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II. Strongly Intensive Measures of  Fluctuations 



9 

Konchakovski, M.I.G., et al, Phys. Rev C (2006)  



10 

M.I.G., Gazdzicki, Phys Rev. C (2011)  

Volume Fluctuations 

(1) ( )| p | ... | |N

T T TP p

N

A

B

   



1

2

,      NA

B N





,      V VA B 

Examples: 

Extensive  Quantities 

( )F V event-by-event volume distribution 

   , , ,BA BA  are independent of the average volume  

and of volume fluctuations  



11 

     , 0, 0.4 0.5    Bj j j jS Q

Q
S

B
b s q       



12 

 2 2        A BAB A B n n V V            





13 

   

 

 

1
,     [ ]   [ ] 

1
,    [  [ ]  +  [ ]

                2    ]

A B B B

B B

A A

A A A

A A

C

B

B

B

C
 

 





      

     

       

These  combinations of second moments  

are independent  of      and    V V 

2 2,  ,  <B BA A    

,   <   C C V      



14 

Gazdzicki, M.I.G., Mackowiak-Pawlowska, Phys. Rev. C (2013)  

                                                                                             

  

For the Independent Particle Model: 

IB-GCE ; Mixed Event Model   
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NA61/SHINE data in  p+p reactions  
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III. Fluctuations  with Incomplete Particle  Identifications 
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Complete identification:

( ) do not overlapj m
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The system of   k+k(k-1)/2  linear equations 
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 Experimental results for fluctuations with the identity method: 
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IV. Van der Waals Equation of State in the GCE    

      and  Fluctuations in a Vicinity of the Critical Point  
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Nuclear Matter: VDW EoS,

Fermi Statistics, 938 MeV, 329 MeVfm ,  0.59 fmm a r  

Normal Nuclear Matter 
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Skewness 



28 

2

Kurtosis 



29 

Summary 

1. Global Conservation Laws  

      suppress  particle number fluctuations  and introduce  interparticle   

        correlations. This is valid also in the thermodynamic limit              . 

 

2. Strongly Intensive Measures              and 

      are independent of the average size of the system  and of  

        the fluctuations of the size (e.g.,  GCE, Model of Independent Sources). 

 

3.   Identity Method  
        provides the values of all the second and higher moments of  

        identified particle number distributions in a model  independent  way  

        for the case of  incomplete particle identifications. 

 

4.  Van der Waals Equation of State and  Fluctuations  

      provides an analytical  example of the fluctuations in  systems  

        with 1st order liquid-gas phase transition and critical point.  
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Thank you! 
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Comparison with the NA49 data 

       Pb+Pb 1% most central events  

Begun, Gazdzicki, M.I.G., Hauer, Konchakovski, Lungwitz, Phys. Rev. C (2007)  



Begun, Gazdzicki, M.I.G., Hauer, Konchakovski, Lungwitz, Phys. Rev. C (2006) 

 

Measured distribution  

   / Poisson distribution 

20A GeV   30A GeV   40A GeV    80A GeV   158A GeV 

NA49,  Pb+Pb,  < 1% of most central events 
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Relation to Other Measures 

Gazdzicki,  

Mrowczynski (1992) 

 Pruneau, Gavin, Voloshin (2002) 

[ , ] [ [ , ] 1]dyn
A B

A B A B
A B


  

  
  



28.07.2015 Mark Gorenstein 41 

 , 1TP N 

NA61/SHINE data in  p+p reactions  
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