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Abstract

This paper reports the quasiparticle band structure and the optical absorption spectrum of alka-
line-earth metal oxide Ca0, using many-body perturbation theory. The quasiparticle band struc-
ture is calculated within the GW approximation. Taking the electron-hole interaction into consid-
eration, electron-hole pair states and optical excitations are obtained by solving the Bethe-Salpeter
equation for the electron-hole two-particle Green function. The calculated band gap for CaO is 7.3
eV, which is in good agreement with the experimental results of 7.1 eV. The theoretical result of
optical absorption spectrum for CaO is also in agreement with the experimental data. In particular,
the calculated excitation energy for the lowest exciton peak in the optical absorption spectrum of
Ca0 reproduces the corresponding experimental result very well.
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ASAE A L AR B TR T iRt B ALY CaO IR T RETH S M ADGIRMGE - BAT1E FH GWIEIRTE
BEE 2 B Y R B AU BT AR BRI AL EE, FFITH LT CaOMERL T RET . X T R T-ZE R
&, RBZHLTHE R H I Bethe-Salpeter /7 F2 AT T+ AL -2 R BURSAOGRBGE . 5278 H CaO K RE
BRR7.3 eV, 5LIERT.1 VRIS BIF - CaORHTE H B 45 R 5 SR HAR h — 2. FeH R Ca0
BREREKBTER, HHEERREFMERTLRER.

XA
MR RET, FRZRER, REEEL, GWRBE, BT-ZHMHEIEM, SRy, Bethe-Salpeter iz

1. 53|

& R A AR T BB S AR . AR E R AARL, Tz N TR T . AEE
T TR . v T IR, AR E S AR TR . B RIS (DFT) ARG R I T
ALDA) [1] [2]8) LB FEITBAGGA) CEMIE I & — M EEE A R TR, It 72 R i3S
M B (EJR 2 V2 s R ™ AR, T 2 SR AL 0k 17 BR[3] [4].

ZARIE BN EE(MBPT) & — R il SOk H P25 1072 2% 7 1L [5]-[9] . R ASE VB R AN T IR 1k
FLF O, R R L ARAS PR R R IR o FRATTI8 I SR AR AR 4 PR R 32 3 75 R SR v FL TS A X
A, JERMERIARIIRE NS5 . B SR RS AR B 12 ) 7 F2E(RD Bethe-Salpeter 772, BSE)n]
THRAPRHR L7 OBUR S B2 T DFT X EEAS I H 548 L, AR KL IB0R (45 HL 7~ B0 7 OOR) AT HE Hediin
(1] GW I EA(GWA) [10] [L1]K K i id . GWA X VR 2 1 AR RN Ak ) s BRTH L 45 R 5 SRR 25 MR A
GW 773 CL N T 5 R T BE AT 1) — Fiobr il T o R SR 48 S R (1) 6380k 52 31 1= 23 7O R RN 1)
§2mi[5], Bethe-Salpeter J7 FEmli il R SR R IX PR &S o TETHEARA B -2 R B HDCRRE R PE IG5
AT 2S5 19 ORI . X AR R O T bR T E SRR R e Rk [61-[9] [13]-[22]

i, —H A EAERZIE DFT(RI SIC-DFT) /7 4% Sk S hn il LDA [WBET T &5 44, X Fh 7 ik38 4
Hufg U T LDA i BIA) R [23]-[28]0 {HAE, T LiF fl—Le H AL 544, SIC-DFT it 5 45 B0 B (%A
T H A AR S A B . PRIX SEREHT I B HOC RS TS B S5 K,y BRURT B € o) B
FEAT R AV R A B, W 3C[29], sy Alis 2T SIC-DFT RE 4514k Kfif Bethe-Salpeter /7%,
DA K Z AR BEAS (B3 T GWA BEM7 45 F9 5K SR i Bethe-Salpeter J5 F2) MR 53, Skit# LiF Al —ub
A ARMIEIRISE . 1T SIC-DFT o S ik 35 R foe s A7 s 9 PRI T H B 45 SR S /T GWA FRAH B 1 5 45
B, KH SIC-DFT HL-TFREE R s F v BSE Hi N1 15 2 1 GRS 5 S as B Al bL, WS ik e
AR MRS T MBPT J5 0 5 1 45 55 S I 2 i e W s AR A i 75 6 [28] [29]

WIC[30], TELRMEICZAIAMA R, HIERC R FHIE 26 S M(OLCAO) L LDA J7it 7t 1 it 4 8 4
RN FABAE R LR M 220t . 18 C[31], FH A3 AR LN T TH 9% GGA [ kW 7t 1 ik 148 k)
P . SRTAT, XSS S R AL R IR [30] [31] 5 B A R[B2]HFATFE (T 30). X
KW, ABATI[31] [32]%F CaO MyTHE 2 | — Lo s BN . 4 T 45 CaO JulUR ME B # it — N HERA 1)
HIRZER, AL Z AP TR T CaO MR ARG . Feal2, TATEWIT CaO HHF-
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25 M EAE R B0, T 25 B W10 bR BT I 2 R AR AL

ASCEERUTR . A R AR A B A IS 5k, A=A, BRATK LA ek 7 587 45 /) AR i
PR ESE R, ISR L. BT, RATEAHE SO AT E 4 .
2. BbHEGE
2.1, ERITFREFITE L

PA1IE FH 3 P 2 BB [ 2] AR R FE AR T AR R OSSR, b R & 3o dE R 3
AR S 1E A [33] [34]. TEMIIEIERARS, X+ O, KI 2s, 2p BERNNE; WAT Ca, K 4s HIEAN
M. A, BATH s, p, d, s*PUNEHELIE R #) E Kohn-Sham % 26 B FE 5 [35] . (EIX L i i
i, Ca B #0e 0.17, 0.7, 1.5, O xR e 0.21, 1.15, 3.1. {fE¥W &k GW HEIaH A -7
T EAE TR, AR FHME RS . AT % Kohn-Sham 72 HIGE 5 3815 7 LDA [HREH;
K, BRBRERER

DFT-LDA [ #e I IERE AN A 1E A b 38 [ 44 (1 v o006, TR, JRATT R 2 AR5 sh B SR AT 72 1
RLF AR, 4R — AN RE AR DG I AR SR RE AT 2 (r, v, B ) SRR o SR, JRATIAF 3 R ks
J7 2 [36]:

n ' ' '
{—%Vz +V, (1) +V, (r)}y/fkp (r)+[2(r.r ES Jwd (M) d*r =ESw (1) )

K, EY Rlys (r) 2 BIZoRHER TR R RIER TR 5. [ R GWA [10] [11] [37]3RiHE

=(r,r'E)= Zl—nj'e"w"Gl (rrE-o)W(r,r o)deo (2)
Hor, Gy AW 2355 A SRR R bR H5ORN B PEAG VR

[Z(E)-V,. | %" GWA Xf LDA Reir 45 HIIIEIE . fESCFR GWA THEH, HOR TR R Gy i ol
FH DFT-LDA {5k T Re AR R BORTFE . FATIZ T & B ot-1 s 8l (generalized plasmon-pole
approximation) [36] [38]k4# 1A BE i AR AE H W ORI (AR OC &5 T W B Z 40500 A JEAEAH I 1BL(RPA)
BT
2.2. FMYUEHESE

T 6B (B - 25 7 CBOR) AN e F SR FIOR SRR, 102 B T0R 1 FEL 1 A s 2 TR AR R AH B
TEH. N THRER, BATHRES 3 R Pk . FIA Tamm-Dancoff [39], HLF-Z5 /UMUK A AT R
RN

hole elec

Zs(rh're):Zk:ZZA,sck‘//:k(rh)'//c,k+Q(re) )

FAXB)H S FRE TR, r, Ml r, 4 5HFRR T SR 1A bR . Q NHTF- 2GS R B &,
M TRBOEFRIZh & . HT TR ISR g BB E RN 2, b riasha Q it Ik
PEE %, LR, HFEhE Q M MEMICE T rh R E T, ERAE)H, vy () Al o (L) 5
5l R L A S R BRI

A R AR AR R IE B T R, HLT S SORHIRIE A, SRR BiE Qg AT Bethe-Salpeter
JrFE[12] [401HR5E :
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hole elec

(ESE+Q - E\?E ) A + ;ZZ A (VCk | K |V,C,k’>p\ﬁc’k’ = QAL 4

FELE, K ONHT-2 SO EAR FIRZ[12] [40].
FEfR 58 BSE Jri» FRATH1 AR 20U 17 A R B8 B R B R TS IR -

167‘5292 hole elec s 2

& (o) = ;Zkzzzack(vkuwkk) 5(w—Qy) 5)

A e NS GIIACTT 1A, v:i[HS",r]/h RS, Ho H® BRI %WiE . W5 2%
T EAEH, B8 U &ML 25 7 iy R Ty 2 (R R ERGE,  AH NI PRI B R 04

2,2 hole elec
0(0) =2 3 3 S k|4 v]ek)f 6(o~(E.~E,) (®)

£, () W2 £2 (0) BT 1 -7 H A PR R A

3. HELAR

CaO A& — Al gAY (1) 5 b SE M e Ak, 2 IR S 36 AR AR S5 4 B0 4,811 R [41] O T 5 5230 45 AR L,
ARSCAETT L CaO HIHERLT By AR SRS I, 0K SR FH SIZ58 1 it R 25 400 5 4
3.1. REHITHE

I E ¥R A Kohn-Sham 7%, W& A I IX @ xd B s, A5 3] 7 CaO 1t LDA BEFr&htl, It
MR R 1, it GW BIE, RATHAFEQ)THE T CaO Mk T-AgH, HIScek®RoRnE 1 .
GWA s A I/ N ar ek, —17.5eV #-16.8eV Z [AlJH)JE T O ) 2s 77, —45 O If1 2p T fE-3.3eV &
0eV IR AMEET M) mIKH S 7.3eV £ 11.0 eV Z[AI(F/MEAE X /), HIEEAFET Cak 4s
BB (A TN 1) O 3s HUIE B TTER) - O 1Y 2p 7 F1 Ca ¥ 4s 7 ¥) LDA 7 %543 il 4 2.8 eV 1 3.5 eV
IR A IE , 4> WI15-3] GWA #5595 3.3 eV 1 3.7 eV. AEF 1M LDA 1) 3.7 eV 14 %] GWA ) 7.3 eV,
RERRISRIR A5 B2 7.0 eV [42], FATH GWA REFRSS 5 LU0 BRI & 13 1R 4T -

3.2. JEHRYE

R E—1 B (o EOERGE 77, BATTHE T CaO B . fETH5, RATRH T 4 %
Wrar FIERAK 8 2637, 7EAT HIKIXHL 7 500 > k £ IXFE, HT7-27UHBEAER AR R/NA 4 x 8 x 500
=16000. KAFETFE4))G, N sRE AT DL T FE(G)R 2 SRAFHIGIRISCRE FH Sk e 1< 2 e 38
SRR Kk ARG 2 SR R, RATRI BT Cs. A&, B 500 Ak A, I 4 %
Wit i 8 26 Al L S R IRBUR RE(RI/N T 12eV) ) CaO Jemi Uit o FATTER IS T+ 43 B ) 58 — IR lic g
£ 7.4eV. |4 1% GWA iH55 2B NEEA B 7.6 eV (0T T A5), XAME S —ANBUR I 1 E &k
T 02eV. FH, B2 REE—NRISIEXT RS T S B AL GEE 0.2eVe A T HER, FRATIESLIGSS SR [32]
MR 2, SeBh sl B — ANRISIELE 7.3 eV, RIS, Jemici g, it WBUR it 2 sk
FERFE ARG IAE LS BT BRI . EIRT 12 eV KRR REIX IS, BRATTTHE H A et (i IR 5 5
e AT B .

N T IR R - AR RGO 45 5, ARt Mt S aE R st R st 2 SRR 7E 1] 2
o AR, - ERT E R RN RSO S R, R AT O AR AR, A S — AR
Wk FAEZ 25 eV, HEBE/MRBZ. MHE TR PF-Z/AEH S, BEIRIRIKRE 5 St ISRE RF & FE sk
KA T o 14 2 i JRoR T8 3C[30] [31]H CaO AN i B2 7 UM BLAE I BRI TH LSS B, b AT1[30] [31]
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Figure 1. Bulk band structure of CaO, as calculated within LDA (dashed curves) and within GWA (solid curves)
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Figure 2. The calculated optical absorption spectrum of bulk CaO is compared with experimental measurements [32] (thick
black dashed curve). Thick red solid curve: optical spectrum (calculated with the electron-hole interaction included) obtained
by this work. Thick green dash-dotted curve, thin blue solid curve, and thin orange dashed curve: independent-particle spec-
trum (i.e., without electron-hole interaction) obtained by this work and those taken from Ref [30] and [31], respectively.

[ 2. CaO IR IRWEM LIS IRUHEE], B EELESKNE32], BMNHEIERAX(EEBREF-=/NEEER)
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Figure 3. Real-space distribution |)(s(rh,re)2

electron (r,) with respect to the hole (r,) for the

lowest-energy exciton of CaO (at 7.4 eV), in the (001)
plane. The hole (r,) is fixed at the central O atom
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