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We present experimental rapidity distributions dN_,/dy
over a wide range of bombarding energies and projectile
and target masses. Target and projectile spectators are
observed for peripheral collisions but not for the most
central collisions. This behavior is found for all systems
and bombarding energies investigated. Although detec-
tor inefficiencies tend to distort the experimental distri-
butions, they are on a tolerable level and do not remove
sensitivity to theoretical descriptions.

PACS: 25.70.Np

1. Introduction

The availability of exclusive, high-statistics 4n-data [1,
2 and therein] from relativistic heavy-ion collisions and
the simultaneous sophistication of non-equilibrium, nu-
clear transport models like the QMD [3-8, 30] or VUU/
BUU apporoaches [11, 15, 27, 29, 33, 39] allow detailed,
quantitative comparisons. The ultimate goal is to learn
about the nuclear equation of state (EOS). Compression
[36] and the resulting, experimentally verified, observ-
ables like flow angles [24] (an in-reaction-plane align-
ment of the transverse momenta [17, 18, 21, 29]), or
the out-of-plane squeeze-out of nuclear matter [26, 34]
have been suggested to be sensitively dependent on the
EOS [33]. However, it has recently been pointed out
[7-10, 31, 38] that the sensitivity of these observables
to the EOS is distorted by the introduction of in-medium
effects into the model calculations. The most important
are non-local, i.e. momentum dependent interactions,
and reduced in-medium N — N scattering cross sections
due to the Pauli-blocking of intermediate states [10 and
therein]. The flow of fragments, for example, is increased
both by a stiffer EOS and by momentum dependent in-
teractions. It is, on the other hand, decreased by reduced
in-medium N — N cross sections.

It has been suggested that this apparent ambiguity
can be resolved: if the in-medium cross section o4 enter-

ing the model calculations is reduced, then the rapidity
distributions d N/d y show effects of transparency, i.e. in-
complete thermalization of the available energy. The rap-
idity distributions, however, do not depend significantly
on the choice of a soft or hard EOS [7, 30]. One might
thus determine o, by comparing experimentally mea-
sured rapidity distributions and their bombarding ener-
gy dependence with model predictions.

In order to make such comparisons possible we will
present experimental rapidity distributions of Z=1 and
2 particles measured over a wide range of bombarding
energies and masses of projectile and target. Because of
the wealth of the experimental data we will show as
figures only a few, representative spectra. The complete
set of data is contained in tables in the appendix.

II. Setup and data reduction

The experiments were performed at the Berkeley Beva-
lac, using the Plastic Ball/Wall spectrometer [ 1, 14]. This
detector system has particle identification capability, in
the angular range from 9 to 160° in the laboratory sys-
tem, for singly and doubly charged particles as well as
positively charged pions. The forward direction (0-9° in
the laboratory system) is covered by the Plastic Wall,
measuring time-of-flight, AE, and the angle of the parti-
cles, thus identifying the nuclear charge and the velocity
of the particles. The rapidity variable, defined as

148,
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is therefore measured over the full angular range from
0°-160° in the laboratory for particles with charge Z=1
and 2. Here E=]/p?+m? is the total energy and p, and
B, are the momentum and velocity components parallel
to the beam axis, respectively. The inner part of the Plas-
tic Wall (0°-2.25°) is also used to define the trigger of
the whole spectrometer. The data discussed here were
taken with both a minimum bias and a central collision
trigger.
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III. Effects of detector inefficiencies

To measure rapidity distributions d N/dy in a fixed tar-
get experiment over the full range from target to projec-
tile rapidity is a difficult task. A large range of angles
and energies contribute to a given rapidity y, e.g. mid-
rapidity protons from a reaction at 400 MeV/nucleon
have to be measured in the angular range 0° to 50° with
energies larger than 80 MeV. Evidently, the experimen-
tally measured rapidity distributions will be distorted
due to detector inefficiencies. The main distortions, in
the present case, result from:

i) the low energy cut-off in the Plastic Ball due to
particles stopped in the target foil, the vacuum chamber
or the AE-layer of the modules;

ii) the low velocity cut-off in the Plastic Wall;

iii ) the high energy cut-off due to particles punching
through the plastic scintillators. The 4E-counters, 4 mm
CaF, crystals, allow, to some extent, an extension of
the energy measurements for punch-through particles
based on the AE signal alone, however, at the expense
of a degraded energy determination of the particles;

iv) nuclear reactions of very energetic particles in
the detector modules produce a shower of reaction prod-
ucts causing energy leakage;

v) multiple hits in a single detector module.

Evidently, (i) distorts the distribution mainly at the
target rapidity, while (ii)—(iv) are particularly disturb-
ing in the more forward part of the Plastic Ball/Wall.
Recall that at angles smaller than 9° the velocity is deter-
mined by means of time of flight in a downstream time-
of-flight wall which circumvents high energy cutoff's and
reaction losses to a large degree. This region is therefore
predominantly distorted by effect (v), which becomes
increasingly import for the heavier systems and the high-
er bombarding energies.

As a consequence of the above detector inefficiencies
the distributions will, in general, not be symmetric
around mid rapidity as one would expect for a 44 col-
lision measured by an ideal detector. In order to draw
quantitative conclusion from comparison with models
the acceptance of the detector has therefore to be taken
into account.

II1.1. Acceptance studies with FREESCO simulations

In order to study the effect of the acceptance cuts® simu-
lations have been done with the code FREESCO [22,
23] which includes collective flow of the participants
[24]. The parameters, which were determined for
400 MeV/nucleon Nb+ Nb, but not completely opti-
mized, are the following. The fractional reduction in lon-
gitudinal momentum/nucleon of the spectators in the
center of mass was taken to be 0.25(1 —v?), where v is
the fraction of the maximum impact parameter. The frac-

! Because of the complex acceptance of the Plastic Ball a FOR-
TRAN program was written to filter the output of simulations
so that they can be compared with our data. The code is available
from the authors (on e-mail from POSK@LBL)
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Fig. 1. FREESCO simulation results for rapidity distributions for
Z=1 (left) and Z=2 (right) particles for the reaction 400 MeV/
nucleon Nb+Nb grouped into five multiplicity bins. The upper
solid curves are unfiltered, while the lower gray curves are the
result of filtering with the Plastic Ball response. The vertical dashed
lines are at target and beam rapidity

tion of the excitation energy leaked to the spectators
was 0.05(1 —v?). The transverse momentum/nucleon of

the spectators was 140]/4v(1 —v) MeV/c. The momen-
tum/nucleon of the participant source flow was
200 MeV/c, where the tangent of the flow angle was

{1 —wv)/v. The results of these simulations are shown
in the Fig. 1, together with a curve showing the effect
of the Plastic Ball filter. The data are classified according
to five multiplicity bins (MUL1-MULS5) as defined in
a previous publication [17]. This selects collisions rang-
ing from peripheral to central. The disappearance of the
target rapidity peak, especially for Z=2 particles, is ob-
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Fig. 2. Comparison of data with the FREESCO simulation for rap-
idity distributions for Z=1 (left) and Z =2 (right) particles for the
reaction 400 MeV/nucleon Nb+Nb grouped into five multiplicity
bins. The points are experimental data while the gray curves are
the filtererd FREESCO results. The vertical dashed lines are at
target and beam rapidity

vious, Fig.2 shows the comparison of the filtered
FREESCO results with the data. For Z=1 particles the
simulation does not have enough of a projectile spectator
peak at low multiplicities. This could probably be cor-
rected by adjusting the parameters of FREESCO. For
Z =2 particles the spectator and participant peaks are
too well separated at medium multiplicities compared
to the data. This is probably intrinsic to the three source
structure of FREESCO and could not be corrected. It
is hoped that simulations based on fundamental princi-
pals instead of adjustable parameters will better repro-
duce the data and cast light on the physics involved.
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Fig. 3. Rapidity distributions of Z=1 (left) and Z =2 (right) parti-
cles from the reaction Au+ Au at 400 MeV/nucleon bombarding
energy. The data are classified according to five multiplicity bins.
The vertical dashed lines are at target and beam rapidity

We conclude that, even though the acceptance cuts
somewhat distort the experimental rapidity distribu-
tions, it should be possible to discriminate between dif-
ferent model descriptions.

IV. Results

Figure 3 shows, as an example, rapidity distributions
for the reaction 400 MeV/nucleon Au+ Au for charge
Z=1 and 2. Values for the impact parameter range can
be obtained from a comparison within the framework
of the QMD model: e.g. the fifth multiplicity bin selects
impact parameters b <3 fm [30]. As can be seen the rap-
idity distributions change drastically when going from
very peripheral (MUL1) to the most central (MULS5) col-
lisions: for the peripheral collision most of the charge
is still located at projectile and target rapidity. The
charge at target rapidity is, however, partly not detected
because of absorption in the target and the detector inef-
ficiency for low energy particles as mentioned above.
For semi-central collisions (MUL2, MUL3) we observe
that the projectile and target rapidity distribution begin
to merge. Finally, for central collisions (MUL4, MULY5)
the projectile and target distributions fully overlap, the
projectile and target spectator peaks have disappeared,
and the distributions are nearly gaussian shaped.
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Fig. 4. Rapidity distributions of Z=1 particles from the reaction
Ne+Au at 2100 MeV/nucleon bombarding energy selected for
three different multiplicity bins. A gaussian, shown as histogram,
with its center fixed at mid rapidity of the system 20 onto 197
nucleons is superimposed onto the data for the fifth multiplicity
bin. The vertical dashed lines are at target and beam rapidity

The above described observations, namely the pres-
ence of spectator peaks for peripheral and their absence
for central collisions demonstrate qualitatively the validi-
ty of the geometrical spectator-participant picture. For
peripheral collisions only part of the projectile, predomi-
nantly in the region of geometrical overlap, is stopped
while a sizeable fraction of the projectile and target re-
main close to their original rapidity. With increasing
overlap for the more central collisions almost no rem-
nants of projectile and target survive the collision, i.e.
a mid rapidity fireball consisting of the projectile and
target nucleons is formed.

Qualitatively, this behavior is observed for all projec-
tile-target combinations at all bombarding energies
under consideration. Even at the highest bombarding
energy, 2100 MeV/nucleon Ne+ Au, a mid rapidity fire-
ball with practically no projectile remnants for central
collisions? is observed as shown in Fig. 4.

Figures 5 and 6 investigate the projectile-target and
bombarding energy dependence, respectively, in more

2 The upper ends of the multiplicity bins MUL1 to MULS for
the reaction Ne+ Au at 2100 MeV/nucleon are 17, 34, 51, 68 and
80, respectively
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Fig. 5. Rapidity distribution for Z=1 particles from the reaction
Ca+Ca (top), Nb+Nb (middle) and Au+Au (bottom) at
400 MeV/nucleon, selected for the fifth multiplicity bin. A gaussian
(histogram) with its center fixed at mid rapidity is superimposed
onto the data. The vertical dashed lines are at target and beam
rapidity

detail. Figure 5 shows the rapidity distributions for
400 MeV/nucleon Ca-+Ca, Nb+4+Nb and Au+Au for
the fifth multiplicity bin. No remnants of the spectator
peaks are observed for any of the systems. In the case
of the lightest system, Ca+ Ca, deviations from the gen-
eral behavior have been reported for the average trans-
verse energy of protons at 90° in the center of mass
system [20] and for the degree of isotropy of the emission
pattern [25] and had been interpreted as a sign for par-
tial transparency. This distinction is not visible in the
present representation of the data, which might be taken
as an indication that the degradation of the momenta
of the projectile nucleons in Ca+ Ca collisions is suffi-
cient to remove spectators, but insufficient to reach glob-
al momentum equipartition. Figure 6 shows the reaction
Au+ Au for 250, 400 and 650 MeV/nucleon incident en-
ergy, again for the fifth multiplicity bin. In all three cases
no spectator remnants are left.

In all the MULS bins (Figs. 4, 5 and 6) a simple
gaussian, centered at mid rapidity, is superimposed onto
the data. The shape of the rapidity distributions is quali-
tatively reproduced by this gaussian shaped curve. In
addition, detector inefficiencies are clearly visible, e.g.
the apparent shift of the distribution at 650 MeV/nuc-
leon away from midrapidity which is probably due to
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Fig. 6. Rapidity distribution for Z=1 particles from the reaction
Au-+ Au at 250 (top), 400 (middle) and 650 (bottom) MeV/nucleon,
selected for the fifth multiplicity bin. A gaussian (histogram) with
its center fixed at mid rapidity is superimposed onto the data.
The vertical dashed lines are at target and beam rapidity

the detector effects (7ii )-(v) discussed above. We want
to stress here again that a comparison with model pre-
dictions requires appropriate filtering of the simulated
events.

This point is further illustrated in Fig. 7, where we
compare the integrated charge measured for central col-
lisions of 400 MeV/nucleon Ca+Ca, Nb+Nb and
Au+ Au (ie. the integral over Z=1 plus twice the inte-
gral over Z=2 rapidity distributions for MULS3) with
the total charge of the systems. The fraction of the ob-
served charge decreases from 90% for Ca+Ca to 83%
for Nb+Nb and to 75% for Au+Au. This decrease
of the fraction of the observed charge is partly due to
an increase in the multiple hit probability for the heavier
systems. It has, however, been shown [16, 19, 28] that
the fragment ratios d/p, t/p, >**He/p etc. increase with
the mass of the system. As a consequence a progressive
fraction of the charge may be contained in intermediate
mass fragments, which where, for the reactions discussed,
not measured with the Plastic Ball. A comparison of
a model predictions with the data should therefore be
simultaneously performed for particle ratios which have
been published elsewhere [16, 19].
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Fig. 7. Dependence of the measured summed charge of Z=1 and
Z =2 particles (black circles) on the total charge of the system
for 400 MeV/nucleon bombarding energy. The solid curve through
the data is to guide the eye

V. Conclusions and summary

We conclude from the experimentally measured rapidity
distributions a high degree of baryon stopping in central
relativistic heavy-ion collision at energies ranging from
200 to 2100 MeV/nucleon. These findings are in contrast
to early predictions [12, 37] of nuclear transparency at
the Bevalac energy regime, but confirm qualitively pre-
dictions based on hydrodynamics [32, 35, 36].

The data presented should allow detailed compari-
sons with recent transport models and help to determine
the in-medium N — N scattering cross section o.. The
experimental distributions shown above have led theore-
ticians to believe that, on a qualitative level, no substan-
tial modification of the presently employed free cross
section has to be implemented into the model calcula-
tions [13, 30].
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Dr. J. Aichelin and Prof. H. Stocker for stimulating discussions.
We acknowledge in particular the work of all present and past
members of the Plastic Ball group. This work was supported in
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Appendix

Tables 1 through 8 contain the numerical values of
dN.,/dy for Z=1 and Z =2 particles. The graphs in Figs.
1 to 4 and the numbers in the Tables 1 to 8 are normal-
ized to the number of events and to the unit of rapidity.
The statistical error ¢(dN_,/dy) of the data in Tables
1 to 8 can thus be obtained as o(dN,/dy)

=)/(dN./dy)/NF. The normalization factor NF is
found in Table 9.



62

Table 1. dN,,/dy, Ca+ Ca, 400 MeV/nucleon

Z=1 Z=2

y MUL1 MUL2 MUL3 MUL4 MULS5 MUL1 MUL2 MUL3 MUL4 MULS

-0.48 0.1 0.1 0.1 0.2

~0.44 0.1 0.1 02 02

~-0.40 0.1 0.2 0.2 0.3

—0.36 0.1 0.2 03 0.3 0.3

~0.32 0.1 0.3 04 0.5 0.5

~0.28 0.2 0.5 0.7 0.7 0.8

—0.24 0.3 0.7 0.9 1.1 1.2

—0.20 04 1.0 1.3 1.5 1.7

—0.16 0.5 1.4 1.9 2.1 24

—0.12 0.6 1.7 2.5 2.8 31

—0.08 0.8 2.1 3.1 37 40 0.1 0.1 0.1

—0.04 11 3.0 4.8 59 7.1 0.1 0.1 0.1 0.2
0.04 1.9 5.1 8.5 11.3 133 0.3 0.6 0.9 11
0.08 2.1 5.7 9.2 11.9 14.0 0.1 0.6 1.4 1.9 22
0.12 2.8 7.7 12.7 16.8 19.9 0.2 0.9 20 2.7 3.1
0.16 32 8.8 14.7 19.9 235 0.1 0.7 1.6 24 34
0.20 37 10.1 173 23.6 28.3 03 09 1.6 2.3
0.24 40 113 19.2 26.4 327 0.1 0.4 1.1 22 33
0.28 4.1 11.5 19.8 28.0 351 0.1 0.6 1.6 3.0 4.6
0.32 42 12.0 20.5 29.3 37.0 0.1 0.8 20 38 5.8
0.36 42 11.9 20.5 300 377 0.1 0.8 2.1 4.1 6.3
0.40 42 11.8 212 30.8 39.2 0.1 0.7 20 40 6.1
0.44 4.7 13.2 22.9 32.6 41.2 0.1 0.6 1.9 3.8 54
0.48 4.6 12.9 220 31.4 387 0.1 0.7 1.9 3.8 5.8
0.52 4.8 13.4 224 31.6 39.0 0.1 0.8 2.1 4.1 59
0.56 53 13.9 230 314 38.6 0.1 1.0 25 45 6.3
0.60 55 14.2 224 294 349 0.3 1.4 33 54 7.1
0.64 59 14.9 222 28.2 324 0.3 1.7 37 5.3 6.8
0.68 6.8 15.1 21.1 24.8 272 0.7 2.8 49 6.0 6.8
0.72 8.9 16.7 21.0 22.5 22.8 1.7 49 6.7 6.5 59
0.76 11.9 18.5 21.0 20.9 19.7 3.7 7.9 8.6 6.3 5.2
0.80 14.2 19.0 20.3 19.1 17.8 6.9 11.0 9.6 5.9 40
0.84 132 17.1 17.6 16.1 14.6 8.2 10.6 7.9 43 2.5
0.88 9.8 12.7 13.0 12.2 11.7 5.5 6.4 4.6 24 14
0.92 6.3 8.4 9.1 8.8 8.5 2.6 29 2.1 11 0.7
0.96 37 5.4 6.0 6.0 6.0 13 1.1 0.8 0.5 04
1.00 22 3.5 4.0 42 44 0.4 0.4 0.3 0.2 0.1
1.04 1.4 22 2.7 29 29 0.1 0.1 0.1 0.1 0.1
1.08 038 1.5 1.8 1.9 22
1.12 0.5 1.0 1.2 1.4 13
1.16 0.3 0.7 0.8 0.8 0.9
1.20 0.2 04 0.5 0.5 0.6
1.24 0.1 0.2 0.3 03 0.3
1.28 0.1 0.1 0.1 0.1 0.1
1.32 0.1

Table 2. dN,;/d y, Nb + Nb, 250 MeV/nucleon

Z=1 zZ=2

y MUL1 MUL2 MUL3 MULA4 MULS MUL1 MUL2 MUL3 MUL4 MULS5S

—0.48

—0.44 0.1 0.1 0.1

—0.40 0.1 0.1 0.1 0.2 0.1

—0.36 0.1 0.1 0.2 0.3 0.5

—-0.32 0.1 0.3 0.5 0.6 0.6

—0.28 0.2 0.6 09 0.8 0.5

—0.24 04 0.9 11 1.3 1.3

—0.20 0.5 14 1.8 1.8 2.2

—0.16 0.6 1.9 2.6 29 33
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Table 2 (continued)
Z=1 Z=2

y MULI1 MUL2 MUL3 MULA4 MULS MULI1 MUL2 MUL3 MUL4 MULS

—0.12 0.8 24 3.7 4.1 4.6 0.2

~0.08 1.1 33 52 57 6.5 0.1 0.1 0.2 0.1

-0.04 1.5 49 7.9 9.9 10.6 0.1 0.4 0.6 0.3
0.04 2.6 8.6 14.7 20.3 233 0.1 0.7 1.9 2.8 - 30
0.08 33 11.1 17.9 235 27.1 0.2 1.4 3.8 5.7 6.7
0.12 4.0 14.2 25.0 31.8 379 0.4 2.5 5.6 82 10.2
0.16 47 16.5 28.5 374 448 04 20 4.7 7.8 10.2
0.20 5.5 19.0 327 44.6 51.9 0.1 0.9 2.7 48 7.8
0.24 59 19.8 35.0 45.6 56.3 0.1 1.3 34 6.7 9.3
0.28 6.0 19.9 34.8 484 60.4 0.2 1.5 42 8.1 12.5
0.32 6.1 19.8 34.1 49.5 60.5 0.2 1.9 5.3 9.9 14.9
0.36 5.8 19.5 33.6 492 63.0 0.3 2.1 59 12.0 182
0.40 6.0 19.8 34.3 50.1 60.4 0.3 23 6.1 121 19.3
0.44 6.6 20.6 35.7 47.8 58.5 0.4 2.5 7.1 12.7 19.1
0.48 6.9 21.8 37.0 49.6 60.3 0.5 3.4 7.7 13.6 19.8
0.52 8.5 25.0 40.1 51.6 579 0.9 43 9.0 13.8 17.1
0.56 10.6 27.1 40.8 49.6 55.8 1.5 6.3 11.1 151 18.1
0.60 123 294 39.3 45.6 49.1 2.8 9.7 149 15.9 16.9
0.64 14.5 30.8 382 40.8 39.8 5.6 14.6 18.1 16.6 149
0.68 13.5 26.1 30.3 30.5 28.1 7.0 17.0 19.1 15.1 13.1
0.72 11.7 21.6 23.7 22.5 20.7 6.2 14.6 15.2 12.0 9.5
0.76 9.8 16.8 17.7 16.7 16.2 4.4 89 9.1 6.8 6.0
0.80 7.1 11.8 11.9 11.5 11.9 1.8 3.6 4.1 35 31
0.84 4.4 7.8 8.7 8.4 8.1 0.4 13 1.8 1.9 2.1
0.88 2.5 5.0 5.8 57 6.8 0.1 0.6 1.1 1.1 1.5
0.92 1.6 33 39 42 42 0.1 0.5 0.8 0.9 1.0
0.96 1.1 23 2.7 2.7 2.3 0.1 0.3 0.5 0.5 0.9
1.00 0.8 1.6 1.8 1.9 1.6 0.2 0.2 0.2 0.3
1.04 0.5 1.2 13 14 12 0.1
1.08 04 0.8 1.0 1.0 1.0
1.12 0.3 0.6 0.7 0.7 0.5
1.16 0.2 0.4 0.5 0.5 0.3
1.20 0.2 0.3 0.3 0.3 0.2
1.24 0.1 0.2 0.2 0.3 0.1
1.28 0.1 0.1 0.1 0.2 0.2

Table 3. dN,,/d y, Nb + Nb, 400 MeV/nucleon

Z=1 Z=2

y MULI1 MUL2 MUL3 MULA4 MULS MUL1 MUL2 MULS3 MUL4 MULS

—0.48 0.1 0.1 0.1

—0.44 0.1 0.1 0.1

-0.40 0.1 0.2 0.2 0.3

—0.36 0.1 0.3 0.4 0.4 0.5

-0.32 0.2 0.5 0.7 0.7 0.3

—0.28 0.4 0.9 1.3 1.1 0.9

—0.24 0.5 1.2 1.7 1.5 2.1

-0.20 0.5 1.7 2.5 2.3 29

—0.16 0.7 23 33 3.7 2.5

—-0.12 1.0 34 4.6 4.7 5.0 0.1 0.1 0.1

—0.08 1.3 4.2 6.2 6.2 7.9 0.1 0.2 0.2 0.2

—0.04 1.7 6.1 9.9 11.7 12.3 0.1 04 0.4 0.7
0.04 29 10.4 17.5 21.9 22.9 0.1 0.6 1.6 2.1 1.5
0.08 35 121 19:4 229 26.9 0.2 1.4 31 3.7 28
0.12 4.6 15.4 25.8 31.0 34.1 0.4 2.0 4.3 5.4 6.4
0.16 4.6 15.6 25.5 34.1 40.2 0.3 1.8 39 54 7.1
0.20 4.8 16.1 28.5 385 45.8 0.1 0.8 2.5 4.3 6.9
0.24 5.6 18.2 31.7 434 512 0.1 1.0 28 5.2 6.8

0.28 58 19.0 331 477 58.0 02 14 44 76 9.6
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Table 3 (continued)

Z=1 Z=2
y MULI1 MUL2 MUL3 MUL4 MULS MUL1 MUL2 MUL3 MULA4 MULS
0.32 5.8 18.9 33.6 48.6 59.1 03 2.0 3.5 9.7 14.1
0.36 54 18.7 349 525 68.2 03 2.2 57 111 16.4
0.40 5.3 18.5 36.0 532 65.5 0.2 2.1 54 11.3 18.1
0.44 5.5 20.0 38.1 58.6 69.9 0.2 1.9 5.8 11.3 17.6
0.48 54 19.5 35.6 532 64.4 0.2 2.0 5.6 113 17.0
0.52 53 18.3 33.8 50.2 65.3 0.2 22 6.1 11.8 16.2
0.56 6.2 211 364 51.6 62.3 04 24 6.9 12.3 16.7
0.60 6.8 21.6 36.5 49.8 594 0.5 32 7.8 12.1 16.5
0.64 74 222 36.6 479 56.7 0.6 39 8.6 11.8 16.7
0.68 7.8 229 352 437 50.0 0.7 40 8.0 10.7 14.6
0.72 93 24.0 329 38.5 38.1 1.5 6.4 104 11.9 13.0
0.76 11.9 25.6 32.1 339 34.1 2.6 8.9 120 114 11.1
0.80 13.6 26.1 30.7 304 311 5.6 132 13.7 10.2 10.2
0.84 136 26.0 29.5 27.6 26.7 6.6 14.1 13.5 8.5 59
0.88 12.1 22.5 244 22.7 20.8 52 11.5 10.5 6.0 5.1
0.92 9.7 17.6 19.1 17.8 18.2 3.9 7.0 6.4 3.7 3.1
0.96 7.1 12.6 144 13.6 13.0 1.7 30 30 22 2.3
1.00 4.3 89 10.7 10.0 8.0 0.5 1.2 1.3 1.3 1.0
1.04 2.9 6.2 73 7.7 7.6 02 0.6 0.6 0.5 0.6
1.08 2.0 4.5 5.6 5.6 5.8 0.1 0.2 0.3 02
112 1.5 35 4.1 43 35 0.1 0.1
1.16 1.0 24 2.6 2.5 2.8
1.20 0.8 1.5 1.7 1.6 1.6
1.24 0.4 1.0 1.0 1.1 1.3
1.28 0.2 04 04 0.4 08

Table 4. dN,,/d y, Nb + Nb, 650 MeV/nucleon

Z=1 Z=2

y MUL1 MUL2 MUL3 MUL4 MULS MULI1 MUL2 MUL3 MUL4 MULS

—048 0.1 0.4 0.5 0.6

—0.44 0.1 0.2 0.5 0.5 0.2

—0.40 0.2 0.3 0.6 0.5 0.8

~0.36 02 0.7 1.0 0.8 0.8

~0.32 0.4 0.9 14 1.2 0.4

—0.28 0.5 1.4 19 1.6 1.8

—0.24 0.7 2.1 2.7 2.5 2.2

—020 0.5 26 3.5 34 4.6 0.1

—0.16 1.5 35 49 4.8 4.8 0.1 0.1

—0.12 1.5 4.6 6.3 6.6 52 0.1 0.1 0.2

—0.08 2.1 59 8.2 9.1 8.9 0.2 04 0.4 0.4

—0.04 2.5 8.3 134 14.5 204 0.3 0.6 0.8 1.0
0.04 4.1 130 199 24.8 28.0 0.1 0.8 1.7 1.7 24
0.08 4.5 13.2 20.2 220 24.6 0.2 1.6 2.6 28 34
0.12 5.6 16.2 24.1 271 288 04 290 33 40 32
0.16 52 16.6 25.6 324 381 0.4 15 34 37 4.2
0.20 5.5 17.3 270 353 423 0.1 0.8 20 31 30
0.24 6.1 17.0 28.6 394 50.4 0.1 0.8 24 29 42
0.28 6.2 18.9 30.2 432 542 0.1 1.1 32 42 5.8
0.32 5.8 17.7 321 49.1 65.7 0.2 15 34 5.6 10.9
0.36 5.2 18.0 331 50.7 64.9 0.2 1.5 4.4 6.8 10.1
0.40 53 172 326 54.3 67.7 0.2 1.5 36 6.4 8.9
0.44 5.5 179 352 59.7 679 0.1 12 32 6.7 10.3
0.48 5.1 17.3 343 56.5 732 0.1 1.0 30 6.6 6.8
0.52 49 17.0 330 52.7 63.5 0.1 1.1 3.0 7.1 10.3
0.56 5.6 18.4 343 56.1 67.5 0.1 1.0 32 68 83
0.60 6.0 18.5 358 529 66.5 0.1 1.1 37 7.5 9.7
0.64 6.1 19.0 344 49.4 66.1 0.1 1.1 37 83 12.7

0.68 6.2 18.1 328 479 58.9 0.2 13 38 77 13
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Table 4 (continued)

Z=1 Z=1
y MULL1 MUL2 MUL3 MUL4 MULS5 MULL1 MUL2 MUL3 MUL4 MULS5
0.72 59 17.4 30.8 44.4 55.0 0.3 1.8 43 8.5 12.7
0.76 6.1 16.3 219 40.2 51.2 0.3 2.1 5.2 79 11.7
0.80 6.1 17.8 28.2 36.8 43.7 0.3 24 5.3 83 9.9
0.84 6.4 19.0 28.2 36.3 42.1 04 28 4.7 7.6 1.7
0.88 8.2 20.6 285 353 34.5 0.7 33 59 6.4 9.7
0.92 10.1 233 30.0 315 35.7 1.4 44 6.1 5.9 6.2
0.96 13.7 24.5 30.9 309 31.0 25 6.8 1.7 55 42
1.00 16.8 278 31.3 29.5 290 4.4 9.7 9.5 5.6 4.2
1.04 16.6 27.2 29.8 260 214 6.3 11.0 105 5.0 3.8
1.08 15.0 24.1 26.6 222 19.8 6.5 12.1 99 43 - 2.8
1.12 12,6 19.8 20.5 18.2 163 58 9.7 7.4 29 1.8
1.16 9.1 140 157 134 10.3 38 5.7 4.6 1.9 04
1.20 6.3 9.9 10.1 9.0 7.3 2.0 2.7 24 1.0 0.4
1.24 37 59 6.5 6.0 5.6 0.8 1.2 1.0 0.7 0.4
1.28 23 33 40 35 3.0 0.3 0.7 0.5 0.3 0.2
1.32 0.7 14 1.3 1.3 1.0 0.1 0.3 0.2 0.2 0.2
1.36 0.5 0.8 1.0 0.5 0.6 0.1 0.1 0.1 0.2
1.40 0.3 0.6 0.6 0.5 0.4 0.1
1.44 0.2 04 04 0.6 0.6
1.48 0.1 0.3 0.3 0.5 1.0

Table 5. dN,,/d y, Au+ Au, 250 MeV/nucleon

Z=1 zZ=2

y MUL1 MUL2 MUL3 MUL4 MULS MUL1 MUL2 MUL3 MUL4 MULS

—0.48 0.1 0.1 0.2

—044 0.1 0.1 0.1 0.1 0.1

—0.40 0.1 0.1 0.1 0.2 04

—0.36 0.1 0.2 04 0.4 0.4

—-032 0.3 0.6 0.8 1.0 0.8 0.1

—0.28 04 12 1.7 1.7 1.4 0.3

—0.24 0.6 1.7 24 2.9 2.4 0.8

—-0.20 0.8 2.6 3.9 4.2 4.1 0.6

—0.16 1.0 3.7 53 6.0 47 0.1 0.8

—0.12 1.3 4.7 7.3 9.5 85 0.1 0.2 0.9 0.1

—0.08 1.7 6.1 9.9 12.4 11.0 0.2 04 12 0.5

—0.04 2.1 84 14.4 19.4 197 0.3 0.7 2.0 0.7
0.04 36 14.0 254 35.6 41.7 0.2 1.2 33 5.1 53
0.08 4.7 18.4 303 41.1 47.1 0.4 2.8 6.5 9.6 10.9
0.12 6.2 23.7 40.3 564 67.7 0.7 49 10.0 14.0 16.3
0.16 74 28.2 46.8 64.4 759 1.0 6.1 11.8 17.8 232
0.20 85 332 54.0 74.6 91.5 04 2.8 7.1 13.6 18.4
0.24 9.3 34.7 57.0 79.8 96.2 0.3 3.0 7.9 15.4 239
0.28 9.1 333 56.2 81.0 103.0 0.5 42 11.1 20.0 30.1
0.32 8.9 322 55.0 82.0 102.0 0.6 5.2 12,6 24.5 34.6
0.36 8.4 314 54.8 80.7 1010 0.7 5.5 13.9 27.1 414
0.40 8.6 31.8 54.9 80.2 978 0.7 5.1 13.7 274 41.8
0.44 9.1 33.1 54.3 77.2 924 0.8 5.6 13.0 262 38.4
0.48 9.5 34.0 559 758 91.5 0.9 6.5 14.8 27.5 396
0.52 10.7 371 573 75.5 83.8 1.5 8.6 17.4 27.1 36.5
0.56 12.1 38.4 55.8 69.5 749 2.1 10.9 204 272 343
0.60 13.4 392 515 59.0 63.5 4.0 15.8 23.7 28.8 31.6
0.64 14.6 38.8 48.5 522 51.8 6.5 19.8 25.9 26.2 26.9
0.68 12.9 327 39.4 39.1 38.6 6.6 21.0 264 237 213
0.72 10.8 26.4 30.8 30.1 28.0 53 17.9 220 19.1 16.4
0.76 9.0 21.1 243 222 20.6 4.7 134 15.6 12.6 10.7
0.80 74 16.3 17.9 16.2 15.0 32 7.8 84 6.6 6.0
0.84 53 114 12.1 11.4 113 1.2 34 40 4.5 3.5

0.88 35 7.4 8.2 81 79 0.4 1.5 2:3 2.7 2.7
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Table 5 (continued)

Z=1 Z=2

y MUL1 MUL2 MUL3 MUL4 MULS MUL1 MUL2 MUL3 MULA4 MULS

0.92 22 4.6 5.2 52 54 0.2 0.9 1.5 1.7 2.3

0.96 1.5 3.0 3.5 3.6 4.1 0.1 0.5 0.8 1.0 0.8

1.00 0.9 22 23 2.5 2.6 0.1 0.3 0.4 0.4 0.2

1.04 0.7 1.4 1.5 1.6 1.5 0.1 0.1 0.1 0.1

1.08 04 09 1.1 1.2 1.2

1.12 0.3 0.7 0.8 0.8 0.5

1.16 0.3 0.4 0.5 0.5 04

1.20 0.2 0.3 0.3 0.3 0.1

1.24 0.1 02 02 0.2 0.2

1.28 0.1 0.1 0.1 0.1 0.1

Table 6. dN,,/d y, Au + Au, 400 MeV/nucleon

Z=1 Z=2

y MUL1 MUL2 MUL3 MUL4 MULS5 MUL1 MUL2 MULS3 MUL4 MULS

—0.48 0.1 0.2 02 0.4 0.2

—0.44 0.1 02 0.3 04 0.6

—0.40 0.2 0.4 0.5 0.5 0.6

—0.36 03 0.6 0.9 09 12

—0.32 0.5 1.4 1.7 1.8 1.7 0.1

—0.28 0.9 2.2 3.0 2.8 29 0.3 0.1

—0.24 13 29 43 43 34 0.5 0.2

—0.20 1.7 42 6.5 6.4 53 0.5 0.2

-0.16 1.9 53 8.5 8.6 7.5 0.1 0.7 04 0.1

—~0.12 24 7.1 11.7 12.5 11.6 0.2 0.8 0.7 02

—0.08 2.8 8.7 14.0 15.2 13.2 0.1 04 1.2 0.9 0.8

—0.04 37 11.8 19.8 25.0 259 0.1 0.5 19 1.9 1.3
0.04 5.6 18.4 327 43.6 46.2 0.3 1.6 4.1 5.3 45
0.08 6.4 20.5 33.8 421 45.5 0.5 2.8 6.8 79 6.6
0.12 8.1 26.0 429 5.5 634 0.8. 44 89 10.1 8.9
0.16 9.1 292 475 642 732 1.0 49 9.2 11.7 11.9
0.20 10.3 33.0 52.0 72.1 87.3 0.4 2.6 6.4 10.0 10.8
0.24 10.7 334 55.1 79.6 95.1 04 2.7 6.9 11.9 15.5
0.28 10.3 31.7 53.5 83.6 103.0 0.5 3.5 8.5 14.7 20.4
0.32 10.0 317 54.5 87.1 113.0 0.6 4.3 9.8 17.6 25.6
0.36 9.5 30.5 55.0 922 119.0 0.6 40 10.0 20.5 314
0.40 94 30.5 56.0 93.0 117.0 0.6 3.7 9.9 222 34.6
0.44 9.6 31.9 58.0 94.2 1170 Q.5 3.1 9.3 22.6 36.6
0.48 9.7 325 58.3 93.2 113.0 0.5 3.6 10.1 24.2 38.3
0.52 11.2 357 62.6 94.1 111.0 0.6 42 114 26.3 379
0.56 115 35.5 59.2 87.6 106.0 0.6 47 13.7 28.2 40.5
0.60 112 342 551 711 94.5 0.9 6.3 15.5 29.0 38.6
0.64 11.5 345 53.3 71.3 80.8 1.1 7.3 15.6 26.7 349
0.68 11.7 32.6 438.8 60.3 66.7 1.7 9.3 18.6 26.8 321
0.72 12.6 323 449 52.7 54.7 2.7 11.6 19.9 25.3 274
0.76 14.6 33.0 422 455 44.4 40 13.6 19.8 212 20.8
0.80 16.3 34.6 414 419 40.0 6.6 16.1 19.0 17.1 15.7
0.84 17.5 349 39.1 374 349 8.8 18.2 19.3 13.6 101
0.88 16.2 30.6 34.6 320 282 8.5 17.5 18.1 11.0 7.2
0.92 13.5 25.7 28.8 25.6 220 6.8 139 13.9 7.8 4.8
0.96 104 19.5 21.6 19.2 171 4.7 8.7 8.6 4.7 2.6
1.00 1.5 139 153 13.7 13.8 23 4.4 43 2.5 1.6
1.04 4.8 8.9 10.6 9.7 9.3 09 1.5 1.8 1.0 0.4
1.08 3.3 5.9 6.8 6.5 6.3 0.3 0.7 0.7 0.4 0.3
1.12 21 39 43 43 41 0.1 0.2 0.3 0.2 0.1
1.16 14 2.7 2.9 2.9 2.5 0.1 0.1 0.1 0.1
1.20 0.9 1.7 1.9 1.8 1.9 0.1 0.1
1.24 0.6 1.0 1.0 0.9 11
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Table 6 (continued)
Z=1 Z=2
y MUL1 MUL2 MUL3 MUL4 MULS MULI1 MUL2 MUL3 MUL4 MULS
1.28 0.3 0.5 0.5 0.5 0.5
1.32 0.1 0.2 0.1
1.36 0.1 0.1 0.2 0.1
1.40 0.1 0.1 0.1 0.1
1.44 0.1 0.1 0.1 0.1
1.48 0.1 0.1 0.1

Table 7. dN,,/dy, Au+ Au, 650 MeV/nucleon

Z=1 Z=2

y MUL1 MUL2 MULS3 MUL4 MULS MUL1 MUL2 MUL3 MUL4 MULS5

—0.48 0.3 04 0.6 0.8 0.9

—0.44 0.3 0.5 0.8 11 1.2

—0.40 0.4 0.7 12 1.4 L5

—0.36 0.7 1.3 1.9 21 22

—0.32 1.1 2.2 3.1 34 29

—0.28 1.6 3.1 4.5 4.7 4.5

—0.24 22 4.7 6.5 6.7 59 0.1

—0.20 3.0 5.8 9.3 9.4 8.5 0.1 0.1 0.1

—0.16 35 7.6 11.7 12.4 11.5 0.1 0.3 03 0.2

—0.12 42 9.3 14.8 16.3 13.8 0.1 0.3 0.6 0.6 0.3

—0.08 4.8 11.0 173 19.8 18.1 0.1 0.5 1.1 1.1 0.7

—0.04 6.6 155 25.8 326 326 0.2 0.7 1.7 2.0 1.5
0.04 9.4 21.5 37.0 49.3 52.1 0.4 1.8 39 4.8 3.6
0.08 9.6 21.9 344 43.2 435 . 08 29 5.7 6.0 4.6
0.12 11.9 26.9 43.5 559 61.0 1.1 3.6 6.7 7.2 54
0.16 13.1 292 46.4 62.0 694 12 3.6 64 7.8 73
0.20 13.9 31.8 51.0 70.0 82.8 0.5 20 4.7 7.5 7.9
0.24 14.4 325 53.0 76.9 94.7 0.5 23 53 8.2 9.4
0.28 13.9 31.3 53.0 82.8 105.0 0.6 2.8 6.2 10.0 13.0
0.32 13.0 30.2 54.6 91.1 121.0 0.8 2.9 7.0 12.5 16.5
0.36 12.8 30.6 56.7 99.0 134.0 0.7 3.1 7.3 14.3 19.4
0.40 12.3 30.8 58.4 105.0 140.0 0.7 27 7.3 16.2 237
0.44 12.3 310 60.8 110.0 142.0 0.6 24 6.7 17.0 26.8
0.48 12.2 315 62.2 108.0 139.0 0.4 23 7.0 19.1 31.0
0.52 13.6 350 66.5 111.0 138.0 04 24 7.9 20.6 325
0.56 13.9 34.1 62.6 102.0 124.0 0.5 2.6 8.6 224 34.5
0.60 12.9 314 56.5 914 113.0 0.5 3.1 9.3 22.6 34.6
0.64 132 311 542 84.7 101.0 0.6 31 9.2 21.6 328
0.68 13.0 290 51.4 76.2 90.9 0.8 4.0 11.3 235 333
0.72 12.4 278 47.7 68.8 81.6 1.2 5.0 12.8 24.7 32.8
0.76 12.4 27.7 45.1 61.6 71.5 1.3 5.6 13.0 21.8 26.8
0.80 13.1 284 432 57.0 64.2 1.4 54 11.7 17.4 19.3
0.84 14.0 289 439 542 582 1.7 5.7 10.7 14.3 15.3
0.88 16.1 31.5 43.7 50.5 513 22 6.5 10.7 12.2 12.3
0.92 19.3 33.8 45.2 47.0 46.5 3.6 84 117 10.3 8.0
0.96 23.1 37.7 45.5 440 385 6.7 11.9 14.0 9.5 5.8
1.00 26.6 39.5 44.7 40.6 34.1 10.3 15.9 16.1 89 4.5
1.04 26.4 372 41.5 354 29.6 11.8 17.2 16.6 8.5 3.0
1.08 21.9 313 339 28.4 22.1 10.5 14.9 14.6 7.5 29
1.12 17.2 24.0 26.1 21.3 16.8 7.7 11.0 10.9 54 2.1
1.16 12.6 174 18.4 15.1 12.6 4.6 7.0 6.8 35 1.2
1.20 8.5 11.8 12.5 10.3 84 2.8 4.1 4.1 2.1 0.8
1.24 53 7.7 7.7 6.7 5.2 1.3 2.0 2.1 13 0.5
1.28 31 4.6 4.7 39 30 0.6 1.0 1.1 0.7 0.4
1.32 1.5 22 24 21 1.8 04 0.6 0.6 0.5 0.2
1.36 0.9 1.4 1.7 1.6 1.5 0.2 0.3 04 0.3 0.1
1.40 0.5 0.9 1.1 1.1 11 0.1 0.2 0.2 0.2 0.1
1.44 0.4 0.7 0.9 0.9 0.9 0.1 0.1 0.2 0.1 0.1

1.48 03 0.5 0.7 0.7 038 0.1 0.1 0.1 0.1
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Table 8. dN,;/d y, Ne + Ay, 2100 MeV/nucleon

Z=] Z=2
y MUL1 MUL2 MUL3 MUL4 MULS MUL1 MUL2 MUL3 MUL4 MULS
—0.48 0.3 0.8 1.7 27 31
—044 0.3 12 23 3.5 4.6
—0.40 04 1.5 2.9 4.5 5.9
—0.36 0.6 2.3 43 6.4 82 0.1
-0.32 0.9 34 6.3 9.5 12.2 0.1 0.9
—0.28 1.2 4.9 8.6 12.7 16.8 0.1 0.1 22
—024 1.6 6.3 11.6 16.4 213 0.2 40
—0.20 2.0 7.8 145 213 303 0.1 0.3 35
—0.16 23 94 17.1 25.0 329 0.1 0.3 0.7 5.0
—0.12 2.4 10.3 19.2 28.2 40.1 0.2 0.6 1.1 4.1
—0.08 2.8 11.9 220 331 454 0.1 0.3 0.8 1.6 55
—0.04 3.8 16.0 30.3 46.5 62.2 0.1 0.4 1.1 22 8.3
0.04 4.7 208 39.8 61.6 76.5 0.1 0.8 2.1 4.0 6.1
0.08 4.5 18.6 34.6 51.8 62.0 0.2 1.1 2.6 4.8 73
0.12 49 20.8 39.2 59.3 747 0.2 1.5 3.5 5.5 7.9
0.16 5.4 23.5 434 64.5 80.4 0.2 1.6 3.5 5.9 82
0.20 5.8 245 459 67.7 81.2 0.1 0.8 20 4.2 6.3
0.24 59 24.2 454 66.4 78.6 0.1 0.8 2.1 4.1 6.6
0.28 5.4 229 432 634 74.0 0.1 0.9 2.6 5.0 6.0
0.32 53 21.9 419 61.7 72.8 0.1 1.0 3.0 52 79
0.36 4.9 20.6 39.5 58.6 68.3 0.1 0.9 2.6 4.4 6.2
0.40 4.6 19.2 36.7 542 62.8 0.1 0.7 2.2 42 5.8
0.44 43 18.5 362 51.7 59.1 0.1 0.6 1.5 32 4.5
0.48 43 17.8 336 47.1 55.3 04 14 2.9 4.7
0.52 4.4 17.9 33.0 45.1 515 04 1.3 2.7 3.8
0.56 4.5 17.6 319 41.6 477 03 1.2 2.6 3.5
0.60 4.1 16.1 28.8 36.5 38.6 0.4 1.1 2.3 3.0
0.64 4.0 152 25.9 32.5 329 0.3 1.0 1.8 2.6
0.68 3.9 13.8 229 281 279 0.3 1.0 1.7 2.6
0.72 3.6 12.9 20.7 238 242 0.1 0.3 0.9 1.7 2.1
0.76 34 11.3 17.7 20.1 21.0 0.3 0.7 1.0 1.2
0.80 3.0 10.3 15.7 16.9 16.9 0.2 0.4 0.7 0.9
0.84 2.8 9.4 14.0 154 14.5 0.1 0.3 0.5 0.5
0.88 2.8 8.6 12.3 13.1 12.3 0.1 03 0.3 0.4
0.92 25 1.7 10.8 11.4 10.8 0.1 0.2 0.2 0.3
0.96 23 7.1 9.5 10.1 9.5 0.1 0.1 0.2 0.3
1.00 22 6.8 9.3 9.1 8.4 0.1 0.1 0.1 0.1
1.04 2.2 6.5 8.6 8.3 7.0 0.1 0.1 0.1 0.1
1.08 2.2 6.1 7.6 6.7 6.4 0.1 0.1 0.1
112 2.1 53 6.2 5.5 4.9 0.1 0.1 0.1
1.16 1.9 4.8 54 4.4 38 0.1 0.1 0.1 0.1
1.20 1.9 43 42 3.6 2.8 0.1 0.1 0.1 0.1 0.1
1.24 1.8 3.7 3.5 2.6 23 0.1 0.1 0.1 0.1
1.28 1.9 33 2.7 1.9 14 0.1 0.1 0.1 0.1
1.32 1.5 2.7 2.0 13 0.9 0.2 0.2 0.1 0.1 0.1
1.36 1.8 3.0 22 12 0.6 0.2 0.2 0.1 0.1
1.40 22 33 22 12 0.7 0.2 0.2 0.1
1.44 2.9 39 24 11 0.6 0.3 0.3 0.1
148 39 43 2.7 1.1 0.9 04 0.5 0.1
1.52 4.8 5.0 2.6 12 0.8 0.8 0.7 0.2 0.1
1.56 52 53 2.8 1.2 04 1.6 11 0.3 0.1
1.60 4.7 4.8 2.5 11 0.7 2.0 1.2 0.2
1.64 4.2 4.4 2.5 1.1 0.5 1.7 1.0 0.2
1.68 35 4.0 2.1 1.0 0.5 1.4 0.8 0.2
1.72 2.8 33 2.0 0.8 0.7 11 0.6 0.2 0.1
1.76 23 2.8 1.6 0.7 04 0.8 0.4 0.1
1.80 20 2.3 1.4 0.6 0.4 0.6 0.3 0.1
1.84 1.8 2.1 1.5 0.6 0.5 0.4 0.3 0.1
1.88 1.6 1.8 11 0.5 0.3 0.3 0.2 0.1
1.92 1.2 1.4 0.9 04 0.2 0.2 0.2 0.1
1.96 1.1 1.2 0.6 0.3 0.3 0.2 0.1
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Table 9. Normalization factors required to calculate the statistical error of the values given in Tables 1-8

Reaction Energy MUL1 MUL2 MUL3 MUL4 MULS
(MeV/nucleon)
Ca+Ca 400 971 1628 2135 1916 321
Nb-+Nb 250 1564 754 502 343 62
Nb+Nb 400 714 359 263 165 9
Nb+Nb 650 174 101 75 60 6
Au-+Au 250 1067 474 343 252 33
Au+Au 400 959 588 478 384 41
Au+Au 650 302 506 573 604 99
Ne+Au 2100 935 553 429 304 44
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