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● Heavy-ion collisions in STAR, 
ALICE – phase diagram of 
strongly interacting matter 
at vanishing baryon density

● New perspective: NICA and 
FAIR – large baryon densities

● Continuation of SPS and RHIC 
Beam Energy Scan program

Decades of progress
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NICA

Volga
river
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18 Member States

Joint Institute for Nuclear Research (JINR) – International 
Intergovernmental Organization established through the 

Convention of  March 26, 1956 by 11 founding States 
and registered with the United Nations 

on 1 February 1957

March 26, 1956 Governed by the 
Committee of Plenipotentiary
representing governments 
of 18 countries 

6 associated countries
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1957

SC synchrotron- Nuclotron (1993) based on 
superconducting fast cycling magnets developed at LHE JINR 

Nuclotron ring (c= 251,5 m)

Synchrophasotron –10 GeV proton synchrotron (1957) pioneering 
research in RNP since ’70-ties; 

Veksler and Baldin Laboratory 
of High Energy Physics
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      NICA (Nuclotron based Ion Colider fAcility)

Main targets:

- study of hot and dense baryonic matter
at the energy range of max baryonic density

-  investigation of nucleon spin structure, polarization phenomena

 - development of accelerator facility  for HEP @ JINR 
 - construction of Collider of relativistic ions from  p to Au,                                

polarized  protons  and  deuterons 

with max energy up to      √sNN= 11 GeV (Au79+)  and =27 GeV (p) 
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A “Phase Transition” in HIC

● Heavy-ion collisions described in the language of 
thermodynamics (temperature, “phase transitions”, 
“chemical potential”, etc.) 
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     Access neutron stars in laboratory
core of neutron stars reaches density 
several times nuclear density  

appearance of 
strangeness changes 
Equation-of-State,
depends on 
strangeness-nucleon 
interaction

Demorest et al., Nature 467, 1081

H. Tamura, Hadron 2017

Credit: LIGO Collaboration
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Maximum baryon density region

NICA Energy range

In NICA Collider energy 
range maximum possible 
baryon density is reached
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Present and future HI experiments

NA-61/SHINE (F.T)

2022 – 2025:     SIS-100  FAIR            

  
 

 energy region of max.
 baryonic density 

  
 

 energy region of max.
 baryonic density 

NICA/MPD

STAR BES II

Fixed target advantage:
• high rate of interactions 
• easily upgradeable

Collider advantage: 
• coverage of max. phase space
• minimally biased acceptance
• free of target parasitic effects 
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BM@N 

MPD 

MPD and NICA basic facility 

Nuclotron ring (c=251,5 m)



A. Kisiel, JINR/WUT UJK Symposium honoring Peter Seyboth, 18 Oct 2019, Kielce                            12/33

Nuclotron (45 Tm)
injection of one bunch 

of  2×109 ions,
acceleration up to 
1 - 4.5 GeV/u max.

Linac LU-20
Ion sources

Fixed Target Area

Booster (25 Tm)
1(2-3) single-turn injection, 
storage of (2  4)×109 ions,

acceleration up to 100 MeV/u,
electron cooling, acceleration 

up to 600 MeV/u

Two SC
collider 

rings

Linac HILac KRION

IP-1

IP-2

~ 2 x 22 injection cycles
    22 bunches per ring

Facility operation scenario

Stripping (80%) 197Au31+ => 197Au79+

BM@N

Ions acceleration chain operation scenario
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Parameters Nuclotron

type SC synchrotron

particles p,  d, nuclei

injection energy, MeV/u 5 (  p,  d)
570-685 (Au)

max. kin. energy, GeV/u 12.07 (  p);  5.62 (  d)
4.38 (Au)

magnetic rigidity, T m 25 – 43.25

circumference, m 251.52

cycle for collider mode, s 1.5-4.2 (active);
5.0 (total)

vacuum, Torr 10-9

intensity, Au ions/pulse 1 109

transition energy, GeV/u 7.0

RF range, MHz 0.6 -6.9 (  p,  d)
0.947 – 1.147 (nuclei)

spill of slow extraction, s up to 10

Nuclotron:

modernized in 2010-2015

superconducting synchrotron, put in operation in 1993
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Linac LU-20 HILAC   new !

structure (section number) RFQ + Alvarez type RFQ + IH DTL(2)

mass to charge ratio A/Z 1-3 1-6

injection energy, keV/amu 150 for A/Z 1-3 17

extraction energy, MeV/amu 5 (A/Z 1-3) 3.24 (A/Z=6)

input current, mA up to 20 up to 10

Linacs

LU-20 – new for-injector: 
JINR, INR, ITEP, MEPI

HILAC: “BEVATECH OHG” 

put in operation: Oct. .‘16put in operation: May ‘16
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3D model

Parameter Booster

type SC synchrotron

particles ions A/Z < 3

injection energy, MeV/u 3.2

maximum energy, MeV/u 600

magnetic rigidity, T m 1.6 – 25.0

circumference, m 210.96

cycle for collider mode, s 4.02 (active);
5.0 (total)

vacuum, Torr 10-11

intensity, Au ions/pulse 1.5 109

transition energy, GeV/u 3.25

RF range, MHz 0.5 -2.53

spill of slow extraction, s up to 10

Booster (under construction)

Electron Cooling System  & 2 RF 
stations (Budker INP)    - installed

tunnel is ready
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Booster (25 Tm)
up to 578 MeV/u

Installation inside the tunnel

Booster status
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The Collider  
45 T*m,  4.5 GeV/u for Au79+ 

Double aperture magnets:
dipole & quadrupole 
prototypes

MPD

SPD Ring circumference, m 503,04

 Number of bunches 22

 r.m.s. bunch length, m 0,6

 b, m 0,35

 max. int. Energy, Gev/u 11,0

 r.m.s. Dp/p, 10-3 1,6

 IBS growth time, s 1800

 Luminosity, cm-2 s-1 1x1027
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12.04.19

NICA Construction status  
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Baku State University, NNRC, Azerbaijan;
University of Plovdiv, Bulgaria;
University Tecnica Federico Santa Maria, Valparaiso, Chile;
Tsinghua University, Beijing, China;
USTC, Hefei, China;
Huizhou University, Huizhou, China;
Institute of Nuclear and Applied Physics, CAS, Shanghai, China; 
Central China Normal University, China;
Shandong University, Shandong, China; 
IHEP, Beijing, China;

Mexican Collaboration (leader: UNAM), Mexico;
Institute of Applied Physics, Chisinev, Moldova;

WUT, Warsaw, Poland;
NCNR, Otwock – Świerk, Poland;

University of Wrocław, Poland;
University of Warsaw, Poland;

Jan Kochanowski University, Kielce, Poland;
Belgorod National Research University, Russia;

INR RAS, Moscow, Russia;
MEPhI, Moscow, Russia;

Moscow Institute of Science and Technology, Russia;
North Osetian State University, Russia;

NRC Kurchatov Institute, ITEP, Russia;
Kurchatov Institute, Moscow, Russia;

SPSU - Dept. of NP, Russia;
 SINP, Moscow, Russia;

PNPI, Gatchina, Russia;

University of South China, China;
Three Gorges University, China;

Institute of Modern Physics of CAS, Lanzhou, China;
Palacky University, Olomouc, Czech Republic;

NPI CAS, Rez, Czech Republic;
Tbilisi State University, Tbilisi, Georgia;

Joint Institute for Nuclear Research;

FHCal

MultiPurpose Detector (MPD) Collaboration:
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FHCal

FFD

Stage 1:         TPC, TOF, ECAL, ZDC, FFD

Multi-Purpose Detector (MPD)

Plan:   
overall commissioning

starts in 2020

• tracking: 
up to |h|< 1.8 (TPC)

            
• PID: 

had., e, g (TOF, TPC, ECAL)

• Reaction: 
centrality & plane 

determination (FHCal)
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Control Dewar,
pipe lines

CryostatCryostat

SC coilSC coil

Trim Coil

superconducting Solenoid

ASG superconductors, Genova
general responsibility:

• Cold Mass + Cryostat
• Trim Coils
• Vacuum System
• Control System + PS +…

 TPC region

weight ~ 900 tB0=0.5 T

high level (~ 3x10-4) of magnetic
field homogeneity  

HM Vitkovice, Czech Republic:
fabrication of yoke & supports

rated current:   1790 A

stored energy: 14.6 MJ 
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Time Projection Chamber (TPC) – basic tracker

assembly tool

length 340 см

outer Radii 140 см

inner Radii 27 см

gas 90%Ar+10%CH4

drift velocity 5.45 см / ms;

drift time < 30 ms;

# R-O chamb. 12 + 12

# pads/ chan. 95 232

max rate < 7kGz (L= 1027)
pad structure:
-  rows – 53
- large pads 5×18 mm2

- small pads 5×12 mm2

momentum resolution

outer cylinder

r-o  chamber

September 14, 2018

FE electronics:        FEC64SAM – 
dual SAMPA card (ALICE technology)
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Time of Flight (TOF) system

R= 170 cm

28 modules
280 MPRC’s
13 440 ch. module box 

housing 10 MPRC’s

basic electronics -  
NINO & HPTDC

efficiency,  
time resolution 

triple-stack

MRPC (5 gaps of 200 mm each) 
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 Pb+Sc “Shashlyk” 
 read-out:  WLS fibers + MAPD

 L ~35 cm (~ 14 X0)

 Segmentation (4x4 cm2), 
 s(E) better than 5% @ 1 GeV; 
 time resolution ~500 ps  

Barrel ECAL ~ 43 000  modules

projective geometry

Electromagnetic calorimeter: ECAL

module prototype

block of modules
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Strangeness Enhancement: SPS CERN, RHIC

hyperon production

x 2

x 5

x 20

Thermal/Statistical model:

Indication of chiral symmetry 
restoration

energy region of  NICA 

NA49 : Phys. Rev. C 77, (2008)
STAR : QM2011 proceedings

“Horn” effect  
onset of  

deconfinement ?  

requires more detailed study 



A. Kisiel, JINR/WUT UJK Symposium honoring Peter Seyboth, 18 Oct 2019, Kielce                            26/33

4
ΛH → 3He + p  +  π -

Hyper nuclei

Stage 2: central Au+Au @ 5 AGeV; 
DCM-QGSM 

A.Andronic,
 P.Braun-Munzinger,
 J.Stachel, H.Stocker

3
ΛH  → 3He + π –

hyper nucleus yield 
in 10 weeks

 3
ΛHe  9 . 105

 4
ΛHe 1 . 105 
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Two-particle correlations

System size sensitive to the presence 
of the first order phase transition

Phys.Rev. C96 (2017) no.2, 024911

L. Barnby (ALICE), EXA 2017
Ł. Graczykowski (ALICE), ISMD 2017Baryon-(anti-)baryon correlation functions 

sensitive to strong interaction potentials
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Strange and multi-strange baryons 

Stage’1 (TPC+TOF): Au+Au @ 11 GeV, UrQMD phase-space

particle L anti-L X- anti-X+ W - anti-W+

yield in 10week 3 . 108 3.5 . 106 1.5 . 106 8.0 . 104 7 . 104 1.5 . 104
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Study of resonances  with the MPD detector
D.Ivanishchev, D. Kotov,, M. Malaev, V. Riabov, Yu. Ryabov

K*(892)  Ks (Ks++)

 Minbias Au+Au@11 (UrQMD model)
 Full event reconstruction and realistic PID
 Topology cuts and secondary vertex finding for 

hyperons
 Event mixing for background estimation 

(1385)  L (Lp)
(1020)  K+K-,

p
T
=1.0-1.2 GeV/c

p
T
=0-0.2 GeV/c

(770)0  π±π±, 

p
T
=2.5-3.0 GeV/cL(1520)  pK-

pT=1.0-1.5 GeV/c

pT=1.0-1.2 GeV/c

pT=1.0-1.5 GeV/c

K*(892)0  K±π± 
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Performance study of elliptic flow 
P.Parfenov, A.Taranenko, I.Selyuzhenkov, A.Mudrokh, V.Kireyeu

 Au+Au, √sNN = 11 GeV, 10-20%, UrQMD, GEANT3, MPDROOT, 2M ev. 

protons PID (TPC+TOF)

protons PID (TPC+TOF)protons PID (TPC+TOF)

protons PID (TPC+TOF)

good reproducibility

30
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ECAL simulation
V.Riabov, A.Zinchenko, M. Martemyanov, V. Kulikov  

h-meson in minbias Au+Au

Black markers – single photons

 Realistic ECAL reconstruction & analysis – large acceptance ECAL with good energy resolution
is an ideal tool for measurement of neutral mesons in a wide momentum range

0-meson in central Au+Au

Red markers – UrQMD, minbias AuAu@11

 0 (h) reconstruction in MPD ECAL 
– feasible!  

ECAL resolution for photons

0<p
T
<0.5 GeV/c 4<p

T
<5 GeV/c

1.0<p
T
<1.5 GeV/c



A. Kisiel, JINR/WUT UJK Symposium honoring Peter Seyboth, 18 Oct 2019, Kielce                            32/33

Upcoming 4th MPD Collaboration Meeting 
Warsaw, 21-25 October 2019

http://jinrmag.jinr.ru/pdf2/18num45-46.pdf

Collaboration is now 34 institutes from 10 countries
Spokesperson: Adam Kisiel (WUT, Poland)
IB Board Chair: Fuqiang Wang (ZJHU, China)
Project manager: Slava Golovatyuk (JINR)

http://mpd.jinr.ru/experiment/

http://jinrmag.jinr.ru/pdf2/18num45-46.pdfhttp://jinrmag.jinr.ru/pdf2/18num45-46.pdf

Last meeting: 16 April 2019 in JINR



✔  Density frontier is less explored area 
of the QCD phase diagram and its study

could lead to interesting discoveries

✔ NICA complex has a potential for competitive research 
in the field of baryon rich matter 

  
✔  Preparations of  MPD experiment 

is going close to the schedule
 

✔  The MPD experiment is run as an international collaboration

✔ Participation of new groups and young scientists is crucial for 
MPD success
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● Up to 3-months summer practice for undergraduate 
students of physics and engineering at JINR/NICA

Team for the Future of NICA
Student Internship Programme
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σω≈14 MeV/c2

Prospects for study of dileptons

hadron suppression
up to 10-5

PID

residual
hadrons
 ~1.4% 

 Event generator: UrQMD+Pluto (for the cocktail) central Au+Au @ 8 GeV
 PID:  dE/dx (from TPC) + TOF (s ~100 ps) + ECAL 



A. Kisiel, JINR/WUT UJK Symposium honoring Peter Seyboth, 18 Oct 2019, Kielce                            36/33

0 and h reconstruction via conversion in MPD

 Standard MPD configuration allows 

to reconstruct 0 and h via 

conversion pairs  

Conversion points in MPD

D. Ivanishchev, D. Kotov, E. Kryshen, M. Malaev, V. Riabov, Yu. Ryabov

 Photon reconstruction, complimentary to ECAL
 Direct photons, neutral mesons, geometry scan etc …
 Minbias AuAu@11, UrQMD - conversion on the beam pipe and inner layers of the TPC

a) g-conversion efficiency in 
the beam pipe & TPC vs p

T

b) MPD efficiency for  π0 and η
 reconstruction vs meson’s p

T

0  gg  (e+e-)(e+e-) h  gg  (e+e-)(e+e-)
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Hypernuclei

production enhanced at high baryon 
densities (NICA)   

NICA
A. Andronic et al., Phys. Lett. B697 (2011) 203

Hypernuclei provide unique opportunity to study the strange particle-
nucleus interaction in a many-body environment. 

astrophysical research 
indicates the appearance of 
hyperons in 
the dense core 
of a neutron star
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Particle Identification in MPD
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Femtoscopy correlations at NICA/MPD
P.Batyuk, L.Malinina, K.Mikhaylov, G.Nigmatkulov

Study of collective effects, space-time characteristics  of the emitting source at 
kinetic freeze-out, collision dynamics and quark-hadron phase transitions via 

femtoscopic correlations of hadrons at NICA energies

 MC input: vHLLE+UrQMD model implements hydro stage with different EoS, 
tuned to reproduce experimental data

 Data set : Au+Au collisions at 11 GeV, MPD full reconstruction chain
 Kaon particle ID and Correlation Function (CF) reconstruction  

 Projections  of  3D  kaon CF on  the Out-Side-Long directions
Green – first order phase transition (1PT), Red – crossover (XPT)

 Gaussian shapes for kaon 3D  CF 
 “Long” CF projections for kaons 

differ for 1PT and XPT
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PWG1 
Global observables

● Total event multiplicity 
● Total event energy
● Centrality determination
● Total cross-section 

measurement
● Vertex determination
● Event plane measurement 

at all rapidities
● Spectator measurement

PWG2 
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 

diagram 

PWG3 
Correlations and 

Fluctuations
● Collective flow for hadrons
● Vorticity, Λ polarization
● E-by-E fluctuation of 

multiplicity, momentum and 
conserved quantities

● Femtoscopy 
● Forward-Backward corr.
● Jet-like correlations 

PWG4 
Electromagnetic probes

● Electromagnetic calorimeter measurements
● Photons in ECAL and central barrel
● Low mass dilepton spectra and search for in-

medium modification of resonances and 
intermediate mass region

PWG5 
Heavy flavor

● Study of open charm production
● Charmonium with ECAL and central barrel
● Charmed meson through secondary vertices 

in ITS and HF electrons
● Explore production at charm threshold

MPD Physiscs Working Groups



A. Kisiel, JINR/WUT UJK Symposium honoring Peter Seyboth, 18 Oct 2019, Kielce                            41/33

Support rings

Solenoid assembling

New TPC FEE
TOF Gas System

FHCAL modules

Detector components preparation
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Detector MC Geometry Hits/digits

TPC Ver. 8 (2018) hitproducer

TOF Ver. 7 (2016) hitproducer

ECAL Ver. 8 (2018) hitproducer

FHCal Ver. 2 (2018) hitproducer

ITS Ver. 3 (2015) hitproducer

FFD Ver. 0 (2016) hitproducer

BBC Ver. 2 (2019) MC points

Plans and future tasks:
➔ Manpower
➔ Boost clustering
➔ Boost tracking
➔ Detector alignment and calibration
➔ Cloud computing for the MPD
➔ Virtual organization for MPD in GRID
➔ Physics Analyses

MPD Software status
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“Hot” Data 
Storage

Lustre FS

“Cold” Data 
Storage
EOS FS

“Cold” Data 
Storage
ZFS FS

Geant4
A simulation toolkit

Particles Generator
- internal 
- external

Events reconstruction

MpdRoot

 Modeling:
 physical events;
 receiving data 

from detectors.
 Data storage 

organization.

GOVORUN

Govorun supercomputer for NICA
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● Upgrade of the exisiting dedicated NICA 
Cluster ongoing (expected completion of 
all works: end of 2019)

● New computing capabilities provided to 
the end users on March 6th 2019:
– 3000 job slots (final expected number: 5000 

cores x 2 threads/core)

– Up to 7 PB of additional disk space (3.5 
PB+3.5 PB replica, EOS filesystem) – final 
value: 10 PB

– Negiotiations ongoing on the division of 
resources between MPD, BM@N, and SPD

● Under tests for massive production of 
Monte-Carlo events for new physics 
performance studies 

NICA-dedicated computing at LHEP
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Fast Forward Detector – (FFD)

efficiency vs b

 time resolution <  50 ps

15 mm quartz radiator
10 mm lead converter

array of 20 modules 
Planacon MCP-PMTs  
80 +20 channels



FHCAL: determination of reaction plane and centrality

2 x 45 modules (15 x 15 cm2 each) 
located left and right at ~3.2 m from the IP)

acceptance:    2.2<|h|< 4.8

σ(E)/(E) = 53%/√E(GeV) +10%

    light collection 
WLS-fibers & SiPMEin

Eout

Au+Au @√SNN = 11 A GeV, 
UrQMD, GEANT3, 2M events

sb/b

transverse granularity allows to measure:
• the reaction plane with accuracy ~ 200-300

• the centrality with accuracy below 10%.

Au+Au, UrQMD

September 14, 2018 V.Kekelidze, CERN seminar 46
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Main purpose: provide a fast T0 
signal with a time resolution for 
the TOF better than 30 ps 
particularly for low multiplicity 
events where the the FFD may 
not be that efficient.

Beam-Beam Monitor – BEBE (MexNICA Collaboration)

plastic scintillator of 20 mm width 
and 50 mm height (BC404). 
light collection with an SiPM light 
sensor  (sensL, 6 x 6 mm2)

proposal
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Magnet fabrication:  ASG (Genova) & Vitkovice HM

yoke control assembly at HM Vitkovice

trim coil winding machine  cryostat

Magnet yoke elements delivered to JINR
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Physics targets for the exploration of first order phase transitions in the region of 
the QCD phase diagram accessible to NICA & FAIR and possible observable effects 
of a “mixed phase” indicated in the release of the “NICA White Paper” as a Topical 
Issue of the EPJ A (July 2016).

111 contributions, 
188 authors
 from 24 countries

NICA White Paper, SQM proceedings



Space-time Evolution of the Collisions
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Quark-Gluon Plasma
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Heavy-ion collisionHeavy-ion collision
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heavy ion collisions

«The only source of knowledge is experience»
A. Einstein

particle physics:   most of discoveries in last decades   
have been obtained through research guided by

 the Standard Model

heavy ion collisions:                 physics driven by data

new data in less explored region of QCD phase diagram
 at high baryon density 

are highly required and could lead to:

- observation / discovery of new phenomena;

- development of theoretical models



A. Kisiel, JINR/WUT UJK Symposium honoring Peter Seyboth, 18 Oct 2019, Kielce                            52/33

Yukawa coupling; 
charge screening, 
de-confinement

D.J.Gross, H.D.Politzer, F.WilczekThe regime of  “asymptotic freedom”
is reached in hard scattering processes 
at sufficiently high energies,

The super dense nuclear matter

 could be obtained in

heavy ion collisions

however, this regime could be  
available already at rather
low energies  

in super dense nuclear matter  
(the distance between

 particles   ~ 1/T)

typical size   R0  ~ 1 fm = 10 -15  m

R0

asymptotic freedom; 
anti-screening of color 
charges 

confinement 

      Asymptotic freedom of quarks



UrQMD Au+AUrQMD Au+Auu  √√s=1s=11 AGeV event1 AGeV event
Simulated within MpdROOTSimulated within MpdROOT



               10 –6 s        10 –4 s        3 min                                                          13,8*109 yr.

     

  Nucleons     Nuclei Today

The Big
Bang

Quarks and Gluons   Atoms    

How to travel back in time?
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                    ~10-1 m                                      ~10-10 m            ~10-15 m

● Quarks are always bound into nucleons or other hadrons by 
gluons. They are the constituents of elementary building 
blocks of matter: protons and neutrons

● An attempt to break the quark free requires so much energy 
that new quarks are created, binding to the quark again

Quarks and Gluons

Matter Atom
Proton

Neutron           Nucleus           Nucleus

Electron
Quarks
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Hadron 
matter: 
quarks 
bound in 
protons and 
neutrons

Quark 
Matter: 
quarks are 
free within 
its volume!

?

Heating

...poprzez
zderzenia 
ciężkich 
jonów !!!

Hot and 
dense region

Observers

Observers

Participants

Change of 
density,   and 
temperature, T

Pressure

Nuclear 
collision

Can quarks be „freed” in any other way?
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 8M minbias Au+Au @ 11 GeV (PHSD model)
 TPC & TOF,   |η|< 1.3
  Realistic track reconstruction and PID 

(dE/dx+TOF)
 Secondary vertex finding technique for hyperon 

reconstruction

Study of hyperons at NICA/MPD

Centrality dependence for hyperon spectra & yields

   PV   – primary vertex
   V0    – vertex of  hyperon  decay 
   dca    – distance of the closest 

approach
   path – decay length

V.Vasendina, A.Zinchenko, V.Kolesnikov 

          All p
T
              



A. Kisiel, JINR/WUT UJK Symposium honoring Peter Seyboth, 18 Oct 2019, Kielce                            58/33

J. Kapusta, M. Albright, C. Young, NICA Whitepaper

Net-baryon fluctuations from a Cross-Over EOS
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m
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M. Chojnacki, W. Florkowski,
PRC 74 (2006) 034905

Transverse plane ● HIC is expected to go 
through a QGP phase, 
from which particles are 
produced (freeze-out) 
thermally

● Matter moves collectively 
in explosive manner 
(radial flow)

Heavy-ion collision evolution
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Ξ-  reconstruction, phase space, invariant spectra 

T ~ 200 MeV

 Reconstruction of hyperons in p
T
 intervals

 Analysis of invariant p
T
-spectra in centrality bins
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Ξ+, Ω-, Ω+  reconstruction and phase space

 Reconstruction of anti-hyperons in p
T
 intervals

 Analysis possible even with lower statistics

Statistics 502Statistics  1531Statistics  15089
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hyperon p
T
 spectra and efficiency

 Analysis in p
T
 and y intervals for Λ and Ξ 

 Efficiency determined for central and peripheral events
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““Team for the future of NICA”Team for the future of NICA”

• Finansowany głównie ze środków ZIBJ 3-miesięczny pobyt 
13 studentów i wykonanie prac na rzecz projektu NICA

Team for the Future of NICA
Student Internship Programme
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● Heavy-ion collisions described in the language of 
thermodynamics (temperature, “phase transitions”, 
“chemical potential”, etc.) 

A phase transition in HIC
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● At RHIC and LHC – several thousand 
particles per event

● STAR, ALICE – excellent PID at low pT

ALICE Pb-Pb
Collision

Particle production in HIC
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D. Blaschke, 3rd MPD Coll. Meeting, 16 Apr 2019

Phase transition and Neutron Stars
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Electronic tools for communicationElectronic tools for communication

• Major concern expressed by Collaboration members is the urgent need 
for efficient communication tools

• Several resource exist, but need to be strongly developed and kept up to 
date:

– General NICA webpage with MPD section: http://mpd.jinr.ru

– „New” MPD-dedicated webpage: http://mpd.jinr.ru/experiment

– General purpose mailing list: MPD_Coll_List(at)maillist.jinr.ru

• More specific tools have been proposed by the JINR IT and are being 
tested within the Collaboration:

– The MPD Wiki (based on the DocuWiki platform)

– The MPD Forum (based on the Discourse web forum platform)

http://mpd.jinr.ru/
http://mpd.jinr.ru/experiment
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Computing for the NICA megaproject: 
• data acquisition from detectors 
• data transmission for processing and analysis.
Requirements for the network infrastructure, computing architectures, storage 
systems as well as appropriate software for data processing and analysis. 
Developed computing models should take into account the trends in the 
development of network solutions, computing architectures and IT-solutions, which 
allow combining supercomputer (heterogeneous), grid and cloud technologies and 
creating distributed, software-configured HPC platforms on its basis. The use of such 
solutions for data processing and analysis requires the creation of software 
environments, which provide a necessary code abstraction enabling to implement 
the required functionality for a wide range of computing tools.

Computing for the NICA megaproject: 
• data acquisition from detectors 
• data transmission for processing and analysis.
Requirements for the network infrastructure, computing architectures, storage 
systems as well as appropriate software for data processing and analysis. 
Developed computing models should take into account the trends in the 
development of network solutions, computing architectures and IT-solutions, which 
allow combining supercomputer (heterogeneous), grid and cloud technologies and 
creating distributed, software-configured HPC platforms on its basis. The use of such 
solutions for data processing and analysis requires the creation of software 
environments, which provide a necessary code abstraction enabling to implement 
the required functionality for a wide range of computing tools.

The GOVORUN supercomputer can 
become a tool for computing 
modeling, as it contains the latest 
computing and data storage 
resources including the ultrafast data 
storage system, which ensures a 
high speed of data acquisition up to 
hundreds of gigabytes per second 
with the possibility of a linear 
extension of performance and 
capacity of the system up to 1000 
times.

The GOVORUN supercomputer can 
become a tool for computing 
modeling, as it contains the latest 
computing and data storage 
resources including the ultrafast data 
storage system, which ensures a 
high speed of data acquisition up to 
hundreds of gigabytes per second 
with the possibility of a linear 
extension of performance and 
capacity of the system up to 1000 
times.

Events reconstruction

Physics analysis

QCD phase diagram

Simulations

GOVORUN

Computing for the NICA Megaproject



A. Kisiel, JINR/WUT UJK Symposium honoring Peter Seyboth, 18 Oct 2019, Kielce                            69/33

Detector integration

ECAL support frame

MPD Electronics platform
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 Magnet – assembly & magnetic field measurement - 2019

 FHCal – production in progress

 TOF, FFD – production in progress

 TPC – production in progress

 ECAL – TDR completed

 Integration – TDR in preparation

MPD (stage 1) detector status 

URQMD
charged
b<11 fmd

N
/d

h

ECal

h

TPC

FFD

FHCal

TOF

4 A GeV
11 A GeV

MPD acceptance

CPC

Stage II
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“Team for the future of NICA”

● Attracting students and young staff from the 
member states to work for NICA
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STAR F.T.

HADES

CBM

In
te

ra
c

ti
o

n
 r

at
e 

[H
z]

Collision energy √s    [GeV]
NN

NICA/BM@N II

Present and future HI F.T. experiments

NA-61/SHINE

2022 – 2025:     SIS-100  FAIR            

 energy region of max.
 baryonic density 

 energy region of max.
 baryonic density 

Advantage:
• high rate of interactions 
• easily upgradeable
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NICA/MPD

STAR BES II

In
te

ra
c

ti
o

n
 r

at
e 

[H
z]

Collision energy √s    [GeV]
NN

Present and future HI collider experiments

 energy region of max.
 baryonic density 

 energy region of max.
 baryonic density 

Advantage: 
• coverage of max. phase space
• minimally biased acceptance
• free of target parasitic effects 
• ….
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I.C. Arsene at al., Phys. Rev. C75 (2007) 24902.

5 0

FAIR SIS-100

8 0

NICA

Net Baryonic density to be reached
in Au + Au collisions
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FHCal

FFD

Stage 1 (2020):         TPC, TOF, ECAL, ZDC, FFD

Plan:   
overall commissioning

starts in 2020

• tracking: 
up to |h|< 1.8 (TPC)

1.2 < |h|< 2.5 (CPC, Straw)
            

• PID: 
had., e, g (TOF, TPC, ECAL)

• Reaction: 
centrality & plane 

determination (FHCal)

Multi-Purpose Detector (MPD)

Stage 2 ( ~2023):   + ITS + EndCap (CPC, Straw, TOF, ECAL)
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layer 
#

type staves
/layer

Rmin,
mm

Rmax,
mm

length
,

mm

chips
/layer

X0, %

1 IB 12 22,4 26,7 540 216 0,3

2 IB 22 40,7 45,9 540 396 0,3

3 IB 32 59,8 65,1 540 576 0,3

4 OB 18 144,1 147,9 1470 3528 1,0

5 OB 24 194,1 197,6 1470 4704 1,0

total 108 9420 2,9

Inner Tracker System (MPD stage II)
Inner Barrel (IB) – 3 layers

modified staves
Outer Barrel (OB) – 2 layers

ALICE type staves

stave: 2 modules x 9 chips  stave: 14 modules x 14 chips  
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NICA is included in the ESFRI ROADMAP-2016 and  in the NuPECC Long Range Plan 
2017 - Perspectives in Nuclear Physics

BARYONIC MATTER DENSITY FRONTIER

Main Research Infrastructures in 
Particle and Nuclear Physics
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kick-off meeting on formation of 
 the MPD and BM@N Collaborations 

carried out in Dubna on 11-13 April, 2018 

https://indico.jinr.ru/conferenceDisplay.py?ovw=True&confId=385



Backup
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NuPECC Long Range Plan 2017

● QCD phase diagram 
probed by matter 
created in collisions and 
astrophysical 
phenomena

● Various colliders 
produce matter at 
different regions in the 
diagram

● Significant overlap of 
collider physics and 
astrophysics

Exploring QCD phase diagram



Jak badać kwarki?

E = mc2 !
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Workshop at VBLHEP (bld. 217) for production 
of SC magnets for NICA & SIS-100/FAIR

was put in operation  in Nov. 2016 

all of the Booster magnets are produced & tested
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The NICA-PL ConsortiumThe NICA-PL Consortium

Warsaw University  
of Technology

             National Center for
Nuclear 

Research                           
 in Świerk

University 
 of Warsaw

                Jan 
Kochanowski        
University in Kielce         
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NICA-PL ConsortiumNICA-PL Consortium

• Agreement of the four Polish institutions (Warsaw University of 
Technology, Warsaw University, National Center of Nuclear Research 
in Świerk, Jan Kochanowski University of Kielce) “to carry out 
scientific research, specialist education, design and construction of 
the scientific and control equipment for the purpose of the NICA 
research complex at the Joint Institute of Nuclear Research in 
Dubna”.

• Consortium is open for new members and foresees the 
addition of more polish institutions

• Members of the Consortium show explicit desire to join MPD 
and/or BM@N Collaborations

• Consortium can be a common vehicle for application for 
funding in various funding agencies (national and European)

mailto:BM@N
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Recent activitiesRecent activities

• Group of Marek Peryt very 
active in the NICA Project:

– Gas system for the MPD 
TOF detector

– Slow Control System for 
MPD and BM@N

– Engineering Support group 
leadership

– EqDB Database 
Environment

– MPD Experimental Platform

• Rapidly expanding group  

– 1 staff full-time at JINR 
(more soon)

– Two PhDs permanently at 
JINR full-time

– Intensive summer 
practices (2 weeks, 4 
weeks)

– “Team for the future of 
NICA” programme – 3-
month, student stays at 
JINR, this year extended 
to 12-month stays

mailto:BM@N
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Expansion of possibilitiesExpansion of possibilities

• Strong interest from Faculty of 
Electronics and Information 
Technology

– Experience in electronics for HEP 
experiments (CMS muon trigger)

– Experience in industrial system 
automation and control, SCADA

– Strong software group 
(databases, computer graphics, 
event visualization, machine 
learning, big data)

• Interest in participation in 
the development, design 
and construction of the MPD 
and BM@N Slow Control

• Interest in participation in 
preparation of the cosmic 
ray detector (high-level 
trigger system, electronics)

• Possibility for three-way 
collaboration JINR-WUT-
FAIR in MPD-CBM

mailto:BM@N
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NICA Multi Purpose Detector – 
Engineering Support Platform
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Slow Control SystemSlow Control System

–IMPLEMENTATION; BASE UNIT 42U;

WUT-JINR VPN
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90% C2H2F4 + 5% i-C4H10 + 5% SF6

Gas System for the TOF detectorsGas System for the TOF detectors
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Gas system descriptionGas system description
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Cosmic Ray Detector – Goals

Cosmic ray air shower created by a 1TeV 
proton hitting the atmosphere 20 km 
above the Earth. The shower was 
simulated using the AIRES package.

PRIMARY PARTICLE

GROUND LEVEL

https://en.wikipedia.org/w/index.php?title=AIRshower_Extended_Simulations&action=edit&redlink=1


A. Kisiel, WUT TeFeNICA program, 4 Jul 2019                             92/58

MPD Cosmic Ray Detector (MCORD)  - proposition   

Single surface on full circumference
Scintillator slabs read out by SiMP modules (both ends)
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MCORD - MicroTCA configuration

● Standard MTCA crate
● 5 or 12 AMC modules
● Crate number depends on channel 

count and sampling speed
At 250MS/s: 192 channels / crate
At 125MS/s: 384 channels / crate
At 80MS/s: 576 channels / crate
At 50MS/s: 768 channels / crate

For several MTCAs one main MCH 
concentrates data from slave MHCs to 
generate final muon trigger

Analog Front-End module

FPGA mezzanine card (FMC)

AMC FMC carrier board 

MTCA Carrier Hub 

93
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Exemplary Collaboration

• JINR Directorate at WUT • WUT visits at JINR



The only criterion of truth is experience.
Leonardo da Vinci

Thank you

September 14, 2018 V.Kekelidze, CERN seminar 95
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Nuclotron (45 Tm)

injection  bunch 
~ 2×109 ions

acceleration up to 
1 - 4.5 GeV/u

Linac LU-20
Ion 

sources

Fixed Target Area

Booster (25 Tm)

storage of
 (2  4)×109 ions, 

acceleration 
up to 600 MeV/u

Two SC collider rings

Linac HILac KRION

IP-2

~ 2 x 22 injection cycles
    22 bunches per ring

Structure of Accelerator Complex and Operation Regimes

IP-1

Stripping (80%) 197Au31+ => 197Au79+
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Civil Construction, bld.17
June 2018

SPD  HallSPD  Hall

MPD  HallMPD  Hall

readiness for equipment installation in the MPD Hall - 2019

Collider 
Western semiring

Collider 
Western semiring
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June 2018

SPD  HallSPD  Hall

MPD  HallMPD  Hall

readiness for equipment installation in the MPD Hall - 2019

tunnel

Collider 
Western semiring

Collider 
Western semiring

Civil Construction, bld.17
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Visit on site at 29 Oct 2018
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beam pipe

possible cooperation with CERN

Stage I: 64 mm in diameter

Stage II: 38 mm in diameter

?

September 14, 2018 V.Kekelidze, CERN seminar 101

beryllium
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ALICE/CERN technology 
transfer to MPD/JINR:
• MAPS of new ALICE ITS 

for MPD 
• carbon fiber space frames;

~ 9 500 ALPIDE MAPS

 in 5 position-sensitive cylinders of two barrels 
 

D+ K-

π+

π+

tentative assembly 
layout 

Inner Tracker System (MPD stage II)

4,9۰109 pixels
  active area 3,9 m2.

max bandwidth: 
400 – 1200 Mbps 

CERN: L. Musa
JINR: Yu. Murin

September 14, 2018 V.Kekelidze, CERN seminar 103



two scenarios of ECal integration

scenario A scenario B

~ 90 tons

September 14, 2018 V.Kekelidze, CERN seminar 104

184 towers

5 tons

5520 mm



Material budget
Stage I Stage II

readout chambers  -> GEM MWPC  based TPC readout ( ~ 45%)

September 14, 2018 V.Kekelidze, CERN seminar 105

GEM production for BM@N in close
cooperation 
with CERN



Material budget
Stage I Stage II

 GEM based TPC readout (< 20% ) MWPC  based TPC readout ( ~ 45%)

September 14, 2018 V.Kekelidze, CERN seminar 106



magnetic field measurement:  cooperation with CERN

The pneumatic mapper:

a view  
 common scheme

JINR: V .Dodokhov, E. Koshurnikov, A. Vodopyanov; 
CERN: F. Bergsma, P-A. Giudichi.  

Bench layout 
inside cryostat

the area occupied by TPC:  
2 814 mm in diameter; 3 400 mm in length 
Bx, Br, Bz  to be measured in ~ 8×103 points.

September 14, 2018 V.Kekelidze, CERN seminar 107
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 maximum in the net baryon density – density frontier;

 maximum in K+/+ ratio;

 maximum in L/ ratio;

 maximum yield if hypernuclei

 transition from a Baryon dominated system 
to a Meson dominated one;

 maximum of the L polarization;

 1-st order phase transition & mixed phase creation;

 Critical Endpoint ? 

QCD matter at the NICA energies:

September 14, 2018 V.Kekelidze, CERN seminar 110



Vorticity, L polarization

L polarization due to anomalously induced
axial current 

O. Rogachevsky, A. Sorin, O. Teryaev, 
Phys. Rev. C 82, 054910, 2010;
M.Baznat, et. al, arXiv:1701.00923 

NICA

 STAR Coll.,arXiv:1701.06657September 14, 2018 V.Kekelidze, CERN seminar 111
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2 1012 K

      NICA – dedicated QCD machine
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