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The purpose of our investigation is to search for interfacial phenomena of a *He crystal which are masked
by the gravity. ‘He quantum crystals grow in superfluid very quickly at sufficiently low temperatures
and therefore can relax fast to the equilibrium in accordance with the surrounding condition. The fast
relaxation can be achieved even for a macroscopic crystal by the swift superflow of mass transport and
by the negligibly small release of latent heat. Moreover, the very pure system which includes no impurities
but *He also allows the crystal to relax easily. Studies of *He crystals provide us with deep understanding
of fundamental physics, such as verification of roughening transition, temperature dependence of step
free energy below the roughening transition, dependence of step—step interaction on interval between steps,
and facet growth mechanism due to two dimensional nucleation or spiral growth. On the other hand, 'He
crystals are sensitive to the gravity and the gravity masks fundamental phenomena on the crystal. For
example, as long as the crystal size is much larger than the capillary length of 1 mm, the crystal is
deformed by the gravity to minimize the gravitational energy and we are not able to observe the equilibrium
shape of the crystal.

We are interested in the equilibrium shape of the crystal at low temperatures determined by the interfacial
free energy. Therefore, we have got started to carry out experiments under microgravity produced by a
parabolic flight of a jet plane. First, we had to develop a refrigerator for the microgravity experiments
on the jet plane. The jet plane was so small that the cryostat had to clear some restrictions such as
experimental space, available electric power and total weight of the experimental system including
refrigerators, vacuum pumps, measuring instruments and so on. We succeeded in developing a °He evaporation
refrigerator and then a dilution refrigerator for experiments on the jet plane. Dilution refrigerators,
a common device to get ultra—low temperatures, require the gravity to stabilize the *He/*He interface for
the continuous operation and so special care has to be paid for the use in zero gravity. Although the
refrigerator unit we constructed was an ordinary one, we found it keeps the lowest temperature of 150
mK during the period of 20 seconds by the parabolic flight. We expected this success by the experience
of the *He evaporation refrigerator which could keep its lowest temperature of 580 mK during the parabolic
flight.

Using these refrigerators, we succeeded in observing macroscopic ‘He crystals at around 600 mK and 150
mK under microgravity. After the gravity was reduced to zero by the parabolic flight, the crystals changed
their shapes immediately to new equilibrium shapes from the ones in gravity. The crystal did not detach
from the sample cell wall at any time under microgravity probably because the adhesive force manifested
as partial wetting to the wall was sufficiently strong and we could not observe the equilibrium shape
completely surrounded by the superfluid. However, we found s —facets to appear on some part of the crystal
at around 200 mK under microgravity which was concealed at 150 mK by gravity. This is the very first
observation of s —facet on an equilibrium shape of a ‘He crystal. Moreover, equilibrium shapes we obtained
under microgravity were found to depend on the initial shapes just before the relaxation, so we were able
to observe different relaxation processes of the crystal by applying an acoustic wave pulse to the crystal
to deform it.

In addition, we observed a clean Ostwald ripening of *He crystals in superfluid ‘He. Under gravity on
the ground, the ripening was not apparent because it stops growing at the crystal size comparable with
the capillary length. However, under microgravity, Ostwald ripening was observed up to the scale on the
order of 10 mm due to the infinitely long capillary length, exhibiting a novel evolution of crystal shape
driven solely by the interfacial free energy.

Thus, this work opened a new field of physics, the crystal shape of quantum solid under microgravity,
which had not been studied so far.
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