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Thesis Summary

Adsorption of molecule is a ubiquitous phenomenon which plays important roles both in industry
and in basic science. A few layers of molecular films adsorbed on a solid surface provide a variety
of emergent phases that are not present in the bulk. This thesis presents a series of elasticity
measurements for helium, neon, and hydrogen films adsorbed on a porous glass substrate by means
of torsional oscillator technique.

In a classical picture, adsorbed films are bound to the substrate and freezes at sufficiently low
temperatures due to van der Waals attraction from the substrate. An important exception is helium
film, which becomes superfluid due to large zero-point energy and weak interatomic interaction. A
few atomic layers of “He film adsorbed on a solid substrate exhibit superfluidity when the film
coverage (density) exceeds a critical value, which is typically 2 atomic layers. The *He film thinner
than the critical coverage is in a localized phase at low temperature. It has attracted attentions in
what many-body state the localized phase is, and a possibility of Bose glass had been proposed.
The low temperature properties of other molecular films are less investigated, and the phases of the
ground state and at finite temperature, and the phase transitions were not elucidated.

The elasticity is an essential physical property in localized phases, but there was no method to
directly measure the elastic constant of adsorbed films. I have made direct measurements of elastic
constant by a torsional oscillator and discovered an anomalous elastic behavior in both bosonic “He
and fermionic *He films, which we call an elastic anomaly. In the elastic anomaly, the elastic
constant increases at low temperatures with an excess dissipation, which is explained by thermal
activation of atoms from the localized to spatially-extended band and a relaxation process. Helium
films are in a gapped and compressible state, which is a sort of Mott insulator or Mott glass, and
exhibit a quantum phase transition together with gap closure by increasing the coverage. To
examine whether the elastic anomaly is intrinsic to the QPT of helium films or not, I conducted
similar experiments for neon, a less quantum noble gas, and hydrogen isotopes H>, HD, and D;.
Neon film shows the elastic anomaly at about 5 K, and does not show quantum phase transition. |
also observed the elastic anomaly in bosonic (H> and D) and fermionic (HD) hydrogen films.
Unlike helium and neon, hydrogen films show multiple elastic anomalies at several temperature
ranges in 1-10 K. They may originate from the quantum properties and the surface diffusion in

molecular hydrogen films. Thus, I discovered the elastic anomaly in every film examined. This fact

suggests that the elastic anomaly is a universal phenomenon in adsorbed molecular films.






