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We study the gradual transition from one-dimensional to two-dimensional Anderson localization upon transformation of the di-
mensionality of disordered waveguide arrays. An effective transition from one- to two-dimensional system is achieved by increas-
ing the number of rows forming the arrays. We observe that, for a given disorder level, Anderson localization becomes weaker 
with increasing number of rows, hence the effective dimension. 
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Unique physical phenomena attributed to the reduced di-
mensionality are encountered where a global wave function 
is confined in a lower-dimensional system. They appear in 
various physical contexts, such as quantum wells, quantum 
wires, quantum dots, and periodic or quasi-periodic semi-
conductor superlattices, to name a few [1-3]. One of such 
phenomena that strongly depends on the dimensionality of 
the system is Anderson localization [4], a topic that gener-
ates a continuously renewed interest. Although Anderson 
localization has been observed in various systems [5-9], opti-
cal waveguide arrays set an excellent model system where it 
has been observed in two-dimensional (2D) [10] and one-
dimensional (1D) settings [11-13]. However, not much is 
known so far about the transition from 1D to 2D dimension-
alities. To the best of our knowledge, only in a visionary the-
oretical work published almost three decades ago the transi-
tion of the effective width of a wave function from a 1D set-
ting to a 2D setting was analyzed [14]. In this Letter, we 
report the first experimental observations which are con-
sistent with the predictions of [14] and thus study how the 
confinement of the wave function in one direction impacts 
Anderson localization. In our experiment we employed ar-
rays of evanescently coupled waveguides where a varying 
number of waveguide layers simulates the transition from 
1D to 2D dimensionality [15]. Our results show generic fea-
tures, thus similar effects should appear in magnetic non-
linear chains, molecular crystals, nonlinear meta-materials, 
or matter-waves held in optical lattices with variable effec-
tive dimensionality. 

To analyze the results of the experiment, we model nu-
merically light propagation in disordered waveguide arrays 
governed by the Schrödinger equation for the dimensionless 
light field amplitude q : 
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where ,η ζ  are the transverse coordinates normalized to the 
characteristic beam width and ξ  is the propagation dis-
tance normalized to the diffraction length. The parameter p  

describes the refractive index contrast. The refractive index 
distribution in the waveguide array is described by the func-
tion 4 4 4 4

,
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where ,g gη ζ  are the widths of waveguides along the hori-
zontal η  and vertical ζ  axes, respectively. In our simula-
tions we assume, that the array is infinite in the horizontal 
direction and has a finite number of rows in the vertical di-
rection, i.e. in the absence of disorder the waveguide posi-
tions are given by k kdηη =  and m mdζζ = . Here ,d dη ζ  
stand for regular waveguide spacing along the η  and ζ  
axes, k∈ , while [ / 2, / 2]m n n∈ − +  for even number of 
rows and [ ( 1) / 2, ( 1) / 2]m n n∈ − − + −  for odd number of rows 
n . Importantly, the effective dimensionality of such an ar-
ray can be controlled by increasing the number of rows: for 

1n =  one gets 1D array, for moderate n  values the array's 
dimensionality can be considered as intermediate between 1 
and 2, while the transition to a truly 2D array occurs at 
n →∞ . Note that this approach is different from a recent 
theoretical analysis, where a strong anisotropy of Anderson 
localization was addressed [16]. We introduce disorder into 
the spacing between the waveguides. In disordered arrays 
the waveguide positions are given by k kmkdηη δη= + , 

m kmmdζζ δζ= + , where the uncorrelated random shifts 
,km kmδη δζ  of the waveguide centers along the η  and ζ  axes 

are uniformly distributed within the segments [ , ]S Sη η− +  
and [ , ]S Sζ ζ− + , respectively. The disorder level in our sys-
tem is therefore controlled by the parameters / 2S dη η<  
and / 2S dζ ζ< ; they are limited in order to avoid overlap 
between neighboring waveguides. 

The parameters of the arrays in Eq. (1) were selected in 
accordance to the experiment. Thus, the waveguide widths 
are 0.3gη =  and 0.53gζ =  (corresponding to 23 5.3 mµ×  
wide elliptical waveguides, due to the fabrication procedure). 
The spacing 1.5dη =  and 1.7dζ =  corresponds to the actual 
horizontal and vertical waveguide separations of 15 mµ  and 
17 mµ , respectively (such a spacing yields almost equal hor-
izontal and vertical rates of discrete diffraction in regular 
two-dimensional arrays). The refractive index contrast 

18p =  corresponds to an actual refractive index modulation 



of 31.2 10−×  at the wavelength 800 nmλ =  and the 
100 mm  length of our experimental samples corresponds to 
the propagation distance 87.2L = . We fixed the level of dis-
order at 0.5Sη = and 0.3Sζ =  (that limits maximal possible 
random shift of waveguides to 5 mµ  in horizontal and to 
3 mµ  in vertical directions and provides a comparable local-
ization degree along η  and ζ  axes in two-dimensional ar-
rays). We will be interested in the impact of the array di-
mensionality on Anderson localization. 

In order to illustrate Anderson localization in numerical 
simulations we utilize a Monte-Carlo approach and compute 

310Q =  realizations of disordered arrays for each number of 
rows n  between 1 and 20. For each realization and amount 
of layers Eq. (1) was solved with the input conditions 

( , , 0) ( , )q wη ζ ξ η ζ= = , where the function ( , )w η ζ  describes 
a linear guided mode of an isolated waveguide that is locat-
ed closest to the center of array. For each n  value we calcu-
lated the intensity distribution av ( , , )I η ζ ξ , its horizontal 
integral width ( )wη ξ , and the form-factor ( )χ ξ . All these 
quantities are averaged over the ensemble of all array reali-
zations: 
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where 2
iU q d dη ζ= ∫∫  is the total conserved energy flow. 

Please note, that while parameter ( )wη ξ  characterizes the 
evolution of the width of the distribution along the η  axis 
taking into account also small-amplitude radiation moving 
toward the periphery of the array, the inverse form-factor 

1( )χ ξ−  characterizes the total width of most intensive "local-
ized" fraction of 2( , , )iq η ζ ξ  distribution, disregarding 
small-amplitude radiation. 

The averaged intensity distributions for waveguide ar-
rays with 1n = , 3, 5 and 17 rows at the sample output 
( )Lξ =  are shown in Fig. 1. The localization around the ex-
cited waveguide is apparent in all cases - for the same sam-
ple length without disorder one would observe considerable 
discrete diffraction with main lobes of diffraction pattern 
located around waveguides with , 8k m  . The inspection of 
output intensity distributions reveals, that they are expo-
nentially localized, a signature of Anderson localization. The 
averaged output intensity distribution notably expands in 
vertical direction with the increase of the number of rows in 
the array. This expansion is most pronounced for moderate 
number of rows up to the value 9n  , above which the out-
put patterns become practically indistinguishable for in-
creasing n . Surprisingly, the horizontal width wη  of the 
pattern also increases with n  although the array expands 
only in vertical direction. This suggests that the dimension-
ality of the array in one direction does affect localization in 
the orthogonal direction. One can clearly observe this in Fig. 
2, showing evolution of the inverse form-factor and η -width 
with propagation distance and illustrating the transition 
from initial ballistic spreading to localization. Since 1χ −  
characterizes the width of the most intense fraction of 2

iq  
distribution, which arises due to the excitation of Anderson 
modes in the direct proximity of the input waveguide, the 
transition to localization is most apparent from 1( )χ ξ−  de-

pendence [Fig. 2(a)]. In arrays featuring more rows, the 
beam expansion is faster and larger distances are required 
to achieve a regime with suppressed light transport across 
the array [Fig. 2(b)]. 

 
Fig. 1. Experimentally measured averaged output intensity distri-
butions (left), microscopic images of waveguides arrays (center), and 
theoretically calculated averaged output intensity distributions 
(right) in disordered waveguide arrays with 1, 3, 5, and 17 rows 
(from top to bottom). 

 
Fig. 2. Dependencies of inverse form-factor (a) and width along the 
η -axis (b) averaged over 310  array realizations on propagation 
distance at 0.5Sη = , 0.3Sζ = . 

The central prediction of the numerical studies is depict-
ed in Fig. 3(a), which illustrates the dependence of the in-
verse averaged form-factor (the width of localized beam frac-
tion) at the output face of the sample on the number of rows 
n  (effective dimensionality) of the array. Starting from a 
small 1χ −  value for the one-dimensional case, it grows rap-
idly with n , but saturates around the value 9n  , above 
which the system can be considered effectively two-
dimensional. Thus, the localization in one-dimensional case 
is always stronger than in two-dimensional one. It should be 
stressed that this dependence is obtained for a distance cor-
responding to the length of our experimental samples, but it 
remains practically unchanged for much larger ξ  values. 
This result confirms the prediction of [14] where localization 
strength was also found to decrease with increase of the di-
mensionality of the system. Notice however the difference to 
the results in [16], where somewhat different system with 
strongly anisotropic coupling in two orthogonal directions 
was used and disorder was introduced in both lattice period 
and depths of lattice sites. 



We fabricated waveguide arrays by the laser direct-
writing technology [17] in fused-silica glass. Using a 800 nm 
wavelength femto-second laser focused around 250 microns 
below the glass surface, permanent refractive index changes 
were induced resulting in the formation of elliptically 
shaped waveguides. We prepared six disordered arrays of 

81n×  waveguides, with [1,3,5,7,11,17]n =  layers and a total 
length of 100 mm. The microscopic images of our arrays are 
shown in the central column of Fig. (1). The mean distance 
in the horizontal (vertical) direction was 15 mµ  (17 m)µ . 
The disorder was introduced by a distance variation of 

5 mδ µ×  ( 3 m)δ µ× , respectively, with δ  being the random 
number uniformly distributed in the interval [ 1, 1]− + . In 
each array 30 different individual waveguides located far 
from the borders were excited using a Ti: Sapphire laser 
system with 800 nm wavelength at low input power to en-
sure linear propagation. At the end facet, the intensity pat-
terns were recorded with a CCD camera and averaged over 
each of the 30 realizations. 

 
Fig. 3. Theoretically calculated (a) and experimentally measured (b) 
output averaged inverse form-factor versus number of rows at 

0.5Sη = , 0.3Sζ = . The inverse form-factor in (b) is normalized in 
such way that 1

norm 1χ − =  at 1n = . 

Examples of the experimental averaged output intensity 
distributions are shown in the left column of Fig. 1 for the 
arrays with 1,3,5, and 17 rows. Except for more pronounced 
background the experimental images demonstrate close 
similarities with theoretically calculated distributions 
shown in the last column of the same figure. Furthermore, 
for each experimental intensity pattern the form-factor was 
computed and averaged following Eq. (2). The resulting de-
pendence 1( )nχ −  is shown in Fig. 3(b). In complete agree-
ment with the results of theoretical simulations we observe 
rapid initial growth of the width of output intensity distribu-
tion with increase of n  and the tendency for its saturation 
for large values of 10n  . 

In conclusion, we have studied for the first time the 
gradual transition from 1D to 2D Anderson localization by 
using an effective intermediate dimensionality that is ob-
tained by a varying the amount of waveguide layers. Our 
observations indicate that Anderson localization of light be-
comes weaker with the increase of the effective dimensional-
ity, a fundamental result that is relevant to all areas of sci-
ence where Anderson localization occurs. 
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