o€ Preface <o

This booklet reports the highlights of researches and the new improvements
during FY2016 performed in the HFLM: 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 becomes available 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.

31 August 2017
Hiroyuki Nojiri
Director of HFLSM
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Characteristics of Critical Current and Irreversible Strain Limit in GABCO
Coated Conductor Tapes under Different B, T, and ¢ Conditions
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Fig. 1. I, (B, T) characteristics of RCE-DR GdBCO CC Fig. 2. Normalized /. as a function of applied uniaxial strain.
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The I performance under extreme conditions of high magnetic field, low temperature and
high stress/strain in the 2G RCE-DR processed GABCO CC tapes could be estimated. The
effect of external magnetic field on the strain sensitivity of /. decreases at lower temperature.
The irreversible strain limit, ¢, of the Cu-stabilized CC tapes exhibited an increasing value at
lower temperature (65 K to 20 K) due to the temperature hardening effect. Additional brass
lamination produced further increase of the ¢, of the RCE-DR GdBCO CC tape. Finally, the
normalized /., l.@s, 1/lc@o 1,77 x) Window showed lesser sensitivity against external magnetic
field with decreasing temperature. These values are important in the design of
superconducting device such as high-field magnet and high-current coils.

H. S. Shin', A. Gorospe', Z. Bautista', H. Oguro” and S. Awaji’
! Andong National Univ., % Tokai Univ., > IMR, Tohoku Univ.

Reference: A. Gorospe ef al., IEEE Trans. on Appl. Supercond. 27 (2017) 8400205.
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Effect of Pressure on Magneto-Transport Properties of
the Metallic Double Chain Compound Pr;Ba,Cu,0:5-;
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Metallic CuO double chains in the superconductor Pr,BasCu;0;5-5 have been studied on the
basis of the Tomonaga-Luttinger Liquid theory. We examined the effect of external pressure
on the magneto-resistance (MR) properties in superconducting samples. The sample at
ambient pressure exhibits no clear increase in MR for 7 ,,=26.5 K. With the application of
pressure, the MR effects reappear and their field dependencies are well fitted by A°”*. The
model of slightly warped Fermi surfaces for CuO double chains explaines the observed
pressure-induced magnetoresistance phenomena.
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Reference: M. Kuwabara ef al., J. Phys. Soc. Jpn. 85 (2016) 124704.
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NMR Study for Spin Dynamics in the Organic Superconductor
with Localized d Spins
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We observed the dynamics of the localized Fe spins in the layered organic superconductor
by measuring the nuclear spin-relaxation rate 1/7; of the ?C NMR in the fields up to 19 T. The
Fe spin dynamics is suppressed in high magnetic fields, as shown in the figure. When 1/7'7 is
sufficiently suppressed in 19 T, we observed the underling 7 electron contribution, which shows
a gapped temperature dependence (black solid line) with a gap size comparable to the charge
ordering temperature in the non-magnetic sister compound (Ga instead of Fe). In addition to
this, the suppression of magnetic fluctuations, together with the antiparallel n-d interaction
suggested from the lower field experiments, leads us to expect a field-induced superconducting
phase to occur in higher magnetic fields.

Y. Thara', Y. Futami', A. Kawamoto', K. Matsui’, T. Goto?, T. Sasaki’, S. Benmansour”,
and C. J. Gomez-Garcia®
! Hokkaido Univ., 2 Sophia Univ., 3 IMR, Tohoku Univ., 4 ICM, Univ. de Valencia

Reference: Y. Thara et al., Phys. Rev. B 94 (2016) 064504.
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Ferroelectriricity by Magnon BEC in the Spin Gap System TICuCl;
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We have found the spin-driven ferroelectricity due to the magnetic-field-induced
Bose-Einstein condensation (BEC) of magnon in the spin dimer system TICuCls;. Appearance
of the vector spin chirality S; x §j in the field-induced BEC state gives rise to the development
of the spontaneous electric polarization. The ferroelectricity turned out to be very soft with an
electric coercive field £ ~ 0.04 MV/m.

S. Kimura', K. Kakihata', K. Watanabe', M. Hagiwaral2 and H. Tanaka’
"IMR, Tohoku University, 2 AHMF, Osaka University
> Dept. of Phys., Tokyo Institute of Technology

References: S. Kimura et al., Nature Commun. 7 (2016) 12822.
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Dirac Fermion Transport Coupled with Magnetic Order in EuMnBi,
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Dirac fermions in solids have attracted a growing interest due to their unique transport
properties under magnetic field. In this study, we have revealed novel Dirac fermion transport
enriched by magnetic order in EuMnBi,, where the Bi layer hosting quasi 2D Dirac fermions
and the magnetic (Eu and Mn) blocking layer stack alternatively (Fig. A). From the detailed
transport measurements, we found that the antiferromagnetic order of Eu sublattice has a
marked impact on the interlayer coupling between the Bi layers. As a result, quantized Hall
plateaus manifest themselves, accompanied by complex Landau levels (Fig. B).

H. Sakai'*?, H. Masuda®, J. Shiogai4, S. Nakamura®, S. Awaji4, A. Tsukazaki* and
S. Ishiwata®’
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Reference: H. Masuda et al., Sci. Adv. 2 (2016) e1501117.
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Thermal Conductivity in Magnetic Fields for the Spin Diamond-Chain
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Azurite, Cu3(CO3)2(OH),, with spin (S = 1/2) diamond-chains has attracted much interest
owing to the interesting phenomena such as 1/3 plateau in the magnetization curve. To
investigate the nature of the independent single spin diamond-chains in Azurite, we measured
the thermal conductivity in high magnetic fields. As a result, an anomalous enhancement in
the thermal conductivity was observed in high fields above ~8 T at low temperatures below
~6 K, indicating that the 1/3 plateau phase exists in a wide temperature region. Accordingly, it
has been concluded that the ground state of independent single spin diamond-chains in
Azurite is a spin-fluid state, although the ground state of the real bulk Azurite is an
antiferromagnetic state owing to the exchange interaction between the spin diamond-chains.

T. Kawamata', Y. Hagiyal, K. Naruse', M. Ohno', Y. Matsuoka', H. Kikuchi?, T. Sasaki’
and Y. Koike'

'Dept. of Appl. Phys., Tohoku Univ., > Dept. of Appl. Phys. Univ. of Fukui,
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Reference: Y. Hagiya et al., J. Phys. Soc. Jpn. 85 (2016) 034715.
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Giant Exchange Coupling in Radical-Gd Complex
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One of the largest exchange couplings between Gd’" and radical was found in
[Gd(hfac);(6bpyNO)] (6bpyNO: 2,2’-bipyridin-6-yl tert-butyl nitroxide radical and hfac:
1,1,1,5,5,5-hexafluoropentane-2,4-dionate). Despite the combination of isotropic spins, a
strong mixing between the orbitals was evidenced by the sizable anisotropy observed in high
frequency EPR at HFLSM. Another evidence is found as the jump at 52 T in the pulsed field
magnetization measurement at ISSP. The cooperation through the high field collaboratory
network was quite effective to establish the existence of the giant exchange coupling.

T. Kanetomo', T. Kihara?, A. Miyake3, A. Matsuo®, M. Tokunaga3, K. Kindo®, H. Nojiri2
and T. Ishida'
! Dept. of Eng. Sci., The Univ. of Electro-Commun., 2IMR, Tohoku Univ.,

*ISSP, The Univ. of Tokyo

Reference: T. Kanetomo et al., Inorg. Chem. 56 (2017) 3310-3314.
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Optical Measurement of Anisotropic Susceptibility for

Diamagnetic Particles
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We have developed an apparatus that allows the observation of the transient rotational
motion of fine particles under a high magnetic field in order to determine anisotropic
magnetic susceptibility. Fine particles dispersed in viscous liquid were oriented in advance
under high magnetic field, then were turned instantaneously. The anisotropic susceptibility
was determined by transient intensity of polarized light transmitted through the dispersed
liquid. The anisotropic susceptibilities of spherical nanoparticles of bismuth and commercially
available carbon nanofibers were determined. The estimated Ayx=3.9x10” of spherical
bismuth nanoparticles with a diameter of 370 nm was slightly smaller than the value for the
bulk crystal. In contrast, the value of carbon nanofibers was distributed and didn’t obey the
theoretical expected motion of a single crystal.

N. Kitamura', K. Takahashi?, 1. Mogiz, S. Awaji2 and K. Watanabe®
" AIST, * IMR, Tohoku Univ.

Reference: N. Kitamura et al., Jpn. J. Appl. Phys. 55 (2016) 015001.
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Magnetocaloric Effect of Meta-Magnetic Heusler Alloy Niys;CogMn3; 5Gags
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Fig. 1 RCP of Nis;CooMn3; sGaygs. Fig. 2 Entropy curves at zero field and 2 T.

Nis;CooMn3; sGa;g s is a magnetic Heusler alloy, which indicates meta-magnetic transition
at the reverse martensite transition. Caloric measurements were performed and
magnetocaloric effect was considered. From the differential scanning calorimetry (DSC)
measurements in zero fields, the value of the latent heat A was obtained as 2.63 kJ/kg, and in
magnetic fields the value was not changed. The entropy change AS was -7.0 J/(kgK) in zero
fields and gradually increases with increasing magnetic fields and increased slightly with
increasing magnetic fields. The relative cooling power (RCP) was 104 J/kg at 2.0 T, which
was comparable with In doped Niy;Co9oMn3,Gajeln, alloy. The adiabatic temperature change
ATy was 5 K for AB =2 T. This value is comparable to that of Gd compounds.
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Performance Test of Persistent Current System for REBCO Pancake Coil
REBCO =AW BT DR AN EHT —F DRFRIAY L E MRl

| 2nd stage of

| the cryocooler <
-t °
. °

c

o

©

E

o

[}

N

©

3

(o]

z

& . -
PCS heater .
Superconducting
joint housing
F20K, 1T 170 A3
05 aaldaasal i 1 1 L i 1 L
0 20 40 60 80 100

Elapsed time (10° sec)

The persistent current system including a superconducting joint, a persistent current switch
and a double pancake coil fabricated with REBCO tape superconductor was developed (left
figure). The current decay behaviors in the persistent current mode were measured in a
self-field and an external magnetic field of 1 T (right figure) at 20 K, which was
conduction-cooled using a GM cryocooler. In the self-field, the decay rate of the persistent
current of 170 A reached to 1.5 ppm/h after five days operation. This is the first practical
persistent current operation with the REBCO superconducting joint.
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