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ABSTRACT
Preliminary data on beam calorimetry, charged particle multiplicities, pseudo-rapidity

drtnbutiomi and hadron spectroscopy from »Si + A 1 ^ A u *t 1 4 5 £ y ^ ^

we offend m m e n t S ° n n u d e a r stoPPin«> multiplicity systematics, and K/n ratios

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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1. INTRODUCTION

Si beams were accelerated in the Tandem-AGS complex at Brookhaven National Lab-

oratory to a momentum of 14.5 GeV/(cu) (rapidity y=3.50) and extracted for experiments

in April 1987. The results presented in this talk are from the April beam time and all data

should be considered as preliminary.

The spectrometer data were first presented at the Quark Matter 1987 conference1'.

Measurements of transverse neutral energy with 16O beams in E-802 have been published

in Ref. 2) and were also discussed extensively at the Quark Matter meeting3). Some results

on multiplicity distributions with oxygen beams and preliminary data on transverse neutral

energy observed with 28Si projectiles are also covered by Ref. 3).

The present talk shows new (preliminary) results from the zero degree calorimeter and

from the multiplicity array, and repeats the data from Ref. 1) with a slightly different

discussion.

2. EXPERIMENTAL SETUP

The E-802 apparatus is shown in Fig. 1, in an isometric representation. The target is

surrounded by proportional counter tubes (TMA barrel and wall) with 3300 readout pads

for charged particle multiplicities and pseudo-rapidity distributions. The reaction angle

coverage is from 6 deg to 147 deg with full azimuthal coverage. A zero degree calorimeter

with ±1.7 deg acceptance stops the beam. The beam is defined in geometry and ion species

by two sets of upstream scintillator arrangements, while another scintillator provides the

time-zero signal for each event. In front of the calorimeter a scintillator counter detects

changes in the projectile charge Zp, and provides the minimum reaction trigger (INT)

together with the other beam counters, by demanding an incoming beam particle of charge

Zp(±l) in good geometry and a charge after the target of < Zp — 2. The central collision

trigger is formed by demanding INT in coincidence with the upper 7 % of the multiplicity

distribution (CENTRAL).

A large lead glass array (PbGl) of 245 pieces covering from 7.7 deg to 36 deg in reaction

angle and 180 deg in azimuthal angle measures electromagnetic energy, mainly from pi-

zero-mesons via their predominant two gamma-decay.

The magnetic spectrometer (Henry Higgins) has a bending power of 1.5 Tm and a

geometric acceptance of 25 msr. Four drift chambers (T1-T4) each of 10 or 12 planes

provide tracking ability for multiplicities of 15-20. A time-of-flight wall (TOF) of 160
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slats, each 1.6 cm x 76 cm provides the main particle identification. With a typical one-

sigma time resolution of approx. 75 ps, kaons and pions are separated up to 2.2 GeV/c.

A 96-segment aerogel (index of refraction n=1.02) threshold Cerenkov counter identifies

pions and kaons between 0.8 and 2.6 GeV/c.

The Cerenkov complex (CC) constitutes an independent spectrometer arm, with 1 msr

acceptance, and particle ID from 5 GeV/c to approx. 15 GeV/c via its three pressured

Cerenkov counters. The gas Cerenkov counter (GASC), which was not in place for the

April run, is a 40 segment, 4 Atm freon threshold Cerenkov counter that will, together

with the back counter (GCBC), provide 7T-K identification from approx. 2 GeV/c up to

approx. 5 GeV/c. Also the smaller lead glass array had not been completed.

Typical beam intensities were 2.4 x 10*/(0.5 s spill), and the beam purity was > 99.5%.

3. NUCLEAR STOPPING

It was shown2'3' that the maximum energy measured in the lead glass (in a setup with

full azimuthal coverage, different from Fig. 1 with 14.5 GeV/(cu) 16O was the same for

targets of Cu and Au, but smaller for C. As the energy in the lead glass derives primarily

from produced pions, and as the observed spectra could be quantitatively reproduced

by adding 16 geometry weighted convolutions of the observed p+Au spectrum, it was

concluded that the overwhelming majority of pions are produced in the first one or two

collisions of a projectile nucleon with target nucleons. The kinematics of 16O + Cu and
16 O + Au are therefore quite similar with respect to pion production, and the equality of

the maximum energy observed from Cu (diameter of 9 fm) and Au (13 fm) in the covered

pseudo-rapidity interval (1.1 < r) < 2.7) is then an indication of "full stopping" of O in

Cu.

Instead of looking at the transverse energy, one may ask, how much of the incident

projectile energy is removed by the collision with the target. This can be measured by the

zero degree calorimeter, and if zero-energy is measured, it may be taken as an operational

definition of full stopping. One should however consider the geometry of the nuclei, too.

If the projectile is larger than the target, some part of the projectile will always be a

spectator, continue forward and give a signal in the calorimeter. This is illustrated in Fig.

2 with data from 28Si + 27A1 and 28Si + 197Au. For minimum bias triggers (INT) both

calorimeter spectra show a broad distribution from just below the beam energy of 406

GeV towards zero. Note the characteristic rise for the Au target at the lowest channels.

For central triggers the spectra change dramatically. The Al spectrum peaks at approx.
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80 GeV in a fairly broad distribution, indicating that at the peak a clump of approx. 5

nucleons (80/14.5) go forward as spectators. For Au, the peak is at zero GeV, the same

peak visible in the minimum bias spectrum, demonstrating "full stopping".

Experiment 814 has measured transverse energy spectra for 10 GeV 28Si and also finds

"full stopping" in the sense discussed above for 16O (Ref. 4)).

4. MULTIPLICITY AND PSEUDO-RAPIDITY DISTRIBUTIONS

Figure 3 shows the multiplicity distributions for Si + Al and Si + Au with the INT

trigger. The results in Fig. 3 have not been corrected for target thickness effects, multihit

probabilities or for target-out background. The latter is of most importance for the lowest

multiplicities, while multihits lead to an underestimate of the highest multiplicities. Target

thickness effects are mainly from conversion of jr-zero-decay gammas to electrons, and lead

to an overestimate of the multiplicity. The target thickness effects were measured and are

important only for the Au target where they are of the order 10 %. The multihit loss at

tue highest Au multiplicities is of similar magnitude for the present pad segmentation, and

thus approximately compensates the conver sion effect. The high multiplicity part of the

spectra are thus expected to be nearly correct. The overall efficiency of the TMA array

is not known, but measurements over a range of applied high voltage (done in November

1987) show little effect on the spectra.

Using the multiplicity data from Ref. 3) obtained with 16O beams on C, Cu and

Au, it appears that the maximum observed multiplici ties (see Table 1) scale roughly as

^(target)1/3, a trend that also holds for the results in Fig. 3. As the geometries in the Si

and O runs were quite different, it is not possible to extract a projectile scaling from the

data here and in Ref. 3).

Figure 4 shows two pseudo-rapidity spectra corresponding to a cut on the upper part

of the energy in the PbGl array. The effects of the various systematic errors mentioned

above are of course different here; the multihit loss is not compensated, and would give

rise to too steep a descent at the highest rapidities, especially for Au. The affected parts

of the distributions have been omitted from the figure. The data in Fig. 4, due to the cut

in PbGl energy, do not suffer from "empty" target contributions.

The "middle" of the distributions, defined as the average of the ^-values of the two half

maximum points, is at r\ — 1.3 for Au said 1.7 for Al. At the maximum dn/drj is approx.

80 for Si + Au and approx. 31 for Ai. The ratio [dn/dr) (max, A\i)]/[dn/dT) (max, Al)] falls

between (197/27)1/3 and (197/27)2/3.
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It should be noted that the TMA detector does count low energy protons, i.e. it counts

also non-produced particles. If the ratio of non-produced particles over produced particles

is higher for Au, the scaling for produced particles is shifted towards a less steep trend

with A (target).

5. SPECTROMETER RESULTS

Figure 5 is a scatter plot of time of flight (abscissa) versus e/p (ordinate) where e is

the charge, +1 or - 1 and p the momentum of the particle. The data are from the angular

range 14 deg-28 deg, 28Si + Au central trigger. (21 deg in the laboratory is 90 deg in the

nucleon-nucleon center of mass.) The plot shows definite groupings, corresponding to n+,

K+
t p, d and barely visible t on the positive side and p, K~, ir~ on the negative side.

Parts of the corresponding mass spectra are shown in Fig. 6. The K+/K+ ratio from

Fig. 6, corrected for decays according to the observed momentum spectrum is 0.24 ± 0.05

while the K~ /n~ ratio is 0.04 with uncertainties +0.04 and —0.02. The uncertainties are

not caused primarily by counting statistics, but rather represent estimates of systematic

uncertainties from e.g., momentum scale and tracking efficiencies. The K-K separation

(Fig. 5) was accomplished up to p ~ 2.1 GeV/c and the data points collected in Fig. 6

all have p < 2.1 GeV/c. The ratios quoted above are the same for both possible magnetic

field directions and do not change after acceptance corrections. The n/K ratios at the next

higher angle setting, 24 deg-38 deg are consistent with the 14 deg-28 deg results quoted

above. In the 5 deg-19 deg spectrometer setting, the data suffer from a not yet understood

background.

K+/ir+ ratios from p + nucleus reactions in the literature5' depend on bombarding

energy, transverse momentum and target mass. Ratios from 0.05 to 0.4 have been mea-

sured, with the largest values for heavy targets and large transverse momenta. The data

in Fig. 5 has an average transverse momentum of ~ 0.4 GeV/c and provided this number

is representative, a ratio of 0.24 falls outside the p + nucleus systematics on the high side.
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TABLE 1

Multiplicity

Beam

0

Si

Systematics

Target

C

Cu

Au

Al

Au

Multiplicity

(maximum)
45(5)

80 (10)

100(10)

110(10)

250(20)

Multiplicity

(relative)

1

1.8(0.2)

2.2(0.3)

1

2.3(0.3)

A(target)1/3

(relative)
1

1.7

2.5

1

1.9

A(target]

(relative)

1

3.1

6.5

1

3.8

The 16O data cannot be compared to the 28Si data as the detector geomet ries were

substantially different. The uncertainties on the multiplicities reflect counting statistics.

No corrections for systematic errors have been made on the 28Si data, while the 16O data

have been corrected for target-out background.

-8-



FIGURE CAPTIONS

Fig. 1 Isometric representation of the E-802 detector (see the text).

Fig. 2 Zero degree calorimeter spectra for 28Si on targets of Al and Au (see the text).

Fig. 3 Multiplicity distributions for 28Si on targets of Al and Au. The spectra are for a

minimum bias trigger (INT) and have not been corrected for systematic errors (see

also the text).

Fig. 4 Pseudo-rapidity distributions for 28Si on targets of Al and Au. The results represent

a cut in the measured energy in the PbGl array corresponding to the upper 5 % in the

PbGl spectrum.

Fig. 5 Scatter plot of inverse momentum (ordinate) versus time of flight in ns (abscissa). The
data are from 28Si + Au, covering reaction angles from 14 deg to 28 deg. The trigger
was on high multiplicity (CENTRAL).

Fig. 6 The mass spectra in the n-K region as derived from the data in Fig. 5.
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