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L INTRQDUCl'ION 

Programs for c~lcul~ting electron correlation energy in small atoms 

and molecules by using the diagrammatic many-body perturbation expansion 

have been described in detail elsewhere (l,Z) • This note describes the im­

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

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-Fock single determinantal function. The pre­

sent version has the following additional limitations: 

Maximum number of occupied orbitals 10 (i.e. 20 electrons) 

Maximum number of orbitals 60 

Integrals over molecular orbitals are read from the ATMOL3(a) MAIN and 

DUMP files by an interfacing program called SWLINK. This must be execut­

ed before running sWMBPT which performs the perturbative calculation. A 

copy of the FORTRAN source code for the program SWLINK may be found in 

file WAA.INTFC.FORT, while code for SWMBPT is kept in WAA.MBPT.FORT. both 

of which are archived. 

2. 	 I..OAD MODULES # DATA AND DATA SETS 

2.1 	 ~1(LINK: Interface Program 

The data sets required by SWLINK arc 

MFlLE ATHOL3 MAIN file 

DFILE ATHOL3 DUMP file 

lOUT An output sequential file of sufficient size to accommo­

date both the one- and two-~lectron integrals 

The data cards required are; 

Card 	1 

Card 	2 

Card 	3 

where 

(2""') Title 

(215) NOCC NORl3 

(IX. A4. 	 15, lX, A4 t 315) 

MFlLE 18LOCK DFILE IBL ISEC lOUT 

NOCC ,is the numbe~ of occupied orbi tals 

NORB is the total number of orbitals 

MFlLE is the DDNAME for theo ATMOL3 [4AIN file 

IBLOCK is the first bloc~ of two-electron integrals on the MAIN file 

DFILR is the DDNAME for the ATMOL3 DUMP file 

1BL is the first block of the DUMP file 

ISEC is the section nl,lIllber of the DUMP fill.) for the one-electron 

integrals. 


lOOT is the reference number for the output data set 


2~2 	 SWMBPT: Perturbation Program 

The data sets required by SWMBPT are: 


38 Integral list passed ~rom SWLINK 


39-44, 51, 52, 55, 56, 57, 60 Scratch sequential data sets 


61, 62, ••• , 60 + NOCC Scratch sequential data sets 


where 	NOCC is the number of occupied orbitals. , 

The data cards required are: 


card 1 (215) 11 12 


Card 2 (SOIl) IJK••• 


where 

1 List integrals
11 

0 	 Do not list integrals 


Print out intermediate results
12 "" 	 1 
0 Do not print out intermediate results 

For the present program IJK.~. Ill ••• 

3. 	 EX1\MPLBS 

Illustrative applications of these programs may be found in the 
~~)

literature • An example of the present Lruplementation at the Dares-


bury Laboratory follows in Appendices A and B. This test case is the 


calculation for the neon atom described in refS.I E 2 and ~. 
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REFERENCES 
APPBNDIX A 

JOB CON~OL FOR TEST CASE 
1. D~I-!: .. Silver" Comput~ Phys .. Cammun .. 14, (1978) 71; 

~..t {l978} 83.. 
II EXEC FGG.J..:.tBRARY='CS .. UlAD" ,MBMBBR=SWLINKtREGION-l2.0K 
I/G.£D2 DO DSU~ FlLE.VOL=SER~,UNIT=yYYfDISP=SHR 

2. s. Wilson, eomput .. Phys. corumun. 14, (1978) 91.. IIG.ED3 DO DSK=DOMP FlLE,VOL=SER~tuNlT=YYYIDISP=SHR 
IIG.FT12FOO1 DO DSH=NEW FlLE,VOL=SER~,UNIT9IYY' 
II DISPz(OLD,KBEP) 

3. M~F. Guest and V.R. Saunders, Al~L3, Rutherford Laboratory, 1978 IIG.SYSrN DO ,. 
HE(fi TEST CALCULA'l'Itfi 

5 10 

4. s. Wilson and D.M. Silver l Phys. Rev. 1\14, (1916) 1949 .. E.D2 2 ED3 1 2 12 
II EXEC FGGfL1BRARY=·CS.LOADt,MEMBER~SWMBPTtREGI~=450K 
IIG.,'1!T38FOO1 DD DSN>=NEW FlLE,DIsP=(OLD/KEEP}, 

5. s. Wilson and D.K. Silver, J .. Chem. Phys.~, (1977) 5400. /I 1JIilT"!III1I.VOL=SER= 
I/G_FT39FOO1 DO UNIT=SYSDA, 

SPACB-{6200,(20.20»),DCB=(RECFM=VSB,BLKSlZE=6200} 

6. S .. Wilson and O.K.. Silver f J .. Chem" Phys .. §ll (l977) 1689~ I IG ..FT4OYOOl lID UN.l"J.'IcSYSDA, 
SPACE={6200, (20, 20») , DCB=(RECFM=YSB,BLKSIZE=6200} 

//G..FT4lFCOl DO tlNrr--SYSDA, 

7. S. Wilson, 

1177. 

D.M. Silver and R.. J .. Bartlett, Mo1ec~ Phys .. 33, (1977) 
IIG.. F'TC2{XJl 

SPACE=(6200, (20,20» ,DCB= (RJi:CFM=VSB,BLKSIZE=6200) 
DO tlIlI'l'=SYSDA t 

SP.l\CE=' (6200. (20 t 20) ) , DCB= (RECFM""VSB,BLKSlZE>=6200) 
/IG~P'J:43FOO1 III UNIT=SYSDA, 

~{6200/(20/20}},DCB=(RECFM=VSBfBLKSlZE""6200} 

lie.. '1!T44FtlOl DD ~YSDA" 
SPACE=(6200. (20,20}) ,DCB=(RECFM=VSB,BLKSIZE=6200} 

IIG..P'.r5lFC01 DO UHrJ.':=SYSDA, 
SP~(6200,(20,20)fDCB=(RECFK=VSB,BLKSlZE=6200) 

I IG.P'J:S2FOOl D:D ONIT=S'lSDA, 
SPAC&=(6200,(20,20}),DCB={RECFM=VSB,BLKSlZE=6200) 

IIG..F'T55FOO1 DD UHI'l'=:SYSDA, 
'SPACB=(6200, (20,20» ,DCB=(RECFM=VSB,BLKSIZE=6200) 

IIG",FTS6J!fX)l DO UKI~YSDA, 
SPACB=(6200, {20,20J} ,DCB=,RECFM=YSB,BLKSlZE...62(0) 

I/G"J!T57FOOl JlD UNIT=SYSDA, 
SPACE-{6200, (20,20}) ,DCB2 (RECFM=VSB,lU.oKSlZE=62CO) 

IIG.. ft(i(JFOOl DD UtllT=SYSDA, 
SPACE=(6200, (20 , 20) i rDCB=-{RECFM=VSB,BLKSIZE",,6200) 

/ IG~Pf6lPOOl DO UHI'l'--SYSDA, 
SPACE=(6lOO, (20,20) } ,DCB= (RECFM=VSB ,BLKSIZE=6200 ,BUFNO=l) 

/IG.FT62FOOl JlD UNIT=SYSD~, 
SPACE=(6200,(20,20i),DCB~(RECFM.VSB,BLKSlZE~6200,BUFNO=l} 

IIG..J!T631!OOl DD OHI'l'cSYSDA, 
SPACB=[6200,(20,20),DCB=(RECFM=VSB,BLKSIZ£=6200,BUFNO=1) 

/ IG.FT64FOOl nD UNIT--8YSDA, 
SPACE=(6200,(20,20)},DCB=(RECFM=VSB,BLKSIZE=6200,BOFNO=l) 

IIG..PT65Pf.XU DO UKIT=SYSDA, 
SPACE=(6200,{20,20)},DCB=(RECFM?VSB,BLKSIZE=62oo,BUFNO=1) 

Ilc.S'LSIH DD • 
o 0 

111111]111 

I" 
II 
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APPENDIX B 


0U'l'PU'l' l?OR TEST CASE 


PAGE 1 

MANY-BODY PER TURSU ION THEORy leT AGRAHNA TIC RAYlEI G"-SC~ROO I ~GER I 

INPUT O.T •••• ~EGN TEST CALC~LATIC~ ~CCCT 5 NeRSr ~ 10 

NUMBER CF TWO-ELECTRON INTEGHALS INPUT L~H IPP HHH PFP HP SEC TOTAL 

32e 33 33 12 72 51 t7 321 

NUMBER OF ONE-ELECTRON INTEGRALS. 55 

BLOCKING OF INTEGRALS INPUT· 3'10 OUTPUT = sao 

ZERO-OREER ENERGY 

ORBITAL ENERGY OCCUPA"C~ 

-32.1607264Z1 -1.92238967 ~ 
i 
 -0.84200394 


-0.84200394 
5 -0.8420C3S4 ~ 
6 .1.8339IS47 o 
1 3025956455 c 
8 3.ZSS5t455 
9 3.259St455 8 

10 M.H2S7eaS c 

NUCLEAR REPULSION ENERGY EN = O.C 
ZERC-ORDER ENERGY EC -74.41825581 

f.N • EO • -14.4U255et 

FIRST-OROER 	 ENERGY E I • -54.11ES3S14 

EN • fO • E I • -128.!H7S555 

THE PRINT CONTROL PARAMETERS SPECIFY PRINTING EACH INTEGRAL INOI AND PRINTI~G INTERMEDIATE RESULTS INOI 
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APPENDIX B (cant'd) 

PAGE 2 

I<A,,<y-SOCY ~E'<TU~~~T10·~ tHF(!RY CCfAG~~""AlIC RAVLEIG~-SCHPOOI~GcPI 

NECN TES't C4I.CUUTtCr< 

5 OOIJ~lY 'lCCUPIEO O ••IT.\U. g C~srULS llIi ustS SEt 

=~E~GY nrSULtS US INC IfC-~OI CE~C~I~Atc~s 

~'JCL~AR PE~ULS'fOt.l ENFRr;y 'If'\C-~OOYI J." zEN 

lfRC-CRCeP r~€RGY (nNE-SOCY) -1~"HUS581 -1~.4la2;S81 '~.EQ 

FIP.$T-OROER ENERGY ItWO-RCOYI -;4.U653U~ -128.5147'555 -EN+EQ+EI-EISCFI 

CPOE" 	 fkC HREE fOUR SuerCIAL r:,IALSOOW SCIlY IIOOY 

EI SECONOI -0. Un312~ -o.lnU72~ -128.61193279 -£(SCFI+£2 
E13 PP LADDER I 

0.£13 ~P RINGI 	 05-O.C5!02 
01511 1"l O.G2HllH 	 -8:mmu 

EIJ HH LAonERI O.OIH? 44 ~.CCOO5)5l O.QOI06533 0.01599230 

eHHtROJ -? a12H299 o.OH2314S O.OOB"533 0.003053110 -12e.~6E878S' '£(SCFI+EZ+E3 
fIC(RREL'TlC~ I -C.lS~:!8'22 C.CH<3145 C.OOIOH33 -O.U~08!H -O.I!4CE!4\ -fZ+E3 
F. (T~TAL I 	 -54.215'11996 0.02423145 0.0010,,533 -H.250U318 -128.66887199 E'SCFI+E2+f3 

II/II PAOE ~PpqO~!MA~r 	 E CORR • -0.13748564 12/11 PAOE A~~RCXIM_Ml E CIlU a -0.13414996 

E TeTL • -128.U22EIlS E Tell a -la.66194Hl 

~'NY-aOIlV V4R IAfiONAl UPP~R-qOUNOS ;; COqR • -O.I32074S9 OPTI~Al • 0.964382 E tORR I OPlI a -0.13225269 
PARAMetER 

t: fUll .: -128.t666lC54 	 E IIlTLICPll a -128.661C4EH 
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APPENDIX B (cont'd) 

PAGE 3 

"'~NV-ROCY PEQTU~RAT !O~ THEORY (CIAGRAMMATIC RAYLEIGH-SCHRODI~GERI 

NF.r~ TEST CAlCU~ATICN 

! DOUBLY 0CCUPIFO OR"IT~LS. lC CRRITALS IN BASlS SET 

f.NrRGY RESULTS USlNG S~IFfED OENG~I~ATORS 

NUCleAR ~EPULS ION ENERGY IlE'C-.]CDYI 0.0 ;:EN 

lE"O-OQCER ENERGY (ONE-PODYI -128.53479555 -126.53479555 ;E~+EO 

FIRST-ORDER E~F.QGY !TWO-RonYI 	 c.c -128.53479555 =EN+EO+El;ElSCfl 

OPOER 	 Tke TFREE FOUR SUBTOTAL PARTIAl 
BODY BODY BODY SUMS 

E! SECONDI -0.16511751 -0.16511751 -128.699913Q6 -EISCFI+E2 

[13 PP lADDERI 0.C0136099 0.00136099 
F(3 HP RINGI -C.C~C33E72 0.Ol6140~5 	 0.03580214 
E 13 HH lADDER I O.U 	 0.000063 6 0.00162117 0.00168493 

EITHIROI 	 0.03102271 0.03620461 0.00162117 0.03884805 -128.tEI06500 -EISCfl+E2+E3 

[lenRRElATIONI 	 ~o. 1640~S23 0.03620461 0.00162117 -0.12626945 -O.12626~4' =E2+E3 

EITafAll 	 -0.1('4u95B 0.03620461 0.00162111 -0.12626945 -128.EEI065CO EISCf)+E2+E3 

(1111 PADE APPRCXI~'NT 	 E caRR, 0.0 12/11 PACE APPROXIMANT E CORR • -O.133668tO 

E lOll; -128.53479555 E TOTl = -128.66846415 

M'~Y-~OOY VA~IATlaNAl UPPER-80UNCS E CORR; -0.12344910 OPTl~AL • 0.197766 E CORRIOPII = -0.13112505
PARAMETER 

E TOll; -12B.t5824465 	 E TeTlIOPTI. -128.66652060 
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APPENDIX B (cont I d) 

PlIGE 4 

MANY-BCOY PEnURBATION THEORY ICIAGRAMMAIIC RAVlE!GH-SCHRODl~GERI 

NEO~ TEST C~l CUlAT ICN 

ElECTRC~-PAI~ CORRElATICN ANALYSIS (l~O-BOO" 

ENERGY ReSULTS USING IEO-HO) DEHM(~ATORS 

PAIR 

I I 
2 I 
2 2 
J 1 
3 2 
3 3 
4 I 
4 2 
4 3 
4 4 
5 1 
5 2 
5 3 
5 4 
5 5 

TOTAL 

l2 

-0.011529 
-0.001728 
-'.0)3520
-) .000596 
-1.Cll756 
-,).009210
-J.000596 
-,).OIl756

1.018551 
-).009210
-G .OO()596 
-~.OU 156 
-0.019551 
-'1.018551 
-,1.009210 

-J .137!37 

E3 p-p 
DIAG 

0.J00208 
0.000048 
~.OOO323 
0.000011 
O. 001 ~46
0.001 91 
0.0000 II 
0.001146 
0.002334 
0.001291 
0.000011 
0.OO1l46 
0.002334 
0.002334 
0.001291 

0.014984 

£ ~ p-p E3 H-P E3 H-P 
lOll OIAG TOll 

0.000349 -0.001093 -C.001216 
0.000057 -0.000145 -0.000159 
:.00C416 -C.COI288 -0.001303 
0.000012 -C.000062 -0.000069 
0.001249 -0.~g4697 -0'80~734
0.001411 -c. 4165 -0. 04167 
C.000012 -0.000062 -0.00C069 
C.C01249 -0.004697 -0.004734 
0.002351 -C.001813 -0.007813 
0.001417 -0.004165 -0.004167 
0.000012 -0.000062 -0.OOO06Q
0.00124Q -0.004697 -0.004734 
C.002351 -t.CGlall -0.007813 
0.002351 -0.0078ll -0.007813 
0.001417 -0.004165 -0.004167 

0.015912 -0.052731 -0.053028 

E3 H-H 
lOll 

0.00044~ 
0.00002 
0.000423 
0.000017 
0.001~66
0.001 09 
0.OgOOI7
0.0 1366 
0.002070 
0.001209 
0.000017 
0.001366 
8·O0207~

.002010 
0.001209 

0.014873 

E3 

-0.000427 
-0.000071 
-0.000464 
-0.000040 
-0.002p8
-0.001.,2
-0.000040 
-0.002118 
-0.003392 
-0.001542 
-0.000040 
-0. 002118 
-0.003392 
-0.0033,2
-0.001542 

-0.022243 

E2H3 

-0.011951 
-0.001605 
-0.003984 
-0.OC0636 
-0.013'~5-0.010 2 
-0.000636 
-0.013815 
-0.021949 
-0.010752 
-0.000636 
-0.013875 
-0.0219H 
-0.021949 
-0.010152 

-0.159380 

OVERUP 

O.OOSOH
0.00 all 
0.000414 
0.000012 

~:821m 
8:8SYm 
0.002262 
0.001162 
0.000012 
0.001464 
0'802262 
O. 02262 
0.001l6l 

0.015201 

ENERGY ReSULTS USING SHIFTEC OE~CMINATCRS 

PAIR 

1 I 
2 I 
2 2 
3 I 
3 2 
3 3 

" I 
4 2 
4 3 
4 4 
5 I 
5 2 
5 3 
5 4 
5 5 

TOTAL 

r:2 

-1.011931 
-J.oolaoa 
- ,.314167 
-Q .000632 
-0.014455 
-1.011249 
-q .000632 
-0.014455 
-).122735
-Q.011249
-0.000632 
-') .014455 
-1).022735
-0.022735 
-).011249 

-).16Sl18 

E3 p-p
TOTl 
0.000086 
0.OCOOI0 
C.ooel21 
0.000001 
C'800151
Q. 00199 
0.000001 
0.000151 
O.00002g
0.00019, 
c.OOOO~l
0.0001 1 
0.00002,
0.000029 
0.000199 

0.001361 

E3 H-P 
TOTl 

-0.000130 
-0.000016 
-0.1100018 
-o.oooooe 
-0.000047 
-0.000003 
-0.000028 
-0.0000 7 
0.0 

-0.000003 
-0.000008 
-C.OOOO47 

e.o 
0.0 

-0.000003 

-0.000339 

E3 

-O.0000~4 
-0 .000006 
0.000109 

-0.000006 
0.000103 
0.000196 

-0.COOOC6 
0.000103 
il.OOO029 
0.000196 

-0.000006 
0.000103 
0.000029 
0.000029 
0.000196 

0.001022 

€2<€3 

-0.011915 
-0.001809 
-0.00lo05S 
-0.000639 
-C.014352 
-0.011054 
-0.OO063~ 
-0.OH352 
-0.022101 
-0.011054 
-0.000639 
-0.014352 
-0.022701 
-C.022107 
-0.011054 

-C .1640Q5 

O~ERUP 

0.000C18 
O.OOCOlq
0.00C591 
0.000014 
0.002pO
0.001 47 
c.eO~OI4 
0.002230 
0.00B96 
0.001147 
0.COOOI4 
0.002230 
0.003396 
a .00339~ 
0.001747 

0.022846 

8 




1 
'l"i 1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

. 1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

i 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 





