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High-Tc Research Over Thirty Years: Beyond The Common Knowledge of
Superconductivity
*Setsuko Tajima1
Graduate School of Science, Osaka University1
Thirty years have passed since the discovery of high Tc superconducting cuprates. So far a
tremendous amount of efforts have been devoted to solve the mysteries of high Tc
superconductivity. What we have learnt in these 30 years had been unexpected and beyond the
common knowledge of superconductivity before the high Tc cuprates. In my talk, I will list up and
revisit these issues that are different from the conventional superconductors. Some of them are
important for practical application of this material. From the physical viewpoint, the strong
electron correlation is a key issue causing various unusual properties such as the pseudogap and
the precursor of superconductivity. It requires us a new picture beyond the BCS theory.
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Scanning Tunneling Microscopy as a Tool for Superconductivity Research
Tetsuo Hanaguri1
RIKEN Center for Emergent Matter Science, Japan1
Scanning tunneling microscopy (STM) has been developed in the field of surface science as a tool
to image atomic/molecular structures at the surfaces. Due to the capability to perform local
tunneling spectroscopy with atomic spatial resolution and sub-meV energy resolution, STM can
also be a powerful technique for analyzing the electronic states behind the novel functions of
materials. Indeed, recent developments of STM technology are largely motivated by researches on
unconventional superconductors. We will review electronic states of cuprate and iron-based
superconductors revealed by modern STM techniques, especially spectroscopic-imaging STM
combined with Fourier analyses. We will also discuss future directions of STM as a tool for
superconductivity research.
Keywords: scanning tunneling microscopy, cuprate superconductor, iron-based superconductor
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Angle-Resolved Heat Capacity of Unconventional Superconductors
*Toshiro Sakakibara1
Institute for Solid State Physics, University of Tokyo1
Owing to a strong Coulomb repulsion, strongly correlated superconductors mostly have
anisotropic gap functions which have nodes for certain direction in the momentum space. Since
the nodal structure is closely related to the pairing mechanism, its experimental determination is
of primary importance. Among various approaches, angle-resolved heat capacity measurements in
a rotating magnetic field turns out to be quite useful in experimental determination of the gap
structures. The basic idea is based on the fact that the field-induced density of states (DOS) of the
vortex state in nodal superconductors exhibits characteristic field and orientation dependences.
Zero-energy DOS (ZEDOS), in particular, rapidly increases roughly in proportional to H1/2 at low
fields. Importantly, this H1/2 like increase of ZEDOS exhibits a weak anisotropy arising from the
nodal structure, and in a low-field region H<<Hc2, minima occur when H is parallel to the nodal
direction [1]. This field-angular dependence of ZEDOS can be detected by heat
capacity measurements in a rotating magnetic field at low temperatures, and can be a powerful
tool to probe the gap nodal structures [1,2]. An important point of this experiment is that the
measurements need to be done at very low temperatures (≤0.1Tc) due to a sign-change issue [3].
In this presentation, recent advances in the angle-resolved heat capacity measurements on
unconventional superconductors are discussed, including results on CeCoIn5 [4], UPd2Al3 [5] and
CeCu2Si2 [6].
[1] I. Vekhter et al., Phys. Rev. B 59, R9023.
[2] T. Sakakibara et al., Rep. Prog. Phys. 79, 094002 (2016).
[3] A.B. Vorontsov and I. Vekhter, Phys. Rev. B 75, 224501 (2007).
[4] K. An et al., Phys. Rev. Lett. 104, 037002 (2010).
[5] Y. Shimizu et al., Phys. Rev. Lett. 117, 037001 (2016).
[6] S. Kittaka et al., Phys. Rev. Lett. 112, 067002 (2014).
Keywords: Heat capacity, gap nodal structures, rotating magnetic field, angular oscillations

PC1-4-INV
What is the lowest possible vortex creep in superconductors, and how can we
achieve it?
*Leonardo Civale1
Los Alamos National Laboratory, USA1
Thermal and quantum fluctuations play only a minor role on the vortex properties of many low
temperature superconductors (LTS). However, they dramatically influence vortex matter in
high temperature superconductors (HTS) such as oxides and Fe-based, creating a proliferation of
vortex liquid phases that occupy substantial portions of the phase diagram and fast dynamics of
the metastable states (flux creep). This fascinating physics has been a topic of continuous interest
for decades, but on the other hand is detrimental for applications. The strength of the thermal
fluctuations is quantified by the Ginzburg number (Gi) that measures the ratio of the thermal
energy to the condensation energy in an elemental superconducting volume. The combination of
the small coherence length (x), large anisotropy (g) and high transition temperatures (Tc) in the
HTS results in Gi values several orders of magnitude higher than in LTS. For instance, Gi ~ 10-9
in Nb and ~ 10-2 in YBa2Cu3O7, naturally accounting for the much faster creep rate (S) in the
latter. We have found that, for strong pinning superconductors in the Anderson-Kim (AK) creep
regime, there is a universal minimum attainable S ~ Gi1/2(T/Tc). This lower limit has been
achieved in a few materials including YBa2Cu3O7, MgB2 and our BaFe2(As0.67P0.33)2 films and, to
our knowledge, violated by none. This hard constraint has two important, broad implications:
first, the creep problem in HTS cannot be fully eliminated and there is a limit to how much it can
be ameliorated, and secondly, we can confidently predict that any yet-to-be-discovered HTS will
have fast creep. On the other hand, many SC exhibit S values higher, sometimes orders of
magnitude higher, than the lower limit. The reason is that Gi only sets the lowest limit for S, but
in order to achieve it the pinning landscape must be optimized. I will show that S can be reduced
by appropriate engineering of the pinning landscape, in some cases (such as in irradiated Ba(Fe1xCox)2A2 single crystals) dramatically so and all the way down to the lower limit imposed by Gi.
Finally I will discuss some of our studies of creep outside the AK limit and in very clean (weak
pinning) samples, where collective effects are relevant and different glassy and plastic dynamic
regimes can be observed and tuned by methods such as irradiation and film thinning.
Keywords: vortex matter, vortex dynamics, flux creep
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Detecting changes in the vortex configuration associated with dynamic ordering
and disordering
*Mihaly Dobroka1, Koichiro Ienaga1, Shin'ichi Kaneko1, Satoshi Okuma1
Tokyo Institute of Technology1
When many particle systems with a random initial distribution are periodically sheared and the
number (n) of the shear cycle is increased, the particles gradually self-organize to avoid future
collisions and transform into an ordered structure. This is called random organization or
dynamic ordering [1]. We have shown that dynamic ordering reported in colloidal suspensions [1]
also occurs in a periodically driven vortex system of amorphous MoxGe1-x films with weak random
pinning. This was detected from the time-evolution of voltage V(t) that increases toward a
steady-state value [2-4]. Quite recently, we have developed a new method to detect the vortex
configuration using the similar V(t) measurements, where after freezing the vortex configuration
by switching off the ac driving current, we executed subsequent readout measurements of V(t) in
response to ac drive. Thus, we have made an unexpected, striking finding that the transient
vortex configuration formed during the dynamic-ordering process is not microscopically
homogeneous but consists of disordered and organized regions, and that the ration of the latter
region increases with n [5].
We also know that, in the presence of random pinning, an initially organized vortex configuration
becomes disordered when a small dc driving force is applied to the vortex system [2,3]. This
process is called the dynamic disordering. Thus, an interesting question arises: how does the
vortex configuration evolve associated with the dynamic disordering by the dc drive? In this
work, we study this issue by using the same vortex system of amorphous MoxGe1-x films driven by
the dc current. The results show that the vortex configuration during the dynamic-disordering
process is homogeneous, in contrast to the case of the dynamic ordering by ac drive [24]. Therefore, the origin of the coexistence regions found in [5] is attributed to the ac drive and/or
dynamic ordering.
[1] L. Corte et al., Nat. Phys. 4, 420 (2008).
[2] S. Okuma, Y. Tsugawa, and A. Motohashi, Phys. Rev. B 83, 012503 (2011).
[3] S. Okuma, Y. Kawamura, and Y. Tsugawa, J. Phys. Soc. Jpn. 81, 114718 (2012).
[4] Y. Kawamura, S. Moriya, K. Ienaga, S. Kaneko, and S. Okuma, New J. Phys., in press.
[5] M. Dobroka, Y. Kawamura, K. Ienaga, S. Kaneko, and S. Okuma, New J. Phys. 19, 053023
(2017)
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Molecular Dynamics Simulations on Melting Transition of Vortex Matter in
Nano-Sized Superconductors
*Masaru Kato1, Osamu Sato2
Department of Mathematical Sciences, Osaka Prefecture University, Japan1
Osaka Prefecture University College of Technology2
In the H-T phase diagram for bulk cuprate High-Tc superconductors, there is a melting line of
vortex lattice. This melting behavior comes from weak pinning, large thermal and quantum
fluctuations in the cuprate High-Tc superconductors.
Recently, Ooi et al. showed the melting temperature in a nano-sized superconducting cuprate
square plate oscillates with increasing magnetic field. They explained this oscillation comes from
the stability of configuration of n2 vortices (n=1,2,3,4,…)[1].
Previously, in order to confirm this phenomenon, we studied the vortex lattice melting in nanosized superconductors using the molecular dynamics method[2,3] for vortices. Temperature
dependence of vortex dynamics comes from the fluctuation force and penetration dependence in
the vortex-vortex interaction. Using the standard deviation of the positions of vortices, we
determined the melting temperature. Changing the vortex numbers, we found the melting
temperature oscillates with increasing the vortex number. But we used periodic boundary
conditions [4].
In this presentation, we extend our method to fixed boundary condition case and show the size
dependence and shape dependence of the vortex-melting curves.
[1] S. Ooi, T. Mochiku, M. Tachiki, and H. Hirata, Phys. Rev. Lett. 114, 087001 (2015).
[2] D. E. Fujibayashi, M. Kato, Physica C 484, 94 (2013).
[3] M. Kato, D. E. Fujibayashi, Physics Procedia 45, 133 (2013).
[4] M. Kato, H. Kitago, J. Physics: Conf. Series 871, 012028 (2017) .
Keywords: Vortex matter, Melting Transition, Molecular Dynamics, High-Tc superconductor
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New iron-based superconductors with separate double FeAs Layers
*Guang-Han Cao1, Zhi-Cheng Wang1, Si-Qi Wu1, Chao-Yang He1
Department of Physics, Zhejiang University, Hangzhou 310027, China1

In the view of crystal structure, cuprate and iron-based superconductors contain quasi-twodimensional CuO2 planes and FeAs layers, respectively, which play the decisive role for hightemperature superconductivity. In iron-based superconductors, the FeAs/Se layers are either
separated each other to form a single-layer compound (e.g., LaFeAsO), or connected by monatomic
layer to form an “infinite-layer” material (e.g., BaFe2As2), or simply stacked together with van de
Waals force (e.g., FeSe). Are there any analogs of double-CuO2-layer or multi-CuO2-layer
materials in iron-based systems?
In a paper published four years ago [1], we proposed an intergrowth structure which contains
separate double-FeAs layers. Recently, motivated by the discovery of “1144-type” iorn-based
superconductors [2], we succeeded in synthesizing the target compound (KCa2Fe4As4F2) for the
first time [3]. The double FeAs layers are connected by K+, which are separated by the insulating
Ca2F2 layers. The material itself is almost optimally hole doped, making it superconducting (at 33
K) without extrinsic chemical doping.
We also tried to expand this 12442-type family of iron-based superconductors. We find that the
lattice match is crucial for the intergrowth structure. The tolerance of lattice mismatch is about
2% for the synthesis under ambient pressure. So far we have obtained 18 new superconductors in
the 12442 family whose Tc values span from 28 to 37 K [4]. The possible structural correlations
with Tc will be discussed in the talk.
References
[1] H. Jiang et al., Chin. Phys. B 22, 087410 (2013).
[2] A. Iyo et al., J. Am. Chem. Soc. 138, 3410 (2016).
[3] Z.-C. Wang et al., J. Am. Chem. Soc. 138, 7856 (2016).
[4] Z.-C. Wang et al., Sci. Chin. Mater. 60, 83 (2017); Z.-C. Wang et al., J. Phys.: Condens. Matter
29, 11LT01 (2017); Z.-C. Wang et al., Chem. Mater. 29, 1805 (2017); S.-Q. Wu et al., Phys. Rev.
Mater., in press.
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X-ray fluorescence holography of Ca1–xPrxFe2As2
*Kazutaka Kudo1, Satoshi Ioka1, Naohisa Happo2, Hiromi Ota3, Yoshihiro Ebisu4, Koji Kimura5,
Takuma Hada2, Takumi Kimura1, Hiroo Tajiri6, Shinya Hosokawa7, Kouichi Hayashi5, Minoru
Nohara1
Research Institute for Interdisciplinary Science, Okayama University, Japan1
Graduate School of Information Sciences, Hiroshima City University, Japan2
Advanced Science Research Center, Okayama University, Japan3
Graduate School of Science and Technology, Hiroshima Instituite of Technology, Japan4
Department of Physical Science and Engineering, Nagoya Institute of Technology, Japan5
Japan Synchrotron Radiation Research Institute, Japan6
Department of Physics, Kumamoto University, Japan7
The state-of-the-art technique, x-ray fluorescence holography experiment [1], was performed in
order to visualize the local 3D atomic configurations and positional fluctuations [2] of iron-based
superconductor Ca1–xPrxFe2As2. The compound has been reported to exhibit high superconducting
transition temperature Tc = 49 K with a very small superconducting volume fraction of several
percent [3,4]. STM/STS observed a large superconducting gap around the doped Pr atoms, but no
superconducting gap was observed around Ca [5]. In order to investigate the reason why the high
Tc superconductivity emerges around Pr, we performed x-ray fluorescence holography
experiments using synchrotron radiation at BL13XU, SPring-8, Japan and reconstructed the
atomic images around Ca and Pr atoms from the holograms.
The atomic images of As revealed that As positions fluctuated significantly even in the parent
CaFe2As2 compound without Pr doping. For Pr-doped Ca0.9Pr0.1Fe2As2, we found that the
positional fluctuations of As were almost unchanged around Pr atoms compared with CaFe2As2,
but the positional fluctuations of As were significantly increased around Ca atoms, which were
located far from doped Pr. These observations were consistent with the local superconductivity at
Tc = 49 K around the doped Pr.
[1] K. Hayashi et al., J. Phys.: Condens. Matter 24, 093201 (2012).
[2] J. J. Barton, Phys. Rev. Lett. 67, 3106 (1991).
[3] B. Lv et al., PNAS 108, 15705 (2011).
[4] S. R. Saha et al., Phys. Rev. B 85, 024525 (2012).
[5] K. Gofryk et al., Phys. Rev. Lett. 112, 047005 (2014).
Keywords: iron-based superconductors, chemical substitution, local structure, x-ray fluorescence
holography
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An X-ray Fluorescence Holographic Study on a Fe-based High-Temperature
Superconductor FeSe0.4Te0.6
*Jens R. Stellhorn1, S. Hosokawa1, N. Happo2, K. Kimura3, K. Hayashi3, H. Okazaki4, A.
Yamashita4, Y. Takano4
Department of Physics, Kumamoto University, Kumamoto 860-8555, Japan1
Graduate School of Information Sciences, Hiroshima City University, Hiroshima 731-3194, Japan2
Department of Physical Science and Engineering, Nagoya Institute of Technology, Nagoya 4668555, Japan3
MANA, National Institute for Materials Science, Tsukuba 305-0047, Japan4
FeSexTe1-x is one of the simplest Fe-based superconductors, and has intensively been studied
concerning the interplay between structural or magnetic degrees of freedom and
superconductivity. FeSe0.4Te0.6 has a layered structure in which the layers of Fe atoms and Se/Te
atoms overlap each other. To understand the superconductivity of FeSe0.4Te0.6, it is necessary to
independently reveal the local structures around the Fe and chalcogen atoms.
The x-ray fluorescence holography (XFH) [1] is a newly developed technique that enables one to
draw three-dimensional (3D) atomic images around a specific element emitting fluorescent x-rays.
We have performed Fe and Se Kα XFH measurements on a FeSe0.4Te0.6 single crystal at 100K.
Figure 1 shows the atomic image around the Fe central atom on the (010) plane. As seen in the
figure, the images of the nearest-neighboring Se/Te atoms have an oval form with a tail towards
the larger x direction. This observation is supported by x-ray absorption fine structure (XAFS)
measurements, which have also been conducted at the same temperature. The XAFS results
indicate that the Se/Te atoms are considerably displaced from their ideal position and exhibit
large positional fluctuations. The x-ray [2] and neutron [3] diffraction results, on the other hand,
indicate only slightly different z values for Se and Te, respectively. It should be also noted that the
second neighboring Fe images are separated into four, suggesting a large lattice distortion in the
crystal.

Keywords: High-temperature superconductor, Holography, Atomic image
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Evolution of Physical Properties in FeSe Single Crystals with Different Qualities
*Tsuyoshi Tamegai1, Jingting Chen1, Sunseng Pyon1, Yue Sun2
Department of Applied Physics, The University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113-8656,
Japan1
Institute for Solid State Physics (ISSP), The University of Tokyo, Kashiwa, Chiba 277-8581,
Japan2
FeSe attracts a lot of attention because of its unique nature with nonmagnetic nematic state
coexisting with superconductivity, close proximity to BCS-BEC crossover regime with its small
Fermi energy, and possibility of extremely high superconducting transition temperature (Tc) [1].
This is backed up by recent developments of crystal-growth technique using KCl/AlCl3 mixtures
with a low melting temperature [2]. Using technique, we have successfully grown FeSe single
crystals with a wide range of superconducting transition temperatures (Tc) between 9.1 K and 5.5
K. Systematic studies have been performed on their transport, magnetic, structural, and thermal
properties. As the Tc is suppressed, residual resistivity increases and the magnitude of
magnetoresistance decreases. On the other hand, crossover from low-field quadratic to high-field
linear magnetic field dependence is observed in all FeSe crystals, indicating the presence of Dirac
Fermions. In addition, specific heat measurements demonstrate the presence of multiple gaps in
all FeSe crystals. The temperature dependence of specific heat can be well fitted by the
combination of a large isotropic s-wave gap and a small anisotropic s-wave gap. In FeSe with the
highest Tc, the anisotropy of the small gap becomes the largest. This is consistent with the recent
angle-resolved specific heat measurements on the same piece of crystal showing a clear four-fold
angular dependence [3].
[1] G. F. Ge et al., Nat. Mater. 14, 285 (2015).
[2] A. E. Bohmer et al., Phys. Rev. B 87, 180505(R) (2013)
[3] Y. Sun et al., arXiv:1707.00547.
Keywords: FeSe, Specific Heat, Multi-gap Superconductivity, Dirac Fermion
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Electrotransport and magnetic measurements on bulk FeSe superconductors
Thomas Karwoth1, Kouichi Furutani1,2, *Michael R Koblischka1,2, Xianlin Zeng1, Alex
Wiederhold1, Miryala Muralidhar2, Masato Murakami2, Uwe Hartmann1
Experimental Physics, Saarland University, Campus C 6 3, 66123 Saarbrücken, Germany1
Superconducting Materials Laboratory, Department of Materials Science and Engineering,
Shibaura Institute of Technology, Tokyo 135-8548, Japan2
The superconducting properties of bulk, polycrystalline FeSe samples were characterized through
magnetic and electric transport measurements. In order to improve the superconducting
properties, the sintering temperature was varied up to 900 °C and to improve the grain
connectivity, silver was applied in low concentrations to the samples ranging from 0 to 7 wt.-%.
The electric properties of the samples were investigated by the four point probe method (R-T
measurements and V-I characteristics). Generally, the sample with 4 wt.-% Ag-addition showed
showed the highest critical transition temperature among all the samples fabricated with the
same preparation parameters. The critical currents were estimated from V-I measurements in
various applied magnetic fields up to 6 T. Via Arrhenius plots, the pinning potential U0 was
determined for all samples studied. The magnetic properties (M-T and M-H) of the samples were
measured using an extraction magnetometer in a Quantum Design PPMS with applied magnetic
fields up to 7 T. The scaling of the normalized volume pinning force versus the reduced field
indicated a peak position at 0.4 for the pure FeSe sample sintered at 900 °C, which points to a
δTc-pinning type. The improved flux pinning and the high critical current densities are attributed
to the textured microstructure of the material.
Keywords: FeSe, I-V characteristics, pinning, critical current
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Epitaxial NdFeAs(O,F) Films By Molecular Beam Epitaxy: Influence Of Film
Thickness And Surface Morphology On Superconducting Properties
*Sandra Kauffmann-Weiss1, Kazumasa Iida2,3, Takuya Matsumoto3, Taito Ohmura2, Takafumi
Hatano2,3, Torben Boll4,5, Marco Langer1, Bernhard Holzapfel1, Hiroshi Ikuta2,3, Jens Hänisch1
Institute for Technical Physics, Karlsruhe Institute of Technology, Karlsruhe, Germany1
Department of Crystalline Materials Science, Nagoya University, Chikusa-ku, Nagoya 464-8603,
Japan2
Department of Materials Physics, Nagoya University, Chikusa-ku, Nagoya 464-8603, Japan3
Karlsruhe Nano Micro Facility, Karlsruhe Institute of Technology, 76344, EggensteinLeopoldshafen, Germany4
Institute for Applied Materials, Karlsruhe Institute of Technology, Karlsruhe, Germany5
The Fe-based superconductors, such as LnFeAs(O,F) (Ln=lanthanide) and related compounds,
represent a new class of superconductors exhibiting the highest critical temperature (Tc) apart
from the cuprates. Due to relative high anisotropies of LnFeAs(O,F) combined with the intrinsic
pinning, the critical current density Jc in high magnetic fields exhibits a strong angular
dependence with regard to the magnetic field orientation. These unconventional superconductors
are interesting not only from a fundamental research point of view, but also with regard to
possible sensor applications. For such applications, however, thin films with a smooth surface and
high Tc are necessary. With this respect, we comparatively investigate the microstructure –
transport property relationships of NdFeAsO1-xFx thin films and NdFeAsO/NdOF compounds,
grown with several thicknesses by molecular beam epitaxy (MBE) on MgO(001) substrates. The
(micro) structure was investigated by X-Ray diffraction as well as atomic force and scanning
electron microscopy and atom probe tomographyic. Superconducting properties were determined
by electrical transport measurements. We show how film thicknesses, structure, surface
morphology and growth defects influence the resistive transition and Tc as well as temperature,
field and orientation dependencies of Jc. For a 20 nm thin NdFeAsO1-xFx film with a root mean
square roughness < 2nm a high transition temperature of Tc,0 = 44.7K and Tc,onset = 48K could be
observed which is close to values measured on single crystals.
The work was partly supported by the JSPS Grant-in-Aid for Scientific Research (B) Grant
Number 16H04646.
Keywords: NdFeAsO1-xFx, MBE, surface morphology
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On the interfacial superconductivity of FeSe/STO
*Donglai Feng1
Department of Physics, Fudan University, Shanghai, China1
Recently, interfacial superconductivity up to 75K has been discovered in FeSe/STO and
FeSe/BTO interfaces [1,2]. We combine angle resolved photoemission spectroscopy (ARPES),
scanning tunneling microscopy (STM) and molecular beam epitaxy (MBE) to study the
superconductivity at interfaces and surfaces. Based on the impurity effects and quasiparticle
interference behaviors revealed in our STM data, we found that the pairing symmetry of
FeSe/STO is the plain s-wave type [3]. Moreover, with surface electron doping, the FeSe thick film
exhibits an anomalous phase diagram with a correlated insulating phase and a superconducting
phase with Tc up to 46K [4]. By placing such a heavily electron doped FeSe superconducting layer
closer to the FeSe/STO interface, its superconducting gap increases exponentially to the single
layer FeSe/STO value [5], which resembles the behavior of the STO phonon strength measured by
EELS [6]. Our results demonstrate the critical role of interfacial electron-phonon interactions in
the high Tc of FeSe/STO interface.
[1] Q.Y. Wang et al., Chin. Phys. Lett. 29, 037402 (2012)
[2] R. Peng et al., Nature Commun. 5, 5044 (2014).
[3] Q. Fan et al., Nature Physics, 11, 946 (2015).
[4] C.-H.-P. Wen et al., Nature Commun. 7, 10840 (2016).
[5] W. H. Zhang et al., Nano Lett. 16, 1969 (2016).
[6] S. Zhang et al., arXiv:1605.06941 (2016).
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PC3-2
Effect of orbital ordering on charge dynamics in FeSe1-xTex studied by optical
spectroscopy
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Fuyuki Nabeshima2, Yoshinori Imai3, Atsutaka Maeda2, Setsuko Tajima1
Osaka University, Japan1
The University of Tokyo, Japan2
Tohoku University, Japan3
For most iron-based superconductors, the superconducting phase emerges in the vicinity of the
antiferromagnetic-orthorhombic (AFO) phase. However, FeSe exhibits the tetragonal-toorthorhombic structural phase transition at Ts ∼ 90 K, below which the orbital ordering was
observed, without accompanying the magnetic phase transition. Although the change in the band
structure across Ts has been intensively studied, the effect of the orbital ordering on the charge
dynamics remains unclear.
In this work, we performed optical spectroscopy for FeSe1-xTex thin films (x = 0, 0.1, 0.2, and
0.4) on CaF2 substrates grown by the pulsed laser deposition method [1]. One of the advantages of
using thin films is that the measurement can be carried out on Te-substituted compositions which
are unstable for bulk samples. No abrupt change in the optical spectrum of FeSe was observed
across Ts, in contrast with the case of iron pnictides showing the AFO phase, in which a clear gap
feature is observed. Below Ts, the weight of a coherent Drude component decreases with
decreasing temperature, indicative of a gradual suppression of the coherent carrier density [2].
This highlights a peculiar metallic state in FeSe that the Fermi surface gradually modified with
temperature. For x = 0.2 and 0.4, the coherent Drude weight does not change for the whole
temperature range investigated in the present study. This indicates that the orbital order is
suppressed by Te substitution, consistent with a recent transport study [3].
[1] Y. Imai, Y. Sawada, F. Nabeshima, and A. Maeda, Proc. Natl. Acad. Sci. U.S.A. 112, 1937
(2015).
[2] M. Nakajima, K. Yanase, F. Nabeshima, Y. Imai, A. Maeda, and S. Tajima, Phys. Rev. B 95,
184502 (2017).
[3] Y. Imai, Y. Sawada, F. Nabeshima, D. Asami, M. Kawai, and A. Maeda, Sci. Rep. 7, 46653
(2017).
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High-Resolution ARPES Study of Quasiparticle Band Dispersion in ElectronDoped FeSe Thin Films
*Koshin Shigekawa1, Kosuke Nakayama1, Masato Kuno1, Giao Phan1, Katsuaki Sugawara2,3,
Takashi Takahashi1,2,3
Dept. Phys., Tohoku Univ., Sendai 980-8578, Japan1
WPI-AIMR, Tohoku University, Sendai 980-8577, Japan2
CSRN, Tohoku University, Sendai 980-8577, Japan3
The recent discovery of high-temperature (Tc) superconductivity in one- monolayer FeSe
thin films has attracted considerable attention [1-3] because the Tc value of ~65 K is the highest
among iron-based superconductors despite the low Tc (<10 K) character of bulk FeSe crystal. One
of the key ingredients to trigger high-Tc superconductivity in one-monolayer FeSe is electron
doping [2-4] which results in unique Fermi-surface topology distinct from that in bulk iron-based
superconductors. To understand the origin of Tc enhancement by electron doping, we have
fabricated high-quality electron-doped FeSe thin films and investigated their electronic structure
by high-resolution angle-resolved photoemission spectroscopy (ARPES). In this presentation, we
report the evolution of the quasiparticle band dispersions as a function of temperature and
discuss the relationship with the emergence of high-Tc superconductivity.
[1] Q. Y. Wang et al., Chin. Phys. Lett. 29, 037402 (2012).
[2] S. He et al., Nature Mater. 12, 605-610 (2013).
[3] S. Y. Tan et al., Nature Mater. 12, 634-640 (2013).
[4] Y. Miyata et al., Nature Mater. 14, 775-779 (2015).
[5] C. H. P. Wen et al., Nature Commun. 7, 10840 (2016).
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Superconductivity in the Noncentrosymmetric Iridium Phosphide ScIrP
*Yoshihiko Okamoto1,2
Department of Applied Physics, Nagoya University, Japan1
Institute for Advanced Research, Nagoya University, Japan2
5d band metals of heavy elements such as Ir and Pt are promising candidate to show
unconventional superconductivity caused by the strong spin-orbit interaction of heavy 5d atoms.
Typical examples are platinum boride and arsenide superconductors Li2Pt3B and SrPtAs; the spin
triplet pairing is reported to be dominant in the former, while the chiral d-wave or other
unconventional pairings are theoretically predicted in the latter. Moreover, many Ir- or Pt-based
superconductors have been discovered in recent years, indicating they are one of the hot spots for
the search for novel superconductors.
Here we report the discovery of a bulk superconducting transition at 3.4 K in the ternary iridium
phosphide ScIrP [1]. ScIrP crystallizes in the hexagonal ordered Fe2P-type structure with a
noncentrosymmetric space group of P-62m (left figure) [2]. We prepared polycrystalline samples of
ScIrP by a solid state reaction method. As shown in the right figure, electrical resistivity and
magnetization show a sharp drop to zero and a strong diamagnetic signal at 3.4 K, respectively,
indicating a bulk superconducting transition occurs at this temperature. On the basis of heat
capacity data in a zero magnetic field, ScIrP is suggested to be a weakly-coupled BCS
superconductor. Alternatively, experimental results under magnetic fields indicate that this
material is a type-II superconductor with an upper critical field Hc2 above 5 T at zero
temperature. This moderately high Hc2 does not violate the Pauli limit, but it does imply that
there is a significant effect from the strong spin-orbit interaction of 5d electrons in the
noncentrosymmetric crystal structure. *The work has been done in collaboration with T. Inohara,
H. Nagaso, Y. Yamakawa, A. Yamakage, and K. Takenaka (Nagoya University).
[1] Y. Okamoto et al., J. Phys. Soc. Jpn. 85, 013704 (2016).
[2] U. Pfannenschmidt et al., Z. Naturforsch. 66b, 205 (2011).

Fig. (left) Crystal structure of ScIrP. (right) Temperature dependence of electrical resistivity and
magnetization of a polycrystalline sample of ScIrP.
Keywords: 5d electron system, iridium phosphide
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Symmetry breaking of crystal is known to affect the electric transport, offering a variety of novel
properties and functionalities in solids. Among them, noncentrosymmetric superconductors have
been studied as the basic platform and attracting much interest from both fundamental and
technological view point. Nonlinear magnetotransport, in which magnetoresistance for forward
and backward current are not equivalent, is one of the manifestations of the lattice symmetry
breaking in electric transport. Although there have been several studies of such an asymmetric
electric transport in chiral and polar materials [1,2], reports on the nonlinear transport in
superconducting phase is elusive.
In this presentation, I will report the observation of the nonlinear superconducting transport in
noncentrosymmetric superconductors. Such superconductivity without space inversion symmetry
is realized in nanostructures of transition metal dichalcogenides via ionic liquid gating. In twodimensional MoS2, nonlinear second harmonic voltage signals are largely enhanced in electricfield-induced superconducting state, showing the characteristic selection rule (presence of absence
of signals as a function of electric current directions) [3].
We also studied the electric-field-induced superconductivity in a chiral WS2 nanotube[4]. Second
harmonic signals originating from the tube chirality also show the large enhancement in
superconducting region and characteristic quantum oscillations due to the quantum interference
of supercurrent along the circumference of the nanotube have been observed.
These results imply the universality of unidirectional superconducting transport and also provide
a powerful approach for probing the exotic superconducting state in noncentrosymmetric
superconductors.

Fig.Nonlinear superconducting transport in (a) MoS2 and (b) WS2 nanotube
[1] F. Pop, P. Auban-Senzier, E. Canadell, G. L. J. A. Rikken, and N. Avarvari, Nature
Communications 5, 3757 (2014).
[2] T. Ideue, et al., Nature Physics 13, 578 (2017).
[3] R. Wakatsuki, et al., Science Advances 3, e1602390 (2017).
[4] F. Qin, et al., Nature Communications 8, 14465 (2017).
Keywords: Noncentrosymmetric syperconductor, Nonlinear transport, Transition metal
dichalcogenides, Ionic liquid gating
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Quasilinear quantum magnetoresistance in pressure-induced nonsymmorphic
superconductor CrAs
Q. Niu1, W. C. Yu1, K. Y. Yip1, Z. L. Lim1, H. Kotegawa2, E. Matsuoka2, H. Sugawara2, H. Tou2, Y.
Yanase3, *Swee K. Goh1
Department of Physics, The Chinese University of Hong Kong, Shatin, Hong Kong1
Department of Physics, Kobe University, Kobe, Japan2
Department of Physics, Kyoto University, Kyoto, Japan3
Linear magnetoresistance is a subject of high interest. The helimagnet CrAs undergoes a
quantum phase transition to a nonmagnetic superconductor under pressure [1, 2]. We have
measured the transverse magnetoresistance of CrAs under pressure [3]. In the pressure range
close to where the superconducting transition temperature is maximised, our low-temperature
magnetoresistance exhibits striking non-saturating, quasilinear magnetic field dependence up to
14 T (Figure 1a). Our bandstructure calculations reveal a subtle band crossing near the Y-point of
the Brillouin zone (Figure 1b), which is protected by the nonsymmorphic crystal symmetry. In this
presentation, I will show that the quasilinear magnetoresistance arises from an intricate
interplay between the nontrivial band crossing and strong magnetic fluctuations.
[1] H. Kotegawa et al., J. Phys. Soc. Jpn. 83, 093702 (2014)
[2] W. Wu et al., Nature Commun. 5, 6508 (2014)
[3] Q. Niu, W. C. Yu, K. Y. Yip, Z. L. Lim, H. Kotegawa, E. Matsuoka, H. Sugawara, H. Tou, Y.
Yanase, Swee K. Goh, Nature Commun. 8, 15358 (2017)
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By direct transport and magnetic measurements, we provide fist direct evidence for high
temperature superconductivity in the 1-UC FeSe films grown on insulating STO substrates with
the onset Tc and critical current density much higher than those for bulk FeSe.[1] Furthermore,
thickness dependent of superconductivity is carefully studied and interesting phenomena, such as
superconductor-insulator transition and linear magnetoresistance, are observed.[2-5] These
investigations may pave the way to enhancing and tailoring superconductivity by interface
engineering.[4] Furthermore, quantum phase transition is one of most important topics in
condensed matter physics. When we study the superconductor-metal transion in ultrathin
cyrtalline Ga films grown on GaN substrate [6], we firstly discover quantum Griffiths singularity
in two dimensional (2D) system and superconductors [7], which is a new quantum phase
transition in 2D superconductors. This discovery is further revealed in LAO/STO(110) interface
superconductors [8] and monolayer Ising superconductor NbSe2 films[9].
References
[1] Chin. Phys. Lett. 31, 017401 (2014) (with a higlight: Science 343, 230 (2014))
[2] Scientific Reports 4, 6040 (2014)
[3] 2D Materials 2, 044012 (2015)
[4] J. Phys.: Condens. Matter 29, 153001 (2017)
[5] 2D Materials: https://doi.org/10.1088/2053-1583/aa8165 (arXiv:1704.01005)
[6] Physical Review Letters 114, 107003 (2015) (Editors’ Suggestion)
[7] Science 350, 542 (2015) (with a perspective article: Science 350, 509(2015))
[8] Phys. Rev. B 94, 144517 (2016)
[9] arXiv: 1707.05473
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Structural Phase Diagram and Anomalous Magnetic Properties in a
Superconductor of LnO1-xFxBiS2 (Ln: rare earth elements)
*Tatsuma D. Matsuda1, Joe Kajitani1, Masaaki Mita1, Ryoko Sagayama2, Hajime Sagayama2,
Reiji Kumai2, Youichi Murakami2, Keisuke Matsumura3, Ryuji Higashinaka1, Yuji Aoki1
Department of Physics, Tokyo Metropolitan University, Hachioji, Japan1
Institute of Materials Structure Science, High Energy Accelerator Research Organization,
Tsukuba, Japan2
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Since the discovery of BiS2-based superconductor, Bi4O4S3 and LnO1-xFxBiS2 (Ln: rare-earth
elements) by Mizuguchi et al. in 2012[1, 2], we have studied physical properties of LnO1-xFxBiS2
more precisely by using single crystals. Especially, we have focused on the relation between the
emergence of superconductivity and crystal structure, and on the relation between the transport
properties and the magnetism of the block layers, which contain Ln ions.
From our systematic structural investigations of LaO1-xFxBiS2 by using a high-flux synchrotron
X-ray diffraction, it has been revealed that LaO1-xFxBiS2 has complex structural phase diagram in
the x vs. temperature plane. Even for non F-doped compound (x=0), which was initially reported
to have a tetragonal structure, a monoclinic structure with space group P21/m[3] is realized at
room temperature. Recently we found that a structural phase transition to a tetragonal structure
at ~ 550 K with increasing temperature, and the structure of this system is also very sensitive
to x.
Recently we also succeeded to observing the anomalous behaviors related with magnetic freedom
of Ln ion in LnO1-xFxBiS2. For example, anomalous –logT divergence of specific heat in CeOBiS2
at low temperatures[4] and a extremely heavy fermion like behaviour in C/T in Nd system as
show in Fig. (b). Although these behaviors seems to be very similar to the typical heavy fermion
systems such as CeRu2Si2, CeCu6 and CeNi2Ge2, the mechanism should be different from ordinary
one considering the electronic structure. In this presentation, we would like to present these data
and discuss on the electronic structures of LnO1-xFxBiS2.
[1] Y. Mizuguchi et al., Phys. Rev. B 86, 220510 (2012).
[2] Y. Mizuguchi et al., J. Phys. Soc. Jpn. 81, 114725 (2012).
[3] R. Sagayama et al., J. Phys. Soc. Jpn. 84, 123703 (2015).
[4] R. Higashinaka et al., J. Phys. Soc. Jpn. 84, 023702 (2015)
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like behavior
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Being one of the most heavily studied members in the layered BiS2-based superconductor family,
the optimally fluorine doped La-O0.5F0.5--BiS2 that grown under ambient pressure was found to be
superconducting at transition temperature Tc ~3 K at ambient pressure [1]. Additionally, its T-c
can be further enhanced to a maximum of 10 K with the application of pressure [2]. Band
structure calculations have revealed a two-dimensional-like Fermi surface, implying a highly
anisotropic normal state [3, 4]. In order to probe the anisotropy of the superconductivity
experimentally, we measure the upper critical field of an as-grown La-O0.5F0.5--BiS2 single crystal
at ambient pressure by electrical resistivity measurement with a magnetic field oriented along
the c-axis and the ab-plane, respectively. Our results show a very high superconductivity
anisotropy factor γ which is also temperature dependent. Meanwhile, a pronounced upward
curvature of the in-plane upper critical field Hc2ab(T) near Tc and an anomalously high Hc2ab(0)
that exceeds single band Pauli limit are also observed in the H-T phase diagram. These features
can be explained by two-gap model in dirty limit [5, 6], suggesting the La-O0.5F0.5--BiS2 system to
be a multigap superconductor.
Reference:
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Miura, J. Phys. Soc. Jpn. 81, 114725 (2012).
[2]
C. Wolowiec, D. Yazici, B. White, K. Huang, and M. Maple, Phys. Rev. B 88, 064503
(2013).
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X. Wan, H.-C. Ding, S. Y. Savrasov, and C.-G. Duan, Phys. Rev. B 87, 115124 (2013).
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Nearly isotropic superconductivity in layered Weyl semimetal WTe2 at 98.5 kbar
*Yuk Tai Chan1, P. L. Alireza2, K. Y. Yip1, Q. Niu1, K. T. Lai1, S. K. Goh1
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Tungsten ditelluride WTe2 is a layered transition-metal dichalcogenide. At ambient pressure, it
exhibits no superconductivity but extremely large magnetoresistance. Superconductivity can be
induced, along with the rapid suppression of the magnetoresistance, by application of a physical
pressure (P) [1,2]. The superconducting phase emerges after ~30 kbar and the superconducting
critical temperature (Tc) reaches a maximum at ~100–150 kbar before decreases again [1,2], thus
forming a dome-shaped Tc(P). WTe2 was originally considered to be electronically 2-dimensional
because of the layered structure. Interestingly, subsequent experiments including transport [3]
and spectroscopic measurements [4] reveal that the electronic structure is in fact a threedimensional system at ambient pressure. Here, we present the angular and temperature
dependence of the upper critical field of WTe2 under 98.5 kbar down to 30 mK. Our results reveal
a remarkably small and temperature-independent anisotropy factor (=Hc2//ab/Hc2//c), leading to our
conclusion that the superconducting state in WTe2 is nearly isotropic.
Reference:
[1] D. Kang, Y. Zhou, W. Yi, C. Yang, J. Gou, Y. Shi, S. Zhang, Z. Wang, C. Zhang, S. Jiang, A. Li,
K. Yang, Q. Wu, G. Zhang, L. Sun, and Z. Zhao, Nat. Commun. 6, 7804 (2015).
[2] X. C. Pan, X. Chen, H. Liu, Y. Feng, Z. Wei, Y. Zhou, Z. Chi, L. Pi, F. Yen, F. Song, X. Wan, Z.
Yang, B. Wang, G. Wang, and Y. Zhang, Nat. Commun. 6, 7805 (2015)
[3] L. R. Thoutam, Y. L. Wang, Z. L. Xiao, S. Das, A. Luican-Mayer, R. Divan, G. W. Crabtree,
and W. K. Kwok, Phys. Rev. Lett. 115, 046602 (2015)
[4] D. D. Sante, P.K. Das, C. Bigi, Z. Ergönenc, N. Gürtler, J. A. Krieger, T. Schmitt, M. N. Ali,
G. Rossi, R. Thomale, C. Franchini, S. Picozzi, J. Fujii, V. N. Strocov, G. Sangiovanni, I. Vobornik,
R. J. Cava, and G. Panaccione, Phys. Rev. Lett. 119, 026403 (2017)
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Recently we reported an enhanced superconductivity in restacked monolayer TaS2 nanosheets
compared with the bulk TaS2, pointing to the exotic physical behaviors of low dimensional
systems. Here we tune the superconducting properties of this system with magnetic field along
different directions. It is found that the present system bears a strong Pauli paramagnetic spinsplitting effects under high fields. Importantly, an unusual angular dependence of the upper
critical field deviating from the Ginzburg-Landau model (GL model) and Thinkham model is
observed, showing a strong evidence for the presence of triplet component of the superconducting
order parameter in the mixed state. Moreover, with the vertical field fixed, we find that the
superconducting transition temperature Tc can be enhanced by increasing the transverse field
and forms a dome-shaped phase diagram. The present finding is significant in the viewpoint of
fundamental physics and may also facilitate the applications of low-dimensional superconductors
in the environment of high field.
Keywords: Pauli Paramagnetic Effects, Low-Dimensional Superconductors, Restacked TaS2
Nanosheets

PC5-1-INV
Critical-Current-by-Design
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We present a new paradigm, critical-current-by-design, that aims at predicting the optimal
pinning landscape for maximum critical current in high temperautre superconducting (HTS)
applications. This approach uses large scale time dependent Ginzburg-Landau simulations is to
elucidate the vortex dynamics in complex pinning landscapes. On the experimental side, we use
controlled particle irradiation to create defects of various morphologies in HTS coated conductors
to enhance their critical current. We illustrate this new paradigm by predicting the critical
current (Jc) and the non-additive pinning action of different defects in irradiated samples. An
example of the latter is the recently discovered reduction of Jc at low fields in oxygen and copper
irradiated HTS coated conductors which contain self-assembled BaZrO nanorods. In a new
development, we discovered that off-angle irradiation can mitigate this issue. Furthermore,
vortex creep studies in HTS coated conductors indicate that the Jc reduction could also be a
consequence of faster creep in the presence of different vortex pinning sites. Another development
is the discovery of double chain layer defects in HTS coated conductors, induced by high-energy,
heavy-ion irradiation. These defects intersect the ion irradiation induced tracks and show a
decrease in the oxygen and copper content at the interface, resulting in interfacial strain. These
revelations directly demonstrate the extension of the electronic inhomogeneity following
irradiation and the potential of strain-induced vortex pinning. We show that the combination of
large scale TDGL simulations with bulk critical current and microstructural characterization
provides the necessary ingredients for realizing the critical-current-by-design paradigm.
This work was supported by the Center for Emergent Superconductivity, an Energy Frontier
Research Center funded by the U.S. D.O.E., Office of Science, Office of Basic Energy Sciences. The
computational work was supported by the Scientic Discovery through Advanced Computing
(SciDAC) program funded by U.S. Department of Energy, Office of Science, Advanced Scientic
Computing Research and Basic Energy Science.
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The spontaneous self-arrangement of electrons into static and periodically modulated patterns, a
phenomenon commonly termed as charge order or charge-density-wave, has recently resurfaced
as a prominent, universal ingredient for the physics of copper oxide high-temperature
superconductors. Its antagonist coexistence with superconductivity, together with a putative
connection to a quantum critical point beyond optimal doping, are symptomatic of a very
fundamental role played by this collective electronic state for the physics of cuprates.
Resonant x-ray scattering (RXS) has rapidly become the technique of choice for the study of
charge order in momentum space [1], owing to its ability to directly identify a breaking of
translational symmetry in the electronic density. We have used RXS in Bi-, Nd, and Y-based
cuprates to detect charge-density-waves even in presence of short-ranged order [2-3], exploring a
realm previously accessible only by STM. Using the information available from the full twodimensional momentum space, we have taken this experimental methodology further to reveal
the local (intra-unit-cell) symmetry in the charge distribution [4,5].
To conclude, I will discuss recent results and future perspectives concerning the study of the
nanoscale (10-100 nm) texture of electronic orders using coherent soft x-ray scattering in
scanning (RXS nanomapping) and imaging (ptychography and holography) mode.

[1] R. Comin and A. Damascelli, Resonant x-ray scattering studies of charge order in cuprates,
Annual Reviews of Condensed Matter Physics (2016).
[2] R. Comin, et al., Charge Order Driven by Fermi-Arc Instability in Bi2Sr2-xLaxCuO6+d,
Science 343, 390 (2014).
[3] E. da Silva Neto*, R. Comin*, et al., Charge ordering in the electron-doped superconductor
Nd2-xCexCuO4, Science 347, 282 (2015).
[4] R. Comin, et al., Broken translational and rotational symmetry via charge stripe order in
underdoped YBa2Cu3O6+y, Science 347, 1335 (2015).
[5] R. Comin, et al., Symmetry of charge order in cuprates, Nature Materials 14, 796 (2015).
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*Shigeru Kasahara1
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A long-standing controversial issue in the quest to understand the high transition temperature
(Tc) superconductivity in cuprates is the nature of the enigmatic pseudogap sate of the phase
diagram, where anomalous electronic states, including Fermi arc, charge density wave and dwave superconductivity emerge. Especially important is whether the pseudogap state is a distinct
thermodynamic phase characterized by any kinds of broken symmetries below the onset
temperature T∗. Electronic nematicity, a four-fold (C4) rotational symmetry breaking, has emerged
as a key feature inside the pseudogap regime. Here we report torque-magnetometry
measurements of anisotropic susceptibility within the CuO2 planes in clean single crystals of
YBa2Cu3Oy (YBCO) and HgBa2CuO4+δ (Hg1201) with exceptionally high precision. In YBCO, the
in-plane anisotropy of susceptibility displays a significant increase with a distinct kink at the
pseudogap onset temperature T∗, showing a remarkable scaling behavior with respect to T/T∗ in a
wide doping range. Our systematic analysis reveals that the rotational symmetry breaking sets in
at T∗ in the limit where the effect of orthorhombicity is eliminated. These results provide
thermodynamic evidence that the pseudogap onset is associated with a second-order nematic
phase transition, which differs from the recently reported charge-density-wave transition that
accompanies translational symmetry breaking.
[1] Y. Sato et al., Nat. Phys. (2017). doi:10.1038/nphys4205.
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The quasiparticle dynamics in a superconductor reflects its pairing mechanism. In fact, in
conventional superconductors, studies on the quasiparticle dynamics played an essential role in
establishing the phonon-mediated pairing mechanism [1]. We studied this dynamics for cuprate
high-temperature superconductors, whose pairing mechanism is still unknown: We calculated the
frequency-dependent properties of the two-dimensional Hubbard model, which is a standard
model of cuprates, with an unbiased numerical method called cluster dynamical mean-field
theory.
By scrutinizing the frequency-dependent structure of the electron self-energy, we found that
i) a hidden fermionic excitation, which appears as a pole in the self-energy, emerges directly from
the Mott physics when carriers are doped to the parent Mott insulator,
ii) the hidden fermion enhances the superconductivity considerably through a hybridization to
quasiparticles [Fig. (b)], and
iii) the same hidden fermion generates a pseudogap above the superconducting transition
temperature as a hybridization gap [Fig. (a)].
We thus obtained a unified view on the Mott insulator, pseudogapped metal, and hightemperature superconductivity in cuprates.[2]
[1] W. L. McMillan and J. M. Rowell, PRL 14, 108 (1965).
[2] S. Sakai, M. Civelli, and M. Imada, PRL 116, 057003 (2016); PRB 94, 115130 (2016).
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We propose topological superconductivity in strongly correlated d-wave superconductors.
Although the gapless d-wave superconductors do not realize topological superconductivity, we find
gapped topological superconducting states induced by spin-orbit coupling and electron correlation
in recently-discovered two-dimensional heterostructures.
(1) 2D topological superconductivity in high-temperature cuprate supercoductors [1,2]
Search of gapped strong topological superconductivity has been one of the central subjects in the
research field of topological science. We design the topological superconductivity based on familiar
nodal d-wave superconductor heterostructures, such as high-Tc cuprates and heavy fermions [1].
Nonequilibrium topological superconductivity induced by circularly polarized laser-light is also
proposed [2].
(2) Topological superconductivity in heavy fermion superlattices and reduction by electron
correlation [3,4]
It is shown that the heavy fermion superlattice CeCoIn5/YbCoIn5 [5] realizes odd-parity
superconductivity by spin-orbit coupling and it is a platform of topological crystalline
superconductivity protected by mirror symmetry [3]. We also show the breakdown of topological
classification by electron correlation, which can be experimentally realized by tuning the
superlattice structure [4]. Material realization of similar odd-parity superconductivity in MoS2
heterostructures is also proposed [6].
[1] A. Daido and Y. Yanase, Phys. Rev. B 94, 054519 (2016).
[2] K. Takasan, A. Daido, N. Kawakami, and Y. Yanase, Phys. Rev. B 95, 134508 (2017).
[3] T. Yoshida, M. Sigrist and Y. Yanase, Phys. Rev. Lett. 115, 027001 (2015).
[4] T. Yoshida, A. Daido, Y. Yanase, and N. Kawakami, Phys. Rev. Lett. 118, 147001 (2017).
[5] Y. Mizukami et al. Nat. Phys. 7, 849 (2011).
[6] Y. Nakamura and Y. Yanase, Phys. Rev. B 96, 054501 (2017)
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Electron backscatter diffraction analysis (EBSD) on superconducting nanowires
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Electrospun, superconducting nanowires are characterized concerning the grain orientation, their
texture and the respective grain boundary misorientations by means of electron backscatter
diffraction (EBSD) analysis. The individual nanowires in such electrospun, nonwoven nanowire
networks of Bi2Sr2CaCu2Ox (Bi-2212) are polycrystalline, have diameters up to 250 nm and their
grains are in the 20-50 nm range [1]. This requires a high spatial resolution for the analysis in
the scanning electron microscope. However, the small diameter of the nanowires enables the
application of the newly developed transmission EBSD (t-EBSD) technique without the
preparation of TEM slices. Here, we present several EBSD mappings on Bi-2212 nanowires and
compare their microstructure to those of filaments of the first generation tapes [2].
[1] M. R. Koblischka et al., AIP Advances 6, 035115 (2016).
[2] A. Koblischka-Veneva et al., Physica C 468, 174 (2008).

Caption: EBSD mapping of a nanowire (a) and the determined misorientations.
Keywords: EBSD, Grain orientation, Nanowire, Bi-2212
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YBCO films are of great technological interest as they show exceptional good superconducting
properties. As in all cuprate SCs these properties are governed by its oxygen content.
Understanding how to achieve optimal oxygen doping of the oxygen deficient triple perovskite
YBCO structure is still an open, critical issue and its optimization a main goal of this work. The
oxygenation kinetics is strongly influenced by microstructural and morphological features, which
strongly differ depending on the growth technique. The kinetic effects comprises of molecular
oxygen absorption, dissociation and atomic bulk diffusion.
We show that in-situ techniques as electrical conductivity relaxation (ECR) and high temperature
environmental XRD (HTXRD) are very useful tools to analyze the oxygen exchange processes. We
monitor the mechanisms of oxygen in- and excorporation in standard and nanocomposite CSD
and PLD YBCO thin films during post annealings of grown films by changing between oxidizing
and reducing p(O2) atmospheres. This analysis allows us to determine the dependence of the
oxygenation rate of in- and out-diffusion (bulk and surface) on several processing parameters, as
the O2 partial pressure and temperature and obtain time constants and activation energies for
each case. Our results demonstrate that the oxygenation of the thin films studied, is limited by
surface reactions. Catalytic agents deposited on the surface, strongly accelerate the oxygen
exchange and allow lower oxygenation temperatures, leading to higher oxygen contents.
Understanding the oxygen exchange allows to properly engineer the carrier concentration to the
overdoped regime, as monitored by Hall effect and XRD measurements. Therefore we can study
the correlation between the doping level and the critical currents, with the aim to maximize the
latter.
Funding from from EU ERC-AdG-2014-669504ULTRASUPERTAPE, Severo Ochoa SEV20150496 program and MINECO MAT2014-51778-C2-1-R and FEDER project is acknowledged.
Keywords: YBCO thin film, Oxygen exchange, Overdoping

