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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,

significant magnetic-field-induced effects may appear in some

biological materials when the magnetic field is strong enough. Wt )

Since the 1000 T class magnetic field has recently become

available [1], a new research frontier can be developed using such (b).
a strong magnetic field. In the present work, we focus on microbial

M |
L
rhodopsins which have been intensively studied because they are % W’WMW‘M

photoreceptive proteins showing biological functions.
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Fig.1 (a) The absorption spectra in 0 T
and 415 T. (b) The difference between

Schizorhodopsin (SzR1) is an inward H" pump protein on the B i i

membrane. After being stimulated by light, a reaction called

photo-isomerization takes place in SzZR1 which only takes 10"°~10"'?s to complete works
[2]. From this reaction, all-trans retinal transform to 13-cis retinal. The electronic state
and its change by 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 SzZR1, 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
similar 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.

[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 rhodopsins from Asgard archaea
that function as light-driven inward H+ pumps." Science Advances 6.15 (2020): eaaz2441.
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Development of polarized microscopy system under steady high magnetic field
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[1] Y. Kinoshita et Diamond anvil cell
al., Rev. Sci.
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[2] A. Seraetal., (1.94 eV)
Phys. Rev. B 96,

014419 (2017).

PPMS pack

Figure (a) The picture of the equipment. (b) Schematic of the pressure cell.
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The dielectric constant measurements of BaTiO3 in ultrahigh

magnetic fields

P. Chiu®, Y. Ishii?, S. Tsukada®, K. Ohwada®, and Y. H. Matsuda®
AISSP, UTokyo, BFac. Edu., Shimane Univ., “QOST

Ferroelectric compounds have been extensively studied for their structural and ferroelectric

phase transitions, and one of the most well-known examples is BaTiO3; (BTO). BTO exhibits a

tetragonal crystal structure and spontaneous polarization at room temperature (300 K) due to the

ordered arrangement of Ti*" ions in the lattice. When BTO is heated above the critical temperature

(Te= 390 K), the Ti*" ions become disordered and reform into the cubic paramagnetic phase,

accompanied by a sharp increase in the dielectric constant
(¢) which can be as high as 10,000. Since the covalent
bonding can be affected by a magnetic field when the
magnetic field is extremely strong, ferroelectric phase
transition may be induced by magnetic field accompanying
structural change. Previous reports have indicated that the T
of BTO shifts nonlinearly under an applied magnetic field
up to 20 T [1], which motivated us to investigate the
ferroelectric properties of BTO under pulsed ultrahigh
magnetic fields [2].

The magnetic field dependence of the dielectric constant
of BTO have been measured at different temperatures from
300 to 400 K in magnetic fields of up to 100 T. The details
of the measurement techniques are shown in elsewhere [3].

Figure 1(a) shows the output radio-frequency (RF) signal
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Fig.1 (a) The RF signal and magnetic

field as a function of time. (b) Magnetic
field dependence of the RF signal.

that reflects the dielectric constant of the sample. The amplitude decrease observed at around 4.5 ps

suggests a temporal increase of the dielectric constant (€). The € seems to tend to go back to the

original value (at ~5 ps), but it is found that € remains a larger value by about 30% even after the

magnetic field once becomes zero at around 6 ps. The RF amplitude is plotted as a function of the

magnetic field in Fig.1 (b). The irreversible phenomenon is likely to be due to the domain motion by

a magnetic field. An even higher magnetic field experiment is planned to be performed.

[1] D. Wagner and D. Bauerle, Phys. Lett. A, 83 (1981), p. 347

[2] N. Miura, T. Osada, and S. Takeyama, J. Low Temp. Phys. 133, 139-158 (2003).
[3] P. Chiu et al., 24pPSH-47, JPS Spring Meeting 2023 (online).
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Magnetic properties of the S = 1/2 antiferromagnetic two-leg ladder Cu(DEP)Cl:
under high-pressure
T. Morimoto®, K. Nihongi*, T. Kida*, Y. Narumi®, Z. Honda®, K. Kindo®, and M. Hagiwara®
AAHMEF, Grad. Sch. Sci., Osaka Univ., BGrad. Sch. Sci. Eng., Saitama Univ.,
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[1] S. Lindroos et al., Act. Cryst. C 46, 2039 (1990). of Cu(DEP)Cl: at various

[2] Z. Honda et al., J. Phys. Soc. Jpn. 81, 113710 (2012).  pressuresin go/=0.1T
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T. Morimoto et al., JPS Conf. Proc. 38, 011146 (2023).
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The angle-field phase diagram of Na2Co2TeO6 under ultrahigh magnetic field
Xu-Guang Zhou,”, Han Li®, Chaebin Kim®, Akira Matsuo®, Katsuki Matsui®, Ishi Yuto?,
Zhuo Yang”, Atsuhiko Miyata®, Yoshimitsu Kohama?,

Koichi Kindo”, Je-Geun Park®, Wei Li®, Yasuhiro H. Matsuda®
AISSP, Univ. Tokyo, BCAS, *SNU

Compounds based on cobalt exhibiting high spin states are currently being explored as
potential candidates for realizing the Kitaev model. Recent experimental evidence has indicated
the presence of Kitaev interactions in Na2Co,TeOg [1]. However, the theoretical spin model for
this compound is still under investigation and requires further clarification. To address this issue,
it is crucial to measure the magnetization process of Na,Co,TeOg under an out-of-plane
magnetic field. In this study, we investigate the magnetization process of Na,Co,TeOs under
magnetic fields up to 100 T with varying field directions. Our results successfully reproduce the
widely reported three low-field phase transitions, namely Hi, Hz, and Hs[2, 3], under in-plane
field conditions. Notably, the third transition, Hs, exhibits a larger anisotropy compared to the
other two transitions, H; and H,. Further analysis, based on previously reported specific heat
results up to 20 T under an out-of-plane magnetic field [4], suggests that the antiferromagnetic
field may be suppressed at the third transition Hs. Additionally, we observe another phase
transition at 82 T, which is documented in the angle-field phase diagram presented in Fig. 1. By
comparing the angle-field phase diagrams of Na,Co,TeOs and the previously reported one for
a-RuCls, we observe striking similarities. This similarity suggests the necessity of a similar
micro-spin model to describe Na,Co,TeOs. | [

- & H, (NDSTR)
1 M
m H,(STC)
[1] Lin, Gaoting, et al., Nat. comm. 12. 5559. o/t mb o HelosTR) 1
\ 2 H/STO)?
(2021) A
[2] Xiao, Guiling, et al., J. Phys: condens. matter o« /. o ]
\\
34. 075801 (2021). N 4
[3] Zhang, Shengzhi, et al., Phys. Rev. B 108. W AFM N\ _ Polarized |
064421 (2023). SR 3 2
. \
[4] Yang, Heejun, et al., Phys. Rev. B 106 | o . B
L081116 (2022) 0 20 40 60 80 100
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[5] Zhou, Xu-Guang, et al., Nat. Comm. 14 5613 ] ) .
Fig. 1 Angle-field phase diagram
(2023).

of Na,Co,TeOg up to 100 T.
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High-Field Magnetism of the triangular lattice magnet NiBr2 with long-wavelength
cycloidal spin structure
K. Yamashita®, T. Kida®, Y. Narumi*, K. Kindo®, M. Hagiwara®
AAHMEF, Grad. Sch. Sci., Osaka Univ., B ISSP, Univ. of Tokyo.
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[1] A. Adam et al., Solid State Commun. 35, 1 (1980).

[2] Y. Tokunaga et al., Phys. Rev. B. 84, 060406(R) (2011).

[3] K. Katsumata et al., J. Phys. Soc. Jpn. 52, 3313 (1983).

[4] H. Yoshiyama et al., J. Phys. C: Solid State Phys. 17, 713 (1984).
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Tokyo University of Science
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[1] Puphal and et al., Journal of Materials Chemistry C, 5(10):2629-2635, 2017.
[2] Hering and et al., npj Computational Materials, 8(1):10,2022.
[3]Capponi and et al., Physical Review B, 88(14):144416, 2013.
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Unusual Optical Absorption in NiPS; Induced by Zhang-Rice Transitions in High
Magnetic Fields
KY HUANG®",Dr. Jaena ParkB Prof. Je-Geun ParkB Dr. ZHUO YANG®#,Prof. Yoshimitsu
Kohama?, Y. H. Matsuda®,
AISSP, Univ. Tokyo BSeoul National University

NiPS3 is a quasi two-dimensional Mott insulator that exhibits antiferromagnetic order below the
Néel point T = 155 K. In the optical absorption spectrum, it has been reported that the two
absorption peaks at 1.47e¢V and 1.5eV appear at a low temperature due to the spin-orbit entangled
excitons which is known as Zhang-Rice (ZR) transition[1].

In the present study, we have measured magneto-absorption spectra in NiPS3 in pulsed high
magnetic fields of up to 140 T. A non-destructive pulsed magnet was used for the measurement of
the detailed temperature variation of the magneto-absorption spectra up to 50 T. The horizontal
single-turn coil (HSTC) system was used for higher field region up to 140 T. The magnetic field
dependence of the optical absorption spectrum has never been reported in magnetic fields greater
than 10 T [2]. The high-field magneto-absorption can provide insight into the understanding of the
ZR transition. The experiments were done at low temparetures.

Figure 1 shows the absorption spectra at different magnetic fields at 10 K. The spectrum at 0 T is

in very good agreement with that reported in the previous study [1]. When magnetic field increases,
it is found that the peak at 1.47 eV shifts to lower energy, while the peak at 1.5 eV shifts to higher
energy. The absolute value of the higher-energy-peak shift (blue shift) is larger than the absolute
value of the lower-energy-peak shift (red shift). In addition, the temperature dependence of the
energy shifts of these two peaks is obtained in magnetic fields of up to 50 T. The both energy shifts
are found to become smaller with increasing temperature, indicating that as the temperature gets
closer T, both absorption peaks ceased to respond to the magnetic field.
In a high magnetic field, the energy gap of the Zhang-Rice transition is expected to decrease because
the lower energy peak due to the ZR transition was observed to shift to lower energy with magnetic
field. However, this finding contradicts to the expected behavior; the energy gap should increase
with increasing magnetic field because the ZR triplet state is believed to be the ground state. Hence
some breakthrough for the interpretation of the ZR

transition is highly required. Regarding the -

higher-energy-peak, the transition is associated

1277
mT
89T
62T

intesity

with magnon excitations. The higher energy shift
can be due to the increase of the magnon energy.
[1] Kang, S., Kim, K., Kim, B.H. ef al. Nature 583
785-789 (2020).

[2] arXiv:2306.07660

31T
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Fig.1 Absorption spectra at different
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High-Field Magnetism of the Honeycomb-Lattice Heisenberg Antiferromagnet
(Cui-xMy)2(pymca)3(ClO4) (M = Zn, Ni)

S. Inoue*, T. Kida*, Z. Honda®, Y. Narumi®, K. Kindo®, M. Hagiwara®
AAHMF, Grad. Sch. Sci., Osaka Univ., BGrad. Sch. Sci. Tech., Saitama Univ., “ISSP, Univ. of Tokyo
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[1] K. Sugawara et al., J. Phys. Soc. Jpn. 86, 123302 (2017).

[2] A. Okutani ef al., J. Phys. Soc. Jpn. 88, 013703 (2019).
[3] T. Shimokawa et al., Phys. Rev. B 106, 134410 (2022).



P11

Magnetization of a spinel compound MgTi,O4 in high magnetic fields
up to 95T

Junmeng Zhao, ,Yuto Ishii. and Yasuhiro.Matsuda

Spinel oxides with the AB2X4crystal with the structure of AX4 tetrahedra and BX¢ octahedra, are
renowned for their wide-ranging properties and functionalities, encompassing spin fluctuations,
charge ordering, and orbital ordering. These materials exhibit fascinating characteristics, including
superconductivity, ferroelectricity, and magnetostriction, making them highly versatile for
applications in electronics, catalysis, and electrochemical sciences such as batteries, fuel cells, and
electrochemistry[1].MgTi>O4 with spinel-type structure exhibits a structural transition from cubic to
tetragonal around 260 K which is accompanied by a drastic change of resistivity and suppression of
magnetic susceptibility in the low-temperature insulating phase. While the low temperature phase is
highly insulating, the high temperature phase behaves as a bad metal or a semiconductor with
gradual increase of resistivity by cooling. After phase transition, the magnetization drops abruptly
from Pauli paramagnetism to non-magnetic behavior due to the simultaneous spin-dimer
formation[2].1t is a potential candidate for single-valence dimerization due to the 3d' electronic
configuration of Ti3"[3]. This intriguing behavior has motivated numerous research groups to
explore the underlying physical mechanism.However, there have been no studies conducted on the
magnetic effects for this system.

In this research,we have measured the magnetization up tp 95T of MgTi204 at several
temperatures by vertical single trun coil system.However,MgTi204 does not undergo a phase
transition up to 95T even at 250K.This result indicates that the insulating state of MgTi204 is robust
against themagnetic field.In this presentation,we will introduce the experimental results and discuss

the physical properties of MgTi204 in terms of the magnetic field effects.
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