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 This booklet reports the highlights of researches and the new improvements 
during FY2017 performed in the HFLSM: High Field Laboratory for Superconducting 
Materials at Sendai. HFLSM has been developed numbers of new magnets technologies 
including cryogen-free hybrid magnet and cryogen-free superconducting magnets 
generating magnetic fields above 20 T. At HFLSM, the unique 25 T cryogen-free 
superconducting magnet has been operational for user program. Such cryogen-free 
superconducting magnets surely offer long-term stable and high-quality steady fields. 
HFLSM offers varieties of hybrid and superconducting magnets for researches in 
materials science, physics, applied superconductivity, chemistry and other pure and 
inter-disciplinary sciences performed in steady magnetic fields.  
 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. 
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Vortex Pinning Mechanism in YBa2Cu3O7-d Films Containing NanorodsM
y{�vxo��[^ YBa2Cu3O7-d<:f4&|�z�r+*M

A vortex pinning mechanism in YBa2Cu3O7-d films containing nanorods was discussed by 
fabricating BaSnO3 nanorods with a diameter of 11 nm and BaHfO3 nanorods with a diameter 
of 7 nm. While the BaSnO3 nanorods with a larger diameter exhibited stronger pinning at high 
temperatures near an irreversibility temperature, the difference in nanorod pinning between 
the BaHfO3 nanorods and the BaSnO3 nanorods was not observed at temperatures lower than 
77 K. Matrix defects such as oxygen vacancies affected vortex pinning at a low temperature 
of 20 K, demonstrating the vortex pinning mechanism depending on temperature.   

T. Horide1, K. Matsumoto1, S. Awaji2

Dept. of Mater. Sci. & Eng., Kyushu Institute of Technology 1, IMR, Tohoku Univ. 2.

Reference: T. Horide et al., “Pin potential effect on vortex pinning in YBa2Cu3O7-d films 
containing nanorods: Pin size effect and mixed pinning”, Appl. Phys. Lett. 110(2017) 052601. 

y{�vxo��\mYbejl YBa2Cu3O7-d<:fL!9
U�9aPlNZkdm0!�

�e�X`]f;1J-��(Jc)+*o"kTe\m >UPmO%36ag<:�e
BaSnO3y{�vx(2� 11 nm)SjhBaHfO3y{�vx(2� 7 nm)o�=[Ny{�vxf2
�Sjh}w~vqt*EU4&|�z�re�i\�KoA@[^O��D/�C
fL

/ag2�f�Vd BaSnO3y{�vxU�Q|�z�ro5[^O77 K��edmby{�
vxspuejm BaSnO3bBaHfO3y{�vxf|�z�r0!fFQg?kndWd_^OZ

ke 20 Kf�/edmbG87�dcf}w~vqt�f)�,Iejl Jc0!U�
[^O

YfjRe|�z�r+*U/�e	�\mYbo"kTe[^O 

��M $� 1�(%M > 1�.BM # 2 
1�����2'��H3. 

- 1 -



Improvement in Irreversibility Field and Flux Pinning Force Density 

by Controlling Artificial Pinning Centers=

��CD	�?AB�
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   Copyright (2017) The Japan Society of Applied Physics

A high flux pinning performance was obtained for a 3.8 vol.% BaHfO3-doped SmBa2Cu3Oy 
superconducting film on a metallic substrate with textured oxide buffer layers. At a temperature of 
77.3 K, an irreversibility field of 16.8 T and the maximum flux pinning force density of 32.5 GN/m3 in 
fields applied parallel to the c-axis of the film were achieved, which are the highest values reported 
thus far for REBa2Cu3Oy films, to our knowledge.  

S. Miura1, Y. Yoshida2, Y. Tsuchiya2, Y. Ichino2, S. Awaji3, A. Ichinose4, K. Matsumoto5,
A. Ibi6, T. Izumi6, M. Iwakuma1

1 Kyushu Univ., 2 Nagoya Univ., 3 IMR, Tohoku Univ., 4 CRIEPI, 5 Kyushu Inst. Technol., 6 AIST

Reference: S. Miura et al., “Strongly enhanced irreversibility field and flux pinning force density in 
SmBa2Cu3Oy-coated conductors with well-aligned BaHfO3 nanorods”, Appl. Phys. Express 10 (2017) 
103101.  
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Superconducting Properties of 100-m Class Sr0.6K0.4Fe2As2 Tape 

and Pancake Coils�

100 m� Sr0.6K0.4Fe2As2��	����������
��
����

��

 Iron-pnictides are hotly studied since 2008 in the superconducting materials research area, 
due to their special properties and unclear mechanism. Big achievement has been made in the 
pnictide research during the past years. For practical uses, pnictide superconductor should be 
fabricated in a form that can be used for different devices. In this paper, 100-m class 7-core 
Sr0.6K0.4 Fe2As2 (Sr122) tapes have been made by using the powder-in-tube technique, which 
is reported for the first time. An average Jc of 1.3×104 A/cm2 at 10 T was reached over the 
115-m length, showing a high property and good uniformity of 100-m level Sr122 tapes.
Using the 10-m long Sr122 tapes, two double-pancake coils were fabricated by a wind and
reaction technique. No transport current could be measured for the coil made from the
monofilamentary tape. However, transport Ic was obtained in the coil made from the
7-filamentary tape. The factors that affect the superconducting property of the coil were
discussed in this paper.

X.P. Zhang1, H. Oguro2, C. Yao1, C.H. Dong1, Z.T Xu1, D.L. Wang1, S. Awaji2,
K. Watanabe2, Y.W. Ma1

1 IEE, CAS, 2 IMR, Tohoku Univ.

Reference: X.P. Zhang et al., “Superconducting Properties of 100-m Class Sr0.6K0.4Fe2As2 
Tape and Pancake Coils”, IEEE Trans. Appl. Supercond. 27 (2017) 7300705.  
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Pseudogap Behavior of the Nuclear Spin-Lattice Relaxation Rate in FeSe 

Probed by 77Se-NMR 
77Se2?5�R�Pc2nps-3�B�8bFhkj+mroq;*EW

77Se-nuclear magnetic resonance (NMR) studies were carried out on the iron-based 
superconductor FeSe in magnetic fields of 0.6 to 19 T to investigate the superconducting (SC) 
and normal-state properties. The nuclear spin–lattice relaxation rate divided by the 
temperature (T1T)−1 increases below the structural transition temperature T� but starts to be 
suppressed below T* well above the SC transition temperature Tc(H), resulting in a broad 
maximum of (T1T)−1 at Tp(H). This is similar to the pseudogap behavior in optimally doped 
cuprate superconductors. Because T* and Tp(H) decrease in the same manner as Tc(H) with 
increasing H, the pseudogap behavior in FeSe is ascribed to SC fluctuations, which 
presumably originate from the theoretically predicted preformed pair above Tc(H). 

A. Shi1, T. Arai1, S. Kitagawa1, T. Yamanaka1, K. Ishida1, A. E. Böhmer2,
C. Meingast2, T. Wölf2, M. Hirata3, and T. Sasaki3

1Dept. of Phys., Kyoto Univ., 2ISSP, Karlsruhe Inst. of Tech., 3IMR, Tohoku Univ.

Reference: A. Shi et al., “Pseudogap Behavior of the Nuclear Spin-Lattice Relaxation Rate in 
FeSe Probed by 77Se-NMR”, J. Phys. Soc. Jpn. 87, 013704 (2018). 
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Gapless Magnetic Excitations in the Kagome Antiferromagnet 

Ca-Kepallasiten
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The ground state of the quantum kagome antiferromagnet�����  has been in intensive debate 
both from theoretical and experimental viewpoints. In this study, we explored the low energy 
magnetic excitations of KAF by measuring the nuclear spin-lattice relaxation rate 1/T1 in the 
magnetic fields up to 18.9 T. The defect-free crystal structure of the perfect KAF 
Ca-kapellasite (CaCu3(OH)6Cl2�0.6H2O) allows us to study the intrinsic magnetic properties. 
We observed a power-law temperature dependence of 1/T1 below the magnetic transition 
temperature TM = 7.4 K. Based on the detailed analyses, we found an extra contribution to the 
low energy magnetic excitations in addition to the conventional spin wave excitations.    

  
 Y. Ihara1, T. Sasaki2, N. Noguchi1, Y. Ishii1, M. Oda1, and H. Yoshida1 
 1 Dept. of Phys., Hokkaido Univ., 2 IMR, Tohoku Univ. 
 
Reference: Y. Ihara et al., “Gapless magnetic excitations in the kagome antiferromagnet 
Ca-kapellasite probed by 35Cl NMR spectroscopy.”, Phys. Rev. Lett. 96 (2017) 180409(R).  
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Large Thermoelectric Conversion in an Emergent-Monopole LatticeZ


B�����1�q`d{��;X�&Z

�
 
 
 
 

  
 
 
 
 
 
 
 

 
Hairy magnetic structures with nontrivial topology, so-called hedgehogs, behave as sources or 
sinks of emergent magnetic fields, i.e., emergent monopoles. In a chiral magnet MnGe with a 
dense hedgehog lattice, there observed various unique transport phenomena rooted in strong 
effects of emergent monopoles. By exploiting steady magnetic fields of a 25 T cryogen-free 
superconducting magnet, we have discovered a large thermoelectric effect persisting up to 
high magnetic fields and have identified its origin as robust fluctuations of emergent 
monopoles, which can be only suppressed at the low-temperature and high-field regime. 

 
Y. Fujishiro1, N. Kanazawa1, J. Shiogai2, S. Kimura2, S. Awaji2, A. Tsukazaki2,  
Y. Tokura1,3 et al. 

 1 Dept. of Appl. Phys., University of Tokyo, 2 IMR, Tohoku Univ., 3 CEMS, RIKEN. 
 
Reference: Y. Fujishiro et al., “Large magneto-thermopower in MnGe with topological spin 
texture”, Nature Commun. 9 (2008) 408.  
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Development and Application of 2.5 GPa Electron Spin Resonance System 

using a 25 T Cryogen-free Superconducting Magnet 
psz C��\�#PM�G�� pnslvw{ k� uyx XU�hI�-Gl

�

�

 We have succeeded in developing a 2.5 GPa high pressure-high field ESR system by using 25 
T cryogen free superconducting magnet. A special piston-cylinder pressure cell with THz-
wave-transparent components was designed. A pressure driven quantum phase transition is 
identified by ESR in a orthogonal dimer system. 
� �

� T. Sakurai1, S. Kimura2, M. Kitmata2, H. Nojiri2, S. Awaji2, S. Okubo3, H. Ohta3,  
 Y. Uwatoko4, K. Kudo5, and Y. Koike6 

1RFCST, Kobe Univ., 2IMR, Tohoku Univ., 3MPRC, Kobe Univ., 4ISSP, Univ. of 
Tokyo, 5RIIC, Okayama Univ., 6School of Eng., Tohoku Univ. 

 
Reference: T. Sakurai et al., “Development and application of 2.5 GPa–25 T high-pressure 
high-field electron spin resonance system using a cryogen-free superconducting magnet”, J. 
Magn. Reson. 296 (2018)1-4.  
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Collective and Local Excitations in a Highly Frustrated Antiferromagnet 
')%&*,$(+�!����� Ba2CoTeO6 #�	��"�
�� 

 

 
Ba2CoTeO6 is composed of almost decoupled two subsystems A and B, which are described 
as a spin-1/2 triangular-lattice Heisenberg antiferromagnet (TLHAF) and a honeycomb-lattice 
J1-J2 Ising antiferromagnet, respectively. Ba2CoTeO6 undergoes successive magnetic phase 
transitions at TN1=12.0 K and TN2=3.0 K. For a magnetic field H parallel to the c axis, 
subsystem B exhibits successive metamagnetic transitions with magnetization plateaus at 
one-third and one-half of the saturation magnetization. Below TN2, we observed collective 
ESR modes of subsystem A for H//c, which are characteristic of a TLHAF with weak 
easy-plane anisotropy. We also observed a local excitation mode, which can be assigned as a 
single flip of the Ising-like spin of subsystem B. From a detailed analysis of the collective and 
local ESR modes, we determined the magnetic parameters of subsystems A and B. 
 
  P. Chanlert1, N. Kurita1, H. Tanaka1, M. Kimata2, and H. Nojiri2 
 1 Dept. of Physics, Tokyo Institute of Technology, 2 IMR, Tohoku University 
 
Reference: P. Chanlert et al., “Collective and local excitations in Ba2CoTeO6: a composite 
system of spin-1/2 triangular-lattice Heisenberg and honeycomb-lattice J1-J2 Ising 
antiferromagnets”, Phys. Rev. B 96 (2017) 064419.  
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Epitaxial Contact Andreev Reflection Spectroscopy of NbN/Co2FeSi Devices]

NbN/Co2FeSiM�p|��}���(�y����|���
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We investigated the spin polarization P of Heusler alloy Co2FeSi by epitaxial contact Andreev 
reflection (ECAR) spectroscopy. Ferromagnetic Co2FeSi possesses the highest Curie 
temperature (TC ≈ 1100 K) and the largest spontaneous magnetic moment ( ps ≈ 6µB) in the 
class of Heusler alloys. The ECAR measurements revealed that the P value of Co2FeSi was 
54±2%. We therefore established the fabrication and evaluation techniques of their ECAR 
devices. This highly versatile superconducting spintronic system enables fundamental 
superconducting spintronic studies, and it is also a candidate for practical devices.  
 I. Shigeta1, T. Kubota2, Y. Sakuraba3, C. G. Molenaar4, J. N. Beukers4, S. Kimura2,  
 A. A. Golubov4, A. Brinkman4, S. Awaji2, K. Takanashi2, M. Hiroi1 
 1 Grad. School of Sci. and Eng., Kagoshima Univ., 2 IMR, Tohoku Univ., 3 NIMS,  
 4 Fac. of Sci. and Tech., Univ. Twente 
 
Reference: I. Shigeta et al., “Epitaxial contact Andreev reflection spectroscopy of 
NbN/Co2FeSi layered devices”, Appl. Phys. Lett. 112 (2018) 072402. 
]
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Development of 25T Cryogen-free Superconducting Magnet 

25T8��K���y���nS= 

  
 
 
 
 

  
 
 
 
 
 
 
 
 

 
 We suceeded in the high magnetic field generation of 24.6 T in a 52 mm room temeprature 
bore using a newly developed 25T cryogen-free superconducting magnet (25T-CSM) with a 
high temerature superconduting insert coil. The world record of cryogen-free superconductin 
magnets was updated largely using the Bi2Sr2Ca2Cu3Oy HTS insert coil. The energiging time 
to the maximum field is within 1 hour by the simultanous ramping.  The HFLSM also 
performed sucessfully a solid state NMR measurement by a long time operation in 24.2 T.  The 
25T-CSM is now open for many users.   
 

  
 S. Awaji1, K. Watanabe1, H. Oguro1*, H. Miyazaki2, S. Hanai2, T. Tosaka2, S. Ioka2 
 1 IMR, Tohoku Univ., 2 Toshiba Energy Systems Corp., *present address: Tokai Univ. 
  
Reference: S. Awaji et al., “First performance test of a 25 T cryogen-free superconducting 
magnet”, Supercond. Sci. Technol. 30 (2017) 065001. 
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