
Non-Extensive Statistics Effects in Transverse Momentum 
Spectra of Charged Particles in High-Energy Collisions 

A. Parvan 

Bogoliubov Laboratory of  Theoretical Physics, JINR, Dubna, Russia  

Department of  Theoretical Physics, IFIN-HH, Bucharest, Romania 

Institute of  Applied Physics, MAS, Chisinau, R.Moldova 

 

 

 

17 September 2014 A.Parvan, XXII Baldin ISHEPP, JINR, Dubna 1 



17 September 2014 A.Parvan, XXII Baldin ISHEPP, JINR, Dubna 2 

Quantum statistics of particles in high-energy collisions 

Equilibrium emission  
of particles 
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The usual Boltzmann-Gibbs statistics The  Tsallis-like (Cleymans) statistics 

statisticsEinstein -Bosefor   1  ,statisticsBoltzmann -Maxwellfor   0  ,statistics Dirac-Fermifor   1  

• The transverse momentum  
  distributions for bosons at  
RHIC  violate the Bose-Einstein 
statistics 
•  The transverse momentum  
  distributions for fermions at 
RHIC are surprisingly in a good 
agreement  with Fermi-Dirac 
statistics  



Tsallis statistical mechanics 
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Tsallis statistics Boltzmann-Gibbs statistics 
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Grand Canonical Ensemble (T,V,z,) 

Canonical Ensemble (T,V,z,N) 
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C. Tsallis, J. Stat. Phys. 52 (1988) 479 
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Tsallis distributions:  Grand canonical ensemble (T,V,z,) 
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Tsallis statistics Boltzmann-Gibbs statistics 
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Exact results: Exact results: 
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Factorization approximation: 
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Tsallis distributions:  Canonical ensemble (T,V,z,N) 
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Tsallis statistics Boltzmann-Gibbs statistics 
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Exact results: Exact results: 
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Factorization approximation: 
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Ultra-relativistic Maxwell-Boltzmann distribution: Canonical ensemble (T,V,z,N) 
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Tsallis statistics Boltzmann-Gibbs statistics 
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Exact results: 



Homogeneity properties of Tsallis statistics (extensivity).  Statistical ensembles 
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Thermodynamic potential:  

Changes in thermodynamic potential:  

First-order differential: Second-order differential:  

Observables  

(First order derivatives)  

Observables  

(Second order derivatives) 
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Equilibrium Thermodynamics! 

Class of homogeneous functions  



Homogeneity properties of Tsallis statistics (extensivity). Non-relativistic Maxwell-
Boltzmann ideal gas:  Microcanonical ensemble 
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Tsallis statistics Boltzmann-Gibbs statistics 
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Non-relativistic Tsallis statistics is extensive! 

A.S.P.,  Phys.Lett. A350 (2006) 331  



Homogeneity properties of Tsallis statistics (extensivity). Non-relativistic Maxwell-
Boltzmann ideal gas: Canonical ensemble 
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Tsallis statistics Boltzmann-Gibbs statistics 
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Non-relativistic Tsallis statistics is extensive! 

A.S.P.,  Phys.Lett. A360 (2006) 26 



Tsallis-like Statistics 
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(In collaboration with  J. Cleymans,  G.I. Lykasov,  A.S. Sorin,  O.V. Teryaev  and D. Worku) 



Tsallis-like statistics of grand canonical ensemble  
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Tsallis-like statistics Boltzmann-Gibbs statistics 
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ALICE Transverse Momentum Spectra 
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Tsallis-like statistics fit (Maxwell-Boltzmann statistics, 0) 

The difference between Tsallis statistics and Tsallis-like one:   
    In  the Tsallis statistics the power law form is initially defined  for many-body distribution function 
    But in the Tsallis-like statistics the power law form is initially defined for one-particle distribution function.   

Loose of correlations!  



CMS Transverse Momentum Spectra 
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Tsallis-like statistics fit (Maxwell-Boltzmann statistics , 0) 



ALICE and CMS parameters 
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Tsallis-like statistics fit (Maxwell-Boltzmann statistics , 0) 



Charged-hadron yield at different energies: ATLAS and UA1 
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Tsallis-like statistics fit (Maxwell-Boltzmann statistics , 0) 

It has been assumed that all particles are massless charged pions  
under Maxwell-Boltzmann statistics at y=0 

J. Cleymans, G.I. Lykasov,  A.P., A.S. Sorin, O.V. Teryaev, D. Worku,    
Phys. Lett.B 723 (2013) 351 



ATLAS charged-hadron yield for   
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It has been assumed that all particles are massless charged pions  
under Maxwell-Boltzmann statistics at y=0 

Tsallis-like statistics fit (Maxwell-Boltzmann statistics , 0) 

GeVpT 1.0



Charged-hadron yield parameters 
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Tsallis-like statistics fit (Maxwell-Boltzmann statistics , 0) 

J. Cleymans, G.I. Lykasov,  A.P., A.S. Sorin, O.V. Teryaev, D. Worku,    
Phys. Lett.B 723 (2013) 351 



In conclusion,  
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1) The transverse momentum distributions of hadrons in pp collisions at LHC energies  
        are well described by the Tsallis-like distribution functions of Maxwell-Boltzman 

statistics 
 

2)    It was proved that the non-relativistic Tsallis statistics in the canonical and         
microcanonical ensembles is extensive.  
 

3)    The Tsallis-like temperature and volumes for charged hadron yields are consistent with  
        being independent of beam energy within experimental uncertainties.   
 
4)    The exact Tsallis statistics have not been applied to describe the experimental transverse 

momentum spectra yet.   It needs  very complicated numerical calculations.  
 



Thank you for attention   
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