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Abstract. In view of the Eurisol project, we report on some aspects, relating the isospin degree-
of-freedom to the fragment production in heavy-ion reactions. For detailed isospin investigation, a
crucial point for the next experiments will be the improvement of isotopic separation (over a large
solid angle) of the many reaction ejectiles produced in a broad range of sizes and velocities. The
FAZIA collaboration started a program in order to build a novel detector array with unprecedented
ion resolving power. Some recently obtained results are reported in view of future programmes.
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INTRODUCTION

The production of nuclear fragments (Z≥3) of different sizes and energies is a com-
mon feature of many heavy-ion reactions. The properties of the fragments and their
abundance depend on the reaction mechanism which varies as a function of the rela-
tive velocity and impact parameter. For example, at energies a few MeV/u above the
barrier, fragments are mainly produced via asymmetric fission of nuclei formed in fu-
sion reactions, or from the evaporation of the hot quasi-projectile (QP) or quasi-target
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(QT) in dissipative collisions. In the Fermi energy domain, several experiments demon-
strated that many processes contribute to fragment production. Multifragmentation of
expanding systems in central collisions generates several fragments at a time. Also, the
QP and/or QT can multifragment for mid-central reactions, provided that the excitation
energy and the system size allow to enter the instability region. Also, fragments coming
from the socalled midvelocity region are a specific feature of semiperipheral reactions at
Fermi energies. These fragments are typically emitted on short time scales, overlapping
with the interaction times, thus making them an essential probe to access and study the
nuclear EOS very far from stability.
In the last decade the focus has been put on the link between the fragment production
and the isospin degree of freedom. In fact, the isovector part of the nuclear potential
is not well known at densities far from the saturation value and at high temperatures.
Since the isospin observables are supposed to be related to the symmetry energy term
of the nuclear EOS, a lot of work has been done in this sense, both theoretically and
experimentally. The use of Radioactive Ion Beams (RIB) will help much, as the isospin
will be naturally more unbalanced in such collisions, than with stable beams. However,
the ISOL-RIB facilities under construction in Europe will not allow to investigate colli-
sions at intermediate energies (maximum energies around 12 MeV/u are expected for tin
beams) and this severely limits the scientific investigation on the nuclear EOS. Therefore
the advent of third generation powerful facilities, like EURISOL, will strongly support
the studies on the symmetry energy far from stability, especially in systems very neutron
rich.
In the following, we briefly outline some physics subjects dealing with fragment pro-
duction which are particularly interesting to be studied with efficient arrays, capable of
extended isotopic identification. One of these detectors will be FAZIA [1], whose first
results on the isospin research are shortly presented [2], in the second part of this paper,
to show its potential in future experiments.

ISOSPIN AND FERMI ENERGIES

Disassembling of medium-mass hot nuclei formed in central collisions. The limiting
temperature is expected to decrease towards the drip-lines as a result of the broken equi-
librium between several nuclear potential contributions. In particular, the level density
should drop to zero at drip lines where bound levels are no more present. We cite here
two experiments that try to evidence variations in the decay of excited systems formed in
central collisions. Strong differences for composite systems formed in symmetric Cal-
cium reactions at 25MeV/u have been observed by the Chimera group [3, 4], who com-
pared two systems, mainly differing in the isospin content. The observed differences can
be reproduced by a dynamical model where an asystiff isovector term is assumed. More-
over, the INDRA-Vamos collaboration started a program, using both stable and exotic
Argon beams (from Spiral), to investigate evolution of the level density parameter by fol-
lowing the decay of Pd isotopes from near β -stability to rather n-deficient isotopes [5].
In future, this kind of studies will be extended with Eurisol beams and next-generation
arrays for charged products, accessing over large solid angles the isotopic distributions
of heavy species (e.g. fission fragments or even the evaporation residue) over large solid
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angles.

Exotic shapes and instabilities. According to some dynamical models, strange
shapes can appear in heavy systems formed in energetic central collisions. For instance,
BUU calculations [6, 7] suggest that, with energy thresholds depending on the mass of
the colliding nuclei, toroidal structures can survive for long times (300 fm/c) before the
final disassembly. These structures should appear above 20-25MeV/u for systems like
Au+Au and above 35MeV/u for lighter symmetric systems. Data are very scarce on this
subject, no idea of the associated cross-section exists and, also, there aren’t predictions
about the role of the Symmetry Energy on these patterns.
Another interesting indication, somehow linked to this subject, comes from the detection
of three-fold and four-fold events in the decay of semicentral Au+Au at 15 MeV/u [8].
These events have been ascribed to seemingly fast (τ ≤ 100fm/c) splits of aligned QP-
QT configurations. QMD calculations predict these channels but miss the lifetime: the
alignement is not reproduced.
Finally, dealing with extreme nuclear shapes, we mention the possibility that very n-
rich systems can survive fission at very high spins, due to the lowering of the fissility
for given Z. These could permit studies on the Jacobi or Poincaré instability regimes [9],
where nuclei abruptly change shape from oblate to elongated prolate or pear-like shapes,
when led to extremely high spin states. These phenomena, all associated with exotic nu-
clear shapes, fit the range of mass-energy from Eurisol and could be studied in experi-
ments in which most (if not all) charged fragments are well identified also in mass with
sufficient angular precision. An interesting region would be the one of Ba isotopes (A
from 116 to 144).

Midvelocity emission and isospin physics. The neutron content of the fragments
which are emitted from the separation region of the QP-QT in semiperipheral reactions
has been proposed to be a very powerful isospin observable [10, 11]. SMF calculations
indeed predict that unbalanced neutron-proton fluxes (isospin drift) can occur between
nuclear systems with different density. The net isospin flow depends on the asystiffness
of the EOS; it is almost zero assuming asy-soft behaviour while it is appreciable for
asy-stiff prescriptions, corresponding to a steep gradient of the symmetry potential with
density. The neck region is supposed to be diluted during the QP-QT separation and
the isospin drift can manifest. Several experiments, in fact, evidenced such kind of
phenomenon, more in agreement with asy-stiff recipes of the nuclear EOS [12, 13];
Eurisol energetic beams of heavy nuclei will extend this investigation, in particular one
could follow the evolution of the neutron enrichment of the midvelocity region with
mass and energy. It could be, e.g., that fast preequilibrium emission of the abundant
neutrons reduces isospin effects in the remaining system, therefore producing a rise-
and-fall behavior of the excitation function of some isospin variable.

THE FAZIA PROJECT

The FAZIA collaboration started some years ago a R&D towards a major step in ion
identification using, as a basis module, a three-stage Si-Si-CsI(Tl) telescope. The inves-
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FIGURE 1. Average Isospin N/Z as a function of fragment charge. Data of FAZIA [2] (left) compare
well with those of [12] (right). The frame dimensions of the two parts have been scaled for the sake of
clarity

tigated aspects and the many results are reported in the literature (e.g. [14]). Here we
note that a particular effort was made to extend ion identification for particles stopped
in the first silicon layer of the telescope, thanks to digital pulse shape analysis. Various
effects related to the signal production, fast sampling and processing, have been studied
finally resulting in good performances. The excellent isotopic resolution of the detectors
already permitted to perform first experiments (although in simple configurations) about
isospin dynamics. An example, described in details elsewhere [2], is shown in Fig.1. It
presents the average N/Z of fragments for Z up to 20 (left part) measured by FAZIA
(circles) and compared with the data of [12] (triangles). The same latter data are plotted
as black circles in the righ part of the Fig.1, where the experimental isospin is com-
pared with two calculations assuming different asy-stiffness. Two observations can be
done. First, the nice agreement of the two measurements, coming from different detec-
tors and data reduction procedures, reinforces the experimental findings and can better
constrain models. Then, we observe that with the FAZIA telescope one can explore the
isospin on a much larger range and this is a good starting point for the next generation
of high-quality experiments.
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