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FIG. 2: Comparison of analytical (lines) and numerical (sym-
bols) results for the mean square width σ2 of the spatially
resolved stationary transmission coefficient T (ρ) of a slab.

D = DB: σ2 = 2L2/3. It is the position dependence of
D that accounts for the new expressions for σ2 that we
find at strong disorder. Incidentally, σ2 = 3L2/8 at the
mobility edge differs from the result in the diffuse regime
by just a numerical coefficient. In contrast, in the local-
ized regime σ2 ≃ 2Lξ links σ to the localization length
ξ, which offers an elegant way of measuring the latter
experimentally.

Absorption was a serious obstacle for the unambiguous
interpretation of a number of experiments on Anderson
localization [5, 6, 7, 8]. It is therefore important to study
the role of absorption in the context of transverse con-
finement of waves in 3D. A straightforward calculation in
the regime of weak disorder (kℓ ≫ 1) shows that if the
macroscopic absorption length La =

√
ℓ/3µa (where µa

is the absorption coefficient) is much longer than the sam-
ple thickness L, σ2 given in Table I only acquires a small
correction −2L4/45L2

a. Hence, weak absorption is not an
obstacle for observing transverse confinement. However,
in the opposite case of La ≪ L we obtain σ2 ≃ 2LLa,
i.e. absorption plays exactly the same role as localization
and the resulting equation for σ2 coincides with the one
obtained in the localized regime, with ξ replaced by La.
This indicates that a study of stationary transverse con-
finement cannot distinguish localization from absorption
and hence suffers from the same drawbacks as previous
works [5, 6, 7, 8].

A way to overcome complications due to absorption is
suggested by recent works [9, 10, 11, 12]. The idea is to
study the dynamics of wave propagation rather than the
stationary transport. We adopt this idea here too and
replace the continuous incident beam in the experiment
depicted in Fig. 1 by a short pulse. This complicates the
analysis considerably because no simple analytic approx-
imation exists for D(z,Ω) at arbitrary Ω = 0, contrary

FIG. 3: Numerically calculated mean square width σ2(t) of
the time-dependent transmission coefficient T (ρ, t) of a disor-
dered slab in the diffuse regime (kℓ = 3), at the mobility edge
(kℓ = 1), and in the localized regime (L/ξ = 1, 2, 4). The
dashed lines show σ2(t) = 4DB [1 − (kℓ)−2]t for kℓ = 3 and
σ2
∞ = 2Lξ(1− ξ/L) for L/ξ = 4. The thickness of the slab is

L = 100ℓ. Time is given in units of tD = (L + 2z0)
2/π2DB .

The inset shows the same results in the log-log scale, the
dashed line is σ2(t) ∝ t1/2.

to the stationary Ω = 0 case. One way to calculate σ2,
which now acquires a time dependence, is to solve the SC
equations of localization numerically. We show the re-
sults of this calculation in Fig. 3. The difference between
diffuse and localized regimes is manifest in Fig. 3. The
rise of σ2(t) with time is unbounded for kℓ > 1, whereas
σ2(t) saturates at a finite value σ2

∞ for kℓ < 1. The latter
result can be understood from the following approximate
calculation which, however, turns out to be quite ade-
quate. Instead of using the self-consistent equation for
D(r,Ω), let us simply set D(z,Ω) = −iΩξ2, which is
the solution of SC model in the infinite medium in the
limit Ω → 0. A straightforward calculation then yields
σ2
∞ = 2Lξ(1 − ξ/L) up to the first order in ξ/L ≪ 1.

This equation, shown by a dashed horizontal line in Fig.
3, falls fairly close to the numerical result at L/ξ = 4,
allowing us to conjecture that it might be a good es-
timate of σ2

∞ in the limit of L ≫ ξ. Our calculation
suggests that the saturation of σ2(t) at a constant level
takes place not only in the localized regime, but even at
the mobility edge. We find the asymptotic value of σ(t)
to be σ∞ ≈ L (see Fig. 3). It is worthwhile to note that
our time-dependent σ2(t) is not sensitive to absorption
and that all curves of Fig. 3 remain exactly the same
in an absorbing medium. This provides a solution to the
long-standing issue of distinguishing localization from ab-
sorption [5, 6, 7, 8], as has been recently demonstrated
in Ref. [16].

Let us now analyze the time dependence of σ2(t).
First, in the diffuse regime kℓ ≫ 1 one readily obtains

Figure 1: Mean square width of the spatial resolved stationary trans-
mission profile [2].

pulsed wave 3

FIG. 2: Comparison of analytical (lines) and numerical (sym-
bols) results for the mean square width σ2 of the spatially
resolved stationary transmission coefficient T (ρ) of a slab.

D = DB: σ2 = 2L2/3. It is the position dependence of
D that accounts for the new expressions for σ2 that we
find at strong disorder. Incidentally, σ2 = 3L2/8 at the
mobility edge differs from the result in the diffuse regime
by just a numerical coefficient. In contrast, in the local-
ized regime σ2 ≃ 2Lξ links σ to the localization length
ξ, which offers an elegant way of measuring the latter
experimentally.

Absorption was a serious obstacle for the unambiguous
interpretation of a number of experiments on Anderson
localization [5, 6, 7, 8]. It is therefore important to study
the role of absorption in the context of transverse con-
finement of waves in 3D. A straightforward calculation in
the regime of weak disorder (kℓ ≫ 1) shows that if the
macroscopic absorption length La =

√
ℓ/3µa (where µa

is the absorption coefficient) is much longer than the sam-
ple thickness L, σ2 given in Table I only acquires a small
correction −2L4/45L2

a. Hence, weak absorption is not an
obstacle for observing transverse confinement. However,
in the opposite case of La ≪ L we obtain σ2 ≃ 2LLa,
i.e. absorption plays exactly the same role as localization
and the resulting equation for σ2 coincides with the one
obtained in the localized regime, with ξ replaced by La.
This indicates that a study of stationary transverse con-
finement cannot distinguish localization from absorption
and hence suffers from the same drawbacks as previous
works [5, 6, 7, 8].

A way to overcome complications due to absorption is
suggested by recent works [9, 10, 11, 12]. The idea is to
study the dynamics of wave propagation rather than the
stationary transport. We adopt this idea here too and
replace the continuous incident beam in the experiment
depicted in Fig. 1 by a short pulse. This complicates the
analysis considerably because no simple analytic approx-
imation exists for D(z,Ω) at arbitrary Ω = 0, contrary

FIG. 3: Numerically calculated mean square width σ2(t) of
the time-dependent transmission coefficient T (ρ, t) of a disor-
dered slab in the diffuse regime (kℓ = 3), at the mobility edge
(kℓ = 1), and in the localized regime (L/ξ = 1, 2, 4). The
dashed lines show σ2(t) = 4DB [1 − (kℓ)−2]t for kℓ = 3 and
σ2
∞ = 2Lξ(1− ξ/L) for L/ξ = 4. The thickness of the slab is

L = 100ℓ. Time is given in units of tD = (L + 2z0)
2/π2DB .

The inset shows the same results in the log-log scale, the
dashed line is σ2(t) ∝ t1/2.

to the stationary Ω = 0 case. One way to calculate σ2,
which now acquires a time dependence, is to solve the SC
equations of localization numerically. We show the re-
sults of this calculation in Fig. 3. The difference between
diffuse and localized regimes is manifest in Fig. 3. The
rise of σ2(t) with time is unbounded for kℓ > 1, whereas
σ2(t) saturates at a finite value σ2

∞ for kℓ < 1. The latter
result can be understood from the following approximate
calculation which, however, turns out to be quite ade-
quate. Instead of using the self-consistent equation for
D(r,Ω), let us simply set D(z,Ω) = −iΩξ2, which is
the solution of SC model in the infinite medium in the
limit Ω → 0. A straightforward calculation then yields
σ2
∞ = 2Lξ(1 − ξ/L) up to the first order in ξ/L ≪ 1.

This equation, shown by a dashed horizontal line in Fig.
3, falls fairly close to the numerical result at L/ξ = 4,
allowing us to conjecture that it might be a good es-
timate of σ2

∞ in the limit of L ≫ ξ. Our calculation
suggests that the saturation of σ2(t) at a constant level
takes place not only in the localized regime, but even at
the mobility edge. We find the asymptotic value of σ(t)
to be σ∞ ≈ L (see Fig. 3). It is worthwhile to note that
our time-dependent σ2(t) is not sensitive to absorption
and that all curves of Fig. 3 remain exactly the same
in an absorbing medium. This provides a solution to the
long-standing issue of distinguishing localization from ab-
sorption [5, 6, 7, 8], as has been recently demonstrated
in Ref. [16].

Let us now analyze the time dependence of σ2(t).
First, in the diffuse regime kℓ ≫ 1 one readily obtains

Figure 2: Mean square width of the spatial resolved time dependent
transmission profile [2].

Analytically, it was shown that the mean square width σ2 of the
transmission profile of a focused monochromatic beam through
disordered media is [2]:

kl∗ σ2

diffusion kl∗ � 1 2
3L

2 −O((l∗)2)

mobility edge kl∗ = 1 3
8L

2 +O(Lzc)

localisation kl∗ < 1 2Lξ +O(ξ2)
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Setup
• 250 fs pulses @ 590 nm

• Pulsepicker contrast up to
500 : 1

• 16 bit camera, 512×512 pixel

• Minimum gatingtime 1 ns

• 250 ps time resolution

Samples

Sample d (nm) Disp. (%) kl∗

R104 311 10 3.5-4

R700 230 22 2.5

R902 279 38 4.3

Experimental setup

The measured 2D transmission profile is fitted with a 2D gaussian. The
mean square width is averaged to σ2 and evaluated.

Figure 3: 2D transmission profile of R700 in time. Starting at 3.75 ns going in 2 ns steps to 21.75 ns, see fig. 4.

Data evaluation

Time resolved transmission profile
R104

σ
2
/L

2

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

A
 i

n
 a

.u
.

101

102

103

t in ns
0 2 4 6 8 10 12

A

σ2/L2

R700

σ
2
/L

2

0,05

0,1

0,15

0,2

A
 i

n
 a

.u
.

101

102

103

t in ns
0 5 10 15 20

A

σ2/L2

R902

σ
2
/L

2

0,05

0,1

0,15

0,2

0,25

0,3

A
 i

n
 a

.u
.

101

102

103

t in ns
0 2 4 6 8 10 12 14

A

σ2/L2

Figure 4: σ2

L2 measured time dependent for three different samples. Obviously there is plateau for the R700 sample. For the R104 sample no plateau was measured. The pulse disappeared in noise before the theoretically value for

diffusive media of σ2

L2 = 2
3 could be reached. R902 indicates a plateau at σ2

L2 = 0.28, but the intensity is very low and the afterpulse appears around 15.5 ns. From theory it is expected that the plateau shows up at σ2

L2 = 2 ξL. For

R700 the L = 1.01mm thick sample the diffusion constant is D = 13m
2

s , the absorption time τabs = 1.7 ns and the localisation time τloc = 4.9 ns. The plateau should be at σ2

L2 = 0.5, but is located at σ2

L2 = 0.193.
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Figure 5: Measurement of σ2

L2 with R700 in static transmission with ξ = 0.252mm. The fit results of
σ2

L2 = A · La are: A = 0.117mm ± 0.002mm and a = −0.976 ± 0.060.

The fit parameter A is equal to λ. With 1
λ = 1

ξ+
1
la
, ξ = 0.252mm and la = 0.149mm,

it is λ = 0.094mm, which is very close to A. The exponent a should scale with
a = −1, because it should be σ2

L2 ∝ 1
Lla

, which is clearly shown.
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Figure 6: Time resolved measurement of the plateau (see fig. 4) of σ2

L2 in transmission with R700 and

ξ = 0.252mm. The results of a fit with σ2

L2 = A·La are: A = 0.237± 0.008 and a = −1.491± 0.112.

The fitted exponent of a = −1.491 ± 0.112 does not match the expected value of
a = −1. It is not obvious why the exponent should be approximately −3

2.

Results

[1] P.W. Anderson: The question of classical localization: a theory of white paint?, Phil. Mag. B 52, 505 (1985)

[2] N. Cherroret, S.E. Skipetrov, B. van Tiggelen: Transverse confinement of waves in 3D random media, arXiv:0810.0767v2 (2008), accepted in Phys. Rev. E

[3] M. Störzer: Anderson Localization of Light, Doctoral dissertation, University of Konstanz (2006)

[4] C. M. Aegerter, M. Störzer and G. Maret: Experimental determination of critical exponents in Anderson localisation of light, Europhys. Lett., 75, 562 (2006)

References Acknowledgement


