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NICA Project
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0 The first megascience project in Russia, which is approaching its full commissioning:
O Baryonic matter at Nuclotron (BM@N) — already running in the fixed-target mode
0 Multi-Purpose Detector (MPD) — planned start of operation at the end of 2026
O Spin Physics Detector (SPD) — operating on polarized deuterons later on
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» Collider mode (MPD-CLD): two beams, \/syy = 4-11 GeV

>Eixed|—target mode (MPD-FXT): one beam, thin (~50-100 um) wire close to the edge of the central
arrel:

o Extends energy range of the MPD to /sy = 2.4-3.5 GeV —overlap with HADES, BM@N, and CBM
o Allows to maintain high interaction rate at lower beam energies compared to MPD-CLD

» Expected beams at the first year(s) of operation:
o MPD-CLD: Xe/Bi+Xe/Bi at \/syny ~ 7 GeV, reduced luminosity (~50 Hz interaction rate)
o MPD-FXT: Xe/Bi +W at /syy ~ 3 GeV



MPD subsystem status ()

Magnet and cryogenics TPC — central tracker

COOI.Ed the magnet to LN2 and LHe temperatures: e Gas volume assembled and tested for leaks and HV
nominal MF of 0.57T had been reached

24 Read-Out-Chambers (ROC) installed
o Operational HV has been applied to the
membrane and ROC (Cathode), cosmics detected

Magnet is fully operational
MF measurements are planned before TPC installation



MPD subsystem status (lIl)

Support structure TOF

. Manufactured together with universities of China
* Installation of ECAL half-sectors is ongoing
o  60% of half-sectors have been installed
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All 28 modules are assembled,
tested and ready for installation

Beam luminosity detector
SN TR - e -‘ =1 -

Carbon fiber power frame is
installed in the magnet

; ' 2 L ; | - . ‘ 3 /oy
e sagita™~5 mm at full load | P FHCal assembled on Chgrenkov rnoo_lules, mfacham.cs
e rails for TPC and TOF are the platform for installation in container with

Operated at collider start-up . :
installed the beam pipe are available 5



Efficiency

Development of the Forward Spectrometers
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® 9 layers per station with RUV stereo angles: 0°,£7°,...
® Acceptable radiation length ~0.15-0.2% per station
e Total straws for 2 sides: ~66k channels
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Optimizing technological solutions to ensure good performance - ongoing



Charged identified hadron production
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o Robust basis for extracting the integrated yields



Resonance production
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Entries / 2 MeV/c?

Weak decays of K, N\, and ="
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* Reliable reconstruction of weak decays using

* Centrality-dependent study in a wide p_range



Anisotropic flow at MPD-FXT
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Good agreement for protons and pions for y<0.5
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sw The Multi-Purpose Detector (MPD) is one of the
e two dedicated heavy-ion collision experiments of the
Nuclotron-based lon Collider fAcility (NICA), one of
" J2w the flagship projects, planned to come into operation
. 13» at the Joint Institute for Nuclear Research (JINR)
- 15, in 2022 Its main scientific purpose is to search for
novel phenomena in the baryon-rich region of the QCD
_ . a21» phase diagram by means of colliding heavy muclei in
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* Overall 250+ publications (indexed by SPIRES)

* Collaboration papers:
1. Status and initial physics performance

studies of the MPD experiment at NICA
Eur.Phys.J.A 58 (2022) 7, 140 (~ 50 pages)

2. MPD physics performance studies in Bi+Bi

collisions at Sy = 9-2 GeV
Rev.Mex.Fis. 71 (2025) 4, 8141201, e-Print: 2503.21117 (~ 40 pages)

Third collaboration paper is in
preparation
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Summary

Thank you for your attention!

* MPD collaboration is steadily coming to final integration of the detector and first
data taking on the beams from NICA

* Physics program for the first years of MPD data taking is formulated and two
physics paper was published. Third paper under preparation.

* First operations of the MPD detector are expected at the end of 2026

* MPD will provide a unique opportunity for investigating properties of nuclear
matter at maximal densities to map the QCD phase diagram, to search for phase
transition and the Critical End Point
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MPD physics feasibility studies

Event generator(s) Particle propagation & detector response

MpdRoot

hard
scattering q,g energy loss in-jet hadronization
of partons

quarks
gluons

hadron scattering

collision

bulk expansion bulk hadronization
geometry

® Physics feasibility studies using centralized large-scale MC productions

e Centralized Analysis Framework for access and analysis of data Analysis Train:
o consistent approaches and results across collaboration, easy storage and sharing of codes
o reduced number of input/output operations for disks and databases, easier data storage on tapes

® Develop physics program, software and analysis infrastructure for real data analysis
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Relativistic heavy-ion collisions

HADRON

Bevalac —— AGS
~1 GeV ~5 GeV

FAIR; NICA |

1970s-2000s — nuclear equation of state (EoS), search
QGP for the quark-gluon plasma (QGP)
RHIC LHC 2005s — QGP formation was observed at RHIC and it
~100 GeV 000 GeV behaves as almost perfect liquid
2005-2010s — LQCD predicts crossover phase transition
at top RHIC and LHC (high T, ug = 0)

QGP may be produced at low QGP is produced in high energy collisions Since 2010s — Beam energy scans to study QCD phase
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diagram: search for the 1st order phase transition and
CEP at Intermediate T, high ug

Relativistic heavy-ion collisions allows us to study QCD phase diagram

» High beam energies (/syy>100 GeV):
* HighT,ug =0
* Evolution of the early Universe

» Low beam energies (2.4<,/syNy<11 GeV):
* Intermediate T, high ug D e
* Inner structure of the compact stars, neutron

7 K neutron-proton Fermi liquid
star mergers

quark gluon plasma?

e ions, electrons
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EOS for high baryon density matter

The binding energy per nucleon: F 4 (p, 5) —
Isospin asymmetry:

0 = (pn Pp)/P

100

'DBHF (BonnA)
BHF AV, ,+3-BF
var AV, ;+3-BF
- —— NL3

P/Pg

Ch. Fuchs and H.H. Wolter, EPJA 30 (2006) 5
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Symmetric matter
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Le Fevre et al.
Lynch et al. from Fuchs et al
Oliinychenko et al. 1
Danielewicz et al.

Walecka model
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A. Sorensen et. al., Prog.Part.Nucl.Phys. 134 (2024)
. . 134080 . .
New data is needed to further constrain transport modelis with hadronic d.o.f.



v, - directed flow;

v, - elligtic flow;

Anisotropic flow

—

(r* cos ng) + {(r’” sin no)
€, =
2>

vy, = (cos[n(¢ — Wrp)])

Initial eccentricity (and its attendant fluctuations) ¢_ drive momentum anisotropy
v_ with specific viscous modulation

|off plane squeeze-out |

At Nuclotron-NICA:

bounce off
2RHW R

(texp = R/c)

|off plane squeeze-out|

(tpass = 2R/YcmPBem)

Vs

0.3

0.2

0.1

0.04

—0.04

STAR, Phys.Lett.B 827 (2022) 137003

B ® Au+Au Collisions at RHIC |
® P
L — D STAR o A -
L = & o = (a)
10-40% A K
| A ® _
% 5 =
- — - _
MPD-EXT = e A e
- — 4 A )y
BM@N MPD-CLD ' '
| ® [ ] ﬂ —1
$ ® O |
A e ()
T <+~ p es7z |
- —Ca ¢ p E895 |
YV Z=1 hadrons FOPI
- .S;h) JAM UrQMD o i
—— —— A
Baryon-Mean-field Cascade

5 10 20
Collision Energy \s\ (GeV)

30

Strong energy dependence of dv,/dy and v, at \/syny=2-11 GeV
Anisotropic flow at Nuclotron-NICA energies is a delicate balance between:
The ability of pressure developed early in the reaction zone

The passage time for removal of the shadowing by spectators
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Sensitivity of the anisotropic flow to the EOS

P. Danielewicz, R. Lacey, W.G. Lynch, Science 298 (2002)

pmax/po: =2 ~3 =9 =] pmaxlpo ~2 ~3 ~ ~f
IIII T T lII"" T T ""lll T T Illl ll""' L] 1 Il'lIII L 1
[ : 0.05 | &
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9 0.2 300 c;: '
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01 | g e 20 v/ /[, o
---- 167 t ® E895
) ~ ’ * E877
00 F  SoftEOS | 010 800 Hard EOS
less (REEHEE K=380MeV  more pressure
—llll 1 1 1 llllll 1 1 1 ||l||| -Illl 1 1 IIIIIII 1 1 IlIIIII
0.1 05 1.0 50 10.0 0.1 05 1.0 50 10.0
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_ d(p,/A) _
F= r v, = (cos(Z(cp - ‘PRP)))
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Anisotropic flow sensitive to the EoS
EoS extraction: define incompressibility
0%(E,)

ap?
Discrepancy in the interpretation:
* v suggests soft EoS (K(=210 MeV)
* v, suggests hard EoS (Ky=380 MeV)

KO = 9p2

New measurements using new data and
modern analysis techniques might
address this discrepancy

Additional measurements are essential to clarify the previous results
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_Anisotropic flow at MPD-CLD
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Good performance for flow measurements for all methods used (EP, SP, Q-cumulants)
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More statistics needed for differential (pT,n) measurements
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MPD physics program

V. Kolesnikov, Xianglei Zhu K. Mikhailov, A. Taranenko

G. Feofilov, P. Parfenov

Global observables
. Total event multiplicity
. Total event energy
Centrality determination
Total cross-section
measurement
Event plane measurement at
all rapidities
Spectator measurement

D. Peresunko, Chi Yang

Correlations and
Fluctuations
« Collective flow for hadrons
« Vorticity, A polarization
« E-by-E fluctuation of
multiplicity, momentum and
conserved quantities
. Femtoscopy
« Forward-Backward corr.
. Jet-like correlations

Spectra of light flavor and
hypernuclei

Light flavor spectra

Hyperons and hypernuclei

Total particle yields and yield

ratios

Kinematic and chemical

properties of the event

Mapping QCD Phase Diag.

Wangmei Zha, A. Zinchenko

Electromagnetic probes Heavy flavor

. Electromagnetic calorimeter meas.
« Photons in ECAL and central barrel

« Study of open charm production
« Charmonium with ECAL and central barrel

» Low mass dilepton spectra in-medium . Charmed meson through secondary vertices in

modification of resonances and

intermediate mass region

ITS and HF electrons
« Explore production at charm threshold
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