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Mesoscopic physics

Some mesoscopic concepts with light
Phase of ultrasound

Optical vortices

Mesoscopic seismology
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Mesoscopic criterion
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Coherent Backscattering in Optics

Maret, Maynard, Akkermans & Wolf, Grenoble , PRL, 1985
Van Albada & Lagendijk, Amsterdam, PRL, 1985
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Transport Velocity in Random Media

Electron conduction
Standard literature

Fermi velocity Electrical conductance



Transport Velocity in Random Media

Classical waves
Van Albada, Van Tiggelen, Lagendijk , Tip, 1990
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Not group velocity not phase velocity Diffuse transmission



Transport Velocity in Random Media

Classical waves
Van Albada, Van Tiggelen, Lagendijk , Tip, 1990

velocity/c,
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size parameter (x)

Not group velocity not phase velocity Random Mie spheres: f=25 %



Magneto-Optics in Diffuse Media

EJ_r (l’, t) = exp(_i ot + 1Kk - l’) exp( +iVB- l') Faraday effect

Radiatif transfer is well described by a diffusion equation

J:—D(B)Vp Gradient imposed by parity !

Do photons exhibit a Hall effect ?
Yes!
J:_DH B ><V,0 Rikken & Van Tiggelen, Nature (1996)

Can photons diffuse without a gradient in
density ?

J:DI\/ICBIO N

Pinheiro & Van Tiggelen, JOSA A (2002)



Photonic Hall Effect

Rikken & Van Tiggelen, Nature 381, 54 (1996)

Jz—DHB xV,O




Photonic Spintronics

Conductance de
Thouless




Photonic Spintronics

(Malus’ law) A=5mm, /=5cm, L=1m, L. =50 cm
5. —  co0s* Ak?
S 9= ao - =23 +005
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Oy — cos” &,

1
<éT(0,0) 5T(9a,«9b)> =c0s” @, cos® O, + E% [0052 6, +cos’ 6, ]+

Genack, Chabanov, Tregoures, Van Tiggelen, 2003



Photonic Spintronics
Genack, Chabanov, Trégoures, Van Tiggelen, 2003
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Intensity Correlation with Polarization
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Gaussian Speckles

m __intensity
P=4l e
>~ phase

1. Stationary
P(l, )= %exp(— 1/<1>)
2. Dynamics
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Fluidized Bed
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Probability distribution P(AD)

for phase shift A(D(T )

after time 7

p(dﬁ
dr

A® (rad)




Probability distribution of SECOND derivative

(4x2+R)?”2
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SECOND

—— 1 ms data

—— 1 ms data (1/2 power)
1 ms data (c = 0.00035)
Bart's Theory (R = 1)
Bart's Theory (R = 3)
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Patrick Sebbah
Azriel Genack
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Count the mean free path?

(Q¥(circle))= j dA O gg( Azejgg(Azgj

— kI=1000
—kI=100
kl=10

R / mean free path

2 dimensions 3 dimensions



Q7)<

(Halperin, 1981, Berry 2000, Wilkinson, 2004)

/dr) — Z q 5(2) (r_r| ) Topological charge density
i
Q — jA d ZI’ Ar) Topological charge

<Q2(R)> :@ Laz d"x C(x) +O(R) :jmz d’x C(x)=0

<Q2 (R)> —> constant ???  Berry & Dennis, 2000



receiver
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1. Distance source receiver < wavelength

CBS(r) oc1+ JS(EJ 1_e—t/r

A

2. Symmetry source = symmetry receiver & magnitude

measure measure measure

i divuf .l

‘(9yUx + (9ny

+«—— maaohitude



Seismic waves in the French Auvergne

Eric Larose, Ludovic Margerin, Michel Campillo et Bart van Tiggelen , PRL, July
2004
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Coherent Backscattering in the French Auvergne

0
meters

Mean free time=0.7 seconds
Wavelength= 20 meter  cg,yipp = 300 m/s
Mean free path =210 m




Coherent Backscattering in Concrete Structure
Larose, De Rosny, Goudeard, Anache, Margerin, Campillo, Van Tiggelen, 2005

(Wil - B 2331}




Coherent Backscattering in Concrete Structure
Larose, De Rosny, Goudeard, Anache, Margerin, Campillo, Van Tiggelen, 2005
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naging without 2 soyrce
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receiver
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Time-reversal

R(z,7) = S(7) x CBS(
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