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RESEARCH OVERVIEW 
 Solid state physics is aiming at pursuing new properties and functions associated with electrons in 
a host media. Many electrons interacting with each other give rise to nontrivial and exotic phenomena, 
which are not explained only by single spin and charge. Magnetic orderings, structural transformations, 
and phase transitions between insulator–metal–superconductor as functions of temperature, pressure, and 
magnetic fields are typical phenomena. It is indispensable to determine material structures, in order to 
reveal many-body electron correlation and relevant degrees of freedom. Elementary excitations (dynamics 
of atoms, magnetic moments, and charges) are also keys for the novel electron behaviors. Neutron and X-
ray scattering reveal such static and dynamical structures. X-ray measurements are available at the 
university laboratory (left panel photo) and the synchrotron radiation facilities (Photon Factory and 
SPring-8). Neutron studies are available in J-PARC and the atomic reactors (right panel), for example. 
 I have studied nontrivial and exotic f-electron states appearing in rare-earth-based intermetallic 
compounds. We synthesized target materials by ourselves, as shown in middle panel photo using furnaces. 
Recently, the 4f-electron multipole ordering at the Pr sites in PrIr2Zn20 were determined using the neutron 
diffraction measurements, which is responsible for the 
new electron-mass-enhancement mechanism in this 
material [publication 4]. Chiral structural phase 
transitions and spin dynamics in Ce3Tr4Sn13 (Tr: 
transition metals) were also evidenced in the X-ray 
and neutron scattering studies, which are expected to 
mediate characteristic mass-less electrons suggested 
by the theory of relativity  [publications 1, 3 and 6].   


