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Can We Use FFTs on Massively Parallel Machine ? 
---  Performance Optimization of "PHASE" for the K computer 

A. Kuroda1, K.Minami1, T. Yamasaki2, J. Nara3, J. Koga4, T. Uda4, and T. Ohno3,5 
RIKEN AICS1, FUJITSU Lab. Ltd.2, National Institute for Materials Science3, ASMS, Co. Ltd4, 

The University of Tokyo IIS5 

In the development of the K computer, we optimized real application codes and evaluated the 
system using those applications, for the purpose of the achievement of the maximum performance 
at the start of its operation service. By using the optimized version of a first-principles electronic 
structure calculation code, PHASE, we achieved 2.1 PFLOPS on all 82,944 nodes of the K computer. 
Now, PHASE has quite high efficiency to perform structure optimization calculations for O(10,000) 
atom systems. In this paper, we explain the optimization scheme of PHASE in terms of multi-axis 
parallelization, especially focusing on a tuning of FFT operations, whose performance would be one 
of critical problems in the CMSI applications as well as in PHASE.  
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Materials Informatics based on First Principles Calculations 

Isao TANAKA, Atsuto SEKO, Fumiyasu OBA and Atsushi TOGO Kyoto University 

Abstract

Current status and future prospects of materials informatics based on massive sets of first principles calculations 

are given. When data mining and high-throughput screening techniques are applied to the first principles database, 

selection or discovery of materials from a diversity of chemistry, composition, and structures is expected to be 

made efficiently. Despite the importance of the technique, however, the number of researchers in this field is 

currently very limited in Japan as compared to the US and other nations.  

descriptor

(Design of Experiments)
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Materials Genome Materials Informatics Inverse Materials Design

MATERIALS PROJECT[1] AFLOWLIB[2] WEB 30000 16500

CECAM 2011

Materials Informatics KIST MIDAS[3] WEB

2012 MRS Materials Informatics Advanced Multiscale Materials 

Simulation–Toward Inverse Materials Computation 2 2013 6

PACRIM Ceramics by Genome MRS Strategies and Techniques to Accelerate Inorganic Materials 

Innovation

2

cogue[4]

530 GGA

VASP

8

PC 6

Lindemann rule

226 2

Sequential 

Forward Floating Selection

Training data

Test data

270K

[5]

[1] http://www.materialsproject.org/ [2] http://www.aflowlib.org/  [3] http://cmd.kist.re.kr/ 

[4] https://github.com/atztogo/cogue [5] T. Maekawa, A. Seko et al. unpublished 2012  
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stuAbstract 
�vwxyz {RSOLYOJ |VLZJ }VSMZ~{|}�y�A����y���hi���<a}K~�����������

�������ABCDEFGHI��������H������ E�¡�¢£¤¥¦§�¨©ª«�¬�C
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½¾¨¿ÀÁa�vwxÂ{|} y�A��=>?@�º®�zÃÄ¯�ÁÅ�¨ÆÇF�È�ÉEG��ÊËA

ÌÍa}K~Î�¬ }K~Ï�AÐ	°=>?@ÑÒÓ��®zÑ°ÀÔ¤zÕ���¨�²ayÖ×AØÙ�ÚÛÜ³�
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¢vÅÆÇF�È�ÍÑá�®zÑ�âhizAãäå¯æåÀ�¨®A®z°çhi´â

À�£èµcéêµëì��� E�¡�Aítx�Õ§ÁÅ�¨J

To study a continuous phase transition between antiferromagnetic and valence bond solid (VBS) 
phases, we determine the universality class of the generalized SU(N) Heisenberg models by 
quantum Monte Carlo simulations. These models on a square lattice and a honeycomb one have 
antiferromagnetic Heisenberg interactions and four- or six-body interactions which enhance VBS 
orders. Thus, a quantum continuous transition between antiferromagnetic and VBS phases may 
occur on these models. The results of finite size scaling analysis clearly show the continuous 
transition in the SU(3) and SU(4) cases. However, strong finite size effects exist to estimate a 
critical exponent ß which characterizes the divergence of a correlation length. In fact, present 
results are systematically different from those in a previous study. Thus, the large-scale 
computations are necessary in these cases. 
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Dynamical density matrix renormalization group study of non-linear optical response 
of one-dimensional strongly correlated electron system 

Shigetoshi Sota , Takami Tohyama         RIKEN AICS, YITP, Kyoto University 

Abstract 

We studied the third-order non-linear optical response of one-dimensional Mott insulators by 
using the dynamical density matrix renormalization group method. We employed an 
one-dimensional extended Hubbard model which corresponds to the one-dimensional Mott 
insulators. Also, we introduced a Holstein-type electron-phonon interaction which is important for 
understanding the optical response in the one-dimensional Mott insulators. We calculated the 
non-linear optical response using the parameters corresponding to Sr2CuO3 which is known as a 
kind of the one-dimensional Mott insulators. Our calculated results show a relatively large effect of 
the electron-phonon interaction on the calculated third-order non-linear optical response. 
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Ground-state analysis of EtMe3Sb[Pd(dmit)2]2 
by many-variable variational Monte Carlo method 

Satoshi Morita, Ryui Kaneko and Masatoshi Imada 
Department of Applied Physics, The University of Tokyo 

Abstract 

 Three-stage calculation scheme based on the energy hierarchal structure, called MACE 
(Multi-scale Ab initio Scheme for Correlated Electron), is developed for ab initio calculation of 
strongly correlated electron system. This scheme is applied to an organic Mott insulator 
EtMe3Sb[Pd(dmit)2]2, which exhibits quantum spin-liquid behavior at low temperature. We report 
the ground-state properties of the ab initio effective model for this material calculated by the 
many-variable variational Monte Carlo method. 
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Analyses of high-Tc superconductos based on the first principle calculations 
CREST-JST] 

 

Strong electron correlations often induce novel quantum phases such as high-Tc superconductors. 
To reveal and predict the nature of novel quantum phases, we develop the Multi-energy-scale Ab 
initio scheme for Correlated Electrons (MACE), which is a hybrid method of ab initio calculations 
that combines the density functional theory with an accurate low-energy solver. In this 
presentation, we will show results of application of this method to iron-based superconductors. We 
will also explain the accuracy, advantages, and applications to superconductors of multi-variable 
variational Monte Carlo method. 
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Quantum Chemistry with Density Matrix Renormalization Group 

Takeshi Yanai, Institute for Molecular Science 

Abstract(about 100 words) 

We will present our recent progress in the multireference electronic structure methods based on 
the density matrix renormalization group (DMRG) theory and its partner dynamical correlation 
models. Following Chan’s successful adaptation of the DMRG algorithm to ab initio quantum 
chemistry calculations, we use it to describe a substantial amount of static correlation for 
multireference systems requiring large active space, e.g. CAS(28e,32o) or even larger. Developing 
our efficient implementation of the DMRG method, we recently demonstrated its significant 
applicability to challenging multireference chemistry, involving strongly-correlated electronic 
states of transition metal complexes and π-conjugated molecules. 
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Many-Core Processors and Quantum Chemistry 
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Koji Yasuda, EcoTopia Science Institute, Nagoya University 
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高高精度 MP2-F12法によるフラーレンの超並列量子化学計算  
Massively Parallel Quantum Chemical Calculation of Fullerene 

 with Highly Accurate MP2-F12 Method 
 

大西裕也 1、石村和也 2、天能精一郎 1、   1神戸大学、 2分子科学研究所  

Yu-ya Ohnishi1, Kazuya Ishimura2, Seiichiro Ten-no1,  1Kobe Univ. 2IMS 

 

概要 
超並列環境での MP2-F12法の実行が可能な量子化学計算プログラムの実装を行い、有機伝導体の候補

として盛んに研究されている C60フラーレンの基底関数極限での構造および二量体間のポテンシャルエ
ネルギー曲線を MP2-F12計算により求めた。得られた構造は実験値と良好な一致を示した。開発したプ
ログラムは、京コンピュータにおいて 16384個のコア数 (2048ノード) でも 99 %の並列化効率を達成し
た。 

     A quantum chemical program which enables the MP2-F12 calculation on massively parallel computer such 

as K-computer has been developed and implemented.  The program has been applied to calculate the geometry 

of C60 fullerene, which is known as a canditate of the organic conducting material, and potential energy curve of 

C60 dimer in the basis set limit with the MP2-F12 theory.  A good agreement with the experimental result has 

been obtained in the geometry with the MP2-F12/aug-cc-pVTZ method.  The program has achieved the excelent 

performance in the parallel efficiency of 99 % with 16384 cores (2048 nodes) on K-computer.  

 

［社会的・学術的位置づけ］ 
 経験的なパラメターを必要としない量子化学計算は、実験では同定が困難な反応中間体や未知の物質
の構造や物性を求めることができるために、既に化学の多くの分野で日常的に利用されるようになって
いる。本研究では、定量的にも信頼できる結果を与える露わに相関した二次の摂動論 (MP2-F12) 法を、
京コンピュータのような超並列環境で実行するためのプログラムを世界で初めて開発した。これにより、
有機伝導体のような分子性結晶から成る機能性物質の微視的構造の解明が可能となり、更に高機能な材
料の創成に役立つものと期待できる。 

 

［目標・目的］ 
 超並列環境で良好なパフォーマンスを示す高精度量子化学計算プログラムを開発し、広く供すること
が本研究の第一の目的である。また、それを用いて従来では不可能であったサイズの機能性分子の高精
度計算を行い、基礎的かつ普遍的な理論に基づいてこれらの分子の物性を明らかにし、新規な機能を有
した材料設計に貢献することも本研究の目的として挙げられる。 

 

［研究手法］ 
 C60 フラーレン分子および二量体の MP2 計算および MP2-F12 計算では超並列環境で実行可能な
GELLANプログラムを用い、全て京コンピュータを用いて計算を行った。計算に用いた CPUコア数 (ノ
ード数) は計算によって若干異なるがおおよそ 80000 (10000) 程度である。基底関数は cc-pVDZ, 

cc-pVTZ, aug-cc-pVDZおよび aug-cc-pVTZであり、求積点の数は、原子当たり 9312, 16800, および 24576

個である。また、MP2-F12 法による結果と密度汎関数理論  (DFT) による結果を比較するために
Gaussian09プログラムを Xeon X5690プロセッサ搭載ワークステーションで実行した。 
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［具体的な成果と考察］ 
 超並列環境で実行可能な MP2-F12法を GELLANプログラムへ実装した。本実装においては、必要な
分子積分などを数値グリッドで展開する[1]。例えば、分子積分は次のように表現される。 

 ij ab = ϕi (rg )ϕa (rg )
g

∑ j 1/ r1g b  (1) 

ここで、g がグリッド点を表し、これを MPI 並列化すると同時に、各プロセス内での繰り返し計算を
OpenMP化することでハイブリッド並列を実現している。また、エネルギーの計算では、占有軌道の対
に対して MPI 並列を行い、各プロセスでの行列積に対して DGEMM を用いることでハイブリッド並列
を実現している。このアルゴリズムに従って、C60フラーレン単量体の MP2-F12/cc-pVTZ 全電子計算を
行った場合の実行効率が表 1に示されている。16384 CPU (2048 ノード)を用いた場合には、99 %の並列
化効率となっており、32768 CPUコア (4096 ノード)を用いた場合でも、86 %の並列化効率を示すとい
う良好なパフォーマンスを得た。 

  
 開発したプログラムを用いて、C60フラーレンの基底関数極限での構造を MP2-F12 法を用いて D2h対
称として求めたところ、五員環を構成する結合長 (R[P-H]) が 1.402 Å、六員環と六員環の境界の結合長
(R[H-H]) が 1.441 Å となった。これらの値は、実験値[2]である、R[P-H] = 1.38(2) Å および R[P-P] = 

1.454(12) Åと実験の誤差の範囲で一致している。 

 二量体の計算では、六員環と六員環の境界が向かい合うようにして D2hの対称性を持ったものの計算
によりポテンシャルエネルギー曲線を描き、種々の DFT法との比較を行った。詳細については、当日発
表を行う予定である。 

 

［今後の計画］ 
 本研究により、DFT法では正確な計算が不可能な分散力が相互作用の主となる系においても、超並列
計算に対応した GELLANプログラムの MP2-F12法によってフラーレンのような大きな分子間でも分子
間力の算出が可能であることが明らかになったので、今後は、実際に有機伝導体として用いられている
物質の計算をより多くの系で行いたい。特に、ごく最近佐藤らにより発見された高い伝導度を示す外部
修飾した金属内包フラーレン[3]について、種々の置換基とフラーレン間の分子間力を算出し、修飾する
置換基の設計指針などに貢献したい。 

 

［参考論文］ 
[1] (a) S. Ten-no, J. Chem. Phys. 126, 041018 (2007).  (b) K. Ishimura, S. Ten-no, Theor. Chem. Acc. 130, 

317-321 (2011). 

[2] L. Gross, F. Mohn, N. Moll, B. Schuler, A. Criado, E. Guitián, D. Peña, A. Gourdon, and G. Meyer, Science, 

337, 1326-1329 (2012). 

[3] S. Sato, S. Seki, Y. Honsho, L. Wang, H. Nikawa, G. Luo, J. Lu, M. Haranaka, T. Tsuchiya, S. Nagase, T. 

Akasaka, J. Am. Chem. Soc. 133, 2766-2771 (2011). 

表 1.  C60フラーレン単量体の MP2-F12/cc-pVTZ全電子計算における実行時間（秒）、速度向上、お
よび並列化効率(%) 

Number of CPU cores 8192 16384 32768 65536 

Total times (sec.) 2805.0 1414.9 812.6 524.1 

Speed-ups 8192.0 16240.4 28279.2 43844.7 

Efficiency (%) 100 99 86 67 
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Removal of singularity in quantum-classical correspondence: Towards 
real-time many-body molecular quantum dynamics 
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Kazuo Takatsuka, Satoshi Takahashi Univeristy of Tokyo 
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Abstract 

 Asymptotic analysis has revealed that there lies a deep discrepancy in between quantum and classical 

mechanics in their mathematical structures. In particular, the stationary phase approximation (SPA) applied 

under the assumption of small � as in dynamics of nuclei in molecules frequently brings about divergence in 

the amplitude of a semiclassical wavefunction and related quantities. This divergence is intuitively attributed 

to a singular projection of phase-space distribution of classical trajectories onto configuration space for a 

	��
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corresponding quantum wavefunction. In this talk we discuss a quantum theory along a phase-space flow in 

the Lagrangian view that does not require the stability matrix [2]. Besides, we take full account of quantum 

diffusion, or quantum smoothing, to remove the singularity, and clarify the mechanism of removal of the 

singularity. This work is aimed eventually at applications to a large dimensional system without divergence 

beyond the current realm of semiclassical mechanics. 

 

 

[1] “Nonadiabatic chemical dynamics in intermediate and intense laser fields” Kazuo Takatsuka and 

Takehiro Yonehara, Adv. Chem. Phys. 144, 93-156, (2009):� “Fundamental Approaches to Nonadiabaticity: 

Towards a Chemical Theory beyond the Born-Oppenheimer Paradigm” Takehiro Yonehara, Kota Hanasaki, 

Kazuo Takatsuka, Chemical Reviews, 112, 499-542 (2012). 

[2] “Global Representation of Maslov-type Semiclassical Wavefunction and Its Spectrum in a Small Number 

of Classical Trajectories.” K. Takatsuka and A. Inoue, Phys. Rev. Lett. 78, 1404-1407 (1997). 
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Distribution Function Theory of 3D Solvation Structure 

Hirofumi Sato, Department of Molecular Engineering Kyoto University 

Abstract(about 100 words) 
MC-MOZ

 
MC-MOZ is a powerful procedure to compute solvent distribution function around a large-size 

molecule such as protein based on statistical mechanics. By improving the algorithm for the 
reference term, the parallel efficiency was remarkably improved. Thanks to an analytical nature of 
the method, a closed expression of the solvation free energy is available. Here we propose a simple 
correction to compute accurate solvation free energy for a variety of solvent system. 

 

1. Daisuke Yokogawa, Hirofumi Sato, Takashi Imai, Shigeyoshi Sakaki,  J. Chem. Phys.,130, 064111 (2009). 

3. Kentaro Kido, Daisuke Yokogawa, Hirofumi Sato, J. Chem. Phys. 137, 024106 (2012). 

2. Kentaro Kido, Daisuke Yokogawa, Hirofumi Sato, Chem. Phys. Lett. 531, 223-228 (2012). 
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First-principles simulations for electronic structure and transport property using 
RSPACE code 

Tomoya Ono, Shoichiro Saito, Graduate School of Engineering, Osaka University 

Abstract 
RSPACE

MOSFET  

We are developing RSPACE code based on the density functional theory, which is suitable for the 
execution on massively parallel computers and enables us to study transport properties of 
nanostructures sandwiched between electrodes. RSPACE code is going to be used for the design of 
semiconductor devices and new electronic devices using carbon-based materials. We introduce some 
simulations for the electronic structure of MOSFET and transport properties of carbon-based 
materials as examples of the studies using RSPACE code.
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1. Tomoya Ono, Yoshitaka Fujimoto, and Shigeru Tsukamoto: First-principles calculation 
methods for obtaining scattering waves to investigate transport properties of nanostructures, 
Quantum Matter. 11(1) 4-19 (2012). 

2. Tomoya Ono, Yoshiyuki Egami, and Kikuji Hirose: First-principles transport calculation 
method based on real-space finite-difference nonequilibrium Green's function scheme, Phys. 
Rev. B, in press. 

3. Takashi Kojima and Tomoya Ono: First-principles study on transport property of peapods, Cur. 
Appl. Phys., in press. 
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Order-N DFT calculations of the growth of Ge hut clusters on Si surface 
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Our linear-scaling DFT code CONQUEST can employ first-principles calculations on very 
large-scale systems. In this study, we have performed O(N) DFT calculations on about 
20,000-atom systems of Ge 3D islands on Si(001) surface, aiming to control the mophology of 
the nanostrucutred materials. We have investigated the position dependence of the stability of 
a single Ge dimer adsorbed on the facets of Ge hut cluster, using the structure relaxation 
technique with O(N) DFT.w
w
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B�  D. R. Bowler and T. Miyazaki, “O(N) methods in electronic structure calculations”, Rep. 
Prog. Phys. 75, 036503-1-43 (2012). 

��  T. Otsuka and T. Miyazaki, “A quantum chemistry study of Ds-Pa unnatural DNA base 
pair”, published online DOI: 10.1002/qua.24094 (2012). 

��  L. A. Truflandier, T. Miyazaki, and D. R. Bowler, “Linear-scaling implementation of exact 
exchange using localized numerical orbitals and contraction reduction integrals”, 
submitted.  
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II. RESULTS

In Fig. 6 an energy distribution map of relative energies

facet of the 8×13 hut is shown. One may notice that dimers

favored. These preliminary results seem to support the assu

growing from the apex of the hut. Energy difference between

is provided in Table. I.

FIG. 6: Energy distribution of Ge dimers shown in Fig. 2 and F

to green

5

more stable

less stable
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Divide-and-Conquer-type Real-Space-Grid DFT and Its Application to Hybrid QM-CL 
Simulation 

Nobuko OHBA, Toyota Central Research & Development Laboratories, Inc. 

Takahisa KOUNO, Institute for Solid State Physics, The University of Tokyo 

Shuji OGATA, Nagoya Institute of Technology 

 

  We develop and optimize our divide-and-conquer-type, real-space grid implemented order-N 
density-functional theory (DC-RGDFT). Using the DC-RGDFT code, we firstly perform large-scale, 
first-principles molecular dynamics simulations of Li-ion transport through the interface between 
the solid-electrolyte interface (SEI) and liquid electrolytes near the negative electrode in the Li-ion 
battery. We then perform the hybrid QM-CL simulation runs to understand the diffusion of many 
Li ions in graphite (i.e., the negative electrode in the Li-ion battery) with the QM regions selected 
adaptively around the Li ions during a run, to which either the DC-RGDFT or its single domain 
version is applied to minimize the overall computation speed under the pre-allocated number of 
compute nodes in a parallel machine without losing the physical accuracy. 
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First-Principles Calculations of Near-Field Excitation  
Dynamics in Nanostructures 

¨
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Katsuyuki Nobusada and Masashi Noda ¨ (Institute for Molecular Science) 
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We are currently developing nano-optics theory and a numerical method based on the theory in 
an effort to theoretically design photo-electronic nanostructure devices such as plasomon 
waveguides, solar cells, and photocatalyst. More specifically, our final goal is to gain fundamental 
insights into mechanisms of visible-light energy conversion in application to molecular design of 
functional nanostructure devices. Explicit light-matter interaction is the key to developing 
non-optics theory and developing functional devices. We describe the light-matter interaction, i.e., 
electron and electromagnetic field dynamics, by solving a time-dependent Kohn-Sham (TDKS) and 
microscopic Maxwell coupled equation self-consistently. We here first present the optical response 
of ���¨nanostructures as benchmark tests of electron dynamics simulations and then discuss recent 
results of the explicit light-matter interaction effect in metal nanocluster arrays. ¨
¨
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First-principles multi-scale simulation for interaction of strong laser pulse with solids 

Kazuhiro Yabana, Center for Computational Sciences, University of Tsukuba 

Abstract 

We are developing a first-principles simulation scheme describing interactions of high intensity 
laser pulse and solids. Due to strong nonlinearity of the electron dynamics induced by the strong 
laser electric field, coupled equations of the Maxwell equations describing macroscopic 
electromagnetic fields and the time-dependent Schroedinger equation describing electron dynamics 
are solved simultaneously. We have implemented the method using time-dependent density 
functional theory for electrons, and achieved calculations taking crystalline Si as an example. 
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Massive Parallelization and quantitative accuracy validation of OpenMX

Taisuke Ozaki1 and Truong Vinh Truong Duy1,2,  
1Research Center for Simulation Science, Japan Advanced Institute of Science and Technology,  

2Institute for Solid State Physics, The University of Tokyo 

Towards massive parallelization of large-scale DFT calculations using a few 
hundred thousands, we parallelized the O(N) Krylov subspace method implemented in OpenMX, 
based on a 3D domain decomposition method using a modified recursive bisection and inertia 
moment tensor methods. We also developed optimized norm-conserving Vanderbilt 
pseudopotentials and optimized numerical pseudo-atomic basis function, and validated 
quantitatively using a delta-factor.

[1] T.V.T. Duy and T. Ozaki, arXiv:1209.4506 (2012).
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Straightforward calculations of phonon anharmonicity of crystals

Atsushi Togo1, Isao Tanaka1,2 
1. Elements Strategy Initiative for Structural Materials, Kyoto University 

2. Department of Materials Science and Engineering, Kyoto University 

 

Grüneisen
Abstract 

Phonon anharmonicity has not been well studied systematically and quantitatively though it 
relates to important physical properties such as thermal conductivity. We have developed a 
software to calculate anharmonicity of crystals and calculated phonon, phonon-phonon interaction, 
mode-Grüneisen parameter of various crystals using the software. 
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New method for optimizing the Jastrow factor 
based on the first-principles transcorrelated method 

Masayuki Ochi1 and Shinji Tsuneyuki1,2, 1Department of Physics, The University of 
Tokyo, 2Institute for Solid State Physics, The University of Tokyo 

Abstract 

Transcorrelated (TC) method is one of the wave-function theories. In the TC method, we assume 
that the many-body wave function is a product of the Jastrow factor, which describes the electron 
correlation effect with a two-body function, and the Slater determinant of one-electron orbitals. 
While optimization of the one-electron orbitals can be performed with a relatively low 
computational cost, that for the Jastrow factor is much expensive, e.g., by using variational Monte 
Carlo. In this study, we propose a new method for optimizing the Jastrow factor, and show some 
results for the method applied to solids.

� = F�, F = exp(� u(xi, x j )), � = det[�i (x j )]i� j
�

H� = E�� HTC�= E� (HTC = F�1HF)

���



� TC
2 = <�i | (HTC �E) |� >

i
� 2

�i

 Si -SiC LiF 
TC (previous) 1.7 [6] 2.4 [6] 10.5 
TC (this study) 2.0 3.2 14.0 
Experiment 1.2 2.4 14.2  

1. TC (previous) TC (this 
study) RPA

 
 
[1]  S. F. Boys and N. C. Handy, Proc. R. Soc. London Ser. A 3309, 209 (1969). 
[2]  S. Ten-no, Chem. Phys. Lett. 3330, 169 (2000). 
[3]  N. Umezawa and S. Tsuneyuki, J. Chem. Phys. 1119, 10015 (2003). 
[4]  R. Sakuma and S. Tsuneyuki, J. Phys. Soc. Jpn. 775, 103705 (2006). 
[5]  H. Luo, J. Chem. Phys. 1133, 154109 (2010). 
[6]  M. Ochi, K. Sodeyama, R. Sakuma, and S. Tsuneyuki, J. Chem. Phys. 1136, 094108 (2012). 
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Chemical properties of photofunctional molecules:  
direct SAC-CI study on conjugated molecules 

¶

ÅÆÇÈÉÊËÌÍ¶ ¶ ¨©Î®ÃÄÏÉÐÑÎ®ÃÄÒÓÔÕ¶

Ryoichi Fukuda and Masahiro Ehara 
Institute for Molecular Science and Research Center for Computational Science 

 
¦§¬¨©ª¥«¬ÖÉ×©­®ÐÑ½¾ØÃÄÙÚÛÐÑÜ¼ÝÉÞßàÔÕáâ¼½ãäå

symmetry-adapted cluster (SAC)/SAC-configuration interaction (SAC-CI)¼ÖæçÉèÔéêëìÓíèßÕîÓ

ïªÉðñòóôõÀÁÂÖö÷øùíúû¨©ÖÐÑüýþÙÚÛDirect SAC-CI¼ÖÀ����Õ½¾¿�

�ÐÑ½ü�	
¿�þ�Éóôõ¨©ª
©����ÖÉ��ç����Õ��½�ÚØÉ��ÇåÐÑ�

¿�þ��§½õ ÚÛ 

Optical properties of photofunctional molecules were studied with quantum chemical methods 
based on a cluster-expansion theory of the symmetry-adapted cluster (SAC) and SAC-configuration 
interaction (SAC-CI) methods.  Electronic excited states of dye and material molecules including 
large conjugated systems, for example phthalocyanines and fullerenes, were investigated.  The 
direct SAC-CI method and its program were developed for shared-memory parallel computings of 
many excited states in wide energy range with good accuracy for large molecular systems. 
¶
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�ÐÖy/�þÖnòþ�¿Û��ÝÉdirect SAC-CI (symmetry-adapted cluster-configuration interaction)¼ÖÉ
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SAC/SAC-CI¼ÝÉã���ÖÞßàÔÕáâ¼�7¿ SAC���� 

 †
SAC 0exp( )I I

I
c S� � � �        (1) 

���ÙÉ����Ý SAC-CI���� 

 � � †
SAC-CI SAC

p
K K

K
d R� � � �        (2) 
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©���Ñ©
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Parallel direct SAC-CI½¾ØÉ¯�½°�¾/õÉÞßàÔÕáâ¼�ÝÉ±²³órsª¨©ª
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¿¨©ªÀ­ÁÂþÙqÃåÉ�ÄìÅM­c«[Ru(tpy)(PAD)(OH2)]+ªEFg�0àÆÞ¢�ª pHÇÈªÉ

­ÖÉvé¢Ó­��ªÉÊþÉ=P½Ë/
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Development and parallelization of DC-DFTB to treat nanoscale chemical reactions 
¶

ïðñò óôõÉö÷øù õôúôûÉïüýþ �É��ó� �É·µ³���	¶»²
³�¶

ó¨©ÃÉõ�óh�ÃÉú�ó
âh�Éû�·íº¹��·íÉ��ó�h¶

Hiroaki Nishizawaóôõ, Hiromi Nakaiõôúôû, Yoshifumi Nishimura�, Daisuke Yokogawa�, Stephan Irle� 
óIMS, õRISE Waseda Univ., úWaseda Univ., ûJST-CREST, �Nagoya Univ. 

¶

�6�õ�� ����£Abstract(about 100 words) 
�P?�½hi­®½¾ q	?�?õ­®ë��NO	P�=P½ãäçq�Ð�y�PqôÚ��èéà

êÕ�ªë�ÂÖ��½N�Ù�=ª��Öy/�þÝ���l !�ÝõçÛ�ª¾/õÂÖ�Øt/Úu½�

ðñòT��õÐÑÖ"©à¢½y/�þ��ô¿
©��#$%¶ &°ìíî'¶ ¼½�ö÷�()3½¾Øâx�

âu3PqôÚ¨ª*Y¶ &°¹�¶¼Ö+�c�
Ú °¹º°ìíî ¼ªâx�	3½,�ª-yl.?/Ú��­

Öy ÚÛ¶

In the past, various chemical reaction analyses and material designs have been performed based 
on the theoretical chemistry. However, complete analysis and control are difficult for the nanoscale 
system’s reaction. To treat these chemical reactions, we focus on the density functional based tight 
binding (DFTB) theory. DFTB can evaluate total energy with relatively high precision at low cost. 
The new theory, called DC-DFTB, applies the divide and conquer (DC) theory to DFTB, can O(N) 
calculation with small prefactor. The numerical tests were carried out for polyethylene molecules. 
The computational time obtained by the DC-DFTB theory is drastically reduced. 
¶
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hijklmnopqrstuvwxyz{|}~ (DFTB) �n����DFTB���������

���������wxyz{��u����������������������x ¡¢n£¤

¥¦�§�¨©ª�«�stv¬­¥®¯°±²³mn�wu´µ¶v·±¸¹nºr¨©ª»¼u 

�©½¾����¶¿¶v·±��¤¥¦� O(N3)��pvhijmuÀÁ�Â�ÃÄ����ÅÆ�

����Ç«È©u��ÉÊnËÌÁ�©vÀÍ�ªÎÏ���¨©ªÐÑ�s�·¨�v�ÒÓ��

¨±��ÉÊ±ÔÕ±stuvÖ×vØÙ�uÚÛ�ÜÝªÞt���«svÂßàá (DC) �n DFTB

�uâ�¶s DC-DFTB�±ÜÝnº�vhijklmuÀÁ���²³´µnºr¨©nãäÁ�
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Fig. 1 Computational time for energy calculation of C2nH2n+2 obtained by DC-DFTB and conventional DFTB.
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Fig. 2 Buffer-size dependency of the energy error in 

C2nH2n+2 obtained by DC-DFTB [in mEh]. Fig. 3 Acceleration ratio for DC-DFTB calculation 
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Recent advances in the divide-and-conquer MP2 program  
and its performance assessment 

¶

()ÌE �$ö÷øù F���óTïÃÉF�ó
âh��¶

Masato Kobayashia and Hiromi Nakaib 
(aWaseda Inst. Adv. Study, bSch. Adv. Sci. Eng., Waseda Univ.) 

¶

�6�õ�� ����£Abstract(about 100 words) 
GH3ÝÉG¤©à¢àêÕ�Ów×©­®ÐÑ¼ªIþ÷�7¿¨ª*Y(DC)¼½ãäåÐÑvéwßMª

âxÖJâÙqôÚÛDC¼�ÝÉ�ÀÁÂõ[ªKL¨ª�¼½ãäåÐÑ�ÝMÙçþ	Pqç¿ÂlT�
�½�Øt/�þ��§�7¿ÛpN�ÝÉ4½ DC ¼½ãäå MP2 ÐÑvéwßMª³´ªáâþ¬§CD
½÷çqOP�¿Û 

The authors and coworkers have developed the linear-scaling quantum chemical calculation 
program based on the divide-and-conquer (DC) method. The DC method can accurately treat 
�-conjugated systems, which are considered to be difficult to apply in the spatial fragmentation 
methods. In this paper, we report recent progresses in the DC-MP2 program and show its practical 
performance.  
¶

DC-MP2 ÐÑ�ÝÉ¨ª	PÚQ¨Â×þª
MP2 ÐÑÖR½yçÉ�ªÐÑ_®ÖSÙc�

¿�þ�TÂª MP2 ,�����ÕÖU¿[1]Û
VWÝ�ªÐÑvéwßMÖ×©­®ÐÑ9Xê

ÕJ GAMESS½-YÙqôÚÛ�P?�½ÉT�
�ÏÐ�ª89ò:æªÚuÉ³F�Õv�y

�Pqç¿Q¨Âª��þÉ�ªZ[�y�P¿

¨Q¨Âª MP2 ÐÑ\hª��­Ö]^ò½
y/�þ½¾ØÉ_`]��­Ö-�ÙÚ [2]Û
GAMESS½Ý3÷ªMP2ÐÑ©Õa(IMS, DDI, 
Serial)�+�Ø?Pqç¿�ÉçbPlvéÒà
��­ª�-Y	PqçÚÛ�ª©Õa½üÙq

OpenMP ÖcæÙqdeÛ�Xa��­Öy ÚÛ
f¯ÝâxÙÚOpenMP��©ÕaÖæçq 1é
Õaª Intel ÐÑ¦�g��Ó C30H32ªÐÑÖy Ú½ªÐÑ½LÖ°�ÛêÓw�àîXa�Ý³lÐÑ½

L�óôç Serial ©Õa�ÉàîXa�Öhí�þ³liåõØÉ©Õa½¾ØàîXa�ÖhíÙÚ½ª:;�ó
ôåÊõ¿�þ��2 ÚÛ 
?Ú³´ÉjÕ³�­ÐÑíIeèjÞàÖ-��¿ÚuÉDC-MP2 ¼½ü�¿����Õkl¼lâxÙ

Ú[3]ÛDC-MP2 ����ÕklÐÑ�ÝÉm¨õ��ÖU¿ª½86õnXèo��ªóô	�����Õ
ÐÑ¾Ølóôåõ¿lªªÉjÕ³�­ÐÑõ[ÖT89½y/¿�þ�pq	PÚÛ 
[1] M. Kobayashi, Y. Imamura, and H. Nakai, J. Chem. Phys. 1127, 074103 (2007) 
[2] M. Katouda, M. Kobayashi, H. Nakai, and S. Nagase, J. Comput. Chem. 332, 2756 (2011). 
[3] M. Kobayashi and H. Nakai, submitted. 

 
Fig. Wall-clock time for DC-MP2/6-31G 
calculations of C30H32 with three hybrid 
parallelized DC-MP2 algorithms. Intel Xeon 
X5650 processor was used with up to 12 CPU 
cores.
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Development of molecular dynamics calculastion software MODYLAS 
and its application to huge molecular systems 

Yoshimichi Andoh,  Nagoya University 

 

MODYLAS (MOlecular DYnamics simulation software for LArge Systems) . 
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, 

. .
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�  

�  

�  
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All-Atomistic Molecular Dynamics Study of Polio Virus Capsid 

Y. Andoh, K. Mizutani, K. Fujimoto, A. Yamada, N. Yoshii, S. Okazaki, Nagoya University 
A. Nakagawa, Osaka University 

MODYLAS

1,000
 

   MODYLAS has been applied to all-atomistic molecular dynamics(MD) simulations of a viral 
system, where an investigation of fluctuating structure of poliovirus in water is in progress.  The 
calculations have been done using K-computer to trace the trajectory of a poliovirus capsid in water 
composed of about ten million atoms in a cubic MD cell in the periodic boundary condition.  
Preliminary analysis of the trajectory presents several interesting structural and dynamic 
properties of the capsid. 
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Structures and Functions of Molecules Studied by  
Generalized-Ensemble Algorithms 

Yuko Okamoto, Nagoya University 

Abstract 

New generalized-ensemble algorithms have been developed and various generalized-ensemble 
algorithms have been applied to various systems.  New algorithms are 2-dimensional simulated 
tempering in temperature and external magnetic field and density functional theory molecular 
dynamics simulated tempering umbrella sampling.  The former generalized-ensemble algorithm 
was applied to the study of crossover of phase transitions in 2-dimensional Ising model, and the 
latter was applied to the study of proton transfers of malonaldehyde.  The drug candidate 
screening method based on replica-exchange umbrella sampling, which was developed last year, 
has been applied to some protein systems. 
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[1] T. Nagai and Y. Okamoto, Simulated tempering and magnetizing: application of   
   two-dimensional simulated tempering to the two-dimensional Ising model and its crossover,  
   Physical Review E 886, 056705 (2012). 
[2] Y. Mori and Y. Okamoto, Free energy calculations of a proton transfer reaction by simulated  
   tempering umbrella sampling first principles molecular dynamics simulations, submitted for  
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Free-energy analysis of mixed-solvent effect in homogeneous and 
inhomogeneous aqueous solutions 
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Nobuyuki Matubayasi,	 Institute for Chemical Research, Kyoto University 
Tomoko Mizuguchi, Institute for Molecular Scicene 
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f1�gh���� T�(i/0$j 9�FGHIk��lm,�.ndof1�� p%�qrsRS�

� TU�p%t#Duv�VWXY%$wxyzw{yz|'$}~���,�.	

The configuration of a functional molecule such as protein can be strongly modified by adding a 

cosolvent. To control and utilize the cosolvent effect, it is desirable to analyze the cooperation and/or 
competition of intra- and intermolecular interactions among solute, water, and cosolvent at 
atomic resolution. In the present work, we address the cosolvent or mixed-solvent effect on protein 
by focusing on the interactions with urea denaturant and with lipid membrane. The target of urea 
study is to identify the intermolecular interaction component responsible for protein denaturation. 
The membrane system is treated as a mixed solvent with nano-scale inhomogeneity, and we 
examine the flip-flop motion in it. 
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Long-time molecular dynamics (MD) calculations, which were started from randomly placed surfactant 

molecules in a simulation box, have been performed in order to clarify micellar aggregation process.
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Computational Materials Design of Chalcopyrite- and II-VI-based  
Solar Cell Materials by Controlling Nano-structures 

Kazunori Sato1, 2,  Yoshimasa Tani1, Hiroshi Katayama-Yoshida1 

Osaka Univ.  1,  PRESTO-JST 2 
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Fig. 2: Cd(S, Te)
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Toward Rational Molecular Design of Photosensitizer:  
Environmental Effect and Excitation Energy Transfer 

�
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J. Hasegawa1, T. Kawatsu2,3,� 1Hokkaido University, 2TCCI(IMS), 3Kanazawa University 
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In this paper, we report our recent studies that are relevant to rational molecular design for 
excitation energy-conversion processes.  Depending on the molecular environment, some molecules 
significantly change their photo-absorption energies.  Our study on retinal chromophores showed 
that the origin is in charge-transfer and local excitations in the environment.  The structure of the 
environmental wave function turned out to be very simple, which suggests a wave function model 
for describing the solvatochromism.  We also developed analytical tool for the singlet and triplet 
energy transfers in Donor-Bridge-Acceptor type molecular systems.       
�
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Theoretical analysis of hydrolysis of pyrophosphate by 3D-RISM-SCF 
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1 Sookmyung Women’s university, Korea, 2 +,-., 3 �/0 
Jooyeon Hong1, Norio Yoshida2, Song-Ho Chong1, Chewook Lee1,1 Sihyun Ham1, Fumio Hirata3 

1 Sookmyung Women’s University, 2 Kyushu University, 3 IMS 
  
234Abstract 
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We investigate the molecular origin of hydrolysis free energy of a model compound of ATP, 

pyrophosphate, in water using the 3D-RISM-SCF theory that integrates the ab initio quantum 

chemistry method and the statistical mechanical theory of liquids. We apply this method to four different 

charged states of pyrophosphate for which experimental data for hydrolysis free energies are available. 
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FFirst-Principles Molecular Dynamics 
under Constant Potential 

Nicéphore Bonnet1,2, Tetsuya Morishita1, Osamu Sugino2, and Minoru Otani1 

1Nanosystem Research Institute, National Institute of Advanced Industrial Science 
and Technology, Tsukuba 305-8568, Japan 

2Institute for Solid State Physics, University of Tokyo, Kashiwa 277-8581, Japan �
Abstract 
A simulation method for conducting first-principles molecular dynamics (FPMD) at 
constant electrode potential is introduced. The system is allowed to exchange 
electrons with a reservoir at fixed potential, and dynamical equations for the total 
electronic charge are derived from the energy of the extended system. In combination 
with a thermostat, this potentiostat scheme reproduces thermal fluctuations of the 
charge with the correct statistics, implying an appropriate treatment of the potential 
as a control variable. This opens the way for a realistic treatment of voltage-driven 
devices, such as electronic or electrochemical systems. 

Main text 
First-principles molecular dynamics (FPMD) based on the density functional theory 
(DFT) has been used in the study of a wide variety of physical and chemical systems. 
From its original microcanonical formulation, this technique has been extended to 
treat cases in which the temperature or pressure of the system is controlled. 
However, in many important systems, such as the field-effect transistor, or 
electrochemical power conversion devices, electric potential bias serves as an 
additional control variable. Consequently, it is worth developing methods to run 
grand-canonical MD simulations in which the potential of an electrode is controlled. 

In this work, we propose an approach for conducting FPMD simulations at 
constant electrode potential. The system is allowed to exchange electronic charge 
with an external potentiostat at potential potΦ , which means that the total electronic 

charge of the system, en  ( 0≥ ), becomes a dynamical variable. Denoting ( , )i er n�  the 
potential energy of the system as a function of particle positions and electronic 
charge, and given the fact that the energy cost of removing one electron from the 
potentiostat is pote+ Φ , the extended energy taking into account the presence of the 

potentiostat is A = E(ri ,ne )+ neΦpot . Accordingly, the derivative − ∂A
∂ne

can be 

interpreted as a fictitious electric force eF  acting upon the total electronic charge. 
Therefore, by introducing the fictitious momentum ne

P  and mass ne
M , the following 

dynamics are written for the charge: 

dne

dt
=

Pne

M ne

,

dPne

dt
= Fe =Φ−Φpot ,

 

where, by definition, =
en

∂
Φ −

∂

�  is the electrode potential. Applying these charge 

dynamics to a system already connected to a Nosé-Hoover thermostat [1,2] can be 
shown to lead to the grand-canonical distribution at the preset temperature T  and 

���



potential potΦ , thus giving access to the real statistics under potential control. 

In this situation, the thermal energy causes en  to fluctuate around its average 

en〈 〉 . By applying linear response theory to the grand-canonical distribution, the 
differential static capacitance of the system, 0C , is obtained as [3] 

2

0
pot

= ,ne ed nC
d kT

σ〈 〉
≡ −

Φ
 

where ne
σ  denotes the standard deviation of the charge, and k  is Boltzmann's 

constant. In electronics, this relation is known as Johnson-Nyquist noise [4,5]. To 
assess the relevance of thermal fluctuations at the nanoscale, we have applied our 
method to the determination of the grand-canonical quantum capacitance of 
graphene. Assuming the atoms of graphene are frozen, the energy function 
E(ri ,ne ) = E(ne )  is derived from a rigid band model of the ideal 2D lattice [6] and is 
used to obtain the extended energy A. The grand-canonical capacitance is obtained 
from the distribution of the charge, in accordance with the Johnson-Nyquist 
relationship. From the results shown in Fig. 1, it appears that the grand-canonical 
surface capacitance is larger for smaller systems, which is a direct consequence of the 
specific electronic structure of graphene and of thermal fluctuations of the charge at 
the nanoscale. 
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From a practical viewpoint, it is important to note that in our potentiostat scheme, 
electronic structure calculations and charge dynamics are treated separately. At 
every MD step, the total electronic charge is computed from the aforementionned 
charge dynamics, following which the electronic structure calculation is performed 
with this fixed charge value. This modularity makes the approach robust and easy to 
implement. 

In conclusion, the proposed scheme offers a simple and robust way to perform 
FPMD calculations under voltage control. At the nanoscale, fluctuations of the 
charge are not negligible, and they are correctly taken into account by our approach. 
Another field is the study of electrochemical reactions under potential control, and 
we plan to apply our new methodology to this important subject. 
 
RReferences 

FFig. 1: Surface capacitance of 
graphene when connected to a 
potentiostat (potential given in x-
axis), for different sizes of the 
graphene sample. As the size 
increases, the capacitance 
decreases, until converging to the 
red curve. 
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Improvement of computational efficiency of  
first-principles simulation code “STATE” in K computer 

Kouji Inagaki , Ikutaro Hamada , Hidetoshi Kizaki , Yoshitada Morikawa , 
Minoru Otani , Tamio Ikeshoji , Osamu Sugino ,

Osaka Univ., Tohoku Univ., AIST, Univ. of Tokyo 

Abstract 

We improved our first-principles molecular-dynamics simulation code “STATE”, which can be 
used for analysis of chemical reactions. By reducing non-parallel procedures and by introducing a 
replica parallel scheme, highly efficient parallel calculations are realized. The new code achieved 
82% efficiency in strong-scaling within 8192 nodes for single replica calculation and 95% efficiency 
in weak-scaling within 24576 nodes for 48 replica calculation. 
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Fig. 1 Flow of electronic state 
calculation in STATE code and 
improved procedures indicated by 
bold letters and thick boxes for highly 
efficient calculation with a large 
number of calculation nodes. 

 

Fig. 2  Schematic flow of newly developed multi-replica calculation for 
highly parallel calculation. A small amount of control data which 
includes atomic configuration of each replica is gathered onto a master 
process. The data are distributed to all replica processes and used for 
NEB or Blue Moon calculation. 
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(2007) 5237-5240. 
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Analysis of the electrode interface and application of the extended 
ensemble simulation 
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Fundamental study for development of high-performance Li-ion battery 
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Abstract 

For the purpose of realization of large-scale first-principles molecular dynamics (FPMD) 
simulations for electrochemical reactions in Li ion secondary batteries, a scheme of O(N) 
first-principles molecular dynamics calculation tool has been developed mainly on the K computer. 
The achievements in our activities and our future research will be presented. 
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Molecular dynamics study of methane hydrate dissociation 

Takuma Yagasaki, Masakazu Matsumoto, Hideki Tanaka 
Okayama University 

Abstract(about 100 words) 

We investigate the dissociation process of methane hydrate by using molecular dynamics 
simulations.  We compare the dissociation temperature of methane hydrate for the two-phase 
system consisting of hydrate and liquid water with that for the three-phase system which also 
includes the gas phase of methane.  It is found that the hydrate dissociation is greatly facilitated 
by the gas phase.  Based on this result, we propose an inhomogeneous dissociation mechanism for 
methane hydrate on a mesoscopic scale in which the formation of bubbles plays a important role.  
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The methods used parameters directly evaluated from first-principles calculations can be applied to 
design and experimental realization of materials for a sustainable future. An original approach has 
been realized that allows us to construct a p-T phase diagrams of various gas hydrates, 
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Multi-Scale Computations to Understand and Design the Complex Structures and 
Properties of Real Engineering Materials toward Innovative Development 
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A large scale computation of dendrite structures for highly accurate control of 
solidification microstructure in alloys  
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 Materials Design of High-Performance Ferroelectric Capacitors 
Using Fast Molecular-Dynamics Simulations 
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Takeshi Nishimatsu (IMR, Tohoku University), Scott P. Beckman (Iowa State University), 
Hiroki Moriwake (JFCC) 
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(FeRAM) FG��,HI-JKLM 
Abstract: feram is a fast molecular-dynamics (MD) simulator for bulk and thin-film ferroelectrics 
based on first-principles effective Hamiltonian. Using this fast MD simulation code, we endeavor to 
design materials for high-performance ferroelectric capacitors. 
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All electron spectra and dynamics of functional materials 

from nanoclusters to crystals 

Kaoru Ohno, Shota Ono, Graduate School of Engineering, Yokohama National University 
Ryoji Sahara, Hiroshi Mizuseki, Institute for Materials Research, Tohoku University 

Yoshifumi Noguchi, Institute for Solid State Physics, The University of Tokyo  

Abstract 

TOMBO
DFT TDDFT

GW XPS, UPS Bethe-Salpeter
 

To investigate all electron spectra and dynamics of functional materials from nanoclusters to 
crystals, a versatile program TOMBO is developed using the all-electron mixed basis approach, 
which removes weak points of preexisting first-principles methods. Ground- and excited-state 
chemical reactions in the vacuum, liquids, or on the surface are investigated within the all-electron 
DFT and TDDFT formalism. XPS and UPS spectra are calculated by using the GW approximation, 
which can correctly reproduce energy gap and band structure. Optical absorption and Auger spectra 
are accurately calculated by solving the Bethe-Salpeter equation. 
 

 
DFT LDA Ge

GW LDA Hartree-Fock
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Auger GW  Bethe-Salpeter
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TOMBO TDDFT
 (1) Li2 + H2  2LiH H2 + F2 � 2HF [1,2] (2) 

periphery OPV1
HOMO-LUMO ZnPc HOMO-LUMO

[3,4] (3) ZnPc C60

C60 ZnPc
HOMO-LUMO pn

ZnPc
[5] (4) Ni H2 0.1 eV 2H

[6] TOMBO GW
[7-10], GaAs GaAs [11] Si, SiC, [12]

Auger [13] [14,15]  
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Computational-Science Study of Frustrated Magnets
-- S=1 Heisenberg Antiferromagnet on Spatially Anisotropic Triangular Lattice --

Hiroki NakanoA, Synge TodoB, Toru SakaiA,C, Uni. of HyogoA; ISSP, Uni. of TokyoB; JAEAC

Abstract

We study the S=1 Heisenberg antiferromagnet on spatially anisotropic triangular lattice by
means of the numerical diagonalization method. We examine the behavior of the long-range order of
three-sublattice structure observed in the isotropic system between the isotropic case and the case
of isolated one-dimensional chains. It is found that the region of the long-range ordered phase is
much narrower than that was considered from the results by means of approximations.
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Moleclura Dynamics Simulations on Peta-scale Computer 

Hiroshi Watanabe  ISSP, University of TOkyo 

 
FX10 (4800 )

384
193TFLOPS( 17%) 14 5

Ostwald

 
Abstract 

We perform benchmark simulations involving up to 38.4 billion Lennard-Jones 
particles were performed on PRIMEHPC FX10 at the Information Technology Center of 
the University of Tokyo, and a performance of 193 teraflops was achieved (17.0% 
execution efficiency). Cavitation processes were also simulated and Ostwald-like 
ripening was observed after the multibubble nuclei. Our results demonstrate that the 
molecular dynamics method is a promising method that can be applied to petascale 
computers. 

SIMD
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3d L2,3 X (XAS) 2p 3d

(CI)

L2,3 XAS d

L2,3 XAS branching 

ratio  

The shape of a x-ray absorption spectrum (XAS) at the L2,3-edge of 3d transition metal (TM) elements is 

dominated by the multiplet structures because of the strong electronic correlations among spatially localized 2p 

core-hole and 3d electrons. The authors have developed an ab initio relativistic configuration interaction (CI) 

program for XAS, and applied it for interpretation of TM-L2,3 XAS with different d-electron numbers, 

coordination numbers, and symmetries. The spectral shapes, chemical shift and branching ratio have been 

satisfactory reproduced by this method. 
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Solution of Time Dependent Schr dinger Equation by Quantum Walk 

Hideo Sekino , Shinji Hamada  and Masayuki Kawahata1 

1Toyohashi University of Technology, 2Riken AICS 

Abstract 
 

An efficient algorithm of solving Time-dependent Schr dinger Equation is introduced by applying 
discrete time/space Quantum Walk method on the real space grid with internal degree of freedom. 
The time-evolution operation thus constructed is completely unitary and the solution is stable for 
the wavefunctions slowly varying in space with respect to the grid interval. More efficient algorithm 
based on variable resolution in space is in search.
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Abstract �
� In two–dimensional frustrated magnets, a topological defect “Z2 vortex” often plays an important 
role in orderings of the systems. In order to clarify the nature of a topological phase transition 
driven by Z2 vortex binding–unbinding, we develop a parallel Monte Carlo simulation code and 
perform large–scale Monte Carlo simulations comparable to a spin correlation length around the 
estimated transition temperature.�
�
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Development of Core Program for Parallel Quantum Chemistry Calculations 

Kazuya Ishimura (Institute for Molecular Science, TCCI) 
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 Toward an extension of Wang-Landau sampling by means of techniques 
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� � The potential smoothing method transforms an optimization into a series of easier problem, 
in a direct and systematic fashion. This powerful method has only narrow application due to 
mathematical requirements for the subject potential. We propose a version of potential 
smoothing that is applicable for Ising model, that may be useful for a more efficient sampling 
as an extension of Wang-Landau sampling, and perhaps a better parallelism. 
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Electron wavepacket dynamics in highly quasi-degenerate coupled 
electronic states!description of wave packet branching in photochemical 
process 
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One of projects in our group is the construction of fundamental chemical reaction theory including 

electron dynamics and quantum entanglement between electrons and nuclei due to wave packet 

branching in general non-adiabatic chemical process. For this purpose, we have developed theoretical 

calculation scheme partly combined with ab initio quantum chemistry.  Several applications have been 

done by us. [1-6] 

In this presentation, we treat a system having highly quasi-degenerate coupled electronic states, 

including Boron cluster. Boron atom has a high vacancy in the valence orbital spaces, of which cluster 

compounds may provide novel flexible reaction fields associated with quasi-degeneracy. We illustrate the 

possibility of new types of non-adiabatic chemical reaction and its control through the property of the 

present electronic states having high sensitivity against small external perturbation such as an external 

field and molecular motion.  
[1] Takehiro Yonehara and Kazuo Takatsuka J. Chem. Phys. 137, 22A520 (2012)   

[2] Takehiro Yonehara, Kota Hanasaki and Kazuo Takatsuka Chem. Rev. 112, 499 (2011)   

[3] Kazuo Takatsuka and Takehiro Yonehara Phys. Chem. Chem. Phys. 13, 4987 (2011)   

[4] Takehiro Yonehara and Kazuo Takatsuka J. Chem. Phys. 132, 244102 (2010)   

[5] Kazuo Takatsuka and Takehiro Yonehara Adv. Chem. Phys. 144, 93 (2010)   

[6] Takehiro Yonehara� and Kazuo Takatsuka Chem. Phys. 366, 115 (2009)   
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Parallel computational study of the free energy landscape of myosin II in the coupled sliding 

and binding process of the force-generation 

1, 2, 3, 1, 1

1 , 2 , 3

Qing-Miao Nie1, 2, 3, Masaki Sasai1, Tomoki P. Terada1

1Nagoya University, 2Institute for Molecular Science, 3Zhejiang University of Technology 

Abstract
The mechanism of the actomyosin motor is still under debate. To resolve the controversy between the lever-arm 

model and the biased Brownian motion model, we study the contribution of the conformational change of myosin 

head during the coupled sliding/binding motion of myosin on the actin filament in depth. We found that the shape 

of the free energy landscape and the position of the free energy minimum are different in three 

conformational/chemical states of myosin, which can be attributed to both the conformational change of myosin 

and different electrostatic interactions between actin and myosin. 

[Social and scientific positioning] The actomyosin motor is responsible for muscle contraction, converting the 

chemical energy of ATP to the mechanical work. The mechanism of this motor remains controversial: In the most 

widely believed lever-arm model, it has been hypothesized that the mechanical force is generated by the conformational 

change of the myosin head. In contrast, a single molecule (SM) observation has shown that the myosin head shows the 

biased Brownian motion while keeping weakly bound to the actin filament (Kitamura et al., Nature (1999)). Settlement 

of this controversy is important not only for the muscular (i.e., myosin II-based) motor, but also for the nonmuscular 

(myosin V or VI-based) motors (Geeves, Nature (2002)). The controversy has triggered active investigations on roles of 

the Brownian motion in molecular motors (Shiroguchi et al., Science (2007) & Okada et al., Nature (2003)). 

[Target /Purpose] In the preceding computational work (Takano et al., PNAS (2010)), the myosin structure was 

fluctuating around the rigor conformation. However, myosin can assume other conformations (pre-stroke, post-stroke, 

rigor). Besides, these conformational changes are coupled with the change of the ligand bound to myosin (ADP+Pi, 

ADP, none). In the present study, to analyze the relative importance of the lever-arm motion and the biased Brownian 

motion, we investigate how the myosin motion is affected by changes in the myosin conformation from the pre-stroke, 

post-stroke to the rigor one, as well as changes in the electrostatic charges due to the release of the hydrolysis products. 

[Research technique] The amino acid residues are treated in a coarse-grained manner as particles represented by 

the C	 atoms. A Go-like model is employed to describe the intramolecular interaction between coarse-grained particles. 

With regard to the intermolecular interactions between myosin and the actin filament, in addition to the electrostatic 

interactions, we employ van der Waals interactions for the prestroke and poststroke states and Go-like interactions for 

���



the rigor state. To simulate the actomyosin systems as studied by the SM measurement, we applied the curtain-rail 

restraint to the myosin tail. The Langevin dynamics is employed to calculate the free energy landscape. We divided the 

region around the actin filament close to the curtain-rail into 4x8=32 parts, each of which is sampled by the use of 

umbrella potential. Thus obtained data are combined by the weighted histogram analysis method (WHAM) . 

[Concrete result] Using a coarse-grained Go model and WHAM, the free energy landscapes of actomyosin for 

three conformational/chemical states of myosin are obtained, as shown in Fig.1. We found that the shape of the free 
energy landscape and the position of the free energy minimum are different in three 
conformational/chemical states of myosin, which can be attributed to both the conformational change of 
myosin and different electrostatic interactions between actin and myosin. The asymmetric ratchet-like 
free energy landscape is found for the ligand-free myosin with the rigor state conformation. Our simulated 

results suggest that the lever-arm conformational change and the associated release of ADP and Pi promote the 

unidirectional motion over the landscape through the shift of the free energy minimum. 

Fig.1 The 1D (left column) and 2D (right column) free energy landscape of pre-stroke state (A), post-stroke state (B) 

and rigor state (C). Z is the position of the myosin head along the actin filament and 
 is the angle around the actin 

filament. The tail of myosin is constrained to move along the line 
 = 0.

[Consideration/Future plan] Since the larger fluctuations are expected than the present model at positions 

which are unresolved by X-ray crystallography (disordered loops in myosin and the N-terminus of actin subunit), 

we will examine in silico whether these large fluctuations play significant roles. In addition, the possible role of 

the myosin tail unfolding and/or the rotational distortion of actin filament can also be examined by including these 

effects in the model. The coupling of the conformational change of the myosin head and the process of the 

weak-to-strong binding to the actin filament will also be investigated using a double-well structure-based model 

of the myosin head.
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By using the time-dependent Lanczos method, the nonequilibrium process of the half-filled 

one-dimensinal extended Hubbard model, driven by a transient laser pulse, is investigated. In large 

on-site Coulomb interaction, there are two phases connected by a first order quantum phase transition, 

i.e., spin-density-wave (SDW) and charge-density-wave (CDW) phases, which are characterized by 

algebraic decay of spin correlations and a long-range (staggered) charge order, respectively. When the 

system is subjected to the irradiation of a laser pulse, from the SDW side near the phase boundary, with 

proper laser frequency and strength, a sustainable charge order enhancement can be realized while local 

spin correlations remain. Analogously, from the CDW side, the suppression of long-range charge order is 

accompanied with a local spin correlation enhancement. We analyze the conditions and investigate 

possible mechanisms of the emerging order enhancements. In off-resonance region, more extended 

recovery of spin correlations which may come from nonlinear effect is also observed. [1, 2] 

 

 Nonequilibrium physics in strongly correlated systems is a recent emerging research field with 

activities and efforts increasingly involved. The study not only can expand our understanding on the 

dynamic properties of strongly correlated systems, but also can afford opportunities to utilize the 

knowledge in real world. Among them, one appealing topic is photoinduced phase transition, where new 

features of electronic or structural orders can be aroused when the system we are interested in is 

exposed to external irradiations.  

Due to the complexity of nonequilibrium process, numerical simulations are essential to obtain 

quantitative results. In this study, working on the half-filled one-dimensional extended Hubbard model, 

we study the nonequilibrium dynamics of the system under the application of laser pulse. Our numerical 

methods include the time-dependent Lanczos and density-matrix renormalization group. The real-time 

evolutions of the charge-charge and spin-spin correlations are examined. We have found that near the 

phase boundary which separates the SDW and CDW phases, a local enhancement of charge (spin) order 

that is absent in the original SDW (CDW) phase can be realized with proper laser pules. The results are 

summarized in Fig. 1 [2]. 

The next step, which will go beyond the simple setup with more experimental relevance, can be 

expected.  

 

Publications  
1. Hantao Lu, Shigetoshi Sota, Hiroaki Matsueda, Janez Bonča, and Takami Tohyama, “Enhanced 
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Charge Order in a Photoexcited One-Dimensional Strongly Correlated System”, Phys. Rev. Lett. 109, 

197401 (2012). [arXiv:1204.1107] 

2. Hantao Lu, Shigetoshi Sota, Hiroaki Matsueda, Janez Bonča, and Takami Tohyama, “Photoinduced 
spin-order destructions in one-dimensional extended Hubbard model”, arXiv:1211.1749 (submitted). 
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Figure 1: The time-dependence of the spin-spin (left, from (a) to (d)) and charge-charge (right, from (e) to (h)) correlations 

as functions of distance (labeled by j) for 14-site lattice obtained by the Lanczos method. We set the on-site interaction 

U=10, and V is the nearest-neighbor interaction. The phase transition in equilibrium happens around V=5.1. The laser 

pulse with Gaussian magnitude modulation reaches its full strength at t=12.5, as indicated by a solid line in each 

subfigure. The pumping frequencies are set to match the resonance peaks of the optical absorption spectra. A0 is 

proportional to the laser strength. Notice that in (f) ((c)), a local enhancement of charge (spin) order is established by the 

pulse.  
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Robustness of Unconventional Superconductivities on Topological 
Insulator Surfaces 

Y. Ito, Y. Yamaji, and M. Imada, Department of Applied Physics, University of Tokyo 

Abstract 

Strong spin-momentum locking on three-dimensionla topological insulator surfaces results in 
antilocalizations of gapless metallic states on thses surfaces. Together with the spin-momentum 
locking, isotropic attractive interactions on the topological insulator surfaces induce unconventional 
superconductivities that are mixture of s-wave and p-wave superconductivities. In the present 
study, we show robustness of the superconductivities against nonmagnetic impurities by using the 
perturbative Abrikosov-Gor’kov theory and solving the Bogoliubov-de Gennes equation.
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Parallelizing ALPS/diagonalization and its test application 
to the strongly correlated fermion systems 

Ryo Igarashi, Tatsuya Sakashita, Synge Todo, 
Institute for Solid State Physics, The University of Tokyo 

Abstract(about 100 words) 

The ALPS project (Algorithms and Libraries for Physics Simulations) is an open source effort 
aiming at providing high-end simulation codes for strongly correlated quantum mechanical systems 
as well as C++ libraries for simplifying the development of such code. We are currently developing 
the parallelized ALPS/diagonalization, which is the exact diagonalization program based on the 
ALPS library. We report the current detailed status of the parallelized ALPS/diagonalization and 
show some results when applied to the fermion system. 
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Many-variable variational Monte Carlo study of J1-J2 Heisenberg model 
�
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Ryui KANEKO, Satoshi MORITA, Masatoshi IMADA 
Department of Applied Physics, University of Tokyo 
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We investigate the ground state properties of the spin-1/2 J1-J2 Heisenberg model on the square 
lattice by using the many-variable variational Monte Carlo method. By calculating ground states up 
to 14×14 system, we show that the phase between the staggered and striped antiferromagnetic 
phases is characterized as a spin liquid with the absence of long-range magnetic order and a 
nonzero spin singlet-triplet energy gap. We discuss the relation to a recent result obtained by 
density matrix renormalization group method reported by Jiang et al. [Phys. Rev. B 86, 024424 
(2012)]. 
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CCar-Parrinello 

Car-Parrinello molecular dynamics studies on reaction mechanisms of oxygen plasma etching 
of graphene surface and their free-energy barriers. 

A , IPCMSB, C 
A Mauro BoeroB C A 

The University of TokyoA, IPCMS CNRS-University of StrasbourgB, Osaka UniversityC 

Kenichi KoizumiA, Mauro BoeroB, Yasuteru ShigetaC, Atsushi OshiyamaA

Abstract 

CO2 CO

- - eV

Car-Parrinello

Oxygen plasma etching has been a key prosess in the fabrication of electronic circuits and has recently received a 

renovated interest in view of the realization of nano-scale carbon-based devices. The detailed knowledge of 

atomic-scale mechanisms of etching processes is likely to contribute to provide a detailed control of the etching 

processes. These prosesses are driven by chemical reactions involving breaking and formation of several chemical 

bonds. In such process, the system must overcome some free-energy barriers. Therefore, we combined free-energy 

sampling techniques, namely metadynamics and blue-moon ensemble, to enhance the standard Car-Parrinello molecular 

dynamics. With this computational set-up, we simulated the etching processes of graphene surface. 
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K. Koizumi et al. To be submitted to PRL.
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First-principle calculation for Rashba effect of perovskite-type ferroelectrics 
1Graduate School of Natural Science and Technology, Kanazawa University, 

2Faculty of Mathematics and Physics, Kanazawa University, 

   1F. Ishii, T. Onishi2, H. Kotaka2, and M. Saito1
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HB?@AB-IEJKLMNJF�. -:1<=;OP>��Q, -:1RSTUVW(SOI);XY>�

Z[C\�. ]�^_`abcdef7CgNhi_jk� Rashba��CKLMNJF�[1]. Rashba��

Ql�ab_-:1mn, -:1o;pqrsE, -:1(t��?u1v-w(Spin-FET)�xW_q�I

yz9NJF�[2]. s�����qM;{>`�IEJ Rashba |�}C\~, ��, ��m��(�m�

(ARPES)O�;WFJ, M��������FJ��C���NJF�[3].  sN�_��Q Si�����

��C��MN� Bii��FJ��(�;y�Eh	
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���;WFJ, u� 4��;¡98�

EJqh [4,5]. ¢£¤_Q¥¦(§¨©? FET(FeFET);WFh Spin-FETOP;ª�EJ, «@¬-­.?

®¥¦(§ PbTiO3 �4¯B�°±���

�FJ, (²m³cd´µ�(�¶·;¸

¹h. 4¯B¥¦(T_Qº(�»?/¼

� X ½_ Rashba ��C¾¿MN(À 1(a)), 

Rashba |�}Q�q�(²m³ÁÂ7C\

�sIC�8Ãh. M9�, m³cd�°~

l�ab_�-:1cdCrs�sIC�

8Ãh. Rashba|�}Q, GÄ¯Å©mÆ°

~ kRI ER(À 1(a))89, α = 2ER /kR
�Ç|

È°~ÉÊ`Ãh.� Ë�°~, PbTiO3 Q

Au(111)* Bi(111){ÌIÍ¹JÎµ��u

� 4|�;ÏÐ, (²m³;ÑEJ(�

_u� 4|�;<=_q�hÒ,  Spin-FETÓÔIEJÕÖ_\�I×ØMN�.   
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Optical response calculations of C60 nanostructures by real-time and real-space 
electron dynamics method 

ÉÆ¶ÊþÉËÌ¶ÍÎ¶ &¨©Ã'¶

Masashi Noda and Katsuyuki Nobusada¶ (IMS) 

�6£Abstract 
mÏ�mèé�Õ¢���ªèéjÕAª¥®�ÈÐÑÖy/�þÖnoþÙqÉ-½L$-KL
©Ieè

jÞà¼véwßMªórs��­Öy qç¿Û��Ý}ÓÐÑÕÞþÙqÉ¹Ç� èßÕîÓ¨©�rÒò½l

�ÙÚÓ÷2ªèéjÕAªÜÔàÆÞ¢�ªÐÑÖy Úþ�ÕÉ, óõõÖÖ éÕa&×Öú�û ©ë'� ØÙ��ª-

y89ÖUÚÛÚÛÜÜÝ©Þ_`&ß´´'�7¿¹Ç��Aªà&Ý©ªÜÔàÆÞ¢�Ý-á_®þÇçÈâÖ

°ÙÚÛ¶

We are currently developing the massively parallelized simulation program of real-time and 
real-space electron dynamics in an effort to calculate optical response of nanostructures at the scale 
of tens to several tens of nanometers. We have calculated the absorption spectra of nanostructures 
regularly constructed from the C60 fullerene molecules as benchmark tests and achieved ~7% peak 
performance on the K computer with 12288 nodes (98304 cores). The computed absorption spectrum 
of the face-centered-cubic (fcc) unit of solid C60 is in good agreement with the experimental 
observation. 
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Simulation of AC Response of Nanostructures 

Kenji Sasaoka1, Daisuke Hirai1, Takahiro Yamamoto2, and Satoshi Watanabe1 
1Department of Materials Engineering, The University of Tokyo 

2Department of Liberal Arts (Physics), Faculty of Engineering, Tokyo University of Science 

Abstract 
We present the results of our simulations on AC transport properties of nanostructures within the 

nonequilibrium Green’s function method. For a quantum point contact, we have obtained good 
agreement with experiments on the Fermi-level dependence of AC responses using real-space 
simulations with the effective mass approximation. For metallic carbon nanotube with a vacancy, 
we have found that the distinct difference in the Fermi-level dependence of AC responses between 
the vacancy state and dangling bond state. 
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Performance Benchmark of Divide-and-Conquer-type Real-space Grid DFT code 

Takahisa Kouno, Institute for Solid State Physics, The University of Tokyo 
Shuji Ogata, Graduate School of Engineering, Nagoya Institute of Technology 

Abstract 

We are planning to perform the hybrid quantum (QM)-classical (CL) simulation of large-scale 
systems of materials to investigate the atomic dynamics at high accuracies of the density-functional 
theory. The real-space grid-based density-functional theory (RGDFT) is applied to the QM region. 
To extend its applicability to much lager QM regions, we develop a linear-scaling, 
divide-and-Conquer type RGDFT called DC-RGDFT. In this paper, we report the performance 
benchmark of the DC-RGDFT code.

N. Ohba, S. Ogata, K. 
Kouno, et al, Comp. Phys. Commu. 183 (2012) 1664
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Free-energy analysis of the flip-flop motion of membrane proteins 

1,2 2

Tomoko Mizuguchi1,2, Nobuyuki Matubayasi2

1 Institute for Molecular Science, 2 Institute for Chemical Research, Kyoto University 

Abstract 
180

The flip-flop motion, which is the phenomenon that some proteins and peptides in membrane 
turn around between two opposite transmembrane orientations, is an important mechanism for the 
reconstruction of biological membrane and the transportation across membrane. In order to clarify 
the flip-flop mechanism, the insights into inter- and intramolecular interactions are needed, thus 
analyses at atomic resolution are desirable. In the present study, we examine the path for the 
flip-flop motion in terms of the free-energy calculation using all-atom molecular dynamics 
simulations and solution theory. 

180 [1,2]

 

DMPC 1,2-dimyristoyl-sn-glycero-3-phosphatidylcholine 242
Glycophorin A (GpA) 23

TIP3P 10000
58,925 CHARMM 303 K
1 atm [3,4]
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Free Energy Calculation by MODYLS – Thermodynamic Integration Method 
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Molecular dynamics (MD) calculation is a powerful tool in order to clarify phenomena of condensed 
system at molecular level. Therefore, we develop the highly concurrent MD software, MODYLAS. 
However, it is needed to understand the slow phenomena by the free energy calculation combined 
with MD calculation. Therefore, we also add the free energy calculation method to MODYLAS.  
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ΔG = G(λ2 )−G(λ1)
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Folding simulations of proteins by using genetic algorithm 

Yoshitake SAKAE 1,2 and Yuko OKAMOTO1,3,4,  1Department of Physics , Nagoya University, 
2Institute for Molecular Science, 3Structural Biology Research Center, Nagoya University, 4Center 

for Computational Science, Nagoya University 

Abstract 

Proteins have the life functions by forming the characteristic tertiary structures. We have 
performed the folding simulation of proteins in order to predict the native structures from the 
specific sequence of amino acids. In this study, we propose the new conformational search method 
for proteins by using genetic algorithm. We applied this method to three proteins (Trp-cage, Villin 
headpiece, Protein A). As the results, the conformations obtained from the simulations were in good 
agreement with the experimental results.

����



Intermediate states for the tunnel transfer 

Tsutomu Kawatsu,1,2 Jun-ya Hasegawa,3 Shinichi Miura,4 1Institute for Molecular Science, 
National Institute of Natural Science, 2Graduate School of Natural Science and Technology, 

Kanazawa University, 3Catalysis Research Center, Hokkaido University, 4Institute of Science and 
Engineering, Kanazawa University 

Abstract(about 100 words) 

The rate or character of the tunnel transfer between two states is influenced by its intermediate 
states[1].  We have developed methods to determine the tunneling pathway connecting such 
intermediate states for analyzing tunnel effects.  We first report a result of the difference between 
tunneling pathways of the singlet[2,3] and triplet[4] excitation energy transfers in Condon transfer
using Green’s function method.  We then show a result of hydrogen atom transfer using the 
program of instanton approach in the path integral method that we have improved. 
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1. T. Kawatsu, “Review: Pathway analysis for peptide-mediated electronic coupling in the
super-exchange mechanism of ET and EET ,” Pep. Sci. 22012, DOI: 10.1002/bip.22142. 
2. T. Kawatsu, J. Hasegawa, K. Matsuda, “Singlet Excitation Energy Transfer Mediated by Local
Exciton Bridges,” J. Phys. Chem. C 22012, 116, 13865-13876. 
3. T. Kawatsu, J. Hasegawa, “Excitation energy transfer in GFP-X-CFP model peptides (X = amino
acids): Direct Versus through-bridge energy transfers,” Int. J. Quant. Chem. 22012, DOI: 
10.1002/qua.24027. 
4. T. Kawatsu, J. Hasegawa, “Sequentially Coupled Hole-Electron Transfer Pathways for
Bridge-Mediated Triplet Excitation Energy Transfer,” J. Phys. Chem. C 22012, DOI: 
10.1021/jp307482e. 

Fig.1. 
( ) ( )

Fig.2. HO2
( ) ( )

����



FFirst-Principles Study of Fe/TiC Interfaces: Local-Stress and Local-Energy 
Distribution 

V. Sharma, S. Tanaka, Y. Shiihara1 and M. Kohyama 
Research Institute for Ubiquitous Energy Devices, National Institute of Advanced Industrial 

Science and Technology (AIST), Midorigaoka, Ikeda, Osaka, Japan 
1Institute of Industrial Science, The University of Tokyo, Komaba, Meguro-ku, Tokyo, Japan 

The main purpose of our project is to study the mechanical properties of structural materials 
containing various defects, grain boundaries and interphase boundaries by using first-principles 
calculations with the help of large-scale supercomputers. As a first step, we chose the 
Fe(001)/TiC(001) interface due to well-known usage of TiC for enhancement of strength of steel by 
surface-coating and precipitation. In our study, we deal with the coherent interfaces, while realistic 
semi-coherent interfaces are dealt with by our collaborators using huge supercells. Our present 
study focuses on the local-stress and local-energy distribution at the interface by using ab initio 
local-energy and local-stress schemes [1]. The calculations are performed using density-functional 
theory (DFT) employing the projector augmented wave (PAW) method [2], implemented by QMAS 
(Quantum MAterials Simulator) package [3]. Here, we deal with the Fe/TiC coherent interface 
model with the orientation of {001}bcc//{001}NaCl and <100>bcc//<110>NaCl. We obtain basic properties, 
compared to earlier studies [4-6], and we obtain local stress and local energy by integrating the 
stress density and energy density [1] in proper local regions for the first time. In the coherent 
interface model, there should occur large stresses around the interface, of which the distribution 
should be effective to analyze the stability and mechanical property of such coherent interfaces. The 
integration is performed in each layer-by-layer region as in Ref. [1]. The next step of this work shall 
be, to deal with the stress and energy distribution of other coherent or semi-coherent interfaces 
between Iron and transition-metal carbides or nitrides. AAcknowledgement: We thank Dr. H. 
Sawada (Nippon Steel & Sumitomo Metal Corporation) and Dr. S. Ishibashi (Nanosystem, AIST) for 
fruitful discussions. 

[1] Y. Shiihara, M. Kohyama and S. Ishibashi, Phys. Rev. B 881, 075441 (2010), [2] P. E. Blöchl, Phys. 
Rev. B 550, 17953 (1994); G. Kresse and D. Joubert, Phys. Rev. B 559, 1758 (1999), [3] 
http://qmas.or.jp, [4] A. Arya and E. A. Carter, J. Chem. Phys. 1118, 8982 (2003), [5] T. Shishidou et 
al., J. Appl. Phys. 993, 6876 (2003), [6] J. H. Lee et al., Phil. Mag. 885, 3683 (2005). 
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Structure, dynamics and chemical reaction 
at “aqueous solution ⁄ electrode” interfaces 

Kazuto Akagi1, Ikutaro Hamada1, Masaaki Araidai1, Masaru Tsukada 
1WPI-AIMR, Tohoku University,  CCS, University of Tsukuba 

As preparation for large-scale simulation of electrode systems, time and spatial information on 
hydrogen-bond network at the interfacial region was investigated and essential conditions 
necessary for description of “realistic liquid-solid interface” were elucidated. As an electrolyte 
system, DFT-MD calculations of a NaClaq-Au(111) interface were performed, difference in structure 
with bulk solution and origin of specific adsorption of anions were clarified. Regarding the 
water-Pt(111) anodic system, the role of interfacial water and potential bias on elementary 
processes of hydrogen evolution reaction was also studied.
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Making Nanostructure in Alloys and Thermal Conductivity

, NRI-AIST 

These days, thermoelectric materials have been extensively studied because of concerns about 
energy problem. The purpose of this study is designing a good thermoelectric material by using 
nanostructure that is made by quenching alloys. First, we simulated making nanostructure by 
Monte Carlo method. The interactions between atoms are calculated by ab-initio method. Next, we 
calculated values of phonon thermal conductivity in various structures by using molecular 
dynamics. Heat baths were placed at both ends and the thermal gradient was made. We derived 
thermal conductivity from energy flux.
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Hybrid-DFT study for optical conductivity of GaP alloys 
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Yoshihiro Gohda� and Shinji Tsuneyuki��� 
Dept. Phys.� and ISSP�, The University of Tokyo 

���Abstract 
従来のDFT-GGA-PBE 汎関数と非局所Hartree-Fock交換項を断熱結合定理に基づき混合したハ
イブリッドDFT法(HSE汎関数)によりバンドギャップの定量性を確保し、GaPの電子状態と光学
伝導度を第一原理的に考察した結果、MgとOの同時ドーピングが中間バンド太陽電池材料特性の
発現に有効である事が示唆された[APL, in press]。
Optical conductivity is calculated on the basis of hybrid-density functional theory, where the 
band-gap problem of the standard generalized gradient approximation is remarkably cured. By 
large scale calculations with 216-site supercells, optimal doping condition for GaP is proposed, 
i.e. co-doping of Mg and O [APL., in press]. 

Optical conductivity, which is of importance to access the performance of solar cells, can be calculated on 
the basis of time-dependent perturbation theory taking one-electron response to the light into account. In 
spite of the simplicity neglecting excitonic effects, the approach mentioned above is still challenging, 
because it is necessary to obtain quantitative description of the band gap.  Since it is well known 
conventional approximations in density functional theory (DFT) such as generalized-gradient approximation 
(GGA) significantly underestimate the band gap, climbing the “Jacob’s ladder” [1] onto the fourth rung, i.e. 
on the level of hybrid-DFT [2], is indispensable. Hybrid-DFT incorporates nonlocality of the exchange 
interaction, which reduces the self-interaction error in the GGA. 
In this work, spectra of the optical conductivity for a few highly mismatched compound-semiconductor 
alloys are calculated on the basis of time-dependent perturbation theory with the HSE functional of 
hybrid-DFT [2], which is compared with those obtained by the PBE functional of the GGA. Thanks to the 
practical computational costs of hybrid-DFT compared with the GW approximation based on many-body 
perturbation theory, structures with realistic dopant concentrations are handled with 216-site supercells. Ideal 
composition of alloys in the sense of active optical transition energies and the formation energy are 
compared, where calculated results propose that the optimal doping condition is co-doping of Mg and O less 
than 2% [3].  

[1] J.M. Tao, J.P. Perdew, V.N. Staroverov, and G.E. Scuseria, Phys. Rev. Lett. 991, 146401 
(2003).  

[2] J. Heyd, G.E. Scuseria, and M. Ernzerhof, J. Chem. Phys. 1124, 219906 (2006). 
[3] Y. Gohda and S. Tsuneyuki, Appl. Phys. Lett., in press. 
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Numerical analysis of quantum phase transitions with controlling anisotropy 
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We proposed a new quantum Monte Carlo method for the local Z2 Berry phase. Although there is 
the complex weight problem, it can be avoided by adopting the loop cluster update and the meron 
cluster algorithm. To demonstrate this, we calculated the local Z2 Berry phase of a bond-alternating 
antiferromagnetic ladder and estimated the quantum critical point. The result is consistent with 
previous studies. We also pointed out that the gauge-fixed local Z2 Berry connection can be another 
topological order parameter. 
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Abstract: feram is a fast molecular-dynamics (MD) simulator for bulk and thin-film ferroelectrics 
based on first-principles effective Hamiltonian. Using this fast MD simulation code, we estimate 
electrocaloric effect of BaTiO3. 
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First-priciple study of the carrier activation ratio in F-doped anatase TiO2 
system and the thermodynamic analysis of the formation of TiOF2 phase 

Hideyuki KAMISAKA*1, Nanako MIZUGUCHI*2, Koichi YAMASHITA*2, 
Tetsuya HASEGAWA*1 

*1 Department of Chemistry, The University of Tokyo 
*2 Department of Chemical System Engineering, The University of Tokyo 

Abstract 

We investigated the carrier activation ratio in F-doped anatase TiO2 using the DFT-based 
first-principle band structure method. The PBE functional plus Hubburd +U terms was used. The 
+U terms were applied to Ti 3d, O 2p, F 2p orbitals independently, that were carefully calibrated to 
fulfill the generalized Koopman's theorem (gKT). Calculation of the doped structures with different 
charge states revealed that the excess electron from F dopant is trapped at the adjacent Ti 3d 
orbital as designated Ti– – F+ when the Fermi level is above eCBM + 0.086 eV, while the structure 
emits an electron at higher Fermi level. Considering the Burstein–Moss effect in anatase TiO2 and 
this electron trapping mechanism, we obtained the carrier activation ratio, which is consistent with 
the experiment. 
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The study of the electron transer of organic molecular in solution 
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· p-nitrophenol RISM-SCR-SEDD MCQDPT2

 
 

�

RISM-SCF-SEDD  [1]
 

 
� p-nitrophenol (PNP)

 (PNP–)  

 
 (GAS) RISM-SCF-SEDD  (W)

2-pyrrolidone (PYR)
B3LYP/6-31+G(d) aug-cc-pVDZ
CASSCF (10,12) MCQDPT2

Table 1.  
 
 Table 1. Solvent data (density, dielectric constant)  
 Solvent density / (g cm-3) dielectric const.  
 W 1.00 76.2 
 PYR 1.14 27.4 
 

�

(Table 2.) 
 
 Table 2. Excitation energy (neq : nonequilibrium)  
   ΔE / (kcal mol–1) 
   eq (neq) exp. [2]  
  GAS 101.57 
 PNP PYR 101.77 (100.14) 
  W 102.39 (124.06) 90.2  
  GAS 56.60 
 PNP– PYR 55.75 (54.59) 67.9 
  W 44.40 (55.49) 71.0  
 

PNP PNP–

Table 1. W PYR

 
RISM-SCF-SEDD g(r)

−
2Å

 
 

 
Figure 1. radial distribution function. 
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Scheme 1.  PNP (left), PNP– (right). pKa=7.08 
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