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This booklet reports the highlights and the new improvements during
FY2014 performed in the High Field Laboratory for Superconducting
Materials:HFLSM 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. Such cryogen-free superconducting magnets surely offer long-term
stable and high-quality steady fields for user. 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.

The reports in this booklet are selected from the 62 subjects performed
at the HFLSM as the user proposals supported by the inter-university
research cooperation network. We hope that the booklet help you to see the
overview our activities and stimulate the related research collaborations
with domestic and oversea users in HFLSM and in the High Magnetic Field
Co-laboratory of Japan.

Oct. 1st, 2015
Hiroyuki Nojiri
Director of HFLSM
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In-Field Current Transport Properties in High-7. (RE)1Ba;Cu30O7-5
Coated Conductor with BaHfOs Artificial Pinning Centers
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In-field current transport properties in high-7c (RE)iBa2CusO7-scoated conductors (CCs),
where RE is rare-earth element, have been investigated. Contour map of critical current
density, Je, in magnetic field and temperature (B-7) plane, and macroscopic pinning force
density curve, F', =J B, have been shown. Dots are measurements whereas solid curves are
analytical expression derived by the authors. The sample, EuiBa2Cu30O7-5, has been obtained
from high rate pulse laser deposition with introduction of nanostructured artificial pinning
centers utilizing 3.5 mol% BaHfOs. Significant enhancement of flux pinning strength has
been confirmed in comparison with previous CCs. These analyses are also useful to design
high field magnet based on the CCs.

T. Kiss!, M. Inoue!, K. Higashikawa!, S. Awaji’, K. Watanabe?, T. Izumi*

"Dept. of Electrical Eng., Kyushu University, 2IMR, Tohoku University, *JISTEC-SRL
Reference: M. Inoue, K. Tanaka, K. Imamura, K. Higashikawa, K. Kimura, Y. Takahashi, T.
Koizumi, T. Hasegawa, S. Awaji, K. Watanabe, M. Yoshizumi, T. Izumi, T. Kiss, “Current
Transport Properties of TFA-MOD Processed Long-Length Coated Conductor Doped with
Artificial Pinning Centers”, IEEE Trans. Appl. Supercond. 25 (2015) 6605804
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Applied Strain Dependence of Superconducting Properties for
Detwinned (Y, Gd)BCO Coated Conductors
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We succeeded in the complete detwin of (Y, Gd)Ba,CuzOy((Y, Gd)BCO) tapes by annealing
under an external uniaxial strain. The uniaxial-strain dependencies of the critical temperature
(T) and critical current density (J.) along the a and b crystal axes were investigated over a wide
strain region using the detwin of (Y, Gd)BCO tapes. For a wide strain region, we found that the
strain dependence of 7; for a and b crystal axes can be well fitted by a power-law function
whereas the single crystal behavior is linear. The strain dependences of J, are similar with those
of T¢. It is suggested that the 7. becomes a maximum value when the CuO, plane becomes a
square, and its lattice constant is close to 0.385 nm.

T. Suzuki', S. Awajiz, H. Oguroz, K. Watanabe®
! Graduate School of Information Science and Electrical Engineering,
Kyushu University, IMR, Tohoku University
Reference: S. Awaji, T. Suzuki, H. Oguro, K. Watanabe and K. Matsumoto, “Strain-controlled
critical temperature in REBa2Cu30y-coated conductors”, Scientific Reports 5, 11156 (2015)
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Magneto-Electric Effect in a Honeycomb Antiferromagnet Co;Nb,Oy
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Hexagonal Co,Nb,O, is composed of honeycomb-type Co layers stacking along the c-axis.
The Co moments are arranged antiferromagnetically, as shown in the left panel, below 27 K.
In the antiferromagnetic phase, a linear magneto-electric effect is observed. For example, an
external magnetic field along the [110] axis generates an electric polarization parallel or
antiparallel to the magnetic field. It has been observed that a rotation of the magnetic field
around the c-axis by an angle of 0 induces the rotation of the electric polarization by -26, as
shown in the right panel. This phenomenon is ascribed to the rotation of every Co moment,
and hence likely common to the honeycomb-type antiferromagnets.

N. D. Khanh', N. Abe?, T. Arima?, S. Kimura®
" Dept. Phys., Tohoku University, > Dept. Adv. Mat. Sci., University of Tokyo,
’ IMR, Tohoku University
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Low Energy Magnetic Excitations in PrNb,Al,, Studied by “Nb-NMR
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Pr-based compound PrNb,Al,, whose crystal electric ground state is of a non-magnetic 13
state, exhibits non Fermi liquid like behavior at low temperatures. The polycrystalline sample
was prepared by Dr. R. Higashinaka et al., Tokyo Metropolitan University. **Nb-Nuclear
Magnetic Resonance (NMR) measurements have been carried out for a polycrystalline
PrNb,Aly, A well split ”Nb-NMR spectrum was obtained at 10 T. Temperature dependences
of “?Nb-NMR longitudinal relaxation rate 1/T; were observed at various magnetic fields up to
19 T. Nb 1/T, was suppressed slightly at high magnetic fields above 10 T. However, the
temperature dependences of 1/T; at various magnetic fields follow a power law of 7°” below
100 K. This result indicates that the low energy excitation of the non-magnetic 1'; ground
state is different from the Fermi liquid state.

H. Toul, T. Kubol, H. Kotegawal, Y. Iharaz, T. Got03, and T. Sasaki*
'Dept. of Phys., Kobe University, “Dept. of Phys., Hokkaido University,
> Phys. Div., Sophia University, ‘IMR, Tohoku University
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High Field NMR Study of the Frustrated Magnet Volborthite
7T AR — MEEPE R R VAR Y A D EREY NMR

: : . (b)° RETES
(a) ~ " \l: e 22T
=20 . A 237
224.4 MHz x .
- ‘OA‘ $ A ‘
1.58 K e
1.86 K = 0
> 2 3
= 2.07K T (K)
5
E j\ 25K (c)
A
1000} Aa23T
30K —~ o000 © 2 :
42K & 2T . u
' = 20T
| |
198 199 20.0 20.1 100} e
B (T) T(K)

The frustrated magnet volborthite [Cu;V,0,(OH),*2H,0] exhibits a novel magnetic phase at
23-26 T, which may be regarded as a spin nematic phase. In this study, we have performed
high field NMR measurements of volborthite in the magnetic field range of 20-24 T by using
the hybrid magnet. As shown in Fig. (a), the line width of the field-swept NMR spectra
increases with decreasing temperature, indicating a magnetic transition near 2 K at 20-23 T
(Fig. b). The nuclear spin-lattice relaxation rate 1/7 at 20 T, where a spin-density-wave order
is realized, decreases with decreasing temperature, whereas 1/7; at 23 T increases (Fig. c).
These results indicate that inhomogeneous magnetic moments appear below 2 K at 23 T.

M. Yoshida', K. Matsui?, T. Goto?, S. Kimura®, T. Sasaki’
" ISSP, University of Tokyo, > Dept. of Phys., Sophia University,
’ IMR, Tohoku University
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High Field ESR Measurements of the Isolated Dimer System
in Circularly Polarized Light
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We have studied the selection rule of the ESR signal of the isolated antiferromagnetic dimer
system NayCoy(C,04)3(H20); in high magnetic fields. For usual magnetic dipole transition,
the magnetic resonance signal in illuminating circularly polarized light is abruptly changed by
reverse of the direction of the external field, because the spin system couples with either left
or right handed circularly polarized light. However, the observed change in the ESR signal w,
which corresponds to the direct transition between the spin singlet and triplet states in
NayCo(C204)3(H20),, is very little. From this curious result, we consider that the direct
transition is caused by the electric dipole transition. We propose that the spin current
mechanism, which gives rise to a spin-driven ferroelectricity in multiferroic materials, is
responsible to induce a finite probability for the electric dipole active transition.

S. Kimura', K. Watanabe', Z. Honda®
" IMR, Tohoku University, > Graduate School of Science and Engineering, Saitama

University
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Magnetotransport Properties of Topological Insulator (Bi,Sb),Te; Thin
Film Field-Effect Transistor under a High Magnetic Field
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The v = 0 quantum Hall state (QHS) observed in a topological insulator (Bi,Sb),Te; was
attributed to a pseudo-spin Hall insulator as a result of resolved degeneracy of top and bottom
surface states. In this study, we elucidate two important features in magnetotransport
measurements under up to B = 26 T and 7 = 25 mK that (a) the broad peak of the sheet
resistance Ry as a function of gate voltage Vg around charge neutral point (CNP) and (b) a
large positive magnetoresistance as a function of magnetic field when V5 is close to Vene.

J. Shiogail, A. Tsukazaki', R. Yoshimi’, M. Kawasaki**, Y. Tokura®"

"IMR, Tohoku University,

? Department of Applied Physics and Quantum-Phase Electronics Center (QPEC)
? RIKEN Center for Emergent Matter Science (CEMS)
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Magnetic Properties of Nd-Fe-B Sintered Magnets Annealed
in Strong Gradient Magnetic Fields
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Grain-boundary diffusion processing (GBDP) of Dy source from the surface of sintered Nd-
Fe-B magnets is paid much attention as a promising method to save the usage of an important
rare metal, Dy. However, it is difficult to apply GBDP to large-sized bulk magnets since
the diffusion depth is limited to as much as 5 mm. On the other hand, we noticed that the
paramagnetic susceptibility of Dy3+ is about an order of magnitude larger than that of Nd3+,
located in the grain boundary "Nd-rich" phase. We therefore investigated the effect of strong
gradient magnetic fields on the GBDP in sintered Nd-Fe-B magnets. Shown in the figure are
the demagnetization curves of sintered Nd-Fe-B magnets for which sputter-deposoted Dy was
diffusion processed at Tuiffusion=850°C under the strong gradient magnetic fields of 18T-CSM.
Coercivity of the magnetic GBDP sample is apparently larger than that of the reference sample,

suggesting that a magnetic-force-assisted diffusion of Dy is working.

H. Katol, Y. Mizunol, K. Koikel, K. Takahashi’
! Graduate School of Science and Engeneering, Yamagata University

? Institute for Materials Research, Tohoku University
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Ionic Vacancy Formed in Electrochemical Reactions
under High Magnetic Fields
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Under high magnetic fields, the lifetime of ionic vacancy as well as the nanobubble formation
in electrode reaction was measured. lonic vacancy is a negatively or positively charged free
vacuum space of the order of 0.1 nm, produced in liquid solution. However, it has been
believed that the vacancy would be quite unstable. Using a concentric electrode system under
a vertical magnetic field (cyclotron magnetohydrodybnamic eletrode, CMHDE), in
ferricyanide/ferrocyanide redox-reaction, copper cathodic deposition and copper anodic
dissolution, we have actually measured the lifetime. As a result, it was clarified that the
lifetime is distributed from 1 ms to 1 s, coressponding to the intrinsic lifetime and the
nanobubble formation time, respectively. Then, with the same type of electrode system, the
microbubble grobules evolved from the collision of nanobubbles were successfully observed.

Y. Oshikiri', A. Sugaiyama®, M. Miura®, R. Aogaki®, I. Mogi’
' Yamagata College of Industry and Technology, > Waseda University, > Hokkaido
Polytechnic College, *Polytechnic University, "IMR, Tohoku University
Reference: Y. Oshikiri, R. Aogaki, M. Miura, A. Sugiyama, R. Morimoto, M. Miura, I. Mogi,
and Y. Yamauchi, “Microbubble Formation from Ionic Vacancies in Copper Anodic
Dissolution under a High Magnetic Field”, Electrochemistry, 83 (2015) 549.
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High-Field Optical Spectroscopy of the Chromium Spinel CdCr,0,
Using 30 T Hybrid Magnet
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The chromium spinel oxide CdCr,O; is a typical example of a three-dimensional
geometrically frustrated magneto. By applying a magnetic field at low temperature, it
undergoes magnetic phase transition to the 1/2 magnetization plateau phase at around 28 T.
In this work, we performed high-field optical spectroscopy measurements by using the
high-field optical spectroscopy system for 30 T hybrid magnet. We observed the large change
of the absorption spectrum at 30 T. It is probably attributed to the change of an exciton and a
magnon dispersion in the 1/2 magnetization plateau phase.
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