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Anotation
The Frank Laboratory of Neutron Physics conducts research in the field of neutron nuclear physics, physics of condensed matter, work on the development of the instrumental base, the creation of a new high-intensity pulsed neutron source; operation and development of basic installations. In the report devoted to the plans for the development of FLNP in the next seven years, special attention will be paid to research in the field of neutron nuclear physics. 
Nuclear physics with neutrons is traditionally one of the priority fields of research developed at JINR. To date, these studies are being carried out within the framework of the scientific topic "Investigations of Neutron Nuclear Interactions and Properties of the Neutron" (03-4-1128-2017/2023). The integrated use of the FLNP basic facilities - the IREN pulsed source of resonance neutrons, the IBR-2 pulsed reactor and the EG-5 electrostatic generator, as well as the TANGRA facility - allows for a wide range of nuclear physics research in a broad range of neutron energies - from cold neutrons to ~14 MeV, and the use of external neutron sources, such as n_TOF (CERN), makes it possible to expand the energy range to several hundreds of MeV.
Physics research within the framework of the topic can be conditionally divided into three areas: 
( study of fundamental symmetries violations in the interactions of neutrons with nuclei, obtaining nuclear data;
( study of the fundamental properties of the neutron, physics of ultracold and very cold neutrons; 
( applied and methodical research. 
In addition, three projects are being implemented in the framework of the topic today: TANGRA (study of reactions with neutrons from a (D-T) generator using the method of tagged neutrons), ENGRIN (study of prompt fission neutrons), Modernization of EG-5. 
The first direction includes research within the framework of the TANGRA, ENGRIN projects, work on obtaining relevant nuclear data for astrophysics, nuclear energy and the problem of transmutation of nuclear waste using neutron and gamma-induced reactions, the study and search for rare modes in the fission of transuranium elements, measurement mass-energy and angular correlations of fission products, methodological developments aimed at detecting T-non-invariant effects, which are of great interest.
The second direction combines several topics: the study of non-stationary quantum phenomena by neutron-optical methods, the study of the interaction of cold and ultracold neutrons both with matter moving with high acceleration and with disordered nanostructures. The possibility of setting up a beam experiment on pulsed neutron sources to measure the neutron lifetime by the time-of-flight method is being studied. Works on studying the possibility of implementing the idea of creating a UCN source and a VCN source at a pulsed neutron source, such as the IBR-2 reactor, are related to the same direction. These works are also relevant in the light of the development of a new high intensity pulsed neutron source in FLNP, which should replace IBR-2 after its resource is exhausted.

In connection with the shutdown of IBR-2 the applied research and other analytical work is realized using the methods of atomic emission (ICP-AS), atomic sorption (AS), which will be supplemented by neutron activation analysis, gamma-activation analysis, as well as non-destructive analysis of the elemental composition by neutron and gamma spectroscopy at the IREN and TANGRA facilities. We also have at our disposal an X-ray fluorescence analysis (RFA) installation, an installation for measuring infrared spectra, a portable Raman spectrometer. At the charged particle beams of the EG-5 accelerator, whenever possible, work is underway to study the depth profiles of elements in the surface layers of solids by nuclear-physics methods, which are relevant for micro- and nano-electronics.
Due to the existing limitations, work on external neutron sources last year was carried out only at n_TOF (CERN, Switzerland), VVR-K (INP, Kazakhstan), EG-4.5 (Peking University, China) and HI-13 (Chinese Institute of Atomic Energy, China).

In the current situation, the regular work of IREN on a physical experiment becomes extremely important. It should make it possible to resume studies, traditional for FLNP, of the properties of excited nuclei, reactions with the emission of charged particles, and the physics of fission on resonant neutrons; conduct methodological developments aimed at discovering T-non-invariant effects.

The solution of many scientific problems is planned to be continued in the next seven years. A wide range of neutron nuclear physics problems require high resolution and a very narrow neutron pulse, less than one microsecond (provided by IREN). However, there is also a wide range of problems for long pulse sources with high neutron fluxes. In particular, such sources can be useful for experiments aimed at detailed studies or the search for new effects that break fundamental symmetries (P-odd and T-odd effects). These experiments usually require neutron beams with a high degree of polarization, which is more easily achieved for low-energy resonances (IBR-2 beams can be used). A separate niche is occupied by studies using the tagged neutron method with a neutron generator. This technique opens up new possibilities for studying inelastic reactions with neutrons at 14 MeV and is in demand both for solving problems in nuclear physics and for a wide range of applied problems.
Within the framework of the seven-year plan, it is proposed to focus on solving the following physical problems in the field of neutron nuclear physics:

· Comprehensive study of the process of nuclear fission: measurement of mass-energy and angular distributions of fragments, prompt neutrons and gamma rays; measurements of delayed neutrons and gamma rays; search for rare and exotic fission modes (ternary, quaternary and quinary fission; fission into three fragments of comparable masses; pion production during fission, cold fragmentation, etc.); study and search for P-odd and T-odd effects in fission.

· Study of the properties of neutron resonances. Measurement of gamma-ray spectra for resonances with different spins, parities and angular momenta. Study and search for P-even and P-odd effects in neutron resonances. Search for p-wave resonances in which a violation of time invariance can be expected.

· Obtaining data for nuclear engineering and astrophysics: measurement of integral and differential neutron cross sections, angular correlations in the energy range from cold neutrons to ~1 GeV.

· Development and application of the tagged neutron method to study reactions of interaction of fast neutrons with nuclei.

· Development and application of neutron and nuclear methods for elemental analysis and applied research: instrumental activation analysis; prompt-gamma activation analysis; elemental analysis with fast and tagged neutrons; elemental analysis of surface layers of solids.
The development of a new UCN source at the IBR-2 reactor will be one of the main tasks in this field within the seven-year period. Ultracold neutrons (UCNs) have proven to be a powerful tool for solving problems in particle physics and studying fundamental interactions. The region of very cold neutrons (VCN) adjacent to the UCN looks very promising for the implementation of an experiment to search for neutron-antineutron oscillations and measure the neutron lifetime. Theoretically, it has already been shown that the UCN density can be significantly increased and approach the value corresponding to the peak power, rather than the average power, of a pulsed neutron source. The development of such a UCN source at the IBR-2 reactor can provide an unprecedented UCN density at the neutron source being developed (the UCN factory). Its creation will make it possible to improve the accuracy of measuring the neutron lifetime, conduct research based on precision spectroscopy of the gravitational levels of neutrons, improve the limitation on the electric dipole moment of the neutron, etc.
Within the next seven years, it is planned to increase the intensity of the neutron flux of the IREN facility to 3x1012 n/s, as well as to increase the beam current of the EG-5 accelerator to 50 μA, and its energy to 4.1 MeV. It is planned to extend the operating time of the accelerator of the IREN facility to 3000 hours/year. It is planned, if possible, to continue the reconstruction of the experimental areas of the IREN facility in accordance with the existing project.
