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- — anew pulsed neutron source based on the NEPTUNE high- |nten5|ty pulsed neutron reactor
with 237Np in the core; -

— radiation sources for research in the field of materlals science and radiation blology,

— Innovative Centre for nuclear physics research; _

— a dynamically developing IT platform based on the JINR Multifunctional Information and
Computing Complex (MICC), including, in particular, a hyper‘-converged system - the “Govorun”
supercomputer, to provide the analysis, processing and storage of data from JINR research pro-
grammes.

The implementation of the scientific programme presented in this Plan will be mainly based
on experimental studies using the above-mentioned JINR basic facilities, carried out by research
teams from the JINR Member States and international collaborations. Particular attention will be
paid to the devélopment of user programmes at IBR-2 and MICC, the formation of all-Institute
interdisciplinary projects in the field of radiation research. *

In addition, the Institute intends to continue its participation in external experiments in the
relativistic heavy-ion physics, particle physics, and neutrino physics, provided that these experi-
ments have a high potential, and researchers from JINR play a leading role and partner scientific
organizations show mutual interest in strengthening cooperation. In the Plan, preference is given
to close cooperation on JINR detector and accelerator projects with CERN, GSI, DESY and on fu-
ture large-scale facilities, FAIR in Germany, BNL and FNAL in the USA GANIL in France, and some

- others.

Science Programme Priorities

In the field of elementary particle physics and new physics beyond the Standard Model, re-
search will be carried out within the framework of the NICA-SPD project and JINR participation in
international collaborations at the LHC (ATLAS, CMS, ALICE), NA62, NA64, COMPASS/AMBER at
SPS, BES-lil, COMET at J-PARC, etc.

In the field of flavor physics, research on the flavor physics of quarks and charged leptons will
be continued by participating in international experiments to study rare kaon decays and search
for the conversion of muons into electrons on nuclei (u2e and COMET).

In perturbative and nonperturbative QCD, the main tasks will be the preparation of the pro-
gramme and research of the NICA-SPD project, as well as JINR's participation in the most import-
ant international collaborations (COMPASS/AMBER, BES-Ill, PANDA).

The JINR research programme in the field of neutrino physics and astrophysics is focused on
fundamental problems of astrophysics and elementary particle physics: identification of astro-
physical sources of ultrahigh-energy neutrinos, mechanisms of formation and evolution of galax-
ies, determination of the neutrino mass hierarchy, origin of the neutrino mass, constraints on the
CP-violation phase, direct search for dark matter, precision study of coherent elastic scattering of
neutrinos on nuclei, etc. The programme includes research in neutrino physics and astrophysics
at the JINR basic facility — the unique neutrino telescope Baikal-GVD, fundamental and applied
research on antineutrino beams at the Kalinin Nuclear Power Plant, participation in internation-
al neutrino experiments (JUNO, SuperNEMO, NOVA/DUNE*, GERDA-LEGEND, EDELWEISS-RIC-
OCHET, vGEN (GEMMA-III), DarkSide, TAIGA), as well as the development at JINR of an advanced
research infrastructure necessary for these studies. '

In relativistic heavy-ion physics, a promising experimental programme at JINR is associated
with the NICA megaproject, whose task is to study hot and dense strongly interacting QCD

*The participation in the DUNE experiment is temporary suspended until further notice.



matter, as well as to search for a mixed phase and a critical point in the QCD phase diagram in .
order to shed light on a poorly studied region of the phase diagram and to test predictions of
nonperturbative QCD and other theoretical models describing strongly interacting matter. After
the commissioning of the basic configuration of the NICA collider complex, at the BM@N and
MPD experimental facilities, the implementation of a physics programme to study hot and dense
baryonic matter and phase transformations in it will begln The energy range of the NICA collider
is of particular interest, since it corresponds to the maximum possible density of baryons at the
time of their “freezing out”. In this energy range, the system occupies the maximum amount of
space-time in the form of a mixed phase of quark-gluon matter (coexistence of hadrons with
free quarks and gluons). During the seven-year period, a technical project should be adopted and
the creation of the first phase of the SPD experimental setup for studying the spin structure of
nucleons and for polarization studies should be completed.

The main direction of JINR scientific research in the field of modern nuclear physics is the syn-
thesis of new elements of the Periodic Table, the study of their properties by nuclear spectros-
copy (a-, B-, y-spectroscopy), as well as their chemical properties, the study of the mechanisms of
various nuclear reactions leading to the formation of new, yet unknown nuclei. The commissioning
of a new accelerator complex, the SHE Factory, greatly expanded the capabilities of JINR in the
field of synthesis and study of the properties of superheavy nuclei and atoms. Research, as well
as the development of the necessary infrastructure to study the structure of light nuclei far from
the line of stability, will be continued.

Nuclear reactions caused by neutrons are a tool for studying fundamental symmetries at the
nuclear level, as well as for studying the deep restructuring of nuclear systems, for example, in
fission processes. It is necessary to obtain new or clarify existing data on the structure of nuclei
obtained a!s a result of reactions with neutrons, and the energy dependences of the cross sec-
tions of neutron reactions. The study of cross sections for the interaction of neutrons with nuclei
for the needs of nuclear power engineering is of vital importance. The most requested data are
presented in the Nuclear Energy Agency's Nuclear Data High Priority Request List (HPRL), which
is a compilation of the current highest priority nuclear data requirements.

In the field of condensed matter physics, the main task is to study the structure, magnetic
ordering, dynamics, physical and chemical properties of promising functional materials, complex
liquids and polymers, nanosystems, which are important for the development of both modern
concepts in this scientific field and new technological applications‘ in energy production, elec-
tronics, biology, medicine, etc. To this end, it is planned to continue the active development of
experimental facilities for the most efficient use of all the capabilities of the IBR-2 pulsed reac-
tor — one of the three most intense neutron sources in the world. Within the framework of the
new Seven-Year Plan, work will be carried out to develop new fuel and load IBR-2 with it. The de-
velopment of the NEPTUNE pulsed fast reactor, a new world-class facility for conducting research
with neutron beams, will continue; work will continue on studying the oscillatory stablllty of the
reactor and on developing a scientific research programme, as well as work on creating a fuel load
for the reactor will begin. Also, within the framework of the Seven-Year Plan, work will begin on
modeling the experimental infrastructure of the new source, including elements of experimental
facilities with prototyping of individual components at IBR-2.

The presence of a wide range of radiation sources, and above all, beams of heavy ions of var-
ious energies at the JINR basic facilities, prdvides a unique opportunity to solve the fundamental
problems of modern radiobiology, astrobiology, neurophysiology, molecular biology, and genetics,
as well as practical applications in radiation medicine and radiation risk assessments on Earth and
in space. The planned radiobiological experiments at the nuclear physics facilities of the Institute
will be aimed at studying the mechanisms of action of ionizing radiation with different physical
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characteristics at the molecular, cellular, tissue and organismal levels of biological organization.
Particular attention will be paid to the development of new approaches to increasing the biolog-
ical effectiveness of radiation for radiation therapy of tumors and to studies of the mechanisms
of functional brain disorders under the action of radiation. Research in astrobiology is aimed at
solving the problem of the origin of life in the Universe using nuclear physics methods.

The latest nuclear physics methods being developed at JINR provide great opportunities for
unique studies of cultural heritage objects in the field of archeology, paleontology, ecology, and
nuclear forensic sciences.

The concept of the development of information technologies, scientific computing, and Data
Science, in the JINR Seven-Year Plan, provides for the creation of a scientific IT ecosystem that
combines many different technological solutions, trends, and methods. The IT ecosystem im-
plies the coordinated development of interconnected IT technologies and computational meth-
ods aimed at maximizing the number of JINR strategic tasks to be solved that require intensive

“data calculations. Particular attention will be paid not only to increasing the performance of the
computing systems and resources of the MICC storage systems lncludmg the “Govorun” super-
computer, but also to the further development of the JINR network infrastructure. The most im-
portant tasks are the development of new data processing and analysns algorithms based on deep
and machine learning, including artificial intelligence, and the development of modern Big Data
methods and algorithms for solving applied problems. Research in the field of quantum computing
will be aimed at developing algorithms for the intelligent control of JINR physical experimental
facilities and at optimizing the solution of resource-intensive problems. The development of the
digital platform “JINR Digital Ecosystem”, which integrates existing and future services to support
scientific, administrative and social activities, as well as the maintenance of the engineering and
IT-infrastructures of the Institute, will provide reliable and secure access to various types of data
and will enable a comprehenswe analysis of information using modern Blg Data technologies and
artificial intelligence.












































































































































































































