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Abstract

With receivers and transmitters on-board both
Rosetta’s main spacecraft and the Philae lander, the
CONSERT (Comet Nucleus Sounding Experiment
by Radiowave Transmission) bistatic radar has been
designed and operated to retrieve information about
the internal  structure of  67P/Churyumov-
Gerasimenko nucleus [1].

CONSERT was successfully operated during the
First Science Sequence (FSS) after Philae’s landing
on the nucleus. While the CONSERT’s primary goal
is to perform the tomography of the whole nucleus,
in this paper, we specifically focus on the local
variations in the nucleus shallow subsurface
permittivity over depths ranging from tens to
hundreds of meters and investigate a possible
difference between the Eastern and Western side of
the Philae’s landing site.

A number of propagation simulations corresponding
to the geometrical configurations at grazing angles
have been performed for a variety of subsurface
permittivity models. The effect of local vertical and
horizontal variations of the permittivity values
around the landing site as well as comparison with
CONSERT’s experimental data collected in the same
configurations will be presented and discussed. A
possible interpretation of the results will be presented

1. The model for the nucleus’ shape
and subsurface dielectric properties

The nucleus shape model for the simulations is
derived from the images of the comet taken by the
OSIRIS camera [2]. At CONSERT’s 90 MHz
frequency, the dielectric properties depend on the
porosity, the composition and on the temperature of
the nucleus. As a consequence, the data collected by
CONSERT should provide information about these
parameters values and their spatial variations inside
the nucleus. The range of permittivity values we used
for this study is based on experimental values
available in the literature [3], [4]. These values have
been obtained through measurements performed in
laboratory on ice/dust mixtures at low temperature
and for high porosity values around 70 - 80%
commensurate with the information provided by the
other instruments of the Rosetta payload.

2. Simulations tool and results

Electromagnetic simulations have been run on these
nucleus models to simulate the propagation of the
CONSERT waves at 90 MHz between Philae lander
and the orbiter. A fast ray tracing method has been
used to provide simulated data for a large number of
nucleus dielectric constant configurations. It allowed
us to study of the effects of the permittivity spatial
variations in the shallow subsurface. We considered a
variety of possible features such as: a gradient with
depth either positive or negative or a random



variability of the permittivity. Fig.1 and Fig. 2
illustrate the propagation of the waves from the
lander’s location. They show how a permittivity
gradient in the shallow sub-surface has a potential
strong effect on the wave propagation. In both cases,
a permittivity gradient taking place within a 50-
meters layer below the surface has been considered.
Fig. 2 corresponds to a decrease of permittivity with
depth while Fig. 2 illustrates the effect of an increase
of permittivity with depth.

In this latter case, the rays’ curvature clearly show
that the refraction prevents the waves transmitted by
the lander to propagate towards some given angular
directions, which is consistent with the measurement
performed by CONSERT during the FSS.
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Fig.1: Results of the ray tracing method for a
permittivity that decreases with depth. The color
indicates the dielectric constant value.
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Fig.2: Results of the ray tracing method for a
permittivity that increases with depth

3. Conclusions

Comparison  between  simulated data and
experimental data allow us to exclude a situation
where the permittivity significantly increases with
depth and where the mean permittivity value is larger
than 1.3, in agreement with a result obtained for an
homogenous nucleus [5]

These results can be interpreted in terms of porosity
and dust/ice ratio. A preliminary comparison with a
model of the subsurface thermal and physical
modifications induced by volatiles’ sublimation and
possible dust crust formation will also be presented.
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