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The nuclear liquid-gas phase transition is treated as the phenomenon
of spontaneous symmetry breaking. A quasistationary state is formed at
the end of nucleon—nucleon cascade in the residue, possessing the spherical
symmetry, same as the projectile and target had in their ground states.
This symmetry is broken in the course of fragment formation stage, at the
end of which emerges a multi-cluster configuration. The nuclear liquid—
gas phase transition is thus inscribed onto the list of critical phenomena
considered by synergetics.

PACS numbers: 25.70.Pq

1. Introduction

The collision of two relativistic heavy ions at peripheral to semicentral
impact parameters is a destructive process leading to the breakdown of the
former order (i.e. the shell-model structure of each of the colliding partners),
which is followed by a self-organization of matter, resulting in the cluster
structure of the residues. This cluster structure is further reflected in the
pattern of the detected Intermediate Mass Fragments (IMFs) following the
residue breakup. The notion of self-organization was introduced into multi-
fragmentation by Bondorf et al. in a seminal paper [1] without an explicit
reference to synergetics, where it plays the central role.
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Synergetics is a part of nonlinear science dealing with self-organization
in non-equilibrium systems, characterized by the appearance of dissipative
structures through the amplification of appropriate fluctuations [2]. Its field
of investigation encompasses a wide range of problems from physics, chem-
istry and biology whose solutions are nonlinear functions of the variables
involved. In applications to physics problems a starting point is identifica-
tion of the solution corresponding to equilibrium conditions, which is called
the thermodynamic branch. When the system is driven away from equilib-
rium, nonlinearities start to dominate, eventually causing instability of the
thermodynamic branch at some critical value of the external constraints.
It may then make a transition (bifurcation) onto a different solution called
dissipative branch. The new state that emerges following the bifurcation
often has a spatial and/or a temporal order. An illustrative example for
the emergence of a dissipative structure is offered by a layer of fluid con-
tained between two transparent parallel plates, which is heated from be-
low and viewed from the top [3]. The system in question is described by
thermo-hydrodynamic equations. When the temperature difference between
the plates AT = Ty — Ty is small, heat is conducted by diffusion, which
is spatially homogeneous. However, when the temperature gradient is in-
creased beyond a critical value this mode becomes unstable, giving way to a
convective mode visible by the appearance in the fluid of a regular pattern
of hexagonal Rayleigh—-Bénard convection cells. The translational symme-
try in the plane of the cell is broken as the result of this phase transition.
Another example of critical behavior is offered by a laser cell, occurring when
the pumping light intensity exceeds the threshold for the lasing action. The
latter corresponds by its characteristics to a second order equilibrium phase
transition in macrosystems [4].

The examples cited above refer to stationary nonequilibrium phase tran-
sitions. Light fragment formation in the initial stages of heavy ion interac-
tion bears qualitative similarity to the mechanism of pattern formation in
the first of the above two examples. However, the external directed heat
flux in the colliding nuclear species is a transient of a short duration. The
caloric curve measured by the ALADIN Collaboration [5] indicates that the
nuclear liquid—gas phase transition is first order. In studies of first-order
phase transitions in classical liquids [6] a system is rapidly quenched from
a one-phase, thermal equilibrium state to a one-phase, nonequilibrium state
inside its coexistence line. This quenched system then gradually evolves
from this nonequilibrium state to an equilibrium thermodynamic state which
consists of the coexisting phases of a liquid and a gas. It does so by the tem-
poral development of spacial fluctuations which take the initialy homoge-
neous system through a sequence of inhomogeneous states which are far from
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equilibrium. This dynamical evolution is highly nonlinear. It can be consid-
ered as a limiting case, with vanishing external fluxes, of pattern formation
scenarios illustrated with the above two examples.

The aim of the present work is to present and discuss experimental ev-
idence in favor of the occurrence of an analogous nonequilibrium transition
state in the residue evolution. In Sec. 2 we present a chronogram for a rel-
ativistic heavy ion collision leading to multi-fragmentation of the residues.
A transition from the one-phase, nonequilibrium state of the nuclear Fermi
liquid to the equilibrium state of the interacting nucleons and clusters oc-
curres in the fragment formation stage of the residue evolution. Sec. 3 is
devoted to a discussion of the experimental evidence supporting this sugges-
tion. In Sec. 4 we address the complementary points of view on dynamics
of phase separation in the liquid—gas coexistence region of the nuclear phase
diagram. We quote the results of Boltzmann-Langevin calculations to pro-
vide orientation as to different quantities related to spinodal decomposition,
in particular on duration of the latter stage. In Sec. 5 we conclude.

2. Chronogram of the residue evolution

Relativistic heavy ion collisions serve as a unique tool to study thermo-
dynamical properties of finite nuclear systems in a wide range of excitation
energy, beginning below the multi-fragmentation threshold in peripheral col-
lisions and ending above the complete disassembly close to central ones. The
systems in question are residues (or spectators) of the projectile and target.
We will consider collisions of a symmetric A, + A¢(A, = A; = A;) system,
which justifies an assumption that, on average, the residues of the colliding
partners evolve in the same way in time. One can roughly divide history
of the collision, which terminates with multi-fragmentation, into four stages
with the following tentative durations:

(i) Contact or fireball stage (74 &~ 15-20 fm/c, the time of free passage of
the Lorentz-contracted collision partners).

(it) Pre-equilibrium emission (7eq ~40-75 fm/c).
(74i) Fragment formation (7p¢ <300 fm/c; excitation energy dependent).
(iv) Coulomb explosion (Tgoy ~50 fm/c).
The lengths of the last three stages add up to the total residue lifetime,
Tres = Teq T TRt +TCoul- Two such histories are depicted as event chronograms

in Fig. 1. The initial and final instants for the stages (i)-(iv) are labeled
with the consecutive integers from 0 to 4 in Fig. 1(a).
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Fig.1. Chronograms of two multi-fragmentation events are shown schematically
for different collision centralities. It is assumed that the equilibration time, 7¢(, is
independent of the initial excitation energies, E,1, reached at the different impact
parameters. The meaning of other symbols is explained in the text.

The fireball acts as a source of the initial excitation energy for the
residues. Violent nucleon—nucleon collisions occurring in the overlap zone
displace nucleons of the projectile (target) from the occupied states below
the Fermi level into the fireball and onto the unoccupied states above the
Fermi level. As a consequence, the residue enters the consecutive stage (7i)
with mass, A;, reduced by, AAp;, relative to the projectile A1 = A; — AAgq,
and excitation energy, F,i, stored in multiparticle-multihole excitations.
Both AAg; and E,; are increasing functions of the overlap volume, which
increases with the increasing collision centrality. After the residues have
separated in space from the fireball (instant 1) they relax independently
towards equilibrium via an internal cascade, mediated by nucleon—nucleon
collisions. The residue is left in a state of (quasi)equilibrium as it enters
stage (74i) (at the instant 2) with mass, Ay = A; — AAj,, and excitation
energy, Fyo. Pre-equilibrium nucleons are responsible for the removal of
most of AAqs and the initial excitation energy, F,1. However, a fraction of
these is carried away also by light charged composites with Z < 2, which are
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formed by a successive coalescence of the cascading nucleons. The residue’s
internal structure reorganizes during the time of fragment formation, 7g¢,
from the initial single-center multi-exciton state into the multi-center freeze-
out configuration. Evaporation of nucleons, a-particles and y-rays proceeds
throughout this stage, so that at freeze-out (instant 3) its mass decreased
down to, Az = As— AAss, and excitation energy down to, E,3. The loss of
neutrons tends to lower their multi-fragmentation barriers, therefore, the in-
dependently evolving systems explode (instant 4) on a short time scale, T¢ou,
treated as the stage (iv) in the above scheme. The time scale 7¢oy & 50 fm/c,
quoted above, was determined by the ISiS Collaboration in the IMF-IMF
relative velocity correlation measurements |[7]. Masses and kinetic energies
of the individually resolved products of the residue disassembly are used to
reconstruct (FE.3)/(As), while double yield ratios of light particles and/or
IMFs serve to determine its temperature, T3, at freeze-out. A functional
dependence of T5 on (E,3)/(As) is the caloric curve.

In Fig. 2 we present the average residue mass (As), charge (Z3) and
excitation energy per nucleon (FE,3)/(As) at freeze-out as functions of the
collision centrality for %7 Au+197Au collisions at 600 MeV /nucleon. The lat-
ter excitation energies were used to construct the caloric curve of Ref. [5].
The range of excitation energies within which the residue lifetime, Tyeq,
exceeds the equilibration time, 7eq, the situation depicted in Fig. 1(a),
extends from the multi-fragmentation threshold at ~ 2 MeV /nucleon up to
~ 10 MeV /nucleon. This covers the liquid-gas coexistence region, corre-
sponding to the plateau of the caloric curve. In Fig. 1(b) the lifetime be-
came shorter than the equilibration time, because excitation energies are
reached at which the system is so diluted that the attractive inter-nucleon
forces are no longer capable to bind it together long enough. This situ-
ation starts to prevail above the vaporization threshold, indicated as the
initial point of the linear rise of the gas branch of the caloric curve. This
occurres for the impact parameters corresponding to 20 < Zpoung < 30. The
residue in question is close to a Mo nucleus, with the mean excitation energy
~ 12 MeV /nucleon. Taking into account these remarks, it would be more
appropriate to associate with the stage (i) a more general term, pre-breakup
emission, which does not presume termination of the residue evolution in
the state of (quasi)equilibrium.

The term chronogram was introduced in the work of Durand et al. [§], in
which the authors refer to time scales encountered in heavy ion collisions in
the Fermi energy domain. It should be stressed, however, that in the latter
collisions the deposition of initial excitation energy, F,i, is less precisely
defined in time than in the relativistic domain, having as an unavoidable
consequence an exchange of nucleons (cross-talk) and excitation energy loss
prior to a separation of the residues.
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Fig.2. Average residue mass (A3), charge (Z3) and excitation energy per nucleon
(Ex3)/{As) as functions of Zpouna and for several gates on the largest observed
charge Zax.

bound

In Sec. 3 we discuss features of experimental data which provide evidence
on the occurrence of a quasistationary fragment formation stage (74i) in the
residue evolution.
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3. Experimental evidence on the fragment formation stage

It is clear from the preceding section that particles with different A, 7
carry a different message about the system evolution. For example, nucle-
ons and a-particles are expected to be emitted throughout the entire history,
whereas IMFs only in the final stage (iv). We define IMFs as fragments with
3< Z <30, with the upper limit in Z imposed to eliminate from consid-
eration fission fragments. The emitted particles have different kinematical
properties in the laboratory system, depending on rapidity of the reference
frame and transverse momentum acquired in the interaction, which makes it
necessary to resort for their detection to different techniques. We will refer in
the foregoing mostly to the ALADIN Collaboration results for 197 Au+197Au
at 1 GeV/nucleon [9-11] with a short détour to -rays measured by the
TAPS Collaboration at the end of Sec. 3.1.

Products of multi-fragmentation in the stage (iv) are emitted isotropi-
cally in the remnant frame with velocities defined by decay energy. Particles
from the projectile residue proceed in the laboratory within a narrow cone
in the forward direction at these relativistic energies (kinematical focusing).
The charged ones can, therefore, be detected with a high efficiency with
a device possessing a small entrance aperture, such as the ALADIN mag-
netic spectrometer [12]. This method of detection was used to study IMFs
(see Sec. 3.2) in the projectile fragmentation experiment S114 [9]. However,
ALADIN’s threshold for particle identification was at Z=2. Moreover, it has
intrinsically low efficiency for the stage (i) and (i7) Z=1 particles, because of
large transverse momenta playing role in these stages. The complementary
information on light particles, including hydrogen isotopes, was obtained in
the experiment S117 [10,11], in which particle spectra were measured from
the target residue, slowly recoiling in the lab. In both experiments impact
parameter involved in the collision was determined using Zpoung value of
the fragmentation products measured event-wise with the ALADIN forward
spectrometer. Zpoung iS defined as a sum, Zyoung—22;Z;, where the summa-
tion goes over fragments with Z; >2 for the given event.

3.1. Light particles and y-rays

The spectra of light charged particles used to draw the conclusions pre-
sented below were measured with the aid of a four-element high resolution
telescope set at the polar angle 0,1, = 150° relative to the direction of inci-
dence of 1 GeV /nucleon %7 Au beam from the SIS18 synchrotron at GSI [11].
The spectra of neutrons were studied with the neutron detector LAND [10].
Fig. 3 is a summary of their main characteristics, which are displayed as func-
tions of Zpgung- Collision centrality is inversely correlated with the Zyoung
value.
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Fig.3. Summary of the main characteristics of light particle spectra measured at
01 —150° in TAu+1°7TAu collisions at the projectile energy of 1 GeV/nucleon;
(a) energy spectra of protons for different Znouna bins and the results of two-
component Maxwell-Boltzmann fits (solid lines). The fitted low- (lo, dotted line)
and high-temperature (hi, dashed line) components are indicated for the spec-
trum labeled Zpouna=70-80; (b), (c) temperatures extracted from the fits to nu-
cleon spectra. (d) Relative contributions of the high- (closed symbols) and low-
temperature (open symbols) components to nucleon spectra; (e) Temperatures
resulting from the fits to experimental spectra for light composites as functions
of Zbound-

A salient feature of the nucleon spectra are two components with differ-
ent slopes, most pronounced in peripheral collisions, corresponding to Zpound
ranges 70-80 and 60-70 in Fig. 3(a). Following this observation all spectra
were fitted with a sum of two Maxwell-Boltzmann distributions with dif-
ferent slopes, typified by the inverse-slope parameters, T} 1,. An additional
parameter in the case of charged products was the Coulomb correction, V¢,
assumed equal for the two spectrum components. The low temperature
component, oy, is marked with the dotted line, while the high temperature
one, opj, with the dashed line for the spectrum labeled 70 < Zpoung < 80.
Solid lines represent their sum for this and the remaining Zyoung bins in
Fig. 3(a). The Coulomb interaction effect is parametrized in such a way
that the Maxwell-Boltzmann cross sections vanish below V.. A similar pro-
cedure was followed with regard to neutron spectra taken with the neutron
spectrometer LAND. Figs. 3(b) and 3(c) display the fitted temperatures,
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Thi and Ti,, respectively, for nucleons in the entire impact parameter range.
A summary of the relative integrated yields, Yhiio/Yhitlo, as functions of
Zbound; 18 displayed in Fig. 3(d).

The slope parameters Tj,, presented in Fig. 3(c), are of the order of a few
MeV, such as typical evaporative values. This indicates that the components
01o(Epn) are emitted in the stage (iii) from a hot quasistationary target
remnant. The observed difference between Tj,’s for protons and neutrons
we ascribe to Coulomb effects. On the other hand, we tend to associate the
components oy;(Ep ) with emissions within the pre-equilibrium stage (7).
A similar two-component structure of the measured a-spectra [11] (not
shown) with the low temperatures T}, ~ 4-5MeV is a further evidence for
the occurrence of the quasistationary, evaporative stage (i11) in the residue
evolution.

The relative contribution of the low-temperature component Yi,/Yhit1o
(Fig. 3(d), open symbols) decreases rapidly with decreasing Zoundg, to be-
come hardly discernible in the experimental spectra with Zyoung < 30. The
average mass number (As) of a residue with which one deals for Zyoung < 10
is about 40 and the average excitation energy per nucleon therein
(Ez3)/(As) = 24MeV /nucleon [11,17]. The magnitude of the fitted ratio
Yo/ Yhit1o at these low Zpoung values, where the signature of evaporative
events gradually disappears (see Fig. 3(a)), critically depends on the as-
sumed shape of owi(E)p) at low E,. We have performed BUU calculations
using the program BUU255 of Danielewicz [13], which describes the initial
stages (1) and (ii) of the projectile-target interaction, in order to obtain
a realistic estimate of this shape at low nucleon energies. Fig. 4 presents
the proton spectrum (closed dots) calculated in the impact parameter range
corresponding to Zpound < 10. The Coulomb hole at low proton energies
in the BUU spectrum (Fig. 4, solid line) is shallower than that displayed
by the Maxwell-Boltzmann formula for oui(FE,) with the barrier height
Ve &= 4 MeV assumed for all Zyounq bins in Fig. 3(a) and plotted as the
dashed line for 70 < Zpounda < 80. The estimate given by BUU thus
leaves less room for oj,(FE,) at low Eps, indicating that the open squares
in the range of Zpounqa < 20 in Fig. 3(d) are rather upper bounds for the
relative contribution of this component. A disappearance of the evapora-
tive component from the proton spectra may indicate, therefore, that the
residue lifetime becomes too short to reach thermalization after exceeding
by its excitation energy some limiting value. This limiting value is in fact
the vaporization threshold in the residue. The multi-fragmentation bar-
rier disappears above this threshold, as we have already stressed in Sec. 2.
In summary, the Z,oung dependence of relative yields of the soft component
of nucleon spectra, manifested in Fig. 3(d), serves as a basis for our hypoth-
esis of excitation energy dependent time of fragment formation, 7¢. This is
schematically expressed in Figs. 1(a) and 1(b).
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The presence of fast and slow stages of the residue evolution has been
established nearly simultaneously by the EOS [14] and the ALADIN [15]
Collaborations based on the features observed in proton spectra. Recently,
this conclusion has been confirmed in a study of hard v-rays emitted in
36 Ar+197Au collisions at 60 MeV /nucleon [16] with the electromagnetic
spectrometer TAPS. The measured v-ray spectra were tagged with light
charged particles and IMFs detected with the aid of two multi-detector
arrays. Fig. 5 displays the spectrum measured in events characterized as
multi-fragmentation by the associated particle yields. The spectrum is
a superposition of two exponential contributions with the slope parame-
ters Fy = 20.2+1.3MeV and E; = 6.04+0.8 MeV, whose origin was uniquely
assigned to the pre-equilibrium and the thermal emission, respectively. The
latter slope is remarkably close to our equilibrium proton temperatures, Tj,,
for mid-central collisions (Zpouna = 30 <+ 50) in Fig. 3(c). It is gratifying to
note that our conclusions are supported by the perturbative probes.

In the next subsection we examine the evidence provided by IMFs emit-
ted in projectile fragmentation.

3.2. Intermediate mass fragments (IMF's)

Fig. 6 presents rapidity spectra for fragments with Z = 2 + 5 emitted
in 197Au+197Au collisions at 1 GeV /nucleon, measured with the ALADIN
forward spectrometer. The downward shift of the solid line relative to the
dashed one indicates that projectile residues emerge from the fireball stage
(1) with reduced rapidity due to nucleon abrasion and scattering suffered in
the course of this stage. One notes differences between shapes of the spectra
with Z < 4 and Z > 5. A peak, close to the perfect Gaussian, centered
on the solid line, is a notable feature of the spectrum for Z = 5 and those
for the higher Z values (not shown) [9]. The spectra with Z < 4 reveal
also tails extending towards lower rapidities. Their relative contribution is
progressively increasing with decreasing Z. Inspection of the same spectra
in the transverse momentum (pr)-rapidity plane demonstrates that the tails
extend further away in pr from the y-axis than the Gaussian part. One may
conclude, therefore, that IMFs contributing to the background underlying
the peaks are of dynamical origin and are produced in the pre-equilibrium
stage (i11). On the other hand, those constituting the peaks are emitted
from the equilibrated remnants in the stage (iv). The dynamical process
in question, engaged in the stage (77), is most probably coalescence of the
consecutive nucleons. Besides the above mentioned smooth Z-dependence
one notes also the tendency of increasing tail contribution with the increasing
bombarding energy (see [9]).
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Fig. 6. Rapidity spectra of fragments with Z = 2 + 5 measured with the ALADIN
time-of-flight wall in 197 Au+1°7Au collisions at 1 GeV /nucleon. The vertical solid
line indicates the position of peak centroids, the dashed one marks the projectile
rapidity.

The perfect Gaussian shape of the rapidity distributions for IMFs with
Z > 5 gives a complementary evidence, that the system freeze-out is pre-
ceded by the fragment formation stage (4i1), which effectively isolates it from
the preceding stages of turbulent evolution.

4. Pattern formation in the nuclear liquid—gas phase transition

At the end of the second stage (ii) the residue appears quenched be-
low the liquid—gas coexistence line into the metastable binodal or unstable
spinodal region of the nuclear phase diagram. At this instant the system
is still homogeneous and preserves the original single-center spherical sym-
metry, the projectile and target have had in their ground states. This is
because only the single-particle degrees of freedom were engaged in the
nucleon—nucleon cascade. This symmetry will be broken in the course of
the consecutive evolution of the system towards the true equilibrium, which
corresponds to separated phases of liquid and gas.

From the metastable region the phase transition proceeds by nucleation,
while from the unstable one by spinodal decomposition [6]. Both these
modes are triggered by density fluctuations, which form small droplets of
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a new phase. In the metastable region the energetically unfavorable process
of creation of a surface of new phase has the result that when a droplet is
below a certain threshold size (critical droplet) it is unstable and disappears
again. Nucleation consists in production of supercritical droplets by fluctua-
tions, which then spontaneously grow to generate the new phase. When the
droplets are produced in small numbers, the reactions between clusters and
single vapor nucleons provide the mechanism for growth of clusters. The
rates for formation from the supersaturated phase to the droplet phase is
governed by “potential barriers” in the Gibbs free energy per particle. The
droplet model of Fisher, considered by Moretto and collaborators [18], has
elements in common with this scenario.

On the other hand, even infinitesimal density fluctuations are sufficient
to initiate decomposition in the mechanically unstable spinodal region, pro-
vided they exceed a critical wavelength A. [6]. For infinite nuclear matter
the most unstable wavelength is near A =10 fm. A study of spinodal insta-
bilities in finite nuclei along this line has been initiated by Randrup et al.
[19] and later advanced in a series of papers by the GANIL theory group
(see e.g. [20]) within the Boltzmann-Langevin approach. The Langevin term
in the Boltzmann equation accounts for the fluctuating part of the collision
integral. We will quote the results they obtained for the system of A=210
nucleons at half normal density and at temperature 7=3 MeV [20], which
will provide orientation as to different quantities related to spinodal decom-
position in nuclei, in particular on 7p¢. For this finite system instabilities
are decomposed into eigen-modes with definite angular momenta. The most
unstable L-values appear to be around L=5, corresponding to a surface wave
characterized by a distance between adjacent maxima A =~ 2rR/L = 10 fm.
The initial growth of instabilities appears to be exponential with a character-
istic growth time 7 = 35 fm/c. The fragments are formed in approximately
100 fm/c after the system has been initialized in the spinodal region, which
corresponds to 2+37. The dominance of L=>5-6 leads to the formation of 5
to 6 almost equally sized fragments. The Z-values of the largest three, when
plotted as events on a Dalitz diagram, populate mostly its central part. This
pattern is qualitatively similar to the one observed by the ALADIN Collabo-
ration in the early multi-fragmentation studies of the system 97 Au+197Au at
600 MeV /nucleon [21]. For this reason, this model and its ancestor, dubbed
Brownian One Body (BOB) dynamics [20], which predicts somewhat longer
e &~ 150 fm/c, deserve a more detailed quantitative confrontation with
data obtained in peripheral to semicentral relativistic heavy ion collisions.
Moreover, its point of view on the system dynamical evolution as a con-
tinual branching under the influence of the fluctuating collision integral,
is completely in the spirit of synergetics.
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We do not possess similar time scale estimates for nucleation from the
metastable region of the phase diagram. For classical liquids very long time
scales are predicted and observed [6] in vicinity of the critical temperature
(critical slowing-down). Away from the critical temperature it is fair to ex-
pect similar time scales in nucleation and spinodal decomposition. In the
extreme peripheral collisions residues are left below the multi-fragmentation
threshold of ~ 2 MeV /nucleon in the domain of thermodynamic branches. In
this domain evaporative processes follow the initial pre-equilibrium cascade.
The first dynamical instability encountered at somewhat higher excitations
is that of fission. A counterpart of the above 7g¢ is the fission transient
time, 7p. The emission of pre-scission neutrons, charged particles and dipole
y-rays in different fissioning systems has been ascribed to finite 7p ~ 1079
sec. Recent estimates based on the analysis of fission probabilities of neigh-
boring isotopes in the mass region A ~185 led to 7p ~ 10720 sec [23].

5. Conclusions

We have considered multi-fragmentation in peripheral to semicentral
97 Au+197Au collisions at 1 GeV/nucleon as an evolutionary process con-
sisting of the four stages. The IMFs with Z > 5 do not carry “finger-
prints” of the first two violent interaction stages. On the other hand, one
finds manifestations of nucleon—nucleon interaction effects for Z < 5, pro-
gressively increasing with the decreasing particle Z-value. We tend to as-
cribe this fraction of the emitted light-composites d, *He, * and IMFs with
2 < Z <5 to a successive coalescence of a nucleon in the second internal
cascade stage of the residue evolution. These contributions are easily dis-
cernible in the experimental spectra by their distinct momentum transfer
dependence. However, the internal cascade stage lasts too short to cause
multifragmentation. It comes to an end with the formation of a low-density
quasistationary state posessing spherical symmetry. The soft components of
nucleon, a-particle and y-ray spectra are unambiguous signals that the sys-
tem lives in a metastable state. Its lifetime is long enough, so that dynamical
instabilities (presumably of the spinodal origin) develop, causing formation
of clusters. The sudden loss of spherical symmetry and the missing binding,
contributed by the last evaporated particle, provoke Coulomb explosion of
the residue.

The role of interaction energy capable to bind the system long enough
to allow the liquid—gas phase transition terminate is emphasized in this
multifragmentation scenario. This condition is fulfilled for those combi-
nations of residue masses, Asz, and their excitation energies, E,3, which
are encountered in the liquid—gas coexistence region of the caloric curve,
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2 < (E.3)/(As) < 10MeV /nucleon. Above the latter energy the signals of
metastability disappear, indicating that the residue lifetime became shorter
than the equilibration time. The residue entered the gas branch of the caloric
curve.
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