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Motivation and History

The aim is to study some aspects of non-Abelian
symmetries in the statistical models

Isospin conservation was first considered in the 
paper of Bethe – 1936

An effective theoretical formalism for non-Abelian
symmetries – Redlich and Turko – 1980, 2001

It was found in 2004 (V.B., Gazdzicki, Gorenstein, 
Becattini, Ferroni…) that exact conservation of 
Abelian (additive) charges suppres multiplicity 
fluctuations even in thermodynamic limit

Bose – Einstein condensation of pions (V.B., 
Gorenstein) Phys. Lett. B 2007
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Partition functions for                
gas in GCE and CE with Q=0

where z is the 
one-particle 
partition function
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CE with Q=0

V.B., Gaździcki, Gorenstein, 
Zozulya, PRC 2004
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The partition function of pion gas
with total isospin I=0

Pions are transformed under vector 
(adjoint) representation of the SU(2)
group. This group has three para-
meters which can be chosen as 
Euler angles. In this case the dia-
gonal matrix elements and the partition function have the following form

Turko and Rafelski, Eur. Phys. J. 2001; Turko, Acta Phys. Polon. 2002
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The partition function of pion gas
with total isospin I=0

The change of variables and integration gives:

The final expressions for the partition 
functions correspond to                  . 
Taking the derivatives of Z over T
and V one obtains the thermody-
namical functions of the system.
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The moments of total pion number 
distribution

The derivatives over                 give the moments:
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The ratio RN and the scaled 
variance for total pion number 
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Mean values, Fluctuations and 
Correlations of                      mesons



Viktor Begun 10/14

The ratios and Fluctuations of
mesons
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Correlation coefficient:

has the value

In the GCE all correlation coeffients
are equal to zero

In the CE

Correlations of                      mesons
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Pais, Annals Phys. 1960

The degeneracy factors
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Bose Statistics

In the thermodynamic limit
for Boltzmann statistics:

and for Bose statistics:
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Summary:

1. The suppression effects due to isospin conservation 
are the same for average number of pions.

2. For neutral pions there is the enhancement of the 
fluctuations. For charged pions the isospin conser-
vation suppresses fluctuations similar to that in the 
CE with Q=0.

3. The positive correlations between the numbers of 
neutral and positive (negative) pions are observed 
for I=0.

4. The colorless system of SU(2)-color gluons corres-
ponds to the I=0 pion gas. We thus conclude that  
fluctuations of the number of gluons with different 
colors are different. This difference survives in the 
thermodynamic limit.
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