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Abstract

We are interested in searching/designing novel physics and exotic physical properties in low dimensional
materials and their heterostructures. The main activity in FY2020 was growth of magnetic quantum
materials and their characterization. We succeeded to find several new systems with interesting magnetism.
In parallel, we kept developing design of massive ultra-high vacuum (UHV) cluster system, which was finally
installed in our new lab space in lab-4. Using this cluster system, we are now accelerating spectroscopic
visualization of novel quantum states realized in our crystals and heterostructures.

1. Staff

1.1 Researchers

¢ Dr. Yuita Fujisawa (PD)

¢ Dr. Kohei Yamagami (PD)
¢ Dr. Ryutaro Okuma (PD)
¢ Dr. David Lloyd (PD)
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1.2 Graduate Students

e Mr. Mohmed Atwa

e Mr. Barnaby Smith

e Mr. Markel Pardo Almanza

¢ Ms. Anjana Krishnadas

e Mr. Hiroki Sawada (Rotation Student: Jan.-Apr.2021)

¢ Mr. Mathieu Couillard (Rotation Student: Dec.2020-Apr.2021)

1.3 Visiting Scientists

¢ Dr. Chia-Hsiu, Hsu (National Sun Yet-sen University / National Center for Theoretical
Science, Taiwan)
¢ Dr. Tessui Nakagawa (Ryukyu University)

1.4 Intern Student

e Mr. Hiroki Sawada (Keio University, Japan)

2. Collaborations

2.1 First Principle Calculations

e Prof. Feng-Chuan Chuang (National Sun Yet-sen University / National Center for Theoretical
Science, Taiwan)

¢ Dr. Hsin Lin (Academia Sinica, Taiwan)

¢ Dr. Khoong Hong Khoo (A-Star, Singapore)

2.2 Device Fabrication

¢ Prof. Yasuhiro Niimi (Osaka University, Japan)

2.3 Photoemission Experiments

¢ Prof. Takeshi Kondo (The University of Tokyo, Japan)
e Prof. Masaki Kobayashi (The University of Tokyo, Japan)
e Prof. Kenta Kuroda (The University of Tokyo, Japan)

2.4 Magnetic Imaging

¢ Dr.Anjan Soumyanarayanan (A-Star, Singapore)

2.5 Thermal Management Project (CREST)

¢ Prof. Tsunehiro Takeuchi (Toyota Technological Institute, Japan)
¢ Prof. Katsumi Tanigaki (Tohoku University, Japan)

e Prof. Fuyuki Shimojo (Kumamoto University, Japan)

e Prof. Kazunori Sato(Osaka University, Japan)

3. Activities and Findings



3.1 Searching novel quantum materials and their heterostructure

We are interested in searching novel electric, magnetic and thermal related physical properties in quantum
materials and their heterostructures. For this purpose, we have been focusing on growing layered quantum
materials, in which interplay between charge, spin, orbital and lattice degree of freedoms can be eventually
designed in low dimensional heterostructures. In this FY2020, by focusing on 4f electron and 3d electron
based chalcogen compounds, we have found intriguing interplay between magnetism and itinerant
electrons in low dimension.

3.2 Cluster system for designing/imaging quantum materials
heterostructures

In FY2020, we started to move our lab space to the lowest floor of new building (called lab-4 at OIST).
There, we have constructed UHV cluster system, which includes epitaxial thin film growth setups (for
growing, for example, oxides, chalcogenides, and intermetallic compounds) and single particle
spectroscopies, such as angle resolved photoemission (ARPES) and spectroscopic scanning tunneling
microscope (S-STM). More than half of panned infrastructures are functional now. Using this cluster system,
we are aiming to synthesize, fabricate, and visualize in artificially quantum materials hetero structures.
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