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The probability of nuclear fusion can be divided conceptually into two parts, the probability
for capture of the two nuclei in the entrance-channel, and the probability of evolving from the
capture configuration to the compact compound nucleus shape. If the system is captured, but
does not form a compact compound nucleus, the reaction process is characterised as quasi-
fission. The fusion cross-section can thus be written:
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where 1 is the reduced deBroglie wavelength, determined by the beam momentum, and
PfQF is the probability of quasi-fission. The capture probabilityfor angular momentuni is
calculated in a coupled channels framework, in terms of the asymptotic properties of the indi-
vidual colliding nuclei. Although this approach has successfully described the major features
of capture cross sections, many open questions still remain.

The calculation of BF requires modelling of the evolution of the combined system over
the potential energy surface, and is in practice fAadilt problem, although in principle it is
simply a transport problem in a multi-dimensional space. To know whether a model calculation
is successful, the experimental fusion cross section should be known. Unfortunately, it appears
that the quasi-fission and fusion-fission events cannot be separated experimentally, so only the
evaporation residues can be used as a signal of fusion. Then, the probability of fission from the
compound nucleus should be known.

A framework is presented [1, 2] for the interpretation of evaporation residue cross sections,
which in principle allows this limitation to be overcome, and the probabilities of quasi-fission to
be determined experimentally. This has already shown that reactions previously assumed to fuse
with unit probability, without the presence of quasi-fission, are in fact significantly inhibited by
quasi-fission. This surprising result extends to reactions as mass-asymméifie-d8’Au.

This framework is then applied to a wide range of existing and new experimental measure-
ments, and the limitations of the approach, and the new insights which result from this approach
are presented, including implications for the extra-push interpretation of measured evaporation
residue cross-sections.
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