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Anomalous non-additive dispersion interactions in systems
of three one-dimensional wires
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Figure. : Asymptotic behavior of the bi-wire interactions u, (left panel)
and the non-additive contribution u, (right panel) at r,=3.0
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Fig 1: Model of diamond-metal system. Yellow, red
and blue balls are carbon, termination elements and

metals, respectively.
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Analyzing the Impact of Mitigation Strategies
on the Spread of a Virus

Thanh Dang Nguyen, Francois Bonnet, and Xavier Défago
School of Information Science
Japan Advanced Institute of Science and Technology (JAIST)
1-1 Asahidai, Nomi, Ishikawa Prefecture 923-1292, Japan
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Abstract—The spread of a virus and the containment of the
spread have been widely studied in the literature. These two
problems can be generalized in an abstraction of a two-side
problem in which one side tries to spread the infection as much as
possible while the other side tries to detect and limit the spread.
Three parameters play an important role: (1) the probability of a
successful infection, (2) the probability of a successful detection,
and (3) the topology of the network. The existing studies consider
both sides of this problem separately. They either study the spread
without detection or study the containment when detection is
perfectly accurate.

A natural question that arises when attack detection may
possibly be inaccurate, is whether it is possible to contain the
spread and, if it is, then under what conditions?

This paper studies the two-side problem with defense strate-
gies that can be grouped into two main classes; (1) Killing
strategies, where a node decides to sacrifice itself and possibly
deactivate some of its neighbors, and (2) Cutting strategies, where
a node decides to cut or deactivate some communication links.
Both classes aim at containing the epidemic by disconnecting
infected nodes from healthy ones.

Keywords—Containment,
graphs, virus spread.

epidemic, simulation, topological

I. TOPOLOGIES AND SIMULATION SETTINGS
A. Topologies

This paper focuses on three classical graph topologies;
square torus, unit-disk graph, and one kind of small-world. The
first one is a regular topology which allows to understand more
easily the behaviors of different strategies. As explained later,
this regularity allows us to find an equivalence with percolation
theory, but these graphs are not so interesting from a practical
point of view.

Therefore we also study the two other topologies since
they represent more realistic networks. Unit-disk graphs are
typically used to model ad-hoc wireless networks, while small-
world topologies can be used to model some types of social
networks. In both cases, the graphs are generated randomly
using different parameters (such as the number of nodes, the
number of links, ...).

We define below more precisely each of these graphs.

1) Regular square torus: We consider two-dimensional tori
of size m x m, with m? nodes. A torus corresponds to an
undirected square grid where the left side is connected to the
right side and, similarly, the top and bottom sides are also
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connected. Contrary to a grid, the torus exhibits a uniform
structure “without sides.”

2) Unit-disk graph: We consider two-dimensional random
unit-disk graphs UDG(n,z x y). A set of n nodes are
deployed uniformly randomly on an z X y rectangle area.
There is a communication link between two nodes if they are
at Euclidean distance at most 1. Let A be the average degree
of a UDG(n, z xy), we use the notation Gy pg(n, A) to refer
to a unit disk graph having average degree A. Parameters are
chosen such that the generated graphs are connected with high
probability.

3) Small-world graph: We consider small-world graphs
that are generated from unit-disk graphs. Given a unit-disk
graph Gypa(n,A), we add ¢ random edges for each node.
These “long edges” are chosen uniformly randomly. We use
the notation SW(n, A, ¢) to represent such generated small-
world.

B. Simulation settings

We wrote a discrete simulation in C++ to study our
containment strategies. We measure the number of infected,
sacrificed, and sane nodes at the end of the spread. The number
of nodes varies from 100 to 90,000. For the two random
topologies, other parameters (density, number of long links)
also vary. The probability of infection p and the probability of
detection ¢ are changed from 0 to 1 by 0.01 steps. The results
are stated at the 95% confidence interval level for absolute
value. In the critical area of the phase transition, we repeat the
simulation until the confidence interval is smaller than 2% of
the value or 20000 times of running time for each 0.01 steps.

II. PUBLICATION LIST

e T.D. Nguyen, F. Bonnet, X. Défago, “Analyzing the
Impact of Mitigation Strategies on the Spread of a
Virus”, Submitted paper in ICCCN (IC3N) 2014.


yukikubo
テキストボックス


3. ~TUTNH AT R BEOHE T — F]HBFE

27



OpenFFT: An Open-Source Package for 3-D
FFTs with Minimal Volume of Communication

Truong Vinh Truong Duy
ISSP, The University of Tokyo
Currently stationed at Ozaki Laboratory, RCSS, JAIST
17 March 2014

General Information
Machine: Cray XC30.
Codes: OpenFFT [1] and OpenMX [2].

Typical computational size: About two hours and 256 processors.

Abstract

We develop OpenFFT [1], which has its origin in OpenMX [2], with a decomposition method for the
parallelization of multi-dimensional FFTs possessing two distinguishing features: adaptive decomposition and
transpose order awareness for exploiting data reuse when transposing to achieve minimal communication
volumes [3,4]. Based on a row-wise decomposition that translates the multi-dimensional data into one-
dimensional data for equally allocating to the processes, our method can adaptively decompose the data in the
lowest possible dimensions to reduce communication volume in the first place, differently from previous works
that have pre-defined dimensions of decomposition. Also, this decomposition offers plenty of orders in data
transpose, and different order results in different volumes of communication. By analyzing all possible cases,
we find out the best transpose orders that can reuse data in transpose with minimal communication volumes for
3-D, 4-D, and 5-D FFTs. We implement the method in our OpenFFT package for 3-D FFTs, and numerical
results show good performance and scalability of our package in comparison with other packages such as
2DECOMP&FFT, FFTW3 MPI version, and MKL Cluster FFT.

References
[1] OpenFFT: An Open Source Parallel Library for 3-D FFTs, http://www.openmx-square.org/openfft/
[2] OpenMX: Open source package for Material eXplorer, http://www.openmx-square.org/

[3] TV.T. Duy and T. Ozaki, "A three-dimensional domain decomposition method for large-scale DFT
electronic structure calculations”, Computer Physics Communications, Vol. 185, Issue 3, pp. 777-789, 2014.

[4] T.V.T. Duy and T. Ozaki, "A decomposition method with minimum communication amount for
parallelization of multi-dimensional FFTs", Computer Physics Communications, Vol. 185, Issue 1, pp. 153-164,
2014.
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Substrate Dependence of the Proton Transport and Oriented Structure in

Oligo[(1,2-propanediamine)-alt-(oxalic acid)] Thin Films

School of Materials Science
Yuki Nagao
Used MPC : Appro PC Cluster

The design of highly proton-conductive solid electrolytes is necessary for many
applications in the field of solid-state ionics. A recent report has described anomalous
proton conductivity by thin films based on oligomeric amides. Thin films (ca. 200 nm) of
oligomers on SiOz substrate exhibit about 10-times-higher proton conductivity than
their pelletized sample (thickness ca. 0.5 mm). Although the reason for this
enhancement in proton conduction remains unknown, application of this phenomenon
shows promise as a new strategy to produce highly proton-conductive materials. Our
group’s previous report described that this origin for the proton conductivity
enhancement by thin film can result from structural effects such as a molecular
orientation by thin film on the substrate. This report explains the substrate dependence
of the proton transport property in thin films, which had different molecular-oriented
structure.

Three oligo[(1,2-propanediamine)-alt-(oxalic acid)] thin films were prepared on SiOs,
R-plane sapphire, and MgO(100) substrates, and their proton conductivities were
investigated. Conductivity depended on the substrate and varied from 4 X 1073 to 1 x
104 S cm~! under the same conditions (80% relative humidity and 298 K). The thin
films between the R-plane (1102) sapphire and MgO(100) substrates showed different
molecular oriented structures. The thin film on the sapphire substrate, which shows
higher proton conductivity, has a structure oriented parallel to the substrate. The
molecular orientation in the thin film could be correlated with the proton-transport
properties.

Density functional theory (DFT) calculations were performed for the vibration
frequencies of oligomeric amide using the DMol3 package in Materials Studio v6.0.0.
(Accelrys Software Inc.) The Perdew—Burke—Ernzerhof (PBE) function was chosen. The
convergence threshold for the maximum force and maximum displacement for normal
geometry optimization were respectively set to 0.004 Ha A and 0.005 A. A short chain
of oligomeric amide was built as a model.

Based on the DFT calculation, the broad absorption around 1650 cm™ in the FT-IR

spectrum corresponds to the amide I bands. The vibration mode corresponding to amide
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groups near the end groups tends to be a higher wavenumber than the others. This
result suggests that the inside (not near the end groups) amide groups in the oligomer
chain have stronger hydrogen bonds. The proton conductivity exhibited higher value in
the case of thin film on the sapphire substrate compared to the MgO substrate probably

because of these hydrogen bonding networks.

Publication

1. Y. Nagao, “Substrate dependence of the proton transport and oriented structure in
oligo[(1,2propanediamine)-alt-(oxalic acid)] thin films”, Chemistry Letters, 42, 468 -
470 (2013).
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The Report for Using Computing Facilities of JAIST

Wenhong Yang
Key laboratory of Engineering Plastics, Institute of Chemistry,
Chinese Academy of Sciences, Beijing 100190, China
Machines used: PCC

Program Code: Materials Studio

Molecular Modeling Studies on Polymerization Activity for Late
Transition Metal Complex Pre-catalyst

Abstract: Compared with many theoretical calculations on the polymerization mechanism by ab
initio or density functional theory method, there is little work related to the catalysis activity. In
our previous studies, the MANCC method was developed and successful predicted the
polymerization activity for several transition metal catalysts, by using the combination of
molecular mechanics and charge equilibration method. This method establishes a quantitative
correlation between the effective net charge on central metal of catalyst and its experimental
catalysis activity. Through this way, series of transition metal complexes were investigated and
the calculated net charges were correlated with each system’s catalysis activities from
experiments. Results showed that in generally, for former transition metal pre-catalyst, the
activity decreases with the effective net charge on metal central increasing; for late transition
metal system, this variation trend become conversed; and these two variation trends can both be
present in the iron complex system. The reason for the different correlation depended on
different transition metal system was supposed to be the d orbital number on central metal atom.
For former transition metal system, the d orbital number is less than 5 which is the most stable
state for transition metal, and then the electronic donor group may make the metal more effective
to react, thus the relationship between effective net charge and activity is inverse proportion.
More complex system should be investigated to verify this hypothesis. For some complex system,
beside for the electronic effect, the steric effect also needs to be taken account into to explain the
catalysis activity.

Publications:

1. Yang, W.; Sun, W.-H. “Simulation Modeling for Transition Metal Complex Pre-catalyst on Ethylene
Polymerization”, International Symposium on Catalysts and Fine Chemical 2013, Dec. 1-5, 2013, Beijing,
China.

2. Yang, W.; Sun, W.-H. “Activity and mechanism of Transition Metal Complex Pre-catalyst for
Ethylene Polymerization by Molecular Modeling”, Asian Polyolefin Workshop 2013, Oct. 15-19, 2013,
Beijing, China.
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Gaussian 09 Calculations Carried Out Using Computational Facilities at JAIST

Laboratory: Matsuimi Professor: Noriyoshi Matsumi
User: Raman

Purpose of Study:
The production of renewable and non-polluting fuels by the direct conversion of solar
energy into chemical energy is one of the main issues of this 21st century. Hydrogen,
the fuel with the highest energy capacity per unit mass, has the potential to supplement
and possibly replace fossil fuels in the next decades. Since the discovery of

photocatalytic splitting of water in a cell consisting of a Pt and a TiO; electrode under a
small electric bias, the photoassisted production of hydrogen and oxygen from water
offers an extremely promising way for clean, low-cost and environmentally friendly
conversion of solar into chemical energy. In this direction, Matsumi laboratory has been
working vigorously in synthesizing a bio-friendly and highly efficient sensitizer for the
Ti0, semiconductor.

Generally, the sensitizers are incorporated with ruthinium ion in order to effectively
separate the charge and inject the electron in to the semiconductor. Understanding, the
band gap energy and the HOMO, LUMO values are of major importance for
determining the efficiency of the sensitizer. Gaussian software is a powerful tool in such
calculations. Matsumi laboratory has effectively utilized this software in developing a
number of such sensitizers. One recent development in this angle is the synthesis of a
curcumin dye. The HOMO and LUMO of the dye was calculated using Density
Function Theory; B3LYP method and with basis set LanL2DZ.

The results gave an in depth
understanding on the band gap
separation and the energy. The
synthesis of this dye was carried
out successfully and was used
effectively for water splitting.
Apart from this, more than 50
calculations have been carried
out using computational facility
at JAIST for simulating and
confirming various spectra like
Raman, UV-Vis and NMR for novel compounds prepared at Matsumi Laboratory.
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[5] T. Ohwaki, M. Otani, T. Ozaki, J. Chem. Phys. (submitted).
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User Research Report using MPC Servers for 2013

Name: Guo-Liang Chai

Affiliation: Department of Organic and Polymeric Materials, Graduate School of
Science and Engineering, Tokyo Institute of Technology

Collaborator: Prof. Kiyoyuki Terakura in JAIST

Used machines: XC30 and PC cluster (PCC)

Typical computational size: 48 hours/32 procs for PCC or 48 hours/128 procs for
XC30.

Simulation codes used: Quantum-Espresso and CPMD

Abstract of the work
Polymer electrolyte fuel cells (PEFCs) are one of the most promising power sources

due to their prominent characteristics of rather high efficiency, low operating
temperature, and low environmental impact. However, their wide commercialization
is still prohibited by the expensive Pt based catalysts. So the nitrogen doped carbon
alloy catalysts (CACs) were studied to substitute Pt catalysts. Previously, | have
studied the active sites for nitrogen doped CACs by using DFT (Quantum-Espresso
code) and MD (Car—Parrinello molecular dynamics) calculations. For this previous
study, | just investigated the standard 4e” oxygen reduction reaction (ORR) process.
However, the experiments also indicated that the 2e” ORR process can also happen.
So the present work is related with 2e” ORR process for CACs.

In the present research work, by screening a lot of configurations we find that for the
first 2e” ORR process the H,0; is produced in the edge state (the reaction barriers are
about 10 kcal/mol). For the second 2e” ORR process the H,0, is decomposed to
water. For this process the current results suggest that the active sites are possible
to be in the bulk surface of CACs (the reaction barriers are about 15-20 kcal/mol by
using molecular dynamics calculations). For these two processes, the DFT
calculations (Quantum-Espresso code) are employed to investigate their
thermodynamic properties (Norskov’s analysis). In order to know the reaction
pathway more clearly, we started to use other methods to investigate the second 2e’

ORR process recently. This type of calculation work is ongoing.
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The impacts of electronic state hybridization on the binding energy of
single phosphorus donor electrons in extremely downscaled silicon

nanostructures
Le The Anh

Mizuta Lab, School of Material Science, JAIST,

Machines: Cray XC30, Altix UV1000

Program: Openmx

Typical computational size: 128CPUs/job

We present the density functional theory calculations ——
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il s

of the binding energy of the P donor electrons in (a) (b) EREE
extremely downscaled single P-doped Si nanorods. In N Mg \/\ /\,
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electrons and Si at the conductive states at nano-scale 2
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using the projected density of states and wavefunction
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analyses, we found that the first conductive state is

Figure 1. The positions of the donor excited states (a) in

capped near the upper edge of the dopant potential with

comparison with the PDOS at the P atom, (b) with the

respect to the surrounding Si in extremely small nanorods. _ _ _

This causes the weakly dependence of binding energy on pecosatc b Tt shows e Rl e
the nanorod’s sizes. Figure 1 (a) and (b) show the

positions of the donor excited states plotted with the

PDOS at the P atom and the electrostatic potential.

The inset shows the full range electrostatic potential. From figure 5(b), we can see that
the LUMO+28 stay above the upper edge of local potential of the P donor. Therefore,
the hybridization with the Si states becomes stronger than the state below the edge.
Above the edge, the interaction between the donor electrons and the core P ion become
stably small because the electrons are no longer confined by the local potential of the P
ion. As a result, the amplitudes of charge density near the P atom keep small from the

LUMO+28 to the upper levels as we can see from the figure 1(c).

electrostatic potential, (c) Charge density for the dopant
electron along the [100] direction, z is the coordinate

along that direction

49



First-principles studies of two-dimensional materials using computational
facilities of JAIST

School of materials science

Chi-Cheng Lee

(in collaboration with Florian Gimbert, Antoine Fleurence, Rainer Friedlein,
Yukiko Yamada-Takamura and Taisuke Ozaki)

Used Machine: Cray-XC30

Two-dimensional materials have a great potential to become a new operating
core in the Si-based industry and are promising for a more efficient technology
needed for the new generation. With the design narrowed down into the layer
scale, graphene and silicene definitely have caught attention to researchers. Our
studies would focus on silicene on the ZrB2(0001) thin film and on graphene
with a single carbon vacancy. All calculations are based on the density functional
theory (DFT) within a generalized gradient approximation (GGA), implemented
by the OpenMX code.

For the silicene study, we have found two possible phases to be existing on the
ZrB2(0001) surface. One of the structure is planar-like that shows a+/3x+/3

reconstruction. Sharing the same V3x+/3 reconstruction, the other structure is
buckled-like and is closer to the freestanding form of silicene. Although
experiments have shown promising progress in fabricating silicene on various
substrates, the geometrical structures and the electronic structures of silicene
are still under debate. We are trying to resolve the controversial issue of the very
phase of silicene on the ZrB2(0001) surface, especially aiming at excellent
agreement between theoretical and experimental observations. Given that a
large-scale stripe domain was measured by the STM experiment, some of the
studied systems are expected to require a heavy computation.

On the other hand, the defect engineering and spin electronics are important
topics for future industrial applications. Therefore, the defect-induced
magnetism in the extensively studied graphene becomes an interesting and
important issue. We have performed the calculation of graphene with a single
carbon vacancy and studied its physical properties. Since the vacancy-induced
magnetism could highly depends on the vacancy concentration, it is important to
explore a large enough supercell in comparison with experimentally relevant low
vacancy concentrations. The largest supercell we have explored so far is the
16Xx16 supercell that contains 511 carbon atoms with one carbon vacancy. Many
calculations of silicene and graphene are still underway.

Publication list:

1. Florian Gimbert, Chi-Cheng Lee, Rainer Friedlein, Antoine Fleurence, Yukiko
Yamada-Takamura, and Taisuke Ozaki, http://arxiv.org/abs/1401.0142 (2013).
2. Chi-Cheng Lee, Yukiko Yamada-Takamura, and Taisuke Ozaki,
http://arxiv.org/abs/1311.0609 (2013).

3. A. Fleurence, Y. Yoshida, C.-C. Lee, T. Ozaki, Y. Yamada-Takamura, and

Y. Hasegawa, Appl. Phys. Lett. 104, 021605 (2014).

4. Chi-Cheng Lee, Antoine Fleurence, Rainer Friedlein, Yukiko Yamada-
Takamura, and Taisuke Ozaki, Phys. Rev. B 88, 165404 (2013).

5. Chi-Cheng Lee, Yukiko Yamada-Takamura, and Taisuke Ozaki, J. Phys.:
Condens. Matter 25, 345501 (2013).
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First-principles calculations
on Si and Ge new allotropes

Name: GIMBERT Florian
Affiliation: Takamura Lab, School of Materials Science

Used Machines: Cray-XC30
Program code: OpenMX / Wien2k

Si and Ge new allotropes

With the forefront runner graphene and its unique and exotic properties, at present, two-dimensional
ma- terials experience an explosion of interest in scientific and technological aspects. While the
excellent electronic properties of graphene are derived from its structural robustness, the same
property makes it a challenging task to engineer the optical and transport properties. This challenge
is stimulating the search for alternative two-dimensional layered materials that are more flexible in
terms of its structural and electronic properties. In this context, in particular, two new promising
two-dimensional materials with a honeycomb structure made of silicon or germanium atoms have
been studied as theoretical objects since 1994. Most importantly, in yet hypothetical, slightly
buckled, free-standing forms, silicene and germanene, as they were later called, exhibit a band
structure similar to that of graphene, merging linear dispersions of m and n* bands at the Fermi level
to form Dirac cones at the K points. Experimentally, it has been shown that two-dimensional Si
honeycomb lattices can be formed epitaxially on Er layers as well as on the Ag(111), ZrB2(0001)
and Ir(111) surfaces. It is established that the interactions with the substrates have a distinct
influence on the structural and electronic properties of the layers. No experimental evidence for the
existence of germanene has been reported yet.

We investigated the stability of this new Si phase (Mo0S2-Si) together with a possible similar Ge
allotrope (MoS2-Ge) whose structures are that of a single layer of molybdenum disulfide, or MoS2.
The results are compiled for a wide range of lattice constants and compared to those with that of
other two-dimensional silicon structures. The phonon dispersion further demonstrates that MoS2-Si
is stable on the Born- Oppenheimer surface. A new form of ¢ bonding expressed by three cigar-
shaped orbitals co-exists with an extended m electronic band structure. The direction of these
orbitals has changed from the typical in-plane direction of the orbitals in the sp2 hybridization to the
out-of-plane direction to form cigar-shaped orbitals. In analogy to the nematic electronic structure,
the aligned and cigar-shaped orbitals may be called “nematic”. Importantly, the presence of an
extended 7 electronic system different to those in silicene and graphene will lead to properties that
must still be explored. In a wider context, this finding does not only open new opportu- nities in the
engineering of novel nanostructures to be employed in future applications but it also leads to in-
triguing fundamental questions related to the physics and chemistry of Si systems in general.

The DFT calculations within a generalized gradient approximationl8 have been performed using
the OpenMX code which is based on norm-conserving pseudopotentials generated with multi
reference energies and optimized pseudoatomic basis functions. The energy curves have also been
confirmed by calculations with the first principles code WIEN2k.

Typical computational size: 1-64 processors
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First principles study of edge irregularities in Graphene Nanoribbon device
M. Manoharan
Mizuta Lab, School of Material science, JAIST,
Machines used: Cray XC30, SGI Altix4700
Program code: OpenMX
Typical computational size: XC30 =» 256 cores/job; Altix UV1000:64/128CPUs/job

Graphene is studied widely for its potential applications of nanoscale electronic devices. All the superior
properties of graphene encourage us to downscale graphene devices. Unnecessarily, edge irregularities/defects
are created in the geometrically constricted regions during electron/ion beam exposure in the device
fabrication process. These defects strongly affect the electronic properties of the device and consequently its
transport characteristics are also affected. In this work, we study the electronic states and transmission
properties of Graphene Nanoribbon (GNR) with edge irregularities based on Density Functional Theory and
Non Equilibrium Green’s Function techniques based on openmx ode. OpenMX is a parallelized electronic
structure code, based on density-functional theory (DFT) method and designed for large-scale materials
simulations. It has been developed by Prof. Ozaki group. Initially, the device channels with point defects were
geometrically optimized (Fig. 1a) and the resultant geometrical structures were used in the further ab-initio
simulations. The zigzag edge extrusion of the armchair GNR (AGNR) channel leads to resonant states in the
energy bandgap (Fig. 1b). Single vacancy edge roughness in AGNR causes acceptor doping and resonant
states inside the energy bandgap. The vacancy edge defects increase the transport bandgap due to the
localization of the wavefunction in the defect region (Fig. 1c¢). Similar calculations are done for gas sensor

applications as well.
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Fig. 1 a) AGNR with two zigzag extrusions, and its electronic band strucutre (b). ¢) Transmission Spectrum of
AGNR channel devices with single vacancy edge defects.

Publications:

1. Manoharan M. and H. Mizuta Point defect induced transport bandgap widening in the downscaled armchair
graphene nanoribbon device, Carbon, 64, 416-423, 2013

2. Adsorption of CO2 and NH3 molecules on armchair graphene nanoribbons and its electronic states and transport
properties , Manoharan M., S. Inoue and H. Mizuta , JSAP-MRS Joint Symposia, Symposium C: Advanced Nano
Carbon Devices and Materials , Kyoto , 16-20 September 2013

3. First principle study of Edge defects in Graphene Nanoribbon devices, M. Manoharan, Hiroshi Mizuta 61st JSSAP
Spring Meeting, Kanagawa, 17-20 March, 2014.

52



The report on Use of Computing facilities of JAIST

‘Research Center for Integrated Science, Japan Advanced Institute of Science and
Technology, Ishikawa 923-1292, Japan

2Institute of Physics, Chinese Academy of Sciences, Beijing 100190, China
Hongming Weng

Used Machines: XT5, Appro PC Cluster, SGI Altix UV1000

1. Transition-Metal Pentatelluride ZrTes and HfTes: A

Paradigm for Large-Gap Quantum Spin Hall Insulators

Quantum spin Hall (QSH) insulators are a class of
two-dimensional exotic quantum matter, a branch in the broad family
of topological insulators. While the interior of a QSH material is
electrically insulating, its edge serves as a "two-lane highway" for
mobile electrons with opposite spin alignment traveling in opposite
directions. Such electronic transport is, in fact, very robust against
perturbations (for example, those caused by impurities), and under
appropriate  conditions, it is resistance-free—similar to a
superconducting current. The potential of such materials for
technological applications is obviously great. A major obstacle,
however, stands in the way to their wide application: the lack of
actual QSH materials that can not only be easily fabricated, but also
have a large energy gap associated with the bulk insulation—a
prerequisite for room-temperature applications.

In this work, we predict, based on first-principles calculations,

that two known layered thermoelectric compounds ZrTe5 and HfTe5,
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are also the most promising candidates for QSH materials to date. We
find that their interlayer coupling is as weak as that in graphite
(which gives rise to graphene) and that their single-layer sheets are
large-gap QSH insulators, which are also robust against external
strains. The weak interlayer coupling should lead to relative ease in
material fabrication, and the bulk gap of the monolayer sheets is large
enough to support applications at room temperature.

While our prediction awaits experimental confirmation, such
confirmation will no doubt open a new playground for both
fundamental and applied research based on QSH materials at elevated
temperatures.

The calculations in this work is performed by using OpenMX
software package (http://www.openmx-square.org) developed by T.
Ozaki in JAIST. The topological analysis is based on the accurate
effective low energy Hamiltonian from Wannier Function orbitals.
This work is published on PRX, 4 (2013) 27003.

. Superconductivity in Topological Insulator Sb2Te3 Induced
by Pressure

Topological superconductivity is one of most fascinating
properties of topological quantum matters that was theoretically
proposed and can support Majorana Fermions at the edge state.

Superconductivity was previously realized in a Cu-intercalated
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Bi2Se3 topological compound or a Bi2Te3 topological compound at
high pressure. In this work, we report the discovery of
superconductivity in the topological compound Sbh2Te3 when
pressure was applied. The crystal structure analysis results reveal that
superconductivity at a low-pressure range occurs at the ambient
phase. The Hall coefficient measurements indicate the change of
p-type carriers at a low-pressure range within the ambient phase, into
n-type at higher pressures, showing intimate relation to
superconducting transition temperature. The first principle
calculations based on experimental measurements of the crystal
lattice show that Sh2Te3 retains its Dirac surface states within the
low-pressure ambient phase where superconductivity was observed,
which indicates a strong relationship between superconductivity and
topology nature.

The calculations in this work is performed by using OpenMX
software package (http://www.openmx-square.org) developed by T.
Ozaki in JAIST. The topological analysis is based on the accurate
effective low energy Hamiltonian from Wannier Function orbitals.
This work is published on SCIENTIFIC REPORTS, 3 (2013) 2016.

. Topological Crystalline Kondo Insulator in Mixed Valence
Ytterbium Borides

The electronic structures of two mixed valence insulators YbB6
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and YbB12 are studied by using the local density approximation
supplemented with the Gutzwiller method and dynamic mean field
theory. YbB6 is found to be a moderately correlated Z2 topological
insulator, similar to SmB6 but having much larger bulk band gap.
Notably, YbB12 is revealed to be in a new novel quantum state,
strongly correlated topological crystalline Kondo insulator, which is
characterized by its nonzero mirror Chern number. The surface
calculations find an odd (three) and an even (four) number of Dirac
cones for YbB6 and YbB12, respectively.

The LDA part are performed with WIEN2k and the effective
model is obtained from Wannier90. LDA+G is developed in 10P.

The results are published on Phys. Rev. Lett. 112, 016403 (2014).
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The Report on Use of Computing Facilities of JAIST

Department of Organic and Polymeric Materials, Graduate School of Science and
Engineering, Tokyo Institute of Technology

Zhufeng HOU

Used machines: Cray XT5, Cray XC30, SGI Altix UV1000 and PC cluster (pcc)
Typical computational size: 48 hours and 32(64 or 128) procs.
Simulation codes used: Quantum-Espresso, CP2K, and CPMD

1. Screening of the catalytic active sites in N-doped graphene for oxygen reduction reaction

The non-precious carbon alloy catalysts (e.g., nitrogen-doped graphene) have recently been
shown to have high catalytic reactivity towards oxygen reduction reaction (ORR) in polymer
electrolyte fuel cell (PEFC). To search the promising catalytic active sites for ORR, we have
performed extensive density functional theory calculations to study the equilibrium
thermodynamics of the ORR intermediate species (such as *O, *OH, and *OO0H) on different
structures of N-doped graphene. We have examined the doped N around defects (unoxidized
vacancies, oxidized monovacancies, Stone-Wales defect, and extended line defect) and the
iron-nitrogen centers in graphene. Our results show that the pyridinic N and pyridiniumlike N at
monovacancy cannot facilitate the ORR because the carbon atoms next to vacancy site would be
oxidized during the ORR. The oxidation of vacancies can stabilize the graphitic N and make this
type of doped N be catalytically active for the ORR with maximum activity of about 0.5 V. The
doped N around defect in bulk region of graphene show slightly lower maximum activity than
those at the defective edge of graphene. For the iron-nitrogen centers in graphene, only the FeN,
center show promising catalytic activity for the ORR through the 4-electron reaction process.

Publication:
1. Zhufeng Hou, Da-Jun Shu, Guo-Liang Chai, Takashi lkeda, and Kiyoyuki Terakura, Oxidation of
Monovacancy and its Influence on Nitrogen Doping in Graphene, oral contribution on the 5th in the

series of Conferences on Recent Progress in Graphene Research, Sep. 9-13, 2013, Tokyo, Japan.
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