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NICA Project
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%+ The first megascience project in Russia, which is approaching its full commissioning:
v’ already running in the fixed-target mode - BM@N
v’ start of operation in collider mode in 2023-2024 — MPD
+» Expected beam configuration in Stage-I:
v not-optimal beam optics with wide z-vertex distribution, o, ~ 50 cm
v reduced luminosity (~102°) — collision rate ~ 50 Hz

v’ collision system available with the current sources: C (A=12), N (A=14), Ar (A=40), Fe (A=56), Kr
(A=78-86), Xe (A=124-134), Bi (A=209) — start with Bi+Bi @ 9.2 GeV in 2023-2024
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Relativistic Heavy-lon Collisions and QCD Phase Diagram
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Collision Energy and System Scan Programs
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State-of-the-art modeling of HI collisions

= Data-model comparison via Bayesian inference to optimize

constraining power.
Only a subset observables is used

Model parameters: Observables v.5. centrality

Initial condition NV, p,w, k, d
Early time dynamics 7, €0
Transport coeflicients 7)/s,(/s
Particlization prescriptions

Transverse energy

Charged particle multiplicity
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Major uncertainty: initial condition and pre-hydro phase




NICA 2022: Imaging the initial condition of heavy-ion
collisions and nuclear structure across the nuclide chart

Nucleus Initial condition Final state
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The extraction of the properties of the QGP, is currently limited by our poor
knowledge of the initial condition, in particular how it is shaped from the
colliding nuclei m—)p

To exploit collisions of selected species to precisely assess how the initial
condition changes under variations of the structure of the colliding ions.
(https://arxiv.org/abs/2209.11042)
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Beam Energy Dependence of Elliptic Flow (v,)
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c.=cVdp/de - speed of sound

off plane squeeze-out

. Strong energy dependence of v, at Vs, = 3-11 GeV
» v,=0 at Vs, = 3.3 GeV and negative below
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Elliptic Flow (v,) at NICA energies: Models vs Data
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at Vs, = 7.7 GeV pure string/hadronic cascade models underestimate v, -
need hybrid models with QGP phase (VHLLE+UrQMD, AMPT with string

melting,...) at Vs

compared to STAR data

> 3-4.5 GeV pure hadronic models give similar v, signal



MPD strategy

¢ MPD strategy — high-luminosity scans in energy and system size to measure a wide variety of signals:

v" order of the phase transition and search for the QCD critical point - structure of the QCD phase diagram
v" hypernuclei and equation of state at high baryon densities = inner structure of compact start, star mergers

¢ Scans to be carried out using the same apparatus in the same configuration/geometry with all the
advantages of collider experiments:

v maximum phase space, minimally biased acceptance, free of target parasitic effects
v correlated systematic effects for different systems and energies = search for non-monotonic behavior of signals

X4

Continuously develop physical program based on the recent advancements in the field:

v’ identified particle spectra and ratios, collective flow and femtoscopy, production of strangeness and
hypernuclei net-proton fluctuations, global polarization of hyperond and spin alignment of vector mesons,
dilepton continuum and LVMs, etc.

¢ Work in close cooperation with theoreticians to look for new signals/observables including those
unique for the MPD

Physical programs of the MPD (\/SNN =4-11 GeV) and BM@N (\/SNN =2.3-3.5 GeV)
are bound and should be realized in close cooperation

International Workshop on "Physics performance studies at NICA" (NICA-2022),
December 13-15, 2022 , ZOOM, http://indico.oris.mephi.ru/event/298/



Multi-Purpose Detector (NICA)
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MPD subsystems in production

SC Solenoid + Iron Yoke TPC — central tracking detector

ROCs done
Cyllinders done
Electronics in
mass production

Goal is to cool down and power
the magnet + magnetic field
measurements in 2023

Support structure

~ 100% of MRPCs (modules) are
ready, cosmic tests ongoing

support structure
of carbon fiber

ECAL (projective geometry)

sagite ~ 5 mm;
0,13 XO EC AL ~ 100t Esecrors 16 half sectors=768 modules=12288 towers
38 400 towers L
66-83% of the whole 7‘/777 -
detector will be produced /
T m | m | = | »

Constructed and delivered for Stage-1

See http://mpd.jinr.ru/doc/mpd-tdr/ for details

; type towers
e
e
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http://mpd.jinr.ru/doc/mpd-tdr/

lg + 2022
= M v’ preparation of the SC magnet for cooling

s 2023:
v’ cooling the magnet and MF measurement
v’ installation of the support frame and detectors

o 2024:
v" MPD commissioning
v’ first run with BiBi@9.2 GeV, ~ 50-100 M
events for alignment, calibration and physics

% 2025 and beyond:

v Au+Au @ 11 GeV, design luminosity
v’ system size and collision energy scans

¢ Preparation of the MPD detector and experimental program is ongoing, all activities are continued

% All components of the MPD 1-st stage detector are in advanced state of production (subsystems,
support frame, electronics platforms, LV/HV, control systems, cryogenics, cabling, etc.)

Schedule of the MPD-NICA is significantly affected by the current geopolitical situation (suspension of collaboration with CERN and
Polish & Czech Republic member institutions, economical sanctions and problems with supplies of many components from western
companies). The primary goal to have the MPD commissioned by the first beams at NICA collider is preserved.

V. Riabov for MPD@NICA, XVIII Mexican Workshop on Particles and Fields 12



Multi-Purpose Detector (MPD) Collaboration
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Collaboration activity

/

% Many ongoing construction works, theoretical and physics feasibility studies
s MPD publications: over 200 in total for hardware, software and physics studies (SPIRES)

% MPD @ conferences: presented at all major conferences in the field

¢ First collaboration paper recently published EPJA (~ 50 pages): Eur.Phys.J.A 58 (2022) 7, 140

Status and initial physics performance studies of the MPD experiment at NICA

volume 58 - number 7 - july - 2022
Eur. Phys. 3. A manuscript No.
will be inserted by the oditor)
Racognizad by European Phrsical Sosisty Statu? and initial physics performance studies of the MPD
experiment at NICA
H d d N I X The MPD Collaboratior®
aarons an uciel T All Etof Cullbarton Moo rovidd e o the namii

MPD - QCD

stage of operation
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Collaboration activity at ICPPA 2022

Many ongoing construction works, theoretical and physics feasibility studies have been
presented:

R/
0‘0

01.12, December 1, About an accuracy of ECal/MPD calibration with cosmic muons, V. Kulikov,
(NRC "Kurchatov institute*)

01.12, Development of ASICs for experiments at NICA, E. Atkin , (NRNU MEPhI)
02.12, MPD TPC status, S. Movchan (JINR, Dubna)
02.12, Feasibility study of hypernuclei production at NICA/MPD, V. Kolesnikov (JINR, Dubna)

02.12, Status of the Time of Flight System of the MPD experiment at the NICA, V. Baryshnikov
(JINR,Dubna)

02.12. Study of two particles correlations in heavy ion collisions at NICA energies, O. Rogachevsky
(JINR, Dubna)

02.12 Midrapidity cluster formation within PHQMD approach, V. Kireyeu (JINR, Dubna)

02.12 Data acquisition system of the TPC/MPD detector of the NICA project, S. Vereschagin (JINR,
Dubna)

02.12 Prospects for the measurement of electromagnetic probes in heavy-ion collisions at NICA
energies, V. Riabov (PNPI NRC KI, JINR, MEPhI)

02.12 Using Machine Learning for Particle Identification in MPD, G. Tolkachev (NRNU MEPhI, JINR)

02.12 Investigation of the correlation between mean transverse momentum and anisotropic flow at
NICA energy range, D. Idrisov, (NRNU MEPhI)

15



¢ Probe freeze-out conditions, collective expansion, hadronization mechanisms, strangeness production
(“horn” for K/mx), parton energy loss, etc. with particles of different masses, quark contents/counts

Identified light hadrons

¢ Charged hadrons: large and uniform acceptance + excellent PID capabilities of TPC and TOF

0-5% central AUAU@9 GeV (PHSD), 5 M events - full event/detector simulation and reconstruction

Phys.Part.Nucl. 53 (2022) 2, 203-206
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v’ sample ~ 70% of the n/K/p production in the full phase space
v hadron spectra are measured from p,~ 0.1 GeV/c
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MPD performance: v, for ©t/p, v, for h*

AuAu@7.7 GeV (UrQMD), 15 M events - full event/detector simulation and reconstruction
[IJrQNIID, Au+Au, }0—4(?%, rleconstructed (GEANT4)
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% Reconstructed and generated v, of pions and protons and v, of charged hadrons are in good agreement

% Models show that higher harmonic ripples are more sensitive to the existence of a QGP phase



NICA Reconstruction of strange baryons

AuvAu@l11 GeV (PHSD), 10 M events = full event/detector simulation and reconstruction

Acta Physica Polonica B 14 (2021) 3, 529-532
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¢+ Strange baryons can be reconstructed with good S/B ratios using charged hadron identification
in the TPC&TOF and different decay topology selections



Measurement of strange baryons

¢ Reconstructed spectra are consistent with the generated ones
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MPD has capabilities to measure production of charged n/K/p and (multi)strange baryons in pp, p-A and
A-A collisions using charged hadron identification in TPC&TOF and different decay topology selections



¢ Global hyperon polarization measurements in mid-central A+A collisions at
STAR, Phys.Rev.C, 104(6):L061901, 2021

Global hyperon polarization
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dependence of polarization not only for A, but other (anti)hyperons (A, X, Z)
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% AMPT with partonic transport strongly underestimates measurements at /Syy = 3 GeV = hadron gas?
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Measurement of global polarization

s BIiBi@9.2 GeV (PHSD), ~1 M events - full event/detector simulation and reconstruction

+» Global hyperon polarization (thermodynamical Becattini approach [1]) by the event generator
—> reproduce at generator level basic features measured by STAR

PHSD, BiBi @9 GeV

_ _ PHSD, BiBi @9 GeV —
X X 12f- STAR prelmi T 82 14} [
= to 2, 0.52<y+ly  l<1.02 &, 2.4 Au+Au \'s = 7.2 GeV | - 05 <1.0 GeVic
| omemn 20-50% -3 A L mar L [ omMe 20-50% o= | Vm 3 !
41~ A MC (primary) m‘ <1 10 *— 1.02<y+ly, _ 1<1.52 e N [¢] (primary) 0.5 < p, < 3 12:. centrality 20-60% *— 1.0<p_<1.5 GeVic
o * 152¢y+|yl _____ 1<2.02 r . 10} TAR orefirminal * 15::;1T<2ClGaV-'c
| 6: Ir“l I : 8; * 2D¢T<2EGquc
2+ Y. L i 2 . A A A 6 *
[ ¢ 4— S [ o @] O I
E i L L~ 4 + ¥ ”
L 2r - - il ¥
centrality 20-60% r 2 ¥ T .
0 SO UUUUUURUU SR~ | WUUI || SR 4
= i o I
F , e _AL-“"_A“_' '.SNN_=_-I’2GGV _______ o L ) | e, capmnasseadl | | Rutsiier
S ‘gf?” 0 0.5 1 15 2 25 N S SN E ! B .
P [GeV/c] p,[GeVic] - : n ¢ 06 08 1 12 14 16 18 ; 2
ysy 1

¢ Reconstruction of A global polarization with 1M sampled AuAu@?9 events (work in progress):

S PHSD . . :
S % Measured polarization is consistent with the generated one
41~ A\ MC (primary) 9 GeV

>

L)

L)

| @ Reco (pol)

» First global polarization measurements for A/A will be possible
with ~ 10M data sampled events

2r A
i * 5 .
0_v.-..,...v.+n..,.-.v.‘.".
TR T N N T I i |
0 20 40

60 80
Centrality, [%]

[1] F. Becattini, V. Chandra, L. Del Zanna, E. Grossi, Ann. Phys. 338 (2013) 32
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¢ Resonances are best suited to probe density and lifetime of the late hadronic phase of HI collisions

Short-lived resonances

increasing lifetime ——»
p(770) | K'(892) | 3(1385) | A(1520) | E(1530) | $(1020)
CcT (fm/c) 1.3 4.2 5.5 12.7 21.7 46.2
Grescatt GnCn GrOK GnGA OKGp G110z OKOK

Final state yields of resonances depend on:

resonance yields at chemical freeze-out

lifetime of the resonance and the hadronic phase

type and scattering cross sections of daughter particles

Inelastic Collisions

(Pseudo-)elastic Collisions
N hadron momenta change,
\but most yields fixed y.5
T

hadron momenta
and yields change

phase transition

QGP=>Hadron Gas

Yields of long-lived
hadrons fixed

|..chemical
% freeze out 55

/ . N
Regeneration: pseudo-elastic

scattering through resonance state
-> increase in resonance yield

kinetic
freeze out

Free

Re-scattering: elastic scattering Hadrons

smears out mass peak

-7 - reduces resonance yield

/3 \
K*
Re-scattering: pseudo-elastic scattering

through a different resonance state
- reduces yield of original resonance

Suppression of short-lived p°, K*(892)°, £(1385)* and A(1520) resonances was observed in central
A+A collisions at SPS, RHIC and LHC — dominance of rescattering over regeneration — consistent
with existence of a long enough hadronic phase — hadronic phase lifetime ~ 10 fm/c

Hadronic phase affects most of observables measured in the final state (flow, correlations, yields, etc.)
Measurements for resonances are vital to cross check the hadronic phase models

Only models with validated hadronic phase afterburners can be used for comparison with real data to
infer properties of the early partonic phase of heavy-ion collisions
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Reconstruction of resonances

BiBi@9.2 GeV (UrQMD), 10 M events-> full event/detector simulation and reconstruction
Invariant mass distributions after mixed-event background subtraction

| ¢(,1OZQ),_) K*K- |
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¢ MPD can reconstruct resonance signals using combined charged particle identification in TPC+TOF

and secondary vertex topology selections for weakly decaying daughters
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¢ Preparation of the MPD detector and experimental program is ongoing, all activities are
continued

% All components of the MPD 1-st stage detector are in advanced state of production
% Commissioning of the MPD Stage-I detector and the first data taking with BiBi@9.2 in 2024

% Further program will be driven by the physics demands and NICA capabilities
24



Ratio
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2022: Nuclear structure via V,, ratio

1.UsT———

Phys.Rev.C 105 (2022) 1, 014901 « e-Print: 2109.00131

The V,, ratio for isobars — not affected by final state — is a
good tool for precision studies of nuclear shapes.



STAR

BES-I and BES-II Data Sets

Au+Au Collisions at RHIC

Collider Runs

Fixed-Target Runs

VSNN

V' SNN

oY) #Events Ug Wi run o #Events | up | Ypeam run
1 200 JE0M 25 MeV 33 Run-10, 14 I 13.7 (100} 0M 280 MeV -269 Run-21
2 b4 45 M 73 MeV Run-10 2 115 (70) 30M 320 MeV -2.51 Run-21
3 4 12000 M 83 MeV Run-17 3 Y2 (44.5) 30M 370 MeV 228 Run-21
- 39 86 M 112 MeV Run-10) 4 1.71(31.2) 260 M 420 MeV -1 Run-1%, 19,20
3 2? 585 M 156 MeV 336 Run-11, I § 72(265) 470 M 440 MeV 202 Run-15, 20
f 19.6 M5 M 206 MeV il Run-11, 14 & 62 (193] 120 M 4490 MeV 1.B7 Run-20
1 7.3 256 M 230 MeV Run-2 1 1 32(135) 100 M 540 MeV -1.68 Run-20
8 14.6 340M 262 MeV Run-14, 19 8 4.5(4.8) [10M 390 MeV 152 Run-20
9 11.5 I5TM 316 MeV Run-10, 2( 9 39(73) 120 M 633 MeV 137 Run-20
10 9.2 160 M 372 MeV Run-10, 2( 1tk 3I5{(575%) 120 M 670 MeV -12 Run-20
11 17 104 M 420 MeV Run-2 | 1l 32459 200M 64949 MeV -1.13 Run-19
12 3A(3.85) 2000 M 750 MeV 1.05 Run-18, 21

Precision data to map the QCD phase diagram
3< /Syy <200GeV; 750 < pup <25MeV
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Trigger system

* FFD (Fast Forward Detector):

v’ fast event triggering
v’ T, for time measurements in the TOF and ECAL

19°<16/<7.3°
2.7<|n| < 4.1 FFDw /;

i o
n-i Au"p *ep Au =_.

L=140cm
»

 FHCAL (Forward Hadron Calorimeter) —
detector for event centrality and reaction plane
measurements with potential for event triggering

* MPD challenges at NICA energies:

v low multiplicity of particles produced in
heavy-ion collisions

v’ particles are not ultra-relativistic (even
the spectator protons)

2<In|<5

~ 1x1 m?

* Forward detectors are in advanced state of
production (electronics and integration)
V. Riabov, NICA-MPD Seminar, 09.09.2021 27



Trigger efficiency vs. z-vertex

DCM-QGSM-SMM, BiBi@?9.2

FFD trigger efficiency vs. z-vertex FHCAL trigger efficiecny vs. z-vertex FFD||FHCAL trigger efficiecny vs. z-vertex
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» Efficiency is 80-95% in different trigger configuration; approximately the same numbers for two generators
» FFD efficiency shows z-vertex dependence for PHQMD; FHCAL and FFD|[FHCAL does not

V. Riabov, NICA-MPD Seminar, 16.12.2021 28



¢ Particle spectra, yields and ratios probe bulk properties of the firerball and flow

Identified hadron spectra

¢ Advantage of the MPD is in large and uniform acceptance, excellent PID capabilities using combined
analysis of TPC (dE/dx) and TOF signals

% 0-5% central AuAu@9 GeV (PHSD, with partonic phase and chiral symmetry restoration effects):
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v MPD samples ~ 70% of the n/K/p production in the full phase space
v" hadron spectra are measured from 0.2 MeV/c to 2.5 GeV/c in transverse momentum with the TPC&TOF
v unmeasured hadron yields at low p; and large values of rapidity can be extracted from extrapolation of the

measured spectra (B-W for p; spectra and Gaussian for rapidity spectra in exampled above)
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% Ability to cover full energy range of the “horn” with consistent acceptance across different collision

systems and collision energies

Nucleus-2022, V. Riabov for MPD@NICA
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/ R/
0’0 0’0

to a constant behavior in the scenario without CEP)
* AuAu@l11 GeV (PHSD):

Acta Physica Polonica B 14 (2021) 3, 529-532
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Weak decays of strange baryons - I

Strangeness production probes the EoS, phase boundaries and onset of deconfinement
Antibaryon-to-baryon ratios at intermediate momenta are sensitive to CEP (a falling trend in contrast
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v Strange baryons can be reconstructed with good S/B ratios using charged hadron identification
in the TPC&TOF and different decay topology selections

v’ Relative yields of the baryons for ~ 500 M sampled events:

I N R

1.5- 108

3-108

3.5-108

8.0-104

7-10%

1.5-10*

Nucleus-2022, V. Riabov for MPD@NICA
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