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Main targets of NICA : 

 - study of hot and  dense baryonic matter 

 -  investigation of nucleon spin structure,  

polarization phenomena 

 

 
   NICA  will  provide intensive beams of ions from   

   p to Au and polarized  protons  and  deuterons  

   with maximal energy up to 

ãSNN= 11 GeV (Au79+)  and 27 GeV (p)  

The Nuclotron-based Ion Collider fAcility (NICA) at 

Joint Institute for Nuclear Research (JINR),  Dubna 



QCD phase diagram: prospects for NICA 

    Energy Range of NICA  

unexplored region of the QCD 

phase diagram: 

 

Á Highest net baryon density 

 

Á Onset of deconfinement phase   

    transition   

  

Á Discovery potential: 

    a) Critical End Point (CEP) 

    b) Chiral Symmetry Restoration 

    ʩ) Hypothetic Quarkyonic phase 

 

Á Complementary to the RHIC/BES, 

    NA61/CERN, CBM/FAIR and  

Nuclotron-M experimental programs 

Comprehensive experimental program requires scan over the QCD phase 

diagram by varying collision parameters: system size, beam energy and collision 

centrality. NICA provides capabilities for studying  a variety of phenomena in a large 
region of the phase diagram. 

   NICA 

Nuclotron-M 

RHIC-BES 



Highest baryon density at Lab 

System of maximal net baryon (freeze-out) density is created in A+A 

collisions at NICA energies Ą optimum for the compressed baryon 

matter exploration   

collider 

fixed target 

J.Randrup, J.Cleymans, 2006 



Excluded volume effects on baryon density and transition 

from baryon to meson dominated matter 

V. V. Begun, M. GaŦdzicki, M. I. Gorenstein (2013) 

By varying the hadron radii in the range r = (0-1.0) fm the collision energy 

at which the baryon density is maximal changes between 7A and 34A 

GeV. This range is fully covered by the NICA collider. Thus experiments at 

NICA will allow to study in detail freeze-out conditions in heavy ion 

collisions in the domain of their rapid changes and the relation to the 

onset of deconfinement. 





CBM@FAIR/SIS-100/300 

Fixed target, E/A=10-40 GeV, highest intensity 

BES STAR/PHENIX@BNL/RHIC 

NA61@CERN/SPS 

MPD@JINR/NICA 

Collider, ÕsNN = 4-11 GeV, L~1027 cm-2s-1 for Au79+ 

2nd generation HI experiments 

3nd generation HI experiments 



2017  

2018  

20?? 

2015  

Fixed target: 

L-limited by 

detectors  

Colliders: 

scale of  L, 

in  cm -2s-1 

SIS-18 (GSI) 

Nuclotron-M (JINR) 

SPS (NA-49/61, CERN) 

AGS (BNL) 

RHIC 

(BNL) 

Booster (JINR) 

NICA (JINR) 

SIS-100 (FAIR) 

SIS-300 (FAIR) 

2 4 6 8 20 40 60 80 

for Au+Au 1 10 102 
ãSNN, GeV   
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Existing & Future HI Machines  



NICA site 
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Synchrophasotron 

Nuclotron 

Future NICA complex 

LHEP JINR  
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Fixed target experiments 

bld. 205 (104 m2) 

Nuclotron 

Lu 20 

Booster 
New Linac 

Collider  

Nuclotron-based Ion Collider fAcility  (NICA ) 
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1a) Heavy ion colliding beams 197Au79+ x 197Au79+ at  

  ÕsNN = 4 õ 11 GeV (1 õ 4.5 GeV/u ion kinetic energy)  

           at Laverage= 1E27 cm-2Ös-1 (at ÕsNN = 9 GeV)  

1b) Light-Heavy ion colliding beams of the same energy range and luminosity  

2) Polarized beams of protons and deuterons in collider mode: 

  p¬p¬ Õspp = 12 õ 27 GeV (5 õ 12.6 GeV kinetic energy )  

  d¬d¬ ÕsNN = 4 õ 13.8 GeV (2 õ 5.9 GeV/u ion kinetic energy  

              Laverage > 1E31 cm-2Ös-1 (at Õs_pp = 27 GeV)  

3) The beams of light ions and polarized protons and deuterons for fixed 

     target  experiments:  

  Li · Au = 1 · 4.5 GeV /u ion kinetic energy 
  p, p¬ = 5 õ 12.6 GeV kinetic energy  

  d, d¬ = 2 õ 5.9 GeV/u ion kinetic energy 

4) Applied research with ion beams at kinetic energy  

    from 0.5 GeV/u up to 12.6 GeV (p) and 4.5 GeV /u (Au) 
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Beam 

Nuclotron beam intensity  (particle per cycle) 

Current Ion source type 
New ion source    

+ booster  

 p 3Ö1010 Duoplasmotron 5Ö1012 

 d 3Ö1010 --- ,, --- 5Ö1012 

4He 8Ö108 --- ,, --- 1Ö1012 

d¬ 2Ö108 SPI  1Ö1010  

7Li 8Ö108 Laser 5Ö1011 

11,10B 1Ö109,8 --- ,, --- 

12C 1Ö109 --- ,, --- 2Ö1011 

24Mg 2Ö107 --- ,, --- 

14N 1Ö107 ESIS (ñKrion-6Tò) 5Ö1010 

24Ar 1Ö109 --- ,, --- 2Ö1011 

56Fe 2Ö106 --- ,, --- 5Ö1010 

84Kr 1Ö104 --- ,, --- 1Ö109 

124Xe 1Ö104 --- ,, --- 1Ö109 

197Au - --- ,, --- 1Ö109 



NICA Collider parameters: 
ÁEnergy range: ãsNN = 4-11 GeV 

ÁBeams: from p to Au   

ÁLuminosity:  L~1027 (Au), 1032 (p) 

ÁDetectors: MPD; 2-nd is waiting for Proposals 15 

2-nd IP - open 

for proposals 



Collider  

Booster, 
Nuclotron  

Fixed target 

 zone 

BM@N 



 I stage: mid rapidity region (good performance)  

Ç Particle yields and spectra 

Ç Event-by-event fluctuations 

Ç Femtoscopy involving  ˊ, K, p, ȿ  

Ç Collective flows for identified hadron species 

Ç Electromagnetic probes (electrons, gammas) 

 

 II stage: extended rapidity + IT 

Ç Total particle multiplicities 

Ç Asymmetries study (better reaction plane determination) 

Ç Di-Lepton precise study (ECal expansion)   

Ç Exotics (soft photons, hypernuclei) 

MultiPurpose Detector (MPD): Observables 
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2-nd stage  

IT,EC-subdetectors, 

Forward tracking 

chamber(GEM,CPC)  

 1-st stage  

barrel part (TPC, Ecal, TOF)  

+ ZDC,FFD, BBC, magnet, é 

 

 3-d stage  

F-spectrometers 

(optional ?) 

Toroid  

3 stages of putting into operation 

MultiPurpose Detector (MPD) 



 

Magnet : 0.5 T superconductor 

 

Tracking : TPC 

 

ParticleID : TOF, ECAL, TPC 

 

T0, Triggering : FFD 

 

Centrality, Event plane :  ZDC 

                             MPD advantages: 

Ç Hermeticity, homogenous acceptance (2p in azimuth), low material budget 

Ç Good tracking performance and powerful PID (hadrons, e, g) 

Ç High event rate capability and careful event characterization 

The MPD Apparatus 

FFD 
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Not installed 

at Stage 1 

FFD 

ÁNew dimensions: 9 m x 6.6 m 

ÁLarger TPC active volume 

ÁFiner azimuthal granularity (TOF,ECAL) 



NICA Physics plan for 2017-19 (Stage 1)  

In the beginning energy-system size scan will be performed at NICA-MPD with the 

listed beam species varying the collisions energy from 4 to 11 GeV in steps of 1-2 GeV. 

Beam Luminosity  (cm -2 c - 1)  Data sample 
per 1 week 
at ãs = 4 GeV  

ãs=4 GeV ãs=11 GeV 

p 1032 1032 1.5 . 1010 

12C  4. 1028 2 . 1029 1.5 . 1010 

64Cu 6 . 1027 3.5  . 1028 5 . 109 

124Xe 8 . 1026 6 . 1027 1 . 109 

197Au  1.5 .1026 1027 3 . 108 

Measurements of hadrons (p, K, (anti)p,  (anti)hyperons, light (anti)nuclei  and dilepton 

spectra  as  a function of energy, system size, centrality, pT, rapidity and azimuthal angle. 

                                                 The strategy  
Á Localize the QCD CEP, then investigate in detail the critical region  (in finer steps) 

ÁDetailed study of the LMR dilepton enhancement in the unexplored region of the  

     highest baryon density. If an indication for dropping mass found Ą detailed look in  

     this region  

ÁStudy of the QCD mixed phase - hadroproduction and rare probes  

Disk storage for data å 10 PB/year 



Observable  Set-up  Coverage New insights  

Hadron  yields & 
ratios  

TPC, TOF  
ZDC  

| h| < 1. 5  
pT < 3 GeV/c 

Data for 5<ãs<7 GeV, critical 
assessment of  y-spectra and K/p-ratio  

Hyperons:  
yields, flow,  
Polarization  

TPC, TOF  
ZDC  

| h| < 1. 5 
pT < 3 GeV/c 

High  statistics data on yields, flow and 
polarization ãs < 7 GeV 

Dileptons  TPC, TOF 
ECAL, ZDC  

| h| < 1.1 
pT < 3 GeV/c 

New data at  ãs > 5 GeV 

Fluctuations & 

Correlations  

TPC, TOF 

ECAL, ZDC  

| h|< 1. 5 

pT < 3 GeV/c 

New data on Ev-by -Ev fluct . 

for ãs > 4 GeV   

Anti -protons  
Anti -nuclei  

TPC, TOF 
ZDC  

| h| < 1.1 
 pT < 2 GeV/c 

New  data on antinuclei , 
Flow of Pbar and antiL  

Flow (v1,2,3) 
Hadrons & nuclei  

TPC, TOF 
ZDC  

| h| < 1. 5 
pT< 3 GeV/c 

New measurements @ ãs<7GeV 

Precise vn data for f,W  

Chiral Magnetic  

&  vortical  effects 

TPC, TOF 
ZDC  

| h| < 1. 5 
pT < 3 GeV/c 

Data @ ãs < 7GeV (CME) 

Vortical  @ 4 < ãs < 11 GeV  

(Hyper)Nuclei  TPC, TOF 
ZDC  

| h| < 1. 5 
 pT< 5 GeV/c 

New data at 5 < ãs < 11 

NICA-MPD physics cases 
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Particle yields, Au+Au  @ ãsNN = 8 GeV (central collisions) 

Expectations for 10 weeks of running  at L = 1027cm-2s-1 

Particle          Yields  Decay 

mode  

BR * Effic. %  Yield/10 w  

4p y=0  

p+  293  97  ----  ---  61  2.6 . 10 11  

K+  59  20  ---  ----  50  4.3 . 10 10  

p 140  41  ---  ----  60  1.2 . 10 11  

r 31  17  e+e - 4.7 . 10 -5 35  7.3 . 10 5 

w 20  11  e+e - 7.1 . 10 -5 35  7.2 . 10 5 

j 2.6  1.2  e+e - 3 . 10 -4 35  1.7 . 10 5 

W 0.14  0.1  LK 0.68  2 2.7 . 10 6 

D0 2 . 10 -3 1.6 .10 -3 K+p -  0.038  20  2.2 . 10 4 

J/y 8 . 10 -5 6 .10 -5 e+e - 0.06  15  10 3 

(duty factor = 0.5) 

*Efficiency includes the MPD acceptance, realistic tracking and particle ID. 

Particle yields are from experimental data (NA49), statistical and HSD models. 
Efficiency from MPD simulations.  Typical  efficiency from published data (STAR) 23 



Dileptons. Prospects for NICA 
NICAôs energy range very well suited to fill an important niche (5<ãs<11 GeV): 

 Unveil the onset of the low-mass region (LMR) pair enhancement 

 Study LMR signal under highest baryon density conditions 

Yields (central Au+Au, ãs = 8.8  GeV) 

Particle          Yields  Decay 

mode  

BR Effic . %  Yield/1 w  

4p y=0  

r 31  17  e+e - 4.7 . 10 -5 35  7.3 . 10 4 

w 20  11  e+e - 7.1 . 10 -5 35  7.2 . 10 4 

j 2.6  1.2  e+e - 3 . 10 -4 35  1.7 . 10 4 

E.Bratkovskaya et al. 

MPD phase-space 



                 The MPD Collaboration consists of 195 scientists  

                  from JINR  (110) and other Institutions  (85) 

 

Participating Institutions :  JINR + 18 Institutes  
                                            from 9 countries 

 

Á The experienced  persons  from heavy-ion experiments at 

GSI, SPS, BNL (HADES, WA98, NA45, NA49, STAR,    

     PHENIX, ALICE) 
 

Á Young scientists account for about 40% of th Collaboration  
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1) Joint Institute for Nuclear Research (Dubna, Russia) 

2) Institute for Nuclear Research (Troitsk, Russia) 

3) Institute of Nuclear Physics (Moscow, Russia) 

4) Institute for Theoretical Experimental Physics (Moscow, Russia) 

5) St.Petersburg State University (St.Petersburg, Russia) 
6) Radium Institute (St.Petersburg, Russia) 

7) ñNeva-Magnetò S&E, Ltd. (St. Petersburg, Russia) 

8) Department of Engineering Physics, Tsinghua University (Beijing, China) 

9) Center of Particle Physics and Technology of the University of Science 

      and Technology of China (Hefei, China) 
10) Warsaw University of Technology (Warsaw, Poland) 

11) Institute of Physics &Technology Mongolian Academy 

      of Sciences (Ulan Bator, Mongolia) 

12) Institute for Nuclear Research & Nuclear Energy (Sofia, Bulgaria) 

13) Plovdiv University (Plovdiv, Bulgaria) 
14) National Institute of Physics and Nuclear Engineering (Bucharest, Romania) 

15) Bogolyubov Institute for Theoretical Physics (Kiev, Ukraine) 

16) Institute for Scintillation Materials (Kharkiv, Ukraine) 

17) State Enterprise Scientific & Technology Research Institute(Kharkiv, Ukraine) 

18) Particle Physics Center of Belarusian State University (Minsk, Belorussia) 
19) Physics Institute Az. AS (Baku, Azerbaijan) 

MPD Collaboration 
 http://nica.jinr.ru/MPD_CDR 



È Collaboration  GSI-JINR (preparation of the 
joint experiment has started)  

È The goal of the experiment is the systematic 

measurements of the observables for  

multistrange objects (ɂ-, ɋ-, exotics) in Au-Au 

collisions in the energy domain of the Nuclotron 

extracted beams (up to 5 A GeV) 





ies 
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ÅGSI, Darmstadt, Germany 

ÅJINR, Dubna, Russia 

ÅIHEP, Protvino, Russia 
ÅMSU, Moscow, Russia 
ÅKRI, St.Petersburg, Russia 
ÅUniversity, St.Petersburg 
ÅSE SRTIIE, Kharkov, Ukraine 

 

Å7 institutes 
Å3 countries 

ÅModules assembly  

ÅComponents  
ÅLadder  assembly  
ÅRadiation tests 
ÅIn-beam tests 

CBM @ FAIR  

(Darmstadt) 

MPD @ NICA 

(Dubna)          

 

 

 

 

BM@N 

(Dubna)          
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SPD EXPERIMENT AT NICA 

The purpose is study of the nucleon spin structure with high intensity polarized light 

nuclear beams: 

- high collision proton (deuteron) energy up to   ãs ~ 26 (13)  GeV 

- the average luminosity > ~ 1032  cm-2 s-1  

- both proton and deuteron beams can be effectively polarized.  

 

The main topics are: 

1. Studies of DY processes with longitudinaly and transversely polarized p and D beams. 

Extraction of unknown (poorly known) parton distribution functions (PDFs).   

2. PDFs  from J/Ɋ production processes. 

3.Spin effects in  baryon, meson and photon productions. 

4. Studies of spin effects in various exclusive reactions. 

5. Diffractive processes studies. 

6. Cross sections, helicity amplidudes and double spin asymmetries (Krisch effect).  

   in elastic reactions. 

7. Spectroscopy of quarkoniums.  

NICA Spin program plans: 

 First version of SPD CDR (June 2010)  at  

http://nica.jinr.ru/files/Spin_program/spd_cdr.htm 

 

Call for the Proposals  

http://nica.jinr.ru/files/Spin_program/spd_cdr.htm
http://nica.jinr.ru/files/Spin_program/spd_cdr.htm
http://nica.jinr.ru/files/Spin_program/spd_cdr.htm
http://nica.jinr.ru/files/Spin_program/spd_cdr.htm
http://nica.jinr.ru/files/Spin_program/spd_cdr.htm
http://nica.jinr.ru/files/Spin_program/spd_cdr.htm
http://nica.jinr.ru/files/Spin_program/spd_cdr.htm
http://nica.jinr.ru/files/Spin_program/spd_cdr.htm
http://nica.jinr.ru/files/Spin_program/spd_cdr.htm


NICA project timetable  
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http://theor.jinr.ru/twiki -cgi/view/NICA/WebHome 

Editorial board:  

D.  Blaschke 

E.  Bratkovskaya 

D. Kharzeev 

V.  Matveev 

A.  Sorin 

A. Stºcker 

O. Teryaev 

I.  Tserruya 

N.  Xu 



NICA White Paper ð  International Effort  

104 contributions:  

188 authors from 70 centers in 24 countries 

Statistics of White Paper Contributions 



 

È Vorticity  for uniform rotation ð proportional to 
Orbital Angular Momentum  

È Rotation ð another pseudovector ð angular velocity  

È Tests are required  

È Natural object ð hydrodynamical  helicity   

     (= v rot v )-related to chaos 

È Model calculations using DCM (M. Baznat,  

     K. Gudima , A. Sorin , O. Teryaev) 



È Gauge field -> velocity 

È CME -> CVE 

È Kharzeev, Zhitnitsky (07) ï EM current 

È Generalization: any (e.g. baryonic) 

current ï neutron asymmeries@NICA                                                                                          

O. Rogachevsky, A. Sorin, O. Teryaev 

PRC82:054910,2010  

Coupling:                              Current: 

Observable: three-particle correlator: 

CME@RHIC: 15 M events to establish the effect. 

CVE@NICA:1000 M events, which can be collected within a few 

months of the NICA run.  



            Helicity separation in Heavy-Ion Collisions  
        M. Baznat, K. Gudima, A. Sorin,O. Teryaev arXiv:1301.7003 

http://arxiv.org/abs/1301.7003


arXiv:1301.7003 

http://arxiv.org/abs/1301.7003


 
 

Round Table Discussions on NICA/MPD@JINR 

Round Table Discussion I: Searching for the mixed phase of 

strongly interacting matter at the JINR Nuclotron, July 7 - 9, 2005 

http://theor.jinr.ru/meetings/2005/roundtable/ 

Round Table Discussion II: Searching for the mixed phase of 

strongly interacting matter at the JINR Nuclotron: Nuclotron 

facility development JINR, Dubna, October 6 - 7, 2006  

http://theor.jinr.ru/meetings/2006/roundtable/ 

Round Table Discussion III: Searching for the mixed phase of 

strongly interacting QCD matter at the NICA: Physics at NICA 

JINR (Dubna), November 5 - 6, 2008, 

http://theor.jinr.ru/meetings/2008/roundtable/ 

Round Table Discussion IV: Searching for the mixed phase  
of strongly interacting QCD matter at the NICA: Physics at  
NICA (White Paper)   JINR (Dubna), September 9 -  12 , 2009  
http://theor.jinr.ru/meetings/ 200 9 /roundtable/  

Round Table Discussion V: Searching for the mixed phase of 

strongly interacting QCD matter at the NICA: Physics at NICA (White 

Paper)  JINR (Dubna), August 28, 2010 

http://theor.jinr.ru/~cpod/Dubna_2010_program2.htm 
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NICA/JINR-FAIR Bilateral Workshop 

Matter at Highest Baryon Densities in the Laboratory and in Space  

Frankfurt Institute for Advanced Studies, April 2 - 4, 2012 

http://theor.jinr.ru/~nica_fair/ 
Topics: 

 -  Phases of QCD at high baryon densities 

 -  Effects signalling phase transitions 

 -  Observables in heavy-ion collisions and in astrophysics 

 -  Simulations of ion collisions and supernovae 
 

Aims: 

 - identify discovery potential of Nuclotron-NICA and FAIR  

   in the canon of current and future HIC experiments 

 - chiral symmetry restoration 
 - onset of deconfinement 

 - in-medium modification of hadron properties 

 - color superconductivity, multiquark states, etc. 
 

Results:   
- Most promising and feasible suggestions for  

  experiments at Nuclotron-NICA and CBM/FAIR  

- Priorities for detectors and formation of  

  international collaborations 

 
* German-Russian Year of Science 2011/2012 



XX International Symposium on Spin Physics (SPIN2012) 

Dubna, September 17 ï 22, 2012 
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