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Manifestation of nuclear structure in low-energy
total reaction cross sections
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The study of the total cross sections for the reactions involving neutron-rich weakly bound nuclei makes it
possible to obtain information on their structure (halo, skin, clustering, etc.) and its manifestation in nuclear
reactions.

For example, the outer neutrons of the 9Li nucleus with an energy of separation of 4 MeV have a compact
space distribution that may be called skin. The results of experiments on measuring total cross sections for
the 9Li+28Si reaction as a function of the beam energy in the range E = 5A − 50A MeV [1,2] showed that,
in the energy range E = 10A − 20A MeV, the values of the total cross section for the 9Li+28Si reaction
are much larger than those for the 7Li+28Si reaction [2]. Such an enhancement could not be explained by
the theoretical models existing at the time. In [1], it was assumed that the reason for the enhancement was
related to the properties of the shell of the relatively weakly bound outer neutrons and its evolution in the
process of collision with the target nucleus. This assumption provided good agreement of calculations with
the experimental data.

In the 11Li nucleus, the outer neutrons are even more weakly bound − their energy of separation is 0.4 MeV,
which leads to an extended space distribution called halo. The enhancement of the cross section for the
11Li+28Si reaction compared to those for the 9Li+28Si and 7Li+28Si reactions was experimentally observed in
the entire energy range, up to 50A MeV; this enhancement was theoretically explained by neutron transfer
from the extended halo shell to the states of the continuous spectrum [3].

Clustering in light nuclei is especially pronounced in the isotopes of beryllium; their moment of inertia turned
out to be very large, which is consistent with their 2α-cluster structure characterized by a large deformation
(e.g., [4]). Calculations also yielded a dumbbell-shaped structure due to the pronounced 2α-clustering (e.g.,
[5]). In this work, we discuss themanifestation of the structures of the 10,11,12Be isotopes in the reactions with
the 28Si target measured using a multidetector gamma spectrometer [6] in comparison with the experimental
data on the total reaction cross sections for the 7,9,11Li isotopes [1−3] and 4,6He.
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