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Nuclotron-based Ion Collider fAcility (NICA)
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% Polarized beams of protons and deuterons in the collider (up to £ = 1032 cms!, \/syy= 12.6 (d) 27 (p) GeV)
—> nucleon spin structure research and clarification of the spin origin

LU-20 SPD (Detector)
MNuclotron

¢ Applied Research Infrastructure for Advanced Developments at NICA fAcility (ARIADNA)
—> beam channels and irradiation stations for applied research with heavy-ion beams

% NICA project is approaching its full commissioning:

v’ already running in the fixed-target mode — BM@N, ARIADNA
v’ start of operation in collider mode in 2025 — MPD and later SPD
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NICA is a bridge to neutron stars

¢ Heavy-ion collisions are used to:

v study QCD under extreme conditions of high temperatures and densities

v' explore the QCD phase diagram, search for the QGP and study its properties
3 | g Why Quark-gluon plasma is of interest?
= BB i’"""" .~ Quarks and Gluons
E g Critical point? v primordial form of QCD matter at high temperatures and/or (net)baryon
3 % L, densities
) (s
g — .. Hadrons / ANsition v’ present during the first microseconds after Big Bang and in cores of the
£ = & K compact neutron stars / mergers
v A B Qdgrkyonic ph . . o ..
E= é{") % o & v’ provides important insights on the origin of mass for matter, and how quarks
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% Heavy-ion collisions at NICA create extremely dense matter at moderate temperatures:
v' net baryon density (n) up to 10 times that in normal nuclear matter (7,)
v' baryonic chemical potential pz = (300 - 600) MeV, T, ~ (120-150) MeV

% Comparable baryon density may exist in cores of compact High baryon density:

k Inner structure of
neutron stars and in neutron star mergers compact stars

% Two experiments at NICA:
v’ fixed-target - BM@N e
v’ fixed-target and collider - MPD 3\ i e

a— lons, electrons

few % electron Fermi gas

quark gluon plasma?
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BM@N  Baryonic Matter (@ Nuclotron

Nucl.Instrum.Meth.A 1965 (2024) 169352

FSD, GEM, CSC, DCH: charged particle tracking + momentum measurements
TOF400, TOF700: charged particle identification by m?/3
FQH, FHCAL: event geometry, event centrality

Several technical runs since 2015

Do EeEBsEeEn0n

ECOEEeODEEEO

] Magnet SP-41 (0)

Vacuum Beam Pipe (1)
BC1, VC, BC2 (2-4)
SiBT, SiProf (5, 6)
Triggers: BD + SiMD (7)

FSD, GEM (8, 9)
CSC 1x1 m (10)
TOF 400 (11)
DCH (12)

TOF 700 (13)
ScWall (14)

FD (15)

Small GEM (16)

CSC 2x15 m (17)

Beam Profilometer (18)
FQH (19)

FHCal (20)

HGN (21)

First physical run in 2022/2023: 124Xe + CsI at 3 and 3.8 AGeV, > 5.5-108 events

H. Kapnymkws, BricokorpaHyIspHBI HEHTPOHHBIA JETEKTOP M CHCTEMa MEPEeIHUX AeTEKTOpOB skcnepumerTa BM@N, 18 despams, 14:45-15:00
D. Idrisov, Comparison of different methods for centrality determination in Xe+CslI collisions at 3.8 A GeV in the BM@N experiment, 21 ¢espais, 14:00-14:15
A. Demanov, OmnpeneneHne IeHTPAITbHOCTH CTOJIKHOBEHHH TSHKEIBIX HOHOB B dKcepuMenTe BM@N, 21 despams, 14:15-14:30
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BM@N Production of t© and K™ mesons in
argon-nucleus interactions at 3.2 AGeV

¢ Technical run with Ar beam at 3.2 AGeV and C/Al/Cu/Sn/Pb targets
JHEP 07 (2023) 174
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BM@N Production of protons and deuterons in
argon-nucleus interactions at 3.2 AGeV

¢ Technical run with Ar beam at 3.2 AGeV and C/Al/Cu/Sn/Pb targets

Preliminary results

& F Ar+C—d+X, cent 0-40% & F Ar+Al>d+X, cent 0-40%
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¢ dN/dy spectra are softer in interactions with heavier targets

¢ Models describe the shape of rapidity dependences, but underestimate yields by a factor of ~5

B. KonecaukoB, 3yuenue poxxaeHus NPOTOHOB, IEUTPOHOB U TPUTOHOB B CTOJIKHOBEHHSIX APTOH-SJIPO B IKCIIEPUMEHTE
BM@N na yckoputenpHoM komiiekce NICA, 17 deBpans, 16:30 - 16:45
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Collective flow of protons and deutrons
BM@N [ d [ d o
in Xe + Csl collision energy

% Physics run with Xe beam at 3.8 AGeV and Csl target [off plane squeeze-oui]

Azimuthal angle distribution of particles w/r to event plane:
> bounce off

BTN SRR
b = 3fm

dN/do ~ (1 +2v; cose + 2v, cos2¢)

Preliminary results
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¢ Direct flow v, vs. rapidity and transverse momentum 2 25 3 3.5
S\

% Slope of v, is in good agreement with the world data
% Analysis of charged pions and A hyperon flow is in progress

V. Troshin, I3MepeHne aHU30TPOIHBIX MOTOKOB JSIMO1a-TUIIepoHOB B dKcniepumenTax MPD u BM@N, 17 depais, 16:00-16:15
M. Mamaev, HampaBiieHHBII TOTOK IPOTOHOB B cToNKHOBeHMsIX Xe+Csl mpn areprum 3.8A 1'9B Ha yctanoBke BM@N, 17 despais, 16:15-16:30
W. ’KaBoponkosa, IlepBrie pe3ynpTaThl 10 H3MepeHuto v; s d B croakHoBeHusx Xe+Cs(1) mpu sneprun 3.8A I'sB Ha BM@N, 17 despais, 16:45-17:00
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BM@N Near future

% Many ongoing analyses for identified hadrons and light nuclei

*

Work in progress

Rapidity and transverse mass spectra of A and K?
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¢ Physics run in 2025 with new silicon micro-strip detectors and extended ToF-400 acceptance
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Multi-Purpose Detector

Stage-1 - start of commissioning in 2025

L\ \SC col
\FD \TPC \Cryostat

TPC: |Ap| <2m, n| £ 1.6; TOF, EMC: |[Ag| <2m, n| < 1.4
FFD: |Ap| <2m, 2.9 <|n| <3.3; FHCAL: |[A@| <2m, 2 <[n| <5

Eur.Phys.J.A 58 (2022) 7, 140

Stage-11 2 2030+

CPC

ECal SC Coil

Tracker |

+ITS : |Ap| <2m, n| <3

4 "

ﬂ \Cryostat

+ Forward Spectrometers: |Ap| < 2w, n| < 2.2

AutAu @ 11 GeV (full event simulation and reconstruction)
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MPD simulations
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MPD magnet

Cryogenic platform

Strings for cryogenic pipes and cables hold
- -mﬁ . ."' Y _‘; , !

% First cooling if the magnet to below LN2 temperature of ~ 70° K in February-March 2024
% Start of cooling to LHe temperature in October = cooled to 4.5° K in December 2024

Magnetic field mapper

Novosibirsk BINP magnetic field mapper

_ Single 3D Hall probe moves in 3 directions: z, R, ¢
 Step size,cm | 5 21 10

Accuracy: 0.1 — 0.3 Gs

360° Number of points: ~ 2-10° (90 hours)
UL 506 220 (1380 cm at max. R) 700 Fields to measure: 0.3 — 0.57 T (5-6 points)
Number of tunes per field: 5

Number of .
44 64 70 Total time of measurements: ~ 3-4 months
measurements
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B.I". Pg60B (@ Hayunas ceccus cekiuu suepraoit puznku ODH PAH, 2025



MPD subsystems

Support frame - READY ECAL - 83% READY TOF - READY

support structure
of carbon fiber

sagite ~ 5 mm;
0,13 X,

ECAL ~100¢

ECAL ~ 38400 towers (2400 modules)
produced by Chinese Universities (SDU, THU, FDU, SCUT,
HZU) and JINR (IHEP (Protvino) and Tenzor (Dubna))

All 28 (100%) TOF modules are

83% of calorimeter modules (~2000) is ready, assembled, tested, stored and ready for
remaining baskets to be ready by April 2025 installation. Spare modules in production

TPC - ASSEMBLY Forward subsystems - READY

‘a1
”'ﬂm: e i

el

A
— o L /

24+ ROC ready; 100+ % FE cards manufactured FHCAL in the Pole Cherepkov counters (FLFID)
TPC gas volume assembly and HV/leakage tests — ongoing (modules are equipped with FEE) (tests with cosmics and lasers)

TPC + ECAL cooling systems under commissioning
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MPD strategy

¢ High-luminosity scans in energy and system size to measure a wide variety of signals

¢ Scans to be carried out using the same apparatus with all the advantages of collider experiments

s MPD-CLD and MPD-FXT operation modes approved from start-up:
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v Collider mode: two heavy-ion beams, Vs = 4-11 GeV

v Fixed-target mode: one beam + thin wire as a target (~ 50-100 pm) :

o  extends energy range to \/SNN =2.4-3.5 GeV (overlap with HADES, BM@N, CBM)
o  high event rate at lower collision energies
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“MPD-  MPD physics program

% A comprehensive physics program: ions from p to Au and collision energies /Syy= 2.4-11 GeV

(. Feofilov, P. Parfenov V. Kolesnikov, Xianglei Zhu K. Mikhailov, A. Taranenko
Global observables Spectra of light flavor and CD;{ :i:::t?::snd
. Total event multiplicity hypernuclei .
. . Collective flow for hadrons
. Total event energy . Light flavor spectra - "
: S . « Vorticity, A polarization
» Centrality determination + Hyperons and hvpernuclei )
: T ; « E-by-E fluctuation of
» Total cross-section . Total particle yields and yield -
: multiplicity, momentum and
measurement ratios .
. . . conserved quantities
» Event plane measurement at || + Kinematic and chemical
. ) . Femtoscopy
all rapidities properties of the event e
. Forward-Backward corr.

Spectator measurement Mapping QCD Phase Diag.

L]
[ ]

. Jet-like correlations

D. Peresunko, Chi Yang Wangmei Zha, A. Zinchenko
Electromagnetic probes Heavy flavor
« Electromagnetic calorimeter meas. . Study of open charm production
. Photons in ECAL and central barrel . Charmonium with ECAL and central barrel
. Low mass dilepton spectra in-medium . Charmed meson through secondary vertices in
modification of resonances and ITS and HF electrons

Explore production at charm threshold

intermediate mass region

G. Feofilov, First physics studies planned with the MPD experiment at NICA in Bi+Bi collisions at 9.2 GeV, 17 ¢epamns, 14:45 - 15:00

P. Gordeev, I3MepeHne aHN30TPOITHOTO MTOTOKA M CIIEKTPa HEUTPAIBHBIX MMHOHOB B CTOJIKHOBEHMX Bi+Bi mpu sHeprum 9.2 ['9B B MPD, 17 despams, 15:00 - 15:15

A. Tapanenko, VcciregoBanre 3aBUCHIMOCTH KOJDICKTUBHBIX TOTOKOB B A-A CTOJIKHOBEHHSX OT YHEPTHH C IIOMOMIBIO CKEHIIMHTOBBIE cooTHOMmEHuH, 20 dheBpams, 14:30-14:45
P. Parfenov, M3mepeHre aHU30TPOITHBIX IIOTOKOB anpoHOB B skcrepuMenTe MPD B NICA, 21 depans, 13:45-14:00

D. Ivanishchev, Study of production of ¢(1020) and charged K*(892) and Sigma(1385) in Bi+Bi collision at 9.2 GeV in the MPD at NICA, 21 ¢eBpais, 14:30-14:45
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MPD feasibility studies

* Physics feasibility studies using large-scale Monte Carlo productions
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BM@N and MPD Collaborations

“* BM@N: ~210 members from 13 institutions from 5 countries

JINR
Bulgaria
China
Kazakhstan
Russia
Uzbekistan

JINR
Armenia
Belarus
Bulgaria
China
Georgia
Kazakhstan

Mexico
Moldova
Mongolia
Russia

Serbia
Slovakia



MDB, Summary BM@N

% Heavy-ion program at NICA - study of the QCD phase diagram in the region of
maximum net-baryon density

% A comprehensive physics program to be studied for different ions (from p to Au) and
collision energies (1/Syy from 2.4 to 11A GeV):

event-by-event fluctuation of multiplicity, momentum and conserved quantities
femtoscopic correlation

multiparticle correlations

differential collective flow (v,) for various hadrons

strange meson (including resonances) and (multi)strange hyperon production
light nuclei production including hypernuclei

(direct)photon and (di)electron probes

charge asymmetry

heavy flavor production

AR

NN NANENENEN

¢ Flagship project in the world on the study of heavy-ion collisions at intermediate energies

** More information can be found at http://bmn.jinr.ru and http://mpd.jinr.ru
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Program with polarized pT and d T beams

B.I". Pg60B (@ Hayunas ceccus cekiuu suepraoit puznku ODH PAH, 2025

18



(NICA) Spin Physics Detector

% The Spin Physics Detector (SPD) at the NICA collider is a universal facility for
comprehensive study of polarized and unpolarized gluon content of proton and
deuteron in polarized high-luminosity p-p and d-d collisions

Study the contribution of partons to
the nucleon and deuteron spins

especially their gluon component!

Gluon TMD PDFs via asymmetries and
angular modulations in the cross
sections

B.I". Pg60B (@ Hayunas ceccus cekiuu suepraoit puznku ODH PAH, 2025 19



Not only J/y!

SPD and gluon structure of nucleon

Physics goal

Observable

Experimental conditions

Gluon helicity 4g(x)

Ay asymmetries

PL-Pr. Vs =27 GeV

Gluon Sivers PDF f,;%(x, k7),
Gluon Boer-Mulders PDF hfg(.\', k%-}
TMD-factorization test

Ay asymmetries,
Azimuthal asymmetries
Diff. cross-sections,

Ay asymmetries

pr-p. Vs =27 GeV
p-p, 5 =27 GeV

Pr-p, energy scan

Unpolarized gluon
density g(x) in deuteron
Unpolarized gluon

density g(x) in proton

Differential

cross-sections

d-d, p-p, p-d
Vivy = 13.5 GeV
p-p.

V5 <27 GeV

Gluon transversity h‘]”(.x‘)

"Tensor porlarized” PDF C(T?(.\')

Double vector/tensor asymmetries

drmsr)r'drwrmr- VINN = 13.5 GeV

Single vector/tensor asymmetries

dﬂ’."l’_\'(?{’_d- p‘dren.\'or

10°E T T T T T T T T T s e
=) I ' i F m m a = ]
-g-"JZ F oEMC « COMPASS-OC =
= . Open charn.tmi ] L .sMC = STAR-W-  []AFTER 4

i _____ I """""""""" [ oSMClowx = STAR-jets @ LHG =
........ 3l i ® ]
10 NICA SPD 10° - =E143 + PHENIX-jets ﬁ = 4
P ~. [ eE154 NICA SPD s = 27 GeV. At R =
> ¢ A
q) [ xE155 EIC Vs = 140 GeV,
1} Iy ~ GO | «compassp “01=¥=09
No 102 vCOMPASS-P.
i - L +HERMES97
10 ¢ - /i“ C AHERMES
S i Y(28) L
10_2 10 A =
£ B x P |
C g x x H XA..%.l*: A B ]
& £ x . » &..A- e 4
10—5 | fons | L A w " .-1'-'5* at 4
E = L -y A b2
/ m‘l xe A A _
----1 n TR — ..3\“ TR R — TR S— —_— 1= L fes s T 1 Lol I =
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vs(GeV) X
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NICA SPD setup

Electromagnetic calorimeter  Magnet  Range system Vertex detector end-cap Zero degree calorimeter »
¢ ! i ¢ Beams of protons and

/ deuterons in the collider (up to
L=102cm?s!, \/[syy=13
(dd), 19 (pd), 27 (pp) GeV)

Time-of-flight system
Straw tracker

Vertex detector

Beam pipe o Beam pOlarization up to 70%

BBC MCP detector
Range system end-cap
Electromagnetic calorimeter end-cap
Time-of-flight sysfem end-cap

Beam-beam counter

Aerogel Cherenkov detector

/ Straw tracker end-cap Free-runnlng DAQ
. 6l ' LHCb
R @KV ® |
> - SPD Cl}& .
g w0 ® | " ATLAS
Mo ® @cor
50 ; i COMPASS DO
éﬂ 10 3 .Hl .
- i OPAL BaBar
- il . ALICH
; .BELLEI 5
A. Boikov, Cucrema c6opa qaHHbIX dkcriepumenta SPD Ha e e .
. 10 10 10 10
komnaiinepe NICA, 18 despans, 17:30-17:45 Event size (Bytes)
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(NTCAS SPD and others

perturbative QCD

33 s ,
nl10™ £ AFTER & LMCspiri |
T OF : PD (NICA JINR) e, CERS;"“
S LI ' pT pT*'--- o-pl g
_i‘10 S R T S I il S M o b o & L Lo St

B SPAESCH);RN;
1031_5__ ; { R
00 L. Anke = “imsm:&&s‘mﬁ
= (COSY, Jullch) i ,cw”m; - (RHIC,BNL) =
- pt- p_T;;E. ptipt! ' pT-—pT e
10% g Possnbnrty to ceﬂlde?'
- polarlzed deuterons
- L is unique! =
1028 = W R el 'g----? ----- pg
1 10 100 /s, GeV

¢ The SPD gluon physics program is complementary to the other intentions to study the
gluon content of nuclei (RHIC, AFTER, LHC-Spin, EIC, JLab experiments, EICc, ...)
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(NICA) Physics of the first stage

Transition scan

Non-perturbative QCD rturbative QCD

J/
’0

L)

Spin effects in p-p, p-d and d-d elastic scattering VS
Spin effects in hyperons production
Multiquark correlations Creating of polarized Upgrade of polarized
8 infrastructure infrastructure

Dibaryon resonances

. . . . . L. 0 +2 +4 +6 +8 years
Physics of light and intermediate nuclei collision

. . SPD construction SPD construction

Exclusive reactions 1st stage 2nd stage
Hypemucei of operation of operation
Open charm and charmonia near threshold

Auxiliary measurements for astrophysics Straw traker Magnet Range systen é

e

%

K/
.0

L)

e

%

K/
.0

L)

e

%

e

%

e

%

e

%

MicroMegas

K/
’0

L)

Beam pipe

Zero degree calorimeter

B
o
T

Range system end-cap

o(c ) [ub]

-

Beam-beam counter

®  pp—ppJ¥[5]

® pA - JWX[5]

PP — pp JW [6]

O pA - JW +X (6]
—— This work

Craigie 1978

Straw tracker end-cap

-

o
&
T

MicroMegas end-cap

10 10

(s [GeV] Is[GeV]
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(NICA) Status summary

¢ SPD physics program is available at:
v' https://arxiv.org/abs/2011.15005
v' https://arxiv.org/abs/2102.08477

% SPD Technical Design Report was presented firstly in Jan 2023, then was updated in 2024
and passed international expertise this year: https://arxiv.org/abs/2404.08317

¢ The first phase of the SPD project is included into the JINR’s 7-year plan (2024-2030)

¢ The SPD international collaboration established in 2021
Currently it consists of 35 institutes from 15 countries and more than 400 participants

+* More information can be found at http://spd.jinr.ru
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Applied research with heavy-ion beams

B.I". Pg60B (@ Hayunas ceccus cekiuu suepraoit puznku ODH PAH, 2025
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=uzona 1€ Applied Research Infrastructure for Advanced
Developments at NICA fAcility

CTaHuMA A/IMTENbHOTO

SPD
YcraHoska BM@N obnyiesnn HOetekTop ‘//
(v 7 ~ ; Konnaiigep
e % UckpPA, /[ v_ ,ﬁ
St CUMBO MPD
ks DetekTtop :
A = JNeKTpoHHOe
// e oxnaxaeHue
WUCTOYHUK MOoHOB > - y
«
Yckoputens . ® ST My g .
TAMKENbIX NOHOB P f \ i (W
1 ¢ bycrep ) T
4 ®abpuka marHuTos
—— “
KpuoreHHas
cucrema
ny-20
HyknoTtpoH BiigenMA
MULLEHDb
CO4H
MOHHbIE NYYKU HU3KUX IHEPruid MOHHbIE NYYKNU NPOMEXKYTOUHbIX MOHHbIE NYYKM BbICOKUX SHEPrui
(uHxxekTop HILAC), 3.2 M3aB/HYKNOH aHepruii (HyknoTtpoH), 150-1000 M3B/HyKN0OH (HyknotpoH), 4.5 B/HYKNOH

PapgunaumoHHoe maTtepuanosegeHune, Haykm o XXM3Hn n meaguumnHCKue NnpunoxKeHusa,
pagnauUOHHbIE NoBpeXAeHUA B MUKPO3/1IEKTPOHUKe, HOBble TEXHOJ1I0TNK ANA 3a4a4 ADS

MopgenupoBaHue Bo3aeicTBuUA MoHbI 12C6*, 4018+ S6F26+ 84K 36+ 131K@S54+ 197Ay79 MoHbl 1H1*, 2D+, 12C6+ 40A 18+ 7| 3+
ranakTUHecKux Kocngmezcmx;zyqeu: O6y4YeHMe MHKaNCYIMPOBaHHbIX MUKPOCXEM CraHuma 6yaet obopyaosaHa
WIS MOHaMM ¢ sHepruamm 150-350 MaB/HyKOH. MoHbI MULIEHAMM U3 MaTepmranos oT C ao Pb,
O6nyyeHne MUKPOCXeM C BNa0Tb A0 °7Au’?* 3ameanatortca B Kopnyce cUCTEMAMM AMArHOCTUKM NyYKa,
npeasapuTeNbHO yaaneHHbIM KOprycom MWKPOCXEMbI A0 3Heprut 5-10 MaB/HyKNOH. NO3ULMOHUPOBAHNA MULLEHMN,

MOHaMM HU3KOMN HEpPrmn

WoHbl ¢ sHepruelt 500-1000 M3aB/HyKkAOH byayT TEPOMOMETPUM, CUHXPOHU3ALMN,
~ 3,2 M3B/HyKNOH P /Hy yay

AOCTYMHbI 415 061yYeHNs BUONOTNYECcKMX 0bbekTos.  PAANALMOHHOTO KOHTPONA, cbopa u
pacnpegeneHuns faHHbIX.
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@2‘”’“ HanpaBieHus NPUKJIATHBIX HCCIEI0BAHUHA C
HCI0Jb30BAHUEM NMYYKOB TsakeJIbIX HOHOB HA NICA

PaguauyunoHHbie apdeKTbl
B MMKPOI/IEKTPOHUKE

3aAaqM .‘ ....................

paAnaunoHHOM ’ ’ PaguauunoHHoe
6esonacHocTU MaTepuanosegeHmne
B KOCMOCE

Signal

O6bwasn

UcchepoBaHue
paano6buonorus

martepuanos B
OKCTPEeMaJIbHbIX
ycnosuax

CmeXKHble 3aaa4un
paAmMaLMoHHOI Tepanum Hosbie TexHonoruu cuctem ADS
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B pekabpe 2021 ropa 3aBeplueHbl paboTbl MO CO3AaHWUIO
CraHumMn  ana  obnydyeHms  uyunoB  (COYU).  CraHuma
npeAHasHavyeHa AnA obnyyeHUA MUKPOCXeEM C NpeaBapUTENbHO
YAENEHHBIM KOPNYCOM My4YKaMKn NPOTOHOB M YCKOPEHHbIX MOHOB C
Z 0T 2 10 92 HU3KNX 3Heprnit (3,2 MaB/HYKNOH).

B nekabpe 2022 roga Ha Bbixoae M3 ycTaHOBKM BM@N, 6bin
cobpaH nNpOTOTMN CTaHUUM [AA  JAUTeNbHOro obayyeHmsA
o6pasyoB MOHaMKM BbICOKUX 3Hepruit (~3,8 B/HYKAOH).
Co3pgaHHaA cTaHUMA NO3BONAET UCNO0Ab30BaTb MyYKU MOHOB ANA

NPUKNAAHbIX UCCIeQ0BaHUIA B peXXMMe napansienbHoli paboTbl €
yCTaHOBKOM BM@N.

B

e

CraHuua O6nyuyeHusa COYU

CTaHUMA ANIUTENBHOTO SPD
YctaHoska BM@N o6nyuenma DetekTop

a3
% VUCKPA,
' CUMBO

Konnaiigep

MPD
Jetektop

< — <&
Yckoputens - F ST o g 4
TAXENbIX UOHOB e ( Everen ) I &
! yerep ¢ - ‘ : II.‘I. ®abpuka marHuToB
[ et .

\ KpuorenHas

cucrema

ny-20

HyknorpoH BHyTpeHHAA

MULLEHb

coumn

©
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'
©
x
m
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I
®:
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>

CTaHUMA ANUTENbHOTO

CTaHLUMKU CUMBO, UCKPASCUAS o6nyueHus

B.I". Pg60B (@ Hayunas ceccus cekiuu suepraoit puznku ODH PAH, 2025

N
\(»”/ INeKTPOHHOE

oxnaxpgeHue

28



ARIADNA

ecamlines

Hayuynasa xkoyuadopanuss ARIADNA

B pamKax npoeKTa npuKkaagHole uccaenosBaHMA Ha nydykax Komnnekca NICA
BbINOJ/IHAIOTCA B COOTBETCTBMM C nporpammamum pabot Konnabopauum ARIADNA,
3aKpenaeHHOW B cornaweHuax o coTpypgHudectBee (MoU) ¢ 3auMHTepecoBaHHbIMM

opraHmM3auuamm.

OpraHu3auuu, coTpyaHuyalowme B pamkax konnabopauyumn ARIADNA

O6beuHEHHbIV MHCTUTYT aaepHbIx uccrnegosanun (OybHa, Mexa.)
WHcTnTyT Meamko-6unonornyeckux npodbrnem PAH (Mocksa, Poccusi)

depnepanbHbIi MEAULMHCKUIA Brnodmanyeckuin LeHTp um. AW,
BypHassaHa (Mocksa, Poccus)

HUW spepHon counsmkm nm. [1.B. CkobenbubiHa MockoBCKOro
rocygapctBeHHoro yHusepcuteta um. M.B. JTomoHocosa ([dy6Ha,
Poccus)

CaHkT-leTepbyprcknii rocyaapcTBeHHbIV yHuBepeuTeT (CaHKT-
MeTtepbypr, Poccus)

MeOuuUMHCKMIA pagnonorMyeckmin HayYHbIn LeHTp umeHn A.@. Libiba
(O6HuHCK, Poccus)

depepanbHbIN UCCnefoBaTENbCKUN LLEHTP XMMUYECKOM (OU3UKN UM.
H.H. CemeHoBa PAH (Mocksa, Poccus)

VHCTUTYT TEOPETUYECKON 1 SKCNEepUMEHTanbHoW 6uodusmkn PAH
(Mockea, Poccus)

MockoBckuiA hU3NKO-TEXHUYECKUIA MHCTUTYT (LonronpyaHein, Poccus)

Poccwuiickuii yHuBepcuTeT apyx6bl Haponos (Mocksa, Poccus)

11.
12.
13.
14.
15.

16.

17.
18.
19.
20.
21.
22.
23.

WHcTuTyT 00Liel n HeopraHudeckon xummmn M. H.C. KypHakosa PAH (Mocksa, Poccus)
HaumoHanbHbI nccnegoBaTenbckuin aaepHbin yHnBepceutet «MU®U» (Mocksa, Poccust)
O6beauHeHHbIV MHCTUTYT Bbicoknx Temnepatyp PAH (Mocksa, Poccus)
CeBepo-OceTuHCKNIA rocygapCTBEHHbIN YHUBepcuTeT (Bnagukaskas, Poccus)

WHCTUTYT saepHbIx npobnem benopycckoro rocyaapctBeHHoro yHusepcuteta (MuHck,
Benopyccus)

O6beaUHEHHbI MHCTUTYT 3HEPreTUYecKUX U aaepHbIX nccnegoBanuii — CocHel HAH
Benapycu (CocHbl, Benopyccus)

UHcTuTyT 9pepHon dousnkn AH PY3 (TawkeHT, Y36ekncraH)
EpeBaHckuii rocygapctBeHHbIn yHuBepcuTeT (EpeBaH, ApMeHus)
MCW CANDLE (EpeBaH, ApmeHus)

HHIA Ep®U (EpeBaH, ApmeHus)

00O «Hay4Ho-nponsBoacTBeHHas komnanusa «KBaHT-P» (Mocksa, Poccus)

182
y4YacTHMKA

00O «C-NHHoBaumm» (Mocksa, Poccus)

00O «SOL-Instruments» (MuHck, Benapychb)
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Conclusions

¢ NICA is a mega-science project, which approaches its full commissioning

s BM@N and MPD: heavy-ion program has been started in the fixed-target mode, collider
collisions are expected in late 2025

¢ SPD: spin physics program with polarized beams is advancing to start in late 20-th
s ARIADNA: applied research program is already running with new opportunities to come

¢ Experiments at NICA are driven by international collaborations = new members are
needed and welcome to fulfill the comprehensive research programs
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NICA nHa xoH(]epeHIInn
(3KCIIEPUMEHTAIBHBIC TOKIAbI)

« VYcranoBku npoekta NICA - Anpapeit byrenko

+  DxkcnepuMenTsl Ha YckoputenbHoM Komrtekce NICA — Bukrop Ps6os

< CHexTpbl U KOPPEIALUU IPIMBIX (DOTOHOB B TSXKEIOMOHHBIX CTONKHOBeHMsIX pu 3Heprun NICA - Vladislav Kuskov

«  First physics studies planned with the MPD experiment at NICA in Bi+Bi collisions at 9.2 GeV - Grigory Feofilov

< H3mepeHue aHU30TPOITHOTO OTOKA U CIIEKTPa HEUTpabHBIX MHOHOB B Bi+Bi (@ 9.2 I'3B B skcnepumente MPD - Pavel Gordeev
s H3mepeHune aHM30TPOMHBIX TOTOKOB JsIMO1a-TUepoHOB B 3kcriepuMeHTax MPD u BM@N - Valerii Troshin

¢ HamnpapneHHbIH TOTOK NPOTOHOB B CTONKHOBeHUAX Xe+Csl npu snepruu 3.8A 5B Ha ycranoBke BM@N - Mikhail Mamaev

¢ H3ydeHue poxxaeHus MPOTOHOB, d, t B CTOJIKHOBEHUSX aproH-s1po B skciepumenTe BM@N na NICA - Vadim Kolesnikov

¢ IlepBrle pe3ynbTaThl 10 N3MEPEHUIO HAIPABIEHHOI'O IOTOKA IEUTPOHOB B CTONKHOBEHUAX Xe+Cs(I) mpu sneprun 3.8A I'3B Ha
skcniepumenTe BM@N - Hpuna XKaBoponkosa

¢ BbIcoKorpaHyssipHBIA HEHTPOHHBIN AETEKTOP U CHCTEMA MEPETHUX JETEKTOpoB 3kcrepuMenTa BM@N - Hukonait Kapnymkua
% Cucrema cbopa nanubix skcnepumenta SPD na xomnaiinepe NICA - Aleksandr Boikov

*¢ HccienoBanue 3aBUCUMOCTH KOJUIEKTUBHBIX IIOTOKOB B SIPO-A€PHBIX CTOJIKHOBEHHUM OT SJHEPIMU CTOJIKHOBEHUS C IIOMOIIBIO
CKEIJIMHIOBBIE COOTHOIIEHNUN - Apkaauil TapaHEeHKO

% l3mepeHne aHM30TPOIHBIX TOTOKOB a/ipoHOB B 3kcniepumente MPD B NICA - Petr Parfenov
% Comparison of different methods for centrality determination in Xe+Csl collisions at 3.8 A GeV in the BM@N experiment - Dim Idrisov
% Ompenenenue HEHTPATHHOCTH CTOIKHOBEHUH TSDKENBIX HOHOB B 3KkcriepuMenTe BM@N - Alexander Demanov

¢ Study of production of phi(1020)- and charged K*(892)-mesons and charged Sigma(1385)-baryons In collision of bismuth nuclei at 9.2
GeV in the MPD experiment at NICA - Dmitry Ivanishchev
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High-energy heavy-ion reaction data

¢ Galactic Cosmic Rays composed of nuclei (protons, ... up to Fe) and E/A up to 50 GeV
% These high-energy particles create cascades of hundreds of secondary, etc. particles

10° Zr]
= _//-_\\_
!- ‘/"
10 s

10

Z=8
5 /’,-—-«.\\‘
10" //’
10'F - F =D

qu B

107

inj—/ ! I l

' 1w 1w 1w 1w 1w o1t 10t 1w
Kinctic energy (McV/n)

Flux (particles/(cm*-Me V/n-year))

T'C. Slaba et al.
Life Sciences in Space Research

12 (2017) 1-15
1 1 |

% Cosmic rays are a serious concern to astronauts, electronics, and spacecraft.
% The damage is proportional to Z2, contribution of secondaries p, d, t, *He, and “He is also significant

% Need input information for transport codes for shielding applications (Geant-4, Fluka, PHITS, etc.):
v’ total, elastic/reaction cross section

v’ particle multiplicities and coellecense parameters
v outgoing particle distributions: d>N/dEdQ
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High energy heavy ion reaction data

% NICA can deliver different ion beam species and energies:
v’ Targets of interest (C = astronaut, Si = electronics, Al = spacecraft) + He, C, O, Si, Fe, etc.

¢ No data exist for projectile energies > 3 GeV/n

dE/dx vs momentum in TPC m2 vs. momentum in TOF

(=2}

~
—
N

40

dE/dx (keV/cm)
m2 (GeV?/¢%)

0.5

[

02 0-4 06 08 1 1-2 14 _().Sox 1 |0‘5| 111 1 L1l nl.5| 11 5. 3
p/q (GeVic) p/q (GeV/c)

MPD has excellent light fragment identification
capabilities in a wide rapidity range = unique
capability of the MPD in the NICA energy range

2 25
p/q (GeV/c)
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Dilepton experiments

20??

[ cCBM (FAIR SIS-300)

202? | N NAG0+ (SPS)

2027 [ CBM (FAIR SIS-100)
2024 | N MPD, BM@N (NICA)

FUTURE

ALICE (LHC)

|
M HapEs (GSI)

2 4 6 8 20 40 60 80
1 10 - VS\\ [GeV]

BES I

PRESENT

[] PHENIX (RHIC)
| | CERES, NA60 (SPS)

DLS (BEVALAC)
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NICA) Heavy-ion collisions with accelerators

HADRON QGP

Bevalac —— AGS - RHIC LHC
~1 GeV =5 ~100 GeV ~5000 GeV

FAIR; NICA | <

QGP may be produce QGP is produced in high energy collisions

Short heavy-ion physics history

NA35/49, NA44, NA38/50/51,

+ SPS—CERN 1986-2000 Vs, = 17.3 GeV/ | NA45, NAS2, NAS7, NAGO,
- WAS80/98, WA9T ... Fixed target

— i} — E864/941, E802/859/866/917,
» AGS — BNL 1988-1996 \’SNN 4.8 GeV i o moen

E896, ES10 ...

<+ SIS18 - GSI 1990 = Vsnn = 2.4 GeV

4 RHIC — BNL 2000-2025 sy =200 GeV | cran™> PHENX PHOBOS, |
Collider
<+ LHC - CERN 2010 > \J§NN = 5.02 TeV | ALICE, ATLAS, CMS, LHCb
Near future
. _ _ Collider &
* NICA-JINR 2024 sy, = 11 GeV MPD, BM@N Fixed target
% SIS100 — FAIR 20287 \ngmu =5 GeV CBM, HADES | Fixed target
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BM@N BM@N Collaboration

5 Countries, 13 Institutions, 214 participants

* University of Plovdiv, Bulgaria .
+ St.Petersburg University .
* Shanghai Institute of Nuclear and Applied
Physics, CFS, China; .
« Joint Institute for Nuclear Research; .
+ Institute of Nuclear Research RAS, .
Moscow .

* NRC Kurchatov Institute, Moscow
combined with Institute of Theoretical & *
Experimental Physics, NRC KI, Moscow

Moscow Engineer and Physics Institute

Skobeltsyn Institute of Nuclear Physics,
MSU, Russia

Moscow Institute of Physics and Technics

Lebedev Physics Institute of RAS, Moscow

Institute of Physics and Technology, Almaty

Physical-Technical Institute

Uzbekistan Academy of Sciences, Tashkent

High School of Economics, National

Research University, Moscow
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Multi-Purpose Detector (MPD) Collaboration

‘ ‘ DB MPD International Collaboration was established in 2018
A4\ %4 to construct, commission and operate the detector
12 Countries, >500 participants, 38 Institutes and JINR pr
Organization
Acting Spokesperson: Victor Riabov

Deputy Spokespersons: Zebo Tang, Arkadiy Taranenko
Institutional Board Chair:  Alejandro Ayala
Project Manager: Slava Golovatyuk

Joint Institute for Nuclear Research, Dubna;
A.Alikhanyan National Lab of Armenia, Yerevan, Armenia;

SSI “Joint Institute for Energy and Nuclear Research — Sosny” of the National
Academy of Sciences of Belarus, Minsk, Belarus

University of Plovdiv, Bulgaria;

Tsinghua University, Beijing, China;

University of Science and Technology of China, Hefei, China;
Huzhou University, Huzhou, China;

Institute of Nuclear and Applied Physics, CAS, Shanghai, China;
Central China Normal University, China;

Shandong University, Shandong, China;

University of Chinese Academy of Sciences, Beijing, China;

SC Coil

FD  TPC  Cryostat

University of South China, China; Belgorod National Research University, Russia;
Three Gorges University, China; Institute for Nuclear Research of the RAS, Moscow, Russia;
Institute of Modern Physics of CAS, Lanzhou, China; High School of Economics University, Moscow, Russia
Thilisi State University, Tbilisi, Georgia; National Research Nuclear University MEPhI , Moscow, Russia;
Institute of Physics and Technology, Almaty, Kazakhstan; Moscow Institute of Science and Technology, Russia;
Benemeérita Universidad Autbnoma de Puebla, Mexico; North Osetian State University, Russia;
Centro de Investigacion y de Estudios Avanzados, Mexico; National Research Center "Kurchatov Institute"”, Russia;

Instituto de Ciencias Nucleares, UNAM, Mexico;
Universidad Autbnoma de Sinaloa, Mexico;

Universidad de Colima, Mexico;

Universidad de Sonora, Mexico;

Universidad Michoacana de San Nicolas de Hidalgo, Mexico
Institute of Applied Physics, Chisinev, Moldova;

Institute of Physics and Technology, Mongolia;

Peter the Great St. Petersburg Polytechnic University Saint Petersburg, Russia;
Plekhanov Russian University of Economics, Moscow, Russia;
St.Petersburg State University, Russia;

Skobeltsyn Institute of Nuclear Physics, Moscow, Russia;
Petersburg Nuclear Physics Institute, Gatchina, Russia;

Vincéa Institute of Nuclear Sciences, Serbia;

Pavol Jozef Safarik University, KoSice, Slovakia
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