“Research in non-accelerator neutrino physics and astrophysics and proposals for the Seven-Year Plan for the Development of JINR for 2024–2030”

The theme “Non-Accelerator Neutrino Physics and Astrophysics” is devoted to the studies of rare phenomena associated with the weak interaction by methods of modern nuclear spectrometry. Research directions in the theme are: investigation of double beta-decay with different calorimetric and treko-calorimetric methods. Search for the neutrino magnetic moment, neutrino-nucleus coherent scattering (CEvNS). Investigation of galactic and extragalactic neutrino sources, diffusive neutrino cosmic background, search for exotic particles, search for sterile neutrinos. Distant investigation of process inside of nuclear reactor core with neutrinos. Development of new methods for detection of charged and neutral particles. development of modern radiochemistry for astrophysics and nuclear medicine. 

Currently the problems are targeted by seven major scientific projects. Neutrino-less double beta decay: SuperNEMO, GERDA (LEGEND) and Monument projects. Experiments with the reactor antineutrino: νGeN – search for the neutrino magnetic moment and neutrino coherent scattering; DANSS – reactor diagnostics and investigation of the neutrino properties. Direct search for the Dark Matter (EDELWEISS project) is extended for search of New Physics with CE(NS (joint EDELWEISS/RICOCHET project). One of the main JINR projects: the BAIKAL-GVD is devoted to deep-water investigations with the neutrino telescope at Lake Baikal.

Implementation of the theme is related to common approaches and resources. In addition to the scientific personal, the following resources are available to carry out the scientific program: the laboratory for the production and repair of semiconductor detectors; laboratory for creation and production of scintillation materials; radiochemistry sector, mechanical workshops, a group of computer support, a group of mass separators and others. 

We proposal to reorganize the structure of the theme with making new joint larger-scale projects reflecting real involvement of personal and resources. Together with the BAIKAL-GVD, the new proposed projects inside of the theme are: A short baseline reactor neutrino investigation (Ricochet, DANSS-2 and (GeN experiments); Nuclear spectrometry for search and investigation of rare phenomena (all double beta decay related experiments and activities, search for Dark Matter by nuclear spectrometry methods, etc);   Radiochemistry plus spectroscopy for astrophysics and nuclear medicine.
Some of the major aims for new seven years plan are:

DANSS experiment: Checking the extended region of the phase space of oscillations into a sterile neutrino with reaching the signal region of the NEUTRINO-4 experiment; precision measurement of the spectrum of reactor antineutrinos; measuring the evolution of nuclear fuel.

RICOCHET experiment: New physics with precision measurements of CEvNS at reactors.
νGeN: Observation of coherent elastic neutrino-nuclear scattering with antineutrino from reactor, search for magnetic moment of neutrino up to the world leading levels.
LEGEND: achievement the discovery sensitivity for neutrinoless double-beta decay at 1028 years.
BAIKAL-GVD: Observation of ultra-high energy astrophysical neutrinos; identification of their sources and nature.
Radiochemistry plus spectroscopy for astrophysics and nuclear medicine: Production and analysis methods of low background samples with purity level of µBq/kg for experiments of astrophysics and neutrino physics; production and analysis of novel radiopharmaceuticals; new types of radionuclide generators; investigation of new materials and mechanisms of local interactions of radioactive probe nuclei in substance.
