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EVALIN

Code FORTRAN IV (CDC 6600) permettant

d'effectuer une approx imat ion variât iorinelle etendue

pour les noyaux légers et intermédiaires^ ,1

par

R.Y. dusson et H.C. Lee

Résumé

Le code d1ordinateur décrit dans ce rapport effectue
un calcul vâriationrieï Hârtfee-Fôckétendu pour l'état ::
intrinsèque de noyaux légers ayant jusqu'à 82 protons et
82 neutrons^ Le traitement exact de l'énergie synétique du
centre de masse et de l1interaction Coulomb à deux corps
est expliqué. Les orbitales harmonieuses peuvent mélanger
tous les états de base y compris les paires à temps inversé
mais elles doivent avoir une bonneVparité; ce qui permet
d'obtenir une approximation varia tiojinëlle améliorée
pouvant "être appliquée aux noyaux impairs. Les fonctions
d'onde dès protons et des neutrons sont traitées séparément
ce qui facilite la détection de toute violation de 1'isospin
due a la force de Coulomb. Les éléments de la mâtrite de
1'interaction nuelëaire doivent %tre fournis comme données
initiales. La fonctibn ohdique de l'essai initial est
considérée comme étant celle du modèle de Nilssôn. En
utilisant l'interaction semi-rëàliste N°2 de Saunier & Pearson,
la plupart des quantités calculées Sont' cantonnées dans 10%
de leur valeur expérimentale/ pour lès noyaux ayant 4 < A < 40.

L1Energie Atomique du Canada, Limitée
Laboratoires Nucléaires de Ghalk River

Chalk River, Ontario
Janvier, 1971
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1. INTRODUCTION

I t has become increasingly c l ea r over the past

few years tha t quan t i t a t i ve solu t ions of the nuclear many-

body problem cannot be obtained r e l i a b l y in r e s t r i c t e d c o n -

(2)f igura t ion spaces. I f we l e t H = T+V be the nuclear ,:

Hamiltbriian .consistingzof; the- one-body; k i n e t i c energy operas

( 2 )
tor Tv-'-:and;the ; two-body- interaction potential V; , we must

solve the .Schroedinger 'equation •-.....; :

H|Y> = E|¥> (1.1)

in order to obtain the energy eigenvalues and eigenfunctions

of the many-nucleon system. Since | ¥> is antisymmetric in

the A nucleon coordinates, it may be expanded in a basis

consisting of single Slater determinants (SSD). The first

sentence of this introduction refers to the fact that no

single-particle basis has ever been found such that only one

SSD will constitute a quantitatively accurate representation

for the components of '~\V> up to about 300 MeV.

; ^The/iprbbable reason for this, lack:of conver-

gerice of SSD's; tp \^l> is that |f> exhibits two-body corre-

lations, over both large and small distances, which cannot be

represented by SSDrs. If^ie now think of the many-body
. . • . ' . ' • • • • . ' • - - . ' : • . ' ? : . ' • ' . : * M % ' • • • ' ' • • • • • • • - • • ;

Hilbert space' of states of >iSie | ¥>' s as being a direct product

of one-particle;spaces we can distinguish roughly three ingre-

dients which must be present in order to obtain an accurate
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representation f or | .¥>:; (I) th"e single particle basis should

have a large dimension, (ii) highly excited 2-particle-2 hole

(2p-2h) configurations must be included to account for short

range effects, (iii) many coherent (Np-Nh) low energy config-

urations will be required to account for long range correla-

tions . The first ingredient is required in order to pin

down the single-particle properties and also to provide the

underlying space for the 2nd and 3rd ingredients.

The number of SSD's required to obtain an

accurate expansion of the solutions of (1.1) in a given "

ortnonormal•many-body basis remains out of the bound' of even

present day large, fast computers. However it is still pos-

sible to make quantitative predictions about the states,

even when the basis is truncated heavily, if a different

effective Hamiltonian H, appropriate for The- particular

truncation is used. In this case all other observables

must also be represented by their effective counterpart2^

and often the burden of the problem is relegated to the

operators instead of the states. For the purpose of low-

energy nuclear spectroscopy it is believed that ingredient

(ii) can be .reriormalised out of-the wavefunctions and that

a suitable <K matrix3'4>5) exists, which we will call V ( 2 )

from now on, such that only ingredients (i) and (iii) remain

in (¥>. It is further believed that, as long as' short range

effects are not involved, it will be possible to compute the

matrix elements of any observablea without renormalizing
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them against effect (ii). But, if that last proviso holds, -

we need not have an exact.mathematical prescription for the

transition from the oxact, highly singular interaction to

our (smooth) V 2 . Such a semi-realistic V̂ 2** has been,

recently developed by Saunier S Pearson5*. Their potential

#2 (SP2) has been found to give excellent results6"7^ in the

code described here.

Still, additional truncations with respect to

effects (i) and (iii) are needed in order to deal with a

manageable, problem. We can distinguish roughly two approaches

to this question. In shell model calculations the single

particle basis is first heavily truncated, the interaction

is then renormalised once more (V +G) and as many-config-

urations of type (iii) are retained as the size of the matrix

diagonalisation problem will allow. The usual net result of

such calculations is that one obtains a rather large (perhaps

15-30, in the s-d shell) number of eigenstates, with moderate

accuracy for,any. single .one, and requiring.:a substantial.,

amount of type (i) renormalisation-to obtain transition -matrix

elements (presence of effective charges). The second approach

is the object of this report, and consists in retaining the

largest possible, single particle basis (effect (i)). One

then concentrates on obtaining type (iii) correction for a

very limited number (1-5, say)-of eigenstates, usually near

the ground state:;,to do this, the unrestricted Hartree-Fock

variational method.should include projection to restore the



symmetries which may be violated by the variational mixing.

Although a smaller number of states are described in this

way, the accuracy;of the-wavef unctions/is;
1improved, with

the result that: little; or no operation renormalisation is

required (unrenormalised transition operators may be used).

"Actually, there are many properties of the ground

state and features of the nuclear systematics which can be

described without performing the projection step, and so even

though the present code does not project true•eigenstates,

but only obtains the so-called "intrinsic state", a detailed

description of the methods used is warranted both for its

own sake and as a step towards further elaboration of the

present work. • :• - . ;...

The main new features of the code are i)

extensive use of the "Wigner-Eckart theorem", although

deformed states are considered throughout, ii> a flexible

modular construction where each subroutine package performs

a given physical or mathematical step, iii) liberal use of

random-access mass storage facilities, iv) considerable

flexibility, including a complete Nilsson model-code (ELMOS)

f o r t h e i n i t i a l i s a t i o n p r o c e d u r e w h i c h s u p p l i e s t h e s t a r t -

i n g S S D t r i a l * w a v e f u n c t i o n . •;-••••'•''v-;>::"" v;-. ••••;•. 1-'•• " '- - v :

The first feature allows a several-fold

increase in speed over the= conventionaitimethbds i while the v

next two Bgrea-t|y:;ffacilitates extensions and modifications

for s:p<2eial;fpurposi esQ -I ::• Thewlastftf eatur^ % is ̂ of Snear vital :' • •
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importance for such calculations because of the very large

number of variational parameters involved.

The next section contains mostly a collec-

tion of the relevant mathematical equations involved in

the Hartree-Fock approximation, while section 3 provides a

guide to the structure of the program. Section 4 contains

a brief discussion of the problems solved by this code.

The appendices contain a listing of the code, a sample of

the results, a list of error exit modes of termination, and

finally, a short resume of the control card structure which

is contained in a BLOCK DATA subprogram, instead of being

read from cards.

An essential aspect of such a program is the

preparation of the various two-body operator matrix elements

which, are required at the outset. A separate program

EVAFME is also described here since it uses novel methods

which considerably increase its speed aid flexibility.
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2. THE HARTREE-FOCK VARIATIONAL APPROXIMATION

2.1 THE BASIC EQUATIONS

The basis equations of the H.F. method are

well known and we shall use mainly the notation and phase

convention of Baranger . Still, in order to completely

define the numerical formalisms we shall review briefly the

steps required to reduce the equations of the method to a

computational algorithm.

We consider a nucleus composed of A nucleons

(protons and neutrons of spin %) whose Hamiltonian is the

following sums of one and two body terms

A A '

H = I T(n) + I VCn.m)
n=l n=l

m>n

(2.1)
A

\TCn) + \ I V(n,m) ,
n=l

where T(l) depends on the coordinates of the first particle

only and V(l,2) depends (symmetrically) on the coordinates

of particles 1 and 2 only, etc. Typically T(n) will be the

kinetic energy of the nth nucleon ^ | p n | » and V(l,2) is a

complicated interaction between the two nucleons which will

be discussed later on.
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The coordinate (or classical) expression (2.1)

needs to be rewritten in the quantum mechanical second quan-

tisation formalism. We let c ,c be a set of fermion crea-

tion and destruction operators obeying the usual anticommuta-

tion relations and we define our single particle basis

<r|a> = <rjc
t |0> = 4> (r) , a = 1, , B . (2.2)

We now state the precise definition of $ (r) which has been

used throughout in this work. The index a stands for 4

labels: n , the radial label,j ,m the total angular momentum
a a a

and its projection along the z axis, and t , the isospin pro-

jection, which is -h for neutrons and +h for protons. This

last label will be omitted because our basis will be the

same for protons and neutrons. The structure of the basis

used here is given in table 1. So we define

<r|njm> = R^Cg ^ g

(2.3)

where R „(r) is the normalised radial wavefunction for a
nx,

particle in a 3-dimensional harmonic oscillator of frequency

-no), and oscillator parameter b =y|jj- Following Brody S

Moshinsky11J we have for Rn
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[ »n)!
[r(n+il+3/2)J

where L (z) i s given as

. a, . 1 2 -a 3 , -z n+a.L (z) = —s- e z (e z )n n! 3 z n

The number n counts the number of sign changes of the radial

wavefunction and R is positive at the origin. The Y (6,<j>)

are the usual spherical harmonics of Condon £ Shortley and

xf is the apDropriate spinor. Under the time reversal

operator T we have

C2.6)

The last symbol of (2.3) is the usual Clebsch-Gordan coeffic-

ient for recoupling of two angular momenta.

The wavefunctions defined by (2.3) agree in

all respects but one with the usual definitions used in
o

current shell model calculations. The factor i has been

introduced in order to insure that under time reversal the

states (n3m> will transform as

T|njm> = C-l)3~m |nj-m> . " (2 .7)

This last equation is important in the present calculations

where time-reversal properties are not conserved in the varia-

tional procedure.
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Using cft and c Q i t can be shown that eq.

(2.1) can be rewritten as

H = I < a J T ( l ) | B > c + c + h I <CL^\va,2)\y6>cfctcxcv, ( 2 . 8 )a c B + h I <oB|V(l,2)|Y6>cJcJc6c
B5

where

<a |T( l ) |B> = /d 3 r 1 ^ ) " ( r , )T(r , )4>Q(r, ) ,

J " -L (X ""J- ~ 1 p ~ i-

md (2.9)

<aB|V(l,2) |Y6> = I d ^ d ^ ^ C r ^ ^ C r

We next defined the antisymmetrised, unnormalised matrix

elements l ^ ^ as

(2.10)
= -V = -V = V

BCXYS aBSY Ba6Y

so that (2.8) takes the convenient and standard form

H = 7 T Dc
tcD + % 1 V o * c

tcjcjcc . (2.11)
L aB a B L aBY$ a B 6 Y
aB

The rotational invariance of H can be used to apply the

Wigner-Eckart theorem to V ~~, giving the decompositions
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JM

(2.12)

= I G(abcdJ)C(JaJbJ;mambM)C(JcJdJ;mcmdM),

JM

where the second decomposition is the usual shell model one,

apart from the normalisation, while the first one is more

appropriate for our purpose. Note that s = (-1) and

m = -m . The F reduced matrix elements may be obtained

from the G's with the relation

F(acdbJT) = - I (2J+l)W(JaJbJcJd;JJ')G(bacdJ) . (2.13)

J

Let us now consider a- single Slater determinant

(SSD) trial wavefunction, for A particles, of the form

where

a

U , is a (complex) unitary transformation of the (fixed ,

laboratory, expansion) basis. The one-body density matrix
A t
Pag

 = c g c
a has, on this state, the average value

X occupied
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The average density defines"the average potential energy

matrix

y

This potential together with T defines the so-called

Hartree-Fock Hamiltonian h as
ay

hay = Tay + 7 O Y ' (2.17a)

The variational minimum to

«U <*A|H|*A> = 0 , (2.13)

where one varies with respect to the parameters of the

unitary transformation U . can 1

consistent eigenvalue equations

unitary transformation U . can be shown to lead to the self-

I haB V = £XUaX> (2-19)

e
where the eigenvalues £. are called the Hartree-Fock single

A

particle energies. The equation (2.19) implies a self-

consistency condition because the matrix h _ to be diagonalised

is itself a function of U ., through equations (2.17) and

(2.16). The self consistent U is found by first selecting

an initial U° then computing h from it and diagonalising it

to get a new U by populating the states of lowest e^. This

process is iterated until no further change in U is detected.
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The eq. (2.17) is not practical to use when
4

B is large because there are B or, in this case, approxi-

mately 45 million matrix elements V gYg• We shall want to

use only the F matrix elements of eq. (2.12). This can be

accomplished by using a slight variation of the Wigner-

Eckart theorem for p _ and v" o. We write
ctp otp

<a j a mjv |3 j b m b > = v ^ = s a £ C( j ^ ^ ; ^ ,Sa,M) ( j j v / | | j b ) (2 .21)
J

as the defining equation for the "reduced matrix elements"

(j UvT|Jj.). A similar equation defines (j |pT||Jh)- We

substitute these in (2.17) and use (2.12) to obtain the

new equation

^ai^jUV = I F(ca,db;j)(jb|p^||jd) (2.22)
bd

This equation involves far fewer matrix elements of the

potential (v 15000 in the present case) and was usod in the

code. The inverse of eq. (2.21) is also required and comes

out, using the orthogonality of the C.G. coefficients as

_M j +M-m
< jJ*jl.V s\l C(JcJaJ;mc,M-mc)(-l)

 a c<Ja,-M*mc| v| Jcmc>.
m
° (2.23)

The value of <4»A[H| <j>A> can be computed and we obtain
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E H.F.
aB

These, then, are the basic equations which

were used xn the code. The remainder of this section will

be devoted to the symmetry properties and other matters

which influence the structure of the code.

The F matrix elements have the symmetry

F(ab,cd;J) = F(cd,ab;J) and thus where stored as the lower

triangular parts of symmetric matrices in the double index

(a,b), for each J value.

The density matrix p o is hermitian, as can
dp

be seen from i t s d e f i n i t i o n ( 2 . 1 6 ) . This impl ies the sym-
| |p T | | j K

a u o
metry p roper ty for i t s reduced ma t r ix element ( j | |pT | | jK)

a u o

C3cl|pJMil3a) = e(Jc-Ja-M)CJaOP;j!|Jc)\ (2.25)

with 6(a+b+ • • • ) = C - l ) a """ , so t h a t only the matr ix e l e -

ments wi th M >. 0 need be s t o r e d . This proper ty i s usefu l

when computing the t r a c e s involved i n eq. ( 2 . 2 4 ) . In terms

of reduced matr ix elements we have

Tr[pv] = I B P a 0 v g a = I I C2-6M j 0)Re[(JbIP5|J a)(Jb l |v^ | |J a) f t]

~*alh (2 .26)
M>.0
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This equation is used to define the partial components (J,M)

of the trace sum. The equation (2.23) also serves as a

natural definition of the spherical tensor parts of the

deformed Hartree-Fock potential.



- 15 -

2.2 THE MATRIX ELEMENTS OF 1 AND 2-BODY OPERATORS

Apart from the matrix elements of the one-body

kinetic energy and the two-body interaction discussed earlier,

several other sets of matrix elements are used in the

calculation.

The matrix elements of the following one-body

operators are constructed:

12)i) the 21 symplectic operators of Lipkin :

r^r^ (6 operators), PkPA (6 more),rkp^ (9) k,£- = 1,2,3

ii) r LYf(8», L = 0,2,4,6, M = 0,2, •••, L .

The set i) is a general purpose one which is used to perform

cranking operations and to obtain the free kinetic energy.

The second set ii) is used to evaluate the multipole

moments of the intrinsic state | <j>. >. The set i) is obtained

by relating r. and p. to harmonic oscillator creation and

annihilation operators in the cartesian oscillator basis.

Linear combinations of the operators above were computed as
2

follows, in -units of b ,

r .p .+p.r•
Xij ( 3 2 * 3 ) X = 1,..., 9 , (2.27a)

p *p. ±3?.r.
A*-.= I %ij C 3.̂ .. I X) X = H..., 9,,,- (2.27b)
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where the 9 3x3 matrices JK are

io-j

0
0
0

1
0
0

0
0
1

0
0
1

0
- 1

0

0
0
0

0
- 1

0

°J
1
0
0

fi =

» ft =

0

0
0

-1

- 1
0
0

0
1
0

0
0
0

0
- 1

0

1
0
0

1
0
0

0
0
2

0
0
0

* ?6 =

0
1
0

0
0
0

1
0
0

- 1
0
0

0
0
1

0
1
0

0
0
0

0
1
0

0
0
1

The precise definition of the set ii) is

= r
L J ^ L Y?(6,«J>) = r L C?(e,<i>>, L even

and its matrix elements are given by the formula

<n'I'j'm' = (-1) C(jf jk;m'mM)(n'2,' |rL|n£)

(2.28)

/2L+1

The radial matrix element is evaluated in the usual manner

while the angular reduced matrix element is-given by Edmonds

i-i*

The additional factor C-l)~~2 reflects the phase convention

adopted here.

The computation of the matrix elements of the

two-body operators used in the code is' much more lengthy.

13)
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Apart from the nuclear potential the following operators are

needed:

A

R 2 *• '~ ~~ ' '

A

= \ I Ipn-Pm|2 , (2-29)

Z

The first two operators are needed to treat the center of

mass problem; their direct and exchange matrix elements must

be calculated separately in the second quantisation formalism;

thus two sets of VD and VD must be obtained. The last one

is the Coulomb two-body potential. Since this distinction

holds also for the nuclear interaction seven sets of two-

body matrix elements, each of which contains ^15000 matrix

elements in our basis, must be obtained. They are computed

by a separate code EVAFME (EVALIN F-Matrix Element) in a

suitable order for reading in as data by EVALIN. Section

2.5 discusses some of the important features of this

calculation.



- 18 -

2.3 THE CENTER-OF-MASS PROBLEM

The in i t i a l t r i a l wavefunction supplied by

ELMOS very nearly puts the center-of-mass (CM) of the

nucleus in the ground state (Os) of a harmonic oscillator of

the same frequency as nw, the basis frequency. Now the one-

body kinetic energy 2

tot L 2mn

contains T p M, the kinetic energy of the CM. If we iterate

using T , the final wavefunction will also tend to minimise

TpM, which means spreading the CM out over all the space

allowed by the basis. This will confuse the interpretation

of the single particle wavefunctions since they will then

tend to smear out too. This effect can be corrected either

by subtracting T P M from T or by adding to T , V ™

A

CM = J n UCM !5 | 2 > 5 = . I S ( n ) jf > ( 2 . 2 9 )
n = l

which will bind the CM in a harmonic oscillator potential.

The present code uses the first method; the second one is

useful when it can not be established that the initial SSD

has the desired CM wavefunction. The form of T , = T. .-T«M
rel tot CM

can be obtained as
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TTrel

This last equation shows that the Hamiltonian in the relative

coordinate system has TIC one-body components but depends on

the atomic number A.

The properties of the CM wavefunction enter

again when computing the mean-square radius. One.derives

the identity

A

r
2 = I V |r

n_R|2
 = 1_ V

 ( 2 ) (2
rrel A L '£ -' .2 VR • w

n=l

The difference between (2.31) and the simplified expression

T I i£n| goes to zero for heavy nuclei but is appreciable
n

for light nuclei, as can be seen in appendix II. A formula

similar to eq. (2.31) has been worked out to compute the

mean squared radius of the protons only with respect to the

total CM, a quantity of interest in most experimental

determinations of the charge radius of nuclei.
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2.4 PROTON S NEUTRON DENSITY MATRICES g THE PARITY

SELECTION RULES

The equations (2.15) and (2.16) for the den-

sity matrix did not differentiate between neutrons and pro-

tons whereas the equation (2.22) involves F(ca,db;J) where

a,b,c,d carry a proton or neutron label. Some detail about

the actual procedure will now be given.

We can take, as a complete set of labels of

our single particle states, the quantum numbers (n,j ,m,t,,).

Next we restrict the U matrix of eq. (2.15) to be diagonal

in the parity label and in the proton neutron label, that

is to say the single particle Hartree-Fock states are either

neutrons or protons of good parity. It is then clear from

eq. (2.16) that the total density matrix breaks up into two

sub ma trices p and p each of which breaks up further into«p *n

two pieces, one density matrix for the positive parity states

and one for the negative parity ones. The reduced matrix

elements of p, p and p of a given Ju therefore contain

only J terms since TTJ = ir Tij. . The complete set of reduced

matrix elements of F in (2.22) has the labels

F(ctc,ata,dtd,bt, jj
11). From the properties of p and the

eq. (2.22) we see that only the J matrix elements with the

pair db both protons or both neutrons are needed. By conser-

vation of charge this means that the pairs ca are also both

neutrons or both protons. Since we have the symmetry relation
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F(ca,db;J) = F(dbsca;J),

the F matrix breaks up into the submatrices

( 2 . 3 2 )

F =
F

PP Pn
J F J
np nn

( 2 . 3 3 )

where the subscripts label the two particle hole pairs (ca

and db).

Furthermore if we let p,a stand for the two

pairs ca,db i t can be shown that

and

Fpp ( p>a )

Fpn ( p>a ) F p n ( a ' p ) F n p ( p ' a )

Fnn(tJ>p)

F n P
( a ' p )

Using the p,d,n notation for pairs of labels, the equation

(2.23) can now be rewritten as

M M

n
(2.35)

Fnn(tJ'Tl)pJn(Tl)))

n

This last equation was used in the code.
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2.5 THE CONSTRUCTION OF TWO-BODY MATRIX ELEMENTS

Perhaps the most significant feature of the

program EVAFME is its use of exact expressions for the

construction of all the required two-body matrix elements

of operators which do not involve tensor terms, namely the

operators of eq. (2.29). The method of Talman has been

used with success.

(1 2)For any two-body potential V * , the anti

symmetrized F-matrix element can be written as

F(ab,cd;J) = f(abcdJ) - (-

W(JaJbJcJd;JJ
I)f(acdbJl), (2.36)

where

f(abcdJ) = I <a6|V(1'2)|gY> C(j j,J;mm.M)

m -mK=Ma b
m -m,=Mc d

x C(JcJdJ;mcmdM)s3s6. (2.37)

When V(l,2)isa central force, i.e. V(l,2) = V(|r1-r2|),

Talman's scheme yields the formula
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f(abcdJ) = cacbcccd(-)
:ia~3c+Us+S'c"Jla"J!'d)/2 Y j ^ Q x

K R(NMJv) V v )' (2'38>
NMv

where 3 = /2j +1; we refer the reader.to Taxman's equa-
3. cl

tions (4), (14) and (15) for the computational definitions

of the normalisation coefficients c , the transformation
a

coefficients C^j and R(NMJv) respectively. Here I is

the Talmi integral

I =v .
I
•'o

e2
For example the case V r( l ,2) = -r——-—r gives

I ""X il

I,(VJ = e2
v C

for the Talmi integrals of the Coulomb potential. The equa-

tion (2.38).implies the useful selection rules J + & a + &b

= even, % +^d+l^ = e v e n» an<^ t h e symmetry relations

f(abcdJ) = f(cdabJ) = -8(abJ)f(bacdJ).
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3. CODING TECHNIQUES

3.1 GENERAL DESCRIPTION

The program EVALIN performs an Extended Varia-

tional Approximation for Light and Intermediate Nuclei. The

size of the basis and the nuclear parameters are initial

data, much of which is read in from magnetic tape at an early

stage of execution. This tape must be prepared by EVAFME on

a previous run. We first give the block structure of the tape.

The matrix elements of (2.29) are computed in

dimensionless form and so are independent of nw. They are

first on the tape and require 6 blocks of data. There follows

a variable number of sections consisting of 4 blocks each and

pertaining to the various values of fiu) for which nuclear force

matrix elements, in MeV, have been constructed. The first

block of the dimensionless M.E. section is a 25 word control

block containing the number of j shells to be considered Cup

to 16) and the corresponding lengths of the following 5 blocks.

(91 ( 9 1 (91 (91 ( 9 )
They in turn contain Vp , v£ , vi , Vn , V^ of equation

Cpp* Rpp Rpn' Ppp Ppn ^

(2.29). The 4-block sections are composed of a control block,

the G-matrix elements, F , F . We note that the G matrix

elements are included for reference purposes only and are not

used here. These matrix elements are not constructed by EVAFME

either, EVAFME reads them in from magnetic tape or failing that

the unsatisfied external PPME(I1,I2,13,14,J,KT,GGG,O) must be

coded in as a supplier of the matrix elements of the two-body

nuclear interaction.
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After initialisation the overlay READIN is

called and the initial data is transferred to a mass storage

device (disk). Upon returning to the main overlay (EVALIN)

the common block /BASIS/ is set up and contains detailed

information related to the selected basis states (lengths

of arrays etc....). Several nuclei (up to 40) may be pro-

cessed in one run. This main loop begins at DO 11 etc. — .

The processing of one nucleus begins with the

generation of a trial wavefunction. It may be read from

cards by calling READIN once more or constructed from the

8 )

Nilsson model by calling the overlay ELMOSE . ELMOSE is

called in any case in order to generate the one-body matrix

elements defined in equations (2.27), and the printout

character set.

The overlay NUHART is next called to perform

the actual iterations. Several iterations are first per-

formed using the relative coordinate total Hamiltonian. The

results of this are considered to be the "best" wavefunction

which may be saved permanently on punched cards. The wave-

function is also saved temporarily (until the next nucleus)

on mass storage. After computing the relative coordinate rms

radii a last iteration is performed with the sole purpose of

obtaining the usual single particle energies (which include

the K.E. of the center of mass). Finally, further iterations

may be performed in the presence of a one-body external field

(cranking).
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The control is then transferred to the over-

lay MULTIP which computes the expectation values of the

multipole moments defined by (2.28),

The final task is to produce a computer out-

put plot of the density distribution defined by the saved

wavefunctions BRPS,BIPS,BRNS,BINS through equation (2.16).

The code is then ready for the next nucleus.

A listing of the codes EVALIN and EVAFME is

given in appendix I. Most of the actual coding details can

be obtained by studying this listing together with a sample

of the output for He, given in appendix II. Appendices

III and IV pertain to the execution details while appendix V

describes a magnetic tape containing the card images for the

code. The following subsections provide some further rele-

vant details for the computation.
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3.2 WORKING ARRAYS & MASS STORAGE RETRIEVAL

The finite size of the central memory avail-

able restricts the code to having simultaneously in core

only one set of two-body matrix elements and two sets of one-

body matrix elements (we view the wavefunction U as a one-

body array.) For this purpose one long (15000) array and two

short ones (4-000) are used as temporary storage only. All

arrays of interest are stored on disk and transferred in and

out by referring to their alphanumerical name with BUFFIN

and BUFOUT. It is then practical to pass to subroutines

only the names of the arrays of interest via the calling

sequence.

The limitations on the size of the temporary

storage are felt most severely when constructing the complete

Hamiltonian including Coulomb interactions, since we must

then take linear combinations of two (long) sets of two-body

matrix elements. A subroutine ADLONG performs these opera-

tions piecemeal.
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3,3 THE STRUCTURE OF F ARRAYS

Apart from containing the two-body matrix

elements of some operator, an F array contains control data.

These data are checked during processing to insure that

garbage has not been read from mass storage.

We have

F(l) = NV = number of levels in the basis

FCI+1) = I = code number of the levels described in
table I.

There follows J blocks for each positive parity J value

occurring in (2.12) (J <_ 7). The first element of each

block is set to 6 4*J + DIMJ, where DIMJ = tae number of

different pairs (j , j ) which can couple to J . Within a

block the element F (L,M) is located at the position

L + DIMJ*(M-l)-M(M-l)/2, L >. M. In the pair index

L «-> (Jajj) the index a varies fastest in increasing order

over the values of I which are allowed.
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3.4 CONSTRUCTION OF REDUCED MATRIX ELEMENTS

Although most of the calculations are

performed using the reduced matrix elements of v and p

the diagonalisation involved in (2.19) must be performed

using <Ja|v|Je>.

The coding for equations (2.21) and (2.23)

is represented by the subroutines ROCONV, ROCONVP, ROCONIP,

IDACSET, HISCLEB.
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3.5 MISCELLANEOUS

The construction of the density matrix

(eq. (2.16)) is coded in DENMAT and DENMATP. This pair of

subroutines illustrates the technique of double calls to

treat subblocks (in this case positive and negative parity

blocks) of a matrix.

The selection of the orbits to be populated

at each iteration is done by REORDER. The Z protons and N

neutrons are simply put in the states with lowest e, and

eAn-

The machine language code FTNUTIL is a general

purpose debugging and tracing code of considerable usefulness

when testing modifications to the program.

The overlay ELMOSE will not be discussed in

this report since its coding techniques have been described
8 )

elsewhere

The subroutine HARFIT(ITE) performs ITE com-

plete iterations including diagonalisations etc..., after

which it extracts the single-particle r.m.s. radii, the defor-

mation parameters and the expectation values of the 21

symplectic operators.

The subroutine TALMI in EVAFME constructs

appropriately normalised talmi integrals instead of using the

simpler expression (2.39), in order to improve the numerical

stability of the sum defined by eq. (2.38).
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The function TRVEROJ(RO,VB, ) returns

the trace of p*v and prints out the intermediate J sums

multiplied by 0.5. This factor is not present in the total

returned sum.

It will be seen that a judicious use of the

routines VEEBAR and TRVEROJ allows the computation of the

expectation value of any two-body operator whose reduced F

matrix elements are in mass storage. For example this

feature is used to compute the Coulomb energy and the rela-

tive coordinate rms radii.
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£f. RESULTS S DISCUSSION

The code has proved to be numerically quite

stable and it has been found that 6-8 iterations would, in

most cases, stabilise the wavefunction to about 1% or better.

The most sensitive cases are those for a mid-shell odd-

nucleus where the energy gap between the last occupied state

and the unoccupied ones is small.

Results have been obtained using the K.L.S.

G-matrix in an N = 0-2, 3 major shells basis and using

the Saunier-Pearson potential No. 2 with N = 0-2 and

N = 0-4, For both interactions the N = 0-2 results on s-d

shell nuclei were in good agreement (4% or better) with those

3) " '

of Pal & Stamp , thus providing a check of the code.

Our best results have been obtained for nuclei

in the range 4 <_ A <. 40, with N = 0-4 and using the S.P. No. 2

potential. For most of these nuclei the calculated total

binding energy is within 10% of the experimental values (the

calculated nuclei are less bound) and these nuclei have an

experimental r.m.s. radius about 5% greater than the cal-

culated ones. The computed values of the deformation par-

ameters $ and y are in good agreement (±25%) with experiment

when known. The position of the Fermi surface has been

found to be usually within an MeV or two of the separation

energy.
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A striking feature of many of the density dis-

tributions determined here is that strong alpha clustering
Q TO

effects have been observed. In particular Be, C*(7.67 MeV),

0*(6.06 MeV) Ne show promise of being quite good alpha

cluster nuclei.

Perhaps the most severe limitation of the pre-

sent method is that only the properties of the intrinsic state

are obtained. It is probable that further improvements on

the binding energies and r.m.s. radii can be obtained b}

using the generator coordinate method of Hill 8 Wheeler to

project states of good angular momentum out of the intrinsic

state obtained here. It is also probable that an increase in

the maximum size of the basis up to N = 6,7 would improve the

results on clustering effects and allow the study of much

heavier nuclei, and higher multipole moments.

Another application of the code can be made

to a detailed study of the effects of the Coulomb

force, as a source of violation of isospin conservation.

Preliminary results on its influence on the difference of
7)the neutron and proton radii have proved interesting

A detailed assessment of the usefulness of

the code as a source of accurate nuclear wavefunctions will

be published elsewhere
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APPENDIX I

LISTING OF THE CODE

The following 56 pages contain a listing of

EVALIN and EVAFME. A magnetic tape containing the card

images of this listing is described in appendix V.
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«
«
«
*

OVERLAY(EVALlN*O*a>
BLOCK DATA EVALI

EVALI *»*MUST**« BE THE FIRST SUBR. OF THE (0,0) OVERLAY ,
C0MM0N/NUHARN/VALN(82),VALP(82)tNP(2)fNN(2)fNAME,ITER,lTCR,ATN0

1 ,NORBA(41),NORB»BET,GAMD,NPTOT,NNTOT
COMMO(X/CONTRSN/ICON(2,40) ,RNU(5,40> »IBLK,HBOW»TNAME»HBWA(30)
COMMON/F.XFIN/EXFID(2,4,20)
COMMON/PRINLlM/EPS,IPR»QNO(82)»IPUNCH
LOGICAL IPUNCH

DATA IPUNCH/.T./

DATA EPS, IPS/ .003, 0 /

DATA ICON/5 ,1 ,0 ,0 /
DATA ICON/1 ,1 ,0 ,0 /

DATA EXFID/O/

DATA IBLK/1/

DATA ITEH,ITCR/6,2/
ITtR,ITCR/2,2/

DATA TNAME,HBWA/1OH020SP2,16L,13.5»17.5*20.0,10*5,25.O*B.0,30.0,
DATA TNAME,HBrtA/10H02lSP2,6LV,13.<5,l7.5,20.0,10.5,25.0,B.O,30.0,

1 15.0,0.00/

DATA HNU/2,,2.,5LHE 4,.001
1 6.,6.,bLC 12,.5,180.,
2 1O.,1O.,5LNE 20,.45,0.,
3 14.,14,,5LSl 28,.50,180.,
4 18.,18.,5LAR 36,.18,180.,
5 2O.,24.,5LCA 44,.15,0.,
6 4O.,5O.,5LZ« 90,,001,0.,
7 6.,6.,bLC* 12,1,16,0.,
8 H.,12.,5L0 2G«.25»1O«,
4 8.,*2.,5L0 20,.25,10.,
9 2.,8.,bLH£ 10,,001,0.,
0 l.,l.*SLH 2,.001,0.,
1 8.,B.,bLO 16*,1.46,0..
2 8..9.,5L0 17,,05,0.,

5,.32,0.,
iO,.50,35.,
15,.05,180.,
17,.10,0.,
17,.05,0.,

8 1O.,8.«5LNE la,.25,0.,
8 5*0./
END
PROGRAM EVALIN(OUTPUT,TAPE1

3 2.,3.,5LHE
4 5.,5.,5LB
5 7.,8.,bLN
6 B.,9.,bL0

,0.,4.,4.,5LBE 8t.70*0.,
8.,8.,5L0 16,.001,0.,
]2.,12.95LHG 24,,45,15.,
16.,16.,5LS 32*.38,44. ,
20.,20.,5LCA 40,.001,0.,
2O.,2B.,5LCA 48,.001,0*,
5O.,66.,5LSNll6,.l2,O.,
8.,B.,5LO* 16,.832*26,,
8**ll.,5L0 l9».25,0e,
H.,14.,5LO 24**25*170.,
O.,8e,5LZ 8,.001*3.*
0*,2.,5LZ 2,*G01*0,*
10.,10.,bLNE 20»,1.7,0.,
8.,10.,5LO 18*.15*0.,
3*,3.,5LLI
7*,7,,5LN
A.,7.,5LO
R.,1O.,5LO

9 5 L F

6,.52,0.,
14,.05,180**
15,.05,180.*
18**25*0.*

18,.15*0.,•*•»•»•* 3ur l 8 , . l 5 * 0 « ,
U.,11.,SLNA 22,.45,0.,

»TAPE9sl,PU.NCH=400B»INPUT=400B>

1*2
3*4
5,6
7,8
9,10
11*12
13,14
15*16
17,18
17*18
19*20
21,22
23,24
25,26
27*28.
29*30
31*32
33,34
35,36
37,38

A CODE TO DO COMPLEX HARTREE-FOCK ITERATIONS.
TAPEl MUST rfAVE BEEN PRESET BY EVAFME .
LIMITATIONS, N0LV.LE.16«TCQDE MUST CONTAIN BOTH • AND- PARITIES .
COMMON/OVEKCON/ FIRST,ISKP
COMMON/CONTRSN/ICON(2,40),RNU(5,40),IBLK,HBOW,TNAME»H8WA(30)
COMMON/HASIS/ ICODE(16),ISTA(16),IPAR(16),INPO(16),INUC(L6)<
I ILC(16),NOLV.NB(2)*MUD,IDF,IDSC*TDSJ,JAH(14,2),IDAC{14,14),JMPO,
Z NBT,HB0M,0SHA2 •
COMMON/NUHARN/VALN(82)*VALP(82)*NP(2J,NN(2),NAME*ITER,ITCR,ATNO



- 38 -

41) ,NOKB»R,E:T,GAMD.NPTOT.NNTOT
LOGICAL FlHSl
COMMON/tXSYPN/EXF(h,b).SYP121),NOMM(20,3),COMM(20)

COMMON/CODA "PR/ MAG ( 30 >
REAL NAMfS DIMENSION OCG!4)
COMMON/NAMEM/KPR,PTS,FPF,FNE»fNF»FL)N»PTU»FUF»«ONI,ROPI,bPE»S?EXF

COMMON/CLEHl)AT/ALOliF(30) ,SURF(30)
COMMON/iJUAOSN/ QUADS (5« 3)
DATA F P R , P T S , F P F . F N E » F N F » F D N » P T D » F U F » « O N I , R O P I * S P E » S P E X F

I ,RTS,R1D
1/3LFPR,JLPTS«3LFPF,3LFNE,3LFNF » 3 L F D N , 3 L P T D » 3 L F D F , 4 L R 0 N I
1 3LKEN,SLSPEXF,3l.RTS,3LRTD/
DATA SYP/3l.NLl,3LNL2»3LNL3t

1 3LNL4,JLNL5«3LNL6,3LNL7*3LNL8,3LNLy,

3LAM4,3LAMS»3LAM6«3LAM7,3LAM8»3LAM9/
DATA COMM/ -1,, 1., l.,-l.,-l., l.» l.t-l.«-l.f-l.,2.»9*l«/
DATA N0MM/l,l,2,?f3,3,*,4f5»5»5»bfbt7»7»B»8»9t9»9,

DATA IBAU/
1 10100*
1 lO4Olt
1 70706,
1 10700,

20201,
50504,
20601,
20702,

10201,
30502,
30603,
70807/

30302ii

405045

10601,

10300,
10500,
60706,

20302.
606O5.
50704.

40403,
20502,
80807,

20401,
50605,
30702,

30403,
40603,
40704,

DATA EXF/4LRlHl,4LR2Rl*4LR3Rl,4LPlRl»4LP2Rlt4Lp3Rl,
1 4LR2R1,4LR2H2,4LR3R2*4LP1R2»4LP2R2»4LP3R2,
2 4LR3R1,4LR3R2»4LR3R3,4LPlRi«4LP2R3,4LP3R3,
3 4LP1R1*4LPIK2*4LP1R3,4LP]P1«4LP2P1»4LP3P1,
4 4LP2R1»4LP2R2,4LP2R3,4LP?P1»4LP2P2,4LP3P2,
5 4LP3R1,4LP3R2»4LP3R3,4LP3P1»4LP3P2»4LP3P3/
DATA ELMOSE,NUHAWT,UENSITY,READIN,PROJECT,MULTIP/
I 6LELMOSE,6LNUHART,7LDENSITY.6LREADIN,7LPROJECT,6LMULTIP/
DATA MUO,FI«ST/2,.W,1SKP/-1/,COCO/4«0/
CALL SFH1100008)
ALOGF(1)=0.« SQRF(1)=1.S DO 21 K = 2 » 30S SQRF<K)= SQRT(FLOAT<K>)

21 ALOGF(K)= ALOGF(K-l)* ALOG(FLOAT(K-l))
PRINT 100

100 FORMAT(lriR)
PRINT 101

101 FORMAT<////40Xl0H****#***«* » MULTI-SHELL H.F, CALC *
1 10H*»***«»**» ///)

CALL OVERLAY(REAOIN,3,0)
RETURN 1
IF(IDF.LT.I) CALL EHREXIT(IDF)
0SPA2= 41.6/HSOM
PRINT 1006, HBOM

1006 FORMATt/* OSC ENERGY= »F10.2,* MEV.*/)•

INITIALISE THE HF PROCEDURE,
NB(l)=NH(2)=0$ DO 13 K = 1 , NOLV5 KP= ICODE(K)$ IQ= IBAQ(KP)
JPH= IQ/lOOOOS IT= MODdQ,10000)$ NT= IT/100$ LT=•. MODM-T tlOO)
ISTA(K)= JPH* IPAR{K)s 2-(LT.A.l)S INPO(K)* NTS ILC(K)= LT
IPT= l+(LT.A.l)

13 NB(IPT)= NB(IPT)* SHlFT(JPHtl) $ NBT= NB(1)*NB(2)
IDSC= NH(.1)*»2+NB(2)»*2

DO 11 IN= 1 • 40$ IF(ICQN(1«IN).EQ.O) GO TO 99
ISKP= ICON(2.IN)$ ILA= ICON(1,IN)$ IF(ILA,LT.l) CALL
NPTOT= HNU<1»ILA)S NNTOT= RNU(2,lLA)$ NAME* RNU<3,ILA)
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COCQ(1)= NAMES CALL REMARK(COCO)
GAMD= RNU(5,ILA)S ATNO= NPTOT+NNTOTS BET= RNU(4»I|_A)
NPU) = NPT0T4 NN<1>= NNTOTS NP(2)=NN(2)=0
NORR= (MAX0(NPTOT,NNToT)+l)/2$ DO 1 K = 1 » NORB

1 NORRA(K)= K S IF(ISKP.EQ.O.A.,N.FIRST) GO TO 5
CALL OVERLAY(ELMOSE»1,0)

5 IF(ISKP.EQ.O> CALL OVERLAY(READIN,3.0)

CALL OVERLAY(NUHART,2,0)
CALL OVe;RLAY(MULTIP,6,0)
CALL OVERLAY(DENSITY,4.0)
FIRST= .F.

11 CONTINUE
99 CONTINUE

END
SUBROUTINE ADL0N6(FL1 ,C1,FL2»C2»FLT,ASl,AL1>
COMMON/tiASIS/ ICO0E(l6)»ISTA(16)•IPAR(16)slNPO(16)•INUC(l6>»
1 ILCU6) ,N0LV»NB(2) »MU0, IDF, IDSC» TDSJ» JAR (1<M2) » IOAC (14» U ) , JMPO»
2 NBT,HB0M,0SPA2
DIMENSION ASid) ,ALl(U
DATA FL0/3LFTD/
IDS= MIN0(IDF,8000>4 IF(SHIFT(IDS,1).LT.IDF) CALL ERREXIT(IDS,IDF)
CALL BUFFIN(FL1,AL1»IDF)S CALL BUFF IN (FL2.»ASl » IDS)
DO 1 K = 1 , IDS

1 ASKK)= C1*AL1(K)+ C2#AS1(K)$ IF (IDF.EQ. IDS) GO TO 7
CALL BUFOUT(FLD,AS1»IDS)$ IDP1= IDS*1S DO 3 K = IDP1*IDF

3 AS1(K-II)S)= AL1(K)$ CALL BUFFIN(FL2,AL1.IDF)S DO 5 K = iDPl « IDF
5 ALKK)= C2*AL1(K)+ C1*AS1 (K-IDS) * CALL BUFFIN(FLD,AL1»IOS)

CALL BUFOUT(FLT,AL1»IDF)S RETURN
7 CALL BUFOUT(FLT,AS1«IDS)$ RETURN

END
SUBROUTINE REORDER(VAL«NP>

* TO SUPPLY A NEW SET OF NP(MUD) .
COMMON/DUMPN/TA(100)«ITAG(100),TAP(100)
DIMENSION VAL(l),NP(1)
COMMON/HASIS/ IC0DE(l6).ISTA(16)»I PAR(16)tINPO(16)•INUC<l6>«
1 ILC<16) »NOLV,NB(2> *MUD» IDF, IDSC» IDSJ» JAR (H»2) » IDAC ( Hi U> • JMPO»
2 NBT»HB0M,0SPA2
NPT=0S ILA=1* DO 3 K = 1 , MUD$NPT=NPT*NP(K)
ND= NB(K)S 1)0 3 L - 1 . NDS TA(ILA)= VAL (ILA) *ITAG (ILA)= K

3 ILA= ILA+1* CALL S0RTA6(TA,l,NBT»ITAG)$ IF(NPT.EQ.O) RETURN
NP(l)=NP(2)=0S DO 7 L = 1 , NPT

7 NP(ITAG(L))= NP(ITAG(L))+1S RETURN
END
SUBROUTINE ROCONV(RO,ROJ,IDIR)

*
* WHEN IDIR.GT.O ,
» TO CONVERT FROM RO IN (JC,MC»/RO/JA»MA) BASIS TO ROJ IN
* (JC*JA,J»M) BASIS* NOTE JA VARIES MOST RAPIDLY
* WHEN IDIR .LE.O DO THE INVERSE TRANSFORMATION .

COMMON/BASIS/ ICO0E(l6>«ISTA(16)tlPAR(16)»I.NPO(l6>tINUCtl6>*
1 ILCd6) ,N0LV,NB(2) fMUDtlDF,lDSC»lDSJtJAR(14»2) » I D A C m » U )
H NRT»HBOM,OSPA2
DIMENSION RO(1>, ROJ(l)
ICs li CALL lDACSET(O)* DO I K = 1 • 2S IF(IDIR.GT.O) GO TO 3
CALL ROCON1P(RO(IC)*ROJ«K-1.NB(K))S GO TO 1

3 CALL ROCUNVP(ROdC) •ROJ»K-1,NB(K) )
1 IC= IC* NB.(K)'•••• 2s RETURN

E N D ' ' .-•••••-' " \ ' - r - - " " •••.;-. •••,•••,

SUHHOUTINE IL)ACSET(IPR)
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* TO GtNEHATE THE HASE ADDRESSES OF ROJ(J,M,PI) IN IDAC(MiJ).
» IPI= 1 IF \>l= -, IPI= ? IF PI= • .
* JAMJ,3-IPIT) IS ALSO LONSTRUCTEO = DIM OF A J • IPIT SUBSPACF .

COMHON/rtASlS/ ICOOE(lh).1STA(16)»TPAR(16),INPO<16),INUC(16) »
1 ILCI16),NOLV,NB(2)»M|JD»IDF,IOSC,TDSJ,JAR(14,2),IDAC(14»l4)*JMPO*
i NBT,Hhi)M,OSHA2
DO 21 K = 1 • 28

21 JAR(K,1)= 0 . * JM= 1 * DO 1 Kl= 1 » NOLVS J1PH= ISTA(KI )
IP1= IPAH(KDS JM= MAxOUM.JlPHlS DO 1 K2 = 1 , NOLV
J2PH= 1STA(K^)$ I P I = 1+ MOD(IP1+IPAR<K2),2)
JMIN= 1ABS(J1PH->12PH)+1S JMAX= J1PH+J2PHS DO 1 JL= JMINt JMAX

I J A R < J L , I P I ) = J A R ( J L » I P l ) * l t JMPO= JM*JMÏ ILAB= 1SDO 7 K = 1 » I y 6
7 IDACtK»l )= 0 « * DO 11 JHO= 1 « 14

DO U MPO= 1 , JPO* IljAC(MPO»JPC)= ILAB
II ILAH= ILAB* 2*JA«(JPO,1)S IDSJ= TLAB-1

IF(IP^.LT.J) KETURNÏ PRINT 101 . (ISTA(I)*1PAR(I)11 = 1tNOLV)
PRINT 103, JAH,ISJAC3> RtTURN

101 F0RMAFC//O ISTA AND IPAREXP, PAR=(-1)»2H***IPAREXP»/(1xlfe{16 » l2)))
103 FORMAT (//« DIM. FOR EACH J»//l XlMo/1 X Kit»//* BASE ADDKtSSES FOR R

END
SUBROUTINE HOCONVP£RO,KOJ,IPAC<

a
* TO CONVEHT «0= {JC,MC/«O/JA,MA) OF PARITY IPAC TO
* R0J= RO(JC,JA/J,M)

COMMON/BASIS/ ICODE(16»,ISTA(16),IPAR(16).INPO(lb),INUC<l6>
I ILC(16) ,NOLV,DD(2) tMUD, IDF , IDSC., IDSJ, JAR (14»£) • IDAC ( 14» 14J
?. NST,HBUM,0SPA2
COMMON/HISCLE/N00,Nl,N21,N31,N12»N2,N4,N13»N3fN5»CLEB
DIMENSION RO<NB,NB)»ROJ(1)$ INTEGER TJPC»TJPA
IRAC= 0* DO 3 ;;c= 1 , NOLV$ JPHC= ISTAIKC)
IF(MOU(1PAC*IPAR(KC),2).NE.OÎ GO TO 3* TJPC= SHIFT(JPHC,1)-1
IRAA= 04 DO 5 KA = I , NOLVS JPHA= ISTA(KA)
IFHOUUPAC+IPArttKA) ,2) .^E. 0) G0T05$JACP0=JPHC+ jPHA$TJPA=2i JPHA-1
JAMCPO= 1AHS(JPHC-JPHA)*1$ DO 7 JPO= JAMCPO, JACPO
N1S= JPHA+JPHC-JPOS DO 7 MPO= 1 , JPO $ MINT= JPHA-JPHC-MPO*1
NAMTN= MAXO«O»MINT)*1$ NAMAX= MINo(TJPA9JACPO-MPO)•1
HOR=KOI = 0.S IPHAS= 1-SHIFT(MOD(1*NAMIN+.IABS{MINT) ,2),1)
DO 1Î NAL= NAMIN , NAMAXÎ NCL= NAL" MINT* Nl= NiSS N2= NAL~1
N4= TJPA-N2S N5= NCL-1S N3= TJPC-N5S CALL HI5CLEB$ IC= IRAC+NCL
IA= IRAA* NALî CLET= CLEB*IPHASî IF(IC-IA) 17,15,13

13 ROR=ROH*CL£T*HOnC*lA)S ROI=ROI-CLfcT«HO(IA,lC> S 60 TO U
15 ROR= R0H+ CLtT*RO(IC,IC)S 60 TO 11
IT ROR= R O H * C L E T « R O ( I A Î I C ) $ ROI= ROI* CLET»RO(IC»IA)
11 IPHAS= -1PHAS

ILAB= IL>AC(MPO,JPO>$ HOJ(ILAB)= ROR$ ROJ(ILAB*1>= ROI
7 inAC(MPO,JPO)= ILAB*2$ IRAA= IRAA+ TJPA+1
5 CONTINUE $ IRAC= IRAC* TJPC+1
3 CONTINUES RETURN

END
SUBROUTINE ROCONIP<R0,ROJ, IPACN8)

» • • • • •

* TO DO THE INVERSE OF ROCONVP AND RETURN TO lJC,MC/RO/JA»MA) BASIS
COMMON/WASIS/ IC0DE(16) , ISTA(16) ,IPAR(16) .INPO-(16) ,INUC<l6> ,

1 ILCa6)»N0LV,DD(2),MUD,lDF,IDSC,lDSJ9JAH(14»£î»lDAC(14,l4}»JMP0,
?. NBT,HB0M»0SPA2

C O M M O N / H I S C L E / N 0 0 , N 1 , N 2 1 , N 3 1 , N 1 2 , N 2 , N 4 , N 1 3 , N 3 , N 5 ^ C L E B
DIMENSION R0(NB,NB),R0J(l ) ,RJT(2, l4>$ INTEGER TJPCTJPA
IRAC= 0* 00 3 KC= 1 , NOLVI JPHC= ISTA(KC)
lF(MOD(iPAC*lPAR(KC)«2).NE,0> GO TO 3$ TJPC= SHIFT(JPHC»1)-1
IRAA= OS. DO 5 KA = 1 , NOLVS JpHAs ISTA(KA)
IF<MOD(1PAC*IPAR«KA),2).NE.O)GOTOÇSJACPO=JPHC*JPHA$TJPA=2«JPHA-1



JAMCPO= I A U S U P H C - J P H A Î + 1S DO 7 MPO= 1 * JACPO
M1MT= JPHA-jPHC-MPO+H JPOMîN= MAXl) (MPO, JAMCPO)
DO 8 JPO= JPUMIN , JACPOÎ ILAH= IOAC<MPO»JPO)
RJT(1»JHO)= HOJ(ILAB)S HJT(2,JP0)= ROJ{1LAB*D

* TFST TO MAKE SURE THAT ROJ IS A HE.RMITIAM OPERATOR .
IF(KC.EO.KA.AND.MPO.EQ. 1 ..AND.RJT (?» JPO) .<iT.l.E-12j CALL ERREXlT
1 <JPO,KC»RJT»2HFL.2B>

8 IDAC(MPU,JPO)= ILAB*2fi NAMIN= MAXO < O.MINT) *1
NAMAX=MIN0(TJPA,JACPO-MPO)*l $ OU 7 NAL= NAMIN , NAMAX
NCL= NAL-MINTS ROTH=ROTI=0.$ IPHAS= 1-?»MUD(NCL-1«2)
DO 11 JHO= jPOMIig, JACPOS Nl= JACPO-JPOS N2= NAL-lî N4= TJPA-N2
N5= NCL-1Î N3= TjPC-Nb* CALL HISCLEB
ROTH= HUTR* CLE6*RJT(l,JP0)$ «OTI= ROTI*CLEB*RjT(2,JPO)

11 CONTlNUtï IC= IRAC*NCL* IA= IPAA*NAL$ IF(IC-IA)17,15,13
13 ROUC»IA)= ROTK*IPHAS<i; RO(IA,IC)= -R0TI#IPHAS4 GO TO 7
15 RO(IC»IC>= HOTR#IPHASt GO TO 7
17 ROUA.IC>= ROT«#IPHAS$ RO{IC»IA)= HOTI«IPHAS
7 CONTINUES IRAA= IRAA* TJPA+1
5 CONTINUES 1RAC= IRAC+ TJPC*1
3 CONTINUE $ RETURN

ENO
SUBROUTINE HISCLEB

«
* TO DO A HIGH SPEED COMPUTATION OF CLEtfSCH(Jl,Ml,J2,M2/J3) .
* USING THE FORMULA OF SCHWINGER(REF. QUANTUM THEORY OF ANG. MOM.f
» BY RIEDENHARN,P2*6)• AND THE REGGE SYMHETRIES(REF.IBIDtP.296) .
» PAR. ARE IN /HISCLE/Nl=Jl*j2-j3fN?=Jl-Ml»N3=J2-M2,N4=Jl*Ml,N5=J2*
* M2. NO TESTING IS DONE» ANSWER IS IN CLEB IF ALL N U ARE NON-NEG.
* INTEGERS WAHNING ALL 5 NIS MAY dE CHANGED •
» COMMON/HlSCL£/N00*Nl*N21«N31«Nl2*N2tN4«Nl3*N3fN5«CLEB

COMMON /HISCLE/NRU)•N11»N21,N31»N12»N22»N32»N13,N23,N33,CLEB
COMMON/CLEt3DAT/ALOGF(30),SORF(30)

* PREPARE THE «EGGE Q-NOS IN NIJ .
N21= N32*N33-Nllt N3i= N22+N23-N11Î JT= N21*N22*N23* IFSE=O
N12= N23+N33-N11S Nl3= N22*N32-NllS JJPs JT-Nll+1

#
* FIND NZE THE SMALLEST NIJ AND BRING IT TO Nil POSITION .

NZE= MIN0(NlltN12,Nl3,N21,N22tN23,N31*N32»N33>
IF(NZE.EO.NU) GO TO 7* IF (NZE-EQ.N31) GO TO 43
IF(NZE.EQ,N12) GO TO 44& IF(NZE.EQ.N22) GO TO 45
IF(NZE-,E:ti.N32> GO TO 46$ IF (NZE.EQ.N13) GO TO 47
IF(NZE,EQ,N23) GO TO 48$ IF INZE.EQ.N33) GO TO 49

42 IFSE= N33S Nw= N21$ N2l= Nil* Nll= NW$ NU= N12$ N12= N22S N22« NU
NV= N133> N13= N23$ N23= NVS GO TO 7

43 1FSE- N22$ NW= N31$ N31= NllS Nll= NWS NU= Nl2$ N12= N32$ N32= NU
NV= N13Ï N13= N33$ N33= NVS GO TO 7

44 IFSE= N33S NW= N12S N12= NllS Nll= NWS NU= N2iS N21= N22$ N22= NU
NV= N31Ï N31= N32$ N32= NVS GO TO 7

45 NW= N22S N22= Nils N H = NWS NT= N2lS N21= Nl2* Nl2= NT
NU= N13S N13= N23$ N23= NUS NV= N31$ N31= N32$ N32= NVS GO TO 7

46 IFSE* N11+N32S NW= N32$ N32= NllS Nll= NW$NT= N31$N31=N12$ Nl2= NT
NU= N13S N13= N33S N33= NUS NV= N21S N21- N22S N22= NVS GO TO 7

47 IFSE* N22S N»|= N13S N13= Nil! Nll= NW$ NT= HZH NZ1= N23t N23s NT
NU= N31S N31= N33S N33= NUS 6Ô TO 7

48 IFSF.S NlltN23S Nw> N23S N23s NllS Nll> NWSNU=N31SN31= N33$ N33= NU
NT= N21* N21= N13S Nl3s NTS NV= N12S N12= N2ZS N22» NVS GO TO 7

49 NW= N33S N33= NllS Nll= NWS NT= N31S N31= N!3$ N13« NT
NU= N21$ N21= N23S N23= NUS NV- N12S N12= N32S N32* NV

•
* CONSTRUCT DELTA»NORMALISATION AND 00 THE SUM •
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7 SUM= .5*(-ALOGF(Nl1+1)•ALOGF(N12*1)•ALOGF(N13+1)•ALOGF(N2i*1)-
1 ALOGF iHZZ*iJ +ALOGF(N23*1)+ALOGF(N31*1)•ALOGF <N32*1)-ALOGF <N33*1)
2-ALOGF(JT*2>)-ALOGF(N32-N11*1)-ALOGF(N23-N11*1)
SUP= 1.5 IF(Nll.LT.l) GO TO 13$ DO 15 K = 1 t Nil

15 SUP=1.-SUP»K»(N22-N11»K)»(N33-N11*K)/((N11*1-K)»(N23*1-K)»(N32»1-K
1 ))

13 CLE8= SUP»EXP(SUM)«(1-SHIFT(MOD(IFSE»2),1>)*SQRF(JJP)$ RETURN
END
SUBHOUTINE BUFOUT(NAME«OUA*LNGT)

•

• TO USE MASS STORAGE FACILITIES
* UP TO 100 RECORDS WITH ALPHA NAMES .

COMMON/BUFF TN/INOX(201).OPEN
LOGICAL OPEN
DATA OPEN/.FALSE./t INDL/201/
IF(OPEN) GO TO 1$ OPEN= .TRUE.
CALL OPENMS(y.lNDX,INDL»l)

1 CALL WKITMS(9»0UA»LNGT,NAME)
RETURN
END
SUBROUTINE OENMAT(RO»RR»BI»NO)

*
* TO CONSTRUCT RO FROM B«»BI« ALL IN CARTESIAN BASIS .

COMMON/BASIS/ ICODEUfi).ISTA(16)»IPAR(16)»INPO(16)*INUC<16>»
1 ILCU6) »N0LV,N8«2) «MUD. IDF , IDSC» IDSJ» JAR (14*2) » IDAC (14* U> tJMPOt
2 NBT»HBUM,0SPA2
DIMENSION RO(l),HR(l),Bim »NO12)
M= 1$ DO 1 K = 1 » MUDS ND= NB(K)
CALL DENMATPCRO(M),BR(M),81(M)»NO(K> »NO»NO»ND>

1 M= M* ND**2$ RETURN
END
SUBROUTINE OENMATP(RO#BR.BItNPA.NBAtIB»IR>

»
• TO CONSTRUCT ROII,J)= SUf-MK OCC. ) B CI ,K) »B (J»K) ««CC .

DIMENSION RO<IR»lR)»BR<IB»IB).BIUB.ItJ>
NP= NPAi NB= NBAS DO 1 I = 1 , NBS DO 1 J = 1 , 1$ T=U=0.
IF(NH.Ll.l) GO TO 41S 00 5 K = 1 t NP
T= T* BK{I,K)*8R(J,K)+ BI(I,K)*BI(J«K)

5 U= U-BR(I,K)*BI(J»K)+BI(I.K)*BR(J»K)
41 RO(ItJ)= T$ IF(I.EQ.J) GO TO 1$ RO(J»I)= -U
1 CONTINUES RETURN

END
SUBROUTINE HUFF IN(NAME tDUA t LNGTl
CALL REAUMS(9,DUA»LNGT.NAME>
RETURN
END
SUBROUTINE S0RTA6(A»II*JJ«TAG)

C SORTS ARRAY A INTO INCREASING ORDER* FROM A (II) To AUJ)
C ARRAY TAG IS PERMUTED THE SAME AS ARRAY A
C ORDERING IS BY INTEGER SUBTRACTION. THUS FLOATING POINT
C NUMBERS MUST BE IN NORMALIZED FORM,
C ARRAYS IUlK) AND IL(Ki PERMIT SORTING UP TO I»«(K*l)-i ELEMENTS

DIMENSION A'U)tIU(16),IL(16)*tAG(1)
INTEGER A,T,TT
M= 1$ 1= lit. J= JJ

5 1F(I .Gt. J) GO TO 70
10 K= 1$ IJ= (j* I)/2$ T= A(IJ)i iFUil) ̂ LE.T) GO TO ZO

A(IJ)= A(l)« A(I)= T« T= -A-MJIS Tfi= TAG(IJ)S TAG(IJ)s TAG(I1
TAG(I)= TG

20 L= J$ IF(A«J).GE.T) GO TO 40 * A(IJ)= A(J)k A(J)= TS T= A C U )
TG= TAGd.J)* TAG(1J)= TAG(J)$ TAG(J)= TG5 IF <A (1) .LE.T) GOTO 40
A(IJ)= A(t)« A(I!.sIJ,I= A<IJ>* TG= TAG(IJ>S TAG(1J)= TAG(I)



TAG(I)= TGS 60 TO 40
30 AtL)= A(K)t AIK)= TT$ TG= TAG(L>$ TAG(L)= TA6«K>$ TAG(K>= TG
•0 L= L- 1* IF(A(L).GT.T) GO TO 40 * TT= A(L)
SO K= K* IS IF<A(K).LT.T) GO TO 50$ IF(K.LE.L) GO TO 30

IF(L-I.LE.J-K) GO TO 60$ IL(M)= 1$ IU(M)= L$ 1= K$ M= M* 1
GO TO 80

60 IL(M)= K$ IU(M)= J$ J= L$ M= M* Is GO TO 80
70 M= M- IS IF(M.EQ.O) RETURNS 1= IL(M)$ J= IUlM)
80 IF(J-I.(JE.11> GO TO 10$ IF(I.EU.II) GO TO 5S 1= I- 1
90 1= I* 1$ IF(I.EQ.J) GO TO 70S T= A(I*1)$ IF*A<I).LE.T) GO TO 90

TG= TAGlI*l)S K= I
100 A(K+1)= A(K)$ TAG<K*1)= TAG(K)S K= K- 1$ IF <T,|_T. A(K) ) GO TO 100

A(K*1J= T$ TAG(K*1)= TGS GO TO 90
END

IDENT FTNUTIL
LIST

USE START.
TRACE. VFO *2/7|_FTNUTILtl8/FTNUTIL
TEHPAO. BSS IB
ENTRY. BSS OB
FTNUTIL BSS IB

SX6 AQ
SAO Al
SA6 TEMPAO.

FTNNOP. DATA 46000460004600046000B
USE CODE.
USE OATA

NAM
LIN
S
T
PARNO
AODR
OFL
X
FL.

60/7LCALINGP
00000000000000007777B

OO0C0O0OOO0O0OOO0OO1B
00000000000000777777b
00000000000000000777b!

1»FL

VFO
DATA

BSS 1R
BSS IB

DATA
DATA
DATA

BSS 3H
OIS

TRCFBCK EQU ENTRY.
ENTRY THCEHCK

NOPS. DATA 460004hU004600046000B
ENTR. MACRO NAME

LOCAL X,Z,T
EG T

NAME BSS 1
ENTRY NAME
SA2 X
BX6 X2
SA6 FTNNOP.
EQ ENTHY.*1

X EQ Z
Z SAl NOPS.
SA2 NAME
BX6 XI
LX7 H0.X2
SA6 FTNNOP.
SA7 ENTRY.

T BSS 0
ENDM

.201 VFD 60/6C 201
DIS B.(/* TWCtBCK CALLED BY «A7.» AT LINE *I4)

.202 VFD 6O/6C 202
OIS 6.t//* mCEDHP CALLED BY »A7.» AT LINE *I4,16X*REAL«19X»DECIN
OIS 2«T#2UX»0CTAL»)



.203 VFU 60/bC 203
DIS 6,(/« TIMtPRT CALLFU BY *A7.« AÏ LINE *I4»», CP TIMt=»F9.3»«
OTS 3,SEC» SYSTEM TIME *A10>

.204 VFD 60/6C 204
DIS 6,(/« E«RtXIT CALLED BY »A7»« AT H N £ *l4t 16X*REAL»1V»X»UECTNT
0ï5 2.*20A«OCTAL»)

.211 VFD fcO/faC 211
DIS 4»<10X*C4LLEO rtY *A7«* AT LINE «I4>

VFO 60/bC 301
6,(/« PARO NO. *12,« AT OCTALL »U6«», I)FL= »I3«6X1PE<2.14*5X1
l,lb,HXO?O)
VFD 60/6C 302

3,U6XlPE?2.14,5X116«aX020>
VFD 60/faC 401

*,(//« SYSTEM COMM. AREA OCTAL DUMP»/»
VFO 60/6C 403

6.(//* WOKKIrJQ AREA DUMP, 4000R AROUNU ERHEXlT CALL»/)
BSS 1R
OUTPUTS
OPUICI.
OUTPTC.
SECUND*
TlMtS
PDUrtPS
BSS IB
BSS IB

riSS IB
HSS IB
EXITi

CON. 4SS OH
DATA 0O0OOOO0OOOOOO0000O0H
OATA 00000000000000000100R
DATA OOOOOOOOOOOOOOOOOOO^H
USE CODE.

DIS
.30?
OIS

.401
OIS

.403
ois

IEN
FxT
EXT
EXT
EXT
EXT
EXT

IS
IF
I ADR
CALLA

EXT

* SX6
SA6
EG .
ENTR

* SX6
SA6
EQ .
ENTH

* SX6
SA6

EQ .
ENTH

• SX6
SA6

IB
I EN
100
. TRCEDMP
2B
IEN
100
. TIMEPKT
38
IEN
100
. ERREXIT
4R
IEN

«100 HSS OB
SA5
AX5
4X6
SA6
SA4
SA3
BX6
SA6
AX4
MX 7
HXâ
SA6
MX7

ENTRY.
30
X5
CALLA
Kô-IB
X4
X3
NAM
IB
48
-A7*X4
LlN
42

SAVE
X5*RET.AD0R.

CALL ADDRESS
X4»-VFD12/LIN,18/TRACE.
X3*VF042/7LCALPNAM»18/CALPNAM



SA4

sxo
SHl
PL :
LT I
JP <

5GL1
EQ
EO

. 1 0 1 •
• SR2

SR3
• Rj i
- VFU
• SMl

RJ •
• SBl

RJ i
Eo

.102 I
• SH2
SB3

• Rj '
- VFO
• SBl

R.J i
• SBl

RJ <
EQ

e103
• SA1
• R.J
- VFO
• SA5

SA4
BX7
SAl
SA7
NO

• RJ
- VFU
• S«2
SH3

• Rj.
- VFO
• sal

RJ
• SBl
RJ
EQ

.104
• SB2
SR3

• R.»
- VFO
• SBl

SA6
IEN

X4-PH
<0,.104
^lfHOt.lO
3l*=fîl.l
BSS OB
.102
.103
4SS OB
OUTPUT~
.201

UPUTCI.
12/UB»

NAM
CU'I

OUTPTC.
-IB
OUTPTC.
.200
rHSS OB
OUTPUTS
.202

flHUTCl.
12/17B,

NAM
SB2

UUTPTC.
-IB

DUTPTC.
.300
HSS OB
I API

SECONDS
12/23B,

S
AO
X5
IAP2
A4

TIME'S
12/23B.

OUTPUTE
.203

OPUTCI.
12/24B,

NAM
SB2

OUTPTC.
-IB

OUTPTC.
.99
RSS OB
OUTPUTE
.204

OPUTCI.

IAOK

1

lfi/TWACE.

18/THACE-

2B

lR/T«ACE.

.18/T«ACE.

, 18/THACE.

4B

12/30B.18/TRACE,
NAM

SB2 2B

STOHE PRtVIOUS ENTRY

00 BOTH MAM AND LIN

PRINT NAM»tIN*S»T,

PRINT * NAMJtLIN



R.J i
* SBl

Rj I
.200

SB2

• Rj
- VFÛ
•

RJ
• SBl
RJ

.290
SA5
SxO
1X7
NO
NZ

• 300

)AA

.21

3UTPTC.
-IB
DUTPTC.

BSS
SA4
ZK
SA5
AX5
SA4
SA3
HX6
SA6
AX4
MX7
HX6
SA6
MX7
HX6
SAfa

OUTPUTE
SB3

OPUTCI.
12/7B.
SBl
SB2

QUTPTC.
-18

OUTPTC.
EO
8SS

I EN
4B
X5-X0

X7..99
HSS OB

SX6
SAb
SA5
BSS
SA4
SB?
SB3
HKT
SA7
SA7
SA7
HX6
SAb
SAb
SA4
SAJ
IXO
ZH
SXb
SAb
t:u
HSS
SAO
SAS
ZH
SA*

ob
I ADR
X*..29'
X4

30
X5-1B
X4
X3
NAM
IB
48
-X7»X4
LIN
42
-X7»X3
IA0R

.211

IB/TRACE.
NAM
2B

.200
Ori

IB
PARNO
AO
OB
X5
OUTPUT
.301
X4
X
X*1B
X*2B
X5
HUOH
AO+1B
Xb
KL.
X3-X4
X0..21
IB
OFL
.23
OB
AU*2B
AO
XSt.g'i

X5

FULL TRACE ENTRY .

JMPITRACE ENDS.

X5=-ET.ADD-.
X4=-VFD12/L*N,18/T-ACE.
X3=VFD42/7LCALPNAM»18/CALPNAM

STORE PREVIOUS ENTRY

BRING FIRST PAR. AD.

FETCH FIRST



.27

.23
•

-

+

*

• SR2

SXO
NG
SX7
NG
SX4
BSS
HX6
SA6
BSS
RJ
VFO
SB1
SB2
RJ
SB1
RJ
SA5
SX6
1X0
rtX7
SA7
NG

OUTPUTE
SB3

• Rj OPUTCI.
- VFO
>AB

*

•

.29

.25
SA5
SxG
1X7
NO
NZ
SR2
SR3

X4-1B
XU..25
X4-777B
X7,.27
7778
OB
X4
OFL
Ob
OPUTCI.
12/123,
PARNO
6b
OUTPTC.
-IB
OUTPTC.
OFL
ZB
X5-X6
XO
OFL
X0..29

.302

12/6B,IB/TRACE.
RSS
SA5
SX4
SA3
8X7
SA7
HX6
SA6
SAb
SA6
SB1
SB2
HJ
SA5
SX7
5A7
PL
SB1
HJ
RSS
SAO
SA5
ZR
SA4
SX7
sxo
SA7
NG
HSS

I EN
4R

xs-xo
X7...-99
OUTPUTS
.401

OB
AOOR
X5*18
X4
X4
AUDR
X3
X
X*1B
X+2B
X
IB
OUTPTC.
OFL
Xb-18
A5
X7,)AB
-IB
OUTPTC.
OB
AO+18
AO
X5..25
PARNO
X4+18
X7-25H
A4
XU,)AA
OB

IF DFL LT 1 RETURN

DFL LE 777B

IF CFL LT 2 GO FOR NEXT PAR,

LOOK AT NEXT PAR.
X5= AD. OF NEXT PAR.
TF NO MORE END IT ALL*

PARN0= 1 • 20

y



• Hj DHUTCI.
- VFU
• S<U -1H
HJ <

• SAl [AP3
• Rj PUUMPÎ
- VFU 12/5S6*
+ SH2 OUTPUÏE

SH3 .40J
• RJ UPUTCI.
- VFO l?/bbB»
• SHl -IB

Rj UUTPTC.
+ SAl [AP4

SAS
SX7
PL
5X7

.98 BSS
SX6

SA7 IS
SA6 IF

• RJ
- VFO 12/606,
• RJ

VFD
.99 BSS OH
• SA5 TEMPAO.

SAO X5
NO
EO ENTRY.

[API BSS
VFU 60/S
DATA OR

tAP2 8SS
VFU 6O/T
OÂTA OB

IAP3 HS5
VFÛ

VFD 60/CON.
VFD 60/CON.
DATA OB

tAP4 BSS
VFD
VFD
VFD

lfi/TKACE.

1R/TKACE.

lH/fHACE.

CALLA

X7,.98
Ob
OB

PDUMPf
la/TKACE.

EXITS
12/61H.1Û/THACE,

60/15
60/IF
60/CON

DATA OB
END

OVERLAY
PROGRAM

OH

OR

OB

+ 2H

08

60/CON.

(READlN.3.0)
HEAOlN

• TO READ IN THE TdQ-BOOY MATRIX ELEMENTS .
* AL1 WIL HF OVERWRITTEN TO LENGTH 15000 .

COMMON/BASIS/ ICOD£U6> » ISTA ( 16) «IPAR(lh) »INP0(16) •INUC<16> »
1 ILC(16)»N0LV,N8(2) »MUt>t IDF«IDSC»IDSJ, JAR (I4t2) tIDAC(14»U)
?. NBT»H80M,0SHA2
COMM0N/C0NTRSN/ICON(2,40)fRNU(5»40)«ï3LKtH80WfTNAME»HBWA(30)
COMMON/OVErtCON/ FIRST,ISKP
COMMON AS1(8000),AL1<1>
DIMENSION NA(2),IP0S(fl),C0A(8)»8TA(2)
DATA BTA/4LR0NI,4LR0Pl/
CALL TIMEPRT(YT)% IF(lSKP.EQ.O) 00 TO 1



CALL REUFATlCTNAHEfIDG*IBLK.ALl)* REWIND 1

* FLD CONTAINS THE DIMENSIONLESS COULOMB ANTIS. MATRIX ELEMENTS .
E2B= SURT(.024ll45*HBOM)#1.44
CALL ADLONG(3LFNE»1.»3LFLD.E2B»3LFPR»AS1»AL1)
CALL BUFFIN(3LFLO»AL1,IOFJ$ DO 15 K a 1 i IDF

15 AH(K)s E28#AL1(K)$ CALL BUFOUT(3LFCO»AL1 .IDF) $ GO TO 99
I DO 9 KKIN= 1 , 2

READ 103tCNAMEtNA*KIND«CTNAME,lBLKCtCHROM,CWH£N?CNOW
PRINT 105,CNAME.NA,KIND,CTNAME»IBLKC.CHBOM,CWHEN,CNOW

103 FORMATU10,2K,2X2A10,15,F10.2,2A10)
10? FORMAT(1XA10»2I4,2X2A10,I5,F10.2«2A10)
101 FORMAT(8(I4,F6.4)>
102 FORMAT11X8(I*,F6.4M

IS= ICNT=OS IDSCT= 2*IDSCS DO 11 I = 1 , IDSCT
II AS1(D= O.S DO 3 KC= 1 » 1340

READ 101,(lPOS«J),COA«J),J=l,8J
PRINT 102,(lPOS(J),COA(J),J=1,8)
IREIM= 1$ 00 3 JC= 1 . 8$ IF(COA(JC).NE.O) GO TO 7
IFUPOSUCJ.NE.ICNT) CALL ERREXIT < IP0SUC) ,ICNT>S IS= IDScSICNT=O
IREIM= IREIM*1S ICNT=O1 IF(IRElM.LE.2) 3,13

7 IF(IPOS(JC).GT.IDSC) CALL ERREXIT(IOSC,IPOS(JO)
ASl(IS*lPOS(JCn= CUA(JC)$ ICNT= ICNT + 1

3 CONTINUES CALL ERREXIT(KKIN.CNAME)
13 CALL DENMAT(AL1»AS1,AS1(IS+1),NA)$ CALL ROCONV(AL1,AS191>

CALL BUFOUT(BTA(KKIN),AS1,IDSJ)
9 CONTlNUt
99 CONTlNUt

END
SUBROUTINE RtDFATl(FLNAME,IDG»IBLK»AL1)

«
* FLD= FCS
• READ FROM TAPEl INTO DISC THE 7 ARRAYS ,
• NOLV= F(l)= NUMBER OF LEVELS .
* ICOOE(NOLV)= COOENUMBEM ARRAY* F (2, . .. ,(M0LV*2) .
• IDF= NUMBER OF F ELEMENTS READ .

COMMON/rtASIS/ IC0DEU6) ,ISTA(16) »IPAR(16) ,INPO(l6) ,INUC(16>»
1 ILCU6) iNOLV,N8(2) ,MUD* IDF, IDSC» IDSJ,JAR (14,2) ,IOAC(14»U) » JMPO,
2 NBT»HB0M,0SPA2

DIMENSION TA(25),NAA(7)»AL1(1)
UATA N A A / 3 L F N E , 3 I . F D N , 3 L F L D , 3 L R T S , 3 L R T D , 3 L P T S , 3 L P T O /
REWIND 1
IBLP= IHLK+1* DO 11 IHL= 1 , IBLP.IBLK$IB=IBL-1
IF(IB-I.LT.I) G0TO5$lRS= IB-IS DO 3 ISK= 1 * IBSS 00 3 K = 1 , 4

3 READ(1)
5 HEAD< I) U $ TITLE= TA<1>$ IF (TITLE-.NE,FLNAME) GO TO 101

NOLV= TA(2)« DO 7 K = 1 , NOLV
7 ICODE«K)= TA(K*2)

IDF= TA(2l)'8 IDG> TA(22»$ HBOM= TA(23)$ I F H B . L T . 1 ) GO TO 13
MEAO(l) «ALKi) »I = l»ioeyS CALL BUFOUT(5LeMATrttALl»IDG)

13 DO 1 L = 1 , 7* IF((lR.LT.l.A.L.LT.3).0R.<IB.<iT.0.A.L.6T.2))G0TOl
REAO«1) (AL1 (I) ,I = 1,IDF)S CALL HUFOUT (NAA(L) •ALUIOF),

I CONTINUE
II CONTINUF
105 RETURN
101 PRINT 103
103 FOHtfAT </»F ARRAY NOT ON TAPE) */>

6 0 ^ T O 1 0 5 >.:. • - . ! , : . : : - • . • . • •• • — • ' : - • • • • • • •••• - •

;OVERLAY(ELMOSE,1,0)
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* EI.MOSE PROVTOES THE FOLLOWING SERVICES FUR EVALIN.

« IT SETS UNO(NHT), THE CHARACTEH ARRAY, THE SINGLE PART.
* IT PROVIDED THE INITIAL GUESS FOl THE NUCLEAR WAVEFUNCUON TO BE
* USED IN NlHuRT, IF ISKP.NE.O .

COMMON/HASIS/ IC00ÊU6) , 1ST A ( 16) , TPAR ( 16) ,lNPOUt>) .INUCU6) ,
1 ILCI16),NOLV,NB(2),MUI'» IDF , IUSC, IUSJ, JAR ( U , 2)t IDAC ( 14« U),JMPO,

COMMON/OVErtCON/FlHST,ISKP
COMMON/NUHARN/VALNÏHH),VALP<82>,NP<2),NN(2> «NAME»I TER,ITCR»ATNO
I ,NORBA(41) ,N0R8*BET,GAMD,NPT0T,NNT0T
COMMON/iMAMEN/FPR,PTS,FPF,FNE,KNF»FDN,PTn,FUF»HONI,ROPI,SPEtSPEXF

COMMOr* A31 (4000) ,AS: i (4000)
COHMON--'PHINLlM/EPS, IPR,QNO (H2)
COMMON /SPINUKH/ C H I ( 7 ) « R D ( 7 ) / E X S Y P N / E X F ( 6 , 6 ) » S Y P ( 2 1 ) , N O M M ( 2 0 , 3 ) •

1 COMM(20)/CAKTEMP/AS2(5726)
LOGICAL FIRST
EQUIVALtNCE (KTMP,IOSJ)
DAT A CH I « R l ) / * * . 07 » 3 * . 05 » 3» . 0 . . 35 » 1 * . ^ 5 /
CALL TIMtPRT(Y)Si CALL CARTOJ(0)Î IF {ISKP.EU. 0 ) GO TO 20
PRINT 103,NAMES CALL ELTRIAL(AS1,IPH)

103 FORMAT<*1 TRIAL WAVE FUNCTION COMPUTATION FOR *AlO)
DO 11 K = 1 , IDSC

U AS2(K»= 0.* CALL REORDER (\/ALP*NP) % CALL OENMAT ( AS3,AS1 » A52»NP)
CALL R0CONV(AS3»AS2,l)$ CALL RUFOUT(ROPI,AS2»IDSJ)$ 00 13 K=1,IDSC

13 ASP(K)= 0.Ï CALL REORDER(VALP.NN)* CALL DENMAT(AS3,AS1tAS2,NN)
CALL ROCON\/(AS3,AS2»1>* CALL HUFOUT (RONI,AS2» IDSJ)

»
* FIRST TIME AROUND COMPUTE THE 21 EXTERNAL FIELD OPS. Xl*Xj,PI»PJ.
» RI*PJ,I.J=1,2,3,IN DIMENSIONLESS FORM .
20 IF(.NOT.FIRST) GO TO 22$ DO 21 Kl= 1 , 6* DO 21 K2= 1 » Kl

CALL EXFI1H(AS3,K1,K2)
IF(IPR.GT.4) PRINT 1O1,EXF(K1,K2),(AS3(I)» 1 = 1•IDSC)
CALL R0C0NV(A53,ASl»l)t CALL RUFOUT(EXF(Kl,K2),AS1,KTMP)

101 FORMAT(//<» EXT FIELD NAME »Alf>// H X10F 12.5) )
21 CONTINUE

«

* NOW PUT THE d\ OPERATORS IN THE SYMPLECTIC BASIS .
ICO=13> DO 201 IS" 1 , 9* DO 203 K = 1 , KTMP

203 ASI(K)= 0.
207 CALL BUFFIN(EXF(NOMM<ICO,3),NOMM(TC0»2)+3)»AS2»KTMP)

CONS= COMM(ICO)S DO 205 K = 1 , KTMP
205 AS1(K)= ASKK)* AS2(K)*CONS

ICO= 1CO+1* 1F(NOMM(ICO»1).EQ.IS) 60 TO 207
201 CALL BUFOUT(SYP(IS),AS1«KTMP)

IC0= 7$ DO ?11 IS= 4 , 9$ DO 213 K = 1 , KTMP* AS3(K)= 0
213 AS1(K)= 0
217 CALL BUFFIN(EXF(NOMM(ICO,3),NOMM(ICO,2>),AS2»KTMP)

CONS= COMM(ICO)$ DO 2]5 K = 1 » KTMP
215 AS1(K)= ASl(K)* AS2(K)#C0NS

CALL BUFFIN(EXF(N0MM(!C0,3)*3,N0MM(lC0,2)+3)»AS2tKTMP)
DO 22b K = i , KTMP

225 AS3(K)= AS3(K)+AS2(K.»C0NSÎ ICO=ICO*1*IF(NOMMtICO.l).EQ.IS)60T0217
* SAVE THE KIN ENERGY .

IF(IS.NE,9) GO TO 226* RKEN= .5»HR0M/C0NSS DO 227 K = 1 « KTMP
227 AS2(K)= RKEN*AS3(K)S CALL BUFOUT(SPE»AS2»KTMP)
226 DO 233 K = 1 • KTMPS AS2<K)» ,5*(AS3(K)+AS1(K>)
233 ASl«K;= .5»(AS3(K)-AS1IK))

CALL BUFOUT(SYP(IS*6),AS2,KTMPiÏCALL BUFOUT(SYp<IS+l2)tASl»KTMP)
« SYP(lO,.,15)= .5»(PI»pJ*RI«RJ)«SYPa6»,»21)s »5*(PI*PJ-RI»RJ)
211 CONTINUES CALL CARSET(UNO)
22 CONTINUE
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END
SUBROUTINE ELTRIAL(BR,IPR)

BR(ND»ND)= RfcAL PART OF EIG. VECT MATRIX TO BE FILLED.
NB= RETURNED VALUE OF BASIS DIM.
N0R8A(N0RB)= ARRAY OF NlLSSON ORBITS TO BE FILLED*
AT VALUES OF BET= BETA 6AMD= GAMMA IN DE6HEES .
CODA(NOLV)s CODENUMBER ARRAY TO DESCRIBE THE BASIS .
IPR= PRINT INDEX VARIES FROM -1 TO *6 .
COMMON/BASIS/ ICODE(16).ISTA(16).iPAA(lb),INP0(16),iNUCtl6>•
1 ILC<161r»N0LV,NB<2)«MuD,IDF,IDSC»lDSJ,JAR(H,2),IDACU4iUJ,.JMP0«
2 NBT*HBOM,OSHA2
C0MM0N/NUHARN/VALN(82),VALP(82)tNP(2)»NN(2)iNAME»ITER*lTCRtATN0
1 »N0RBA(41),N0RB,BET,GAMD,NPT0T,NNT0T
DIMENSION HR(1)*MLAM(2),ITE(2).IFL(2>.IBSAD(7»7>
COMMON/SPlNORB/CHim.HDm
COMMON /WAVN/ ARRAYSU116) ,TAU(3> ,SR (3)
COMMON /DISTORA/ FNNP(7*4,3) /DUMPN/C1(75*2)iC2(75*2)
DO 1 K s 1 i 7S 00 1 L ! 1 i 7

1 IflSAO(K,L)=0$ IFL(D=1S IFL(2)= 1
DO 3 K = 1 , NOLVS JPH= ISTA(K)$ NPO= INP0(K5$ IPAR= 3-IPAA(K)
IBSAD(NPO,JPH)= IFL(IPAR)S IFLdPAR)* IFL(IPAR)* 2»JPH

3 CONTINUE
CALL WAVSETE(BET,GAMD.CHI,RD.IPR)
DO 45 K = 1 i 3

45 CALL DISTOR(TAU(K),FNNP(1,1,K).7»4>
KMA= IDSCS DO 5 I = 1 , NBT

5 VALP(I)= 100.$ 00 35 I = 1 , KMA
35 BR(I)=O.$ MLAM(1)=OS MLAM(2)= NB(D**2S ITE(1)=1$ ITE(2) =1*NB<1)

ENLA= l.S DO 49 INP= 1 , NORBS JNIL* NORBA(INP)
DO 49 KTR= 1 , 2 S IF(KTR.GT.l) GO TO 53
CALL OBCFP(JNIL.C1,N1,75,1)S GO TO 51

S3 CALL TIMEREV(CliNl«75)$ CALL SPRNTC(Cl*Nl,C1(1*2))
5l DO 55 N= 1 , rUS IQN= Cl(N.l)S NSHELL- IQN/IOOOO

IPAR= 1* M0D(NSHELL»2)
NREM= IQN- l0000»NSHELL$ JPK= NREM/100S JHK= NREM-1OO*JPK
JPH= (JPK*JMK*1)/2S IAOR= IBSAD(NSHELL*IIJPH)
IF(IADR.EQ.O) GO TO 55
IALAM= I ADR* JMK* MLAM(IPAR)
6R(IALAM)= cKNi?)

55 CONTINUE $ MLAM(IPAR)= MLAM(IPAR)* NB(IPAR)
VALP(ITE(IPAR))= ENLAS ENLA= ENLA*1.
ITE(IPA«)= ITE(IPAR)*1

49 CONTINUES IFdPR.GT.5) PRINT 103. (BR (I f • 1=111DSC) S RETURN
103 FORMAT(//* THE TRIAL WF»//(1X10F12.5))

END
SUBROUTINE CARTOJ(IPrt)

TO GENERATE THE ARRAYS STUCO(124.0,2) AND CSS(300,2) MITH THEIR
DICTIONARY I«N(34,6), ICS0(49) •
STUCO CONTAINS THE COMPONENTS IN THE SPIN-CART, BASIS OF THE
SPHERICAL EIGENSTATES/N.J.K)* *ITH K-.5= E¥E»i» KITH THE
BRODY-MOSHINSKY PHASE". CSS CONTAINS THE COMPONENTS OF THE
SOLID SPHERICAL HARMONICS IN TH£ 5«£ OPERATOR BASIS*
THE METHOD USED IS BASICALLY THAT OF MOSHINSKY IN THE NOTES,
GROUP THEORY AND COLLECTIVE M0TION.1962* LATIN AM, SCHOOL OF PHYS.
COMMON /CAHJN/ STUCO(1260,2).ION(fl4,6),CSS(300«2)vICSOi49)
COMMON /CARTEMP/ CSC25.2,13),CU(l5,2,13) ,CJA(30.2.+9),IAO(7,U
1 ,NPA(13),SFAC(7) ,OSFAC(?)tIJAt4«J)»ITQN(49*2),C(5Q*2),CP{50.2l
DATA PI/3.14 1,51? 2b5 358 98/
0SFftC|l)=5FAdll)a i.f NXs If DO 21 I s i , 6

i J 6 2 i
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21 SFAC(I*1>= S^C(I)«SQRT(FLOAT(I)>

« FOR N = 0-6 SHELLS» L= O-6
ICL= IS DO 1 IL= 1 . 7I L= IL-1S «IL= LS HLH= L./SQRT(2.»RIL*1.)

» FIRST CONSTRUCT YLL IN THE A.B.C BASIS AS (4*PI/<2»L*1>>*I.5*R»«L»Y(L»L>
N= IS C(l*l)= FLOAT(10000*L»

503 CC1,2>= DSFAC(IL)/SFAC(ID«RLH*(l-2*M0D(L»2)>
KMM= 2»L*lS M= L$ DO 3 KM= 1 « KMM
CALL POLTRA(CS(1*1»KM)«NPA(KM)»25,C»N»50>
CALL TRIMUP(CS(l.l»KM)«NPA(KM)»25,1.E-8J "
ICM= NPA(KM)* ITE= 10000»ICL« ICM
DO 511 IC= 1 , ICMS DO 513 J = I » 2

513 CSS(ICL»J)= CSUC»J*KM>
511 ÎCL= ICL* 1% IF(KM.EÛ.KMM) GO TO 3

CALL NOLMlN(CP,NP»bO,L«M, C«N*S0)
DO 7 J = I . NP$ DO 7 I = 1 i 2

7 CCJ«I)= CP(J»I)t N= NP
3 CONTINUE
5 IF(IPR.LT,2) GO TO 105 PRINT 101» L
101 FORMAT(///* SPHER. HARM. OF ORDER M*»*» IN Sf»IN-CART. OP. BASIS*

1 //)
«
• NO** USE CS THE OPERATOR TO CONSTRUCT CU THE STATE VECTOR .
10 DO 9 KM= 1 , KMMS M= L* 1- KMS IS»*I= MOD ( IABS(M) »2J • 1

JM= NPA(KM)« DO 23 J = 1 » JM$ NTES IFIX(CS(J»l»KM))
Nl= NTE/10000S NTEP= NTE- 10000*NlS N2s NTEP/lOOS N3* NTEP-100*N2
N12= MOLHN1»N2.2)S GO TO (25*27) ISXI

25 IPHAS= I- ?»MOD(N2/2*N12.2) $ GO TO 29
27 IPHAS= i-2»MOD((N2*l)/2*N12,2S
29 CNOR= SFAC(Ni*l)*SFAC(N2*U»SFAC(N3*l)»IPHAS$CU(J.l»KMj*CSU»l»KM)
23 CU(JÎ2»KM)= CS(J.2*KMJ»CN0RÏ IF(IPR.LT.2) GO TO 9

PRINT 119» M
119 FORMAT(4H0M= 13)

CALL SPRNTC(CS(1»1.KM).NPA(KM)»CS(1,2,KM))
9 CONTINUE

*
• NEXT CONSTRUCT STATES OF GOOD J»K IN CJA » WITH K-,5* EVEN-

DO 31 IPH= 1 « 2S JPH= IL* IPH- 2» IF(JPH.LT.l) GO TO 31
ISWI= 1PHS DO 33 IAK= I , JPH
IAKM= M0U(IAK-l,2)$ RK= (FLOAT(IAK)-.5)»(1-2*IAKMJ
IKPHS IAK*(1-2»IAKM>* IAKM S COI» SQRTtRlL* «
CO2» SQHT<RIL*.5-RK)*RLH$ GO TO (35t37) ISWI

Z% At= -CO2$ A2« • COiS GO TO 39
3? Ai* COIS A2= C02
J9 KKls IL- IKPH* 1$ KH2= KM1-1S Nl= 0

IF«(»:Ml.LT.uaR.KMI,GT.2»IL-l) GO TO 41$ Nl*
•1 N2» OS IF(KM2.LT.1.0R.KM2.GT.2»IL-1) GO TO 43$ N2»
43 CALL LINC0M(AI,CU(l,l,KMl),Nl«15»A2tCU(l,l,KM2),N2,15.

1 CJA(l.l.N»itIJA(NX),30)
IN1= JPH* IKPHS IN2= JPH- IKPH*1$ IAD(IL»IN1tIN2)= NX
ITQN(NX*l)s INI- 1$ ITON(NX,2)* IN2- IS NXa NX* 1

33 CONTINUE
31 CONTINUE
1 CONTINUE

• START COPYING INTO MAIN ARRAY STUCO .
ILA8* NY* IS DO 51 IN= 1 , 7 S NSH= IN- IS ILUx NSH/2* 1
IREM» M0D(NSH,2)S IL* IREM* IS 00 53 IlTs 1 i ILUS L= IL- 1
NEX= «NSH- L>/2S INl« HAX0<IL*2)S IN2* INI- IS KMM« 2»IL- 1
NAST» IAO(IL*lNltIN2)S DO 55 KMs l , KMM
TFAC* SQRTCFL0AT(2»IL-l))/DSFAC(lL)« BNOR= !•
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IF(NEX.EQ.O) BNOR= TFACS INEM= IJMNAST)* DO 59 INE= 1 t tN£M
C(INE,1»= CJA<!NEtl.NAST>

59 C(INE,2>= CJA(INEi2tNAST)S IF(NEX.EQ.O) GO TO 71
*
* HERE PUT IN THE REQUIRED POWERS OF (ABS(ACROSS))*»2 .

DO 57 JNE= 1 , NEX S A= 1.
TFAC= -TFAC/SQRT «FLOAT <(2*JNE*2*IL-D*2*JNE1)
IF(JNE.EQ.NEX) A= TFACS CALL SCALN2U,CP»NP,50,C*INEM,50)
CALL TRIMUP(CP,NP,5O,1.E-Q)S DO 61 INE= 1 t NP$ C ( INE,i ) =CP UNE, 1 )

61 C(INE,2)= CP(INE«2)$ INEM= NP
57 CONTINUE
71 IQN(NY,5)= ILABS DO 62 INE= 1 * INEMS STUCO(ILAB,1>= C(lNEil)

STUCO(ILAR,2)= C(INE,2)*BNOR
62 ILAB= ILAB* 1$ IQN(NY,6>= ILAB- IS IQN(NY,1)= NY

IQN(NY,2)= NSHS IQN(NY*3)= ITQN(NAST,1)• ITQN(NAST*2)
IQN(NY,4>= ITQN(NAST,D- ITQN(NAST»2)
STUCO(ILAR.l)- 999900* NY* 1 S STUCQ(ILAB,2)* O.S ILAB* ILAB* 1
NAST= NAST» IS NY= NY* 1

55 CONTINUE S IL= IL* 2
53 CONTINUE
51 CONTINUE

ILABT= ILAB- IS IF(ILABT.GT.1260) CALL EXIT
*
* ORDER STUCO FOR FUTURE USE IN SCALP •

DO 81 I = 1 » 8*5 11= IQN(I,5)S JJ= IQN(I*6)
81 CALL S0RTAG(STUCO(l*l)*IItJJ»STUCO(lt2n$ IFdPR.LT.l) RETURN

PRINT 213
213 FORMAT(//«I XPANS. COEF. OF SPHER. STATES IN S-C. BASIS*///)

CALL SPRNTC(STUCO<l»l)»ILABTtSTUCOU»2>>S PRINT 217
217 FORMAT(//*1OUANTUM NUMBER DICTIONARY */)

ITPR= IS DO 69 K = 1 , 7S ITPM= ITPR*li
PRINT 219, <<IGN<I»J),I=ITPR,ITPM)tJ=l,6)

219 FORMAT (5H 1= 12(3XI4,3X)/5H NH= 12(3X1*»3X)/5H 2«J»
1 12«(3XI*,3X)/5H 2*K= 12( 3XI4,3X)/5H IAS= 12(3x14,3X)/5H IAF»
2 12(3X14,3X)//)

69 ITPR= ITPR* 12S HETURN
END
SUBROUTINE POLTRA(CP,NPtNDP,C,N,ND)

C
C CP(N,1)= 10000»NPl* 1OO»NP2* NP3 .
C CP(N,2)= COEFFICIENT .
c THIS SUHH. DOES POLYNOMIAL MANIPULATIONS.
C CP = CP* C*(X-Y)»»N1*{X+Y)»*M2*Z»*N3/2»*((N1*N2)/2J •
C

DIMENSION CP(NDP,2)»C(ND,2)
DATA SQA/.T0710 67811 86548/
NP= OS IF(N.EQ.O) RETURNS DO 1 NC= 1 t NS BN» C(NC,2)
INT= IFIX"('C'(NC*1))S Nl= INT/IOOOOS INR= INT- 10000»NlSN2*lNR/100
N3= INR- 100*N2$ SQ= SOA«*(Nl+N2)»6NÏ CTl* Ï.» NlF= Nl*l
DO 1 NR = 1 * NlFS CT2= l.S N2F= N 2 * IS DO 3 NS = 1 * N2F
CST = l0000»(NiF-NR*N2F-NS )• lOO»(NR*NS-2)* N3
COE = SU»CTÎ»CT2S IF(NP.EQ.O) GO TO 7 $ DO 5 NPP = 1 . NP
lF(CST.NE.CP.(NPPtl)> GO TO 5$ CP(NPP»2>= CP(NPP«2)* C0ESG0T09

5 CONTINUE
7 NP = NP* 1$ IF(NP.GT.NUP) CALL EXITS CP(NP,l)s CSTS
9 CT2= CT2*(N2F-NS)/FLOAT(NS)
3 CONTINUE

CTi= -CTli(NlF-NR)/FLOAT(NR)
1 CONTINUES RETURN v

UBHOUTINETTHIMUP (CNtNp.EPS)
EPS= SMALLEST TERM TO BE RETAINED



C N WILL HE CHANGED .
C

DIMENSION C(ND»2)
IF (N.EU. 0) RETURN* N^= OS DO 1 NT= 1 « N
IF <ABSIC<NT*2)).LT.EPS) 60 TO IS NP= NP* 1
IF iINP.GT.Nn) CALL EXITS C(NP»D= C(NT,1>$ C<NP(2)= C?NT,2>

I CONTINUES N= NPS RETURN
END
SUHR0UT1NE NULMIN(CP»NPfNDP»L«M»C»N»NO)

C
C COMPUTE THE ACTION OF THE NORMALISED LOWERING OPERATOR.
C

DIMENSION CP(NDP,2) ,C(ND,2) ,IN(2> .TEC12) tSIG(2)
DATA TEC/99.»-9999./t SIG/1.,-1./
NP = 0$ IF(N.EQ.O) RETURN $ IF(M.LE.-L) GO TO 17
CNOR= SURTl?./*-"LOAT(«l*M)*ML-M*))))S DO 1 NT= 1 « N
INT = IFIX(C<NT»1>>* INTP= INT/lOO$ IN(1)= INT- 100*INTP
IN(2)= INJ/IOOOOS DO i J = l , 25 IF(IN(J).LT.1) GO TO 1
QNT = C1NT,1>* TEC(J)5 CT= SIGtJ)«IN(J)*C<NT»2)«CNOR
IF(NP.EQ.O) GO TO 7S DO 5 NPT= 1 . NPS IF(UNT.NL.CP(NPT»1J>GOTO 5
CP(NPT»2>= CP(NPT,2)+ CTS GO TO 1

5 CONTINUE
7 NP -- NP • 1$ IF(NP.tiT.NDP) CALL EXIT S CP(NPtl)= QNTSCP <NP«2> = CT
1 CONTINUE
17 M = M-13. RETURN

END
SUBROUTINE SPRNTC(R«N,LGT,COE)

* TO PRINT THE LGT QUANTUM NUMBERS TN RQN AND UNDER THEM THE L6T
* CORRESPONDING COEFFICIENTS .

DIMENSION RQN(1),COE(1).IQD(1?)
DATA LEFSQB.RITSQB/1LC.1L3/
ITPR= I* KTOT= (LGT* 1D/12S DO 67 K = 1 « KTOT
ITPM= MINO(L6T,ITPR*11)S IMX= ITPM- ITPR* 1
DO 1 I = ITPR9 ITPMS ir= I- ITPR+ I

1 IQD(IT)= R(JN(I)
PRINT 21b,(LEFSQB,IQD(I),RITSQB«I=1•IMX)

215 FORHAT(» QN=*12(2XA1»I7,A1)>
PRINT 217,(COE(I).I=ITPR.TTPM)

217 FORMATS CI=* 12F11.7)
67 ITPR= ITPR* 12S RETURN

END
SUBROUTINE LINCOM(A1,C1,N1,ND1,A2,C2,N2,ND2,CfN»ND)

C DOES C = AI*CI* A2»C2 .
DIMENSION CKNDl,2),C2(N02*25,C(Nn,2)
N = OS IF(Nl.EQ.O) GO TO 1$ IF(Nl.GT.ND) CALL EXIT
DO 3 IT= l , N1S C(IT,I)= C1UT.1)

3 C(IT«2)= A1*C1(IT,2>
N > Nl

1 IF (N2.tu.0> RETURNS DO 5 IT= 1 , N2S IF(N.EU.0) GO TO 9
DO 7 JT= 1 , NS lF(C(jT«l).NE=C2(lTtl)) 60 TO 7
C(JT»2»* C(JT,2J* A2»C2(IT,2>$ GO TO 5

7 CONTINUE
9 N = N* 1$ IF'(N.6t'.N(» CALL EXITS C(N«1)= C2(IT,1)

C(N,2)= A2*C«:(1T,
5 CONTINUES RETURN
END
SUBROUTINE SCALN2(A.CP.NP.NDP*C»N,ND)

* COMPUTES UBS(ACROSS))**2 ON THE SPIN-CART. STATE IN C AND PUTS
• THE RESULTING (UNNOHMALIsro> STATE IN CP .

DIMENSION CP<N0P,2),C(ND,2),RINC(3JfIAN(3)
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DATA RlNC/20000.f200.,2./
NP = 0$ IF(N.EQ.O) RETURNS DO i lN= ' , N$ CT= C(IN.l)
NIN = IFIX(CT)$ CT2= C(lN,2)$ Nl= NIU/10000S NTE= NlN-10000»Nl
N2 = NTE/IOOS N3= NTE- 1OO«N2$ IAN(U = Nl* IAN(2)=N2SIAN(3)=N3
IPHAS= 1$ 1)0 1 JK= 1 , 3$ IF(JK.EQ.2> IPHAS= 1- 2«MOD(N1*2)
IFUK.EU.3) IPHAS= 1- 2*M00tNl*N2,2)
FAC= SQRT(FL0AT<(IAN(jK)*l)<HIAN(jK)+2)>>» CTPa CT* RINC(JK)
IF(NP.EQ.O) 60 TO 7S DO 5 INP= 1 , NP
IF(CTP.NE.CP<INP,D) 60 TO 5
CP(INP,2)=! CP(INP»2)* A»FAC»CT2$ GO TO 1

5 CONTINUE
7 NP = NP* 1* IF(NP.GT.NDP) CALL EXIT* CP(NP,1)= CTP

CP(N?.2)= A*FAC»CT2
1 CONTINUES RETURN
END
SUBROUTINE WAVSETE(BET,6AM0.CHl,RD»IPR)

TO COMPUTE THE WAVEFUNCTIONS OF A SINGLE NUCLEON IN AN ELLIP-
SOIDAL MOniFlF.D OSCILLATOR, FOR N= 0-6. SEE REF. S.G. NILSSON»
DAN.MAT.FYS.MEDD.29,NO.16(1955), FOR INTERPRETATION AS A DEF.
BASIS OR AS A SPHERICAL BASIS.
BET.GAMUiCHim. RD(7), ARE INPUT PARAMETERS OF THE MODEL.
IPR= -1 ELIMINATES PRINTOUT, 0.LE.IPR.LE.fa SPECIFIES PRINT
DETAILING.
THE BLOCK/WAVN/ CONTAINS ALL COMPUTED RESULTS.
NOTE THAT THE NATURAL ORDER IS THE ONE IN WHICH THE STATES ARE
OBTAINED WHILE THE INCREASING ORDER IS THE ONE FOR WHICH THE
ENFRGY EIGENVALUES ARE INCREASING. ALL ARRAY SUBSCRIPTS WITH 1.LE.I.LE.
84 REFER TO THE NATURAL ORDER EXCEPT THOSE OF EAV(J) ANU ITAG(J»1)
EAV(J)= AVER. ENERGY, T*.5»V, OF THE STATE WHICH HAS THE jTH
LOWEST EIGENVALUE» ITAGtJ,lJ=I=NATURAL ORDER OF THIS JTH LOWEST
STATE. ENE»EAV, ARE IN UNITS OF H BAR OMEGA.
ITAG(I,2)= STARTING POSITION IN WAVSET WHERE THE COMPONENTS AND
Q.N. OF STATE I ARE STORED. THE END OF THE STATK I IS SIGNIFIED
BY STORING Q999XX,(XX=I) IN WAVF<IEND»1> .
RJZ(I), <JUADd,3>= AVERAGES OF JZ,X«»2,Y*»2,Z*«2,OIMENSIONLESS.
NHA(I)= MAJOR SHELL QUANTUM NUMBER .
TAUP«K>= NON-AXIAL DEFORMATION PARAMETERS .
SR(K)= OMEGK/OMEGO.

• ALL INITIAL SPINS ARE + .
• THE Q.N. OF THE STATES •000 IS STORED AS ••!.

COMMON /WAVN/WAVF <1680«2),EAV(84)«ENE(84)«UUAD(84*3)»ITAG{84»2)*
1 RJZ(B4),NHA(84),TAUP(3i,SR(3)
COMMON /CARTEMP/ HAM(28*28),VEC(28»28),XHTQ(2B,3),JLAB(84),
I XHTL(2H),RESTA(3962)
DIMENSION CHl(7),RD(7)tTOU(3),SUMA(3)tBSQ(3)iINS(7)*BOBO(3)
DATA PI « INS,TT/3.1415926535897,0*1,2«3,4*5*6*.6666666666666b/
ND= 28$ GAMs PI»GAM1)/18O.$ Cl= «5*SQRT(1.25/PI)*BET
DO 1 K = 1 , 3$ TOU(K)= TAUP(K)- Cl*COS(GAM- TT*K»Pl)
BOBO(K)= EXP(TOU(K))i BSQ(K)= B0BQ(K)»»2

1 SR(K)= l./BSO(K)t ILAB= IWL= 1
DO Î NZ= 1 V 7S IRET= OS NH= NZ-1% NST= (NH*1)*(NH*2)/2
CALL MOSDI(NH,TOU*CHI(NZ),RD(NZ)*ENE(ILAB)*RJZ(ILA8)«IPR»IRET,
1 HAM*VEC»XHTL,XHTQ,ND)

• " .• •
* GENERATfc/WAVN/8L0CK

DO 4 II = 1 » NST$ SUMA(1)= SUMA(2»= SL«MA(i)= SUM1= 0.
ITÀ6(ILAH,2)= IWLSS DO 5 JJ s 1 , NST$ WAVr(IWL*l)= XHTLtJj)
WAVF(1WL,2)= ETA= VKC(JJ,II)S ETA= ETA**2» HAMD= 0.
DO 10* K = 1 ;•.-,, 3S HAM|)= HAMD* XHTQ i JJ*K) »SR (K) ;

104 SUMA(K)= SUMA(K)* XHTQ(JUiK)»ETAS SUM1= SUM1» HAMD«ETA
5 IWL= IWL* 1-S EAV(ILAH)= .5»ENEMLAHi* .25»SUM1
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lTAGlIL»n,l>= 1LAB* NHMILAH) = NH
WAVF(IwL,l)= 999900-+ FLOATULAB)* WAVF<IWL,<2)=0.SIWL=
DO » K = 1 , 3

»9 QUAn(IL'Vli»K)= SUMA<K) SPHE.8A.
9 QUAIH1LAH,K)= HS'J(K)*SUMA(K) DEFO»BA.
4 Il_AR= ILAB* »•
3 CONTINUE* ILAH= ILAU- 1

«
» URDFR EnV ACCORDING TO INCRF.ASiNb ENE .

DO ?1 K : 1 i 84* JLAH(K)= K
21 XHT<m,l) = F.NEIK1S CALL SQHTAGCKHTQ,U8^->lTAti»$ UO E3 K = 1*84
23 XHrO(K,])= EAVUTAG(K,1))$ DO 25 K = 1 « 8»
25 EAV(K)= XHTtt<K,l>$ IF(IPR.LT.O) RETURN

PRINT 101, HtT»GAMO»<INS(J),CHI(J)tHD(J)»J=l»n
101 FORMAT(//4JX*ELlIPS0lnAL MODIFIED HARMONIC OSCILLATOR COMPUTATION»

1 //36K< OEF. PAR. OF POTENTIAL ARE. B£TA=*F9.b,», GAMMA=»F9.3//
2 3<X»MAJUR SHELL N»6X#5PIN-ORBIT STRENGTH CHI»5X*LSQR STRENGT 0»
PRINT 1OJ
FORMAT i///?M* STATE ORDERING ACCORDING TO INCREASING ENERGY
1VAL.» FOH SUMMING PURPOSES*//)
ITP«= 1* KMX= (ILAH* 1D/12S DO 1? K = 1 , KMXi ITPM= 1TPR+ H
PRINT 10S,(JLAB(I)»I= lTPR,ITPM)»<ITAvitI»l)»I=lTPR,ITPM)
1 ,(fcAV(I),I=lTPR,ITPM)
F0RMAF(16H INCR. OKD.N0. J12(4XI2.4X)/16H NATU. ORO.NO. I
t>. 1?(*XI2,4X)/ 16H EAV. OF JTH ST.12 ( 1XF9.6) /)

12 ITPR= ITPR* 12$ PRINT 107
107 FORMAT I//2iX*ENERGY EIG.VAL.» JZ AVER. AND MAJOR SHELL «»N. IN THE

1 NATURAL OROtR(OhJDEK OF COMPUTATION)*/»
ITPR= 1% DO U K = 1 , KMXS ITPM= ITPR* 11
PRINT 109, (JLABÎI)»Ï=ITPR,ITPM),(ENE(I)tI=lTPR.ITPM),
1 (RJZ(I) , 1= ITPK. ITPM). (NHA(I),I=ITPR,ITPM)

109 FORMAT(/16H NATU. ORD.NO, 112 (*XI2**X)/lt>H ENE. OF ITH ST.
1 12(1XF9.6)/16H JZA> OF ITH ST.12(1XF9.5)/16H N̂ 4SH OF ITH ST.
3 12<*XI2.4X)>

14 ITPR= IIPR+ 12$ IF<IPR.LT.D RETURNS PRINT 111
111 FORMAT(//3lX*THE EIGENFUNCTIONS IN THE S~C» B<^SIS FOR INIT. SPIN=

l*f NAT. ORf).*//)
CALL SPHNTC("AVFn.l),IWL-l»WAVF«l»2))S RETURN
ENU
SUBROUTINE MOSOI(NH*T0U,CHIfD«ENE,RJZ*IPR,IRET,HAM*VEC»XHTL«
lXHTQfND)

C
C NH = MAJOR SHELL
C TOU(K)= SORT(5/4PI)/2*CQS(GAM-2/3K*PI)«BETA .
C CHl=-L.i»lG STRENGTH
C D= L»»2 STRFN6TH .
• IF IHET= 0 5£T VEC TO 1 IF IRET» 1 USE CURRENT VALUE OF VEC •
• RJZ* AVERAGE VALUE UF JZ . VEC= EIGENVECTORS BY COLUMBS»
• ENE= EIGENVALUES , XHTL(N)= Q. NOS. OF THE BASIS STATES.
• XHT0(N,K)=NK*,5 .

DIMENSION T0U«3),ROMG(3),SR(3) tENE(l)»RJZ(l)tXHTL(D»XHTQ{ND»3Ji
1 HAtf(N[)»ND)*VEC(NO*Np)
NST= ((NH»l)*(NH*2))/2$ DO l K s 1 * 3$ ROMG(K)* EXP(-TOU(K))

1 SR(K)« W0MG(K)*»2S ITM= NH*1S 00 3 I » I , NSTj DO 3 J » i » NST
3 HAM(I»J)= VEC(I,J)=O.S C= -CHI*D

• . • - . . . • . . . . - .

• IN HAM PUT HO- X*D*L»SIG«ROMG t IN VEC PUT L»SIG»ROMG .
N= 1$DO 7 IT* 1 , ITM$ DO 7 IMU= 1 t ITS INUs I T - IMU* 1
RINU= FLOAT(INU)S HIHU» FLOAT(1MU)» RITU= FLOATUTM-IT)
XHTQ(N.l>= «INU- ,5S XHTQ(Nt2>= «IMU- . 5 * XHTU(N.3)«
XHTL(N)a lOOOO.*(RINU-1.)• 100.»(RIMU-1.)• RITD
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IF(XHTHN).LT.l.E-5) XHTL(N)= .1
HAMT= 0.$ DO 501 K= 1 , 3

501 HAMT= HAMT+ SR<K)»XHTQ(N,K)$ HAM(N,N>= HAMTS IF(INU.LE.I) 60 TO 5
T= (1- 2*MO0lINU*l,2M*SQRT((RlNU-l.)«MFLOAT<lT>-RINU*l.>)
HAM(N*1*N)= T»R0MG(3)*C$ VEC(N«l,N)s T/ROMG(3)

5 IFdT.GE.ITM) GO TO 7
T= <1-2*MOD(IMU,2))*SQRT(RITD*«IMU>
HAM(N*IT+1,M)= T»ROMG(1)»CS VEC<N*IT*1»N>= T/R0MG(D
T= «1-2*MOO(IT,2»)*SQRT(R1TD»RINU)
HAM(N*IT,N)= T*H0MG<2)*C$ VEC(MIT,N) = T/R0^G<2>

7 N= N*l
• NEXT DO HAM= HAM-X*(VEC+ D»(VEC>»»2> AS MATRICES

DO ?3 I = 1 » NSTS DO 23 J = 1 » 1$ TPP= 0.
DO 21 K = 1 « NSTS IF(J-K) U«13tl3

11 IF(I-K) 17,IV.19
13 TPP= TPP+ VEC(I,K)*VEC(J*K)S GO !••> 21
19 TPP= TPP+ VEC(I,K)*VEC<K,J)$ GO To 21
17 TPP= TPP* VEC(K,I)»VEC<K,J)
21 CONTINUE
23 HAM(I.JJ= riAM(l,j)- CHl*(VECH.J)+ D'TPP)
67 CALL 0IAGTV0(NST,28»VEC«HAM,IRET)
»
• COMPUTE JZAVERAGE» SELEC. RULE IS N-NP= O»*li-1 .

DO 120 I = 1 . N
120 ENE(I)= HAM(1»I)$ N= 14 DO 27 IT= 1 » ITM

DO 27 IMU= 1 . ITS INU= IT-IMU+1S IF(N.LT.NSTj HAM(N*lfN)a 0.
HAM(N,N)= .5*11- 2*M0D<IT~1.2))S IF(INU.LE.I) GO TO 27
HAM«N*1,N)= (1- 2*MOD(IT*INU»2))*SdRT(FLOAT((INU-1)»IMU))

27 N= N*l
DO 31 L = 1 * NSTS T= 0.5 DO 33 N = 1 , NST
Ta T* KAM(N,N)«VEC(N,L)**2$ IF<N.EO«NS7> GU TO 31

33 T= T* 2*HAM(N+1,N)»VEC<N+1»L)*VEC(N,L)
31 HJZ<L)= Ts IF(IPR.LT.6) RETURNS PRINT 10
10 FORMAT(//* ElGENVALUES*20X»EIGENVECTORS*/)

DO 19 I = 1 » NST
39 PRINT 61, ENE(I) , (\/EC(J,I> ,J=1,NST)
61 F0RMATUPE14.6.7E16.6/(UX,7E16.6) )

RETURN
END
SUBROUTINE DlAGTFC(N,NO,B.E,IT)

C B(ItK) CONTAINS THE KTH EIGENVECToK STORED 8Y cOLUMBS.
C E(I,J) I.GE.J CONTAINS THE LOWER TKIANGULAR PART OF THE MATRIX
C TO BE D1AGONALISED • E IS DESTROYED. WHEN RETURNING E(K»K) CON
C TAINS THE KTH EIGENVALUE .
C N= DIMENSION OF MATRIX TO RE DIAGONALISED . 1.LE.N.LE.100.
C ND=DIM.OF ARHAY IN WHICH B AND E AHE STOREU»N.LE.NO.
C DIMENSION H(ND,ND>.E(ND,ND)
C IF IT=0 WHEN ENTERING SET B TO 1 INITIALLY*
C IF IT.GT.O WHEN ENTERING USE CURRENT VALUE OF B,
c THIS OPTION CAN RE USEFUL FOR ITERATIONS.
C IF:• DIAGONALISATION FAILS IT IS RETURNED AS -1.
• ACCURACY, 1 IN 10 TO THE 6.

DIMENSION H(1),L{1»
DIMENSION XMS(100),.JS(100)

10 FORMAT</5X*0lA6 FAILS*E11.2/)
ENTRY OIAGTVD
IF (N.LT.2) GO TO S01S IF(IT^GTaO) GO TO 55
DO 57 I = 1 , N$ IJ= IS DO 57 J ?= 1 vr N$ B(U)= 0.
I F U . E Q . J J R < I J ) = l . : V - '• " . ^ ^ V ' • " • • " ; . • ; • . . ; : i ' " - : r ; ' :':::/-••'••-'

57 IJ= IJ+ NO
ti5 TEST = UV$i DO 20 'I = 1 • Nt IJ= I* DO 20 J = 1 » 1* EPSPs 2.

IF(l.EO.J) F>SP= Ti4 1= E-(lU)t TEST= TEST* EPSP*T*T
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20 IJ= U * NO * IFUEST.EU.O.) GO TO bO2i XN0M= (N»N-N>/TEST
NMAX = 5#N#m KT= OS I'JO 123 K = 2 , N$ XM= O.S J= 1$ KK= K- 1
KL= K$ DO ?2 L •- 1 » KK4 Q= ABS(E(KL))S KL= KL* ND
IF(Û.LE.XM) GO TO 22$ KM= QÎ J= L

22 CONTINUt.4 XMi>(K) = XM
123 JS(K)= J

*
* LOOP ENTKY POINT FOH 1 JACOBI ITERATION •
27 XM= 0.$ DO 222 K = è , N$ Q= XMS(K)* IF(U.LE.XM) GO TO 222$ XM= U

1= K
222 CONTINUE

R= XN0M*XM*XM$ IF (R.LT. 1 .E-12) 60 TO 502* K.T= KT* 1
IF(KT.GT.NMAX) GO TO 26S J= JS(D* JT= MAX0(2»J)î MJ= NL)»(J- \)
IJ= MJ* IÎ P= £(IJ)$ E«IJ)= O.S MI= ND*(I- 1>* JJ= MJ+ J*II=MI* I
Y= ,5»(E(JJ)- E(II))* X= P/SIfiN(AHS(Y)* SURT(Y*Y* P*P)|Y>$ P= P*X
E(JJ)= fc(J.I)* PS E(II)= E ( I D - PS C= 1./SURT(1.* X«X)$ S= X*C
KJs MJ+ IS Ki= MI* IS JK= J$ IK= IS DO. 25 K s 1 « NS Y= B(KJJ
1= 3<KI)* B(KJ)= C»Y+ S#Z$ B(K1)= C*Z- S#Y3> IF(K-I) 29.24,28

?B IZJZ=KI
30 IYJY= KJ* GO TO 290
29 1ZJZ= livt IFIK-J) 31*24,30
31 IYJY= JK

290 Y= E H Y J Y ) * Z= E«1ZJZ)$ E(IYJY)= Y»C* S*ZS E(IZJZ)= C*Z- S*Y
?4 KJ= KJ+ 1$ Kl= KI* 1$ JK= JK* NDS !K= IK* ND

25 CONTINUES 1)0 301 K = JÎ » N$ IF(K-I) 308ç309»3l0
310 JSK= JS(K)* IFU.EQ.JSK.OR.I.EQ.JSK) 309,301
308 IFU.NE.JS(K) .AND. J.NE.K) GO TO 3ol
309 KK= K-l* XM= O.S JJ= 1* Kl_= KS DO" 305 L = 1 » KK$ Q= ABS(ElKL))

IF (U .LE. XM) GO TO 305$ XM= «$ JJs U
3ft5 KL= KL*NU$ XMS(K>= XM% JS(K)= JJ
301 CONTINUES GO TO 27
?6 IT= -IS PRINT 10» R S GO TO 502

C ASSUME N= 1
501 H(l)= 1.
502 HETUHN

END
SUBROUTINE OlSTOR (TAU1,FNNPiND,NOD)

* ••

• COMPUTE THE XFORMATION FROM THE DEFORMEO BASIS TO THE ISOTROPIC
• ONE ALONG ONE OF THE AXIS» AS A /.FORM. ON A 1-DLM. OSCILLATOR,

DIMENSION FNNPCNIJ,NOD).TSQR<60)
EXT= EXPCTAUDS EXTI= L./EXTS CHT= .5»<EXT* EXTI)
SHT = (EXT- EXTI>».5S THT= SHT/CHTS FNNP<L9L)= L./SQRT(CHT)
FNNP(2,1)= F N N P ( I , 1 > / G H T $ DO I I = 1 . 60

1 TSûR(I)= SQRT(FLOAT(I))S DO 3 IDL= 2 » NOUS IN= 1
NP s 2*IOL- 3* IN
FNNP(l»IDL> = •TSQR(NP-1>/TSQR(NP)#THT»FNNPU*IOL-1>$ NP* NP* 1

3 FNNP(2,IDL)= TSQR(NP)*FNNP(1,IDL)/CHT - . u
DO 5 IDL= 1 ».NOO$ DO S IN* 3 • No$ N= I N - 1$ NP= Z*IDL- 3* IN

5 FNNPUN,IDL>= < (N+NP-lI *FNNP ( I N - 1 , IDL>- TSQR (N- l ) »TSQR (NP-1 ) «fHT*
I F N N P ( I N - 2 , I 6 L > ) / < T S Q R ( N ) * T S Q R ( N P > * C H T ) * RETURN

• E N D . . . . . . . . • . . . . • : . : • • - . . : : • - , . - , : . : . , - \ = - :

SUBROUTINE OBCFPE(NTH,CP,NP,ND»IPR) ;
• • • • - • • • • • . • • . . . •: . . - - . . . - • : • • • . • • . • : . < • , . •

C COMPUTES COMP. OF NTH LOWEST NILSSON STATE IN N»J*KfJ-K. BASIS .
COMMON /WAVN/WAVF<1660,2),EAV(84),ENE(64),UUAD(84,3)»ITAG(84,2!t
1 RJZ(ë4).NHA<84),TAUP(3),SR(3)
DIMENS5ON CP(NDf2).C(84,2)
ENTRY ObCFP • • ' •' ' • ' "•,'-'" . ; ". . ; -; : ' :r.y:\V; v;', ' i. :
Ja ITAQ(NTH,1J$ ILAM* ITAG(>Jt2>* NJ* ITAO<4tï»2X-lLA8-i
DO 3 I = 1 , NJ$ ILT= "rIL#B-l-«I$' CR(;Içl)= «AVF(ILp,l| s

CP<I»2)= WAVF(ILT,2)S CALL TRlMUR>Ce*NJtNÛ»i.È-5)
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IM7PR.LT.O) GO TO 5S PRjNT 101* NTH
101 FORMAT(*OCOMP, 0F»I3**TH L. ORB IN SPIN-CART, DEFORM. BASlS.tMU.Nx

1»NY,NZ] .*)
CALL SPRNTC<CP,NJ,CP<1,2))

5 CALL 0ISTRA(C»N.84»CP,NJ.ND)$ CALL TRIMUP(C.N,84»1.E«5>
CALL CNNJK(CP»NP,ND»C«N»8«)$ CALL TRIMUP<CP«NP,ND,l.E-4)
IF(IPR.LT.O) RETURNS PRINT 1?3

103 FORMAT(# EXPANSION COEF. IN CNT»J*K,J-Kl SPHERICAL BASIS*)
CALL SPRNTC(CP»NP»CP<1»2M 5 RETURN
END
SUBROUTINE DISTRAE(CP,NP,NDP.C»N.ND)

HERE COMPUTE THE 3-DIM. DEFORMATION XFORMATION USING PRODUCTS OF
THE COEFS IN FNNP .
C AND CP MUST BE IN THE SPIN-CART. BASIS.
C HAS THE COMP. IN THE DEF. BASIS « CP WIL HAVE THE COMP. IN THE
ISOTROPIC HASIS .

c THE MES OF THE TRANSF. FROM THE DEF BASIS TO THE ISOTROPIC ONE
C ARE CONTAINED IN FNNP(ND,NOD.K)* K=lt2»3.

DIMENSION CP(NDP,2)»C<ND,2)
COMMON/DISTORA/ FNNP<7»4»3)
ENTRY DISTRA
NP = 0$ IF(N-LT.I) RETURNS DO 1 IN= 1 , N$ IQNx IFIX(C(IN,1)>
Nl= IQN/l0000$ NTE= IQN- 10000»N1$ N2= NTE/1005 N3= NTE- 100»N2
IR1= MOU(N1,2)$ IR2= M0D(N2,2)S IR3= MQD(N3*2)
DO 3 Jl = 1 » 7 , 2$ NP1= Jl- 1* TR1J IF(NP1.6T.6) GO TO 1
IQNP1= 10000*NPl*. Kl= MINO(N1,NP1)* 1$ Ll= IA6S ((NPi«»Nl)/2) * 1
Fl= (l-2»M00(IDIM{(N1-NP1)/Z,O),2))*FNNP(Kl,L1,U
DO 5 J2= 1 ( 7 , 2S NP2= J2- 1* IR2$ IF<NP1+ NP2.GT.6) GO TO 3
IQNP2= IQNP1* 100*NH2S K= MINO(N2,NP2)• IS L= IABS((NP2-Ng)/2)* 1
F2= (l-2*M0D(IDIM((N2-NP2)/2.0)»2))*FNNP(K«L»2)
DO 7 J3* 1 , 7 • 2S NP3= J3- 1+ IR3S IF(NP1+NP2*NP3-GT.6) GO TO 5
IONPT= IQWP2+ NP3$ K= MINO(N3.NP3)• 1$ L= IA8S(<NP3-N3)/2)• 1
F3=(1-2*MOD(IDIM(«N3-NP3)/2,0)»2))»FNNP(KfL»3)
COET= C(IN,?)*F1»F2*F3S IF(NP.EQ.O) 60 TO 9
DO 11 INP= i , NPS IF(CP(INP,1).NE.IQNPT) GO TO 11
CP(INP,2)= COET+ CP(lNPt2)S GO TO 7

ll CONTINUE
9 NP = NP+ 1$ IF(NP.GT.NDP) CALL EXITS CP(NP,1)= IQNPT

CP(NP,2)= COET
7 CONTINUE
5 CONTINUE
3 CONTINUE
1 CONTINUE* RETURN
END
SUBROUTINE CNNJKTE.{CP,NP»NDP-«C.»NtND)..

* WHEREAS STUCO GIVES THE SPIN-CART. COMPONENtS OF THE SPHERICAL
* STATES THIS ROUTINE STARTS FROM A STATE C IN THE SPIN-CART. BASIS
• AND PUTS IN CP ITS COMPONENTS IN THE SPHERICAL BASIS . \^
C CP(NP,1)= 10000*MT+100*(J*K)*(J-K) :

C CP(NP»2>= COEFFICIENTS .
• THIS VERSION HAS CORRFCT TIME REV» PHASE. > ,

DIMENSION CP<NOP,2)»C{ND»2).CT(30,2)
COMMON /CARJN/ STUCO(1260*2)*IUN(84»6>fC5S(300?2»»ICSD(*9)
ENTRY CNNJK
CALL SOHTAG(C(1,1) »1,NfC(l«2))* NP= 0$ IF(N.EQ.O) RETURN
DC 1 NYs 1 , 84S 11= 1QN«NY*5)$ JL= IQN(NY»6)- IQN(NY»5>* I
DO 3 I = 1 , JL$ IT= II* I- IS CT(I,1>= STUCOdTtll

3 CT«I»2>= STUC0(IT,2)S SCT= SCALP(CT.JL»30,CtW.NO)
IF(ABS(SCT>.LT.l.E-4) GO TO i $ NP= NP+ IS IF«NP*GT,NDP> CALL EXIT
CP(NP»1>= I ( N Y 4 }
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1 ( 1 U » 3 ) )
• MODIFY PHASE FROM MOSHINSKY DEF.

ICH= M0U(I«N<NY, 3) ,H)-2»M0n(IQN(rtY,2) ,2)
IF(ICH.tQ.3.OH.ICH.EQ.5>) SCT= -SCTi CP(NP,2>= SCT

1 CONTINUE.* HETUHN
END
FUNCTION SCALP(CH,NB,NDB,CA«NA,NUA>

C EACH CHItl) MUST BE UNlClUE .
» CA AND CB MUST HE ORDERED .

DIMENSION CA(NDA,2)» CH(NDB,2)
SCT= 0.-K IA= IB= IS IF(NA.LT.1*OR.NB,|_T.1) GO TO 101
1T= MAX0tNA.NB>$ DO 1 J = 1 » IT

9 IF (CB(lRtl)- CA(IAtD) 3» 5. 7
7 IA = 1A+ 1% lF(IA.GT.NA) 101*9
3 IB = Iri • 1* IF(It).i5T.NB) 101*9
5 SCT = SCT+ Cb(IB,2)*CA(IA,2) $ IA= IA+1$ IB= IB* 1

IF(IA.GT.NA.OH.IR.GT.NB) GO TO 101
1 CONTINUE

101 SCALP= SCTS HETUHN
END
SUBROUTINE TlMEREV(C»NC»ND)

#
• THE STATE C(ND*2) IS TIME REVEKSED.
«

DIMENSION C(l)
IQ=l$ IC= NO*I
DO 1 N = 1 , NC ' •
IQN= CU«)
JMK= MOU(IQN»100)$ JPK= MOD<IQN/l00»100)
C(IO= CJIC)*(1-2»MOD(JMK,2))
IQN= ION*100*(JMK-JPK)+JPK-JMKS C(IQ)= IQN
IC= IC+1S IQ= IQ+1

1 CONTINUE $ RtTURN
END
SUBROUTINE EXFllfl(EXM,Kl,K2)

• TO GENERATE MUD CALLS TO EXFI1BP
COMMON/BASIS/ IC0DE(l6) f ISTA(16) .IPARC16) ,INP0(16) ,INUCd6) *
1 ILCU6) »N0LV,NB(2) »MUD» IDF, IDSCt IDSJ, JAR (14t2) tlDAC(14tl4> •jf'.PO,
2 NBT,HBOM,()SHA2
DIMENSION EXM(l),IC0(16>
M=l5 DO 1 K = 1 , MUOt NLP=Ot DO 3 L = 1 » NOLV* IPR= 3-IPAR«L>
IF(IPR.NE.K) GO TO 3S NLP= NLP*1* ICO(NLP)= ICODE(L)

3 CONTINUE
CALL EXFIlBP(EXM(M)»IC0»NLPtKl»K2)

1 M= M* NH(k)**2
RETURN
END
SUBROUTINE EXFI1BP££XM»CODA,NOLV»K1»K2S

• KI= 1,2.3, DO X,Y,Z, KI=4,5,6, DO PX,PY,PZ
• USING THE STUCO ARRAYS OF J,M STATES IN CARTESIAN BASIS .
• EXM(NB,NB)= HERMITIAN MATRIX EL. OF K1»KH .
• CqDA(NpLV)= CODE NUMBER ARRAY .
• IKIN= •!• REAL SYMHi , IKIN=-iy IM. ANTIS.

COMMON/BASIS/ tqODE'(.l6)*tISTA'(16) •IPAR(16) «INP0(16) ,INUC(16> •
T ^ N b

2 T ^ S Z
INTEGER COOA
DIMENSION EXM<i>,CdDA<l>,IFAS<6>
COMMON /CARJN/ STUCO«1260,2).IUN(»4i6),CSS(300,2>,1CSD(49)
COHMON/CARTEHP/ca00*2>tCP( 100*2),CT (100*2) * IBSI (50) * I^ I6N (50) «

1 ITAG(50),ITP(50),LAR«50),RESTA(4876)
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DATA IFAS/0,l*0,3,0«3/

• NEXT STATEMENT TO TELL SPIN UP FROM SPIN DGWN.
STUCO(l,l)=.l
IFT= MOD(IFAS(K1)+IFAS(K2),*>
IKIN= l-2»M0D(IFT,2)S IPH= l-2*(lFT/2)
IC1= 1*MOD(K1-1»3)$ IP1= l-2»UKl-l)/3)
IC2= l*M0D(K2-l,3)$ IP2- l-2»( (K2-D/3)
ASSIGN 11 TO IHERS IF<IP1*IP2.EU.O) ASSI6N 13 TO IHER

• NOW FILLIN JBSI WITH N1LSS0N NUMBERS IN IUN .
ILA= 1$ DO 3 K = 1 . NOLVS KPr COOA(K)$ LAM= ILC(KP)
JPH= ISTA(KP)S NPO= INPO(KP)S JPHD= SHIFT(JPHtD
DO 3 H = 1 t JPHDS JMK= M-1S JPK= JPHD-M
ISIGN(ILAJ= SHIFT(NPO-1,12)* SHIFT(JPK,6)*JMK
ITAGULA) = ILAS LAR(ILA)= LAM

3 ILA= ILA+1S IDIM= 1LA-1
CALL 5OHTAG(ISIGN,1*ID1M,ITAG)
DO 1 L = 1 . IDIM

I IBSI(L)=O
DO 5 IL= 1 , 84 $ NH= IUN(IL,2>$ NlLN= IQN(IL»D
TOJ= IQN(IL,3)S TOK= IUN(IL,4)$ JPK= (T0J*T0K)/2
JMK= (T0J-T0M/2
ISIGP= SHIFT(NH,12)+ SHIFT(JPK,6)•JMK
IR= INBINS(ISIGN.1,IDIM,ISIGP)
IF(IH.LT.I) GO TO 5S IBSI(1TAG(IR))=ILS ITP(ITAG<IR>)aJMK
ISIfiP= SHIFT(NH,12)+ SHIFT(JMK,6)+ JPK
IR= INBINS(ISIGN,1,1DIM,ISIGP)$ IF(IR.LT.I) CALL EXIT
IBSKITAG(IR) )= -IL$ ITP(ITAG(IR) )= JPK

5 CONTINUE
KAREA= 1OIM*»2$ DO 25 K = 1 , KAREA

25 EXM(K)= 0.

• IL LOOP STARTS HERE
DO 7 IL= 1 , IDIM
NILNO= IBSI (IDS IF(NILNO.EQoO) GO TO 101
NILN= IAHS(NlLNO)$ LAL= LAR(IL)
IAS= IQN«NILN,5)S IAF= IQN(NILN»6)S ILA= 1
DO 9 K = IAStlAF
C(ILA,1)= STUCO(K,1)$ C(ILA,2)= 5TUC0(K,2)

9 ILA= ILA+1S ILA= ILA-1
IF(NILNU.LT.O) CALL TIMEREC<C»ILA,10G.ITP(IL>>
GO TO IHER,(11»13)

II NT=0$ CALL nlPSTAE«CT,NT,100,IC2»C»ILA,100,l.tlP2)
NP= OS CALL DIPSTA£(CP,NP,100,ICl,CT,NT,100,l.)IPl)S GO TO 15

13 NT=0$ CALL DlPSTAE(CT,NT,100,IC2«CtILA,100,l.,IP2)
NP=0S> CALL nlPSTAE(CP,NP,100,ICltCT*NT*100,.b,IPl)
NT=O$ CALL DlPSTAE(CT,NT,100»ICl,C.ILA,100il..IPl)
CALL OIPSTAE(CP,NP,100tlC?,CT«NT.100».5»IP2)

15 CALL SORTA(3(CP,1.NP,CP(1.2))

• IM LOOP STARTS HERE
DO 17 Irt= 1 • IL* LAM= LAR(IM)

• IF(MOU«LAM*LAL,2).NE.O) GO TO 17
• THIS PUTS IN THE TIME-REVERSAL PHASE .

TRPH= <-l)*»((LAM-LAL)/2>
NILNOM= IBSI( lM)S NILNM=IABS(NILNOM)

IASM= IUN(NILNM»5)$ IAFH= IQN(NILNM,6)i 1LM=1
DO 19 KM* IASM.IAFMS CT|ILM,1)= STUCO(KM,1)S CT<ILM»2)=STUCO<KM

IF(NlLNOM.GT.O) GO TO 27$ CALL TlMEREC(CT,XLM»lOOflfPUM))
CALL S0HTA6«CT,i,ILM,CT(l,E))
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27 PE= SCALP(CTtIl.M,100,CP«NP,100)»THPH
*
* WE HAVE <M/Kl»K2/L> UPPER THIAN PART

IF(IKIN.LT.O) "GO TO 21 * EXH(IL*InlM»(IM-l))= IPH»PES GO TO 17
21 IFUL.Nt.IM) (30 TO 23 $ IF (ABS JPE) .GT. 1 .E-10) 103, 17
23 EXM<lM+ll)I,'1*lIL-l) ) = IPH»PE
17 CONTlNUfc
7 CONTINUES. RETURN
101 PRINT 105, IL$ GO TO 1OS>
105 FORMAT (/* FOR I|_= »I5.» WE HAVE NO SPHERICAL STATEt EXlT...»)
103 PRINT 107, IL.IH ,PE
1Q7 FORMAT {/^XXXXXXXXXXXX FOR IL AND 1M = *2I5i*HE HAVE A ME=»El0.3 >
109 CALL EXIT

SUBROUTINE TlMEREC(C,N.ND,HPS)
o
* C(N|)»2) CONTAINS N COMP. IN SPIN-CART. BASIS .
• ON RETURNING C CONTAINS THE TIME REV. STATE*("1)**MPS.
* NOTF THAT /J»-M)= (-1)•*(J-M)»T*C WHEN C HAS GOOD JtM
• FORMULA IS T*/N1«N2»N3»MU)= MU«/N1«N2»N3»-MU)
«

DIMENSION C(l)
IFAS= (-1)*«MPS$ IF(N.GT.O) GO TO 1

3 RETURN
1 DO 5 Kl= 1 , Nl K2= Kl+ND

RQ= CIKDS C(K1)= -RQ
5 C(K2)= C(K2)*SIGN(1.,R(J)*IFAS

GO TO 3
END
SUBROUTINE UlPSTAE<CP,NP.NOP*K»CiNtNO.CbT,IPH)

DIM CP(NDP,*> . C(NDt2)
IF IPH= 1, DO XK, IF IPH=-1, DO PK ON THE STATE C.
CP= OK»C.
DIMENSION CPU)»C(l)»CTt2),MX3)
IF (N.LT.l) RETURNS DO I L = 1 i NS L2= L* NOS IT= IFIX(AfiS(C(D))
M(l) = 1T/10000S NR= IT- 1OOOO*M(1»* M(2)= NR/100
M(3)= NR- 100»M(2)S PHl= 1$ IF(K.LT.3) PHI= 1- 2*M0D(M(3),2)
IFIK.LT.2) PHI= PHI*(1- 2«M0D(M{2)f2))$ SGZ= 1 O

SGZ= SIGN(SGZ,C(L))S CT(2)= PHI»C(L2)£ IF(K.GT.1)CT(2)= SGZ«CT<2>
IF<K.LT.3) SGZ= -S6ZS CT(D= SGZ«ABS(C(L) )$ «T= MCK)
DO 3 J = 1 , 2S CTT= SORT(FLOAT(MT*2-J)/2)
IF (CTT.LT.l.E-4) GO TO 3$ IF(J.EQ.l) CTT= CTTilPH
M(K)= MT+3-2»J$ CT(1)= SGZ»(10000«M(D• 1OO»M(2)* M(3))
IF (CT(l).EQ.O.) CT(1)= .1*SGZ$ IF(NP,LT.l) GO TO 8
DO 7 LP = 1 * NP J LP2= LP+NDPS IF(CT'(1).NE.CP(LP)) GO TO 7
CP(LP2) = CP(LP2) • CTT«CT(2)»CBT$ GO TO 3

7 CONTINUE
8 IF (NP.LT.o) NP = 0» CP(NP*U= CT(1)$ CP(NP*l*NUP)= CTr«CT(2)»C8T
NP= NP* 1

3 CONTINUE
1 CONTINUE* HETURN
END
SUBROUTINE CARSETCCARA)
COMMON/BASIS/ ICO0E(l6l»ISTA(16).IPAR(16),INPO(16>,INUC(16).
1 ILC(16)«N0LV«N8(2)tMUD*lDF*IDSC«IDSJtJAR(l4*2)tIDAC(14«l4)*JMP0»
2 NBT>HB0M,0SPA2

DIMENSION IC0D(l6),CARA(l)
INTEGER CARA
MaU DO 1 K = 1 , 2$ NV*OS 00 3 NT= 1 • NOLV
IF(IPAR(NT).NE.3-K) GO TO 3$ NV= NV*1$ ICOD(NV)« ICODE(NT)
CONTINUES CALL CARSETP(ICOD.NVfCARA(M),IDM)



- 63 -

M= M* 11 iMS RLTURN
END
SUBROUTINE CARSETP(CODA,NOLP,CARA,IDM)
COMMON/HJASIS/ IC'.)DE(l6i!.ISTA(16>,TPARtl6),INP0{16>,lNUCU6)*
1 ILC<16> ,N0LV.NB(2),MUD,IDF.HiSC»IDSJ*JARtl4»£).IDAC(14«U),jMP0,

DIMtNSION*C/.RA(l)» CODACDS INTEGER CODAiCARA
DIMENSION ISHC(8),ITJC(8),ITKC(16)
UAT/V ISrtC/33S6B,3456B,3556H,365&B,3756B,4056B*4l56B»4256B/,
1 ITJC/3456H.3656B,40560,4256B * 445hB «343456B * 343656B » 3440563/»

3 4634«,4b3bB«4b40B.4642B,4644B»46*434B»463436B,463440B/
ILA=1S UU 3 K = l , NOLPS KC= COUA(K)S JPH= ISTA(KC)
NPO= INHO(KC)$ LTL= SHIFT(JPH.1)$ DO 3 L = 1 * LTLS LK= L*8-JPH
CARA(ILA)= SHIFT(ISHC(NP0),42)* SHIFT(1TJC(JPH)t24>
1 • SHIFT(ITKC(LK),06)+ 61000000000000000062B

3 II_A= ILA + 1$ IDM= ILA-1% RETURN
END

IDENT INBINS
LIST L»R

* FUNCTION INHINS(A,II»JJ»X)
» THE ARRAY A MUST BE IN INCREASING ORDER.
* A BINARY STAHCH IS DONE IN ARRAY A FROM ELEMENT II TO JJ,
» FOR THE VALUT X. THE VALUE IX OF THE LOCATION WHERE X IS STORED IN
• A IS RETURNED AS A FUNCTIONAL VALUE IF THE SEARCH IS SUCCESSFUL.
• THE VALUE 0 IS RETURNED IF X IS NOT FOUND. THE VALUE -1 IS
• RETURNED IF THE SEARCH FAILS BECAUSE OF IMPROPER CALLING.
* A AND X MUST BE NORMALISED IF THEY ARE REAL.. IF X IS CONTAINED IN
• SEVERAL LOCATIONS THE RETURNED VALUE »IIL BE ONE OF THOSE.
* THE FOLLOWING IS A FORTRAN CODE WHICH COULD BE USED.

INTEGER A,X
DIMENSION AU)
IX= II
IF(AIIX)-X) 1 , 3 » 5

3 INBINS= IX
7 RETURN
5 INHINS= 0

GO TO 7
1 IL= IX
IX= JJ
IF(AtlX)-X) 5,3.9

9 IU= IX
DO 11 K = 1 , 20
IR= IU- IL
IFUH- I) 5, 5, 13

13 IX= IL* IH/2
IFU(IX)-X) 17 , 3 * 15

15 IU= IX
GO TO 11

17 IL= IX
11 CONTINUE

INBINS= -1
GO TO 7
END

USE START.
THACE. VFD 42/7LINBINS .1B/INBINS
TEMPAO. BSS IB
ENTRY. 8SS 08

ENTRY INBINS
INBT.NS HS5 IB

SX6 AU
SAO Al A0» PAH. LIST FIRST ADDRESS



SA6 TEMPAO.
USE CODE.
X6=IX,H1=IL.B2=IU,83=AD(A)

.7

.5

• 1

)AA

.17

.11

SA5
SA4
SA3
RX6
SA2
SA1
SB3
SA4
IXO
ZR
N6
EQ
BSS
SA4
SAO
EQ
HSS
MX6
EU
BSS
SB1
SA5
SA3
RX6
SA4
IXO
ZR
NG
SB2
SB4
SB5
BSS
sxi
SB6
LE
AX1
SX6
SA4
IXO
ZR
NG
SB2
EU
BSS
SB1
HSS
SB4
LE
SXfe
EQ
END

OVERLAY
PROGRAM

AO*1B
A0 + 3B
X5
X3
X4
AO
Xl-lb
X6+B3
X*-X2
X0,,7
X0,.l
.5
OB
TEMPAO.
X*
ENTRY.
OB
0
.7
OB
X6
A0*2B
X5
X3
X6+B3
X4-X2
XO..7
X0..5
X6
OH
?3B
OB
H2-B1
Xl-IB
R6..5
IB
X1*B1
X6*B3
X4-X2
X0..7
X0..17
X6
.11
OB
Xb
OB
B4+18
B4,B5«)AA
• IB
.7

(NUHAKT,2,0)
NUH4HT

•lB,Xl=IR.B4=K-ltB5=19.X2=X.
GET AOCHy
GET AD(X)

IX= II
GET X
GET AD(A)
H3= AO(A)-1B
X*= A(IX)
X0= A(IX)-X
IF(A(IX)-X) 1,7,5
IFIA(IX)-X).LT.O) GO TO

TURN

IX= 0

IL= IX
GET AD(JJ)
X3= JJ
IX= JJ
X4s A(IX)

IU= IX
K-l= 0
H5= 19
00 11 K= 1 , 20
IR= IU-IL

IFUR.LT.2) GO TO 5
1R= IR/2
IX= IL+ IR
X4= ACIX)

IU= IX

IL= IX

K=
CONTINUE
TX= -1

FIRST DO ITE« ITERATIONS WITH NO C.M. KINETIC ENERGY THEN SAVE
THIS WAVEFUNCTION IN MS AND ROS AND DO 1 ITERATION WITH• K.E. OF
C.M. INCLUOEU TO GET THE USUAL SINGLE-PARTICLE ENERGIES. FINALLY
DO ITCR ITEWfTIONS FOR EACH EXTERNAL FIELO EXFIO, USING THE
SAVED *AVEFUNCTION . . '
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COMMON/BASIS/ ICODEU6) *ISTA(16)tIPAR(16) ,INPO(16) ,lNUC(l6) *
1 ILCU6>«N0LV«NB(Z) »MUD,IDF,IDSC,IDSJ, JAR(14*2) *IDAC(14*U) , JMPO,
2 NBT*HB0M,0SPA2

C0MM0N/NAMES/ROP,RON,ROPS.RONS,BRPS,B1PS,BHNS,BINS*VPP,VNP,VPN
1 « PROT,NEUT»NUCL
COMMON ASK4UQ0) TAS2 (4000 ) , ALK 15000)
C0MM0N/NUHARN/VALN(82),VALPC82)TNPT2),NN(2),NAME»ITER,ITCRIATN0

1 ,NORBAU1> ,N0R8,BET,GAMD,NPT0T,NNTOT
COHMON/EXFIN/EXFID(2,4,20)
COMMON/NAMEN/FPR,PTS,FPF,FNF,FNF»FDN,PTD,FDF,RONI,ROPI,SPE,SPEXF
1 * RTSiHTO
DATA ROP,RON,ROPS,RONS,BRPS,6IPS,BRNS,BINS,VPP,VNP,VPN
1 , PR0T,NEUT»NUCL/3LR0P»3LR0N,4LR0PS,4LR0NS»4LBRPS.4LBlPS,4LBRNS,
1 4LBINS,3LVPP,3LVNP,3LVPN,9LPROTON(S)tlOLNEUTRON(S)tiOLNUcLEONCS)/
PRINT 103* CALL TIMEPRT(Y)$ FACF= .5»HB0M/ATN0
CALL A0LON6(FPR,1.,PTS»FACF,FPF,ASl,AL1)
CALL A0LONG(FNE»l.,PTS,FACF,FNF,ASltALl)
CALL AOLONG(FDN,1.*PTD»FACF,FDF*A51»AL1)
CALL HARFIT(i<ONI,ROPI,FPF,FNF,FOF,0»ITER».T.)

«
« NOW COMPUTE THE R.M.S. RADIUS M.R.T. THE CM.

CALL BUFFIN(HOP,AS1»IDSJ)$ CALL BUFFIN(RTS»AL1tIDF)
CALL VEEBAF(AS2.ALl»ASl,0)t TE1= TRVEROJ(ASl,AS2,0)
CALL BUFF IN( RON»AS1*IDSJ)t CALL VEEBAF(AS2,AL1,AS1,0)
TE2= TRVEROJ(AS1,AS2,0)$ CALL BUFFIN(RTD,AL1*IDF)
CALL VEEBAF(AS2*ALl*ASltQ)S CALL BUFFIN(ROP,ASl,IDSJ)
TE3= TRVEROJ1AS1,AS2»0)1 FAMU= 0SPA2».5/ATN0»*2
CALL BUFFIN(3LFCO,AL1,IDF)$ CALL VEEBAF(AS2,AL1«AS1»O)
TMS= FAMUMTE1*TE2*2.»TE3) $ RMS= SQRT(TMS)
ECOUL= .5*TRVEROJ(AS1,AS2,0)$ IF(NPTOT) 703*701

703 PFACT= 0SPA2*.5/(NPT0T*ATN0»»2)
TpMS= PFACT«(TE1*(ATNO*NNTOT>- NPT0T»TE2* 2.*NNTOT«TE3)
PRMS= SUHT(TPMS)$ 60 TO 705

701 PRMS= 0.
70S PRINT 101, RMS, PRMS,ECOUL

»
• DO 1 MOHE ITERATION TO GET S.P« ENERGIES. KITH K.E. »THtN
» PROCEED WITH THE EXTERNAL FIELDS IF ANY .

PRINT 103S CALL HARF1TvRON,ROP,FPR*FNE»FDNtSPE,1•SF*)
DO 120 K = 1 , 20$ IF(EXFID(1.1.K).EQ.O> 60 TO 99
PRINT 103$ PRINT 105,((EXFID(I»J«K).1=1*2)»J=1,4)
CALL BUFFIN(EXFID(1»1,K),AS1,IDSJ)S DO 121 M = 1 , IDSJ

121 AS1(M)= AS1(M)»EXFID(2,1,K)$ DO 123 J = 2 * 4
IF(EXFIO(1,J,K).EQ.O.OR.EXFID(2.J,K).EQ.O) GO TO 123
CALL BUFFIN(tXFI0(l»J»K),AS2»IDSJ)S 00 125 M = 1 , IDSJ

125 AS1(M)= AS1(M)* AS2(M)*EXFID(2»J»K)
123 CONTINUE* CALL BUFOUT(SPEXF,AS1,IDSJ)
120 CALL HARFIT(8ONS,ROPS,FPF i-'MF,FDF,SPEXF»ITCR».F.>
101 FORMAT(/10H *«**•»••• • TOTAL R.M.S. RADIUS tf.R.T. C.M.= «F9.5»

1 * F., PROTON R.M.S. RADIUS W.R.T. TOJAL C.M.=«FlO.5»e F* •
110H*»»«*»i*«»//10X»COULOMB ENERGY=»F12,5»» MtV.*/)

103 FORMAT(lHR)
105 FORMAT{//» THE STRUCTURE OF SPEXF IS, NAME*1OX»AMPL1TUDECMEV)»//I

U5XAl0*10XFl<i.5))
99 CONTINUE

E N D V - ; - : - - v : '••' -•' • • - " •• . : - - • • • • •' • • • . . . ; . " .

SUBROUTINE HARFIT(RONiiR0PI,FPR«FNE,FDN*SPEfITER*ISAV)
COMMON/BASIS/: ICODEi16)«iSTA(16)»IPAR(16)*INPO(16)»INUC<16»•
1 ILC(16),N0LV*NB^2)»MUl^IDF»IDSC.TpSJ,JAR(l4«2<»IOAC(1*»1*)»JMPO»
2 NBT*HB0M,0Sf'A2^ . :;':;/v' ' :; ̂ " T ! .-V' • ," .• -:

C0MM0N/NUHARN/VALN(82),VALP«82)»NP(2),tNN(21*NAME«DDC2)»ATNO
1 •N0R«A(41)>^3R8,BETVGAMD,NPTQTiNNT0T • :: ' •
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0 , S Y P ( 2 1 )
LOGICAL N0SPfc,NOSAV,IpHS,ISAV,IPUNCH $REAL N£UT,NUCL.
COMMON/NAMES/HOP,«ON,HUPS,HONS»B«PS»BIPS,BRNS»BINS»VPP,VNP»VPN
1 , PROT,NEUT»NUCL

I GAMP(5).QZOB(S),DDD(1«5)
COMMON/HHINLIH/EPS»IPR»UNO(82)»IPUNCH
COHMON/'JUADSN/ QUADS(5,3)
COMMON *S\(4000),AS2(4000).ALl(15000)
CALL HUFFIfM(KONl,ASl.IDSj)$ CALL HUFFIN (ROPI * AS2, IOSJ)
CALL 8UF0UT(K0N ,ASl«IUSJ)$ CALL HUFOUT {K0P.AS2, IOSJJ
PRINT 209»RONI,ROPI»FPR.FNE.FDN»SPES ES=O.
NOSPE= SPE.EU.OS DO 3 IL= 1 * ITER$NOSAV=.N.(ISAV.A.IL.EQ.HER)
PRINT 201, TL,NPTOT,NNTOT,NAMES IPHS=IPR.LT.1.A.IL.NE.ITER
CALL 8UFFIN(WOP,AS1«IDSJ)$ RTP=THVEROJ(ASl,AS1,0)$ IF(NUSpE)G0T011
CALL 8UFFIN(SPE,ALl»InSj)$ ES= TRVEROJ(ASl,ALl,0)

11 CALL HUFFIN(FPR,AL1«IDF)$ CALL VEF.BAH (AS2,ALl t ASl , IPR)
CALL 8UFOIJT(VPP,AS2»IDSJ)S CALL BUFFIN(FDN, ALl . IDF)
CALL VEE8AR(AS2,AL1»AS1»IPR)S CALL BUFOUT(VNP»AS2,IDSj)
CALL 8UFFIN(H0N,ASl»InSJ)$ CALL VF.E8AR (AS2t ALl i ASl , IPR)
CALL aUF0UT(VPN!AS?»l05J)$ RTN= TRVEROJ(ASl.ASl•0)$IF(NOSPE)60T012
CALL BUFFIN(SPE5AL1»IOSJ)S ES= ES* TRVEROJ(AL1,AS1»0)

12 CALL «UFFIN(FNE,AL1»IDF)S CALL VEEBAR(AS2tALliASl,IPR)
CALL BUFFIN(VNP,AL1»IDSJ)$ DO 21 K = 1 » IDSJ

21 AS2(K)~ AS2(K)+ AL1«K)$ IXX=O$ IF(IL.£Q.ITER) IXX= NEUT
IF(IL.EU.l) <iO TO 7S IF((RTP-NPT0T)**2*(RTN-NNTOT)*»2.GT.1.E-20)

1 CALL EHREXIT(RTP,RTN,NPTOT,NNTOT,IL)
7 ETN= .5»TRVF.HOJ(AS2»AS1.IXX)S IF(NOSPE> 60 TO 13

CALL BUFFlN(SPE»ALl«lDSJ)i DO 23 K = 1 * IDSJ
23 AS2(K)= AS2(K)+ ALl(K)
13 CALL 0lAG0N(AS2,ASlfALl«VALN«NN)

CALL WAVPRT(ASl,ALltVALN.NNTOT,NEUT,IPRS)
CALL l)ENMAT(AS2,ASl»ALl»NN)S IF(NOSAV) GO TO 30
CALL BUFOUT(URNS,ASl,IDSC)S CALL RUFOUT(BINS,ALl,IOSC)
IF(IHUNCH) CALL WAVPUN(ASl,ALl*NN,NEUT,NAME)

30 CALL ROCONV(AS2,ALl,1)*IF(.N.NOSAV)CALLBUFOUT(RONS,ALl»IDSJ)
CALL BUFOUT(RON,ALl,IDSJ)

»
» NOW REPEAT FOR PROTONS •

CALL BUFFIN(VPN,AS2,IDSJ)$ CALL BUFFIN(VPP,AL1,IDSJ)$DO25K=1»IDSJ
25 AS2(K)= AS2(K)*AL1(K)$ IXX=0S IF(IL.EQ.ITER) IXX= PROT

CALL BUFFIN(«OP,AS1,IDSJ)S ETP= -5*TRVER0j(AS2,ASl,IXX)
IF (NOSPE) GO TO 15$ CALL BUFFIN(SPE»AL1,IOS,;) S DO 27 K = 1 » IDSJ

21 AS2(K)= AS2(K)+ ALKK)
15 CALL DIAGONCAS2,ASI»ALI,VALP,NP)

CALL WAVPRT(A-31,AL1,VALP,NPTOT,PROT,IPRS)
CALL DENMAT(AS2,AS1,AL1,NP)$ IF(NoSAV) GO TO 32
CALL BUFOUT(BRPS,ASl,IOSC)S CALL BUFOUT(BIPS.ALX*IDSC)
IF(IPUNCH) CALL «*AVPUN(AS1,ALl ,NP,PROT,NAME)

32 CALL 30C0NVCAS2,ASl*l)SIF(.N.N0SAV)CALL BUFOUT(ROPS,ASltlDSJ)
CALL BUFOUT(HOP,ASl,IDSJ)$ ETOT= ETP*ETN*ES
ECOUL= ETp-ETNS PRINT 203,ETOT,ETP,ETN,ECOUL*ES

3 CONTlNUtS CALL 8UFFIN(RON,ASZ.IDSj)SPRINT 205,0SPA2,PR0T,NEUT,NUCL
DO 117 ISy = 1 , 21$ CALL BUFFIN(SYP(ISY),AL1»IOSJ)
RMES(ISY,1)= TRVEROJ(AS1,AL1,O)$ RMES(ISY,2)= TRVER0j(A52,ALl,0)
RMES(ISY,3)= RMES<ISY,D* RMES<ISY,2)

117 PRINT 207,SYP(ISY), (RMESCISY,J) ,J=l,3>$ CiUADN(l)= PROT
QUADN(2>= NEUTS QUADN(3)= NUCLS NPQUAU(1)= NPT0T1 NPQUAD(2)=NNTOT
NP0UAO(3)s NPTOT+NNTOTS DO 119 J = 1 • 3
STD(3,J)= OSPA2»(RMES(15,J)-RMES(21,J)*RMES(11,J)-RMES(17,J))/3
STO(l,J)s OSPA2»(-RMES(ll,J)*RMES(17,J)+RMES(10»J)-RMES(l6,J))/2*
1 STU(3,J)$ STD<2,J)> STD(l.J)-OSP42»(RMES(10fJ)-
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119 CALL GAMEXT(STD(1,J) *BETD(J),GAMP(J),QZOB(J)vNPQUADU)*QUADU.( j))
IF(NOSAV) RETURNS DO 121 J = 1 , 3$ QUADS(4fJ)= QUADN(J)
QUADS(5»J)= NPG'JAO(J)$ DO 121 K = 1 , 3

121 OUADS(K.J)= SQRT(STD(K*J)/QUADS(5,J)i')S RETURN
201 FORMAT{///• ITERATION N0»I3t* F0R*I3»* PROTONS AND»I3.» NEUTRONS*

1NUCLEUS= iAlO/)
203 FORMAT(///58X20K*»«»»»**»»»*»****«»»//5X»TOTAL BINDING ENERGY**F12

1.5I« MEV* TOTAL PROTON POTENTIAL ENERGY=*F12.5t* MEV, TOTAL NEUTRO
J.N POTENTIAL ENERGY=*Fi2.5//25X*DELTAPN ENERGY*»F12.5»« HEV» TOTAL
30NE-B0DY ENERGY=»F12.5«* MEV»//58X20H*»***««*»*«»«#»»»«»//>

205 FORMAT(// lX«COMPUTATION OF EXPECTATION VALUE OF THE 21 SYMPLECTI
1C BILINEAR OPERATORS* IN DIMENSI0NLE5S UNITS* OSC. PAR. BSQUARE=»F
18.3.* FERMISQ«///13X»NAME*3J1OXA1O)/)

207 FORMAT(13XA10,2X3(F12.5,BXM
209 FORMAT«///• HARTREE-FOCK ITERATIONS WITH THE PARAMETER LIsT,«5X»R0

XNI ROPI FPR FNE FON SPE*//26X*MASS STO
2RAGE ARRAY NAMES**3X6A1O)
END
SUBROUTINE WAVPUN(BR*BI*NA*KIND*NAME)

«
* TO PUNCH WITH A UNIQUE HEADER AND NO. OF COMP. TRAILER THE COMP.
• OF THE *F WHICH ARE GT EPS/3

COMMON/BASIS/ ICODE<16>*ISTA(16)*IPAR(16)*INP0(16)«INUC(16)*
1 ILC(16)tN0LV,NS(2>.MUD,IDF,IDSC,ID3J.JAR(14,2),IDAC<14tU>»JMPOt
2 NBT*H80M,0SPA2
COMMON /PRINLIM/F"SP
COMMON /CONTKSN/IOUM(280)«IBLK.HBOW,TNAME
COMMON /DUMPN/IPOS(10).COA(10)*NCOM*I8UF*ILA»EPS
DIMENSION RR(1)*8I(1)«NA(2)
EPS= EPSP/3S CALL TIME(NOW)S CALL DATE(WHEN)
PUNCH 103,NAME*NA*KIND*TNAMEtIBLK*HBOM*WHEN«NOW
PRINT 105,NAME*NArKIND»TNAME»IBLK,HBOM,WHEN,NOW
NCOM=IBUF=OI ILA=i-l=lS DO 1 K = 1 , 2
CALL WAVPUP(BR(M),NA(K),NB(K))S ILA= 1-»NB(K)*«2

1 Ma M*NB(K)«»2$ IBUF= IBUF+1S IPOS(IBUF)= NCOMS COA(IBUF)= 0
IF(IBUF.LT.O8) GO TO 3$ PUNCH 101,(IPOS(J)*COA(J),J=l,08)
IBUF*0

3 NCOM=0$ ILA=H=1$ DO 5 K = 1 , 2$ CALL WAVPUP(BI(M),NA(K),NB(K))
ILA= 1*NB<K)*«2

5 M= M* Nb«K)*»2$ IBUF=IHUF*1S IPOS(IBUF)= NCOMS COA(IBUF)=0
PUNCH 10I,(IHOS(J),COA<J),J=1»IBUF)$ RETURN

101 FORMAT(08(I4»F6.4))
103 FORMAT (A10,2H,2X2A10,15,F10.2*2A10)
105 FORMAT(« WAVEFUNCTION PUNCHED WITH HEADER= •Al0*2I4»2X2Al0*I5,F10.

12,2AlO)
END
SUBROUTINE WAVPUP(BR*NPA,NBP)
COMMON /DUMPN/IPOS(10),COA(10)*NCOM.I8UF»ILA*EPS
DIMENSION RR(NBP.NBP)
DO 1 K = 1 , NPAS DO 3 I = 1 » NbPS IF<ABS(BR(I»K))-LT.EPS)GOTO 3
IBUF=IBUF*1$ IPOS(IBUF)=ILA
COA(IBUF)= SIGN(AMINl(ABS(BR(I*K))*.9999)»BR<I»K))$ NCOM=NCOM»1
IFdBUF.LT.08) GO TO 3$ IBUF= 0$ PUNCH 101* (IPOS*.J) »COA(J) *J=l,08)

101 FORMAT(08(I4*F6.4))
3 ILA= ILA+1
1 CONTINUES RETURN

END
SUBROUTINE GAMEXT(ST,BET,GAMD,QZOR*NPATtNAME)

» • - • • • . . - • ' _ • ; " • • •

• ST«K)=XK2AV. * BET AND GAMD ARE RETURNED ALONG WITH R.M.S* RAD.
DIMENSION ST(3), TAU(3)
DATA PI/3.14159265358/
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CNUM= 2 . » S 0 R T < 5 . / U . » P l > > $ CNP= lHOt /P I
QZOB= ( b T ( l ) * S T ( ? ) * S T < 3 ) ) » » ( l . / 3 . > * A= O.S DO 1 K= 1 , 3
TAU(K)s ALOG«ST(K)/UZ0b>/CNUM

1 A= A* TAU(K)* *2
BET= SQHT(2.*A/3.)
GAMD= 0* IF<BET.LT.l.E-5) G0T03 * CGAM= TAU(3)/BET
IF(CSAM.GT.1.)C6AM=1.S IF(CGAM.LT.-l.) CGAM=-1.
GAMD= CNPiACOS(CGAM)

• GAMD= CNP#ACOS(CGAM)S UZOB= SORT(QZOB/NPAT)
3 QZOR= SURT((ST(l)*ST(2)*ST(3))/FL0AT(NPAT))

PRINT 101, NPATt NAME . QZOB ,BET,GAMD
101 FOHMAK/* K.M.S, S.P. RADIUS FOR *I3«1XA1O»»= *F9.5»

1 • F.. BET =*F8.5»*f GAM = »F8.2t* DEG.*/)
RETURN
END

1 FUNCTION TRVtROJ(VB*RO»NAME)
«
• TO COMPUTE THE T3ACE OF VB»RO WHERE V6 AND RO ARE IN N JfM BASIS .
• IF NAME .NE, 0 PRINT THE COMPONENTS WHICH ARE ,6T. EPSP AND THE
• PARTIAL SUMS OF .5*VB»R0 .

COMMON/hASlS/ IC0DE(l6» »ISTA(16)•IPAR(16> tINPO(16)»INUC(l6> «
1 ILC(16> »NOLV,NB(2) »MUD* IDF 9 IDSC»IDSJt JAR (1*»2) »IDAC(14»H> «JMPO.
2 NBTiHB0M,0SPA2
DIMENSION VB(2*l)*RO(2*l),ILAB(100)»IUN(12)tOR(12),DI(12),VR(l2)«
1 VHl2)1i LOGICAL WESKIPS COMMON /PRINLIM/ EPSt IPR,QN0182)
DATA LSQ8,RSQB/1LI»1L]/
WESKIP= NAME»EQ.0$ XTE= O.$EPSP=lOOO.«EPS»»2i IF(WESKIP) GO To 4*
PRINT 201, NAME, EPSPS IBUF= 0

41 ILA= IS 00 31 JPO= 1 , JMPOI J= JPO-lS IF(WESKIP) GO TO 43
*
• PREPARE DICTIONARY IN ILAB .

INCs OS DO 11 IPL= 1 , 2$ 00 13 KC= 1 » NOLV
IF(MOD(IPL-1*IPAR(KC),2).NE.O) GO TO 13$ JPHC= !STA<KO
DO 15 KA= l t NOLVS IF(MOD(IPL-l*lPAR<KA)f2).N£.O) GO TO 15
JPHA= ISTA(KA)
IF<IABS(JPHC-JPHA)+1.GT.JPQ.OR.JPHC*JPHA.LT.JPO) GO TO 15
INC= INC*1S ILA8(INC)= 1O0*ICODE(KC)• ICODE(KA)

15 CONTINUE
13 CONTINUE
11 "CONTINUE

IF(JAR(JPO,1>.NE.INC) CALL ERREXIT(JPO,ILAB,2HFL.INC)
43 INC= JAH(JPO»1)

TRJP= 0.$ DO 3 MP0= 1 • JPO$ EPSM= I.* IF(MPO.EQ.l) EPSM= .5
SUMT= 0.$ 00 5 IAC= 1 . INC
X= R0(l,lLA)*VB(l*ILA)*R0(2,ILA)«VB(2tILA)
IF(ABS(X),LE.EPSP.OR.WESKIP) GO To 21
IBUF= IBUF+ IS IQN(IBUF)= 10000*lLABCIAO• 100*(JPO-1)*MPO-1
VR(IBUF)=VB(1«ILAi $ VI(IBUF)=VB(2,ILA)$ DR(IBUF)=R0(1 *ILA)
DI(IBUF)=RO(2,ILA)S ASSIGN 21 TO IRETS IF(IBUF.GE.12) 60 TO lol

21 SUMT= SUMT+X
5 ILA= ILA*i
3 TRJP= TRJo* EPSM»SUMTS IF(WESKIP) GO TO 31* ASSIGN 1 TO IRET

IF(I8UF,GT.O) GO TO 101
1 PRINT 103 « J.TRJP
31 XTE= XTE* TRJPS TRVEROJ= 2.»XTES RETURN
101 PRINT .05, (LSQBVICN(I>»RSgB»1=1iIBUFIS PRINT 107,(VR(HtI»lilBUF»

PRINT lp9,(Vl(I),I=i»IBUF)S PRINT 111,(DRCI)tl*ltlBUF)
PRINT 113,<DI(I)»1=1»IBUF)
IBUF= OS GO TO IRET,(1,21)

103 FORMAT(• FOR MULTIPOL* LAM=»I3»«» THE TOTAL CONTRIB. TO THE POT, E
1NERGY IS«F13.5.» MEV»/)

105 FORMAT (• QN=*12(1XA1,I8,AD)
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107 FORMAT** VR=»12(F11.5))
109 FORMAT** VI=*12(F11.5))
111 FORMATS DR=*12(F11.5))
113 FORMAT(» DI=«12(F11.5))
201 FORMAT(///10X*MULTIPOLE ANALYSIS OF *A10,* H-F POT. V AND DENS. MA

1TR. D, WITH LISTING OF ALL COMPS WITH EN. CONTR. GT»F7.*//)
END
SUBROUTINE OlAGON<E»BR»BI,VAL»NO)

* FIRST CONVERT E BACK TO (JC,MC/E/jA,MA> BASIS, THEN CALL MATRIX
* DIAGONALISATION* ORDER THE STATES IN INCREASING ENERGY AND
* FINALLY REDISTRIBUTE THE PARTICLES IF NEED BE .

COMMON/BASIS/ ICOOE(16)»ISTA(16)tIPAR(16)tINPO(16),INUC(l6>.
1 ILC(16),N0LV«NB(2)»MUD,IDF*IDSC«IDSJ*JAK(Ut2)tIDAC(14in),JMP0t
2 NBT*HBOM,0SPA2
DIMENSION E(l),BR(l)«Bl(l)tVAL(l)*NO(2)
CALL ROCONV(BR,Ef-I>$ DO 5 K = 1 , IOSC

5 E(K)= B«(K)
MA=1$ MB*1$ DO I K = 1 , MUD$ ND= NB<K)S INC= ND+1
CALL RHERMAO(E(MB)•BR(MB),BI(MB),ND,ND,0»IRE5,l.E-12>
IF= MB
00 3 L = I , NOS VAL(M*U= E(1F) S MA= MA*i

3 IF" IF* INC
I MB= MB* ND»»2

IS= ISH= is 00 11 K = 1 , MUDS ND= NB(K)
CALL ORDER(VAL(IS),BR(ISH)»BI(ISH)*ND«ND)S IS= IS*ND

II ISH= ISH* ND»*2$ CALL REORDER(VAL,NO)$ RETURN
END
SUBROUTINE ORDER(E,BR,BI•NBiND)

«
* E IS THE LINEAR EIGENVALUE ARRAY .

COMMON/OUMPN/ TA(IOO) ,ITAG(100>.TAP(IOO)
DIMENSION E(ND) ,BR(ND»ND)»BI<NO»ND)
DO 3 J = 1 , NB$ TA(J)= E(J)

3 ITAG(J)= J$ CALL SORTAG(TA,1,NB,ITAG)$ DO 5 J = 1 * NB
5 E(J)= TA(J)$ DO 7 I = 1 . NBS DO 9 J * 1 » NBS TAP(J)= BI(1,J)
9 TA(J)= BR<I,J)$ 00 11 J = 1 » NBS JP=ITAG(J)$ Bld.J)= TAP(JP)
11 BR(I,J)= TA<JP)
7 CONTINUE $ RETURN

END
SUBROUTINE WAVPRT(BR»B1»VAL»NNU.NAME*SMPR)

*
* TO DO A CONTROLLED PRINTOUT OF THE WAVEFUNCTION •

C0MM0N/PRlNLlM/EPS»IPR»«N0(B2)$ LOGICAL SMPR
COMMON/OUMPN/EN<100)»ITA(100)*QN(?0)*CR(20)»CI(20),DDD(*O)
COMMON/bASIS/ ICODE (16) • ISTA (16) .IPPP (16) ,1NPO(16) t INUCM6) •
1 LCCU6) »N0LV.NB(2) »MUD«IDF,IDSC. IDSJ» JAR(1A»2) * I0AC(14« U ) % JMPO*
2 NBT»HB0M,0SPA2
DIMENSION BRU),BI(1),VAL<1)
NS= MIN0(N8T»NNU+12)$ IF(SMPR) NS= 0
PRINT 101,NS»NAME,EPS$ DO 1 K = 1 , NBTS EN(K)= VAL(K)

I ITA(K)= K$ CALL SORTAG(EN,1,NBT«ITA)$ NSP1= NS+1$ IF(SMPR) GO TO 4
DO 3 K = 1 , NS$ KP= ITA(K)$ IF(KP-NB(D) 5,5,7

5 M=l$ KPPa KPS IPAR=lS IDB= NB(1)$ IND=1* 60 TO 9
7 M= 1*NB(1)**2S KPP= KP-NB(l)* IPAR=-I* IOB= NB(2)$ IND= UNB(l)
9 ILA= M* IDB»(KPP-1)S ILB= ILA* IDB-1S ILC= 0$ ASSIGN 11 TO IRET

IOCCs NAMES IF( K.GT»NNU) IOCC=0* PRINT 103,K,EN(K)tIPAR»lOCC
DO 11 KSa ILA,ILB$ CRT= BR(KS)$ ClT= BI(KS)$UNT= QNO(lNb)
IND= IN0+1J IF(ABS(CRT).LT.EPS.ANO.ABS(CIT).LT.ERS) GO TO 11
ILC= ILC+1S QN(ILCi= QNTS CR(Il-C)= CRTS CI(ILC)= CIT
IFdLC.GE.l?) GO TO 13 «;

II CONTINUES IF(ILC.LT.l) GO TO 3S ASSIGN 3 TO IRETS GO TO 13
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3 CONTlNUhS IF(NS.GE.NbT) RETURN
4 PRINT Ul, (EN(I) ,I=NSP1»NBT)$ RETURN

RETURN
13 PRINT 105,(QNU),J=l»ILC)S PRINT 1 07. <CR< I) » 1 = 1 • ILO

PRINT 10<9,<CKJ)»J=l»ILC>S ILC=0S SO TO IRET»(3»11)
101 FOPMAT(//30XlOH»**»»»»**» » THE LOWEST *I2?1XA1O,

1 * STATES, ALL COMP. .GT. »F5.3»1X1OH»*«*»*»**« //)
103 FORMAT*/* STATE NQ.*I3i>», WITH S.P. EN.=*F12.6,» MEV., PAR,=*I3»*,

1 OCCUPIED BY A »A10>
10S FORMATUH QN=12< 1XA10))
10? FOHMATUH RP= 12UXF10.7))
109 FORMATUH IP= 1211XF10.7))
111 FORMAT(/* REMAINING S.P, ORBITS AT ENERGIES(MCV>•//(2X10F12.5 ))

END
SUBROUTINE RHERMAD(E,BR,BI,NBE»IOIM.IBT,IHES»H2J

E= HERM. MATRIX TO BE DlAGONALISED.
E(I,J), I.GE»J» CONTAINS REAL PART OF E,
E(I,J), I.LT. J, CONTAINS IMAGINARY PART OF E .
B«I0M,IUM)= ARRAY CONTAINING EIGENVECTORS BY COLUMRS.
BR= REAL PART OF B, BI* IM. PART OF B.
NBE= DIM OF MATRIX TO BE DIAGONALISED.
IDIMs DECLARED DIM OF E AND B» EG, A(IOIM,IDIM), 8(IDIMiIQIM».
IBT= 0, NO TRIAL EIGENVECTORS, SET B TO 1 INITIALLY.
IBT=1, USE CURRENT B. .
IRES= 0, HERMAD HAS FAILED, IRES=l IF DlAG. IS COMPLETED.

COMMON/DUMPN/XMS<100),JS(100),DDD(100)
OIMENSION E(1),8R(1),BIU)
N=NBE$ ND=inlM$ IRES=1$RL=R2*R2
IF(RL.GT..l.O9.RL.LT,l.E-24) RL= l.E-12

10 FORMAT</5X,« HERMAO FAILS, R= «lPEfl.2/)
IFCN.LT.2) GO TO 501S IF(IBT.GT.O) GO TO 55
DO 59 1= 1 , N
IJ= I
DO 59 J= l , N
BR(IJ)=0.S Bl(IJ)=0.$ IF(I.EQ.J) BR(1J)S1.

59 IJ= IJ* ND
55 TEST= O.S MI=0

DO 20 1= 1 • , N
IJ= 1$ JI= Ml+1
DO 22 J = 1 , I
EPSP= 2.$ IF(I.EQ.J) EPSP= 1.
H=l.$ IF(I.EQ.J) H= 0.
TEST» TEST+ (£<IJ)»»2*H»E(JI)»»2)*EPSPS IJ= IJ* No

22 JI= JI*1
20 MI= MI* ND

iFtTEST.EQ.O.) GO TO 502 s
XNOM= (N»N-N)/TESTS NMAX=5»N»N$ KT=O$ MK=ND
DO 123 K= 2 f N
XM=0.$ J=l* KK=K-1$ KL=K$ LK=MK»1
DO 32 L= } V KK
Q» E(KL>»«2* E(LK)»»2$ KL=KLtND$ LK=LK*1
IF(Q.LE.XM) GO TO 3ZS XM=OS J=L

32 CONTINUES XMS(K»= XM$ JS(K)= J ;
1 2 3 M K r M K + N D • " : - ° '••• -''^ •••••.•• ,: - ^ i • -' ,' • .: * * !, •••• •^" r '• ' \ \

27 XM«0.
DO 222 Ka 2 t N
Q»XMS(K)S IF(Q.LE.XM) GO TO 222$ XM=QS I=K

222 CONTINUE
R« XNOM*XM$ IF(R.LT.RL ) GO TO 502
KT KT*1S IF<KT.GT.NMAX) GO TO 26
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J=JS(I)S JT=MAXO(2,J)S MJ*ND»(J-1)S IJ=MJ*I$ M
JI= MI+JS JJ= MJ*J$ 11= MI*I
PU= E(JI)$ YU= E(IJ)S PSQ=PU»*2* YU**2S E(IJ)=»O.S E(JI)»O,
P= SIGN(SQRT<PSQ),YU)$ Y= (E(JJ>-E<II>>*.5
X= P/SI6N(A8S(Y)*SQRT(Y*Y*PSQ)tY)
XU= PU/SIGN(ABS(YU)* ABS(P),YU)
C= l./SQRT(l»*X»X)t S= X*C
CU= l./SQRT(l.*XU*«2>$ SU= XU«CU
P= P»X$ E(JJ)= E(jJ)*P$ E(II)= E(II)-P
KJ= MJ*1$ KI= MI+1S JK=J$ IK=I
00 25 K= 1 , N
YR= CU*BH(KJ)-SU«BI<KJ)$ YI=SU*BR(KJ)*CU*BI(KJ)
ZR=CU*BR(KI)*SU»BI(KI)S ZI=-$U«BR<KI)*CU»BI(KI)
BR(KJ)=C*YR*S»ZRS BR(KI)= -S*YR*C*ZR
BI(KJ)=C*YI+S*ZI$ Bl(KI)»-S»YI+C»ZI
IF(K-I) 29,24,28

28 YR=CU*E(KJ)+SU»EUK>
YI= SU»E(KJ)- CU»EUK)
ZR- CU«E(KD- SU»E(IK)
ZI= -SU*EiKD- CU«E(IK)
E(KJ)= YR*C * S»ZR
E(KI)= -S»YR+ C*ZR
E(JK)= -C*YI" S*ZI
E(IK)= S»YI- C»ZI$ GO TO 24

29 IF(K-J) 31, 24, 30
31 YR= CU*E(JK)- SU*E(KJ)

YI= -SU«E(JK)- CU*E(KJ)
ZR= CU»t(IK)+ SU»E(KI)
ZI= SU«E(IK)- CU«E(KI5
E(JK)= C»YR+ S«ZR
E(IK)= -S#YR+ C*ZR
E(KJ)= -C^YI- S«ZI
E<KI>= S»YI- C*ZI$ GO TO 24

30 YR= CU*E(KJ)* SU»E(JK)
YI= SU*E(KJ)- CU»E(JK)
ZR= CU«t(IK)* SU*E(KI)
ZI= -SU»E(IK)+ CU*E(KH
E(KJ)= C»YR+ S»ZR
E(IK)= -S*YR+ C»ZR
E(JK>= -C#Yl- S*ZI

E(KI)= -S#YI* C*ZI
24 KJ= KJ+1S KI= KI+1S JK= JK+NDS IK= IK*ND
25 CONTINUE 5 MK= ND»(JT-1)

DO 301 K= JT» N
JSK= JStK)$ IF.(K-I) 308,309,310

310 IFU.EQ.JSK.OR.I.EQ.JSK) 309,301
308 IF(J.NE.JSK.AND.JoNE.K) GO TO 301
309 KK= K-l$ XM=0.$ JJ=1$ KL=KS LK= MK+1

DO 305 L= 1 « KK
Q= E(KL)«*2*E(LK)»»2S LK= LK*1$ IF(Q.LE.XM) GO TO 305
XM= Q$ JJ=U

305 KL= KL*ND* XMS(K)= XMS JS(K)= JJ
301 MK= MK+NOS GO TO 27
26 IRES=0* PRINT 16,R* GO TO 502
501 BR(D=1.* flKl)=0.
502 RETURN , ;

E N D • ' -,.::':; .- . r •:• ; .', ;••- ..- - : ; - ^ U L - - - S M . :.-.; .••••• •. •. - r ^ r -

SUBROUTINE VEEBAR(VB»F,ROJtIPR) :*

* r ? TO r FINO THE AVERAGE ONE-BODY POTENT IAU ;GI VEN F >TH£ f ORCE ARRAY
• AND ROJ THE DENSITY; MATRIX IN TKE J,M REPRESENTATION . .

COMMON/BASIS/ 1CQ0EA 16> » ISTA A}*) • IPAR(I^) »INPO,< 16)AINUC 116> »
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7
5
3
1

LMF=
ILV=
ILR=
IFL=

1 ILC(16> *N0LV.NB(2)»MUD.IDF,IOSC,TDSJ.JAR(14*2)»IDAC(14»l4),JMPO.
2 NBTtHBuM,0SPA2
DIMENSION VR(2*1)*RUJ(2*1),F(1)
ITS5= U GO TO 15$ ENTRY VEEBAFS ITSS= 0

15 IF(IPR.fiT.O) CALL 7IMF.PRT(X>$ IF < ITSS.EU.O) GO TO 13
IF(INT(F(1)).NE.NOLV) CALL ERREXIT(NOLV,Ft2HFL,200)
DO 25 K = 1 • NOLVS IF<INT(F(K*l)).NE.ICOOE(K))
1 CALL EHREXIT(K,ICODE,2HFL.NOLV,F,2HFL»200)

25 CONTINUE.
13 IFL= NOLV+1S IFUPR.GT.4) PRINT 4O9.IDSJ.<ROJ<I»1)«1=1»IDSJ)
40<j FQRMATl/* ROJ ARRAY.«I5.» ELEMENTS*/1P<IX10E13.5))

ILR= 0$ ILV= IS DO 1 JPO= 1 , JMPOS JARJ= JAR«JPO»D
IF(ITSS.EQ.O) GO TO 17* IF(INT(F(IFL+1)).NE.SHIFT<JPO-1t6)+JARJ)
1 CALL ERREXlT<JPO,lFL,JAR,2HFL.l*.F(IFL-100)t2HFL»200)

17 IFL= IFL+1S DO 3 MPO= 1 , JPOt IF(JARJ.EQ.O) GO TO 3
DO 5 L = 1 . JARJS VB(l,ILV)=VB<2,ILV)=0.S LMF= L+IFL
DO 7 M = 1 * JARJS VB(1,ILV)- VBd.ILV)* F (LMF)*ROJ(1 * ILR+M)
V8(2.ILV)= VB(2,ILV)+ F(LMF)»ROJ(?»ILR*M)$ IDEL= 1
IF(M.LT.L) IDEL= JARJ-M

LMF* inEL
ILV*1
ILR* JARJ
IFL*(JARJ»(JARJ+1))/2

IFUPR.GT.5) PRINT 411»IDSJ.(VB(I,1)»I = 1.IDSJ)
* U FORMAT(/» VBJ ARRAYf»I5»* ELEMENTS»/1P(1X10E13.5))

RETURN
END . .
OVERLAY(DENSITY,4,0)
PROGRAM DENSITY
COMMON/UUADSN/ QUADS(5«3)
COMMON/BASIS/ ICODE(16> »ISTA(16)9IPAR(16)»INPO<16),INUC(Ifc),
1 ILC(16) tNOLV,NB(2) »MUD»IDF, IDSC. IOSJ, JAR(U»2) »IOAC (14.U) ,JMPO.
2 N8T»HBOM9OSPA2
C0MM0N/NUHARN/VALN(82)»VALP(82.).NP(2).NN(2),NAME,ITER,ITCR,ATN0
1 ,N0«BA(41)•NORB.BET.GAMD.NPTOT.NNTOT
COMMON /C0DAN/IC0DAP(16f,IC0DAN(l6)»LVP,LVNfIQM(l6)fN0LT
COMMON VPLOT1/ LAY.NMAX/ADEN1/DTHE»ITHE»IRAD»MAXX
C0MM0N/PL0T3/X(3) .IAXIS(3) ,UNITl,XNAMEn) •DAtBETA,ABSS(9) ,
1 DAR(9).NPN<2),C0MM(2)
COMMON YLM(4000),HNL(4000).WAVF(328)»RMS<3>1ASl(2)

» «*»• NOTE»»*» ASl OVERWRITTEN TO LENGTH 40000 .
* DATA COMM/10H TOTAL DEN.IOHSITY /
* LAY IS THE NO. OF LEVELS OF DENSITIES TO BE PRINTED IN DENPLOT.
* UNIT1 IS THE UNIT DENSITY IN DENPLOT, E.G. THE SYMBOL 2 IN DEN-
* PLOT REPRESENTS A DENSITY OF 1.75 TO 2.25 UNIT1INUCEON/FERMI CUBED)

DATA LAY»NMAX,UNIT1/4O.54,.017/»rtAXX/300/»JWANT/3/
* • . - • . • ' . . . . •

CALL TIMEPRT1YD)$ CALL BUFFIN(4L«0PS ,YLMtIDSJ)
ENCODE (20 •l0ltCO'MH)HBOM'

101 FORMAT(»TT 0NS,HB0M=»F6.1)
CALL HOCONV(ASl,YLM»-1)$ CALL BUFFIN(4LRONS •YLM,IOSJ)
CALL RpCONV(HNL«YLM.-l)$ DO 1 I = 1 . 3

1 RMS(I)= GUADS(I,JrfANT)$ DO 2 I * 1 * IDSC
2 AS1(I)= ASKI)* HNL(I)S NPN1D- NPTOTS NPN(2)= NNTOT

CALL CALYLM(yLM,5»181>DTHE.ITHE)S CALL CALHNL{HNL,MAXX,5,lRAD)
LVPaLtfN=0> Dpj 3 II = 1 , NOLVS IF(MOD(IPAR(II)i2).EQ^0» GO TO 5
LVN= XVK*l% lCpDAN(L'VN)y 1CODE<II)$ GO TO 3

5 LVPs LYP*i* IcbDAP(t.Vpy= TCODE(II)
3 CONTINUES DO 7 K = 1 , LVP
7 IQM(K1= ICO0AP(K)S DO 9 K = 1 . LVN
9 IQM(K*LVP)= ICOOAN1K)S NOLT* NOLV

CALL OENRLOT(ASl,RMS,WAVF,YLWI.HNL,NB.NBT,H80MfNAME)
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END
SUBROUTINE CALV'LM(YLM,LM,NM,DX,ID1M)

CALCULATE THE HEAL NORMALIZED ASSOCIATED LEGENOHE POLYNOMIALS
FQW L=0 TO L=LM IN INTERVALS OF THETA DX=PI/(2*(NM-1)) AND
STORE IN THE LINEAR ARRAY YLM. THE DIMENSION OF YLM MUST NOT BE LESS
THAN IDlM»NM, WHERE IDIM IS THE NUMBER OF PAIRS '.L»H) = (0.0),
(1*0)* (1.1), (2,0) .......t (LM,LM-1), (LM«LM). OH

I0lM=((LM*l)«(LM»2))/2. THE ADDRESS OF THt VALUE FOR
(LiM,THETA) IS THE SAME AS THE ADDRESS <LM,IX) IN A IOlH*NM

MATRIX, WHERE LM=(L«(L*I))/2*M*1, I.E., ADD*IDIM»(IX-1)*L*.
DIMENSION YLMU)
LMAX=LM*1$ IOIM=((LMAX+1> «LMAX)/2* DX=3.141592653/(2.»FL0AT(NM-1)»
1=1$ DO 1 Ll=l,LMAX$ L=L1-1S X=-OX» K=I
DO 2 M=1,NM$ X=X*DXS CALL NLEGEND(X»YLM(K)»L»

2 K=K+IDIM
1 I=I*L1S RETURN
END
SUBROUTINE NLE6END(THETA,A,N)

• BASED ON THE ALEGEND SUBROUTINE IN THE CDC 6600 Lib. AT CRNL.
• A(M*1)= Y(N,M,THETA) = (-1)*»M»SQRT((2»N*1)»F*CT(N-M)/
• (4»PI»FACT(N*M)))*P(N,M»THETA). FOR M.GE.O

DIMENSION RTFAC(20),A(lJ
LOGICAL IPASS
DATA IPASS/.FALSE./
IF (IPASS) G0T02S RTFAC(D=1.$ DO 1 1=2,20S P=SQRT (FLOAT (1-1))

1 RTFAC(I)=P»RTFAC(I-1)S IPASS=.TRUE.
2 P=SQRT(FLOAT(2»N*1)/(4.*3.141592653)) S IF(N.GE.1)GOT020

A(1)=P$ RETURN
20 IF(ABS(THETA>.6T.1.E-10)GOT030$ A(1)=PS DO 21 K=1,N
21 A(K*1)=.OS RETURN
30 IF(A8S(THETA-3.1415926536).LT.1.£-11)31,40
31 K=N/2$ IF(K»2.EQ.N)3ll,312
311 A(1)=P$ GOTO313
312 A(l)=-P
313 DO 314 K=1,N
314 A(K+1)=O$ RETURN
40 Y=SIN(THETA)S PROD=N*1* K1=N*2$ K2=2*N$ IF(K2.LT.KD 52,50
50 DO 51 KsKl,K<!
51 PROD=K»PROO
52 PNRsA(N*l)=P*PR0D»(Y/2.)»*N$ PNS=.0$ COT=COS(THETA)/Y

DO 60 MM=1,NS M=N-MM$ A(M*l)=(2*(M*1)*COT»PNR-PNS)/(
PNSsPNRS PNR«A(M*1)

60 A(M*l)=RTFAC(N-t-l*l)»(-l.)»«M*A(M*l)/RTFAC(N*M*l)
A(N*1)««1-2«MOD(N,2))»A(N*1)/RTFAC(N*NV1)S RETURN
END
SUBROUTINE CALHNL(HNL,XMAX,NM,1DIM)

• CALCULATE THE HARMONIC OSC. HAVE FUNC FOR ALL STATES WITH TOTAL
• QUANT. NO. LE NM, FROM X*0 TO X=4.-DX IN INTERVALS OF DX AND STORE
• IN THE LINEAR ARRAY HNL. X=R/BETA, BETAsl./SQRT(.0241l45«H«).
• HNL(I)=RDFUNq{N,L,X), WHERE I*IDIM»(IX-l)*lNLf
• iNL=(NQ/2*l)*(NQ/2)*M0D<NQ,2)#(tNQ-l)/2*l)*L/2*l, NQ«2*N*L
• THE DIMENSION OF HNL MUST NOT BE LESS THAN IDIH»XMAX.

INTEGER XMAX
DIMENSION HNL(1)
lDIM=((NM*3)/2)«{(NM*l»y2)*M0D<NM*l,Z»*tNM/2*l)$DXs*./FLOAT(XMAX)
NMAXsNM*l$ IX=O$ X=-D"

DO 1 K=1,XMAX$ XaX+DXS DO i Nl«liNMAX$ IF(M0D(Nl-l,2))6»3,4
3 LMlN*i* G0T05
' • L M I N * 2 "••' .•"..•'•'•. I . •••'•...: " : . ; '••, •", '.../. •" ; , . ; : . • / .. , \ . . :

5 DO 1 LlsLMIN,Nl*2$ LsLl-1* N«(Nl-Ll»/2f IK»ItC*l
1 HNL(IK»*RDFUNC{N,L»X)$ RETURN



6 CALL ERHEXIT(Nl)
END
FUNCTION RDFUNC(N»LiX*

C NORMALIZED H.O.RADIAL-FUNCTION UPTO NOSC=20 (N0SCx2»N*D
DIMENSION FL<11).GL<21>
LOGICAL IPASSS DATA IPASS/.F./
DATA NlMAX,LlMAX/ll*2l/
Nl= N*l* Ll= L+l$ RDFUNC=O* IF(N.LT.O.OR.L.LT.O) RETURN
NL= N+L*lS IF(NI.GT.NIMAX.OR.NL.GT.LIMAX) GO TO 5
IFCIPASS) GO TO 2$ IPASS= .T.S FL(1)=O.$ GL(D= ALOG(0.5)
DO 1 M = 2 , L1MAX* A= M-iS IF(M.GT.NlMAX) GO TO 1
FL(MJ= FL(M-1)*ALO6(A)

1 GL«M)= GL(M-l)*ALQ6(A*0.5)
A= 2./SQRTJ3.141593)

2 XSQ= X*X
C EVALUATE LAGUERRE POLYNOMINAL POLAG(N,L+1/2»XSQ)

POLAG= EXP(GL(NL)-GL(L1)-FL{N1))$ IF(N.EGUO) GO TO 45 B= \.
00 3 M=1,NS B= -8*XSQ

3 POLAG= POLAG+B*EXP(GL(NL)-GL(L1*M)-FL(N1-M)-FL(M*1))
4 B= EXP(FL(N1)-GL(NL))S B= SQRT(A»H)

RDFUNC= B*(X*»L)*EXP(-0.5»XSQ)*POLAGS RETURN
5 PRINT6»N»LS RETURN
6 FORMATC/1X»»XXXXX N=*(I2,2X,»L=*tI2»2Xt*N OR L TOO LARGE**

i i » CANNOT CALCULATE RADFNC.CHANGE DIMENSION AND DATA XXXXX»)
END
SUBROUTINE OENPLOT(RO,RMS,WAVF.YLM,HNL,NB,NBT,HW,NAME)

• ROUTINE ONLY CALCULATES THE FIRST QUADRANT DENSITY FOR ANY GIVEN
• CROSS-SECTION. IN OTHER WORDS. PARITY CONSERVATION IS ASSUMED.

C0MM0N/PL0T3/X(3)*IAXIS<3)»UNIT1»XNAM£(3)iOA*BETA«ABSS(9),
1 0AR{9),NPN(2),C0MM(2)
C0MM0N/PL0T2/AS2(4000)
COMMON /PLOT1/LAY,NMAX

• COMMON/SYMB/LIT(40)S INTEGER TAG(3>S REAL NAME
COMMON/SYMB/LIT(40)
LOGICAL Rl,R2,R3.FLIP,IPASS
DIMENSION RO(1)*RMS<1),YLM(1).HNL(1> *NB(1)iWAVf(1)fADEN(60 > « Y(3)
DIMENSION DA9{9),D89<9)
EQUIVALENCE(I>IAXIS(1))« (I2.IAXIS<2))* (13,1AXIS(3)>
DATA DB/10H* /» IPASS/.F./
IF(1PASS)GOTO75 ENCODE( 90,51.DA9)DA,OA,DA,DA,DA,DA,DA,DA,DA
ID=OATE(T)S ENCODE(90,51,D89)D8,D9,DB,DB,DB,DB,DB,DB,DBSIPASS=.T.

7 JKX=1S IF(NAME.EQ.5LMG 24.0R.NAME.EQ.5LS 32) JKX=O
BETA=l./SQRT1.0241145*H«() $ R2=ABS (RMS(1)-RMS (2)) .LT.. 1

» 0.17 PER FERMI CUBED IS THE NUCLEAR MATTER DENSITY.
B3=BETA«»3$ DDEN1=O.17»B3S UNIT=UNIT1»B3/2
R1=A8S(HMS(2)-RMS(3)).LT..1$ R3=A8S(RMSU>-RMS<3>) .LT.. 1
N2=NMAX/2$ DOIO I=lf3$ Y<I)=(RMS(I)*3.0/BETA)**2

10 TAG(I)=I$ CALL S0RTAG(RMS>l,3»TAG)S XiTAG(l') >=X(TAG(2) )=0
XM=AMIN1(3.9»RMS(TAG(3))«3.O/BETA)$DX=XM/N2$AMAX=XM*.5«DX$XM=XM*DX
XM=AMIN1(3.9*3.6/BETA)S DX=XM/NMAX$XMAX=XM».S*OXSXM=XM*DX
II=TAG(3)* XCII)=-DX$ K=0S DO 11 T=1»N2$ X(II)sX(II)*DX
CALL CWVFNC(X,NBT ,«AVF,YLM,HNL)* DEN=DENSD(RO,WAVF«1.t1.,NB»2>

11 W«AMAXl(OENf«)$ DD£N=»i/FLOAT(LAY)S FLIP=.F.$ DZ=6»8ETA«DX
N?=NMAX/2$ FLIP=.F.S DOIO 1=1,3S Y(D=(RMS(I)«3.O/BETA)**2

10 CONTINUES XM=AHIN1(3.9*3.6/BETA)*0X=XM/NMAXS XMAX=XM+.5«0X
« XMsXM*DX* DZ=6»BETA«DX

DO 1 1=1*3$ IF(I.EQ.2.AND.R2)GOTO1S IF(I.EU.3.AND.(K1.0R.R3))ROTO1
I2=MOD(1,3)*1S I3=MOD(1*1,3)+1SIF(Y(I3)-Y(12))3f6»6

3 K=I2S 12=13* I3=K
6 YY=SQRT(Y(I2)/Y(I3))» <(I2)=-DX * X(IJ=.O$ KK=0
13 X1=X(I)»X(I)/Y(I)

PRINT1OOO,I»* PKINTlOOl, DA9
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DO 2 J=ltNMAX$ X(I2)*X(I2)*DR$ X(l3)=-DX S DO 4 K=l»NMAx
• ADEN(K)=.0$ X2»X(I2)»SCI2)«YY/Y(I2)S DO 5 K*1,NMAXS X(I3j«x<13)*Dx

IF<X1*X2*X(I3)»X(I3>/Y<I3>.GT.1.) GOTOS
CALL CWVFNC(X.NBTtWAVFtYLM.HNL)S ADEN(K)=D£NSO(RO,WAVF»1.,1.,NB,2)

5 CONTINUES IF(J.EQ.NMAX) FLIP=.T.S 0012 N=1»NMAX
12 AS2(KK*N)sA0fcN(N)S CALL LINPLT1(AOEN,ODEN,LAYtNMAX»FLlP>
12 AS2(KK«N)aA0EN(N)SCALL LINPLT2(ADEN.UNIT»LAY»NM*X*DAR)

CALL FO«MT«J»NAME)
2 KK=KK*NMAXS PRINT1001*DA9S PRINTlQ02tDB9S PRINT1003«ABSS,XNAME<I3)

CALL LlNPRTl<AS2tDDENl*NMAXfB3)
IF(I.NE.3.OR.JKXeNE.0)GOT01SX(I)=jKXsl$XlI2)a-DX»KK=0S G0T013

I CONTINUES RETURN
Si F0RMATC9A10)

1000 FORMAT(1H1,18X»DENSITY PLOT FROM EWALIN I R.Y. CUSSON/ H»c. LEE )
1C.R.N.L. QATE*A10//>

lOfli FORMAT(9X«*»9A10»*»)
1002 FORMAT(10X.9A10)
1003 FORMAT(9X,9<F5.3*5X)/44X,A1*-AXIS(FERMI)•>

END
SUBROUTINE JWVFNC1<X.NBT,WFJS.YLM,HNL)

CALCULATE THE SPIN PROJECTED SINGLE PARTICLE HAVE FUNCTIONS AT X
AND STORE IN THE LINEAR ARRAY tfFJS. IN THE FIRST 2*NBT LOCATIONS
THE SPIN UP COMPONENTS ARE STORED IN THE ORDER GIVEN BY ICODAP AND
ICODAN. ICODAP CONTAINS THE POSITIVE PARITY STATES IN CODA AND ICODAN
THE NEGATIVE PARITY STATES. FOR A GIVEN J-STATE THE ORDER OF M IS
Msj, H=J-lt « Ms.j. THE TOTAL NO. OF STATES IS N B T .
THE IMAGINARY PART FOLLOWS IMMEDIATELY AFTER THE «EAL PART FOR EACH
(J»M) STATE. THE 2»NBT LOCATIONS STARTING FROM 2»N8T*1 STORE THE
REAL AND IMAGINARY SPIN DOWN COMPONENTS.

COMMON/CLEBDAT/ALOGF(30)*SORF(30)
DIMENSION k)F JS (1) • YLM (1) ,HNL (1) *X (3)
COMMON /CODAN/ICODAP(16)«ICODAN(l6>«LVP*LVN«IQH(16)tNOLT
COMMON/ADEN1/DTHETA*ITHE*IRAD«MAXX
DIMENSION CSU),SN(4),CSL(10).SNL(10)
COMMON/CODATPR/ISAQ(30)
LOGICAL XX2.LTHE
DATA CS*SN/1..0..-l.*0.»0.fl.*0.«-l./
DATA PI.PI2/3.U15 92653 5898.1.5707 96326 79*9/

• SCG IS THE C-G C O E F F . ( JtM I L..5fM-S,S J . MU*2*(J-L)t NU«2»S.
* X1<X2*X3 ARE THE CARTESIAN COORDINATES X«Y«Z.

ENTRY CKVFNC
21 X1=X(1)4 X2=X(2)$ X3=X(3)

R=X1»X1*X2*X2S THE=ATAN2(SQRT(R)»X3)S PHl=ATAN2(X2tXl>
R»SQRT(H*X3»X3)S IF(ABS(X3).LT.l.E-5) THE«PI2
IF(ABS(Xl).LT.l.E-5) P H I S S I G N « P I 2 , X 2 ) S GQTO1
ENTRY SWVFNC

*
« X1,X2,X3 ARE THE POLAR COORDINATES R * T H E T A » P H I .

22 R=X(1)S THE=X(2)$ PHI=X(3»
1 KK=SHIFT(NBT»2)$ DO11 Ksi.KK

II WFJS(K)=0S DO 16 L»l*10* PHL=«L-1»»PHIS CSL(Ll»COSCPHL>
16 SNL(L)=SIN(PHL)S XX2=.FALSE.S KS*2»NSTS I F " "
3 THE =PI-THES XX2=.TRUE-
2 LTHE=<PI«.G-THEI.GT.OTHETA* XI

XR=R»MAXX/*.S K1=XRS OK1=XR-FLOAT(Kl>S YL=IK»1
DO 2 * I" •» I »• NOLTSi IQ* IQM(I)S IQNT* IBAa(IU)S JPH« IONT/10000
IT= MOD(1QNT»10000)$ NTs IT/100S L » MOO(IT«100)S M?2» SHIFTCJPH*U
M2= M22-1S NQ» NT-IS MU» M2-SHIFTIL.DS SQL* SQRF(2*L*ll
MDL=MOD(L»*)*1S SRE=CS(MOL)« SIM=SN(MDL>* NQ2»SHIFT(N0.-l)
IR=IRAD«Kl*«NQ2»l)«i««O2»MpDlNa.2)« (SHIFT i N « - l » - l ) * l ) * S H l F T ( L f - l » * I



- 76 -

H=HNL(IH)« H=ri»0Kl«(HNL(IR*IRA0)-rt)*lL=SHlFT(L*(L*l),-D*lTHE»K2*l

IR IS THE ADD. OF N,L«R IN HNL. ILM IS THE ADD. OF L,LM,THETA IN YLM.
002* JM=1,M?2* XM=FLOAT<M?)/2$ 007 NU=1.3t2* NNU=NU-2$ YM=ZM=1
LM=SHIFT(M?-NU*2,-D$ IF(XX2) YL=1 -2»rtOD (L*LM,2) S IF<LM)fet5,5

6 LM=-LMS YM=l-2»M0D<LM,2>$ ZM=-1.
5 IF(LM.GT.L) 60T07S 1LM=IL*LMS IS=SHIFT(KS*<3-NU>t-l>
KK=.5*MU«NNU*XMS SQK=SQRF <KK*L> S SCG=.5*(1*MU-NNU*HU»NNU)»SQK/SQL
Y=YLM(ILM)$ IF(LTHE) Y=Y*DK2*<YLM{ILM*ITHE)-Y>
S=YM«YL»Y»H»SC6$ CR=CSL(LM*1)* S R = S N L Z M
WFJStIS*lK)=(SRE*CR-SlM*SR)«S$ WFjS

7 CONTINUES «?=M2-2
?• IK=IK*2* RETURN

END
FUNCTION DENSD<«0,wAVF.fil,G2»NB»MUD)

THIS CODE GENERATES MUU CALLS TO OENSP TO GET TOTAL DENSITY
DIMENSION ROHi ,WAVF <2. 1 > ,NBU >
M= N8H=li X= O.S N8T= OS DC 11 K= 1 * MUD

11 NBT= NBT* NB'K>
DO 1 K : 1 « HUDS NU= NB(K)
X= X*OENSP(RO(M),WAVF(1«NBB)>MAVF(1»NBB*NBT)»G1*G2*ND)
M= M* ND»»2

1 NBB= NBri* NDS DENSD= Xt RETURN
END
FUNCTION DENSP(RO*FI1,FI2,H1«H2*NR)

ASSUMING THAT R0U,J) IS REAL COMPUTE SPATIAL DENSITY USING WAVF .
DIMENSION RO(NB.l) ,FI1(1),FI2U)
ND= NBS DENSP= 0.$ 11= IS DO 1 I = I » ND$ JJ= IS Gl= 2.»H1
G2= 2.*H2S DO 3 J = 1 . IS IFCABS(ROU,J>) .LT.l.E-6) GO TO 3
IF(I.GT.J) GO TO 4S Gl= .5*61$ G2= .5*62

4 DENSP= DENSP* RO(I. J)«(G1»(FI1 (JJ) »FIl (ID+FllC JJ*D*FH (H*l))
1 •G2»(FI2<JJ>«FI2UI)*FI2(JJ*1)*FI2UI + 1>>)

3 JJ= JJ* 2
1 11= II*2S RETURN

END
SUBROUTINE LlNPLT2{A,UNIT,LAY»N,X)
COMMON/SYMB/L1T(40)S DIMENSION X(1>*A(1)$ INTEGER X
DATA LIT/1R tlRltlR *1R2*1R »1R3*1R *1R4*1R tlRSt
1 1R *1R6*1R tlR7*lR *1R8«1R »1R9.1R »iRA.
2 1R ilRB*lR *1RC*1R «1RD»1R tlREtlR tlRF*
3 1R »1RG»1R tlRHilR ,1RJ*1R «1RK*1R tlRL/

• N1=N-1S A0sA(l)S A1=A(2)S DO3 1=1,13
• 3 X(I)=OBS D04 I=2»N1S A2=A(I*1)S A(I)=«A0*Al*A2)/3.J AO'Al
• • A1=A2S M=(5»N)/3tMl=M-lSDEL=.5»UNlTSMS=Ml/10*lS IF(H-IOO)1«1»99

D03 I=l»9
3 X(I)=OB* M=(5*N»/3SM1=M-1$DEL=.5»UNIT*MS=M1/1O*1$ IF(M-lOO)1»1»99
1 K=(A(1)*DEL)/UNIT*1.S XU)=SHIFT<LlT(K),54)S K=(A(N)•DEL>/UNIT*1«
X(MS)=SHIFT(LIT(K1,54-6»MODIH-1.1O>)* 002 I*2»M1S 11=1-1
I2=I1/1OS H=MOD(I1»10)S XI=I2»6.*I1»5./9*1.S IX*XI
K=(A(IX)»(XI-FLOAT(IX))»(A(IX*1)-A(IX)>*DEL)/UNIT*1. $ J=fZ*l

2 XfJ)*X(J)*SHlFT(LlT(K>«54-6*Il)S REfURN
99 PRINT1002S RETURN

1002 FORMAT(• MESSAGE FROM LINPLT. N.GT.60. DECREASE NO. OF POINTS CAL
1CULATED, N=NMAX, TO LESS THAN 60.*):

E N D - ' : ~ • : - • - • ' • : " • • - • ' < : • •'• - • • • • • • • • • • . • • • • • •

SUBROUTINE FORMT(NL.NAME)
C0MM0N/PL0T3/X(3)*IAXlS(3).UNlTl»XNAME(3)»DAt8ETA,ABSS(9),
1 0AR(9),NPN(2),C0MM(2)
DIMENSION DARl(6)
EQUIVALENCE <DAR(1>,DAR1(1)>
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DATA 0A/10H*— — / • D B / l O H l — — — / t DC/1 OKI NUCCEUS/.
1 OD/1HI/* DL/2H—/» DE/7H(FERMI)/,
2 0F/5HPLANE/* DG/7HI UNJT/» 0H/7HDENSITY/*
3 DI/9H/F CUBED /» DJ/lOHl COMMENT/* XNAME/iHX.lHY.iHZ/
XX1=BETA*X(IAXIS(1))S XX2=BETA*X(IAXIS(21)
lF<(NL-45)*(NL-54>>10,10,1

1 IF(NL.EQ.2B)G0T02$ IF<M0D(NL*6) .EQ.DG0T03
PRINT1001.DO*OAR,ODS RETURN

2 PR1NT1OO2,XNAME(IAXIS{2)),OD,DAR,OOS RETURN
3 PRlNTlOO3,XX2»DLtDAR,DL$ ABSS(U!L/6*1 )*XX2$ RETURN
10 IF(M0D(NL,2))12,ll,12
11 PRINT1004»DO*DAR1,DD»DO$ RETURN
12 NI=<NL-43)/2» G0T0<21,22,23,24,25> NI
21 PRINT1001,00»OAR1,DA,DB,OB,OOS RETURN
22 PRINT1006,DO»DAR1«DC*NAME.NPN,DDS RETURN
23 PRINTl007*XX2tDLfDARl,XNAME(IAXIS(l))tXXl,OE«OFiDL

ABSS(NL/6*H*XX2S RETURN
24 PRINTl008,D0tDARl,DG,DH*UNITl,DIf0DS RETURN
25 PRINTl009,D0»OARlfOJ*COMM,DDS RETURN

lOfll FORMAT(9X,Alt9A10*Al)
1002 FORMAT(IX,A1»-AX1S *Al»9A10,Al)
1003 F0RMAT(3X,F5.3,A2,9Al0.A2)
1004 FORMAT(9X,Alt6AlC«Al,29X,AD
1006 FORMAT(9X,A1»7A10«1X,A5» Z=*I3» N=*I3,1X,A1)
1007 FORMAT(3X,F5.3»A2»6A1O»-»2X,A1»=»F5.3,A7,1X,A5,7X,A2)
1006 FORMAT(9X,Alt6A10,A7,lX,A7,lX,F5.3»A9*Al)
1009 FORMAT(9X,Al*9AlO,Al>

END
SUBROUTINE LlNPRTl(RO,DD«NtB3»

• LEFT-RIGHT SYMMETRY OF RO IS NOT CONSERVED* TO CONSERVE SYMMETRY
• USE SUBROUTINE LINPRT.

INTEGER A(40)
DIMENSION RO(N,N)
DATA M/30/
S= 100./DD$ SB3= S«B3S PRINT 1001,SB3S Ml= M-l$ DO 2 J • 1 * N
A(l)= R0(l,J)*S*.5
A(M)=H0<N,J)*S*.5S DOl K=2,M1$ XK=FLOAT(K«N)/FLOAT(M)$ 1=XK

1 A(K)=(R0(I,J)*(XK-FL0AT(I))*(R0(I*l,J)-R0(I,J)))»5*.5
2 PRINT1000,(A(D»I = l»M)S RETURN

1000 FORMAT<5Xf40l3)
1001 FORMAT(»1 DENSITY PRINT, THE INTEGER PRINTED IS= (RHO IN F£RM.*

END
OVERLAY(MULTIP*6*0)
PROGRAM MULTIP

TO COMPUTE THE MULTIPOLE MOMENTS OF THE PROTONHAVEFUNCTIONS .
COMMON/BASIS/ IC0DE<l6)»ISTA(16),lPAR(16)tINP0(l6).INUC(l6).
1 ILC(16)»N0LV.NB(2)»MUD.IDF,IDSC.lDSJ»JAR(14»2)tIDAC(14»U).JMP0»
2 NBT»HBOM,6SPA2
COMMON AS1(4000),AS2(4000>,AS3<1>
CALL-TIMEPRT(YD)
PRINT 103
CALL 8UFFIN <4LR0PSfASl»IDSJ)
DO 1 KPOLL= 1 • 7 • 2t KPOLs KPOLL-1* DO 1 MPOLL= I » KP0LLt2
MpOLs MPOLL-1
CALL MULME(AS2,KPOL»MPOL)
CALL ROCONV(AS2»AS3»*1)
HEXAO= TRVEROJ(AS3fASl,0)«(l-2*MOO(KPOL/2*2*»
DHEXAO=H»«L»C4»PI/2»L*1)*».5»(Y(L,M1*(-1)»»M»Y(L*-M)1/2»IN F«»L
DHEX= HEXAD»(OSPA2)»«(KP0L/2)
PRINT 101;KPOL«MPOL*HEXAO*DHEX
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101 FORMAT(/* FOK KPOL»MP0L=*2I4,« ,MOMENT=*1PE14.5,*» ,IN UNITS OF BSQ
1R, M0MENT=»E1*.5,« »IN UNITS OF »7HF»»KPOL>

103 FORMAT (////52X»COMPUTATION OF MULTIPOLE MOMENTS*)
END
SUBROUTINE MULME<RME»KPOL«MPOL>

TO COMPUTE THE MATRIX ELEMENTS OF (I»R)**KP0L*C(KPOL.MPOL)* IN THE
T.R.I. BASIS* WHERE THEY ARE HEAL. C (KP0UMP0L) = U«PI/ <2»K*1))
•».5*YLM. IF MPOL.NE.O COMPUTE .5*<C<K»M)•(-1)**(K-M)»CCK.-M)) SINCE
THIS IS THE HEAL SYMMETRIC HEWMITIAN PART .
COMMON/HAS IS/ ICOOEdb) »ISTA(l6) •iPAR(lb) »INPO (lb) , INUC < 16) »
1 ILC(16) »NOLV*N8(2) .MijD, IDF , IDSC. IDSJt JAR ( U.2) ,IDAC(14.H) ,JMPO.
2 NBT»H80M,0SPA2
DIMENSION H M E U )
IHA= 1-SHIFT(IABS(KPOL-MPOL).A.1.1)$ RKPO= KPOL
CNOR= l./SQRT(l.*2»KP0L)$ DO 2 KK = 1 t IDSC

2 RME(KK)=0 S ILS= 0$ 00 1 IPL= 2 « 3S ND= NB(1PL-1)S ILAP=O
00 3 KP = 1 * NOLVS IF(((IPL*IPAR(KP)).A.1).NE.O> GO TO 3
JPHP= ISTA(KP)$ MLMP= SHIFT(JPHPtl>S LP= ILC(Kp)
NUP1= SHIFT(INPO(KP)-LP*1.-DS JMLP2= MLMP-SHIFT (LPtl) -1SILA= 0
DO 7 K = 1 , KP S IF(((IPL*IPAR(K)).A.1).NE.O) GO T07SJPH=ISTA(K)
MLM= SH1FT(JPH,1)S L= ILC(K)$ IF(L*LP-KPOL.LT.0> GO TO 8
JML?= MLM-SHIFT(L*D-1S NU1* SHIFT (INPO (K)-L*l »-l)
IPC= IABS(L-LP*KPOL)
RMX= CNUH*RAD{NUPI,LP*NU1.L«KP0L)»BMECK(LP»JMLP2«KP0L»L»JML2)«
1 (l-SHIFT(SHlFT(IPEt-D.A.l.l))5 IF(RMX.EU.O) GO TO 8
DO 9 MLP= 1 » MLMP5 ILBP= ILAP+MLPS "RFASM= .5
DO 11 ML= 1 » MLM$ ILB= ILA+MLS IF(ILB.6T.ILBP) GO TO 11
MPMM= ML-MLP*JPHP-JPH$ Cl=C2=0
IF(MPOL.EQ.MPMM) Cl= CLEBSCH(jPHP-.5»JPH-.5»JPHP*.5-MLP*ML«.5-JPH,
1 RKPO)
IF(MPOL.EQ.-MPMM) C2= CLEBSCH(JPHP-.5.JPH-.5*JPHP+.5-MLP.ML-.5-JPH
1 ,RKPO)*IHA
RME(ILS*ILHP+ND»(ILB-1))= RFASM*(C1+C2)*RMX

11 RFASM= -RFASM
9 CONTINUE
8 ILA= ILA* MLM

7 CONTINUES ILAP= ILAP* MLMP
3 CONTINUE
1 ILSX ILS* ND»ND$ RETURN

END
FUNCTION RMECK(LPtJMLP»K,L»JML)

TO COMPUTE THE REDUCED MATRIX ELEMENTS OF THE UNNORMALISED
SPHERICAL HARMONICS C(K), IN J-J COUPLING BASIS* USING
FORMULAE 7.1«9 AND 7-1-10 OF EDMUNDS P 113.
JMLP ANO JML CAN BE ANY REAL OR INTEGER NUMBERS HAVING THE SiGN OF
JP-LP AND J-L .THE MOSHINSKY PHASE FOR YLM IS USED THROUGHOUT AND
EDMONDS EXPRESSION FOR THE KTGNER-ECKAR? THEOREM IS ASSUMED .
/AU3FN/ MUST HAVE BEEN PRESET TO LOG(GAMMA(N>) .
COMMON /CLEBDMT/AL0GF(30),SQRF(30)
C0MM0N/RMECKOT/Il,I2,I3»I*,I5,l6«I7*l8tIFASN*RjP.RJ
VAL»O.» IFCMOD(L*LP+K,2>) 99.1 ,

I RSh«l.$ RK=K* IF(JMLP) 3,99.5
3 RJP« FLOAT(LP»-.S* IF(JML> 7«99.9
5 RJP« FL0AT(LP)*.5S IF(JML) 11.99,13
7 RJ= FL0AT(L)-.5t GO TO 15
9 RJ» FLqATiL)*.5S GO TO 17
II RJ» FLOAT(L>-.5$ GO TO 17
13 Rj» FL0AT(L)*.5
15 RSHaO.
17 SM* RJ*RJP*RK$ IFASN32- ••M0D(IAbS(IFlX(.5»<RJ-RJP*RK*RSH)>>,2>
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IlsRJ*RJP-RK*lS 12= RJP-RJ*RK*1S I*=RJ*RK-RJP*1S I4=IFIX(SM)+2
15= .5»(SM*3.-RSH)$ 16= ,5»(RJP*RJ-RK*1,*RSH)
17= .5«(RJ*RK-RJP*2.-RSH)$ IB= .5«(RJP-RJ+RK+2.-RSH)
10= MINOdl,12,13,14,15,16,17,18)S lF(IO.LT.l) GO TO 99
VAL= IFASN»EXP(.5*(ALOGF(II)*ALOGF(12)*AL06F(13)-ALOGF(U))
1 • ALOGF(15)- ALOGF(16)- ALOGF(17)- ALOGF(18))

99 RMECKs VALS RETURN
END
FUNCTION RAD1(NQ,LQ*NR,LR,LAM)

USE THE FORMULA OF MORSE-FESHBACH P. 785 WRITTEN IN TERMS OF
GAMMA FUNCTIONS.
ALGA(R)= LOG(ABS(GAMMA(R)>), R= 2»K FAGA(R)= SIGN(GAMMA(R)).
IF R= NE6. INT. ALGA,FAGA CONTAIN THE LOG ABS OF THE RESIDUE AT
THE POLE, AND THE SIGN OF THE RESIDUE RESPECTIVELY .
ALOGF(N) MUST HAVE BEEN PRESET TO LOG(GAMMA(N)) .
NQ= NUP»1$ NR=

COMMON /CLEBOAT/ALOGF(30),SQRF(30)
ENTRY RAD
LMPD= LAM* LQ* LR$ RLMP= ,5»LMPDS IFAS= 1-2»MOD(NQ*NR,2>
NP= NQ-1S N= NR-1S VAL=0.S LL= MlNO(NPfLQ,N,LR,LAM*1)
IF(LL.LT.O) GO TO 100S RNLP= NP* LQS RNL= N* LR
ISU= MIN0(N,NP)*U IF(M0D(LMPD,2)) 1, 3

1 ISL=1S GO TO 5
3 LMLP=IFIX(RLMP)-LQ * LML= IFIX(RLMP)-LR* ISLS1

IF(LMLP.GE.O) ISL=1*MAXO(O,NP-LMLP)
IF(LML.GE.O) ISL= 1+ MAXOJISL-i.N-LML)

5 IF(ISU-ISL) 99,7,7
7 VAL= IFAS*EXP(.5*(AL0GF(NQ)+ ALOGF(NR)-ALGA(KNL*1.5)-ALGA(RNLP

1 • 1.5M* ALGA(RLMP-FLOAT(LQ-l))*ALGA(RLMP-FLOAT(LR-i>))»
2 FAGA(RLMP-FLOAT(LQ-1))*FAGA(RLMP-FLOAT(LR-1))
SR=0.$ R1=RLMP+1.5$ R2= RLMP-RNLP+1.* R3= RLMP-RNL+1.
DO 9 IS= ISL»ISU$ RS= IS-1

9 SR= SR*EXP(-ALOGF(RS*1.)-ALOGF(FLOAT *N-IS*2))-ALOGF(FLOAT(NP-lS
1 +2))* ALGA(R1*RS)-ALGA(R2*RS)-ALGA(R3*RS))*
2 FAGA(R1*RS)»FAGA(R2*RS)»FAGA(R3*RS)
VAL= VAL»SR

99 RAD1=VALS RETURN
100 PRINT 102, NO,LQ,NR«LR,LAM
10? FORMAT( • BAD CALL TO RAD NQ,LQ,NR,LR,LAMs »5I5,

1 iLOWER LIMITS ARE 1. 0, 1, 0* -1 •)
GO TO 99
END
FUNCTION ALGA(RN)
TO COMPUTE LOG(ABS(GAMMA{RN))) * USING /AL6FN/ WHIVH MUST HAVE
BEEN PRESET TO LOG(GAMMA(N)) .
RN MUSi BE • K/2 OR -(K+.5)
THE ENTRY FAGA RETURNS KITH THE PHASE OF GAMMA(-K-.S) FOR K
NEGATIVE .
NONSENSE MAY BE RETURNED IF RN.NE. 2*K .
IF RN=-N,N=0,l,... ALGA= LOG(ABS(RESIDUE AT THE POLE)),
FAGA= SIGN(RESIDUE)

COMMON /CLERDAT/ALOGF(30),SQRF(30)
DATA AL2/0.6931 47180 55994/,ALRP/0.5723 64942 92470/

• ' : • • • - •

ITN= INT(RN* RN)$ IF(lTN) 1,3,5
3 ALGA= -ALOGF(IFIX(-RNJ+1)
1 7 " R E T U R N ; ' ' .-•:•> : ' :,' .. -•-••:...,.,;_....-..:.. : , ,: •: --•••.•

5 IF<MOO(ITN,2)) 9.7
7 ALGA- ALOGF(IFIX(RN))$ RETURN
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•9 IF(ITN-I) 13,11
11 ALGA= ALRPS RETURN
13 AL6A= ALRP* ALOGF(ITN-l)- AL2»<ITN-2)-ALOGF(IFIX(RN-.5))SRETURN
1 IF(MOD(ITN,?>) 15,3
15 ALGA= ALHP-AL2*ITN* ALOGF(IFIX(.b-RN)>-ALOGF(1-ITN)SRETURN

ENTHY FAGAS ALGA=1S IF<HN) 19,17,17
19 ALGA= 1-2»MOD(IFIX(.5-RN),2)S RETURN

END
FUNCTION CLEBSCH(VJl9VJ2,VMl,VM2»VJ3)

»
• TO COMPUTE C<J1,-'2«J3/M1,M2) « A CLEBSCH-6URDAN COEFFICIENT
« USING THE FOHMULA OF SCHWINGER<«£F. QUANTUM THEORY OF ANQ. MOM.,
• bY HIEDENHARN,P246>» AND THE REGGE SYMMETRIES<REF.IBID»P.296) .

COMMON /CLEOKO/ ZN(1),VN(3,3),NR(1),NN(3,3)
COMMON /C|_EBUAT/ALOGF(30) ,SQRF(30)

• PREPARE THE «EAL REGGE U.N. IN VN(I,J) .
301 RES= 0.% ZN(2)= VJ1-VJ3+VJ2S ZN(6)= VJ1-VM15 ZN(7>= VJl+VMl

ZN(9)= VJ2-VM2S ZN(IO)= VJ2+VM2S HJ= VJ1*VJ2*VJ3
ZN(3)= HJ-ZN(6)-ZN(9)$ ZN(*)= RJ-ZN(7)-ZN(10)
ZN(5»= HJ-ZN<6)-ZN(7)$ ZN(8)= RJ-ZN(9)-ZN(10)* JJ= MOD(INT(RJ)t2)

«
• CHECK THAT THEY ARE NON-NEG. INTEGERS AND FIND NZE.

NZE= 1011 DO 1 I = 1 , 3S DO 1 J = 1 » 3S NT= IABS(INT(VN(I»J)))
IF(FLOAT(NT).NE.VN(I,J)) GO TO 99-S IF (NT.GE.NZE) GO TO 1
NZE= NTS IZE= IS JZE= J

1 NN(I»J)= NTS IFSE= NR(7)* NR(9)
»
• C-G EXISTS, BRING NZE TO NN<1,1> POSITION^f SAVE THE PHASE .

IF(IZE.EQ.l) GO TO 3$ IF(JJ.NE.O) IFSE= IFSE+1S DO 5 J - \ * 3
NT= NN(1,J)$ NN(1,J)= NN(IZE,J>

5 NN(IZE,J)= NT
3 IFUZE.EQ.l) GO TO 7S IF (JJ.NE.O) IFSE=IFSE*1* DO 9 I = 1 « 3

NT= NNU,1)$ NN(I,1)= NN(I,JZE)
9 NN(I,JZE)= NT
«
• CONSTRUCT DELTA*NORMALISATION .
7 IFAS= l-2*M0D(IFSE+NR(3)*NR(5>,2)

SUM= -ALOGF(INT(RJ)*2)5 DO 11 K = 2 , 10
H SUM= SUM* ALOGF(NR(K)+1)$ SUM= ,5«SUM

*
• DO THE SUM WITHOUT ALOGF .

SUM= SUM-AL0GF(NR(2)+D- ALOGF (NR (6) *1 >- ALOGF (NR (10) *1>
1 -AL0GF(NR(9)-NR(2)*l)- ALOGF(NR(7)"NR(2)+1) * PROD= EXP(SUM)
SUM= l.S'NMys NR(2)S IF(NMX.LT.l) GO TO 13
ZA= N«(b)- NMX$ ZB= NH(1O)-NMX4 ZC= NMX*1$ ZO= NR(9)*1
ZE= NR(7)+ls DO 15 K s 1 , NMXS ZK= K

15 SUM=1--?UM«ZK*(ZA*ZK)»(ZB+ZK)/((ZC-ZK)»(ZD-ZK)*(ZE-ZK>)
13 RES= SUM»pRoD»IFAS»SQRT(2.«VJ3*l.)
99 CLEBSCH= RES* RETURN

END
END EVALIN

BLOCK DATA EVAPREP
C
C THE SHELL STRUCTURE IS 0S1/2,0P3/2,/Pl/2,0D5/2,lSl/2,
C 0D3/2,0F7/2,lP3/2,0F5/2«lPl/2t069/2.lD5/2t067/2.ZSl/2f
C 103/2,0Hll/2«0H9/2«lF7/2UFS/2f2P3/2f2Pl/2, 01 l3/2«lG?/2»
C 0111/2,205/2,3Sl/2,lG7/2»2D3/2,0J15/2f0Jl3/2.
C _ '' " ' • • : • . , • • . - • . . - - • , , - • , _

COMMON/SHELL/NX(30) ,LX(30) ,XJX(30) •
COMMON/UPJ.OWA/IM1N,IMAX,I1MIN«I1MAX,I2MIN,I2MAX,I3MIN,I3MAX,
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1I4MIN,UMAX,JMIN,JMAX,ICOOE
COMMON/NUMB/NUM,NUMIN,1PARITY
COMMON/IPRI/ IPRINTS LOGICAL IPRlNT
COMMON /TC0N/NAME.H8WAO0) .IUNITOO) , IAOVOO)

*
* DATA NAME,HRWA/10H234-0l6,6L ,13.5*10.5,13.5*10.5,0/
* DATA IUNIT/30»5/ 234-016
«• DATA IADV/30»l/ 234-016
* DATA NAME,HBWA/l0H021SP2»6LV,13.5,17.5,20.0,10.5,25.0*B.0,30.0*

DATA NAME,H8WA/10H020SP2»16L*13.5,17.5,20.0,10.5,25.0,8.0,30.0»
1 15,0,0.00/
DATA IUNIT/5»7*6/
DATA IAUV/3,7*1/

•
DATA NX»LX,XJX/
1 4*0»l»2«0,l»0,1,0,1,0,2,0*1*0*1*0*2,1,2,0,l»0,2,1,3,2*0,
20,2«1,2,0,2*3*1*3*1*4,2,4*0,5,2,5,3»6«1,3,1,6*4*7*294*0*2*7*
30.5*1.5*0.5*2.5*0.5,1.5*3.5*1.5*2.5,0.5*4.5*2.5*3.5*0.5*5.5*
41.5*4.5,3.5,6.5*1.5,2.5,0.5,5.5,4.5,7.5,2.5,3.5*0.5*1.5*6.5''

C
* ICODE=0. NO GA PRINTOUT. IC0DE=2» FOR GA MATR. PRINTOUT.

DATA IMAX,ICODE/16,2/
•

DATA NUM,NUMlNfIPAR1TY/0,0,1/

DATA IPRINT/.T./
END
PROGRAM EVAFME(OUTPUT,TAPE1.TAPE2,TAPES,TAPE9=1,TAPE6)
DIMENSION GA<l500Q> *MAGlC(8)*ICOD£(16),GPH<2),FCL(5)«Tl.lNT(150>
COMMON /TCON/NAME*HBMA<30),IUNIT(3O)*IADV(30)
COMMON/SHELL'NXOO) ,LX (30) .XJX (30)
C0MM0N/UPL0MA/IMIN*IMAX*I1MIN,I1MAX,I2MIN,I2MAX«I3MIN,I3MAX,
1I4MIN,I4MAX,JMIN,JMAX,IPUNCH
COMMON/LBL3/1PH(30,30),IJTV(10,2),IIP(100),IIH(100)
C0MM0N/LBL4/IPM1N,IPMAX,IHMIN.IHMAX,IPHD,IJTO,JJMAX
COMMON/MOSHTN/ NOEN.TABM11000),NQMS(1000)
COMMON/IPRI/ IPRINTS LOGICAL IPRLNT
COMMON/NUMB/NUM,NUMIN,IPARI1Y
COMMON/PHGCON/NMAXP,NOENP,IPASS$ LOGICAL IPASS
DATA MAGIC,MAG/2,8*20,28,40*50*82,126*9/
DATA NTYP/2/
CALL ERRSET(IERROR,50$
REWIND 2S REMIND 5$ REWIND F>
PRINT 101

101 FORMAT(IHR)
IPMINslHMINiIlMIN=I2MlN=I3MIN=I4MlN=IMIN=l
IPMAXalHMAX=HMAX=I2MAX=l3MAX=I4MAX=NV=IMAX
J1P1=1$ 00 ?1 KPs 1 , NVS K= KP+lMlN-1

21 J1P1= MAX0(JlPl*IFIX(2.»XJX(K))+U
CALL TALMI(TLINT,NTYP)
PRINT1

1 FORMAT(1HO,5X,45H»»»**«»*»»*»««*SHELL STRUCTURE***************
l//laX,«N*,7X**L»,7X,*J»,5X,»NOSC=2N*L •/)
DO 3 1=1,30
J=31-I
NOSC=2*NX(J)*LX(J)
IF(J.NE.22.AND.J.NE.16.AND.J.NE.ll.AND.J*NE«10.AND.J.NE*7
LAND.J.NEi6.AND.J.NE.3.AND.J.NE.1) 60 TO 3
M A G = M A G - 1 .... . . . .. ...r " "[ -'•• :\:

" "( 1 » X * 3 8 H * * * * * * * * * * * * » * * * * * * * * * * * * * * * * * * * * * * * * *
PRINT1002,J,NX{J),LX(J),XJX(J)»NOSC
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1002 FORMAT<SX,12,112,I8«F9.1*110)
1003 FORMAT(8X,Ol2,5E20.10,I2)

DO 49 IHL= 1 • 31* IF(IbL.EQ.l) 60 TO 23* IB= IBL-1$ Wrt*HBWA(l8)
NMAXP=NUENP=O$ IPASS= .F.
IF<WM.EO.O) 60 TO 99$ CALL PREPSA(IAOV(IB)»0»IUNIT(IB))

23 REWIND IS WRITE(UIOIO) NAME
1010 FORMAT(AlO)

IFdBL.GT.l) CALL LAB£LF(5»GA)
JF=JG=F3=F4=F5=IFAS= OS F1=F2=NW
PRINT1OO3,JF»F1,F2,F3,F4,F5,IFAS
WRITE(1»1OO3)JF,F1,F2,F3,F4,F5»IFAS
DO 7 KP = 1 « NVS K = KP*IMIN-1$ F1=F2=KS F3=F4=F5= 0.
ICODE'KP)= K
PRINTi003,JFfFl.F2.F3,F*»F5.IFAS
WRITEU,1003) JF,F1,F2,F3»F4,F5»IFAS

7 CONTlNUt
IFL= NV+2
IPI= 1$ 00 4 Jl= 1 . J1P1S J= J1-1S VJ= JSCALL LABEL31IPI,J»IDM,1)
PRINT 1007$ ICNT= 0

1007 FORMAT (///* THE FIRST 100 F MATRIX ELEMENTS FOR THIS J.»/)
F1=F2=6^«J*IOM* F3=F4=F5=JF=0
PRINT1OO3»JF»F1»F2*F3,F4.F5»IFAS
WRITE(It 1003)JF,F1,F2,F3*F4,F5»IFAS
IFL= IFL*1S IF1I0M.LT.1) GO TO 4
DO 5 M=1,IDM

IC=IIP(M)
ID=IIH(M)

DO 5 N=M,IDM '
IA=IIP(N)
IB=IIH(N>

• JF=ID*64*(IC*64*(IB*64»«IA +64*64*J))> T*0
JF=IO+64*(IC*64»(IB+64*(IA*128*64»64«J))> N-N
IF(MOD(LX(IA)*LXtlB)*LX(IC)*LXUD),2))12»llfl2

12 Fl=F2sO.S GO TO \3
• Fl= FS, F2= FD» F3= FCS,
II IF(IBL.EQ.I) GO TO 111

CALL PHGPHC(lA.IB,IC,ID,J,GPHtGA>* Fl= .5MGPHU) :-S^!2M
F2= .5»(GPH(1)-GPH<2))$ F3=F4=F5=IFAS»0.S GO TO 13

III F1=F2=O.
CALL FMTRXl(lA.IB,IC»lO,J,TLINT*FCLiNTYP»IFAS)
F3= FCL(3)$ F4= FCL(4)$ F5= FCL(2)

• F3=FCL(3)*E2B$ F4=FCL<4)$ F5=FCL<2>
• FCL(l) IS COUL DIRECT, FCL(3) IS-COUL DRCT-EXCHt
• FCL(2> IS R»»2 DRCT, FCL(4) IS R»«2 ORCT-EXCH*
• E2BaSQRT(,024ll45»WH)»1.44 , E**2/B
13 ICNT= ICNTU* IF(ICNT.LT.lOl.A.IPRINT)

1 PRINT1OO3,JF,F1*F2.F3,F4,F5,IFAS
15 WRITE(l,1003)JF,Fl,F2fF3,F4,F5«IFAS

IFL= IFL*1
5 CONTINUE
• CONTINUE

ENDFILE 1
IFL« IFL-J
PRINT 1011, IFL

1011 FORMAT •(/•/» NUMBER OF F MATRIX ELEMENTS CbMPUTE0»I6)
PRINT2094,NOEN

200* FORMAT</» NUMBER OF TALMAN COEFF. TABULATE0=»I5///) ^
CALL REUFA12(6A,NVrICopE,NAME,IFL.15000,NUM,WH,I8L)

•« CONTINUE
99 ENDFILE 2

REWIND 2SREWIN0 5S REMIND 6
PRINT 777,IERROR
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777 FORMAT<• NUM&Efi OF INPUT ERRORS= »I3)
ENO
SUBROUTINE TALMI(TLINT»N)
DIMENSION TLlNTU)

TLINT(1)=SQRT(2./3.H1592653)
TLIMT(31)=3.S TLINT(61)=1./SURT(H.)

DO 1 1=2,30$ XI=I-X* TLINT(I)=XI*TLINT(1-1)/(XI*.5)
TLINT<3O*I)=(XI*1.5>*TLINT(2**I)/(XI+.5>
TLlNT(60+I>=TLINT<59*I>/2.

1 CONTINUES NN=N*30$ PRINT1006,(TLlNT(I>,1=1fNN)$ RETURN
1006 FORMAT(/• TALMI INTEGRALS»//1P(E17.5*9E12.5))

END
SUBROUTINE P^MEXT(Jl«J2,J3»J4,KJ,KT*G6G»IPR)

tt

• TO OBTAIN FROM MASS STORAGE PREPARED BY PREPSA, THE MATKIX
« ELEMENTS(J1,J2,KJ,KT/GGG/ J3, J4,K.J,KT) .
• THE SAUNIER HES ARE UNNORMALISEO *ND USE THE BROD. MOSH. PHASE >

COMMON /SHELL/ NX (30) ,LX (30) ,XJX(3v»
COMMON/TEMP/ IQNA(250)»ZA(250)»IDIM,IDIM2
COMMON /INON/ INDEX(71)«IFIRS(71),IMS
DATA ICBL/0/
GGT=0.S IFAS= IABS(LX(J1) + LX(J2)- LX(J3)- LX(J4))/2
IA* MAXO(J1»J2)$ IB= MAX0(J3.J^)$ IF(IA- IB) 20*11*10'

11 IAS MINO(J1,J2)I 18= MINO(J3,J4)S IF(IA-lB) 20,10,10
20 11= J3$ 12= J4$ 13= Jl* 14= J2S GO TO 15
10 U s Jl$ 12= J2S 13= J3$ 14= J4
15 IF(IZ.LE.Il) GO TO 30

IA= 11$ 11= 12$ 12= 1A$ IFAS= IFAS* IFIX(XJX(11J• XJX(I2))* Kj* KT
30 IF(I4.LE.I3> GO TO 40

U s 13$ 13= H $ 14= IA$ IFAS=IFAS*IF1X(XJX(I3)*XJX(I4))*KJ*KT
40 1= 14+ (I3MI3-1) )/£.'+ ((I2-1)»((II-D»I1* I2H/2

1 • (dl-l)*ll»(2-Il+ Il**2))/8
IQN= SHIFT(I»5)* SHIFT(KJ,D* KT$ IF(IQN.LT.l) 60 TO 99

4

• NOW FIND POSITION OF IUN IN BLOCKS .
LM= IMS-1$ DO 50 L = 1 » LM$ IF(IQN.LT.IFIRS(L*1)) GO TO 5I

50 CONTINUE $ 60 TO 99
51 IF(L.EQ.ICBU GO TO 52

1CBL= L$ CALL READMS(9»IQNA,IDIM2,L)
52 IR= INB'.NS(IQNA,1,IDIM,IQN)$ IF(IR.LT.1) GO TO 99

GGT= (1- 2*M0D(IFAS,2))*ZA(IR)
99 GGG= GGT$ RETURN

END
SUBROUTINE LABEL3(IPARITY,IJ,IDIM,ISYM)

c ' - ' • - ' •: ' • • • • . ' •• • : '-'•-!• ^ • -

C IF IPARlTY = 1, TWO PARTICLE STATES HAVE POSITIVE PARITY,
C IF IPARlTY a-1. TWO PARTICLE STATES HAVE NEGATIVE PARITY,
C IF IPARlTY = 0, NO RESTRICTION ON PARITY.
C

COMMON/SHELL/NX(30)»LX(30),XJX(3O)
COMMON/LBL3/IPH<30«30)fIJTV<10»2),IIPtl00)»IIH(100>
C0MM0N/LBL4/lPMIN,IPMAX,lHMINfIHMAX,IPHD,IJTD»JMAX
VJ=IJ
DO 1 1=1*30
DO 1 J«l»30

1 IPH(I,J)=.O -
00 2 1=1*10
00 2 J*l*2

2 IJTV(I.J)s.O
N=0S DO 7 1=1.2$ DO 7 1H=IHMIN*IHMAX „*,«*•
IF(MOD(LX(IH).2).NE.I-1)GOTO7$ IPMINP*IPMIN$ IF(ISYM.E0.1)G0T06
IFHHMIN.EQ.IPMIN.AND.IHMAX.EQ.IPMAX) IPMINP-lH
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6 DO 3 IP=IPMINP,IPMAX
IF(U.LT.O) GOT04
IF(XJX(IP)+XJX(IH).LT.VJ.OR.ABS(XJX(IP)-XJX(IM)).6T.VJ) G0T03

4 IFdPARITY.EO.O) G0T05
IF((-1)»•(LX <IP)*LX(IH))#NErIPARITY) G0T03

5 NsN+1
IPH(IP,IH)=N
IIH(N)=IH
IIP(N)=IP

3 CONTINUE
7 CONTINUES IDlM=N

IFtJPASS.NE.125394) PRINT1002,((IPHU.I > *J=1 .30) .1 = 1.30)
IPASS=125394

1002 FORMAT(30I3)
RETURN
END
FUNCTION RACAH(A,B«C*D*E*F)

* FUNCTION RACAT(A,B»C»D.E,F)
*
* TO COH^UTE RACAH COEFFICIENTS USING THE REGSE SYMMETRIES
* AND TO BUFFER THE PREVIOUSLY COMPUTED VALUES •

LOGICAL INITIAL
COMMON/8UFFN/IQN<1000)tSIXjT(lOOO)»NG7A»IOVF»IR*ICU
COMMON /FACLN/FACLOdQO)
COMMON /ORDTRK/ IZ(1),1X1.1X2.1X3.IY1,IY2.IY3.IY4.
i RVm»M,X2.X3,Yl.Y2,Y3»Y4»SIXJ
DATA INITIAL/.TRUE./»ICU»NOTA/2*0/»IOVF/500/
SIXJ=O.S IFAS=O
X1=A*B+C+DS X2=A*D+E*FS X3= B*C+E*F
Yl= A*B+ES Y2= C*D*E$ Y3= A+C+FS Y4= fl*D*F

»
* FIRST CHECK FOR ERRORS IN CALLING SEQUENCE

DO 1 K = 2 , 8
Z0=RV(K5$ IT= ABS(ZO)$ IF(FLOAT(IT).NE.ZO) GO TO 999

1 IZ(K>= IT
»
* THEN SORT THE REGGE QUANTUM NUMBERS.

IFAS=IX1$ IT= IX1S IE=2S IF(IX1-IX2) 25.23T23
25 IT= 1X2$ IE=3
23 IF(lT-iX3) ?9,29,27
27 IZ(IE)= 1X3$ 1X3= IT
29 IF(IX1-IX2) 31,31,33
33 IT= IX1S IX1=IX2S 1X2= IT
31 1X0= 1X1$ IT= IY1$ IE= 5$ 1F(IY1-IY2) 35*37*37
35 IT= IY2$ IE= 6
37 IF(IT-IY3) 39,41,41
39 IT= IY3S IE= 7
41 IF(IT-IY4) 45,45,43
43 IZ(lE)s IY4S IY4= IT
45 IT= IY1* IE=5$ IFJIY1-IY2) 47,49*49
47 IT= IY2* IE=6
49 IF(IT-IY3> 53,53.51 .
51 IZ(lE)s IY35 IY3= IT
53 IF(IY1-IY2) 57.57,55
55 IT= IY1* IY1=IY2S IY2= IT
57 IYO= IY4

* • • • • • •

* NEXT TEST FOR TRIANGLE CONDITION .
IF(IXO.LT.IYO) GO TO 999 * IF(lXO.LT.l) GO TO 997

* ; - ' • ' • ' • . - • • • • - . ; ' • . - • •

* DO A TABLE SEARCH .
10= IXO-IYOS DO 59 K= 3 , 8
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59 IQ= SHIFT(IQ»6)+ IZ<K)
IR= lNBlNS(lONtl,NOTA,IQ) J, IF(IR«LT.l) GO TO 61
SIXJ= SIXJT(IR) i GO TO 999

• SO» COMPUTE DEU3
61 IF(-NOT.INITUL) GO TO 35 INITIAL= .FALSE.S FACLO(1)= 0.

DO 5 K= 2 , 100
5 FACLO«K)= FACLO<K-1)+ ALOG(FLOAT(K-l))
3 DEL3=0.S CN= FACLO(2*IYO)$ DO 7 K = 1 , 4

DEL3= DEL3- FACL0(2*IZ<K*4>)$ CN= CN-FACLOU*lY0-IZ(K*4> >
DO 7 L = 1 , 3 $ DE.L3= DEL3* FACLO(1*IZCL*1)- U(K*4)>

7 CONTINUE
«
• THEN INITIALISE THE SUM.

DO 9 1= 2 f 4
9 CN« CN-FACLO(1*IZ(I)-IYO)

DEL3CN= (l-2»MOD(IY0,2))»EXP(CN* ,5*DEL3)
SM=1.S IRAN= IXO-IYO*11 IF(IRAN.LT.S) GO TO 13
Zo=I*O*3$ NXO=IXo*l* X1 = IX1-NXO$ X2= IX2-NXo* X3= IX3-NX()
NX0= IX0+2S Yl= NXQ-IY1S Y2= NX0-IY2S Y3=NX0"lY3$ Y4=NX0-IY4

*
• THE SUM IS DONE RECURSIVELY WITHOUT FACL.O

DO 15 K = 2 » IRANS XK= K
15 SM= l.-SM«(Z0-XK)»(Xl*XK)«(X2+XK)*(X3«XK)/

1 ((Yl-XK)i(Y2-XK)«(Y3-XK)»(Y4-XK))
*
• SIXJ IS THE USUAL 6-J SYMBOL OF WIGNER .
13 SIXJs DEL3CN»SM

•
• SAVE THIS VALUE IN ICN .

NOTA= M I N O ( N O T A * 1 , 1 0 0 0 ) $ ICU= ICU+1S ICN= NOTA
IF(NOTA.EQ.lOOO) ICN= IOVFS IOM(ICN)= IUS SIXJT(ICN)? SIXj
CALL SOHTAGKIQN,1.NOTA»SIXJT»ICN)
GO TO 999

997 S IXJ=1.
999 RACAH= SlXJ«(l-2»M0D(IFASt2))
•999 RACAT= SIXJ»(1-2»MOD(IFAS.2))

RETURN
END
SUBROUTINE FMTRX1(IA,I8»IC.ID,J.TLlNT,FCLtNTYPfIFAS)

ROUTINE CALCULATES THE ANTI-SYMMETRIZED F-MATRIX ELEMENTS
UTILIZING THE SUBROUTINE FMTRX.
FCL(I) I=l» ... .NTYP, STORES THE DIRECT M.E.,
FCL<K), K=NTYP*1, ... ,Z»NTYPf STORES THE DIRECT MINUS EXCHANGE M.E.

COMMON/SHELL/NX(30)«LX(30),XJX(3Q)
DIMENSION FCL(l),TLINT(1),FCLl(10)

VA=XJX(IA)S VB»XJX«IB)S VC=XJX<IC)$ VO=XJX<ID>S VJsJ
IFAS* l-2iM0D(NX(IA)*NX(IB)*NX(IC)*NX(ID)+IABS(LX(IA)*LXIID)

1 -i.X(IB)-LX(IC)S/2»2)
JM=AMIN1<VA+VC«VB*VD)+1.$ JNsAMAXl(ABS(VA-VC)»ABS(V8-VD))*l.
JN=JN*M0D(LX(IA)*LXaC)*JN*lt2)* I»WA*VDS 1 « J
CALL FMTRXCIA,IBtlCtID.J*TLINTfFCLtNTYP)S 00 1 K«1*NTYP

1 FCLfK*NTYP)=FCL(K»
DO 2 JX«JN*J^»2$ JP»JX-11 VJP*JP

( V . J P V J p D C D j ^
, CALL FMTRX(W»IC*IB^IDigP»TLlNT,FCLl*NTYP)

DO Z K*ltNTYPS NKaK*NTYP
2 : fCL*NK)FFCLINK)rX»FCLl<K)«PH$ RETURN

E N D . . • ; . : ^ ^ V - . ; ^ ' . r ' : r ' . : - • • • • ' . . / • - •. . , . : • . - , : .- ^

SUBROUTINE FMTRXIlif l2» 13.14»J*TI.INT»FCLfNTY?|
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FUNCTION GENERATES THE DIMENSIONLESS TWO BODY MATRIX
ELEMENTS USING TALMANS FORMULEA FOR CENTRAL FORCES.
THE TALMI INTEGRALS ARE NORMALIZED BY THE INTEGRAL
(O»INF.)R«(2M+2)»EXP<-R»*2> .
THUS RTAL(Sl*ltS2*lfL*N*l> IS EQUAL TO TALMANS R-COEFFICIENT
R(S1,S2»L»N) TIMES THE NORMALIZATION FACTOR.
THE EXTERNALS TALMAN AND RACAH ARE NEEDED.
C(N*1,L*1) ARE THE NORMALISATION CONSTANT OF THE OSC, W.F.CN,L>

COMMON/SHELL^NX(30)* LX < 30),XJX(30)
DIMENSION FCL(l),TLINT(1),T(5)«S<5>
DIMENSION FAC(30)»DFAC(30),C(5«8)
LOGICAL IPASS
DATA IPASS,RTPI/.FALSE.»1.77245385/

RTAL(N1,N2,L»M)= -YY'FLOAT<(-1)••(N1*N2*M)•(L*L*1>)
1 »EXP(DFAC(2«(L*N1*N2-1))*FAC(L*N1*N2-1»-FAC(Nl)-FAC(N2>
2 -OFAC(2*<L*N2))-FAC(M)-FAC(L*N1*N2-M>
3 -DFAC(2»(L*N1)))/2.««(N1*N2)

IF(IPASS) G0T02S FAC<1)=FAC(2)»DFAC(1»=DFAC(2)=0
DO 1 N=3,30$ X1=N-1$ Xl=ALOG(Xl)$ FAC(N)=X1*FAC<N-1)

1 DFAC(N)=Xl*DFAC(N-2)$ RX=SQRT<2,/RTPI*»3)S XL=-3
DO 7 L=1»8S XL=XL*2.S X=L*L-1$ C<1 tD=RY=RX=SQRT (ABS(XL>/2.)*RX
DO 7 N=2»5* XN=N-1S X=X+2.

7 C(NtL)=RY=-SURT(XN»X/2.)»RY$ YYs*.*RTPI«*6$ IPASS=.TRUE.
N= NTYP

2 DO 14 1=1,N
14 FCL(I)=O* IA=Ilt IB=I2$ IC=I3$ 10=14

LA=LX(IA)$LB=LX«Ifi)$LC=LX(IC)$LD=LX(ID)
IF(MOD(LA*LB*J,2).NE.O.OR.MOn(LC*LD*J»2).NE.O) RETURN
IF((LA*LB-J)*(IABS(LA-LB)-J).GT.O) RETURN
IF((LC+LD-J)*(IABS(LC-LD)-J).GT.O) RETURN
NA=NX(IA)SNB=NX I IB)SNC=NX(IC)SND=NX(ID)
I=XJX(II)-XJX(13)S PH=(-1)••(I•(LC+LB-LA-LD)/2>
N1MAX=(2»(NA+NB)*LA*LB-J>/2*ltN2MAX=(2»(NC*ND)*LC*LD-J)/2*1
IF(N2MAX-N1MAX)5»5»6

6 K=NlMAX*NlMAX=N2MAX5N2MAX=K$K=LA*LA=LC*LC=K$K=LB$LBsLD*LD=K
IA=I3S1H=I4¥IC=I1SID=I2S NA=NX(IA)$ NB=NX(IB>* NC=NX(IC)$ND»NX(ID)

3 VLA=LA$ VLB=L9$ VLC=LCS VLD=LD
VA=XJX(IA)$VB=XJX<IB)SVC=XJX(IC)$VD=XJX(ID)SVJ=J$ DO 9 I«1»N

9 S(I)=O
DO 11 Nl= 1,N1MAX$ C1=TALMAN(NA,LA,NB,LB»N1-1»J)
DO 11 N2=1,N2MAX4 C2=TALMAN(NC»LC.ND»LD»N2-11J)»Cl*MAX=Nl*N2*J-l
DO 8 1=1,N

8 T(I)=o$ DO 12 M=1,MAX$ MI=-30S DO 12 I=1»N$ MI=MI*30
]2 T(I)=T(I)*RTAL(N1,N2.J.M)«TLINT(MI*M)$ DO 11 1=1,N
11 S(I)=S<I)*C2*T(I)

X=C(NA+1,LA*1)»C(Nb*l,LB*1)»C(NC*1,LC*1)«C(ND*1»LD*1>
1 •SQRT((VA*VA*1.)«(VB*VB*1.)»(VC*VC*1.)»(VD*VD*1.))/(VJ*VJ*1«)
2 *RACAH(VLA,VLB,VA,VB,VJ*.5)*RACAH(VLC»VLD,VC»VD,VJt.5»»PH
DO 10 I=1,N

10 FCL(I)-X»S(I)S RETURN
E N D • • - • • - : • • • - •. • • • • • • • • • • - . - - . . - . . . - . , . ,

FUNCTION TALMAN(N1,LI,N2,L2.NC,LC)
COM*ON/MOSHTN/NDUM,TAB<1000).NAB(1000>
DATA NMAX/0/»NOEN/0/

TALMAN=OS IF(MOD(L1*L2*LC»2).NE.01 RETURN
IF((2»NC*LC).GT.(2«(Nl*N2)*Ll*L2)) RETURN
NA=N1$ NB=N2$LA=L1* LB=L2$ IF(NA-NB)4,5*5

4 NB=N1$ NA=N2$ LB=L1S LA=L2 L ; •:.-.-
5 IQ=SHIFT(NA,30>*S- I!?7tLA,24>•SHIFT(NB,18>•SHlFTILBt12)



- 87 -

I •SHIFT(NC»6)*LC$ ia=lNBlNS<NAH»l»NOEN»IQ}$ IF(IR)ZI2,7
2 Z=TALMANl(NA,LA,NR,LB,NC,LC)S TALMAN=ZS IF(NMAX-1000)
1 NMAX=NMAX*H NOENsMAXO (NMAX,Nf)EN) * NUUN=NOEN
3 TAB(NMAX>=Z$ NAB(NMAX)=IQ$ CALL SURTAG1(NAB*i,NOEN*TAB*NMAXI

RETURN
7 TALMAN=TAB<IH)S RFTURN
9 PRINT1000S NMAX=500S GOTO3

10O0 FORMATS* TAL«AN TABLt IS FULL... LENGTHIS 1000 •)
END
FUNCTION TALMAN1(NA«Lft«^y,LB«NC.LC)

THIS IS THE C-COEFFICIENT OF TALMAN<SEE NUCL.PHYS. Al*l
(lV70)273, EQ<15)>> THE FUNCTION SUBROUTINE CG0OO<L1,L2*LC)
FOH THE 3-J SYMBOLS TS THE ONLY EXTERNAL NEEDED.
FAC(N*D IS THE LOG OF FACTORIAL N.
NA IS ASSUMED TO «E GT NH. IF OTHERWISE CALCULATION
WILL BE SLOWER RUT RESULT rflLL BE CORRECT.

DIMENSION FACOO) ,OFAC(30)
LOGICAL IPAS5
OATA IPASS/.FALSE./

IF(IPASS) GOT02S FAC(1>=FAC(2i»UFACCl)=DFAC(2)=0
DO 1 N=3»30S X1=N-1S Xl=ALOG«Xl)S rAC(N)=X1*FAC«N-1>

1 OFAC(N)=X1*OFAC(N-2)S IPASS=.TRUE.
2 MX=LA*L8*LC-2$ NY=(LA*LB-LC»/?-!$ NZ=(LA*L8-LC)/2-NC-i

S=OS LAM=LA*LAS NAA=NA*1S NBB=N8*1
DO 6 M=lfNAASNMIN=MAXOU»NC-M«l-NV)SLAM=LAM+2SIF(NMlN.GT.NBB)GOT06

NS=NY+MS NT=NZ*Mt
L B N = L B + L B » N M I N * N M I N - 2 $ Sl

DO 7 N=NHIN,NB8$LBN=L8N*2$ NR=NR*?
7 S=S*(1-2*IABS(MOD{M*N«2>))«EXP(DFAC INR)*FAC(NS*N)
1 - FAC(N>-FAC<NBB-N*1)-DFAC<LRN)-FAC<NT*N>-S1>

6 CONTINUES T*LMAN1=(-1)•«<NA*NB)•i2»LA*1)•(2*LB*1)»2*»(NY*1)
1 »CG0O0(LA,LB»LC)*S$ RETURN
1 CG000(LA,L9.LC)S

PRINT8t NA,LA.NB*LHtNC«LCtTALMANl* RETURN
8 FORMAT(lOXf6I3«E20.10)

END
SUBROUTINE SORTAG1(A«II*JJ»TAG»IOuT)

• THE ELEMENTS A<II> TO A(JJ) ARE ASSUMED IN INCREASING
• ORDER EXCEPT FOR A(IOUT), WHICH Is TO BE POSITIONED •
• TAG IS PERMUTED ALONG WITH A .

DIMENSION AU»i TAG(l)
INTEGER A
10= IOUTS 1=1Ij J= JJ
IF(J-I-I) 99»1.1

I IFCIO-I) 99,13,5
5 IF(J-IO) 99,11,9
9 IF(A<IO)-A(IU*1>> 11,99,3
II IFUUO-l)-A(IO)) 99,99,7
7 T= TAG(IO-1)S TAG(IO-l)s TA6(I0)S TAG{IO>= T

IT= AU0-l)$ A<IO-1>= A(IO)$ A-(IO)= ITS IOs 10-1
IF(IO-I) 99,99,11

3 T= TAG(IO*1)$ TAG(IO*1)= TAG(101S TAG<IO>= T .
IT= A(IO*1)1 A(IO*l)= A(IO)* A(IO)* ITS I0« 10*1
IF(J-IO) 99,99,13

13 1FUUQ)-A(IO*1)) 99,99,3
99 RETURN

END :-
FUNCTION CG000(IA;IB9lC)

C SUBROUTINE TO CALCULATE THE 3-J SYMBOL CA,B,C/O»O.O)
C THE TRIANGULAR INEQUALITIES ARE ALREAOY SATISFIED.
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C ALSO t-l)»*(A»B*C)=*l HAS BEEN SATISFIED.
DIMENSION FLU 30)
DATA IPASS/0/

IFUPA5S.EQ.1) G0T02S FL(1)=0$D01 K=2,130$ A=K-1
1 FL(K)=FL(K-D*AL06(A)S IPASS=1
2 CG000=.O

IFdC.GT. (IA*IB) .OR.IC.LT.IABS(IA-IB) > RETURN
IF<(-1)**<IA*IB*IC).NE.1> RETURN
IAR=IA*IB

40 IG2=IAB*IC
IG2P=1G2*2
lG=lG2/2
ICP=IC*1
IACMBP=IA-IB*ICP
IBCMAP=IB-IA*ICP
IABMCP=IAB-IC+1

70 IGP 1=IG*1
IGMAP1=IGP1-IA
I6MRP1=IGP1-IB
IGMCP1=IGP1-IC
IGD2=IG/2
NSIG=IG-IGD2-IGD2
SIG=1-NSIG-NSIG
X=FL(IGP1)-FL(IGMAP1)-FL(IGMBP1)-FL(IGMCP1)
DLG=.5«(FL(IACMBP)+FL(IBCMAPl*FL(IABMCP)-FL(IG2P))
YLG=X+DLG
Y=EXP1YLG)
TJ=SIG«Y
CGO0O=TJ
RETURN
END
SUBROUTINE PREPSA(IBLK»IREK»KU)

*
• TO PREPARE THE SAUNIEH TAPE FOR USE BY PPMEX .
• IF(IREK.EQ.O) DO NOT REWIND 5 ....

COMMON/TEMP/ IQNA1250).ZA(250),IDIM,IDIM2
COMMON /INDN/ INDEX(71)•IFIHS(71),IMS
DIMENSION Z(S»,IRCT(8)
LOGICAL INITIAL
OATA IRC,IRCT/0,17661,17662,17663,17744*17745*17750*17761,17762/
DATA INITIAL /.T./
DATA IDIM,IDlM2/250*500/
IF(IREW.NE.O) REWIND KU
IMS= ILA= IL8= 1 S IB= IBLK-1S IF(.NOT.INITIAL) GO TO 11
INITIAL= .F.5 CALL 0PENMS(9,INDEX,71.0)

11 IF(IB.LT.l) GO TO 5* DO 1 K = 1 * IBS DO 1 L = 1 * 836*
1 REAO(KU,1O2) IDUMP

F0RMAT(I6)

• TAPE IS NOW POSITIONED AT CORREXT BLOCK .
5 DO 7 L M i IDIM2
7 IQNA(L)= 0

DO 3 L * 1 , 8364$ IFCKU.EQ.6) IRC= 1«C*1
30 REA0(KU,l(J13) II, 12* 13* 14. J, (Z (K< ,K=1 ,5)

DO 201 JC= 1 * 8* IF(IRC.NE.IHCTUC)) GO TO 201
PRINT 1015*11*12,13,14,J*(Z(K),K=1*5),IRC

201 CONTINUE
1015 F0RMATllX5I2*5E14.6,l5/»
1013 FORMAT(bI2,5El4.6)

1= I** (I3«(I3-l)>/2* ((I2-1)»((I1
I • ((I1-1)*I1*{2-I1* Il*«2))/R
IQN= SHiFT(T*5)* SHIFT(J*I)
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DO 3 IT= 1 , 2S TFIZ(IT) .EQ.O.) Go TO 3
1QNA!ILH)= ION* IT-IS ZA(JLB)= Z(TT>* ILB= ILB*1
lFdLH.iiT.lOlM.OR. ( L .GE.8364.ANr>. IT.EU.2) > 60 TO 150

3 CONTINUtS 1MS= IMS-IS HtTURN
150 IFIHS(IMS)= IQNA(l)* CALL WRITMS<9»IUHA.Il>IM2»IMS)

lMS= IMS*1$ ILB=1$ DO 9 LT= 1 * 10IM2
9 IQNA(LT)=0$ GO TO 3

END
SUBROUTINE LABELS<M,Gfl>

C
C ROUTINE PUTS TWO PARTICLE M.E.S (IA,IB,2J,2TIGlICtID,2J,2T)
C INTO A ONE-OIMENSIOIMAL ARRAY.
C IF M=Q, M.E.S APE READ IN ON DATA CAHDS,
C IF M=2, M.E.S ARE CALCULATED BY CALLING PPME.
C THE GENERAL RULE OF THF ORDER OF THE INPUT M.E.S IS
C IB.GE.IA.ANO.ID.fiE.IC. IN PARTICULAR IF THE INPUT ARE
C PPM£ TO BE CONVERTED TO PHME. THEN IN ADDITION «E HAVE
C IC.GE.IA, AND IO.GE.IB IFF IC.EQ.IA.
C

COMMON/SHELL/NX(30)tLX(30),XJX(30)
LOGICAL 1ABCO,IPAULI,I12,I34

COMMON/LBL5/1A.I8,IC,ID.JJ2,JT2.N,IP2
COMMON/UPLOWA/IHIN»IMAX.I1MIN,I1MAX,I2MIN,I2MAX»I3MIN,I3MAX,

COMMON/NUMB/NUM,NUMIN,IPARITY
DIMENSION 1112(200)tGA(l)
COMMON/GMTRXB/GB(32)
LOGICAL IPRINT,IWRIT£
PRINT 105,Mt ICNT= 0
ENTRY LABELC
ENTRY LABELO
ENTRY LABELE

105 FORMAT(//• THE FIRST 200 G MAT ELEM OBTAINED BY LABELING

IPRINTsiC0DE*EQ.2.0R.IC0DE.GE.4S
IQAfl=SHIFT«IA,6)*lB$ I«CD=SHIFT(IC»6)*ID
IQABCD-SHIFT<IQAR,1H)+IUCD$ DO 25 K=l,32

25 GB<K)s0$ NsNUMlNS K2=I2MAX-I2MIN*15 K0=-K2
00 2* I1=I1MIN.I1MAX$ K0=K0*K2* II1=11-I2MIN-1
IF(IU.LE.O) II1=OS KI=<II1*(II1*1))/2S I2MN=MAX0fH,l2MlN)
DO 24 I2=I2MN,I2MAX$ IQ12=SHIFT (II »6)+I2S L12=LXCID*LX(I2)
IMN=KO-K1*I2-I2MN*1
V1=XJX(11)$ V2=XJX(I2)S J12=V1+V2S J21=ABS(V1-V2) S I12=U.EQ.I2
IF(M.NE.l) GOT0103S IF(IQAB-IQ12)?4»50*24

50 N=II12(IMN)$ GOT0104
1103 II12(IMN)=N
104 DO 22 I3=I1«I3MAX$ IF(I3-ID 34»l29ll
12 l4r>=MAX0(I2,I4MlN)$ GOT010
ll I4MN=MAXO(I3,I4MIN)
10 DO 22 I4=I4MN, I4MAXS IQ34=SHIFT(13,6)+I4S L34=LX(13)*LX(14)

IF(M0D(Ll2-L34,2)) 22,26.22
26 V3sXJX(I3)* V4sXJX(I4j$ J34=V3*V4S J43=A8S(V3-V4)$ 134=13,EQ.14

j2MAXxMIN0(jl2tJ34)+l$ J2MIN=MAXO(J21»J43)+1
IF(J2MAX-J2MIN)22,13,13 ^

13 IQ1234=SHIFT(IQ12*12)«IQ34S IABCD=IQ1234.EQ.IQABCD
DO 23 IT1=1,^$ KT=IT1-1S KJT=KT*16* IT2=2*KT
DO 23 JJ1=J2MIN,J2MAXS KJT=KJT*15 J=JJ1-1$ U

IPAULl=MOD(J*KTt2).EQ.O
IF(I12.AN0VlPAULI)60T023$ IFCl34.ANDiIPAULDQ0T023
N=N*1$ IF{MiEQ.2)6pT04* IF(M.EQ.O)GOT02$aFtM.EQ,3) G0T023
IFCM.EQ.5) GO TO 501 ' -X ; -

IFdABCD.ANO.MiEQ^I) f62»23 ' ^
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* CALL PPME(Il»I2»I3tl*»J»KT.GGG»0)
» THfc TIMt-REVE«SAL PHASE IS IN PPME.
504 ICNT= ICNT*1* IF(ICNT.LT.30l.A.IPHlNT)

1 PR1NT5U00.N*I1,I2»I3,I4,J,KT,GGG

IF(IWRITE) WKITE(8»5OOO)N.II,I2»I3,I4,J,KT,GGG
G0TO1

JT?=KT»2
IQABCt)=Il)*SHlFT(IC,6)*SHlFT(IB»12)*5HlFT(lA,18)
JNJT=IQABCO*SHIFT(JJ2,?4)•SHIFT(JT2.30)
lNJT=IUl234«-SHIFT(IJ2,24)*SHIFT(lr2,30>

2 REAf) 5000, NN, I A, IB* IC» ID. JJ2» JT2»GGG, JP1
5000 FORMATU5,5X»6I5»5X,E20.8.I5>

IF(NN.NE.N.OR.INJT.NE.JNJT) GOT034
1 GA(N-NUMlN)=(iGG

G0T023
i02 IF(JJ2-U2) 41,42,41
42 IFUT2-IT2) 41,33,41
4l GB(KJT)=GA(N-NUMIN)
23 CONTINUE

IF(IABCO.AND.M.EQ.l) RETURN
22 CONTINUE
?4 CONTINUE* IF(M-D27.28,27
28 N=0$ RETURN
27 NUM=N$ IF(IWRITE) ENDFILE8S RETURN
34 PRINT2000,N,Il,I2,I3,I4,lJ2,IT2,NN,IA,IB»ICtID,JJ2.JT2

RETURN " .
?000 FORMAT<2X,49H*»#«*»*«#» ERROR IN CARD INPUT ••»»**»»•«/

15X,14I5)
33 G81KJT)=GA(.>J-NUMIN)$ RETURN

501 CALL PPMEXT«Il»I2.I3,I4,J,KT,GGGtn)$ GO TO 504
END
SUBROUTINE RtDFA12(AL1.NOLV,CODA,FLNAME,IDF,IUM,IDG»HBOM,IBL)

* READ FROM SCRATCH TAPEl* INTO TAPE2 THE 7 ARRAYS .
LOOK FOK FLNAME, THEN READ TO ENDFILE MARK.
NOLV= F(l)=; NUMBER OF LEVELS ,.'•••
CODA(NOLV)= CODENUMBER ARRAY= ? (2,.•.»N0LV*2> .
IDF= NUMBER OF F ELEMENTS READ .
IOM= DIM OF F ARRAY
WRITE ON 2 OUT OF TA FLNAME,NOLV,CODA(16),IDF*106,HBOM.

DIMENSION ALlU) oCODAIl) ,NAA(7> ,FT(5)
DIMENSION TA125)
INTEGER CODA
DATA NAA/3LFPR,3LFNE,3LFDN,3LRTS,3LRTD,3LPTSt3LPTD/
REWIND 1
TAU>= FLNAMES TA(2)= N0LV5 DO 7 K = I , NOLV

7 TA(K*2)= CODA(K)
TA(21)s lOFt TA(22)= IDGS TA(23)= riBOM
WRITE(2) TA S PRINT 107, TA

107 FORMAT«//• TA CONTROL 3LOCK»//1P5(5E20,6//)/)
IF(IBL.GT.I) WRITE(2)(AL1(I),1=1,IDG)
00 1 L = 1 *7SIF((IBL.EQ*l.A.L«LT,3>.0R.(IBL«GT>l.A«L.GT.2))G0T01
READd.lOlO) TITLES IDFSO

1010 FORMAT (A10)
IFITITLE.NE.FLNAME) GO TO 101
REAO(1*1003) JF,FT,IPHS IF(FT(1).LT,1) GO TO 101

1003 FORMAT(8XtOl2,5EZ0,10,12) •
NOLV= FT(1)$ IFL»2« ALlll)= FT(L)* IF(L.GT.S) AL1 (D=FT(L-2)
DO 31 K = 1 • NOLVS REAO(1,1003) rFDfFT,IPH
COOA(K)= FT<1>* AL1(IFL)» FT<L> $ IF(L.GT.5)AL1 (lFD=FT(L-2)
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31 IFL= IFL*1
33 IFUFL.GT.IDM) GO TO 101$ READ(l,1003) IFD,FT»IPH

AL1(IFL)= FT(L)SIF(L.GT.5) AL1(IFL)= IPH»FT(L-2)
5 IFL= IFL + 1S IF(EOFd)) 35,33

35 IDF= IFL-2
REWIND 1
WRITE(E) {AL1«D,I = 1»IDF)

1 CONTINUE
105 RETURN
101 PRINT 103
103 FORMAT (/« F ARRAY NOT ON TAPE1 */)

GO TO 105
END
SUBROUTINE PHGPHO(IU,IV,IW,IX.J»GPH,GA)

*
• CALCULATES THE F-MATRIX ELEMENT F(A.6»C»D,J> FROM THE FORMULA
• F(A,8»C»D»J»T)=-StJM(JP)<.5»(2»JP*1>*RACAH(A,D»B,CtJP,J>»
• (-G(0)*3*G(l))»D(T,0) • (G(0)*G(l>))>
» WHERE G(T) 15 THE G-MATRIx G(D,A,B.C.JP»T),
• AND O(T.TP) IS THE KRONEKER DELTA-FUNCTION.
• GPri(T+l)=F(A,B.C,D»J,T)

COMMON/SHELL/NX(30)«LX(30),XJX(30>
COMMON/PHGCON/NMAX .NOEN .IPASS
DIMENSION GA(1),GPH(1),GX(2),TAB(200.2).NAB(200)
COMMON/dMTRXB/G8(32)S INTEGER TAG(200)$ LOGICAL IPASS
COMMON/LBL5/IP,IQ»IR.IS,JJ2,JDUM,N»IDUM
DATA NMAX,NOEN/0,0/»IPA5S/.F./
ENTRf PHGPHC
IF(IPASS)GOTO3$ DO 4 1=1,200

* TAG(H=I $ IPASS=.T.
3 IF(IU-IV)30,31,31

30 IA=IVS IB=IU$ IC=IXS ID=IW$ FAT=1$ IF(IA-IC)33,32,32
31 IA=IUS IB=IVS IC=I«4 ID=IX$ FAT=0i IF(IA-IO33.32,32
33 II=IAS IA=IC$ IC=II$ II=IB$ IB=IDS ID=II
32 II=SHIFT(J,24)*SHIFT(IA,18)+SH1FT(IB»12)*SHIFT(IC»6)+ID

VC=XJX(IOS VO=XJX(ID)$ VJ=J$ VA=XJX(IA)S VB=XJX(IB)
IFAT=FAr»(VA*V8*VC+VO)SFAT=l-2*MOO(IFAT»2)$ JJ2=-1$GPH(1)=GPH(2)=0
IF(N0EN.LT.l)G0T08$ JJ=INBINS(NAB,I.NOEN,II)S I F ( J J ) 8 , 8 . l 7

17 GPH(l)=TAB(TAG(JJ>,1)»FAT$ GPH(2)=TA8(TAG(JJ),2)»FAT$ RETURN
B JAD=VA*VD$ JbC=VB + VCS JDA=ABS (VA-\/D) S JCB=ABS( VB-VO $ J2MAX=MIN0(

UAD^JBO+ l * J2MIN=MAX0(JDA,JCB)*l'S IF (J2MAX-J2MINJ 1 1 , 10* 10
10 IP=MINO(IA,ID)$ IQ=MAXO(IA,ID)$ IH=MINO(IB,IC)$ 1S=MAXO(IB»IC)

IF(lP.GT.IR.OR.(IP.EQ.lR.AND.lQ.6T.IS))6f7
6 JJ=IP$ IP=IRS IH=JJ$ JJ=1Q$ IQ=IS* IS=JJ
? CALL LAHELCU.GA)! IF(N) 1,1,12
12 DO ? J2=J2MIN,J2MAXS JP=J2-1$ VJP=JPS DO 5 JT1=1»2$ JT=JTl-l

IFAb=0% IF(ID.GT.IA) IFAS=IFAS*JP*JT*JAD
IF(IB.GT.IC) IFAS=1FAS*JP*JT+JBC$ PHsl-2*M00(IFAS.2)

5 GX(JT1)=GB(JT»16+J2-J2MIN*1)*PH
S0=(-GX(l)*3.*GX(2))/2.$ Sl=(GX(l)*GX<2))/2.
XX=HACAH<VA,VD,VB,VC,VJP.VJ)*(VJP*VJP*1.)

GPH(I)=GPH(1)-XX»S0«FAT
2 GPH(2^=GPH(2)-XX*S1*FATS IF(MMAX-?00)20,21,21

?0 NMAX=NMAX+1S NOEN=MAX0(NMAX,NOEN)
22 NAB(NMAX)=II$ 00 19 1=1.2
19 TAB(TAG(NMAX),I)=GPH(I)»FAT$ CALL SORTAGl(NAB,1•NOEN,TAG,NMAX)

RETURN
21 PRINT2002S NMAX=1$ G0T022

2002 FORMAT(• MESSAGE FROM PHGPHD. TABLE TAB(200> IS FULL.*)
1 PRINT2OO1,IA,I8.IC.1D,J

2001 FORMAT(» MESSA6E FROM PHGPHn. G-MATRIX ELEMENTS NEEDED FOR
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]THE CONSTRUCTION OF THE F-MATRIX ELEMtNT*/* F<*513«) DO NOT
SEXIST IN THE ARRAY 6A OF SUBROUTINE LABEUJ*)

H
fc.NO
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APPENDIX II

SAMPLE RESULTS FOR 4He

This case was run with the S.P. No. 2

potential, N = 0-2, iiw = 13.5 MeV. Only 2 iterations were

performed to illustrate the output format.



WAVE FUNCTION COMPUTATION FOR HE *

ELLIPSOIDAL MODIFIED HARMONIC OSCILLATOR COMPUTATION

DEF. PAR. OF POTENTIAL ARti BETA= .001000, SAMMA= 0.000

MAJOR SHELL N SP;N-ORBIT STRENGTH CHI LSQR STRENVJT D

g
.0700
.0700
."700
.0500
.0500
.0500

0.0000
0.0000
0,0000
.3500
.4500
.4500
.4500

STATE ORDERING ACCOROINS TO INCREASING ENER6Y EIG. VAL.. FOR SUMMING PURPOSES

INCR
NATU
EAV.

INCR
NATiJ
EAV.

. ORO.NO. J

. ORD.NO. I
OF JTH ST.

• ORO.NO. J
• ORD.NO. I
OF JTH SI.

INCR. ORO.NO. J
NATU. ORO.NO. I
£AV, OF JTH ST.

I NCR.
NATlj,
EAtf.

INCRI
NATUi
EAV.

I NCR*
NATU.
EAV.

INCR*
NATU.
EAV.

> ORD.NO. J
• ORO.NO. I
OF JTH ST,

i ORO.NO. J
ORO.NU. I

OF JTM ST.

ORD.NO. J
ORO.NU. t

OF JTH ST.

ORO.NO, J
ORO.NO. I

OF JTM ST.

1
1

l>125000

13
15

3.12308.?

25
34

3.800816

37
45

4.411980

49
48

4.687833

61
55

4.839853

73 .
74

5.328034

2
2

1.83977*

1*
19

3.123619

26
27

4.006932

38
40

4.412195

50
53

4.688493

62
56

4.840847

74
81

5.328673

1

3.

4,

3
4

.840226

tS
u
.315088

?J
30
•007358

39
44

4.412518

5,

•51
f>0
,001798

A3
36

4.902523

S.

75
•58
506713

4
3

1.945001

16
20

3.315911

28
32

4.008205

40
49

4.412947

52
62

5.001886

64
72

5.299224

76 .
59

5.507303

2

3,

5
5

,554636

IT
16
.36T535

29
2*

4.02**29

4,

5,

5.

5.

41
54
,413484

53
68
,00206l

65
71
299418

77
79
50B472

6
6

2.554910

3.

4.

4.

5.

5.

5.

18
1*
,367887

30
26
024659

4e
37
664320

54
70
002324

66
61 •
299806

78
77
524201

2,

3.

4,

*.

5.

5.

5.

7

553451

19
lfl
368575

3f
29
025117

43
*7
664592

55
6g
002675

67
7f,
3nO387

To
67
52*526

2.

8
10
,625002

20
17

3.420510

4.

4.

5.

5.

5.

32
33
025795

44
SO
665135

56
75
003113

6.8
B3
301159

BO
73
525168

9
7

2.729664

21
22

3.799455

33
35

4.124944

45
52

4.665948

57
82

5.003638

69
63

5.326751

81
80

5.52S.112

10
9

2.730338

22
23

3.799591

34
21

4.132057

46
41

4.686.35

58
46

4.826891

70
66

5,326879

82
57

5.624889

11
13

3.122557

23
25

3.799864

35
31

4.133014

47
39

4.687002

E.9
38

4.B2B090

71
65

5,327137

83
84

5.631934

12
12

3.122734

24
28

3.tJ002?2

36
42

4.411872

48
43

4,687335

60
51

4.839319

72
6*

5.327522

84
78

5.633208

1

l£>
-P

1

ENERGY EIG.VAL,t JZ AVER. AND MAJOR SHELL Q.N. IN THE NATURAL ORDEMOHDER OF COMPUTATION)

NATU<
ENE.
JZA.
NHSH

> ORD.NO.
OF
OF
OF

ITH
ITH
ITH

ST
ST
ST

1
•
•
•

1
1*500000
.50000
0

NATU* ORD.NO. I 13

2 3 4 5 6 7 8 9 10 11 12
2.429706 2.640001 2.430?94 3,359528 1.359883 3.7n9547 3.360587 3,710456 3,500002 4.380461 3.995672

.50000 .50000 -1.50000 .50000 -1.50000 »<;OOO0 2.50000 -1.50000 .50000 .50000 -1,50000
I 1 1 2 2 ? 2 2 Z 3 3

14 IS ]?
1

18 19 20 2:
5

22 23 241 I ] :
ENE. OF ITH ST. 3.995453 4.4B5854 3.996109 4.485400 4.591010 4.486744 3.996764 4.381538 5.514394 4,849332 4.849499 5.299274
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TIMEPKT C*LLtD BY NUHAHT AT LINE 23, CP TIME" 16.568 sEC, SYSTEM TIME IB.3*,56.

NARTREE-FOCK ITEHATIONS WITH THE PARAMETER LIST, *ONI ROPI FPR FNE FDN

MASS STORAGE ARRAY NAMES* RONI «OPI FPF fNF FOF

SPE

ITERATION NO 1 FO« 2 PROTONS AND 2 NEUTRONS, NUCLEUS* HE *

•••••«««•• THE LOWEST 0 NEUTRON IS) STATES, ALL COMP. ,OT, .003 •*••••«•*•

REMAINING S.P. ORBITS AT ENERGIES(MEV)

-li.30T98 -11.30798 i5.3193b 15.31936 15.3228S IS.32285 17,flT555 17.87555 2 ,
L 27.13201 ?7.13201 27.13283 27.13283 ?7el3*4/ 27.13**7 29,1*350 29.1*350 29,1*501

••••«•«••» THE LOWEST O PROTONISI STATES, ALL COMP. ,GT. .003 ••••••••••

REMAINING S.P. ORQITS AT ENERGIES(MEV)

1 0 ? -10.02198 16.30268 16.30268 l6.306l8 26.3Q6JR 18.85B88 18,850811 25.219Q1
?8,03887 ?U.03887 28,03968 26.Q3968 28,0*131 28.0*131 30.0*036 30.0&036 3o,O5l85

29.14501

25t2]9ol
30,o5l85

CT)

TOTAL BINDING ENERGY* -21.179*3 MF.V, TOTAL, PROTON POTENTlAL ENERQY= -10.2619* MEVt TOTAL NEUTRON POTENTIAL ENERGY* -10,917*9

DELTAPN ENERGYS .65555 MEV, TOTAL QNE-fiODY ENEBGY« 0.00000 MEV

ITERATION NO 2 FOH 2 PROTONS AND 2 NEUTRONS, NUCLEUSs HE *

MULTIPOLE ANALYSIS OF NEUTRON(S) H-F POT. V AND UENS. MATR. D. WITH LISTING OF ALL COMPS WITH EN. CONTR. 6T ,0090

UN« C 10100003 t 10500001 ( S01QO0Q) C 50500003
tfR» -I5.98a*9 -8,92312 -0.92312 1*,*9191
VJ» O.OOOOU 0,00000 0.00000 0.00000
OR" 1.39870 .1*729 .14729 .01551
DI« 0.00000 0,00000 0.00000 0.00000
FOH MULTlpOL. LAHa 0, THE TOTAL CONTRIf*. TO THE pOT. ENERGY IS -12,22*19 MEV
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STATE NO. 2i WITH S.Pr EN.» -11.6650*8 MEV.i PAR." 1, OCCUPIED BY A PROTON(S)
ON" [0.1. 1) ta. 1« 11
ftp* .9862931 .1650030
IP" 0.0000000 0.0000000

STATE NO. 3* WITH S.P. EN.» 18.098119 MEV.j PAR." -It OCCUPIED BY A
QK'" 111 3. -11
RPB .9999999
1P» B.0000000

STATE NO. *t WITH S.P. EN.« 18.098119 MEV.t PAR." -1. OCCUPIED BY A
ON" (It 3. 11
Rpa .9999999
IP*. OoOOOOOOO

STATE NO. 5t WITH S.P. EN.« 18.099731 MEV.. PAR." -It OCCUPIED BY A
ON* tit 3t -32
RP» 1.0000000
IP" O.OOOOOOU

STATE NO. 6t WITH S.P. EN." 18.099721 MEV.. PAR." -li OCCUPIED BY A
ON" Hi 3t 31
RP" I.0000000
IPs 0*0000000

STATE NO. 7* WITH S.P. EN— 21.113161 MEV,. PAR." -1, OCCUPIED BY A
ON* (It It U
Rp" .9999999
IP" 0.0000000

STATE NO, 8, WITH S.P. EN.» 21.113161 MEV., PAR." -1, OCCUPIED BY A
ON* (It It -11
RP" .9999999
IP" 0.0000000

STATE NO. 9| WITH S.P. EN.« 26.401B32 MEV., PAR." 1, OCCUPIED BY A
ON" tO, I. 11 (2t It 11
RP" -.1650030 .?B62931

IP* a.ooooooo o.ooooooo
STATE NO, lOt WITH S.P. EN.a 26.40183? MEV.. PAR." I, OCCUPIED BY A
8N" CO, 1, - U tZ. It -1)
RP" -.1650030 .9862931

IP" o.ooooooo o.aoooooo
STATE NO. 11. WITH S.P. EN,« 30.128003 MEV,* PAR." 1, OCCUPIED BY A
8N« 12. 5. 1)
RP" i.COOOOQO
IP" O.OOOOOOU

STATE NO. 1.2t WITH S.P. EN.» 30.128003 MEV., PAR." 1, OCCUPIED BY A
9N> 12» 5. -1)
Wm 1.00( !000
IP" 0.000 1000

STATE NO. >3t WITH S.P. EN.» 30.12*35* MEV., PAR." 1, OCCUPlEO BY A
W» C2, S» 31
«P" 1,0000000
Ip" OJOOOOOOO

STAfE NO. l*t WITH S.P. EN.. 30.12B35* MEV.i PAR." 1, OCCUPIED BY A



UN* tat 5, -3)
Hpa I.0000000
IPs 0.00000UU

HEMAlNtNO S4P. ORBITS AT ENEROIES(MEV)

to 12906 30.12906 3a. 32431 32*32*31 32.32*91 32.32*91
PUNCHED SlTH HEADER- HE * 2 0 PR0T0N(5» 021SP2.6LV 13.50 11/09/TO IB.35.02,

TOTAL B1NU1NS ENERGY- -23.73683 MEV, TOTAL PHOTON P O T E N T I A U ENERQY- -1L50Z6* MEV. TOTAL NEUTRON POTENTIAL ENER8V

OELTAPN ENERQYB .72155 MEVi TOTAL oNE-aODY ENERGY- 0.00000 MEV

-12.32*19

COMPUTATION OF EXPECTATION VALUE OF THE 21 SYMPLECHc BILXNEAH 0 P E R A T O R S , IN OIMENS1ONLESS UNITS, OSC. PAR. BS8UARE- 3.081 rERMISQ

NL1
NL2
NL3
NL*
NL5
NL6
ML 7
Nl«
NL9
AP*
Af 5
AH6
APT
AU8
AP9
AM*
AMS
AM6
AM7
AMH
AM9-

PROTON(S)

0.00000
0.00000
-.00000
0,00000
0,00000
0,00000
0.00000
0.00000
0.00000
.00000

-.00010
0,00000
0.00000
0.00000
3.10S90
0.00000
-.00036
0.00000
0.Q0000
0.00000
.79727

NEUTRON(S)

O.OQ000
0.00000
».QOOOQ
0,OOOOO
0.00000
O.OQOOO '
0.00000
0.00000
OsOOOOO
.00000

-.00010
0.OQOOO
0.00000
Q.QOOOO
3.11*39
O.OQOOO
-.00035
0.00000
0.00000
O.OQOOO
.01653

7Z3 F., BET a

160 F., BET »

NljCLEON(S)

0.00000
0.00000
-.00000
0,00000
0.00000
0,00000
0.00000
0.OOOOO
(3,00000 ,
.00000

-.00020

o.coooo
0.00000 .
0.00000
6.22330
0.00000
-.00071
0,00000
0.00000
0.00000
1.613B0

•000091 GAM K

•00009, GAM •

.00 OEG

.00 DEG

O

o

R.M.S. S.P. RADIUS FOR , 2 PROTON(S) -

«.M.S. S.P. RADIUS FOR 2 NEUTRON(S>3

«.H.S. S.P. RADIUS FOR * NUCLEONlS)a 1.B8UJ F,, B E T - .00009, G A M . ,00 DEG.

*...»«.,» TOTAL H.M.S. RADIUS W.R.T. C.M.» 1.63195 F,, PHUToN R.M.S. RADIUS w.R.T. TOTAL C.M.- 1.63358 F.

.7*307 MEV.



HARTREE-FOCK ITERATIONS WITH THE PARAMETER LIST. RONI

MASS STORAGE ARRAY NAMES, RON

ROPI

ROP

FPR

FPR

FNE

FNE

FON

FON

SPE

KEN

ITERATION NO 1 FO« 2 PROTONS AND 2 NEUTRONS. NUCLEUS. HE

MULTlPOLE ANALYSIS OF NEUTRON(S) H-F PQT5 V AND DENS. MATR, Di WITH LISTING OF ALL COMPS WITH EN. CONTR, OT ,0090

SN" t 1010000) t 1050000)
VR" .40.87687 -1?,87368
VI" 0,00000 0.00000
OR" 1.37377 .23571
Din 0.00000 0.00000
FOR MULTIPOL. LAMs Oi THE

FOR MULTIPOL. LAM" li THE

FOR MULTIPOL. LAM" 2, THE

FOR MULTIPOL. LAW" 3. THE

FOR MULTIPOL. LAM" 4< THE

FOR MULTIPOL. U M " 5. THE

t 50100001 ( 50500001
-17.87368 -15.67061

0,00000 0.00000
.23571 .04044

0.00000 0.00000

TOTAL COHTRIR. TO THE POT. ENERGY IS -32.60764 MEV

TOTAL CONTRIH. TO THE POT. ENERGY IS .00000 MEV

TOTAL CONTRlB. TO THE POT, ENERGY IS -.00000 M£V
TOTAL CONTRlB. TO THE POT, ENERGY IS .00000 MEV
TOTAL CONTRIfl. TO THE POT. ENERGY IS -.00000 MEV
TOTAL CONTRlB. TO THE POT, ENERGY IS .00000 MEV

o
H

•••••••••• THE LOWEST U NEUTRONlS) STATES, ALL COMP. ,GT. .003 ••••••••••

STATE NO. 1. WITH S.P. EN.« -19.37797ft MEV., PAR." 1, OCCUPIED BY A NEUTRON(S)
ON" CO* 1« -1) t?.* It -11
HP" .9907529 .1356784
IP" 0.0000000 0.0000000

STATE NO. 2» WITH S.P. EN." -19.377974 MEV., PAR." 1, OCCUPIED BY A NEUTRON<S>
ttN» tDi 1, 11 [2, 1, II
SP" .9907529 .1356784
IP" 0,0000000 0.0000000

STATE NO. 3i WITH S.P. EN.
8N» tit 3, U
RP« 1.0000000
IP" 0.0000000

STATE NO, 4* WITH S.P. EN.
ON» tl* 3, -11
RP" 1.0000000
IP» 0,0000000

STATE NO. 5. WITH S.P. EN.
ON* tli 3. -31

3.05796? HEV.. PAR." -1, OCCUPIED BY A

3.057962 MEV., PAR." -1, OCCUPIED BY A

3.058400 MEV., PAR." -1. OCCUPIED BY A



RP* 1.0000000
ipa .0.0000000

STAfE NO. bi WITH S.P. EN.n 3.058*00 MEV., PAR." -It OCCUPIED BY A
QN« tit 3t 31
HP" 1.0000000
IP" 0*0000000

STATE NO. 7» WITH S.P. EN.s 6.35101A MEV., PAR." -1, OCCUPlEO 8Y A
ON" tit It -1)
RP" 1.0000000
IP" O.OOOOOOQ

STAfE NO. 8t WITH S.P. EN.= 6.351016 MEV., PAR." -S, OCCUPlEO BY A
ON" tit It 1)
RP" 1.0000000
I?" 0.0000000

STATE NO. 9t KITH S.P. EN.a 13.1*2871 I'̂ .t PAR." 1, OCCUPIED BY A
ON" (Ot It U C2. It I'
RP" -.J356V9* .99075Z9
IP" O.QOOOOUJ O.OOOr.000

STATE NO. 10. WITH S.P. EN., 13.1*2871 MEV., PAR." 1, OCCUPIED BY A
ON" (Ot It - U C2. It -1) • ,
HP" -.135678* .9907529 '
IP* 0.0000000 0.0000000 H

STATE NO. Hi WITH S.P. EN.a 17.43901;? MEV., PAR." 1, OCCUPIED BY A °
QN"-ta. S. 11
HP" 1.0000000 I
IP* o.oooooro
STAfE NO. 12i WITH S.P. EN.* 17.43901S M£V.t Pit.* It OCCUPIED BY A .
«N« I2« 5. - U
RP" 1.0000000
IP" 0.0000000

STAfE NO. I3t WITH S.P. EN.» 17.*3915* MEV.. PAR.* 1, OCCUPIED BY A
QN" Ĉ t 5, 3J
RP" 1.0000000
IP" 0.0000000

STATE NO. 1*. WITH S,P.EN.= 17.*3915* MEV., PAR.= 1, OCCUPIED HY A
QN» CZt 5, -31
RP" 1.0000000
IP" O.OOOOOOQ

REMAINING S.P. OHHirS AT ENERQIES(MEV)

17.*39** l7.*39** 19.73509 19.73509 19,73533 19.73533

HULTIPOLE ANALYSIS OF PROTON(S) H-F POT. 1 AND DENS. MATR. Dt WITH LISTING OF ALL COMPS WITH EN. CONTR. GT .0090

QMa t 1010000J C 105000L t 5010000] I 5050000J
VS" -39.9072i -17.78*''^ -17.7B47* -14.32646
VI* 0.00000 0.00000 0.00000 0.00000
OR" 1.3T5T1 .23015 .23015 .03850
DI" 0.00000 0.00000 0.00000 0.00000



FO«

FOB

FO»

FOB

LAM= Ot THE TOTAL CONTRI«. TO THE POT, ENERGY iS

LAM= It THE TOTAL CONTRIB. TO THE POT. ENERGY IS

LAM= 2, THE TOTAL CONTRlH. TO THE POT. ENERGY 15

LAM* 3, THE TOTAL CONTBlR. TO THE POT. ENERGY IS

LAM= 4, THE TOTAL CONTRlR. TO THE POT. ENERGY IS

LAM* bt THE TOTAL CONTRlR. TO THE POT. ENERGY IS

-31.81938 MEV

.00000 MEV

-.00000 MEV

.00000 MEV

-.00000 MEV

.00000 MEV

•••»••&••• THE LOWEST U PROTON(S) STATES, ALL COMp. ,GT. .003

STATE NO. It >*ITH S.P. EN.a
UMS [n. 1. -11 t2t It -11
Ho» .991147.? .1327677
[p* O.flOOOOOU 0.0000000

STATE NO. 2t *1TH S.P. EN.=
,1N« tOe It 11 12. it 11
HP* .9911472 .1327677
IP* n.OOOOOOfl 0.0000000

STATE NO. 3. WITH S.P. EN.s
gu* (li 3i 11
HP* 1,0000000
IP* n.ooooooo

STATfc NO. *t "ITH S.P. EN.s
UN* tit 3, -1J
MP" 1.000000U
lp* (i.OOOOOOU

S T A T E NO. 5t WITH S.P. EN.a
tiH* Clt 3, -3)
HP" 1.0000000
IP* n.oooooou

STATE NO. 6t "ITH S.P. EN,=

UN* Clt 3. 3)
BP« ;v.ooooooo
IP* o.oonooou
STATE NO. 7, MITH S.P. EN.*
UN* (It It - U
HP* 1.0000000
IP* D.OOOOOOU

STATE NO. Ht "ITH S.P. EN.=
UN* (It It U
HP* I.OOOOOOU
IP* 0.0000000

STATfc NO. 9, KITH S.P. EN.s
<JN« t'l, 1, -11 t?» It -1}
HP« -.13?7677 .9911472

IP* finnoooooo o.uooooon

-18.670839 MEV.t PAR." 1, OCCUPIED BY A PROTON(S)

-1R.670839 MEV., PAR.* 1, OCCUPIED BY A PROTON(S)

•.091B7S MEV., PAR.= -1, OCCUPIED BY A

4.091875 MEV., PAR.* -1, OCCUPIED BY A

4.O92309 MEV.t PAR.s -1, OCCUPlFU B Y A

4.092304 MEV., PAR.s -1, OCCUPIED 8Y A

7.379135 MEV,, PAH.* -1, OCCUPIED BY

7.379135 MEV., PAR.= -1, OCCUPIED BY A

14.071821 MEV., PAR.= 1, OCCUPIED BY A

O
CO



STATE NO. lOt WITH S.P. EM.a 14.071823 MEV.. PAR.- 1. OCCUPIED BY A
QN« COr 1. U ta. 1* II
Rp* -,i3?7677 .9911*72
ipa 0.0000000 0.0000000

STATE NO. lit »*!TH S.P. EN.» IB.37*921 MEV.t PAR.» It OCCUPIED BY A
ON* IZf 5. 11
RP« 1.0000000
IPs 0.0000000

STATE NO. U« «ITH S.P. EN.« 18.374921 MEW., PAR.- 1, OCCUPIED BY A
UN- (?, 5. -1J
Rpa l.OOOOPOU
IPa 0.0000000

STATE NO. U . WITH S.P. EN.« 18.375062 HEV.t PAR.* 1. OCCUPIED BY *
UN- C2t 5. 31
HP* 1.0000000
]ps 0.0000000

STATE NO. U . KITH S.P. EN.a 18.37506? MEV.. PAR.- 1. OCCUPlEO BY A
3N- [2* 5, -3)
RP- 1.0000000
ipm Q.OOOOOOU

S.P. ORBITS AT ENERGIES(MEV)

18,37534 1B.3T534 20.6672B 20.66728 20.66751 20.66751 O

••••••»••#»••••*••••

TOTAL BLUING ENERGY* -11.52663 MEV, TOTAL PROTON POTENTIAL ENER6Y= ,-31-81938 MEV. TOTAL NEUTRON POTENTIAL ENERGY. -32.60764

OELTAPN ENEB6Y- .78826 MEV, TOTAL ONE-HODY ENERGY- 52.90038 MEV

Of EXPECTATION VALUE OF THE 21 SYrtPLEcTlC BILINEAH OPERATOH S, IN 0IMENSI0Nl.ESS UNITS, OSC. PAR. BSBUARE- 3.081 FERMISO

NAME

NL1
NL2
NL3
NL4
NLb
NL6
NL7
NL8
NL9
AP4
APS
AP6
APT
AP8

PRUTON(S)

0.00000
0.00000
.00000

0.00000
0.00000
o.noooo
0.00000
0.00000
P.00000
.00000

-.00002
0.00000
0.00000
0.00000

NEUTRON(S)

0.00000
0*00000
•QOOOO

0.00000
0.00000
0.00000
0.00000

o.oooao
o.uoooo
.00000

-.00002
0.00000
0.00000
0.00000

NuCLEON(S)

0.00000
0.00000
.00000

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
.00000

-.00004
0.00000
0.00000
0.00000



AP9
AM*
AM5
Atjft
AHT.
AM8
AM9

3.07051
0.00000
••.00008
0.00000
0.00000
0.00000
.64467

R.N.S. 5.P. RADIUS FOR 2 PHOTON(S)

R.M.S. S.P« RADIUS FOR 2 NEUTRON(S)i

3.07363
0.00000
••00008
0.00000
0.00000
O.OoOOO
.65854

6.14414
0.00000
-.00017
0.00000
0*00000
0.00000
1.30321

1.93329 F.t BET • .0000?« OAM >

1.92900 F,, BET • .00002* OAM >

R.H.S. S.P. RADIUS FOR 4 NUCLEON(S)* 1.93114 F., BET • .00002. SAM •

.00 DEO>

.00 DEG.

.00 DEO.

TIMEPRT CALLED BY MUS.T1P *T LINE 9, CP TIME" 19.055 SEC. SYSTEM TIME 18.35.10.

FOR «PQt«MPOL"

FOR KPOLiMPOL"

FOR KPOL.MPOL"

FOR KPOL;^POL-

FOR KPOLtMPOL"

FOR KPOLtMPOL"

FOR KPOLtMPOL"

FOR KPOL«Mi>OL>

FOR KPOLiMPOL

FOR KPOLtMPOL"

CALLED

COMPUTATION OF MULTIPOLE MOMENTS

0 .MOMENT* 2.00000E*00 »IN UNITS OF BSUR, MOMENT- 2.000OOE*00

0 aMOMENT" 1.31379E-04 «IN UNITS OF BSttR, MOMENT- 4.04842E-04

0. iIN UNITS OF BSUR, MOMENT- 0.

2.5140BE-0B tIN UNITS OF BSUR, MOMENT-

2 •MOMENT"

0 •MOMENT-

2 iMOMENT*

4 .MOMENT"

0 •MOMENT"

2 •MOMENT-

« 6 4 .MOMENT-

0.

0.

0.

0.

0.

6 6 .MOMENT- 0.

•IN UN;TS OF B3U3, MOMENT.

•IN UNITS OF BSUR, MOMEMT-

.7N UNITS OF BSUR, MOMENT,

•IN UNITS OF BSQR, MOMENT-

•IN UNITS OF BSQR, MOMENT-

•IN UNITS OF BSUR, MOMENT*

2.38725E-07

0.

0«

0.

o.

0.

0.

,IN UNITS

•IN UNITS

•IN UNITS

,IN UNITS

•IN UNITS

•IN UNITS

•IN UNITS

•IN UNITS

•IN UNITS

•IN UNITS

OF F»»KPOL

OF F»»KPOL

OF F»»KPOL

OF F»»KPOL

OF F»»KPOL

OF F»«KPOL

OF F»»KPOL

OF F»*KPOL

OF F#»KPOL

OF F«KPOL

o

8Y DENSITY AT LINE 21• CP TIME" 19.H32 SECt SYSTEM TIME I8.3S.12.
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APPENDIX III

DEBUGGING & ERREXIT MODES

A COMPASS multiple entry point routine

(FTNUTIL) is included in the code for debugging purposes.

The statement call TIMEPRT(TIME) will print the CP-time,

the system time of day and return the CP-time in TIME. The

CALL TRCEBCK statement works out the calling sequence in

nested subroutine calls. The CALL TRCEDMP(p1,p2,p3,•••spk) ,

k <. 20 will print the parameter list p. either as single

variables or as arrays.with 3 formats, 1PE25.14, 116, and 0 20
T

In the array mode of print out 3 parameters must be given,

P-» P*+v> P- + 9 "i't*1 P- being the location where printing

begins, p.+, = 2HFL and p- + 2 ^
s && integer specifying the

number of consecutive locations to be printed. The last

entry point is reached with CALL ERREXITCp^,••?,pk). This

will first trace back then trace- dump as above then dump

the xfer package and 4000„ locations around the call.

Finally EXIT is called. All exits from EVALIN result from

Tialfunctions of the program. The trace part of ERREXIT will

supply the name of the subroutine and the line number. A

list of these exits is given below and the problem which

caused it is explained.
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SUBROUTINE

EVALIN

EVALIN

ADLONG

ROCONIP

LINE

58

70

7

19

READIN

READIN

33

35

READIN

CARTOJ

POLTRA

TRIMUP

NOLMIN

LINCOM

SCALN2

DISTRAE

CNNJKTE

EXFI1BP

37

100

17

8

15

12

17

29

16

41

PROBLEMS

TA control block on input tape was mis-
read by REDFAT1. F array does not exist.

ICON array of EVALI should not point to
a non positive RNU data set.

F array appears to be more than 16000
long, need more core.

RO is not hermitian, suspect bad symmetry
properties of the F array or erroneous
matrix diagonalisation during previous
iteration.

Last entry of current card set should be
the cartesian dimension of IDSC; bad
cards, or cards punched for a different
basis than the present assumed one.

The present basis is being overwritten,
see 33 above.

Too many or bad wavefunction cards.

Too many states for the size of the
STUCO array.

need a bigger array to handle this state.

bad calling sequence. ND should have been
larger than N.

array CP too small,

array C appears to be too small,

array CP appears to be too small.

array CP appears to be too small.

array CP appears to be too small.

The required state was not found, bad
calling Sequence to INBINS.

EXFI1BP 48 Missing state or bad matrix elements.
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SUBROUTINE

HARFIT

TRVEROJ

LINE

34

27

VEEBAR

PROBLEMS

RO**2.NE.RO, bad density matrix suspect
diagonalisation or F array.

TRVEROJ and IDACSET disagree on the com-
puted dimension of a J subspace.
Suspect bad calling sequences.

11,12,18 Bad F array, suspect mass storage
read operation or the construction of F,

CALHNL 17 number of nodes +1 must be .GE.l.
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APPENDIX IV

CONTROL OPTIONS IN BLOCK DATA

All the data cards of EVALI can be set to

specify the flow of the program. IPUNCH may be set to .F.

to inhibit punching of the wavefunction cards by WAVPUN.

The card header is also printed when cards are punched,

to facilitate identification of the cards.

The variable EPS may be increased to .1 if

only the major components of the wavefuncxion are to be

printed. The amount and detail of the printout can be

increased by raising IPR up to 10. The cranking loop in

NWHART will be implemented by writing the names of the one

body operators etc... (see NUHART) in EXFID. ITER and ITCR

give the number of iterations in the main call and in the

cranking calls. TNAME, HBWA and IBLK specify the force

parameters. TNAME is compared with the name read from tape*

HBWACI) should have the value of -nto for the Ith block on

the tape while IBLK specifies which block is to be used.

The arrays ICON(2,40) and RNU(5,40) specify

the sequence of nuclei which will be treated in one run of

the program. RNU(59K) contains 5 pieces of initial data

belonging to the Kth nucleus. The first 2 items are the

number of protons and neutrons stored as real numbers. The

next one contains the name of the nucleusv up to 10 charac-

ters left adjusted, in internal BCD mode. The last 2 items
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are the real values of gamma, the non-axiality angle in

degree, and B , the potential deformation parameter.

They are used by the overlay ELMOSE to determine the

initial trial wavefunction from Nilsson's deformed ellip-

soidal oscillator model.

The sequence in which these initial nuclei

will be considered is contained in IC0N(2,J). For example

ICON(l.l) = Kl,IC0N(l,2) = K2, IC0N(l,3) = 0 will process

nuclei K1,K2 in the list of RNU, then stop. If

IC0N(2,KI) = 1, the initial wavefunction is computed using

ELMOSE, but if IC0N(2,KI) = 0 this wavefunction is read

from cards by READIN. Other control values could clearly

be added to obtain different sequences.
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APPENDIX V

MAGNETIC TAPE CARD IMAGES OF THE CODES

A copy of a 600 foot reel of %" magnetic

tape (AECL #23^-005) may "be obtained by sending a similar

blanked reel of tape to the Technical Information Branch,

Atomic Energy of Canada Limited, Chalk River Nuclear Lab-

oratories, Chalk River, Ontario, Canada.

The returned tape will consist of 3^1^

physical records of 80 external 7-track BCD characters

each, recorded at a density of 556 bpi. Each record is

separated by a 3/U" interecord gap and contains one card

image. The listing of appendix I was made from this tape



TABLE 1

THE SINGLE PARTICLE BASIS USED IN EVALIN

n

16
15
14
13
12

11

10
9
8

7

6
5
4

3
2

1
0
2
0
1

0

1
0
1

0

0
1
0

0
0

2
5
0
4
2

4

1
3
1

3

2
0
2

1
1

3/2
11/2
1/2
7/2
5/2

9/2

1/2
5/2
3/2

7/2

3/2
1/2
5/2

1/2
3/2

N = 2n+£

4
5
4
4
4

2
2
2

1
1

'cumulative

82

50

40

28

20

1/2


