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NICA facility

Nuclotron based lon Collider fAcility

Accelerator complex under construction at JINR,
Dubna, Russia
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x QGP discovered at high T (=170 MeV) and low g5 (~0) at Relativistic Heavy lon Collider
(RHIC) and Large Hadron Collider (LHC) i corresponds to the early Universe

x QCD phase structures (first-order phase transition, critical point) could exists in high
density regime. The regime could correspond to some astrophysical objects and some

exotic states. NICA energy range belongs to that regime
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NICA complex

' /%7 | Booster & | &
f | Nuclotror :

Construction and infrastructure is almost completed
Most accelerator components have been produced, tested and installed
All dipole magnets have been installed in the collider tunnel
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Current status and prospects

West arc Nuclotron — Collider transfef line

lon sources and |nject|on systems - operational
Booster and transfer line from Booster to Nuclotron - operational
Nuclotron i operational

Transfer line from Nuclotron to NICAT soon will be operational
Cryogenic tests: western half ring T done; eastern half ring T 01.10.2025

First beam injection i November 2025
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mooled to LHe ECALT 83% READY TOF - READY

- SC coil has been trained at fields
up to 0.2 T, the measured field is
consistent with the expectations
- Full-scale MF measurements
started in September, will last for a
few months
- Detector subsystems are in an
advanced state.

- ECAL (80%), TOF, FHCA, FFD
ready, TPC is an assembly to

ECAL ~ 38400 towers (2400 modules)
produced by Chinese Universities (SDU, THU, FDU, SCUT,

be finished by December HZU) and JINR (IHEP (Protvino) and Tenzor (Dubna))

(read-out chambers and FEE 45 half-sectors to be ready by December, assembled, tested, stored and

ready) ready for installation. Spare
modules in production

TPC - ASSEMBLY Forward subsystems - READY

24+ ROC ready; 100+ % FE cards manufactured FHCAL in the Pole Cherenkov counters (FFD)

TPC gas volume assembly and HV/leakage tests i ongoing (modules are equipped with FEE) (tests with cosmics and lasers)
ng% 550%'%" cooling systems undBer commissioning
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MPD experiment

to study heavy -ion collisions
@ 4-11 GeV
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Multy-Purpose Detector (MPD) layout

Uniform acceptance

3D tracking

Precise event characterization
Fast timing and triggering
Upgrades (>2028) with central and
endcap tracker + PID at |-| > 1.6

X X X X X

TPC: |Ap| < 2w, |n| < 1.6

TOF, EMC: [Ap| <2z, |n|<1.4
FFD: |[Ap| <2m,2.9<|n|<3.3
FHCAL: |[Ap| <2m,2<|n|<5

Fully assembled detector by the end of 2025
Commissioning with beams at 2026
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MPD I stage 1

. =0 )
X 9m long, 6.5m diameter 1 1
x Low material budget £ -
x Good tracking and PID
| 3 i | | TOF
& g rﬁﬁ/ﬁ
Qe | O e
x Tracking (TPC) |~ - | . L B
A upto|-|<1.2 E% FHCal
A 22ERAUEI OOE | FD
x PID (TOF, TPC, ECAL): |
hadrons, e,/ | < — —
x Event characterization (FCAL): _ 3
A centrality a1 ) s . ryosta

A event plane
x Start time (FD)
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MPD simulation AuAu @ 11 GeV

PC momentum resolution

TPC dE/dx
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MPD physics program —
//Organized and developed in 5 Physics Working Groups

Global observables Spectra of light flavor Correlations and fluctuations

U Total event multiplicity and hypernuclei U Collective flow

U Total event energy i Light flavor spectra U Vorticity and ¥ polarization

U Centrality determination i Hyperons and hypernuclei U E-by-E fluctuations of

U Total cross-section i Particles yields and multiplicity, momentum and

U Event plane measurement vyield ratios conserved quantities

U Spectator measurement i Kinematic and chemical U Femtoscopy
freeze-out U Forward-backward correlations
U QCD phase diagram

Electromagnetic probes Heavy flavor

U Dilepton spectra in low and U Open charm production

intermediate mass region U Charmonium with ECAL and central barrel

A In-medium modification of resonances i Charmed meson through secondary

A Onset of deconfinement vertices in ITS (2"d stage)

A Onset of chiral symmetry restauration U Threshold charm production

U Photons in ECAL and central barrel
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Selected results
from physics
feasibility studies
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Global observables _BiBi @ 9.2 GeV
%: multiplicity

MPD simulations
Bi+Bi, m =9.2 GeV

— Reconstructed TPC multiplicity

I\IHIII‘ IHIHHI IIHHUI i'd

— MCG model multiplicity

Event Plane resolution

- MPD simulations, vHLLE+UrQMD
0'5__ Bi+Bi, m: 9.2 GeV
[ open -reco
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H.H + PHSD

+ PHQMD

$ 14 MPD simulations +_;;
S 1 BitBi, |S,= 9.2 GeV }H{ }#
g 0 i
g T ot
E 8f— 111
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MPD simulations

Good reconstruction of

i TPC multiplicity

U Centrality

A 1t based on the TPC multiplicity

A 27 pased on the energy of spectator fragments
provided by FHCal

U Impact parameter dependence on centrality
U Event plane resolution dependence
on centrality
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or BiBI @ 9.2 GeV

pr-spectra of
1] ’u ,K+,K_,handr"|r
for |-|] < 0.5

- TPC and TOF are used
separately for PID

- This way the results are
extended to lower py at full MF
- To extend it more, a lower
MF is required
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(2025) 4, 041201
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Hyperon reconstruction BiBi @ 9.2 GeV

Invariant mass spectra of ¥ and ¥

3 3
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Entries / (2 MeV/¢?)

Entries / 20 MeV/c?

Hyperon reconstr

uction BiBi @ 9.2 GeV

W/‘

e Invariant mass and p+-S

X‘IO3 o
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Hypernuclel reconstruction BiBI @ 9.2 GeV :
/

Invariant mass spectra of O Rev. Mex. Fis. 71 (2025) 4, 041201

P T
c::? i MPD simulations g MPD simulations
> 10°F Bi+Bi, (S =92GeV, SHoHe v | 5 [ ] Bi+Bi, Sy = 9.2 GeV
o} E—e ‘ > 10°E N *H— *He +
o i ‘ © - \
'O}_ -
Q 10° - AN
I — : h
i=3 I~ \
> B 104 -
‘2,: 107 - \
E - —— Reconstructed
B | — Generated .
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U Bound nuclear systems consisting of nucleons and hyperons

U Importance for astrophysics since appearance of hyperons is expected in
neutron stars

U Experimental data on yields, binding energies and lifetimes of hypernuclei
can give information on the nature of interactions between nucleons and
Hyperons in dense baryon matter
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Correlatlons and ﬂuctuatlons BIBI @ 9.2 GeV .
I R
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Correlations and fluctuations BiBi @ 9.2 GeV

e

0.08 - MPD simulations, vHLLE+UrQMD  (a)
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Femtoscopy BIBI @ 9.2 GeV

mong radii and correlation strength Rev. Mex. Fis. 71 (2025) 4, 041201
by e B o e B g B T e e
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— 10"
N g —e— Unlike sign pairs ~ MPD — Work in progress
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Electromagnetic probes BiBiI @ 9.2 GeV/'

- Distributiens-of Unlike, Like,
and true signal S

asured (U-L)

All HI systems at all energies studied
at SPS and RHIC show an excess of
dileptons wrt hadronic sources
Sensitive to the in-medium
modification od spectral function
32M UrQMD BIBI events with
enhanced branching ratios of —, ", "
and %o.

S/B within 0.2 < & < 1.5 GeV/c?
At designed luminosity a spectrum
with this significance should be
obtained in a few days of data taking

Rev. Mex. Fis. 71 (2025) 4, 041201

Measured (U-L)/B and true signal to
background ratio S/B
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Conclusions e

/' —

x NICA facility and MPD experiment expected to be operational
within less than one year

x At NICA energy range, the MPD experiment can investigate the
high baryon density regime

x Good PID via TOF, TPC, ECAL

x MPD experiment well suited to cover many different HI physics
analyses

x TPC tracking up to |-| < 1.2 and 2“ in azimuth well suited for
azimuthal anisotropy studies

x The resulting MPD performance is being studied for other HI
analyses too
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Backup
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Spectra of light flavor BiBi @ 9.2 GeV
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Invariant
pr-Spectra of
,K* and protons

Rapidity
distributions of
,K* and protons
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