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QCD Phase diagramQCD Phase diagram
N. Cabibbo and G. Parisi,
 Phys. Lett. B59 (1975) 67-69

STAR BES program
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NICA – MPD - BM@N Fukushima, Hatsuda
Rep. Prog. Phys. 74 (2011) 014001 arXiv:1502.0273/nucl-ex
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Hagedorn temperatureHagedorn temperature

 Experimental data:

     1411 states known in 1967;
      4627 states of mid ’90s.
 

J. CLEYMANS and D. WORKU
Modern Physics Letters A
Vol. 26, No. 16 (2011) 1197–1209
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Accelerators for Relativistic  Nuclear PhysicsAccelerators for Relativistic  Nuclear Physics
Accelerator Place Ion  periods Energy Projectiles

Synchro-
    Phasatron

JINR
Dubna

1971 - 1985 3.6 AGeV d, He, C

Bevalac
LBNL

Berkeley 1972 - 1984 <  2AGeV
C,Ca,Nb,
Ni,Au,...

AGS BNL,
Brookhaven

1986 - 1994 14,5/11,5 AGeV Si, Au

SPS CERN, Geneva 1986 - 2002 200/158 AGeV O,S,In,Pb

SIS 18 GSI,Darmstadt 1992 - today 2 AGeV Kr,Au

Nuclotron JINR
Dubna 1993 - today < 4.5  AGeV p, d, He,C,Li, 

Mg, Kr

RHIC
BNL,

Brookhaven 2000 - today √S
NN

 = 200 GeV Cu, Au

LHC CERN, Geneva 2010 √S
NN

 = 5.5 TeV Pb

NICA
JINR

Dubna 2019 √S
NN

 = 4 -11 GeV p - Au

SIS 100 GSI,Darmstadt 2025 2 – 11 AGeV Au
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Relativistic nuclear physics in JINR LHERelativistic nuclear physics in JINR LHE

From report of Burov V.V.
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Fixed Target Experiments at Relativistic EnergiesFixed Target Experiments at Relativistic Energies

Beam energies: 100A MeV  2A GeV

Pioneering experiments
   Synchrophasotron – Dubna (1971 – 1985) DISK, 2-m B.C.
   BEVALAC: Plastic Ball and Streamer Chamber (1972 - 1986)

2-nd generation experiments
   SIS-100 GSI:    FOPI, KAOS (finished),
                             HADES (1990 – today)
   BEVALAC:     EOS-TPC, DLS (1990 – 1992)

Physics:
 Collective effects ═> Discovery and investigation of flow effects
 Equation of state (EOS) ═> Study of compressibility of dense 
nuclear matter
 In-medium modifications ═> Kaons, low mass di-leptons

Basic result:
 Nuclear matter can be compressed and high energy densities 
can be achieved
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Alternating Gradient SynchrotronAlternating Gradient Synchrotron

BNL-AGS (1986 – 2002)

(1986 – 1991):
 16O & 28Si, Elab

max = 14.5 A GeV

1991: AGS Booster, to have more 
intense proton beams and heavy ions 
at the AGS

(1992 – 1994): "heavy" Au ions  
197Au, Elab

max = 11.5A GeV
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Heavy Ion Experiments at the AGSHeavy Ion Experiments at the AGS

5 large experiments:   E802/866/917, E810, E814/877, E864,E895.
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E895/910 experimentE895/910 experiment
• EOS TPC; developed for Bevalac experiment
• Spectra (π±, p, K±), particle correlation, HBT
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CERN accelerator complexCERN accelerator complex
CERN-SPS (1986 – 2004):   √s = 17 GeV, Pb + Pb collisions
7 large experiments: WA80/98, NA35/49/61, NA38/50/60,     
                            NA44, NA45/CERES, WA97/NA57, NA52.
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Heavy Ion Experiments at the SPSHeavy Ion Experiments at the SPS
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Onset of deconfinement (NA49/61)Onset of deconfinement (NA49/61)
Gazdzicki M. Gorenstein M.
Acta. Phys. Pol., B30: 2705 1999

Statistical Model of the Early Stage
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NA49 scanNA49 scan

The scaled variance of 
the multiplicity 
distribution of negatively 
charged hadrons in the 
projectile hemi-sphere

arXiv:nucl-ex/0612007

Horn
vanishing
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RHICRHIC
BNL-RHIC (from 2000):
 √s = 200 GeV, Au + Au collisions
4 large experiments: BRAHMS, PHENIX, PHOBOS, STAR.



15/35

Heavy Ion Experiments at RHICHeavy Ion Experiments at RHIC
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The Quark-Gluon-Plasma is Found at RHICThe Quark-Gluon-Plasma is Found at RHIC

The early measurements have revealed compelling 
evidence for the existence of a new form of nuclear 
matter at extremely high density and temperature – 
a medium in which the predictions of QCD can be 
tested, and new phenomena explored, under 
conditions where the relevant degrees of freedom, 
over nuclear volumes, are expected to be those of 
quarks and gluons, rather than of hadrons. This is 
the realm of the quark gluon plasma, the predicted 
state of matter whose existence and properties are 
now being explored by the RHIC experiments.
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STAR BES program (2005)STAR BES program (2005)
BES-Short-v8.3_0  

Experimental Study of the QCD Phase Diagram and 
Search for the Critical Point: 

Selected Arguments for the Run 10 Beam Energy Scan ‐
at RHIC 

 
The STAR Collaboration (B. I. Abelev et al.) 

 
Introduction & Summary 
 
We present an overview of the main ideas that have emerged from 
discussions within STAR for the Beam Energy Scan (BES). The 
formulation of this concise and abridged document is facilitated by 
the existence of a much longer  and more comprehensive companion 
document entitled Experimental Exploration of the QCD Phase 
Diagram: Search for the Critical Point [1].: 

A. A search for turn off of new phenomena already established at higher RHIC energies; QGP ‐
signatures are the most obvious example, but we define this category more broadly. If our current 
understanding of RHIC physics and these signatures is correct, a turn off must be observed in ‐
several signatures, and such corroboration is an essential part of the 
“unfinished business” of QGP discovery [2]. 
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STAR BES QGP signaturesSTAR BES QGP signatures
The particular observables that STAR has identified as the essential drivers of our run plan 
are:
  
  (A 1) Constituent quark number scaling of v‐ ‐ ‐

2
 , indicating partonic degrees of freedom;  

  (A 2) Hadron suppression in central collisions as characterized by the ratio R‐
CP

 ; 
  (A 3) Untriggered pair correlations in the space of pair separation in azimuth and pseudorapidity,     ‐
            which elucidate the ridge phenomenon;  
  (A 4) Local parity violation in strong interactions, an emerging and important RHIC discovery in its ‐
           own right, is generally believed to require deconfinement, and thus also is expected to turn off  ‐
           at lower energies.  
 
 A search for signatures of a phase transition and a critical point. The particular observables 
that we have identified as the essential drivers of our run plan are:
  
     (B 1) Elliptic & directed flow for charged particles and for identified protons and pions, which         ‐
               have been identified by many theorists as highly promising indicators of a “softest point” in   
               the nuclear  equation  of  state; 
     (B 2) Azimuthally sensitive femtoscopy, which adds to the standard HBT observables by allowing   ‐ ‐
              the tilt angle of the ellipsoid like particle source in coordinate space to be measured; these      ‐
              measurements hold promise for identifying a softest point, and complements the momentum  ‐
              space information revealed by flow measurements, and 
     (B 3) Fluctuation measures, indicated by large jumps in the baryon, charge and strangeness           ‐
              susceptibilities, as a function of system temperature – the most obvious expected                     
              manifestation of critical phenomena.
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STAR BES I resultsSTAR BES I results

Ridge effect

Phys. Rev. C88, (2013), 014902
Number of constituent quarks scaling

Chiral Magnetic Effect

Stephen Horvat     Quark Matter 2015

High PT suppression
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PRL 112 (2014) 162301

R. Lacey, PRL 114, 142301 (2015)

STAR, PRL 112, 032302 (2014)

STAR BES I resultsSTAR BES I results
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Selected observables that show interesting non-monotonic behavior as 
functions of collision energy around √sNN = 15−40 GeV.
 Top panel: The difference R 2

out -  R
2
side  − between the squared radii in the 

outward and sidewards directions measured via two-pioninterferometry vs. 
√sNN using STAR, PHENIX, and ALICE data. 
R 2

out -  R
2
side − reflects the lifetime of the collision fireball and was predicted  

to reach a maximum for collisions in which a hydrodynamic fluid forms at 
temperatures where the equation of state is softest.

 Middle panel: The rapidity-slope of the net proton directed flow v1 , dv1 /dy. 
This quantity is sensitive to early pressure gradients in the medium.

 Bottom panel: The kurtosis of the event-by-event distribution of the net 
proton (i.e. proton minus antiproton) number per unit of rapidity, 
normalized such that Poisson fluctuations give a value of 1. In central 
collisions, published results in a limited kinematic range [347] show a drop 
below the Poisson baseline
around √
sN N =27 and 19.6 GeV. New preliminary data over a larger pT range [348], 
although at
present still with substantial error bars, hint that the normalized kurtosis 
may, in fact, rise above
1 at lower √
sN N , as expected from critical fluctuations [349]. The grey band shows the 
much
reduced uncertainties anticipated from BES-II in 2018-2019, for the 0-5% 
most central collisions.

arXiv:1502.02730 [nucl-ex]

https://arxiv.org/abs/1502.02730


QCD Phase diagram QCD Phase diagram (experiment)(experiment)

The dependence  of T ch on μB , fitted 
with the Grand Canonical approach in
THERMUS Model

Journal of Physics: Conference Series
 455 (2013) 012037

Grazyna 
Odyniec
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SN0598 : Studying the Phase Diagram of   SN0598 : Studying the Phase Diagram of   
                      QCD Matter at RHIC                      QCD Matter at RHIC



24/35

STAR BES II programSTAR BES II program
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The timeline for future RHIC and LHC heavy ion running
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Fixed Target Program with STARFixed Target Program with STAR

26

Au+Au FXT at 3.9GeV
• Extend energy reach to 

overlap/complementary AGS/FAIR/JPARC
• Real collisions taken in run 14 and results 

(K. Meehan @ QM15 & WWND16) 
• Upgrades (iTPC+eTOF+EPD) crucial
• Unprecedented coverage and PID

for Critical Point search in BES-II
• Spectra, flow, fluctuations and correlations
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Nu Xu  report BEST 2016
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Nu Xu
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CP — critical point 
OD  —  onset of deconfinement,
            mixed phase,1st order phase     
             transition 
HDM  —  hadrons in  dense matter 
PDM  —  properties of  deconfined       
                matter

Resent & future experiments for HICResent & future experiments for HIC
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NNuclotron based uclotron based IIon on CCollider follider fAAcilitycility
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BM@N experiment at NICABM@N experiment at NICA
AuAu Ebeam = 4 GeV
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MPD experiment at NICAMPD experiment at NICA

AuAu √s = 11 GeV
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CBM experiment at FAIRCBM experiment at FAIR
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CBM & NICA PhysicsCBM & NICA Physics
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Thank you forThank you for
 attention attention


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35

