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By AL, BOAMESA 2, RIS

Sapporo basis set : Relativistic basis sets with core-valence
correlation effects for the 6-th period s, p, and d-block atoms

(Hokkaido Univ.!, Tomakomai Komazawa Univ.2, Muroran Institute Tech.3)
Takeshi Noro', Masahiro Sekiya?, Toshikatsu Koga®
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Ba D7ZP -0.13375  94.76
T7ZP -0.19684  98.01
QZP -0.21849 96.89

Po D7ZP -0.39310  96.99
T7ZP -0.58720 100.51
QZP -0.65739  99.20
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QZP -0.46184  99.09
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Quantum Many-Body Theories for Crystals

(University of lllinois at Urbana-Champaign) So Hirata
Three of more of the following topics will be covered in my talk:

(1) Thermodynamic limit. Why is energy extensive and is application of thermodynamics
to chemistry valid? It has taken 40 years for the finest mathematicians to complete the proof of the
extensivity of energy or, equivalently, the existence of thermodynamic (infinite-volume) limit of en-
ergy density. I will offer an alternative, more accessible explanation (if not a rigorous proof) of the
extensivity of energy for electrically neutral, metallic and nonmetallic crystals by establishing the
same for its individual energy components.

(2) Size-consistency theorems. On the basis of the findings described in (1), I will pre-
sent the design guidelines of size-consistent electronic and vibrational many-body methods. They are
as follows: The significance of the distinct use of the intermediate and standard normalization for
extensive and intensive operator amplitudes, respectively; The extensive and intensive diagram theo-
rems, which serve as the unambiguous diagrammatic-topological criteria for determining size con-
sistency; The extensive-intensive operator consistency theorem, which stipulates the balance between
the extensive and intensive operators. Charge-consistent redefinitions of integrals are also given on
this basis. (With Dr. Yu-ya Ohnishi.)

(3) Size-extensive vibrational self-consistent field method. I will introduce dia-
grammatically size-extensive vibrational self-consistent field (XVSCF) methods. XVSCF requires
only even-order force constants of certain types for anharmonic frequencies and additionally odd-
order force constants of some types when zero-point averaged geometries are desired. Its mean-field
potential felt by each mode is shown to be quadratic, rendering the effective one-mode Schrodinger
equations be solved analytically without a basis set expansion or matrix diagonalization. XVSCF is
many orders of magnitude faster than VSCF, while the latter is shown to reduce to the former in the
bulk limit. (With Dr. Murat Kegeli and Matthew Hermes.)

(4) Vibrational second-order Dyson methods. 1 will introduce diagrammatic vibra-
tional second-order perturbation methods based on XVSCF references, namely, the Maller—Plesset
partitioning of the Hamiltonian. I will show that the diagonal Dyson self-energies in the second order
perturbation theory are accurate estimates of the anharmonic vibrational corrections to XVSCF zero-
point energies and transition frequencies. The results obtained from self-consistent solutions of the
Dyson equation resist divergence in the presence of strong Fermi resonance, which is typical of state-
to-state applications of vibrational perturbation theory. A set of diagrammatic rules for the vibrational
diagrams will be proposed. (With Matthew Hermes.)

(5) Finite-temperature many-body perturbation theory. Kohn and Luttinger showed
that the conventional finite-temperature extension of many-body perturbation theory had the incorrect
zero-temperature limit in metals and, on this basis, argued that the theory was incorrect. I will show
that this inconsistency arises from the non-inclusion of temperature effects in the energies of the ze-
roth-order eigenstates of perturbation theory, which causes not only the Kohn—Luttinger conundrum
but also another inconsistency, namely, different rates of divergence of correlation energy in metals
between the zero- and nonzero-temperature formalisms. I will propose a new, renormalized many-
body perturbation theory, which is shown to have the correct zero-temperature limit and the same rate
of divergence in metals as the well-established zero-temperature counterpart and is, therefore, argued
to be the correct theory. With this theory implemented for one-dimensional crystals, I will address
Peierls’ transitions in polyyne and polyacetylene. (With Dr. Xiao He.)



(6) Predictive calculations for molecular crystals. 1 will present the applications of
embedded-fragment, linear-scaling, electron-correlation methods to the electronic and (anharmonic)
vibrational structures of solid hydrogen fluoride under pressure, solid carbon dioxide under pressure,
and proton-disordered, hexagonal phase of ice (phase Ih). I will address the crystal structures of these
crystals, their pressure dependence and solid-to-solid phase transition, the assignments of infrared and
Raman bands and their crystal-field splitting, phonon dispersion and density of states, the interpreta-
tion of inelastic neutron scattering, and the pressure dependence of Fermi doublets in carbon dioxide
as a spectroscopic geo-barometer. (With Olaseni Sode, Dr. Xiao He, and Dr. Sotiris Xantheas.)

These studies have been financially supported by the U.S. National Science Foundation, U.S.
Department of Energy, Camille & Henry Dreyfus Foundation, Inc., Research Corporation for Science
Advancement, and University of Illinois.
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Development of the full internally-contracted MRCI method: Joint approach with
DMRG algorithm
(Rikkyo Univ.!, IMS?) Masaaki Saitow!?, Yuki Kurashige? and Takeshi Yanai?

7]
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HIFRETH 5. LLADS ZOEAICE, 3I4 vy —F)ViIcBT 208 7 v v 7 OFHfiic 5 74
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{virt.} ££ 3N 2, EHEHE FOIEERMEDEIC, FIC-MRCI AR R A G & %2 %, block-
Davidson D& AT v 7ICB WL, FUTIIEIRIE, o-X27 PR b La2BEIZG L THER -
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Fig. 1: Dissociation curve for Ny molecule calculated with 6-31G* basis set.
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A multiconfigurational wavefunction theory based on density matrix
renormalization group
(Inst. Mol. Sci.) Yuki Kurashige, Takeshi Yanai
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DMRG-CASPT2 £ D F{EALIEJE~DPLHE : DMRG-CASSCF V£ THJE L - #fayEHHBIIC
Mz, EENRRREZHFDIIIRICE FHRICHRT 2BNETHEZZETOLERH D.

ZATH 4 13 MPS B 2 2 IREE & L= 22 kB #hiE (DMRG-CASPT2 i%) OF
WEEITV, BELFHAEOR O RELRMBEO—>TH D Crz OMFEEHM I Ui L BLIRE A
THROLEWVHEEORREZRGT (FFFEOZ RIS THRE). LrL, ToEtickn
TliX Fock 174D %t A, > F b EYE#IE 2 MPS lEIBH O —E L LTHWL L Z & %
AR L LTRY, Iz IiXmEbiug s Bz MPS WEIBEA~ZZ0E £ TEHT 2
T EFHDRZR Y GEMUITRRSCE ) . ZERIN IR Y 2 RO R A © R T O
DMRG #H5 2 ZhRAYIZAT 5 72 DI JREL LB D IILEAR I RKTH Y, SEFH 2 1TF = L
7 v MEBZHM L7 DMRG- CASPT2 ED AL IEEA~DILR 21T - 7.

Y. Kurashige and T. Yanai, J. Chem. Phys, 130 (2009) 234114.
Y. Kurashige and T. Yanai, J. Chem. Phys, 135 (2011) 094104.
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Tree Tensor Network States Algorithm for Quantum Chemistry:
D-dimensional Generalization of DMRG
(Princeton University) Naoki Nakatani, and Garnet K.-L. Chan
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Fig. 1 Typical open tree lattice

YL, 2D BIBI%T Tree Tensor Network States (TTNS)EMEEN AR B TH 2 HND[2].
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LTz AFNAARURIT VR~ — [ IR i = R V¥ — BB BG4 /R T 2 e DI FH RN il e L C
MRESNDEIRTZRN G 7 Ch LM T TIIEEREBO =R LF —D 55 H U GHAE T o7,

LLF O Fig. 2 IZAFILARUAIT U R~ —CyeHi D CASCl(46e, 460)DaHEAE R g, imMEZZMICITAl
BAAHOETO n#EEE DT, Fig. 2A 13FHEFEZED M I3 2I M AR L CTHY, TINS Tix MPS X
DINSNOM Z W TRIC = RV — I E A R TE QWD IEN DD, £ Fig. 2B 1TFH R A% CPU K]
IZR LTy b Lizb D THY  TINS TIEID DRI ANTHEE DO BmWEH AT 5280355035, ZhHD
i ARIT D72 EB ARG 2RO RITIE WV TL TINS BIIRART NAVA L% 52 HZ LR THDTHD, 4
H O ClIE, K0 — A7 50 T RICOVTHHEEITIZET TINS D/R374 =< AZDWNTELEETTH

FIETHS,

1.0E-02 (A) 1.0E-02 (B)
: MPS ;
3 1.0E-03 + 3 1.0E-03 | MPS
w W
u 1.0E-04 1 T3 w 1.0E-04 |

. : TTNS

1.0E-05 ; ; — ; 1.0E-05 ; ; ;

0 100 200 300 400 500 0.0E+00 2.0E+03 4.0E+03 6.0E+03 8.0E+03
M Cpu time / Sweep sec.

Fig. 2 Energy convergences toward M (A) and computational cost (B) in comparison between MPS

and TTNS on the stilbenoid dendrimer (CsH36)

[1] Chan, G. K.-L.; Head-Gordon, M. J. Chem. Phys. 2002, 116, 4462-4476.

[2] Murg, V.; Verstraete, F.; Legeza, O.; Noack, M. Phys. Rev. B 2010, §2, 205105
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HiE A i1l Elongation ¥£0D BA¥E & Jr) AT AR Eh A AT

(JUKPBE-#PET!, SCNU?, JST-CREST®)
OFEABEEF", Liu Kai', Yan Yun—an', JTA #—', Feng Long Gu*®
Development of elongation optimization method and local vibrational analysis
(Kyushu Univ.l, SCNU?, JST-CREST®)  Yuriko Aoki*®, Liu Kai', Yan Yun-an, Yuuichi Orimoto®, Feng Long Gu*®

[F] BEHEFHRIITRERICRREZ R 00, RIZAKS S FPEEA & OB KRR
L COENEEN OB FIXKARE LTHR#ECTH S, BEE TICTkA X, BELEMRAEERZ&
VIRLZRN D@ T OEACEFERK ECERTLZ LR, 2EMICEFIREBE AT D
7O OFR 72 FIEERE L CE -, ITFE, —RICREIE L7z Z DElongation (ELG) %, ks
FETRIT « ZRTCRICHETREL 72D K O ICHESE, @l ORI V7 ROEIREE
HER T % 3D-Elongation (3D-ELG) {EIZERH L7z, KBUERICET DALZIGE L O Bz, i
AL ROSTALA BTG Th > Th ., HERIEIC X D & 2R OIS i L-CHRBYAFAT 23 22T
B, RORE &L HITHOBRHE L 705 TL b, £ 2 THREL KFIEICDRE RIS b
1% (ELG-OPTIE) Z #HAA AU TERE . W (LS N @ CRIRBIC 2 o 7o 7210 Te < | fERIE T
B LG22 WL EMIEICRETE D AMREMENRIR S, X DICRFTIREMENTE (ELG-VIBIE) %4
FRIATe Z LT K0 BRI 72 SOSTRAL O IRBIEAT 3 FIRE & 72 o 7o, B 2 IXFIERI eI 2
HI2IE, BV X—OBEILICHT @R DN HLEIZ/20 . Bz 10° a. u FREO/N S IRFEAET
B Ry BT 10~20% DFRZEE e, FIRZRRIAY, BT R LX — DRI 5
WOy % BT HIREMITIC DY I E Y, EN R XX - LIRS~ DR ERFRE~L O
RND, Ko THHOERBRIRIBIER Z AT eR - 7- & & L[ URE TFITT 51213,
BROMEEZ I AT ETORIGERS O EMER R E 2 2 oo RngE L e D, K
MR Tl @ FROIGICEIT 2 TS OMITICH WS Z L # H¥E L. £ 7 Elongationi&IZ X5
ST A LA DDA Z AT 72, S OIZRFTIREENT S rTRE L 72D KO ICHE S L & L bIT,
MR RPTER IR R IR T A Z L 2 B E T 5,

(k] RFETIE, ROMEORET, KIGAR Y MIBWTEHES M) & OMEALER D2
B FEIk 2 ActivefElk & L, THF ZIZRFEL L TRW - Mg R EL#E (RLMO) D Zx 23 & FH A.AE
AL, TRLSOEE & Frozenfilifk & LT, % ZICRFE(L LT 5 sk F7EL#liE (Frozen
RLMO) ZR1FL TV, EHIT, Active RIMOZEE DFockf THNZ 8 A KT S 72\ AOKEEFock T 4]
IZOWT, HELBRWZ LRG0 o TWD ZEFESOFREZ RN OIEREL . UGS DR EE
ZAFRUMEE R T A=A EEETDHZ LIk > TAROHEEm#EL L7 (Cutof f-ELG-OPTI) ,
Z I T, BREREICBIT 5 = XX AR OB T, BEEEIFELGE TR LT b DI
KELRIUTHLOTEDOEEFMATE 223, Hig D IS OABRLOREIZELN D HlE = R F —
DOIUL, ELGIETIXIESAITIIE 70D Z EBPERDO RNV FX—Hfl L DRI 2 HTh 5,

—J7 . BERERERIMEFRISRITICB W TEETH L3, KEBROSGAITERIKT 51
BARAT I XL TILAR VN Ly LU 3 D D F) D EH (Hessian) {THI DN IEMEIZ 53 DA UX OGRS
B 2 EBIRIEIRR T ATRE T H D, 7272 LIS L D) Hessian N TEBREZRE LD T



X, ZZRETLSVHEWTHEAE L FAX —#HE LF L TH D, ELG ETIE, IGIZEE L2aWn
#8430 Hessian Z5HRT 25 2 L7, 2O DOEELE /AL TVND Active FElk B+M) (2345
Hessian ZEHE 45728, Frozen & Active OBERFEL D Hessian HIE LS HT LN TX 3

(ELG-VIB %), AFGIETIE, REEROEFHETIIZ, Active HHIK & Frozen Sl B DFHIC
DHETEZHD T, Active FEIKD D AS) Hami 1 tonian 7> 5 ER4Y Hessian T8I H LD D, T D
B, Active HEIE & Frozen SR OM AAMEMIIZ EMERIC L > TRES 2,

~ 1

(eff) — (nuc) (BM) 3 (BM) (BM) ~ (BM) (nuc) (e-nuc)

E = Vaw BM +z Dyv Hﬂv +E Z Dyv Dpo’ (ﬂV”pO‘) +VA,BM +VA,BM
uv HVpo

AL = 3208 (wv]low) +H2
po

TR LD BUSZES L7225y @ Hessian Z5tH 35 Z L7, T OB T CRILERD D
Hessian #1E L FHE L. /IMTAIOXHAL 2 TR I RFHE#T— 2552 N TE 5,

[#5 2] Elongation—##i& ik (ELG-OPT) VEZ M L7z & 2 A, 1ZITIEFEICIER OIS (b
(CONV-OPD) ¥EZ FELT 270, HDHWIX LV ZEREEL LT r—2ARnH 5 Z B nhroT,
ELG-OPT |2 X - THE b= & 25 CONV-0PTYE IC K B B & — BT A 1L, 2T R/ ¥—
FRZEII~107%. u. /atomZ K L TV DA, X 1 ODNADHE|D X 512, ELG-OPTIAIZ K- THIE L5
T B D SN R IE IR AN D (~—8X 107 a. u. /atomZJE) . Sy
ZOREETOCONVEE (K 1 £ TCONV single_point)) & Id5e4ic
—FH L TWABH=H (~10%. u. /atom) . ~A T ADZEITELGIED HIR
ELT O TR, RERENEL EME TR A I L2 SHPTIR r
ML B, i, [ CRIREE D S BOEIb 21T o 7284 IC, i Red:CONV:Ble:ELG  RMSD:025

Total energy by

SEIEIZ IR TELG-OPTIE T LV 7 a — S\ )L 7 R ERE SRR DN A HE ELG-OPT (a.) | Diff-(a-u/atom)
ThdILaRBLTHY, (OROBERELTIIIEE ARV | sssenn| SIORE
EfEE AT r—Ax B2 oS, OB E LTI, £2%%F CONVsingle_point
LI HO# AT B AR TR IS IS8R < fRAF L, — Hlocal |Z/ZEEMM0] 38508
minimum (2% HIALFERD H WO IZX L T,
BLG-OPTIE TlE, F#m M CRIRGEEIEZ LA D Itk
H,0...H,0...H,0...H,0...H,0...H,0...H,0...H,0...H,0...H,0...H,0...H,&— H,0...H,0
BRI 2T O 720, 2RO EE[IEDPES I
D ENBEZBND, CONV (cm?) | 4387.10 | 4387.33 | 4390.31 | 4391.18 | 4398.05
WIZ, ELG-VIBIEIZ L » TR O ZIREIE— R
%A 3 2ORICx LT 212/, FFTHessian
ﬁgﬁ‘u:g—g—é {ﬁ%ﬁ#ﬁaﬁ u:ﬁé;'%yig:tt/\*(j:g % %@ ELG (cm-t) 4054.98 | 4055.27 | 4055.62 | 4056.32 | 4057.51
- CONV (cm?) | 4058.98 | 4060.24 | 4058.21 | 4058.85 | 4060.86
{EENTWD Z EITMEREATH D, WTILH X
IR UEIZER L2 — R TH DM, Ko F#HT
1X10em™, ALFREES R Tl en  INT—3% L T
5o LML, TS I3 Co g T, [ ELG(mY) | 424426 | 423876 | 421143 | 411547 | 4096.07 |
L?ﬂ%)ﬁﬂj{f &;’ﬁﬂﬁé\bﬂ—é Zlizdn, T3 CONV (cm?) | 424353 | 4237.18 | 4210.36 | 4114.40 | 4094.73

(B CORBE — FIRH 2175 TR Th 5, 2 KHTH AV IY Sy KT T =0
ELG-VIB{£IZ X 24RE)E — F Lk

1 DNA ® ELG-OPT k& LTt
CONV-OPT |Z & % fit i iiéi{ b

ELG (cm') 4375.06 | 4377.99 | 4380.31 4385.82 | 4388.42
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Orbital-free %Eiﬂfﬁiifﬁé 3 Té@@}i*ﬂ/ﬁ? PLESERIZ B9~ 2 0F5E(2):
%zé BT 2 BAEHRRE
(RS HER Tt FRH A JST-CREST®) A kF R, g p:pt?s

Kinetic energy functional in orbital-free density functional theory (2):
Assessment on molecular systems
(Waseda Univ.}, Waseda Univ. RISE?, JST-CREST ?)
Yutaka Imamura® and Hiromi Nakai'?*

(5]

Hohenberg & Kohn & 12 X U 2" S 728 FEE LB (DFT)[A)IX, =X VX —NE 1 HEED
HTCRBTEDZLEMRIEL TWD, UL, BfER S HW 5415 Kohn-Sham (KS) DFT [2]

TIZFHAEAEH Lfﬁb‘aﬁhﬁ%ﬂﬂb\féiﬁi%/w? DRI SN TEY, FEMIC Hartree-Fock

HRIEERIFEDFE 2 A N Elpo TS, LA 1Z, DFT OEAMERICIHERY | E1%
JE D% 5 Orbital-free DFT (OFDFT) LT, JRFDOGA OEMGE - BRERAIE 2417
S72[3]e ABFZETIX, BT/ FRICEIT D OFDFT (281 2 El)— 3 /L ¥ —(KE)ILBE K DR
DENTE L CTHUERGEZTT 5,

[OFDFT G:isw‘éiiﬁ—%bi/?\/le?~]
DFT DT RN F—FRAD X H ITEIND,

Elp]=TIpl+ EcL[p]+ Exclp]l+ jp(r)v(r) dr @)

7 —n CHAAEH B [p] RN T 22 ¥ bv(r) O AAEANCE U TIdEEs e = 1L F—3
BBFHILTND DN, Tp] B L Eyclp] DEEE 2TEITIN S 70T 20N, Kohn & Sham (28 Y
BASNIMHAEHLRWEE S WD & EE= XL F— I D L S IZRBLSh D,

Tlpl=Y, [# ()(1/2)V (r)dr 2

OFDFT {2 W T, #HAMEM LARWKE 2B FRBEOHLTERIT L, LIFITRENZR3HD
KE %71~
*4‘3‘% 5 - H A DA L 725 Thomas-Fermi JES) = % /L X —(TFKE)[4]iX. AFD L D
Eirnb,

Trelp] = Cre [ p(r)*'*dr Cre =3/10(37%)°"° )

ZIZT, pld. BTEETHD, TFKE IZxT DHMIE S L TIRE S 72 von Weizdcker (VW)
KE[S]I%, ETEEOARZEATEY, LTOLIIZRKBIND,

Vpo(r)-Vo(r
Ta(p) == j%d @
VWKE (%, 1 20#uENED 5% LOE FHEELSMROMIR CRE L 78 b, S I
TFKE & VWKE ZflAE8 b7 T KE b Tnd
Treaw (9) = Tre(p) + ATy (p) ()
REM7RAE LT, 19,151 055, IHIT, VW HDOF LA ETeLL T @ DePristo-Kress (DK)
KE[6] HIER ST 5D,



Tol] = [tre (1) Fox (S()dr s(r) = 20|
p ()
4 3 2 1 2
Fo[s(r)] = 9b,x +3a3x +2a2x +1 ax +1 e (s(r)) ©)
DX + b, X" + by x" +1 72C+¢
DKKE X, ()ETFEHEABLOKE 2MIRICBW T vW LB 2 HE,  ()EFBEAR O/ S 72
WRIZEBWTEFEEARN=19)ZHFE. &) 2 DOWEEH 27,
[OFDFT O#EE : /KE45r 1]

KE DIRZ 2 L LS BfiEd 572, TFKE, TF+AWWKE (A=1/9, 1/5, 1). DKKE % k3%
DT ORI TR~ T, FEBEE LT AL —& —Bi%k % Hv 7=, Exponent & LT,
20 KFBFRFOLAEE) BIO 1.4 2HW, BE-FBFHE - BFREIETRLT =1L,
FENTAE 23 A TV TRt L. 3B >k )L 2F — - Dirac-Slater AZHALBEIE X, BB D 21772 > 72,
B DR GIEAEIFRE L T\, B EEOREIL. Mathematica % v 7z, K&
FOFEABEL, 14au.L Lz,

# 112 TFKE, TF+AWWWKE (A=1/9, 1/5, 1), DKKE THE LR A /R LTz, HlD7=® HF
LD FEEBIEL cc-pVOZ THF B ALT-RE R (= HF MRFRME) & 78 L7z, FEIMPIE, HF FRBRAE > 5 D3
hWefRT, BoRLX—%2 /5L, TFKER S - &b HF BIREICITVMEEZ 525 2 & 3bh
5, WIHORHLEZEZEETDH L, BT FAX—=RNKRE LR HF BRED 59T < fH]f)
#1779, DKKE %, i KE [FfRICET R L F—2 i\ KEHE L=, RIZ, fie=xLr¥—%
RFES o7, TXTO KE 23, /Mgl §- D17 2 7= L7z, TFKE, DKKE T, Z#E 41 33.28,
43.63 kcal/mol |F E&/ N9 5 Z L 3D, TFHAWWKE OHCld, TR+(U5)VWKE 23, b
S b DIRVREL 52D, BIRIC, BFEEOSMERGT 2, R1LICEFHBED(—DOD)
KBS O RBIRE A # 7=, TRHVWKE % R & 3~ TOH4 . 2.0 D Exponent D JEBHERENS
1 &lpotz, T, KEGFIZHEPPDOLT, KBRFOETEELFRLCTHDL Z & ER
L. fLFREE DOAERKIZ K 2HIEDILN Y RERBLTE W B3 bnd, ZRETHIEH I
TV 72, OFDFT @ KE (3L G 2 FARMIZ TR A H 2 & W il & 7 JE L7en, — 7,
TF+VWKE D545 1%, 2.0 @ Exponent 7230 & 720 | 1.4 @ Exponent D JRBIFREN 1 L 72 o7,
VW DO T 51X, EFBELZIFRENSE LR H L LoD, 2 L¥— fHH=T
INF—OIRDIE\NEZ GO T, WEICZ Y 0t %2 525 Z LTS LTy, ¥ HO
HETIE. L EOBIERIEA S E 2 728 LVEEI = R L X —OBEONRE LSO CERm L
A%

Tablel Total and bonding energies and coefficients of electron density

KE Total Energy Bonding Energy ~ Coefficient of ¢ for H
(au) (kcal/mol) 2.0 1.4
TF -1.090 (0.043) 50.58 (-33.28) 1.00 0.00

TF+@OWW  -0.994 (0.139)  69.70 (-14.15)  1.00 0.00
TF+(1/5WV  -0.918 (0.216)  78.10  (-5.75)  1.00 0.00

TF+W -0423 (0.710) 1615 (-67.70)  0.00 1.00
DK -0.993 (0.140) 40.22 (-43.63) 1.00 0.00
HF limit -1.134 83.85

[Reference]

[1] P. Hohenberg, W. Kohn, Phys. Rev. 136 (1964) B864.

[2] W. Kohn, L.J. Sham, Phys. Rev. 140 (1965) A1133.

[3] 4 R, HIEL, 45 15 [MER{L AR (Il E), 1E05 (2012).

[4] L.H. Thomas, Proc. Cambridge, Phil. Soc. 23 (1927) 542; E. Fermi, Rend. Accad. Lincei 6 (1927)
602; E. Fermi, Z. Phys. 48 (1928) 73.

[5] C.F. von Weizacker, Z. Phys. 96 (1935) 431.

[6] A.E. Depristo, J.D. Kress, Phys. Rev. A 35 (1987) 438.
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Development of divide-and-conquer based linear-scaling method
for non-local excited states

(Advanced Science and Engineering, Waseda Univ.}, RISE, Waseda Univ.?, CREST, JST Agency®)

Hiromi Nakai'??, Takeshi Yoshikawa!, Yutaro Nonaka®

[#E]

WEOBRTALFHEIL, RARESLARDHITLEDN - TEHE = 2 FSRIBAICHI R L, FHERRE
Ll n, ZOMEEWIRT 57201, 2EHIH(DC)E9L 4, Yang), =1 7 —3 3 (ELG)
B9 A, AFF, HA). O TEL(MT)4(1994 45, Gadre), 7 7 7 A > b4y 1 #1iE (FMO)£(1999
B AL 722 EON IR RBEGGAHBE SN TE L, HZx DI A—TTH, DC L R F—1K
FEREAT(EDA) Z#LA-EH D Z L 12 L W  MP2,CCSD,CCSD(T) 7 & DEFARBIFHE ORI A r—1) o
ThRERLTE T, —JF, EREHEICHT 2R —Y U 7T REE ETH Y HEIE
FHR B RR OILEAME SN TNWD 3, (A)E RO FETHNE LY & 2 720, (B)FEG DUl
(ZPE D FEHR 2 hERRE NN D 72 EO RSN S D, = 2 TARIFIETIX, FERPTEIE 2 B0 %
IO DA r— 1) v TIEORREEBRHT 5,

(s
[1] DC-TDHF

Z 2 TR, A bR R ERRERH R T H R N— R U — « 7 % v 7 (TDHR)IZ DWW TORT
D3, WERMRAT 5 FE LB FRER (TDDFT) ~ D JLIRIZ A S CTh 5, TDHF FHEIL. BIBIRE L 0 &Eh
NBEAEMEEZ R SGER KN TH D, DCIETIE, #mFRs T LIk a2 <,

As BS XS S 1 O XS
- =0 1)
o wlv el S

[2] DC-TDCPHF

JERBURAF iR E, SNBIRENG IR T 208 Th U | ROKEGEBN(CP) F#E., TDCPHF %
H OS5 (SCRMICHES Z 2k vk b b, £ LT, bkl =L — 3B iR 35
BT oMe LTROBND, DCELXEMNT S &, kD DC-TDCPHF TREANMGH LD,

FOscOs L pO@seils 4 pesc)s = gse@s s | gse©)s ple)s )

ZZT, F,C,S,ElZ=nTi7 4 v 7474, MOREATH], ER VT, #lE=R/LF—Th
0. WAFO)@IEENTIEHEES L0 L kBB A £, 2EBEETH P 3, HoRo%
FEATHNC Ay ENTH p° 2EH S ETRD D,

P = Zps[c(i),sTnsC(O),s 4 CO,sTnsC(i),s] @)

R EAEAF MR IT, MO HRDOEBEE NG FT— A2 F DEHANTRANLLRD BN D
a(w)= Tr[P(i)D] (4)



[3] DC-RPA

TDCPHF HHE & S fliZe i i x5 2 5L LT, ELZ&E&*Q‘Eu(RPA)ﬁ”@i%ﬁzﬂ%u BTV A,
Thic DC ffa@ﬁwéa BAFICHT HRHEATHUD (2L, P =cDuts
UWs + U = 0) o4 5 1 kR L 2 5.

[a)zls —(4° - B a2+ B°)| U = 2(4° - B*)D? (5)
22T, DPIEERSY RO MO R WIEER N TE— A N THY, A%, B IEQ)RNEE LW,
[4] DC-GF
SRS = & 12 RPA HEESEME< fAbVic, 7 ) — BIsE RO CEEHI bAD, 7Y —
> B i?i‘ﬁ%%b#k ((1)J€<‘: FAm)OEAE - BMAERZ bAEANWTERT Z LR TE S, DC kA
T 5 &2V = BIBGY® B L ORATTFI U kAo k5 Icat s n s,
=|or - (4 - B ) + B°)| = 0’r - 2| (6)
U(+),s _ 2G(+)5(As _B )Ds (7)
o 2 L4 - B4+ B 0BT - BN M TH S,
[fR & £22]

Table 1. Excitation energies (eV) of (H,N)CyH4(COOH) calculated by

Ny %
R LA, ERARY =T TDHF, DC-TDHF, TDCPHF, and DC-TDCPHF methods.

> (H2N)C2oH40(COOH)(1X] 1)

L State  Main Configuration TDHF DC-TDHF TDCPHF DC-TDCPHF
(ZXFL°C, TDHF, DC_T?':!':’ 1!a"  n(0)-7*(C=0) 634 (0001) 631 (0004) 635 6.35
TDCPHF, DC-TDCPHF i 5 oAt n(N)—o*(N-H) 893 (0.009) 9.09 (0009) 884 8.84
CXORDEEFE TRV A 2(C=0)-7*(C=0) 928 (0209) 911 ( 129 )  9.25 9.25

¥—% R LTW5S, DC # 2'A" o(C=0)- ##(C=0) 10.04 (0.005) 10.05 ( 0.074) 10.02 10.02

X1 DKL DIz AfEDE Fragmentl  Fragment2 Fragment3  Fragment4

RIZHEIL, Ny 7 raEk e LT 1 . ' i i
2=v MEEE L, KKK
6-31G*ThH D, WTNDHIETH,
TDHF RO R A R < BBl L LA A AT AND

TW5, L2 L. DC-TDHF 38 Tik HOMO-3n(©) LUMO 7+(C=0)
AR BE DIRE) TR EE A 7 0 ﬁj( = Figure 1. Fragments of (H,N)CyH4(COOH) and MOs related
LT 5. 30 B 70 1 fE with the first excited state.

DC-TDHF %Jrij%if*zi%i&ﬁﬂf:bi\ DC-TDCPHF G5 sooo I
LA o - —o—TDHF
4000 [ | === DC-TDHF

WIS, T oALKFET T A F —(HF), 123 5485 FkE

== TDCPHF
DRFEREI AR 2 [2R T, DC kit HF £/ v —%# 3 %0 | | —eocmo
—¥=GF

SHREL ANy 7 FHEEE L THEL 2=y FE2EE
L7-, EERIIL 6-31G Th 5, HEkEB L ODC i
\ZXf4" % TDCPHF, GF 515 Tld, #REhE S5 50 1812 %f 1000y

2000 |

=@-DC-GF

CPU time [sec]

TOHEARHTH D, WTNOHEBUEREIZHA .

DC{EIC LV BHARRFINEL S 72> TV 5, K712 DC-GF 0 10 oL ©
EITIEERRRE 7 & I & R S 4, RIRFIZ 232 Figure 2. CPU times of TDHF,
DOEFALLER I N TWB I N5, DC-TDHF, TDCPHF, DC-TDCPHF, GF

and DC-GF of (HF), clusters.
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EFILEXIT —F N—X QOEAiTa0 T
UK« o & = B - BEATISCIR 2, KBRTTA - B8RS, SR -
S VAT RS, ATEREK - B S, EEAR  BEE T, FRETA - T,
WG EK - MR S, BRIRTTA - BRERE O, AHELLEBEEUE 0, KBOA - BRARE T )
WDB{E— !, MRRIAR 2 B A, RUBEIES, FEEFE 12 Ui s, R o,

FEHHT, AR S, Ffc B s, SO, J)IRE ", EEER ", R’

Academic Evaluation of Quantum Chemistry Literature Data Base

(‘Kyoto Univ., *Ochanomizu Univ., *Osaka City Univ., *AIST, °Nagoya Univ., “Tokyo Metropolitan
Univ., "Chiba Institute of Technology, *Gifu Univ., °Yokohama City Univ., '"FOCUS, '"Osaka Univ.)
'S. Yamabe, *H. Hosoya, *T. Matsushita, “U. Nagashima, °K. Takano, °N. Koga, M. Hada, "H.
Matsuzawa, °K. Hashimoto, *H. Wasada, °M. Tachikawa, '°T. Nishikawa, ''Y. Shigeta, *H. Mori

§1. (FL®IC

BERH DT — ¥ ~_X— A, quantum chemistry literature data base % L C QCLDB &
PRSIV TRTZ, ZHUF 1975 F D ALHEE RFED REF RN B ZAR DOIFOMNT R L 720 |
BEE CENOEALFEMIES D A /3= 5 - T8 2 fkp: L Ck7-, QCLDB @
VAT DO, T A WNEE - EBEFIEICOWTE, BEICE, o EREET
MR TCHRRK L, ZORHLIE, & bnicid, Bhmy - dtElrE s LT SEL
WRRERD D o T, [FARFIZA 2 —y MR E 22 0 F S OB L R ORI T —
ERX—=ZDERRHY | THFRRRIIIAIBHOMENRENEB LT EE 25D, ZOR
B FT, o T QCLDB D7z & o TE i & Efaifi L, To&E - EREWS
e - HOERMIE L, WS A~OMEK - BREZHL7Z0,

§2. QCLDB Mi#Ff& QCLDBII M2
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