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Abstract. Charged pion yields and transverse energies
of baryons are measured for the reaction 50+ Cu,
Ag, Au at 60 and 200 A GeV bombarding energy in
the target fragmentation region employing the Plastic
Ball detector. Only little dependence of the measured
quantities on the bombarding energy is found. The
data are compared with the multi-chain fragmenta-
tion model of Ranft. As a result it turns out that
a leading order formation zone cascade is not suffi-
cient to explain the baryon yield and the transverse
energies of baryons in the target fragmentation re-
gion.

I Introduction

Nucleon-nucleus and nucleus-nucleus collisions at ul-
trarelativistic energies offer the interesting opportuni-
ty to investigate the space-time development of the
formation of secondary hadrons because the nucleons
in a nucleus serve as detectors of the products of the
initial collision.

The various available string models [1-6] repro-
duce rather successfully the particle and transverse
energy production [7-15] at mid and forward rapidi-
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ties. It has, however, been observed in hadron-nucleus
collisions [9, 16, 17] that an excess of particles over
the model predictions in the backward rapidity re-
gion. Furthermore, pseudorapidity distributions of
charged particles [18-20] show, unlike the distribu-
tions at forward rapidity, a strong dependence on the
target mass.

The standard, qualitative explanation of these ob-
servations is a cascading mechanism, where the pro-
duced secondaries from the primary collisions reinter-
act with the surrounding target matter. It is still an
open question whether experimental data can be fully
described by this intra-nuclear cascade reaction mech-
anism. This is partly due to the lack of exclusive ex-
perimental data in the target fragmentation region,
but, on the other hand, it was only recently that string
models have been combined with intra-nuclear cas-
cading [2, 21, 22]. In these models a phenomenologi-
cal parameter, 7, which has to be determined from
experiment, controls the formation time of secondar-
ies and hence the strength of the coupling of the par-
ticipant matter to the target spectator matter. Mea-
surements in the target fragmentation region can
therefore also serve to extract fundamental informa-
tion about the time scale of hadron creation.

A more unconventional mechanism to couple the
projectile to the target is a shock wave [23, 24], as
already early suggested by Belen’kji and Landau [25],
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Glassgold et al. [26] and later by Baumgardt et al.
[27]. A description in terms of hydrodynamic shock
compression of nuclear matter has been very success-
ful in explaining experimental findings like collective
sideward flow at the much lower bombarding energies
around 0.5 A GeV [28-30]. A comparison of a 3-di-
mensional 1-fluid hydrodynamical calculation for
O +Pb at 60 and 200 4 GeV bombarding energy [24]
with our data [31] seems, however, not yet conclu-
sive: while the calculated rapidity distribution of bar-
yons agrees well with the data at 60 4 GeV, a discrep-
ancy occurs at 200 A GeV. In the latter case the mod-
el predicts a too high rapidity shift of the target bar-
yons.

The present data were measured employing the
Plastic Ball detector [32]. This detector, which was
formerly employed as a 4 n-detector at the BEVALAC
at Berkeley, has been incorporated into the WA 80
experiment [33] in order to cover the target rapidity
region. Its capability to identify particles and to mea-
sure their energies gives the possibility to study the
target fragmentation region in great detail. In this
paper we shall mainly focus on baryon measurements
in the target rapidity region and in particular onto
their transverse energies. We shall compare our exper-
imental result with model calculations done with
Ranft’s multi-chain fragmentation model (MCFM)
[2, 133, which is modified by a leading order forma-
tion zone cascade. The possibility to determine the
formation time 7 shall be discussed.

II Experimental setup

The data were taken with the WA 80 setup [33] using
the 60 and 200 A GeV '®0 beam delivered from the
CERN SPS. The typical beam level was 2 x 10° ions
per beam spill. The 160O-ions were identified with thin,
total-reflection quartz Cerenkov counters. The data
were taken with a minimum bias trigger requiring:
i) less than 88% of the full beam energy measured
in a zero degree calorimeter (ZDC) [34]; ii) at least
one charged particle recorded within a polar angle
of 30°=9=1°.

The Plastic Ball [32] measures charged particles
emitted in the angular range 160°=32=30°
(—1.7=1<1.3). In its present configuration, it con-
sists of 655 AE-E modules arranged in a sphere. The
modules are capable of identifying charged =’s, pro-
tons, deuterons, tritons and **He. Protons up to
240 MeV are stopped in the 35.6 cm long plastic scin-
tillators. The measured pions are predominantly mini-
mum ionizing. Therefore the Plastic Ball determines
only the yield of the charged pions, but does not mea-
sure their energy. The 4 E counter, a 4 mm CaF, crys-
tal, allows, to some extent, an extension of energy

measurements of protons based on the AE signal
alone. In the present data set proton energies were
determined up to about 300 MeV. The low energy
cut-off depends (i) on the energy loss in the target
foil, which is a function of the energy and the angle
8 of the particles, and (ii) on the particles stopping
in the A E-counter. In order to minimize the absorp-
tion of slow particles thin targets were chosen:
200 mg/cm? of Cu and Ag, and 250 mg/cm? of Au.
For the same reason the target vacuum chamber was
made of 135 mg/cm? of aluminium.

HI Data analysis and Monte Carlo corrections

The copious pion production in central heavy-ion col-
lisions at ultrarelativistic energies leads to a non-neg-
ligible multiple-hit probability in the Plastic Ball de-
tector — in particular at the more forward angles. The
multiple-hit correction for charged particles can be
estimated analytically. However, in order to correct
spectra and yields of identified particles an involved
Monte Carlo calculation is required. The complexity
of the problem can be conceived considering the fol-
lowing example: The measured yield of, e.g. protons,
of a certain energy consists of “true” and “false” pro-
tons, the false ones originating from double- or multi-
ple hits of a single detector module by mostly pions,
d-electrons and neutral particles. The probability for
the occurrence of the false, background protons of
a certain energy depends both on the yield and the
spectral distribution of pions, é-electrons and neutral
particles. For the latter ones the response of the plas-
tic scintillator to neutral particles has to be taken
into account. While this process increases the appar-
ent yield of measured protons over the true yield,
it is, on the other hand, diminished by multiple hits
of protons with other kinds of particles. The influence
of this second process depends again on the yield
and spectral distribution of the particles.

Our approach to simulate the response of the Plas-
tic Ball by means of Monte Carlo calculations in a
high multiplicity environment is as follows: Several
low multiplicity events (N pargea <25), as measured in
the Plastic Ball, are convoluted under the condition
that the multiplicity distribution ¢(N) of a central
event is reproduced. The underlying assumptions are
that the low multiplicity samples consist of well iden-
tified particles and that the phase space distribution
of particles from a low multiplicity event, i.e. a periph-
eral collision, is not too different from a central one.
While the first assumption can be verified directly
by looking at the measured AE-E spectrum, the sec-
ond one is not evident a priori. However, the main
source hampering the identification of baryons are
multiple hits of charged pions and y’s from n°-decay.



The production of these particles is rather successfully
described by models based on independent nucleon-
nucleon collisions [14]. This suggests that also the
second assumption is valid to a high degree.

Our Monte Carlo, having as input events consist-
ing of well identified particles, yields both the back-
ground of the baryon distribution as well as a correc-
tion factor due to multiple hits. The background con-
tribution below the relatively sharp peak resulting
from minimum ionizing charged pions is negligible
and therefore not explicitly calculated, i.e. NJioy enter-
ing (1) and (2) below is assumed to be zero for pions.
The actual calculation of the correction is done in
two dimensions, i.e. as a function of angle and energy.
The formula used to reconstructed the “true” yields
of particles, N, is

exp _ NJMC
N Nbgnd

Mrue = (1)
£
with the efficiency ¢ given by
MC _ ppMC
e= N 'bgnd (2)

NMC

true

N®® ig the experimentally measured yield and NMC
and NYS, are the results of the Monte Carlo simula-
tion for the measured yield and the background con-
tribution, respectively. NMS is the Monte Carlo result
for a detector of infinite granularity, i.e. no double
hits.

Figure 1 shows a result of the Monte Carlo calcu-
lations. Shown are the efficiencies ¢ for measuring a
proton or a charged pion, respectively, as a function
of the pseudorapidity # for a central collision of
O+ Au at 200 A GeV. It can be seen that the effi-
ciency to detect a proton in the most forward ring
of modules (1.0<x=1.3) of the plastic ball is only
~20% and hence the correction is correspondingly
large. We will therefore present our results on baryons
in the limited range of —1.7<%<0.6, where the effi-
ciency is >60% . For the same reason results on pion
yields will be presented for —~1.7<n<1.0.

The particle identification window in the AE-E
plane for minimum ionizing pions was chosen such
that double hits with neutral particles or not too ener-
getic d-clectrons will still fall into the pion window.
For baryons, on the other hand, where the kinetic
energy is determined and isotope separation is re-
quired, the width of the particle identification band
has to be sufficiently narrow, making the baryon yield
more susceptible to double hits losses. For these rea-
sons the efficiency ¢ for measuring baryons is always
smaller than for measuring pions and reaches only
about 80% at backward angles, in contrast to a value
close to 100% for pions.
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Fig. 1. Efficiencies for detecting a proton or a charged pion in a
central collision O + Au at 200 A GeV as estimated from the Monte-
Carlo calculation described in the text
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The Monte Carlo calculation — a convolution of
peripheral events done under the condition that the
experimental integral distribution o(N) of a central
event is reproduced — describes the measured differen-
tial distributions d N/dn within +15%. Additionally,
we have studied the effect of varying the background
N4, which enters (1) predominantly via the denomi-
nator (NM°—Npic)). The band in the upper graph of
Fig. 1 represents the result of this estimate for the
efficiency ¢ for protons. As can be seen the effect on
¢ becomes large for #> 1, where the “signal-to-back-
ground” ratio for protons is small. In our restricted
range —1.7=%n<0.6, however, the variation in ¢ is
relatively small. We therefore take +15% as a rough
estimate of the systematic error of the correction to
the data. The corresponding uncertainties for the cal-
culation of baryon yields, transverse energies etc. are
shown as error bars in the distributions or are listed
in the tables. The statistical error is, except in the
very tails of the distributions, always much smaller
than the systematic one and is therefore, if not men-
tioned otherwise, not considered.

Furthermore it is found that for proton energies
above 300 MeV the background from pions becomes
intolerably large: therefore we restrict proton identifi-
cation to the window 20 MeV <E_, ., <300 MeV *.
Figure 2 shows a particle identification spectrum for

* Apparent differences from preliminary results published as pro-
ceedings of the 6" International Conference on Ultra-Relativistic
Nucleus-Nucleus Collisions-Quark Matter 1987 in [31] are mainly
due to this restriction in the proton identification window
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Fig. 2. Particle identification spectrum for baryons for central col-
lisions O+ Au at 200 A GeV. The Monte-Carlo simulated back-
ground due to multiple hits has been subtracted

central O+ Au collisions. The spectrum is integrated
over the pseudorapidity and energy range
—1.7£91=0.6 and 50 MeV <E_,cieon < 150 MeV, re-
spectively. It is corrected for background contribu-
tions due to multiple hits.

The data presented in this paper are characterized
by the remaining energy of the projectile at small
angles (<0.3°), as measured in the ZDC [34] of the
WA 80-experiment. Central events at 200 4 GeV
bombarding energy were selected by requiring less
than 20, 30 and 40% (12, 14 and 22% at 60 A GeV)
of the full beam energy deposited in the ZDC for
the reaction %04 Au, Ag and Cu, respectively. All
spectra shown in the paper are selected for central
collisions employing the above critera. It should also
be noted that we estimate the number of baryons
as (4/Z)p+2d+3(t+>He)+4*He, where the factor
A/Z accounts for the unmeasured neutrons. A and
Z are the target mass and charge, respectively.

When comparing with model data, the generated
events are subjected to the same cuts and selections
as the experimental ones, which are: i) the absorption
of low energy particles in the target material; ii) the
lower and upper energy detection thresholds for pro-
tons iii); the angular selection of —1.7<%<0.6 or
1.0, dependent on the particles considered; iv) the cen-
trality selection via energy spectra at zero degrees
as described above *.

* A FORTRAN subroutine to filter the output of simulations so
that they can be compared with our data is available from the
authors
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Fig. 3. Comparison of the energy spectrum obtained from Ranft’s
MCFM at © <0.3° (filled circles) with the measured spectrum in
the ZDC (histogram) for the reaction 0 4+ Au at 200 4 GeV

Figure 3 compares the energy spectrum at
® <0.3° obtained from the generated events with the
measured spectrum in the ZDC for the reaction 160
+ Au at 200 A GeV. The error shown is statistical
only. The similarity of the spectra assures the same
impact parameter range selection for both the experi-

" mental and simulated data. The effect of the accep-

tance cut of the plastic ball can, for example, be seen
in Figs. 7 and 9.

IV Results
IV.1 Calorimeter-like E,~distributions

Energy measurements in ultrarelativistic nucleus-nu-
cleus collisions have so far mainly been carried out
measuring the energy of particles deposited in a calo-
rimeter [10-12, 15, 35]. The interest was hereby fo-
cused on the transverse energy E,=) E, sin $;, where
the sum extends over the calorimeter cells. In order
to complement these measurements, which were done
mostly at mid and forward rapidities (only NA 34
covers part of the target fragmentation region by mea-
suring for n = —0.1), the Plastic Ball data are analyzed
in the same manner as would be obtained using a
calorimeter. The inputs are the measured energy dis-
tribution of the baryons d E?*¥°"/dy and the distribu-
tion dN"™/dy of charged pions. n%s are taken approxi-
mately into account by multiplying the charged pion
distribution by 3/2. Particles with energies larger than
300 MeV are considered as pions. Pions are predomi-
nantly minimum ionizing and their energy is not mea-
sured in the Plastic Ball. The average transverse ener-
gy per pion {E/pion), where EF=sin3|/(p*+m?),
as a function of n is therefore taken from Ranft’s
MCFM and is shown in Fig. 4. The value of
~ 360 MeV for #>0.5 is roughly in agreement with
experimental data measured in the region 2.0<57<4.2
[20]. The uncertainty due to these assumptions
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should be compared with the typical resolution of

35%/]/E of the best sampling calorimeters, which re-
sults in a particularly poor performance for the soft
particles in the target fragmentation region.

Figure 5 shows the so obtained transverse energy
distributions for central collisions of O+ Au, Ag and
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Table 1a, b. Average transverse energies and slope parameters o
obtained from {E,> oc A}, for 60 a and 200 b A GeV bombarding
energy. The values are given in GeV. The slope parameter given
in brackets is from (EP*™°™) oc A% crators @8 described in the text

Target n Cu Ag Au o

a

C(E> [-17,10] 67+10 104116 156423 075

CED [—-17,06] 31405 5.0+0.7 78+1.1 0.81

CEF> [—17,06] 23404 35405 50407 0.68

(EPRors [—1.7,0.6] 0.8+0.1 1.5+£02 28404 111
0.95)

b

{E> [—-17,1.0] 72411 113417 188+28 084

{E> [—1.7,06] 34405 53108 91+14 087

(EFy [—17,06] 26104 38106 59409 0.72

(EPAyemy [—1.7,0.6] 0.8+0.1 15402 32405 122
(1.04)

Cu in the range* —1.7<#=1.0 for both 60 and
200 A GeV bombarding energy. The error bars repre-
sent the statistical error. The numerical values of the
average E, of a central collision as well as the uncer-
tainty due to the systematic error are shown in Ta-
ble 1. The target dependence — (E{f*™"*') oc A% o — is
ax0.75 for 60 and ~0.84 for 200 4 GeV. In order
to allow comparison with transverse energies from
baryons alone, on which we will report further below,
the values of {Ef™™" in the more restricted -range
—1.7£5n<0.6 are also given in Table 1. Further be-
low, we shall see to which fraction the slope parameter
o is due to transverse energy carried by mesons and
by baryons. However, we already see that the increase
of (Egentaly in the target fragmentation region is
much stronger than the ocAL>. dependence one
would expect from scaling with the target nucleus
thickness. Furthermore, we want to emphasize that
the transverse energy observed at backward rapidities
amounts to roughly 20% of the E, measured in the
range 24 <5 <5.5 [10].

Figure 6 shows the corresponding distributions
dE,/dn. As for the E,-distributions, only little depen-
dence on the bombarding energy is observed. Distri-
butions of this kind, as well as integrated yields as
in Fig. 5 have been used to extract information about
the amount of cascading [2, 3, 11, 13] in nucleon-nu-
cleus and nucleus-nucleus collisions. Since, in our
case, these spectra are somewhat model dependent,
since they do contain the average transverse energy
per pion taken from Ranft’'s MCFM, they are not
compared with the model predictions.

* We use here the baryons up to = 1.0; since the pions dominate
the yield, the additional uncertainty remains relatively small
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Fig. 6. Distribution of the transverse energy measured in the plastic
ball as a function of the pseudorapidity 5

In the following section we will discuss in detail
the measured pion yields and baryonic component
of these spectra. They will be compared with Ranft’s
MCFM in order to find out if an intra-nuclear cas-
cade, combined with the concept of a formation zone
for secondary hadrons is sufficient to describe the
measured yields and transverse energies.

IV.2 Distributions from identified particles

I1V.2.1 The concept of a formation zone intra-nuclear
cascade. In his model Ranft has modified a dual par-
ton Monte Carlo by a leading order formation zone
cascade [2, 13], which couples the primary interaction
zone to the spectator region. Secondary hadrons in
the collisions are not formed instantaneously. In their
rest frame they need a certain time distributed expon-
entially with average t, which is called the formation
time, before they are present as complete hadronic
states. During this time the hadrons have a reduced
probability for hadronic interactions inside the nucle-
us. This picture explains the absence of intra-nuclear
cascading at large rapidities, where the hadrons, due
to relativistic time dilation, are created outside of the

nucleus. At lower rapidities, however, hadrons pro-
duced in primary collisions have the possibility to
couple to the target spectator matter. A phenomeno-
logical parameter 1, is introduced which must be de-
termined by comparison with experiment. The forma-
tion time in the laboratory is then given by

Tiab = Vs Ts (3)

where y,=E /m is the Lorentz factor of the second-
ary, and

mg

Ts="10 ms2+ptzs (4)
is the formation zone in the rest frame of the second-
ary produced particle *. The quantities p,; and m, are
the transverse momentum and the mass of the second-
ary particle, respectively. The leading order cascade
considers only secondary collisions of particles which
are produced in the primary collision. It does not
include the intranuclear cascade for all low-energy
hadrons created in the secondary collisions, and so
on.

Figure 7 shows a typical rapidity distribution of
baryons as calculated with the model for central col-
lisions of O+ Au at 200 A GeV and a 7, of 5 and
100 fm/c, given by the dashed and solid curves, re-
spectively. Only those baryons which are produced
either in the primary collisions or by the cascade are
shown, ie. the integrated yield of baryons is always
smaller than the sum of 4., and Apojeciie- Three
regions are clearly distinguishable: a) ~16 baryons,
—the projectile participants —can be found for y>3;
b) ~41 baryons, —the target participants, —fall with-
in 0.5<y=3; and ¢) the target fragmentation region
for y<0.5. It is only in region ¢) where the baryon
number depends substantially on the formation zone.
The dashed-dotted histogram in Fig. 7 shows the bar-
yon distribution for 7, =5 fm/c after taking the Plastic
Ball acceptance into account. The main cause for this
drastic reduction in the baryon number is, beside the
angular cuts, the low energy cut-off of the Plastic Ball,
which discriminates against the very soft target bar-
yons predominantly present only in the model calcu-
lations.

IV.2.2 Pion yields. Figure 8 shows the distributions
dN™/dn of charged pions. They are compared with
calculations within Ranft’'s MCFM using two differ-
ent values of 7, for the formation zone cascade: the

* It should be noted that in [13] the formation zone t is introduced
with a p, dependence given in (4), therefore the parameter 7, of
(4) differs from the formation zone parameter used in [2]. The factor
m?2/(m?+ p2) increases the extracted t, by a factor of 7.3, if one
assumes a pion with m,;=375 MeV
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Fig. 7. The distribution of baryons as calculated within Ranft’s
MCFM as a function of the rapidity y for central collisions O + Au
and a formation time parameter 7, of 5 (dashed curve) and 100 fm/c
(solid curve). The dashed-dotted curve is obtained after filtering
the model data (o, =5 fm/c) with the plastic ball acceptance

circles and squares are for 7,=>5 and 100 fm/c, respec-
tively. At a formation time 7, =100 fm/c the particles
materialize outside of the nucleus, ie. they do not
rescatter in the target spectator. As can be seen the
pion yields can be described at both bombarding en-
ergies and for all target-projectile combination shown
without the necessity to consider rescattering in the
target. It is, however, evident that the pion yields are
not a very sensitive tool for a determination of the
formation time, since the choice of a relatively short
formation time (7, =5 fim/c) only slightly overpredicts
the measured data. For comparison the experimental
(Egentralpions and the corresponding a-value in the
range —1.7<#<0.6 are also given in Table 1.

1V.2.3 Baryon yields and transverse energy distribu-
tions. The yield of baryons at backward rapidities is
expected be much more sensitive to cascading of sec-
ondary particles. As already pointed out in Sect.
IV.2.1 the baryon yield resulting from the model cal-
culation is strongly influenced by the low energy cut-
off of the Plastic Ball. Figure 9 compares the momen-
tum spectrum of protons from O+ Au in the range
0.08 < y<0.18 with the calculated one for a formation
time of 7, =5 fm/c. The error bars represent the statis-
tical errors only. It turns out that the simulated pro-
ton momentum spectrum is much softer than the ex-
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zone parameter 7, of 5 and 10 fm/c, respectively

perimental one. Hence the experimental proton yield
is much less affected by the low energy cut-off than
the model data, which are reduced by almost 50%
when applying the Plastic Ball filter.

Figure 10 compares the d N**7°"/dn-distributions
with the predictions of the model for 7, =5 and 10 fm/
¢. The model gives, as a consequence of the low energy
cutoff, considerably fewer baryons than the data, even
with the choice of a small formation zone parameter
(to =5 fm/c). Furthermore, the shape of the spectrum
is not described — in particular for # <0 the discrepan-
cy is large.

Figure 11 shows transverse energy distributions of
baryons for O+Au, Ag and Cu in the range
—1.7£%£0.6. The error bars represent the statistical
errors. The numerical values of ( Egentralbaryonyy aq well
as the uncertainty due to the systematic error are
given in Table 1. The circles and crosses represent
calculations for to=5 and 10 fm/c. In neither case
are the data at all reproduced. The calculation for
7,=10 fm/c underestimates (Efertral-baryens by 3 fac-
tor of 5; for 7o =35 fm/c the data are still underestimat-
ed by a factor of 2. The target dependence, if parame-
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200 AGeV
-1.7<n<0.6
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Fig. 11. Transverse energy spectra of baryons in the range
—1.7£9<0.6. The histogram represents the measured data while
the circles and crosses show calculations within Ranft’'s MCFM

assuming formation zone parameters 7, of 5 and 10 fm/c, respective-
ly. The solid lines are to guide the eye

do/dE,"*Y°" (mb/GeV)
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103
102
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terized with A%, gives a=1.11 for 60 and 1.22 for
200 MeV/nucleon incident energy, respectively. Since
the systematic error will probably influence {E,> for
the different targets into the same direction it is not
considered as a source of uncertainty for the extrac-
tion of . Using a more realistic, but model dependent
parameterization, namely (E{e°"bPaomy o 4% ors
=(Ayarget — Aparticipants) ONE obtains «=0.95 and 1.04
for the two bombarding energies, which might imply
that the observed baryons arise dominantly from tar-
get spectator matter. The number of target partici-
pants is taken from Ranft’s MCFM as outlined in
Sect. IV.2 and is 22, 30 and 41 for Cu, Ag, and Au,
respectively.

V Summary and conclusions

In summary we have measured pion yield and trans-
verse energies of baryons in the target fragmentation
region for the reactions 0+ Au, Ag, Cu at 60 and
200 A GeV bombarding energy. We have found only
little difference for the above quantities at the two
bombarding energies. This observation resembles the



limiting fragmentation behavior found for the cross
sections of intermediate mass fragments (4 < 50) pro-
duced in 60 and 200 4 GeV '®0 collisions with 238U
[36]. In the case of pion production, however, the
similarity of the yields at target pseudorapidities can
be attributed to the different kinematics at the two
bombarding energies: the #-distributions shift to-
wards larger # with increasing incident energy giving
about the same yields for y <1 [37]. This might, on
the other hand, also explain the similarity of baryon
production at target rapidities, namely under the as-
sumption that the target spectator baryons couple
to the primary interaction zone via the pions.

The transverse energy for #<1.0 is about 20%
of the E, typically measured at mid rapidity in the
range 24=n=<5.5 [10]. The E, in the target region
is decomposed into its pion and baryon component.
It is found that about 30% of the transverse energy
is carried by baryons (in the region —1.7<#¢0.6).
The slope parameter « describing the target mass de-
pendence of E, is an mixture of the strong target mass
dependence of the baryon component and of the rela-
tively weaker dependence of the pion component. The
value of « for the baryon transverse energy is =1,
which indicates a process where the whole target nu-
cleus becomes excited during the passage of the pro-
jectile through the target nucleus.

We have compared the data with Ranft’s MCFM.
The pion yield at backward pseudo-rapidities can be
satisfactorily reproduced without the necessity to in-
voke rescattering. On the other hand, we have shown,
based on an energy measurement, that the target spec-
tator baryons are not adequately described by the
leading order formation zone cascade contained in
the model. The transverse energy of baryons is, even
for the small formation time parameter 7,=>5 fm/c,
underestimated by the model by more than a factor
of two. The observation that the model fails to repro-
duce the proton momentum spectrum hence ques-
tions the possibility to extract the formation time
from a comparison of this model with the measured
baryon yields or transverse energy distributions.

It has to be left to further theoretical investiga-
tions if a full intra-nuclear cascade [22], which in-
cludes all subsequent collisions of hadrons created
in turn in the secondary collisions and so on, will
better agree with the data.
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