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This booklet reports the highlights and the new improvements during
FY2015 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 users. 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 72 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.

July. 1st, 2016
Hiroyuki Nojiri
Director of HFLSM
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Non-Fermi Liquid Like Electronic Transport Around
the Nematic Quantum Critical Point in FeSe
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Electronic transport phenomena around of nonmagnetic nematic quantum critical point (QCP)
were investigated in FeSe;.,S,. Robust 7-linear resistivity were found in x = 0.16 vicinity of
QCP whereas it was changed to the quadratic curves at x = 0.22, being consistent with the
crossover from non-Fermi liquid to Fermi liquid. Present results demonstrate dramatic
influence of the nematic fluctuation in the transport properties of FeSe, implying the

importance of the orbital fluctuation to understand the physics in Fe-based superconductor.

Y. Tanabe!, T. Urata', K. K. Huynhz, H. Oguro3 , K. WatanabeS, K. Tanigakil’ 2
'Dept. of Phys., Tohoku University, “WPI-AIMR, Tohoku University
*IMR, Tohoku University

Fkx X FeSe, S, OIEBMED R ~T 4 v 7 B HER ML T 2B Tk TR % B

B RE D S DT Uiz, BT AU UT 5 Tl 40K LU O IRV R FEfEIR CIE >
=V IR 2R IR IR R BRI IOE L B BT 5 — T, LA —n—F
— 7RO x = 0. 22 ICBWTE Y =V AR IR D B A b T A Z L 2B L
7o ZORERIT, BFBERSIBECBNTRYT 4 v 70 E ERE L ) Zittic
RSB LTWD Z LA RLTEY, SRRBEEROYMEDOIMRICE T D2 HERE S &

=1

DEZEMZBSIRRT DR TH S,

FYE&PE— 1 RS ! Huynh Kim Khuong?, /NRHCHE °, PN FIME °, P V2
VEAE R R ER IR, 2 B K WPT-AIMR, ® AL K24 A EHFIE AT



Evaluation of Superconducting Properties in High Magnetic Fields and
Low Temperatures of RE-Ba-Cu-O Films with Self-organized
Artificial Pinning Centers on Oriented-oxide-buffered Metal Tapes
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A 3.8 vol.%BaHfOs-doped SmBa,Cu3O, (SmBCO) film was deposited at relatively low
growth temperature by using a seed layer as the template (LTG). The LTG samples exhibited
high flux pinning force of 1.6 TN/m?® at 4.2 K which is one of the highest values in the world
as of now. On the other hand, a BHO+SmBCO film which was deposited at high growth
temperature (HTG) showed high irreversibility field of 16.9 T at 77.3 K. These results are
useful for developments of high performance REBCO coated conductors.

Y. Ichino!, Y. Yoshidaz, S. Miuraz, K. Sugiharaz, Y. Tsuchiya3, S. Awaji3
! EcoTopia Sci. Inst., Nagoya University, > Dept. of Energy Engg. Sci., Nagoya
University, * IMR, Tohoku University

Reference: S. Miura, et al., APL Mater. 4 (2016) 016102.
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Clarification of Flux Pinning Mechanisms of
Precisely Chemical Composition Controlled High-Temperature

Superconductors with Low Anisotropy
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For development of REBCO bulk superconductors with high field trapping properties,
optimization of chemical composition for achieving high critical current density (J;) at 20-60
K under high magnetic field has been attempted. Our recent study revealed that REBCO
bulks with small RE* ions, such as Y, Ho and Er, maintain high J; up to high fields at the
middle temperature range (e.g. ~ 3 x 10° A cm™ at 40 K in 12 T) due to suppressed RE/Ba
substitution levels. In addition, carrier slightly-underdoped YBCO bulks showed drastically
deteriorated J; also at low temperatures. This suggests that introduction of sufficient oxygen
into inner parts of bulks is crucially important for fabrication of strong REBCO bulk magnets.

J. Shimoyamal, Y. Setoyamaz, Y. Minakata?, K. Matsumoto?, S. Awaji3
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NMR Study of the Novel High-field Phase in Volborthite
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The frustrated magnet volborthite [Cu3;V,07(OH), 2H,O] exhibits a novel magnetic phase
(phase N) at 23-26 T, which may be regarded as a spin nematic phase. In this study, we have
performed high field °'V NMR measurements of volborthite in the magnetic field range of
18-24 T by using the hybrid magnet. Figure shows the T-dependences of the nuclear
spin-lattice relaxation rate 1/7) at the various magnetic fields. As shown by the solid lines,
1/T shows power-law-like 7-dependence 1/7; o« T* below 2.5 K. Remarkably, a becomes
negative above 22 T, where the component of phase N appears in the NMR spectra. The spin
echo-decay rate 1/75 is also unusually large in phase N. These results indicate unusual slow
fluctuations, supporting that an exotic spin state is realized in phase N.

M. Yoshida', T. Sasaki’, H. Ishikawa', Z. Hiroi'
" ISSP, University of Tokyo, > IMR, Tohoku University
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Critical Current Characteristics under Pure-bending Strains of
Pre-bent Nb-rod-method Cu-Nb/Nb;Sn Strands
HRTET ENENE 72 Nb 2y R Cu-Nb/NbySn FHRD
MR = T O ERRE

—e— Pre-bent (compressive)
—m— As-reacted (compressive)
200 --0--Pre-bent (tensile)

--H-- As-reacted (tensile)

150 +
100 | 4

50 [

Critical current (A)

R 05 0 05 1
Peak pure-bending strain (%)

I, characteristics of Cu-Nb/NbsSn strand
under pure-bending strains.

Cross-section of Cu-Nb/NbsSn strand

Nb-rod-method Cu-Nb reinforced Nb3;Sn (Cu-Nb/NbsSn) wires have been successfully
developed for commercialization of the React-and-Wind (R&W) processed NbsSn coils.
Critical current (/;) measurements of the pre-bent Cu-Nb/NbsSn strands (with pre-bending at
10.5% repeated ten times) and the as-reacted (without pre-bending) strands were carried out
under applied pure-bending strains in the -0.9% to +0.84% range at 11-17 T, 4.2 K. As a result,
the pre-bent strand showed no deterioration of /. under the pure-bending strains in the -0.5% to

+0.5% range and had larger /, than that of as-reacted strand at no pure-bending strain.

M. Sugimotol, H. Tsubouchi', K. Katayamal, S. Endoh', A. Takagil, H. Shimizu',
K. Watanabe?, S. Awaji’, and H. Oguro®
! Furukawa Electric Co., Ltd., ? Institute for Materials Research, Tohoku University

Reference: M. Sugimoto, et al., IEEE Trans. Appl. Super., 26 (2016) 8402205.
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High-field NMR Study of PrT,Al,, (7= Nb, Ta)
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Figure 1. Temperature dependence of 1/7\T Figure 2. H vs. T phase diagram

Pr-based compound Pr7>Aly, whose crystal electric ground state is of a non-magnetic I';
state, shows exotic ground states, such as a non-Fermi liquid state, multipole ordered state,
etc. The single-crystal PrNb,Aly and poly-crystal PrTa,Al,y were prepared by Dr. R.
Higashinaka et al., Tokyo Metropolitan University. **Nb- and *’Al-Nuclear Magnetic
Resonance (NMR) measurements have been carried out for a single-crystal PrNb,Aly and
poly-crystal PrTa,Aly. Figure 1 shows *’AI-NMR spin-lattice relaxation rate divided by
temperature, 1/717, of PrTa,Aly obtained at various magnetic fields. 1/777 has a peak
structure around 7,. Magnetic field H versus 7, phase diagram is displayed in Fig. 2. This
result indicates that PrTa,Aly, occurs a quadrupole or a higher-order multipole ordering at low
temperatures.

H. Toul, T. Kubo], H. Matsunol, H. Kotegawa], Y. Iharaz, T. Goto3, and T. Sasaki*
'Dept. of Phys., Kobe University, “Dept. of Phys., Hokkaido University,
3Phys. Div., Sophia University, ‘IMR, Tohoku University
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Selection Rule of the Direct Transition in the Spin Gap System KCuCl;
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The direct transition between the singlet and triplet states, observed by the electron spin
resonance (ESR) measurement, is useful to investigate quantum energy levels of spin gap
systems. However, the direct transition is forbidden in principle for usual magnetic dipole
transition, and thus the reason of the observation is still under the debate. We have recently
proposed that the direct transition can de induced by the spin-driven electric polarization,
which depends on the vector spin chirality. To confirm our proposal, we have measured the
ESR signal of the direct transition in the spin gap system KCuCl; by illuminating polarized
electromagnetic wave. The experimental result, that the stronger ESR signal is observed when
the oscillating electric field is applied perpendicular to [010], demonstrated that the direct
transition in KCuCls is mainly induced by an electric component of the electromagnetic wave.

S. Kimural, K. Watanabel, M. Hagiwaraz, H. Tanaka®
' IMR, Tohoku University, 2 AHMF, Osaka University
3 Dept. of Phys., Tokyo Institute of Technology
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Anion Ordering in the Field-induced Spin-density Wave Transitions of
Quasi-one-dimensional Organic Conductor (TMTSF),Cl10,
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Transport measurements in the metallic and the field-induced spin-density-wave (FISDW)
state in (TMTSF),ClO4, which has the superlattice due to the anion ordering (AO), were
conducted for various cooling rates under magnetic fields. With increasing cooling rate, the
metal-FISDW transition field slightly increased and rapidly decreased above 3.0 K/min. This
result can be explained by the change of the FISDW wave vector due to the decrease of the AO
potential.

T. Minamidatel, N. Matsunagaz, K. Nomuraz, T. Sasaki’
! Graduate School of Science, Hokkaido University

? Faculty of Science, Hokkaido University

3 IMR, Tohoku University
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Lifetime of Ionic Vacancy Measured by Cyclotron MHD Electrode
under a Vertical High Magnetic Fields
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The lifetimes of ionic vacancies created in electrochemical reaction have been measured by
means of cyclotron magnetohydrodynamic electrode (left figure), which is composed of
coaxial cylinders partly exposed as electrodes and placed vertically in an electrolytic solution
under a vertical magnetic field, so that induced Lorentz force makes ionic vacancies circulate
together with the solution along the circumferences.

At low magnetic fields, due to low velocities, ionic vacancies once created become extinct on
the way of returning, whereas at high magnetic fields, in enhanced velocities, they can come
back to their initial birthplaces. Detecting the difference between these two states, we can
measure the lifetime of ionic vacancy. The lifetimes of ionic vacancies created in the
oxidation and reduction are the same, and the intrinsic lifetime is 1.25 s (right figure), and the
formation time of nanobubble from the collision of ionic vacancies is 6.5 ms.

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: A. Sugiyama, et al., Sci. Rep., Vol. 6, Art. No. 19795, 2016.
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Development of a High-speed Calorimeter Working at
Low Temperatures and High Magnetic Fields
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We developed a high-speed calorimeter working at low temperatures and high magnetic fields.
Figure (a) shows the time variation of the sample temperature caused by application of the 50
ms heat pulses. Heat capacity was estimated from the applied heat and the temperature
difference between before and after the heat pulse (A 7). In this measurement, the time
required for measuring a heat capacity datum is about 200 ms. The rapid heat-pulse
measurements on Cu detected the heat capacity without the delayed contribution of the
nuclear spins, which weakly couple with the lattice system at low temperatures and magnetic
fields. In addition, the present experimental technique can obtain the temperature dependences
of the heat capacity shown in Fig. (b) in a very shorter time than relaxation method, which is
advantageous to use in the hybrid magnet combining resistive and superconducting magnets.
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