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J-Physics project -

Exploring quantum principles
of electronic structure driven
functional phenomena

Vladimir Sechovsky
(CUNI, Prague, Czech Repubilic)

Since beginning of the Millenium numerous novel phenomena (e.g. varieties of unconventional
superconductivity, magnetic skyrmions, ferrotoroidicity in multiferroics, anomalous Hall conductivity, various
topological states — topological insulators and superconductors, hidden order state in heavy Fermion compounds
etc.) in materials driven by d- and f-electrons have been revealed. Proper understanding and adequate
explanation of fundamental microscopic mechanisms responsible for these, in majority functional phenomena,
allows utilization of their application potential. Obviously such objective in its full complexity represents an
enormous challenge for condensed matter research both in theory and experiment.

The present “J-Physics” project kindly funded by the ” Grant-in-Aid for Scientific Research on Innovative Areas”
copes with this challenge by considering the novel quantum states of matter emerging from the interplay of
structural, orbital, charge, and spin degrees of freedom. A particular emphasis is put on the effect of spin-orbit
interaction which couples the spin and of an electron with the orbital momentum in the total angular momentum
J. There are numerous indications that the spin-orbit interaction plays the principal role in the above mentioned
phenomena. As a result of relativistic effects the spin-orbit interaction becomes gradually stronger in heavier
atoms which implies growing difficulties in the theoretical description. The total angular momentum in the
interaction with the surrounding ligands in a solid is converted to a multipole which is a characteristics of an
actual material. Presumably the multipole degree, parity and space extension determine its actual involvement in
an actual physical property. The well localized multiplets of heavy rare-earth metal ions and strongly delocalized
multiplets of transition-metal or light-actinide should be treated entirely different. Considering the needs of
particular research four task forces are formed focusing on specific aspects of the project.

The project pursuing will be considerably strengthened by strong involvement of young generation. The young
Japanese researchers have in the “J-Physics” project an extraordinary opportunity to participate on the top
research at home Japanese universities and research infrastructures in synergy with their research activities at
partner institutions abroad. The international contacts may be also kindly supported by the Ministry of Education,
Culture, Sports, Science and Technology of Japan in this case through the “Fund for the Promotion of Joint
International Research” .

In the course of the “J-Physics” project we may expect novel experimental discoveries and findings, considerable
advance in theoretical concepts and models and development of new cutting edge experimental techniques
which will certainly push forward the science on world scale.

The timing of the J-Physics project allows us to expect presentations of important results of the project activities
at the International Conference on Strongly Correlated Electron Systems - SCES 2017 (http://sces2017.org/) which
is held in the heart of Europe - Prague from July 17 through 21, 2017. 1 am convinced that the world-wide SCES
community gathered in Prague will have the best opportunity to enjoy these presentations given by Japanese
colleagues.
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