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ABSTRACT 
The main aim of the NICA project is construction of an accelerator complex allowing to conduct research with colliding beams of high-intensity ions (up to Au+79) with the average luminosity L=1027 cm–2 s–1 at an energy range of √sNN=4 –11 GeV/u, also with beams of polarized protons (√sNN up to 26 GeV) and deuterons (√sNN up to 12 GeV) with longitudinal and transverse polarization as well as with extracted beams of ions and polarized protons and deuterons.
To meet these goals the NICA complex will include the following main elements:
- injection complex including cryogenic heavy ion source KRION of the electron string type, source of polarized proton and deuteron beams, modernized linear accelerator LU-20, new linear heavy ion accelerator HILAc, new light ion accelerator LILAc, 
- new superconducting synchrotron Booster, 

- existing superconducting synchrotron Nuclotron, 
- collider consisting of two new superconducting rings with two interaction points, 
- transport channels for heavy and light ions, polarized beams, test channels, experimental stations for innovation and applied researches and required infrastructure.

Besides that, the project realization presumes required development of the VBLHEP cryogenic complex, development of the system for management and development of the laboratory infrastructure. 

The Nuclotron-NICA project was started in 2011. For the first five years of the project, the following main tasks were set:

- to create a collider injection chain,

- significantly improve the capabilities of the accelerator complex for carrying out experiments on a fixed target,

- to provide R&D on the systems and elements of the collider,

- to determine the optimal location of the collider at the VBLHEP site,

- to complete the technical design of the collider,

- to provide the necessary infrastructure development.

In 2016 the project has been extended for 5 years. The goals of the Nuclotron-NICA project for this period were:

- completion of the accelerator complex construction,

- beginning of the BM @ N experiment (Baryonic Matter at Nuclotron),

- start of commissioning works at the collider with the starting configuration of the equipment.

Since 2017, the project has been implemented within the framework of the SEVEN-YEAR PLAN FOR THE DEVELOPMENT OF JINR 2017–2023, approved by the Committee of Plenipotentiaries of the Governments of the JINR Member States at its session held on 21–22 November 2016. The seven-year plan provided for the following work on the development of the accelerator complex:

Commissioning of the NICA basic elements (in accordance with the schedule: booster – 2018; starting configuration of the collider – 2020; basic configuration of the collider – 2023). Development of experimental zones and extracted beam channels of the NICA complex (channels for transportation of heavy and light ions, polarized particles, the test channel and associated infrastructure – 2017–2019).

In the period from 2011 to 2020 the following main results were obtained:

- The construction of the new heavy ion source KRION-6T was completed; the source was tested at the test bench and used in the Nuclotron run #50 to accelerate argon ions. During the run #55 a program of experiments with carbon, argon and krypton beams was carried out (Fig. 1).
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Fig. 1. The Nuclotron run #55-й (2018). Heavy ion source KRION-6Т at the injection complex. 
- The construction of the source of polarized beams was completed, a technological run devoted to testing the source and polarimetry devices was carried out, two runs were carried out as part of the research program with polarized deuteron beams, for the first time at the Nuclotron an acceleration of a polarized proton beam was provided (Fig. 2).
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Fig. 2. The source of polarized beams at the Nuclotron injection complex. 2016 – 2017.
- The modernization of the injection complex based on the LU-20 accelerator was completed: the high-voltage fore-injector was replaced by the new accelerator with Radio Frequency Quadrupole focusing (RFQ); beam transport channels from the source to the RFQ and from the RFQ to LU-20 were created, the beam transport channel from the LU-20 to the Nuclotron was modernized; 4 runs of the Nuclotron operation were carried out with the new injector configuration (Fig. 3).
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Fig. 3. May 2016. Commissioning of the modernized injection complex based on LU-20: the carbon beam from the laser source was accelerated.

- 13 runs (#42 - #55) of the Nuclotron operation were carried out: the capabilities of the complex for the implementation of the current physical program have been significantly improved; the maximum design beam energy has been reached; adiabatic beam capture into the acceleration mode is routinely used; the combined slow extraction mode has been worked out, the required quality of the extracted beam spill was provided for beams of extremely low intensity down to 2(105 circulating ions (Fig. 4).
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Fig. 4. March 2018. Time-dependence of the extracted beam intensity during the slow extraction: 78Kr ions, the energy is 2.8 GeV/u, intensity is 2*105 ions, the spill duration is Tspill = 10 s, direct current coefficient is kdc= 99%.
- The heavy ion linear accelerator (HILAc) was manufactured and installed, its physical start-up was carried out in 2016 (Fig. 5). By now the accelerator has been adjusted to the design parameters. The beam transport channel from HILAc to Booster has been created and tested with a beam.
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Fig. 5. October 2016. Physical start-up of the HILAc – carbon beam was accelerated to the design energy. 
- The systematic development of the VBLHEP cryogenic complex was carried out (Fig. 6).
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Fig. 6. May 2016. Commissioning of the helium liquefier ОG1000.

- The high-tech assembly and testing line of SC magnets (Fig. 7) was put into operation, the production of Booster magnets was completed, and the serial production of the collider magnets began.
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 Fig. 7. November 2016 – commissioning of the high-tech assembly and testing line of SC magnets for the NICA and FAIR projects.
- The manufacturing and assembly of the insertion devices of the Booster ring: the accelerating RF system, the electron cooling system, and devices for the beam injection and extraction were completed. The procedure of staged testing and commissioning of the Booster systems has been started (Fig. 8).  
[image: image8.jpg]



Fig. 8. December 2019. The beginning of staged testing and commissioning of the Booster systems. 
To the date, the following work has been carried out to prepare for the commissioning of the Booster: 
- The preparation of the building #1 for the assembly of the NICA Booster cryo-magnetic system was completed.

- The serial production of the SC magnets for the Booster was completed.

- The installation of the Booster cryo-magnetic system (Fig. 9) is completed and its testing has been started. 

- Manufacturing of Booster's cycle-control equipment was completed.

- Manufacturing of equipment for diagnostics and thermometry of the Booster was completed.

- The manufacturing of the equipment for power supply, quench detection and quench protection systems was completed, a set of work was carried out to commission it at an equivalent load.

- Preparations for the physical start-up of the Booster have begun.
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Fig. 9. Cryo-magnetic system of the Booster in assembly. 
The main reasons for the existing delay of the Booster commissioning work from the schedule adopted in the seven-year plan are the delay in the fulfillment of the contract for the production of beam position monitors, the repair of quadrupole lenses due to the detected deviation of the winding manufacturing technology from the design, a decrease in the intensity of installation work due to COVID19 pandemic situation. 
Since 2011, the project participants have prepared 890 publications. 
Based on the materials of work within the framework of the project, 14 diploma theses (specialty) and 11 master's theses were prepared and defended at MEPhI, KhNU, KNU, St. Petersburg State University, International university Dubna, 5 candidate and 1 doctoral dissertations were defended.

Main goals of the Nuclotron-NICA project for 3 years (2021, 2022, and 2023) are the following:

- completion of the accelerator complex construction,

- carrying out commissioning works at the collider with the starting configuration of the equipment,

- completion of the construction of the collider in the basic configuration. 
The main objects of the accelerator complex, which will be put into operation before the completion of the project:

- beam transport channel from Booster to Nuclotron, 
- elements of the beam injection from the Booster and elements of beam extraction to collider, which have to be installed at the Nuclotron, 
- beam transport channel from Nuclotron to collider,
- the collider in starting configuration, 
- experimental stations аnd channels of extracted beams of the NICA complex (transport channels for heavy and light ions, polarized particles, test channel and the corresponding infrastructure),
- light ion linear accelerator LILAc, 
- basic configuration of the collider. 
Besides that, the development of the cryogenic complex has to be completed. 
The elements of the complex are created on the basis of the following document approved on December 28, 2018:
TECHNICAL PROJECTOF THE OBJECT "NICA COMPLEX"

Section: TECHNICAL SPECIFICATION (PASSPORT)

OF THE "NICA COMPLEX"OBJECT
available at the web-site  https://nica.jinr.ru/documents/TDR_spec_Fin0_for_site_eng.pdf. 

Specifications of the objects developing or creating in the frame of the Nucloteron-NICA project are presented in the following chapters: 
2. Accelerator unit
6. Innovation unit
8.2. Cryogenic infrastructure

8.3.3. 3 MJ inductive energy storage unit made of high-temperature superconductor

8.4. High-tech assembly and testing line of SC magnets
In accordance with recommendations of the «NICA Cost & Schedule Review Committee», which first meeting was provided on 26 February 2020 in Dubna, the Project Office was set up including the following groups with defined personal responsibilities:  schedule – A.S.Kostromin,  logistics – A.V.Slesarenko,  budget  - V.V.Morozov,  safety – A.D.Kovalenko,  quality control – H.G.Khodzhibagiyan. The framework document “Milestones of the NICA realization during 2020-2022” developed by the office was approved by the project leadership and JINR directorate. On this basis the list of the works on the project, timetable of their implementation were developed and approved. The critical processes were identified. The measures for the work intensification were developed.
Creation of the accelerator complex elements in the period until 2023 is divided by the following main stages:
- Completion of the Booster commissioning – 2020.

- Completion of the construction and commissioning of the new compressor station of the cryogenic complex – 2021. 
- Development of the Nuclotron, creation of the required transport channels, performance of the fixed target experiments – 2021.

- Creation of the collider in starting configuration permitting to provide experiments with colliding ion beams up to Bi+83 at mean luminosity of L = 5(1025 см–2 с–1 in the energy range √sNN = 8 –11 GeV/u – 2022.

- Creation of the experimental stations and transport channels for the extracted beams (transport channels for heavy and light ions, polarized beams, test channel and required infrastructure) – 2023.
- Completion of the collider creation in the basic configuration - 2023.

- Commissioning of the light ion linear accelerator (LILAc) required for experiments with polarized beams - 2023.

Presently for creation of starting configuration of the collider the following works are performed:

- Main elements of the magnetic optics of the Nuclotron-collider transport channel were fabricated, fabrication of the power supply system, beam diagnostics devices are in the final stage.  
- Serial production of the collider cryo-magnetic system is in progress, 50% of the dipole magnets are fabricated and tested (Fig. 10). 
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Fig. 10. Fabrication of the collider dipole magnets at the high-tech assembly and testing line of SC magnets. 
- Construction of the dipole magnet beam pipe is completed; construction of the quadrupole magnet beam pipe has been started. 
- Fabrication and assemble of the test bench for RF tests of the collider stochastic cooling system elements is completed. 
- Two RF1 stations are constructed and transferred to JINR; construction of RF2 is in the final stage. 
Presently for creation of the basic configuration of the collider the following works are performed: 
- Technical design of the SC energy storage has been started. 
- Prototypes of RF3 are tested, the construction has been started. 
- Construction of the collider electron cooling system has been started. 
- Construction of the Light Ion Linear Accelerator LILAc has been started. 
- Technical design of the feed-back system (for damping of the bunch coherent oscillations) has been started. 
For creation of the experimental stations аnd channels of extracted beams of the NICA complex (transport channels for heavy and light ions, polarized particles, test channel and the corresponding infrastructure):

- Technical project of the transport channels, experimental stations and required infrastructure for innovation and applied research is completed. 
Funding profile and control of its realization are provided using specialized databases ADB2 and NICA EVM.
The proposed timetable, required resources and expenditures for the project implementation are presented in the forms # 26, 29. 

