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1 Hasegawa Group

Research Subject: Experimental Surface/Nano Physics

Members: Shuji HASEGAWA and Toru HIRAHARA

Surfaces of materials are platforms of our research where rich physics is expected due to the low-
dimensionality and symmetry breakdown. (1) Electronic/spin/mass transports, (2) atomic/electronic
structures, (3) phase transitions, (4) electronic excitations, (5) spin states and magnetism, and (6) epi-
taxial growths of coherent atomic/molecular layers/wires on semiconductor surfaces, topological surfaces,
and nano-scale phases such as surface superstructures and ultra-thin films. We use various kinds of ultra-
high vacuum experimental techniques such as electron diffraction, scanning electron microscopy, scanning
tunneling microscopy/spectroscopy (STM/S), photoemission spectroscopy, in-situ four-point-probe conduc-
tivity measurements with four-tip STM and monolithic micro-four-point probes, and surface mageto-optical
Kerr effect measurements. Main results in this year are as follows.

(1) Surface electronic transport: Control of surface electronic states and their conductivity of topo-
logical insulators by using FIB patterning techniques. Spin Hall effect, effects due to anti-weak localization
and electron-electron interaction at strong spin-orbit coupling material surfaces. Anisotropic transport on
a quasi-one-dimensional metallic surface.

(2) Surface phases, ultra-thin films, and phase transitions: Silicene, semi-metal-to-semiconductor
transition in Bi ultrathin films, 2D topological materials. Topological phase transition. Order-disorder
phase transition, charge-density-wave transition, Mott transition on various metal-induced surface super-
structures of Si. Quantum-well state in ultra-thin metal films. Rashba effect in surface state and hybridiza-
tion with quantum-well states in thin films.

(3) Surface magnetism: Monolayer ferromagnetic surfaces. Diluted magnetic surface states. Kondo
effect and RKKY interaction in surface states.

(4) Construction of new apparatuses: Low-temperature strong-magnetic-field scanning tunneling mi-
croscope and scanning tunneling potentiometery. Micro-four-point probes apparatus at mK under strong
magnetic field.
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