Occurrence of normal and anomalous diffusion in
polygonal billiard channels

encias £,
David P. Sanders & Hernan Larralde & () %,
s 0.
Centro de CienciasiBicas, UNAM 7 v( [ -
Cuernavaca, Mexico wj‘

www.fis.unam.mx/~dsanders
dsanders@fis.unam.mx

Dynamical Systems and Statistical Mechanics, Durham, Jiitth2006

Normal and anomalous diffusion in polygonal billiards — @BR. Sanders DSSM, Durham, 10th July 2006 — p.



www.fis.unam.mx/~dsanders
dsanders@fis.unam.mx

Introduction

e Motivation

e Properties of billiards
e Channels

e Results

Normal diffusion
Anomalous diffusion

Conclusions

| ntroduction

Normal and anomalous diffusion in polygonal billiards — @BR. Sanders DSSM, Durham, 10th July 2006 — p.




Billiard models

D Def|n|t|0n Introduction
'

e Properties of billiards
e Channels

o Fixed, hard obstaclesseatterers

e Results
Normal diffusion
Anomalous diffusion

Conclusions

Normal and anomalous diffusion in polygonal billiards — @BR. Sanders DSSM, Durham, 10th July 2006 — p.




Billiard models

D Def|n|t|0n Introduction
'

e Properties of billiards
e Channels

o Fixed, hard obstaclesseatterers

. . . . . . e Resul
5 Non-interacting point particles collide elastically N
orm IrTusion
Anomalous diffusion

Conclusions

Normal and anomalous diffusion in polygonal billiards — @BR. Sanders DSSM, Durham, 10th July 2006 — p.




Billiard models

D Def|n|t|0n Introduction
'
o Fixed, hard obstaclesseatterers » Properties of billiards

e Channels
. . . . . . e Resul
5 Non-interacting point particles collide elastically N
orm IrTusion
Anomalous diffusion

Conclusions

0 Motivation: transport processes
1 electron gas in metal (Lorentz 1905)

Normal and anomalous diffusion in polygonal billiards — @BR. Sanders DSSM, Durham, 10th July 2006 — p.




Billiard models

D Def|n|t|0n Introduction
'

e Properties of billiards
e Channels
e Results

o Fixed, hard obstaclesseatterers
o Non-interacting point particles collide elastically

Normal diffusion
Anomalous diffusion

Conclusions

0 Motivation: transport processes
1 electron gas in metal (Lorentz 1905)
o hard-sphere fluid (Sinai 1960s)

Normal and anomalous diffusion in polygonal billiards — @BR. Sanders DSSM, Durham, 10th July 2006 — p.




Billiard models

D Def|n|t|0n Introduction
'
o Fixed, hard obstaclesseatterers :;0;’:;225 of billiards

e Results

o Non-interacting point particles collide elastically

Normal diffusion
Anomalous diffusion

Conclusions

0 Motivation: transport processes
1 electron gas in metal (Lorentz 1905)
o hard-sphere fluid (Sinai 1960s)

o one of simplest physical systems with macroscopic
transport

Normal and anomalous diffusion in polygonal billiards — @BR. Sanders DSSM, Durham, 10th July 2006 — p.




Properties of billiards

0 Properties depend on geometry of scatterers: Introduction

e Motivation

CII’CU|aI’ p0|ngna| e Channels

e Results

Normal diffusion

Lorentz gas Ehrenfest wind—tree model

Anomalous diffusion

Conclusions

Normal and anomalous diffusion in polygonal billiards — @BR. Sanders DSSM, Durham, 10th July 2006 — p. 4




Properties of billiards

0 Properties depend on geometry of scatterers: nirodiction
circular polygonal " Channels
. Normal diffusion
Lorentz gas Ehrenfest wind—tree model rromalovediifuson
Conclusions
Lyapunov exponent- O Lyapunov exponent O
(“chaotic”) (“non-chaotic”)

Normal and anomalous diffusion in polygonal billiards — @BR. Sanders , Durham, 10th July 2006 — p. 4




Properties of billiards

0 Properties depend on geometry of scatterers: nirodiction
circular polygonal " Channels
. Normal diffusion
Lorentz gas Ehrenfest wind—tree model rromalovediifuson
Conclusions
Lyapunov exponent- O Lyapunov exponent O
(“chaotic”) (“non-chaotic”)
many rigorous results few rigorous results

Normal and anomalous diffusion in polygonal billiards — @BR. Sanders , Durham, 10th July 2006 — p. 4




Properties of billiards

0 Properties depend on geometry of scatterers: nirodiction
circular polygonal " Channels
. Normal diffusion
Lorentz gas Ehrenfest wind—tree model rromalovediifuson
Conclusions
Lyapunov exponent- O Lyapunov exponent O
(“chaotic”) (“non-chaotic”)
many rigorous results few rigorous results
strong statistical properties numerically find
strong statistical properties

Normal and anomalous diffusion in polygonal billiards — @BR. Sanders , Durham, 10th July 2006 — p. 4




Properties of billiards

0 Properties depend on geometry of scatterers: nirodiction
circular polygonal " Channels
. Normal diffusion
Lorentz gas Ehrenfest wind—tree model rromalovediifuson
Conclusions
Lyapunov exponent- O Lyapunov exponent O
(“chaotic”) (“non-chaotic”)
many rigorous results few rigorous results
strong statistical properties numerically find
strong statistical properties

0 Necessary microscopic conditions for macroscopic transport?

Normal and anomalous diffusion in polygonal billiards — @BR. Sanders DSSM, Durham, 10th July 2006 — p. 4




Propertiesof billiards

0 Properties depend on geometry of scatterers: nirodiction
circular polygonal " Channels
. Normal diffusion
Lorentz gas Ehrenfest wind—tree model Aromaloue diffuson
Conclusions
Lyapunov exponent- O Lyapunov exponent 0O
(“chaotic”) (“non-chaotic”)
many rigorous results few rigorous results
strong statistical properties numerically find
strong statistical properties

0 Necessary microscopic conditions for macroscopic transport?
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