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BERE « BiERE 2 J— : Schottky junctions studied using Korringa-Kohn-Rostoker non-equilibrium Green'’s
function method
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A scheme that combines the non-equilibrium Green's function method with the Korringa-Kohn-Rostoker (KKR)
Green's function method is proposes. The method is different from most previous attempts [1-3] in that it uses the
exact Green's function whose spectrum is not bound within a finite energy range, and hence, it provides sounder basis
for quantitative discussions than the methods using the finite basis sets do. The scheme is applied to the Schottky
junctions composed of a Al/GaN/Al trilayer.

Schottky contacts formed in metal/semiconductor junctions play an important role in semiconductor devices and
integrated circuits [4]. They have been intensively investigated for several decades not only for possible application to
electronic devices but also for gaining a fundamental understanding of the Schottky barrier formation.

Our results show that the Schottly barrier is formed between an undoped GaN and Al interface. The transport
property of this system under various finite bias voltages is calculated. It is shown that the asymmetric behavior of

electron transport against the direction of bias voltage occurs in this system, confirming the feature of rectification.
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Magnetic resonance (MR), such as nuclear magnetic resonance (NMR) and electron paramagnetic resonance (EPR),
can probe the local structure and dynamic properties of various systems, making them among the most powerful and
versatile analytical methods. However, their intrinsically low sensitivity precludes MR analyses of samples with very
small volumes; e.g., more than 1010 electron spins are typically required to observe EPR signals at room temperature.
A vast improvement in the current limits of MR will enable the imaging of structures and conformational changes of
molecules in solution at the single molecule level.

A nitrogen-vacancy (NV) center in diamond is a promising candidate for applications in room temperature magnetic
sensing with single spin sensitivity. In this presentation, we will discuss EPR spectroscopy using on NV centers in
diamond. By employing EPR and double electron-electron resonance (DEER) techniques, we investigate impurities
and coherence in diamond.1-3 We also demonstrate EPR of several electron spins using NV-based EPR spectroscopy.
Moreover, we will discuss development of a high-frequency NV-based EPR system.4 This work is supported by NSF

and the Searle Scholar program.
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The local picture of electron spin is studied in the framework of quantum electrodynamics(QED).

In the framework of QED, one of the fundamental local physical quantities is the energy-momentum tensor density,
which is derived from the general principle of relativity.

Recently, the “quantum spin vorticity theory” [1] is proposed as a consequence of the general relativistic symmetry
of the energy-momentum tensor.

The quantum spin vorticity theory can give the time evolution equations of the electronic momentum density and
the spin angular momentum density as equations which relate local mechanical physical quantities derived from the
energy-momentum tensor density.

These local images of an electronic state by the quantum spin vorticity theory can help us to understand spin

phenomena in condensed matter and molecular systems from a unified viewpoint [2,3].
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Comput. Chem. Jpn. 13, 18 (2014); Indian J. Chem. A, 53, 1031 (2014).
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BE - B & 2 J— : Multiferroics by design with frustrated molecular magnets
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Geometric frustration in Mott insulators permits perturbative electron fluctuations controlled by local spin
configurations [1]. The simplest example is an equilateral triangle, “trimer”, of spins with S = 1/2, where low-energy
degrees of freedom consist of built-in magnetic and electric dipoles arising from the frustrated exchange interaction.
Such trimers, when weakly coupled, can be used to build multiferroics by design [2]. An organic molecular magnet
known as TNN [3], with three S = 1/2 nitronyl nitroxide (NN) radicals in a perfect C3 symmetric arrangement, is an
ideal building block, as was demonstrated by recent experiments on a single crystal comprising TNN and CH3CN. The
fascinating thermodynamic phase diagram of this molecular crystal, TNN- CH3CN, is in excellent agreement with our
theory, which predicts multiferroic behavior and strong magnetoelectric effects arising from an interplay between
magnetic and orbital degrees of freedom [4]. Our study thus opens up new avenues for designing multiferroic materials

using frustrated molecular magnets.
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The talk illustrates recent development of our coarse-grained (CG) molecular model using a multi-property fitting
approach. The CG model, known as the SDK CG model, is designed to reproduce experimental surface/interfacial
properties as well as distribution functions from all-atom molecular dynamics (MD) simulations. This bottom-up
approach to construct a CG model works well for lipids and surfactants self-assemblies, and has been extended to
include proteins and polymers recently. This talk will particularly focus on zwitterionic phospholipid membranes,
including vesicles. Membrane fusion and morphological changes of the lipid membranes are investigated in terms of
free energy computation. A comparison of the CG-MD results with the conventional continuum model based on the
Helfrich Hamiltonian elucidated non-trivial free energy contribution due to the conformational changes of lipids during
the membrane deformation. The effects of the lipid components on the free energy barrier will be discussed. The effects

of additives such as nanoparticles and peptides on the membrane properties will also be demonstrated.
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In spite of rich properties and significant academic interest, antiferromagnets have always been overshadowed by
ferromagnets in real-life applications based on magnetism, including spintronics. This is primarily due to the fact that
antiferromagnet order parameter couples weakly to external magnetic field and has therefore been difficult to
manipulate. In this talk I will discuss a number of recent theoretical and experimental developments that counter this
conventional wisdom in a class of antiferromagnets with stable noncollinear magnetic order. As an introduction I will
talk about the surprising discovery of the anomalous Hall effect (AHE), the generation of a voltage perpendicular to
current in the absence of a magnetic field, in noncollinear antiferromagnets. In these materials the AHE can be used
as an efficient probe to determine the global orientation of the noncollinear antiferromagnetic order. I will then discuss
the coupling between the noncollinear order parameter and external electric and magnetic fields. Electric fields or
currents can change the magnetization direction and induce collective dynamics through current- or electric-field-
induced spin-orbit torques. I will show through both toy model and first principles calculations that the spin-orbit
torque is nonzero in a prototypical noncollinear antiferromagnet, MnsSn, in spite of its global inversion symmetry. As
for external magnetic fields, although their direct coupling with noncollinear spin magnetization is rather weak, I will

show that there is a large orbital moment in these noncollinear antiferromagnets. Coupling between the external
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magnetic field and the orbital moment can lead to a torque on the noncollinear order parameter through a response

function that can be viewed as dual to the current-induced torque.

B )Y T A3 — : Cryogenic variable temperature SP-STM study of perovskite-clad FeAs
monolayers
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I. Plaquette antiferromagnetic order coexisting with iron superconductivity

The symmetry requirement and the origin of magnetic orders coexisting with superconductivity have been strongly
debated issues of iron-based superconductors (FeSCs). Observation of C4-symmetric antiferromagnetism in violation
of the inter-band nesting condition of spin-density waves in superconducting ground state will require significant
change in our understanding of the mechanism of FeSC. The superconducting material Sr2VO3sFeAs, a bulk version of
monolayer FeSC in contact with a perovskite layer with its magnetism (T~ ~ 50 K) and superconductivity (Tc ~ 37 K)
coexisting at parent state, has no reported structural orthorhombic distortion and thus makes a perfect system to look
for theoretically expected Cis magnetisms. Based on variable temperature spin-polarized scanning tunneling
microscopy (SPSTM) with newly discovered imaging mechanism that removes the static surface reconstruction (SR)
pattern by fluctuating it rapidly with spin-polarized tunneling current, we could visualize underlying Cs symmetric
(2x2) magnetic domains and its phase domain walls coexisting with superconductivity. We find that this magnetic
order is perfectly consistent with the plaquette antiferromagnetic order in tetragonal Fe spin lattice expected from
theories based on the Heisenberg exchange interaction of local Fe moments and the quantum order by disorder. The
inconsistency of its modulation @ vectors from the nesting condition also implies that the nesting-based C2 symmetric
magnetism is not a unique prerequisite of high-Tc FeSC. Furthermore, the plaquette antiferromagnetic domain wall
dynamics under the influence of small spin torque effect of spin-polarized tunneling current are shown to be consistent
with theoretical simulation based on the extended Landau-Lifshitz-Gilbert equation. (ArXiv:1608.00884, under review
in Nat. Mat.)

II. Enhancement of superconductivity by interfacial phonons

The physics at the interface between monolayer iron-based superconductor (FeSC) and perovskite substrate has
received considerable attention due to the unusually high Tc of ~100 K found recently in monolayer FeSe on
SrTiOs substrate. It has been suggested that forward-scattering interfacial phonons coupled with the Fe-layer
electrons can enhance superconductivity from almost any kind of pre-existing electron-based pairing, initiating the
quest for perovskite-clad FeSC monolayer and its bulk heterostructure with higher coupling efficiency with interfacial
phonons. Here we report a spectroscopic imaging scanning tunneling microscopy (SI-STM) study on a parent-
compound superconductor SraVOsFeAs, the only currently known self-assembled bulk example of FeSC monolayers
on perovskite layers with substantially high Tc ~ 37 K. It shows clear signatures of forward-scattering phonons with
unprecedentedly strong coupling close to 1 probably due to doubled interfaces per FeSC monolayer. Our masked
quasiparticle interference (QPI) analysis based on the superconducting gap map and the V-Fe hybridization strength
map shows clear positive correlations between all pairs, which is the hallmark of pairing enhancement due to electron-

phonon coupling with interfacial phonons. With the possibility of massive number of parallel superconducting layers
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and the stronger electron-phonon coupling achieved, perovskite-clad FeSC monolayers may become a building block of

the next generation Fe-based high-Tc superconductors with significantly enhanced Tc and current carrying capacity.

(ArXiv:1608.00886, under review in Nat.)
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Now that the anomalous Hall effect is established as a convenient order parameter probe in a class of
noncollinear antiferromagnets, it is timely to examine effects that can be used for order parameter manipulation.
In this talk I will discuss some of our recent theoretical results on the coupling between the noncollinear
magnetic order parameter and external electric and magnetic fields. First I will briefly explain the physics of
orbital magnetic moments which arise from the coupling between magnetic fields and the orbital motion of
electrons. A nonzero orbital moment is present in all ferromagnets, but is usually much smaller than the total
spin moments. In noncollinear antiferromagnets like Mn3Ir or Mn3Sn, which have an anomalous Hall effect,
sizable orbital moments exist while the total spin moment nearly vanishes. This orbital moment can be used to
manipulate the order parameter using magnetic fields. Separately, in certain noncollinear antiferromagnets with
broken atomic-site-inversion symmetry, a nonzero site-dependent spin polarization can be induced by external
electric fields or currents, which can exert a torque on the local spin moments and can potentially change the

direction of the noncollinear magnetic order parameter or induce its nontrivial dynamics.

11:00-12:00
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$E/ : Spin-electromagnetic responses in topological matters
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The electrical control of spin magnetization aims to be used in next-generation magnetic devices, allowing
information to be written electronically. Recently, spintronics phenomena in topological materials have been
drawn interests for achieving novel electrical manipulation of the magnetization, and generation of spin
currents. In this presentation we discuss theoretical proposals of spintronics phenomena in topological
insulators and magnetic Weyl semimetals.

In the first part of the talk, spin-electricity conversion at the interface between a ferromag-netic material and
a topological insulator[1] is discussed. Injected spins by spin pumping are converted into a charge current due
to spin-momentum locking on the surface state. We for-mulate a theoretical model for spin dynamics and the
spin-electricity conversion effect on the topological surface. The dumping constant is expressed in terms of the
conductivity of the surface Dirac fermions. The electrically induced spin current is calculated using the perturba-
tion theory.

In the second part, we discuss spintronics phenomena in magnetic Weyl semimetals. A Weyl semimetal is a
new type of topologically protected gapless quantum state, with either time-reversal or spatial inversion
symmetries broken in three dimensions. Weyl semimetals with broken time-reversal symmetry are more

interesting and rewarding for spintronics applications. We derive an effective free energy functional of
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magnetization which describes low energy excitations and magnetic textures[2]. We also demonstrate that Weyl
electrons in a magnetically doped Weyl semimetal exert a spin torque on the local magnetization, without a
flowing current, when the chemical potential is modulated in a magnetic field. The spin torque is proportional
to the anomalous Hall conductivity, and its effective field strength may overcome the Zeeman field. Using this
effect, the direc-tion of the local magnetization is switched by gate control in a thin film. We also discuss

dynamics of local magnetization by solving the Landau-Lifshitz-Gilbert equation.

[1] Y. Shiomi, K. Nomura, Y. Kajiwara, K. Eto, M. Novak, K. Segawa, Y. Ando, E. Saitoh, Phys. Rev. Lett. 113,
196601 (2014).

[2] K. Nomura and D. Kurebayashi, Phys. Rev. Lett. 115, 127201 (2015).

[3] D. Kurebayashi and K. Nomura, arXiv:1604.03326.
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I will discuss a proposal according to which, in a certain class of magnetic materials, known as non-Kramers
'spin ice," disorder induces quantum entanglement. Instead of driving glassy behavior, disorder provokes
quantum superpositions of spins throughout the system, and engenders an associated emergent gauge structure
and set of fractional excitations. More precisely, disorder transforms a classical phase governed by a large
entropy, classical spin ice, into a quantum spin liquid governed by entanglement. As the degree of disorder is
increased, the system transitions between (i) a "regular" Coulombic spin liquid, (i) a phase known as "Mott
glass," which contains rare gapless regions in real space, but whose behavior on long length scales is only
modified quantitatively, and (iii) a true glassy phase for random distributions with large width or large mean
amplitude. These results may be applicable to Pr2Zr207, in which random crystal field splittings have already

been observed, and to classical spin ices, such as Ho2Ti207, upon chemical doping.

F )Y AL LT At 3IF— : Nanogap-Enhanced Raman Scattering (NERS)
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Started from the simple wet-chemical nanogap generation induced by Coulomb aggregation among colloidal

nanoparticles in aqueous solution after adding salt onto it shown independently by S. Nie and K. Kneipp in 1997,

nanogap engineering to enhance Raman scattering signal to achieve single molecule sensitivity is getting more

sophisticated. In this talk, single molecule Surface-Enhanced Raman Scattering (smSERS) field formed since 1997

will be briefly reviewed and then different types of nanogap engineering strategy for smSERS developed in my lab will

be discussed: single-junction 0-D external nanogap between two spherical nanoparticles connected with a double helix

DNA (Nature Materials 2010), multi-junction 3-D spherical nanogap internally formed between spherical gold core

nanoparticle and spherical gold shell nanoparticle connected by multiple single helix DNAs (Nature Nanotech. 2011),

and 2-D nanogap arrays formed on a 4-inch polymer wafer by simple two-step process. Several reasons will be
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discussed why now SERS regime and NERS (Nanogap-enhanced Raman Scattering) regime should be separated on
the enhancement factor (EF) distribution histogram. Recent result including direct near-field visualization of the
nanogap field of the 2-D nanogap array, single molecule behavior of cytochrome C protein's Raman signal, and ultra-
uniform distribution of SERS enhancement factor (EF) of benzene thiol molecule dispersed on this plasmonic 2-D

nanogap array wafer will be presented.
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PR B - EAC > 7 4+ — <))V 3IF— : Targeted Synthesis of Hybrid Metal Organic Spin Liquids
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Confining magnetic properties to two dimensions offers tremendous potential for the discovery of new properties.
One intriguing possibility is creating a spin liquid whereby an infinitely degenerate magnetic ground state enables the
realization of new quasiparticles.

Synthetic inorganic chemistry is the ideal vector by which to design spin liquids. Specifically we are targeting two
dimensional kagome lattices, a structure predicted to house spin liquids. Danna Freedman will present prior results
on the known spin liquid herbertsmithite, and Dave Harris will present a synthetic vision and progress towards the

realization of a hybrid metal-organic spin liquid.
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B - BlER 7 4 — <23 J— ! Field theory for symmetry protected topological properties of AKLT-
type VBS states
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Mapping from quantum antiferromagnets to a semiclassical field theory such as nonlinear sigma models with
topological terms has contributed insights into the nontrivial behavior of quantum fluctuations since the work by
Haldane in 1980's. Recently, another aspect of AKLT states is focused, i.e., short-range entangled state protected by
some symmetry. We explain how such symmetry protected topological (SPT) properties in AKLT-type VBS states are
described using an effective field theory in spatial dimensions one through three.

Starting from the well-understood case of one-dimensional antiferromagnets and thereby establishing its validity,
we proceed to the two-dimensional square lattice. Through a path integral representation of the ground state wave
functional,we conclude that the ground state is an SPT state for the spin quantum number equal to two times odd
integer while it is topologically trivial for two times even integer.

We also show that this representation of the ground state wave functional is closely related with the strange
correlator,which is proposed as an indicator of SPT phase. Finally, we discuss generalization of the preceding approach

to the case of a cubic lattice.

B Mk 2 J—  Emergence of negative capacitance in multi-domain ferroelectric thin film
capacitors under bias
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Inrecent years, several experimental works have shown that “negative capacitance” can be attained in a ferroelectric
thin film placed in series with a paraelectric [1]. To explain this, they claim that the negative capacitance is realized
by suppression of spontaneous polarization in the ferroelectric due to the depolarizing effect coming from the
paralectric film. However, such explanation has been criticized due to the fact that any such depolarizing effects are

usually cancelled in ferroelectric materials through the formation of polarization domains.

In this talk, I will try to present a more convincing explanation of the mechanism for negative capacitance based on
first-principles simulation results of a multidomain ferroelectric-paraelectric bilayer capacitor under bias voltage [2].
The finite-voltage simulations are performed using the orbital-separation approach [3] within the Kohn-Sham
formalism of density functional theory. We show that domains evolve in an antiferroelectric-like way, and that negative

capacitance can emerge as a result of monodomain formation under bias.
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