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'Is there a life elsewhere in the universe?’ It is a fundamental question deeply rooted on intelligence of human beings. And &
clue of this question may be found on Ganymede. After magnificent achievements of Galileo and Voyager missions, an existenc
of thick liquid water layer has been implied for three icy satellites of Jupiter, Ganymede, Europa, and Callisto. This layer is now
understood as subsurface oceans under icy crust. The evidence of ocean, however, is not widely accepted, because it depend
an inference of electromagnetic observation and surface morphology. Looking for new evidences and clues for these importat
issues, a new mission to Jupiter system is planned by European Space Agency. It is the Jupiter Icy Moon Explorer (JUICE)
JUICE will be launched in 2022, and will arrive at Jupiter in 2030. After several fly-bys to Europa and Callisto, JUICE will
be inserted into an orbit around Ganymede in 2032 and will continue scientific observations for eight months until the end of
nominal mission in 2033.

The Ganymede Laser Altimeter (GALA) is one of the instruments selected for JUICE. A fundamental goal of any exploratory
space mission is to characterize and measure the shape, topography, and rotation of the target bodies. A state of the art tool for t
task is laser altimetry because it can provide absolute topographic height and position with respect to a body centered referen
system. The GALA data are particularly important for confirming the global subsurface ocean and further characterization of
the water-ice/liquid shell. If the ocean exists beneath icy crust, dynamic response of the ice shell to tidal forces is so large tha
temporal variation of the topography as great as several meters is expected. In addition, small eccentricity of orbit of Ganymed
causes the forced physical librations and spin-axis obliquity that will be observed as lateral shifts of footprint of laser beam at the
surface. Further, improved determination of spacecraft orbits by cross-over analysis contributes to precise estimate of low degre
harmonics of gravity field. We thus aim to estimate accurate tidal Love numfieas\dk- , to infer internal density structure of
the satellite.

Global topographic data derived by GALA are also important for the study of tectonic history at the surface, elastic and
viscous structure of ice crust, and thermal evolution of interior of the icy satellite. For example, linear structures such as ridge:s
and grabens reveal extensional stresses in the past. Such stress variation is closely related with thermal history of Ganymede.
well, possible cryo-volcanic features may indicate partial melting of the crust and consequent subsurface lake. These observatio
on various geologic activities lead to new understanding of transport of heat and materials from the inside to the surface. Furthe
a comparison of styles of tectonics of ice crust and that of silicate lithosphere will likely shed a new light on theory of plate
tectonics of the Earth.

GALA uses the 'direct-detection’ (classical) approach of laser altimetry. Laser pulses are emitted at a wavelength of 1064 nn
by using an actively Q-switched Nd:Yag laser. The pulse energy and pulse repetition frequency are 17 mJ at 30 Hz, respectivel
The emission time of each pulse is measured by the detector. The beam is reflected from the surface and received at a 25 ¢
diameter F/1 telescope. The returning laser pulse is refocused onto a silicon avalanche photodiode (APD) through back-er
optics including a narrow bandpass interference filter for isolating the 1064 nm wavelength. The APD-signal is then amplified,
sampled and fed to a digital range finder. The minimum acceptable SNR is approx. 1.2. This system determines the time ¢
flight, pulse intensity, width and full shape. The GALA instrument is developed in collaboration of institutes and industry from
Germany, Japan, Switzerland and Spain.
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