Instrumental base
for physics of relativistic nuclei:
JINR complex Nuclotron-NICA




Generalinformation (NiCA)

NICA (Nuclotron-based lon 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.

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



Relativistic'nucleariphysics

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

V.l. Veksler A.M.Baldin




Heavy ion collisions (NICA)

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.

The phase diagram of QCD ® Search for the critical point
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® Study of the in-medium properties of hadrons at high
baryon density and temperature
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First Superconductingheavy iefaccelerator
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Nuclotron — Superconducting Synchrotron
operation since 1993




The primary purpose‘af the NI€Aconstruction

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.



Stages of the‘experimental program realization

Stage |

-Fixed target experiment with heavy ions (started 2018)
Stage Il

-Starting configuration of the collider and detector (2022)
-Basic configuration, heavy ion collisions (2023)
-Collisions of heavy ions with light ions (protons)

Stage lll

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

mexay lpasureascreom Poceniickoii ®enepaunn
H MEAAYHAPOAHOH MEKTIPABHTEILCTBEHHOH HAYYHO-HCCICA0BATEILCKOT
; oprammaumeil O6beANHENNBIM HECTHTYTOM SIEPHBIX HCCACA0BAHMI
! 0 COIIANMH M IKCIVIYATANNE KOMILIEKCR CBEPXNPOBOANIINX KoJIel
5 HA BCTPEYHBIX My9Kax Tskeasix nonos NICA

IMpasurenscrso  Poccuiickoit  @exepaumn " MEXKIyHapOHAS

MEeKIIPABHTEILCTBEHHANA HayYHO-HCCNeIOBATENbCKAR OpraHH3alis
ObbennHenHbli HHCTHTYT SAEpHBIX Hccneaosanmii (nanee — ObOwneanHeHHBIH
HHCTHTYT SAEPHBIX HCCICAOBAHHHA), B NanbHelineM nMenyemsie CToporamu,
! Beipakas ofwee jkenauue CONCHCTBOBATH YKPEIJICHHIO NOTEHOHAna
Poccuiickoiit ®eaepaunn # O6beIHHEHHOTO HHCTHTYTA AAEPHBIX HCCHEAOBaHMI B
o01acTH NPOBOAHMBIX HAYYHO-TEXHHYECKHX W MHHOBALMOHHBLIX MCCNENOBaHMN B
coorsercreuu co crarseit 30 Cornamenns mexay [lpasurensctsom Poccuiickoi
®ecnepauin # OObeAHHEHHBIM HHCTHTYTOM  SJACPHBIX WCCHACAOBaHHH ©
mecronpebuisannn ¥ 06 ycnosusx zestensHOcTH OOBEANHEHHOIO HWHCTHTYTaA
azepHbix uccaenosannii 8 Poccniickoii ®enepaumn or 23 oxtabpa 1995 rona,

CTPeMACh CO3/1aTh KOMIUICKC CBEPXNPOBOAAIIMX KOJCLl HA BCTPEHHBIX
myukax Tsokensix HoHoB NICA (Nuclotron-based lon Collider fAcility),
obaagarowmii GecnpeueIeHTHLIMU napaMeTpaMs B 061aCTH HCCHEN0BARNSA QHIAKH
9acTHLL M AJep BHICOKMX OJHepruii M obecne4yMBalommii BO3IMOKHOCTH €ro 8
OPHMEHCHHA JUIA HHHOBAUHOHHBIX pa3paloTOK B NPHOPHTETHBIX oGnacTAX
HAYYHBIX 3HAHNH, TEXHHKH H TEXHOJIOTHH, h




International.cooperation: Germany

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
iImplementation 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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International cooperation: China

On August 26, 2020 an Agreement on the participation in the NICA was
sighed between the Ministry of Science and Technology of the

People’s Republic of China and the JINR.




{The NICA-complex includes:

Clean Room
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- 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.
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ﬁ’ __Ex-b‘('erimerrtal ilities .

MG
Fixed target experiment

Baryonic Matter at Nuclotron (BM@N)

Collider experiments:
Multi Purpose Detector (MPD)

Spin Physics Detector (SPD)

12
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29-30.10.2018
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BM@N: 10 Countries, 17 Institutions, 216 Participants
(spokesperson M.Kapishin, technical coordinator A.Maksimchuk)

MPD: 10 Countries, 26 Institutions, 436 Participants
(spokesperson A.Kisiel, technical coordinator V.Golovatiuk)
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. 13
The 7th Collaboration Meeting of the BM@N Experiment at the NICA Facility - now
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BM@N Baryonic Matter at Nuclotron

CSCa
wAnalyzing Magnet ToF-400 =
“ Barrel
m Target

= Si beam tracker

mVetoC
= Si beam tracker

= Si beam tracker

CSCa

= Si beam profiler \ N\ H CSC &

B mBC2
mBC1 /

@ Si beam profiler

m FwdSi / =~ GEM

Main goals are

- investigations of strange/multi-strange hyperon, hypernuclei production
and short range correlations.



BM@N Baryonic-Matter'at Nuclotron

-Three technological runs (2016 — 2017)
-5.02 - 4.04.2018 experiments with C, Ar, Kr beams

(Short range correlations, strange production)
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Intensity of extracted Kr beam.
Spill duration 2.5 sec. Up to 5-10° ions per cycle
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BMN talks and papers
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BM@N Databases

http://bmnshift.jinr.ru/wiki/doku.php
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Multi Purpose Detector (MPD)  (NICA)

ECal HCéI -

Yoke —

BBC

3 \"‘—Cryostat

T

18



Magnet fabrication: ASG (Genova) & Vitkovice HM

/ Yoke Beams e

~Control Dewar B q . .
7' yoke control assembly at HM Vitkovice

-
4 S

Iron Yoke — &3 -
/~Support Ring 3

R /~Pole Stops

Cryostat—" >
& SC Coil

e g | Inner diameter (warm hole), mm 4656
Quter diameter, mm 5443

i Length, mm 7910
Yoke

2| Inscribed diameter, mm 5883

8 Circumscribed diameter, mm 6583

Interpole distance, mm 7390

Length, mm

trim coil



Magnetlc yoke (720 t)
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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, kKA 1.79 |
Stored energy at the rated "
induction, MJ

———r——

Radial magnetic field

component
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max
403 mm < r <1203 mm




E la nave va — “And the Ship Sails On...”

On September 25, the transportation
of the magnet to Dubna began

4 =+ St.Petersburg

v ¥ Dubna

ASG Superconductors team
at the moment of
sending the magnet to JINR
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... In Saint-Petersburg

26 October 2020




4 November 2020




... transported to VBLHEP

6 November 2020




...assembled in the MPD hall
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28 December 2021 — beginning of cryogenic test




MPD-inner tracker

CREMLIN WP2 Working Meeting
,Exchange on Policy- and ESFRI-related Issues”, April 2016, Dubngg
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Electi@magnetie Canrimeter“'_\(’ECaI) system
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MPD-experiment-_J

MPD EXPERIMENT

TECHNICAL WEBSITE

MAIN DOCUMENTS EXPERIMENTS SOFTWARE COMPUTING FORUM VIDYO

How to install MpdRoot
If you are ork on the Nica
go to the Installation of
ot Before installing MpdRoot




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).

Tor magnet
VD f

TR RS Endcap
PID ‘

ECal

ECal Endcap
RS
' TR Endcap
Beam pipe

Sol magnet

Support frame
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is under development in the existing experimental building.
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Innovations based on"NICA technologies @j‘m

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
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“Area,2 of Jpnovatiemzone ARIADNA

Activation and Solid Pb target
State Nuclear Track Diameter 84 mm
Detectors Length 456 mm
2

=
2 |

Nuclotrom
beam
\ 4 blanket
Monitor ™ sections

30 uranium rods in Al shell
Diameter 36 mm, Length 104 mm



http://webvision.med.utah.edu/imageswv/pupil.jpeg
http://webvision.med.utah.edu/imageswv/pupil.jpeg

Special chair for monkey 3D positioning
with accuracy better than 1mm + beam diagnostics

ISCRA (Irradiation Station of Components of Radioelectronic Apparatuses)

i\\-
e s !;. =

Station for investigation in the field of nuclear energetic and transmutation SHINE
(realising by Institute of Physic-Technical Problems - SK Rosatom)
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Night of 22 — 23 December 2021
The first commissioning of equipment and the beam transportation channel.

I”‘"

The carbon beam of the energy of 3.2 MeV/n

38
was transported through the channel and reached the target.
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Mam experlmental faqxhtles

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.
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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 (SP1), 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).

40



KRION 6T Heavy ion linear accelerator (HILAC)
used in two runs Commissioned — October 2016

41



Booster
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Electron cooler

injection

Reference ><

section

extraction

RF stations

Nuclotron
42




23 December 2019

Official start of the commissioning



Cryo-magnetic system in assembly
12 November — 30 December 2020 — technological run
44



First runof the Booster

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 Hel*

~ Fast current transformer

0 20 40 60 80 100 4120 440 160 4180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500
Bpems (Mxc)

520 540 560 580 600

600 pus



First run 'of the Booster

19:49:37

éAdiabatic: cap furé at injection platfeaf

24.12:

B | t . oo
?u: o ==0
ozzs
(=50
060
oors
oosn
-oo=a
SO0 75O 1 O00 1250 1500 1 750 2 000 3500 3750 4000 4 250 4 500
7 meoemcs [Imane W Forar . . T r . |
18 1.0 T 7] ¥ Bttt G iy (e
=i O [l Barmars oo
1,45E10 | g —— e 2 500
1,40E10
1,35E10 2 200
1,30E10
2 100
125610
1,20E10 2 000
1,15E10
1 900
1,10E10
1,0sE10 1 800
1,00E10
- 1700
9,50E9
aral I le rIC 9.00E9 1600
8,50E9
1 500
8,00E9
7,50E9 1400
7,00E9
6,50E9 1300
= 6,00E9
= o 1200 _,
S ssoEe =
5,00E9 1100
4.,50E9 1 000
4,00E8
3,505 | K T L T 0 900
3,00E9 800
2,50E9
2,00E9 700
1,50E9 s00
1,00E9
5,00E8 s00
0,00E0 00
-5,00E8
-1,00E9 300
-1,50E9
200
-2,00E9
-2,50E9 100
-3,00E9

1 000 1250 1 500 1750 2 000 2 250 2 500 2 750 3 000 3 250




First runof the Booster

26.12: Orbit correction, Injection optimization — design current of circulating beam

Parametric current transformer

09:54:52

8,50E10 10,0

8,25E10

8,00E10 9.5

7,75E10 0.0

7.50E10

7.25E10 8,5

7.00E10

6,75E10 8,0

6,50E10 7.5

6,25E10

6,00E10 7.0

5,75E10 | oo

5.50E10 { EEH EE. 8,5

5,25E10 | &

5,00E10 6.0

4,75E10 | & 55

4,50E10

42510 | & 5,0
© 4.00E10 | NEE -

3,75E10 e 45 @

2,50E10 | EEP

4,0
3,25E10
3,00E10 | NED 3,5
2,75E10 | oo
2,50E10 3.0
2,25E10

2,5
2,00E10 { Sdadtel
1,7510 | (B 2.0
1.50E10
1.25E10 1.5
1.00E10
7,50E9 1.0
5,00E9 0s
2,50E9
0,00E0 0,0
2,50E9
5,00E9 0.5
7 ,50E9

1,0

o] 250 500 750 1 000 1250 1 500 1 750 2 000 2 250 2 500 2 750 3 000 3 250 3 500 3 750 4 000

Time, ms
7-101% elementary charges ~ 2-10° Au3t+

Life-time is about 2 s, equivalent pressure of residual gas is 3+6-10% Pa 47



First runof the Booster

30.12: design magnetic field cycle
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Second rin of théBooster

The Booster run was performed during the period from 6 to 24 September
Total duration - about 450 h.

lons He* (plasma source) and Fel4* (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 Fel4* beams



Second ran of the'Booster
Improvement of the vacuum conditions

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

A 16.09.2021 03:33:28
09:54:52 . Z/A=1/4 Binj = 730Tc
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Residual gas pressure inside the beam pipe was sufficiently reduced
down to the value required for heavy ion acceleration
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Second run of théeBooster

3.25e8

Circulation
65 MeV/u

Circulation
578 MeV/u
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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 >t



Second rin of théBooster

Beam transport from Booster to Nuclotron

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 5¢Fel4* beam were transported through the beam
transfer line.

Beam of Fe ions on the phosphor screen -
at the end section of the Booster-Nuclotron transport line



Second run of théBooster
Electron coolingof Fe ions
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First run‘of the NICA
The Run has been started: 2.01.2022

Goals:
- Tuning of the common work of HILAC, Booster and Nuclotron
- Test of new power supply system of the extracted beam optics

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 — C#* beam circulation in the Nuclotron

07.02 — C*% beam circulation in the Nuclotron

10.02 - C*% beam accelerated in the Nuclotron up to 1.1 GeV/u

54



First run‘of the NICA

The beam (C#*) generated by laser source

accelerated in the HILAC, transported to the Booster,
accelerated in the Booster (C#),

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

10.02.2022 17:58:09
Z/A=6/12 Binj = 2200 Ic

Beam intensit
»f 2 Magnetic field circle

Adiabatic X
capture

Injection

from the Booster :
Acceleration

>108 particles
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09.03,2022 19:15:42

Spill_Gate

BC1_low MMW”MM

DAQ_Busy J‘ Llll] /Y k

0 1 2 3 4 5

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 triggerss6
The beam intensity at the BM@N area was around 108 ions per spill.



First run‘of the NICA

NUCLOTRON

ONLINE
duty-time : current
2022 AHBape BycTep-HyknoTpow
1]12]3]4]s]s]7]8]a[10[11]12[13]14]15[16[17] 18] 19]20[21]22] 23] 24]25] 26] 27] 28[ 29[ 30] 31]
oxn Hykn oxn Bycrepa HacTpoMka paBoTel C NyYKoM
feepans

1]12]3]4]s]6]7]a]9[10]11][12]13[a4] 15[16]17]18

paboThl ¢ NyuKoM

Published by Google Sheets — Cooblierne o HapyweHun — Updated automatically every 5 minutes

+ TEKYLLEE PACMHCAHWE CEAHCA

+ YPHAN NYNbLTA YCKOPWUTENA

duty-log
loglast | 2022-32 Pacn. 2022-3  Pacn. 2021-2 2021 Pacn. 2021-
1 2020  Pacn. 2020 empty

R Y e L T T S T TR T g R R S TR Sy ST T

03-21 |UMKINbl BOCCTAHOBINEHGL.

03-22 |YCKOPEHME BOCCTAHOBNEHO.
HACTPOWKA MEONEHHOIO BbIBOLA.
03-50 |PEXUM KOMNPECCWU HE BOCCTAHOBIE
3AMPET HA LKMKNbI

05-55 |BOCCTAHOBJIIEHWME PEXWUMA KOMIMPECC
08-00 |BOCCTAHOBINEHWE PEXWUMA
KOMMNPECCWUW. 3ANNUBKA A30TA.

08-50 |3ANMBKA A30TA 3ABEPLLUEHA.

09-22 |UMKN HA BYCTEPE BOCCTAHOBIJIEH

Byctep

+ Jatumki MamepuTensHoro nepuona
NeBoe nneyo NMpaBoe

« LIMKN marHMTHoro nona

« MH:kekuua B byctep

(MHbNEXTOPHEIE NNACTHHGI, BRICTPLIA

TpaHcthopmaTtop Toxa)

- TpaHchopMaTop ToKa B

Konblle

Mrxeruma LU-20

. ,ElMHar-.mqecme napameTpbl
- Npochunu
- BaKkyymHaa cucTema

Konsuo HyxnoTtpoHa

+ LInKkn mardmTHoro nona
+ VIHTEHCUBHOCTL

http://nucloweb.jinr.ru/nucloserv/online.htm
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& NicAcollideriy (NICA)
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Au(+79) ion mode
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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 (NICA)

28 November 2016
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Official start up of the construction 25 March 2016
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Collider:building™»

P22 Sun 13:49:47

http://nucloweb.jinr.ru/



Collider:building™y

First collider magnet in the tunnel
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On 28 December, the first dipole magnet was installed in the tunnel of the collider
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New I|quef|er OG-
1000

Liquid helium
tank

Collider
refrigerators

Compressor
station

Total power 8 kW at 4.5 K




ﬁo’" NICA cryogém\c\

New helium liquefier OG-1000
Put into operation — may 2016

,ompkx

- W mz.,b"

Leg=y

69



NICA Inneyvation center
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- 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
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4 NICA Netwark and Camputing

LIT

[ LIT Off-line

cluster

fovesnnnm 08 [] 00 munnnnin)

ICA On- |

&
\|
line Cluster |

3\
Gb,,
v
[
|

Data torag/é:
- 2017: 1 PB RAW lyear
- plan: 10 PB RAW!/year

2
1 A e G 80 A 6B B T T
s TP TY TS

Fast memory
at supercomputer
«Govorun»
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NICAComputing

LHEP off-line cluster - J /
put into operation —
19 September 2019
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Education program®

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.

New video course: Megascience project NICA

We are pleased to present you the first video course about megascience
ol project NICA and collider technology! This course consists of 8 sections
P i , ( \ and talks about scientific mega-projects, particle accelerators at JINR,

= (] structure and tasks of the NICA complex, factory of superconducting
magnets and cryogenic complex.

8 lectures a{ ,

The staff of the Veksler and Baldin Laboratory of High Energy Physics
(Anatoly Sidorin, Sergey Kostromin, Anton Konstantinov, Sidorov Nikita,
Marina Osmachko) and the Development and creation of educational
programs department (Anna Komarova, Caren Rossouw, Oleg Smirnov)
prepared this online course.

The course is available in both English and Russian.

https://edu.jinr.ru/



NICA 'milestones

2009

Start of the project

2013

Nuclotron modernization

2015

Technical project completion

2016

Start of the collider building construction
2018

BM@N |

2020

Completion of the Booster commissioning

Plans:
2021
BM@N Il
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 = 5-1025 cM~2 ¢! in the energy range Vs, = 8 =11 GeV/u™®
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NICA project

A.Sidorin, VBLHEP, JINR, Dubna




