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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 2017 include: (1) Determination of complete phase diagram of ferro qudrupole order in PrTi2Al20 showing remarkable 
anisotropy with respect to the magnetic fied direction, (2) successful explanation of the above results by mean field calculation 
of a model hamiltonian including field dependent anisotropic quadupole interactioin, and (3) synthesis of single crystal of the 
breathing pyrochlore material LiGa Cr4O8 followed by magnetiation and NMR measuremengs on the magnetic ordering and 
spin structure. 

1. *Collinear spin density wave order and anisotropic spin fluctuations in the frustrated J1-J2 chain magnet
NaCuMoO4(OH): K. Nawa, M. Yoshida, M. Takigawa, Y. Okamoto and Z. Hiroi, Phys. Rev. B 96 (2017) 174433(1-9).

2. Dynamics of bound magnon pairs in the quasi-one-dimensional frustrated magnet LiCuVO4: K. Nawa, M. Takigawa,
S. Krämer, M. Horvatic, C. Berthier, M. Yoshida and K. Yoshimura, Phys. Rev. B 96 (2017) 134423(1-6).

3. *J1-J2 square-lattice Heisenberg antiferromagnets with 4d1 spins AMoOPO4Cl (A=K, Rb): H. Ishikawa, N. Nakamura,
M. Yoshida, M. Takigawa, P. Babkevich, N. Qureshi, H. M. Rønnow, T. Yajima and Z. Hiroi, Phys. Rev. B 95 (2017)
064408(1-9).

4. *Spin dynamics in the high-field phases of volborthite: M. Yoshida, K. Nawa, H. Ishikawa, M. Takigawa, M. Jeong,
S. Krämer, M. Horvatic, C. Berthier, K. Matsui, T. Goto, S. Kimura, T. Sasaki, J. Yamaura, H. Yoshida, Y. Okamoto and
Z. Hiroi, Phys. Rev. B 96 (2017) 180413(R)(1-5).

5. *Classical Spin Nematic Transition in LiGa0.95In0.05Cr4O8: R. Wawrzynczak, Y. Tanaka, M. Yoshida, Y. Okamoto,
P. Manuel, N. Casati, Z. Hiroi, M. Takigawa and G. J. Nilsen, Phys. Rev. Lett. 119 (2017) 087201(1-6).

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 
2017. (1) Field-induced ferromagnetic quantum phase transition of itinerant Ising ferromagnet URhGe has been studied by 
means of angle-resolved magnetization measurements. Details of the wing structure phase diagram is obtained. A tricritical 
point is likely to exists at ~4 K. (2) Quantum criticality of the spin-1/2 ferromagnetic-leg ladder 3-I-V [=3-(3-iodophenyl)-
1,5-diphenylverdazyl] has been examined with respect to the antiferromagnetic to paramagnetic phase transition. The critical 
exponents of the phase boundary agreed with a theoretical prediction of the quasi-1D Bose-Einstein condensation. (3) We 
studied the superconducting (SC) gap symmetry and magnetic response of cubic U0.97Th0.03Be13 by means of heat capacity and 
magnetization measurements. We confirmed that the previously-reported second phase transition is between two different SC 
states. Field and orientation dependences of the heat capacity indicate that the gap is fully opened over the Fermi surface. 

1. †Magnetic Properties and Magnetic Phase Diagrams of Trigonal DyNi3Ga9: H. Ninomiya, Y. Matsumoto, S. Nakamura,
Y. Kono, S. Kittaka, T. Sakakibara, K. Inoue and S. Ohara, J. Phys. Soc. Jpn. 86 (2017) 124704(1-7).

2. Structural, Magnetic, and Superconducting Properties of Caged Compounds ROs2Zn20 (R= La, Ce, Pr, and Nd):
K. Wakiya, T. Onimaru, K. T. Matsumoto, Y. Yamane, N. Nagasawa, K. Umeo, S. Kittaka, T. Sakakibara, Y. Matsushita
and T. Takabatake, J. Phys. Soc. Jpn. 86 (2017) 034707(1-6).

3. *Thermodynamic Investigation of Metamagnetic Transitions and Partial Disorder in the Quasi-Kagome Kondo Lattice
CePdAl: K. Mochidzuki, Y. Shimizu, A. Kondo, S. Nakamura, S. Kittaka, Y. Kono, T. Sakakibara, Y. Ikeda, Y. Isikawa
and K. Kindo, J. Phys. Soc. Jpn. 86 (2017) 034709(1-5).
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4. Gap structure of FeSe determined by angle-resolved specific heat measurements in applied rotating magnetic field:
Y. Sun, S. Kittaka, S. Nakamura, T. Sakakibara, K. Irie, T. Nomoto, K. Machida, J. Chen and T. Tamegai, Phys. Rev. B
96 (2017) 220505(1-5).

5. †Magnetic properties of the S=1/2 honeycomb lattice antiferromagnet 2-Cl-3,6-F2-V: T. Okabe, H. Yamaguchi,
S. Kittaka, T. Sakakibara, T. Ono and Y. Hosokoshi, Phys. Rev. B 95 (2017) 075120(1-6).

6. †Quasiparticle excitations and evidence for superconducting double transitions in monocrystalline U0.97Th0.03Be13:
Y. Shimizu, S. Kittaka, S. Nakamura, T. Sakakibara, D. Aoki, Y. Homma, A. Nakamura and K. Machida, Phys. Rev. B
96 (2017) 100505(1-5).

7. Three-dimensional Bose-Einstein condensation in the spin-1/2 ferromagnetic-leg ladder 3-Br-4-F-V: Y. Kono,
H. Yamaguchi, Y. Hosokoshi and T. Sakakibara, Phys. Rev. B 96 (2017) 104439(1-6).

8. Wing structure in the phase diagram of the Ising ferromagnet URhGe close to its tricritical point investigated by angle-
resolved magnetization measurements: S. Nakamura, T. Sakakibara, Y. Shimizu, S. Kittaka, Y. Kono, Y. Haga, J. Pospíšil
and E. Yamamoto, Phys. Rev. B 96 (2017) 094411(1-9).

9. Nodal gap structure of the heavy-fermion superconductor URu2Si2 revealed by field-angle-dependent specific-heat
measurements: S. Kittaka, Y. Shimizu, T. Sakakibara, Y. Haga, E. Yamamoto, Y. Onuki, Y. Tsutsumi, T. Nomoto,
H. Ikeda and K. Machida, J. Phys.: Conf. Ser. 807 (2017) 052001(1-6).

10. Thermodynamic properties of quadrupolar states in the frustrated pyrochlore magnet Tb2Ti2O7: H. Takatsu,
T. Taniguchi, S. Kittaka, T. Sakakibara and H. Kadowaki, J. Phys.: Conf. Ser. 828 (2017) 012007(1-6).

11. †Randomness-induced quantum spin liquid on honeycomb lattice: H. Yamaguchi, M. Okada, Y. Kono, S. Kittaka,
T. Sakakibara, T. Okabe, Y. Iwasaki and Y. Hosokoshi, Sci. Rep. 7 (2017) 16144(1-6).

12. *Unique Electronic States in Non-centrosymmetric Cubic Compounds: M. Kakihana, K. Nishimura, Y. Ashitomi,
T. Yara, D. Aoki, A. Nakamura, F. Honda, M. Nakashima, Y. Amako, Y. Uwatoko, T. Sakakibara, S. Nakamura,
T. Takeuchi, Y. Haga, E. Yamamoto, H. Harima, M. Hedo, T. Nakama and Y. Onuki, J. Electron. Mater. 46 (2017)
3572-3586.

13. Fully gapped superconductivity with no sign change in the prototypical heavy-fermion CeCu2Si2: T. Yamashita,
T. Takenaka, Y. Tokiwa, J. A. Wilcox, Y. Mizukami, D. Terazawa, Y. Kasahara, S. Kittaka, T. Sakakibara,
M. Konczykowski, S. Seiro, H. S. Jeevan, C. Geibel, C. Putzke, T. Onishi, H. Ikeda, A. Carrington, T. Shibauchi and
Y. Matsuda, Sci. Adv. 3 (2017) e1601667(1-7).

14. 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).

15. 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).

16. 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).

17. 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.

18. †*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).

19. 磁場角度回転比熱測定による超伝導研究 : 橘高俊 一郎 , 物性研究・電子版 6 (2017) 85-125.

Mori group

We have successfully developed and unveiled unprecedented functional properties for the molecular materials. The major 
achievements in 2017 are (1) to disclose the "proton-electron coupled properties" such as quantum spin liquid and H/D isotope 
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effects for our developed organic conductor, κ-H3(Cat-EDT-TTF)2, by the measurements of specific heat, dielectric response, 
and thermal conductivity, and DFT calculation, (2) to develop and reveal the peculiarities for novel hydrogen-bonded organic 
conductors, β-[BTBT(OH)2]2ClO4 and β'-H3(Cat-EDO-TTF)2BF4, and (3) to demonstrate the "charge-glass" in organic 
conductor, θ-(BEDT-TTF)2TlZn(SCN)4.

1. Thermodynamics of the quantum spin liquid state of the single-component dimer Mott system κ−H3(Cat−EDT−TTF)2:
S. Yamashita, Y. Nakazawa, A. Ueda and H. Mori, Phys. Rev. B 95 (2017) 184425(1-5).

2. Visualization of a nonlinear conducting path in an organic molecular ferroelectric by using emission of terahertz radia-
tion: M. Sotome, N. Kida, Y. Kinoshita, H. Yamakawa, T. Miyamoto, H. Mori and H. Okamoto, Phys. Rev. B 95 (2017)
241102R(1-5).

3. Improved stability of a metallic state in benzothienobenzothiophene-based molecular conductors: an effective increase
of dimensionality with hydrogen bonds: T. Higashino, A. Ueda, J. Yoshida and H. Mori, Chem. Commun. 53 (2017)
3426-3429.

4. Crystallization and vitrification of electrons in a glass-forming charge liquid: S. Sasaki, K. Hashimoto, R. Kobayashi,
K. Itoh, S. Iguchi, Y. Nishio, Y. Ikemoto, T. Moriwaki, N. Yoneyama, M. Watanabe, A. Ueda, H. Mori, K. Kobayashi,
R. Kumai, Y. Murakami, J. Müller and T. Sasaki, Science 357 (2017) 1381-1385.

5. Multicomponent DFT study of geometrical H/D isotope effect on hydrogen-bonded organic conductor, κ-H3(Cat
EDT-ST)2: K. Yamamoto, Y. Kanematsu, U. Nagashima, A. Ueda, H. Mori and M. Tachikawa, Chem. Phys. Lett. 674
(2017) 168-172.

6. *Quantum-disordered state of magnetic and electric dipoles in an organic Mott system: M. Shimozawa, K. Hashimoto,
A. Ueda, Y. Suzuki, K. Sugii, S. Yamada, Y. Imai, R. Kobayashi, K. Itoh, S. Iguchi, M. Naka, S. Ishihara, H. Mori,
T. Sasaki and M. Yamashita, Nat. Commun. 8 (2017) 1821(1-6).

7. Anion substitution in hydrogen-bonded organic conductors: the chemical pressure effect on hydrogen-bond-mediated
phase transition: J. Yoshida, A. Ueda, R. Kumai, Y. Murakami and H. Mori, CrystEngComm 19 (2017) 367-375.

8. Valence engineering of ionic molecular crystals: monovalent–divalent phase diagram for biferrocene–tetracyanoquinodi-
methane salts: T. Mochida, Y. Funasako, T. Akasaka, M. Uruichi and H. Mori, CrystEngComm 19 (2017) 1449-1453.

9. Spin-Singlet Transition in the Magnetic Hybrid Compound from a Spin-Crossover Fe(III) Cation and π-Radical Anion:
K. Takahashi, T. Sakurai, W.-M. Zhang, S. Okubo, H. Ohta, T. Yamamoto, Y. Einaga and H. Mori, Inorganics 5 (2017)
54(1-14).

10. Development of Novel Functional Organic Crystals by Utilizing Proton- and π-Electron-Donating/Accepting Abilities:
A. Ueda, Bull. Chem. Soc. Jpn 90 (2017) 1181-1188.

11. 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).

12. 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).

13. †*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.

14. 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.

15. 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.

16. 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 (2018), in print.

Osada group

A layered organic Dirac semimetal α-(BEDT-TTF)2I3 shows a metal-insulator transition due to charge ordering (CO) at ambient 
pressure, which is suppressed by applying pressure. We found that its temperature dependence of resistance below the CO 
transition shows no insulating behavior but metallic behavior in the weak CO state just below the critical pressure (~ 1.1 GPa). 
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We investigated the temperature dependence of magnetoresistance in detail, and concluded that the gapped Dirac fermion 
state is realized in the weak CO state. Based on these experimental result, we consider the electronic structure of α-(BEDT-
TTF)2I3 with intracellular potential and magnetic modulations due to CO, which were observed in NMR measurement. This is 
an organic analogue of the Haldane model in graphene. When magnetic modulation is sufficiently large, the system becomes a 
Chern insulator, where the Berry curvatures around two gapped Dirac cones have the same sign on each band, and one chiral 
edge state connects the conduction and valence bands at each crystal edge. We pointed out the possibility that the metallic trans-
port in the weak CO state originates from the edge transport in the Chern insulator state.

1. Chern Insulator Phase in a Lattice of an Organic Dirac Semimetal with Intracellular Potential and Magnetic Modula-
tions: T. Osada, J. Phys. Soc. Jpn. 86 (2017) 123702(1-5).

2. 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).

3. 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).

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 performed (1) Co and In NMR measurements of CeCoIn5 at ultra-low temperatures, (2) thermal 
Hall measurements of kagome materials and (3) scanning-Hall measurements of Mn3Sn and Fe-based superconductors. 

1. *Thermal Hall Effect in a Phonon-Glass Ba3CuSb2O9: K. Sugii, M. Shimozawa, D. Watanabe, Y. Suzuki, M. Halim,
M. Kimata, Y. Matsumoto, S. Nakatsuji and M. Yamashita, Phys. Rev. Lett. 118 (2017) 145902(1-5).

2. *Quantum-disordered state of magnetic and electric dipoles in an organic Mott system: M. Shimozawa, K. Hashimoto,
A. Ueda, Y. Suzuki, K. Sugii, S. Yamada, Y. Imai, R. Kobayashi, K. Itoh, S. Iguchi, M. Naka, S. Ishihara, H. Mori,
T. Sasaki and M. Yamashita, Nat. Commun. 8 (2017) 1821(1-6).

3. 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.

4. 格子振動による熱ホール効果 : 杉井か おり, 山下 穣 , 固体物理 52 (2017) 783.

Division of Condensed Matter Theory

Tsunetsugu group

We have investigated the antiferromagnetic order in a quasicrystal from the viewpoint of the interplay between strong correla-
tion effects and unique crystal structure. To this end, we have employed the simplest canonical model, i.e. the Hubbard model 
on the two-dimensional Penrose lattice at half filling of electron density. Due to the quasiperiodic lattice structure, this model 
has thermodynamically degenerate one-electron states at the band center. Each of their wavefunctions is confined in a finite 
region in the lattice, and thereofre they are called the confined states. These confined states are magnetized by Coulomb repul-
sion between electrons. They show an antiferromagnetic long-range order at zero temperature, but its spatial structure differs 
from other antiferromagnets. The whole Penrose lattice is divided into many clusters, and the ordered magnetizations point to 
the same direction in each cluster, while neighboring clusters have opposite directions each other. Furthermore, the cluster size 
exhibits a power-law distribution, which is related to the self-similarity in the lattice inherent from the quasiperiodicity. 

1. Antiferromagnetic order in the Hubbard model on the Penrose lattice: A. Koga and H. Tsunetsugu, Phys. Rev. B 96
(2017) 214402.

2. Entanglement prethermalization in an interaction quench between two harmonic oscillators: T. N. Ikeda, T. Mori,
E. Kaminishi and M. Ueda, Phys. Rev. E 95 (2017) 022129(1-8).

3. Theory of antiferromagnetic Heisenberg spins on a breathing pyrochlore lattice: H. Tsunetsugu, Prog. Theor. Exp. Phys.
2017 (2017) 033101(1-29).

4. 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).
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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 metal, (2) effect of Coulomb interaction on charge 
pumping via a quantum dot due to reservoir temperature driving, (3) heat transport via a two-state system, and (4) current corre-
lations of a Kondo correlated dot with degenerated orbitals. In collaboration with Sugino group, we have studied first-principles 
description of van der Waals bonded spin-polarized systems such as solid oxygen using the vdW-DF+U method. We have also 
studied terahertz response of a ferromagnetic insulator ErFeO3 in collaboration with an experimental group (Suemoto group).

1. Temperature-Driven and Electrochemical-Potential-Driven Adiabatic Pumping via a Quantum Dot: M. Hasegawa and
T. Kato, J. Phys. Soc. Jpn. 86 (2017) 024710(1-13).

2. *First-principles description of van der Waals bonded spin-polarized systems using the vdW-DF+U method: Application
to solid oxygen at low pressure: S. Kasamatsu, T. Kato and O. Sugino, Phys. Rev. B 95 (2017) 235120(1-11).

3. Quantum Fluctuations along Symmetry Crossover in a Kondo-Correlated Quantum Dot: M. Ferrier, T. Arakawa,
T. Hata, R. Fujiwara, R. Delagrange, R. Deblock, Y. Teratani, R. Sakano, A. Oguri and K. Kobayashi, Phys. Rev. Lett.
118 (2017) 196803(1-5).

4. Observation of long-lived coherent spin precession in orthoferrite ErFeO3 induced by terahertz magnetic fields:
H. Watanabe, T. Kurihara, T. Kato, K. Yamaguchi and T. Suemoto, Appl. Phys. Lett. 111 (2017) 092401(1-4).

5. 多端子系のジョセフソン接合が示すトポロジカル物性 : 横山 知大 , 日本物理学会誌 72 (2017) 402.

6. 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.

7. 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).

8. 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).

9. 物質科学シミュレーションのポータルサイトMateriApps: 本山 裕一 , 三澤 貴宏 , 加藤 岳生 , 藤堂 眞治 , 固体物理 52
(2017) 743.

10. 非平衡電流ゆらぎでみる量子ドットの電子多体効果 : 阪野 塁 , 物性研究・電子版 6 (2017) 064208.

Division of Nanoscale Science

Katsumoto group

Physical properties of quantum Hall edge states have been unveiled through thermoelectric power caused by microwave irradia-
tion. Study on the effect of decoration on the surfaces of graphene or other 2D materials has been going on. We found strong 
ferromagnetism in MoS2 with nano-mesh. Also large spin orbit interaction was introduced with nano-particles on graphene. A 
peculiar phenomenon called Zitterbewegung theoretically found long time ago by Schrodinger was observed as reproducible 
conductance fluctuation in spin-polarized transport through a two-dimensional electrons with strong Rashba-type spin-orbit 
interaction. 

1. †Theoretical modeling of electrical resistivity and Seebeck coefficient of bismuth nanowires by considering carrier mean
free path limitation: M. Murata, A. Yamamoto, Y. Hasegawa, T. Komine and A. Endo, J. Appl. Phys. 121 (2017) 014303
(1-10).

2. †Photoresponse in gate-tunable atomically thin lateral MoS2 Schottky junction patterned by electron beam: Y. Katagiri,
T. Nakamura, C. Ohata, S. Katsumoto and J. Haruyama, Appl. Phys. Lett. 110 (2017) 143109(1-3).

3. Two-carrier model on the magnetotransport of epitaxial graphene containing coexisting single-layer and bilayer areas:
A. Endo, J. Bao, W. Norimatsu, M. Kusunoki, S. Katsumoto and Y. Iye, Philos. Mag. 97 (2017) 1755-1767.

4. Observation of Conductance Fluctuation due to Zitterbewegung in InAs 2-dimentional Electron Gas: Y. Iwasaki,
Y. Hashimoto, T. Nakamura and S. Katsumoto, J. Phys.: Conf. Ser. 864 (2017) 012054(1-4).

5. Edge-spin-derived magnetism in few-layer MoS2 nanomeshes: G. Kondo, N. Yokoyama, S. Yamada, Y. Hashimoto,
C. Ohata, S. Katsumoto and J. Haruyama, AIP Advances 7 (2017) 125019(1-7).
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6. Conductance fluctuations in InAs quantum wells possibly driven by Zitterbewegung: Y. Iwasaki, Y. Hashimoto,
T. Nakamura and S. Katsumoto, Sci. Rep. 7 (2017) 7909(1-9).

7. †Large edge magnetism in oxidized few-layer black phosphorus nanomeshes: Y. Nakanishi, A. Ishi, C. Ohata,
D. Soriano, R. Iwaki, K. Nomura, M. Hasegawa, T. Nakamura, S. Katsumoto, S. Roche and J. Haruyama, Nano Res. 10
(2017) 718-728.

8. 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.

9. 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.

10. 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.

Otani group

We have studied following topics this year: Spin conversion behaviors at the interfaces and the surfaces, magnetization 
dynamics in ferromagnetic nano structures, and magneto-thermoelectric properties. In the first topic, we succeeded in optically 
detect spin accumulation induced at the copper/Bi oxide interface. We have performed collaborative study with Tokura-group 
at CEMS RIKEN on non-linear Hall effect and spin orbit torque induced magnetization switching in magnetic topological 
insulator. Spin transport in a ferromagnet is also an important topic in relation with spin conversion, we have applied our spin 
absorption technique to determine the spin diffusion length of Ni-Fe alloy nano wires. In the second topic, we have established 
the technique to modulate the interface perpendicular anisotropy by voltage. Thereby we succeeded in exciting coherent propa-
gating spin waves in ultrathin CoFeB films. In the third topic, we have found bulk equivalent anomalous Nernst effect takes 
place in a microfabricated thermoelectric element made of chiral antiferromagnet Mn3Sn in collaboration with Nakatsuji group. 

1. Bias field tunable magnetic configuration and magnetization dynamics in Ni80Fe20 nano-cross structures with varying
arm length: K. Adhikari, S. Choudhury, R. Mandal, S. Barman, Y. Otani and A. Barman, J. Appl. Phys. 121 (2017)
043909(1-5).

2. Evaluation of bulk-interface contributions to Edelstein magnetoresistance at metal/oxide interfaces: J. Kim, Y.-T. Chen,
S. Karube, S. Takahashi, K. Kondou, G. Tatara and Y. Otani, Phys. Rev. B 96 (2017) 140409R(1-6).

3. Current-Nonlinear Hall Effect and Spin-Orbit Torque Magnetization Switching in a Magnetic Topological Insulator:
K. Yasuda, A. Tsukazaki, R. Yoshimi, K. Kondou, K. S. Takahashi, Y. Otani, M. Kawasaki and Y. Tokura, Phys. Rev.
Lett. 119 (2017) 137204(1-5).

4. *Anomalous Nernst effect in a microfabricated thermoelectric element made of chiral antiferromagnet Mn3Sn:
H. Narita, M. Ikhlas, M. Kimata, A. A. Nugroho, S. Nakatsuji1 and Y. Otani, Appl. Phys. Lett. 111 (2017) 202404(1-5).

5. Direct optical observation of spin accumulation at nonmagnetic metal/oxide interface: J. Puebla, F. Auvray, M. Xu,
B. Rana, A. Albouy, H. Tsai, K. Kondou, G. Tatara and Y. Otani, Appl. Phys. Lett. 111 (2017) 092402(1-4).

6. Excitation of coherent propagating spin waves in ultrathin CoFeB film by voltage-controlled magnetic anisotropy:
B. Rana, Y. Fukuma, K. Miura, H. Takahashi and Y. Otani, Appl. Phys. Lett. 111 (2017) 052404(1-5).

7. Important role of magnetization precession angle measurement in inverse spin Hall effect induced by spin pumping:
S. Gupta, R. Medwal, D. Kodama, K. Kondou, Y. Otani and Y. Fukuma, Appl. Phys. Lett. 110 (2017) 022404(1-5).

8. Spin diffusion length of Permalloy using spin absorption in lateral spin valves: E. Sagasta, Y. Omori, M. Isasa, Y. Otani,
L. E. Hueso and F. Casanova, Appl. Phys. Lett. 111 (2017) 082407(1-4).

9. スピントロニクス実験のコツ - スピン流の計測 -: 近藤 浩太 , 大谷 義近 , 応用物理 86 (2017) 139.

10. 表面・界面を利用してスピン流を作る: 近藤 浩太 , 軽部 修太郎 , 大谷 義近 , 日本物理学会誌 72 (2017) 320.

11. High output voltage of magnetic tunnel junctions with a Cu(In0.8Ga0.2)Se2 semiconducting barrier with a low resis-
tance–area product: K. Mukaiyama, S. Kasai, Y. K. Takahashi, K. Kondou, Y. Otani, S. Mitani and K. Hono, Appl. Phys.
Express 10 (2017) 013008(1-3).

12. Spin pumping due to spin waves in magnetic vortex structure: N. Hasegawa, K. Kondou, M. Kimata and Y. Otani, Appl.
Phys. Express 10 (2017) 053002(1-3).

13. Investigation of magnetization dynamics in 2D Ni80Fe20 diatomic nanodot arrays: A. De, S. Mondal, C. Banerjee, A. K.
Chaurasiya, R. Mandal, Y. Otani, R. K. Mitra and A. Barman, J. Phys. D: Appl. Phys. 50 (2017) 385002(1-11).
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14. *Large anomalous Nernst effect at room temperature in a chiral antiferromagnet: M. Ikhlas, T. Tomita, T. Koretsune,
M.-T. Suzuki, D. Nishio-Hamane, R. Arita, Y. Otani and S. Nakatsuji, Nature Phys. 13 (2017) 1085-1090.

15. Spin conversion on the nanoscale: Y. Otani, M. Shiraishi, A. Oiwa, E. Saitoh and S. Murakami, Nature Phys. 13 (2017)
829-832.

16. Efficient Modulation of Spin Waves in Two-Dimensional Octagonal Magnonic Crystal: S. Choudhury, S. Barman,
Y. Otani and A. Barman, ACS Nano 11 (2017) 8814-8821.

17. Effect of excitation power on voltage induced local magnetization dynamics in an ultrathin CoFeB film: B. Rana,
Y. Fukuma, K. Miura, H. Takahashi and Y. Otani, Sci. Rep. 7 (2017) 2318(1-9).

18. Voltage-induced magnetization dynamics in CoFeB/MgO/CoFeB magnetic tunnel junctions: K. Miura, S. Yabuuchi,
M. Yamada, M. Ichimura, B. Rana, S. Ogawa, H. Takahashi, Y. Fukuma and Y. Otani, Sci. Rep. 7 (2017) 42511(1-8).

19. *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.

20. 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).

21. Voltage-Controlled Reconfigurable Spin-Wave Nanochannels and Logic Devices: B. Rana and Y. Otani, Phys. Rev.
Applied 9 (2018) 014033(1-15).

Komori group

A-few-atomic-layer ferromagnetic γ'-Fe4N thin films are studied by scanning tunneling microscopy/spectroscopy (STM/STS)
and soft X-ray magnetic circular dichroism. The spin magnetic moment of Fe atoms increases with increasing the average thick-
ness reaching 1.4μB/atom in the trilayer sample. Hexagonal atomic- layer iron nitrides with different crystal and local electronic
structures are also found to grow on the Cu(001) surface. Local change of the electron-phonon coupling in periodically nano-
modulated graphene on a macrofacet of SiC(0001) substrate is studied using inelastic STS. The coupling depends on the local
distance between the graphene and the SiC substrate. An in-gap surface state on a Kondo insulator SmB6(001) surface is studied
by STS. The surface state survives even on the area with significant density of defects, which supports the existence of the
topological Kondo surface state on this surface.

1. *Calculation of spin states of photoelectrons emitted from spin-polarized surface states of Bi(111) surfaces with a mirror
symmetry: K. Kobayashi, K. Yaji, K. Kuroda and F. Komori, Phys. Rev. B 95 (2017) 205436(1-13).

2. *Direct mapping of spin and orbital entangled wave functions under interband spin-orbit coupling of giant Rashba spin-
split surface states: R. Noguchi, K. Kuroda, K. Yaji, K. Kobayashi, M. Sakano, A. Harasawa, T. Kondo, F. Komori and
S. Shin, Phys. Rev. B 95 (2017) 041111(R)(1-6).

3. Enhanced periodic modulation of electronic states in a hexagonal iron-nitride monolayer on Cu(001) via interfacial
interaction: K. Ienaga, T. Miyamachi, Y. Takahashi, N. Kawamura and F. Komori, Phys. Rev. B 96 (2017) 085439(1-8).

4. Thickness-dependent electronic and magnetic properties of γ'-Fe4N atomic layers on Cu(001): Y. Takahashi,
T. Miyamachi, S. Nakashima, N. Kawamura, Y. Takagi, M. Uozumi, V. N. Antonov, T. Yokoyama, A. Ernst and
F. Komori, Phys. Rev. B 95 (2017) 224417(1-8).

5. †*Dirac Fermions in Borophene: B. Feng, O. Sugino, R.-Y. Liu, J. Zhang, R. Yukawa, M. Kawamura, T. Iimori, H. Kim,
Y. Hasegawa, H. Li, L. Chen, K. Wu, H. Kumigashira, F. Komori, T.-C. Chiang, S. Meng and I. Matsuda, Phys. Rev.
Lett. 118 (2017) 096401(1-6).

6. * ホウ素単原子シート「ボロフェン」：金属性とディラックフェルミオン : F. Baojie, 松田 巌 , 固体物理 52 (2017) 385-393.

7. STM observation of the chemical reaction of atomic hydrogen on the N-adsorbed Cu(001) surface: T. Hattori,
M. Yamada and F. Komori, Surf. Sci. 655 (2017) 1-6.

8. * ホウ素単原子シート「ボロフェン」: 松田 巌 , パリティ 32 (2017) 50-53.

9. †Modulation of Electron–Phonon Coupling in One-Dimensionally Nanorippled Graphene on a Macrofacet of 6H-SiC:
K. Ienaga, T. Iimori, K. Yaji, T. Miyamachi, S. Nakashima, Y. Takahashi, K. Fukuma, S. Hayashi, T. Kajiwara,
A. Visikovskiy, K. Mase, K. Nakatsuji, S. Tanaka and F. Komori, Nano Lett. 17 (2017) 3527-3532.
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10. *Spin-dependent quantum interference in photoemission process from spin-orbit coupled states: K. Yaji, K. Kuroda,
S. Toyohisa, A. Harasawa, Y. Ishida, S. Watanabe, C. Chen, K. Kobayashi, F. Komori and S. Shin, Nat. Commun. 8
(2017) 14588(1-6).

11. †Evidence for in-gap surface states on the single phase SmB6(001) surface: T. Miyamachi, S. Suga, M. Ellguth,
C. Tusche, C. M. Schneider, F. Iga and F. Komori, Sci. Rep. 7 (2017) 12837(1-7).

12. †*Spin-polarized quasi-one-dimensional state with finite band gap on the Bi/InSb(001) surface: J. Kishi, Y. Ohtsubo,
T. Nakamura, K. Yaji, A. Harasawa, F. Komori, S. Shin, J. E. Rault, P. Le Fèvre, F. Bertran, A. Taleb-Ibrahimi,
M. Nurmamat, H. Yamane, S. Ideta, K. Tanaka and S. Kimura, Phys. Rev. Materials 1 (2017) 064602(1-5).

13. *Surface state of the dual topological insulator Bi0.91Sb0.09 (11-2): I. Matsuda, K. Yaji, A. A. Taskin, M. D'angelo,
R. Yukawa, Y. Ohtsubo, P. Le Fèvre, F. Bertran, S. Yoshizawa, A. Taleb-Ibrahimi, A. Kakizaki, Y. Ando and F. Komori,
Phys. B: Condensed Matter 516 (2017) 100-104.

14. *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).

15. *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).

16. * 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.

17. *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.

18. * 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.

19. †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.

20. *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).

21. †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).

22. 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).

23. *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.

24. †*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 (2018), in print.

25. * 固体表面電子におけるスピン軌道エンタングルメントと光スピン制御 : 矢治光 一郎 , 黒田 健太 , 小森 文夫 , 辛 埴 , 個体
物理 52 (2017) 559-571.

Hasegawa group

Using low-temperature ultrahigh vacuum scanning tunneling microscopy (STM) we have obtained real-space images showing 
orbital order on a Co-terminated surface of CeCoIn5, which is a heavy-fermion superconducting material. Because of the 
4-fold symmetry regardless of the sites in the bulk or on the surface, 3dxz and 3dyz orbitals of the Co atoms are energetically
degenerated. However, on the surface, because of the reduced coordination number and resulting enhanced electron correla-
tion, the capability of the electron screening is suppressed. As a result, in order to reduce the Coulomb repulsive energy alter-
nating unoccupation among the two 3d orbitals in an antiferromagnetic manner becomes favorable on the surface. We observed
alternately-arranged dumbbell shapes whose shape is quite similar with that of dxz and dyz orbitals looking from the z direc-
tion, proving the existence of the orbital order. In a technical point of view of STM, observing d orbitals is not an easy task
because of their localized nature near the core. Since STM detects wave functions of sample surface by the probe tip, states that



         166           ISSP  Activity Report 2017 ISSP  Activity Report 2017 167

* Joint research among groups within ISSP.

decay long from the surface are probed more efficiently than quickly decaying states. In fact, on the Co-terminated surface we 
observed round-shaped Co atoms arranged in a square lattice in standard tunneling conditions, which obviously originate from 
s-derived states of Co. In order to observe the d orbitals, we intentionally locate the tip near the surface almost touching to the
surface but still in the tunneling regime, and successfully observed their ordering, which had not been achieved before. In 2017,
we also performed collaborative research works with in-house, domestic, and oversea groups, some of which were published in
high-impact journals. We have obtained STM images of a monolayer boron film called borophene in collaboration with Prof.
Iwao Matsuda, ISSP, and Fe phthalocyanine molecules adsorbed on silicene in collaboration with Prof. Yamada-Takamura,
JAIST and Prof. Hirjibehedin, University College London. We also performed study on atomically controlled point contact
formation with Prof. Sakai, Kyoto University.

1. †Break voltage of Au single-atom contacts formed by junction closure: S. Wakasugi, S. Kurokawa, H. Kim, Y. Hasegawa
and A. Sakai, J. Appl. Phys. 121 (2017) 244304(1-8).

2. Role of the substrate in the formation of chiral magnetic structures driven by the interfacial Dzyaloshinskii-Moriya
interaction: M. Haze, Y. Yoshida and Y. Hasegawa, Phys. Rev. B 95 (2017) 060415(1-5).

3. †*Dirac Fermions in Borophene: B. Feng, O. Sugino, R.-Y. Liu, J. Zhang, R. Yukawa, M. Kawamura, T. Iimori, H. Kim,
Y. Hasegawa, H. Li, L. Chen, K. Wu, H. Kumigashira, F. Komori, T.-C. Chiang, S. Meng and I. Matsuda, Phys. Rev.
Lett. 118 (2017) 096401(1-6).

4. †Guided Molecular Assembly on a Locally Reactive 2D Material: B. Warner, T. G. Gill, V. Caciuc, N. Atodiresei,
A. Fleurence, Y. Yoshida, Y. Hasegawa, S. Blügel, Y. Yamada-Takamura and C. F. Hirjibehedin, Adv. Mater. 29 (2017)
1703929(1-7).

5. Experimental verification of the rotational type of chiral spin spiral structures by spin-polarized scanning tunneling
microscopy: M. Haze, Y. Yoshida and Y. Hasegawa, Sci. Rep. 7 (2017) 13269(1-5).

6. Atomic-scale visualization of surface-assisted orbital order: H. Kim, Y. Yoshida, C.-C. Lee, T.-R. Chang, H.-T. Jeng,
H. Lin, Y. Haga, Z. Fisk and Y. Hasegawa, Sci. Adv. 3 (2017) eaao0362(1-5).

Lippmaa group

The main research topics for this year concerned energy conversion materials used for photoelectrochemical water splitting. We 
studied the initial growth phase of Ir:SrTiO3 and found that nanoscale Ir-rich clusters nucleate at the beginning of film growth, 
ultimately leading to macroscopic segregation of metal nanopillars. We also studied the growth characteristics of IrO2 films, 
mapping the stability phase diagram for Ir oxides and worked on fabricating a potential topological pyrochlore iridate phase, 
Pr2Ir2O7.

1. 自己組織的に成長する単結晶性酸化物ナノ構造の新展開ー磁性体ナノ結晶とナノコンポジット水分解光電極を開発ー : 高橋
竜太 , リップ マーミック, 固体物理 52 (2017) 105-116.

2. Hole trap state analysis in SrTiO3: N. Osawa, R. Takahashi and M. Lippmaa, Appl. Phys. Lett. 110 (2017) 263902(1-5).

3. Microstructure analysis of IrO2 thin films: X. Hou, R. Takahashi, T. Yamamoto and M. Lippmaa, J. Cryst. Growth 462
(2017) 24-28.

4. †Combinatorial screening of halide perovskite thin films and solar cells by mask-defined IR laser molecular beam
epitaxy: K. Kawashima, Y. Okamoto, O. Annayev, N. Toyokura, R. Takahashi, M. Lippmaa, K. Itaka, Y. Suzuki,
N. Matsuki and H. Koinuma, Sci. Tech. Adv. Mater. 18 (2017) 307-315.

5. Intrinsic Superhydrophilicity of Titania-Terminated Surfaces: S. Kawasaki, E. Holmström, R. Takahashi, P. Spijker,
A. S. Foster, H. Onishi and M. Lippmaa, J. Phys. Chem. C 121 (2017) 2268-2275.

6. †Strain induced atomic structure at Ir-doped LaAlO3/SrTiO3 interface: M. Lee, R. Arras, B. Warot-Fonrose, T. Hungria,
M. Lippmaa, H. Daimon and M. J. Casanove, Phys. Chem. Chem. Phys. 19 (2017) 28676-28683.

7. *Dielectric anomalies and interactions in the three-dimensional quadratic band touching Luttinger semimetal Pr2Ir2O7:
B. Cheng, T. Ohtsuki, D. Chaudhuri, S. Nakatsuji, M. Lippmaa and N. P. Armitage, Nat. Commun. 8 (2017) 2097(1-6).

8. Magnetic and Magnetodielectric Properties of Epitaxial Iron Vanadate Thin Films: D. Zhou, R. Takahashi, Y. Zhou, D.
Kim, V. K. Suresh, Y.-H. Chu, Q. He, P. Munroe, M. Lippmaa, J. Seidel and N. Valanoor, Adv. Electron. Mater. 3 (2017)
1600295(1-10).

9. Thermally Stable Sr2RuO4 Electrode for Oxide Heterostructures: R. Takahashi and M. Lippmaa, ACS Appl. Mater.
Interfaces 9 (2017) 21314–21321.
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10. Pyroelectric detection of ferroelectric polarization in magnetic thin films: R. Takahashi and M. Lippmaa, Jpn. J. Appl.
Phys. 57 (2018) 0902A1.

11. †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.

12. 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 2017: (1) Systematic study of the activation and hydrogenation of CO2 
on Cu model catalysts by AP-XPS, IRAS, and TPD. (2) The surface chemistry of formic acid on Cu model catalysts studied by 
SR-PES, IRAS and TPD. (3) Spectroscopic characterization of Pd-Cu and Pd-Ag surfaces by XPS. (4) Spectroscopic charac-
terization of adsorption and thermal processes of NO on silicone/ZrB2/Si(111) using SR-XPS. (5) LT-STM study of Zn on 
Cu(997). (6) Independently driven four-probe conductivity measurement of organic thin films and organic single crystals.

1. †Direct observation of the electron-phonon coupling between empty states in graphite via high-resolution electron
energy loss spectroscopy: S.-I. Tanaka, K. Mukai and J. Yoshinobu, Phys. Rev. B 95 (2017) 165408(1-6).

2. Highly anisotropic mobility in solution processed TIPS-pentacene film studied by independently driven four GaIn
probes: S. Yoshimoto, K. Takahashi, M. Suzuki, H. Yamada, R. Miyahara, K. Mukai and J. Yoshinobu, Appl. Phys. Lett.
111 (2017) 073301(1-4).

3. CO2 adsorption on the copper surfaces: van der Waals density functional and TPD studies: F. Muttaqien, Y. Hamamoto,
I. Hamada, K. Inagaki, Y. Shiozawa, K. Mukai, T. Koitaya, S. Yoshimoto, J. Yoshinobu and Y. Morikawa, J. Chem. Phys.
147 (2017) 094702(1-8).

4. †Electronic states and growth modes of Zn atoms deposited on Cu(111) studied by XPS, UPS and DFT: T. Koitaya,
Y. Shiozawa, Y. Yoshikura, K. Mukai, S. Yoshimoto, S. Torii, F. Muttaqien, Y. Hamamoto, K. Inagaki, Y. Morikawa and
J. Yoshinobu, Surf. Sci. 663 (2017) 1–10.

5. *Adsorption of CO2 on Graphene: A Combined TPD, XPS, and vdW-DF Study: K. Takeuchi, S. Yamamoto,
Y. Hamamoto, Y. Shiozawa, K. Tashima, H. Fukidome, T. Koitaya, K. Mukai, S. Yoshimoto, M. Suemitsu, Y. Morikawa,
J. Yoshinobu and I. Matsuda, J. Phys. Chem. C 121 (2017) 2807-2814.

6. Systematic Study of Adsorption and the Reaction of Methanol on Three Model Catalysts: Cu(111), Zn–Cu(111), and
Oxidized Zn–Cu(111): T. Koitaya, Y. Shiozawa, Y. Yoshikura, K. Mukai, S. Yoshimoto and J. Yoshinobu, J. Phys. Chem.
C 121 (2017) 25402-25410.

7. †*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.

8. 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.

Akiyama group

In 2017, we started fabrication of 1035nm InGaAs laser diodes for short and intense pulse generation via gain switching. In 
parallel, we studied pico- and femto-second short-pulse generation and pulse dynamics in GaAs, GaN, and other semiconductor 
gain-switched lasers via optical pumping and current injection. We studied single- and multi-junction solar cells by absolute 
electroluminescence-efficiency measurement methods, and via time-resolved photo-emission spectroscopy, we studied photo-
voltage dynamics solar cells after impulsive optical excitations. We made computational studies with quantum-chemistry and 
molecular-dynamics calculations on oxyluciferins and caged-luciferins. 

1. Anomalous Metal Phase Emergent on the Verge of an Exciton Mott Transition: F. Sekiguchi, T. Mochizuki, C. Kim,
H. Akiyama, L. N. Pfeiffer, K. W. West and R. Shimano, Phys. Rev. Lett. 118 (2017) 067401(1-6).



         168           ISSP  Activity Report 2017 ISSP  Activity Report 2017 169

* Joint research among groups within ISSP.

2. Sensitive monitoring of photocarrier densities in the active layer of a photovoltaic device with time-resolved terahertz
reflection spectroscopy: G. Yamashita, E. Matsubara, M. Nagai, C. Kim, H. Akiyama, Y. Kanemitsu and M. Ashida,
Appl. Phys. Lett. 110 (2017) 071108(1-5).

3. "Visible" 5d orbital states in a pleochroic oxychloride: D. Hirai, T. Yajima, D. Nishio-Hamane, C. Kim, H. Akiyama,
M. Kawamura, T. Misawa, N. Abe, T.-H. Arima and Z. Hiroi, J. Am. Chem. Soc. 139 (2017) 10784-10789.

4. Picosecond tunable gain-switched blue pulses from GaN laser diodes with nanosecond current injections: S. Chen,
T. Nakamura, T. Ito, H. Nakamae, X. Bao, G. Weng, X. Hu, M. Yoshita, H. Akiyama, J. Liu, M. Ikeda and H. Yang, Opt.
Express 25 (2017) 13046-13054.

5. Effect of dynamical fluctuations of hydration structures on the absorption spectra of oxyluciferin anions in aqueous
solution: M. Hiyama, M. Shiga, N. Koga, O. Sugino, H. Akiyama and Y. Noguchi, Phys. Chem. Chem. Phys. 19 (2017)
10028-10035.

6. Biexciton Emission From Single Quantum-Confined Structures in N-Polar (000-1) InGaN/GaN Multiple Quantum
Wells: K. Takamiya, S. Yagi, H. Yaguchi, H. Akiyama, K. Shojiki, T. Tanikawa and R. Katayama, Phys. Status Solidi B
17 (2017) 1700454(1-4).

7. Broadband tunable integrated CMOS pulser with 80-ps minimum pulse width for gain-switched semiconductor lasers:
S. Chen, S. Diao, P. Li, T. Nakamura, M. Yoshita, G. Weng, X. Hu, Y. Shi, Y. Liu and H. Akiyama, Sci. Rep. 7 (2017)
6878(1-8).

8. Theoretical insights into the effect of pH values on oxidation processes in the emission of firefly luciferin in aqueous
solution: M. Hiyama, H. Akiyama and N. Koga, Luminescence 32 (2017) 1100-1108.

9. Diagnosis of GaInAs/GaAsP multiple quantum well solar cells with Bragg reflectors via absolute electroluminescenc:
L. Zhu, M. Yoshita, J. Tsai, Y. Wang, C. Hong, G. Chi, C. Kim, P. Yu and H. Akiyama, IEEE J. Photovolt. 7 (2017) 781 -
786.

10. Absolute Electroluminescence Imaging Diagnosis of GaAs Thin-film Solar Cells: X. Hu, T. Chen, J. Xue, G. Weng,
S. Chen, H. Akiyama and Z. Zhu, IEEE Photon. J. 9 (2017) 8400409(1-9).

11. 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.

12. 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).

13. 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).

14. 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.

15. Absolute bioluminescence imaging at the single-cell on an atto-Watt level: T. Enomoto, H. Kubota, K. Mori,
M. Shimogawara, M. Yoshita and H. Akiyama, BioTechniques (2018), accepted for publication.

Sugino group

We have made progress in functional matter research of (1) electrocatalysis, (2) oxygen solid, (3) hidroxyapatite, (4) 
bio-luminescence, and (5) monolayer Dirac materials. We have also developed methods for (a) many-body Green's function 
calculation and (b) tensor decomposition of many-body wave function.

1. †Erratum: Improved modeling of electrified interfaces using the effective screening medium method [Phys. Rev. B 88 ,
155427 (2013)]: I. Hamada, O. Sugino, N. Bonnet and M. Otani, Phys. Rev. B 95 (2017) 119901 (1-2).

2. *First-principles description of van der Waals bonded spin-polarized systems using the vdW-DF+U method: Application
to solid oxygen at low pressure: S. Kasamatsu, T. Kato and O. Sugino, Phys. Rev. B 95 (2017) 235120 (1-11).

3. †*Dirac Fermions in Borophene: B. Feng, O. Sugino, R.-Y. Liu, J. Zhang, R. Yukawa, M. Kawamura, T. Iimori, H. Kim,
Y. Hasegawa, H. Li, L. Chen, K. Wu, H. Kumigashira, F. Komori, T.-C. Chiang, S. Meng and I. Matsuda, Phys. Rev.
Lett. 118 (2017) 096401 (1-6).

4. * ホウ素単原子シート「ボロフェン」：金属性とディラックフェルミオン : F. Baojie, 松田 巌 , 固体物理 52 (2017) 385-393.
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5. Molecular size insensitivity of optical gap of [n] cycloparaphenylenes (n= 3-16): Y. Noguchi and O. Sugino, J. Chem.
Phys. 146 (2017) 144304(1-7).

6. Quantitative characterization of exciton from GW +Bethe-Salpeter calculation: D. Hirose, Y. Noguchi and O. Sugino,
J. Chem. Phys. 146 (2017) 044303(1-10).

7. * ホウ素単原子シート「ボロフェン」: 松田 巌 , パリティ 32 (2017) 50-53.

8. High-Lying Triplet Excitons of Thermally Activated Delayed Fluorescence Molecules: Y. Noguchi and O. Sugino,
J. Phys. Chem. C 121 (2017) 20687-20695.

9. †The effect of dynamical fluctuations of hydration structures on the absorption spectra of oxyluciferin anions in an
aqueous solution: M. Hiyama, M. Shiga, N. Koga, O. Sugino, H. Akiyama and Y. Noguchi, Phys. Chem. Chem. Phys.
19 (2017) 10028-10035.

10. †*Experimental realization of two-dimensional Dirac nodal line fermions in monolayer Cu2Si: B. Feng, B. Fu,
S. Kasamatsu, S. Ito, P. Cheng, C.-C. Liu, Y. Feng, S. Wu, S. K. Mahatha, P. Sheverdyaeva, P. Moras, M. Arita, O.
Sugino, T.-C. Chiang, K. Shimada, K. Miyamoto, T. Okuda, K. Wu, L. Chen, Y. Yao and I. Matsuda, Nat. Commun. 8
(2017) 1007(1-6).

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. *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).

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

Quantum Materials Group

Oshikawa group

We studied a wide range of theoretical problems in condensed matter physics and statistical physics. As a novel application 
of anomaly in quantum field theory, we discussed possible gapless critical phases of quantum antiferromagnetic chains with 
general spin quantum numbers. The critical theory with the exact SU(2) symmetry and the emergent Lorentz invariance has 
been classified by the SU(2) Wess-Zumino-Witten (WZW) theories labeled by a natural number called level. We found that, 
in the presence of the translation symmetry, even- and odd-level WZW theories can be only realized in integer- and half-odd-
integer spin chains, respectively. This follows from an anomaly matching and can be regarded as a field-theory manifestation of 
the Lieb-Schultz-Mattis constraint. The present result leads to a novel concept of "symmetry-protected critical phases".

1. †Capacity of entanglement and the distribution of density matrix eigenvalues in gapless systems: Y. O. Nakagawa and
S. Furukawa, Phys. Rev. B 96 (2017) 205108(1-8).

2. †Crystalline Kitaev spin liquids: M. G. Yamada, V. Dwivedi and M. Hermanns, Phys. Rev. B 96 (2017) 155107(1-15).

3. †Encoding orbital angular momentum of light in magnets: H. Fujita and M. Sato, Phys. Rev. B 96 (2017) 060407(R)
(1-6).

4. †Finite-size scaling of the Shannon-Rényi entropy in two-dimensional systems with spontaneously broken continuous
symmetry: G. Misguich, V. Pasquier and M. Oshikawa, Phys. Rev. B 95 (2017) 195161(1-13).

5. Theory of electron spin resonance in one-dimensional topological insulators with spin-orbit couplings: Detection of
edge states: Y. Yao, M. Sato, T. Nakamura, N. Furukawa and M. Oshikawa, Phys. Rev. B 96 (2017) 205424(1-10).

6. †Ultrafast generation of skyrmionic defects with vortex beams: Printing laser profiles on magnets: H. Fujita and
M. Sato, Phys. Rev. B 95 (2017) 054421(1-12).

7. Designing Kitaev Spin Liquids in Metal-Organic Frameworks: M. G. Yamada, H. Fujita and M. Oshikawa, Phys. Rev.
Lett. 119 (2017) 057202(1-6).

8. †Symmetry Protection of Critical Phases and a Global Anomaly in 1+1 Dimensions: S. C. Furuya and M. Oshikawa,
Phys. Rev. Lett. 118 (2017) 021601(1-5).
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9. †Numerical calculations on the relative entanglement entropy in critical spin chains: Y. O. Nakagawa and T. Ugajin,
J. Stat. Mech. 2017 (2017) 093104(1-16).

10. Signatures of Dirac Cones in a DMRG Study of the Kagome Heisenberg Model: Y.-C. He, M. P. Zaletel, M. Oshikawa
and F. Pollmann, Phys. Rev. X 7 (2017) 031020(1-16).

11. 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).

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

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

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

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 2017. (1) We discovered the 
anomalous Nernst effect for the first time in an antiferromagnet. Strikingly, the effect in the antiferromagnet Mn 3Sn is found 
more than 100 times larger than the estimate based on its magnetization. (2) We discovered the first example of a Weyl magnet. 
In particular, we found strong experimental evidence for the Weyl fermions in the antiferromagnet Mn3Sn. (3) We discovered 
the magneto optical Kerr effect for the first time in an antiferromagnetic metal. We observed a large zero-field Kerr rotation 
angle ~ 20 mdeg and a clear square hysteresis loop in Mn3Sn at room temperature by the magneto-optical Kerr effect, indicating 
the ferroic ordering of magnetic octupoles. (4) We discovered the first example of a quantum valence transition and its quantum 
criticality in a metal, in particular, in the mixed valent system a-YbAl1-xFexB4. (5) We observed a very large dielectric constant 
due to the strong correlation effects in the Luttinger semimetal state of Pr2Ir2O 7 using the thin films. 

1. †*Lifetime-Broadening-Suppressed X-ray Absorption Spectrum of β-YbAlB4 Deduced from Yb 3d → 2p Resonant X-ray
Emission Spectroscopy: N. Kawamura, N. Kanai, H. Hayashi, Y. H. Matsuda, M. Mizumaki, K. Kuga, S. Nakatsuji and
S. Watanabe, J. Phys. Soc. Jpn. 86 (2017) 014711(1-7).

2. Frustrated magnetism in the Heisenberg pyrochlore antiferromagnets AYb2X4 (A = Cd, Mg, X = S, Se): T. Higo, K.
Iritani, M. Halim, W. Higemoto, T. U. Ito, K. Kuga, K. Kimura and S. Nakatsuji, Phys. Rev. B 95 (2017) 174443(1-7).

3. Disordered Route to the Coulomb Quantum Spin Liquid: Random Transverse Fields on Spin Ice in Pr2Zr2O7: J. -J. Wen,
S. M. Koohpayeh, K. A. Ross, B. A. Trump, T. M. McQueen, K. Kimura, S. Nakatsuji, Y. Qiu, D. M. Pajerowski, J. R.
D. Copley and C. L. Broholm, Phys. Rev. Lett. 118 (2017) 107206(1-5).

4. *Thermal Hall Effect in a Phonon-Glass Ba3CuSb2O9: K. Sugii, M. Shimozawa, D. Watanabe, Y. Suzuki, M. Halim,
M. Kimata, Y. Matsumoto, S. Nakatsuji and M. Yamashita, Phys. Rev. Lett. 118 (2017) 145902(1-5).

5. *Anomalous Nernst effect in a microfabricated thermoelectric element made of chiral antiferromagnet Mn3Sn:
H. Narita, M. Ikhlas, M. Kimata, A. A. Nugroho, S. Nakatsuji1 and Y. Otani, Appl. Phys. Lett. 111 (2017) 202404(1-5).

6. 反強磁性体における巨大異常ホール効果 : 中辻 知 , 応用物理 86 (2017) 310-314.

7. Large spontaneous Hall effets in chiral topological magnets: S. Nakatsuji, T. Higo, M. Ikhlas, T. Tomita and Z. Tian,
Philos. Mag. 97 (2017) 2815-2827.

8. *Large anomalous Nernst effect at room temperature in a chiral antiferromagnet: M. Ikhlas, T. Tomita, T. Koretsune,
M.-T. Suzuki, D. Nishio-Hamane, R. Arita, Y. Otani and S. Nakatsuji, Nature Phys. 13 (2017) 1085-1090.

9. *Orthogonal magnetization and symmetry breaking in pyrochlore iridate Eu2Ir2O7: T. Liang, T. H. Hsieh, J. J. Ishikawa,
S. Nakatsuji, L. Fu and N. P. Ong, Nature Phys. 13 (2017) 599-603.

10. Anisotropic Thermal Expansion of α-YbAlB4: Y. Matsumoto, K. Kuga, T. Tomita, R. Küchler and S. Nakatsuji, J. Phys.:
Conf. Ser. 807 (2017) 022005(1-6).

11. Specific heat and electrical resistivity at magnetic fields in antiferromagnetic heavy fermion CeAl2: T. Ebihara,
M. Tsuchiya, Y. Saitoh, J. Jatmika, M. Tsujimoto, Y. Shimura, Y. Matsumoto and S. Nakatsuji, J. Phys.: Conf. Ser. 807
(2017) 012011(1-6).
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12. *Dielectric anomalies and interactions in the three-dimensional quadratic band touching Luttinger semimetal Pr2Ir2O7:
B. Cheng, T. Ohtsuki, D. Chaudhuri, S. Nakatsuji, M. Lippmaa and N. P. Armitage, Nat. Commun. 8 (2017) 2097(1-6).

13. *Evidence for magnetic Weyl fermions in a correlated metal: K. Kuroda, T. Tomita, M. -T. Suzuki, C. Bareille,
A. A. Nugroho, P. Goswami, M. Ochi, M. Ikhlas, M. Nakayama, S. Akebi, R. Noguchi, R. Ishii, N. Inami, K. Ono,
H. Kumigashira, A. Varykhalov, T. Muro, T. Koretsune, R. Arita, S. Shin, T. Kondo and S. Nakatsuji, Nature Mater. 16
(2017) 1090-1095.

14. 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.

15. *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).

16. 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.

17. 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, Journal of the Physical Society of Japan 87 (2018) 064702.

18. 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.

19. *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.

20. †*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).

21. Relaxation calorimetry at very low temperatures for systems with internal relaxation: Y. Matsumoto and S. Nakatsuji,
Review of Scientific Instruments 89 (2018) 033908.

Materials Design and Characterization Laboratory

Hiroi group

A new oxychloride, Ca3ReO5Cl2, is found, which shows unusually distinct pleochroism; that is, the material exhibits different 
colors depending on the viewing direction. This pleochroism is a consequence of the coincidental complex crystal field split-
ting of the 5d orbitals of the Re6+ ion in a square-pyramidal coordination of low symmetry in the energy range of the visible 
spectrum. Since the relevant d–d transitions show characteristic polarization dependence according to the optical selection rule, 
the orbital states are “visible” in Ca3ReO5Cl2. The superconducting pyrochlore oxide Cd2Re2O7 is revisited with a particular 
emphasis on the sample-quality issue. 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 spontaneous inversion-
symmetry breaking and parity-mixing superconductivity. 

1. *Collinear spin density wave order and anisotropic spin fluctuations in the frustrated J1-J2 chain magnet
NaCuMoO4(OH): K. Nawa, M. Yoshida, M. Takigawa, Y. Okamoto and Z. Hiroi, Phys. Rev. B 96 (2017) 174433(1-9).

2. *J1-J2 square-lattice Heisenberg antiferromagnets with 4d1 spins AMoOPO4Cl (A=K, Rb): H. Ishikawa, N. Nakamura,
M. Yoshida, M. Takigawa, P. Babkevich, N. Qureshi, H. M. Rønnow, T. Yajima and Z. Hiroi, Phys. Rev. B 95 (2017)
064408(1-9).

3. *Magnetic transitions under ultrahigh magnetic fields of up to 130 T in the breathing pyrochlore antiferromagnet
LiInCr4O8: Y. Okamoto, D. Nakamura, A. Miyake, S. Takeyama, M. Tokunaga, A. Matsuo, K. Kindo and Z. Hiroi, Phys.
Rev. B 95 (2017) 134438(1-5).
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4. *Phase diagram of multiferroic KCu3As2O7(OD)3: G. J. Nilsen, V. Simonet, C. V. Colin, R. Okuma, Y. Okamoto,
M. Tokunaga, T. C. Hansen, D. D. Khalyavin and Z. Hiroi, Phys. Rev. B 95 (2017) 214415(1-10).

5. *Spin dynamics in the high-field phases of volborthite: M. Yoshida, K. Nawa, H. Ishikawa, M. Takigawa, M. Jeong,
S. Krämer, M. Horvatic, C. Berthier, K. Matsui, T. Goto, S. Kimura, T. Sasaki, J. Yamaura, H. Yoshida, Y. Okamoto and
Z. Hiroi, Phys. Rev. B 96 (2017) 180413(R)(1-5).

6. Successive spatial symmetry breaking under high pressure in the spin-orbit-coupled metal Cd2Re2O7: J.-I. Yamaura,
K. Takeda, Y. Ikeda, N. Hirao, Y. Ohishi, T. C. Kobayashi and Z. Hiroi, Phys. Rev. B 95 (2017) 020102(1-5).

7. *Weak ferromagnetic order breaking the threefold rotational symmetry of the underlying kagome lattice in
CdCu3(OH)6(NO3)2⋅H2O: R. Okuma, T. Yajima, D. Nishio-Hamane, T. Okubo and Z. Hiroi, Phys. Rev. B 95 (2017)
094427(1-8).

8. *Classical Spin Nematic Transition in LiGa0.95In0.05Cr4O8: R. Wawrzynczak, Y. Tanaka, M. Yoshida, Y. Okamoto,
P. Manuel, N. Casati, Z. Hiroi, M. Takigawa and G. J. Nilsen, Phys. Rev. Lett. 119 (2017) 087201(1-6).

9. †*Pressure-induced Freeze Concentration of Alanine Aqueous Solution as a Novel Field of Chemical Reaction:
S. Takahashi, H. Kagi, C. Fujimoto, A. Shinozaki, H. Gotou, T. Nishida and K. Mimura, Chem. Lett. 46 (2017) 334-337.

10. *Topochemical Crystal Transformation from a Distorted to a Nearly Perfect Kagome Cuprate: H. Ishikawa, T. Yajima,
A. Miyake, M. Tokunaga, A. Matsuo, K. Kindo and Z. Hiroi, Chem. Mater. 29 (2017) 6719-6725.

11. *Large anomalous Nernst effect at room temperature in a chiral antiferromagnet: M. Ikhlas, T. Tomita, T. Koretsune,
M.-T. Suzuki, D. Nishio-Hamane, R. Arita, Y. Otani and S. Nakatsuji, Nature Phys. 13 (2017) 1085-1090.

12. †*Hydrogenation of iron in the early stage of Earth’s evolution: R. Iizuka-Oku, T. Yagi, H. Gotou, T. Okuchi, T. Hattori
and A. Sano-Furukawa, Nat. Commun. 8 (2017) 14096(1-7).

13. Robust ferromagnetism carried by antiferromagnetic domain walls: H. T. Hirose, J.-I. Yamaura and Z. Hiroi, Sci. Rep. 7
(2017) 42440(1-7).

14. *Iyoite, MnCuCl(OH)3 and misakiite, Cu3Mn(OH)6Cl2: new members of the atacamite family from Sadamisaki Penin-
sula, Ehime Prefecture, Japan: D. Nishio–hamane, K. Momma, M. Ohnishi, N. Shimobayashi, R. Miyawaki, N. Tomita,
R. Okuma, A. R. Kampf and T. Minakawa, Mineral. Mag. 81 (2017) 485-498.

15. †*High Pressure Experiments on Metal-Silicate Partitioning of Chlorine in a Magma Ocean: Implications for Terrestrial
Chlorine Depletion: H. Kuwahara, H. Gotou, T. Shinmei, N. Ogawa, A. Yamaguchi, N. Takahata, Y. Sano, T. Yagi and
S. Sugita, Geochem. Geophys. Geosyst. 18 (2017) 3929-3945.

16. *High-pressure synthesis of tetragonal iron aluminide FeAl2: K. Tobita, N. Sato, Y. Katsura, K. Kitahara, D. Nishio-
Hamane, H. Gotou and K. Kimura, Scr. Mater. 141 (2017) 107-110.

17. *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).

18. †*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.

19. *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.

20. *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).

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

22. 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).

23. †*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).
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24. †*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 (2017) S0920586117306193, accepted for publication.

25. *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.

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 2017 include: (1) numerical simulation of weak-first 
order phase transition, (2) tensor-network calculation of the frustrated magnet on the star-lattice, (3) development of methods of 
computing high-order magnetic moments, and (4) tensor-network calculation of spin-orbit coupled systems. 

1. Ground state properties of Na2IrO3 determined from ab initio Hamiltonian and its extensions containing Kitaev and
extended Heisenberg interactions: T. Okubo, K. Shinjo, Y. Yamaji, N. Kawashima, S. Sota, T. Tohyama and M. Imada,
Phys. Rev. B 96 (2017) 054434(1-12).

2. Proposal of a spin-one chain model with competing dimer and trimer interactions: Y.-T. Oh, H. Katsura, H.-Y. Lee and
J. H. Han, Phys. Rev. B 96 (2017) 165126(1-8).

3. Resonating valence bond states with trimer motifs: H. Lee, Y.-T. Oh, J. H. Han and H. Katsura, Phys. Rev. B 95 (2017)
060413(1-4).

4. Variational Monte Carlo method for fermionic models combined with tensor networks and applications to the hole-
doped two-dimensional Hubbard model: H.-H. Zhao, K. Ido, S. Morita and M. Imada, Phys. Rev. B 96 (2017)
085103(1-16).

5. Weak ferromagnetic order breaking the threefold rotational symmetry of the underlying kagome lattice in
CdCu3(OH)6(NO3)2 · H2O: R. Okuma, T. Yajima, D. Nishio-Hamane, T. Okubo and Z. Hiroi, Phys. Rev. B 95 (2017)
094427(1-8).

6. Quantum lattice model solver HΦ: M. Kawamura, K. Yoshimi, T. Misawa, Y. Yamaji, S. Todo and N. Kawashima,
Computer Physics Communications 217 (2017) 180-192.

7. 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).

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

9. 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).

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

Uwatoko group

We report the effect of hydrostatic pressure on the electronic state of the antiferromagnet UIrGe, which is isostructural and 
isoelectronic with the ferromagnetic superconductors UCoGe and URhGe. We constructed a p–T phase diagram and estimated 
the critical pressure pc, where the antiferromagnetism vanishes, as ∼12 GPa. Electrical resistivity measurements have been 
performed on the iron-based ladder compounds Ba1−xCsxFe2Se3 (x = 0, 0.25, 0.65, and 1) under high pressure. Metallic 
behavior of the electrical conductivity was confirmed in the x = 0.25 and 0.65 samples for pressures greater than 11.3 and 
14.4 GPa, respectively, with the low-temperature log T upturn being consistent with weak localization of 2D electrons due 
to random potential. No metallic conductivity was observed in the parent compounds BaFe2Se3 (x = 0) up to 30.0 GPa and 
CsFe2Se3 (x = 1) up to 17.0 GPa. We report pressure-driven superconductivity (SC) in the vicinity of a commensurate charge-
density wave (CCDW) in transition-metal dichalcogenides (TMDs) 1T−TaSe2 by simultaneous resistivity and ac susceptibility. 
The findings reveal the interplay of CCDW and SC in 1T−TaSe2 by a clean method, viz., high pressure, and shed light on the 
underlying superconducting mechanism in the relevant systems. We study the properties of electronic structure in the high-Tc 
phase induced by pressure in bulk FeSe from magnetotransport measurements and first-principles calculations. These results 
in FeSe highlight similarities with high-Tc phases of iron pnictides, constituting a step toward a unified understanding of iron-
based superconductivity. The origin of the highly anisotropic superconducting transition in ZrTe3, where the resistance along the 
a axis, Ra , is reduced at 4 K but those along the b axis, Rb, and c' axis, Rc', are reduced at 2 K, was explored with the application 
of a magnetic field and pressure by the electrical resistance measurements. The reduction in Ra is due to filamentary supercon-
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ductivity (SC) induced by locally bound electron pairs (local pairs), which correspond to bi-polarons, and the transition of Rb 
corresponds to the emergence of bulk SC originating from the Cooper pairs triggered by the transfer of the local pairs. We have 
studied the temperature-pressure phase diagram of two materials Eu3-xSrxBi2S4F4 (x = 1 and x = 2) by electrical resistivity and 
magnetic measurements down to 2 K. Using the Arrhenius equation, we estimate the thermally activated flux flow activation 
energy U 0 as 116 K in Eu2SrBi2S4F4 and 39 K in EuSr2Bi2S4F4. At 2 K, DC magnetic susceptibility measurements indicate 
S-type paramagnetic behavior. We construct the three-dimensional electronic phase diagram, temperature (T) against pressure
(P) and isovalent S-substitution (x), for FeSe1-xSx. The completed phase diagram uncovers that high-Tc superconductivity lies
near both ends of the dome-shaped antiferromagnetic phase, whereas Tc remains low near the nematic critical point.

1. †Effect of Pressure on Magnetism of UIrGe: J. Pospisil, J. Gouchi, Y. Haga, F. Honda, Y. Uwatoko, N. Tateiwa,
S. Kambe, S. Nagasaki, Y. Homma and E. Yamamoto, J. Phys. Soc. Jpn. 86 (2017) 044709(1-6).

2. †Pressure-Induced Metallization in Iron-Based Ladder Compounds Ba1−xCsxFe2Se3: T. Hawai, C. Kawashima,
K. Ohgushi, K. Matsubayashi, Y. Nambu, Y. Uwatoko, T. J. Sato and H. Takahashi, J. Phys. Soc. Jpn. 86 (2017) 024701
(1-4).

3. †Synchrotron X-ray Diffraction and High-Pressure Electrical Resistivity Studies for High Tc Candidate
Nd3.5Sm0.5Ni3O8: M. Uehara, K. Kobayashi, H. Yamamoto, A. Nakata, K. Wakiya, I. Umehara, J. Gouchi and
Y. Uwatoko, J. Phys. Soc. Jpn. 86 (2017) 114605(1-6).

4. †Unique Pressure versus Temperature Phase Diagram for Antiferromagnets Eu2Ni3Ge5 and EuRhSi3: M. Nakashima,
Y. Amako, K. Matsubayashi, Y. Uwatoko, M. Nada, K. Sugiyama, M. Hagiwara, Y. Haga, T. Takeuchi, A. Nakamura,
H. Akamine, K. Tomori, T. Yara, Y. Ashitomi, M. Hedo, T. Nakama and Y. Onuki, J. Phys. Soc. Jpn. 86 (2017) 034708
(1-13).

5. Weak Ferromagnetic Response of d Electrons and Antiferromagnetic Response of π Electrons in TPP[Mn(Pc)(CN)2]2
in Torque Magnetometry Experiments: K. Torizuka, Y. Uwatoko, M. Matsuda, G. Yoshida, M. Kimata and H. Tajima,
J. Phys. Soc. Jpn. 86 (2017) 114709(1-9).

6. Evidence for pressure-induced node-pair annihilation in Cd3As2: C. Zhang, J. Sun, F. Liu, A. Narayan, N. Li, X. Yuan,
Y. Liu, J. Dai, Y. Long, Y. Uwatoko, J. Shen, S. Sanvito, W. Yang, J. Cheng and F. Xiu, Phys. Rev. B 96 (2017) 155205
(1-7).

7. Pressure-induced bulk superconductivity in a layered transition-metal dichalcogenide 1T-tantalum selenium: B. Wang,
Y. Liu, K. Ishigaki, K. Matsubayashi, J. Cheng, W. Lu, Y. Sun and Y. Uwatoko, Phys. Rev. B 95 (2017) 220501(1-6).

8. †*Two-carrier analyses of the transport properties of black phosphorus under pressure: K. Akiba, A. Miyake,
Y. Akahama, K. Matsubayashi, Y. Uwatoko and M. Tokunaga, Phys. Rev. B 95 (2017) 115126(1-7).

9. High-Tc Superconductivity in FeSe at High Pressure: Dominant Hole Carriers and Enhanced Spin Fluctuations:
J. P. Sun, G. Z. Ye, P. Shahi, J. -Q. Yan, K. Matsuura, H. Kontani, G. M. Zhang, Q. Zhou, B. C. Sales, T. Shibauchi,
Y. Uwatoko, D. J. Singh and J. -G. Cheng, Phys. Rev. Lett. 118 (2017) 147004(1-6).

10. Superconductivity induced by external pressure in Eu3−xSrxBi2S4F4 (x= 1, 2) compounds: M. Kannan, G. K. Selvan,
Z. Haque, G. S. Thakur, B. Wang, K. Ishigaki, Y. Uwatoko, L. C. Gupta, A. K. Ganguli and S. Arumugam, Supercond.
Sci. Technol. 30 (2017) 115011(1-7).

11. Effects of pressure and magnetic field on superconductivity in ZrTe3: local pair-induced superconductivity: S. Tsuchiya,
K. Matsubayashi, K. Yamaya, S. Takayanagi, S. Tanda and Y. Uwatoko, New J. Phys. 19 (2017) 063004(1-10).

12. †Superconducting, Fermi surface, and magnetic properties in SrTGe3 and EuTGe3 (T: transition metal) with the
Rashba-type tetragonal structure: M. Kakihana, H. Akamine, K. Tomori, K. Nishimura, A. Teruya, A. Nakamura, F.
Honda, D. Aoki, M. Nakashima, Y. Amako, K. Matsubayashi, Y. Uwatoko, T. Takeuchi, T. Kida, M. Hagiwara, Y. Haga,
E. Yamamoto, H. Harima, M. Hedo, T. Nakama and Y. Onuki, J. Alloys Compd. 694 (2017) 439-451.

13. Pressure-Induced Charge-Order Melting and Reentrant Charge Carrier Localization in the Mixed-Valent Pb3Rh7O15:
Y. Li, Z. Sun, J.-W. Cai, J.-P. Sun, B.-S. Wang, Z.-Y. Zhao, Y. Uwatoko, J.-Q. Yan and J.-G. Cheng, Chin. Phys. Lett. 34
(2017) 087201.

14. †Thermal Transformation Arrest Phenomena in Mn2Sb0.9Sn0.1: T. Wakamori, Y. Mitsui, K. Takahashi, R. Y. Umetsu,
Y. Uwatoko, M. Hiroi and K. Koyama, IEEE Magn. Lett. 8 (2017) 1402404(1-4).

15. †Maximizing Tc by tuning nematicity and magnetism in FeSe1−xSx superconductors: K. Matsuura, Y. Mizukami,
Y. Arai, Y. Sugimura, N. Maejima, A. Machida, T. Watanuki, T. Fukuda, T. Yajima, Z. Hiroi, K. Y. Yip, Y. C. Chan,
Q. Niu, S. Hosoi, K. Ishida, K. Mukasa, S. Kasahara, J. -G. Cheng, S. K. Goh, Y. Matsuda, Y. Uwatoko and
T. Shibauchi, Nat. Commun. 8 (2017) 1143(1-6).
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16. *Unique Electronic States in Non-centrosymmetric Cubic Compounds: M. Kakihana, K. Nishimura, Y. Ashitomi,
T. Yara, D. Aoki, A. Nakamura, F. Honda, M. Nakashima, Y. Amako, Y. Uwatoko, T. Sakakibara, S. Nakamura,
T. Takeuchi, Y. Haga, E. Yamamoto, H. Harima, M. Hedo, T. Nakama and Y. Onuki, J. Electron. Mater. 46 (2017)
3572-3586.

17. Possibility for conventional superconductivity in Sr0.1Bi2Se3 from high-pressure transport studies: K. Manikandan,
Shruti, P. Neha, G. Kalai Selvan, B. Wang, Y. Uwatoko, K. Ishigaki, R. Jha, V. P. S. Awana, S. Arumugam and
S. Patnaik, EPL 118 (2017) 47008(1-6).

18. †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).

19. 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).

20. 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).

21. 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).

22. *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).

23. †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).

24. 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).

25. 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).

26. *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).

27. †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).

28. †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.

29. 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.

30. 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).

31. Anisotropic lattice compression of α- and β-CePdZn: G. Oomi, T. Eto, T. Okada and Y. Uwatoko, Physica B: Condensed
Matter 536 (2018) 293.

32. 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.

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

34. 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.
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35. 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.

36. 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.

37. 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.

38. Pressure-induced coherent sliding-layer transition in the excitonic insulator Ta 2 NiSe 5: 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.

39. 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.

40. 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.

41. 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.

Ozaki group

Motivated by the post-K computer project where the machine is expected to consist of about 10 million CPU cores, we have 
tried to develop efficient and accurate O(N) methods whose computational cost is proportional to the number of atoms, while so 
far we have already developed an O(N) Krylov subspace and applied the method to a wide variety of problems. A missing ingre-
dient in the O(N) Krylov subspace method is that the method neglects the effect of outer region beyond the truncated cluster. 
To take account of the effect of outer region beyond the truncated cluster, we have introduced the self-energy correction, which 
is derived from a block formalism for the inverse calculation of a matrix, to evaluation of local Green’s function and performed 
a series of benchmark calculations. Though the method is theoretically appealing, it turns out that the method is numerically 
very unstable in the process for the self-consistent calculation of local Green’s functions. The analysis implies that the Green’s 
functions near the real axis are highly delocalized for systems with metallic bands or denser structures, resulting in the numer-
ical instability. After getting the negative result, we have taken another direction for development of efficient and accurate O(N) 
methods, and considered how the size of truncated cluster can be enlarged without largely increasing the numerical cost. Our 
idea is based on a coarse graining of basis functions which are located in the buffer region of the truncated cluster. To perform 
the coarse graining, we have developed a novel method to generate localized natural orbitals based on Schur decomposition, 
and replaced the original basis functions in the buffer region by the localized natural orbitals. A series of benchmark calcula-
tions suggests that the O(N) method is a stable and accurate method for not only insulators but also metals. We have further 
introduced a multi-level parallelization where atoms, spin, and eigenvalue problem for the truncated cluster are fully parallelized 
by MPI. We expect that the parallelized code for the novel method enables us to perform first-principles molecular dynamics 
simulations of large-scale systems consisting of ten thousand atoms by making full use of the post-K computer. 

1. Single-particle excitation of core states in epitaxial silicene: C.-C. Lee, J. Yoshinobu, K. Mukai, S. Yoshimoto, H. Ueda,
R. Friedlein, A. Fleurence, Y. Yamada-Takamura and T. Ozaki, Phys. Rev. B 95 (2017) 115437(1-7).

2. Thermoelectric properties of high power factor sulfide NiSbS and Co substitution system Ni1−xCoxSbS: M. Miyata,
T. Ozaki, S. Nishino and M. Koyano, Jpn. J. Appl. Phys. 56 (2017) 021801(1-6).

3. Absolute Binding Energies of Core Levels in Solids from First Principles: T. Ozaki and C.-C. Lee, Phys. Rev. Lett. 118
(2017) 026401(1-5).

4. 低次スケーリング手法の開発とその応用 : 尾崎 泰助 , 澤田 英明 , 固体物理特集号 621 (2017) 593.

5. 密度汎関数理論による内殻電子束縛エネルギーの第一原理計算 : 尾崎 泰助 , 固体物理特集号 621 (2017) 604.

6. Transition of the Interface between Iron and Carbide Precipitate From Coherent to Semi-Coherent: H. Sawada,
S. Taniguchi, K. Kawakami and T. Ozaki, Metals 7 (2017) 277(1-13).

7. Chemical misfit origin of solute strengthening in iron alloys: M. Wakeda, T. Tsuru, M. Kohyama, T. Ozaki, H. Sawada,
M. Itakura and S. Ogata, Acta Mater. 131 (2017) 445-456.
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8. *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).

9. 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.

10. 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.

11. 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.

12. 2 次元材料の電子状態解析 - シリセン研究における実験と計算の協奏 -: 高村（ 山田）由起子 , 尾崎 泰助 , 応用物理学会
誌 86 (2017) 488.

13. 計算科学のための HPC 技術２: 下司雅章 編／南一生 , 高橋 大介 , 尾崎 泰助 , 安藤 嘉倫 , 小林 正人 , 成瀬 彰 , 黒澤一
平 著 , ( 大阪大学出版会 , 大阪府吹田市山田丘 2-7 大阪大学ウエストフロント , 2017).

Noguchi group

We have studied the membrane shape transformations by proteins and chemical reactions. (1) Two types of banana-shaped 
proteins assembled into striped bumps that surpress membrane tubulation. (2) The tubulation is promoted by laterally isotropic 
membrane inclusions that generate the same sign of spontaneous curvature as the adsorbed protein rods while it is surpressed 
in the case of the opposite sign. (3) Asymmetric chemical reactions between the inner and outer leaflets of a vesicle induces 
bilayer sheet protrusion and budding. The probabilities of these two types of transformations depend on the shear viscosity of 
the surrounding fluids compared to the membrane as well as the reaction rates.

1. Acceleration and suppression of banana-shaped-protein-induced tubulation by addition of small membrane inclusions of
isotropic spontaneous curvatures: H. Noguchi, Soft Matter 13 (2017) 7771-7779.

2. Membrane structure formation induced by two types of banana-shaped proteins: H. Noguchi and J.-B. Fournier, Soft
Matter 13 (2017) 4099-4011.

3. 分子シミュレーションにおける三体ポテンシャルを含んだ系の局所応力テンソルの非一意性 : 中川 恒 , 分子シミュレーション
研究会会誌 “アンサンブル ” 19 (2017) 69.

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（１）: 中川 恒 , 分子シミュレーション研究会会誌 “アンサンブ
ル ” 19 (2017) 267-273.

5. Docosahexaenoic acid preserves visual function by maintaining correct disc morphology in retinal photoreceptor cells:
H. Shindou, H. Koso, J. Sasaki, H. Nakanishi, H. Sagara, K. M. Nakagawa, Y. Takahashi, D. Hishikawa, Y. Iizuka-
Hishikawa, F. Tokumasu, H. Noguchi, S. Watanabe, T. Sasaki and T. Shimizu, J. Biol. Chem. 292 (2017) 12054-12064.

6. 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.

7. 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.

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

Materials Synthesis and Characterization group

1. *Weak ferromagnetic order breaking the threefold rotational symmetry of the underlying kagome lattice in
CdCu3(OH)6(NO3)2⋅H2O: R. Okuma, T. Yajima, D. Nishio-Hamane, T. Okubo and Z. Hiroi, Phys. Rev. B 95 (2017)
094427(1-8).

2. †*Pressure-induced Freeze Concentration of Alanine Aqueous Solution as a Novel Field of Chemical Reaction:
S. Takahashi, H. Kagi, C. Fujimoto, A. Shinozaki, H. Gotou, T. Nishida and K. Mimura, Chem. Lett. 46 (2017) 334-337.
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3. *Large anomalous Nernst effect at room temperature in a chiral antiferromagnet: M. Ikhlas, T. Tomita, T. Koretsune,
M.-T. Suzuki, D. Nishio-Hamane, R. Arita, Y. Otani and S. Nakatsuji, Nature Phys. 13 (2017) 1085-1090.

4. †*Hydrogenation of iron in the early stage of Earth’s evolution: R. Iizuka-Oku, T. Yagi, H. Gotou, T. Okuchi, T. Hattori
and A. Sano-Furukawa, Nat. Commun. 8 (2017) 14096(1-7).

5. *Iyoite, MnCuCl(OH)3 and misakiite, Cu3Mn(OH)6Cl2: new members of the atacamite family from Sadamisaki Penin-
sula, Ehime Prefecture, Japan: D. Nishio–hamane, K. Momma, M. Ohnishi, N. Shimobayashi, R. Miyawaki, N. Tomita,
R. Okuma, A. R. Kampf and T. Minakawa, Mineral. Mag. 81 (2017) 485-498.

6. †*High Pressure Experiments on Metal-Silicate Partitioning of Chlorine in a Magma Ocean: Implications for Terrestrial
Chlorine Depletion: H. Kuwahara, H. Gotou, T. Shinmei, N. Ogawa, A. Yamaguchi, N. Takahata, Y. Sano, T. Yagi and
S. Sugita, Geochem. Geophys. Geosyst. 18 (2017) 3929-3945.

7. *High-pressure synthesis of tetragonal iron aluminide FeAl2: K. Tobita, N. Sato, Y. Katsura, K. Kitahara, D. Nishio-
Hamane, H. Gotou and K. Kimura, Scr. Mater. 141 (2017) 107-110.

8. *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).

9. †*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.

10. *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.

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

12. †*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).

13. †*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 (2017) S0920586117306193, accepted for publication.

14. *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 2017 include investigation of (1) structural 
investigations of critical clusters and their biomedical applications, (2) probe diffusion of sol-gel transition in isorefractive 
indexed solvents, (3) solvated structure of cellulose in a phosphonate-based ionic liquid, (4) structure-mechanical property 
relationships in crosslinked phenolic resin, and (5) structural investigations of nonswellable thermoresponsive amphiphilic 
conetwork, and so on.

1. Experimental Observation of Two Features Unexpected from the Classical Theories of Rubber Elasticity: K. Nishi,
K. Fujii, U.-I. Chung, M. Shibayama and T. Sakai, Phys. Rev. Lett. 119 (2017) 267801(1-6).

2. Structure-mechanical property relationships in crosslinked phenolic resin investigated by molecular dynamics simula-
tion: Y. Shudo, A. Izumi, K. Hagita, T. Nakao and M. Shibayama, Polymer 116 (2017) 506-514.

3. Decisive test of the ideal behavior of tetra-PEG gels: F. Horkay, K. Nishi and M. Shibayama, J. Chem. Phys. 146 (2017)
164905(1-8).
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4. Structure and Rheology of Wormlike Micelles Formed by Fluorocarbon–Hydrocarbon-Type Hybrid Gemini Surfactant
in Aqueous Solution: K. Morishima, S. Sugawara, T. Yoshimura and M. Shibayama, Langmuir 33 (2017) 6084-6091.

5. Mesoscopic Structural Aspects of Ca2+-Triggered Polymer Chain Folding of a Tetraphenylethene-Appended
Poly(acrylic acid) in Relation to Its Aggregation-Induced Emission Behavior: K. Morishima, F. Ishiwari, S. Matsumura,
T. Fukushima and M. Shibayama, Macromolecules 50 (2017) 5940-5945.

6. Microscopic Structure of Solvated Poly(benzyl methacrylate) in an Imidazolium-Based Ionic Liquid: High-Energy
X-ray Total Scattering and All-Atom MD Simulation Study: K. Fujii, T. Ueki, K. Hashimoto, Y. Kobayashi, Y. Kitazawa,
K. Hirosawa, M. Matsugami, K. Ohara, M. Watanabe and M. Shibayama, Macromolecules 50 (2017) 4780-4786.

7. †Microscopic Structure of the “Nonswellable” Thermoresponsive Amphiphilic Conetwork: S. Nakagawa, X. Li,
H. Kamata, T. Sakai, E. P. Gilbert and M. Shibayama, Macromolecules 50 (2017) 3388-3395.

8. Permeation of Water through Hydrogels with Controlled Network Structure: T. Fujiyabu, X. Li, M. Shibayama, U.-I.
Chung and T. Sakai, Macromolecules 50 (2017) 9411-9416.

9. Probe Diffusion during Sol–Gel Transition of a Radical Polymerization System Using Isorefractive Dynamic Light
Scattering: N. Watanabe, X. Li and M. Shibayama, Macromolecules 50 (2017) 9726-9733.

10. Probe Diffusion of Sol–Gel Transition in an Isorefractive Polymer Solution: X. Li, N. Watanabe, T. Sakai and
M. Shibayama, Macromolecules 50 (2017) 2916-2922.

11. SANS Study on Critical Polymer Clusters of Tetra-Functional Polymers: X. Li, K. Hirosawa, T. Sakai, E. P. Gilbert and
M. Shibayama, Macromolecules 50 (2017) 3655-3661.

12. Solvated Structure of Cellulose in a Phosphonate-Based Ionic Liquid: K. Hirosawa, K. Fujii, K. Hashimoto and
M. Shibayama, Macromolecules 50 (2017) 6509-6517.

13. Exploration of Ideal Polymer Networks: M. Shibayama, Macromol. Symp 372 (2017) 7-13.

14. Effect of protonation on the solvation structure of solute N-butylamine in an aprotic ionic liquid: K. Hashimoto,
K. Fujii, K. Ohara and M. Shibayama, Phys. Chem. Chem. Phys. 19 (2017) 8194-8200.

15. Effect of substrate concentrations on the aggregation behavior and dynamic oscillatory properties of self-oscillating
block copolymers: R. Tamate, T. Ueki, M. Shibayama and R. Yoshida, Phys. Chem. Chem. Phys. 19 (2017) 20627-
20634.

16. 2D pair distribution function analysis of anisotropic small-angle scattering patterns from elongated nano-composite
hydrogels: K. Nishi and M. Shibayama, Soft Matter 13 (2017) 3076-3083.

17. Autonomous unimer-vesicle oscillation by totally synthetic diblock copolymers: effect of block length and polymer
concentration on spatio-temporal structures: R. Tamate, T. Ueki, M. Shibayama and R. Yoshida, Soft Matter 13 (2017)
4559-4568.

18. Amoeba-like self-oscillating polymeric fluids with autonomous sol-gel transition: M. Onoda, T. Ueki, R. Tamate,
M. Shibayama and R. Yoshida, Nat. Commun. 8 (2017) 15862(1-8).

19. Measurement of Particle Size Distribution in Turbid Solutions by Dynamic Light Scattering Microscopy: T. Hiroi and
M. Shibayama, JoVE 119 (2017) 54885.

20. Fast-forming hydrogel with ultralow polymeric content as an artificial vitreous body: K. Hayashi, F. Okamoto, S. Hoshi,
T. Katashima, D. C. Zujur, X. Li, M. Shibayama, E. P. Gilbert, U.-I. Chung, S. Ohba, T. Oshika and T. Sakai, Nat.
Biomed. Eng. 1 (2017) 0044(1-7).

21. Structure of the Microemulsion of Polyglycerol Polyricinoleate Encapsulating Vitamin E: J. Matsuoka, T. Kusano,
Y. Kasama, E. Tominaga, J. Kobayashi, W. Fujii, H. Iwase, M. Shibayama and H. Nanbu, J. Oleo Sci. 66 (2017)
1285-1291.

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

23. Soft Condensed Matter: M. Shibayama, in: Experimental Methods in the Physical Science Volume 49 Neutron Scattering
Applications in Chemistry, Materials Science and Biology, Ch Chapter 8, edited by Fernandez-Alonso, F. and Price,
D. L., (Academic Press, Cambridge MA, 2017), 459-546.
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Yoshizawa group

A systematic study on a family of Ce-based non-centrosymmetric heavy fermion compounds CeTSi3 (T=transition metal 
ions) was continued in 2017. It is found that a family of the CeTSi3 compounds can be classified into three different crystal-
line electric field (CEF) level scheme groups. In order to elucidate megnetic properties from a microscopic basis, the CEF 
levels were reexamined for T= Rh and Ir compounds with use of inelastic neutron scattering (INS) measurements. The results 
disclosed that the previously reported CEF level schemes for CeRhSi3 and CeIrSi3 were not correct, and our INS study estab-
lished the correct CEF schemes which can consistently explain other magnetic properties. 

1. †Crystalline Electric Field Level Scheme of the Non‐ Centrosymmetric CePtSi3: D. Ueta, T. Kobuke, M. Yoshida,
H. Yoshizawa, Y. Ikeda, S. Itoh and T. Yokoo, Physica B 536 (2018) 21-23.

2. †Magnetic and Thermodynamic Studies on the Charge and Spin Ordering in the highly-doped La2-xSrxCoO4:
M. Yoshida, D. Ueta, Y. Ikeda, T. Yokoo, S. Itoh and H. Yoshizawa, Physica B 536 (2018) 338-341.

3. †Anisotropic pressure effects on superconductivity in Fe1+yTe1-xSx: K. Yamamoto, T. Yamazaki, T. Yamanaka, D. Ueta,
H. Yoshizawa and H. Yaguchi, J. Phys. Soc. Jpn. 87 (2018) 054705.

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. 
Following to the synchrotron X-ray diffraction works of last year on the vapor-deposited glasses of carbon disulfide (CS2), 
propane (CH3CH2CH3) and propene (CH3CHCH2), their liquid states were measured as functions of temperature. We obtained 
the atomic pair distribution functions of these liquids and found that the orientational correlation between neighboring 
molecules steeply increases on cooling down to the glass transition temperature. This result clearly corresponds to the growth 
of the cooperatively rearranging region (CRR) determined by our previous calorimetric studies. Another topic is the quasielastic 
neutron scattering of alkylated tetraphenylporphirins (3,5-C6C10-TPP and 2,5-C6C10-TPP) whose liquid states are stabilized by 
the huge entropy due to the orientational disorder of alkylchains. Their molecular motions were reproduced well by the combi-
nation of the alkyl motions and the rotational and translational motions of whole molecules. Other than above topics, we have 
conducted neutron diffraction experiments of the nanoparticles of PdRuX (X = Pt, Rh, Ir) alloys. The analysis is now going on 
to investigate the atomic scale miscibility and local structure of the alloys.

1. Calorimetric and Neutron Scattering Studies on Glass Transitions and Ionic Diffusions in Imidazolium-based Ionic
Liquids: O. Yamamuro and M. Kofu, Mat. Sci. Eng. 196 (2017) 012001(1-4).

2. †Relaxation in a Prototype Ionic Liquid: Influence of Water on the Dynamics: D. L. Price, O. Borodin, M. A. González,
M. Kofu, K. Shibata, T. Yamada, O. Yamamuro and M.-L. Saboungi, J. Phys. Chem. Lett. 8 (2017) 715-719.

3. 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. (2018), accepted for publication.

4. Vibrational states of atomic hydrogen in bulk and nanocrystalline palladium studied by neutron spectroscopy: M. Kofu,
N. Hashimoto, H. Akiba, H. Kobayashi, H. Kitagawa, K. Iida, M. Nakamura and O. Yamamuro, Phys. Rev. B 96 (2017)
054304(1-7).

5. 熱測定と中性子散乱の相補利用による新規物質研究 : 山室 修 , 熱測定 44(3) (2017) 117-123.

6. ガラス転移温度 : 山室 修 , 「化学便覧基礎編改訂第 6 版」, 10.15, 日本化学会編 , ( 丸善出版 , 2017), accepted for publi-
cation.

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;Spin dynamics in the stripe-ordered buckled honeycomb lattice antiferromagnet Ba2NiTeO6, 
Magnetic excitations from the two-dimensional interpenetrating Cu framework in Ba2Cu3O4Cl2, Magnetic Structure and Dielec-
tric State in the Multiferroic Ca2CoSi2O7, A layered wide-gap oxyhalide semiconductor with an infinite ZnO2 square planar 
sheet: Sr2ZnO2Cl2, Magnetic metal-complex-conducting copolymer core-shell nanoassemblies for a single-drug anticancer 
platform, and Spin pseudogap in the S=1/2 chain material Sr2CuO3 with impurities. 

1. Magnetic Structure and Dielectric State in the Multiferroic Ca2CoSi2O7: M. Soda, S. Hayashida, T. Yoshida, M. Akaki,
M. Hagiwara, M. Avdeev, O. Zaharko and T. Masuda, J. Phys. Soc. Jpn. 86 (2017) 064703(1-5).



 ISSP  Activity Report 2017          181

†  Joint research with outside partners.

2. Magnetic excitations from the two-dimensional interpenetrating Cu framework in Ba2Cu3O4Cl2: P. Babkevich, N. E.
Shaik, D. Lancon, A. Kikkawa, M. Enderle, R. A. Ewings, H. C. Walker, D. T. Adroja, P. Manuel, D. D. Khalyavin,
Y. Taguchi, Y. Tokura, M. Soda, T. Masuda and H. M. Ronnow, Phys. Rev. B 96 (2017) 014410(1-12).

3. Spin dynamics in the stripe-ordered buckled honeycomb lattice antiferromagnet Ba2NiTeO6: S. Asai, M. Soda,
K. Kasatani, T. Ono, V. Ovidiu Garlea, B. Winn and T. Masuda, Phys. Rev. B 96 (2017) 104414(1-6).

4. Spin pseudogap in the S=1/2 chain material Sr2CuO3 with impurities: G. Simutis, S. Gvasaliya, N. S. Beesetty,
T. Yoshida, J. Robert, S. Petit, A. I. Kolesnikov, M. B. Stone, F. Bourdarot, H. C. Walker, D. T. Adroja, O. Sobolev,
C. Hess, T. Masuda, A. Revcolevschi, B. Büchner and A. Zheludev, Phys. Rev. B 95 (2017) 054409(1-6).

5. A layered wide-gap oxyhalide semiconductor with an infinite ZnO2 square planar sheet: Sr2ZnO2Cl2: Y. Su, Y. Tsuji-
moto, A. Miura, S. Asai, M. Avdeev, H. Ogino, M. Ako, A. A. Belik, T. Masuda, T. Uchikoshi and K. Yamaura, Chem.
Commun. 53 (2017) 3826(4 pages).

6. Dielectric Property and Diffuse Scattering in Relaxor Magnet LuFeCoO4: M. Soda and T. Masuda, J. Phys.: Conf. Ser.
828 (2017) 012001(1-3).

7. Neutron Scattering Study in Breathing Pyrochlore Antiferromagnet Ba3Yb2Zn5O11: T. Haku, M. Soda, M. Sera,
K. Kimura, J. Taylor, S. Itoh, T. Yokoo, Y. Matsumoto, D. Yu, R. A. Mole, T. Takeuchi, S. Nakatsuji, Y. Kono, T. Sakaki-
bara, L. -J. Chang and T. Masuda, J. Phys.: Conf. Ser. 828 (2017) 012018(1-5).

8. Powder neutron diffraction in one-dimensional frustrated chain compound NaCuMoO4(OD): S. Asai, T. Oyama,
M. Soda, K. Rule, K. Nawa, Z. Hiroi and T. Masuda, J. Phys.: Conf. Ser. 828 (2017) 012006(1-5).

9. Hyperthermia and chemotherapy using Fe(Salen) nanoparticles might impact glioblastoma treatment: M. Ohtake,
M. Umemura, I. Sato, T. Akimoto, K. Oda, A. Nagasako, J.-H. Kim, T. Fujita, U. Yokoyama, T. Nakayama, Y. Hoshino,
M. Ishiba, S. Tokura, M. Hara, T. Muramoto, S. Yamada, T. Masuda, I. Aoki, Y. Takemura, H. Murata, H. Eguchi,
N. Kawahara and Y. Ishikawa, Sci. Rep. 7 (2017) 42783(1-12).

10. Magnetic metal-complex-conducting copolymer core–shell nanoassemblies for a single-drug anticancer platform: J.-H.
Kim, H. Eguchi, M. Umemura, I. Sato, S. Yamada, Y. Hoshino, T. Masuda, I. Aoki, K. Sakurai, M. Yamamoto and
Y. Ishikawa, NPG Asia Mater. 9 (2017) e367(1-14).

11. 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).

12. *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).

13. *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).

14. 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).

15. 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.

16. 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).

17. 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).
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International MegaGauss Science Laboratory

Takeyama group

985 T close to 1000 T has been achieved by the electromagnetic flux compression megagauss generator. 1000 T-class electro-
magnetic flux compression megagauss generator is newly reconstructed and completed. A peak magnetic field of 400 T has 
been achieved with 1.3 MJ energy injection, showing high efficiency of the system. Magnetization measurement techniques are 
still in progress in the single-turn coil magagauss generator system, and the measurements using a co-axial type self-compen-
sated pick-up-coil up to 130 T, and using magneto-optical techniques up to 200 T are currently achieved with high reliability, 
at very low temperature around 5 K. Contactless ultra-high frequency AC-conductivity measurement techniques are developed 
and showed it is applicable to destructing short-pulse magnets of micro second pulse duration. The methods have been applied 
to investigate spin structures of frustrated magnetic materials, multiferro materials, and quantum spin systems, superconducting 
materials, and etc. 

1. †*Electric Polarization Induced by Spin Ordering under Magnetic Fields in Distorted Triangular Lattice Antiferromagnet
RbCoBr3: Y. Nishiwaki, M. Tokunaga, R. Sakakura, S. Takeyama, T. Kato and K. Iio, J. Phys. Soc. Jpn. 86 (2017)
044701(1-7).

2. †*Magnetization Process of the S = 1/2 Two-Leg Organic Spin-Ladder Compound BIP-BNO: K. Nomura, Y. H.
Matsuda, Y. Narumi, K. Kindo, S. Takeyama, Y. Hosokoshi, T. Ono, N. Hasegawa, H. Suwa and S. Todo, J. Phys. Soc.
Jpn. 86 (2017) 104713(1-3).

3. *Magnetic transitions under ultrahigh magnetic fields of up to 130 T in the breathing pyrochlore antiferromagnet
LiInCr4O8: Y. Okamoto, D. Nakamura, A. Miyake, S. Takeyama, M. Tokunaga, A. Matsuo, K. Kindo and Z. Hiroi, Phys.
Rev. B 95 (2017) 134438(1-5).

4. †Ultrahigh magnetic field phases in the frustrated triangular-lattice magnet CuCrO2: A. Miyata, O. Portugall,
D. Nakamura, K. Ohgushi and S. Takeyama, Phys. Rev. B 96 (2017) 180401-4.

5. Excitation energy dependence of initial phase shift in Kerr rotation of resident electron spin polarization in a CdTe
single quantum well: L. -P. Yan, T. Takamure, R. Kaji, G. Karczewski, S. Takeyama and S. Adachi, Phys. Status Solidi B
254 (2017) 1600449(1-6).

6. 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).

7. 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. Technolol. 29 (2018) 035901(7 pages).

Kindo group

We have succeeded in developing highly repetitive long pulse magnet. The magnet is used for the electric transport measure-
ments and the heat capacity measurements. We have shortened the waiting time for cooling down the magnet to 1.5 hrs after 
generating the maximum field.

1. †Hard x-ray photoemission study of Yb1−xZrxB12: the effects of electron doping on the Kondo insulator YbB12:
A. Rousuli, H. Sato, F. Iga, K. Hayashi, K. Ishii, T. Wada, T. Nagasaki, K. Mimura, H. Anzai, K. Ichiki, S. Ueda, A.
Kondo, K. Kindo, T. Takabatake, K. Shimada, H. Namatame and M. Taniguchi, J. Phys.: Condens. Matter 29 (2017)
265601 (1-7).

2. †40 T Soft X-ray Spectroscopies on Magnetic-Field-Induced Valence Transition in Eu(Rh1−xIrx)2Si2(x = 0.3):
H. Yasumura, Y. Narumi, T. Nakamura, Y. Kotani, A. Yasui, E. Kishaba, A. Mitsuda, H. Wada, K. Kindo and H. Nojiri,
J. Phys. Soc. Jpn. 86 (2017) 054706(1-8).

3. †Fe Substitution Effect on the High-Field Magnetization in the Kondo Semiconductor CeRu2Al10: A. Kondo, K. Kindo,
H. Nohara, M. Nakamura, H. Tanida, M. Sera and T. Nishioka, J. Phys. Soc. Jpn. 86 (2017) 023705(1-5).

4. †*Magnetization Process of the S = 1/2 Two-Leg Organic Spin-Ladder Compound BIP-BNO: K. Nomura, Y. H.
Matsuda, Y. Narumi, K. Kindo, S. Takeyama, Y. Hosokoshi, T. Ono, N. Hasegawa, H. Suwa and S. Todo, J. Phys. Soc.
Jpn. 86 (2017) 104713(1-3).

5. †*Magnetization Process of the Kondo Insulator YbB12 in Ultrahigh Magnetic Fields: T. T. Terashima, A. Ikeda, Y. H.
Matsuda, A. Kondo, K. Kindo and F. Iga, J. Phys. Soc. Jpn. 86 (2017) 054710(1-5).
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6. †Spin-1/2 Quantum Antiferromagnet on a Three-Dimensional Honeycomb Lattice Formed by a New Organic Biradical
F4BIPBNN: N. Amaya, T. Ono, Y. Oku, H. Yamaguchi, A. Matsuo, K. Kindo, H. Nojiri, F. Palacio, J. Campo and
Y. Hosokoshi, J. Phys. Soc. Jpn. 86 (2017) 074706(1-7).

7. *Thermodynamic Investigation of Metamagnetic Transitions and Partial Disorder in the Quasi-Kagome Kondo Lattice
CePdAl: K. Mochidzuki, Y. Shimizu, A. Kondo, S. Nakamura, S. Kittaka, Y. Kono, T. Sakakibara, Y. Ikeda, Y. Isikawa
and K. Kindo, J. Phys. Soc. Jpn. 86 (2017) 034709(1-5).

8. †*α−β and β−γ phase boundaries of solid oxygen observed by adiabatic magnetocaloric effect: T. Nomura, Y. Kohama,
Y. H. Matsuda, K. Kindo and T. C. Kobayashi, Phys. Rev. B 95 (2017) 104420(1-6).

9. Experimental observation of temperature and magnetic-field evolution of the 4f states in CeFe2 revealed by soft
x-ray magnetic circular dichroism: Y. Saitoh, A. Yasui, H. Fuchimoto, Y. Nakatani, H. Fujiwara, S. Imada, Y. Narumi,
K. Kindo, M. Takahashi, T. Ebihara and A. Sekiyama, Phys. Rev. B 96 (2017) 035151(1-5).

10. High-field magnetization of Heusler compound Fe2Mn1−xVxSi: M. Hiroi, T. Tazoko, H. Sano, I. Shigeta, K. Koyama,
A. Kondo, K. Kindo, H. Manaka and N. Terada, Phys. Rev. B 95 (2017) 014410(1-5).

11. †Ising-like anisotropy stabilized 1/3 and 2/3 magnetization plateaus in the V3+ kagome lattice antiferromagnets
Cs2KV3F12, Cs2NaV3F12, and Rb2NaV3F12: M. Goto, H. Ueda, C. Michioka, A. Matsuo, K. Kindo, K. Sugawara,
S. Kobayashi, N. Katayama, H. Sawa and K. Yoshimura, Phys. Rev. B 95 (2017) 134436(1-10).

12. *Magnetic transitions under ultrahigh magnetic fields of up to 130 T in the breathing pyrochlore antiferromagnet
LiInCr4O8: Y. Okamoto, D. Nakamura, A. Miyake, S. Takeyama, M. Tokunaga, A. Matsuo, K. Kindo and Z. Hiroi, Phys.
Rev. B 95 (2017) 134438(1-5).

13. †Magnetism of the antiferromagnetic spin-3/2 dimer compound CrVMoO7 having an antiferromagnetically ordered
state: M. Hase, Y. Ebukuro, H. Kuroe, M. Matsumoto, A. Matsuo, K. Kindo, J. R. Hester, T. J. Sato and H. Yamazaki,
Phys. Rev. B 95 (2017) 144429(1-7).

14. †Magnetism of the spin-1 tetramer compound A2Ni2Mo3O12 (A=Rb or K): M. Hase, A. Matsuo, K. Kindo and
M. Matsumoto, Phys. Rev. B 96 (2017) 214424(8).

15. †*Rich magnetoelectric phase diagrams of multiferroic single-crystal α−NaFeO2: N. Terada, Y. Ikedo, H. Sato, D. D.
Khalyavin, P. Manuel, A. Miyake, A. Matsuo, M. Tokunaga and K. Kindo, Phys. Rev. B 96 (2017) 035128(1-14).

16. †S=1/2 quantum critical spin ladders produced by orbital ordering in Ba2CuTeO6: A. S. Gibbs, A. Yamamoto, A. N.
Yaresko, K. S. Knight, H. Yasuoka, M. Majumder, M. Baenitz, P. J. Saines, J. R. Hester, D. Hashizume, A. Kondo,
K. Kindo and H. Takagi, Phys. Rev. B 95 (2017) 104428(1-6).

17. †Spin order in the Heisenberg kagome antiferromagnet MgFe3(OH)6Cl2: M. Fujihala, X. G. Zheng, S. Lee,
T. Kamiyama, A. Matsuo, K. Kindo and T. Kawae, Phys. Rev. B 96 (2017) 144111(9).

18. †*Magnetoelectric Behavior from S=1/2 Asymmetric Square Cupolas: Y. Kato, K. Kimura, A. Miyake, M. Tokunaga,
A. Matsuo, K. Kindo, M. Akaki, M. Hagiwara, M. Sera, T. Kimura and Y. Motome, Phys. Rev. Lett. 118 (2017) 107601
(1-5).

19. Search for Two-Photon Interaction with Axionlike Particles Using High-Repetition Pulsed Magnets and Synchrotron
X Rays: T. Inada, T. Yamazaki, T. Namba, S. Asai, T. Kobayashi, K. Tamasaku, Y. Tanaka, Y. Inubushi, K. Sawada,
M. Yabashi, T. Ishikawa, A. Matsuo, K. Kawaguchi, K. Kindo and H. Nojiri, Phys. Rev. Lett. 118 (2017) 071803 (1-6).

20. *Topochemical Crystal Transformation from a Distorted to a Nearly Perfect Kagome Cuprate: H. Ishikawa, T. Yajima,
A. Miyake, M. Tokunaga, A. Matsuo, K. Kindo and Z. Hiroi, Chem. Mater. 29 (2017) 6719-6725.

21. *Giant Exchange Coupling Evidenced with a Magnetization Jump at 52 T for a Gadolinium-Nitroxide Chelate:
T. Kanetomo, T. Kihara, A. Miyake, A. Matsuo, M. Tokunaga, K. Kindo, H. Nojiri and T. Ishida, Inorg. Chem. 56
(2017) 3310-3314.

22. Magnetic and electrical properties of Heusler compounds Ru2Cr1−xXxSi (X=V, Ti): M. Hiroi, H. Sano, T. Tazoko,
I. Shigeta, M. Ito, K. Koyama, H. Manaka, N. Terada, M. Fujii, A. Kondo and K. Kindo, J. Alloys Compd. 694 (2017)
1376-1382.

23. †Physical properties in the cluster-based magnetic-diluted triangular lattice antiferromagnets Li2Sc1-xSnxMo3O8:
Y. Haraguchi, C. Michioka, H. Ueda, A. Matsuo, K. Kindo and K. Yoshimura, J. Phys.: Conf. Ser. 828 (2017)
012013(6).
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24. †Different valence states of Tm in YB6 and YbB6: H. Sato, H. Nagata, F. Iga, Y. Osanai, A. Rousuli, K. Mimura,
H. Anzai, K. Ichiki, S. Ueda, T. Takabatake, A. Kondo, K. Kindo, K. Shimada, H. Namatame and M. Taniguchi, Journal
of Electron Spectroscopy and Related Phenomena 220 (2017) 33-36.

25. The OVAL experiment: a new experiment to measure vacuum magnetic birefringence using high repetition pulsed
magnets: X. Fan, S. Kamioka, T. Inada, T. Yamazaki, T. Namba, S. Asai, J. Omachi, K. Yoshioka, M. Kuwata-
Gonokami, A. Matsuo, K. Kawaguchi, K. Kindo and H. Nojiri, Eur. Phys. J. D 71 (2017) 308(10).

26. †*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).

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

28. †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).

Tokunaga group

BiFeO3 is perhaps the most extensively studied multiferroic material. Our highly accurate experiments of magnetostrsiction, 
magnetization, electric polarization in pulsed high magnetic fields revealed ferroelastic distortion in this material that can be 
controlled by magnetic field, and also emergence of novel magneto-electric phase at around room temperature. Theoretical 
calculation suggests a kind of conical spin order in this phase, which has a spin modulation vector normal to that in the 
cycloidal state at zero field. Change in the spin modulation vector is confirmed through neutron experiments.

1. †Characteristic Physical Properties of the Non-Kramers Γ3 Ground State in PrPt2Cd20: Y. Hirose, T. Takeuchi, H. Doto,
F. Honda, A. Miyake, M. Tokunaga, D. Yoshizawa, T. Kida, M. Hagiwara, Y. Haga and R. Settai, J. Phys. Soc. Jpn. 86
(2017) 074711(1-7).

2. †*Electric Polarization Induced by Spin Ordering under Magnetic Fields in Distorted Triangular Lattice Antiferromagnet
RbCoBr3: Y. Nishiwaki, M. Tokunaga, R. Sakakura, S. Takeyama, T. Kato and K. Iio, J. Phys. Soc. Jpn. 86 (2017)
044701(1-7).

3. †Different metamagnetism between paramagnetic Ce and Yb isomorphs: A. Miyake, Y. Sato, M. Tokunaga, J. Jatmika
and T. Ebihara, Phys. Rev. B 96 (2017) 085127(1-7).

4. High-field magnetization and magnetic phase diagram of α-Cu2V2O7: G. Gitgeatpong, M. Suewattana, S. Zhang,
A. Miyake, M. Tokunaga, P. Chanlert, N. Kurita, H. Tanaka, T. J. Sato, Y. Zhao and K. Matan, Phys. Rev. B 95 (2017)
245119(1-10).

5. *Magnetic transitions under ultrahigh magnetic fields of up to 130 T in the breathing pyrochlore antiferromagnet
LiInCr4O8: Y. Okamoto, D. Nakamura, A. Miyake, S. Takeyama, M. Tokunaga, A. Matsuo, K. Kindo and Z. Hiroi, Phys.
Rev. B 95 (2017) 134438(1-5).

6. *Phase diagram of multiferroic KCu3As2O7(OD)3: G. J. Nilsen, V. Simonet, C. V. Colin, R. Okuma, Y. Okamoto,
M. Tokunaga, T. C. Hansen, D. D. Khalyavin and Z. Hiroi, Phys. Rev. B 95 (2017) 214415(1-10).

7. †*Rich magnetoelectric phase diagrams of multiferroic single-crystal α−NaFeO2: N. Terada, Y. Ikedo, H. Sato, D. D.
Khalyavin, P. Manuel, A. Miyake, A. Matsuo, M. Tokunaga and K. Kindo, Phys. Rev. B 96 (2017) 035128(1-14).

8. †*Two-carrier analyses of the transport properties of black phosphorus under pressure: K. Akiba, A. Miyake,
Y. Akahama, K. Matsubayashi, Y. Uwatoko and M. Tokunaga, Phys. Rev. B 95 (2017) 115126(1-7).

9. †*Magnetoelectric Behavior from S=1/2 Asymmetric Square Cupolas: Y. Kato, K. Kimura, A. Miyake, M. Tokunaga,
A. Matsuo, K. Kindo, M. Akaki, M. Hagiwara, M. Sera, T. Kimura and Y. Motome, Phys. Rev. Lett. 118 (2017) 107601
(1-5).

10. *Topochemical Crystal Transformation from a Distorted to a Nearly Perfect Kagome Cuprate: H. Ishikawa, T. Yajima,
A. Miyake, M. Tokunaga, A. Matsuo, K. Kindo and Z. Hiroi, Chem. Mater. 29 (2017) 6719-6725.

11. *Giant Exchange Coupling Evidenced with a Magnetization Jump at 52 T for a Gadolinium-Nitroxide Chelate:
T. Kanetomo, T. Kihara, A. Miyake, A. Matsuo, M. Tokunaga, K. Kindo, H. Nojiri and T. Ishida, Inorg. Chem. 56
(2017) 3310-3314.
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12. †Quantum Hall states observed in thin films of Dirac semimetal Cd3As2: M. Uchida, Y. Nakazawa, S. Nishihaya,
K. Akiba, M. Kriener, Y. Kozuka, A. Miyake, Y. Taguchi, M. Tokunaga, N. Nagaosa, Y. Tokura and M. Kawasaki, Nat.
Commun. 8 (2017) 2274(1-7).

13. Successive field-induced transitions in BiFeO3 around room temperature: S. Kawachi, A. Miyake, T. Ito, S. E.
Dissanayake, M. Matsuda, W. Ratcliff, Z. Xu, Y. Zhao, S. Miyahara, N. Furukawa and M. Tokunaga, Phys. Rev.
Materials 1 (2017) 024408(1-6).

14. †Stress- and Magnetic Field-Induced Martensitic Transformation at Cryogenic Temperatures in Fe–Mn–Al–Ni Shape
Memory Alloys: J. Xia, X. Xu, A. Miyake, Y. Kimura, T. Omori, M. Tokunaga and R. Kainuma, Shap. Mem. Superelas-
ticity 3 (2017) 467-475.

15. †*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).

16. 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.

17. †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).

Y. Matsuda group

The phase diagram in B-T plain of solid oxygen has been constructed by several experiments including the optical transmission, 
magnetization, adiabatic heating effect, and magneto-caloric effect. The obtained phase diagram indicates that the field induced 
novel phase (θ phase) emerges from the α and β phases at low temperatures. The full magnetization curve of the organic S=1/2 
spin ladder compound BIP-BNO is obtained using the single-turn coil megagauss field generator. A characteristic symmetric 
two-peak structure in dM/dB curve is a first experimental evidence that BIP-TENO is a prototypical organic (not containing 
magnetic ions) spin-ladder compound. High magnetic field property of the Kondo insulator YbB12 is also investigated by means 
of the magnetization. The second jump of the magnetization found around 102 T can correspond to the collapse of the Kondo 
bound state. It has been shown that the field-induced insulator-metal transition in YbB12 is interpreted as the energy gap closing 
by Zeeman effect without breaking the Kondo state. In addition to experiments on various materials, we have developed a 
technique for magnetostriction under ultrahigh magnetic fields in the range of 100 -1000 T.

1. †*Lifetime-Broadening-Suppressed X-ray Absorption Spectrum of β-YbAlB4 Deduced from Yb 3d → 2p Resonant X-ray
Emission Spectroscopy: N. Kawamura, N. Kanai, H. Hayashi, Y. H. Matsuda, M. Mizumaki, K. Kuga, S. Nakatsuji and
S. Watanabe, J. Phys. Soc. Jpn. 86 (2017) 014711(1-7).

2. †*Magnetization Process of the S = 1/2 Two-Leg Organic Spin-Ladder Compound BIP-BNO: K. Nomura, Y. H.
Matsuda, Y. Narumi, K. Kindo, S. Takeyama, Y. Hosokoshi, T. Ono, N. Hasegawa, H. Suwa and S. Todo, J. Phys. Soc.
Jpn. 86 (2017) 104713(1-3).

3. †*Magnetization Process of the Kondo Insulator YbB12 in Ultrahigh Magnetic Fields: T. T. Terashima, A. Ikeda, Y. H.
Matsuda, A. Kondo, K. Kindo and F. Iga, J. Phys. Soc. Jpn. 86 (2017) 054710(1-5).

4. †*α−β and β−γ phase boundaries of solid oxygen observed by adiabatic magnetocaloric effect: T. Nomura, Y. Kohama,
Y. H. Matsuda, K. Kindo and T. C. Kobayashi, Phys. Rev. B 95 (2017) 104420(1-6).

5. †H-T phase diagram of solid oxygen: T. Nomura, Y. H. Matsuda and T. C. Kobayashi, Phys. Rev. B 96 (2017) 054439
(1-5).

6. †*High-speed 100 MHz strain monitor using fiber Bragg grating and optical filter for magnetostriction measurements
under ultrahigh magnetic fields: A. Ikeda, T. Nomura, Y. H. Matsuda, S. Tani, Y. Kobayashi, H. Watanabe and K. Sato,
Rev. Sci. Instrum. 88 (2017) 083906(1-5).

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

Kohama group

In 2017, our group upgrades the pulsed-field calorimeter for low temperature measurements of specific heat. With the new 
system, not only the accessibility to the low temperature, the sensitivity & accuracy of the C(T) data becomes compatible with 
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the C(T) data taken in steady fields. We also successfully developed new technique for measuring electric resistivity, which can 
operate in destructive pulsed field up to 120 T.

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

2. Quntum 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. Breuning, J. Engelmayer, A. Herman, J. Wu, K. Kindo,
J. Wosnitza, S. Zherlitsyn and A. Loidl, Phys Rev Lett 120 (2018) 207205.

Center of Computational Materials Science

Akai group

(1) L-edge resonant magneto-optical Kerr effect of Fe and Fe/Cu interfaces were calculated in the framework of KKR Green's
function method and density functional theory. The results were compared with the recent experimentas performed by Matsuda's
group of ISSP. (2) The method of first-principles calculation of the soft X-ray second harmonic generation (SHG) was devel-
oped. The SHG of GaFeO3 was calculated by the method and the results were compared with the recent experiment performed
by Matsuda's group of ISSP. (3) Maximum performance that might be expected for permanent magnet materials was estimated
based on the density functional theory. The calculations concluded that the plausible upper limits of saturation magnetic
polariza- tion, magnetic transition temperature, and the magnetocrystalline anisotropy constant of permanent magnet materials
could be ∼2.7 T, ∼2000 K, and ∼1000 MJm−3, respectively. (4) We developed the method of calculating Seebeck coefficient
in the framework of the Korringa–Kohn–Rostoker (KKR) method combined with the coherent potential approximation (CPA;
KKR-CPA) and linear response theory. The main objective was to establish a practical first-principles scheme that can calcu-
late the conductivities and Seebeck coefficients of metallic systems at finite temperature. Thus, it was necessary to include the
effects of electron-phonon scattering, which plays a crucial role at finite temperature, particularly for ordered-structure systems
where the conductivity diverges at T = 0 K. The approach combines three components: linear response theory in the framework
of the KKR method; phonon calculations; and an alloy analogy applied to the local static phonons using the KKR-CPA. The
calculated Cu resistivity and Seebeck coefficients for various transition- metal elements at finite temperature showed reasonably
good overall agreement with experiment.

1. Atomistic-model study of temperature-dependent domain walls in the neodymium permanent magnet Nd2Fe14B:
M. Nishino, Y. Toga, S. Miyashita, H. Akai, A. Sakuma and S. Hirosawa, Phys. Rev. B 95 (2017) 094429(1-7).

2. *Determination of the element-specific complex permittivity using a soft x-ray phase modulator: Y. Kubota, Y. Hirata,
J. Miyawaki, S. Yamamoto, H. Akai, R. Hobara, Sh. Yamamoto, K. Yamamoto, T. Someya, K. Takubo, Y. Yokoyama,
M. Araki, M. Taguchi, Y. Harada, H. Wadati, M. Tsunoda, R. Kinjo, A. Kagamihata, T. Seike, M. Takeuchi, T. Tanaka,
S. Shin and I. Matsuda, Phys. Rev. B 96 (2017) 214417(1-6).

3. *L-edge resonant magneto-optical Kerr effect of a buried Fe nanofilm: Y. Kubota, M. Taguchi, H. Akai, Sh. Yamamoto,
T. Someya, Y. Hirata, K. Takubo, M. Araki, M. Fujisawa, K. Yamamoto, Y. Yokoyama, S. Yamamoto, M. Tsunoda,
H. Wadati, S. Shin and I. Matsuda, Phys. Rev. B 96 (2017) 134432(1-6).

4. First-principles study of intersite magnetic couplings and Curie temperature in RFe12-xCrx (R = Y, Nd, Sm):
T. Fukazawa, H. Akai, Y. Harashima and T. Miyake, J. Phys. Soc. Jpn. 87 (2018) 044706(1-5).

5. Quantum Theory of Rare-Earth Magnets: T. Miyake and H. Akai, J. Phys. Soc. Jpn. 87 (2018) 041009(1-10).

6. First-principles calculation of transition-metal Seebeck coefficients: S. Kou and H. Akai, Solid State Commun. 296
(2018) 1-5.

7. Maximum performance of permanent magnet materials: H. Akai, Scr. Mater. (2018), in print.

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-
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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. *Determination of the element-specific complex permittivity using a soft x-ray phase modulator: Y. Kubota, Y. Hirata,
J. Miyawaki, S. Yamamoto, H. Akai, R. Hobara, Sh. Yamamoto, K. Yamamoto, T. Someya, K. Takubo, Y. Yokoyama,
M. Araki, M. Taguchi, Y. Harada, H. Wadati, M. Tsunoda, R. Kinjo, A. Kagamihata, T. Seike, M. Takeuchi, T. Tanaka,
S. Shin and I. Matsuda, Phys. Rev. B 96 (2017) 214417(1-6).

2. *Direct mapping of spin and orbital entangled wave functions under interband spin-orbit coupling of giant Rashba spin-
split surface states: R. Noguchi, K. Kuroda, K. Yaji, K. Kobayashi, M. Sakano, A. Harasawa, T. Kondo, F. Komori and
S. Shin, Phys. Rev. B 95 (2017) 041111(R)(1-6).

3. *Suppression of supercollision carrier cooling in high mobility graphene on SiC(0001): T. Someya, H. Fukidome,
H. Watanabe, T. Yamamoto, M. Okada, H. Suzuki, Y. Ogawa, T. Iimori, N. Ishii, T. Kanai, K. Tashima, B. Feng,
S. Yamamoto, J. Itatani, F. Komori, K. Okazaki, S. Shin and I. Matsuda, Phys. Rev. B 95 (2017) 165303(1-7).

4. †*Ultrafast Melting of Spin DensityWave Order in BaFe2As2 Observed by Time- and Angle-Resolved Photoemission
Spectroscopy with Extreme-Ultraviolet Higher Harmonic Generation: H. Suzuki, K. Okazaki, T. Yamamoto, T. Someya,
M. Okada, K. Koshiishi, M. Fujisawa, T. Kanai, N. Ishii, M. Nakajima, H. Eisaki, K. Ono, H. Kumigashira, J. Itatani,
A. Fujimori and S. Shin, Phys. Rev. B 95 (2017) 165112(1-6).

5. †*Unusual nodal behaviors of the superconducting gap in the iron-based superconductor Ba(Fe0.65Ru0.35)2As2: Effects
of spin-orbit coupling: L. Liu, K. Okazaki, T. Yoshida, H. Suzuki, M. Horio, L. C. C. Ambolode II, J. Xu, S. Ideta,
M. Hashimoto, D. H. Lu, Z. -X. Shen, Y. Ota, S. Shin, M. Nakajima, S. Ishida, K. Kihou, C. H. Lee, A. Iyo, H. Eisaki,
T. Mikami, T. Kakeshita, Y. Yamakawa, H. Kontani, S. Uchida and A. Fujimori, Phys. Rev. B 95 (2017) 104504(1-5).

6. †*Visualizing the evolution of surface localization in the topological state of Bi2Se3 by circular dichroism in laser-based
angle-resolved photoemission spectroscopy: T. Kondo, Y. Nakashima, Y. Ishida, A. Kikkawa, Y. Taguchi, Y. Tokura and
S. Shin, Phys. Rev. B 96 (2017) 241413(1-5).

7. †*Observation of Bogoliubov Band Hybridization in the Optimally Doped Trilayer Bi2Sr2Ca2Cu3O10+δ: S. Kunisada,
S. Adachi, S. Sakai, N. Sasaki, M. Nakayama, S. Akebi, K. Kuroda, T. Sasagawa, T. Watanabe, S. Shin and T. Kondo,
Phys. Rev. Lett. 119 (2017) 217001(1-5).

8. Topologically Entangled Rashba-Split Shockley States on the Surface of Grey Arsenic: P. Zhang, J. -Z. Ma, Y. Ishida,
L. -X. Zhao, Q. -N. Xu, B. -Q. Lv, K. Yaji, G. -F. Chen, H. -M. Weng, X. Dai, Z. Fang, X. -Q. Chen, L. Fu, T. Qian,
H. Ding and S. Shin, Phys. Rev. Lett. 118 (2017) 046802(1-5).

9. *Unconventional superconductivity in the BiS2-based layered superconductor NdO0.71F0.29BiS2: Y. Ota, K. Okazaki,
H. Q. Yamamoto, T. Yamamoto, S. Watanabe, C. Chen, M. Nagao, S. Watauchi, I. Tanaka, Y. Takano and S. Shin, Phys.
Rev. Lett. 118 (2017) 167002(1-6).

10. *Capturing ultrafast magnetic dynamics by time-resolved soft x-ray magnetic circular dichroism: K. Takubo,
K. Yamamoto, Y. Hirata, Y. Yokoyama, Y. Kubota, S. Yamamoto, S. Yamamoto, I. Matsuda, S. Shin, T. Seki,
K. Takanashi and H. Wadati, Appl. Phys. Lett. 110 (2017) 162401(1-5).

11. †*Effect of physisorption of inert organic molecules on Au (111) surface electronic states: H. Mizushima, H. Koike,
K. Kuroda, Y. Ishida, M. Nakayama, K. Mase, T. Kondo, S. Shin and K. Kanai, Phys. Chem. Chem. Phys. 19 (2017)
18646 (1-6).

12. *Signatures of a time-reversal symmetric Weyl semimetal with only four Weyl points: I. Belopolski, P. Yu, D. S.
Sanchez, Y. Ishida, T.-R. Chang, S. S. Zhang, S.-Y. Xu, H. Zheng, G. Chang, G. Bian, H.-T. Jeng, T. Kondo, H. Lin,
Z. Liu, S. Shin and M. Zahid Hasan, Nat. Commun. 8 (2017) 942(1-7).

13. *Spin-dependent quantum interference in photoemission process from spin-orbit coupled states: K. Yaji, K. Kuroda,
S. Toyohisa, A. Harasawa, Y. Ishida, S. Watanabe, C. Chen, K. Kobayashi, F. Komori and S. Shin, Nat. Commun. 8
(2017) 14588(1-6).

14. *Femtosecond to picosecond transient effects in WSe2 observed by pump-probe angle-resolved photoemission spectros-
copy: R.-Y. Liu, Y. Ogawa, P. Chen, K. Ozawa, T. Suzuki, M. Okada, T. Someya, Y. Ishida, K. Okazaki, S. Shin, T.-C.
Chiang and I. Matsuda, Sci. Rep. 7 (2017) 15981(1-7).

15. *Evidence for magnetic Weyl fermions in a correlated metal: K. Kuroda, T. Tomita, M. -T. Suzuki, C. Bareille,
A. A. Nugroho, P. Goswami, M. Ochi, M. Ikhlas, M. Nakayama, S. Akebi, R. Noguchi, R. Ishii, N. Inami, K. Ono,
H. Kumigashira, A. Varykhalov, T. Muro, T. Koretsune, R. Arita, S. Shin, T. Kondo and S. Nakatsuji, Nature Mater. 16
(2017) 1090-1095.
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16. *Experimental evidence of hourglass fermion in the candidate nonsymmorphic topological insulator KHgSb: J. Ma,
C. Yi, B. Lv, Z. Wang, S. Nie, L. Wang, L. Kong, Y. Huang, P. Richard, P. Zhang, K. Yaji, K. Kuroda, S. Shin, H. Weng,
B. Andrei Bernevig, Y. Shi, T. Qian and H. Ding, Sci. Adv. 3 (2017) 1602415(1-5).

17. †*Polarization dependence of resonant magneto-optical Kerr effect measured by two types of figure-8 undulators:
Y. Kubota, Sh. Yamamoto, T. Someya, Y. Hirata, K. Takubo, M. Araki, M. Fujisawa, K. Yamamoto, Y. Yokoyama,
M. Taguchi, S. Yamamoto, M. Tsunoda, H. Wadati, S. Shin and I. Matsuda, J. Electron. Spectrosc. Relat. Phenom. 220
(2017) 17-20.

18. †*Spin-polarized quasi-one-dimensional state with finite band gap on the Bi/InSb(001) surface: J. Kishi, Y. Ohtsubo,
T. Nakamura, K. Yaji, A. Harasawa, F. Komori, S. Shin, J. E. Rault, P. Le Fèvre, F. Bertran, A. Taleb-Ibrahimi,
M. Nurmamat, H. Yamane, S. Ideta, K. Tanaka and S. Kimura, Phys. Rev. Materials 1 (2017) 064602(1-5).

19. *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).

20. †*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).

21. *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).

22. 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).

23. †*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).

24. *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).

25. †*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).

26. *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.

27. * 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.

28. *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.

29. *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).

30. †*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).

31. *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.

32. †*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 (2018), in print.
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33. * 固体表面電子におけるスピン軌道エンタングルメントと光スピン制御 : 矢治光 一郎 , 黒田 健太 , 小森 文夫 , 辛 埴 , 個体
物理 52 (2017) 559-571.

I. Matsuda group

In 2017, we made large progress in developments of synchrotron radiation techniques at our beamline, SPring-8 BL07LSU. 
We succeeded in directly determining the complex permittivity tensor using a method combining a developed light source from 
a segmented cross undulator of synchrotron radiation and the magneto-optical Kerr effect. The empirical permittivity, which 
carries the electronic and magnetic information of a material, has element specificity and has perfect confirmation using the 
quantum-mechanical calculation for itinerant electrons systems. These results help in understanding the interaction of light 
and matter, and they provide an interesting approach to seek the best materials as optical elements, for example, in extended-
ultraviolet lithographic technologies or in state-of-the-art laser technologies. Concerning the material science, we experimen-
tally realized two-dimensional Dirac nodal line fermions in monolayer Cu2Si. We also succeeded in capturing ultrafast carrier 
dynamics in massless and massive Dirac materials with high-harmonic generation lasers.

1. *Determination of the element-specific complex permittivity using a soft x-ray phase modulator: Y. Kubota, Y. Hirata,
J. Miyawaki, S. Yamamoto, H. Akai, R. Hobara, Sh. Yamamoto, K. Yamamoto, T. Someya, K. Takubo, Y. Yokoyama,
M. Araki, M. Taguchi, Y. Harada, H. Wadati, M. Tsunoda, R. Kinjo, A. Kagamihata, T. Seike, M. Takeuchi, T. Tanaka,
S. Shin and I. Matsuda, Phys. Rev. B 96 (2017) 214417(1-6).

2. *L-edge resonant magneto-optical Kerr effect of a buried Fe nanofilm: Y. Kubota, M. Taguchi, H. Akai, Sh. Yamamoto,
T. Someya, Y. Hirata, K. Takubo, M. Araki, M. Fujisawa, K. Yamamoto, Y. Yokoyama, S. Yamamoto, M. Tsunoda,
H. Wadati, S. Shin and I. Matsuda, Phys. Rev. B 96 (2017) 134432(1-6).

3. *Suppression of supercollision carrier cooling in high mobility graphene on SiC(0001): T. Someya, H. Fukidome,
H. Watanabe, T. Yamamoto, M. Okada, H. Suzuki, Y. Ogawa, T. Iimori, N. Ishii, T. Kanai, K. Tashima, B. Feng,
S. Yamamoto, J. Itatani, F. Komori, K. Okazaki, S. Shin and I. Matsuda, Phys. Rev. B 95 (2017) 165303(1-7).

4. †*Dirac Fermions in Borophene: B. Feng, O. Sugino, R.-Y. Liu, J. Zhang, R. Yukawa, M. Kawamura, T. Iimori, H. Kim,
Y. Hasegawa, H. Li, L. Chen, K. Wu, H. Kumigashira, F. Komori, T.-C. Chiang, S. Meng and I. Matsuda, Phys. Rev.
Lett. 118 (2017) 096401(1-6).

5. * ホウ素単原子シート「ボロフェン」：金属性とディラックフェルミオン : F. Baojie, 松田 巌 , 固体物理 52 (2017) 385-393.

6. *Capturing ultrafast magnetic dynamics by time-resolved soft x-ray magnetic circular dichroism: K. Takubo,
K. Yamamoto, Y. Hirata, Y. Yokoyama, Y. Kubota, S. Yamamoto, S. Yamamoto, I. Matsuda, S. Shin, T. Seki,
K. Takanashi and H. Wadati, Appl. Phys. Lett. 110 (2017) 162401(1-5).

7. Time-resolved soft X-ray core-level photoemission spectroscopy to 880°C using pulsed laser and synchrotron radiation,
and switched heating current: T. Abukawa, S. Yamamoto, R. Yukawa, S. Kanzaki, K. Mukojima and I. Matsuda, Surf.
Sci. 656 (2017) 43-47.

8. * ホウ素単原子シート「ボロフェン」: 松田 巌 , パリティ 32 (2017) 50-53.

9. *Adsorption of CO2 on Graphene: A Combined TPD, XPS, and vdW-DF Study: K. Takeuchi, S. Yamamoto,
Y. Hamamoto, Y. Shiozawa, K. Tashima, H. Fukidome, T. Koitaya, K. Mukai, S. Yoshimoto, M. Suemitsu, Y. Morikawa,
J. Yoshinobu and I. Matsuda, J. Phys. Chem. C 121 (2017) 2807-2814.

10. Visualizing Type-II Weyl Points in Tungsten Ditelluride by Quasiparticle Interference: C.-L. Lin, R. Arafune, R.-Y. Liu,
M. Yoshimura, B. Feng, K. Kawahara, Z. Ni, E. Minamitani, S. Watanabe, Y. Shi, M. Kawai, T.-C. Chiang, I. Matsuda
and N. Takagi, ACS Nano 11 (2017) 11459−11465.

11. †*Experimental realization of two-dimensional Dirac nodal line fermions in monolayer Cu2Si: B. Feng, B. Fu,
S. Kasamatsu, S. Ito, P. Cheng, C.-C. Liu, Y. Feng, S. Wu, S. K. Mahatha, P. Sheverdyaeva, P. Moras, M. Arita,
O. Sugino, T.-C. Chiang, K. Shimada, K. Miyamoto, T. Okuda, K. Wu, L. Chen, Y. Yao and I. Matsuda, Nat. Commun. 8
(2017) 1007(1-6).

12. *Femtosecond to picosecond transient effects in WSe2 observed by pump-probe angle-resolved photoemission spectros-
copy: R.-Y. Liu, Y. Ogawa, P. Chen, K. Ozawa, T. Suzuki, M. Okada, T. Someya, Y. Ishida, K. Okazaki, S. Shin, T.-C.
Chiang and I. Matsuda, Sci. Rep. 7 (2017) 15981(1-7).

13. †*Interface Electronic Structure at the Topological Insulator-Ferrimagnetic Insulator Junction: Y. Kubota, K. Murata,
J. Miyawaki, K. Ozawa, M. Onbasli, T. Shirasawa, B. Feng, Sh. Yamamoto, R.-Y. Liu, S. Yamamoto, S. Mahatha,
P. Sheverdyaeva, P. Moras, C. Ross, S. Suga, Y. Harada, K. Wang and I. Matsuda, J. Phys. Condens. Matter 29 (2017)
055002(1-6).
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14. †*Polarization dependence of resonant magneto-optical Kerr effect measured by two types of figure-8 undulators:
Y. Kubota, Sh. Yamamoto, T. Someya, Y. Hirata, K. Takubo, M. Araki, M. Fujisawa, K. Yamamoto, Y. Yokoyama,
M. Taguchi, S. Yamamoto, M. Tsunoda, H. Wadati, S. Shin and I. Matsuda, J. Electron. Spectrosc. Relat. Phenom. 220
(2017) 17-20.

15. Measurement of the Resonant Magneto-Optical Kerr Effect Using a Free Electron Laser: S. Yamamoto and I. Matsuda,
Appl. Sci. 7 (2017) 662 (23 pages).

16. *Surface state of the dual topological insulator Bi0.91Sb0.09 (11-2): I. Matsuda, K. Yaji, A. A. Taskin, M. D'angelo,
R. Yukawa, Y. Ohtsubo, P. Le Fèvre, F. Bertran, S. Yoshizawa, A. Taleb-Ibrahimi, A. Kakizaki, Y. Ando and F. Komori,
Phys. B: Condensed Matter 516 (2017) 100-104.

17. *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).

18. *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).

19. *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).

20. *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).

21. Controlling the surface photovoltage on WSe 2 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).

22. *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.

23. *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.

24. †*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.

25. * 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.

26. 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.

27. *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).

28. 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).

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

30. Time-Resolved Photoelectron Spectroscopy: I. Matsuda, Encyclopedia of Interfacial Chemistry: Surface Science and
Electrochemistry Contributed Book (2018) 8 pages.
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Kobayashi group

We are developing ultra-short and high-power laser system for photoemission spectroscopy and extreme light-matter interaction. 
We have started a study of a laser processing by using these lasers. High-rep rate and ultrashort lasers are also studied.

1. †*High-speed 100 MHz strain monitor using fiber Bragg grating and optical filter for magnetostriction measurements
under ultrahigh magnetic fields: A. Ikeda, T. Nomura, Y. H. Matsuda, S. Tani, Y. Kobayashi, H. Watanabe and K. Sato,
Rev. Sci. Instrum. 88 (2017) 083906(1-5).

2. High-power and high-conversion efficiency deep ultraviolet (DUV) laser at 258  nm generation in the CsLiB6O10
(CLBO) crystal with a beam quality of M2<15: H. Xuan, C. Qu, S. Ito and Y. Kobayashi, Opt. Lett. 42 (2017)
3133-3136.

3. 1 W solid-state 193 nm coherent light by sum-frequency generation: H. Xuan, C. Qu, Z. Zhao, S. Ito and Y. Kobayashi,
Opt. Express 25 (2017) 29172-29179.

4. Magneto-optic modulator for high bandwidth cavity length stabilization: T. Nakamura, S. Tani, I. Ito and Y. Kobayashi,
Opt. Express 25 (2017) 4994-5000.

5. Realization of a mW-level 10.7-eV (λ = 115.6 nm) laser by cascaded third harmonic generation of a Yb:fiber CPA laser
at 1-MHz: Z. Zhao and Y. Kobayashi, Opt. Express 25 (2017) 13517-13526.

6. Stable CW laser based on low thermal expansion ceramic cavity with 4.9 mHz/s frequency drift: I. Ito, A. Silva,
T. Nakamura and Y. Kobayashi, Opt. Express 25 (2017) 26020-26028.

7. 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).

8. 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).

9. 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.

10. 149.8 nm, the shortest wavelength generated by phase matching in nonlinear crystals: T. Nakazato, I. Ito, Y. Kobayashi,
X. Wang, C. Chen and S. Watanabe, in: Proc. SPIE 10088, Nonlinear Frequency Generation and Conversion: Materials
and Devices XVI (SPIE, 2017), 1008804(1-10).

11. Observing laser ablation dynamics with sub-picosecond temporal resolution: S. Tani and Y. Kobayashi, in: Proceedings
Volume 10252, Optical Manipulation Conference (SPIE, 2017), 102520H.

12. ファイバーレーザーベース狭帯域 193nm 固体レーザーの開発 : 伊藤 紳二 , 玄 洪文 , 五十嵐 裕紀 , 趙 智剛 , 小林 洋平 ,
光学 46 (2017) 125-130.

13.	「高輝度・高効率次世代レーザー技術開発」特集号によせて : 小林 洋平 , レーザー研究 45 No.9 (2017) 553.

14. NEDO 高輝度・高効率次世代レーザー技術開発プロジェクト: 小林 洋平 , レーザー加工学会誌 24 No.2 (2017) 1.

Itatani group

We built a high harmonic beamline for attosecond soft X-ray spectroscopy. The development was nearly completed, and 
attosecond soft-X-ray pulses around the carbon K edge (~284 eV) are routinely generated. We have also started to explore 
strong field phenomena in solids using intense mid-IR sources. We produced high harmonics of 5-μm light in GaSe crystals, 
and observed unusual behavior in polarization rotation. Photoemission experiments with a nanotip is expanded to a grating-like 
structures where we observe clear enhancement due to surface-propagating plasmons. Development of high-energy velocity 
map imaging apparatus was continued. Photoelectrons up to 1 keV were successfully imaged in the momentum space. Collabo-
ration with Shin, Okazaki, and Matsuda groups was continued for time-resolved ARPES and Kerr-rotation experiments.

1. *Suppression of supercollision carrier cooling in high mobility graphene on SiC(0001): T. Someya, H. Fukidome,
H. Watanabe, T. Yamamoto, M. Okada, H. Suzuki, Y. Ogawa, T. Iimori, N. Ishii, T. Kanai, K. Tashima, B. Feng,
S. Yamamoto, J. Itatani, F. Komori, K. Okazaki, S. Shin and I. Matsuda, Phys. Rev. B 95 (2017) 165303(1-7).

2. †*Ultrafast Melting of Spin DensityWave Order in BaFe2As2 Observed by Time- and Angle-Resolved Photoemission
Spectroscopy with Extreme-Ultraviolet Higher Harmonic Generation: H. Suzuki, K. Okazaki, T. Yamamoto, T. Someya,
M. Okada, K. Koshiishi, M. Fujisawa, T. Kanai, N. Ishii, M. Nakajima, H. Eisaki, K. Ono, H. Kumigashira, J. Itatani,
A. Fujimori and S. Shin, Phys. Rev. B 95 (2017) 165112(1-6).
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3. 高強度中赤外光源によって拓かれる固体強光子場科学 : 金島 圭佑 , 水野 智也 , 石井 順久 , 板谷 治郎 , 応用物理 86
(2017) 892-896.

4. Observation of selection rules for circularly polarized fields in high-harmonic generation from a crystalline solid:
N. Saito, P. Xia, F. Lu, T. Kanai, J. Itatani and N. Ishii, Optica 4 (2017) 1333-1336.

5. †*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).

6. *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.

7. †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).

8. 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. (2018), accepted for publica-
tion.

9. Generation of sub-two-cycle CEP-stable optical pulses at 3.5 um 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. (2018), accepted for
publication.

Harada group

This year we have performed 17 collaborative works at BL07LSU HORNET endstation, four of which are related to the study 
on the behavior of water at various circumstances (water in plasma, water encapsulated in an electrolyte, hydrated water, and 
interfacial water). We also published four papers related to water. RIXS in operando conditions were frequently used for the 
study of fuel cell batteries and rechargeable Li- and Na-ion batteries. Angle (momentum) resolved system was also utilized for 
the oxygen analyses of strongly correlated systems like multi layered high Tc cuprate Bi2223 and other hole-doped cuprates, as 
well as for the soft X-ray inelastic diffraction (SXID) of LaSrFeO4 more precisely taking the preliminary results of the previous 
year. For future studies on water related materials and SXID verification a liquid jet system was installed which removed the 
vacuum compatible membrane separating atmospheric pressure and high vacuum expecting more precise and quantitative 
analysis of the intensity of elastic scattering, which may also develop a new field that combines spectroscopy and diffraction in 
the soft X-ray region. Continuous studies on bio-inspired or bio-model compounds are ongoing, patiently and systematically 
controlling radiation damage problems and some of them (model compounds of Fe-S proteins, Mn cluster in photosystem II) 
have already been on the publication stage.

1. †Dzyaloshinskii-Moriya interaction in α-Fe2O3 measured by magnetic circular dichroism in resonant inelastic soft x-ray
scattering: J. Miyawaki, S. Suga, H. Fujiwara, M. Urasaki, H. Ikeno, H. Niwa, H. Kiuchi and Y. Harada, Phys. Rev. B 96
(2017) 214420(1-9).

2. †Observation of momentum-dependent charge excitations in hole-doped cuprates using resonant inelastic x-ray
scattering at the oxygen K edge: K. Ishii, T. Tohyama, S. Asano, K. Sato, M. Fujita, S. Wakimoto, K. Tustsui, S. Sota, J.
Miyawaki, H. Niwa, Y. Harada, J. Pelliciari, Y. Huang, T. Schmitt, Y. Yamamoto and J. Mizuki, Phys. Rev. B 96 (2017)
115148(1-8).

3. Temperature-Independent Nuclear Quantum Effects on the Structure of Water: K. H. Kim, H. Pathak, A. Späh,
F. Perakis, D. Mariedahl, J. Sellberg, T. Katayama, Y. Harada, H. Ogasawara, L. G. M. Pettersson and A. Nilsson, Phys.
Rev. Lett. 119 (2017) 075502(1-6).

4. †Enhancement of the Hydrogen-Bonding Network of Water Confined in a Polyelectrolyte Brush: K. Yamazoe, Y. Higaki, 
Y. Inutsuka, J. Miyawaki, Y.-T. Cui, A. Takahara and Y. Harada, Langmuir 33 (2017) 3954-3959.

5. †Measurement of the Ligand Field Spectra of Ferrous and Ferric Iron Chlorides Using 2p3d RIXS: A. W. Hahn, B. E. V.
Kuiken, M. A. Samarai, M. Atanasov, T. Weyhermüller, Y.-T. Cui, J. Miyawaki, Y. Harada, A. Nicolaou and S. DeBeer,
Inorg. Chem. 56 (2017) 8203-8211.

6. †In-Situ 2p3d Resonant Inelastic X-ray Scattering Tracking Cobalt Nanoparticle Reduction: B. Liu, M. M. van Schoo-
neveld, Y.-T. Cui, J. Miyawaki, Y. Harada, T. O. Eschemann, K. P. D. Jong, M. U. Delgado-Jaime and F. M. F. D. Groot,
J. Phys. Chem. C 121 (2017) 17450-17456.
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7. †Probing the OH Stretch in Different Local Environments in Liquid Water: Y. Harada, J. Miyawaki, H. Niwa,
K. Yamazoe, L. G. M. Pettersson and A. Nilsson, J. Phys. Chem. Lett. 8 (2017) 5487-5491.

8. Wetting Induced Oxidation of Pt-based Nano Catalysts Revealed by In Situ High Energy Resolution X-ray Absorption
Spectroscopy: Y.-T. Cui, Y. Harada, H. Niwa, T. Hatanaka, N. Nakamura, M. Ando, T. Yoshida, K. Ishii, D. Matsumura,
H. Oji, H. Ofuchi and M. Oshima, Sci. Rep. 7 (2017) 1482(1-8).

9. †*Interface Electronic Structure at the Topological Insulator-Ferrimagnetic Insulator Junction: Y. Kubota, K. Murata,
J. Miyawaki, K. Ozawa, M. Onbasli, T. Shirasawa, B. Feng, Sh. Yamamoto, R.-Y. Liu, S. Yamamoto, S. Mahatha,
P. Sheverdyaeva, P. Moras, C. Ross, S. Suga, Y. Harada, K. Wang and I. Matsuda, J. Phys. Condens. Matter 29 (2017)
055002(1-6).

10. †A Compact Permanent Magnet System for Measuring Magnetic Circular Dichroism in Resonant Inelastic Soft X-ray
Scattering: J. Miyawaki, S. Suga, H. Fujiwara, H. Niwa, H. Kiuchi and Y. Harada, J. Sync. Rad. 24 (2017) 449-455.

11. †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).

12. †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).

13. *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).

14. †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.

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

Wadati group

We succeeded in the construction of time-resolved soft x-ray measurement systems in SPring-8 BL07LSU. We captured ultra-
fast magnetic dynamics of FePt thin films by using this system. We also determined the element-specific complex permittivity 
using a soft x-ray phase modulator in this beamline. 

1. *Determination of the element-specific complex permittivity using a soft x-ray phase modulator: Y. Kubota, Y. Hirata,
J. Miyawaki, S. Yamamoto, H. Akai, R. Hobara, Sh. Yamamoto, K. Yamamoto, T. Someya, K. Takubo, Y. Yokoyama,
M. Araki, M. Taguchi, Y. Harada, H. Wadati, M. Tsunoda, R. Kinjo, A. Kagamihata, T. Seike, M. Takeuchi, T. Tanaka,
S. Shin and I. Matsuda, Phys. Rev. B 96 (2017) 214417(1-6).

2. *L-edge resonant magneto-optical Kerr effect of a buried Fe nanofilm: Y. Kubota, M. Taguchi, H. Akai, Sh. Yamamoto,
T. Someya, Y. Hirata, K. Takubo, M. Araki, M. Fujisawa, K. Yamamoto, Y. Yokoyama, S. Yamamoto, M. Tsunoda,
H. Wadati, S. Shin and I. Matsuda, Phys. Rev. B 96 (2017) 134432(1-6).

3. Orbital order and fluctuations in the two-leg ladder materials BaFe2X3 (X=S and Se) and CsFe2Se3: K. Takubo,
Y. Yokoyama, H. Wadati, S. Iwasaki, T. Mizokawa, T. Boyko, R. Sutarto and F. He, Phys. Rev. B 96 (2017) 115157(1-7).

4. 時間分解 X 線回折・分光で見た遷移金属化合物 : 和達 大樹 , 固体物理 52(5) (2017) 45-53.

5. *Capturing ultrafast magnetic dynamics by time-resolved soft x-ray magnetic circular dichroism: K. Takubo,
K. Yamamoto, Y. Hirata, Y. Yokoyama, Y. Kubota, S. Yamamoto, S. Yamamoto, I. Matsuda, S. Shin, T. Seki,
K. Takanashi and H. Wadati, Appl. Phys. Lett. 110 (2017) 162401(1-5).

6. 放射光 X 線回折を用いた遷移金属酸化物薄膜の電荷・スピンの整列状態の観測 : 和達 大樹 , 山本 航平 , 表面科学 38
(2017) 602-607.

7. Resonant Soft X-Ray Scattering Studies of Transition-Metal Oxides: H. Wadati, Springer Tracts in Modern Physics 269
(2017) 159-196.
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8. Electronic Structures of SrIrO3/SrTiO3 Superlattices Revealed by Synchrotron X-Ray Diffraction and Spectroscopy:
H. Wadati, S. Yamamura, K. Ishii, M. Suzuki, E. Ikenaga, J. Matsuno and H. Takagi, Adv. X-Ray. Chem. Anal., Japan 48
(2017) 215-223.

9. †*Polarization dependence of resonant magneto-optical Kerr effect measured by two types of figure-8 undulators:
Y. Kubota, Sh. Yamamoto, T. Someya, Y. Hirata, K. Takubo, M. Araki, M. Fujisawa, K. Yamamoto, Y. Yokoyama,
M. Taguchi, S. Yamamoto, M. Tsunoda, H. Wadati, S. Shin and I. Matsuda, J. Electron. Spectrosc. Relat. Phenom. 220
(2017) 17-20.

10. 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).

11. 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).

12. †*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).

13. *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).

14. *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).

15. 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.

16. *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.

Kondo group

We use angle-resolved photoemission spectroscopy (ARPES) with ultrahigh energy resolution. The main findings in 2017 are 
as follows: (1) magnetic Weyl fermions in Mn3Sn and (2) Bogoliubov Band Hybridization in the Optimally Doped Trilayer 
cuprate. We have also studied the spin-polarized surface states of Bi/Ag(111) and Bi2Se3 with laser photon source.

1. *Calculation of spin states of photoelectrons emitted from spin-polarized surface states of Bi(111) surfaces with a mirror
symmetry: K. Kobayashi, K. Yaji, K. Kuroda and F. Komori, Phys. Rev. B 95 (2017) 205436(1-13).

2. *Direct mapping of spin and orbital entangled wave functions under interband spin-orbit coupling of giant Rashba spin-
split surface states: R. Noguchi, K. Kuroda, K. Yaji, K. Kobayashi, M. Sakano, A. Harasawa, T. Kondo, F. Komori and
S. Shin, Phys. Rev. B 95 (2017) 041111(R)(1-6).

3. Ultrafast energy- and momentum-resolved surface Dirac photocurrents in the topological insulator Sb2Te3: K. Kuroda,
J. Reimann, K. A. Kokh, O. E. Tereshchenko, A. Kimura, J. Güdde and U. Höfer, Phys. Rev. B 95 (2017) 081103(R)
(1-5).

4. †*Visualizing the evolution of surface localization in the topological state of Bi2Se3 by circular dichroism in laser-based
angle-resolved photoemission spectroscopy: T. Kondo, Y. Nakashima, Y. Ishida, A. Kikkawa, Y. Taguchi, Y. Tokura and
S. Shin, Phys. Rev. B 96 (2017) 241413(1-5).

5. †*Observation of Bogoliubov Band Hybridization in the Optimally Doped Trilayer Bi2Sr2Ca2Cu3O10+δ: S. Kunisada,
S. Adachi, S. Sakai, N. Sasaki, M. Nakayama, S. Akebi, K. Kuroda, T. Sasagawa, T. Watanabe, S. Shin and T. Kondo,
Phys. Rev. Lett. 119 (2017) 217001(1-5).

6. 中赤外パルスレーザーを用いた時間分解二光子光電子分光によるトポロジカル絶縁体 Sb2Te3 の光誘起表面電流測定 : 黒
田 健太 , J. REIMANN, J. GÜDDE and U. HÖFER, 表面科学 38 巻 8 号 (2017) 400-405.
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7. †*Effect of physisorption of inert organic molecules on Au (111) surface electronic states: H. Mizushima, H. Koike,
K. Kuroda, Y. Ishida, M. Nakayama, K. Mase, T. Kondo, S. Shin and K. Kanai, Phys. Chem. Chem. Phys. 19 (2017)
18646 (1-6).

8. *Signatures of a time-reversal symmetric Weyl semimetal with only four Weyl points: I. Belopolski, P. Yu, D. S.
Sanchez, Y. Ishida, T.-R. Chang, S. S. Zhang, S.-Y. Xu, H. Zheng, G. Chang, G. Bian, H.-T. Jeng, T. Kondo, H. Lin,
Z. Liu, S. Shin and M. Zahid Hasan, Nat. Commun. 8 (2017) 942(1-7).

9. *Spin-dependent quantum interference in photoemission process from spin-orbit coupled states: K. Yaji, K. Kuroda,
S. Toyohisa, A. Harasawa, Y. Ishida, S. Watanabe, C. Chen, K. Kobayashi, F. Komori and S. Shin, Nat. Commun. 8
(2017) 14588(1-6).

10. *Evidence for magnetic Weyl fermions in a correlated metal: K. Kuroda, T. Tomita, M. -T. Suzuki, C. Bareille,
A. A. Nugroho, P. Goswami, M. Ochi, M. Ikhlas, M. Nakayama, S. Akebi, R. Noguchi, R. Ishii, N. Inami, K. Ono,
H. Kumigashira, A. Varykhalov, T. Muro, T. Koretsune, R. Arita, S. Shin, T. Kondo and S. Nakatsuji, Nature Mater. 16
(2017) 1090-1095.

11. *Experimental evidence of hourglass fermion in the candidate nonsymmorphic topological insulator KHgSb: J. Ma,
C. Yi, B. Lv, Z. Wang, S. Nie, L. Wang, L. Kong, Y. Huang, P. Richard, P. Zhang, K. Yaji, K. Kuroda, S. Shin, H. Weng,
B. Andrei Bernevig, Y. Shi, T. Qian and H. Ding, Sci. Adv. 3 (2017) 1602415(1-5).

12. *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).

13. †*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).

14. *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.

15. * 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.

16. *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.

17. †*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 (2018), in print.

18. * 固体表面電子におけるスピン軌道エンタングルメントと光スピン制御 : 矢治光 一郎 , 黒田 健太 , 小森 文夫 , 辛 埴 , 個体
物理 52 (2017) 559-571.

Matsunaga group

Matsunaga group has started on July 2017 to investigate light-matter interactions and light-induced nonequilibrium phenomena 
in materials by utilizing terahertz wave, infrared, visible, and ultraviolet coherent light sources based on ultrafast pulsed laser 
technology. A stable mode-locked Ti:Sapphire oscillator with tunable bandwidth was installed for seed of an regenerative ampli-
fied laser system with pulse width less than 50 fs, which will be used as a source of ultrabroadband mid-infrared laser pulse. In 
addition, a compact diode-pump Yb:KGW femtosecond laser system was also installed for intense terahertz pulse generation. 
We developed conventional terahertz time-domain spectroscopy system and investigated terahertz electromagnetic response of 
quantum materials such as antiferromagnets fabricated by Nakatsuji group.

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 2017, we have revealed superconducting gap anisotropy sensi-
tive to nematic domains in FeSe, where it has been reported that time-reversal symmetry is broken around its nematic domain 
boundaries. In addition, we have found displacive-type excitation of coherent phonons in a parent compound of iron-based 
superconductors, BaFe2As2, and suggested a possibility that photo-induced superconductivity can be realized in this material.
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1. *Suppression of supercollision carrier cooling in high mobility graphene on SiC(0001): T. Someya, H. Fukidome,
H. Watanabe, T. Yamamoto, M. Okada, H. Suzuki, Y. Ogawa, T. Iimori, N. Ishii, T. Kanai, K. Tashima, B. Feng,
S. Yamamoto, J. Itatani, F. Komori, K. Okazaki, S. Shin and I. Matsuda, Phys. Rev. B 95 (2017) 165303(1-7).

2. †*Ultrafast Melting of Spin DensityWave Order in BaFe2As2 Observed by Time- and Angle-Resolved Photoemission
Spectroscopy with Extreme-Ultraviolet Higher Harmonic Generation: H. Suzuki, K. Okazaki, T. Yamamoto, T. Someya,
M. Okada, K. Koshiishi, M. Fujisawa, T. Kanai, N. Ishii, M. Nakajima, H. Eisaki, K. Ono, H. Kumigashira, J. Itatani,
A. Fujimori and S. Shin, Phys. Rev. B 95 (2017) 165112(1-6).

3. †*Unusual nodal behaviors of the superconducting gap in the iron-based superconductor Ba(Fe0.65Ru0.35)2As2: Effects
of spin-orbit coupling: L. Liu, K. Okazaki, T. Yoshida, H. Suzuki, M. Horio, L. C. C. Ambolode II, J. Xu, S. Ideta,
M. Hashimoto, D. H. Lu, Z. -X. Shen, Y. Ota, S. Shin, M. Nakajima, S. Ishida, K. Kihou, C. H. Lee, A. Iyo, H. Eisaki,
T. Mikami, T. Kakeshita, Y. Yamakawa, H. Kontani, S. Uchida and A. Fujimori, Phys. Rev. B 95 (2017) 104504(1-5).

4. *Unconventional superconductivity in the BiS2-based layered superconductor NdO0.71F0.29BiS2: Y. Ota, K. Okazaki,
H. Q. Yamamoto, T. Yamamoto, S. Watanabe, C. Chen, M. Nagao, S. Watauchi, I. Tanaka, Y. Takano and S. Shin, Phys.
Rev. Lett. 118 (2017) 167002(1-6).

5. *Femtosecond to picosecond transient effects in WSe2 observed by pump-probe angle-resolved photoemission spectros-
copy: R.-Y. Liu, Y. Ogawa, P. Chen, K. Ozawa, T. Suzuki, M. Okada, T. Someya, Y. Ishida, K. Okazaki, S. Shin, T.-C.
Chiang and I. Matsuda, Sci. Rep. 7 (2017) 15981(1-7).

6. †*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).

7. *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.

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. *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).
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