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Introduction: Planet Mercury is subject to strong
tidal forces due to its close, 3:2 resonance, orbit around
the sun. The tidal displacements of the planetary
surface are related to the internal mass distribution of
the planetary interior and thus measurements of this
displacements can be used to infer information about
the interior structure. In our work we try to estimate
the Love number h, using a model that has been used
to estimate the Love numbers for the Moon [1].

Data and Methods: We use data from the
MESSENGER Laser Altimeter (MLA) [2] after
reprocessing the space craft’s position and pointing,
taking care of pointing aberration and relativistic
effects. For comparison and to model the possible
errors in finding the tidal parameters, we use simulated
shot modulated by various error sources like offsets
and statistical errors.

Current Progress: We are able to correctly derive
h, from simulated laser altimeter measurements that
are distributed as the MLA data (Fig. 1). Simulated
shots experiments show that outliers in the input data
set can offset h,, depending on their frequency and
magnitude. Gaussian noise is unproblematic when
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deriving h,. The sensitivity to outliers poses a problem
for the analysis of measured data. We use filtering
techniques and train machine learning algorithms to
find and eliminate outliers [3,4]. A difficulty with the
MLA is the fact that it only covers the northern
hemisphere. The equatorial region in which the tidal
displacement is largest is only sparsely covered
(Fig. 2). This is limiting the accuracy with which we
can estimate h,. The data availability will improve
once BepiColombo [5] arrives in Mercury’s orbit and
its laser altimeter BELA [6] goes operational. We plan
on using that data once it gets available [7].
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Figure 2: 1 deg grid topography modeled from the MESSENGER Laser
Altimeter (MLA) data. The MLA measured mostly on the northern
hemisphere.

Figure 1: Love number hz for simulated and measured
laser altimeter records on Mercury at different
parameters for topography regularization. The
simulations are based on two different tide regimes: one
with a Love number h2=0.6 and one with h2=0.8. The
tides are correctly recovered from the simulated data at
lower, that means less rough, regularization. The MLA
data is more sensitive to regularization than the
simulated data.
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