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SUMMARY The fusion barrier is formed by the combination of the repulsive Coulomb and attractive nuclear
forces. Recent research at the Australian National University has shown that when heavy nuclei collide, instead
of a single fusion barrier, there is a set of fusion barriers. These arise due to intrinsic properties of the interacting
nuclei such deformation, rotations and vibrations. Thus the range of barrier energies depends on the properties of
both nuclei. The transfer of matter between nuclei, forming a neck, can also affect the fusion process. High
precision data have been used to determine fusion barrier distributions for many nuclear reactions, leading to
new insights into the fusion process.

1. INTRODUCTION

It is well known that fusion reactions are largely
controlled by two forces, the long-range repulsive
electrostatic Coulomb force and the short-range
attractive strong nuclear force. The "fusion barrier"
corresponds to the energy where these two forces are
balanced. In classical terms, it describes the
minimum energy required for fusion to occur.
However, nuclear fusion is a quantum mechanical
process and can occur by tunneling through the
fusion barrier.

2. FUSION BARRIER DISTRIBUTIONS

ANU research into the fusion of heavy nuclei has
shown that fusion is not governed by a single fusion
barrier but a set of fusion barriers known as a
"fusion barrier distribution". This is the result of
nuclei not being inert spherical objects but
exhibiting properties and dynamics, which affect the
fusion process. These include nuclear deformation,
rotations and vibrations, transfer of nucleons from
one nucleus to the other, and breakup of nuclei.

3. MEASUREMENT OF FUSION BARRIER
DISTRIBUTIONS

The distribution of barriers can be extracted directly
from precise fusion cross section measurements at
energies around the fusion barrier, through a simple
and elegant transformation [1]. Many high precision
fusion cross section measurements have been
conducted using beams from the ANU HUD
accelerator. The resulting fusion barrier distributions
show clearly the characteristics of the interacting
nuclei in each reaction. This new technique provides

far more detail of the reaction dynamics than was
possible by previous studies which were limited to
understanding the largely smooth and featureless
variations of cross sections as a function of energy.

4. THE 15O + 144154Sm REACTIONS

The figures in this paper show fusion barrier
distributions for the reactions 16O + 154Sm and 16O +
144Sm [2]. The dashed lines show the single fusion
barrier calculations. The I54Sm nuclei are deformed
which gives rise to a wide range of barrier energies,
with different probabilities, having a non-symmetric
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Figure 1: Measured and calculated fusion
barrier distributions for 16O + 154Sm, with
classical and quantum-mechanical
representations.
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distribution. This can be understood geometrically.
Compared to spherical nuclei, the barrier is lower
when the projectile approaches the "pole" of the
deformed 154Sm nuclei and is higher when it
approaches the "equator". Taking into account all
possible orientations produces a distribution of
barrier heights, some lower and some higher than the
single barrier. The spherical 144Sm nuclei undergo an
octupole vibrational excitation during the fusion
process. This leads to a two peaked fusion barrier
distribution. The position and size of the two peaks
are determined by the energy and magnitude of the
vibration.
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Figure 2: Measured and calculated fusion
barrier distributions for 16O + 144Sm, with
classical and quantum-mechanical
representations.

5. CONCLUSION

The measurement of fusion barrier distributions has
allowed detailed investigation of the interaction of
the two nuclei during the fusion process. It has
opened a new window into the microscopic world of
nuclei, and allowed measurement and identification
of the processes which occur. Experimental fusion
barrier distributions have shown that collective
excitations (rotation, vibration and deformation)
play a dominant role in the fusion process, although
nucleon transfer can determine the energy of the
lowest barrier.

The use of fusion barrier distributions has also
allowed investigation of the strong nuclear force
itself. The strength of the nuclear force varies with
the distance between the two nuclei in a complex
manner. As heavy-ion fusion reactions occur at
closer proximity than other reactions such as
scattering reactions, they provide a tool with which
to probe the form of the nuclear force. The fusion
barrier distributions are sensitive to these effects. It
has already been shown that the process of nuclear
fusion is much more complex than previously
thought. The effect of the fusion barrier distribution
on the subsequent reaction dynamics, for example
fission, is now being investigated.
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