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Name of
the project

APQ09258757 «Investigation of resonance mechanisms of clustering in the nucleon
mediumy

Relevance

Experiments on the interaction of light nuclei with nuclei, cluster decays,
including a-decays of heavy nuclei, indicate the existence of 2, 3 and more nucleon
associations in atomic nuclei. As a rule, these associations are called nuclear
clusters, associating them with existing light nuclei. In some approaches of cluster
description, they are associated with light nuclei compressed in the external field
of the remaining nucleons. At the same time, the theoretical description of nuclear
matter based on the nuclear clusters specified in the model, as a rule, gives a very
mediocre agreement with the experiment. Moreover, the most accurate variational
calculations, which describe the spectra of nuclei up to A=10 very well, do not
provide any justification for the cluster model of atomic nuclei and currently there
are no theoretical models explaining the cause of clusters. On the other hand, the
effects of three-particle dynamics are known for interactions that generate a pole
of a paired t-matrix close to zero, such as the Efimov effect (thickening of the
spectrum of three particles as the scattering lengths of the paired interaction tend
to zero) and the Thomas theorem (collapse of three particles as the radius of action
of paired forces tends to zero). These effects were discovered theoretically in the
study of three-nucleon nuclei and are currently being investigated theoretically and
experimentally in the physics of atomic interaction. In nuclear physics, the ratio of
scattering lengths to the effective radii of paired forces is not large enough for the
appearance of additional components of the spectrum generated by these effects.
At the same time, there remains a remarkable self-similarity of the effective
interaction, which generates a weak dependence of the wave function on the model
of pair interaction.

Consideration of the manifestation of the Efimov effects and the Thomas
theorem in a multi-nucleon medium is limited to the technically unsolved problem
of isolating the spectrum of subsystems in Faddeev-Yakubovsky type equations.
Nevertheless, the successes of the generalized model of atomic nuclei, in which
each nucleon is in an external field created by the remaining nucleons, allow us to
hope for an adequate description of two- and three-nucleon associations of atomic
nuclei, placing these associations in an external field. Thus, the main idea of this
project was the assumption that two and three nucleon systems in the external field
of the remaining nucleons of the nucleus will create stable formations (clusters)
with binding energies per nucleon, greater binding energy per nucleon of the
original nucleus. At the same time, the expected mechanisms for the formation of
such clusters will be three-particle effects such as the Thomas theorem and the
Efimov effect in the external field.

These effects are determined by the pole of the t-matrix close to zero and in the
theory of low-energy scattering are traditionally called resonance effects, which
determines the name of the project.

Purpose

The aim of the Project was to study changes in the spectra of nuclear systems due
to paired and three-particle nucleon associations in the realistic case when the
length of paired scattering significantly exceeds the radius of action of paired
forces.

Obijectives

The goals of the Project were solved four tasks to achieve it:

1 Investigation of the spectrum of two particles in an external oscillatory field
2 Investigation of nucleon associations in atomic nuclei

3 Investigation of the spectra of three particles in an oscillatory external field




4 Evaluation of the effect of the spectra of two and three particles in the external
field on the structure of atomic nuclei

Expected All the works planned in the Grant Application have been completed

and according to the schedule.

achieved The most important positive result of the grant research is the possibility of

results describing the nucleon pairing energy with satisfactory agreement with
experimental data based on the simple idea of the interaction of valence nucleons
through a realistic pair potential NN-potential without using any fitting parameters
This is all the more surprising because the accepted model of nucleon pairing relies
on collective models such as BCS or N.N. Bogolyubov with fitting parameters for
the residual interaction. At the same time, the selected parameters never describe
the spectrum of all known atomic even-even nuclei.

The second most important result is the observation of different pairing
energies for even-even and even-odd nuclei. This observation appeared in the
analysis of more than 600 known nuclei. In fact, the dependence of the neutron
pairing energy on the odd proton and the proton pairing energy on the odd neutron
casts doubt on the statement about the independence of the neutron and proton
components of nuclear matter adopted in nuclear shell models. The conclusion
suggests a significant influence of the three-particle spectrum on the dynamics of
the nucleus.

The third significant, albeit negative, result of the study is the statement that
it is impossible to manifest the Efimov effect in the spectrum of atomic nuclei.
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According to the results of the study, three articles have been published,
indexed in the Scopus and Web of Science databases. At the same time, one of the
papers was published in the journal from Q1 to Web of Science.
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