Publications (2023.1 - 2024.4)

Division of Condensed Matter Science

Mori group

We have successfully developed and unveiled unprecedented functional properties for the molecular materials and systems. The
major achievements in 2023 are to develop the metallic oligomer conductors that models doped PEDOT [poly(3,4-ethylene-
dioxythiophene)] family and (2) to discover the high conductive mixed-stack complexes via orbital hybridization of donor and
acceptor.

1. ™ Ambipolar Nickel Dithiolene Complex Semiconductors: From One- to Two-Dimensional Electronic Structures Based
upon Alkoxy Chain Lengths: M. Ito, T. Fujino, L. Zhang, S. Yokomori, T. Higashino, R. Makiura, K. J. Takeno, T. Ozaki
and H. Mori, J. Am. Chem. Soc. 145, 2127-2134 (2023).

2. ™Metallic State of a Mixed-Sequence Oligomer Salt That Models Doped PEDOT Family: K. Onozuka, T. Fujino, R.
Kameyama, S. Dekura, K. Yoshimi, T. Nakamura, T. Miyamoto, T. Yamakawa, H. Okamoto, H. Sato, T. Ozaki and H.
Mori, J. Am. Chem. Soc. 145, 15152-15161 (2023).

3. TNeutral Radical Molecular Conductors Based on a Gold Dimethoxybenzenedithiolene Complex with and without
Crystal Solvent: S. Yokomori, S. Dekura, A. Ueda, T. Higashino and H. Mori, Chem. Lett. 52, 25 (2023).

4. TPrecise Control of the Molecular Arrangement of Organic Semiconductors for High Charge Carrier Mobility: R. Akai,
K. Oka, S. Dekura, K. Yoshimi, H. Mori, R. Nishikubo, A. Sacki and N. Tohnai, J. Phys. Chem. Lett. 14, 3461 (2023).

5. TOrbital hybridization of donor and acceptor to enhance the conductivity of mixed-stack complexes: T. Fujino, R.
Kameyama, K. Onozuka, K. Matsuo, S. Dekura, T. Miyamoto, Z. Guo, H. Okamoto, T. Nakamura, K. Yoshimi, S.
Kitou, T.-H. Arima, H. Sato, K. Yamamoto, A. Takahashi, H. Sawa, Y. Nakamura and H. Mori, Nat Commun 15, 3028
(2024).

6. Single-crystalline oligomer-based conductors modeling the doped poly(3,4-ethylenedioxythiophene) family: T. Fujino,
R. Kameyama, K. Onozuka, K. Matsuo, S. Dekura, K. Yoshimi and H. Mori, Faraday Discuss. 250, 348 (2024).

7. @R DO RELE 5T v A R — TGy FPEER MR OBRSE « RS &, OV e, AR PR, TSRO
LERTENIA ), B ZEETWR , (v —av—Hil, 2024), 154-163.

Osada group

The electronic state under magnetic fields in the a-type organic Dirac fermion systems, a-(ET)2Iz and a-(BETS)2l3, was
studied to clarify the spatial order in the quantum Hall state. The four-band tight-binding model with Peierls phase factors was
employed, and the generated Hofstadter butterfly and its Chern numbers confirmed the validity of the Dirac fermion picture
in these materials. The four-component envelope function of the N = 0 Landau level with valley degeneracy was investigated.
It was found that the two degenerate valley states have different weights on A and A' molecules connected by inversion. This
valley-site correspondence is also recognized for the N = 0 spin-split Landau levels under the Zeeman effect and the spin—orbit
interaction. The spontaneous valley symmetry breaking in the N = 0 Landau levels due to the exchange interaction results in the
v ==+1 quantum Hall states accompanied by the spatial modulation of charge and spin densities at A and A’ sites in a unit cell.

1. Magnetic-field periodic quantum Sondheimer oscillations in thin-film graphite: T. Taen, A. Kiswandhi and T. Osada,
Phys. Rev. B 108, 235411(1-9) (2023).

2. Quantized thermoelectric Hall plateau in the quantum limit of graphite as a nodal-line semimetal: A. Kiswandhi, T.
Ochi, T. Taen, M. Sato, K. Uchida and T. Osada, Phys. Rev. B 107, 195106(1-5) (2023).

3. Broken-Symmetry Quantum Hall State in an Organic Dirac Fermion System: T. Osada, JPSJ News Comments 20, 06
(2023).

4. Hofstadter Butterfly and Broken-Symmetry Quantum Hall States in a -Type Organic Dirac Fermion Systems: T. Osada,
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J. Phys. Soc. Jpn. 93, 034711(1-6) (2024).

Yamashita group

We have been studying (1) quantum criticality in heavy-fermion materials by ultralow 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) low-temperature thermal conductivity and magnetization measurements of a
quantum spin ice candidate CeoHf207 (2) spontaneous thermal Hall measurements of candidate materials of chiral superconduc-
tivity, and (3) NMR measurements of CdyReO7.

1. ™Modulation vector of the Fulde-Ferrell-Larkin-Ovchinnikov state in CeColIn5 revealed by high-resolution magneto-
striction measurements: S. Kittaka, Y. Kono, K. Tsunashima, D. Kimoto, M. Yokoyama, Y. Shimizu, T. Sakakibara, M.
Yamashita and K. Machida, Phys. Rev. B 107, L220505 (2023).

2. Magnon thermal Hall effect via emergent SU(3) flux on the antiferromagnetic skyrmion lattice: H. Takeda, M. Kawano,
K. Tamura, M. Akazawa, J. Yan, T. Waki, H. Nakamura, K. Sato, Y. Narumi, M. Hagiwara, M. Yamashita and C. Hotta,
Nature Communications 15, 566 (2024).

Ideue group

We have studied novel transport and optical properties of two-dimensional materials. We have successfully observed circular
bulk photovoltaic effect at heterointerfaces of two-dimensional materials with different symmetries, which reflect the geometric
nature of the electronic state. We have also shown that the anisotropy of transport and optical properties can be controlled in
such symmetry-engineered van der Waals interfaces. Furthermore, we have reported a giant modulation of second harmonic
generation in layered multiferroic CuCrP2S¢ and its unique thickness dependence.

1. Valley-dimensionality locking of superconductivity in cubic phosphides: L. Ao, J. Huang, F. Qin, Z. Li, T. Ideue, K.
Akhtari, P. Chen, X. Bi, C. Qiu, D. Huang, L. Chen, R. V. Belosludov, H. Gou, W. Ren, T. Nojima, Y. Iwasa, M. S.
Bahramy and H. Yuan, Sci. Adv. 9, eadf6758 (2023).

2. An anisotropic van der Waals dielectric for symmetry engineering in functionalized heterointerfaces: Z. Li, J. Huang,
L. Zhou, Z. Xu, F. Qin, P. Chen, X. Sun, G. Liu, C. Sui, C. Qiu, Y. Lu, H. Gou, X. Xi, T. Ideue, P. Tang, Y. Iwasa and H.
Yuan, Nat Commun 14, 5568 (2023).

3. Low-temperature phase transition in polar semimetal Td—MoTe2 probed by nonreciprocal transport: Y. M. Itahashi, Y.
Nohara, T. Ideue, T. Akiba, H. Takahashi, S. Ishiwata and Y. Iwasa, Phys. Rev. Research 5, L.022022 (2023).

4. Berry curvature dipole generation and helicity-to-spin conversion at symmetry-mismatched heterointerfaces: S. Duan, F.
Qin, P. Chen, X. Yang, C. Qiu, J. Huang, G. Liu, Z. Li, X. Bi, F. Meng, X. Xi, J. Yao, T. Ideue, B. Lian, Y. Iwasa and H.
Yuan, Nat. Nanotechnol. 18, 867 (2023).

5. Giant bulk piezophotovoltaic effect in 3R-MoS2: Y. Dong, M.-M. Yang, M. Yoshii, S. Matsuoka, S. Kitamura, T.
Hasegawa, N. Ogawa, T. Morimoto, T. Ideue and Y. Iwasa, Nat. Nanotechnol. 18, 36-41 (2023).

6. Continuous manipulation of magnetic anisotropy in a van der Waals ferromagnet via electrical gating: M. Tang, J.
Huang, F. Qin, K. Zhai, T. Ideue, Z. Li, F. Meng, A. Nie, L. Wu, X. Bi, C. Zhang, L. Zhou, P. Chen, C. Qiu, P. Tang, H.
Zhang, X. Wan, L. Wang, Z. Liu, Y. Tian, Y. Iwasa and H. Yuan, Nat. Electron. 6, 28-36 (2023).

7. Giant Modulation of the Second Harmonic Generation by Magnetoelectricity in Two-Dimensional Multiferroic
CuCrP2S6: S. Aoki, Y. Dong, Z. Wang, X. S. W. Huang, Y. M. Itahashi, N. Ogawa, T. Ideue and Y. Iwasa, Advanced
Materials 36, 2312781 (2024).

Takagi group

We have been exploring new properties and functions related to topological magnetic structures, and novel electronic phases in
strongly correlated electron systems. This year, we investigated the spontaneous topological Hall effect induced by non-coplanar
antiferromagnetic order in intercalated van der Waals compounds. We also revealed the contribution of lattice degree of freedom
to the rhombic and square lattice states of skyrmions in EuAly.

1. "Nonreciprocal Phonon Propagation in a Metallic Chiral Magnet: T. Nomura, X. -X. Zhang, R. Takagi, K. Karube, A.
Kikkawa, Y. Taguchi, Y. Tokura, S. Zherlitsyn, Y. Kohama and S. Seki, Phys. Rev. Lett. 130, 176301(1-6) (2023).

2. “Spontaneous topological Hall effect induced by non-coplanar antiferromagnetic order in intercalated van der Waals
materials: H. Takagi, R. Takagi, S. Minami, T. Nomoto, K. Ohishi, M. -T. Suzuki, Y. Yanagi, M. Hirayama, N. D.
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Khanh, K. Karube, H. Saito, D. Hashizume, R. Kiyanagi, Y. Tokura, R. Arita, T. Nakajima and S. Seki, Nat. Phys. 19,
961-968 (2023).

3. SP-STM study of the multi-Q phases in GdRu2Si2: J. Spethmann, N. D. Khanh, H. Yoshimochi, R. Takagi, S. Hayami,
Y. Motome, R. Wiesendanger, S. Seki and K. von Bergmann, Phys. Rev. Materials 8, 064404 (2024).

Division of Condensed Matter Theory

Tsunetsugu group

We have studied various quadrupole orders on face center cubic lattice. This system has a few important points characteristic to
quadrupole degrees of freedom. One is the presence of anisotropic interactions reflecting tensorial nature of the order param-
eter. Another is the third-order anisotropy, which exists only for degrees of freedom with even parity concerning time reversal
symmetry. We have found various types of antiferro orders and discussed their stability based on phonemenological Landau
theory. We have also studied a quadrupole impurity embedded in a host metal. Using the Wilson-type numerical renormalization
technique, we have examined the related two-channel Kondo problem with taking account of the third-order local anisotropy
taken into account. We have found two fixed points; one is the conventional local Fermi liquid and the other is the non-Fermi
liquid, which is stable in a finite region of the parameter space. We have performed detailed analysis about the Kondo tempera-
ture in the local Fermi liquid phase. The Kondo temperature has a scaling behavior that differs from the conventional form,
and the determined scaling function demonstrates the relevance of multiple coupling constants in the renormalization group
equation.

1. TTheory of Energy Dispersion of Chiral Phonons: H. Tsunetsugu and H. Kusunose, J. Phys. Soc. Jpn. 92, 023601
(2023).

2. Quadrupole partial orders and triple-q states on the face-centered cubic lattice: K. Hattori, T. Ishitobi and H. Tsunetsugu,
Phys. Rev. B 107, 205126 (2023).

3. All Local Conserved Quantities of the One-Dimensional Hubbard Model: K. Fukai, Phys. Rev. Lett. 131, 256704
(2023).

4. Matrix product operator representations for the local conserved quantities of the Heisenberg chain: K. Yamada and K.
Fukai, SciPost Phys. Core 6, 069 (2023).

5. Numerical Renormalization Group Study of Quadrupole Kondo Effect with the Crystal-Field Excited State: Y. Kaneko
and H. Tsunetsugu, J. Phys. Soc. Jpn. 93, 033705 (2024).

6. On correlation functions in models related to the Temperley-Lieb algebra: K. Fukai, R. Kleinemiihl, B. Pozsgay and E.
Vernier, SciPost Phys. 16, 003 (2024).

Kato group

The main research subject of Kato Lab. is transport properties in mesoscopic and spintronic devices. We studied (1) spin
pumping into two-dimensional electron gas and current induced by it, (2) ultrafast rotation of nanoparticles driven by ferro-
magnetic resonance and its quantum fluctuation, (3) spin pumping into twisted bilayer graphene and carbon nanotubes, (4)
minimum ac injection into one-dimensional electron systems. We also published collaborated work with experimental group in
ISSP about ac spin Hall effect.

1. Effect of vertex corrections on the enhancement of Gilbert damping in spin pumping into a two-dimensional electron
gas: M. Yama, M. Matsuo and T. Kato, Phys. Rev. B 107, 174414(1-15) (2023).

2. Gyromagnetic bifurcation in a levitated ferromagnetic particle: T. Sato, T. Kato, D. Oue and M. Matsuo, Phys. Rev. B
107, L180406(1-6) (2023).

3. Minimal alternating current injection into carbon nanotubes: K. Fukuzawa, T. Kato, T. Jonckheere, J. Rech and T.
Martin, Phys. Rev. B 108, 125307(1-12) (2023).

4. Quantum fluctuation in rotation velocity of a levitated magnetic particle: T. Sato, D. Oue, M. Matsuo and T. Kato, Phys.
Rev. B 108, 094428(1-10) (2023).

5.  *Shear-strain controlled high-harmonic generation in graphene: T. Tamaya, H. Akiyama and T. Kato, Phys. Rev. B 107,
L081405 (2023).
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10.

11.

12.

13.

14.

15.

Spin Hall magnetoresistance in quasi-two-dimensional antiferromagnetic-insulator/metal bilayer systems: T. Ishikawa,
M. Matsuo and T. Kato, Phys. Rev. B 107, 054426 (2023).

Spin Hall magnetoresistive detection of easy-plane magnetic order in the van der Waals antiferromagnet NiPS3: K. Sugi,
T. Ishikawa, M. Kimata, Y. Shiota, T. Ono, T. Kato and T. Moriyama, Phys. Rev. B 108, 064434 (2023).

Spin pumping into carbon nanotubes: K. Fukuzawa, T. Kato, M. Matsuo, T. Jonckheere, J. Rech and T. Martin, Phys.
Rev. B 108, 134429(1-9) (2023).

Theory of inverse Rashba-Edelstein effect induced by spin pumping into a two-dimensional electron gas: M. Yama, M.
Matsuo and T. Kato, Phys. Rev. B 108, 144430 (2023).

Twisted bilayer graphene reveals its flat bands under spin pumping: S. Haddad, T. Kato, J. Zhu and L. Mandhour, Phys.
Rev. B 108, L121101 (2023).

Nonequilibrium noise as a probe of pair-tunneling transport in the BCS—-BEC crossover: H. Tajima, D. Oue, M. Matsuo,
T. Kato and D. Abbott, PNAS Nexus 2, pgad045 (2023).

*Observation of Terahertz Spin Hall Conductivity Spectrum in GaAs with Optical Spin Injection: T. Fujimoto, T.
Kurihara, Y. Murotani, T. Tamaya, N. Kanda, C. Kim, J. Yoshinobu, H. Akiyama, T. Kato and R. Matsunaga, Phys. Rev.
Lett. 132, 016301 (2024).

TSub-photon accuracy noise reduction of a single shot coherent diffraction pattern with an atomic model trained
autoencoder: T. Ishikawa, Y. Takeo, K. Sakurai, K. Yoshinaga, N. Furuya, Y. Inubushi, K. Tono, Y. Joti, M. Yabashi, T.
Kimura and K. Yoshimi, Opt. Express 32, 18301 (2024).

TH-wave — A Python package for the Hartree-Fock approximation and the random phase approximation: T. Aoyama, K.
Yoshimi, K. Ido, Y. Motoyama, T. Kawamura, T. Misawa, T. Kato and A. Kobayashi, Computer Physics Communica-
tions 298, 109087(1-10) (2024).

Bk S S 2 08 U TR AR SR PR E 2 2 — BB ME LI 2 2 e A7 ba2av——: KGR K, I M, Mg &
A, WA T, SRR 58, 433-440 (2023).

Kawabata group

Recent years have seen remarkable progress in the physics of open quantum systems. In view of the recent rapid development
of quantum information science and technology, it seems urgent to develop a general theory of open quantum systems. In our
group, we are broadly interested in theoretical condensed matter physics, with a particular focus on nonequilibrium physics,
to establish new foundations and principles in contemporary physics. Our recent research highlights topological phases of
open quantum systems, as well as dissipative quantum chaos and lack thereof. On the basis of fundamental concepts such as
symmetry and topology, we aim to uncover new physics intrinsic to far from equilibrium.

1.

“Dynamical quantum phase transitions in Sachdev-Ye-Kitaev Lindbladians: K. Kawabata, A. Kulkarni, J. Li, T.
Numasawa and S. Ryu, Phys. Rev. B 108, 075110 (2023).

Non-Hermitian boost deformation: T. Guo, K. Kawabata, R. Nakai and S. Ryu, Phys. Rev. B 108, 075108 (2023).

Symmetry classification of typical quantum entanglement: Y. Liu, J. Kudler-Flam and K. Kawabata, Phys. Rev. B 108,
085109 (2023).

Anisotropic Topological Anderson Transitions in Chiral Symmetry Classes: Z. Xiao, K. Kawabata, X. Luo, T. Ohtsuki
and R. Shindou, Phys. Rev. Lett. 131, 056301 (2023).

Hermitian Bulk — Non-Hermitian Boundary Correspondence: F. Schindler, K. Gu, B. Lian and K. Kawabata, PRX
Quantum 4, 030315 (2023).

Singular-Value Statistics of Non-Hermitian Random Matrices and Open Quantum Systems: K. Kawabata, Z. Xiao, T.
Ohtsuki and R. Shindou, PRX Quantum 4, 040312 (2023).

*Symmetry of Open Quantum Systems: Classification of Dissipative Quantum Chaos: K. Kawabata, A. Kulkarni, J. Li,
T. Numasawa and S. Ryu, PRX Quantum 4, 030328 (2023).

Topological enhancement of nonnormality in non-Hermitian skin effects: Y. O. Nakai, N. Okuma, D. Nakamura, K.
Shimomura and M. Sato, Phys. Rev. B 109, 144203 (2024).

Lieb-Schultz-Mattis Theorem in Open Quantum Systems: K. Kawabata, R. Sohal and S. Ryu, Phys. Rev. Lett. 132,
070402 (2024).
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Division of Nanoscale Science

Otani group

Our research in 2023 spans diverse investigations on spin-mediated quasiparticles' interconversions and their intricate inter-
actions. One study dissects the efficiency of orbital torque within ferromagnet/Cu/oxide heterostructures, emphasizing the
pivotal role of oxide layers in this process. Another delves into the domain evolution and structure of Mn3Ge, an intriguing
noncollinear Weyl antiferromagnet, spotlighting the presence and behavior of magnetic octupole domains. Acoustic waves are
scrutinized for their impact on magnon dynamics in layered antiferromagnets, revealing acoustically induced magnon-phonon
coupling phenomena. Furthermore, we explored the manipulation of magnon transport through valley-selective phonon-magnon
scattering in magnetoelastic superlattices, offering a pathway for controlling magnetic information transfer. The investiga-
tion extends to nonlinear acoustic spin pumping driven by temperature-dependent surface acoustic wave frequency shifts,
elucidating nuanced spin-phonon interactions. Additional studies employ innovative techniques like tip-induced temperature
gradients in atomic force microscopy to map magneto-thermoelectric effects, providing insights into magnetic domain structure
consisting of antiferromagnetic octupoles. These findings collectively advance our comprehension of noncollinear antiferro-
magnetic materials and their multifaceted behaviors, contributing to the evolution of spintronics and related fields.

1. Nonlinear Acoustic Spin Pumping Caused by Temperature-Dependent Frequency Shifts of Surface Acoustic Waves: Y.
Hwang, J. Puebla, K. Kondou, C. S. Muiioz and Y. Otani, J. Phys. Soc. Jpn. 92, 094702 (2023).

2. Acoustically Driven Magnon-Phonon Coupling in a Layered Antiferromagnet: T. P. Lyons, J. Puebla, K. Yamamoto, R.
S. Deacon, Y. Hwang, K. Ishibashi, S. Mackawa and Y. Otani, Phys. Rev. Lett. 131, 196701 (2023).

3. Valley-Selective Phonon-Magnon Scattering in Magnetoelastic Superlattices: L. Liao, J. Puebla, K. Yamamoto, J. Kim,
S. Maekawa, Y. Hwang, Y. Ba and Y. Otani, Phys. Rev. Lett. 131, 176701 (2023).

4. “High-resolution magnetic imaging by mapping the locally induced anomalous Nernst effect using atomic force micros-
copy: N. Budai, H. Isshiki, R. Uesugi, Z. Zhu, T. Higo, S. Nakatsuji and Y. Otani, Appl. Phys. Lett. 122, 102401 (2023).

5. Mid-infrared optical properties of non-magnetic-metal/CoFeB/MgO heterostructures: J. M. Flores-Camacho, B. Rana,
R. E. Balderas-Navarro, A. Lastras-Martinez, Y. Otani and J. Puebla, J. Phys. D: Appl. Phys. 56, 315301 (2023).

6. “Temperature-induced anomalous magnetotransport in the Weyl semimetal Mn3Ge: M. Wu, K. Kondou, T. Chen, S.
Nakatsuji and Y. Otani, AIP Advances 13, 045102 (2023).

7. Emergence of spin—charge conversion functionalities due to spatial and time-reversal asymmetries and chiral symmetry:
K. Kondou and Y. Otani, Front. Phys. 11, 1140286 (2023).

8. T*Oxide layer dependent orbital torque efficiency in ferromagnet/Cu/oxide heterostructures: J. Kim, J. Uzuhashi, M.
Horio, T. Senoo, D. Go, D. Jo, T. Sumi, T. Wada, I. Matsuda, T. Ohkubo, S. Mitani, H.-W. Lee and Y. Otani, Phys. Rev.
Materials 7, L111401 (2023).

9. Magnetic octupole domain evolution and domain-wall structure in the noncollinear Weyl antiferromagnet Mn3Ge: M.
Wu, K. Kondou, Y. Nakatani, T. Chen, H. Isshiki, T. Higo, S. Nakatsuji and Y. Otani, AIP Publishing 11, 081115 (2023).

Hasegawa group

We implemented the potentiometry function, which enabled us to observe the surface electrochemical potential profile and
spatial distribution of resistance at sub-nanometer spatial resolution, using low-temperature scanning tunneling microscopy
(STM). Using this setup, we can investigate potential profiles in a more stable manner under various temperatures and magnetic
fields (up to 7 T). The temperature profile of the surface can also be investigated by detecting the Seebeck thermoelectric
power. Using this system, we investigated the striped incommensurate (SIC) phase of a Pb monolayer formed on a non-doped
Si(111) substrate. The structure is known to be metallic and exhibit superconductivity at low temperatures. Our previous study
observing vortices pinned at steps demonstrated that the resistivity across a single height step is small. The small resistivity was
proved directly through the observation of potential differences across single-height steps. We also performed magnetic-field-
dependent potential profile measurements and successfully probed the Hall voltage locally in the nanoscale area, providing
information on the charge carrier and density of the two-dimensional monolayer metallic states. We plan to investigate quantum
nonlocal potential phenomena, as well as classical local phenomena in real space.

1. Squeezed Abrikosov-Josephson Vortex in Atomic-Layer Pb Superconductors Formed on Vicinal Si(111) Substrates: Y.
Sato, M. Haze, R. Nemoto, W. Qian, S. Yoshizawa, T. Uchihashi and Y. Hasegawa, Phys. Rev. Lett. 130, 106002(1-6)
(2023).

2. ™Quasi-Periodic Growth of One-Dimensional Copper Boride on Cu(110): Y. Tsujikawa, X. Zhang, K. Yamaguchi, M.
Haze, T. Nakashima, A. Varadwaj, Y. Sato, M. Horio, Y. Hasegawa, F. Komori, M. Oshikawa, M. Kotsugi, Y. Ando, T.
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Kondo and I. Matsuda, Nano Lett. 24, 1160 (2024).

Lippmaa group

We are developing a new autonomous synthesis method for thin films. Structural information on a thin film is obtained during
growth by monitoring RHEED patterns. The diffraction images are semantically segmented using a neural network to locate
various diffraction features, such as surface streaks, surface diffraction spots, bulk diffraction spots, the direct electron beam
location, the Kikuchi lines, etc. The extracted data is used for periodicity analysis and lattice parameter data clustering, which
produces a phase composition estimate of a growing crystal. This information is used in a Gaussian process optimization to
predict the best process parameters for the film growth to obtain the desired crystalline phase.

1. *Semiconducting Electronic Structure of the Ferromagnetic Spinel HgCr,Ses Revealed by Soft-X-Ray Angle-Resolved
Photoemission Spectroscopy: H. Tanaka, A. V. Telegin, Y. P. Sukhorukov, V. A. Golyashov, O. E. Tereshchenko, A. N.
Lavrov, T. Matsuda, R. Matsunaga, R. Akashi, M. Lippmaa, Y. Arai, S. Ideta, K. Tanaka, T. Kondo and K. Kuroda, Phys.
Rev. Lett. 130, 186402(1-6) (2023).

2. “Fabrication of single-crystalline YFeOs films with large antiferromagnetic domains: C. Wang, M. Lippmaa and S.
Nakatsuji, J. Appl. Phys. 135, 113901(1-8) (2024).

3. TThe use of He buffer gas for moderating the plume kinetic energy during Nd:YAG-PLD growth of EuxY2 O3
phosphor films: S. Suzuki, T. Dazai, T. Tokunaga, T. Yamamoto, R. Katoh, M. Lippmaa and R. Takahashi, J. Appl. Phys.
135, 195302 (2024).

4. "Broken Screw Rotational Symmetry in the Near-Surface Electronic Structure of AB-Stacked Crystals: H. Tanaka, S.
Okazaki, M. Kobayashi, Y. Fukushima, Y. Arai, T. [imori, M. Lippmaa, K. Yamagami, Y. Kotani, F. Komori, K. Kuroda,
T. Sasagawa and T. Kondo, Phys. Rev. Lett. 132, 136402(1-6) (2024).

5. BEWCERICK 2 BEIEL T =S IRIR  WEEH ST A=Y OfcE e in situ JIERE RO ABIENT . KA B and M.
Lippmaa, "7 €A V742 T4 7 AICB T 57— Y WEEDRE LT TR, 5, (RRSHLEAMiE# 2 , Tokyo, 2023),
359-366.

Hashisaka group

Our group was newly inaugurated at ISSP in April 2023. We are working on setting up equipment for electrical transport
measurements at cryogenic temperatures, and the experimental environment is being prepared. While working on these startups,
we also worked on the edge transport mechanism at a fractional-integer quantum Hall junction and the evaluation of supercon-
ducting nonreciprocal transport phenomena in few-layer Td-MoTe2. We also studied the single-electron coherence in interacting
copropagating integer quantum Hall edge channels, where an electron experiences fractionalization due to the Tomonaga-
Luttinger liquid nature.

1. Coherent-Incoherent Crossover of Charge and Neutral Mode Transport as Evidence for the Disorder-Dominated
Fractional Edge Phase: M. Hashisaka, T. Ito, T. Akiho, S. Sasaki, N. Kumada, N. Shibata and K. Muraki, Phys. Rev. X
13, 031024 (2023).

2. Gate-tunable giant superconducting nonreciprocal transport in few-layer Td-MoTe2: T. Wakamura, M. Hashisaka,
S. Hoshino, M. Bard, S. Okazaki, T. Sasagawa, T. Taniguchi, K. Watanabe, K. Muraki and N. Kumada, Phys. Rev.
Research 6, 013132 (2024).

Yoshinobu group

We conducted several research projects in the fiscal year 2023: (1) The hydrogenation of formate species on the H-Cu(997)
surface was studied by HREELS and TPD. Desorption of formaldehyde was observed by TPD, and a possible intermediate
species was investigated. (2) The adsorption and decomposition of methanol on the Cu(977) and Pd-Cu(977) surfaces were
studied by TPD, IRAS and SR-XPS. (3) The reactive desorption of CO + O -> CO; on Pt(111) was studied using ab-initio
molecular dynamics (AIMD) with van der Waals DFT functionals. The desorption dynamics of CO; including kinetic energy,
angular distribution and vibrational excitation were analyzed. (4) The chemical states and reactions on the basal plane and the
edge plane of MoS; were studied in vacuum and under the exposure to water or CO, by SR-XPS. (5) Gapless detection of
broadband terahertz pulses using a metal surface was newly developed. (6) SFG spectroscopy was developed using broadband
terahertz and visible ultra-short pulse laser.

1. “Disentangling the Competing Mechanisms of Light-Induced Anomalous Hall Conductivity in Three-Dimensional Dirac
Semimetal: Y. Murotani, N. Kanda, T. Fujimoto, T. Matsuda, M. Goyal, J. Yoshinobu, Y. Kobayashi, T. Oka, S. Stemmer
and R. Matsunaga, Phys. Rev. Lett. 131, 096901 (2023).
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10.

11.

12.

13.
14.

fTermination of graphene edges created by hydrogen and deuterium plasmas: T. Ochi, M. Kamada, T. Yokosawa, K.
Mukai, J. Yoshinobu and T. Matsui, Carbon 203, 727-731 (2023).

fCarbon Nitride Loaded with an Ultrafine, Monodisperse, Metallic Platinum - Cluster Cocatalyst for the Photocatalytic
Hydrogen - Evolution Reaction: D. Yazaki, T. Kawawaki, D. Hirayama, M. Kawachi, K. Kato, S. Oguchi, Y. Yamaguchi,
S. Kikkawa, Y. Ueki, S. Hossain, D. J. Osborn, F. Ozaki, S. Tanaka, J. Yoshinobu, G. F. Metha, S. Yamazoe, A. Kudo, A.
Yamakata and Y. Negishi, Small 19, 2208287 (12 pages) (2023).

The quantitative study of methane adsorption on the Pt(997) step surface as the initial process for reforming reactions:
Y. H. Choi, S. E. M. Putra, Y. Shiozawa, S. Tanaka, K. Mukai, I. Hamada, Y. Morikawa and J. Yoshinobu, Surface
Science 732, 122284 (2023).

*Gapless detection of broadband terahertz pulses using a metal surface in air based on field-induced second-harmonic
generation: S. Tanaka, Y. Murotani, S. A. Sato, T. Fujimoto, T. Matsuda, N. Kanda, R. Matsunaga and J. Yoshinobu,
Applied Physics Letters 122, 251101 (6 pages) (2023).

*Hydrogen - induced Sulfur Vacancies on the MoS; Basal Plane Studied by Ambient Pressure XPS and DFT Calcu-
lations: F. Ozaki, S. Tanaka, Y. Choi, W. Osada, K. Mukai, M. Kawamura, M. Fukuda, M. Horio, T. Koitaya, S.
Yamamoto, I. Matsuda, T. Ozaki and J. Yoshinobu, ChemPhysChem 24, €202300477 (2023).

In Situ Electrical Detection of Methane Oxidation on Atomically Thin IrO> Nanosheet Films Down to Room Temper-
ature: Y. Ishihara, T. Koitaya, Y. Hamahiga, W. Sugimoto, S. Yamamoto, I. Matsuda, J. Yoshinobu and R. Nouchi, Adv.
Materials Inter. 10, 2300258 (2023).

*Observation of Terahertz Spin Hall Conductivity Spectrum in GaAs with Optical Spin Injection: T. Fujimoto, T.
Kurihara, Y. Murotani, T. Tamaya, N. Kanda, C. Kim, J. Yoshinobu, H. Akiyama, T. Kato and R. Matsunaga, Phys. Rev.
Lett. 132, 016301 (2024).

*Anomalous Hall Transport by Optically Injected Isospin Degree of Freedom in Dirac Semimetal Thin Film: Y.
Murotani, N. Kanda, T. Fujimoto, T. Matsuda, M. Goyal, J. Yoshinobu, Y. Kobayashi, T. Oka, S. Stemmer and R.
Matsunaga, Nano Lett. 24, 222 (2024).

Low-temperature dissociation of CO2 molecules on vicinal Cu surfaces: T. Koitaya, Y. Shiozawa, Y. Yoshikura, K.
Mukai, S. Yoshimoto and J. Yoshinobu, Phys. Chem. Chem. Phys. 26, 9226-9233 (2024).

resr L& EEmz AL 72A 4% THz 2SVADX Yy 7V ARl B2, WK B, 518 5, 26t
72, 199-202 (2023).

NI LRSI DIRRRIL L 72 e 7OVIBER NS 6510 5 KB OWEIE(LE AEVA — = R ¥, B SCZ, Hh B,
{8 I, Acc. Mater. Surf. Res. 8, 147-158 (2023).

BIE THEEOEMZB I TIERwn ! HE E, RiMEEZ 67,99 (2024).

HERSGIENE TR k2 LR TR FALDA T > FBIH : AMBA B, (LA 22, I i, &1 7, Bl flE,
FM EELZE 67, 117-122 (2024).

Functional Materials Group

Akiyama group

In 2023, we accomplished ultra-fast gain-switching experiment in 30GHz-modulation-bandwidth 1270nm DFB-type single-
mode laser diodes (LDs) with and without chirp compensation, and analyzed generated 5.3 ps short pulses near the Fourier
transform limit via rate equations and other laser theory framework. We developed our original 10 ps LD-seed-pulse prototype
modules with improvements in packaging and software. We extended our high-efficiency-solar-cell study to efficient power
conversion of laser light, and achieved high conversion efficiency of about 50%. Collaboration work and papers with Hiyama-
team in Gunma University were accomplished on quantitative spectroscopy on bioluminescence quantum yield of new luciferin
analogs.

L.

*Shear-strain controlled high-harmonic generation in graphene: T. Tamaya, H. Akiyama and T. Kato, Phys. Rev. B 107,
L081405 (2023).

*Twisting and Protonation of Retinal Chromophore Regulate Channel Gating of Channelrhodopsin C1C2: K. Shibata,
K. Oda, T. Nishizawa, Y. Hazama, R. Ono, S. Takaramoto, R. Bagherzadeh, H. Yawo, O. Nureki, K. Inoue and H.
Akiyama, J. Am. Chem. Soc. 145, 10779-10789 (2023).
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10.

11.

12.

13.

14.

15.

16.

Gain-switched pulse generation of 5.3 ps from 30 GHz-modulation-bandwidth 1270 nm DFB laser diode: M.
Kobayashi, T. Nakamura, H. Nakamae, C. Kim and H. Akiyama, Opt. Lett. 48, 6344-6347 (2023).

Output-power equivalence of two- and four-terminal photovoltaic-thermoelectric hybrid tandems: J. Sakuma, K.
Kamide, T. Mochizuki, H. Takato and H. Akiyama, Appl. Phys. Express 16, 014003 (2023).

Optimisation of Sb,S3 thin-film solar cells via SbySe; post-treatment: R. Wang, D. Qin, X. Ding, Q. Zhang, Y. Wang, Y.
Pan, G. Weng, X. Hu, J. Tao, J. Chu, H. Akiyama and S. Chen, Journal of Power Sources 556, 232451 (2023).

Impacts of SiO -Buried Structure on Performances of GaN-Based Vertical-Cavity Surface-Emitting Lasers: R. Xu, H.
Akiyama and B. Zhang, IEEE Trans. Electron Devices 70, 5701 (2023).

Crystallization mechanism and lasing properties of CsPbBr3 perovskites by chemical vapor deposition: Z. Su, Z. Cao,
F. Cao, Y. He, J. Zhang, G. Weng, X. Hu, J. Chu, H. Akiyama and S. Chen, Chemical Engineering Journal 472, 144906
(2023).

Influence of S-content ratios on the defect properties of Sba(S , Sel—)3 thin-film solar cells: R. Wang, D. Qin, S. Zheng,
G. Weng, X. Hu, J. Tao, J. Chu, H. Akiyama and S. Chen, Solar Energy Materials and Solar Cells 260, 112501 (2023).

Temperature sensitivity of adjustable band gaps of Sba(S, Se); solar cells via vapor transport deposition: D. Qin, X. Pan,
R. Wang, Y. Pan, Y. Wang, J. Zhang, X. Ding, Y. Chen, S. Zheng, S. Ye, Y. Pan, G. Weng, X. Hu, J. Tao, Z. Zhu, J. Chu,
H. Akiyama and S. Chen, Solar Energy Materials and Solar Cells 263, 112582 (2023).

TPhoto-cleaving and photo-bleaching quantum yields of coumarin-caged luciferin: R. Kumagai, R. Ono, S. Sakimoto, C.
Suzuki, K.-I. Kanno, H. Aoyama, J. Usukura, M. Kobayashi, H. Akiyama, H. Itabashi and M. Hiyama, Journal of Photo-
chemistry and Photobiology A: Chemistry 434, 114230 (2023).

fQuantum yield of near-infrared bioluminescence with firefly luciferin analog: AkaLumine: R. Ono, K. Osawa, Y.
Takahashi, Y. Noguchi, N. Kitada, R. Saito-Moriya, T. Hirano, S. A. Maki, K. Shibata, H. Akiyama, K.-I. Kanno, H.
Itabashi and M. Hiyama, Journal of Photochemistry and Photobiology A: Chemistry 434, 114270 (2023).

Lasing properties and carrier dynamics of CsPbBr3 perovskite nanocrystal vertical-cavity surface-emitting laser": Y. He,
Z. Su, F. Cao, Z. Cao, Y. Liu, C. Zhao, G. Weng, X. Hu, J. Tao, J. Chu, H. Akiyama and S. Chen, Nanophotonics 12,
2133 (2023).

*Observation of Terahertz Spin Hall Conductivity Spectrum in GaAs with Optical Spin Injection: T. Fujimoto, T.
Kurihara, Y. Murotani, T. Tamaya, N. Kanda, C. Kim, J. Yoshinobu, H. Akiyama, T. Kato and R. Matsunaga, Phys. Rev.
Lett. 132, 016301 (2024).

Regulating the crystal orientation of vapor-transport-deposited GeSe thin films by a post-annealing treatment: S. Zheng,
D. Qin, R. Wang, Y. Pan, G. Weng, X. Hu, J. Chu, H. Akiyama and S. Chen, Appl. Opt. 63, 2752 (2024).

Subnanosecond Marx Generators for Picosecond Gain-Switched Laser Diodes: F. Cao, D. Jiang, Y. Liu, Y. Tian, X. Ran,
Y. Long, T. Ito, X. Hu, G. Weng, H. Akiyama and S. Chen, IEEE Photonics J. 16, 1 (2024).

Carrier tunneling and transport in coupled quantum wells: Modeling and experimental verification: F. Cao, Z. Su, C.
Wang, Y. Chen, G. Weng, C. Wang, X. Hu, H. Akiyama, J. Chu and S. Chen, Appl. Phys. Lett 124, 161106 (2024).

Sugino group

This year, this group performed first-principles calculations of the structure of water-Pt(111) interface, oxygen reduction
reaction on a defective ZrO; surface, quantum mechanical hydrogen diffusion on noble metal surfaces, magnetic structure of a
supercondunting cuprate material Sri.xLaxCuO;. In addition, a model Hamiltonian was used study the nonadiabatic quantum
dynamics of an electrochemical reaction on a metal surface.

1.

Theoretical calculation and comparison of H diffusion on Cu(111), Ni(111), Pd(111), and Au(111): Y. Kataoka, J.
Haruyama and O. Sugino, Phys. Rev. B 107, 205414 (2023).

TSuppression of atomic displacive excitation in photo-induced A 1, phonon mode of bismuth unveiled by low-temper-
ature time-resolved x-ray diffraction: Y. Kubota, Y. Tanaka, T. Togashi, T. Ebisu, K. Tamasaku, H. Osawa, T. Wada, O.
Sugino, I. Matsuda and M. Yabashi, Appl. Phys. Lett. 122, 092201 (2023).

TFirst-principles study of water adsorption monolayer on Pt(111): Adsorption energy and second-order nonlinear suscep-
tibility: J. Haruyama, T. Sugimoto and O. Sugino, Phys. Rev. Materials 7, 115803 (2023).

TElucidation of Spin-Correlations, Fermi Surface and Pseudogap in a Copper Oxide Superconductor: H. Kamimura, M.
Araidai, K. Ishida, S. Matsuno, H. Sakata, K. Sasaoka, K. Shiraishi, O. Sugino, J.-S. Tsai and K. Yamada, Condensed
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Matter 8, 33 (2023).

5. Magnetic phases of electron-doped infinite-layer Srj_xLaxCuO; from first-principles density functional calculations: A.
N. Tatan, J. Haruyama and O. Sugino, Phys. Rev. B 109, 165134 (2024).

6. Time-dependent electron transfer and energy dissipation in condensed media: E. F. Arguelles and O. Sugino, J. Chem.
Phys. 160, 144102 (2024).

Oka group

Oka group has worked on Nonequilibrium quantum materials including Floquet engineering of Dirac semimetals, spin systems,
and many-body systems.

1. "Dynamical quantum phase transitions in Sachdev-Ye-Kitaev Lindbladians: K. Kawabata, A. Kulkarni, J. Li, T.
Numasawa and S. Ryu, Phys. Rev. B 108, 075110 (2023).

2.  Mott memristors based on field-induced carrier avalanche multiplication: F. Peronaci, S. Ameli, S. Takayoshi, A. S.
Landsman and T. Oka, Phys. Rev. B 107, 075154 (2023).

3. Phase transition and evidence of fast-scrambling phase in measurement-only quantum circuits: Y. Kuno, T. Orito and 1.
Ichinose, Phys. Rev. B 108, 094104 (2023).

4. "Disentangling the Competing Mechanisms of Light-Induced Anomalous Hall Conductivity in Three-Dimensional Dirac
Semimetal: Y. Murotani, N. Kanda, T. Fujimoto, T. Matsuda, M. Goyal, J. Yoshinobu, Y. Kobayashi, T. Oka, S. Stemmer
and R. Matsunaga, Phys. Rev. Lett. 131, 096901 (2023).

5. Demonstration of geometric diabatic control of quantum states: K. Sasaki, Y. Nakamura, T. Teraji, T. Oka and K.
Kobayashi, Phys. Rev. A 107, 053113 (2023).

6. “Symmetry of Open Quantum Systems: Classification of Dissipative Quantum Chaos: K. Kawabata, A. Kulkarni, J. Li,
T. Numasawa and S. Ryu, PRX Quantum 4, 030328 (2023).

7. "Anomalous Hall Transport by Optically Injected Isospin Degree of Freedom in Dirac Semimetal Thin Film: Y.
Murotani, N. Kanda, T. Fujimoto, T. Matsuda, M. Goyal, J. Yoshinobu, Y. Kobayashi, T. Oka, S. Stemmer and R.
Matsunaga, Nano Lett. 24, 222 (2024).

Inoue group

In 2023, we studied the ion-transporting mechanism of channelrhodopsin C1C2 using time-resolved Raman spectroscopy in
collaboration with Prof. Akiyama's laboratory. We clarified that the highly twisted retinal chromophore drives the channel
opening. We also successfully converted the function of the outward proton-pumping rhodopsin, PspR, into an inward proton-
pumping one by mutating three residues in PspR to mimic those in the natural inward proton-pumping rhodopsin, SzR. This
study revealed that the directionality of proton transport in rhodopsins is determined by just a few residues. Furthermore, we
identified new rhodopsins homologous to TAT rhodopsin in several marine bacteria and classified them into a new family,
TwR. Additionally, we investigated the photoreaction cycle of a new class of outward proton-pumping rhodopsin that binds
to antennae 3-OH type carotenoids, previously considered incapable of binding to rhodopsins. Moreover, we reported on the
photochemical properties of the Retinal G protein-coupled receptor, a new rhodopsin family with a DSE motif, and the struc-
tural dynamics of heliorhodopsin.

1. Converting a Natural-Light-Driven Outward Proton Pump Rhodopsin into an Artificial Inward Proton Pump: M. D. C.
Marin, M. Konno, H. Yawo and K. Inoue, J. Am. Chem. Soc. 145, 10938-10942 (2023).

2. *Twisting and Protonation of Retinal Chromophore Regulate Channel Gating of Channelrhodopsin C1C2: K. Shibata,
K. Oda, T. Nishizawa, Y. Hazama, R. Ono, S. Takaramoto, R. Bagherzadeh, H. Yawo, O. Nureki, K. Inoue and H.
Akiyama, J. Am. Chem. Soc. 145, 10779-10789 (2023).

3. Phototrophy by antenna-containing rhodopsin pumps in aquatic environments: A. Chazan, 1. Das, T. Fujiwara, S.
Murakoshi, A. Rozenberg, A. Molina-Mérquez, F. K. Sano, T. Tanaka, P. Goémez-Villegas, S. Larom, A. Pushkarev, P.
Malakar, M. Hasegawa, Y. Tsukamoto, T. Ishizuka, M. Konno, T. Nagata, Y. Mizuno, K. Katayama, R. Abe-Yoshizumi,
S. Ruhman, K. Inoue, H. Kandori, R. Ledn, W. Shihoya, S. Yoshizawa, M. Sheves, O. Nureki and O. Béja, Nature 615,
535-540 (2023).

4. Difference FTIR Spectroscopy of Jumping Spider Rhodopsin-1 at 77&nbsp;K: S. Hanai, T. Nagata, K. Katayama, S.
Inukai, M. Koyanagi, K. Inoue, A. Terakita and H. Kandori, Biochemistry 62, 1347-1359 (2023).
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5. Reversible Photoreaction of a Retinal Photoisomerase, Retinal G-Protein-Coupled Receptor RGR: N. Morimoto, T.
Nagata and K. Inoue, Biochemistry 62, 1429-1432 (2023).

6. Time-resolved detection of light-induced conformational changes of heliorhodopsin: Y. Nakasone, Y. Kawasaki, M.
Konno, K. Inoue and M. Terazima, Phys. Chem. Chem. Phys. 25, 12833-12840 (2023).

7. Effects of the Unique Chromophore—Protein Interactions on the Primary Photoreaction of Schizorhodopsin: C.-F.
Chang, M. Konno, K. Inoue and T. Tahara, J. Phys. Chem. Lett. 14, 7083 (2023).

8. Biophysical characterization of microbial rhodopsins with DSE motif: M. D. C. Marin, A. L. Jaffe, P. T. West, M.
Konno, J. F. Banfield and K. Inoue, Biophys. Physicobiol. 20, €201023 (2023).

9. Structural basis for ion selectivity in potassium-selective channelrhodopsins: S. Tajima, Y. S. Kim, M. Fukuda, Y. Jo, P.
Y. Wang, J. M. Paggi, M. Inoue, E. F. X. Byrne, K. E. Kishi, S. Nakamura, C. Ramakrishnan, S. Takaramoto, T. Nagata,
M. Konno, M. Sugiura, K. Katayama, T. E. Matsui, K. Yamashita, S. Kim, H. Ikeda, J. Kim, H. Kandori, R. O. Dror, K.
Inoue, K. Deisseroth and H. E. Kato, Cell 186, 4325.e26 (2023).

10. Protein dynamics of a light-driven Na®™ pump rhodopsin probed using a tryptophan residue near the retinal chromo-
phore: A. Otomo, M. Mizuno, K. Inoue, H. Kandori and Y. Mizutani, Biophysics. Physicobiol. 20, e201016 (2023).

11. Characterization of retinal chromophore and protonated Schiff base in Thermoplasmatales archacon heliorhodopsin
using solid-state NMR spectroscopy: S. Suzuki, S. Kumagai, T. Nagashima, T. Yamazaki, T. Okitsu, A. Wada, A. Naito,
K. Katayama, K. Inoue, H. Kandori and 1. Kawamura, Biophysical Chemistry 296, 106991 (2023).

12. Functional characterization of four opsins and two G alpha subtypes co-expressed in the molluscan rhabdomeric photo-
receptor: R. Matsuo, M. Koyanagi, T. Sugihara, T. Shirata, T. Nagata, K. Inoue, Y. Matsuo and A. Terakita, BMC Biol
21,291 (2023).

13. Multiple roles of a conserved glutamate residue for unique biophysical properties in a new group of microbial rhodop-
sins homologous to TAT rhodopsin: K. Mannen, T. Nagata, A. Rozenberg, M. Konno, M. D. C. Marin, R. Bagherzadeh,
0. B¢ja, T. Uchihashi and K. Inoue, Journal of Molecular Biology 436, 168331 (2023).

14. Chromophore—Protein Interactions Affecting the Polyene Twist and m—n* Energy Gap of the Retinal Chromophore
in Schizorhodopsins: T. Urui, T. Shionoya, M. Mizuno, K. Inoue, H. Kandori and Y. Mizutani, J. Phys. Chem. B 128,
2389-2397 (2024).

15. Cis — Trans Reisomerization Preceding Reprotonation of the Retinal Chromophore Is Common to the Schizorhodopsin
Family: A Simple and Rational Mechanism for Inward Proton Pumping: T. Urui, K. Hayashi, M. Mizuno, K. Inoue, H.
Kandori and Y. Mizutani, J. Phys. Chem. B 128, 744-754 (2024).

16. Molecular Mechanisms behind Circular Dichroism Spectral Variations between Channelrhodopsin and Heliorhodopsin
Dimers: K. J. Fujimoto, Y. A. Tsuzuki, K. Inoue and T. Yanai, J. Phys. Chem. Lett. 15, 5788-5794 (2024).

17. Photochemistry of the Retinal Chromophore in Microbial Rhodopsins: K. Inoue, J. Phys. Chem. B 127, 9212-9222
(2023).

18. 7AHNE7—F7DE >HNAE 7 ury Ry 7 Mar ey ovyuar sy b f—, 20 fEE, I {65, M. D. C.
Marin, E¥¥H 63, 257-260 (2023).

19. TIron-limitation light switch: O. Béja and K. Inoue, Nature Microbiology 295, 1942-1943 (2023).
20. 7/ LRRICED ORI Ty il I b - BER T =22 90, 6-12 (2023).

21, aR 7 v ZOIoZELT a7y 773 — JE k£, DREPERBCEYINMEORFTEIN ), T Fid, (> —
Ty —{hhi, 2023), 74-81.

Hayashi group

After transferring from Tohoku University to the Institute for Solid State Physics in 2023, we spent this year summarizing
experiments performed at Tohoku University. Transport phenomena such as heat conduction, electric current, and diffusion
are the subjects of non-equilibrium statistical mechanics. There are also transport phenomena in the body, and we specifically
focus on axonal transport by motor proteins (kinesin and dynein) in neurons as subjects of mathematics and physics research.
Last year, we performed fluorescence imaging of axonal transport in neurons of C. elegans worms at Tohoku University. We
measured the transport velocity data from the recorded movies of the fluorescence imaging. This year, we analyzed the transport
velocity of axonal transport obtained last year using extreme value statistics [1]. Applying extreme value statistics to nanoscale
biological systems is novel, and we presented the results at a research meeting at the Institute of Statistical Mathematics on
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"Applications of Extreme Value Theory in Engineering," discussing the validity of its application. Mutations in motor proteins
can lead to axonal transport disorders, leading to the death of neurons and associated with neurological diseases [3]. We
presented the results of our lab's physical measurements at the annual meeting of the Japan Neuroscience Society, aiming to
elucidate the mechanisms of neurological diseases. Because it's important for doctors, patients, and researchers to consider these
issues together, the discussions with doctors at the annual meeting were fruitful. Motor protein research is actively conducted in
the United States, so to deepen academic exchange with the US, we organized a joint Japan-US symposium at the Japan Society
for Biophysics [2]. Additionally, we gave an oral presentation at the Biophysical Society (USA) annual meeting.

1. The third Japan-U.S. symposium on motor proteins and associated single-molecule biophysics: T. Shima and K.
Hayashi, Biophysics and Physicobiology 20, €200037 (2023).

2. Extreme Value Analysis of Intracellular Cargo Transport by Motor Proteins: T. Naoi, Y. Kagawai, K. Nagino, S. Niwa
and K. Hayashi, Communications Physics 7, Article number: 50 (2024).

3. Number of kinesins engaged in axonal cargo transport: A novel biomarker for neurological disorders: K. Hayashi and K.
Sasaki, Neuroscience Research 197, 25-30 (2023).

Quantum Materials Group

Oshikawa group

We have reformulated the Kennedy-Tasaki duality mapping, which was originally proposed in 1992, based on the modern
understanding of the Symmetry-Protected Topological (SPT) phases. The duality maps between a SPT phase and a Sponta-
neous Symmetry Breaking (SSB) phase; a non-local "string" order parameter is mapped to a conventional correlation function
of a local order parameter. Although it was originally defined only on open chains, we have generalized it to closed chains as a
non-invertible transformation. Applying our reformulated version of the duality to various simple systems, we have constructed
numerous SPT phases systematically, including new types of "gapless SPT" phases.

1. Drude weights in one-dimensional systems with a single defect: K. Takasan, M. Oshikawa and H. Watanabe, Phys. Rev.
B 107, 075141 (2023).

2. Duality, criticality, anomaly, and topology in quantum spin-1 chains: H. Yang, L. Li, K. Okunishi and H. Katsura, Phys.
Rev. B 107, 125158 (2023).

3. Finite-size and finite bond dimension effects of tensor network renormalization: A. Ueda and M. Oshikawa, Phys. Rev.
B 108, 024413(1-13) (2023).

4. TMany-body multipole index and bulk-boundary correspondence: Y. Tada and M. Oshikawa, Phys. Rev. B 108,
235150(1-12) (2023).

5. Noninvertible duality transformation between symmetry-protected topological and spontaneous symmetry breaking
phases: L. Li, M. Oshikawa and Y. Zheng, Phys. Rev. B 108, 214429(1-19) (2023).

6. Subsystem non-invertible symmetry operators and defects: W. Cao, L. Li, M. Yamazaki and Y. Zheng, SciPost Phys. 15,
155 (2023).

7. Fermionization of fusion category symmetries in 1+1 dimensions: K. Inamura, JHEP 2023, 101(1-63) (2023).

8. Symmetry TFTs and anomalies of non-invertible symmetries: J. Kaidi, E. Nardoni, G. Zafrir and Y. Zheng, JHEP 2023,
53 (2023).

9. Symmetry TFTs for Non-invertible Defects: J. Kaidi, K. Ohmori and Y. Zheng, Commun. Math. Phys. 404, 1021
(2023).

10. T*Quasi-Periodic Growth of One-Dimensional Copper Boride on Cu(110): Y. Tsujikawa, X. Zhang, K. Yamaguchi, M.
Haze, T. Nakashima, A. Varadwaj, Y. Sato, M. Horio, Y. Hasegawa, F. Komori, M. Oshikawa, M. Kotsugi, Y. Ando, T.
Kondo and 1. Matsuda, Nano Lett. 24, 1160 (2024).

Nakatsuji group

The myths of quantum mechanics render electronic, magnetic, and optical properties in materials that defy common sense while
inspiring future technologies. Through decades of effort, researchers studying quantum materials have uncovered a wealth of
fascinating properties, ranging from superconductivity that allows electric current to flow without any resistance to topolog-
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ical insulators whose surface states serve as superhighways for electrons to flow freely. Discoveries in the field of quantum
materials offer a central thread linking the previously disparate fields, like condensed matter physics, high-energy physics,
quantum computing, and cosmology. Moreover, the functionalities of quantum materials provide the basis for emerging trans-
formational technologies, such as antiferromagnetic memory. Our vision is to lead the quest for functional quantum materials to
bear a groundbreaking impact on fundamental science and benefit humanity in the future. The main research topics in our group
are (1) Quantum transport in topological materials; (2) Coherent quantum transport in antiferromagnetic spintronics; (3) Strange
metal and exotic superconductivity in strongly correlated electron systems; (4) Long-range quantum entanglement in topologi-
cally ordered states.

1. *Ultrafast Dynamics of Intrinsic Anomalous Hall Effect in the Topological Antiferromagnet Mn3Sn: T. Matsuda, T.
Higo, T. Koretsune, N. Kanda, Y. Hirai, H. Peng, T. Matsuo, N. Yoshikawa, R. Shimano, S. Nakatsuji and R. Matsunaga,
Phys. Rev. Lett. 130, 126302 (2023).

2. "High-resolution magnetic imaging by mapping the locally induced anomalous Nernst effect using atomic force micros-
copy: N. Budai, H. Isshiki, R. Uesugi, Z. Zhu, T. Higo, S. Nakatsuji and Y. Otani, Appl. Phys. Lett. 122, 102401 (2023).

3. *Octupole-driven magnetoresistance in an antiferromagnetic tunnel junction: X. Chen, T. Higo, K. Tanaka, T. Nomoto,
H. Tsai, H. Idzuchi, M. Shiga, S. Sakamoto, R. Ando, H. Kosaki, T. Matsuo, D. Nishio-Hamane, R. Arita, S. Miwa and
S. Nakatsuji, Nature 613, 490-495 (2023).

4. “Temperature-induced anomalous magnetotransport in the Weyl semimetal Mn3Ge: M. Wu, K. Kondou, T. Chen, S.
Nakatsuji and Y. Otani, AIP Advances 13, 045102 (2023).

5. “Fabrication of single-crystalline YFeOs films with large antiferromagnetic domains: C. Wang, M. Lippmaa and S.
Nakatsuji, J. Appl. Phys. 135, 113901 (1-8) (2024).

Miwa group

This year we have worked on the following topics: (1) chirality-induced spin selectivity in the absence of bias current, (2)
tunneling magnetoresistance using the chiral antiferromagnet Mn3Sn, and (3) interfacial magnetic anisotropy of the Fe/MgO
system. In topic (1), we have summarized our recent work and published a review paper (J. Magn. Magn. Mater. 585, 171157.
In topic (2) we find a novel tunneling magnetoresistance effect in an all antiferromagnetic Mn3Sn/MgO/Mn3Sn junction. This is
a collaboration work with the groups of Nakatsuji and Otani (Nature 613, 490). In topic (3), we find that among various alkali
halides, fluoride insertion is effective in enhancing the perpendicular magnetic anisotropy of the Fe/MgO system (Phys. Rev. B
107, 094420).

1. Magnetic anisotropy of Fe/MgO interfaces inserted with alkali halide layers: J. Chen, S. Sakamoto, H. Kosaki and S.
Miwa, Phys. Rev. B 107, 094420 (2023).

2. "Octupole-driven magnetoresistance in an antiferromagnetic tunnel junction: X. Chen, T. Higo, K. Tanaka, T. Nomoto,
H. Tsai, H. Idzuchi, M. Shiga, S. Sakamoto, R. Ando, H. Kosaki, T. Matsuo, D. Nishio-Hamane, R. Arita, S. Miwa and
S. Nakatsuji, Nature 613, 490-495 (2023).

3. Observation of large spin conversion anisotropy in bismuth: N. Fukumoto, R. Ohshima, M. Aoki, Y. Fuseya, M.
Matsushima, E. Shigematsu, T. Shinjo, Y. Ando, S. Sakamoto, M. Shiga, S. Miwa and M. Shiraishi, Proceedings of the
National Academy of Sciences 102, €2215030120 (2023).

4. Influence of alkali-fluoride insertion layers on the perpendicular magnetic anisotropy at the Fe/MgO interface: J. Chen,
S. Sakamoto and S. Miwa, Phys. Rev. B 109, 064413 (2024).

5. Spontaneous spin selectivity in chiral molecules at the interface: K. Kondou, S. Miwa and D. Miyajima, Journal of
Magnetism and Magnetic Materials 585, 171157 (2023).

Materials Design and Characterization Laboratory

Hiroi group

The nodal-line semimetals NaAlSi and NaAlGe have significantly different ground states despite having similar electronic
structures: NaAlSi exhibits superconductivity below 7 K, while NaAlGe exhibits semiconductive electrical conductivity at
low temperatures, indicating the formation of a pseudogap at approximately 100 K. The origin of the pseudogap in NaAlGe is
unknown but may be associated with excitonic instability. We investigated hole-doping effects on the ground state in the solid
solution Na(All-xZnx)Ge and discovered that the pseudogap is suppressed continuously with increasing Zn content, followed
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by the appearance of a superconducting dome with the highest transition temperature of 2.8 K. This superconductivity most
likely results from excitonic fluctuations.

1. ™Fermi surface and light quasi particles in hourglass nodal chain metal f-ReO>: D. Hirai, T. Anbai, T. Konoike, S. Uji,
Y. Hattori, T. Terashima, H. Ishikawa, K. Kindo, N. Katayama, T. Oguchi and Z. Hiroi, J. Phys.: Condens. Matter 35,
405503 (2023).

2. Anomalous Diamagnetic Torque Signals in Topological Nodal-Line Semimetal NaAlSi: S. Uji, T. Konoike, Y. Hattori,
T. Terashima, T. Oguchi, T. Yamada, D. Hirai, T. Ikenobe and Z. Hiroi, J. Phys. Soc. Jpn. 92, 074703 (2023).

3. "Large magnetic-field-induced strains in sintered chromium tellurides: Y. Kubota, Y. Okamoto, T. Kanematsu, T.
Yajima, D. Hirai and K. Takenaka, Appl. Phys. Lett. 122, 042404 (2023).

4. Superconductivity induced by doping holes in the nodal-line semimetal NaAlGe: T. Ikenobe, T. Yamada, D. Hirai, H.
Yamane and Z. Hiroi, Phys. Rev. Materials 7, 104801 (2023).

5. Nonmagnetic Ground State in RuO2 Revealed by Muon Spin Rotation: M. Hiraishi, H. Okabe, A. Koda, R. Kadono, T.
Muroi, D. Hirai and Z. Hiroi, Phys. Rev. Lett. 132, 166702 (2024).

Kawashima group

We developed efficient methods, algorithms, parallelized programs, and sometimes new concepts, based on novel numerical
techniques such as the tensor network (TN) method and quantum Monte Carlo (QMC). We then applied them to relevant
physical problems. To list subjects of our research in 2023: (1) Classical spin systems with novel phase transitions and excita-
tions [Okubo and Kawashima, JPSJ92; Tu, et al, PRB107; Watanabe, et al, PTP2023, PRR5], (2) Data-scientific approach to
material design [Kavacs, et al, Front.Mater.9], (3) Development of open-source software for condensed matter calculations
[Kurita, CPC292], (4) Down-folding method for strongly correlated electron systems such as superconductors [Ido, et al,
JPSJ92]

1. *Data Analysis of Ab initio Effective Hamiltonians in Iron-Based Superconductors — Construction of Predictors
for Superconducting Critical Temperature: K. Ido, Y. Motoyama, K. Yoshimi and T. Misawa, J. Phys. Soc. Jpn. 92,
064702(1-13) (2023).

2. Possibility of a Topological Phase Transition in Two-dimensional RP3 Model: T. Okubo and N. Kawashima, J. Phys.
Soc. Jpn. 92, 114701 (2023).

3. Cubic ferromagnet and emergent U(1) symmetry on its phase boundary: W.-L. Tu, X. Lyu, S. R. Ghazanfari, H.-K. Wu,
H.-Y. Lee and N. Kawashima, Phys. Rev. B 107(1-14) (2023).

4. “Interface tool from Wannier90 to RESPACK: wan2respack: K. Kurita, T. Misawa, K. Yoshimi, K. Ido and T. Koret-
sune, Comput. Phys. Commun. 292, 108854(1-7) (2023).

5. Non-monotonic behavior of the Binder parameter in discrete spin systems: H. Watanabe, Y. Motoyama, S. Morita and
N. Kawashima, Prog. Theor. Exp. Phys. 2023, 033A02 (2023).

6. Ashkin-Teller phase transition and multicritical behavior in a classical monomer-dimer model: S. Morita, H.-Y. Lee, K.
Damle and N. Kawashima, Physical Review Research 5, 043061(1-12) (2023).

7. Physics-informed machine learning combining experiment and simulation for the design of neodymium-iron-boron
permanent magnets with reduced critical-elements content: A. Kovacs, J. Fischbacher, H. Oezelt, A. Kornell, Q. Ali, M.
Gusenbauer, M. Yano, N. Sakuma, A. Kinoshita, T. Shoji, A. Kato, Y. Hong, S. Grenier, T. Devillers, N. M. Dempsey, T.
Fukushima, H. Akai, N. Kawashima, T. Miyake and T. Schrefl, Front. Mater. 9, 1094055 (2023).

8. T"H-wave — A Python package for the Hartree-Fock approximation and the random phase approximation: T. Aoyama, K.
Yoshimi, K. Ido, Y. Motoyama, T. Kawamura, T. Misawa, T. Kato and A. Kobayashi, Computer Physics Communica-
tions 298, 109087(1-10) (2024).

9. ™Update of H® : Newly added functions and methods in versions 2 and 3: K. Ido, M. Kawamura, Y. Motoyama, K.
Yoshimi, Y. Yamaji, S. Todo, N. Kawashima and T. Misawa, Comp. Phys. Commun. 298, 109093(1-15) (2024).

Uwatoko group

MnP is found to be superconducting below ~ 1 K around 8 GPa. To elucidate the magnetic ground state adjacent to the super-
conducting phase first discovered in Mn-based materials, high-pressure neutron diffraction measurements have been performed
at hydrostatic pressures up to 7.5 GPa. Combining the experimental and theoretical results, the details of exchange interactions
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in the vicinity of the superconducting phase are described, which is critical to understanding the pairing mechanism of the
unconventional superconductivity in MnP. The study of the iron-based superconductor, FeSe, has resulted in various interesting
topics. We present the observation of spin fluctuations originating from Bogoliubov Fermi surfaces in the superconducting
state via ’’Se-nuclear magnetic resonance measurements to 100 mK. In S-substituted FeSe, an abnormal enhancement of
low-energy spin uctuations deep in the SC state is established, which cannot be explained by an impurity effect. The recently
discovered CsV3Sbs is a new family of kagome superconductors with the superconducting transition temperature Tc of 2.5 K.
Our results support that material is a non-chiral, anisotropic s-wave superconductor with no sign change both at ambient and
under pressure. CeNiC; features unique properties such as heavy fermionic behavior and multiple magnetic ordering. With
applying pressure, a superconducting dome with a maximum Tc ~ 3.5 K emerges in a narrow pressure range of around 11
GPa. We investigate its crystal structure from ambient pressure to 18.6 GPa via single crystal x-ray diffraction. The pressure
dependence of unit-cell parameters reveals anisotropic linear compressibility k, following [ka| (3.70x103 GPa™!) > k| (1.97 x
103 GPa™") > [kp| (1.39 x 107 GPa™!), and a bulk modulus, Bg ~ 134 + 3 GPa. The directions of the first nearest and the second
nearest neighbors between both the Ce-Ce and Ni-Ni atoms switch at ~ 7 GPa. The 12442-type hybrid structure compound
BaThyFesAsa(Nag 700.3)2 shows the superconducting transition at Tc°™ ~ 30 K and T?°™ ~ 20 K. We found that Tc(P) exhibits
a nonmonotonic variation with pressure, forming a dome-shaped superconducting temperature at optimal values of - 46 K at
2.6 GPa. We have measured the high-pressure experiments of La3NipO7 polycrystalline samples. The constructed T-P phase
diagram shares similar features with that of LazNi,O7 crystals and reveals the close relationship between superconductivity,
density wave order, and strange-metal-like behavior in this system.

1. Pressure-induced linear enhancement of the superconducting transition in Ndo gSro2NiO; thin films: N. N. Wang, G.
Wang, Q. Gao, K. Y. Chen, J. Hou, X. L. Ren, Y. Uwatoko, B. S. Wang, Z. H. Zhu, J. P. Sun and J.-G. Cheng, J. Phys.:
Condens. Matter 36, 125601(1-6) (2023).

2. Destabilization of Excitonic Phase by Elemental Substitution in (Ta;—xMx)2NiSes(M=V, Nb) and Taz(Nii.yTy)Ses(T=
Fe, Co): Y. Hirose, S. Sano, T. Hirahara, Y. Uwatoko, J. Gouchi, T. Takeuchi and R. Settai, J. Phys. Soc. Jpn. 92,
084705(1-7) (2023).

3. Pressure-induced Structural Phase Transition and New Superconducting Phase in UTe,: F. Honda, S. Kobayashi, N.
Kawamura, S. I. Kawaguchi, T. Koizumi, Y. J. Sato, Y. Homma, N. Ishimatsu, J. Gouchi, Y. Uwatoko, H. Harima, J.
Flouquet and D. Aoki, J. Phys. Soc. Jpn. 92, 044702(1-10) (2023).

4. Pressure-Induced Structural Phase Transition in EuzBiaS4F4: K. Ishigaki, H. Ma, H.-F. Zhai, Y. Jing, H. Kobayashi and
Y. Uwatoko, J. Phys. Soc. Jpn. 92, 075001 (2023).

5. Atomic coordinates of CeNiCz under pressure: Switching of the Ce-Ce first nearest neighbor direction: H. Ma, D. Bhoi,
J. Gouchi, H. Sato, T. Shigeoka, J. -G. Cheng and Y. Uwatoko, Phys. Rev. B 108, 064435(1-6) (2023).

6. Complex evolution of the magnetic transitions and unexpected absence of bulk superconductivity in chemically precom-
pressed NaMngBis: P. F. Shan, Q. X. Dong, P. T. Yang, L. Xu, Z. Y. Liu, L. F. Shi, N. N. Wang, J. P. Sun, Y. Uwatoko, G.
F. Chen, B. S. Wang and J. -G. Cheng, Phys. Rev. B 107, 094519(1-7) (2023).

7. Effect of hydrostatic pressure on the unconventional charge density wave and superconducting properties in two distinct
phases of doped kagome superconductors CsV3—TixSbs: J. Hou, K. Y. Chen, J. P. Sun, Z. Zhao, Y. H. Zhang, P. F. Shan,
N. N. Wang, H. Zhang, K. Zhu, Y. Uwatoko, H. Chen, H. T. Yang, X. L. Dong, H. -J. Gao and J. -G. Cheng, Phys. Rev.
B 107, 144502(1-8) (2023).

8. Pressure-driven evolution of upper critical field and Fermi surface reconstruction in the strong-coupling superconductor
Tiglr2O: L. Shi, B. Ruan, P. Yang, N. Wang, P. Shan, Z. Liu, J. Sun, Y. Uwatoko, G. Chen, Z. Ren, B. Wang and J.
Cheng, Phys. Rev. B 107, 174525(1-7) (2023).

9. “Piston-cylinder cell made of Ni-Cr—Al alloy for magnetic susceptibility measurements under high pressures in pulsed
high magnetic fields: K. Nihongi, T. Kida, Y. Narumi, N. Kurita, H. Tanaka, Y. Uwatoko, K. Kindo and M. Hagiwara,
Rev. Sci. Instrum. 94, 113903(1-7) (2023).

10. Mgnetic ground state of YbCo02Zn2p probed by muon spin relaxation: W. Higemoto, K. Satoh, T. U. Ito, K. Ohishi, Y.
Saiga, M. Kosaka, K. Matsubayashi and Y. Uwatoko, J. Phys.: Conf. Ser. 2462, 012039(1-5) (2023).

11. Pressure-enhanced superconducting transition in the inter-block-layer electron-transfer superconductor
BaThaFe4As4(No 700.3)2: P. Shan, P. Yang, Y. Shao, Z. Liu, J. Hou, B. Wang, Y. Uwatoko, G. Cao, J. Sun and J. Cheng,
Phys. Rev. Materials 7, 124801(1-8) (2023).

12. Bulk evidence of anisotropic s-wave pairing with no sign change in the kagome superconductor CsV3Sbs: M.
Roppongi, K. Ishihara, Y. Tanaka, K. Ogawa, K. Okada, S. Liu, K. Mukasa, Y. Mizukami, Y. Uwatoko, R. Grasset, M.
Konczykowski, B. R. Ortiz, S. D. Wilson, K. Hashimoto and T. Shibauchi, Nat Commun 14, 667(1-8) (2023).

13. *Helical magnetic state in the vicinity of the pressure-induced superconducting phase in MnP: S. E. Dissanayake, M.
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Matsuda, K. Yoshimi, S. Kasamatsu, F. Ye, S. Chi, W. Steinhardt, G. Fabbris, S. Haravifard, J. Cheng, J. Yan, J. Gouchi
and Y. Uwatoko, Phys. Rev. Research 5, 043026(1-13) (2023).

14. Spin fluctuations from Bogoliubov Fermi surfaces in the superconducting state of S-substituted FeSe: Z. Yu, K.
Nakamura, K. Inomata, X. Shen, T. Mikuri, K. Matsuura, Y. Mizukami, S. Kasahara, Y. Matsuda, T. Shibauchi, Y.
Uwatoko and N. Fujiwara, Commun Phys 6, 175(1-6) (2023).

15. Emergence of High-Temperature Superconducting Phase in Pressurized La3zNi2O7 Crystals: J. Hou, P.-T. Yang, Z.-Y.
Liu, J.-Y. Li, P.-F. Shan, L. Ma, G. Wang, N.-N. Wang, H.-Z. Guo, J.-P. Sun, Y. Uwatoko, M. Wang, G.-M. Zhang, B.-S.
Wang and J.-G. Cheng, Chinese Phys. Lett. 40, 117302(1-6) (2023).

16. Pressure-induced Superconductivity in BiS;-based Superconductors EupSrBi2Sz s5Sei sF4: K. Ishigaki, J. Gouchi, K.
Torizuka, S. Arumugam, A. K. Ganguli, Z. Haque, K. Ganesan, G. S. Thakur and Y. Uwatoko, J. Phys. Soc. Jpn. 93,
024706(1-4) (2024).

17. From semiconductor to Fermi metal and emergent density-wave-like transition in the quasi-one-dimensional n-type
Bi19S2713 under hydrostatic pressure: S. Xu, Z. Liu, P. Yang, B. Ruan, Z. Ren, J. Sun, Y. Uwatoko, B. Wang and J.
Cheng, Phys. Rev. B 109, 144107(1-10) (2024).

18. Quantum criticality in YbCusNi: K. Osato, T. Taniguchi, H. Okabe, T. Kitazawa, M. Kawamata, Z. Hongfei, Y. Ikeda,
Y. Nambu, D. P. Sari, I. Watanabe, J. G. Nakamura, A. Koda, J. Gouchi, Y. Uwatoko and M. Fujita, Phys. Rev. B 109,
024435(1-6) (2024).

19. Pressure-Induced Superconductivity In Polycrystalline LazNiO7-5: G. Wang, N. N. Wang, X. L. Shen, J. Hou, L. Ma,
L. F. Shi, Z. A. Ren, Y. D. Gu, H. M. Ma, P. T. Yang, Z. Y. Liu, H. Z. Guo, J. P. Sun, G. M. Zhang, S. Calder, J. Q. Yan,
B. S. Wang, Y. Uwatoko and J. -G. Cheng, Phys. Rev. X 14, 011040(1-8) (2024).

20. Pressure Effect on the Magnetic Properties of the Heusler Alloy CooNbGa: Y. Adachi, Y. Ogi, T. Osaki, T. Eto, T.
Kihara, H. Nishihara, T. Sakon, J. Gouchi, Y. Uwatoko and T. Kanomata, J Supercond Nov Magn 37, 249-254 (2024).

Ozaki group

For more than last 5 years, we have been collaborating with the Sugimoto laboratory in the graduate school of frontier sciences,
the University of Tokyo to unveil surface structures and their electronic structures of silicene and diamond surface, which have
been investigated by scanning tunneling microscopy (STM) and atomic force microscopy (AFM). Our role in the collaboration
is to theoretically understand their experimental observation by making use of first-principles calculations. We have established
computational schemes to calculate the force spectroscopy, in which perpendicular forces acting on model tips consisting of
silicon atoms and the surfaces are directly calculated, and compared calculated force spectroscopy data with the experimental
data. The comparison leads to excellent agreement with the experimentally data not only qualitatively and but also quantita-
tively. In the fiscal year, our special focus was to investigate detailed structures of Si adatoms on silicene on Ag(111) surface
and the surface structures of diamond(001). These studies provided clear pictures for the thermodynamic energetics of the
surface structures, and an evidence that the high resolution of AFM image in the experiments should be attributed to bond
formation between the tip and surface atoms which is far from the non-contact regime.

1. ™Ambipolar Nickel Dithiolene Complex Semiconductors: From One- to Two-Dimensional Electronic Structures Based
upon Alkoxy Chain Lengths: M. Ito, T. Fujino, L. Zhang, S. Yokomori, T. Higashino, R. Makiura, K. J. Takeno, T. Ozaki
and H. Mori, J. Am. Chem. Soc. 145, 2127-2134 (2023).

2. Metallic State of a Mixed-Sequence Oligomer Salt That Models Doped PEDOT Family: K. Onozuka, T. Fujino, R.
Kameyama, S. Dekura, K. Yoshimi, T. Nakamura, T. Miyamoto, T. Yamakawa, H. Okamoto, H. Sato, T. Ozaki and H.
Mori, J. Am. Chem. Soc. 145, 15152-15161 (2023).

3. Atomically thin metallic Si and Ge allotropes with high Fermi velocities: C. -E. Hsu, Y. -T. Lee, C. -C. Wang, C. -Y.
Lin, Y. Yamada-Takamura, T. Ozaki and C. -C. Lee, Physical Review B 107, 115410 (2023).

4. Atomic arrangement of Si adatom on the Silicene/Ag (111) surface: Y. Adachi, R. Zhang, X. Wang, M. Fukuda, T. Ozaki
and Y. Sugimoto, Applied Surface Science 630, 157336 (2023).

5. "Hydrogen - induced Sulfur Vacancies on the MoS; Basal Plane Studied by Ambient Pressure XPS and DFT Calcu-
lations: F. Ozaki, S. Tanaka, Y. Choi, W. Osada, K. Mukai, M. Kawamura, M. Fukuda, M. Horio, T. Koitaya, S.
Yamamoto, I. Matsuda, T. Ozaki and J. Yoshinobu, ChemPhysChem 24, ¢202300477 (2023).

Noguchi group

We have studied (1) microphase separation with checkerboard and kagome lattice patterns induced by the binding of curvature-
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inducing proteins onto both sides of a membrane, (2) excitable waves on a deformable membrane tube, (3) estimation of
anisotropic bending coefficients of crescent proteins from experimental data, and (4) the effects of interfacial tension of phase
boundary on membrane rupture.

1.

Phase-Separated Giant Liposomes for Stable Elevation of a-Hemolysin Concentration in Lipid Membranes: M.
Kobayashi, H. Noguchi, G. Sato, C. Watanabe, K. Fujiwara and M. Yanagisawa, Langmuir 39, 11481-11489 (2023).

Estimation of anisotropic bending rigidities and spontaneous curvatures of crescent curvature-inducing proteins from
tethered-vesicle experimental data: H. Noguchi, N. Walani and M. Arroyo, Soft Matter 19, 5300-5310 (2023).

Membrane domain formation induced by binding/unbinding of curvature-inducing molecules on both membrane
surfaces: H. Noguchi, Soft Matter 19, 679-688 (2023).

Disappearance, division, and route change of excitable reaction-diffusion waves in deformable membranes: H. Noguchi,
Sci Rep 13, 6207(1-8) (2023).

Curvature sensing of curvature-inducing proteins with internal structure: H. Noguchi, Phys. Rev. E 109, 024403/1-10
(2024).

Yoshimi group

We have developed and enhanced the usability of programs adopted in the project for advancement of software usability in
materials science (PASUMS). Our group's activity of 2023 include functional and usability enhancement of (1) TeNeS and
making new tools (2) cif2x and Moller. We published five papers about the developed software packages (abICS,H-wave, and
He) in PASUMS. In addition, using the software packages developed by PASUMS, we have studied electronic properties of
organic conductors such as a-(BEDT-TTF),I3, a-(BEDT-TSeF),l3, and TM salts.

1.

10.

11.

12.

*Data Analysis of Ab initio Effective Hamiltonians in Iron-Based Superconductors — Construction of Predictors
for Superconducting Critical Temperature: K. Ido, Y. Motoyama, K. Yoshimi and T. Misawa, J. Phys. Soc. Jpn. 92,
064702(1-13) (2023).

t*Gap opening mechanism for correlated Dirac electrons in organic compounds a-(BEDT-TTF),I3 and o-(BEDT—
TSeF),lI3: D. Ohki, K. Yoshimi, A. Kobayashi and T. Misawa, Phys. Rev. B 107, L041108(1-6) (2023).

t*Comprehensive Ab Initio Investigation of the Phase Diagram of Quasi-One-Dimensional Molecular Solids: K.
Yoshimi, T. Misawa, T. Tsumuraya and H. Seo, Phys. Rev. Lett. 131, 036401(1-7) (2023).

*Metallic State of a Mixed-Sequence Oligomer Salt That Models Doped PEDOT Family: K. Onozuka, T. Fujino, R.
Kameyama, S. Dekura, K. Yoshimi, T. Nakamura, T. Miyamoto, T. Yamakawa, H. Okamoto, H. Sato, T. Ozaki and H.
Mori, J. Am. Chem. Soc. 145, 15152-15161 (2023).

t*Precise Control of the Molecular Arrangement of Organic Semiconductors for High Charge Carrier Mobility: R. Akai,
K. Oka, S. Dekura, K. Yoshimi, H. Mori, R. Nishikubo, A. Sacki and N. Tohnai, J. Phys. Chem. Lett. 14, 3461 (2023).

*Interface tool from Wannier90 to RESPACK: wan2respack: K. Kurita, T. Misawa, K. Yoshimi, K. Ido and T. Koret-
sune, Comput. Phys. Commun. 292, 108854(1-7) (2023).

*Helical magnetic state in the vicinity of the pressure-induced superconducting phase in MnP: S. E. Dissanayake, M.
Matsuda, K. Yoshimi, S. Kasamatsu, F. Ye, S. Chi, W. Steinhardt, G. Fabbris, S. Haravifard, J. Cheng, J. Yan, J. Gouchi
and Y. Uwatoko, Phys. Rev. Research 5, 043026(1-13) (2023).

sparse-ir: Optimal compression and sparse sampling of many-body propagators: M. Wallerberger, S. Badr, S. Hoshino,
S. Huber, F. Kakizawa, T. Koretsune, Y. Nagai, K. Nogaki, T. Nomoto, H. Mori, J. Otsuki, S. Ozaki, T. Plaikner, R.
Sakurai, C. Vogel, N. Witt, K. Yoshimi and H. Shinaoka, SoftwareX 21, 101266 (2023).

fConfiguration sampling in multi-component multi-sublattice systems enabled by ab Initio Configuration Sampling
Toolkit (abICS): S. Kasamatsu, Y. Motoyama, K. Yoshimi and T. Aoyama, Science and Technology of Advanced
Materials: Methods 3, 2284128 (2023).

T Compensated Ferrimagnets with Colossal Spin Splitting in Organic Compounds: T. Kawamura, K. Yoshimi, K. Hashi-
moto, A. Kobayashi and T. Misawa, Phys. Rev. Lett. 132, 156502(1-6) (2024).

™Sub-photon accuracy noise reduction of a single shot coherent diffraction pattern with an atomic model trained
autoencoder: T. Ishikawa, Y. Takeo, K. Sakurai, K. Yoshinaga, N. Furuya, Y. Inubushi, K. Tono, Y. Joti, M. Yabashi, T.
Kimura and K. Yoshimi, Opt. Express 32, 18301 (2024).

T™H-wave — A Python package for the Hartree-Fock approximation and the random phase approximation: T. Aoyama, K.
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Yoshimi, K. Ido, Y. Motoyama, T. Kawamura, T. Misawa, T. Kato and A. Kobayashi, Computer Physics Communica-
tions 298, 109087(1-10) (2024).

13. TOrbital hybridization of donor and acceptor to enhance the conductivity of mixed-stack complexes: T. Fujino, R.
Kameyama, K. Onozuka, K. Matsuo, S. Dekura, T. Miyamoto, Z. Guo, H. Okamoto, T. Nakamura, K. Yoshimi, S.
Kitou, T.-H. Arima, H. Sato, K. Yamamoto, A. Takahashi, H. Sawa, Y. Nakamura and H. Mori, Nat Commun 15, 3028
(2024).

14. ™ Update of H® : Newly added functions and methods in versions 2 and 3: K. Ido, M. Kawamura, Y. Motoyama, K.
Yoshimi, Y. Yamaji, S. Todo, N. Kawashima and T. Misawa, Comp. Phys. Commun. 298, 109093(1-15) (2024).

Okamoto group

The discovery of a new material has a potential to trigger the evolution of condensed matter physics. We aim at discovering
new materials of crystalline solids that exhibit novel quantum phenomena and innovative electronic functions. In this year,
we reported the results of our research on new superconductors ScsMTez, ZrgMTen, ScPdGe, and ScPdSi, where M is transi-
tion metal elements, and a frustrated spin system NaLnTe». In these materials, SceMTe; is a unique d-electron superconducting
family incorporating 3d, 4d, and 5d electrons systems. The critical temperatures 7¢ for M = 3d elements are higher than those
for 4d and 5d elements and increase in the order of M = Ni, Co, and Fe with the highest 7, of 4.7 K in SceFeTey, suggesting that
the Fe 3d electrons play important roles in realizing the highest 7¢. On the other hand, Sc¢OsTe, and ScelrTes show a supercon-
ductivity with a high upper critical field Hc, violating the Pauli limit, caused by the strong spin-orbit coupling of Os and Ir 54
electrons. It is rare that such 3d and 5d electron features play major roles in an isostructural d-electron superconductor family.

1. ™Structural and Electronic Properties of a Triangular Lattice Magnet NaPrTe; Compared with NaNdTe, and NaTbTex:
K. Eto, Y. Okamoto, N. Katayama, H. Ishikawa, K. Kindo and K. Takenaka, J. Phys. Soc. Jpn. 92, 094707(1-6) (2023).

2. Superconductivity in Ternary Scandium Telluride SceMTer with 3d, 4d, and 5d Transition Metals: Y. Shinoda, Y.
Okamoto, Y. Yamakawa, H. Matsumoto, D. Hirai and K. Takenaka, J. Phys. Soc. Jpn. 92, 103701(1-5) (2023).

3. 7uMLEYRIERICE T G FHREIE « BA EEGE , b B, [ AL 58, 273-282 (2023).

4. *Large magnetic-field-induced strains in sintered chromium tellurides: Y. Kubota, Y. Okamoto, T. Kanematsu, T.
Yajima, D. Hirai and K. Takenaka, Appl. Phys. Lett. 122, 042404 (2023).

5. T*Signatures of a magnetic superstructure phase induced by ultrahigh magnetic fields in a breathing pyrochlore
antiferromagnet: M. Gen, A. Ikeda, K. Aoyama, H. O. Jeschke, Y. Ishii, H. Ishikawa, T. Yajima, Y. Okamoto, X.
Zhou, D. Nakamura, S. Takeyama, K. Kindo, Y. H. Matsuda and Y. Kohama, Proc. Natl. Acad. Sci. U.S.A. 120,
€2302756120(1-7) (2023).

6. Superconductivity in Ternary Germanide ScPdGe and Silicide ScPdSi: Y. Shinoda, Y. Okamoto, Y. Yamakawa, H.
Takatsu, H. Kageyama, D. Hirai and K. Takenaka, J. Phys. Soc. Jpn. 93, 023701(1-4) (2024).

7. Superconductivity in Ternary Zirconium Telluride ZrsMTe, with 3d Transition Metals: H. Matsumoto, Y. Yamakawa, R.
Okuma, D. Nishio-Hamane and Y. Okamoto, J. Phys. Soc. Jpn. 93, 023705(1-5) (2024).

8. TAnisotropic Optical Conductivity Accompanied by a Small Energy Gap in One-Dimensional Thermoelectric Telluride
TasSiTes: F. Matsunaga, Y. Okamoto, Y. Yokoyama, K. Takehana, Y. Imanaka, Y. Nakamura, H. Kishida, S. Kawano, K.
Matsuhira and K. Takenaka, Phys. Rev. B 109, L161105(1-6) (2024).

9. 1XIu7 7> T —)ILVARE LY TasSiTeq 1B ZEVERIR « A by, ()l PE—, A7vh BREA], EARPEE 59, 95-105
(2024).

10. 70 L7 WALIIBERS RIS 2 EOR 7255 AR AL « WA fiklti , A7vh BER], FC Report 42, 7-12 (2024).

Yamaura group

Our laboratory started in 2023, and this year we used quantum beams to determine the structures of various materials from basic
to applied sciences, including magnetic nanowires, novel ferroelectrics, novel high dielectrics, novel thermoelectric materials,
magnetic thin films, nodal line semimetals, and more. Moreover, the joint use operation of the X-Ray Diffraction Section at the
Materials Design and Characterization Laboratory (MDCL) is progressing smoothly, providing not only user support to various
users inside and outside the institute, but also analytical advice, new research proposals, and even paths to quantum beam appli-
cations. In addition, the radiation safety laboratory was operated to educate and control radiation workers at the facility, control
nuclear fuel materials, and conduct periodic inspections of X-ray generators.

1. "Distinctive doping dependence of upper critical field in iron-based superconductor LaFeAsO;.xHy: S. Kawachi, J.-I.
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Yamaura, Y. Kuramoto, S. limura, T. Nomura, Y. Kohama, T. Sasaki, M. Tokunaga, Y. Murakami and H. Hosono, Phys.
Rev. B 108, L100503(1-5) (2023).

2. "Local spin dynamics in the geometrically frustrated Mo pyrochlore antiferromagnet LuyM0,0Os.yN2: S. K. Dey, K.
Ishida, H. Okabe, M. Hiraishi, A. Koda, T. Honda, J. Yamaura, H. Kageyama and R. Kadono, Phys. Rev. B 107, 024407
(2023).

3. *Jeg=1/2 Hyperoctagon Lattice in Cobalt Oxalate Metal-Organic Framework: H. Ishikawa, S. Imajo, H. Takeda, M.
Kakegawa, M. Yamashita, J.-I. Yamaura and K. Kindo, Phys. Rev. Lett. 132, 156702 (2024).

4. Phonon drag thermopower persisting over 200K in FeSby thin film on SrTiOj3 single crystal: C. Yamamoto, X. He, K.
Hanzawa, T. Katase, M. Sasase, J.-1. Yamaura, H. Hiramatsu, H. Hosono and T. Kamiya, Appl. Phys. Lett. 124, 193902
(2024).

5. T™Crystal structure and properties of perovskite-type rubidium niobate, a high-pressure phase of RbNbO3: A. Yamamoto,
K. Murase, T. Sato, K. Sugiyama, T. Kawamata, Y. Inaguma, J.-I. Yamaura, K. Shitara, R. Yokoi and H. Moriwake,
Dalton Trans. 53, 7044 (2024).

Neutron Science Laboratory

Yamamuro group

Our laboratory is studying chemical physics of complex condensed matters by using neutron scattering, X-ray diffraction,
calorimetric, dielectric, and viscoelastic techniques. Our target materials are glasses, liquids, and various disordered systems.
In 2023, we have measured the heat capacities of vapor-deposited H>O and CS; by using a custom-made adiabatic calorimeter.
Their heat capacities were consistent with the inelastic neutron scattering data obtained before. We have also measured the
X-ray (BL04B2@SPring-8) and neutron (BL21@J-PARC) diffractions and quasielastic neutron scattering (AGNES@JRR-3)
data of vapor-deposited amorphous methane hydrate. These data revealed that methane molecules are accommodated in cage-
like spaces in an amorphous structure, and they exhibit a classical rotation at higher temperatures and a quantum (tunneling)
rotation at lower temperatures. The quasielastic neutron scattering using AGNES@JRR-3 and BLO2@J-PARC were conducted
also for a typical metal-organic framework MOF-101 including acetonitrile molecules and Mg(TFSI), in the pores. This
material is a good candidate of future solid batteries because of its higher volumetric capacity than lithium-ion batteries and the
abundancy of Mg. The motion of acetonitrile molecules was quite high, being associated with the high mobility of Mg ions.

1. Nanoscale structure of a hybrid aqueous—nonaqueous electrolyte: M. -L. Saboungi, O. Borodin, D. Price, B. Farago, M.
A. Gonzalez, S. Kohara, L. Mangin-Thro, A. Wildes and O. Yamamuro, J. Chem. Phys. 158, 124502 (2023).

2. Quasielastic Neutron Scattering Study on Thermal Gelation in Aqueous Solution of Agarose: N. Onoda-Yamamuro, Y.
Inamura and O. Yamamuro, Gels 9(11), 879 (2023).

3. Reversible Transition between Discrete and 1D Infinite Architectures: A Temperature-Responsive Cu(I) Complex with
a Flexible Disilane-Bridged Bis(pyridine) Ligand: Y. Zhao, T. Nakae, S. Takeya, M. Hattori, D. Saito, M. Kato, Y.
Ohmasa, S. Sato, O. Yamamuro, T. Galica, E. Nishibori, S. Kobayashi, T. Seki, T. Yamada and Y. Yamanoi, Chemistry-A
European Journal 29, €202204002 (8 pages) (2023).

4. The phase diagram of the API benzocaine and its highly persistent, metastable crystalline polymorphs: 1. B. Rietveld, H.
Akiba, O. Yamamuro, M. D. Barrio, R. Céolin and J. L. Tamarit, Pharmaceutics 15, 1549 (17 pages) (2023).

5. Ice-Like Dynamics of Water Clusters: K. Oka, H. Akiba, N. Tohnai, T. Shibue and O. Yamamuro, J. Phys. Chem. Lett.
15,267-271 (2024).

6. Non-Newtonian Dynamics in Water-in-Salt Electrolytes: T. Yamaguchi, A. Dukhin, Y. -J. Ryu, D. Zhang, O. Borodin,
M. A. Gonzélez, O. Yamamuro, D. L. Price and M. -L. Saboungi, J. Phys. Chem. Lett. 15, 76-80 (2024).

7. FNHE &P EGELIC X EMERERT R OMITEDTAL - 1L &, BWHIE 50(3), 89-95 (2023).

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; Inelastic neutron scattering in the weakly coupled triangular spin tube candidate CsCrF4, Magnetic
structure of the magnetoelectric material BaxMnGeO7, Spin excitation in the coupled honeycomb lattice compound Ni2InSbOg,
Magnetic Resonance in the Quasi-2D Square Lattice Easy-Plane Antiferromagnet BaxMnGe207, and so on.
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1. [Inelastic neutron scattering in the weakly coupled triangular spin tube candidate CsCrF4: H. Kikuchi, S. Asai, H.
Manaka, M. Hagihala, S. Itoh and T. Masuda, Phys. Rev. B 107, 184405(1-8) (2023).

2. Magnetic structure of the magnetoelectric material BaoMnGeO7: A. Sazonov, H. Thoma, R. Dutta, M. Meven, A.
Gukasov, R. Fittipaldi, V. Granata, T. Masuda, B. Nafradi and V. Hutanu, Phys. Rev. B 108, 094412(1-8) (2023).

3. Spin excitation in the coupled honeycomb lattice compound Ni2InSbOg: Z. Liu, Y. Araki, T.-H. Arima, S. Itoh, S. Asai
and T. Masuda, Phys. Rev. B 107, 064428(1-8) (2023).

4. Magnetic Resonance in the Quasi-2D Square Lattice Easy-Plane Antiferromagnet Ba,MnGe>O7: V. N. Glazkov, Yu. V.
Krasnikova, I. K. Rodygina, M. Hemmida, M. Hirrle, H. -A. Krug von Nidda and T. Masuda, J. Exp. Theor. Phys. 137,
542-554 (2023).

5. Magnetic Excitations of the Spin-Chain Compound Tb3RuO7: M. Hase, A. Donni, V. Yu. Pomjakushin, K. Nawa, D.
Okuyama, T. J. Sato, S. Asai and T. Masuda, JPS Conf. Proc. 38, 011129(1-5) (2023).

6. Q-dependent electron-phonon coupling induced phonon softening and non-conventional critical behavior in the CDW
superconductor LaPtxSia: E. Nocerino, U. Stuhr, I. San Lorenzo, F. Mazza, D. G. Mazzone, J. Hellsvik, S. Hasegawa,
S. Asai, T. Masuda, S. Itoh, A. Minelli, Z. Hossain, A. Thamizhavel, K. Lefmann, Y. Sassa and M. Mansson, Journal of
Science: Advanced Materials and Devices 8, 100621(1-10) (2023).

7. A New Inelastic Neutron Spectrometer HODACA: H. Kikuchi, S. Asai, T. J. Sato, T. Nakajima, L. Harriger, I. Zaliznyak
and T. Masuda, J. Phys. Soc. Jpn. 93, 091004(1-11) (2024).

8. Inelastic neutron scattering studies on the eight-spin zigzag-chain compound KCu4P3012 : Confirmation of the validity
of a data-driven technique based on machine learning: M. Hase, R. Tamura, K. Hukushima, S. Asai, T. Masuda, S. Itoh
and A. Donni, Phys. Rev. B 109, 094434(1-8) (2024).

9. Neutron scattering study on dimerized 4fl intermetallic compound Ce5Si3: D. Ueta, Y. Iwata, R. Kobayashi, K.
Kuwahara, T. Masuda and S. Itoh, Phys. Rev. B 109, 205127(1-8) (2024).

10. *Sample Environment of the HRC Spectrometer at J-PARC: D. Ueta, S. Itoh, T. Masuda, T. Yokoo, T. Nakajima, S.
Asai, H. Saito, D. Kawana, R. Sugiura, T. Asami, S. Yamauchi, S. Torii, Y. Thata and H. Tanino, JPS Conf. Proc. 41,
011008(1-5) (2024).

11. Field control of quasiparticle decay in a quantum antiferromagnet: S. Hasegawa, H. Kikuchi, S. Asai, Z. Wei, B. Winn,
G. Sala, S. Itoh and T. Masuda, Nat Commun 15, 125(1-7) (2024).

12. Spin Dynamics in Equilateral Triangular Spin Tube Material CsCrF4: H. Kikuchi, S. Asai, H. Manaka, M. Hagihala, S.
Itoh and T. Masuda, Neutron News 35, 13-14 (2024).

Nakajima group

Nakajima group is studying magnetic materials with cross-correlated phenomena associated with the symmetry of the magnetic
structures by means of neutron and X-ray scattering techniques. We are also responsible for a polarized-neutron triple-axis
neutron spectrometer PONTA in the research reactor JRR-3 in Tokai, which restarted in 2021 after the long shutdown since
the east Japan great earthquake in 2011. As the instrument team of PONTA, we have been supporting the users of the joint-use
program, and have collaborated in their researches. One of the successful experiments at PONTA in the fiscal year of 2023 is the
observation of the incommensurate magnetic modulation associated the charge density wave in UPt;Sia. Prof. Amitsuka's group
in the Hokkaido university grew single crystal of this compound, which was known to exhibit a commensurate antiferromag-
netic (AF) order and incommensurate charge density wave (CDW). They found that the commensurate AF order was affected
by the CDW, and that the incommensurate magnetic modulations appear below the transition temperature. By utilizing the
polarized neutron scattering technique, they successfully observed incommensurate magnetic reflections appearing at the same
position as nuclear superlattice reflection associated with the CDW. Nakajima group is also working on developing new neutron
scattering techniques in extreme conditions. Since 2019, we have been collaborating with Prof. Kohama’s group in IMGSL of
ISSP to realize stroboscopic neutron diffraction in long pulsed magnetic fields. We recently employed this technique to explore
field induced magnetic phases in a triangular lattice antiferromagnet CuFe;.xGaxO2. We are planning to apply this technique to
various magnetic materials in the future.

1. TDirect observations of spin fluctuations in hedgehog—anti-hedgehog spin lattice states in MnSi;.xGex (x = 0.6 and 0.8)
at zero magnetic field: S. Aji, T. Oda, Y. Fujishiro, N. Kanazawa, H. Saito, H. Endo, M. Hino, S. Itoh, T.-H. Arima, Y.
Tokura and T. Nakajima, Phys. Rev. B 108, 054445 (2023).

2. TIn-plane anisotropy of single-g and multiple-q ordered phases in the antiferromagnetic metal CeRh,Si»: H. Saito, F.
Kon, H. Hidaka, H. Amitsuka, C. Kwanghee, M. Hagihala, T. Kamiyama, S. Itoh and T. Nakajima, Phys. Rev. B 108,
094440 (2023).
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10.

11.

12.

13.

Polarized neutron scattering study of the centrosymmetric skyrmion host material GdoPdSis: J. Ju, H. Saito, T.
Kurumaji, M. Hirschberger, A. Kikkawa, Y. Taguchi, T.-H. Arima, Y. Tokura and T. Nakajima, Phys. Rev. B 107,
024405 (2023).

fColossal negative magnetoresistance in field-induced Weyl semimetal of magnetic half-Heusler compound: K. Ueda, T.
Yu, M. Hirayama, R. Kurokawa, T. Nakajima, H. Saito, M. Kriener, M. Hoshino, D. Hashizume, T.-H. Arima, R. Arita
and Y. Tokura, Nat Commun 14, 6339 (2023).

*Spontaneous topological Hall effect induced by non-coplanar antiferromagnetic order in intercalated van der Waals
materials: H. Takagi, R. Takagi, S. Minami, T. Nomoto, K. Ohishi, M. -T. Suzuki, Y. Yanagi, M. Hirayama, N. D.
Khanh, K. Karube, H. Saito, D. Hashizume, R. Kiyanagi, Y. Tokura, R. Arita, T. Nakajima and S. Seki, Nat. Phys. 19,
961-968 (2023).

TCrystal electric field level scheme leading to giant magnetocaloric effect for hydrogen liquefaction.: N. Terada, H.
Mamiya, H. Saito, T. Nakajima, T. D. Yamamoto, K. Terashima, H. Takeya, O. Sakai, S. Itoh, Y. Takano, M. Hase and
H. Kitazawa, Commun. Mater. 4, 13 (2023).

Polarized and Unpolarized Neutron Scattering for Magnetic Materials at the Triple-axis Spectrometer PONTA in
JRR-3: T. Nakajima, H. Saito, N. Kobayashi, T. Kawasaki, T. Nakamura, H. Kawano-Furukawa, S. Asai and T. Masuda,
J. Phys. Soc. Jpn. 93, 091002 (2024).

fPolarized Neutron Diffraction Study on UPt,Siy: F. Kon, C. Tabata, H. Saito, T. Nakajima, H. Hidaka, T. Yanagisawa
and H. Amitsuka, J. Phys. Soc. Jpn. 93, 044701 (2024).

Development of Polarization Analysis at TAIKAN under Magnetic Field at Low Temperature: T. Morikawa, K. Ohishi,
K. Hiroi, Y. Kawamura, S.-I. Takata, J.-I. Suzuki and T. Nakajima, JPS Conf. Proc. 41, 011012 (2024).

*Sample Environment of the HRC Spectrometer at J-PARC: D. Ueta, S. Itoh, T. Masuda, T. Yokoo, T. Nakajima, S.
Asai, H. Saito, D. Kawana, R. Sugiura, T. Asami, S. Yamauchi, S. Torii, Y. Thata and H. Tanino, JPS Conf. Proc. 41,
011008(1-5) (2024).

fNon-coplanar helimagnetism in the layered van-der-Waals metal DyTe3: S. Akatsuka, S. Esser, S. Okumura, R. Yambe,
R. Yamada, M. M. Hirschmann, S. Aji, J. S. White, S. Gao, Y. Onuki, T.-H. Arima, T. Nakajima and M. Hirschberger,
Nat Commun 15, 4291 (2024).

Stroboscopic time-of-flight neutron diffraction in long pulsed magnetic fields: T. Nakajima, M. Watanabe, Y. Inamura,
K. Matsui, T. Kanda, T. Nomoto, K. Ohishi, Y. Kawamura, H. Saito, H. Tamatsukuri, N. Terada and Y. Kohama, Phys.
Rev. Research 6, 023109 (2024).

TMultistep topological transitions among meron and skyrmion crystals in a centrosymmetric magnet: H. Yoshimochi, R.
Takagi, J. Ju, N. D. Khanh, H. Saito, H. Sagayama, H. Nakao, S. Itoh, Y. Tokura, T. Arima, S. Hayami, T. Nakajima and
S. Seki, Nat. Phys. 20, 1001-1008 (2024).

Mayumi group

For separator membranes of flexible batteries, mechanical stiffness (high Young's modulus) and toughness (high fracture
energy) are required. Mayumi group has successfully developed tough and stiff ion gels using phase separation and strain-
induced crystallization. In addition, we have investigated network structure of polysaccaride hydrogels for food applications by
using SANS. The rigidity and size of chain aggregates dominate their macroscopic rheological properties.

1.

Epoxy resins containing epoxy-modified polyrotaxanes: A. Hanafusa, S. Ando, T. Yuge, S. Ozawa, M. Ito, R. Hasegawa,
H. Yokoyama, K. Mayumi and K. Ito, Polymer 278, 126007 (2023).

TElaborating Spatiotemporal Hierarchical Structure of Carrageenan Gels and Their Mixtures during Sol-Gel Transition:
L. C. Geonzon, K. Hashimoto, T. Oda, S. Matsukawa and K. Mayumi, Macromolecules 56, 8676 (2023).

Fabrication of Polyelectrolyte Sheets of Unimolecular Thickness via MOF-Templated Polymerization: A. Nishijima, Y.
Hayashi, K. Mayumi, N. Hosono and T. Uemura, Macromolecules 56, 3141-3148 (2023).

THeterogeneities at the Onset of Reaction Acceleration during Bulk Polymerization of Methyl Methacrylate Investigated
by Small-Angle Neutron Scattering: Y. Suzuki, Y. Doi, R. Mishima, K. Mayumi and A. Matsumoto, Macromolecules 56,
3731 (2023).

Phantom-Chain Simulations for the Effect of Node Functionality on the Fracture of Star-Polymer Networks: Y.
Masubuchi, Y. Doi, T. Ishida, N. Sakumichi, T. Sakai, K. Mayumi, K. Satoh and T. Uneyama, Macromolecules 56, 9359
(2023).
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11.

12.

13.

Phantom Chain Simulations for the Fracture of Energy-Minimized Tetra- and Tri-Branched Networks: Y. Masubuchi, Y.
Doi, T. Ishida, N. Sakumichi, T. Sakai, K. Mayumi and T. Uneyama, Macromolecules 56, 2217-2223 (2023).

Strain-induced crystallization and phase separation used for fabricating a tough and stiff slide-ring solid polymer
electrolyte: K. Hashimoto, T. Shiwaku, H. Aoki, H. Yokoyama, K. Mayumi and K. Ito, Sci. Adv. 9, eadi8505 (2023).

Mechanochromic luminescence of phase-separated hydrogels that contain cyclophane mechanophores: S. Shimizu, H.
Yoshida, K. Mayumi, H. Ajiro and Y. Sagara, Mater. Chem. Front. 7, 4073 (2023).

Strain-Induced Crystallization in Tetra-Branched Poly(ethylene glycol) Hydrogels with a Common Network Structure:
K. Hashimoto, T. Enoki, C. Liu, X. Li, T. Sakai and K. Mayumi, Macromolecules 57, 1461 (2024).

lonic Conductive Organogels Based on Cellulose and Lignin-Derived Metabolic Intermediates: H. Jia, K. Jimbo, K.
Mayumi, T. Oda, T. Sawada, T. Serizawa, T. Araki, N. Kamimura, E. Masai, E. Togawa, M. Nakamura and T. Michi-
nobu, ACS Sustainable Chem. Eng. 12, 501 (2024).

Understanding the rheological properties from linear to nonlinear regimes and spatiotemporal structure of mixed kappa
and reduced molecular weight lambda carrageenan gels: L. C. Geonzon, T. Enoki, S. Humayun, R. Tuvikene, S. Matsu-
kawa and K. Mayumi, Food Hydrocolloids 150, 109752 (2024).

Mechanical properties of polymer networks with polyrotaxane crosslinkers with different molecular structures based
on polyethylene glycol and a-cyclodextrin: S. Liu, K. Watanabe, E. Miwa, M. Hara, T. Seki, K. Mayumi, K. Ito and Y.
Takeoka, Giant 17, 100224 (2024).

Composites with aligned and plasma-surface-modified graphene nanoplatelets and high dielectric constants: K.
Nagayama, T. Goto, K. Mayumi, R. Maeda, T. Ito, Y. Shimizu, K. Ito, Y. Hakuta and K. Terashima, Materials Letters: X
22, 100233 (2024).

International MegaGauss Science Laboratory

Kindo group

A better Cu-Ag magnet wire was developed. Our mono-coil renewed the world record of the non-destructive pulsed field.
88.6 T was generated by using the new Cu-Ag wire.

1.

T Fermi surface and light quasi particles in hourglass nodal chain metal B-ReO »: D. Hirai, T. Anbai, T. Konoike, S. Uji,
Y. Hattori, T. Terashima, H. Ishikawa, K. Kindo, N. Katayama, T. Oguchi and Z. Hiroi, J. Phys.: Condens. Matter 35,
405503 (2023).

Erratum: “Electrical and Magnetic Properties of New Yb-based Compound YbPdsAly” [J. Phys. Soc. Jpn. 81, SB057
(2012)]: Y. Hirose, N. Nishimura, K. Enoki, F. Honda, T. Takeuchi, K. Sugiyama, M. Hagiwara, K. Kindo, R. Settai and
Y. Onuki, J. Phys. Soc. Jpn. 92, 018001 (2023).

T*Gradual Charge Order Melting in Bips5CapsMnOs3 Induced by Ultrahigh Magnetic Fields: Y. Ishii, A. Tkeda, M.
Tokunaga, K. Kindo, A. Matsuo and Y. H. Matsuda, J. Phys. Soc. Jpn. 92, 074702(1-6) (2023).

Magnetic Excitation in the S = 1/2 Ising-like Antiferromagnetic Chain CsCoCl 3 in Longitudinal Magnetic Fields
Studied by High-field ESR Measurements: S. Kimura, H. Onishi, K. Okunishi, M. Akaki, Y. Narumi, M. Hagiwara, K.
Kindo and H. Kikuchi, J. Phys. Soc. Jpn. 92, 094701 (2023).

Magnetic Properties of Single Crystalline TbsSb3: A. Kitaori, N. Kanazawa, T. Kida, Y. Narumi, M. Hagiwara, K.
Kindo, T. Takeuchi, A. Nakamura, D. Aoki, Y. Haga, Y. Kaneko, Y. Tokura and Y. Onuki, J. Phys. Soc. Jpn. 92, 024702
(2023).

TSingle Crystal Growth, Magnetic Anisotropy, Specific Heat, and High-Field Magnetization in RInCus, R = Gd, Tb: T.
Waki, F. Kihara, Y. Tabata, T. Takeuchi, Y. Narumi, M. Hagiwara, K. Kindo and H. Nakamura, J. Phys. Soc. Jpn. 92,
104706(1-7) (2023).

*Structural and Electronic Properties of a Triangular Lattice Magnet NaPrTe, Compared with NaNdTe; and NaTbTes:
K. Eto, Y. Okamoto, N. Katayama, H. Ishikawa, K. Kindo and K. Takenaka, J. Phys. Soc. Jpn. 92, 094707(1-6) (2023).

t*High-field magnetization and magnetic phase diagrams for three symmetry axes in single-crystal CeAlp: T. Ebihara, J.
Jatmika, A. Miyake, M. Tokunaga and K. Kindo, Phys. Rev. B 108, 205148(1-8) (2023).
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25.

26.

fLadder-based two-dimensional spin model in a radical-Co complex: H. Yamaguchi, Y. Tominaga, A. Matsuo, S.
Morota, Y. Hosokoshi, M. Hagiwara and K. Kindo, Phys. Rev. B 107, 174422 (2023).

TMagnetic-ﬁeld—induced valence change in Eu(Co1—xNix)2P2 up to 60 T: R. Nakamura, A. Ishita, J. Nakamura, H. Ohta,
Y. Haraguchi, H. A. Katori, H. Ishikawa, A. Matsuo, K. Kindo, M. Nohara and A. Ikeda, Phys. Rev. B 107, 235110
(2023).

fMixed-spin two-dimensional lattice composed of spins 1/2 and 1 in a radical-Ni complex: Y. Tominaga, A. Matsuo,
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Kurumaji, Y. Tokunaga and T.-H. Arima, Phys. Rev. Materials 7, 104404(1-12) (2023).
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Culo, S. Licciardello, K. Ishida, K. Mukasa, J. Ayres, J. Buhot, Y. -T. Hsu, S. Imajo, M. W. Qiu, M. Saito, Y. Uezono, T.
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Tokunaga group

In the quantum limit state realized in high field limit, we can increase the effect of electron correlation by applied magnetic
fields. In our study on BiSb alloys, we induced transitions from topological insulator to topologically non-trivial semimetal
by magnetic fields applied along the trigonal axis. In addition, we found the system changes into insulator again by further
increasing applied field in the quantum limit state of the field-induced semimetallic state. We discussed possibility of the
excitonic insulator state that has been anticipated over half a century.
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fCoherent description of the magnetic properties of SeCuQs versus temperature and magnetic field: X. Rocquefelte,
M. Herak, A. Miyake, W. Lafargue-Dit-Hauret, H. Berger, M. Tokunaga and A. Satl, Phys. Rev. B 107, 054407(1-8)
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Kanegawa, S.-Q. Wu and O. Sato, J. Am. Chem. Soc. 145, 15647-15651 (2023).

T*Breathing pyrochlore magnet CuGaCr4S8: Magnetic, thermodynamic, and dielectric properties: M. Gen, H. Ishikawa,
A. Miyake, T. Yajima, H. O. Jeschke, H. Sagayama, A. Ikeda, Y. H. Matsuda, K. Kindo, M. Tokunaga, Y. Kohama, T.
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84

* Joint research among groups within ISSP.

ISSP Activity Report 2023



17. TPhysical Properties of a New Ternary Compound RPt3Als (R = rare earth): H. Fukuda, T. Koizumi, Y. J. Sato, Y.
Shimizu, A. Nakamura, D. Li, Y. Homma, A. Miyake, D. Aoki, M. Tokunaga, R. Kato, M. Shiga, T. Kawae and F.
Honda, New Physics: Sae Mulli 73, 1135-1139 (2023).

18. TEdge and Bulk States in Weyl-Orbit Quantum Hall Effect as Studied by Corbino Measurements: Y. Nakazawa, R.
Kurihara, M. Miyazawa, S. Nishihaya, M. Kriener, M. Tokunaga, M. Kawasaki and M. Uchida, J. Phys. Soc. Jpn. 93,
023706(1-5) (2024).
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M. Tokunaga, Phys. Rev. B 109, 125129(1-26) (2024).

21. Multiple magnetoelectric plateaus in the polar magnet FeoMo030g: Q. Chen, A. Miyake, T. Kurumaji, K. Matsuura, F.
Kagawa, S. Miyahara, Y. Tokura and M. Tokunaga, Phys. Rev. B 109, 094419(1-7) (2024).
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Sakurai, Journal of Alloys and Compounds 980, 173653(1-7) (2024).

24. Novel anisotropy of upper critical fields in Fej+yTeo.¢Seo.4: Y. Pan, Y. Sun, N. Zhou, X. Yi, Q. Hou, J. Wang, Z. Zhu, H.
Mitamura, M. Tokunaga and Z. Shi, Journal of Alloys and Compounds 976, 173262(1-6) (2024).

25. THigh-field immiscibility of electrons belonging to adjacent twinned bismuth crystals: Y. Ye, A. Yamada, Y. Kinoshita,
J. Wang, P. Nie, L. Xu, H. Zuo, M. Tokunaga, N. Harrison, R. D. McDonald, A. V. Suslov, A. Ardavan, M.-S. Nam, D.
LeBoeuf, C. Proust, B. Fauqué, Y. Fuseya, Z. Zhu and K. Behnia, npj Quantum Mater. 9, 12(1-9) (2024).

26. TObservation of nonvolatile magneto-thermal switching in superconductors: H. Arima, Md. Riad Kasem, H. Sepehri-
Amin, F. Ando, K.-I. Uchida, Y. Kinoshita, M. Tokunaga and Y. Mizuguchi, Commun Mater 5, 34(1-8) (2024).

27. TPeculiar magnetotransport properties in epitaxially stabilized orthorhombic Ru3+ perovskite LaRuO3 and NdRuO3:
L. Zhang, T. C. Fujita, Y. Masutake, M. Kawamura, T.-H. Arima, H. Kumigashira, M. Tokunaga and M. Kawasaki,
Commun Mater 5, 35(1-8) (2024).

Y. Matsuda group

We have investigated magnetic states in several frustrated spin systems such as breathing pyrochlore, Kitaev, and Shastry-
Sutherland systems with ultrahigh-magnetic fields exceeding 100 T. In the breathing pyrochlore systems, the strong spin-
lattice coupling was found to be important. The magnetic field-induced quantum spin liquid state appeared in a Kitaev system
RuCl3; when the field was perpendicular to the honeycomb plane, which was in good agreement with a theoretical calculation.
An unusual decrease in the sound velocity was observed at the 1/2 plateau in the Shastry-Sutherland system SrCu(BO3); in
addition to the success of having a saturation at around 140 T. The electronic structure in a functional semiconductor Inj_xAsxP
has been revealed by using cyclotron resonance in magnetic fields of up to 140 T. The strongly correlated transition metal
perovskite oxides, Bip.sCagsMnO3 and LaCoO3; were also studied. The charge order in Big sCagsMnO3 gradually melts with
the increasing magnetic field, while the re-order occurs rather sharply, which indicates an interesting metastable state that
appears in magnetic fields fastly varying with time. As for LaCoO3, the quantum condensed exciton state is indicated at ultra-
high magnetic fields up to 600 T. The spin-state transition with a strong quantum entanglement occurs in the ultrahigh magnetic
fields.

1. ™Gradual Charge Order Melting in BigsCagsMnOj3 Induced by Ultrahigh Magnetic Fields: Y. Ishii, A. Ikeda, M.
Tokunaga, K. Kindo, A. Matsuo and Y. H. Matsuda, J. Phys. Soc. Jpn. 92, 074702(1-6) (2023).

2. ™Band structure, g-factor, and spin relaxation in n-type InAsP alloys: S. K. Thapa, R. R. H. H. Mudiyanselage, T. Paleo-
logu, S. Choi, Z. Yang, Y. Kohama, Y. H. Matsuda, J. Spencer, B. A. Magill, C. J. Palmstrom, C. J. Stanton and G. A.
Khodaparast, Phys. Rev. B 108, 115202(1-12) (2023).

3. ""Signatures of a magnetic superstructure phase induced by ultrahigh magnetic fields in a breathing pyrochlore
antiferromagnet: M. Gen, A. lkeda, K. Aoyama, H. O. Jeschke, Y. Ishii, H. Ishikawa, T. Yajima, Y. Okamoto, X.
Zhou, D. Nakamura, S. Takeyama, K. Kindo, Y. H. Matsuda and Y. Kohama, Proc. Natl. Acad. Sci. U.S.A. 120,
€2302756120(1-7) (2023).
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4. T"Breathing pyrochlore magnet CuGaCr4Sg: Magnetic, thermodynamic, and dielectric properties: M. Gen, H. Ishikawa,
A. Miyake, T. Yajima, H. O. Jeschke, H. Sagayama, A. Ikeda, Y. H. Matsuda, K. Kindo, M. Tokunaga, Y. Kohama, T.
Kurumaji, Y. Tokunaga and T.-H. Arima, Phys. Rev. Materials 7, 104404(1-12) (2023).

5. T Possible intermediate quantum spin liquid phase in a-RuCls under high magnetic fields up to 100 T: X.-G. Zhou,
H. Li, Y. H. Matsuda, A. Matsuo, W. Li, N. Kurita, G. Su, K. Kindo and H. Tanaka, Nat Commun 14, 5613 (7 pages)
(2023).

6. T*Signature of spin-triplet exciton condensations in LaCoOs3 at ultrahigh magnetic fields up to 600 T: A. Ikeda, Y. H.
Matsuda, K. Sato, Y. Ishii, H. Sawabe, D. Nakamura, S. Takeyama and J. Nasu, Nat Commun 14, 1744(1-6) (2023).

7. T™Unveiling new quantum phases in the Shastry-Sutherland compound SrCux(BO3), up to the saturation magnetic field:
T. Nomura, P. Corboz, A. Miyata, S. Zherlitsyn, Y. Ishii, Y. Kohama, Y. H. Matsuda, A. Ikeda, C. Zhong, H. Kageyama
and F. Mila, Nat Commun 14, 3769(1-7) (2023).

Kohama group

We have investigated high-field properties on various compounds. In magnetic materials, such as CuGaCrsSg, Sr(TiO)
Cus(PO4)s, LiGaCr4Og, and SrCuz(BO3),, the field-induced phase transitions have been investigated by magnetization and
thermodynamic experiments using non-destructive and destructive magnetic fields. In two dimensional conductors, graphite,
high-Tc cuprates, and Iron based superconductors, we have investigated the quantum transport properties. Here, the TDO,
torque magnetometry, and specific heat measurements have revealed rich quantum phenomena. We have also succesfully
develop rf transport measurement technique and field generatoin technique for further detailed investigations in high magnetic
fields.
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B 107, 214404 (2023).
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B 107, L020410 (2023).
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Yang, K. Matsui and K. Kindo, Rev. Sci. Instrum. 94, 074701 (2023).

7. Radio frequency electrical resistance measurement under destructive pulsed magnetic fields: T. Shitaokoshi, S.
Kawachi, T. Nomura, F. F. Balakirev and Y. Kohama, Rev. Sci. Instrum. 94, 094706 (2023).

8. “Simultaneous measurement of specific heat and thermal conductivity in pulsed magnetic fields: T. Nomoto, C. Zhong,
H. Kageyama, Y. Suzuki, M. Jaime, Y. Hashimoto, S. Katsumoto, N. Matsuyama, C. Dong, A. Matsuo, K. Kindo, K.
Izawa and Y. Kohama, Rev. Sci. Instrum. 94, 054901 (2023).

9. Nonreciprocal Phonon Propagation in a Metallic Chiral Magnet: T. Nomura, X. -X. Zhang, R. Takagi, K. Karube, A.
Kikkawa, Y. Taguchi, Y. Tokura, S. Zherlitsyn, Y. Kohama and S. Seki, Phys. Rev. Lett. 130, 176301 (1-6) (2023).
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antiferromagnet: M. Gen, A. lkeda, K. Aoyama, H. O. Jeschke, Y. Ishii, H. Ishikawa, T. Yajima, Y. Okamoto, X.
Zhou, D. Nakamura, S. Takeyama, K. Kindo, Y. H. Matsuda and Y. Kohama, Proc. Natl. Acad. Sci. U.S.A. 120,
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16. T Breathing pyrochlore magnet CuGaCr4S8: Magnetic, thermodynamic, and dielectric properties: M. Gen, H. Ishikawa,
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Nakazawa and Y. Kohama, Nat Commun 14, 2130 (2023).
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T. Nomura, P. Corboz, A. Miyata, S. Zherlitsyn, Y. Ishii, Y. Kohama, Y. H. Matsuda, A. Ikeda, C. Zhong, H. Kageyama
and F. Mila, Nat Commun 14, 3769(1-7) (2023).

19. ™Unveiling phase diagram of the lightly doped high-Tc cuprate superconductors with disorder removed: K. Kurokawa,
S. Isono, Y. Kohama, S. Kunisada, S. Sakai, R. Sekine, M. Okubo, M. D. Watson, T. K. Kim, C. Cacho, S. Shin, T.
Tohyama, K. Tokiwa and T. Kondo, Nat Commun 14, 4064 (2023).
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T. Shitaokoshi, S. Kim, D. Chowdhury, Z. Pribulova, J. Kacmarcik, A. Pourret, G. Knebel, D. Aoki, T. Klein, D. K.
Maude, C. Marcenat and Y. Kohama, Nat Commun 14, 7006 (2023).

21. Analytical model for a hydrogen atom in a magnetic field: Implications for the diamagnetic shift: D. K. Maude, P.
Plochocka and Z. Yang, Phys. Rev. B 109, 155201 (2024).

22. *Dimerization-enhanced exotic magnetization plateau and magnetoelectric phase diagrams in skew-chain Co,V,07: Z.
H. Li, X. T. Han, C. Dong, H. W. Wang, Z. Z. He, R. Chen, W. X. Liu, C. L. Lu, Y. Kohama, M. Tokunaga, K. Kindo, Z.
W. Ouyang, J. F. Wang and M. Yang, Phys. Rev. B 109, 094432 (2024).

23. Magnetic anisotropy of CeCoSi under high magnetic field: T. Kanda, H. Ishikawa, S. Imajo, K. Kindo, H. Tanida and Y.
Kohama, Phys. Rev. B 109, 174402 (2024).
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Supercond. 34, 1 (2024).

Miyata group

We have worked on magneto-optical experiments under pulsed magnetic fields to search for exotic magneto-optical phenomena
in van der Waals magnets. The vdW magnet FePS3, which has a zigazag magnetic order below TN ~ 120 K, exhibits giant
linear dichroism, i.e., linearly polarized lights parallel and perpendicular to the zigzag chain direction show different responses.
Magnetic fields can quench the giant linear dichroism in a wide energy range from 1.6 to 2.0 eV by collapsing the robust zigzag
magnetic order.

Center of Computational Materials Science

Misawa group

We have developed numerical methods and software packages for strongly correlated electron systems. We have updated H®
(software for exact diagonalization), released H-wave (software for Hartree-Fock calculations and random phase approxima-
tions), and wan2respack (an interface tool from Wannier90 to RESPACK). Using these software packages, we have performed
ab initio calculations for molecular solids, such as TMTTF/TMTSF salts.

1. *Data Analysis of Ab initio Effective Hamiltonians in Iron-Based Superconductors — Construction of Predictors
for Superconducting Critical Temperature: K. Ido, Y. Motoyama, K. Yoshimi and T. Misawa, J. Phys. Soc. Jpn. 92,
064702(1-13) (2023).

2. TCorrelated Zak insulator in organic antiferromagnets: T. Misawa and M. Naka, Phys. Rev. B 108, L081120(1-7) (2023).
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3. "Gap opening mechanism for correlated Dirac electrons in organic compounds a-(BEDT-TTF),I3 and o-(BEDT—
TSeF),I3: D. Ohki, K. Yoshimi, A. Kobayashi and T. Misawa, Phys. Rev. B 107, L041108(1-6) (2023).

4. TInteredge spin resonance in the Kitaev quantum spin liquid: T. Misawa, J. Nasu and Y. Motome, Phys. Rev. B 108,
115117(1-11) (2023).

5. T Comprehensive Ab Initio Investigation of the Phase Diagram of Quasi-One-Dimensional Molecular Solids: K.
Yoshimi, T. Misawa, T. Tsumuraya and H. Seo, Phys. Rev. Lett. 131, 036401(1-7) (2023).

6. “Interface tool from Wannier90 to RESPACK: wan2respack: K. Kurita, T. Misawa, K. Yoshimi, K. Ido and T. Koret-
sune, Comput. Phys. Commun. 292, 108854(1-7) (2023).

7. T™onte Carlo study on low-temperature phase diagrams of the J1-J2 classical XY kagome antiferromagnet: F.
Kakizawa, T. Misawa and H. Shinaoka, Phys. Rev. B 109, 014439(1-15) (2024).

8. 1"Compensated Ferrimagnets with Colossal Spin Splitting in Organic Compounds: T. Kawamura, K. Yoshimi, K. Hashi-
moto, A. Kobayashi and T. Misawa, Phys. Rev. Lett. 132, 156502(1-6) (2024).

9. 1"H-wave — A Python package for the Hartree-Fock approximation and the random phase approximation: T. Aoyama, K.
Yoshimi, K. Ido, Y. Motoyama, T. Kawamura, T. Misawa, T. Kato and A. Kobayashi, Computer Physics Communica-
tions 298, 109087(1-10) (2024).

10. ™Update of H® : Newly added functions and methods in versions 2 and 3: K. Ido, M. Kawamura, Y. Motoyama, K.
Yoshimi, Y. Yamaji, S. Todo, N. Kawashima and T. Misawa, Comp. Phys. Commun. 298, 109093(1-15) (2024).

Laser and Synchrotron Research Center

Kobayashi group
Laser processing and artifitial intelligence

1. T Observation of infrared interband luminescence in magnesium by femtosecond spectroscopy: T. Suemoto, S. Ono, A.
Asahara, T. Okuno, T. Suzuki, K. Okazaki, S. Tani and Y. Kobayashi, J. Appl. Phys. 134, 163105 (2023).

2. "Disentangling the Competing Mechanisms of Light-Induced Anomalous Hall Conductivity in Three-Dimensional Dirac
Semimetal: Y. Murotani, N. Kanda, T. Fujimoto, T. Matsuda, M. Goyal, J. Yoshinobu, Y. Kobayashi, T. Oka, S. Stemmer
and R. Matsunaga, Phys. Rev. Lett. 131, 096901 (2023).

3. "litter correction for asynchronous optical sampling terahertz spectroscopy using free-running pulsed lasers: M.
Nakagawa, N. Kanda, T. Otsu, I. Ito, Y. Kobayashi and R. Matsunaga, Opt. Express 31, 19371 (2023).

4. *Anomalous Hall Transport by Optically Injected Isospin Degree of Freedom in Dirac Semimetal Thin Film: Y.
Murotani, N. Kanda, T. Fujimoto, T. Matsuda, M. Goyal, J. Yoshinobu, Y. Kobayashi, T. Oka, S. Stemmer and R.
Matsunaga, Nano Lett. 24, 222 (2024).

Harada group

In 2023, we made significant progress in the analysis of single crystalline LiFeosMng4POs4 (LFMP) nanowires with carbon
sheath using scanning transmission X-ray microscopy (STXM) with a spatial resolution of around 130 nm. The pinpoint Fe
L-edge and O K-edge X-ray absorption spectroscopy (XAS) spectra revealed the natural oxidation of Fe?* to Fe3" near the tip of
the nanowire by air exposure, while the Mn L-edge XAS spectra showed a stable Mn?" state throughout the nanowires. We also
investigated the spatial distributions of the chemical states in prototypical layered LiCoO> cathode particles at different charging
conditions using STXM. The Co LL3- and O K-edge XAS spectra demonstrated the spatial distribution of the chemical state
changes depending on individual particles, and the element maps derived from the STXM stack images revealed the inhomoge-
neous reactions and the existence of non-active particles. Furthermore, we applied microscopic resonant photoelectron spectros-
copy with a spatial resolution of 100 nm (3DnanoESCA system) to study the electronic structure of different facets of LiCoO»
cathode particles, detecting differences in the binding energies of the dominant Co 3d bands at the valence band of the (001),
(104), and (012) facets. Lastly, we prepared for the operation of the next generation synchrotron radiation facility NanoTerasu
starting from April 2024 by setting up the RIXS and 3D nanoESCA stations.

1. TR EHR X AT FEEHOCE F 0 CHED 720D 75 2 a DRFZEEA : MEF &5, JFHE ZEA, ISHYE 92,
438-442 (2023).
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E SR, I BfEy , 0K (R, =0 AL, SR X0, K§ TR, A e, JRUH 2K, B 36, 10 (2023).

3. TFacet-dependent electrochemical performance and electronic structure of LiCoO, polyhedral particles revealed by
microscopic resonant X-ray photoelectron spectroscopy: W. Zhang, E. Hosono, D. Asakura, S. Tanaka, M. Kobayashi,
N. Nagamura, M. Oshima, J. Miyawaki, H. Kiuchi and Y. Harada, CrystEngComm 25, 183-188 (2023).

4. TVisualization of air-induced oxidation in single crystalline LiFep¢Mng4PO4 nanowires with carbon sheath using soft
X-ray spectromicroscopy: W. Zhang, E. Hosono, D. Asakura, H. Yuzawa, T. Ohigashi, M. Kobayashi, H. Kiuchi and Y.
Harada, Journal of Electron Spectroscopy and Related Phenomena 266, 147338(1-6) (2023).

5. TChemical-state distributions in charged LiCoO; cathode particles visualized by soft X-ray spectromicroscopy: W.
Zhang, E. Hosono, D. Asakura, H. Yuzawa, T. Ohigashi, M. Kobayashi, H. Kiuchi and Y. Harada, Sci Rep 13, 4639(1-8)
(2023).

I. Matsuda group

We have conducted instrumentations at the new synchrotron radiation (SR) facility, NanoTerasu, at Sendai in Miyagi-prefec-
ture. We have updated our experimental station of ambient-pressure X-ray spectroscopy and developed a system of process-
informatics robot units. We have also devoted ourselves in supporting the beamline construction. On December 7, 2023, the
first beam was successfully achieved in NanoTerasu. Tuning of the SR beam has been carried out at the beamline and at the
end-station. At the X-ray free electron laser (XFEL) beamline, SACLA BL-1, we have succeeded in observing the magneti-
zation-induced second harmonic generation. Based on results of the SR and XFEL experiments, we discovered new 2D boron
materials and examined the properities.

1. tResonant photoemission spectroscopy of atomic layer Fe;N on Cu(111) with continuous angular rotation of linearly
polarized light: M. Horio, Y. Kudo, T. Wada, T. Sumi, Y. Hirata, M. Niibe, F. Komori and I. Matsuda, J. Phys.: Condens.
Matter 35, 425001 (2023).

2. Influence of oxygen coordination number on the electronic structure of single-layer La-based cuprates: M. Horio,
X. Peiao, M. Miyamoto, T. Wada, K. Isomura, J. Osiecki, B. Thiagarajan, C. M. Polley, K. Tanaka, M. Kitamura, K.
Horiba, K. Ozawa, T. Taniguchi, M. Fujita and 1. Matsuda, Phys. Rev. B 108, 035105 (2023).

3. “Ultrafast control of the crystal structure in a topological charge-density-wave material: T. Suzuki, Y. Kubota, N. Mitsu-
ishi, S. Akatsuka, J. Koga, M. Sakano, S. Masubuchi, Y. Tanaka, T. Togashi, H. Ohsumi, K. Tamasaku, M. Yabashi, H.
Takahashi, S. Ishiwata, T. Machida, I. Matsuda, K. Ishizaka and K. Okazaki, Phys. Rev. B 108, 184305 (2023).

4. Element-selective magnetization states in a Gd23Fes7Co1¢ alloy, probed by soft X-ray resonant magneto-optical Kerr
effect: T. Sumi, T. Senoo, M. Horio, S. E. Moussaoui, E. Nakamura, K. Tanaka, A. Tsukamoto and 1. Matsuda, Jpn. J.
Appl. Phys. 62, SB8001 (2023).

5. Detecting driving potentials at the buried SiO2 nanolayers in solar cells by chemical-selective nonlinear x-ray spectros-
copy: M. Horio, T. Sumi, J. Bullock, Y. Hirata, M. Miyamoto, B. R. Nebgen, T. Wada, T. Senoo, Y. Tsujikawa, Y.
Kubota, S. Owada, K. Tono, M. Yabashi, T. limori, Y. Miyauchi, M. W. Zuerch, I. Matsuda, C. P. Schwartz and W. S.
Drisdell, Appl. Phys. Lett. 123, 031602 (2023).

6. Observing soft x-ray magnetization-induced second harmonic generation at a heterojunction interface: T. Sumi, M.
Horio, T. Senoo, Y. Kubota, G. Yamaguchi, T. Wada, M. Miyamoto, K. Yamaguchi, Y. Tsujikawa, Y. Sato, M. Niibe, Y.
Hirata, Y. Miyauchi, D. Oshima, T. Kato, S. Owada, K. Tono, M. Yabashi and I. Matsuda, Appl. Phys. Lett. 122, 171601
(1-5) (2023).

7. T™Suppression of atomic displacive excitation in photo-induced A 1 phonon mode of bismuth unveiled by low-temper-
ature time-resolved x-ray diffraction: Y. Kubota, Y. Tanaka, T. Togashi, T. Ebisu, K. Tamasaku, H. Osawa, T. Wada, O.
Sugino, I. Matsuda and M. Yabashi, Appl. Phys. Lett. 122, 092201 (2023).

8. TNy —37—%RMLIMK X127 77 L EOMS « AN W&, TR B, B e, s %, 10101, 1l
FT SR, I BfEr , 0K R, =0 AL, SR £0 , KI§ TR, I e, JRUH 2K, BdRE 36, 10 (2023).

9. Effective treatment of hydrogen boride sheets for long-term stabilization: S.-1. Ito, M. Hikichi, N. Noguchi, M. Yuan, Z.
Kang, K. Fukuda, M. Miyauchi, I. Matsuda and T. Kondo, Phys. Chem. Chem. Phys. 25, 15531 (2023).

10. TOxide layer dependent orbital torque efficiency in ferromagnet/Cu/oxide heterostructures: J. Kim, J. Uzuhashi, M.
Horio, T. Senoo, D. Go, D. Jo, T. Sumi, T. Wada, I. Matsuda, T. Ohkubo, S. Mitani, H.-W. Lee and Y. Otani, Phys. Rev.
Materials 7, L111401 (2023).

11. ™Developing a Simple Scanning Probe System for Soft X-ray Spectroscopy with a Nano-focusing Mirror: H. Ando, M.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27

Horio, Y. Takeo, M. Niibe, T. Wada, Y. Ando, T. Kondo, T. Kimura and 1. Matsuda, e-J. Surf. Sci. Nanotechnol. 21, 200
(2023).

Orbital-selective metal skin induced by alkali-metal-dosing Mott-insulating CaRuQO4: M. Horio, F. Forte, D. Sutter,
M. Kim, C. G. Fatuzzo, C. E. Matt, S. Moser, T. Wada, V. Granata, R. Fittipaldi, Y. Sassa, G. Gatti, H. M. Rennow, M.
Hoesch, T. K. Kim, C. Jozwiak, A. Bostwick, E. Rotenberg, I. Matsuda, A. Georges, G. Sangiovanni, A. Vecchione, M.
Cuoco and J. Chang, Commun Phys 6, 323 (2023).

t*Observing an ordered surface phase by B deposition on Cu(110): Y. Tsujikawa, X. Zhang, M. Horio, T. Wada, M.
Miyamoto, T. Sumi, F. Komori, T. Kondo and I. Matsuda, Surface Science 732, 122282 (2023).

Probing lithium mobility at a solid electrolyte surface: C. Woodahl, S. Jamnuch, A. Amado, C. B. Uzundal, E. Berger,
P. Manset, Y. Zhu, Y. Li, D. D. Fong, J. G. Connell, Y. Hirata, Y. Kubota, S. Owada, K. Tono, M. Yabashi, S. G. E. T.
Velthuis, S. Tepavcevic, . Matsuda, W. S. Drisdell, C. P. Schwartz, J. W. Freeland, T. A. Pascal, A. Zong and M. Zuerch,
Nat. Mater. 22, 848 (2023).

Enhanced Superconductivity and Rashba Effect in a Buckled Plumbene - Au Kagome Superstructure: W. Chen, C. Chen,
G. Chen, W. Chen, F. R. Chen, P. Chen, C. Ku, C. Lee, N. Kawakami, J. Li, I. Matsuda, W. Chang, J. Lin, C. Wu, C.
Mou, H. Jeng, S. Tang and C. Lin, Advanced Science 10, 2300845 (2023).

T Accelerated Synthesis of Borophane (HB) Sheets through HCl-Assisted Ion-Exchange Reaction with YCrB4: X.
Zhang, M. Hikichi, T. limori, Y. Tsujikawa, M. Yuan, M. Horio, K. Yubuta, F. Komori, M. Miyauchi, T. Kondo and 1.
Matsuda, Molecules 28, 2985(1-15) (2023).

Prediction of a Cyclic Hydrogenated Boron Molecule as a Promising Building Block for Borophane: Y. Ando, T.
Nakashima, H. Yin, I. Tateishi, X. Zhang, Y. Tsujikawa, M. Horio, N. T. Cuong, S. Okada, T. Kondo and I. Matsuda,
Molecules 28, 1225(1-13) (2023).

Controlling Photoinduced H » Release from Freestanding Borophane Sheets Under UV Irradiation by Tuning B—
H Bonds (Adv. Mater. Interfaces 25/2023): M. Hikichi, J. Takeshita, N. Noguchi, S. Ito, Y. Yasuda, L. T. Ta, K. I. M.
Rojas, 1. Matsuda, S. Tominaka, Y. Morikawa, I. Hamada, M. Miyauchi and T. Kondo, Adv Materials Inter 10, 2370074
(2023).

Ultrafast Subpicosecond Magnetization of a 2D Ferromagnet: L. D. Anh, M. Kobayashi, T. Takeda, K. Araki, R. Okano,
T. Sumi, M. Horio, K. Yamamoto, Y. Kubota, S. Owada, M. Yabashi, I. Matsuda and M. Tanaka, Advanced Materials
35, 2301347 (2023).

*Hydrogen - induced Sulfur Vacancies on the MoS; Basal Plane Studied by Ambient Pressure XPS and DFT Calcu-
lations: F. Ozaki, S. Tanaka, Y. Choi, W. Osada, K. Mukai, M. Kawamura, M. Fukuda, M. Horio, T. Koitaya, S.
Yamamoto, I. Matsuda, T. Ozaki and J. Yoshinobu, ChemPhysChem 24, €202300477 (2023).

In Situ Electrical Detection of Methane Oxidation on Atomically Thin IrO> Nanosheet Films Down to Room Temper-
ature: Y. Ishihara, T. Koitaya, Y. Hamahiga, W. Sugimoto, S. Yamamoto, I. Matsuda, J. Yoshinobu and R. Nouchi, Adv.
Materials Inter. 10, 2300258 (2023).

Phase stability and band degeneracy of quasi-one-dimensional boron chain polymorphs embedded in LiB crystals: T.
Nakashima, I. Tateishi, Y. Tsujikawa, M. Horio, T. Kondo, I. Matsuda and Y. Ando, Phys. Rev. B 109, 165104 (2024).

Pioneering preparation and analysis of a clean surface on a microcrystal, mined by a focused ion beam: Y. Guan, F.
Komori, M. Horio, A. Fukuda, Y. Tsujikawa, K. Ozawa, M. Kamiko, D. Nishio-Hamane, T. Kawauchi, K. Fukutani, Y.
Tokumoto, K. Edagawa, R. Tamura and I. Matsuda, Jpn. J. Appl. Phys. 63, 030906 (2024).

T Quasi-Periodic Growth of One-Dimensional Copper Boride on Cu(110): Y. Tsujikawa, X. Zhang, K. Yamaguchi, M.
Haze, T. Nakashima, A. Varadwaj, Y. Sato, M. Horio, Y. Hasegawa, F. Komori, M. Oshikawa, M. Kotsugi, Y. Ando, T.
Kondo and I. Matsuda, Nano Lett. 24, 1160 (2024).

fStructure and Electronic State of Boron Atomic Chains on a Noble Metal (111) Surface: Y. Tsujikawa, X. Zhang, M.
Horio, F. Komori, T. Nakashima, Y. Ando, T. Kondo and I. Matsuda, e-J. Surf. Sci. Nanotechnol. 22, 1 (2024).

New Science of Boron Allotropes, Compounds, and Nanomaterials: 1. Matsuda, T. Kondo and J. M Oliva-Enrich ed.,
(MDPI AG, Basel, Switzerland, 2023).

Nonlinear X-ray Spectroscopy for Materials Science: I. Matsuda and R. Arafune ed., (Springer, Berlin, 2023).

Itatani group
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We have promoted soft X-ray attosecond spectroscopy by using a thin flat water jet introduced into a newly developed
attosecond beamline in collaboration with RIKEN. An optical parametric amplifier was also installed in the beamline for
various pump-probe experiments. We have also developed a new optical parametric amplifier in the infrared (wavelength
around 2 micrometers) pumped by a compact Yb:KGW laser system at 1030 nm with a repetition rate of 100 kHz. The output
pulse duration is 16 fs with an extremely stable carrier-envelope phase. This system is designed as a front-end for future high-
power ultrafast light sources for high-throughput attosecond soft-X-ray spectroscopy. We have also pursued the ultrafast strong
field phenomena in liquids using a thin flat jet setup with an improved intense MIR source. With the sub-cycle spectroscopy
experiment, unusual superluminal propagation of MIR pulses was observed due to strong resonance absorption. High harmonic
generation with resonant MIR pulses in water was studied and a novel thermal enhancement was observed for the first time,
opening a new direction in strong-field attosecond science in condensed matter.

1.

10.

11.

12.

13.

14.

15.
16.

™Quasi One-Dimensional Band Structure of Photoinduced Semimetal Phase of Ta;Nij—xCoxSes (x = 0.0 and 0.1): T.
Mitsuoka, Y. Takahashi, T. Suzuki, M. Okawa, H. Takagi, N. Katayama, H. Sawa, M. Nohara, M. Watanabe, J. Xu, Q.
Ren, M. Fujisawa, T. Kanai, J. Itatani, K. Okazaki, S. Shin and T. Mizokawa, J. Phys. Soc. Jpn. 92, 023703 (2023).

Temporal Evolution and Fluence Dependence of Band Structure in Photoexcited Ta;Nig9Coo.1Ses Probed by Time-
and Angle-Resolved Photoemission Spectroscopy: Y. Takahashi, T. Suzuki, M. Hattori, M. Okawa, H. Takagi, N.
Katayama, H. Sawa, M. Nohara, Y. Zhong, K. Liu, T. Kanai, J. Itatani, S. Shin, K. Okazaki and T. Mizokawa, J. Phys.
Soc. Jpn. 92, 064706 (2023).

*Phase-resolved frequency-domain analysis of the photoemission spectra for photoexcited 17-TaS, in the Mott
insulating charge density wave state: Q. Ren, T. Suzuki, T. Kanai, J. Itatani, S. Shin and K. Okazaki, Appl. Phys. Lett.
122,221902 (2023).

Comparative study of photoelectron momentum distributions from Kr and CO» near a backward rescattering caustic by
carrier-envelope-phase mapping: T. Mizuno, T. Yang, T. Kurihara, N. Ishii, T. Kanai, O. I. Tolstikhin, T. Morishita and J.
Itatani, Phys. Rev. A 107, 033101 (2023).

Highly CEP-stable optical parametric amplifier at 2 pm with a few-cycle duration and 100 kHz repetition rate: T.
Kurihara, T. Yang, T. Mizuno, T. Kanai and J. Itatani, Opt. Express 31, 11649 (2023).

£100-mJ class, sub-two-cycle, carrier-envelope phase-stable dual-chirped optical parametric amplification: L. Xu, B.
Xue, N. Ishii, J. Itatani, K. Midorikawa and E. J. Takahashi, arXiv 2202, 03658 (2023).

*IThree-wave mixing of anharmonically coupled magnons: Z. Zhang, F. Y. Gao, J. B. Curtis, Z.-J. Liu, Y.-C. Chien, A.
von Hoegen, T. Kurihara, T. Suemoto, P. Narang, E. Baldini and K. A. Nelson, arXiv 2301, 12555 (2023).

iUltrafast spontaneous spin switching in an antiferromagnet: M. A. Weiss, A. Herbst, J. Schlegel, T. Dannegger, M.
Evers, A. Donges, M. Nakajima, A. Leitenstorfer, S. T. B. Goennenwein, U. Nowak and T. Kurihara, arXiv 2301, 02006
(2023).

TReal-time observation of the Woodward—Hoffmann rule for 1,3-cyclohexadiene by femtosecond soft X-ray transient
absorption: T. Sekikawa, N. Saito, Y. Kurimoto, N. Ishii, T. Mizuno, T. Kanai, J. Itatani, K. Saita and T. Taketsugu,
Phys. Chem. Chem. Phys. 25, 8497 (2023).

™Direct observation of multiple conduction-band minima in high-performance thermoelectric SnSe: M. Okawa, Y.
Akabane, M. Maeda, G. Tan, L.-D. Zhao, M. G. Kanatzidis, T. Suzuki, M. Watanabe, J. Xu, Q. Ren, M. Fujisawa, T.
Kanai, J. Itatani, S. Shin, K. Okazaki, N. L. Saini and T. Mizokawa, Scripta Materialia 223, 115081 (2023).

Discovery of ultrafast spontaneous spin switching in an antiferromagnet by femtosecond noise correlation spectros-
copy: M. A. Weiss, A. Herbst, J. Schlegel, T. Dannegger, M. Evers, A. Donges, M. Nakajima, A. Leitenstorfer, S. T. B.
Goennenwein, U. Nowak and T. Kurihara, Nature Commun. 14, 7651(1-9) (2023).

*IObservation of terahertz-induced dynamical spin canting in orthoferrite magnon by magnetorefractive probing: T.
Kurihara, M. Bamba, H. Watanabe, M. Nakajima and T. Suemoto, Commun Phys 6, 51 (2023).

*Observation of Terahertz Spin Hall Conductivity Spectrum in GaAs with Optical Spin Injection: T. Fujimoto, T.
Kurihara, Y. Murotani, T. Tamaya, N. Kanda, C. Kim, J. Yoshinobu, H. Akiyama, T. Kato and R. Matsunaga, Phys. Rev.
Lett. 132, 016301 (2024).
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Kondo group

We revealed the semiconducting electronic structure of the ferromagnetic spinel HgCr2Se4 and determined the phase diagram
of the lightly doped high-Tc cuprate superconductors with disorder removed via observing six-layered cuprates.

1. “Semiconducting Electronic Structure of the Ferromagnetic Spinel HgCr,Ses Revealed by Soft-X-Ray Angle-Resolved
Photoemission Spectroscopy: H. Tanaka, A. V. Telegin, Y. P. Sukhorukov, V. A. Golyashov, O. E. Tereshchenko, A. N.
Lavrov, T. Matsuda, R. Matsunaga, R. Akashi, M. Lippmaa, Y. Arai, S. Ideta, K. Tanaka, T. Kondo and K. Kuroda, Phys.
Rev. Lett. 130, 186402 (1-6) (2023).

2. "Nodeless electron pairing in CsV3Sb5-derived kagome superconductors: Y. Zhong, J. Liu, X. Wu, Z. Guguchia, J. -X.
Yin, A. Mine, Y. Li, S. Najafzadeh, D. Das, C. Mielke, R. Khasanov, H. Luetkens, T. Suzuki, K. Liu, X. Han, T. Kondo,
J. Hu, S. Shin, Z. Wang, X. Shi, Y. Yao and K. Okazaki, Nature 617, 488 (2023).

3. Testing electron-phonon coupling for the superconductivity in kagome metal CsV3Sbs: Y. Zhong, S. Li, H. Liu, Y.
Dong, K. Aido, Y. Arai, H. Li, W. Zhang, Y. Shi, Z. Wang, S. Shin, H. N. Lee, H. Miao, T. Kondo and K. Okazaki, Nat.
Commun. 14, 1945 (2023).

4. T Unveiling phase diagram of the lightly doped high-Tc cuprate superconductors with disorder removed: K. Kurokawa,
S. Isono, Y. Kohama, S. Kunisada, S. Sakai, R. Sekine, M. Okubo, M. D. Watson, T. K. Kim, C. Cacho, S. Shin, T.
Tohyama, K. Tokiwa and T. Kondo, Nat Commun 14, 4064 (2023).

5. "Broken Screw Rotational Symmetry in the Near-Surface Electronic Structure of AB-Stacked Crystals: H. Tanaka, S.
Okazaki, M. Kobayashi, Y. Fukushima, Y. Arai, T. [imori, M. Lippmaa, K. Yamagami, Y. Kotani, F. Komori, K. Kuroda,
T. Sasagawa and T. Kondo, Phys. Rev. Lett. 132, 136402 (1-6) (2024).

Matsunaga group

We have studied light-matter interactions and light-induced nonequilibrium phenomena in solids by utilizing terahertz (THz)
pulse. By using polarization-resolved THz spectroscopy, we have reported ultrafast dynamics of the anomalous Hall effect in a
magnet with sub-100 fs time resolution for the first time. We also observed the light-induced anomalous Hall effect in a Dirac
semimetal and succeeded in providing classification of the competing mechanisms. Our THz polarimetry technique offers a
unique pathway to disentangle the microscopic mechanisms of anomalous transport in solids.

1. “Disentangling the Competing Mechanisms of Light-Induced Anomalous Hall Conductivity in Three-Dimensional Dirac
Semimetal: Y. Murotani, N. Kanda, T. Fujimoto, T. Matsuda, M. Goyal, J. Yoshinobu, Y. Kobayashi, T. Oka, S. Stemmer
and R. Matsunaga, Phys. Rev. Lett. 131, 096901 (2023).

2. *Semiconducting Electronic Structure of the Ferromagnetic Spinel HgCr,Ses Revealed by Soft-X-Ray Angle-Resolved

Photoemission Spectroscopy: H. Tanaka, A. V. Telegin, Y. P. Sukhorukov, V. A. Golyashov, O. E. Tereshchenko, A. N.
Lavrov, T. Matsuda, R. Matsunaga, R. Akashi, M. Lippmaa, Y. Arai, S. Ideta, K. Tanaka, T. Kondo and K. Kuroda, Phys.
Rev. Lett. 130, 186402 (1-6) (2023).

3. “*Ultrafast Dynamics of Intrinsic Anomalous Hall Effect in the Topological Antiferromagnet Mn3Sn: T. Matsuda, T.

Higo, T. Koretsune, N. Kanda, Y. Hirai, H. Peng, T. Matsuo, N. Yoshikawa, R. Shimano, S. Nakatsuji and R. Matsunaga,
Phys. Rev. Lett. 130, 126302 (2023).

4. T4 7v7¥4@E CdsAs2 [T 2RIAHISHEEBINE E AT —F A4 MK« B K, sl S0, MK Bl WY

¥ 58, 457 (2023).

5. "litter correction for asynchronous optical sampling terahertz spectroscopy using free-running pulsed lasers: M.

Nakagawa, N. Kanda, T. Otsu, I. Ito, Y. Kobayashi and R. Matsunaga, Opt. Express 31, 19371 (2023).

6. “Gapless detection of broadband terahertz pulses using a metal surface in air based on field-induced second-harmonic

generation: S. Tanaka, Y. Murotani, S. A. Sato, T. Fujimoto, T. Matsuda, N. Kanda, R. Matsunaga and J. Yoshinobu,
Applied Physics Letters 122, 251101 (6 pages) (2023).

7. "Pump-probe spectroscopy for non-equilibrium condensed matter: R. Matsunaga and K. Okazaki, Encyclopedia of
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Condensed Matter Physics, Second Edition 1, 981 (2023).

8. “Observation of Terahertz Spin Hall Conductivity Spectrum in GaAs with Optical Spin Injection: T. Fujimoto, T.
Kurihara, Y. Murotani, T. Tamaya, N. Kanda, C. Kim, J. Yoshinobu, H. Akiyama, T. Kato and R. Matsunaga, Phys. Rev.
Lett. 132, 016301 (2024).

9. 3XILTHA 7y 7HRBICKDT I~ VYRGBT - K BEG, s B, Gl R, HAYBESAREE 79, 12
(2024).

10. JEFHREE R — VR ZBENT T 7~ V2 EGEH - =25 Ok, il B, Mk B, 67747V R 35, 44
(2024).

11. “Anomalous Hall Transport by Optically Injected Isospin Degree of Freedom in Dirac Semimetal Thin Film: Y.
Murotani, N. Kanda, T. Fujimoto, T. Matsuda, M. Goyal, J. Yoshinobu, Y. Kobayashi, T. Oka, S. Stemmer and R.
Matsunaga, Nano Lett. 24, 222 (2024).

12. Time-domain characterization of electric field vector in multi-terahertz pulses using polarization-modulated electro-
optic sampling: N. Kanda, M. Nakagawa, Y. Murotani and R. Matsunaga, Opt. Express 32, 1576 (2024).

13. T@E ). CEWEORMAEMAYE 7y (g RIIRE) B3 B 118 ik G, &K &8, (NTS,
2023).

Okazaki group

We have investigated the 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 academic year 2023, we have successfully observed the superconducting
gap in a pristine sample of the Kagome superconductor CsV3Sbs by high-resolution laser ARPES. In addition, we have success-
fully observed the pump-wavelength-dependent photoexcited electron dynamics in a rare-earth trichalcogenide material exhib-
iting a CDW by HHG laser time-resolved ARPES.

1.

*Quasi One-Dimensional Band Structure of Photoinduced Semimetal Phase of TaNij—xCoxSes (x = 0.0 and 0.1): T.
Mitsuoka, Y. Takahashi, T. Suzuki, M. Okawa, H. Takagi, N. Katayama, H. Sawa, M. Nohara, M. Watanabe, J. Xu, Q.
Ren, M. Fujisawa, T. Kanai, J. Itatani, K. Okazaki, S. Shin and T. Mizokawa, J. Phys. Soc. Jpn. 92, 023703 (2023).

T*Temporal Evolution and Fluence Dependence of Band Structure in Photoexcited TazNip 9Cog.1Ses Probed by Time-
and Angle-Resolved Photoemission Spectroscopy: Y. Takahashi, T. Suzuki, M. Hattori, M. Okawa, H. Takagi, N.
Katayama, H. Sawa, M. Nohara, Y. Zhong, K. Liu, T. Kanai, J. Itatani, S. Shin, K. Okazaki and T. Mizokawa, J. Phys.
Soc. Jpn. 92, 064706 (2023).

T Observation of infrared interband luminescence in magnesium by femtosecond spectroscopy: T. Suemoto, S. Ono, A.
Asahara, T. Okuno, T. Suzuki, K. Okazaki, S. Tani and Y. Kobayashi, J. Appl. Phys. 134, 163105 (2023).

Pure nematic state in the iron-based superconductor FeSe: Y. Kubota, F. Nabeshima, K. Nakayama, H. Ohsumi, Y.
Tanaka, K. Tamasaku, T. Suzuki, K. Okazaki, T. Sato, A. Maeda and M. Yabashi, Phys. Rev. B 108, L100501 (2023).

*Ultrafast control of the crystal structure in a topological charge-density-wave material: T. Suzuki, Y. Kubota, N. Mitsu-
ishi, S. Akatsuka, J. Koga, M. Sakano, S. Masubuchi, Y. Tanaka, T. Togashi, H. Ohsumi, K. Tamasaku, M. Yabashi, H.
Takahashi, S. Ishiwata, T. Machida, I. Matsuda, K. Ishizaka and K. Okazaki, Phys. Rev. B 108, 184305 (2023).

*Coexistence of Bulk-Nodal and Surface-Nodeless Cooper Pairings in a Superconducting Dirac Semimetal: X. P. Yang,
Y. Zhong, S. Mardanya, T. A. Cochran, R. Chapai, A. Mine, J. Zhang, J. S\'anchez-Barriga, Z. -J. Cheng, O. J. Clark,
J. -X. Yin, J. Blawat, G. Cheng, 1. Belopolski, T. Nagashima, S. Najafzadeh, S. Gao, N. Yao, A. Bansil, R. Jin, T. -R.
Chang, S. Shin, K. Okazaki and M. Z. Hasan, Phys. Rev. Lett. 130, 046402 (2023).

*Phase-resolved frequency-domain analysis of the photoemission spectra for photoexcited 17-TaS, in the Mott
insulating charge density wave state: Q. Ren, T. Suzuki, T. Kanai, J. Itatani, S. Shin and K. Okazaki, Appl. Phys. Lett.
122, 221902 (2023).

*Nodeless electron pairing in CsV3Sb5-derived kagome superconductors: Y. Zhong, J. Liu, X. Wu, Z. Guguchia, J. -X.
Yin, A. Mine, Y. Li, S. Najafzadeh, D. Das, C. Mielke, R. Khasanov, H. Luetkens, T. Suzuki, K. Liu, X. Han, T. Kondo,
J. Hu, S. Shin, Z. Wang, X. Shi, Y. Yao and K. Okazaki, Nature 617, 488 (2023).

*Testing electron-phonon coupling for the superconductivity in kagome metal CsV3Sbs: Y. Zhong, S. Li, H. Liu, Y.
Dong, K. Aido, Y. Arai, H. Li, W. Zhang, Y. Shi, Z. Wang, S. Shin, H. N. Lee, H. Miao, T. Kondo and K. Okazaki, Nat.
Commun. 14, 1945 (2023).
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10.

11.

TDirect observation of multiple conduction-band minima in high-performance thermoelectric SnSe: M. Okawa, Y.
Akabane, M. Maeda, G. Tan, L.-D. Zhao, M. G. Kanatzidis, T. Suzuki, M. Watanabe, J. Xu, Q. Ren, M. Fujisawa, T.
Kanai, J. Itatani, S. Shin, K. Okazaki, N. L. Saini and T. Mizokawa, Scripta Materialia 223, 115081 (2023).

*Pump-probe spectroscopy for non-equilibrium condensed matter: R. Matsunaga and K. Okazaki, Encyclopedia of
Condensed Matter Physics, Second Edition 1, 981 (2023).

Kimura group

In FY2023, we developed soft X-ray optics techniques using BLO7LSU, which is now owned by RIKEN. In particular, we
worked on the construction of a soft X-ray microscope using a total reflection mirror, the development of a lensless imaging
technique, the ptychography method, and an ultrafast imaging technique using magnification imaging optics. Using such
soft X-ray microscopes, we were engaged in the observation of mouse neurons and pancreatic cells and the development of
operando measurement techniques for device evaluation.

1.

P an g — 27— MM X 542777 BB OB « AN BE&, TR B, B9E P, e 8, Il 5, L
FTSER, IR B, 20K R, =R AL, B8R 0, KNS IR, I Bk, JRHH S5, B 36, 10 (2023).

Development of soft X-ray ptychography and fluorescence microscopy system using total-reflection wolter mirror
and application to measurement of drug-treated mammalian cells: Y. Takeo, K. Sakurai, N. Furuya, K. Yoshinaga, T.
Shimamura, S. Egawa, H. Kiuchi, H. Mimura, H. Ohashi, Y. Harada, M. Shimura and T. Kimura, Journal of Electron
Spectroscopy and Related Phenomena 267, 147380 (2023).

Fabrication of ultrashort sub-meter-radius x-ray mirrors using dynamic stencil deposition with figure correction: T.
Shimamura, Y. Takeo, T. Kimura, F. Perrin, A. Vivo, Y. Senba, H. Kishimoto, H. Ohashi and H. Mimura, Review of
Scientific Instruments 94, 043102 (2023).

Developing a Simple Scanning Probe System for Soft X-ray Spectroscopy with a Nano-focusing Mirror: H. Ando, M.
Horio, Y. Takeo, M. Niibe, T. Wada, Y. Ando, T. Kondo, T. Kimura and I. Matsuda, e-J. Surf. Sci. Nanotechnol. 21, 200
(2023).

Propagation-based phase-contrast imaging method for full-field X-ray microscopy using advanced Kirkpatrick—Baez
mirrors: Y. Tanaka, J. Yamada, T. Inoue, T. Kimura, M. Shimura, Y. Kohmura, M. Yabashi, T. Ishikawa, K. Yamauchi
and S. Matsuyama, Optics Express 31(16), 26135-26135 (2023).

Design of soft x-ray fluorescence microscopy beyond 100-nm spatial resolution with ultrashort Kirkpatrick-Baez
mirror: T. Shimamura, Y. Takeo, F. Moriya, T. Kimura, M. Shimura, Y. Senba, H. Kishimoto, H. Ohashi, K. Shimba, Y.
Jimbo, H. Mimura, H. Mimura, C. Morawe and A. M. Khounsary, Advances in X-Ray/EUV Optics and Components
XVII 12240, 20-33 (2023).

Soft-X-ray nanobeams formed by aberration-reduced elliptical mirrors with large numerical aperture.: T. Shimamura, Y.
Takeo, T. Kimura, Y. Senba, H. Kishimoto, H. Ohashi and H. Mimura, Optics express 31(23), 38132-38145 (2023).

T Sub-photon accuracy noise reduction of a single shot coherent diffraction pattern with an atomic model trained
autoencoder: T. Ishikawa, Y. Takeo, K. Sakurai, K. Yoshinaga, N. Furuya, Y. Inubushi, K. Tono, Y. Joti, M. Yabashi, T.
Kimura and K. Yoshimi, Opt. Express 32, 18301 (2024).

Ultracompact mirror device for forming 20-nm achromatic soft-X-ray focus toward multimodal and multicolor
nanoanalyses: T. Shimamura, Y. Takeo, F. Moriya, T. Kimura, M. Shimura, Y. Senba, H. Kishimoto, H. Ohashi, K.
Shimba, Y. Jimbo and H. Mimura, Nat Commun 15, 665 (2024).
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