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Abstract : The following topics are discussed : production of very neutron-rich 
nuclei ; evidence for projecti le fragments with short mean free path ; ge
neration of entropy ; results of lnterferonetry and multiplicity selected 
experiments ; finally the crucial need for measuring and calculating global 
variables. 

1. Introduction 

Since I wi l l not have t ine to cover the tremendous volume of data and model 
calculations that have accumulated in that field of nuclear physics over the past 
two years, I have chosen the following six topics that seem to ne the most in
teresting at this time : 

1. The production of exotic nuclei, more precisely very neutron-rich, by 
means of 48ca fragmentation. 

2 . The more and more convincing evidence for anomalous nuclei, namely with 
very short mean free paths, among projecti le fragments. 

3 . Current attempts to deduce the amount of entropy produced in central co l 
l i s ions , through the measurement of the deutemn-to-proton production rat io . 

4. Interferanetry experiments, both with pions and protons, with the aim of 
measuring the size of the interaction region and eventually the degree of com
pression achieved in these co l l i s ions . 

5. Sane pieces of exclusive, namely multiplicity selected, data that give 
some hints of compression effects . 

6. The recent effort, both experimental and theoretical, towards the mea
surement and calculation of completely exclusive, or global, variables, which i s 
for me the only hope to understand completely what i s happening in the central 
col l is ions between nuclei at high energy. 

The f i r s t two topics are rather closely related to the study of peripheral 
reactions, i . e . reactions with large impact parameters, during which projectile 
and target barely touch each other, and are simply fragmented into nucléons or 
nuclei that are observed with velocit ies close to respectively the projectile and 
target veloci t ies . The last four topics, on the other hand, deal with the study of 
more central co l l i s ions , that offer a unique tool to probe the properties of 
nuclear matter at high temperatures and densities, far outside the domain of con
ventional nuclear physics. Extensive reviews of the progress made recently in un
tangling the complex detai ls of the mechanisms governing these two kinds of col 
l i s ions can be found in the proceedings of the last conferences devoted to the 
s u b j e c t 1 ' 2 ) . 

2. Production of very neutron-rich nuclei 

Because of i t s unique kinematical features, the technique of re la t iv i s t i c 
projectile fragmentation i s expected to be at least as eff icient, to produce 
neutron-rich nuclides near the limit of particle s tabi l i ty , as other techniques 
already widely used, like deeply inelastic scattering and spallation induced by 
high-energy protons. These kinematical advantages are two-fold. First , most of the 
projectile fragments are emitted in a very narrow forward cone and a small size 
detector can gather an important part of the cross section. Second, these frag-



merits are emitted with a velocity close to the projectile velocity and these relati-
vistic fragments allow for the use of rather thick targets. That is why, with the 
advent of 48ca beams from the Bevalac, G.D. Westfall et al. could present3)the 
first experimental evidence for the particle stability of fourteen new nuclides, 
ranging fran 22»j to 45cl, produced in the fragmentation of 212 A-MeV "*8ca 
(fig. 1). The observation of these neutron-rich nuclei is important for nuclear 
structure calculations. It has been used to make quantitative tests of rrass for
mulas. In particular the nuclide 2 2 N is predicted to be particle unstable in a mo
dified liquid-droplet model, whereas modified Garvey-Kelsun formulations predict 
that 22 N £s bound against neutron emission by 1.5 to 2 MeV. From this experiment 
it also appears that the production cross sections for very neutron-rich light 
nuclei may be quite sensitive to their detailed nuclear structure. 
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Fig. 1. Mass histograms for elements observed in the fragmentation of 212 A-MeV 
4^ca on a beryllium target3). 

When the uranium capability is in operation next year at the Bevalac, it will 
be exciting to extend these studies of projectile fragmentation towards the re
gion of higher Z values in the table of nuclides. 

3. Anomalous projectile fragments 
Since early cosmic ray studies, there have been recurfing observations") in 



etulsions of anomalous projectile fragments with much larger cress sections than 
expected geometrically. In contrast, the measured reaction mean free paths of 
primary incident nuclei with charge 2 * 2 .? 26 and energy between 0.2 and 2 
GeV/nucleon are perfectly consistent with siitçle geometrical overlap models of the 
reaction cross section5). It is the secondary fragments produced in a nuclear col
lision that seem to have a component with a much smaller mean free path. 

In a new experiment, Friedlander, et al.5) have studied the subsequent inter
actions of secondaries and even tertiaiies in sequential interactions in emulsion. 
Fig. 2a shows a "typical" event chain in this study. An incident Fe beam at 1.88 
GeV/nucleon interacts with an emulsion nucleus (AgBr) losing two charges. The 
Cr (Z = 24) fragment continues in the emulsion until it too interacts, this time 
losing four charges. This tertiary Ca fragment then suffers yet another collision 
leaving a fourth generation projectile fragment with Z = 11 to interact once more 
before leaving the emulsion as an a particle. Such multichain events are rare, but 
seem to occur more often than we would expect if all projectile fragments had nor
mal geometrical mean free paths. Quantitatively, fig. 2b shows the number of se
condaries that suffer a nuclear collision a distance x fi-om the primary inter
action vertex. Two classes of events are plotted. One is where the potential path 
length from the primary vertex to the end of the emulsion is larger than Ti=3 cm. 
The other is where that potential length is greater than Tj= 9 cm. The solid his
togram with error bars is the observed frequency. The dashed histogram is the 
expected distribution if all secondaries had geometrical cross sections. There is 
a clear excess of events with small mean free paths with x < 3 an. 
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Fig. 2 (a) Incident Fe (1.88 A-GeV)fragments four times in an emulsion5), (b) Ob
served distribution') of distances x between primary and secondary vertices (so
lid histogram). Bçected distribution (dashed histogram) based on geometrical 
cross sections. Solid line assumes 6 % secondaries have 10 times geometrical cross 

section. 
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To try to account for the observation, a minimum x fit was made (solid curve) 
assuming that some fraction f of the secondaries had an aroralous cress section 
^geom- '^ie ' 3 e s t -it v* a s obtained with f = 0.06 and E = 10 ! Ten times geometrical 
cross section cannot be any familiar nuclear excitation. Furthermore, decays in 
flight were ruled out by requiring target fragments to be seen in each reaction. 
Thus, if this component is indeed real, it would indicate a new type of nuclear 
excitation with lifetime t > 10~10 sec with a fcrce field of much larger range 
than we are familiar with in nuclei. 

Many conventional possibilities such as picnic atoms, hyperfragments, isotopic 
effects, resolution of multiparticle fragmentation, etc., have been ruled out 5). 
Possible systematic experimental biases are, however, nore difficult to evaluate. 
In any case, further work has been done recently on this subject and reported at 
the 5th High Energy Heavy Ion Study in Berkeley last May 2). These observations 
have been confirmed in another emulsion experiment Ly P.L. Jain et al.5) at the 
same incident energy of about 2 GeV/nucleon. However, at a smaller incident energy 
of about 1 GeV/nucleon P.L. Jain et al. 7) have found no evidence for such a short 
mean free path component, which indicates that at least some minimum energy is 
required to produce these anomalous fragments. Gould all these observations be the 
first evidence for toroidal nuclear isomers, recently predicted by G.F. Chapline8) 
to be more stable than spherical configurations of light quarks and to have baryon 
number densities comparable to that in ordinary nuclei ? Such a question cannot 
be answered today and more work is definitely needed to solve this intriguing 
puzzle. 

4. Entropy generation in central collisions. 
I will now turn to the next topics which are more concerned with central col

lisions, during which there is sufficient overlap between projectile and target 
nuclei to form, at least during a short amount of time, a small sample of very hot 
and very dense nuclear matter. The task is then to try and learn something about 
the equation of state of nuclear matter far from equilibrium conditions. The hope 
is even to find some evidence for phase transitions that could occur due to these 
very unusual conditions of density and temperature. 

Before focussing on the interesting discussions that have been going en for 
two years about entropy generation in these central collisions, I have to mention 
the tremendous amount of work that has been completed in both measuring and cal
culating inclusive observables over the past two years. Fran the theoretical side, 
more and more models are available for calculating these observables. For seme of 
them, which treat explicitly the tine evolution of the system, interesting quan
tities like the maximum temperature or the maximum degree of compression can be 
compared. Many refinements have been implemented In these various models, lika 
pion and composite particle production, or taking into account various effects 
like the Coulomb distortion or the finite number of particles involved in these 
collisions. All these models will be reviewed by Dr. Z. Fraenkel in the introduc
tory report of the parallel session devoted to this subject9). On the experimental 
side, data for inclusive production is getting more and more complete, as far as 
variations with incident energy or projectile and target masses are concerned. They 
have been also extended to other kinds of products than simply nucléons, nuclear 
fragments or T-mesons, namely kaons, A-particles and even antiprotons. Most of this 
subject of inclusive spec ira has been recently reviewed by S. Nagamiya at a meeting 
in Berkeley2). I just want to stress that, if most of the models can roughly re
produce the proton inclusive data, they overestimate the pion production and there 
is really a problem there to be solved. 

Let me now turn to the discussion abcut entropy generation in central col
lisions of relativistic heavy ions. It seems to me very instructive about the way 
things are progressing in that field. In fact this discussion has been going on 
for around two years now and i*. has stimulated a lot of work from various theore
tical approaches. It was first brought up by Siemens and Kapusta"), who pointed 
out that the entropv of the fireball formed in central collisions of relativistic 



heavy ions can be estimated fran the ratio R^p cf ceuterons to protons at large 
transverse momentum, according to the formula : 

S = 3.95 - In R. . 
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Fig. 3. Entropy per baryon as a function of excitation energy per baryon for va
rious reactions, Including one with measured associated imiltiplicities greater 
than 3. Data are from ref.' l ) . Theoretical curves are for soft nuclear-patter 

equation of state at compression ratios of 1, 2 and 4 T i ) . 

their interesting conclusion (see fig. 3) was that, after comparison with data 
from Nagamiya et al. ), more entropy is generated during the collision than is 
naively expected from an exploding-fireball model assuming that entropy is mainly 
created during the compression stage of the collision and that little additional 
entropy is generated during the hydrodynamic expansion stage. Many possible exo
tic reasons were advanced by these authors for this excess of entropy, ranging 
from density isomer to pion condensate or even dissociation of nucléons into 
quarks. A little later, Mishustin et al. 1 2) argued about this first calculation 
and did not include the pions as a free gas butas a qas interactina with the Fermi 
gas of nucléons, via the strongly attractive oion-nucleon^ interaction. It can be seen 
from fig. 4 that taking into account this interaction helps very much to explain 
the measured entropy for 800 MeV/nucleon laboratory energy, but a large excess 
of entropy remains at 400 MeV/nucleon which cannot be explairxi. Their calcul
ations also show that measurer*-'-.s of the dependence of entropy on excitation 
energy could show a transition frjn nucleonic to ouark matter" at very high excit
ation energies. Very recently Bertsch and Cugnon f 3 ) performed a calculation of 
the entropy in the framework of a Monte-Carlo cascade model. At 800 MeV/nucleon 
laboratory energy they compute an entropy of 4.4 per particle, which is hardly 
more than the fir3t estimation by Siemens and Kapusta, so that it suocorts the 
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Fig. 4. Entropy per baryon versus excitation energy per baryon in three itodels12). 
Full lines : nucléons in attractive potential. Dotted lines : nucléons with soft 
pions. Dashed line : relativistic auarks inciting gluons in bag model. Data are 

from ref.''). 
sane conclusion, namely that additional degrees of freedom become accessible in 
heavy ion collisions, beyond those in a conventional nuclear description. 

All these conclusions were rather exciting In the sense that they comforted 
the hope to find evidence for exotic phenomena in studying relativistic heavy 
ion reactions. But we have been brought back down to earth by a recent calcul
ation by Stacker1 * ) . This hydrodynamic calculation, combined with chemical equi
librium assumption at the end of the expansion stage in order to compute not only 
nucléons but also pions and Light composite fragments, could resolve the discre
pancy between the calculated entropy values and the measured deuteron-to-protcn 
ratios. Che important ingredient of this calculation is the viscosity of nuclear 
matter during the expansion stage : because of the friction, part of the energy 
is taken out of the fluid motion and is restored in internal excitations. In par
ticular, viscous effects Increase the entropy of the fluid during the expansion 
by a factor n * Sn/Sg * 1.2, where S 3 is the entropy in the compressed stage and 
Sn is the entropy after the viscous expansion. The calculated entropy Sn tends 
towards the experimental data at high energies E^db x 2 GeV/n (fig. 5). At low 
energies, however, the observed entropies, calculated from the measured Rcfo 
through equation (1) tend towards a constant value close to 5, while Sq and S s 

naturally drop to zero when EiaH goes to zero. This seems to indicate, like in 
previous calculations, an unusual mechanism for entropy production. But in fact, 
equation (1) had been derived for an ideal classical gas of nucléons assuming 
Rdp << 1, whereas both measured and calculated ratios Rrfc> are in good agreement 
and close to 0.25, as shown in fig. 5 by the function "S" calculated with equa
tion (1) both from experimental ratios Rdp and from the ratios Bdp calculated by 
this model. Stocker then concludes that the connection between the entropy and 
Rdp is not given by equation (1). Then the agreement between the observed and 
calculated ratios R^p can be taken as evidence for compression effects in fast 
nuclear collisions, as calculated in this hydrodynamic approach, and we can 
forget about more exotic effects but, with such compression effects, we are on the 
way to determine accurately the equation of state ?f nuclear matter far from 
equilibrium conditions. 
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5. The bombarding energy dependence of the entropy is shown as calculated 
for viscous (&,) or inviscid (Ss) nuclear matter ) . Also shown are the "entropy" 
values, "S", obtained from the measured ) and calculated1*) deuteron-to-proton 
ratios Rap via the equation "S" » 3.95 - In R^p. The solid (dashed) lines repre
sent the viscous (inviscid) calculation with break-up density equal to 0.7 times 
noimal nuclear matter density. Hence the "S" values cannot be taken as direct mea

surement of the entropy. 
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Another very important result of the sane hvdrodynamic calculation by 
Stocker1*) is connected with the pion production. While most of the theoretical 
models, if not all, overestimate it, this last calculation can lead to the riche 
value for the ratio between the average number of T* mesons and the total number 
of charges as a function of the incident energy (fig. 6). By the way this excit
ation function of the pion multiplicity1 s) does not show any sharp jump cr change 
of slope, whereas these features had been predicted as possible signatures of 
phase transition occurring inrelativistic heavy ion collisions1'?. 

5. Interferometry 
Another way to measure compression effects would be to measure the size of 

the emitting system. Then if you know the number of nucléons in this system, the 
size is simply related to the density. And measuring the size is possible by in-
terferanetry experiments, namely by measuring the correlation between two par
ticles emitted by the system at snail relative momentum. For bosons, which like 
to be in the same quantum state, the probability of getting two particles at 
small relative momentum is larger than the square of the probability of getting 
one particle at their average momentum. Quantitatively this interference effect 
can be used to measure the size of the emitting system. It has been used for a 
long time in astrophysics with photons to measure the size of the stars. It has 
been used also in high energy physics with pions to measure the size of the source 
emitting particles in high energy proton-proton collisions. It had been used a 
first time in 1978 1 7) in relativistic heavy ion collisions. This streamer chamber 
experiment has been completed recently with better statistics, which allows for 
interferanetry analysis as a function of the number of IT--mesons emitted in the 
collision1*). This number of *~ mesons can be taken roughly as a measure of the 
impact parameter of the collision. It car be seen from table 1 that the radius of 
the pion source increases from 3.1 to 5.6 fm as one goes from the lowest to the 

Table 1 
Pion-interferonetry analyses, based on the framework of Yano and Koonin 1'), of 
Ar-Pb central collision events in different pion multiplicity subgroups'*). Com
parison with the predictions of the thermodynamic fireball model (TFM) with 

freeze-out density p c set equal to normal nuclear matter density p 0 . 

N ^ r0(fm) r0(fm) 
Sept. TfM o c « 0 o 

2-4 3.12 t 1.10 4.21 
5-8 4.00 t 0.72 5.36 
*-12 4.82 t 0.65 5.81 

13-15 5.57 t 1.17 5.85 

highest pion multiplicity region for argon on lead collisions at 1.8 GeV per nu
cléon. Comparison can be made to predictions from the thermodynamic fireball 
model which depend upon the density at the break-up stage. Agreement with experi
ment can only be obtained if this density at the break-up stage is taken as very 
close to the normal nuclear density o 0, as can be also seen from table 1. Even if 
not all the effects, like final state and Coulomb interactions, are taken into 
account in this pion interferorretry analysis based on the framework of Yano and 
Koonin1*), one can however draw the conclusion that at such high ir.cit̂ ent energies 
pions can be created and emitted until the last stage of the collision, when den
sity is small enough that particles cease to interact. For such interferanetry 
experiments to be sensitive to the size of the system at the end of the 
compression stage, they should be done on particles which can only be created at 



the beginning of the collision, before any thermalizaticn can occur. This means 
that they should be carried out on puons or kaons at an incident velocity close 
to the threshold velocity for picn or kaon production in nucleon-nuclecr colli
sions. But they will be much more difficalt since they need at least two parficles 
and that the average multiplicity gets very low when the incident velocity goes 
down to this threshold velocity. 

Correlation measurements on particles emitted at small relative patenta have 
also been performed on protons produced in argon on KC1 collisions at the same 
energy of 1.8 GeV/hucleon*0). In that case the effects that dominate the corre
lation function are not the quantum interference, but rather the final-state in
teractions, attractive hadrcnic and repulsive Coulomb. These measurements have 
not been averaged ovex the whole momentum space for protcns. Oi the contrary they 
have been performed with a magnetic spectrometer in two distinct regions of mo
mentum space, the first one near the beam rapidity Y3, the second one at mid-
rapidity Yg/2 between projectile and target rapidities. Comparison with a model 
calculation assuming a source with gaussian density distribution suggests that 
the size of the region of final scattering is 3.5 fin at Yg and corresponds to 
that expected for a projectile remnant The size obtained at YQ/2 is small3r, 
around 2.6 fm, and seems inconsistent with a thermal i zed source containing a large 
fraction of the nucléons participating in more central collisions. It is clear 
that this kind of correlation measurement, not averaged over the whole momentum 
space, is bringing a very Important piece of information, that needs mere elabor
ate theoretical analysis .for its complete understanding. 

6. Multiplicity selected data 
Even if inclusive data measurement has been the first necessary step to un

derstand the reaction mechanism of relativistic heavy ion collisions, it is clear 
from the previous section that more exclusive data, in this case two-particle 
correlations, can give more detailed information than simple inclusive data. I 
want now to show another example of exclusive data, that is in itself a hint for 
sane compression effect, and furthermore will lead me naturally to the last topic 
of my talk. In any model there should be a strong correlation between the impact 
parameter and the multiplicity of the reaction products, namely the smaller the 
impact parameter, the higher the multiplicity. Proton emission spectra have thus 
been sorted out according go the low or high multiplicity of charged particles 
emitted In coincidence with these protons, corresponding respectively to more 
peripheral or more central collisions21) In the case of central collisions of a 
light projectile, like neon, with a heavy target, like uranium, there is a pre
ferential sidewards emission of protons, the preferential angle of emission de
creasing with increasing laboratory energy of the emitted protons, as can be seen 
in fig. 7. There have been attempts to calculate these multiplicity selected an
gular distributions in several theoretical frameworks, namely intranuclear cascade 
models, phase space model and hydrodynamic model with final evaporation of pro
tons 2 2). So far, the observed preferential sidewards emission of matter is repro
duced only by the hydrodynamic calculation, as shown in Tig. 7, whereas the other 
two approaches fail to reproduce it. This result seems again to indicate that 
collective nuclear flow, as described by nuclear fluid dynamics, does occur in 
relativistic heavy ion collisions. 

The results of this hydrodynamic calculation22) have been pushed further in a 
very interesting way, also shown on fig. 7. The triple differential distributions 
d3a/d£ d(cos 6)d$ have been calculated in the scattering plane at $=O0 (projectile si
de) and $«180* (target side) and exhibit very strong peaks or jets of nuclear matter as
sociates with projectile and target residues. These projectile and target residues 
are rather cold parts of the matter distribution and thus emit preferentially 
bound nuclei. Hence the actual jet structure is much more pronounced for bound 
nuclei, and much less for protons. What seems to me most important in this calcul
ation is that the jet structure, so obvious in the triple differential cress sec
tions, is almost completely washed out in the double differential ones, averaged 
over the azimuth, like the data and calculation shown in the upper part of f^g. 7. 
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Fig. 7. (a) The angular distributions of protons emitted from central (high nul-
tiplicity selected) collisions of 2 0 N e (393 A-MaV) on 238y are shown. The experi
mental data 2 1) (left) exhibit sidewards maxima and are in agreement with the 
results of a fluid dynamical calculation22) (right) with an Impact parameter cut 
s t bmax* 1*5 fin- Ihs dashed line Indicates the results for sunned charges (mul
tiplied by 0.2 to fit in the figure). The numbers indicate the kinetic energy (lab) 
of the emitted protons, (b) Azimuthally dependent triple differential particle 
cross sections d3o/dEd(cos9)d* (in particles per MeV and steradian) in the scat
tering plane $ * 0a/l80* at various impact parameters 2 2). Shown are contour dia
grams in the plane of rapidity and transverse velocity for the reaction 20Ne+238u 
at Slab * 393 A-MeV. Shaded areas indicate flat local maxima. The lower right 
frame shows the proton distribution at b » 4 fm to be compared with the distri

bution of all particles in the lower left frame. 

7. Global variables 
It is clear from the discussion about the previous tcpic that there is a 

crucial need for measuring complicated particle correlations like these triple 
differential cross sections. One definitely needs correlations between at least 
two particles to have an idea about the scattering plane. Then you can imagine so 



many kinds of correlations between the particles emitted in these collisions 
leading to multi-body final states with high multiplicities, that the easiest 
way, if not the cheapest, to have access to all of them at once is to build a 
very large solid angle detector, capable of measuring on an ever.t-by-event basis 
all the particles emitted in each event. Such detectors already exist and have 
been used for many years. They are visual detectors like the streamer chambers 
and the emulsion stacks. They have already produced many fundamental results, 
several of which have been discussed in my talk. But with these visual detectors 
it is very much human time consuming to go from the photograph to the physical content 
of each event, namely the list of energies and angles of all the particles emit
ted, unambiguously identified. 

In order to overcome this difficulty, several experimental croups have been 
developing in the past two or three years 4v solid angle electronic detectors. In 
fig. 8 two elaborate new devices, HISS 2 1) and the Ball-Wfrll:''), that are ins
talled at th- Eevalac in Berkeley, are illustrated. HISS is a two meter diameter 
by one meter gap 30 JcLlogauss superconducting spectrometer. The ball consists of 
about 80O ûE-E telescopes, that can stop protons up to 200 MeV, and is associat
ed with a multi-element wall to measure the time of flight of forward going frag
ments. Another 4:r detector, called "Diogène"2*) and based on drift chanters 
placed inside an axial magnetic field (fig. 9) is being built by a collaboration 
between physicists f r m Saclay, Strasbourg and Clermont-Ferrand. It will be ins
talled at the Saturn* synchrotron in Saclay and will be ready to take data when 
heavy ions are available from Saturne by the end of 1982. 

HISS 

u n t i u . U i r c a a 

Fig. 8. Schematic layout of exclusive charged fragment exoeriments KISS2') and 
Ball-Wall'*) 
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Fig. 9. Schematic layout of exclusive charged fragment experiment, OIQGBiE 2'). 
With this kind of detector it will be possible to have access to any kind of 

multi-particle correlation ai.d among all of the» we will have to choose the cor
relations that can give most information ùout the dynamics of these reactions. 
Parallel to the experimental development of this new generation of detectors, there 
have been theoretical papers dealing with the global analysis of heavy-ion colli
sions. What is generally suggested is to calculate on an event-by-event basis 
many global variables, namely variables combining in seme way the information from 
the whole event, and then to look for correlations between any two of these global 
variables. As a global variable, you can think first of the number of particles 
of each kind (pions,protons...). In fact correlations between *~ and total charge 
multiplicities are already available from streamer chamber experiments' ' ) . Tb get 
more complicated global variables, you can use the angular distribution of the 
fragments or even their momenta. This has been done by Bertsch and Atnsden2*) who 
calculated, in a hydrodynamic model, *he coxrelaticr. between the longitudinal 
energy and the first coefficients of a spherical harmonic expansion of the angu
lar distribution of the products. C.Y. Wong 2 7) has suggested the use of a rather 
complicated parameter, called by him centrality, to measure the degree of de
parture from axial symmetry of the reaction products, tore recently it has been 
suggested by Pirner2') and also by Kapusta and Strottaian2*) to diacotialize the 
momentum .tensor of all the reaction products. This leads to define three eigenva
lues and three principal axes. The main axis of energy flow, with the highest 
eigenvalue, is " H " ' the thrust axis. In a hydrodynamic model, Kapusta and 
Strottaan2') have even calculated the correlation between the thrust value, that 
lies between O.S for isotropic emission and 1.0 for purely axial emission, and 
the thrust angle (fig. 10). This kind of global variable analysis should be much 
more sensitive than simple inclusive data, or even multiplicity selected -îata, to 
the dynamics of relativistlc heavy ion reactions and hopefully to the behaviour 
of nuclear matter at high density and temperature. Tb those who are skeptical, I 
would like to recall that the evidence for gluon bremsstrahlung in e+e" inter
actions could only be found from such global variable analyses on an event-by-
event basis. 
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