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[Purpose and Background of the Research]

As control parameters of the Mott insulating
state characteristic of strongly correlated electron
systems, element substitution and pressure have
been widely used; novel phenomena such as
high-temperature  superconductivity, colossal
magnetoresistance and spin-triplet
superconductivity have been found.

The purpose of this research is to establish the
effectiveness of the DC electric field and current as
novel control parameters of strongly correlated
electron systems. We study new phenomena
emerging in the non-equilibrium steady state
mainly under the DC current, and deepen the
understanding of these phenomena as well as of
their physical mechanism.

[Research Methods]

As the main target material, we choose the 4d-
electron ruthenium oxide CazRuOs and aim to
clarify the mechanism of its insulator/metal
transition induced by DC electric field, as well as
unusual magnetism induced by DC current that
we recently discovered. Furthermore, we will
clarify the details of the current-induced
phenomena in the related system CasRuz07.
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Figure 1 Crystal structure of Ca;RuQO,

In addition, among 3d and 5d electron oxides, we
select Mott insulators with relatively small energy
gap and clarify the effect of DC electric field and
current. In this project, we also establish
experimental  techniques of photoemission
spectroscopy under electric current, and reveal the

variations of electronic states under the
non-equilibrium steady conditions. We also
extend international collaborations to develop
theoretical models, to examine phonon
instabilities and to study local dynamics by
scanning probes.

[Expected Research Achievements and
Scientific Significance]

The ability to change the conductivity and
magnetism remarkably by just switching on and
off the DC current is a breakthrough phenomenon
utilizing the nature of many-body effects in

strongly correlated electron systems. This
approach opens up a possibility to induce
electronic  states never accessible with

conventional control parameters: in addition to
unusual magnetism, other phenomena such as
unconventional superconductivity may emerge.
Thus, the outcome of this project may well
provide a strong impact in the basic knowledge of
modern condensed matter physics and also a
suggestive direction for future device application.
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