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Abstract. The Radioactive Ion Beams in Brasil (RIBRAS) is described. Experiments using
radioactive secondary beams of light rare isotopes such as *He, "Be, *Li on several targets have
been performed and the results are presented.
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The study of reaction induced by secondary beams of rare isotopes is one of the most
active fields in Nuclear Physics nowadays. Nuclei far from the line of beta stability are
called exotic nuclei and present unusual features compared to the stable isobars.
Neutron rich nuclei like **He present a cluster like structure formed by an alpha core
and a “halo” of neutrons which extends over large distances from the core and with
densities much lower than the normal nuclear matter. The weakly bound neutrons
enhances the total reaction cross sections of those exotic nuclei and the possible
presence of such rare isotopes in astrophysical sites like supernovas explosions and the
Big-Bang nucleosynthesis could have consequences in the formation of the stable
known elements.

RIBRAS is presently the only experimental equipment in South America capable of
producing secondary beams of rare isotopes. It consists of two superconducting
solenoids, presently installed in one of the beam lines of the 8 MV Pelletron Tandem
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accelerator of the University of Sdo Paulo. The exotic nuclei are produced in the
collision between the primary beam of the Pelletron Acceleratorand the primary target,
placed just before the first solenoid (see figure I). The first solenoid focus the
secondary beam on a secondary target where the reaction of interest takes place. The "Li
of 3-5 MeV/A and a *Be (~12 #/m) are the standard primary beam and primary target to
produce *He and °Li secondary beams beams via the one proton stripping *Be('Li,’He)
and one neutron pickup *Be(’Li,°Li) reactions. A *He gas primary target is used to
produce the *B and 'Be beams by the *He(°Li,’B) and *He('Li,’Be) reactions. The
primary beam cross the primary target (see label (1) in Figure 1) and is collected in the
Faraday cup (3). The secondary particles produced in the primary target are collected by
the first solenoid within a cone between 2° < < 6° defined by the Faraday cup and
the collimator (2). The acceptance solid angle of the system is 30 msr. The first solenoid
makes a magnetic-rigidity selection to focus the secondary beam in the secondary target
position (7). Unwanted secondary particles are stopped in the blocker (5) and collimator
(6). A second identical solenoid is mounted after the target (7) and will allow an
additional filtering improving the purity of the secondary beams. Presently we operate
only with the first solenoid.
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FIGURE 1. Scheme of the first solenoid RIBRAS system. —1-primary target,
2-collimator, 3-Farady cup, 4-solenoid, 5-unwanted-beam blocker, 6-collimator, 7-secondary target and
detectors.
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This system allows the production of beams of thelight nuclei mentioned above with
intensities of 10* to 10° pps and energies in the range 1-5 MeV/A.

The research performed at RIBRAS consists basically of elastic scattering and nucleon
transfer reactions studies at low energies, using light exotic beams such as *He, *Li and
"Be. The elastic scattering allows the study of the interacting potential and the total
reaction cross section. We have been developing this program using the medium-heavy
target '*’Sn [2], medium mass targets such as **Ni and *'V [3] and lighter targets such as
Al [4], *C[5,6] and *Be[7,8]. The sistematic study using targets of different atomic
numbers allows the investigation of the interplay between the Coulomb and nuclear
interactions in the collision. Due to the fact that the exotic nuclei are weakly bound, the
breakup and the neutron transfer reactions become important channels even at energies
below the Coulomb barrier, strongly coupled with the elastic channel. As a
consequence, the usual optical potentials fail to reproduce the elastic angular
distributions and the coupling to the continuum has to be considered explicitly via
CDCC calculations[8,15]. The presence of a long range imaginary potential is a feature
present in the scattering of He on heavy targets and is probably due to the projectile
breakup in the Coulomb field of the target.

The total reaction cross section of exotic projetiles presents anenhancement compared
to stable isobar projectiles in identical heavy targets [2,13].

To compare the reaction cross sections of different systems at different energies, it is
convenient to rescale the cross sections and energies in order to overcome trivial effects
due to the differentsizes and energies with respect to the Coulomb barrier [10,11]

For lighter systems such as ‘He+'Al, *He+’C and °He+Be[7,8] situation is still
inconclusive [12]. There are some indications that the enhancement observed in *He+
heavy targets could be smaller for lighter systems such as the *He+"'Al[4] and *B+"C
[6], although a larger reduced reaction cross section has been obtained in some analysis

[9].

Another interesting field opened by the advent of exotic secondary beams is the
spectroscopic study of nuclei out of the line of stability and its consequences in
reactions of astrophysical interest. The proton transfer *C(°Li,’Be)''B reaction has been
measured at RIBRAS [5,6]. As the vertex B2 > s known, this reaction provides
information of the <%Lil’Be >spectroscopic factor, which normalizes the radiative

8- 9 :
capture "Li + p - “Be cross section.
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