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Physics motivation

Statistical model:
- for µB << mN the thermal degrees 

of  freedom dominated by mesons
- for higher  µB more baryons are 

excited

µH =350 -400 MeV, 
TH = 150-160 MeV

Chiral transition:
µB >  µE - first order  
µB <  µE - crossover
realistic u,d,s masses 

Quark-Hadron continuity:

Liquid-gas phase transition:
µNM  @ 924 MeV
n0  = 0.17 fm-3

Their meeting point
Triple point

H – remnant for finite NcT

Large Nc  limit of QCD
- quarks loops are suppressed by 1/Nc

relative to gluon contribution
Þ cold dense matter in the Nc=¥ world for

µB >> mN – quarkyonic matter

- large Nc QCD phase diagram:         
- three regions, i.e.:

- confined
- deconfined
- quarkionic phase

- separated by  
1st  order phase transition

Superconducting
quark matter

Superfluid 
nuclear matter Þ

3K. Fukushima and T. Hatsuda, Rept.Prog.Phys.74(2011)014001 
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~Local parton-hadron duality picture
and dimensionality argument  
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decreases as a function of 
collision energy and centrality 5

n = no. of charged hadrons produced 
from a gluon fragmentation
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Geometrical scaling
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Scaling variable: Ö[(dN/dy)/ S^]

core = the participants that undergo 
more than a single collision

S^ estimates
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dN/dy estimates
Scaling variable: Ö[(dN/dy)/ S^]
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<pT> vs. Ö[(dN/dy)/ S^]
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The slope of <pT>=f(mass) vs. Ö[(dN/dy)/ S^]



Boltzmann-Gibbs 
Blast Wave

13

<βT> from BGBW fits vs. Ö[(dN/dy)/ S^]
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Xe+Xe vs. Pb+Pb @ LHC and Cu+Cu vs. Au-Au @ 
RHIC

Latest Results



|η| < 2.4

A

A

p

p

Phys.Lett. B708249(2014) J. Phys. G Nucl. Part. Phys. 38(2011)124051

ALICE
CMS          
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Long range near side correlations

Transverse flow – BGBW fits

Strangeness relative yields
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p+p vs. Pb+Pb @ LHC
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p+p vs. Pb+Pb @ LHC
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p+p 7 TeV & 13 TeV vs. Pb+Pb
& Xe+Xe @ LHC 

p+p 13 TeV @ LHC



• A very good scaling of different observables as a function of a scaling parameter suggested 
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• A very good scaling of different observables as a function of a scaling parameter suggested 
by the CGC model is found for Cu-Cu, Au-Au Xe-Xe and Pb-Pb for a wide range of 
energies: from 7.7 GeV up to 5.44 TeV

• The scaling is also evidenced for p+p and Pb+Pb at the measured LHC energies

The global trends at the LHC depend on the properties of the flux 
tubes of ~ 1/[(dN/dy)/Sperp]1/2 size

System size is playing a minor role at LHC energies

• This study will be extended to pp collisions measured at LHC at 13 TeV - preliminary 
results already obtained

• The strange and multistrange hadrons seems to behave different in A-A relative to pp 
collisions - detailed analysis and interpretation is in progress

Conclusions

Perspectives



Thank you!


