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—RUF I/ Fa—TOREMLEBCORRF 4 : KIGEM SRR % LTk AL T DS
ERETAFTIVIREBOD T, TOFER. R
EV=ZBEEVSHTEDT=HICILI RV RERBISHEVEBLBEFI~NDBBN., i F0DFEME 50
ELUEICIEXL CERDBMBIEANDBITEMITAIEER VLI, COBEAN—RUF/Fa—TTRL
NBIRILF—EBRIEDO LRICHEEL TSI LEMOH TRLIZ[15], RRICA—HRUF/Fa—T DI
?vyt*/xa)?é%ﬁ‘f*%(i%ﬁ%é‘fwﬂf#n\@b\of—bf COFEICEST 3 BFEDIEHBEMATELE EEM
IERBAE CHBEICL Iz BANENMEVVEIXEF AENLEHBETHIRINERLEVNLHEESN, K
BEFISESEIMEHEEZON TSN BULBEFOREZEEMICHERTLILICEY . COEHLE
BRI RIEH EEBBITEAERATRETHILER LU, COBRIE. EMMFEETHI-HIZTEE
BRI FESECEEE T 5 A ROMREFIHT 5 T REHENKREL,
R T T O—T DRI EIERKFEDOREFORIZE>T. MEDFAFTIVIRERRET HEVSIFER(T
LWL, BRICEELODOHIEBRFETH D, LHLENLRBIEREMRITT 5= DEHML Y R—
MK RERFERDBTICHEEZEL Tz, LOALRL T - To—D 2R IEMEDIESHRIOETFIRE
WS, SETOERRTITRIERSEGEZOMABAICHLEIDEHFIN TS, KHAR(L, BEBEEFRONR
V7 TO—TRROKRBEHEICEI- T EHFAOEN FREFZERMICHET A EFREL ZED
IR THRIZHERG16], 5. FEFDRVIKEBEZRDDHED BEH TOER FREEZHMET HIE
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[THBEVNVS—REHBICRTIEREER/DICEICHULIZ, CORKRICEDV-RROBHIIBEYOOH
5, BBEEISDNNDNIIEIR I E BB TREZMA S LICE - TELIREE. ATHTOYMED
MEERATIOICRILTEENS. BEBMATEICE ORBICEER CTOERRILATEHON TS,
LOLBAEEI S RKENN BRI REL AT E TOMERBRICRIEIDEVITEERLEZMRIEIKE
DI COMBIEFHLOBEB DO ATREMZIRRLI=EENKEL,

- RIADQHBIEEEXRHIAERBORRESHAZEHLE TCEFF—TEAR LY S RETERIINT S
REV-BRMEA 1 FIVR%E. ZRTEBMEETHIRYAAEEADDMRG)Z AWV TETEL ., HIBIEHMEX
BREELARIMLTRONAFHLWEREREZ FRILRIZRELZNT], ZOHR. KREEFE—
LR TOEBREDEEEMESE T,

- ALY —RTEVMERAD A FGELEMRT 520, EFHBLLLICEF - R FHEEREEEL
f=#E 8 ZxtL CDDMRGZE AL . &1 - EME ARG EEHE LIz, TLT. R T-TO—T R DEEYS
IW—TEHR T, Ca,Cul, I RV T HEBHERICHE T 52X vy T RIKREN T+ /N RE Y RIIZH G
THIEERATEHEELIZ[18], SRR FELETHO)TIXEF - RFHEEANLGLTH, REVEIREIZ#
SEENBRNSILEFALERICHT HIREZ{To1=[19],

- R T-TO—JT A THRONIBEIKELFCEELHET H-ODOBBIKES FaXEERHEKL.
—RITRENNA—FERISERALT. REVEE R KB LERNEERKRETORAZTET v TARBMED Y
HRMBREERAN -, REVEERKETIIAFZHS - AFEF T O BOMEISH ST HIRENA. B
FIRFEALFEEARIMNLIZERNSZE, TN RIEDET-F,TCNQIZH I HEERICHIE TSI LZE R
(191,

WDERFEVTHLOEICKSHFLVEFH-EFHRFRRICETIHER

- ZADHFEFHICEVWTEZLRIZELIFBMENSISEITEFHEBOHARBF(CONT, £
DERBEHALMNLT-. BARMICE, BEAPTREL—BEBEXNIFEHETEHEICE >TELABALAD
EBREMEDORRELI. CORDEER TIE, REEMHKENSMEFIERRKECBERIRELREAN
DEHBDIIICERLGLMFHBOEBAYPFINGD, EDLIGIGE, (RN GER R TIEITERER
(1 RER) NMAFSNDDITHLT, KRR TIE, HHAERH (2REH) THHEERITERT HHERE
1§1=[20]. Ff=, 2REBEFHBOTHBRFIRBOER RICEVTRAIBN SR EZBAL ML,
BEACIADER (L, NFAVKRENSIF—D - TIV—F 2V TIAXAI~NDEBLGEEFRENEDRFHFLETE
WRSNTEY, AARDOHER, TOREFOBFUENSHETHLNILY, SRELDAROERNGT
—RELTERASNSZENHAFIND.

GREVHERBEEAROER

COMREBEEIATOD MM PICRERICRBLTEBEIIH ST 502 3 DOMEST IL—Th\MH
AL THEHET D ETHRREER .

FAITROEFRAEVRAD Na2IFO3 1K L TF E SN Tz, EFAEVRIKITERFIADEND, Y& F
DEFOFERXDHFLIVEELLTEEIN., BRBARLGETERICHRINTLS, P TEF2IIE
BIADGEITERNICREREBONSZLE. COBBERICE - TIATT RTINS ENE R
[ZRENTHEY., EFFHEFTAD TSIV IA—LDRFETHAHIENLREGEESNTWS, ATOD Y
FCIXZFDHFTEF AT TRRARERELSSEHMELTRELTEEAUV TS, 1D LEEIEY Na2lrO3
[ZxtL T SR RITE LI MACE ICE DKE—REHELXTHL., BEOYE THFITIRAETIELHES
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MENELIZERZEEMNICHELMNIZLER1], ESSIZCNE—RBHER (LT, BER AL, ToVILR
YRD =% BETIBYAABELGEDEREFETHREBELT. HEVE O ELOYMMEEMAENITK
O T RTODFETEETIEREF/ -, SOIIERBREOIRMSFFITTRIARDKIEEZFTLIHEL., LY
FRALTBRIKITGEVWYEZ R HYEREHESZ/=[22],

- AEVHEHEERODRERYANSE-EFRAELROBMEE RSN -F2—IT7-N(EURL
TEE)ICHLTATAD VM THRELEZZRAFEETIRYIAA#FE 2D-DMRG Z#EAL. N=ZH LK
FLEDFRAIDREVREDEDDEFHEREL[23], ZL T, EHBEHEFE A TEIIUA T ILAY
P ZARIRILD FRAITREVRAREEFHEDEREZROLFERELGLHILERLT-,
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I. EFRE-SHE-RiBoTOBMMESFEROFEREAICETINE
(1) BREEFREHEICLISFOMMEFEETACETIHE
(-1 BEEEFREHRICEITIS—LUVEEKRDRHE

EOITHEALI-ZROEER (MP2-F12 i) &5 FKFE MP2 ;AICBIL T, GELLAN A5 5 LA DB
EREEITV 10 RFEBRADINFDOMP2-F1251 8% +RHERELZSAS YA XDEKREBTEITT S
ENTBEE ST, KT OS5 LERAV=EE(Z C60 75—L D MP2-F12 51E (L 6000 /—RiRED R
Exa—4ZA0NIE 20 AERLT TRT T 510, F/HMI XD FNEREEFLEHEEFREHE<E
ATAIENTEABELBELI-EE 2 B[], MP2-F12 £ X IERRERMICH FRIICEK O BB E/EREE
FTEHIEMTELIMN AU EVRT UMV VS ZRFFRRILKFROBIZBL<BABEERZBKET
g dENFBNTUVz, TS T, FICIZH FREEERIRIILYF—FERICHET 5005 B4
BRLI-ZRDOEFEERRD-MP2 R)ZHHEL. EOICHELL-EFREBERLEAESHEHILT, KELH
FORIE<ABEEERIRIL T —ZERICHET HIENTED&LSITH- (2], ShH EFENE
EREHFRALT N-ATABRBRALARUIZEEIS—L U ONEMERIZET 551 84 1Tof-. CORTIE. &
BVEBRELIS—LUOBOSI NG BEEERNILARFEEZ LRSEVSEKEVNRTHY., 75—
LY DFHLWAEMESD A ETHLEEFEINS, HEERAIRIILY—LEFREDOHEFTIZEY,. —D D
S—LUBFICIE,. RRTZEARIC N-ATORKDILARUAEALSIZIENHEICL > TRESh ., HH
DHANAREFEESESHTETHOMO P LUMO DI RIILF—EEREMNIC ERFIEONEIENBALMELST=,
Ffz. ZO0=D20 N-ATOBRBRKANWALE—DDRFRICRET 2N FOHRTLRAA =, BETIZTA
FHREFRVTHERESFEERKTNE. ZEFRCZERTIS—LUICHETES N-ATORRKALRY
DFEERATEIRBELLEG STz MUCH RV EVREFFED LI ZDDNIARUEERET HIET. 220
IS5—LUEAIARU TEBIEONSAREMEENTEREINT-, BEDTS—LUFEKIE, /KLY LUMO L
RNILDE=OIZEBEFMBTEFOTIETI—ELTED . CNODEHDAILAULEESLI-T5—L
IEEIRILT—EMOBE AN SIER)FA I PRIV I, T LARF—HEE BT 5 A REHE
LR ETREINT, COLIITAIER(E. SHREEFHNLEEEEZL OIS —LUOBERERFIZERTES
ATREMZERLI=EE A D, Fl-. LRROHAEZRBICMA T, RFDAAUIERTUIVILEZRDIEHRIC
EOWCTERICHETIEDICHBELEZZROYV) -V BEEEORHEL T, BBEEFRRIEKFOF
FIIORF RILITAIODFEE . BRBEFHEELTEDLDNILOAD A FISERALI-ECAS, BER
RE SR A° Hartree—Fock ALY BRREIEVD R FLRFERIBONT -,
[1] Y.~y. Ohnishi, K. Ishimura, and S. Ten—no, Int. J. Quantum Chem., 115, 333-341 (2015).
[2] Y.—y. Ohnishi, K. Ishimura, and S. Ten—no, /nt. J. Chem. Theory Comput., 10, 4857-4861 (2014).

()2 EFLEBEFELTHLOZOMFITOSS LK
BEEZROEFELTHILOEDOMEKRECEERKE~NDIEAZEMNELT. ETILEREFELTH
JLO(MSQMC) ;& (XRAFE SN T=[1], MSOMCATIE., BREZEM%EET /L ZEM (PERM) LQZERIZHEIL . PZE
MEQEMDBERE. EVTHILMERIZE>TH YTV T 5, QEBDFT 54 SARPERERALT S
LIS T FEDKREDEZLHENAETHD, EFEVTHILOEIE, DA—H—%&/—FIZHET
BlEIZEHTAEBICHIMEMNTIEETH S M. MSQMCETIL, PERIZEENSE R DEFEE (RL—4
—1751) LQER DRBIBRERILIZI I aL— a3V HES=HIC, SHITHHEMN M FIREN T REIZHS,
SENERETIE. MPIZFERALT. PERICEFEFNIEFERELQEMEY LTV TTE50+—h—D 2 B
BT THFEE T2l &/—FRTDOA—h—DOFEIZDWTIL, OpenMPZEFERAL T Fl{bEIN T
W%, ccpVTZEEFFEALT-C,5 Fi1E TIL. 4096CPU a7 ZFHAL T 3221.9 fEDMEMNBSNT=[2],
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DA—h—DBEEIL. ROKRESITIILEHILEN =D, RNKELLGBITONTHIENELS R LT S,
F1f=. MSOMCEHEIZH T2 H LTIV T HEDE LDT=HIZ, FCIQMCHE TR\ OGN TS/ =S I —4
—IEBPDBEAEIT oIz, BHHNEE LA I—FA—EUDBEAICF > T. BENDRSRENERTHD
DMRG:&ERZE DS EMN A REE Lo 1=, INDFDRTUL v ILEE TIL, BiRiRE S AEBIRRE X, T
BEICBITA2EERELAFDRE THEINT-, ILFERIGTEE 4 conical intersection[ZF,, MSQMC
ENICAARETHAELEMN DTN, - BEEEZHOEFELTHILOZDOBBER THIAERED
REEBBICHT HERFEICOWNTIL, F12ZEMEHEAILICKY ., BEEBEHICK T DIREZRIMIZRA
EEEBTLITEOTHRT HILITHTILTLNVS, [3]

[1] S. Ten—no, J. Chem. Phys. 138, 164126 (2013).

[2] Y. Ohtsuka and S. Ten—no, J. Chem. Phys. 143, 214107 (2015).

[3] Y. Ohtsuka and S. Ten—no, AIP Conf. Proc. 1456, 97 (2012).

(1)-3 BEREEESMERT DT /EE D FOHEELE NP CAE)

ARG EIEEZ R T SN FORIRE LUV ZOFIEIEF/T0/80—0F /2 0 OHRILHIERETH
%, AIEDBWNIL—LPRICBHBICEERT 58 (BEF) EHF 20 FIE T/ IV DERGN—Y (HFAN
FTIUT) ELTRELGREIFIESICEAAFINTWS BELDFRATIV T ELTEREA—RUF/F2
—JIEREMHLIz 75— (AEF) EHDRAALEERENDA—RF/Fa—TRXF7YLTHERILK
PHBBEBIBOT IL—TIZE>THEYESH, S (RT7UU) ICHELONzEEFH 2 FEEOEEEL
TWBIEN, NMRARIKILMBRBEN TNV, AR TIE, COEIBKRELEERFERTIT DR F
FMEEERIEEDRERED., . TNICL>TRFIER DB ICEEGHEEIFEDISLNE, IROGELLAN
EFEETOTSLLGENDEREDEFREFEOHEAROBE ENBEHRRZADFTB)EFE o1z
1% (DFTB/MD) IZK-TE ARz, ZDHER, 75—L DEQY S =) LN F/Fa—T DZEREET
5 “EEIES) Lemr L ELTELBEER) (FEEY) NFEET S b ofz, BIHFHEZFE>TH
f7L=0RTAYDSEZENTNDFEHEIEIRILE—% 4.0 keal/mol. 5.3 kcal/mol&E H LT=, BISIKEEE
EH S5 -EERfERE (L, DFTBEE TIX, FEEIZXL T 3.3 keal/mol, BERIZX LTI 4.6 kcal/mol THY, £
NENDFEHIETRILT—IZRIELTLV =, GELLANIZEZE SN 1=RD-MP2-F12 £ZH>TH-S5ITHRE
HEROSSE, EEIZXLT 2.4 keal/mol, BERIZXLT 5.9 kecal/molTH 2Tz CNHLDIEZEESE 213 K
TlE, FEEAS 10'/s&EEMEEEL TS A, BERlE 105/sENMRD SR L YEL, CAOAEERTERIS
NTWS2FE5EDEBHIGL TSI EMNBALMZEoT=,

BRIIBHBEDFD 1 DELTHERINSIDFOYAARI—TDEEPE AR OV THE—REH
REEDIZ, PFOrAORI—TENEBERE (BAEF) ICE>THRESNZIR(BEF)EHE, ThALVEE
DEDILZEEZEEHELTHEERT 5, 7 FRHZEFHETES DFT JEICMA T, 28 HBEYIkZ % DFTB j&
[CEIKEBFREHELDFEAFHELZTY, BRUEDPFOVY/ARO—TOEELT 1 FIVRERART,
TVREBEBRDII=LUREERFHAERE 3 DDUSTIVAVE(TAREFETEF) CHEN EREDF
¥ AORI—TTlE, BRTIEILREEEFDEREREEZEL 3 ns (21 BEOHE THZ DLW EEDBFHE
AT—ILDEHIZEINL Iz, £z, B FE—AVIEF T HEGFNMRBBEFET TEDLIIIRDES
M RERHIEERBFICAN TR, £ . DFTB ZZAVTTIANILYIREREN D EIERE N FICE I 3R
HEZET oz P FADIRILF—BEEMRIFTT 5012, PFDEIRILF—ERZEFORIMELTE
TRFDETRILE—RBITEEMARE Lz, BITERND, JvREBBRICEDIIIEBFE—AVIDFRIZEST
EEEFAEBNSTASNBIIRILF—DEIULDEFIZEESLTNSIEN DI o=, FOKXREBHIE
BROEE FICFHET 5H, EERMICATREASRRE (< 2 GV/m) TIEH ns BB T NIETE R THEMEERIZE
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BEEZEZBND, TINIVYIKIZEDEERIZKY, EDHERDAZH-FEHFEZERFE TELHAIRENLZ
~LTWS,

(2) XEFBFEREDDOEBELAEREICETIAE(LE)

HOATLIPS ) DEEEFINOEC)THAHIUHIFAH(CaMn,0;) IZIEFEZEBRABNSDTI/ B
BREOKDFHIEELERLTISRI—EEERRL TS, OECILAHEEEFRTHY . EEICHEMLTR
EVIKEZE TS, COLIGRICHNEFHBNRETRYAT -OITRE T EEIELT-
Broken—-Symmetry(BS);EMNBEHEINEIMN ., ERAEVZEEDRAIZEBAHENKELY, §T&Hartree—
Fock(PHF)iZ D —f2 THASUHFE T FISHLL NI D EETHY ISR EEFELDIBELRAEY
FETHY., SSHITHNEFHEBELRYVAENIDOTERIZERATHS, AT TIESUHFEZRFEL, & X
EVREBTIUAV ISR IDEERBEILZT o1, BS AT EIHIRBEZROD-DICITIEREVFEEAL
BN REVEANKECEBEDBTENESAERD 20421 =m0 eMhh o=, SUHFEEBS-UHFAT
RELEEF LB LTLERNRE REVEADKREEEETHLIEN DD ST, SUHFETIES, K58
DERBELEESIZEVTEREKREFIZFEETHY . EFRAEVHRBESRBIETODIRBE—HLIz, I5ICE
MHAEEER D EET oz, AEVEEIXIVWThETUAVIZHBELTEY. His332 NERILIzI A D
HBHUBEEEHNRATH o=, EIVAVOBMBBEERIIEF R - EHIBENDORAIERERERE
EMICIFFE BTz COTENLPHREAIEIU AV IS RADEEICR LT, EEMICELEREREE
B 5HETHAHAZEN ol

F1=. OECOREADAU NI E NEEH BT 51012, BN EEEXIREF(XRD)FEE LD UIZF. NeeseD i
B EZTEICLI-OECEE —BRMBDO BB T7I/ZENSHIETILRICHLTERILIRES, DI FI TS5
AVEDFHEFMO) G EE T olz. R7HEMERBINET O EICK>TEBIV /N\IREMNOECIZEZ S
EREFTFTENITFHMIT SN TE . ABE SARERN -7/ E(GIu329,Val330, Ala351,Leuld52 7 E)FE
THOECICEFMEEEE5ATHY. . SARREULEBN -7 /7% E(Arg357, CI679,Thr316,Lys317 7&)E 5%
BHEERICKIEERHLIENTEIN, COTENOBEREBRICEVTE_RUBOT7I/EEE
DEHEEIFEETHLHEEZLND,

B, HTFOEFERE (RL—4—1THIR) hidib P-ZEREZEFEHALT MSQMC j%(2&k% OEC DETILR
[CDWT R RBREVIREDTAMNTEZ Tz, RIETHEIVA U JBLELEER2p BB (FFH3581E) %
EZELT P-ERICEEREBEERLETNIELSHEVN, CThODETOHEZEH THH P-ZERZRET
BIEIEFTEETHAD T, MSQMC FHEHIZ Q- IHFET AL —F3—THHXDFTEHD I A+—h—
EEDESICH--LDE, P-ERICBEI A TOE—2a " NAEBEMICHS, SEDHETIE. Boh
F=dEERDRIEDHEELAL—2— TR M558 P-ZERZFEAL T MSQMC FHEZRRL. 70
E—2avIlEoTR2THOAEE LR 2 BLERDMEZEL AL —3—1THIXZEMT HILITLY . P-ZE
BOHEET o=, HRGJNEROMEZEL ZHDOAL—F—TH XN EM SN, MSQMC S EDHER
Mi51E . Broken-Symmetry(BS)DFT A TIIEHE TELVMEIBEBRAEKEN, BIRIILX—FEEICEET S
CEMTREENT-, MSQMC JETEON-HERIX OEC DETILRIZNTZEDTHD1-0. E#E SUHF i£&
DEERIFHELZND SRUAVFEDHEEERZIRYRAALEEEZTICLICKY  BRRLED DD LI%4
ZRBLERHBAMEOEEEREBPICENLRFEALRBTIHEEZALND,

ARG PHF EZZRAREL. TOHERAMIREINT, CNIETUAVITREARLET AIRERTHRHON
HAAETHOEFIREBTECLEATMRETHY . RELGERFTANAIGETHLSLEEZOND, £=. FMO it
EHD PSI OB RREREZIOICEEMICHENTT S5OICIEE —RAEBORAB7I/EREFTEESRE
HEFILFHETRYRIRNETH ALV IS RO RIEEHEFHEILLT -,
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. ZERBREICLLST/BEREETOEFRETALLTDORES
FEPMRR

F/HBATZVADNRERDT I/ O —ERAHEFEESINTALL,, T/ OHRIIEFHDOERTHY.
ZIITIERMOBEMNILFEL TS, ThEEFRICEOHZO ATHBAL. TORIC. BFOTY/0D
—LDEGEEEEL . BRI ERETIIENDERLDS, AR EBETIE. EFHICEIGHER
ZOFiEE. RAVE1—2THEL. F/HADHKYZBELSMNCTHEE, BIZICEA -, RRELTIE.
AIAKEED 10 F/A—PMILBERDRERERRGFRE. F—REETFREHE 1 F/A—MLEFHEE-
A RBETEREDAREICAY  RFEOFERF/BE. NNT—ILIMAZIIMHET NAARE, KR
MEELTORFEMELREICEITS, F /AT — LR FEELEFHAEDORBANBAL M LT,
RAMMR

NODORFHEL, FEREZEICETEIT/NAAVIaL—ay, 7oA VIaL—avDERAL,
EFELEXRZZEOTHY . REFKDTH/02—(25115 TCAD H:EZ2EDTHD, TDT=H D EBEH T
DR INTEVWR D, T AHERZOE—ROFEE. "HLMNFERD"Y—IILELTARLIZCEDER
[FREL,

LTFICHKREHRT S,

() REBFEOMAFLERIVEL—2 L TOREE L -FEIE
RSDFT.~RS-CPMDI—K:

(HIETOHFTILTIVALBAZEUCEERF1—Z0 T %1701, TDHER. 107,292 ED Si [RFMNSHE
BRENDF/TAVv—HEEITHL. 82,944 /—FHERAWEREIZHETIL . ESNMEEE 548 RAT7OV TR (ETH
R 51.7%) ZE8k LTz, (2011 FEIEEET—FUANJLERE) RSDFT DEELIZKY . DFT DFEEREL (B
AT B, — A BESELD OFEFETO., 10,000 EFHFHO#EERELLEFIKEMARAEL. TR0 1000 /
—FEBED)Y—X(£/—F0D 1.25%) ZRAL, MR TITI2EMNaREE oz, £-2M RSDFT a—FIE,
github (http://ma.cms—initiative jp/ja/listapps/rsdft/rsdft) . MateriApps (http://ma.cms—initiative jp/ja) T/ —
AO—FN RSN,

RS-CPMD (Real-Space Car—Parrinello Molecular Dynamics)a—F (. I5211,024 /—FZ AL = 1664 [RF
Mo EHBIERD CPMD ETED 1 B/ LATYTMNI23 W TR TIHETICERIESh, KIRBE—R
I MD FHEMNAIEEICHE o1z, RILRITH L TR D F @R E K CPMD (PW-CPMD) Tl&. 512 /—RZERAL =
FET 1.9 #(RLYY—XT RS-CPMD Tl 5.54 ') T#H 5, PW-CPMD [E2AKBIEZLED FFT 2% %[
HEIHIEAL. INULED/—FEZRAVWTHLEELGSRIENTELL DI L. RS-CPMD [ZEIL TIX
2048 /—FZERAWTE 1 A LRATYTHIZY 218 HTHY . RITMFEDOKIBRIE T (EASNENIEMS,
SHRIVZLD)Y—REANWTILHLIRBERNDODREANRRAEND,

RSPACEO—K:

RSPACE O—FZIRITHEMIZETTEDSLI>F1—=0T Lz, TNITKY., Si [RFH 10240 BEHS%
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Explicitly correlated electronic structure theory from R12/F12 _ Wiley Interdisciplinary Reviews: Computational

1 ansatze S. Ten—no and J. Noga Molecular Science, 2 114-125 (2012) 2012418 ERR O
MPI/OpenMP hybrid parallel implementation of second—order M . _ N

2 oller—Plesset perturbation theory using numerical quadratures K. Ishimura and S. Ten—no Theor. Chem. Acc. 130 (2) 317-321 (2011) 2012418 E O
Explicitly correlated wave functions: summary and . Theor. Chem. Acc., 131 1070 (2012) (11

3 perspective S. Ten-no pages) 20125%1A ERR O
Explicitly correlated projector Monte Carlo method _

4 based on Slater determinants (PMC-SD-F12 method) Y. Ohtsuka and S. Ten-no AIP Conf. Proc., 1456, 97 (2012) 20124948 3]
Explicitly correlated four—-component relativistic . . J. Chem. Phys. (communications) 137

o second order Mgoller-Plesset perturbation theory S. Ten-no and D. Yamaki 131101 (2012) (4 pages) 20124810A ERR O
Stochastic determination of effective Hamiltonian for

6 |the full configuration interaction solution of quasi-|S. Ten-no S onem. Phys... 138 164126 @019 (7' 1913445 E o
degenerate electronic states pag
Alternative formulation of explicitly correlated _ A . .

7 third-order Mol ler-Plesset perturbation theory Y.-y. Ohnishi and S. Ten-no Mol. Phys., 111 2516-2522 (2013) 20134548 E3]i (@)

Qing-Miao Nie(Institute for

Conformational flexibility of loops of myosin Molecular Science & Nagoya

8 |enhances the global bias in the actin-myosin University), Masaki Phys. Chem. Chem. Phys. 16, 6441 2014534 E O

Sasai (Nagoya University),
Tomoki P. Terada(Nagoya Univ)

interaction landscape
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Coupling of Lever Arm Swing and Biased Brownian

Qing-Miao Nie(Institute for
Molecular Science & Nagoya

University), Akio

Togashi (Nagoya University)

Takeshi N. Sasaki (Aichi

electronic structures”

011101 (2016) (5 pages)

9 Motion in Actomyosin Shukutokg University), PLoS Comput Biol 10, e1003552 2014441 E
Mitsunori Takano (Waseda
University), Masaki
Sasai (Nagoya University),
Tomoki P. Terada(Nagoya
University)
10 Interaction energy of large molecules from restrained|Y.-y. Ohnishi, K. Ishimura, and [J. Chem. Theor. Comp., 111 4857-4861 2014465 E
denominator MP2-F12 S. Ten-no (2014) &
. . . S. Hitosugi, K. Ohkubo, R. lizuka, Y.
11 Photomdulced Electron Transfer in a Dynamic Supramolecular Kawashima, K. Nakamura, S. Sato, H. |Org. Lett. 16 2014466 B e
System with Curved p-Structures .
Kono, S. Fukuzumi, and H. Isobe
Massively parallel MP2-F12 calculations on the K Y.-y. Ohnishi, K. Ishimura, and |Int. J. Quantum Chem., 115 333-341
12 computer S. Ten-no (2015) 2014%11 A el
Th tical studi b | lar bearing: H. Isobe, K. Nakamura, S. Hitosugi, S.
13 | neoretical studies on a carbonaceous molecular bearing: Sato, H. Tokoyama, H. Yamakado, K. |Chem. Sci. 6 2015428 EE
association thermodynamics and dual-mode rolling dynamics
Ohno and H. Kono
S. Hitosugi, K. Ohkubo, Y. Kawashima,
Modulation of Energy Conversion Processes in Carbonaceous |T. Matsuno, S. Kamata, K. Nakamura, .
14 Molecular Bearings, Chemistry H. Kono, S. Sato, S. Fukuzumi, and H. An Asian Joumnal, 10 20154F8H B
Isobe
A study of potential energy curves from the model . J. Chem. Phys., 143 214107 (2015) (8
15 space quantum Monte Carlo method Y. Ohtsuka and S. Ten-no pages) 2015%812A ERR
Configuration interaction combined with spin- . .
16 |orojection for strongly correlated molecular T. Tsuchimochi and S. Ten-no |2 Ghem Phys.. (communications), 144 )q(6.q g E
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of quasi—degenerate electronic states (158)

Scientific Computation

3 R G B - EIRR Fma
No. [S% LF-Fi® (SXMBE. O - KXEZ—FEOH) RRERSL RELEBF ($24%) 5% LB R [ EREE
Al
. S . . _ a satellite workshop of the 2012 ICQC “Low~
1 E;fezhgoh;élr;::}?ij](cagg)Wlth relativity and determinantal S. Ten—no(Kobe University) scaling and Unconventional Electronic 2012468 [TEIRE O
= Structure Techniques” (LUEST)

Recent advances in explicitly correlated electronic structure _ . . the 2012 International Congress of Quantum
2 theory using cusp conditions ((158) 8. Ten-no(Kobe University) Chemistry (ICQQC) 2012%F6 3 e O
3 %)glﬁlg)tly correlated perturbation theory using cusp conditions S. Ten—no(Kobe University) Molecular electronic structure at Troy 20124948 [TEIRE O

The rational generator in explicitly correlated electronic _ . . Theory and Applications in Computational
4 structure theory (A188) S. Ten-no(Kobe University) Chemistry (TACC) 2012 201259A (R o

- 4 F 54 Bk —F19%: HZADE P — . | ess s
5 [*PATRMMIMPLFIZAOHRRTEANRANOBRL ixxm, Reph—mmEXS)  [BoEHFHEHRS 2012893 @R
. N _ Y. OHTSUKA(Kobe university), S. . .
6 |Determinantal-based quantum Monte Carlo method (A1 BE) TEN-NO(Kobe university) 17th Malaysian Chemical congress 20124108 [T O
. N _ Y. OHTSUKA(Kobe university), S. . . .

7 |Determinantal-based quantum Monte Carlo method (&) TEN-NO(Kobe university) Cambodian Malaysian Chemical Conference (20124108 [TEIRE O

BFEE MP2-F12 JKI2&5T75— LU DB EFLEHE . s —asy |SB3[E CMSI BRI ~ B 5IEHEATRHT
g [P KEHS ., KR~ (BEAE) | DS o s pr 20126123 [E

. N . . . 7th Molecular Quantum Mechanics 2013,

9 Stochasﬁc determllnatlon of effective Ha.mlltoman for_the full S. Ten—no(Kobe University) Electron Correlation: The Many-Body 2013468 [TEIRE O

CI solution of quasi—degenerate electronic states([158) g

Problem at the Heart of Chemistry

10 Model space quantum Monte Carlo method for full CI solutions S. Ten-no(Kobe University) Second Brock—-Kobe Bilateral Workshop on 2013468 8 ([ o
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Model space quantum Monte Carlo method for full CI solutions

1 of quasi—degenerate electronic states (138) S. Ten—no(Kobe University) 246th ACS National Meeting & Exposition 2013484 [TERE
TIVERE T mpt iddl Bl SEAE &N \ b: L(FPE KE), RAefE— sz
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Qing-Miao Nie( FH M ERT. B
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16 §+%%tgé¥)m FIZEICLHEARD FOHEEERAIRILY—D ;%ﬁ%e%;g;%ﬁ) BR(HFEKREIR SAETCCIRE S 20134598 ER

17 I‘\EIIEF;Z—FQ Study of Interaction Energies of Large Molecule (1 E:i—vy:rSCi)tP;r)]ishi, Seiichiro Ten—no(Kobe CMSI International Symposium 2013 201346108 (e
Qing-Miao Nie(Institute for Molecular

Dynamical energy landscape theory for the force—generation Science & Nagoya University), Masaki . . . .

18 process in actomyosin motor ((IR X & —) Sasai(Nagoya University), Tomoki P. Annual Meeting of Biophysical Society Japan |20134£105 (EA

Terada(Nagoya University)
Dynamical energy landscape theory of protein functioning(F . . . . Large—Scale Molecular Simulations in Biology,
19 ) Masaki Sasai(Nagoya University) Chemistry, and Physics 20134118 [TERE
_ . . Yu—ya Ohnishi, Seiichiro Ten—no(Kobe . .
20 MP2-F12 study of intermolecular energies of large molecules University), Kazuya Ishimura(Institute 5th JCS International Symposium on 20134128 E
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of Molecular Science)

Theoretical Chemistry
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Model Space Quantum Monte Carlo method Hybrid Parallel

Yuhki Ohtsuka(Kobe university),

5th JCS International Symposium on

21 Implementation and Some Applications (7R X4 —) Seiichiro Ten—no(Kobe university) Theoretical Chemistry 201351213 (B
Model space quantum Monte Carlo method: Basic ideas and _ . . Recent Advances in Correlation Problem
22 applications (138) S. Ten—no(Kobe University) 2013 20134128 [TERE
Qing-Miao Nie(5 FHRI 2K, £
23 |TORSA LU E—S—DENEHEE ((NEE) BXF) BHELEBZHEKRD), FTH|F4EICMSIIE S 20135128 [ER
EEEHEXE)
Qing-Miao Nie(Institute for Molecular
Dynamical energy landscape theory for the force—generation Science & Nagoya University), Masaki
24 process in actomyosin motor ((IR X & —) Sasai(Nagoya University), Tomoki P. 4th CMSI workshop 20135121 (EA
Terada(Nagoya University)
PS5 L ANED] X AN, A
25 |PURSA UL E—A— DB RS (D) BHBEREERD) HPOIRBETRT I L BB RBEAAD an1se 127 (Em
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. . _ Low-scaling and Unconventional Electronic
9g |Some resutts from restrained denominator MP2-F12 and model g ¢ (kobe University) Structure Techniques (LUEST) 2014, 20144E6 E
space quantum Monte Carlo (AEE) .
Telluride, Colorado, USA
29 Model space quantum Monte Carlo method: Basic ideas and S. Ten-no(Kobe University) IAQMS meeting, Villa Maria Serena in 20144678 ER

applications ((15&)

Menton, France
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Dynamics and control of the internal rotations in molecular

Telluride, Colorado, USA(Telluride Science

30 |systems: Crystalline molecular gyroscopes (oral presentation) | roniko Kono s::ca:f; ‘éf,iﬁigﬂfffﬁiv!ﬁff%ﬁ’.i’cﬁzs> POUETA I
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Gyroscopes(poster presentation)
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The structures and dynamics of nanocarbon bearings (poster

Kyoto, Japan (International Symposium on
the Synthesis and Application of Curved

39 presentation) Kosuke Nakamura Organic 7T -Molecules and Materials (CURO- 201451013 e
7))
40 A study of potential energy curves from the model space Yuhki Ohtsuka(Kobe University), Vietnam Malaysia International Chemical 20144118 R
quantum Monte Carlo method (A5E) Seiichiro Ten—no(Kobe University) Congress -
41 Model space quantum Monte Carlo method: Hybrid parallel Yuhki Ohtsuka(Kobe University), 18th MALAYSIAN INTERNATIONAL 20144118 EE
implementation and some applications (A 5H) Seiichiro Ten—no(Kobe University) CHEMICAL CONGRESS =P
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Massively Parallel Implementation of F12 Electronic Structure - B . . A Voyage From Molecules to Materials with
46 Methods (IR A &—) Seiichiro Ten-no(Kobe University) Numerical Methods for Quantum Chemistry 20154 1R (IR
An Atom Resolved View of Chemical Reactions: Application to . . I s, a aa
47 |the Dymanics of Nanocarbons and Crystalline Molecular Hirohiko Kono Hsinchu, Taiwan (B3 3238 K5 L # 5% 2015418 E
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International Workshop on New Frontier of
49 Model space quantum Monte Carlo method: Hybrid parallel Yuhki Ohtsuka(Kobe University), Numerical Methods for Many—Body 2015428 R
implementation and some applications (R A& —) Seiichiro Ten—no(Kobe University) Correlations — Methodologies and Algorithms -
for Fermion Many—Body Problems
. - . L. L . . 11TH INTERNATIONAL CONFERENCE OF
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P BYA==R Y AND ENGINEERING
- . . ML - MRS 2 E 12732k
51 |SREFREFKEBEROXE (DEHRRK) KEEFF—EB(HPE XZ) ABRBER MLERTEERS 20154 3H E]o|
(JACI)
Stochastic Wavefunction Methods in
Model space quantum Monte Carlo method for degenerate and _ . . Quantum Chemistry, Electronic Structure .
o2 quasi—degenerate electronic states ([188) §. Ten—no(Kabe University) Theory and Condensed Matter Physics, 20154041 (R
Lausanne (CECAM HQ EPFL) Switzerland
Model space quantum Monte Carlo method for degenerate and _ . . Recent advances in electronic structure
93 quasi—degenerate electronic states ([158) 8. Ten-no(Kobe University) theory (RAEST2015), Nanjing, China. 2015461 CER
. .. Hylleraas Symposium, the Norwegian
54 -erlzetlgzia‘:ts;ie:s:l:ltz clﬁ;rt'iegitse(dljg%t)heory on modern S. Ten—no(Kobe University) Academy of Science and Letters, Oslo, 2015488 [T R
c c c calc BH Norway
THz-Driven Internal Rotation in Crystalline Molecular Hsinchu, Taiwan (International workshop
55 gﬁzfai?::?;.2?28,»:;25:;%5’13'_8%(3d Tight-Binding Manabu Kanno “Photo-induced Molecular Functioning”) 20155114 E
. ; . HRIRKZE, HRE(5th International Workshop
56 Dynamics of Crystalline Molecular Gyroscopes Driven by CHUNG, Wilfredo Credo on Massively Parallel Programming Now in 20154118 E
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Quantum Chemistry and Physics)

(B#1) - 36




Recent Advances in F12 Molecular Electronic Structure

The 2015 International Chemical Congress of

57 Theory (T 8) S. Ten—no(Kobe University) Eaciﬁc Basin S?cieties (Pacifichem), 20155128 [T R
onolulu, Hawaii, USA
The 2015 International Chemical Congress of
58 [Model space quantum Monte Garlo {E;h% for degenerate and | 1o o(Kobe University) Pacific Basin Societies (Pacifichem), 2015412 CER
quasi—degenerate electronic states BA Honolulu, Hawaii, USA
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1 Real-space method for first—principles electron—transport Tomoya Ono and Shigeru Physical Review B 2016461 B e

calculations: Self-energy terms of electrodes for large systems |Tsukamoto

First—principles study on interlayer states at the 4H-SiC/SiO2 |Christopher Kirkham and

2 interface and the effect of oxygen-related defects Tomoya Ono Journal of Physical Society of Japan 2016417 ERR
. . - Z.—X. Guo, Y.-Y. Zhang, H.
3 Structural evolution and optoelectronic applications of Xiang, X~G. Gong and A. Physical Review B 20154611 B e

Itil ili i
multilayer silicene Oshiyama

G. Wachter, S.A. Sato, C.
Lemell, X.M. Tong, K. Yabana, |New Journal of Physical 20154121 E
J. Burgdoerfer

4 Controlling ultrafast currents by the non-linear photogalvanic
effect

Nonlinear electronic excitations in crystalline solids using
5 |meta—generalized gradient approximation and hybrid functional
in time—dependent density functional theory

S.A. Sato, Y. Taniguchi, Y.

Shinohara, K. Yabana Journal of Chemical Physics 20154128 EE

S.A. Sato, K. Yabana, Y.
Shinohara, T. Otobe, K.M. Physical Review B 20154121 E
Lee, G.F. Bertsch

6 Time—dependent density functional theory of high—intensity,
short—pulse laser irradiation on insulators

7 Electron doping through lithium intercalation to interstitial

channels in tetrahedrally bonded SiC Y. Sakai and A. Oshiyama Journal of Applied Physics 20154118 EE
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Nonlinear optical response induced by a second—harmonic

Maiku Yamaguchi, Katsuyuki

8 |electric—field component concomitant with optical near—field Nobusada, and Takashi Phys. Rev. A 20154108 EE
excitation Yatsui
Electron and Hole Confinement in Hetero—Crystalline SiC Y. Sugihara, K. Uchida and A. . .

9 Superlattice Oshiyama Journal of Physical Society of Japan 2015484 E
Numerical solver for first—principles transport calculation based |Shigeru Iwase, Takeo Hoshi, . .

10 on real—space finite—difference method and Tomoya Ono Physical Review E 201546 EIFR
Reaction Pathway and Free Energy Landscape of Kenichi

11 |Catalytic Oxidation of Carbon Monoxide Operated by a [Koizumi, Katsuyuki J. Phys. Chem. C 201546 A E| &
Novel Supported Gold—Copper Alloy Cluster Nobusada, and Mauro Boero
Control of optical response of a supported cluster on different |Kenji lida, Masashi Noda, and

12 dielectric substrates Katsuyuki Nobusada J. Chem. Phys. 201546 EIFR
Structural Stability and Energy—Gap Modulation through Atomic . . . .

13 Protrusion in Freestanding Bilayer Silicene Y. Sakai and A. Oshiyama Physical Review B 2015458 E
Large—Scale Real-Space Density—Functional Calculations: A. Oshiyama, J.—i. lwata, K. . .

14 Moire-Induced Electron Localization in Graphene Uchida and Y. Matsushita Journal of Applied Physics 201545 H EIRR

15 Crossover between silicene and ultra—thin Si atomic layers on Z-X. Guo and A. Oshiyama |New Journal of Physical 201544 e

Ag (111) surfaces
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Optimized multi—site local orbitals in the large—scale DFT

A. Nakata, D. Bowler, T.

16 program CONQUEST Miyazaki Phys. Chem. Chem. Phys. 2015438 E
First-principles study on the effect of SiO2 layers during Tomoya Ono and Shoichiro . .

17 oxidation of 4H-SiC Saito Applied Physics Letters 2015428 E
Energetics, Electron States, and Magnetization in Nearly . . .

18 Zigzag-Edged Graphene Nano-Ribbons S. Suda and A. Oshiyama Journal of Physical Society of Japan 2015428 EE
Automatic detection of hidden dimension in Outlier FLOODing |R. Harada, T. Nakamura, Y. . .

19 (OFLOOD) method Shigeta Chemical Physics Letters 20154F E
Efficient conformational sampling of proteins based on a multi—

20 |dimensional inverse histogram: An application to folding of glhiHZ;Zda Y. Takano, Y. Chemical Physics Letters 20154 EE
chignolin in explicit solvent g

91 Simple, Yet Powerful Methodologies for R. Harada, Y. Takano, T. |Physical Chemistry Chemical Physics (invited 20154 =
Conformational Sampling of Proteins Baba, Y. Shigeta feature article) -
Enhanced Conformational Sampling Method for Proteins Based R Harada. Y. Takano. Y

22 |on the TaBoo SeArch (TBSA) Algorithm: Application to the . T T Journal of Computational Chemistry 20154 EE

\ e . . ; Shigeta
Folding of a Mini—protein, Chignolin
. . e . . T. Baba, M. Boero, K. Kamiya,
23 Unraveling the degradation of artificial amide bonds in nylon H. Ando, S. Negoro, M. Physical Chemistry Chemical Physics, 20154F E

oligomer hydrolase: from induced—fit to acylation processes

Nakano, Y. Shigeta
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Protein folding pathways extracted by Outlier FLOODing

R. Harada, T. Nakamura, Y.

24 method (OFLOOD) Takano, Y. Shigeta Journal of Computational Chemistry 20154 EE
25 |Car Parrinello Molecular Dynamics M. Boero and A. Oshiyama Encyclopedia of Nanotechniology (Springer) |20154F E
M. Schultze, K. Ramasesha,
C.D. Pemmaraju, S.A. Sato,
L D. Whitmore, A. Gandman, .
26 |Attosecond band—gap dynamics in silicon J.S. Prell, LJ. Borja, D. Science 2014%12R° EE
Prendergast, K. Yabana, D.M.
Neumark, S.R. Leone
Stable and Efficient Linear Scaling First—Principles Molecular M. Arita, D. Bowler, T.
21 Dynamics for 10000+ Atoms Miyazaki J. Chem. Theory Comput 20144811 H EIFR
28 ‘MaxweII‘+TDDFT multi—scale simulation for laser—-matter SA. Sato, K. Yabana Journal .Of Aqvanced Simulation in Science 20144108 e
interactions and Engineering
Atomic corrugation and electron localization due to Moire K. Uchida, S. Furuya, J.-L . .
29 patterns in twisted bilayer graphenes Iwata and A. Oshiyama Physical Review B 20144107 B
30 Large—scale DFT simulations with a linear—scaling DFT code M. Arita, S. ARAPAN, D. JOURNAL OF ADVANCED SIMULATION IN 201446108 e
Conquest on K-computer Bowler, T. Miyazaki SCIENCE AND ENGINEERING -
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