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Condensed Matter, Biological Materials, Optical Property

Physical and chemical properties of solids, such as conductivity, magnetism, superconductivity and chemical reactions, and also life phenomena, such as redox and photosynthesis, originate from microscopic electronic and molecular
vibrations and/or molecular movements based on quantum
mechanics in materials and their interactions. To clarify the
microscopic states provides us not only the knowledge of the
origins of the physical properties and life phenomena but also
the clariﬁcation of hidden functionalities. The information is
useful for the creation of novel functional properties. To
visualize the microscopic state, we also develop novel spectroscopic techniques using synchrotron radiation, high brilliant
electron beams, and other so-called quantum beams. Recently,
we have successfully developed a novel electron spectroscopy,
namely resonant electron-energy-loss spectroscopy, as shown
in Figure 1, to detect element-speciﬁc plasmons. Based on the
obtained information of electronic structures, we are aiming to
develop novel physical properties of new materials.

Figure 1. Resonant electron-energy-loss spectroscopy (rEELS)
apparatus developed by our group. The apparatus consists of a highbrilliant spin-polarized electron gun and a photoelectron spectrometer.
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1. Non-Trivial Surface States of Samarium
Hexaboride at the (111) Surface1)
The peculiar metallic electronic states observed in the
Kondo insulator, samarium hexaboride (SmB6), has stimulated
considerable attention among those studying non-trivial electronic phenomena. However, experimental studies of these
states have led to controversial conclusions mainly to the
difﬁculty and inhomogeneity of the SmB6 crystal surface.
In this work, the detailed electronic structure of SmB6 is
revealed by angle-resolved photoelectron spectroscopy measurements of the three-fold (111) surface, where only two
inequivalent time-reversal-invariant momenta (TRIM) exists.
We observe the metallic two-dimensional state was dispersed
across the bulk Kondo gap. Its helical in-plane spin polarization around the surface TRIM indicates that SmB6 is topologically non-trivial, according to the topological classiﬁcation
theory for weakly correlated systems. Based on these results,
we propose a simple picture of the controversial topological
classiﬁcation of SmB6.
We expect that this discovery could provide a new, fertile
playground for the following researches about the concert
effect between electron correlation and topology. It would also
be applicable for future spintronic technologies.

artiﬁcial photosynthesis material [Re(CO)2(bpy){P(OEt)3}2]
(PF6), we have directly observed the photo-induced relaxation
dynamics and reductive quenching process of the photoexcited state on a photosynthesis material in Triethanolamine
(TEOA) solvent as an electron donor by time-resolved attenuated total reﬂection spectroscopy in the terahertz (THz) region.
The spectrum of the complex in TEOA has an intermolecular
vibrational mode between the complex and TEOA molecules,
which reﬂects the precursor of the reductive quenching process. The intermolecular vibrational mode has three-step
relaxation process in a picosecond timescale after photoexcitation, where firstly the triplet metal-to-ligand charge
transfer excited state is vibrationally cooled down, secondly
the distance between Re and TEOA is reduced by the rotation
of TEOA molecules due to dipole–dipole interaction accelerated by heat transfer, and ﬁnally electrons transfer from TEOA
to Re. These observations provide us the detailed information
of the electron transfer process of photocatalytic properties of
[Re(CO)2(bpy){P(OEt)3}2](PF6) in TEOA solvent.

Figure 3. The schematic ﬁgures of the temporal evolution from I to
Figure 2. (a) Crystal structure of SmB6. A shaded area is the (111)
surface studied in the current work. (b) Surface electronic structure of
SmB6 obtained by angle-resolved photoelectron spectroscopy. Bright

III of the interaction between photocatalyst [Re(CO)2(bpy){P(OEt)3}2]+
as a photocatalyst and TEOA molecules as reductants.

area represents the electrons with corresponding wavenumber (Fermi
surface). A solid hexagon is the zone boundary determined from
surface periodicity.
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To reveal highly efﬁcient photocatalytic properties of an
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