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The effect of breakup in the fusion cross section in terms of suppression versus enhancement, discussed in a
conflicting way in the literature, is addressed. Data and theoretical predictions available in the literature are
compared. Excitation functions of the sub- and near-barrier fusion cross-sections for a wide variety of light
and heavy systems are presented and interpreted. We have measured fusion excitation functions and breakup
correlation functions for the medium weight systeths + **Co and’Li + **Co. These measurements help

to establish the influence of the projectile breakup on the fusion process at near-barrier energies and contribute
to the determination of how the mass of the target affects the breakup role. The results indicate a light fusion
enhancement at sub-barrier energies and a geometry dominated cross section at barrier energies.

Systematic experimental and theoretical studies on the  Recently a systematic study of the fusion process in sys-
effect of the coupling of collective degrees of freedom to the tems as light a&7Li+'2C and®"Li+“Be has been (8,13,14)
fusion process, which lead to a significant enhancement ofpresented reporting, at energies E above the balfigr
sub-barrier fusion cross-section when compared to predic-(E > 2Vp), a correlation between the participants bind-
tions of one dimensional barrier penetration models, haveing energy, the size of the system and the degree of inhibi-
been, so far, widely reported in the literature (ref 1-3). The tion of the fusion probability. This study indicated that the
dynamical process leading to this enhancement seems to bdegree of inhibition of the fusion probability results from
well understood (3). However, in the case of reactions wheretwo adding phenomena. One directly related to the lowest
at least one of the colliding nuclei has a very low binding binding energy for particle or cluster breakup, and another
energy, and the breakup process may become an importantelated to the size of the system by the ratio of skin / core
reaction channel, conflicting model predictions and experi- volume. (14). Conflicting interpretations reported in the
mental results are found (4-7). litterature, are, in part, originated from the use of different

Many questions regarding this feature became more re|_references to state that an inhibition is observed: reaction

evant due to the large impact they may have on the inves-Cross section, predictions based on one dimentional barrier
tigations made possible with the recent availability of ra- Penetration model (1BPM), fusion cross section of similar

dioactive beams and the renewed interest in superheavy eleSYStems, and others.

ments. It is so far established that the coupling of collective = From the'theoret!cal' point of view, this problem also
additional degrees of freedom to the sub-barrier fusion chan-1iSes interesting and intriguing questions. Some approaches
nel systematically enhances the Complete Fusion (CF) cros@redict an enhancement of the fusion yield, whereas others
section. However, the theoretically expected decrease of thePredict the suppression of fusion. Furtermore, other models
survival probability of weakly bound nuclei at barrier ener- Predict the coexistence of both features as sub-barrier en-
gies suggests an inhibition of the CF cross section. Experi-hancement and suppresion above the barrier.

mental results have shown that the nuclear breakup channel Very recently, Tripathi et al (12) indicated that the com-
may be a major limiting process for the fusion probability Petition between the enhancement and inhibition factors are
above the barrier energy when light weakly bound nuclei resultant of coupling into the fusion channel, rather than an
(8,9) are involved. On the other hand, the Coulomb breakupincoherent survival probability of the entrance channel.

may also be important when weakly bound nuclei interact ~ The studies presented in the literature are concentrated
with very massive heavy-ions systems (10-12). One openin two different domains: light systems dominated by single
and interesting question that remains in the case involving particle and geometrical effects, and massive systems domi-
medium weight nuclei is whether the breakup process hin-nated by Coulomb interactions and collective behaviour.
ders or enhances fusion cross sections in different energy  The effect on medium weight systems, which represent
regimes. an intermediate configuration and for which the geometrical
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attenuation of fusion and Coulomb breakup processes mayversity of 30 Paulo 8UD Pelletron Tandem facility and the
compete equally, has not been addressed yet in the litteraVIVITRON electrostatic Tandem accelerator of the Institut
ture. Within this scenario we have extended the study of thede Recherches Subatomiques (IReS), Strasbourg. The fu-
effect of the breakup on fusion cross sections by measuringsion cross sections were obtained through the detection of
sub- and near-barrier fusion cross sections fofttie¢>’Co the gamma rays related to the evaporation residues.
and’Li+%°Co reactions. This measurement involves a sig-
nificantly heavier target than the previous work of Takahashi ~ We have also searched for Incomple Fusion (ICF) yields
et al (8), and lighter than the one used by Dasgupta et al.at the highest energy data. Hauser-Feshbach calculations
(11), thus enabling to explore to what extend the influence using the statistical-model code CASCADE (18) were used
of the breakup channel scales with the target mass. This isto identify and /or check possible contamination of specific
an important consideration in planning subsequent near bardines associated to evaporation residues with contributions
rier fusion experiments with radioactive beams. from Incomplete Fusion process. The critical angular mo-
The 7Li beams, of energies between 11 and 26 MeV menta have been deduced from the experimental total fusion
and of intensity of 5-10 pnA, were provided by both the Uni- cross sections using the sharp cut-off approximation.
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Figure 1. a) Excitation functions for the most proeminent fusion-evaporation exit-channels’ai-+32Co reaction. The upper excitation
function represents the sum of all the observed decay channels, associated to the total fusion cross section. b) sdthie-f6Cthe
reaction.
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The average excitation functions for the fusion cross sec-the fusion channel, and must be auto consistent with the fu-
tion (Fig. 1), were fitted to 1BPM. In order to identify pos- sion suppression.
sible deviations from the expected behaviour due to the cou-  This work was supported in part by the Conselho
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