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The particle production (p,d, t, He, "He) was studied for 400 and 650 MeV/nucleon Nb+ Nb and
400 and 1050 MeV/nucleon Ca+ Ca. The chemical freeze-out density of the participants and the
entropy produced were deduced for each system. The chemical freeze-out densities are close to nor-
mal nuclear density. The entropy production extrapolated for infinite nuclear matter is independent
of target-projectile combination at 400 MeV/nucleon and changes little with increasing bombarding
energy, but the absolute values are strongly model dependent. The low entropy, when compared to
fireball calculations, indicates that compression is present in the collisions. Therefore entropy values
in principle can help in the determination of the equation of state for nuclear matter.

I. INTRODUCTION

One of the ultimate goals in relativistic nuclear physics
is to study the behavior of nuclear matter at densities dif-
ferent from the ground state density. It has been suggest-
ed that composite particle production' as well as two-
particle correlations' are relevant observables to deter-
mine the size of the participant volume at freeze out.
However, the two particle correlation method determines
the thermal freeze-out density, the density at which col-
lisions between fragments cease, while the composite par-
ticle production method determines the chemical freeze-
out density, the density at which composite particles cease
to form and break up. Furthermore, there are calcula-
tions showing that the observed ratio of deuterons to
protons can be related to the produced entropy in the sys-
tem. If the entropy stays constant during the expansion
phase, ' the composite particles contain information not
only about the freeze out but also about the initial stage of
the collision, where the nuclear matter is compressed and
hot.

The importance of contributions from heavier frag-
ments (A &4) for the entropy production has been dis-
cussed. ' Since the cross section for producing heavy
fragments decreases with increasing bombarding energy,
this effect is most important at low bombarding energies,
while at higher energies the contribution is thought to be
negligible. In addition, there are also different sugges-
tions ' as to how the production of composite particles
other than deuterons should be counted. Our results are,
of course, dependent on the counting scheme used. Up to
now all information about composite particle production,
except for Ref. 4, has been based on single particle in-
clusive data which averages over all impact parameters.
Most of the models, however, are for infinite nuclear
matter which means that it is of great importance to
know how the observables vary with the size of the reac-
tion zone to make a reasonable extrapolation for compar-
ison with calculated quantities. In Ref. 4 the deuteron to
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proton ratio was reported for the first time to depend
strongly on charged particle multiplicity, i.e., on the size
of the participant volume. In the present paper we ex-
pand upon these results, deduce freeze-out densities and
entropies, and compare to model predictions.

II. EXPERIMENT

The experiments, studying 400 and 1050 MeV/nucleon
Ca+ Ca and 400 and 650 MeV/nucleon Nb+ Nb, were
carried out at the Berkeley Bevalac. The data were taken
with the Plastic Ball/Wall spectrometer" which consists
of 815 DE-E telescopes each capable of identifying hydro-
gen and helium isotopes as we11 as positive pions. The
Plastic Ball covers an angular range of 9—160 deg in the
laboratory system. The DE information is obtained from
a 4 mm thick CaF2 crystal, while the E information
comes from a 36 cm thick plastic scintillator. Both the
DE and E signals are read out by a common photomulti-
plier and separated electronically by applying different
gates to two analog-to-digital converters (ADC's). Posi-
tive pions are detected by recording the positrons coming
from the sr+ p+ decay. The -forward angular range from
0—9 deg is covered by the Plastic Wall which measures
time of flight, DE, and the angles of the particles. This
part of the detector system only identifies the nuclear
charge of the particles and does not identify the different
isotopes. The Wall is in part also used to define the event
trigger. The data presented here were taken using both a
minimum bias trigger and a central collision trigger. The
minimum bias trigger means that events in which an in-
tact beam particle appears at 0 deg are rejected, while the
central trigger means that events in which any particle
with beam velocity appearing within +2 deg in the for-
ward cone are rejected. For all measurements we were us-
ing targets with thicknesses between 150 and 200 mg/cm .
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III. COMPOSITE PARTICLE PRODUCTION

A. Method

To extract information about the size and density of the
participant volume, it is of great importance to exclude
the target and projectile spectators in the analysis. It is
equally important to cover approximately the same area in
phase space when comparing the production rates for dif-
ferent species. The d/p ratio determines the volume of
the system at freeze out, and to determine the density one
needs to know the number of baryons in this volume. We
define N~ as the participant baryon charge multiplicity.
It also takes into account the participant protons bound in
clusters (d,t, He, He). That can easily contribute up to
about 40% to X~. To determine the participant multi-
plicity the spectator particles were removed by introduc-
ing software cuts in the analysis. In the target region a
cut corresponding to 12 MeV/nucleon in the laboratory
frame was introduced. This threshold corresponds rough-
ly to the experimental cutoff due to absorption in the tar-
get and in the walls of the scattering chamber. In the pro-
jectile region the spectator particles were eliminated by
applying a cut in the pz-rapidity plane so that all particles
with pj less than 150 MeV/c/nucleon in a window
around the beam rapidity (ys) were rejected. The window
was determined at each energy by using events coming
from peripheral collisions and for the four cases studied
here it was taken to be +0.16 at 0.95yz. The factor 0.95
comes from the slowing down of the projectile. In the fol-
lowing the participant baryon charge multiplicity, N„,
will be abbreviated to proton multiplicity.

The Plastic Ball has full particle identification only in a
limited part of the full phase space. Therefore a model is
needed to extrapolate from differentially measured to total
integrated yields. In this paper the coalescence formalism
from Ref. 3 will be used to fit the deuteron to proton ra-
tios and to illustrate how the overlap area in phase space
for the different species is determined. By assuming a
Boltzmann distribution in momentum space with a pa-
rameter T, one can write the number of deuterons as

D =CN2(2mNTvr) ~ f 2 ~ exp( pq/2mqT)d p-

and the number of nucleons as

B. Results

The data in Figs. 1 and 2 are presented as ratios, deter-
mined in the overlap region, of the produced composite
particles (d,t, He, He) to protons as a function of %„ for
the two systems Ca+ Ca and Nb + Nb at different bom-
barding energies. Also shown are the Np/p ratios which
give the relation between the baryon charge multiplicity
and the observed protons. The shown ratios are about
10/1 and the reason for this is that N„ is determined us-
ing all particles, while p is determined using only those in
the overlap region discussed above. From the figures it is
seen that all curves show approximately the same
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parison in the space of (kinetic energy)'~ and angle,
which is appropriate because in the thermal model the
only relevant parameter is the kinetic energy. However, it
can be shown that this scaling is more general. The over-
lap region was determined for each energy and system by
using only the well-identified particles, which means that
all particles detected in the Wall as well as those punching
through the Ball detectors were rejected.

%=X(2mNTvr) f exp( —pN/2mNT)d p, (2)

where pq, pN, mq, m N are the momenta and masses of
the nucleon and deuteron, respectively, T is the apparent
temperature, and C is a normalization constant. The
same arguments hold for the more general formalism used
in Ref. 3. If these two expressions are integrated to infini-
ty one gets

,.)I
Ca + Ca

400 MeV/nucleon

"Ca+ Ca
1050 MeV/nucleon

D/N =CN (3)
which is the basic idea behind the coalescence model.
Since the detector system only detects particles in. a limit-
ed part of phase space, one has to find a region where Eq.
(3) is fulfilled. This can be done by choosing an overlap
area in the space where the particle momenta have been
scaled by (I/m)'~, where m is the mass of the different
species (p,d, t, He, He). This follows directly from Eqs.
(1) and (2). It can also be thought of as making the com-
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FIG. 1. Ratios of the produced composite particles
x (x =d, t, 'He, He) to protons as a function of the proton multi-
plicity ( X„) for the system Ca + Ca at 400 and 1050
MeV/nucleon. X„ to p ratios are also shown.
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and the quantity p&;k, is defined as

p„.k, =p+d+t+2( He+ He) .

C. Freeze out

The functional form of the observed d~;k, /p~;k, ratios
can be understood in terms of the coalescence model. ' '
In this paper we have used an improved version of the
model which is a complete six-dimensional phase space
calculation relating the radii of the deuteron and the par-
ticipant zone to the coordinate space, and relating the
temperature of the interacting region to the momentum
space. In this model the radius, r„, and the temperature,
T, of the interacting region as well as the deuteron radius,
rd, are related to d~;k, and p~;k, through

d&,k, /p~;k, ——6[(A —Z)/Z][1+2(rI, /rd) 1

—3
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FIG. 2. Ratios of the produced composite particles
x (x=d, t, He, He) to protons as a function of the proton multi-

plicity ( X~) for the system Nb + Nb at 400 and 650
MeV/nucleon. X~ to p ratios are also shown.

where the factor (2 —Z)/Z makes up for the difference
between neutron and proton number and I is the nucleon
mass. The radius r„, assuming a spherical source, is
parametrized as

1/3

rp ——rp —Xp

d~;k,
——d+ —,(t+ He)+3 He, (4)

behavior of increasing cluster production with increasing
proton multiplicity and that the curves are leveling off at
high %z faster for the higher bombarding energies. One
can also observe that the ratio t/ He is about one for 400
MeV/nucleon Ca (the 10SO MeV/nucleon data are less re-
liable), but increases when going from Ca to Nb, thus re-
flecting the neutron excess in the Nb nucleus.

Figure 3 shows the yield of the d&;k, /p&;k, ratio in the
overlap region as a function of X„ for Ca+ Ca and
Nb+ Nb at different bombarding energies. The defini-
tion of d&;z, was taken from Ref. 9 and is given by

where 2 /Z is the factor converting the participant
baryon charge multiplicity to participant baryon multi-
plicity. The reduced radius, rp, is then related to the den-
sity by p= 1/( , vrro). The —formula for rz differs from the
one used in Ref. 4, where r~ was related to p~;k, which was
twice the yield of protonlike particles determined in the
backward hemisphere of the center of mass system. In
this paper r~ is related to Xp, which is a more accurate
measure of the participant nucleons. The temperature
entering Eq. (6) is the apparent temperature obtained from
particle spectra (one does not need to have a thermalized
system or to know the true temperature, which might be
lower than the apparent one due to radial flow' ). This is

Ca+ Ca

0.6—
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P
FIG. 3. d~;k, /p~;k, as a function of proton multiplicity (X~) for the two systems Ca+ Ca at 400 and 1050 MeV/nucleon and

Nb+ Nb at 400 and 650 MeV/nucleon. The curves shown are from fits to Eq. (6).
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TABLE I. Temperatures used in the fits and the rms radii extracted using Eq. (6).

System

Ca+ Ca
Ca+ Ca
Nb+ Nb
Nb+ Nb

Energy
(MeV/nucleon)

400
1050
400
650

T
(MeV)

50
85
50
70

1.13+0.05
0.87+0.06
1.15+0.05
0.97+0.06

(fm)

4.5+0.4
4.1+0.4
5.1+0.5
4.6+0.5

a first order approximation to the original full six-
dimensional phase space calculation where both the
parallel and longitudinal temperatures enter. In the fits to
the observed ratios, ro and rd were free parameters. The
temperature T was taken to be the mean temperature ob-
tained from Boltzmann fits' to the proton spectra at 90
deg in the center of mass systems. The fits to the experi-
mental ratios were done for Xp ~ 5 and the results are
presented as solid curves in Fig. 3. The temperatures used
as well as the extracted parameters are given in Table I.
For the rd parameter (Table I) a trend to smaller values
with increasing temperature (i.e., increasing bombarding
energy) is not really seen as was predicted in Ref. 14. The
ro values in the table are the rms values for a Gaussian

1.4—(a)

1.0—

0.6—

0.2—

{b)

density distribution. To convert these values to equivalent
sharp sphere radii the listed values have to be multiplied
by (5/3)' . The rP values obtained for the four cases
studied vary between 1.12 and 1.48 fm. The correspond-
ing freeze-out densities are shown in Fig. 4(a).

The sources of systematic error included are the follow-
ing:

(i) The temperature turns out not to be a very sensitive
parameter, but a decrease in the temperature by 10 MeV
from the mean value increases the extracted ro and rd
values by about 8%. This change in ro gives rise to a de-
crease in the determined freeze-out densities by about
20%%uo.

(ii) If the width of the rapidity limits for the cuts in the
pz-rapidity plane, determining the Np values, are changed
by +50%, then the shape of the curves in Fig. 3 are only
slightly affected. This change gives rise to a change in the
extracted ro values of about 1% and up to about 8% in
the extracted rd values. The change in the ro values
changes the determined freeze-out density by about 3%.

(iii) If the boundaries of the overlap region are changed
so that up to 50% more of the particles are thrown away,
this affects the extracted ro values by about 7% (up to
about 10% in the rd values). The change in the ro values
changes the extracted freeze-out densities by about 20%.

The contributions to the errors in the extracted quanti-
ties coming from these different sources are summarized
in Table III.

D. Discussion

3—
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Bombarding energy (MeV/nucieon)

FIG. 4. {a) Chemical freeze-out densities and (b) entropy per
nucleon (S/A) as a function of bombarding energy for the two
systems Ca+ Ca at 400 and 1050 MeV/nucleon (filled points)
and Nb+ Nb at 400 and 650 MeV/nucleon (open points). The
smaller error bars are from statistics only, while the bigger ones
also include the contributions fram systematic errors (see the
text for details).

The extracted chemical freeze-out densities between 0.5
and 1.0 times normal nuclear matter density deviate from
the results obtained from two-particle correlations'
which give a thermal freeze-out density of about 0.25
times normal nuclear matter density. Some possible ex-
planations for this observed difference might be the fol-
lowing:

(a) In the case of composite particle production which
involves bound resonances, a third particle has to be
present to conserve momentum and energy, while in the
p-p correlation case involving unbound resonances a third
particle is not necessary. Because of the necessary pres-
ence of the third particle, the chemical freeze-out density
determined from the d/p ratios ought to be higher than
the thermal freeze-out density extracted from the two-
particle correlation analysis.

(b) After the creation of the hot interaction zone it
cools and expands. During this stage there are still. in-
teractions going on between the particles. The p-p corre-
l', tions are easily disturbed by small interactions while the
bound composite particles are much more immune, thus
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giving a higher chemical freeze-out density than thermal
freeze-out density.

From Fig. 3 it is seen that, when comparing the two
systems at the same energy and number of participants,
the production of composite particles is approximately the
same. On the other hand, when comparing the low energy
data with the data at the higher energies it is seen that the
production of heavier particles decreases with increasing
bombarding energy. This is thought to be due to higher
temperatures suppressing the production of composite
particles.

Figure 3 also shows that the di;k, /pi;k, ratios increase
with increasing proton multiplicity. One might interpret
this as being an effect of finite particle number limiting
the formation of composites at low multiplicity. Howev-
er, we did a calculation using a statistical model' modi-
fied to give a constant temperature as a function of im-
pact parameter. It shows that the finite particle number
effect vanishes already at multiplicities around %~ =5,
while the curves in Fig. 3 continue to rise at much higher
proton multiplicities before leveling off. This behavior
can instead be interpreted as an effect of the finite size of
the deuteron which, at low X„, has less overlap with the
small participant volume.

IV. ENTROPY PRODUCTION
FOR INFINITE NUCLEAR MATTER

A. Method

There are different models relating the production of
composite particles to the produced entropy in the system.
We will present here the results extracted from our mea-
sured d«k, /pi;k, ratios using the models of Kapusta and
Stocker and will also briefly discuss the differences be-
tween these two methods. In our analysis the number of
d~;k, and p&;k, particles are counted as in the definitions
given in Eqs. (4) and (5).

Both models discussed here are calculations for infinite
nuclear matter and use the asymptotic values for large X„
of the ratio (di;k, /p«k, )»„~ to determine the produced en-

tropy. The asymptotic values of the ratios were deter-
mined by using Eq. (6) for infinite proton multiplicity,
which then gives

(d„k,/p««)»„~, ——2. 121%A 'R '(1+ —,~ Trd)

(7)

where N is the number of neutrons, A is the mass num-
ber, and R =ra/rd W. ith the parameters extracted from
the fits shown in Fig. 3 and given in Table I, the asymp-
totic values were determined for all systems. These values
were then used to extract the entropy per nucleon (S/A)
in accordance with the two models. Following the ideas
of Kapusta, S/A is given by

S/2 =0.5213+1.5ln(9. 8X +0.7064)

+5.663X '~ (1+3.566X ' + 13.887X

+31.108X ') (8)

B. Results

The asymptotic values and the corresponding entropy
values S/2 obtained from the two models are given in
Table II. The errors given are based on the errors in the
fit parameters due to statistics. Also shown are the
di;k, /pi;k, ratios at maximum charge baryon number (Z of
the projectile plus the Z of the target). These values could
be used to extract entropy for comparison with calcula-

where X is related to the average density of nucleons in
the six-dimensional phase space. In the Maxwell-
Boltzmann limit Eq. (8) reduces to S/3 =3.945 —ln(X).
Although this simple equation results in entropy values
only 0.1 units smaller than those of Eq. (8), the exact
equation was used here. The X parameter was determined
by using the three pieces of information d/p (defined in
Ref. 7), d„,/p (defined in Ref. 7), and di;k, /pi;k, (defined
above) and the same fit procedure used and described in
Ref. 7. From the calculations of Stocker, S/A is given
graphically as a function of the asymptotic values of the
dlike/Plikc ratios.

TABLE II. The asymptotic (d&;k, /p~;k, )„~ ~ values and the entropy per nucleon (S/3) for the different systems extracted by using
the two models described in the text. The values are determined using the fit parameters from Table I. Cxiven are also the ratios at
maximum charge baryon number (d~;k, /p~;k, ),„.

System

Ca+ Ca
Ca+ Ca
Nb+ Nb
Nb+ Nb

Energy
(MeV/nucleon)

400
1050
400
650

( d]ike /P like )asymp

0.94+0. 12
0.95+0.19
1.00+0. 13
1.01+0.15

( dlike/Plike)max

0.53+0.04
0.48+0.03
0.68+0.05
0.66+0.05

S/A
(Kapusta)

4.20+0.25
4.20+0.25
4.15+0.20
4.15+0.25

S/3
(Stocker)

2.25+0.50
2.20+0.50
2.40+0.35
2.40+0.50
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tions for a finite nuclear system at zero impact parameter.
Before the big systematic difference in the extracted en-

tropy values is discussed, the contribution to the errors
due to systematics is presented in the following:

(i) As mentioned above, the uncertainty in the cuts
determining the X„values changes the extracted ro and
rz values. Due to this effect the determined asymptotic
values change by about 2%. This gives rise to a change in
the determined entropy values of up to 4% for the model
of Stocker.

(ii) The change in the extracted ro due to changes in the
used temperature parameter does not contribute to the er-
ror in the asymptotic values, because the change in tem-
perature also changes the extracted r& values in the same
direction as ro, giving no net change in the calculated
asymptotic values or in the determined entropy values.

(iii) If the boundaries of the overlap region for the dif-
ferent species are changed in the same way as was
described above, the asymptotic values of the deuteron to
proton ratios change by about 20%. This change gives
rise to a change in the extracted entropy values due to the
model of Stocker by about 20% and by about 4% due to
the model of Kapusta. The contributions to the errors in
the extracted quantities coming from the different sources
mentioned above are given in Table III.

Figure 4(b) shows the entropy per nucleon extracted
from the different models as a function of bombarding en-

ergy. The lower points are from the model by Stocker
and the upper ones are from the model by Kapusta. Be-
cause we have extrapolated the ratios to infinite multi-
plicity before calculating the entropies both models say
that at the same energy/nucleon the produced entropy is
independent of target projectile combination, as one would
expect. The most striking feature of Fig. 4(b) is the big
difference in entropy obtained from the two models, even
though the basic physics going into the two models is
essentially the same.

C. Discussion

Both models are quantum-statistical calculations in-
cluding the effect of the finite volume of the particles.
The model of Kapusta predicts the number of real deu-
terons and deuteron pairings contained in heavier clusters
but it does not say what these clusters are. The model of
Stocker (see also Fig. 6 in Ref. 17) includes the produc-
tion of heavy clusters up to 3=20 as well as the decay of
all unbound resonances for these species. This model also

includes the contribution to the entropy from the produc-
tion of pions and deltas, while in the model of Kapusta
these are not taken into account. The contribution from
pions and deltas is of course most important at the
highest bombarding energies.

If the unbound clusters are responsible for the differ-
ence in the extracted entropy at the lower bombarding en-
ergies then the disagreement should decrease with increas-
ing bombarding energy, but this behavior is not seen in
Fig. 4(b). The difference seen at the highest bombarding
energy is probably too large to be explained by the pro-
duction of pions and deltas which is not included in the
model of Kapusta.

If the contributions from quantum statistics, unbound
resonances, heavy fragments, pions, and deltas are turned
off in the calculations by Stocker, then the resultant en-
tropy values agree very well with the ones obtained from
the model by Kapusta. It is, however, not clear which of
the above-mentioned effects contribute most to the differ-
ence in the extracted entropy values.

It is also known that at the highest proton multiplicity
the experimental data' account for most of the charges in
the system not allowing much room for heavy clusters.
This is in agreement with the calculation of Stocker
which gives about 3% of all charges in clusters heavier
than alphas. For infinite nuclear matter the same calcula-
tion gives about 15/o of all charges in fragments heavier
than alphas, indicating that the production of heavy frag-
ments cannot alone be responsible for the observed differ-
ence in the extracted entropies.

V. EQUATION OF STATE

If the produced entropy stays constant during the ex-
pansion, then it contains information on the equation of
state which controlled the reaction. %'ithout an observ-
able for the density reached in the reaction, one is forced
to rely on models relating the bombarding energy to the
density. In the nuclear fireball model' all available kinet-
ic energy goes into thermalization and thus no compres-
sion or density increase is implied. This results, for a
cluster freeze-out density of p/po ——1, in the entropy and
temperature values shown in Figs. 5(a) and (b) as the
dashed curves (the choice of a lower freeze-out density
would result in even larger entropy values). The fireball
calculations were done following the model of Ref. 8. As

TABLE III. The contributions to the errors in the extracted quantities coming from different
sources. The values given are upper limits. For details see the error discussions in the text.

Quantity

ro
rg
Asymptotic
diike/'pitke

Density
Entropy (Stocker)
Entropy (Kapusta)

Statistics

+ '7%
+15%
+20%

+20%
+20%

+4'Fo

changes

+ 1%%uo

+8%
+2%

+3%
+4%
small

Temperature
changes

+8%
+9%

small

+20%
small
small

Boundary
changes

+6%
+ 10%
+20%

+20%
+20%

+4%%uo
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possible partly due to the systematic errors in the method
of extrapolation to infinite matter. We emphasize the
need for methods and models describing the finite size of
nuclear systems, where our data are of higher precision.
However, from Fig. S(a) it is clearly seen that compression
has to be present to explain the produced entropy in the
collision.

In addition to the extracted entropy, apparent tempera-
tures have been determined from the proton spectra at 90
deg in the center of mass system. ' This introduces a fur-
ther specification of the thermodynamical properties of
the reaction zone, however, unfortunately without an im-
provement in the knowledge of the density reached in the
collision. The comparison between the temperatures from
the calculations described above and the experimentally
determined apparent ones is shown in Fig. S(b). The latter
ones are the values extracted at maximum charged baryon
multiplicity. The dashed curve is the result of the fireball
calculation without compression and is close to the ob-
served maximum apparent temperatures. The solid curve
represents the temperature predicted from the hydro-
dynamical calculation using an equation of state based on
the relativistic mean field theory of Ref. 19, but without
pions included.

50 VI. CONCLUSIONS

25

0 I
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I

250 750

Bombarding energy (MeV/nucleon)

FIG. 5. (a) Entropy per nucleon (S/A), extracted using the
model of Stocker (Ref. 8) and (b) the experimentally determined
apparent temperatures at maximum proton multiplicity as a
function of bombarding energy (the symbols have the same
meaning as in Fig. 4). The curves labeled Fireball and Mean are
results of calculations described in the text.

can be seen from the comparison with the entropy values
extracted from the data by the Stocker method, this fire-
ball prediction without compression is much too large.

In the hydrodynamical model some of the available ki-
netic energy naturally goes into compressional energy.
Hydrodynamical calculations using an equation of state
based on the relativistic mean field theory of Ref. 19 show
very good agreement with the experimentally extracted
entropy values using the method of Ref. 8. The choice of
the equation of state does not change the entropy produc-
tion significantly as was pointed out by Stocker et al.
(An assumption of a softer equation of state results in
slightly larger entropy values. ) To differentiate and deter-
mine more precisely the proper equation of state is not

We have presented data on composite particle produc-
tion as a function of multiplicity for different colliding
systems and energies. These data can be understood by
the improved coalescence model taking the radius and
temperature of the participant region, as well as the radius
of the deuteron, into account. The obtained radii for the
interacting volume give chemical freeze-out densities close
to normal nuclear density. We have also presented results
on entropy production in the systems studied by consider-
ing two different models for the determination of the en-
tropy. The results show large differences which clearly
show that the determination of entropy produced in nu-
clear collisions is strongly model dependent. Favoring the
model by Stocker, we conclude that compression is
achieved in the collision and that the no-compression fire-
ball model produces too much entropy. It is, however, not
possible to make a further distinction between compres-
sional potential and compressional kinetic energy since
these two quantities are not independent of each other.
The globally measured d/p ratios, together with a proper
method for the entropy determination, allows one, in prin-
ciple, to distinguish between different equations of state.
A determination of the proper equation of state from
data, however, would be improved by a model which does
not need to extrapolate from the finite size volumes in nu-
clear collisions to that of infinite matter, but rather uses
the higher accuracy of the experimental data themselves.
The findings that compression is needed to explain the en-
tropy values can be related to the pressure effect observed
in form of collective flow (side splash). ' The flow
phenomenon can now be connected with nuclear compres-
sion and not thermal pressure alone.
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