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Electron Delocalization Driven by Ultrahigh Magnetic Fields in Molecular
Crystals
Alnstitute for Materials Chemistry and Engineering, Kyushu University
Shu-Qi Wu?, Yu-Long Wei®, Osamu Sato”

Magnetic fields profoundly influence matter Dovlls Exchangs
. . . = ~t(c,t C.

through their coupling to electron spins and PRseHEr G

orbitals. Extreme fields above 100 T open g rera o 4_4;4;#{_\;43_ -

regimes of quantum behavior unattainable

under ambient conditions, but most studies have
focused on inorganic solids. How molecular
materials respond to such fields remains largely

{ B=0}

Zeeman Effect
Hy = gugB(Sy; + S2,)

unexplored. At the molecular level, magnetic

fields can drive Zeeman-level crossings that AF Superexchange
. .. . 1= =2JprS1S2
reshape electronic distributions. In crystals,
. . . ) ++‘_x sbde Double Exchange
these changes in local dipoles compete with Fe* £4— 77, Fe Hy = ~t(c,tey + h.c.)

elastic interactions and may stabilize
unconventional phases. Chemistry offer a
decisive advantage: their electronic structures
and intermolecular couplings are chemically

designable, allowing systematic exploration of

. ” Zeeman Effect
field—matter interactions. H; = gugB(S; + Sz)

In this project, we will investigate magnetic- Fig. 1 Schematic illustration of competing

field-induced, spin-dependent electron antiferromagnetic exchange and the Anderson-
redistribution in molecular crystals, focusing  Hasegawa double exchange. Magnetic fields
favor the latter, stabilizing an electron-
delocalized configuration.

on electron delocalization in mixed-valence
complexes, where antiferromagnetic exchange
suppresses charge hopping while strong fields
can collapse charge localization, providing a molecular analogue of field-induced insulator—metal
transitions [1]. We will employ pulsed and megagauss fields while monitoring magnetization,
electric polarization, magnetostriction, and electronic spectra. These complementary probes will
reveal the onset of field-driven delocalization and the emergence of exotic high-field states
inaccessible thermally. Magnetic field-induced collapse in the metal-ligand covalency is also
discussed in the metal-radical coupled system [2].

[1]W. -H. Xu et al., J. Am. Chem. Soc. 147, 5051-5059 (2025).
[2] X. Zhang et al., J. Am. Chem. Soc. 145, 15647-15651 (2023).
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Cyclotron Resonance Probing of the Metal-Insulator Transition in Graphite
above 100T
AISSP, University of Tokyo, BLNCMI-CNRS
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Graphite is a benchmark semimetal system for studying field-induced electronic instabilities.
Despite decades of research, a significant controversy persists regarding its high-field ground
state—specifically, the magnetic field at which the final two Landau sublevels depopulate,
marking the definitive metal-insulator transition. Previous transport studies have yielded
conflicting results, with predictions for the transition ranging from 75 T to over 240 T [1-4].

This project aims to resolve this debate using cyclotron resonance (CR). In this study, we plan
employ a custom-developed far-infrared cyclotron resonance (CR) setup combined with non-
destructive and destructive pulsed magnets (up to 1200 T). By monitoring the CR transmission
signals of the transition from the electron sublevel (n, = 0 1) to (n,=1T), we can directly track
the depopulation of the final Landau sublevels to pinpoint the metal-insulator transition field. This
research will provide the first direct experimental evidence for the depopulation field of graphite
and establish a benchmark for understanding quantum instabilities in 3D semimetals.
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Figure 1 Schematic view of the cyclotron resonance transitions in graphite
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Figure 1. Chemical structures of Tb(+) (left) and Nd(+) (right).
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Exciton condensation is a Bose-Einstein condensation of a large number of excitons,
which may occur in a semiconductor with a small gap or a semimetal with a small band
overlap. The exciton is a pair of electron and hole that has spin degrees of freedom, where
spin-singlet exciton and spin-triplet exciton are possible [1]. Spin-triplet exciton
condensation is anticipated when a spin-crossover occurs in a correlated electron system.
This is because of Hund’s coupling and the sufficient inter-site coupling that favors the
spin-triplet exciton and the delocalization of the exciton, respectively, triggering the
possible Bose-Einstein condensation of the spin-triplet exciton. We have been
investigating the magnetic field-induced spin-state transition in LaCoO3 at 100 T using
magnetization measurement and magnetostriction measurements, and at 600 T using
magnetostriction measurements [1]. We observed several phase transitions up to 600 T,
which are candidates for the spin-triplet exciton condensation. However, above 100 T, no
experimental method has been available to elucidate the microscopic information, such
as spin-state or electronic state. We have been developing techniques to make this possible
using a portable 100 T generator PINK, and the x-ray free-electron laser SACLA [2]. In
the present study, we conducted x-ray diffraction experiments on LaCoO3 at 110 T, with
a temperature variation from 10 K to room temperature. It aims to clarify the possible
anisotropy resulting from the lattice change induced by phase transitions above 100 T. We
have observed an isotropic expansion of the lattice, which implies that the isotropic orbital

and electronic configuration is realized at the high magnetic field phase above 100 T.

[1] A. Ikeda et al., Phys. Rev. B 93, 220401(R) (2016). Phys. Rev. Lett. 125, 177202
(2020)., Nat. Commun. 14, 1744 (2023), J. Phys. Soc. Jpn. 93, 121005 (2024).

[2] A. Ikeda et al., Appl. Phys. Lett. 120, 142403 (2022), Phys. Rev. Lett. 135, 186702
(2025).
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insulator Cu20Se03 at ultrahigh magnetic fields, Phys. Rev. Lett. 136, 076703
(2026) .
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[1] Hongyu. C et al., Adv. Mater. 37, 2507764 (2025). RuO, » SAH EH) & GMR
[2] Y. Sun et al., Phys. Rev. B 95, 235104 (2017).

[3] Y. Muramatsu et. al., APL Mater. 13, 011119 (2025).
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All-optical Control of Polarization Change in Electronic Ferroelectrics

AISSP, The University of Tokyo, PIMCE, Kyushu University
Yu-Bo Huang”, Shu-Qi Wu®, Yasuhiro H. Matsuda®, Osamu Sato®

Ferroelectric memory devices are distinguished by their capacity to retain data without continuous
power supply, providing significant energy-saving advantages. However, the electrode physically
contacts the ferroelectric unit during a typical operation cycle of a FeERAM device, leading to
difficulties during device fabrication. In this context, we propose a new approach involving the

electron transfer coupled spin transition (ETCST) process in cyanide-bridged [FeCo] bimetallic

complexes, which distinguishes from 40l
traditional materials by enabling polarization 35}
switching in response to light. rx 30f
©
Herein, our complex, € 2.5} hit i+
‘”E 20l Fells Colys Fellg
[Fe(Tp)(CN)3]2(Co(dpa)2)-2H20-IPA s & s320m |, 4785 nm
. : ~ L >
([Fe2Col), exhibits a thermo- and light- £ L5 ' m
) ) ) 1.0F #4444 “Polar”
induced ETCST associated with a . Fells Colls Fels
0.5F
ferroelectric-type phase transition between a f—a—d — =
0 200 400 600 800
nonpolar space group (C2/c) and a polar one Time (s)
(Cc), allowing for the direct observation of
4
polarization switching by conventional 12 20
pyroelectric  measurements [1].  Most 3L 08 ﬁJ\J;O
Z &
impressively, irradiation with a 532 nm laser < -4 108
(=% 2 — 4
can convert the nonpolar phase generated by = = 3 ", s
[ 30
irradiating with a 785 nm laser into the polar 5 1l 40
. . o 04 760 8(‘)0 960 10‘00 1100
phase, producing a clear electric current i
signal without requiring any external electric

field [2]. Such optical cycles can be replayed

0 200 400 600 800 10001200 1400
repeatedly without a change in the Time (s)

polarization value, providing an optical ) . )
Fig. 1. Time-dependent y .7 plots by applying
mimic of the typical operational cycles of

FeRAM devices.

alternative 785 and 532 nm light irradiation of
[Fe,Co].

[1]Y. Huang et al., J. Am. Chem. Soc. 146 (1), 201-209 (2024).
[2]Y. Huang et al., Angew. Chem. Int. Ed. 63 (38), 202409948 (2024).



2EGNTA EAEIET S (A)
1000 7 & J MBS IC 31 2 LA 2 2 b v 7 4 —  JEBENEGEIC X ALk E o Rl
7 BIfEE S E 2026.4.24-4.26  (WRER)

Study of the magnetic field-induced insulator-metal transition
in W-doped VO,

AISSP, Ulokyo , BELST, Okayama University, CRIIS, Okayama University
Xiaochen Wang”, Yasuhiro H Matsuda”, Yuto Ishii*, Hiroaki Hayashi’, Hironobu
Sawabe’, Shota Nakamura®, Yuji Muraoka®

Vanadium dioxide (VO.) is a prototypical system for studying the physics of metal—insulator
transitions (MIT). It undergoes a first-order phase transition near 340 K from a high-temperature
metallic paramagnetic rutile phase to a low-temperature insulating diamagnetic monoclinic phase,
accompanied by a dramatic change in resistivity over several orders of magnitude and a
pronounced jump in magnetic susceptibility. In the insulating phase, V4" ions form V-V dimers
along the crystallographic ¢ axis, which are widely considered crucial for electron localization.
However, whether this structural distortion is the primary driving force of the MIT or a
consequence of an electronically driven transition remains an open question [1].

In this study, the external magnetic field is used as the primary control parameter. Ultrahigh
magnetic fields exceeding 500 T were generated using the electromagnetic flux compression
(EMFC) technique [2]. The high-frequency (radio frequency; RF) impedance measurement has
been conducted to investigate the field-induced insulator-metal transition. A VxWx0; (x=0.04)
thin film [3] was used for the experiment. The measurement temperature is 204 K, which is lower
than the MIT transition temperature of this film (around 238 K).

The measurements reveal a pronounced anomaly in the RF signal at 150 MHz in the ultrahigh-
field region around 300 T, indicating a significant change in electronic transport properties. This
anomalous response is attributed to a magnetic-field-induced metallic phase. This study has
revealed the magnetoresistance at the magnetic-field-induced insulator-metal transition in V.
«WxO:> for the first time. The strong magnetic field acts on the V#* d electrons via the spin Zeeman
effect, destabilizing the electronic structure stabilized by V-V dimerization in the insulating phase

and thereby inducing an insulator—metal transition [4].

[1] Daniel I. Khomskii and Sergey V. Streltsov, Chem. Rev. 121, 2992 (2021).
[2] D. Nakamura et al., Rev. Sci. Instrum. 89, 095106 (2018).

[3] Y. Muraoka and Z. Hiroi, Appl. Phys. Lett. 80, 583 (2002).

[4] Y. H. Matsuda et al., Nat. Commun. 11, 3591 (2020).
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A contactless RF technique for powder samples in microsecond pulsed

magnetic fields above 100 T

AISSP, Univ. of Tokyo, BDept. of Phys., Univ. of Osaka

Junmeng Zhao” , Yuto Ishii* , Noriaki Hanasaki® and Yasuhiro.H.Matsuda”*

Understanding the evolution of electrical transport and dielectric properties under strong
magnetic fields is essential for revealing the electronic structure, phase transitions, and
correlated behaviors of quantum materials and functional oxides. Characterization of
magneto-transport phenomena provides important insight into carrier dynamics, electron

localization, magnetic ordering, and field-induced emergent states[1].

To overcome the limitations of conventional contact-based measurements in extreme
magnetic-field environments, this study develops a wireless radio-frequency (RF) system for
non-contact electrical characterization under ultra-high magnetic fields. The technique is
particularly suitable for powders, liquids, brittle materials, and small-sized samples that are
difficult to probe using traditional electrode-based methods. By employing an RF
reflection-based detection scheme, the system indirectly monitors magnetic-field-dependent
changes in electrical resistivity and dielectric properties through real-time measurements of

reflected RF amplitude and phase.

By correlating the complex RF response with the electromagnetic impedance of the sample,
dynamic transport and dielectric behaviors can be quantitatively evaluated. To satisfy the
demanding conditions of pulsed-field experiments, especially in single-turn coil systems
exceeding 100 T, the RF measurement chain, shielding configuration, and heterodyne
demodulation architecture were systematically optimized to improve signal stability and

temporal resolution.

Experimental results demonstrate that the developed RF system can reliably acquire
electromagnetic response signals in both non-destructive and destructive pulsed magnetic fields,
enabling sensitive detection of magnetic-field-induced variations in resistivity and dielectric
constant. Compared with conventional four-probe methods, the proposed technique offers
electrode-free operation, broad sample compatibility, and superior adaptability to harsh

experimental environments.

[1] Shitaokoshi T et al., Rev. Sci. Instrum. 94, 094706 (2023)
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Development of the measurement technique for the electric polarizatio
n in ultrahigh magnetic fields exceeding 100 T

ABRMEAF, B BRI, CAh R R
B. Oh#, P. Chiu®, H. Yagiuchi®, M. Gen”®, Y. Tokunaga®, M. Akaki®, Y. H. Matsuda®

Various techniques such as magnetization, magnetostriction, and ultrasound measurements have
been developed for ultrahigh magnetic fields(B) beyond 100 T [1,2]. In contrast, electric
polarization measurements remain technically challenging because of large inductive noise and
signal distortion under ultrafast magnetic-field pulses. In this work, we developed a differential
measurement technique for detecting polarization responses in a single-turn coil (STC) system
[3]. The measurement circuit was optimized with careful consideration of common-mode noise
suppression, wiring configuration, signal transmission, transformer coupling, and impedance

conditions.

The validity of the setup was first examined using Ca>CoSi-O-, a known magnetic-field-induced
polarization material [4]. We then applied this technique to CaBaCos.9Nio.1O07, which exhibits a
giant magnetoelectric effect [5], and performed measurements up to 100 T at 4.2 K with Plc.
Clear anomalies in dP/dB, corresponding to field-induced polarization responses, were observed
for both BJla and Bllc. The characteristic field range is broadly consistent with previous reports,
although a slight shift was found, possibly reflecting polarization dynamics under ultrafast

pulsed fields and/or experimental conditions.

We will present the basic measurement principle, optimization of the STC polarization setup,
and preliminary results for CaBaCos.9sNio.107, and discuss the potential of this method for

magnetoelectric studies in extreme magnetic fields.

[1] T. Nomura et al., Nat. Commun. 14, 3769 (2023).

[2] S. Peng et al., Supercond. Sci. Technol. 38, 075012 (2025).
[3] M. Tokunaga, Front. Phys. 7,386 (2012).

[4] M. Akaki et al., Appl. Phys. Lett. 94, 212904 (2009).

[5S] M. Gen et al., Phys. Rev. B 105, 214412 (2022).
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Optical absorption spectroscopy of van der Waals antiferromagnets in
ultrahigh magnetic fields
Alnstitute for Solid State physics, Univ, of Tokyo;
BDepartment of Physics and Astronomy, Seoul National Univ
AKaiyang Huang, BJaena Park, #Zhuo Yang,*Yoshimitsu Kohama, *Atsuhiko Miyata,
BJe-Geun Park,AYasuhiro H. Matsud

NiPSs is a layered van der Waals antiferromagnetic insulator that has attracted considerable
interest as a model system for studying the interplay between magnetic order and optical
excitations in two-dimensional correlated materials. Below the Néel temperature of
approximately 155 K, it exhibits zigzag antiferromagnetic order and hosts two ultranarrow
near-infrared excitonic resonances around 1.475 and 1.498 eV [1], indicating a close coupling
between the excitonic states and the antiferromagnetic background. Understanding how these
excitons evolve under strong magnetic fields is important for clarifying how spin, orbital, and
excitonic degrees of freedom are intertwined in magnetic van der Waals systems.

Here, we perform magneto-optical absorption measurements on NiPSs in pulsed magnetic
fields up to 178 T. We find that the two excitonic branches show a pronounced field-induced
mutual repulsion: under an external magnetic field, the higher-energy exciton shifts to higher
energy, whereas the lower-energy exciton shifts to lower energy, as summarized in Fig. 1.
Moreover, the magnitudes of the two shifts are

L L L L R

different, reaching about +3 meV and —2.5 meV, Pkl api B

respectively, at 178 T. In contrast, the optical | it

band edge shows no detectable field-induced shift 1.502 AT
within our experimental resolution. The peak 1.501 B
shifts are nonlinear at low fields and become _ | v
nearly linear at high fields, while the overall ?& e e P
effect is strongly suppressed as the temperature g 14767 T ‘

approaches the Néel temperature.
To account for these observations, we

introduce a minimal two-level model with a s daal

<-mmm>

common diamagnetic term and a field-induced

off-diagonal coupling between the two excitons. 1.473f 1 -
0 50 100 150

The model reproduces the opposite energy shifts
and their high-field evolution semi-quantitatively,
supporting the interpretation that the dominant Fig. 1 Field dependence of the exciton peak
high-field response of NiPSs arises from a  energies.The two peaks shift in opposite
magnetic-field-tunable exciton—exciton interaction
These results establish NiPSs; as an important

Magnetic Field (T)

directions, with different magnitudes.

platform for exploring correlated excitonic physics on an antiferromagnetic background and
demonstrate that ultrahigh magnetic fields provide a powerful probe of many-body optical
excitations in magnetic van der Waals insulators.

[1] Kang, S., Kim, K., Kim, B.H. et al., Nature 583, 785-789 (2020).
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W5, ZOEEIL, LasCoPbs 128175 Co OD—RIt#HAEE T 5,
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[1] R. Matsumoto et al., J. Phys. Soc. Jpn. 93, 065001 (2024).
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Control of Temperature—Magnetic Field Sweep Paths
toward Metastable High-Field Phases
ANIMS MANA. B FCRP AT
R SRS A AH AR fR BEGEB NE AL el BEIL P

B EE OB Tl MIREREE CHRIT D REOERITIN A, FIEAKD X 5 12 &E M
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BB GICR D &0 ) RIE CMESEHE L el T 5 2 L2 HE LT,

T NH = ad R REEEE LW HEO R TR L E WA ESE D
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BRSSP CIEAIT A7 0IIZEN LV Bl BHIZIT O LER S 5, Mufadhii _EIc7&E
L7z 10um f2fE D b — % —#UIER 2 T 2% & RPTRICE S v, Bz Y- 7%
YT A 7 TRHBIND, 2O XD IR E R E S 21T 9 Z & T, 100T LA
OB T TR HAEIT RIS IR D &0 ) R TOIRE RS RG & £
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It D 2 BATE RS, BIFRD Te-Te MOR Y ~—kE G2 & i & bITHEAE LA
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DI IS < Y2 AL D BMRIZHOW Cilgim T D,
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[2] Ling, C. et al. ACS Appl. Nano Mater. 2,
6738-6746 (2019).
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Tracking the field-induced metamagnetic transition in
multiferroic Fe,Mo0,0; using magneto-optical Kerr effect

ARABRI. PEHAYMRF. CEE®A. "HILTAILZTFIRIK "R
PIRF CEMS, °HEATI. "HEAFERNL VY

iR B—ERA R SRS #8K FInA HE BE
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Wz [1-3]e NS DFEETRU. HAIFIE, R—F TV ABISREEE (4]
& zero-area-loop Sagnac T#%&t [6] ZHAEbE. 40T ZBZX 2 /VLAES TH
D77 KETOREBICEWT, EROBBMES X0 7 o JEEERO MOKE AIE
BIhUTe [6] E5ic. BRE/NILVABIZRE KO 77 K £ TOREETD MOKE AIE
HER U [7]e TNSDOEEIE NSRIACILRTICEET 2V /\0 MMaEBEE
BEDREFK E. MOKE 5 ICXd 2AMENMEMERD Y 71 VEBITOBAICKL > TEIR
ITBENTERIB, 7], LEDEAMIERIC L D . /L X585 T MOKE RIE .
BEFERKRZEREN DIFEMTRREIZEELRFY /O—FE L THEILEINDDH
%o

AZIAHA b Fe,Mos0q I3 IE%Z & DERBEIEAE [8] TH D, BRKF EBRAE
NBIESULENILF 700 v IYPEE L TEESINTWS [9], LTHETIE. B
RBBSHEKUSE CHRIBFEX 7 BEREEIRE SN, Bk - 2RO TRIZEIC
EDCHEHRbFHFMICERSNTWS [9], SEIFEA IF. RRRZYIEMA R AT RIS HER
ICEWT, RIERE 14K, RAEIS 60 T ORERERET ¢/ L X 8E% MOKE JIE
=R L. FeeMosOs DRIHAIRLERS Z HFENICTANTc, ZDHER. 40T HAICE TS
AT HMHERBOERICEINT 5 & &I, BITHRTHRES NI LIRS FEMICE
12 3BE K% MOKE BN X Y HMEBICE W TR TE oo ARKRIE. SHERDEH
BT, ZOHRRERET %,

[1] M. Weisheit et al., IEEE Trans. Magn. 42, 3072 (2006). [2] X. Chen et al.,
Measurement 46, 52 (2013). [3] S. Y. Lin et al., J. Phys. 55, 698 (2017). [4] A. Ikeda et
al., J. Appl. Phys. 136, 175902 (2024). [5] J. Xia et al., Appl. Phys. Lett. 89, 062508
(2006). [6] A. Ikeda et al., Phys. Rev. Res. 8, 013169 (2026). [7] S. Yamane et al., JJAP
Conf. Proc. 12, 011011 (2026). [8] W. H. McCarroll et al., J. Am. Chem. Soc. 79, 5410
(1957). [9] Q. Chen et al., Phys. Rev. B 109, 094419 (2024).
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ODWTEHEFHEHAELZB Z oo fbR., 7 oV IEMLEFIC 7 T v b3 ROFIENR
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Magnetostriction measurements of MnF: under pulsed magnetic fields

Keiichiro Kawai!, Kosuke Noda', Kenta Seki!, and Akihiko Ikeda'
"Department of Engineering Science, University of Electro-Communications, Chofu,

Tokyo 182-8585, Japan

Altermagnets have recently emerged as a new class of magnetic materials. Despite their nearly
vanishing net magnetization, they exhibit remarkable phenomena such as the Faraday effect,
magnetic circular dichroism, and anomalous Hall effect, which are attributed to the unusual
breaking of the rotational and time-reversal symmetry in the magnetic order [1].

However, whether MnF: can be classified as an altermagnet remains under debate[2,3]. From a
symmetry perspective, the presence of linear magnetostriction with respect to the magnetic field
direction has been theoretically proposed as a key signature of altermagnetism.

In this study, we investigate the magnetostriction of MnF: under pulsed high magnetic fields
using a fiber Bragg grating (FBG) technique. In addition to measurements along the c-axis, we
perform angular-dependent measurements in order to probe the anisotropy of the magnetoelastic
response using a vector pulsed magnet (VPM)[4]. Through this approach, we aim to examine
whether MnF- exhibits the symmetry characteristics expected for altermagnets.

In the presentation, we report the current status of our experiment and the problems to

overcome. Pulse powers : 1920 uF  Pulse powers : 2400 pF
b - —— ———
(a) (b) -

B(VPM) | "l
L
il

Binany
direction!

-

c-axis//FBG

[——g—

Figl: (a) Setup with a FBG attached parallel to the c-axis of the MnF, single crystal.
(b)Vector Pulse Magnet(VPM)system, consisting of two orthogonal coils [4]

[1] M. Mostovoy, Appl. Phys. Lett. 127, 060501 (2025).

[2] A. Hariki, T. Okauchi, Y. Takahashi, and J. Kune” s, Phys. Rev. B 110, L100402 (2024).
[3] V. C. Morano et al., Phys. Rev. Lett. 134, 226702 (2025).

[4] K. Noda et al., arXiv preprint (2025).
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Magnetic-field switching of exciton-magnon coupling in LiNiPO4
B. Sun!, Z. Yang!, J. Shibuya?, K. Kindo!, K. Kimura?, and A. Miyata'
! Institute for Solid State Physics, The University of Tokyo.,

2 Osaka Prefecture University
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Exciton-magnon transitions (magnon sidebands) in magnetic insulators provide a powerful probe of spin-
forbidden d-d transitions. In these processes, coupling to magnons relaxes spin constraints, while magnetic
fields can further tune these pathways by reshaping the magnon spectrum and gap. Specifically, the hot
sideband—exciton creation via thermal magnon annihilation—is highly sensitive to the magnon gap: a field-
induced gap reduction enhances the sideband intensity by increasing the low-energy magnon population [1,2].

LiNiPOs, a magnetoelectric antiferromagnet with a complex phase diagram up to 56 T [3]. We aim to
demonstrate how field-driven magnetic structures enable selective switching of exciton-magnon coupling,
providing a direct optical probe of the underlying spin degrees of freedom.

We investigated the exciton-magnon coupling in LiNiPO4 under pulsed fields up to 50 T. At zero field, the
absorption feature at 500 nm exhibits thermal activation, identifying it as a hot magnon sideband [Fig. 1(a)].
Under high magnetic fields, this sideband displays sharp intensity switching at magnetic phase boundaries [Fig.
1(b)]. Notably, the absorption is strongly suppressed in plateau phases but enhanced in canted spin states. This
phase-dependent evolution reveals that the optical response is governed by a interplay between the thermal
magnon population (tuned by the magnon gap) and the spin-dependent transition matrix element (dictated by
magnetic symmetry). These findings demonstrate that field-driven transitions can effectively act as an optical

switch for composite excitations in LiNiPOs.
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Figure 1. (a). Thermal activation like behavior at 0 T around 500nm. (b). Field dependent

optical absorption intensity around 500nm.
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Magnetic-Field-Induced Magnetoelectric Coupling in a Ferromagnetic
[Mn30] Single-Molecule Magnet

A Kyushu University
YULONG WEI#, SHU-QI WU#, OSAMU SATO”

The magnetoelectric (ME) effect, which enables mutual control of magnetic and electric
polarizations, holds great promise for next-generation multifunctional devices. However, its
observation has been largely confined to antiferromagnetic or helimagnetic systems [1], while
ferromagnetic systems have rarely been investigated.

Here, we report the magnetic-field-induced polarization change in a newly synthesized oxo-
bridged trinuclear Mn; complex (compound 1), which crystallizes in the polar space group (R3c¢)
without a structure phase transition. Single-crystal X-ray diffraction reveals a distinctive Cs-
symmetric molecular structure featuring significantly tilted Jahn-Teller axes of the Mn®* ions,
contributing to the non-collinear spin arrangement in its ground state [2]. Magnetic studies
confirm  ferromagnetic  interactions

10 +0.30
between the high-spin Mn’* centers, fo {30
accompanied by single-molecule magnet 8r \ loas
behavior with quantized magnetic | 4 e
< ® “ N N
hysteresis at cryogenic temperatures. g v/ 1"\ R s £
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pronounced ME coupling effect driven by 2l . loss 118
X . —— AP (uCIm?) 7Y
an external magnetic field. The induced i)
. . . 0 / — 4.
electric  polarization shows  strong — , , o om0 1770
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temperature dependence below 50K,
reaching its maximum at ca. 20 K. At a
given temperature, ME current scales

time (s)

Fig. 1. Oscillating ME current density and
polarization by magnetic fields modulated in

linearly with the magnetic field sweep rate, oscillating mode at 20 K.

while the polarization remains sweep-rate
independent, confirming the intrinsic ME origin. Angular-dependent measurements demonstrate
that the ME response is highly anisotropic, and the most pronounced change is observed when
the magnetic field is aligned with the magnetic easy axis.

This work provides a rare observation of the ME effect in a ferromagnetically coupled molecular
cluster, opening new avenues for designing ME materials without frustrated structures or specific
phase transitions.

[1]Y. Tokura et al., Rep. Prog. Phys., 77, 076501 (2014).
[2] J. J. Henderson et al., Phys. Rev. Lett. 103, 017202 (2009).
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The optical absorption spectra of a microbial rhodopsin in
400 T ultra-high magnetic field

Y-L.Guo, Y.Ishii, X-G.Zhou, M. Konno, T.Nagata, K.Inoue, Y.H.Matsuda

ISSP, Univ. Tokyo

Magnetic field effect on biological function is generally believed to
be negligible because the field-induced energy change in the
electronic state is small: It is roughly 0.1 meV at 1 T. However, 3
significant magnetic field induced effects may appear in some

biological materials when the magnetic field is strong enough.

Since the 1000 T class magnetic field has recently become available

Wavelength (nm)

[1], a new research frontier can be developed using such a strong

magnetic field. In the present work, we focus on microbial )
b 4157

rhodopsins which have been intensively studied because they are (b).
N'W ,| l | MI
'y A ' 4 A

photoreceptive proteins showing biological functions.
Wavelenath (inm\

isomerization takes place in SzZR1 which only takes 10-13~10-12 s  Fig.1 (a) The absorption spectra in 0 T
to complete works [2]. From this reaction, all-trans retinal and415T. (b) The difference between

A0D

Schizorhodopsin (SzR1) is an inward H+ pump protein on the

membrane. After being stimulated by light, a reaction called photo-

transform to 13-cis retinal. The electronic state and its change by themin AOD.
photo-isomerization can be investigated with optical absorption

spectroscopy. However, an ultrahigh magnetic field can not only influence the process of photo-
isomerization but also the electronic state of SzR1, which can also lead to a change in the
absorption spectrum.

Fig.1(a) shows the absorption spectra at 0 and 415 T. Although the spectra look like each other,
there is a small but distinctive change in the spectrum by applying 415 T. The difference
absorption spectrum is shown in Fig. 1(b). Because such a change is not observed when the
magnetic field is smaller than 300 T, there can be some critical magnetic field.Using an ultrahigh
magnetic field can explore the frontier of material science.

[1] Nakamura, et al. "Record indoor magnetic field of 1200 T generated by electromagnetic flux-
compression. Rev. Sci. Instrum. 89(9), 095106, (2018)

[2] Inoue, Keiichi, et al. "Schizorhodopsins: A family of thodopsins from Asgard archaea that

function as light-driven inward H+ pumps." Science Advances 6.15 (2020): eaaz2441.
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[1] M. Aidelsburger et al., C. R. Phys. 19, 394-432 (2018).
[2] N. Westerberg et al., Phys. Rev. A 94, 023805 (2016).
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[2] K. Sakai et al., Scientific Report 12, 16501(2022)
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