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Localization [..] very few believed it at the time, and even fewer saw its
importance, among those who failed was certainly its author. 

It has yet to receive adequate mathematical treatment, 
and one has to resort to the indignity of numerical simulations 
to settle even the simplest questions about it.

P.W. Anderson, Nobel lecture, 1977

50 50 yearsyears of Anderson of Anderson localizationlocalization

…..and now we have experiments !



MyMy preciousprecious collaboratorscollaborators

• John Page, Anatoli Strybulevych, Kurt Hildebrand
(Winnipeg-Canada)

• Sergey Skipetrov and Nicolas Cherroret
(Grenoble-France)

• Ad Lagendijk and Sanli Faez
(Amsterdam-the Netherlands)

• Diederik Wiersma
(Florence-Italy)



)()(),(),( 2
St tStDt rrrr −=∇−∂ δδρρ

tD
t

t
t 6

),(

),(
)(

2

2 ==
r

rr
r

ρ
ρ

Diffusion of Diffusion of WavesWaves

diffusion constantdiffusion constant
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Diffusion = Diffusion = randomrandom walkwalk of of waveswaves



Crete, 2000
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Diffusion, works even better than expected!
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Diffusion equation

Lagendijk etal, PRE 2003
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Anderson localisation?Anderson localisation?

••VanishingVanishing of diffusion : rof diffusion : r22(t)(t)�������� constant  constant  «« D(t) ~ 1/tD(t) ~ 1/t »»

••ScaleScale--dependencedependence of conductance T(L), G(L) of conductance T(L), G(L) ~ exp(~ exp(--L/L/ξξ))

••AnomalousAnomalous, , dynamicdynamic leakingleaking

••Dense Dense «« pure pointpure point »» spectrumspectrum / no / no levellevel repulsionrepulsion

••GiantGiant nongaussiannongaussian fluctuationsfluctuations

••MultifractalityMultifractality of of wavewave functionfunction

Measurable?

Measurable?

T(t) T(t) ~ exp(~ exp(--D(t,LD(t,L) t /L) t /L22

R(t) ~1/tR(t) ~1/t22

«« UnrecognizableUnrecognizable monstermonster »»

«« D(L) D(L) »»
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VollhardtVollhardt & & WWöölflelfle , 1980, 1980

SchwarzshildSchwarzshild //MilneMilne , 1900, 1900
Chandrasekhar, 1950Chandrasekhar, 1950

Van de Van de HulstHulst , 1950, 1950

TheoreticalTheoretical DescriptionDescription

Diffusion  equation

Self consistent theory rr
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OK OK MottMott

QuasiQuasi--1D 1D wavewave guideguide
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HalfHalf spacespace 3D3D
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ComplexComplex Dynamics in Dynamics in finitefinite open mediaopen media

SkipetrovSkipetrov & Van Tiggelen, PRL 2004,2006& Van Tiggelen, PRL 2004,2006
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Diffuse Diffuse regimeregime: simple : simple polespoles LocalizedLocalized regimeregime: Riemann : Riemann sheetssheets
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tt--3/23/2

tt--22

time/(time/(ζζ2 /2 /DDBB))

R(t)R(t)

3D, 3D, localizedlocalized halfhalf spacespace : k: kℓℓ=0.7=0.7

zz

1D sismologie : Sheng 1D sismologie : Sheng PapanicolaouPapanicolaou, 1987, 1987
Q1D (DMKP) Q1D (DMKP) TitovTitov, , BeenakkerBeenakker, 2000, 2000
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3D localisation  of 3D localisation  of ultrasoundultrasound
Hu, Page and Hu, Page and StrybulevychStrybulevych, , SkipetrovSkipetrov, Van , Van TiggelenTiggelen

Published online: 19 October 2008; corrected online: 28 October 2008; doi:10.1038/nphys1101

Diffuse λp=9 mm, ℓ=2 mm Localized λp=2 mm, ℓ=0.6 mm

10 mm

8 – 23 mm



TimeTime--dependentdependent transmissiontransmission

T(t))(tδ
L=15 mm

D(t) ?



Diffuse: < ρ2> = 4Dt
Near transition: < ρ2>~ L2, not t 2/3

Localized: < ρ2>~ Lξ, not ξ2

3D transverse 3D transverse loloQUAQUAlisationlisation of of ultrasoundultrasound

ρ

L=15 mm, 24 mm

SkipetrovSkipetrov and and CherroretCherroret

Transverse Transverse loloCCalisationalisation: De : De VriesVries, , LagendijkLagendijk and De Raedt, PRL 1989and De Raedt, PRL 1989

BvT1



Slide 16

BvT1 Bart van Tiggelen; 07/06/2009



Time (ms)

kℓ ≈ 1,82
vE=17,4 km/s

=3.5 vp
ξ= 16,3 mm

Transverse
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3D Transverse 3D Transverse loloQUAQUAlisationlisation of of ultrasoundultrasound

D(t)

D(L)



SpeckleSpeckle distribution of transmissiondistribution of transmission

Rayleigh

Random matrix
Rossum & Nieuwenhuizen

g=0.8 +/- 0.02

I/<I>

P(I)



MultifractalityMultifractality of of wavewave functionfunction
FaezFaez, Page, , Page, LagendijkLagendijk and Van and Van TiggelenTiggelen
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Anomalous gIPR Lognormal PDF

Generalized Inverse Participation Ratio Probability Distribution Function

Box
counting
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MultifractalityMultifractality of of wavewave functionfunction
FaezFaez, Page, , Page, LagendijkLagendijk and Van and Van TiggelenTiggelen

3D diffuse 
light

speckle
on 2D surface

3D localized
elastic
speckle

on 2D surface
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Diffuse light

Localized ultrasound
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Observation of 3D ultrasound

Localization

Transverse confinement: D(r)!

Anomalous dynamic transmission

Giant non-poissonian fluctuations g < 1

Multifractal wave function

1/t2 reflection

Critical exponent

?
?


