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Analysis of particle pT-spectra in 
model-generated HICs using 

Tsallis statistics 
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Motivation  

Search for equilibrium







BOLTZMANN-GIBBS VS TSALLIS STATISTICS

Boltzmann-Gibbs

Tsallis

if  q=1  then BG 
statistics is restored 

J. Cleymans et al., PLB 723 (2013) 351



EXAMPLE: PROTON-PROTON 
COLLISIONS

CMS Collab., JHEP 08 (2011) 086
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Models: UrQMD, 
SMASH  

HICs at intermediate 
energies



INITIAL PARTICLE PRODUCTION IN 
URQMD

S. Bass et al., Prog.Part.Nucl.Phys. 41 (1998) 255
M. Bleicher, E.Z., et al., J.Phys.G 25 (1999) 1859



D. Oliinichenko, 2020



EVOLUTION OF TEMPERATURE T AND 
ENERGY DENSITY 𝜀

There is no global equilibrium in the whole volume of the fireball.
We opted for the central cell with volume 𝑉 = 5×5×5 = 125 𝑓𝑚3 



EVOLUTION OF BARYON CHEMICAL POTENTIAL 𝝁𝑩
AND NET-BARYON DENSITY 𝝆𝑩

Net-baryon density is non-uniformly distributed within the whole volume,
therefore baryon chemical potential is also different in different areas  



EVOLUTION OF STRANGENESS CHEMICAL POTENTIAL
𝝁𝑺

AND NET-STRANGENESS DENSITY 𝝆𝑺

Net-strangeness density is also non-uniformly distributed within the whole volume.
Net-strangeness chemical potential is different in different areas  
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Central cell and 

Box with periodic 
boundary conditions





THERMAL AND CHEMICAL EQUILIBRIUM

Boltzmann fit to the energy spectra Particle yields

Thermal and chemical equilibrium seems to be reached
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BOX: PARTICLE ABUNDANCES

M.Belkacem et al., PRC 58, 1727 (1998)

Saturation of yields after a certain time. Strange hadrons are
saturated longer compared to other hadrons

L.Bravina et al., PRC 62, 064906 (2000)
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Results for central

Au+Au collisions 



TSALLIS FIT VS BOLTZMANN FIT

Pions,  Au+Au central collisions at 𝒔 = 𝟒 GeV and 7.7 GeV

Deviations from BG distribution for cell and box spectra
in both models

CELL  (UrQMD) BOX  (SMASH)



TSALLIS FIT VS BOLTZMANN FIT

Au+Au central collisions at 𝒔 = 𝟒 GeV (UrQMD)

Tsallis distribution better matches the particle spectra both for 
the matter in the cell and for the infinite nuclear matter

CELL BOX



TIME EVOLUTION OF Q IN THE CELL

Au+Au central collisions at 𝒔 = 𝟒 GeV and 7.7 GeV
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TIME EVOLUTION OF Q IN THE BOX

Au+Au central collisions at 𝒔 = 𝟒 GeV and 7.7 GeV
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Q IN THE CELL VS Q IN THE BOX

Au+Au central collisions at 𝒔 = 𝟒 GeV (UrQMD)

The matter in the cell is close to (albeit not in) equilibrium



Q IN THE CELL VS Q IN THE BOX

Au+Au central collisions at 𝒔 = 𝟒 GeV (SMASH)

Fair agreement between the cell and the box results



Q IN THE CELL VS Q IN THE BOX

Au+Au central collisions at 𝒔 = 𝟕. 𝟕 GeV (SMASH)

… but for higher energy the agreement is not so good



Q IN THE CELL VS Q IN THE BOX

Au+Au central collisions at 𝒔 = 𝟕. 𝟕 GeV (UrQMD)

Cell results are not close to the box ones anymore



T IN THE CELL VS T IN THE BOX

Au+Au central collisions at 𝒔 = 𝟒 GeV (UrQMD)

The Tsallis fit provides lower temperatures than the Boltzmann fit



T IN THE CELL VS T IN THE BOX

Au+Au central collisions at 𝒔 = 𝟒 GeV (SMASH)

Temperatures of both fits are close to each other



T IN THE CELL VS T IN THE BOX

Au+Au central collisions at 𝒔 = 𝟕. 𝟕 GeV (SMASH)

TTsallis is a bit lower compered to TBoltzmann



T IN THE CELL VS T IN THE BOX

Au+Au central collisions at 𝒔 = 𝟕. 𝟕 GeV (UrQMD)

The Tsallis fit provides lower temperatures than the Boltzmann fit



Our study indicates that 

- Tsallis distribution better matches the particle pT –spectra both for
the matter in the cell and the infinite nuclear matter  

- UrQMD: parameter q varies from 1.02 to 1.15 for the cell and
from 1.01 to 1.07 for the box calculations

- SMASH: parameter q varies from 0.99 to 1.07 for the cell and is
about  𝟏 ± 𝟎. 𝟎𝟏 for the box calculations

- qcell is close to qbox at lower energies for both models 
- at higher energies the agreement worsens
- the Tsallis fit provides (a bit) lower temperatures than the

Boltzmann fit 
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Thank you for 

your attention ! 
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Back-up 

Slides 





KINETIC EQUILIBRIUM

Isotropy of velocity distributions Isotropy of pressure

Velocity distributions and pressure become isotropic for all energies
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L.Bravina et al., PRC 60, 024904 (1999) 



BOX: ENERGY SPECTRA AND MOMENTUM
DISTRIBUTIONS
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Nearly the same temperature and complete isotropy of
dN/dpT

Fit to Boltzmann
distributions
~exp(-E/T)

Fit to Gaussian
distributions
~ exp(- p2/2mT)


