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ISSP publications

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 2024 are to develop (1) the high conductive EDOT [(3,4-ethylenedioxythiophene)] -based
oligomer conductors by the introduction of Se atoms and (2) the Ni dithiolene-based flexible capsules with uniaxial
magnetic anistoropy in water.

I.
2.

) 2 —HRERE MBI SRS B B, NI YRR, FR) L ICHPIEE 93, 490-493 (2024).

T*Orbital 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).

. ™*Combined x-ray diffraction, electrical resistivity, and ab initio study of (TMTTF).PFs under pressure:

Implications for the unified phase diagram: M. Itoi, K. Yoshimi, H. Ma, T. Misawa, T. Tsumuraya, D. Bhoi, T.
Komatsu, H. Mori, Y. Uwatoko and H. Seo, Phys. Rev. Research 6, 043308 (1-14) (2024).

. *Higher conductivity in doped ethylenedioxythiophene (EDOT) dimers with chalcogen-substituted end groups: K.

Onozuka, T. Fujino, T. Miyamoto, T. Yamakawa, H. Okamoto, H. Akiba, O. Yamamuro, E. Kayahara, S. Yamago,
H. Oike and H. Mori, J. Mater. Chem. C 12, 13956 (2024).

. 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).

. *Discovery of bicyclic borane molecule Bi4sHzs: X. Zhang, T. Fujino, Y. Ando, Y. Tsujikawa, T. Wang, T.

Nakashima, H. Sakurai, K. Yamaguchi, M. Horio, H. Mori, J. Yoshinobu, T. Kondo and I. Matsuda, Commun
Chem 8, 14 (2025).

*Macroscopic Structural Transition of Nickel Dithiolate Capsule with Uniaxial Magnetic Anisotropy in Water: T.
Fujino, M. Hishida, M. Ito, T. Nakamura, M. Asada, N. Kurahashi, H. Kiuchi, Y. Harada, K. Harano, R. Makiura,
K. J. Takeno, S. Yokomori, H. Oike and H. Mori, Adv. Science (2025), accepted for publication.

- R ORKRLIE R 7 v N4 R — 7 By YRS Rl o BaSE: Y B, OYEE iR, 2 02R, TAREE

ROBHFE & prEhia, |, Bife © LETIR, (& —x b2 — i), 2024), 154-163.

Osada group

We have studied the tight-binding model for the a-type layered organic conductors, a-(ET):l3 and a-(BETS).I3, with
a uniform interlayer coupling accompanied by spin-orbit interaction originating from the Is~ anion potential. The
model preserves the time reversal and inversion symmetries. In a-(ET).l3, the interlayer spin-orbit coupling realizes the
experimentally suggested Dirac semimetal state with inversion symmetry. In contrast, the inversion breaking in interlayer
hoppings realizes the Weyl semimetal state without spin-orbit coupling. In a-(BETS):1I3, the proposed strong topological
insulator is hardly realized with inversion symmetry.

I.

2.

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

Three-Dimensional Topological Semimetal/Insulator States in a-Type Organic Conductors with Interlayer
Spin-Orbit Interaction: T. Osada, J. Phys. Soc. Jpn. 93, 123703(1-4) (2024).
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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 magnetostriction measurements

of a

quantum spin ice candidate CeoHf>207 (2) spontaneous thermal Hall measurements of candidate materials of chiral

superconductivity, and (3) thermal Hall measurements of kagome antiferromagnets.

I.

Doping-tunable Fermi surface with persistent topological Hall effect in the axion candidate Euln2As>: J. Yan, J. Si,
Z.Jiang, H. Ma, Y. Uwatoko, B.-T. Wang, X. Luo, Y. Sun and M. Yamashita, Phys. Rev. B 110, 115111 (2024).

. Magnetic structure of polar magnet GaV4Ses with Ne el-type skyrmion lattice probed by 'V NMR: H. Takeda, M.
Ishikawa, M. Takigawa, M. Yamashita, Y. Fujima and T.-H. Arima, Phys. Rev. B 110, 224430 (2024).

*J . = 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).

Incommensurate magnetic order in an axion insulator candidate Euln2As: investigated by NMR measurement: H.
Takeda, J. Yan, Z. Jiang, X. Luo, Y. Sun and M. Yamashita, npj Quantum Mater. 9, 67 (2024).

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).

TRotational Gruneisen ratio: A probe for quantum criticality in anisotropic systems: S. Yuasa, Y. Kono, Y. Ozaki,
M. Yamashita, Y. Shimura, T. Takabatake and S. Kittaka, Phys. Rev. B 111, 045123 (2025).

Ideue group

We have explored novel transport and optical properties reflecting symmetry breaking in two-dimensional materials. We
found that symmetry-reduced uniaxial-strained trigonal superconductor exhibits a superconducting diode effect. We also
investigated nonlinear optical properties of symmetry-controlled van der Waals magnets. In particular, we revealed that
complex magnetic symmetry and the resulting unique second harmonic generation can be realized at the heterointerface
of two-dimensional magnets with different magnetic anisotropies.

I.

*Gilbert damping of NiFe thin films grown on two-dimensional chiral hybrid lead-iodide perovskites: T. Hatajiri, S.
Sakamoto, H. Kosaki, Z. Tian, M. Tanaka, T. Ideue, K. Inoue, D. Miyajima and S. Miwa, Phys. Rev. B 110, 054435
(1-6) (2024).

2. Superconducting diode effect under time reversal symmetry: F. Liu, Y. M. Itahashi, S. Aokil, Y. Dong, Z. Wang, N.

Ogawa, T. Ideue and Y. Iwasa, Science Advances 10, eado1502 (2024).

Gate-Controlled Potassium Intercalation and Superconductivity in Molybdenum Disulfide: R. D. Septianto, A. P.
Romagosa, Y. Dong, H. Matsuoka, T. Ideue, Y. Majima and Y. Iwasa, Nano Letters 24, 13790-13795 (2024).

4. Giant Modulation of the Second Harmonic Generation by Magnetoelectricity in Two-Dimensional Multiferroic

Ta

CuCrP2Se: 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).

kagi group

This year we have reported spontaneous topological Hall effect induced by collinear antiferromagnetic order in altermagnet
FeS. We also revealed multistep topological transitions in a tetragonal magnet GdRu>Ge: and spin excitations for
skyrmionin states in a polar magnet VOSe20s.

1

. SP-STM study of the multi-Q phases in GdRuxSiz2: 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).

2. *Multistep 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, Nature Physics 20, 1001-1008 (2024).

Exotic Spin Excitations in a Polar Magnet VOSe2Os: T. Araki, R. Takagi, T. Kurumaji, Y. Tokura, M. Mochizuki
and S. Seki, Physical Review Letters 133, 136702 (2024).

4. *Spontaneous Hall effect induced by collinear antiferromagnetic order at room temperature: R. Takagi, R. Hirakida,
Y. Settai, R. Oiwa, H. Takagi, A. Kitaori, K. Yamauchi, H. Inoue, J.-I. Yamaura, D. Nishio-Hamane, S. Itoh, S. Aji,
H. Saito, T. Nakajima, T. Nomoto and R. A. &. S. Seki, Nature Materials 24, 63-68 (2025).
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Division of Condensed Matter Theory

Tsunetsugu group

We have worked on a theoretical proposal for realizing long-period modulated structures of electronic degrees of freedom
with even parity under time reversal operation. This includes various incommensurate orders of electric quadrupoles using
electron’s orbital degrees of freedom. We have demonstrated the presence of such an incommensurate phase realized on a
triangular lattice. We have performed Monte Carlo simulations to investigate long range correlations based on its classical
effective model, and found that it is a critical phase characterized by a Kosterlitz-Thouless type transition. We have also
continued a study on basic properties of chiral phonons and now the target system is a three dimensional lattice with cubic

symmetry.

I.

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).

Orbital moire” and quadrupolar triple-q physics in a triangular lattice: K. Hattori, T. Ishitobi and H. Tsunetsugu,
Phys. Rev. Research 6, L042068-1-7 (2024).

Proof of Completeness of the Local Conserved Quantities in the One-Dimensional Hubbard Model: K. Fukai, J Stat
Phys 191, 70 (2024).

. On correlation functions in models related to the Temperley-Lieb algebra: K. Fukai, R. Kleinemuhl, 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 theoretically
studied nonequilibrium spin transport in the context of chiral phonons, material curvature, spin noises, thermal transport,
and spin pumping.

I.

10.

11.

12.

Spin pumping into quantum spin chains: S. C. Furuya, M. Matsuo and T. Kato, Phys. Rev. B 110, 165129(1-13)
(2024).

Theory of the inverse Rashba-Edelstein effect induced by thermal spin injection: K. Hosokawa, M. Yama, M. Matsuo
and T. Kato, Phys. Rev. B 110, 035309(1-12) (2024).

. Chirality-Induced Phonon-Spin Conversion at an Interface: T. Funato, M. Matsuo and T. Kato, Phys. Rev. Lett. 132,

236201(1-7) (2024).

TxObservation 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(1-7) (2024).

. 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).

. *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
Communications 298, 109087(1-10) (2024).

C EEYEA ) vy 7 2023 HAKRS: HERFEMER OIS E: ik 4, KEOWHEE 30, 10-13 (2024).

. Curvature-induced valley-dependent spin-orbit interaction: A. Yamakage, T. Sato, R. Okuyama, T. Funato, W.

Izumida, K. Sato, T. Kato and M. Matsuo, Phys. Rev. B 111, 045121(1-12) (2025).

*Light-induced inverse spin Hall effect and field-induced circular photogalvanic effect in GaAs revealed by
two-dimensional terahertz Fourier analysis: T. Fujimoto, Y. Murotani, T. Tamaya, T. Kurihara, N. Kanda, C. Kim, J.
Yoshinobu, H. Akiyama, T. Kato and R. Matsunaga, Phys. Rev. B 111, L201201 (2025).

Microscopic theory of Rashba-Edelstein magnetoresistance: M. Yama, M. Matsuo and T. Kato, Phys. Rev. B 111,
144416(1-20) (2025).

Fluctuations in Spin Dynamics Excited by Pulsed Light: T. Sato, S. Watanabe, M. Matsuo and T. Kato, Phys. Rev.
Lett. 134, 106702(1-7) (2025).

Theory of spin pumping and inverse Rashba-Edelstein effect in a two-dimensional electron gas: M. Yama, M.
Matsuo and T. Kato, in: Proceedings Volume 13119, Spintronics XVII (SPIE, 2024), 105.
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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. 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).

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

3. Non-Hermitian Topology in Hermitian Topological Matter: S. Hamanaka, T. Yoshida and K. Kawabata, Phys. Rev.
Lett. 133, 266604 (2024).

4. Universal hard-edge statistics of non-Hermitian random matrices: Z. Xiao, R. Shindou and K. Kawabata, Phys. Rev.
Research 6, 023303 (2024).

5. Field theory of non-Hermitian disordered systems: Z. Chen, K. Kawabata, A. Kulkarni and S. Ryu, Phys. Rev. B
111, 054203 (2025).

6. Multifractality of the many-body non-Hermitian skin effect: S. Hamanaka and K. Kawabata, Phys. Rev. B 111,
035144 (2025).

7. Universal Stochastic Equations of Monitored Quantum Dynamics: Z. Xiao, T. Ohtsuki and K. Kawabata, Phys. Rev.
Lett. 134, 140401 (2025).

8. Non-linear sigma models for non-Hermitian random matrices in symmetry classes Alf and All{: A. Kulkarni, K.
Kawabata and S. Ryu, J. Phys. A 58, 225202 (2025).

9. Topological Order Intrinsic to Mixed Quantum States: K. Kawabata, Physics 18, 9 (2025).

Division of Nanoscale Science

Otani group

In 2024, we made significant progress in spintronics, magnonics, and antiferromagnetic systems by developing new
methods to control and detect spin, orbital, and phononic dynamics. We demonstrated enhanced magnetoacoustic coupling
via spin current. We studied spin relaxation in monolayers and generated out-of-plane spin currents at ferromagnet/EuS
interfaces. In antiferromagnets, we controlled chiral and octupole domain walls, observed fast domain-wall motion,
and imaged cluster magnetic octupole moments in MnSn nanowires. We also achieved perpendicular magnetization in
noncollinear systems. In magnonics, we demonstrated strong spin wave—SAW coupling, nonreciprocal magnetoacoustic
waves, and hybrid magnon-phonon crystals. We tuned magnon-magnon interactions and examined underlayer effects
in heterostructures. We applied these insights to high-sensitivity SAW magnetic sensors and contributed to broader
perspectives through the 2024 magnonics roadmap and a chapter on voltage-controlled anisotropy. Together, we advanced
low-power spintronic technologies through collaborative, cross-disciplinary research.

1. The 2024 magnonics roadmap: B. Flebus, D. Grundler, B. Rana, Y. Otani, [. Barsukov, A. Barman, G. Gubbiotti,
P. Landeros, J. Akerman, U. Ebels, P. Pirro, V. E. Demidov, K. Schultheiss, G. Csaba, Q. Wang, F. Ciubotaru, D.
E. Nikonov, P. Che, R. Hertel, T. Ono, D. Afanasiev, J. Mentink, T. Rasing, B. Hillebrands, S. V. Kusminskiy, W.
Zhang, C. R. Du, A. Finco, T. van der Sar, Y. K. Luo, Y. Shiota, J. Sklenar, T. Yu and J. Rao, J. Phys.: Condens.
Matter 36, 363501 (2024).

2. Generation of out-of-plane polarized spin current in (permalloy, Cu)/EuS interfaces: P. Gupta, N. Chowdhury, M.
Xu, P. K. Muduli, A. Kumar, K. Kondou, Y. Otani and P. K. Muduli, Phys. Rev. B 109, L060405 (2024).

3. Role of the nonmagnetic underlayer in controlling the electronic structure of ferromagnet/nonmagnetic-metal
heterostructures: D. Panda, K. K. Behera, S. Madhur, B. Rana, A. Gloskovskii, Y. Otani, A. Barman and 1. Sarkar,
Phys. Rev. B 110, 094424 (2024).

4. Spin relaxation of localized electrons in monolayer MoSez: Importance of random effective magnetic fields: E.
Yalcin, I. V. Kalitukha, I. A. Akimov, V. L. Korenev, O. S. Ken, J. Puebla, Y. Otani, O. M. Hutchings, D. J. Gillard,
A. 1. Tartakovskii and M. Bayer, Phys. Rev. B 110, L161405 (2024).
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5. Observation of Cluster Magnetic Octupole Domains in the Antiferromagnetic Weyl Semimetal Mn3Sn Nanowire:
H. Isshiki, N. Budai, A. Kobayashi, R. Uesugi, T. Higo, S. Nakatsuji and Y. Otani, Phys. Rev. Lett. 132,216702
(2024).

6. Strongly Coupled Spin Waves and Surface Acoustic Waves at Room Temperature: Y. Hwang, J. Puebla, K. Kondou,
C. Gonzalez-Ballestero, H. Isshiki, C. S. Mun~oz, L. Liao, F. Chen, W. Luo, S. Mackawa and Y. Otani, Phys. Rev.
Lett. 132, 056704 (2024).

7. Nonreciprocal magnetoacoustic waves with out-of-plane phononic angular momenta: L. Liao, F. Chen, J. Puebla,
J.-1. Kishine, K. Kondou, W. Luo, D. Zhao, Y. Zhang, Y. Ba and Y. Otani, Sci. Adv. 10, eado2504 (2024).

8. Current-driven fast magnetic octupole domain-wall motion in noncollinear antiferromagnets: M. Wu, T. Chen, T.
Nomoto, Y. Tserkovnyak, H. Isshiki, Y. Nakatani, T. Higo, T. Tomita, K. Kondou, R. Arita, S. Nakatsuji and Y.
Otani, Nat Commun 15, 4305 (2024).

9. Widen-dynamic-range surface acoustic wave magnetic sensors with high sensitivity: F. Chen, J. Lu, S. Liang, Y.
Otani, X. Yang, Y. Zhang and W. Luo, Journal of Alloys and Compounds 980, 173635 (2024).

10. Effect of the underlayer on the elastic parameters of the CoFeB/MgO heterostructures: S. Shekhar, S. Mielcarek, Y.
Otani, B. Rana and A. Trzaskowska, Scientific Reports 14, 20259 (2024).

11. Tunable strong magnon-magnon coupling in two-dimensional array of diamond shaped ferromagnetic nanodots: S.
Majumder, S. Choudhury, S. Barman, Y. Otani and A. Barman, Phys. Scr. 99, 025935 (2024).

12. Hybrid magnon-phonon crystals: L. Liao, J. Liu, J. Puebla and Q. S. &. Y. Otani, npj Spintronics 3, 6 (2024).

13. Selective Data Writing in IrMn-Based Perpendicular Magnetic Tunnel Junction Array Through Voltage-Gated
Spin-Orbit Torque: W. Li, Z. Liu, S. Peng, J. Lu, J. Liu, X. Li, S. Lu, Y. Otani and W. Zhao, IEEE Electron
Device Lett. 45, 921 (2024).

14. Nonreciprocal resonant surface acoustic wave absorption in Y3FesO12: Y. Ba, J. Puebla, K. Yamamoto, Y. Hwang,
L. Liao, S. Mackawa, O. Klein and Y. Otani, Phys. Rev. B 111, 104401 (2025).

Hasegawa group

It is known that the vortices of monolayer superconductors formed on a substrate vary in shape at substrate steps
because of the disruption of the electronic states. Vortices trapped at the steps on the striped incommensurate (SIC)
phase of the Pb monolayer (ML) formed on a Si(111) substrate exhibited a round shape like those on the terraces.

In contrast, the step-trapped vortices on the V3 X7 Pb ML phase are elongated along the step direction, which are
called Josephson-Abrikosov vortices. From the different vortex shapes, one can expect different strengths of electronic
decoupling in the steps. To directly observe the different decoupling, we performed scanning tunnelling potentiometry
(STP), which enables us to obtain the electrochemical potential distribution with the same spatial resolution as scanning
tunneling microscopy (STM). We performed STP on the two Pb ML phases and found clear potential drops at the V3 x V7
Pb ML phase steps, whereas there was almost no drop in the SIC phase steps. This is the first quantitative demonstration
of the resistivity of steps and their influence on superconductivity as a single disorder.

1. ™*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).

2. ™*Dimensional crossover and chirality of boron adsorbates on copper (110) surfaces: Y. Tsujikawa, T. Nakashima,
X. Zhang, K. Yamaguchi, M. Horio, M. Haze, Y. Hasegawa, F. Komori, T. Kondo, Y. Ando and I. Matsuda, Phys.
Rev. Materials 8, 084003 1-7 (2024).

3. "Bound states in the core of ordered vortices in stoichiometric iron-based superconductor CaKFesAss: W. Wu, W.
Li, Y. Chen, M. Haze, T. Tamegai and Y. Hasegawa, Phys. Rev. B 111, 054510 1-9 (2025).

4. Simple Model for Striped-incommensurate Phase Formed by Pb Adsorption on Si(111): M. Yamada, Y. Sato, M.
Haze and Y. Hasegawa, e-J. Surf. Sci. Nanotechnol. 23, 2025-019 1-8 (2025).

5. TLocalized creation of bubble domains in FesGaTe: by conductive atomic force microscopy: C.-M. Liu, Y.-J. Liu,
P.-C. Chang, P.-W. Chen, M. Haze, M.-H. Hsu, N. N. Gopakumar, Y. Zhou, Y.-H. Tung, S. Hammouda, C.-H. Du,
Y. Hasegawa, Y. Su, H.-C. Chiu and W.-C. Lin, Applied Surface Science Advances 26, 100718 1-8 (2025).
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Lippmaa group

Slightly canted, non-collinear antiferromagnets have very fast spin dynamics and the small residual magnetic moment can
be used to probe the spin orientation and the domain structure that are normally difficult to quantify in antiferromagnetic
materials. We are developing fabrication methods for obtaining high-quality antiferromagnetic films. The starting point
is the orthoferrite YFeOs, for which the magnetic domain structure can be controlled by the use of an orthorhombic
substrate as an epitaxial template. This technique has allowed us to fabricate films large magnetic domains that have similar
switching behavior to bulk single crystals, opening a path to developing thin-film-based magnetic switching devices.

1. *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).

2. Polarity of homoepitaxial ZnO films grown by Nd:YAG pulsed laser deposition: T. Masuda, T. Sato, M. Lippmaa,
T. Dazai, N. Sekine, I. Hosako, H. Koinuma and R. Takahashi, J. Appl. Phys. 136, 095303 (1-8) (2024).

3. TThe use of He buffer gas for moderating the plume kinetic energy during Nd:YAG-PLD growth of Eu,Y»-,0;3
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 4B-Stacked Crystals: H. Tanaka,
S. Okazaki, M. Kobayashi, Y. Fukushima, Y. Arai, T. limori, M. Lippmaa, K. Yamagami, Y. Kotani, F. Komori, K.
Kuroda, T. Sasagawa and T. Kondo, Phys. Rev. Lett. 132, 136402 (1-6) (2024).

Hashisaka group

We have continued setting up our experimental equipment, including introducing a dilution refrigerator. Alongside this,
we conducted joint research on the on-chip transport of graphene plasmons and published review papers reporting on
quantum transport in fractional quantum Hall systems. We also worked on developing nano-fabrication technology for
quantum materials and creating nano-devices from candidate materials for quantum spin liquids, and we have already
obtained some experimental results.

1. Gate-tunable giant superconducting nonreciprocal transport in few-layer Td-MoTez: 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).

2. Ty PIREBD YA+ I 7 AL =F UG FR B, PIEE FE O T ¥ A T 68, 240 (2024).

3. On-chip transfer of ultrashort graphene plasmon wave packets using terahertz electronics: K. Yoshioka, G. Bernard,
T. Wakamura, M. Hashisaka, K.-I. Sasaki, S. Sasaki, K. Watanabe, T. Taniguchi and N. Kumada, Nat Electron 7,
537 (2024).

4. Coherent electron splitting in interacting chiral edge channels: E. Iyoda, T. Shimizu and M. Hashisaka, Phys. Rev.
B 111, 165414 (2025).

5. Mach-Zehnder interference of fractionalized electron-spin excitations: T. Shimizu, E. Iyoda, S. Sasaki, A. Endo, S.
Katsumoto, N. Kumada and M. Hashisaka, Phys. Rev. B 111, L161406 (2025).

6. ITBUEBEBIR TR — VARG D SR < S v IRRBO R B B, AR B, BHAYIEE 60, 171 (2025).

Yoshinobu group

We conducted several research projects in the fiscal year 2024: (1) The hydrogenation of formate and formaldehyde
species on the H-Cu(997) surface was studied by HREELS and TPD. Several species were observed as desorption products
by TPD, and intermediate species were identified. (2) The adsorption and decomposition of methanol on the Cu(977)
and Pd-Cu(977) surfaces were studied by TPD, IRAS and SR-XPS, and selective dehydrogenation into formaldehyde
was observed without oxygen. (3) The reactive desorption of CO + O -> COz on Pt(111) was studied using ab-initio
molecular dynamics (AIMD) with van der Waals DFT functionals. The desorption dynamics of CO2 including kinetic
energy, angular distribution and vibrational excitation were quantitatively elucidated. In addition, multidimensional neural
network potential have been investigated. (4) The chemical states and reactions on the basal plane and the edge plane
of MoS:2 and HOPG were studied by SR-XPS. (5) SFG spectroscopy was developed using ultra-broadband terahertz and
visible ultra-short pulse laser and applied to polymer films.

1. TElement-specific cluster growth on the two-dimensional metal-organic network: N. Tsukahara, R. Arafune and J.
Yoshinobu, Jpn. J. Appl. Phys. 63, 065504 (2024).
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11.

12.

13.

14.
15.

TxObservation 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(1-7) (2024).

. *Ultra-broadband detection of coherent infrared pulses by sum-frequency generation spectroscopy in reflection

geometry: R. Kameyama, S. Tanaka, Y. Murotani, T. Matsuda, N. Kanda, R. Matsunaga and J. Yoshinobu, Opt.
Lett. 49, 3978 (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).

T*Operando Observation of Hydrogenation of Carbon Dioxide by Near Ambient Pressure X-ray Photoelectron
Spectroscopy: T. KOITAYA, S. YAMAMOTO, I. MATSUDA, J. YOSHINOBU and T. YOKOYAMA, Vac. Surf.
Sci. 67, 117-122 (2024).

*Light-induced inverse spin Hall effect and field-induced circular photogalvanic effect in GaAs revealed by
two-dimensional terahertz Fourier analysis: T. Fujimoto, Y. Murotani, T. Tamaya, T. Kurihara, N. Kanda, C. Kim, J.
Yoshinobu, H. Akiyama, T. Kato and R. Matsunaga, Phys. Rev. B 111, L201201 (2025).

. *Valley polarization dynamics of photoinjected carriers at the band edge in room-temperature silicon studied by

terahertz polarimetry: A. M. Shirai, Y. Murotani, T. Fujimoto, N. Kanda, J. Yoshinobu and R. Matsunaga, Phys.
Rev. B 111, L121201 (2025).

*Chemical process of hydrogen and formic acid on a Pd-deposited Cu(111) surface studied by high-resolution X-ray
photoelectron spectroscopy and density functional theory calculations: W. Osada, M. Hasegawa, Y. Shiozawa, K.
Mukai, S. Yoshimoto, S. Tanaka, M. Kawamura, T. Ozaki and J. Yoshinobu, Phys. Chem. Chem. Phys. 27, 1978
(2025).

*Emergence of high-mobility carriers in topological kagome bad metal Mn3Sn by intense photoexcitation: T.
Matsuda, T. Higo, K. Kuroda, T. Koretsune, N. Kanda, Y. Hirai, H. Peng, T. Matsuo, C. Bareille, A. Varykhalov, N.
Yoshikawa, J. Yoshinobu, T. Kondo, R. Shimano, S. Nakatsuji and R. Matsunaga, Phys. Rev. Materials 9, 014202
(2025).

*Discovery of bicyclic borane molecule B14H26: X. Zhang, T. Fujino, Y. Ando, Y. Tsujikawa, T. Wang, T.
Nakashima, H. Sakurai, K. Yamaguchi, M. Horio, H. Mori, J. Yoshinobu, T. Kondo and I. Matsuda, Commun
Chem 8, 14 (2025).

Direct Observation of Dioxymethylene and Formaldehyde as Hydrogenation Products of Formate Species on
the Hydrogen-Adsorbed Cu(997) Surface: H. Yoshioka, W. Osada, K. Mukai, S. Tanaka and J. Yoshinobu,
ChemCatChem 17, 202401758 (2025).

RIAFFAN 7 70 —F12 & %€ 7 OVAMEER CO LR FEOWGE LAV SEE, IMRAEIL, il 66,
60-65 (2024).

HUAE TEEOEMZEE ) Tl wd | - H3 7, £ & EH2E 67, 99 (2024).

WRGITEE TG Xk 2 TLRBAEMD A R T o FEME MR I, 1A 2, R M, &1 5,
I, £ & E22 67, 117-122 (2024).

Functional Materials Group

Akiyama group

In 2024, we demonstrated low power consumption of 0.5W and high output pulse-energy stability within 1% in our
original ps gain-switched-LD seed-pulse prototype modules. In collaboration with Katayama-team in Yokohama National
University, we started fs single-shot characterization of gain-switched pulses from the module. We analytically studied
criteria of output gain in photovoltaic-thermoelectric tandems. Collaboration work and papers with Hiyama-team in
Gunma University clarified inhibition sensitivity of in vitro firefly bioluminescence quantum yields to bivalent metal ion
concentrations in aqueous solutions, and bioluminescence quantum yield of new luciferin analogs.

I.

TxObservation 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(1-7) (2024).
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17.

18.

19.

20.

. Continuous-wave quasi-single-mode random lasing in CH3NH3PbBr; perovskite films on patterned sapphire

substrates: G. Weng, Z. Su, S. Ye, X. Sun, F. Cao, C. Wang, D. Jiang, X. Hu, J. Tao, H. Akiyama, J. Chu and
S. Chen, Opt. Lett. 49,3713 (2024).

. Electrically smoothing gain-switched optical pulses from a semiconductor laser diode: C. Wang, F. Cao, Y. Liu, H.

Nakamae, M. Kobayashi, D. Jiang, Y. Qi, G. Weng, X. Hu, H. Akiyama and S. Chen, Opt. Lett. 49, 6285 (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).

. *Light-driven Anion-Pumping Rhodopsin with Unique Cytoplasmic Anion-release Mechanism: T. Ishizuka, K.

Suzuki, M. Konno, K. Shibata, Y. Kawasaki, H. Akiyama, T. Murata and K. Inoue, J. Biol. Chem. 300, 107797
(2024).

. Effects of localized tensile stress on GaAs solar cells revealed by absolute electroluminescence imaging and

distributed circuit modeling: Q. Huang, Y. Wang, X. Hu, P. Yang, W. Zhou, G. Weng, H. Akiyama, J. Chu and
S. Chen, Solar Energy 274, 112541 (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).

. Electrical Characterization of Solar Array Panels by Absolute Electroluminescence Intensity: T. Nakamura, H.

Akiyama, S. Kanaya, Y. Miyazawa, H. Toyota and S.-I. Sakai, Journal of Evolving Space Activities 2, 161-166
(2024).

*Light-induced inverse spin Hall effect and field-induced circular photogalvanic effect in GaAs revealed by
two-dimensional terahertz Fourier analysis: T. Fujimoto, Y. Murotani, T. Tamaya, T. Kurihara, N. Kanda, C. Kim, J.
Yoshinobu, H. Akiyama, T. Kato and R. Matsunaga, Phys. Rev. B 111, L201201 (2025).

*Portable laser diode module of sub-10 ps gain-switched pulse source at 1030 nm wavelength: M. Kobayashi, H.
Nakamae, C. Kim, T. Nakamura, T. Ito, S. Chen, Y. Kobayashi and H. Akiyama, Jpn. J. Appl. Phys. 64, 038004
(2025).

Nonlinear beam conversion with multi-spectral components: K.-H. Chang, C.-C. Fan, T.-F. Pan, J.-H. Lai, M.-S.
Tsai, A. Boudrioua, C.-M. Lai, H. Yokoyama, E. Higurashi, H. Akiyama, K. Paschke and L.-H. Peng, Opt. Lett. 50,
1313 (2025).

Automated quantitative diagnosis of GaAs solar cells using the CBAM-MS-1DCNN model on absolute
electroluminescence imaging and distributed circuit modeling: W. Zhou, P. Yang, Y. Wang, M. Zha, D. Qin, Q.
Huang, G. Weng, X. Hu, H. Akiyama, J. Chu and S. Chen, Appl. Opt. 64, 3617 (2025).

Analytical evaluation of output gain in photovoltaic-thermoelectric tandems: J. Sakuma, K. Kamide and H.
Akiyama, Appl. Phys. Express 18, 034001 (2025).

*Robust asynchronous optical sampling terahertz spectroscopy using commercially available free-running lasers:
M. Nakagawa, N. Kanda, H. Nakamae, H. Akiyama and R. Matsunaga, Opt. Express 33, 23145 (2025).

*Structural Changes in the Retinal Chromophore and Ion-Conducting Pathway of an Anion Channelrhodopsin
GtACRI1: K. Shibata, Y. Kawasaki, S. Takaramoto, M. Watanabe, M. Fukuda, R. Ono, H. E. Kato, H. Akiyama
and K. Inoue, J. Phys. Chem. Lett. 16, published on the web (2025).

Non-Cadmium TiO2/Sba(Se, S); Heterojunction Solar Cells with Improved Efficiency by NaCl-Treated Interface
Engineering: D. Qin, P. Yang, Y. Pan, Y. Wang, Y. Pan, G. Weng, X. Hu, J. Tao, J. Chu, H. Akiyama and S. Chen,
ACS Appl. Mater. Interfaces 17, 22050 (2025).

Degradations of Multijunction Solar Cell Revealed by Absolute Electroluminescence Imaging: P. Yang, Y. Wang,
Q. Huang, D. Qin, J. Zhang, W. Zhou, G. Weng, X. Hu, J. Chu, H. Akiyama and S. Chen, IEEE Trans. Electron
Devices 72, 1857 (2025).

High efficiency Sba(S, Se)s thin-film solar cells by substrate-temperature-controlled vapor transport deposition
method: D. Qin, P. Yang, Y. Pan, Y. Wang, Y. Pan, G. Weng, X. Hu, J. Tao, J. Chu, H. Akiyama and S. Chen,
Solar Energy Materials and Solar Cells 280, 113232 (2025).

TInhibition sensitivity of in vitro firefly bioluminescence quantum yields to Zn 2* and Cd 2* concentrations in
aqueous solutions: R. Ono, K. Saito, D. Tezuka, S. Yoshii, M. Kobayashi, H. Akiyama, N. Koga, H. Itabashi and
M. Hiyama, Photochem & Photobiology 00, php.14024 (2025).
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21.

Low threshold lasing of GaN-based vertical-cavity surface-emitting lasers with thin InGaN/GaN quantum well active
region: R. Xu, K. Shibata, H. Akiyama, J. Zhang, L. Ying and B. Zhang, Optics & Laser Technology 182, 112117
(2025).

Sugino group

The activity of this fiscal year includes computational study of materials using the first-principles density functional
methods. Design of an electrochemical catalyst, elucidation of hydrogen diffusion on a metal surface, and analysis of
magnetic properties of a cuprate. This group is also involved with cooperative work with experimental group, such as
elucidation of CO dynamics on a metal surface, and analysis of muon in a Li-ion cathode material.

I.

Magnetic phases of electron-doped infinite-layer Sri—La:CuO2 from first-principles density functional
calculations: A. N. Tatan, J. Haruyama and O. Sugino, Phys. Rev. B 109, 165134 (2024).

. Time-dependent electron transfer and energy dissipation in condensed media: E. F. Arguelles and O. Sugino, J.

Chem. Phys. 160, 144102 (2024).

. TCorrection to “Effect of Nitrogen Doping and Oxygen Vacancy on the Oxygen Reduction Reaction on the

Tetragonal Zirconia(101) Surface”: S. Muhammady, J. Haruyama, S. Kasamatsu and O. Sugino, J. Phys. Chem.
C 128, 10248 (2024).

. TElucidation of CO Oxidation and CO 2 Desorption Dynamics on Pt(111) by van der Waals DFT Calculations:

Hyperthermal Kinetic Energy, Sharp Desorption Angle, and Excited Vibrational States: H. Li, Y. Kataoka, S. Tanaka,
J. Haruyama, O. Sugino and J. Yoshinobu, J. Phys. Chem. C 128, 15393 (2024).

. TPredictive evaluation of hydrogen diffusion coefficient on Pd(111) surface by path integral simulations using neural

network potential: Y. Kataoka, J. Haruyama, O. Sugino and M. Shiga, Phys. Rev. Research 6, 043224 (2024).

TDefect Segregation, Water Layering, and Proton Transfer at Zirconium Oxynitride/Water Interface Examined Using
Neural Network Potential: A. Nakanishi, S. Kasamatsu, J. Haruyama and O. Sugino, J. Phys. Chem. C 129, 2403
(2025).

Oka group

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

I.

Chiral Gauge Field in Fully Spin-Polarized Magnetic Weyl Semimetal with Magnetic Domain Walls: A. Ozawa, Y.
Araki and K. Nomura, J. Phys. Soc. Jpn. 93, 094704 (2024).

. Measurement-only dynamical phase transition of topological and boundary order in toric code and gauge Higgs

models: T. Orito, Y. Kuno and I. Ichinose, Phys. Rev. B 109, 224306 (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).

. Extracting correlation length in Mott insulators by strong-field driving: A. AlShafey, X.-Y. Jia, Y.-M. Lu, S.-S.

Gong, G. McCaul, D. Bondar, M. Randeria, T. Oka and A. S. Landsman, Journal of the Optical Society of America
B 41, B26-B31 (2024).

. Floquet Weyl states at one-photon resonance: An origin of nonperturbative optical responses in three-dimensional

materials: Y. Hirai, S. Okumura, N. Yoshikawa, T. Oka and R. Shimano, Phys. Rev. Research 6, L012027-1-6
(2024).

. Origin of Large Effective Phonon Magnetic Moments in Monolayer MoS2: H. Mustafa, C. Nnokwe, G. Ye, M.

Fang, S. Chaudhary, J.-A. Yan, K. Wu, C. J. Cunningham, C. M. Hemesath, A. J. Stollenwerk, P. M. Shand, E.-H.
Yang, G. A. Fiete, R. He and W. Jin, ACS Nano 19, 11241 (2025).

Inoue group

In 2024, we identified a new family of anion-pumping rhodopsins, Glycyclhalorhodopsin (GHR), from soil bacteria.
This family is distinct from other anion-pumping rhodopsins and features a novel DTG motif in the third transmembrane
helix, which includes a characteristic cytoplasmic glycine residue. X-ray crystallographic analysis revealed large
cytoplasmic cavities formed due to the small size of this glycine residue. Time-resolved spectroscopic measurements
demonstrated that the chloride release process through these cavities is distinct from that of canonical anion-pumping
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rhodopsin from haloarchaea. Additionally, a new class of cation channel rhodopsin, HulaCCR, was identified through
metatranscriptome analyses in Lake Hula in Israel. One member, HulaCCR1 exhibited non-specific cation transport,
including the permeation of large cesium ions. Interestingly, truncation of either the N- or C-term extensions of HulaCCR1
altered its plasma membrane localization, indicating that the N- and C-termini play essential roles in determining cellular
localization. Furthermore, we investigated the isomerization process of the retinal chromophore in inward proton-pumping
schizorhodopsins, the quantum mechanical principles underlying the circular dichroic spectra of retinal chromophores in
dimeric rhodopsins, and the ultrafast isomerization process in Archaerhodopsin-3 and its fluorescent variants, which hold
promise for the development of genetically encoded voltage indicators.

1. *Gilbert damping of NiFe thin films grown on two-dimensional chiral hybrid lead-iodide perovskites: T. Hatajiri, S.
Sakamoto, H. Kosaki, Z. Tian, M. Tanaka, T. Ideue, K. Inoue, D. Miyajima and S. Miwa, Phys. Rev. B 110, 054435
(1-6) (2024).

2. Chromophore—Protein Interactions Affecting the Polyene Twist and z—z* 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).

3. Hydrogen-Bonding and Hydrophobic Interaction Networks as Structural Determinants of Microbial Rhodopsin
Function: E. Bertalan, M. Konno, M. D. C. Mar'in, R. Bagherzadeh, T. Nagata, L. Brown, K. Inoue and A.-N.
Bondar, J. Phys. Chem. B 128, 7407-7426 (2024).

4. 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).

5. 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).

6. *Light-driven Anion-Pumping Rhodopsin with Unique Cytoplasmic Anion-release Mechanism: T. Ishizuka, K.
Suzuki, M. Konno, K. Shibata, Y. Kawasaki, H. Akiyama, T. Murata and K. Inoue, J. Biol. Chem. 300, 107797
(2024).

7. Archaerhodopsin 3 is an Ideal Template for the Engineering of Highly Fluorescent Optogenetic Reporters: K.
Herasymenko, D. Walisinghe, M. Konno, L. Barneschi, I. D. Waele, M. silwa, K. Inoue, M. Olivucci and S. Haacke,
Chem. Sci. 16, 761-774 (2024).

8. T*Chemical-state imaging of a mammalian cell through multi-elemental soft x-ray spectro-ptychography: K.
Sakurai, Y. Takeo, S. Takaramoto, N. Furuya, K. Yoshinaga, T. Shimamura, J. T. O’Neal, Y. Nakata, S. Egawa,
K. Yoshimi, H. Ohashi, H. Mimura, Y. Harada, K. Inoue, M. Shimura and T. Kimura, Appl. Phys. Lett. 126,
043702(1-7) (2025).

9. Weak Organic Acid Effect of Bacterial Light-Driven Proton-Pumping Rhodopsin: Z. Lyu, S. Takaramoto and K.
Inoue, J. Phys. Chem. B 129, 3198-3206 (2025).

10. *Structural Changes in the Retinal Chromophore and Ion-Conducting Pathway of an Anion Channelrhodopsin
GtACRI: K. Shibata, Y. Kawasaki, S. Takaramoto, M. Watanabe, M. Fukuda, R. Ono, H. E. Kato, H. Akiyama
and K. Inoue, J. Phys. Chem. Lett. 16, published on the web (2025).

11. Structural insights into light harvesting by antenna-containing rhodopsins in marine Asgard archaea: G. Tzlil, M.
D. C. Marin, Y. Matsuzaki, P. Nag, S. Itakura, Y. Mizuno, S. Murakoshi, T. Tanaka, S. Larom, M. Konno, R.
Abe-Y oshizumi, A. Molina-Ma rquez, D. Barcenas-Perez, J. Cheel, M. Koblizek, R. Leon, K. Katayama, H. Kandori,
I. Schapiro, W. Shihoya, O. Nureki, K. Inoue, A. Rozenberg, A. Chazan and O. Beja, Nat Microbiol 10, 1484 (2025).

12. W52 X 2 A1 © Magnetogenetics ~DHkik: BA (&M, /B %, L £ THAWRY S 6 249 Al
HRERL (HAWESR S, 2024), 19-22.

Hayashi group

In 2023, I moved to the Institute for Solid State Physics, and in 2024, three students participated in my lab. Together with
a student, we wrote a review article on the application of extreme value analysis to axonal transport in neurons [Hayashi
et al., Biophys Rev 2024 ], based on our original research article published last year [Naoi et al., Commun Phys 2024].
Regarding extreme value statistics, I also continued academic exchange with the Institute of Statistical Mathematic, and
contributed to the joint research report “Applications of Extreme Value Theory to Engineering”, published by the Institute
[Hayashi, the Institute of Statistical Mathematic Report 478, 2024].
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Apart from extreme value analysis research activities, a particularly significant event in 2024 was the 21st Congress
of the International Union for Pure and Applied Biophysics (IUPAB) held in Kyoto. I contributed as a member of the
Executive Committee. I had been involved with the committee since 2017, when Japan successfully won the bid to
host the congress, and thus completed a major responsibility. At the IUPAB Congress, I also served as the chair of
the ”Application of Non-equilibrium Physics” session [Hayashi and Li, Biophys Rev 2024]. As a member of the
Executive Committee, I was in charge of the IUPAB Hands-on Training Program, and in collaboration with six
universities and research institutes across Japan, we hosted approximately 70 early-career researchers from both Japan
and abroad, who participated in the congress [Hayashi, BPPB 2024]. In addition, I participated in a roundtable
discussion at [IUPAB with promising researchers from Japan and abroad who had come to Japan for the congress, where
we discussed the theme: “Dreaming the Next 50 Years in Our Biophysics” [Hayashi et al., BPPB 2025]. In 2024, I was
actively involved in various initiatives related to the organization of [UPAB. Through these efforts, I believe I was able to
enhance the presence of the Institute for Solid State Physics in the Biophysical Society of Japan.

In addition, I was invited as a lecturer to the 69th Condensed Matter Physics Summer School for Young Researchers,
where I led a seminar and interacted with Japanese students who study soft matter and non-equilibrium statistical
mechanics. Since the Institute for Solid State Physics has supported this summer school, I was glad to have had the
opportunity to contribute [Hayashi, Lecture notes for the 69th Condensed Matter Physics Summer School, 2025].

1. 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).

2. Commentary to “Application of Non-equilibrium Physics™: a session of the 21st [UPAB Congress 2024, Kyoto,
Japan: K. Hayashi and C.-B. Li, Biophys Rev NA, NA (2024).

3. Editorial: Hands-on Training Program: K. Hayashi, Biophysics and Physicobiology 21, NA (2024).

4. TUPAB H#B 2024 E2FBICEB T BHESRS  Tx DEVYBADORD 50 FE2BERT 1) - AET G
HUMMER, J. A. JOSEPH, R. LI, &« filti5, KR 18—, F. ZHANG, At B, S8 th—, M1 %, BE 8, /A
IRF B, LEIIEE 65, 35-46 (2025).

5. A round table at IUPAB Congress in Kyoto 2024: Dreaming the next 50 years in our biophysics: K. Hayashi, G.
Hummer, J. A. Joseph, R. Li, T. Nagai, S. Onami, F. Zhang, A. Kitamura, Y. Togashi, A. Kakugo, I. Fujiwara and T.
Komatsuzaki, Biophysics and Physicobiology 21, NA (2025).

6. MRAEREETENT O MR RENE N DICH: MAET, THEHBORZEI LRI Y K — 1+ 478 HfEHER O
TAEADISH ) (FiEHBEERFEIT, 2025), 36-40.

7. Extreme-value analysis in nano-biological systems: applications and implications: K. Hayashi, N. Takamatsu and
S. Takaramoto, Biophys. Rev. 16, 571-579 (2024).

8. BE— 8 — % VRV EDEYEAYE: Mk AET, A FEOEET ¥ A T 4 69 [A], 188-200 (2025).

Quantum Materials Group

Oshikawa group

We developed the finite-size scaling theory of one-dimensional quantum critical systems in the presence of boundaries.
While the finite-size spectrum in the conformal limit, namely of a conformal field theory with conformally invariant
boundary conditions, is related to the dimensions of boundary operators by Cardy, the actual spectra of lattice models
are affected by both bulk and boundary perturbations and contain non-universal boundary energies. We obtain a general
expression of the finite-size energy levels in the presence of bulk and boundary perturbations. In particular, a generic
boundary perturbation related to the energy-momentum tensor gives rise to a renormalization of the effective system size.
We verify our field-theory formulation by comparing the results with the exact solution of the critical transverse-field
Ising chain and with accurate numerical results on the critical three-state Potts chain obtained by Density-Matrix
Renormalization Group. Our study greatly improves the precision, and will serve as a basis of future numerical and
analytical studies of boundary critical phenomena.

1. "Boundary conditions and anomalies of conformal field theories in 1+1 dimensions: L. Li, C.-T. Hsieh, Y. Yao and
M. Oshikawa, Phys. Rev. B 110, 045118 (2024).

2. TIntrinsic symmetry-protected topological mixed state from modulated symmetries and hierarchical structure of
boundary anomaly: Y. You and M. Oshikawa, Phys. Rev. B 110, 165160 (2024).

3. TMagnetization oscillations in a periodically driven transverse field Ising chain: X. Wang, M. Oshikawa, M. Kormos
and J. Wu, Phys. Rev. B 110, 195101 (2024).
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4. TSpontaneous strong symmetry breaking in open systems: Purification perspective: P. Sala, S. Gopalakrishnan, M.
Oshikawa and Y. You, Phys. Rev. B 110, 155150 (2024).

5. TSystem-environment entanglement phase transitions: Y. Ashida, S. Furukawa and M. Oshikawa, Phys. Rev. B 110,
094404 (2024).

6. TLieb-Schultz-Mattis Theorem for 1D Quantum Magnets with Antiunitary Translation and Inversion Symmetries:
Y. Yao, L. Li, M. Oshikawa and C.-T. Hsieh, Phys. Rev. Lett. 133, 136705 (2024).

7. ™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).

8. TDecorated defect construction of gapless-SPT states: L. Li, M. Oshikawa and Y. Zheng, SciPost Phys. 17, 013
(2024).

9. Finite-size corrections to the energy spectra of gapless one-dimensional systems in the presence of boundaries: Y.
Liu, H. Shimizu, A. Ueda and M. Oshikawa, SciPost Phys. 17, 099 (2024).

10. TEntanglement swapping in critical quantum spin chains: M. Hoshino, M. Oshikawa and Y. Ashida, Phys. Rev. B
111, 155143 (2025).
11. Self-congruent point in critical matrix product states: An effective field theory for finite-entanglement scaling: J. T.
Schneider, A. Ueda, Y. Liu, A. La"uchli, M. Oshikawa and L. Tagliacozzo, SciPost Phys. 18, 142 (2025).
Nakatsuji group

Our research group is advancing a new phase in quantum materials science, where fundamental discoveries are increasingly
connected with emerging quantum technologies through interdisciplinary collaboration. We focus on designing,
synthesizing, and characterizing quantum materials that exhibit novel macroscopic properties. These materials are
integrated into thin-film-based devices, enabling us to probe novel quantum functionalities and assess their technological
potential. By forging direct links between quantum phenomena and practical applications, our mission is to lead the
creation of material platforms that drive both scientific discovery and innovation in computing, sensing, and energy-saving
technologies. Our major research themes are: 1. Quantum transport in magnetic topological materials 2. Coherent quantum
spin transport in antiferromagnetic spintronics 3. Strange metal and exotic superconductivity in strongly correlated electron
systems

I.

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

. *Bulk and surface uniformity of magnetic and electronic structures in epitaxial W/Mn3;Sn/MgO films revealed by

fluorescence- and electron-yield x-ray magnetic circular dichroism: S. Sakamoto, T. Higo, Y. Kotani, H. Kosaki, T.
Nakamura, S. Nakatsuji and S. Miwa, Phys. Rev. B 110, L060412 (2024).

. T*Crystal field magnetostriction of spin ice under ultrahigh magnetic fields: N. Tang, M. Gen, M. Rotter, H. Man, K.

Matsuhira, A. Matsuo, K. Kindo, A. Ikeda, Y. H. Matsuda, P. Gegenwart, S. Nakatsuji and Y. Kohama, Phys. Rev.
B 110, 214414 (1-10) (2024).

. *Anisotropy of the Gilbert damping constant in NiFe grown on the chiral antiferromagnet Mn3Sn: H. Kosaki, S.

Sakamoto, T. Hatajiri, T. Higo, S. Nakatsuji and S. Miwa, Phys. Rev. B 111, 024418 (2025).

. *Tunneling magnetoresistance and spin-orbit torque magnetization switching in ferrimagnetic Gd-Fe-Co based

magnetic tunnel junction: M. Yunokizaki, Y. Hibino, H. Idzuchi, H. Tsai, M. Ishibashi, S. Miwa, M. Hayashi
and S. Nakatsuji, Jpn. J. Appl. Phys. 64, 010904 (2025).

*Emergence of high-mobility carriers in topological kagome bad metal Mn3Sn by intense photoexcitation: T.
Matsuda, T. Higo, K. Kuroda, T. Koretsune, N. Kanda, Y. Hirai, H. Peng, T. Matsuo, C. Bareille, A. Varykhalov, N.
Yoshikawa, J. Yoshinobu, T. Kondo, R. Shimano, S. Nakatsuji and R. Matsunaga, Phys. Rev. Materials 9, 014202
(2025).

*Zero-field Hall effect emerging from a non-Fermi liquid in a collinear antiferromagnet VisNbSz2: M. K. Ray,
M. Fu, Y. Chen, T. Chen, T. Nomoto, S. Sakai, M. Kitatani, M. Hirayama, S. Imajo, T. Tomita, A. Sakai, D.
Nishio-Hamane, G. T. McCandless, M.-T. Suzuki, Z. Xu, Y. Zhao, T. Fennell, Y. Kohama, J. Y. Chan, R. Arita, C.
Broholm and S. Nakatsuji, Nat Commun 16, 3532 (2025).

. *Antiferromagnetic spin-torque diode effect in a kagome Weyl semimetal: S. Sakamoto, T. Nomoto, T. Higo, Y.

Hibino, T. Yamamoto, S. Tamaru, Y. Kotani, H. Kosaki, M. Shiga, D. Nishio-Hamane, T. Nakamura, T. Nozaki, K.
Yakushiji, R. Arita, S. Nakatsuji and S. Miwa, Nat. Nanotechnol. 20, 216-221 (2025).
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Miwa group

This year we worked on the following topics: (1) chirality-induced spin selectivity (CISS) in the absence of charge current,
(2) X-ray spectroscopy on the chiral antiferromagnet Mn3Sn thin film, and (3) interfacial magnetic anisotropy of the
Fe/LiF/MgO system. In topic (1), we have applied the spin-pumping method to the CISS experimental system and find
that the CISS-induced magnetoresistance does not originate from the spin-dependent transport (Phys. Rev. B 110, 054435).
In topic (2), we find that our expitaxial Mn3Sn thin film exhibits uniformity of magnetic and electronic states throughout
the thickness region. This is a collaboration with the groups of Nakatsuji (Phys. Rev. B 110, L060412). In topic (3)
we find that alkali fluoride with good crystallinity is effective to enhance the perpendicular magnetic anisotropy of the
Fe/MgO system (Phys. Rev. B 109, 064413).

1. *Bulk and surface uniformity of magnetic and electronic structures in epitaxial W/MnsSn/MgO films revealed by
fluorescence- and electron-yield x-ray magnetic circular dichroism: S. Sakamoto, T. Higo, Y. Kotani, H. Kosaki, T.
Nakamura, S. Nakatsuji and S. Miwa, Phys. Rev. B 110, L060412 (2024).

2. *Gilbert damping of NiFe thin films grown on two-dimensional chiral hybrid lead-iodide perovskites: T. Hatajiri, S.
Sakamoto, H. Kosaki, Z. Tian, M. Tanaka, T. Ideue, K. Inoue, D. Miyajima and S. Miwa, Phys. Rev. B 110, 054435
(1-6) (2024).

3. 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).

4. *Anisotropy of the Gilbert damping constant in NiFe grown on the chiral antiferromagnet Mn3Sn: H. Kosaki, S.
Sakamoto, T. Hatajiri, T. Higo, S. Nakatsuji and S. Miwa, Phys. Rev. B 111, 024418 (2025).

5. *Tunneling magnetoresistance and spin-orbit torque magnetization switching in ferrimagnetic Gd-Fe-Co based
magnetic tunnel junction: M. Yunokizaki, Y. Hibino, H. Idzuchi, H. Tsai, M. Ishibashi, S. Miwa, M. Hayashi
and S. Nakatsuji, Jpn. J. Appl. Phys. 64, 010904 (2025).

6. *Antiferromagnetic spin-torque diode effect in a kagome Weyl semimetal: S. Sakamoto, T. Nomoto, T. Higo, Y.
Hibino, T. Yamamoto, S. Tamaru, Y. Kotani, H. Kosaki, M. Shiga, D. Nishio-Hamane, T. Nakamura, T. Nozaki, K.
Yakushiji, R. Arita, S. Nakatsuji and S. Miwa, Nat. Nanotechnol. 20, 216-221 (2025).

Materials Design and Characterization Laboratory

Hiroi group

We concentrate on the layered polyanionic material MAIX (M =K, Na, X = Si, Ge). This material is a type of intermetallic
compound known as the Zintl phase, which has an unusual bonding state between ions and metals. Its electronic structure
is distinguished by its nordal-line semimetal composition. This is a topological semimetal, consisting of a linear chain
of Dirac points with linearly intersecting bands in wavenumber space (upper right in the figure), and is thought to
have a nontrivial quantum state.We conducted various measurements on these materials and discovered that NaAlSi is
a superconductor at 6.8 K, NaAlGe is an insulator with a pseudogap of approximately 100 K, and KAlGe undergoes
a metal-metal transition at 89 K. Thus, elemental substitution produces a wide range of ground states, including the
low-temperature phase of KAlGe, which has a remarkably low carrier density and extremely high mobility. Synchrotron
X-ray diffraction experiments have revealed that microstructural changes accompanying the superlattice occur during this
transition, resulting in the formation of Al-Ge tetramer “molecule formation”. He has recently observed Fermi surfaces
using angle-resolved photoemission spectroscopy, quasiparticle interferograms and topological edge states with STM, and
structural phase transitions under high pressure.

1. 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).

2. *Superconductivity in Hexagonal ZrsCoAl-Type ZrsRuBi» and ZrsFeBix: K. Yuchi, D. Nishio-Hamane, K.
Kojima, K. Moriyama, R. Okuma and Y. Okamoto, J. Phys. Soc. Jpn. 94, 013701(1-5) (2025).

3. *Topological Semimetal KAIGe with Novel Electronic Instability: T. Ikenobe, T. Yamada, J.-I. Yamaura, T. Oguchi,
R. Okuma, D. Hirai, H. Sagayama, Y. Okamoto and Z. Hiroi, Chem. Mater. 37, 189-197 (2025).
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 2024: (1) Classical spin systems and novel phase transitions
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and excitations [Akamatsu and Kawashima, JStatPhys191; Wu. et al. Phys. Rev. Res. 6], (2) Dynamics of quantum spin
systems [Tu et al. PRXQuantum5], (3) Development of new tensor network methods [Homma, et al. Phys. Rev. Res.
6], and (4) Development of open-source software for condensed matter calculations [Ido, et al., Comp.Phys.Commun.298;
Aoyama et al., Comp. Phys. Commun. 298]

I.

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
Communications 298, 109087(1-10) (2024).

Nuclear norm regularized loop optimization for tensor network: K. Homma, T. Okubo and N. Kawashima, Phys.
Rev. Research 6, 043102 (1-9) (2024).

Programmable order by disorder effect and underlying phases through dipolar quantum simulators: H.-K. Wu, T.
Suzuki, N. Kawashima and W.-L. Tu, Phys. Rev. Research 6, 023297(1-15) (2024).

. Faithfulness of Real-Space Renormalization Group Maps: K. O. Akamatsu and N. Kawashima, J Stat Phys 191, 109

(2024).

Generating Function for Projected Entangled-Pair States: W.-L. Tu, L. Vanderstraeten, N. Schuch, H.-Y. Lee, N.
Kawashima and J.-Y. Chen, PRX Quantum 5, 010335(1-15) (2024).

6. T*Update of HD : 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).

. Emergent intermediate phase in the Ji-J> XY model from tensor network approaches: F.-F. Song, H. Nuomin and

N. Kawashima, Phys. Rev. B 111, 104428(1-13) (2025).

Multi-impurity method for the bond-weighted tensor renormalization group: S. Morita and N. Kawashima, Phys.
Rev. B 111, 054433 (2025).

Tensor network renormalization approach to antiferromagnetic 6-state clock model on the Union Jack lattice: K.
Homma, S. Morita and N. Kawashima, Phys. Rev. B 111, 134427(1-12) (2025).

Uwatoko group

I.

Field-Induced Criticality in YbCusAu: T. Taniguchi, K. Osato, H. Okabe, T. Kitazawa, M. Kawamata, S. Hashimoto,
Y. Ikeda, Y. Nambu, D. P. Sari, I. Watanabe, J. G. Nakamura, A. Koda, J. Gouchi, Y. Uwatoko, S. Kittaka, T.
Sakakibara, M. Mizumaki, N. Kawamura, T. Yamanaka, K. Hiraki, T. Sasaki and M. Fujita, J. Phys. Soc. Jpn. 93,
124706(1-8) (2024).

. *Field-Induced Quantum Phase Transitions in the Pressure-Tuned Triangular-Lattice Antiferromagnet CsCuCls: K.

Nihongi, T. Kida, D. Yamamoto, Y. Narumi, J. Zaccaro, Y. Kousaka, K. Inoue, Y. Uwatoko, K. Kindo and M.
Hagiwara, J. Phys. Soc. Jpn. 93, 084704(1-7) (2024).

Pressure-induced Superconductivity in BiSz-based Superconductors Eu2SrBi2Sz.5sSei.sFa: 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).

. Absence of Ni**/Ni** charge disproportionation and possible roles of O 2p holes in LasNi2O7-; revealed by hard

x-ray photoemission spectroscopy: D. Takegami, K. Fujinuma, R. Nakamura, M. Yoshimura, K. -D. Tsuei, G. Wang,
N.N. Wang, J. -G. Cheng, Y. Uwatoko and T. Mizokawa, Phys. Rev. B 109, 125119(1-5) (2024).

. Competitive multiple phase transitions and distinct superconducting states in a ResGe7 single crystal under

hydrostatic pressure: C. Li, B. Ruan, Q. Dong, P. Yang, G. Xiao, T. Shi, Z. Tian, J. Sun, Y. Uwatoko, G. Chen,
Z.Ren, G. Wang, Z. Ren, B. Wang and J. Cheng, Phys. Rev. B 110, 184507(1-9) (2024).

. Emergence of strong-coupling superconductivity and quantum criticality correlated with Lifshitz transitions in the

alternate stacking compound 4H,—TaS:: S. Xu, J. Deng, J. Gao, F. Meng, L. Shi, P. Yang, N. Wang, Z. Liu, J. Sun,
Y. Uwatoko, H. Lei, X. Luo, Y. Sun, N. Wang, Z. Wang, B. Wang and J. Cheng, Phys. Rev. B 109, 144522(1-10)
(2024).

. 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).

. 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).
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9. *Bulk high-temperature superconductivity in pressurized tetragonal La;PrNi2O7: N. Wang, G. Wang, X. Shen, J.
Hou, J. Luo, X. Ma, H. Yang, L. Shi, J. Dou, J. Feng, J. Yang, Y. Shi, Z. Ren, H. Ma, P. Yang, Z. Liu, Y. Liu, H.
Zhang, X. Dong, Y. Wang, K. Jiang, J. Hu, S. Nagasaki, K. Kitagawa, S. Calder, J. Yan, J. Sun, B. Wang, R. Zhou,
Y. Uwatoko and J. Cheng, Nature 634, 579-584 (2024).

10. 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).

11. Pressure-Induced Superconductivity In Polycrystalline La;Ni2O7-s: 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).

12. ™Combined x-ray diffraction, electrical resistivity, and ab initio study of (TMTTF).PFs under pressure:
Implications for the unified phase diagram: M. Itoi, K. Yoshimi, H. Ma, T. Misawa, T. Tsumuraya, D. Bhoi, T.
Komatsu, H. Mori, Y. Uwatoko and H. Seo, Phys. Rev. Research 6, 043308 (1-14) (2024).

13. Extremely large magnetoresistance with coexistence of a nontrivial Berry phase in NbosTao sP: an experimental and
theoretical study: V. K. Gangwar, S. Singh, S. Ghosh, S. Dixit, S. Kumar, P. Shahi, Y. Uwatoko and S. Chatterjee, J.
Mater. Chem. C 12, 16375-16388 (2024).

14. First-order transition under a magnetic ordered state in SmPtSi>: T. Nakano, E. Takahashi, S. Yamaguchi, N. Takeda,
K. Uhlirova’, J. Prokles“ka, J. Posp1s7il, V. Sechovsky’, K. Matusbayashi, H. Ma and Y. Uwatoko, Phys. Scr. 99,
085923(1-7) (2024).

15. Development of a new Bridgman-type high-pressure cell by using built-in gasket up to 9.4 GPa and evaluation of
deformation: A. Hisada, S. Hirota, K. Magishi, N. Fujiwara and Y. Uwatoko, Rev Sci Instrum 95, 123905(1-7)
(2024).

16. *High-Field Magnetism of the Spin-1/2 Two-Leg-Ladder Antiferromagnet Cu(DEP)Cl> under High Pressure: T.
Morimoto, E. Morikawa, K. Nihongi, T. Kida, Y. Narumi, Z. Honda, S. Furukawa, Y. Uwatoko, K. Kindo and M.
Hagiwara, J. Phys. Soc. Jpn. 94, 024701 (2025).

17. Pressure Variation of Magnetism in Chromium and Manganese Mono-Pnictide Superconductors: M. Matsuda, J.
Cheng and Y. Uwatoko, J. Phys. Soc. Jpn. 94, 032001(1-16) (2025).

18. A Review on the Magnetovolume Effect of the Full Heusler Alloys Ni2MnZ (Z = In, Sn, Sb): T. Kanomata, X.
Xu, T. Sakon, Y. Nagata, S. Imada, T. Omori, R. Kainuma, T. Eto, Y. Adachi, T. Kihara, Y. Amako, M. Doiand Y.
Uwatoko, Metals 15, 215(1-31) (2025).

19. *Pressure-induced topological changes in the Fermi surface of a two-dimensional molecular conductor: T.
Kobayashi, K. Yoshimi, H. Ma, S. Sekine, H. Taniguchi, N. Matsunaga, A. Kawamoto and Y. Uwatoko, Phys.
Rev. Materials 9, L021801(1-8) (2025).

20. Pressure-induced charge amorphisation in BiNiO3: W.-T. Chen, T. Nishikubo, Y. Sakai, H. Das, M. Fukuda, Z. Pan,
N. Ishimatsu, M. Mizumaki, N. Kawamura, S. I. Kawaguchi, O. Smirnova, M. G. Tucker, T. Watanuki, A. Machida,
S. Takajo, Y. Uwatoko, Y. Shimakawa, M. Takano, M. Azuma and J. Paul Attfield, Nat Commun 16, 2128(1-7)
(2025).

Ozaki group

A noniterative method is presented to calculate the closest Wannier functions (CWFs) to a given set of localized guiding
functions, such as atomic orbitals, hybrid atomic orbitals, and molecular orbitals, based on minimization of a distance
measure function. It is shown that the minimization is directly achieved by a polar decomposition of a projection matrix
via singular value decomposition, making iterative calculations and complications arising from the choice of the gauge
irrelevant. The disentanglement of bands is inherently addressed by introducing a smoothly varying window function
and a greater number of Bloch functions, even for isolated bands. In addition to atomic and hybrid atomic orbitals, we
introduce embedded molecular orbitals in molecules and bulks as the guiding functions, and demonstrate that the Wannier
interpolated bands accurately reproduce the targeted conventional bands of a wide variety of systems including Si, Cu,
the TTF-TCNQ molecular crystal, and a topological insulator of Bi>Ses. We further show the usefulness of the proposed
method for calculating effective atomic charges. These numerical results not only establish our proposed method as an
efficient alternative for calculating WFs, but also suggest that the concept of CWF can serve as a foundation for developing
novel methods to analyze electronic structures and calculate physical properties.

1. Closest Wannier functions to a given set of localized orbitals: T. Ozaki, Phys. Rev. B 110, 125115 (2024).
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10.

YIEE DS EVERI: 2 S 2 =5 ¢ ZHEE) (20 2 @ kil - IR Z88h, g 52, 5 BEA, faH A,
R EIR, BEIAYBE 59(7), 381-387 (2024).

. Electronic band structure change with structural transition of buckled Au2X monolayers induced by strain: M.

Fukuda and T. Ozaki, Phys. Chem. Chem. Phys. 26, 3367 (2024).

Mathematical crystal chemistry: A mathematical programming approach to crystal structures of inorganic
compounds: R. Koshoji and T. Ozaki, Phys. Rev. Materials 8, 113801 (2024).

. Revealing the Charge Density Wave Caused by Peierls Instability in Two-Dimensional NbSez: Y.-T. Lee, P.-T.

Chen, Z.-H. Li, J.-Y. Wu, C.-N. Kuo, C. S. Lue, C.-T. Wu, C.-C. Kuo, C.-T. Chiang, T. Ozaki, C.-L. Lin, C.-C. Lee,
H.-C. Hsueh and M.-C. Chung, ACS Materials Lett. 6, 2941 (2024).

. Mechanochemical Synthesis of Non-Solvated Dialkylalumanyl Anion and XPS Characterization of Al(I) and AI(II)

Species**: S. Kurumada, R. Yamanashi, K. Sugita, K. Kubota, H. Ito, S. Ikemoto, C. Chen, T. Moriyama, S.
Muratsugu, M. Tada, T. Koitaya, T. Ozaki and M. Yamashita, Chemistry A European J 30, €202303073 (2024).

Atomic Observation on Diamond (001) Surfaces with Near-Contact Atomic Force Microscopy: R. Zhang, Y. Yasui,
M. Fukuda, T. Ozaki, M. Ogura, T. Makino, D. Takeuchi and Y. Sugimoto, Nano Lett. 25, 1101 (2025).

. *Chemical process of hydrogen and formic acid on a Pd-deposited Cu(111) surface studied by high-resolution X-ray

photoelectron spectroscopy and density functional theory calculations: W. Osada, M. Hasegawa, Y. Shiozawa, K.
Mukai, S. Yoshimoto, S. Tanaka, M. Kawamura, T. Ozaki and J. Yoshinobu, Phys. Chem. Chem. Phys. 27, 1978
(2025).

*Surface structure of the 3x3-Si phase on Al(111), studied by the multiple usages of positron diffraction and
core-level photoemission spectroscopy: Y. Sato, Y. Fukaya, A. Nakano, T. Hoshi, C.-C. Lee, K. Yoshimi, T. Ozaki,
T. Nakashima, Y. Ando, H. Aoyama, T. Abukawa, Y. Tsujikawa, M. Horio, M. Niibe, F. Komori and 1. Matsuda,
Phys. Rev. Materials 9, 014002 (2025).

Dimer ribbon structures on diamond (001) surfaces revealed with atomic force microscopy: R. Zhang, Y. Yasui, M.
Fukuda, M. Ogura, T. Makino, D. Takeuchi, T. Ozaki and Y. Sugimoto, Phys. Rev. Research 7, 023036 (2025).

Noguchi group

We have studied (1) spatiotemporal patterns in active Potts models, (2) curvature sensing of asymmetric proteins and
rotationally symmetric proteins, and (3) dynamics of tissue sheets on substrates.

I.

11.
12.

Cycling and spiral-wave modes in an active cyclic Potts model: H. Noguchi, F. van Wijland and J.-B. Fournier, J.
Chem. Phys. 161, 025101 (2024).

. Curvature sensing of curvature-inducing proteins with internal structure: H. Noguchi, Phys. Rev. E 109,

024403/1-10 (2024).

. Growth and shrinkage of tissue sheets on substrates: buds, buckles, and pores: H. Noguchi and J. Elgeti, New J.

Phys. 26, 103027 (2024).

. Spatiotemporal patterns in the active cyclic Potts model: H. Noguchi and J.-B. Fournier, New J. Phys. 26, 093043

(2024).

. Spontaneous symmetry breaking in two dimensions under non-equilibrium laminar flows: Y. Minami and H.

Nakano, J. Stat. Mech. 2024, 113205 (2024).

Computer Simulations of Responsive Nanogels at Lipid Membrane: A. S. Sorokina, R. A. Gumerov, H. Noguchi
and I. I. Potemkin, Macromol. Rapid Commun. 45, 2400406 (2024).

. Power-law correlation in the homogeneous disordered state of anisotropically self-propelled systems: K. Adachi and

H. Nakano, Phys. Rev. Research 6, 033234 (2024).

. Universal properties of repulsive self-propelled particles and attractive driven particles: H. Nakano and K. Adachi,

Phys. Rev. Research 6, 013074 (2024).

Curvature-sensing and generation by membrane proteins: a review: H. Noguchi, Soft Matter 21, 3922-3940 (2025).

. Spatiotemporal pattern formation of membranes induced by surface molecular binding/unbinding: H. Noguchi, Soft

Matter 21, 1113 (2025).
Spatiotemporal patterns in active four-state Potts models: H. Noguchi, Sci Rep 15, 674 (2025).

Nonequilibrium Membrane Dynamics Induced by Active Protein Interactions and Chemical Reactions: A Review:
H. Noguchi, ChemSystemsChem 7, €202400042 (2025).
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Yoshimi group

In 2024, we continued our contributions to the Project for Advancement of Software Usability in Materials Science
(PASUMS) by developing and maintaining research software tools. One of our main developments was ODAT-SE (Open
Data Analysis Tool for Science and Engineering), a general-purpose data analysis platform that integrates forward problem
solvers with inverse problem-solving algorithms for optimization tasks. Formerly known as 2DMAT, ODAT-SE was
restructured in version 3 with a modular architecture to enhance applicability across various scientific domains. We also
extended the capabilities of DCore and developed ChiQ, a new tool for computing two-particle spectra from DMFT results.
In parallel with software development, we conducted theoretical studies on pressure-induced electronic structure changes
in organic conductors, including investigations of Fermi surface topology, phase transitions, and orbital hybridization
effects on conductivity. Furthermore, we collaborated on experimental data analysis projects involving coherent X-ray
diffraction and spectro-ptychography, applying machine learning techniques.

1. *Multipolar ordering from dynamical mean field theory with application to CeBs: J. Otsuki, K. Yoshimi, H.
Shinaoka and H. O. Jeschke, Phys. Rev. B 110, 035104 (2024).

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

3. 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).

4. ™*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
Communications 298, 109087(1-10) (2024).

5. T*Orbital 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. ™Combined x-ray diffraction, electrical resistivity, and ab initio study of (TMTTF).PFs under pressure:
Implications for the unified phase diagram: M. Itoi, K. Yoshimi, H. Ma, T. Misawa, T. Tsumuraya, D. Bhoi, T.
Komatsu, H. Mori, Y. Uwatoko and H. Seo, Phys. Rev. Research 6, 043308 (1-14) (2024).

7. T*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).

8. *Pressure-induced topological changes in the Fermi surface of a two-dimensional molecular conductor: T.
Kobayashi, K. Yoshimi, H. Ma, S. Sekine, H. Taniguchi, N. Matsunaga, A. Kawamoto and Y. Uwatoko, Phys.
Rev. Materials 9, L021801(1-8) (2025).

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 ZrsRuBiz and ZrsFeBi» and new quasi-one-dimensional
van der Waals crystal Ta:NizTes. The A¢MX> family with the hexagonal ZrsCoAlx-type structure is a hotspot for
exploring new d-electron superconductors, in which ten new superconductors have been discovered in the past year. The
highest 7. = 4.7 K is manifested in SceFeTe2, where the contribution of the Fe 3d orbitals is considerably large, indicating
that AsM X2 can be a potential target for studying the correlation between superconductivity and various features of
transition metals. In this year, we discovered the two new bulk superconductors ZrsRuBi> and ZréFeBi> with T. = 4.9
and 1.4 K, respectively. The former compound is a new material and its 7¢ is slightly higher than that of SceFeTez,
highest in the existing AsMX2 compounds. Based on the electrical resistivity, magnetization, and heat capacity data, the
superconductivity in ZreRuBi2 is found to be most likely a conventional BCS type, but the considerably higher 7. than
that for ZreFeBi2 differs from the trend in the other AsMX: superconductors, suggesting the high potential of AsMXo
family to realize higher 7. and unusual properties. We succeeded in synthesizing the single crystals of chemically doped
Ta:NizTes. Cr-doped Ta:NizTes was found to show high thermoelectric performance, in which the telluride with the
one-dimensional crystal structure plays an important role.

1. 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).

2. Superconductivity in Ternary Zirconium Telluride ZrsMTe2 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).
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3. TAnisotropic Optical Conductivity Accompanied by a Small Energy Gap in One-Dimensional Thermoelectric
Telluride Ta4SiTes: 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).

4, 1 X967 7 ¥ TN — )V Ak TasSiTes 128 2 BVERIR: A b, (1] #E—, 47 JEE], BEiRyR 59,
95-105 (2024).

5. WRALEWIC BT 2 RRIER SRR Bl e, NS BEK, [EHAYBL 59, 457-468 (2024).

6. Electric Field-Induced Volume Change in Pyro-Vanadate-Phosphates: Toward an Alternative Actuator Architecture:
K. Takada, J. Shibutani, K. Yagi, F. Ikawa, Y. Yokoyama, D. Hirai, Y. Okamoto, N. Katayama, Y. Uemura, L. M. G.
H. Chavas, T. Hatano, A. Fujita and K. Takenaka, Appl. Phys. Lett. 125, 041903(1-6) (2024).

7. 70 LT IVALYIBER R ICBIN 5 ELR e W5 AR 2 b BIAE HYy, A HR BER], FC Report 42, 7-12 (2024).

8. Unbalanced Charge Distribution Stabilized by Orbital Ordering: Y. Okamoto, JPSJ News and Comments 21, 13(1-2)
(2024).

9. fObservation of Current-Induced Lattice Distortion in Spin—Orbit Coupled Iridium Oxide Caslr;O12: K. Kadohiro,
H. Hanate, M. Hayashida, T. Hasegawa, H. Nakao, Y. Okamoto, K. Miyazaki, S. Tsutsui and K. Matsuhira, J. Phys.
Soc. Jpn. 94, 023601(1-4) (2025).

10. *Superconductivity in Hexagonal ZrsCoAl>-Type ZrsRuBi» and ZreFeBi2: K. Yuchi, D. Nishio-Hamane, K.
Kojima, K. Moriyama, R. Okuma and Y. Okamoto, J. Phys. Soc. Jpn. 94, 013701(1-5) (2025).

11. Anisotropic superconducting gap probed by Te'?* NMR in noncentrosymmetric ScsMTez (M = Fe, Co): K. Doi, H.
Takei, Y. Shinoda, Y. Okamoto, D. Hirai, K. Takenaka, T. Matsushita, Y. Kobayashi and Y. Shimizu, Phys. Rev. B
111, 214502(1-7) (2025).

12. SceMTez @ /NI FeoP BIRE 2 S OF L WlEE 7 7 3 U —: WA (=G, 101 75—, B 60, 215-223
(2025).

13. Composition evolution of crystal structure and negative thermal expansion in pyro-vanadate—phosphate
Cui.sZno2V2-Px07: M. Kawakita, F. Ikawa, K. Yagi, M. Kano, T. Kubo, Y. Yokoyama, N. Katayama, Y.
Okamoto, D. Hirai and K. Takenaka, Appl. Phys. Lett. 126, 091902(1-5) (2025).

14, SEFIERBBRSEILEZATH L OHBIEEAR7 7 2 ) —: WA fHah, Sl 25, 80 e, 7 B, 1
APEeE R 80, 240-245 (2025).

15. *Topological Semimetal KAlGe with Novel Electronic Instability: T. Ikenobe, T. Yamada, J.-1. Yamaura, T. Oguchi,
R. Okuma, D. Hirai, H. Sagayama, Y. Okamoto and Z. Hiroi, Chem. Mater. 37, 189-197 (2025).

16. Electronic Self-Organization in the f-Pyrochlore Oxide CsW20s: Y. Okamoto, J. Phys. Soc. Jpn. 93, 111006(1-16)
(2024).

Yamaura group

This year, the structures of numerous materials were elucidated utilizing quantum beams and laboratory-based
diffractometers for fundamental to advanced materials such as innovative ferroelectrics, high dielectrics, unique
thermoelectric materials, boron crystals, and nanowire sensors. The collaborative research in the X-ray diffraction section
of the Materials Design and Characterisation Laboratory (MDCL) advanced effectively, offering user support to numerous
individuals both within and beyond the laboratory, as well as analytical guidance, innovative research proposals, and
avenues for quantum beam applications. In addition, the radiation safty 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. Symmetry change in LaNiOs films caused by epitaxial strain from LaAlOs, SrTiOs, and DyScOs pseudocubic (001)
surfaces: F. Izumisawa, Y. Ishii, M. Kimura, T. Katase, T. Kamiya, J.-I. Yamaura and Y. Wakabayashi, J. Appl. Phys.
136, 075303 (2024).

2. *J. = 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).

3. Phonon drag thermopower persisting over 200 K in FeSbz thin film on SrTiO3 single crystal: C. Yamamoto,
X. He, K. Hanzawa, T. Katase, M. Sasase, J.-I. Yamaura, H. Hiramatsu, H. Hosono and T. Kamiya, Appl. Phys.
Lett. 124, 193902 (2024).
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4. "™*Crystal structure and properties of perovskite-type rubidium niobate, a high-pressure phase of RbNbOs: 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).

5. *Macroscopic sheets of hydrogen boride and their spectroscopic evaluation: K. Yamaguchi, M. Niibe, X. Zhang, T.
Sumi, M. Horio, Y. Ando, J.-I. Yamaura, E. Nakamura, K. Tanaka, T. Kondo and I. Matsuda, Phys. Rev. Materials
8, 074005 (2024).

6. Nonequilibrium Layered PbS Stabilized by Sn Doping: Bipolar Semiconductors with Low Thermal Conductivity:
M. Hiramatsu, Z. Hu, S. Yoshikawa, Z. Yang, X. He, T. Katase, J.-I. Yamaura, H. Sagayama, T. Tadano, S. Ueda, H.
Hiramatsu, H. Hosono and T. Kamiya, ACS Appl. Electron. Mater. 6, 8339 (2024).

7. *Topological Semimetal KAIGe with Novel Electronic Instability: T. Ikenobe, T. Yamada, J.-I. Yamaura, T. Oguchi,
R. Okuma, D. Hirai, H. Sagayama, Y. Okamoto and Z. Hiroi, Chem. Mater. 37, 189-197 (2025).

8. *Evaluating chemical states in a single microcrystal of chromium boride with the micro-focused ion and quantum
beams: Y. Guan, X. Zhang, M. Miyamoto, Y. Tsujikawa, K. Yubuta, M. Horio, H. Isshiki, J.-I. Yamaura, T. Abukawa,
F. Komori and I. Matsuda, Solid State Sciences 161, 107838 (2025).

9. TDielectric properties depend on the crystal structure of perovskite-type RbTaOs synthesized at high pressure: K.
Murase, J.-I. Yamaura, Y. Hamasaki, T. Kato, H. Sagayama and A. Yamamoto, Dalton Trans. 54, 2252 (2025).

10. *Spontaneous Hall effect induced by collinear antiferromagnetic order at room temperature: R. Takagi, R. Hirakida,
Y. Settai, R. Oiwa, H. Takagi, A. Kitaori, K. Yamauchi, H. Inoue, J.-I1. Yamaura, D. Nishio-Hamane, S. Itoh, S. Aji,
H. Saito, T. Nakajima, T. Nomoto and R. A. &. S. Seki, Nature Materials 24, 63-68 (2025).

11. Nano-Patterned CuO Nanowire Nanogap Hydrogen Gas Sensor with Voids: M. Zhao, R. Nitta, S. [zawa, J. Yamaura
and Y. Majima, Adv Funct Materials 35, 2415971 (2025).

Kitagawa group

Kitagawa lab. started in FY2024. We are developing state-of-the-art high-pressure measurement techniques including
quantum sensing, and exploring new phenomena under pressure. Our main targets in FY2024 included, nickelate
high-temperature supeconductors, and instrumental development of ultrahigh-pressure devices for SQUID magnetometry
and optically-detected magnetic resonance (ODMR).

We established bulkiness of superconductivity for high-temperature two-layer-type nickelate superconductors for the
first time. The nickelate superconductor was first discovered as a resistivity drop under pressure as high as 14 GPa in 2023,
but there has been controversy whether the superconductivity is real (bulk) or not. We successfully measured Meissner
effect using 6-8 multi anvil apparatus and conventional micro-coil mutual inductance method.

To accelerate research for novel superconductors or magnetic materials, we are developing two types of opposed-anvil
type pressure devices. One fits to magnetization measurement using a commercial SQUID magnetometer, which allows
a highly sensitive magnetometry a with a resolution of volume susceptibility as small as 10~ under very high pressures
up to 20 GPa. The other is a large-scale high-pressure system intended to be used with wide field-of-view ODMR of
diamond NV center or other solid-state qunatum sensors. We are now testing these technologies with pressure-induced
superconductors including nickelates.

1. *Bulk high-temperature superconductivity in pressurized tetragonal La;PrNi2O7: N. Wang, G. Wang, X. Shen, J.
Hou, J. Luo, X. Ma, H. Yang, L. Shi, J. Dou, J. Feng, J. Yang, Y. Shi, Z. Ren, H. Ma, P. Yang, Z. Liu, Y. Liu, H.
Zhang, X. Dong, Y. Wang, K. Jiang, J. Hu, S. Nagasaki, K. Kitagawa, S. Calder, J. Yan, J. Sun, B. Wang, R. Zhou,
Y. Uwatoko and J. Cheng, Nature 634, 579-584 (2024).

Materials Synthesis and Characterization group

1. *J = 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).

2. ™Crystal structure and properties of perovskite-type rubidium niobate, a high-pressure phase of RbNbOs: 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).
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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 solids.
In 2024, we measured X-ray diffraction of hydrogen (H2) and xenon (Xe) amorphous hydrates M-5.75H.0 (M: guest
molecule) using a custom-made vapor-deposition cryostat and a high-energy X-ray diffractometer at BL04B2, SPring-8.
We found that both amorphous hydrates had many distorted hydrogen-bonded H20 cages containing guest molecules,
and they became more well-defined by annealing below 7, (= 130 K). It was also clarified that amorphous Xe hydrate
transformed to crystalline Xe hydrate by annealing around 165 K. We performed the neutron powder diffraction (NPD)
and quasielastic neutron scattering (QENS) experiments on a new hydrogen cluster material MgeWHi6. The orientation of
the MoHs*" ions remain disordered down to 8 K and the QENS spectra were well fitted by the Kohlrausch-Williams-Watts
(KWW) functions with small non-exponential parameters (5 < 0.4) corresponding to large distribution of relaxation time.
The heat capacities of vapor-deposited amorphous H2O and CS; were measured to obtain absolute density of states
corresponding to boson peaks. We also measured the heat capacity of a metal-organic framework MOF-101 including
acetonitrile (AN) molecules with/without Mg(TFSI) 2 in the pores to investigate the states of AN molecules from an
entropic point of view.

1. Improvement of a Time-of-Flight Spectrometer AGNES at JRR-3 Using Supermirror Techniques: H. Akiba, Y.
Ohmasa, M. Kofu, M. Zhang, S. Sato and O. Yamamuro, J. Phys. Soc. Jpn. 93, 091010 (2024).

2. 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).

3. Non-Newtonian Dynamics in Water-in-Salt Electrolytes: T. Yamaguchi, A. Dukhin, Y. -J. Ryu, D. Zhang, O.
Borodin, M. A. Gonza'lez, O. Yamamuro, D. L. Price and M. -L. Saboungi, J. Phys. Chem. Lett. 15, 76-80
(2024).

4. *Higher conductivity in doped ethylenedioxythiophene (EDOT) dimers with chalcogen-substituted end groups: K.
Onozuka, T. Fujino, T. Miyamoto, T. Yamakawa, H. Okamoto, H. Akiba, O. Yamamuro, E. Kayahara, S. Yamago,
H. Oike and H. Mori, J. Mater. Chem. C 12, 13956 (2024).

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 study on Skyrmion host compound GaV4Ses, chiral split magnon
in altermagnetic MnTe, field control of quasiparticle decay in a quantum antiferromagnet, spin dynamics in equilateral
triangular spin tube material CsCrFs and so on. We also developed a new inelastic neutron spectrometer HODACA.

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

2. Inelastic Neutron Scattering Study on Skyrmion Host Compound GaVa4Ses: Z. Liu, R. Ide, T.-H. Arima, S. Itoh, S.
Asai and T. Masuda, J. Phys. Soc. Jpn. 93, 124707(1-4) (2024).

3. ™*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).

4. T*Elastic and inelastic neutron scattering experiments under high pressure in the frustrated antiferromagnet CuFeO::
N. Terada, D. D. Khalyavin, P. Manuel, S. Asai, T. Masuda, H. Saito, T. Nakajima and T. Osakabe, Phys. Rev. B
110, 024406 (2024).

5. Inelastic neutron scattering studies on the eight-spin zigzag-chain compound KCusP3012 : 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. Do nni, Phys. Rev. B 109, 094434(1-8) (2024).

6. Neutron scattering study on dimerized 4f1 intermetallic compound CesSis: D. Ueta, Y. Iwata, R. Kobayashi, K.
Kuwahara, T. Masuda and S. Itoh, Phys. Rev. B 109, 205127(1-8) (2024).

7. Chiral Split Magnon in Altermagnetic MnTe: Z. Liu, M. Ozeki, S. Asai, S. Itoh and T. Masuda, Phys. Rev. Lett.
133, 156702(1-6) (2024).

8. Imaging and Control of Magnetic Domains in a Quasi-One-Dimensional Quantum Antiferromagnet BaCuzSiO7:
M. Moromizato, T. Miyake, T. Masuda, T. Kimura and K. Kimura, Phys. Rev. Lett. 133, 086701(1-6) (2024).
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9. *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. Ihata and H. Tanino, JPS Conf. Proc. 41,
011008(1-5) (2024).

10. 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).

11. Spin dynamics in linear magnetoelectric material Mn3Ta2Os: H. Kikuchi, S. Hasegawa, S. Asai, T. Hong, K.
Kimura, T. Kimura, S. Itoh and T. Masuda, J. Phys.: Condens. Matter 37, 195804(1-6) (2025).

12. Dirac Magnon in Honeycomb Lattice Magnet NiTiO3: H. Kikuchi, M. Ozeki, N. Kurita, S. Asai, T. J. Williams, T.
Hong and T. Masuda, J. Phys. Soc. Jpn. 94, 024703(1-4) (2025).

13. Neutron Spectroscopy Study on Crystalline Electric Field Excitations in NdBas: H. Yamauchi, N. Metoki, R.
Watanuki, T. Hong, J. A. Fernandez-Baca, M. Hagihala, T. Masuda, H. Yoshizawa and S. Itoh, J. Phys. Soc. Jpn.
94, 054705(1-8) (2025).

14. Anomalous Electrical Transport in the Kagome Magnet YbFesGes: W. Yao, S. Liu, H. Kikuchi, H. Ishikawa, O. S.
Fjellvag, D. W. Tam, F. Ye, D. L. Abernathy, G. D. A. Wood, D. Adroja, C.-M. Wu, C.-L. Huang, B. Gao, Y. Xie,
Y. Gao, K. Rao, E. Morosan, K. Kindo, T. Masuda, K. Hashimoto, T. Shibauchi and P. Dai, Phys. Rev. Lett. 134,
186501(1-7) (2025).

15. Neutron scattering studies on NdCrTiOs and RCrGeOs (R = Nd, Ho, Er) possessing spin-3/2 antiferromagnetic
alternating chains of Cr’'" spins: M. Hase, S. Asai, M. Soda, D. Kawana, T. Masuda, S. Itoh, T. Yokoo, M. Kohno,
V. Yu. Pomjakushin, A. Do nni and M. Rotter, Journal of Magnetism and Magnetic Materials 623, 172970(1-11)
(2025).

16. Spin Dynamics in Equilateral Triangular Spin Tube Material CsCrFa: 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 responsible for a polarized-neutron
triple-axis neutron spectrometer PONTA in the research reactor JRR-3 in Tokai, and have been supporting the users of the
ISSP-NSL joint-use program. One of the research highlights at PONTA in the fiscal year of 2024 is the discovery of a
non-coplanar helimagnetic order in the van der Waals compound DyTes. Prof. Hirschberger’s group in the university of
Tokyo grew a single crystal of this compound, and performed neutron diffraction measurements at PONTA. They revealed
that commensurate and incommensurate magnetic peaks emerge below the antiferromagnetic transition temperature
of Ty =3.85 K, which was determined by magnetic susceptibility and heat capacity measurements. By utilizing the
polarized neutron scattering technique, they successfully elucidated that the magnetic structure of this compound is an
alternating transverse conical magnetic structure. The complex helimagnetic ordering on cleavable van der Waals layers
would be potentially appricable for spintronics devices. Nakajima group is also working on developing new neutron
scattering techniques in extreme conditions. In this fiscal year, we have published a paper reporting neutron time-of-flight
diffraction measurements in long pulsed-magnetic fields in collaboration with Prof. Kohama’s group in IMGSL of ISSP.
By combining the high-intensity pulsed neutron beam in J-PARC and long pulsed magnetic field developed by Prof.
Kohama, we successfully observed diffraction patterns corresponding to field induced magnetic phases in a triangular
lattice antiferromagnet CuFe1-xGa,O.. We are planning to introduce spin-polarization analyzer for scattered neutrons,
which enables us to determine the symmetry of the magnetic structure from a limited number of magnetic reflections, in
the future.

1. "*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).

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

3. T*Spin-Lattice-Coupled Helical Magnetic Order in Breathing Pyrochlore Magnets, CuAlCrsSg and CuGaCraSs:
M. Gen, T. Nakajima, H. Saito, Y. Tokunaga and T.-H. Arima, J. Phys. Soc. Jpn. 93, 104602 (2024).

4. T*Elastic and inelastic neutron scattering experiments under high pressure in the frustrated antiferromagnet CuFeO::
N. Terada, D. D. Khalyavin, P. Manuel, S. Asai, T. Masuda, H. Saito, T. Nakajima and T. Osakabe, Phys. Rev. B
110, 024406 (2024).
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10.

11.

12.

. 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. Ihata and H. Tanino, JPS Conf. Proc. 41,
011008(1-5) (2024).

"Non-coplanar helimagnetism in the layered van-der-Waals metal DyTes: 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).

. *Multistep 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, Nature Physics 20, 1001-1008 (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).

Probing the Sense of Spin Twisting in Magnetic Skyrmion Lattice by Resonant X-ray Scattering: T. Nakajima, JPSJ
News Comments 21, 14 (2024).

Magnetoelastic coupling and large uniaxial pressure dependence of antiferromagnetic order in two-dimensional van
der Waals Fe2P2S¢ and Ni2P2Ss single crystals: K. K. Bestha, V. Kocsis, O. Janson, Y. Shemerliuk, S. Selter, S.
Aswartham, T. Nakajima, H. Saito, B. Bu"chner, L. T. Corredor and A. U. B. Wolter, Phys. Rev. B 111, L020409
(2025).

TElectronic commensuration of a spin moire” superlattice in a layered magnetic semimetal: T. Kurumaji, N. Paul,
S. Fang, P. M. Neves, M. Kang, J. S. White, T. Nakajima, D. Graf, L. Ye, M. K. Chan, T. Suzuki, J. Denlinger, C.
Jozwiak, A. Bostwick, E. Rotenberg, Y. Zhao, J. W. Lynn, E. Kaxiras, R. Comin, L. Fu and J. G. Checkelsky, Sci.
Adv. 11, eadu6686 (2025).

13. *Spontaneous Hall effect induced by collinear antiferromagnetic order at room temperature: R. Takagi, R. Hirakida,

Y. Settai, R. Oiwa, H. Takagi, A. Kitaori, K. Yamauchi, H. Inoue, J.-I. Yamaura, D. Nishio-Hamane, S. Itoh, S. Aji,
H. Saito, T. Nakajima, T. Nomoto and R. A. &. S. Seki, Nature Materials 24, 63-68 (2025).

Mayumi group

Contrast variation small-angle neutron scattering (CV-SANS) is a powerful tool to evaluate the structure of
multi-component systems by decomposing scattering intensities 1(Q) measured with different scattering contrasts into
partial scattering functions S(Q) of self- and cross-correlations between components. The measured 1(Q) contains a
measurement error, AI(Q), and AI(Q) results in an uncertainty of partial scattering functions, AS(Q). However, the error
propagation from AI(Q) to AS(Q) has not been quantitatively clarified. We have established deterministic and statistical
approaches to determine AS(Q) from AI(Q). We have applied the two methods to (i) computational data of a core-shell
sphere and experimental CV-SANS data of (ii) clay/polyethylene glycol (PEG) aqueous solutions and (iii) polyrotaxane
solutions, and have successfully estimated the errors of S(Q). The quantitative error estimation of S(Q) offers us a strategy
to optimize the combination of scattering contrasts to minimize error propagation.

I.

THierarchical Structure of Soft Materials Studied at Small-Angle Neutron Scattering Instrument, SANS-U: K.
Mayumi, L. Geonzon, K. Hashimoto and T. Oda, J. Phys. Soc. Jpn. 93, 091007 (2024).

TEffects of Heterogeneous Mixing of Imidazolium-Based lonic Liquids with Alcohols on Complex Formation of
Ni(Il) Ion: T. Takamuku, A. Ogawa, S. Tsutsui, K. Sadakane, H. Iwase, K. Mayumi and K. Ozutsumi, J. Phys.
Chem. B 128, 8567 (2024).

. 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).

TTough and Durable Slide-Ring Ion Gels for Stretchable Electronics Leveraging Strain-Induced Crystallization of
Poly(ethylene glycol): T. Enoki, K. Hashimoto, T. Oda, K. Ito and K. Mayumi, Macromolecules 57, 11498 (2024).

. TBridge-rich and loop-less hydrogel networks through suppressed micellization of multiblock polyelectrolytes: J.

Han, S. Najafi, Y. Byun, L. Geonzon, S.-H. Oh, J. Park, J. M. Koo, J. Kim, T. Chung, I. K. Han, S. Chae, D. W. Cho,
J. Jang, U. Jeong, G. H. Fredrickson, S.-H. Choi, K. Mayumi, E. Lee, J.-E. Shea and Y. S. Kim, Nat Commun 15,
6553 (2024).
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10.

11.

12.
13.

onic 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.
Michinobu, 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. Matsukawa 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).

TError evaluation of partial scattering functions obtained from contrast-variation small-angle neutron scattering: K.
Mayumi, T. Oda, S. Miyajima, I. Obayashi and K. Tanaka, J Appl Crystallogr 58, 4 (2025).

7Size-exclusion chromatography—small-angle neutron scattering system optimized for an instrument with medium
neutron flux: K. Morishima, R. Inoue, T. Nakagawa, M. Shimizu, R. Sakamoto, T. Oda, K. Mayumi and M.
Sugiyama, J Appl Crystallogr 58, 595 (2025).

TTough polymer gels reinforced by strain-induced crystallization: K. Mayumi, Polym J 57, 449 (2025).

T Adsorption suppression and viscosity transition in semidilute PEO/silica nanoparticle mixtures under the protein
limit: S. Kusakabe, X. Li, K. Mayumi, T. Katashima, I. Sakuma and Y. Akagi, Journal of Colloid and Interface
Science 692, 137377 (2025).

Kofu group

Our laboratory started in January 2025. We study the dynamics of atoms, molecules, and spins in various materials using
neutron scattering techniques to discover novel phenomena and universality inherent in a wide range of materials. In this
financial year, we performed inelastic/quasielastic scattering measurements of Ising spin glass (Fe,Mn)TiO3, martyite, and
amorphous metal hydride PdSiH using AMATERAS at J-PARC and AGNES at JRR-3. We also supported user
experiments on liquids, hydrates, and polymer systems using AGNES and contributed in part to the joint-use operation of
AMATERAS.

International MegaGauss Science Laboratory

Kindo group

We have found the process of fabricating the Cu-Ag wire for a stable 85 T shot. Every coil wound by the new wire can
generate the magnetic field exceeding 85 T without failure in this year.

I.

THigh-temperature magnetic anomaly via suppression of antisite disorder through synthesis route modification in
a Kitaev candidate CuxIrO;: Y. Haraguchi, D. Nishio-Hamane, A. Matsuo, K. Kindo and H. A. Katori, J. Phys.:
Condens. Matter 36, 405801 (2024).

TField-induced Insulator-Metal Transition in EuTe: T. Takeuchi, F. Honda, D. Aoki, Y. Haga, T. Kida, Y. Narumi,
M. Hagiwara, K. Kindo, K. Karube, H. Harima and Y. Onuki, J. Phys. Soc. Jpn. 93, 044708 (2024).

. *Field-Induced Quantum Phase Transitions in the Pressure-Tuned Triangular-Lattice Antiferromagnet CsCuCls: K.

Nihongi, T. Kida, D. Yamamoto, Y. Narumi, J. Zaccaro, Y. Kousaka, K. Inoue, Y. Uwatoko, K. Kindo and M.
Hagiwara, J. Phys. Soc. Jpn. 93, 084704(1-7) (2024).

. TInvariable Simultaneous Emergence of Antiferromagnetic Order and Tetragonal Deformation in CoO Nanocrystals:

Y. Ishiwata, G. Kawahara, K. Akase, T. Tominaga, H. Miyazaki, H. Ishii, A. Matsuo, K. Kindo, Y. Inagaki, K.
Akashi, T. Kawae, T. Kida, S. Suchiro, M. Nantoh and K. Ishibashi, J. Phys. Soc. Jpn. 93, 044603 (2024).

. TMagnetic Properties of Single Crystalline Eu>Gaslr: R. Nakachi, Y. Onuki, Y. Homma, A. Nakamura, D. Aoki, M.

Nakashima, T. Takeuchi, T. Kida, Y. Narumi, M. Hagiwara, K. Kindo, F. Honda, Y. Uwatoko, R. Higashinaka, Y.
Aoki and T. D. Matsuda, J. Phys. Soc. Jpn. 93, 115001 (2024).

TCaCo,TeOs : A topochemically prepared 3d’ honeycomb Kitaev magnet: Y. Haraguchi, Y. Yoshida, A. Matsuo,
K. Kindo and H. A. Katori, Phys. Rev. B 110, 184411 (2024).
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20.

21.

22.

23.

24.

x Crystal field magnetostriction of spin ice under ultrahigh magnetic fields: N. Tang, M. Gen, M. Rotter, H. Man, K.
Matsuhira, A. Matsuo, K. Kindo, A. Ikeda, Y. H. Matsuda, P. Gegenwart, S. Nakatsuji and Y. Kohama, Phys. Rev.
B 110, 214414 (1-10) (2024).

. *Dimerization-enhanced exotic magnetization plateau and magnetoelectric phase diagrams in skew-chain Co2V207:

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).

. Evidence of random spin-singlet state in the three-dimensional quantum spin liquid candidate Sr3CuNb2Oo: S. M.

Hossain, S. S. Rahaman, H. Gujrati, D. Bhoi, A. Matsuo, K. Kindo, M. Kumar and M. Majumder, Phys. Rev. B
110, L020406 (2024).

T*Geometric frustration and Dzyaloshinskii-Moriya interactions in a quantum star lattice hybrid copper sulfate: H.
Ishikawa, Y. Ishii, T. Yajima, Y. H. Matsuda, K. Kindo, Y. Shimizu, I. Rousochatzakis, U. K. Ro"Bler and O. Janson,
Phys. Rev. B 109, L180401 (2024).

*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).

"Magnetic field induced insulator-to-metal Mott transition in A-type organic conductors: S. Fukuoka, T. Oka, Y.
Thara, A. Kawamoto, S. Imajo and K. Kindo, Phys. Rev. B 109, 195142 (2024).

TOne-half magnetization plateau in the spin-1/2 fcc lattice antiferromagnet Sr2CoTeOs: H. Tanaka, A. Matsuo and
K. Kindo, Phys. Rev. B 109, 094414 (2024).

TQuantum spin state stabilized by coupling with classical spins: H. Yamaguchi, T. Okubo, A. Matsuo, T. Kawakami,
Y. Iwasaki, T. Takahashi, Y. Hosokoshi and K. Kindo, Phys. Rev. B 109, L100404 (2024).

*Jo = 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).

*Quantum Liquid States of Spin Solitons in a Ferroelectric Spin-Peierls State: S. Imajo, A. Miyake, R. Kurihara, M.
Tokunaga, K. Kindo, S. Horiuchi and F. Kagawa, Phys. Rev. Lett. 132, 096601/1-6 (2024).

Suppression of a Structural Phase Transition by an Orientational Disorder of Counteranions in an Organic Conductor,
S--(BEDT-TTF) 2CIC2HsSOs: H. Akutsu, M. Uruichi, S. Imajo, K. Kindo, T. Masuta, H. Manabe, Y. Nakazawa
and S. S. Turner, Inorg. Chem. 63, 16872 (2024).

TMagnetic properties of the Co-doped MnNiGe system in high magnetic field: M. Ito, K. Onda, A. Matsuo and K.
Kindo, Physica B: Condensed Matter 688, 416151 (2024).

*High-Field Magnetism of the Spin-1/2 Two-Leg-Ladder Antiferromagnet Cu(DEP)CI 2 under High Pressure: T.
Morimoto, E. Morikawa, K. Nihongi, T. Kida, Y. Narumi, Z. Honda, S. Furukawa, Y. Uwatoko, K. Kindo and M.
Hagiwara, J. Phys. Soc. Jpn. 94, 024701 (2025).

TContinuously evolving antiferromagnetic order within the superconducting phase in Zn-doped CeColns: K. Inoh,

R. Koizumi, T. Takahashi, H. Fujimoto, H. Ebisawa, A. Yashiro, M. Kohinata, A. Hosogai, A. Matsuo, K. Kindo, I.
Kawasaki, D. Okuyama, H.-C. Wu, T. J. Sato, K. Tenya, K. Ohoyama, K. Iwasa and M. Yokoyama, Phys. Rev. B
111, 104510 (2025).

*Properties of an organic model S=1 Haldane chain system: 1. Jakovac, T. Cvitanic, D. Arcon, M. Herak, D. Cincic,
N. B. Topic, Y. Hosokoshi, T. Ono, K. Iwashita, N. Hayashi, N. Amaya, A. Matsuo, K. Kindo, I. Loncaric, M.
Horvatic, M. Takigawa and M. S. Grbic, Phys. Rev. B 111, 064407 (2025).

Piezoelectric Transition in a Nonpyroelectric Gyroidal Metal-Organic Framework: S. Kitou, H. Ishikawa, Y.
Tokunaga, M. Ueno, H. Sawa, Y. Nakamura, Y. Kinoshita, T. Miyamoto, H. Okamoto, K. Kindo and T.-H. Arima,
J. Am. Chem. Soc. 147, 13642 (2025).

Frustrated Magnetism in a Gyroidal Metal-Organic Framework Magnet: S. Imajo, H. Ishikawa, K. Kindo, K.
Nakashima, R. Suizu and K. Awaga, Chem. Mater. 37, 297 (2025).

TPossible field-induced quantum state in a rhombic lattice antiferromagnet KCoPO4 H20: M. Fujihala, M. Hagihala,
A.Koda, J. G. Nakamura, A. Matsuo, K. Kindo and M. Ishikado, Phys. Rev. Materials 9, 014406 (2025).

Tokunaga group

Magnetization measurements in pulsed magnetic fields up to 66 T in a honeycomb lattice antiferromagnet FexMo030s
with strong Ising magnetic anisotropy revealed a six-step magnetization plateau. The results of electric polarization
measurements also showed plateaus corresponding to the magnetization process. We successfully reproduce these plateaus
in a model that includes the interaction between the second-nearest neighbor spins.
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. 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).

*Dimerization-enhanced exotic magnetization plateau and magnetoelectric phase diagrams in skew-chain Co2V207:
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).

. Field-induced electric polarization and elastic softening caused by parity-mixed d-p hybridized states with electric

multipoles in Ba2CuGe2O7: R. Kurihara, Y. Sato, A. Miyake, M. Akaki, K. Mitsumoto, M. Hagiwara, H. Kuwahara
and M. Tokunaga, Phys. Rev. B 109, 125129/1-26 (2024).

Multiple magnetoelectric plateaus in the polar magnet Fe2Mo030s: 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).

. Pressure-induced quantum melting of chiral spin order and subsequent transition to a degenerate semiconductor

state in FeGe: Y. Fujishiro, C. Terakura, A. Miyake, N. Kanazawa, K. Nakazawa, N. Ogawa, H. Kadobayashi,
S. Kawaguchi, T. Kagayama, M. Tokunaga, Y. Kato, Y. Motome, K. Shimizu and Y. Tokura, Phys. Rev. B 110,
L.220401/1-7 (2024).

. Realization of nodal-ring semimetal in pressurized black phosphorus: K. Akiba, Y. Akahama, M. Tokunaga and T.

C. Kobayashi, Phys. Rev. B 109, L201103/1-6 (2024).

Microwave Hall measurements using a circularly polarized dielectric cavity: M. Roppongi, T. Arakawa, Y. Yoshino,
K. Ishihara, Y. Kinoshita, M. Tokunaga, Y. Matsuda, K. Hashimoto and T. Shibauchi, Rev. Sci. Instrum. 95,
124704/1-11 (2024).

. TEmergent Spin-Gapped Magnetization Plateaus in a Spin-1/2 Perfect Kagome Antiferromagnet: S. Suetsugu, T.

Asaba, Y. Kasahara, Y. Kohsaka, K. Totsuka, B. Li, Y. Zhao, Y. Li, M. Tokunaga and Y. Matsuda, Phys. Rev. Lett.
132, 226701/1-6 (2024).

. *Quantum Liquid States of Spin Solitons in a Ferroelectric Spin-Peierls State: S. Imajo, A. Miyake, R. Kurihara, M.

Tokunaga, K. Kindo, S. Horiuchi and F. Kagawa, Phys. Rev. Lett. 132, 096601/1-6 (2024).

TSynthesis and High-Field Magnetic Measurement of Ba;Sn»:.Me1+.Fe10-2:02: H. Harasawa, H. Mitamura,
M. Tokunaga, K. Kakizaki and K. Kamishima, J. Magn. Soc. Jpn. 48, 88/1-6 (2024).

Nernst Effect of High-Mobility Weyl Electrons in NdAISi Enhanced by a Fermi Surface Nesting Instability: R.
Yamada, T. Nomoto, A. Miyake, T. Terakawa, A. Kikkawa, R. Arita, M. Tokunaga, Y. Taguchi, Y. Tokura and M.
Hirschberger, Phys. Rev. X 14, 021012/1-12 (2024).

"Magnetic properties and magnetocaloric effect of DyCooSis: N. Tsujii, A. Miyake, M. Tokunaga, J. Valenta and
H. Sakurai, Journal of Alloys and Compounds 980, 173653/1-7 (2024).

Novel anisotropy of upper critical fields in Fei1+TeosSeo4: 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).

THigher order exchange driven noncoplanar magnetic state and large anomalous Hall effects in electron doped
kagome magnet Mn3Sn: C. Singh, S. Jamaluddin, S. Pradhan, A. K. Nandy, M. Tokunaga, M. Avdeev and A. K.
Nayak, npj Quantum Mater. 9, 43/1-10 (2024).

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. Fauque’, Y. Fuseya, Z. Zhu and K. Behnia, npj Quantum Mater. 9, 12/1-9
(2024).

Effects of strain-tunable valleys on charge transport in bismuth: S. Hosoi, F. Tachibana, M. Sakaguchi, K. Ishida,
M. Shimozawa, K. Izawa, Y. Fuseya, Y. Kinoshita and M. Tokunaga, Phys. Rev. Research 6, 033096/1-12 (2024).

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).

TPeculiar magnetotransport properties in epitaxially stabilized orthorhombic Ru** perovskite LaRuO3 and NdRuOs:
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).

Insulating Behavior in the Quantum Limit State of Bii-Sbx (x ~0.04) in the Vicinity of Semimetal-Semiconductor
Transition: Y. Yamaguchi, T. Fujita, Y. Kinoshita, A. Yamada, A. Miyake, R. Hiraoka, T. D. Matsuda, R. Ninohira,
R. Kurihara, H. Yaguchi, Y. Fuseya and M. Tokunaga, J. Phys. Soc. Jpn. 94, 043701/1-5 (2025).
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20. TRemoval of excess iron by annealing processes and emergence of bulk superconductivity in sulfur-substituted FeTe:
R. Kurihara, R. Kogure, T. Ota, Y. Kinoshita, S. Hakamada, M. Tokunaga and H. Yaguchi, Phys. Rev. Materials 9,
034802/1-12 (2025).

21. TMetamagnetic transition behaviors and dissipation energy at low temperatures of (Ni-C0)50-Mn—Sn alloys under
pulsed high magnetic fields: T. Miyakawa, A. Miyake, X. Xu, T. Omori, M. Tokunaga and R. Kainuma, Materials
Letters 382, 137888/1-3 (2025).

22. TPolarization Change via Spin Crossover and Valence Tautomerism Behavior in [FeGa] Complexes: Q. Shui, S. -Q.
Wu, W. Zheng, X. Zhang, Z. Zhou, M. Kondo, M. Tokunaga, R. Shimada, A. Sakamoto, S. Kanegawa, S. -Q. Su
and O. Sato, CCS Chem 7, 1 (2025), accepted for publication.

Y. Matsuda group

We have studied the magnetic field-induced phase transitions in several intriguing magnetic materials, LaCoO3, Ho2Ti207,
Pr2Zr207, and a layered, spin- 1/2 organic-inorganic copper sulfate. Also, we have investigated the strong anisotropic
magnetization process in a potential permanent magnet, SmCo4B. In addition to the compounds mentioned above,
several materials, including a ferroelectric material, transition metal intermetallic compounds, and organic solids, have
been studied by several techniques such as the dielectric constant measurement, electric impedance measurement,
magnetostriction measurement, and streak camera spectroscopy. The aim of the recent research of our group is to explore
the unique non-perturbative magnetic field effect (NPME) in ultrahigh magnetic fields exceeding 100 T. One of the typical
NPME:s is the field-induced crystal structural change, which should be interpreted as the modification of the chemical bond
in a solid in some sense. The strong spin-lattice coupling is the key physical parameter and can lead to the discovery of
novel crystals appear only in an ultrahigh magnetic field.

1. A Review on Magnetic Field Induced Spin Crossover in LaCoO3 up to 600 T: A. Ikeda, Y. H. Matsuda, K. Sato and
J. Nasu, J. Phys. Soc. Jpn. 93, 121005 (13 pages) (2024).

2. ™*Crystal field magnetostriction of spin ice under ultrahigh magnetic fields: N. Tang, M. Gen, M. Rotter, H. Man, K.
Matsuhira, A. Matsuo, K. Kindo, A. Ikeda, Y. H. Matsuda, P. Gegenwart, S. Nakatsuji and Y. Kohama, Phys. Rev.
B 110, 214414 (1-10) (2024).

3. ™*Geometric frustration and Dzyaloshinskii-Moriya interactions in a quantum star lattice hybrid copper sulfate: H.
Ishikawa, Y. Ishii, T. Yajima, Y. H. Matsuda, K. Kindo, Y. Shimizu, I. Rousochatzakis, U. K. Ro"Bler and O. Janson,
Phys. Rev. B 109, L180401 (2024).

4. Development of techniques for the dielectric constant measurement in matter in ultrahigh magnetic fields exceeding
100thinsp;T: P. Chiu, Y. Ishii and Y. H. Matsuda, J. Appl. Phys. 137, 155903 1-7 (2025).

5. T*Polarization Switching from Valence Trapping in an Oxo-Bridged Trinuclear Iron Complex: W.-H. Xu, S.-Q. Wu,
S.-Q. Su, Y.-B. Huang, W. Zheng, X. Zhang, T. Ji, K. Gao, X.-G. Zhou, S. Peng, Q. Chen, M. Tokunaga, Y. H.
Matsuda, A. Okazawa and O. Sato, J. Am. Chem. Soc. 147, 5051-5059 (2025).

6. Experimental and Numerical Studies of the Collapse of Dense Clouds Induced by Herbig—Haro Stellar Jets: M.
Fontaine, C. Busschaert, Y. Benkadoum, I. A. Bertrix, M. Koenig, F. Lefe'vre, J.-R. Marque's, D. Oportus, A. Ikeda,
Y. H. Matsuda, &. Falize and B. Albertazzi, ApJ 981,172 (8pages) (2025).

7. The Potential of SmC,sB-Based Compounds as a Permanent Magnet: P. Tozman, A. Aubert, K. Skokov, H.
Sepehri-Amin, Y. Skourski, Y. Ishii, Y. H. Matsuda and O. Gutfleisch, in: 2024 IEEE International Magnetic
Conference - Short papers (INTERMAG Short papers) (IEEE, 2024), 2 pages.

Kohama group

We have investigated high-field properties on several compounds. In itinerant systems, such as CeCoSi and YbBi2, the
field-induced anomalies have been investigated by calorimetry and magnetic transport experiments using non-destructive
pulsed magnetic fields. Here we also collaborated with the Grenoble high-field laboratory and IMR. In magnetic materials,
we have investigated the spin-lattice coupling in destructive pulsed fields. We have also developed the Jc measurement
technique in pulsed fields for the application to the applied superconductivity.

1. "*Spin-Lattice-Coupled Helical Magnetic Order in Breathing Pyrochlore Magnets, CuAICrsSs and CuGaCraSs:
M. Gen, T. Nakajima, H. Saito, Y. Tokunaga and T.-H. Arima, J. Phys. Soc. Jpn. 93, 104602 (2024).

2. 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).

ISSP Activity Report 2024 97



3.

10.

11.

12.

13.

14.

15.

T*Crystal field magnetostriction of spin ice under ultrahigh magnetic fields: N. Tang, M. Gen, M. Rotter, H. Man, K.
Matsuhira, A. Matsuo, K. Kindo, A. Ikeda, Y. H. Matsuda, P. Gegenwart, S. Nakatsuji and Y. Kohama, Phys. Rev.
B 110, 214414 (1-10) (2024).

4. *Dimerization-enhanced exotic magnetization plateau and magnetoelectric phase diagrams in skew-chain Co2V207:

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).

. *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).

Characterization of In-Field Critical Currents in REBCO Tapes Over Wide Temperature Range by Pulsed Current
Source With Supercapacitor: Y. Tsuchiya, K. Mizuno, Y. Kohama, A. Zampa, T. Okada and S. Awaji, IEEE Trans.
Appl. Supercond. 34, 1 (2024).

. Evidence for large thermodynamic signatures of in-gap fermionic quasiparticle states in a Kondo insulator: Z. Yang,

C. Marcenat, S. Kim, S. Imajo, M. Kimata, T. Nomura, A. Muer, D. K. Maude, F. Iga, T. Klein, D. Chowdhury and
Y. Kohama, Nature Communications 15, 7801 (2024).

. Magnetic Field Effect on Spin-Polarized Excitons in Two-Dimensional Cesium Lead Bromide Perovskites: R.

Huang, J. Hu, Z. Yang, Y. Kohama, X. Zhang, X. Zhu, H. Zuo, J. Zou, T. Peng, L. Li, G. Xu and Y. Han, ACS
Photonics 11, 3160 (2024).

Triangular Lattice Magnet GdGa » with Short-Period Spin Cycloids and Possible Skyrmion Phases: P. R. Baral, N.
D. Khanh, M. Gen, H. Sagayama, H. Nakao, T.-H. Arima, Y. Onuki, Y. Tokura and M. Hirschberger, J. Phys. Soc.
Ipn. 94, 024705 (2025).

Incommensurate broken helix induced by nonstoichiometry in the axion insulator candidate EulnzAs2: M. Gen, Y.
Fujishiro, K. Okigami, S. Hayami, M. T. Birch, K. Adachi, D. Hashizume, T. Kurumaji, H. Sagayama, H. Nakao, Y.
Tokura and T.-H. Arima, Phys. Rev. B 111, L081109 (2025).

Magnetization process of a quasi-two-dimensional quantum magnet: Two-step symmetry restoration and
dimensional reduction: A. Reinold, L. Berger, M. Raczkowski, Z. Zhao, Y. Kohama, M. Gen, D. 1. Gorbunov,
Y. Skourski, S. Zherlitsyn, F. F. Assaad, T. Lorenz and Z. Wang, Phys. Rev. B 111, L100405 (2025).

Critical Current Evaluation of REBCO Tapes across Entire Temperatures and Magnetic Fields up to 25 T Using a 5
kA Pulsed Current Supply: Y. Tsuchiya, K. Mizuno, Y. Kohama and S. Awaji, IEEE Trans. Appl. Supercond. N/A,
1 (2025).

Canted antiferromagnetism in a spin-orbit coupled Seffnbsp;=nbsp;3/2 triangular-lattice magnet DyAuGe: T.
Kurumaji, M. Gen, S. Kitou, K. Ikeuchi, H. Sagayama, H. Nakao, T. R. Yokoo and T.-H. Arima, Nat Commun
16,2176 (2025).

Probing and manipulating the Mexican hat-shaped valence band of In.Ses: J. Felton, J. Harknett, J. Page, Z. Yang,
N. Alghofaili, J. N. O’Shea, L. Eaves, Y. Kohama, M. T. Greenaway and A. Patane’, Nat Commun 16, 922 (2025).

*Zero-field Hall effect emerging from a non-Fermi liquid in a collinear antiferromagnet VisNbS2: M. K. Ray,
M. Fu, Y. Chen, T. Chen, T. Nomoto, S. Sakai, M. Kitatani, M. Hirayama, S. Imajo, T. Tomita, A. Sakai, D.
Nishio-Hamane, G. T. McCandless, M.-T. Suzuki, Z. Xu, Y. Zhao, T. Fennell, Y. Kohama, J. Y. Chan, R. Arita, C.
Broholm and S. Nakatsuji, Nat Commun 16, 3532 (2025).

Miyata group

We have worked on magneto-optical experiments under pulsed magnetic fields to search for exotic magneto-optical
phenomena in antiferromagnets (especially, van der Waals antiferromagnets). The magnetoelectric material LiNipOs has
complex magnetic exchange interactions, leading to a sequence of magnetic phase transitions in high magnetic fields. Our
pulsed field experiments revealed that LiNiPO4 exhibits complex linear dichroism (LD) and directional dichroism (DD),
arising from low magnetic symmetries induced by high magnetic fields. The vdW antiferromagnet Nil: is the first known
candidate to show multiferroicity even at the atomic layer scale. It also shows magnetic excitons that are strongly
coupled to its magnetic structure. Our experiments demonstrated that the magnetic exciton shows a shoulder-like structure
between 20-30 T and undergoes a significant shift above 30 T due to magnetic phase transitions.

I.

Magnon-phonon interactions in the spinel compound MnSczSes: J. Sourd, Y. Skourski, L. Prodan, V. Tsurkan, A.
Miyata, J. Wosnitza and S. Zherlitsyn, Phys. Rev. B 110, 094414 (2024).
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Center of Computational Materials Science

Misawa group

We have developed numerical methods and software packages for strongly correlated electron systems. We have updated
HO® (software for exact diagonalization), many-variable variational Monte Carlo method (mVMC), and released H-wave
(software for Hartree-Fock calculations and random phase approximations). Using these software packages, we have
performed ab initio calculations for molecular solids, and a variational Monte Carlo study for the Kondo lattice model on
a triangular lattice.

I.

"Many-body Chern insulator in the Kondo lattice model on a triangular lattice: K. Ido and T. Misawa, Phys. Rev. B
109, 245114(1-6) (2024).

. T™Monte Carlo study on low-temperature phase diagrams of the Ji-J> classical XY kagome antiferromagnet: F.

Kakizawa, T. Misawa and H. Shinaoka, Phys. Rev. B 109, 014439(1-15) (2024).

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

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
Communications 298, 109087(1-10) (2024).

T*Combined x-ray diffraction, electrical resistivity, and ab initio study of (TMTTF):PFs under pressure:
Implications for the unified phase diagram: M. Itoi, K. Yoshimi, H. Ma, T. Misawa, T. Tsumuraya, D. Bhoi, T.
Komatsu, H. Mori, Y. Uwatoko and H. Seo, Phys. Rev. Research 6, 043308 (1-14) (2024).

6. T*Update of HD : Newly added functions and methods in versions 2 and 3: K. Ido, M. Kawamura, Y. Motoyama,

7.

K. Yoshimi, Y. Yamaji, S. Todo, N. Kawashima and T. Misawa, Comp. Phys. Commun. 298, 109093(1-15) (2024).

TSpin Seebeck Effect as a Probe for Majorana Fermions in Kitaev Spin Liquids: Y. Kato, J. Nasu, T. Okubo, T.
Misawa and Y. Motome, Phys. Rev. X 15, 011050(1-18) (2025).

Inui group

We advanced an automatic-differentiation—driven inverse-design platform for quantum-material functionalities. The major
achievements in 2024 are (1) optimizing disorder landscapes in mesoscopic conductors to precisely reproduce target
magnetotransport responses, and (2) designing spin-exchange Hamiltonians that maximize many-body entanglement,
naturally yielding quantum-spin-liquid ground states. These results showcase computation-guided inverse design as a
versatile route to engineer electronic and magnetic properties from the nanoscale upward.

I.

Inverse magnetoconductance design by automatic differentiation: Y. Hirasaki, K. Inui and E. Saitoh, Phys. Rev. B
110, 214201 (2024).

2. Inverse Hamiltonian design of highly entangled quantum systems: K. Inui and Y. Motome, Phys. Rev. Research 6,

033080 (2024).

Laser and Synchrotron Research Center

Kobayashi group

Laser Development and cyber physical system

I.

*Spin-polarized saddle points in the topological surface states of elemental bismuth revealed by pump-probe spin-
and angle-resolved photoemission spectroscopy: Y. Fukushima, K. Kawaguchi, K. Kuroda, M. Ochi, M. Hirayama,
R. Mori, H. Tanaka, A. Harasawa, T. limori, Z. Zhao, S. Tani, K. Yaji, S. Shin, F. Komori, Y. Kobayashi and T.
Kondo, Phys. Rev. B 110, L041401 (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).

. Sub-10-fs pulse generation from 10 nJ Yb-fiber laser with cascaded nonlinear pulse compression: D. Kang, T. Otsu,

S. Tani and Y. Kobayashi, Opt. Express 32, 5214 (2024).
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4. ™Comprehensive study of the luminescence properties of elemental metals: T. Suemoto, S. Ono, A. Asahara, T.
Okuno, T. Suzuki, K. Okazaki, S. Tani and Y. Kobayash, Phys. Rev. B 1114, 035150 (2025).

5. *Portable laser diode module of sub-10 ps gain-switched pulse source at 1030 nm wavelength: M. Kobayashi, H.
Nakamae, C. Kim, T. Nakamura, T. Ito, S. Chen, Y. Kobayashi and H. Akiyama, Jpn. J. Appl. Phys. 64, 038004
(2025).

6. Monolithic Er:YAG ceramic waveguide laser fabricated by femtosecond direct laser writing: T. Sumiya, S. Tani, A.
Tsunoda, M. Nakazaki and Y. Kobayashi, Opt. Express 33, 10047 (2025).

Harada group

In 2024, we utilized soft X-ray absorption (XAS) and resonant emission spectroscopy (RXES) to investigate advanced
materials for energy storage and the behavior of water in confined environments. We elucidated the charge compensation
mechanisms in layered oxyfluorides and oxyfluorosulfides for fluoride-ion batteries, revealing anion redox processes that
enable high capacities of 200-340 mAh/g. The XES studies on water structure yielded insights into hydrogen bonding
configurations in various systems, including polymer interfaces, nanochannels, and zwitterionic block copolymers.
We correlated these molecular-level water structures to macroscopic properties such as biocompatibility and material
functionality. The oxygen K-edge XES measurements on metal-organic frameworks revealed the electronic perturbations
driving structural breathing transitions through carboxylate oxygen lone pair orbital reconfigurations. To enhance our
analytical capabilities, we implemented a sophisticated rotation mechanism to the X-ray emission spectrometer that enables
flexible scattering angle adjustments between 45-135°. This advancement streamlines angle-resolved XES measurements
and expands it’s versatility to include diffraction experiments.

1. Double-Layered Perovskite Oxyfluoride Cathodes with High Capacity Involving O-O Bond Formation for
Fluoride-Ion Batteries: H. Miki, K. Yamamoto, H. Nakaki, T. Yoshinari, K. Nakanishi, S. Nakanishi, H. Iba,
J. Miyawaki, Y. Harada, A. Kuwabara, Y. Wang, T. Watanabe, T. Matsunaga, K. Maeda, H. Kageyama and Y.
Uchimoto, J. Am. Chem. Soc. 146, 3844-3853 (2024).

2. TPronounced Cold Crystallization and Hydrogen Bonding Distortion of Water Confined in Microphases of Double
Zwitterionic Block Copolymer Aqueous Solutions: Y. Higaki, T. Masuda, S. Shiomoto, Y. Tanaka, H. Kiuchi, Y.
Harada and M. Tanaka, Langmuir 40, 19612-19618 (2024).

3. TRevealing the Unusual Mechanism of Mixed Cationic and Anionic Redox in Oxyfluorosulfide Cathode for
All-Solid-State Fluoride-lon Batteries: Z. Cao, K. Yamamoto, T. Matsunaga, T. Watanabe, M. Kumar, N. Thakur,
R. Ohashi, S. Tachibana, H. Miki, K. Ide, H. Iba, H. Kiuchi, Y. Harada, Y. Orikasa and Y. Uchimoto, Chem. Mater.
36, 1928-1940 (2024).

4. *Enhancement of high harmonic generation in liquid water by resonant excitation in the mid-infrared: T. Yang, T.
Kurihara, Y. Hua, T. Mizuno, T. Kanai, S. Ashihara, Y. Harada and J. Itatani, Appl. Phys. Express 17, 122006 1-5
(2024).

5. THydrogen-Bonded Structures of Water Molecules in Hydroxy-Functionalized Nanochannels of Columnar Liquid
Crystalline Nanostructured Membranes Studied by Soft X-ray Emission Spectroscopy: K. Hamaguchi, T. Sakamoto,
N. Kurahashi, Y. Harada and T. Kato, J. Phys. Chem. Lett. 15, 454-460 (2024).

6. TEffects of hydration water on bioresponsiveness of polymer interfaces revealed by analysis of linear and cyclic
polymer-grafted substrates: S.-N. Nishimura, N. Kurahashi, S. Shiomoto, Y. Harada and M. Tanaka, Soft Matter 20,
9454-9463 (2024).

7. THydrogen-bonded structure of hydrated water in polyvinyl pyrrolidone aqueous solution investigated by X-ray
absorption and emission spectroscopy: K. Ozaki, M. Nakada, M. Kunisu, J. Yahiro, K. Yamazoe, Y. Cui, J. Miyawaki
and Y. Harada, Journal of Molecular Liquids 403, 124822 1-6 (2024).

8. TAngle-resolved X-ray emission spectroscopy facility realized by an innovative spectrometer rotation mechanism at
SPring-8 BLO7LSU: J. Miyawaki, Y. Kosegawa and Y. Harada, J Synchrotron Rad 31, 208-216 (2024).

9. TThe role of carboxylate ligand orbitals in the breathing dynamics of a metal-organic framework by resonant X-ray
emission spectroscopy: R. Ugalino, K. Yamazoe, J. Miyawaki, H. Kiuchi, N. Kurahashi, Y. Kosegawa and Y. Harada,
J Synchrotron Rad 31, 217-221 (2024).

10. Structural analysis of nano-water droplets: A molecular dynamics study: N. Shima, Y. Harada and O. Takahashi,
Chemical Physics Letters 852, 141521 1-5 (2024).

11. *Soft X-ray Emission Spectroscopy of Hydrogen Bonding in Water and Its Application to Operando Analysis: Y.
HARADA, Vac. Surf. Sci. 67, 224-228 (2024).
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12. B HgRAMC B V) 2 K R BRI O 55 S X 2 800 SR B2, BERE B, AU L KEP B, R R
AR HRER, ISR 7 + b =7 A= 2 — A 10-2, 53 (2024).

13. "*Chemical-state imaging of a mammalian cell through multi-elemental soft x-ray spectro-ptychography: K.
Sakurai, Y. Takeo, S. Takaramoto, N. Furuya, K. Yoshinaga, T. Shimamura, J. T. O’Neal, Y. Nakata, S. Egawa,
K. Yoshimi, H. Ohashi, H. Mimura, Y. Harada, K. Inoue, M. Shimura and T. Kimura, Appl. Phys. Lett. 126,
043702(1-7) (2025).

14. TCathode Design Based on Nitrogen Redox and Linear Coordination of Cu Center for All-Solid-State Fluoride-Ion
Batteries: D. Zhang, K. Yamamoto, Z. Cao, Y. Wang, Z. Zhong, H. Kiuchi, T. Watanabe, T. Matsunaga, K.
Nakanishi, H. Miki, H. Iba, Y. Harada, K. Amezawa, K. Maeda, H. Kageyama and Y. Uchimoto, J. Am. Chem.
Soc. 147, 5649-5657 (2025).

15. THigh Oxygen Storage Capacity of Ultrasmall Mn-Doped CeO: Nanoparticles via Enhanced Local Distortion and
Mn(II) Lattice Substitution: C. Han, A. Yoko, A. Taufik, S. Ohara, M. Nishibori, K. Ninomiya, H. Kiuchi, Y. Harada
and T. Adschiri, Chem. Mater. 37, 1205-1214 (2025).

16. TElucidation of the Co*" state with strong charge-transfer effects in charged LiCoO2 by resonant soft X-ray emission
spectroscopy at the Co L3 edge: D. Asakura, T. Sudayama, Y. Nanba, E. Hosono, H. Kiuchi, K. Yamazoe, J.
Miyawaki, Y. Harada, A. Yamada, R.-P. Wang and F. M. F. D. Groot, Phys. Chem. Chem. Phys. 27, 4092-4098
(2025).

17. TElectronic structures of blue copper centers of amicyanin and azurin in the solution state: Y. Izumi, R. Ugalino, J.
Miyawaki, C. Shibazaki, M. Adachi, N. Kurahashi, H. Kiuchi, Y. Harada and K. Fujii, Dalton Trans. 54, 1980-1985
(2025).

18. Iron-complex-based catalytic system for high-performance water oxidation in aqueous media: T. Matsuzaki, K.
Kosugi, H. Iwami, T. Kambe, H. Kiuchi, Y. Harada, D. Asakura, T. Uematsu, S. Kuwabata, Y. Saga, M. Kondo and
S. Masaoka, Nat Commun 16, 2145 1-11 (2025).

19. Facet-dependent photocatalytic performance and electronic structure of single-crystalline anatase TiO: particles
revealed by X-ray photoelectron spectromicroscopy: W. Zhang, M. A. Samarai, H. Zhao, D. Liu, H. Kiuchi, R.
Ugalino, S. Li, F. Yao, Q. Feng and Y. Harada, J. Mater. Chem. C 13, 61-67 (2025).

20. *Macroscopic Structural Transition of Nickel Dithiolate Capsule with Uniaxial Magnetic Anisotropy in Water: T.
Fujino, M. Hishida, M. Ito, T. Nakamura, M. Asada, N. Kurahashi, H. Kiuchi, Y. Harada, K. Harano, R. Makiura,
K. J. Takeno, S. Yokomori, H. Oike and H. Mori, Adv. Science (2025), accepted for publication.

I. Matsuda group

The new synchrotron radiation facility, NanoTerasu, was launched at Sendai in Miyagi-prefecture and we started the user
operation with our end-stations at the soft X-ray beamline BLO8U. At the station of ambient-pressure X-ray spectroscopy,
we have made experiments with users on gas/solid interfaces of various materials, such as model catalysts. We have
also upgraded the instrument and succeeded in measuring soft X-ray photoelectron spectra at the real ambient pressure
condition (1 bar). The achievement is for the first time in human history and it has opened the real operando experiments
on the real functional materials. At the station of X-ray spectromicroscopy, two-dimensional scan of X-ray absorption
spectroscopy can be performed with automatic controls. The system has continuously been developed as the autonomous
robot system with process-informatics.

Our group has conducted synthesis of the boron materials by the film growth and the subsequent chemical exfoliations.
On copper crystal surface, we have discovered one-dimensional (1-D) structure with quasi-periodicity. We have also
succeeded in growing millimeter-sized crystals of 3-D metal boride and 2-D hydrogen boride. These novel materials are
expected to provide various functionalities that will be useful in our society.

1. 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).

2. Evolution from ultrafast demagnetization to magnetization reversal at the Fe sites in Gd2sFes7Coio with laser
fluence, observed by the element-selective magneto-optical Kerr effect using an X-ray free electron laser: S. E.
Moussaoui, T. Sumi, T. Senoo, Y. Hirata, K. Yamamoto, H. Yoshikawa, M. Horio, Y. Kubota, S. Owada, H. Wadati,
M. Yabashi, A. Tsukamoto and I. Matsuda, Jpn. J. Appl. Phys. 63, 09SP25 (2024).

3. 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).

ISSP Activity Report 2024 101



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

+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).

Fermi Edge of Semimetallic Borophane Sheets and its Reduction by a Porous Structure: X. Zhang, M. Miyamoto,
M. Yuan, Y. Tsujikawa, K. Yamaguchi, M. Horio, K. Ozawa, K. Yubuta, T. Kondo and I. Matsuda, J. Phys. Chem.
Lett. 15, 9349-9355 (2024).

. Interlayer Hydrogen Recombination from Hydrogen Boride Nanosheets Elucidated by Isotope Labeling: S.-I. Ito,

K. I. M. Rojas, Y. Yasuda, N. Noguchi, K. Fukuda, M. Hikichi, Z. Kang, M. Yuan, R. Tsuji, O. Oki, S. Roy, Y.
Hikita, I. Matsuda, M. Miyauchi, I. Hamada and T. Kondo, J. Phys. Chem. Lett. 15, 10965-10976 (2024).

. Adsorption of Atomic Hydrogen on Hydrogen Boride Sheets Studied by Photoelectron Spectroscopy: H. Yin, J.

Tang, K. Yamaguchi, H. Sakurai, Y. Tsujikawa, M. Horio, T. Kondo and 1. Matsuda, Materials 17, 4806 (2024).

. T*Dimensional crossover and chirality of boron adsorbates on copper (110) surfaces: Y. Tsujikawa, T. Nakashima,

X. Zhang, K. Yamaguchi, M. Horio, M. Haze, Y. Hasegawa, F. Komori, T. Kondo, Y. Ando and I. Matsuda, Phys.
Rev. Materials 8, 084003 1-7 (2024).

. *Macroscopic sheets of hydrogen boride and their spectroscopic evaluation: K. Yamaguchi, M. Niibe, X. Zhang, T.

Sumi, M. Horio, Y. Ando, J.-I. Yamaura, E. Nakamura, K. Tanaka, T. Kondo and I. Matsuda, Phys. Rev. Materials
8, 074005 (2024).

Millimeter-scale growth of YCrBs single crystals and observation of the metallic surface state: X. Zhang, Y.
Tsujikawa, K. Yamaguchi, M. Miyamoto, M. Horio, K. Yubuta, H. Ando, M. Yuan, K. Ozawa, K. Sugiyama, T.
Kondo and I. Matsuda, Phys. Rev. Materials 8, 054001 (2024).

TStructure 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).

Non-equilibrium pathways to emergent polar supertextures: V. A. Stoica and I. Matsuda et al., Nat. Mater. 23,
1394-1401 (2024).

*Fabrication of Microcrystals by Focused Ion Beam for Surface Analyses: F. KOMORI, Y. GUAN and I.
MATSUDA, Vac. Surf. Sci. 67, 340-346 (2024).

T*Operando Observation of Hydrogenation of Carbon Dioxide by Near Ambient Pressure X-ray Photoelectron
Spectroscopy: T. KOITAYA, S. YAMAMOTO, I. MATSUDA, J. YOSHINOBU and T. YOKOYAMA, Vac. Surf.
Sci. 67, 117-122 (2024).

Inhomogeneous reduction-annealing effects on the electron-doped cuprate superconductor Pri3-iLao.7CexCuO4
(x=0.08) revealed by microfocused angle-resolved photoemission spectroscopy: M. Miyamoto, M. Horio, K.
Moriya, A. Takahashi, J. Osiecki, B. Thiagarajan, C. M. Polley, Y. Koike, T. Adachi, T. Mizokawa and I. Matsuda,
Phys. Rev. B 111, 125134 (2025).

*Evaluating chemical states in a single microcrystal of chromium boride with the micro-focused ion and quantum
beams: Y. Guan, X. Zhang, M. Miyamoto, Y. Tsujikawa, K. Yubuta, M. Horio, H. Isshiki, J.-I. Yamaura, T. Abukawa,
F. Komori and I. Matsuda, Solid State Sciences 161, 107838 (2025).

Soft X-ray photoelectron spectroscopy under real ambient pressure conditions: T. Wada, M. Horio, Y. Liu, Y.
Murano, H. Sakurai, T. Sumi, M. Miyamoto, S. Yamamoto and I. Matsuda, Appl. Phys. Express 18, 036504
(2025).

*Surface structure of the 3x3-Si phase on Al(111), studied by the multiple usages of positron diffraction and
core-level photoemission spectroscopy: Y. Sato, Y. Fukaya, A. Nakano, T. Hoshi, C.-C. Lee, K. Yoshimi, T. Ozaki,
T. Nakashima, Y. Ando, H. Aoyama, T. Abukawa, Y. Tsujikawa, M. Horio, M. Niibe, F. Komori and I. Matsuda,
Phys. Rev. Materials 9, 014002 (2025).

Developing a Machine-Learning-based Robotic System for Mixing Solvents: J. Tang, T. Nakashima, M. Miyamoto,
X. Zhang, M. Horio, Y. Ando and I. Matsuda, e-J. Surf. Sci. Nanotechnol. 23, 59-64 (2025).

*Discovery of bicyclic borane molecule BisHzs: X. Zhang, T. Fujino, Y. Ando, Y. Tsujikawa, T. Wang, T.
Nakashima, H. Sakurai, K. Yamaguchi, M. Horio, H. Mori, J. Yoshinobu, T. Kondo and I. Matsuda, Commun
Chem 8, 14 (2025).
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Itatani group

The enhancement of harmonic generation in thin water jets under intense mid-infrared excitation is found to be due to the
creation of novel high temperature and high pressure state of water caused by resonant vibrational excitation and hydrogen
bond perturbation. We have also experimentally clarified the superluminal propagation associated with strong resonant
absorption in the 2.9-um band. These experiments using a thin flat liquid jet demonstrate a new platform for attosecond
experiments of condensed matter using intense laser fields. We have also started the development of a Cr:ZnSe solid-state
laser amplifier to realize a high-intensity infrared source at 2 um. We also started the development of a femtosecond
VUV source with a repetition rate of 100 kHz at a photon energy of 11 eV for ultrafast angle-resolved photoemission
spectroscopy.

1. *Subharmonic Lock-in Detection and Its Optimization for Femtosecond Noise Correlation Spectroscopy: M. A.
Weiss, F. S. Herbst, S. Eggert, M. Nakajima, A. Leitenstorfer, S. T. B. Goennenwein and *T. Kurihara, Rev. Sci.
Instrum. 95, 083005 (2024).

2. *Time- and angle-resolved photoemission spectroscopy with wavelength-tunable pump and extreme ultraviolet
probe enabled by twin synchronized amplifiers: T. Suzuki, Y. Zhong, K. Liu, T. Kanai, J. Itatani and K. Okazaki,
Rev. Sci. Instrum. 95, 073001 (2024).

3. ™*Qbservation 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(1-7) (2024).

4. *Enhancement of high harmonic generation in liquid water by resonant excitation in the mid-infrared: T. Yang, T.
Kurihara, Y. Hua, T. Mizuno, T. Kanai, S. Ashihara, Y. Harada and J. Itatani, Appl. Phys. Express 17, 122006 1-5
(2024).

5. THz * FR6Z W 7Bk X 2S5 ol EndERle: SR B2, F <1219-3, - (2024).

6. Spin switching in Smo.7Ero3FeOs triggered by terahertz magnetic-field pulses: Z. Z. M. Kanega, K. Maruyama, T.
Kurihara, M. Nakajima, T. Tachizaki, M. Sato, Y. Kanemitsu and H. Hirori, Nature Materials 24, 219-225 (2024).

7. [2 7 L] 7 MRS B 16EE, BOERRY: (R B4 R TIR A R B TOMER) 732, 38-39 (2024).

8. T thRAMC B 1T 2 A TR BSOS T E I X 2 B SR 52, SERE B, BB IH, KB B, R %%
AR HRER, ISR 7 + b =7 A= 2 — A 10-2, 53 (2024).

9. T*Photo-induced Nonlinear Band Shift and Valence Transition in SmS,: Y. Chen, T. Nakamura, H. Watanabe, T.
Suzuki, Q. Ren, K. Liu, Y. Zhong, T. Kanai, J. Itatani, K. Okazaki, H. S. Suzuki, S. Shin, K. Imura, N. K. Sato and
S.-I. Kimura, J. Phys. Soc. Jpn. 94, 013702-1-4 (2025).

10. *Light-induced inverse spin Hall effect and field-induced circular photogalvanic effect in GaAs revealed by
two-dimensional terahertz Fourier analysis: T. Fujimoto, Y. Murotani, T. Tamaya, T. Kurihara, N. Kanda, C. Kim, J.
Yoshinobu, H. Akiyama, T. Kato and R. Matsunaga, Phys. Rev. B 111, L201201 (2025).

11. 2023 4E 7 — VYA © Pierre Agostini K, Ferenc Krausz X, Anne L’Huillier [ - WEHFOE 54 F 27
AZWET 570D 7 b OV ZNDAKICEI T 2 ERIWTFIEOFERE (FR=2—R) A B, THAY
Plegadhy |, BRI S, (HARYRS A2, FURTHOR X, 2024), 36.

12. H#EDIRL 7 FEGIROBTE & 2 DISH (gt - TR L 7 MEYEREAORER) R - IREEEE, TH
HiA7bu=27 2,  BRASHA 7 o =7 2%k, (RASHEA 77~ v =7 21, 2024), 153-158.

Kondo group

We uncovered novel electronic phenomena in correlated and topological materials. Using ARPES, we demonstrated that
Fermi surface nesting drives skyrmion formation in centrosymmetric Gd2PdSi; and discovered anomalous Fermi pockets
on the Hund’s metal surface of Sr.RuOs due to enhanced spin-orbit coupling. We also visualized symmetry-protected
spin-polarized states in bismuth and identified gap features in Dirac semimetals. These studies deepen our understanding
of nontrivial topological states, magnetic interactions, and quantum coherence, contributing broadly to the design of future
spintronic and quantum materials.

1. *Spin-polarized saddle points in the topological surface states of elemental bismuth revealed by pump-probe spin-
and angle-resolved photoemission spectroscopy: Y. Fukushima, K. Kawaguchi, K. Kuroda, M. Ochi, M. Hirayama,
R. Mori, H. Tanaka, A. Harasawa, T. limori, Z. Zhao, S. Tani, K. Yaji, S. Shin, F. Komori, Y. Kobayashi and T.
Kondo, Phys. Rev. B 110, L041401 (2024).
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2. *Broken Screw Rotational Symmetry in the Near-Surface Electronic Structure of 4B-Stacked Crystals: H. Tanaka,
S. Okazaki, M. Kobayashi, Y. Fukushima, Y. Arai, T. limori, M. Lippmaa, K. Yamagami, Y. Kotani, F. Komori, K.
Kuroda, T. Sasagawa and T. Kondo, Phys. Rev. Lett. 132, 136402 (1-6) (2024).

3. Anomalous Fermi pockets on the Hund’s metal surface of Sr2Ru204 induced by correlation-enhanced spin-orbit
coupling.: T. Kondo, M. Ochi, S. Akebi, Y. Dong, H. Taniguchi, Y. Maeno and S. Shin, Physical Review B 109,
1241107 (2024).

4. *Photoemission angular distribution beyond the single wavevector description of photoelectron final states.: H.
Tanaka, S. Okazaki, Y. Fukushima, K. Kawaguchi, A. Harasawa, T. limori, F. Komori, M. Arita, R. Mori, K.
Kuroda, T. Sasagawa and T. Kondo, Physical Review B 109, L241114 (2024).

5. Momentum-dependent scaling exponents of nodal self-energies measured in strange metal cuprates and modelled
using semi-holography.: S. Smit, E. Mauri, L. Bawden, F. Heringa, F. Gerritsen, E. van Heumen, Y. K. Huang, T.
Kondo, T. Takeuchi, N. E. Hussey, M. Allan, T. K. Kim, C. Cacho, A. Krikun, K. Schalm and H. T. C. Stoof & M.
S. Golden, Nature Communications 15, 4581 (2024).

6. Universal correlation between H-linear magnetoresistance and T-linear resistivity in high-temperature
superconductors.: J. Ayres, M. Berben, C. Duffy, R. D. H. Hinlopen, Y. -T. Hsu, A. Cuoghi, M. Leroux, I.
Gilmutdinov, M. Massoudzadegan, D. Vignolles, Y. Huang, T. Kondo, T. Takeuchi, S. Friedemann, A. Carrington,
C. Proust and N. E. Hussey, Nature Communications 15, 8406 (2024).

7. Topological and chiral matter—Physics and applications: M. G. Vergniory, T. Kondo, N. A. Kotov and A. A.
Balandin, Applied Physics Letters 125, 160401 (2024).

8. *Spontaneous Gap Opening and Potential Excitonic States in an Ideal Dirac Semimetal Ta;Pds;Tes.: P. Zhang, Y.
Dong, D. Yan, B. Jiang, T. Yang, J. Li, Z. Guo, Y. Huang, B. Hao, Q. Li, Y. Li, K. Kurokawa, R. Wang, Y. Nie, M.
Hashimoto, D. Lu, W.-H. Jiao, J. Shen, T. Qian, Z. Wang, Y. Shi and T. Kondo, Physical Review X 14, 011047 14,
011047 (2024).

9. Fermi Surface Nesting Driving the RKKY Interaction in the Centrosymmetric Skyrmion Magnet Gd2PdSis.: Y.
Dong, Y. Arai, K. Kuroda, M. Ochi, N. Tanaka, Y. Wan, M. D. Watson, T. K. Kim, C. Cacho, M. Hashimoto, D. Lu,
Y. Aoki, T. D. Matsuda and T. Kondo, Physical Review Letter 133, 016401 (2024).

10. Robust Weak Topological Insulator in the Bismuth Halide BisBrzlo.: R. Noguchi, M. Kobayashi, K. Kawaguchi,
W. Yamamori, K. Aido, C. Lin, H. Tanaka, K. Kuroda, A. Harasawa, V. Kandyba, M. Cattelan, A. Barinov, M.
Hashimoto, D. Lu, M. Ochi, T. Sasagawa and T. Kondo, Physical Review Letter 133, 086602 (2024).

11. Moire” superlattices of antimonene on a Bi(111) substrate with van Hove singularity and Rashba-type spin
polarization.: T. Nakamura, Y. Chen, R. Nemoto, W. Qian, Y. Fukushima, K. Kawaguchi, R. Mori, T. Kondo,
Y. Yamaji, S. Tsuda, K. Yaji and T. Uchihashi, Communications Materials 5, 167 (2024).

12. *Emergence of high-mobility carriers in topological kagome bad metal MnsSn by intense photoexcitation: T.
Matsuda, T. Higo, K. Kuroda, T. Koretsune, N. Kanda, Y. Hirai, H. Peng, T. Matsuo, C. Bareille, A. Varykhalov, N.
Yoshikawa, J. Yoshinobu, T. Kondo, R. Shimano, S. Nakatsuji and R. Matsunaga, Phys. Rev. Materials 9, 014202
(2025).

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 and a semiconductor GaAs, we have reported the first
observation of spin Hall conductivity spectrum of electrons. The frequency dependence of spin Hall conductivity exhibits
an excellent quantitative agreement with theory, demonstrating a crossover in the dominant origin from impurity scattering
in the dc regime to the intrinsic Berry-curvature mechanism in the terahertz regime. Our spectroscopic technique opens
a new pathway to analyze anomalous transports. In addition, we successfully generated phase-stable counterrotating
bicircular light pulses in the 14-39 THz frequency range. Use of the spatial light modulator enabled programmable control
over the shape, orientation, rotational symmetry, and helicity of the bicircular light field trajectory. This advancement
provides a novel pathway for the programmable manipulation of light fields.

1. "*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(1-7) (2024).

2. 3RILT 4 7 v 7 RBICK DT T~V ERR T MK B, R SRR, it R, HAY A5
79, 12 (2024).
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10.

11.

. *Ultra-broadband detection of coherent infrared pulses by sum-frequency generation spectroscopy in reflection

geometry: R. Kameyama, S. Tanaka, Y. Murotani, T. Matsuda, N. Kanda, R. Matsunaga and J. Yoshinobu, Opt.
Lett. 49, 3978 (2024).

TR — VAR R E T T 5~ DGR S A, I, KB, 67 7 4 72 R 35,

44 (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).

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).

Programmable generation of counterrotating bicircular light pulses in the multi-terahertz frequency range: K.
Ogawa, N. Kanda, Y. Murotani and R. Matsunaga, Nat Commun 15, 6310 (2024).

. *Light-induced inverse spin Hall effect and field-induced circular photogalvanic effect in GaAs revealed by

two-dimensional terahertz Fourier analysis: T. Fujimoto, Y. Murotani, T. Tamaya, T. Kurihara, N. Kanda, C. Kim, J.
Yoshinobu, H. Akiyama, T. Kato and R. Matsunaga, Phys. Rev. B 111, L201201 (2025).

*Valley polarization dynamics of photoinjected carriers at the band edge in room-temperature silicon studied by
terahertz polarimetry: A. M. Shirai, Y. Murotani, T. Fujimoto, N. Kanda, J. Yoshinobu and R. Matsunaga, Phys.
Rev. B 111, L121201 (2025).

*Robust asynchronous optical sampling terahertz spectroscopy using commercially available free-running lasers:
M. Nakagawa, N. Kanda, H. Nakamae, H. Akiyama and R. Matsunaga, Opt. Express 33, 23145 (2025).

*Emergence of high-mobility carriers in topological kagome bad metal Mn3Sn by intense photoexcitation: T.
Matsuda, T. Higo, K. Kuroda, T. Koretsune, N. Kanda, Y. Hirai, H. Peng, T. Matsuo, C. Bareille, A. Varykhalov, N.
Yoshikawa, J. Yoshinobu, T. Kondo, R. Shimano, S. Nakatsuji and R. Matsunaga, Phys. Rev. Materials 9, 014202
(2025).

Okazaki group

We have investigated superconducting gap structures of unconventional superconductors by a low-temperature and
high-resolution laser ARPES apparatus, and transient electronic structures in photoexcited non-equilibrium states by a
time-resolved ARPES apparatus using EUV and SX lasers. In the academic year 2024, we investigated the superconducting
gap structure of the iron-based superconductor BaNaFeAs with a reentrant C4 phase by high-resolution laser ARPES. In
addition, we successfully observed a photoinduced modulation of the van Hove singularity in the kagome superconductor
CsVSb by HHG laser time-resolved ARPES.

I.

*Time- and angle-resolved photoemission spectroscopy with wavelength-tunable pump and extreme ultraviolet
probe enabled by twin synchronized amplifiers: T. Suzuki, Y. Zhong, K. Liu, T. Kanai, J. Itatani and K. Okazaki,
Rev. Sci. Instrum. 95, 073001 (2024).

. TaxNiSes (2 &\ 2 K i L — ¥ — ] - AL MG -0 SR W, Bk w5 =, 311 55, EiEya

59,321 (2024).

. Uniform Diffusion of Cooper Pairing Mediated by Hole Carriers in Topological SboTes/Nb: J. A. Hlevyack, S.

Najafzadeh, Y. Li, T. Nagashima, A. Mine, Y. Zhong, T. Suzuki, A. Fukushima, M. -K. Lin, S. Suresh Babu, J.
Hwang, J. -E. Lee, S. -K. Mo, J. N. Eckstein, S. Shin, K. Okazaki and T. -C. Chiang, ACS Nano 18, 31323-31331
(2024).

Depth-dependent study of time-reversal symmetry-breaking in the kagome superconductor AV3Sbs: J. N. Graham,
C. Mielke III, D. Das, T. Morresi, V. Sazgari, A. Suter, T. Prokscha, H. Deng, R. Khasanov, S. D. Wilson, A. C.
Salinas, M. M. Martins, Y. Zhong, K. Okazaki, Z. Wang, M. Z. Hasan, M. H. Fischer, T. Neupert, J. X. Yin, S.
Sanna, H. Luetkens, Z. Salman, P. Bonfa' and Z. Guguchia, Nat. Commun. 15, 8978 (2024).

. Unveiling van Hove singularity modulation and fluctuated charge order in kagome superconductor CsV3Sbs via

time-resolved ARPES: Y. Zhong, T. Suzuki, H. Liu, K. Liu, Z. Nie, Y. Shi, S. Meng, B. Lv, H. Ding, T. Kanai, J.
Itatani, S. Shin and K. Okazaki, Phys. Rev. Res. 6, 043328 (2024).

. T*Photo-induced Nonlinear Band Shift and Valence Transition in SmS,: Y. Chen, T. Nakamura, H. Watanabe, T.

Suzuki, Q. Ren, K. Liu, Y. Zhong, T. Kanai, J. Itatani, K. Okazaki, H. S. Suzuki, S. Shin, K. Imura, N. K. Sato and
S.-I. Kimura, J. Phys. Soc. Jpn. 94, 013702-1-4 (2025).
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7. T*Comprehensive study of the luminescence properties of elemental metals: T. Suemoto, S. Ono, A. Asahara, T.

Okuno, T. Suzuki, K. Okazaki, S. Tani and Y. Kobayash, Phys. Rev. B 1114, 035150 (2025).

8. A simple method to find temporal overlap between THz and x-ray pulses using x-ray-induced carrier dynamics in

semiconductors: Y. Kubota, T. Suzuki, S. Owada, K. Tamasaku, H. Osawa, T. Togashi, K. Okazaki and M. Yabashi,
Appl. Phys. Lett. 126, 052101 (2025).

Kimura group

In fiscal year 2024, we worked on the development and application of soft X-ray microscopy systems using SPring-8
BLO7LSU and SACLA BL1. We attempted to measure mammalian cells using soft X-ray ptychography with a total
reflection Wolter mirror, and performed live cell imaging with a single femtosecond X-ray free-electron laser pulse and
intracellular chemical state mapping combined with soft X-ray spectro-microscopy.

I.

TxSub-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).

. Observation of mammalian living cells with femtosecond single pulse illumination generated by a soft X-ray free

electron laser: S. Egawa, K. Sakurai, Y. Takeo, K. Yoshinaga, M. Takei, S. Owada, G. Yamaguchi, S. Yokomae, H.
Mimura, Y. Yamagata, M. Yabashi, M. Shimura and T. Kimura, Optica 11, 736 (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).

T*Chemical-state imaging of a mammalian cell through multi-elemental soft x-ray spectro-ptychography: K.
Sakurai, Y. Takeo, S. Takaramoto, N. Furuya, K. Yoshinaga, T. Shimamura, J. T. O’Neal, Y. Nakata, S. Egawa,
K. Yoshimi, H. Ohashi, H. Mimura, Y. Harada, K. Inoue, M. Shimura and T. Kimura, Appl. Phys. Lett. 126,
043702(1-7) (2025).

CHEEINT E X el 2 ot KRR B, Journal of the Japan Society for Precision Engineering 91, 356

(2025).

T Joint research with outside partners.

* Joint research between groups within ISSP.
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