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Abstract Charged particle multiplicity and pseudo-rapidity distributions

observed in 160 induced nuclear collisions at 60 and 200 A GeV are pre-

senced in conjunction with forward and transverse energy distributions.

From the measurements estimates of the supreme energy density obtained in

central lfi0 + 197Au collisions at 200 A GeV yield a value of about 3

GeV/fm3 seemingly enough to fulfill the presumptions for chiral symmetry

restoration. The target mass dependence on the pseudo-rapidity densities

is examined using a power lav parametrization. The data are also compared

to simulations from the Lund model (Fritiof) for nucleus-nucleus colli-

sions .

Introduction The CERN SPS program of fixed-target nucleus-nucleus col-

lisions initiated when the 160 ion-source/1/ came into operation. The

program offers the unique opportunity to explore the properties of nuc-

lear matter at extremely high densities, 1015 g/cra3 (about 4 times normal

nuclear matter density), and temperatures, T > 1012 Kelvin (about 100

MeV), where novel, exotic forms of matter may exist. An important but not

easily accessible parameter for the yields in the reactions is the impact

parameter. Central nuclear collisions are accompanied by an intense par-

ticle production/2/ whereas peripheral collisions only yield a few par-

ticles. The geometrical aspects of the collision is controllable by mea-

suring the energy rlux in the forward direction, 9 < 0.3°, by a uraiiium/-

scintillator sampling calorimeter positioned 11 meters downstream from

the target.

Experimental Set-up The experimental arrangement of WA80, shown in Fig 1,

has been described earlier/3,4/. The charged particles are measured by
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Fig 1. Schematic drawing of tlie VAQO experimental set-up.



huge multiplicity planes (LAM, SAM, MIRAM) consisting of Iarrocci-iype

streamer tubes/b/ and covered with printed circuit cards with pad read

out. The multiplicity planes cover the polar angle region 1.7° < 0 < 32°

(in pseudo-rapidity (n.) it corresponds to 4.2 > n, > 1.2) with regions of

murjal overlap. For the multiplicity planes the tresholds are approxi-

mately 25 MeV for protons and 14 MeV for pions. At larger polar angles

the Plastic Ball detector/6/ measures all and identifies most of the

charged particles in the polar angle range 30° < n. < 160°. Together, the

Plastic Ball and the Multiplicity Vails encompass 97% of 411 sr. The

calorimeter setup includes the above mentioned Zero-Degree Calorimeter

(ZDC)/7/ and a Mid-Rapidity Calorimeter(MIRAC)/8/. The latter consists of

30 stacks each of which is subdivided into six 20x20 cm2 towers. Each

tower consists of a lead/scintillator electromagnetic section of 15.6

radiation lengths (0.8 absorption lengths) and an iron/scintillator

hadronic section of 6.1 absorption lengths. Four groups consisting of six

stacks (a six-pack) are placed with 90° rotational symmetry around the

beam leaving a 7.5x7.5 cm2 centre hole to allow the beam residues to

reach the ZDC. The MIRAC wall has full azimuthal coverage in pseudo-

rapidity region 2.4 < n, < 5.5 and partial coverage down to 2.0 units.

The fith six-pack is placed on one side adjacent to the MIRAC vail and

cover 1.6 < n. < 2.4 but in azimuthal angles only about 10%.

Trigger Conditions All data presented vere taken under a minimum bias

condition. The only requirement imposed was that: (i) less than 88% of

the full projectile energy was registered in the ZDC; and (ii) at least

one charged particle was recorded by the multiplicity planes. Systematic

errors on the absolute cross sections are estimated to be less than 5%.

Data Rate and Beam Line Configuration A typical beam level was 2xl06 ions

per beam spill, where the effective spill length was about 3.8 seconds

per machine cycle of 14.4 seconds. The 016 ions were identified by quartz

Cherenkov beam counters befoiv they impinged on targets of C, Cu, Ag and

Au (200 mg cm"2 thickness). Typically the probability for a beam particle

to interact with the target is 0.8, 0.3, 0.3, 0.2 X, respectively. The

vacuum system consists of a 600 micron thick aluminium target-chamber

furnished with a 5-cm-diameter carbon-fibre/epoxy beam pipe of 500-micron

thickness extending downstreams about 6 metres.



>.O A CivV roo A c..'V

0 200 400 (00 HO 1000 0 I0O0 2000 MOO

E 2 D C (GeV)

Fig 3. Transverse energy distributions for 2.4 < n < 5.5 in

Fig 2. Energy spectra Beasured in the ZDC(£illed circles). ltQ i n d u c e d r e a c t i o n s £ o r ,,<„.„ energies and all targets. .

Bistograms give the outcome of the Lund model FRITIOF. T n e eJcperiBental results (filled circles) are presented vith

Vertical error bars represent statistical error only. t h e i r s t a t l s t i c a l e r r o r s. Histograms give the results of the

Lund Bodel FEITIOF.

Forward and Transverse Energy Spectra To start with the forward energy

spectra ve show in Fig 2. the differential crossection as a function of

E Z D C. A general trend in the data for both incident energies is that

whereas the lightest target C seem to have a monotonously increasing

spectrum as a function of E Z D C, the heaviest target Au exhibit a more

U-shaped distribution. Since the ZDC spectra mostly reflect the geometri-

cal aspects of the collisions there is reason to believe that this beha-

viour is due to the small amount of nuclear material traversed in a C

nuclei even in a central collisions in comparison to a Au target nuclei.

In going from 60 A GeV to 200 A GeV the nucleon-nucleon CM rapidity

changes from 2.4 to 3.0. Provided there is no change in the reaction

mechanism it results in a more restricted ZDC coverage at the lower beam

energy. In the 60 A Gev data this "coverage effect" would enhance the

yield at low E Z D C as compared to the 200 A GeV data. In the comparison

with the Lund Model FRITIOF effects of geometrical acceptance and of

trigger bias have been included.



The transverse energy ET=£E1sinCQi). where E^ and 01 are the observed

energy and the effective angle of each element i of MTRAC, are shown in

Fig. 3. The estimated systematic error in the transverse energy scale is

10 %. As in the case of the ZDC spectra, the effects of the nuclear

collision geometry dominates the shape of the ET spectra. The spectra for

the heaviest nuclei, Ag and An, show a large "plateau" extending out to

80-100 GeV at 200 A GeV and to 40-45 GeV at 60 A GeV. The Au spectra

exhibits a broad peak at the high-energy end of the plateau. It has been

demonstrated/9/ that this peak in the ET distribution corresponds to low

ZDC energies and that it originates from the most central collisions, in

which the entire projectile interacts with a fairly constant number of

target nucleons. For 160+12C, the ET spectra have a shape similar to that

measured in proton-induced reactions/10/ whereas the heavy target spectra

resembles the ET spectra for
 16O+Pb of the NA35 Collaboration/2/. For the

60 A GeV data the tails of the ET distribution more or less coincide at a

value of approximately 60 GeV. Since it is expected that an increase of

the target mass should increase the maximum transverse energy it might be

caused by a cancellation effect due to limited coverage of the calori-

meter at this energy. FRITI0F calculations support such a point of view.

At 200 A GeV the tails of the ET distrib-

utions appear to be Gaussian shaped/1 ,12/

a fact which can be utilized for studying

beam and target mass dependence and also

provide a suitable frame for extrapolati-

ons of eventfractions. Preliminary results

from 32S+Au ET spectra also fullfill this

relation/12/. To estimate the energy den-

sity obtained in 60 and 200 A GeV 160+Au

interactions the Bjorken formula/13/ was

used in the form: e=l/(t0 IR
2)*dET/dy, with

t0 taken to be 1 fm/c and R= 3.0 fm for

the radius of 1 60. We used pseudo-rapidity

instead of rapidity, and an interval of

2.4 < h. < 4.0 was used. Values of z obtai-

ned by this prescription are believed to

underestimate the true energy density.

Results are shown in Fig. 4 and one can
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observe that the supreme energy density is about 1.3 GeV/fm3 at 60 A GeV

and 2.7 GeV/tm3 .it 200 A GeV. In the latter case energy densities suffi-

cient for formation of the quark-gluon plasma (QGP) is reached according

to common belief. From the calorimeter data it can be concluded that the

presumptions for the creation of the plasma may be fullfilled for the ut-

most central events in 200 A GeV 160+197Au.

Charged Multiplicity and Pseudo-Rapidity Distributions A charged particle

traversing a streamer-tube detector produces a streamer which is sensed

by an external pad, sometimes by two pads. The "fired" pads in one detec-

tor array were filtered through a cluster routine which assigns "fired"

pads to clusters, herafter called hits. Typically, 60% of the hits con-

sist of only one "fired" pad. If more than four adjacent pads "fired",

they were assigned to two or more hits. The overall detection probability

was found to be 85% by using information from three overlapping arrays

and by using plastic scintillator on both sides of a detector plane for

tagging. The two methods gave result in concordance. In order to separate

good tracks from background tracks that do not emancipate from the tar-

get, hits in the different detector planes were correlated. These back-

ground tracks could be due to secondary interactions in traversed mate-

rials or could be albedo particles from the calorimeters. The rejection

of background tracks were done by using pairs of detectorplanes and by

projecting hits from the plane adjacent to the target onto the downstream

Gne. Only projected hits inside a correlation radius of 5 to 10 cm (depe-

nding on local padsi7.es) were considered and the one with the smallest

deviation from the prediction was used/14/. The spectra have been correc-

ted for Y-conversion into e+e~ pair in the material traversed (Al target

chamber , carbon fiber beam-pipe and air). The y particles were assumed

to be present due to 11° decay close to target site. These corrections are

small, typically a few percent. Note that e+e~ pairs will almost always

be assigned to the same hit. Observe that no correctior.s have been em-

ployed for the contribution to the chargedparticle spectra from decaying

neutral strange particles into charged decay-products( A°-> pll" and K°s->

n+II") Due to the large dimensions of our experimental setup most of these

decay products are observed, and consequently included in the data. The

Lund model FRITIOF predicts a relative contribution of about 7 % to the

total charged-particle yield from these processes.
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Fig 5. Chacged-particle nultiplicUy distributions for " 0 induced

nuclear Interactions a) 60 A GeV, b) 200 A CeV. In c) 60 A GeV

and d) 200 A GeV a restricted 1\ region of 2.0 < n < *-2 was used

and comparisons with the Frltlof Bodel are included.

In Figs. 5a and b the charged-particle multiplicity distributions for 60

and 200 A GeV 160 interactions with C, Cu, Ag, and Au target is given.

The minimum-bias trigger was used and the H-region is: -1.7 < f| < 4.2. In

the very low multiplicity region a dip ocucurs which is dominantly an

artifact of the trigger conditions. Note the resemblance in shape between

the multiplicity distributions and the ET distributions for various tar-

gets and incident energies. The multiplicity distribution of 200 A GeV
160+Au reactions extends to multiplicities of around 500 charged partic-

les, which corresponds to more than 400 produced charged particles. In

order to compare the multiplicity distributions with the Lund Model FRI-

TIOF/15/ we restrict in Figs. 5c and 5d the H-intervall to 2.0 < X\ < 4.2.

The reason for this restriction is that the model can not handle target-

nucleus fragmentation. The comparison with the model shows significant

deviations, especially at large multiplicities and for the 200 A GeV

data. This deficit of the model was also found in the high-ET tails of

the ET-distributions. Observe that the minimum-bias trigger conditions

were simulated in the model calculations.
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Fig. 6 Pseudo-capidity distributions o£ charged particles in

" 0 induced nuclear interactions at 60 and 200 A CeV,

(a) and (Irrespectively.In (c) and (d) interactions of

"OtAu at 60 and 200 A CeV.resnectively are shovn for three

different centralities. Dashed curves shows the result fro«

the Lund Model Fritiof.

In Fig. 6a and b the pseudo-rapidity distributions of charged particles

from 160 amongst various targets at the two incident energies are dis-

played. The distributions exhibits a broad maximum which shifts backward

as the target mass increases. This shift is much more pronounced in the

60 A GeV data than in the 200 A GeV. Note that at 60 A GeV the mid-

rapidity region (Y=2.4) is closer to the target fragmentation region

which affects the form of the distribution. The dashed curves show the

result from Lund Model calculations. In this model the formation time for

particles are assumed long which prevents target fragmentation and

intranuclear cascading to be taken into account. Note however, that a

systematic deviation at mid-rapidity of the 200 A GeV data is present.

This deviation is not understood and may leave room for new physics. In

Fig. 6c and d we show a comparison with the Lund model for a peripheral,

medium and central data sample for 160+Au at the two energies. The

separation between the samples was done with the energy measured in the

ZDC(90 and 270 GeV for 60 A GeV data and 500 and 1700 GeV for 200 A GeV

data). For the 200 A GeV data the relative deviations at mid-rapidity are

approximately the same for the three samples.
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the right to be distinguishable.

The Target Hass Dependence In the inset of Fig. 7 we shov the target

mass, AT dependence of the charged particle densities, p for central

interactions between 160 and Cu,Ag and Au targets at 200 A GeV. The

centrality criteria was that less than 20£ of the beam energy is regis-

tered in the ZDC, which corresponds to events where most of the 160 nuc-

leons participate. The densities ,p, are extracted in H-bins ranging from

-1.7 to 4.2. To investigate the target mass dependence we have alloted a

power law parametrization p°cA<IT. The main Fig. 7 shows the result of

least-squares-fit of the parameter a versus X) for both energies. a(H) has

a maximum around V\=0 where a is close to one (volume effect). Observe

that a varies smoothly over the vhole H-interval whith no region of

constancy. The value of a close to the Ycm 2.A and 3.0 is small 0.2-0.3

(length effect) and decreases to 0 towards the beam fragmentation region.

Conclusions Ve conclude that conditions required for the formation of the

quark-gluon plasma may have been achieved in some of the utmost central

collisions of 160*197Au at 200 A GeV. The importance of the collision

geometry for determining the shape of the ET spectra and multiplicity

spectra have been discussed. The influence of the target mass on the

charged particle density is dominant in the target fragmentation region



and decreases smoothly and is rather weak at the yNN cms system and falls

to zero in the projectile fragmentation region.
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