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

EHBE, B—A, LFEEL REMS, PEE—SY FERY KRR
HBE AICS!, (BB L@ATFERT °, Wik °, (BRASMS?, IRARAHT°
A. Kurodal, K.Minami?!, T. Yamasaki2, J. Nara3, J. Koga4, T. Uda#4, and T. Ohno35
RIKEN AICS!, FUJITSU Lab. Ltd.2, National Institute for Materials Science3, ASMS, Co. Ltd4,
The University of Tokyo IIS5

A== B a—Z R OB T, T AT MRREETE N E H B AR I RIBO U A 92 8% B I
KT TV —arz iz bl &R b 21T o TE 2. MBS R FE )T e T L
PHASE | 2% ST Fe e L 72 MERE RO AKIC KD, A=/ =3 Ba—H 50042 82,944 /—FZ T 2.1PF @
PEREZIERLL, 10,000 JEFBURD R THIVIHE GRS EIFH OMDEH RS niEL 272, AR T,
ARIERERCHELOHTY, CMSI D7 7V —var CURUIZREEIC /25 FET 1220V, 2 il Ak a1TH 281
LA —=FE VT4 DIa EOAIEEMEIC SV T T 5.

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

of critical problems in the CMSI applications as well as in PHASE.
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Materials Informatics based on First Principles Calculations

HH o5, il B, K B, Rk B EKE
Isao TANAKA, Atsuto SEKO, Fumiyasu OBA and Atsushi TOGO Kyoto University

BEE /Abstract

ZEOF R RICIORTNIER LT —F2E2b LI, T =2~ A= T FIEZWT, R8T
MEBRBIZBI DT IT N A T4~ T 47 ADBR SRR EZE 5. ZOFIET, ZHESHKLT
R, MAL, T%JE@ TS E B DR & LT DA EIRE T DLV EOBIFERFEIZ BV TH A THY,
S EEMEAREHET LTINS, KEZZUOET L MNEIZ A, DBRETOZO O 7EH X
fed TH7pu,

Current status and future prospects of materials informatics based on massive sets of first principles calculations
are given. When data mining and high-throughput screening techniques are applied to the first principles database,
selection or discovery of materials from a diversity of chemistry, composition, and structures is expected to be
made efficiently. Despite the importance of the technique, however, the number of researchers in this field is

currently very limited in Japan as compared to the US and other nations.
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Innovation &R 4 (ZRIEISHVTHY, MEHRAE LG @B A OEEENHES O EL TS,
EHELORMYEH
EiRD 2 SOHAMIABSN TODH — REEH R ORE

RIIBTEETHD. ZOREDO—IRT — X IEIF T LR 0
M5 5 L DI 2 TG, RI2ICH, REARRELE = 20
HENGHEA— 7Y — & cogue[4|ZFIHL, S h~n %_, 200 -
T AHA N i 530 FEFEIZ OV T GGA L~L TOEE—J5 % 160
PG A VASP 2—RIZE->TEHEAEL, 20k TIRFEE K E
MR OBRE 7 Oy LD Th S, ZOFEIL, 8 = 100
J—R®D PC 2L, 2AKAS 6 BRIFLAE TR T L=, @ sl

ZDIHe—RT —2EFIHLT, Rtz T RIL 725 . {Ea%my 520 . |
REBNTH.ALEWORRIL, EBRGERVEETHD 20 40 B0 80 100 120
3, B — B G EDIXE TR DIV D THS. Volume (A%
RS OS2I, Lindemann rule 723 fy<hsBE0 2 UEBROTZHA REUEEH
HENTWDA, EBRREER IS0 D TR, 22 530 BN E— EEH ERR
T, 226 FEEOHARB IO 2 THLEBIZONT, Mk
TROFTER, FTE METR ROMY, ke =
s SRR R AHOUE D, IR 8 3000 .
AT T LY —, AR, B AR, B D resmau\ 4
T 55 7 Y BE B L0 S B D WA & L, Sequential S 2000 R A
Forward Floating Selection {4 Cat Bl Z8 802 B IR L, % . ’ s
PR =T v algEE TRl Z TRILTZ. Z 0k “E’_ 1000 ‘al: *n . Training Data
K&K 3ITRT . Training data DN FEHICHWT —4 T 2 v
HY, Test data IFRFEICHN =T —HXTHD. ZOLH70H E )
WFIET, P REEIK PRSI AT = 0 e

HoT[5].

BB TIE, BB R EICE S\ e~ T T VXA
VI FRT AT AT OWNIIEDD THHA, RO
HIEAA R0, wAAEEOL, RERETEA TV
EMBHELEZTWD.

[1] http://www.materialsproject.org/  [2] http://www.aflowlib.org/ [3] http://emd.kist.re.kr/
[4] https://github.com/atztogo/cogue  [5] T. Maekawa, A. Seko et al. unpublished 2012
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U — L7 NTYR LD
Parallelization of the Worm Algorithm

EAR ST L RHE A 2 gk s R ORIR LI EE!
RIS 1
R FHAERFRT IR 2
SCE RS R T RAFFLF 8

BT HNEDT — LT T XL RBWESRIEIS T O72DICW B LIz, U—LT7 AT X ATES]
BIZRIE R T NVAY XL THLN, V—LaBERANTELE T VA XL HTETRER R 7 B
T FULAFB LT, Biliiss S=1/2 XXZ &7 /VIZHEMALIZE A, KOS REGON, Fo, ZOT /v
TYR LTI S AR R . 2R ETOT V) XA CTILBIE SR E#ECH 7=, % sHBEO#IE
MA[REL TR ST,

We modified a worm algorithm, which is one of quantum Monte Carlo algorithms, to simulate
large systems. Since a usual worm algorithm is difficult to parallelize, we introduce a new type of
multi-worm algorithm. We parallelized our algorithm for an imaginary time axis and applied it to
quantum XXZ spin model with transvers field. As a result, a good parallelization efficiency have
been achieved. Moreover by this new algorithm it is possible to calculate models with both

longitudinal and transverse field and to measure multi-point correlation functions.

[BA R OETHINLE ST ]

B2 7 0miE (QMO) B 1AV R0 1R — KR R EIT B W CHER ISR B o KB 725t
B — LU THESN TV, FTHY— L7 VTR AT, ARRIEE DK 7 RICBWTREH TRIRNZ
WREHE N CE | RERFAXCE R RAE RNEOND[1,2], ZOXHRT — L7 LTV XNTY, RS
DIHRMBENIEF IR NEZAZ R LI ETIUTRRAM L TITRRIZ )0 A TREFR] COREE M E D
K272 > TL D,

Fo, O RKBBF R OBE A FIEL T, e FICELE SR EIR A HR R AR I 55, Z0%
FAR =R N =RETNREF AL REERINCFHELTE B2 —X LTI E FHOR R
B AV Ea—H OIS ARSI TS, QMC 1E, 2O L7241 R OMNT EFERITFIPED LKL S
Sl CII RS N CLEHERBICEER T 55 52 5 & RO X Z R IZB AN RN TE L2012,
FEERRE RO ERINR TS EHERIIBEIR D=0 0y — L L THIfR SN Td, LnLERNRERE LIS LT
UL, EBREEOK VA X132 10 © 6 Ll O —F —ThHoH720, TNHIEFICEVFHEIANET 5
DEIp>TND,

DI EFUGITA DR FELL TERALNDLD, WH OV —LT VAYZXLTIE 1 MOU—LHE#E
TRISHIRREA B HTL T EWVO) T b IS EEE S TE T,

[BE- BRY]

ISR A KRB R DR B A RIS T 572010, U— LT VTV R LEWHU L, KRR~ 4528
ZHIELT D, FlCih _7=IH12, V=27 AR YX LTI R A Z T ATV A LE72 5 TDTd | Frex
XV — L7 N TYRLPNFUE TELIDNCE T HIESCATr =V ZRIEEET 5,

(A RF L BAERR 2R ]
WL DT DI~ VT T — LT NTY R LEFTCERLHWS, 22 Tl BRI B T EZ R,



W OT— 57 LY XA (H1) T B
SEANETVEMSTRSNARMIZE I

R D 1RIC 12 DT — 25t (R T b |
: : s
P |:> s |

AR T OR) 24 A LESRET 220

HED, ZOWT — ADERERD 121

HHERSD, ZOEMPET — LD~y

REFRIZID — 5 DB T (R E 13 — —
PRI ) PSBYX[EID IR TER EHTL U, (17— 1T P YR AT — LA DD
T — LD~y RT— )V (69 7 )7 OBy

WEE T (IR ETZITAERERE 7)) EHES B B
STZLEREIRL ., U — ARSI LR 2D J |
NN VAT A

VIV FT—=LT VAV A (K 2) Tk, #f
WD ANST= IV S=T & WD, Kl
B0 DEOTAI BT —SRA O e
SNDT=D | T — LT EAL ZE [ RIS
V55, < VFT—LT LTV RLEMEEND
FTLA T D, WHMEDTZDIZZE# 53 FILY — L2E BT S & FE 7T IARERIELSETSNDTOIC, =
A= RPEE DN B WSR-S NDINTHEE TN ERH D, Fex DT IVIVALTIEY —AIHEROFF
WEFF-HLZEE BHOXE T EICNWDT — 2D\ T 4 ER LA WAZE T LT — R LD A W%
W77 N TVRLESERSE, EOWFNICE I LT, F7o, BIRALOREICRIL TV — LD FER B4
ETDHEVIFIEEBRL, ZNVEISHTHZET 2 mFHBBEETZ T T & SR BB 5 R 0 28 % T hE
Iz,

BT 2 IRIE S=1/2 XXZ A RIEH L, weak scaling (ZEVIFFMERNZRZ 7R LT, KISIF R
KPR X —DFX10 2 VT L=16 THIRE =a 7 HE L TT ANMAT IR Th D, B EF-<
XHETIEANT A XD RSO HE LT HZETIHE N AREIMA T, fER, ST U &1 TRVl FI k)
REGHILINTET-,

imaginary-time

imaginary-time

(X 2:</LFT— LT NTYR N TOT— LD AOHEAIK)

70 — T T T T T T+ T T T T T 1T
[%§°é‘!\%®§+@] 60 -_ 7 _-
§ . . . B E-H measured values o i
BAERRES A S TOBET MO TSR, 0 =0 ff  § sl — 100% o
g "

I — MO BEEANS I T80 BRICIER 85 = a0
FHNTHB, ZOT, BN AT 5 =00Hil% 5 0f
AT I o DL MR B LB s, £, 0T
VTRATR=R A= REF VAR DB, v —20  OF
FHAZBEL THO 1B ED BT R D2 LD 0> TN D, 010 Zﬂtheniglbﬂ:focmsm 60 70
—HVEOIEITEER e, (4 3:weak scaling TOWF{b5) =)
(B8 353 ]

[1] N. V. Prokof’ ev, B. V. Svistunov, and I. S. Tupitsyn, JETP Lett. 87, 310 (1998).

[2] Yasuyuki Kato, Takafumi Suzuki and Naoki Kawashima, Phys. Rev. E 75, 066703 (2007).
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Universality of Deconfined Critical Phenomena

JRE B, RERFE RFEREFRETFER

Kenji Harada, Graduate school of informatics, Kyoto universality, Japan

BEE Abstract

SRS Valence Bond Solid(VBS)HH ] 0D T #GEAHER S 2 A 72357280 | SUN)—ffbSiuio A
VARNT BT NND A NPT (T AR TR TNV ab— Y al (ZIVRE LT, EH o=
B S EOTNEDET IR~V T AR T VBS B2l § 246 A A fE 2
B0, o T, KREEME-VBS MO E ARG EZEZ T LZEIDNTWD, FIRI AR =Y T T O
FERL SUR)R SUDD G E IR R BREPMEIET DN T EVERINT, 1272, MR ORBA RS 5
B R H v ORI TR R A X IRDD D ZE N FATHIFEE D LB oTo, ZOZEIIANIZETIT
ST IR KRB RFH R 2L — 2 a OB BEEEZRL TV,

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

computations are necessary in these cases.

[t B - ZRHALE ST ]

B R BLGU L GEH ICRRF 0S HBL T B AR O RFIZ RO D BLR THY | MR 1 (BE LR 5 Tl &I
KT DA =V T RIBRNL T DV RFEE RO, FRICEE R FIL, ZOR—D 7 2R i T 255 (B
SHEEO ICBIL Tt (== U7 ) BN T HEE LN TND R ThD, DFED, bk~ 72 R pWE 0
LGB ED D, ZOIHRE ROty e =T — VT4 7T AL T OWRE TG B
DAEEHEZ DL ERT D,

B REBLG OMRIT. BT AL A~ OG0 R B R o MG S
(Landau-Ginzburg-Wilson(LGW)/ 3T % A 1) ELT20 4L IZFERICHERR LT LCW /NIX A LTI, FlITFR
BN Lo TR T B, B BLR TG SR CORRF AR O FRiE o B RN (IR F) LL TR A HLD,
HL, ZOMMAITBIRVEER LN RSN niX, 21 oM AR5 BEERERITRHEEZ BN
TV, FEIZ, ZOIOREER TG DO 2= =P VT 47 TARHALDNIR UL, FFEDRIZT TRk A 7R D
R BRI TG T HEHFHINTWD,

[BfE-B ]

P 1L LOGW T F A LRSI WHT LW A IR OERR 2T > TEIZ, FRIZIE R LTS O, Senthil H732
RE 7= “ W BA U A 8 i FLER 42 ” (deconfined critical phenomena) Té5b, Bz 1%, B igmgEMEFE & VBS(Valence bond
solid) 72 L, ZNZE DA TAE L 22 M O [BIE R FR I L FE 122 B O HE X BRI 22 L B7e D kb Bt A3 B 381
WL TWDG B E B XD, LGW RIX A LTI, MAIZK/NBRDZRNZ 0 —REEB LTSRN — A
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THDHN, Senthil SOHGE CTIIBEINIZBHTIAD AN =X LRHIUE, T D IH72EE THEGARIRE A FE
THAREMED DD, LU, EBITED A=A LEREBL TODLET THY, 2N a EB T HNILR=T 7L
I7aRET VT DN T H IR R TIIW W, Fex OBFFED B BIEIACIAD R ARG E2 R T €T V&K
D, EOFEMEHGNCTHZETHD,

[#FZEFiE]

i PCIA O B R 2L 2T [ REMEDH LB DM 7T /WL T, KRB EFE T ri ol —
TarEITD, OB A MBI B ETEMICHR-, ET VT E ST T A EOART SRIEN TRV
WCHERR LTz, T2, S5, D<K EL B T 7 OV OB R FE T/ NSV L —T 7 LT X L H3 i
ARERS DET AL LT, R R D 2= =Y T 4O RITIZIZD LR T AL INTNINVI=T %D
DEFNEANTHMBERNEEZ LN TWD, ZOFTF LD Il — a3 2lE, AR EAVET % DL
HAERZFEINWIZENTED AT VY RIEFILS T — T T NN FY X LD —REAERR LAV,
[EAERRER]

BB ENA B ST BN 2 o Ty MO R A S Pyl U CE R LIZIS G S A 1 Py O#E
I (] IEH: @5 ONAB VT EAER) IZMA T, Py Py 728 D2 L3R 70 E DA, 628 HAEFATEQ 1H)
ZHALIZET L (Q ET /W) ZRY LT 5, Z2in JQ £F7 /LT, J A TRVVRIR CTII O | Q TH R
VWRFRTIX VBS #HTHLE, J/Q BAETRDOEZAT, KRR S VBS MO &1 R BRG] T 528
WTED, FEATHFZETIX, IEH RS 7 CAR Q EHZE A LTIZE T /VITCOBBENE-VBS O &1 B R B G0 7. 2 5
r—ALLTERITH RSN TET, A IXFRICET AT TR N=A LT (6K AEER) 0, H4h:

(CHRBEME ] THAEANIZTT ALOIEEZITV, ZNO0 B HEEBH B OM LR AT T2, 2Bk
IREATIETHPACIAD AN =X LD IE Y HEDRRFEEATOFEN TED, BARRIIZIX, VBS BT 0 85 M2k
TDREER L= NP VT (I TAD R B2 E DRGEDTHFNTED,

ARIDFER T, IEFHEFDAK Q THZEZFFD SUN)— AL LTZE T /L DR S BLR O FFATRE Rz POITHET
T2, T A TFATI R DGR Z TE RN E T KRB R (e K& 1V X1 SUR)E SUM)E T /L THef TR
3%, SUQET L TAREZATV, HIRY A XA —V 7l 30, 2Ol F a5k 2 K5 I CFHl L 7=, Table 112
E# £ SUR)E SUM)— kLT JQ BT VDR FHEH A FL DT,

Table 1. Results of finite size scaling axalysis.

[SUN) [Q/(Je~Q) ] v [ ma |

‘ :5:11{:5) 0.334(1) 0.4 } ‘ 0.41( f} ‘

SU(4) 0.0814(5) 0.55( 0.55(
ZZTQ/Ue + QUEERA D J HE Q HOBA R DME, v i*ﬁI&ﬁ%@%ﬁﬁkﬂ#@zﬁﬁéﬁﬁﬁ%%& URNES
VBS FEFF O B S R C O BE O AU 2 R AT T D B R R S T D,
(B - 5% OFHE]
A AT SEATHFTE D SIS AEFLE D& T A R T 24T o 72, Lol WHIE 28 4 5 & K&k
FHARXDISLI Y TN RO DD DAANIKE T AXDOK) 5 FIZHFIL T A D729 | AR O
MRS BE (X BUAE D LA AT L AR E T D, Lol Fox OERFA Q/(. + QIEERSHEEL n , OFHMILSE
FTRFFEE P JE B 92 B LTINS 22> TRY, SUB)E SUMD AT SCREEE-VBS [0 & 7 RS 037
TET DLW T ZENTE, ETAD FEFFRE v IZOWTIIEATIF R ORE R ED 720 E S TN D, i
ZAE, AT FED—>TlE, SUB)ET /LT v =0.65(3), SUM)ET /LT v =0.702) TH D, £/=, SUR)ET MIZ

BALTCIE, A=V 7N ZEL CTELT I EMEM AN LETHLEE X T\Dd, S%IT N=T LT
KW ANTZ JQ BT NVOFERED EGAITHIZE T, VBS BP0 B MK TR EESL2 =N —
PIT 47T ADBHEAEACORGEZBL T, BLEATIAD AN =X L EZ O L &1 R B G O 2 (k54 1
LT HTETHD,
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Dynamical density matrix renormalization group study of non-linear optical response
of one-dimensional strongly correlated electron system

BHHEF !, BLED VR EHEARL A U, 2 A R Y A SURT
Shigetoshi Sota!, Takami Tohyama? 'RIKEN AICS, ?YITP, Kyoto University
BLE / Abstract

AWFZETIE, BIRYE BEATHIREVIA D REHEIC KD | —RICEy MERIKRD SIRDIEFIE N FISE DR ZTT -
Too —IRICEY MERIRICKIIE T 2ET W EL THERANAN—RET A ZHRA L, SHICEMELT ZER LTS
RV 2 ZA D EA -k A AAEMZE A LTz, BRI 72— Ry MR IRE L TRIHALD SryCuO, 12%F
ST HNTA=EER L ZOF R AR, RBFRIC I E RSN 3RO I FINE L, iR E
IRE T AT EAERICIDR R 2R £ O HEEME DRSS,

We studied the third-order non-linear optical response of one-dimensional Mott insulators by
using the dynamical density matrix renormalization group method. We employed an
one-dimensional extended Hubbard model which corresponds to the one-dimensional Mott
insulators. Also, we introduced a Holstein-type electron-phonon interaction which is important for
understanding the optical response in the one-dimensional Mott insulators. We calculated the
non-linear optical response using the parameters corresponding to SreCuOs which is known as a
kind of the one-dimensional Mott insulators. Our calculated results show a relatively large effect of

the electron-phonon interaction on the calculated third-order non-linear optical response.

[ty - FIRBIALE ST ]

BE, BRIE BEN T DI THERT DL AT RERE @ AL T 7T SAAD RS DN E
HENTW5, ZOMEIO EEARFEMOOEDELT, Sr,CuO, ICREFEEND, WbdDH—RTTE Y MikkiA
EFob, Bxld, ZO—RILEYMEFIBICL D LNWIA T DAL T 27T SAZFAFE~D A[FEMEIC
*UTC, BRI BZ DI FE 21T 72,

[BE- BRY]

HEEENAAN T T T SAADBFEAAT T, BELRLF—U—NETE R AICE | & T
BALKEAN ) T D, DED L TOLZ I DERITZ Ot FRIUEFE THY | ZAUTIERIE A BT/ IE S
Do LIZD2 T X TENTLET RERL T T ANPFRONLD N EE THD, Fiz, B md 7w L m R 2 A
v F LTI L THETHD, —IReEy MEkAIL, ZRIC, ZhoD R B LU TS T
%o ZORETIHIZRBIER DT 5 ZIT, ROWTTHELZOWER B M B O &7 B 21F L Tnde
BAbND, TITHEAIFIZOHA LR EFIREMAL ., SHICIERZRIERIEIEFIEE L mmE
IRt AAN S R N 2 BRI JEDSL S DIoR L, £ OB A et 52L& HIEL L T ezt 72,

[AFZEFiE]

AWFFECIREY) 2T T VAR EL, IR IS E B W TEERIATHHIRDIERIE N FISE DA
ZBEATUZ, FTHERGE LT, AFEClE— R ey MERIAEZREL, TDOE HIREEZ Gk c&a2 L
HIBIVTND, EFRIEO—RICILIE NN —RET VAR LT, SHIZ, ZRETOFRIZED, —RILEVR
HafxAR DN FINBENZ B W TE T - FHEEHON RN EE THLIEDRYILINIR>TNDHIENE, Efif
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DIELE XL ORK ET HRN Y aZ A MOEF - FHAERZE AL, o, & FRELTUT, &S
NWCWDT Ay a2l A T4 R U, AWFZEIZBITHET NDO/RTA—2LELTIE, ZRETONFSEIZE
D— R ITEY MERIRICYESNDME DO OESTHD Sr,CuO, [Tk T 5/ 3T A—Z N LN >TND T
B, EOMEEFLELUCERAL, FHREEFITL,

AIFFROFHEFIELL UL, FRT—RITEY MER RO I 72K K TTis B E 1 RO R FIEEL TRER
R BT CODEE A THIRD A R BEILE 2 HARE LT, R, FERIE AR B O LD e B e B E DR R
% U CHEIRS AL B FEAT AR A BB UE T 2 B FEAT ARV IA R BRE AR AL . BIROIERIE L FIRE
DFEEFITLUI,

EZAT, AR TIE—RICT Y MR O N BB BB B - # T EMERZBOES 720 | 1 1-(R/
NO A HEEROWH LER DD, ZOFFIE, AFIEOFATIMERFHEa AN CTEKIZT 5, 22T
AWFFETIE, RIS LS B B FEATHIMEIA B BRED T 177 K% BFE L, 10Pflops #R O BRERMERE
LA E 2— 2% VT, ZOFEEIT oIz, Fox OBFE LIS RIS L7 B A% BT 510
IWBRBEEO T 07T AT, HarEa—2 28T, 24576/ — RH AR ERGRME LRI 70% DY =R TRE N
ARE CHOZENERINTND, ZOLH72 7 0T AR DI, (ERDA—/N—a L B a—F TOFEITINIEHL
FEHThHOTERRBIEF R EZ K a Ea—2ORHA DI TEITL, —IRICE Y MERIRD 3R DIEFIE T
B DFHRFE RGO,

(R E£]
ABFFE TR BI AT IRV IAABHEAIC L DR R R e TR (EX BB EFISE . A3k
DI TFIEE) o

0.06 T T T 1.2 T T T
16 sites, U=8t, V=21, = 16 sites, U=8t, V=21,
= | g=04t =051, 5 g=0.41, &=0.251,
S ol m=1000 £ m=1000
o . =
) 3
§ S)
S S)
e 0.02 =
= S]
= o
~
0.00
0 2 4 6 8
alt wlt

AT TIRONIZ IR IS B DR R G ) 13, SO AN E )N EfESN D, £T. —IRITEY
N (Sr,CuOy) ZARE LIZARBFFEIZ I T HFEISE O EE & T Ty M vy T H X T B 1B,
I FICETEEDICIIT D 0=4.5¢ FUTIZTAE S AR O E N ZIUSKIST 5, — 7, [FAl— ORI 23
DOIA DG T DA DWW CHE SN 3RO IR I E HBDIE, Z D= F —(0=4.50D 1/3
DA TH ST DEENHNDZED RS ND, T, BT T EAERZE TR Crt RS ARF7ED
FHREAERIZIE, 74 /AT VARSI AR VI OREE R BN A Z LD RS NA D 0~20), ZAUE, 3
D IR N F I B DR RIS AREIZ R TOD(0~0.70), ZORE Rl 2HIERI ZA v F o 7 F
AASDIENKIL T, B4 A EEA OB R EECTHHI LA /RLTEY, TOHIfEIX EERE kA R
DEZZLND,
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SEEE LT T AN EILLD EtMe,Sb[Pd(dmit),], 55 — [FRERA ZHEEL D B EIR BB AT

Ground-state analysis of EtMesSb[Pd(dmit)s]»
by many-variable variational Monte Carlo method

ZEER, &FER, SHIER FRRFRFRLERFER
Satoshi Morita, Ryui Kaneko and Masatoshi Imada
Department of Applied Physics, The University of Tokyo

BEE ~ Abstract
AR ROFHRFIELL TE—HEGH R A I LR E FIREEH A T1E (MACE) OBFZ

HTND. AlEl, Fox i, RIE TAE AR E Z R T MELL TEREZRD TWL A Mott #EkkiA
EtMe,;Sb[Pd(dmit),], (%L, ZOFiEABEH L. KRR TIE, ZOWEOF —FEA DRI L 225
G3E T IIVEIEIZ KD HL IR BT O R A T 5.

Three-stage calculation scheme based on the energy hierarchal structure, called MACE
(Multi-scale Ab initio Scheme for Correlated Electron), is developed for ab initio calculation of
strongly correlated electron system. This scheme is applied to an organic Mott insulator
EtMesSb[Pd(dmit)s]2, which exhibits quantum spin-liquid behavior at low temperature. We report
the ground-state properties of the ab initio effective model for this material calculated by the

many-variable variational Monte Carlo method.

SEA B - RIT, TR, B EEC R T AC RS IEE I RBIR N WIS, R OHTHERE
%ﬂﬁﬁU"Ykﬁﬁ'f/vrxé:bfa)ﬁjﬁﬁ75>B§ﬁ13fézhfb\Z;') Fx 07 N—T7Tl, RHBE RO R FIES
L C MACE (Multi-scale Ab initio Scheme for Correlated Electrons) &FE5MEJE AR - IRRES B FIEDBRYE,
IS AR HED TG, URE 728k R 7 R ClE, 7oA~ UL O T L F — R RISZ L THRY, &
DR RNF— B HERNROYNEEL L T, 22T, 7o AL hbEEN o m =3 ¥—H hEE
IR IA A TEAR 0V — A R O & FERRBRAICA TS . BURRZRFIEE LTI, 3B FEEHRZ R RE
L, BRAEV =iz ROFIR RPA JEICKVE=RLX — H H I L DR A B IAA T2 A 2 BAE
R LEB TRV —IHEZRDD (BT 4=V T (7). Bk, BB — R AIEAE, Byt
TN IEIRE D EREE K= X = VR — TR 52 LT %Jk BRI AT,

KRAFFETIE, ZOTFiEEZARE Mott #E#%A EtMe,Sb[Pd(dmit),], (25 Ui 4%, ZOWEIL, A% AE1EM
(9 220K) 1T~ 1 O 1DORIE CHODELARTFERIT, B FALREOBEMMELL TEZILILTND
(1], BEMEZ+F 72 Pd(dmit), & LFEREMED EtMe,Sh A FF D@ Ik EE L TRY, BN T2-20 Pd(dmit), 731
DREE LA~ —HAA TS, ZOX A~ —FEE TR, LUMO D&/ RE HOMO OGRS RN
#2L, HOMO D673 R 73 half-filling £72% Mott A% (KL 72> TS, Fio, ¥ A~ —X =AM Fafliv L
HNTEFILTEY, IEFIZTTAR —ar DR RIS TN,

HROIX, WRICHEHKIZ D7 +— VT 40 7 1% T EtMe,Sb[Pd(dmit), ], @%*Jﬁ A 2R 28 T
[2]. ALK A RIKDBEM M E CHLINFYE L 7 ORFHENIETIE T2V ¢ -ET #8720,
EtMe,Sb[Pd(dmit),], DA ZhEHA L — R TCF ST HED TR T = AR 1 DR 7 %R o TO DRSNS
2.

AMFFETIL, AR L ECIRIEMRAT FIEL L T AL T T A rlE (mVMC) [3] AW, 4lE
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FAWTZE BB, AL —2—1751R % — i b Uiz — Ry, BT HBEZ B A DM B 1, ZEEIR
REICHIE SN D R 2 BIE -5 B FHEUR D 3 SOBEZENOHERRSND. FiE DRI Z UE LN &V
BT, W OEGELT N B AN T APV IR B B E e o TG, Fe, BT EHEICIE
R L2 B EIR BB R R AN ATRE & 70 > TN D,

R TIE, PABICE S TR SN EtMe,Sb[Pd(dmit),], O 2 FEIED S — FEA ZIERIZ SV TELEL,
ARG B D IR 5y L T NV B CIRAT LT A R DWW i 35,

[1] T. Itou, et al: Phys. Rev. B 77 (2008) 104413

[2] K. Nakamura, Y. Yoshimoto, and M. Imada: arXiv:1208.3954
[3] D. Tahara and M. Imada: J. Phys. Soc. Jpn. 77 (2008) 114701
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Analyses of high-7; superconductos based on the first principle calculations
=8 BR.45H ER DEKRBEL, CREST-JSTI
Takahiro Misawa and Masatoshi Imada

Dept. Appl. Phys. (Univ. of Tokyo), CREST-]JST

]

ERAREICARR SN DIRNVE B bSO T & O E A - TR 572012, Fex D7
V=T IR — R R A D LIS U T A RS H &2 O SN O Sk BE AT 2/ 2 B B 7= THA B &
RO D — R HE FE) (MACE) DI IS HZ B 2725 Tnd, KRR TIXZO FEZERBIRE R
CHEH LTS RIS OV TRE T D, SBIC, ARBROAMTIC NS I € T N aiED RS R
BIOBRE A~ AR ROV THIR T D,

Strong electron correlations often induce novel quantum phases such as high- 7t superconductors.
To reveal and predict the nature of novel quantum phases, we develop the Multi-energy-scale Ab
initio scheme for Correlated Electrons (MACE), which is a hybrid method of ab initio calculations
that combines the density functional theory with an accurate low-energy solver. In this
presentation, we will show results of application of this method to iron-based superconductors. We
will also explain the accuracy, advantages, and applications to superconductors of multi-variable

variational Monte Carlo method.

(A3]

HRARAVD ZSOREIR R 7 T A, AR T 7 A BT AW E T HE S HRRICB N TR—XT7 A
VL a B AR D R, B AR /VIRIR SRR E Lo T AT B A O I R oD FL R
BORIRLTRIART 7 /0 —OFRIBICH AL I N 52 TE, SR A THRE T 2R TIEA
HTLWE O3 LN FEERER GG O W T BFRONTERY . E0DITEFR B RO K #E e k1 o
SRVAHAAER DN AE AT H LW E T OR A - fEIT, SO RED BRI BT 70 R F v
U ThD, EDIRNT, SR L) SRR ECE R B G RICRERSNDMAEREE 1R DE IREL
55— R B A W TR 2017818, BRI BEZ O Bz dH 0 FT U B - Bri v g2 %8 7L
FIHLED & DR RV O CRICEZE 2L EL HD D,

Hx I TE 07 —a 48 BEAEH O RO R E R BITL I E O W MEME] D RO R X703
WZRL T, =X — G2 R U758 — B E TIRRE R A E MACE) 2B L C&7=[1-4], =D
FIETIEE B HEICE DWW REND, 7o VI f VX — OB HED L E R U5 —
JRERAA AR ZE 35, LT, DA MR Z SRS E MR R — LR —TCiffr 352 & T, i)
FHEAE O MEA R - T4 5[2-4],

ZDOFEEFH LWL Th H8RBARE R0 FH LR R BRI — A OB RN
EEEMICHBLICELZENHLNI T, SHIZ, $CRBIEERD BEMMENE Y MR OL AL
MR TH IR CEXAZ L2 ONICLT[2-3], BITE, LD EBIC—HH{ERWVR= R L F—DW)
P CTHLOBIREDFEL A REMEAREEL TV D,

Exs 3d

[1] T. Miyake and M. Imada: J. Phys. Soc. Jpn. 79 (2010) 112001.

[2] T. Misawa, K. Nakamura, and M. Imada: J. Phys. Soc. Jpn. 80 (2011) 023704.
[3] T. Misawa, K. Nakamura, and M. Imada: Phys. Rev. Lett. 108 (2012) 177007.

[4] H. Shinaoka, T. Misawa, K. Nakamura, and M. Imada: J.Phys.Soc.Jpn. 81 (2012) 034701.
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Quantum Chemistry with Density Matrix Renormalization Group
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Takeshi Yanai, Institute for Molecular Science

BEE (200 FF2EE) / Abstract(about 100 words)
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Do

We will present our recent progress in the multireference electronic structure methods based on
the density matrix renormalization group (DMRG) theory and its partner dynamical correlation
models. Following Chan’s successful adaptation of the DMRG algorithm to ab initio quantum
chemistry calculations, we use it to describe a substantial amount of static correlation for
multireference systems requiring large active space, e.g. CAS(28e,320) or even larger. Developing
our efficient implementation of the DMRG method, we recently demonstrated its significant
applicability to challenging multireference chemistry, involving strongly-correlated electronic

states of transition metal complexes and m-conjugated molecules.
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Many-Core Processors and Quantum Chemistry
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Koji Yasuda, EcoTopia Science Institute, Nagoya University

B/ Abstract

YLVVEESR . KELGHEREORENIZTH B B THIRESND SN TnD, ZZTENIRO BVFHEEL T,
L2 DOaT 2 L HHGE TEMESE S, A=—a 7 BT oy N ER SN TV, ZOMOHREHK TR HLF
FHEZITOBROME R EEim T D, HEEBENZMZHITIE, /—RIMNBIFTZT TR Fo T H AT — Dt A
BELWOTHENTTLD, £ T Gauss B IR BAEA WO BT L HL T A | BHAE R EE(E BO S0 DR
ERAS

The performance of a supercomputer will be limited by the power consumption near future. Many—core
processors, that consist of huge number of simple cores running rather slow clock speed, attract attention as
power efficient computers. The advantages and shortcomings of them for the quantum chemical calculations will
be presented. To reduce power consumption it is necessary to reduce not only the internode data transfer but

also the offchip memory access. From this point the advantages of the Gaussian basis sets will be examined.

A-7



oo MpP2-F2000000000D0O0OOODOOOO0O0O
Massively Parallel Quantum Chemical Calculation of Fullerene
with Highly Accurate MP2-F12 Method

0000 'ooooomooo000'c 'ooooo?oo0O0O0000

Yu-ya Ohnishil, Kazuya Ishimuraz, Seiichiro Ten-no', 'Kobe Univ. ’IMS

oo
ooooobo MP2-F2O000D000O00O0O0DOO0OOOOO0DOOODOOODOOOOOOODO
000O0o0ob0oobObOoioDb CphoobbobobooboboooboobobooobooboooDbOon
oooooboo MP2-F2O0000000000O00DO0OOOOO0ODOODOOOODOODOODDOO
0000000000 0OODobDOoOoD e3840 0000 o48000O) IO 9% O0DOOODODOOO
oo
A quantum chemical program which enables the MP2-F12 calculation on massively parallel computer such
as K-computer has been developed and implemented. The program has been applied to calculate the geometry
of Cg fullerene, which is known as a canditate of the organic conducting material, and potential energy curve of
Ceo dimer in the basis set limit with the MP2-F12 theory. A good agreement with the experimental result has
been obtained in the geometry with the MP2-F12/aug-cc-pVTZ method. The program has achieved the excelent

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

ooooobooboogoon

ubobooobooboooboobooboboobooboobooobooboboooboobooonooDo
obobooboobbooboobobooboboboobboooboobbooobobooboooboobon
oboboboobboboooobooobooboobooobooobooboooboooboboOon0 (MP2-F12) OO O
gboobooobooboobooobooboboobooboboobooobuoobooobooboooboOon
uboobooboobbooboobobooobooboooboobooobobooboobooboobOon
gooboooboobobooobooooo

ooooooog
ubooobooboooboobooboboobooboobooobooobooboobooooo
ubooboooboobbooobobooobbooboboobooobooobooobobooboooboobOon
uboboooboboooboobboooboobooobooboooobooobooobooboooboobOon
ubobooobooboboobooobooboboooboobooo

googoo

CoUOUODOUODOOODODOO MP2UDOOODO MP2-F12 DDOODOOODOODOOOOOO
GELLANOOUOUOUOUOOoonooooouooooobobobbbbooouooobboboog cecuoono (o
U0b)0obuo0ob0oobobOoOobOogbg 80000 (10000 DODOUODDOODOO ce-pVDZ,
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Gaussian09 0 0 0 OO0 Xeon X5690 O OO OO ODOOOOOUOOOOOOOODODOO



ooobooobogoood
oboboooboobobodg MP2-F1200 GELLANOOOOOOODOOOOOODOOO0OOO0OO00D0OO0
gboobooobooboobooobooboognooobooboooobooboooobooon

(ijlaby = @,(x )@, (x ) j|1 /7| b) (1)

ubbdgOOOO0ODOOOODOOOODO MPIOODODOOODOOODOOODOODOOOODOOOO
OpenMP O U OOOOODOOOOOOODOODOOOODOODOOOODOODODODOODOODDOO
ooogo MPIODDOOOOOODOOOODOOOOOOO0ODOO bGEMMUOOOOODOOOOOODODOO
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0000000 (%)

Number of CPU cores 8192 16384 32768 65536
Total times (sec.) 2805.0 1414.9 812.6 524.1
Speed-ups 8192.0 16240.4 28279.2 43844.7
Efficiency (%) 100 99 86 67
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[1] (a) S. Ten-no, J. Chem. Phys. 126, 041018 (2007). (b) K. Ishimura, S. Ten-no, Theor. Chem. Acc. 130,
317-321 (2011).

[2] L. Gross, F. Mohn, N. Moll, B. Schuler, A. Criado, E. Guitian, D. Pefia, A. Gourdon, and G. Meyer, Science,
337, 1326-1329 (2012).

[3] S. Sato, S. Seki, Y. Honsho, L. Wang, H. Nikawa, G. Luo, J. Lu, M. Haranaka, T. Tsuchiya, S. Nagase, T.
Akasaka, J. Am. Chem. Soc. 133, 2766-2771 (2011).
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Removal of singularity in quantum-classical correspondence: Towards

real-time many-body molecular quantum dynamics

BEMEK, BBR ERKRE
Kazuo Takatsuka, Satoshi Takahashi Univeristy of Tokyo

B

FFNOBEAIL, EFSITEE AL THUNCRRIBESNDAT — L EFf > TWD0, JRFEZIXE T
4—5 MIREWVEEDTZD, 53 F AR THRVEVE R LNG 220, ZOREE, & FimllisnT
HEERHIB O BEDO THLS, 22EV > THHRTHZRW, LW TN ZRBHE N T 5. Wi 72
HEwClE, SO IS = S DR | Z i 92 PG 2 T T Eﬁ%%‘kﬂ?ro Yalb T B — iR AR
MOIFEL TWD. PRI b ML L THRY, ok 2B I FRFEOIZT THLN
WELITH % 73§??EEL“C1§5:&b§’6%<%>£ﬁgfﬁaﬁ§{zl§¥ﬁlﬁij]% IE7ERLTELT, &rLA MD
(Molecular Dynamics 7£) (28I H M I)FIZT DO THLHZ L, HHOEETHL. #REFED
& DV M T van Vleck determinant ZHUOFTIZ, it i) 22D E B AT HIVTWDAY, (1) =i & i
AR OERUZ B W TIIBUN BT D, 2) BEF I RE LR T DO BN EMEATHNN L IR HR
~OJEBAZ TR Te, (3) B EMED ML L THNDIRENFE /316 L THEREN AT A2 AE D 72D (R R
FELWY), ZRIUCEoTERDOILS FTVIAFINLTLE)Y) B iU HOEIE I HELZRNEHEL, 228 DR
LWHEEHZ REDNL TWD. ZROOWET, THE iz R Fin/cbLo TODLOII) HHVE, [H
FRNROMEEIEDTFIE | LVD ZEE L TN,

BT DA FE )7 O RIT, il )R R BR AR EAH T TV D, —Di, U NI DE )
~OISHICHIFFEND IR LRI E~DRETHHD. O — D%, FEWEVE 78 HE0 0B
non-Born-Oppenheimer i (== — o JFEOEIZIT /2> TORN) O E AL THDH[1], RV ERS (L
— Y —15) HOALFE S F A~ DORHE P EIL 72> TS, L—F =T, RO ENELRDD
FTIEFRWOT, JVEELRO P THEEREOMBELZZ 2T UERLRNOTHS. Foxld, HLwv
FEimC, EIFHZ AR E 7B P EmEEEL Ty, BIFE R OHERAED TWHD T, ZFH
WS LTZ0.

i DE TN FDEY ThD.
1) Action Decomposed Function [2] Z &L T Lagrange DA (AL AR I XA R %.
2) BB T 5 D N FE T MV O A BL (BRI divergence) | & > CTHELD A =X L& BMNZL, il
BB M PR E RSN T 2B AN BNDZE WO T 5. £z, NLEEMWATIINO A
L, B Em~LHETE M Z W RT 5.
3) A BT D720 D& S FRI AT = A L (BEAHIEH) 2 60NZL, ZOEBER B\ TTiEZ 12
E SERAY

Abstract

Asymptotic analysis has revealed that there lies a deep discrepancy in between quantum and classical
mechanics in their mathematical structures. In particular, the stationary phase approximation (SPA) applied
under the assumption of small A as in dynamics of nuclei in molecules frequently brings about divergence in
the amplitude of a semiclassical wavefunction and related quantities. This divergence is intuitively attributed

to a singular projection of phase-space distribution of classical trajectories onto configuration space for a
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corresponding quantum wavefunction. In this talk we discuss a quantum theory along a phase-space flow in
the Lagrangian view that does not require the stability matrix [2]. Besides, we take full account of quantum
diffusion, or quantum smoothing, to remove the singularity, and clarify the mechanism of removal of the
singularity. This work is aimed eventually at applications to a large dimensional system without divergence

beyond the current realm of semiclassical mechanics.

[1] “Nonadiabatic chemical dynamics in intermediate and intense laser fields” Kazuo Takatsuka and
Takehiro Yonehara, Adv. Chem. Phys. 144, 93-156, (2009): “Fundamental Approaches to Nonadiabaticity:
Towards a Chemical Theory beyond the Born-Oppenheimer Paradigm” Takehiro Yonehara, Kota Hanasaki,
Kazuo Takatsuka, Chemical Reviews, 112, 499-542 (2012).

[2] “Global Representation of Maslov-type Semiclassical Wavefunction and Its Spectrum in a Small Number
of Classical Trajectories.” K. Takatsuka and A. Inoue, Phys. Rev. Lett. 78, 1404-1407 (1997).
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Distribution Function Theory of 3D Solvation Structure
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Hirofumi Sato, Department of Molecular Engineering Kyoto University

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

Fex DBAFEEEED TVD MC-MOZ k1%, 22771 8RSy F- 05 D55 A B A AR ot
HERICESEHE T HIETHD, ZNETIC, ZREOHET VAV A LEZYGET HIL T, WHHERhER DK
g 72 0] _EISRREIL TVD, 2 FE TR, A B = r L — DR ADEITRIC G255, Foxid, #Y)
IRRIEZ IS 2T RISV EEICBIL T H = R X — O RS 2R B H AN T REL 2 D T 2R LT,

MC-MOZ is a powerful procedure to compute solvent distribution function around a large-size
molecule such as protein based on statistical mechanics. By improving the algorithm for the
reference term, the parallel efficiency was remarkably improved. Thanks to an analytical nature of
the method, a closed expression of the solvation free energy is available. Here we propose a simple

correction to compute accurate solvation free energy for a variety of solvent system.

[HEEW - FZWOMESTIBENBH XAV — 3B BRREBFUSTIRLVELRNRBA T FED
— DO THIN, TORBBERFHRIILTLLES Cldhv, REOES FRABERTITEA LY
—RAPBITICEZLNTVEIRTBD CT2=—ThHY, EE LB EELRBKREFFO,

[BFEFEIMC-MOZ IZEHERLERS FRLOBEMBELZ RN ICHETELFETHS
(1], FEMBELSRELEREZHICFEIL TR AZRIZOVWTEI S FEBR TR F BT M
LRt ENTAD DI E TR R BB TV, —F TEREZEBRR FHCOBENLET
HBDIZWHILRENELS, BREORIM R 712> TWe, i, B4 13E B OERIE T 0 7
CBDLEHRPOZREEZEH T FELZEONPERL, TOREMO L EERLEFLEI RISV
TR L, LVDITHELEE 1ID-RISM FRAEZZRELL THWES S CERERORZ EELEL, X
ERERWIMERREZR T DL RWIEZLE[2],

— 5 BERMBE BT RLFX —ZOWTIE, &b EARRICIE HNCELICE SSHEITHRRXP 5256
NTVE, LPLELSKDOBRARATERMBICHAATCEROICARFMTIZENELHLILTVE,
Kovalenko HIZ X B IEHE (RBC) 1T, KBEE T DA AR X - iz REHEBT L8, RER X
T BEOSFRERFBRICESVWTINEEICHETSH LW F 1 (CB-RBC) Z#R R L3,
[BAEE7Z2 R IHNC, RBC, CB-RBC BL U F I Iab —arpo BB EME B XX —IZ
DWTHEREFT o7z, ARWEIKIZ OV TIX RBC & CB-RBC IXEIEREDREEEZE DD, JumF/L L
RRBUREDHEBBIRIZOWVWTIE, HNC i3bb5A RBC THRENKEV, —F%, CB-RBC T
TR ED 2 keal/mol UNETHRBENB/ON, FELVEEP AN TS, ZHIE RBC ITE
WTIEBESFOIARXICE o THREBEPBRFMINDIFREELIDHDZLICERLTEY,
CB-RBC IZBWTIEH FOMEREAOEREAVIILTCRPROEDWRHELZERLTNDT
LIZHREL TV,

[E2F3C]

1. Daisuke Yokogawa, Hirofumi Sato, Takashi Imai, Shigeyoshi Sakaki, J. Chem. Phys., 130, 064111 (2009).
3. Kentaro Kido, Daisuke Yokogawa, Hirofumi Sato, J. Chem. Phys. 137, 024106 (2012).

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

/NP, FRRIE— B, KEIRRZFERFR LM 2R

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

B/ Abstract

MEBIZE—JREEH H 2 —R RSPACE ZBA%L T4, ZOHEL, WA R COBENI T+ —~v R
(ZINZ | PERD - & T3 R T E TR X 72 o TARE R ERH RS ATRE THH L FFE A FE D,
BHIE LTea—RIZ, Bric i i8R T S A AR — R BB N2 T S A ZAD T YA A TEThH D, A
AT, ZNE AW~ T UT L« T SA ZBRFMSE OB E LT, I —R L JM B W2 E T SAAT Y
AR MOSFET Ore TS 2L —a R4 2,

We are developing RSPACE code based on the density functional theory, which is suitable for the
execution on massively parallel computers and enables us to study transport properties of
nanostructures sandwiched between electrodes. RSPACE code is going to be used for the design of
semiconductor devices and new electronic devices using carbon-based materials. We introduce some
simulations for the electronic structure of MOSFET and transport properties of carbon-based

materials as examples of the studies using RSPACE code.

[ty - FARBIALE ST ]

21 il IT HEZEAE X DGR T NARRHKIBIE T SAATH, b m R bIc e b e AR T2
FRINT IR —ES3ESOHD, WHIHEROTF /T ASAZRDBEREL T, 77— o0 /) Fa—T 2 Hn
7o T T AAA, BITINA TAE BT HAE L M= AT SAARE R SITEY, 73S AD @R
HIZIZZNOOBRFE N EE THLILITEIETHR, L2AD, BUEDT 7 o —F I X ERRIT IV RRERAY I H]
L CWBRREBIRA VI W E1T o TRY, EOWED A =R LD 53032 TR R R0, 2O LI
FERAIRF RO - TIEFAGNIC T 22 e R 7 MBI L, EREFIEIINZ CTHERFH RIS S BRE N7
WEZDODEVINEBD AN =X LEHLNCTEIENTENE, ZOIE A, FEERO A REMENSHITIAN DI
FTTHD,

ARE T, ZNFETT /EEOE FHIRBEERRER L 7T~ EEREMELETNLME O
F—JFHGH R PR HEa—RFRSPACE) 2% 5L b ic, Zha AW CEMMICHERS - /&
(R A TR HEL 73 2% T A DI e 2 tEd TD,

(B BRY]

MEZBHFE L7252 —R RSPACE #% B L, VAW TT7 7 —L ool —R e/ Fa—T 7
ET =R FMBRONE R E N2 T ) T ASAZADBERERHI L 7 A L EATD, ERDaE—L U M RARE
2N, AL R BIGOE ThEb Eo 7oy B T REB I RIS E T, XV Eind T /G IREE
MRS COBEIRIEDIENCN — T JEROE WG EM R ERBE RIS E O IO B K F T DEE
TR OIFEUCT R BN AL LICHE 77 A RER T 5, IHI2, & — B E R a5
BRIZT7 4 — R\ FTHZEED, Bril-ret /T SAROFE~OIE = 52522 BT,
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ZZ T, AHEE, RSPACE % W T T o 12920 — Bl & 4B S35,

DARANURF oy 7T D SIC 1L, RO T —F S 2O RIS TS, D SiC
IO T, 4H-SIC 13O ST AN TRURE vy 7RKREL, 77 A OFR v ) T BEIE K
TNZEND, R B S CWS, UL, SiC SEROB L IS % 22 Kbt SiC &2 DEREE(SIO2) S |
TERSNDZ EMRFEEE /2> TND, AAFZETIE, SiC(0001)Z 1 - SiC(0001)/Si02 F i D E LB FRIZH51T 5 C
JRF- DRt BEOSiI02 77D C JRF DRI BT 558 — R G R AT 572,

£ SIC ORALKIEIZHE AL, CIHT-, CO %51, CO2 51055, CO 43 1-)3ih SiCISiO: Stifin bkt
END AR BN E DD T, RIZ, 4H-SiC000D) E MBI 28 ED C R VD Si-C fEAH1z 0
JRTZEARAL, b L EIC Si-0-C A Z MM TEOMEER R LT, 2O, O RT3 K =S HETHAL,
FNENOEAETRELLER O RT-OFANEFHE L, “2BD 0 R HE BHEJBHO Si-C ~ @
DD Si-C HEA RN ASNAD IR L E ThAHZENDH -1, ZHut, SiC00D)EDEEKIE Si(001)
& #7220 | layer-by-layer THEFRNZEARIEL TD, IRICENENDET LD C 1L O JR-F4HY
BTz, BOBRO OB L L7207 CIRFL O - DM AL DT, CO 43 Huthi oMz
ELTz, CO 4y FHCHIEIOD O JRT-ORABZNNEE , CO 5 TR TR F—FIEAKE, DED, B
HTFE | CO TR HBE ZDoF N2 ED D -T2, Fi2, SiC(0001)/Si0:2 S Th AR D A5 3517,
BARIT, 8102737 TO CO 4y F i Zdi~7z, C 25 SiO2 /b7 HITIRAF T DL LI A SiC 2l
PBALSHICHE T2 8iC FE & LU TIAET BIET T, 22T, 8102/ LD SR f— 5% C R 1T
EEHR . CIEFLRITHED SiEFORICHEAL TS O JFFEZIRVERZLIZXY, Si02 /7t 8i-C
BEETFMELEZ, ZOEFADED CO 43 THHO=F X —Ff5F13-4.25eV THY , SiO: BALIEH LD
CO BT Iz NI EN o7, LT3 > T, CO o FhixHiE =1 SiC o bRt oy, C R+
AL SiO BEALIEFICFR DL CO 43 1L L THUHE RN L& 5 — JHELRH R LD 2 x kT,

(&t DFHE]

SR ORTRIE, SiC(0001)/S102 SR B FRFAEIE D KR > TV D LA E L TIT 72, FEEEO R T
VXL BT BT 7 AR KER 3 6D | BRIF I E O FLEITE IS IREND, BT N A X REL,. T
FENT 7 AR AR EEHIT, T K MEO R B IR LR 2 8 A LTG5 O 11 iE & B T IREZ R~ D,
—J7 . SiC T AT AERD S T SA AR TR EPMECEE FoTRY, 2l SiC 7 /3 A A& PEL~
DRV 7 L1725 TS, ZOFRIKE RS- | F ik K e s St s8R oM B Z RS,

Fo T =T RARPSCE, T T 2 =R F )T a—T B O T S AADT A NCh
RSPACE %>V <,

[SFEDERFR]

1. Tomoya Ono, Yoshitaka Fujimoto, and Shigeru Tsukamoto: First-principles calculation
methods for obtaining scattering waves to investigate transport properties of nanostructures,
Quantum Matter. 1(1) 4-19 (2012).

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

3. Takashi Kojima and Tomoya Ono: First-principles study on transport property of peapods, Cur.
Appl. Phys., in press.
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Order-N DFT calculations of the growth of Ge hut clusters on Si surface
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L7z, td i b FiEE WD Z LD, W7 L~ =0 LD EME DGR FEE S A2 ST LT,

Our linear-scaling DFT code CONQUEST can employ first-principles calculations on very
large-scale systems. In this study, we have performed O(N) DFT calculations on about
20,000-atom systems of Ge 3D islands on Si(001) surface, aiming to control the mophology of
the nanostrucutred materials. We have investigated the position dependence of the stability of

a single Ge dimer adsorbed on the facets of Ge hut cluster, using the structure relaxation
technique with O(N) DFT.
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Divide-and-Conquer-type Real-Space-Grid DFT and Its Application to Hybrid QM-CL
Simulation
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Nobuko OHBA, Toyota Central Research & Development Laboratories, Inc.
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Takahisa KOUNO, Institute for Solid State Physics, The University of Tokyo
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2.

We develop and optimize our divide-and-conquer-type, real-space grid implemented order-N
density-functional theory (DC-RGDFT). Using the DC-RGDFT code, we firstly perform large-scale,
first-principles molecular dynamics simulations of Li-ion transport through the interface between
the solid-electrolyte interface (SEI) and liquid electrolytes near the negative electrode in the Li-ion
battery. We then perform the hybrid QM-CL simulation runs to understand the diffusion of many
Li ions in graphite (.e., the negative electrode in the Li-ion battery) with the QM regions selected
adaptively around the Li ions during a run, to which either the DC-RGDFT or its single domain
version 1s applied to minimize the overall computation speed under the pre-allocated number of

compute nodes in a parallel machine without losing the physical accuracy.

WHIEN B LT TR,

Model of SEl-electrolyte interface About 3,000 atoms; No PBC
Selet Senrarty (15min/step with 768 nodes of “K"-comp,

+ 9 carbon-sheets with 7 Li-ions
* Under zero pressure and zero elect. field

Bright sphares= QM

Our findings:
+ Fast diffusion of Li-ion in LLEDC

* Slow solvation process of Li-ion:
slowly increasing coord. # of EC's

X 2: LiAA Yy —REMDOAMTHLTT7 7
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First-Principles Calculations of Near-Field Excitation
Dynamics in Nanostructures
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Katsuyuki Nobusada and Masashi Noda (Institute for Molecular Science)
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We are currently developing nano-optics theory and a numerical method based on the theory in
an effort to theoretically design photo-electronic nanostructure devices such as plasomon
waveguides, solar cells, and photocatalyst. More specifically, our final goal is to gain fundamental
insights into mechanisms of visible-light energy conversion in application to molecular design of
functional nanostructure devices. Explicit light-matter interaction is the key to developing
non-optics theory and developing functional devices. We describe the light-matter interaction, i.e.,
electron and electromagnetic field dynamics, by solving a time-dependent Kohn-Sham (TDKS) and
microscopic Maxwell coupled equation self-consistently. We here first present the optical response
of Cgo nanostructures as benchmark tests of electron dynamics simulations and then discuss recent

results of the explicit light-matter interaction effect in metal nanocluster arrays.
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First-principles multi-scale simulation for interaction of strong laser pulse with solids
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Kazuhiro Yabana, Center for Computational Sciences, University of Tsukuba
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We are developing a first-principles simulation scheme describing interactions of high intensity
laser pulse and solids. Due to strong nonlinearity of the electron dynamics induced by the strong
laser electric field, coupled equations of the Maxwell equations describing macroscopic
electromagnetic fields and the time-dependent Schroedinger equation describing electron dynamics
are solved simultaneously. We have implemented the method using time-dependent density

functional theory for electrons, and achieved calculations taking crystalline Si as an example.
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1. K. Yabana, T. Sugiyama, Y. Shinohara, T. Otobe, G.F. Bertsch, “Time—dependent density functional
theory for strong electromagnetic fields in crystalline solid”, Phys. Rev. B85, 045134 (2012).

2. Y. Shinohara, S.A. Sato, K. Yabana, J.-I. Iwata, T. Otobe, G.F. Bertsch, “Nonadiabatic generation of
coherent phonons”, J. Chem. Phys. 137, 22A527 (2012).
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Proving computation on the interface magnetic anisotropy energy and prediction to
the threshold of driving electric field

INHER, AR, FEERE, SIRKET
Tatsuki Oda, Fumiyuki Ishii, Mineo Saito, Institute of Science and Engineering,

Kanazawa University
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Contributing to development in spin electronics applications, we have developed the
first-principles electronic structure calculation code and successfully obtained a reasonable
computation efficiency at K-computer so that the magnetic anisotropy energy (MAE) can be
evaluated under electric field. We have demonstrated that the code has been used in the interface of
magnetic-metal-alloy/dielectric-material, proving qualitative accuracy in the estimation of magnetic
anisotropy energy. As a test calculation, we have evaluated the threshold electric field driven to a
magnetic anisotropy transition and discussed the way which leads to the scheme for getting

effective knowledge in the development of electric-field-driven type magnetic memory.
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BN T2V T MAE Z 3l 3209815, FePt [[1,2], FePd fE[2], MgO/Fe/Au(00)E[3,4]72 L1
WTHRE L TE, i XN B WX E R R R T S N BN L BEE R 23w L . fﬁ%é’akaf—?é
DOBMEERLEBR TEL Al RetE 2 R LTz, MAE 1%, B FIRREFHR LR D SO 760D T - L Re S SR M AR
FHHAAEM (DDD LD FHFE DI TH D, BEH IV DD LIRS T MO ZETHY | B IR L P
IZHF 595, BERAIMCIOBRT— A MIUFEAE B L2280 MARE @?EE%WE 1%, SOl D B4
CTW5, INETEYVRERRICT MAE OEBMEEZEETHI L2 &THEIC, Rk (B
/MgO/FesCo/Au(001)/E2, 24 Ji-1%) T 256 Dk HAZEL T MAE @awﬁ%ﬁote FENTD MAE
1%, 1.34mJ/m* THY | FMBEFU T 5265313191/ Vm Th o7, Ji OFE i;@%7~&kﬁ@tt$xf
RO, ERIEEDNTEEN TI2pnEHEZL SN D, DDI ISR R4 AREK T2 Z B LT, mEMKE Rl
EBAEREZTFEL TS, LINLARDD, BB OEFUTK T 5L TER O IEADEGIZH LT, MAE O
N ERT — 2L 72> TERY, FEEREOHIEITH L TR DB LR > TND, 2OV ST UKD MAE
Wt%@k%é [ZOWTHOINETHESENDEL 10 [FRREOFENALND1-5], A& FIKI, FamtE

(2 B T AUTEHRER IS LD BEDIENC NG RICHI RSN 23R T T MR biD, F5 R

@@Eﬁ@aaﬁ%ﬁﬁa%ék 6V/nm 70573, BLFERY e e RETANFIRERE 4 0.5V/nm &L C, B MEIR4 528
L&D ET UL, BRICxHT 5 MAE OZLEIG% 10 520 ERELTHMERHHZ LML,

Lt AV E 2 —Z TOREFRDBTF ISR, SHEBRAILR T 52 LIC R0 BB L2 KV EERIIC
BIETHIENATREEARD | R LD E BRI I CHEX G DR R A F T D,

Exs pdl

[1] M. Tsujikawa and T. Oda, Phys. Rev. Lett., 102 (2009) 247203

[2] M. Tsujikawa, S. Haraguchi, T. Oda, Y. Miura and M. Shirai, J. Appl. Phys., 109 (2011) 07C107
[3] S. Haraguchi, M. Tsujikawa, J. Gotou, T. Oda, J. Phys. D: Appl. Phys., 44 (2011) 064005

[4] M. Tsujikawa, S. Haraguchi, T. Oda, J. Appl. Phys., 111 (2012) 083910

(6] /hHEM, AR, A, ISHE DSR2 1874 5 5(2012)
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B IREEFIREBEHE =T —F OpenMX OBIWFHL K EREE/L
Massive Parallelization and quantitative accuracy validation of OpenMX
BRI 788) 1, Truong Vinh Truong Duy"?, ! JLBESEsRA FEAN K EBERE, 2 F R F YR FERT
Taisuke Ozaki! and Truong Vinh Truong Duyl2,
1Research Center for Simulation Science, Japan Advanced Institute of Science and Technology,

2Institute for Solid State Physics, The University of Tokyo

[BEEE]

Bt a7\ XD R R — R B IR BB A B F5 L. OpenMX (CEEESNI2A —4 —N 71
TRy 2 RNE D T AT 5T, 131,072 JR DA SN DX AV EVRIEFIZXH LT A=/ —ar
—X D 131,072 27 EEHL, ZOWHINZIT 67.7% Th o7, £7= OpenMX D EkEEEALIZIRVAL A, T1
TR L Tl IR T o 2 b - BB R E R DT —Z N — 2% L, A —factor ZHWTEDREEZ E
= W IZFEE L 7=, Towards massive parallelization of large-scale DFT calculations using a few
hundred thousands, we parallelized the O(N) Krylov subspace method implemented in OpenMX,
based on a 3D domain decomposition method using a modified recursive bisection and inertia
moment tensor methods. We also developed optimized norm-conserving Vanderbilt
pseudopotentials and optimized numerical pseudo-atomic basis function, and validated
quantitatively using a delta-factor.

[E&Y]

PEZEFR THEIRSN TWDYTF U LE N O TS RS RSB T ORAR R 1E & ) 7 Fr I o0 B MR 5%
BN D720, BT R A RO — R FE KRB EALET T 0 ELNH D, ZNHOFHE
ZRBLT D120, A NTHART oy VA, BB RAERLEE . ON)Z Y v 7855 22 A G S < — [ e
FARREFH R —F OpenMX DBAFEZHED TWD, S [H] SHRD KB D EFEERFH AL W REE 57201
OpenMX O FUY FikE L @R AL FIEDO BRIV AT,

[BARRERR R OE & OFHE]

IR 7RABAE FI 5 — U 7R RE R A BT A7 IS AR [RY , 7 — & & Jib L, (5 &4 f/IMb
FTDIDIZ LW = RGTsI A ENEZ B LT, RFEIIEERR o ESEME— A M T Y nEIc S
SNTEYEEDOT vt 2 AEB DO EOWEZBRORI ZEDOHIRD —KIEDEWFIETH D, SHITE
BV Rad4>DT —ZHETEHL, BE BOR/IMbE R olc, FARZ Yy PHEIZEIEL | 1815 203 i
fEESNDH LR ILmEIE T —) =L HGD-FFT)DOWFUE FiE 2B FE LTz, 131,072 JRF- OS2 A
FURKEFICRIL T A= —a B a—X [0 0 131,072 a7 2L, TOWFIEN=RIL 67.7% Tholz, b
(= OpenMX D mif EEALIZHOALATZ,, Vanderbilt BUEERT > 2 ¥ /L D /v MRIFIUZ BIFE L . FLAPW+LO VAT
&5 Wien2k a—RDOFERASZ R LU T R T Iy VO LEAT 5T, Ao e biES 7y 22 =
=2 — ISR Zo TR ME D v BEBUE RTE SRR A ERL L, 7 —# N —RE LU T L T2, 715581
KU THFD N i VAR T 2L« JRE R DG EE % A ~factor Z fHWTERAVNCFHNL | RT3+
XL ORI L A4 T 572, BAFELIZHTLY OpenMX ZF\WC, BIFE, CMSI WO v —7 L1, U
T LEUN DAL SOGRLBSRAEIE A B OAT HH 4 S IE T O KRS — [ 13RI IROALA TVWD,
FI2H L 3D-FFT D FIEF523 AD-FFT, 5D-FFT L8R CEHZ L photoizth, sl R A it
TWd,

Exy-pd
[1] T.V.T. Duy and T. Ozaki, arXiv:1209.4506 (2012).
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SRR BT+ /v OIFRTEICE T A EEN AR
Straightforward calculations of phonon anharmonicity of crystals
Wk gL |Ef o
1. JEEBRFAEEM B TR IR AT ZE 8L
2. FEBRZRZER LEHAR B TFEEIK
Atsushi Togo!, Isao Tanaka?.2
1. Elements Strategy Initiative for Structural Materials, Kyoto University

2. Department of Materials Science and Engineering, Kyoto University

B
FAn O IETFINEIL, BURE R E D IR MBI 20 D TH L3 RfH, ERmIREHRITIFEAL
FTHOITNRN, TZT, fEROFFFFELFE T D0 OV T N T 2 RFE L SRR DT+ /0 T
IR EAE, & —F Griineisen /X7 A—X %51 H LT,
Abstract
Phonon anharmonicity has not been well studied systematically and quantitatively though it
relates to important physical properties such as thermal conductivity. We have developed a
software to calculate anharmonicity of crystals and calculated phonon, phonon-phonon interaction,

mode-Grineisen parameter of various crystals using the software.

THx . 7 EAEM, B—R Griineisen /XT7A =X GA7-0OIZMEIR2IRESIRD T)DERZLLT
DINTFEA D, #lifHEENDA— S —R VAR | 7 OPEEZ A REZEN S D, 2IRD ) DEBDLE
IR FZ21D, 3RO N DEBOG IR FE22OEMIED, ZOLE | BALSE DR FE 7 [ db O %7
PEINDENROBDEFER S, DENZA—/ =BV NOT XTI 28— FEEH R DR | 225515
ZRHWT2RESIRD I DEREZFNE AT D, 20RO TJDEHH S dynamical matrix Z1ED, ZD[E A
EREZ R IR0 T 4 S AR E 7 4 /2 S BRI MV MGEND, T4 ) ARBN R ET + ) Sy~ B
HEHID MgO OFNIRRER A X LIRS, —RICEWIREFIZEERWIREIE A F->D T, Mg OIRAEE
EEiE O ObOLVBIRIREEANCELND, 7+ /A AAERIL, 3IRD ) DER AT + /2 2RI B LTS
OMLEHEESND, ZARBERRO2KROIED H BT FX — D% MgO O LO E—RIZx L CRHELES
DZEM2R7F, 650 e HAFITIZ LO B —FOIREE D HY . ZOREEUTI T2 H L= RAF —DREEEND
WEGR, 74 /0 lifetime &72%, ED EFRICLLR2WT /U BEIESNDHDT, 300 K D74/ 0
lifetime X 0 K DH O L0V, X212 LTV D Two phonon (REEE EE 1L, 74/ WIAH AAVE R iR 2 E 4 &
RELTZEED A O X —OEEERICR IS5, B TR X—0DREEE L Two phonon HRAEE DL
— 7 DLEDE DD, 74 /M BEERREEZZEL CGHRELZRWE, IELH =R LX — DB A &
B TCEROIEBIALINTH D, 2B 3RO A O ELLOFHRILHE S OIEF MO Rz EHERIFFH L TED
R, BHRIARRKREN, LIe3o T, AR I AR NS ol s D IEFIFI O RAEH 55 I E 52
ERTEDLHDOELT, E—F Griineisen /X7 A—#

_ Vow
Y2
PEDOINDZENL N, ZHUTKRTEDEITK T 57 + ) AREE O ZEA L&A EFELIZE DO THY | fEAKE
WIEEFEFRFIPED E O, K312 MgO dD-E—K Griineisen /N7 A—X DR FE A 7d, TULT L — DRk
AT THIWEb D & g 22 DAY 2 TV 7 i EOEZ RN b DE TN E IR TS, (X3
FEMBILTO E—ROIEFFER BN LN DD, ZIUTE ARSI BRI ALNDLZENF A DRHEND
B-8



Do TND, KBENLTIUNT ) = BIRIZEITHE—R Grineisen /NT7A—Z DAz mt A DT LN
TED, &I, LO B—RFREIREIEUR CRTEL TWAIZEN DD, ZOHAADOIIRIL, B EEZ L HH D
DRI THRED 3D %, BURER MR &’C%ﬂ%i’bél_lbza HIAURE TS D PbTe 13 MgO & KEGEST-R
RO T, BLEDRHRIZIWT, % —FEEHRICIE VASP 2 —R 2 Ve,

0.8 30 0.3
E a5 300K {02 2
£ =]
= 20 02 T
2 H 0K =
= B ~], Two phonon DOS =
= 8 15 015 S
[=1
~ 2
'E 0.1 3
-
E 0os B
E —
0 —% 10 15 0 ] 2040 400 800 8OO 1000 1200 1-|.uuu
Frequency (THz) Frequency [em™]
BA1. MgO DO RAEES 2. MgO @ LO E—KRDOHICTZRAX—OBEE (D) & two
phonon KA L,
2.5 a
F
¥
&
joe)
2
w25 =
— LO 5
B g
= -
]
=
o
= ;
E L1
=0 =
X r | w 0 25

Frequency (THz)

[X]3. MgO ®FE—K Griineisen /X7 A—% (/£ k| £) & phonon /N>R (£ T) , ABRNTHE 22/ DAy 2TV T
R EDET, & ) 1T KA Ty 7 AARBEMRWNEI DB X T-h D,

V7MY T I LIRS T DD T, BERACIELWE B T THIELKEELRW &b b D, LI
ST V7R 7 OEENEO R LI, MEROBGREITESTGESTBLR TRERETH D, Y7 =7 OE M
DN EIZIS TENPNDLDTHY , TeKSAD ADMENTLIR DI N1 &b o7 7 N 2T ZAE D 00
BNDD, ZDTDIT, YT 2T ORERETZT Tl N WV a— P — (o F—T = — 2z il L Chl %%
T T, fERLEL T BEORIBIZFLG TV 72T RE - TUKEDEE LTS, RBFFE TR Y
7k =7 phonopy (4 —7" Y —AFar/RELTA \Fa'ﬁb“@‘é(httpillphonopy sourceforge.net/), ZiL
DOFHRZ RFTII, 2= EL, ifj‘#}*c]:%Jrﬁ?ét I%. A e ORI FRMEZ B B LT 7y =7 OB FE A
RAR ToD, filitb DORFRMEEAR DT 313 25 <0353 B T 72&®T“7/(77)1[§L“Cb\60 Z0 spglib bA—7
V=27 =7 hE LU TARBL T A (http://spglib.sourceforge.net/),
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B—REM VAV AT Ay REICESL
V¥ Abhny T ik O # Fiks
New method for optimizing the Jastrow factor
based on the first-principles transcorrelated method

BEEZ ' B§TEA YV RERFZRFZREFE RS, W 2eeT
Masayuki Ochi! and Shinji Tsuneyukil.2, 1 Department of Physics, The University of
Tokyo, 2Institute for Solid State Physics, The University of Tokyo

BEE Abstract

I AV AT 4y R (TC IR B BEEGR O —FEThHY | ZIRKEBIREL T AR FL0) 2 &
BRI Lo CTEFHBEZRRR 2R 1L, —E FIE TSN DOAL A2 —(THIROBE I ET 5, —E
FE OB G T PRI AN TIT 250 DD, Vv Aha Y K7 Ol i3pe sk, 25807 AV miED
JINTEH A IAND RERFIEE VL TELL Tz, REFZETIX, P ANV R R OF FEEZ#REL, W<
ONDIER A~ B E R ET D,

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

results for the method applied to solids.

P FE LB SR (DFT) I3 OFE IR EEFH R A (Ko ANCTEEMICTRIT2RE N2 5D | Bix eE I
WS TWD, UL, fili AR RO FiEPH N TIXIEMEZRRE KA 52 DDLU — A6 HY | BTSSR

X vy 7 DOIEMEZRFHRE R van der Waals JJDFEIRAATHIZED SRR, @RS EEF RIS — IR BRE R oD IR &7
JSAE BT ECEHEERRE THL—J7, DET ICHSGHEFEIL, 8D TIE B B 22k BB B A0
7= RFBZRRE L EASEEL U,

AL TRHNDRT ATV AT R (TC)¥E-611F., EENBIHE I SHETFIEO—D2THY | FEIC
ZARKEN IR ZRD . ZAUCHBEADL T AU NMBERELND, BT RVX—BEE AR THD, 708 DR UL
B, TCIETIRZ RGBS L T AR R 20 2 B4 BEKIC > CRE AR 2R 1L, —
B HIE TSN DAL A X —1THIXOEE R E T,

Y=F], F= exp(—z, u(x;,x;)), ®=det[g,(x;)]

=]
LT, BNV =T Dy Aba Y K7 THEA T2,
HY =EV¥ < H, ®=E® (H,.=F"'HF)

ZLT— %ELL x5 B O A TR A X b S — B E0E LE0E L X — &2 155, DA

LOFHXICLY, BT IEORBELIT AR AN TIT 2561600 Pr Abay K 1O Fwl ki id e

K, BT INREDIDNEHRAAND KER T IEEZLEEEL TV,

<z Tﬁm X, TR B VYR AN CRMAE ATRE R B2 E R L . 2O H/IMEAHRER L Ty ARy [H
EALEATOR FIEA R R U, B0 BT FOXTERSND,

B-9



Ofe = 2 <@, 1 (Hye ~ E) 105

ZITO, IR E O —HTHY, N RIS EATOTICEARENS DT NAEFTM CTEHILNE D
R ChD, Flo, rAay K0 5K FRBE 55 O S IS X ELHEN AR T Bl (RPA) 2 W5, BIFEDEZ A,
F ¥y T OREIRAEFARD /N RF vy I T, RO FHR LR TRIBRSEENGON TS, (R 1) —
T TRy T O/NSIRHEERDO N R vy FIEREAFHLONTEY, KOS LEEE X bND, 5%
I3, RFEZM O A W EICHE AL TOS T E THD, 2B ARBFIEIZIB T, LDA FHREIZIE TAPP (Tokyo

Ab initio Program Package), HF & TC EO BT TC++4,61% v -,

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

# 1. RO AU RE vy 7 OFEE, TC (previous)|ZHERD Hifli72 vy Aba F+4% UV =b o, TC (this
study) i RPA 12k > CR BB 2Rl L T2 0, 7RE AR O T — 5 TR IR QRGO 2217,
1y B MU KD BB S D B B KITAT > TR Y,

[1] S.F.Boys and N. C. Handy, Proc. R. Soc. London Ser. A 309, 209 (1969).
[2] S.Ten-no, Chem. Phys. Lett. 330, 169 (2000).

[3] N.Umezawa and S. Tsuneyuki, J. Chem. Phys. 119, 10015 (2003).
[4] R.Sakuma and S. Tsuneyuki, J. Phys. Soc. Jpn. 75, 103705 (2006).

[5] H. Luo, J. Chem. Phys. 133, 154109 (2010).
[6] M. Ochi, K. Sodeyama, R. Sakuma, and S. Tsuneyuki, J. Chem. Phys. 136, 094108 (2012).
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SEHERE Sy T- DYtk {L 5 : Direct SAC-CIIEIC LB R 5y T DT
Chemical properties of photofunctional molecules:
direct SAC-CI study on conjugated molecules

BHR— ILRIER o FR2Re. SHEREmEe 54—
Ryoichi Fukuda and Masahiro Ehara

Institute for Molecular Science and Research Center for Computational Science

BREME S FO XM IEE . &AL FERICIOFE L, FHR FIEIX. 7727 — R EICHESL
symmetry-adapted cluster (SAC)/SAC-configuration interaction (SAC-CD){E% VY, 7HX 0L 7T =007 T —1L
FO | SRS IBREFFOOFOM B T 2R RS ELT, Direct SAC-CLiEZILA AT —IZLD
FIFHRICKIGESE 52T, RERG T OB RIERIEL | IRAWT R X — kIS 720 R E RGHR T
HZEMATREIC IR ST,

Optical properties of photofunctional molecules were studied with quantum chemical methods
based on a cluster-expansion theory of the symmetry-adapted cluster (SAC) and SAC-configuration
interaction (SAC-CI) methods. Electronic excited states of dye and material molecules including
large conjugated systems, for example phthalocyanines and fullerenes, were investigated. The
direct SAC-CI method and its program were developed for shared-memory parallel computings of

many excited states in wide energy range with good accuracy for large molecular systems.

(B FARBIALE ST ]

ST OEFFIEIREBOMEZMD 8L, el FOMABEMEWVOIBRRENLEHCEETHD, o fLF—
ORI, R BICEERFRETHY, ZOEELRDDIX, 77 TOMEL O EDIRIEDOIFIE TH D,
Flo, IR AR Sy - D JRE e T R X — R D I EIRRE D PEE AT~ DL T, ERIMRIC L D8 B D
PR EIRDH A=V HED AT = A LDMRAS I, MO RF AL @M AL, TR KIG R R E ~D I3 ]
RESID, Sy FiEmSCL BIR, RS HRREBE RS RICHIT DR B O M iR 2 LI,
FWHNCH EERIRE TH D,

A% B8Y]

AFREICB W TR, KB R ORI EIREZWO 720 DBLFRAAELEL . @ HIGFHEICXIG L7 vy T KB
1TV, 3 FERR OB AE R E DR EIREBIZIG L, etz &1L~V TRBIL | FTBl7Z 8 5E 70 D P5G
AR THIZ R BIET S, Alalid, direct SAC-CI (symmetry-adapted cluster-configuration interaction)i%%
WA AR —ICIDWHNFH RIS SE, RERILEREFF O FOLE O BOFHIZE L7,
[BFFEFIE]

SAC/SAC-CI {13, JiRiEz 77 2% — R BE TiHhD SAC I H) B

Wac :leexp(c,S,T)HDO) (D

TR L. JEhE IR BRI SAC-CI i Eh %K

\P(s]/j\)c-m = %‘dKRIT( l\PSAC> (2)
T 5, R, S, 1. 2B FIhiE B 7 ThY ., SAC-CI £ TiT, BENBINELZ T AL, 2 B F e+
DEHEEZHLNPLO ALY, EERMO L% ZE T 5, SAC-Cl FREXIIBATIIO EAERETHY .
Davidson D0 L% THES A3, Direct SAC-CI Tl #0IK LT MV &5 FE DD B T8,/ 7LD
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FIEAREE VT, BT 5, M0IELI7MVEHEA | % CPU 7 |ZH8I0 Y T AR E AT o7z,
[EAREZR AR ]

Parallel direct SAC-CI |Z&Y, KTIZRT X572, 7T AX— REBIVE T, R KB 53 1 OB 1 b IR g
% TIPSR ETO AL — IR XL TR ELSGHR 22N TE, FlEL T K212 Co 77
—L U OFEREZRT, ZOBITIE, #MEiREEELRTIUX, 230D 1 IRIEZ RIFEIZRD TS,

KRGy DAL L LT, LT =7 2MEA P [Ru(tpy)(PAD)(OH,)] DEE4: - A AT L0 pH AT DL
b, TahARBOZ R L 2D E FIRIBOZEICIVFL  KEB(LD AT =X L& R LT,
B 2 AN BB O Fe A B B 9D PCM SAC-CT IEZ BT LTz, Zhud, TEE HERICRBIT5)E
WBREED N FAZEL ., B RE O E OB, B FHIRIEZ LI, B2 A self-consistent [ ZHL
VAT HIE T D, BT a—7 51O/ Ftik R & ot 7 ah MeDRRA LML,

5 ¥
a) b) o) oo L[
- L, /
S B S
o e 7/ AR S
..&NH N, 7 N NEREY H N / } -

Wavelength / nm
(1. Direct SAC-CI &I a)fLik7 #ms 7= 2. Cop 77— DS - AIHARTLE

(CesH34Ng), b) 77X 7 =2 AR (CssH30N16). SAC-CI FHERE R g,
C) C60 7?‘_‘1/\/

(£ 5% DOFHE]

SHRLEERHTE, mEFbEITOLEBIT, AR, 20 T RONMEDOIITEEHED D,

Esypd

1. "Formulation and implementation of direct algorithm for the symmetry adapted cluster and symmetry adapted
cluster-configuration interaction method", R. Fukuda and H. Nakatsuji, J. Chem. Phys. 128, 094105 (2008).

2. "Excited states and electronic spectra of extended tetraazaporphyrins", R. Fukuda, M. Ehara, and H. Nakatsuji,
J. Chem. Phys. 133, 144316 (2010).

3. "Excited states and electronic spectra of annulated dinuclear free-base phthalocyanines: a theoretical study on
near-IR-absorbing dyes", R. Fukuda and M. Ehara, J. Chem. Phys. 136, 114304 (2012).

4. "Electronic excitations of Cg fullerene calculated using the ab initio cluster expansion method", R. Fukuda
and M. Ehara, J. Chem. Phys. 137, 134304 (2012).

5. "Photo-isomerization and proton-coupled electron transfer (PCET) promoted water oxidation by mononuclear
cyclometalated ruthenium catalysts", S. K. Padhi, R. Fukuda, M. Ehara, and K. Tanaka, /norg. Chem. 51,
5386 (2012).

6. "Nonequilibrium solvation for vertical photoemission and photoabsorption processes using the
symmetry-adapted cluster-configuration interaction method in the polarizable continuum model," R. Fukuda,
M. Ehara, H. Nakatsuji, and R. Cammi, J. Chem. Phys. 134, 104109 (2011).

7. "Optical absorption and fluorescence of PRODAN in solution: Quantum chemical study based on the
symmetry-adapted cluster-configuration interaction method,” R. Fukuda, R. Chidthong, R. Cammi, and M.
Ehara, Chem. Phys. Lett. 552, 53 (2012).
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T IR = VO RIS E I HS DC-DFTB {EDBRAFE L5 1L

Development and parallelization of DC-DFTB to treat nanoscale chemical reactions

PV V2, B E 23 PEATAF S o, #8)11KHS °, Stephan Irle®
Loy FaF, 2 BRELTHE, P RKSEEE T, *JST-CREST, ° 4 KFe#
Hiroaki Nishizawa'?, Hiromi Nakai***, Yoshifumi Nishimura®, Daisuke Yokogawa®, Stephan Irle®
IMS, “RISE Waseda Univ., *Waseda Univ., *JST-CREST, Nagoya Univ.

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

IHETICHER LA Lo T ES FRLFE RIS, EHUTE SV TRV TOIVTER, T /A
=NV DR REFEEIIEATL, EOHIHZITI ZEITBAE THR S TlIRW, ZOIORREBMIEI -1
Ry @ S 7R St A R ANTATO TN TELE R (DFTB) £, i, /IMRBIZI B2

HEOLITE0EIRE (DC) EEflAAHET DC-DFTB LD, SHIZH TOERITHEEX 721 51b
1T o7,

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

The computational time obtained by the DC-DFTB theory is drastically reduced.

[BE-BHY]

RBUEEHER 2T 9 72012, BB AE (DFTB) % V%, DFTB &3 & b atE T
JR WV BAIVTW 2 5 FEPLBA SRR I IS BRI TIE TH 5, RTIBITHERN SRS 2k R A (K=
ARNTHDLZENTEDLRD, T/ A= IVORISHKRERE I L, EOHIEZIT 5 Z & A ATEEIC
HLEZLND, LML, ZOFHEIZ ML ONV)THY, KEMERIIET 55 %@ﬁ%ﬁ%ilﬁf
b, PR ZEICHAERHERET 2 L, AMBIFEKTHD Z LIRS, £ 2T, AFIETIE
Z OFEFFRIOENR O 7212, i, RS X o THFENED b T& 72, 2EIRG (DC) 1% DFTB
IEIZHE ] U7z DC-DFTB D BAFE 24TV, REUBEMER T DA SOt 21795 2 & 2 B,

(R RR ]
B L7z DCDFTB#EOBRAAT, HY =T Lo (Coblyyea) 53 CHAEMRGEE 1T 2 72,

#HIZ, Fig. 1 12 DC-DFTB {EZHW TR 21T o7 & Z O EKM AR T, CH, 2 1 ==> & L,
WRE 1=y ~, Ny 7 gz kEf 8=y k& Uiz, ZERICIZHED 729 IZE@% O DFTB #IC
otérf*%% JRE TR LTz, KB BB G272 X 912, DC-DFTB JEIZ L VW EtRE 2 A F &2 KRIEICHIRT 5

LITHRIILTWS, £, ARICHERR AR LTS, DFTB TR MRy 7 Lo Tkt
EDFHHE A A RD, ON) L72>TND ZENMERTE 2, ETz, I OFHE OFMER G FfK 723
INEL, BkELTH OWN) BNERTETND ZEBSN D,

WIZFHEREEIZ DWW TR %, Fig. 2 12 DC-DFTB {EICBW T ANy 77 A R Bz oL &0, @F
BLEOZRALX—D#EELZ R LT, H5%IF 1 2=y N CEL LW 8, Z O3 7500 b
LTHEIMLTWSZ e ghnd, Ny 7 riElliaiifi 3 2=y & L7zE &, CyspoHasea 731 Tl 30

C-2



mE, DL EORRERH DM, Ny 7 7 ik E K& T HICONTEOBRELEVT 5, £ 7 =2=v b
Ny 7y EEE LI, 1 mE, LFOMETRET LY —%2RDDHZLNTEE,

NP FR A T E = RV X —AEEIC L CHRERIC DCEZ@EA L& 2 A, = xR VX —5f
B & RRRIS/ NS WEEZET ON) ZER LT,

%2, RFEEZ R TEITT 57252 MPL & OpenMP % FV 7= Hybrid WL A 1T - 7=, DC £ THHHE
TOHEEDRIIMNLTH D Z 0D, FH5r %% MPLIZ L 0 FFI{k L, A% OpenMP Tiff 5k L CTu»
%o CiooooHio002 20 FZ%F L CiH L7235 2h 3 % Fig. 312”7, &/ — RiZ8 AL v RTRHEEINT
W5, By E =L X —AEERIT 4000 =27 2 WA TE 92%LL EOIEF I @O IESI A
BOHNTWD Z En3gnd, Zhiuixt LT —3RITBUK, 30%FEE &M FHEhERMMR, 2D
JEA & LT DCIEIZBWTIIED Fermi ¥ERL 2 RET 5 &0 ) FIANHHIC /2> TWD Z &3 5303o T
W5, BIE, ZOFRE 2L, &KE L THWIEIERRE255 2 2 IEL TV,

10000.0 70.0
=O~ Total CPU time 600 | =O— Total CPU time
8000.0 Construct H, and § : Construct /; and §
=/~ Construct 500 | =/~ Construct y
il —O— Diagonalize i —O— Diagonalize
9 6000.0 F = Determine the Fermi level 9 = Determine the Fermi level
E‘ =/~ Construct density E‘ 400 2 Construct density
k= R=}
5 40000 | o 300
=5 =5
O O
20.0
2000.0
10.0
0.0 —_— oo —
0 5000 10000 15000 20000 0 5000 10000 15000 20000

Number of atoms Number of atoms

Fig. 1 Computational time for energy calculation of C,,H,,, obtained by DC-DFTB and conventional DFTB.

600
—O— Construct Hj and §
0.0 bacecacccecacacacancancesrannn e et - 4 Evaluate E‘ep
500 F A~ Evaluate y
_ ~~ Energy calculation for 1 cycle
Lg: =~ Evaluate gradient f
E 100 o 400 2
g g
b4 =
% =0~ 500 atoms -2 300 |
5 200 | 1,000 atoms g
& ~A— 2,000 atoms 3
—{+ 3,000 atoms S
< 200 L
=</~ 4,000 atoms
-300 —¢ 5,000 atoms
1 1 1 1 1
100 |
2 3 4 5 6 7 8 9
Number of units for buffer region
0 A A A
0 100 200 300 400 500 600
Fig. 2 Buffer-size dependency of the energy error in Noode
C,,Hy,+2 obtained by DC-DFTB [in mE}]. Fig. 3 Acceleration ratio for DC-DFTB calculation

[S#%DFHE]

4 %1% DC-DFTB £z HWTRBUHEMER T3 2P RORZ IO, FHRFIEOREMITIFZE TL,
KBRS CHEEITIZLILFTRE CTh D, BLRIZFHHE AT TR EL LT, DFTB #HE T 2L
72537 2= ONERKR, LG ENR T 5720 DL 7V A ZZHEO BRI 72 E BT HND, Irle AFFEEE & IE[H]
TIIDDBFE & AEHER~DFE ] 24T L TIT 9,



SYEIFRIE MP2 77025 1D 650 0D B L 1t R 24T
Recent advances in the divide-and-conquer MP2 program
and its performance assessment

AIRIEN * FHEER (B REEN, P R REERET)
Masato Kobayashi2 and Hiromi Nakaib
(*Waseda Inst. Adv. Study, »Sch. Adv. Sci. Eng., Waseda Univ.)

L (200 FF2EE) / Abstract(about 100 words)

EHOIX, MR =V T 'L EHBEEDO O LD TH L EHIEDOVEICESGHR T 177 LD
B A HEE L CT&7, DC ETIE, o R E DZEM B FIRICHESGHATITHEH LW LS TR @b
FEIZBOWH LR FRETH D, AR TIL, FFIC DC LIS MP2 3R T 17T LD fil O R B EVEREFEAT
DWW T T 5,

The authors and coworkers have developed the linear-scaling quantum chemical calculation
program based on the divide-and-conquer (DC) method. The DC method can accurately treat
mconjugated systems, which are considered to be difficult to apply in the spatial fragmentation

methods. In this paper, we report recent progresses in the DC-MP2 program and show its practical

performance.

DC-MP2 FHEH TIE, HEIShEEHYRILD 500 — , ’ —
MP2 FHEEIRICITY, ZORRRERLAD %5 =

. . 00 - - = - DDI (atomic) -

EHIETRRD MP2 =X —2f5(1l. & ---a-- DDI (10 atomic)
BANIZOBET 0T 2 e &AL E S 2 300} | =-w-~Serial J
—% GAMESS [Z58 LT/, TNETIC, Bl e ot
FIRBECOMENRMOTD, AL —T T 5 | —
bRTOBHAROBMEL, ZORITITPNS 2 100} e
HEBorF D MP2 FHHEAFR DI FI A P g I
fFomLicky . BB S & E B L1 [2], o4+ ¢ % 10 12
GAMESS |Zi% 350 MP2 2t & =—R(IMS, DDI, Number of threads

Seria) MHZGAE N TVB . WL 7 at Fig.  Wall-clock time for DC-MP2/6-31G
calculations of CsoHsz with three hybrid
WHMED H IS TN, 2O —RIZXHL T parallelized DC-MP2  algorithms. Intel Xeon
OpenMP #ff LT A7V R FHEE T o7, X5650 processor was used with up to 12 CPU
FRIEBI% L7 OpenMP W Flm—RAANTT /o
—R® Intel FHEMETRY T CsoHae DFHEEAT TR DOFH R 2R3, T 7 VALY R Tl b R AR
R REV Serial T—R723 ALy REZHELT LB HERY, 2 —RIZEV ALy RO L 72RO LEH A K
BB LT ENR DT,

FIHOT S R LR RSO ATV RAEFHEBL T 5720 DC-MP2 {EICx T 5= /LbF —AREL S L
7z[8]. DC-MP2 =¥ —ABLEH TIE, T 078 E 2B DL By 7 7 HIO RESHR/LF —
FRIRIVHERELRDb DD G RELEI RS 2@ RIATA D LD RSN,

[1] M. Kobayashi, Y. Imamura, and H. Nakai, /. Chem. Phys. 127, 074103 (2007)
[2] M. Katouda, M. Kobayashi, H. Nakai, and S. Nagase, /. Comput. Chem. 32, 2756 (2011).
[3] M. Kobayashi and H. Nakai, submitted.
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5 TV /1 EY 7N MODYLAS OB &
ERGFEFARY Iz —var~DREH
Development of molecular dynamics calculastion software MODYLAS
and its application to huge molecular systems

T Ffe, HKRKREL
Yoshimichi Andoh, Nagoya University

B

HAaryta—2—LEToOEMZARICED TELERAFENFE T Iab—va YT
MODYLAS (MOlecular DYnamics simulation software for LArge Systems) B DOWNRE &R % . KBER
AR HAEM OFH R & ms L EAREE (FMM) (XD ATWoD, =Kot b—F AR v MU — 2 IZhdE{L
L7 a— FBLO T —AEERETHAZLICLY, KO TV — REBIZB W CRIEFIERE DD
FHAEMRER Y 7 by 2T 2 RB L. EROFEHAR Y I 2 b=y a U ~OREICOVWTHRNTT 5.

BAREANE

MODYLAS BAF D B #IL, 75 7B 708 COMREVGENRE 2 v B a— 2 — ETEEN DR ZIE
ICEHRT L2 LICh D, Bl ) FHERITITRD X5 B R & 5.

AL KO E DO E TR TH D

< P OBE BEAER R ERTH D

R TFENFIHETHE L L TELLRIC GREMA T — LB REWN

c RICERA T — NV DE A FI T AREEND
DRI T 5 72 CHARMM (with CMAP), AMBER/OPLS & W o 7=REHZRILHRT v v L
EFNVEEHAFRLE L. ZHUOIHRT > v W3S+ BE/ER, & EEEE Lennard-Jones #H A fE,
RERBER B AEMN 2 bR S, FFICHEMRAEMN O RIZ OV TITEERER 72 PME (Particle Mesh
Ewald) {EIZHN 2 @ 2 BB L (FMM) 2 52% L7, FMM 3B &2 OWN) Th 5 Z & 2 811
BAE TSI EBELEET, T/ — ML IV TH BRiF2IEFIMREEA R L. S HICEHAIT1
step H72 0 OFHRIFRANKL D728, 85 ORTHZAINI MBS FAE Lie T — 2 (X ¥ 7 — 2L LR 25
ELH»DO3D b—FAFy N — 71Tl L72i@(E A RM T 5 2 & T Tofu OMEREZE HARICH EH L
Teb—7 o —HHOEEa— FERB L. A ¥ T —Z BT T28E O/ R, BEL XS +7 —#
ERCEE SN, KF v v a2 IAROHE L BFEFFICEB L TW5H. MODYLAS IR Ea—F—%
TN — FHBER L7GA Th o T milsIERER X ONE AR Z T 2L FEV 1 F#HHE Y 7 |k
T T ThD.

ME~OBBRBICMY 7 b & 0E#E
B N—FTIEH a s v a—2 —ORBRAHHIE I L OB AR, SEAGRERC W TRNE~E
U A VAR L THROKN 8192 / — R&M ] U723 Zflkfe L T TV 5. MODYLAS IZREM (L 7'
H ZZ ), ermod (B EVRBEFNH = R V¥ —FHE) 21X U, FMO (7 7 7 A > b MO &F#), MPDyn (Hl
AL MD) E W ZiBIAWY 7 R EEE L, Har B a—X—& 0T A = AR X OVEER]H
FEICB W TA R LR E 2 - LTl
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INRSETANAD R F LI —ay
All-Atomistic Molecular Dynamics Study of Polio Virus Capsid

RREFAR. KBEN, AR L, ILBES, SHET. M & A HBRE
SIE T PN
Y. Andoh, K. Mizutani, K. Fujimoto, A. Yamada, N. Yoshii, S. Okazaki, Nagoya University
A. Nakagawa, Osaka University

Ayt a—4 T MODYLAS 2 M\W\eUAVADRR 5 F 8 1% Iab—var ZBaLT, BUE,
IKFDINB=ETANANT VRO REPETH THD, ZORIE, AR &M TIZh> THEWIR BT
& S L7203 IEB L TO%49 1,000 T B DR SHL, 232l —ar OFATITIEIN A Ea—2 3R
AR T, BIEETOTHEHE T, BHEOWOL OO, BifEE 8N G525 5,

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

properties of the capsid.

[BF. B

EAEHIIL S T8 1% 32— a2 Y 7 hmodylasz W TK T O/~ A L 2 7R (8 1000 5
JiF) DRJREA a2l —ar a7V MBS AEMOBER TSI HLT A NV AZFH R OM EICRE | WE
B FRELTCOTANAD G Fima MESL T Do DA DT BB A THLTANALL BT X —DFEG ThHDHH,
KRRETIIFFC, ZORTVREV BT Z— DR R AEMNZ B =X —L L THLNIL, EYY)
HRFE D5y 2 I35,

Fo, VANVADIEER T TV RITLETHHEEHIT, K TTLF U T N IREE R T uid7en
20 ZIBRE DI EBLENTNDD), 53 FEN) PR RIS W Tl EER (L RI7RSL57) BB 5
Do SHITIE, BT VR OKER ISR D& BV OV T, kA G B OB ARG LD B E 12D
WCERMIZR AT ATV FIREE, pH, WL | BREEITURAF LT E O RFE A 0 1L~V THLMNITT 5,
[BFFEFIE]

A MD P2l —3aildD | mOECE ) e i L LV TIT 2, REEBDRWEIRIZHL T
X, B EE AW B =L — I KD PSRRI 2, 7 rs T A, 2R ETH A
DT N—TTRRL TETCONDESIAHA S T8 /1% 32— a7k MODYLAS & HVy, FMM (280 &
PR ) % s W R U e 3 S TE B SRR AR,

[& -t DEHE]

BUE, Bar B a—# 1 C MD FHRZAkG I M ChY | BUEETRIER OBUE W TOA VAT 7V RO
TR, B) )R E R A TSNS T D720 ZHDICR L T FL-UL TOREMA T 2175, — T Lk
T H— LT ANVADRE RIS BAERIZOWT, B =R — L~V TOMHT A BHAEL | B PLE RO 5 1
RS2 R,
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TIT AN T EGE R AT T L E DG TELE DT =R X —HBLO B %
(English title) Instruction of the paper for CMS| Research Meeting

eiFnR, MERE
Kazuo Kitaura (Koube Univ.)

W=

AT BIFAIFEA~DIEZ B L T7 77 A My F-Hul (FMOEDEBEIL IR 2T > T&Tz, RIv7 T ¥ A

[ZRWTE, KR TOZ N IEEV TR EDREEREE LM BT RNF =il 0LV EETHD, €
DO D IjEEL T, FMO ELE O HKEEEE T /L (PCMIT T TIZBHIE B A Th o722y, AlEl K9 2 512

EE B L7205 (FMO/PCMCIIED Z RIS LT, FHEIZ@mE THHZEITMA TR/ — ARLHMIEAT I FT
R CEDHLVORFEAFF > QD2 | WG R L E R S FTRBIZ /2 o7,

A new energy expression is proposed for the fragment molecular orbital method interfaced with the polarizable
continuum model (FMO/PCM). The solvation free energy is shown to be more accurate on a set of representative
polypeptides with neutral and charged residues, in comparison to the original Formulation. The analytic first
derivative of the energy with respect to nuclear coordinates is formulated at the second-order Mgller-Plesset (MP2)

perturbation theory level combined with PCM, for which we derived coupled perturbed Hartree-Fock equations

1. ¥ FMO/PCM &
FMO/PCM {ED T R )V XF— IR TH 5,

EMOPCM. _ Z E"—Irz £~ E—E") ZN:Tr(AD/J\N’/‘/)+ ¢+6G, (1)
’>J ’>J

ZITNETZI7 A M EYBINL U E 7 Z 7 4 2 PORFTZ XL F—T, BERICE
TIIRY N XDETIAR=NEMODT T 7 A M b OBERT v (DYVY) Lyaiins
DHERT v VD "W 25 Wk OBETH 5,
£y = £, -Tr(AD'V*)-Tr(D*W") @)
R, 75 7 A > hT U EOERBBIC £ 5 8ETH2( ADY = DY — (D @ D7) & 1o 5 s
TV NVOEAERL TS, GIXEE — A1 (apparant surface charge;ASC)H DFfFEER T > 3 v /L
R —T,
1
G=—Vﬁ 3)

gNASC TV IEF vy T 4 REWCHENBLETHERT vy v ThHD, G 1337 A—2 THL
TERL = RV X —(c), WHE — IR O3 AAEH =R L ¥ —(d) & KB TR LXF—0) D TH 5,
FMO £ TliE, 2= F—L[ERIZ, VERRXO LI ICE /) v— L XA ~v—DFHE L LTRD D,
\'E ZV’+Z(V” v/ -V 4)
>J

BEBAZE D FMO/PCM L TIE X A ~— DA EZ (K X b & TH A ~—DHFHEZHE L T\, KAFIETIE

{ZVIT‘”Z("” v'-v')q )

1>J
LIPFHZ LI EY FA~v—ORRERICHERT vy VDR G EHRET 52 LT, XA~ —§
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a0 RSN < 220 5T 5 IHE (FMO/PCM[1(2)])i%) & He_THI 2 fE s b 2 iz@ak L 7=,
AL (FMO/PCM<1> & FES) I K ABER TIXIZE A ERW, £, RKFPAEAT S Z & T
TR X—AEOHE S AR~ T,

2. fER

FMO/PCM[2(1)] & % FMO/PCM ¥£ @ & £ (ab initio PCM & D) % #£ 1 12/, FHE L ~bid,
RHF/6-31G(+)G(d) C, amR T Rm &E{fa-helix, [FEkIZBmR (XB-sheet 2> 7+ — A —T 3 V&R T, 112Y
(PDB = — R) [& Trp-cage mini protein Td 5, Mi& (TR, WDFHM & FREDMHPITR R 508, 2D
HoeHEIX R TH 5, K 11E FMO/RHF-D/PCM<1>/6-31(+)G(d) (RHF-D (% RHF = % /L ¥ — | #BRAY
DTN F—ZIMATI5E) 28D 112Y OfERELOR R4 NMR O E G ($B6) 2ERGD
BTCHBELEZLDTH D, MEDT IV NEED RMSD 1E 041ATH Y | 4R LR EENRRE-T- &
Wz 5,

# 1 FMO/PCM<1> (AE«s) & FMO/PCM( 4
@1(AEL2)1) DFEFE,  Lyeyeen 12 @D initio
PCM 7K Fn H H =k /L% —(kcal /mol )

System AEy, AEnoy o pem ' Tyr3 Pro-18

@40ALA 0.551 —1.483 29.281 Tp6

@40ARG 0.590 —1.420 — 16.833 -

@A0GLU 0.495 — 1.499 —32.039 :

BAOALA 2.954 —0.823 —28.348

BA0ARG 2.978 —0.758 —74.146

BAOGLU 2.804 —0.952 —92.482

1L2Y 0.037 0.161 —117.679 1 112Y Ofci S & NUR FE i

(Rta) DELAEGDYE

3. #EE
H FMO/PCM E1E, @I ETE D Z &, R = R L X —QENHE TEX 5 Z LR TH
5o RFEIRT v I TFWA ABT HERRHEECRD LMD,

i
ARBFFRIEALE 6 A ICH: S foil - KRB EORECH S, KBROERICEET 2 & &bl
AT R BITY LET,

eSS

1.T. Nagata, D.G. Fedorov, H. Li, K. Kitaura, J. Chem. Phys. 136, in press (DOI1:10.1063/1.4714601)

2. Takeshi Nagata, Dmitri G. Fedorov, Kazuo Kitaura, Theoret. Chem. Acc., 131, 1136-(15) (2012)

3. Takeshi Nagata, Dmitri G. Fedorov, Hui Li, Kazuo Kitaura, J. Chem. Phys., 136, 204112-14 (2012)

4.T. Nagata, D.G. Fedorov, K.Kitaura, Chem. Pys. Lett. 544, 87-93 (2012)

5. Takeshi Nagata, Dmitri G. Fedorov, Toshihiko Sawada, Kazuo Kitaura, J. Chem. Pys. A, 116, 9088-9099 (2012)

6. H. Nakata, Hiroy, D.G. Fedorov, T. Nagata, S. Yokojima, K.Ogata, K.Kitaura, S.Nakamura, J. Chem,. Phys. 137,
in press (DOI:10.1063/1.4714601)
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LR T Y T AR I B 5y F DO LB RE D R B
Structures and Functions of Molecules Studied by
Generalized-Ensemble Algorithms

M AMHE, A TBRFE
Yuko Okamoto, Nagoya University

BEZE /Abstract

FUWIRIRT o 7 WEZBRAR T 2L eI, JRRT o T NEDRR & 72 2~ O H&21T -7z, FiiiliL
BRT YT iR TE IR LA I BT D 2R e BES R LA L B LB Ry T B ) e S R LA
TNVAERBAFE LTz, BRI 1X 2R oAV o 7 B O L LAMES 2 BT DM D/ AA — =2 Fio, %&
T~ T ATEROTar o BENCE ML T, £OFMME R LIz, BT, EERELEL U by 7
JNEICEESSEERMEROR v F o 7y alb—var ik Lz,

New generalized-ensemble algorithms have been developed and various generalized-ensemble
algorithms have been applied to various systems. New algorithms are 2-dimensional simulated
tempering in temperature and external magnetic field and density functional theory molecular
dynamics simulated tempering umbrella sampling. The former generalized-ensemble algorithm
was applied to the study of crossover of phase transitions in 2-dimensional Ising model, and the
latter was applied to the study of proton transfers of malonaldehyde. The drug candidate
screening method based on replica-exchange umbrella sampling, which was developed last year,

has been applied to some protein systems.

[ - EIRBIALE S 1T ]

£ D% HMEFMERDY Il — Y a il W THBOWEHT, RICEEIC T 1L — B/ NREAEE S
DI, a2l —arRENLZRLF — R/ NREBIZE Eo TLEN, ot B2 AL TLEIZETH D,
FexiL. CORELZTEART D7D, JLIET 7 L% (generalized—ensemble algorithms) EFRFRS 315 FE
ZEMTHIEENFIIab—var DB CTRBL, ZLORENRILET o 7 VBRI L TE, Zh
&k T /INERE D BROHEE DIV BTN TDLEbI2, EAMER YD —F Y NEABE~DRy
Fr7 U alb—a b AIL TE, FHICRF T LA FEEZRET OO THY  RESRtERA1
NINPIIRRSND,

B4 B8

BINRPERT o TR ZBRFET DT LIS T AR F20MO 2% H B EBHER BT D, [HEDOH
LWV 22—V al B R R T 5L 1RO FIETII R UG o Te iR 2 BT 2R BAE TH D,
(BRI R ]

FT.200FBILRT Y T BRI LT, R LA B T 5 2R Jr BE X R LA (Simulated
Tempering and Magnetizing) [1]1& %5 B ILEE#4y + @h /1 R Pe & R LAY o 7 )L ¥4 (Simulated Tempering
Umbrella Sampling) [2] T#H D, ZL T, RIF 12K ICA T > 7R O FE LGB T 2B O /a2 4 —
NI F BB E R T AT RO T B BENSE AL T T OAMEERLIZ[1,2] B, FEEREL
72U 7 h AR AE Y7 )L (Replica—Exchange Umbrella Sampling) [3NZ IS <EAMEM O R %o 7 1L [41Z
A Rab—var kL., FUEABEICH A T 22O KA OFE G Omg N ERERE— 8T 5
2l LB, ZL T, BUE, KV EERRNZ/N D FREG O H =L ¥ — 5 HA2FZITH Th2[5],

BT RS TE TR - R R S Bk S v 7z[6-10 72227,
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(B2 - 5% OFHE]

% H M ERMER CHRIEET Y 7 /EDBIFIZ L T E O RWEBRIZRFIEN TELIIT4-
TET, FRIZ, B<H LW E OFEFUERAZ Y — =0 ZIEO R IVER RSN TET=O T, FHEDAISEELLT
FDFEREZ @D TOET, KRS, AR E A EONDPLRH A M ET A>TV a2l —a (3T
ETCVDH, KV IEfEZRFES B =k X =3O I2i%, AWM BB DRy MI A0 72
DEMDIRT LR H D, BIE, ZIRICL T VIR WIEDOR ITLE S — IR It EIFHZEIZE-> T, ZNEATRRICT
HIEEHELTNWHEZATHD,

(&% k]

[1] T. Nagai and Y. Okamoto, Simulated tempering and magnetizing: application of
two-dimensional simulated tempering to the two-dimensional Ising model and its crossover,
Physical Review E 86, 056705 (2012).

[2] Y. Mori and Y. Okamoto, Free energy calculations of a proton transfer reaction by simulated
tempering umbrella sampling first principles molecular dynamics simulations, submitted for
publication, arXiv:1206.0348.

[3] Y. Sugita, A. Kitao, and Y. Okamoto, Multidimensional replica-exchange method for free-energy
calculations, Journal of Chemical Physics 113, 6042 (2000).

[4] H. Kokubo, T. Tanaka, and Y. Okamoto, Ab initio prediction of protein-ligand binding structures
by replica-exchange umbrella sampling simulations, Journal of Computational Chemistry 32,
2810 (2011).

[5] H. Kokubo, T. Tanaka, and Y. Okamoto, in preparation.

(6] HMETR, LHATR, MAMSE, BKaTEa -~y I 2 GL/NEAEDOTA—NT 42T
Rab—vay, LYY 52,22 (2012).

(7] eBE00, (KMMER, LHATS, MAME, 2L "V ERGFilal—rarO0izho /5%,
HAYPEF2GE 67, 343 (2012).

[8] Y. Okamoto, Generalized-ensemble algorithms for protein folding and unfolding,

Current Physical Chemistry 2, 92 (2012).

[9] H. Okumura, S.G. Itoh, and Y. Okamoto, Generalized-ensemble algorithms for simulations of
complex molecular systems, in Practical Aspects of Computational Chemistry II: An Overview of
the Last Two Decades and Current Trends, J. Leszczynski and M.K. Shukla (eds.) (Springer,
Dordrecht, 2012) pp. 69-101.

[10] A. Mitsutake, Y. Mori, and Y. Okamoto, Enhanced sampling algorithms, in Biomolecular
Simulations: Methods and Protocols, L. Monticelli and E. Salonen (eds.) (Humana Press, New

York, 2012) pp. 153-195.
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B—BIOARE —KBERRICBITIEGEENRO B H L — T
Free-energy analysis of mixed-solvent effect in homogeneous and
inhomogeneous aqueous solutions

bk =, KBRS LEBFERT
KB RF. BRBEFEEE 5 FBFEHER
Nobuyuki Matubayasi, Institute for Chemical Research, Kyoto University

Tomoko Mizuguchi, Institute for Molecular Scicene

I N2 52T KB T OWE 7 FOFEBM BB IR FTIENTED, I BERIRIT, iy
FRTLAMRHIH S FTRE TH D3, T OREERFHIT, E K- RO BAE N 2R L~V TRt
DD D, AMFFETIEL, KREILABEAIR EEEELL T, Zo /0B RO B = VX — R4 2 FEEATO, 1
Ol RBL LU | BERRO T ERD AN F 2R ET D, I12IE KEFEERY —RBEW
BEUTNRER TR T2 " VEDOT YT 7 vy TIEBORE 22,

The configuration of a functional molecule such as protein can be strongly modified by adding a
cosolvent. To control and utilize the cosolvent effect, it is desirable to analyze the cooperation and/or
competition of intra- and intermolecular interactions among solute, water, and cosolvent at
atomic resolution. In the present work, we address the cosolvent or mixed-solvent effect on protein
by focusing on the interactions with urea denaturant and with lipid membrane. The target of urea
study is to identify the intermolecular interaction component responsible for protein denaturation.
The membrane system is treated as a mixed solvent with nano-scale inhomogeneity, and we

examine the flip-flop motion in it.

IKFN - TR O EEENE T Vi - AL B - R - BB ARUL R E DR BT ASEERRS LTS, RS,
WRIBEFN O P BN % 8 B RRIT L VAR Zh B D modulation (ZXDALFBIEOHIEEZITHIZETHD, T~ 1,
KFBHER - BKRNRDOLO72K DR BRI BEAEH 2 H DI Z M TEL R FET VEHWT, 4
Lol —ar SRR OB A TR Lo T WIS R O & &0 T 217> T 5,

WEMNE N TEDEOIRRERLHERME S T ChHEE, i FINNR BRI R 1T, 52358, LIXL
IEHEE ORERICHD, BOIROFTIELA W, T72bb | REREFE LOFEENEETHY, FHRILFD
GbITEEY) Tho, Lo, TEBE BT RO /1O Z AL - IEEE DN K-> T, modulation 23 FIHE T
Do R ZN R 5R (R B B = 3L F — DR EE P HE DK E V) LWVHZENE | modulation (25D
tuning MRS K ENWZENEIFFIND, ZDB XN T, ZU ™ \TEIT T DI R R O B = L — g At
Z1ToTWN5,

1 DOWFZER G, IRBEMEZEEZTHAEEM S OFE THD, IRFBEBIMAE B B H oL
—DOEALBLOWE — WM EAER OO EAEFH A LT, ;G ELTEEIL, 787 712 L horse
heart cytochrome ¢ (104 #&J& 4+~ 1748 Jii1) TH D, IWE — IR EEH OB L E, SHIT, FFEEOS
BB B O T GBI, #KNDIRFE — KBS SO BEEACIT O TR B kv
F—OZAbIE, HEHOZ(LLITEMBETHY | 5 BEAD H LD FRWFAR N LN S vz, £z, PEBRIEFEE O
ZALEHEEA B Th o7, IRBLMEZHIDIL, HHEI 1 THHZEZRLTWD,

Flo IRENRE S RVE DM AANERZ, 7Yy 7 7 ay P EEIORRITE S ALY TT, MmatL Tnd, 23
'3, glycophorin A DIEE BN AA L (23 5% HK) THLHEE | O HPIZHL E ST FETO-<VIRD MR L RF
IC—EE oW A L, IR DR B A THHZ LA BB L TV D,
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Molecular Dynamics Study of Micelle Formation and Solubilization of Immiscible
Molecules to the Micelle

BEATn L, (W HECTA, /ERSEEE. ST, MG &, 4 KBe T
K. Fujimoto, S. Kawada, M. Komori, N. Yoshii, and S. Okazaki, Nagoya University

BEE / Abstract

S TSRS 708 KIS LT2REEN S BRI I B A 2R T 22, ERFMICAR SO T8 1%
(MD) FHE AT » TBEIN T2 Z LiC K 0 | SUEiEEA ) FOSGRRICET 2 M 257, S6icai L
T LT, B REEDOT VA RT N a—)b 7 22 & KPRLI R ICAT U L&D AL |
TRNF—% MD FHEIZEESSET ) ERIREEIC KR O T2, PRS- 7 L2 LR oMM B D JE A
A LS F DK FEI B AP DRI G 2 DB OV T Fami R a5 7,

Long-time molecular dynamics (MD) calculations, which were started from randomly placed surfactant
molecules in a simulation box, have been performed in order to clarify micellar aggregation process. Concerning
the aggregated micelle, free energy of transfer of molecules such as alkanes, alcohols, and amines of
various alkyl chain lengths from water phase to the micelle has been calculated using
thermodynamic integration method combined with molecular dynamics calculations. The effects of
alkyl chain length or polar group on the partition of the molecules between water phase and the

micelle have been investigated in detail at a molecular level.

[#EHY < 2ATROALE -SIT] SUEiETEAR S+ 2 K PISEA D LIRS S B VIR DL RIS 5 & BUKE:Z Pl
ZBUKRIEZSMANZ T CTABMICEA LT IV EMEEN AR ENIER SN D, 2 BV KIC#EE e Bl
KEEDGF LD L. ZDnF2KICEMR () SE22ENTE S, ZonEbEigE, Yo
RNEE, AR WEL, (LIS DK~ Elkx e TENRABTHO LN TEY, S50 55
FERRFIZ T TR EERE O F LV TOBENRD 5TV D, S HICEEMRFAYERIE S & &
0. JBEASOFRES T OV A & B LT, FEEERIF Y 73 KPS L7 REEN S 1 o
DIBNVIIEETATutr A BRI,
[(BE- HE] REIEHESDF O I BA~OSEITHONTIE, - MRICHKMEF BTN EE L 2 5T
WD, LoL7Zed 6, FEERICIEA A HEFEIE MR CIEBUKEEICEM A2 R 720 L o 2 W ITHKED Y
AANPRKREVGERENDH Y | BKENSAIIRELSEELEZ TV LW REER DD, Z 2T, BK
iz @io&%ﬁ%%Oﬁ@ﬁéﬁﬂ DEAWMBEABEHEMD FHEICEV HBLL, EEICEDLH 7
FHEAERRSAEIEL T D0NCONTHRESS

I BT, BSOS TOREALD I FRmi OV T, %mﬁ®?wﬁ/\%& YL & O EER
ZWOICT D722, KFND I BAPABITIIN S A= —21t (kB f o 31 % —)
Rl %, itTmmA@ﬁ$%®%@%%%#’#ék Iy AFNLT IV FTFAT I, A
B )= FT B ) —=LDONUSDONMEEE RS DOKF NS S BRI A~OBITICE ) AR R L ¥ —
BAEAZ W T HEHE 21TV, TSV HECBIE R OFIHIC X » T B EOBFEN ED X 51281k
T HDPCONWTHRZE2,

[(FEFHE] ItLroaAGTIab—2arodG TR miEEA s LT, A4 D sodium
dodecylsulfate (SDS) 35 X OVIE A A > T K& 72 Bl /K H % FF > octaethyleneglycol monododecyl
ether(C12Eg) ZH 1 L 7=, SDS (22U Tid 60 431+, C12Es (22U Tl 100 43 F & AR B/ WIZT A LICEL
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L, BRI AR T ERE LIS O Z N2 O P S &
U IREEJE S —EOSMT ¢ S i —o
:ééﬁéi@&%ﬁﬁMDﬁ%%ﬁot@ih&@@t
n-R7 4 60 53 DKFIC AR DOWN TR
@y;;v—v;;/zb/a\zbﬁfﬁofco

— ., AIEBIZBALCiE, SDS BV E R SICHFE AT
72. SDS 53 60 {36 LR EED K 73 FIIMA T, Wi bsy

F LU THUKRY AR i TR~ Aol
WA T=T Voo BROWEREE G T AT LTI A Fig.1. 28K N L O BER. &
IFTNT IV A= F 78 )= DT TEIE  1.SDS. f5#:C oEg. 8456 : FF 2.
LIz fa HE U, ENRREZTIEL >>MD GHR 41T -7,

1
2

KA FOATNS SDS S AH~OBATICN S B e o

B 2L —%, Bk AV CRIR L, —-+9.8 )

[EAR2RE] 24 918 F(SDS,C,Es I£ 0 ns~10 ns, K Ideal gas —— 43 -

T 0 ns ~ 3 ns)IZIIFS SDS., CoEg, KT B D) % a5y - %
BN OWER k52 (LA R 7y T Fig 11c i M

/Ta“ WFINDZ B N o< t” DERAGIZL TWD, 71 - _%. {-

T4 TIZIVELN T a DEIE. Ci2Es 1£ 0.8+0.1 THY, 40 -3

BRI R T Ho D 0.840.3 LRIEERMETH-T2, SHITW

T4 Lifshitz-Slyozov(LS)HI (@ =1) &L\ —E A RL T

BO IS BB EL TWAZERDLND, — 7,

SDS 13 LS Hllcidftbd, Hfliekigimmerenion, Zh  Fig2 SN S S 2/LKERO KM

13 SDS I L OFA KM O BRI Eob0EEZE OB LTI U SBIT LIZRFO R

na. =L —2 HEEAm= X
ARLICEI Lk, Bk A2y drarplor —ERLTRY, o TFHRLIV KDL

AT D AFAT IV, A7 FAT IV, A4y TARROABTZRLE—,

—b, A5 —=NOuEbE TR rF—% Fig.2 I

A, B2 A B0t 7 4 v DRI LT WA B A LA FLT I AT H ) =D

WTHKP LY I BAUVHOSENEETH D, Ziudd 7 FovEOBRE RO BUKEEZ RRls Z &

WZE D, L LBns, TAFAEHATFARKICR S E AR VX —2FEE S X 2.5kJ/mol) 2

L7 KPIZHEDR 05T 517D, IHICINHS 1O SDS < B/VKER COZER 4y

iz WFEOMD HEDO N7V MU NGFARTERER, AX v, A7 2 1ESDS X B/AHLMTITI R

ET 5RO LT, AFALT I 1E SDS T EAOBAREICWET L L ICoE b Lz, A% ) —L

I SDS I B/DOBUKENSKFIZHT T RRIZOm L, A7 FAT Iy, 75 7 =Tt

BRI LT D = E v o1l

[S#%OFE] L EoX 51, MDFHHEIZEYSDS % CpLE R B O A IBRRICE T M AA25DEEHIC, SDS

2 BTN TR O A E OB A A A ENTE T, 5%, WA BICBL TxIEr Aot

NSO REMZIINDEEBIZ, SHITIFEAFT T TR H I BSOS T B DB A E~b I3t T 70

Do

Exs 3dl

[1] K. Fujimoto, N. Yoshii, and S. Okazaki, J. Chem. Phys., 133, 074511 (2010), 137, 094902 (2012).

[2] K. Fujimoto, N. Yoshii, and S. Okazaki, J. Chem. Phys. 136, 014511 (2012).
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T/ BERECL B N a L T4 FEBIOI-VI E{LEW
KBEAHAR O AT Y T AT FA Y
Computational Materials Design of Chalcopyrite- and II-VI-based
Solar Cell Materials by Controlling Nano-structures

VEgEFIR 2, AEBY, HHEME . RKRERT !, $xp07 2
Kazunori Satol:- 2, Yoshimasa Tanil, Hiroshi Katayama-Yoshidal

Osaka Univ. !, PRESTO-JST 2

B

B NaARAT A NMUEAEY) CulnSe, (CIS), CIS @ In % Zn & Sn CTiE&#iz 7- Cu,ZnSnSe, (CZTSe)=X° 1I-VI fi%
{LEW-ERTHD CdTe IXREGEMAMEEL THEHIILTODA, IKRZAMED T2 IC TR/ —ZE 1D R
BRI DIRDENTND, AWFFETIZZNODILEW TR DR S R I B LR b D 7 k45— IR B E
BrerThNaikicddy ol —va | SERET 5,

T anxg F A4 MULEM TH 5 CulnSe, (CIS) IFEHEBIO NV F¥ ¥ v FE2FOYERT, @m0t
AR EL & R B CAEEEREIC K VK= 2 PO KBFEA RS L TER SR TWAILL, In ©—f#% Ga T
EHa 2 7= 2% Culny,Ga,Se,(CIGIE CIS KV & =R T, K 20%DEHNENEB I N TV 5D, In OfFH&E
ZHIBODOTZDI2, In*% Zn*'E Sn" CE X #2727 CuyZnSnSe,(S)(CZTS) bik= 2 M K@M & L CTIHER &N D
X TEEN, BRLEDRIENPRO LN TNDHEZATH D2, /-, -V RILAW K TH
% CdTe |3EEMIHHE 1.44eV 2 b LR NIGEMMEL & L THLERMEI O —>TH D, £72. CdTe IHEHE
BBAIONY RX Y v 7R FFOERTEOVBRINESZ b b RKERL S BB S THhH 2 L bika
MRt E LT EIF STV D,

AWFFETIL CIGS O mEzhROEIR, CZTS KIHFEMAELS K O 1-VI LG W KA B O E b=z >
WCH—JREE FREBHEICESEHRT 2. EFIREBIX KKR IEBXI O PAW EZHWTEHERE L, £ Zth
CPA Ik, 77 AZ—RINELHFETHWD Z L TROBAEZRNVF—% b DTz, =& 21T CIGS DA,
AEx) = HCuln, GaSe, - [(I-x)E(CulnSe,) + xEHCuGaSe,)] CTEFH SN LHEAT RN X —TFHE DKL, IE
TLRIZHTHDLZ ERbroTz, CISECCGSDNRUY KT TA LAY MW EATNTHD E, FHOBEEDRER Ga
REORYL—NAEUE T L EAEZZEZHROICOBET 2 2 ENTEX D LR DT-OENFINHIFFCTX 53],
CZTSIZBWTH, SeD—#f% SIZE & #1 % 725 Cu,ZnSn(Se, S), & 2.5 & S & Se DARL B Tl & L7z (Fig.
1) [4], CZTSe & CZTS DN RT FA AL MIRZAT N ThDHE Se & S ORE—IZ LV Zh=RAy 7 E+-
IEALBERSRBLL . @z BIEnifF TE 5,

[FIER 2 M BHREHE I-VI AL BRI OW T H A TH S[6], CdTe & CdSe 38 LU CdS DR A
Cd(Te, S)X° Cd(Te, Se)DIEATF/AF—IXIET RSO E 72 0 HOBEZE - THANH D 2 L3 bho
72(Fig. 2), CdTe & CdS DN KT T A L AV MBREA TN THHEMEINDDOT, FHITBEDORER Te & S
DIEARL) =P ECTHE, B L IEAELZHNICHHET 22 LN TE DRI ICR DD EIFEHR IR T
56, 77 A4 —RBEETEONEHEERZRAE Ty I alb—a v &2{7H 2 & THOHEE
I alb— kL, CdTe, )X Cd(Te, Se)ThHLAMMLEL LR 2w L. @RI I BIEGEH 2R R T
Do
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[1] S. B. Zhang et al., Phys. Rev. B57 (1998) 9642.
[2] Teodor K. Todorov et al., Adv. Mater. 22, (2010) E156-E159.
[3]Y. Tani et al., Appl. Phys. Express 3 (2010) 101201.
[4] Y. Tani et al., Jpn. J. Appl. Phys. 51 (2012) 050202.
[5] M. Oshitani et al., Appl. Phys. Express 4 (2011) 022302.
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Toward Rational Molecular Design of Photosensitizer:
Environmental Effect and Excitation Energy Transfer

BRJIEM 1 R 22, IbEE K., 2 TCCIGr FRHEMF TR, &R K
J. Hasegawal, T. Kawatsu23, 1Hokkaido University, 2TCCI(IMS), 3Kanazawa University

L (200 FFEEE) / Abstract(about 100 words)

T RN —DWIRLB B2 8 0O = /L — 2B R (S B L T, 43 F O hEIR IE O W ERIEN B 35
WFFERRFAC DN THRET D, HD—RED TITEL D5 T EREEITG U ORI B2 K& (L T5, LT
T ARIZONWT, ZORFEEMITLIZEZA, BFRLOBEMBENIE LR ) I2BT 2 RT3 %
HLTWHZENHLNNI 20T, JEAD B BEO i B B TR T2 SO LI 1E 0360 | BR BT R A 7T
T DWEEREE T L ERBL TCND, £, R ——T Uy o—7 77 % =Ry 12T H— B —HIH
Jihie =V — BRI 9 5 FIE DB 21T o7,

In this paper, we report our recent studies that are relevant to rational molecular design for
excitation energy-conversion processes. Depending on the molecular environment, some molecules
significantly change their photo-absorption energies. Our study on retinal chromophores showed
that the origin is in charge-transfer and local excitations in the environment. The structure of the
environmental wave function turned out to be very simple, which suggests a wave function model
for describing the solvatochromism. We also developed analytical tool for the singlet and triplet

energy transfers in Donor-Bridge-Acceptor type molecular systems.

(B - EATHIALE DT ]

FaE DY o IR L DEEHER PITAFET D, H AT QM/MM 7 V&2 T, 70 F Dbk
2R DERBE O 7S E ORIRERHTIC L BfEICL , REEOE TS E 2 BB E T L TRl L7,
ZIHDRRNT, FhER B0 DI B R DL 2 i AL L7 LB T B,

B BAY]

KIGFEMZRETHWLAL A TIXCTR 2 Wb D03 772w, 18- T, i FEREEICKOART
YUV TRNR =R Z TR VR THD, REMNREIELIEET 528 T, MEAOALFERT
XV Oy REHE KD IEREIC T D,

[ FEFIE]

53 FHOE EZ SRR LT D Rl ER BB B RS & FH Ve, RITEAR Sy 108 A HIV TR B IR BB R B BA S D M % i
Hri. b = p v — BT 2 E LT,

[EARRZRER R ]

RELRPINRA R RO Fik, BLOBRBEREFLE D720 ORI E W B br9EeT
VEARERLT,

[BE-5%DFHE]

BN AR TR BB E T LA L Z<DORITSH L ClEIGEZ#im T2 BN H D, RFTPEETEH
LIzEHRa— R OB L, KERGEHR IS T 505 L2 ATRRI T2,

Esy/y 3l
J. Hasegawa, K. J. Fujimoto, and T. Kawatsu, J. Chem. Theo. Comp. 8, 4452-4461 (2012).
T. Kawatsu and J. Hasegawa, J. Phys. Chem. C 116, 23252-23256 (2012).
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3D-RISM-SCF (2 k5t ul B DK 53 ff I I fR AT
Theoretical analysis of hydrolysis of pyrophosphate by 3D-RISM-SCF

HONG Jooyeon?, & M’k 2, CHONG Song-Hol, LEE Chewook!, HAM Sihyun!, M35 3
1 Sookmyung Women’s university, Korea, 2 Jull K%, 3 75 FifF
Jooyeon Hong!, Norio Yoshida2, Song-Ho Chong!, Chewook Leel, Sihyun Ham!, Fumio Hirata3
1 Sookmyung Women’s University, 2 Kyushu University, 3 IMS

BE  Abstract

IR DHEF 115 B T2 3D-RISM {E4#E FIREHER DO ~AT7 Uy R{ETHS 3D-RISM-SCF %/ T
KSR D ) [ DMK 53 g BOSTENT 24T o 72, ABFFETHRON TR RITERE R<—EL, KFIZED
B —ER AR B AE R e m ) B INoK o3 R SO % IE LSRR T 272D O HERER THHIE N RSN,
F, WO A OINIK G T R 20— (T AN R T 388 2 53 Fam IS BB LT,

We investigate the molecular origin of hydrolysis free energy of a model compound of ATP,
pyrophosphate, in water using the 3D-RISM-SCF theory that integrates the ab initio quantum
chemistry method and the statistical mechanical theory of liquids. We apply this method to four different

charged states of pyrophosphate for which experimental data for hydrolysis free energies are available.

bbb OERNTIE, 77 /7 v =0 VBEATP) & R & 3 2 =) L F— 1R 3MEZ M 72 <AThbh T %,
ZO—HOTFAXERICEHL TINETEL OFREBMTORTEZ, LML, ZOZFAF—HOKD
WM T D, ATP MIAKSRT L F—(ATP = XL —)DMEFEICE LTT 5, H—MRmaAE s
TWRWVWONREFTH D,

KT, ATP OFET V5 THHE RU U BEDONIK SRS D B VX — i 21T -7, 22T,
3D-RISM-SCF # i\ C, I, AR, BUSHRUAD A =¥ — i 21T o7, Erl o fIcit 4 o
DOFRBEIREEDS, Y BRIEICEH 3 DOMBEIRIENFAIEL, FUREL TOMAEDEIL 4 SFET D, T4
TENTL, IEBED SIS 2 DB AR LT, 1

L151%, ATP 24—/ v M2 QM/MM/RISM % AW C, IR0 CThak 2o R~ D58 GO T 21T
IV ETHD,

Reference

1. J. Hong, N. Yoshida, S.-H. Chong, C. Lee, S. Ham, F. Hirata, JCTC, 2012, 8, 2239-2246
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First-Principles Molecular Dynamics

under Constant Potential
Nicéphore Bonnet!.2, Tetsuya Morishita!, Osamu Sugino?, and Minoru Otani!
INanosystem Research Institute, National Institute of Advanced Industrial Science
and Technology, Tsukuba 305-8568, Japan
2[nstitute for Solid State Physics, University of Tokyo, Kashiwa 277-85681, Japan

Abstract

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

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

with an external potentiostat at potential q)pm, which means that the total electronic

charge of the system, n, (= 0), becomes a dynamical variable. Denoting E(r,n,) the

potential energy of the system as a function of particle positions and electronic
charge, and given the fact that the energy cost of removing one electron from the

potentiostat is +e®_, the extended energy taking into account the presence of the

pot?

) . . L. 04
potentiostat is 4= E(r,n )+ ne(I)pot . Accordingly, the derivative arw can be
n

interpreted as a fictitious electric force F, acting upon the total electronic charge.
Therefore, by introducing the fictitious momentum P and mass M , the following
e e

dynamics are written for the charge:

dn, _ Pne
d M~
dP
"= F =®-]
dt e pot

oE . .
where, by definition, ® = _8_ is the electrode potential. Applying these charge
n@

dynamics to a system already connected to a Nosé-Hoover thermostat [1,2] can be
shown to lead to the grand-canonical distribution at the preset temperature 7" and
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potential q)pm, thus giving access to the real statistics under potential control.
In this situation, the thermal energy causes 7, to fluctuate around its average
<ne>. By applying linear response theory to the grand-canonical distribution, the

differential static capacitance of the system, C,, is obtained as [3]
2

where 0, denotes the standard deviation of the charge, and k is Boltzmann's

constant. In electronics, this relation is known as Johnson-Nyquist noise [4,5]. To
assess the relevance of thermal fluctuations at the nanoscale, we have applied our
method to the determination of the grand-canonical quantum capacitance of
graphene. Assuming the atoms of graphene are frozen, the energy function

E(r,n,)=E(n)) is derived from a rigid band model of the ideal 2D lattice [6] and is

used to obtain the extended energy A. The grand-canonical capacitance is obtained
from the distribution of the charge, in accordance with the Johnson-Nyquist
relationship. From the results shown in Fig. 1, it appears that the grand-canonical
surface capacitance is larger for smaller systems, which is a direct consequence of the
specific electronic structure of graphene and of thermal fluctuations of the charge at
the nanoscale.

T T T T T T T T T T T T T
. —— — 1 Fig. 1: Surface capacitance of

0.05 (nm)” (2 atoms)

12+ graphene when connected to a
r™——~ ~_—1 potentiostat (potential given in x-
104 01@om’ @atoms -  axis), for different sizes of the
1 graphene sample. As the size

81 . increases, the capacitance
decreases, until converging to the

- red curve.

[e))
T
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From a practical viewpoint, it is important to note that in our potentiostat scheme,
electronic structure calculations and charge dynamics are treated separately. At
every MD step, the total electronic charge is computed from the aforementionned
charge dynamics, following which the electronic structure calculation is performed
with this fixed charge value. This modularity makes the approach robust and easy to
implement.

In conclusion, the proposed scheme offers a simple and robust way to perform
FPMD calculations under voltage control. At the nanoscale, fluctuations of the
charge are not negligible, and they are correctly taken into account by our approach.
Another field is the study of electrochemical reactions under potential control, and
we plan to apply our new methodology to this important subject.
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Improvement of computational efficiency of
first-principles simulation code “STATE” in K computer
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BEZE / Abstract

LB E AT 25— R Y FE ) F 32l —yar 7TV r—ay STATE ot a—4 b
THRILENET 23— REBAFE LTz, WG 5 OHRAITHIZEIZED, Ahr 7 27— 7 (8192 /
—R%f 4096 /—R) T 82%LL LA LTz, BT, BEICHZIAEN TS “EHISNIINA THIZIZL 7 U ES
AHRAATVARLTC=EWINERB T DI, U — 72 —=U 7 (48 L7 U1 24576 /—Rxf 1LV
U7 512 /—R)T 95%LL L&V @S G R AR LT,

We improved our first-principles molecular-dynamics simulation code “STATE”, which can be
used for analysis of chemical reactions. By reducing non-parallel procedures and by introducing a
replica parallel scheme, highly efficient parallel calculations are realized. The new code achieved
82% efficiency in strong-scaling within 8192 nodes for single replica calculation and 95% efficiency

in weak-scaling within 24576 nodes for 48 replica calculation.

STATE =—R !X FORTRAN9O TReil S47- % BEIN BIBOEIZ H S < — Sy 8 /)% (MD) 315 7 7Y
r—1ar THY AR ER 73R T Vv iz, — AR E T VT Y T N ETIE LV AR R
RT LV NEVE TR AIAEIL TN D, BN BIECmE - B 13 P i i R BRIE IS LV B b s, F7z,
RS R L RIC KO E DL E RS2 R D0, BUna HWZIEE —E FTO MD FHREARLE N
BETH DM, H oS4+ E MD #H5 (NEB; Nudged Elastic Band 7%, Blue Moon 1) (250 SO iE M FEEE O i
S ATRE T D, ZNHDFHADIZOIIIEE DY TV 7S (L 7V 0) 2 RIEHCHRE T4 ER D
%o F77. ESM (Effective Screening Media) {EICEY | HEIZEBEMOHIFIESNT-% ., bbb EMRFHEICOWVT
FHETDHIENATHETH D, SHITIE, BB F1ETH D03 van der Waals HEFHHE T FIELMAA T TRY,
EJEEE LIFEETOAEDED ST DOLY @RS RN FTRE Th b, HIERS 2L — &% FHW ek o
STATE @ MD FHETIZ, Pt RIAENIK 32 3 FHMFET D 133 JA R TO YKL LTI RBUELFH R
TW5 2, L LA RSN T CEMBEI LAY 32— AL R ER _mENRE{LL., BHE
NMNEALLTLEID T, HINF AIDOTT VA RFEBIRRFEIND L E N DD, ZORBEEZ TN 520
WIFET A AR RELL, PORMEE R T DXL ERH D, A7 0=/ M ClIERa B a—2 N L0 k&7
HBLCOFRIZEY Pt R COKIGEA O T HI LA REREEL TS,

A TIX, A B a— 2 COmMEREIT A RAEZRT57 077 AR EZ Tl 2O, 7
LEZ— )V OIERID LIS XS, 7 as T A OIENFNFHE IR & 06 RO FI D4 Zob Bl 24
BN D, 2T, (1) FEFEEE 2T 2707 T L8 B, (2) IENEFER Sy 2 HY 3D 728 O i
TS AN B D oD T s T AR EER LI,

(1) DIEWFNFHE RSy B2V T, STATE OFHE AR 23 EOE IR R 1B W CHE AR B
EAT ST 0% Kk, KF-CTRLIZOMN Fig. 1 Thd, A —X —N* D@ EHE AR AR O I BB OB 22
{LALERSOH Ay ) AL LB L | A —H— N2 THHDRNU RN E HNDZENTERWRT o /L E H LB
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T, I HINL PR A I A0 B A T o7 2 O BT, BEL AT —DEEE TXAT BT 5720
TR AMEE A2 TELIET L TITH7RE | ZETOWFH LI TIER IR b 72 > Tl e P E ST
WTOEEDEERTLTHD, FELEDF IOV T THIREEAZZ T2 TR R EZmD
&m% P CHT 2 CD, ZORER, ERRD PEH,0 7 A% xy BT 3 IR 1197 FLF-E7 1
DFFNZINT, /=R 8192 %f 4096 DAL 7 A7 —U L 7T 82% L) s R A FEHLL 1=,
(2) ODEEEI [l o S A BT, 2R ETO k SIS E SR G4 G SRS o~ FEE SN
Z LAV AWINZ BN D2 X0 T2, Fig. 2 1%, VAV AW AIEE T 0T a0 7a—F v —hTdhd, <
AS—T B AELFVIHERAN T 7 AR TU YD E AR ENEROL T VA ABH DO AN 774
NEGZ THELVTVIOFREEZRE TS, KL 7V AOT 0w AIMALIC MD GHEEITV, BT 0SS — 2%
YAG =T HYRIZED, ZOT = IMOL TV AY =T e Al U TEL L, NEB SR OERIZ AW
bND, ZOW@IFITIE MPI-2 O F @ 2R 322 LT, Fortran 7’127 A ECTOBRIY2FREBZE ML
ZrAO MD FHEOER O KA LRWVIBELEBL TD, 207 1r T 5% N TRL 7Y HIZH
— A G2 T ARRHEIC BT, 1 L7 512 /—RICKHLC 48 L7 YA 24576 /— R D4 95%EL £
NRa TR ZERI DGR STZ,
UL ED I @I EAT R R AR LT3, ALy RIEFIb A BAPEREL L TEIEW B ORI HHT
LIS TS, A, SBICHT BR BATTV, Sb7sBa#be B L AR5 T8 Thb,

| 'Tﬁﬁfﬂl""‘“ | b LIUAN [

| BT v LR | T LIUN4
A/
TUh
| HEXAEo(V) | < \v 222 ‘ ]
BIERZ: L7H
— w2 m |
Z(TERY - |
|  sasswon | TR 0 LR
8 EE; =
| T | X Jie L : PR
- BALHE |6 ; LEH
[ wemsmn | TR BT REHE
L
r KT eV EHON) 1 BhFEE
IR IS
i Qd’ngx#‘rﬂ#‘ ( P )
Fig. 1 Flow of electronic state Fig. 2 Schematic flow of newly developed multi-replica calculation for
calculation in STATE code and highly parallel calculation. A small amount of control data which
improved procedures indicated by includes atomic configuration of each replica is gathered onto a master
bold letters and thick boxes for highly process. The data are distributed to all replica processes and used for
efficient calculation with a large NEB or Blue Moon calculation.

number of calculation nodes.
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BERAE ORI LILRT I T NAEOE A
Analysis of the electrode interface and application of the extended

ensemble simulation

RAFAV, BBEER V., £8P HiL K WPIY, XM ?
Kazuto Akagi”, Masaaki Araidai”, and Osamu Sugino?

WPI Tohoku University?”, ISSP University of Tokyo?

B

B » K F R S T DA I LR RO A BRRR AU LA 9~ D18 K& RS & M &K e (T b —HE)
Z AT I IERE SRR TE LN EE R E L2 0, AWFERRE TIL, 262 FHRT Iab —ar bl
T HRAEEFH H RN X —F AL T 572D DM REITY, ZDTDITITFET, FHREORT D72 [
BLOFROIEH A — L EFLR OREE O BIRE O T DM ER DD, 2O HIIDOT=DIZ, 58— (I
FJ OV ) 73 F B SR E AT O BERAE ROMIT 21T > CThHTo, ZOMHTIZI W T, Sl oK H#E#E
B8 D A0 R FFEIS KOV D RE LA RS~ E DA RS ST D& | & FW o R R R
WCHWAREFR DO RES, izl — a8 8241757,

WAZ A% R B S8 9~ D7 D I B e B = ) L —% | WS R ANC G 22DV T
HNELToT2, RKWFGETIX, = /VFH )= H1ESS Wang-Landau HEICEESE N\ AHERZ = 2LX —3% FC%)
RRPZE AT LI EL AR SOV N TF A —F —IEICE D& POSKREEITIR S T s A LA 3277
BEDONREFANDHZLE LT, v NVTFA—F —IEITEARNIC BB OV 2L —va ERILGTETHY .,
B % — IR TTHNAR E T DIERIEI AR TRIRAZ LN WY BT B 5, 7 ARHREL T, KO
IR IR FIEZE L T MERB IO ROF =y 7 21T o7,

FEAT OFE R, KBGO E 2 KM EE T2 32— av BT, HERDF — R B G R AR
ARTREEF AN ZEOIREEITIMNERSHZ MDD ol ZHUE, T ER TR RESITHY, 20D
7o W2 STATE DA FHE DR DA B | KRR FHEDR T TVD, R R SICEL TS OFHE
BN (BB X —FRICBEL TE, RO 5 — B EH R T —F DR R — v & ZAHiie
FEDHNN) DT, B EG R R KIC ) HIR AR T ol —2ar 75 M THED LI EE LT, L
7o o THALKRFHEL LTI, I CRLALE — R B 418 ) Fat A R A RMANTET L, anfric ez
NGRS DT —~ LD, RS, FUEALESOSRICH R R~ VT A —F —iEDESBR 55RO |k
HATS TN, ZNHDFERE TN B — R B8 ) F it HA AN EL T, 8 BRI R IZE ST 50
NZNNHOFETH D,
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Fundamental study for development of high-performance Li-ion battery

KRB FEL, K A2
IEEBIR AT T/ AT LRFEEM, 20 E B 8BRSt BEHT5ERT
Minoru Otani!, Tsukuru Ohwaki?
INational Institute of Advanced Industrial Science and Technology (AIST)
2Nissan Motor Co., Ltd

B =

VF D LA Z R EM (LIB) R OEBRAL PN a2 — 2 ab BRRIICET T, Fx Lokt
RA=N—=arEa—ZRHITBNT, OWWIEIZESS KRB RICR L L8 — R B+ 8 ) 5t A
(FPMD) > — /L DBRFEEAT o7, AME TIE, ZNETORVMABRNEEZDRE, 5B EHIZHONT
Y,
Abstract

For the purpose of realization of large-scale first-principles molecular dynamics (FPMD)
simulations for electrochemical reactions in Li ion secondary batteries, a scheme of O(MN)
first-principles molecular dynamics calculation tool has been developed mainly on the K computer.

The achievements in our activities and our future research will be presented.

FEEHY  FITAIALE DT

LIB oEtEiE(bid, EXAEBHEZ T LETEIHE—Z) = a OB EBEAL 772 ST LD DED
— D Thb, €D LIB OEMERILA AR NS, ITEOBESILFRIZBIT DA 53 F L~V TOBLI
DR BEABE ST, FHEBEOEUMT BB~ LB 7258 IR S R T0d, 2D L5720k
WS, T RO 5y F- A — /)L T O SRR FEARIL, LIB OMEREn LR HMbaiB%e 45 L TORMER
W L7220, BRALFETRNF —T SAREHILETHE /SO SR RGICIR N 5 LR s D,

HiE-BH

LIB OYERE (B &R L OFEE A7Vt ANE) SBLR 713, BN OKEMAL (FICEMRB I OERE) 1

B Dbk % 122 — v ’io‘b\ff?fﬁ“é ZOHT, ER-BHFEAEICBITDT 5TV TORMIER
fﬁ%! (FA A ARE MBS B O EVEIC R EREEL RITT 70, b BEBRFIEA GO —DL725,

X, BN EIC - TR M- B Eﬁﬁ WA R T DA 1 (SEL; Solid Electrolyte Interphase) (3

@Bﬁiﬁ&aﬁfﬁ PP LIC K& B A 5.2 %, it T, SEI OEtEGeb% Him A C, AHEBMRIRICATEDOTR
M ZIMA L ZETIOEmN A7V EVEE ) 2R SEL Z4RE T A DM THiILTVD,

L2~L, SEI ARG (Bl i T 58 501 O RSHERE) (2B 32 MR RISIE R 1T 72K, 207z
DEERE SEI OREFHEED (LI TRV ONRBLIR ThDH, ZZ TAIIETIE, FH—JfEI Il —g

ANIHESE, E-ERE ISR OBRER A AT — VTR T 522 RS LT, $72, LIB &# T
(357 F BEOREVEIS T REARO T, MIRENZFHEET VN KRB 5 28020, O(NKHEE FPMD
Y — L OB% - B 21T T,

WHREFik
FO KRB — R R 2 TV LERICETL, AETHERIE TR TOII=2b—2a Z 3 RINITAT
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272, (1) EBEXULFE R Iab—2ar DD OB RFMFHEA (2) WHMERh R m b L0 & #GHAL
(8) OUNIEIZ IS FPMD FHROZERIFEITOREIL (4) RERFHHIZIS T 28 IRIEIRT O 2h =1 )7
LEORRFE DA% &I, FH—HEFHE 7 177 A OpenMX[1] DS B EYEEA1T T,

BB

« BRALZERTI=2L—1ar Db DOEREBEA . Krylov i/ 22 MikIc iS5 OWNGFHEIL, thoFiEs
LT, &JF, 8K, #fIEOWT o2 TH SCF #HHE ORI B W LN THY, k708 14
1SR OB R S5 LIB %0, BALHIEIERE o> TN R v TN LT D562 %5875
B RIS N ERIE T D, 2T TH AL IE, O — B E AT — A2 20l ik R (Effective
Screening Medium; ESM) {£[2] 238 AL, BERALSR O KR — F B R4 rlRetE L L7 (3],

- WEHbEhERR LRI OREERFE4]: WO DIZRE I TAZZEIL T T BB ACEIVIEDES, 7
FAL L DOBEHEIR A RED T WA 7 0w 2D/ 7 7 IR FFSE 5000IZ, on-the-fly THWIEZAITLT
BMERST 539027, Uk, WHIEIZRFHAETH A XD scalability ZEBIL, strong scaling T
75% L EDWFULENHFEST-, £z, Krylov #5322 MIEICE S<GHR CTROLAM O @V THIXHAL 7 vt
AZEBWT, /L—7"® unrolling {t<° SSE (Streaming SIMD Extensions) (2L X7 MUAbEEE LT, £
MUZEY, FE T oA TGO BB LA RTZL, Va2l —Tar TR AT — L OYRERA R BT,

+ O(NIEICESS FPMD FHEOZEHFETOER: OWNEL B EHET M A LIS A, [FH—0
FHRRIEO T CHMICIIT DI B AR D G RRE EE AN B2 DR PN 20 (— MK AVIZIIAN U R vy 7 0 &N
RIFEREE MR, T OFEREE O LR O TRAFEORY 7 MENPRKE > TEVEIRERY, fER
HIZET VRN TIRESAOROBECLIENR 3ol Z2TH AL, (1) BFHITIRSI A B A F L7z
Velocity Scaling i£(ZHSIBER|EREEE (2) Langevin 2URTEIZ SRS ERERE 28 AL, Z1b
12&D, OWNIEIZEE-SSRBUR MD FHE A FER AR R I T 256 Th, JVEEL MD §HHE A R REH A
)V CHEBT LI LML,

- KEBRF BRI 2B TREMT ORI GEDORSE: FPMD FHHE TG HERSNIZGE, 20
B2 G T D 7LD —2L LT, sy & F O 25 Tk 31T 58 IR DfENT S B L 70D, L
DAUEBRICIE, — AN EH R BB E KT HIHE > TR B RIS O SR fR T 1 X IR 8 70 D, 22 T~ 1T,
O(NIED AN —AZHESUW T, Natural Atomic Orbital[5]% 2NOAEEOFEIKIZ BV TRIE T2 T15%2 B
L, REWH AT 7 /ZEBIT 2Rk O E IR B A =il U TRt 752 &2 arree L7z (6],

EE-SHROFE

O(N)EE ESM EIZ S RBIBL BBAR- TR E R 2D FPMD #HH %A, ZEMDDBFEICFITT D7
DOV —NVEEE(E LTz, S%ILTRINCENT, ZINETIER#ECH 7= KB A XDET LB IR R A
= TOFEEEITL, BM-AHREMRE R COBER HEEAWIEE S ORRLIR TT S HSAE & i
32, ARSI Li 3, AR D B2 5/ A5 DT DWW TARIIZ Y 2L —a &7,

FERFRIC(F) - R

[1] http://www.openmx-square.org/ [2]* Phys. Rev. B 73, 115407 (2006). [3] T. Ohwaki, M. Otani, T.
Ikeshoji, and T. Ozaki, J. Chem. Phys., 136, 134101 (2012). [4] dtpicim K RIFRMEHRZ B IO
Truong Vinh Truong Duyfd = (55 i< [ AR SesG 7 A AR @) L3k RC 366, [5] J. Chem.
Phys., 83, 735 (1985). [6]* T. Ohwaki, and T. Ozaki, to be submitted.
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Molecular dynamics study of methane hydrate dissociation

Roldr HEE, A& IEFN, AP FHis
fi] LI R
Takuma Yagasaki, Masakazu Matsumoto, Hideki Tanaka

Okayama University

BEEE (200 FHEEE) / Abstract(about 100 words)

FTENS L2l — v a ARV AR U NA R — D G R RE DT 24T 5T, NARL—Reknb72 s
FREZNDITINA AL T ADHZE & Lo ZFH RO Z I LT2 L2 A AZ L DRI DIFAED AR —RD
IIRICRESFTFGLTODZEDRIALNI o Te, ZORERE TN, T [FA AT Y VIR AT —/WICBIHAS
UNARL — RO AR T2 5 FRAS A TR A2 3D, ZOMME ClIRIaD R e FlA Rl

We investigate the dissociation process of methane hydrate by using molecular dynamics
simulations. We compare the dissociation temperature of methane hydrate for the two-phase
system consisting of hydrate and liquid water with that for the three-phase system which also
includes the gas phase of methane. It is found that the hydrate dissociation is greatly facilitated
by the gas phase. Based on this result, we propose an inhomogeneous dissociation mechanism for

methane hydrate on a mesoscopic scale in which the formation of bubbles plays a important role.

AR NARL —NIK T CEIEF OIS AN TINS5 T2 S WE THY | ARIR, BE 72 &4k
T CREAFAET D, LETLH ANARL — b ORI 3 FIEH L, AX L NARL —NIZ DL TR OREEIC
SIS, FEHER 100 % D86 1RO ANARL—RTIEK 46 70 112X L 8 3 FH DT ANy F- 3 E Evd, 2
AUT BIRDIKD R DAL DER BELIZHAPNIIRE/2WNNEE D' TH D,

AZUNARL =ML, AATOMIEICIEF I Z FFIEL TOVD, HIEDNARL — NIRRT AEPEL T
REZIARENS T2 TODD WERRIZEEMIC 2RSSO A BEIMHEIL B R S T ey, BUFE, 5
FRATARFS S CWD DT E LR Z D 7 HE T . 2T, BIEIZIVIBE TAZ AR L — Rl s
W AZ T EWE L CRINT 5 51EThHD, £I2 N 72b D721 T, BRRICBITHAZ L AR —RD5y
gt I CdD, A ANLMALIRFE LV RERIREREFrO0 | i ROHERO R LB LUFIR DA
NARL =D RO E B BRR S HZEDVRIRINTND (1],

AZ AR =ML, BP0 Ob FEER R RO BERWE ThD, LALLM, 205 T
FIEEA N T3 IS EITWVA BT E WV BV, van der Waals-Platteeuw a4 SEfE D3R F1EI0LD,
A SROHEIE R EIZ BT ONARL— RO BT 2R ENIE DWW TOBRITIR E-> TS [2, 3], —77. 77
oAt bR E OIFEERBFRIZ I T DEIIZRIRD NI HOW T O 2 DEFRITWEE A+ Th D, AF7ET
1L, AR NARL — DGR FE D 5y B )1 (MD) Y 22— a w179, A Ea—X O %A,
BEAF DB S 2l — gy CIBIEECER A Zat 72 FEIR 2 38 LS B TSR — U Z BT B AR LN
ARV — O RS DIRNT 24T, iz, O N DREEN RIS H~OIREZ BT,

—fIZ MD FREICEBITTDWE ORI FEBROZNEITIRERRD, Fo, WIGET A ZLICRIEREL
B2 oTND, DI | ETHIDICNANAIRET L CRILEZ RO DFHREZITV EERICTFE R A7~ 77 1
YT T NERINT DL ERSH D, AFFECTILA RO H T EE LT, BRFEAR & E /L PR o S 7RIk ie 2 )4
FMEEL, TOM R OBENZBLIE T 20D 7 1EE FV 2, ZOJ7EIERS AR OB RIZIX IO TR0
23, HifliZe MD 3572 TAS ISRl Z AL A ZENTEHLWVIOFIE A DD, ARFSETIE, BUIRT A4S
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SHIRAVIIAEE L LT, SRITK 736 S0 F-EAX 128 43
572D, NARL —RDERIFIE 2x2x2 DHNLFE 1D 5H720)
FRAERNEIRITIDE 4x2x2 OFEERE72D, WIHIIRE T,
MNARL— NI EAZ AN D ZFEFAO R 3 MFAET D,

Al EF RIS L AR DRV 100 MPa (2B W THT o7,
TIP4P/Ice, TIP4P/2005, TIP4P, SPC/E, TIP3P @ siid%
NI 312 K, 280 K, 265 K, 255 K, < 220 K Th-o7,
FERORFAIL305 K ThDH, ZHEHIET 5HE, b RUVET /WIETIPAP Ice 2725, LOLZRDND, ZOET /UIE
gt Ih OFEOBBEOL%Z BREL TRY, SEBERECSCEIE 010 B &2 DM OMHEIZ >N TITH I R
WHERE RS2V, T TAIZETIE, I ERST VAL EZRD . o2 OMoWEL L<HEHR TS
TIP4P/2005 €T NAEKDET NVELTERATIHIZ LU, AZ L DET MEIFELRFTLIZ03, ZAUTisRic
REIRBE 52700572, 22T, —IZIEKHNGI TS OPLS £7 VAR T 528127,

BN HLE DR 720D D1, RRERWUEEIUTIT MEJE 12 381T 250 i e Tédh o, TIP4P/2005
TV FHWTREIE0.1 MPa D EE I T-7-E 25, 260 K LD IR THAAR L —MNIOfiELT-, A RL—NMIIE
ZOORMEDHLN . fET 55X E IR E DR NS IR RL  AKEDFEITFEF ITHE N E
MBI Ig o T, NARL—REKO R DL TEVEZ M DO DT | RIOREED D KA /3 2 TR ERE K
ARV =T ELT R D R E TS 1o, ZOSRMETIE, NARL—NIKEKE T T 300 K £ETLEIT/FEL,
ZORERIT A2 DK DIFAEDBNARL — O G FRICRESTF G L TNAIEERL TS,

ZORDEENDJRINEL TEZOLNDEEITLL F 0@ THD, KEE T, iR TR ZERZORREX
IKREAB T AN K BELTIRBE TH D, IRIZE BT DB NARL —MREE, Feb R EIRD DRI ALY 3R
fRLTZIRBE T D, KA ANARL —MIIEW, BLIFEEL TODIREEZRBIX, NARL — MBI ZE R 157
BELTORIBICAR B BDHZENTED, L LD, KITHARL— M3 ENIRE TOMMEOL A1, 47
W CAZ U IKICEIRUTZIRRE R BUS 72 T AUE 726700, SRIXZ DR EIRIRREEBED . T DT D4
TIXRRDHEIAZLND THD,

DL RV ) NS m D RAE R Th D, TNEBEX T, I RERRICBWTBIZEINS TH A5y
RSB A B 22T D, NARL— DRV DAKIZFHENTIRILAE B 2 Do BRI T, ANARL—NIAKED R )
DR 205, ZOWMBRITEITZRWIEAD HOFRREE SR T & IK-NAR L — MR ET O AZ PR DN &
Y AZ L DKFADENERRT Do 2O, KIADAFAENRE D JEFHD AR — D53 iR BT | D% O
FRDNIHENTHELTT D, 37205 KWEDE VT ES G T 220N — it Th o, b LZ OB E
LWO75IE, BE 8% W TRIEAREFH R THILT, ZNETIVIEN AR —MEIATZ D
IO Db LI,

KJAIE~I7alp A — VT RICAEKR T DI R A ATEAD, T70bh, EERO A — )V ClL o fRiEE —
Thd, Fo, ZNETO MD FHETHHRITE I THHEE DI TND, ZHUTRDOYAXHB/ IS, F /A
r— B ISR EEROBHI LN TETNRNZO THA), Fex 1345, HarBa—2EHNT,
ZHETO MD R TIIRA 2D ST ERIRRDOSFRFED T I —2a %79 TIE ThD, HLAEEL T
WHETLBIELITIUZ, AR — DS RIT~ 72 ZbI7mIlb B — 720 KIEDORESITIEVAY ATty
DI — )V CRAIUI AL —THHEVIFERDIBELNDHTEAD,

B: AARL =k A5 T ASAE R

[1] E. D. Sloan Jr, Nature 426, 353 (2003).
[2] H. Tanaka and K. Kiyohara, J. Chem. Phys. 98, 8110 (1993).
[3] M. Matsumoto and H. Tanaka, J. Phys. Chem. B 115, 8257 (2011).
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- CRHEBAERGERICBIIAEEROEHBRQ)
Study of Fundamental Processes of Photo-Energy Conversion on Organic / Dye-Sensitized
Solar Cells (2)

BRI IEA Y, AEILEN S, IR
"HRERERZRER A IR, MR RZE R TERAMER, *WH oo
Ryota JONO'?, Yoshitaka TATEYAMA?, Koichi YAMASHITA?

"The University of Tokyo, *National Institute for Materials Science

HE 2 /Abstract

BB 15%8% B IELIA - AR KGEM ORI, Ko AR S REFAIR O 3L % —&
EEROTZOIIAR AR THD. A 1E, 2O BIEZER T D720 TR E 7R SR AR O PR 6 LU
FHESOREP B THLEVIREMOb L, AFE I IEMUE T OMALIE TS OIRAZ1T 72572

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 the redox reaction in the electrolyte.

[H2H - FRHINLE ST ]

BHER KB EMIL, S Vas m KB E S e~ E5E TN S CHRELATRES ThorZ bk it ftos
V=2 TR —JREL THIRFS N TS, (AR B EAR G E(DSSC) X 2011 FTE LR 12%% =KL,
KB FER—R -~y 7 (PV2030+) T iLH 12017 FFETIZHEBREL ~UL T 15%8 DO ZE BN FEIERR | ~TAT
TWFFERED IV TWND. LinL, DSSC k9%, tFOLHitE, MbTF 2 MR, BRI TomlbiE T
PO, 5 O AR IR A2 5 RITDH DL DD+ 3 e BARIZITE->TRE T, DSSC EARDFKIEILD7Z0H
DIFFHIZRODRHAIRTHD. LTcii> THx 1%, BB 7RI E 2 D AAMS R A BT 52 L0 b HFEL, Z
O EFERFE DM AAE KB ER O RIZE DI B KIET ONERLINTTHIET, @K
BMRET OO ORECIR#H 2R R T O L2 BIRE 5. AREEITEMRR OB XL FAITIE L.
[REREEE]

B T ORRALE TR AR IS E AR 2RI, IURG MBESHWLATE. DSSC &4
DIHN R 2RO HER D 1 D THLMEIE Voc 1%, BRbIZEITR OB LB T 2 ARBIK T =)L
F—ETRBELDLILNTELRY, JVEW Voo 2R T HALE TR OB FENEEN TS, A ITETIILD
[V NERIZE B U, LB B 7 R ER 7 RS Ko TR LR e AL 0 BRI 2 B 2 LIk Eh LT,
7o, BN AR T DB R RO RN T B A4 AR T >y b (vertical IP)%, BN 1 DS 2568 Fn— %
JL¥ — (A = vertical IP - adiabatic IP)% - 7E ST CWDHEN D72, ZOWFIEICED, 2V MERO LS T
BALZ AIEICHIE T 22 LR FTREICRDEE R BILD. RIZA IV MEROIVIETTHEN L, EBRTHIES L
Voc IPHIEELT 5 2 DIREAR T D T3 /L¥ —%-0.2 V vs NHE L LAY, 5732 72 DSSC OE 15
WaB LT, 1ERINDD Iy /1 NEFAREZ I LD B 2T LR i KB E (max Vo) 23 0.55 V B2 EETH
DO, RRD Voc 25 0.7 V L EZRTZENLIERISHL, L/21 HSVEFEMR RO 512V THELE
FBEEIS THLHI LN DI T, ABFTEE I LT BLRRALE o6 DR EHERE A~ DRI TE5.
[E2FRX]

(1] BB A1 FR—, B R~ S i e T 72 AR - 73 251 e~

53 3HET 3 H ARMBAIKEEM, fHHEE(2012 ) ISBN 978-4-905545-38-5

[2] Jono, R.; Sumita, M.; Tateyama, Y.; Yamashita, K. J. Phys. Chem.Lett. accepted
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Theoretical Study of Gas Storage Materials
based on Clathrate Hydrate

KBS, ALK 2 € B BTS2 AT

Hiroshi Mizuseki, Institute for Materials Research, Tohoku University

BEZE /Abstract

B IR RNOEONTNTA—F —E W EH R FIEZ AW T, R rT iRt S 2 EBL T D720 I3
MBI DRI DTHOI TN D, e x DT NV—T"TlL, 7 ANy T DV Z K5y T D EEIRE 2 AE D45 FE AT AN
AR —MEED p-T HEREER T DR FIELZML LT, 9O EEROANTA—=2 —2F i T 572012,
van der Walls 73 /)R EAFHE T 272D IC R 2 M CHROMR MK DFT 2 2E TR G EIEE T 17 T LA
YITVASRUTZ, Fe BRBREINTA—F —H BT 5T LRI TAL — AR L — OB ) AR E KD D
ARG RE U, ZhoDFEZHOT, $TICHRESN TR ERT —Z DB TR 77AL— AR
L — DB F RN L2 TEIRARFN O E « = D I DWPE TN AT RE T D, Fiz, 7T AL —INARL—
TENATFAE CELEAPH DO AT ARTIERE . B LT AR E T2 ENTED,

The methods used parameters directly evaluated from first-principles calculations can be applied to
design and experimental realization of materials for a sustainable future. An original approach has
been realized that allows us to construct a p-T phase diagrams of various gas hydrates,
three-dimensional hydrogen-bonded water structures in which water molecules arrange themselves
in a cage-like structure around guest molecules, with complex gas compositions. In order to
evaluate the parameters of weak interactions, a time-dependent density-functional formalism and
local density technique entirely in real space have been implemented for calculations of vdW
dispersion coefficients for atoms within the all-electron mixed-basis approach. The combination of
both methods enables one to calculate thermodynamic properties of clathrate hydrates without
resorting to any empirical parameter fittings. Using the proposed method it is possible not only
confirm the existing experimental data but also predict the unknown region of thermodynamic
stability of clathrate hydrates, and also propose the gas storage ability as well as the gas

composition for which high-stability region of clathrate hydrates can be achieved.

[tEEB - FIRNAEBESTINBZE B

IT AL —INARL—h&IE KT THESILD 3 IRTTRAMEIE I, 7 ANy FERVIAT ZEDTED S A
—TRAMAEL T D, RIKITA (A2 ) AR L —MGHs)IZHIER FIZZAFEL, R OWEIZ 1016 kg 2 25
BNFELTCODEHEESNTWDIEND, ZORRTANARL —MNIFERTFAX —ZFHEE 25T
Do Elo, KFEANARL — b KRBT L CRIH 3 28LED DY | BFET ARG 25 oA R L — N i
W LICZEIAFAE CEDE ) IREEIROE RITEE THD,

[#F 22 F 5]

B 1T T A — R A M A G DR T E RIS E S RERR T IEA R R L, 7= A
Lo X DANARL =D FERT —Z LD NG, FHRTIED A EE R LT, ZOFEEZHWTKHE
F+E2T ANy PRI LToAARL — FOEMZERL  KBAARL— DI AE ) Z BRI T IF 528
D CTEDIRIMAN (VT I R) BRI LT, B — JRBRGH R A F T2 7 A =R ANE O AE AAEH O TE M 72 3FAT I
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FANT, BT T OB A E L& ENDT Ay & IEHEC RIS D, JRFIPH O 7| {5 GRS T A
ARV =DM (B IR EARAAE) 2K 5, BEAED A | RAME T O, 7 ANO BT IR E A
ZRLUIZFE T IEEZ VT, F AN F R EEE A SToAR L — oS, 8 1% B E % T35
Do T AT ALK DV S T TAAR L =N RO BT F R AR IE T Do NARL— R DAy B I
HPH O] {5 S T AL D,

[ BB 72 pR B ]
TR TINUEFERT /L EFARNZEE DWW Cikim L CE Tz, 2L ORE BT 7 ARERARNE OFE BAER 2
KEH)ITHY, KFZEANARL—bOFRKFHE TITIEEMEIC REL D REHE THAHZIEERL TS,
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Kt CS-II DAL EART v v L D E I AFE,

F K ERFANAR L — N s CS-II DAL B R &7~ p-T M, ~NARL —MEBZIE T 2 E 2
5% D7 1 AZKVEY T 5, EiRT —41% J. Chem. Eng. Data 53, 2182 (2008)

REHREFIEZHOT, TTICHESN TWEERT — XD H TR ITAL — AR — OB %7
TEIRARAN DR - [E N FEIROYIE TR EIT>TND, Fi2, 7TAL—IARL — MR EIAEE TEHFFH O
TTARTIERE . 38 L O AL D T ZHED TD, REHEFIEIL, 5V T ANRAMAAERZ R DI F &
FAELRR D BB LA WA FTRETHY | BT ARTIEAM B OFRFHIE L DB DO TH D,

[B&- - S%ROFHE]
L% TOMBO DOBHRZED | Z & @ MEREI S| ¥ a— 2 TEITTH LIk O~ raf /(R —k
REF A, B DIRAFROEIRE ZORGOFBA A 7 15% L7

[E4&FwX]
[1] Belosludov V R, Subbotin O S, Krupskii D S, Belosludov R V, Kawazoe Y and Kudoh J 2007
Mater. Trans. 48 704

[2] Belosludov R V, Subbotin O S, Mizuseki H, Kawazoe Y and Belosludov V R 2009 J. Chem Phys.
131 244510

[3] Belosludov R V, Zhdanov R K, Subbotin O S, Mizuseki H, Soussi M, Kawazoe Y and Belosludov
V R 2012 Mol. Simul. 38 773
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First-principles calculation for Cso molecule under external electric field

BoR®, EHE
WK Z W BTS2 BT
Yoshifumi Noguchi and Osamu Sugino,

Institute for Solid State Physics, the University of Tokyo

77—V HERITOBEFRMNOESOET 2 A LIZEROEE LD NSWNREDBHND A
KIGEMDEFZHK (T 78752 —) L TOWEITENTWD, EERIZ, 77— L U BIREE A (R
F=) LT n R (ERITRY ~—) S ST E W o GRS E O JE 23 /01T

IThitTna,

ARAFFETIT, ARERE TR 6%’52/\5’37215%%%0)EF‘T%WMEZKE’J&@%%%“C%%;‘EEJJEL& ZHEHAL.
SNEREESS TICH1T 2500 F Db R AB A SRE EE 3 — R KV EH R 75, Jeibi il Re (Rel eIl i) 4 &t
B H720I2id, Bk TR EEZ ELGHEIZIAL ZERLETH L[], £ TR TIXE —F—/12
K127V —> B4k (Bethe—Salpheter FF2:0) 2 GW iIT O TR, WD GW+Bethe-Salpeter 1£%
%o MLICIMNE 7T —1L D 6 BB (Hexagon), b BE(Pentagon)+ LT 6 BEICIHEAENT C-CiEEBond)d 3
FHIZ 0.5V/ADESZENTEEOMEFOEFEEOEIERT, 2D 3 DOIREE ’xﬂ,T
GW-+Bethe-Salpeter EIZIV LA T MLVAGHRL | SN ES D kL A7 MU AT T EBL#Hwm T 5
TIETHD,

F7-7 0T LB OE T, GW+Bethe—Salpeter EiEE OF R EHEFETHLIEE I EEZDET)
BICHADEW R A B2 LB T 272012 T ARFETIOHRD £H72~100 JF-F-F2 D/ NRBR O
BEITOBRICb A— i —a e ;~§7®f@¢zfc/ RZf LR Eeo3 mEIcEsibsniz7 s L)
MBI D, 2D+ CPU a7 OWAIGREZEE L7 0l T ARFNLIILH | £2E FIRE KL
7'u 7 Z A(TOMBONZIFFIhR GW+Bethe—Salpeter {EDBIR &1T o7-, AFEE Ti Fujitsu FX10 D 96 /—FK
(1,536CPU =177:384MPI X 40penMP A7V RIEH) 2 LT GW DR F < —27 T ZRDifERbRL-DD
7077 LD RE T DT E THD,

X1, #MERES T (0.5V/IA) IZBITHINL 7 T —L o O & - E 221,

Hexagon

[1] Y. Noguchi, O. Sugino, M. Nagaoka, S. Ishii, and K. Ohno, J. Chem. Phys., 137, 024306 (2012).
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Multi-Scale Computations to Understand and Design the Complex Structures and
Properties of Real Engineering Materials toward Innovative Development

BHZHE, AOEM. I LA FREES®D . BRRE dtkEimK
H. Sawada, S. Taniguchi, K. Kawakami Nippon Steel & Sumitomo Metal Corporation

T. Ozaki JAIST

B

R ELD v i8R LAV IE AW RIS R L THERRE THD, ZOBEDT2DIZ, 58 SR K -0 3Kl
BAFHREMEE AL T3 2282 B e L T D, 4l @ 5R I A 27224 Iz O\ T St
TARNF =L BTN —2 TN ENE —[FHEI R L T8 ) 2AEIC Lo TR A D S 2V G DS
SEAICER TN ORESE BRIEL-T., A%, BE B R EER O HWIRIFIE 2R~ Dt #5(L
IR G 2 ET TV TETHD,

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. Transition size from coherent to
semi—coherent interface was estimated for the precipitate which is valid for strengthening of steel. The
estimation was carried out by the calculation of Interface and strain energies for the precipitate. In future

precipitate dependence on the transition size will be examined, and target will be spread to dislocation and so on.

[ty FAREIALE ST ]

BREAPTEIO I RIE, BEVEL, M, BV M. R - PEZEAR . AL RIR T A - TR S 7 AT T A |
WET TN E LTI B A T7T%TET 2HDEL THEDLNTWDE DB EL, L aMEE HE M
IIERICEERREE THD, BRMCEEMEA MR T8, TR SOITITEIE-CVEEER e | Sk I
ARHFFEZ ] ESE TV ISy, £7o, BB EA@REITARINDIOIC, @miRE TR & bicE
THEMTHY, ABEOBRE R . CO2 PEHEICE 1980 FRLIBE NI > CTETM, A% BICHETHD
ZEFVHETHR,

SREE DMK N AJRIRIE, SO THEA LUV OB BT, EICERLZETHD, FLT,
FAEORFGET, JR L~V OV E T 2012, #5720 7 2208 i3 A ChHZ L FLHS T s,
VRN ZND DR T L~V DI F AL D R L CLE) LR b A2 b L | Sk &L CORMEZA L
A BB CRBIT DM ER F 27207 2812705, ZbiTFk 4 23 B BT QOB SRR AL D22 D2
EMEICEENICERLBIG THY, =T —EHITH OSSR IZ BV CH EEHRIN CQOHIRET
HD,

B B8Y]

EREBEOMERIIFEBR O HDLOT T a—F TIERAETHY, HHEM BRI ZOF 5 RLETHD, £ L
T FHEMERI OB, S COJRT-OIRY | BRA I OB EZE 1-im DL ORFIL TV e
ThHDH, BRIIZIE, BALEOREEE SN STV AR T V2 b0, 5L ORI A U A TENE K i
TRVX — LGB ITR A E O EAEH ., BIZIE, AL ET O EAEHZRE 2R3 528
Thb, BN OBE DO IHIRCRL AN B B 2@ & 23 2T IOV TIL, B EOF BAEH LIRIREIZ, 2
DR BUR OIRFEZ AL R HHZLTEIETHR,

[(BFFEFIE]
FERREOMRIIT, R E ORS Bb T A2 RBEA A L R FRMHEERRT v %
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R, ZHUCHEASNT, ITREES T, BT INAREREICE ST A RIEE~OJLEEZFTIZENEE TH
%o BT, FEERLD R IR ERRIEC DR 57 = — X7 4 — LV REIZ K> TR T B E D HDH, Lol Zi
BOKEFH ) F DR R — R RIS FHE O S = L F—72 E DI RN R0, Fio, REE
VOB TR, B JRBE BRI DWW aEAL, B R =X —7e EOIE @A U TH D,

INDOFREM 2l — T a Lo TEBRUBRMNZRE SET MEBARICTED L QL BT, 3HREE
RO ETRy7ERDDIT, F—REGRICEOS 222N E T CTh D, 1EROH —RELEHR T, #ilz 5
AR LIZEL Th IR B bH0 . AL TIZ—o DA EL T, A —F —N EZAVD, A —F —N ELL
TIX OpenMX ZfEALTEY, LR KRBTSO IZE>THT O H TOF 2—= 7 OFE R $FE T8
H— I EBOF BN T, a7 Y720 D R EFHEREH O I RO EBBMRAGEONL72E | EmWiisifl
BHRDPHER TETCND, Z2IC, BUE, 8&/HT W St A %F 422, Ji1-2% 5000 JEFEE DOFE A AT H Th D,
[EARBY7ZR AR ]
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EIEEZOND, T T MNTHP LSO R H =R X — 25— B R OA—4% —N ik, ArHPE O E =
RVX —Z A 5 7B RIS Lo TR FEA T W & S AT W 0 L - B = L — O Y
ARRAEEER I LT, ) 2 1, AT E O O RSx4 2 R =L ¥ —EE R F —DFE R L
T2H WRE DL DO ES 20 A5 T, AN HO LI B AN HEB T HZEN N5,

O R AT D EE2 K 7 CTh T Hi% NbC L4 bee-Fe O R =R /X —DFHFICKIILT,
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A large scale computation of dendrite structures for highly accurate control of
solidification microstructure in alloys

KEF =Z— D @A M5L2, H Y
D JeMEE R, PRI LSRR, YRR
Munekazu Ohno?, Tomohiro Takaki?, Yasushi Shibuta®
DHokkaido University, ?Kyoto Institute of Technology, ®The University of Tokyo
=
BeM B O SRR - = E AL Z ATREIC T D RERHLARFI A2 RIRSE D2 HRVEL , A& ICR T D
T VR TANMEMRR O OB TR @RS « KBRS 2L — a2l TN 975, ARWFFEERETIE, D5 1
B ) AEIC L DREE B O SR E R DT R IA D SR E R A AT REIC T 27 == AT — LR -
FVT LT i) 72— AT 4 — R 32— ar O KRB LD T VR A MERRLIROfENT . D =5
DIEZZITL AR DERNZ R A D,
Abstract
A highly accurate and large scale computation of formation process of dendrite structures is attempted with a
view to develop a controlling method of solidification microstructure for production and design of alloys with high
functionality and/or high quality. To this end, the present study tackles three important issues; i) Estimation of
high temperature physical quantities related to the solidification microstructure based on molecular dynamics
simulations, ii) phase—field modeling for highly accurate computation of dendrites and iii) a large scale phase—field

simulations for dendrite structure.

[B&Y]

BEMEOE 2D EHRE L - B W E LR ER T D010, AE0RE T e AD P BERE THHEEE BRI
WTC, EOMEHRRRZ FRE ISR T2 28RO BN TS, L LS, BEEIRR IS A Iy 2%
BB T D2 ENHL WL SHITITRE AR IR BT E DO~ VT T4V VAN E T DB ThHT
EDD, BLE P CREE Ak E RADOERICHIE T HZ LI RERETH D, 2OV -7 Fnh, BEE THICE
W 2L — v al A RICFEE S NAIFHIMmD TREW, 72720, BEEMRE S 2L — N BicbiR 172
FETHDHT 2= AT 4= VR TT U NBUR TR A DY AT L P A RE, HRAR D ENET VR T A MK
DLV REEND, — 5 CREERARR SO FIRIE, 7V R I AN e/ NORERRE R L LT LSO R O
HAEAEZOERZOFRFHEIH D, AFIEFRETIL, 72— AT 4 — AR ET LD T VR TA MEEIE
RO KBS 2L —2a B FATTHIET, Bl LRI BITMBOMRETHLT VR IAMER O B4
F2 CREIME . kR, mAT26Eh) OfEIA 232, &4 OREEMRIC RT3 2@k E R EEOR EE Hig T,
[BFFEFIE - HE % ]

ARAFFERRRECTIE, TV R IAMIRR O EAEEE « KRB 2L —3 a2 FAT 9572012, D81 115475EMD)
XD T L~V DOEEE B OFENT & BRI T =L —E DO RIRPMEEOR I, 2)7 2 — X7 4— /LR
FLDEREE, 37 2— AT f— VR332l —ar O R L, O =>OMBEICRVATe, FRHE NS
FBEEETHD, TT DORRE 2)OET VA ZITEAL, DI2)DET /MZEEDNT 3)D KL ZTT,
T U RTA MAREIE A LR A BE, 2 100nm LA T OZE My fRAEAR B350, BEERLAL I Cxl g3 5%2
WA — /W mm 27—V TdbD, LIch > T, ARSI D3RI 10 A4 —4 — D22 Ay & 2 5% 2
FEL, ZHUFIA R OIFANUAEDF R Th D, Fo, KR —R OISO RRFH0HE 2 3 [# 0
HeaBEICHED TN D,
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Materials Design of High-Performance Ferroelectric Capacitors
Using Fast Molecular-Dynamics Simulations

AR (RAEXEEEMHETRAT) , Scott P. Beckman (7 4 A 7 MILKE) ,
HFOEEL (JFAVETIVIREVE )
Takeshi Nishimatsu (IMR, Tohoku University), Scott P. Beckman (Iowa State University),
Hiroki Moriwake (JFCC)

BE - ODNDNOBHREL TOLHE —JFEA N IV b =T NSO FER O 20 Ol
IS FE)FER T 0 7T A feram (2 KV, MFFERER Y v > F OWMEE T8 )
FrIal—rvaiZXVTHL, TOISHT A ATH D MEEMERFEARA T
(FERAM) 72 X OmEterelbz B

Abstract: feram is a fast molecular-dynamics (MD) simulator for bulk and thin-film ferroelectrics
based on first-principles effective Hamiltonian. Using this fast MD simulation code, we endeavor to

design materials for high-performance ferroelectric capacitors.

AR, BRERGE L 2R/ EE B OBLEND, MEFEBRNEAANIRY>oHD. —T7, avE
22— —OEE LA BITOIEL. ZOIOIRERE T, )G ELEESN DR EZL -7
T A ALY BN BRIR OB D SN O E A MR I DD Ta B a— 2 —(2dY)
XAl (Materials Design) TE2JOIZT 52O EEMD G RKL TE TV %, 20D Materials Design
RO BEELL T, BB Iy /a7 % (MLCC) ORI MR B IR AT
(FeRAM) D EMEREILIZE T 5728, DAL iUIH —JFELH IV =T N HD W85
KO- DB EEy T ) F5H R 7 07 T A feram ORARZHED, Fi2, 7V—Y T =T L
TILL— R OFNFIZHL TE7= (http:/loto.sourceforge.net/feram/).
ZOEFHEERANHHAC LT TEV ) PR R 7 07T A feram OFHEIE, B (BB 23
PRI U TR N2 BE L 72 H 2 L P IR U Colh SR I v/ N o & 2 J8) B B 5 %
DT TRRDHZE, 0T ANA MR EERD L=y ML 1 DIZDE T DD BRI A% E
FTHEVOHMULEIT S TODA, mi 7 —Y=Z88i (FFT) % VW CREERET) TH 2D PR 1—
Pk FE BAE A 2 W 22 M OB EIRICETRL T2 e 8 ThD. ka2 ik
OpenMP |Z L5570 & i e D RAS ) FIEL I KD Ed b A 50 TUWVA. Linux 77 A4
RA—=/R—arta—% L CTEEICEIET 2.
feram (2L A ETEONZ ERMFTERIZITROL DO H D :
® T/ NUT L BaTiOs DR v/ S NG SN2 BB II S EN TWD G E o=
A% VR O AR O EERRO R 52RO R B Z B LT [Jaita Paul,
Takeshi Nishimatsu, et al.: Phys. Rev. Lett. 99, 077601 (2007)].

® SR E AN v/ N Z DD IR L D53 W SR TR 7 LT Z &S Ko 7o e AT U 21—
TDo BN )FEL 2L — v a i f)D TEE ) [Takeshi Nishimatsu, et al.: Phys. Rev. B 78,
104104 (2008)].

® GRS E IR v\ X OO R AT 51T D 1 NJEME TR A~ D SO R  [Jaita Paul,
Takeshi Nishimatsu, et al.: Appl. Phys. Lett. 93, 242905 (2008)].
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® LV GGA LEI%KIC LD BaTiOs HOAZN NIV h=7 > D [Takeshi Nishimatsu, ef al.:
Phys. Rev. B 82, 134106 (2010)].

® ) ) FEHEICI ARG EARDOERAEN RO T [S. P. Beckman, L. F. Wan, Jordan
A. Barr and Takeshi Nishimatsu: Materials Letters 89, 254 (2012)].

® PbTiO; D 90° RASL D4y F B /1733l —1a il L5 Hl [Takeshi Nishimatsu, et al.: J.
Phys. Soc. Jpn. 81, 124702 (2012)].

ABL WA ERERLICH LT A 20 @R bz BHEL, 7'n7 7 L0 Edfb o mbne
bz, WHFELBHIEHED D,
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All electron spectra and dynamics of functional materials
from nanoclusters to crystals

RENPBD. DBEK, Bk EYKRZERFER LF 5
TR sE . AKBEEE, RALKFE S8 BTS2 BT
B 0 RS BRI KEDENFEET
Kaoru Ohno, Shota Ono, Graduate School of Engineering, Yokohama National University
Ryoji Sahara, Hiroshi Mizuseki, Institute for Materials Research, Tohoku University
Yoshifumi Noguchi, Institute for Solid State Physics, The University of Tokyo

BEE / Abstract

T 0T AL =Dk E TOREMMEBOREF AR ML EFAFI T AZRRLI L2 Y
U CUBEFO R — R B FVE O RS A A 5 WWHMEO @ WAE HRG EIKE T 7 7 F 4 TOMBO OB
WEMD D, 2FEFOFHA T DFT X° TDDFT (285 < A F 2 7 ZAFHE ATV, BH2EHR | Wi,
il M COAL B SORREF RSS2~ D & L HiT, Ny Ry v 7NV MEZ ELSHET
&5 GW rfElic o< XPS, UPS A7 hVEtHE #4170, Bethe-Salpeter 72 fift < K% 72 YW IN
AT MV, =Tz AT MVEREIT D,

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

are accurately calculated by solving the Bethe-Salpeter equation.

[HEEH - FWNIALESITITEZE B#

FEEEPLEAEE R (DFT) ([2A5< LDA FE= v F— « Fx v 7Zi/halii L, flxiX Ge &8
ETHLTLES, ZhCR LT, ZEEHE RIS GW IELEIX LDA & Hartree-Fock il & 1R &
LicnAg 70y RIEZBZ TEEERE L BOW=—X0h 5, AU CIIER M ELE L Th 7,
7 T AL — i, TiO2X° SrTiOsfiifh7e & D XPS, UPS AX7 kL SHMHERL, JERIL AT kb,
Auger A7 NV EZIREEGGIZE S 2F T GW Tl & Bethe-Salpeter SRR D 1k THEMIZH
ND, Fle, wRT ) 7T AL —w i & HKFE T OMEE. RRALERFE D DIRIRO AR, $kofR(b
IR EDTEA DALFEISH A T X 7 A 2EF OFHAZ T DFT X° TDDFT T# > Z L2 A& 95,

LA FEF 14 ]

BEHWON TV DA EOF —FEFHEFEINCKTHEINZ DO TH L, TNENL—RE—EH) b
V. HRETITZRV, Bz, 1 EAPuE %2R AP0l PIEUEIE O A TR T HIEICITEEDO R TE A DORE
RIS E RV 2 (BSSE) OFBEN D& £ &5 Pl EEDO A TRT HIEITITNETFORY
DARFERMEREEAR T v v VORFEREDORER H D . KFBOA A1k (F'r hAk) bz, <
T4 T4 ERWDHFIETIE, A (BZEEE) 2405 2 & Bk,

AWFERETIX, ZNOORBEM O IAEOEmWEFE FEE LT, 1 B F#0E 2 500E5E s Bk
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(AO) & FmEp (PW) O#fEfEie s LTRT B FRAEREE] (v 277 44 TOMBO) #Hw
Do ZHIUIINERDOFERAE TCOLREFLOHBHEFETORIEL 1 E NIV =T LV OERH
ARREL L TRtk T 2 E vy, AENRICEE S Z & O TE HflEEDFH — R HE G R FE
Th b .GWIT{lS° Bethe- Salpeter FF2H72 &2 HHWEERE TR A X7 MVHE L RETH 5,
a— NIEEICNA 7Y v RIFHESTEY . EOFREETHLIITARETH D,

(BB R ]

2 ETIZ TOMBO # MW= TDDFT Bt &4 4 7 I 7 A« I alb—va &40, IROFER
ZL7: (1) Liz+Hs © 2LiIH X° Ha + F2 & 2HF O&E RS2 TR L72[1,2], (2) St
BEEFFO O KT R ~—D7 77 (periphery) AV I+ 7x-z=1L> - =1L (OPV1)
® HOMO-LUMO X% v 7R a7 Ofigh 7 ¥ 7 = (ZnPc) %® HOMO-LUMO ¥ v 7 %
v e L F =G Th D 2 & DVHERRE (7 7 T ORI TACTZE T - I =

IZHEFE DHEE) OEINTHD Z a2 R LT(3,4], (3) ARG EMIZIIT D ZnPe & Ceo

DR SROEM BN (B 1A Ceo (CIEFLDY ZnPc [ZB F 0 . BT 2848 13,
HOMO-LUMO & v v 7’7 pn #E R REBIRDO = XN F—HHEETH L ENERTHD Z &
LR L, ZnPc Z &7 U R ~—|CEEHZ 52 & T, BB BN FTRER Z & %
FELEZBL @WNLZ T AX—IZHe DME5< & 0.1 eV EEDOEN R = %L X — T 2H ([ fiffiff
TAHZL (x Eod—n"—T7utR) #RE L6l /2. TOMBO % H\\- GW & & LT,
KAy 7 AKX —[7-10], GaAs 7 7 A ¥ — & GaAs fEsn[11], 81, SiC, # 1 ¥ E> N2l 23/,
Auger A7 MVEEI18], SR AT MVEFE[14,15] 21T > TE 72,

(B8-S %ROFE]
£1% TOMBO OBRF A D ZZ mPERBl Sy 2 o ¥ a— & TIATT 5 2 &I L 0 BHEERA AR
DOEMETME ST VT - THA L 2AT0 FHRMERSEORRICERT 2,

[ 725X
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77 AR — MEMEER D B R RO 5
— 22 R A O = AT S=1 NABU VT R AR —
Computational-Science Study of Frustrated Magnets
-- S=1 Heisenberg Antiferromagnet on Spatially Anisotropic Triangular Lattice --

HEFEAE A BRELETR 5, SOHHEAC, BRI KB A IR B, T /i ©
Hiroki NakanoA, Synge TodoB, Toru SakaiA.C, Uni. of HyogoA; ISSP, Uni. of TokyoB; JAEAC

BLE / Abstract

TSRS M2 RO — kK1 S=1 NAB LT ROBIEPERIC OV T, FHRIRGE)0 1 IRTTEHO T,
FTT IR DR O BRI TG O K BREERR T OIRD R VA BUESH LTI L > TN, TORER, KR
HERR AR DRI, ZALE TORBUZ LD TENDE Z LN TEb DL T o LN Lotz

We study the S=1 Heisenberg antiferromagnet on spatially anisotropic triangular lattice by
means of the numerical diagonalization method. We examine the behavior of the long-range order of
three-sublattice structure observed in the isotropic system between the isotropic case and the case
of isolated one-dimensional chains. It is found that the region of the long-range ordered phase is

much narrower than that was considered from the results by means of approximations.

2 WICPCBBEMARIN 7 T AN — 2 al 58D — DI, — Ak T LDONAB L~V T RUREENEARL 7
HY | INT DR A SORBEMER 728 LI E R ITL T T AR — RO AL LT, 2L OREMERFIEE 2TV B0 Z
Ff-nu Qs T N EEL W SARRIE Th D B A B~V 7R T B4 2z DTS TVD
HDD, ROWDHEE NI DWW T A #E 2 7o k) ROBRZ 155 ENENS 2 VR D E RS =
— AN RDH RO EEMENEESTND, LINLRBD, RO ERICIEET TARN —al DT DI AT
FIHR0 A BRSO B - TV aiE O AN R EE e Z L0 h SOOI R ESD T IER, CRORES
DNENED LA ED 2 720) BAERH A ALIEIZ RO TR Th D, FHZ AL L D RESHIS=1/2T
D = ARG SRR E R T <D DRSSO HL, RECIRIE TIIBED A AV 28 120 FEOAEE7RL, 3
TE DRI F DAL M IEZ G T DR IBERFIREN EBLIL TOHEIAAELHNTWD[1-4], ZD L5732 R ITxE
T BUMERPE L, ERAOICH L2035 TB([5], LU D, AL L 23 S=1 THHYE 1T, $fEixt 4
{LIETEORZHRDKESN(S=1/2 DEEEHARTHEID) FLINIWHDIZHIRSILTLEI 72, ZfE st
FAALIEIC LD A TIEEA I THOIL TR,

ARl SEli7e 7 E L C3ED NS = A1 o S=1 /\4’%‘//*‘/1/7}ié'§7a‘§'@{21§ﬁ§%%Eﬁ'%%ﬁ%\
1 WotHIZ BV —NCHAERZHIET 2564305, (1B, ) FH7% =A% 056 (=]
TR~ 3FIkE TR S O B FEBERE TS S=1/2 OB A LRI S TWAEE 2N — T, 1 ///Un%é
Um0 T, AT Uy T RRAEL TWDZENG, REEFEE T IT RIS, Lics-> T, A A AE R Z il 1
TN —hOEBH T, 3RS FEEORIEHERF N KON EN THISILD, ZORBEICX LT, [6]iX
linked—cluster series expansion DITElIEE T, KHEEERLF 2 HILT DD 1,/),=0.33 THDH, LV
FERA1G D, 612, coupled cluster method DI THIATZ[7TNE, KHEEREFAHNRD - LAV BV RE R A
WEL TS,
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X1 : Z2 R 55 M2 H > = ks, THRIZ S=1 ALV D RTELIZNA B~ IR Z 2 2 5,
FMRO AL BAEHOTRS % ], RO EAEHORI%E J, LTV,

ZDOXE I IIRI T, Boxld, T O SRBEER OWFFE[8-10] THE o 7= Ffiti et £ b ik D KR 515 5
DT T T NEHEMEIER LT, 4RO S=1 =M 1/A B~ R IER O R 21T o 7=, AEHEY
Worlrl TAZ =P A XOHFTRROLDIE N=27 THY, ZOFEIL, ERIFRLEE Y ¥ —0 FX10
THEME L7z, (ZNET S=1 AV U REBIEALIETRY o Toim KA X, FEHLOMDEL | [11]
2B D Ne=24 IR K TH D, ) Al FxWkkxle s 7 AL —H A X THHA~I2 3 BG4SO K R
FFOIRDFENZ, BRFAHO RS, [6, 7D EOFE R THRLNTVDEDINE T LN D THHI LA R
Mg oG Febnolz, ZAUCKY IR ICIIR X AT MR o T 22 B MR D = fMAkK 1 S=1 ~NAEBY
VY SOBRBENMER D EOIRDBENEE R DT LI EILT[12],
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Moleclura Dynamics Simulations on Peta-scale Computer

EIDHES R KEYEDTFEET
Hiroshi Watanabe ISSP, University of TOkyo

R

o ITHFUR PG WA ¥ —FX10 O2R4800 / — R &M TR F~—7 G5
BOTwZ s NI alffole, XV F~v—7 TERKT 384 BRI FOFHAEITV,
193TFLOPS(t"— 7 PERELL 17%) DM EREZ K LT, 'r ¥ 7 T Tid 14 5 5 TR
RICBWTARBES I 2 b—3a & 70, ZEKEAERD O KA AEERIZ X D
Ostwald HYRE Z MRS L7z, AGER CIE, FERRES T8 AIE 2 IS, R RBURGHA
PN, IO A2 TEDREDFHENRARETH D, € L TARORBUREHAR
DREBIZONW TS,
Abstract

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

B BAY]
ARFFED BHJIE, FICKIRIEMAIRZ X5 & LIRSS 2 1F 5 I P ianss 35 O FH AT JE.,
FOZFIIZEDSWZBGEE Th 5, KIKIRFRIZ I 7 0 222 2 7 v R BAEH O R E
COMEBBHLE L, ~ 7 n (BN RBBIEN T v 7V LIe R e~ VTF A — L <
NFT 4Ty 7 ZADORETHY , AT —NANRESEZLRDOOEBHEVICHEL L5259
T B, BUERI A EE L S LTV D, £ THRA X, REMKT 5B TORT
DIEH) & 73 T8 A LB 2 SR FRHEIC KD . v 7 m KRR X 7 m g
FEAERNSEERRT 2, SRR AZ1TO 2 & T, vV F A7 — V42 RE L
KEOHES Z LN TEDN, LRI KRBIBGI RN LEL 25, BfE, Rarbta—4F%
FIHIIARZ T 0y TR B2 D EEAR A AREIC R 52 d 5, ITHEOFHERKIZIWT
X, FHERED Om Eixa 7 OEME O SIMD LIk~ TEY . DL 9 I KRG
BEICLDHBEIR, HEZOLORT ¥ LU e, MRSy 78 ) RIS
AT =R O NA LD Ay =N Dar o =28 /LT 7 r— a0l
LOTh D, AWETITRIKIEMRRMIZE~DHF —A L LT, ETRBIERIKICBIT 5% E
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SIS K ORTaMH EEM oA 2 B4, 72, EBRICKRBRGHRZ1T > 2R %
JEIZ, XY AT — RO B TIIMAINTE 500, £ L TENU LOFHEKIZH TS
BREEZRD,

[(ETNVEFE]

SHRFEIID VAT DHD Lennard-Jonse WT Ly L & W48 ) F R, WAHEIE,
/—FWIiZ OpenMP AL R4, /—REiE MPI 7'a2 AW SN LA TV RIFFIELT=23, &
Lo 225 EZHWD pseudo-flat-MPI EZ AL, 2O FIETIE AT Uy REHERE
Flat-MPI F15% B HIZUVEX 220 TE, 30, EHOLariZE0 Y Conb e R Z5E 21
CIZTHIENTED, Fio, B ON—7 5 EN LA 5L TIEE L — 71230 T OpenMP
A FI{bE SIMD feifb 4 [RIRFIZ S JE L 72 AUE72 5720 3 pseudo—flat-MPI {ETIX LD EArL~
JZFUNT OpenMP W FIEA 2 ZFV TS T2 | SIMD iii{b D 2% & J4UE L,
[EARZR R ]

HUR RAAE AR 2 % — 0 PRIMEHPC FX10 (1.13 PELOPS)IZB W TRy F~—7 V%
BRIGAEMRRGED L Iab—arZTolc, XU F~v—27 Tl 1 /—R&H7h 800 ki FIZFEEL .,
J—REEHER°F weak scaling (250, KT 4800 /—NK ., 384 (BhL - DFHHEZIT -7, 27 BT
TRITESTSEF MR FH R ZAT > TRY, - OFH R I~ TlRE R I ER TE 5138/
SNEELNBIZHEDNDLT | NAT VY REHEIL Flat-MPL (2 TEREELS, D oPEREL 22
TEL TR, ZHUTHEAT Flat-MPl O A IIXIEIE TR EIRAT =V 7 BEH TV D, L,
4800 /—RZ&fEHL-FHRIZE VT, Flat-MPL X/ —R&H720 14 GB OAEVEFIHL TWHDIZ
KL NATVYRIF 10GB &, /—R&H7=0T 4GB DZENAEUT-,

Fo 14 8 4 THRFZHWT, ARED 32— ar2fTo7, 20332l —a Tldfg
HrD7=DIZAEY 2 KRB T 57280, Flat-MPl Tid/al, " A7V R CRIEEEITLIZ, TD
FER. AT O L EKIBAERE, ZO%OKIAMMEAERICLIF AN VNS EZBHR T
2o Flo, KIBE MBI DO R R R A L LR HZ LN TET,

(B2 SR OFHE]

SIS AR DRI R OMEATIZIE, BARTH — B, W R<GHR T 5723 HEk 1
U EDREBVETHLN, UL 1 ~FT7ay T ARRE O FERIC > TEIARETH LI LA
LT, B80T, KUy A BAE o0 IR 38 g O FRAT I KD KA A BAE M Off &2 B, 72
B, MEVEAHERE O A 7 VLT BIG A TR HIZIE, SHICKB G RSB L7022 RA T
HD,

[E7im3]

[1] H. Watanabe, M. Suzuki, and N. Ito, Prog. Theor. Phys. 126 203-235 (2011).
[2] H. Watanabe, N. Ito, and C.-K. Hu, J. Chem. Phys. 136 204102 (2012).

[3] H. Watanabe, M. Suzuki, and N. Ito, arXiv:1210.3450

[4] http://mdacp.sourceforge.net/
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Structure formation of lipid membranes under shear

ZHEAN, B OEE UL RZEW T
TN T R—(2 =R a8 FEHEHE)
Hayato Shiba, Hiroshi Noguchi (Institute for Solid State Physics, Univ. of Tokyo)

Gerhard Gompper (Forschungszentrum Jiilich)

BEE (200 F*F2EE) /Abstract(about 100 words)

B I AL 7R L TH AN T- Ay a2 L AR B ER 2 58 WAL 7 v s T 2Rk L, SR T o
MG 2T E LT, SO -8 ) S o B T EEHIEI S Au72 100 J50Rz - UL O v i o LR Ak i 2 2
B ISR 2B L SR LR OB L IR AF LA B 2 R L 7, BTWTIRAL O J5 18 LR 1EL 70 i Y
(MO R EPEE TWDIENFE LI, WEDFERITIEL —BE T\ D,

A meshless membrane model with explicit solvent is constructed and a parallelized code made for it to simulate
its structure formation under shear deformation. The membrane particles are put in a solvent represented by 10°
particles with dissipative particle dynamics thermostats, and their structure changes are observed. We have
completed constructing a phase diagram dependent on the shear rate and the composition of the membrane
particles. In qualitative consistency with the experiments, undulation instability perpendicular to the shear flow

direction is observed.

AR OISR T HIRE 7 1 B ROEEEL, Y7 b~ Z =B 2O RO — > TH D, FFI
F =AU FHEMEZ D FIET W T CHEICBISRIND I~ VT T AT R 7 ARG X A O R AR E &
LT 20 FREMSITET, A=A HITTROKEEDHIN (LT >y r =0 7)) Z 0, Y7 b~ —LFdry—
DI RE T DD, ZOF =F L MEWA T IR EROJEE0E 100 ELL EICB LT, 2D ZEMAT—/L D
REEDPLINETI 2L —ar DR RESNDZEN 2o T, REHNTKHES I2L —a P
ERDRBETHDHELHIT, IV R TR IDBFIE O F] & L T BRI BLIR RO RRBE CTh D,

AAFFETITA =AU FHOTE AR RN BT A L% BAEL LT, VT TAT RO V% ERBRINAFFE T
550, ML SN IR B IR A48 . RIS RS2 — s a2 W TIR Wz, BT IBE By +
BE A DR CRBLL — B TR ITHAULE O R E 72l ok 75 CTh o | A 7enE B ETIYZ D22 [
HHEZRTIENARETHD, ZOTT MBS AT ANTZAFE 100 TR RRED S T8 ) F KR %
ZeR BRI DA FIZ > THE L., Lees—Edwards BUEE S5 2 K> TR W2 FIIN Al fEZ2 v I b —Ta A
F— LR AU T, FRIS, ROt ORE RIZIR W T, MR 7 OBEBIEI DT —T 47 7 7R L THIEL
T4, AEH EAEH OHERICIEBE Z L T,

WP FET A — /R —a B a—4—  BIOHRKIEW LM % —0akleaf-FX TR K 1024 =751 5
BZEY . BT ORI R 2R R A T, + 0 IO L S R E WA, BIBic kLT
TE H IR Z B Z I, ARSI 5L, ZOWRENSIELN AR B (255 EpofE & K 13 >
JTRTHY, RBRTHRLNDE DI, BRIR~ VT FZAT RIS 7 VO FEBUI IR ZE M o9 7Y
TRARRLTEY, BRDFRO KB, X AT IV ADIERZNNHOFRE THDH,

[Z35 3Tk
H. Shiba, H. Noguchi, and G. Gompper, in preparation.
H. Shiba and H. Noguchi, Phys. Rev. E 81, 051501 (2011).
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3d BB ERILEWMITIITD L, X BBIRNARIM OH—RHFHE
Ab initio calculations for L, ; x—ray absorption spectra of 3d transition metal

compounds

mEZE—, BHI (KEKRFP)
Hidekazu lkeno, Isao Tanaka (Kyoto University)

3d BREBIED Lzt X SN AT MU(XASITIE, ZERANCRTEL T2 B A8 2p Nk 22 LI L0 3d &
T 5RYVE FAH B K 2 HE e 2 I E N B D . Fo& 1, FH e B AR AR (CD B
SE—JRBEIR T 07T ADOFEEITV, Loy XAS DFFEA~LwEH LTz, dFBET3, BN, *FED 57
DRk TRRITEBUNT, Lys b XAS OFH R A RINAT ST A, AT VIR, (b5 7 R L branching
ratio % E EHIICHBLT DI EITRPILTZ.

The shape of a x-ray absorption spectrum (XAS) at the L;3-edge of 3d transition metal (TM) elements is
dominated by the multiplet structures because of the strong electronic correlations among spatially localized 2p
core-hole and 3d electrons. The authors have developed an ab initio relativistic configuration interaction (CI)
program for XAS, and applied it for interpretation of TM-L,3 XAS with different d-electron numbers,
coordination numbers, and symmetries. The spectral shapes, chemical shift and branching ratio have been

satisfactory reproduced by this method.

[*EE B - ZIRHALE SIT]

X BRI ART MU(XASHINFZENOIE HHPUE~DE BRI LT DAXT ML THY, WE H ORE
TLR AN O [T B IR EE ERICBIN 20 17 FIETHD. 4 B TIIWEWEL, MR, fill i
B, AR, B 2 FICB O TRIHESN TOD. L, EBRAIMUMLE IREBICBED DA 172 1E
WEBDT=OITIE, BFFRICES<SHREFEALERAI R Tho.

N 1s MOIEEA p TE~OBEB KRG T 5 K i XAS (IZOWTHE, W28 fLa B0 A% BRI %
YL RICKVEREMICAXI MV E BB TN TEL[]. —F, EIC3dEBRSRBNH 2p BENHIES
HEETH D 3dPUE~DEFBEBITHIGET D Lys i XAS IZBWTIE, ZERIAICRHTE Lz 2p Wikze L
& 3d B OB K 3 MR E A BN, BEINLEEEEREO B A HWEEHE TR
NEDART IV EFB T HZENTEXR. —f%XHIZIE Anderson R E T VA, REREGT A —X &5
LETANIN =T U EHOWERBIOTFIEICL VRS2 I N TWDR, ZOHETIIFEENER
FNDOFRIZDOWT AT MVEBEGRTHT 5 Z ERTE R, A D FRIEICHIBRD & 5 5 0 R A3
5. 16o7T, BBEE L, XAS & RS - ERE L OBELAEHT L ICE, RTESEZOMHE
BEOHZEANTIE L, ORI/ T A —2 % —GIEH LW B/ e Bmst BB OB N EEND.
(B HH]

BB Ly i XAS OFRICIXE T RO EAERZREHEICEEL, SOITPNZOF R )42 Bk
TRHDH. AT T, xR ZETRE B RICLOEBGRE L i XAS O R FIEZARET 5.
F7o, EMMEHNCR T 2B &R o R AL O RFTREMIT~IS AL, MAEERICKITS XAS OULHIIZR
fEHT Tk O E B R T
[#FZEF 5]

A OBWEBEZ RS ZEN TELB R E TIELE LT, X0 1 #uE 4 O 72 55— B AL i [ 4
AAER(C)IEZBFELZ[2,3]. £7°, Hxtiwo FiuEFREIC K > TH O 4 B OB E A VT
Slater [THIXAMEE L, 2O OMIBREA TLE - RIEBIBEMATR Lz, EBGREONE 2p 22 Lk X
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W 3d BT HOETHEEZBEICHET 2720, BBESR 2p 3 L0 3d #luE 215 MHE2EH & LTI,
DVELETOETREELZBE L. ZEF IV =T a2 EaextfAilt L“C?%EZ‘N’:%E&%;&IZ\/V
X —, WEBH A W CEKOMER 7B OIRE) 708 2 BEEGTR L7z,
(R 2RER]
—f5i] & L T MnO 35 X T 5mol%Mn #s 1 ZnO

__Experiment __ Theoy
BT D Mn-Lys i XAS DFEBRAALY bk R A T
— JFEFE %R CL EICKuELNT-HiEm A £y 2sMng o0 M in ZnO
7 bAEARICRET. BB, Mt A Ay E £
: M A
D EFRHED OF A F NS RD T F AR — £ ) —4 '
- S ks = =
7 V& HVZ. MnO & Mn il ZnO 123 z — : PO
J%MnA A ORMIEIT6B L4 THS. £
F o, JEAHEORFALE IR E A A B AN
Madelung RT3yl ZBE L. 2 DOER e
635 840 845 @50 BS55 680 635 B40 845 B50 BSS &80
ARG R VAIZIE Ly SO JE DIERESC L, i DI Energy (eV) Energy (eV)

WIZHARRENR A OND. BimAXT MLiX

X MnO ¥ £ TN Mn #1 ZnO (23517 % Mn-Lys i
INBDART PVGROIEN, L/LBREL  yaq iz s o) s @i < ML)
(branching ratio)% E EAVIZFHELL TWH Z &M
NG

—EBDORICIBNTIE, BT DRI OOER B~ DOERBEN(ZLETHIE)N A7 hLE
WICHBELZBEZ D ZEDRALNATWDN, CHEIZBWTIE, ZRUCKET % Slater {75 ABET 5 2
ETHARICEDE DY Z ENTEDR3]. ZNETIS, X BBIOE F R X — AT MLOHIE &
LROBHAE AR A DELILT, VT A4 Rk B EREHT 51 8B 48 DL 54k
REAIHT[4,51%°, VAR vy 7 HERICHINUIZER @R AL O Rt EE2 A [6] T2 Z &I PIL T D,
[F&- SR OFE]

AWFFETHRFE LI CLIEZWT, 3d BB BERLMITITD Ly tii XAS ORGEAIZRFH H AT
foll A, fhx T d BT, BN, SRMEEZRFORICOWTERANSI ML EE BIICHBT 52 LITHEIL
7o, LinL, BATOT a7 I 5T, ZEOBET1 67232 5 8HEREN T 2 B TR, @, WMIEREOR
PREEA ALE I N BB 2B 2 R RICEM T 5 56, BE T & Slater T8I DOEDBERITR2 D, M
IV R =T ATHIOEE AL A BER R R TIEIT T2 2 L IIR#ETH L. S%IE, NI E
=7 ATHNE TR & b E I REIT on-the-fly TRHMAE T HEHE CHAIC L D, MKEEOT VX —, WEBEEO
HuFtH L, Green BItZH\WTANY MLVORAZIT) L HICT 0T T AOPREITS . ZHITLY
E 0 KRR =T V& F\ 2 Lys B XANES OfRFT A Al REL 72 5.

[E2FRX]
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Solution of Time Dependent Schrodinger Equation by Quantum Walk

BAEF 51, S {3 22, JIMTEZ !
LB BRI R, B AR TR R R R
Hideo Sekino?, Shinji Hamada? and Masayuki Kawahatal
1Toyohashi University of Technology, 2Riken AICS

BLE,/ Abstract

BIEHORETR] L BERBCZE ] &+ — 7 iEE FEZE M 7V o R ECO & i RIRIE ORI B IS S8, NE A
A EE LS I L T2 22 C D R i = 2 ) — B DI R S AL D IRF I8 IR T B A AT 975 281280, 7V R
(LTRSS 2 50 A b DWW B BB D RF K AT 2L — T 1 — AR G670, R JE RO T E
122 =B —MEINBIRITLE THY |, 722 EIVNRANIRIT DT N X LZ BT D, 2EEUKAFAR I 2R
TNTYAXLDOENTHERLHRZ BIEL T\D,

An efficient algorithm of solving Time-dependent SchrOdinger Equation is introduced by applying
discrete time/space Quantum Walk method on the real space grid with internal degree of freedom.
The time-evolution operation thus constructed is completely unitary and the solution is stable for
the wavefunctions slowly varying in space with respect to the grid interval. More efficient algorithm

based on variable resolution in space is in search.

BHAT Iy 7 AT NI HEAF Y 2L — T 1 o = RRAE RN TRL D2 BEFI72E DYk
RETERERIE CIXFET N AV A LD L NS EEREFHE ThD, BERRRH., BERZERICED '+ —
JIBTESICZON ST BN 2o T Tk T D, WERFEA~DISHENSTZEH TOF I TIT413b 5
Bl ZDFERT NAYZ LD Y TNENORMRIERF L 2L —ar O )7 EmERDAEE
ZHND,

Simplicity of the algorithm is important in materials science simulation in next generation computer environment.
The algorithm by Quantum walk is very simple and well fit to massively parallel computer architects to apply.
The rather noble application of Quantum walk method to materials science introduced here is not only

academically original but also a powerful candidate for next generation materials science simulation.

Reference

“A Solution of Time Dependent Schrédinger Equation by Quantum Walk”, P.J.P.C, (2012) 352 012013
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Large-scale Monte Carlo Simulation of a Topological Phase Transition
in Frustrated Magnets

RARE, HFHE, BLEE, I BEE HEKXFEWEFER
Tsuyoshi Okubo, Hirotaka Kaneko, Hiroshi Watanabe, and Naoki Kawashima
ISSP, University of Tokyo

W=

FAAERICHEA BFET D R ouks 1 EOH A B L7 28 2Tk, LIEUIE, Rkl Z,
RNT A" IELEL, ROBRFALD T L0 D, RBFIETIZ, 2D Zy RT 7 ZOfRBE - B ED A BRIR
JEFERRE ORI A B DN T 272010, KBIBNESIEL T v asIab—va Rkl 7 ns 7 L& BFL .
BTk 7R ELWOIEF IR WA B RIZED RERARTORMH LIy Iab—a &To7,
Abstract

In two—dimensional frustrated magnets, a topological defect “Z2 vortex” often plays an important
role in orderings of the systems. In order to clarify the nature of a topological phase transition
driven by Zs vortex binding—unbinding, we develop a parallel Monte Carlo simulation code and
perform large—scale Monte Carlo simulations comparable to a spin correlation length around the

estimated transition temperature.

[BTREEH]

VAR DREMERIZ BT DI FECTlE, 7T AR —3al EVIOBESICBIE N E F0 | 235 E Lk 2 e &y
BLRIZHIR AR o TnD, 7T AR —var b, EEORESREPBETHILI2ED, ARz EET
R 72 T 2N TERLIR S TODIRIETHY | EMERIZIRG T, Bk x 2RI CEINAE R Th D, 7T A
R —MEPE IR CIE, Bl LSt O 72 3T A KV IKIR FCRL MBI S TV D728 T DRRF L
WPE ORI, RIE CORMEAEEOH L H B OB AT LN EE LD, ITFEOER TR~ L
WESN T A R BB R E BE T 572012, 77 AN —RRICBIT DR R O P k- A FI7 2
(ZBE T 2 BRI A R 3 B B STV,

DX FENG AR TIX, 7TARN —ab WFEET LD H AL REXTRIT, IRITEONAE X
IWT AR R TCTHEUDRFRIS SR e Y A1 VL (Zy R VT 7 Z)WZHE B LT R E2 AT 570, Zo WA T 7 AL IR
TEDTFTAR —hLIoNA B~V T A RICHEA L CIRET D EE R ThHICH Db L T, 1984 4|
JIFSIC k> TERBENT (1) Z, BT v 7 ZADfFEE G EEIE A TRIBE L (Z, RLT v 7 ZEER) DR EE
Zam s BURE U CTHZ DM T DUV TR OE 7 D320,

KFFEDREZR BHNL, Zy RNVT v I A OR E2 | KBNS E T i Ial—ia 0B
2T 2L ThD, Zy BNVT I ADORRFAIZOWTIE, ZHET, ZIRIE = A F A B~V TR %t
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Development of Core Program for Parallel Quantum Chemistry Calculations

ArfFat (53581, TCCD
Kazuya Ishimura (Institute for Molecular Science, TCCI)

BEE (200 FF2BE) Abstract(about 100 words)

=TI = ADBAACEENBFH T 17T LB A 2012 £ 4 ADiRd 7o, A Ba—Z TOmil
FIPERE K O FATHERED R 1T T7<, 2 BN SR O — A RE M MEICL T oW EH O
R FNHLZEBICANTZBIIEZIT > TS, B T(C,50Hs), D Hartree—Fock 7% (cc-pVDZ 55,2400 YK IT)
#4718 25, 16384CPU =7 TREFAMEOIUSIMEZNZRIL 66%, 1T81x ALz ER O RHR ORI 85% T
STz, %I A A K O VX — 3R O T VTV R ADBHGE & FEEZAT U, /AR5 T~
Dz BT,

B BRY]

AV 2 — 5D ETHA—/N—a B a—2 T, T /AR5 ORE Rt N7 a3 7 R A %)
REATIZDDT NAYR LR NT 07T LHFEEIT), 1, 2 EFFED R R —TF U REEDFETHEM T
DEINETATITVL, EBICA —T Y —RIZTHIET, MO EEL RS X DHIH12T 5,

[AFZEFi]

THETITBAZE LT 2 B EFE T L) X AL Hartree—Fock £H& D MPIL/OpenMP /~\A 7V R FI] 7 v
YR LZEFLIC, Bl @& AL HE R 7 0 Z LD EIT T, I CORFE THIZ /U AR F B D
HEW AN FIMERE R OVFATHEREZ m O DL EHIT, KMEDNDEFH RN —F NI T7A4 7 7ML L E 24
EIZL TS, BERGFHLITEEFE2E L0 FICHISTEDLD, 1, 2 EFFES IR THWS Boys BI%K
F (D) TD Chebyshev BB DRI Z LITHEE DM EHITo72,

(BRI AR ]

Xeon(2.53GHz, 12CPU aa7)~v> 1 /—RZMHWT, GAMESS EAR7 17T AD Hik%E Taxol 4y 1
(C,H;NO, )?® Hartree-Fock #t% T{T-7=(Table 1), K707 7 LT SP v /UL v /W) &R & (2> T
57z Pople B4 6-31G(d)AJERIEZFI M L7 & | FHEFFFIT GAMESS (ZE KT 5% T3, SP
> ) VEIGIEZR ce—pVDZ LTI 4 #HIETE WA,

ART0T T EOWHIEREE T RDT20 A B a—4% T CsHa 20 F(cepVDZ L, 2250 KT, 16
SCF cycles)® Hartree—Fock 2FEA21T-7-, BITHIRHALEHETIZ/ —RNAL Y RIEFI{EE +58 SSL-11 54
TIVEV 7 UT, EIRIRIEE VLTS, Fig. 1 IRT I, FHEAEOIFINNESRIL 16384CPU =27 T
10881 {5 L 2h=E 66%), KT MA{LEBR V=GR COMNMEIT 13937 £5(85%) Th-o7, X AILFFREH O &
HDHENIE T, 2048 27T 5%, 16384 =27 T 38% T D,

Table 1 Taxol 43+ Hartree—Fock &% H#[H] (sec)

Basis set GAMESS A7JO4 5L
6-31G(d) (1032 functions, 14 SCF cycles) 706.4 666.6
cc—pVDZ (1185 functions, 14 SCF cycles) 2279.9 1434.3
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Toward an extension of Wang-Landau sampling by means of techniques
related to potential smoothing
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FREMERE LR, RIERF
K. Shida, and Y. Kawazoe
IMR, Tohoku University, 2-1-1 Katahira, Aoba-ku, Sendal, 980-8577 Japan

BEZE /Abstract

WIEL - MPB RV RSB A2 DO T v L o P 77 RE D e A B E IR RS S 503 BURTIERIE O
FIEDEWZELEETHDH, RT Uy WAL= 7B =— 7 Tl )7 i b R ERRE Th D03, k5
T 2 L S~OECFERIHIBR O T2 | S ELFH R FIMES NS T, ZREFRIET D721, R RRD
FAMETCDAL— U TIEDOILRZREE T D,

The potential smoothing method transforms an optimization into a series of easier problem,
in a direct and systematic fashion. This powerful method has only narrow application due to
mathematical requirements for the subject potential. We propose a version of potential
smoothing that is applicable for Ising model, that may be useful for a more efficient sampling

as an extension of Wang-Landau sampling, and perhaps a better parallelism.

(LR -2 EST] HEZ-HERRZCBIZZ2HEOF YL DV 7R RERREKIZIIR
BEHEORBEMMBEIZRESND, INOOMBEERIHBIFE, VDT, 2R EELIT IS
BOWF st B CRIFER., Thr b0 ERYEZLZOAICKRERBERKEFE O,
TEE-BR] RTIV VY NALA—VU BT — 7 CRABRKEILBEMRIETHIR, BRI
HBERT VIR LR FZAHBADVEAXRBEr oM, ZNERRT DD ATV TET
NDOEIRIVBEMRANAINI=T UV ICBATELLIFEOILELZBE R L,

[(FRFE] EABRKBIIEMTHY, BF L VY VICRESOREIBEOBEENT A RBED
AL—Vv T ERBTHIERFEIHL, RT UV ERZ2ZTHE 252 2oL Eo B (Fass
RBESNBEVIERT) OB T 2, BIZIERT Uy VOTRBHEE | 2R TEHOL, TRICEES
NEERFR/ARXEDOES LT RT D, BRARSENCBWTIX, BT HNAaER CG ERY
MO DRI KFEIE S IZH L TEADICE D RIZRDIIT THD,

[EREeRRE] SIELL T HEEAEOREIRIVFILATHIEFBRF LAV TET VI
LT ANAINVI=T U ETRBHILT AR IO ZODE G R RT Db — IR Ty FEEZRB L,
RIZZNO Z OO BH TIPS L2 D THENDEIIZ2E D Wang-Landau b 7Y 7% %E
BT DL, TONINVI=T VICRAEDOY L SV T EfTo BRI ABENRT Y VR ~D Y
YTV THRPRVRESh T, LALBIER L TRIEN AR LZEESREE/LL,
(B2 - 4%0HE] BENARZEEEZRVRERNRRKORELRD, £, BIEDOL=2—IRT Y7
FHEIIHEEEAEOIER I OBBRTILVF L THIAV U TET VKL TE 2O TINERYERL,
PIGAZ—EHECEPUDOEZ F CTAL B OHBERIVBWE 28 E- BT 2FEPFELE L
TW3, £7-, 2E D Wang-Landau V> SV T2 2BORBEE T HNVRIEICEE#]RZ DL TRIE
DI F|EE KIBIZHE K TERWVPREFTLTNS,
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SEREEETREBEZRDOROEFEHFEL
FALFEBIRITH T DK R D IEME D IRk D FE
Electron wavepacket dynamics in highly quasi-degenerate coupled
electronic states : description of wave packet branching in photochemical
process
OXFEXH, ®mEMK CMSI, TCCI, HRE K% (B4 X)
oTakehiro Yonehara, Kazuo Takatsuka CMSI, TCCI, Univ. Tokyo (Basic science)

R

B N —7 T FRT B L il R a G e RS B a8 ) F ORI DR — B ERARL | A
HTeEBHLIZFIEEIT > T D, ERIFZEICE N TS, 7o AN A X TT MPAT — /L TONEREFFDHZ LN ]
BEIZZ20 2 2oH 5, HFRMANZIE, BT WXL OO O A8 %28 TR A — L TRl 5282k
DHND, 2O BEECHNT, (A) G, FEWEE —ROEFEBRLTOEI LR, (B) EBLVAELD R K

I &E D EOEF I RE ) FOWEE R FLR T 22 LN ATRE T, (C) EEA R AT FIE DR ¥4/
N—TNTHEED TWD, BEICHEED 53 F~ S, ISR B0 B8 1708 S 7 & 210
5 FNE =X — BN BT 2 BRI LS (Ll FR 2 B3 2 IR B 22 BRAE O FTREPE D /R STz,
[1-6]

AIENT, e E BB R ORI T DM BERB R AT L2, FFZ, RURITAY — % E TR
WBEL, (DIEWBER IR0 BRZRE TR & (D FEWEASUSREE Ol ZFImRd 28080, AU HE
- O - 22 BB DO IR B D A A UL mBEiE EMED 5 2 15D RO AlREME A4 R L2\ (1
(1) renffE ERh AR R O FE W BVE RS A N LT B 1 &0 TIEB OB OB 72 = 0L — 45
(2) HEXG D I W BOE RS AR B SRS 5 2R U7 Ab 7 SO O BT L B 4
(3) i B AR IRRB A B L L CAERRIND 7T AY — SIS U T 27 b7 BUG Y

WHOKRAX —FHELTIE, HFEEETHOWZHERECOWTHATI TETH D,

One of projects in our group 1s the construction of fundamental chemical reaction theory including
electron dynamics and quantum entanglement between electrons and nuclei due to wave packet
branching in general non-adiabatic chemical process. For this purpose, we have developed theoretical
calculation scheme partly combined with ab initio quantum chemistry. Several applications have been
done by us. [1-6]

In this presentation, we treat a system having highly quasi-degenerate coupled electronic states,
including Boron cluster. Boron atom has a high vacancy in the valence orbital spaces, of which cluster
compounds may provide novel flexible reaction fields associated with quasi-degeneracy. We illustrate the
possibility of new types of non-adiabatic chemical reaction and its control through the property of the
present electronic states having high sensitivity against small external perturbation such as an external
field and molecular motion.

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

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

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

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

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

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

and binding process of the force-generation
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Abstract

The mechanism of the actomyosin motor is still under debate. To resolve the controversy between the lever-arm
model and the biased Brownian motion model, we study the contribution of the conformational change of myosin
head during the coupled sliding/binding motion of myosin on the actin filament in depth. We found that the shape
of the free energy landscape and the position of the free energy minimum are different in three
conformational/chemical states of myosin, which can be attributed to both the conformational change of myosin

and different electrostatic interactions between actin and myosin.

[Social and scientific positioning] The actomyosin motor is responsible for muscle contraction, converting the
chemical energy of ATP to the mechanical work. The mechanism of this motor remains controversial: In the most
widely believed lever-arm model, it has been hypothesized that the mechanical force is generated by the conformational
change of the myosin head. In contrast, a single molecule (SM) observation has shown that the myosin head shows the
biased Brownian motion while keeping weakly bound to the actin filament (Kitamura et al., Nature (1999)). Settlement
of this controversy is important not only for the muscular (i.e., myosin II-based) motor, but also for the nonmuscular
(myosin V or VI-based) motors (Geeves, Nature (2002)). The controversy has triggered active investigations on roles of

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

[Target /Purpose] In the preceding computational work (Takano et al., PNAS (2010)), the myosin structure was
fluctuating around the rigor conformation. However, myosin can assume other conformations (pre-stroke, post-stroke,
rigor). Besides, these conformational changes are coupled with the change of the ligand bound to myosin (ADP+Pi,
ADP, none). In the present study, to analyze the relative importance of the lever-arm motion and the biased Brownian
motion, we investigate how the myosin motion is affected by changes in the myosin conformation from the pre-stroke,

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

[Research technique] The amino acid residues are treated in a coarse-grained manner as particles represented by
the Ca atoms. A Go-like model is employed to describe the intramolecular interaction between coarse-grained particles.
With regard to the intermolecular interactions between myosin and the actin filament, in addition to the electrostatic

interactions, we employ van der Waals interactions for the prestroke and poststroke states and Go-like interactions for
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the rigor state. To simulate the actomyosin systems as studied by the SM measurement, we applied the curtain-rail
restraint to the myosin tail. The Langevin dynamics is employed to calculate the free energy landscape. We divided the
region around the actin filament close to the curtain-rail into 4x8=32 parts, each of which is sampled by the use of

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

[Concrete result] Using a coarse-grained Go model and WHAM, the free energy landscapes of actomyosin for
three conformational/chemical states of myosin are obtained, as shown in Fig.1. We found that the shape of the free
energy landscape and the position of the free energy minimum are different in three
conformational/chemical states of myosin, which can be attributed to both the conformational change of
myosin and different electrostatic interactions between actin and myosin. The asymmetric ratchet-like
free energy landscape is found for the ligand-free myosin with the rigor state conformation. Our simulated
results suggest that the lever-arm conformational change and the associated release of ADP and Pi promote the

unidirectional motion over the landscape through the shift of the free energy minimum.
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Fig.1 The 1D (left column) and 2D (right column) free energy landscape of pre-stroke state (A), post-stroke state (B)
and rigor state (C). Z is the position of the myosin head along the actin filament and &1is the angle around the actin

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

[Consideration/Future plan] Since the larger fluctuations are expected than the present model at positions
which are unresolved by X-ray crystallography (disordered loops in myosin and the N-terminus of actin subunit),
we will examine in silico whether these large fluctuations play significant roles. In addition, the possible role of
the myosin tail unfolding and/or the rotational distortion of actin filament can also be examined by including these
effects in the model. The coupling of the conformational change of the myosin head and the process of the
weak-to-strong binding to the actin filament will also be investigated using a double-well structure-based model

of the myosin head.
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Numerical Studies on Nonequilibrium Processes in One-Dimensional
Strongly Correlated Systems

Hantao Lu!, Shigetoshi Sota2, Hiroaki Matsueda3s,
Janez Bonca45, and Takami Tohyama!
1 Yukawa Institute for Theoretical Physics, Kyoto University, Kyoto, 606-8502, Japan
2 Computational Materials Science Research Team, RIKEN AICS, Kobe, Hyogo 650-0047, Japan
3 Sendai National College of Technology, Sendai, 989-3128, Japan
4 Faculty of Mathematics and Physics, University of Ljubljana, SI-1000 Ljubljana, Slovenia
5 J. Stefan Institute, SI-1000 Ljubljana, Slovenia

By using the time-dependent Lanczos method, the nonequilibrium process of the half-filled
one-dimensinal extended Hubbard model, driven by a transient laser pulse, is investigated. In large
on-site Coulomb interaction, there are two phases connected by a first order quantum phase transition,
i.e., spin-density-wave (SDW) and charge-density-wave (CDW) phases, which are characterized by
algebraic decay of spin correlations and a long-range (staggered) charge order, respectively. When the
system is subjected to the irradiation of a laser pulse, from the SDW side near the phase boundary, with
proper laser frequency and strength, a sustainable charge order enhancement can be realized while local
spin correlations remain. Analogously, from the CDW side, the suppression of long-range charge order is
accompanied with a local spin correlation enhancement. We analyze the conditions and investigate
possible mechanisms of the emerging order enhancements. In off-resonance region, more extended

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

Nonequilibrium physics in strongly correlated systems is a recent emerging research field with
activities and efforts increasingly involved. The study not only can expand our understanding on the
dynamic properties of strongly correlated systems, but also can afford opportunities to utilize the
knowledge in real world. Among them, one appealing topic is photoinduced phase transition, where new
features of electronic or structural orders can be aroused when the system we are interested in is
exposed to external irradiations.

Due to the complexity of nonequilibrium process, numerical simulations are essential to obtain
quantitative results. In this study, working on the half-filled one-dimensional extended Hubbard model,
we study the nonequilibrium dynamics of the system under the application of laser pulse. Our numerical
methods include the time-dependent Lanczos and density-matrix renormalization group. The real-time
evolutions of the charge-charge and spin-spin correlations are examined. We have found that near the
phase boundary which separates the SDW and CDW phases, a local enhancement of charge (spin) order
that is absent in the original SDW (CDW) phase can be realized with proper laser pules. The results are
summarized in Fig. 1 [2].

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

expected.

Publications

1. Hantao Lu, Shigetoshi Sota, Hiroaki Matsueda, Janez Bonca, and Takami Tohyama, “Enhanced

P-3



Charge Order in a Photoexcited One-Dimensional Strongly Correlated System”, Phys. Rev. Lett. 109,
197401 (2012). [arXiv:1204.1107]
2. Hantao Lu, Shigetoshi Sota, Hiroaki Matsueda, Janez Bonc¢a, and Takami Tohyama, “Photoinduced

spin-order destructions in one-dimensional extended Hubbard model”, arXiv:1211.1749 (submitted).
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Figure 1: The time-dependence of the spin-spin (left, from (a) to (d)) and charge-charge (right, from (e) to (h)) correlations
as functions of distance (labeled by j) for 14-site lattice obtained by the Lanczos method. We set the on-site interaction
U=10, and V is the nearest-neighbor interaction. The phase transition in equilibrium happens around V=5.1. The laser
pulse with Gaussian magnitude modulation reaches its full strength at t=12.5, as indicated by a solid line in each
subfigure. The pumping frequencies are set to match the resonance peaks of the optical absorption spectra. A, is
proportional to the laser strength. Notice that in (f) ((c)), a local enhancement of charge (spin) order is established by the

pulse.
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AV RO BRE R Ay — T DWW FIML L E R EAL
Parallelization and High Precision Computation of
Exact Diagonalization Package for Spin Systems

T ESR., BE B
RKRRYE MRS HFEYERERER Z—
Tatsuya Sakashita, Synge Todo
Center of Computational Materials Science, ISSP, Tokyo Univ.

BLZE /Abstract

EHIDO KRB 2L — 2 alid, B E T WV EFEOFFHIFIERBI TN ZLHDF
ETIHAR 5O ZDO BN 5, ZOIORBEINE 255681213, AL O FIEIIKAREL TH
MATdhD, T2 T, T2 IZZDOFIEICONTA— =T B a—Z [T O b TR R I 1 E F28E O B 3%
ZToTWD,

Although statistical methods such as quantum Monte Carlo method are known for a large scale simulation in
statistical physics, there are problems of negative sign and statistical error with these methods. For these cases,
exact diagonalization method is still useful. Therefore, we develop accurate and efficient parallel
implementation of this method for supercomputer.

EAE- HAY

AR LDy s — P L TIE TITPACK %1Z U8 KobePack, SpinPack LW o727 A7 ZU3HIBA TS
R DT BRIV Ry 7 LI D E A EARE B W T 153 TIER, £ D72 | BRI SOREENE AT
VT B ERMPEE O TT ey 73 AL T ALY A MK e, ROFED BRYIE, ERRo/ Sy
—VEBLICHRIRWIUEZATIZ LT, JADTAMEZ O TN THIEIMNMSEDILTH D, Fiz, [H A EMREE
(XU TR ED D 7R S R B e R TTIEAIB R T DI EbRE L L ThH I b D, TR LT S 7 — VI3
BT ALPS IS ZOA B AR5 Lz BERE T 5,

[(FFREFiE-S RO E]

BREERT AL DT 07T T NREL, R, RBBLORIG LT e E T2,

IR O 07T W T AUVAET U EFETHIE L TR [EA AR EIZHE 1T H D Householder =
B AL LW A EE WD, BEAF O RE AL Dy r— DI W T, 2o F &I B T TR kEn o288
2NN, ZiE Scalapack DT AT IV ELEZ T2HE EDOVERER L 45, F7-. QRIER S EIFRIBIER Y
fil oD [ A AL DO E B 5,

HRAE - KRB 0 7' 0 75 LTl BRATAIZ AR, BRAT IO [E A EAFE 2BV T, BRATSI L BEUE A~
IRV EDFHR AR IRLATIN AL RICENLBATINI B EE DT IS IR EL T DTz
O T EFI LT8R AL R TED,

BATAO B A MEAREE L TBEAEDO /Ry —Y THWBILTWADIL, FIT Lanczos i THD, M, Zhve
MPI & OpenMP 12X 064 k45, LHL72235 . Lanczos EILE A EIHERIZIEV VIR CIIR L E TH D, +
D= WA BRATHI O [E A fEfiE 15 E L T Jacobi-Davidson {572 E D F LWEIE N B LR X3 TU D, Lanczos 15
k_h5®%ﬁbb\ﬂ¢/£% L7556 O OIURIRE A2 5T E Th D,

KR OT 077 LTI, RERITINIO 2K 3% — EIZFE 20 TR ARVABREZB AN LSS
DEBFAD NI DB E T T DLV TE LRSI TV, J)ioiﬁ%‘rﬁfp% LW EAEffR R
REA DD THEFEDOTAT IV Z O EFRMTHIENTIRWE AT, Hilc e RE L EEERT
Do
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MR NG ERE CTOBELEMEDOZEME
Robustness of Unconventional Superconductivities on Topological
Insulator Surfaces

Rk, L Y SHER FRRFRFRLERMARYE L ZHER
Y. Ito, Y. Yamaji, and M. Imada, Department of Applied Physics, University of Tokyo

BEZE / Abstract

3 WICIRE T ANV AER KR TlE, AL LB EDRGE OV 7 = LI ISEERL T, @H O 2
RICEF A A LRRDELUC R D RIEDNE ZIZW, ZO XS MR U Vg A R 2T, BT 5]
TNZESTHELSD s P& p WANRMKLTZHT 725 EA0N, 13RO BCS BURELFERIZIERBMED LUK L
THEETHDHIE% Abrikosov-Gor’ kov D #Ehia 35 L Y Bogoliubov—de Gennes H 22 A W CTHHBLMNI LT,

Strong spin-momentum locking on three-dimensionla topological insulator surfaces results in
antilocalizations of gapless metallic states on thses surfaces. Together with the spin-momentum
locking, isotropic attractive interactions on the topological insulator surfaces induce unconventional
superconductivities that are mixture of s-wave and p-wave superconductivities. In the present
study, we show robustness of the superconductivities against nonmagnetic impurities by using the

perturbative Abrikosov-Gor’kov theory and solving the Bogoliubov-de Gennes equation.

[#E &8 - ZATRIALE ST ] 2000 FREIDSIEFRBITEA A £ 7o bR u D AV EBARIL, kD -5
RCHBAREAR LTI D B 77T EHZ2 J L U T BLAULIZERW AR L Bl &35 Gk Mo U= 3R 1 4 g R g

B SN AE Y BRIV REL RS, £ ORMIKRBONIIEIL, B FHBIRIILH A AE R
= ADT Ty T 4 —LEL TOIFFNOIE A ZE OB RO L KAEHAZED TN D, Rl TORBEE
X, =37 TR ORBUFIH T LM ENLEVDITE B ZEDH T D,

FEAZE- BBy ARWFIETIEL, MR Vi AR 3R i COMBIRED | R CIIA B EE T DELAUTKIL T
LEMZAGINIT 5,

[AFFEFHE] REMNRIE IR Y Bk IA TH 5 Bi,Sey DA I T2 72y L T Abrikosov—-Gor’ kov
DO ENGEH I LT Bogoliubov—de Gennes A1 H 35, EIZIEBEIM AR T v /WITH LTI, &
DR « FEREME D ARHIAR T L X VEBLLIZ AT T IRDO RIZHOWT, ]k K 4 TIRITFEE D Bogoliubov—de
Gennes FEERAFAEAIZRHAILL B O 8 2R,

[ERE R ] Abrikosov—Gor’ kov OfE @GR 3 L O Bogoliubov—de Gennes 2RI L - TE{ZEX v~ 7
DAFK A2 | FBEVRY R AHD D RHER DS RIRIZIEECT 25RO ARHI R T 2 VB L TR
B MRa Y A VAR AR R 1 O B A 7B AR S AR DL EVED B LR 5T,

[Z8-5%OHE] CNETORRERER . ~IT TR T EHHRIC > CHR LG A OREMZH L)
23 %, Flo, REART v vv vk —RALL, AT v 70T T ADTIRIZ LD A RO HlAH ~ A1 72 KB
HAE 2L —var w2179,

[FE 7253

Y. Ito, Y. Yamaji, and M. Imada, J. Phys. Soc. Jpn. 81, 084707 (2012).

P-5



ALPS/diagonalization D% |{kEZDFRFEEE T =V IA > R ~D)i F DR A
Parallelizing ALPS/diagonalization and its test application
to the strongly correlated fermion systems

EHE 7B RT ER BRE 'R, BRSNS
Ryo Igarashi, Tatsuya Sakashita, Synge Todo,
Institute for Solid State Physics, The University of Tokyo

HEE (200 FF2 ) / Abstract(about 100 words)

ALPS(Algorithms and Libraries for Physics Simulations) 7 ®> =2 M, 58FHEE & 7R D7D | C+HIZLAHH
PEREZRS 2l —ava—R | BRUERERLTAT TVt T o4 — 70 =27 02/ b Cbhd, Hx i
BIE, ALPS Z SR L7kt A7 a7 7 4 ALPS/diagonalization ONEFIMKIZERVALA TS, 4RI,
SRAABE Y =LA RIS A& EHICEWTZE O SHE OB R 28 A 95,

The ALPS project (Algorithms and Libraries for Physics Simulations) is an open source effort
aiming at providing high-end simulation codes for strongly correlated quantum mechanical systems
as well as C++ libraries for simplifying the development of such code. We are currently developing
the parallelized ALPS/diagonalization, which is the exact diagonalization program based on the
ALPS library. We report the current detailed status of the parallelized ALPS/diagonalization and

show some results when applied to the fermion system.

[ - SEARBIAL -1 ]

ALPS/diagonalization 1%, /~\/S—REA 72— UAERIING AL AR FC | S Ak 58 FE B B AR A | 1
WILHHMND 3 WITHE DN ITHE 1728 £T, SRR TR B LT R A2 v a b — 2 a TELRAMED E
WTRTTLTHD, — 7T RAIEEWI FEOHIKIND, KEWKT-ORFREIZI, WIHEALHTHD, 7
177 LOPAEDS | a2 =T A OB LDV 7 7L RFEELINHI HEE Z T,

[BE- B#Y]

ALPS/diagonalization OIS AFFEEDT — 7 AT — gL b, A—/R—au B a—2 ETH AN FAEE
BT, OpenMP WFIKIZE DK 40 fFO0EHE L, B8XLTY OpenMP/MPI A7V R FI{KIZE D H K
10000 fERREETOY 41— A —Vo 712X M b BHEL ., BT AR AS A T-iRFER 7
VI RO AIRIRREDERR ZAT 2,

[BFFEFE]

ITHNAERL —F AT — TSN DA TH DA, GHR &AL FRIC ThHH70 | I E DO FIEFEEE N
WETHD, ZD—I7, HALFHEE L eigen3, SLEPc 228 DESVE 2T AT TV 0057280 | i TA7
TVEAZBFREICT DT, SRR RO EMEMEZ R T HEE0I2, WHHENED REHIT,
[BE- 5% OFHE]

FINZ AT ARV —TF > BL O LHE L —F 0D OpenMP Wi FbDOTF a—= 7% 7oL Eh
\ZMPI ATV RSO T b AT 252 S B BAER DS A T2 5FHB 7 = VA R OFH R AT
TETHD, WATL T, M &R ALPS DAT Y 2 —FZFH L, ZILHDFRDIE VST A—ZZE M OPRR A MDD
TVETZ,

Exs 'l

[1] A. F. Albuquerque et al. (ALPS collaboration) J. Mag. Mag. Mater. 310, 1187 (2007).

[2] B. Bauer et al. (ALPS collaboration) J. Stat. Mech. P05001 (2011).
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Many-variable variational Monte Carlo study of Ji-J2 Heisenberg model

&F MR, ZB BER. 4B ERCEKREEI)
Ryui KANEKO, Satoshi MORITA, Masatoshi IMADA
Department of Applied Physics, University of Tokyo

(=]

EFTRE T LD J ]y AR~ T R D B BB A 2 BRI 5y & o T T /L B KD FEARIZ A T, 14X
14 Y ANETOFEDORER, A T — R R EANT A7 SRR B N 7 FEI I A R R A & B
HUTe, ZOREARBATIE, 7Ly b N7 Ly MEDOAE Y F v A TRIZB -, REBEBERF D720
FEEIREEDNHEHIL TV, R TIE, xR OTIEIRIE & Jiang O WEEEITHIMR VAL EEE FIV TR
FLECIRHE [Phys. Rev. B 86, 024424 (2012)] & OBE A %im7 5,

We investigate the ground state properties of the spin-1/2 J1-J2 Heisenberg model on the square
lattice by using the many-variable variational Monte Carlo method. By calculating ground states up
to 14X14 system, we show that the phase between the staggered and striped antiferromagnetic
phases is characterized as a spin liquid with the absence of long-range magnetic order and a
nonzero spin singlet-triplet energy gap. We discuss the relation to a recent result obtained by
density matrix renormalization group method reported by Jiang et al. [Phys. Rev. B 86, 024424
(2012)].

[£&x]

Mokt B EIZB W TH R T7 TAR —2a & T DOLE DRI L > TR BRI O L & b
RO AR Wb D& T AR UIRIRIRRE I DB ANCIFES IV T T, & T AL U IRIARIRRES KB
INDHEZZOLNDER O T TR BFREDOD1DIE, IEFME T LD ] -], &AL 1/2 A B~ L7 f5
Thd, )il 1FENENY AN OEE A AIEM . VR B EENZR T, ], O/NSWRRERTIE, EE5
F EDOANAB AL TR L RERIZ, W q = (n, o IR E — 2 &R DALy I — R OB IR B 3 3283
Do —H Ty M INSE SRR TIE, g =0, ) HDIWIE(r OISR — 2 &2 FFOANT AT IOmbg MR
REMNFEIT D, J, 2% J/2 FREOFER T, $THHT7IARN —ar b B LE DR TR R Bt
DAECIRVRENEBLTHEWFHFIN TV, ZTORMEIC OV UIBELIE T @& e\ TV 5[1-6],

B ZRROIEEREA SRR D DB R FIEIIZ B d 5, £ DR THT 2 /L4 D LG 5 -l
# & (RVB) IRR8E W2 3B T v B L BRI 8 A R IR 2 B CEABUHFH A Fikn1-o
Tdh%, Capriotti biX, ZOFEE J1-]2 NAB LT HANZHEA L, 0.4 < J,/]; <0.5 OFEIKIZT 7Lk
N Z Ly MDA X vy 7 DU T IERMR BN BT 22 LA RB L2 [3], E7o, o134 A~ — %
FHEL, ZOREEIRAED T HE R R OB 2 D7 N2 b R LTz,

IRAT ADD I WIEF I CEREE RSB R FEO 1oL LT BETI A ABHEL R T oD, ZOTF
EIZTOR TR TTE F RO FIELEN OEF HEER R 2R U200 RICHEASND IR TE, &
<L, Jiang HIFE FEAT AR IA B BEVE L FWTCEEZR AT IZ > Tl 0.4 < Jy/); < 0.62 OFEIRIZT V7 Ly
KN T Ly MO AL L Xy 7 3G [RICBA 2, BRI L OV A~ — B R BEBERR - O 72\ W R IR AE 23 281
THIEERB L], 51T, =2 TN AR b — I N DB B A R R T AL T, SO IR
HED Z, BT AV RIE THH LR #m D1 Td,

Boy T T N ESEE AT IR IA D REE TN T IS | -], A B~ L RO SIS IS WV TR
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A ARMIRAEZ BT 23, ZOARE L Xy T DSLFWIIIMHEDR DD, fIEIIAL Ty T O A
E AR EZ RBL T 2DIZX LT, BB IFAL LT 7 OBV AE ARIKIRIER KRBT 5, ZOFEO KD
RETRFRNL, BT T VB UIRHNAFAET DA T A ThDH, FBE, Capriotti HOFHHE[3]TIL, Fv
o 7 B B 2R E LT 28 2 i B B 5k 2 O QT DR BN O b ikh TR X — D& -7
HLODOF vy 7 BEIZIZHI N DY, Z DD FIZAL U Xy 7 OAU T L ERELIGON D o7, T<RI,
A X vy T ORIV AL ARBIREA BT 5 BT, LIDAA Y D RVBIKEEZ HW 5T T vm
EERRELCODE], LL, OO FIEIT#EH CEDVAT AP AR NS, FERER ETHD,

Ta 3, BT HNEEBEETIIREAABHEDOH B RO R —BEMETHHHT, AL Fyy
T OACTRAEE BV R BB AR TN TEHE /3 I B B A AR GE LT, S ST 28 03 I Bh B A
AWT, AEERSEMEICBITL ) ), B TACY 12 A BV T Z BB LT, $lo, AV &7 2
& b 7 ORI LSRR EI T L B T B 2 B B0 28T BETHRDIALRETIIGLZ L
MHR IR o T2 28 DIRh R IR BB A B R L=,

253 B B DA T ZZ RO BRTZDIT | e 2 1ZZ AR € T I NmiE [T e ATz, 5k B B
L RIRESN I — (K 5y DT IR B B A S AL & - Hf - A B & 4K 1 ORI (/2 [E1R 2 SCER) (2 Al
LB FEN 2B B LT, COFELZNWT, AR EMFICRTD -], B FAE Y 1/2 N ABU L 7]
R ZZERNCENT LT, T AR L TET . 4X4 AP EERRBO =L X =% R L, Hbhi-m L
X — (LR AL ORE R EF AR ZORFHANT— L, B DAL T VB A TR E RS %
577, RIZ, 14X 14 P APETHEEREZHELIZEZA, AF I — KRR EANT A 7 RORBEMEAR (2B E
AT RIS AR AR AR 2 BB LT, 56 BT ARV IA AR BED JeA T ZE[4] L [RIARIZ . ZOAE AR Tlds v
Ty RN T Ly M DAL F vy 7 B RICBWZ, R B LU A~ — B R BEBERR O 2 LR g
DEBLL TV, SHIT, ZIVH DR KB D fEB) & | 41 O RlHE I LOSEEERED N CORFREZ IS
M LTz,

X, BB OO EE BVERSZET, 724D RVB REEZ WA TS T IV
PEZ N THAE vy T ORVVZ & A AR AIRE N EI TEH L2100 TURLT, x OFIET,
B AL ARRIREN BT H WIS CODM O RITKT L Th @R e s RS R A G- 2 DL HIRF T& D,

[1] E. Dagotto et al., Phys. Rev. Lett. 63, 2148 (1989).
[2] L. Capriotti et al., Phys. Rev. Lett. 84, 3173 (2000).
[3] L. Capriotti et al., Phys. Rev. Lett. 87, 097201 (2001).
[4] H. C. Jiang et al., Phys. Rev. B 86, 024424 (2012).

[6] T. Li et al., Phys. Rev. B 86, 075111 (2012).

[6] L. Wang et al., arXiv:1112.3331.

[7] D. Tahara et al., J. Phys. Soc. Jpn. 114701, 77 (2008).
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DREELEOEBEHZ XNV —BEEORE

Car-Parrinello molecular dynamics studies on reaction mechanisms of oxygen plasma etching

of graphene surface and their free-energy barriers.

HUORBE . A, IPCMSB, fr RKELAE T ¢
/NRAE— A Mauro BoeroB, [ E i C, #f[LI% A
The University of Tokyo#, IPCMS CNRS-University of StrasbourgB, Osaka University®

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

%,/ Abstract

MRT T ATy FU 7L, 777 =2 OBERRICE T 2EBELRMTEMRO—>TH D, ZORFRITRE
FIGRINT T 7 2R EET Ay 7 L, FO% COE71LCO & LTHEET 22 LIk > TRERENT
YFUTENDEND T T 2 RIENCEB T EFIGIC L > THETT 2 EA OGN TE -, BJRES T
BRI PR G OMBEZ 2R TE 2720, ZOX I RIEFRIGED Y I 2 L—v a3 VIR EFKES
Bo LU S, [RFE-RFE, BHE- KRBT eV ORNFEASTHY | BFDOYIalL—v 3 T
FRNMCRER AR TRV =N T EZEZLZENTET, =NV I=v AL Ty FENTLEI
O, ALFERISE G EE T MO OO T NLEIZR D, AEIE, BHZRLF—0 I =< L &5l
WCHIDN. T TV AZE A F I 7 AL MERIZ K > THREIMIEFRIGEZ ISR T 70— —0 7 o H
T IWEE L IRA AUTE Car-Parrinello 43 80 /) 521k DT yF LT at A TR DG BRROFE
MEBHBNZT 2L L HIT, ARFICHRETELIHRTZ XA =D TG, KbEIY O 2 KW 4k
E LT,

Oxygen plasma etching has been a key prosess in the fabrication of electronic circuits and has recently received a
renovated interest in view of the realization of nano-scale carbon-based devices. The detailed knowledge of
atomic-scale mechanisms of etching processes is likely to contribute to provide a detailed control of the etching
processes. These prosesses are driven by chemical reactions involving breaking and formation of several chemical
bonds. In such process, the system must overcome some free-energy barriers. Therefore, we combined free-energy
sampling techniques, namely metadynamics and blue-moon ensemble, to enhance the standard Car-Parrinello molecular

dynamics. With this computational set-up, we simulated the etching processes of graphene surface.

[fEE B - 2L E -SIT]
7772 0% Geim D) —~)VEZE LR BRI ZEOPRE D3NAD | IRMARD T 7 SA 2RO A
HIBERIZ IR TND, ZNET NARR — /L Tarha— L3 57O100%, EOMEZ B RiZar e —
ENdDH[1,2], BRI~y T TIITNGOITIZBIT 5% —77 /80 —0—2ThY | [BHR T T7A~IC
FoT ST T7 2 HHIAZ LI TR O ha— L 2ITHZE1R0, @y T~ A7 A hE TR
MBIy A B B2 I EV IR O e — VR ERBIZR D(2], £ T 7 2 X B aX vy T E RO T FE
DT NARGHNNE, NURF vy T2 52 D0 B NDD, ITE, 777 2 FENKEWRE ., FEREWAESED
LN T TG T 2 DANURF vy TR EVOME N LT TE3-5], ZHEIZEFRBEDJREE T I 7 =
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RANCTyF UL THEEITHI LI SRRy T aa ba— L TEHEIWIHELHDH6], LIZ
STRHAT IR Ty F LT3 T7 2 OREER T TRSBXHEEEZa M — A 35720 0% —T 7 /uy
—THY, ZOFBEMIHTHILE, WE AP OB TR ELL TRWNA L I ME RO 0T
H%,

N=REEN=R:00

1R T TAIT, BESEBIOMEDO =RV XF— Lo TR B REERDZEN D> TND, FE7RK
IR FIRBREEFEEZFFSTZBHE S T (0N ThDH, ZhbD) bLENBAREMIZT Yy F U 7IZ%HE LT
WDMMNERET D, ZhuE, BEOERICBWTT 7 A~OREE KELT 5 2 LICHETEDLEEZTY
%,

2.1970 AR, 777 7 A NR I DEEFE T T A~ RISIZI T D FZBRAIBFIE AR J1HIIZA T4 CO B, CO, iR
DFRIEEMENRIBIN TE T2, Fox OHVIDEFHN TIEE LORARE WL SR O E, WELEIZIRESILTH
RNEITHD, 32— alilio TRISDFEMR AT =X LEZ OGN T HEEHIT, ZOREICE T
T2 H TR X — AT OB ENDEZ T,

(AR F ]

Car-Parrinello 53 -8 /) 2L AZE A F IV A T I—Lb—2 T oo T INEFES L. 7 T7 2 KMoy L e R
F R OB LI ES T DL GE B 2 —ar 2{Tolz, ZRHDFIEITn— N I=~ AEB A
TEREDCZEKIEH Y12l — T 57D THHIENY THL, FRFCZ O LSS LEE R B T3
N — N7 HHHTDENRREL D, ZHUCE > TR 4 72 CO B, COBED 7 m 2D ATREMEAHED | i
HAN)T DIRNWT B RAERETHHE T, BB A[GER NG 7 1 ® A% E L=, Mono-vacancy, di-vacancy J&Y
DTy F 77 u A A LiZ, ZHUE, mono-vacancy TIEX 7 U T RURBNH LT KM EVIZAE 5
FEWELDHZEN DI TNWDIZD X7V Z R RO di-vacancy DA LT 5720 ThH D,

(R &2 R ]

PRal—aviid, CO O AT 4.5eV O AR ZFLXF— YT EFFL | CO, DA TIE, K
kD ZEBMEO T e AZIWY  ZOH B XA — YT 1.65eV THIOZEZHONI LT, ZOZEND,
CO, BN E72 7 aE A THHZ LDV ZDFEM AT =X L% HE78 T 7=, Mono-vacancy, di-vacancy @ Lt
BRI, ZHETHD OtNIXKMOE VAV EEX 7Y v TRy R)PFET D L& OBRFIZEN
NYTTHRFEL, RNCHES T 2FE o7z, RPREBRIIKKEE D ORA e REICED O RO FH 5
LENPHALMNE ST,

[E2fRX]

K. Koizumi et al. To be submitted to PRL.

(3% XHR]
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N TRAUA FERFEERICEIT D
Rashba IR DOFE —FEFHE
SRREY 1, ERRER?2 AHEZ !, KEEK 2,/NEWERK 2, L1
First-principle calculation for Rashba effect of perovskite-type ferroelectrics
'Graduate School of Natural Science and Technology, Kanazawa University,
*Faculty of Mathematics and Physics, Kanazawa University,
'F. Ishii, T. Onishiz, H. KotakaZ, and M. Saito’
BRHBEBENCEEAL v F U T TN ADARMENS, ACCEHIEIT LA hr=7 2ARFH LT
L7 hr=7 2L LTHAISN TS, AV UHIEE FERT 5100, A Y iEHRAERSONZ BT 5
VBN 5. 2 DT Y ZE MR 2 A 72 % T4 U % Rashba 2R 23 H STV 5[1]. Rashba R
IR BZER TR U HZ, A MESIERI L, AEVERDE T VR Z(Spin-FEDIISHTE 5 &
EZLNTVWA[R]. ZOMRERDOREEZETHDE LT Rashba (&3 a 35 0, VT4, fAESMICEFDIE
(ARPES)EH# HV\ T, S ESERYWEIZHO W THEIMTRDBATND[3]. T E THA TSI _RiCF
AR S D Bl RICHOWTHMBEL 2 BB LI - EFEZNNT, 7Y a2 RaHLNIC
L C &7z [4,5]. ABFZECIIBRFEER Y — » FET(FeFET)% AV /= Spin-FET HEHAZME L T, a7 A h A k

TR EMAR PbTiOs /3L 27 3 K ORI )

= Xr
-2 X-M

=

ST, WRH R B ROETRIE 2

Nz NV EFHEMTIIMESE Ny T

@ X JET Rashba 2R3 HEFE S HU(X 1(a)),

Rashba &% o 13K & e BRI WREAEE D B ﬂ"';; = o ";:'J"_le
. . Polarization {pCfem®)
DL ENRbNoT. EHIL, HKERIZ LD (c) (d)

W TORAY L KRR 5 L Rb puted Al

\Bohr

/> 7=. Rashba 2% o 1%, =R/ F—4Hk &

i'I
a2 a8
-
1
o
‘\-...-I"'I
k, (Bohr?
5 H ;
BB -2
i
" . |
+
h- ,.*.F
T

D ke & Ex(8 1@)72 5, 00 =2E, [k, P BIF o PP s A asp SREE
- o . P . k, (Bahr') . : I:IM- B.clh.r‘--f
KLV RBL o7 FERE LY, POTIO; 13 L (@) Ly E kg & En

Au(111)=° Bi(111)#E if & e~ TRIBED 5 (b)Rashba %%k o DERSTK T

(), (DAL IT 5 % & i
va MR RS, BRI ME S L CES

TT v a MR EFIETE 572, Spin-FET Mkt LTHETHD LR SND.

[1] E. I. Rashba, Sov. Phys. Solid State 2, 1109 (1960).

[2] S. Datta and B. Das, Appl. Phys. Lett. 56, 665 (1990).

[3] K. Ishizaka, et al., Nature Mater., 10, 1038 (2011).

[4] H. Kotaka, F. Ishii, M. Saito, T. Nagao, and S. Yaginuma, Jpn. J. Appl. Phys. 42, 025201 (2012).

[5] H. Kotaka, F. Ishii, and M. Saito, submitted.
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Optical response calculations of Cgp nanostructures by real-time and real-space
electron dynamics method

BH EH. EE mE (OFH
Masashi Noda and Katsuyuki Nobusada (IMS)

BEZ,/ Abstract

BT AR E DT G RO N FINE R R ETO L AARE LT, FERfH - E2EME LA
IAET 0T T LD RBBAIUEZAT > TS, AEIEA~NF~—TEL T, Cy 77— 3 F 3 BHIICEL
FILT= 8 DD DF IHEIERDWINANRT MV DFTRZEAT 57225, 7 12288 /—R(98304 = 7) T TWfREED5E
TN RAATTZ, TSI R §h (foe) T2 Coo 18 AR D HNLHE 1 DIRUL AT BT FHERFE R E RV — B
RUTZ,

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

observation.

ME 8]

TRNAF G E T T —HEEHE L L CO T TR GG, LT AT — el K5
W72 E DENN BT HEEEA R TR T TR RO BRFECIT, T /S IR DRI O BRAR H i
HRDHEE 2 D, FRCEWIGEE T OBy 7V TR T 20 B TR TEIIHTH T /S A AR ET ORI
B2, 2D X577V T —EN A ~F T ) A= ML A XD T I HEIERIZIB W CBEE IS5 T
HEND, 2OV ARXERiOT EEROTE T - BIGS AT I7 A% 56— R G LI Bl A 3 R 0
DI CTHDH, ZOBUREEF X+~ T /A=Y AXDF AEERDOE T X AT IVANFINE) &
SRS OBIINLT 07T LD EITIZ LA HE— D BIEELL TR A ED T D,

(AR iE]

PEFRIE—EAZRBEIREH E L L CHOWDN CEIZ & AL FHE AU RFRICRB OO, R Z
BEROIEBELL TWDT20IT, ROV A RN KELRDIIONGFHE AN K70 D, 2 TH A 1%, R
JEBRZ — Ul bW LS 20 EE WA ZEIZ LTz, 2O BB W OEFE I ANIZE M O K& S LHE O
BT 20T, FHEIANOEKREMR HZENTE, LGB FHRIZHE L 727 VTV XL THD, Fz,
RER SR IX T — 7 — BB S AT LI X L% HVTEY, 20 UL TH KIS EIZ#E L C
W5,

[EAEBZRRR]

Coo 77—V b1 32 &S —NIRICHE RIZ R DRI AR T MV EH R AT AN L T T2 72, ROKREZIL 4nm
X 5nm FRE THD, N F~v—7OfER, 7 12288 /—K (98304 =277)T 6.87% DRI TRHE N FFHIL, 12288 /—
R/6144 /—KRLET 76%D A FIZh RN EFHIT,
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1 [EE fee K ik OB T OWINAZ Y (a)FH5, (b)F2BR(1]

AT Ceo A fee it i O BNLAE - DWRIN AT MY DFHREZAT o7z, X LIFEHRRE RS FER D iz = L
THEY, WA ICLD—BEDRHLILENDDD,

(&4 D3]

R A= IVERFELL DT ISR A RO T OICE R DT 0T T ADF a— =2 T EAT, R ERS &
DI TV T EZBEIZANTZT NI R LD FIEEMED D, BBy 7V 7 DERLE T v s T L
~OFEIEIK IS TRY, BRI TAZ—E R RIZU T, BREGE 1 7 V7 B B AN IR AR AT
ITETHD,

[1] S. Kazaoui, R. Ross and N. Minami, Solid State Commun. 90, 623 (1994).
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Simulation of AC Response of Nanostructures

MR, SEHARM !, IUARERE?, EER!
VRRRFRFRLERFER~TITNVLERY, *FRER R P LR E 8= (W)
Kenji Sasaokal, Daisuke Hirail, Takahiro Yamamoto2, and Satoshi Watanabe!
1Department of Materials Engineering, The University of Tokyo
2Department of Liberal Arts (Physics), Faculty of Engineering, Tokyo University of Science

B

A7) — o BT L DT E D AU B RFE TR DR IR BT T 5, T ANEEIT IS
ZEMEHE TR FRA LA ZIMTOWTERL, RIS E DT = VIEGARFFMEIZ DWW TR E— BT DR
BN, IR S — R R CEAL G R B I — AR T /) Fa—TIZOWTCEHEREL, ZZHLYEEN
TR EARFE AR RUENL UL 5 TR B D7 = VIYENARIFE I REIE R H D L% LTz,
Abstract

We present the results of our simulations on AC transport properties of nanostructures within the
nonequilibrium Green’s function method. For a quantum point contact, we have obtained good
agreement with experiments on the Fermi-level dependence of AC responses using real-space
simulations with the effective mass approximation. For metallic carbon nanotube with a vacancy,
we have found that the distinct difference in the Fermi-level dependence of AC responses between

the vacancy state and dangling bond state.

Si THAAD—JEDME/IMEERAR ST T NAZADERBEINEFIED HITND, ZHARIAIC T /A —/v
BRURERHEDIFEBIEFITHED N TNDD, BT SAANREIC GHz FREE O JFRE CEIfEL T\ AIch
ST TG DI 22 13D 720, LT > T IR OB T 7 /A ZAD RS T, T /D
AR R VE O FEI L AR AR T D, ABFZETIL, Bk~ 2 S ORI S AL R —ar L,
Z DR RARHT L CRFARERE ORI AR 22 8% BT, 2SS T, KR i O R
EEEMEAFHR T2 —ROBRL G TT),

FHRICITIE A7) — BAEINEGP)IEA WD, F 2 1T E TG G &7 MR SGHRBIToTE
R[1-4], AGEHTITAE B USSR FHRID] & R E R 55 — [ B EH R O R A A T2,
WTAUZDWNTHH 7L —T7 TR —REHRE LD, %FH TIEE HIREOFE#IL SIESTA THELTWA,
7B, BIROFIETIE T N TR E T LS BRI BT A RS RRIRITELE & VT3, BIEIRE
PZE AW ED E— L~V B Ry MO 2885 6B 7 L EHE TRA TS,

FTET AN OWT, ANE BT USSR ERFHRICEY 7 VIUENARTEEICE B LTS
BRFMEARIT LT, Z ORER 7 2 RIPEBAR OREIE DN T ZV R TENDDITH L, avF 72 A0
FIERVFRERD R EALE L QDT EN DT, ZORHBIE, FEBRFE RICHABND T — NEEARIAEL EPERY
IZ—FKLTWE, BEROM I N —7 OF R TIXFBL CERD-T-b D TH D, Fx OFFR TIEESIZ, 7 —h
BIEDOHINN (7 2V IHERL D _E TGS %) LY 7 2 ZNE R (A DE) D E R (IEOf) 1228
bT 528, BROZOWBENRILS —NEEDSE R BUKAFE T mEEMOE KT 22 b bh o7z,

IR S22 e G Bl—R T ) F 2a—T71 oW T, BFEAES — R EIC > THITL7-, # A
DR 22 FLRBBOIELF EARAE B R RIREDLE DN T IICHB W TH R BT 2 RO,
BN, MF I RERIBENR DL D) o7, bbb KGR NIREBOEIIIRFERN 2T 74
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K= B ROLNTZDITH L, ZZFLIRREDIT R DI T T A N — 2 13BN o 7=, fHRET T
HSTOFER, T TA =2 DHBIZA L —7 OFLS LRV Z S Z L3> T72,

UL EDIS 73 H AR E X | KRB T A 1E DR s B R MG R I C FE 22 145 BE LB B 5 H
2 —R RSDFT & V= R PR AR R R A 4 # D T,

BE IR

[1] T. Yamamoto, et al., Phys. Rev. B 81, 115448 (2010).
[2] T. Yamamoto, et al., Phys. Rev. B 82, 205404 (2010).
[3] D. Hirai, et al., Appl. Phys. Exp. 4, 075103 (2011).

[4] D. Hirai, et al., Jpn. J. Appl. Phys. 51, 04DNO1 (2012).
[5] K. Sasaoka, et al., Phys. Rev. B 84, 12540 (2011).
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Performance Benchmark of Divide-and-Conquer-type Real-space Grid DFT code

BB, BRI FERT
BAER], £ BLERPRER
Takahisa Kouno, Institute for Solid State Physics, The University of Tokyo
Shuji Ogata, Graduate School of Engineering, Nagoya Institute of Technology

BEZ,Abstract

Bx T, MBIOZ AT I A% KRB O ERE IS 2L — 07D 7 )y R i sz Az
Jab—2ar B 7o TS, BFHEOFHRICIE, E2EME ELEBRCDFT)Z—R 2N Tns. JHKRHE
R 72 B - I WO 7201, Bz iC o EIIE R FEPLEE 2 (DC-RGDFT) = — R &2 BA R L 72 ARG LTI,
DC-RGDFT =—ROPERERHALG (2 >V Tt 372,

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

i, BIREAFRE T L8 TS & LR 7 & U Tl o IR 2 @ O S A D oA 7 Uy R &
T EE AWM 2l — s al BT o TG, BT REIROFHEICIE, WHHEIZHE L T D F 22 0%
LEE2(RGDFT)— R & 45, LLZRANS, RGDET 132 N IS L CEFEED OIN?) THINd 5720,
KPR 7 HEIRIC B C, SRR ORMBEN SR WL AT IV A& BODNTHZ T # L. £Z T~ 1,
FHEE OIN)THD o EIR IR F2 22825 LB E(DC-RGDFT)=— K% BA% L7~ [N. Ohba, S. Ogata, K.
Kouno, et al, Comp. Phys. Commu. 183 (2012) 1664]. DC-RGDFT =x—R %, KA FI|FHEM CTHE)3
ZEHMIZ, WHMEEL T, (1) DC BN L5k, (2) 2 ENZLDIFE, (3) KEBIE DL~
FIE, (4) ALy RIEFHED4-DA T TW%. (1),2),3)1% MPL I8 THEIESH TS, I—FDFEITITE W
T, AtEEROANEH DT, ZHHDW A YN E T 20ENHDH. 4 ENE, Bk DC-RGDET
A—RDOWHMERERHEL T, Ahae T A=V 7 ey 4= R =0 T DT ANAT ST,

DC-RGDFT =—ROYEREFEAfIE, Fujitsu FX10 T RGDET M7 VR4 X 0.55a.u., SCF10 [RlDFRE THE
TR ORI EEAT T2, AhaL T R r—0 77 ANTIE, Sil728 77 AKX —% 32MPI&S8Thread W4 TR L=
B 1687 7, 22y ENC LD B4 251 HEP L 72 64MPI&8Thread M4 CTREELIZHA 806 FhL720 @
AFFUEIERE ChH -T2, A=A —U 7T ANTIL, Sijg 77 A —IL 64MPI&8Thread 51T 806 £V, Siyyss
75 AH—1% 128MPI&8Thread W41 C 1205 £, Sigg,, 77 A% — 1% 256MPI&S Thread M2 51| 7C 1404 Fh VO L
720, A ——N UV MEAIZ TR LT, Sijgeg 7 TAX—DEAENE Sigyse 77 AX— DA TORRI ORI,
DC S HENEFNTHE LI D/ 3y 7 7 O I LD FHRFEIRAILR DR K ThD. FEATRNRIL, Sigy, 7 TAFY —
DA TR 5% TH-oT-.

S#HOFHHEE, DC-RGDFT a2 —RZ WA 7 Uy R & #iEDISHEL T, Li A4 R ER O At
MEHZ BT DR oA &7 T7 2 OB Li A4 O 22— a 27 T ETHD. 2D 3al—
Tar T, QM SR Li A4 B SER A IR T 20 ERH D, EED Li A4 OBEICXHEL T, QM 8
I DFEAR EFHEEIROEN Y CEBINATHZ A FHEL TN,
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Free-energy analysis of the flip-flop motion of membrane proteins

KA BAF L2, e 2
1 53 FREWTSERT, 2 R R RT
Tomoko Mizuguchil.2, Nobuyuki Matubayasi2

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

BEZ/Abstract

BRI ENERBENTZEDNEE 180 EEZ L7y — 7y 7 @B L, AR SR E Ok
EVOBLEMNOEELTHDH, LAUNZ T, Fo VB LD BAEMZAZET 5 L THBIRRNILR Th
%o 7V =7 my BB DA = A LRI 572D120F, 0 F B IO+ LA O & 3L E Th
D JRF LIV TOMT R EEND, AFRH TIL, 2FEFET VERNTHFEF 2 —al 2170,
TV 7 =T ry T EEB ORI 2 RN B B kL — KRS,

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

simulations and solution theory.

[HFx- BrY]

iz R ORENIZ I T DBELE R, AR E OREA S/ T 5 ETEELRERIZRIZL, KTy 7T U
V=Y AT B EOBLENOHIE H S TS, L XV EOENELE L, 22308 RHE . KL Oy
TRBIOSTRMHAEERNLRESND, LIZB8>T, RIFRTROT7 7 a—F XD 1L~V TORNTH
VLI TN,

KEBTIL, Fo "V EO7) 7 — 7y 7 EENCEE LI RN EZ V<O HEL, 2RO 21
—arE{To T, TNENOREICB TS HHZ VX —%25HET 5, 7y — 7oy Eih b L, fa o
DREINERBENTZ DRI E % 180 FEAE 2 HIEEN D ZEC[1,2], AR A0, M52 38 L7- - Ok |2 B
RLTWDEEZ BN TND, EHIT, U 7B LB X OUKEDMHBEMER SOV BLE DL, BRI T
55, LL, ZOHAAICEAL TUTIFEAEMRENEA TEL T, BTV, AKWFSED B BT, BN Z
RIBDEREMNZSF L~V Tl L, 7V — 7oy FEIMCHGRARRER 2 52 52 L Th D,

[ET V- F¥E]

HE'E %> 1-£LC DMPC (1,2-dimyristoyl-sn-glycero-3-phosphatidylcholine) 43 7-Z i\ T, 242 fE DA
B LD E —EmEAE R LT, #2327 LTI Glycophorin A (GpA) DFEEEERSYy 23 FRILD 2%
e, K5 11iE TIPSP €7 V28 ML, JEE —EEEO T2 10000 {EDKSy FABLE LTz, RO
THUE 58,925 [HTH D, 47 11155121k CHARMM % Hv iz, BIRELET o7 izt &% 303 K.
JE% 1 atm [ZERE LT, 72, B TR —0FHEICIE = 1L —FoRiE[8,4] 2 H iz,
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[EARRY7R AR ]

7V 7 =7y T EENCEL T 2 DORKEE ZH(H1), —DITMRENICZ OB BRI EDREE THY
(pathl), 5> —DIFZ L TEBW ST SN DR T D (path2), 2 D ORREEIZ 1T DRABHI B E
DT, HU T EOERPEFN A =3V —Z 53R LTz, 22 CUOIRBEE T, IR B LK T DDA
B —IRAEFRDZETHD, TOFER, pathl OFFHH HZ=R/LFX —[EREDMRNZENHLNI 5T, SHIT,
B E =L —Z fEE DD T H-LRPOEDTFHIT 3T T2 ZA(K2), Zo "I E DR EMEITAEEIZL
STUIIERFES> TNDBIEN T h o7,

[23E& 3R]

[1] S. Jayasinghe, M. Barranger-Mathys, J. F. Ellena, C. Franklin and D. S. Cafiso, Biophys. J. 74,
3023 (1998).

[2] S. Seppala, J. S. Slusky, P. Lloris-Garcera, M. Rapp and G. von Heijne, Science 328, 1698 (2010).
[3] N. Matubayasi and M. Nakahara, J. Chem. Phys. 117, 3605 (2002); J. Chem. Phys. 118, 2446
(2003).

[4] N. Matubayasi, W. Shinoda and M. Nakahara, J. Chem. Phys. 128, 195107 (2008).
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Free Energy Calculation by MODYLS — Thermodynamic Integration Method

AT ' R L 5 HEAT O MR ]
1) ARBEL 2) A KRBT §E*®
K. Fujimoto, Y. Andoh, N. Yoshii, and S. Okazaki,
1) Department of Applied Chemistry, Graduate School of Engineering, Nagoya University

2) Center for Computational Science, Graduate School of Engineering, Nagoya University

BEZ/Abstract

BERARDBGRE S L~V TR T 5720121, 3 F 8 FMD)EHR BT RN e FIETHD, Foxid
KRBT R OF HEZ FTREL T 27DIT, kS5 8 /1% 7 E MODYLAS D3 21T > T %, Ll BV
HEOBMIITEF O MD FHE7ZT TR AR RAX =2 RO LU END D, ZDT=DIZ, MODYLAS T
b A BT LF =GR ATREZR IO & 1T > T,
Molecular dynamics (MD) calculation is a powerful tool in order to clarify phenomena of condensed
system at molecular level. Therefore, we develop the highly concurrent MD software, MODYLAS.
However, it is needed to understand the slow phenomena by the free energy calculation combined

with MD calculation. Therefore, we also add the free energy calculation method to MODYLAS.

[HE& - Z2 A RINL B S 15 ]

WE DR, VAN ALL £ T X — DR B IR ERFER OB VB R AE TS H7-0121F, A= R ¥ —%
AETOVERDD, BT —ERDDHILICED, FEBOMS (LEEMDILNTED, SHIT,MD G
REBADEDLIET, ZNORE DS ALEIZDONTH 1L L COBRMENRATREL 725, ZRHODHIFLIL, #r
PR LI T D AR R BRI /2095 LB 2 bD,

B A

[ L — DR N AT REZR &L 81 50 -8 /)52 7k MODYLAS DB 5§
(B XAX—FHEFE]

B HBREICID, LTFTORE MW TH =R LF—% 3 H 35,

AG = G(/’Lz) - G(ﬂ’l)

% dG
=| —dA
4 dA

1%
= |7 ({=)dA
Z <al>
VIZZRDORT VTRV F— ATy TV T RTG A=K oo DET T VY,

(R R]

ZIZ Tl 2% SDS IRV ERZ L FORBEE LTe S B OBl 2", X 112 SDS IRV OEEKLE T v 4—)L |
EHNBIOEBTRLE =T 07 1=V ER T, B 1OIZB W TIED NI ANBHERT 2 (R 1) THY,
ADOINIIBAWIZEVAT J1(B1 1) ThHD, K 10)DAZ L DIWY) J1% bHE . r=2 nm fFEIZH W TRE RG]
TIBMENTIY, ZDO I T AZ I BAVRICBRIAENDZEN DD 0Tz, — 7T KRG F15 0.5 <r<2
nm OFFHIZIBWNT, FRADMENTIHBVIBAVICEVIAEN R, F2, K 1@ 60722912, SDS T&'/LD
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LTHLHED R X =N L X —FEE D
FTIAENZELRENTND, ZHUT T S o R [FR
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WZEBRDDPD, 22 AX LRI, SR VEOAT ok e Bk, - - - kL () A
EEDTINTLTETDD. 5 (@) LUK (OIS B T A, (© A
2 (@BLOKOOHBET XL —T 1
74—, —IXLARTOF 2 OFE R OITRsk

B DFHERE R

(5% DFHHE]
TOFEETANA/L BT —RICHEAL, YAV A- LT —DREASHBH TR —FHEL FDNH T
WA ABNTT S,

[EFwX]

K. Fujimoto, N. Yoshii, and S. Okazaki, J. Chem. Phys., 133, 074511 (2010)
K. Fujimoto, N. Yoshii, and S. Okazaki, J. Chem. Phys., 136, 014511 (2012)
K. Fujimoto, N. Yoshii, and S. Okazaki, J. Chem. Phys., 137, 094902 (2012)
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Folding simulations of proteins by using genetic algorithm

& BV R R 3 LA KBRBE, 2 TR, A KRG AT, 4 REHERIERT
Yoshitake SAKAE 1.2 and Yuko OKAMOTOQ34, 1Department of Physics, Nagoya University,
2Institute for Molecular Science, 3Structural Biology Research Center, Nagoya University, 4Center

for Computational Science, Nagoya University

BEZE Abstract

LG IEE DM B OSAMEEZ RO LI Ko TUIL O TAEMIEEN L EERBERE A R T D, Fox 132
NETH T2l —ar OFEZHWCTT IO 1 RITEFIOTEHDRFE O NLREEE THT 25, 19
B A MBI A CE Tz, AL CITEB T VTR L% Ial —a ATl ATz, KBRS
WRREBIROZEN TELFELRE T D, EHHILLT 3 DDF L /37E (Trp—cage, Villin headpiece,
Protein A) DIV EHI Il —TarZikdr, TN ENFEREEI TG 150N TE,

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

agreement with the experimental results.

(i) - FARBIALE-S1T ]
DNA RZ LI E LN ST AR E 57 11EE OB O SR REZ FF D Z 0o TAEMIE I L B REZ 3
T 5, LU — S CIEFRITVEA LT O T BE GV R Eo T2 L RV E RN AERITE KL
FRE G ERE T ERNCHRDIENRBINTND, ZOINIH L ST EOPT0 B I DI LTI A MBI G
IZDONWTORRATRD DHT21T TRIARDIRRESCEED BRI IZH DR B HEH IR T —~ Th D,
B B8]
LU INBBAED LA B A M EH BHICL S5 T Ilal —vallio TK DIXREECTh 5, Zi
XE B OREEDEMETHY, B D R TR L ERIE DR T DT2DICE R E R MR BRI N T >
TEINTLED, JRVEIE 2 A RO N GHRFE NI IRR CE W e ThDH, ZORBEE TR T 57204
[B1F 2 1R T VTV R L E R U i R SR E - R R T 5,
(A FEFIE]
ARFETITERE DN/ =N 2 —ar ZERIARFICEITL, 05— EMIH I LITBImr A2 AT IO ER
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Intermediate states for the tunnel transfer
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National Institute of Natural Science, 2Graduate School of Natural Science and Technology,
Kanazawa University, 3Catalysis Research Center, Hokkaido University, 4Institute of Science and

Engineering, Kanazawa University
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The rate or character of the tunnel transfer between two states is influenced by its intermediate
states[1]. We have developed methods to determine the tunneling pathway connecting such
intermediate states for analyzing tunnel effects. We first report a result of the difference between
tunneling pathways of the singlet[2,3] and triplet[4] excitation energy transfers in Condon transfer
using Green’s function method. We then show a result of hydrogen atom transfer using the

program of instanton approach in the path integral method that we have improved.
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First-Principles Study of Fe/TiC Interfaces: Local-Stress and Local-Energy
Distribution
V. Sharma, S. Tanaka, Y. Shiihara! and M. Kohyama
Research Institute for Ubiquitous Energy Devices, National Institute of Advanced Industrial
Science and Technology (AIST), Midorigaoka, Ikeda, Osaka, Japan
Institute of Industrial Science, The University of Tokyo, Komaba, Meguro-ku, Tokyo, Japan

The main purpose of our project is to study the mechanical properties of structural materials
containing various defects, grain boundaries and interphase boundaries by using first-principles
calculations with the help of large-scale supercomputers. As a first step, we chose the
Fe(001)/TiC(001) interface due to well-known usage of TiC for enhancement of strength of steel by
surface-coating and precipitation. In our study, we deal with the coherent interfaces, while realistic
semi-coherent interfaces are dealt with by our collaborators using huge supercells. Our present
study focuses on the local-stress and local-energy distribution at the interface by using ab initio
local-energy and local-stress schemes [1]. The calculations are performed using density-functional
theory (DFT) employing the projector augmented wave (PAW) method [2], implemented by QMAS
(Quantum MAterials Simulator) package [3]. Here, we deal with the Fe/TiC coherent interface
model with the orientation of {001}bec/{001}Nact and <100>pee//<110>Nac1. We obtain basic properties,
compared to earlier studies [4-6], and we obtain local stress and local energy by integrating the
stress density and energy density [1] in proper local regions for the first time. In the coherent
interface model, there should occur large stresses around the interface, of which the distribution
should be effective to analyze the stability and mechanical property of such coherent interfaces. The
integration is performed in each layer-by-layer region as in Ref. [1]. The next step of this work shall
be, to deal with the stress and energy distribution of other coherent or semi-coherent interfaces
between Iron and transition-metal carbides or nitrides. Acknowledgement: We thank Dr. H.
Sawada (Nippon Steel & Sumitomo Metal Corporation) and Dr. S. Ishibashi (Nanosystem, AIST) for

fruitful discussions.
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[1] Y. Shiihara, M. Kohyama and S. Ishibashi, Phys. Rev. B 81, 075441 (2010), [2] P. E. Blschl, Phys.
Rev. B 50, 17953 (1994); G. Kresse and D. Joubert, Phys. Rev. B 59, 1758 (1999), [3]
http://qmas.or.jp, [4] A. Arya and E. A. Carter, J. Chem. Phys. 118, 8982 (2003), [5] T. Shishidou et
al, J. Appl. Phys. 93, 6876 (2003), [6] J. H. Lee et al, Phil. Mag. 85, 3683 (2005).
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Structure, dynamics and chemical reaction
at “aqueous solution / electrode” interfaces
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As preparation for large-scale simulation of electrode systems, time and spatial information on
hydrogen-bond network at the interfacial region was investigated and essential conditions
necessary for description of “realistic liquid-solid interface” were elucidated. As an electrolyte
system, DFT-MD calculations of a NaClag-Au(111) interface were performed, difference in structure
with bulk solution and origin of specific adsorption of anions were clarified. Regarding the
water-Pt(111) anodic system, the role of interfacial water and potential bias on elementary

processes of hydrogen evolution reaction was also studied.
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A Domain Decomposition Method for Large-Scale DFT Electronic Calculations

Truong Vinh Truong Duy'? and Taisuke Ozaki'
1Research Center for Simulation Science, Japan Advanced Institute of Science and Technology
2Institute for Solid State Physics, The University of Tokyo

Abstract
We present a three-dimensional domain decomposition method for atoms and grids to enable
large-scale DFT calculations. A modified recursive bisection method is developed based on the
moment of inertia tensor for reordering the atoms along a principal axis to ensure data locality
in the atom decomposition. In the grid decomposition, we define four data structures to make
data locality consistent with that of the clustered atoms, and propose a method for solving the
Poisson equation using FFT with communications minimized. Benchmark results taken with
the OpenMX code show that the parallel efficiency at 131,072 cores is 67.7% compared to the

baseline of 16,384 cores on the K computer.

Research purpose

With tens of petaflops supercomputers already in operation and exaflops machines expected to
appear within the next 10 years, generally applicable and efficient methods are required to take
advantage of such extreme-scale machines and solve a wide variety of problems. Our main concern
in this work is the development of an efficient three-dimensional domain decomposition method
applicable to both conventional and linear scaling methods to enable large-scale DFT calculations
on massively parallel computers. The method should assign approximately the same computational
amount to each process for load balancing, and hold the locality of the clustered atoms in space to
minimize inter-process communications. Also, it should be applicable to any numbers of processes

and atoms, any distribution patterns of atoms in space, and is computationally inexpensive.

Methodology

The domain decomposition method is composed of two sub-methods: (i) the atom decomposition
method and (ii) the grid decomposition method. In the former method, we develop a modified
recursive bisection method to decompose the system with any number of processes and atoms. It
involves constructing a binary tree, and each tree node has a number representing the number of
processes treating the domain under that node. To ensure data locality, the moment of inertia
tensor is applied to find a principal axis for each domain so that the atoms that are close in real
space are also close on the principal axis. Then, the atoms in the corresponding domain are
reordered from three dimensions to one dimension by projecting them onto the principal axis, and
are divided into two sub-domains depending on their projections in a balanced way among the
processes to fit the structure of the binary tree. The decomposition is performed recursively until
there are as many sub-domains as processes.

After the atoms have been distributed to the processes, the grid points belonging to their basis

functions must also be allocated to the corresponding processes. In the latter method, we define four
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data structures for the partitioning of grids that are carefully constructed to make data locality
consistent with that of the clustered atoms for minimizing inter-process communications between
the processes. We also propose a decomposition method for solving the Poisson equation using the
three-dimensional FFT in the Hartree potential calculation, which is better in terms of
communication efficiency than a previously proposed parallelization method based on a
two-dimensional decomposition. In addition, we let the processes perform on-the-fly

communications to reduce memory usage.

Result

For evaluation, we perform benchmark calculations with the OpenMX code and O(N) Krylov
subspace method. Figure 1 demonstrates that the atoms are practically localized to the process
holding them in the atom decomposition, which is of great importance to reduce the communication
amount and memory usage for performance enhancement. Figure 2 shows the strong scaling results
with the diamond and DNA structures on the K computer. The parallel efficiency at 131,072 cores is
67.7% compared to the baseline of 16,384 cores with 131,072 diamond atoms.

Figure 1: Decomposition with 16,384 diamond atoms and 19 processes: top view (left) and side view (right).
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Figure 2: Strong scaling on the K computer: 131,072 diamond atoms (left) and 13,000 and 26,000 atoms in
the DNA structure (right).

Conclusion

We have developed a three-dimensional domain decomposition scheme consisting of two methods
for the atom and grid decompositions, which is shown to be effective with hundreds of thousands of
cores and atoms in different structures. We are now in the process of tuning the performance of

some particular subroutines to further accelerate the calculations and achieve a higher efficiency.
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[1] T.V.T. Duy and T. Ozaki, arXiv:1209.4506 (2012).

P-19



YHEBEEES -FKEFHAEa-FORER: ANBROK—1L

Development of first—principles codes with a plane—wave basis
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We develop new first—principles codes with a plane—wave basis to exploit a super—computer in Japan. We write
the exchange program of the input formats for xXTAPP and QMAS, because of the standardization of the input

formats.
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Making Nanostructure in Alloys and Thermal Conductivity
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These days, thermoelectric materials have been extensively studied because of concerns about
energy problem. The purpose of this study is designing a good thermoelectric material by using
nanostructure that is made by quenching alloys. First, we simulated making nanostructure by
Monte Carlo method. The interactions between atoms are calculated by ab-initio method. Next, we
calculated values of phonon thermal conductivity in various structures by using molecular
dynamics. Heat baths were placed at both ends and the thermal gradient was made. We derived

thermal conductivity from energy flux.
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Hybrid-DFT study for optical conductivity of GaP alloys
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L=/ Abstract
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Optical conductivity is calculated on the basis of hybrid-density functional theory, where the
band-gap problem of the standard generalized gradient approximation is remarkably cured. By
large scale calculations with 216-site supercells, optimal doping condition for GaP is proposed,

i.e. co-doping of Mg and O [APL., in press].

Optical conductivity, which is of importance to access the performance of solar cells, can be calculated on
the basis of time-dependent perturbation theory taking one-electron response to the light into account. In
spite of the simplicity neglecting excitonic effects, the approach mentioned above is still challenging,
because it is necessary to obtain quantitative description of the band gap. Since it is well known
conventional approximations in density functional theory (DFT) such as generalized-gradient approximation
(GGA) significantly underestimate the band gap, climbing the “Jacob’s ladder” [1] onto the fourth rung, i.e.
on the level of hybrid-DFT [2], is indispensable. Hybrid-DFT incorporates nonlocality of the exchange
interaction, which reduces the self-interaction error in the GGA.

In this work, spectra of the optical conductivity for a few highly mismatched compound-semiconductor
alloys are calculated on the basis of time-dependent perturbation theory with the HSE functional of
hybrid-DFT [2], which is compared with those obtained by the PBE functional of the GGA. Thanks to the
practical computational costs of hybrid-DFT compared with the GW approximation based on many-body
perturbation theory, structures with realistic dopant concentrations are handled with 216-site supercells. Ideal
composition of alloys in the sense of active optical transition energies and the formation energy are
compared, where calculated results propose that the optimal doping condition is co-doping of Mg and O less
than 2% [3].

[1] J.M. Tao, J.P. Perdew, V.N. Staroverov, and G.E. Scuseria, Phys. Rev. Lett. 91, 146401
(2003).

[2] J.Heyd, G.E. Scuseria, and M. Ernzerhof, J. Chem. Phys. 124, 219906 (2006).

[3] Y. Gohda and S. Tsuneyuki, Appl. Phys. Lett., in press.
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Numerical analysis of quantum phase transitions with controlling anisotropy
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We propose a new finite—size scaling technique for systems with spatially anisotropic interactions, where the
aspect ratio is adjusted dynamically so that the system becomes effectively isotropic. This method optimizes the
aspect ratio and thus can minimize corrections due to the anisotropy. Furthermore, it becomes possible to
investigate the universality class more precisely, because not only the critical exponents but also the critical

amplitudes are universal in effectively isotropic systems.
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Path-Integral Monte Carlo Method for the Local Zs Berry Phase
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We proposed a new quantum Monte Carlo method for the local Z2 Berry phase. Although there is
the complex weight problem, it can be avoided by adopting the loop cluster update and the meron
cluster algorithm. To demonstrate this, we calculated the local Z2 Berry phase of a bond-alternating
antiferromagnetic ladder and estimated the quantum critical point. The result is consistent with
previous studies. We also pointed out that the gauge-fixed local Z2 Berry connection can be another

topological order parameter.
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Direct Molecular-Dynamics Simulations of Electrocaloric Effect in Ferroelectrics

ENRE (RILXFERMHHEFRRAR)
Takeshi Nishimatsu (IMR, Tohoku University)

BE D bIUTE RN UL I=T NS W BFE B RO 72D O @ik 4 78 1) %
IR T 1T A feram DRAFEZHED TS, 4 Al BaTiOs DEY FOFE#1 /) ¥ Il —is
AZENZDOESER R THILT.

Abstract: feram is a fast molecular-dynamics (MD) simulator for bulk and thin-film ferroelectrics
based on first-principles effective Hamiltonian. Using this fast MD simulation code, we estimate

electrocaloric effect of BaTiOs.
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(2012)].
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First-priciple study of the carrier activation ratio in F-doped anatase TiO2
system and the thermodynamic analysis of the formation of TiOF2 phase
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We investigated the carrier activation ratio in F-doped anatase TiO:z using the DFT-based
first-principle band structure method. The PBE functional plus Hubburd +U terms was used. The
+U terms were applied to Ti 3d, O 2p, F 2p orbitals independently, that were carefully calibrated to
fulfill the generalized Koopman's theorem (gKT). Calculation of the doped structures with different
charge states revealed that the excess electron from F dopant is trapped at the adjacent Ti 3d
orbital as designated Ti — F+ when the Fermi level is above ecsm + 0.086 eV, while the structure
emits an electron at higher Fermi level. Considering the Burstein—Moss effect in anatase TiO2 and
this electron trapping mechanism, we obtained the carrier activation ratio, which is consistent with

the experiment.
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The study of the electron transer of organic molecular in solution
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Scheme 1. PNP (left), PNP™ (right). pKa=7.08
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Table 1. Solvent data (density, dielectric constant)

Solvent density / (gcm™)  dielectric const.
W 1.00 76.2
PYR 1.14 274
[EREEBZE]  FHENLENENORET =255

7z, (Table2.)

Table 2. Excitation energy (neq : nonequilibrium)
AE / (kcal mol ™)

eq (neq) exp. [2]
GAS  101.57
PNP PYR 101.77 (100.14)
W 10239 (124.06) 90.2
GAS  56.60
PNP" PYR 55.75 (54.59) 67.9
W 44.40 (55.49) 71.0
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Figure 1. radial distribution function.
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