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Abstract

Below 2.17 K, liquid *He enters an inviscid superfluid state. Superfluidity is
a macroscopic quantum phenomenon like superconductivity, and understanding
them has been a major goal of quantum statistical physics and low temperature
physics. Although superfluidity is usually thought to be caused by the Bose-
Einstein condensate state of liquid *He in which a macroscopic number of particles
occupies a single particle ground state, the relation between the Bose-Einstein
condensation and superfluidity has not been completely understood; the one is
neither necessary nor sufficient for the other. In this work, concentrating on some
of interesting relations between them, we theoretically discuss the following topics.

The Bose system in a random potential has been thought to be a good example
for studying the relation between the Bose-Einstein condensation and superfluid-
ity. In the random potential, Bose-Einstein condensed particles are localized to
the potential minimum and cannot belong to superfluidity; this system can sepa-
rate the Bose-Einstein condensation from superfluidity. Liquid *He in porous glass
is often used as this system in experimental studies. For both the Bose-Einstein
condensation and superfluidity, many observations which were remarkably differ-
ent from those of bulk liquid *He were reported by Reppy et al. for dilute region
under small adsorbed *He coverages, and by Plantevin et al. and Yamamoto
et al. for strongly correlated region under large coverages and high pressures.
For these experimental works, we analyzed the model of a three-dimensional Bose
fluid in a random potential to investigate the effect of the randomness on the ther-
modynamic properties of both the Bose-Einstein condensation and superfluidity.
Without introducing any free parameters, our results were quantitatively consis-
tent with experimental observations. Furthermore, we succeeded in theoretically
predicting the presence of the Bose-Einstein condensation without superfluidity,
namely the new phase of localized Bose-Einstein condensates.

Another most interesting phenomenon of superfluid is a quantized vortex which
is caused by a single valued macroscopic wave function of Bose-Einstein con-
densation. A quantized vortex is a topological defect of this wavefunction and
completely different from eddy of classical fluid at the points of (i) circulation
is quantized, (ii) vortex is stable, (iii) vortex can be defined definitely, and (iv)
core is very thin. Quantum turbulence near the zero temperatures can be ideal

prototype for understanding turbulence, because quantum turbulence is made of



vi

definite quantized vortices. By numerically solving the Gross-Pitaevskii equation,
we investigated the dynamics and statistical properties of quantum turbulence,
and their relations with those of classical turbulence. As a result, we found the
presence of inertial range which was similar to that of classical turbulence for both
decaying turbulence without any energy injection and steady turbulence with en-
ergy injection by the moving random potential. In this inertial range, energy
spectrum was consistent with the Kolmogorov law which was one of the most im-
portant statistical laws of classical turbulence; these findings showed the similarity

between quantum and classical turbulence.
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