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In the R-matrix method for electron-molecule scattering it ia
necessary to have & set of continuum orbitals ventered upon the mclacular
cantar-of-magy to represent the wavefunction of the scattored elactron.
In the codes supported at baresbury these orbitals are constructed from a
baniep set of Slater typs orbitalsa (8T0). The program OREBOPT accepta as
input a eet of ¢onkinuum STOMe, and gives as cotpat a new pet adjusted go

as to minijmise their mutual linear dependence subject to given constrainty

on the pavameters.

The §¥3'a used are defined by
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where a ie the radics of the R-matrix boundary; with Hi an integer § 15
and ;1 any positive number »1/2, which limits correspond roughly to those
imposed In practice by the modifled ALCHENY code used in the R-matrix
caleniations {they can be excaeded in OREOPT, but this may void the
warranty). The probabllity amplitude asscciated with the orbital ‘i 1a

o Kijti. brha atandard wethod of using

i
ORBOPT conslsta of defining as input the principal guantus numbers Ni'

xéi which obtmine ite maxlmum at

the peak positions r , and the allowed varistions im the peak positions

1

xix; The exponents {i are then <onflned to lle within the limite

+ -
3} Hifiri +x,7) < 5 ‘Riz‘(ri rh

CRBOMT adjusts the wet of ;i within this range to minimise the degree

of linear dependonue of the set of orbitalsa.

Tn the present applicaticn the "degree of linear depemndence” la

determined from the determinant D of the overlap matrix 8 of the STO'a»
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the amallpr the dsterminant D, the graatex la tﬁ; degres ¢f linear dapend-
ence. ‘This determinant is the product of tha algenvaloes of the S-matrix.
In the actual R-matylx calculation orthonormal costinvum orbitals ars con-
gteuoted from linear combinatiopns of the @1. IF the expangsion cosffici-
ents of any of ths éi Are too large - may, greater than (98 ~ the two-
electron lntegrala entering the Hamlltonian matrix cannot be evaluated
reliably because of yound off ¢rror. In the symmatrisc oOrthonormaliisation
provedure the expansion coefflcisnts are glven by the components of the
algenvactors of the S-matrixs In this oane only those eigenvectors can be
used which correspond to efgenvalues which exceed a certalpn yvalue {in
practice, genevally 1675}, awus it is intended that by maximiaing the
product of the eigenvaluea one will raisge a feu of the lowast elgesnvaluea
above the cutoff value, and this expectation lg fulfilled in esxecutlon.

In the fuil R-matrix caloolation ona hna_th& additional worry of the
dagres of linear dependence between the bound and convinuwum orbivais, but

this short interactive program is not intended to deal with iv.

The meana by which the determinant D is maximised is guite simple.
Ths n principal gquantum numbers ﬁi are held fixed while the exponenta Ci

are allowed to vaxry between ths predeterminasd limits. These limity define
an n-dimensional rectangular prism § within wblch the vecter § lles. The
program calvulatea the K-dimenalonal gradient wvector ¢ = g% at the
initial value of L. The vector § ls& then varled along ths dlrection of ¢
until no additicnal increage in the detarminant ocours. The value of §
at the new L can ba then determined, mnd the process repeated
indefinitely. ‘e length of atep along G is at Firat taken to be 1710 of

the digtance from tha point § to the boundary of 8. Thie step length ia

¥



yead until the determinant dscreases (or the boundayy la resched);

then one etep backward ie taken, the step length ls dlvided by

10, and the provess repeated {10 such iterationp are made in the present
vergionl. As prasently conetructed the program evaluates § ten separate
times before printing out intermediate results. This can be varied ss
regquired. It is gen;xaily the case that little improvesment ovours after
four or ¥five such Intermediate resultas. The results printed on unit & are
the principal quantum numbers Ri' the new walues of the axponents zl, the

H
purface probabllity amplitodes r@i - &i r i e“clr agsociabted with the new
gontingum orbitaly on the Rematrix boundary sphere r=a, and the

eigenvalues of the pnew overlap matrix S.

The program is desimmed to run interactively on the 170k TS0 regio;
wE the Daresbury IBK 370/165. Units 5 and 6 are asslgned to the terxminal
sereen., Satrix dfagonalizaticn routines from the NAG libraxy are
employed. To execute ORBOPT it ia suggested that a copy of
WL ORBOPT FORT ho made on the uaer's own directory and that an object
module ORPOPP.OBY be then created by the command FORT ORBOPT. Bome
faciiktioe to ald intersciive execution reside on *CW.CLIST!
YCHLCELBTITESET)® assigns units 5 snd § to ths berminal with definite
blovkskre and record length {this may be execuked only once during o
terminal seseion}r *CW.CLIST{NALGO)' leoadn thw obiect module given ag a
posltional parameter along with the RAG librnry snd inlblates axacution.
811l required input is prompted in an cobvicus manner by ORBOPY with the

required format specifications given in the prompt.

The author gives nc guarantee that the new orbitals generated by
ORBOPT wiil be superior to the original set in the sense of providing

better repults in an Rematrix caleulation - in fact in eoma cnnes the

vontrary is truse. The types of orbltals required in application are
dateormined by the physics of the problem ar hand, snd n bad cholce of an
initial set will not be much improved by rveducing linear dependwencs.
However, to astablish the convergence of an R-matrix omloulation it i
degiyable to increase the number of orbivale which cen be used. cenerally
ORBOPT will facilitate Ehis by providing a new set of orbitals not too
diasimilar to that given Inikially, but which provides a greater number

of orthogonal combinatlons of #10's with gufficlently amall coefflclents.

The results of a sample executlon are given below. Seven orbitails
with the prircipal gquantum numbers indicaked are put in a sphere of
radius 10 m.u. The first orbital, with ¥W=2, is eet initially to peak at 2
nsus, and Lte peak is allowed to vary between 0.7 and 3.5 a.u. The
mindeam, initilal, and maximun values of zeta are printed afier each pesk

specification i glven.

it hge been found that the results are relatively lnsensitive to the
allowed peak varlationas assigned to intermediabe orbitels., Adjacent
orbitals “repel™ sach other, since any incresse lp mutuel overlap mast
tend to decrease the value of the &ecerainéntn thus it will be found that
the greateat change occurs im the outermost orbltal, whowe peak ls puvhed
out as far &=z possible. The ilmnermost orbital on the other hand is fnvar-
tably contracted, though Af it im Aiffuse {as 1o this example} its peak

will not ba shifted much.

Figuras 1 and 2 show respectlvely the old set of orbitals, and the
new et of orbitals obtained after four passes of optimisation. Xt can bs
agen that the ilndividual orbitals have not been greatly albtered by
optimisation. The improvement of linesr independence is elgnificant,

howaver. The second lowest elgenvalue for the initisl eet 1s probably too



small for its elgenvector to he used in a caloulstion, wheyreas after

optimigation lts magnitede would appear to be aatisfactory.

SAMPLE PROGRAM EXECUTION

taer
REARY
nalge orbopt

R OMATRIY RADTUS IH ATCMID INITS (Fli.7)

10.00

KEMEFR NF ORAITALS LE 20 (12) $9 TO STOP, 38 HEW BADIUY

?

PRINCIPAL NUANTIH NIMRFRS IN ORDER

TAILSETT

(HP * [2)

ENTER § FOR PEFAULT PEAK SPACE OR § TO SPECIFY (1D}

PIKTARCE PROM ORICIN OF PRAF £

2.80

PLUR Fia.?
¥.30

FINUR F14.7
f#.30

THIN, ZFTA, 7THAX

PISTARCE FRow
.75

PLAIS Fia.7
2.00

HIRUS  Fl4.7
1.8
PHIR, ZETA  2MAY

NISTANCE FROH
4.50

FLITG Fi4.7
2-40

wWiwis  Fi4.7
F.00
PHIN ZETA FHAX

PERTANCE. FRON
5.5

LIS Fléd.?
72.00

MINIS  F14.7
2.00
THIN, ZFTA, THAX
DIRTARCE FROM
7,58

LS Fl4.7
1.50

MINGS  Fl4.7
2.50
ZHIN, ZETA SHAS
DISTANGE PHOH
", 00

PLES  Fla.7
2.00

L QI Fl4.?
3.08
ZHIR, EETR, AT
PISTANCE FROM
1H.0D

MIS  Fia.7
2.00

MINAS  F14.7
e

ZHIN, ZPTA, THAY

0. 3714285 P00

G. AI6IGIART-00

OREGIN OF FRAR §

5, 538461 5AD+00

FIRST EVALUATION OF PETFRMINANT

ORININ OF PEAR # 2
Q. 52430 +00
eR{CIN DP PRAK ¥ 3
0. KIS IRAEIDH00
ORIGIN OF PEAK # &
0. £66 8666 10400
ORICIR GF PEAE £ 5
0. 666566670400
SRIGIN OF PEAX & 6

7

(F16.7)

0. 100066H06+01
{Fla. 7}

0« EHDODGOOI-HID
{F14.7)

. PRRRBAAGD 0D
{Fi&. 7}

0, $690803 1140
{Fia. 1}

(. FEOBOOOEDHIC
{Fla. 7y

0. 17737V T8D400
(Fla. 7}

8. 636361 64D450
0.4916950=1%

0. 117647060401

0. $09090%E0+01

0. 180000000401

0. 1528587140401

0. 120800000401

0. 116686670401

£. 160000000401
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FIRST PUALUATION OF RETERMINANT 0.4916990-14 Figure Captlons:

i} IETA SURPACE AMPLITUDE OVERLAP EIGENVALULS
? @, 1050000+01 C. 5242377002 0. 1371353003
k . ENGNoON 00 . &40 10001 0. A4ZRTO4D-04 Pig.t. Probabllibty ampliltudes r% for the peven orbitals of the initial
4 . RRARRAGH 400 ¢l 0188298001 & [I06RAT2D 02
5 D.opuoRAenMn  0.16073220400  0.2205393R-01 eet as & function of x.
6 0. FOGROOUN+00 0. IR21elpagn 0. 3271 944D+ 00
? 0. FIFIFIA40D 0, 50773050400 2. 15176320401
7 0+ AIR3ERENO0 8. 851 EI N80 0.513078 D404 Flg.2. Probability amplitudes for the optimised set.
YALYE OF DETERMIFANT AFTER WEN STEFS 18 . 343550013
¥ ZFTA SURFAGE AMYLITUDE OVEALAP EICERVALUES
2 . 10159670401 £, 454 92 5ED-02 . 311844 -05
3 Q. R2 1444 IDH0D €. 334 73540-01 . BI824 %1008
4 5. 82124240400 0. 779553701 0. 21131%00-02
5 0.931 SR&ANSO0 0. 14615340400 0. 3338350FR-01
& 0. EZRSETENS00) 0. 2868000400 0. 3650°%18300
? 0. FEUOS M A0 0. 52591 7HHO0 G, 15961 ASD3OL
7 D872 SeTenagn 0. 71 TR2RINAG0 0. 500269 kD401
FETER 0 TN CONTINUE OR | 70 TRY NEW SET OR STOP {11)
1]
VALUE OF DETERMLRANT AFTER TEN STEPS IS 0. 114M3ED-12
] ZETA SIMFACE AMPLITUDE OvERLAP EJCENVALURS
2 0. 10225800401 . 4423335007 O 10344689505
3 B.FIREIANHOD 0. 5197930000 0. 1032680003
4 0. 034 3650300 9. 72831 9%¢D-81 0. 244341 1002
] Q. RE0ADSANON 0. 14103830400 Ox IROFIGRD-D]
& 0. RILZ2IADHOND 0. 32781 52044) 0= I7RIRDANAGH
7 0. 75344650300 O SAZAOBEDIO0 G 162740304401
7 0. 550344 a0 . 7408 11 AB400 v 69535530401

ENTFS D TG CONTINUE O 1 TO YRY WEW SET OR STOP (11}

VALEE OF NETERMINANT AFTER YFN STEPI I8 O LATHEED-F2

N ZETA BURFACE AMPLITIDE OVERTAP EIGENVALUER
2 0. 10289040201 0. 4343272002 8. AJ8E527D-03
3 0 RAZ T2 6040K) 0. 5074955001 6. 110R9780-03
4 0. 23014500400 0. TIB359-01 0. 25388480-07
b4 D.BAFITEINH00 0. 13925820400 0. 3957897001
£ 0. F3A64 | o400 0.3231 5] 408 0. INTYAISDHH0
7 0. 73 QUIIMG0 0. 33301 Fena0n 0. 16387880401
7 9, 862£ 1] D400 0. 74794110400 B £535096D401
FHTEN O TO CONTINNR OR 1 TO TRY NEW SET OR §$T0P {11)
0
VALUE OF DETERMINANT AFTER YER STEPS 1§ 0. 161 462fD-12

L ZETA SURFACE AMFLITURE OVERLAT ELCENVALUES
2 0. Inz3RsaTL D&M HET-02 0. 5404 7990-03
kK 0. PAS LTI AH00 0-3M1 893003 D ELI65010-03
& 1 SABE IS IN0D 0. HAOREED0E 0. 2580562002
5 0. 94441627400 0. 1 IR6LO TG0 0, 401 ET3N-G1
& 0. RAVSS3RDH00 . 326791 M40 0. IR4 S04 FN400
7 0. 15026830 +060 & 33596750400 B« 16427720401
7 0, 53990R6D4G0 8. 7150531 0408 8. 492982 D4+01

ENTYE O TH CONTINUE £ 1 €0 TRY NEW SET Ok STOP (L)

1

HIMAFR OF ORATTALS LR 20 (12) 99 T 970P, 9R HEW RADIUS
-1 ]
READY
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