Presentations of the new results and proposals in the field of nuclear physics by MLIT and BLTP young scientists (6 reports)

Digital technology map: detectors, accelerators, competencies
Anna Ilina
JINR has accumulated extensive experience in the development of detector and accelerator systems, related equipment and collaboration with industrial and scientific partners. However, the lack of a centralized knowledge base made it difficult to find information on existing technologies, competencies, and suppliers, limiting the exchange of experience between the departments. To address this issue, a web service was developed and subsequently included in the services of the JINR Digital EcoSystem. It enables the registration and contextual search of data on the Institute’s equipment, materials, technologies, and accumulated competencies. The service also provides data visualization for JINR employees and integrates information from different scientific groups and departments. The project was created by young researchers, IT specialists, and scientists. 

Collection and systematization of scientific publications for the JINR digital repository
Andrey Kondratyev
The relevance of digital repositories published as information systems that ensure the availability of scientific research results cannot be overestimated today. The development and modernization of their functionality for the automated collection of bibliographic metadata is relevant. At JINR, the lack of institutional repository structures allows finding solutions to this problem. Effective access to up-to-date information on employees of scientific publications related to JINR is very important for assessing the intellectual potential of the Institute. Automated systems allow reducing duplication and manual data entry in publications, limiting access to scientific information and increasing the efficiency of its analysis. A modern repository integrates data from verified data sources into a single system, provides long-term storage and convenient access to the Institute's information assets.
Alpha-decay and spontaneous fission of superheavy elements in the DNS approach
Ivan Rogov
Alpha-decay and spontaneous fission of superheavy elements in the DNS approach. Recently, the decay processes in nuclei have attracted a lot of attention, especially due to the production of new superheavy elements. The stability of many heavy and superheavy nuclei produced in complete fusion reactions is determined by α-decay or spontaneous fission. One of the most challenging theoretical problems is to describe these processes in a unified approach with a common set of parameters.

Within the dinuclear system (DNS) model approach, the model was built to simultaneously describe and predict the half-lives of α-decay and spontaneous fission. As assumed in the model, the ground state of a nucleus has a small admixture of the cluster-state components. Therefore, all decay processes are considered in the evolution of the nucleus in the charge asymmetry coordinate ηZ=(ZH-ZL)/(ZH+ZL), where ZH and ZL are the charge numbers of the heavy and light clusters, respectively, and R is the relative distance between the centers of the clusters formed. This approach allows us to achieve good agreement with available experimental data for both α-decay and fission with the same set of parameters for all considered nuclei.

For even isotopes of U, Pu, Cm, Cf, Fm, No, Rf and Sg nuclei, spontaneous fission and alpha-decay half-lives were calculated within the dinuclear system model and compared to existing experimental data. The important role of the driving potential and mass parameters in the charge asymmetry coordinate was shown for spontaneous fission, and global isotopic trends in spontaneous fission and alpha decay half-lives were studied. Drastic changes in the functional dependence of the spontaneous fission half life on the neutron number, and in the absolute values of halflives around the N=152 neutron shell for the U-No and Rf-Hs nuclear groups, were explained.

With the model, the origins of the decay hindrance for even-odd nuclei are described. As shown in the case of fissioning of even-odd nuclides, the centrifugal potential strongly affects the shape of the driving potential in the asymmetric DNS region (especially the DNS with α particle DNS), increasing the potential energy (for example, the height of the barrier), and finally creating a fission barrier. Therefore, within the cluster approach, the origin of spontaneous fission hindrance is related to the spin dependence of binary cluster formation probabilities, which are attributed to spontaneous fission. It has been found that the effect of the inertia parameter on the fission hindrance is weaker compared to the effect of potential energy. The hindrance factor is determined by the degree of spin-hindered fission.

Also, the model is applied to the description of the decay of isomeric states. It is shown that the half-lives change in transition from the ground state to an isomeric state are determined by the interaction between the spin difference between the ground and isomer states and the energy of the isomers. This influence in the model is described with the changes these values are making for the driving potential. The spin K and energy E of the K-isomers modify both the shape and the height of the fission barrier along the charge asymmetry coordinate in comparison to the ground-state fission barrier, and change the spontaneous fission and alpha-decay half-life. Since the model well describes the lifetimes of the isomeric states with respect to alpha decay and spontaneous fission, then with the model the spins of isomer and ground state for alpha-decay chains of newly produced Ds isotopes can be extracted from experimental half-lifes.
Empirical systematics of spontaneous fission half-lives of heavy and superheavy nuclei
Nikita Moiseev
The exact calculation of spontaneous fission half-lives remains a significant challenge in nuclear physics, limiting our understanding of nuclear stability and decay mechanisms. This study introduces a novel systematic approach to predict spontaneous fission half-lives. A linear correlation was established between the decimal logarithm of spontaneous fission half-lives log10TSF1/2 and the alpha-particle separation energy Qα for nuclei with identical neutron excess N – Z (isospin) and charge numbers in the range 90 ⩽ Z ⩽ 102. This correlation led to the development of an empirical formula for predicting spontaneous fission half-lives of even-even nuclei, accounting for both alpha-particle separation energy and neutron excess. The proposed formula was further extended to predict half-lives for odd-A, odd-odd nuclei, as well as for nuclei with Z ⩾ 103. The calculated half-lives closely match experimental data for 111 known nuclei, with an average deviation of 1.00 order of magnitude. Comparison with three theoretical models demonstrates that the new formula captures the influence of shell effects on spontaneous fission half-lives of even-even isotopes. The competition between α-decay and spontaneous fission was analyzed, revealing the Viola-Seaborg formula and the formula introduced herein as reliable tools for estimating the half-lives of these decay modes. The predicted half-lives of yet unexplored nuclei can be helpful for evaluating the decay mode and identifying superheavy nuclei in future experiments. Thus, the proposed systematization reveals the existence of a fundamental relationship between spontaneous fission and alpha-decay processes.

Investigation of spectral structure of 11Be in breakup reactions within quantum-quasiclassical approach
Dinara Valiolda

We investigate the breakup of 11Be halo nuclei on a light (12C) and heavy (208Pb) targets from intermediate (67 MeV/nucleon) to low (5-30 MeV/nucleon) energies within non-perturbative quantum-quasiclassical approach, in which the three dimensional time-dependent Schrödinger equation for halo nucleon was integrated simultaneously with the classical Hamiltonian equations describing relative projectile-target dynamics.
The uniqueness of our calculations lies in the inclusion of low-lying resonances (3/2-, 3/2+ and 5/2+) in the breakup cross section of the 11Ве nucleus. The obtained results describe well the existing experimental data and also are in comparative agreement with other existing calculations performed with alternative theoretical models at 67 MeV/nucleon and 20 MeV/nucleon. Summarizing, the developed computational scheme can potentially be useful for interpretation of low-energy experiments on studying breakup of halo nuclei.
Low-energy spectra of nobelium isotopes
Mariia Mardyban
The low-energy multipole spectra in isotopes 250-262No are investigated in the framework of fully self-consistent Quasiparticle-Random-Phase-Approximation (QRPA) method with Skyrme forces SLy4, SLy6, SkM* and SVbas. The main attention is paid to nuclei 252No and 254No, where we have most of the experimental spectroscopic information. The calculations confirm the prediction of a significant shell gap in the neutron single-particle spectrum of these two isotopes. It is shown that, in the chain 250−260No, features of 252No and 254No exhibit essential irregularities caused by this neutron shell gap and corresponding drop of the neutron pairing. 

The observed K-isomers (K( = 2-,8-,3+) are reasonably described.  We confirm the assignment of 8− state at 1.254 MeV in 252No as the neutron 2qp configuration nn[624↓,734↑].  The 2qp 8− isomer in 254No was earlier investigated within various models and alternative assignments nn[734↑, 613↑] and pp[514↓,624↑] were disputed. Our calculations support the neutron assignment based on the complete decay scheme proposed in the experimental paper. 

We predict in 252No and 254No low-energy pairing vibrational Kπ = 0+ states with basically proton structure. The recently observed Kπ = 0+ state at 0.888 MeV in 254No [6, 7] was previously treated as a result of coexistence of the normal deformation and superdeformation or/and coexistence of axial and triaxial shapes. Instead, our calculations show that this state should be the pairing vibration. Such low-energy 0+ pairing vibrations are typical for rare-earth and actinide deformed nuclei. Note that low-energy 0+ states were earlier predicted in Fl and Cn (Z=112) isotopes.

The low-energy quadrupole, octupole and hexadecapole (lm=20,22,30,31,32,43,44) one-phonon states were also explored. The hexadecapole counterparts Kπ = 3+ and 4+ with a similar 2qp structure and close excitation energies were predicted. In general, the calculations predict rich multipole spectra below 2MeV in 252,254No. The Skyrme forces Sly6 and Sly4 demonstrate the best performance.  

Further measurements of low-energy states in 252,254No are very desirable. Spectroscopy of nobelium isotopes could be a crucial test for the theory pretending for description of even heavier nuclei, first of all, of superheavy elements.
