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TRANSVERSE ENERGY DISTRIBUTION, CHARGED PARTICLE
MULTIPLICITIES AND SPECTRA IN 40 - NUCLEUS COLLISIONS

The HELIOS Collaborationt

Presented by J.W. Sunier}

1. INTRODUCTION

The HELIOS (High Energy Lepton and Ion Spectrometcr) experimenrt, installed at the CERN
Super Proton Synchrotron, pioposes to examine in details the phyaical properties of a state of high
energy created in nuclei by ultra-relativistic nuclews-nucleus collisions. It is generally believed that,
2t high donsities or temperatures, a phase tramsition to a plasma of quark and giuons will occur. The
dynamic of the expansion of such a plasma aad its subsequent condensation into a hadron gas should
markedly affect the composition and momentum distribution of the emerging particles and photons.
The HELIOS experimental setup’ therefors combines 4% calorimetric coverage with measurements
of inclusive particle spectra, twr narticle correlations, low and high mass lepton pairs and photons.
The emphasis is placad on iransverse energy flow (Er) measurements with good enerxy resolution,

and the ability to trigger the acquisition of data in a varisty of Er ranges, thereby selecting the
impact parameter or the violence of the collisions.

This short note presents HELIOS results, for the most part still preliminary, on 20O - nucleus
collivions at the incident energies of 60 and 200 GeV per nucleon. The Er distributions from Al, Ag
and W targets? are discumed and compared to the aseociated charged particle multiplicities from W.
Charged particle and (converted) photon spectra measured with the external magnetic spect-ometer
are compared for 10 + W and p + W collisions at 20C GeV per nucleon.

2. TRANSVERSE ENERGY DISTRIBUTIONS

The target region is surrounded by a bax of calorimeter modules that cover the pseudorapidity
interval —0.1 < n < 2.9. The forward region is covered by a beam calorimeter placed further
downstream. The granularity of this calorimeter allows extension of the Er measurement to the
interval 2.9 < n < 4.9. The Er trigger is formed from appropriately weighted energy sums in the
region —0.1 < n < 2.9, where the Er resolution is dEr/Er = 29%/Er (GeV), and the Er scale
has & systematic un--rtainty of 7%. Data weve recorded with W, Ag and Al targets. Runs with
emply (Argets were ah . Pcrlormod for the puipose of background subtractions, amounting to < 1%
for Er > 50 GeV. The '*O component of the beam, 94% of the A/Z = 2 particle mixture hitting
the targeis, was isolated by dE/dx measurements. Data sets were obtainsd at the available beam
erergies of 60 and 200 GeV per nucleon.

The transverse energy cross-pections do/dEr are presented in Figure 1. For all targets anc
bearn onergies, the main feature of these distributions is & plateau region followed by s steeply
falling slope. This behaviour is haracteristic of the geometrical cross-section plotted as a function
of the overlap iz tagral over the areal nucleon densities of the two colliding nuclei. In this picture, the
plateau region corresponds to peripheral collivions and the “knee® to the onset of central collisions,
where the ovezlap is complete. T compare the different crose-sections, we define “E*™"*" ag the
value of Er 'vhere the croes-section reaches a fraction of the plateau value. The fraction is chosen
to be {=0.5 and the platean value in defined as the cross-section for which the rate of change versus
Er is minimum. Figurs 2 gives the beam energy und A dependence of EZ™"*. Fits to the form
A* are shown, with £ :x 0.48 £ 0.02 at 200 GeV per pucleon snd = = 0.43 £ 0.02 at 60 GeV per
nucleon. At both incident beam energies, E§™'"® increases faster than the A'/3 relation one might
t The names of the Colluboration members are oimitted due to lack of space.
$ Los Alamoe National Laborstory, Physics Division, Los Alamos, New Maexico.




expect from the target nucleus thickness. The fact that the crose-section continues to rise indicates
that the collisions procede in an energy regime well above the one whers the projectile would fully
stop in the target, even at 60 GeV per nucleon.

The similarity of the geometrical cross-section to the observed Er distributions suggests a
description of the data in terms of independent nucrleon-nucleon collisions.® An eflective number: of
collisions N is obtained by multiplying the¢ geometrical overlap integral with the inelastic nucleon-
nucleon cross-section. Assuming that the total Er is Gaussian-distributed with z mean of Ne¢y and
a variance w N3, where ¢) and w are adjustable parameters, one obtains excellent fits to the data,*
as indicated in Figure 1. The values of ¢y are » 1 GeV and compare well with the mean transverse
energy of s 1.4 GeV measured in p-p collisions at VS = 20 GeV.

3. CHARGED PARTICLE MULTIPLICITIES

The charged particle maultiplicities have been measured with a silicon pad and a silicon ring
detector. The pad de*ector has 400 segments, lies 9 cm behind the targes, and covers the region
2.5 < n < 5.0. The ring detector 18 3 cm downstream from the target and, with 384 segments
forming 32 rings approximately equally spaced in pseudorapidity, covers the region 0.9 < n < 2.8.
The multiplicity increases linearly with Er. Assuming that 55% of Er is produced by charged
particles, as inferred from pp collisions and HIJET, one calculates the average pr per charged
particle plotted as a function of Er in Figure 3. The data indicaie an average pr of m 340 MeV, and
suggest a slight (7%) increase with Er. The charged pariicle multiplicity distributioz as & function
of pseudorapidity is shown in Figure 4, together with the messured distribution of dEr/dn, for
ccntral collisions at 200 GeV per nucleon. The multiplicity data complement the Er measurentents,
particulacly in the region n > 2.9, where the granularity of the calorimeter is vury cosrre. The
experimental rapidity distributions peak at s value of 1 close to n (c.m) = 2.45 characteristic of a
system of 16 Oxygen nucleons interacting with 50 nucleons of the target, ascuming full stopping.
We note that the highest E+ measured in '40-W collisionn at 200 GeV per nucleon corresponds to
m70% of the kinematic limit of such a systera. Also shown in Figure 4 are the dEr /dn predictions
based on the dual partcn model IRIS.> The quantitstive sgreement with the measured dFr/dn is
quite good, with some possible underestimation in the region n < 1. The multiplicity distribution
also pecks at a lower value of n thaa the RIS generated dEr/dn.

4. EXTERNAL SPECTROMETER RESULTS
4.1. Charged particle spectra

The external spectrometer views the target through a aarrcw slit in the calosimeter wall, cov-
ering the pseudorapidity intervall 0.9 < n < 2.0. A magret with o pr kick of m 70 MeV/c and two
high resolution (150 pm) drift chambers provide the momentum msasurement of charged particles.
Particle identification is achieved by a comb’nation of timae of flizkt and Cherenkov counters. Figure
5 shows a comparison of the pr distribution of negative tracks (x~) from 'O - W and p - W colli-
sions at 200 GaV per nucleon. Over four orders of magnitude thesy specirs are idextical, aud show
the canonical slope characteristic of p-p collisions. The flattening high momentum tail of the spectra
has not yet been corrected for finite resolution effects nor for particis decays between the two drift
chambers of the spectrometer. In F'iegun 6, we show the average pr for identified protons and » as
a function of Er, for the reaction "0 - W at 200 GeV per nucleon. * momenium cut of p~ < 2
GeV/c has been applied to avoid p,x confusions and minimise the effect of the flat hackground
atiributed to particle decay. Thesa data agree well with the resulis of Figure 4 and attribute to
protons the observed rise of < pr > with Er. We note that the data are not yet corrected for the
slightly different spectrometer acceptance for positive and negative particles. This is refircted by
the different values for ¥* and = data.



4.2. Photon spectra

A converter, 5% in radiation length, is placed directly upstream from the first drift chamber of
the spectrometer, to allow the measurerent of photons by tracking the converted electron-positron
pairs. Two planes of multiwire proportional counters bracket the converter and localise the con-
version point. In Figure 7, we cc:nvare the pr distributions of photons from the !0 - W and p -
W reactions at 200 GeV per nucleon. Here again, the two spectra are identical within errors. The
direct pkoton contribution to these spectra will be extracted after subtraction cf the dominant x¢
contribution, process that will require a verv precise determination of the charged pion spectra.

5. CONCLUSION

The data presented can largely be explained by convolution of multiple independent nuclecn-
nucleon collisions. The Er distributions indicate a partial stopping regime. The charged particle
multiplicity increases linearly with E;. A slight increase of the average charged particle < p; >
with Er is observed. Particle identified spectra at:ribute this rise to protons. The pr distributiops
of pions and photons are the same for p-W and '®O-W reactions, within experirnental uncertainties.
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Fig. 1. The Er cross-section
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