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charges and the QCD phase transition



 

QCD phase boundary, its 
O(4) scaling & relation to 
freezeout in HIC



 

Moments and probablility 
distributions  of conserved 
charges as probes for 
proximity to criticality



 

STAR data & expectiations
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Particle yields and their ratio, as well as LGT results are  
well described by the Hadron Resonance Gas Partition 
Function . 

A. Andronic et al., Nucl.Phys.A837:65-86,2010. 

S. Ejiri, F. Karsch & K.R. 
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O(4) universality 



O(4) scaling and critical behavior  



 
Near      critical properties obtained  from the 
singular part  of the free energy density 
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Resulting in the  well known  scaling behavior of  
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Phase transition encoded in the “equation of state”

sF
h

 
  


 

1/ 1/( ) ,hh F z z th    
'| | ( | | )st F h t   

 

1/

( ) , 0, 0
{

, 0, 0
t tB

ht
h

Bh






  
 

 

coexistence line 

pseudo-critical point 

reg SF F F 
with



2+1 Flavor QCD with physical quark masses is 
sensitive to O(4) chiral dynamics expected in gauge 

theory with only two u and d quarks



 
Change of the order chiral
order parameter follows 
magnetic equation of state 
with scaling function of 
the O(2)/O(4) universality 
class  

LGT
F. Karsch et al..
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Présentateur
Commentaires de présentation
The phase diagramm in the mean field approximation and in FRG approach also reflects tha fact of smearing of the transition because of mesonic fluctuations. The blue regions here correspond to the approximate location of the chiral phase transition, that end at critical end point. They are defined by 5% deviation of the temperature derivative of thee chiral condensate its maximal value. Here the dashed lines correspond to the isentropes for several values. These figures demonstrate that the critical temperature in FRG caclulations is located at higher temperatures than the one for mean-field approximations.  Next it is easy to see that the smearing of the transition affect the isentropes as well, they become smoother. By this solid lines I show the lines along which I will demonstrate the thermodynamyc results. I would like to stress that the last line here in FRG is much closer to CEP, than the corresponded one in  mf approximation  



O(4) scaling of net-baryon number 
fluctuations   



 
The fluctuations are quantified by susceptibilities



 
Resulting in singular structures in n-th order moments  
which appear   for                                  and for 

since                   in O(4) univ. class   



 
From free energy and scaling function one gets
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LGT and phenomenological HRG model  
C. Allton et al., 



 

Smooth change of        and  peak        
in     at        expected from  O(4) 
universality argument and HRG
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For                fluctuations as   
expected in the Hadron 
Resonance Gas 

cT T



Kurtosis as an excellent  probe of   deconfinement



 

HRG factorization of pressure:

consequently:                 in HRG


 

In QGP,


 

Kurtosis=Ratio of cumulants 

excellent probe of deconfinement       
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F. Karsch, Ch. Schmidt 

The               measures  the quark
content of particles carrying 
baryon number 

4,2
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Effective chiral model and is non-perturbative  
thermodynamics: Renormalisation Group Approach  



 
coupling with meson fileds               PQM chiral model



 
FRG thermodynamics :



 
Nambu-Jona-Lasinio model            PNJL chiral model    
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the  SU(2)xSU(2)         invariant quark interactions described 
through:

K. Fukushima; C. Ratti & W. Weise; B. Friman , C. Sasaki ., ….

B.-J. Schaefer, J.M. Pawlowski & J. Wambach; B. Friman, V.  Skokov, ...

int ( , )V q q 

*( , )U L L  the           invariant Polyakov loop  potential (3)Z

B. Friman, V.  Skokov,  B. Stokic & K.R.   

 



Kurtosis of net quark number density in PQM model
V. Skokov, B. Friman &K.R.



 
For 
the assymptotic value  
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due to „confinement” properties  



 
Smooth change with a 
rather weak dependen- 
ce on the pion mass
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Deviations  of the ratios of odd and even  order cumulants   from 
their asymptotic, low T-value,                                     are increasing 
with                 and the cumulant order  
Properties essential in  HIC to discriminate the phase change  by 
measuring  baryon number fluctuations !      
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Ratio of cumulants at finite density  

HRG HRG



Deviations  of the ratios from their asymptotic, low T-value,                     
are increasing with  the order of the  cumulant  
Properties essential in  HIC to discriminate the phase change  by 
measuring  baryon number fluctuations !      

Ratio of higher order cumulants



C. Schmidt, HotQCD



Deviations  of the ratios from their asymptotic, low T-value,                     
are increasing with  the order of the  cumulant order  and with 
increasing chemical potential  
Properties essential in  HIC to discriminate the phase change  by 
measuring  baryon number fluctuations !      

Ratio of higher order cumulants at finite density



Fluctuations of 6th and 8th order moments exhibit strong 
variations from HRG results: 
Their negative values  near chiral transition  to be seen in 
heavy ion collisions at LHC , RHIC & CBM

14

The range of negative fluctuations near chiral cross-over: PNJL model results with 
quantum fluctuations being included : These properties are due to O(4) scaling ,
thus should  be also there in QCD.  

Range of deviations from HRG 



Coparison of the Hadron Resonance Gas Model 
with  STAR data



 

Frithjof Karsch & K.R.



 

RHIC data follow  
generic properties 
expected within 
HRG model for   
different  ratios of 
the first four 
moments  of baryon 
number fluctuations 
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Moments obtained from probability 
distributions



 
Moments obtained form probability 
distribution 



 
Probability quantified by all  moments
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Moments generating  function:



The probability distribution for net baryon number N
is governed in HRG by the  Skellam distribution 

( )P N 

The probability distribution for net baryon number N
is entirely given in term of (mesurable) mean number 
of baryons  b  and anti-baryons  b

P(N) in the Hadron Resonance Gas



NNs Centrality dependence at            39 and 200 GeV
Preliminary STAR data Published STAR data-efficiency uncorected

Data described by Skellam distribution HRG shows broader distribution 



Data versus UrQMD



 

UrQMD provides 
much  narrower 
probability 
distribution of the 
net proton number  





Conclusions: 

 

Higher order moments 
and probabilty 
distributions are excelent 
probes of criticality in HIC 



 

The 6th and 8th order 
moments cen be negative 
already at the LHC



 

Deviation of P(N) sets in 
at                     and 
increses  with centrality:
remnant of O(4) criticality
This might indicate that 
critical line decouples 
from freezeout line near 
this energy:?
The above need to be verified  
with efficiency corrected data !

39s GeV
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