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and
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Abstract: I give an overview of the processes determining the shape of
energy spectra of hadrons emitted in relativistic nuclear collisions, and
discuss how one can extract from them information on the presence of
collective transverse flow and on the transition to quark-gluon matter
in such collisions

1. INTRODUCTION

There are presently six big experiments at the CERN SPS and three big
experiments at the Brookhaven AGS, taking heavy ion beams and accumulating
first de.ca on nuclear collisions at multi-GeV energies. The ultimate goal of these
experiments is to search for and discover the quark-gluon plasma. In order to have
a chance of success, a first necessary point which has to be established is that in
such collisions a state of sufficient energy density c > terit > 10 ô is created,
and that this energy density exists in a form resembling a state of local thermal
equilibrium. This contribution aims at giving supporting evidence that this is
indeed true for the above experiments.

There are several signatures from which the formation of such high energy
densities could be inferred:

(i) A lot of transverse energy E? should be created. This seems indeed to be the
case: the existing data on the E? distribution can be interpreted in terms of
a spherical thermal fireball model1) or the Landau hydrodynamical model2',
with the conclusion that the observed amount of E? in central collisions at
CERN energies amounts to more than 50-60% of the expected limit in the
first case and to more t' an 80-90% of the model expectation J in the second

'Work supported in part by Deutsche Forschungsgemeinschaft, grant Hel283/3-l,
and by the U.S. Department of Energy under contract DE-AC02-76CH00016
* Permanent address
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case, and to even higher percentages at the lower AGS energy. Independent
of which model one prefers, one thus concludes that a large fraction of the
maximum possible transverse energy has been observed, and that nuclear
stopping is very effective even at the high SPS energies.

(in One should see large multiplicity densities. Indeed, the experiments yield
values as large as dN/dy > 150 near mid-rapidity in central O + Au
collisions3'. This means that the observed transverse energy is not con-
centrated in a few very energetic particles, but rather equally distributed
among many produced hadrons. This indicates some degree of equilibration
of phase space.

(iii) A very hot and dense system which has reached approximate thermal equi-
librium should explode hydrodynamically under its high internal pressure,
leading to collective flow in the direction transverse to the beam. I will
argue4' that there are features in the observed hadronic p? -spectra which
can be interpreted in terms of such collective transverse flow, thus further
strengthening our faith that indeed in these collisions we have succeeded
in generating a nearly equilibrated state of very high energy density. [Still
another hint in this direction comes from the observed J/ii* suppression in
central O + U and S + U collisions5'; even if an interpretation of this effect
as a quark-gluon plasma signature recently has become doubtful6'7', it still
implies the formation of a very dense hadronic or partonic system in the
initial stage of the collision.]

I will here discuss a simple model, which assumes the formation of a hot and
dense equilibrated fireball in the initial stage of the collision and then describes its
evolution until particle freeze-out. As the system evolves, it developes collective
flow in all (in particular the transverse) directions, which influences the shape
of the hadronic spectra at freeze-out. I will show how such an influence can
be discovered in the spectra, and that the presently available data are consistent
with predictions4' based on this model. I will also mention some other possibilities
which have a potential of explaining the existing data, and discuss what should be
done to distinguish between the different possibilities and provide further support
for the existence of collective transverse flow.

2. FROM F I R E B A L L F O R M A T I O N TO F R E E Z E - O U T

Throughout this paper I will concentrate on a model where in the initial
stage a fireball is formed which possesses spherical symmetry in the rest frame
of its center of mass, and has initially no collective expansion velocity. This as-
sumption simplifies our treatment considerably and is motivated by three further
considerations:

(i) Most available theoretical studies have concentrated on an expansion
scenario with boost-invariance along the beam direction8'. This scenario is not re-



alistic in and siightly above the complete stopping regime, i.e. at AGS and CERX
energies: the measured rapidity distributions3' are not consistent with longitu-
dinal boost invariance. While not necessarily being more realistic, the spherical
fireball model provides a (so far less intensively studied) useful alternative.

(n) For the lower AGS energies this model may even be correct: An analysis
of the slope parameter T" of the proton mr-spectrum as a function of rapidity
y by the ES02 collaboration9' is well fitted by T" = 225 MeV/cosh(y - 1.2),
i.e. the proton spectrum is consistent with E d3N/d3p ~ exp[—m7-cosh(y —
1.2)/225 MeV] = exp[-£/225 MeV]. This agrees with a spherically symmetric
thermal distribution, with the fireball being centered at ycm = 1.2 and exhibiting
an effective temperature of Ttfj = 225 MeV. [This very likely corresponds to
a smaller true temperature which is boosted to this higher observed value by
collective, spherically symmetric expansion - see below.]

(iii) As long as we concentrate on the transverse momentum spectra
d.X/pT dpx and thus integrate over the longitudinal rapidity y of the hadrons,
the dominant influence on the spectra should come from the transverse collective
flow (for which it is reasonable to assume that it vanishes initially). The longitu-
dinal collective expansion (for which we have no solid theoretical picture at time
zero, i.e. at the point of fireball formation) should only play a minor role (if at
all!). First results from an analysis using a cylindrical expansion geometry with
boost-invariance along the beam direction10* appear to support this expectation.
Information on the longitudinal expansion can be gained from the rapidity distri-
bution dN/dy which should (and will) at a later stage be used to further constrain
the expansion geometry.

After these preliminary remarks, let me now list in turn the different steps
of our model:

1. We start from the assumption that at some initial time (in the center of
mass frame of the participant nucleons involved) an equilibrated fireball is formed
with initial energy density e0, initial baxyon density /3(,i0, and zero net strangeness
p, = 0 (which is also conserved during the later evolution of the fireball). We
estimate the number of baryons contained in this fireball from a geometric picture,
e.g. for central 0 + Au collisions we set A = 16 + 52 = 68 where AT = 52 is the
number of target nucleons contained in a central tube with the same transverse
area as that of the oxygen projectile. With this input we also know the initial
fireball volume and its total thermal energy

Note that the particle and energy densities (and thus T and n below) are
taken to be constant over the whole fireball, i.e. we do not yet include realistic
density and temperature profiles. The reason for this is the very simple freeze-
out criterion we thus obtain below; freeze-out for more realistic density profiles
(which begins at the fireball surface and then proceeds inward) is presently being
investigated10'.



2. Using an equation of state, these initial parameters can be converted into
an initial temperature To â id initial chemical potentials ^&,o, /vo- For t n e quark-
matter phase we assume a free gas of quarks and gluons subject to an external
bag pressure; for the hadron phase we take a gas of baryon and meson resonances
with particle properties taken from the particle data tables, including also the
lowest mass strange baryons and mesons11'. The only interactions in the hadron
resonance gas consists of a finite proper volume correction which simulates the
hard core repulsion.

Given T and y. the entropy per baryon S/A can be determined.

3. From its initial state the fireball develops by expansion which we assume
to occur isentropically. Without any explicit dynamics we can calculate from the
equation of state a line of constant S/A in the pi—T plane, which yields a trajectory
Pb[T) along which the fireball expands11 ' (see Fig. 1). Following this trajectory,
for each value of T all thermodynamic parameters (m(T), p,(T), e,(T), P(T))
are determined by the equation of state.

As the temperature decreases along this trajectory, so does the thermal
energy per baryon e/pi, (or per unit entropy, e/s, if /if, = 0). Therefore, some part
of the initial energy Epg must go into collective motion.. The proper way to treat
the conversion of thermal energy into collective expansion would be to solve the
hydrodynamical equations. As a result we would obtain the collective velocity field
3(r, t) for each fireball volume element as it develops in time. We here won't do an
elaborate numerical study, but will rather investigate the basic physical processes
in as simple a model as possible. Therefore, instead of solving the hydrodynamical
equations for fi{r,t), we assume the form of the velocity profile f$(r) at each point
of the expansion trajectory Pb(T), thereby losing the information of the global
time evolution of the fireball. Actually, in the final results only the velocity profile
at freeze-out enters; as long as we choose a reasonable form for 0{r) at this point,
it is irrelavant whether our parametrization also correctly simulates the velocity
piofile at earlier points of the expansion.

The choice of the velocity profile also determines the local expansion rate
I i.e. a local time scale for rarefaction) which is the only dynamical time scale we
need in our approach.

For a given expansion velocity profile, the amount of collective motion en-
ergy is determined by only one parameter, namely the overall velocity scale. For
example, in our spherical parametrization

the shape of the velocity profile is fixed by the power n (we tried values n =
0.5, 1, 2), and the single parameter to be determined at each value of T during
the expansion is the velocity Q, at the fireball surface.



From baryon number and total energy conservation.

where -?(r) = l / i / l — 32(r), one determines at each point of the expansion tra-
jectory the fireball radius R{T) and its expansion velocity at the surface 0,(T). In
comparing our results with the experiments (see below) we obtained best results
for n = 2 (which is reasonable because expansion begins at the surface and only
later affects also the inner parts of the fireball); thus from now on we will implicitly
assume this choice for the profile.

4. As the temperature decreases, so does the density of the system, result-
ing in ever longer mean free paths for the particles. Furthermore, all particles
recede increasingly fast from each other due to the growing rate of collective ex-
pansion, thus further reducing the rate of particle-particle collisions. At some
point, the particles therefore freeze out, i.e. they decouple from the collective hy-
drodynai6ical flow and stream freely into the detector. Prom these considerations
one concludes12' that the point of freeze-out should be reached when the mean
collision time begins to exceed the rarefaction time scale,

i.e. when during the time it takes the particles to transverse one mean free path
by their thermal motion, they have collectively receded from each other by more
than a mean free path.

At each point T of the expansion trajectory, the scattering time scale is
determined for each particle species separately by the expression

where the sum is over all particle species, (uijPij)r is the relative velocity between
the scattering particles times their total cross section at the appropriate collision
energy, averaged over a thermal distribution with the temperature T, and pj(T) are
the partial densities of the particle species at the same temperature (and constant
S/A ). We use an approximate form for this expression4 ̂  which, as far as the cross
sections are concerned, treats all baryons as nucleons and all mesons as pions; also,
instead of performing a proper thermal average, we take the thermal velocity of the
lighter collision partner times a representative cross section from the particle data
booklet in the momentum region corresponding to a thermal distribution with



temperature T. Still, because the cross sections enter, the formula is particle-
specific, i.e. it predicts earlier freeze-out of weakly coupled particle" (e.g. A'+

mesons in a baryon-rich environment) than of strongly coupled particles (pions
and nucleons)13'.

The rarefaction time scale for a spherical fireball is given

T, (r,T) =
[2 + 72(r,r)n] B(r,T)

Neglecting the factor 72 in the denominator, this formula implies that for n = 1
this time scale is independent of r, i.e. freeze-out occurs at the same temperature
across the whole fireball12'. For other velocity profiles, and also after inclusion
of the factor 72 in the denominator, this is no longer true. Then our freeze-out
criterion predicts that different shells of the fireball freeze out at different points
along the expansion trajectory, i.e. at different temperatures; however, if we
really want to take into account this effect, we should also for consistency include
a realistic temperature profile from the beginning. Therefore, in the present stage
we have neglected these complications and evaluated rexpansion on the surface,
omitting relativistic effects:

. R(T)
- (2 + n)/3,(T)

This is a lower estimate for this time scale, i. e. a proper evaluation would predict
freeze-out for the fireball interior at a later (colder) point. On the other hand,
realistic density profiles falling off at the fireball surface tend to lead to somewhat
earlier freeze-out, so that with some luck the two effects might partially cancel.
All this is presently investigated in more detail by E. Schnedermann10^.

3. TRANSVERSE MOMENTUM SPECTRA

The energy spectrum of hadrons emitted from the fireball at freeze-out is in
our model given by a local thermal distribution, with the freeze-out temperature
Tf determined from the above criterion, boosted by a local velocity field ($(r,Tf)
corresponding to the velocity profile for collective expansion at freeze-out. Thus,
given the shape of the velocity profile by fixing n, the three parameters determining
the shape of the spectrum of a certain particle species are its mass, the freeze-
out temperature T/, and the surface velocity at freeze-out /?,(T/). The general
expression is14^

where g is the spin-isospin degeneracy factor, and E is the particle energy mea-
sured in the local fluid frame. In this expression we have used the Boltzmann
approximation which is in most cases adequate.



The important ingredient in this fonnula is the freeze-out surface a/ with
its normal vector da^. Since our freeze-out criterion compares two time scales
which are determined in the local fluid frame, we assume that freeze-out occurs at
a fixed time in the local fluid frame. Thus we choose

Therefore,

S ( r ) p ) ,

where in the last step we have converted from local to fireball cm. coordi-
nates using the velocity profile @(r). Thus, after rewriting the left hand side
as d3N/2ndy prdpr and integrating over the particle rapidity dy and all angles,
we find for spherical expansion

dN g e^T f, fR' 2Jr,-,E/T\fi T \ s i n h a T , n
= - dy r2drEe 7 ' ( l + —=) = cosh a

2 - J y Jo IV jEJ a 7-E J

R) I dy cosh y I d w
2 e-" 1 T C O s h » •

2TT

r /

hrhxcoshyJ a
\ sinh a cosh a "I
J

Here p = r/Rf, /3(p) = pn03, m-r = -ymT/T, and a = -y0p/T are all r-dependent
and dimensionless.

I close this section with the corresponding expressions which apply for a
cylindrical expansion geometry10'20). In this case we choose for the velocity profile
(all coordinates measured in the fire"barrel" cm. system)

0zz

In the longitudinal direction we thus have a boost-invariant velocity profile 0Zl

while for each point along the z-axis, in its own local rest frame, the transverse
velocity profile 0r looks as before in the spherical case. We have 7 = 7*7r- Again
using a freeze-out surface given by da p. = (d3x, 0) we obtain in this cylindrical case

dN
 = g e>i/TTtR2 [dy T ^ f1 ^ e -* r (co .h v -C . inhy) .

pTdpT 2TT ' J 7_j 7 z Jo fr

• Imj-(cosh y - C sinh y)Io(aiT) ~ oirh ( a r ) I ,



where £ = z/t, p and mr are defined as before, and
are the Bessel functions of integer order.

= ~iTi3TpT/T. IQ and

4. KAON SLOPE PARAMETERS AS A SIGNATURE FOR
BARYON-RICH QUARK MATTER

Recently11-13* we pointed out that in a baryon-rich environment kaons (7<iT+,
K°) have a considerably smaller effective interaction cross section than anti-kaons
(K~, A'0), pions and nucleons, thus freezing out earlier than these other particles
and thereby giving us a glimpse from an earlier stage of the expanding fireball
than possible through other common hadrons. We also showed that these earlier
stages of the expansion proceed through quite different regions in the T-p(,-plane,
if the reaction involves only a hadronic phase or if it also goes through an early
quark matter phase: as shown in Fig. 1 by the dashed curve, a given final state
with a certain (say, measured) entropy per baryon S/A extrapolates back to a very
hot, but rather dilute initial state of the fireball, if the equation of state is that of
a hadron resonance gas. On the oth^r hand, if the transition to quark matter is
allowed for by matching1 *' this EOS to that of a quaxk-gluon plasma (as shown
in the Figure), the isentropic expansion trajectories have a quite different form
(shown as solid lines) and extrapolate back to a much colder but denser initial
state.
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Fig. 1 . Isenlropic expansion trajectories for a hadronizing quark-glucn plumi, for several value* of
S/A. The quoted beam energies stem from a 1-dimensional shock calculation. The daihed
line describes an expanding hadron gas (no phase transition). The crosses and circlet indicate
freeze-out points for kaons ana nucleons (see text). (From Ref. 11)



This initial quark-gluon plasma state also possesses a lower internal pressure
than the corresponding initial hadronic state with the same S/A , which means
that it will expand at a slower rate and take a longer total time until freeze-
out. However, the amount of thermal energy which is eventually converted into
collective motion is rather similar in both cases, so that the expansion velocity at
pion freeze-out is very close in both scenarios (see Table I of Ref. lib), and the
effect of the phase transition on the pion, K~, and proton spetra (which all freeze
out about simultaneousely11-13^) will be minimal (see Fig. 2). The situation is
different for the K+ -mesons (at least as long as the system contains a large net
baryon number): in the case of a phase transition they freeze out as soon as they
are formed by hadronization from the plasma, i.e. already in the mixed phase,
which is comparatively cold; without the phase transition, their freeze-out point
would be located at a much higher temperature in the hadron gas (see Fig. 1).
Adding to this difference in freeze-out temperature the difference in the amount
of collective flow at r earlier point of K+-freeze-out (less flow) compared to the
later point of 7C~-freeze-out (more flow), one arrives at the conclusion that the
relative order of the K+ and A'~ slope parameters (i.e. the inverse slope of their
energy spectra) mav be inverted by a phase transition to quark matter (see Fig.
2).

c
3

1000 lOOO

Fig. 2 . Energy spectra for 7r, p, X, and K in the fireball cm. Assumed was a fireball with .4=100 and
a velocity profile 0(r)=(r/R)3f),, and initial conditions obtained from a shock calculation
with Elah/A=15 GeV (see Ref. 11 for details). The spectra were normalized at E=10 MeV
to facilitate comparison of slopes, (a) no phase transition; (b) with phase transition, i.e. the
system is initially in the QGP phase.

To complete the picture, one has to also check the pion, proton and (if
possible) even other hadronic slope parameters: for a given freeze-out temperature



and expansion velocity, the effect of flow on the solpe of the spectra is the stronger
the heavier the particle is. This is shown in Fig. 2 by the pions, A'~ mesons
and protons which all freeze out at the same temperature, but show flatter and
flatter spectra as their mass increases. Thus (as long as we are in the baryon-rich
region - the asymmetry between A'+ and K~ vanishes as pj —* 0!) a comparison
of all these slope parameters should exhibit the pattern shown in Fig. 2a if no
phase transition occurs, but should switch to the pattern of Fig. 2b if the collision
proceeds through an initial quark matter (or even mixed!) phase. An easy way
to look for this effect is to plot the ratios K+ /ir, K~/ir, p/n, and in particular
K+/K~ against the particles' kinetic energy in the fireball cm., or against pr ,
or (best) against their transverse mass mj- = \/m2 + pT. If our picture is correct,
the slope of the K+ /K~ ratio should be positive without quark matter formation,
but might turn negative if the phase transition occurs.

5. COMPARISON WITH DATA FROM CERN AND
BROOKHAVEN

The weakest point of the analysis in the previous subsection is the initial
condition for the fireball expansion (i.e. the initial baryon number and energy
density), which depends crucially on the amount o* stopping experienced by the
colliding nuclei and on the process of equilibration, over both of which we have
practically no theoretical control. For Figs. 1 and 2 we determined the initial
state for a given beam energy from a 1-dimensional shock analysis which assumes
complete stopping, zero nucleon mean free path, and no transverse flow in the
stopping process. These assumptions have to lead to an overestimate of the initial
temperature and compression, but a better estimate is theoretically very difficult.
Therfore, as soon as the first pion pr-spectra became available3'15), we made an
attempt to fit these spectra with our model, using the initial energy and baryon
density as fit parameters and hoping to thus obtain better insight into the initial
conditions of the fireball based directly on experimental information. As we will
shortly see, we were only partially successful: we obtained excellent fits to the
pion spectra, which appear to even work for protons and A's from the streamer
chamber17^, but from the spectra alone the initial state could not be fixed. I will
now explain these findings in more detail.

Figs. 3a and b show the ir° pr -spectrum for central and peripheral 0 + Au
collisions, obtained by the WA 80 collaboration15^. Both spectra have a generally
concave shape, but there are some marked differences, in particular at medium
and high px- (These differences are most obvious when the spectra are divided by
each other, see Ref. 15.) An exponential fit to the region 0.8 GeV/c < pr < 1-6
GeV/c leads to slope parameters which differ by about 15 % (220 ± 5 MeV/c for
central collisions, 189 ± 5 MeV/c for peripheral ones). While this fit continues to
reproduce the central spectrum out to pr = 2.8 GeV/c, it fails in the peripheral
spectrum where the data flatten out beyond px = 1.6 GeV/c. At small px in both
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Fig. 3 . Measured pr spectra for neutral pions in central (a) and peripheral (b) O+Au colliiion* *
and for negative pions in central O+Au colliiiont (Ref. 3, p.89), together with our model
fits '. Predicted shapes for the spectra of heavier particle are alio shown.

data sets there is an enhancement above this exponential fit.

The solid lines are a fit with our model: Varying the initial condition eo, Pb,o
for our fireball and determining for each choice the freeze-out temperature and ex-
pansion velocity at freeze-out by following the steps in section 2, inserting these
values in the expression for the transverse momentum spectrum, and compar-
ing with the data, we obtained a set of initial conditions which gives excellent
agreement with the data. The concave shape of the spectra emerges naturally.16*
Unfortunately, the set of initial conditions is not unique**: There exist several
combinations eo,Pb,o which all lead to the same freeze-out conditions and there-
fore all yield the same good fit to the data. These pairs of initial values are
correlated: they all correspond to (roughly) the same thermal energy per baryon.
This means that the one parameter which we cannot determine from the spectrum
is the initial (or final) volume of the fireball. The additional information needed
to fix this radius parameter can be obtained from the two-pion interferometry18*:
using the information that in central 0 4- Au collisions the transverse radius of
the central fireball at pion freeze-out is about 7-8 fm, we can determine this last
parameter and find4* that the initial fireball had an energy density e0 = 1 — 2GeV
/fm~3 and a baryon density pbfi = 4 — 5po- This baryon density corresponds to
an initial fireball radius of the size of the oxygen projectile. The value for the
energy density is considerably smaller than the values obtained3* from applying
Bjorken's formula8* to the experimental multiplicity densities; however, it is still
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large enough to consider the possibility of a transition into the mixed phase, so
future studies will allow for this possibility by modifying the equation of state to
include quarks and gluons.

The two pairs of freeze-out values determined from the spectra in Figs. 3a
and b are, respectively, (T/=101 MeV, 8,=Q.78) for central collisions, and (77=108
MeV, /?,=0.72) for peripheral collisions. Although in both cases our model system
starts out with the same energy per baryon, we assume that for the peripheral
collisions the fireball contains a lower number of participant nucleons (A=28) and
is thus smaller, leading to the small change in freeze-out parameters. We did not
find a possibility to adjust our initial conditions such that also the last three points
of the peripheral spectrum (for pr > 2 GeV/c) are reproduced. (Please note the
tiny experimental error bars!) This may be due to the many rough approximations
made in our model, but a much more attractive explanation is that this discrepancy
is physical and originates from the onset of hard parton scattering effects (also seen
in p+p collisions where they set in around px = 1.5 GeV/c). That we don't see
evidence for such a discrepancy in central collision:? may indicate that there the
collective behaviour is much more pronounced, covering up the hard scattering
processes over a larger range of px •

The same parameter set as used in Fig. 3a also reproduces the negative
particle spectrum from central 0 + Au collisions from the NA35 collaboration
(see Fig. 3c). However, here even for the central trigger the spectra tend to be
flatter than the model curve for px > 1.5 GeV/c (this tendency is confirmed by
negative particle spectra from central S + S collisions by the same collaboration).
We conjecture that in this case this may be due not so much to the onset of hard
scattering effects as to the 5-10% admixture of kaons in the Degajive tracks; this
has not been included in the theoretical curve shown in Fig. 3c, but the kaons are
predicted to show a flatter spectrum due to their larger mass, and even a small
kaon contamination could thus dominate the pions at sufficiently large px •

It is important to note that it is not a proper procedure to directly use the
formula for the p^-spectrum and do a best fit for the two freeze-out parameters 7/
and 0S. By doing this one may fit by collective motion also processes which have a
completely different origin (like hard scattering). This is usually possible, but the
result is then typically a too large expansion velocity (forced by the flat high-px
tail) combined with a too low freeze-out temperature, i.e. parameter pairs which
are inconsistent with the freeze-out condition. That the large expansion velocity
obtained in this way from the pion spectrum is not correct can be seen by then
using this parameter set to compute the proton spectrum and compare it with the
data: such an exercise was performed by R. Renfordt (NA 35 collaboration)17'19^,
with the result that the theoretical spectrum was much too flat, because the heavy
protons were very strongly affected by the too large expansion velocity. Using
instead the parameters extracted from Fig. 3, a quite reasonable fit to the proton
spectrum, and even to the A-spectrum17\ is obtained. This means that the data
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confirm the predictions of our model, as shown in fig. 3 a, b that the spectra
should become increasingly flatter with increasing mass of the measured hadron,
in a very well-defined way determined by the effect of the collective flow on the
heavier particles.

Similar tendencies are seen at the lower AGS energy in Si + Au collisions9':
fitting the transverse momentum spectra of pions, protons and deuterons by expo-
nentials in the transvers mass m^, the corresponding slopes increase systematically
from 170 MeV (pions) over 225 MeV (protons) to 350 MeV (deuterons) - again
qualitatively consistent with the collective flow picture.

6. CONCLUSIONS

We see that our model picture of a locally thermalized, transversally ex-
panding fireball appears to be a reasonably well functioning framework in terms of
which we can analyse and try to understand the existing and forthcoming hadronic
P7--spectra from nuclear collision. Whether this picture will hold up under further
scrutiny as the correct explanation of the data, thus proving the existence of high
thermalized energy densities and of collective hydrodynamical flow, will have to be
seen. As mentioned above, theoretical analyses using other expansion geometries
and a more sophisticated approach to the freeze-out surface are under way. We will
also try to look at pp and aa data in order to establish clear procedures on how to
separate collective flow effects from hard parton scattering phenomena ("Cronin
effect"), and are working on a consistent 2-pion interferoroetry which implements
the collective flow effects which are essential to our model. Hopefully ^e will have
a consistent theoretical picture for the both pr-spectra and the interferometry
data in the very near future.
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