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By utilizing the energy hierarchy structure of strongly correlated electrons, 3-stage scheme called
MACE(Multi-scale Ab initio scheme for Correlated Electrons) has been established for ab initio calculation of
strongly correlated electron systems. In this project, codes for constrained random phase approximation(cRPA)
for downfolding to low-energy effective models, and multi-variable variational Monte Carlo method for a
low-energy solver have been highly parallelized. Applying MACE, we have elucidated physics of iron-based
superconductors, organic conductors and systems with strong spin-orbit interaction.
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Dynamical DMRG study of non-linear optical response in one-dimensional dimerized
Hubbard model with nearest neighbor Coulomb interaction and alternating on-site
potential

B HER, BUED, FKBRFEEBYEFHIZLET, Serguei Brazovskii, LPTMS-CNRS, Univ. Paris—Sud
Shigetoshi Sota, Takami Tohyama, YITP Kyoto Univ., Serguei Brazovskii, LPTMS-CNRS, Univ.
Paris-Sud

P ARRERICB W TERZIERIZ LIS A Ll md e B A G S TRy, RERERZHED
TWD, ZZ T, AWHFETIEZ DI RME DI FISE ZABINITHZ 8% AL L, BIREE EATHIMEDIA 2
B T BIT 24T o7, RIS, ZOI R AREEIRD SIS A TIE2IRDIEIE I AISE N R ES N TOD,
LT ZOID AR IS LT SR FRIE DR AL SR A BRI L. 2D X572 THfiSh TOD AR
AEL2IR DI ZIR B E IO LI,

The optical response of organic compounds has been attracting much attention. The one of the reasons is the
huge non-linear and ultrafast optical response. In order to investigate such optical properties, we carry out
dynamical DMRG calculations to obtain optical susceptibility. In the present study, we introduce an alternating
on—site potential giving the polarization in the system into the dimerized Hubbard model, which breaks the
reflection symmetry of the system. The obtained linear and the 2nd order non-linear optical susceptibility make

a prediction for non-linear optical experiments in the future.

B K72 FERIE 2 G L a7 R A LG 2 R T L, Y TRAERIE T AR RO A F o 7 F T
OB TR S NS, T4, AREERICB W THZ O X B RIGE 2 n T EBRE R A IS S TRV K.
Yamamoto, et al., J. Phys. Soc. Jpn 77, 7, 074709(2008)], RZZ2{EHEZHEH TWD, LTeD>T, ZOLHRWE
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AHFFE T, ZOIIBRWE DN HIEE O AL T DI HIEL, FHCZ DI AHEE R THiE
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JVERTE DTG, BRE AT HIMEDIABBEEZ FWZBIE . B L OIROIEIE LTI EOFH A EZFIT LI,
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Novel Critical Phenomena and Phases in Two-Dimensional Quantum Systems
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3 Graduate School of Engineering, Hyogo University
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Highly accurate electronic structure methods for predictions
of fine quantum states of molecules

KAEHE—BR, P RFEVAT MERFH IR

Seiichiro Ten-no, Kobe university

BEZE/ Abstract

K& 12 1) DMEHETHE B B BB A OO 0 F BT AENC SV TF AT — < VF T4 T
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Molecular science, which aims at dealing with chemical phenomena obeying different mechanics in
complicated ways, is a multi-scale / multi-physics interdiscipline substantially. Our principal objective is to
establish new insights in molecular theory associated with a fusion of electronic structure, dynamics, and thermal
fluctuation. The goal of the item 1 in our project is to predict fine quantum state of molecules in terms of
post-Hartree-Fock methods on massive parallel computing environments. In this financial year, we completed the
implmentation of the numerical MP2 and MP2-F12 methods using the K super computer with several pilot
calculations. The detail of the development along with other subjects proceeding at the same time in the project
will be presented.

[Fr] HERERETEIRAE B 5 BB O Ol o+ BlaR OB BA | Tl AL R O PR AR IC 22
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Nonadiabatic electron dynamics and man-body quantum effects in chemical dynamics

RRPERe & ALATSER BEMKR, BWIEE, FREe, KEFEL5,
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Abstract
Chemical theory and its application to dynamical electrons in molecules under intense electromagnetic fields is
one of our main goals in this project, in which we take an explicit account of nuclear nonadiabatic (kinematic)
interactions along with simultaneous coupling with intense optical interactions. All the electronic wavefunctions
studied here are necessarily time-dependent, and thereby beyond stationary state quantum chemistry based on the
Born—-Oppenheimer framework. As a general and tractable alternative framework with which to track the
electronic and nuclear simultaneous dynamics, we have established an on-the-fly method to calculate the electron
and nuclear wavepackets coupled along the branching non-Born—Oppenheimer paths, through which their
bifurcations, strong quantum entanglement between nuclear electronic motions, and coherence and decoherence
among the phases associated with them are properly represented. Other goals in this project includes real time
tracking of nonadiabatic electronic states, chemical dynamics in densely degenerate electronic states coupled with
nuclear motions and manipulation and/or creation of new electronic states in terms of intense lasers, and so on.
We are also establishing a new semiclassical mechanics that can be applied to chemical dynamics of large

molecular systems.

Reviews

1) “Nonadiabatic chemical dynamics in intermediate and intense laser fields”, K. Takatsuka and T.
Yonehara, Adv. Chem. Phys. 144, 93-156, (2009).

2) “Exploring dynamical electron theory beyond the Born-Oppenheimer framework: From chemical
reactivity to non-adiabatically coupled electronic and nuclear wavepackets on-the-fly under laser
field”, Kazuo Takatsuka and Tahehiro Yonehara, Phys. Chem. Chem. Phys. (Perspective article) 13,
4987-5016 (2011).

3) “Fundamental Approaches to Nonadiabaticity: Towards a Chemical Theory beyond the
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Born-Oppenheimer Paradigm.” Takehiro Yonehara, Kota Hanasaki, Kazuo Takatsuka, Chemical
Reviews, 112, 499-542 (2012).

The original papers are to be tracked back in the above review articles.
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Fluctuation and Dynamics in Condensed Molecular Systems
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Shinji Saito (IMS), Hirofumi Sato (Kyoto Univ), and Masaki Sasai (Nagoya Univ)

BEZE/ Abstract

BNRD TRV =L ESHERE DIF A2 1 5 IR OGS 2 BUiE LG 272012, K&ZIZ LD
ET DR, BRIOVERE D T O RGNS TROME L EHOT I 2 L— g VIEXZHET L, &
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(RSB T ORBEEEZADET NV 2HEEE LT, B0 FROFHHERBI A OERIZHEER L,

Development of innovative simulation methods is strongly desired to understand and design the
important chemical reactions which can carry highly efficient energy transduction or highly
functional information processing. Since many of those reactions proceed in condensed phase of
solutions or biomolecules, we need to develop new computation methods to analyze structures and
dynamics of condensed phase systems: The multi-center molecular Ornstein-Zernike (MC-MOZ)
method to reveal solution structures around complex solute molecules, the non-equilibrium
simulation method to analyze the large dynamical fluctuation of liquid water, and the
coarse-grained model of proteins to simulate their large scale structural change were developed to

open new perspective in computational molecular science of condensed phases.
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Fig. 1: The comparison of parallel
efficiencies by the improved version and
MC-MOZ method.
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Prediction of Electronic Properties of Nano-Structures based on
Density Functional Thoery
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This project try to predict new properties of nano-structures based on various methodologies
based on the density functional theory. We here report, among a variety of accomplishments, on the
development of RSDFT code and what has been obtained from RSDFT calculations. The RSDFT
code has been developed and tuned on K computer at Kobe, achieving 3.08 PFLOPS performance
with 43.6 % efficiency for DFT calculations for Si nanowire, and thus obtained the Gordon Bell

Prize in 2011. Various physical properties of Si and carbon nano-structures have been clarified.
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We have advanced the hybrid quantum-classical simulation code that performs the electronic
structure calculation of a region under both mechanical and electric field from the environment, to
utilize it in developing the nano-structured electronic materials and the environmental or energetic
systems. In this fiscal year, we have performed performace tests of our order-N real-space DFT code,
modified the hybrid code to include the electric field, and found through the hybrid simulation runs
the enhanced Li-ion diffusivity in graphite by vertical alternating electric field at a Terahertz

range.

Report

The real-space implementation of the Kohn-Sham density-functional theory (RSDFT) using the
finite difference method for the derivatives of variables has attractive features of parallelizability in
addition to universality in target materials and conditions. Following the divide-and-conquer (DC)
strategy, we have proposed [1] a linear scaling RSDFT method for various materials by advancing a
former formulation. In the Kohn-Sham-type equation for a domain, we have introduced () the
density-template potential for the density continuity at the domain boundary with simple stepwise
weight-functions and (i) the embed potential to take into account all the quantum correlation
effects with other overlapping domains in addition to the classical effects of ionic and electronic
Coulomb potentials. We have thereby realized reasonably high accuracies in atomic forces
irrespective of the electronic characters of materials. The timing tests on parallel machines have
demonstrated the linear scaling of the DC-RSDFT code with little communication time between the
domains.

The RSDFT or DC-RSDFT method mentioned above has been hybridized with the classical,
empirical inter-atomic potential model using the buffered cluster method. In the hybrid quantum
(QM)-classical (CL) simulation method, we apply the (DC-) RSDFT method to a region in which
chemical reactions should occur, while the classical empirical atomistic method to the
environmental region. The mechanical coupling of the two regions at the atomistic scale is realized
by introducing artificial buffer atoms to both methods. The atomic forces are calculated
concurrently at every time step to simulate the dynamics of the atoms.

We have applied the hybrid QM-CL simulation method to investigate the thermal diffusion of the
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Li ion in graphite [2]. The Li ion in graphite creates a long-range stress field around itself by
expanding the interlayer spacing by about 10%. We have investigated the stress dependence of
diffusivity of the Li ion in graphite at 423K using the hybrid QM-CL simulation method by
changing the average interlayer spacing. In the method, a relatively small region for the
density-functional theory of electrons selected adaptively around the Li ion is embedded in the total
system described by classical interatomic potential that includes the term relating to the dispersion
force between the C atoms in different layers, to include the effect of the surrounding C atoms in the
QM region at a reasonable computational cost. It has been found that the Li diffusivity depends
sensitively on the interlayer spacing.

We have further advanced the hybrid QM-CL simulation code to include the external electric field
in addition to the long-range stress field in the first-principles simulation. The hybrid simulation
runs for Li dynamics in graphite have been performed at 423 K under various settings of the
amplitude and frequency of alternating electric fields perpendicular to C-layers. We have thereby
found that the in-plane diffusivity of the Li ion is enhanced significantly by the electric field if the
amplitude is larger than 0.2 V/A within its order and the frequency is as high as 1.7 THz [3]. The

microscopic mechanisms of the enhancement have been clarified.

Publications

[1] N. Ohba, S. Ogata, K. Kouno, T. Tamura, and R. Kobayashi: Linear scaling algorithm of
real-space density functional theory of electrons with correlated overlapping domains, Comp.
Phys. Commun., submitted.

[2] N. Ohba, S. Ogata, T. Tamura, S. Yamakawa, and R. Asahi:A hybrid quantum-classical
simulation study on stress-dependence of Li diffusivity in graphite, Computer Modeling in
Engineering & Sciences, Vol. 75, No. 4, pp. 247-266 (2011).

[3] N. Ohba, S. Ogata, T. Tamura, R. Kobayashi, S. Yamakawa, and R. Asahi: Enhanced thermal
diffusion of Li in graphite by alternating vertical electric field: a hybrid quantum-classical
simulation study, J. Phys. Soc. Jpn. (Lett), Vol. 81, pp. 023601-1-4 (2012).
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Abstract

We have currently been developing generalized optical response theory and efficient computational programs
of electron and electromagnetic field coupled dynamics in an effort to theoretically design next generation
nanophotonic devices with valuable functions such as waveguides of electromagnetic field, wave converters, and
quantum data or information transmitters. Time—dependent density functional theory underlies our method of
calculations and its computations are carried out in real-time and real-space grid points by using a simple finite
difference method. We have succeeded in performing the electron dynamics simulations with 8192 cores
architecture of Altix in ISSP and achieving the computation with more than 10% effective performance (ca. 85%
speed up) in K-computer (576 cores) in RIKEN. We are planning in this project to further develop our
computational program suitable for highly massive parallelization and to design new photonic devices

theoretically.
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[1] K. Nobusada and K. Yabana, Phys. Rev. A, 75, 032518 (2007)
[2] T. Iwasa and K. Nobusada, Phys. Rev. A, 80, 043409 (2009)
[3] T. Iwasa and K. Nobusada, Phys. Rev. A, 82, 043411 (2010)
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Materials Design for the Application to Spintronics and Multiferroics Devices
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OpenMX, CPVO, HILAPW D Z=->0D7' 177 ADBFAFEZIT> TV D, OpenMX (ZBIL TiL, HFEART v b
DENE LTV WEZERIC R IT DA M= AR DT b D7 a7 T LRSS, /oa) =T itz B
LA R — R 2B S LTz, CPVO (23 TR, WFUEDT ATV RAFRHE R 2472, HILAPW (230>

I, R — R OB AT T,

The OpenMX, CPVO and HiLAPW codes are developed. In the case of OpenMX, we make
highly-reliable pseudopotentials. The programs that analyzes the spintroniccs properties and
evaluate quantum transport in the noncollinear magnetic case are developed. We evaluate the
efficieny of the pararell computing by using CPVO and the resutlts are successful. The code based
on the group theory linking to HILAPW is developed.
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720 WST O RBFEEHREIL, kAL 256 sl 23> RifEFl 4, OpenMP 51 8 TfTo7-, /— K¥7=0 1/4
Dk BN RIS 4) 3 OFREZHY T 52 L1225 TW5h, B— - XU 32 (CPEDREF R/ T
I, kARSI E N RIS EERWHNERIZ /e > TR, UAX— K77 AL (RF) 1D EEA LR
G, BRI R WA — U o J R LT, AR TR L QA WFIEHRE L, 17508 (MM) 5, FFT
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HE, FOMOFEICHEEND, TTIC MM & FFT OFEERS OWFULITRN LA > T\ D2,
FEEEOWHNFHE ClH ., [ZOMOFE] DML EREIER D 60%FRETH S, Z DS D EzhRl
EHIELA®%ED S DICWHHBIEEEZHEE L, N> FISIGHHE  OFEEED 2HET LIXLERH D,

F72, &FEF FLAPW iR o — R HILAPW & U > 7 L7222l a— RO 21T 72, 5%I1%, H
BRI LD 74 ) VEHESC Berry HIRIC LD PR U NAAREREFHEEZIT ) 2 — REEEEIT O,

i SLFEFR

(1) Large-Scale Electronic Transport Calculations of Finite-Length Carbonnanotubes Bridged between
Graphene Electrodes with Lithium—-Intercalated Contact, M. Ohfuchi, T. Ozaki, and C. Kaneta, Appl. Phys.
Express 4, 095101, 2011.
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Theoretical Search of New Materials for Electronic Devices

WITEA !, §AFE . BY Ih3 ARER L LHEX IR RS
VRK, 2REUK, 33K, ERHT, °dbRRseimR
Shinji Tsuneyuki?, Yoshihide Yoshimoto2, Isao Tanaka3, Shoji Ishibashi4, Eiji Tsuchida4,
Ryo Maezono®
1U. Tokyo, 2Tottori U., 3Kyoto U., 4AIST, 5JAIST

BEZ/ Abstract

AT, BEILBEE R LN LB AL SR W ERAES 2L — P a Bk Z e L IR RE T
TIMADT V= AN —E G | SR A WER A RE T D, 2T AALL TOER M Z SIHICE S,
L&D BT RNF =3t RE2RBI 58T, OO T a v AT AL TEN e % B R T,

We are developing accurate and reliable methods of first-principles computer simulations of
materials based on or beyond the density functional theory to search for novel materials that bring
innovation to the electronic devices. Considering feasibility of their synthesis, we also study

thermodynamic s of the materials.

1. FIEBARICRE T 2 R

B EILEEIERB I ONENEB R 568 EWERERES 2L — L a HIE O, (LAY O B BT R LF —
SHROEBLRLE, M ER ORI - FERB LT 7. SFEEOELRFERIT TRLOBY THL.
(1) % FEE BRGNS RV LA TayRET 17 T 5 TCHIZBWTC, ZhETo SCF HiEX% A
W — BB RELIZIN A, BT loyy Ahay BEUR LA BLER RN CEELT 5 — R 2B L.
F72 TCHOF & T T haik7nr T CASINO ~DO#fki & HiEL, N—N—7 v 7R T
T NEERRT DT R T NERR U, [ET]
(2) FEEEEZRAWN-FERNBHED7 /T4 xTAPP % TlE, GPGPU % W25 7e A5kl B AE
MOt FEa—Ro7 bz 47% OpenCL &AW TR L. [HA]
) FILLTFEREEZXAWZEENESEDO T 0T A QMAS BIFIZEH W TIE, #E3kD MPIWFFIZNZ T
OpenMP % W\ = ALy RIS Z WA ANAT Uy RIEFHEANTIETE T L, (A 1E]
(CMSI L EAFSE B (F18) O /1245 T, xTAPP, QMAS BXOMES Y 7 hOMERE FL i 2 F2 0 T T 5. )
(4) AIREHRIEICLDHEENRESE 70/ T4 FEMTECK 728, & FIRREHE CHELR KBTI O3
BIZHBNT, 32 B b BRE B SEHA T 5 ISR 52 L CRE DR E A 725 2 872< 30% 2L L@k
MATRE T DA RUTC, ZOFIETITFRIARD W N3 OF531E4TL L300 BLAS/LAPACK %
FIALCRHETEDR0, BERE — 7 REICIT WA T 3 —~ U ARHIFFCES, GPU %07 78T — 2L
HEDELZEL MR THD, [ H]
(6) EEMEDOEHWEFREN A FIETHLIE—REBEFELTHILOEICKL T, GPGPU % V7o —Hi#
BB EEAGICEOMA TS, 2y REx Sl LT FMO-QMC ¥EIZxd 20 i, LAz —Ro—# #ak
(2&D 20 fEoEE AR T, F7 BEHARE IR O KFFBEHEIZ DU T Bl E 5 L7 D80E B OB
HipkL—F % GPU LBIZHAL 23 B 2 D Tnd. [Tl ]
(6) CASP(cluster analysis of structure population)iE&BIFL, 5D H —FELFHHEE L2/ v —7 1L
T, TENENDTN—TIZONTIZREI—READMEL /MU T 5L TrIRZ— RO AL N, Tl
DM BRI ESHET-. [HF]



2. FEREAFZEDRICR

(1) #TEBORECE — NICHE D B EMERSRE TIEZ AV, As20s, Sbe0s, BiOs 123517 5 i A A% 1
SRORE R EPRR & i L7=. [H ]

(2) EBRCERBEINZLDOLEENHEEL QRN T 72l GaN O i EZ S — G FE 2 H O CTRR
L, 757 =2 DREME T ELCFHE B OMAHRAZE D GaN 3 x /3 Igraphene- 2x 2 M h i 2 i s
ThHIE, FLZORTAE U GRBHRAED, AT ABETar ha— /L TELZ LA TRILE. [H17]

(3) [ L KRZ N —T 033 BT 7 a8 K K K—7 coronene 3L K K —7 picene D ibtid 2 B im
AR THREL, ETHEICOWVWTOMALEST-, EERIF TH /IR - & Sz B v B s 8 K
CasAl206FezAse 5 — R BREHE CRENTL, 7 = L OB - TR E DOFE 7IRHEDS, Fe-As/P OFy T —
IREE I REURIFT HILE LMLz, P RICBITHHREEEBIRE O m K 7 = /LI D 26 5 & B
TONDFEE R DRER ARG, [a1E]

@ KKRONTF D) =T iRal—2ar 270, B EPLBIETAIC LS8 — R R S A B DD
ECL OKORLS (Y ELT 411 K (13.9kd mol D7z, [FA]

3. S D7

TUx Ay BB OEGE LA BT T AL ATy RiEO5ES SCF 315, —&E 7l CI #HROEBILE
AEEHR B KO — R B & 1B 7T /L miE L O, Kl IEO# EINBEEIET 1 TG h~DNAT VYR
PLBEE FEEE, Ot FE 7 1T LD BRFHI I S B AL Z1TY . EIo 2B/ ZE M PR F
EOBRBEMGT T CThD. TNOIES FRH — R G R FIEEZ O TR E SRR EZ1T.

TCH++(F7r A2V AT v R k), QMAS (P i SL IS LA LRI 2LE) , FEMTECK (A FREFRIEICE
2EEEYLBE %), CASINO (85— 5 & BT Al 1, (5 COTFANEE A ET S, 20 <Ho0
Da—RTlE, GPGPU OF|HHEHEAFHE L TUVA.

[FE722m3]
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J&RZE(LB-MNCIM=Ti, Zr, Hf) DFB{=E 5 B LB BE R I L AR 58
Layered Nitrides B-MNCI Studied with Density-Functional Theory for
Superconductivity

BIA S L AR V2 BB RRR V3 5 HIER
VR KRBT ERAR, 113-8656 BUITH U XA
2JST-CREST, 113-8656 BURHRSCH XA
3JST-PRESTO, 332-0012 ¥ ER)II O
Ryosuke Akashi,! Kazuma Nakamura,l.2 Ryotaro Arita,123 Masatoshi Imada?2
1Department of Applied Physics, The University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113-8656,
Japan
2JST-CREST, Hongo, Bunkyo-ku, Tokyo 113-8656, Japan
3JST-PRESTO, Kawaguchi, Saitama 332-0012, Japan

BEE (200 FREEE) / Abstract(about 100 words)

BN —7 & @R EeB-MNCIM=Ti, Zr, HOIZB T HBEEIZOWT, BEASRBKAEL L O
BT N—7BIEAEEICE B U OB BB I RS 290 L. Fx 1T EEERIREIZ DU
TROFEREGT : (1) BEEBSBRHE~OEHR L & HI2(Ti>Zr>H), BEREITREED (2) ALY
EIXFEBRMEEDY 5 0% /& ) R—=7EDOJHAD &L L BITIKRTT 5. Lo H@Q@IXFERE KL,
PERDET 7 4/ AR TR AN TO RV RO EEMEDRIBIND.

We studied the superconductivity in electron-doped layered nitrides B-MNCIM=Ti, Zr, Hf)
focusing on its transition-metal dependence and doping-rate dependence using the
density-functional theory for superconductivity. For its transition temperature, we obtained the
following results: (1) As the mass of transition metal increases (Ti>Zr->Hf), the transition
temperature increases. (2) The estimated value is 50% lower than experimental value. (3) It
decreases as the doping rate is lowered. The above (2) and (3) contradict to experiment and hence

suggest the significance of the effects not included in the conventional electron-phonon mechanism.

BRZBIYBEEANY, BEFF—TICE->TEBIRERK26K OBGELZHITIILND, INETE
SDOWFERRENTE . LnL, TOBBEATRAEBIIRIZITHOGNTII RV, NMR FAM7H2], F
RN HIB], HBEFHBIANCEINEZOX vy 7T T Ny TR RBEINDD, BRFENEIRR]IX
IV, BF 7+ /U5EG4, SIVNENWZLRRREIND—FT, Fro//ERIRELBINIZOWE 3R
AREBEETHIZLERRTS. UL EDOISRMFETEERERPB/ESNTNDIZLN1D, ZOBEER
A=A LOEERIFRR IR EEN TN,

ARFFED BENL, B—REHED RN OBREMYITITHBBEDMBER AN =X LI DONTDHR
BH/AHIETHD. BFEOERIIINERELE T 7.4/ B D 24 VERRGE & FEDE R A DR B O M HE H>
BITONTEER, BICHIFICOWTIL, EFRZ—ar NI oVWTOE—RENRZENKRITTEY, &
EERREL TV, B4 IHEFEREBINCBEES ELEAEEE R (SCDFT) [6lIcE- <A v/ F0%
FEL, BRZ/MYB-MNCIM=Ti, Zr, H)DAFZEIZHE A § 5. SCDFT DRPTIIEFHZ—ntHEER D)
REwEORBRINSTA—ZELUIZBVANLNEETHY, ZHICEVETF 7+ /AL ETHZ—u 8
HAERX G NE—FREMNICEY#EbNS. SCDFT 13T TICERE BT 74/ OB EEERII 5%
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RGN EESNTRYIT], Tc ERMEEZEELSERLQNBIEND, SCDFT IXEF 74/ WS ERICR
TAETFEERVALRCBIENEEZBEISBWANLNDEVIZEBAZITANDILODOHS. REFRZIL
HOFNFIT Migdal-Eliashberg BFG[SIIZ E - IEFBIN TV b D THY, Wz iZ SCDFT id Migdal-Eliashberg
BRI IERBIET 7+ /U BEDO B NRBLTHIZLIRBRINS.

A EF 4 1%, SCDFT ZB-MNCLIZEAL., LT OREREE: (1) BBERE M ITHT 5 Te IRFEMEIX Ti<Zr
CHETHY, EBRE—F 5. 2) LoL, EREICHA Tec Z250% B ER/NHET 2. 3) F=, Tc DETFR
— 7 BRFHIC OV TEREFOERTFHEEZTET5. QO)DIIREREOR—FKIIZNETOD SCDFT O
BRI TIX RO T2 THY ., F5 5. Migdal-Eliashberg FFHTEROANOIN TWVARWSER (B E= 3V
X— /Xy T/ 7+ /0 TV — R OB BRENE - EF B — M EEROBEK/ = XX — K iFHE
)0, SEIORICBWTEETHAZ LRI T 5.

g° Liz(THF),HfNC] ]

T-Z y 2 9sl ok S Oy S Akt
= 4 & s 2 251 i, (NHy), HINCI & 1
M 12 .'"’ A M : st @S STEETEETI  aatetete R 4
,[[}E e Bt %, 4 !DE 20! Li,HINCT o S s )
o 10 1N
i McMillan He N g
i 8 ’ W 15} McMillan—* '
6 2 o P
R 4 — " SCDFT R e SCDFT
i A A " A
0 01 02 03 04 05 0 01 02 03 04 05
F—7E =z F—T&8z

L FAEEARBIRE O SCOFT ICHES< P (B - IUMA) & EBRIEOHE:, McMillan R[]I 2
SLTEME (B -MUMA) b7 ey 95, () LixZNCl R, SE8E (5 - L) 1X[10]& v 51 A,
(£) LiHFNCI %, EBfE (5 - =4, 28, ) 1F[101L Y 51 H.

[1] v E=—& L, S. Yamanaka, J. Mater. Chem. 20, 2922 (2010).

[2] H. Tou et al., Phys.Rev.B 67,100509 (2003); Y. Taguchi, et al., Phys. Rev. B 76, 064508 (2007).

[3] T. Ekino et al., Physica B 328, 23 (2003); T. Takasaki et al., Eur. Phys. J. B 73, 471 (2010).

[4] Y. Taguchi et al., Phys. Rev. Lett. 94, 217002 (2005).

[5] H. Tou et al., Phys. Rev. Lett. 86, 5775 (2001); A. Kitora et al., J.Phys. Soc. Jpn. 76, 023706 (2007); R.
Weht et al., Eur. Phys. Lett. 48, 320 (1999).

[6] M. Luders, et al., Phys. Rev. B 72, 024545 (2005).

[71 M. A. L. Marques, et al., Phys. Rev. B 72, 024546 (2005);
A. Floris, et al., Phys. Rev. Lett. 94, 037004 (2005).

[8] A. B. Migdal, Sov. Phys. JETP 34, 996 (1958); G. M. Eliashberg, Sov. Phys. JETP 11, 696 (1960)

[9] W. L. McMillan, Phys. Rev. 167, 331 (1968); P. B. Allen and R. C. Dynes, Phys. Rev. B 12, 905 (1975);

K. H. Lee, et al., Phys. Rev. B 52, 1425 (1995).

[10] Y. Taguchi et al., Phys. Rev. Lett. 97, 107001 (2006); T. Takano et al., Phys. Rev. Lett. 100, 247005
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JERT VY T AR SV I K ORFSE
Extended Ensemble Study on Bulk Water

WEER, RATIA, HHEE
RALR R F o0 FHORHRL 28 S SRR
Masaaki Araidai, Kazuto Akagi, and Masaru Tsukada
WPI Advanced Institute for Materials Research, Tohoku University

SNTFH )= TNVETANTERRREL, " IOKOREMNBEM TEIT ol NEHIZLLEITHR
LRIBRDR (64 KT, AEROEHAZRT 2/ W(TIPAP)Z AW RERE 5. biT, BR51%
R VERANWT, FAROREZHEUBRO LEE1T.

Bulk water system is investigated by multicanonical Monte Carlo (MUCA-MC) method. The
system includes 64 water molecules and TIP4P is employed as the classical force-field potential of
water molecule. We report the comparison between our results and the previous results by

Muguruma et. al., and further study the same system using the different force-field potential.

A UE TSRO LR - EX BB EORY - AR XX —REOEMRLE, (LFEMIIS HBHT
B PEEILES TEFICEER= XN —JHO—2Thd. {LFEMOERFH I LFo RN —LERT
FNX—DOEHTHY, ZNETICSRREMABINERLEN TS, 1 TH, VFU L4 ERLIZN
RKIND ZWREMSCBREI B S 1T, ZOIH7225 EERRLIZINT TF D CEIRBIZE M Th s, R,
IRBFE MK E LR F AL BER AR AESE L OB BEERE THY, ZOE MR EEb N5,
BUED =N —FEE KESEZ D ATREMZ D TS,

BT BRIV DML IR X, A4 OEMRE TS LUTKEE T TOBEN THD. Zhad BHimiicH
IO, FIEF MR ET V7 L0 IRt RSRIT S BE L0 % . ZORTBEICIROA T 721, Fo& 134
BT YT NAED— D ThH~ T A /=710 MUCANEIZE B LTS, ZOFER, B Oh /=71
EEIX LY, TR VXl L ORRE FHRICT DI LMD, RIROR M ORI L ORI
R BIBRAT S ATRE Th 5. F2, ZOZ LTI Z2 R EOZhRARER L ERL TRY, JOILHNR ERT
IR VOVERE FTRRIZT S, B2 IXZOFIEABEMOMEICHEAL, S &Ptk 720 O # - JFHI %
ROTFenEBE 2 TN5.

L EIZEF COHE— LT, BRI~ AF B /=TT A aMUCA-MOEZBIF L CWA. £,
FATHFZE L FER DR OK 64 43 1), [FIERD H 8L )R T2 2 U(TIPAP) & I C, 7SV DKDREFHRL
TW5. EBIZ, B IGRT v VKKY) & WG HRFE RO 2179,

L8IT, ~NTF B )= T B FEMUCA-MD)ZBI% L, MUCA-MC OfE LD AETTH. Zhic
10, BFEEATICH T > COIRARNBE RN EAIZEITRD. ZDHIE, ThHDOFIEEZAWT, KIFERFOE
B A A OB P OIKFA A ORPE G B ) F O REITH T E THD.

%I, mFE(MUCA-MC & MUCA-MD) EHIRIKDRIZIRES RV FIETHLD T, Fix
7RIS ATRE T D AR~ THs<.

[1] C. Muguruma, Y. Okamoto, and M. Mikami, Internet Electron. J. Mol. Des. 1, 583-592 (2002).
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Development of a linear-scaling DFT code CONQUEST

W MBI FoEAE D, BOREEERL K 2, University College London?,
A HE 19, D. R. Bowlerd, HIF @12
National Institute for Materials Science?. Tokyo University of Science?,
University College London?d
M. Arital?, D.R. Bowler® and T. Miyazakil,2

F—F —NiEF—RHEEHR 7 077 5 CONQUEST (3, %[ UCL LWkf #idE (NIMS) TIFI BRI TS
TT T L ThHD, 707 T LOWEFUERFRITARD TEL, 1005 FF R EWD IO 228 KBRS T 55—
JFELEHRETHH—F v b LTS, R TIE, 20707 T 5% jUHa B a—2 [ ICB R LI E3E L Bl
TEDAW HI a2 M T 5, EHIZ, CONQUEST IZ DFT-D2 {EAE AL HEEZRAL, A4 F v 3L
gramicidin A DR IZK T D215 — R BEEHF O H F 268035,

CONQUEST is a linear-scaling (or O(V)) DFT code developed by a joint team of UCL and NIMS.
It is highly parallelized and designed to perform DFT calculations on very large systems, containing
up to millions of atoms. Here, we report the present parallel efficiency of the code on the
K-computer and the implementation of the DFT-D2 method to the code. The example of an all-atom
DFT calculation of a complex biological system, gramicidin A ion channel in a lipid bilayer, is also

demonstrated.

ErmcbEox, JFf OTORIBEVEELSIADLH LT LI ENTE 55— FEE
B, ERERIKFETICEERMODH 27 — X ZHRIECE 2N R FILETH D, RO,
HETEORBICEVE - FHFENMEZ D20 A RIREL L0, eGSR ERDWE,. BRD
FEITEN > CT&ETe, LL, BIIETHE AN R D2 RO N ITT—TREICERD Y |
LD KRB RA~OE —~FEFHEOBMANLEEN TV D, B2, ERRICHT DHFEC, Hix 7o
HT 7 SIS K DR RE R R, BT L IXENLL EZ2 ST RICxE T 2 5 — HBEEH E S 2]
LD ENRLZN, L, BEHNON TV —REFEFECIEEIHEEN N O3 RICHHILT
W 272912, 20K 9 B RBIBR IS 2 5 — R BREHE 2 8L 5 F 3 TRETH D,

AWFZE, FHEREE, AHRICKLE R AT Y B NIZHHT 54— —NER - JREHE T 2 7T A
CONQUEST #BAE T2 Z LIk V| 2D XD R RBBRICKH L CHE - FEE R A TR L T 254 H
e 2, HETEIIBETYIKEILTH D, ZOFERIEETINRINTHLHEEHAN, FOHA
RISy NATEREEAT D LI DA —F—NEZEB L TWD, BETINL, &FFET
WZRTEL TWAHLE L BITHNIC L o TRENTWD, ¥—F v &R DFZ2DW A RIFBTEEE TR 1%
FTEMHEL TS,

AEE T, FICRHEa s Ea—% [ 2B 7 07T AOFATHRE, WHIMERED [ EIZEY #LA
72, CONQUEST T3tk » M OHE M TN T D, REREERIONROFHZTTU, — BRI D
INDBATHIOFTHIFEIC IR DA 7' U v RiES] (OpenMP+MPI) #R%5 Ofgift, /> 7w v &2 7l
BEAWD Z LI X DEEH S L BEHMD DO — =T v TORI, ATV v RIS OIER e L
AT o7, TR FBUERBRIHIMEN T CTh v | Fx ORBELIFELBEETE CTH L3, v a Rk
WX 2 WHMEPERE A TR TofER, 94000/ —F (M3 =7) Z#HOEHEICEWTHIZITH
RSN LIEREN S DN D Z L 2T TICHR L TV 5,
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Fz, BENAEGEOFDIC S &S HE— B FEIZB W CRE L 72 5 van der Waals (vdW) fHAAE
HEMTET 282, @F 0 DFT FHEIERBRI e 2 AT o v MIC K DMIEHEEZMZ 5 &0 9
DFT-D2 k& 7' 7T NMIEA LTz, T OMEHEFEREZICH D RHIE DFT FHR OIS~ T/N
SV, ZOFHREICEHL T A =X —NIEZ RO LT 17 T LADOEREITo T2, ZOFIELZ R
2P IS U O RAER & el L7e, & 512, A A4 2 F v KL gramicidin A (GA) (Zxf LT,
PNIVIK, AF . IFETEHE, GA 2T X TEDEMERICH L TR T ar v 27 bR
BERE 2TV, RSB < e LT —REE R & 5 L > TR LN RO EZ1T -T2,
ZOFROFFHEFREIZBNTH DFT+D2 B4 A L, vdW AlEHEO 2R 2 Fi <7,

SteiE, EEOMRIZI T 2B RBERICK T 2 IS HE R 2 EBLT 572912, FF—HRRICxT 2051
EhFEOm EE21T5, o, TR0 E LR 5m B, @REERHE OO O RfE#uE i b Bk o s
TR EERATU, BRA 7RI D0 HEHR (B2 X8RS REEEIC T 55H5H) 2% 5 FiET
b5,

ARWEFEIE. DRSO P 1181, Dr. Sergiu Arapan., FRHFO KEZEZHER 1. UCL @ Prof. M. J.
Gillan, & LU CEMRMIOMBEHEEE L% L OILFEETH D,

1. D. R. Bowler and T. Miyazaki, “ON) methods in electronic structure calculations”, Rep. Prog.
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Ab initio molecular dynamics study of electric double-layer capacitance
on solid-liquid interfaces
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Shinji Tsuneyuki, Department of Physics and The Institute for Solid State Physics,
The University of Tokyo

BEZ / Abstract

BRSNS E P ERRFFERELZFFOZ LT LN TWEN, ZOWHRMNRBERIIAR 512 o7, £ZT
R FE ) FEE AW T, FrICER R T A U 5 ER EE OFES =ITB T 2R 72 g
PraiTole, TOMR, THE TOHGmTITEMEFERTOBMEOH THE TWVDL LB LN TN
S CTOBME FIE, MR & FIEK D FEORTEE TWD Z R LNITRY | FFERREOMH
NS E N BB R E 2 R 2 LR S LT,

It has been well-known that solid-liquid interfaces have a large capacitance due to the formation
of the electric double-layer (EDL). However, in conventional theories, the capacitance near the
interfaces have still been treated as an empirical parameter. Thus, we investigate the capacitance
of solid-liquid interfaces with ab-initio molecular dynamics. As a result, we reveal that total
electrostatic potential mainly changes within a space between an electrode and water molecules
closest to the electrode surface, which cannot be explained by the conventional EDL models. It
indicates that the atomic structure of solid-liquid interfaces plays an important role to determine

the EDL capacitance.

BRI AECHER _HEITERL T RSO IR T A AR 2R E | FEME IS O CIEEIC
HERRTHY, ZOWRITENSRIN TS [1], EX _EHBELIL, WRNOAF 2R REICELD
AT SIS TR v /S DI EM ST L, SEFFAOBG Thd, FrICER N HILER &
JEIZE o TRWHEREEZL OTENALNTEY, S EbZOBREZRALI-ER _HEX v/ 3v 258, 7Y
— TR DA =V EUTRM I B O SV T2 R E L THIRFES TS (2],

BAEH WL TV D E - B E KSR IR T 28R ZHE O EAETT /LIL, Helmholtz, Gouy,
Chapman HIZXE-> THEZEIIL [1], ODOBEERICLDE, B _EHENL O ER &L, Helmholtz J&EPLHEL
&3 h OB RO HHEGIC L > TROBND, Helmholtz JBEIFIAA L BIFELRWEIROZ LT, ZDOHE
WCRAMAREER TARECNDEB XN TWD, EORE T EM T4 MR TR ST B,
BEE 1 nm WO TS, £L T Helmholtz & DM ZHLHUE LFES, F2 EERAYITEO NI ER RO,
BT AT CIIFFEAR RIXIFIE Helmholtz JE DR E TR E->TUWHZE, Helmholtz JE TIFAKDFHEEZRIT—
HHZET/NELRDTENRIBENTND, ILHUE NS OFFE A EITMITARIIRO LN TELNR, — 5T
Helmholtz JEDFFER EIIRRA) STA—ZLL TR OILTRY, FEBMERE OREL B RIS T
7hrolz, FZCAMISETIL Helmholtz JEOEER A IERERICIREL , R _HEOMIES, HERNE
DRESERD DN & T ) A r—)VINS B+ 552 HE LT,
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(Density functional theory: DFT) 1Z3-3<8 —F 4y
FE )RRV, SHICER _BEEDY Il —
VEATONUF AT ZAEJEZ AN 7= [E#R 5 n 4 B 0 %
IMENH DT | A NERIEE (Effective screening
medium : ESM) {E&fLAGDECHIAL [3,4], Fx
56— R By B B0 SR R A EBL T 57290
AR AT B L = N AV | T e - S L TRVl 27 = f
F7- DFT 2HEa—N xTAPP ~ ESM B 5L, 7 25 0 4 8 2
DRER, T 400 (EEORTRIERTIL, A0 SO
PIFFED IR 210 RIRHRUIR 7772 pepnis s oficire Loy, om0
LTI AAALAIGH, 77T BUIAALK i i L0, AT R
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%, BT NT DA K EEHR S (X PR 2 | AR AR
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LA A KRR O 2 —var et V1 e
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B LN B AT BE MRS & A\ 9 &
HTHOETEAN TRHBEIUET LTl L 3 A\ &
s B, ZORERAELD KNI H RS- K : ¢ : |l ©

Vacuum-like space

T N EFHT DT, AWFFETIZE T EER
BB LD 20 SR A AR B AR > TR 21T o 72,
ZOFEIZEY R ZICH R TR T X LR E)
Z I BRSFD ATREL7RD | IR EBIZFH SR T
I VERE R SIS LT,

LA LD X724 T5 1% AW TSRO B2, 3DODRNEBICFHESNTZART v Lo ma MR T, 7238
777 2 A T DOFERIIFF S5 E2 RS Th D, K1E2 B8N TIOFR TR HE T E TOHRKRER
KT VEALDBNEE QWD ENDND, ZORT X VEILICESWCEERES LA E. ThEh
11, 7.3, 13 p F/em® WO EEHIL, FEERTHRLNATWEA—F —IC—H LT,

L ED XD, Fox 13FIERRBRAIZ Helmholtz capacitance ZROADZEITAREIL  SHICBR _EHBIZRITS
RIMIRART e WEAIT A 7 Tle< | E-K O FIZHDZEM TERETWD, EVIOFTLWESR
CHEEOETNERE T HIENTEE (K2), HILWET L TIEINETOET L EILEY | Helmholtz JE
TKDIFERNE LN AEONLZ LT, Fi2, HEAR RITEME M BRI ST LKy 10
HEEICREKAFETDTENDND, ZOFERDD, TR E OFERCBK - BIKME R & LN o T R DR
REORESZHIE TED REMEIVRIR T HZ LN TET,
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(1] G. Gouy, J. Phys. (France) 9, 457 (1910); D. L. Chapman, Philos. Mag. 25, 475 (1913).
(2] P. Simon and Y. Gogotsi, Nature Mater. 7, 845 (2008).

[3] M. Otani and O. Sugino, Phys. Rev. B 73, 115407 (2006).

(4] M. Otani et. al, J. Phys. Soc. Jpn. 77, 24802 (2008).
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First-Principles Electronic-Structure Calculations for Novel Superconductors with
Perovskite-like Blocking Layers CasAloOsFesPns (Pn: As, P)

IER— 1, =5k 123, ARHETR] 13
LEEKHEF 72 A7 A 2JST-CREST, 3JST-TRIP
Taichi Kosugil, Takashi Miyake!.2:3, Shoji Ishibashil3
1Nanosystem Research Institute (NRI) “RICS”, AIST, 2JST-CREST, 3JST-TRIP

N7 ZAANMID T vy 7 @z R o8k RERER CasAl206FezP2 & CasAl2OsFezAse DFE T IREZ 5 — i
BEHE Tl ~7z, CasAleOsFeaP2 (370 74— VRSN T VLT /) — A28 W T, T OJEVIC =2 (m,m) D
JEAVIZ— DDA T 2 VI EFFOZEN o7, ZHuT CasAl:OsFexAse SIIxRAITH D, JRTEV =
TRIHE W RATIZED . 2O W E OB GO I I =N UV RF ORI O ZITH KT D2 LN
BN o7, A CasAl2OsFes(As,P)e D TIREEIZ DWW TH T,

We investigate the electronic structures of iron-based superconductors having perovskite-like
blocking layers, CasAloOsFe2P2 and CasAl20sFe2Ass, from first principles. CasAl20sFezP2 is found to
have two hole-like Fermi surfaces around I', and one hole-like Fermi surface around (m,mm) in the
unfolded Brillouin zone. It is in contrast with Ca4Al2OeFe2As2. Analysis using maximally localized
Wannier functions clarifies that the differences between their band structures originate mainly
from the difference in pnictogen height. Alloying effect on the electronic structure of
CasAl206Fe2(As,P) is also analyzed.

LaFePO (T=5 K) [1]& LaFeAsO (T=26 K) [2]I2351F 2 URE DS Rk, #RB RS OMTFEH B i
AL FEERAJICH RS AT N TUVD, LD OWE OESEIR I I8k E DO =27 87 (Pn)Jf DR S h EFHES
75>§>%’>_<‘:75>%HE>2PLTV%>[3] BUREIZBE 5T 20137 =V I B OERD A LUE TH D720 ADEW)
B RO EFIRIBIZE DT D0 E TR OZENEE TH D[4,

a7 AHANLDT D\‘/ﬁ)ﬁ%ﬁoﬁk—é% BT HEIES WS TWD, RAFSETI i%h%@5%®
CasAl206FezPs (h=1.306 A, Tc=17.1 K)& CasAl:OsFezAs2 (h 1.500A, Tc=28.3 K) [4] D7 T IR B4 %
LB PEER (DFTICEE OB — B R T~/ [5], BHHEIZIX, Projector Augmented-Wave (PAW){£<E
SEEE IR A AW r s A QMAS Quantum MAterials Slmulator) [6]% V=, 3672 b0y
BOE AU REEZ 11277, CasAlaOsFesPs2 (3 T DJFVIZ = >D7 2 A& F>, — 7, [FLL FeP
JEZFF> LaFePO O T OEANV D7 x LIHIE D THY, ZOE ), CasAl206FezP2 28 LaFePO LhH &
BRI A FFOZLIZ DR > TNDHE TSNS, 72, CasAlaOcFeAs2 [ X T DAV — DD 7 = LIH A FF
D7), T AIWENGELEOE IR TR L7290 , I RTEY == #LE1C 15 d BB R AR L 7=, =
NENRUROT 75— T A T8l Ar B EHET 5 NUNER AR TE%, CasAleOcFesP2 &
CasAl206FezAss DZILENDREEITKL (b FHH KA CasAlaOsFeaP2 95\ M CasAlzOsFesAse [IZL 7 & &
D 5 NN LD REEIEE 2 DI o7, ALFAHRDN E S TOTHREIED [E L CThitiE Mg
IR0 ITN, FRIZ T o VYERLUT 5 LB DIE NI E A E LN e 5D, SR D
REICREGZEL QWD T 28 T ICRTELT. dy V=—HLEROE T OROBIIE S TH (7],
LA ANTZEZA | HEEDBEO DS DIENIDS RESEET DL o7, BARRIZIE, A OEWA
OBV Fe- PnrFe b D% GIZKREEET 5,
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B RIEN EITHEE CIREDZENIABLINT 2o 72728, CasAl2OsFeoPs & CasAlaOsFesAse D&% R IE
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DI F I L B IREBIRE R LN E DT e RSN,

Ca4A1205Fe3P3 C34A1206F82A52
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Acceleration of QMC electronic structure calculations
using GPGPU aplied to extended solid systems

RugtR, AUREER  AERRSEERRIEBIR KRR R  HEHE TR
Yutaka Uejima and Ryo Maezono  School of Information Science, JAIST.

BEE (200 FREEE) / Abstract(about 100 words)

RO mWVE T IRIESH R FIE ThHLH — R & E2 7 /L AR LT GPGPU & HW @ b &1 T
oz, By e HIE B O FAE AR R L — T % GPU AWBRICHadE L7, &8 1/ FET LA T T4
> HEIEBIRUR B ORI S 2 | GPU (SX D081 3 HULBE Tl b L7, TiO, 0> 1536 D HE R/
Tl Izl —ra ML, BREE T 30.8 fFomd bz Lz,

We accelerated ab-initio QMC electronic structure calculations by using GPGPU. The bottleneck of
the calculation is replaced by CUDA subroutines, building up spline basis set expansions of
electronic orbital functions. We achieved 30.8 times faster evaluation of the bottleneck for the

simulation of TiO2 solid with 1536 electrons.

[ H - AN BIALE D1T]

BF 2T INaEII RO EFREBHEFEICHA, EFHALERAOBEROIZEEEOBVWFET
b5, FEHHFEEBIC, WFLMERERX 90%(20,000 W F)EEL | BIFIR/RATH LT FIETHD, ERHE
E LM EEZRTTRY, (ERFESEER T 50 T B /10O BIEICH 2@ A SRS TS,

—F5 ., BITEMCTO CPU BfEka7 ottgem LSRR Z X 92od5, BItFIFtRL, A=—aT - T utky
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GPGPU %78 O EEEDB mNLBERN TRV, BEHS DA% GPU L TAESE 5 —HF#iEic I o
BEm EE BT IENBENTRERD,
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AFFETIE, ZOFEZERROBRFT T HNVaHEICEAL., 3R OEELS THHEFHIE LD
BAERRERR Y T NV —F % GPU T T DI5WAT—RO—EEHEE L=, FIHDFELE TIX GPU TAHES
NAEEE S OWFIECHEBERNZ L, O LR RON 2Tz, FZTEFORF T NIV LE R,
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[1] Yutaka Uejima, Tomoharu Terashima, Ryo Maezono, “Acceleration of a QM/MM~- QMC simulation using
GPU”, J. Comput. Chem. 32, 2264-2272, 2011.
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2B FREEER TOMBO (21 A% — R B Hartree—Fock, hybrid, GW &5
First-principles Hartree-Fock, hybrid, and GW calculations
with all-electron mixed basis approach, TOMBO

REIES, FFE— MEEVRFRERLFFYETLFa—X,; *77E VIR ()
KBS, SHFA ERRE T, TR, JIIRREE RIERES R BT
B O RS BOXREWMERISERT
Kaoru Ohno, Riichi Kuwahara*, Department of Physics, Graduate School of Engineering,
Yokohama National University; *Accelrys K.K.
Hiroshi Mizuseki, Kazuhito, Shida, Ryoji Sahara, Takeshi Nishimatsu,
Yoshiyuki Kawaoze, Institute for Materials Research, Tohoku University

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

ERAMEEFETOIHBREL T, &8, @REDOEFHBEL AUy 7 ORI 2B Z RR D 0HE
Db, Bz BHEBERLZ2EFRAREZ1/52. TOMBO X HEA DB O R 7B FEE T 1
BFHELZRRATAIE—REHEFETHY. LDA £721X Hartree—Fock 2> Hi & LT hybrid, 2"-order, GW,
Bethe-Salpeter 72 & DFHE B FRETHY . ZHUT IV RDHif it R E TOHRIAVRITH U TEMR/RF
Y7 LEFREBETFETHILNTED,

As a starting point of calculating actual materials, one has to solve the serious problems of
electron correlations and band gap of metals and insulators. Our original all-electron mixed basis
program, TOMBO, describes one-electron orbitals in terms of relatively small number of atomic
orbitals and plane waves. Beginning with LDA or Hartree-Fock, we can perform hybrid, 2rd-order,
GW and Bethe-Salpeter calculations and predict correct band gap of variety of systems from isolate

to crystal systems.

(A28 - FARROALE ST B AR - BRY) LDA (IfEARFHTFETH 0 BRI & XV IRV IS &
LTV, Ny Ry P2/ N T 5720, IEMRIEEIRELZ RERW LWV O BHRREZ 202 T
W5, ERMEIZEET L, E5TeR. MREKOBEFMHEE N F¥y v T7OREZ RS 20LER D 5,
F 7o, BEREVEFE MBI ORFZEIITE TR 227 RV OFE N RIER, ZD7-HI121E. LDA OFsHA %
#8 %2 C Hartree-Fock <° hybrid, 2nd-order, GW, Bethe-Salpeter iR %179 Z L DN ETH D, Fex M 20
I OH ZNTTHRFE L T TREHRAGEEE] (e 27 54 TOMBO) 1%, 2EFORHAT
B - B PE R & s O T & HE i & LTINSk, R - A, RS OB IREER R LU GRIEKEK
HRGHERZE (BSSE) OMBEES) F—FHyFE ) FEREICEMN TE 5 Lo L RanEn i
Fa o, BPEDNBEEZRF - THRICRET LI LOTEL%E2F ) VT A ARE —FHHAETIETH S,
Z ®Oa— K% T Hartree-Fock <° hybrid, 2nd-order, GW, Bethe-Salpeter &5 21TV, oA Hid) %
Bl MFARDOEFIRBEZREE T SHEEEIMEOMECHFETL L2 ANE T2,
[(FEFIE] BLEOM B R T LT &R ERE TEFIRBOF R F LT RE D, EERITIEA
YRRy T RIFAEL TOTh, FHEO MRS LDA TR BIZR> TLEIMERENHY . ZOREAfFRT 5720
12k, EHLTH Hartree-Fock L ~ULDFHRMNMETH D, #1Z Hartree—Fock R IF T RILF —F vy 7 2180 KETE
fliL CLEIDT, ZHAEEET H720123 4 13 hybrid FHRIS KT GW FHRAZIT, Fox WS T REFREGILE
ENTFER RPN OEDOERTRSHARFEOIMA DLD THD R, £ L TRE S DOV I C IR EI7R 55 ik &
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(1] HETE—. BRENZRFE R LEE Lo — 2 e [RE R EEECE D N— ) —7
F v 7 BEER T 0 7T AORSE LN ~OISH ] (2011.3)  AAMEITZ 2010 IR 2 26aTF1.
(2] S —, BFR RN, K¥FNED REFRGEIKEIC L 2 HOERE GW FHHE 7 1 7 L DB

A A2y 2011 4ERKIIR 22 22pPSA.

[3] Soh Ishii, Shohei Iwata, and Kaoru Ohno, “All-Electron G'W Calculations of Silicon, Diamond, and
Silicon Carbide”, Mater. Trans. 51 (12), 2150-2156 (2010).

[4] Yoshifumi Noguchi and Kaoru Ohno, “All-electron first-principles GW + Bethe-Salpeter calculation
for optical absorption spectra of sodium clusters”, Phys. Rev. A 81, 045201;1-4 (2010).
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Parallel Reaction Route Explorer and Cultivation of Unknown Chemistry
KEFA—  BHEBEME SRR
Koichi OHNO, Toyota Physical and Chemical Research Institute

FAbF AU AT RE 2 LA & 2 DSOS 2 RmiZ BEPER 75 GRRM #£4, WFlHkd 5 Z & T,
TREE e PR O R TS, FEIES lepu TEAED DD 12 R ROWEEZ . T cpu DiFF
GRRM VETITHARRETITHO Z N AIAEN D,

The GRRM method enabling us to discover the entire chemical species and their reaction
channels for a given chemical formula has been improved considerably by a parallel algorithm. The
entire reaction network for a 12 atom system can be explored within a few days with several thousands of cpu
by the parallel GRRM algorithm, though it will take much longer than several decades of years with one cpu by
the nonparallel GRRM method.

R OEMEHFM & L THERRWEZETHEY BT 2 &1, (LFOERERELRFETH 5, BRI AN
DRI LTALE Y OFESEIL 5000 SHFHIC S K523, ZOHIE 12 FEOJR T LET >&2 i~z &L X2 T
I DNEFFEA G DD 12154 48 7900 T ITi@mENIZKIZR, Theb b, F O A by CrRIEE"
{EFOHROB—E Loy, AT TITL TWH2RN,

JRERNC ATRE 22 b O L & 7L F5H R CIRBEAIC X2 &I FRECH D 23, 12 JR 7R CTH %t
G LARBRT Y X V2RI 3X12—6=30 KTTIC b 720 . 1 RIE 10 4. 25T 1030 Hok 75 % 1 4
TR TEE L= L LTH 1030 B=3X1023 305 13T TH Y B v VAU M HHFEE TO 130 {E4E=1.3
x 1010 35 TH . 2D 1013 sy 1 FREE LGRSO, FASHERE LI Z LTk b,

ZOlD, FFEOLFRTRINDILEMIT, EOX I REMEENRHD, TNODED K 9 2R RUGHE
BTREENTWDEINERSIRS T EIE, RARREBS AN TE N, BAITIART v VOIEFFT
FEBIZERTHZ LT, AROFETEMELR S G
Rk EFEoSLNUTAOIT HHEkmEREEEZRE L, £
NZ#E#H L7~ GRRM 71 75 KA Z&BI% LT 72[1].

AEER R SRIE Tl A& i 18 oo J8 P O SOS R8I &
BESROTHT 11 GE D BRR) 20 IR$ 2 & TR
IR A FEE T, 1 AR D BRI, FAET D P

parRALLEL GRRM

WS OO TY =T 725 LR R[RETH VY . R+ EQList EQList EQList EQList
TS List TS List TS List TS List
BDOLZNZDOERISREHEOERERER 2, 1 5880 DC List DC List DC List DC List
FRICHFS HHFHRRE BN TE 5,
FEAF GRRM % 1cpu T D &, 12 JR R DA Done List
R ORI A F A2 ET A 08, 175 GRRM % 1000
o - o e e Fe s TOTALEQ List
cpu Tz 1 10 HEREE, 5000 cpu THr H L 4G C TOTALTS List
x5, BAE. HEEDOHA cpu BAE T, W5 GRRM O TOTALDC List

NI p—< U AEPFEFTH D,

[1] K. Ohno, S. Maeda, Chem. Phys. Lett. 384, 277 (2004), S. Maeda, K. Ohno, J. Phys. Chem. A 109, 5742
(2005), K. Ohno, S. Maeda, J. Phys. Chem. A 110, 8933 (2006), S. Maeda, K. Ohno and K. Morokuma, J. Phys.
Chem. A 113(8), 1704-1710 (2009), S. Maeda K. Ohno, K. Morokuma, J. Chem. Theory Comput. 5, 2734-2743
(2009), K. Ohno, S. Maeda, Mol. Sci. 5, A0042 (2011).

P-08



T BB OWIERES 2L —ay
First-principles transport simulation for nanoscale systems
/NEFfHL . RIRORZE RSB T2 208
Tomoya Ono/Graduate school of engineering, Osaka University
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[abstract]

We implemented density functional calculations of the atomic configuration of electron-beam irradiated Cg
thin films. It is found that a rhombohedral Cg polymer with sp*-bonded dumbbell-shaped connections is a
semiconductor with a narrow band gap. In addition, the polymer changes to exhibit metallic behavior by forming
sp’-bonded peanut-shaped connections. Conductance below the Fermi level increases and the peak of the
conductance spectrum arising from the t,; states of the Cgo molecule becomes obscure after the connections are
rearranged. The present rhombohedral polymer is a candidate for representing the structure of the metallic Cg
polymer at the initial stage of electron-beam irradiation.
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Efficient Utilization of Computational Resources on Computational Materials

JNER(E 2 . FOXRF R 58 RT
Nobuyuki Kawagashira, Intistute for Solid State Physics, University of Tokyo

BEZE/ Abstract
FHEMERFEOWTRICIT, WELIRE L ol — 1 al T DA R LV B R LA LR TRY,
ZORRIE T WFEED D LT RERBERHE THD, A3 ar OFIHHEHIIE DX Fak OAFFERDL
DEEZBEL T, SHEEROZFEIZONTREFZ N A D, CMSI TIX6FEHDFFE R —E 2%1772-
THEY, TOMMRIAE P22, FHORMBESEZHH L, RAFIH DG #a0D, 4%, sHEERE
BRI D588 ~DFEZITV, A2 R ORE R AR ERICL T, BRLWEREZ Ao T
AN
For computational material sciences, supercomputers are necessary to simulate the physical
phenomena. The efficient utilization of computational resources is a crucial point for research
activity. We investigate usage of supercomputers by their usage statistics. The CMSI provides its
members with 6 types of supercomputer services. We will seek effective usage by analyzing the
usage situation. More detail consultation to casual users will lead us to a further improvement of

supercomputer utilization.

CMSI TIX6 D RGP —E A& R UL TR0, ZOFI AR Z 3528, FIH o R S A Hh
L. SRR O S # 2 R->TOETZD,

FHREIRIILL T DY Th D, (DHFRFWIEIEHT A7 4 B(15360 =7, 108 TFLOPS), (2)5 FFF
SEHFGEAT (R OA Ty 2 4.0 TFLOPS, 4.0 TFLOPS, 5.4 TFLOPS), (3)HU K22 #iik v
»4#—(1024 =7, 9.4 TFLOPS) . (D4 R KM A 2 — (3072 =77, 30.7 TFLOPS), (5)HHIK
FHHERF G T PC 77 A% Psi(120=27, 1.2 TFLOPS), (6) =t B 2—# (8162 TFLOPS),, (1)&(2)I1XFH
EIRD 20%7% KARFEHH A LU CHEIE A A L L CTIREEL T0D, RERETROR R 272012, SMTE IR S
LT, BE@EZKL, A= TRAL TS, GIUZHOWTIE, A B a—X TO KRB HEAL— X
EDDHT=OIZT N7 HELTIEA LTz, (OISR RO R G ChHHID | FHEYEM I EE Y —/L
(272583 %, R 24 4F 11 H O3EH BRI, BEICRBUER L L C7T7 L — 7 288k L | KB R O %
fEHED D,

FIAF BN TR Z T o722 A, FIAE O SHWIFI A RO, ORI HE ~OREIZAET T
IRk THD,

A3 FI R EE OB DV T AR R R O B AR LKL T T o TODRS, BF5E
N—TNDEIFGEE OMSIVEREL 2o TR, EERD AT R ~OEAE S M HEA TN EN)
FHHIDI LN, FIUHFREN T UNTOEFRFEERFEDOAI = —a B HIFITITOA T
HH3, — HAFFREN B> TLEIEFERO LG 1T E WO TWRVY, CMST CTIIAFFEE DSWFSEHE R 2 £ 7273
STHFEEATHr —ANL WO T, [HHREA ORMBEIIHEF ICEETHD,

Fo BHEOFREFREY — AT 2 (SH RN — R = 7 O 5 #H0 Bes T DT | B 2R REDS
AT TETCND, THY RGO L, AR OFE L, A TELY 7 =7 Ml 4 O —E R TR
S>THEY, FIHEIZESTHPIZWRILE 22> TNVD, VOO RIS —F =% 2 a7 biE
ST TCODATREMEN B VD THD,
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Super-exchange interaction for the electronic excitation energy transfer

FIEEED V2, BA)EM W34 U RRE R, 20 F0F. P IR KT, * &uhf
Tsutomu Kawatsul:2 and Jun-ya Hasegawal.34, Fukui Institute for Fundamental Chemistry,
Kyoto University, 2Institute for Molecular Science, 3Depertment of Engineering, Kyoto University,

4nstitute for Quantum Chemistry

BEE (200 FREEE) / Abstract(about 100 words)

Jihid =L — BB EETIIEE R AR IO B D - L —E MO b EEER 2 R FE D — > TH
D, TR _%ﬁ&%ﬂﬁ B H T =7 HE LU TR END, £ DR A RO HLEER K FD—D)3 hiEd
R DOE A BT TV T DRESTHD, RWFETIIEET IR0y TV 7 ~D2RIE 53+ £
T}i*\aﬁb@%ﬁb CROBARMIED T 545 E | BLOWINT 2 FIEEZBARL T\, 2Tk fE5 o phk ik
RERCAUGE 53 T\ LD B~ T,

The excitation energy transfer (EET) is the most popular fundamental process for the
photoenegetics as the photosynthesis and bioluminescence, that industrially emulated in the
organic photovoltaic cell and fluorescence probe. The EET efficiency is impotent and determined by
the electronic coupling between the excitations. In this study, we have developed a method for
calculating and analyzing contributions of the super-exchange term through the virtual excitation
states on the bridge molecule to the EET electronic coupling. We have then investigated the type of
bridge molecules and excitation states.

[HEEHY - EATRIALE ST ]
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Ab initio prediction of superconducting property
considering anisotropy of electron-phonon coupling

FFE& A, GHEILY, BITER AP
RIRRFERFH PR AR WELEFL A, B KRFEWHERITFERT
M. Kawamura?, Y. Gohda4, S. TsuneyukiA-B
Department of Physics, The University of TokyoA
Institute for Solid State Physics, The University of TokyoB

M=

2T — BN OBIDER O T 2 B 5L {55 B LB B P s (SCDF LN S <ElfE =t
Ba—RORBEEZIToTWD, Fex Da—RTIXE -7+ /B DR GEE T X THROVRIZEN EHKS,
FRRTFTOTANTEE LT, Al Nb, MgB, (ZX L TEDOF vy 7 B BRBIRE KD T, ORI,
MgB, DI5E TIFEITPED DRI RICRE B Z M F T ZEa R LIz,
Abstract

We are developing a numerical code based on density functional theory for superconductors (SCDFT) for the
ab Initio prediction of properties of superconductors. This code allows us to treat the electron—phonon
coupling anisotropically. In this work, we calculate gap functions and transition temperatures of Al, Nb, and

MgB, as test cases. We demonstrate that the anisotropy greatly affect the result in the case of MgB,.

R EUR DM v 7 BRI IR 72 O) 25— RO TR 22813, BEFOWE ISR I 5850
BEEDT-DITH | IR DOWEOBERDEHNOHEE ThHLHEB X BND, ZDIZHDIFIELLTHERAWS
A CU5 Eliashberg HlanCld, BLEMRFEEZITHZOIIZGHRAANDO BIEN D)X v 7 BI 0 57 %
B TR ICEAS T BERHD, -, BFHO7—o  FHEERCEL TUTREHBOITE ES, Fx
(TZAUCKILCL AR S AU R R B [2] - MgB,[3]- M £ F 7 v Ve g[4]- 777 7 A N b &7 (5] % |
HASN TEOEBIREL BHBL CODH A5 I BISEERER(SCDFTIZAE B L, ZO BRI S<HE
SR =R AT > T VD, AL TIXZOFMEF Ha—ROT AR EL T Al Nb, MgB, D¥ vy 7 B
LR 2R DT,

SCDFT O#MEAKICEVTI, ROBHIXRILF—IIRLTEFEE: BCERFERICET S AE

B n 2TV, BCS OF vy THBAICULFRBAER/I[6], ThEBSZEILLFSNDF v Y

THRBOEBEZEAN, BEBEEEZFATI LN EKRD, ZOF v v 7B & (Kohn-Sham EHE

BEEER)VENZERIEENY, Fermi HLOBEICHISTEF v Y TEBRE N IIILMRENDRRT

BRZEZh2F vy TERLNICHSH TR ENMERD,

AW TITEA T4 /A DOR A2 TEBICANTHEL, B2 ERL CER L LIZEEEZ T-
77o TOFERLLUTHEDLNT-UERIF S OIRFERE E A X 1 1271, Al, Nb ICEAL CiEt2&E W b
W, MgB, DEIZITNR0 572> TD, BFZEH R TIL 2 EOX v 7 EENHDHN, 5 H7EHE T
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Determination of the self-diffusion coefficient of the silicon point defect diffusion in crystal

using Car-Parrinello molecular dynamics method

WARBET. A, IPCMSB, [RARFEMHET. C
/NRfE— AB. Mauro BoeroB, & H &R C, #fl|LI{F A
The University of Tokyo#, IPCMS CNRS-University of StrasbourgB, Osaka University®

Kenichi Koizumi#, Mauro BoeroB, Yasuteru ShigetaC, Atsushi Oshiyama#s

BLE / Abstract

U a U ERNICBT D RMEOIEHIZ Y 2T S AMEROBICEE CTH H, F— 30 FoHIv VU =
AERNORMOIEEIC L > T ER I END L EX BN TVD, RECBIT DHEEFRITILE S L %
IR DN TEY, ZOLIRENLTY 2 RO B CIEBD A 1 = X NIWE, MR O 50 43k
DL 72> TN D, ZOBRREEH S AFIET 5 72 DI ITBN 2L %2 FH T E 20 T8I %0 FIER
VATHDLN, ALFEREBDOMBIEZ LD T-0F RIS Y I 2L —va VBSMETH D, UL,
INETEENRETNE SRV I 2 b— g3 VI OWMEITEY, (LFROSOBLITIE, LB M
DOFEHLES O TRE TOMFERIETEZE Hnoitd GGA ORFTHLETH D, ARIF~ 1%, B OILHR
$aRDDHZETHOIBMOEE R AN = AL ZORF A — )L TOBPEREEZ G L, [FRHZ Z
DORJEIZXTT 5 GGA OFMEEH I Lz,

Atomic diffusion in materials plays a central role in the fabrication of silicon devices. We determined self-diffusion
coefficient by using first-principle calculations and simulations. In order to clarify the microscopic picture of the
self-diffusion in Si and obtain the corresponding self-diffusion constant, we here perform extensive and detailed
Car-Parrinello MD simulations within both LDA and GGA.

[ - FARBIALE DT ]
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2. A CIEBUREE 2 TRBRI N T A= ZPEUT 3 — R B D T TR D, KIfald interstitial, vacancy 3%
Z B0, ZNHD B CIEA~DZEH X E DI > TWBDONEVH T H CHEH DO AT =X LD METH
D, ZNEIHGENZT D,
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4. FTENFRab—aiETFEIETHRL B TR T A — /L TOILHBIROfF e te 125,
Varo B eiEBEHRSRIIEFOEDISRIRDIENCL > TEZ - THDD00E LT 5,

[BFsEFi4]

Car-Parrinello 43 FB) )7 LRI RZDFHL . B CIEBEREE RO D DICL IR TD/NTA—Z 2 i —
JRERFHR DR DTz, FHEIZIE LDA & GGA Wz, FHEICHW =7 127 Al Car-Parrinello 4318 /177
NFEIESN TS CPMD ThHD, ZHETOH Car-Parrinello {ETOMEITIZ ALV, Fex DFHETIEY
/LI AUAHE D R BENERL O RED G B OARARR =R/ — O NN b T-7=8 | &0 B B EICE
BUREAE AL TW\D,

[RRry72m ]

GGA 1, 7 AV M= DILW IR D E DB EFEPANIZIUN T, LDA OfERZ2 KIRIZWET HZEDH 5
ME7eo7-, GGA Ok EEILTT migration energy & formation entropy DAL AH D TH5H, LDA & GCGA T
(TIERBDIF T LI TDAN =X LR | P A AATO IR EFEDY GGA TIXRFEINIZ RN DT LA
Bnkrpolz, LDA T T HZ T 0RITDIVECEBEN Z AT, A=A LIONT Interstitial &
vacancy EHHAEN B CHEEICE 5T 5D W) REIZ DWW T LDA Tl interstitial mechanism 232 Cd
DTN H CHLHIRE DR RO BINERD | VA N O B CHLRO 7 m A2 i 27— /L O 7>
HHBLMITLTZ,

[E4%]

Kenichi Koizumi, Mauro Boero, Yasuteru Shigeta, and Atsushi Oshiyama, Self-diffusion in crystalline silicon:

A Car-Parrinello molecular dynamics study, Physical Review B, 84, 205203, 2011

P-13



NAZ VYR EFHEECTHWAEZM DFT a—RFOE# b & EREFE il
Optimization and performance test of real-space DFT code for hybrid

quantum-classical simulation

B EA, BEKRF MR
RBMETR], £ HBIERF
Takahisa Kouno, Institute for Solid State Physics, The University of Tokyo
Shuji Ogata, Nagoya Institute of Technology

BEZE/ Abstract

BREBE R 28 L HIUR 7 & U TR D il E B OIS EDE D 2 & THRABIKDFE
HWFEE LT oA TY) y FETFEMYI 2L —rara— ReREIER EHREFREICE, 0FE
ICENEREOEEEREWEZER DFT EExHWD. SFEIE, REBERICHIST 5701220
HOA—Z—=NAbZ#REL, TOWSIMERICHEHT DN F~—27 T A b 2fTo7c. SbIT, Tr DEZE
] DFT = — ROFHEBRICEAT 2028 C T, ZoEEbic oV Ttz D,

We have advanced the hybrid quantum (QM)-classical (CL) simulation code, which combines the
electric structure calculation for the QM region and the empirical inter-atomic potential for the CL
region to shorten the total computation time of the total (i.e., QM plus CL) system. In the hybrid
code, the real-space DFT method is used because of its high parallel efficiency and flexibility about
the boundary condition. In this fiscal year, we have proposed a divide-and-conquer-type, order-N
real-space DFT method for large QM region, and tested its code on supercomputers to measure
parallel efficiency. Furthermore, we have proceeded optimization of the real-space DFT code

through its analyses about computation efficiency.

NAT VRl LT, B -REA R T DS iR - & U Ol BRI A )L A o TR R
WD X A F IV A% KB DR E T Rab— 25 EThHDH. XA FTIVADTIab—ar w117
W, 1ZALAT T HEOHBEREMIZI00RELL FTHAHZENEELW. N7 Uy RE o — RT3 &1
TEIROFHRIZFEZEM] DFT EE HWTWDA, & HEIROFHRRER T BAE I R TRE R VR 2 44
LG5, RFZED HINIAAT VR & i o — RO EE b ThY, RO K 2% 553222 M
DFT 5O @bl s a7z, 2220 DFT 2 —RIZ2W T, BEfF2—R® Kohn-Sham [ A EFHH 2
Iwata % (J.Comp.Phys. 2010) {Z&% Gram-Schmidt [EAZ L7 VTV X L&D AN TRl 21T -7, 2,
a—RDOGH % To72LZ5, Kohn-Sham HRERD 7255 3R DN IER RN &3 Do 7. BB BIEEE D31k
JLEZERM T — X Fa—RNTIH IR IET —XELTEEIL CWDD, ZNRtE CTHE LD T — X T 7B ADEE
IR ITCDAL Ty 7 A ONE T 58T, 2hRBLED 1 LT —XICT 78R T L HIEEZ R LR
{bE#EDT-. F—&—N {bLT=EZEM DFT 2—RIZ oW TIE, FOWFIMRER 4 i B RS g2 27—
DARA FX1 VAT L& W TR~z

SH%IE, M7 Uy R EFF il —FOXb7e 5 miE b E RN FIHEICKHE T 572012, ZTNETIToTE
7= MPI 7517215 Tld7e< OpenMP (2L DALy RIEHIBFAIMAATENAT Yy R EATH T E ThDH. IH
(2, KRB B BR B0 KB G R IT DRI BATY T8 Th 5.
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Making Nanostructures in Alloys by Using Spinodal Decomposition

/ANEE B L B Rek 2 EREFIA 2 RIHFEE L S HiE?
PERRIET VAT AL BRORERE T 2
Yusuke Konishil, Tetsuya Fukushima?2, Kazunori Sato2,
Yoshihiro Asai!, Hiroshi Katayama-Yoshida2
NRI-AIST! and GSES Osaka University?

M=
B CFEIRICB T DT RSN A 5 (RSO FIELL TAE ) —F )V ENE R STV D, AL
Tl KKR-CPA IRV B @OR RO AEMNERRL, 2 e WSRO E 7 h1m ol
— a9 %&1{To77, Spinodal decomposition attracts attention as a method for making nanostructures in alloys
and semiconductors. In this study, we calculate interactions between atoms in alloys and simulate making

structures by using Monte Carlo method.

B, KI5 T S R I EVEM B K E e 8 O FRE BT 5 FEELTHER SN TN,
T/ AXOHEEZAED TIEIIR A b D050, EAULE B Z TG G L TR IATADb D THH)
INEENII2 5 TLD, TOEW TAE ) =X Vo3 7% Wb O3 E B SV T0D, ZAUTENROWE A HIL
TeRRZAH S BE R XD AT H L 726 D THY | 1 Y70l | ML CARBE S L FICL o TH /MEEE AT D,
CICIHIRE . REEERE DNRTRA—L Bz DD a2l — a5 FICL > TR L W EE 155720 D 5k
AR THHEEHINEL TS,

Zr[a], F9 CuNi &42(Cu 20%, Ni 80%WIZF5 VT 4.7nm DOFiPHE THANEMAZ KD 7=, KKR-CPA E[11I2k->
TART X VEE—FRECEHREL, 22008 BE FHORT v VEAESHNTED[2], ZORT v
¥V FNTAD L TRERI2 315 > TREFN DY 2L —a BB T N aiEIC > T ToTz, 32—

AAXEIROPIHIRIE S B L TEYRIEIZIVR T2 7 )y 7S/ 5, B DD A FI7 A TR
2BV =7 bOEIEDIEF I RELARD, R BEL 7R UL TR DN FEE (B W WO RIED B 5,
ZZTIEBENIALE LD 4 RO, KA TR BDMRET DI T3 ab—rar #2177,

ZORETIE, HEEHOREKIRE COoKhEfEEIE TV

LA BATMRIEE b ot — R OMIEL BT 5, Fig. 1 1%
RS 300K (ZRam LTzb D% z il )7 a6 Rz 0T, 22Tl
B nm 6K 20nm DY AXDOWEIEE LHH N 50D, Fio, AmL
TEIREE DM 5 A3 ORI R CTHEE OV A X3 NS 72 B 1)
W%, ZOHEE AW TREHRIEIZIVBR LN A X O EZ1T5
7D DIEH AL FERH KD EE 2 DID, A HOFEELTXZ
DINCL TR LT — R EDOBVRE | RS DOFH R AT
VN, RIS T KOO et D Bl AT AL TN e B 2 TUVD,

Fig. 1:
CuNi DIzl —arDAR Ty g
v b, EiS 300K ([ZEMm LT, 2 i
FHanb R TON Cu Jifa&RL
TD,

[1] H. Akai, J. Phys.: Conden. Matter 1 211 (1989)
[2] K. Sato et al., Rev. Mod. Phys. 82 1633 (2010)
[3] N. D. Vu et al., Appl. Phys. Exp. 4 015203 (2011)
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Development of divide-and-conquer (DC) quantum chemistry program

/INPRIE AP A1 B H B SR « KRR - PG B (R K. " FhT)
Masato Kobayashi,2? Michio Katouda,b Shigeru Nagase,b and Hiromi Nakaia
(eWaseda Univ., bInst. Mol. Sci.)

BEE (200 F-FEEE) /Abstract (about 100 words)

FEHOIT MIBaANAr =V 7 &AL FRRIEO O ED ThHD 3 EIHIGDOED R 7177 LD B S
ZAHEEL T/, DCIETIE, n R RREDZE MBI FEICIESGHRTITHEL W SN TO DR b kI
BOFHZEDFIRE T D, AR Tid, DC 71T ABFEDHEBHRILIZ OV T, KRl d DC-MP2 35RO
A F SIS E R ~D R A LIS 35,

The authors and coworkers have developed the linear-scaling quantum chemical calculation
method based on the divide-and-conquer (DC) method. The DC method is able to accurately treat
n-conjugated systems, which are considered to be difficult to apply in the spatial fragmentation
methods. In this paper, we report recent progresses in the development of the DC program, i.e., the

massive parallelization of the DC-MP2 code and the extension to optical response theories.

DC-MP2 FH Tl HEENIHS R EDMP2 5 512
HZNEATO, ZOFREFEREZ R LADEDLIL TR
O MP2 FHB=FNF —215D, T T, FHV—7T
FHSNTWDHE I RO ZORMTITHOIL% S
9 T 0> MP2 3B LIS A BB ATH = A 256 —
RO, CBBESI LA ER LN, AT T =0 20 />/
ko DC-MP2 §FH% T2K-Tsukuba THEATLIzLZ DI 128
FIMLREZRLTND, 2 BRI A b 24T 282D,
BIRIZR R P BCE L2 e DD, JORER R %5 0
BT 55610%, ZORRITES6ITm BT HIE05 ) 0 128 256 384 512
DTS, Neore

DC VE# V- 2 A A E O BIF L. 2 ST Fig. Accgleration ratios for DC-MP2/6'31G*

calculations of (Ala)zo obtained with one-

Tr—=FEACTHEEL TN D, LD, =¥ = and two-level parallelization schemes.
DEFHTE T D0 Z BRI FH R L CRERDIS B 2
FOAMRGFRIETHD, ZO7 7 u—F Tid, L IRVIAATZDC-MP2, DC-CCSD #tH.O T R /LF —
DO EFE B B MR AR R T 52 LI L TV B[2], B9 —H1E, SMGDHEZHHDICIIAATE
RFFE K AFA(TD) SCF LA SEIIGE 2 FED HIEThD, ZNETIChH, 207 7 u—F T LB AR
D RBIANZONWTHREZITT2A B, fll, 2O FHEZ BRI AR EH R HRR U 7Z[4], Push—pull Ro 3k
TR~ =72 EDIFICISE DT B SNDHR T AFEOA AERBRGESN TN D,
[1] M. Katouda, M. Kobayashi, H. Nakai, and S. Nagase, J. Comput. Chem. 32, 2756 (2011).
[2] T. Touma, M. Kobayashi, and H. Nakai, 7heor. Chem. Acc. 130, 701 (2011).
[3] T. Touma, M. Kobayashi, and H. Nakai, Chem. Phys. Lett. 485, 247 (2010).
[4] M. Kobayashi, T. Touma, and H. Nakai, submitted.
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Parallelization efficiency of REM as the added function of simulation programs

& B, WA e
L4 RBeHE, 2 CMSI (43 FAFHILIR) , ° 46 REEEEWBE, * 4 KRR
Yoshitake Sakael2 and Yuko Okamoto!:34
1Department of Physics, Nagoya University, 2CMSI, 3Structural Biology Research Center, Nagoya

University, 4Center for Computational Science, Nagoya University

HEZE,/ Abstract

SR ATREZCRERI NIC 2072 o TV T B T ) ZE N CEIRWNVERS TR IIU D L LT M R ITRIL,
FRNIaY > TV T FREDO—DLL TV T U EHIEDN D, ZOTTHEFT R NF —DZEM EDT 2 Dy 4 —
VEFEBLTHIELT, BEDON /=N a2l —2al IVG R IHEERR A EBL T HZ LR TED, Hxld
BAFDL a2l —2ar 7 my I MIZOV T I AZMEDORREZ NS 57 7V r— a2 REM OBF A2
T, AR TIES T Iab—ral 7 ns 75 Modylas (& REM AR A AU T2 Bl 2775,

The replica-exchange method (REM) is one of the efficient sampling techniques for molecular
simulations for DNA and proteins. REM has high conformational sampling efficiency by allowing
configurations to heat up and cool down for the temperature. In this poster, we introduce an
application program, which is the added functional program for existed molecular simulation
programs. By incorporating our program into existed simulation programs, users of the simulation
programs can perform the simulation by REM. For an example, we applied REM into Modylas,

which is one of the molecular dynamics simulation programs.

1. IIC®IT

HERGFEIZUD L LI 2 RO R 2L — 2 al 2B IR E, ROBMESOIDIZ R
EIRBEBIZR Ty 7SIV TLEN, FHRATRBZRIERINIC 372 TV TR B TR ZE N TERWIENLIXLIE
LD, ZOMBEEMER T HIDIT~ VT I ) = TINAERL TV DAL E OPEBRT 7 BRI RS L
TWb, ZOFEIZTRNF —2E[] EDOT o H LT — D% FB T HIET, @HEOH /=N Ialb—rvar X
DE RSB A EBLT DI LN TED, A EIF A 13k 2 RBEF DO 2L —rar 7m0 O TR
PNV T VA RMEE FEBLT HFEELC, L7 YD ASHEAIEREY 7 v =7 (REM) Z B8 LT,

2. REM DR

VIV ZRZBIETIIL TV D EMHENAFRIC R ThHOL DO DK 2 RED R H o= —2HEL, Zhz
[FIRFZSEAT T 5, ZLThHDHI Il —ar MRI LIZEEM DDA WA T ISR E RO Fii & B e
IZET, ENENDOLVTVANREZERM EDOT 2 AT +— 05328132 (K1),

REM [ ZBEfF DL 2l — a7 ar 7 M MPL 2R ULTIC 7 0 —F O THAIA L Z & TL 7Y T 28 i
EOMEER AT 2, IS ERSER BT 35720120 Tz —rar7al I a3 MPL 2F]HL
TP FULALER S ATRE T D DI R TH D, ZNHDOT 07T AIxL, REM Tk MPl a3a=/7—%%#4%
HE 9% (MPLComm_split ZF|H) , ZHHDAI2=r—ENZENZENEL TN T 5, ZLCINBHEH
FRICEITL, 32 —ar0bhsRI SICHE LY 7 /0 —F 2 (rep_exchange) ZFEFONH L, 18 FEAZ HAAL
a7y (K2),



3. Modylas ~D1E

AHFFETIX REM O I E L T FEI /123 22l — a7 us T A Modylas (ISR T BT DEFLARIAAT,
FHEEICII R Y 2= RO TR R FEERER ¥ —0 FXL Wz, a2l —var &L T
TIP3P DKy F21HEELEL, L7V EA~128 OLlE 72) ETER T VA AZHRLEZ ) ) DM FI bR
ERELT, fERELTHSERITEBIZ 99.8%2L E&72h, BWDIEFIEZhERAELZ (K3), Y HIZEDHIZE
DOV FYh ¥ HN=BE O SRR E R4 T ThD,

MPLComm_Split Z AWLVTHEBOIZ 2= —RIZHEIL, —DMIZI2 =4 —4%%

) —DOLT A B FHHEETOT L) ISHEEES
R eplica 4

Replica 3
MPI_Comm_World

Replica 2 / / \ \
>< Reject
Replica 1 J - . Rem.world Rem_world Rem_world Rem_world

LIYA L7Uh2 L71)Ah3 L7Una
> = MODYLASIZ
Time ool MODYLASIZEE || MODYLASI=:3 ot
B1. V7V L OB X2. REM D& X
ZITEBIELTADDOL T BE A, vRab—y  REM TIE&L 7 IUMCHHET S 2l —vard
22 DN D BRI TUD, RITEZ MPL 2R 2= —4%HET 5
- EBE - EBE
g 6001 EHEE100% o 600 ifr 51| 4 3£ 100%
~ ~
= 400- = 400
x . b4 "
R 200 _ & 200-
AR AR
. r »
0 04 ="
0 200 ‘ 400 600 0 200 . 400 600
A7 H A7 H

X3. REM D F{tzhZBOH EFRE R
ENRarea—4%, 084K FX1L ICEHMERRE RS, HarBa—ZTlE1/—R8arx1L7U7,
FX1 Ci31/—R4ar7z1v7UhEL, /—RWIiE Modylas (245 OpenMP i FIJALEEA TV N5,
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HWEZE/Abstract

AIZHERm LTS 21 o= x L F—ffER I LT, EFEa s va—2 2 Wi B w7
Ta—FPEANATON T WD, T Ea—2 DM, REICH ET 52 LT, ZE2TLNRD-
TeT N APNHEERIICHFFE S, IR SAD TWD, 95 Licikinod <, BT 7 e —F o F
ELIERDFEROMHT E VI ME RESHBR T, BOMHEELFFOMEIOREITO~T VT VT A
YORREBA SO D, T/ HEEREFIZONT, BIZW < O»OT A UL TEY £ %7
DIBNHED D,

Novel materials and devices that were once considered the stuffs of science fiction are, one after the other,
becoming a reality. It would not be an exaggeration to say that we are coming to the Age of Designer Materials.
A Designer Material has to do something. It has to be Functional. It makes no sense to fabricate a nanoscale
material that is complex and yet does nothing when its environment changes. To address the questions raised
above, and to test the concepts and principles developed for realizing designer materials, we use Surfaces as our
playground/testing ground. Allowing us access to the appropriate reduced dimensionality and means to
manipulate the degree of complexity, and emergence of function.

We entered the 21st Century witnessing several remarkable progress in Science and
Technology. Novel materials and devices that were once considered the stuffs of
science fiction are, one after the other, becoming a reality. It would not be an
exaggeration to say that we are coming to the Age of Designer Materials. Complex
materials are designed to have desired properties, with both basic and technological
applications. Some present day examples include artificially patterned structures,
forever smaller integrated circuits, magnetic storage devices, composite materials,
polymer blends, doped transition metal oxides, self-assembling nano-structures,
molecular electronics, etc.

The unifying themes that have emerged in the last several years are:

i. quantum size effects (in association with new phenomena in the nanoscale);

ii. complexity (in association with new phenomena emerging from the collective
interaction of simple structures);

iii. functionality (in association with the new properties emerging as a response to
changes in the environment).

A Designer Material has to do something. It has to be Functional. It makes no

sense to fabricate a nanoscale material that is complex and yet does nothing when its
environment changes. We want a material that has many varied and competing
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ground states so that an external stimulus (heat, pressure, electric field, magnetic field,
etc.) can be used to switch its properties.

At the same time, we can ask such questions as:

- Can we achieve an understanding of collective phenomena to create materials
with novel, useful properties?

- Can we design materials having predictable, and yet often unusual properties?

- Can we design and construct multicomponent molecular devices and machines?

- Can we harness, control , or mimic the exquisite complexity of nature to create
new materials that repair themselves, respond to their environment, and perhaps
even evolve?

- Can we develop the characterization tools and the theory to help us probe and
exploit this world of complexity?

To address the questions raised above, and to test the concepts and principles
developed for realizing designer materials, we use Surfaces as our playground/testing
ground. Allowing us access to the appropriate reduced dimensionality and means to
manipulate the degree of complexity, and emergence of function.

At the the meeting for the study, time permitting, we will discuss about the current
state-of-the-art in Materials Design, esp., efforts being made to employ
Computational Materials Design (CMD) techniques (cf., e.g., [1,2]), together with the
associated (Surface) Reaction Design (CRD) techniques [3]. For the examples, we
pay particular attention to what Nature has given us as benchmark systems, i.e., bio-
inspired materials design, and also the role and advantage of inducing spin
polarization, and controlling the dynamics of the reaction partners. We focus on the
designer materials for Fuel Cell and (Nano)Spintronics applications [1-5].

References:

[1] H. Kasai, H. Akai and H. Yoshida, Computational Materials Design from Basics
to Actual Applications, Osaka University Press (2005) (in Japanese)

[2] H. Kasai and M. Tsuda, Intelligent/Directed Materials Design for Polymer
Electrolyte Fuel Cells and Hydrogen Storage Applications, Osaka University
Press (2008) (in Japanese)

[3] H. Kasai, W.A. Difio, R. Muhida, Prog. Surf. Sci. 72 (2003) 53.

[4] For further specific references, cf., e.g.,
www.dyn.ap.eng.osaka-u.ac.jp/pub.html.

[5] Spintronics (a new-coined word meaning "spin transport electronics™]), also
known as magnetoelectronics, is an emerging technology that exploits both the
intrinsic spin of the electron and its associated magnetic moment, in addition to
its fundamental electronic charge, in solid-state devices, in the nano-
scale/dimensions.
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Free energy computation based on energy distribution function

BEE R, bk fhE?
1 TR, 2 REKPBLFF R
Shun Sakurabal-2, Nobuyuki Matubayasi2

1 Institute for Molecular Sciences, 2 Institutes for Chemical Research, Kyoto University

T2 TN F =SB ERRICE DA HTRLX — 2O REEO I R FIEEZRRE L, HESh-F
EIEHHGREE ) AICB T D B = R — & B TR A T 5, RTFEITRED = R LF — 04 BEER R IC
HASHBHT X —EHEEE —BILLIZb D LD, FIBIED state—of-art 72 HH TR —ZEFET
ELRFEOINRMEZ RS | L THD,

We developed a simulation analysis method to compute the free energy difference between two
systems, based on energy distribution functions. The proposed method calculates the free energy
difference in classical statistical mechanics. The method can be viewed as a generalization of the
Overlapping Distribution method and the Yokogawa’s entropy computation method. It shows the
convergence behavior comparable to the state-of-art free energy computation method, and is

simpler in implementation.

B/

FO A BT RVF —EZOFREIL, P ab—al RO KA E 2R3 R (FFAE L, 2L FHEHAGS
RE) LRE O T 5 ECEEREEZ RT3, R TO 2 REBO B B =L X — B2 5 (SRR T 5729,
Shing & Gubbins (% overlapping distribution (OD) method EFFIEAL5 /L — 7541 BIEUZ I S<HEE
FIEARZEUL], BN EH B IXEIR O 5547 BIECR R I FE S<HEEIEA IR R L2 (2], ABFE TIEI o 0msE
ZELD, B TR F—EOF R EZ T X — M B O UL L L CHBE T 5, SOITRREMTZITV,
R A e/ MET D R FIE AR R T 5,

FEME
2ODF%EHR 0, £ 1 AT ZDOREEZZNENT,, T &L, RORT /L BEEEV, (1), Vi(r)&
<, TIERDEET2ODR THETHD, OO U, (1), U, (r)%

Uy(r) = (kETc-:'_iﬁ"rc-(l':': Uy (r)= (kET‘lj_h"f‘l (r). )
TEFT D, ZZThg IRV~ B THD, HO (R IT) B A= R/LF—7E1X
Ao 1o I exp[-U,(r)] dr 2

T exp[-U (0] dr
TERDOEIND, 22T, ZRAF = MMEEEL T, (e)2EXRT DG = 0,1),
[ 5(U () — Ug(x) — ) expl—U, (r)] dr @
[ exp[—U ()] dr
— (8(U, (1) — Up () — )
(o BITRATOT Yo TV ER L FEEHEE CEEMA DL T2l —a oI FE T
%o HHTRLF — 5 p CHEM$52LT
Af =logp,(c) —logp,(s) += (4)

pale) =
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#1585, R@FEBE O LKL T5, oI [ wle)de = 12372 THEE O BB Kw(e) 2 HNTFE5Y
THIET, HHZ X — 2O ER

Affw] = [w(e)[logp, () —logp,(£) + €]d=. (5)

w195, ZONBBUITRGE CTHY ., £/ 0D ik, BRIOTFEE LU L7225, OD Eidw( )& —E DM
IZDOWTEE, B DOFETITw(e) = 1/2 [:p,:,[zjl +p,q [E]}kbf:%/a\@liﬂﬁﬁqéo Fx TG OFEF A
%&ﬂﬁbﬁ%ﬁ@%mmKiof%ﬁﬁiﬁ%@tbfw&jmf%%%%%%toaviﬁﬁﬁw&%ﬁ%
V=T 5% harmonic mean overlapping distribution (HMOD) {E&E4 (1T 72, FELWEHIZ W T3]
BRI,

EER

Ral—varpbGonA U T VEBITAER TH L0 EEEO B =3V X —5HRILHE i 2%
Fio, FIEOFEM EOREZMDT-OIZ, Ty 12l — a3t RETOIHMEL 72, 220 ADP O H
537 150 K205 300 K TR EZA LS, LUt B =X —E2 R E LT, 351213 Meagher &
DINTA=2 % AT ]4], s 5o B B =L % —5H R FIEEL T OD, #9110 F{E(Yokogawa), Bennett
acceptance ratio (BAR) method [5], AWF4ED FEMHMOD)% M E L. multiple BAR method [6]i2d:-T
FHEALICELWE B R — bR AL i L=,

BREER

o A- OD
150~280 K ® ADP &, 300 K EG\.D - Yokogawa
ADP O H T3 X —EDMEES - Q -—4— HMOD

10"

L LI

©-©-g |~ BAR

1 2/, HMOD /% OD,
Yokogawa &HEZL KIEAR L EZ R
L. g; (e AW ke LTt
BRWHEREZ <7, £72 HMOD I
state-of-art 72 F{ELSND BAR &
ARG EE A 52 575, F22E13 0
Ko ThD, TOMDRIZET DR

l

L L

Standard error
1072

1073

R

0L HHOFEMICHOWTIE, B H ¥
it 5 =T ' ' '
’ 150 200 250 300

Temperature of system 0 (K)

1A FIETEHREIN B B3/ — 2O N (REIEE
EVvY), HMOD & BAR OfEIXIFIEELL, ¥ ETIEEL>TURS

S 30 nTW5,

[1] K. S. Shing and K. E. Gubbins,

Mol. Phys. 46, 1109 (1982).

[2] D. Yokogawa and T. Ikegami, /. Chem. Phys. 131, 221101 (2009).

[3] S. Sakuraba and N. Matubayasi, J. Chem. Phys. 135, 114108 (2011).

[4] K.L. Meagher, et al. J. Comput. Chem. 24, 1016 (2003).
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Non-Equilibrium Green’s Function Simulations of the transient current in Molecular

Junctions
HEmifE—, WeilLiu, IUAEEA EBR, RRAKZERERTEZRZMER~TITNVITEERER *HREER
KETFHBE

Kenji Sasaoka, Wei Liu, Takahiro Yamamoto®, Satoshi Watanabe, Department of Material

Engineering, The University of Tokyo, “Department of Liberal Arts, Tokyo University of Science
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We have simulated the transient current in molecular junctions weakly coupling with an
electrode, by using non-equilibrium Green’s function method. We found that, in the case of fast
switching speed of bias voltage, the time-dependent transient current approaches to the steady
state with complex oscillations. This characteristic can be interpreted qualitatively in terms of
molecular levels. Moreover, we have demonstrated that, as the switching speed becomes slower, the

amplitude of this current oscillation decreases.
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Development of computational methodology to understand and design materials for
strengthening of steel
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Strengthening of steel is important for wide variety of usage. Thus, elementary process of controlling factor for
strength is necessary to understand by computational material science. Interface energy between iron and
precipitate is important factor for precipitation and growth of precipitate. Calculation of interface energy for
semi—coherent interface was performed for the unit cell with more than 1000 atoms by order—N method on
TSUBAMEZ2.0. In future target will be spread to more computational cost demanded ones like complicated

interface and dislocation and so on.
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Theoretical study on quantum proton transfer reactions using ab initio path integral simulation
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Proton transfer reactions in hydrogen-bonded systems involves nuclear quantum effects such as
zero-point vibration and tunneling. In this paper, I will present the study on the role of quantum
effects on the proton transfer reactions in deprotronated water clusters, etc. using ab initio path
integral molecular dynamics simulations. This method enables one to solve the quantum statistics
of the many-body system composed of nuclei and electrons totally from first principles within the
Born-Oppenheimer approximation, by carrying out ab initio electronic structure calculations of

quantum nuclear configurations according to the imaginary-time path integral formalism.

R Iab—vaid, — 20K (ZOHEITRF) OB FHEHI AW SR TERIRIC O3
=25 DR O HBFEFHZZE LW EW) Feynman O RSB0 LG OfE AR H L= 0T, AR
BT DM B 2R R O WL E ZHUE RN RE [ ZBO D ZE N TELEV R 5K 1 ], Zhvi
FERRBRIVE TIREFH R EH A LT ab initio BRI —Tar B HWT, 2RO ZEE 100725
RE T EE BRI ST R A FTRE T H[1-4],

Nuclear density of diatomic molecule “A ring polymer connected by springs”
D. Chandler & P. G. Wolynes, JCP 74, 4078 (1981)

nucleus 1 nucleus 2 nucleus 1 nucleus 2

equivalent %/9

uncertainty principle — volume of the polymer

Exact for large number of beads
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KIFFETIL, Fubr BEIEG R THD, Bl o AbS-k 81K H0, &A%Y _EiF5[5-7],
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Path integral simulations is based on Feynman’s imaginary-time path integral formalism,
according to which the quantum statistics of a particle (in the present case, a nucleus) is identical to
the classical statistics of many particles connected with each other into a ring by springs. It has an
advantage that the fluctuation of complex quantum many-body systems can be taken into account
in a numerically rigorous manner. By combining this with ab initio electronic structure
calculation, ab initio path integral simulation allows one to compute many-nuclei many-electron
systems fully from first principles [1-3].

In this paper, we study the case of deprotonated water dimer H3O, that exhibits proton transfer
reaction [4-6]. From the geometry optimization using the conventional ab initio calculation, we
obtain two stable structures in the forms, H,O---HO™ and OH™--H,0. However, in the path integral
simulation where the quantum and thermal fluctuation is taken into account, it is found that the proton is
actually widely distributed in the space between the two oxygen atoms. This is because there is a resonance
in between the two states as O---H---O, and the proton is delocalized so that it bonds with both oxygen atoms
at the same time.  Accordingly, the distribution with respect to the O...O distance is correlated with that of
the relative position of the proton. In addition to this, the non-bonded protons in both ends have a complex
motion with hindered rotation around the O...O axis. Therefore, the structure of this system is very
“floppy”. The molecular description of such flexible structure due to quantum statistical fluctuation may
lead us to alter our conventional perception of hydrogen bonding.

[1] D. Marx and M. Parrinello, J. Chem. Phys. 104, 4077 (1996).

[2] M. Shiga, M. Tachikawa, and S. Miura, Chem. Phys. Lett. 332, 396 (2000); J. Chem. Phys. 115, 9149 (2001).
[3] A. Kaczmarek, M. Shiga, D. Marx, J. Phys. Chem. A 113, 1985 (2009).

[4] M. Tachikawa and M. Shiga, J. Am. Chem. Soc. 127, 11908 (2005).

[5] K. Suzuki, M. Shiga and M. Tachikawa, J. Chem. Phys. 129, 144310 (2008).

[6] M. Shiga, K. Suzuki and M. Tachikawa, J. Chem. Phys. 132, 114104 (2010).
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Implementation of Car-Parrinello molecular dynamics
based on real-splace density functional theory
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FufR U7e, 7 2 KIMR O FHR O 2 I3 BRI 1 < 22 ME EPLEE %L (RSDFT) 12883 < Fdk
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One of the major problems in plane-wave-based Car-Parrinello molecular dynamics stems from the high
computational costs required by systems larger than a few hundreds of atoms. Nonetheless, applications to nano-
and bio-systems can easily exceed this size, this requiring a more efficient approach represented by a combination
of the method with real-space density functional theory (RS-CPMD). In this work, we present our RS-CPMD
implementation with periodic boundary condition, assessing its efficiency on a supercell of crystalline Si

containing 1000.
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We obtained opportunity to experimentally run the Tohoku University Mixed-Basis Program
(TOMBO) ab initio code on K-computer under development in Kobe. Parallel execution of the code
in up to 72 computing nodes of K-computer was permitted. Although the porting to the K-computer
from the supercomputers we have been using was easy, the performance was far from satisfactory,
due to numerous problems mainly encountered in FFT routines. Here, we discuss these problems

and their possible solutions.
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BB TR TERIE DR ELHEICR- A LITHRETLRETH D, VWIOIETHRL REOFR KD
LOITHAEBRDORESITHY, WRERIRYBERFERL, COEEFEROT —F 7/ F ¥y — TG R E
BFEBIVOEEOBRBSLETHD,

WAL KRS BT EZEET) | RF PR E CRR SN TEBE T IRB=—F TOMBO I2ETRAEEZAN
BZENLZOIOREIGELTRY, FEHEEDOEH TEERE2Z DS GW ITLLEIXIZHEOHE /—F
TEEOBBE T —)=EH# (FFT) 217X TH B0 | AW ICHFIFEEAE DO FHELR-TNS, 5,
Z® TOMBO 2—FRZ[R® |arta—% LIZBHEL. M1 M Z21T o7,

(P FEIRMEEENTE Forran90 Y —Aa—REFFHIAR IR RAV FET U, BERBEOFHEITIX
SCALAPACK,FFTIZIZFFTWZ AV, 2 bid e R F — 2 ko TBRICABEIN TV -S54 7SV 2 AV V-,
7272L FFT IZ2W L, ®HIZ Radix FET DA — 7723 TH 5 FFTE IZ33# LT, £7-. &l{kic o\ T
13/ =R DT —Z 5B IOV TERDAAB DR T AN B R 23722030 72723 . MPI+OpenMP 1245
WHUCIT R F —NoDHERT T ar 2 Tav AT HEWIHERERN R FEO A EZ WA LTS
7

(BRI Te7 74V T I X o TRRENEHEREIX, vr— N 7uy I X0BE L EEIZIE—
HLTEY, ROBEKFERIPLRALHYIENEDFE o, /—FEICxHT 2827 —U 71X, M0z
BREXETHDI L2 E ZDLBIRIZENEL S WVERN, 1 /—F TOMEREMEWZEIZENTON TWAERH B,
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Rarva—2 21151/ — b0 0OR KFHERES128Mflops 13E7ay 7 BITMNL722 > DREMER 21T
STBAITTREIZ 2B, FRTE O HRE Ty —Ra—R ETENRFRETHAEINITR 25, LBz, &
HEOREEFIZEALBRERLTITAZH LR BV ar THOERICGEESGIN OB KERRE I D2
5%IEEICTE RN, UTOZOHRELOEEHRERIZOWTIX, Fu77AV 7 DT —FENLU T D L5573
ENE 2D,

1. BEEBLITERMIZIIRIIL TND, Thbb, Ist 77A/vicdiid, TOMBO H#EED BNl —
FIBNWTILAVERZ SIMD e ~0 B EBERB Thiz B ORIENDD, I LEERIZEIZES)
BHYTZ ST=DOHNIREA,

2. ALy REIOARSEB BHFLIIE 2RV, VAT AP DOTUF AEROEEZZITTNOHLENIING,
X Vb RERFHBEAFE RFEMIC 5O TVBAL YR BHBLIICRZ S,

3. /—FEIARSEL. RASNEORVS VI AREFULET L H D FRENAHE LB L TH Y EL
REWNAEWVICRER2RER 2 TR Lo THEL TV, 72720, AT EBR TEIZ B A X34/~
LOEEMEEDIL, YA X DR CIRRSN A TR H B,

4. FFTE ZW=3B A, 72LoNC FFTW K0 BT 23H B <25, 7203, BE5< RadixFFT D72
HOMEZDLDOH FFTE TIXHIREN TRY, 2078 FFTE DIFHH LY BRI, LIIE 2 RWEID
B, D1/ —F ETHEMTDEIICEBE L7z FFTW OBEA R D,

5. BEMRBERLLT, RILHEZEEEICE> UTORZH ATV AT AR R MRS+ —&
VMZESTIELKEEBRONTZ, HDD ~DKBEDT VRV —T7 7 AN EXHLLWVHOELRBELRL TS
LbEZLND,

MUT, 2L EOWFUBICIZY AT ANEE TR ETWVDAZEIZOWTA UL RICHEM G 8T BS-fE
BAIENEBEETHIN., SENTZFOBRBRESN) T, —F . BERIV AT AOKR B LG AN GX
NARIE (Bl 21T AT LR RO FHME) b H 5725 . 5B b S E TR B b EXLike 15,

TR BRI, SRR FEE D HPCl BE S nr/ I 58, BIO\ #HEYERFZA =TT 47 DI E=ZIT =
HLDTH D,
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- o R KB EMICBIT A EL O KRR
Study of fundamental processes of photo-energy conversion on organic / dye-sensitized
solar cells

WREFFEAR V2, BB ILEEN 2, LT R—!
HRORKRFRFBRR LSRR, 2O - R Jois g
Ryota JONO!2, Yoshitaka TATEYAMAZ2, Koichi YAMASHITA!

1The University of Tokyo, 2National Institute for Materials Science

#EE /Abstract

RSN 15%EB A BHE LI AR - R R G B O BRI 1L, R AR D BB D = L — 8
WAFDOTZOICA T R THD. Foxld, 20 B IEAZER T D72 T B GRF 722 SLpE s R O PR 3 JO%K
HEHDOREPMLATHLLVIFMEDOLE, (1) (LT Z 8RO E TIRRE (2) B(bTF & — BRI i
TOMAETTRUG (3) Bric/t B AW 2~ T A AL S O B3 D08 41T 8o 7.

The dye-sensitized solar cells (DSSC) is needed to establish a sustainable society. Theoretical
insight should contribute to obtain more efficient photo-energy conversion of DSSC. From the
viewpoint of this idea, we have studied (1) the electronic states of titanium oxide 2 nm size
nano-cluster, (2) the redox reaction at the interface between titanium oxide and electrolyte, and (3)
the novel material showing direct electron transfer from organic molecules to semiconductor and

the property of charge separated states showing two different life times.

(i« SR BIALE-D1T]

HHER KB EMIE, SV R KB EME A~ 8GE TRENHE S TR ATES THLZENLK D2
Y= T RNX —JHEL TR TS, BRI KB (DSSC)IE 2011 4E 12 H#0R 12% 4 K L,
KB EFEr—R <> 7 (PV2030+) Tl n 12017 4FETITREBREL ~L T 15%E O ZE N EIER | ~1]
T CELRDFFEPED BN TND. BIEL S LB EHZN RO E Y DSSC ITHWSILTWDEFED I EEHL)
F(IPCE)% 100%|Z i b L= LT, 2RO FILX — MR 14%RE I RE E5720, 20 BEEER,
(21X DSSC v AT AR E BB LI L AL E TS, LL, DSSC KI5, BFIHiE, BibF2
WL, BEARIE CORRLIE TG, O FEEERRITRBRA2 M ITHLH OO+ 570 BRIZITE > TED
7%, DSSC 2RO EELDTZO DIFFHIRWVODBUR THS. L7eh > TH 4 1%, BLEREFHUTME &« 0 FEAE
WFEZFAETHZ LB L, ZIDEEERTE O BAEH RS KB O RIZE D X728 B KT T O)
EHASINCTHIET, @R KB EME OO ORE LIS 2R R T2 AL 5.

[E#]

BRI KGEmE (1) BeT2oF /7724 — (2) BbT % - B iE T ORRLE TG (3)
BF T AIZEDIRE, [T ENTNO LSRR CRECWDEFBEO SUSHELfE 5.
DR EBE]

1) BleFEF I ITAE—

DSSC THWeNAE LT & T/ 7T A% — TRk 20 nm (1 ZE DT T2 —EBRISHE S TH 5. 1ERAT
DNTETFERASM AR L-RIEETT LTI, REENTBOE FIRREEOENWEEZ LT HI LN
LW 2, kit 2 nm D7 2 —BAUTiO02)15 (3624 )& ERL, PBE JLES% A W CREFLE .
ST IR A TEA O TS B L 21T o 7. 707 T 411E CP2K 2z, M Eb- i
bR LUMOUREHR R YS) Thd. ZOLIRIEH R M AR O rERNE W /7T A% —
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T, ZEHE X RIS Do o T L TERY, REENFECRIUE HIREEZEAGL W, i,
LUMO b 0.1 eV 128 =¥ =M@ ZEHLEIRIZIE T /7T A — BRI 3L TNDIEND,
BRVOBLT X ~OB T EMNITINF —v T T E2 —H T IR ERATONHZE
DIRIBEN, L ps DA =X —TETFIEADITE TTHEWVIERFERE—ET 5. £z, EASNIZE
MEME 2T TN R TRIRICHMA T 52 81%, B{bTF 2T /0 FAZ— M OEFBEDZ)
RBIEATONATZDITHETHLHEZ 2 LI, TELETIRT- RGO T 27522 —VERD I E T
HHEBZLND. HHIX, REDHDIIINIBIZAELL KB LT Eh=R N E KRBT
WBEER L, LT XTI ITAE— AT,

(2) EfbF & BRI i COREALIR UG
FEARWR P DR IR O /I X AR G IS E BB A 1230, BLREBICH 30 RR I3k
FH O REPOE T EEIZETEBHFIR T ORI/ 55 2 b, IRIMPWEIZLVZOWE T BE)
EMADRBDPRINTEIZ. ZOWETBEIOSUSHEL IR 5720, BT -7 Eh=FNL¥%
B R A FS R RO T TET MEL, YRR FOREmPE ATREMEA B L7z, AKX 780 JR
¥ 3232 & 15720, CP2K % VT Born-Oppenheimer 73 78 /) B KA E 2 M BE R 21T -
7= RIS HERRBIZD 2 R E DA T T vay b ThY, T X TOEREFR 777 Eh=R/LiC
FoTHEDLNTWLDIT TIEARS, JREAIZIZI YRR FIEREICEIZEMRE THLZ LR L. Zh
LR DK MEIFEE 5 TITo7= Car- Parrinello 75 8 /) 5HEIC L DGR ERECTHDI1]. 5% I3 £
OEOAY AT AL DB U B =X — 23R TH2L T, B T8O R
TR 5.

(3) fask-GHLEMIC LD LhlE
FOZL DOELHE BIRE EZ G DT D IZIT AR ORI K fEilA LR RN E TR T 5L ERHD.
T2 13T I AF L ALEW(TCNX) A, BT o i CRESERETERL, (3O R RIER R
DHUEFRD A F R K GE L H720, K@OIRT INCH S T b (LT X2 AR~ E
FEANREEDLR THHZ LA RHLTZ[2]. SBIT, Falf{bS TSI T HIRIMR I A FBR i 95
ZEICky, RimorE L E IR E SRRSOV THE R3], 4 BITEBEEAD KIS HRE
RS HZET, RN EFI R LIy T3 EH 21T,
—J7C DSSC 2B HE B8R CTIIIREDOHE MNP EWIEE, HBEBR=R O LR T
5. AR KEMOMEIEL TRIAFRER AL 74V 2 AWTZRF—T 787 Z =322\ T
SAC-CI R ZITV, B BERAEIC 2 DO R LFEMEL OLONHH LA R L] o Ed
LITFNERRE D F M B LT aE OB N ATRE TH 5.

‘-%t ¥ o b,
vy d% Hed

4 g ot i v

e g YR i
(1) KIRETIO, F /7 ZRAZ2— QTiO, 7 b= b JLFRE (3)TCNQ 5 TiO, NDEREEA

[1] Sumita, M.; Sodeyama, K.; Han, L.; Tateyama, Y. J. Phys. Chem.C 115, 19849-19855 (2011)

[2] Jono, R.; Fujisawa, J.; Segawa, H.; Yamashita, K. J Phys. Chem.Lett. 2, 1167-1170 (2011)

[3] Manzhos, S.; Jono, R.; Yamashita, K.; Fujisawa, J.; Nagata, M.; Segawa, H. J. Phys.Chem.C
115, 21487-21493 (2011)

[4] Jono, R.; Yamashita, K. J Phys. Chem.C 116, 1445-1449
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3D-RISM (ZLAWHB L OAMA VBB TFRIT ATV LDOBE 5

Algorithm for accurately predicting solvent and ion locations via 3D-RISM

YUTAAT F=x)vl, HRSA 12, SEEICE 12
1) S FREB T - B - 3 TR R SR IR
2) A ITIEREFER T  HRE D TRIFHER
Daniel J. Sindhikaral, Norio Yoshidal2, Fumio Hiratal2
1) Department of Theoretical and Computational Molecular Science, Institute for Molecular
Science, Okazaki 444-8585, Japan
2) Department of Functional Molecular Science, The Graduate University for Advanced Studies,
Okazaki 444-8585, Japan

Abstract

We have created a simple algorithm for automatically predicting the explicit solvent atom
distribution of biomolecules. The discrete distribution is extracted by processing data from a
3D-RISM calculation. Our algorithm predicts the optimal location of solvent molecules and ions
given a rigid biomolecular structure and the solvent composition. The algorithm was tested on
HIV-1 protease and the rotor ring of F-ATP synthase. Comparing to experimental structure we get
average prediction error of 0.45-0.65 A. The 3D-RISM calculations and placement analysis can be
performed on modest computers within hours and minutes respectively. It is extremely useful for
examining multiple specific solvent-solute interactions, and also as a convenient method for

generating initial solvent structures for MD calculations.

Social and Scientific Significance

Molecular recognition 1s the interaction between biomolecules and molecules in their
environment towards their function. Despite the huge number of experiments on molecular
recognition, there is a dearth of theoretical studies that properly include solvent effects. Our novel

and speedy method will bring realism and insight into fundamental processes in the body.

Purpose

Our study seeks to elucidate the role of solvent and ions in biomolecules. By using a very accurate
theory (3D-RISM) we sought to create a method for finding specific locations of biologically
significant water and ions inside proteins. The knowledge of these specific locations can provide

important information about the function of these biomolecules.

Research Technique

In order to use our placement algorithm, first a 3D-RISM calculation must be performed on the
system. One must obtain the 3D structure of their system and determine the appropriate solvent
composition to do this. The 3D-RISM calculation will produce a 3D distribution function of the
solvent sites with respect to the solute. Our method analyzes this distribution by successively
finding the highest likelihood location of the solvent site. The probability is reduced near each

placed solvent site in order to avoid abberations in local density. This is iterated until the density

P-26



reaches 1.5 that of bulk.

' e
1) Read 3D-RISM 2) Convert to population 3) Identify maximum 4a) Insert explicit
distribution using concentration atom at maximum
- - v » o ¢
». 4b) Evacuate one 5) Identify new 6a) Insert explicit 6b) Evacuate one
population unit maximum atom at maximum population unit

Figure 1) Workflow of automated placement algorithm. The algorithm turns 3D-RISM output into a

discrete distribution of atoms.

Concrete Results
We tested our method on two systems: the KNI-275 bound form of HIV-1 protease and the rotor
ring of F-ATP synthase. We compared the location of water and ions to those in the crystal

structure and obtained an average spatial error of 0.45-0.65A.

Future plans
We would like to apply the algorithm to many more systems and help give insight to simulators
and experimentalists alike. Further we are developing a method to accurately predict the

orientation in addition to the location.
Publications

This paper is currently under review, but we maintain a website with up-to-date details including

the source code and a tutorial for those who wish to use the program: goo.gl/uLohs
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BT Walk [ZEBRHETEY 2L —T 4 T — HRA DL
A solution of Time-Dependent Schrédinger Equation by Quantum Walk

BAEF 5. EE . JIZ
BREmAERTE
Hideo Sekino, Shinji Hamada and Masayuki Kawahata
Toyohashi University of Technology

B

= Walk (QW) DOFEIZIVE T DORFRHKAFY 2L —T 0 T — IR iR iz, %ﬂ%‘i/ﬂi%ﬁ%ﬁéﬁ(@%f
DIEFITE ORI BN RIS D E DI ATV T AL T3> TEBIFNCHGR T 223, T T DXH7RMEIC
W53 A0 BAER D IRE I 38 R 1T 22 A I L AR e R 8 e v 3, FE22 i A L Z2 | (WHER E EEITE)Z%{I:%@I:%
TEODNTA=EF— LI TIROIEEE L ENEAFDNRE IR DL FRE TH D,
Abstract

The time-dependent electronic Schrodinger equation is solved by a Quantum Walk (QW) method.
When the initial wavefunction is very localized, the they disperse according to their chirality, but
the initial wavefunctions with spatial distribution width such as Gaussian distribution present a
time progression as the one by finite difference methods. A parameter which defines the ration of
spatial and coin (internal degree of freedom) space variations determines the precision and the
efficiency of the method.
[FBy - FHTROALESIT] vzl —vav BFPERZC L THLW TEREEA, BFaEa—7 1
VT HIR T ERRDERMEE R U,
MEAR- BRY] BE-F BB BEB DRI FE BRI X LRER AR HY IR 2§ D 2 LI K> TRYBIRD R T /LT Y A 4
PR FEETD,
[(AFFEFIE] RERGRAL=F) —EHARVIRT QW EIZL> THREIBIR DR FE RS,
[BARRER] QW HBICKV R IRESCA RESERE DIERIEIZ L GBI FHR TED,
(B2 SROFE] ZRIT—RUEEHLRL T, BE RV I2L—va TORBIELEEZTRT,
[E783C] “A Solution of Time Dependent Schrédinger Equation by Quantum Walk”, Hideo Sekino,
Masayuki Kawahata and Shinji Hamada, AP-IRC 2011, Journal of Physics Conference Series (JPCS ), to be
published
[Social and scientific positioning] A new methodology for simulation quantum materials science is introduced. It
was shown that the method used in quantum computing is practical.
[Ttarget /Purpose] Development and implementation of highly efficient algorithm for time progression of
quantum wavefunction by introducing stochastic methodology.
[Rresearch technique] Obtain the time progression of wavefunction by the QW where consecutive stochastic
unitary transformations are taken place.
[Cconcrete result] Exact results and the ones by traditional methods such as finite difference method are
reproduced by the QW.
[Consideration/Future plan] Extension to realistic problems with 3D and prove the efficiency of the method
[Main publication papers] “A Solution of Time Dependent Schrédinger Equation by Quantum Walk”, Hideo
Sekino, Masayuki Kawahata and Shinji Hamada, AP-IRC 2011, Journal of Physics Conference Series (JPCS ), to be
published
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Molecular Dynamics of the Virus T4 Genome Packaging Motor

Prkr Fnds L dbR BRI L2 LHURS/EMT, 2JST,CREST
K. Takemural, A. Kitaol2 1IMCB,Univ.of Tokyo, 2JST,CREST

BEZE (200 2 ) /Abstract(about 100 words)

7'v ) 7 R~ DNA Z il OiA ey THME 2 TS 2720 DA WA TA T ) DSy r =P Je— 4 —
DOHEREFZETH D gplT O FENFEY I 2L —a r&fTo7-, GplT 295 ATPase {5425 N
KR AL EXIVT — VIR H 525 C KR A MO FE L FEREN R ESEAL T DR AL BB HEFEY
7RIEENE U CBIHIS AL, gpl7 LD DNA OFE A& & OBEN IR S b,

(& BEY]
FELTONRITIAT 77— 1%, DTV RETERCT DRI BT,
BOTah T URWNICT ) o lr— bbb REAEMNEA T

% DNA %R ZERICHT LAY 5%+ 5, DNA 07 ah 7R & 4 ' 1
PA~DFEDIARE, ATP MK RE Sl — 0 7 — 2 — 2 L ERH) ’ NAN\Y/|

SND, TANVATE 7 ) bR lr— 0 T —H—1% gpl6. gpl7. gp20 ‘ : | Procapsid
MBS (K1) RT3 —H—DFK) 20 fFI2/H4 325 60pN LD L ‘;\ J
NERESEHEME ST, TOAN=ANTAKEN, T—F— W~

R U BEDVESThS gpl 72814, 5 Bik% R L T DNA W 020

OB EELTH, GplT HEIKRD X Hsk Fhie L, & 7 HMes e L0580 ,_;, o

NTC% 5 BG4y MET SR IE N R E RN TR
i, FEZONAARREEZLIZ DNA OB EICE DAL TS TV,
RO AEAEEZIZE B LT, gplT HERO S 18 i HE
150 7 /T, D53 BV AT LT, X1 E—&—DO&X

DNA

[ R - & 2]

Gpl7 1% ATPase &AL D N KRR A1 (1-360, NTD) L X7V 7 —BiEE2A T2 C KiE A
(361-610, CTD) 75725 (1K 2a) , #tifntEiEh 50 RMSD Z @t L7z 5. NTD & CTD OZNZE DR AL
> RMSD 73 2 A FEEE T EL TWADIZRIL T, gpl7 2 RMSD /3 100 ns 15T 5 A 282 5 k&
VMEZRLUTZ (X 2b) o RAAS R OEBYVEfENT T 5728, KA %272V A1 —HB (356-364) D L)
NTD. CTD., ZNZEINDRAL L DELA~DRXT VNI T A E | TR A MO BB O R L,
Gpl7 21K RMSD A REWUMEZAZRLTZ 100 ns fHITIZEUNT, A s s g U TR Ao 4 I
20° /NS0, EDRIO RS 3 AT/ NSVMEE R LT, F72. BRI ORE R FEHE DK 50%% i
T HHE— ERIEIR A BB AR L (X 2e,f) . gpl7 ORFENIIZEEZ L% 2 50D,

DNA 27'ah 7V R ETHIBRIZIBW T, NTD & CTD MOREENZEHHZENTASNTERY 3,
R LIZEI XX DNA O aU 7Y RN~OBEICEDLEE 2 HiD, KA BIOBRHENZ DM Iz 1T
%, RAA ORI OKRES | RESHFHTHHEIECHENER, 2V I —E0OaL RA— T a GE i Lz
FERIZONWTHETHTETHD,
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2 (a)gpl7 OHEE O)iEEEEN DD RMSD (¢) KAA D
(DR A O ELEERE (e)PCA 55— Ek o (OF — Ty ~DOHE

[&#% D5 ]

Gpl7 13 5 ERZEALL T DNA OBEEATIN b AR & S RREOMGE I TR LT, 3l A =X 2
IR THD, Gpl7 HEKRDTI2b—Tal iR FrICBIISIVZ R A BB 2 OIS A = X L ZRRETL
5 BIKET VDOIERE DNA BiEAT = X LDRFE TEL TD,

[references]

1. D.N. Fuller, D.M. Raymer, V.I. Kottadiel, V.B. Rao, and D.E. Smith, PNAS, 104, 16868 (20007).
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and V.B. Rao, Cell, 135, 1251 (2008).

P-28



BREBEBRABGENRES EBHREFRAE - RuBRREICET 2FE—[REEHEN
First-principles exploration of Ru-dye adsorption and electrode-electrolyte solution
interface in efficient dye sensitized solace cell

fE LN 23, BEEA L fhLEEARRR !
NIMS WPI-MANA!, JST &Z23iF 2, JST CREST?

BEZE/ Abstract

KA ARDO R MACKEG B D — > LU TEAERIIFFS N TS B R IGE RSB (DSC)D 72 58 s
A MEOmM & B LT, ZOMIERN A =X LAOBERIIFEINCEOIA T, TiIO, 74 —EBEMm—7 &
= VEME R i O HHRRREL Z OKIEREN R B L O TIO, 772 — B EMA~D Ru BV /L R th R WA
HRAE L OE FAIRRBIRAFMEIC B35 KBS — B AT 2 EATL . - B AT — L OB LWV R %
(Eyn

We investigate microscopic mechanism of dye-sensitized solar cell (DSC) aiming at improving the
efficiency and durability for further industrial applications. Equilibrium states of TiOz electrode /
acetonitrile solution interface and adsorption manner of highly efficient Ru dye on the TiOz surface
are examined by large-scale first-principles calculations. We have found several novel aspects of

DSC on the atomic and electronic scale.

ESOENT XL —BEOP, ARER AL EHR (DSC) (HERE =X bR AR ERLDO—D
ELTCEAER#EIFEESNRTWHS, LaL, DSC DERICIIHBOMAMDOER A LBVLETHD, £D
7=¥ITi% TiO, B & RN T - BREEBAE IR T 3 A HETBEBRREOMENIEMESRD bh T,
I LHIZEBERBRLY, FRARRESS Tio, RE LOBBESBHEERE L Vol FH—REHEMNT S
INETITONTI RV B TFHESRLRKFEERTLH Y . ZOBITOETIIRANEADL R LT
R - HERFEHICLEER DL R>TWND,

= CTH & 135 —FH CarParrinello MD Z LM HWARR S, Z DAFBRIRKIEEMR O RERISERD
fRAZ R BEIC, 9 TiO, BR-EAALABRAE. TiO, ZE~"D Ru AFEEE RO FHEINERRICEY
N, BRROBBIIBES TEBICBVES Z itk v, RERE - KFEHEG - BEMEZBEE L <ERT
XOFCH B, BEBRAERICEBVDTIZ 400 RFUENSRDRA—R—BVROFEH > 7Y T BB DA
&I OWTET LTz, —&MEH720 NIMS B LOEKGHERFD R /= LD 128MPI-1024MPI 15135
BREMCHY TS, [ OFBICL Y RFROFEN - HEWERARE ATET S Z LRI D,
B2 REICOW T E T Tio, 7+ # —E(101)
/7 b= b U (MeCN)FETR S O SR REAEAT %
fTo72. DSC I RZGM T TR S5 7= D i@
RIZBITDKOBAPARFTETH D, —FHZ DKM
SR - MAMICRADEELYEX D Z LB3Mbh T
5z mb, BAKSFOREIOVTHREL
ZORBR, KIZRT L5 RE2DERERENED
iz, R 1IKZF 5 MeCN BEBRDOFIZWHIRREBT, KOFIIMeCN Z3F TR T TIO, REIZEZET
2w, —F, FKITKSTN TIO, REICEKELTVWAHEE, WB I ZFELTREIL 2RV, RKEHD
EE L7220, RIBT R RAF—HIC bR DRET, AP TOH BRE O, VA1 b LARBEEZFRL.
ZDOETIREE 1b, BN TIO,MEFHIELOETIZHY, TiO, BEIZKRAEXBEFS—NVE2ZITANTT Y
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AMELRFTNWZ LB oTz, Thid DSC DREN - MAMBETICRESEET I LEILND,

¥ 72 TiO,/ AR/ BREBKFE~DERZBEH L. BEESEEL L2 5F Ru RO TiO, 77 & —E(101)
RE~DOWEIRRBIZE T 5 BERMENTICEY A Z[2], 1 DD terpyridine B F & 3 DD NCS E: %> black
dye DEZERIZRIT DREBERREZITV., BROREBREICELINVRF I
D7 REBCBOTRRILL EEoTWEIFREETHD LWV, fEREIT
B DERER/, Wi bALBEORL S 5 BOEEIZEL T UV AX7 b L
% TDDFT THELZFT. LEROREBENED IS ERFBRIC—BKTDHZ L LMk
BLl, 207 v bABIIFAEEFREBICEELEZXDZ LD, DSC DFH
M Eicxt UCHiehmR ez 522 leoTWD,

SHOFEL LTI, 2 E TOBB—ERAE,. BR—ERRE LV ok 2 RO EZ —HED T,
BB — AR —EIRE D 3 TTR~DIFENT LD, B BETH D2 RAmEFERIEDORRICEFL TN PET
BB, TDIDIT H24 FEEIT T OFAZEBENCHEE L THEZW,

FERX

[1] M. Sumita, K. Sodeyama, L. Han, and Y. Tateyama, J. Phys. Chem. C, 115, 19849 (2011).
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Performance Modeling of Computation and Communication Patterns in OpenMX
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Truong Vinh Truong Duy and Taisuke Ozaki
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Japan Advanced Institute of Science and Technology

BEZE (200 2 ) /Abstract(about 100 words)

Performance modeling is of crucial importance to enabling performance analysis and
optimization of large-scale applications. This work is aimed at developing a performance model of
OpenMX based on computation and communication patterns to detect hotspots and parallel
inefficiencies for optimizing its performance. We first identify and model application characteristics
of OpenMX such as global data distribution, memory access rate and communication rate per data
unit, message counts and sizes, ete. by automatically profiling and manually examining the code.
Then we obtain system characteristics of the target systems such as sustained memory bandwidth,
message transfer time, and flops by running a set of microbenchmarks. Finally, we map the model
onto the target systems, and validate and refine the model accordingly.

A typical calculation can be divided into 3 phases: input for initializing variables, output for
storing results, and main loop for performing the main computation. The main loop includes two
sub-loops: outer MD loop for charge guessing, calculation of Hamiltonian and overlap matrix, SCF
loop, and geometry optimization, and inner SCF loop for solving the eigenvalue equation, Poisson
solver, and charge mixing. The total execution time is simply modeled as a summation of
contributions from the above 3 phases, with the main loop as a dominant contributor. Each
contributor is then modeled using computation time, communication time, and overlap time
between them. The computation time can be obtained by running with 1 and P processors for
separating sequential and parallel portions. The communication time is modeled by the numbers of
point-to-point and collective messages, and the time taken to perform a bi-directional or collective
operation for transferring a message of S bytes on a system of P processors, with a latency of L, a
bandwidth of B, and a contention factor of C. The overlap time is given by identifying non-blocking
communication routines. In addition, we analyze the impact of 1D, 2D, and 3D domain
decomposition techniques on the size of communication among processors. 2D and 3D
decompositions are proven to outperform 1D decomposition, as they can significantly reduce the
communication size, which remains almost constant in 1D. To assist the modeling process, we
employ profilers, system tools, and microbenchmarks such as CrayPat, HPCToolkit, PAPI, and
Intel MPI Benchmarks.

An accurate model can be used for many purposes, especially for performance optimization. We
are now in the process of validating and refining the model on the target systems. Based upon
insights and suggestions provided by the model, we plan to optimize the performance of OpenMX

for extreme-scale calculations.
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SRAH B E T ROFIES A FI7 ADHF5E
Study of Excitation Dynamics in Strongly Correlated Electron Systems

=L BE, RE&EKRFERYEEHRR
Takami Tohyama, Yukawa Institute for Theoretical Physics, Kyoto University

SEAH B TSR AR IR - B A T X7 ADERR LR 2D ST | B AT IA A B L%
ﬂﬂb‘f:ﬁ%%ﬁof:o Frlo, BT THAERORE B AN —RITEY MERIE ONS—RehLrsa
HA ) \TRET DL — Y — VARG DR FE R OIRDFE AT~ W FIERR ORI LT,

I BT REFEB LT — R E T AL ROAE VLS A IV AZF R L, 74 /A Sz Ay
JhECHE 1 D2 B B2 U CIE M B 7 HGEL SR BRI R - DI R & AT o 72,

We performed dynamical density-matrix renormalization group calculations in order to
investigate dynamical properties in strongly correlated electron and spin systems. Examining the
time evolution of the half-filled one-dimensional (1D) Hubbard-Holstein model, we clarify
relaxation processes just after laser pumping pulse. For the 1D spin-Peierls model, we find spin
excitations assisted by phonons based on the results of dynamical spin correlation functions. We
discuss the possibility of observing the spin-phonon coupled features in inelastic neutron scattering

experiments.

SPring-8 K> J-PARC % D[EN KHIE &£ — L sk ORES°, M CORER R D RO T, &1
— L% R BIE T R OB A TVD, Fi2, TIRICE L — Y —I2L DR 7 - T a—T i tia ks
DB EIETIEDOFELDIELL TE HWEIRMHRE RO ELED B> DH 5, TRFHE R EIX
B ENE< 7 —a M BAEA RIS R B A2 K135 T SRR E Ry MR E 2 G T
ERERBICRZEOHThHD, HAHRE R TILE NI E B E THHAE U REM, PLEIHITHE 11
EEHERTE THE A B o TBY | BB — 50 m s 7 iEE AW e BRI Al - i & A X7 A1, @R
B 1R A OB BRI EBLT D[N B D, kLS A FI 7 ADMFIEIC L > TERLNDI G~ DIEE D
HEm B — 2 WA 2ae’ =72 E O F2BRIT T D1 HiT ., 588 B AR ORI #RL |
SR B SRR OE N B IS LD B R A e R IRIE L7 IR AT RE 7 S A A DRREHESH X
IS ASEDZ2 DB LIRSS,

ARFFECIE, RAHBIE TR BT ALV ROEM - AL Ve L OFH H A @ U CHAHRE TR I AR IE
ot - FHRLZ AT IV ADIRR LRI ZHED HELHIT, AN R AR LI AL T 7 d /kﬁﬁwf“/v’X@J
RS OMEEE Bie 3, £ 0702, BB — AR Y O IR L —T L O H L i

FIEEL T, HRHAE OB EEI“ Z IEMEICREIR 3D FARTRZ 9 RREL . £ O @JE@ Jfﬁ%ﬁéhﬁ:
EEATHIHRDIA L BELE(DMRG), KR AFEZFLIR 55 DMRG, i st A (bikel 20 L C, FE 1 - ohiEd
BAFIYAEFHET D, B DMRG 1%, RIEART /G 7y =7 b CHEET 7V EL TR A D HILTET
[AVSN

WRE 23 FEEED R D—DIL, B HRHEEHITE A 48 T AVEH O R AT AL Te— IR ITEy MR
DTN LT, LW — o UL ZARU % OIRFFE R DGR ATV, EHIRIBITAT T 272 O W)z ik
FROREAEIALIZZEThD GaXl], — RGN —R R aZ A RN B W IOy B 7 =1
X —JD 10 fFREeA A —a M AERETX T b2 AT DO B e Ty — e A B AR
EBIT Sr,Cu0, ZHTE L TRy E L 7 =R —D 1/10 FRED T INX —5FFOT AL a AT 5 )%
WAL, VAT L AR 12 41 5TL 74/ ATE TSI~ 72, BIFY DMRG Z REFEK /AR 315 AT
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REZRIGIZIER LT FIEEZ Wz, BT - BEERBI WG EIE, B SV ARSI ZE S AT
R & EHIZOT NI L, 2L RNF =D 2 A B EOT L —H I CTHIEL Tha (8
NARHHZII R RV — I~ ETHLIZLCER K1 2R), — 5, B TR AERIMAETHE, AE
YHHBHESOZFAX—BITIEMmEISh, 2oRb 7+ /o EiNE$ 528 T E A RBICHE =RLF
—WDEREL CTD, DED, B A THEAEROFEOLE T, PIMERRRRIT T+ /> AHEICE-
TEHBLESITND, Fio, ARNET 4 T AHAEAE 2R D720 O KRN IR B A7 — /WIZBIFRL Tnd
Zebbhol, H%IT. KORERIAXTOFELLLIT, WIHIREFIEFE COIFAREE AT L DRFHEIZE
b, EBIZ 3 RDIEMIER FIGE AT LV OFHRERED T2\,

ORI, BT REES L RITE T ALV ROAE VRS A I/ A% R L, Bk fF AL
AL A O FEMZ SN T DL LB ICFERICH TR EE T2 28 ThD [FsC 2], BIfE, J-PARC D3R
TN—TZEY | —RICAE L A )V AW CuGeO, (253 D FERME HPE T HELA I L ORI E D HEA T
W5, ZNESEGDE T, —IRICAL L /A ) VAR 64 2@ A" AH B B ¥28hi) DMRG %
WTEHRLIZ (M2S /), /3T A—=H LU T CuGeO, 125 L THENL S TN D T 236 L ORI 2 SRS AR AL
TERDEZTRN T %, SHIZ, EOMEAEMER G TONFETH /T Ay aZ AT 5 7 EL TR %,
FEDTH ) DR FE—TAE L XA TV AT vy T TOENR) RENWZEN, ZORDOFFR /2> TN, £
DIt | AE L < RAT)V ARG EZ DT 4 /AT 7 MESNTIAEZ KRS TD, FHROFER, BHE DAL
L DAy BHEIE TN A T, 74 /> X — EEICTREIITIE DD | 7 ) AT ST A bk 2375
TET DT LA MR LTz, T Bl (RS S BliLD, EREOFEMZR LA S % OB ThH D, Fiz,
ZDORITAHI 2 BN LT BRI B D SCabg A e OB B 7Y J-PARC THED BN TNDHD T, i
TOEFEAFITL, BRI T2 ARG ARt 5T ETHD,

Z DML, —Wot TMTTE RAEWEOE FIREOMIALEFEEEE A 2 ER ~—D T 1 1bx B
REL T, XA~ — AL EATERT R D ZIROIEFFIE N FISEART MV OFHRZ D T D, Z DR
DO—EIX, HARYE PRI TREL TWD, £, B R TIEHERWVD, —RICHETT = VIA VR F DAL
NI OF RN B O N —T X THED BV, ZORRENARIN TS [FHsC3l,

[F@3C1] H. Matsueda, S. Sota, T. Tohyama, and S. Maekawa, J. Phys. Soc. Jpn. 81, 013701(L) (2012).
(@3¢ 2] T. Sugimoto, S. Sota, and T. Tohyama, J. Phys. Soc. Jpn., in press.
[Fm 3] A. Yamamoto, S. Yamada, M. Okumura, and M. Machida, Phys. Rev. A 84, 043642 (2011).
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U A NV ZADRRURAMEE ORI D7z 8> D FMO BFRBAFEL HIV B ALEHA, griffithsin A A~
DINY:E
Development of the FMO methods in solvation for elucidating the mechanism of virus

invasion to human cells

7K HEEE *, Dmitri G. Fedorov®, JLiHFAR ® (F7 K2, P EEXRAF)
Takeshi Nagata, Dmitri G. Fedorov, Kazuo Kitaura, Kobe University, AIST

BEE (200 FREEE) / Abstract(about 100 words)

F % 1ZF1Z Drug design RV A /VATEM AN OFGE G REREARIH O 7=, ERTIIMAD , Isit %= Z B L=~
T7 Aoy FHIEFMONEZBAFE LTz, VAV ATEPEERL Hﬁ@iﬁfﬁ{a@%m%f IRtk % EFP ik, 20
SR DT A LR % PCM {EE DL FMO/EFP/PCM £ BI%EL | griffithsin EHEHHIV) DA IR D
AHAEOIRIA D=0\ A LTz,

We have mainly developed the FMO methods in solvation for drug design and elucidating the mechanism of
interaction between the active site of virus and a ligand molecule. The EFP method, which can explicitly describe
the solvent molecules very accurately near the active site of virus and the PCM method, which considers the
solvent as the polarizable continuum and surrounds the EFP solvent, are combined with the FMO method. This
FMO/EFP/PCM method is applied to a monomeric griffithsin complex with a high-mannose branched
carbohydrate ligand.

[F]

HIV AV AT A & OREREIZ gpl20 EWOREZ /37 %Ff> T T, HIV 238 EMIICR A DERI#<, —
77, Griffithsin X OALHEESH (Red Alga) Th5H Griffithsia NOHERIS T2 /378 T, HT HIV {EHZ R L
IFD—FETHD, HIV UA/VADME MR AT HEE, Griffithsink OFEVEERALAY gp120 OHESHER ST
(mannose #i/0)EHEG T HZET, HIV ORAZAETHZ LRI SILD, AMFIETILEREE /> FHlETEZ 18
H352LT, 2OMRFICEAL TERERMZAGS, TL T, ENEHEIT drug design ~DISHZ BT,
[AFFEFIE]

ABFFETIE, 2o -V EAERZ SRR T 5720 O EmBEFE L L T, £ODAT v 7
VETHoT, £ WH THLS " IEDTFNF — & @B O mEIIE R CEHFETHD FMO 5%
TEEOERB 2B O EREE IO LN A HEZR effective fragment potential (EFP){ESIRAR T 5.
FMO/EFP {EZBRFE LT, IRIZ, 77 DIRIEAZ 8T HF15Tdh% polarizable continuum model (PCM)if&
FMO {EZ& #4172 FMO/PCM 154 BA% L7-, PMO/EFP IRIXBEICIA A B 32D T, VIO R
BRES DL TERORENDY, —J5, FMO/PCM {EIIH B L I IR LD o5 0 N VE I 8 DR TIIRE D
EHDHILEBHOEINTND, ZNHOFS A~ CREkEEERH R 2 H 597720 Fox 13 FMO/EFP/PCM 1% B %
L7c, F72, EFPIZL% FMO fragment ~O% 52925 FMO/EFP A1 AL{ERENT 2 BFE L | griffithsin #5

{R(PDB ID: 3LL2)\Z3# H L7, AWFIE TIIH L /X7 E ORI L5 778373 protein-ligand F1 A /EFIZ B K725
BINHDINEIINE G ARD, X T B VT RDLO LD, 3SODMHEEERL., i RAeikin T2
2T D BOERRE WD 5, JEMRANIZ I F 2RI LY s iRA i B)ic = hr— 1L, drug design @
—BhE T D TIEOMN E B IR,

i =27

Griffithsin (% 123 HO 7T BRI ILND/25 1T48 JR DL 7T 2 X IEThDH, FMO IETIE—Kik—777
AL RDENN Y TEIT -T2, griffithsin OIEFHEEBALE G L 7= High-Mannose BIDHESH) H L RI% 9 D OENL2 5
FMO/EFP VEIZ X A4 BAE FAFEAT ORTALERE LT, TIP3P DK box(92.5 A X 102.5 A X86.5 A)DH I E &K%
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A T I EHRIC I S E2TE LT, 1ZUDIC, OK TORKROEER#ELO% ., 296K £THREE B
TGy DELE D % P T DD F B 1 FEE A TV, B 0K ETHRM LTz, IIZ, 0K TA{ED
MG Rl kAL, 296 K, 1.0 atm, NPT —E® MD T%% F#i{k(200 ps)L, 0K E TR L T & il b a L7z,
AL EDD IWEE, ZOFLOKOBEEA ., 4 M) &R H L, Sbi-i#iE%s H\ T, FMO/EFP,
FMO/EFP/PCM &15R& FAT LI,

[ R L]

[ZL&IZ. FMO/EFP #EERBHEAL. EZKED griffithsin A5 EFP OKIZTKY., EDLSIC
PEBLTWVSAMNIDODNWTERT 5. TOEEDHIL griffithsin #E#E8A T, ETFNEEMN S griffithsin
BEKRERI-RT. ETHETREOTALRIZETHS, R TRINDHFEEIL-100kd/mol LLED 7 1B
IRLF—DELN-LDT,
BNV BEREIITHLIEST
WBDhbhbhd, FBETRS
NEBREESBOFENED
ExEFE->-TLEH3LDT. h
HIFETEMNHhMNEKDIC,
BN BEOREBIZHEZ &
Nhohhd, UEhonhsdl
L&, AU BEREDEE
DEBRITLBRHB S & T,
K UEDDE LD FEREHE
BETHD,

RIZ. griffithsin E&KIZX L FMO/EFP, FMO/PCM. FMO/EFP/PCM it&E %1721 WAV KT
HOMEBEEREEERT A7 S/ BEEE Active 8. B S 8A £ T# Buffer 4. #h &V
= { DFEE % Far $8# & % L . protein-ligand fE® pair interaction energy (PIE)Z &% L 7=, Active
715D PIE OAFHENRIKREL . RLEBELFETHLHZ &9 H S, FMO/EFP/PCM FHETIE
EFPAA 7KJE . EFP8A 7KJE. EbITIZIE—E DA RL VEBHIR L CTRL TV 2L 53753%, FMOJEFP T
I% EFP8A /KJE4 % &L T, EFPSAPCM DEM 5133k keal/mol DXL 2385, ## 5. protein-ligand A8 AL /E
% #1595 EC FMO/EFP/IPCM i1, EFPAA /K@% & T U0 @isE ChoZ LN RENI,

Convergence of the pair interaction energies (kcal/mol) in the solvent
Configuration 1 of EFP waters
gas PCM[1(2)]| PCM (1) EFP4A | EFP4A PCM EFPSA | EFPS8APCM
Active -301.2 -291.0 -289.8] -276.9 -282.3 -279.4 -283.4
Buffer 6.9 8.0 7.8 6.8 7.8 1.7 7.8
Far 2.7 0.5 0.3 -2.7 -1.0 -1.8 -0.7
(e S R OFHE]

L k. FMO/EFP 8 AAE f#HTE FMO/EFP/PCM 13 drug design TIID20 A 3h7e B8 B 70 0H 52 LA Rd
ZENHNKT, A% OMFSEE L TiE FMO/EFRP A1 AAE R fEHT & PIE(DA)ZH8LEE L C | IR IEIZ LD 7 PIE O

B2 BHOMNC L., drug design D7=D DEFRODOHMENLEZ DR AHZL TOET=U,
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Magnetization plateau and magnetization ramp in two-dimensional frustrated systems

FREFEAE | SR, SREIRSIRE, JRF S8 SPring8
Hiroki Nakano and Toru Sakai; U. of Hyogo and SPring8, JAEA

BEZE/ Abstract

TIAN = a5 OB E R OB LI 2, FHEI7R IR N O — 2L T L7 7 h—2 LI
XD, AT SORBEMER TR LD 8 /D 1DES THIRIZE DML 77N —03 388l 7 5, T HhiZ
XFUT, b7 T h— LT AR AR D IRBEA TR T LR D F M T PO AR OB IB R O [ U a S TRUE
A IED RKEIBOEFIFH RIS L > TRHSN, ThETRMET 7 L4 T T,

Magnetization plateaus are often observed in magnetization processes of several quantum spin
antiferromagnets with frustration as characteristic phenomena; the triangular-lattice Heisenberg
antiferromagnet reveals such a magnetization plateau at the one third of the saturation. At the
same height of magnetization, on the other hand, the kagome-lattice Heisenberg antiferromagnet
shows a phenomenon that is clearly different from typical magnetization plateaus by large-scale
parallel calculations of numerical diagonalization of finite-size clusters. We call this new

phenomenon a “magnetization ramp.”

13 AR BORBEVEIRIE, AE DM IZOWTT AR — T al M3 AT 5 B 2 5 2 U CRE L2 £
7o, AR TRl LIS OB TR RS DB/ S TE T, FRICEBRICIX, S84 W E S a5 S
ST, ZOMEFRIADE AL TOBIL, LU S=1/2 BT ARG AR~V SRR O E
DA R B IC B S T2 B STl W, Al 2D IR RDHALIRFRIZ DWW THE 2 D, KA FLIR T DR )3 Fr
ESIIUE, ZOFROWEZEFHARLIET 720 BEZ R RIENS 2T IUI Vo Tk, LiEIZEDILS)
HLAVROWD, RITLIUIE R G2 TIIRL KT O 2 RITMEETFAR —2ar D) _%;f;ﬁﬁu,%sﬁ’wi&
HEER B A BT AN EICEIDF AN M R e[ T ZEN LRS- TD, ZHH DK
O FTHEATARERFH R B PRI FIEE L QL BT A IE (T FaAik) OFFRNE N7l /2 o3, B
Wz DI TR =T AXDPIINSIR DIZROIHZ TR K L T B SO M5 BT FFE 2 IR 3R s FL gk
SITET AR DD,

T T T T T T T T T 0‘6 T T T T T T T
1} (a (b)

M/M,

o 2 4 0 05 1
h/J M/M

K1: ZAEANALB LT ROEEER ORI LR (a) B 50 AL R OB L AR A7 (b) &2 39 A R
H R AR AZ =T OWNTEAE T AL E TSRO 726 O, B LD 345 D AT OIREE I
A7 7 b— DR BB IZ BT,
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S=1/2 13 A& A7~ AR L~V ROBRBENER OBABEE Z W T, Bl b 5 I > TREIZHR <D
NTNBI2,3], I AR A FRBEMEIR Tl BALIBRR DD BV OIRSFEVE B R BIR N DDA F vy
ZRIE4,5]8 RHNDILTWD, £ LSO @ SITH N D R IR BN E LT B8R L D33 D1 DS
T, BSOS U CTRAL OB A IE T N N ESWREG R A B | THHL 7T h— B3R BLL T D EHE S
T e, ZHUTHL, Frexid, AEEFEE L QT BT Th QR W IR K T39H A M ETORE A K
A FNFH R L > TR T BRI T 21T 572,

2 Wt T, SRR TR L7 T h—  WNREBLL QDA 7T h— DM ONL @& A IARR IR E TE, &5
(2, I =0 F HMAITIE RS, @RS RIS T) BEG I B L TR LT 2, 20T,
BRI OMEE | T2b BM H R OIRD B ONTIABRICELIL, 10 2IRITT7 TAN — R ThHD A1
FORBEMEAR TIEoEV LR D TENTED (KIS M) . ZAUTK LT, I AR FORBEMEARTIE, fafniéil
D 353D 1 DEIOFTT, BaHDO I L THRALDOZEALNEEA LT WG MFAET Db DD | E D
5D @ SOARBES M CIIEE AR B IR 2R3 L3012 BRI CIRBENIZEA L 72<leo T, 5y
G O A B X B TR DI TERY, B IR C R DIRBE L 72> TV D (K25 ), 3
5D 1 DESOIRIZONTS, RILAIZRT —Z B33 IR ZEITE R L MR IS W TRAI 7 A X
{RIFEIIFR DD OO, TR R TR D =AM 1 BORBEIE R R CARAT OFE R LT, MBS OER 7030
AT SORBEMEIR TRBILTN D, Bz 1, 2O X722 03 AR T SORBEE IR OB LIERRR O B 72 IR B &
Bl Bib 77 | L4 fHT7206,7],

ZO B BT BROBBEIEII R THY | MR- TS, Box i, b7 7S E S BB
FRL T TzDIZ, KO RE2 R COMALIMFEZ 1G5~ REBEHREOEBAHED TNHETEWEE X TD,

T T T T T T T T T T T T 2 ¥ 1 ; T T Ll
1 i (a) I I I (b) i I
2 =11 -
= i
0 PR TR W (N T SR TN S (Y SN M S W 0 L ! 1 : L | 1 L L 1
0 1 2 3 0 0.5 1
h/J M/M

2 B AMEF AL~V FORBENER DR T () S B L R OBALARAFIE(D) Z2 39 A h D
BRI AXT T AL =T ONTEUER A BIETROTZH O, BAFALD 357 D LI DIRFEIZ
BRIEY 72 7T b — LI R 2 DR B HRRICH DL T D,

[1] P. Mendels and F. Bert; J. Phys. Soc. Jpn., 79, 011001 (2010).

[2] K. Hida: J. Phys. Soc. Jpn. 70, 3673 (2001).

[3] A. Honecker, J. Schulenberg, and J. Richter: J. Phys.: Condens. Matter 16 S749 (2004).
[4] P. Sindzingre and C. Lhuillier; Eur. Phys. Lett., 88, 27009 (2009).

[5] H. Nakano and T. Sakai; J. Phys. Soc. Jpn., 80, 053704 (2011).

[6] H. Nakano and T. Sakai; J. Phys. Soc. Jpn., 79, 053707 (2010).

[7] T. Sakai and H. Nakano; Phys. Rev. B 83, 100405(R) (2011).
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Optimization of Microstructural Morphology for Structural Materials
with Nonlinear Homogenization Method

fAtE, BRBBRY: LTRSS BIRTEER
EREE, () WHE - e ek
SHIRY, RBRY: BT
Gaku NAKAMURA, Seikei University
Ikumu WATANABE, National Institute for Materials Science
Kohei YUGE, Seikei University

BETE DA BHRRI: 2 58 BL DA ISR BEO X7 e b B Rk i AT 3 DR AT A BRIE 2. JERVUPISE
LIEE B L IEL A B DEHIET, WREREZ AL LTIy mb R D /) 8B 2 el , =7 mkf
BHRFPEICEE 32 B BB D K St AT S b R - e/ IMERTBE A RAT 375 . BB HIE L C, ~7mRT iy
N RNF— Tt KA T 237 e bR O e e ol LA E kL, BARIEO A ML REELT-.

An algorithm is proposed to design microscopic morphology of structural materials for the
prescribed macroscopic mechanical properties. The nonlinear homogenization and mathematic-
al optimization methods are employed to define and solve an optimization problem of micros-
tructure with constraint conditions. As an example, a numerical analysis was carried out for

the maximization problem of macroscopic potential energy to verify the proposed algorithm.

1. [XFCHIC

e R A S U Te~ v D) RSB O RRATI, BT FIEIZ BT DA R 13 <A bD.
T TR RO EMEREILIT R, K2~ LT 27— L IERIE AT N ST 5. T2, BEED~
7B LT, A&7 D7 o EHIER O T BE 2 W AT T DEF7EL 72 S QOB PAED LinLends, HIR
BN D7 bt BHEAR O WFEAT IZ DWW TR, RIEMIEIE 2 oLy, 22T, I7ap ke~ 7 a)s
BEDOBIEMEZFIRT 2 —BhE 3572012, BB O W ORAEHIL G iT FIEZ ML T A2 HET 5. K
WF7eClE, IR E(RIEICE S X, v 7aRT ooy L T p X —a i Kb 5370 B i b A
ERALL, ZOBAEfNTT VYA LEBAFET 5.

2. X1k

TR EHARR O ZETEMEAT 2 MEER RO PR AL IC KV FEEL , 2O~ 7B EALIEICR0ENEIND 2 25
FESEMEZ R ZETRD S, Z2TlE, 2 bRbe B R EL, A RE B LU EIER I
ZEETD. IO, I/ EHAR O REE L L T~ rapdh )R T v e Ve VX — e KL T D i
fbREZ EXYbT 2. EHIZ, AL T 7aiE CEAR T 3MEnE o 7 I Hils iRAm a2 52, £
NENDORE F— DKL THRT Y Uy LR — RN R ERA IR b E2 E 5. L2
ST, ROINTHwIECIEE EAALT 5.

maximize G(p,v",v')
(v°,v") € {solution of two scale B.V.P.}

o J,pdy=v, =0

ZZIT, BWRE L 72D~ 7 aRT v VLK — g X, v/ uiE O AT E Z DI EE O )
THAEFEORMEL TER L. p TGRS 2237 REBIFEER OME G Aix KT/ T A—FTpe0,1)?,

VO VT EA IR E D 2 BHEEEFUERE O~ 0, J70 il R A T E R VAR T, 7k, K
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1) O. Sigmund: Materials with prescribed constitutive parameters: an inverse homogenization problem. Int. J. Solids Struc-
t., 31, pp.2313-2329, 1994,

2) K. Matsui et al.: Continuous approximation of material distribution for topology optimization, Inter. Jour. Numer. Met-
hods Engrg., 84, pp.733-756, 2004.

P-34



KA ORBNSEEICO T ILF AT —ILiBEERE - FHiAEDORRE— 4

feram d—RKlc &b PbTiO; DHRE/BERDFEHE
v=alb—>3Yy
HALREWE, £ > F INCASR”A, >k Rutgers KB

Anil Kumar®®, Umesh V. Waghmare®

Heating-up and cooling-down molecular-dynamics simulations of PbTiO;

IMR, Tohoku University, JNCASR, India® Rutgers University, USAB
Takeshi Nishimatsu, Kenta Aoyagi, Takanori Kiguchi, Toyohiko J. Konno,
Yoshiyuki Kawazoe, Anil Kumar®B, Umesh V. Waghmare®

PbTiO3 D7z DEIMNIN =TV DRI A=F2H L CREL, bitbi
DSBHFE L 7o ka7 A A A+ BIEEEER D 72 0 Oy F B 125 2 — F feram
(http://loto.sourceforge.net/feram/) [T. Nishimatsu, U. V. Waghmare,
Y. Kawazoe and D. Vanderbilt: Phys. Rev. B 78 (2008) 104104] IC Xk h Z D7
BT FEIEY S 2L —Ya vy &2iTolk, H—F XA v OMFEEMHZ Y
HIRRE & § 2 A S 2 L —3 a v Tid 677 K CHEEEMH~ OISR 2 72,
BV A PO v F LTI AW HEEEMH S DR S 2L — 3
YT, VI DY T a b= a TR EIE D TE 2D )
b5, 90° F AL UREEHTE, 2003592 K THiliS e, D70, 15T
ERDORMEREE IR S 2L —y a VOKIRIICR2 ) La =0 # cDIE
STV E ) aiREZ 92 (K1) . L& 2 > OMEBIREDFIIE 634 K

1ZZ DFEBMET =763 K £ D MBI K —FL T3,

feram 2 — FIZZDX I F AL UHid&ER &S 7 uziiitidss S 2L —
FTE D LRI TERSHFEROEERGE 7280 iHilid 5 2
EIRTE A,
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BBAEEAY Y 2 VAR BRI BT 5 BB LS AR
Structure formation of lipid membrane using explicit-solvent meshless model
0o #E-E EA REXRFYEGFER
Hayato Shiba and Hiroshi Noguchi,

W=

B+HRFOIZRaT7hFTHRRESNDEERE, Ay Va2V AREBEEAZESAGDE LY I
L—yarzZfT0, REROBCEGRBEEBEBERAITND, INVINVDONMIENEZRHDEE
Wik, FKHONTERRERCHBRR~ORBEBER, BEORRICIIBHEBEIBIRINIET LT
ORI OB, Lees-Edwards BERFHEZEETLLICXY, BB T CORELEE
RBRAE OEERROFAT -, SRR FOREIISU T, ZEEBESERIND,

In this paper, we combine the meshless membrane model with a fluid composed of
around half a million soft-core particles, in order to study membrane assemblies in a
solvent. A vesicle is demonstrated to reproduce well known behaviors under pressure
difference between the inside and the outside, such as morphological transitions to
prolate and stomatocyte shapes, solvent flow due to membrane cleavage, and so on.
Using the Lees-Edwards boundary condition, we also investigate structure formation
peculiar to membrane systems in a solvent under shear. The membranes form

multi-lamellar shape, depending on the shear rate and composition.

AR R DOE T VR E L CTRB S TEI ) FAIEIL, IO, B &S TIERFESHN
IREREERRS G CA el | B4 e EBRR CRON CEHROFHUIKIIL T D, FRZAY Y 2L AEHA
VR IERAE B IS BN L Cm B I ST, B EBZ ML Do MR ey — B b EFF LI X A Iy
BT NAERBL TWDEIIT EBRPEICARE IR L CRARDZENE G Lo TnD,

FIRD Ay 2 L AR T N a TR R ORI R BE A — R &L TR &I X0 | S & )t LT it o
FF RN RA PRI FERAWE T D, b0~ B RO KRBIBROF 2 RFFFEATH 72012, ik H
OB F 2 —RET VAT Ty FIZFEE LT, EB) B IRAFI O e 2B O —FE T H b -8 1) 1
DB ERIEL A REFRONDI U, D ERFIEL T, WIMSIE N EDFETHEXICED
LRI VOB RERESCRH A B R L\ o7 ITFEOHGRTT VLA R BB TRON TR A2 FH T
EHZEERT,

F7-. Lees—Edwards B Wiz S 542 R 0 #O FIICxF L CHRET D ETHIWT FOX A F I/ RAZ |5
NDINNTT otz FRITIHE B T REZELEL T, ZRBIATHO NIV ORI —a THID TRILS
iz, BIrERS — B O L7225 80 CHEE DT AMEES L TRY, < TEINR IR TH D, 4 % IT 5
FROMERL TR L~ DR TE 72 8 R EUZ IR R D ZEMBIEU® | I ERCR TR O TE T
F=F U FE AR E ORI’ T 5,
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Present state of real-time and real-space electron dynamics method program

BH BEXE.BE mE OF
Masashi Noda and Katsuyuki Nobusada (IMS)

B

B nmFEE O T HEERO N FICEF R ORTEFEE LT, F2RFH] - FEEME X AT IV AIEIZEY Cy 7T
—L S B ENE A TSR DR R EAT o T2, T ORGSR YIPERTS LU R DA/ S=AZ I W TR ] E3R73 40%
REEB192 aEbITe, Fo, FANTATIW TR _ERAY 85%FRE | FATRNBERMERELL D 10%45
LT,
Abstract

We have calculated a CeoX5 linear array system by using a real-time and real-space electron
dynamics method preliminary to optical response calculations of nano structures with several tens
of nanometer. As a result, we have achieved 40% speed up (8192 cores) on super computers in ISSP
and Tsukuba University. We have also achieved 85% speed up and 10% effective performance on

the K computer in RIKEN.

[B®Y]

5 10nm FREEDF HEERICBIT DB L A 37 2% 5 — R H R OB NS R E s S
AUTWR, ZOLD72WFFEIE, JEAbiEC KI5 EMIZ I T DN ER OB X AT IV AZHONITT HE0
IRTCTHETHLENZD, FT-, EMGLEE T ROMAEERZHLDICTIARILNG, T /R THIRE& TRy
N D IR E R R T 524 T, %ﬁf:iﬁg%T/wzOD%%OD?E%@%%)_M\EH%T%& Z 2T, AWrgE
T Z Ok T/ HEE LIRS O RFUEGHRICE L 7 KR - RZERE XA F I 7 A ET v 7T Ax¥
THZLEAME L,

[ ZEF]

TIVETHE &~ D3BRE L CE T RERMK AT B LB SERRR I S<E 4 A7 A [1-8311%, Z55EI

—7E 7 Kohn-sham 522 AR DT, WLEE SR L ORI FINE S IS A RETHY . KBS :ﬂ%jbf
Wb, EZ T, ZOE X AT IV AEEZMPLE 0OpenMPIZEHNAT YR Bﬁﬁﬂ ZEORMEIRRL T, E2, A&
JEIRAEFH R I Multigrid EOEH &K ORMM-DIIS O EETo70, EHIZ, N—N—HKRTo ¥/ %
RKODEFZHOBILD LT REIZIBW T, 2 OEA IS T2 LI FH R R O EfEZ R 47, Ceo7 T
—L U EBENE R R ARG EL T, KB E T H A7 ADFFE AT, WHHEEIZR O LT /TR L
DHEIRDHHREITST,

[EAEBZR AR ]

WIPERFZET D 2821 Altix 47008 500% KD 283 TOKIZ 31T B0 F~— 27 Ok A 1T R LT, U
T$H81927 /327 LTIl EE ] EERINA0%FREF DAL TN D, ZHDFRIIR TV o R R BEO
BB LW SR TITo 72720 | BIMEZFRS T2 L THE A LR ENRDZENHIFFTED, I, KA/
TR F v — I OFEREK2R T, 5761 7/3227 b Tl ] ERN84%FRES SN, ZOfE Ra
SMFET5E819277/327 L THIB0% AR DR EE [M] ERAHIFFCTED, IHIT, 5767 1ZHI1THFATIERE
BEERMERELLD10% S B TUND,

P-37



256 756
128 e 128 it
64 / - 64 /
8 2 3 s
-
F 16 g 16 i
i 8 e 8
e 4 e .
2 2 /
1 / T T T 1 ./ T T T
52 128 512 2048 8192 32 128 512 2048 8192
a7# a7
—B5R{E —e—Altix 4700 —A- T2K ——TEHIE —e—TT eeeee Bh4E
1 HERF Altix 4700 FZ UL R T2K 1Z 2 FRANRINTRBITHN T v —I DGR

BIFAR F~— DfE R

(S DFHE]

AN TINZL DT ETRHALATORBG, dE ) ERBLOFETRROM L2 a4, £0ik,
JEABEC KIS A R R ELTZ LW REIR TORHEETT), £o, BRGLE T LOMAENZSEICANZ
RHEEATHIZLIZ IS T FleR BT A ADBR DR 252 AT,

Exy 3l

[1] K. Nobusada and K. Yabana, Phys. Rev. A, 75, 032518 (2007).
[2] T. Iwasa and K. Nobusada, Phys. Rev. A, 80, 043409 (2009).
[3] T. Iwasa and K. Nobusada, Phys. Rev. A, 82, 043411 (2010).
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Numerical Studies of Nonequilibrium and Time-dependent Process in
One-Dimensional Strongly Correlated Systems

Hantao Lu

Yukawa Institute for Theoretical Physics, Kyoto University

Abstract

My project in CMSI is the nonequilibrium and time-dependent subjects in low dimensional strongly
correlated systems. Till now, by using time-dependent density-matrix renormalization group and
Lanczos method, I have carried out numerical studies on polaron formation and photoinduced
charge order in one-dimensional Hubbard models. The manuscript compositions based on these

results are in process.

I have joined CMSI since July 1st, 2011, as a postdoc in Yukawa Institute for Theoretical Physics
(YITP), Kyoto University. In collaboration with Prof. Tohyama in YITP, Dr. S. Sota, also in YITP,
and Prof. H. Matsueda from Sendai National College of Technology, I began the project on
numerical studies of nonequilibrium and time-dependent issues in one-dimensional (1D) strongly
correlated systems. Nonequilibrium process in strongly correlated electron systems, which, in many
aspects, may be qualitatively different from the weakly interacting counterpart, can provide us new
insights into the dynamic properties of the systems. The numerical methods we are employing
include time-dependent density-matrix renormalization group (DMRG) algorithm and Lanczos

method.

With the help of Prof. Tohyama and Dr. Sota, I started with the polaron formation process in 1D
half-filled (extended) Hubbard-Holstein model under the action of laser pulse, which can induce
photocarriers, namely, holons and doublons, into the system. By treating the Holstein-style phonon
degrees of freedom in a fully quantum mechanical manner, we traced the formations and evolutions
of the polarons (the bound states of phonons and charges) by calculating the real-time
doublon-phonon correlation functions. From the numerical results, we can observe clear signals of
polaron after the electron-phonon (e-p) coupling goes beyond a threshold value. In order to figure
out the effect of phonon-number cutoff imposed on each lattice site, which is inevitable in numerical
simulations, we carried out a scaling study in terms of the cutoff and found nice convergence for not
so strong e-p couplings. On the other hand, in the strong coupling regime, it is difficult to reach
satisfactory convergence for reasonable lattice size, since the truncate error in DMRG is growing
with the increase of the cap of phonon numbers, and the correlation function, which behavior
sensitively depends on the accuracy of handling phonon degrees of freedom, becomes shady even for
small DMRG truncation error which, in usual cases, can be safely ignored. We are thinking about

how to improve the situation within the DMRG frame now.

During the study, we noticed that there could be a photoinduced phase transition when the system
is near to the SDW-CDW phase boundary. Based on further study, we can illustrate one interesting

example of photoinduced phase transitions in low dimensional strongly correlated systems. By
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using time- dependent Lanczos method, the nonequilibrium process of the 1D extended Hubbard
model at half-filling without phonons, and driven by external laser pulse is investigated. Starting
from the spin-density-wave (SDW) side, we found that by tuning the laser frequency and strength, a
sustainable charge density order can be spotted even after the pulse turned off. This phenomenon
has its root in the spectral properties. The preliminary results of spectrum analysis on small size
systems show that with increasing nearest-neighbor interactions, charge-order favorite eigenstates
move from high energy regime to less dense low energy part accordingly, which leaves themselves
prone to be picked up by laser pulse. The conditions of the emergence of charge density order and
possible experimental realization will be elaborated later after further results on lager system size

come out.

For even future plan, I'm thinking about that. Maybe the nonequilibrium issues on topological
nontrivial systems, one kind of today’s hot clicks, sound attractive. I also hope that from the
collaborations with Prof. Peter Prelovsek and Bonca Janez’s group in Jozef Stefan Institute,

Slovenia, more fruitful output can be expected.

Publications

1. Hantao Lu, S. Sota, H. Matsueda, and T. Tohyama, “Photoinduced phase transition in
one-dimensional extended Hubbard model”, 2012 (preparation).

2. Hantao Lu, S. Sota, H. Matsueda, and T. Tohyama, “Polaron formation in one-dimensional Mott

insulator by laser pump”, 2011 (unpublished).
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Simulation of AC Response of Defective Metallic Carbon Nanotubes

FHRIT, WAEE? EAR'
'HRRRZFRFRLERFER~TITAVIEERER, HRBERRELERE —HHE (WH)
Daisuke Hirail, Takahiro Yamamoto2, and Satoshi Watanabe!l
1Department of Materials Engineering, The University of Tokyo
2Department of Liberal Arts (Physics), Faculty of Engineering, Tokyo University of

Science

W=

JR A2 LR Mz & Lo B T — R T ) F 2 — 7 OB Rt 2 I ol 7)) — o BISOE T OGRS
Jalb—ra i o T LTC. RIEEALIZRIR, REGHECEDICR BRRICENFHRSNLTE, L
T, ZORBRISEITEENPREWVZERSBINDZEN 3oz, SHITHIRRVNZ LI, Hifa X 750 A
IR BEDALENARAF LIRS, ASWALANEZ O ICHRAKAE T 2L BN Tz.
Abstract

We have performed a numerical simulation on AC transport properties of metallic carbon
nanotubes (CNT) using the Keldysh nonequilibrium Green function method. We found that a
capacitive response is induced around a defect level and this capacitive response appears
remarkably in large-diameter CNTs, which is in contrast to the diameter-independent AC phase of
pristine metallic CNTs. More interestingly, the AC phase depends on position of vacancy, which

makes a strong contrast to vacancy-position independence of the DC conductance.

GBI —RF )T a—T (CNDILE TR BB ELZFFOF VBB CTHY, RANMABARDO1 2L TH
NSITNWD. Fo, TEROM B R TD TRE XX VT BB LD 2 TWDIEnn, HEE R
THRAZSNDIEHBIFIFRFEN TS, LL, &EEES O T TOEE CNT O FISERAEIT 0 B RS
TR,

SEATERRRIFZE CIE, RO AE CNT OZRFISE 3T, sub-THz fEIk CIER a4 742 AL JE
WEITH U TR L, MAAIIREEMICIR DB ZEoRanTzl1]. £72, &R BmEOBEMO B L iR
LT FEmBIE, Eftas 7 780 AL ZFAAR DO BIIZHBE N B 52 & RIS TET[2]. ZnHDMFZEIE
& J& CNT ORI EZBRT 2 L CHEREBLRDBOEN, EEOFEBRTHOWOILLRITIVEHETHY
[3,4], BONDRIRIMERMEE + 3BT DITIEE S TR,

FRROMBEEEEL, AR, INEFTEEEZZONTCORBLERE Y THNTIRN 2T R FIE ~
DR D BB A BRI B S S XTI 5. AFZETIE, BT
22 fLR Moz & te 42 JE CNT O sub-THz A E Z AT 572012,
Mg 7 ) — L BBAEICE S REE S oL — a2 T o7, iR
HEET VEH, FEEMICKL UIVAR NS RBRRZE A LTz,
ARFZE TRV RITES? 12.546 nm THY, 224Kz —>
7217 & ¢ armchair CNT Th5. ZOXIHIRSEMET TIE, TRIVZ LA
1. B 7223 R Max 5t 13V (hw) = Gpe + iIERo D EZEEIND (Gpe:HFiaL OB R,
(10,10)CNT. E:T3IvA A w A TREEE) . = H 0 RIAS TR T 5.

FT, ZZALRMES CNT OHDIZTEASNTEHEDTIv I AD
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3. Kk & 72122 FLR [a DAL
2% %(10,10)CNT O3y XA
DT VI~ AR LENE.

-0.1

0.1

RO ZF ~T2[5,6]. EDORER, RHGUERJE L TR ERISE %
R ZENGrIolo. RO E CNT DIy X A X8 IS
BT 112Ens, ZORERSEIIRMEHENIZEDE FHEL D
FERAELLZENGND. 2, ZORBEAISEITERENKEV CNT
EEBEICBND. ZhUE, BRSNS KER CNTIEE KMGJELIFAE
TLETBILCET G T HRENRHETLIENDEfETES. X
faD 4@ CNT OTIv X AFERIEIF LW EnD, ZO’
BARAEPE I K DB AL > THNIZ N 2 5.

WA, ZE4LRIED CNT OIS T NIZEZAILEL THDE
B DRFINEE T 7=[6). Bitar X 74 AL ZE L ONE IR TT
L7 ERHBIVTNDD, TIv X ALK CNT O LG
HEN TS, REIGENOEENISENEB T80 00>
7o, EBFBEDEESTODICHLEDLLT, FHERILENRBNDGIL
IXIERICHRIE, ZNETORITHGRME T, BEfar ¥ o¥
VAREIIYZ U ADIRDIEIITHEANRHDHEB I DILTED, K
e CHERLIZLIR T —ATIXZOMBENEN RN ER LI
7pote. RMGDONLEIEAFL TRUT o —tBMER BN D 2808, =
IV H U ADIRDEENNT B L B2 TNDHEZE I BILS.

INETOETIE, KKa2y CNT IC— 23 FEET HHE DR
T E OB ATV, RIS ERA OIRDBENEZH BN
T&To. BUE, KRBaOSEEARFAET D856 OIS Hi s & Rtk O g i
EHED TND. FRIZ, RIS IDBOELDS 5 & 23 F 5 A 5 i
IS RIE T HBEHLNILIZNEEZ TV, HEMK 2L —

arOBLEIBIE, LVETFEDOLNRITKT 5L, M
FIOTARLBEEIBEEIEL LD Ial —ar EF DT eV 2
SDHFHTHED TV TETHD.

T. Yamamoto, et al., Phys. Rev. B 81, 115448 (2010).

T. Yamamoto, et al., Phys. Rev. B 82, 205404 (2010).

C. Rutherglen, et al., Appl. Phys. Lett. 93, 083119 (2010).
C. Highstrete, et al., Appl. Phys. Lett. 95, 203111 (2009).
D. Hirai, et al., Appl. Phys. Exp. 4, 075103 (2011).

D. Hirai, et al., Jpn. J. Appl. Phys. in press.
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Clarification of the relations between stacking structures of sp> network materials and
their band gaps

MTHE—ER, HZREZI. #HIlE
RARBEL
Y. -1. Matsushita, S. Furuya, A. Oshiyama
Department of Applied physics, The University of Tokyo

[#BEE ~ Abstract]

BE. BEYENCBIT2EFRBIISREFOHMENRERIZLIZE > TELNSEE X DN TE, il
ORIl Th I ETIIRFHLEICE SO TERSEREIN T, L2458, S EIOBFZIL sp®
FEEDPORDPEEORERII—RICR P DBEN T F 22 B NI IR A3 o7 "float” LT IRRE THY R
FHEBROEFREBTIIRNIEZALMILE, EHIZZ0 floating state & 521280, sp’ fEADH
DR OEE ST BRI ROND N R Yy 7 OREPEERTFIEN B RICHAHRDZZ LA LML LE,

Atoms constitute condensed matters in which electron states generally have their own atomic-orbital
characters and produce various physical and chemical properties. We here show that certain electron states
of the lowest conduction bands in covalent semiconductors ranging from Silicon to 111-V compounds
distribute not near atomic sites but in internal channels, thus floating in matters, by performing
first-principles total-energy electronic-structure calculations. Shapes of floating electron clouds depend on
symmetry of the crystal and explain drastic and mysterious variation of the energy gaps in several

polymorphs of compound semiconductors.

[H ]

TARF vy 7 LERTHLIRIL T AFE (SIC) 1TEIREIEN ARETHY, T2 Vard10fFE W) Rk
R ERGREZFFOZENDNT =T A RELTENEEEZL D, 73 A HIZBEL TEZL O LR T
NTWD, Fio, SIC 1T EFEEICL A SELREMENFIEL, 2 THHIENHDHIL TS, Hexagonal
symmetry %z -2 Wurtzite #%1&<> Cubic symmetry % -2 Zinc blende #i& 132 DREHR2EE TH A 9,
TN OREM OZEITE B EDZET L < | R 2R FHEEISEWDIT RV, L LED—F T,
FBRIZBWTSICON Y X v v ZIIHEEICRE <KRAFE L TUA%ICHIB LSRRI 2T 52 enBlon T
V%: Zinc blende #531E Tl 2.40 eV THDH—J5, Wurtzite #1E TlE 3.33 eV THD, HERDJFEFEIEIZ TSN
IZHERN B, ZOLBHDONY FX Y v TOFRRIRDBOEFHEMBLATZNEDOTHY . T34 A
HAOBENS ORI BT, FIRNRBLE D H SICIEZ < OBEBEA 72N TS, vk TEER - #ii
WTHE 6% < DFATHIRP R ENTE LT, N FE Y v TORERFIED A T = X LIIRIZIC
HONIZIZ S TR0,

[ B 4% BeY][AFZEFiE]

AT I T, BT B I3 EEILBAEE R O — L ABLEEL (GGA) & MW TIRD Z-2 0D % B & 7
WZTHZxHME LT,

* T SICIZEB N T ZHIEEE TICRERANY FE v v TOBER R S0 2
« RNURF v v IDRREREBICRE SEIF LTV RE v v 70204 5814803 sp® OWEICE
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Ab initio study of strongly correlated electron systems
-Applications to iron-based superconductors and organic conductors-
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T. Misawa®®, H. Shinaoka®C, K. Nakamura®®, and M. Imada *®8
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FFIEMACE) Z B%E Lo, ARR T O FELSREEER, ARSI L TEM L7RRICONT
HET D, FRIZAMEL DN AN B BRI T N e iEDOREE, FIRIZOWTEELS HBET D,

To understand and predict electronic properties of strongly correlated electron system, 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 poster, we will show that this method works well for iron-based superconductors and
organic conductors. We will also explain the accuracy and advantages of multi-variable variational

Monte Carlo method.

(4]

NUNRIZIEE T 5 VA EERARETFRICERIRERE TRV b, BIRBEE, BETAYVRE
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FERBRORERZ AV TR T8I WERIHCH LW ESH 2SI 220 H 25T HTLW LA
BZLITH ORI, IS - BB O 5 OBRNPOREREHZED TS,
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b EICFEL TOBDITT 2V I— RNV —IEFEDO B HEDHENIZEIZEB LT, 723I—
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JREANERZIERROICEH L7, ZOFPEBICHL T, BREERHEELEITTH2L T, MHEREET
ROYMEE —RRIICE SO TEHE T AN TEEIC 2D,

ZDFEZHERBLERDABEDORRHLEMOE - FEAIEAICEALIER., BIBRFE—AY
O AR AT B RANICHER TEBILEBHLII R o7, BT, BMEKFT— A MO REZIIE & D
YWEOMEERADRKESICAT—/VENTKEEIN TOBIEEHALNIC LI, EHIT, HHEEITR—/VR—
TEITOZEIZXY, FDOETEEG BED JEIEIC 6 ET)ICHIERBLEERORYEIL. d°6G ED J8E
IZ 5 BT DEYMEREDE KRN —LDSHINWAILEHLNIT U, Y MEREDREREELS T TV
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B, ZOBERBZEYMEGEDEEBIIZHERE R STV MESICERLTRY, 5RBIREED KX T
HHEEADLMNI LT, BEOHEIZB N TEHE—A =775 LI2Eo T, ZOE BT RO ZBRAGRFE
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Accurate Description of the Physical and Chemical Properties
of Hydrogen Hydrates: A Large-Scale Calculation

KB E L R. V. Belosludov ', O.S. Subbotin 2, V.R.Belosludov 2, JII{xRE 3!
WAL K4 ', Nikolaev Institute of Inorganic Chemistry, SB RAS ?

H. Mizuseki!, R. V. Belosludov !, O. S. Subbotin 2, V. R. Belosludov ? and Y. Kawazoe !
! Institute for Materials Research, Tohoku University
% Nikolaev Institute of Inorganic Chemistry, SB RAS

BLZE /Abstract

KFEANARL— KB IFEAMELE L CRIH 32721203, BFEAARL —ME IS L E IAFE CEDIE
VAN mﬁﬁﬁ@%ﬁii%ﬁ%é%WmiEzwmeﬁfxwﬁxwmﬁwﬂH&&%VWK@ﬁ@
DT ANy FHWNO LT REB B LIS ) it B — R G R A A& DGR FEICL L O HIXIE
RAEETRE L, T A ﬂ?Jz/‘/O)/w’}\“I/%%@%Eﬁ?%&&@th@ﬁ%\ AT IEOZ Y M
BLTZ, ZOFEEZHWTKEDF +H2T ANy Fa ML e AR — O Z B L | KFEAARL—]
DIGRE ) %2 BRI T DE8NA] (VT T AR) 2 RER LT,
For practical application of hydrogen clathrate as hydrogen storage materials, it is important to know the region of
stability of these compounds (there are several type of gas hydrate structures with different cage shapes) at various
pressure and temperatures. Therefore, we develop a statistical thermodynamic theory of clathrate hydrates based
on combination of lattice dynamics and a first-principles calculation that accounts for the mutual influence of
guest and host molecules (non-rigid host lattice) and guest-guest interaction - especially when more than one guest
molecule occupies a cage. The validity of the proposed approach was checked for argon, methane and xenon
hydrates and results were compared with known experimental data. At the next stage the proposed theory has been
used for construction phase diagram of pure and binary hydrogen hydrates with the possibility of multiple filling

of cavities by guest molecules.

KFNA R L— N EARZFTEME & L TRIAT 57201008, x2S FE a8 A L — Mk
WRZEIFIETE DIE, Eﬁ%ﬁ%ﬁﬁ:mﬁfé:&ﬁﬁgﬁﬁém BUE, HANA RL— D pT
M Z Ve T 55 E F1E1L. van der Waals & Platteeuw 2] 0 SEBRA 22 BLEGFZEICNII L TV 5, 2 OFLEG
LN HIRE LRI, RORED EITHEEINTWD, (a) £7—VIE7Z A MR 1 HOAAND,
b)7 A My FRITIZBAWVICEREZ KIES R, (© FA METIEF A MY TOBCHEBEICHELZZ T 20,
KFNAA RU— b DR IITEBEHDO 7 A My 12 —VICELR TR, ZOREZMIZI R, ZDH,
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— FOFMRITERBER L BD—8 &R Lz, BT AR OMHT TIIKHE DT L KDOKR A b r— TR
BWHEERRSH L Z 2R LTWe, 7 b7t Re7J > THF 51 &R A METHOMEERITKFES
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First-principles structural optimization and
electronic structure of the superconductor picene

IMER— 1 = A ARER] L A BEREARR 2 FAFBRKS
VEERRT T /T AT I 2JST-CREST, * AT, *JST-PRESTO, ° R AH
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TN E K picene OfE it S 2 55 — R B FH R IC Lo & b 2 WV CRER LT, BRE 2 x=3 2B\
THEASNTND, ABFZETIE x=1-4 IZOW TGRS, BONIZT N TOR =T HHEIZRBWT, Bk

53 F D ZIRTCELINTIRVNZZE A TWDN, ORGSR FEII IR To T, ZNHDOEFHEEF T, 700
WDRHEFBBNET TR F BRI L DRI ETNDZ LN 0 oT, ZDT2DV Ty RN
NI TH D,

We theoretically explore the crystal structures of Kxpicene for which a new aromatic
superconductivity has recently been discovered for x = 3, by systematically performing
first-principles full structural optimization covering the concentration range x = 1-4. The crystal
symmetry of the pristine picene is shown to be preserved in all the optimized structures despite
significant deformations of each picene molecule and vast rearrangements of array of molecules. In
the electronic structure obtained for the optimized structures, the rigid-band approximation is
invalidated since the dopants affect the electronic properties not only through the rearrangement
and distortion of molecules, but also through hybridizations between the molecules and metal

atoms.

T, WO FHEABIZEAR K picene 28 x=3 £ (T,=7-18 K) THREINT=, [1] ZOHE B 21T
K,coronene (x=3, T.=15 K)[2]& K,phenanthrene (x=3, T.=5 K) [3] CHh & HESIL D, LILEERT
HHE G CO A B RBR S E BT A8 I 7000, K picene OBRENE THEIC L b O THN T +
JUBREIZ LD O ThIL, ETIEZ DR TELE AT LT AU B, RBFE T x=1-4 12O\ T —
JFHRE R KD ol SRR A AT o7, [4) 8 EEPLBIBU T RS <E FIRREGHRITIT QMAS [5]&2 v e,

x=3 TROLNTC ZHOOMEEZ K 112777, Kypicene TIX3ED Kﬁ?ﬁﬁ‘““( T RENIZHY KK picene

TlE2flN 5y FENTHENERIZH D, EHLLERNR U R EEZFF> T, Kypicene 1d K K picene &
D6 FHT20 0.465eV 121 22 E T DNRAE DI7 I3 FEFIEN NIV T EBZFi > T D, il x THLIL
TR T, x=1 DEEER T x=2,4 DLEMIFIATH -T2, ZHIL KR FH720 1 HOE e oy 11t
BIN TS ThDd, 7=V IEN AT DB IREE KHTEY =B CRITLI-L A FER—T R L[
BRL6], 224310 LUMO & LUMOH L IZHETHZE0 0T, LinLay TOEHZDT=HT =B OFIE
X ICEoTRWCEAR D, EBIT, K B FOBE L E 2 D4 FHLE DR EZ > THY, FER—F gD/
RO7 2 VIMEA Z HHMIZ E FSEDY YR AN RIEEITIEN — 7 g O E FIREELZ ELGLIR TEARNZ &N
Inolc, IR OBVIE 5 OFEATIZED | KK picene DFE M 1EIXIER — 7" B L OVK,picene S0 =R ti T
HHTENG DT, ZHUTEFEIEDN — KT Thoar ke LT R Th D, [7]

Rb; picene & Ca, spicene (2B Th T =7 K DEEENRESNTND, [2] ZOZEiF55 5720 3 HDE
T O ENEAREEACBEEE G ST IEERL TS, ZNHOWE O R E ORF ESL 4 HBIT 0 B
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Quantum Monte Carlo method for the local Zs Berry phase
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BEZE/ Abstract

T 22 NU—(AHORERE D &L T ANV EICILFEFIEEZERL, | RO &7 Lo
S=1/2 FCRBEMENA B L~ TR SN TEBRIZGH R 21T o 7o, AR i DREN T2 S CIIR B L <G A
TR Flo, BT AN vika VT LRI IR COFERRE S E LS RS 720 OH 772
HEAREL, ZIUCKV RO FRRY A AR =)0 7 JOb/NSIR3 RNG X0 S RS 0 ALV 21550
7o

We presented a path integral Monte Carlo method for the local Z2 Berry phase and demonstrated
it for the antiferromagnetic Heisenberg models on chains and ladders. We can calculate it with high
accuracy far from the critical points. We also proposed a new method and observable for the
accurate estimate of critical points at the thermal limit. Using this method, higher accuracy was

obtained from smaller simulations than usual finite size scaling of susceptibility.

BTAE L RIZEBW T, FIRITREEAL S L IRTTEHSOM T4 772 8 O IR ERBRIZIEHEM: C, AIROAE ¥
Yo T o TRV AL L X vy 7 REMIEND, ZHUTKFREDRBNL DR — RERF DRV R THDHHY, AR
VI F =D IR NDDBRENIRRF MRR Y LA —F T A= H DAL ST EHITHIN R
DTN B IIRR Do VERDAN) L 7 =2 —RFNOLOFRIT, | IRIT72WLEE 1 ot RIZBNTL
DFLIR DSR2 o Te D3 FIH OIRZE LT JRFT Z, XU —(AiX 2 Wotbl BIZB W bl A C&HH 7e4—
B —IRTA—=REEZ HID, ZAUINIVI=T DL ZE RN —H 3 (B # A 5- 2, ZOEEVZ BrEng 1oL
b HTIICR LT E XTI EIREAG DT HONLAH (U —(7HH) THY | BEhE 5 2 725 T OB K AT
LT.0 2 D2EICETLEND, FIZIFNALL LT AL ZOBE . AR RNE 53 320D
(PLARIR 1) BT % DO ORVAZEREIINZ 005 2 1 ~EBLEED, TORE, ZORRBL 7Ly bRy
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FIREFRZ LD, 2L TERINTCAR)— (DL EDL BT, AL T Xy 7 RO EE B2
Do

Zy ) =LA S ETEE ST AGICE > TORFEDN 2SN TET, Ll BONDEHE R SUTITA R AR
NEINNT D280 | B ZEIMBIRIC B+ 57011, B AL UA DO FIE, BT 2 Tl EThEE
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WREDFHE, 2 MREEONHEFHE | AFHEN DL DINAER I E L, e ICEo TRV T Vet EIT S
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PAZ T 5728 . BB T Akl LD Z, N —( O R FEEZER L,
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Performance of the many-variable variational Monte Carlo method for the
one-dimensional Hubbard model
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BEE (200 FREEE) / Abstract(about 100 words)

ZRBIE ST ANV iEOHEREFHMIE LT, 1 ot Hubbard RO L ERREOY MK ICHBL T
HZEEWET D, Boy'yT v adtEE half-filling & quarter-filling TITV, FEECIRAED AL FH B BE %k
DREPOL B L ONEE) & 7547 B D Fermi HEGEE COREXIIIRSHE % Tomonaga-Luttinger P T
IRSIVTCW DR AL &0 TIEMEIZREIR TEHZ LB LT,

The accuracy of the many-variable variational Monte Carlo method has been tested on the
one-dimensional Hubbard model. We report our variational function can describe the ground-state
physics of this mode in the both half- and quarter-filling cases. The power decay of the spin
correlation function and the power-low behavior of the momentum distribution near the Fermi

wave number coincide with the Tomonaga-Luttinger theory.

SRAHBEEE 1R OFUE R Tk L T MACE (Multi-scale Ab initio Scheme for Correlated Electrons)
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B ARIALZENTED. ZOBRFEHELITOIZET, RIEREORFMENEIE L SR E i 1552
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5. TRAF—FAET 0.6%L N Lo THY, FEREOAL U HHBIDO XX Quarter-filling 1235175
EH B0 O Fermi HOI LS TONEHIROEE VAR IERIZFLR TEHI LA R T,

P-45



[1] M. Imada and T. Miyake: J. Phys. Soc. Jpn. 79 (2010) 112001
[2] D. Tahara and M. Imada: J. Phys. Soc. Jpn. 77 (2008) 114701
[3] S. Sorella: Phys. Rev. B 64 (2001) 024512

P-45



RGWHEEREZRSROBARI AR =Yo7

Finite size scaling analysis of the model with anisotropic interactions
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22N IR ST B R T DR LW RV A X R =V 7V FEARE T 5. ZOTIETIE, RBA R
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BLOMEZR/NSINADI LN TED. SHIT, FIHTHZRR TR T iRES 2= —3 1l
578, KUK A= =Y VT 47 TADBRRED AIREL 725

We propose a new finite—size scaling technique for systems with special anisotropy, where the aspect ratio of
the system is adjusted dynamically so that the system becomes effectively isotropic. By this way, the aspect
ratio is optimized and thus corrections due to the anisotropy can be minimized. Furthermore, it becomes
possible to investigate the universality class more precisely, as not only the critical exponent but also the critical

amplitude are universal in the effectively isotropic system.
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Electron Correlation Effects on Edge States of Topological Insulators
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=% R TOEBXUREDIHISHL, Ty MEGAHIIRDE PN BELNDZER AL 5T,

Topological insulators are newly discovered states of matters. Differently from ordinary crystalline
insulators or semiconductors, the topological insulators are characterized by the existence of
conducting edge or surface states robust to time-reversal symmetric disorders and impurities. Here
we examine the robustness of these edge states in the presence of strong Coulomb repulsions. By
optimizing variational wave functions with hundreds of variational parameters, we study finite
clusters of the Kane-Mele-Hubbard model, one of the canonical models of topological insulators with
short-range Coulomb repulsions, and show that Mott insulating behaviors appear at the edge states,

from analysis of edge charge and spin Drude weights.

FEEAE TP OZEEIREBICH T HERAIEZHRIIRE, FEELBDLTIT N AADOREBEEZX 2S5 A
ORI FENOBLIR>TE, Z2D— 7 IEFRITROTEFDOEMUNDAL A FEDOWNERE HEDT NA R
AR, V572 TRWEESNT-ENEENIZIZ 0RDT 4Ty 7 EFDBEERMED, RO F-EERZELE
BRI TS REMER BRI TS,
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B OV OEFAL A VEEBPGHSHh, —RICEDEE 0 DT 47y 7 BFBPHERORERWICE
EEELERTHILBHMONTEY  IERRIFROR R LIRS TS, ZRHDMEEMIL, & ENIORE - R
DOFRFAMERK T Rl TRERZZIT RV MR AV B THY, RO BEIZERFSRNEN)
JSR EFELVMEEZRE O LB DN TS, LHLRHBE, BRLE, MRuY A AEREDOTFFEIT, sk
LA, EICEFHDO7—r HEERAZEERLR2VERICE SV TEDON T, Bk FPOoEFH
R FRECEE T 57 —a AR DL L TOMERY WG EOWEZHOINCTAILIX. S EE
BELRDHEAEADOLETORMRBOREMDALRDT, Fi-/2BFHHEOYE LW R ZRE IR
HEHZED TN,

IR TIZ, MR I AGEGEORERED, ETFHHEEERICEWT AR ESREZ BIERICI->THDL
DT BHZEEBMET D, BEDLORTOED/NFA -2 F LB EEBEEE AW T, 2 RN L
MG EDORMBIMNORFIDOEBR THS KaneMele A |[ZEHEM/—v HEERAZMNX T,
Kane-Mele-Hubbard #EZ DFENT&AT o7, B3/ 3T A—F DEMALIZIX, Stochastic reconfiguration LFEIEIL
LEMFTEY IV T RANCE T TANRER AW, SRBOREREZALNITT H720D12, N3
WE=TUVREAIIVRT U VR BAL, BERBRERROISELZHETHILT, BHBLUAEY D
ab— LU IMRMBEOEE THHN N —T BEH DR BEEZITo7,
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INETORFIIMILELTELOONBEICHRIN TS : “Mott physics on helical edges of
two-dimensional topological insulators,” Youhei Yamaji and Masatoshi Imada, Phys. Rev. B 83, 205122
(2011).

P-47


http://prb.aps.org/abstract/PRB/v83/i20/e205122
http://prb.aps.org/abstract/PRB/v83/i20/e205122

FHEREES — FREHE 2 —F O

Comparison of first—principles codes with a plane—wave basis
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BEZE/ Abstract
A=Ay Ba—4 L COFEITE U P S — R R —F O AR TOE iz B4, 44
FEIIREFD HARD=—RTh2D TAPP & QMAS DRz BF$ 572012, TAPP & QMAS B X TMES D FF =
—ROIUTNVEEHRE O ka2 1T 72,
We develop new first—principles codes with a plane—wave basis to exploit a super—computer in Japan. We
compare the calculation time of TAPP, QMAS, and a foreign code to investigate the performance of the existent

Japanese codes.

3 L BIBORGR | T S < — R B EH R FVE O T T e m I AR IS BB -V T o L WEIR, R
BT DEREEEFHRNE S 78 11T, I —— R R ER B R A b A WD 28 THRA R E 7R ICHE ] T&
HIEND, NURFHR | WS EEL, B PR RS A Rt o —va i b TE, £ Y
TEHUCESSERILTHLT20 | HILWHIEREZEANT HZEN AL THY | BUEL LR 3 R At
N5, = Tarvta—XOWHEN ERHE WHEICAE DR THEMN GOV ARERETIHV4—IA
=T DEMETH->TH CPU HMDEEa AR EE LR, YERea 0 ICAEN T ZEN LRI EH b
NTEY, EFOSELWELE RS TWEEIEFIA— R —a L B a— X OMWEEE + 3 I AN T H LD —R D
BAFE R OB TS, 22 TH A 1L, EN TR DED S TRIZW O DHEAR T v /W iEa — R a gt
L. ZNOORFEANTZET, WHMERE, FMEME, JLREOmWa—R 28 H 52 L% HEEL T\D,

AAEFETT TAPP [1,2] ver. 3.2.0, TAPP O Bt CTéh D xTAPP [3] ver. 110426, QMAS [4] ver. 110511 ZHY
B ENOOREABET D0 RER SN EZAZ TV T IVEEOEE O & T 72, Fi2, BIER A
Da—RN RN E DKAEIZH D DDHER T DT DI, WS D —R e a2 4T o7, T AR Tl &
BB II T3, fE G S FE R IR O v b AT =3V F —Z R CIZLC, #iHZ Kohn—Sham J5 F2 2% fif
EGy DS E Ll LT,

SEIOHEIZE ST, ZNENOT—ROREHO Y N7 v 7 OREH & k HAX iteration DEANE X 7o RpDFHE
REf] DI N DD o7z, A ENT =y ML O/NSZRAE DR RIZIR 723 A% LA KRR F]
PEREIZ DWW THRAET 5T E ThD, ZNOLDIMTRERIZESE ZNEhDOa—RO RS&ENLISEHT LA
—ROFEFEEZ R,

[1] J. Yamauchi, M. Tsukada, S. Watanabe, and O. Sugino, Phys. Rev. B 54, 5586 (1996).
[2] O. Sugino and A. Oshiyama, Phys. Rev. Lett. 68, 1858 (1992).
[3] & AT 9%, private communication.

(4] FHFEEFNID, [http://www.qmas.jp/].
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Charge ordering in the Kondo lattice model at quarter filling

T M, =8 'R Rk E=E
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F-(YEh ) DA ZNE BN EZEh OE B RO 100~1000 [FIZH KT HHEWE T RIT, B L ARE
Hﬂiﬂ‘t{ﬂkbf%ﬁé’a CHHESIL TN D, EDIIRENWE - RA LR T2 O —DILA B FREENH D,
MHERFEAUNRIBELOEKENMEBEDOVEDELT. BRI 1/4 T4V T IZE TR ERKFDORIRT
BEMIEAL. EARTFEBREFREOMEL . ENELTHILAERUTISRI—EI T HI5E HZ 184
BICAVWTHRA -, TORRRHL-ERKFHEICEALT, TOEFRELHIMEELFHMICERT 5,

Heavy-fermion systems, where the effective mass of quasiparticles is two or three orders of
magnitude larger than the bare electron mass, have been extensively studied as a prototypical
example of quantum many-body problems. The Kondo lattice model is one of the simplest models for
heavy-fermion systems. Among many different phases described by the Kondo lattice model, we
explore a possibility of a charge-ordered state at quarter filling on a square lattice by using the
variational Monte Carlo simulation and cluster dynamical mean-field theory. As a result, we found
that a charge-ordered state appears in the intermediate coupling region. We discuss electronic and

magnetic properties in the charge-ordered state in detail.

HWVESREMIINDTH IARRT IF /AN LEE -T2 £ 1R T, LIZL ifﬁ%(ﬁﬁ%)@ﬁxﬂ
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BB R E MR IR | TR IR, B IRIE R E SES FRMD BN L Z LB BN TN D, ZIHD
WREI, EVEICIE, RTEAY LV MEEE - L O EAERZ @ G~ BHEEMENDIERIEDOIRIES
EALT 2R E JITEAL R L 2NEREE 2T L RIS BER T 528 IC KRR e 2 E (bt
DNF, ELTED DD ROBEA L THAESILTND, ZO LU R TRV CBLN D fl ~
ORREIIAL Y A B EZE L TSN EN LD, REE 1 ﬁw@ﬁﬂafﬁ@%&&éﬁkb? A
B FE DOPR DA RS 5B BP0 D, TS TR I H DX E MO I N Rl nz
Enb, ZHLIZE ﬁ&ﬁﬁ@%ﬁj;#E%@E%%%%%@ﬁﬁk%i%h@

THVETIT, 1 WOTIT RS BRI e L C GRAH BARBER(/ :00)75>¢g@zl<yt°y7°(t) BT A EEFHAEICLY
BT A NN 7 SO D DL NAZEDN MBI TNA[1,2], Fofill Tid, JERK T2 T 581
RSB A OS2 R OGRS, 1/4 74V 7128 W CURIRTE ﬂﬁ%r“ REE~ORZEENBNDZ
EDVRINLTWAL3], LinL, BEMFRFAD 2R IT° 3R L CLRIED, ETBEMRFAHNED N ST 0w
RREZ LT AR TH D,
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FTEGELTANEICEY J OZAGIT T D EEERIR BB AR D T, EOFER ., EATRRT Ao 7o
JEARREDIRWFEPH D 12T o THRILL TNDIENI o7, Fio, BATRRFIRAEIL, BATE EAME Ak
[ CRORBENE ) A R P A FF D 2D o T,

WAZ, 7T AR —Bh YR & O CA TRIBE COME R~ TOREE, PR J O, &
WIRR A~ BRIR AR BB D LN 0otz Fio, ZO/3TA—HFEIIZ T, B RT3 AR
SNDIVBIRNREE TRESAHBAN T T IR B WOz, ZOZEIE BorEr T AN G TRV
JEARREIZ DN SORBEMERR L2 v AT U N T D,

SbEOMEELTL, 7, BT HOLZ EELT DN E T HND, J MR CE Rk
FRFRAS IR DB 13, TEPERYI 50 AH BB IR TRON DA BRI DR TEDH, E R,
SEFH B IR COFNET N CEMESNDDE T RD, Flo, AT VBT E OFRZITO, BT
BRI RS D ZEA LD T D, SHIZ, R—EU 7 RT7ITAN —a R BRI B RT3
EZETLIED, BT RENIZFRIZE DL IRIEICHERE 32D DWW TH BT T 5,

AL TRHWEE ST T AN RER T FAZ—B PRI IT, TR R TR HEHE L
ZE B2 B IAA TG R THLHDY, BEWEFHMIIHL A A DD ETHuk R B IOV [RIRE COfE
W& RARINZATHIZE R TED, ZNHOFEFEOMASLEIL, ENE T ROALLT, &1 /1AM A
TERDARE R EN 2 R T ORITHEH TR THY, BT ZEREE2D ETHEHTHD,

[1] H. E. Hirsch, Phys. Rev. B 30, 5383 (1984).
[2] M. Sigrist, H. Tsunetsugu, K. Ueda, and M. Rice, Phys. Rev. B 46, 13838 (1992).
[3] J. Otsuki, H. Kusunose, and Y. Kuramoto, J. Phys. Soc. Jpn. 78, 034719 (2009).
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Hybrid W335
( Hybrid parallel computation in
the implementation of non—adiabatic bifurcation theory
for electron phase dynamics in a molecular system

under external laser field )
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OXFEXH, MR HHKF HFEL)

oTakehiro Yonehara, Kazuo Takatsuka Univ. Tokyo (Basic science)

BEX

BEI NV —7 T A LERISB AR BN ETEROBEL X BT AHEMmHAEFRLL T KEHBE
ZYENRICE D3 FTREZR /YU BE 3R _EDEFAAHEN /1 250l 328 % T 0 TN BEEB S 1 ¥ m
DEAREHED TWBBECIR1-5]), AF RS Hybrid WHIFHELEHWEFfMEZRE 2%, ab initio
on-the-fly HHEDKEBER THHEET NVERWEEEFZBURE T2, KEBHIL, DHREOBA
o, BFEVTIAE, SFENREOSFICBIAWIIHEREOEA,. ZHHERTFHAFHES
BEADEERITTOFREEICOVTHE KLV,

Abstract

For constructing the dynamical electron theory in chemical reaction dynamics,

Takatsuka Group have recently developed the non-adiabatic bifurcation theory with a novel
concept of force matrix. This is intended to trace electron phase dynamics accompanied with
wave packet branching in a molecular system under external laser field. We report the
usefulness of Hybrid parallel computation in the implementation of the present non-adiabatic
bifurcation theory.

We may also refer the vision of utilizing the parallel computing techniques

in quantum Monte Carlo as well as molecular dynamics research field

and application of the calculation techniques to the quantum molecular dynamics with large
degrees of freedom, which is amied at a mutual exchange in the areas of computational

materials science.

(BEXH) RR
[1]

Fundamental Approaches to Nonadiabaticity:
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Towards a Chemical Theory beyond the Born-Oppenheimer Paradigm.
Takehiro Yonehara, Kota Hanasaki and Kazuo Takatsuka

Chem. Rev. 10.1021/cr200096s (2011)

[2]

Exploring dynamical electron theory beyond the Born-Oppenheimer framework:

From chemical reactivity to non-adiabatically coupled electronic and nuclear wavepackets
on-the-fly under laser field.

Kazuo Takatsuka and Takehiro Yonehara

Phys. Chem. Chem. Phys. 13, 4987 (2011)

[3]

Non-Born-Oppenheimer quantum chemistry on the fly with continuous path branching due to
nonadiabatic and intense optical interactions.

Takehiro Yonehara and Kazuo Takatsuka

J. Chem. Phys. 132, 244102 (2010)

[4]

Non-Born-Oppenheimer electronic and nuclear wavepacket dynamics.
Takehiro Yonehara, Satoshi Takahashi and Kazuo Takatsuka

J. Chem. Phys. 130, 214113 (2009)

[5]

Generalization of Classical Mechanics for Nuclear Motions on Nonadiabatically Coupled Potential
Energy Surfaces in Chemical Reactions.

Kazuo Takatsuka

J. Phys. Chem. A 111, 10196 (2007)
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Formation-Dissociation Mechanism and Thermodynamic Stability of
Hydrogen and Methane Clathrate Hydrates

Lukman Hakim, FAZASIERA, H 55 18f
Lukman Hakim, Masakazu Matsumoto, Hideki Tanaka
Graduate School of Natural Science and Technology, Okayama University

Background

At present most of the world’s energy supply comes from fossil fuel and nuclear sources. Both energy sources have
undesirable characteristics. Fossil fuel is not renewable and produces greenhouse gases that worsen the global warming situadon.
Nuclear plants produce radicactive fission products and possess a high risk from melting down. Given such facts while the
global demands for energy never steady nor decrease, a new energy source which do not depend on fossil fuels and have a
tolerable environment impact has been a critical subject of research for decades. Among numerous materials investigated, two
alternatves are hydrogen and methane from clathrace-hydrate. Hydrogen is a clean fuel that gives enermous energy and produce
only water vapor when combusted. However, the practical use of hydrogen is challenged by its difficulty in storage and
transportation mean. Here clahtrate hydrate has been considered as a possible candidate to be a safe hydrogen storage material.
On the other hand, methane clathrate-hydrate is already available in abundance and remain unexploited on the sea floor, thus

an effective and efficient method to recover methane from its hydrate compound is needed.

In order to devise an effective and efficient method to obtain a fuel gas trapped inside a clathrate hydrate structure and to
synthesize a clathrate hydrate material having properties that fit to the interest, it is crucial to understand the thermodynamic
stability and phase diagram of the hydrate compound. Therefore, it is sensible to systemadcally investigate the stability of
clathrate hydrate from the molecular detail that builds up the system. This can be achieved by using a computer simulation that
provides a direct route from the microscopic details to the macroscopic properties of experimental interest. Also, in many
occasions, computet simulation has been proven to be able to discover new properties and phenomena of a system, owing to its

freedom in accessing a state which hardly attainable by experimental work.
Rescarch Objectives

Our rescarch work is aimed to investigate the stability and melting process of clathrate hydrate containing fuel gas. For
this purpose, the work consists of several objectives: starting from the fundamental analysis of clathrate hydrates containing
simple guest molecules, then investigating the thermodynamic stability of clathrate hydrates containing hydrogen gas, devising a
theoretical model by extending the van der Waaals-Platteuw (vdWDP) theory to construct a global phase diagram of the hydrate,

and examining the melting process of clathrate hydrate containing methane using computer simulation.
Methods

The inclusion of guest particle inside the cavities of clathrate hydrate is investigated using a hybrid type of Monte
Carlo MC) simulations in grand-canonical (GC) ensemble. An analysis for a relevant thermodynamic potential and a
theoretical model based on the extended vdWP theory are described to quantify the stability of clathrate hydrate in term of
chemical potential which then gives a global phase diagram in pressure, temperature, and chemical composition space. The
melting process of methane clathrate hydrate is investigated using isothermal-isobaric molecular dynamics (MD) simulations.
The interaction between water molecules is described with TIPAP potential in all simulations. Hydrogen is modeled with

linear molecule having both Lennard-Jones (L) site and coulomb sites, and methane is modeled with L] sphere.
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Results

The predominant effect of the size of guest (gas) particle in determining the stability of clathrate hydrate structure is
clarified using a simple hydrate system consists of ice L filled with inert gas. The GC/NPT (NVT) MC simulation reproduces
the ratio of guest-water in clathrate hydrates at its maximum occupancy and the solubility of gas inside a stable ice. The
simulation also shows the instability of gas hydrate of ice I structure when the guest occupancy is partial, and this further
suggests that the stabilizing effect induced by the existence of guest particle can be extended to other metastable form of ices as

well, hence a novel clathrate hydrate form can be produced.

The theoretical calculation based on extended vdWP theory is prescribed to quantify the stability of each clathrate
hydrates in term of chemical potential of water, from which the phase boundaries in phase diagram can be determined. The
obtained phase diagram for hydrogen hydrates from the theoretical calculadon shows one-phase, two-phase, and three-phase
equilibrium state that are consistent with the experimental finding which reported the transitition of hydrogen hydrate structure
from ice I to ice I, under compression. The phase diagram is expected to be an important guideline to obtain a certain type of

hydrogen hydrate structure, either as a single phase or coexisting phases.

MD simulations are carried out to investigate the melting process of methane clathrate-hydrate inside liquid water. The
results obtained from MD simulations show the melting process of methane clathrate hydrate at ambient pressure and room

temperature, followed by a phase separation between methane gas and the melted clathrate hydrate.
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Fig. 1. Simulation cell of methane clathrate-hydrate inside liquid water (top), and simulation snapshot during phase

separation of methane gas from the melted clathrate-hydrate at 7= 298 K (bottom).
Future plans

Our rescarch will be aimed to simulate the realistic melting process of methane clathrate hydrate using KEI super
computer facility. A deeper understanding, from molecular detail, of the melting process of clahtrate hydrate for methane
recovery can be expected by examining the simulation results. The simulation cell size will be of milimeter order and the parallel

algorithm for MD simulation will be handled using MODYLAS software.
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Development of the four-body corrected FMO (FMO4) method
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BEE / Abstract
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AUNTEICOHBMNAIREL o7, o FATEURERO IR EROET T 7 A REE /a5 T2,

The four-body corrected fragment molecular orbital (FMO4) method [1] was implemented at the
second-order Mpoller-Plesset perturbation (MP2) level. A series of accuracy tests relative to the
previous two-body and three-body treatments (FMO2 and FMO3) were performed, by comparing
with the reference energies obtained by regular MO calculations. It was confirmed that FMO4 is
superior to FMO2 as well as FMO3 in accuracy. Notably, a nonconventional fragmentation by
separating main and side chains in amino acid
residues was enabled through the FMO4

calculations: see the right figure. The incremental

cost due to fragment tetramers would be easily
tractable by using massively-parallel computers.
This new ability should be beneficial to the

o
O-Jig
Ry

where two complexes (HIV-1 protease and Estrogen receptor)

so-called fragment-based drug design (FBDD),

were employed to show how the resolution of inter-fragment
interaction energies (IFIEs) is enhanced. Furthermore, the FMO4
method was applied to adamantane-shaped clusters (both carbon
and silicon) with three-dimensional bonding framework: see the
left figure. Reasonable accuracy was then verified, suggesting
that the analyses on surface interactions between proteins and

non-conductive solids will be accessible.

Reference

[1] Tatsuya Nakano, Yuji Mochizuki, Katsumi Yamashita, Chiduru Watanabe, Kaori Fukuzawa,
Katsunori Segawa, Yoshio Okiyama, Takayuki Tsukamoto and Shigenori Tanaka, Chemical
Physics Letters 523 (2012) 128-133.
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Effects of System Noise on Massively Parallel Molecular Dynamics Simulation
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BEE (200 FREEE) / Abstract(about 100 words)

FR =T AT VATLDT —ELIREILLD /AR(0S Vo), 100 T rEARRE TIXb I MEERD
IRVR 1 T e AR 2 S ARG R W T B e I 70D, 22T, A2 1T OS v
BT DN—RY 2T < IVF AL T (7 DI OWTIR AT, B R IENFZEFTO SGI Altix ICE
8400EX |Z3651F% 8192 MPL 7 BB AD Y ol —a anA/N—Aby T 4 T F L CIEITLIZEZA L H
RO B IS TSRS K Z ST, TR 2T L F AL v T (73, s
7T TR AT DI ARSGEITH R THHZ L2~ T,

Noise from an operating system can decrease parallel efficiency seriously for massively parallel
simulations. In order to study the effect of hardware multithreading on the noise, we performed
benchmark simulations with and without Hyper-Threading Technology on SGI Altix ICE 8400EX
system consisting of Intel Xeon processors at the Institute for Solid State Physics, the University of
Tokyo. It is found that the Hyper-Threading Technology reduces the noise from the operating

system, and therefore, it improves the parallel efficiency.

Keywords: Massively Parallel Processing, Molecular Dynamics Simulation, OS Jitter

IEOFERE I OM FIZEY, TN ETEBRNE CTHLE BN TORICHEDNFITRIINTR o TR, §F
KRBT EITREBESND Y NTF R — )V vV TF T I AEFEHIND RIT, AT — AR REER L
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DA—/N—a LB a—ZZBWTCIIT AT — DO EEFHRE BB EREZ TR TS, 72720, ITHED
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Technology, HT) EFEZILTEY, — oD T % OS M — L EOfGEa 7 LU GRS E 2850 Th D,
ARV P RZR AT TA L LS TR REIROAIE A2 E IS0, ALy R DAL—Z72 G102
W R—RTHZE0D, OS DvFERT 5 aEEDR B 5,

XRERDBT TV r—ar b LT, Iy bA 7 DH5 Lennard-Jones RT3 v /L% W= iREE Y 80 )
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Multi-Scale Computations to Understand and Design the Complex Structures and
Properties of Real Engineering Materials toward Innovative Development

K& FUEFR (EHLP) . XER— (X)) . XEMrES BEX) . FEl, JIFZRE (RiEX) .
MNUgE (BIX) . JIEFA (FBE#H)

M. Kohyama (AIST), S. Ohno (Hokkaido Univ.), K. Ohno (YNU), Y. Chen, Y. Kawazoe (Tohoku
Univ.), T. Koyama (NIT), K. Kawakami (Nippon Steel)

HERmHNE  AREA (BEFEX) | ZHXHA. NEM GFAE) . BFERE (ELRP) | EFEE L
X) . BRI GRERX) . KEBIEE, BERE (LX) [ BEES— (BEX) . EARE BRX)

BNEIRIILF—EROEIRILFT—AOMEME, SHLRERSEMMORREDO-OICEM T RENE
B HR., Ty, ERAE. BUORMEL) OBECHEZHAtRELT LGV, FICFHY - &
EHTOMROEA,. LT7AZILRBORARINEETHS, ERBETLLERL T, E—REHEDLD
B NEFIE, AVFELGE, RAGFEOERETHAT S, FHICKBREDFTHEICKY MR- R
H - REEDIBE E AFHBHE. ECTORMY - EERTDREEEFLALNGHERT S,

It is of great scientific and engineering importance to understand and design the structure and
properties of real engineering materials containing complex inner structures such as grain
boundaries, phase boundaries, precipitates, dislocations and defects, which dominate structural,
thermal and various properties. In this study, we deal with such structures and properties by using
multi-scale computational schemes as effective combination among DFT, statistical-thermodynamic
and meso-scale schemes, in collaboration with experiments. Especially, we perform large-scale DFT

calculations of grain boundaries and phase boundaries with various impurities or alloy elements.

[t/ - G ESIH] TBRE - BM]
RIFIILX—ZBDERIEN - ERIRILX—(CERT IMBMHCERE - ETRILF—IZFST
PEEEREMHEORENSHEEIENSROLNATIND, 23 LEMHORE - 8@, /00
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MARMRE L RBELERZTVELLED D, F—REHEN SBMEINFEFIE, AVFELE, KA
BHAEFZEZHEL. ChoZHlAEHLE I LETHREBEADIZELZHA LM, AR - RE - R -
AR EECEMBEDREREPLE 25RY - FAMBREOAREE—REFENRLFELHHITH
Y, EROHAERRLTBA-BREEET . HFITFHY - EERAHPNETEBOREHECHFEES.,
MEICRIFITHEOHEBIL. HEMCLTREBRLLEHOTEETHD.
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DWLWTH. FERAM (RALK) ZRVETIILFRT—ILETEED S,

[RAMERER]

INFETHMHME (HEE). ZILIARITOVT, EB - HRALORELRE - BEEEED,. B2
RICBATRENBTEERL . EHEFEZTHoTER USTERHB IOV R TN L E=ZTUH
b NDIRERET]. CMSI THRERE WG MEEMBIDOER) EER - SHEEBKRER (2011/10/4) . SHEM B
FHRAR (RIEKEH) FZRBSURIDL FHEMHBEZEORE  BERMAOMMMMLE - T2
BECHSITIRERIRE EEFEEHEIZRITT) (2011/12/6-7))
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[X£4E3] 1) R.-Z. Wang, S. Tanaka and M. Kohyama, Mater. Trans. 53 (2012) 140, 2) Y. Shiihara,
M. Kohyama and S. Ishibashi, Phys. Rev. B 81 (2010) 075441
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Simulation of basic processes of the fuel cell reactions
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Formation -Dissociation Mechanism and Thermodynamic Stability of Hydrogen and Methane
Clathrate Hydrates
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Hideki Tanaka, Masakazu Matsumoto, Lukman Hakim, Kenichiro Koga,
Graduate School of Natural Science and Technology, Okayama Univ.
Hiroshi Mizuseki, Institute for Materials Research, Tohoku Univ.

Shinichi Miura, Graduate School of Natural Science and Technology, Kanazawa Univ.
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ZIERT D780 AFEEITRICH T3 —EHRZ B TR0 JRWRE - [E TR 58 I 22 EE
ELZDTHNEDTEMAO I LT, EBIT, FROBREZ R D720 DRI HONWT, BT 2l —
I B LT,
Molecular dynamics (MD) simulation taking account of heat and mass transfer will be made in order to
examine mechanism of formation-dissociation processes and thermodynamic stability of clathrate hydrates,
which is expected to serve to establish a simple and easier way to handle them in its commercial usage. We
investigate the thermodynamic stability of various clathrate hydrate structures. Also made are some trial MD

simulations for exploration of melting process of methane clathrate hydrates.
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DWT, Frank-Kasperf O FEFHNIZ U T— KR 22 EME D THITEAR B Lo, £ ORR, FIRE7R
BotEEoR T, BRFUCHIET 2 b OPEREEICR O LBl Z ] 6202 Lz, 2, Frank-Kasper
AU i CIXBFEHH D AR E OMIERE S IC L VILFERT o VIR RBLTE D Z L & van der Waals
PlatteeuwE i 2 #lA GO DO TH Y | ZOMOHEED 7 A NEANZ L (LR T v VERIT T
O =ZAEONEOLR TEIND Z EICESNTND, £z, WEENZT TR ERH 7 A MNED
R b & DI ZERE O TRGEE N U2, ZHUTER R SICbEAETHY . FRFENA K
L— MIGH LT, ZORBRREEDRK Z 7R LTz,

Cs.
Ap, St large

I (T8 Guest gize
AU

- Ap (relative)

I NA RL— b O TR MEANZ K DKOILFRT v
Y VAL

65/
A R L— b OB PRI EEOFE N FR e THIGEICB W T, 10 EERITEWE LWS R ZE
ALT, ZNEEEENPOT A M @a#ET 54 FL— MIxLTHEH Lc, ZOHEX, FEERED
BN G A PDORA MEF~DORBELZRBL I ANDZENTED, £/, GCMC¥ I =2 b
—va B U TRENZMIT 2 & X2, REEZ/NISKTLILENTET, FIIEHRRLHELAT
I, O EAREZOEAOHBRTRXLF—FEHTHSTHL I b, ARRGELRDLZEN
B b,
[E7253]
1. Hydrophobicity in Lennard-Jones solutions, M. Ishizaki, H. Tanaka, K. Koga, Phys. Chem. Chem. Phys., 13,
2328-2334 (2011)
2. Lattice- and network-structure in plastic ice, K. Himoto, M. Matsumoto, H. Tanaka, Phys. Chem. Chem.
Phys., 13, 19876-19881 (2011)
3. On the Structure Selectivity of Clathrate Hydrates, M. Matsumoto, H. Tanaka, J. Phys. Chem. B, 115, 25,
8257-8265 (2011)
4. On the Thermodynamic Stability of Clathrate Hydrates V: Phase Behaviors Accommodating Large Guest
Molecules with New Reference States, H. Tanaka, M. Matsumoto, J. Phys. Chem. B , 115, 14256-14262
(2011)
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KEGEHIZ T 2 EE RO EFERE DM & BB EE - RFEMILIZTT
RBBER R
Large scale calculations on the fundamental processes of solar cells and their

optimization in conversion efficiency and long lifetime

ITFR—1, BEE?, BARRBZ3 SHLENY, BRAIEHS, IREFFER 4, FHEE°
URRTEFERBSERL SRR T JE T, BE S BT S BT JERT . “M0E - MBI JER A, S K@ A JE ko 7 —
K. YAMASHITA?, O. SUGINO?, Y. MIYAMOTOS3, Y. TATEYAMAY, J. HASEGAWAS3, R. JONOL4T. KAWATSUS5
1The University of Tokyo, 2ISSP, 3AIST, 4NIMS, 5Kyoto University

BEZE/ Abstract

ARG B & U TR IR S0 TS A BRI R 5o th & € 35 HE R OK B FR L 0D B 7R D 28 #A g =% «
M AMED W b2 BEEL T, Z O AL =X L0 HEG IR A TS, B2 (1) EF 55/
BB TORMEFA TOEFLAFTIVALE =RV —B#), 2) ARNOBITZ ~DEFIE
NIEFE, (3) Bt TF & — BRI 1 COMAR TSSOV TR EIT 5T,

We investigate the microscopic mechanisms of dye-sensitized solar cells aiming at improving the
efficiency and durability for further industrial applications. The following fundamental processes
are studied, (1) the electron dynamics and the energy transfer at donor-acceptor interfaces, (2) the
electron injection process from dyes to titanium oxide, (3) the redox reaction at the interface

between titanium oxide and electrolyte.

AR R EIY, MR KB & RSN S TRV ZMTH D 2 L bk or)—r
TRAF—RELTHIRFSIL TNV D, L LE 551/ B 5 50 1 O BFE U A2 R L 72 A R
Bor Rt 0D = R )L S — 2R AN AR (T SRR AL LR S  Fo A FEEIRR G E ML S 2011 RICE IR 12%
EEERLTODDS, TS AHER KB O AT BB FCMAMEDO T2 Hm ERUEATH D, T
72 DI IT RS i C OBy Bl TiO, B & AR5y 1 - EMEEEREICB T 5 R E B ik
DR N AR K T D, 2D OREERFLIXES S BIRLY, AIREERE< TiO, % o
WE AT 7 ARE B RBEEANE L Wolo, B FEHE OB R D IXE 7R ECE 748
NG KB R TH Y . Z O RO EZITISHNBLE O B2 b PHERZMICHLEETH D,
AR TIERG N = B — 0 AR R 2 5 R B PSR L BN 52812 8D, SRR FH
KBGO DR LIRS AR E T HZEE2 BINET D,

(1) BEFHELST/BEFZESTORBRETOETFA T I 7 R LRHET XX —BE)

B G5r 7 (Donor) & 541 (Acceptor) O FAE S 2 FIFH L 7= A MRS EM Tk, =
XU b OGRS, Hfy, BROEEERE VWSl by s A 27 AR R VX =T
REMTHLEBERERCTHS, &1 Master FFEH % HV 72 Donor/Acceptor DELMZEILIZHE D =% K
Voo B AF I AOMTIZ XY . Donor (TFB) /Acceptor (F8BT) ML A & 254k X B 7= B D EAf -2 Bk e
(D/A7) DIRVERIAURAFPEN R S 472 {1}, R, ZEME (B 0 ) ofLd . ki) o EmE
FSOSHE X 523, 10 EORHICITEMBESUSITE R Z 53, £72-10 B TIXEMBENIZIC Acceptor
LR BE (D/A%) ~DBRILFEFINEEZ D E Vo EBRNRA LN, TNOLDETBEHY A I R
DEWE, BLMOZELIZ & H72 9, Donor/Acceptor D4y -#LiE O AAEH OEWZ L 2 b iRED %
fECEMEMICHATE 2, LV KRR TOZX Y by« XA F 7 ZAOFAETEEZFR L, FE o
A= )b « Gy A — /)L T OFEREHT K D @R O BERIRR G & BT,
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Fo M BN BT Dt EMEREL B HOMIES LA PONITELI 2l — v a Hili &L §5
H 9T TTF-TCNQ (Donor/Accepto X7 ) IZ DWW T, 5+ 2 BIRORELRFEE BT DRI ARY ML
RREE L7z (2], A EIORINAR T ML | 36 KO 10 /0 20— & — B U7 JA e B 0 S BRI S L % 37 e -

B EALSBED 7 mE AL RERURAF S — B EH R TR, 2O e AR AE T LR FiZEE Il —
Tar AL MBI OIS L, IRE ER | EES O RTREMAREET D, 0 S SPATIC RS &
HLHADOWEONELTH &, W HMERE, 77205 TTF 431 TCNQ 431 & OMICHEL TS5
MO RPEE 5 Z & & L Uiz, FRCHRBEONIRR OGO RKI3E L < K& BNk
R TAHZ ERD otz SBEMMI Ial—a v a 75281280, ”%%i%@%mﬂ%

IZPED M TIEB ORI E A2 FAT L, EEBEBRON THEELL, BEEZTMTL T ETH D,

— 05 i =X — BT F51FD Donor/Acceptor D E FHIM A/EM 4 & LRI TFIETEEAEL, B
TEALELJE A FV 2 tunneling flux EHTAATHZE T, b =R ¥ — BB A A OICTHFRIEE L
[3,4], ET VAT F RyFE2HWT, #kx 20 FRMICBT 5 D-A OEFIMHAEE-ZM#T L7-, D-A
FHEAERIZIZIE D-A RIOEEARFHEEERICL D RED Z &L D-A ORLAIC L 0 B 72 BAEH 23/
éb‘ﬁ%ﬁiﬂi\ super—exchange F¥MEIZ L 0 | HRPIREENEE /0D 2 &, FRMRAEL L CIE 7 2/ BeFk I
RONRTTF NIEGENALE DX N AREENTEEITRD Z LR ER LN R o7z, 4% X0 BRI
VX —BERE L 72 5 RICEA L CE M AR 23 L, FRIREZGIET 2 2 & CF
HIAEEAER 28R 5 b Dy Fikatadt 2155,

(2) AR OBIL T ZL ~D BT EABRRE

BRDOIBIET Z o ~E T TEANRL DM R IR AUK 5B S B2y, FLm s AT o Kb E it T
FERHDVIRIEAE 77 T DIBRACT S ~EREE T EADRRZD, £T BT 50 WG 77+ OEE R
{22\ TDDFT/B3LYP/6-31G* 3R R s AR O E B BRE R A B LT [5], — 7., (kT4
NEASNCEFOARGF~OWEFBENT IPCE DREE T 5, _®ﬁ%®glwlokbﬁ&ﬁ$ﬁﬁ
TERIZ LN LA FEHIL[6,7], TCNE, TCNQ, TCNAQ O ifiFE - B & St 2 DWW TR BRI 31T D R
B AAERICHE B LT 217 572 [8]e ndb O RACID MBI RO, 53 1A X K| J#oﬂi&ﬂ@b
BRE) T 5 Lo E %%@J@%bu@w—%zw ZE&Y, TCNQ 23Mxh vy IPCE & D b)) S A5t
B9 52 LICpRTh LTz, SBICELT 2 R g LIk OB B~ O MR 25 — R HEAHHE THa
L72[9), 7= 5 B A B B HEE R A ERIVICBL T 5 FiEA L — I — 5 T O L UERLE G R O R HHK A7
val—T v B — IR O MR R D PR I FR S L 72 [10],

(3) (b FZ - -BEfFIR S COMER LIS [11]

ARIZOUNTI, fE LA, IRE 52 KIS R D5 LA B,

FERX
] M. Fujii, K. Yamashita, Chem. Phys. Lett., 514, 146-150 (2011).
] M. Yoon, Y. Miyamoto, and M. Scheffler, New J. Physics, 13, 073039 (2011).
[3] T.Kawatsu, K. Matsuda, and J. Hasegawa, J. Phys. Chem. A 115, 10814-10822 (2011).
] J. Hasegawa, T. Kawatsu, K. Toyota, and K. Matsuda, Chem. Phys. Lett. 508, 171-176
(2011).
] R. Jono, J. Fujisawa, H. Segawa, K. Yamashita, . Phys. Chem.Lett. 2, 1167-1170 (2011).
[6] S.Manzhos, H. Segawa, K.Yamashita, Chem. Phys. Lett, 501, 580-586 (2011).
] S. Manzhos, H. Segawa, K.Yamashita, Chem. Phys. Lett. 504, 230-235 (2011).
] S. Manzhos, R. Jono, K. Yamashita, J. Fujisawa, M. Nagata, H. Segawa, J. Phys.Chem.C 115,
21487-21493 (2011).
[9] S. Manzhos, H. Segawa, K. Yamashita, PCCP, in press (2012).
[10] K. Mishima, K. Yamashita, Theor. Chem. Acc., 130, 227 (2011).
[11] M. Sumita, K. Sodeyama, L. Han, Y. Tateyama, /. Phys. Chem.C 115, 19849-19855 (2011).



3D-RISM HFRIZE SSKRERY A VR F D53 F BN FHEDBAFE LIS A
A new approach for investigating the molecular recognition of protein for large ligand
molecule

FHRE, SELE, FRXE (075

Yausomi Kiyota, Norio Yoshida, Fumio Hirata (Institute for Molecular Science)

B

53 T ARRRITEE SR RS ORTHIEFE R FEA 73 F O VFE A I BAfR 2 B IR CTh D, 3D-RISM BiGa
(TZNFET, 5 FRRFRICKIL OSSN OBREZT TEIz, UL, TRETOHIE TSR RNy
728 DRI E 2 R DS 1 D5y TR A~ TS ST o7, ZhUE, 3D-RISM ZfE< BEOEER
ZEMITER T 25D THY, KRB CTIIHTRfRIE AR E T 5L T, EEOEY 5T ~DJE A% rRRICL
77

Torx DT N—TTiL, ZHETITIRIEDHLFT ) FAITIEDU2 3D-RISM BEGIZEY, ZLDF T ED 53T
PO R 2 FRER AT L CEI2[1), 2o /OB D5y Tl 32 < DA UG DO FIHIEFE THY, £ O
fEA 2L, AEBER, FEEENZ 0 TR i DR R R L7 D, 3D-RISM B2 L0 55 778k
2RO ZEDOR RIE, RN THLREEAZEL 2D 2 T, SRS ND 50 F O 3R e/ B & E #0915
LNLRICHD, LL, ZIVETO 3D-RISM Biwza FHIWMFETIE, U R 70 Rk&EedE, 0Z F7EEA
DEFEITEY, RS REEFNERTHEVOREDR DT, KBS TIL, ZOREEZ kT 5728, £ A%
FFOUN Ry 2 E BERAR T :p,=0) LU THO Fik(uu-3D-RISM {E)ZE AL, AIFE B CTOET LH
L RIED—oLENS Phospholipase A2 (IZOWTC, TAE VU FEE T HR[2ICHOWTORMEEETT-o72, [2]

uu-3D-RISM 141, 1E3KD 3D-RISM HRERZALRELI-FIETHD (AF—24 1), EROFIETIE, YR
Gy 12 ISR R I & o RO R R R DI LT (A% —L 1 ND uv-3D-RISM (ZFA YY),
uu-3D-RISM {E T, VAU R 3 F-BIER TN TH I R 3 2R E E LTIV  (uv-1D-RISM) , £ivi
FAWTH TG IH Ry 1R %R, Z0 uu-3D-RISM {E% FHWT, TAEY 0 3 R Its A BE k7=,
117 3 RILH AT BAED DY T R o+ DAL IE LRl 2R E 35728, Potential of mean force % U* Overlap
IS AaT B EMEL, VTR FOMNEEZRELT,

Phospholipase A2 (IZ k27 A & Do FRBRR O #E R 2 X 1 12nd, K, HELEZ a7
TIOIEOE NS T EETH Y, —HOMNTIZL > T, #EEHA MPNICBIT S X BiEEEBHET 5
Blm 2 THIFTREIZ L, [8] ZRENDO A a7 BEIIAIE LB A2 RO D T-DICHE LT b DIER, =
DO BNEEZRET DICODOZaTEARIL, VA NoFOMRS 2RI WEm bR O, fRITOR5E,
FEATA FNOBZRLTH R ERECHEROE—7 BEND Z 0D, ZRBIEI T Ry 10
HWEFRIZ BT D RECF A Z R T RSN H D B X TRY, 4%, Tzl 2 TETH D,
BN
[1] (@) T. Imai, M. Kinoshita, and F. Hirata, Chem. Phys. Lett. 395, 1-6 (2004). (b) N. Yoshida, S. Phongphanphanee, and F. Hirata, J.
Phys. Chem. B, 111, 4588-4595 (2007).

[2] Y. Kiyota, N. Yoshida, and F. Hirata, J. Chem. Theory Comput., 7, 3803-3815 (2011)
[3] R. K. Singh, A.S. Ethayathulla, T. Jabeen, S. Sharma, P. Kaur, and T. P. Singh, J. Drug Target. 13, 113-119 (2005)
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Fundamental study for development of high-performance Li-ion battery

RE £, K A2
'EEBINREIIERT /AT MM, 2 B E H B EER S AT
Minoru Otani!, Tsukuru Ohwaki2
INISSAN Research Center
2National Institute of Advanced Industrial Science and Technology (AIST)

B =

VF T LAA Y R EMFROBLTACE G 2L — v ar FEHUL B KBS — R ELy 78 /) 5t Ry
—ELT, Krylov #i 2EMIEIC LD OV FEPLBIBGEFH R AR — ATH Zhil Wi R 52 5 A LT,
WS D KRB — R By 78 175 A O(NVETITORR, B COFHRREE DB EVET VRN D
T AR D AEC DL 0T, £ T THEABTIRNE LT B 208 ] DR EEHEE 2 A 3528 T,
ONIEICIE SR E AR DB ) FL 32— ab B R EMICE TSI DL LR LT,

Abstract

For the purpose of realization of large-scale first-principles molecular dynamics (FPMD)
simulations for electrochemical reactions in Li ion secondary batteries, a combination scheme of
O(N) DFT calculation based on Krylov subspace method and ESM method has been developed. It
has been found that an O(MN)-based FPMD calculations for a liquid-solid interface suffers from
unequal temperature distribution in the system, which is caused by difference in the accuracy of
O(N) calculation between two phases. We have indicated that applying independent heat bath for
each phase leads to more stable MD calculations based on O(N) methods without the unequal

temperature distribution.

) - FAHTRINLE ST
VF U LAFY “REMITER BB REAE P OLELIH T RT =SB = al ORERED —DOTHD, T
DELUILFERIZBI DR A+ 53 1L~V TOBREIT O T REARR ST, FHEREO B A EBHRE~D X
DR 7208 F 3 KO D Ko7 o7z, RIESUSDIRA-« 53 F A7 — )V COBMRIL, VF 7 bAF “IRE
D ReE A _EPRAF ML DT DEIREEAT L7220, /- O<VDHAEIRILIZSR3HE WIS D,

BEE-BRY

VFU LA Z IR M (LIB) OB & FEARE O S I X BB EICAE O RS D T S, i
DFEFERFERCHILIC KR E /2B A 5 25, UL, ZO S m O g iEAE 1 (Solid Electrolyte Interphase: SEI)
EETICBITARIBRIIIFEAE D> TRV ONRBUR TH S, ABFZETIE, A —LDI Il
—al & T SEl DTSR O SR A 7 1 A — LV CEiE 52 8% HARIC LTz, £7z, LIB Tldr+
BORERELS T EEEWH T2, MIRBNCFHRET VR KRB 5, 2070, LIB RO 2l — a3y

2 BB D KRB — IR B oy 78 ) Fa Y — L O BRSE - B2 B LT,

rEFE
AWFFETIE, BB 7 1277 A OpenMX (ZEHESILTND OV — JFBEFHR AT — A2 2hiliEk
ili{ZIK(Effectlve Screenlng Medium; ESM) iE&E AL, ZAUIFEESW =418 %% (MD) 515 %, LIB %
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- TR AR R T VA L ORI R T o 7,

MR T 7 /WE H & Si(111) 277 Ll BRI E2 A 9% Lit 1 fAzater ey
VI —HRF—F(PC) 73 HE (20 43 7) EL, ENHIZHND Si AWM —BRE R mET VAR, £, B
FEILBE B G R O 2 #akH B LB %% GGA-PBE &L, I b4 7= 3/L¥—(3 170 Ry £L7=, O(N)IEFHEIT
Krylov #7322 1A IZ FDWTHIT L2, MD 73703 NVT, MD R X 500K, 15 S| E11X velocity
scaling 5% 50 MD-step fE(Z# AL, ANOKFZITETEAKZICEZHZ 72 T MD-step 1#iE 1.2 fs £L
7o

BARRIZRRR - B 5

Krylov #4322 [MiEI23-3< OWNEHE IR, o FIELRL T, @&, 8RR, Ao WThoRTH
SCF A MEDR B WZEDFEHETHY, #k % 72 BTG R O B B2 H S DY 0 A7 “IREMSR S,
BALHI AR IR > TRV R vy T INEAL T 505 MR LT 55— FEL R RIS W R T2, Lol
235, 1500 MD-step 19 Cilifl O EIEE 3K 300 K bOZENAEL, €T /VEMAT T LOHIREE Yy 158
DR E MEL Ag o TR Sy 1 O BT e BUEEB MR FFES N2 72070, Zhud, OWNIEZ R £ 7T /LI
WALESEA T, [0 EEM0 T MBI DI BB O G150 0N B 2R IS 20 (— %1
WZIIANU Ry 7DV NSWDRIZERE ML A2 D), TOFEREE D LR BRAFEORY 7 MNP K EL
TEOERIC A>T A EOBA T, HEKRTHD Si ATTDOHORENIVEL aoT7), fERELTET L
AN TIRE DA DORONECDLED THLZEN -T2,

FITEHAIL, BT IVEMATT LVREy TR ETUTIRNL 72 B0R &1 L, velocity scaling (A2
IBEHIEZATI2VVRNLFEEED MD #E2EITUE, ZOREREEICEIHE T, TFLVEMATT &
VRIS 1 RE LSRR E TR AR CIRE 28 BAFICHI#EIS 4L, 4000 MD-step sl R 2SHETTLZ% T, WiFHRECTO
RO ZT RSN otz ZHUTED, ONIEIZHE-SRBIE MD §HHE A iR R R 2 A T 2354,
BRNTMSE L= BB AT 9528 T, K0 EL MD 3 A2 R Ar — L TEBRTHIEIRENT,

St DEHE

INETDEZA, ONEE ESM VA SR B — A B S RO % — F B 18 ) 7t Ra
LEMNCFITT D120 DY — VBRI R A EWTEZ, 5%1%, 2ol —arOREAT — N REB
Pz A4y, SCF WURMEM EDOT= b D727 NIV X LOENICH BT, F72, TFT VYA RXE TR 1
F— NIRRT e B KM R A F2 T3 HZ LT, SEI AEBEEIC W COMRGETE D 5,

FERFX
T. Ohwaki, M. Otani, T. Ikeshoji, and T. Ozaki, J. Chem. Phys., submitted.



T 7 BEEMEHI R 2 BRI = 3L X —EHRR L T BEAROER I Iz —Tay
Quantum simulations of highly efficient energy materials

BFHEE PAMERT, NEEHT. 5 B A
PEMREFT /U AT A, BROKEERE T+
Y. Asaif, H. Nakamurat, Y. Konishit, H. Katayama-Yoshida#, K. Satof
NRI-AISTt and GSES Osaka Universityt

T ITAT =R IO IA ENTARR TTAEIE (Z RN T, mVWVEH) R AR O BVE 0 E A A0 ]
FFENDM, ZORBILRMRLAIL T m e 2% AR R LN, A——arBa—2E VBT Il
—TalEATOFICEY ENOERD, AR TIIBVEL B B S AT —F B RY MEDOT ALK
B a2 —7 v ke, AL E S XTI #72\, Nanostructured materials such like nanowires and
low dimensional structures embedded in bulk materials are expected to exhibit highly efficient thermoelectric
and/or photoelectric conversions. Optimal conditions and materials requisites to realize the high efficiency will
be determined by quantum simulations powered by supercomputers.

[HE=8) - FATRIALE DT ]

DR OIREZERERMA O RN =28 LR BN, BIH = RLF — =27 A 7 E i ~D
R E EoTND, EAUEDOBLRMNDIZT ANV MEBMETHY, 7LF T NI/ hr=s ALOREHE
BTHAH), WS BB Z TODIETERTEEL B OB JE | KT /G AL A A B~ D I35
REV, @RI KRGEMA~OIFENR ARy MIRED DS TOLFITEAM TH D, ZNHDT A ZDEE
RT3 FE T & 1 B R D RS B DD, FES DOWFZEDIERRITIY | 7 A BT O ML A 272 AT
FENZRERT L= 2= ATRE T D, AMETFEIZO =L F —Z I FE DIl & 12 32—
VIEQT BRI a b — Y a il Lo T /B E T LT P A ) OY T RBEDRLE H72 1 7112 8
WD 5,

O =RXNFX—BHRIRBOH R TI Il —Tav

7 REO TIIABE LB L MR T n v AO IR B2 I —Tar 2170 TLDO R RE R R
b2 EEBERE AT 5, I EERE S T2l — a3V —Hofi FE O ik 2 B A 7= BLig
A% —2A (Keldysh Green BI#EA WV TEDILTND) B2l —rar O MR L7225, BEIZ 2008 D
SCLTCTIEHAER 72 FE 4% AR AL BELIC 12 SR BT B0VIE A8 - Bl ik - B U 8 B OV RAE 1 IZ IR 60 2 PG
ERIELTWey | A HEZAUCE FARBZIR AN ATz, ZHHOEHF AR tight-binding = —N keldyTB (Z
HLRILTND, BB RICEDE T - EFLBE OGN T 4 ) o L THD L, ZDRERELTT %/
B (AR DY R — R FTINER DI 3 2 % S 2 fig

ALz, [2] ZOBRRAF — Lz VT -2 A4 —F D% At | 2T AR T
FEHED A BT KR B30 R LT (ASU B ol B
N—T EOILFWTE) , [3-5] ZHHDRRE MR EITE
&z, [6,7] ZNGITBEEMLIS A A —NIZBhE L7
AR ZE THY | AR TEL TV EBEA R T2
—ar TIEEFHBEZNIRITIA TZO DO BER N
BODLTIE THD, FHFRIERELE R FT IR 5238 4 T4
FIUE, BB BN EN 1L ZT=(SG/)T THALND, b i | it
A B WGBS O A miRE 7 FIREILE
i JB DR T RVF —T 4/ DIRBBIA Y T HRKE

INSTRPEFFOF S B L IE SAM KO JEA = 18]
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W T+ ) ra BB ARDYINEL IR D (2T DR ELZ2D) LOORIE DR DD, — I Ay FO7ar 7 T
BT RNFX—LEMT NI TR —DKRERF vy T DO HINT—KT S°G THEETHEVIRALHD,
[6] ZDOXRRZICIRT 22 T AR BEHAIA M ThHD, AHEBEIRDIREE Dy FRAKEMEIT/ NS
WEEBPEHD . TNUNEIBIR A DI ELTT7 2L~V LT 4y FYERLIC SR A AN FEBR - B
A DOIEFBFIEICLALIN 2> TS, [8] Atk B —JHBE=—F HIRUNE 2 HIV o U — K - S°G OFH %
TELTND,
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1. PEES ) Ay b= AMBOT YA & FEGE[1-4]

RS EEE AR, BEEEERICL Dm0 E 2 U —iRE (7) & B MRS B oA
EaTPA L EECTHEIE LT, BT HAEIC I VR L TI3ERE T8 —BE2RT, FRE R—
BB E DR T.OTY A, BREEERE S S 2L — g VIZESWE A CHEMEAE ) v -
J RIS L B BATH (2 IROCHE M AR) B8 L OVKELAHE (3 RICHEmE) oF A v Emnrm vy
TR & IR LT,

2. HOBEET DO AREREDENRRGEMT A > [6-8] Docomposition by FSIC-LOA: Konbu-Phase.
CuInSez’ Cu(In’ Ga) Se23<3CuZZnSn(Se S) %f/\‘*—;{ & L/ ﬁ(lg/é%fa “ene m::l;-u:‘m[cl;l,"“nod using the Calculated

CUETE T 2 NREREDO RGEMME O T WA o L2 RET D,
(In, Ga), (Se,S) DAY X )VofilZ &K 5 B ik ) 2 ks
BATMOZIEEER S I 2 L— = /%\E% LEREIR L, ¥
A 71 DY FREEIZ LD KBS K D EFIEILT / md sy
& T B ERECENL ZF U 7 7?—“/:@% LD ZEREFIZ X DEdRIbZiHEim LTz, ADE
AL =RV X EFFO CuAlS, Z#_X— A L Lz p B« n BHRERIZONWTHE T A U L,

3. T/ EBREIC LD @BEREEM RO T YA L HERE9]

Cu-Ni, B8 L Fe-Cu ZEEBD _IRICA Y ) X )bF ) R X 2 BAMHEZFIH LTCER~ VT 2h 1,
7Ty e N REROT T v 7 A b EKERT p B Curlo, R Kk oT B SRS (La0) , (CuS) , D E.
RE =~y 7RI L S RBEM B O T YA o LEREE B 2o 72,

[1] M. Seike et al., JJAP, 50 (2011) 090204. [2] L. Bergqvist et al., Phys. Rev. B83 (2011) 165201. [3] H. Fujii
etal., APEX, 4 (2011) 043003. [4] K. Sato et al., Rev. of Mod. Phys., 82, (2010) 1633. [5] Y. Tani, et al. , APEX,
3, (2010)101201. [6] Y. Tani, et al., APEX, 4, 021201 (2011) . [7] M. Oshitani, et al., APEX, 4, 022302 (2011).
[8] Y. Tani et al., submitted to APEX. [9] Nguyen Dang Vu etal., APEX, 4, (2010) 015203.
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[1] /NPEEEAA, BRI, ViR I, 35 iE, B AL RS 6 TR K= (2012)
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[RIRELC, BEFES AT 2% VTS 5 TR 7R THERL S VD IE 20 (A JE BT R S T COTAN AT T LR D53
FE A EEFFICEFL, FAKT TOL BT F— DR ERE) /) 2SOV TOIEE T T,

AWFIEIL, WEEAMOBEFREIRICH LT AN AL G RERFOM LIS VANV Fima RHLEO L
THHLDOTHD, TOF TR, VANVARFFORNAZ AT 7 URICER L, BTV RELE T Z—LDRER
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72 8 BRBRTAR AR LA O RS0 . SBITITHURL DI EANE /28 H 7L R OB AL SF I E A2 B 57>
29 %,

TANVA, AREREEICEITD pHT.4 \ZBWTUIA TV RE ST E R DT FERIINVRF LV IS A A
fREEL . 7 R RN ERIRNVERZFFD, 207D, 4 TN 1B RSV e 2R o lal—vay
IZBWTIE, RIEBEO 7 —ao A EAE 2B (SR T 2 0 B DD, LLRMR L, ZRE TRIEHE ) OF

IZHWHILTETUVS Particle Mesh Ewald(PMENEIZ W TII A% 2lE 2 B LT 5 FET ITKFFL THY,
ENPFHE SR EECh o7, 22T, RFEICE W TR O FIMEREZ e KIRIZS [ E 372912 FFT Z[al8EL
2SBS0 Fast Multipole Method(FMMIZ XA BEEEFE A/EAEHEICESW -5 TE 15
Ral—IarEFERTA, HEICHWAENTIILE S FE /) Sal—3i a7 modylas 1%, 7T RF
FLUUMREEEE L CRRIE A D TR | AREE IR O EM A W o m E L a2 1T o7,

FMM 1, LR E0I2, RO B PO ZBOIE T DOEME LT REL, — 5 TIOLHm -7
M ETELZBELOFLOEYTRTERL, 47— —NOEE LT 50 THY, RAFRIZB W TIIMD
A A WBE RS T CITH720ICi K BV DL (2% L C Ewald ¥4 A LT,

FMM IZfED &, EF T j OFFO7—u A AAEH =305 —1%, R i B Lo M1 B &2 W C
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n m=-n SHTER
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SEFISHTIIVIEE | — | BEXERRETHE)

VLB | MED n IRDZHGEF-E— AN THD, Yo" 1%
BRI AN BEIEL THY ., ai. B BEVNO, 1, O ZJFSRE
FTOMERE TR LIZEEIT, JJF i SEHLTOS L
T ST NS R LA Th D, = X1 FMMTHN SR B LSBT B,
DODREHNTEMBF LD EAENEZ, ZE DS

XU CHEBEHHE T DL, A —4 —NlogN &72%, ZOFHEEZ Y —LkEMEA TS, FMMTIL, SHIZH /LD
HULEEE O'OEY T —7— BT 5, 20O/ OH 0O BREEIR 7 OAE BRI B E S THRY,
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VI MIREHFEIBEBETICT T TEZHIENTE
%o EEEIZOWTIE, ZNETT TIZ, IF XOFRE, 1HE
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D TRAFRWFTNLEZENELI T, Himt —7MEREL 10%LL_E& ) B EEMEREIZ R L55 Hal US:?%T
WD, AT, 2" D KIETHD 65,5636 /—K, 524,288 =7 £ TOIW S EIEAL 24T T & THHH ., EBD
BT —XT 7T ¥ LA UZEBE O~y 7 RREIC2 50D LB 2 TD,

— 75 C, BEFOF RS 27 2% H
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2= T H TR A AR AE LT, A

FHITOWTIE, IE20E AR JH 5L R 4
P L7 R L TR 5 TR - T A
IVAERERLL IR JES)—E TOMD
FHRICHE FUI, KBICEAELE K
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*64/ — FiNREE

BUE, W F b0z Cth X3 /INE~eTANADERF A4y B 32 —g
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DORATR A Z T 5T E ThD, HERR L= A LA TR,

1) K. Fujimoto, N. Yoshii, S. Okazaki, “ Free energy profiles for penetration of methane and water molecules
into spherical sodium dodecyl sulfate micelles obtained using the thermodynamic integration method
combined with molecular dynamics calculations ”, J. Chem. Phys., 131, 014511(2012).

2) K. Fujimoto, N. Yoshii, S. Okazaki, ” Mol. Simul. (2012), in press.
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FEERT Y T VRIZE DA RS F ORI IEE L RE DA
Investigation of structures and functions of biomolecules by
generalized-ensemble algorithms

SR
V4 REeH, 24 RIEE AT, 34 KEHERE
Yuko Okamoto!:2:3
1Department of Physics, Nagoya University, 2Structural Biology Research Center, Nagoya

University, 3Center for Computational Science, Nagoya University

B

% B A EEEHER Tl RICT AT — i INRIE DN B AFAE T 272010, HERDEL T IV miER 7y 18
BTS2 —2a TR ZRb =L F — v NREBIZE o TL RO W 5, DK #E% 5 ik
T AT, Fex 1L, JEIET Y7 L (generalized—ensemble algorithm) SFRFRSND FEZEATH2L%
TIRU TETo, AT, JEIRT Yo T ikae ARGy TR LT ARG FHE - B RE ORI & A 453
HDOTHD,

There is a great difficulty in simulations of complex systems, because there exist an
astronomically large number of local-minimum-energy states, forcing the simulation to get trapped
in these states. In order to overcome this difficulty, we have been advocating the uses of the
generalized-ensemble algorithms. In this work, we try to apply generalized-ensemble algorithms

to biomolecular systems in order to study the structures and functions of biomolecules.

FEAY]

ARGy T DREREIZZ D NAREIEIZ IR E o TD, DFED, JENRRES THID T, DL TR OFERED
JR 53 7 DFEMZ 5 O Ciliim CEHI LT/ D, Ll FHEERE ) O AR RIZED, ZIVET, G T
BIIARATREES AL, BHIT, X FREHT IR NMR EBRICEOEER ENSINTE, L, #HHEE 2L — 3
NCEDIAEE RIS FTRRIC AR D L, AR5 DREIETE R OB A M CE 5100 T | BRI DFE
BUFRFEA A F v o RV ORS R RIS DBRAFE | [A1E S 7240 /B A Tk K3 299 5D J8 Bl R BL O fig B
7R ZOISAREITFV NI, ARFETIEET Y T VRS IREND I S 2 — Y ar kR
RS RICEAT 222 BT,

[BFZEFi4]

VRAET Lo T LD A Ry T~ D5 L 204 I RN T 2 12 ks THEIB SN2 [1], 200, Fox 5
FEUT-L 7V b 2 #4458 115715 (Replica—Exchange Molecular Dynamics: REMD) [2] (& & < iR AR DA HaE -
FANIED S T FIERO) TS TR D2 —a OFIFICIESZ T AL, Fix T, Ficdk
R F RICHELTZNAWAIRILIRT o 7 ViEZ RS L T 7o (iFa & LTIl 2 X 3CR[3-6]2 S RS-
W) BIZIE, =V TF /=N TV F B )R a2l —a A ld s TN S VB DY B IR
LT[T], AWFZETIE, ZIHDIERT Y 7 MBI T2,

[ARAEBEDERARR]

Tex BEAFE LIV TV A Y L T NAEZ B R ~DOFERMER DR % 7ol —al AZ# L,
H L — R/ NREEDN EBROFE R e — BT oA FF O AR LIz[8], E7o, L7V ARS8 )5
EaRE ZEESRICEM L, YL SR Z R, TR OO H L LR LT29], BT, s EE
DA AL (GFH) L, AT F R =zl D~ L F R =y e )L F P —< ol —a B Lz
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[10], Bz, o fE OBEEFLZ (JFAF) X, ab initio FBREEFESEZ K ZERORICE H L (FI20E, SCHER[11]
ZM), £, o HEOSEEIEY GRAER) 13, real-space grid DFT (242 QM/MM &k Bam DO BRI )
L7012, SRR, 2B BT 2l — o a ICH R T L T EA AT 5T E Th 5,

o, R ETOVFV 22855 T8 ) E7 a7 T AOF a—=271% CMSI #lLEAFZE B OS8R L3l
W2 L F OIS ZedTe, 53R O MR ES 23 5AFE LI 80 51 7y 1 &) ) 7157 0 77 4 Modylas (2L
VR 224153 7B ) FEE AR AT R RIROWFbh R A FBLLTo, v Iab—arFefh LT TIP3P DK

P EITEREL, LU EEA~128 GUE 72) FCEXTL 7Y BB ) D 5L A R E LT,
LT O ERIZEDREREELD D, HITHBITHIFTHLRIZEDIT 99.8%LL L7220, BUWEFIEHR N ELI
<, Otk JNELDa T EE W R COBIINT 2 — =7 %D TV T E THD,

- EAfE

gt 600 a5 100%
9 .
= 400/
LS L 78 LIS 5L (%)
£ 2001 32 4 99.78
P~ 64 8 99.82
m o - 128 16 99.74
0 200 400 600 256 32 99.89
27 512 64 99.99
576 72 99.85
(5% ]
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RYENT DA 550 FEHHKEE
Understanding and Design of Molecular Functions with Tuning of Polymorphic
Aggregate Structures

AR =, E KRS (LFAFERT
Nobuyuki Matubayasi, Institute for Chemical Research, Kyoto University

AKIED AT, VDO FEE ORI OM AAEH MBI Lo TERS DY 7 M B E I E 5 T
HEHOWREE, Bi— 0T OMWE S TN - FHEME EERANGHERZIICTRIT 22 Th D, Wik-It
I TR 2 N o TR D X7k 2 TR DBk R~ O E RS G & SRS ER TOR
gEme L TEAbL =R F — RN R & TR e —var il A e b 2L UL T
DB TR F— T 21T,

The purpose of the present theoretical-computational works is to understand and design the
functions of soft, self-organizing systems from basic knowledge of single-molecular properties and
intra- and intermolecular interactions. A key function is the molecular binding, and its unified
treatment is conducted by extending the concept of solvation to a variety of weakly ordered systems
such as ionic liquid, micelle, lipid membrane, protein, and polymer amorphous. The binding
strength, site, and lifetime are governed by the free energy, and the molecular dynamics simulation
is combined with the energy-representation theory of solutions to facilitate the free-energy

computation for highly efficient analyses at atomic resolution.

SETEERICIEE . &5 T DXL B REMED 4y 113, IREEOHE « PRI FE O LH 723 T A— K1 &
S TR B Ok bR R L SEARCIRER - IR D LD 72T/« AV A — DY 7 Mg R & L TR RE
T D, ZDIIRGIRRTROMREL | B — 3 FOME 0 B EAE AN DR AR AN PRI 22828, &
MO B THD, 5 THEMAZ~OWEREAEEZMREL, AR AT AN A HEMER - MICERBET
FHE AT T DT IEERENL T D,

BV HRENE 2 DB sy IR W D53 B - S Bl - SRR - s IS BA B L | S PR AR D TR
W, ARRETEE, BTy 7 7YY —3 27 A(DDS), KK, Bl » TAAT (o7 o T RGeS
=—RZEFET D, TNHDOBEREEZ D LML RN, fiA A AN A FMTHY, G/ STA—=FITxt
JET5H BT R —Z T A - 232l — L a FIEOBIIT. PN E RIEV T TR e
=—RIZEZ Db D THH D,

AAFFETIL, TR (A A ARG SRS & te) - 'L - IBER -2 VB @ FIFR D L7 ik <
RSO TIRRF R ~OWERE A% TR LU CTERIE T 52T, MW7t B - T FIE AL 35,
ZDT=ON TE RO S EJEET 5, IR RICBITDIRABIEORIZICEDL T FET DY Z VAL
FEON IR BB DRI RIZHD R W E MRS, 21X, I'~D 5T EVIA L (AT EE(L) D6 BViAE
D5 T DE . RETEVER EARDELE LN 2812725, ZOHH OFEIITIR G CTHY 7 /L~LTH,
HERYE)—ThD, It/ JBER - Z L RIE DTG % A —IREEEZ BT LV o
TRENTT %, FHRO ZXGUE, JERSN B TORERICEDLLH = x X —Th b, LinL, B F
BT, HHEZ X 13, EF AN BN EEL TEA B, A B 3L — & 5l BRI
FHETH72010, =X —FR ORI B 2 E XL L, ZivE MD SflAG b Tn5, FEfis
W FTREA R A R B0, A =X — GRS S bIh Cnd, Fiz, RISk R RiER O
BRI BL G A — 72 M - O T CRENT CE D LIZ72D DD 8D,
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TARNF—RIREIZEDHHE=R X —FHE Y7L T, ermod ZBFE L T D, MD F721X MC V7 h~D
A E S NT Y = 7 NURMT O J7 IS L, QMIMM T3k L8 a[ 6E Td 5, MPDyn, myPresto,
DL_POLY |ZHHIA Z 35 CHY, NAMD, Gromacs, AMBER & DD FH Bh{L 23 2% S 41TV 5, modylas & D
HHED | BIEHEITH CTh D, ermod Y7 MME, BEIZABESN TS, VY —Aa—Rb AL, FIHEEZ %30T
ABELTHD, PAR—MEFNE T 2EE S VEEOD, 22— =7 —T7%E), web | TIEHAHAL TD,

BB NTEOKIIE =X — DRI > TV D, P LETHELT 5 AT v 7 vayh
HEIEICBIT DK E =)L —& | 2o\ ERE TR — ORRE T2, 2 DO LF — %, fHE-1
THBEL WA EN RS, 2o\ VEREEODLEZBREIL | BT 2b 00, K T La R,
HEBIR DT AT ) — =0 T H WAL TEDLIEL hoTo, Fo, TNETITHIO N KR EL
T, 466 7557165 JR 12>, ATP A k¢ O Fi-p 7 =y O B =R X — T 2JF 1L~V T T
W KFNBREN Jy & e o C, HU N EREIE D REIRBELE TR L TODLZEEHIBANI LT,

ERESE T EIREIR O EAEH 2D 72012, U U HRE 4 7-EE~? glycophorin A DR E
4/®FA%W%ﬁotoqniB%ﬁﬁ%ﬁD ~U 7 2A%EHKT D, IEE%A DMPC & L, ﬁ%

WL E A T AEE) A LN T 572010, EERAALE & & R BB EICHE DA E N TR
ED2ODREEZMRFT LT, =R/LF¥— %T&%%VT SR EORBERBBET XL —%5E L
7o ZZTOWBREX, ¥ o0 E ZENBIENO FEL2 SOFE~OBITTH 5, IAHFEH A

FRF—FHEIZIBNT, @ﬁ@kéhé@iDMm:km WEIXZ VXV BEZDOHDTH D, FEBIC
A LT, EERREE 2SR 20 keal/mol ZETH-72, F—FILOHMBTF/LF—%, DMPC /5D
FHEKRNOOTFHIZHE L, KOFHENEEOREERTHL ZEE2 MM L, 2206, KEBIC
IR A M2 52 & T, Z oI E-FEREOHAERHZRETE L Z EnliFEND,

WESEINRDOIRMT DT D2, T, Z oI BHITHT DIRF R Z | IRGEHE P TORBER & vy 9 7
Lnh, BHHETRIVX—HT 21T > 7=, horse heart cytochrome ¢ (104 7% +heme, 1748 Jii 1) Zxig L
L. REBEHRBEODEN GBI NCKE SN TND Z EEZA LT LTz, BIfE, EiED7=dlz, £
N—7"L OILRWFFEIZA > TN D,

PEFEHE B FEMRAYIZAT > T D, L TWD DL, CO, IR T D, A I XYV U LKA
TR WINGE & LTcmt, 7 =4 VIEIRD COMINBEDZE > TnDH T & 2B BT LT,

OFREA o N—DHER L, LITO@EY Thod, £3. ERNRED THBEEOR T« 557 L~ULak
FHCIANT T, AR ORLY) 1, MRe B EFFOEST0 7 U X LIEGRITHONT, /Iy FOFME B =
RNF—% | BRIRET NV TRBANTMNT LTz, EBRIEE keal/mol DR THELT 5 Z LIk L, &
WOE s FRFHT, FHEAAENBENRRMAr — NV THELGTEL 2R LTz, 2, HH &K
I, FETESEAIN DR I ARG E LT, 22D E SRR MD ¥ 2 L—3 9 U TT L
Too FEIEMEAE KD D OFE%2550F T L. m%%&w%@w&sﬁﬂ%%%#mbto

Y77 v U EORERT =V OBGOTR NI BUR TIE LT T L OBAPRLE L 72 5,
B TORR EFEST0 :\%E(Eﬁﬁ)i\ﬁﬁ%ﬁ%ﬁ%ﬁﬁgmowfﬁiﬁ%%OEEm
BT VERE Lz, HHHAET L TIE, 100 nm LLTFD U R Y — AOREERFHEICENH D Z & & R
L. IREBRENEAEE ORI OREBEZI 52 Lis, BEIZ, RaExt5e LT, £ MD TRIH S
N3 IR O Z AL MD IZIRD AdL, R~ T 4 > 7 iRbAE & S5 B ORBIRE O X v EfE
7Rl A FTRE L Lo, I ORIEKR) 1. MDICET 20 FMEEMER Oy % A Al S (FH5)
TEXX DLW R Pl A 7Y v R a2 b—3 3 Vika#% L, DPPC, DOPC %0d U U fiF
B PROMEEZ BT 52 LI LTS, B0 GRKR) 1%, BESRZBICED Az A > v
o L AJRAER 2R U RO E IO AR I 2 IR BIEOEEMEEZ R Lz, SRS~ ik
HATV, BIETEREE TR ORER A RET L TV D
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T/ A FERO ISR AL RSS AT IV IR
Theoretical Study on Reaction Control and
Chemical Reaction Dynamics of Nano and Bio Systems

B HBEERARE AR) . AV R7770 (B EHBRKRF).
KRR B EE RS . E8 — LK)
NAKAI, Hiromi (Waseda Univ), IRLE, Stephan (Nagoya Univ),
TAKETSUGU, Tetsuya (Hokkaido Univ), YOSHIZAWA, Kazunari (Kyushu Univ)

BEE / Abstract

AT, HERA ST 2L, BUERZRBUSE T VAL FRRE EE CHOBR, SUSTRIE DPRIRE X
JETHIAEL, BT LB SR A ATREL T2 SUGSH R R T D PN B 2N 2282 HHRL Td, SbiZZnbd
W R Z PERE LR IR LT D28 BEELL TS, A LTI, WFET —~ OB IR T, ORI
[T ORI, BT B I AIEIC OV TR T D,

The present subject aims to establish the conceptual basis for the theoretical design of chemical reactions,
considering realistic reaction models and model chemistries with high accuracy, making full use of the
next-generation supercomputer. In particular, we made progress in the automatic search of reaction coordinates,
proposed reaction control, and the design of reaction fields for novel chemical reactions. This paper describes the
overall projects, the analysis of chemical reactions in nanomaterials as this-year achievement, and the new
theoretical treatment, i.e. parallelized quantum-mechanical molecular dynamics (pQMMD) as the next-year
subject.

(A& M- ZAFRONLE ST, B, £4FE ]

{EF IS DOREE RN b ORFOZE THD, ZILE TIZE G FIC I o TER 4 b2 OSSR S A,
RATSIVCETZD, T/ A=V (F/ < AAKR) DSOS RZ NG AT L. 2 Ol a7 28I FBAEIC BN T
bR G TIER, Bl AL, T/ 59 F TIERBUEL R DO UGS SO i filiH 23RO 5 TR | EESR THA
Fl SO T4 B R H 238 1T D BUSTIE 23 KD AV D . A REE SR PG ILH IR B T AU 2 g R A (A5
FTHIMBDT Y= FIAN =2 EH T 5L 0O THY , = 3/LF —MELREMEL MR8 A LD, &5
VI D7 DN ZIE SIS DB EIE R — SRS AT IV RZDOWTHIE T 20 E R H 5, AFRE T, Wit
RARAZAERAL ., BUERZRFUSE T Va7 0R B TEROR RO OBRIR & SUGHIE . By b s
Btz AT e & T D BUGSaR e T DO FIT R 2 L 35282 HEEL CVD, EHIZZNL DM FERUR A EE L
BRILTHIEE HIEEL TN,

ZOHBIDTZOI, A TIE,

(81) T~/ « AR R DAL LRI S AT (F H G) |
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Fig. 1. Haeckelite (top) and graphene (bottom) formation on

a Ni(111) surface in DFTB-based QM/MD simulations.

Theoretical minimum energy reaction pathway

Random C, (MERP)-based investigations are faced with nearly
. insurmountable difficulties in the elucidation of reaction
- Haeckelite

Coronene template mechanisms occurring in complex systems, mainly due to

e
- Graphene

the associated large system size and long time scales

required for their description. A practical and sensible
solution to these problems lies in the interplay between
reactive quantum chemical molecular dynamics (QM/MD)

simulations based on inexpensive yet accurate potentials on

one hand, and high-level wavefunction or density functional theory-based analysis of structures and energies identified

in successful trajectories. Until now, we mainly employed density-functional tight-binding (DFTB)-based QM/MD

simulations up to nanosecond timescales in the study of (metallo)fullerene, carbon nanotube, and graphene [2]

formation mechanism. For instance, we idenfied a “pentagon-first” mechanism by which sp-carbon chains coalesce in

their condensation to yield pentagon-heptagon-like sp?-carbon networks on metal terraces (see Fig. 1, top panel). Our

simulations predicted that, with the use of hexagonal sp® seed clusters, desirable hexagon formation can be promoted in

the graphene growth synthesis (Fig. 1, bottom panel). In the talk, we will report other examples for reaction

mechanisms that were identified by the analysis of QM/MD trajectories.

Typically, straightforward MD has the severe

limitation that it cannot effectively overcome relatively

high
developing a massively parallel pQMMD program to
overcome this timescale limitation via the introduction
of parallel replica metadynamics based on QM/MD
simulations. In addition, our new pQMMD program
will allow the automatic postprocessing of promising

reactive trajectories using quenching techniques (see Fig.
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(1) “Two-level  hierarchical  parallelization  of EQ(0.00)
second-order Maller—Plesset perturbation  Fig. 2. QM/MD-derived MERP of defect annealing in a graphene
calculations in divide-and-conquer method”, M.  flake, obtained by trajectory quenching.

Katouda, M. Kobayashi, H. Nakai, S. Nagase, J.
Comput. Chem., 32, 2756 (2011).

(2) “Template Effect in the Competition Between Haeckelite and Graphene Growth on Ni(111): Quantum Chemical
Molecular Dynamics Simulations”, Y. Wang, A.J. Page, Y. Nishimoto, H.-J. Qian, K. Morokuma, S. Irle, J. Am.
Chem. Soc., 133, 18837 (2011).

(3) “Ab initio molecular dynamics approach to tunneling splitting in polyatomic molecules”, Y. Ootani, T. Taketsugu, J.
Comput. Chem., 33, 60 (2012).

(4) “Molybdenum-catalyzed transformation of molecular dinitrogen into silylamine: Experimental and DFT study on

the remarkable role of ferrocenyldiphosphine ligands”, H. Tanaka, A. Sasada, T. Kouno, M. Yuki, Y. Miyake, H.
Nakanishi, Y. Nishibayashi, K. Yoshizawa, J. Am. Chem. Soc., 133, 3498 (2011).
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Design of Functional Molecules: Photophysical Properties and Nonlinear External-Field
Response Functions

ILRIERE (43 F57) . EHEE (BRK) . KH¥E — (BERAT) | BT IR (BEREX) | /NBE 52 B (RERIFFK)
M. Ehara (IMS), M. Nakano (Osaka U.), K. Ohta (AIST), S. Yabushita (Keio U.), S. Koseki (Osaka Pref. U.)
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Photophysical properties and photochemistry of OLEDs such as ladder-type polyphenylene and its derivatives,
Ir complexes, dyes for near Infrared region (fused phthalocyanine dimer), and novel D-n-A type dyes for DSC
have been investigated. The nonlinear optical (NLO) properties of one-dimensional open-shell graphene
nanoflakes and superpolyenes composed of phenalenyl units as well as the origin of large NLO properties of
transition metal compounds have been investigated. The effects of external field application and the introduction
of donor/acceptor groups to open-shell systems have been examined. The excitation energy transfer (EET) rate
constant within the Light-Harvesting complex (LH2) in photosynthetic Purple Bacteria and f-f transition

intensities of lanthanide trihalide molecules have been studied theoretically.
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