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In 1980 the anomalous sub-barrier fusion of two massive atomic nuclei was discov-
ered [STO80]. The cross sections far exceed simple quantum tunneling expectations and
the effect depends stongly on the structure of the collision partners. Several models,
developed during the period 1983-5, serve to illustrate the features of coupling-aided
barrier penetration ; however, a full understanding remains elusive. Radioactive nuclear
beams offer a good way to analyse this process by allowing to test the importance
of various effects such as deformation, nucléon transfer, low lying states or dynamical
quantities such as neck formation or vibrations.

In particular, it is attractive to determine the effect on the fusion cross-sections of
the neutron halo such as pointed out for 11Li,11' 14 Be [TAN88]. The presence of this
halo can cause a significant enhancement of the sub-barrier fusion cross-sections both
because of a lowering of the barrier associated with low neutron separation energies and
because of an extra dynamical enhancement arising from excitation of the predicted soft
El dipole modes. The enhancement factor due to coupling of the entrance channel to
the low lying giant dipole resonance (the pigmy resonance) might reach 1 or 2 orders
of magnitude [TAK91]. At energies above the barrier the nuclear break-up might also
inhibit the fusion, inducing a dip at the barrier [HUS91].

We have planned to measure at GANIL, using the LISE3 facility, the fusion and
transfer cross-section of 7.9.10.11IJ6 + 238U at sub-barrier energies. Due to the high
fissility of the target, any nuclear reaction induces two fission fragments (noted ff )
emitted at 180° in the refeftice frame of the emitter. The detection of these fragments
will provide the fission cross section which is equivalent to the total cross section for such
systems. The fission products will be detected in parallel plates. In order to discriminate
between fusion and the other reactions, the remaining part of the projectile (quasi-
projectile) will be measured in a 4ff plastic detector surrounding the parallel plates.
The presence of a quasi-projectile (noted qp) will be the signature of a transfer reaction

J



Figure 1 : The reaction chamber Betel-
geuse and the two parallel plate cubes sur-
rounding the target.

Figure 2 : Upper view of the apparatus with
the SO plastic scintillator detectors, their light
guides and PM tubes.

when its absence will sign complete fusion.
The discrimination between the two kind of ions will be provide by determining

the velocity (time of flight and position measurements), a gross discrimination by the
range (the ffaxe stopped after the parallel plates in an absorber whereas the qp passing
through are stopped in plastic detectors) and the energy losses.

In figure 1, the 4ir detector of parallel plates is presented in the reaction chamber
Betelgeuse. The axis of the beam is schematically drawn with a dashed curve. The target
will be positioned between the two cubes, hi figure 2, the twenty plastic scintillator
detectors are positioned with their photo-multiplier tubes. The time of flight base is
larger than 15 cm providing an excellent discrimination between j(f and qp.

The apparatus must measure cress section in a large range, from 500 mb down
to few mb. The previous configuration of the apparatus does not allow to measure
the lower cross sections with the expected exotic beam intensity. The detectors will
be used in a second configuration with five targets as presented on figure 3 (crosses).
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Each target is sandwiched between two parallel plates placed at less than 5 cm. The
plastic scintillators are positionned behind in order to detect the qp. The detection of
Jf in parallel plate will indicate the target where the interaction have taken place. The
discrimination between the two kind of ions will be made by the energy losses and the
range. In these configuration the beam traverses five targets and ten parallel plates. Due
to the energy losses in these media a large part of the excitation function of the fusion
cross section is obtained in one measure. The definition of the incoming energy suffers
an energy straggling up to .5 MeV.
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Figure 3 : The sandwich configuration with the five targets (crosses), the ten parallel plates
and the 6 plans of plastic scintillators.

Tests are necessary to optimize the production and the slowing of the beam from
the GANIL energy domain down to sub-barrier energies (around 50 MeV). Stable
beams will be used to check the validity of the apparatus and the discrimation method
between transfer reactions and fusion. Nobody knows yet what should be the result of
this experiment since the light nuclei" with neutron haloare the stranger nuclear objects
discovered during the last years.
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