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Fig.la. The total yields, YIo.i,j, whose ratios are
displayed in Fig. Id, result from integration of Giohi

(Ep) over Ep. The relative intensities of the low-
temperature components Ylo/Yhi+io (Fig. Id) decrease
rapidly with decreasing Zbound> s o that they become
hardly distinguished in the experimental spectra with
Zbound<20, as one may see for protons in Fig. la. The
average mass number of a residue with which one
deals for 0< Zb0llIld < 10 is about 40 and the average
excitation energy per nucleon therein
<EO>/<AO>;=24 MeV, well within the gas branch of
the caloric curve [4].

The magnitude of the fitted ratio Y|o/Yhi+io at these
low Zbound values, where the signature of the
evaporative events gradually disappears, critically
depends on the assumed shape of a^ (Ep) at low Ep.
We have performed BUU calculations for ahi with the
code BUU255 of Danielewicz [5] in order to gain
insight into the Coulomb effects using realistic
assumptions. A soft equation of state has been
assumed and the internal cascade was followed up to
50 fm/c, guided by the considerations contained in [5].
The BUU-predicted Coulomb holes at low proton
energies appear much shallower than those resulting
from the Maxwell-Bollzmann fits to experimental data
with the assumed barrier heights of a few MeV.
Therefore, the relative yields Ylo/Yhi+io for Zbound < 20,
indicated in Fig. Id, are rather upper bounds to the
true ones. A disappearance of the evaporative
component from the nucleon spectra may indicate,
therefore, that the residue lifetime becomes too short
to reach thermalization above some limiting excitation
energy within the gas branch of the caloric curve. This
might be a natural consequence of disappearance of a
multifragmentation barrier, created at lower excitation
energies by the attractive interfragment interactions.
Above this critical energy the created systems
disassemble on a time scale shorter than —50 fm/c.
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The nuclear liquid-gas phase transition thus
belongs to the realm of nonequilibrium phase
transitions, studied intensely in the past in
macroscopic systems within the branch of nonlinear
science dubbed synergetics. It considers creation of
spatio-temporal patterns by the way of self-
organization due to dissipative effects far from
equilibrium. The third particle-assisted coalescence, as
incorporated in BUU255 [5], is a manifestation of
self-organization of the same nature, occurring on a
very early stage of cluster evolution. Fig. Ie,
demonstrating a reasonable agreement between the
experimental and predicted slopes of spectra for light
composite particles, is an indication that the concepts
of synergetics may find a useful application to
interpret the nonequilibrium phase transition occurring
in finite nuclear systems.
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INDRA [1], the most advanced among the existing
multidetectors, has been transferred at the end of 1997
to GSI to execute the series of three experiments at the
heavy-ion (HI) energies inaccessible at GANIL, its
host laboratory. Two experiments have been
performed in 1998. The first one, SI85-1, was
intended to provide multifragmentation systematics in
197/Au + Au collisions in the energy range
40-150 MeV/nucleon. The GANIL data for this
reaction were limited in projectile energy to
35 MeV/nucleon, therefore S185-1 opened-up for a
detailed and precise study the entire rise-and-fall of
multifragment production seen in the central collisions
[2] in this energy range. We expect also to gain insight
into an evolution of flow energy in vicinity of the

onset of radial flow. The second experiment, S185-11,
was intended to gain information on isospin effects in
multifragmentation. Collisions of 124Xe and 129Xe ions
with 1I2Sn and I24Sn targets, widely differing in
neutron number, were studied in the above energy
range. Some results for the system 197Au + l97Au have
been presented at the Conference [3].

The third experiment, S204, was executed in 1999.
We have studied I2C + 197Au collisions at the I2C
projectile energies of 95, 300, 600, 1000 and
1800 MeV/nucleon and 12C + "2'124Sn at 300 and
600 MeV/nucleon for both Sn targets. This experiment
had several objectives. We intended to investigate
thermally driven multifragmentation, only little
distorted by collective flow effects. We want to
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acquire the knowledge on how the preequilibrium and
equilibrium phenomena are manifested in these
asymmetric systems as compared with 197Au + l97Au
at 1000 MeV/nucleon (see the preceding research
note). Finally, we" want to compare with the EOS
Collaboration results, which studied l97Au+l2C at
1000 MeV/nucleon in the inverse kinematics at the
Berkeley Bevalac.
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Fig. 1 Comparison of the calibration coefficients (open and closed
points) obtained with the aid of the two methods described in the
text for the modules in rings 6 and 7.

An important task, only partly completed, is
calibration of energy scale of the 336 individual
detection modules of INDRA. The SINS equip
developed the method of calibration of CsI(Tl)
modules for rings 6-12 (forward hemisphere)
employing recoil protons from the I2C + 'H elastic and
inelastic scattering at E(12C) = 30 MeV/nucleon. The
device axial symmetry permits to detect these events
selectively by requiring a coincidence between both
interaction products. The slope coefficient (in
channels/MeV) of the calibration line is determined by

fitting the proton spectrum, simulated with the aid
of a Monte-Carlo method, to the measured one for
each individual module. The spectra referred to here

originated from the fast component of the scintillation
light. The above procedure, when applied to the total
light - a sum of suitably weighted fast and slow
components, which are available from INDRA as
separate signals, permits to obtain a valid calibration
for other particles besides protons. Birks' formula,
relating differential light output, dL/dx, to differential
energy loss, dE/dx, is utilized for this purpose [4]. Fig.
1 presents a comparison of the calibration coefficients
obtained with the aid of two methods. Closed points
are from the fits of the Monte-Carlo simulated total
light yield to the proton total light spectra from
12C+'H at 30 MeV/nucleon. Open points result from
the fits of proton total light spectra produced in Xe+Sn
at 50 MeV/nucleon in SI85-11 at GSI to the spectra for
the same particle, colliding nuclei and bombarding
energy obtained in the course of the 1-st campaign at
GANIL. GANIL data were calibrated using the
products of I6O fragmentation at 95 MeV/nucleon,
separated in magnetic rigidity with the magnetic
spectrometer ALPHA. For protons in rings 6-12, the
former set of coefficients, being more precise,
provides a reference for the latter. However, the latter
has wider application, permitting to obtain calibration
coefficients for rings 13-17 and particles other than
protons.
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The conclusions of the Collaboration Meeting held
October 4-6, 1999 at Rauischholzhausen have been
cast into a proposal of an experiment at SIS "Mass and
Isospin Effects in Multifragmentation", which was
submitted to the GSI PAC. A total of 14 days of

197,measuring time with primary beams of Au and
124Sn, and with secondary beams of l24La and 106Sn in

the energy range 0.6 to 1 GeV/u were approved for the
experiment S254. The data are expected to serve as a
general basis for the study of isotopic effects in
multifragmentation and to resolve existing ambiguities
in the interpretation of the caloric curve of nuclei. In
order to meet the goals put forward in the proposal the
performance of the MUSIC-III detector and the time-


