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The report will consider the estimated program and costs of measures for  modernization of the EG-5 accelerator and development of its experimental infrastructure within the available budget funds. The purpose of the message is to receive recommendations from the PAC regarding the launch of a project “Modernization of the EG-5 accelerator and development of its experimental infrastructure”.
 FLNP Laboratory, Department of Nuclear Physics, Direction - Nuclear Physics, project completion period 2024-2026.
The project is aimed at modernizing the main systems of the electrostatic charged particle accelerator EG-5 and related service systems, developing complementary experimental methods for studying the elemental composition and physical properties of near-surface layers of solids.

The purpose of the project: to provide technical feasibility for the implementation of the scientific program of the PTP JINR on the study of reactions with fast quasi-monoenergetic neutrons, the processes of interaction of accelerated charged particles with matter, the development of nuclear-physical methods for studying the elemental composition using the methods of ion-beam analysis, inelastic interaction of neutrons with substances, solution of problems of neutron radiation materials science, implementation of practical applications of neutron physics; provision of technical feasibility for the implementation of unique options for a microbeam spectrometer and a tunable high-power quasi-monoenergetic neutron generator for two energy ranges (12 - 800 keV, 3.3-5.1 MeV). 

Project tasks. The main technical task of the Project is to restore the energy range of accelerated particles: 900 keV - 4.1 MeV and increase the ion beam current to 100-250 μA while maintaining the energy stability of the ion beam at a level no worse than 15 eV, ensuring the spatial stability of the ion beam, sufficient to implement the option of a microbeam spectrometer / nuclear microprobe. The main organizational task is to lay down and develop human resources to ensure the full implementation of the project's goal in the perspective of at least 3 seven-year periods.
The objectives of the project also include updating the experimental infrastructure of the accelerator complex, in particular, the development of new methods complementary to the methods of ion-beam analysis of methods for studying the physical properties of the surface of materials that can complement and improve the quality of the obtained scientific products, the intensification of international scientific and technical cooperation, the organization of user policy , formation on the basis of FLNP JINR of an interlaboratory accelerator center for solving a wide range of unique scientific and technological problems .
The main criteria for the successful implementation of the project are: obtaining a neutron flux sufficient for conducting nuclear physics experiments with fast neutrons and energy stability of the ion beam sufficient for creating a microbeam spectrometer/nuclear microprobe.

The relevance of the project is dictated by the demand for this facility as part of the scientific and technical infrastructure of the FLNP JINR, in particular, the need to resume research on nuclear reactions with fast neutrons, the need to implement a unique option at the EG-5 accelerator - a microbeam spectrometer, and the need to conduct other nuclear physics experiments with fast neutrons . Putting the accelerator into operation at the rated power will increase the volume of scientific research carried out at FLNP within the framework of the JINR Roadmap and the JINR PTP, and will ensure the possibility of implementing the user policy at the EG-5 facility.
Ways to solve tasks. To solve the set tasks and achieve the goal of the Project, a separate group «Facility EG-5 » was created as part of the SINNI DNP,including experienced specialists in the development of accelerator technology (Prof. Taskaev S.Yu.), ion-beam methods for studying solids (Phan Luong Tuan), young employees - students and high-class engineering and technical workers. Currently, young employees are being trained to work with the accelerator and elements of its experimental infrastructure.

With the participation of specialists from the Institute of Nuclear Physics named after G.I. Budker of the Siberian Branch of the Russian Academy of Sciences, it is planned to replace the high-voltage accelerating tube, the ion source that has lost its performance, and to tune the ion optics of the ESA, which will ensure the required technical parameters of the accelerator. During the implementation of the project, cosmetic repairs of the premises of the accelerator complex will be carried out, a laboratory for the preparation of research objects will be installed.It is planned to organize round-the-clock operation of the accelerator and create a stable collaboration with partners in the Russian Federation, near and far abroad, increase the output of scientific products of FLNP JINR.

The duration of the Project is 3 years (2024-2026). 
The estimated cost of the modernization project is $615,000. 
2. Stages of work with deadlines  
1. Carrying out activities to improve the safety work with the accelerator. (2023-2024).

1.1. Installation of a centralized radiation monitoring system in the halls of the ESA and the rooms of the controlled zone (together with IREN specialists).
1.2. Drawing up an up-to-date technological scheme of the ESA and certification of the gas compressor system (Company «Promexpertiza»).
1.3. Obtaining the SEC and commissioning of the accelerator (together with IREN specialists).
2. Carrying out events to increase the electrical strength of accelerator gas media, including indoor air. (2023-2024)
2.1. Repair and bringing the service premises of the accelerator in line with sanitary standards.
2.2. Cleaning accessible areas of the vacuum system from carbon deposits and oil vapors.
2.3. Transition to turbomolecular pumps.

3. Elimination of factors deteriorating the quality of the facility operation (reducing the limiting beam voltage and current, increasing the energy spread), carrying out preparatory measures for the replacement of the high-voltage accelerating tube.
3.1. Replacement of the accelerating tube, resistive divider and ion source with the help of specialists from the Budker Institute of Nuclear Physics SB RAS (2024).
3.2. Coordination of the ion ESA optics with the help of specialists from the Budker Institute of Nuclear Physics SB RAS (2024-2025).

1.  Installation of a laboratory for the preparation of objects for research by ion-beam methods (2025-2026).

2. Installation of a new high-performance camera for ion-beam materials research (RBS, ERD, PIXE) (2024-2025).

3.  Modernization of service equipment. Automation of accelerator nodes is extremely important for the implementation of a microbeam spectrometer (as an option) and a quasi-monoenergetic neutron generator (2025).
4. Training of personnel to work at the installation from among young employees, intensification of international cooperation, and organization of a user program (2023-2026).

5.  Equipping the experimental infrastructure with complementary methods of studying the surface layers of materials (electron microscope, 2026).

3. Expected results

As a result of the implementation of the Project, the technical parameters of the accelerator will be restored (the energy of accelerated particles is 4.1 MeV at a maximum current of at least 100 μA), which will allow researching reactions with fast neutrons at JINR, and will provide technical conditions for installing a microbeam spectrometer. To the existing neutron generator based on a gas target, a neutron generator based on a solid-state lithium target with a moderator will be added, and the chamber for irradiating samples with ion fluxes will be modified. 
A new specialized laboratory for the preparation of research objects will be created. It is planned to equip it with complementary methods for studying optical and electronic properties of the surface, like ellipsometry, optical and electron microscopy, and methods for studying electrical properties at direct and alternating current (voltammetry impedance). In addition to the modernization and expansion of the instrument base of the accelerator complex, the staffing for the next 20-30 years will be carried out. Methods of analysis based on inelastic neutron scattering and neutron activation analysis will be added to the existing methods of elemental analysis.

The modernization of the EG-5 at JINR with highly qualified specialists, good detection equipment and valuable developments in the study of atomic nuclei by neutrons will make it possible in the short term to conduct many new, unique experiments. We will measure the energy spectra and angular distributions of charged particles from reactions (n, α) and (n, p) / (α, n) and (p, n) and integral and differential cross sections in the range of neutron energies up to ~6 MeV, processes of fission of atomic nuclei by fast neutrons, activation analysis, conducting experiments in the field of neutron materials science, etc.

4. Evaluation of human resources

The list of JINR employees involved in the project implementation is presented in Table 3.The project team includes world-class experts in the development of ESA-technology (Prof. S.Yu. Taskaev) and electronics (Semenov V. N.), 6 engineering and technical workers with many years of experience in servicing and repairing all units of the EG-5 facility, and others specialists. The group includes more than 50% of young employees who are able to solve quickly current technical problems. 
5. A brief SWOT analysis of the project

Project Strengths
1. Suitable design of the EG-5 accelerator for the tasks solving (creation of a nuclear microprobe and a neutron generator). The project will fully realize the unique capabilities of the EG-5 accelerator, in particular, the possibility of obtaining a large ion beam current (up to 250mkA) and its small spread (<15eV), which cannot be implemented on tandem-type installations.


2. Low operating cost of the EG-5 facility. The excellent maintainability of the EG – 5 accelerator design and the availability of a resource base make it possible to modernize with minimal costs and ensure the autonomous operation of the accelerator complex for a long time.

3. Development of a full-fledged experimental infrastructure of the accelerator complex. Resource savings due to the availability of its infrastructure will significantly expand the experimental infrastructure. The installation of a new complex of ion-beam spectrometers, and the installation of a laboratory for the formation of research objects will significantly expand the range of objects under study, thereby significantly increasing the yield of scientific products.
Project Weaknesses
2. Moral and technical obsolescence of the accelerator's service systems and experimental base. Significant time resources will be required for the revision and modernization of all accelerator systems.
      2. Limited set of functions. The resources will be required for development of software, which will allow us to coordinate the work of the accelerator’s system after modernization.

The main threats that may lead to failure to complete tasks on time or failure to achieve the required technical parameters by the accelerator may be associated with:
- errors in the design and installing a new HV- tube;
- critical misalignment of the ion optics of the ESA after the replacement of elements;
- the presence of additional unaccounted failures in the accelerator in addition to the loss of parameters by the accelerator tube.
6. Conclusion
The upgraded accelerator will be equipped with a powerful modern ion source with a fiber-optic control system, an accelerating tube with improved ion-optical characteristics, a computer control system and the performance level (Energy of accelerated particles  of 4.1 MeV at a beam current up to 250 μA / nucleon) will correspond to modern devices of this class. After modernization, EG-5 will become a multifunctional modern experimental and technological complex for solving a wide range of scientific and technological tasks.
