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¥ AEFET Monte Carto FEEHT —HENE: HERE Hartree-Fock Hik5RT Monte
Carlo FEHHESTE-E, SHT “HEN" ARFL RET -HFHS THXENDFAHMLNE S
B BRNAZAFNESNT Hy . LiH, L, H,O, F; S#7e9Es CH, #7818, . "4,
TR M RE, K FEEMENETHReN  FEL N VMC fRNRRFRE.

%85 BT Monte Carlo ik, #HXEH. BiFe HLX

#tF Monte Carlo(QMC) J 3k E BUEh N A TR 28, 3 QMC EReiFR iS55 nt
[1-3. QMC FER—Fl LT E, HIUREESEARE Schrddinger HBH L B9, B
MTETAAES R, W ARE LR, SR EREMA. A4 SIEE Y b iEaiy
LTAE, mEEVERE @ | domE ¢ | dok o ) B8, REmE, X—mEH
AR FELE.

A AR T — R A 4T Monte Carto( VMC) 3, BEFEMTFILEG : (1) ¥ Hartree-
Fock(H-F} Fi%5 QMC FIEAHLE SRR, BR—THAHE: (1) 0T REEARTTE,
(IL) HEF™ T —A- B 2 PR (V) UL T 2R T QMC Fik6 (R HLE “3-D” Kriedn
HE, T A —brEny OhRIOLE S AR B R, | —FHEL®T 0, | Ll ,
Liz , HoO , Fp - FHIZEEM CH, 2 FH 28, , 1A, Segfeit, K8 T 83-00% fgeak, 4
HREE S 0.001-0.003. W RAX—F I RESI LG RIFA CL M AR, FRIEMNREH
R 22 T R AT T (B R B e TR B T A R

1 8%
H-F i e sf S b A0 Arik, RBMERl FITIE R 07% Bl EMREN. Hib TR
A REHEEY Ulry;)  BRAEIFEHCHE, TEEFLE TS, DR o) S A

QMC dra)#E4r Monte Carlo Fik, BLEERRASE, MAR EVE, H-F K%M VMC KFikR

HEAIMA- Ak, EA I W TR, MPEH H-F FILmm, el 07% bl

Lffemt, #REF AR R (VMC Fik) hRIR A0 (3% LUT) fEfk, BYAEHE R 305,
BT —MEEMBER, H-F FiH VMC FibgtmFLAR.
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XHE H RERM Hamilton ], ¥p £ H-F FIEMNERYE @ ¢ B VMC Fikb& HHR
HEY, —ME. Py = Tp U, XHE U BHXEY. RNB VMC bk ETEXWAERM
=¥
¥v |H|¥y) (¥p|H|¥p

&E=Ev—EHFT'{"{'P:r|i_V> T ¥ | ¥o) ) (2)
RN EY B 81 Egr B HCHSER, 10 Eue 2EWES 336, 8
FAXEEEEE, AF MEHHERMT By SR WOR Bl iHER e i
B DERASENRNE, X—FHCBEWAER, AnsTHeEthsaitsg 1. Har
AFHREELSH AOMEEAH QMC FiL RS, SXASRAEHIHEE, BEilXFo e
F ik HEERIE “B 4" MRESEY SR N HRES R, ALERBHEE SR BT
FERRER T RE ASRARTHRE. B, TTRRARER QMC MR EARN — 1015,

HTHE () R, ROBEARERY (v ¥o/ [ by Fpdr) Rk N KD, TG
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AB=y ZC:H V5 H & )Wy — (%5 H ¥p)Wplc (3
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Wo = ﬁg[‘?uf‘?v]c @
SRR B W P MEHEE. & (2), (3). (4) XTEH, AF HHREHURH H-F @5 4T
WEHHAL, XWEE BT BRI TR, FHEET, BRSIHHRER M.
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. S5 )

Finf _18f (lﬁ) )
dr} faz? f oz,
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EHRMNES Gi=Ffii fu=0 8 frx Oz = ﬁzfu,raxi =10
2.2 REREAINI=

AT EETE, RREENT I TR THATERF NEREBH—BEAN: v=D7
DU XE D1 (D) RRBREAL (BTF) 8 n s, HARRRELR 2. U BN
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XH oz BT 89 z 248 D(1) (UGHT n PRTFEHLEARX D) N5E n THRTFHLE
HX U NG m ARFHREFETX HTRENE FHBRE i <n BEATSLK 1, EX

it A
18*°% 1 D1 9% dg 1 D1\ ( 99
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RIERWEMENL Er = HY/¥ 1 (9) X, LB

_ 1 n In v!ﬂ va: in —
B =-3{ ¥ VhH +=§+1—b—1—+2 fo+ L (Vig)- (Vig)

(10)
% (%nl) @ae B () @] v

XE VE i BHFA) Laplace A, V, Wi BTHESBENS VvV REFENOHESEH. (10
ARBEWEAWFE, BHHEZERL, LHHNE Vi, ViD 1 /D1 Sk, XERATHAELK
2, 3IAMERR.

3 EmENEXE
QMC R Al MM E RO Jastow ¥ Y XEHEXEY, £ VMC B HREMHE
20-60% AYAEEAE, IRERTESY AL (X—4). EAP 80% LA LMHRAE, SAT6E R ENR
I EEY, URRARBYPITAIAES SHXE RS Lk, —L BEkA.
MTF—MEFET (F), A=, e . orp o r BHEE o rp o rn B
W Pade B ¥CHE M AER (7

P({a},r12, 812, t12)
1+ P({b}, r12, 912, t12)

' = exp (11)
EH sy =ry 4, tp=ry—r, PR—Pr, s, t WRLHEKEME. (a). (b) BEMXH
A R E BRSSO NEMG RSN 0, Bk EmAMes 21 W R4
AERRE AR, MR R TP 99.99% A 7.

SFREET, BEEERE, BT Pauli FERAF=AR=AL LR R T RS 875 @A
&, HibEASTHHAWERIFENHAMTILE. (o) —TRFRE—TE (b) BTRETEL
R (o) WARTEMRERE M EETIX=FERAE (11) LF5E. FrelaFaiEs
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PRECFT LA P R T R M R SRR, TR RIS

P{{a}krldisﬁj'!t?,j]
U= e (Yo, 82, 7))

[ it %

(12)

RE o fnEl. 47 FEET. BOMTHERLY, XHFEZNS THXRHREEHXEN ST
T 80-00%. EMERE L, RO X FHHEHHR BN VMC AR EERRAHEXHI.

4 BRENHENL SRS
(0-1) 2 B4 FHROLE (ChHEHY) B QMC B, EHRRIFREEXRII
HERATEERENE 2FE T OMILEE - EERR i DERR, HaEaE, mak
BESS. HEH QMC ABRE THESRTE 105107 KEHLiTE, FTXEIIENENY 9%
CRBUSEFREBEANE BB 0TRSO MR S RET T EARRITE.
<a> FMLBART 10° ¢+ <b> FIERIFM “3-D B4, FFif “3-D a4 B, fEEmT .
<1> Bt 3x10% ORI wi(i=1, 2, 3+ 3% 108); <2> W=T08 (v, wi+1, vi+2) fERR; HE
[ (0~1) 34, RBEPERSHEXE FAFEILE, HFXE—=CHEA 1000 4~ “&F" 41, W
REEORE TR, A8 =RElA ¢ &7 $PLyS, M=x4f a7 b#s
MWHEAT “x® . BMNEBRLAFHOHIETREF, SREEAEE AOXTEyEeE, A6
th, IARTTFERERSEF GRS FRECENS BRERLE L RINEAYGHILE TR
JEARME Knuth AYEEE B HGMALEY. diBaR&R SEELEOLARY

Un41 = Qg + c(mod M) . (13)
Knuth 1B R 2 o, c BIBEHY

a mod 8=25
M/l <a<M—-vM (14)
e/M = 1/2-3/6

M W{7E 32 Grit 3ol L3 2°2. FlX e ¥ A RIVLEC TR FE R 20 2% ~10°, “3-Dy* K"
TEAH.
S tRERRitiE

BEREAH AR (1) WKERT H-F 8, B3 ¥ fl Eyp; (1) 4 &y = ¥p-U,
WISRAL v, AL B ROOR ©; () A $p RAREFN o # (3) Ri#fT VMC 3, iR
T N=10° ~107, HUETB AE, #HITRE Ev; (V) EitH By 9EH, RAasf it iy
o RATHHT Hy , LiH, Liz . H,O0, Fp 4 FHREM CH, 4+F8 °By . 1A, Bl
ARSI TR 2 HTRETILE, MERPEFLT H-F Jrik, —R VMC JEM Cl ki ik s
ST ARTREE R R BT, X SRRCREL AR [4,9.10]. % 2 HIEES MBI T2 o, B4
HE 1072 RS N BRI e A R
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®1 AMONTEE ° ARENERRERLES
Table 1 Results of x? tests and periods of various subroutines available

used to generate random number

1— Dy* 3I-Dy*' i Period
subroutine 1 29.51 a 32727
subroutine 2 38,75 a 67108
subroutine 3 58.12 B55886.5 9857849
subroutine 4 30.12 89463.6 6882352
subroutine 5 39.15 53013.5 22 —1 (>10%)
subroutine 6 3715 3142.15 2% (>10")
subroutine 7 29,88 1543.53 2 (>10%)
Standard 44,70 1745.89 (>10%)

at Too bad to be test

subroutine 1: Provided in MS-C 5.1

snbroutine 2: yns1 =a + (b — a) - ya; a=125, b=2T96207

subroutine 3: yosg =@ Yu (1 —¢a);i 0 < g < 1, 3.5699456 < a < 4
subroutine 4: yns1 = o ¥ - (modM); a=23, M=10"

subroutine 5: yas1 = 2 yn - (modM); a=16807, M = bR |
subroutine 6: Provided by MS-Fortran 5.0 software

gubroutine 7: Present work

M2 FEFEM H; $A44THESE CH; 438 %8, . 4, SRkt EEge
Table 2 Energies of the ground state of Hy molecule etc. and the 3p,, 1A, states of CHg
molecule caleulated with several algorithms

“Exact™ H-F limit Best CI Conventional VMC Present work
Ha -1.17447 -1.1336 ~1.1737[98.1] -1.162(1)[67.5] -1.174(1)[98.9]
LiH ~8.0699 ~7.987 -8.0647(93.7) -8.041(8)[65.1) -B.061(1)[89.3]
Lis -14.9067 -14.872 -14.903[89.1] ~14.950(10)[62.6) 14.984(2)[89.8]
Hy O ~-T6.4376 T6.0675 -T6.3683[83.6] T6.130(70)[17.0) -76.365(3)[83.1]
Fsy -199.5055 198.7644 -199.392(3)[84.8]
CHa:
‘B, -39.148 -38.9348 -39.122[87.8] ’ 39.127(1)[88.1]
', 39.133 38.8044 19.105(88.3] -39.107(1)[89.2)

EEIH:IEi(::H- given in Hartree)

B3R 2 BERTTA, A TE0MEE M VMC B e, MEsrey C1 iR Ryl .
Ftm Ha0 40F, —# VMC Brak# i & 480 17.0%, C1 % 83.6%, M4 LfEX 83.1%. B—K
W, —ff VMC FiEsilie 2k R cRu o, Mg H, 8| H,0, K2 H 0.001 3P 0.070,
AT 70 4%, A LHE(Ld 0.001 #F] 0.003. & EMA, TRALRMFEL A —FAEELE
JE# BLzhiy.
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Variational Monte Carlo Treatment of Molecules

Huang Hongxin  Zhoog Ziyi
(Department of Chemistry, Hunan Normal University, Changsha 410081)
Cao Zexing

{Department of Chemistry, Xiamen University, Xiamen 361005)

Abstract A novel algorithm is outlined for the variational quantum Monte Carlo treatment -
of molecules. The quantum Monte Carlo method is combined organically with the conventional

Hartree-Fock method in the algorithm. An analytical expression of the local energy is presented.

A new form of trial wavefunction and a new generator of random numbers is also used. This new

algorithm is used to compute the energies of the ground states for molecules Ha, LiH, Lia, H3O,

F, and the states X3 B, and a'A4, of CHj, and calculated results show that this novel algorithm.
is much superior to the usual VMC in both accuracy and statistical error.

Keywords: Quantum Monte Carlo method, Correlation function, Local energy, Random

number
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