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NICA (Nuclotron-based Ion Collider fAcility)
is an international project 
realizing by international intergovernmental organization –
the Joint Institute for Nuclear Research 
and brings the efforts of 19 member states and 
6 associated countries.

Project NICA started as a part of the JINR Roadmap for 2009-2016 
was described in the JINR 7-years Program. 
It was approved by Scientific Council of JINR and 
the Committee of Plenipotentiaries of JINR in 2009. 
NICA is a flagship project of JINR presently.

General information

Project web-site: http://nica.jinr.ru/ 2



End of 60-th – acceleration of ions
70-th – observation of nuclear cumulative effect 

Relativistic nuclear physics

A.M.BaldinV.I. Veksler
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The main task of  heavy ion collision physics is exploration of the QCD phase diagram, in 

particular, transition between hadron gas and quark-gluon matter. Special interest is a phase

transition at the max baryonic density, which could exist in the core of neutron stars.  

Heavy ion collisions



First Superconducting heavy ion accelerator

Nuclotron – Superconducting Synchrotron

operation since 1993
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The primary purpose of the NICA construction

The project comprises experimental studies of fundamental character 
in the fields of the following directions:
- Relativistic nuclear physics;
- Spin physics in high and middle energy range of interacting particles;
- Radiobiology.

Applied researches based on particle beams generated at NICA 
are dedicated to test of electronics for satellites, 
particle beam therapy, ADS investigations and others. 

Education program is one of the first priority activities at JINR, 
as formulated in JINR Roadmap. 
The proposed NICA facility offers various possibilities for teaching 
and qualification procedures including practice at experimental set ups, 
preparation of diploma works, PhD, and doctoral theses.

6



Stages of the experimental program realization

Stage I

-Fixed target experiment with heavy ions (started 2018)

Stage II

-Starting configuration of the collider and detector (2022)

-Basic configuration, heavy ion collisions (2023)

-Collisions of heavy ions with light ions (protons)

Stage III

-Spin physics program
7



In 2016 between Russian Federation and JINR was signed a contract 
presuming start of operation of starting configuration of the NICA complex in 2022.

International cooperation: Russia
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International cooperation: Germany
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6 February 2020. 

The Agreement, signed by the directors of the GSI and JINR, 

opened the way for the participation of German scientific organizations in the 

implementation of the NICA project. The work is coordinated by the GSI and 

funded by the Federal Ministry of Education and Research of Germany.
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On August 26, 2020 an Agreement on the participation in the NICA was 
signed between the Ministry of Science and Technology of the 
People’s Republic of China and the JINR. 

International cooperation: China



The NICA complex includes:

- Set of accelerators providing the particle beams for fixed target and 

collider experiments,

- Experimental facilities,

- Line for assembling and cryogenic testing of  SC-magnets,

- Workshops for construction of the detector elements,

- NICA innovation center,

- Required infrastructure. 11
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Experimental facilities

Fixed target experiment

Baryonic Matter at Nuclotron (BM@N)

Collider experiments:

Multi Purpose Detector (MPD)

Spin Physics Detector (SPD)
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Experimental facilities

The 6th Meeting of the MPD Collaboration 6th Meeting of the BM@N Collaboration 

took place in a videoconference format from 26 to 30 October 2020.

The 7th Collaboration Meeting of the BM@N Experiment at the NICA Facility - now
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Complementary to the RHIC/BES, CERN and FAIR programs



Baryonic Matter at Nuclotron

Main goals are
- investigations of strange/multi-strange hyperon, hypernuclei production 

and short range correlations.



-Three technological runs (2016 – 2017)

-5.02 – 4.04.2018 experiments with C, Ar, Kr beams
(Short range correlations, strange production)

Baryonic Matter at Nuclotron

Intensity of extracted Kr beam. 

Spill duration 2.5 sec. Up to 5105 ions per cycle

16



17
http://bmnshift.jinr.ru/wiki/doku.php

Baryonic Matter at Nuclotron



FHCal

Multi Purpose Detector (MPD)
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Magnet fabrication:  ASG (Genova) & Vitkovice HM

yoke control assembly at HM Vitkovice

trim coilwinding machine cryostat



Magnetic yoke (720 t) 

July 2020

March 2020
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On 25 December 2020, according to the preliminary work plan, 

the control assembly of the magnet yoke has been successfully completed: 

the final upper plate No. 28 was installed.



SC Solenoid in Genova

Rated induction, T 0.5

Rated current, kA 1.79

Stored energy at the rated 

induction, MJ 14.6
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E la nave va – “And the Ship Sails On…”

ASG Superconductors team 

at the moment of

sending the magnet to JINR

On September 25, the transportation 

of the magnet to Dubna began



… in Saint-Petersburg

26 October 2020



... Volga river

4 November 2020



… transported to VBLHEP

6 November 2020



2728 December 2021 – beginning of cryogenic test

…assembled in the MPD hall



MPD inner tracker

CREMLIN WP2 Working Meeting 

„Exchange on Policy- and ESFRI-related Issues”, April 2016, Dubna28



Time Projection Chamber (TPC)
length 340 cм

external R 140 cм

internal R 27cм

gas 90% Ar+10% меth.

Drift velocity 5.45 см / мкc;

Drift time < 30 мкc;

N of chambers 12 + 12

N channels 95232

rate < 7 kHz ( L= 1027 )
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сборка в чистой комнате

28 units

13 440 channels
R= 170 cm

20% of units assembled and tested

Time of Flight system (TOF)
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Protvino

p0 gg

~ 100 t

Projectile 

geometry

• s(E) ~ 5% @ 1 ГэВ; 

• s(t) ~ 500 пс

Bejing

Support system

Electromagnetic calorimeter (ECal) system



32http://mpd.jinr.ru/

MPD experiment



Spin Physics Detector (SPD) aiming to study of spin physics with colliding beams 
of polarized deuterons and protons at the energies up to 27 GeV (for protons).

Main experimental facilities
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Main experimental facilities
Area for radiobiology and applied research
is under development in the existing experimental building.
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Innovations based on NICA technologies
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Chip irradiation and radiobiological researchers by high energy ions

Investigations in the field of nuclear energetic and transmutation

Chip irradiation by low energy ions

Design and Development of accelerator and detector technologies for medicine



Area 1,2 of innovation zone
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http://webvision.med.utah.edu/imageswv/pupil.jpeg
http://webvision.med.utah.edu/imageswv/pupil.jpeg


Areas 1,2 of innovation zone
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SIMBO (Station of Investigations of Medico-Biological Objects)

Special chair for monkey 3D positioning 

with accuracy better than 1mm + beam diagnostics

ISCRA (Irradiation Station of Components of Radioelectronic Apparatuses)

Station for investigation in the field of nuclear energetic and transmutation SHINE

(realising by Institute of Physic-Technical Problems - SK Rosatom) 



SOCHI (Station of Chip Irradiation)
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Night of 22 – 23 December 2021:

The first commissioning of equipment and the beam transportation channel.

The carbon beam of the energy of 3.2 MeV/n

was transported through the channel and reached the target.



The Nuclotron internal target station equipped with six different targets: 
wire, strip and film with material from hydrogen to tungsten dedicated 
for particle physics, spin physics, relativistic atomic physics experiments.

Main experimental facilities
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NICA accelerators

Main accelerator of the NICA complex is the Nuclotron –
superconducting ion synchrotron at magnetic rigidity of about 42 T·m 
equipped with two injection chains: for heavy and for light ions.

Injection chain for heavy ions consists of:
the ion source (KRION-6N),  heavy ion linear accelerator (HILac), 
superconducting booster synchrotron (Booster) and required beam transport lines.

Injection chain for light ions includes: 
Laser ion source (LIS), Source of polarized ions (SPI), Duoplasmatron, 
RFQ accelerator as a foreinjector, Drift tube linac of Alvarec type (LU-20) 
and required beam transport lines.

The collider experiments will be provided at two storage rings 
with two interaction points (IP). 
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Heavy ion injection chain

KRION 6T

used in two runs 

Heavy ion linear accelerator (HILAc)

Commissioned – October 2016 



Reference 

section

Nuclotron

injection

Power 

supply

RF stations

extraction

Electron cooler

Booster
Booster

Nuclotron
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43Official start of the commissioning

23 December 2019

Booster
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23 December 2019

Booster

Cryo-magnetic system in assembly

12 November – 30 December 2020 – technological run



600 s

Fast current transformer

12.11 – 03.12: assembly and test of vacuum system

04.12 – 11.12: cooling, thermometry commissioning

12.12 – 18.12: commissioning of quench protection system, tuning of power supply,

tuning of the HILAC – Booster transfer line

19.12:              first circulating beam He1+

First run of the Booster
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First run of the Booster

23 December 2019

Adiabatic capture at injection plateau

Acceleration up to 100 MeV/u

24.12:

Beam acceleration

Parametric 

current transformer
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23 December 2019

First run of the Booster
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71010 elementary charges ~ 2109 Au31+

Life-time is about 2 s, equivalent pressure of residual gas is 3610-8 Pa

Time, ms
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26.12: Orbit correction, Injection optimization – design current of circulating beam 



48

23 December 2019

First run of the Booster
30.12: design magnetic field cycle

Injection plateau

Electron cooling plateau

1.8 T

dB/dt = 1.2 T/s



A.Alfeev

The Booster run was performed during the period from 6 to 24 September

Total duration - about 450 h.

Ions He+ (plasma source) and Fe14+ (laser source)

Maximum energy - 578 MeV/u.

General goal: 

- test of the Booster systems in working regime and 

Booster- Nuclotron transfer line.

HILAC linear accelerator and the beam transport line to the Booster 

were tuned for generation of Fe14+ beams

Second run of the Booster



50

Residual gas pressure inside the beam pipe was sufficiently reduced 

down to the value required for heavy ion acceleration

First run (December 2020) Second run (September 2021)

Improvement of the vacuum conditions
A.Alfeev

Second run of the Booster
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Adiabatic capture of the beam into acceleration was fulfilled

at 5-th harmonics of the acceleration field, 

The beam was recaptured into 1-st harmonics at 65 MeV/n energy, 

The iron ion beam was accelerated up to design energy of 578 MeV/u

Tuning of the RF system

A.Alfeev
Second run of the Booster



52

The orbit bump system was tuned at the beam extraction, 

The systems for the beam extraction from the Booster and transport line to the 

Nuclotron were put into operation and tuned, 

Helium beam and then the iron 56Fe14+ beam were transported through the beam 

transfer line.

Beam transport from Booster to Nuclotron

Beam of Fe ions on the phosphor screen 

at the end section of the Booster-Nuclotron transport line

A.Alfeev
Second run of the Booster
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Electron cooling of Fe ions

At injection

After cooling

Schottky spectrum at 4-th harmonics

A.Alfeev
Second run of the Booster
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First run of the NICA

The Run has been started: 2.01.2022

6.01 – Beginning of the Nuclotron cooling

12.01 - Beginning of the Booster cooling

24.01 – Beginning of operation with beam

28.01 – C+4 transported to the Nuclotron

06.02 – C4+ beam circulation in the Nuclotron

07.02 – C+6 beam circulation in the Nuclotron

10.02 - C+6 beam accelerated in the Nuclotron up to 1.1 GeV/u

Goals:

- Tuning of the common work of HILAC, Booster and Nuclotron

- Test of new power supply system of the extracted beam optics
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First run of the NICA
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The beam (C4+) generated by laser source

accelerated in the HILAC, transported to the Booster, 

accelerated in the Booster (C4+), 

striped in the Booster-Nuclotron beam transport line (C6+), 

transported to the Nuclotron,

captured and accelerated in the Nuclotron up to 1.1 GeV/u  

Magnetic field circle
Beam intensity

Injection 

from the Booster

Adiabatic 

capture

Acceleration

>108 particles

The Nuclotron Parametric Current Transformer
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Intensities of the 3 GeV/u carbon beam as a function of time 

measured at the BM@N setup (SRC experiment) for one spill. 

X axis shows time in seconds. 

Colors indicate different trigger module channels, which correspond 

to some scintillator counters and combinations of those used as triggers. 

The beam intensity at the BM@N area was around 106 ions per spill.
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First run of the NICA

http://nucloweb.jinr.ru/nucloserv/online.htm



MPD

SPD
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NICA collider
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Serial production of the collider magnets



Line for assembling and cryogenic testing 

of  SC-magnets

Main production areas:

 Incoming inspection 

zone

 SC cable production 

hall

 SC coils production hall

 Area for assembling  

the magnets

 Area for the magnetic 

measurements under 

the room temperature

 Leakage test area

 Area for mounting the 

SC-magnets inside 

cryostats

 Cryogenic tests bench 450 magnets for NICA and FAIR projects 
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Official start up
28 November 2016
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Official start up of the construction 25 March 2016
62

Collider building



Collider building

2017
63
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MPD 

Hall

SPD 

Hall

Western

semiring

September 2018

Collider building
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November 2020

Collider building



http://nucloweb.jinr.ru/

Collider building
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On 28 December, the first dipole magnet was installed in the tunnel of the collider

First collider magnet in the tunnel

Collider building



NICA cryogenic complex 
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New liquefier OG-

1000

Compressor 

station

Liquid helium 

tank

Collider 

refrigerators

Booster refrigerator

Total power 8 kW at 4.5 K
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NICA cryogenic complex 

New helium liquefier OG-1000

Put into operation – may 2016
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Центр NICA: ген проектировщик ООО ПИ «Арена»
NICA innovation center



- cluster of JINR computer center dedicated to collect and process 
the data from NICA detectors, 

- 500 offices for scientists, 
- laboratory rooms for preparation of experimental equipment 
and fast analysis of results, 

- conference hall

NICA innovation center
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Data storage:

- 2017: 1 PB RAW /year

- plan: 10 PB RAW/year 

Fast memory

at supercomputer

«Govorun»

LIT

NICA Network and Computing
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LHEP off-line cluster -

put into operation 

19 September 2019 

NICA Computing



https://edu.jinr.ru/

JINR educational portal targets students and schoolchildren of the JINR Member States, 

young specialists and science teachers. 

The portal hosts courses in the MOOC format on priority JINR activities. 

The first courses have already been created and published:

- on the topics of the NICA megaproject, 

- on heavy ions and the synthesis of new elements, 

- fundamental and applied research of nanostructures and condensed matter using 

neutrons. 
.

Education program
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NICA milestones

2009

Start of the project

2013

Nuclotron modernization

2015

Technical project completion

2016

Start of the collider building construction

2018

BM@N I

2020

Completion of the Booster commissioning

Plans:
2021

BM@N II

2022

Creation of the collider in starting configuration permitting to provide experiments 

with colliding ion beams up to Bi+83

at mean luminosity of L = 51025 см–2 с–1 in the energy range √sNN = 8 –11 GeV/u



Accelerator division
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NICA project 

A.Sidorin, VBLHEP, JINR, Dubna


