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Abstract
We use visible (VIS), near (NIR) and thermal in-
frared (TIR) photometric observations to retrieve
the particle size distribution for the coma of comet
67P/Churyumov-Gerasimenko. The retrieval is based
on synoptic numerical modelling of light scattering
and thermal emission. The modelling results suggest
that the observed scattering and thermal emission fea-
tures are dominated by large particles in the coma.

1. Introduction
Remotely observed scattered solar and thermally emit-
ted radiation from the coma of a comet can be used to
estimate the particle size distribution in the coma. The
estimation procedure requires solving an inverse prob-
lem for Maxwell equations. Unfortunately, the solu-
tion for such a problem is not unique. Consequently,
the retrieved physical parameters may be unreliable.
To improve the reliability of the retrievals, the same
physical model need to be used to explain observations
over a wide wavelength range, e.g., from ultraviolet to
infrared in which case many physical processes on dif-
ferent scales contribute to the received signal.

Recently, we have developed a synoptic numeri-
cal method for scattering and thermal emission. The
method is self-consistent, i.e., it uses the same par-
ticle model, same physics and same numerical algo-
rithms for each wavelength. We use this model to ex-
plain the scattering and thermal emission properties of
the coma of comet 67P measured by the OSIRIS and
VIRTIS instruments onboard the Rosetta spacecraft,
and the ground-based infrared observations. The mod-
elling results are used to constrain the dust particle size
distribution in the coma.

2. Numerical method
We assume that particles in the coma do not contain
any volatiles hence the phase changes, (sublimation
and recondensation) do not contribute to the energy

budget. Also, we neglect heat transport by convection,
i.e., the particles are assumed to be in vacuum. Thus,
we only consider conductive and radiative heat trans-
port.

We apply the finite-element method to solve the
Fourier transport equation for heat conduction in
which the radiative heat transfer component is com-
pletely decoupled and introduced as a source term.
This allows us to use the recently introduced dense
media radiative transfer formalism [1, 2] to compute
scattered, absorbed and emitted power for each wave-
length.

3. Coma model
Particles in the coma are assumed to be in each other’s
far zone, and the coma is assumed to be optically thin.
Therefore, to model scattering and emission charac-
teristics of the coma, we can average single scat-
tering properties over an ensemble of particles. As
for the particle model, we use irregularly-shaped ag-
glomerates of spherical submicrometer-sized carbon
and micrometer-sized silicate grains. Such a particle
model succeeded to explain the visible phase function
of the coma of comet 67P [2].

4. Preliminary Results
Our preliminary numerical results show that if the
coma do not contain a significant amount of small par-
ticles (radius < 10 µm), the model is able to explain the
following scattering and thermal emission properties:

1. Intensity phase functions (Rosetta/OSIRIS)
show U-shaped curves with the minimum around
100 degrees [3]. The model predicts that the lo-
cation and deepness of the minimum depends on
the size of particles.

2. Superheating factor phase function
(Rosetta/VIRTIS) shows phase dependence
indicating temperature gradients inside the parti-
cles [4]. The model predict that the particles must
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be larger than 10 µm to maintain temperature
gradients. Temperature gradients also depend on
the size, heat conductivity and spinning state of
particles.

3. VIS-NIR spectrum (Rosetta/VIRTIS) from 0.35
to 3.5 µm shows a slightly red spectrum with a
small increase in the slope between 0.5-1 µm [5].
The model indicates that color depends on the
particle size distribution. Small particles result
in a bluer spectrum and large redder.

4. Silicate feature (Ground based) is absent at 9-
13 µm [6]. Small particles (radius < 10 µm)
shows a strong 10 µm-silicate feature but it vanish
with increasing particle size.

5. Conclusions
Visible, near and thermal infrared observations of the
coma of comet 67P/Churyumov-Gerasimenko indicate
that small particles (radius < 10 µm) are absent or their
number is significantly lower than larger ones in the
coma. Hence, the scattering and emission features are
dominated by large particles. To obtain better under-
standing of the internal structure of particles, i.e., grain
size and porosity, polarimetric data should be inter-
preted in combination with the photometric data.
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