wa B 2 W OB % W vol. 37, No. 2

1988 &£ 2 A coh P ACTA PHYSICA SINICA Feb., 1988

e

NRAL &% BPEE
(B TEBEVAPER)
1987 if.3)321 BiE

FEM AL, JUFFERET BT RAN SR EHRELL Harree-Fock (HF) BT ATE
REAL. AR T B B IR Hartree-Fock-Slater(HFS) R gty ,7EBUM & C BiHOVE LT >34
Be BT HAA M- AT T S008I L B8 T SR B AR AR ELL UE R AR IR
PR 2 R T IUR A0 5. THAEIT,DL HES SRV BIURML NIARRIETSET
AR M AT £ A ' ' '

—F

)E%ﬁir‘%H‘Jfﬁé?Egﬁ”mﬁs&fﬁﬁjmaﬁﬂ{u?m%ﬁéﬁ?ETEfJ, :X_@t%?kiﬁt}ﬂ B
SERFEAL, ?EJ?\%F'CP%%B’Jmﬁl?ﬁiﬁu/\gﬁiﬁ}%ﬁx:&ﬁﬁwﬁhﬁ

FITRE SR FREEARTFERRN—BRSAERAUBTAML S0 FRY, HE
B, EERYESSMEEATRARRI., 1963 4, Kelly® HE¥EABETFST
YrEgug, bz, SRERERTINCARNEFO 7R LIRS, F1Hh
HOFE 5 38 R R 24 BRSSO IR B 2 —.

FEHFOGIE, LA X T E FASOS AR 8D HF SRHFHEW. B
RHB TR EBOY B A, i LAESE— 5 24k S, BExt HF B d HILAYAR SR s e
BPITRFALTE, AL HF ﬁirﬁl 1@%3’3 HFS @AELBHEM, MAKTS
ﬁiﬂmﬂj‘%ﬁ?%éﬁiiﬁ% TR REREfT T, .

E%%ﬁ:ﬂéi’éﬂ@%ﬁi%éﬁ&%ﬂﬁ?ﬁ,Eﬁfﬁziﬁﬁéh‘jT#E\'B@i@ﬁm, KBRS
e |
R RIS R BT B T ORI e M e R T
I-‘1=—iZ‘v' SZexh, W

n=1%n n<m ¥ opm

RN EFHE T, Z R TR, 8 H TR



2 NELS: SRTESRR-RABNS KER IR A 255

L:0 ‘ . :
B [—-%Vi——?-l—u(rn)] Z} ho(n), (3)
iy |
SRR 2 w(rs), (4)
B r—}o A RE RN TR, b TR | |
éﬂq’t €;Q: (5)
G TR AR TR, ERIVEEAHS, b By HES LR
u= g (r)_ g 4 Vs, (6)
lr—r I . | Ny
Ve =3 [é— P(f) ]"” | (7)

Ao Bl FHE, WHHAEREET, » HIREFRE, BB S RS FR L.
HY JE FROBR L FHUE SR @ VAT LS By R SRR ARAE 25 &5

Hops = Esds, ' (8)
bs B B ROATE(E Y 5 %%E%Eﬂiﬁﬂ@%fﬁ%ﬁiﬁ{EZﬁ
=2 s (@€ef). )

R Ao IOAME AR I HOIZ RZS R RISY B ER4Y , B A" AVE RIE R A2
. RFRNEBNROASZRRFOESTE, THRMAEENE A H— M EER,
IRIBH do, W A BER do TUIS B

do = Qen, (1o)
O WABERS, FLIE, BB/ O R TR Bloch JHEb,
[0, )P =DV0P — OLDOP, (11)
55 ¢ FERS B HOBE B HE T A4
E = E,+ {(¢o] BV L P| ). (12)

FELRR, P 4 r A2 AR R LR, S RITARIE P = | do)(l.
% TEMBE B Goldstone BRI, MG HBHT - RBTH. MIEEHEFE
BEO, EEESY A, BRAERNT &Eﬂk%ﬁl&ﬁil}iﬁﬂﬂ%%ﬁ 5t v A

0 =V+V, +V,, (13)
Vo =<0 V) = Z‘ {a| —ula)
+..Z [{ab|rit| ab) — {ba|rga'|abd)], (14)

o= el el i, (15>



256 : B 2] = i 3T &

v, = % > 8187 8020 ¥Ciil 7t mn), (16)
e
Gloliy = Gl —ul iy + D5 [CGal ridt) 1a) — ail 73t jad ], (17)
SR E M TS S RO RAL SEER R, 6 B A R B T
Q=1+QI+Q;+"'+Qk+"°’ (18)
Oy F 5 kAR FEREIRAENTR., BLASREAFER
O =1+ 37 {arap}xi + 35{0707 00dn}Xihs + -+, (19)

N Goldstone BFERKHG

VAV av

WL, EiERARA Bloch J7RE(11), ZERBA
Q=1+ 0, 2y

TR Wick EE®, AEHRTREMFORAESTER Goldstone EFRIR, LA 1,

(@) (c)

@ (€ ®

B 1 HARFEKIEN Goldstone &
sz
Xio = X0 (22)
RER, RERME P RERAR RN RE, MENEEMNNEEE, &
Goldstone LN, \J 15 HAEBY Hithk 5 2
(e: + &, — & — e)Xii = (rs| r3'| ab) + (r]v| .t>X§i + (s o] e)x%
(@) (8) )



2 XL %: SRTESZR-ERENSKERITE 257

—clolayXy — {c) o] &)X2

(¢) (<)

+ (re|ratled)Xit + (es|ratfar) X
(4) (d)

+ (selrt| o)Xt + (reclrt) asdXh
©) )

— (re|rat|ta)xt — {es|rit Be)XE:
(&) )

— eslritlb)Xe; — (rel ridt] ary X
(») (#")

o+ (sl Xig + Ledl i3t ab) X,

( () (23)

HE)ESHIBAMKETIE —PRTETIRORR. o, 6(r, s, 1, DRE LB
(B2 EE.

ARET B1(5)NHHE BB LT AAE(E 1 AR B YA R F , MRER | PRI VT SRR 5
F2(23), (B, RFR FRRN FAESRIRE 8, K (23) R RROTTRIOEEZ
TEFRAY, BREAT LRI, RERERA ROBR &, HFRpBN FARESRKDBRAK
EE,XENRERTEATE, MNHBRREEERERREL—%, FROMNEXLER
FHEL.,

ST R TR R, OB 08 2000 B w0 20000 BR AR, B A s BB IR, IR D5 72
BTy Goldstone B4y B4R M AHE I~ AR5 (B IE- ARSIl 5% Goldstone [
HIMERARRENANRERR), #M¥REATBNERE-AREBrAHE, XHER
(23)RA WL B EERBINAHE. B—FEeR, ROERERFIRE Xt (LFk
HRESHBM Goldstone E)WRATE I-fA 37T, AR A RER R

I 4 si 8
Xiho = > X R) — ]~<—~[+ (24)
&
- in Sm Sn
(LTEH X g X (R AETF), EHE—F 5 R IK AR
o(k,mn — liliQ’”l’”z) = S—:‘ Xila(RIPi(r IPi(r2) (25)

(s 3 AN R T HBR SRR, WADEF G BRI T REREON S 5

B RGBS T B TRASROTTE, EEENEBATHEENENES
KA. RBXEHHHE, SHRERRNTEHBMNBOYER, TEHRISHMAEX



258 ! /B | 2 ] 37 1%

R AR,
B9, (200, ERBEIER T, B Wick T3, 8% FHAHA% 80

Goldstone B HER

E‘”':“OZ}:OI’ + a » (26)

Vﬁﬁaﬂ%@ﬁw&ﬁﬁi@ﬁmﬁx R G ERESN &P(J‘F“ﬁ ARE—-MRT
EEMEXRHOREEAK

(=D ab — 5r
Econ Zﬂ: Z 2 T+ T IX SP (’1)Pb("z) (20(1 b Piryry)

—_ p(l ab.~> *3ryr,))drdr,, (27)
A 7y = max(r,,ry), r<=min(r,r,). EE §U%§'§%B’J§’§?ﬁ%\>{) 12287, s A
RN TEATEREEH.

=, WEFERERWT®

EHER, RIFTROER R L HFS &gy, mT HFS AN SHRERGT
Slates™? ZiiHSEHIR ML, BUR FOIER M e R S HFS ®ATg bt Res, ™
s MR R % 25 - AE 2 BB

(23)3RFTxd BBy TR HOR IR I BRI DY, 4, () RESAMMNBERE
— B ERABHER A0S 5 TR, B H—I R RBCET Q)RR E M R, REHEY
(23)R &5, 208 MOFTA T, 5 EL X B FOPR S H BB R AR, REEH, £ k58
n —1 RAMREIZAE 7 + 1 RFREERSLETTEE » + 2 BreEs . M s RS B
R H TR B HI R ) , RVREDR 2 B8 7 A A 3B HT 225 , BER ETIA 20 B A T A M SR

REFI_ B 3,00 HFS pyBER LRI S FESHTTIHE, RSN
AWRFUTES] P-limit, ZEHERRAT Kelly 2R BB, BIXE 1 P BE
u)()ﬁﬁ?%ﬁﬁﬁuﬁm%?Eﬁwﬁ&%qEﬁM%e¢mi—A%§@mg
WHEERILE 1 fiFE 2.

F 1PN REE FESCRE-EABO T ER.  WERE AR
G, R FREERNY —14.6673au™, HFS SR MEERY —14.5632au, W MNT
HFS MEZe#-t26 6% 0.1041au, HF A HEMAERY —14.5730au, HAEXEEY
—0.0943au, % 168, ROV MSERAH 74% W3S H-F54 48, Lindgren™ =i

g5 4 MRS BEHY 68 %,
' F 2 RSB FOS - R ERTE R &R, BRERE, ROGTELET
96 % HIAH-A Bk, Lindgren™ HyIHEA M T 98.5% HiA% L.

BEBERNE, RITA HFS BRIEXHBHEMS Lindgren H HF MAE L TR
L e 2 RGBT —B. EMEL T, BRSBHRNHE AR R, &8 T4,
B4 WA RB BB AT S BE RS, Plin 15l F-XTHY S 5338, 257 41 F X P S B FT 15



2.4 NFNL%: SRT G- X ENS R IRTE 259

#1 SRTESHNCRE-)ERE (1077u)

EHEM »L—limit 1s? 1828 252 C s

s 1341 152 345 ! 1838 -
HFS ;

o P 2449 467 3019 ; 5936

= 3790 619 3364 7774

1249 107 237 1593

HFD P 2248 382 2212, 4842

b8 3497 489 2449 6435

1) REHZIHI14].
2 BRTESHRERCGHR-)EXE (107 au)

E SR L-limit 1s? 152s 252 P oait
. s 1459 176 336 1971
HFS" P 2661 433 4964 8058
b 4120 609 5300 10029

HF?Y ) 4263 554 4478 : 9296

1) AXER; 2) RX#(14].

REAERFRILTIBI4 17%, 39% R 19%, 34%. MNATABER, 1%, 26 B FHER
FEBL T4 51 S AR R BRI 41 %, 53% K 46% , 48%. XL R, Dl HFS &
RV X FBRLAAIR AT BRI AT B3 FSMXE LR B MB KT E R, Slater X3

H B GV SER—D R RE UL
%3 SRTCEBR-REEMERLR (1070)

18 1s2s 28 B A R R#(%)

A X

) 4120 609 5300 10029 10410 3.6
H [14)
Lmd(g};;z)x 4263 554 4478 9296 © 9430 1.4

£15] .

K"'(III{YF; 4212 497 4488 9197 9430 2.5
Shankarf®l

X 4 114 9628 9747 10116 3.6
Shankartiel ) ‘

(HF$) 1241 10410 88

& FAENELEUETN MOCIR-EXBRRRA.

% 3N EAXNEREHMIEENERELBRHEMLE. BBAYE, E—
ALYEHIE T DL HFS(X,) BMEDGBRIEM, HBRFH 278 $ 4K+ & (Shankar,
1984). Shankar FrAMEAKITES EERNIVAR. ELTEER FRENE(RER
), RBRBRRIBOHRPENFE. HBHNRIFERLE 3NERT. T
FH, 7€ Shankar MULERA , 157, 1s2s B TR R - AR RO TR/, 267 B FRIBIR



260 ] ] ¥ i 37 #

BB RIK, X5 S EED HF BRXZEHEUFEERNOBERA—-B(SRE 3 F
Lindgren 1 Kelly B9458), B 5B HFS X BZLERFEBERNOFIEA—B, X
AEBTHE. RO1FINY, X EHET Shankar AT HENBHERBUE A N & .
TR, IR T —A s BEUE A P RS EHUEEY, BN, 4D, HFS R
SHBEITMNS, Shankar BUTHE(VA R T TH-FEX R 12%, XBBME —R LIEBAT
Shankar Fr{Eit+ERIGRME.

£ = ¥ ® ‘

[ 11 K. A. Brueckner, Phys. Rev, 100(1955), 36.

{21 J. Geldsione, Proc. Roy. Soc. London, A239 (1957), 267.

[3] H P Kelly, Phys. Rev, 131 (1963), 684. ’

[ 4] 1. Lindgren, Rep. Prog. Phys, 47 (1984), 354.

[5] A. F. Starace, Theory of Atomic Photoionization, Springer, Berlin, (1982). ]

[6] 1. Lindgren and J. Morrison, Atomic Many Body Theory, Springer, Berlin, (1982).

[ 7] F. Hernap and S. Skillman, Atomic Structure Calculations, Prentice-Hall, Englewood Cliffs, (1963).

[8] %EA. REE, BETH X, BEY, BEFlRgd, dL5E, (1983),
19] C. Bloch, Nucl. Phys, 6(1958), 329

(101 iR, B A R X, K TEBE, (1987).

{113 J. C. Slater, Phys. Rew, 81 (1951), 385.

{12] A. -M. Martensson, J. Phys, B, 12 (1979), 3995.

[13] C. F. Bunge, Phys. Rev, Al4 (1976), 1965.

[14] L Lindgren and S. Szlomonson, Phys. Scr, 21(1980), 335.

[15] H. P. Kelly, Phys. Rev., B136 (1964), 896.

[16] S Shankar and P..T. Narasimhan, Phys. Rev, A29 (1984), 52; ibid., A29 (1984), 58.

ATOMIC MANY-BODY CALCULATIONS ON THE GROUND
STATE EXCHANGE-CORRELATION ENERGY -
- OF BERYLLIUM ATOM ‘

Lis Tonc-j1aNe  ZuaNG ZHI-31E Zuao Yi-jux’

(Department of Applied Physics, Changsha Instizure of Technology)

ABSTRACT

Up to now, almost all many-body theoretical calculations on the ground state of atoms
took the Hartree-Fock (HF) model as zeroth order approximation. In this paper, zeroth or-
der Hamiltonian is taken to be Hartree-Fock-Slater (HFS) type, in the double excitation ap-
proximation, many-body calculation on the ground state exéhangecorrelation energy of berylli-
um atom is made, the result is in good agreement with experiments and other many-body theo-
retical calculations, which take HF model as zeroth order approximation. Our calculation shows
that, take the HFS model as zeroth order approximation instead, successful many-body calcula-
tion on the ground state property of closed shell atoms can also be made.



