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1. INTRQDUCTION

Programs for calculating electron correlation energy in soall atomns

and molecules by using the diagrammatic many-body perturbation expansion
1,2

have been described in detall elsawhere( #2)

plementation of these programs on the IBM 370/165 computer at the Daresg-

. This note describes the i~

bury Laboratory.

The programs are restricted to non-degenerate, closed-shell ground
states of atoms and molecules, The reference wavefunction must be a
closed-shell matrix Hartree-Fork single detexrminantal function, The pre-

sent version has the following additional limitations:

Haximom nuomber of occupied orbitals 10 {i.e. 20 electrons)
Maximom number of orbitals = 60

3
Integrals over molecular orbitals ave read from the ATMOL3It ) MRIN and

DUMP files by an intexfacing program called SWLINK. This must be execut-
ed before running SWMBPT which performs the perturbative caleulation. A
copy of the FORTRAN source code for the program SWLINK may be found in
£ile WAA.INTFC.FORT, while code For SWMBPT is kept in WAAMBPT.FORT, both

of which are archived.

2. LOAD MODULES, DATA AND DAThA SETS

2.} BSWLINK: Interface Program

The data sets regquired by SWLINK are
MFILE ATHMOL3 MBRIN [ile
DFILE ATMOLI DUMP file
10UT An output sequential f£file of sufficient size to accommo-
date both the one- and two-electron integrals
The data cards required are:
Card 1 (20n4) Title
Card 2 (215} HOUC NORB
Card 3 (1, B4, 15, Ix, A4, 315}
MIPTEE TBLOCK DFILE I8L ISEC I0UT

wherse

HOCC ig the number of occupied orbitals

NORS is the total number of orbitals

MFILE is the DPNAME for the ATMOL3I MAIN file

IBLOCK is the first block of two-electron integrals on the MAIN file
LEILE is tha DONAME for the ATHOLS DuUMP file

IBL is the first block of the DUWEP file
ISEC is the section nusber of the DUMP file for the one~elegtron
integrals.

IoeT is the reference number for the oubput data seb

2.2 S¥MBPT: Perturbation Program

The data sets regquived by SWMBFT are:
38 Integral list passed from SWLINK
39-44, 51, 52, 55, 56, 57, 60 Scratch seguential data sets
Bl, 62, ..., 60 + NOUC  Boratch seguential data sets
where NOCC is the number of oceupied orbitals.

The da{z cards reguired are:

card 1 {818} Iy 1%
Carg 2 {6011 ITK, 4 s
where
1 = I List integrals
O Do not list integrals
12 - 1 Print out intermediate results
0 Do not print out intermediate results

For the present program LJK,., = 111l.,.

3. EXAMPLES

Illustrative applications of these programs may be found in the
g
Ziteratuxe{ }. An exapple of the present implementation at the Dares—
bury Laboratory fpllows in Appendices & and B. This test case iy the

calculation for the neon atom described in refis.1, 2 and 4.
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APPERDIX A
OB CONTROL FOR TEST CASE

/7 EXEC FoG, LIBRARY="CS,10ADY , MEMBER=SWLINK, REGION=120K
F/G. D7 DD DSH=MAIN FILE ,VOL=SER=qums , UNIT=ypy , DISP=SHR
F#G,ED3 DD DSN=DKMP FILE,VOL=SER=rmz UNIT=yyy ,DISP=SHR
J/G.FTI2F001 DI DSN=NEW FPILE,VOL~SER=mnr UNIT=yy ,
[/ DLSP={0LD ,KEEP}
//e.sYsSIN B0 *
HECH TEST CALCULATION
5 1o
ED2 2Ep3 1 2 12 :
I7 BXEC PGGE,LIBRARY="CSH, LOAD' , REMBER=SHMBPT , REGICH=4 50K
J/C PrIgr00l DD DSK-NEW FILE,DISP= (OLD,XEEP) ,
£/ BIT=yyy, VOL-SER=roz
/#G.FTI9P001 DD ONIT=SYSDA,
SPACE={6200, {20, 20} } ,DCB= (RECER=VHE, BLXS IZE»6200}
/76 PT40F00L DIy BHIT=5YSDA,
SPACE:= {6200, (20, 20)) , DCB= {RECFHA=VER , BLXS IZE=5 200}
F/G FTAIFUOL DD TRIT=8YSDA,
SPACE={£200, (20,20} } ,PCB= (RECFM=VSE, BIXSIZE=6200}
FIG.FI42F001 DD (IT=5YSDA,
SPACE= (6200, {20,20) } , DCR= {RECFM=VEB , BLKS T ZR=6200)
//G.FR43F00L DD UNYT=5YSDA,
SPACE= {6200, (20,20} } ,DXCB= {RECFM=VEB , BLKSIZE=5200)
/6. FT44P00L DD TNIT=SYSDA,
SPACE= (6200, (203, 20} } ,DCB= (RECFM=VSB , BLKSIZE=8 200}
//¢.#rS1IFO0L DD [RIT=8Y5DA,
SPACE= {6200, (20, 20) } ,DCB= (RECFM-VSB , BLXSL ZE=£200)
F7GPTS2F001 DD EIT=SYSDA,
SPACE=(6200, (20,20} } . DCR= {(RECHFM=VEE, RIXSIZE=620
F/GC.FIS5F001 0D UNIT=SYSDA,
"SPACE={6200, {30,207 ) ,DCB={RECFM=YS3 , BLKSI12E=5200)
J/C.FTSEPO0) DD UNIT#SYSDA,
SPACE= {6200, (20, 20] } ,DCB= {REUFM=VS B, HEXSIZE=H200)
/G FISTFO0) DD BNIT=5YSDA,
SPACE= (6200, {20,20} } ,DCB2 (RECFM=VSB RLKSIZE=6200}
//G. PYRORCOL DN BNIT=SYSOA,
SPAMCE= {820, {20, 20} } (DCB={RECHW=VEB, BLKSIZE=6200)
JfC.FI6IFODL DD UNIT=5YSDA,
SPRCE={6200, {20,20) ) ,BCE= (RECFM»VSD , BLKS TEE=6200 , BUFNO=1}
Z/G.FT6ZPO0L DD TRIT=5YSDA,
SPACE= {6200, (20,20} ) ,DOB= (RECHM=VED , BLKS Y2E 6200, BUFNG=1}
FG. 63001 DD UNIT=5YSDA,
SPRACE: 6200, (20,20} § ,DCR= (RECFM=VIB, BLXSIZE=H200, BUFNC=1}
FAG BTGAPOUL DD GNIT=SYSDA,
SPACE= {6200, (20,20} } , DCB~= [RECFM=VSH, BLESIZE=5200, BUFNO=1}
//G.FTESYOGL DD UNIT=SYSDR,
SPACE= (6200, {20, 20) } ,Ch= (RECFM=VSE, BLKS1ZE=6200 , BUFNC=1}
J/G.SYSIN DD *

o o
FRRRAENERE]
Fid
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APPENDIX B

OUTPUT FOR TEST CASE

PAGE 1
MANY-BODY PERTURSATION THEORY {CTAGRAMMATIC RAYLEIGH-SCHRODIAGER)
INPUT DATA...NEGH TEST CALCULATICH e AGECT = 5 KCREY = 14
NUMBER CF TWI-ELECTRGN INTEGRALS INPUT LEH LPP KKk pFP LrP SEC T0TAL
328 23 33 72 12 51 S 326
NUMBER OF ONE-ELELTRON INTEGRALS = 55 " '
BLOCKING OF [NTEGRALS INPUT = . 340 QUTPUT = . 500
ZERO-ORCER ENERGY
" DRBITAL CENERGY DECUPARCY
i ~32,76072642 2 .
2 ~1.93238047 2
i ~0.842003%94 2
i -3+84200394 2
5 ~0,8420€354 2
& 1.83351547 3
7 3,2535645% ¢
8 3,2558£455 0
9 3.2595£455 ¢
10 s4,47257885% ¢
NUCLEAR REPULSION ENERGY EN = g.r
ZERC~ORDER ENERGY EC = —74.41825931
. EN + B0 = ~74.41£28581
FERST~ORDER ENERGY El = ~%54,116%3%74
EN + 0 ¢ E1 = ~128.53475555

THE PRINY CONTROL PARAMETERS SPECTFY PRINTING EACH INTEGRAL (NG} AND PRINTING INTERMEDIATE RESULTS INO}



MANY-BOLY PERTUIRATION
HECK TEST LBLCULATICN

5 DOUALY QUCUPLED D921TALS,

THFOIRY

APPENDIX B {cont'd)

PAGE 2

LCTAGRANMAYIC RAYLERGH~SCHRODERGERD

@kﬁ?ﬁ?ﬁa?SU&IS USING {FC-+0) CENCHIMATCRS

NICLEAR PEPULSTON ENTRGY {2FR0.300Y}

TERC-CALER [NERGY (NNE~BOCY}
FIRST-CROER ENERGY [ Tw0O-ALDY)

GRNER
E{SECOND)
€43 PP LADDER)
E(3 HP RING)
E(3 HH LADDER}
ELTHIRD]
FRCCRRELATICH ¥
ELYNTALY

Tel
aliv

~0u 13713724
Goblﬁ?l 62
«£52)
1147
*0.0222#29%
~0a13828022

~54.2T531996

[17/1) PaDE APPRUXIMAKY

MANY-300Y VAR IATIONAL UPPER-AQUNDS

£ CORR
E TCTL

£ LOvR
L 115 £

-

#*

I3

#

15 CRBIYALS IN BASIS SEY

HahlE2558L
Fhw LLLB3OTA

04024230435
CoC2423145
02423145

~3e 12748564
~L2BET2EERLS

~D.1320745%
=128, E68ETCE4

Jo}

=EN

=~Fe.41325521 “EneEQ
~123.52479555 =ENSEQ#EIELSCF]

FOUR
800D¥

0.00106%33
0.00136533
€.0010¢223
0.00106533

SUBYCYAL

~0.13733724
800159156
~RsUdERS %
0.04539230

J.,00305380
“QelA408344

~54.25062318

{2/71) PADE APPRCXINANT £ CCRR =

= Ce964382

£ CﬂRR}ﬂP‘! =

ring

-138,6T1%327%

-1 28, LLEETESY
~0.I24CEZ4%
~128.566808709%

E TCTIL =

TOTLAICPY) =

sE{SLFIsER

sELSCFIE2¢E£3
nE2sE3
ETSCFIAEZ4ED

-0 13814994
=~liB.080545%]

~0.132245249
~128.86 204824



4ENY-ROLY PERTURAATION THEQRY

NECN TEST CALCULATICN
5 D0UBLY QCCUPTED ORARITALS,

ENFRGY RESULTS USING SHLIFTEC
NUCLEAR REPULSIUN ENMERGY

ZERO-DROER EMNERGY (ONE-BODY!
FIRST-ORDER ENFRGY [TWO-BODY!

POER

EfSECENDT

E{THIRD)

E(CORRELATIOND

ELTOTALY

(/1

T
“BEDY

-~0.16511781

0.C0136C99
-C.CTIC33E72

i
-

0,03102227
~0. 164049523
~0. 106409523

PADE APPRLCXIMANT

MANY~300Y VARTATIONAL UPPER-BOUNES

APPENDIX B {cont'd)

PAGE 3

{CIAGRAMMATIC RAVLEIGH-SCHROCIAGER}

DENCMIAATORS
{ZERC-3L0LY)

E CORR
E TGTL

E CORR
E TOTL

0.0 =EN
«128.53479555 =128.53479555 =EN+EQ
Cel -128.53479555 =EN+EO+EL=E(SCF)
THREE FOUR SUBTOTAL PARTIAL
BGDY BGGY SUKS
«“(.16511751 ~128.69991306 =E(SCF1+£2
0001356099
5‘63614635 Ca03580214
J.00006376 C.001621107 G.00168493
0.03620461 G.00162117 0.03884805 ~128.£6106500 =E{SCFI+EZ+E3
G.02£2¢961 C.001621127 -0.12686943 “~0.1262654%8 =EZ+E3
0.03620461 0.001621L7 ~B.12626945 ~128,66106500 E(SCFI+E2+4E2
® 0.0 271} PAGE APPROXIMANT E CORR = ~0. 3266BE0
= =128.53479555 E TOTL = ~N2B.6604641%
© ~0.12344%110 geTINMAL 0= 0.T97766 E CORRIOPT) = ~0.13172505
PARAMETER
= ~128.6%5824565 E TCTLICPT) = ~128.66652C6C

IC CRALYALS IN BASES SET
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{CIAGRAMMATIC RAYLEIGH-SCHRODIRGER}

MANY-BLOY PERTURHATYION THEDRY

NECN TEST CALLCULATICH

CORRELATICN ANALYSES (Twd~BODY)

ELECTRCA-PATR

[EQ0-H0)} DERCMEIKATORS
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