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Publications

* Joint research among groups within ISSP.

Division of Condensed Matter Science

Takigawa group

We have been performing nuclear magnetic resonance experiments on various quantum spin systems and strongly correlated 
electron systems to explore novel quantum phases with exotic ordering and fluctuation phenomena. The major achievements 
in the year 2018 include: (1) 31P-NMR study on the J1-J2 frustrated square lattice antiferromagnet RbMoOPO4Cl under high 
pressure, which revealed a first-order transition between low pressure columnar-type to high pressure Neel-type antiferromag-
netic structures, (2) discovery of sequential electronic and structurel transitions in the spin-orbit coupled metallic pyrochlore 
compound Cd2Red2O7Cd2 by 111Cd-NMR measurements, which revealed breaking of inversion and cubic symmetries taking 
place at slightly different temperatures, (3) 51V-NMR investigation on the spin structure of a Neel-type skyrmion material 
GaV4Se8 and first microscopic observation of the defrmation of spin texture of the skyrmion lattice by oblique magnetic fields. 

1. *Inelastic Neutron Scattering Study of the Spin Dynamics in the Breathing Pyrochlore System LiGa0.95In0.05Cr4O8:
Y. Tanaka, R. Wawrzynczak, M. D. Le, T. Guidi, Y. Okamoto, T. Yajima, Z. Hiroi, M. Takigawa and G. J. Nilsen,
J. Phys. Soc. Jpn. 87 (2018) 073710.

2. †*Field-enhanced quantum fluctuation in an S = 1/2 frustrated square lattice: H. Yamaguchi, Y. Sasaki, T. Okubo,
M. Yoshida, T. Kida, M. Hagiwara, Y. Kono, S. Kittaka, T. Sakakibara, M. Takigawa, Y. Iwasaki and Y. Hosokoshi, Phys.
Rev. B 98 (2018) 094402 (1-6).

3. *Universal geometric frustration in pyrochlores: B. A. Trump, S. M. Koohpayeh, K. J. T. Livi, J. -J. Wen, K. E. Arpino,
Q. M. Ramasse, R. Brydson, M. Feygenson, H. Takeda, M. Takigawa, K. Kimura, S. Nakatsuji, C. L. Broholm and
T. M. McQueen, Nat. Commun. 9 (2018) 2619 (1-10).

Sakakibara group

We study magnetism and superconductivity of materials having low characteristic temperatures. These include heavy-electron 
systems, quantum spin systems and frustrated spin systems. The followings are some selected achievements in the fiscal year 
2018. (1) We studied the superconducting gap symmetry of a candidate triplet superconductor Sr2RuO4. We found that the 
fourfold angular oscillation of the heat capacity under an in-plane rotating magnetic field does not change its sign even at very 
low temperature of 0.04Tc. The results can be explained by Doppler-shifted quasiparticles around horizontal line nodes on the 
Fermi surface, in disagreement with the chiral p-wave scenario. (2) We developed a new technique for measuring the thermo-
dynamic entropy as a function of the magnetic field angle. When the magnetic field is rotated under adiabatic conditions, the 
sample temperature changes owing to the field-angle variation of its entropy. By investigating this effect, the rotational magne-
tocaloric effect, the field-angle dependence of the entropy can be determined. (3) We developed an experimental method of 
low-temperature magnetization measurements with an in-situ two-axis alignment of the sample orientation. The sample align-
ment can be done within an accuracy of 0.02 deg. using a piezo-stepper-driven goniometer combined with a home-made tilting 
stage. This technique is useful to study magnetic phase transitions of strongly anisotropic systems.

1. Field-rotational Magnetocaloric Effect: A New Experimental Technique for Accurate Measurement of the Anisotropic
Magnetic Entropy: S. Kittaka, S. Nakamura, H. Kadowaki, H. Takatsu and T. Sakakibara, J. Phys. Soc. Jpn. 87 (2018)
073601 (1-5).

2. Giant Hall Resistivity and Magnetoresistance in Cubic Chiral Antiferromagnet EuPtSi: M. Kakihana, D. Aoki,
A. Nakamura, F. Honda, M. Nakashima, Y. Amako, S. Nakamura, T. Sakakibara, M. Hedo, T. Nakama and Y. Onuki,
J. Phys. Soc. Jpn. 87 (2018) 023701 (1-4).

3. Low-Temperature Magnetization Measurements with Precise Two-Axis Alignment of the Sample Orientation:
S. Nakamura, A. Kasahara, S. Kittaka, Y. Kono, Y. Onuki and T. Sakakibara, J. Phys. Soc. Jpn. 87 (2018) 1140018 (1-5).

4. †*Magnetic-field-induced Quantum Phase in S = 1/2 Frustrated Trellis Lattice: H. Yamaguchi, D. Yoshizawa, T. Kida,
M. Hagiwara, A. Matsuo, Y. Kono, T. Sakakibara, Y. Tamekuni, H. Miyagai and Y. Hosokoshi, J. Phys. Soc. Jpn. 87
(2018) 043701 (1-5).
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5. Searching for Gap Zeros in Sr 2 RuO 4 via Field-Angle-Dependent Specific-Heat Measurement: S. Kittaka,
S. Nakamura, T. Sakakibara, N. Kikugawa, T. Terashima, S. Uji, D. A. Sokolov, A. P. Mackenzie, K. Irie, Y. Tsutsumi,
K. Suzuki and K. Machida, J. Phys. Soc. Jpn. 87 (2018) 093703 (1-5).

6. *Disorder-sensitive nodelike small gap in FeSe: Y. Sun, S. Kittaka, S. Nakamura, T. Sakakibara, P. Zhang, S. Shin,
K. Irie, T. Nomoto, K. Machida, J. Chen and T. Tamegai, Phys. Rev. B 98 (2018) 064505 (1-7).

7. †*Field-enhanced quantum fluctuation in an S = 1/2 frustrated square lattice: H. Yamaguchi, Y. Sasaki, T. Okubo,
M. Yoshida, T. Kida, M. Hagiwara, Y. Kono, S. Kittaka, T. Sakakibara, M. Takigawa, Y. Iwasaki and Y. Hosokoshi, Phys.
Rev. B 98 (2018) 094402 (1-6).

8. †Field-induced quantum magnetism in the verdazyl-based charge-transfer salt [o-MePy-V-(p-Br)2]FeCl4: Y. Iwasaki,
T. Kida, M. Hagiwara, T. Kawakami, Y. Kono, S. Kittaka, T. Sakakibara, Y. Hosokoshi and H. Yamaguchi, Phys. Rev. B
98 (2018) 224411 (1-8).

9. †Metamagnetic crossover in the quasikagome Ising Kondo-lattice compound CeIrSn: S. Tsuda, C. L. Yang, Y. Shimura,
K. Umeo, H. Fukuoka, Y. Yamane, T. Onimaru, T. Takabatake, N. Kikugawa, T. Terashima, H. T. Hirose, S. Uji,
S. Kittaka and T. Sakakibara, Phys. Rev. B 98 (2018) 155147 (1-7).

10. Quasi-one-dimensional Bose-Einstein condensation in the spin-1/2 ferromagnetic-leg ladder 3-I-V: Y. Kono, S. Kittaka,
H. Yamaguchi, Y. Hosokoshi and T. Sakakibara, Phys. Rev. B 97 (2018) 100406 (1-5).

11. Fermi surface in the absence of a Fermi liquid in the Kondo insulator SmB6: M. Hartstein, W. H. Toews, Y. -T. Hsu,
B. Zeng, X. Chen, M. Ciomaga Hatnean, Q. R. Zhang, S. Nakamura, A. S. Padgett, G. Rodway-Gant, J. Berk, M.
K. Kingston, G. H. Zhang, M. K. Chan, S. Yamashita, T. Sakakibara, Y. Takano, J. -H. Park, L. Balicas, N. Harrison,
N. Shitsevalova, G. Balakrishnan, G. G. Lonzarich, R. W. Hill, M. Sutherland and S. E. Sebastian, Nature Phys. 14
(2018) 166-172.

12. Investigation of the tricritical point of the ising ferromagnet URhGe by angle-resolved measurements: S. Nakamura,
S. Kittaka, T. Sakakibara, Y. Shimizu, Y. Kono, Y. Haga, J. Pospíšil and E. Yamamoto, AIP Advances 8 (2018) 101305
(1-5).

13. †Superconducting symmetries and magnetic responses of uranium heavy-fermion systems UBe13 and UPd2Al3:
Y. Shimizu, S. Kittaka, T. Sakakibara and D. Aoki, Physica B: Condensed Matter 536 (2018) 553-557.

14. †*Quantum valence criticality in a correlated metal: K. Kuga, Y. Matsumoto, M. Okawa, S. Suzuki, T. Tomita,
K. Sone, Y. Shimura, T. Sakakibara, D. Nishio-Hamane, Y. Karaki, Y. Takata, M. Matsunami, R. Eguchi, M. Taguchi,
A. Chainani, S. Shin, K. Tamasaku, Y. Nishino, M. Yabashi, T. Ishikawa and S. Nakatsuji, Sci. Adv. 4 (2018) eaao3547
(1-6).

15. Magnetization study on the ising ferromagnet URhGe with high-precision angle-resolved magnetic field near the hard
axis: S. Nakamura, T. Sakakibara, Y. Shimizu, S. Kittaka, Y. Kono, Y. Haga, J. Pospisil and E. Yamamoto, Progress in
nuclear science and technology 5 (2018) 123-127.

16. †Anisotropic magnetic-field response of quantum critical fluctuations in Ni-doped CeCoIn5: M. Yokoyama, K. Suzuki,
K. Tenya, S. Nakamura, Y. Kono, S. Kittaka and T. Sakakibara, Phys. Rev. B 99 (2019) 054506 (1-6).

17. †*S=1/2 ferromagnetic Heisenberg chain in a verdazyl-based complex: N. Uemoto, Y. Kono, S. Kittaka, T. Sakakibara,
T. Yajima, Y. Iwasaki, S. Miyamoto, Y. Hosokoshi and H. Yamaguchi, Phys. Rev. B 99 (2019) 094418 (1-6).

18. *Unconventional field-induced spin gap in an S = 1/2 chiral staggered chain: J. Liu, S. Kittaka, R. D. Johnson,
T. Lancaster, J. Singleton, T. Sakakibara, Y. Kohama, J. van Tol, A. Ardavan, B. H. Williams, S. J. Blundell, Z. E.
Manson, J. L. Manson and P. A. Goddard, Phys Rev Lett 122 (2019) 057207.

Mori group

We have successfully developed and unveiled unprecedented functional properties for the molecular materials. The major 
achievements in 2018 are (1) to develop anhydrous organic proton conductors with dicarboxylic acids and imidazoles as an 
electrolyte of a fuel cell for medium temperatures, (2) to fabricate successfully and characterize the hydrogen-bonded molecular 
bilayer of catechol-fused TTF and imidazole-terminated alkanethiolate on Au(111), and (3) to estimate the thermoelectric 
property of the organic conductors, β'-(BEDT-TTF)3(CoCl4)2-x(GaCl4)x, as thermoelectric materials.

1. Antiferromagnetic Ordering in Organic Conductor λ-(BEDT-TTF)2GaCl4 Probed by 13C NMR: Y. Saito, S. Fukuoka,
T. Kobayashi, A. Kawamoto and H. Mori, J. Phys. Soc. Jpn. 87 (2018) 013707 (1-4).
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2. Size effects on supercooling phenomena in strongly correlated electron systems: IrTe2 and θ-(BEDT-
TTF)2RbZn(SCN)4: H. Oike, M. Suda, M. Kamitani, A. Ueda, H. Mori, Y. Tokura, H. M. Yamamoto and F. Kagawa,
Phys. Rev. B 97 (2018) 085102 (1-7).

3. †*Strong Hydrogen Bonds at the Interface between Proton-Donating and -Accepting Self-Assembled Monolayers on
Au(111): H. S. Kato, S. Yoshimoto, A. Ueda, S. Yamamoto, Y. Kanematsu, M. Tachikawa, H. Mori, J. Yoshinobu and
I. Matsuda, Langmuir 34 (2018) 2189-2197.

4. Anisotropic Proton Conductivity Arising from Hydrogen-Bond Patterns in Anhydrous Organic Single Crystals, Imidazo-
lium Carboxylates: Y. Sunairi, A. Ueda, J. Yoshida, K. Suzuki and H. Mori, J. Phys. Chem. C 122 (2018) 11623.

5. The thermoelectric power of band-filling controlled organic conductors, β′-(BEDT-TTF)3(CoCl4)2−x(GaCl4)x: Y. Kiyota,
T. Kawamoto, H. Mori and T. Mori, J. Mater. Chem. A 6 (2018) 2004-2010.

6. A phenol-fused tetrathiafulvalene: modulation of hydrogen-bond patterns and electrical conductivity in the charge-
transfer salt: A. Ueda and H. Mori, Mater. Chem. Front. 2 (2018) 566-572.

7. Charge Order and Poor Glass-forming Ability of an Anisotropic Triangular-lattice System, θ-(BEDT-TTF)2TlCo(SCN)4,
Investigated by NMR: K. Miyagawa, T. Sato, H. Hashimoto, M. Kodama, K. Ohnoh, A. Ueda, H. Mori and K. Kanoda,
J. Phys. Soc. Jpn. 88 (2019) 034705.

8. Hysteretic Current–Voltage Characteristics in the Deuterium-Dynamics-Triggered Charge-Ordered Phase of κ-D3
(Cat-EDT-TTF)2: A. Ueda, K. Kishimoto, Y. Sunairi, J. Yoshida, H. Yamakawa, T. Miyamoto, T. Terashige, H. Okamoto
and H. Mori, J. Phys. Soc. Jpn. 88 (2019) 034710.

9. *Direct Evidence of Interfacial Hydrogen Bonding in Proton-Electron Concerted 2D Organic Bilayer on Au Substrate:
S. Yamamoto, H. S. Kato, A. Ueda, S. Yoshimoto, Y. Hirata, J. Miyawaki, K. Yamamoto, Y. Harada, H. Wadati, H. Mori,
J. Yoshinobu and I. Matsuda, e-Journal of Surface Science and Nanotechnology 17 (2019) 49-55.

10. Dynamics of Water Molecules in a 3-Fold Interpenetrated Hydrogen-Bonded Organic Framework Based on Tetrakis
(4-pyridyl)methane: D. Inokuchi, Y. Hirao, K. Takahashi, K. Matsumoto, H. Mori and T. Kubo, J. Phys. Chem. C 123
(2019) 6599.

11. High-Temperature Cooperative Spin Crossover Transitions and Single-Crystal Reflection Spectra of [FeIII(qsal)2]
(CH3OSO3) and Related Compounds: K. Takahashi, K. Yamamoto, T. Yamamoto, Y. Einaga, Y. Shiota, K. Yoshizawa
and H. Mori, Crystals 9 (2019) 81.

12. Construction of three-dimensional anionic molecular frameworks based on hydrogen-bonded metal dithiolene
complexes and the crystal solvent effect: S. Yokomori, A. Ueda, T. Higashino, R. Kumai, Y. Murakami and H. Mori,
CrystEngComm 21 (2019) 2940-2948.

13. Di- and tetramethoxy benzothienobenzothiophenes: substitution position effects on the intermolecular interactions,
crystal packing and transistor properties: T. Higashino, A. Ueda and H. Mori, New J. Chem. 43 (2019) 884.

14. Strange metal from a frustration-driven charge order instability: T. Sato, K. Kitai, K. Miyagawa, M. Tamura, A. Ueda,
H. Mori and K. Kanoda, Nature Mater 18 (2019) 229.

15. New π-extended catecholato complexes of Pt(II) and Pd(II) containing a benzothienobenzothiophene (BTBT) moiety:
synthesis, electrochemical behavior and charge transfer properties: K. Tahara, Y. Ashihara, T. Higashino, Y. Ozawa,
T. Kadoya, K. Sugimoto, A. Ueda, H. Mori and M. Abe, Dalton Transactions (2019), in print.

16. 有機結晶を舞台とした π 電子 - プロトンカップリング物性の新展開 : 森 初果 , 日本物理学会誌 74、No2 (2019) 82-92.

Osada group

2018 (1) In order to identify the high-magnetic-field insulator phase of graphite, we investigated the phase transition in thin-
film graphite samples, which were fabricated on silicon substrate by a mechanical exfoliation technique. The critical magnetic 
fields of the high-field transition in thin-films shift to higher fields, accompanied by a reduction in temperature dependence. 
These results can be qualitatively reproduced by the density-wave model with the quantum size effect. Our findings establish 
the density-wave state standing along the out-of-plane direction. (2) Recently, the small spin-orbit interaction (SOI) gap was 
proposed as an origin of the anomalous insulating behavior at low temperatures in an organic Dirac fermion system α-(BEDT-
TTF)2I3. We built a lattice model with plausible SOI coupling, and indicated that the gapped state is a topological insulator. This 
model is an organic version of the Kane-Mele model for graphene.

1. Topological Insulator State due to Finite Spin-Orbit Interaction in an Organic Dirac Fermion System: T. Osada, J. Phys.
Soc. Jpn. 87 (2018) 075002 (1-2).
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2. Thickness-dependent phase transition in graphite under high magnetic field: T. Taen, K. Uchida and T. Osada, Phys.
Rev. B 97 (2018) 115122 (1-7).

3. Tunable magnetoresistance in thin-film graphite field-effect transistor by gate voltage: T. Taen, K. Uchida, T. Osada and
W. Kang, Phys. Rev. B 98 (2018) 155136 (1-7).

4. Double carrier transport in electron doped region in black phosphorus FET: K. Hirose, T. Osada, K. Uchida, T. Taen,
K. Watanabe, T. Taniguchi and Y. Akahama, Appl. Phys. Lett. 113 (2018) 193101 (1-4).

5. Anisotropy of Dirac cones and Van Hove singularity in an organic Dirac fermion system: A. Mori, M. Sato, T. Yajima,
T. Konoike, K. Uchida and T. Osada, Phys. Rev. B 99 (2019) 035106 (1-5).

Yamashita group

We have been studying (1) quantum criticality in heavy-fermion materials by ultra-low temperature cryostat, (2) thermal-Hall 
conductivity of exotic excitations in frustrated magnets and (3) a new technique for the study of strongly-correlated electron 
systems. In this year, we have published our works of (1) dHvA studies of CeCoIn5 at ultralow temperatures, (2) thermal Hall 
measurements of Ca kapellasite, and (3) thermal Hall measurements of a Kitaev candidate α-RuCl3. We have performed (1) 
additional measurements of dHvA and Co NMR of CeCoIn5 at ultralow temperatures, (2) thermal Hall measurements of another 
kagome compound, Cd kapellasite, (3) magnetic torque measurements of organic QSL candidate κ-H3(Cat-EDT-TTF)2, and (4) 
thermal transport studies of a chiral magnet CsCuCl3.

1. Anomalous Change in the de Haas–van Alphen Oscillations of CeCoIn5 at Ultralow Temperatures: H. Shishido,
S. Yamada, K. Sugii, M. Shimozawa, Y. Yanase and M. Yamashita, Phys. Rev. Lett. 120 (2018) 177201.

2. *Spin Thermal Hall Conductivity of a Kagome Antiferromagnet: H. Doki, M. Akazawa, H.-Y. Lee, J. H. Han, K. Sugii,
M. Shimozawa, N. Kawashima, M. Oda, H. Yoshida and M. Yamashita, Phys. Rev. Lett. 121 (2018) 097203.

3. Unusual Thermal Hall Effect in a Kitaev Spin Liquid Candidate α-RuCl3: Y. Kasahara, K. Sugii, T. Ohnishi, M. Shimo-
zawa, M. Yamashita, N. Kurita, H. Tanaka, J. Nasu, Y. Motome, T. Shibauchi and Y. Matsuda, Phys. Rev. Lett. 120
(2018) 217205.

Division of Condensed Matter Theory

Tsunetsugu group

We have studied topics including harmonic generation in optical response of electron systems and dynamics of charge-density 
wave order in a planar organic material. We have also investigated spin current generation by light irradiation to a one-dimen-
sional Mott insulator. We have also started a new project about highly out-of-equilibrium electron dynamics and studied the time 
evolution of the one-dimensional Hubbard model. We have used a two-reservoir quench setup and calculated charge and thermal 
currents using the generalized hydrodynamic theory based on Bethe ansatz. 

1. Exploring the anisotropic Kondo model in and out of equilibrium with alkaline-earth atoms: M. Kanász-Nagy,
Y. Ashida, T. Shi, C. P. Moca, T. N. Ikeda, S. Fölling, J. Ignacio Cirac, G. Zaránd and E. A. Demler, Phys. Rev. B 97
(2018) 155156.

2. Entanglement prethermalization in the Tomonaga-Luttinger model: E. Kaminishi, T. Mori, T. N. Ikeda and M. Ueda,
Phys. Rev. A 97 (2018) 013622 (1-9).

3. Thermalization and prethermalization in isolated quantum systems: a theoretical overview: T. Mori, T. N. Ikeda,
E. Kaminishi and M. Ueda, J. Phys. B: At. Mol. Opt. Phys. 51 (2018) 112001.

4. Nodal topology in d-wave superconducting monolayer FeSe: T. Nakayama, T. Shishidou and D. F. Agterberg, Phys. Rev.
B 98 (2019) 214503.

5. Floquet-theoretical formulation and analysis of high-order harmonic generation in solids: T. N. Ikeda, K. Chinzei and
H. Tsunetsugu, Phys. Rev. A 98 (2019) 063426.

6. Revisiting the Floquet-Bloch theory for an exactly solvable model of one-dimensional crystals in strong laser fields:
T. N. Ikeda, Phys. Rev. A 97 (2019) 063413.

7. Photoinduced Dynamics of Commensurate Charge Density Wave in 1T-TaS2 Based on Three-Orbital Hubbard Model:
T. N. Ikeda, H. Tsunetsugu and K. Yonemitsu, Appl. Sci. 9 (2019) 70.
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Kato group

The main research subject of Kato lab. is theory of non-equilibrium properties in mesoscopic devices. We have studied (1) spin-
current noise at the interface between a ferromagnetic insulator and a superconductor, (2) surface plasmon polaritons using Weyl 
semimetals, (3) domain wall formation in a chiral p-wave superconductor, (4) heat transport via a two-state system, (5) adiabaic 
electron transport via a quantum dot, and (6) Bell-state correlation in a Kondo quantum dot.

1. DC-Current Induced Domain Wall in a Chiral p -Wave Superconductor: T. Jonckheere and T. Kato, J. Phys. Soc. Jpn. 87
(2018) 094705 (1-6).

2. Effect of Interaction on Reservoir-Parameter-Driven Adiabatic Charge Pumping via a Single-Level Quantum Dot
System: M. Hasegawa and T. Kato, J. Phys. Soc. Jpn. 87 (2018) 044709 (1-13).

3. Current cross-correlation in the Anderson impurity model with exchange interaction: R. Sakano, A. Oguri, Y. Nishikawa
and E. Abe, Phys. Rev. B 97 (2018) 045127 (1-13).

4. Quantum Critical Phenomena in Heat Transport via a Two-State System: T. Yamamoto and T. Kato, Phys. Rev. B 98
(2018) 245412 (1-8).

5. Spin Current Noise of the Spin Seebeck Effect and Spin Pumping: M. Matsuo, Y. Ohnuma, T. Kato and S. Maekawa,
Phys. Rev. Lett. 120 (2018) 235120 (1-5).

6. Heat transport via a local two-state system near thermal equilibrium: T. Yamamoto, M. Kato, T. Kato and K. Saito, New
J. Phys. 20 (2018) 093014 (1-20).

7. *Evolution of Magnetic Double Helix and Quantum Criticality near a Dome of Superconductivity in CrAs: M. Matsuda,
F. K. Lin, R. Yu, J.-G. Cheng, W. Wu, J. P. Sun, J. H. Zhang, P. J. Sun, K. Matsubayashi, T. Miyake, T. Kato, J.-Q. Yan,
M. B. Stone, Q.-M. Si, J. L. Luo and Y. Uwatoko, Phys. Rev. X 8 (2018) 031017 (1-12).

8. 国際物理オリンピック 2018 ポルトガル大会報告 : 加藤 岳生 , 大学の物理教育 24 (2018) 112-116.

9. Surface plasmon polaritons in thin-film Weyl semimetals: T. Tamaya, T. Kato, K. Tsuchikawa, S. Konabe and
S. Kawabata, J. Phys.: Condens. Matter 31 (2019) 305001 (1-10).

10. Bell-state correlations of quasiparticle pairs in the nonlinear current of a local Fermi liquid: R. Sakano, A. Oguri,
Y. Nishikawa and E. Abe, Phys. Rev. B 99 (2019) 155106 (1-7).

11. Microscopic theory of spin transport at the interface between a superconductor and a ferromagnetic insulator: T. Kato,
Y. Ohnuma, M. Matsuo, J. Rech, T. Jonckheere and T. Martin, Phys. Rev. B 99 (2019) 144411 (1-8).

12. mVMC—Open-source software for many-variable variational Monte Carlo method: T. Misawa, S. Morita, K. Yoshimi,
M. Kawamura, Y. Motoyama, K. Ido, T. Ohgoe, M. Imada and T. Kato, Comput. Phys. Commun. 235 (2019) 447-462.

13. 非平衡状態にある近藤効果（その 1）非平衡グリーン関数入門 : 阪野 塁 , 固体物理 53 (2018) 279-303.

Division of Nanoscale Science

Katsumoto group

Transport properties of double quantum well structures with (n-i-p-i-n)-type modulation doping were studied. For spin-injec-
tion, an iron film was deposited on top of the structure. We found peculiar magnetoresistance around zero-field. The lineshape 
of the magnetoresistance resembles that of anisotropic magnetoresistance. However, the origin is a kind of spin-orbit resonance 
due to the coexistence of Rashba and Dresselhaus type spin-orbit interactions. The anisotropy of the magnetoresistance on the 
in-plane angle of the magnetic field exhibited two-fold symmetry of III-V zinc-blende type crystal supporting the interpretation. 

1. Frequencies of the Edge-Magnetoplasmon Excitations in Gated Quantum Hall Edges: A. Endo, K. Koike, S. Katsumoto
and Y. Iye, J. Phys. Soc. Jpn. 87 (2018) 064709.

2. †Spin–orbit interaction in Pt or Bi2Te3 nanoparticle-decorated graphene realized by a nanoneedle method: T. Namba,
K. Tamura, K. Hatsuda, T. Nakamura, C. Ohata, S. Katsumoto and J. Haruyama, Appl. Phys. Lett. 113 (2018) 053106.

3. Frequency dependent ac transport of films of close-packed carbon nanotube arrays: A. Endo, S. Katsumoto, K. Matsuda,
W. Norimatsu and M. Kusunoki, J. Phys.: Conf. Ser. 969 (2018) 012129.
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4. Proximity-Induced Superconductivity in a Ferromagnetic Semiconductor (In,Fe)As: T. Nakamura, L. D. Anh, Y. Hashi-
moto, Y. Iwasaki, S. Ohya, M. Tanaka and S. Katsumoto, J. Phys.: Conf. Ser. 969 (2018) 012036.

5. †Evidence for a quantum spin Hall phase in graphene decorated with Bi2Te3 nanoparticles: K. Hatsuda, H. Mine,
T. Nakamura, J. Li, R. Wu, S. Katsumoto and J. Haruyama, Sci. Adv. 4 (2018) eaau6915.

6. Quantum Hall Edge States Probed by Plasmon Excitations: A. Endo and S. Katsumoto, AAPPS Bulletin 28 (2018) No.5
28 - 30.

7. Evidence for Spin-Triplet Electron Pairing in the Proximity-Induced Superconducting State of an Fe-Doped InAs
Semiconductor: T. Nakamura, L. D. Anh, Y. Hashimoto, S. Ohya, M. Tanaka and S. Katsumoto, Phys. Rev. Lett. 122
(2019) 107001.

8. Spin Filtering Magnetoresistance in Double‐Well Resonant Structures: T. Nakamura, Y. Hashimoto, T. Ke and S. Katsu-
moto, Phys. Status Solidi B 256 (2019) 1800560.

9. *Strain-induced spontaneous Hall effect in an epitaxial thin film of a Luttinger semimetal: T. Ohtsuki, Z. Tian, A. Endo,
M. Halim, S. Katsumoto, Y. Kohama, K. Kindo, M. Lippmaa and S. Nakatsuji, Proc. Natl. Acad. Sci. USA 116 (2019)
8803-8808.

10. Spatial distribution of thermoelectric voltages in a Hall-bar shaped two-dimensional electron system under a magnetic
field: A. Endo, K. Fujita, S. Katsumoto and Y. Iye, J. Phys. Commun. 3 (2019) 055005 (1-19).

11. 半導体の電気伝導における Zitterbewegung ( ジグザグ運動 ): 中村 壮智 , 勝本 信吾 , 日本物理学会誌 73 (2018) 776.

Otani group

We have studied the following topics this year; spin conversion behaviors in the bulk, the interfaces and the surfaces, magne-
tization dynamics in ferromagnetic nanostructures, and magneto-thermoelectric properties. In the first topic, our international 
collaboration with the Spanish group revealed the mechanism of the spin Hall effect in tantalum. We also succeeded in inducing 
the inverse Edelstein effect by decorating a copper surface with a lead phthalocyanine molecule. Furthermore, we have discov-
ered that nonmagnetic metal/indium-tin-oxide interfaces can act as an efficient spin current source. In terms of magnetiza-
tion dynamics, we have studied in collaboration with the Suemoto Group at ISSP on macroscopic magnetization control by 
symmetry breaking of photoinduced spin reorientation with intense terahertz magnetic near field. Apart from the above, we have 
also established a spin current generation by using magnon-phonon coupling.

1. Detection of the interfacial exchange field at a ferromagnetic insulator-nonmagnetic metal interface with pure spin
currents: P. K. Muduli, M. Kimata, Y. Omori, T. Wakamura, S. P. Dash and Y. Otani, Phys. Rev. B 98 (2018) 024416.

2. Inverse Edelstein effect induced by magnon-phonon coupling: M. Xu, J. Puebla, F. Auvray, B. Rana, K. Kondou and
Y. Otani, Phys. Rev. B 97 (2018) 180301.

3. Unveiling the mechanisms of the spin Hall effect in Ta: E. Sagasta, Y. Omori, S. Vélez, R. Llopis, C. Tollan, A. Chuvilin,
L. E. Hueso, M. Gradhand, Y. Otani and F. Casanova, Phys. Rev. B 98 (2018) 060410.

4. Direct current modulation of spin-Hall-induced spin torque ferromagnetic resonance in platinum/permalloy bilayer thin
films: S. Hirayama, S. Mitani, Y. Otani and S. Kasai, Jpn. J. Appl. Phys. 57 (2018) 060301.

5. *Macroscopic Magnetization Control by Symmetry Breaking of Photoinduced Spin Reorientation with Intense Terahertz
Magnetic Near Field: T. Kurihara, H. Watanabe, M. Nakajima, S. Karube, K. Oto, Y. Otani and T. Suemoto, Phys. Rev.
Lett. 120 (2018) 107202.

6. *Anomalous Hall effect in thin films of the Weyl antiferromagnet Mn3Sn: T. Higo, D. Qu, Y. Li, C. L. Chien, Y. Otani
and S. Nakatsuji, Appl. Phys. Lett. 113 (2018) 202402.

7. Magnetothermodynamic Properties and Anomalous Magnetic Phase Transition in FeRh Nanowires: K. Matsumoto,
M. Kimata, K. Kondou, R. C. Temple, C. H. Marrows and Y. Otani, IEEE Trans. Magn. 54 (2018) 23009041-5.

8. Anomalous modulation of spin torque-induced ferromagnetic resonance caused by direct currents in permalloy/platinum
bilayer thin films: S. Hirayama, S. Mitani, Y. Otani and S. Kasai, Appl. Phys. Express 11 (2018) 013002 (1-4).

9. Active Control of Mode Crossover and Mode Hopping of Spin Waves in a Ferromagnetic Antidot Lattice: S. Choudhury,
S. Majumder, S. Barman, Y. Otani and A. Barman, Phys. Rev. Applied 10 (2018) 064044.

10. Tunable Angle-Dependent Magnetization Dynamics in Ni80Fe20 Nanocross Structures of Varying Size: K. Adhikari,
S. Barman, R. Mandal, Y. Otani and A. Barman, Phys. Rev. Applied 10 (2018) 044010.
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11. Voltage-Controlled Reconfigurable Spin-Wave Nanochannels and Logic Devices: B. Rana and Y. Otani, Phys. Rev.
Applied 9 (2018) 014033 (1-15).

12. †*Large enhancement of the spin Hall effect in Mn metal by Sn doping: D. Qu, T. Higo, T. Nishikawa, K. Matsumoto,
K. Kondou, D. Nishio-Hamane, R. Ishii, P. K. Muduli, Y. Otani and S. Nakatsuji, Phys. Rev. Materials 2 (2018) 102001.

13. Influence of anisotropic dipolar interaction on the spin dynamics of Ni80Fe20 nanodot arrays arranged in honeycomb and
octagonal lattices: S. Mondal, S. Barman, S. Choudhury, Y. Otani and A. Barman, Journal of Magnetism and Magnetic
Materials 458 (2018) 95-104.

14. Clear variation of spin splitting by changing electron distribution at non-magnetic metal/Bi2O3 interfaces: H. Tsai,
S. Karube, K. Kondou, N. Yamaguchi, F. Ishii and Y. Otani, Sci Rep 8 (2018) 5564.

15. Quantum materials for spin and charge conversion: W. Han, Y. Otani and S. Maekawa, npj Quantum Materials 3 (2018)
27 (1-16).

16. Field-controlled ultrafast magnetization dynamics in two-dimensional nanoscale ferromagnetic antidot arrays: A. De,
S. Mondal, S. Sahoo, S. Barman, Y. Otani, R. K. Mitra and &. A. Barman, Beilstein J. Nanotechnol 9 (2018) 1123-1134.

17. Spin accumulation at nonmagnetic interface induced by direct Rashba–Edelstein effect: F. Auvray, J. Puebla, M. Xu,
B. Rana, D. Hashizume and Y. Otani, J Mater Sci: Mater Electron 29 (2018) 15664-15670.

18. Efficient spin current generation and suppression of magnetic damping due to fast spin ejection from nonmagnetic
metal/indium-tin-oxide interfaces: K. Kondou, H. Tsai, H. Isshiki and Y. Otani, APL Materials 6 (2018) 101105.

19. Relation between spin Hall effect and anomalous Hall effect in 3d ferromagnetic metals: Y. Omori, E. Sagasta, Y. Niimi,
M. Gradhand, L. E. Hueso, F. Casanova and Y. Otani, Phys. Rev. B 99 (2019) 014403.

20. *Magnetic and magnetic inverse spin Hall effects in a non-collinear antiferromagnet: M. Kimata, H. Chen, K. Kondou,
S. Sugimoto, P. K. Muduli, M. Ikhlas, Y. Omori, T. Tomita, A. H. MacDonald, S. Nakatsuji and Y. Otani, Nature 565
(2019) 627.

Komori group

Changes in the magnetism of epitaxially grown fcc Fe films on Cu(001) induced by single-crystal Mn overlayer are studied by 
scanning tunneling microscopy/spectroscopy and soft X-ray magnetic circular dichroism. Element specific magnetization curves 
of the Fe layer exhibit a two-step spin reorientation transition from out-of-plane to in-plane direction by increasing the Mn 
coverage. The atomic-scale characterizations of structural and electronic properties and the first-principles calculations success-
fully unravel the roles of the interface alloys and clarify the driving forces of the transition. Spin-resolved band L-gap surface 
bands on the noble metal (111) surfaces are quantitatively studied by spin- and angle-resolved photoelectron spectroscopy with 
a vacuum-ultraviolet laser. The surface-state wave function is found to be predominantly of even mirror symmetry with negli-
gible odd contribution by SARPES using a linearly polarized light.

1. *Surface electronic states of Au-induced nanowires on Ge(0 0 1): K. Yaji, R. Yukawa, S. Kim, Y. Ohtsubo, P. L. Fèvre,
F. Bertran, A. Taleb-Ibrahimi, I. Matsuda, K. Nakatsuji, S. Shin and F. Komori, J. Phys.: Condens. Matter 30 (2018)
075001 (1-7).

2. *Alkali-metal induced band structure deformation investigated by angle-resolved photoemission spectroscopy and
first-principles calculations: S. Ito, B. Feng, M. Arita, T. Someya, W. -C. Chen, A. Takayama, T. Iimori, H. Namatame,
M. Taniguchi, C. -M. Cheng, S. -J. Tang, F. Komori and I. Matsuda, Phys. Rev. B 97 (2018) 155423 (1-8)

3. †*Giant Rashba splitting of quasi-one-dimensional surface states on Bi/InAs(110)- (2×1): T. Nakamura, Y. Ohtsubo,
Y. Yamashita, S.-I. Ideta, K. Tanaka, K. Yaji, A. Harasawa, S. Shin, F. Komori, R. Yukawa, K. Horiba, H. Kumigashira
and S.-I. Kimura, Phys. Rev. B 98 (2018) 075431.

4. * レーザー励起スピン分解光電子分光で解き明かす光スピン制御 : 矢治光 一郎 , 黒田 健太 , 小森 文夫 , 辛 埴 , 光学 47
(2018) 142-147.

5. *A Table-Top Formation of Bilayer Quasi-Free-Standing Epitaxial-Graphene on SiC(0001) by Microwave Annealing in
Air: K.-S. Kim, G.-H. Park, H. Fukidome, T. Someya, T. Iimori, F. Komori, I. Matsuda and M. Suemitsu, Carbon 130
(2018) 792-798.

6. * 物質科学、この 1 年「ボロフェンにおけるディラックフェルミオン」: 松田 巌 , パリティ 33 (2018) 36-38.
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7. †Evaluation of structural vacancies for 1/1-Al–Re–Si approximant crystals by positron annihilation spectroscopy:
K. Yamada, H. Suzuki, H. Kitahata, Y. Matsushita, K. Nozawa, F. Komori, R. S. Yu, Y. Kobayashi, T. Ohdaira,
N. Oshima, R. Suzuki, Y. Takagiwa, K. Kimura and I. Kanazawa, Philos. Mag. 98 (2018) 107-117.

8. *Discovery of 2D Anisotropic Dirac Cones: B. Feng, J. Zhang, S. Ito, M. Arita, C. Cheng, L. Chen, K. Wu, F. Komori,
O. Sugino, K. Miyamoto, T. Okuda, S. Meng and I. Matsuda, Adv. Mater. 30 (2018) 1704025 (1-6).

9. †Triangular lattice atomic layer of Sn(1×1) at graphene/SiC(0001) interface: S. Hayashi, A. Visikovskiy, T. Kajiwara,
T. Iimori, T. Shirasawa, K. Nakastuji, T. Miyamachi, S. Nakashima, K. Yaji, K. Mase, F. Komori and S. Tanaka, Appl.
Phys. Express 11 (2018) 015202 (1-4).

10. *Experimental Methods for Spin and Angle-Resolved Photoemission Spectroscpy Combined with Polarization Variable
Laser: K. Kuroda, K. Yaji, A. Harasawa, R. Noguchi, T. Kondo, F. Komori and S. Shin, JoVE 136 (2018) e57090.

11. *Rashba spin splitting of L-gap surface states on Ag(111) and Cu(111): K. Yaji, A. Harasawa, K. Kuroda, R. Li, B. Yan,
F. Komori and S. Shin, Physical Review B 98 (2018) 041404(R).

12. Lattice distortion of square iron nitride monolayers induced by changing symmetry of substrate: T. Hattori, T. Iimori,
T. Miyamachi and F. Komori, Phys. Rev. Materials 2 (2018) 044003 (1-7).

13. *レーザーで電子のスピン方向を自由に制御: 矢治光 一郎, 黒田 健太, 小森 文夫, 辛 埴 , レーザー加工学会誌 25 (2018)
39-42.

14. Electronic and magnetic properties of the Fe2N monolayer film tuned by substrate symmetry: T. Hattori, T. Miyamachi,
T. Yokoyama and F. Komori, J. Phys.: Condens. Matter 31 (2019) 255001.

15. †*Coexistence of Two Types of Spin Splitting Originating from Different Symmetries: K. Yaji, A. Visikovskiy, T. Iimori, 
K. Kuroda, S. Hayashi, T. Kajiwara, S. Tanaka, F. Komori and S. Shin, Phys. Rev. Lett. 122 (2019) 126403.

16. †Fabrication of L10-FeNi by pulsed-laser deposition: M. Saito, H. Ito, Y. Suzuki, M. Mizuguchi, T. Koganezawa,
T. Miyamachi, F. Komori, K. Takanashi and M. Kotsugi, Appl. Phys. Lett. 114 (2019) 072404.

17. Dynamic Interface Formation in Magnetic Thin Film Heterostructures: S. Nakashima, T. Miyamachi, Y. Tatetsu,
Y. Takahashi, Y. Takagi, Y. Gohda, T. Yokoyama and F. Komori, Adv. Funct. Mater. 29 (2019) 1804594.

18. †Fabrication of L10-type FeCo ordered structure using a periodic Ni buffer layer: H. Ito, M. Saito, T. Miyamachi,
F. Komori, T. Koganezawa, M. Mizuguchi and M. Kotsugi, AIP Advances 9 (2019) 045307.

Hasegawa group

We performed scanning tunneling potentiometry; STM-based microscopy that enables us to obtain spatial mapping of electro-
chemical potential over the sample surface, on the Si(111)7x7 surface. Since the surface has the metallic surface states, 
electrical current flows through the surface layer created on an almost insulating low-doped substrate. We observed potential 
drops at the step edges and the domain boundaries of the superstructure, indicating the presence of electrical resistance there. It 
is found that the resistance at the step edge is rather large and thus the net conductivity of the reconstructed surface is basically 
determined by the step density or miscut angle of the substrate. This answers the long-standing question why the conductivity 
measured in macroscopic methods has dispersed so much. Our study demonstrates the importance of microscopic characteriza-
tion for precise understanding of the conductivity in the two-dimensional metallic states. In the case of metallic surface states, 
because of the presence of the substrate, inversion symmetry is naturally broken. Therefore, superconductivity realized on the 
states cannot hold conventional s-wave Cooper pairing. In collaboration with Professor Shuji Hasegawa's group, Department 
of Physics, Univ. Tokyo, we investigated the superconductivity of a Tl-Pb monolayer formed on a Si(111) substrate by using 
low-temperature STM. Since previous angle-resolved photoemission spectra (ARPES) had revealed Rashba splitting in the 
metallic states, p-wave triplet or other unconventional pairings was expected. Our tunneling spectra clearly showed supercon-
ducting gaps on the surface whose spectrum shape cannot be explained with the BCS function. Vortices were also observed 
under magnetic fields. Curiously, however, even when the vortices cover the whole surface, the gaps still remain. In order to 
remove the gaps higher magnetic field has to be applied, which is quite unusual compared with the case of conventional s-wave 
superconductors. Whereas the reason of the peculiar gap behaviors is not revealed yet, the results demonstrate the possibility of 
unique and unconventional superconducting states on two-dimensional metallic surface states. 

1. Unconventional superconductivity in the single-atom-layer alloy Si(111)−√3×√3−(Tl,Pb): T. Nakamura, H. Kim,
S. Ichinokura, A. Takayama, A. V. Zotov, A. A. Saranin, Y. Hasegawa and S. Hasegawa, Phys. Rev. B 98 (2018) 134505
(1-6).

2. 走査プローブ顕微鏡による物性研究 : 長谷川 幸雄 , 固体物理 53 (2018) 575-585.

3. SPM 特集号『プローブ顕微鏡によるナノサイエンスの最前線』企画趣旨 : 長谷川 幸雄 , 表面と真空 61 (2018) 630-631.



         166           ISSP  Activity Report 2018 ISSP  Activity Report 2018 167

* Joint research among groups within ISSP.

4. Role of one-dimensional defects in the electrical transport through Si(111)−7×7 surface states: M. Hamada and
Y. Hasegawa, Phys. Rev. B 99 (2019) 125402 (1-5).

5. Bulk ferromagnetic tips for spin-polarized scanning tunneling microscopy: M. Haze, H.-H. Yang, K. Asakawa,
N. Watanabe, R. Yamamoto, Y. Yoshida and Y. Hasegawa, Review of Scientific Instruments 90 (2019) 013704 (1-5).

6. プローブ顕微鏡で切り開くこれからの研究 : 長谷川 幸雄 , 表面と真空 61 (2018) 609-610.

7. Nanoscale Magnetic Imaging: Y. Hasegawa, M. Haze and Y. Yoshida, in: Reference Module in Materials Science and
Materials Engineering, edited by M.S.J.Hashmi, (Elsevier, 2018), B9780128035818104370.

8. Scanning Tunneling Microscopy: Y. Hasegawa, in: Compendium of Surface and Interface Analysis, edited by The
Surface Science Society of Japan, (Springer Singapore, 2018), 599-604.

Lippmaa group

Noble metal doping can be an effective way of controlling the band gap width of titanate semiconductors like SrTiO3. The 
special feature of noble metal dopants is that they form impurity states close to the valence band top of the crystal, thereby 
reducing the band gap without affecting the electronic structure at the conduction band bottom. For this reason, Ir, Pt, Pd, and 
Rh doping in SrTiO3 has been studied in the area of solar-driven photocatalysis. In our recent work, we look at the microscopic 
mechanism of oxide doping with noble metals and self-organized nanoscale metal segregation. We find that during thin film 
growth of a noble-metal-doped SrTiO3 film, the metal can migrate rapidly on the film surface and aggregate in a nanoscale 
cluster. This cluster formation, cluster size, and areal density can be controlled by the noble metal doping level. We use trans-
mission electron microscopy and x-ray photoelectron spectroscopy to analyze the metal nanocluster formation and growth.

1. Distortion Analysis of Ir- and Co-doped LaAlO3/SrTiO3(001) Interfaces by Hard X-ray Photoelectron Diffraction:
M. Lee, X. L. Tan, M. Yoneda, T. Okamoto, I. Tanaka, Y. Higa, D. Peng, M. Ogi, S. Kobayashi, M. Taguchi,
M. Lippmaa, M.-J. Casanove and H. Daimon, J. Phys. Soc. Jpn. 87 (2018) 084601 (1-4).

2. Pyroelectric detection of ferroelectric polarization in magnetic thin films: R. Takahashi and M. Lippmaa, Jpn. J. Appl.
Phys. 57 (2018) 0902A1.

3. †Noble metal nanocluster formation in epitaxial perovskite thin films: M. Lee, R. Arras, R. Takahashi, B. Warot-
Fonrose, H. Daimon, M.-J. Casanove and M. Lippmaa, ACS Omega 3 (2018) 2169-2173.

4. *Imaging the Formation of Ferromagnetic Domains at the LaAlO3/SrTiO3 Interface: Y. Motoyui, T. Taniuchi,
P. Scheiderer, J. N. Lee, J. Gabel, F. Pfaff, M. Sing, M. Lippmaa, R. Claessen and S. Shin, J. Phys. Soc. Jpn. 88 (2019)
034717 (1-5).

5. Experimental realization of atomically flat and AlO2-terminated LaAlO3(001) substrate surfaces: J. R. Kim, J. N. Lee,
J. Mun, Y. Kim, Y. J. Shin, B. Kim, S. Das, L. Wang, M. Kim, M. Lippmaa, T. H. Kim and T. W. Noh, Phys. Rev. Mater.
3 (2019) 023801 (1-8).

6. Synthesis and characterization of (111)-oriented BaTiO3 thin films: T. Bolstad, K. Kjærnes, K. Raa, R. Takahashi,
M. Lippmaa and T. Tybell, Mater. Res. Express 6 (2019) 056409 (1-8).

7. *Strain-induced spontaneous Hall effect in an epitaxial thin film of a Luttinger semimetal: T. Ohtsuki, Z. Tian, A. Endo,
M. Halim, S. Katsumoto, Y. Kohama, K. Kindo, M. Lippmaa and S. Nakatsuji, Proc. Natl. Acad. Sci. USA 116 (2019)
8803-8808.

8. Gradient Carrier Doping as a Method for Maximizing the Photon-to-Current Efficiency of a SrTiO3 Water Splitting
Photoanode: S. Kawasaki, R. Takahashi and M. Lippmaa, J. Phys. Chem. C (2019), accepted for publication.

9. 酸化物半導体中に自己組織化した金属ナノピラーによる高効率・水分解光電極反応 : 川崎 聖治 , 高橋 竜太 , リップマー ミッ
ク, 応用物理 87 (2018) 366-369.

Functional Materials Group

Yoshinobu group

We conducted several research projects in the fiscal year 2018: (1) Systematic study of the activation and hydrogenation of CO2 
on Zn/Cu model catalysts by AP-XPS, IRAS, and TPD. (2) The surface chemistry of formic acid on Zn/Cu model catalysts 
studied by SR-PES, IRAS, and TPD. (3) Spectroscopic characterization of Hydrogen adsorption and absorption on Pd-Cu and 
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Pd-Ag surfaces by XPS. (4) LT-STM study of Zn on Cu(997). (5) The surface chemistry of hydrogen and formic acid on Pd/Cu 
model catalysts studied by SR-PES, IRAS, and TPD. (6) Observation of CVD processes of graphene formation on a Cu surface.

1. †*Strong Hydrogen Bonds at the Interface between Proton-Donating and -Accepting Self-Assembled Monolayers on
Au(111): H. S. Kato, S. Yoshimoto, A. Ueda, S. Yamamoto, Y. Kanematsu, M. Tachikawa, H. Mori, J. Yoshinobu and
I. Matsuda, Langmuir 34 (2018) 2189-2197.

2. *Atomic Structure and Local Electronic States of Single Pt Atoms Dispersed on Graphene: K. Yamazaki, Y. Maehara,
C.-C. Lee, J. Yoshinobu, T. Ozaki and K. Gohara, J. Phys. Chem. C 122 (2018) 27292.

3. †H–D Exchange Mechanism of Butene on a D-Absorbed Pd–Au Alloy Surface: S. Ogura, S. Ohno, K. Mukai, J. Yoshi-
nobu and K. Fukutani, J. Phys. Chem. C 123 (2018) 7854.

4. *Enhancement of CO2 adsorption on oxygen-functionalized epitaxial graphene surface under near-ambient conditions:
S. Yamamoto, K. Takeuchi, Y. Hamamoto, R.-Y. Liu, Y. Shiozawa, T. Koitaya, T. Someya, K. Tashima, H. Fukidome,
K. Mukai, S. Yoshimoto, M. Suemitsu, Y. Morikawa, J. Yoshinobu and I. Matsuda, Phys. Chem. Chem. Phys. 20 (2018)
19532.

5. Initial gas exposure effects on monolayer pentacene field-effect transistor studied using four gallium indium probes:
S. Yoshimoto, R. Miyahara, Y. Yoshikura, J. Tang, K. Mukai and J. Yoshinobu, Org. Electron. 54 (2018) 34-39.

6. †An Ethynylene-Bridged Pentacene Dimer: Two-Step Synthesis and Charge-Transport Properties: K. Kawano,
H. Hayashi, S. Yoshimoto, N. Aratani, M. Suzuki, J. Yoshinobu and H. Yamada, Chem. Eur. J. 24 (2018) 14916.

7. *Hydrogen adsorption and absorption on a Pd-Ag alloy surface studied using in-situ X-ray photoelectron spectroscopy
under ultrahigh vacuum and ambient pressure: J. Tang, S. Yamamoto, T. Koitaya, Y. Yoshikura, K. Mukai, S. Yoshimoto,
I. Matsuda and J. Yoshinobu, Applied Surface Science 463 (2019) 1161-1167.

8. *Mass transport in the PdCu phase structures during hydrogen adsorption and absorption studied by XPS under
hydrogen atmosphere: J. Tang, S. Yamamoto, T. Koitaya, A. Yoshigoe, T. Tokunaga, K. Mukai, I. Matsuda and J. Yoshi-
nobu, Applied Surface Science 480 (2019) 419-426.

9. *CO2 Activation and Reaction on Zn-Deposited Cu Surfaces Studied by Ambient-Pressure X-ray Photoelectron
Spectroscopy: T. Koitaya, S. Yamamoto, Y. Shiozawa, Y. Yoshikura, M. Hasegawa, J. Tang, K. Takeuchi, K. Mukai,
S. Yoshimoto, I. Matsuda and J. Yoshinobu, ACS Catal. 9 (2019) 4539-4550.

Akiyama group

In 2018, we fabricated and characterized 1035nm InGaAs laser diodes for short and intense pulse generation via gain switching 
(NEDO project). We studied single- and multi-junction solar cells for absolute electroluminescence-efficiency standard. We 
made femto-sectond time-resolved laser photo-emission spectroscopy for solar cell systems (LASOR collaboration), and 
analyzed their results in comparison with model calculations and time-resolved PL spectroscopy, We made computational 
studies with quantum-chemistry and molecular-dynamics calculations on oxyluciferins and caged-luciferins, and corresponding 
experiments.

1. Coherent detection of THz-induced sideband emission from excitons in the nonperturbative regime: K. Uchida,
T. Otobe, T. Mochizuki, C. Kim, M. Yoshita, K. Tanaka, H. Akiyama, L. N. Pfeiffer, K. W. West and H. Hirori, Phys.
Rev. B 97 (2018) 165122.

2. Analysis of future generation solar cells and materials: M. Yamaguchi, L. Zhu, H. Akiyama, Y. Kanemitsu, H. Tampo,
H. Shibata, K.-H. Lee, K. Araki and N. Kojima, Jpn. J. Appl. Phys. 57 (2018) 04FS03 (1-6).

3. Quantitative monitoring of the internal field in the depletion layer of a GaAs-based solar cell with terahertz radiation:
K. Miyagawa, M. Nagai, G. Yamashita, M. Ashida, C. Kim, H. Akiyama and Y. Kanemitsu, Appl. Phys. Lett. 113 (2018)
163501.

4. Terahertz field-induced ionization and perturbed free induction decay of excitons in bulk GaAs: Y. Murotani,
M. Takayama, F. Sekiguchi, C. Kim, H. Akiyama and R. Shimano, J. Phys. D: Appl. Phys. 51 (2018) 114001 (1-10).

5. Nonequilibrium Theory of the Conversion Efficiency Limit of Solar Cells Including Thermalization and Extraction of
Carriers: K. Kamide, T. Mochizuki, H. Akiyama and H. Takato, Phys. Rev. Applied 10 (2018) 044069.

6. Revealing Solar-Cell Photovoltage Dynamics at the Picosecond Time Scale with Time-Resolved Photoemission
Spectroscopy: Y. Hazama, Y. Ishida, L. Zhu, C. Kim, S. Shin and H. Akiyama, Phys. Rev. Applied 10 (2018) 034056.
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7. Effect of interaction between the internal cavity and external cavity on beam properties in a spectrally beam combined
system: Z. Wu, T. Ito, H. Akiyama and B. Zhang, J. Opt. Soc. Am. A 35 (2018) 772-778.

8. Absolute bioluminescence imaging at the single-cell level with a light signal at the Attowatt level: T. Enomoto,
H. Kubota, K. Mori, M. Shimogawara, M. Yoshita, Y. Ohmiya and H. Akiyama, BioTechniques 64 (2018) 270.

9. Intrinsic and extrinsic drops in open-circuit voltage and conversion efficiency in solar cells with quantum dots
embedded in host materials: L. Zhu, H. Akiyama and Y. Kanemitsu, Scientific Report 8 (2018) 11704.

10. Synthesis and quantitative characterization of coumarin-caged D-luciferin: M. Kurata, M. Hiyama, T. Narimatsu,
Y. Hazama, T. Ito, Y. Hayamizu, X. Qiu, F. M. Winnik and H. Akiyama, Journal of Photochemistry and Photobiology B:
Biology 189 (2018) 81.

11. *Nonlinear propagation effects in high harmonic generation in reflection and transmission from gallium arsenide: P. Xia,
C. Kim, F. Lu, T. Kanai, H. Akiyama, J. Itatani and N. Ishii, Optics Express 26 (2018) 29393-29400.

12. *Femtosecond pulse generation beyond photon lifetime limit in gain-switched semiconductor lasers: T. Ito, H. Nakamae,
Y. Hazama, T. Nakamura, S. Chen, M. Yoshita, C. Kim, Y. Kobayashi and H. Akiyama, Commun. Phys. 1 (2018) 42.

Sugino group

In this fiscal year, we have developed a novel first-principles simulation method for defects in a material and excitons in a 
molecule and, in addition, have applied an advanced simulation method to a surface. The first topic is a replica exchange Monte 
Carlo sampling of defects in a solid, which has not been tried previously in the literature but has proven to be unexpectedly 
efficient. The second topic is on our progress in improving the efficiency of the Green's functional approach, which makes it 
possible to simulate up to 200 atoms exceeding most of our target systems. The third topic is on the problem of resolving the 
hydrogen adsorption on Pt(111) surface. By using an advanced exchange-correlation functional, it was finally revealed how 
strongly and at which site hydrogen atoms are adsorbed on the surface. This is an important step for true understanding the 
water splitting and fuel cell reactions.

1. * 物質科学、この 1 年「ボロフェンにおけるディラックフェルミオン」: 松田 巌 , パリティ 33 (2018) 36-38.

2. Optical properties of six isomers of three dimensionally delocalizedπ-conjugated carbon nanocage: Y. Noguchi,
D. Hirose and O. Sugino, Eur. Phys. J. B 91 (2018) 125.

3. *Discovery of 2D Anisotropic Dirac Cones: B. Feng, J. Zhang, S. Ito, M. Arita, C. Cheng, L. Chen, K. Wu, F. Komori,
O. Sugino, K. Miyamoto, T. Okuda, S. Meng and I. Matsuda, Adv. Mater. 30 (2018) 1704025 (1-6).

4. First-principles investigation of polarization and ion conduction mechanisms in hydroxyapatite: S. Kasamatsu and
O. Sugino, Phys. Chem. Chem. Phys. 20 (2018) 8744.

5. †Hydrogen adsorption on Pt(111) revisited from random phase approximation: L. Yan, Y. Sun, Y. Yamamoto,
S. Kasamatsu, I. Hamada and O. Sugino, The Journal of Chemical Physics 149 (2018) 164702.

6. Direct coupling of first-principles calculations with replica exchange Monte Carlo sampling of ion disorder in solids:
S. Kasamatsu and O. Sugino, J. Phys.: Condens. Matter 31 (2019) 085901.

Inoue group

In 2018, we reported a new machine learning method to estimate the absorption wavelengths of microbial rhodopsins from their 
primary sequences, based on a newly constructed database of previously reported and unreported absorption maxima of micro-
bial rhodopsins and their mutants. The chromophore structure in newly discovered heliorhodopsin was studied by international 
joint research.

1. Resonance Raman Investigation of the Chromophore Structure of Heliorhodopsins: A. Otomo, M. Mizuno, M. Singh,
W. Shihoya, K. Inoue, O. Nureki, O. Béjà, H. Kandori and Y. Mizutani, J. Phys. Chem. Lett. 9 (2018) 6431-6436.

2. Understanding Colour Tuning Rules and Predicting Absorption Wavelengths of Microbial Rhodopsins by Data-Driven
Machine-Learning Approach: M. Karasuyama, K. Inoue, R. Nakamura, H. Kandori and I. Takeuchi, Sci. Rep. 8 (2018)
15580.

3. Ultrafast Dynamics of Heliorhodopsins: S. Tahara, M. Singh, H. Kuramochi, W. Shihoya, K. Inoue, O. Nureki, O. Béjà,
Y. Mizutani, H. Kandori and T. Tahara, J. Phys. Chem. B 123 (2019) 2507-2512.

4. Casting Light on Asgardarchaeota Metabolism in a Sunlit Microoxic Niche: P. -A. Bulzu, A. -S. Andrei, M. M. Salcher,
M. Mehrshad, K. Inoue, H. Kandori, O. Béjà and R. Ghai, (2019), in print.
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5. Heliorhodopsins are Absent in Diderm (Gram-negative) Bacteria: Some Thoughts and Possible Implications for
Activity: J. Flores-Uribe, G. Hevroni, R. Ghai, A. Pushkarev, K. Inoue, H. Kandori and O. Béjà, Environ. Microbiol.
Rep. (2019), in print.

Quantum Materials Group

Oshikawa group

We studied a variety of problems in quantum condensed matter physics, statistical mechanics, and field theory. In particular, 
we studied the electronic structure of α-ZrCl3. Under the ligand field splitting and a strong spin-orbit interaction, each Zr3+ has 
one electron each in the J=3/2 quartet states. The strong anisotropy of d-orbitals leads to highly orbital- and direction-depen-
dent hoppings. Nevertheless, we found that, after an appropriate gauge transformation, the effective model has a global SU(4) 
symmetry which corresponds to the simultaneous complex rotation of the quartet states. In the presence of a strong Coulomb 
repulsion, the system would be described by the SU(4) antiferromagnetic "Heisenberg" model on a honeycomb lattice, which 
is predicted to have a gapless spin liquid state. This suggests an intriguing possibility of realizing a SU(4) spin-orbital liquid, in 
which spin and orbital degrees of freedom of a magnetic material are intertwined.

1. Construction of Hamiltonians by supervised learning of energy and entanglement spectra: H. Fujita, Y. O. Nakagawa,
S. Sugiura and M. Oshikawa, Phys. Rev. B 97 (2018) 075114 (1-12).

2. †Particle statistics, frustration, and ground-state energy: W. Nie, H. Katsura and M. Oshikawa, Phys. Rev. B 97 (2018)
125153 (1-17).

3. Scaling of the polarization amplitude in quantum many-body systems in one dimension: R. Kobayashi, Y. O. Nakagawa,
Y. Fukusumi and M. Oshikawa, Phys. Rev. B 97 (2018) 165133 (1-14).

4. †Unified understanding of symmetry indicators for all internal symmetry classes: S. Ono and H. Watanabe, Phys. Rev. B
98 (2018) 115150.

5. †Emergent SU(4) Symmetry in α-ZrCl3 and Crystalline Spin-Orbital Liquids: M. G. Yamada, M. Oshikawa and
G. Jackeli, Phys. Rev. Lett. 121 (2018) 097201 (1-6).

6. 光渦レーザーによる磁性制御の展望 : 藤田 浩之 , 佐藤 正寛 , 固体物理 53, 10 (2018) 1-15.

7. 光渦レーザーによる超高速ナノスピン構造制御 : 佐藤 正寛 , 藤田 浩之 , 光学 47, 4 (2018) p162-.

8. 量子情報と統計力学 ( 特集 量子情報と物理学のフロンティア ): 押川 正毅 , 数理科学 56(6) (2018) 23-29.

9. †Inequivalent Berry Phases for the Bulk Polarization: H. Watanabe and M. Oshikawa, Phys. Rev. X 8 (2018) 021065
(1-15).

10. Fulde-Ferrell state in a ferromagnetic chiral superconductor with magnetic domain walls: Y. Tada, Physical Review B 97
(2018) 014519.

11. Decay of superconducting correlations for gauged electrons in dimensions D <= 4: Y. Tada and T. Koma, Journal of
Mathematical Physics 59 (2018) 031905.

12. †Crossover of correlation functions near a quantum impurity in a Tomonaga-Luttinger liquid: C.-Y. Lo, Y. Fukusumi,
M. Oshikawa, Y.-J. Kao and P. Chen, Phys. Rev. B 99 (2019) 121103.

Nakatsuji group

Our group explores ground state properties and spintronic functions of novel quantum phases and phase transitions in rare-
earth and transition-metal based compounds. The followings are some relevant results obtained in 2018. (1) We found one order 
magnitude higher anomalous Nernst effect in Co2MnGa, in comparison with the previously reported value for ferromagnets, 
ascribable to the quantum Lifshitz transition between type-I and type-II Weyl fermions (2) We have succeeded in growing a 
high-quality thin film of magnetic Weyl semimetal Mn3Sn that exhibits anomalous Hall effect by a sputtering method. (3) our 
recent study on Mn3Sn has revealed a new type of spin Hall effect, whose sign and magnitude can be controlled by magneti-
zation for the first time (4) We found a spin ice state with significant quantum fluctuations, namely, a quantum spin ice state 
in Pr2Zr2O7. (5) We established the thin film growth method of the Luttinger semimetal state of Pr2Ir2O7 and reported strain-
induced Weyl semimetal state in using the thin films.
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1. Valence fluctuating compound α-YbAlB4 studied by 174Yb Mössbauer spectroscopy and X-ray diffraction using
synchrotron radiation: M. Oura, S. Ikeda, R. Masuda, Y. Kobayashi, M. Seto, Y. Yoda, N. Hirao, S. I. Kawaguchi,
Y. Ohishi, S. Suzuki, K. Kuga, S. Nakatsuji and H. Kobayashi, Physica B 536 (2018) 162-164.

2. Spin-orbital entangled liquid state in the copper oxide Ba3CuSb2O9: H. Man, M. Halim, H. Sawa, M. Hagiwara,
Y. Wakabayashi and S. Nakatsuji, J. Phys.: Condens. Matter 30 (2018) 443002.

3. Crystal Structure in Quadrupolar Kondo Candidate PrTr2Al20(Tr = Ti and V): D. Okuyama, M. Tsujimoto,
H. Sagayama, Y. Shimura, A. Sakai, A. Magata, S. Nakatsuji and T. J. Sato, J. Phys. Soc. Jpn. 88 (2018) 015001.

4. Discovery of Emergent Photon and Monopoles in a Quantum Spin Liquid: Y. Tokiwa, T. Yamashita, D. Terazawa,
K. Kimura, Y. Kasahara, T. Onishi, Y. Kato, M. Halim, P. Gegenwart, T. Shibauchi, S. Nakatsuji, E.-G. Moon and
Y. Matsuda, J. Phys. Soc. Jpn. 87 (2018) 064702.

5. *Kondo hybridization and quantum criticality in β−YbAlB4 by laser ARPES: C. Bareille, S. Suzuki, M. Nakayama,
K. Kuroda, A. H. Nevidomskyy, Y. Matsumoto, S. Nakatsuji, T. Kondo and S. Shin, Phys. Rev. B 97 (2018) 045112
(1-7).

6. Relaxation calorimetry at very low temperatures for systems with internal relaxation: Y. Matsumoto and S. Nakatsuji,
Rev. Sci. Instrum. 89 (2018) 033908.

7. Magnetic Excitations across the Metal-Insulator Transition in the Pyrochlore Iridate Eu2Ir2O7: S. H. Chun, B. Yuan,
D. Casa, J. Kim, C.-Y. Kim, Z. Tian, Y. Qiu, S. Nakatsuji and Y.-J. Kim, Phys. Rev. Lett. 120 (2018) 177203.

8. *Anomalous Hall effect in thin films of the Weyl antiferromagnet Mn3Sn: T. Higo, D. Qu, Y. Li, C. L. Chien, Y. Otani
and S. Nakatsuji, Appl. Phys. Lett. 113 (2018) 202402.

9. Large magneto-optical Kerr effect and imaging of magnetic octupole domains in an antiferromagnetic metal: T. Higo,
H. Man, D. B. Gopman, L. Wu, T. Koretsune, O. M. J. van &. Erve, Y. P. Kabanov, D. Rees, Y. Li, M.-T. Suzuki,
S. Patankar, M. Ikhlas, C. L. Chien, R. Arita, R. D. Shull and J. O. &. S. Nakatsuji, Nature Photon. 12 (2018) 73-78.

10. *Giant anomalous Nernst effect and quantum-critical scaling in a ferromagnetic semimetal: A. Sakai, Y. P. Mizuta, A. A.
Nugroho, R. Sihombing, T. Koretsune, M.-T. Suzuki, N. Takemori, R. Ishii, D. Nishio-Hamane, R. Arita, P. Goswami
and S. Nakatsuji, Nature Phys. 14 (2018) 1119-1124.

11. *Universal geometric frustration in pyrochlores: B. A. Trump, S. M. Koohpayeh, K. J. T. Livi, J. -J. Wen, K. E. Arpino,
Q. M. Ramasse, R. Brydson, M. Feygenson, H. Takeda, M. Takigawa, K. Kimura, S. Nakatsuji, C. L. Broholm and
T. M. McQueen, Nat. Commun. 9 (2018) 2619 (1-10).

12. *X-Ray Absorption Spectroscopy of 4f Compounds and Future Directions Toward Time-resolved Measurements:
H. Wadati, K. Takubo, T. Tsuyama, Y. Yokoyama, K. Yamamoto, Y. Hirata, T. Ina, K. Nitta, M. Mizumaki, T. Togashi,
S. Suzuki, Y. Matsumoto and S. Nakatsuji, Adv. X-Ray. Chem. Anal., Japan 49 (2018) 169-175.

13. Elastic anomalies associated with two successive transitions of PrV2Al20 probed by ultrasound measurements: Y.
Nakanishi, M. Taniguchi, M. M. Nakamura, J. Hasegawa, R. Ohyama, M. Nakamura, M. Yoshizawa, M. Tsujimoto and
S. Nakatsuji, Physica B: Condensed Matter 536 (2018) 125.

14. †*Quantum valence criticality in a correlated metal: K. Kuga, Y. Matsumoto, M. Okawa, S. Suzuki, T. Tomita,
K. Sone, Y. Shimura, T. Sakakibara, D. Nishio-Hamane, Y. Karaki, Y. Takata, M. Matsunami, R. Eguchi, M. Taguchi,
A. Chainani, S. Shin, K. Tamasaku, Y. Nishino, M. Yabashi, T. Ishikawa and S. Nakatsuji, Sci. Adv. 4 (2018) eaao3547
(1-6).

15. †*Large enhancement of the spin Hall effect in Mn metal by Sn doping: D. Qu, T. Higo, T. Nishikawa, K. Matsumoto,
K. Kondou, D. Nishio-Hamane, R. Ishii, P. K. Muduli, Y. Otani and S. Nakatsuji, Phys. Rev. Materials 2 (2018) 102001.

16. トポロジーを利用した反強磁性スピントロニクスとエネルギーハーベスティング : 中辻 知 , まぐね /Magnetics Japan 13 No.5
(2018) 216-222.

17. ワイル磁性体 Mn3Sn における巨大な異常ネルンスト効果 : 冨田 崇弘 , 日本磁気学会 第 217 回研究会資料 (2018) 23-28.

18. Evaluation of spin diffusion length and spin Hall angle of antiferromagnetic Weyl semimetal Mn3Sn: P. K. Muduli,
T. Higo, T. Nishikawa, D. Qu, H. Isshiki, K. Kondou, D. Nishio-Hamane, S. Nakatsuji and Y. Otani, Phys. Rev. B 99
(2019) 184425.

19. 反強磁性体において実現した室温での巨大異常ネルンスト効果 - 磁気ワイルフェルミオンが織りなすトポロジカル現象 : 冨田
崇弘 , 肥後 友也 , 中辻 知 , 固体物理 54 (2019) 85-99.
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20. *Magnetic and magnetic inverse spin Hall effects in a non-collinear antiferromagnet: M. Kimata, H. Chen, K. Kondou,
S. Sugimoto, P. K. Muduli, M. Ikhlas, Y. Omori, T. Tomita, A. H. MacDonald, S. Nakatsuji and Y. Otani, Nature 565
(2019) 627.

21. Energy harvesting materials based on the anomalous Nernst effect: M. Mizuguchi and S. Nakatsuji, Sci. Technol. Adv.
Mater. 20 (2019) 262-275.

22. *Strain-induced spontaneous Hall effect in an epitaxial thin film of a Luttinger semimetal: T. Ohtsuki, Z. Tian, A. Endo,
M. Halim, S. Katsumoto, Y. Kohama, K. Kindo, M. Lippmaa and S. Nakatsuji, Proc. Natl. Acad. Sci. USA 116 (2019)
8803-8808.

23. 量子効果で 10 倍以上の磁気熱電効果を室温で実現 : 酒井 明人 , 中辻 知 , クリーンエネルギー 28 (2019) 34-38.

24. ワイル反強磁性体 Mn3Sn における巨大な磁気光学カー効果と拡張磁気八極子ドメインの直接観測 : 肥後 友也 , J-Physics
#7 (2019) 94.

25. ワイル磁性体 Co2MnGa における室温巨大異常ネルンスト効果 : 酒井 明人 , J-Physics 07 (2019) 47-49.

26. Giant anisotropic magnetoresistance due to purely orbital rearrangement in the quadrupolar heavy fermion supercon-
ductor PrV2Al20: Y. Shimura, Q. Zhang, B. Zeng, D. Rhodes, R. Schönemann, M. Tsujimoto, Y. Matsumoto, A. Sakai, T.
Sakakibara, K. Araki, W. Zheng, Q. Zhou, L. Balicas and S. Nakatsuji, Phys. Rev. Lett. (2019), accepted for publication.

Miwa group

We have studied following topics in this year: (1) Voltage-controlled magnetic anisotropy using interface-controlled tunnel 
junction, (2) Spin-to-charge conversion using metal/organic interface, and (3) Reservoir computing using spintronics devices. 
In the topic (1), we have performed experiments using interface-controlled devices. For instance, we studied FeCoPtPd/MgO 
junction with various composition ratio of the Co, Pt and Pd. Specifically, we performed tunnel spectroscopy to characterize the 
correlation between interface electronic states and the voltage-controlled magnetic anisotropy. As a result, we find that interface 
resonant state enhances the voltage effect. We have also published a review paper on this topic. In the topic (2), we find that it is 
feasible to obtain efficient inverse Rashba-Edelstein effect at an interface between copper and lead-phthalocyanine in collabora-
tion with Otani group. In the topic (3), we performed both experimental and theoretical study to evaluate the figure-of-merit of 
physical reservoir computing using spintronics devices.

1. Voltage-Controlled Magnetic Anisotropy in Fe1−xCox/Pd/MgO system: A. K. Shukla, M. Goto, X. Xu, K. Nawaoka,
J. Suwardy, T. Ohkubo, K. Hono, S. Miwa and Y. Suzuki, Sci Rep 8 (2018) 10362 (1-6).

2. Quantitative and systematic analysis of bias dependence of spin accumulation voltage in a nondegenerate Si-based spin
valve: S. Lee, F. Rortais, R. Ohshima, Y. Ando, S. Miwa, Y. Suzuki, H. Koike and M. Shiraishi, Phys. Rev. B 99 (2019)
064408 (1-6).

3. Voltage-controlled magnetic anisotropy and Dzyaloshinskii−Moriya interactions in CoNi/MgO and CoNi/Pd/MgO:
J. Suwardy, M. Goto, Y. Suzuki and S. Miwa, Jpn. J. Appl. Phys. 58 (2019) 060917 (1-4).

4. Magnetic anisotropy of ferromagnetic metals in low-symmetry systems: Y. Suzuki and S. Miwa, Physics Letters A 383
(2019) 1203-1206.

5. Perpendicular magnetic anisotropy and its electric-field-induced change at metal-dielectric interfaces: S. Miwa,
M. Suzuki, M. Tsujikawa, T. Nozaki, T. Nakamura, M. Shirai, S. Yuasa and Y. Suzuki, J. Phys. D: Appl. Phys. 52 (2019)
063001 (1-22).

Materials Design and Characterization Laboratory

Hiroi group

We revisit the superconducting pyrochlore oxide Cd2Re2O7 with a particular emphasis on the sample-quality issue. The 
compound has drawn attention as the only superconductor (Tc = 1.0 K) that has been found in the family of α-pyrochlore oxides 
since its discovery in 2001. Moreover, it exhibits two characteristic structural transitions from the cubic pyrochlore structure, 
with the inversion symmetry broken at the first one at 200 K. Recently, it has attracted increasing attention as a candidate spin–
orbit coupled metal (SOCM), in which specific Fermi liquid instability is expected to lead to an odd-parity order with sponta-
neous inversion-symmetry breaking and parity-mixing superconductivity. We show that a synthetic copper mineral, Cd-kapella-
site, which comprises a kagomé lattice consisting of corner-sharing triangles of spin-1/2 Cu2+ ions, exhibits an unprecedented 
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series of fractional magnetization plateaus in ultrahigh magnetic fields of up to 160 T. We propose that these quantum states can 
be interpreted as crystallizations of emergent magnons localized on the hexagon of the kagomé lattice.

1. *Experimental and Theoretical Studies of the Metallic Conductivity in Cubic PbVO3 under High Pressure: K. Oka,
T. Yamauchi, S. Kanungo, T. Shimazu, K. Oh-ishi, Y. Uwatoko, M. Azuma and T. Saha-Dasgupta, J. Phys. Soc. Jpn. 87
(2018) 024801 (1-6).

2. *Formation and Control of Twin Domains in the Pyrochlore Oxide Cd2Re2O7: Y. Matsubayashi, D. Hirai, M. Tokunaga
and Z. Hiroi, J. Phys. Soc. Jpn. 87 (2018) 104604 (1-7).

3. Frustrated Magnetism of Pharmacosiderite Comprising Tetrahedral Clusters Arranged in the Primitive Cubic Lattice:
R. Okuma, T. Yajima, T. Fujii, M. Takano and Z. Hiroi, J. Phys. Soc. Jpn. 87 (2018) 093702.

4. *Inelastic Neutron Scattering Study of the Spin Dynamics in the Breathing Pyrochlore System LiGa0.95In0.05Cr4O8:
Y. Tanaka, R. Wawrzynczak, M. D. Le, T. Guidi, Y. Okamoto, T. Yajima, Z. Hiroi, M. Takigawa and G. J. Nilsen,
J. Phys. Soc. Jpn. 87 (2018) 073710.

5. †*Improvement of coercivity in Nd-Fe-B nanocomposite magnets: T. Saito, S. Nozaki and D. Nishio-Hamane, J. Magn.
Magn. Mater. 445 (2018) 49-52.

6. *Devil's staircase of odd-number charge order modulations in divalent β-vanadium bronzes under pressure: T. Yamauchi, 
H. Ueda, K. Ohwada, H. Nakao and Y. Ueda, Phys. Rev. B 97 (2018) 125138.

7. *Frustrated magnetism of the maple-leaf-lattice antiferromagnet MgMn3O7·3H2O: Y. Haraguchi, A. Matsuo, K. Kindo
and Z. Hiroi, Phys. Rev. B 98 (2018) 064412 (1-7).

8. *Magnetic state selected by magnetic dipole interaction in the kagome antiferromagnet NaBa2Mn3F11: S. Hayashida,
H. Ishikawa, Y. Okamoto, T. Okubo, Z. Hiroi, M. Avdeev, P. Manuel, M. Hagihala, M. Soda and T. Masuda, Phys. Rev.
B 97 (2018) 054411 (1-7).

9. †*Kannanite, a new mineral from Kannan Mountain, Japan: D. NISHIO–HAMANE, M. NAGASHIMA, N. OGAWA
and T. MINAKAWA, Journal of Mineralogical and Petrological Sciences 113 (2018) 245.

10. †*High-coercivity SmCo5/α-Fe nanocomposite magnets: T. Saito and D. Nishio-Hamane, J. Alloys Compd. 735 (2018)
218-223.

11. *Giant anomalous Nernst effect and quantum-critical scaling in a ferromagnetic semimetal: A. Sakai, Y. P. Mizuta, A. A.
Nugroho, R. Sihombing, T. Koretsune, M.-T. Suzuki, N. Takemori, R. Ishii, D. Nishio-Hamane, R. Arita, P. Goswami
and S. Nakatsuji, Nature Phys. 14 (2018) 1119-1124.

12. Expanding frontiers in materials chemistry and physics with multiple anions: H. Kageyama, K. Hayashi, K. Maeda,
J. Paul Attfield, Z. Hiroi, J. M. Rondinelli and K. R. Poeppelmeier, Nat. Commun. 9 (2018) 772 (1-15).

13. †*Synthesis of anti-perovskite-type carbides and nitrides from metal oxides and melamine: D. Hirai, H. Tanaka,
D. Nishio-Hamane and Z. Hiroi, RSC Adv. 8 (2018) 42025.

14. †*Magnetic and thermoelectric properties of melt-spun ribbons of Fe 2 XAl (X = Co, Ni) Heusler compounds: T. Saito
and D. Nishio-Hamane, Journal of Applied Physics 124 (2018) 075105.

15. †*Quantum valence criticality in a correlated metal: K. Kuga, Y. Matsumoto, M. Okawa, S. Suzuki, T. Tomita,
K. Sone, Y. Shimura, T. Sakakibara, D. Nishio-Hamane, Y. Karaki, Y. Takata, M. Matsunami, R. Eguchi, M. Taguchi,
A. Chainani, S. Shin, K. Tamasaku, Y. Nishino, M. Yabashi, T. Ishikawa and S. Nakatsuji, Sci. Adv. 4 (2018) eaao3547
(1-6).

16. †*Large enhancement of the spin Hall effect in Mn metal by Sn doping: D. Qu, T. Higo, T. Nishikawa, K. Matsumoto,
K. Kondou, D. Nishio-Hamane, R. Ishii, P. K. Muduli, Y. Otani and S. Nakatsuji, Phys. Rev. Materials 2 (2018) 102001.

17. †*Size-controllable gold nanoparticles prepared from immobilized gold-containing ionic liquids on SBA-15: E. N.
Kusumawati, D. Nishio-Hamane and T. Sasaki, Catalysis Today 309 (2018) 109.

18. †*Transmission electron microscopy study of the epitaxial association of hedenbergite whiskers with babingtonite:
M. Nagashima and D. Nishio-Hamane, Mineral. mag. 82 (2018) 23.

19. †*Aurihydrargyrumite, a Natural Au6Hg5 Phase from Japan: D. Nishio-Hamane, T. Tanaka and T. Minakawa, Minerals
8 (2018) 415.
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20. †*Ionic Liquid Immobilized on Graphene-Oxide-Containing Palladium Metal Ions as an Efficient Catalyst for the
Alkoxy, Amino, and Phenoxy Carbonylation Reactions: V. V. Gaikwad, V. B. Saptal, K. Harada, T. Sasaki, D. Nishio-
Hamane and B. M. Bhanage, ChemNanoMat 4 (2018) 575.

21. One-dimensionalization by Geometrical Frustration in the Anisotropic Triangular Lattice of the 5d Quantum Antiferro-
magnet Ca3ReO5Cl2: D. Hirai, K. Nawa, M. Kawamura, T. Misawa and Z. Hiroi, J. Phys. Soc. Jpn. 88 (2019) 044708.

22. Crystal structure and magnetic properties of the 5dtransition metal oxides AOsO4 (A = K, Rb, Cs): J.-I. Yamaura and
Z. Hiroi, Phys. Rev. B 99 (2019) 155113.

23. †*Magnetoelastic couplings in the deformed kagome quantum spin lattice of volborthite: A. Ikeda, S. Furukawa,
O. Janson, Y. H. Matsuda, S. Takeyama, T. Yajima, Z. Hiroi and H. Ishikawa, Phys. Rev. B 99 (2019) 140412(R) 1-5.

24. * カゴメ銅鉱物ボルボサイトにおける軌道転移とフラストレート磁性 : 広井 善二 , 石川 孟 , 小濱 芳允 , 固体物理 54 (2019)
117-130.

25. Weak Anisotropic Lithium-Ion Conductivity in Single Crystals of Li10GeP2S12: R. Iwasaki, S. Hori, R. Kanno,
T. Yajima, D. Hirai, Y. Kato and Z. Hiroi, Chem. Mater. 31 (2019) 3694.

26. *A series of magnon crystals appearing under ultrahigh magnetic fields in a kagomé antiferromagnet: R. Okuma,
D. Nakamura, T. Okubo, A. Miyake, A. Matsuo, K. Kindo, M. Tokunaga, N. Kawashima, S. Takeyama and Z. Hiroi,
Nature Communications 10 (2019) 1229(7).

27. *Possible observation of quantum spin-nematic phase in a frustrated magnet: Y. Kohama, H. Ishikawa, A. Matsuo,
K. Kindo, N. Shannon and Z. Hiroi, Proc. Nat. Acad. Sci. U.S.A. 116 (2019) 10686-10690.

28. *Transmission electron microscopy study of the epitaxial association of hedenbergite whiskers with babingtonite:
M. Nagashima and D. Nishio-Hamane, Mineral. Mag. (2018) 1, accepted for publication.

29. Weak Anisotropic Lithium-Ion Conductivity in Single Crystals of Li10GeP2S12: R. Iwasaki, S. Hori, R. Kanno,
T. Yajima, D. Hirai, Y. Kato and Z. Hiroi, Chem. Mater. (2019) acs.chemmater.9b00420, in print.

Kawashima group

We have been investigating quantum spin/boson systems and frustrated systems by means of large-scale numerical simula-
tion. We also develop new numerical techniques. Our group's activities of 2018 include: (1) tensor-network study of frustrated 
quantum spin systes, such as S=1 bilinear-biquadratic model and kagome antiferromagnet, and comparison with experimental 
results, (2) efficient implementation of real-space renormalization group in tensor-network representation, (3) molecular-
dynamics simulation of complex fluids, and (4) Monte Carlo simulation study classical statistical mechanical models.

1. Disordered quantum spin chains with long-range antiferromagnetic interactions: N. Moure, H.-Y. Lee, S. Haas, R. N.
Bhatt and S. Kettemann, Phys. Rev. B 97 (2018) 014206 (1-6).

2. Spin-one bilinear-biquadratic model on a star lattice: H.-Y. Lee* and N. Kawashima, Phys. Rev. B 97 (2018) 205123
(1-7).

3. *Spin Thermal Hall Conductivity of a Kagome Antiferromagnet: H. Doki, M. Akazawa, H.-Y. Lee, J. H. Han, K. Sugii,
M. Shimozawa, N. Kawashima, M. Oda, H. Yoshida and M. Yamashita, Phys. Rev. Lett. 121 (2018) 097203.

4. Tensor renormalization group with randomized singular value decomposition: S. Morita, R. Igarashi, H.-H. Zhao and
N. Kawashima, Phys. Rev. E 97 (2018) 033310 (1-6).

5. How to experimentally probe universal features of absorbing phase transitions using steady state: K. Tamai and
M. Sano, J. Stat. Mech. 2018 (2018) 123207 (24pages).

6. †*Polymer effects on Kármán vortex: Molecular dynamics study: Y. Asano, H. Watanabe and H. Noguchi, The Journal of
Chemical Physics 148 (2018) 144901.

7. Stability of velocity-Verlet- and Liouville-operator-derived algorithms to integrate non-Hamiltonian systems:
H. Watanabe, The Journal of Chemical Physics 149 (2018) 154101(1-10).

8. Fast Algorithm for Generating Random Bit Strings and Multispin Coding for Directed Percolation: H. Watanabe,
S. Morita, S. Todo and N. Kawashima, J. Phys. Soc. Jpn. 88 (2019) 024004 (8pages).

9. Calculation of higher-order moments by higher-order tensor renormalization group: S. Morita and N. Kawashima,
Computer Physics Communications 236 (2019) 65-71.
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10. *SIMD vectorization for the Lennard-Jones potential with AVX2 and AVX-512 instructions: H. Watanabe and K. M.
Nakagawa, Computer Physics Communications 237 (2019) 1-7.

11. *A series of magnon crystals appearing under ultrahigh magnetic fields in a kagomé antiferromagnet: R. Okuma,
D. Nakamura, T. Okubo, A. Miyake, A. Matsuo, K. Kindo, M. Tokunaga, N. Kawashima, S. Takeyama and Z. Hiroi,
Nature Communications 10 (2019) 1229(7).

Uwatoko group

We report a high-pressure study on the heavily electron doped Li0.36(NH3)yFe2Se2 single crystal by using a cubic anvil cell 
apparatus. The superconducting transition temperature Tc≈44K at ambient pressure is first suppressed to below 20 K upon 
increasing pressure to Pc≈2GPa, above which the pressure dependence of Tc(P) reverses and Tc increases steadily to ca. 55 K at 
11 GPa. These results thus evidence a pressure-induced second high-Tc superconducting (SC-II) phase in Li0.36(NH3)yFe2Se2 
with the highest Tmaxc≈55K among the FeSe-based bulk materials. We report two distinct superconducting states with different 
crystal structures and a crossover from a type-II to a type-I superconductor (SC) in (Ba,Sr)Bi3. The superconducting parameters 
are revealed to classify two SCs: BaBi3 is in the weak-coupling limit on the basis of ΔC/γnTc∼0.67 and 2Δ/kBTc∼3.28 while 
SrBi3 is a strong-coupling SC with ΔC/γnTc∼2.41 and 2Δ/kBTc∼6.09. With increasing the pressure, the Tc of BaBi3 decreases 
linearly at first, and then shows an abrupt increase up to 6.2 K at 0.88 GPa. Tc of SrBi3 is suppressed monotonously by pressure. 
Possible physical mechanisms are proposed. The coexistence of superconductivity (SC) and charge density waves (CDWs) was 
investigated for pure and Se-doped 1T−TaS2 via electrical resistivity under hydrostatic pressure. A pressure-induced supercon-
ducting state coexists with various CDWs, then bulk SC emerges along with the complete collapse of various CDWs. The super-
conducting transition temperature increases monotonously up to ∼7.3K at 15 GPa without a domelike shape. The results clarify 
that the superconducting Cooper pairing is associated with the CDWs’ instability near Pc(x). The electrical resistivity and 
magnetization of a single crystal of Ce2Ni3Ge5 heavy fermion compound were performed under pressure. On applying pressure, 
the two antiferromagnetic transitions merged at 1 GPa. At higher pressures, the antiferromagnetic transition temperature 
decreases, and disappears. It is suggesting that the critical pressure of Ce2Ni3Ge5 was 4.1 GPa. Polarized neutron analyses on 
MnP were applied to two different helical magnetic structures (helical-c and helical-b). Helicity was observed in the both struc-
tures. The two helical domain ratio becomes more unbalanced in the helical-b structure at a higher pressure, suggesting that the 
Dzyaloshinskii-Moriya interaction, which is enhanced by a local structural strain, could be related with the helical structures. 

1. †Emergence of a new valence-ordered structure and collapse of the magnetic order under high pressure in EuPtP:
A. Mitsuda, S. Manabe, M. Umeda, H. Wada, K. Matsubayashi, Y. Uwatoko, M. Mizumaki, N. Kawamura, K. Nitta,
N. Hirao, Y. Ohishi and N. Ishimatsu, J. Phys.: Condens. Matter 30 (2018) 105603 (1-8).

2. Magnetic order of Nd5Pb3 single crystals: J.-Q. Yan, M. Ochi, H. B. Cao, B. Saparov, J.-G. Cheng, Y. Uwatoko, R. Arita,
B. C. Sales and D. G. Mandrus, J. Phys.: Condens. Matter 30 (2018) 135801 (1-9).

3. †Direct Observation of the Quantum Phase Transition of SrCu2(BO3)2 by High-Pressure and Terahertz Electron Spin
Resonance: T. Sakurai, Y. Hirao, K. Hijii, S. Okubo, H. Ohta, Y. Uwatoko, K. Kudo and Y. Koike, J. Phys. Soc. Jpn. 87
(2018) 033701 (1-4).

4. †Effects of Magnetic Field and Pressure on the Valence-Fluctuating Antiferromagnetic Compound EuPt2Si2:
T. Takeuchi, T. Yara, Y. Ashitomi, W. Iha, M. Kakihana, M. Nakashima, Y. Amako, F. Honda, Y. Homma, D. Aoki,
Y. Uwatoko, T. Kida, T. Tahara, M. Hagiwara, Y. Haga, M. Hedo, T. Nakama and Y. Onuki, J. Phys. Soc. Jpn. 87 (2018)
074709 (1-14).

5. †Electronic States in EuCu2(Ge1−xSix)2 Based on the Doniach Phase Diagram: W. Iha, T. Yara, Y. Ashitomi,
M. Kakihana, T. Takeuchi, F. Honda, A. Nakamura, D. Aoki, J. Gouchi, Y. Uwatoko, T. Kida, T. Tahara, M. Hagiwara,
Y. Haga, M. Hedo, T. Nakama and Y. Onuki, J. Phys. Soc. Jpn. 87 (2018) 064706 (1-14).

6. *Experimental and Theoretical Studies of the Metallic Conductivity in Cubic PbVO3 under High Pressure: K. Oka,
T. Yamauchi, S. Kanungo, T. Shimazu, K. Oh-ishi, Y. Uwatoko, M. Azuma and T. Saha-Dasgupta, J. Phys. Soc. Jpn. 87
(2018) 024801 (1-6).

7. †Pressure Effect on Magnetic Properties of Weak Itinerant Electron Ferromagnet CrAlGe: S. Yoshinaga, Y. Mitsui, R. Y. 
Umetsu, Y. Uwatoko and K. Koyama, J. Phys. Soc. Jpn. 87 (2018) 014701 (1-4).

8. †Structural, Magnetic, and Transport Properties of Novel Quaternary Compounds RRu2Sn2Zn18(R= La, Pr, and Nd):
K. Wakiya, Y. Sugiyama, M. Kishimoto, T. D. Matsuda, Y. Aoki, M. Uehara, J. Gouchi, Y. Uwatoko and I. Umehara,
J. Phys. Soc. Jpn. 87 (2018) 094706 (1-6).

9. Time and Magnetic Field Variations of Magnetic Structure in the Triangular Lattice Magnet Ca3Co2O6: K. Motoya,
T. Kihara, H. Nojiri, Y. Uwatoko, M. Matsuda and T. Hong, J. Phys. Soc. Jpn. 87 (2018) 114703 (1-11).



 ISSP  Activity Report 2018          175

†  Joint research with outside partners.

10. High-Tc superconductivity up to 55 K under high pressure in a heavily electron doped Li0.36(NH3)yFe2Se2 single crystal:
P. Shahi, J. P. Sun, S. H. Wang, Y. Y. Jiao, K. Y. Chen, S. S. Sun, H. C. Lei, Y. Uwatoko, B. S. Wang and J. -G. Cheng,
Phys. Rev. B 97 (2018) 020508 (1-6).

11. †Pressure effect on the magnetic properties of the half-metallic Heusler alloy Co2TiSn: I. Shigeta, Y. Fujimoto,
R. Ooka, Y. Nishisako, M. Tsujikawa, R. Y. Umetsu, A. Nomura, K. Yubuta, Y. Miura, T. Kanomata, M. Shirai,
J. Gouchi, Y. Uwatoko and M. Hiroi, Phys. Rev. B 97 (2018) 104414 (1-8).

12. *Pressure-induced quantum phase transition in the quantum antiferromagnet CsFeCl3: S. Hayashida, O. Zaharko,
N. Kurita, H. Tanaka, M. Hagihala, M. Soda, S. Itoh, Y. Uwatoko and T. Masuda, Phys. Rev. B 97 (2018) 140405 (1-4).

13. Two distinct superconducting phases and pressure-induced crossover from type-II to type-I superconductivity in the
spin-orbit-coupled superconductors BaBi3 and SrBi3: B. Wang, X. Luo, K. Ishigaki, K. Matsubayashi, J. Cheng, Y. Sun
and Y. Uwatoko, Phys. Rev. B 98 (2018) 220506.

14. Universal phase diagram of superconductivity and charge density wave versus high hydrostatic pressure in pure and
Se-doped 1T−TaS2: B. Wang, Y. Liu, X. Luo, K. Ishigaki, K. Matsubayashi, W. Lu, Y. Sun, J. Cheng and Y. Uwatoko,
Phys. Rev. B 97 (2018) 220504 (1-7).

15. †Magnetocaloric effect in single-crystal HoNi with a canted magnetic structure: N. Kinami, K. Wakiya, M. Uehara,
J. Gouchi, Y. Uwatoko and I. Umehara, Jpn. J. Appl. Phys. 57 (2018) 103001 (1-4).

16. †Magnetic Phase Transition of Mn1.9Fe0.1Sb0.9Sn0.1: A. N. Nwodo, R. Kobayashi, T. Wakamori, Y. Matsumoto,
Y. Mitsui, R. Y. Umetsu, M. Hiroi, K. Takahashi, Y. Uwatoko and K. Koyama, IEEE Magn. Lett. 9 (2018) 1 (1-4).

17. †Quasi-First Order Magnetic Transition in Mn1.9Fe0.1Sb0.9Sn0.1: A. N. Nwodo, R. Kobayashi, T. Wakamori, Y. Matsu-
moto, Y. Mitsui, M. Hiroi, K. Takahashi, R. Y. Umetsu, Y. Uwatoko and K. Koyama, Mater. Trans. 59 (2018) 348-352.

18. †Anomalous pressure effect on the Nèel temperature and volume of DyB 6: T. Eto, G. Oomi, T. Sakai, Y. Uwatoko and
S. Kunii, AIP Advances 8 (2018) 101320 (1-5).

19. †Cu-substitution effects on the magnetic properties of weak itinerant electron ferromagnet CrAlGe: H. Masumitsu,
S. Yoshinaga, Y. Mitsui, R. Y. Umetsu, M. Hiroi, Y. Uwatoko and K. Koyama, AIP Advances 8 (2018) 101426 (1-5).

20. †Magnetic and thermodynamic properties of Heusler alloys Ni55Mn26Al19: M. Ito, K. Onda, A. Taira, K. Sonoda,
M. Hiroi and Y. Uwatoko, AIP Advances 8 (2018) 055712.

21. †Magnetic and transport properties of single crystalline RCoxSn2 (R= Ce and La): M. Kimura, K. Wakiya, T. Tomaki,
J. Gouchi, Y. Uwatoko, M. Uehara and I. Umehara, AIP Advances 8 (2018) 101304 (1-5).

22. †Magnetic characteristics of RPd2Si2 (R = Rare earth): K. Uchima, Y. Uwatoko and T. Shigeoka, AIP Advances 8 (2018)
101425 (1-6).

23. †Magnetic fluctuations under pressure on S-doped FeSe studied via 77Se NMR: T. Kuwayama, K. Matsuura,
Y. Mizukami, S. Kasahara, Y. Matsuda, T. Shibauchi, Y. Uwatoko and N. Fujiwara, AIP Advances 8 (2018) 101308
(1-6).

24. †Magnetic properties of Mn1-xTMxAlGe (TM = V, Fe, Cu) with Cu2Sb-type structure: K. Noguchi, H. Masumitsu,
Y. Mitsui, R. Y. Umetsu, M. Hiroi, Y. Uwatoko and K. Koyama, AIP Advances 8 (2018) 101433 (1-5).

25. Metal-insulator transition in Mott-insulator FePS3: M. Tsurubayashi, K. Kodama, M. Kano, K. Ishigaki, Y. Uwatoko,
T. Watanabe, K. Takase and Y. Takano, AIP Advances 8 (2018) 101307 (1-4).

26. Pressure effect on the antiferromagnetic compound Ce2Ni3Ge5: J. Gouchi, Y. Nakamura, M. Nakashima, Y. Amako,
R. Kumar and Y. Uwatoko, AIP Advances 8 (2018) 101323 (1-5).

27. Reemergence of high-Tc superconductivity in the (Li1-xFex)OHFe1-ySe under high pressure: J. P. Sun, P. Shahi, H. X.
Zhou, Y. L. Huang, K. Y. Chen, B. S. Wang, S. L. Ni, N. N. Li, K. Zhang, W. G. Yang, Y. Uwatoko, G. Xing, J. Sun, D. J.
Singh, K. Jin, F. Zhou, G. M. Zhang, X. L. Dong, Z. X. Zhao and J. -G. Cheng, Nat. Commun. 9 (2018) 380 (1-7).

28. *Evolution of Magnetic Double Helix and Quantum Criticality near a Dome of Superconductivity in CrAs: M. Matsuda,
F. K. Lin, R. Yu, J.-G. Cheng, W. Wu, J. P. Sun, J. H. Zhang, P. J. Sun, K. Matsubayashi, T. Miyake, T. Kato, J.-Q. Yan,
M. B. Stone, Q.-M. Si, J. L. Luo and Y. Uwatoko, Phys. Rev. X 8 (2018) 031017 (1-12).

29. †Anisotropic lattice compression of α- and β-CePdZn: G. Oomi, T. Eto, T. Okada and Y. Uwatoko, Physica
B: Condensed Matter 536 (2018) 293.
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30. †Fundamental properties of a new samarium compound SmPtSi2: S. Yamaguchi, E. Takahashi, N. Kase, T. Nakano,
N. Takeda, K. Matsubayashi and Y. Uwatoko, Physica B: Condensed Matter 536 (2018) 297-299.

31. †Magnetic characteristics of polymorphic single crystal compounds DyIr2Si2: K. Uchima, T. Shigeoka and Y. Uwatoko,
Physica B: Condensed Matter 536 (2018) 28.

32. †Magnetic properties and effect of pressure on the electronic state of EuCo2Ge2: Y. Ashitomi, M. Kakihana, F. Honda,
A. Nakamura, D. Aoki, Y. Uwatoko, M. Nakashima, Y. Amako, T. Takeuchi, T. Kida, T. Tahara, M. Hagiwara, Y. Haga,
M. Hedo, T. Nakama and Y. Onuki, Physica B: Condensed Matter 536 (2018) 192196.

33. †Magnetic properties of new antiferromagnetic heavy-fermion compounds, Ce3TiBi5 and CeTi3Bi4: G. Motoyama,
M. Sezaki, J. Gouchi, K. Miyoshi, S. Nishigori, T. Mutou, K. Fujiwara and Y. Uwatoko, Physica B: Condensed Matter
536 (2018) 142-144.

34. Polarized neutron diffraction study in helical magnetic phases of MnP: M. Matsuda, S. E. Dissanayake, J. -G. Cheng,
J. Ma, J. -Q. Yan and Y. Uwatoko, Physica B: Condensed Matter 551 (2018) 115-117.

35. †Pressure effects on the magnetic and transport properties of the Kondo lattice system Ce3RuSn6: K. Wakiya, T. Tomaki,
M. Kimura, M. Uehara, J. Gouchi, Y. Uwatoko and I. Umehara, Physica B: Condensed Matter 536 (2018) 492-493.

36. †Successive magnetic transitions of the pseudo-ternary compounds Ho1-xRxRh2Si2(R=Y, La): T. Shigeoka, K. Uchima
and Y. Uwatoko, Physica B: Condensed Matter 536 (2018) 379-383.

37. Pressure-induced coherent sliding-layer transition in the excitonic insulator Ta2NiSe5: A. Nakano, K. Sugawara,
S. Tamura, N. Katayama, K. Matsubayashi, T. Okada, Y. Uwatoko, K. Munakata, A. Nakao, H. Sagayama, R. Kumai,
K. Sugimoto, N. Maejima, A. Machida, T. Watanuki and H. Sawa, IUCrJ 5 (2018) 158-165.

38. †Magnetic and structural properties of Mn1-xCrxAlGe (0< x < 1.0): H. Masumitsu, S. Yoshinaga, Y. Mitsui, R. Y.
Umetsu, M. Hiroi, Y. Uwatoko and K. Koyama, Journal of Magnetism and Magnetic Materials 456 (2018) 104-107.

39. †Magnetic relaxation dynamics in thermally arrested Cr-modified Mn2Sb: Y. Mitsui, Y. Matsumoto, Y. Uwatoko,
M. Hiroi and K. Koyama, Journal of Magnetism and Magnetic Materials 461 (2018) 62-68.

40. The formation of bulk β-Al3 Ni phase in eutectic Al-5.69wt%Ni alloy solidified under high pressure: X. H. Wang,
Z. Ran, Z. J. Wei, C. M. Zou, H. W. Wang, J. Gouchi and Y. Uwatoko, Journal of Alloys and Compounds 742 (2018)
670-675.

41. Cubic anvil cell apparatus for high-pressure and low-temperature physical property measurements: J.-G. Cheng, B.-S.
Wang, J.-P. Sun and Y. Uwatoko, Chinese Phys. B 27 (2018) 077403 (1-7).

42. Pressure-induced phase transitions and superconductivity in a black phosphorus single crystal: X. Li, J. Sun, P. Shahi,
M. Gao, A. H. MacDonald, Y. Uwatoko, T. Xiang, J. B. Goodenough, J. Cheng and J. Zhou, Proc Natl Acad Sci USA
115 (2018) 9935.

43. Effect of pressure on the self-hole-doped superconductor RbGd2Fe4As4O2: J. P. Sun, Z.-C. Wang, Z. Y. Liu, S. X. Xu,
T. Eto, Y. Sui, B. S. Wang, Y. Uwatoko, G.-H. Cao and J.-G. Cheng, J. Phys.: Condens. Matter 31 (2019) 044001 (1-7).

44. 77 Se-NMR Study under Pressure on 12%-S Doped FeSe: T. Kuwayama, K. Matsuura, Y. Mizukami, S. Kasahara,
Y. Matsuda, T. Shibauchi, Y. Uwatoko and N. Fujiwara, J. Phys. Soc. Jpn. 88 (2019) 033703.

45. Temperature–Pressure Phase Diagram of Antiferromagnet CeAl: R. Tsunoda, Y. Hirose, T. Koitabashi, Y. Sase,
R. Kulkarni, A. Thamizhavel, S. K. Dhar, J. Gouchi, Y. Uwatoko and R. Settai, J. Phys. Soc. Jpn. 88 (2019) 034707
(1-5).

46. Exotic superconductivity in noncentrosymmetric and magnetic CeNiC2 revealed under high pressure: S. Katano, M. Ito,
K. Shibata, J. Gouchi, Y. Uwatoko, K. Matsubayashi, H. Soeda and H. Takahashi, Phys. Rev. B 99 (2019) 100501 (1-5).

47. Pressure-induced enhancement of superconductivity and quantum criticality in the 12442-type hybrid-structure super-
conductor KCa2F4As4F2: B. Wang, Z.-C. Wang, K. Ishigaki, K. Matsubayashi, T. Eto, J. Sun, J.-G. Cheng, G.-H. Cao
and Y. Uwatoko, Phys. Rev. B 99 (2019) 014501 (1-6).

48. †Magnetic anisotropy of single-crystal ferromagnetic Ce3RuSn6: K. Wakiya, T. Tomaki, M. Kimura, M. Uehara,
J. Gouchi, Y. Uwatoko and I. Umehara, Journal of Magnetism and Magnetic Materials 471 (2019) 274-277.

49. †Anomalous ferromagnetic ordering in EuCuP: W. Iha, M. Kakihana, S. Matsuda, F. Honda, Y. Haga, T. Takeuchi,
M. Nakashima, Y. Amako, J. Gouchi, Y. Uwatoko, M. Hedo, T. Nakama and Y. Onuki, Journal of Alloys and Compounds
788 (2019) 361-366.
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50. The effects of high pressure and superheating on the planar growth of Al3Ni phase in hypo-peritectic Al-30wt%Ni alloy:
X. H. Wang, H. W. Wang, C. M. Zou, Z. J. Wei, Y. Uwatoko, J. Gouchi, D. Nishio-Hamane and H. Gotou, Journal of
Alloys and Compounds 772 (2019) 1052-1060.

51. Enhancement of superconducting properties and flux pinning mechanism on Cr0.0005NbSe2 single crystal under Hydro-
static pressure: S. Arumugam, M. Krishnan, K. Ishigaki, J. Gouchi, R. Pervin, G. Kalai Selvan, P. M. Shirage and
Y. Uwatoko, Sci Rep 9 (2019) 347 (1-12).

52. Correction for Li et al., Pressure-induced phase transitions and superconductivity in a black phosphorus single crystal:
X. Li, J. Sun, P. Shahi, M. Gao, A. H. MacDonald, Y. Uwatoko, T. Xiang, J. B. Goodenough, J. Cheng and J. Zhou, Proc
Natl Acad Sci USA 116 (2019) 1065.

53. Nuanced superconductivity in endohedral gallide Mo8Ga41: P. Neha1, P. Sivaprakash, K. Ishigaki, G. Kalaiselvan,
K. Manikandan, R. S. Dhaka and Y. Uwatoko, Materials Research Express 6 (2019) 016002.

Ozaki group

In collaboration with experimental groups, we have investigated novel three kinds of surface structures and its electronic states 
by means of first-principles electronic structure methods based on density functional theory (DFT). (i) We identified detailed 
structures of two energetically competing root-13 x root-13 R13.9°silicene on Ag (111) surface which were recently revealed 
by scanning tunneling microscopy (STM) and atomic force microscopy (AFM). Simulations of AFM suggested that attractive 
interaction with the tip pulls up buckled down Si atoms which causes local flips of the buckled structures, leading to an under-
standing of the mechanism of experimental high-resolution AFM imaging. (ii) In single-atom catalysis, the atomic structure and 
local electronic states of single atoms on a supporting material remain a fundamental question. We experimentally and theoreti-
cally solved these problems for single Pt atoms dispersed on freestanding graphene using plasma sputtering. First-principles 
calculations elucidated that the Pt 5dxy-orbital in the step edge plays a crucial role in the formation of chemical bonds to C 
atoms and in the considerable charge transfer from Pt to C atoms, resulting in the large binding energy shift of the Pt 4f state. 
(iii) We showed that the B atoms deployed at the centers of honeycombs in boron sheets, borophene, behave as nearly perfect
electron donors for filling the graphiticσbonding states without forming additional in-plane bonds by first-principles calcula-
tions. It was confirmed from our the XPS binding energy calculations that the unusual energy sequence of core electrons in the
borophene, verified by our high-resolution core-level photoelectron spectroscopy measurements, is originated by the hidden
honeycomb bonding structure.

1. Realization of intrinsically broken Dirac cones in graphene via the momentum-resolved electronic band structure: C.-C.
Lee, M. Fukuda, Y.-T. Lee and T. Ozaki, J. Phys.: Condens. Matter 30 (2018) 295502.

2. Efficient O(N) divide-conquer method with localized single-particle natural orbitals: T. Ozaki, M. Fukuda and G. Jiang,
Phys. Rev. B 98 (2018) 245137.

3. *Peculiar bonding associated with atomic doping and hidden honeycombs in borophene: C.-C. Lee, B. Feng,
M. D'angelo, R. Yukawa, R.-Y. Liu, T. Kondo, H. Kumigashira, I. Matsuda and T. Ozaki, Phys. Rev. B 97 (2018) 075430
(1-5).

4. Reliability and applicability of magnetic-force linear response theory: Numerical parameters, predictability, and orbital
resolution: H. Yoon, T. J. Kim, J. -H. Sim, S. W. Jang, T. Ozaki and M. J. Han, Phys. Rev. B 97 (2018) 125132.

5. Structural identification of silicene on the Ag(111) surface by atomic force microscopy: L. Feng, K. Yabuoshi,
Y. Sugimoto, J. Onoda, M. Fukuda and T. Ozaki, Phys. Rev. B 98 (2018) 195311.

6. Tight-binding calculations of optical matrix elements for conductivity using nonorthogonal atomic orbitals: Anomalous
Hall conductivity in bcc Fe: C.-C. Lee, Y.-T. Lee, M. Fukuda and T. Ozaki, Phys. Rev. B 98 (2018) 115115.

7. *Atomic Structure and Local Electronic States of Single Pt Atoms Dispersed on Graphene: K. Yamazaki, Y. Maehara,
C.-C. Lee, J. Yoshinobu, T. Ozaki and K. Gohara, J. Phys. Chem. C 122 (2018) 27292.

8. Li deposition and desolvation with electron transfer at a silicon/propylene-carbonate interface: transition-state and free-
energy profiles by large-scale first-principles molecular dynamics: T. Ohwaki, T. Ozaki, Y. Okuno, T. Ikeshoji, H. Imai
and M. Otani, Phys. Chem. Chem. Phys. 20 (2018) 11586.

9. High-Throughput Screening of Sulfide Thermoelectric Materials Using Electron Transport Calculations with OpenMX
and BoltzTraP: M. Miyata, T. Ozaki, T. Takeuchi, S. Nishino, M. Inukai and M. Koyano, Journal of Elec Materi 47
(2018) 3254.

10. Transport properties of rocksalt-type cluster sulfides V4GeS8 and Mn substitution effect: M. Miyata, T. Ozaki and
M. Koyano, Jpn. J. Appl. Phys. 58 (2019) 061008.
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11. OpenMX Viewer: A web-based crystalline and molecular graphical user interface program: Y.-T. Lee and T. Ozaki,
Journal of Molecular Graphics and Modelling 89 (2019) 192.

Noguchi group

We have studied nonequilibrium dynamics of polymer solutions and bilayer membranes. We investigated Karman vortex in 
polymer solution using molecular dynamics simulation. The polymer induces a reduction in the vortex shedding frequency 
and broadening of the lift coefficient spectrum. We also investigated the shape transformation of vesicles induced by chemical 
reactions. We revealed that the dynamics can be altered by the viscosity change in the membrane compared to the surrounding 
fluids.

1. Fracture Process of Double-Network Gels by Coarse-Grained Molecular Dynamics Simulation: Y. Higuchi, K. Saito,
T. Sakai, J. P. Gong and M. Kubo, Macromolecules 51 (2018) 3075.

2. Bilayer sheet protrusions and budding from bilayer membranes induced by hydrolysis and condensation reactions:
K. M. Nakagawa and H. Noguchi, Soft Matter 14 (2018) 1397-1407.

3. Fracture processes of crystalline polymers using coarse-grained molecular dynamics simulations: Y. Higuchi, Polym J
50 (2018) 579.

4. 短距離古典分子動力学シミュレーションコードの GPGPU 化（２）: 中川 恒 , 分子シミュレーション研究会会誌 “アンサンブ
ル” 20 (2018) 40-45.

5. †*Polymer effects on Kármán vortex: Molecular dynamics study: Y. Asano, H. Watanabe and H. Noguchi, The Journal of
Chemical Physics 148 (2018) 144901.

6. Angular-momentum conservation in discretization of the Navier-Stokes equation for viscous fluids: H. Noguchi, Phys.
Rev. E 99 (2019) 023307.

7. Limiting shapes of confined lipid vesicles: B. Kavcic, A. Sakashita, H. Noguchi and P. Ziherl, Soft Matter 15 (2019)
602-614.

8. *SIMD vectorization for the Lennard-Jones potential with AVX2 and AVX-512 instructions: H. Watanabe and K. M.
Nakagawa, Computer Physics Communications 237 (2019) (1-7).

Materials Synthesis and Characterization group

1. *Experimental and Theoretical Studies of the Metallic Conductivity in Cubic PbVO3 under High Pressure: K. Oka,
T. Yamauchi, S. Kanungo, T. Shimazu, K. Oh-ishi, Y. Uwatoko, M. Azuma and T. Saha-Dasgupta, J. Phys. Soc. Jpn. 87
(2018) 024801 (1-6).

2. †*Improvement of coercivity in Nd-Fe-B nanocomposite magnets: T. Saito, S. Nozaki and D. Nishio-Hamane, J. Magn.
Magn. Mater. 445 (2018) 49-52.

3. *Devil's staircase of odd-number charge order modulations in divalent β-vanadium bronzes under pressure: T. Yamauchi, 
H. Ueda, K. Ohwada, H. Nakao and Y. Ueda, Phys. Rev. B 97 (2018) 125138.

4. †*Kannanite, a new mineral from Kannan Mountain, Japan: D. Nishio–Hamane, M. Nagashima, N. Ogawa and
T. Minakawa, Journal of Mineralogical and Petrological Sciences 113 (2018) 245.

5. †*High-coercivity SmCo5/α-Fe nanocomposite magnets: T. Saito and D. Nishio-Hamane, J. Alloys Compd. 735 (2018)
218-223.

6. *Giant anomalous Nernst effect and quantum-critical scaling in a ferromagnetic semimetal: A. Sakai, Y. P. Mizuta, A. A.
Nugroho, R. Sihombing, T. Koretsune, M.-T. Suzuki, N. Takemori, R. Ishii, D. Nishio-Hamane, R. Arita, P. Goswami
and S. Nakatsuji, Nature Phys. 14 (2018) 1119-1124.

7. †*Synthesis of anti-perovskite-type carbides and nitrides from metal oxides and melamine: D. Hirai, H. Tanaka,
D. Nishio-Hamane and Z. Hiroi, RSC Adv. 8 (2018) 42025.

8. †*Magnetic and thermoelectric properties of melt-spun ribbons of Fe 2 XAl (X = Co, Ni) Heusler compounds: T. Saito
and D. Nishio-Hamane, Journal of Applied Physics 124 (2018) 075105.
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9. †*Quantum valence criticality in a correlated metal: K. Kuga, Y. Matsumoto, M. Okawa, S. Suzuki, T. Tomita,
K. Sone, Y. Shimura, T. Sakakibara, D. Nishio-Hamane, Y. Karaki, Y. Takata, M. Matsunami, R. Eguchi, M. Taguchi,
A. Chainani, S. Shin, K. Tamasaku, Y. Nishino, M. Yabashi, T. Ishikawa and S. Nakatsuji, Sci. Adv. 4 (2018) eaao3547
(1-6).

10. †*Large enhancement of the spin Hall effect in Mn metal by Sn doping: D. Qu, T. Higo, T. Nishikawa, K. Matsumoto,
K. Kondou, D. Nishio-Hamane, R. Ishii, P. K. Muduli, Y. Otani and S. Nakatsuji, Phys. Rev. Materials 2 (2018) 102001.

11. †*Size-controllable gold nanoparticles prepared from immobilized gold-containing ionic liquids on SBA-15: E. N.
Kusumawati, D. Nishio-Hamane and T. Sasaki, Catalysis Today 309 (2018) 109.

12. †*Transmission electron microscopy study of the epitaxial association of hedenbergite whiskers with babingtonite:
M. Nagashima and D. Nishio-Hamane, Mineral. mag. 82 (2018) 23.

13. †*Aurihydrargyrumite, a Natural Au6Hg5 Phase from Japan: D. Nishio-Hamane, T. Tanaka and T. Minakawa, Minerals
8 (2018) 415.

14. †*Ionic Liquid Immobilized on Graphene-Oxide-Containing Palladium Metal Ions as an Efficient Catalyst for the
Alkoxy, Amino, and Phenoxy Carbonylation Reactions: V. V. Gaikwad, V. B. Saptal, K. Harada, T. Sasaki, D. Nishio-
Hamane and B. M. Bhanage, ChemNanoMat 4 (2018) 575.

15. †*S=1/2 ferromagnetic Heisenberg chain in a verdazyl-based complex: N. Uemoto, Y. Kono, S. Kittaka, T. Sakakibara,
T. Yajima, Y. Iwasaki, S. Miyamoto, Y. Hosokoshi and H. Yamaguchi, Phys. Rev. B 99 (2019) 094418 (1-6).

16. *Transmission electron microscopy study of the epitaxial association of hedenbergite whiskers with babingtonite:
M. Nagashima and D. Nishio-Hamane, Mineral. Mag. (2018) 1, accepted for publication.

Neutron Science Laboratory

Shibayama group

Shibayama group has been exploring the structure and dynamics of soft matter, especially polymer gels, micelles, thermo-
responsive polymers, and thermosets, utilizing a combination of small-angle neutron scattering (SANS), small-angle X-ray 
scattering (SAXS), and dynamic light scattering (DLS). The objectives are to elucidate the relationship between the structure 
and variety of novel properties/functions of polymer gels/resins. The highlights of 2018 include investigations of (1) probe 
diffusion of sol-gel transition in isorefractive indexed solvents, (2) microscopic structure of module-assembled thermorespon-
sive conetwork hydrogels, (3) diffusion behavior of methanol molecules confined in cross-linked phenolic resins, (4) structure-
mechanical property relationships in crosslinked phenolic resin, and (5) dynamics of thermoresponsive conetwork gels, and so 
on. 

1. Ion Gel Network Formation in an Ionic Liquid Studied by Time-Resolved Small-Angle Neutron Scattering: K. Hashi-
moto, K. Fujii, K. Nishi and M. Shibayama, J. Phys. Chem. B 122 (2018) 9419-9424.

2. Dynamics of thermoresponsive conetwork gels composed of poly(ethylene glycol) and poly(ethyl glycidyl ether-co-
methyl glycidyl ether): M. Ohira, X. Li, C. I. Gupit, H. Kamata, T. Sakai and M. Shibayama, Polymer 155 (2018) 75-82.

3. Two-dimensional scattering patterns and stress-strain relation of elongated clay nano composite gels: Molecular
dynamics simulation analysis: K. Hagita, Y. Shudo and M. Shibayama, Polymer 154 (2018) 62-79.

4. Diffusion Behavior of Methanol Molecules Confined in Cross-Linked Phenolic Resins Studied Using Neutron
Scattering and Molecular Dynamics Simulations: Y. Shudo, A. Izumi, K. Hagita, T. Yamada, K. Shibata and
M. Shibayama, Macromolecules 51 (2018) 6334-6343.

5. Dynamic Fluctuations of Thermoresponsive Poly(oligo-ethylene glycol methyl ether methacrylate)-Based Hydrogels
Investigated by Dynamic Light Scattering: T. Kureha, K. Hayashi, M. Ohira, X. Li and M. Shibayama, Macromolecules
51 (2018) 8932-8939.

6. Insight into the Microscopic Structure of Module-Assembled Thermoresponsive Conetwork Hydrogels: S. Nakagawa,
X. Li, M. Shibayama, H. Kamata, T. Sakai and E. P. Gilbert, Macromolecules 51 (2018) 6645-6652.

7. Sulfonated Polyimide/Ionic Liquid Composite Membranes for CO2 Separation: Transport Properties in Relation to
Their Nanostructures: A. Ito, T. Yasuda, T. Yoshioka, A. Yoshida, X. Li, K. Hashimoto, K. Nagai, M. Shibayama and
M. Watanabe, Macromolecules 51 (2018) 7112-7120.
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8. Self-Healing Micellar Ion Gels Based on Multiple Hydrogen Bonding: R. Tamate, K. Hashimoto, T. Horii, M. Hirasawa,
X. Li, M. Shibayama and M. Watanabe, Adv. Mater. 30 (2018) 1802792  (1-7).

9. Small-angle X-ray scattering study on nano-scale structures controlled by water content in a binary water/ionic liquid
system: K. Hashimoto, K. Fujii, T. Kusano, K. Hirosawa and M. Shibayama, Phys. Chem. Chem. Phys. 20 (2018)
18355-18360.

10. Gels: From Soft Matter to BioMatter: M. Shibayama, X. Li and T. Sakai, Ind. Eng. Chem. Res. 57 (2018) 1121-1128.

11. Small-angle scattering study of tetra-poly(acrylic acid) gels: K. Morishima, X. Li, K. Oshima, Y. Mitsukami and
M. Shibayama, The Journal of Chemical Physics 149 (2018) 163301 (1-8).

12. Molecular Dynamics Simulations of Cross-Linked Phenolic Resins Using a United-Atom Model: A. Izumi, Y. Shudo,
K. Hagita and M. Shibayama, Macromol. Theory Simul. 27 (2018) 1700103 (1-8).

13. Evaluation of Mesh Size in Model Polymer Networks Consisting of Tetra-Arm and Linear Poly(ethylene glycol)s:
Y. Tsuji, X. Li and M. Shibayama, Gels 4 (2018) 50.

14. Viscoelastic change of block copolymer ion gels in a photo-switchable azobenzene ionic liquid triggered by light:
C. Wang, K. Hashimoto, R. Tamate, H. Kokubo, K. Morishima, X. Li, M. Shibayama, F. Lu, T. Nakanishi and
M. Watanabe, Chem. Commun. 55 (2019) 1710-1713.

15. Network structure evolution of a hexamethylenetetramine-cured phenolic resin: A. Izumi, Y. Shudo and M. Shibayama,
Polym J 51 (2019) 155-160.

16. Chiral crystal-like droplets displaying unidirectional rotational sliding: T. Kajitani, K. Motokawa, A. Kosaka, Y. Shoji,
R. Haruki, D. Hashizume, T. Hikima, M. Takata, K. Yazawa, K. Morishima, M. Shibayama and T. Fukushima, Nature
Mater. 18 (2019) 266-272.

17. Precision polymer network science with tetra-PEG gels—a decade history and future: M. Shibayama, X. Li and
T. Sakai, Colloid Polym Sci 297 (2019) 1-12.

18. Rheo-SANS study on relationship between micellar structures and rheological behavior of cationic gemini surfactants in
solution: H. Iwase, R. Kawai, K. Morishima, S.-I. Takata, T. Yoshimura and M. Shibayama, Journal of Colloid and Inter-
face Science 538 (2019) 357-366.

19. Formation of Clusters in Whiskies During the Maturation Process: K. Morishima, N. Nakamura, K. Matsui, Y. Tanaka,
H. Masunaga, S. Mori, T. Iwashita, X. li and M. Shibayama, Journal of Food Science 84 (2019) 59-64.

20. 散乱を用いて不均一性を調べる: 柴山 充弘 , 高分子 67 (2018) 35-38.

21. 分子動力学シミュレーションを用いたフェノール樹脂の構造 機械特性発現メカニズムの解析 : 首藤 靖幸 , 和泉 篤士 , 萩田
克美 , 柴山 充弘 , ネットワークポリマー 39 (2018) 163-171.

22. 高強度ゲルから医療用ゲルまで : 柴山 充弘 , ソフトマター 1 (2018) 10-12.

23. Structure and Functions of Phenolic Resin: M. SHIBAYAMA, Y. SHUDO and A. IZUM, 日本接着学会誌 54 (2018)
451-458.

24. 高強度イオンゲル膜を用いた CO2 分離 : 橋本 慧 , 藤井 健太 , 柴山 充弘 , ケミカルエンジニヤリング 64 (2019) 32-38.

25. Probe Diffusion Dynamic Light Scattering of Polymer solutions and Gels: M. Shibayama and X. Li, in: Gels and
Other Soft Amorphous Solids, Ch 4, edited by F. Horkay, J. F. Douglas, E. Del Gado, (American Chemical Society,
Washington, D. C., 2018), 51–69.

26. 散乱法を用いた高分子ゲルの構造解析 : 柴山 充弘 , 「『刺激応答性高分子ハンドブック』基礎編　第 4 章　構造・物性解
析　第 2 節」, 宮田隆志 , ( エヌ・ティー・エス , 東京 , 2018), 296-305.

Yamamuro group

Our laboratory is studying chemical physics of complex condensed matters by using neutron scattering, X-ray diffraction, 
calorimetric, dielectric, and viscoelastic techniques. Our target materials are glasses, liquids, and various disordered systems. In 
this year, the synchrotron X-ray diffraction of glassy and liquid toluene (C6H5CH3) was measured following the previous works 
on carbon disulfide (CS2), propane (CH3CH2CH3) and propene (CH3CHCH2). By means of the Reverse Monte Carlo (RMC) 
method combining the molecular dynamics (MD) simulations, we found that the orientational correlation between neigh-
boring molecules steeply increased on cooling below the melting temperature and was frozen at the glass transition tempera-
ture. Another topic is the inelastic neutron scattering of vapor-deposited glassy carbon tetrachloride (CCl4). We observed the 
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Q-dependence of the boson peak intensity and the dispersion-like phenomenon of acoustic phonons as observed in SiO2 glass,
which is a typical covalent-bond network glass. Other than the above topics, we have conducted neutron diffraction experiment
of the PdRu alloy nanoparticles supported on CZ (CeO2-ZrO2). This is a high-performance catalytic system for removing CO
and NOx gases. The pdf (pair-distribution function) analysis is now going on to investigate the atomic scale miscibility and local
structure of the alloy.

1. Neutron Scattering Studies on Short- and Long-range Layer Structures and Related Dynamics in Imidazolium-
based Ionic Liquids: F. Nemoto, M. Kofu, M. Nagao, K. Ohishi, S. Takata, J. Suzuki, T. Yamada, K. Shibata, T. Ueki,
Y. Kitazawa, M. Watanabe and O. Yamamuro, J. Chem. Phys. 149 (2018) 054502 (1-11).

2. Two inherent crossovers of the diffusion process in glass-forming liquids: M. Kofu, A. Faraone, M. Tyagi, M. Nagao
and O. Yamamuro, Phys. Rev. E 98 (2018) 042601 (1-6).

3. Development of adiabatic calorimetry system for enthalpy of gas absorption/adsorption and its application to
H2/D2 absorption into palladium nanoparticles: H. Akiba, N. Hashimoto, M. Kofu, H. Kobayashi, H. Kitagawa and
O. Yamamuro, Thermochimica Acta 670 (2018) 87-91.

4. Neutron scattering studies of static and dynamic correlation lengths in alkali metal borate glasses: S. Kojima, V. N.
Novikov, M. Kofu and O. Yamamuro, Journal of Non-Crystalline Solids 518 (2019) 18-23.

5. Structural and Thermodynamic Studies of Hydrogen Absorption/Desorption Processes on PdPt Nanoparticles: H. Akiba,
H. Kobayashi, H. Kitagawa, K. Ikeda, T. Otomo, T. Yamamoto, S. Matsumura and O. Yamamuro, J. Phys. Chem. C 123
(2019) 9471.

Masuda group

The goal of our research is to discover a new quantum phenomenon and to reveal the mechanism of it. In this fiscal year we 
studied the following topics; magnetic order in the rare-earth ferroborate CeFe3(BO3)4, magnetic state selected by magnetic 
dipole interaction in the kagome antiferromagnet NaBa2Mn3F11, polarization analysis of magnetic excitation in multiferroic 
Ba2CoGe2O7, pressure-induced quantum phase transition in the quantum antiferromagnet CsFeCl3, neutron spin resonance in 
the 112-type iron-based superconductor, crystal structure of magnetoelectric Ba2MnGe2O7 at room and low temperatures by 
neutron diffraction. 

1. Low temperature magnetic properties of Nd2Ru2O7: S. T. Ku, D. Kumar, M. R. Lees, W.-T. Lee, R. Aldus, A. Studer,
P. Imperia, S. Asai, T. Masuda, S. W. Chen, J. M. Chen and L. J. Chang, J. Phys.: Condens. Matter 30 (2018) 155601
(1-11).

2. f-Electron States in PrPd5Al2: N. Metoki, H. Yamauchi, H. S. Suzuki, H. Kitazawa, M. Hagihara, T. Masuda, A. A.
Aczel, S. Chi, T. Hong, M. Matsuda, D. Pajerowski and J. A. Fernandez-Baca, J. Phys. Soc. Jpn. 87 (2018) 094704
(1-8).

3. Magnetic order in the rare-earth ferroborate CeFe3 (BO3)4: S. Hayashida, S. Asai, D. Kato, S. Hasegawa, M. Avdeev,
H. Cao and T. Masuda, Phys. Rev. B 98 (2018) 224405 (1-9).

4. *Magnetic state selected by magnetic dipole interaction in the kagome antiferromagnet NaBa2Mn3F11: S. Hayashida,
H. Ishikawa, Y. Okamoto, T. Okubo, Z. Hiroi, M. Avdeev, P. Manuel, M. Hagihala, M. Soda and T. Masuda, Phys. Rev.
B 97 (2018) 054411 (1-7).

5. Polarization analysis of magnetic excitation in multiferroic Ba2CoGe2O7: M. Soda, L.-J. Chang, M. Matsumoto,
V. Ovidiu Garlea, B. Roessli, J. S. White, H. Kawano-Furukawa and T. Masuda, Phys. Rev. B 97 (2018) 214437 (1-6).

6. *Pressure-induced quantum phase transition in the quantum antiferromagnet CsFeCl3: S. Hayashida, O. Zaharko,
N. Kurita, H. Tanaka, M. Hagihala, M. Soda, S. Itoh, Y. Uwatoko and T. Masuda, Phys. Rev. B 97 (2018) 140405 (1-4).

7. Neutron Spin Resonance in the 112-Type Iron-Based Superconductor: T. Xie, D. Gong, H. Ghosh, A. Ghosh, M. Soda,
T. Masuda, S. Itoh, F. Bourdarot, L.-P. Regnault, S. Danilkin, S. Li and H. Luo, Phys. Rev. Lett. 120 (2018) 137001
(1-7).

8. Crystal Structure of Magnetoelectric Ba2MnGe2O7 at Room and Low Temperatures by Neutron Diffraction: A. Sazonov,
V. Hutanu, M. Meven, G. Roth, R. Georgii, T. Masuda and B. Nafradi, Inorg. Chem. 57 (2018) 5089-5095.

9. Improvement for Neutron Brillouin Scattering Experiments on High Resolution Chopper Spectrometer HRC: S. Itoh,
T. Yokoo, T. Masuda, H. Yoshizawa, M. Soda, M. Yoshida, T. Hawai, D. Kawana, R. Sugiura, T. Asami and Y. Ihata,
J. Phys.: Conf. Ser. 1021 (2018) 012028 (1-4).
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10. YUI and HANA: control and visualization programs for HRC in J-PARC: D. Kawana, M. Soda, M. Yoshida, Y. Ikeda,
T. Asami, R. Sugiura, H. Yoshizawa, T. Masuda, T. Hawai, S. Ibuka, T. Yokoo and S. Itoh, J. Phys.: Conf. Ser. 1021
(2018) 012014 (1-4).

11. High resolution chopper spectrometer HRC and neutron Brillouin scattering: S. Itoh, T. Yokoo, T. Masuda,
H. Yoshizawa, M. Soda, S. Ibuka, Y. Ikeda, M. Yoshida, T. Hawai, D. Kawana, R. Sugiura, T. Asami, Y. Kawamura,
T. Shinozaki and Y. Ihata, AIP Conf. Proc. 1969 (2018) 050002 (1-5).

12. Magnetic structure of a non-centrosymmetric CePtSi3: D. Ueta, M. Yoshida, Y. Ikeda, Y. Liu, T. Hong, T. Masuda and
H. Yoshizawa, AIP Advances 8 (2018) 115006 (1-5).

13. Progress in High Resolution Chopper Spectrometer HRC by improving collimator and Fermi chopper: S. Itoh, T. Yokoo, 
T. Masuda, S. Asai, H. Saito, D. Kawana, R. Sugiura, T. Asami and Y. Ihata, Physica B: Condensed Matter 568 (2019)
76-80.

14. Magnetic states of coupled spin tubes with frustrated geometry in CsCrF4: M. Hagihala, S. Hayashida, M. Avdeev,
H. Manaka, H. Kikuchi and T. Masuda, npj Quantum Mater. 4 (2019) 14 (1-9).

International MegaGauss Science Laboratory

Takeyama group

1000 T-class megagauss generator system has been accomplished to be used for the electro-magnetic flux compression. The 
system is comprised of 5 MJ and 2 MJ condenser modules, respectively, for a primary coil and 2 MJ condenser modules for the 
seed-magnetic field generation to be compressed. This project has started in 2010 supported by a budget from the MEXT. After 
long-standing struggles over 10 years with serious difficulties in the construction processes, the instruments have been finally 
accomplished. We could break the world record of high-magnetic fields, 1200 T, of which value was successfully recorded by 
the optical Faraday rotation technique with high precision and reliability.

1. †*Ultrahigh-Magnetic-Field Magnetization of Multi-Kagome-Strip (MKS) Lattice Spin-Frustrated Magnet
K2Mn3(OH)2(VO4)2: D. Otsuka, H. Sato, A. Matsuo, K. Kindo, D. Nakamura and S. Takeyama, J. Phys. Soc. Jpn. 87
(2018) 124701 (1-7).

2. Note: An approach to 1000 T using the electro-magnetic flux compression: D. Nakamura, H. Sawabe and S. Takeyama,
Rev. Sci. Instrum. 89 (2018) 016106 (1-3).

3. Radio frequency self-resonant coil for contactless AC-conductivity in 100 T class ultra-strong pulse magnetic fields:
D. Nakamura, M. M. Altarawneh and S. Takeyama, Meas. Sci. Technol. 29 (2018) 035901 (1-7).

4. *Record indoor magnetic field of 1200 T generated by electromagnetic flux-compression: D. Nakamura, A. Ikeda,
H. Sawabe, Y. H. Matsuda and S. Takeyama, Review of Scientific Instruments 89 (2018) 095106 (1-7).

5. †*Magnetoelastic couplings in the deformed kagome quantum spin lattice of volborthite: A. Ikeda, S. Furukawa,
O. Janson, Y. H. Matsuda, S. Takeyama, T. Yajima, Z. Hiroi and H. Ishikawa, Phys. Rev. B 99 (2019) 140412(R) (1-5).

6. †Ultra-high magnetic field magnetic phases up to 130 T in a breathing pyrochlore antiferromagnet LiInCr4O8: M. Gen,
D. Nakamura, Y. Okamoto and S. Takeyama, Journal of Magnetism and Magnetic Materials 473 (2019) 387-393.

7. *A series of magnon crystals appearing under ultrahigh magnetic fields in a kagomé antiferromagnet: R. Okuma,
D. Nakamura, T. Okubo, A. Miyake, A. Matsuo, K. Kindo, M. Tokunaga, N. Kawashima, S. Takeyama and Z. Hiroi,
Nature Communications 10 (2019) 1229(7).

Kindo group

We have succeeded in examination of various Cu-Ag strong wire. A stronger wire can suppress the deformation of the magnet 
after generation of high magnetic field but has a short-life frequently. We have examined the wire which has a tensile strength 
below 1.1 GPa. As a result, the magnet obtained long-life. Next step is to elucidate threshold between long and short life.

1. †*Magnetic and Structural Properties of A-Site Ordered Chromium Spinel Sulfides: Alternating Antiferromagnetic
and Ferromagnetic Interactions in the Breathing Pyrochlore Lattice: Y. Okamoto, M. Mori, N. Katayama, A. Miyake,
M. Tokunaga, A. Matsuo, K. Kindo and K. Takenaka, J. Phys. Soc. Jpn. 87 (2018) 034709 (1-8).
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2. †*Magnetic-field-induced Quantum Phase in S = 1/2 Frustrated Trellis Lattice: H. Yamaguchi, D. Yoshizawa, T. Kida,
M. Hagiwara, A. Matsuo, Y. Kono, T. Sakakibara, Y. Tamekuni, H. Miyagai and Y. Hosokoshi, J. Phys. Soc. Jpn. 87
(2018) 043701 (1-5).

3. †Magnetism and High-magnetic Field Magnetization in Alkali Superoxide CsO2: M. Miyajima, F. Astuti, T. Kakuto,
A. Matsuo, D. P. Sari, R. Asih, K. Okunishi, T. Nakano, Y. Nozue, K. Kindo, I. Watanabe and T. Kambe, J. Phys. Soc.
Jpn. 87 (2018) 063704 (1-5).

4. Superconducting Phase Diagram of the Organic Superconductor κ-(BEDT-TTF)2 Cu[N(CN)2]Br above 30 T: S. Imajo,
Y. Nakazawa and K. Kindo, J. Phys. Soc. Jpn. 87 (2018) 123704 (5).

5. †*Ultrahigh-Magnetic-Field Magnetization of Multi-Kagome-Strip (MKS) Lattice Spin-Frustrated Magnet
K2Mn3(OH)2(VO4)2: D. Otsuka, H. Sato, A. Matsuo, K. Kindo, D. Nakamura and S. Takeyama, J. Phys. Soc. Jpn. 87
(2018) 124701 (1-7).

6. †Electric dipole spin resonance in a quantum spin dimer system driven by magnetoelectric coupling: S. Kimura,
M. Matsumoto, M. Akaki, M. Hagiwara, K. Kindo and H. Tanaka, Phys. Rev. B 97 (2018) 140406 (1-5).

7. *Frustrated magnetism of the maple-leaf-lattice antiferromagnet MgMn3O7·3H2O: Y. Haraguchi, A. Matsuo, K. Kindo
and Z. Hiroi, Phys. Rev. B 98 (2018) 064412 (1-7).

8. *High-field phase diagram and phase transitions in hexagonal manganite ErMnO3: Y. J. Liu, J. F. Wang, X. F. Sun,
J. -S. Zhou, Z. C. Xia, Z. W. Ouyang, M. Yang, C. B. Liu, R. Chen, J. -G. Cheng, Y. Kohama, M. Tokunaga and K.
Kindo, Phys. Rev. B 97 (2018) 214419 (1-5).

9. †In-plane spin canting and 1/3-magnetization-plateaulike behavior in S = 3/2 Cr3+ kagome lattice antiferromagnets
Cs2KCr3F12 and Cs2NaCr3F12: M. Goto, H. Ueda, C. Michioka, A. Matsuo, K. Kindo, K. Sugawara, S. Kobayashi,
N. Katayama, H. Sawa and K. Yoshimura, Phys. Rev. B 97 (2018) 224421 (1-8).

10. †*Magnetic field induced ferroelectricity and half magnetization plateau in polycrystalline R2V2O7 (R = Ni, Co ):
R. Chen, J. F. Wang, Z. W. Ouyang, Z. Z. He, S. M. Wang, L. Lin, J. M. Liu, C. L. Lu, Y. Liu, C. Dong, C. B. Liu, Z. C.
Xia, A. Matsuo, Y. Kohama and K. Kindo, Phys. Rev. B 98 (2018) 184404 (1-7).

11. *Magnetic field induced phenomena in UIrGe in fields applied along the b axis: J. Pospíšil, Y. Haga, Y. Kohama,
A. Miyake, S. Kambe, N. Tateiwa, M. Vališka, P. Proschek, J. Prokleška, V. Sechovský, M. Tokunaga, K. Kindo,
A. Matsuo and E. Yamamoto, Phys. Rev. B 98 (2018) 014430 (1-7).

12. †Quantum magnetic properties of the spin-1/2 triangular-lattice antiferromagnet Ba2La2CoTe2O12: Y. Kojima,
M. Watanabe, N. Kurita, H. Tanaka, A. Matsuo, K. Kindo and M. Avdeev, Phys. Rev. B 98 (2018) 174406 (1-8).

13. †Revising the 4f symmetry in CeCu2Ge2: Soft x-ray absorption and hard x-ray photoemission spectroscopy:
H. Aratani, Y. Nakatani, H. Fujiwara, M. Kawada, Y. Kanai, K. Yamagami, S. Fujioka, S. Hamamoto, K. Kuga, T. Kiss,
A. Yamasaki, A. Higashiya, T. Kadono, S. Imada, A. Tanaka, K. Tamasaku, M. Yabashi, T. Ishikawa, A. Yasui, Y. Saitoh,
Y. Narumi, K. Kindo, T. Ebihara and A. Sekiyama, Phys. Rev. B 98 (2018) 121113 (1-6).

14. *Unusual magnetoelectric memory and polarization reversal in the kagome staircase compound Ni3V2O8: Y. J. Liu,
J. F. Wang, Z. Z. He, C. L. Lu, Z. C. Xia, Z. W. Ouyang, C. B. Liu, R. Chen, A. Matsuo, Y. Kohama, K. Kindo and
M. Tokunaga, Phys. Rev. B 97 (2018) 174429 (1-6).

15. †Cluster-Based Haldane State in an Edge-Shared Tetrahedral Spin-Cluster Chain: Fedotovite K2Cu3O(SO4)3:
M. Fujihala, T. Sugimoto, T. Tohyama, S. Mitsuda, R. A. Mole, D. H. Yu, S. Yano, Y. Inagaki, H. Morodomi, T. Kawae,
H. Sagayama, R. Kumai, Y. Murakami, K. Tomiyasu, A. Matsuo and K. Kindo, Phys. Rev. Lett. 120 (2018) 077201 (5).

16. †*Magnetic-Field-Induced Kondo Metal Realized in YbB12: T. T. Terashima, Y. H. Matsuda, Y. Kohama, A. Ikeda,
A. Kondo, K. Kindo and F. Iga, Phys. Rev. Lett. 120 (2018) 257206 (1-5).

17. *Quantum Criticality of an Ising-like Spin-1/2 Antiferromagnetic Chain in a Transverse Magnetic Field: Z. Wang,
T. Lorenz, D. I. Gorbunov, P. T. Cong, Y. Kohama, S. Niesen, O. Breunig, J. Engelmayer, A. Herman, J. Wu, K. Kindo,
J. Wosnitza, S. Zherlitsyn and A. Loidl, Phys. Rev. Lett. 120 (2018) 207205 (1-6).

18. †Magnetic and Structural Properties of MnCoGe with Minimal Fe and Sn Substitution: M. Onoue, R. Kobayashi,
Y. Mitsui, M. Hiroi, K. Takahashi, A. Kondo, K. Kindo, Y. Uwatoko and K. Koyama, Mater. Trans. 59 (2018)
1645-1650.

19. †Magnetic phase diagram of the frustrated S=1/2 triangular-lattice magnet Cu2(NO3)(OH)3: H. Kikuchi,
N. Kasamatsu, Y. Ishikawa, Y. Koizumi, Y. Fujii, A. Matsuo and K. Kindo, J. Phys.: Conf. Ser. 969 (2018) 012117 (1-6).
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20. †Magnetic properties of the antiferromagnetic spin-1/2 tetramer compound CuInVO5: M. Hase, M. Matsumoto,
A. Matsuo and K. Kindo, J. Phys.: Conf. Ser. 969 (2018) 012100 (1-6).

21. †Magnetization and magnetic phase diagram of Heusler compounds Fe3−y(Mn1−xVx)ySi (y = 1 and 1.5): M. Hiroi,
S. Ishikuma, I. Shigeta, K. Koyama, A. Kondo, K. Kindo, H. Manaka and N. Terada, J. Phys.: Conf. Ser. 969 (2018)
012099 (1-6).

22. †Divalent ion substitution effect on Yb-site in Kondo insulator YbB12: W. Matsuhra, K. Yokomichi, W. Hirano,
S. Kikuchi, N. Uematsu, H. Nakayama, A. Kondo, K. Kindo and F. Iga, AIP Advances 8 (2018) 101329 (1-3).

23. †Magnetic properties of perovskite Ca1−xSrxFeO3: H. Kawanaka, E. Kawawa, Y. Nishihara, F. Iga, A. Kondo, K. Kindo
and Y. Matsuda, AIP Advances 8 (2018) 101418 (1-4).

24. †Non-magnetic element substitution effect in Kondo insulator YbB12 and exotic surface effect in this alloy system:
F. Iga, K. Yokomichi, W. Matsuhra, H. Nakayama, A. Kondo, K. Kindo and H. Yoshizawa, AIP Advances 8 (2018)
101335 (1-4).

25. †Thermodynamic properties of Heusler Fe2VSi: M. Ito, K. Kai, T. Furuta, H. Manaka, N. Terada, M. Hiroi, A. Kondo
and K. Kindo, AIP Advances 8 (2018) 055703 (1-5).

26. †Magnetic ordering with an XY-like anisotropy in the honeycomb lattice iridates ZnIrO3 and MgIrO3 synthesized via a
metathesis reaction: Y. Haraguchi, C. Michioka, A. Matsuo, K. Kindo, H. Ueda and K. Yoshimura, Phys. Rev. Materials
2 (2018) 054411 (1-6).

27. *Magnetic structural unit with convex geometry: A building block hosting an exchange-striction-driven magnetoelectric
coupling: K. Kimura, Y. Kato, K. Yamauchi, A. Miyake, M. Tokunaga, A. Matsuo, K. Kindo, M. Akaki, M. Hagiwara,
S. Kimura, M. Toyoda, Y. Motome and T. Kimura, Phys. Rev. Materials 2 (2018) 104415 (1-12).

28. †High-field Magnetism of the Honeycomb-lattice Antiferromagnet Cu2(pymca)3(ClO4): A. Okutani, T. Kida,
Y. Narumi, T. Shimokawa, Z. Honda, K. Kindo, T. Nakano, Y. Nozue and M. Hagiwara, J. Phys. Soc. Jpn. 88 (2019)
013703 (4).

29. †Reduction of the Ordered Magnetic Moment by Quantum Fluctuation in the Antiferromagnetic Spin-5/2 Dimer
Compound FeVMoO7: M. Hase, J. R. Hester, K. C. Rule, V. Yu. Pomjakushin, A. Matsuo and K. Kindo, J. Phys. Soc.
Jpn. 88 (2019) 034711 (6).

30. †*Difference in magnetic and ferroelectric properties between rhombohedral and hexagonal polytypes of AgFeO2:
A single-crystal study: N. Terada, Y. Ikedo, H. Sato, D. D. Khalyavin, P. Manuel, F. Orlandi, Y. Tsujimoto, Y. Matsu-
shita, A. Miyake, A. Matsuo, M. Tokunaga and K. Kindo, Phys. Rev. B 99 (2019) 064402 (1-11).

31. †*Enhancement of the effective mass at high magnetic fields in CeRhIn5: L. Jiao, M. Smidman, Y. Kohama, Z. S. Wang,
D. Graf, Z. F. Weng, Y. J. Zhang, A. Matsuo, E. D. Bauer, H. Lee, S. Kirchner, J. Singleton, K. Kindo, J. Wosnitza,
F. Steglich, J. D. Thompson and H. Q. Yuan, Phys. Rev. B 99 (2019) 045127 (6).

32. †Evidence of low-energy singlet excited states in the spin-1/2 polyhedral clusters {Mo72V30} and {W72V30} with
strongly frustrated kagome networks: T. Kihara, H. Nojiri, Y. Narumi, Y. Oshima, K. Kindo, C. Heesing, J. Schnack and
A. Müller, Phys. Rev. B 99 (2019) 064430 (8).

33. †*Magnetoelectric behavior from cluster multipoles in square cupolas: Study of Sr(TiO)Cu4(PO4)4 in comparison with
Ba and Pb isostructurals: Y. Kato, K. Kimura, A. Miyake, M. Tokunaga, A. Matsuo, K. Kindo, M. Akaki, M. Hagiwara,
S. Kimura, T. Kimura and Y. Motome, Phys. Rev. B 99 (2019) 024415 (1-12).

34. †*Topological transitions among skyrmion- and hedgehog-lattice states in cubic chiral magnets: Y. Fujishiro,
N. Kanazawa, T. Nakajima, X. Z. Yu, K. Ohishi, Y. Kawamura, K. Kakurai, T. Arima, H. Mitamura, A. Miyake,
K. Akiba, M. Tokunaga, A. Matsuo, K. Kindo, T. Koretsune, R. Arita and Y. Tokura, Nat. Commun. 10 (2019) 1059
(1-8).

35. *Thermodynamic evidence of magnetic-field-induced complete valley polarization in bismuth: A. Iwasa, A. Kondo,
S. Kawachi, K. Akiba, Y. Nakanishi, M. Yoshizawa, M. Tokunaga and K. Kindo, Sci Rep 9 (2019) 1672 (1-8).

36. †*Multiple topological states in iron-based superconductors: P. Zhang, Z. Wang, X. Wu, K. Yaji, Y. Ishida, Y. Kohama,
G. Dai, Y. Sun, C. Bareille, K. Kuroda, T. Kondo, K. Okazaki, K. Kindo, X. Wang, C. Jin, J. Hu, R. Thomale,
K. Sumida, S. Wu, K. Miyamoto, T. Okuda, H. Ding, G. D. Gu, T. Tamegai, T. Kawakami, M. Sato and S. Shin, Nature
Phys 15 (2019) 41-48.
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37. *Strain-induced spontaneous Hall effect in an epitaxial thin film of a Luttinger semimetal: T. Ohtsuki, Z. Tian, A. Endo,
M. Halim, S. Katsumoto, Y. Kohama, K. Kindo, M. Lippmaa and S. Nakatsuji, Proc. Natl. Acad. Sci. USA 116 (2019)
8803-8808.

38. *A series of magnon crystals appearing under ultrahigh magnetic fields in a kagomé antiferromagnet: R. Okuma,
D. Nakamura, T. Okubo, A. Miyake, A. Matsuo, K. Kindo, M. Tokunaga, N. Kawashima, S. Takeyama and Z. Hiroi,
Nature Communications 10 (2019) 1229(7).

39. *Possible observation of quantum spin-nematic phase in a frustrated magnet: Y. Kohama, H. Ishikawa, A. Matsuo,
K. Kindo, N. Shannon and Z. Hiroi, Proc. Nat. Acad. Sci. U.S.A. 116 (2019) 10686-10690.

Tokunaga group

In this year, we have mainly studied magnetotransport properties on several kinds of topological semimetals. As one of the 
important achievements in our group, we demonstrated an experimental method to evaluate the degree of similarity between 
one system and ideal Dirac fermion system, “Diracness”, in a narrow-gap semiconductor PbTe through systematic studies of 
quantum oscillations up to the quantum limit state. We also developed international collaborations on various subjects, e.g. 
multiferroics, heavy fermion compounds, and topological materials.

1. *Formation and Control of Twin Domains in the Pyrochlore Oxide Cd2Re2O7: Y. Matsubayashi, D. Hirai, M. Tokunaga
and Z. Hiroi, J. Phys. Soc. Jpn. 87 (2018) 104604 (1-7).

2. †*Magnetic and Structural Properties of A-Site Ordered Chromium Spinel Sulfides: Alternating Antiferromagnetic
and Ferromagnetic Interactions in the Breathing Pyrochlore Lattice: Y. Okamoto, M. Mori, N. Katayama, A. Miyake,
M. Tokunaga, A. Matsuo, K. Kindo and K. Takenaka, J. Phys. Soc. Jpn. 87 (2018) 034709 (1-8).

3. *High-field phase diagram and phase transitions in hexagonal manganite ErMnO3: Y. J. Liu, J. F. Wang, X. F. Sun,
J. -S. Zhou, Z. C. Xia, Z. W. Ouyang, M. Yang, C. B. Liu, R. Chen, J. -G. Cheng, Y. Kohama, M. Tokunaga and
K. Kindo, Phys. Rev. B 97 (2018) 214419 (1-5).

4. †Impact of antiferromagnetic order on Landau-level splitting of quasi-two-dimensional Dirac fermions in EuMnBi2:
H. Masuda, H. Sakai, M. Tokunaga, M. Ochi, H. Takahashi, K. Akiba, A. Miyake, K. Kuroki, Y. Tokura and S. Ishiwata,
Phys. Rev. B 98 (2018) 161108 (1-6).

5. Magnetic field effect on the chiral magnetism of noncentrosymmetric UPtGe: Experiment and theory: A. Miyake, L. M.
Sandratskii, A. Nakamura, F. Honda, Y. Shimizu, D. Li, Y. Homma, M. Tokunaga and D. Aoki, Phys. Rev. B 98 (2018)
174436 (1-6).

6. *Magnetic field induced phenomena in UIrGe in fields applied along the b axis: J. Pospíšil, Y. Haga, Y. Kohama,
A. Miyake, S. Kambe, N. Tateiwa, M. Vališka, P. Proschek, J. Prokleška, V. Sechovský, M. Tokunaga, K. Kindo,
A. Matsuo and E. Yamamoto, Phys. Rev. B 98 (2018) 014430 (1-7).

7. †Negative magnetoresistance suppressed through a topological phase transition in (Cd1-xZnx)3As2 thin films:
S. Nishihaya, M. Uchida, Y. Nakazawa, K. Akiba, M. Kriener, Y. Kozuka, A. Miyake, Y. Taguchi, M. Tokunaga and
M. Kawasaki, Phys. Rev. B 97 (2018) 245103 (1-7).

8. Quantitative evaluation of Dirac physics in PbTe: K. Akiba, A. Miyake, H. Sakai, K. Katayama, H. Murakawa,
N. Hanasaki, S. Takaoka, Y. Nakanishi, M. Yoshizawa and M. Tokunaga, Phys. Rev. B 98 (2018) 115144 (1-11).

9. *Unusual magnetoelectric memory and polarization reversal in the kagome staircase compound Ni3V2O8: Y. J. Liu,
J. F. Wang, Z. Z. He, C. L. Lu, Z. C. Xia, Z. W. Ouyang, C. B. Liu, R. Chen, A. Matsuo, Y. Kohama, K. Kindo and
M. Tokunaga, Phys. Rev. B 97 (2018) 174429 (1-6).

10. 室温マルチフェロイック物質ビスマスフェライトの電気磁気効果 : 河智 史朗 , 三宅 厚志 , 徳永 将史 , 伊藤 利充 , 固体物理
53 (2018) 61-70.

11. †Deviation from the Kohler’s rule and Shubnikov–de Haas oscillations in type-II Weyl semimetal WTe2 : High magnetic
field study up to 56 T: S. Onishi, R. Jha, A. Miyake, R. Higashinaka, T. D. Matsuda, M. Tokunaga and Y. Aoki, AIP
Advances 8 (2018) 101330 (1-5).

12. †Large magneto-thermopower in MnGe with topological spin texture: Y. Fujishiro, N. Kanazawa, T. Shimojima,
A. Nakamura, K. Ishizaka, T. Koretsune, R. Arita, A. Miyake, H. Mitamura, K. Akiba, M. Tokunaga, J. Shiogai,
S. Kimura, S. Awaji, A. Tsukazaki, A. Kikkawa, Y. Taguchi and Y. Tokura, Nat. Commun. 9 (2018) 408 (1-7).
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13. †Consecutive magnetic phase diagram of UCoGe-URhGe-UIrGe system: J. Pospíšil, Y. Haga, A. Miyake, S. Kambe,
N. Tateiwa, Y. Tokunaga, F. Honda, A. Nakamura, Y. Homma, M. Tokunaga, D. Aoki and E. Yamamoto, Physica B:
Condensed Matter 536 (2018) 532-534.

14. Observation of Poiseuille flow of phonons in black phosphorus: Y. Machida, A. Subedi, K. Akiba, A. Miyake,
M. Tokunaga, Y. Akahama, K. Izawa and K. Behnia, Sci. Adv. 4 (2018) eaat3374 (1-9).

15. *Magnetic structural unit with convex geometry: A building block hosting an exchange-striction-driven magnetoelectric
coupling: K. Kimura, Y. Kato, K. Yamauchi, A. Miyake, M. Tokunaga, A. Matsuo, K. Kindo, M. Akaki, M. Hagiwara,
S. Kimura, M. Toyoda, Y. Motome and T. Kimura, Phys. Rev. Materials 2 (2018) 104415 (1-12).

16. †Negative-pressure-induced helimagnetism in ferromagnetic cubic perovskites Sr1-xBaxCoO3: H. Sakai, S. Yokoyama,
A. Kuwabara, J. S. White, E. Canévet, H. M. Rønnow, T. Koretsune, R. Arita, A. Miyake, M. Tokunaga, Y. Tokura and
S. Ishiwata, Phys. Rev. Materials 2 (2018) 104412 (1-6).

17. †Magnetic-field-induced transition for reentrant martensitic transformation in Co-Cr-Ga-Si shape memory alloys: X. Xu,
T. Kihara, A. Miyake, M. Tokunaga, T. Kanomata and R. Kainuma, Journal of Magnetism and Magnetic Materials 466
(2018) 273-276.

18. †Thermal, magnetic field- and stress-induced transformation in Heusler-type Co-Cr-Al-Si shape memory alloys:
T. Odaira, X. Xu, A. Miyake, T. Omori, M. Tokunaga and R. Kainuma, Scripta Materialia 153 (2018) 35-39.

19. †*Difference in magnetic and ferroelectric properties between rhombohedral and hexagonal polytypes of AgFeO2:
A single-crystal study: N. Terada, Y. Ikedo, H. Sato, D. D. Khalyavin, P. Manuel, F. Orlandi, Y. Tsujimoto, Y. Matsu-
shita, A. Miyake, A. Matsuo, M. Tokunaga and K. Kindo, Phys. Rev. B 99 (2019) 064402 (1-11).

20. †Magnetic and electrical properties of the ternary compound U2Ir2Si5 with one-dimensional uranium zigzag chains:
D. X. Li, F. Honda, A. Miyake, Y. Homma, Y. Haga, A. Nakamura, Y. Shimizu, A. Maurya, Y. J. Sato, M. Tokunaga and
D. Aoki, Phys. Rev. B 99 (2019) 054408 (1-9).

21. †*Magnetoelectric behavior from cluster multipoles in square cupolas: Study of Sr(TiO)Cu4(PO4)4 in comparison with
Ba and Pb isostructurals: Y. Kato, K. Kimura, A. Miyake, M. Tokunaga, A. Matsuo, K. Kindo, M. Akaki, M. Hagiwara,
S. Kimura, T. Kimura and Y. Motome, Phys. Rev. B 99 (2019) 024415 (1-12).

22. †*Topological transitions among skyrmion- and hedgehog-lattice states in cubic chiral magnets: Y. Fujishiro,
N. Kanazawa, T. Nakajima, X. Z. Yu, K. Ohishi, Y. Kawamura, K. Kakurai, T. Arima, H. Mitamura, A. Miyake,
K. Akiba, M. Tokunaga, A. Matsuo, K. Kindo, T. Koretsune, R. Arita and Y. Tokura, Nat. Commun. 10 (2019) 1059
(1-8).

23. *Thermodynamic evidence of magnetic-field-induced complete valley polarization in bismuth: A. Iwasa, A. Kondo,
S. Kawachi, K. Akiba, Y. Nakanishi, M. Yoshizawa, M. Tokunaga and K. Kindo, Sci Rep 9 (2019) 1672 (1-8).

24. *A series of magnon crystals appearing under ultrahigh magnetic fields in a kagomé antiferromagnet: R. Okuma,
D. Nakamura, T. Okubo, A. Miyake, A. Matsuo, K. Kindo, M. Tokunaga, N. Kawashima, S. Takeyama and Z. Hiroi,
Nature Communications 10 (2019) 1229 (7).

Y. Matsuda group

Ultrahigh magnetic fields of up to 1200 T has been generated by the electromagnetic flux compression technique using a new 
5 MJ condenser bank system installed in ISSP rather recently. It is the indoor world record of magnetic field. Several measure-
ments such as Faraday rotation, optical transmission, magnetization, and electrical resistivity have already been done using 
multi-megagauss magnetic fields. Development of the technique for measuring magnetostriction has been conducted and the 
one using so-called Fiber Bragg Grating (FBG) was improved. The field-induced linear magnetostriction corresponding to the 
magnetization plateau behavior of a deformed Kagome lattice has been clearly observed. In addition, thermal properties in the 
Kondo insulator YbB12 was studied in pulsed high fields of up to 60 T, and the field-induced metallic phase has been found to be 
a heavy fermion metal. 

1. †*Magnetic-Field-Induced Kondo Metal Realized in YbB12: T. T. Terashima, Y. H. Matsuda, Y. Kohama, A. Ikeda,
A. Kondo, K. Kindo and F. Iga, Phys. Rev. Lett. 120 (2018) 257206 (1-5).

2. †*100 MHz high-speed strain monitor using fiber Bragg grating and optical filter applied for magnetostriction measure-
ments of cobaltite at magnetic fields beyond 100 T: A. Ikeda, T. Nomura, Y. H. Matsuda, S. Tani, Y. Kobayashi,
H. Watanabe and K. Sato, Physica B: Condensed Matter 536 (2018) 847-849.
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3. †Note: Optical filter method for high-resolution magnetostriction measurement using fiber Bragg grating under milli-
second-pulsed high magnetic fields at cryogenic temperatures: A. Ikeda, Y. H. Matsuda and H. Tsuda, Review of Scien-
tific Instruments 89 (2018) 096103 (3 pages).

4. *Record indoor magnetic field of 1200 T generated by electromagnetic flux-compression: D. Nakamura, A. Ikeda,
H. Sawabe, Y. H. Matsuda and S. Takeyama, Review of Scientific Instruments 89 (2018) 095106 (1-7).

5. †*Magnetoelastic couplings in the deformed kagome quantum spin lattice of volborthite: A. Ikeda, S. Furukawa,
O. Janson, Y. H. Matsuda, S. Takeyama, T. Yajima, Z. Hiroi and H. Ishikawa, Phys. Rev. B 99 (2019) 140412(R) 1-5.

6. ファイバーブラッググレーティングを用いた高速 100MHz ひずみ測定装置の構築と超強磁場中スピン格子物性の開拓 : 池田
暁彦 , 松田 康弘 , 固体物理 54 (2019) 147- 157.

Kohama group

We have investigated various high-field properties by means of specific heat, magnetooptics and resistivity measurement 
techniques. In Ni3V2O8, YbB12 and UIrGe, the field-induced phase transitions have been detected, where the field dependence 
of entropy have been unveiled. We also have started to construct a new type of capacitor bank for the generation of pulsed 
magnetic fields with the second order timescale.

1. *High-field phase diagram and phase transitions in hexagonal manganite ErMnO3: Y. J. Liu, J. F. Wang, X. F. Sun,
J. -S. Zhou, Z. C. Xia, Z. W. Ouyang, M. Yang, C. B. Liu, R. Chen, J. -G. Cheng, Y. Kohama, M. Tokunaga and
K. Kindo, Phys. Rev. B 97 (2018) 214419 (1-5).

2. †*Magnetic field induced ferroelectricity and half magnetization plateau in polycrystalline R2V2O7 (R = Ni, Co):
R. Chen, J. F. Wang, Z. W. Ouyang, Z. Z. He, S. M. Wang, L. Lin, J. M. Liu, C. L. Lu, Y. Liu, C. Dong, C. B. Liu, Z. C.
Xia, A. Matsuo, Y. Kohama and K. Kindo, Phys. Rev. B 98 (2018) 184404 (1-7).

3. *Magnetic field induced phenomena in UIrGe in fields applied along the b axis: J. Pospíšil, Y. Haga, Y. Kohama,
A. Miyake, S. Kambe, N. Tateiwa, M. Vališka, P. Proschek, J. Prokleška, V. Sechovský, M. Tokunaga, K. Kindo,
A. Matsuo and E. Yamamoto, Phys. Rev. B 98 (2018) 014430 (1-7).

4. *Unusual magnetoelectric memory and polarization reversal in the kagome staircase compound Ni3V2O8: Y. J. Liu,
J. F. Wang, Z. Z. He, C. L. Lu, Z. C. Xia, Z. W. Ouyang, C. B. Liu, R. Chen, A. Matsuo, Y. Kohama, K. Kindo and
M. Tokunaga, Phys. Rev. B 97 (2018) 174429 (1-6).

5. †*Magnetic-Field-Induced Kondo Metal Realized in YbB12: T. T. Terashima, Y. H. Matsuda, Y. Kohama, A. Ikeda,
A. Kondo, K. Kindo and F. Iga, Phys. Rev. Lett. 120 (2018) 257206 (1-5).

6. *Quantum Criticality of an Ising-like Spin-1/2 Antiferromagnetic Chain in a Transverse Magnetic Field: Z. Wang,
T. Lorenz, D. I. Gorbunov, P. T. Cong, Y. Kohama, S. Niesen, O. Breunig, J. Engelmayer, A. Herman, J. Wu, K. Kindo,
J. Wosnitza, S. Zherlitsyn and A. Loidl, Phys. Rev. Lett. 120 (2018) 207205 (1-6).

7. Magneto-optical Transitions of GaAs/AlGaAs Multiple Quantum Wells: Y. Kim, J. D. Song and Y. Kohama, J. Korean
Phys. Soc. 73 (2018) 338-342.

8. †*Enhancement of the effective mass at high magnetic fields in CeRhIn5: L. Jiao, M. Smidman, Y. Kohama, Z. S. Wang,
D. Graf, Z. F. Weng, Y. J. Zhang, A. Matsuo, E. D. Bauer, H. Lee, S. Kirchner, J. Singleton, K. Kindo, J. Wosnitza,
F. Steglich, J. D. Thompson and H. Q. Yuan, Phys. Rev. B 99 (2019) 045127 (6).

9. Viscosity measurements in pulsed magnetic fields by using a quartz-crystal microbalance: T. Nomura, S. Zherlitsyn,
Y. Kohama and J. Wosnitza, Rev. Sci. Instrum. 90 (2019) 065101.

10. * カゴメ銅鉱物ボルボサイトにおける軌道転移とフラストレート磁性 : 広井 善二 , 石川 孟 , 小濱 芳允 , 固体物理 54 (2019)
117-130.

11. *Unconventional field-induced spin gap in an S = 1/2 chiral staggered chain: J. Liu, S. Kittaka, R. D. Johnson,
T. Lancaster, J. Singleton, T. Sakakibara, Y. Kohama, J. van Tol, A. Ardavan, B. H. Williams, S. J. Blundell, Z. E.
Manson, J. L. Manson and P. A. Goddard, Phys Rev Lett 122 (2019) 057207.

12. †*Multiple topological states in iron-based superconductors: P. Zhang, Z. Wang, X. Wu, K. Yaji, Y. Ishida, Y. Kohama,
G. Dai, Y. Sun, C. Bareille, K. Kuroda, T. Kondo, K. Okazaki, K. Kindo, X. Wang, C. Jin, J. Hu, R. Thomale,
K. Sumida, S. Wu, K. Miyamoto, T. Okuda, H. Ding, G. D. Gu, T. Tamegai, T. Kawakami, M. Sato and S. Shin, Nature
Phys 15 (2019) 41-48.
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13. Shubnikov–de Haas oscillations in the three-dimensional Dirac fermion system Ca3PbO: Y. Obata, Y. Kohama,
S. Matsuishi and H. Hosono, Phys Rev B 99 (2019) 115133.

14. *Strain-induced spontaneous Hall effect in an epitaxial thin film of a Luttinger semimetal: T. Ohtsuki, Z. Tian, A. Endo,
M. Halim, S. Katsumoto, Y. Kohama, K. Kindo, M. Lippmaa and S. Nakatsuji, Proc. Natl. Acad. Sci. USA 116 (2019)
8803-8808.

15. *Possible observation of quantum spin-nematic phase in a frustrated magnet: Y. Kohama, H. Ishikawa, A. Matsuo,
K. Kindo, N. Shannon and Z. Hiroi, Proc. Nat. Acad. Sci. U.S.A. 116 (2019) 10686-10690.

Laser and Synchrotron Research Center

Shin group

We studied high Tc Fe-pnictide superconductors using 7-eV laser. High resolution photoemission study with polarization depen-
dence is very powerful for the study of the superconducting mechanism. Orbital fluctuation mechanism is also important in 
addition to the spin fluctuation mechanism. 

1. *Surface electronic states of Au-induced nanowires on Ge(0 0 1): K. Yaji, R. Yukawa, S. Kim, Y. Ohtsubo, P. L. Fèvre,
F. Bertran, A. Taleb-Ibrahimi, I. Matsuda, K. Nakatsuji, S. Shin and F. Komori, J. Phys.: Condens. Matter 30 (2018)
075001 (1-7).

2. †*Antiphase Fermi-surface modulations accompanying displacement excitation in a parent compound of iron-based
superconductors: K. Okazaki, H. Suzuki, T. Suzuki, T. Yamamoto, T. Someya, Y. Ogawa, M. Okada, M. Fujisawa,
T. Kanai, N. Ishi, J. Itatani, M. Nakajima, H. Eisaki, A. Fujimori and S. Shin, Phys. Rev. B 97 (2018) 121107(R) (1-6).

3. *Disorder-sensitive nodelike small gap in FeSe: Y. Sun, S. Kittaka, S. Nakamura, T. Sakakibara, P. Zhang, S. Shin,
K. Irie, T. Nomoto, K. Machida, J. Chen and T. Tamegai, Phys. Rev. B 98 (2018) 064505 (1-7).

4. †*Giant Rashba splitting of quasi-one-dimensional surface states on Bi/InAs(110)- (2×1): T. Nakamura, Y. Ohtsubo,
Y. Yamashita, S.-I. Ideta, K. Tanaka, K. Yaji, A. Harasawa, S. Shin, F. Komori, R. Yukawa, K. Horiba, H. Kumigashira
and S.-I. Kimura, Phys. Rev. B 98 (2018) 075431.

5. *Kondo hybridization and quantum criticality in β−YbAlB4 by laser ARPES: C. Bareille, S. Suzuki, M. Nakayama,
K. Kuroda, A. H. Nevidomskyy, Y. Matsumoto, S. Nakatsuji, T. Kondo and S. Shin, Phys. Rev. B 97 (2018) 045112
(1-7).

6. Ultrafast dynamics of an unoccupied surface resonance state in Bi2Te2Se: N. Munisa, E. E. Krasovskii, Y. Ishida,
K. Sumida, J. Chen, T. Yoshikawa, E. V. Chulkov, K. A. Kokh, O. E. Tereshchenko, S. Shin and A. Kimura, Phys. Rev. B
97 (2018) 115303 (1-6).

7. *Femtosecond resonant magneto-optical Kerr effect measurement on an ultrathin magnetic film in a soft X-ray free
electron laser: S. Yamamoto, Y. Kubota, K. Yamamoto, Y. Takahashi, K. Maruyama, Y. Suzuki, R. Hobara, M. Fujisawa,
D. Oshima, S. Owada, T. Togashi, K. Tono, M. Yabashi, Y. Hirata, S. Yamamoto, M. Kotsugi, H. Wadati, T. Kato,
S. Iwata, S. Shin and I. Matsuda, Jpn. J. Appl. Phys. 57 (2018) 09TD02 (1-4).

8. †*Electronic Structure of Ce-Doped and -Undoped Nd2CuO4 Superconducting Thin Films Studied by Hard X-Ray
Photoemission and Soft X-Ray Absorption Spectroscopy: M. Horio, Y. Krockenberger, K. Yamamoto, Y. Yokoyama,
K. Takubo, Y. Hirata, S. Sakamoto, K. Koshiishi, A. Yasui, E. Ikenaga, S. Shin, H. Yamamoto, H. Wadati and
A. Fujimori, Phys. Rev. Lett. 120 (2018) 257001 (1-6).

9. *Element Selectivity in Second-Harmonic Generation of GaFeO3 by a Soft-X-Ray Free-Electron Laser: Sh.
Yamamoto, T. Omi, H. Akai, Y. Kubota, Y. Takahashi, Y. Suzuki, Y. Hirata, K. Yamamoto, R. Yukawa, K. Horiba, H.
Yumoto, T. Koyama, H. Ohashi, S. Owada, K. Tono, M. Yabashi, E. Shigemasa, S. Yamamoto, M. Kotsugi, H. Wadati,
H. Kumigashira, T. Arima, S. Shin and I. Matsuda, Phys. Rev. Lett. 120 (2018) 223902 (1-5).

10. †*Experimental Determination of the Topological Phase Diagram in Cerium Monopnictides: K. Kuroda, M. Ochi,
H. S. Suzuki, M. Hirayama, M. Nakayama, R. Noguchi, C. Bareille, S. Akebi, S. Kunisada, T. Muro, M. D. Watson,
H. Kitazawa, Y. Haga, T. K. Kim, M. Hoesch, S. Shin, R. Arita and T. Kondo, Phys. Rev. Lett. 120 (2018) 086402 (1-6).

11. *Observation of topological superconductivity on the surface of an iron-based superconductor: P. Zhang, K. Yaji,
T. Hashimoto, Y. Ota, T. Kondo, K. Okazaki, Z. Wang, J. Wen, G. D. Gu, H. Ding and S. Shin, Science 360 (2018)
182-186.
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12. * レーザー励起スピン分解光電子分光で解き明かす光スピン制御 : 矢治光 一郎 , 黒田 健太 , 小森 文夫 , 辛 埴 , 光学 47 
(2018) 142-147.

13. †*Resonant magneto-optical Kerr effect measurement system using a high harmonic generation laser: Sh. Yamamoto, 
D. Oumbarek, M. Fujisawa, T. Someya, Y. Takahashi, T. Yamamoto, N. Ishiia, K. Yajia, S. Yamamoto, T. Kanai,  
K. Okazaki, M. Kotsugi, J. Itatani, S. Shin and I. Matsuda, J. Electron Spectrosc. Relat. Phenom. 222 (2018) 68-73.

14. *Superconducting gap anisotropy sensitive to nematic domains in FeSe: T. Hashimoto, Y. Ota, H. Q. Yamamoto,  
Y. Suzuki, T. Shimojima, S. Watanabe, C. Chen, S. Kasahara, Y. Matsuda, T. Shibauchi, K. Okazaki and S. Shin, Nat. 
Commun. 9 (2018) 282 (1-7).

15. *Experimental Methods for Spin and Angle-Resolved Photoemission Spectroscpy Combined with Polarization Variable 
Laser: K. Kuroda, K. Yaji, A. Harasawa, R. Noguchi, T. Kondo, F. Komori and S. Shin, JoVE 136 (2018) e57090.

16. *Orbital-selective metal-insulator transition lifting the t2g band hybridization in the Hund metal Sr3(Ru1-xMnx)2O7: 
M. Nakayama, T. Kondo, K. Kuroda, C. Bareille, M. D. Watson, S. Kunisada, R. Noguchi, T. K. Kim, M. Hoesch,  
Y. Yoshida and S. Shin, Physical Review B 98 (2018) 161102(R).

17. *Rashba spin splitting of L-gap surface states on Ag(111) and Cu(111): K. Yaji, A. Harasawa, K. Kuroda, R. Li, B. Yan, 
F. Komori and S. Shin, Physical Review B 98 (2018) 041404(R).

18. †*Superconducting Pairing of Topological Surface States in Bismuth Selenide Films on Niobium: D. Flötotto, Y. Ota, 
Y. Bai, C. Zhang, K. Okazaki, A. Tsuzuki, T. Hashimoto, J. N. Eckstein, S. Shin and T. -C. Chiang, Sci. Adv. 4 (2018) 
eaar7214 (1-5).

19. *レーザーで電子のスピン方向を自由に制御: 矢治光 一郎, 黒田 健太, 小森 文夫, 辛 埴 , レーザー加工学会誌 25 (2018) 
39-42.

20. †*Photo-induced semimetallic states realised in electron–hole coupled insulators: K. Okazaki, Y. Ogawa, T. Suzuki,  
T. Yamamoto, T. Someya, S. Michimae, M. Watanabe, Y. Lu, M. Nohara, H. Takagi, N. Katayama, H. Sawa,  
M. Fujisawa, T. Kanai, N. Ishii, J. Itatani, T. Mizokawa and S. Shin, Nat Commun 9 (2018) 4322 (1-6).

21. *Imaging the Formation of Ferromagnetic Domains at the LaAlO3/SrTiO3 Interface: Y. Motoyui, T. Taniuchi,  
P. Scheiderer, J. N. Lee, J. Gabel, F. Pfaff, M. Sing, M. Lippmaa, R. Claessen and S. Shin, J. Phys. Soc. Jpn. 88 (2019) 
034717 (1-5).

22. †*Coexistence of Two Types of Spin Splitting Originating from Different Symmetries: K. Yaji, A. Visikovskiy, T. Iimori, 
K. Kuroda, S. Hayashi, T. Kajiwara, S. Tanaka, F. Komori and S. Shin, Phys. Rev. Lett. 122 (2019) 126403.

23. *A weak topological insulator state in quasi-one-dimensional bismuth iodide: R. Noguchi, T. Takahashi, K. Kuroda,  
M. Ochi, T. Shirasawa, M. Sakano, C. Bareille, M. Nakayama, M. D. Watson, K. Yaji, A. Harasawa, H. Iwasawa,  
P. Dudin, T. K. Kim, M. Hoesch, V. Kandyba, A. Giampietri, A. Barinov, S. Shin, R. Arita, T. Sasagawa and T. Kondo, 
Nature 566 (2019) 518.

24. *Low-energy electron-mode couplings in the surface bands of Sr2RuO4 revealed by laser-based angle-resolved photo-
emission spectroscopy: S. Akebi, T. Kondo, M. Nakayama, K. Kuroda, S. Kunisada, H. Taniguchi, Y. Maeno and  
S. Shin, Physical Review B 99 (2019) 081108(R).

25. †*Multiple topological states in iron-based superconductors: P. Zhang, Z. Wang, X. Wu, K. Yaji, Y. Ishida, Y. Kohama,  
G. Dai, Y. Sun, C. Bareille, K. Kuroda, T. Kondo, K. Okazaki, K. Kindo, X. Wang, C. Jin, J. Hu, R. Thomale,  
K. Sumida, S. Wu, K. Miyamoto, T. Okuda, H. Ding, G. D. Gu, T. Tamegai, T. Kawakami, M. Sato and S. Shin, Nature 
Phys 15 (2019) 41-48.

I. Matsuda group

In 2018, we extended our experimental technique, developed at SPring-8 BL07LSU, to the next generation light sources. Using 
an X-ray free electron laser, we successfully observed the second harmonic generation of soft X-ray in a non-linear crystal of 
GaFeO3. The signal was enhanced by the core-level resonance effect and, thus, it contained the element specific information. 
This fact indicates that the non-linear soft X-ray spectroscopy becomes an experimental probe for material science. We also 
designed new beamlines and experimental stations for ultimately high-brilliant soft X-ray synchrotron radiation, motivated 
by announcement on the next-generation facility by the Minister of Education, Culture, Sports, Science and Technology. 
Concerning the material science, we synthesized novel atomic layers. For examples, we fabricated a free-standing layer of 
borophane and also a monolayer of the Cat-TTF derivative that form interface hydrogen bonding with the self-assembled 
monolayer. We also examined their electronic properties and carrier dynamics by synchrotron radiation and laser. 
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1. *Surface electronic states of Au-induced nanowires on Ge(0 0 1): K. Yaji, R. Yukawa, S. Kim, Y. Ohtsubo, P. L. Fèvre, 
F. Bertran, A. Taleb-Ibrahimi, I. Matsuda, K. Nakatsuji, S. Shin and F. Komori, J. Phys.: Condens. Matter 30 (2018) 
075001 (1-7).

2. *Alkali-metal induced band structure deformation investigated by angle-resolved photoemission spectroscopy and 
first-principles calculations: S. Ito, B. Feng, M. Arita, T. Someya, W. -C. Chen, A. Takayama, T. Iimori, H. Namatame,  
M. Taniguchi, C. -M. Cheng, S. -J. Tang, F. Komori and I. Matsuda, Phys. Rev. B 97 (2018) 155423 (1-8).

3. *Peculiar bonding associated with atomic doping and hidden honeycombs in borophene: C.-C. Lee, B. Feng,  
M. D'angelo, R. Yukawa, R.-Y. Liu, T. Kondo, H. Kumigashira, I. Matsuda and T. Ozaki, Phys. Rev. B 97 (2018) 075430 
(1-5).

4. *Femtosecond resonant magneto-optical Kerr effect measurement on an ultrathin magnetic film in a soft X-ray free 
electron laser: S. Yamamoto, Y. Kubota, K. Yamamoto, Y. Takahashi, K. Maruyama, Y. Suzuki, R. Hobara, M. Fujisawa, 
D. Oshima, S. Owada, T. Togashi, K. Tono, M. Yabashi, Y. Hirata, S. Yamamoto, M. Kotsugi, H. Wadati, T. Kato,  
S. Iwata, S. Shin and I. Matsuda, Jpn. J. Appl. Phys. 57 (2018) 09TD02 (1-4).

5. *Element Selectivity in Second-Harmonic Generation of GaFeO3 by a Soft-X-Ray Free-Electron Laser: Sh. 
Yamamoto, T. Omi, H. Akai, Y. Kubota, Y. Takahashi, Y. Suzuki, Y. Hirata, K. Yamamoto, R. Yukawa, K. Horiba,  
H. Yumoto, T. Koyama, H. Ohashi, S. Owada, K. Tono, M. Yabashi, E. Shigemasa, S. Yamamoto, M. Kotsugi, H. Wadati,  
H. Kumigashira, T. Arima, S. Shin and I. Matsuda, Phys. Rev. Lett. 120 (2018) 223902 (1-5).

6. Controlling the surface photovoltage on WSe2 by surface chemical modification: R.-Y. Liu, K. Ozawa, N. Terashima, 
Y. Natsui, B. Feng, S. Ito, W.-C. Chen, C.-M. Cheng, S. Yamamoto, H. Kato, T.-C. Chiang and I. Matsuda, Appl. Phys. 
Lett. 112 (2018) 211603 (1-5).

7. Interfacial carrier dynamics of graphene on SiC, traced by the full-range time-resolved core-level photoemission 
spectroscopy: T. Someya, H. Fukidome, N. Endo, K. Takahashi, S. Yamamoto and I. Matsuda, Appl. Phys. Lett. 113 
(2018) 051601(1-4).

8. †*Resonant magneto-optical Kerr effect measurement system using a high harmonic generation laser: Sh. Yamamoto, 
D. Oumbarek, M. Fujisawa, T. Someya, Y. Takahashi, T. Yamamoto, N. Ishiia, K. Yajia, S. Yamamoto, T. Kanai,  
K. Okazaki, M. Kotsugi, J. Itatani, S. Shin and I. Matsuda, J. Electron Spectrosc. Relat. Phenom. 222 (2018) 68-73.

9. *A Table-Top Formation of Bilayer Quasi-Free-Standing Epitaxial-Graphene on SiC(0001) by Microwave Annealing in 
Air: K.-S. Kim, G.-H. Park, H. Fukidome, T. Someya, T. Iimori, F. Komori, I. Matsuda and M. Suemitsu, Carbon 130 
(2018) 792-798.

10. †*Strong Hydrogen Bonds at the Interface between Proton-Donating and -Accepting Self-Assembled Monolayers on 
Au(111): H. S. Kato, S. Yoshimoto, A. Ueda, S. Yamamoto, Y. Kanematsu, M. Tachikawa, H. Mori, J. Yoshinobu and  
I. Matsuda, Langmuir 34 (2018) 2189-2197.

11. * 物質科学、この 1 年「ボロフェンにおけるディラックフェルミオン」: 松田 巌 , パリティ 33 (2018) 36-38.

12. Correlation between Photocatalytic Activity and Carrier Lifetime: Acetic Acid on Single-Crystal Surfaces of Anatase 
and Rutile TiO 2: K. Ozawa, S. Yamamoto, R. Yukawa, R.-Y. Liu, N. Terashima, Y. Natsui, H. Kato, K. Mase and  
I. Matsuda, J. Phys. Chem. C 122 (2018) 9562-9569.

13. *Discovery of 2D Anisotropic Dirac Cones: B. Feng, J. Zhang, S. Ito, M. Arita, C. Cheng, L. Chen, K. Wu, F. Komori, 
O. Sugino, K. Miyamoto, T. Okuda, S. Meng and I. Matsuda, Adv. Mater. 30 (2018) 1704025 (1-6).

14. *Enhancement of CO2 adsorption on oxygen-functionalized epitaxial graphene surface under near-ambient conditions: 
S. Yamamoto, K. Takeuchi, Y. Hamamoto, R.-Y. Liu, Y. Shiozawa, T. Koitaya, T. Someya, K. Tashima, H. Fukidome, 
K. Mukai, S. Yoshimoto, M. Suemitsu, Y. Morikawa, J. Yoshinobu and I. Matsuda, Phys. Chem. Chem. Phys. 20 (2018) 
19532.

15. Single-layer dual germanene phases on Ag(111): C.-H. Lin, A. Huang, W. W. Pai, W.-C. Chen, T.-Y. Chen, T.-R. Chang, 
R. Yukawa, C.-M. Cheng, C.-Y. Mou, I. Matsuda, T. -C. Chiang, H. -T. Jeng and S. -J. Tang, Phys. Rev. Materials 2 
(2018) 024003 (1-8).

16. Time-Resolved Photoelectron Spectroscopy: I. Matsuda, Compendium of Surface and Interface Analysis Contributed 
Book (Springer) (2018). 

17. Superstructure-Induced Splitting of Dirac Cones in Silicene: B. Feng, H. Zhou, Y. Feng, H. Liu, S. He, I. Matsuda,  
L. Chen, E. F. Schwier, K. Shimada, S. Meng and K. Wu, Phys. Rev. Lett. 122 (2019) 196801(1-6).
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18. *Direct Evidence of Interfacial Hydrogen Bonding in Proton-Electron Concerted 2D Organic Bilayer on Au Substrate: 
S. Yamamoto, H. S. Kato, A. Ueda, S. Yoshimoto, Y. Hirata, J. Miyawaki, K. Yamamoto, Y. Harada, H. Wadati, H. Mori, 
J. Yoshinobu and I. Matsuda, e-Journal of Surface Science and Nanotechnology 17 (2019) 49-55.

19. †Enhanced Photoresponsivity of Fullerene in the Presence of Phthalocyanine: A Time-Resolved X-ray Photoelec-
tron Spectroscopy Study of Phthalocyanine/C 60 /TiO 2 (110): K. Ozawa, S. Yamamoto, M. D’angelo, Y. Natsui,  
N. Terashima, K. Mase and I. Matsuda, J. Phys. Chem. C 123 (2019) 4388-4395.

20. Electronic structure of a monoatomic Cu2Si layer on a Si(111) substrate: M. Cameau, R. Yukawa, C. -H. Chen,  
A. Huang, S. Ito, R. Ishibiki, K. Horiba, Y. Obata, T. Kondo, H. Kumigashira, H. -T. Jeng, M. D'angelo and I. Matsuda, 
Phys. Rev. Materials 3 (2019) 044004 (1-5).

21. Semimetallicity of free-standing hydrogenated monolayer boron from MgB2: I. Tateishi, N. T. Cuong, C. A. S. Moura, 
M. Cameau, R. Ishibiki, A. Fujino, S. Okada, A. Yamamoto, M. Araki, S. Ito, S. Yamamoto, M. Niibe, T. Tokushima,  
D. E. Weibel, T. Kondo, M. Ogata and I. Matsuda, Phys. Rev. Materials 3 (2019) 024004 (1-8).

22. *Hydrogen adsorption and absorption on a Pd-Ag alloy surface studied using in-situ X-ray photoelectron spectroscopy 
under ultrahigh vacuum and ambient pressure: J. Tang, S. Yamamoto, T. Koitaya, Y. Yoshikura, K. Mukai, S. Yoshimoto, 
I. Matsuda and J. Yoshinobu, Applied Surface Science 463 (2019) 1161-1167.

23. *Mass transport in the PdCu phase structures during hydrogen adsorption and absorption studied by XPS under 
hydrogen atmosphere: J. Tang, S. Yamamoto, T. Koitaya, A. Yoshigoe, T. Tokunaga, K. Mukai, I. Matsuda and J. Yoshi-
nobu, Applied Surface Science 480 (2019) 419-426.

24. *CO2 Activation and Reaction on Zn-Deposited Cu Surfaces Studied by Ambient-Pressure X-ray Photoelectron 
Spectroscopy: T. Koitaya, S. Yamamoto, Y. Shiozawa, Y. Yoshikura, M. Hasegawa, J. Tang, K. Takeuchi, K. Mukai,  
S. Yoshimoto, I. Matsuda and J. Yoshinobu, ACS Catal. 9 (2019) 4539-4550.

25. Segmented Undulator for Extensive Polarization Controls in ≤1 nm-rad Emittance Rings: I. Matsuda, S. Yamamoto,  
J. Miyawaki, T. Abukawa and T. Tanaka, e-J. Surf. Sci. Nanotechnol. 17 (2019) 41-48.

26. Monatomic Two-Dimensional Layers: Modern Experimental Approaches for Structure, Properties, and Industrial Use:  
I. M. ed., (Elsevier, Amsterdam, Netherland, 2019).

Kobayashi group

We are studying the state-of-the-art laser system including ultrashort-pulse lasers and deep-ultraviolet lasers. We aim to know 
"How and Why materials are broken by light?" utilizing experiment of light-matter interaction and deep-learning technology.

1. †Deep-hole drilling of amorphous silica glass by extreme ultraviolet femtosecond pulses: T. Shibuya, T. Takahashi,  
K. Sakaue, T.-H. Dinh, H. Hara, T. Higashiguchi, M. Ishino, Y. Koshiba, M. Nishikino, H. Ogawa, M. Tanaka,  
M. Washio, Y. Kobayashi and R. Kuroda, Appl. Phys. Lett. 113 (2018) 171902.

2. Pulse-by-pulse depth profile measurement of femtosecond laser ablation on copper: S. Tani and Y. Kobayashi, Appl. 
Phys. A 124 (2018) 265 (1-5).

3. Watt-level 193 nm source generation based on compact collinear cascaded sum frequency mixing configuration:  
Z. Zhao, C. Qu, H. Igarashi, H. Xuan, T. Miura, S. Ito and Y. Kobayashi, Opt. Express 26 (2018) 19435-19444.

4. †*100 MHz high-speed strain monitor using fiber Bragg grating and optical filter applied for magnetostriction measure-
ments of cobaltite at magnetic fields beyond 100 T: A. Ikeda, T. Nomura, Y. H. Matsuda, S. Tani, Y. Kobayashi,  
H. Watanabe and K. Sato, Physica B: Condensed Matter 536 (2018) 847-849.

5. High-Power, Solid-State, Deep Ultraviolet Laser Generation: H. Xuan, H. Igarashi, S. Ito, C. Qu, Z. Zhao and  
Y. Kobayashi, Appl. Sci. 8 (2018) 223 (1-13).

6. Efficient high harmonics generation by enhancement cavity driven with a post-compressed FCPA laser at 10 MHz:  
Z. Zhao, A. Ozawa, M. Kuwata-Gonokami and Y. Kobayashi, High Pow Laser Sci Eng 6 (2018) e19 (1-6).

7. *Femtosecond pulse generation beyond photon lifetime limit in gain-switched semiconductor lasers: T. Ito, H. Nakamae, 
Y. Hazama, T. Nakamura, S. Chen, M. Yoshita, C. Kim, Y. Kobayashi and H. Akiyama, Commun. Phys. 1 (2018) 42.

8. Kerr-lens mode locking above a 20  GHz repetition rate: S. Kimura, S. Tani and Y. Kobayashi, Optica 6 (2019) 532-533.

9. Raman-assisted broadband mode-locked laser: S. Kimura, S. Tani and Y. Kobayashi, Sci Rep 9 (2019) 3738 (1-6).
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10. Direct generation of femtosecond vortex beam from a Yb:KYW oscillator featuring a defect-spot mirror: S. Wang,  
Z. Zhao, I. Ito and Y. Kobayashi, OSA Continuum 2 (2019) 523-530.

11. Monolithic LiF or MgF2 lens-window-prism device for coherent 10.7  eV beam source with 1  MHz repetition rate:  
Z. Zhao, K. Kuroda, A. Harasawa, T. Kondo, S. Shin and Y. Kobayashi, Chin. Opt. Lett. 17 (2019) 051406.

12. Improvement of conversion efficiency of DUV light generation at 221-nm using CLBO crystal: H. Igarashi, Z. Zhao, 
H. Xuan, C. Qu, S. Ito, Y. Tamaru, M. Tamiya, T. Miura, J. Fujimoto, H. Mizoguchi and Y. Kobayashi, in: Proc. SPIE 
10516, Nonlinear Frequency Generation and Conversion: Materials and Devices XVII (SPIE, 2018), 1051602 (1-7).

13. TACMI コンソーシアムの展望 : 小林 洋平 , 光アライアンス 29 (2018) 43.

14. レーザー加工がもたらす未来のものづくりシステムとは？ ＡＩを駆使した加工レシピの最適化へ : 小林 洋平 , OPTRONICS 4 
(2018) 167-172.

15. ものづくりを変える！ＮＥＤＯのレーザー加工技術 : 小林 洋平 , forcus NEDO 68 (2018) 4.

16. カーレンズモード同期レーザーを用いた高繰り返し光周波数コムの開発 : 木村 祥太 , 谷 峻太郎 , 小林 洋平 , 光技術コンタ
クト 57 (2019) 3-9.

17. *Gerard A. Mourou 博士とチャープパルス増幅法 : 渡部 俊太郎 , 鍋川 康夫 , 板谷 治郎 , 小林 洋平 , 科学 82 巻 2 号 
(2019) 131-137.

Itatani group

We developed a high harmonic beamline for soft X-ray spectroscopy in the water window. Using a few-cycle CEP-stable intense 
IR source (optical parametric chirped pulse amplifier; OPCPA), attosecond pulses were produced in helium with a high pressure 
gas cell, resulting in broadband soft X-ray spectra that cover the entire water window (280-530 eV). We also developed an 
intense MIR source with a multi-plate pulse compression technique. Sub-two-cycle pulses at at 3.5-μm with a stable carrier-
envelope phase were successfully produced. The maximum field amplitude at the focus was estimated to be 280 MV/cm. Using 
intense MIR sources, we carried out several experiments on high harmonic generation in solids. With a crystalline GaSe, we 
observed nontrivial polarization behavior, which was reproduced by the first-principle simulation and an intra-band current 
model. We also produced high harmonics in GaSe with circularly polarized pulses, and experimentally confirmed a selection 
rule. Collaboration with Shin and Okazaki groups was continued on time-resolved ARPES experiments.

1. †*Antiphase Fermi-surface modulations accompanying displacement excitation in a parent compound of iron-based 
superconductors: K. Okazaki, H. Suzuki, T. Suzuki, T. Yamamoto, T. Someya, Y. Ogawa, M. Okada, M. Fujisawa,  
T. Kanai, N. Ishi, J. Itatani, M. Nakajima, H. Eisaki, A. Fujimori and S. Shin, Phys. Rev. B 97 (2018) 121107(R) (1-6).

2. †Polarization-Resolved Study of High Harmonics from Bulk Semiconductors: K. Kaneshima, Y. Shinohara, K. Takeuchi, 
N. Ishii, K. Imasaka, T. Kaji, S. Ashihara, K. L. Ishikawa and J. Itatani, Phys. Rev. Lett. 120 (2018) 243903.

3. †*Resonant magneto-optical Kerr effect measurement system using a high harmonic generation laser: Sh. Yamamoto, 
D. Oumbarek, M. Fujisawa, T. Someya, Y. Takahashi, T. Yamamoto, N. Ishiia, K. Yajia, S. Yamamoto, T. Kanai,  
K. Okazaki, M. Kotsugi, J. Itatani, S. Shin and I. Matsuda, J. Electron Spectrosc. Relat. Phenom. 222 (2018) 68-73.

4. Generation of sub-two-cycle CEP-stable optical pulses at 3.5  µm from a KTA-based optical parametric amplifier with 
multiple-plate compression: F. Lu, P. Xia, Y. Matsumoto, T. Kanai, N. Ishii and J. Itatani, Opt. Lett. 43 (2018) 2720.

5. All-optical characterization of the two-dimensional waveform and the Gouy phase of an infrared pulse based on plasma 
fluorescence of gas: N. Saito, N. Ishii, T. Kanai and J. Itatani, Opt. Express 26 (2018) 24591.

6. †Generation of sub-two-cycle millijoule infrared pulses in an optical parametric chirped-pulse amplifier and their 
application to soft x-ray absorption spectroscopy with high-flux high harmonics: N. Ishii, K. Kaneshima, T. Kanai,  
S. Watanabe and J. Itatani, J. Opt. 20 (2018) 014003 (1-6).

7. †*Photo-induced semimetallic states realised in electron–hole coupled insulators: K. Okazaki, Y. Ogawa, T. Suzuki,  
T. Yamamoto, T. Someya, S. Michimae, M. Watanabe, Y. Lu, M. Nohara, H. Takagi, N. Katayama, H. Sawa,  
M. Fujisawa, T. Kanai, N. Ishii, J. Itatani, T. Mizokawa and S. Shin, Nat Commun 9 (2018) 4322 (1-6).

8. *Nonlinear propagation effects in high harmonic generation in reflection and transmission from gallium arsenide: P. Xia, 
C. Kim, F. Lu, T. Kanai, H. Akiyama, J. Itatani and N. Ishii, Optics Express 26 (2018) 29393-29400.
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9. †Ultrafast Control of Ferroelectricity with Dynamical Repositioning of Protons in a Supramolecular Cocrystal Studied 
by Femtosecond Nonlinear Spectroscopy: T. Umanodan, K. Kaneshima, K. Takeuchi, N. Ishii, J. Itatani, H. Hirori,  
Y. Sanari, K. Tanaka, Y. Kanemitsu, T. Ishikawa, S.-Y. Koshihara, S. Horiuchi and Y. Okimoto, J. Phys. Soc. Jpn. 88 
(2019) 013705.

10. Optical parametric amplification of carrier-envelope phase-stabilized mid-infrared pulses generated by intra-pulse 
difference frequency generation: N. Ishii, P. Xia, T. Kanai and J. Itatani, Opt. Express 27 (2019) 11447.

11. †High-order harmonic generation from hybrid organic–inorganic perovskite thin films: H. Hirori, P. Xia, Y. Shinohara, 
T. Otobe, Y. Sanari, H. Tahara, N. Ishii, J. Itatani, K. L. Ishikawa, T. Aharen, M. Ozaki, A. Wakamiya and Y. Kanemitsu, 
APL Materials 7 (2019) 041107.

12. *Gerard A. Mourou 博士とチャープパルス増幅法 : 渡部 俊太郎 , 鍋川 康夫 , 板谷 治郎 , 小林 洋平 , 科学 82 巻 2 号 
(2019) 131-137.

Harada group

Advanced use of Resonant Inelastic X-ray Scattering is not limited to solid state physics or solution chemistry but now 
extending to biochemistry. Before entering real biosystems which contain extremely complex and inhomogeneous local struc-
ture and multi-elements we analyzed functional part of biosystems using model complexes like iron complexes, iron–sulfur 
complexes and cobalt containing polyoxometalate complexes. Charge transfer dynamics among metal sites of those complexes 
mediated by anionic ligands are essential to function biomaterials through catalysis, molecular binding, electron transfer and so 
on. We have established novel methods to obtain intact spectra of those fragile complexes to X-rays without radiation damage 
and published three papers this year. We have performed 13 collaborative works at BL07LSU HORNET end-station. They are 
well balanced in scientific topics; five of which are studies on the behavior of water at various circumstances (including inter-
national collaborations with researchers in MAX IV and Stockholm University in Sweden), four are batteries and the remaining 
four are solid state physics. Using beamtimes for beamline tuning we accepted some test experiments on samples from compa-
nies for future collaborations.

1. †Electronic structure and magnetic properties of the half-metallic ferrimagnet Mn2VAl probed by soft x-ray spectrosco-
pies: K. Nagai, H. Fujiwara, H. Aratani, S. Fujioka, H. Yomosa, Y. Nakatani, T. Kiss, A. Sekiyama, F. Kuroda, H. Fujii, 
T. Oguchi, A. Tanaka, J. Miyawaki, Y. Harada, Y. Takeda, Y. Saitoh, S. Suga and R. Y. Umetsu, Phys. Rev. B 97 (2018) 
035143 (1-8).

2. †Raman and fuorescence-like components in resonant inelastic x-ray scattering on LaAlO3/SrTiO3 heterostructures:  
F. Pfaff, H. Fujiwara, G. Berner, A. Yamasaki, H. Niwa, H. Kiuchi, A. Gloskovskii, W. Drube, J. Gabel, O. Kirilmaz,  
A. Sekiyama, J. Miyawaki, Y. Harada, S. Suga, M. Sing and R. Claessen, Phys. Rev. B 97 (2018) 035110 (1-8).

3. †*Tensile-Strain-Dependent Spin States in Epitaxial LaCoO3 Thin Films: Y. Yokoyama, Y. Yamasaki, M. Taguchi,  
Y. Hirata, K. Takubo, J. Miyawaki, Y. Harada, D. Asakura, J. Fujioka, M. Nakamura, H. Daimon, M. Kawasaki,  
Y. Tokura and H. Wadati, Phys. Rev. Lett. 120 (2018) 206402 (1-5).

4. †Electronic Spectra of Iron–Sulfur Complexes Measured by 2p3d RIXS Spectroscopy: B. E. V. Kuiken, A. W. Hahn,  
B. Nayyar, C. E. Schiewer, S. C. Lee, F. Meyer, T. Weyhermüller, A. Nicolaou, Y.-T. Cui, J. Miyawaki, Y. Harada and  
S. DeBeer, Inorg. Chem. 57 (2018) 7355-7361.

5. †Probing the Valence Electronic Structure of Low-Spin Ferrous and Ferric Complexes Using 2p3d Resonant Inelastic 
X-ray Scattering (RIXS): A. W. Hahn, B. E. V. Kuiken, V. G. Chilkuri, N. Levin, E. Bill, T. Weyhermüller, A. Nicolaou, 
J. Miyawaki, Y. Harada and S. DeBeer, Inorg. Chem. 57 (2018) 9515-9530.

6. †Direct Observation of Cr3+ 3d States in Ruby: Toward Experimental Mechanistic Evidence of Metal Chemistry: M. O. 
J. Y. Hunault, Y. Harada, J. Miyawaki, J. Wang, A. Meijerink, F. M. F. D. Groot and M. M. van Schooneveld, J. Phys. 
Chem. A 122 (2018) 4399-4413.

7. †Cobalt-to-vanadium charge transfer in polyoxometalate water oxidation catalysts revealed by 2p3d resonant inelastic 
X-ray scattering: B. Liu, E. N. Glass, R.-P. Wang, Y.-T. Cui, Y. Harada, D.-J. Huang, S. Schuppler, C. L. Hill and F. M. 
F. de Groot, Phys. Chem. Chem. Phys. 20 (2018) 4554-4562.

8. Resonant Inelastic X-ray Scattering (RIXS): Y. Harada, Synchrotron Radiation News 31 (2018) 2.

9. Resonant Inelastic X-Ray Scattering: Y. Harada, in: Compendium of Surface and Interface Analysis, Ch 86, edited by 
The Surface Science Society of Japan, (Springer, 2-40-13-402 Hongo, Bunkyo-ku, Tokyo 113-0033, 2018), 531-537.
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Wadati group

We succeeded in the observation of tensile-strain dependent spin states in epitaxial LaCoO3 thin films by using soft x-ray 
RIXS in SPring-8 BL07LSU. We also started to use SACLA soft x-ray beam line and obtained second-harmonic generation of 
GaFeO3. 

1. Commensurate versus incommensurate charge ordering near the superconducting dome in Ir1-xPtxTe2 revealed by 
resonant x-ray scattering: K. Takubo, K. Yamamoto, Y. Hirata, H. Wadati, T. Mizokawa, R. Sutarto, F. He, K. Ishii,  
Y. Yamasaki, H. Nakao, Y. Murakami, G. Matsuo, H. Ishii, M. Kobayashi, K. Kudo and M. Nohara, Phys. Rev. B 97 
(2018) 205142 (1-9).

2. Thickness dependence and dimensionality effects on charge and magnetic orderings in La1/3Sr2/3FeO3 thin films:  
K. Yamamoto, Y. Hirata, M. Horio, Y. Yokoyama, K. Takubo, M. Minohara, H. Kumigashira, Y. Yamasaki, H. Nakao,  
Y. Murakami, A. Fujimori and H. Wadati, Phys. Rev. B 97 (2018) 075134 (1-6).

3. *Femtosecond resonant magneto-optical Kerr effect measurement on an ultrathin magnetic film in a soft X-ray free 
electron laser: S. Yamamoto, Y. Kubota, K. Yamamoto, Y. Takahashi, K. Maruyama, Y. Suzuki, R. Hobara, M. Fujisawa, 
D. Oshima, S. Owada, T. Togashi, K. Tono, M. Yabashi, Y. Hirata, S. Yamamoto, M. Kotsugi, H. Wadati, T. Kato,  
S. Iwata, S. Shin and I. Matsuda, Jpn. J. Appl. Phys. 57 (2018) 09TD02 (1-4).

4. †*Electronic Structure of Ce-Doped and -Undoped Nd2CuO4 Superconducting Thin Films Studied by Hard X-Ray 
Photoemission and Soft X-Ray Absorption Spectroscopy: M. Horio, Y. Krockenberger, K. Yamamoto, Y. Yokoyama,  
K. Takubo, Y. Hirata, S. Sakamoto, K. Koshiishi, A. Yasui, E. Ikenaga, S. Shin, H. Yamamoto, H. Wadati and  
A. Fujimori, Phys. Rev. Lett. 120 (2018) 257001 (1-6).

5. *Element Selectivity in Second-Harmonic Generation of GaFeO3 by a Soft-X-Ray Free-Electron Laser: Sh. 
Yamamoto, T. Omi, H. Akai, Y. Kubota, Y. Takahashi, Y. Suzuki, Y. Hirata, K. Yamamoto, R. Yukawa, K. Horiba,  
H. Yumoto, T. Koyama, H. Ohashi, S. Owada, K. Tono, M. Yabashi, E. Shigemasa, S. Yamamoto, M. Kotsugi, H. Wadati,  
H. Kumigashira, T. Arima, S. Shin and I. Matsuda, Phys. Rev. Lett. 120 (2018) 223902 (1-5).

6. †*Tensile-Strain-Dependent Spin States in Epitaxial LaCoO3 Thin Films: Y. Yokoyama, Y. Yamasaki, M. Taguchi,  
Y. Hirata, K. Takubo, J. Miyawaki, Y. Harada, D. Asakura, J. Fujioka, M. Nakamura, H. Daimon, M. Kawasaki,  
Y. Tokura and H. Wadati, Phys. Rev. Lett. 120 (2018) 206402 (1-5).

7. スピンのダイナミクスを元素別に見る（Keyword: 時間分解 XMCD）: 和達 大樹 , 日本物理学会誌 73 (2018) 4.

8. *X-Ray Absorption Spectroscopy of 4f Compounds and Future Directions Toward Time-resolved Measurements:  
H. Wadati, K. Takubo, T. Tsuyama, Y. Yokoyama, K. Yamamoto, Y. Hirata, T. Ina, K. Nitta, M. Mizumaki, T. Togashi,  
S. Suzuki, Y. Matsumoto and S. Nakatsuji, Adv. X-Ray. Chem. Anal., Japan 49 (2018) 169-175.

9. Magnetic and electronic properties of B-site-ordered double-perovskite oxide La2CrMnO6 thin films: K. Yoshimatsu, 
J. Ishimaru, K. Watarai, K. Yamamoto, Y. Hirata, H. Wadati, Y. Takeda, K. Horiba, H. Kumigashira, O. Sakata and  
A. Ohtomo, Phys. Rev. B 99 (2019) 235129 (1-8).

10. Photo-induced Spin Dynamics Revealed by Time-resolved Measurements with X-ray Free Electron Laser: K. Yamamoto 
and H. Wadati, Magnetics Jpn. 14, No.3 (2019) 140-145.

Kondo group

We use angle-resolved photoemission spectroscopy (ARPES) with ultrahigh energy resolution. The main findings in 2018 are 
as follows: (1) a weak topological insulator state in α-Bi4I4, (2) Orbital-selective metal-insulator transition lifting the t2g band 
hybridization in the Hund metal Sr3(Ru1-xMnx )2O7, and (3) Kondo hybridization and quantum criticality in β-YbAlB4.

1. *Kondo hybridization and quantum criticality in β−YbAlB4 by laser ARPES: C. Bareille, S. Suzuki, M. Nakayama,  
K. Kuroda, A. H. Nevidomskyy, Y. Matsumoto, S. Nakatsuji, T. Kondo and S. Shin, Phys. Rev. B 97 (2018) 045112 
(1-7).

2. †*Experimental Determination of the Topological Phase Diagram in Cerium Monopnictides: K. Kuroda, M. Ochi,  
H. S. Suzuki, M. Hirayama, M. Nakayama, R. Noguchi, C. Bareille, S. Akebi, S. Kunisada, T. Muro, M. D. Watson,  
H. Kitazawa, Y. Haga, T. K. Kim, M. Hoesch, S. Shin, R. Arita and T. Kondo, Phys. Rev. Lett. 120 (2018) 086402 (1-6).

3. *Observation of topological superconductivity on the surface of an iron-based superconductor: P. Zhang, K. Yaji, 
T. Hashimoto, Y. Ota, T. Kondo, K. Okazaki, Z. Wang, J. Wen, G. D. Gu, H. Ding and S. Shin, Science 360 (2018) 
182-186.
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4. * レーザー励起スピン分解光電子分光で解き明かす光スピン制御 : 矢治光 一郎 , 黒田 健太 , 小森 文夫 , 辛 埴 , 光学 47 
(2018) 142-147.

5. *Experimental Methods for Spin and Angle-Resolved Photoemission Spectroscpy Combined with Polarization Variable 
Laser: K. Kuroda, K. Yaji, A. Harasawa, R. Noguchi, T. Kondo, F. Komori and S. Shin, JoVE 136 (2018) e57090.

6. *Orbital-selective metal-insulator transition lifting the t2g band hybridization in the Hund metal Sr3(Ru1-xMnx)2O7: 
M. Nakayama, T. Kondo, K. Kuroda, C. Bareille, M. D. Watson, S. Kunisada, R. Noguchi, T. K. Kim, M. Hoesch,  
Y. Yoshida and S. Shin, Physical Review B 98 (2018) 161102(R).

7. *Rashba spin splitting of L-gap surface states on Ag(111) and Cu(111): K. Yaji, A. Harasawa, K. Kuroda, R. Li, B. Yan, 
F. Komori and S. Shin, Physical Review B 98 (2018) 041404(R).

8. *レーザーで電子のスピン方向を自由に制御: 矢治光 一郎, 黒田 健太, 小森 文夫, 辛 埴 , レーザー加工学会誌 25 (2018) 
39-42.

9. 時間分解二光子光電子分光を用いたトポロジカル絶縁体表面状態における光ガルバニック効果の観測 : 黒田 健太 , 表面と
真空 61 (2018) 302.

10. *A weak topological insulator state in quasi-one-dimensional bismuth iodide: R. Noguchi, T. Takahashi, K. Kuroda, M. 
Ochi, T. Shirasawa, M. Sakano, C. Bareille, M. Nakayama, M. D. Watson, K. Yaji, A. Harasawa, H. Iwasawa, P. Dudin, 
T. K. Kim, M. Hoesch, V. Kandyba, A. Giampietri, A. Barinov, S. Shin, R. Arita, T. Sasagawa and T. Kondo, Nature 566 
(2019) 518.

11. *Low-energy electron-mode couplings in the surface bands of Sr2RuO4 revealed by laser-based angle-resolved photo-
emission spectroscopy: S. Akebi, T. Kondo, M. Nakayama, K. Kuroda, S. Kunisada, H. Taniguchi, Y. Maeno and  
S. Shin, Physical Review B 99 (2019) 081108(R).

12. †*Multiple topological states in iron-based superconductors: P. Zhang, Z. Wang, X. Wu, K. Yaji, Y. Ishida, Y. Kohama,  
G. Dai, Y. Sun, C. Bareille, K. Kuroda, T. Kondo, K. Okazaki, K. Kindo, X. Wang, C. Jin, J. Hu, R. Thomale,  
K. Sumida, S. Wu, K. Miyamoto, T. Okuda, H. Ding, G. D. Gu, T. Tamegai, T. Kawakami, M. Sato and S. Shin, Nature 
Phys 15 (2019) 41-48.

Matsunaga group

Matsunaga group investigated light-matter interactions and light-induced nonequilibrium phenomena by utilizing terahertz 
(THz) wave, infrared, and visible light sources based on ultrafast pulsed laser technology. Polarization-sensitive THz time-
domain spectroscopy system was developed with precision of several tens of micro rad between 0.5 and 2.0 THz frequency. 
By using this system, terahertz anomalous Hall effect in quantum materials were investigated. High-frequency THz pulge 
generation technique was also developed using Yb:KGW laser with 250 femtosecond pulse width. Novel pulse compression 
technique using a series of quartz plates were developed and evaluated, and broadband THz generation up to several tens of THz 
frequency with remarkable stability of carrier-envelope phase were realized.

Okazaki group

We have investigated superconducting-gap structures of unconventional superconductors by a low-temperature and high-
resolution laser ARPES apparatus and transient electronic structures in photo-excited non-equilibrium states by a time-resolved 
ARPES apparatus using EUV and SX lasers. In the fiscal year 2018, we have investigated the systematic S substitution depen-
dence of the electronic structure of FeSe1-xSx in the superconducting state, and found strong evidence that this system is located 
in the BCS-BEC crossover regime. In addition, we have obtained strong evidence that Ta2NiSe5 is an excitonic insulator from 
its dynamical behavior to photo-excitation, and found a photo-induced transition from an excitonic insulating state to an exotic 
non-equilibrium semimetallic state in this material.

1. †*Antiphase Fermi-surface modulations accompanying displacement excitation in a parent compound of iron-based 
superconductors: K. Okazaki, H. Suzuki, T. Suzuki, T. Yamamoto, T. Someya, Y. Ogawa, M. Okada, M. Fujisawa,  
T. Kanai, N. Ishi, J. Itatani, M. Nakajima, H. Eisaki, A. Fujimori and S. Shin, Phys. Rev. B 97 (2018) 121107(R) (1-6).

2. *Observation of topological superconductivity on the surface of an iron-based superconductor: P. Zhang, K. Yaji, 
T. Hashimoto, Y. Ota, T. Kondo, K. Okazaki, Z. Wang, J. Wen, G. D. Gu, H. Ding and S. Shin, Science 360 (2018) 
182-186.

3. †*Resonant magneto-optical Kerr effect measurement system using a high harmonic generation laser: Sh. Yamamoto, 
D. Oumbarek, M. Fujisawa, T. Someya, Y. Takahashi, T. Yamamoto, N. Ishiia, K. Yajia, S. Yamamoto, T. Kanai,  
K. Okazaki, M. Kotsugi, J. Itatani, S. Shin and I. Matsuda, J. Electron Spectrosc. Relat. Phenom. 222 (2018) 68-73.
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4. *Superconducting gap anisotropy sensitive to nematic domains in FeSe: T. Hashimoto, Y. Ota, H. Q. Yamamoto,  
Y. Suzuki, T. Shimojima, S. Watanabe, C. Chen, S. Kasahara, Y. Matsuda, T. Shibauchi, K. Okazaki and S. Shin, Nat. 
Commun. 9 (2018) 282 (1-7).

5. †*Superconducting Pairing of Topological Surface States in Bismuth Selenide Films on Niobium: D. Flötotto, Y. Ota, 
Y. Bai, C. Zhang, K. Okazaki, A. Tsuzuki, T. Hashimoto, J. N. Eckstein, S. Shin and T. -C. Chiang, Sci. Adv. 4 (2018) 
eaar7214 (1-5).

6. †*Photo-induced semimetallic states realised in electron–hole coupled insulators: K. Okazaki, Y. Ogawa, T. Suzuki,  
T. Yamamoto, T. Someya, S. Michimae, M. Watanabe, Y. Lu, M. Nohara, H. Takagi, N. Katayama, H. Sawa, M. 
Fujisawa, T. Kanai, N. Ishii, J. Itatani, T. Mizokawa and S. Shin, Nat Commun 9 (2018) 4322 (1-6).

7. †*Multiple topological states in iron-based superconductors: P. Zhang, Z. Wang, X. Wu, K. Yaji, Y. Ishida, Y. Kohama,  
G. Dai, Y. Sun, C. Bareille, K. Kuroda, T. Kondo, K. Okazaki, K. Kindo, X. Wang, C. Jin, J. Hu, R. Thomale,  
K. Sumida, S. Wu, K. Miyamoto, T. Okuda, H. Ding, G. D. Gu, T. Tamegai, T. Kawakami, M. Sato and S. Shin, Nature 
Phys 15 (2019) 41-48.

† Joint research with outside partners.
* Joint research between groups within ISSP.
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