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Modern approaches to describe the dynamics of nuclear fission make extensive use of the Langevin
formalism [1,2], which effectively accounts for the stochastic nature of the process. However, the
problem of correctly determining the parameters of the random force in this approach remains un-
resolved. This issue becomes particularly relevant for low-energy fission, where quantum effects
[3] play a significant role and traditional estimates of the random force amplitude by the zero-point
oscillation energy (≈1 MeV) need to be revised.

In this work, the model [4] based on Fourier parameterization of the nuclear surface and macroscopic-
microscopic description of the potential energy is further developed. The main improvement is the
use of refined values of the zero-point transverse vibrational modes obtained from the analysis [5]
of the spin distributions of the fission products from both the induced fission of Th and U and the
spontaneous fission of Cf.

The main research results focus on model verification by comparison with experimental data on
mass distributions and total kinetic energies of the fission fragments for actinide nuclei. Particular
attention is paid to the analysis of the influence of zero point oscillations upon the system dynamics
during the stage of descent from the outer fission barrier.
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In this work, we studied the total reaction cross sections for the 10,11,12Be nuclei on the 28Si target
by the 4π method based on the registration of the prompt γ quanta and neutrons accompanying the
interaction using the multidetector spectrometer. It was found that the total reaction cross sections
for the 11Be nuclei are significantly larger than those for 10Be. Along with the low value of the
neutron separation energy (0.5 MeV) for 11Be, it is an indication of its halo structure. The total
reaction cross sections for the 12Be nuclei are larger than those for 10Be. Along with the pairing of
two outer neutrons and the larger value of the neutron separation energy (3.2 MeV) for 12Be, it is an
indication of its more compact outer shell (compared to a halo) which can be called a skin.
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Using the measured values of the total reaction cross sections and the phenomenological optical
model, the effective matter radii of the 10,11,12Be nuclei were determined. A new theoretical ap-
proach based on the combination of the optical model with the modified optical potential and clas-
sical trajectories was applied to the calculations of the effective matter radii of the colliding nuclei
(details are given in [1]).
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