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Abstract

 The aim of the project is to develop the conception of a world-class ultracold neutron source (UCN) at IBR-2 pulsed reactor. The development of a UCN beam at JINR is a highly relevant task. In addition to the internationally recognized priority of Dubna in the discovery of UCNs, the contribution of JINR researchers to the development of the experimental basis of UCN physics is of great significance. Their works on the study of the UCN storage anomaly, the study of the processes of small energy transfers during storage, are widely known. The achievements of the FLNP researchers in the field of fundamental neutron optics are significant. 
The scientific program on the future source will be based on development of the results obtained in the previous years by JINR physicists in cooperation with other scientific centers. The priority areas are expected to be the precise verification of the weak equivalence principle by gravitational quantum spectrometry and the study of the universal Acceleration Effect in the quantum sector. 
The creation of an intensive UCN source at the IBR-2 pulsed reactor is a rather difficult task, since with a record high value of the pulsed neutron flux density, this reactor is characterized by a relatively moderate average density. Since the IBR 2 reactor is unique, the solution to this problem involves searching for completely new technical solutions. 
Currently, the principal scheme of the projected source has been determined. A thin chamber with liquid hydrogen is supposed to be used as a converter. The principle of pulsed neutron accumulation (PNA) is planned to be implemented that allows obtaining a significant gain in the neutron gas density in the material trap. For preserving the pulsed structure of the neutron flux during their transportation, that is absolute must for implementation of the PNA principle, it was proposed to obtain UCNs right near the trap by decelerating faster, very cold neutrons (VCN) in local decelerating device (LDD) [1, 2]. The mirror neutron guide must transport VCN from the converter to the LDD, while maintaining their longitudinal velocity. The time parameters of such transport were modeled using Monte-Carlo calculations, as a result of which the basic requirements for the surface of the neutron guide were formulated. 
A nonstationary gradient spin flipper with a strong magnetic field is supposed to be used as LDD [3]. A technical specification for the design of a superconducting magnetic flipper system has been formulated and its preliminary design has been created. A preliminary calculation of the RF resonator has been performed. The physical properties of a magnetic system with design parameters have been studied using computer modeling methods. 
The source is supposed to be created on the 3rd channel of the IBR-2 reactor, which requires the creation of an appropriate engineering infrastructure that makes it possible to move the source from the working position to the standby position with a closed shutter. Work on the design of such an infrastructure is expected to be completed during the Project. It is also necessary to carry out a preliminary design of the head section of the channel which includes a cryogenic converter. The intended use of a small-volume liquid hydrogen converter necessitates work to substantiate the safety of its use. A separate task is the design of a neutron guide that provides very strict time characteristics of VCN transport.
During the implementation of the project, a source-prototype (SP) will be created. It will differ from the projected Source in the absence of LDD and will use a cryogenic converter based on mesitylene, which does not require complex safety measures. The inner surface of the neutron guide in the SP will not need to meet as strict requirements as the neutron guide in the projected Source. At the same time, in general terms, the design of the SP will have a lot in common with the design of the projected source. The construction of the SP will make it possible to verify the correctness of the technical solutions taken to create the projected source, as well as to conduct experimental studies necessary to create a complete conception of the projected Source. 
It is important that the creation of an SP will play an important pedagogical role, as it will provide the first practical experience of VCNs and UCNs for an essential part of the newly established group.
[1] A.I. Frank, G.V. Kulin, M.A. Zakharov. Phys. of Particle and Nuclei Letters, 20 (2023),  664–667.
[2] A.I. Frank, G.V. Kulin, M.A. Zakharov et al. arXiv:2412.06460v1 [physics.ins-det], doi:10.48550/arXiv.2412.06460; PEPAN Vol. 56, issue 5 (2025)
[3] A. A. Popov, K. S. Osipenko, V. I. Scherbakov et. al. arXiv:2503.10878v1  [physics.ins-det]. Submitted to Natural Science Review
