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Classical diffusion
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Number of steps x(t + )=x(t) + l(t)

x(t) = l(t- ) + l(t-2 ) + .... + l( ) +l(0)    
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'<l(t)l(t')> = <l (t)> tt

Langevin Equation

Wiener process (i.i.d.)
Identically isotropic distributed

l(t) – random step of length l
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Sum of random variables

0 n1 2-1-2-n x
t
3t
2t

Nt

0

Sornette, 2000



Uncorrelated {   }

Sum of random variables
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Diffusion
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Diffusion coefficient
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Diffusion in d - dimension space 2 2( ) ( ) 2x t x t dDt     



Long-range correlations

If sum converges, we have diffusion, but not D 



Superdiffusion
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Classical diffusion
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Superdiffusion

2 ( ) 2x t Dt 

2

1

( ) (0) 2 ( ) ( )
t

k

x t tC t k C k


   

, 1/ 2l const w 

Superdiffusion – general case in a plasma
Classical diffusion in a nonideal plasma does not exist



Superdiffusion in plasma
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Superdiffusion parameter in a gas

Superdiffusion parameter in a plasma
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Theory of superdiffusion in plasma is based on 
2-point time – correlation Green function
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Dyson eqn for propagator G2, etc.



Superviscosity

Vertical movement - diffusive

Horisontal movement – sum of varables



Probability density function (pdf)
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Master equation for pdf

Fokker-Plank equation (order l2)



Pdf in diffusion
1D-diffusion (0,L)

Solution

Green Function

Probability function Pdf

Equation for pdf



Pdf equations
Diffusion

Diffusion in the flow



2- and N-point pdf

Pdf equation for correlated system (SCCP, Turbulence)

Definition 2- point pdf

Equation for 2- point pdf

N- point pdf



Fractional derivatives and superdiffusion
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 Integral Caushy

Riemann-Liouville Fractional integral



Diffusion in the energy space
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X(0)=0, flux down - recombination

X(0)=-1, flux up - ionization
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Plasma problems (tbs) 
• Superdiffusion in x-space
• Superdiffusion in energy space

– Cold plasma
– Thermal plasma

• Quantum Superdiffusion
• Temperature Green Function approach
• Superthermal conductivity
• Supertransport in a plasma
• Pdf equation in a plasma
• Difference – Differential equations !!!
• Difference equations in the nature of quantum physics
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