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The study presents a new method for determining the critical neck in nuclear fission, based on the
analysis of fragment spin characteristics. The key difference from other approaches, such as [1,2], lies
in using experimental data on fragment spin distributions [3] instead of the conventional analysis
of mass distributions. This choice is motivated by the greater sensitivity of spin characteristics to
fission dynamics, particularly during the final stages of the process.

The primary focus of the work is the analysis of fissioning nucleus dynamics near the scission point.
The dependence of transverse oscillation frequencies on fragment quadrupole deformations was in-
vestigated, along with the evolution of the system’s moments of inertia. Particular attention was
given to analyzing the influence of bending and wriggling vibrational modes of pre-fragments. It is
shown that accounting such dynamic effects enhances the consistency between theoretical predic-
tions and experimental results.

The obtained estimates for the neck radius fall within the range of 1 – 2.5 fm and show good agree-
ment with existing theoretical models [1,2]. In particular, for actinides, the critical radius is approx-
imately 2 fm, consistent with classical concepts [4] of the balance between Coulomb and nuclear
forces at the rupture point. An exception is the case of 252Cf, where simplified models [1] yield
values close to nucleon sizes, around 1.2 fm.

The developed approach opens new possibilities for studying nuclear fission dynamics. Specifically,
analyzing spin distributions provides additional information about processes occurring in the neck
region of the fissioning nucleus.
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The characteristics of various nuclear processes are rather simple to calculate in statistical model
[1-4]. In particular, the transition-width distribution is described by the Porter–Thomas equation,
there are no correlations between different partial widths, the strength function of β-transitions
Sβ(E) depends smoothly on energy, and the ratios of the amplitudes for decay via various spin
channels follow the Cauchy distribution.
An intermediate structure of resonances in nuclear reactions and in the resonance structure of the
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β-decay strength functions Sβ(E) connected with violation of statistical model in a localized energy
region [1,2]. Deviations from the statistical theory have been observed in (p,p’γ) and (p, γ) reactions,
β− and β+/EC-decays [1-4]. Non-statistical effects are closely related to the symmetry of the
nuclear interaction and determined by the non-statistical component of the resonance wave function
[1,2].
In this report non-statistical effects manifested in reactions involving low-energy protons and in
β- decays are analyzed. Non-statistical effects are closely related to the symmetry of the nuclear
interaction. In (p, γ) reactions for nonanalog resonances in N > Z nuclei non-statistical effects are
connected with neutron excess and domination of the simple configuration such as proton-particle
neutron-hole in the wave function of nonanalog resonances [1-3]. The association of non-statistical
effects in (p, γ) reactions and in the β-decays with spin–isospin SU(4) symmetry are discussed. The
non-statistical effects taking into account non-statistical correlations in E2 and M1 γ-transitions
for the γ-decay of the non-analog resonances in (p, γ) reactions are analysed.
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In this study experiments were performed at bremsstrahlung end-point energies of 10-23 MeV with
the beam from the MT-25 microtron using of the γ-activation technique. The electron energies were
in range of 10-23 MeV with an energy step of 1 MeV. To produce gamma radiation, a radiator target
made of tungsten, which is a common convertor material, was used. To remove the remaining
electrons from the bremsstrahlung beam, a 30 mm thick aluminum absorber was placed behind the
tungsten converter. The induced activity in the irradiated targets from natural mixture of Se [1],
Mo [2] and Pt were measured using a high purity germanium γ-detector, the experimental yields
of the reactions were normalized to the yield of reactions 82Se(γ,n)81(m+g)Se, 100Mo(γ,n)99Mo and
198Pt(γ,n)197(m+g)Pt, respectively. The experimental values of relative yields were compared with
theoretical results obtained on the basis of TALYS with the standard parameters [3] and the combined
model of photonucleon reactions [4].
In the case of relative yields for photoproton reactions on the heavy isotopes, the theoretical values
calculated using the CMPR are much larger than the TALYS results. The experimentally obtained
results lie closer to the theoretical curve according to the CMPR code. Including isospin splitting in
the CMPR allows to describe experimental data on reactions with proton escape in the energy range
from 10 to 23 MeV.
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