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Abstract
Results from a novel numerical technique to calculate

the T-matrix are presented. The method exploits the
volume integral equation for electromagnetic scattering of
a single particle. It is based on the CDA and uses its
Green's function formulation, see O. J. F. Martin et al. [1].
The basic procedure includes the parallel use of the
Lippmann-Schwinger and the Dyson equations to
iteratively solve for the T-matrix and the Green's function
dyadic respectively. No boundary conditions need to be
specified. The method can be used for the evaluation of the
optical properties (e.g. Müller matrix) of anisotropic,
inhomogeneous and asymmetric particles, both in far and
near field, giving as output the T-matrix, which depends
only on the scatterer itself and is independent from the
polarization and direction of the incoming field.
Estimation of the accuracy of the method is provided
through comparison with the analytical spherical case (Mie
theory) as well as non-spherical ice particles.

1 Method
It is assumed that the scattering system is formed by a

dielectric, nonmagnetic particle, characterized by the
dielectric constant  embedded into an infinite
homogeneous background medium of dielectric constant
0 . The scattering problem can be expressed through the

T-matrix in an integral form given in [2], the total field is
then obtained from
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where T is the dyadic transition operator and r can run all
over the system (i.e. scatterer and background). The
integrals run over the internal volume of the particle .V
Then, the T-matrix is calculated via the Lippmann-
Schwinger equation for the T-matrix ,with 0 /k c
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From quantum theory of scattering [3], we can also infer
the Dyson equation for the Green's function dyadic,
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The core of the algorithm lies in the parallel use of the
Dyson equation and of the integral equation for the T-
matrix, following the scheme proposed by O. J. F. Martin et
al. [1]. It is based on a discretization of the involved
integrals over a cubic voxelization of the particle. No Born

approximation is imposed. The output is the T-matrix of
the particle from which, one can get the field inside the
scatterer as well as the near and far field solutions just
employing the integral equation for the field.

2 Validation: Mie-theory comparison
The algorithm is validated through analytical results

for a sphere (Mie theory) made of ice 1.1535 0.392i   .
Figure. 1 shows the first element of the Müller matrix for
parallel polarization.

Figure 1 Top: comparison of ice sphere phase functions
calculated with Mie theory and our T-matrix technique for
parallel polarized light ( ẑ ). Vertical axis: phase function
(arbitrary units). Horizontal axis: scattering angle. Bottom:
sparse-octree voxelization of the unit-sphere.
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3 Results: non-spherical particles
Results are shown for a ice cube (for incident direction

see the subplot of the central panel in Figure. 2) and a ice
cross (incident field direction along the longest direction).
In the talk other interesting results will be presented for
sharp edges particles like rectangular solids, torus,
hexagonal plates as well as for particles with rough surface
for which measurements in the laboratory exist.

Figure 2 Polar scattering pattern in logarithmic scale for vertical
ẑ linear polarization (normalized to the maximum). First row:

cube with x=8. Second row: voxelization of a cross. Last row:
cross with x=8. The axes are cartesian coordinates on the z-y
plane. The scattering angle is in [5°, 60°] from center.

4 Conclusions
The talk will report on (1) the technique to use in

parallel two Lippmann-Schwinger equations, their
discretization using sparse-octrees in order to calculate the
Green's function dyadic and the related T-matrix for an
arbitrary particle when an electromagnetic wave is
incident on it (2) results for a sphere, and novel cases
including sharp edges  as well as rough-surface  particles
(3) comparison with recent experimental data from the SID
instrument at IMK-KIT (Karlsruhe, Germany) for single
forward scattering polar pattern.

4.1 Abbreviations and Acronyms
CDA: Coupled Dipole Approximation.
GDT: Green's Dyadic Technique.
SID: Small Ice Detector.
KIT: Karlsruhe Institute of Technology
IMK: Institute for Meteorology and Climate Research
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