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[1] R. Noguchi et al., Nature 566, 518-522 (2019).

[2] H. Iwasawa, et al., Phys. Rev. B 99, 140510(R) (2019).
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/8 : Development of Low-order Scaling DFT Methods
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To further extend the applicability of first-principles electronic structure calculations based on density functional
theory (DFT) to large-scale systems containing more than ten thousands of atoms, here we present development of
low-order scaling DFT methods: one is a numerically exact one, the other is approximate O(N) methods. Though the
conventional DFT calculations based on semi-local functionals scale as the third power of number of atoms, it will be
shown that the computational complexity of DFT calculations can be reduced to a low-order scaling in a numerically
exact sense [1,2]. We further discuss an efficient O(N) divide-conquer (DC) method based on localized natural orbitals
(LNOs) for large-scale DFT calculations of gapped and metallic systems [3], where the LNOs are noniteratively
calculated by a low-rank approximation via a local eigendecomposition of a projection operator for the occupied space.
In addition to the low-order scaling methods, efficient parallelization methods for massively parallel computers will be

presented for atom decompositions [4] and fast Fourier transforms [5,6].

[1] T. Ozaki, Phys. Rev. B 82, 075131 (2010).

[2] T. Ozaki, Phys. Rev. B 75, 035123 (2007).

[3] T. Ozaki, M. Fukuda, and G. Jiang, Phys. Rev. B 98, 245137 (2018).
[4] T.V.T. Duy and T. Ozaki, Comput. Phys. Commun. 185, 777 (2014).
[6] T.V.T. Duy and T. Ozaki, Comput. Phys. Commun. 185, 153 (2014).
[6] T.V.T. Duy and T. Ozaki, J. Supercomput. 72, 391 (2016).
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In my talk, I will consider the charged surfaces in contact with an electrolyte solution composed of charged
nanoparticles. The conditions for the attractive interaction between like-charged surfaces will be considered. The
theoretical results will be compared with the Monte Carlo simulations. In outlook, the comparison with first

experiments will be made.
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In this talk I will introduce two related topics. The first part is the fabrication and study on 2D boron sheets, namely
borophene. Borophene possesses enormous polymorphs arising from periodic hole patterns in a triangular lattice. We
found that the structure of 2D boron sheets can be tuned by the interaction and charge transfer between the film and
the substrate. And even a honeycomb 2D boron sheet can be achieved by using Al(111) as the substrate. The novel
electronic and vibrational properties of 2D boron sheets will be discussed. In the second part I introduce our efforts in
building a tip-enhanced Raman spectroscopy based on our low-temperature (4K) scanning tunneling microscopy (STM).
Combing with an MBE for in-situ growth of 2D materials, this system has demonstrated to be very powerful in

studying atomic scale vibrational properties of 2D materials.
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[1] Naoki Yamamoto, Kaoru Ohta, Atsuo Tamura, Keisuke Tominaga “Broadband Dielectric Spectroscopy on
Lysozyme in the Sub-Gigahertz to Terahertz Frequency Regions: Effects of Hydration and Thermal Excitation” J.
Phys. Chem. B 2016, 120, 4743-4755

[2] Naoki Yamamoto, Shota Ito, Masahiro Nakanishi, Eri Chatani, Keiichi Inoue, Hideki Kandori, Keisuke Tominaga

“Effect of Temperature and Hydration Level on Purple Membrane Dynamics Studied Using Broadband Dielectric
Spectroscopy from Sub-GHz to THz Regions” J. Phys. Chem. B 2018, 122, 1367-1377
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[1] T. Kimura et al., Nature Communications 5, 3052(2014)

[2] J. Wei et al., Journal of the American Chemical Society 138(10), 3274(2016)
[3] T. Kimura et al., Optics Express 21, 9267(2013)

[4] K. P. Khakurel et al., Journal of Synchrotron Radiations 24(1), 142(2017)

f5R8 : Electric-field control of magnetism and transport in multiferroic heterostructures
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®E:

With the fast development of information storage, exploiting new concepts for dense, fast, and non-volatile random
access memory with reduced energy consumption is a significant and challenging task. To realize this goal, electric-
field control of magnetism is crucial. In this regard, multiferroic materials are important and have attracted much
attention due to their interesting new physics and potentials for exploring novel multifunctional devices [1, 2]. In the
multiferroic materials, electric polarization can be tuned by applying an external magnetic field or vice versa. This
magnetoelectric (ME) effect originates from the coupling of the magnetic and ferroelectric orders. However, single-
phase multiferroic materials are rare and the multiferroic heterostructures, composed of ferromagnetic (FM) and
ferroelectric (FE) materials, provide an alternative way for exploring the ME coupling effect. One of the key issues in
the study of the FM/FE heterostructures is the control of magnetism via electric fields, which is essential for the new
generation information storage technology. We have combined ferroelectric Pb(Mg1/3Nb2/3)0.7Ti0.303 (PMNT) with

different materials and studied the electric-field control of magnetic and electronic transport properties of thin films
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and magnetic tunnel junctions grown on PMNT [3]. Our work demonstrates the interesting new physics and potential

applications of electric-field control of magnetism and transport in multiferroic heterostructures.

References
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[2] R. Ramesh and N. A. Spaldin, Nature Mater. 6, 21 (2007).

[3] S. Zhang et al., Phys. Rev. Lett. 108, 137203 (2012); S. Zhang et al., Scientific Reports 4, 3727 (2014); P. S. Li et al.,
Adv. Mater. 46, 2340 (2014); Z. Lin et al., Scientific Reports 5, 14133 (2015); A. T. Chen et al., Adv. Mater. 28, 363
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The Australian Centre for Neutron Scattering operates a suite of 15 neutron instruments distributed across the
thermal- and cold-sources of the OPAL reactor, ANSTO. Two of the cold instruments are optimized for quasielastic
neutron scattering measurements.

This presentation will highlight the scientific capabilities of the EMU neutron backscattering spectrometer enabling
access to microscopic, molecular dynamics up to about 5 ns time scale. Investigations of diffusive processes in organic
materials are the primary strength area for such spectrometers. Thus examples from biophysics and polymer science
will be presented. In particular, results from a recent hemoglobin dynamics study will be outlined. There is also
growing interest in understanding transport-related diffusion in inorganic materials related to energy applications. In
this area we will highlight our ongoing effort towards elucidating sodium diffusion in specific solid-state ionic

conductors.
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Electron spin takes important roles in spin-orbital and strong correlation interactions, which are responsible to
almost all novel phenomena in condensed matter physics and the measurements of electron spin is very important for
understand the mechanism of fundamental condensed matter physics.

Along with the innovation of image type multichannel electron analyzer, the measurements of electron energy and
momentum achieved a notable development. On the other hand, the commercial available electron spin polarimeters
are all single channel type and multichannel spin polarimeter is highly demanded.

We developed an image type multiple channel electron spin polarimeter [1] based on VLEED method. The design
considerations, performance test and the results of spin-resolved ARPES measurements on PdBi2 and PtBi2 using

this equipment will be presented.

REFERENCES
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I will describe a subclass of crystalline topological phases known as Higher-Order Topological Phases of Matter
(HOTPs). Models in these phases have the defining feature that they necessarily support non-trivial gapless degrees

of freedom on hinges or corners of certain spatial manifolds.

In particular I will describe two aspects of HOTPs:

(1) A general procedure that may be used to construct models for weakly interacting fermonic HOTPs in various Altland
Zirnbauer (AZ) classes. The procedure involves using spatial symmetries to localize topologically non-trivial mass
textures on high symmetry corners and hinges of certain spatial manifolds. Then the classification of topological defects

in band insulators can be readily leveraged to predict the existence of gapless modes on these corners/hinges.

@11 I will generalize the notion of bulk-boundary correspondence for HOTPs by including various possible

configurations of symmetric surface topological order.
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First-principles electronic structure calculations are useful tools for materials development for next generation
electronic devices. In general electronic structure calculation methods, the central problem is to solve the one-electron
Kohn-Sham equation. The Korringa-Kohn-Rostoker (KKR) Green’s function method avoids the calculation of the
Kohn-Sham eigenvalues and orbitals, and directly determines the one-electron Green’s function which contains the all
the information about the ground state. There are several advantages in the KKR Green’s function method. One of
them is that order-N calculation scheme is realized by the screened transformation, where N is the number of atoms
in a unit cell. The screened KKR Green’s function method enables us to calculate complex large-scale systems, such as
substitutional, configurational, and spin disordered systems. Additionally, combining with the linear response theory,
one can efficiently calculate physical quantities (e.g., magnetic interaction, spin susceptibility and transport
properties).

In this talk, I give brief self-introduction and demonstrate the materials design of spintronic materials and magnetic
materials on the basis of the coherent potential approximation and supercell method. In the supercell approach, large-
scale electronic structure calculations are performed using the program KKRnano, where the full potential screened
KKR Green’ s function method is optimized by a massively parallel linear scaling all-electron algorithm. If time
permits, I also talk about automatic high-throughput screening for quaternary magnetic high entropy alloys by the

AkaiKKR code.
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It is known that there exist a lot of proteins in living cells, and some of them exhibit their function by the structural
change. These active proteins do not propel themselves but induce hydrodynamic flow around them. Taking this into
account, we assume that active proteins cyclically change their shapes and thus operate as oscillating force dipoles in
low-Reynolds-number fluids. By introducing a stochastic equation for hydrodynamic flow induced by the ensemble of
active proteins, we can derive the Fokker-Planck equation for the distribution of particles transported by the
hydrodynamic flow. We discussed the dynamics of such particle transport, and found that passive particles can
accumulate into a region with higher concentration of active proteins [1, 2]. We also consider the case that the active
particles are also transported by the hydrodynamic flow. Finally, the recent preliminary results on the molecular
dynamics approach are discussed. We consider the ensemble of dumbbell-shaped particles, in which activity is

introduced by oscillating bond lengths [3]. This work is the collaboration with A.S. Mikhailov and Y. Koyano.
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Quantum states with fractionalized excitations, such as spinons in one-dimensional chains, are commonly viewed
as belonging to the domain of S=1/2 spin systems. However, recent experiments on the quantum antiferromagnet
Yb2Pt2Pb, part of a large family of R2T2X (R=rare earth, T=transition metal, X=main group) materials spectacularly
disqualify this opinion [1-3]. The results show that spinons can also emerge in an f-electron system with strong spin-
orbit coupling, where magnetism is mainly associated with large and anisotropic orbital moments. Here, the
competition of several high-energy interactions - Coulomb repulsion, spin-orbit coupling, crystal field and the peculiar
crystal structure lead to the emergence, at low energy, of an effective spin-1/2, purely quantum Hamiltonian.
Consequently, it produces unusual spin-liquid states and fractional excitations enabled by the inherently quantum
mechanical nature of the moments [1,3]. The emergent quantum spins bear the unique birthmark of their unusual
origin in that they only lead to measurable longitudinal magnetic fluctuations, while the transverse excitations such
as spin waves remain invisible in scattering experiments. Similarly, “hidden” would be transverse magnetic
ordering, although it would have visible excitations. The rich magnetic phase diagram of Yb2Pt2Pb is suggestive of
the existence of hidden-order phases [1-3], while the recent experiments reveal the gapless dispersive longitudinal
mode and “dark magnon” , a hidden excitation in the saturated ferromagnetic (FM) phase of Yb2Pt2Pb [4]. Unlike
copper-based spin-1/2 chains, where the magnon in the FM state accounts for the full spectral weight of the zero-field
spinon continuum, in the spin-orbital chains in Yb2Pt2Pb it is 100 times, or more, weaker. It thus presents an example
of “dark magnon matter” , whose Hamiltonian is that of the effective spin-1/2 chain, but whose coupling to magnetic
field, the physical probe at our disposal, is vanishingly small. It can be revealed, though, via its coupling to  “visible”

electronic matter [4].
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