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Abstract

We use the Discrete Dipole Approximation method to simulate light scattering from a dense
cloud of wavelength-sized spherical particles. We will mimic the set-up that was used in
recent articles from Mishchenko et al.[1, 2] where the superposition T -matrix method was
used to simulate the scattering characteristics. We will show that the same demonstration of
the evolution of the coherent backscattering phenomena can be produced with the Discrete
Dipole Approximation.

1 Introduction

The coherent backscattering (CB) or the weak localization effect of electromagnetic waves has been studied
both theoretically and with laboratory experiments, and recently also by numerical simulations[1, 2, and the
references therin]. Mishchenko et al.[1, 2] have used the superposition T -matrix method to study the scat-
tering characteristics from a dense cloud of wavelength-sized uniform spheres. They were able to simulate
scattering from systems with up to 240 spheres. Mishchenko et al. make the (probably legitimate) claim,
that they were able to show the evolution of the CB effect directly for the first time.

The superposition T -matrix method has some practical limitations in its convergence and the size of the
system in [1, 2] is the largest that can be computed with current implementations and computing resources.
On the other hand, the Discrete Dipole Approximation (DDA) method, among some other methods, can also
be used to compute scattering from a cloud of spheres. Currently, there is only one implementation of the
DDA as far as we know, the “Amsterdam DDA” (ADDA) code[3], that can handle as large systems as in
the experiment by Mishchenko et al. The reason for this is that the ADDA can be run in parallel computing
clusters where the system matrix in DDA can be divided among the operating memory banks of different
processors. The other DDA codes suffer from the limitation of the available operating memory in single
processor environments.

In this article we will show that the DDA approach can produce the same results as the superposition T -
matrix implementations with the same set-up as in [1, 2]. The idea behind this is that once the applicability
of the DDA is verified in this case, it can be used in larger or more complicated problems when studying
the CB. The T -matrix approach is limited to solids with rotational symmetries, while the DDA can be used
with arbitrary geometry. In the future it could be studied, e.g., if the CB effect needs a cloud of separated
constituents, or could it also be produced by e.g. a large single random and porous particle.

2 Numerical results

We will mimick the set-up in [1, 2] and place either 80 or 160 spheres with size parameter kr = 4 randomly
inside a large sphere with size kR = 40, where r and R are the radii of the small and large spheres and k is
the wave number k = 2π/λ. The refractive index of the particles is 1.32.

This experiment uses just one realization of the random particle positions. With T -matrix method the
scattering is averaged over all orientations of the system, thus producing different ’views’ to the system. The
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DDA method is not capable to produce exact orientation averaging, but the DDA computations can be run
with different target orientations and then averaged, producing an estimate of random orientation scattering.

Currently, we have computed 22 different orientation directions placed systematically in spherical coor-
dinates (θ, φ). In the DDA method the different rotations of the scattering plane in some orientation direction
(θi, φi) are cheap to compute and we have used 256 different planes, making a total of 22x256=5632 orien-
tations. Because one of the rotational angles is so overrepresented in the orientation averaging, the deviation
in the random orientation estimate is larger than in the case of more balanced systematic sampling over the
rotation angles.

The results of the simulations are presented in Figs. 1 and 2. In Fig. 1 are the scattering characteristics for
both the 80- and 160-sphere systems computed with both the T -matrix and the DDA method. The elements
of the Mueller matrix are labeled with a1, . . . , a4 for diagonal elements and with b1 for element (1, 2) and
(2, 1) and with b2 for element (3, 4) and −(4, 3). Different combinations of these elements are presented, e.g.
intensity a1 in subfigs. (a) and (e), and linear polarization −b1/a1 in subfigs. (d) and (l).

3 Conclusions

Mishchenko et al.[1, 2] analyze the behavior of the different scattering characteristics of the sphere clusters
in question. Most obvious signs of the coherent backscattering phenomena in these clusters are seen in the
peaks in the backscattering region in intensity (Fig. 1(e)) and in different polarizations states in Figs. 1(f)-
(k). It is clear that the DDA method produces the same effects and is therefore well applicable in CB studies.
The errors due to the limited number of orientations, as seen in Fig. 2 are still large, but will decrease as
more orientations are computed.

The CPU times needed for the DDA computations are much larger than for the T -matrix method.
Roughly estimated CPU-time for the T -matrix solution of the 80-sphere problem is ∼ 100 CPU-hours[2]
with a modern PC. CPU-time for one orientation (with 256 scattering planes) with the ADDA code was ∼ 70
CPU-h. For 22 orientations it was roughly 1500 CPU-h, and at least twice this much orientations would be
needed for the result to fit better to the exact results from the T -matrix method. Nevertheless, the available
computing resources grow rapidly and the flexibility of the DDA method with arbitrary geometry does make
the DDA approach very advantageous.
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Figure 1: Different scattering characteristics for both the 80- and 160-sphere systems computed with the
T -matrix or the DDA method as a function of the scattering angle.
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Figure 2: Scattering characteristics for the 80-sphere system and a typical error of the DDA orientation
averaging. The lower and upper error lines are the 4th smallest and largest values in the 22 orientations at
that scattering angle. This non-parametric error estimate encloses 64 % of the observations. The widely used
mean-±-σ -error encloses 68 % of obervations, but it is symmetric while the errors in e.g. backscattering
region in subfigs. (g) and (h) are not.
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