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AC Amplitude Dependent Dissipation in Thin *He Films Formed in Porous Glass with
1um Pore Diameter
V.Kovacik*, M.Fukuda, M.K.Zalalutdinov”, T.Igarashi, M.Kubota
Institute for Solid State Physics, University of Tokyo

We present the first systematic torsional oscillator measurements of AC amplitude effect
on dissipation and superfluid density o, near the superfluid transition temperature T. in
thin *He films formed on the porous glass with well defined geometry [1], aimed to examine
the nature and dimensionality of vortex excitations produced by large AC superflow. The
substrate with pore diameter d=lum has been chosen, since the films formd on it are
expected in the AC experiment to simulate 2D behavior [1], which may be compared with
the 2D dynamic theory [2]. On the other hand, in multiply connected superfluid films
activation of 3D -like vortex structures is expected theoretically, if superflow velocity
exceeds some characteristic value [3]. For the large pore size d=1xm it might be in the reach
of present experimental conditions.

We studied the films with coverages corresponding to T. ~ (0.2-1.2)K in a wide range of

AC velocities v*(10™* -4 +10°)cm/s. A crossover between the linear regime, where the



superfluid response does not depend on the AC amplitude, and nonlinear one, where the
response changes as the amplitude increases, has been observed. The crossover velocity
value v.* ~0.1cm/s and general appearance of the evolution of p. and the dissipation peak
with increase of v* are consistent with the 2D dynamic theory [2] and experiment [4]. This
suggests the similarity of the dissipation mechanism in purely 2D case and multiply
connected geometry due to the movement of 2D vortices [2]. Consistency with 2D behavior
may be understood in terms of the vortex diffusion length 7y [2]. There are experimental
indications, that yo<d=1xm[1], and therefore in AC measurements. mostly 7, determines
observed superfluid response, as in purely 2D case. However, the peak height, asymmetric
shape and position with respect to T. observed in the linear regime cannot be explained
within 2D interpretation. We attribute these features to the effect of confinement and 3D
connectivity [3].

1. M.Kubota, Surface Science, 283, 404 (1993);

. V.Ambegaokar et al., Phys. Rev. B21, 1806 (1980);

T.Minoguchi, Y.Nagaoka, Prog. Theor. Phys. 80, 397 (1988);
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Mobility of the Wigner Solid on Liquid *He

HAMIMER  Yuri Monarkha

The mobility of a two-dimensional Wigner solid over the surface of liquid %He is theo-
retically studied in the low temperature range down to 1mK. It is shown that contrary
to the case of liquid ‘He the electron mobility is determined by the transport properties
of the dimple lattice which are limited by the interaction with bulk excitations of liquid
helium. At 7>15mK, the hydrodynamics approach is applicable and the mobility is ap-
proximately proportional to T At lower temperatures, the dimple lattice is under the
ballistic transport regime and the Wigner solid mobility becomes approximately inde-

pendent of temperature.
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It has been well known that one - dimensional electron systems behave as Tomonaga -
Luttinger liquid. Since this system has interesting properties such as spin - charge sepa-
ration and power - law dependences of various physical quantities, it is very desirable to
observe such anomalous phenomena experimentally. In order to compare with experi-

mental data, we studied theoretically the behaviors of conductivity and/or conductance



to show that the Tomonaga - Luttinger liquid can be confirmed from the temperature de-
pendence.l) We extend the previous work in the vicinity of Mott transition.?)

When the system approaches the half - filling, the Umklapp scattering which causes
Mott transition becomes important. From the analysis of the Hubbard model, it can be
shown that the system behaves as if it is in the strong - coupling regime(U — ©°). In such
strong - coupling case, the charge degrees of freedom are understood in teams of spinless
fermion system, because there is a kind of Pauli exclusion principle between up -spin
electrons and down - spin electrons due to correlation. As a result, all the electrons behave
as one kind of fermions.

From this simple - minded argument, we expect that the conductance becomes

G=¢*/h
which is half of the usual Landauer formula (G=2¢"/h), because the factor 2 in the Lan-
dauer formula comes from the spin summation. If this kind of conductance is observed
experimentally, this gives a direct proof of the spin - charge separation one - dimensional
systems.

However the situation is not so simple. In the case without the Umklapp scattering, an
experiment of split- gate structure grown on GaAs® shows that the conductance seems
to have 2¢%/h irrespective of the interaction strengh. This suggests that more subtle prob-
lem is present in calculating the conductance. In order to reproduce the experimental re-
sults, there have been a few theoretical proposals.4'6)

We calculate the conductance in the case where the Umklapp scattering plays crucial
roles, in order to see whether the conductance is renormalized or not by such scat-
terings.2’ We extend the arguments by Maslov - Stone.?) To calculate the conductance for
the two-terminal measurement, we attach non-interacting leads on both ends of the
sample. The leads are assumed to be adiabatically connected to the sample and thus the
interaction parameters (including the Umklapp scattering) change continuously along
the chain. In the region of sample, a special set of interaction parameters is assumed
where the model can be mapped into a spinless fermion model with a Mott insulating
gap. By solving the equation of motion for the current-current response function along
the chain including two leads and sample, we obtain the conductance. Results show that
at zero temperature the conductance is not renormalized in contrast to the above

simple - minded expectation. The effect of the Umklapp scattering or Mott gap shows up

in the temperature dependence or finite frequency region.
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temperature-dependent local magnetism at impurity sites at doping levels above the
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visible despite metals exhibiting no indication of electronic localization in the mettalic
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