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Li+80 Se
systems, we have measured angular distributions at center- of-mass energies from 13 ≤ Ec.m. ≤ 24 MeV (0.8VCB
up to 1.6VCB ). They were analyzed within the framework of the optical model to study the energy dependence of
the real and imaginary parts of the nuclear potential. The focus was to investigate the threshold anomaly in those
weakly bound systems. The behavior of the calculated potentials as a function of energy indicates that our results
are consistent with the dispersion relation. The threshold anomaly was observed in the 7 Li+80 Se system and the
breakup threshold anomaly was confirmed for the 6 Li+80 Se system.

Abstract. In order to study the influence of the breakup channel in the elastic scattering of the

1 Introduction
The production of radioactive beams, has enabled the investigation of the dynamics and the structure of nuclei far
from the stability line and it has also made possible to
recreate nuclear reactions of astrophysical interest. When
they are used to induce nuclear reactions there exists in
general a large probability of breakup, giving rise to interesting effects comparing with the results obtained with
bound systems, in which breakup processes are less common. Radioactive beams have low intensities, thus making
experiments very difficult and time consuming to obtain
statistically significant experimental data.
The use of beams of the stable 6 Li, 7 Li and 9 Be weakly
bound nuclei to study the role played by the breakup channel has increasingly become a subject of interest in heavyion research [1,2]. The separation energies of α-particles
for the breakup of 6 Li and 7 Li, are Sα (6 Li)=1.47 MeV and
Sα (7 Li)=2.47 MeV, on account of these properties those stable nuclei have enhanced breakup probabilities and, therefore, they are particularly suitable for studying the breakup
process and its influence on other reactions mechanisms.
The aim of this work is to investigate the influence of
the breakup of 6,7 Li projectiles on a relatively medium-mass
target 80 Se (Z=34, N=46, intermediate between 27 Al and
144
Sm, already studied by our group [3–5]) throughout the
behavior of the optical potentials deduced from the experimental measured elastic scattering angular distributions.
A very preliminary report of this work was presented in
[6]. A similar data analysis to that carried out by Figueira
et al. [3–5] is proposed here. The objective is to obtain a
set of potentials that should be able to give the best dea
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scription of the above mentioned angular distributions. We
have focused the analysis on the presence or absence of the
threshold anomaly and breakup threshold anomaly [7, 8].
This report is organized as follows: Sec. 2 briefly describes the experimental setup and presents the experimental results. Follows Sec. 3 devoted to discuss the results
of the theoretical analysis. Sec. 4 summarizes the entire
work, discusses the conclusions and provides suggestions
for future work to be carried out on this subject.

2 Experimental setup and results
Beams of 6,7 Li were supplied by the 20 UD TANDAR accelerator on Se-80 targets, 110 µg/cm2 thick. The detection
system consisted of an array of eight surface barrier detectors. The angular distributions were measured in steps of
2.5◦ covering an angular range of ≈ 160◦ . For additional
details on the experimental setup and details see Refs. [6,9].
The experimental elastic scattering cross sections (normalized to Rutherford cross section) plotted as a function of
the scattering angle for the 6,7 Li+80 Se systems are shown
in Figs. 1 and 2 for 6 Li+80 Se and 7 Li+80 Se systems respectively.

3 Optical model calculations
We discuss in what follows the results of the analysis of
the elastic scattering cross sections using a phenomenological optical model potential. We evaluate its behavior as a
function of energy at the sensitivity radius.
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Fig. 1. Experimental elastic scattering cross sections normalized
to the Rutherford cross sections for the 6 Li+80 Se system (open
circles and their best fits from optical model calculations (solid
lines). Energies are given in the center of mass frame.
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Fig. 2. Experimental elastic scattering cross sections normalized
to the Rutherford cross sections for the 7 Li+80 Se system (open
circles and their best fits from optical model calculations (solid
lines). Energies are given in the center of mass frame.

The phenomenological potential is defined as follows:
U(r) = VC (r) − V f (r) − iWv f (r) − iW s g(r),

(1)

where the first term represents the Coulomb potential, the
second term is the real nuclear potential and the third and
fourth terms are a volume and a surface absorptive imaginary potential, respectively. The usual Woods-Saxon form
factor and its derivative were adopted for f (r) and g(r)

Fig. 3. a) Imaginary (open circle) and b) real (full circle) parts of
the optical potentials, as a function of the center of mass energy,
evaluated at the sensitivity radius, for the 6 Li+80 Se system. The
sensitivity radius R s =10.4 fm was taken as an average of the
obtained values at different energies. The Coulomb barrier energy
is displayed as a vertical arrow.

having the usual dependence in terms of the reduced radii
and the diffuseness parameters. The parameters V, Wv and
W s are the depths of the different contributions to the optical potential. The surface imaginary potential takes into
account the absorption from peripheral processes (inelastic scattering and breakup) that occur mainly at distances
close to rC , while the volume imaginary potential describes
the absorption from fusion. The angular distribution data
for the elastic scattering of 6,7 Li+80 Se systems were analysed searching for sets of optical model parameters that
minimize the value of χ2 /point. A first set of geometric
parameters was proposed based on the best fits calculated
at the highest bombarding energies, namely 23 MeV and
26 MeV. The values of the geometrical parameters were the
same for both systems, namely r=rWs =1.25 fm, rWv = 1.0
fm, a=aWs =0.75 fm and aWv =0.3 fm. The reduced radius for
the Coulomb term was fixed at rC =1.1 fm. These geometric
parameters were kept fixed throughout the calculations and
were constrained to rWv ≤ r=rWs and a=aWs . In this way it
was taken into account the fact that in the fusion processes
both the projectile and target nucleus have to come close
enough to overcome the Coulomb repulsion and to get attracted by the short-range nuclear force. The calculations
and the analysis was mainly concentrated in obtaining the
optical potential strengths V, Wv and W s that best describe
the experimental data. They were performed with the code
ptolemy [10] and the obtained results are summarized in
Fig. 3 and discussed in what follows.
For 6 Li+80 Se, Fig. 3a) shows that the imaginary part
of the optical potential at the sensitivity radius W(R s ), is
approximately constant up to Ec.m. ≥17 MeV. Below that
energy, it increases as the energy decreases to reach a maximum at approximately 14 MeV, then it decreases sharply
and almost vanishes at the lowest measured energy. The fact
that the imaginary part of the potential continues to increase
even as the energy decreases below the barrier suggests
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Fig. 4. a) Imaginary (open circle) and b) real (full circle) parts of
the optical potentials, as a function of the center of mass energy,
evaluated at the sensitivity radius, for the 7 Li+80 Se system. The
sensitivity radius R s =10.2 fm was taken as an average of the
obtained values at different energies. The Coulomb barrier energy
is displayed as a vertical arrow.

that inelastic and/or breakup channels remain open in this
sub-barrier region, in contrast with the behavior observed
for tightly-bound systems where the threshold anomaly is
found. Fig. 3 b) shows the behavior of the real component
V(R s ) of the optical potential. Above the barrier energy, it
remains constant, while below the barrier it increases as the
energy decreases up to almost twice the value at the barrier.
The experimental points are compared with the results of
the calculations obtained through the dispersion relation
based upon the corresponding series of linear segments
shown in Fig. 3 a). A qualitative agreement between the
experimental data and the theoretical calculations indicates
that the dispersion relation is satisfied for this system.
For the 7 Li+80 Se system, (see Fig. 4 a)) the imaginary
component W(R s ) is relatively energy independent above
the Coulomb barrier and it decreases below the barrier as
energy decreases. On the other hand, V(R s ) (see Fig. 4 b))
is also rather constant as a function of energy above the
Coulomb barrier energy. Then, correlated with the imaginary potential through the dispersion relation (see the dotted, dashed and full lines in Fig. 4 a)), it increases with
decreasing energy developing an approximate bell-shape
behavior. Taking the real and the imaginary parts of the
optical potentials together, these behaviors are consistent
with the ordinary threshold anomaly usually observed in
tightly bound systems [11].

ior of the real and imaginary parts of the optical potential
as a function of energy is compatible with the presence
of the threshold anomaly. On the other hand the behavior
of the imaginary part of the phenomenological potential
strongly suggest the absence of the TA or the presence of
the BTA. The results for the elastic scattering of 6,7 Li+80 Se
systems confirm the qualitative agreement with the relation
dispersions.
Comparing the scattering of 6 Li and 7 Li nuclei by several targets, an almost overall behavior for 6 Li is much more
clearly compatible with the BTA than for 7 Li. The reason
for that might be the higher breakup threshold energy for
7
Li and the fact that for this nucleus there is a competition between the repulsive breakup polarization potential
[12] and the attractive polarization potential produced by
its first excited bound state [13]. To qualitatively evaluate the influence of breakup relative to inelastic channels
coupled-channel calculations and/or continuous discretized
coupled-channel calculations should be carried out in the
future.
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4 Summary and conclusions
We have reported measurements of the elastic scattering angular distributions for the 6,7 Li+80 Se systems at bombarding
energies from below to above the nominal Coulomb barrier.
An optical model analysis based upon χ2 -minimization using a Woods-Saxon phenomenological potential was carried
out. For the case of the elastic scattering of 7 Li the behav-
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