavor was reached last
November when beams of 0 nuclei at 200 and 60 GeV/nucleon
werelgelivgred to several experiments, including WA80. A 3.2-
TeV O test beam was made available briefly last September in
the North Area of the SPS, but since WAB80 is located in the
West Area, results presented here were obtained less than four
months ago. Consequently, their very preliminary nature must
be stressed, and those who wish to quote the results given here
should contact the WAB0 collaboration in case further data

processing results is significant quantitative changes.

2. Experimental set-up

The experimental arrangement of WA80 (Ref. 8) consists of
the following detector systems: the Plastic Ball, several
charged-particle multiplicity arrays, the Wall Calorimeter,
SAPHIR (Single-Arm Photon Detector for Heavy-Ion Reactions),
the time-of-flight wall, and the Zero-Degree Calorimeter. In
addition, the setup includes several beam counters, a thin
(500 microns) aluminum spherical reaction chamber located in-
side the Plastic Ball, and 5-cm-diameter carbon fiber/epoxy
evacuated beam lines of 500-micron nominal thickness. Great
care was taken to keep all extraneous material out of the re-
action zone, resulting in negligible background levels during
target-out operation. Thin targets were used to avoid signifi-
cant contributions from secondary interactions. The target
thickness were 185.7 mg cm - of C, 200 mg cm - of Cu, and
250 mg;scm_2 of Au. The beam level was limited to less than
2 X 10 particles/SPS spill. The projectile energy was 200 GeV/
nucleon from November 19 to December 3, 1986, and 60 GeV/nucle-
on from December 3 until the end of the run on December 8. The

detector systems of WA80 are described below.
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3. Plastic Ball

9
The Plastic Ball 1is the only detector of WAB0 that was in

existence when the collaboration was formed. It had been in
operation for five years at the LBL Bevalac, until it was moved
to CERN in early 1986. It consists of 655 AE-E particle-identi-
fying detectors, where the AE counters are CaF, crystals and
the E counters are plastic scintillators. The two types of
counters are optically coupled and read out by one photomulti-
plier. The signals are separated by pulse shape discrimination.
The near-4m coverage of the Plastic Ball was decreased somewhat
to avoid the shadowing of downstream detectors. The resulting
pseudorapidity coverage is -1.7 ( n ( 1.3, corresponding
essentially to the rapidity regigg ag;ociated with target pro-
ducts. The device is operated in a mode in which it identifies
and measured the energy of charged particles from protons
through alphas, as well as positive pions.

The Plastic Ball serves the function of both a calorimeter
and a multiplicity detector. It will provide results that can
be viewed as extensions of the Plastic Ball Bevalac program.
These include the study of matter flow from global analysis,
determination of the extent of spectator drag from the measure-
ment of the average value of p" in the target rapidity region,
estimates of entropy from measured d/p ratios, and the extrac-
tion of source sizes and timescales from particle-particle
correlations. The Plastic Ball provides a unique capability to
identify charged baryons in the rapidity region of -1.7 ( n (
1.5.

4, Multiplicity Detectors

A unique feature of WA80 is the essentially complete U
coverage for the measurement of the multiplicity of charged
particles (pseudorapidity range -1.7 ( n ( 4.4). Beyond the
range of the Plastic Ball, this coverage is provided by a set
of four charged-particle multiplicity detec:ors, which are
based on the Iarocci streamer tube technology. The tubes are
made of carbon-coated plastic, and filled with a mixture of

isobutane and argon at atmospheric pressure. The central inner
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wire is kept at a potential of 4.8 kV. An impinging charged
particle produces a local discharge (streamer) which is detect-
ed via capacitive coupling by means of a pad readout. The pads
vary in size from 1 x 2.5 cm to 4 x 5 cm depending on their lo-
cation. They are attached directly onto one side of a printed
circuit board which also carries the readout electronics in the
form of surface-mounted integrated circuits. The multiplicity
arrays are (i) Large-Angle Multiplicity Detector (LAM), located
at 2.4 m from the target, covering the region between BOaand
10%and consisting of 5664 pads; (ii) Mid-Rapidity Multiplicity
Detector (MIRAM), located at 6 m, covering the region from 13°
to 0.9 and consisting of a double layer of 8192 pads each; and
(iii) Saphir Multiplicity Detector (SAM), located at 2.5 m,
with 80 = 10%and Ap = BOaand consisting of 7200 pads. The two
layers of MIRAM are located in front of the Wall Calorimeter,
and SAM is located in front of SAPHIR.

Aside from generating charged-particle multiplicity data,
the 29, 248-pad multiplicity arrays constitute an important
component of the prompt trigger system by flagging events in
which (a) at least N
(b) more than Nhigh
In addition, MIRAM data are expected to enhance the information

min pads have fired (minimum bias) and
pads have fired (high multiplicity events).

deduced from the Wall Calorimeter, and SAM measurements are
needed to help identify charged-particle-induced hadronic
showers in SAPHIR.

Preliminary total c?%rged—particle multiplicity distributions
obtained from 3.2-TeV 0 reactions with C,Cu and Au target
nuclei are shown in Fig. 1. The data shown account for only
a few percent of the total available data, and their prelimi-
nary nature is again stressed. The distributions were obtained
from a tape scan that took place during a scheduled interrup-
tion of the experiment. While the statistical errors in each
bin are only of the order of a few percent, the results shown
may be subject to significant systematic errors. For example,
efficiency corrections are expected to increase the multiplici-
ties of Fig. 1, while corrections for observed secondary events

are expected to decrease them. These corrections are antici-
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pated to be of the order of 15%, and the multiplicity scale of
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Fig. 1. Preliminary total charged-particle multiplicity distri-
butions from interactions between 3.2-TeV +00 nuclei with C,
Cu and Au target nuclei.

Fig. 1 will propably turn out to be within 10-15% of the final
scale, after all of the appropriate corrections have been made.

5. Wall Calorimeter

The ability to measure the transverse energy flux, dET/dn,
in the mid-rapidity region is provided by the modular Wall
Calorimeter. The design of the calorimeter is based on the10
uranium/plastic scintillator calorimeter of Akesson et al.

It consists of 30 stacks, and each stack contains six 20 cm by
20 cm towers, optically separated from each other by cuts in
the plastic sampling material. Each tower consists of a lead-
plastic electromagnetic section of 15 radiation lengths, pro-
viding an estimated containment of 97% for 1-GeV photons (91%
for 30-GeV photons), and a steel-plastic hadronic section of
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6.2 absorption lengths with an estimated longitudinal contain-
ment of 98% for 50-GeV protons. Each section is read out by
dual wavelength-shifter plates located on the sides of the

towers.

Extensive performance tests and calibrations of the Wall
Calorimeter units have been carried out, at both the PS and the
SPS accelerators. The resolution, linearity, containment,
position response, and e/h response were evaluated. All of these
quantities were found to be consistent with design expectations.
At 10 GeV/c the e/w ratio was found to be 1.3, and the measured
o/VE resolutions were 46% for charged pions and 17% for elect-
rons. The final calibration of all calorimeter towers was made
in the X1 beam line of the SPS with 10-GeV/c electrons, muons,
and pions. The photomultiplier response to a laser pulser,
from which light is injected into the front of each wavelength-
shifter plate, was also determined at that time. This procedure
made it possible to recover the calibration after the calori-
meters were installed in their final location in the H3 beam

line.

Twenty-four of the Wall Calorimeter stacks are deployed
symmetrically around the beam line at 6.5 m, covering a pseu-
dorapidity range 2.4 ( n ( 4.4, Taking into account the Plastic
Ball, WAB0 lacks the géteg;ors necessary for the measurement of
the transverse energy flux only in a region that is slightly
larger than one unit of pseudorapidity, i.e. from n = 1.3 to
n =& 2.4, The remaining six stacks of the Wall Calorimeter,
however, are located in this rapidity gap adjacent to the bulk
of the calorimeter, and, together with LAM and with the origi-
nal time-of-flight wall of the GSI-LBL Plastic Ball collabora-
tion, they constitute a unique single-arm detector that is
capable of sampling the baryon (p,d,t, through Li) distribution
in this region, and is also expected to yield information on

the distribution of neutrons and of antiprotons.

The Wall Calorimeter towers covering the forward mid-rapid-
ity region are used to generate a prompt trigger signal,
flagging events with high—ET values. This is accomplished by

means of weighted linear summing of dynode signals.



460

| | [ { | ] (=
WA 80 PRELIMINARY RESULTS 4

60 (3.2 Tev)
24<n<39

-

S
w

L1l

o)
n
4

pmed

1

4
[e]
[=

TTTTI
L0

pom——

r---.._--__.-d

|

{o!

ARBITRARY UNITS

T TTTTIT
Lyl

10°

ul

T
-

o

20 40 80 100 120 140

ET (GQV)

Fig. 2. Preliminary distributions of transverse energy measured
in the pseudorapidity range of 2.4 ( n ( 3.9 from interactions
of 3.2-TeV 160 nuclei with C, Cu and Au.

The preliminary transverse energy distributions are shown
for 3.2-TeV 16O reactions with various target nuclei in Fig. 2.
The data were obtained by the same means as those of Fig. 1,
and the same disclaimer regarding their preliminary nature to
them. The results shown were obtained from the 24 Wall Calori-
meter stacks, excluding the four inner towers and covering the
pseudorapidity range of 2.4 ( n ( 3.9. As in the case of the
multiplicity results, the syg%emézic errors in the ET values
extracted from the Wall Calorimeter are estimated to be less
than 15%. The data of Fig. 2 are consistent, withinlEhe quoted
errors, with the results of the NA35 collaboration. While
quantitative arguments are not given here, it is reasonable to
conclude from both sets of data that the degree of nuclear

stopping is high.
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6. SAPHIR

The SAPHIR detector has been designed to investigate one of
the promising signatures of the formation of QGP, the product-
ion of direct photons. Several production mechanisms have been
considered. These include quark-antiquark annihilation, quark-
gluon Compton scattering, and the quark matter equivalent of
bremsstrahlung. It is believed that the direct photon spectrum
is related to the temperature of the QGP. In order to be able
to determine the spectrum of direct photons, the detector has
to be capable of identifying the large background of photons
from the decay of neutral pions and eta mesons. This can only
be achieved by the reconstruction of the decaying-meson events,
and the high-granularity SAPHIR is, therefore, also an excel-
lent detector for the measurement of neutral pion spectra. It
consists of 1278 active lead-glass modules, each of dimensions
3.; X 3.5 x 46 cm, arranged to cover an area of 98.0 x 171.5
cm . The center of the front surface of the detector is locat-
ed at 3.12 cm from the target and at ZOewith respect to the
beam direction, covering an approximate pseudorapidity range
of 1.5 { n ( 2.1. The choice of module si§§ is based primarily
on the results of the GAMS collaboration, and the 18 radiat-
ion lengths of SF5 lead-glass gurantee a 98% shower contain-
ment for 30-GeV photons.

Prototype detector tests have been carried out at DESY with
electrons of 0.6 to 6 GeV, and extensive further tests and
calibrations have been carried out at the CERN PS and SPS
accelerators. The results were found to be either consistent
with, or somewhat superior to, design expectations. The energy
resolu%ionoo/E was found to be (6.0%/VE + 0.4%), corresponding
to a g (g ) mass resolution of a few percent dependent on
the = (n ) energy. The position resolution is better than
4 mm, and adjacent shower separation is possible for dist%nces
greater than 2.4 cm at the surface of the detector. The =«
reconstruction efficiency rises from 20-30% at low (0.2-0.3

GeV/c) values of the pion transverse momentum, P> to about
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80% at 2 GeV/c and %bout 90% at 6 GeV/c. At still l%rger

values of P the n efficiency decreases. A sharp m peak was
obtained in the invariant mass spcctrum, reconstructed on-line,
f%v events with EYY energies greater than 2.5 GeV, and distinct
m peaks were also obtained at lower EYY energies. SAPHIR is
another component of the prompt trigger system, flaggine events
with a minimum number of higli-energy photoiis. As in the case

of the Plastic Ball and the Wall Calorimeter, its calibration

and stability are determined by means of a laser pulser.

Among, the preliminary quantities of interest extracted from
SAPHIR are the avera%e values of the transverse momentum of
neutral pions, (pl)n , and the slopes og the neutral transverse
energy distributions, dN/dET. The (pl)n values were correlated
with maximum values of thelgharged—parti%le multiplicity,
(ch/dn) max. For 3.2-TeV 0 + Au (pl)n was found to be con-
stant at about 500 MeV/c for (dNC/dn) max values between 30 and
80. For values of ngc/dn) max greater than 100, somewhat high-
er v%%ues of (pL)ﬂ o(up to 550 MeV/c) were observed. At 960-
MeV 0 + Au, (pl)n was found to be approximately 420 MeV/c.
The inverse slopes of the neutral ET distribution were found
to be similar for the three targets (C, Cu and Au), ranging
from about 200 MeV to about 250 MeV. These two findin%f are in
qualitative agreement with hydrodynamical predictions and with
predictions of pion radiation from a hot plasmalubut are in-
consistent with both the LUND and HIJET models.

7. Zero-Degree Calorimeter

The final WA80 detector to be discussed is the Zero-Degree
Calorimeter (ZDC). This 8-ton uranium-plastic sampling calori-
meter is located behind the 7.5 cm by 7.5 cm beam line hole in
the Wall Calorimeter, and is a key component of the trigger
system. The three primary design considerations were near-
total containment for protons of 225 GeV, excellent energy
resolution, and fast count-rate capability. A design criterion,
based on simulation calculations, was the ability of the ZDC
to distinguish between the simultaneous incidence of either
15 or 16 nucleons of 50 GeV. The dimensions of the ZDC are



463

60 cm x 60 cm x 189 cm, with an electromagnetic section of
172 cm.

The main purpose of the ZDC is to characterize the degree
of violence of each collision by measuring the remaining
??ergy of the projectile spectators. In some collisions between

0 projectiles and Au nuclei, no energy was observed in the
ZDC, while in reactions between 0 and C nuclei, some project-
ile fragmentation energy was always observed, as might be ex-
pected from the relative sizes of the colliding nuclei. This
effect is seen in Fig. 3, which shows the charged-particle
multiplicity as a functio?sof the observed energy in the ZDC
for reactions of 3.2-TeV 0 with G, Cu and Au. At the high-
energy end, the cutoff at 2.7 TeV is determined by the trigger
adjustment. There is no low=-energy experimental cutoff in the
data of Fig. 3. The vertical dashed lines indicate widths (o)
of the multiplicity distributions.
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Fig. 3. Preliminary total charged-particle multiplicity as
a function of the energy observed in _the Zero-Degree Calori-
meter from interactions of 3.2-TeV 0 with C, Cu and Au. The
vertical dashed lines are not error bars. They indicate the
widths (o) of the multiplicity distributions.
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8. Estimates of Energy Densities

An estimate of the range of energy densities, e, produced
in the central collisions is of crucial interest due to its
relevance to the possible formation of the QGP. Unfortunately,
no simple, reliable method exists to extract this quantity
from the measured data. The following expre§§ion is often used

in cosmic-ray studies and is due to Bjorken.

(ch)
(M) 3

e =2 \ay/y=0 ¢ (GeV/fm ),
2 —

2

7 R cto

where lV[_L = dpl + mi, R = radius of reaction cylinder (~R pro-
jectile), and to s~ 1 fm/c. The charged-particle multiplicity
distribution ch/dy is approximated by dNC/dn. Since we have
measured charged-particle multiplicities (in MIRAM) correlated
with energies (in the Wall Calorimeter), it is possible, using
this prescription, to calculate, event by event, distributions
of events in a (pL) (average transverse momentum per particle)
vs. energy density diagram. We have %inerated such distribu-
tions from our preliminary data for 0 + Au at 60 and 200
GeV/nucleon. In both cases, the peak of the (pl) distributions
is estimated to be at about 350 MeV/c for central events. In
the energy densityadimension, the peaks are located at about
0.7 and 1.3 GeV/fm for the 60 and 200 GeV/nucleon cases,
re;pectively, with tails extending to about 1.1 and 2.0 GeV/
fm . Due to both the ad hoc nature of the above prescription
and due to the limited number of events used to generate the
distributions, the crude, qualitative, nature of the above

discussion is stressed, and the numbers are not to be quoted.

9. Concluding Remarks

In summary, w$6have presented preliminary WA80 data from
interactions of O with C, Cu and Au at 60 and 200 GeV/nucle-
on. These have included total charged-particle multiplicity
distributions and transverse energy distributions. Ranges of
transverse momentum per particle and of possible energy densi-

ties were discussed. Some of the unique features of WA80 were
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stressed. These are: (1) complete coverage of the target
rapidity region, (2) complete coverage of charged-particle
multiplicity measurement, and (3) measurement of intrinsic
photons. WA80 was the only experiment with no magnetic analys-
is and the only large-scale experiment to obtain production
data during the 1986 run which did not involve, primarily,

the reconfiguration of an existing SPS experiment.lgrom the
point of view of the WA80 collaboration, the 1986 0 running
period was very successful, and we wish to commend all members
of the CERN, GSI, and LBL accelerator gro%%s that have made
the remarkable operation of the SPS with 0 ions possible.
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