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<FRONT COVER EXPOSITION>
Cryogen-Free 28 T Hybrid Magnet and

25 T Cryogen-Free Superconducting Magnet

The world’s first 28 T cryogen-free hybrid magnet developed by the HFLSM. The
inner double Bitter type water-cooled resistive magnet generates 19.0 T in a room
temperature experimental bore of 32 mm with the electric power of 7.2 MW. The outer
cryogen-free superconducting magnet generates 9.0 T in a 360 mm room temperature
bore. The cryogen-free superconducting magnet generates 25.1 T in 52 mm room
temperature bore by the combination of metallic and high-7, superconductors.
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This booklet reports the highlights of researches and the new improvements
during FY2021 performed in HFLSM: High Field Laboratory for Superconducting
Materials at Sendai. HFLSM has been developed numbers of new magnet technologies
including cryogen-free hybrid magnet and cryogen-free superconducting magnets
beyond 20 T. At HFLSM, the unique 25 T cryogen-free superconducting magnet
(25T-CSM) has been operational for user program and has attracted many users. Such
cryogen-free superconducting magnets surely offer long-term stable and high-quality
steady fields. HFLSM offers varieties of magnets for researches in materials science,
physics, applied superconductivity, chemistry and other pure and inter-disciplinary
sciences performed in steady magnetic fields. The upgrade project of 25T-CSM is
shifted to the 33T-CSM project since 2022 based on our original technologies. This
project is one of the main objectives in the Japan High Magnetic Field Collaboratory
started operation in April 2020.

Since 2019, IMR has recognized as the new international user program named
Global Institute for Materials Science Tohoku (GIMRT). It will enhance the diverse and
strong collaboration in a global framework. Under difficulties in Covid-19 pandemic,
HFLSM is in operational with strict anti-infection majors by the strong supports and
collaborations of users. We accept users from abroad in 2021 for onsite experiments
under the GIMRT. In addition, limitations and requirements for new entry of foreign
nationals into Japan are now almost removed since 2022 October. We hope that the
booklet helps you to see the overview of our activities and stimulate future research
collaborations with domestic and oversea users in HFLSM and in the High Magnetic

Field Co-laboratory of Japan.

1 November 2022
Satoshi Awaji
Director of HFLSM
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Pairing Interaction in Superconducting UCoGe Tunable by Magnetic Field
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The mechanism of unconventional superconductivity, has been studied as a central issue in
condensed-matter physics. Spin fluctuations, instead of phonons, are considered to be responsible for
the formation of Cooper pairs, and many efforts have been made to confirm this mechanism
experimentally. Here, we show a semiquantitative comparison between the superconducting-transition
temperature (7sc) and spin fluctuations derived from the NMR experiment on the ferromagnetic (FM)
superconductor UCoGe in which the FM fluctuations and superconductivity are tunable by external
fields. The enhancement and abrupt suppression of Tsc by applied fields, as well as the pressure
variation of Tsc around the FM criticality are well understood by the change in the FM fluctuations on
the basis of the single-band spin-triplet theoretical formalism proposed by V. P. Mineev.

K. Ishida', S. Matsuzaki, S. Kitagawa', M. Hirata®, T. Sasaki’, D. Aoki*"
! Dept. of Physics, Kyoto Univ., ? IMR, Tohoku Univ., * Univ. Grenoble Alpes, CEA, France

Reference: K. Ishida ef al., “Pairing interaction in superconducting UCoGe tunable by magnetic field”,
Phys. Rev. B. 104, 144505 (2021).

U7 ALEWTRBENEBIRER UCoGe Tl B30I 1 T T D58 BAME DO X TR N L
L TCWDZEMSERRAE R AW B E & DSz, ARSI, BB R E D E
BROH RSN TS [B. Wu et al., Nat. Comm. 8, 14480 (2017)], SRR HE THXEZEND
HUREIIAY  ZHIEBRELE X 52 L Rk TREEIE AR BR CIIAE v Z I R )3 5
BLTWbHEEZLND

AE T ARIRER Y AR, SRR 2, Ex RFEZ 2, HAK?
VRORER, 2 BAE K@M, 27V =T R



Detailed Study on BHO-doped SmBCO Thin Films Grown by TFA-MOD
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We have grown SmBa,Cu3zO75 (SmBCO) thin films with a 12 mol% nano-sized BaHfO3(BHO) by
TFA-MOD for the first time and investigated their microstructural and transport properties in detail.
By optimizing the growth condition, epitaxial thin films with a 7. of 94 K were realized. As shown in
figure, large densities of stacking faults were observed in the film. These defects were also observed in
the pristine film. Therefore, further improvement of critical current properties by BHO-doping was
limited to low magnetic fields, and few improvements of J¢(0) at a high field of 24 T were observed
irrespective of BHO addition. In future, we will try to optimize the microstructure in which BHO
nanoparticles work more effectively as strong pinning centers.

J. Hinisch', K. Iida**, P. Cayado®, M. Erbe', L. Griinewald’, T. Hatano?, T. Okada®, D. Gerhsen’,
S.Awaji¢, B. Holzapfel'

"ITEP KIT, > Nagoya Univ., > Nihon Univ., * Univ. Geneva, > KIT-LEM, ° IMR, Tohoku Univ.

Reference: J. Hénisch et al, “Microstructure, pinning properties, and aging of CSD-grown
SmBa,Cu3075 films with and without BaHfO3 nanoparticles”, Supercond. Sci. Technol. 35 (2022)
084009.
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High-field Critical Current Characteristics of (Bi, Pb):Sr>Ca,Cuz0, Filaments
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We abstracted (Bi, Pb),Sr>Ca,Cu3O, (BSCCO) filaments from a commercial BSCCO tape (DI-BSCCO
Type HT-NX) and investigated those critical current characteristics as a function of temperature, and
strength and orientation of magnetic field /(7, B, 0). Based on scaling behaviors of I.(7, B, Odeg.)B vs.
B and <B|cosf|>, where <X> is a Gaussian average of X over misalignment angle of BSCCO
polycrystals, we successfully constructed a model that reproduces I(7, B, €) (solid curves in the
figure). We clarified that 1) the orientation of BSCCO grains distributes with misalignment angle of
~10deg., 2) the pinning curve I(7, B, 0deg.)B vs. B exhibits the T-scaling behavior, and 3) /«(7, B, 0)
of BSCCO filaments are dominated by B||c components of the vortex pinning.

T. Okada', D. Kobayashi', and S. Awaji'
"IMR, Tohoku Univ.

Reference: D. Kobayashi, T. Okada, and S. Awaji, “High-Field Critical Current Properties of (Bi,
Pb),Sr,CaxCusOy, Filaments”, IEEE Trans. Appl. Supercond., 32 (2022) 6400105.
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Trapping a Magnetic Field of 17.89 T in Stacked Coated Conductors
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We have succeeded in trapping a record-high magnetic field of 17.89 T in the center of a stacked
magnet with dimensions of ~12x13x11.7 mm’. The stacked magnet consists of 200 sheets of
EuBa,;Cu307 coated conductors (CC) with HfBaOs artificial pinning centers, each with ~12x13x0.055
mm?®. Three small Hall probes are placed at the center of the stack for the evaluation of trapped field.
Successful trapping of high magnetic field is achieved at 6.5 K within 75 min., which is contrasted to
similar trapping in a much larger stacked magnet with a volume of 35,000 mm® at ~8 K in ~19 h and
in a mechanically reinforced GdBaCuszO; bulk at 26 K in ~20 h. Flux jumps are suppressed by
evaporating Pb with large heat capacity at ~10 K onto central pieces of CCs.

M. Suyama', S. Pyon', T. Tamegai', Y. lijima®, S. Awaji’
! Dept. of Appl. Phys., The Univ. of Tokyo, ? Fujikura Ltd., > IMR, Tohoku Univ.

Reference: M. Suyama et al., “Trapping a magnetic field of 17.89 T in stacked coated conductors by
suppression of flux jumps”, Supercond. Sci. Technol. 35 (2022) 02LTO1.
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Electric Quadrupolar Fluctuation in the Center of Vortex-like Magnetic
Structure of UNi4sB
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The international collaborative research group have succeeded in identifying that electric quadrupoles
play an important role in the magnetic order of the honeycomb-layer compound UNi4sB. The group
showed that these quadrupoles maintain their degrees of freedom without ordering at the center of a
magnetic vortex arrangement. In this study, the cooperation partners combined ultrasound technique,
which can sensitively detect orbital degrees of freedom, with the 28T-CHM and *He-*He dilution
refridgerator at the High Field Laboratory for Superconducting Materials at Tohoku University.

T. Yanagisawa', H. Matsumori', H. Saito', H. Hidaka', H. Amitsuka', S. Nakamura®, S. Awaji’,
D. I. Gorbunov’, S. Zherlitsyn®, J. Wosnitza®*, K. Uhlifova®, M. Valiska®, and V. Sechovsky’
! Hokkaido Univ., > IMR, Tohoku Univ., > HLD-EMFL, HZDR, * TU Dresden, ° Charles Univ.

Reference: T. Yanagisawa et al., “Electric quadrupolar contributions in the magnetic phases of UNi4B”,
Phys. Rev. Lett. 126 (2020) 157201.
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Radical-based Coordination Polymers Exhibiting Magnetoluminescence
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Magnetoluminescence (MagLum) of radicals (i.e. molecules possessing unpaired electrons) is a rare
example of spin-correlated photofunctions, where the spin degree of freedom of materials is coupled
strongly to the luminescence properties. MaglLum has been observed to date only in radicals dispersed
in host matrices. In this study, we revealed that radical-based 1D chain and 2D honeycomb lattice
coordination polymers (CPs) demonstrate MaglLum at 4.2 K. While the solid-state emissions of
component radicals in their crystalline states were not affected significantly by external magnetic
fields, those of CPs were greatly modulated. The results indicate that reducing radical—radical
interactions via CP formation would be a key factor for achieving MagLum.

S. Kimura'?, R. Matsuoka', S. Kimura®, H. Nishihara**, and Tetsuro Kusamoto'?
"IMS, % Dept. of Chem., Univ. of Tokyo, * IMR, Tohoku Univ., * Res. Inst. for Sci. and Tech.,
Tokyo Univ. of Sci., > JST-PRESTO

Reference: S. Kimura et al, “Radical-Based Coordination Polymers as a Platform for
Magnetoluminescence”, J. Am. Chem. Soc. 143 (2021) 5610.

TV IV DRI WIS EFE O (MagLum) 1, B O AL B HEE TR DR T TV LT A
R R RE DO A 72 T D, ZHET Maglum 1570V & B RFEIKICR —F Lzl ks
WTCDOREBEINTET, AR TIL, B A I1XT VNN ERE1TIRITEHIB L 2R T/ N= T LK1
G2 DR E 123, 4.2 K IZBWT MagLum 271~ ZEE AL LT, BUNLE sy Dk
RBLFE THDH T AV AR OFREII A B 72 MagLum Z/RE720— 07, ZSa Rk 383 &9 DB
5 T OERFESIIES I L RESEREND, TNHOFERIT, TEAALE S ALl BTV D
MagLum % EH 357200 BWFIELRVEHZLERLTND,

AAF FE 02, MR e K, ARFSHIURER 3, PUJR L 24, FIARHIRR 1
YOy AR, 2 BORBEER, 3 ALK, 4 SRERRBERRAE, ° JIST SEAT



Enhancement of the Magnetoelectric Effect Using the Dynamic Jahn-Teller
Effect in the Transition-Metal Complex [Mn'"(taa)]
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We have found an enhancement of the magnetic-field-induced electric polarization by the dynamic
Jahn-Teller effect in the noncentrosymmetric paramagnetic transition metal complex [Mn"!(taa)]. The
electric polarization of over 100 uC/m? is observed owing to the second order magnetoelectric effect
in this compound. Fluctuating electric dipole moments, which are generated from the Jahn-Teller
effect in [Mn"!(taa)] molecules are aligned by magnetic fields. This alignment results in the relatively
large field-induced electric polarization in [Mn"(taa)].

Y. Otsuki', S. Kimura', S. Awaji', M. Nakano®
"IMR, Tohoku Univ., * Research Center for Thermal and Entropic Science, Osaka Univ.

Reference: Y. Otsuki et al., “Enhancement of the Magnetoelectric Effect Using the Dynamic
Jahn-Teller Effect in a Transition-Metal Complex”, Phys. Rev. Lett. 128 (2022) 117601.
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