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A 7RALTFRE G O HRIZ OV TR S R FEE O TH L MNICT D & L biT, ZikREl 7
F—L O RENTSH L
2o BT, FICHEKEE
A YERL -G B IFE T D -
OO ZWE AV v F12 ik
(D@)-F12)DBAFEZIT, M . /
ez D T 5 [5], ay bu
ARFHTIE, 25 F12 Bilig WA VY FI2IRIC X B A A ALRT L v VDR
R T IVEMEAE T AN miE, TN L HE TORRZREMNIHIT L, SBROREEZT I,

b
=}
T

D(2)-F12
Exptl.

o
(3]
T

HF
Exptl.

CAM-B3LYP

e
bu

a
u

o
o

o
3
T

lonization potential /eV

o
S)
r

[ 3R]
[1]S. Ten-no, J. Chem. Phys., 121 117 (2004).
[2] S. Ten-no and J. Noga, WIRs: Computational Molecular Science, 2 114 (2012).
[3] Y.-y. Ohnishi, K. Ishimura, and S. Ten-no, Int. J. Quantum. Chem., in press (2015).
[4] Y.-y. Ohnishi, K. Ishimura, and S. Ten-no, J. Chem. Theor. Comp., 111 4857 (2014).
[5] Y.-y. Ohnishi and S. Ten-no, in preparation.
[6] S. Ten-no, J. Chem. Phys., 138 164126 (2013).
[7]Y. Ohtsuka an S. Ten-no, J. Chem. Phys., in press.
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DFICETEHEFDOEBRE L SHREFENF
RRMEL T EmEEfk

(LB S G 2 8 LUWIRICIZ AR, TDIH E L THi-7 b= - R 2 BT L &
HIEL LT, 7 MPEBEFINZED SRR E 2EERKNGFORIREL RS E TER E L
T2 D TN D, ZZ2TIE, FOIHRD 2 EIZHOWTEHRET 5.

1) FEMIENE 18 )RR 12 K D B OB

Born—Oppenheimer (BO) ITELAMEHET A ENE TlX, HEDORT o ¥ VN E 1R EE5T 5
Tz, BEIZBIREWMEEBR R RELT 5. ZOMHBTIE, K7 vy VEAHAICEHEE (avoid
cross) L7V 5SERITHIE (conical intersection) L7015, ZNIC XL - T, BEAFOEIEEK
E R ELEE OB BN ENEN DI LIE T D AV, coherence WMl H AL D E TIEZILH D
entangle L72IREEDMESL LS. S HIZINA T, MWL —H—C XV FHEINDIEWBER 2 D
TNEELL, HFIFERRERVEEREL L OICRD. AmbiE, T XD REIRENES
WS ONFER L TE . ZOEHTIE, 2T 2EBIHD coherence (ZBHT 518 E D HH
BEEZT22 2T, EHEONRELL [T 2E KA ERET 55 IE#1E ] (Path-branching
representation) OMEEZFM L=V, [1,2]

T, CoOIABEBRICRN TS, ok, AROUEERR AR EERISIT R T
%, BRI AN =X LORELEIATH S, tho—Di%, Re 7 722 —0Fhk
EAREBICR T o EEEERERBHICRET IERFELEDH AT IV ATHSH. BOTED
ik E L <, W2 ER TOE = RLX—CRT U7 v /b3 L X — i OLEN B %2
Ko, HERLTFNE TR Z &N EWIERTEVE FIRENHEBLT 5.

-

2) AbFET1F 0728 O AR &8 ) 7 H O R B

{CZESOGSEY ) e 2 R R OTEB) 2 BB 5 5 72 D OB IR &5 - i 1RO F 72 7 B &
WiEd 5. RERE, Nelson OMERETL, Bohm OEFRT ¥ ¥ /LD ik, WKB Him, &k
LoD, EHOPEEZEL TS Action Decomposed Function (ADF) OHERAZENT 5. [3,4]
AR E L, FHlELELZ & LT 20O THDLH, KIKO WKB Bam CidBln v T
Bl b, FRUCHED TEAHE) DRWEShTZ. e, ZOE&HIMEE AL THIENR X A
FI 7 ZAEMABMNIR ol ZOHEROLIRITE SIFA~DISHIZONT HHET 5.

SCHR

[1] T. Yonehara, K. Hanasaki, K. Takatsuka, Chem. Rev, 112, 499 (2012).

[2] “Chemical Theory beyond the Born-Oppenheimer Paradigm”, K. Takatsuka, T. Yonehara, K. Hanasaki,
Y. Arasaki, (World Scientific, 2015)

[3] S. Takahashi and K. Takatsuka, Phys. Rev. A 89, 012108 (2014).

[4] K. Takatsuka and S. Takahashi, Phys. Rev. A 89, 012109 (2014).
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BREDFHZERICEBTAELEELFATIIR
SR K2, 4K AEELE] 1 PERRECSC 2, HESRELAL 3

OBy F R hhed & T DR TR Tl 2 F WA L) by FERAEW - £H O
%ﬁ%kﬁﬁﬁﬁ%&éwﬁf&“EK%é%f%ﬁﬁ ﬁ%xﬁ—w%ﬁowk# =4,
HROMELCREREDFE I~ L BN D, T D K ) REVFRITEE Y T RSBV TEEMICR LI, &
FE7R 5y k7R BITE DS S EBRIFE B IHED HAL TN DM, Fox OBFIIRIZICIEF IR O TN D,
ARBRETIL, BB T RIS T 2 HECHERE DN 3 T IEE O F b PRS2 KT X 0 a2 A= A
SNTWDDEMAT 52 & &2 BRI 2 D T &7z,

BRI, WAIFHEIZRI L 72 MCMOZ (Multi Center Molecular Ornstein-Zernike) 5% 13 U8 &
L 7o bkx iR IR Oy HREABERR 2 B%E - RS H T2, L <12, MCMOZ #EDWFUEZIFRIZ O

THMRDEEBICERAFIHAEL OFRITORII LTz, ST, WRTOSFOEDRH &R
JEOEFE 2 R T 2 BER 2 F 7 B LT2[1]. 72, X o\ EORBEEIVITEESE G 7 R
FBEUARAIRTH L0, ZOEEDZL 1T VHLLE L& FHERZEANICHRR 28 TH 5,
LT HLOVHEBMEEREE T L ZBRE L, ?VFX#—7L®%E%M&ﬁE@ﬁnyVﬁ
DIFATIC LD . P N o SRR Tl ORI SOE Tl S L MRS 2 s 5 2 L (2],
JF = IFVURITONT, T F UM LD I AT DN 0 BB R AW TR E K
B R- L TnD 2 EERLEZB],

S B2, KOS EDEERE) 73 L OB 2R R E ST B > TV D 2OV TE
Prateed TE 7o, ORI~ KPP OILFAFOELRERM IR Z & T FEBRAICH L< b T
WHBEERWETH D, BxlIn T a2 b—ra UERME L ZIRICIRIN G B = IRIERIE
JSBE BB OMEATIZ L0 L KIZEIT 2 FFFEITHOMRENE b 0T 1L X — RO 5y TR 2 B 5 s
\ZL72[4), FTo, KIFZDOREMES)FRMEE O R CTHIFFICHKEVWWE CH L5, &<IT, @
MANRRE CREMER LV BIRIC R 2 2 &b, RMHAREOREE (SFE - KB ERIRED
FFAEL TS DREER OFE H &) NWHIROKOMEEIEEEZREFL TNDEZXHNATND,
AVETIZ, Fxld Widom # E (~220K) O S X ORFZEREN 2 60 L TE 2[5a], &5

(R A VR EE SR O i HUK 2 gt L. & D ARVEEE @ B IR SR oM 2 (b L OB A~
—MEDZEAIZ X DB LWEIREEE A R L72[Sbl, MR, ZhBIZOWTRAT 2,

SCHR

[1] K Kido, D. Yokogawa, and H. Sato, Chem. Phys. Lett. 531, 223 (2012), K. Kido, K. Kasahara, D.
Yokogawa, and H. Sato, J. Chem. Phys. 143, 14103 (2015), Y. Matsumura and H. Sato J. Chem. Phys. 143,
014104 (2015), K. Kasahara and H. Sato, J. Chem. Phys. 140, 244110 (2015).

[2] T. P. Terada, T. Kimura, and M. Sasai, J. Phys. Chem. B 117, 12864 (2013).

[3]. Q.-M. Nie, A. Togashi, T. N. Sasaki, M. Takano, M. Sasai, and T. P. Terada, PLoS Comp. Biol. 10,
e1003552 (2014).

[4] T. Yagasaki and S. Saito, Annu. Rev. Phys. Chem. 64, 55 (2013), S. Imoto, S. S. Xantheas, and S. Saito,
J. Chem. Phys., 139, 044503 (2013), J. Phys. Chem. B 119, 11068 (2015).

[5] a) S. Saito, I. Ohmine, and B. Bagchi, J. Chem. Phys. 138, 094503 (2013), b) submitted.
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ZENEBREICLS T/ BERES TOEFHETAEZTDORR
RRBETL s

s TR T A 2R OBEAHREIT, 2014 FELY, FERLZ 0. &
£ GRR) OmMKOSMZS T, (k1D OMMEL [FEENBEECL ST/ #HEDE
BEEET M 2 OAEGIREA ~EE L, KHIWVF LV —RiRIC L 2B FHEEDO X A F I h s
BEZBIOES Z L e Ui, ERDBMEZ, B 241z, AEE— GEKREETL) ., ANEF
Z ORKBE L. BUERHEPERERT) . BEZE GRORFE L, BUERAT) ., HFHEZM GRKRPEL,
BAET NI T T 7 47 A (BR)) . /INRfE— CGRKBE L, BRGS0, SRRl (W) .
HE1 (W) . Nirat, EEER. C. Kirkham (BlUEK). Thod,

A7 7T AEEAN TR, #ERBEECRICE S R FE - EREFREFIE, o 1TE%
FEORIK L, Rara—4% ETComELEITV, WERZ COR~ OEICEA Lz, &<
W2, Ay Ea—2BLORA NI Ea—FDOT7—F7 7 F v L LTEHHIN TS, /b
F A== a T BT —FT 7 F v T LTV D REMFPILEORMIE - S, BRI
RSDFT. CONQUEST. RSPACE =— RO &EEALICHHE L7z, ZAUIERTFIEICHIT 5 Fast
Fourier Transform (FFT)R 2k — F@EFEZETZ &b, FFT 208 & U WFEZER Tk
ERALEZLOTH S, HEO—FIE LTiZ, RSDFT (2L 5 10 HEF SiF/ VA v —EFIR
BERHADY, ZTORmVWIFEATHRICL > Ta— RV E (rEtEieE) 2851 015,

AEHTIE, EEMTFIEORELORNE L2 — Lizth, WERFFHEO—F L LT, Bk
FICEL STV SICRETOF/ 77y NOHCHEBIILO I 7 gL | BRIz T
J 77y NTO, HilRBE LAY U REBRE WO FHBRIC OV THET 5[], #51X RSDFT =
— F&H, B = 3 L X —HLBEUCIE. GGA TS 5\ MiE HSE i el % v iz,

SiC(000D)FKHE TlE, TEX Xy ApENRH D WIFEHETIZ, /7 7 7y 3 H CMikE
T5, RSDFT#HEIZLY ., Z0F /77y MNIRF LV TRH I RRFEORIDARAT v
WNTF T LT bDTHDHZ &, AT vy THORIIEEEH & Riii= R L F—DOFFREWIT L
V. 77ty MalQI2-n)EINERFIFICE L TIRE-ETHDH 2 & (BIEM) . IO E RS
oo EOIT, ZONRNF U T LERRFEAT v TIFATR G NI 540 LT R R 7 KRB
BEsZ RSN, ZHIEEICAT v T COREBIRFOF 7Y 7R ROERED
HTHY, AT v TIRZIh > T2 HIIC AN REERHTZ EnHA LN E R -T2, S HIZEm
WCAKER T ARET D L. KBERET T ADSUETIHITIEAT v 70 Si 12 RIRII
L. AT > 7 C IR0 DAL D RFRAVRIEN 7 = L IVERLITALE T 5 2 &, B OREIC
L0, A ROBFEAREZHET DL ENAHET, TOMKE, T/ 778y FORT v
ST, TREEPEIREE & D WIS SORBEMEIRBEDS B2 Z & 3L STz, REMEIRAE & FEREPEIRRED
TARVF =P/ NI R BUIRIEICIR S22, FEREMEITT R 72T 20 D Al 5 LRI 70
ERRECTO, HOMBET  #E BT DEMEREL L W ) B CHIBRE .,

[1] S. Sawada, J.-I. Iwata, A. Oshiyama, APL 104, 051605 (2014); submitted (2015).
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T/ BERICETARBFEEFIAFTIVRES - EFHEMETFT/NM RO
ST BT

HEWE (BEFR) OHAFERIIME QRN PG, O, HICEFHEELZRET D720
DOIFFIZAMBRBRLETH 505, RIRFICHWEONEERIICM S BES L TR, £ OB MEIX
WO CHETHDH, WERFOMEFERICE N COLEWEOHAEEREZRY I 56, KO E
ITMEZRDOYA XL b+3IcREL, MEIIT RN ESGHIN ST D &3 5 B
ERZRWD ZENRETH D, —F7, RETIIET /) A— MY A XOREE T ) WEEROE
FRSFTRE & 72 > CE 23, e Z Ok T /SR EHHAEAER T 5 &, “IH” LI5S R
e IE AT RO U A RRICHAET D, 2ol nEowE (B1%R) LHAEER
T5HZ LIk o T, PUBRF IR EIE LTHERTONISE L ITRE S AR 288N 055, T
BT 2 ORI L 72 DT MEERO RG22 R L2 /) A — YA AOZE/M 5340 %
Dl EESE L WE O EAEH OB, JEMRZERINZ —ERTH D & 2 BT AL
ST, T A= MAEETCE Z 200 EME O BN 2 5 1200 L0 —ik8y7e T SIS E B
FRANEL L TR D

BAIXINETIREWEOHANEMZ, X0 EM#ICHE DS T2d0T / FRE MR K O O M
WIS SRR 44 7 A0FHE —FEFRIEOMIE 21T > T& 7= (Grid-based Coupled
Electron and Electromagnetic field Dynamics: GCEED) [1], FEfifkifF=— > - & v & (TDKS)
FREXAFEEM T Y v R ETEMECESO CTHEBEMICMH S, REFZEEFE b 251k %2 v O
<, EAMEAESEEY — ) ZBRENGTENTELT ., ESEOAOER T LY XAT
BRI TEY, BIWSFEICOLIEFICE L TWD, &7 T AX—ORFTRE T 7 A€ 1O
WFZECIE, EBERT /G EROFE —FHHE & U RKHED Aunias 2515 L Lz[2], £z,
F2EM 7Yy FIECHES DI, IR, 3WoTAMIR, il - RinR%, SRR &b T 3
BAEETHY . B, WY, BEFOFN - BFSNGZHINT 2 2 L b TH D, TERTO I
B TIHEZED L IIAREMICHEE STV OWE O F R GEMILFINE, B
EEHIER, b6 - KIREE TR 2B AFF Oy MRIEEMERS) %2, Gt WL Z LTk
ST TE 2 Z & 28— FHEGROBENDHEIET D 2 L 2Dz, Ot - BT
NA ZAOBGERFTORAE LT, BERRE LOER 7 7 A X —ONErE8], Bk m Lo
S OREETR T ~ o BELO BAARAAE4], T2 W E O ok vk, [M# v ¥
¥ v SRR OW R DR R AT o T2,

Sk

[1] M. Noda, K. Ishimura, K. Nobusada, K. Yabana and T. Boku, J. Comp. Phys., 265, 145
(2014). [2] K. Iida, M. Noda, K. Ishimura and K. Nobusada, /. Phys. Chem. A, 118,
11317-11322 (2014). [3] K. Tida, M. Noda and K. Nobusada, J. Chem. Phys., 142, 214702
(2015). [4] K. Iida, M. Noda and K. Nobusada, J. Chem. Phys., 141, 124124 (2014).
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F/ RBEODEFREN SHMBHUEEEF TOVILFRY—ILYIalL—v3y
& TRRE BEPH2 Ty —3 HAMIEN 4 BIASTE,L KEEM 72 ARz — 3 B A 41

FERT A AOEMRRGICEEL T, 7/ A — Vv TEMERR RO, EENREETOY I 2
L—ya USRS HIFRE S LTV D AR TIE, DFT = — RO AR TILEEAR X 720 KU e
REIZONT, A 7V REFHEZ VT DFT LUV O RREE 2 2 A 4 2@ < ioxt
LTCHEALSD, A F Uk, PR, (74 ) kS e s Ial— 5. A" (7Y v R
B HYEL, QMMM IEOBEA A NEEREERICS, BEZEE S TICEHMTE 5.

AFEIFTLLTOHEBIZOWTHEENH - 72,

1. BRI OIFEZER 7Y » K DFT TH 5 DC-RGDFT =2— K [11ZH\Wand 7V v R&EF
= F2WT, LA A EBDO T T 7 7 A MBI TO Li A A REOBLEZEE)IC
AT 5vIalb—rvarzfiolk. LAFUVBHEZHD IO IC ETORFES— MBEEL TE
% S AT BRI R % 72 cage OHCHE 4 @ Li A A 223, AR B2 RN b BRI d 5 —77,
cage HE DYLEIL, HEMRCTO LI A AL DA LFERETH D Z EENbho7 [2].

2. T 7 AN—RBEIMT —ZRAFT A RE, Iy a7 VT4 WVRHARIIEDS v
UATTTRAEREKGFLDROSIZET DA77V v FEFHEHI I 2 b —2a U &2ITo 72,
WD Si-O 7R > R23, dimer b L72KIZE Y, EEOFMENTT- SN D5EI1TE, BH5HI2Y)
Wraiho b2 &L [3].

3. NU—RTOODOBESMGERBMELE LT, €7 Iv 727 4 T—HBASEZREST
MEIRHIRF SN TS, T F &R RE MG L O 28 U MR8 ICBE L T, 7L
I MIC nm JED bisA =R F UEAEEEE ORI T O, BHEE R X O mERS A FIRAT L
727 4 T —MOBMER M, B MD > 22— ay, 74/ CORESHESFH
D WIEIRF D E DIRE~D TGN, S OICHROREEBICETLIab—va %
FAG DT~ [4].

4. WEM OBERACFEDO D, RIEM B OBERE « BEEINO&GEANLEL > TWND. Al
s & =R 3 TR & OBEERE I T 2K TRAIZ L DR EA ST 57201
ATy FEAEIMI I 2L — a0 2fTo72. ZOREE, epoxy ik O &L Al & d
Al-O Ry RPBEENIRELSFGLTEBY, Ky B Rmic£< 725 L, Al-O(epoxy) R K
M 725 Z L THEGRENMET L, SOITHIED FRILEOEAENHE LT < 2D
THRLI [5].

[1] N. Ohba, S. Ogata, T. Kouno et al.: Comp. Phys. Commun. 183 (2012) 1664-1673.

[2] N. Ohba, S. Ogata, T. Kouno et al.: Comp. Mat. Sci. 108 (2015) 250-257.

[3] T. Kouno, S. Ogata et al., in preparation.

[4] K. Tanaka, S. Ogata et al.: Int. J. Heat & Mass Trans. 89 (2015) 714-723.

[5] S. Ogata, et al., in preparation.
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AEVRAZOR/TILF 704 v ADIGHANER L =M EHER
BYCRELL | BRKEERF 2, BRI
RARERE . NHEER. AR JRIRRE S, Az

U A HEERT S AWML, IRAZHZHTHAH I EFRIN, AV hr=J R/~
NFT7xzuaA 7 AR LTEEHET A ZAORBEPNER SNTWD, ZOXI BT LT/ A
AT, ACCHGEMBAERANT A ZABEFRBLICRERN e85 KIET 720, MEHZ KIET A
EUBLEMAEER O RE S I 2L —v a VI VAT OMER D D, LIS, MRS R ORF
PER T SA ZABREIC E OB E 52 500 E R LN D0, MEtoFRKE - Fim - 7 /1
BIZRT 2R EECE S EZALNICT2HNERSH Y, KEEROV I 2 Lb— 3 v &k
LT 57077 MO EITDR TR BN,

FROEBIISZ D20, AR TITA U HuEHE L 2 0 AN 78— REEHE 21T 5 F2
TEL7 077 LOBKEIT), REBEIEPMTADHRICT 5720, I— - ") xufr8 /5
a2— R (CPVO) t#FFRERED— R (OpenMX) Oz 1{T->7-, CPVO Tix, WEEER
WEAT oI AT APFIRERE CEELOFHE N —EIZRITTE HHEE) IO\ CORBRGHE 25
i L7z, ¥£72. OpenMX OF5EE[A LD, IV AMEFALZESB T FLX—RT ¥ v Lk
ERRAR L7z, 351, BREEORREMEILE1T o il bR T v v L & REB O T — ~
N RAEMEE LTz, L OIEERHENTZ 542% 1 FLAPW = — R (HILAPW) O#({iH17-
77

AV UGB AR OFEEZR O NCT 5720, EROFEa— NOFEMEE /5 7 0
77 LB EAT T, AV T I AF ¥y EFRE L, AT 27 07T A KON Y — il R0
RN RICETHHEEZITO 70T LOREEIT T, ZNbDT s T LNy Ia
L—va Mk, AV CHEHBERICESSHFRBEREZHELL TV D,

JEFARFZE TILBER B RS SRR « T/ GBI 2R RSB T O 217 -
7o ZnO O(10-10)FRHIZEB N T, KAAEVIERIDOA Y Y T 7 AF ¥ BHBLT 5 H 520 500
L7zlll, T E T, AKAAE VIERREE L, PHEROLTHRALIN TV D, AP TIEL,
XFRMED 72 2 7V GIRIMENC B | AKAA B VHERREE RN BT 2 F 4 1L O TH LM LT,
F72, BIEBEIZB W TERRAE R EFFD 1 RoiT v DIRENAE LV - AESHCE T3
EEBRICEVEASN, Yalb—va il AV OBOmINS RS 5 E 25N LT
(2], A EDFFRR A UREEICET 2T, SBOAE Y br=7 ZAGHICHEER AR E 5
ZHHDTHD,

[1] M. A. Absor, F. Ishii, H. Kotaka, and M. Saito, Appl. Phys. Express 8, 073006 (2015).
[2] A. Takayama, T. Sato, S. Souma, T. Oguchi, and T. Takahashi, Phys. Rev. Lett. 114, 066402
(2015).
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HHERR : TOFEFRELCA
FORBEEE 1, BORWMENT 2, HATHEE] 12

BFHRICET 2 BN DA EN Ty DR 2 A U T DWW EERERE, WAURRE.
HEEREE R OWE - B Z . SRR FIEZHWTERR T2 2 & £1220HIEROR%E
X, FRTRY RSN T A R T EERE TH 5, ARE TR 1 o s r—7
TR MG S & LT, BREHEOHIE Y I 2 L —ya VOFERF L ISHICED A
T& o, HEFIRREOEINEARFH (BICK) . BRY GL#ER) « ABER GERDD |
THET (ERMD | R W JERRGEmR) . = GERI) ThLH0, FAELZHSML T
W5,

g L7 HEEILEEEGE (DFT) 0 7' v 77 A e LT, FmERIEEZ b b D QMAS (A15) .
xTAPP (HA), AREREEZHWS FEMTECK (M) #B¥ L. #x Oaessft & @migibic
BOAATETZ, 2095 GPL 741 &2 ATAR L7 xTAPP (22oW Tk, A& E{EIZITH
72 ® TAPIOCA t 95 GUI Z%(i LAB L7- (CMSI #Lsmf7E e FHi#hns+ (B RIST)),
FLHMICEDOETDFT 22— FZEIRLT <3572, xTAPP & [WUL<H 2 #aTHREL
TWo 717 — R RSDFT CaHIED) . RfERAE 72— F OpenMX (ZIF), R To
W T 70 Th L FmEIE 2 — K VASP O A7 —Z HAZEHY —/L C-Tools (FHi) DH1
FAEMERL L=, 206 OHMEH) DFT 7' v 7' Z A &FIH L CIR-MOFEFFFE AAER 230 L, #
TEMREREZHET 57007077 5 ALAMODE (REFJut (Bl KRT)) ., ISEBEBGHAS
TOT VY 27 o= FEOINRE R LT NI ~RFue k7477 Y libtetrabz (]
ot (BL WMERE)) ZBR L. KB LT,

HHE O DFTUANOE FIREFEFEE L AL Ei&E e 7 hvniEo 7 v 75 A CASINO

(FIE) OomEfERaryYa—Fnil&#EkaziTo7, b7 023 AT 4y RIEOT
1277 5 TCH (B IEZ (Bl BrK)) OBHFEZITV, WHHLE T T Y X AREIZ L D mEdt,
JhERRERH L &2 BT FIEIR A 1T o 7o, 8 1 L L, B{EEEENEEE RO 7 m /7 A
i (BAES (B B RE), WRNEDY) BT 7

IS OR—JREE IR E AL, A TE A AW, BEMEE LTHIR SN Y T
A2 L— MEEW(2], BEE T Otk FBIEIR[3], Nd-Fe-B i b f 5, k4 W8 O Wik
HEMEHERICHN LN TV D, #ETIEZDOW O E MBI T 5 TETH D,

SCHER

[1] T. Miyake, K. Terakura, Y. Harashima, H. Kino, S. Ishibashi, J. Phys. Soc. Jpn., 83, 043702
(2014).

[2] T. Tadano, Y. Gohda, and S. Tsuneyuki: Phys. Rev. Lett. 114, 095501 (2015).

[3] R. Akashi, M. Kawamura, S. Tsuneyuki, Y. Nomura, and R. Arita, Phys. Rev. B, 91, 224513
(2015).
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2RFUIAL—2aAVICKEIVMILADDFRZDEHRH
RBE T [

AFEICBW TR, Rara—# TRVERZRBE T 2@mIE5IHAS FE#FE Y I a2 L —
a2 Y7 s MODYLAS OBz, 2z HWTNNE~ e DA N T RORFRF
ab—varxEulL, 77T OB NIREEOWEIEE Th 5 L 7 ¥ — L O
BEEDT LV THLMILTE T,

[MODYLAS] MODYLAS (%, W2y ¥ a—X (2B 2@8IFEHEICHIGT 572012, K
HOFEICH IR %2 KIEICIE T &85 FFT 29, FMM ZH\WTW\W5, 65,536 / — 1

(524,288 =277) % MW FHR TiX, 1,000 LHJRF%O MD §H5H 1 27 » 7 D% T4 5 ms TH X
HMREZ A LTS, MODYLAS i%, BHZRX AL X —FHEREZIILHE L TH ¥ Ial—Tay
B DBk 4 eREZ i 2 TR Y, Marv Ea—¥ %2\ =T/ 58, A A 5FICE T 5%
THEARDOHFRIHND Z LR TED, o, KV 7 MIY—RAARLTHS[2],

[MD 5] v ab—a VWD RIE, ERIERT DO 7 RTH 650 TR, LETZ—
ZETeR I 1,020 TR CHERLT A 2 N TE 5, #IHIEE I X S~ o0 b
D& HANTWD N, AREFFEIZIBVTiE empty capsid (25T 53 2L —T g ERoTnN5D,

[ 7> ROWHECEAIEE] BOEARREEICH W T, KO FI1EH 72 ROWER & AME & 21T & 3k
T2, KOBEHEITHL 26 v~ 7 a0 ThHT Y RNOTRTOKS 1% BRI 5,
ZOZ L, MR e U A NV RIETERIEIC S OIEDJENMEEHT 55T, FERICR L TR
IR LT Vo Z L2 L<HPILTVD, —FHT, el by Ialb—ya VN
TIHEBMEILEBSETWARY, 2F0 ., I7Y NIEERE L CH#ET 5, EFNEETTo
BAEREICBWCREEZIZEES TR, BTV RORE®RICEET 513 ETIERNWEA
9, FE, BARKPFTH AN ATERBEEZ -,

A7 RSO EMIEORREIL S BITHIRE, 7Y FNOBMHRIENTADEEZ =T, A
JEIZ S Z B W TIAFHAE LIFR WA, /NS RZEMTH D 7y RNTIHRTZND, /MNi~ve v
ANVARABE TA N AR EE I LFRO T A L AZB W TIHAR THZ < empty capsid 28
ERENDN, ZHHIZRNA ZEDRERR VA NA LSRR ZETHD, AETI OREENE
D—REipoTNDHEEZBND,

[ERgegiihafe] — 5 ¢, BEOYHIRRETHA LT ¥ —L VA LV ADRBEEITBW T, WHED
FAEHAZ HE T XL — LUV THYT Lz, MDAFE2SIE, CD155 L7 ¥ —L/hli~be v
A VA L ORI < S NIRRT IR C B W TEI I E L TBIE 155 Z L VREN TN DA,
ZHUTNENHDTLARL, ZOE ) RERREBEERM THEDOTNIKFORAZ o — A%
OWHEAEH EFRRETLRY, ZHUX, LET X =R U A LV AEB#T DR, 2720 il
B BENEENTWD Z L2 BT S,

[1] Y. Andoh et al. J. Chem. Phys. 141, 165101 (2014).
[2] Y. Andoh et al. J. Chem. Theory Comput. 9, 3201 (2013).

C-1
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1204
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@ 1 - g 8_ 64 H.0 molecules
g X
0 10 gpesesnneines Lo e s e s Ty ggesereiseas 0
o . QO
[} TR > 604
aQ - ]
) e . o
g . . s
- o h ¥ 1 e
o A Lo L
S 5 20 e
0101 T T T T T T T 1 0 2 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
1 2 4 8 16 32 64 128 0 8 16 24 32 40 48 5 64 72 80 88 96 104 112 120 128
Number of cores Number of cores

[1] M. Shiga, PIMD version 1.7, 2015.
[2] K. Ishimura, Scalable Molecular Analysis Solver for High-performance computing systems

(SMASH). http://smash-gc.sourceforge.net/

[3] S. Ruiz-Barragan, K. Ishimura, M. Shiga, submitted for publication.
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B E DEARIHERE A LA LU TR T D, MBI EL, RT> 7 TV )= 27 A KR RAE, &
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ARFREO B, VPO E R E ORI O AAEH - FHBIC L TEKRINDY 7 M B ARk LA IS
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2L —ar iAot ALFEENEZ L - 2R A7 L TO B = R X — i 21777,

RIERIZN R D 2RI L DMERENE 7y T DR IE AL E TR R DT Ho VB O RFEAEMEERL T
FHEAEHR S OREEAT -T2, RBWMOZYRAE | JRFE — KRBT LK R Co R A
HZ X —DZELTERILL, 7I/EET 712 L horse heart cytochrome ¢ DN AT 70, Z Dk
R AN IR FE — KIB G BEA~OBATICE BRI B =L — D28 lE, WE — B IR AR
M —DZBACDONOFEHOZEALLITEERATHY | 7 EIHD L OFRVHBE D’ S 47z, HE
BRRFEHOZ LS MARBI THY | JRFBAEMA O DILHWR 1 Th LI LA R LI,

Fo, VT =T ay FEB ORI ICHE S Y TTC, A LR IO R BAE R & AT LT,
B % 20 FEEL)NGT0 D alamethicin &L, IR EBECE & &6 12, BEOIEMIT T3 L CE A L DR
B2 RO OIERIEREE 5 A TEICEX THRETLT., BBLEIZDOWT, AR T DI E 7 &
KEIRBVEEE R L Ao VB RELTHIET I MA Ao L X =23 R L, AR L
F—FHEORE R BEEBELE D R E THY, IO T IR U CHE A L7250 E T, ISR EERES
15 ARBEOLE, HHZ LY —ZENRILI A AL, EARE COBEEME B 3L —0
ERREEBERATIED, KDODDOFTFHIZE o THIbINAZ LD LT, KEZ /B O] J1IHE A
TERIL, 22 B SEOSMAIN B KT NEE TR 72 503, AKIZ D PEBRIARTENF: (U 10048 BAE R
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BiKFED ARSI DE N T OHKEEE DL OET, 2R E S TERM UM R, Bz L —
FIEAED FERAE L D 72133745 0.5 keal/mol THY | 157 F RO RF A H T3/ —FHRE D, E 7R
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(H24~27 £ FEYD 2 D%l U TR 22 T LT, RIS, [ a B a—2 7 E OB FIER BRI e S5
72 REFEOLNBRR D TEXT o EIRIRDC)EL T ML L T/ er I AR E21T>7-, (a) TlL, &1
bR 7 17T 5 GAMESS (SEASH TS DC 2—R &2 212, MPI/OpenMP @ 2 BtfEF 5L DT
NV A LEBFE LT, (b)Tld, M H D71/ Z A DC-DFTB-K ZA{ERL . =3/ ¥ —3+H ., M b,
REVGEHE, LT, QM-MD FHREOEITEAHEELIZ[1], AFE T, b)OHG -7 2/ 7 ABH L
ZRIGI 22l —a Al OWTIRET 5,

{LFAE G DARL - B A LD IR N R A 23 T OER A e 2 3H 35 H1EEL T il MD 3= b
— A ATREREA A BT CE, 72E 21T, MK SO MODYLAS TlEYA/LA(~10,000,000 )

DOEJFAFEIZRIHIL TS, —J7. 1k 300 cPU
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TR, FERIEES DFTB WA Q 200 9 32,000 /

BUA . ~1000 Jf TREZRRCOD, L a0

RBFFECHA LT DC-DFTB it 7t & '
RARORbRECAIVE=T A E ] ,
EOR AN HZLITRIIL & :

. SBIC, WAROFEES /I o 2
RN BT HIEICLY, BLIEFIE 1 . 5

B R LK 1), 7282 1E, K507 0 0 o '0'5' o ‘i S '1 5
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(= Ea—% 16,000 /—F (128,000 1. T®] arvva—2& M0 (H0), (0 <
a7 ) FIVTHY 40 B CHEITTED, 500,000)?> DC-DFTB k0D = R /L ¥ —&HH.

DC-DFTB-K % WS HMFFEE LT, (1)Ll A4 — R ERMIZISITS SEI BRABEFL[2]. (2)/KIRE
HIZE1T 57 1 @ Grotthuss JEHGEEE[3]. (3)7 I AHK A W2 CO b FIRIEIZ 51T D COL WXL -
TR EL[4) RS LT,

[1] H. Nishizawa, Y. Nishimura, M. Kobayashi, S. Irle, H. Nakai, in preparation. [2] Y. Nishimura, T.
Kaiho, H. Nakai, J. Comput. Chem. Jpn. 14, 43 (2015). [3] H. Nakai, A. W. Sakti, Y. Nishimura, J. Phys.
Chem., submitted. [4] H. Nakai, Y. Nishimura, T. Kaiho, T. Kubota, H. Sato, in preparation.
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L TE IR SRR HE A FLIR CELBRER D BAFEZAT U bk &2 7O RE 3 1 D IR DUV TR R AT o 7,
AFEFTIL, BT OMFFEN D, B — RNl L ORE— R LAl B3 A0F5EIc DWW TS 975,

FBREW SIL . AKDOEBBAE R E R RINATON T =0 MEEIR D 53 1% 51 & AT o7, ZOSIRIT, (b7
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FL— NN OB R 2 T o7,

REIGGE ThDHNOE IR ET 2 IEICRIRAEITTIS(SCRIV B D, FHA=T KEELLT - E=
7 AR (NHs SCR) Tl YERREHCIVIRIE T NO &L, DT HZENTE D, ZOER il
Tl NHy SR EZAZBER A5 LT NHy 79 VAL, NO 28 NotH,O 12 ITESND, ZDAH =K A
X EPRMPIE LI EE SV TERANITIRRZRIN TODD, aBfll72 = L X — im0t 1o LD AL R el
ZORANEZNETIZBRZI TR, AAFFETIX, T =T REICBIT LA AW ET o E=
T A S W TR AT 21 T o 72,

SCHER

[1] S.K. Padhi, R. Fukuda, M. Ehara, K. Tanaka; /norg. Chem. 51, 5386-5392 (2012).

[2] T. Fukushima, R. Fukuda, K. Kobayashi, G. F. Caramori, G. Frenking, M. Ehara, K. Tanaka; Chem.
FEur. J. (communication) 21, 106-110 (2015).
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B, MISREEIZHR > THHT RV —5H 2 —&RIZAT O 2 LI L 0 WSRO Fa R- L T&
Too WHEHRE LT, VFULA AU ZREML Y F 7 AEREMO G « A A ik, 42
KB FE NPT, BEFEM O SOSHEEREIZ b DRREICEY MlA TE -, AETIE, 2hb
ARESGRECHE NIRRT WET 5,

AlEFRC, SAEMICE DN ERZ S CCHIT IR ER 0 1T > T EIZ O W TEREZ Y TCE
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V. VFULEKEMIRET 2BICEEORRROMBICT 78 232 2 ERARRIZRY . A7
FIEL LTHIRFCE D L )T olc, E7o, PABEMICE L CIMEE A2 FHIIN L7 T T OB
ISEN I FROFEEIT > TEN, BENERIND L 5 72 B ORI &\ 5 B ZIEE
HIZEWTERDPoTZ, TNTH, ERFER EADOEIMITIC S B LKV AT Z L 23 ATHE
w2 2l, —FHTlE, AR XAX—FHET LTV X LOFRRIC L SR~ LT
SRIT LS E LTS,

B, AMEICRELT-ERIMIEFEREY S 2 b—Yararyy—3 7 A (5 KR [Blx@EL
TR DB RPN ATON AR Y, I alb— g OB RIZEIT - IESAEREL LT
AV

SCHR

[1] Y. Yamada, K. Furukawa, K. Sodeyama, K. Kikuchi, M. Yaegashi, Y. Tateyama, and A.
Yamada, J. Am. Chem. Soc. 136 (2014). Y. Tateyama, M. Sumita, Y. Ootani, K. Aikawa, R.
Jono, L. Han, K. Sodeyama, J. Phys. Chem. C 118, 16863-16871 (2014).

[2] N. Bonnet, M. Otani and O. Sugino, J. Phys. Chem. C 118, 13638 (2014).

[3] http://eisconsortium.org/



KR AR NS FL—FDER, MERIBERNFHREN
BILRBEH R R REREE, AATERN, [t

AZ A RL— NOWREE, JET), MAICK T 2B OMEI ., A= R AERE DB ) 7 & O BRI
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TR ST
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SR
[1] T. Yagasaki, M. Matsumoto, Y. Andoh, S. Okazaki, and H. Tanaka, J. Phys. Chem. B 118, 1900
(2014).
[2] T. Yagasaki, M. Matsumoto, Y. Andoh, S. Okazaki, H. Tanaka, J. Phys. Chem. B 118 11797
(2014).
[3] T. Yagasaki, M. Matsumoto, H. Tanaka, Phys. Chem. Chem. Phys. (2015) in press.
[4] T. Yagasaki, M. Matsumoto, H Tanaka, J. Amer. Chem. Soc., 137, 120
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[1] G. Giorgi, J. Fujisawa, H. Segawa, K. Yamashita, J. Phys. Chem. Lett., 4, 4213-4216 (2013).
[2] G. Giorgi, J. Fujisawa, H. Segawa, K. Yamashita, J. Phys. Chem. C, 118, 12176-12183 (2014).
[3] H. Kawai, K. Yamashita, E. Cannuccia, A. Marini, Phys. Rev. B, 89, 085202 (2014).

[4] H. Kawai, G. Giorgi, A. Marini, K. Yamashita, Nano Lett., 15, 3103-3108 (2015).

[5] G. Giorgi, J. Fujisawa, H. Segawa, K. Yamashita, J. Phys. Chem. C, 119, 4694-4701 (2015).
[6] G. Giorgi, K. Yamashita, Chem. Lett., 44, 826-828 (2015).

[7] G. Giorgi, K. Yamashita, J. Mater. Chem. A, 3, 8981-8991 (2015).

[8] G. Giorgi, K. Yamashita, Nanotechnology, in press (2015)
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Rokko |%, Boost 74 £ AT Git VAT~V (https//github.com/t-sakashita/rokko) (ZT2
BT ThH5, UUEDORREIZOWNWTRA Y —REKLEITH,

P-3



RORTLIRVADY SR DEFREHES K UHERT
PR S AT 51 BEHGZ 10 BRI 1 KeER R 1

T4 D S E AR R (Z 36 1T 2 Fe R I LT EERMANF D F 7 a4 R LICH 2t E AR
(PSIDNZ D&FZHH 5, Z 2 CTEFRBABIEICEIT 5 PSIL OiEHHLOEOIE~ v T 7 T A
X Tihb, PSILIZET HJEL Y 37 BEREE T TO OEC AR it 2 Bifig 5 Z L AT
AUE, PSIT 248 U 72 il i DR FHC N LA A~ DO RTREME A IV B b D &7 D,

OEC i Kok 1 7 /L (K 1b) D L 9 IZHEIREHT K o TEZ B OBRLIRAE Su(n=0-4) % &[H] L 72 3
HARDETLICERE ST D [2]12 2 THBIIRIBIZE A © U HIBESRIC K-> TR SN D
N, EBRENZ ESR BENRER R THLZ L0, vV dETFOBEFHEN G - 6 J KRS
FHEOEREBOEMESITER LT, BEREE Si(n=0-0) DIFJE & 7 OB BRI T4 72 AR IR
REETHD,

YA T AZIHEBEBREFRTHY . ZEMEFEAPAE TH 5, W5 13 35 fuE ) bk
R E A5 1018 O H A2 AT HIETEZERIC e L TR ETTHIM 0 iAA# L (DMRG-CASSCF) %
MAWDZ&T, v~ W7 7 A2 OHBEFHBEEZIRY IAATEEFIREBEHRE IO TREI LT,
[3] 17T A & 2 IR D IERFR(BS: broken-symmetry)fif 2 2R3~ I FHAD R 747
BSEVIAEN D DT, BENBEEIGHOFDIZE SV - OEC OFE HIREFE LS Tn b,
L2, BS-DFT EIEKRAE U ZEHEORANILDEENRKE WO T, EHRECHEEICET
LR CERMERmEIT ) TmOIIIAE AR AZRET S Z E MR K TH S, Scuseria H T
£ o GEAER% &7z SUHF BT EIGILE L~V OFEETH D 7208 DREKR & 138 e 2 s
BMAEUVHETHY . SOICHHEFHBELIVIAENSDOTIHFICTHEHTHL, (4]

AWFFETIXOEC 7 7 7 A v MIxt LT BS{ECTHAE FHHBIZN R Z B AATZE TIRIER R %
TV, Z® LT SUHF %179, ESR7e EDOERBRE OIER LR b A B REBORIEZ1T I,
F 7oA A B RRE TREIE Fcid
f£z1795, LEO X5l T
Kok ¥4 7 MZE T 5 BUGHZ

Mn, (1L, 11, 1V;)
v

o
(i, 1V)

%5 5 BRI ‘é;ﬁ
AT D LIk o THE kai

KL IIARENC IR DT &
A LDOFREMEZERD | FTH ok
RRERS A Tt R O FTHERE I (a3 A5 A T (PS IO FARIGTE X ek Salmr s,
ERAET 5. (b)Y > H 2 7 5 2 H (OECYORINEE & Kok ¥4 7 /1.
[1]7Y. Umena, K. Kawakami, J-R. Sgen, and N. Kamiya; Nature 473, 55—61 (2011).

]
[2] B. Kok, B. Forbush, and M. McGloin; Photochem. Photobio. 11, 457-475 (1970).
[3]Y. Kurashige, GK.-L. Chan, and T. Yanai, Nature Chemistry 5, 660—666 (2013).

[4] C. A. Jimenez-Hoyos, T. M. Henderson, T. Tsuchimochi, and G. E. Scuseria. J. Phys. Chem. 136
164109 (2012).
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BEATHRY AABEIC L 52 =AEF Kitaev-Heisenberg =E D
PRAF L ROREEMT 20 REUREE 3 S HER L, Frm—K 2, hATER] L =ILEC 3
FEXFRRAY 72 A B « BB AR R E DS I TN 2 RTo - bl a U VAR AR O % JLLARE
REBRIEHZEDTND, ZO MR P H)UiERAIRIE DI BLZ D b OIZEFFHBEIIAER TIX
BRNEEZLNTND, LLRNL, EFHENR 2D L, A - BUBMEAEN LHA L
TAERKIRRBIZH SN DA R FHNBND Z EPAHESNTWD, RIFETIE, =AkK
¥ ETEF S5 Kitaev-Heisenberg #7255 1T 2 & IRFEEOMEA 21T 9, Z OB AKIFIA Y
Vo BUEMEAER & RAEN T T A N L— 3 USRI D REBIRE R CTH DAY, AdrOs
% (A=Li,Na,K) OfRE LCHIEYHEEZF > T\ D, Rt b, Tr © 5d §UE O#IEN BRI
DOYREDTGRD T2, =T A THFHUEZE- T2 6. TR END 3 FHUERNN= LFT
MANLAZ o TNDNHTh D, £, BFEEIIREGAS FIEICETFND LD EO LD
STHRIZRS>TEY, AR L LT, "= LMEFOBKHETTh 2 AR FIRICE 20
EONDIRILE R D, SHIT, ZORICAEVHEMEEANEASNZSGEIE. 200l
A NIFET 2Ry L ZNAE T 720, AR OROWREE SR TIX, BRI =MAKF
Kitaev-Heisenberg f2I3 8 v 5, L7z -> T, Z D =M+ Kitaev-Heisenberg fH 73 & D
IO B LOWETIREZRTNE, AdrOs RO B IRIEZBfRT D L CHLMO CTHETHD &5
B D, £ T, RUIETITEEATIIRE D IALRHEIC L OREFIRICEY, Ay - BUEHA
EHEAEY « TTA P b—=va VOHROBEIZE T, ZOZAKFESF AL LR TEDR
RSN EBR T 2052 502 L, KRR THWZHEITHIM 0 ARBREL, ARk, —KoC
SERAB B R OFH RIS LTI ICH N RFTRFIETH D, BEATHIRE D IALREE D IR el
BEFR~OIHIE, = Z N0 A b -2 hrE—0mEBHING bHONL8Y , Z0&E
T HONDORKE ENOIFEFHEOEDO - OICIEFICRE RFFEERNERIND 20, BEAT
Hi 0 IABFEETOR O W EREECT D, LrLans, ITFEOKRBBGEEORREIZLD
C DREEATHIME D IABFEED ZRGTIMHER~DISHITBRENR D L 2> TN D, SHIT, K
MR CHLY ) 9 = A1 Kitaev-Heisenberg #B OfEHTIL, A OEMFHT7 7 A M L— =3
VNZEVEFECT AN BETIEINDD LA FMENBET HZ & ET-ROBRTFIREDOTY
BN L THIRERRZ I P D BN DR AT O IABBHEIZ LD IR S D,
Z ZCAMIE TR, KB SIEHEIS G U728 AT AR 0 IABRRED T LT XL EFRFE L.
a2 —% &2 HWT =M1 Kitaev-Heisenberg f85 OBEK BT OT 217 - 72, ABFZET
I, BETRVF—Lx o TN A ez hrE— BERXOZ U F T LA | s RS
FTLED | ROBKBTFICT 2B FHEE S 2L, A -2 AR OR RS |
BEFHOBKEFZH 6L, TOMREER LTz, & 512, AT THE b - SRR
MEOFT X TOBEFHEESIT, BET LY — BIURORBEHHEBICHIST 2= 2 v 70
AU K e AT MVORDEENINS, —RIEBE THLFELH SN Lic, AFFERE TIZ, K
WFZE TG BT BEBRFIC T 2 A R L, & DITHFIIROBCHEDOBLE D B N= T IgF-
Kitaev-Heisenberg 55! & O Ll $ & & CTikim 3 Do
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BEREREVTHILOEERWETERE LT 2 RT/ v \— RIERE DT
WARRe L =EE%E. AHER

SAREIZ 3 T 2 SRR EOEEBIEE IXCu0,mIZ R—7 S F v U TIREIKF L TR,
XrY U TIREOREHE LT F—2MOMIELRTZENMLNTND, LML G, B4, 8
fe (b D FLifiLaCu0s/LaySrCuOdZ 38\ T, BUREEBIREE (7) 28 R— 0 7 & () ITRFE T, 7
~AKENFIE M E E DI FHESEN B A SN TWD 1], ZHUIREROERIC KT 5 EfER T
HY . ZOFHABRGEOMENREREZHONCTHZ LiF, RETEAL TWDLEBZ2 LM
A7 Cuo i OB 72 E 2R3 25 Z L2525 Z ENHIFFCE . S bWz B T 5 EiE
HAEEEZ O T 59 2 THLHERETH D,

SRR D Z DS T OF A BLG OWA RIS 2 M3 5 7201, S & Bl L 7-fE
L7z 2 oeS— REARNZSE L CL @REOZERE T T I aiEr W st R A2 J44T L
[2-4], Fx BHAWIZESE LT IV RIEORE RS E LT — R E LT, —kan
TeXT U o T EBBMARA L CnD 2 ETh D [2-4], ZOXT Y U 7B B4R T
A—H Z YN D Z L2 Lo T, SORBMEMBRIE L SR, S OICITRFEBRE % x5
WS Z N TE D, ZORBEEOZIEIRED X I8 Z L IC R HMENERT L8
MERZRERO S ETHERFRTHD, AFERTIE, ZOFEEZLHWT, HELEANS—FR
RN 31T 2 BURELRBE & AT L 72 RIC O W THRE T 5,

FENT DFER, Fox 1T & GBHEO R b+ id e vy OB FEEICEIGT, fm
DEAFBENMIETEIRTI-NDZEEHONI L, BEFIREN-TETHDH I &2 ML TR
M COBREMHBEORE SIS, 7L OBBFHEEICRE KFET, BE-EIRZhDZ &%
RH L7, ZOBEFHEEROBEEMBO L kDL, B\ S— RER A U T 7455
MHRHEEGEE LD 2 L THEREND Z ENDBAELTWVDZ EZHLNC LIERIZOWTRET
5o

SCHk

[1]J. Wu et al., Nat. Mat. 12, (2013) 877.[1

[2] D. Tahara and M. Imada, J. Phys. Soc. Jpn. 77, (2008) 114701.[]
[3] T. Misawa and M. Imada, Nature Communications 5, (2014) 5738.
[4] T. Misawa and M. Imada, Phys. Rev. B 90, (2014) 115137.
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HERTZILT)XLICEDBREEREEAVN =T VLR Y T —2 EDO M REFT
FRENT ZRAE S

BFEAEROBMEHEFEL LT, 79A M —2a U RREEHBAORICHEATESLE 2
LBNTWDLET Y NFRy NT =T IEREAICHIZE S TS, T YRy NUY—JIETIX, %
BEATH# 0 ABRETH W SN DITHIRIRIE 2 2R~ DIRIR L 72T V) VERIRAE TR OAREE %i‘%
B2, HHRICBOWTHEZEMRVIAAEEZELS HRILITIEELTT VYL ry hU—7
BVIABEDNRRESND 0 Y, FRIZZOEREZEDTND. ZhbT VY Xy hU—J 1k
ICBWTHERER AR L TWD 0N, FERIESMR EOITHNETH D, R R R %
ERSETZD, #VIARBEEZIT o720 T ORI, 7 YA ZRESR v RIRGTOEEINHNEET
IRV, FHERFESC AT Y &2 FORKIC I D Ry Rikoex: FIF 20l a7 2 LERD 5.
T U NEARET DIEMEMATE L S0 KO ICHEY R EEE T2 ATINERH Y, |k
MO FMEZ R TERA R Wb D.

COXIRFTHINOT 7 ETFIFHEEFEE LT, S8EEAWEZT LT XAPRRILTWH
% (1. mXn 17807 7 % k £THFF 2546, 22 MM Omnk) &725. 2T Krylov

oM E AW HEE R CA—F—ThH DM, 175 - {THIREMME R C & 2 72 DR RER O Ml
NHIAEND. F£T2, HIHEOWEEFE-T2T7 XA LTHEAVWDZ LT, @l 7 — Y =%
FIAHLEHE 2 A 2 & 512 Olmnlogk) FTTFTFHIENARETHD. BRERND, T4 ED
FERITITMFHIRRZN B ENTEY, FH 2 A FEEEIIZI N — FA7OBRICH . Ll
TUINTy NU— 7%TEE@@iLH@%£ﬁT&D O REICE ENDF %ﬂT/
VIVF oy BT = I IERROMRRIZE D X 9 B E 52 20 ERHTH L.

T ZCAGRIE I, BLRT VT XA X DR RME S A SO T Y v Ry b T — 7RI
AL, ZOMEFHMEZ1T . FFiZ, Krylov #i0Z2EM a2 W2 ik L bbig U, FEECHE R I8
DT UHERADNE, B EETD.

STk
[1] N. Halko, et al.: SIAM Review, 53, 217 (2011)
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ETIEMEFECTAHLOEOLS TO5 S LD EMERE~NDE A
MERFEV AT LEHR KEFRE, Kiek—BR

BT T HARER, SREELOEIIERIRRBER Th 203, EEREBADRZIZES<
Toh, —RENCHEIRRRE LEHE T 5 2 L3 TE ARy, FIRES () MEERE~oiks A
e LT, EFAEREAE LT I EMSQMOENNTIRE SN, ABFZETIE, 570
7T LEFRFETDHZEICL > T, MSQMC 0 EALZER L, - bo /L F—L5K - Jihid
WHEDRT v v v ViR OB e ER R AT 5 72,

MSQMC ¥ T, Lowdin O 5L FWT, BliE 22 % B 1IRE A RS 2 €7 V22 (P-
ZEf) L. ENLANO QEMIZTTD, TolE, val—TF 4 T HREAFOXD L IcE
CTENRTED,

[HPP HPQ)(CP]: Em o
Hp, Hy (G G

BREDST PVC, ECIE FT AT 7 —ATHIT, ICL - T, Cy =Ty, C, DL 5 ICBRST
HiDH. MSQMCIETIX, T, PRENMAEREZE T TNV REZEML Ty Ialb—vay
THIEICEST, T, &R D, Effective Hamiltonian % . Ty EHEALCHETHZLENT
&, TORMAIZ L - T, EMEECENEZ M ) TEOMEIREBA R ATRETH D,

MSQMC EDIF 7 v 7 F AOBF L, FEIE - FhEREBOR T o o v b 2L X — il 1 s
T2 2 L2k - T, MSQMC £ B IRR B IR BB IS ICH ATRE T 2 = & & %5 L 7z (2],
7'a 77 AOWHHIE, & ) — RBERICRR D Y
==L, U — =Dk E ) — RO I
TITH EWVWH T ATY X Ah#MH LT, WHkzh=
I EEE7-, Fig. 112 CoDIEEIREEE CTD
CPU #Zxtd oA ~T, ZDOFRTIL, 4096
CPU #flifL7-& &, 3221.9 f5OMEENHE LI
7o U A — I —EOEEIMIfE - T, S HIIFIE)

4000

3500 + cc-pVTZ (N® =50000)

—8— cc-pVTZ (N® =10000)
—o— cc-pVQZ (N® =10000)

3000 +

2500 A

Speedup
]
=]

I3 BT B, 150
A=V F—DFHE TIE, FCIQMC %D 1000
FEAEE OHERHIC X ARERSERME O R W—EN —

Boni-, ZNHOEFEOH T, initiator WU & 0
> THFBHIAE 7= Size-inconsistency error (%, ¥
F—H—EEMEIE 5 2 L TREMICHIR T

BT L AEILF. F0. HALERISA~ORE % B Figure 1 Speedups of rMSQMC

i L . . ) Sl e calculations against the number of
9& LT, conical intersection D b7 -7z, CPU cores for the ground state Cs

calculations

T T T T
0 1000 2000 3000 4000

Number of CPU cores

[1] S. Ten-no, J. Chem. Phys., 138, 164126, (2013).
[2] Y. Ohtsuka and S. Ten-no, J. Chem. Phys., in press.
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MPS ADEIRT7ZILTY XLDBEADTHE
WRWMERF HA-JE 5%

BAE, ATHIRRIEMPS) 7 /L= U X A%, BT 1 IRT TR O IEECRRE DO AT IC B L THEYERY
RFEE o THD[]L, ZhuE, MPS 7 AT U XA HDHWVET VY Ry N U — 7 ERIT,
BECTANBETHREL 2> TW LA SRIENFIE L 2N, FIC7 7 A ML —T g
VRBDHHER, T2 NI AR THo CHORENARETHLNE TH D, 2. MPS HEDIGH &
LT, BREREOZFINLF—BIUEREZ T T, RORFEEOFFFICE L THILE
biIvTH Y, FlZIEA Y RO P HUELEER & O O E R D ARPES & Ol &
IZBWTH, RERKREEHITTVD,

MPS 7 /b3 Y ZALIZEWT, FHEDEZEIFC, FrRAESAR(SVD) & FWW T2 IR ST &t fqb
WD, I, ISABEEOST T, ATHIOKT v 7 R E2ET BT v X A3 AR AT
HZET, RE, BHREOZEN, HEAN EIE5 2 ENTE B 0IGHEIR S 5 (2], 4lEl,
MPS 7 /LY XAZIBN T, FIRT LAY R LEEA U TREORE & FHROZEMEZ DUV TRFE
L. W42,

23 3Lk

[1] U. Schollwéck, Ann. Phys. 326 (2011), 96-192.
[2] N. Halko, P. G. Martinsson, and J. A. Tropp, SIAM Rev. 53(2) (2011), 217-288.
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Negative sign problem in continuous—time quantum Monte Carlo: optimal choice
of single-particle basis for impurity problems

Saitama University!. Ecole Polytechnique?, ETH Zurich3, University of Fribourg4
Hiroshi Shinaokal, Yusuke Nomura2, Silke Biermann2, Matthias Troyer3, Philipp Werner?

BT =V LAY RICKT 5 BT LT A EORENRIECh 5, T, Wi
[ > 7 70 b BN B R G ERRR S5 3 5 A 20 R AR Y s — b LCRL b D &)
2o e, BRI VT L mIEIC B 5 AT STEE, BITESERRE 2 7 A 0L
BRANET ABEOXEERR MLy 7 Th b,

ARFER TR A RIRARTAE 2 RIS~ Do Fox 135S 2 FEHO T LV = U X 4 hybridization
expansion (CT-HYB) & interaction expansion (CT-INT)% 3 1 ., 4 %A M ARHFEIZS L
THD, THHDORICBITLA/FFMEIL, FFEWR R FREEAZM S Z & TR bh
HZLERT, ZOLIBRIEKIT, 7 TAY—NOR Y BT O—HERANTH L TR
%o BlE LT, CTINT{EE 34 A MMPREICKT T 28R 2 TR T, ERDOEIETITA
T A DS AR B ik CRAME T 223, BT LWEEIE TIXZ OFENKRIBICIMZ bivd, ZOHL
WEEEIEL, ZARO 10 oKy B 7 exd bt 228 THOND, BH, LD RESARYA b
B, ZHER~DOILR b EGR T D,

= RIDATT & A, 0TH LD RkE
-]Oﬂ- T — I —
BT

[y
B FLLEJE

il N\
& 1ESE D R
10t rin IR

R EEL/T=50 %
0 2 4 6 8 10 12
I AFRAIU

STHR
[1] H. Shinaoka, Y. Nomura, S. Biermann, M. Troyer, P. Werner, to appear in PRB
(arXiv:1508.06741).
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BEEKEESREBICEDCHREEESETHILOEDORRE
WRBE L SFEEE. PR, a2, [WHEY, S HIER

By T Imik (WC) [1] 2 R AFZ 5 R (2, 3N DWW CTAHBRREICILR T 5 Z &1Z
L0 AIRBEZE T T mlk (FT-WMC) ZBA% L7z [4], FT-VMC Tl A% 51 H) 5
1%t U CRERMRAFA %ﬁﬁ%ﬁ%h/ﬁﬁﬁ@kcﬂmﬁéﬁyﬁbﬁ%% KRR 56 B &
B, FIREOT Y TN GRAIREE _ﬁE¢59ﬁ®ﬁﬂh Ex Bk, AIRBEOHE L
79, ZNETH, BV MNERZED YL EEEZHE LGEITE, DEOMPLREDEL
B % Tz E%%é%/Tﬁwuﬁm%ﬁmmF7/%ax&mmwmiﬁﬂ%%én
A RREF RO —RICHEP SN TE e, o, BI)FHRIZE N TIREREDT &~
Yo TN RIS LTRRED L — Ok R, BABY -1 (TPQIRECTRELESND Z & 3%
RN R EINTWS 7], 20 TPQ REEZE W CTHIE SN - fE R 1T = T — S — O FPH Tl 7ot
ZH 2%, FI-WCIETIEL, WCIZBWTHWLILTWD /Ny 7 7 o —FBIEIEL[8, 9] Z HL D IAATE
AT W EBE BN &2 20T T2 b O OREREAIC K D EEIRIEHE CIIERE ORI TR B
B AV CTEIRE xR T 2B Ze PR e 2 M a9~ 5, IR AF 28 40 R BRI 65 < BRAT I Bh
BEEc D IR RF R FE R 1T VMC |2 L D HLERIRRE DR RICH W ST E 72 SR (stochastic
reconfiguration) ¥£[10] &L ¥l TH 5, ARFARIEDHIK 251§ @G 72 2 B HR BT
S< FT-WCiEIE, IR BAABIE R ICEH FTREZR FIETH D, AWFFETIE, mvmﬁélﬁ
JER L O 2 ot — FEBRNZEH L, TPQIREER W TS DL FE R & DRI X D M EEARRE
ATV, =X — THGFE, LA MR SO EN EVREE THlE S T 5
Z L EMER LT,

SCHR

1] D.Tahara and M.Imada, J. Phys. Soc. Jpn.77, 114701 (2008).

2] A. McLachlan, Molecular Physics 8, 39 (1964).

3] J. Haegeman, T. J. Osborne and F. Verstraete, Phys. Rev. B 88, 075133 (2013)
4] K. Takai, K. Ido, T. Misawa, Y. Yamaji and M. Imada, arXiv: 1510. 05352 (2015).
5] M. Imada and M. Takahashi, J. Phys. Soc. Jpn. 55, 3354 (1986).

6] J. Jakli¢ and P. Prelovsek, Phys. Rev. B 49, 5065 (1994).

7] S. Sugiura and A. Shimizu, Phys. Rev. Lett. 108, 240401 (2012).

8] L. F. Tocchio, F. Becca, and C. Gros, Phys. Rev. B 83, 195138 (2011).

9] K. Ido, T. Ohgoe, and M. Imada, arXiv:1507.00274 (2015).
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[
[10] S. Sorella, Phys. Rev. B 64, 024512 (2001).
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BERFEAERILOER - AEY - LERP 5 E | —RILBRZROEEFE— MER
BORBE T L, BPEARFE2 _LJRUE L ShTE 2, SRR

SRMBE R TIE, EFORFOEM - A - WuBEDOBHENHE L. FFRZMIEDRFEE L 9
Do FRZAEXNVEEEY) AB204 D B VA NI, BIFHRT7 I AN — g Uy &2FFofrnsn
7%%%%%LT“%K@ BHA b EOBFNEREZRT R TIIZOBRAENEEF I RD, &6

B YA ORI I OSAITIE, A HUEOMICERM OB HE S IEELISN D,
_9Lkwb@éMaﬁ%mXEzw#mT%ﬁ@tﬁ_1$M%ﬁﬁﬂ%<%én1wéom
Z X AlV204 13K T00K T 7 EIK LD fEi 72 7 T 2 7 —TE R % 1 O MEIEEER 2 7~ 3231,
DRI S L TORY, E72 A BRI LiVe04lE, d EFRIC Mvﬁz}o%f@\ﬁ%éﬁ
FEAERTWEE L CHEAZED[2], ZORBICE L THRA RIBENR RSN TV DR EIT DOV
TV, 29 LIt oMGE 2 ifg 2 0, X0 HiaeEE2 B L < 2oicix, &
DFFOEM « A - HUEOBME, ffSnR, AV CHuEMEEIEN., EHEEEN S Vo
T BSR w5 AT 72 T KT D RN IR SR L EE R AT R T 5

ARFFETIE, 29 LEERHARFZEOOE & LT, 6 FHEGE & S ATl 2 S b
- BERARNT 21T o 72 (8], RFTE BTl & i RTE T = =BT X 2T 0> B RO T BLEN 72 R T
A—=RZHASNT, A a7 aT KT EOZHE o N— RER 2850 LT, Tkt U CELAENE
ML 2@ LT, &« Ay - BLEBHRESTCEGARE BILEZROFHRE LT, £
B EOBEHET— REMirT 5 2 & T, WEMESBMEICKIT 5 B 6 X OMWE 23/~ 7-,
ZDFER, AlVoO4 2 DN TIIMERDAFFE[] T 7 EMLIRBEICB W TEE L SN TV o fEAH
DL FHEBEIZXHET 2 5 X KT 5 2 En3nnoic, LiVeOalZ DWW T aig BB 2 EiR &9
HHFRDAC L DL ERTFELTND NS holz, ZOL X IFEFHELER TR LR
7= BGELIRE & BAMR L TV D WTREMEAY B 5, F 7= LiVeOs DR E HFE i & B A I SV T,
AlV204 Ol & 13 R2 2 TH D Z L DVRIB S LT,

X1: sS4 o7z a7+ K20 ALV,0,0 o 5D 5 X X3 LiV,O,0FAE s &

SCHik

[1] Y. Horibe et al, Phys. Rev. Lett. 96, 086406 (2006)

[2] S. Kondo et al, Phys. Rev. Lett. 78, 3729 (1997).

[3] A. Uehara, H. Shinaoka, and Y. Motome, preprint (arXiv:1506.06023), to be published in
Phys. Rev. B.
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EREBYAA TRV SR - TSR ROEFE
FORBE T 1, BEbF 2, ZEEA L WG 2, A4 WIE#!

FRAH B - R U2 IE Mott S5R-08RR (L) w8 2 hR oD & 3 2 KRB RIEN 2 < R ST

5o ZORTITEFHEHEAERANRRKRENWZ L0, BEmaz I TERLELRD, ZNET
IV ODBDFENREINTEZ, TOFTYH, MRIAWER 24t 35 EE ) b A BREE £ THRY
ﬁo_&mf%é@m$ﬂ%ﬁa®Mqu% EDY TAR—PBRTH D7 T A X —BHEE)

SR (CDMED)[2]72 XA <BR SN TS, 61T Hubbard Fi8! 72 & O -FHR %2 | FHA.
ERZFHOHE—& 5 W IEEO A MM L. FHEERDORNT =V I F R R0 5 70 D ARl
Wy 7 LTS FETHY (TRZRR), 7 7 A2 —NOEHHBEZ EREICEY AT Z & 3 AEE
Thd, EBE. T 5T Mott BafE0, SfR(LY TO dEBEESCEX v v 7 e EOPiRIZ B
R84l R L CEIM, RERIT TAZ—P A XEWHIIILZRBHE I A NBRMLETH
0. BI)FRROWHEEEZ TR DT EREELL,

BAXZoOWEEEZFYZ D7-2DDFEE LT, real-space renormalization DMFT
(rr-DMFD %% %, ZOFETIEEERBV IALEZ RN TIEOKRE e s 7 A X2 — R 245
DINSTR 7 T AL — RN fiAE S TRV TV, FIZIE BT 16 A 7 T A X — Rl
ARG OD 2 A SRR E SETHETFETRLTWD, ORI RAEEEDZ L
T, rr-DMFT (35K D CDMFT (ZHATEE 2 2 & KIBICHIR L 722203 5 K& A XD 7 5
AL =% D Z LA D, K
RKFTIE, RvFv—r L LT2R REFRE 7%&2%@ﬁﬂ
JLIEF#E N — RET VTR FIE — e
BRI L, A ARER 7O O ...gi —— @ R
I — Mott 588 i % G5 L7k
FERT, ZNEE LT rr-DMFT
BEKD CDMFT X v H{R VW =
xbfﬁ@%’ﬂﬁﬁ%%mbﬁw i

latt cluster

rr-DMFT

2 U A NREIDY IVN—E BN EES
r-DMFT & CDMFT D7 #—< ) X L

SCHik
[1] A. Georges et al; Rev. Mod. Phys. 68, 13 (1996).
[2] T. Maier et al; Rev. Mod. Pys. 77, 1027 (2005).
[3] B. Kyung et al; Phys. Rev. B 73, 165114 (2006).
[4] S. Sakai et al; Phys. Rev. B 82, 134505 (2010).
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BEOICHE L-EFREBEROBLINREZICLIAREFMHOESRETFE
@FﬁthTAwﬁk‘n%ﬂ%ﬁn%” RPGHgh ' AAfFat 2, Kegks—18 !

TAIZINETITCMSI V27 MIBWT, RIEREAT A 2O L 72 5615y
KeliEIE & B FEE O SRR RICID A TE 2,

AHE LT A AR TS FITEEREBICH Y . TN OO0 FORLRINT /34 AMERBIZ K & 72
WEERHEZDZEPMONTWNDTED, RO FEMHEAEEHR =R X — %Eﬁ_ﬁﬁb o)
TR Z TT 0 ERDHD, LnLRNDL, 4 %Wﬁﬁ@%%lﬁ_ﬁﬁﬁét E
FERFENMNER Z ERMLNTEY, KE RS FICx L CGERAT 57290121, T%é@@ﬁ%
I MO/ BRFEEZHONR TR B0, ﬁi/\? Id post Hartree—Fock Yik@iﬂé*@ D5yF
HUEEOP TR LR 2 2 VNS 2 R OEB®E (MP2) 23, O HAHE & IESHHuED
LB = RV F — N RE WK, o FHMHAEEHZ EMICHETE 54T, =L ¥—
%ﬁmémﬁmﬁ\ﬁ%%mEW%%ﬂkﬂﬁﬁékw5$£K%EL\%ﬁ%ﬁ@bk:ﬁm
E#EEm (RD-MP2) ZBR¥E L, @O ICHHE Lo E IRREEEGR (F1215) & A5 H 72 RD-MP2-F12
%%ﬁﬁﬂ%ﬁ#é:kf\m%%ﬁEW%mmﬁﬁokﬁﬁﬁﬂﬁéiﬁbkomn

BEEE LA Z“‘/ﬂﬁﬂ‘c’?‘/“/’\?ﬂ/ EBRL, INWOEBEHEEZIToTe, A4 fbRT
YUXME T OEREEA S TEE (HOMO) =3 /¥ — L HBICERL TR, o FDET
%%ﬁ%ﬁ%bk%?ﬁ%ﬁg@*OT%é A EL R MEEKGER CIX, AED
AT ANERT v TR S D EFLOEA LT EOFEE L o TN IRFESLKIC
MY DLEMEEFE L7720 T 57O HO BTV S, ABFFETIL, Fig. 1 IRT LI KOS
U — 2 B¥E (GF2) 7B Hi 2 ek 1o 3L — IR AR IS kT LTI ANV — 7 ¢, &

JEC PSSR R CIE BRI & IR L — Kz 7R 6.7
F LY WEL | R R R —ORAN _oor
*&@ﬁ@%ﬁxaﬁﬁmé:aﬁga L. & S o4t
(HRBE L 7= TR IE R L ML A DR D 2 R e
L, HEBI Jﬁ“éﬂﬁﬁ@%ﬁ&)\ GES o o1 f
HI7 K & & O B BB CRIERE 72 A A AL 2 6ol
F v L AT D GR2F12 RO MR %1 o T R R

olc, T, BIHEEEZITO 2L TRER
ST DA AACHRT 2 L DFF S THE Fig. 1. Basis set dependence of the absolute value

L7z, 6 OFMRHREB L OREIZOWV  fthe highest occupied molecular orbital (HOMO)

TRHHEHARAS—RERELTS. energy calculated by the HF, second-order Green’s
function (GF2), and explicitly correlated GF2-F12
ik with aug-cc-pVXZ (X=D, T, Q, 5, 6) basis set.

[1] Y.-y. Ohnishi, K. Ishimura, S. Ten-no; J. Chem.
Theory Comput., 10, 4857 (2014).
[2] Y.-y. Ohnishi, K. Ishimura, S. Ten-no; Int. J. Quantum Chem., 115, 333 (2015).
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EATHRILKRIZE T L5 RBEEED
F—REHEICED(HE
FRORPEEE 1, %‘T@J}F 2. Ecole Polytechnique3 FMF CEMS4, JST-ERATO?
BT 1 IADEAS 20 WATHEE] 12, BRARMIEHE 3. A HSERER 45

BT, BiAL/KEDNBEIE T CIBIRE(T)=~200K ORBEZ R L ORENH - 72[1]. £
BV TR E RRMASENMH STV D720, BREORIULT + / VIR ORI
TRENTITFHHTE 2L EDbNS. LML LOESEZ L0 THERRNEZHET D7D L0 E
BZRBREANMETH D, HlZ20E TR ﬁﬂ%%ETé%@ﬁEKiofﬂﬁéﬁE%ﬁﬁ

ERTZENMLBNTND. ZHUE Te OSSR Z RIE T 5. i<%L’&@X%ﬁﬂ’
FEARE OV IABZDRHEA TE T D032, m#ﬁ@i%#%%%@?é%L@@ﬂ%
DAF =y 7 THMERDD. FTERABEEREORNTY TLE BN @%Ezoéﬂ%
ﬁ%%%&~myﬁ%mié&7vyfmﬁ,7?X%V%%?,m$®?mﬁ%%,7?//
IR ELHBHY, ZNHD Te~OROFHE S & Tt OFFRIZITEETH S.

oo TR — B RIS & Z OBMBEICI Y A TWAI[3,4]. £ 9 {555 LB HOR
IS TEtE 6] 21TV, T E CHEMMIC TS ShiofmfiEz 4 7y b & LTHEINL
7= Te ZBIMME & i L, —HERERIET DL L BIC, 7T REURMOLED Te~DONR %M
L7z[8]. 2T X VRO SRS T/ -o72 « () HeS %ﬂﬁi(ﬁ)\%ﬁﬁ*ﬂrk A=) &€ LT25H 0 T
1ﬁimK&f&&é J7. HsS A DYA1X 150-260 K FREZIZE L, EBRED 5> HEv To
R T T —H T N—TIIHBE EDO—BNB W () 77 XE AL ORI T FoEE
BRLOEMEIC L 67 10%F2E GDIRERI O LR {EIE P-1-H2S i35 L O R3m-H3S fHIZ L ¥ &
<HBEND —F, EEMTHEE O —ENED (v) RSN o KMETERE L Y 60K
FEERmW, F20BFELIL, B HEEHEN DN D008 LWEREME AR R Lz[4]. 4
AIZZN D OFEREFERIZE T 5m THOEEELERT O TETHD.

SCHik

[1] A. P. Drozdov, et al, Nature 574, 277 (2015).

[2] M. Einaga, et al, arXiv:1509.03156.

[3] R. Akashi, et al,, Phys. Rev. B 91, 224513 (2015).

[4] R. Akashi et al, in preparation.

[5] M. Liiders et al, Phys. Rev. B 72, 024545 (2005); M. A. L. Marques et al., Phys. Rev. B 72,
024546 (2005).

[6] R. Akashi and R. Arita, Phys. Rev. Lett. 111, 057006 (2013).
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T/ NAFTHDFDEAE : BFAT Y VI RNEREIERE D N ASHEIMET
WAL KBZEE 1, DLSU-Manila2, #7 KEEEE 3, (B Z 1, HAATE 1, ZEHER !
Wilfred Credo Chung!:2, Kueks—HS 3, KFa#HH 3

T e N F T OBEETII TN D OBRERBL LR BFboTW\Wa, L 2IE, Mtk
W L— AHIZH BIZEERT 280 (Bl ) 2RO 13T/ T3 AOEREER—> (GF
R7T YT L LTREREEEZMS Z LB En 05, AREI—R )/ Fa2—712k
FEM LT T — Ly (HlE) ZiEDiAteZ & T, RGO —RF ) Fa—TXTY
IHIEDHHENTWB], Zoh—RrF ) Fa—T T Y 7T, I (T U 7)) ITH
bR 2FEOEHEZZ L TVWD Z EN NMR A7 ML DL NIC> TE T,
AT TIE, 2D X I RREAREEEF LTV o VO FEMAAEERIZEDRED), £7-. Th
IZE - TR EDERED @ SRS E L E DL H g, 1O GELLAN & 1{b¥ 7 a7 7 A%
EENEAMBEEASIEOFTB 257281 /)% (DFTB/MD) (2K > TH NI LTz, £z, R
FHOBMBEOTRLX BB EIED LA AR TOXAF I 7 ATHER L, DNA O—#5
DHSRENS @MW XL F—Z [T L W O RWRED T, NRTWEEHET /L DNA ©
L2 BOSEN 1553 E (DFTB/MD) %175 72,
[53F~_7 V7] EBRTBR S TWDEEED 2 >0 R7p 226853, DFTB/MD 41T & v il
PMEWTIREETORERI E Bl (F#E0) THDHZ Enbho7z[2], T e OfEME b= 31X
—Z B SIFEE D 4.0 keal/mol, 5.3 kcal/mol & B H L7, 7. GELLAN |2
RD-MP2-F12 £ K> T, [WE L7 2 DOLEMEDKEHE R TRV F—2HFTWD, ZERMOD
TR F—73 DFTB 75Tl 2.5 keal/mol ¢, RD-MP2-F12 £ Ti% 4.1 keal/mol TH -~ 7=,
[5E584 DNA OSHEINr] ARFFECHWZET /L DNA Of&EZ X 11278 d, FHOIC4 5075
= —F I U OB B HET NV DNA Zxtg L Uiz, $HUIKNIC % 5 f: 4 Mulliken FEfi
CIRBI = R VX —BENOBLE DT LTz, 2B, =X —BEOMITIZIL, 5T OEKRT v
VR NNEFRLFX — LEB T KL X — A BRI BT S FIE (R aBlEr e ¥ —15) &M
W, 1TRT%720 0.3 ~ 04 eV 2 52 -8 IFHEOREN L 77 = U HloSITn g, 4
WHIT I UMTRZ VLTV EVHIA L (FI 0B FRSIMENE ), 2L OHE, Bin
5 Y VBEA~OKFEBE) (BN SIHE~OBTBE) 25|&4 L LTF I HEODEE
MEZ Y, RICKEE ) VBRI E ORI CHAUIKT S (K1), 2o
*@@ﬁ&ﬁ@%ﬁ%#%mHZ@&E@ﬁ—ﬁ—T@ﬁbkoM@ﬁ%ﬁﬁﬁfz@ﬁ%ﬁ

RERZRRATIC KO L AR LIHE L U VRS A T o3 o g SEE o
HOXIVAF KPLET - 2R F s S, e sl
ZoTWe, 2FEY | BUICAR LI BETRIZRER KR & RFIRO . .
BT - TR AE—BESEEN ORI TH D = L S bh o T, oS S N

[1] H. Isobe et al., Chem. Sci. 4, 1293 (2013). tgg HN\HJ\

[2] H. Isobe, K. Nakamura, S. Hitosugi, S. Sato, H. Tokoyama, N R R TR
H. Yamakado, K. Ohno and H. Kono, Chem. Sci. 6, 2746 B 5 FEWE,
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FEABBEZEBEASHBEEFROBIRILF—FMNIIL =T oE8HE
TR 1, pEMF CD-FMat2, B K[ T3, Ecole Polytechnique#
oo 1, =R 2, 4 HIE# 3, Silke Biermann#

SEFH B FE - & B — IR BRI AR & B 23 5 E(MACE(Multiscale ab initio scheme for
correlated electrons)) (2 X 2, WMAHBE R OE G EBEFERAIATONL TV, &V
bir, BENBEEIEOFDICHES L KFEM RV RiEE» S8 3L X — A B ER O 208 B
% B 92 55T H D HlRELMEN AT LA (CRPA) 21 OB F 72 iz K » T, BH—FHEIC S <K
TN —HIEI DT A — 2 — DR BRI > TE TV D, LLARR L, B
TEDAR = R — AR OB LTI, KE 7R 2 DOFENE > T 5, 121X DFT HifHE %
BARUNZHWD 2 LI L D R= L — B HEOMBIZRO “EHEE, b5 1 DEF Rz x v
XA TG SN DT A —F —OFEBIKFEOMETH S, ThHITERER S
ZENBIpoTN, ENENAY FROBEN K STV F =25 — 12 f L TE 0 [3,4], Fik
DEHLRDHUBENEBE TH T,

AW CIE, FRLoMELE R TE S, DFT 22 LR R L X —Hh I L b =7 > OHEH
EOREEIT O [6], FHR SN AT A2 55 7 J1 0 e i ERLEEE A EI(DMET) 72 £ 0
BNV F = NN —2HNTHETHZ LICLY, ERBERE FEHEN L 25, A
ZETIL, StVOs Dtz WiBIZX T AR RN X —FHEH NIV b =T LV OFE - it a1T -7, BIR
I, Fx 13 DFT/LDA (235 % SrTiOs O KR 7e /Ny Roy#ia itH L=, & /A7E Wannier
WuE 2 W TR R X —HHRED b ~L FER 2R L. cRPA[R]Z W TR XL —§
HEROGIHAERZRE Lz, RIZ, NIV =T ICNET RO EITo7, 3
HIBR GW {£(cGW)I[8,6]% JH T, DFT OZHAHBER T > 2 v L ORI U I = 10 8 — IR O il
RE =X —DH % AR O TAREIZHE Y A R v —H HEOMHEPEZNR O ZHE)
ExIHE LT, WIT, AERID/NT A — 2 —DOFFOJE AR HED DR OV AR ZAT o T2,
JEBEBURAFE DN RITIER = RN F— B HEISER T 2720, BERRVFWDRRO B D, AR
ZEClE, Casula HIZ K DR Y AMEDOTIETE cGW A EDETZANA 7V v R FRIEORREE
1Tolz, BAREGITIE, BB D RPN RITAR Y O B REICE S A 5 2 & THEIZ
M AT B D IR DO IERFTI 722h B 1k RPA OFEPH TV AT, Fx 1T E HITKT L ¥ —H
DO ZHIE DM Y IAF BT > T2, Hf&H72 /30 RilglE LDA OFERICHER 14% K& - TE
V. GW+DMFT DOf5 5% & O JWEEG 2R SR EE R R 2 AR 245 5 2 L s k72,

[1] M. Imada and T. Miyake, J. Phys. Soc. Jpn. 79, 112001 (2010). [2] F. Aryasetiawan, et
al.,Phys. Rev. B 70, 195104 (2004)."[3] M.Hirayama, T. Miyake, and M. Imada, Phys. Rev. B 87,
195144 (2013). [4] M. Hirayama, T. Misawa, T. Miyake, and M. Imada, J. Phys. Soc. Jpn. 84,
093703 (2015). [5] M. Hirayama, T. Miyake, M. Imada, and S. Biermann, arXiv:1511.03757.
[6] F. Aryasetiawan, J. M. Tomczak, T. Miyake and R. Sakuma, Phys. Rev. Lett. 102, 176402
(2009)I%]hd.Casula,etal,Phys.Rev.Lett 109, 126408 (2012)
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R RS VFLRANFEFRT 2=/ - hIdAEHEERDEFRE ViRAMH
BROREE,  FIRAR., AL

P. W. Anderson OB a2 [1] LAFE, WKIE & Tl /e 2 BAREF bR S 72 0BT A B R IK
REEDIRBIFZEDRE /AT O TN D, ITHEIZ 72 o T,k ~(ET)2Cu2(CN)3 <2 EtMesSb[Pd(dmit)s]s
D S=1/2 ARG A A B L T RGREEMERSS S=1/2 71 T A KA~ A B L T REE N
K== I A bk ZnCus(OH)6Clz 72 E N E 1 A B LR IRR 7 %8 2R3~ 2 L3 fE S, £
@%é%wwt%*&ﬁ%%iofwé Fxix, ZnbOWE #TTXE/WW%@@ g % B
i3 57 1F7/&AZXJ@@%#EET&%&%beéDNﬂ] ZIE B =
ﬁ%%m&%v& MRAKIR T kmf%%%ﬁwamfﬂﬁ7xm¢éﬂ%ﬁﬂﬁﬁéﬂfﬁb
[5][6]. IR CHiRE Loy 14 A ~—NOER AN RN FET D720, ROA L A
TERINCEEMR T VDR AL D D, £ T ARMER N—/S— N2 IH A FTiE, = A
2T 5 Zn2O—H 0 CultlZ L > TT7 U X M@l s D Z &[Tl 2 Y—r 77 —%&
B, I AAFNOAE BRI T 7 AR AR5 52 DA RetER S 5.

T THAIL =12 =+ 1 A AREA A B oL T RORBEMEIRICRT T 2R BT o 2 L p A
DR 2= BRI~ T2 [2][3][4], B x5 L O Thermal pure quantum state #:[8]1Z &
LHEMEFEIC K > THix OMBEELZFHELIZEZ A, EHLLOBALCE N TH T U F AR ADI
ERHLAEAEBX I ZATEX Yy v 7TV R (FF=7 IV —F v v 7L R) TedERIENBL
I, BRx e FERAE R A BN, EITREERMICHIAL 9 5 2 2R L, 2 OIERIEIREE
X, YT by A~ —NZERIICT X LCELE SAUREFRICERE L TS [ 02 L - v
Y7Ly MREE] TIERWNEIREL TWD, BHTIE IV E T b VGRS RO HE R
FER L DOHIZHOWNWTIRRDOHE ) TH D,

SCHR

1] P. W. Anderson: Mater. Res. Bull. 8, 153 (1973).

2] K.Watanabe, H.Kawamura, H.Nakano and T.Sakai, JPSJ 83, 034714 (2014).

3] H.Kawamura, K.Watanabe and T. Shimokawa,JPSJ 83, 103704 (2014).

4] T. Shimokawa, K. Watanabe and H. Kawamura, Phys. Rev. B 92, 134407 (2015).
5] C. Hotta, Phys. Rev. B 82, 241104(R) (2010).

] M. Naka and S. Ishihara, J. Phys. Soc. Jpn. 79, 063707 (2010).
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[8] S. Sugiura and A. Shimizu, Phys. Rev. Lett. 111, 010401 (2013).
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Na,IrO; DE—RENZ )L =T VICE DK REVEAERRDI-O DY EFETHE
FRORBE T 1, Fef ROk 2, FORMMEDF 3 IR 1 SaoRPRsE 2, IS IECHE 3, 4 HIER !

BB & A B UEEMA BRI L 9 5 5d BRASBRRBRILY Tk, A v U HEMR AR X
CENR BT O THRESEEE R —n CHAEEHOBZEIZ L > T, MR 72814
MIEBT 5 ATREMARR VTP E ShTakLel, E<ic T edtos U oy A mbmiE, &R
AR D RE C b 5 8RR L) La2CuO04 123513 5 Cult & M v 7L 72 B TR IED S AR
ENDETVWEE LT, BRI OEE Lo TN D,

HokxIA TH D= DA U D AR b AodrOs (A=Li,Na) (2B Tl 58V A B il
HAEERN G 72 0T RGN E/ERNER 249 TV 5, G. Jackeli & G. Khaliullin & D2
FAOAFZE[L] 1BV T, AL Kitaev 2V A L7 BGIICA U B ANERT 2 2 ot &1l fip il
2], Wb WD X &= THERIN | AdrOs 1B W TEBLIND & ORI E 7eoT-, T X7
AN —RIEFICA T T, N=h 2GS O 3 FAOR Y RIZBWT, TN S=1/2 O x 5y
y 5y 2z R OB ESER T 54 20 7RO RGHIZBEFR AERRN T 6L, 20X o7l
BIR AAERIE B A2 BB F O R E & LA, EER. % = 7R O R 2 R B . B F At
HHEONZRERVWETAERIETHDL ZEPNRENTVDR2L, 20Xk )R ENL, ~=
T LFEFA VT LB TOEF AL ARKOER DB SNER 2ED TE 2, L LER
BB, B T TN I BER R L BB OB KRB L OERO T DI, AdrO3128\T
A AREAILFEBL SN TV, BIFETIEA U U ARBEY) AdrOs O SR AE TR KR FAH T
D EMERTM B TNSI3],

ABFZEClE. NaolrOs OF—JFEANI L h=T 4l HHRE LT, 4 7B o BRI

B2 EROT- D OYE#RFHER 2R, ﬁfﬁﬁ_iof\%&I7E@kNth%*E@
NIV =T U CHEE LT, BRI 2 B — I ENFET H Z R bro TE T,
_meWf'_ﬁnézowt—ﬁmV@m# AV AR~ D2 ERBIC G2 5 2 &
ERET 5[], £, = R E—ORERFEND, T2 7RI T D A B UIRIEFEBLO
P2 D, 2HEORMED R D~ 3 T TR T ~DAY AREDGHDPIEZ OND Z L Eikin
5o
Sk
[1] G. Jackeli and G. Khaliullin, Phys. Rev. Lett. 102, 017205 (2009); J. Chaloupka, G. Jackeli
and G. Khaliullin, Phys. Rev. Lett. 105, 027204 (2010).

[2] A. Kitaev, Ann. Phys. 321, 2 (2006).

[3] S. K. Choi, et al., Phys. Rev. Lett. 108, 127204 (2012); F. Ye, et al., Phys. Rev. B 85, 180403
(2012).

[4] Y. Yamaji, Y. Nomura, M. Kurita, R. Arita, and M. Imada, Phys. Rev. Lett. 113, 107201
(2014).

[5] Y. Yamaji, T. Suzuki, N. Kawashima, and M. Imada, in preparation.
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EVTFHILAARRY FORAE—IZEKBEFARAEVRODRT—) U R
HOKBREE, WGBS

REIE D BB T WV IEIIMEAE T REMB ICEFRE Y I 2 L— FTE, FriCHHEEA
R U TR R & 7 o T D, ZOFIETIE, BRIFEBBES R LW o 287/ 72
VBRI D, RERBCHIEEBBIR 2T TE 5. —F T, MR Y UVHEEOIEA Y Z2H TIX
RDANRYT FMVRFHEIRBEDFENT N EE L 70 D, FIo AT MUVTEEFUIREEOfITIC S A Th
L. L LZDOL D REMNAWHELE LT ANV ETHET S Z LI3AS TRV, ZTET
ROBEFZRNXF—ZHFRHEOE TRT Z LN TERWNALTH L. £ THRAIE, A
NI SNV ORDEARE T RN T =¥ v Ve AT AT T ANV uEET 28 LOFiE
ZHHFE L, BEFFIEOMBE L 7o o> TOE BB fEHT FIEZ B0 Br< 2 & igpBh L7z[1]. BRI
i, ERFHFERARS DO 7 — ) =i m O E<MAEDLEDL T LITLY, EOF v v FIZPORT S
HEEINEZMHER LT, S5, BB Lo fAX—Fr o TR REZHK - AHE SMEERT S
ITRIEETAELRISHA L. ORI, AE LS A APE CuGeOs<, b7 v 7 EiA
FrEHWDET VI 2 L— X IRT DB L 72 > TR Y, Tomonaga-Luttinger & A FH 7> 5
FA~v—f~, AV ERTOREEE R LUZIEAR & FRIREE2 R T, AR TIE, Zh
£ TOMMECHAIE - BEATHIK © 2 HAFREB)NCI T 5 WA gk U, MR ORfSEZ 1)
TARAILZ(X). BT HBEOE LY, AV E/ERN relevant 7> marginal (2
2L, i 72 Kosterlitz-Thouless BB 2 2 &, £/ A% k=1 SU©2)
Wess-Zumino-Witten €7 /L CRlil CX 5 Z L 2L LIz, Fx OF v v 7R EEZ AW T
DR & — PR D D Z L b ARE2I TH Y, ABE LR DICH ERENHIGFIND.

T T © el el

NER o & - . - - *
. " . - =| . =
= - o ==l

n4s k - -

04 F . . e

il i1 0HHI S 0l
1L
X : SIS RBIT S, Y7Ly MiE(S=00E U 7Ly MEHES=DIZHIGST DA A —

/70’(71:0) VAT YA R, BEFEOHEE f(n=1, second-moment estimator)i LR Hid 75D
T2 DHEAET DEAE LA, o S 7= HEE T (n=00) ITEEGR 2> B WIFF S D (L/2) ~ B fE
WIS 5. KIEEE k(L] b ol

[1] H. Suwa and S. Todo Phys. Rev. Lett. 115, 080601 (2015), arXiv:1402.0847
[2] A. Sen, H. Suwa, and A. W. Sandvik, accepted from Phys. Rev: B, arXiv:1505.12535

P-20



EFRAEVRIKEFEDHESIESELT(FTIVR:
Kitaev #2223 9 5 V5 R —BIHFIYH AL R DB R
FORBE L' RICRBE P T * Sl | IRHRRTG . sRegtg !

BARIR E TRFRPIEDME ALV E U2V IRHE Th D B - AL R IR, FRF AU LV RHE ST b s
W OMKRFIREBLTEIC R R ST & R & FIRENEBRL CDHEBZLNLIENLIEHEED
TWD, T4, Kitaev O FE AR BN B AL ARIK T 5 Z LS BRER I BB | RS 1], 2o
ICREMED BRLIR S DL Z DAL TWD Ir BR (L) S0 RuCls 72 825t UK 1B 9803 Thodu Tunvd,
Bl Z1E RuCly Tl F iR CITBER IR IEL 72503 KA RBIREE 0G0 L EOIREE T, B b0
HAT W& w LD (2], FEFMEFE T EELIC I W T A ae— L U MRE — I 3h Hb b 2 E[3]7e 80
AHEN, BT AL ARKA~OT R A X COD AR RIS QD — 5, B0, J&
JEARREIZ B B BN 72 28" A0 BALAT A BRIEE (281 DEF N B R [5,6 /2 E ST DI TOD 8,
FROEBE RO RO ETEELRHA RIBEIZBITAERMEE IOV X, RIE 07 i
ITATOIL TR,

ZZTCH &I, B AL AR R O F R IE D R TR e A ER D E X A I REH B )
\Z9°% H T, Majorana fermion JE 2157 T A% — B ) 0r LI (CDMET) % Kitaev #5054 | i H
L TES) PR L B D AT 24T 572 20 CDMFT 1ZARMFE TH LR LI-b D THY
Kitaev T & 28" BRI FTRE T %, #Ia E(CBAL Tld, CDMFT O R4
BB ZE DN ATRE THY |, FATHFFE D BT T ik D E RI6] L Ll 24T T, SRV iR L
TEREMICIELWERE 5.2 22 L2l LT, BIR72 BB O RIX, CDMFT O #RA VT,
BEREE BB 7 Vi L iR KT b —EIC R0 T o7z,

ZORER, WAL, BIFAE A& R 1| BEREE TR O KA ISR IR D B A R Lz,
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Tensor network algorithm
by coarse-graining tensor renormalization on finite periodic lattices

Hui-Hai Zhao!2, Zhi-Yuan Xie34, Tao Xiang3® and Masatoshi Imada!
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2 [nstitute for Solid State Physics, The University of Tokyo, Japan
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4 Department of Physics, Renmin University of China, Beijing 100872, China

5Collaborative Innovation Center of Quantum Matter, Berjing, China

We develop coarse-graining tensor renormalization group algorithms to compute physical
properties of two-dimensional lattice models on finite periodic lattices. Two different
coarse-graining strategies, one based on the tensor renormalization group and the other
based on the higher-order tensor renormalization group, are introduced. In order to optimize
the tensor-network model globally, a sweeping scheme is proposed to account for the
renormalization effect from the environment tensors under the framework of second
renormalization group. We demonstrate the algorithms by the classical Ising model on the
square lattice and the Kitaev model on the honeycomb lattice, and show that the finite-size
algorithms achieve substantially more accurate results than the corresponding infinite-size

ones.
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Vortex Crystals with Chiral Stripes in Itinerant Magnets
Univ. of Tokyo!, Los Alamos National Lab.2, Univ. of Virginia3
R. Ozawal, S. Hayami2, K. Barros2, G.-W. Chern23, Y. Motomel!, and C. D. BatistaZ?

Noncoplanar spin configurations in itinerant magnets have been attracting much interest because
they act as a huge effective magnetic field for itinerant electrons through the spin Berry phase
mechanism and bring about peculiar magneto-transport phenomena [1,2]. Localized spin systems with
the Dzyaloshinsky-Moriya interaction, which originates from the spin-orbit coupling on a
noncentrosymmetric lattice, are good platforms of stabilizing noncoplanar spin configurations, such as
skyrmion crystals. In the absence of the spin-orbit coupling, however, the noncoplanar spin textures are
not common in localized spin systems. On the other hand, in itinerant magnets, several noncoplanar
spin configurations have been found even without the spin-orbit coupling; they appear at particular
electron filling fractions with special properties of the Fermi surface. Here, we explore a further
possibility of noncoplanar spin configurations in a generic case of itinerant magnets.

For this purpose, we consider the Kondo lattice model on a square lattice, one of the simplest models
of itinerant magnets. By performing a large-scale, unbiased Langevin dynamics simulation based on the
kernel polynomial method [3], we find noncoplanar vortex-antivortex crystals which are characterized
by two wave vectors (double-Q) (see Figure) [4]. We examine their stabilization mechanism by
complementary studies including (1) a perturbation expansion with respect to the spin-charge coupling
and degree of noncoplanarity, (2) a direct diagonalization of the full Hamiltonian, and (3) a truncation
of the spin scattering processes in higher harmonics. All these studies consistently clarify that the
double-Q vortex crystals can be the ground state in a wind range of electron filling without the
spin-orbit interaction. Our results indicate that the key ingredient is “frustration” between competing
multiple ordering wave vectors, which exists ubiquitously in itinerant magnets.
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Fig. Schematic picture of a noncoplanar vortex
crystal. Arrows show the in-plane spin
components. Solid and dashed circles show vortex

and antivortex spin patterns, respectively. The

background shows striped modulation of the spin
scalar chirality, triple product of neighboring spins |=

(noncoplanarity).
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Metadynamics of polyalcohol dehydration in water
JAEA!, IMS2,UBS3, Ruiz-Barragan, Sergil:2; Ribas-Arifo, Jordi?; Shiga, Motoyuki!?

The best selection of the solvent is an important challenge in the design of “Green Chemistry”
synthesis [1]. Since water is non-toxic, easily tractable due to its non-volatility, and a
chemically abundant substance, the stereoselective organic reactions in aqueous solutions is
an appropriate choice in terms of green chemistry. In this direction, the dehydration of
polyalcohols are one of the prototypical organic reactions taking place in water. This reaction
is sensitive to thermodynamic environments, such as the temperature and the pressure, as
well as the acidity [2-3]. A particular example of dehydration of polyalcohols is 2,5-hexanediol.
Recently, high-temperature and high-pressure conditions with a mild acid have been reported
to be highly stereoselective [3]. These experimental findings suggest the stereoselective
reaction mechanisms SNz reaction via the concerted process (Figure 1). The aim of the
present work is to clarify the complete mechanism of the 2,5-hexanediol in acidic water from
the theoretical view point and to understand the role of the water. For this purpose, the free
energy landscape of the reaction in water was obtained with ab initio Car-Parrinello

metadynamics simulation [5]. Here, ab initio string method [4] and metadynamics simulation

of a cluster model was used to . =
: SNy, H. ! OH\. o B8 M h. O
select and test the appropriate CH@- v—CHW S Gy N
i

. . . ]
reaction coordinates for this SN, H',.',*O 5{\%\ Y o, ", o w, o -
CHM CHMH cHe” H CH(Q_ ’

MEP's of SN1 and SN2 mechanisms are obtained with the string methods before running
metadynamics at MP2/def2-SV(P) and PBE/def2-SV(P). The activation energies of the two
mechanisms have a large difference, being the SN2 more favorable (SN2=39 kcal/mol, SN1=62

kcal/mol at PBE level). From the MEP, three CV's were selected in the metadynamic, two for

reaction.

describing the reaction and other to discern the mechanism. Next, ab initio metadynamics has
been carried out with CPMD at 523 K for a system composed of a hexandiol molecule, 70
water molecules and a proton to mimic the experiments [3]. The results show that the
meta-stable protonated alcohol is formed before the main reaction occurs at around 20
kcal/mol. Later the concerted process occurs, forming the meta-stable protonated cyclic ether,
in a similar way as in the string method and the previous metadynamics with the model
system. The water environment is fundamental in the bond breaking.

References. [4] W. E, W. Ren, and E.V--Eijnden, J. Chem. Phys., 126, 164103
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Importance of Interlayer States at the SiC/SiO; Interface

University of Tsukuba?, JST-PRESTO?, Christopher James Kirkham?!, Tomoya Ono??

SiC is a wide band gap semiconductor material with a high operating temperature and voltage, allowing it
to be used under conditions where the traditionally used Si fails. Its native oxide is SiO,, the same as Si,
making it ideal for metal-oxide-semiconductor field-effect transistors (MOSFETs). However, the poor
mobility of the SiC/SiO, interface compared with the ideal bulk SiC value [1] prevents its widespread
adoption.

One potential cause for the poor mobility is defects at the interface, with those that contribute interface
gap states garnering the most attention. Advancements in growth techniques can now reduce the density
of these defects to the point where they no longer contribute to the mobility, but there is still room to
improve the mobility further. Thus alternative causes are being investigated.

SiC has a variety of polytypes, which vary based on the stacking of subsequent bilayers. Within these bilayers
there are two inequivalent lattice sites, known as h (hexagonal) and k (quasi-cubic). The most commonly
used polytype is 4H-SiC, which consists of four repeated bilayers, alternating between h and k sites.

It is well understood that the properties of bulk SiC, such as the band gap, change with polytype. This can
be explained in terms of interlayer floating states along the conduction band edge [2]. When considering
interfaces, the stacking order within single polytypes matters, due to the nature of these floating states.
This is important for real devices, because whilst polytype can be controlled prior to oxidation, the stacking
order at the interface cannot.

We present first-principles calculations, performed using RSPACE [3], on the 4H-SiC/SiO, interface,
exploring the differences between interfaces where the SiC terminates at h or k site Si atoms. By examining
the local density of states we find that the band gap at the interface changes based on interface type, due
to the nature of the floating states. For h type interfaces the floating states expand to the interface, whereas
for k type interfaces they stop at the second bilayer from the interface.

These differences have implications when defects, such as excess O atoms, are introduced. h and k type
interfaces behave differently in the presence of defects, due to the floating states. The floating state at the
interface is removed for h type interfaces, whilst the k type interfaces remain unchanged, because there is
no floating state to remove. Other features, such as gap states, do not vary between interface type.

We show that some defects previously thought to be electrically inactive, do in fact alter the electronic
properties of the interface, but only for a given interface type. SiC MOSFETSs are primarily of the n-channel
type, so the changes we have observed at the conduction band edge will be important for their operation.
Our work suggests possible future areas of research, based on manipulating the nature of floating states.

[1] VV. Afanas’ev, M. Bassler, G. Pensl, and M. Schulz, Phys. Status Solidi A, 162, 321 (1997).
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Electronic Configurations and Transport Properties of Nanostructures, Imperial College, London (2005).
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AKIZHDOW T % 725544 F T Born-Oppenheimer &) 73R 2470, BUERKEE L OGHE 2 A M 2K
FAEL 7,

[1] E. Tsuchida, “Stabilization of Ab Initio Molecular Dynamics Simulations at Large Time
Steps”, JPS Conf. Proc. 5, 011019 (2015) (http://dx.doi.org/10.7566/JPSCP.5.011019).

[2] E. Tsuchida, “An efficient time-stepping scheme for ab initio molecular dynamics
simulations” (http:/arxiv.org/abs/1511.01979).

[3] E. Tsuchida, “Ab initio mass tensor molecular dynamics”, J. Chem. Phys. 134, 044112 (2011)
(http://dx.doi.org/10.1063/1.3543898).
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Al BIERICEITAREVHERSRBOE—REHE
SIRKEM LERKBEBR 2 bzt (DOEd 2, KA E = —L 2, WA 2, #im H 358
1 Absor, Moh Adhib Ulil2, ¥ M EFRE 2, /NEWEE 2, 2z 1

BGIEN LAY U #uE N2 %Z 5| 2 2§ Rashba 21 R, EBRIEAL L VT URAH
(Spin'FET) 72 EDAE Y hu =7 ZAEHOB A HIER SN TEY [1,2], WEEm-CKEET O %
Fle e TR SN TV A8l BEDOT NS RIEAEE 2D ETEHEL /8-> T 500,
RSt (R EE) O ZOTE T ARICBIT 2 A VAR B/ERREREORESTHY,
I-V B R~ T o g% T MR e ST E o, T, BEMRESCE R TRA ST
LEWBENELZAT L IRCE T ANFEESNTEY, iLWAE Y har=7 ZEE LTH
WFrFEnTno, i)y, A B—_y VIRFEOAC i aiE N LI2T A ADOMREZRET D
ECTEETHD R UMEERICERT D7 OOEHLEE ] 1L, AU HLERKAIREIZ L »>TX
flsndZEnmbnTng,

ARFEFTIX, BEENBEEGR IS B —REE HREEHEZ VT, Zn0 O L7 [4], FEM
P/ (5], LaAlOs/SrTiOs St ifi[6], Bi 2@, I11-V & -8R f i %, SrTiOs %5 Oy i &
W%ﬁ,mowf,xfymﬁ%é%ﬁ%%ﬁ%:%&kmf,%h&momfﬁ%ﬁéoih
A CEIEREAREORIE A SN 572010, EHREZEHE O A v oG s U =7 BEE v
k%%@@%ﬁfuf?A%%%ﬁcﬁokoé%_,%ﬁg&mﬁ%%%&ékb,NU—@$
REFER—NVROHET 0 77 LAOEf LB 257D T, ZNHIZONWTHHRET 2,

SCHER

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] M. A. Absor, F. Ishii, H. Kotaka, nd M. Saito, Applied Physics Express 8, 073006 (2015).
5] M. A. Absor, H. Kotaka, F. Ishii, and M. Saito, Applied Physics Express 7, 053002 (2014).
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[6] M. Nishida, F. Ishii, H. Kotaka, and M. Saito, Mol. Simul., 41, 923 (2015).
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AEV A= ZAMHREOHEKESE. EFRE. BliJFHE
SWRKRFET, EIERE, AR, SRS, XLb-A 73 B

Ay hu =7 Z2ZBT 5058, MRAM BRFE O BFETHDBICHES L T\W5, BIREY
AL AE Y bV &34 S THHML IR 24T 5 BB MRAM (X, 142 ) % fiu | CAK IR
SEHHELE LTHR/ STV B RICK LK R TN EUR 2 ROER bIEE-> TV 5
[2,3], 245 DR T Fe/MgO FieE LS ZHT 2 b DN ENTETEY,
ZOX D REAKE REEMKE G EE RS 5 2 EMRP S0 E 2o T 5 [4,5], AIFFEES T,
Fe/fAL M i 2 8B 1F D BT & B IRREIC BT 5, B EELBEEIC RSV 5 — R A
2 X DR L O HIGH R FIEOERZ®ET 5,

BRI BB IS S W E R UL b T Y T NIRRT VY v LR
BT E 1R R o — RE W T T o7, S ORISR AT > 2%, RO E FHIREECACIRE
WZDWTHRNT 24T o 72, BHHE L72RIE, Fe/MgO Siifi & 7213 Fe/SrTiOs fitifix 1 D F£ 7213 2 28D
W ODOMDAT T ThDH,

Fe/MgO Sitifi Tld, K& 7ot BRI )7 2 /7 37[4,5] 03, BT LT iR & 72 2850 % 7
T EDRH NI o T 5(2,3,6], Felfa bty i 0 FIRAE TRV 72 1%, S gk g
[7,8,9] DfFHE & Fe-O HIOWLEIRMK TH D, HHEDOHF TH, Fedd(3z2-r2) & O2pz OHLIEIRAIL S
D 2 RIEH) Fe MO HEMK BT HEAHRKSELEE 2952 E0NTTITHLNE o TS [4]
M. OO dxztyz), d(xy), d(x2-y2) &\ o 72 BLE OFUETRAIZ DV T b RN 22 268 27 LT
Do FEIHNOITREILERE L LIRS B> TEY, Fe/SITiOs REOMHBRLEDH T, RICED
EWERET D,

ZOX I BREOERED D VIFHK RS R VX —OFEIX, AT TEEIC L FHERT
PRDHMR, 2D A REIEEZ DT A VBB Z R L v a ) =T HEE
EEEOENk RAERM L TETT 2L b0, FEEEREMA e L LTV D AR E 2 80 L
TRtEFEL o TV D72, KRB ZRGHE & e 5, BIHIGHERIC CTRHR 2 9 5 23,
BRI NRR D L5 RFEREOHEREDORICONWT—EIZE LD THET SV AT Al
FHRE o — FEHRZHEE L CTE 7o, BIEDO L ZAa— FBFRICH £ - TV 503, BIfEDOBIFIRI & #H
HT 5,

[1] Y. Shiota et al.: Nat. Mater., 11, 39 (2012).

[2] T. Nozaki et al.: Appl. Phys. Express, 6, 073005 (2013).

[3] D. Yoshikawa et al.: Appl. Phys. Express, 7, 113005 (2014).
[4] R. Shimabukuro et al.: Physica E, 42, 1014 (2010).

[5] S. Ikeda et al.: Nat. Mater., 9, 721 (2010).

[6] T. Nozaki et al.: Appl. Phys. Lett., 96, 022506 (2010).

[7] W. H. Butler et al.: Phys. Rev. B, 63, 054416 (2001).

[8] P.-J. Zermatten et al.: Phys. Rev. B, 78, 033301 (2008).

[9] D. Yoshikawa et al.: JPS Conf. Proc. 5, 011012 (2015).
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Block Davidson i # AU\ KEE Transcorrelated EDEARA~DEA
FRKPZER 1, R APZER 2, FMF CEMSS, B KWL 4
AR 1, IWAKRE3E2, HHIEKER S, HiTHER] 24

A EFROBFIREEZBWVEEMEZ > TPHRIT A Z Lid, B JHBHAEICE > TR b EE
RHEDO—2TH D, %< OFIHEYE Tﬁk%%uw)ﬂ\éar“ﬂ%%@s (DFT) K5 & LT,
FHHERSEORTA7RM ENHELNE W) SR H Y N2 OBEORIRERE 2L DL LTW5D,

A ZRSET D F 77 7 —F & UCOREBIEPER ONE I ERICE H S hukad T S [,
ENBIE R X 2 IREE 2 BB O 7o, BT BRI 2 L 0 iz LT 2 & T, /I
ZOREEEBmO TN ZENRHKD, —FTEWVHE A N 20 EL 35720, EHERBERICBE
f)7p =2 A ST TE 5 L5 RETHBEIEHEGR A HFE S LTV,

AMFFETHW D transcorrelated (TC) {%£[2--5] 1%, 2D X 9 e E LVWWEE il 72 3k Bh RIS
ML LT, 2 0w HEH A SHIZIAR > TE TS, TCIEZY vy A r T « AL A & —Hl
OWENRAE A D 2 & TEAHBINR 2RI i, EOFE a2 MIEFHED R
Hartree-Fock ik & CRI 7372 EICBI L C) [A UA—# —T¥tel6l, F9MHBEEARIC L CIXEERE
DRy RS Z 525 2 EDED O HALTE72[5,6] TCIETEA, iRAHBEE R~ H D728
WXk L2 IT U2 B 72 WEREDFET D, 2OV E DIFEEREEICRET 28T, BifED L =
5 LDA #uE ORI S & LT TC O—E FHUBEZRELL TWH A, FAHBE AR TIEE OPCREN
FLLKEL D ENFELIZE S THEND BILTW,

Z ZCARMIE TR, FHEE IR A VT TCIEDER N REHR 21T - 72, Block Davidson 1%

HWIeBERxH Ak EH T2 2 & T, 23R < SCF FRRXEMT 52 L 2rdle, £-. £
NaERNTaTEFPMEF N FICRIETRELZRHA, a7 EFIEFIIERRT oy sy
FNDON, ZITIHERRT Vv MICEOLGE LG EERWIGE & O MEEZ g LT,
FER, BTN ROEWEN T2 7 EFOBERBY BN L > THENSEZNLI DD, LV
FORBEIZHOWTILEH DA T consistent Z2fERDBZEGEOND Z ERMEND BTz, d#LES f#lL
BEEFT XD 72mHREE RIS NI EI a7 EFERICROEOMLERH DL EEX DI, 29 L
ToWFFE % i U CoRAH B B AR~ F O e R FE S 7= & 2 D,

SCHik
[1] G. H. Booth, A. Griineis, G. Kresse, and A. Alavi; Nature 493, 365 (2013).

[2] S. F. Boys and N. C. Handy; Proc. R. Soc. London Ser. A 309, 209 (1969).

[3] S. Ten-no; Chem. Phys. Lett. 330, 169 (2000); 7bid. 175 (2000).

[4] N. Umezawa and S. Tsuneyuki; J. Chem. Phys. 119, 10015 (2003).

[5] R. Sakuma and S. Tsuneyuki; J. Phys. Soc. Jpn. 75, 103705 (2006).

[6] M. Ochi, K. Sodeyama, R. Sakuma, and S. Tsuneyuki; J. Chem. Phys. 136, 094108 (2012).
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REME—REFE OS5 LRDFT LEFHS ) —VEAREEHAEDET:
BEFCERHUHTHET OIS LORSK
BREI' G ®BKI? FiFEE'. Moshiour Rahaman?*, AHE—2 EEK?
*Hip )& : Thermo-Calc Software

REME—REBHETAOY S L RSDFT (&, BitFHE#TRBEELEFREHELHRMICT
ZBEFTHL, FEETNA ZAOUREFALREICHRATEDRALGRY—ILELTHEIATLS,
EERIVEL—F2 ETRIDFTIZCKY 10BREFNASHSESI 7/ 74 VYOE—REEFIRETFEN
Tbhh, FERICEVETESREZRILTWLA[], LML, RSDFT ICIEEFH#E 4t % eHEI 5H6E
[FRESINTVEW D, FBERTNA RICBITIEFHREREOBMETOLEFHLL, 22
THERTNARADESLBRBAELGRTOEFRERROBNZEEIC. EFHE Green BIHK
(Nonequi l ibrium Green’s Function, LLF NEGF);%k & RSDFT ## A HEE—REBIZEDCEFIE
BHMHE IO S LORKEET o1z, NEGF EZLFENBBEEMAEHLEDIZLICKY., AR
NAT7RATTOEFREZECEEEBITRDLIZENTES,

NEGF k& BENBIEICL AEFEERMHET OV SLTHEREDRMLR Y VICEED
(FFEEEBORME Green BERDFIELEETIERODIIRILFT—HBERITH D, T THERE
D Green BE%K(Z Lopez-Sancho %= & B Quick iterative scheme[2]%&. F-I RILF—EHIL
0zaki IC& HAEBIZAL =,

ARKRTIIARL-EFCEHFEHETOISLOBN LT/ BENDESRCERMEDOTERR
NI B,

3k

[1] J.-1. Iwata et a/., J. Comp. Phys. 229, 2339 (2010).

[2] M. P. Lopez-Sancho et a/., J. Phys. F: Met. Phys. 14, 1205 (1984).
[3] T. Ozaki, Phys. Rev. B 75, 035123 (2007).
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BEASLVL——BHETICEITIERRESIATIVADOE—REHE
WH K, NHE—#f. Elena P. Silaeva. A, JEH0—

BEADSRESUCIE S N7 & T ERARENEL D, R TIE, BEFITMZTT7 =4 ML —F—
ZHAWTERKENG B ENDS, FD L) 7L — —4BERFEH L Laser-assisted atom
probe tomography (La-APT) [1]OEMERELTH %, La-APT 13T fEEEZ Ff > TH/EREE %2 —
RICHNZIT 42 Z LN TE 280 TH 5, Frize Bl U OXEMARRF oM a5 5 2 &7
T&E 2, oL, PERSHEZIR O TIXOMEE O KINALFA O A —Bs L < BRI D,
AR, MRS 1T D L — iR RTED A I = X LPWETZIZH B2 - TV
W Th b,

AWFFED B, MER B L L — —RH TR BRI A T = X 5% 56— B O iR
THZEThHD, FEFIEIIRITEERL (LDA) [2]%%“%:%”‘&%%'%&@?% (DFT) B X Us
MHEAFE LB B (TDDFT) [B1Toh 2, SRR A FVEEIZITHIEISE TDDFT4] % 1
W, B —A A UMBEZ A F I 7 RAFHEIZIE TDDFT-MD #%[5]1 % vz, §HEET T Sin 7 7
AL —=To %,

FP. IS EFRE N KR E < 251221 T HOMO-LUMO = R/L¥—F ¢ “/7“75%)32/)‘
THZLERM LI, ZHUTTA AV RF Yy vy TWEICEB W CREOHAI TH H[6], =512, )
W AT MV DIRT R VT —Hl (1~4 eV) IZBWT, FES OB ’Hﬁof;‘nfﬂﬂmdﬁﬁb[ﬁf
52 EmhER LIz, :mﬁ&iz\/vﬁeJEW T La-APT OFEBRTHWHILD L—F—D TR )L F—|T
KIS LTfECH Y BRI L > T —F =D XX =N LRI END Z LR L
TW5b, I, BREE, L—V—B8ELEZ RN OBEREEIA T IV ADY I 2L —val sk
Tolce 2OV Iab—arnbid, BRMENRS 251 E XV IRRED L —H— TEFAR
WEL D Z LR S N2[T], T ORERITER & EMERIC—E L TV A (7],

SCHR
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A—F—NZE—REHE OIS LORREFEKRS / REBERE~DIEH
WikikRE 1, RELRBEE T2, mo RUKs
EIRiH] 123, S. Arapan!., A Hi#EE] 2, FHEZ Y1, D. R. Bowlerls

WEHNON TV LE —FEFHEFEIROBTRR A NP EEW 2 5 LiHEER N 3%
WA L CRIRICHERT D L WO R B L, ZOMEEMRT H7-01C, FHRFREH NIZHH]
T2 “A—=H—=NIE EMEEINLFREFESMROERD 7V —7 T s TE 1], Fexn
BA%E L C& 7oA — 2 —NIEH B R 7 1 7 5 CONQUEST 1L 5 b4h =R A3 b T & < | 5T
EHVWDZLICLY, AR EZEHLBERRICH L THE - FEHEICLMENRTETHD =
LaRLR] (K1),

Zo7u T huaMnnsZEicky, v argE IR LS Vs =0 L3RI EEIE DK
Rk 3 82TV, 2 0 IR DSR2 3 D72 5 — BRI L 28 %
1To72, ZORER, BEENKRET DRHIIE D LSS TENIZm - THlEN T Z L ENRE
nizl2,8l, kb TIE, v arvE v Al o TEB NS a7 v VDS ) U A T —
DA & B REOF R Z{T-> T\ 5,

BrLOWERFEOEA LD | A — X —NEZ AW THLEMED EWS B )5 % S5 TT 9
TIEERR L, EBRIC3 TR T2 2RI L CEBEOS —FHEy B %2 EBT 5 Z LT
R L7z[4] (M3), F7o, mEEOEERBREE W3R Z 8 TIT I olc, wLvF A |k
B EPHIN D FEORIE 1T 72[5,6], ZOFEIL, xtAbE AWl OF— B RFIETY
B THY, LD CPU EZHWT 1 HRFZ#Z 2RI 28— FHEGFHHE 2T 5 2 LTk

L7z,
RTOHBEMA
g 1600 azuﬁr i}%ﬁhm
Q 1200 %
E 1920 cPU 3840cPU 7680 cPu
8 “ | 42.4%m
gl ]
t 3840 & 7680CPU 12,288 cPU B
’ant 400 | 100BEB®! 2 %*ﬁﬁ§+ﬁiliof
- o N R - N
12,2aac/Pt'J 24,576 650 / Bl Sz ar b
0 . . . . . N _ N
0 2x10° 4x10° 6x10° 8x10° 1x10°1.2x10° b‘/l/‘,\?" '7 LD 3 /kﬁ:*%]ﬂﬂ:
BFH X 3:  JKIEBEA O DNA (259 55—

B 10 501 (2350 % RHERS TR EOAT 7 TR
SCHR
[1] D. R. Bowler and T. Miyazaki, Rep. Prog. Phys. 75, 036503 (2012).
[2] M. Arita, S. Arapan, D. R. Bowler and T. Miyazaki, J. Adv. Simulat. Sci. Eng. 1, 87 (2014).
[3] S. Arapan, D. R. Bowler and T. Miyazaki, submitted.
[4] M. Arita, D. R. Bowler and T. Miyazaki, J. Chem. Theory Comput. 10, 5419-5425(2014)
[5] A. Nakata, D. R. Bowler and T. Miyazaki, J. Chem. Theory Comput. 10, 4813-4822 (2014).
[6] A. Nakata, D. R. Bowler and T. Miyazaki, Phys. Chem. Chem. Phys., in press. (published online.
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Parallel Cascade Selection Molecular Dynamics & Markov State Model Z#FHL\7=

BREIRILX—HEZOE

RORBEe &3k 1, FUoR 2, BRGNS PEREZRZF 1 JRHEEY 2, LR 3

S FE s (MD) GHEZHWT S R BEREE O A= XV X —HE 23 E T 558, &
K> MD GHANMEE L R D GE R L, ZiUT, ¥ 7 BORBEZGICR R0 D OF
V. BRHZRVF—HIE LICEBFET DRTREREBICS RV ERLEEES>TLEIZDOT

b5, FAHEFHAZHEESE 72D, VYD
AH1ES° metadynamics, umbrella sampling
LW o T kA R FIEDBHIE SN TE T, L L,
INDDOFEOFITIE, RICHT DAL T AL
WD To/NT A —Z 2 BLBR OGS U C i
b+ 20BN H D 5 2 R b RWVEHRRE
MavELTIHEELN, £ 2 THAIL 2
Parallel Cascade Selection MD (PaCS-MD)
[1] & Markov State Model (MSM) [2] % #H -40 -30 -20 -10 0 10 20 30 40
HADET, [ TR F I 0 R XA
THRILFHET D HEZREL TN D, M1 2&ICET/NFHRODHHTFRLX—HR
PaCS-MD (37 24— o MD FHRETH

10 T T T
2D Model
8 cerereeee PACS-MD+MSM

AG [kcal/mol]

~ ; . B} keT
V. AR MD BRI LB IS 2 LT PaCS-MD + MSM lksT]

REEREFN D 2 DDOIRFE DIER 2314 T A2 L
THIEEZFZENTE S, MSM 1%, x5 L7
HARDEAFTI T AR NLATNTHD & X,
FWEfE] MD G50 SARREM OEBBITH 2 HEE L |
SPHRRREDO MRS Z T HE T2 HETH D, 2
N5 PaCS-MD & MSM & & #lAaabis = &
T, ZHORFTIIIREMER S H 6, Kk
OB TH & AR RE DR S i 2155 = & FﬁﬁNﬂm
BTED, KFEE 2RTOEFART V% 2 S E—
VR TOIRREERICHEMH L, = Ofa A2 ) 2 4 6 8 10 12 14
Wiz (K1), £7=, /¥ 737 & chignolin ® 7 HB2 distance [A]
F—=NT 4 AL (K 2), Foh/-Al 2 Chignolin ® M = % /L ¥—HifE
TRV X—HIBICONWTHERT Do

Intermediate
| - P v
Mis:'FoId i
8 +— —

15

HB1 distance [A]
~

SCHik
[1] R. Harada and A. Kitao, J. Chem. Phys., 139, 035103 (2013).
[2] J. Printz, et al. J. Chem. Phys., 134, 244108 (2011).
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LT ABEBRSFENZEOSELSIE
SYFARL, ReMPR 2 PEEREZER 1, PR 12

AR, Z Ry OMEER R L KEET L FIEE LTL 7Y Bag#ils [1,2] BSA< AW
BRTWD, LT Y BRBIEIILV T IR IREEM % 7 v X L0 +—rFTHZLI2LY, BAR=T
KF—hNRBICH O oD 2 &<, RS ZEROY T T a2ITH ZENRTED
FETH D, YFRETIE, KRN REEZEMOY 7Y v 7 %17 72diz, L7 U hiEk
% [3] OB EIT> C& T, VU BEBETIIV Y D OREBERICHRS - Rk 4] 2 0
Do JERD LT o BHE TITEEMSI D G VSR AT S 72 WEREA  BREIEAS WV DAV TUV A,
FERIE D AWM AT TR - BREIEE W BTV, LIl LY Ak b ek LT
V7Y OIREZEBORGY 7Y TN ARETH D Z ENEIEINT [5].

AW TIE, ZOVL7 U HEBEONFIFEE 2 0578 5 E S0 T To 72, V7 U AN
OWFUE & G L7 U BRIOWFTULENFIUCONT, UTFDOEHIcFEELE, £, LFU BN
D FEFFEIL, ZIVE TIRE SN TV D85 E 4 AW 72 5B TIE [6] 12X 0 EER
ARETH Y, AFRICB W THERSENC LD FHEIT> T\ D, REEEES OFHRIZIX Particle
Mesh Ewald (PME) %2 HWCHEY, 22 THREL L7 — U BT /) — R 2 LA 5 ik
ZHIRT 52 & CHEAERAZHIRL, —HOMWBEDHRTHTENIFEHRICNER AR AT, K
2, VU IMOBEICIZELV T Y DOBERNIME L 25720, FLT Y hicfkFEE LD LT
NEER LT, TORELRDLVTIAMTORBEEZITI) 2Ia=r—F%ERL, LT VD
WNIBEE— L7 U I MEE O 2 BeBEOBE 21T 5 2 & TREE BT, WEEEZH L,

AHWFFECHEEE L7287 1 7T Kk, K51 100 TR
KLTHEH L, VXU IoEE 10E L, V7Y IiE
By TN FR R 21T o T, KT O IX TIPSP Tf7o

4|

v 3 F
<HY, EFEENIZIPME 20 CHE LTS, K1ic, b

— NHTH B WS £ L, &/ — M8 ALY 1

T OpenMP (2 X W WFfbENTW\5, 1,250 / — ROFHE

IZXF LT, 5,000 /— KOFETIX 97.61%DiF 5t %

B2 LICHBh Uiz, TS 19.6%Th Y, ATk tL

LY BEEIUL BT 2 1 b BB, R P
K 1. VY BiEs B ) E

ik B ONWFINiEE

[11 K. Hukushima and K. Nemoto: J. Phys. Soc. Jpn., 65 1604 (1996).
[2] Y. Sugita and Y. Okamoto: Chem. Phys. Lett., 314 141 (1999).

[3] S. G Itoh and H. Okumura: J. Chem. Theory Comput., 9 570 (2013).
[4] H. Suwa and S. Todo: Phys. Rev. Lett., 105 12060 (2010).

[5] H. Nishizawa, H. Okumura, J. Phys. Soc. Jpn., 84 074801 (2015).
[6] Y.Andoh, et al.,]J. Chem. Theo. Comp., 9 3201 (2013).
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A ENRE TR N B SRR 48 5> F B 1 (DC-DFTB-MD) i:I2 & %
PA=R Nz N SN A
S BRE TR 2, RORGHERE T 3. JST-CREST4, #UK ESICB5
kA2 12 Sakti Aditya Wibawas, H ik E 2845

KW FIZIBIT 570 kv OFEER (D, 0.94 A2ips) [1] 13, K570 F CHEBERE(D:, 0.23
A2/ps) 21 L HHE L THRI AR E W, ZOBHE LT, KOKEEE Sy T —r a7 a h o
BEOR > TRBEIT 5 Grotthuss M [3] D RN E 2 ST\ 5, 7'u b U OB RHE 2 G
AR 5 7=, ZARREIR ik & (MS-EVB)ik[4]. Car-Parrinero (CP)i%[5]. % FEEINES %R
FHE(DFTBNEI6) e L1 L 2 F# /1#(MD)GEHR A, 2 E Claif & T &7z, DFTB-MD %
AT SEATAFFEL7,8] Cld, JEHERER D (D) D) Z 48 L < Gl T & TWiedno 7z, drit MD FHE
TlX, ROV A XAV SWIGE T IEBARER A 8/ NG9~ 2 7 23 5T v [9]1, DFTB-MD (&
B DERROEEIZOWTRGET A LER S D5, AT, Fx BT EHED TV 5 5 EIHE
A DFTB-MD (DC-DFTB-MD)#%:[10,11]i22&3< 7’1 b Ay 2 = L— 3 v &fr-72[12],

#Yab—ya U THWLNTS TS L OVEE 300 K (28T 5 HEifR s o ik % Table 1
ORI BB A — Y v 7 &5+ 5 DC-DFTB-MD #:% W5 Z & T iEkiEL 0 K& 7k 523
e Ta b VNS R D ROITNES EisoT, 15D IEBARE DML TAFTE O b F
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Table 1. Number of species N and calculated diffusion coefficients at 300 K for different

theoretical methods and experiments.

Previous work This work
Experiment
CPMD [7] DFTB2[71 DFTB3 [8] DC-DFTB3
MH*)/MH20) 1/128 1/128 1/128 1/523
Dy [A2/ps] 0.10 0.65 0.38 0.19 0.23 [2]
Dy [A2/ps] 0.33 0.90 0.66 0.91 0.94 [1]
Dyl Dy 3.30 1.38 1.74 4.77 4.09

[1] N. K. Roberts; H. L. Northey; J. Chem. Soc., Faraday Trans. 1, 70, 253 (1974). [2] R. Mills;
J. Phys. Chem., 77, 685 (1973). [3] C. J. T. de Grotthuss; Ann. Chim., LVIII, 54 (1806). [4] G. A.
Voth; Acc. Chem. Res., 39, 143 (2006). [5] R. Car; M. Parrinello; Phys. Rev. Lett., 55, 2471
(1985). [6] M. Elstner; G. Seifert; Phil. Trans. R. Soc. A, 372, 20120483 (2014). [7] C. M.
Maupin; B. Aradi; G. A. Voth; J. Phys. Chem. B, 114, 6922 (2010). [8] P. Goyal; M. Elstner; Q.
Cui; J. Phys. Chem. B, 115, 6790 (2011). [9] 1.-C. Yeh; G. Hummer; J. Phys. Chem. B, 108,
15873 (2004). [10] H. Nishizawa; Y. Nishimura; M. Kobayashi; S. Irle; H. Nakai; in
preparation. [11] Y. Nishimura; T. Kaiho; H. Nakai; J. Comput. Chem. Jpn. 14, 43 (2015). [12]
H. Nakai; A. W. Sakti; Y. Nishimura, submitted.
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Toward Improvement of DSSC through Calculation of Lifetime

IMS', Nagoya Univ.2, David Sulzer'?, Satoru luchi?, Koji Yasuda?

Dye sensitized solar cells (DSSCs) are expected to be cost-effective photovoltaic electricity
generation, but the energy conversion efficiency has not been satisfactory. The efficiency
reached 10% in 1993, but only 3% of increase was achieved after 20 years. Our final objective is
to find origins of this stagnation by ab initio study.

In standard DSSCs, a photon of the sunlight excites a dye adsorbed on a TiO2 anatase
nanoparticle. The excited electron is injected to the conduction band of TiO2 within 102 fs -102 ps
and then transported to an electrode slowly by diffusion.

We have developed a new technique to estimate the electron
transfer rate in the initial step of DSSC as lifetimes of the excited
states of a molecule. The total wave function is required to have
the outgoing wave asymptotically in the semiconductor. The
eigenvalue of the Schrdodinger equation under this condition
becomes complex, whose imaginary part determines the state
lifetime. For this, the effect of the semi-infinite bulk Q (Fig. 1) is
encoded in the complex self-energy calculated from the Green’s
function. Infinite number of orbitals in the bulk Q system, that =« N o U o
prevent the application of standard ab initio methods, are Fig. 1: Partition of the bulk Q
eliminated. Currently the excited states of the dye adsorbed on surrounding the molecule P.
the TiO2 nanocluster (P) are calculated by the time-dependent
density functional theory. Our method gives the correction to the excited state due to the band
effect of the semi-infinite crystal.

L]

Geometry of the black-dye on the anatase (101) surface was optimized using Perdew, Burke
and Ernzerhof functional and plane-wave basis. DSSC contains various ions including counter-
cation of the black dye. In addition solvent (acetonitrile) effect is crucial to reproduce the
ultraviolet and visible (UV/Vis) absorption spectra. We modeled them using PCM or by adding
them explicitly.

Absorption spectrum for the black-dye attached to TiO2 shows that some artifacts might
appear due to the finite-size cluster approach. This was overcome by a careful design of the
model system. We successfully reproduced the experimental UV/Vis absorption spectra and
obtained dye-to-semi-conductor charge transfer excited states.

Overall, our method reproduced previous results of the injection rate well. The main difference
from the previous work is that the injection rate only for the lowest anion state was reported [1],
whereas the present method provides the injection rates for many excited states. The important
excited states for the injection are characterized by dye to semi-conductor charge transfer states,
from which injection occurs within 12 fs. Electron injection towards the semiconductor gap state
requires more than 50 fs because gap states orbital is not in phase with the ones of the semi-
infinite crystal, implying small transfer integrals. The results are in agreement with experimental
trends and demonstrate the advantage of considering many excited states.

We also examined effects of surface modification such as the effect due to a proton adsorption
on the semiconductor. The results show their importance in the efficiency of the injection in
accordance with experimental study. For example, if the cation moves from the surface to the dye,
electron injection is predicted to occur more slowly (about 200 fs).

In a future prospect, geometrical deformation of the dye adsorbed on the surface will be
modeled. A correct statistical sampling of the ground state geometries would allow to access to
more accurate lifetime. Moreover, study of additional dyes is underway and helps us to decipher
important factor for an efficient electron injection.

[1] Martsinovich N. et al, Phys. Chem. Chem. Phys., 14, 16668 (2012).
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FAROEEEAZRLTEY, 0L 180 Eiczh® (CXg)gX'/300K/16 beads
NESTHI AR & 72 DR EENRH Y . I HICF 21D 60 E —
FESRTITNLEICH D O DKBNGFET D, FTo. T Classical - |

S OXFEN D 0 FE~-90 FE, 180 F£~90 ., -180
E~-90 £ 1IN, 0~90 E L% L=, Fig.2
TIEINOLEME L7 ET0o~90 EDFM DA% R L
TWo, RIEZEOBETHREEE LGS, RO
BEIELOEORICL Y, MENMILENDZ E1%
W1, 2D —A T, LA FEREFIRICE ‘ .
Y A F LSRN S, TR S 0L H R0 0 ¢H(afH3)_C_C_C o
DA, LV BTELEOHNT ROETIREEE .
72\ Classical DFER LV B RFELTWDHZ NI T ?‘ig.2. BB 53 I ) R

. o #HELETe ey T a R
TNHond, ZORTIE, 7 FOREEICHEK LR 4 L A OB T
T UV VOIEHFMEDO T HIC LY | EREGEICRT
HY HET R NEEREE DT A RS> TR Y, ERIRENROAEREZEY, 0k
5 IRIR DT, RS NERNC BT D B IRE 2], R OKEIR TR D
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distribution (arbitrary unit)

STk

[1] K. Suzuki, M. Shiga, and M. Tachikawa; J. Chem. Phys., 129, 144310 (2008).
[2] H. Kitamura, S. Tsuneyuki, T. Ogitsu, T. Miyake; Nature, 404, 259 (2000).
[3] T. Miyake, K. Kusakabe, S. Tsuneyuki; Surf. Sci., 363, 403 (1996).
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[1] S. Liang and P. G. Kusalik, J. Phys. Chem. B 114, 9563 (2010).
[2] J. Vatamanu and P. G. Kusalik, J. Phys. Chem. B110, 15896 (2006).
[3] M. A. Kelland, Energy Fuels 20, 825 (2006).
[4] T. Yagasaki, M. Matsumoto, and H. Tanaka, J. Am. Chem. Soc. 137, 12079 (2015).
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[1] S. Ishibashi and A. Uedono; J. Phys.: Conf. Ser. 505, 012010 (2014).

[2] S. Ishibashi and A. Uedono; J. Phys.: Conf. Ser., in press.

[3] E. Boronski and R. M. Nieminen; Phys. Rev. B 34, 3820 (1986).

[4] M. J. Puska, A. P. Seitsonen, and R. M. Nieminen; Phys. Rev. B 52, 10947 (1995).
[5] S. Ishibashi; J. Phys. Soc. Jpn. 84, 083703 (2015).
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Derivation of first principles phase field crystal model

Swastibrata Bhattacharyyal, Kaoru Ohnol, Ryoji Sahara23

1Department of Physics, Yokohama National University, Yokohama, Japan
2National Institute for Materials Science (NIMS), Tsukuba, Japan

3Max-Planck-Institut fiir Eisenforschung, Diisseldorf, Germany

Microstructures, formed during various processing conditions of materials, play an important
role in determining many material properties such as strength, ductility, hardness,
wearability and temperature behavior to name a few. First principles methods such as density
functional theory (DFT)[1,2] cannot be used to study such phenomena due to the limitation of
the maximum number of atoms. Phase field models (PFM)[3] such as phase field crystal
(PFC) model[4,5] offers a powerful tool to study evolution of microstructures and phase
transformations theoretically. However, PFM is a purely empirical approach and there is no
direct connection between this model and the first principles methods. Hence PFM is not been
widely accepted in various industries. The purpose of our study is to bridge these two
different methods to derive the PFM from first principles theory. We first, modified the
Cahn-Hilliard equation in terms of the diffusion constant. The total energy was calculated
from first principles and the free energy was obtained by taking the local trace of the total
energy with respect to the atomic coordinates in a length scale less than the interatomic
distances. The complete first principles PFC model was derived by substituting the calculated
free energy into the modified Cahn-Hilliard equation. Using this equation we studied the
growth of a crystal from nuclei in a liquid. Furthermore, in this approach we have included
the effect of temperature. Although this is not a unique way to map onto the PFC model, we

present a possible approach to connect the first principles and the PFC model.
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Properties of solid-liquid interface of Al-Cu alloys by molecular dynamics
simulation
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Using an embedded atom method (EAM potential) Al-Cu alloys are simulated to obtain their
melting points, solid-liquid interfacial velocity and average kinetic coefficients.
Directional solidification technique is used in the present simulation to obtain melting
points, solid-liquid interfacial velocity, average kinetic coefficient, and interfacial
free energy of Al-Cu alloy materials. Melting point of Al-Cu alloys is determined by a
specific temperature which vanishes the solid-liquid interface velocity when the solid and
liquid region of a simulation cell is heated at a constant temperature. The slope of the
solid-liquid interface velocity is used to obtain kinetic coefficient of Al-Cu alloy
materials. Effects of sizes on the solid-liquid interfacial velocity and average kinetic
coefficient of these materials are also studied. Solidification rate of liquid A1-Cu alloys
below the melting point and liquefaction rate of the solid region of Al-Cu alloys above
the melting point are investigated to determine instantaneous kinetic coefficient of Al1-Cu
alloys with time steps during heating the whole simulation cell at a constant temperature.
Fraction of Al and Cu in the liquid and solid regions of the slabs of Al-Cu alloys are
investigated until the same simulation of Al—Cu alloys contain liquid and solid regions

Effects of crystal orientations on the solid-liquid interfacial velocity and average
kinetic coefficient of Al-Cu alloys are also investigated. Preliminary studies of the
solid-liquid interfacial free energy of Al-Cu alloys is obtained by fitting the relation
between the critical nucleus size and the reciprocal of the critical undercooling
temperature. To validate the present simulation results, the obtained melting points of

Al-Cu alloys from the present simulation are compared with those of CALPHAD database
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Rotational dynamics of a crystalline molecular gyroscope driven by an external terahertz field

Tohoku University, 2DLSU-Manila, *Tokyo Metropolitan University, “Nagoya University
Wilfredo Credo Chung,'* Tomoya Michimata,' Tomohito Kobayashi,' Kazuo Ikeda,! Anant Babu
Marahatta,! Manabu Kanno,! Wataru Setaka,® Stephan Irle,* and Hirohiko Kono!

The general concept of molecular gyroscopes, which
consist of a central rotating unit (i.e., the rotor) linked to
a shielding frame (i.e., the stator) as it is in macroscopic
gyroscopes, was proposed toward functional molecular
engineering in the last decade [1]. Thereafter a variety of
crystalline molecular gyroscopes has been synthesized.
Setaka et al. have reported the synthesis of a novel
crystalline molecular gyroscope with a 2,3-difluoro-
phenylene encased in three long disiloxane chains (Fig.
1) [2]. The large robust stator protects the rotor from the
influence of surroundings and ensures the availability of
space necessary for rotation inside the crystal. Moreover,
high-speed driving of the polar rotor is expected to be
possible by THz radiation. The induced internal rotation
can change the optical properties (e.g., birefringence) of
crystalline molecular gyroscopes, which may lead to
applications as next-generation optical materials.

To assess the feasibility of driving internal rotation
in the crystalline molecular gyroscope in Fig. 1 by THz
radiation, we performed simulations on its structure and
rotational dynamics using the density-functional-based
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Figure 1. A unit cell of a crystalline molecular
gyroscope having fluorinated phenylene rotors.
The rotor sites are encircled.

tight-binding method [3]. It is, so to speak, a semiempirical version of the density functional theory and
thus applicable even to crystals with a nanoscale unit cell. Furthermore, we define Sj(¥) is the atom-resolved
energy directly supplied to atom j at up to time # through the interaction with the applied field &(¢) as

5= f dq, ({R, (t,)(}it"g(t,))Rj «)

0

e(tdt'

and relate it to the ensuing dynamical behavior of the
atom subject to the said field. Here, g; and R; refer to the
charge and position of atom j. The sum of S;(¢) for a set
of atoms (e.g. rotor atoms, stator atoms, efc.) is also
related to the collective behavior of that set of atoms.
Figure 2 demonstrates the usefulness of the quantity S;(¢).
Here it is shown that the molecular gyroscope at 298 K
absorbed more energy from the electric field most of the
time, resulting in a faster rotational speed of the rotor (~
14 GHz) compared to that a 0 K (~ 11 GHz).

By comparing Si(r) with the change in the atom resolved
energy without the dipole interaction AE%(f) = E%(f) —
E’(0), the fate of the atom-resolved energy from the
field can be tracked (Here, E%(?) is the field-free energy
of atom j at time ). Our simulation results indicate that

Energy (eV)

Atom-Resolved Energy from the Field
120

I N
SEpXIC
4

"0K,5GV/im ——
298 K, 5 GV/im ——

60
40 |

20
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Figure 2. Sum of atom-resolved energy from
the field for all N atoms of the molecular
gyroscope at 0 K (blue) and 298 K (red).
Continuous-wave electric field strength and
frequency was set at 5 GV/m and 0.89 Thz,
respectively.

Si(#) may be transferred to other atoms or molecules both in an intramolecular and intermolecular fashion.
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