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Abstract
We are designing and developing an instrument for full

Mueller matrix scattering measurements of single
particles. The wavelength range for the measurements will
be in visual and in near infrared. We are aiming at angle-
resolved far-field scattering with target sizes down to the
scale of microns or tens of microns.

1 Motivation
The far-field scattering properties of single particles are

important in many application areas of electromagnetic
radiation. In our atmosphere, the aerosol particles of
natural or industrial origin are affecting the net radiation
budget of the Sun to the Earth. These particles include,
e.g., ice particles in cirrus clouds, sand and other small
mineral particles, volcanic ash, and carbon contaminated
particles from industrial processes. The level of
understanding the scattering properties and their effect on
the radiation budget should be in a high level so that
global warming effects could be reliably estimated.

In astronomy the scattering of light, in visual and in
other wavelengths, is an essential tool when interpreting
the observations. Many fields of astronomy rely on
observation of scattered electromagnetic radiation by a
distant target. These fields are, e.g., studies of interstellar
dust, studies of comets and their coma, and studies of
regoliths on top of atmosphereless Solar System bodies
such as asteroids.

In all of the abovementioned cases the knowledge of the
scattering behaviour of singe particles is essential. The
observed signal is often the net effect of vast amount of
signals by single particles, which may be interacting with
each other by multiple scattering. In the low-density cases
the multiple scattering can be quite reliably treated with
radiative transfer models, while in high-density cases an
exact multiple scattering treatment might be necessary for
a reliable modeling. In any case, the single scattering
properties of the particles are the essential input for the
model.

1.1 Single particle computations
The exact treatment of far-field scattering by a single

particle and a group of interacting particles are not that
different. The Maxwell equations to be solved are the
same. A realistic particle target can easily be of shape other

than a perfect sphere, so computations based on the Mie
theory are often not sufficient. Furthermore, the scattering
target can consist of several materials with different
refractive indices, so there is anyway multiple scattering in
a single particle. Often the single particle itself can be best
modelled as an aggregate of smaller monomers, thus
scattering from a single particle is a multiple scattering
problem.

For the abovementioned reason, the same
computational tools that can be used in exact multiple
scattering computations are necessary in single particle
scattering computations, too. These methods include, e.g.
Finite Difference Time Domain, volume integral methods
such as Discrete Dipole Approximation, surface integral
methods such as T-matrix and nullfield method with
discrete sources, among many [1].

To conclude the computational side, the scattering
properties of single particle can, thanks to modern
methods and computing power, be solved
computationally for practically any single particle with
moderate size parameter (2πr/λ less than about 100) and
refractive index or indices.

1.2 Scattering measurements
Experimental scattering studies, i.e., laboratory

measurements of scattering, are needed in conjunction
with computations, for two reasons. First, the exact
computations are still very computationally intensive or
even impossible when the particle’s size parameter
exceeds about 50 or 100. In blue light (λ = 0.45 µm), for
example, this limit is reached with particles with diameter
between ~7 µm and ~14 µm. For smooth, homogeneous
particles much larger than that, the geometric optics
treatment is valid and effective method, but unfortunately
many naturally occurring particles are neither smooth nor
homogeneous.

Second, the geometry, including the internal structure,
and the material composition of small particles might be
difficult to measure accurately for small particles. Electron
microscopy and microtomography can reveal the structure
of the particle quite well, but they are both laborious and
expensive methods, and especially microtomography has
its own resolution limit that might result in an imperfect
model of the target.
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For the abovementioned reasons, laboratory
measurements of single particle scattering are needed.
They can verify the computational results and give much
needed realistic input to multiple scattering studies.

There are some groups conducting scattering
experiments that produce valuable information in the form
of angle-resolved Mueller matrices of single particles. We
would like to mention here especially the Amsterdam-
Granada scattering database, where this kind of data is
collected and distributed to researches [2]. We aim to
complement their work by offering single particle
scattering matrices for single, well-documented particles in
fixed orientation. The main difference to Amsterdam-
Granada setup is that they measure the averaged
scattering properties of multiple single particles in air
flow, determining essentially the orientation-averaged
scattering matrix for a particle collection. Our goal is the
scattering matrix of one particle.

2 Proposed setup
We propose a setup where we need to control both the

polarization state of the incident light and the position of
the target, and measure the polarization state and intensity
of the scattered radiation, as a function of the wavelength
and the scattering angle.

The polarization state before and after the scattering
event is controlled by a linear polarization filter and a
wave retarder. By varying the angles of these four
polarizing elements we can measure all the quantities
needed to derive the full 4x4 Mueller matrix.

We are interested in the spectra of the target in the
visual and near-infrared bands. In the minimal case we
will employ a set of lasers with different wavelengths as
the incident light source. A more ambitious setup can be
reached with a wideband source with two possible
options. First, the wavelength can be controlled by a
monochromator before the polarizing elements and the
target, and the measurement is done with a CCD camera
after the target and the other set of polarizing elements.
Second, the wideband radiation can be used as such, and
the final intensity measurement after all the polarization
controlling elements is done with a spectrometer.

The control of the particle is probably the most
demanding part. Our options include, at least, using
optical tweezers or mechanical control via nanoscale film,
web or fibers, or with the micromanipulator device based
on the Atomic Force Microscopy.

We are currently building the first version of the
proposed setup with the possibility to verify and calibrate
the device. We are using a droplet-generating device
which will produce nearly spherical and very small water
droplets as targets. The benefit of microdroplets is that we
can use Mie calculations to calibrate the measured signal
from our device.
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