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The proposed program and costs of measures for modernization of the existing EG-5 accelerator and development of its experimental infrastructure within the framework of the available budget funds will be presented in the report. The purpose of the report is to receive recommendations from the PAC regarding the opening of the project “Modernization of the EG-5 accelerator and the development of its experimental infrastructure” under the theme "Investigations of neutron nuclear interactions and properties of the neutron" with funding within the budget of the current Seven-Year Development Plan of JINR (Theme code: 03-4-1128-2017/2022, Laboratory: FLNP, Department of Nuclear Physics, Research area - Nuclear Physics), starting from 2022.

1. Introduction
The project is aimed at modernizing the high-voltage structure of the EG-5 electrostatic charged particle accelerator (ESA) and the corresponding service systems, developing experimental techniques with the use of high-energy particle fluxes to determine the elemental composition of the near-surface layers of solids.
The project objective is to carry out a scientific program to study the processes of interaction of high-energy particles with matter within the framework of the JINR Roadmap and the Problem Thematic Plan (PTP) of JINR.


Project tasks. The main technical task of the project is to restore the technological parameters of the EG-5 accelerator: 4,1 MeV/core at a current of 50-100 μA; obtaining a neutron flux sufficient for carrying out nuclear physics experiments with fast neutrons and an ion beam energy stability sufficient to create a microbeam spectrometer.

The tasks of the project also include the creation of an industrial infrastructure capable of ensuring the uninterrupted operation of the accelerator for 20 years, including the establishment of human resources, the intensification of international scientific and technical cooperation, the establishment of user policy, the formation of a competence center in the field of electrostatic accelerator technology based on FLNP JINR and the associated methodological base.

Relevance of the project is dictated by the demand for this facility as part of the scientific and technical infrastructure of FLNP JINR, in particular, the need to resume research on nuclear reactions with fast neutrons (including those required for the project of a new reactor for JINR), the need to implement a unique option of a microbeam spectrometer on the EG-5 accelerator, the need to conduct other nuclear physics experiments. Commissioning the accelerator at the rated power will allow to 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 of solving tasks. To solve the assigned tasks and achieve the goal of the project, a separate group "Accelerator EG-5" was created as part of the Sector of investigations of neutron-nuclear interactions of the Division of Neutron Physics which is equipped with a sufficient number of specialists to solve the tasks of the project.
With the participation of specialists of the company “High Voltage Engineering Europa B.V.” it is planned to replace the high-voltage accelerating tube and ion source that have lost the performance characteristics, which will make it possible to obtain the required technical parameters of the accelerator. During the implementation of the project, the accelerator premises will be repaired, certain work will be carried out to create a new laboratory for the preparation of research objects.
It is planned to arrange a full-time operation of the accelerator and create a stable collaboration with partners in the Russian Federation, near and far abroad, and increase the scientific product yield FLNP JINR. 

The estimated cost of the modernization project is 471 k$. The execution period of the project is 1 year (2022). 

2. Work stages
1. Taking measures to improve the safety of work with the accelerator.

1.1. Painting the ion guide in bright colors.

1.2. Installation of protection and signaling of potentially dangerous places in the accelerator hall.

1.3. Installation of fences around open technological windows on the removable repair site of the accelerator.

2. Taking measures to increase the electrical strength of the accelerator gas media, including those containing air in the room.

2.1. Repair and bringing the accelerator office rooms into compliance with sanitary standards, ensuring the "Clean zone" mode (class ISO-9).
2.2. Installation of oil inlet filters in the dielectric gas preparation system.

2.3. Adding SF6 gas to the nitrogen gas mixture.
2.4. Installation of a gas supply system with atomic drying. Reaching the 60% dehumidification limit instead of the existing 40%.
2.5. Elimination of leaks in gas balloon isolating gas system.
2.6. Manufacturing and installation of a nitrogen trap in front of the sample chamber to trap oil vapor from the system.
2.7. Replacement of oil-vapor vacuum pumps to turbomolecular pumps.
2.8. Compressor repair / replacement of gas compressor equipment for nitrogen production and drying, gas balloon renewal.

2.9. Installation of a SF6 gas processing and storage system.
3. Checking the operability of all accelerator systems, eliminating factors that worsen the quality of the installation (lowering the limit voltage and beam current, increasing the energy spread), carrying out preparatory measures for replacing the high-voltage accelerating tube.
3.1. Repair of floors, elimination of tilt of the analyzer magnet. Compensation for deflection of the beam from the horizontal by permanent magnets.
3.2. Checking the alignment of the magnetic analyzer chamber with the ion conductor. Setting the gap to about 20 mm.
3.3. Checking the beam shape at the entrance and exit of the accelerating tube, detecting misalignment (if applicable). 

3.4. Manufacturing and installation of a focusing quadrupole lens to increase the efficiency of beam transmission after the measuring magnet.
3.5. Cleaning the surface of the high-voltage terminal (corona triode area), high-voltage column insulators (gradient rings) using solvent and hydrofluoric acid (to obtain the lowest H+ recombination coefficient). 

3.6. Cleaning the charging tape.
3.7. Smoothing the transition from a small diameter of the column electric shield to a large one to decreasing the field gradient level and eliminate breakdowns.
3.8. Strengthening the insulation of the springs holding the tube in the column (using Teflon pipes).
3.9. Adjustment (strictly in one plane) and partial replacement of needles in the corona triode.

3.10. Adjustment of the gap on the recharge brushes.
3.11. Changing the configuration of the recharging brushes: dividing the monolithic plates into three sections in order to reduce the pressure on the charging tape and its wear.
3.12. Annealing and polishing of the diaphragm that forms and aligns the ion beam.
3.13. Revision of divider resistors with nominal values, changed during operation under load using a high-voltage power supply (10 kV). Replacing resistors in the compensating section (5 sections after the section with straight fields).

3.14. Train the source with high voltage to obtain maximum current. 

3.15. Installation of an external slit size control system, a dynator ring for suppressing secondary electrons and forced cooling in the beam energy stabilization system. 

3.16. Optimization of the geometry of the ion source induction coil. 

3.17. Matching the ion optics of the ion source to match the beam parameters at the tube exit. 

3.18. Consideration of the possibility of using a Penning source, which makes it possible to obtain a beam of He2 + ions, which, if necessary, will increase the beam energy twice.

4. Replacement of the accelerating tube together with the specialists of the "High Voltage Europa B.V." company.
4.1. Carrying out tests, putting the accelerator into normal operation.
5. Repairs of experimental halls.
5.1. Repairs of the left experimental hall.

5.2. Installation of a passive vibration suppression system (plates - bases for a microbeam spectrometer on a sand cushion mechanically decoupled from the floor in the spectrometer chamber).

5.3. Plasterboard sealing of the technological passage between the halls, filled with concrete blocks (biological protection).

6. Installation of a reinforced concrete frame of the laboratory for the preparation of objects for research by ion-beam methods (RBS, ERD, PIXE).
7. Development, manufacture and installation of a new high-performance chamber for ion-beam research of materials.

8. Modernization of service equipment. Automation of accelerator units, which are extremely important for the implementation of the functions of a microbeam spectrometer and a quasi-monoenergetic neutron generator.
8.1. Automation of the system of spatial stabilization of the beam position.

8.2. Replacement of obsolete devices on the Control Panel of accelerator.
9. Training of staff for work on the installation from among young employees, intensification of international cooperation, establishment of a user program.

10. Complementing the experimental infrastructure with complementary methods for studying the surface layers of materials (electrical, electronic and optical properties).

Other activities

11. Restoration of technical documentation for the accelerating tube.
12. Preparation and signing of documents for including the accelerator to the list of SES.

Additional activities (if possible):

13. Manufacturing of an additional vacuum inlet in the upper part of the vessel with an accelerating tube (differential pumping of the column).
14. Installation of a laboratory for the preparation of objects for research by ion-beam methods (finishing work, installation of communications and equipment).
15. Purchase and installation of the RC43 ion-beam module manufactured by NEC.
16. Installation of the beam coordinate control system with documentary fixation.
17. Purchase of a set of spare types.
18. Establishment of the laboratory for the manufacture and testing of high-voltage tubes. Completion of the section for gluing the tube with the missing equipment, preparation of the box for gluing the HV tube.
19. Manufacturing of a superstable ion source with an energy spread of less than 10 eV using exisiting domestic developments. Consideration of the possibility of using the Penning source for operation in a neutron generator mode.
20. Replacement of PVA polimer in the glue joints of the tube with a more stable glue.
21. Replacement of obsolete tube vacuum gauges with semiconductor analogs.
22. Installation of remotely controlled monitors for controlling the shape and current of the beam (Faraday cylinder), a quartz screen with fixing the position of the beam, a video camera with the ability to visually monitor the image and position of the beam on the Control Panel of accelerator.
23. Transition to remotely controlled vacuum gates in order to ensure emergency cutting off of the accelerating tube (in automatic mode) in the event of a gas leak in the system.
24. Checking the pressure vessel and all ESA systems;
25. Replacement of power supply cables and the accelerator control system due to the finishing of the working resource.
26. Development of an action plan (sequence of actions) according to the project of a nuclear microprobe based on the EG-5 accelerator, FLNP JINR from 2015, carried out by employees of the Institute of Applied Physics of the National Academy of Sciences of Ukraine.
27. Production in the workshops of FLNP a main units of the installation in the FLNP workshops in accordance with the design documentation for the manufacture of the channel of microbeam spectrometer.
28. Setting up a foundation a pit in the right experimental hall required for conducting an experiments with the fast neutrons.
3. Results expected upon completion of the Project
1. Recovery of technical parameters of the EG-5 accelerator and service systems (voltage 4,1 MeV at a current of 50-100 mkA and energy dispersion below 100 keV).
2. Obtaining a neutron flux which is sufficient to carry out a scientific research using nuclear physics methods.
3. Preparation of all accelerator systems for the installation of a microbeam spectrometer (nuclear microprobe).
4. Restoration and renovation of service rooms.
5. Installation of a high-performance experimental chamber for ion-beam research of materials.
6. Training of scientific personnel and arranging interaction with international scientific teams, within the framework of joint international projects.
7. Switching to round-the-clock operation mode, establishment of a user program on the EG-5.
8. Establishment of a competence center in the field of accelerator technology and related technologies at JINR.
4. Assessment of human resources
The list of JINR employees involved in the project implementation is presented in Table 1.

Table 1 

List of JINR employees involved in the project

	Laboratory
	№№
	Full Name 
	№№
	Full Name

	DNP FLNP
	1
	Shvetsov V.N.
	13
	Chepurchenko I.A.

	DNP FLNP
	2
	Lychagin E.V.
	14
	Kudryavtsev V.P.

	DNP FLNP
	3
	Romanov V.A.
	15
	Tkachenko S.N.

	DNP FLNP
	4
	Kulik M.
	16
	Zaitsev I.A.

	DNP FLNP
	5
	Kobzev A.P. 
	17
	Madadzada Afag Isa

	DNP FLNP
	6
	Doroshkevich A.S. 
	18
	Chan Wang Fook

	DNP FLNP
	7
	Likhachev A.N. 
	19
	Alexandrov V.A.

	DNP FLNP
	8
	Studnev K.E. 
	20
	Fan Luon Tuan

	DNP FLNP
	9
	Gridina E.A. 
	21
	Zelenyak T.Yu.

	DNP FLNP
	10
	Yurenkov D.I. 
	22
	Tikhonova N.S.

	DNP FLNP
	11
	Bobrakov V.F.
	23
	Zakharova A.S.

	DNP FLNP
	12
	Loginov A.A.
	24
	Tatarinova A.A.


The team of employees directly involved in the implementation of technical activities within the framework of the project ("Accelerator EG-5" group as part of the Sector of investigations of neutron-nuclear interactions of the Division of neutron physics, FLNP) includes world-class specialists in the ESA - technology (prof. Romanov V.A.) in the field of nuclear physics, chemistry and technology, seven engineering and technicians with many years of experience in servicing and repairing all units of the EG-5 accelerator. The group consists of more than 50% of young employees, able to solve current technical problems.

 The scientific potential of the project team consists of famous scientists: V.N.Shvetsov, E.V.Lychagin, A.P.Kobzev, V.A.Romanov, M. Kulik. Thus, the team has the required resource capacity to carry out the modernization and subsequent operation of the accelerator. 

5. Total estimated cost of the project

The total estimated cost of the project is shown in Table 2. The main costly activity is the purchase of a high-voltage tube.

Table 2
Total estimated cost of the project
	№№


	Activity

	Overall cost
	Costs per years 

(k$)

	
	
	
	1st

year
	2nd

year
	3rd

year

	1.
	Replacement of the accelerator tube
	
	471
	
	

	
	
	471
	
	


The estimated cost of purchase, delivery, installation with specialists and extended warranty life are shown below. 

Total Equipment Price, EXW Seller’s site, Amersfoort, NL


€
337.000, -

1. Transportation, including insurance coverage,



 
€
10.100, -













_____________

Total Equipment Price, DAP Buyer’s site, Dubna, Moscow region,

€
347.100, -

Russian Federation

2. On-site Installation:







€
19.600, -

Not included, Instead On-site assistance by Seller,


by 1 engineer during 5 days, arrival Sunday, departure Saturday,


incl. costs for travel, hotel and meals.
3. Warranty:









€
33.800, -

Instead of Warranty, Seller’s standard terms and Seller’s standard


period, Warranty, Seller’s standard terms and Seller’s standard period


extended by 24 months, see elsewhere for details














_____________

Grand Total Price








€
400.500, -














============

The total project amount is 400,5 k€ = 471k$. All modernization activities will be carried out by the team of the "Accelerator EG-5" group as part of the implementation of labor functions using the existing resource base. All modernization works will be carried out by the team of the group "Installation EG-5" within the framework of performing labor functions using the available resource base. 

6. Brief SWOT- project analysis  
6.1.Strengths of the project. 

1. Suitable design of the EG-5 accelerator for solving the specified tasks (creation of a nuclear microprobe and a neutron generator). The design will fully implement the unique capabilities of the EG-5 accelerator, in particular, the possibility of obtaining a large amount of ion beam current (up to 250mkA) and its small spread (<100 eV), which cannot be implemented on tandem-type installations. 

2. Low operating cost of the accelerator EG-5.The excellent repairability of the EG-5 accelerator design and the availability of a resource base make it possible to carry out modernization with minimal costs and ensure the independent operation of the accelerator complex for a long time. The JINR has all the necessary production infrastructure and material base (spare parts, liquid nitrogen, service systems, etc.), necessary to maintain the plant's operability on its own for a very long period of time after replacing the tube. The EG-5 accelerator does not require the use of expensive materials and equipment, does not contain units with unknown parameters (programmable microprocessor modules of the service equipment control system, etc.), and does not require the invitation of foreign specialists for repairs and service work.

3. Advanced training of own engineering personnel in the process of modernization, formation of personnel potential for the long life of the accelerator. During the implementation of the project, personnel resources will be formed from graduates of universities, their training in working with the accelerator infrastructure and familiarization with the specifics of scientific work in the group.

4. This option of solving the main problem is less costly financially compared to the purchase of a new accelerator and the creation of an experimental infrastructure based on it.

6.2. Weaknesses of the project. 

1. Moral and technical obsolescence of service systems and experimental base of accelerator. Significant time resources will be required to revision and upgrade all accelerator systems.

2. Limited feature set. Compared to modern industrial models of accelerators, the updated EG-5 accelerator has a limited set of functions, the predominant part of the adjustments is carried out in manual mode. Absents of pulse mode which is required for neutron scattering studies using time-of-flight (TOF) spectrometry.
3. The spatial stabilization of the beam position required for the installation of the nuclear microbeam is carried out in manual mode and requires separate rework. 

6.3. The main risks that may result in the failure to fulfill the set tasks in time or the failure to achieve the required technical parameters by the accelerator may be related to:

- errors in the design of the tube at the factory;

- errors during installation of the new tube;

- non-conformance of technical conditions provided by EG-5 service systems to specifications which is necessary for operation of the new acceleration tube (requirements for vacuum, dielectric gas parameters, etc.);

- the presence of additional faults in the accelerator in addition to the deterioration of parameters of the acceleration tube.

7. Conclusion

Modernization of the EG-5 electrostatic accelerator and its experimental infrastructure will allow solving most tasks of the JINR Topical Plan (theme 03-4-1128-2017/2022 "Investigations of neutron nuclear interactions and properties of the neutron"). In particular, the possibility of working with biological objects and of installing the option of a nuclear microprobe will provide research of reactions with fast quasi-monoenergetic neutrons at JINR. In addition, the performance of existing spectrometers (RBS, ERDA, NRA, PIXE) will be improved. The experimental base will be supplemented by non-beam complementary methods for studying electrical, optical and electronic properties of the surface (ellipsometry, impedance spectroscopy).

The modernized accelerator will allow obtaining energy up to 4.1 MeV with beam current of up to 100 μA/nucleon.

Nevertheless, the modernization project should be considered as an important but intermediate stage in the development of the ESU - the JINR complex.  In order to successfully develop the aforementioned areas of neutron research within the framework of JINR and to take the leading positions in the future, it is furtherly necessary to purchase an additional new modern electrostatic accelerator to operate in the energy range up to 6 MeV.
