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ABSTRACT

A Mars mission including EDL (Entry-Descent-Landing) and surface
exploration has been studied in the Mars working group, and potential
candidates for scientific instruments have been discussed. For such
instruments, we propose seismic sensors to search for internal structure of
Mars. Exploration by means of seismic waves is a powerful method to
investigate internal structure of a solid planet with high resolution, as fully
shown in the case of earth’s structure. Seismic exploration on Mars will
reveal seismicity, deep layer structure, and shallow structure, which provide
clues as to understanding current internal activity, differentiation process,
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and dehydrated surface environment, respectively. With sufficient data on
the Martian internal structure, a standard model PRISM (Preliminary
Reference Interior Structure Model on Mars) could be established, as
compared to PREM (Preliminary Reference Earth Model) for earth.

This proposal comprises three kinds of instruments: a broadband
seismometer, active surface exploration system, and penetrators. The
broadband seismometer measures seismic waves in the frequency range of
1 mHz - 10 Hz. Because seismicity on Mars is not evident and large
marsquakes cannot be expected as sources for the seismic exploration,
background free oscillations excited by Martian global atmosphere are
utilized. With high detectability, 3x10™° m/s*VHz at around 1 mHz, using a
laser-interferometric detection, the seismometer senses the background free
oscillations whose eigenfrequencies can resolve radius and status
(liquid/solid) of the core at a single observation station.

The active surface exploration system includes PZT (piezoelectric)
actuators exciting Martian surface and accelerometer pickups sensing
waves reflected from boundaries of surface layers. A PZT and a pickup are
packaged, and three packages are attached to bottom of respective lander
legs to make them stably couple to the surface on landing. This system is
designed to detect layer structure and its time variation within a few meters
in depth.

The penetrators confining seismometers are separated from the landing
module at the altitude of several km, and stick on surface within the range
of several hundred meters from the lander, forming a seismometer network.
This local observation network is expected to detect meteorite impact
events, local marsquakes, and tremors excited by surface wind, which are
used for determination of shallow internal structure. Because the system
operates with built-in batteries, the observation period may be several hours
to a few days, depending on the surface temperature.

These instruments are unique to our group in that they cover from
surface to deep structure with little assumption of marsquake activity on
Mars. Especially, core structure has not been explored by previous and
planned missions. The exploration of Martian internal structure will open
up a new window to research on origin and evolution of the planet, and
lead to advanced Mars missions.
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