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Intentional Linear Defect in Si Inverted Opal

expect strong EM wave scattering from rough boundaries of the waveguide



Alumina Random Sample

D=7.3 cm alumina scatterers: d=0.9 cm
n=3.14
f=0.068

to study transport in the presence of disorder, look at microscopic samples



Transmission in a disordered waveguide

stationary sample, l>>L

D=7.5 cm

λ~2 cm



Wave propagation in a disordered medium
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Average intensity:

Only the pairs of identical paths have the same phase
and thus give a contribution to the average intensity

Wave diffusion in a disordered medium
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Diffusion equation for the average intensity:

Wave diffusion in a disordered medium

(This equation would yield the Ohm’s law for a disordered conductor)



Diffusion approximation works very well in 3D

F.J.P. Schuurmans et al.,
Science 284, 141 (1999)

Incident plane wave

Transmission
T

2 different samples
of porous GaP Ohm’s law:



Coherent backscattering

• transport reduction

• nonlocal correlation

• photon localization

• non-Gaussian statistics
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Photon localization parameter

Level spacing: Δν = 1/N(ν)

Number of modes within linewidth, Thouless number: δ = δν / Δν

Linewidth: δν ~ 1/τ ~ D/L2

Thouless, PRL 39, 1167 (1977)

In waveguide, N(ν) ~ L , and therefore, δ = δν N(ν) ~ 1/L



Photon localization
• for  δ < 1, levels in different blocks of material don’t overlap

• coupling between modes and transport are suppressed

• wave is localized
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Transmission coefficients
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Landauer, Phil. Mag. 21, 863 (1970)



Statistics of transmission 
In the absence of absorption, probability distributions of sab, sa are 
determined by a single parameter, g
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Probability distributions of transmission
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Chabanov, Stoytchev, and Genack, 
Nature 404, 805 (2000)

var(sa) is a localization 
parameter ?



Pulse Propagation in Diffusive MediumBreakdown of Diffusion
A:  L = 61cm, g ≈ Nl/L ≈ 7.4

B:  L = 90cm, g ≈ 5.1

C:  L = 183cm, g ≈ 2.7

D:  L = 90cm, added absorption,
-100 0 100 200 300 4000.0

0.2

0.4

0.6

0.8

1.0

Iin  A  D  B  
C

 <
I(t

)>
 (n

or
m

. u
n.

)

 t (ns)

-200 0 200 400 600 800 1000
10-12

10-11

10-10

10-9

10-8

10-7

10-6

10-5

10-4

 t (ns)

 <I
(t)

>

A BD C

(a)

0
22

0 /)2( DzLtt D π+=>

t
tt aDeetI

)11(
)( τγ

+−
− =>→<

22
00 /)2)(1( π

τ
γ zLD

a

+−=

-200 0 200 400 600 800 1000
0

0.01

0.02

0.03
0.04

0.05

0.06

0.07

-d
 ln

<I
(t)

>/
dt

t (ns)

A

B

C

D



0 200 400 600 800
0.00

0.01

0.02

0.03

0.04

0.05

0.06

 

 
γ -

 1
/τ

a  (
ns

-1
)

t (ns)

A

D B

C

Non-exponential decay: 
A.D. Mirlin Phys. Rep. 326, 259 (2000)

Electron survival probability

αα α dePtI t−∫→>< )()(

ttgt
t

t
t

ee DD )(
)

2
1)(( 2 γπ −
−−

=≈
time-dependent diffusion coefficient

22
0 /)2)(1)(()( π

τ
γ zLttD

a

+−=

)2/1( 2
0 DgttD π−=

0.0 0.5 1.0 1.5 2.0 2.5

30

35
 

 

D
'(t

) (
cm

2 /n
s)

t'=t/gτ1

A

B

C

D
(t’

) (
cm

2 /n
s)

t′=t/gtD

Chabanov et al. PRL, 90, 203903 (2003)



Summary
There are a number of parameters describing the extent of 
localization in disordered samples; however, in absorbing 
samples, only the variance of relative fluctuations of total 
transmission, var(sa ), is robust localization parameter.

There are a number of outstanding problems in the area of 
transport in random media awaiting for their solutions. These 
may greatly enhance our understanding of EM wave 
propagation in naturally existing and artificial media.
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