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Supersolidity and the quantum spin liquid state in monolayer of helium
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At low temperatures, helium atoms form a monatomic adsorbed layer on a
crystalline graphite surface, where atomic motions are restricted to two dimensions (2D). In this 2D
quantum system, the novel quantum liquid-crystal (QLC) phase with finite fluidity even at absolute
zero is expected to emerge as an intermediate phase between the quantum liquid and solid phases. In
this study, by performing simultaneous measurements of mechanical response of the adsorbed helium-4

film under substrate oscillation and specific heat of the film, we have succeeded in observing an
anomalous superfluid state, which strongly supports the QLC hypothesis. In addition, we have shown
that the novel quantum spin-liquid magnetism observed in the adsorbed film of helium-3, an isotope
of helium-4, can be explained by assumin% the QLC structure behind. A preliminary but encouraging
result of synchrotron radiation X-ray diffraction experiment aiming for structural identification of

the QLC phase was also obtained.
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