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NONEXTENSIVE STATISTICAL MECHANICS  

AND HIGH ENERGY PHYSICS 
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TYPICAL SIMPLE SYSTEMS:  
     Short-range space-time correlations 

     Markovian processes (short memory), Additive noise 

     Strong chaos (positive maximal Lyapunov exponent), Ergodic, Riemannian geometry 

     Short-range many-body interactions, weakly quantum-entangled subsystems 

     Linear/homogeneous Fokker-Planck equations, Gausssians 

                       ! Boltzmann-Gibbs entropy (additive) 

           ! Exponential dependences (Boltzmann-Gibbs weight, ...) 

TYPICAL COMPLEX SYSTEMS: 
     Long-range space-time correlations 

     Non-Markovian processes (long memory), Additive and multiplicative noises 

     Weak chaos (zero maximal Lyapunov exponent), Nonergodic, Multifractal geometry 

     Long-range many-body interactions, strongly quantum-entangled sybsystems 

     Nonlinear/inhomogeneous Fokker-Planck equations, q-Gaussians 

            ! Entropy Sq (nonadditive) 

               ! q-exponential dependences (asymptotic power-laws) 

e.g.,  ( )  ( 1)NW N µ µ∝ >

e.g.,  ( )  ( 0)W N N ρ ρ∝ >
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EXTENSIVITY OF THE ENTROPY  (N →∞)

If W (N )  µN   (µ >1) 
             ⇒  SBG (N ) = kB lnW (N ) ∝ N        OK!       

If W (N )  N ρ   (ρ > 0) 
             ⇒  Sq (N ) = kB lnq W (N ) ∝ [W (N )]1−q ∝ N ρ (1−q)

             ⇒  Sq=1−1 ρ (N ) ∝ N                          OK!

If W (N ) ν Nγ
  (ν >1; 0 < γ <1) 

             ⇒  Sδ (N ) = kB lnW (N )⎡⎣ ⎤⎦
δ
∝ N γ  δ

             ⇒  Sδ =1 γ (N ) ∝ N                             OK!

IMPORTANT:        µN >>ν Nγ
>> N ρ    if   N >>1
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|γ |=1               →   Ising  ferromagnet
0 <  |γ |  <1    →   anisotropic XY  ferromagnet
γ = 0                →   isotropic XY  ferromagnet

λ ≡ transverse magnetic field
L ≡ length of  a block  within a  N →∞  chain
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(d = 1; T = 0) 

(pure magnet with critical transverse field) 

(random magnet with no field) 
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0 nonlinear dynamicsµ ≠ ⇔

G. Ruiz, T. Bountis and C. T., Int J Bifurcat Chaos 22, 1250208 (2012) 
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EXTENSIVE 
SYSTEMS 

NONEXTENSIVE 
SYSTEMS 

dipole-dipole 

Newtonian gravitation 

  

V (r) ∼ − A
rα      (r →∞)        ( A > 0,   α ≥ 0)

                        integrable if       α / d >1       (short-ranged)
                non-integrable if  0 ≤α / d ≤1        (long-ranged)
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-  modelXYα



α = 2
q = 1

α = 0.9
q = 1.58

L.J.L. Cirto, V.R.V. Assis and C. T. (2012),1206.6133 [cond-mat.stat-mech]  



L.J.L. Cirto, V.R.V. Assis and C. T. (2012),1206.6133 [cond-mat.stat-mech]  

α = 2
q = 1

α = 0.9
q = 1.53



SHEAR IN GRANULAR MATTER: AIP Conf Proc 1542, 453 (2013) 





Andrade, Silva, Moreira, Nobre and Curado, Phys Rev Lett 105, 260601 (2010)  

q=0 

See also:  
Levin and Pakter, PRL 107, 088901 (2011) 
Andrade, Silva, Moreira, Nobre and Curado,  
PRL 107, 088902 (2011) 
Ribeiro, Nobre and Curado, PRE 85, 121046 
(2012) 
Ribeiro, Nobre and Curado, Eur Phys J B 85, 
399 (2012) 
Nobre, Souza and Curado, Phys Rev E 86, 
061113 (2012) 
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T=0.145 


