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Elastic properties of solid helium under rotation

Thesis Summary

In this thesis, I describe experimental studies of elastic properties in solid helium (*He) under unidirectional
rotation. Solid *He shows an elastic anomaly below 0.5 K. I studied how the rotation of solid samples alters
the elastic properties by employing four types of elastic measurements.

Solid “He is known as a quantum solid, in which “He atoms exchange frequently their positions between the
lattice sites. By this quantum nature, solid “He has been expected to show superfluidity, which is called
supersolidity. In 2004, evidence of superfluid transition in solid “He was claimed: The resonant period of a
torsional oscillator (TO) containing solid “He decreases below 0.2 K. Since this discovery, a number of
studies were performed to explore the possible superfluid properties. A later experiment showed that the
shear modulus of solid “He has the same temperature dependence as the period of TO. This revealed that the
period reduction of TO originates from elastic property of solid “He. The elastic anomaly is attributed to the
interaction between *He impurity atoms and dislocations in solid samples. Nowadays most of the
superfluid-like properties have been interpreted as elastic change.

However, some experimental results suggest superfluidity in solid “He. One of such is a TO experiment
under unidirectional rotation: The period shift of a TO decreases as rotation speed increases, and shows a
step-like structure, which suggests intrusion of quantized vortices, a line defect intrinsic to superfluid
helium. This result was considered as an evidence of supersolidity, but should be reconsidered in terms of
elasticity of solid *He.

In this study, elasticity of solid “He was measured under rotation by several ways. First, shear modulus was
directly measured by piezoelectric transducers (PZT). Second, a TO with a special design which is sensitive
to elasticity of solid sample was employed. Third, solid “He confined in porous media, in which no
dislocations exist, was studied by two TO’s. The shear modulus measured by the PZT and the
elasticity-sensitive TO decreases by applying rotation. However, the magnitude of the rotation-induced
reduction of elasticity is about 1/3 of the result of the first TO study. On the other hand, a large reduction of
period shift is observed in a TO containing bulk solid and solid in porous media, when it is rotated up to 4
rad/s. To conclude, this study definitely shows that elastic properties of solid ‘He are affected by rotation, but
the magnitudes of the rotation effect strongly depend on situation of solid samples. Effects of Coriolis force
acting on *He impurity atoms interacting with dislocations are discussed as a possible mechanism of the

rotation effect.
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