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The Nucleus BOLOMETER subproject is part of the infrastructure project “Study of coherent elastic neutrino scattering on atoms, nuclei and electrons and measurement of electromagnetic characteristics of neutrinos using an intense tritium antineutrino source" (Project SATURNE: Sarov-tritium-neutrino-experiment, SATURN) funded by the federal budget and Rosatom.

The SATURN project belongs to the field of nuclear physics for registration of rare events caused by weakly interacting particles (neutrinos, dark matter particles) at low energies. This requires the use of detectors with a very low energy threshold. Two types of such detectors are expected to be developed and used: helium and silicon. The operating temperature for both types will be (20-40) mK, and the primary sensor for registration of interaction products will be thin-film bolometers based on the superconductor-normal metal transition with SQUID-type preamplifiers. The products of interaction of tritium antineutrinos with helium detector at coherent scattering on helium atom are recoil atom with energy up to 0.2 eV, which generates elementary excitations rotons in super fluid helium with characteristic energy of 1meV, registered by bolometers. The recoil atom spectrum is sensitive to the magnitude of electromagnetic neutrino characteristics such as magnetic moment and charge radius, making it potentially possible to obtain constraints on these quantities. The volume of the helium detector is assumed to be 1000 l. The helium detector is a completely new instrument in nuclear physics with no precedents so far. The only similar project with its use has been recently started in the USA (HeRALD) with the task of registration of light dark matter particles like WIMP generating recoil nuclei He-4 (alpha particles) in the keV region, which makes this task much easier than in SATURNE.

The silicon detector is designed to record neutrino scattering on an electronin the presence of a magnetic moment. With the total mass of silicon (4-5) kg, activity of tritium source 10MCi, annual exposure and using the effect of conversion of ionization signal from the recoil electron into heat in the applied electric field (Neganov-Trofimov-Luke effect), it is possible to improve the existing experimental limit on the magnitude of the magnetic moment of neutrinos (GEMMA, BOREXINO) by an order of magnitude up to 2 picomagnetons of Bohr. In contrast to the helium detector, where great difficulties are foreseen, both technological and physical, because of the weak development of the physics of elementary excitations in superfluid helium, the problem with the silicon detector seems quite solvable.

The Saturna Nuclear Bolometer subproject involves ensuring the operating temperature of the helium and silicon detectors. This requires the creation of several cryostats for dilution of He-3 in He-4 of the "dry" type, i.e., without the use of liquid helium and nitrogen, and, first of all, a small laboratory refrigerator for tests of small-volume detector prototypes. This would be a logical continuation of the application of ultra-low temperature in nuclear physics, which was started in JINR in the mid-60s by creation under the guidance of B.S. Neganov of the world's first successful dilution cryostat and subsequent development of polarized nuclear targets of the "frozen" type, as well as the proposal to use low-temperature bolometers for particle registration.
