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d H. Niewodniczański Institute of Nuclear Physics PAN, Krakòw, Poland
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Introduction

This Letter of Intent (LoI) manifests interest in using SPES radioactive beams. The physics
case is similar to the LoI already presented by other italian groups which we refer to. This
fact indicates the relevance of the subject and asks for the development of several SPES beams,
which would allow a more detailed study of this physics thanks to the different detectors and
techniques employied.

Physics Case

Collective excitations are an important degree of freedom in nuclei. Most of these processes
are related to the relaxation of excited modes for given nuclei of well defined mass and charge.
These modes develop for nuclei which have been produced far from the ground state (g.s.),
for example by means of fusion reactions between heavy ions; in these cases large excitations,
both of intrinsic and collective variables, can be brought into the system. The recovery of the
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g.s. configuration occurs via deexcitation of these degrees of freedom which can couple each
other. These modes are statistically populated in thermalized nuclei (i.e. nuclei which can be
described in terms of a few general coordinates, like mass A, charge Z, excitation energy E and
angular momentum L); among these excitations, the giant dipole resonance is one of the most
investigated collective ones. In recent years another collective mode has been predicted [1, 2]
which is not of statistical nature but it is produced by the dynamics during the initial phase
of the collision between two charge-asymmetric nuclei. When the reaction occurs between
ions with different N/Z content the proton densities are unbalanced along the separation axis,
this charge asymmetry corresponding to a dynamical dipole moment. Since this dipole varies
towards equilibration, bremsstrahlung photons are emitted (dynamical dipole resonance, DDR).
Stochastic mean field (SMF) calculations have been used [1–3], in a Langevin approximation, to
predict the features of the DDR as a function of the N/Z asymmetry and bombarding energy.
Different interesting observables have been studied and the following main characteristics have
been put into evidence:

• the DDR yield grows as a function of the charge-asymmetry of the two reaction partners;

• the gamma resonance energy is shifted to lower values with respect to the GDR, as a
consequence of the lower oscillation frequency due to the larger deformation of the system;

• the DDR presents a “rise and fall” behaviour. At low energy the acceleration felt by the
charge distribution is rather weak and so the DDR strenght. With increasing relative
velocity the phenomenon increases and the dynamical collective emission becomes more
and more important. At too high energies, fast emission of particles tends to equilibrate
the charge and the DDR quenches [2] while developing;

• at variance with the GDR, the DDR produces gamma’s with an angular distribution
peaked perpendicularly to the interaction axis of the two charge centres (i.e. the centres
of the two nuclei).

Some of these predictions have been experimentally confirmed in recent years by some ex-
periments (see Ref.[4–7]) which have addressed the different features of the DDR. For example,
an excess gamma yield in the energy region compatible with the DDR has been observed in
measurements of the GDR in fusion reactions. Moreover, the systematics from the (not many)
results on the DDR yield vs. the bombarding energy seems to suggest a “rise and fall” [4, 6]
behaviour but this important fact must be in any case better studied with other experiments
considering for example the different dynamics of the dipole moment vs. the mass (not charge)
asymmetry; DDR emission is predicted to be reduced for fusion reactions induced from sym-
metric mass entrance channels. As a matter of fact, for the investigated systems, the maximum
dynamical emission occurs around 8-10 AMeV, at lower bombarding energies than predicted by
SMF calculations; moreover also the ’fall’ tail of the excitation function appears to be sharper
than the calculated behavior. The question is still debated and in fact an experiment has been
recently performed in Legnaro [8].
The other strong signature of the dipole nature of the energetic gamma emission could come
from the angular distribution. The best measurements were reported in Ref [6] which shows,
for 132Ce compound nuclei, the expected angular anisotropy of the distribution othogonal to
the internuclear axis, i.e. to the dipole moment. A weaker focusing has been found also by
Corsi et al.[7] for the same nuclei produced via much more mass-asymmetric reactions.
Using the SMF model as a guideline, we can say that, as qualitatively easily expected, the
dynamical dipole emission strongly increases using radioactive ion beams. In fact, by choosing
exotic beams one can enhance the role of the isospin degree of freedom and produce initial
dipole moments much larger than with stable beams. For example, in Ref. [3] it is described
the case of the ’monster’ oscillation which could show up in fusion reactions induced by n-rich
132Sn beams. Experiments on DDR with exotic beams will be therefore helpful because they
will increase the sensitivity of the experimental observables to the isovector term of the nuclear
interacion. In particular, since the damping of the DDR is largely due to the restoring force
associated with the symmetry energy term, different hypotheses of the dependence of this term
on the nuclear density correspond to different strenghts predicted for the DDR. In fact, the
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density is expected to be below saturation in the portion of the dinuclear system along the way
toward fusion and it is just in this portion that the proton-neutron fluxes occur leading the
system to charge equilibration.

We think that some of the SPES beams will be very well suited for this kind of investigation.
Importantly, also the beam energies corresponding to the ALPI reacceleration nicely encompass
the range of the predicted maximum in the DDR strenght (8-12 AMeV).

In this letter we propose the following fusion reactions to be investigated also with SPES
ion beams (n-rich Cs, Kr and Sn). The point is to compare the gamma emissions measured in
coincidence with CN formed in two different reactions, the one iso-symmetric (dipole strenght
almost zero) and the other iso-asymmetric. Possible systems are:

133Cs +48 Ca (N/Z=1.42,1.40 respectively) →181Re
142Cs +40 Ca (N/Z=1.58,1.00 respectively) →182Re
(or better: 141Cs +40 Ca (N/Z=1.56,1.00 respectively) →181Re to produce the very same CN )

Since the calculated initial dipole moments strongly differ in the two cases (D(t = 0)=1.2fm,
36fm, respectively), we expect a marked difference in the prompt collective resonance. Namely,
one should verify the absence of the DDR in the first reaction and its presence in the second
one.

We are of course interested to extend this study to other n-rich systems, for example those
formed by the heavier Sn132 beam whose example case, as said before, has been described in
theoretical papers (e.g. Ref. [3]). Possible fusion reactions to be compared are:

132Sn +58 Ni (N/Z=1.64,1.07 respectively) →190Pt
124Sn +58 Ni (N/Z=1.48,1.07 respectively) →182Pt
124Sn +64 Ni (N/Z=1.48,1.29 respectively) →188Pt

or

132Sn +40 Ca (N/Z=1.64,1.00 respectively) →172Yb
124Sn +48 Ca (N/Z=1.48,1.40 respectively) →172Yb

There are also indications on some DDR dependence on the mass asymmetry between pro-
jectile and target: for symmetric systems the slowest dynamics toward fusion should produce
smaller effects for a given initial dipole moment. Therefore it would be very stimulating the
joint study of the following reactions:

124Sn +56 Fe (N/Z=1.48,1.15 respectively) →180Os
90Kr +90 Zr (N/Z=1.50,1.25 respectively) →180Os

In these two cases the projectile-target N/Z values are still enough different (D(t = 0)=25fm,
21.5fm, respectively) to produce valuable information if one performs modern exclusive ex-
periments and compares these systems having similar charge unbalances but different
mass-asymmetry. Probably, it will be also needed to measure the entirely symmetric (isospin
and mass) system (e.g. 90Zr on 90Zr) to get the null-experiment signal from the compound
nucleus with A=180. In any case this mass-asymmetry dependence of the DDR should be
futher investigated also on theoretical ground.
If very exotic Kr ions could be produced with enough intensities, one could also study the
system:

94Kr +78 Se (N/Z=1.61,1.29 respectively, with D(t = 0)=24fm) →172Yb

in order to enrich the systematics on Yb on which there is already a LoI for SPIRAL2
presented by some of the subscribers of this letter [9].
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THE EXPERIMENTS

For the experiments, we plan to use the GARFIELD [10] array coupled with suitable energetic
gamma detectors, like the HECTOR array, presently consisting of eight large volume BaF2

crystals. GARFIELD efficiently measures the coincident charged particles emitted beyond
30degrees. The evaporation residues (ER) could be detected with a specific forward-angle
array. For instance, during the recent experimental campaign in 2008-09, we successfully used
a set (32 or 48 pieces) of phoswich scintillators which give the Tof and the energy of impinging
ions at forward angles. Of course, at this stage, the LoI is open to any futher development
even in terms of detector array. For instance, other detectors could be used for a better ER
determination or for a more efficient measurement of gamma rays; this issue will be discussed
within the groups who are going to perform such kind of physics at SPES.
The GARFIELD chambers and CsI crystals, as well as the ER detectors, are equipped with
fast sampling ADC-DSP boards which make the apparatus one of the most advanced array
for heavy-ion physics with respect to both detection techniques (signal shape analysis) and
acquisition and triggering capabilities. The apparatus is constantly upgraded by exploiting
the knowledge and the information coming from the FAZIA international collaboration [11].
FAZIA aims at optimizing detector performances and capabilities also in view of RIB facilities
where low energy thresholds and charge/mass identification are relevant issues. Therefore, at
the moment of the SPES experimental phase, we think to be ready for an even more refined
experimental approach. For example, we could use the telescope array of the Phase II FAZIA
program. This array will consist of about 200 Si-Si-CsI(Tl) telescopes, with digitized signals
and with unprecedented performances as far as ejectile identification capability is concerned. In
the proposed experiments, FAZIA could measure in coincidence the mass and charge of ejectiles
at specific angles. In this way we could precisely study the onset of the DDR and the GDR and
the interplay of collective resonances with other fast processes, like particle emissions, which
are mainly governed by the dynamics of the entrance channel.
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