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Multipole order and superconductivity in strongly correlated electron systems
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The nature of internal degrees of freedom of particles aroused common interest in various fields of

physics ranging from particle physics to condensed-matter physics. In condensed matter, localized
electrons can have multipole moments as a kind of internal degrees of freedom in addition to spin and
charge. The multipole moments, though difficult to observe, seem to play an important role in
magnetism and superconductivity, for example. ‘The purpose of my research is to understand the
multipole degrees of freedom by examining typical systems with strong electron correlations.

1. The rare-earth filled skutterudites show interesting behavior depending on the rare-earth: there are
exotic superconducting phases in PrOssSbi2, metal-insulator transition in PrRu4Pi2;
antiferro-quadrupolar ordering in PrFesPi2, while NdFesPi1z shows ferromagnetism. One of my
purposes is to identify the key parameters which control the diversity of the skutterudites.

2. As typical 5f multipole systems, NpOzdeserves special attention. I would like to understand why
this system favors the octupole order through comparison with antiferromagnetic UO2 that has the same
crystal structure with NpOa.

3. The localized character of electrons become weaker generally in the order of 4f, 5f and 3d. In this
' connection I take up BaVS3 which displays multiple phase transitions including the metal-insulator and

structural ones.
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1. I wish to undefstand the néturé of the antiferro-quadrupolar ordering in PrFe4Pi2 in detail: first try to
decide that the ordered phase appears below 6.5K can be ascribed to the 022 or Oz Ts-type quadrupolar
moments. Then, I would like to examine how we can";explain the measured anisotropy of the
magnetization curves within the quadrupolar ordered 'p'h;a-se. After, 1 would like to study dynamical

properties and the Kondo effect in this skutterudite.

2. The superconducting phases and properties of PrOs4Sbiz are far from the fully explored yet. I would
like to examine the nature of the heavy fermions which may originate from a mechanism different from
Kondo effect, and to understand some of the unusual superconducting properties of this compound (for

example the missing of the entropy balance).

3. It seems that NpOz is the first system in which the ordering of the octupolar moments as a primar

order parameter is realized at the 25K phase transition. After some recent analysis about the nature and
properties of a ferro-octupolar ordering model in external magnetic field, now I wish to investigate the
realistic triple-q four-sublattice antiferro-octupolar order in NpOz2 system. At the same time it would be
interesting to compare the NpO:z and UO: systems, and examine and explore the differences between

them with respect to the multipolar orderings.

4. I would like to describe the sequence and the nature of phase transitions of BaVSa. I wish to make a
model considering coexistence of wide-band a1z and narrow band eg 3d-electrons and focusing on the

strongly correlated eg electrons.

I would like to participate in the Yukawa-workshop which will be organized in Kyoto in November 2004

in order to interact and discuss with excellent theoretical and experimental physicists from Japan an.

from other countries.






