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We study prominent quantum phenomena in condensed
matter in a wide temperature range including the micro
Kelvin region. Development and application of nanos-
tructures to study quantum transport have been carried
out. Two-photon photoemission spectroscopy is employed
to study electronic properties of adsorbed molecules. Ma-
jor achievements and topics are as follows: (1) An ultra-
low temperature cryostat has been constructed to achieve
refrigeration down to 40 uK. The experiment to study
the Wigner solid mobility on superfluid 3He-A is being
planned. (2) A rotation cryostat has been constructed to
achieve temperature of 5 mK under rotation. Mobility of
the Wigner solid on rotating superfluid surface and persis-
tent superfluid current are to be studied. (3) In order to
study the mobility of ions trapped under the He surface, an
ion emitter based on nanotubes is developed (4) To control
and detect single electrons on He film and to develop quan-
tum computing, the experimental setup is constructed. (5)
Transport of 2D electrons on a thin helium film is observed.
Constant decay of electrons from the film surface is a mys-
tery, which we are trying to elucidate. (6) A mesoscopic
Hall probe made from GaAs heterostructure is applied for
measuring the magnetization process of mesoscopic super-
conductors. (7) Quantum transport of atomic contact con-
trolled by a mechanical-break-junction technique is to be
measured at dilution temperatures. A break junction of an
organic conductor is made and peculiar non-linear trans-
port is observed. (8) A prominent single electron charging
effect of a single gold particle of 10 nanometer in diameter
is observed at 4K. (9) A very narrow nano-gap is fab-
ricated, which is characterized by well-defined tunneling
properties. (10) We have studied the unoccupied states of
adsorbed molecules by means of two-photon photoemission
(2PPE) spectroscopy based on fs-lasers. 2PPE results on
benzene adsorbed on Cu(111) revealed an unoccupied state
located 0.5eV above the Fermi level. The lifetime of elec-
tron in the state was about ps. The long lifetime suggests
that the level can be a path of electron transportation.
(11) Another approach to the interface electronic struc-
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tures was the micro-photoemission spectroscopy by means
of focused VUV coherent light. Electronic structure of cop-
per phthalocyanine film formed on a polycrystalline copper
plate was found to be strongly dependent on the crystalline
structure of the substrate. The results demonstrate that a
large inhomegeneity exists in the interface electronic struc-
ture.
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