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1 Hasegawa Group

Research Subject: Experimental Surface/Nano Physics

Members: Shuji HASEGAWA, Akari TAKAYAMA, and Ryota AKIYAMA

Surfaces/interfaces of materials and atomic-layer materials are platforms of our research where rich
physics is expected due to the low-dimensionality, symmetry breakdown, a wide variety of structures, and
direct access for measurements. (1) Electronic/spin/mass transports, (2) atomic/electronic structures, (3)
phase transitions, (4) spin states and spintronics, and (5) epitaxial growths of coherent atomic/molecular
layers/wires on surfaces of metals, semiconductors, topological insulators, and nano-scale phases such as
surface superstructures, ultra-thin films including atomic-layer materials such as graphene and transition
metal dichalcogenides. We use various kinds of ultrahigh-vacuum experimental techniques, such as electron
diffraction, scanning electron microscopy(SEM), scanning tunneling microscopy /spectroscopy (STM/S),
photoemission spectroscopy(PES), in-situ four-point-probe conductivity measurements with four-tip STM
and monolithic micro-four-point probes, and surface magneto-optical effects apparatuses. Main results in
this year are as follows.

(1) Surface electronic/spin transports:
- Interface superconductivity at topological crystalline insulator /trivial semimetal junction

- Ferromagnetism and anomalous Hall effect at interface between topological insulator and ferromagnetic
insulator

- Bose metal behavior at monolayer FeSe superconductor
- 2D superconductivity at monolayer alloy metallic surface superstructures
- 2D superconductivity by proximity effect
- Spin injection by circularly polarized light irradiation on topological insulators
- Electrical transport at Graphene
- Electrical transport of organic molecule sheets measured by four-tip STM
- CDW and transport at transition metal dichalcogenides
(2) Surface phases and atomic-layer materials:
- Proximity effect at a interface between a topological crystalline insulator and a ferromagnetic metal
- Epitaxial growth of blue Phosphor atomic layers
- Structure analysis of Ca-intercalated bilayer graphene by positron diffraction
(3) New methods:
- Fabrication of UHV-SQUID system to detect Meissner effect of atomic-layer superconductors
- Fabrication of a pure-spin-current injection probe

[1] T. Hirahara, S. V. Eremeev, T. Shirasawa, Y. Okuyama, T. Kubo, R. Nakanishi, R. Akiyama, A. Takayama, T.
Hajiri, S. Ideta, M. Matsunami, K. Sumida, K. Miyamoto, Y. Takagi, K. Tanaka, T. Okuda, T.Yokoyama, S.
Kimura, S. Hasegawa, and E. V. Chulkov: A large-gap magnetic topological heterostructure formed by subsurface
incorporation of a ferromagnetic layer, Nano Letters 17, 3493-3500 (May, 2017)

[2] R. Akiyama, Y. Takano, Y. Endo, S. Ichinokura, R. Nakanishi, K. Nomura, and S. Hasegawa: Berry phase
shift from 2 to w in Bilayer graphene by Li-intercalation and sequential desorption, Appl. Phys. Lett. 110,
233106 (4pp) (Jun, 2017).

[3] P. Chen, Woei Wu Pai, Y.-H. Chan, A. Takayama, C.-Z. Xu, A. Karn, S. Hasegawa, M. Y. Chou, S.-K. Mo,
A.-V. Fedorov, and T.-C. Chiang: Emergence of charge density waves and a pseudogap in single-layer TiTez,
Nature Communications 8, 516-521 (Sep, 2017).

[4] S. Ohya, A. Yamamoto, T. Yamaguchi, R. Ishikawa, R. Akiyama, L. D. Anh, S. Goel, Y. K. Wakabayashi, S.
Kuroda, M. Tanaka, Observation of the inverse spin Hall effect in the topological crystalline insulator SnTe
using spin pumping, Physical Review B 96, 094424 (Sep, 2017).

[5] Y. Nakata, K. Sugawara, S. Ichinokura, Y. Okada, T. Hitosugi, T. Koretsune, S. Hasegawa, T. Sato, and T.
Takahashi: Observation of Anisotropic Band Splitting in Monolayer NbSez: Implications for Superconductivity
and Charge Density Wave, npj 2D Materials and Applications, in press (2017).
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