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Fig.1 – Instantaneous l=2 tidal
acceleration from Phobos.

By using the VBB seismometer of SEIS as a gravimeter on the surface of Mars, the InSight mission
will provide long-period data suited to tidal analysis [1,2]. The tidal response of Mars, due to the Sun and
the Martian moons, Phobos and Deimos, provides information about the interior structure of Mars.
Most notably, the proximity of Phobos means that degree-2, -3 -4 and further tides are all detectable
and will be sensitive to the rheology of different depth ranges within Mars [3] (Fig. 1). While less than 8%
of the main Solar tide amplitude, the Phobos tides occupy a range of frequencies separate from the
diurnal harmonics, making their recovery easier [4] (Fig. 2).

Forward modeling of the tides

Signals seen by SEIS

We build a forward model of the expected
acceleration recorded by InSight due to the Phobos tides
using ephemerides from the JPL Horizons website to take
into account all the physical parameters of Phobos' orbit,
such as eccentricity, inclination, obliquity and apsidal
precession. From the position of Phobos in the Martian
sky, its ground track is derived and the tidal potential of
Phobos is calculated for degree l=2, 3 and 4 (Fig. 3).
Fig.3 – Tidal potential of Phobos derived
from the JPL Horizons website, calculated
for degree 2, 3 and 4. Main Phobos tide has
a period of 5h33min.

Several Martian models have been
considered to calculate the expected magnitude of
the gravity variations and phase lags.
The first set of models are based on the
mantle composition of Taylor et al. (2007) [8], the
rheology model of Faul and Jackson (2007) [9] and
the hot temperature end-member of Plesa et al.
(2015) [10]. The core is assumed to be made of
liquid Fe-S core and based of the thermoplastic
data of Terasaki et al. (2019) [11]. The second set of
models is based on the mantle composition from
Yoshizaki and McDonough (2019) [12] and uses
either the hot temperature end-member or a
profile in-between the hot and cold end-member of
Plesa et al. (2015) [10]. The last model is made with
a solid core based on Nimmo and Faul (2013) [13].
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Fig.2 - Power spectrum of the Phobos
tides acceleration. Individual peaks are
marked with period in hours. Main solar
tides are indicated with vertical red lines.

For this work, the same noise models from Pou et al. (2019) [4] and
Mimoun et al. (2017) [7] are used but updated with the actual temperature
and pressure measurements from InSight for the long period noises. The
difference between the updated models and the expected noises from [4]
are shown in Fig. 5 and compared with the expected tidal signal amplitudes,
showing good agreement with the previous works of [4]; thus, we are using
the same method to recover the Phobos tides.

Fig.5 – Expected SEIS output on
the vertical axis (blue – this work,
pink from [4]) compared to the
expected gravity variations due to
the tides of degree 2 (Dg2,
orange), degree 3 (Dg3, yellow),
and degree 4 (Dg4, purple). The
main frequencies of the tides are
indicated by black lines.

Fig.4 – Phobos creates a tidal bulge at the
surface of Mars; however, since it rotates
faster than the surface of Mars, there is a
geometric lag angle between its actual
position and the Phobos tides induced
displacements.

Martian interior models
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Results
The gravimetric factors for the different
Mars models are given in Fig. 6. Using this
figure, we can deduce the accuracy needed on
the recovery of the Phobos tides to constrain
the Martian interior (Table 1). Here, data are
simulated over 2 Earth years (nominal duration
of the InSight mission).

Parameter

Accuracy
needed for
state of core

Accuracy
needed for
size ± 125 km

Parameter
recovery

3.4%

1.2%

1.1%

1.2%

0.5%

1.4%

0.4%

0.2%

1.0%

2%

0.8%

1.5%

Table 1 – Accuracy
needed
2.2%
1.2% on the1.1%tidal
parameters to constrain the Martian interior,
from the models shown in Fig. 6, and current
recovery values on synthetic data.
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From these models we compute the Love
numbers h and k for degree l=2, 3 and 4, as well as
the associated gravimetric factors as [6]:

Fig. 7 – Acceleration due to the degree-2 Phobos
tide. The blue component is due to the direct
attraction of Phobos, and the red due to the tidal
displacements of Mars creating a change in the
local gravity, affected by the geometric lag angle.

This gives us a range of various gravimetric
factors and phase lags (Fig. 6) to model the actual
acceleration due to the Phobos tides at the surface
of Mars in both amplitude and phase (as in Fig. 7
for the degree-2 tides).

Therefore, by estimating the gravimetric
factors, it should be possible after 2 Earth years
to constrain the state of the core and its size to
at least ± 125 km.

Fig. 8 – Result of the tides recovery algorithm
described in [4] on synthetic data. The Phobos
tides of degree-2, 3 and 4 are visible in the
spectrum of the residual after matched filters and
LMS filtering. The main frequencies of the tides
are indicated by black lines.
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