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2 BMEARABTFEMTERER G HEAFFR PN EE B AR T B ELE
[ & IF LA FE 8 1Y state specific & A H 7%, FF7E Pariser-Parr-Pople (PPP) A T DL 3 KAk
FRR AR Z K 5] 3t state specific H iz Fotk RS THBASEZHTT LR, HHEE

KA
WS E R LA
PPP A

MR AT HH

A&, state specific % 7 DUIE 7% My IR R B AR A, JF BRI L AP B0k B 7
AL B AL, AR K S E 2, state specific i 8 IRK T HRAMLES

Hy 5] L.
1 55

BKSHRTIIRERARZEOCE . IR
RO R, JEAER, AR FE BRI A 4
eI A SESURIT R T T . B
IR Eul, EIRSR EAR HE — RS
PR &5 . BT PR E E A S BN
A LT R B (static correlation), 1R 22 1% 48 i 4 X 2k
BWTHE A T B DR I A B O 3S . BOR S
ML 25 R T B I DR R 2 3810 5 0 B4k 2
{10 8 PR

i B 5 T B A R SO S B — A R 22K
& B Kk 4 A A B AE A (configuration interaction
singles, CIS)J5i%. CIS 774 LL#. Slater 17 41 =0
(Hartree-Fock FE75) N 3Eat, @ X ML B RAE
4 1) 2L 75 AF B A FH 6 B DASR AR AR R AR B AR AE S
CIS EAATHE R, (EitERE EEIR, HER
RO A FE 5 A B35 I 2 R R ORI EER,
BT RS HEBMBORS TR I E TR BRI 2 H

A 7 FE R (coupled-cluster, CC). AHEL T HAh S %
JivE, CC TPk iyt SRS FEXT T2 2% 25 1) i iUAS )
I R, BT S R R A, CC 7
AT RE A T AE R A A AT oI N B s R EOR T A
ML HAEZ A rh 2RI TR IE. H AT, #a ik
WS T RS2 Br B TR A& TR DT VA B AR s B
77 F£ #5 A 7% 77 1% (equation-of-motion coupled-cluster,
EOM-CC)P 1 5 F 14 UG it fg 7% 41 26 A1 6 1F F 5 1%
(symmetry-adapted cluster configuration interaction,
SAC-CD)'™'45. 3% 4675 5 FJ LUK i Hu Kb BR8N 14 3R
BT FE RS & R AT v 25 PR B ORI I T SRR K,
CC J7 ik Ab BR[04 2% LE A PR M.

Aib B i AS SR IBRUR A 1) 5y — % i JE I 2 A
ETZ2ZHEWIHE I, i AR
Roos 2R F2 1) 58 42 M 2% 18] H ¥ ) (complete active
space configuration self-consistent field, CASSCF), LA
M HET CASSCF U ok B R 38, 058 3G e
(8] — B i BE 18 (complete active space second order
perturbation theory, CASPT2)™% 5 ¥ 2 2 2 7 ik
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HE, CASSCF i8S H R KRB LA Slater
AT HN B B0, AT AT DUEE I Hb 3 R UK S B S
L7 ORI 1 SRR CASPT2 %5 75 Uitk — 5 i A 3y
A5 KBk (dynamic correlation), U FEARE I N A] DL ik
CASSCF/CASPT2 IS BHEM MU A, R, £
ZE A TH R G AT AT v FE A T3 R 25 1A B I B
0¥ P 2 (B A B 2 N O AR H P B B v L A 2 M Bl
LUK, KNIk ZZE i E RS2 WRE 2mH
MM TAE. 4k, CASSCF F1 CASPT2 1H5I% K1
Slater 47 51 =X 1A~ £l 22 it 36 8 P 25 0] 1 36 K 2 48 208
K, A DA K IR R TR, FARFMK
J& T 3T 32 PR i M 2% [E] (restricted active space) ] £ £
ZRTE, BFEZREESS ) 85 ) (restricted active
space self-consistent field, RASSCF)'#13 T RASSCF
5% BR9E ME 2% 18] B B 18 (restricted active space
second order perturbation theory, RASPT2)!"14% 55z
Ay MRS A 7 VA AR B, IR e Ty vk AT DLBE R A
a7 A, R e R BRI
SMEE RO TR E. AR, HEARG AR S
R T ¥ 1 2 TR ) e B, G v 2 T 1) 3k B 7 AR
Sy L2 Wi & 4.

ISk, FEF 2 V£ N (linear response) B £ (£
5 I 3 P A 1 1 7 V2 RH A P A A R O V) A
RN F R RN E. 5 ESCR R T EAE,
BT 2R Pk B 1 BE 18 T DA B SR AR IO e A AN [F) S
Z VB BRI AR B, T AN 75 2SR AR U S B R B AR
DA Hartree-Fock I BRI EUE N 2 78 765 1) e 14 B 1) o 7 35
W N E I Hartree-Fock /5 7% (time-dependent Hartree-
Fock, TDHF; 75 %% v B8 HLAH 735 AL, random phase
approximation, RPA)!"; J& %% 5 = R B 45 (1w [ P
T ZR M . 75 I %5 B2 V2 BK BRAE (linear-response  time-
dependent density functional theory, LR-TDDFT)!"?,
TDHF A1 LR-TDDFT %75 V£ W] LAAL BEAH X 450K )44
F, ORI UE SRS B — MK T R R A T R i,
TDHF i+ 5O BRI R Z 7] LLIAF) 1~2 eV, THEART
5% S T B S AS T A B W 2. LR-TDDFT ()
TH 45 B B T A2 e Rz s e B, HOH AT
KZ % LR-TDDFT 15 i ff F 158 4 O BRZ bR G
YRR A R AU Rydberg 25 LUK £ HL i
KL, REIRFREAR TN Rz R 118
Z oat, gl NG 53 7 (range-separated) 1) 44 1472
PR (1 CAM-B3LYP!', M111"914%) SR 7] LR-TDDFT

FEBR B A TN B RS T E A R E — 2
FNYEEr=

ARAE ORI 5 % R
[ 5 1F 4k #¥ (density matrix renormalization group,
DMRG). DMRG & i 54 3 27 sk A 4 9 5 R A4 22
WISk —, H5 8T 55 Ri%(Quantum Monte
Carlo, QMC). #§ & %21 (Coupled Cluster, CC)—[F] #
NN THE DB 27 b B OISR A U 3
Fig B DMRG J5 9% EARRL I T Wilson!™®
& H B9 B0UE #E IE 4L ¥ 12 (numerical renormalization
group, NRQG), {HZHE)" & 7k R Ja kg E A F AR,
White!"?V & 8L, 7F 246 55 B R F 5 R 3k AT 5 B AL
W EE T DU st T —4e R E i B A 2,
4 Hubbard #5274, Heisenberg #7445 ] PLZA H B2k
K Wl R 10 45 . 0 G WU AT Ramasesha %5 202414
DMRG #E™ B KGR, BHA T — RYILPEE
VMR BE R B SR, A6 TR e &5 i
SRR GRS BE IR T 55 0] B, X e T
TEHOA N2 & T4~ DMRG HJT .

MECEETTH PE, DMRG A& — F 7 Ay 241 e 25 1]
AR BT P U DA SR A 2R 0 ey 4%l B AR AE S 1 BB T BL
RMAVEMNBREREHT n ANPE, BIMPER
|T~L>, T>, ~L>,|Vac>4 Pl G4 07 20, AR R

) HL P A R AR R 2 () T AR 2R 47 R K A4 & oKk
Pk, FRATICIE R HE A A R A R A TR ) e B AR
HEAT 28 6] F1 6. DMRG T H 5 F2 o ANk R 5y
NEL GWAT RS, AR BBk A1 &
Gi R i R — B YRR B 1) 2 W T R A (4R UE
WA M. BN REA/RAFTHENE. AT R
il 2 BT AL B R S ), St eM” gk — i,
W = 4E 1 R G Ay SR AP e 5 ) AR T DA A 4 23 8] 22 Fol
BWAR, WA, ATFRGEMZ ETRAAG Z M fE
ML 720 DMRG FiE it T —E RGN £
T RGWE I Z TR AR, HER
Hoc 2545 3 R A BRI 1R A 2K AP ARE 2 1) W] DU A b 4 A &%
Grng A 1) — AN BN R I ARERS.

FL DMRG SO AS TF 5 Hp - i 1 75 i 2
AP (state average) H ik, HIEFXTHEA R G e 2 i
KB N AN REE AR IS 20405 BERRE, I 17 S th
VBRI S AT X Ak, FRIEAGEE . BT REGH
ZHFIRA. EAFHTTET DMRG iHH &3]
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(1) 2 HL TR AL B ] DR R e s (K1 N A
REEAMER. A, D FHEIEFEELE— R H:
(1) B FEEAR RN 2 1 B4 I A 2 S0 A
—NMFEE M REEAMES AT IRAR, X2 R
BRI 0 TR e — N REE IR e AR AS SR 1 I A —
B IR, bR e SR EAR; 2 &
PS5 U AR R AT R R A e AR AR A M DA SAU) i) R
FARR I Re B AAEAE 25 78 P9 AN B 22 M A 2 1] Bk Bk
(root flipping), 3X— [ B ST bt IF T4 P kAR
B (1) 2 -2 20 e DL RIS RG A M IR 2 5 TR A AL
5 PR A 3 ) S

H TP IEFEAR RS, T4k A2
HRJE T & PR A 200 DMRG BUK S HIE, W
faii% Davidson HiEP1 P fE Davidson &
FPE . SR TR BRSSP ERNERESITE
I, — AR BB 71 A TR E (state - specific)
5%, state specific HIEEN X E I RE B AMES AL
Z R, RS ERT DA SR AT IO R 1 B —
€ BE B ARG BV BT 18 . A TAEZET Chan
LT 9k R B K E S AN, il 7 state
specific WORABITHEERF, IHFLLFRIER SR 2k
Z NI, 3T Pariser-Parr-Pople A5 74 W 5 il & 3 1
state specific %521 HIE R MUK AS BRI
MR L5 F R B, state specific 575 AT DL IE A b PR R8¢
RO RS, FERe1S 2 AH LS P 35 v 55 50 R 7 1Y) B
BAMEE; fERBURS TR state specific 5
VAT R H IS SRR 1R B AR ZS B A L.

2 WEIB
2.1 DMRG i

— i, {8 DMRG J7i3KfiE—ANH n ANHUE
PR ) R G0 0 BE B AR AE 25 0 NS0 3% Infinite
DMRG it 51 Finite DMRG it %. Infinite DMRG it
HMNFAPIET U, BB HIEEA 0 FUERAINA
A B % i 54 Finite DMRG i 72 0| 7£
Infinite DMRG 45 5 FI %A RGN & 748 Ltk
s AT RERZ IR, FHATCUE i iE R
G AN B L R B A

Infinite DMRG id #2111 1 Frox, HEADEE:
@O BIANE. AT RS A B, ¥IIHRAT A, BHH
BE—MHIE; @ [ AB HAHIA—ANEIE, 3
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®
Subsystem A Subsystem B
7
e hE
m M
@
Subsystem A Subsystem B
M 4 4 m
e-®@

Subsystem A |o,) |o,) Subsystem B

A Y
v —> M M —> M

B 1 Infinite DMRG 1 35 1%

F—MERM ARG, WEHERGWGETERE, 6
XA R G R B B, — M Davidson
ST @ % A B T ARG RIAEE A
MRS S FSCIR B PR M, WX RS A R
A% 2 AT # . R @~@H B 3 & Fuik 2 i
HIRAT.

)5, DMRG %53 N\ Finite DMRG i 2, Z%id
FEH— RV (sweeps) M i, B — WA # 44—
SE ML U7 7] RG &N EUE, R A AT REN
Z R T4k, Wi 2 BraR. Finite DMRG )
o AR RR 4 B AL P IR B R G R B R =
AAEAE WSO L.

7t Infinite DMRG #1 Finite DMRG [#) it i & o,

Subsystem A Subsystem B
> -
Y
I 4 4 M
<—
Subsystem A Subsystem B
Y >y
M 4 4 m
B ——
"O]@ @O swwsems
Y ~
n 4 4 e M
€
swmens (@] @) @ [@
Y >y
4 4
M M

B 2 Finite DMRG i} 35 1%



hERNF: b 20154 545% 5 123

Xt T 2 G5 A SR A 5 2 18] )48 T (B 22 1E 1K) & DMRG
BRI, AR HK B RS
NATRGMIREL, KA T ARG L
545 DMRG tHH 9, A 7 R Gu i 2040 % B ed ik
RYGHIFEB W RBP4 B FRGH bR R 13 2
P =t ¥ (D)
X AL FEFERE pa IR HARAEAE 1S HEAT
T, FUOR B AR B K M AN ARAE )
pa=U0AU" )
AP AREWT S 1 M 4RI RE. o, ¥ A T
RGMNB T REANHE, RKEB T RAMLINEE
P

Py =tr, ¥ A3)
Xt pp BEAT RN T, 15
Py =V AV “)

R (D) ~@RME R U VRSB B LT
—ERMR N AT REA /RAAR R H 2 B
TR, HmEuEh e n - RIEFFHA ULV
o HEAT e 5 (R R AR ) BV R K 2 g TR T
TR RGE, e DI IE RGN Z B T2
2T PR S AR

2.2 ZEHE state specific i & ASE

R FE LT EEOR SR, )R G)R A
2T REAMBEERIKK N MNESMREZMERE
S

N
Pa= pit Y, 5)

N
Pe = Zpi tr, % (6)

b p; RFFESIIBUA, J8E FTA A MAUE & 9 H
%, %2 UN. R BTS2 597 & 2405 R 58 Rk
ITHEIEAL, Il DMRG TH5 52445 21 2 1L 41 b
AT LLRI B A B KB N A BE R ATES.

{4 state specific H LRSS, 7E Infinite
DMRG FIHJ44 K] Finite DMRG 5 F 475 4R i 25°F
Bam) 77 AR A T A e S i IS HOR &S, T —
# Finite DMRG 345 45 7 LA 5 JT 46 state specific TH5,
(D) GBI RMHE R E BRSNS 2%
FERE, RP

Pa = ¥ eastate (7

Py =t ociteastare (8)
FH Pexcited state THTRATT A B2 3R A (1) 28 WO A TRT U o)
. AE BRI, WG RS E R DL — BT
BB S R T Hak A, HAEH R ZN state
specific THHHE 4 E BRI
H T#£ Finite DMRG #1433 % m 48 W7 1 45 2 A
e Al AW AR AL, PRt H AR BUR &S B 75 AT REBE
2228, BN, 55 i P Davidson X ML )5 15 3 1 2
—WRSTES i+1 PR TR AR B B AEEL
FEORAS. B, fEH state specific FIETHRIT
RS I 5 LR R BOR S B ER BR (trace) M) &, BP7E & —
A Davidson X 144 5 5 AR 1R (1) 28 UK &
RS B IWR— AMEE. Chan S5 H T ik R 4k
I OK B R R ER R S WOR A, BB OE R AE S
—7 Davidson X b5 i+ HFR M & MRS L —0
BRI E B, IR O e E S e KR AR B |
A DMRG 57 BRIER 37 b0 B, T 58 e K R A
HEAT 204005 P55 B R A % s BT

2.3 PHEAY

A SCEE S AR RN LAk RAT T &P
Al state specific DMRG 5. FA15 1) IR 4 R
TR R (&5 =R ) IR LR, Bk
ERAFEKE N 10~50 MR T2 81— R 5
ROHE, BERKOEUEN 100 124 14, 16+ 18, 20,
24. 28. 32, 36. 40. 50 (A 3).

X IX e AR R ) R AT A T Pariser-Parr-
Pople (PPP)f5 1129301 A5 TR i s i (1 7B XA

_ t i
H =2 ng,+ ) t;(e],e,,+¢),0,,)
i

<ij>,c

+U Y nan, +> V() (n —z)(n,—z,)

i<j

€)]

el (e, )RR T R QRO FRF, S H1EH
FETESE | ML R (site) B p, BUIE 7= AR (R — N H e
NPT n N i MLS BRI TEG 6 NEE i M
U RURE (site energy); t; NHLTFEEE § ML AR j
AL R ERIE VR s 2 N | MR R B AL
R N TR PUIE SR 1; U; (Hubbard Ti) N 5 i
AL S FE AN T - TR VN
iR BT 5 AR BT KR E
CHIEAEH, #1459 Ohno-Klopman #5Y, %fF 324k
R CHUER, P IR HE s RE¥A 0, Hubbard U
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3

22
(2
20006

) S e e e V18 20 S S N
N

B3 AR S R R &

W,

—

BN 11.26 eV. ST IFRMAR R, BB
=240 eV; KT RLRIER, N T ARDE I 50U EEAS
B, R R ORI i B B B R Ak
WHUN—2.47 F1-2.33 eV.

ETHE S, RATHEE TR B e R 5 R
PP Kt Z2 G0 s AR A A 1 SR AR PR 1 TE e
SO AR - ) B e S R S O AR T . E iR
S R A A R O I R KPR e R B AT P AR
TNRFEAAR AR S PR

PY =+y (10)
2Pl P AR FHASAS 5 1 A M R 1 e S 2 R 1 43 T,
A5 5 1 AR K B e B [ R RR TS AL 6T IR SRk
R, WMRYCHHIEZ EEESNSRER S, LK
Horb o sTmR /S, T E e S R e BR8] R G RE
e FE A 25 1T AT AR A 2 B 2R 25 (MK B s ik A
So, Si, Sa...), SKOUTHFRF 28] HIIK BE g B AN E 25 ] LA
AN R =R MERE =K ION Ty, T, Ts..o).

3 AR5

31 BETIHRE RV

— i, A RFDEYE . et AT A
i EEE Re B AUR BN SN S, S, Ty, TL 55).
X125, HTHARRRERD, HE S BUR SIS
P, AT T HAE B i@ S 6 BRSO RR 25 8] 1)
I 10 MREEAED. M EIBCH 128, tHEERIE 1.

MR 1A BLE H, To AT H e R PRI 2 R
XFAEE TR, X TRERMKTE 7 MAIES, state
specific FVEERTS B 1 LA 38 5005 T 20T A% A 1Y)
ReEAEAE. X T A1 7 DN ARMESLE M B e FRYE T
) 14 453, state specific 1%k 15 2 [ B AL (E AH
AP SE A 14 0.006 eV ) Bk

XF S mET 7 BB A, state specific DMRG
THEH LT AR EE %, 77 ) A B i I e X BR 1 75 T8
AT MTHE N B e & RO IR A 2R 9 NS
THHEAER | PURMATE LR ). H, state specific
BLVRAE RIS B e SRR TS A5 8 AN R
WS B 758 6 NS, PRI E IE R RO FRF 23 [0 26 9
MRS T 7T A b EE R
AT, XHAMERFIE SR DMRG HE#E T T8
AR FE, EPFER—2F Davidson X1k )5 15 2 10 %
A i 5 1 — 20 U eR A ) B oK S UK (<09, — R
N 0.7~0.8), M5 IESEEOD I LB 3 R B KT
BE, HOP R R KNHEBEXER T EERKFEE0.9),
MAE R _E W EZILET state specific THEFTEREEIAS B4
RREIA. BATN N, XEERTTEER state specific
FERGP GRS —H, X TR RHE—

R ZEAE E e SR FRAN RO AR K 7 22 (8] R BT 10 D RER AL E (e V)

xR SXFFR
T Suae g v Stae g

specific specific
State 1 -24.0236 -24.0256 -24.0259 -21.5008 -21.5036 -21.5040
State 2 —-20.4132 -20.4203 —-20.4220 -20.2932 —-20.2957 —-20.3002
State 3 -19.5547 -19.5622 -19.5624 -20.2926 —-20.2984 —-20.2960
State 4 -19.1403 —-19.1437 -19.1450 -19.7357 -19.7411 —-19.7448
State 5 -18.6720 -18.6767 -18.6779 —-19.4296 —-19.4246 —-19.4390
State 6 -18.3327 -18.3515 -18.3626 -19.2360 -19.2512 -19.2520
State 7 -18.1914 -18.1953 -18.1966 -18.5871 -18.5929 -18.5965
State 8 -17.9915 -18.3519 -18.0179 —-18.4411 —-18.4521 —18.4546
State 9 -17.8921 -17.9074 -17.9137 -18.1250 -18.5929 -18.1316
State 10 -17.7469 -17.7524 -17.7538 -17.8767 -17.8819 -17.8826

a) Ho AR Ry M=256 [fTHHE R
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R A B T R AT AT P BRI S B
¥ . 40, 7F Davidson i A4k 13 72 vp i 2 245 DLAE
PR bR B T 2 5 AR IS DR FF IEAE, BRI, 24 3RAT
X — N B S A 2 B SR, B
WOR S W RE TG AR B A IR, AT e ok S 52 i
TH B O S IR 1

TR RV, FERIRIR R, AT BILE B e
B IR AN RN BRI S (R T R AR 4
BORAS. MAEEUN 128, iFH R ILE 2~4.

MR 2~4 HATLLE H, MEET 2K R, BEE RS
JRSFHIBE K, state specific BT E L IR, IEf
AR RS TUWSER BT R R, PR = 2
VUSRS S I T 2 MU Shom @, s8Tm, x T
L JiE 2 e %o R - 25 ) A0 S8 R - 2 1) 1) |G 7R S AR IR
2, BI Sov Siv Ty T, &, state specific HiZATAELRIE
IE#MIFE SR, S HLSPYREEERES %
HA R EANEE, PR S5 58 0.02 eV ().

0.06 eV (FPUA). 0.08 eV (FFHIK). HEEKiL, Bt
R R K, Z5°F117 DMRG v S HERf P2 T B,
H state specific 7% ok 1) ot 2 i AR 79 10 3. [,
state specific 5753 FH T A X BORAAR RIBARANES
HTHE.

32 RPHERRMIE

TAVEI T — RFKE N 10~50 MR+ 2 [\
B R OB, AR B e S PR (A o A
TEMEERMN 4 NRIES. BT ROREIHE—%
4it, DMRG THHH B FammEmERS. 4
M=128Itf, F-FIIEETH KA 10~20 MBS T 1)
R e R ERE MR, ffH state
specific H L3 2| R B XSG EE, /NT 0.001 eV.
R 5 R T KEN20~50 Mk R T 1 — R YR L HesE
SRR EZ T

M 5 oTLLEH, B T iFEEEK RN 24 NMikJE T

£ 2 IR B NE SRR AN SO IR T2 8] R T 4 AN REEAEE (V)
Pap SRR
AT State BEp T State BH{E
specific specific
State 1 ~33.8755 —33.8863 —33.8886 —32.1536 —32.1699 —32.1755
State 2 -30.6160 —30.6338 —30.6547 -30.9251 -30.9414 -30.9510
State 3 ~30.1640 -30.6339 -30.2134 —30.4392 -30.9414 —30.4916
State 4 ~29.9697 —30.1114 -30.0125 —30.2204 -30.9414 —30.2427
a) HhSEE RN M 1024 T4 R
£ 3 IFVUZRALE B e SRRk AN SO R IR -2 8] R I TT 4 AN REEAAEAE (V)
Pap SRR
AT se BH{H AT sae B
specific specific
State 1 -43.6726 —43.7167 —43.7223 —42.4197 —42.4847 —42.5009
State 2 ~40.5661 ~40.6330 —40.6829 —41.3730 —41.4247 —41.4491
State 3 —40.4240 —40.6332 ~40.5872 —40.4830 —40.5501 —40.5780
State 4 ~40.3836 —40.4962 —40.5482 —40.3936 ~40.5501 —40.5509
a) HiSH N M 1024 975545 R
R4 FEFIRLE AR LR RFN R AR A F 25 [0 R T 4 AN BEREAIEE (V)
X R SRR
HTH . setjffem BHE Y ST . :etjffw BHEE
State 1 ~53.4887 —53.5444 —53.5540 —52.5182 -52.6018 —52.6292
State 2 -50.7165 ~50.8199 -50.9501 —51.6264 -51.7058 —51.7480
State 3 ~50.4682 -50.8195 -50.6892 -50.8216 ~50.9055 -50.9475
State 4 -50.4592 -50.8177 -50.6274 -50.5212 -51.7058 -50.7435

a) Hh Sy M B 1024 [HSF T E 45 R
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R 5 AFKERR CHREELE B IS X FR T 25 18] P

4B AEE V)
F | State specific

ki EES ﬁﬁ‘;ﬂ BHA O
1 —42.2766 —-42.2772 —-42.2771

20 2 —40.3531 -40.3541 —40.3543
3 —-39.8776 -39.8785 —39.8789

4 —39.4589 -39.4600 -39.4605

1 -50.9189 -50.9199 -50.9199

4 2 -49.1291 -49.1308 —-49.1313
3 —-48.7503 —-48.7518 —48.7527

4 —48.3890 —48.7517 —-48.3920

1 -59.5611 -59.5628 -59.5628

28 2 —-57.8576 -57.8605 -57.8613
3 -57.5513 -57.5536 -57.5551

4 -57.2313 -57.2347 -57.2359

1 —68.2043 -68.2056 -68.2056

3 2 —66.5585 —-66.5615 —-66.5627
3 —-66.3076 —-66.3099 —-66.3120

4 —-66.0329 —-66.0344 -66.0381

1 —76.8465 —76.8484 —76.8484

36 2 —75.2406 —75.2442 —75.2460
3 -75.0329 -75.0357 -75.0386

4 —74.7986 —74.8007 —74.8054

1 —85.4889 —-85.4913 —-85.4913

40 2 —-83.9107 -83.9152 -83.9175
3 —83.7372 —-83.7407 —83.7443

4 —83.5356 -83.5382 —83.5440
1 —-107.0948 —-107.0984 —-107.0984

50 2 —-105.5562 -105.5626 —105.5665
3 -105.4416 —105.4466 —105.4523
4 -105.2986 -105.3028 -105.3106

a) Ko ZE il M=512 M&-TBH A H

1 5R 2% 1 58 DU /N ARTEZS B state specific 5925 H 0
TSRS, HALPT AT UL T state specific FIEH
REN TR TPHEEEZIESEENSR. ATH
M H EE ST A state specific SVERIHERTE, 1K 4
25 T P RR ARV AT B 1Y e AR A R 2 25 A 1) = B
MR CIREER IR &R,

ME 4 FTLLE H, BEEREKRE N, & BB
HIFGFE RN state specific SHZFGE# 2 T %A, H
state specific HIZ 1R 22 IR 24 W 3 /N T8I .
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Comparative study on the methodologies for calculating the excited
state in DMRG

He Ma, Jiajun Ren, Zhigang Shuai
Department of Chemistry, Tsinghua University, Beijing 100084, China
*Corresponding author (email: zgshuai @tsinghua.edu.cn)

Abstract: Electronic excited state calculation consists of an important issue in theoretical and computational
chemistry. Under the Pariser-Parr-Pople (PPP) model and taking polyacenes and polyenes as examples, we compared
the accuracy and efficiency of the state specific method and the state average method for the excited state calculation
in the density matrix renormalization group formalism. We found that the state specific method can correctly trace
the low-lying excited states and can provide more accurate eigen energies than the state average method.
Nevertheless, for higher-lying excited states, the state specific method could converge to wrong eigenstates, which
should be highly cautioned.

Keywords: density matrix renormalization group, PPP model, electronic excited state structure
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