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Abstract

The transverse energy distributions have been measured for interactions of 32§ nuclei with Al, Ag, W,
Pt, Pb, and U targets, at an incident energy of 200 GeV per nucleon in the pseudorapidity region
-0.1 <Ny < 5.5, These distributions are compared with those for 150-W interactions in the same
pseudorapidity region and with earlier measurements performed with 10 and 328 projectiles in the
region -0.1 <ny,, <2.9. These comparisons provide both a better understanding of the dynamics
involved and improved estimates of stopping power and energy density.
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1. INTRODUCTION

The measurement of transverse energy produced in nucleus-nucleus collisions at high energies
allows the selection of collisions yielding very dense hadronic matter. If the energy density is high
enough, the hadronic matter may undergo a phase transition into a state of deconfined quarks and
gluons [1]. The energy densities reached depend, among other factors, on the degree of stopping which
occurs in each collision.

This article presents the results of our measurements on the transverse energy (Ep) with a nearly
complete coverage of pseudorapidity. The maximum energy densities achieved in %0 and 325-W
collisions have been previously estimated [2, 3] from the measurement of the maximum transverse
energy in the backward region and from using estimates of the relative contribution of E in the
forward region. The new measurements provide a check on the validity of these estimates. In addition,
the study of the event-by-event correlation between the forward and backward transverse energies as a
function of the full E; sheds light on the reaction dynamics. The dependence of the do/dEy and the
dE/dn distributions on the target and projectile is studied. Estimates of the maximum stopping and
energy density reached in 10-W and 328-W collisions are also obtained from the maximum value of
the total transverse energy measured in the full region.

2. THE EXPERIMENTAL SET-UP ,

The HELIOS (High-Energy Lepton and IOn Spectrometer) detector measures the transverse energy
in the backward region using uranium/scintillator and iron/scintillator sampling calorimeters, and in
the forward region using a uranium/liquid-argon calorimeter (ULAC). The backward transverse
energy (= Ep*%) is defined for —0.1 < my, < 2.9, whereas the forward transverse energy (= E°™) is
defined for 2.9 < n,, < 5.5 the 'Full' region = 'Backward’ + 'Forward'.

The uranium/scintillator calorimeters have a 20 x 20 cm? tower structure, for both the
electromagnetic and hadronic sections, The calibration and the method of analysis of the scintillator
calorimeters have been described elsewhere [2—4].

The electromagnetic (e.m.) part of ULAC starts 3.8 m downstream from the target and has a 5 cm
diameter hole to permit the projectile fragments to pass without interactions. This section has 1920
towers, most of them 2 x 2 cm? except for larger guard areas around the periphery of its acceptance,
and it has two sections in depth, 7 and 14 radiation lengths, respectively. The hadronic (had) section,
just behind the e.m. section, has no hole, it has 2.5 cm wide strips in the horizontal and vertical
directions transverse to the beam, and it is divided in depth into three sections, each about 1.5
interaction lengths deep. The ULAC was calibrated with electron and pion beams of momenta of 17,
45, 70, and 200 GeV/c. The calibration showed an average e/m ratio of about 1.10 = 0.03 and a
hadronic energy resolution of o/E(GeV) = 0.015 + 0.45/E for fully contained showers.

Downstream from the target, a set of three silicon ring counters (R;, R,, and Rj) [3, 5] are used,
as indicated below, to separate target interactions from background generated in the beam-pipe window,
in the air, and in the detectors themselves.

3. THE DATA SETS

During the 1987 HELIOS runs, the following numbers of triggers were collected: 15,000 O-W,
19,000 S-Al, 22,000 S-Ag, 26,400 S-W, 24,000 S-Pt, 15,000 S-Pb, and 23,000 S-U. The samples of
sulphur events were filtered to remove a) events with two simultaneous beam particles, characterized
by an anomalous measured total energy, b) upstream interactions, characterized by highly correlated
hits in the ring counter detectors [3], and c) downstream interactions characterized by Mg, > 1.1My, +
10 and Mg, < 40, where Mg, and My, are the multiplicities of the most downstream and the most
upstream ring detector, respectively. The oxygen sample was filtered using cuts similar to those used in
ref. [2]. The remaining contamination is removed by the subtraction of spectra obtained without any



target [3]. This contamination is negligible for the highest values of Er, but amounts to typically 20%
for Fr <25 GeV.

4. DATA ANALYSIS

The forward transverse energy Ef‘“w is calculated by a weighted sum of the energies found in
individual towers of the e.m. section and in individual strips of the hadronic section of ULAC: Ef™ =
EP™em) + E™(had) [6). The e.m. contribution to EP™ is straightforward:

EP™em)mEsE,

where s, is the sine of the polar angle of the i® tower, measuring energy E;.

The hadronic contribution to ER°™ is complicated by the lateral spread of the showers due to the
projectile fragments. To understand this effect, we have studied the shower profiles produced by
sulphur ions and protons interacting at the centre of the hadronic section of ULAC. The average
shower profiles for protons and sulphur ions are quite similar (fig. 1). The two central strips are
excluded from the determination of Elf"“", limiting the pseudorapidity acceptance to n = 5.5, but the
measured energies in these strips are used, event-by-event, to correct for leakage into neighbouring
strips of the energy deposited by nuclear fragments. To correct approximately for this 'leakagc, the
hadronic contribution to E;™™ is experimentally defined as

E{™ (had) w /2 £ X, (E, - BE, ) + LY, (E, - BE,) .

where X; (1)) is the sine of the polar angle of the geometric centre of the ith x-strip (j y-strip), E. (Eyj)
is the energy measured in that strip, and B; (B)) is the fraction of the energy of the central energy slab
energy E, (E,) in the i® (j%) strip as determined in fig: 1. Assuming azimuthal symmetry, the factor
nt/2 corrects for the effect of the Cartesian readout of the hadronic section of ULAC.

The correspondence between the experimental definition of E;Ww and the true one has been
investigated in a Monte Carlo simulation. We used an event generator [2], to which was added the
fragment simulation of ref. [7] in order to determine the sensitivity of Ey to projectile fragments, to the
particle mix, and to the momentum distributions. The converted energy is defined as the kinetic energy
of the baryons and the total energy of all other particles including the antibaryons. The calorimeter
simulation included the response to different particles (e/x), the energy leakage (affecting the energy
scale), and the resolution (affecting the shape). The evaluation of the systematic uncertainty included
that already evaluated for the backward direction (7.1%) [2) as well as the errors in the evaluation of
the forward Ey, which were due to the following: subtraction of leakage of fragment energy (2%),
calibration (2%), particle composition (3%), and e/n ratio (3%). The combined systematic uncertainty
on the Elf""" scale is 5.0%. Our data on the almost symmetrical system 32S—27Al were used to check our
evaluation of Ef”™ relative to Ef** as a function of E;, and was found to be consistent with the
expeclation,

To compute the pseudorapidity density of Er, a pseudorapidity must be attributed to each channel
of ULAC. There is a unique pseudorapidity for each tower of the e.m. section, but each strip -of the
hadronic section covers a rather large range in pseudorapidity. The Monte Carlo calculation shows that
the pseudorapidity is correctly measured, on the average, if we give each strip the pseudorapidity of its
centre minus 0.31. An effective pseudorapidity resolution of 0.2 in most of ULAC and of 0.4 near n=
5.5 is attained. ' :



5. RESULTS
5.1 Target dependence

The differential cross-sections do/dEy in the full region are presented as a function of E; in fig, 2
and in tables 1 to 6 for collisions of 32§ with various target nuclei at an incident energy of 200 GeV
per nucleon. For all targets, the Ep distributions have the shape that was previously observed for
incident oxygen and sulphur beams in the backward region [2, 3]: a plateau (shorter for the Al target)
followed by a steeply falling tail.

The maximum values of Ey obtained in the full region (from Ep =~ 190 GeV for 28-Al to
Er =~ 470 GeV for 25-U) are substantially larger than the values found [2, 3] in the backward region
(~ 94 GeV and ~ 339 GeV, respectively). The E; measured with full coverage, relative to that in the
backward region, increases consistently more for average central collisions (defined as the value of E;
for which do/dEr is 1/2 of the plateau value) than for the high-Ep tail. For example, in 32S-W
collisions at 200 GeV per nucleon, the extension from the backward to the full region increases £y for
average central collisions from 198 to 327 GeV, and from 310 to 445 GeV in the tail (fig. 3). The Ep
distributions for 200 GeV per nucleon 32§ on W targets are compared in fig. 3 with the predictions of
the FRITIOF 1.6 [8]} and IRIS 3.05 [9] event generators, FRITIOF uses independent nucleon—nucleon
interactions, whilst IRIS js based on colour exchange, with the dual parton model [9] as the starting
point. Both models use the Lund fragmentation model [10]. The Ep in the forward rapidity region is
somewhat overestimated in the tail of the distribution by the IRIS generator. In the full and backward
regions, and for both projectiles, the models reproduce the plateau in a satisfactory fashion, but fall
short, by about 15%, of describing the extent of the tail. This may be due to an underestimation of the
stopping power and/or to cascading in the target nucleus, not included in the models.

The target mass dependence of Ef*™™ can be fitted to the form A< [2, 3). The value of o varies
with the pseudorapidity window and decreases from o =~ 0.5 in the backward region [3] (0.48 = 0.02
and 0.53 = 0.04 for ¥0O at 60 and 200 GeV per nucleon, respectively, and 0.53 = 0.05 for 3§ at
200 GeV per nucleon), to o = 0.39 £ 0.01 (for 22S at 200 GeV) in the full region. The latter value is
closer to @ = 1/3 expected from naive scaling with target nucleus thickness, and was also reported by
the WAB0 and NA35 [11] experiments. The risc of E£™™ with A is generally interpreted as a sign of
'partial stopping|, since, in the case of full stopping, E™"!
the target. o

Full stopping, however, is observed at lower cnergies, e.g. at BNL in collisions at y/syy =
5 GeV, already in medium-size nuclear targets [12].

would cease to rise beyond a certain size of

5.2 Forward versus backward transverse energy deposition

Figure 4 shows a contour plot of the event-by-event differential cross-sections for Ef'"w VErsus
EP** for S-W collisions. The most probable E™ is proportional to E2** up to a value close to
E&™® where the sulphur nucleus fully overlaps the target. Beyond this, EP™ appears to be saturated
and is independent of E,l-’“k. This saturation can be interpreted in several ways: for example, a) after
full overlap, the number of participating projectile nucleons no longer increases, while that for the
target continues to increase; the backward rapidity shift occurring when more target nucleons are
participating forces E;orw/ET to decrease, so that E;orw is approximately independent of E}’m at large
enough E; or b) the production mechanism for Elf-Orw is independent of the production mechanism for
EP** [13]. The IRIS prediction for onc of the contours is shown; the overshoot in Ei™ is apparent
and there is less saturation in the IRIS prediction. Perhaps this is a consequence of an underestimate of
stopping and/or cascading.

One would expect the tails of do/dEr of the Elg‘”w distribution to be considerably steeper than
those of Ef*, and fig. 3 shows that this is indeed the case. The saturation of 5™ means that the
width of the tail of do/EL™ is determined only by the event-to-event fluctuations in EP™ and is



independent of the S—W geometry. The widths of the contours of fig. 4 reflect the magnitude of the
event-to-event fluctuations of Ef" versus E2*. Analysis of the contours shows that for central
collisions the r.m.s. width of the event-to-event fluctuations in E-F’“" is 12-15 GeV, or about 10%.
The contour widths do not depend strongly on the transverse energy; the fluctuations in E;mw for
peripheral collisions (low values of E2**) are about 10 GeV.

5.3 Projectile dependence

Comparison with the data taken with incident 160 illustrate the dependence of Ep production on
projectile mass. The Ey differential cross-section for 160-W collisions is given in table 7 and compared
with that for 325-W collisions in fig. 5. The increase of Ey for 32S over 60 is 62% for average central
collisions and 55% in the tail.

An estimate of the maximum stopping fraction $ can be obtained from the ratio
S(Ep) = Er/EF™. We determine E**! by distributing the available energy according to our measured
dEg/dn for the highest Ey [14) [where E*™ = Vs - m(N, + N} is the available centre-of-mass energy,
with 5 ~ 2 x 200 x N, x N, x m GeV2% N, and N, are the number of participating projectile and target
nucleons, respectively, and m is the nucleon mass]. The values of S for Er such that do/dE; reaches
10~ times the plateau value in the full region are reported in table 8 for various projectiles and targets.
It is seen that § increases with the target thickness but does not vary much with the size of the
projectile. A similar calculation shows that even at an incident energy of 60 GeV per nucleon the full
stopping limit (S = 1) is not reached.

The energy density can be estimated, assuming that the initially available energy is deposited in
the relevant interaction volume V, often taken to be the geometric Lorentz-contracted volume. The
energy density € = y (Ef"** V) (where y = By, /s ) is ~ 5.5 GeV/fm? and ~ 6.8 GeV/fm? in the tails
of the 160-W and 2S-W distributions, respectively, consistent with earlier estimates [2, 3]. See
subsection 5.4 for another estimate.

5.4 Pseudorapidity distributions

The pseudorapidity distributions for 1$0-W and 328-W collisions are shown in fig. 6. Whilst the
shape of the distribution for each projectile in the backward region does not change very much with
increasing Er, most of the increase of Ep is in this region. The relative contribution of the forward
region changes with the projectile mass and with Er. For both projectiles, fig. 7 shows that the average
pseudorapidity shifts forward with increasing projectile mass and shifts backward with increasing Er.
The maximum dE/dr) value rises somewhat more rapidly than Er.

The comparisons to IRIS, shown in fig. 6, are made with samples for E; values corresponding to
the same do/dEy as the data. The trend is the same for both projectiles: there is a large underestimate
in the backward region for all E[f.““ whilst, in the forward region, the predictions are good for the
plateau region but there is an increasing small overestimate as E,E“" increases.

An estimate of the error in the energy density determined above can be obtained by calculating the
energy density in the Bjorken longitudinal hydrodynamic limit [15): € = 1/At (dEy/dn),,,, where 4 is
the cross-sectional area of the (smaller) projectile and T is the expansion time, whose value is
traditionally assumed to be = 1 fm/c. The corresponding values in this limit are ~ 3.0 GeV/fm? and
~ 3.4 GeV/fm2.

In fig. 7 we also give the r.m.s. widths of the measured dEr/dn distributions. As E; increases, the
width of the pseudorapidity distribution does not approach that expected for an isotropic distribution!
but is always larger. The corresponding value in pp collisions is measured to be o = 1.7 [16]. Such a

! In the case of isotropy, dEp/dn approaches the form 1/cosh3(v-v)y), which has an r.m.s, width = 0.7.



considerably larger width would be expected if the system of high energy density were to undergo a
longitudinal expansion prior to emission of the particles. In the simplest case, onc may consider a
one-dimensional longitudinal expansion, as discussed by Landau [17] and more recently in ref, [18]. In
this picture, the width depends on the ratio of the initial and final temperatures. Within this framework
the expansion time is evaluated to be approximately t ~ 8 fm/c [17], compatible with an independent
determination based on Bose—Einstein interferometry [19]. However, a microscopic model such as
FRITIOF also predicts r.m.s. widths of the order of 1.2, as can be seen from fig. 7. Thus we cannot
make a clear distinction between the macroscopic and microscopic approaches.

6. CONCLUSION

In conclusion, we have presented our measurements of Ep with a nearly complete coverage of
pseudorapidity. It was observed that for large target nuclei, Ef in the full region is largely
determined by Ep in the backward region since, as the total Ey increases, Ey in the forward region
becomes independent of that in the backward one. Thus £y measured with a backward coverage or with
a full coverage are equivalently good triggers for selecting high-energy density. The pseudorapidity
distributions do not approach those for an isotropic fireball even at the highest measured Er, but are
always considerably broader. The evaluated stopping fractions increase with the atomic number of the
target, reaching values as high as 0.9. However, stopping does not appear to depend greatly on the
size of the projectile; this could be because oxygen and sulphur nuclei are small relative to the heavy
targets that we have investigated in detail. The estimated energy density is within the range of values
predicted for the onset of the deconfinement phase transition [1].
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Table 1

The transverse-energy differential cross-section de/dEr in the full region
for 200 GeV per nucleon *2S-Al collisions

Er Bin do/dEr Error
half-width | .
[GeV] [GeV)  {mb/GeV] [mb/GeV])
36.5 2.4 9.94 x 10*° 4.68 x 107"
41.4 2.4 9.07 x 10*° 4,52 x 107!
46.2 2.4 9,13 x 10*° 4.44 x 107}
51.1 2.4 9,27 x 10*° 4.35 x 107!
56.0 2.4 8.62 x 10%° 4.16 x 107!
60.8 2.4 8.75 x 10+° 4,12 x 107!
65.7 2.4 7.07 x 10%° 3.77 x 107!
70.6 2.4 6.87 x 10*° 3.71 x 101
75.4 2.4 6.75 x 10*° 3.57 x 107!
80.3 2.4 5,41 x 10+° 3.26 x 107!
85.2 2.4 5.65 x 10*° 3.20 x 107!
90.0 2.4 5.69 x 10*° 3.16 x 107!
94.9 2.4 4.96 x 10*° 2.87 x 107!
99.8 2.4 ‘ 4.81 x 10*° 2.79 x 107!
104.6 2.4 4,74 x 10*° 2.70 x 107!
109.5 2.4 4.50 x 10*° 2.61 x 10~!
114.4 2.4 3.97 x 10%° 245 x 1071
119.2 2.4 3.74 x 10*° 2.38 x 107!
124.1 2.4 2.98 x 10*° 2.11 x 107"
129.0 2.4 _ 2.94 x 10*° 2.07 x 10~!
133.8 24 2.41 x 10*° 1.87 x 107!
138.7 , 2.4 . 1.76 x 10*° 1.72 x 107!
143.6 2.4 1.92 x 10*° 1.72 x 10~}
1484 | 2.4 1.44 x 10%° 1.49 x 107!
153.3 2.4 1,02 x 10+° 1.24 x 107!
158.2 2.4 , 531 x10°' 8.87 x 1072
163.0 2.4 490 x 107! | 8.66 x 10~ 2
167.9 2.4 3,99 x 107! 8.99 x 10~?
172.8 24 | 240x107! 7.43 x 1072
177.6 24 1S x 107 4.19 x 1072
182.5 24 6.07 x 1072 7.83 x 1073
1874 | 24 | 292x10°? 6.21 x 10~?
192.2 2.4 1.23 x 102 4.74 x 10~?
197.1 2.4 4.08 x 1072 3.71 x 1073




Table 2

The transverse-energy differential cross-section do/dEr in the full region
for 200 GeV per nucleon 328-Ag collisions

Er Bin de/dEx Error
half-width -

[GeV] [GeV] [mb/GeV) ' [mb/GeV] -
4.7 4.7 3.30 x 10*? 2,58 x 10*2
14.1 4,7 8.22 x 10*! 6.59 x 10*}
235 | 4.7 2.36 x 10*! 3.07 x 10*°
38.1 94 1.54 x 10*! 1.95 x 10+
51.7 4.7 8.91 x 10*° - 2.69 x 10*°
61.1 4.7 9.53 x 10*° 2.50 x 10*°
79.9 14.1 4,83 x 10*° 1.17 x 10*°

108.2 14.1 2,76 x 10*° 8.78 x 107!

127.0 4.7 6.02 x 10*° - 1.49 x 10*°

145.8 14.1 4,40 x 10*° 7.80 x 107!

164.6 | 4.7 3.64 x 10*° 8.83 x 10!

174.0 4.7 431 x 10*° 9.89 x 107!

183.4 47 |  4.65x 10*° 1.10 x 10+°

192.8 % '4.15 x 10%° 2.08 x 107!

202.2 4.7 415 x 10%° 2.08 x 10!

211.6 | 4.7 4.14 x 10*° 2.08 x 107!

210 | 4.7 3.65 x 10%° 1.96 x 10~

230.4 | 4.7 © 73.51 x 10*° 1.92 x 10!

239.8 4.7 1317 x 10*° 1.83 x 10!

249.2 4.7 2.97 x 10*° 1.76 x 10~1

258.6 4.7 "2.72 x 10*° 172 x 107"

268.1 | 4.7 1266 x 10*° 1.67 x 10~ "

271.5 47 192 x 10*° - | 142 x 107!

2869 | 47 |  1.65x10*° 1.31 x 10!

296.3 | - 4.7 9.89 x 10! 1.01 x 107!

3057 | - 4.7 5.40 x 10! 7.43 x 1072

315.1 47 | 3.48x10°' | 224 x 102

324.5 ‘ 4.7 1.78 x 10! 1.58 x 10~2

333.9 | 4.7 CU733%x10°2 | 9.88 x 107

343.3 4.7 233 x 1077 4.01 x 107°

327 | 47 | 8.69x107% | 225x10°%

3621 | 47 | 133x107* | 9.41x 1074




Table 3

The transverse-energy differential cross-section do/dEr in the full region
for 200 GeV per-nucleon *2S-W collisions

Et , Bin . do/dET Error
half-width -
[GeV) . |,  [GeV] - [mb/GeV] [mb/GeV]
2.9 | 4.7 | L2sx10*' | 1.75x 10%°
2.3 47 1.58 x 10! 1.45 x 109
51.7 4.7 3 1,13 x 10 1.45 x 10*°,
61.1 4.7 1.00 x 10*! .| 1.32x10%°-
70.5 . 4.7 1.06 x 10! 1.24 x 10*%
79.9 4.7 8.97 x 10*° 1.00 x 10*°
89.4 4.7 5,63 x 10*° 9.91 x 10+°
98.8.. 4.7 : 7.10 x 10*° 8.68 x 1071
108.2 4.7 : 6.02 x 10*° 7.87 x 107!
117.6 4.7 . 7.11 x 10%° 6.82 x 10°!
127.0 4.7 7.66 x 10*° 4.78 x 107!
136.4 : 4.7 6.78 x 107° | 3.68 x 10~}
145.8 | 4.7 7.38 x 10%7° | 328 x 107t
155.2 4.7 7.00 x 10*° | 315 %x 107!
164.6 47 6.76 x 10*° 3.15 x 10!
174.0 4,7 6.19 % 10*° | 3.02x10"L
183.4 4.7 598 < 107° | 296 x 107!
192.8 4.7 6.18 x 10+° 3.02 x 1071
202.2. : 4.7 | 6.06 x 10*° - 3.00 x 101
211.6- 4.7 5.14 x 10*° 1.11 x 10~
221.0 , 4.7 4,61 X 10*° | 7.95%x 107!
230.4 4.7 | 4.67%x10%® ] 793 x 1072
239.8 |, 4.7 . 510 x 10*° 7.11 x 10~2

{Cont.)
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Table 3 (Cont.)

Er Bin : do/dET Error
half-width
[GeV] [GeV] [mb/GeV] [mb/GeV]
249.2 4.7 498 x 10*° 7.02 x 1072
258.6 4.7 4.93 x 10*° 6.97 x 10~
268.1 4,7 499 x 10*° 7.02 x 1072
271.5 4.7 4,96 x 10*° 7.05 x 1072
286.9 4.7 4,81 x 10*° 6.90 x 10~
296.3 4.7 4.66 x 10*° 6.77 x 10~2
305.7 4.7 432 x 10*° 6.49 x 10™2
315.1 4.7 4.06 x 10*° 6.32 x 1072
324.5 4.7 3.70 x 10*° 4.17 x 1072
333.9 4.7 3.14 x 10+° 3.85 x 1072
343.3 4.7 12,46 x 10*° 2.71 x 10°%
352.7 4.7 1.79 x 10*° 2.32 x 1072
362.1 4.7 1.18 x 10*° 1.33 x 1072
371.5 4.7 7.95 x 10! 1.08 x 10~2
380.9 4.7 4.73 x 107! 8.32 x 10°%
390.3 4.7 2,79 x 107! 6.38 x 1073
399.7 4.7 *1.34 x 10! 438 x 10°%
409.1 4.7 6.12 x 1072 293 x 107
418.5 4.7 2.84 x 1072 2.03 x 1073
427.9. 4.7 1.28 x 10°2 1.38 x 1072
437.4 4.7 '3.48 x 1072 7.47 x 103
446.8 4.7 1.49 % 107 8.65 x 10~4
456.2 4.7 -5.80 x 10~* 3.36 x 10~*




The transverse-energy differential cross-section do/dEr in the full region for

Table 4

200 GeV per nucleon **S-Pt collisions

Er Bin de/dET Error
half-width

[GeV] [GeV] [mb/GeV] [mb/GeV]
32.9 14.1 1.39 x 10*!? 7.63 x 10*°
61.1 14.1 8.23 x 10*° 1.77 x 10*°
89.4 14.1 9.31 x 10*° 1.54 x 10*°
117.6 14.1 9,29 x 10*° 1.35 x 10*°
145.8 14.1 6.30 x 10*° 1.10 x 10*°
174.0 14.1 6.40 X 10*° 1.03 x 10*°
202.2 14.1 6.81 x 10*° 1.05 x 10*+°
221.0 4.7 5.93 x 10%° 3.38 x 10!
230.4 4.7 5.93 x 10*°% 3.38 x 107!
239.8 4.7 5.30 x 10*° 3.19 x 10~}
249.2 4.7 4.53 x 10*° 295 x 107!
258.6 4.7 5.43 x 10*° 3.23 x 107!
268.1 4.7 5.51 x 10%° 326 x 1070
277.5 4.7 4.86 x 10*° 3.06 x 107!
286.9 4.7 527 x 10*° 3.19 x 10~}
296.3 4.7 5.25 x 10*° 3.18 x 107!
305.7 4.7 4.66 x 10*° 3.00 x 10!
315.1 4,7 5.26 x 10*° 3.19 x 107!
324.5 4.7 4,71 x 10*° 3.02 x 107!
333.9 4,7 3.72 x 10*° 2.68 x 107!
343.3 4.7 3.61 x 10*¢ 2.64 x 107!}
352.7 4.7 2.85 x 10*° 1.05 x 1071
362.1 4.7 2.07 x 10*° 8.89 x 1072
371.% 4.7 1.34 x 10*° 7.12 x 1072
380.9 4.7 8.63 x 107! 5.68 x 102
390.3 4.7 4,56 x 10! 4.10 x 107%
399.7 4.7 235 x 107! 291 x 1072
409.1 4.7 1.56 x 107! 2.34 x 10°%
418.5 4.7 4.83 x 1072 1.29 x 10~ %
427.9 4.7 1.42 x 107 % 3.46 x 107?
437.4 | 4.7 812 x 1073 2.57 x 10°?
446.8 4.7 3.14 x 103 1.57 x 1073

1
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The transverse-energy differential cross-section do/dFEr in the full region for

Table 5

200 GeV per nucleon *2S-Pb collisions

Er Bin do/dET- Error
half-width
[GeV] [GeV] [mb/GeV] [mb/GeV]
44.2 4.9 1.73 x 10*! 1.83 x 10*°
54.1 4.9 1.22 x 10*! 1.43 x 10*°
73.7 14.7 9.41 x 10*° 7.35 x 10+°
103.2 14.7 8.53 x 10*° 5.98 x 10!
132.7 14.7 6.94 x 10*° 5.17 x 107!
162.2 14.7 7.06 x 10+° 477 x 10~
191.7 14.7 5.79 x 10*° 421 x 107!
211.4 4.9 6.40 x 10*° 7.64 x 10~
221.2 4.9 6.29 x 10%° 7.93 x 107!
231.0. 4.9 5.40 x 10*° 7.11 x 107!
240.9 49 5.79 x 10*° 2.49 x 107!
250.7 4.9 5.73 x 10+° 2,48 x 107!
260.5 4.9 5.38 x 10*° 2.40 x 107!
270.4 4.9 5.23 x 10*° 237 x 107!
280.2 4.9 557 x 10*° 2.47 x 107!
290.0 4.9 5.60 x 10+° 2.46 x 10!
299.9 4.9 4,95 x 10*° 2.31 x 10~!
309.7 4.9 5.59 x 10*° 2.45 x 107!
319.5 4.9 5.37 x 10%° 2.41 x 10!
329.4 4.9 461 x 10*° 2.23 x 10~}
339.2 49 4.35 x 10*° 2,17 x 107!
349.0 4.9 3.60 x 10*° 1.97 x 107!
358.9 4.9 2.79 x 10*° 1.73 x 107!
368.7 4.9 1.79 x 10*° 1.38 x 10!
378.5 4.9 1,29 x 10*° 1.21 x 107!
388.4 49 8.01 x 10! 4,02 x 10!
398.2 4.9 3.34 x 10! 2.41 x 1072
408.0 4.9 1.34 x 107" 1.56 x 10~2
417.9 4.9 5.20 x 10°%- 9.05 x 102
421.7 4.9 2.30 x 10~2 6.31 x 103
442.4 9.8 9.30 x 10~} 9.30 x 107?




Table 6

The transverse-energy differential cross-section de/dEt in the full region for
200 GeV per nucleon **8-U collisions

Er Bin do/dEr : Error
half-width |

[GeV] [GeV] " [mb/GeV] " [mb/GeV]
37.6 94 9.72 x 10%° | 493 x 10*°
517 | 47 1.20 x 10*! 6.39 x 10*°
61:1 ' 4.7 6.80 x 10+° 6.67 x 10*°
70.5 : 4.7 9.36 x 10*° 4.91 x 10+°
79.9 4.7 4,62 x 10*° 3.96 x 10*°
98.8 14.1 . 5.64 x 10%° 2.46 x 10+°
117.6 4.7 620 x 10*° 3.07 x 10*°
136.4 14.1 412 x 10*° 2.95 x 10*%
155.2 : 47 3.82 x 10*¢ 2.29 x 10+°
164.6 4.7 9.24 x 10*° 2.86 x 10*°
174.0 4.7 5.65 x 10*° - 2.34 x 10+°
183.4 : 47 5.95 x 10*° 2.25 x 10*°
192.8 - 4.7 6.83 x 10+° 2.33 x 100
202.2 | 4.7 3.36 x 10*° 1.64 x 10+°
211.6 47 568 x 10*° 2.05 x 10*°
21.0 | 4.7 - 6.84 x 10*° 4.45 x 10*°
230.4 4.7 549 x 10*° | 416 x 107!
239.8 47 §.77x10%°% ") 414 x 1070
2492 : 4.1 565 x 10*° | 4.05x 107!
258.6 4.7 499 x 10*° | 385x 107"
268.1 | 4.7 5.92 x 100 4.19 X 107!
271.5 , 4.7 5,17 x 10*° 3.92 x 107!

(Cont.)
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Table 6 (Cont,)

Er Bin do/dET Error
half-width

[GeV] [GeV] [mb/GeV] [mb/GeV]

286.9 4.7 5.55 x 10*° 4.06 x 10~
296.3 4.7 5.52 x 10*° 4.00 x 10-"
305.7 4.7 5.79 x 10*° 4,10 x 107!
315.1 4.7 5.88 x 10*° 414 x 107!
324.5 4.7 5.47 x 10*° 3.99 x 10!
333.9 4.7 4.43 x 10*° 3.59 x 101!
343.3 4.7 492 x 10*° 3.78 x 101
352.7 4.7 4.04 % 10*° 1.53 x 107!
362.1 4.7 3.57 x 10*° 1,44 x 107!
371.5 4.7 2.62 x 10*° 1.23 x 107!
380.9 4.7 2,11 x 10*° 1.10 x 107!
390.3 4.7 1.60 x 10*°- 9.60 x 107!
399.7 4,7 1.18 x 10*° 8.23 x 10-2
409.1 4.7 6.82 x 10! 6.22 x 1072
418.5 4.7 443 x 107! 2.50 x 10~2
427.9 4.7 2.61 x 10! 1.91 x 1072
437.4 4.7 1.73 x 10°! 1.55 x 1072
446.8 4.7 8.90 x 10-2 1.10 x 10~7
456.2 4.7 4,33 x 1072 7.65 x 10~2
465.6 4.7 2.13 x 1072 5.34 x 1073
475.0 4.7 6.58 x 10~ % 2.94 x 1073
484.4 4,7 2,59 x 1073 1.83 x 1073




Table 7

The transverse-energy differential cross-section de¢/dEr in the full region
for 200 GeV per nucleon %0-W collisions

Ey Bin do/dEr Error
half-width
[GeV] [GeV] [mb/GeV] [mb/GeV]
124.6 2.4 6.92 x 10*° 2.31 x 10*°
129.3 2.4 1.05 x 10*! 1.00 x 10*°
134.0 2.4 9.71 % 10*° 9.67 x 10!
138.7 2.4 9.34 x 10*° 9.48 x 10!
143.4 2.4 1.04 x 10+! 1.00 x 10+°
148.1 2.4 8.58 x 10+° 9.10 x 10!
152.8 2.4 8.97 x 10+° 9.31 x 107!
157.5 2.4 7.05 x 10*° 8.25 x 107!
162.2 2.4 7.82 x 10*° 8.69 x 10~!
166.9 2.4 6.47 x 10*° 7.91 x 10!
171.6 2.4 7.05 x 10*° 8.25 x 10!
176.4 2.4 5.79 x 10+¢ 7.48 x 10!
181.1 2.4 6.56 x 10*° 7.95 x 10™!
185.8 2.4 4,91 x 10*° 6.88 x 10!
190.5 2.4 5.96 x 10*° 7.57 x 10!
195.2 2.4 4.60 x 10*° 6.64 x 107"
199.9 2.4 4.40 x 10*° 6.48 x 10!
204.6 2.4 2.29 x 10+° 4,67 x 101
209.3 2.4 2.09 x 10*° 4,45 x 10~!
214.0 2.4 1.89 x 10+° 422 x 107!
218.7 2.4 1.07 x 10*° 1.42 x 107!
223.4 2.4 8.96 x 10! 129 x 107!
228.1 2.4 6.86 x 107! 1.13 x 10!
232.8 2.4 3.68 x 10~! 8.23 x 1072
237.5 2.4 2.92 x 10! 7.30 x 1072
242.2 2.4 1.27 x 107! 4.78 x 1072
246.9 2.4 7.16 x 1072 3.58 x 1072
251.6 2.4 3.55 x 1072 2.51 x 1072
256.3 2.4 3.51 x 1072 2.48 x 1072
265.7 2.4 1.03 x 10°2 593 x 103
270.4 2.4 3.38 x 1073 3.38 x 1073




Table 8

The maximum stopping fractions (Smax) for 1®0-W (at 200 GeV per nucleon) and for collisions of
32S on Al, Ag, W, Pt, Pb, and U (at 200 GeV per nucleon) in —0.1 < Nab < 5.5
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O-W S-Al S-Ag S-W S-Pt S-Pb S-uU
Er [GeV] 264 192 153 445 435 432 472
EP* (GeV] 300 343 420 502 504 506 530
Simax 0.88 0.56 0.84 0.88 0.87 0.86 0.89




Figure captions

Fig. 1:

Fig. 2:

Fig. 3:

Fig. 4:

Fig. 5:

Fig. 6:

Fig. 7.

The energy of the neighbouring strips compared with the central strip ULAC as a function of
strip number: a) for incident 328 at 200 GeV per nucleon, b) for incident 200 GeV protons, For
a strip, the energy is summed for the three hadronic sections.

Transverse-energy differential cross-section, do/dEr, in the full region for 200 GeV per nucleon
328 on Al, Ag, W, Pt, Pb, and U collisions.

The differential cross-section do/dEp for 328-W collisions at 200 GeV per nucleon in the full
(&), forward (¥), and backward (full squares) regions. The predictions for FRITIOF (continuous
line) and IRIS (dashed line) are shown for the backward and full regions. Also shown is the
IRIS prediction (dashed line) for the forward region. The horizontal error bars indicate the
systematic error of 7% on the Ep scale. '

Contour plot of the differential cross-section dlo/(dEjl-’aCkElf-orw) for the production of Ep in the
backward region, and of Ey in the forward region at 200 GeV per nucleon. Successive contours
are separated by a factor 1/e. The IRIS prediction for one contour is shown as a dashed line.

Comparison between the Ep distributions over the full region for $0-W (full squares) and
325-W (A) at 200 GeV per nucleon.

Distribution of Ep as a function of pseudorapidity, normalized to the number of events, for
three values of Ey in the full region (plateau, shoulder, and tail) at 200 GeV per nucleon for a)
160-W and b) 328—W collisions. IRIS predictions (dashed lines) are shown for Ep values at the
same do/dE as the corresponding data.

The first and second moments of the pseudorapidity distributions as well as (dEp/dn),, versus
Er in the full region for 1%0-W and 32S-W collisions. The solid line indicates the FRITIOF
prediction. '
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