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Outline

• Experimental facilities – current status

• Onsets
• deconfiment

• fireball

• Search for critical points

• Probe of the EOS

• Other topics

• Hardware developments and experimental measurements plans



Phase diagram



Scan of the phase diagram world status
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Scan of the phase diagram world status



Scan programs
data taking campaigns



BES I @ RHIC

Au+Au



NA61/SHINE @  CERN SPS



Onset of the deconfiment
(phase transition)



NA61/SHINE – horn



NA61/SHINE – step



Flow @ STAR indication that hadronic interaction become dominant at 

lower beam energies



Flow @ STAR indication that hadronic interaction become dominant at 

lower beam energies



Flow @ STAR 
net-proton and net-L show double sign change in mid-

rapidity dv1/dy, as predicted for

the possible 1st order phase transition, indication of a 

softening of EOS around 11.5-19.6 GeV



Flow @ NA61/SHINE
The first NA61 results on anisotropic flow in Pb+Pb at 

30A GeV/c were obtained. Protons dv1/dy change sign 

for centrality of about 50% → another tool to study the

properties of the onset of deconfinement



BES @ RHIC indication that hadronic interaction become dominant at 

lower beam energies



Flow @ HADES



Onset of the fireball
(transition to equilibrium)



NA61/SHINE – two onsets in nucleus-nucleus
collisions

Onset of deconfinement

beginning of QGP formation

Onset of fireball 

beginning of formation of a large 

cluster which decays statistically



Search for critical point



Fluctuations Non-monotonic energy dependence of the 4th order net-

proton correlation function suggestive signs of critical

fluctuations



Fluctuations



Fluctuations



Intermittency Indication of intermittency effect in middle-central 

Ar+Sc at 150A GeV/c was shown→ first possible 

evidence of CP signal in NA61/SHINE



Fluctuations @ LHC
The measured second order cumulants of net-protons at 
ALICE are, after accounting for baryon number conservation, 
in agreement with the corresponding second cumulants of the 
Skellam distribution.



Probing of the EOS



EOS – higher Vn harmonics n>2



From gravitational waves to EOS



Other topics



Off-diagonal cumulants





Space time evolution of the particle production 
process



Space time evolution of the particle production 
process





Space time evolution of the particle production 
process

+/- ratio and spectator-induced 

electromagnetic effects



PID for V0



Background estimation



Hardware developments and 
experimental measurements 
plans



STAR Detector Upgrades



STAR Fixed Target & BES II



NA61/SHINE Upgrades



BM@N @ NUCLOTRON



BM@N @ NUCLOTRON

Algorithms for event reconstruction and analysis are 

being developed, signals of Λ hyperon decays are 

reconstructed 



NICA



NICA
NICA complex with two experiments BM@N and MPD 

has a potential for competitive research in the field of 

baryon rich matter 



FAIR



HIAF



J-PARC-HI



Summary

• System size and energy scans 

• Onset of the deconfiment - observation of the changes in many 
observables

• Onset of the fireball

• Search for critical point

• New techniques for EOS constrain

• New facilities running at the end of the first quarter of the twenty-
first century

• Look for better quality data



Thank you
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