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Boltzmann-Gibbs (BG) distribution 1s not universal.

Many anomalous natural, and social systems exist for which
BG statistical concepts appear to be inapplicable

Some of them can be handled using the techniques of Statistical
Mechanics by introducing a more general entropy called the "Isallis
(a.k.a Isallis non-extensive) entropy.



Isallis distribution 1s given by the following expression:
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‘Effective’ Boltzmann factor
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Tsallis distribution in high energy collision: Particle spectra

/quarks, anti-quarks, gluons / Hadrons (yield
described by the
\ \ Tsallis distribution)




Spectrum for ALICE p-p 900 GeV: Tsallis vs Boltzmann

Tsallis vs Boltzmann

Transverse momentum spectrum of charged =* in pp collisions at ¥s = 900 GeV
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Tsallis distribution in high energy collision: Evolution equation

Evolution of what ? To answer this let us look at the space-time diagram
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The low energy quarks and gluons created due to the collisions interact with each
other and after a (proper) time 7, (thermalization time), they form evolving QGP.
(Evolution 1)

High energy particles (like high energy charm and bottom quarks) barely thermalize
with the medium and they act as the evolving ‘probes’ to evolving QGP.
(Evolution 2) sss===p Boltzmann Transport Equation (BTE)
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An exercise: Boltzmann transport equation 1n the relaxation time

approximation (RTA)
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Too sitmplistic: Where 1s drag ? Where 15 ditfusion ?

Drag Diffusion
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The quark-gluon plasma medium through which particles are
moving 1s barely 1deal.

Existence of the quasi-stationary states like the one given by the
Isallis distribution as opposed to the Boltzmann distribution

Indications that we need to have a moditfied kinetic equation (1.e.
a modified Boltzmann transport equation) to deal with such
situations.
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Boltzmann "Iransport Equation: Recap
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Generalized Boltzmann Transport Equation

Molecular chaos (MC) s (0 X fi(D) = W] s pInlfi (D]
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Generalized BTE: L.ow momentum transfer

Molecular chaos = BTE ——) Fokker-Planck

Generalized Molecular chaos
= non-linear BTE ss=====31 non-linear Fokker-Planck
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Linear Fokker-Planck drag and diffusion
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Parallel diffusion c: NL Transverse diffusion
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Summary, conclusion and outlook

T

Isallis distribution 1s a generalisation of the Boltzmann distribution

Fluctuation, non-i1deal plasma effects can be dealt with with the
help of the Tsallis statistics

Inclusion of radiation
S Mazumder, TB, J Alam Phys. Rev. D 89, 014002 (2014)

Dokshitzer and Kharzeev, PLLB 519, 199 (2001) JPG 17,
1481 (1991)

TB, Surasree Mazumder and Raktim Abir
Advances in High Energy Physics 2016, 1298986 (2016 )
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Extension to dense systems

Connection with the experimental observables and finding out the
values of 'Isallis g-parameter from the nuclear suppression tactor data.
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