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ABSTRACT

A computer code is described which performs an extended
Hartree-Fock variational calculation for the intrinsic
state of lighter nuclei having up to 82 protons and 82
neutrons. An exact treatment of the kinetic energy of

the center-of-mass and the Coulomb two-body interaction

is developed. The self-consistent orbitals can mix all
the basis states including the time-reversed pairs but

are restricted tc having good parity; this results in

an improved variational approximation which can be applied
to odd nuclei. The neutron and proton wavefunctions are
treated separately so as to exhibit the isospin violation
due to the Coulomb force. The matrix elcments of the nu-
clear interaction must be supplied as initial data. The
initial trial wavefunction is taken to be that of the
Nilsson model. Using the semi-realistic interaction No. 2
of Saunier § Pearson most calculated quantities are found

to be within 10% of their experimental value, for nuclei
with 4 < A < 40.
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Code FORTRAN IV (CDC 6600) permettant
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Résumé

Le code d'ordinateur décrit dans ce rapport effectue
un calcul ‘variationnel ‘Hartree-Fock &tendu pour-1'état -
intrinstque de noyaux légers ayant jusqu'd 82 protons et
82 neutrons. Le ‘traitement exact de 1'énergie synétique du
centre de masse et de 1'interaction Coulomb 2 deux corps
est expliqué. Les orbitales harmonieuses peuvent mélanger
tous les etats de base y compris les paires 3 temps inversé
mais elles doivent avoir une bonne parité; ce qui permet °
d'obtenir une ‘approximation variationnélle améliorée -
pouvant ®tre appliquée aux noyaux -impairs. Les fonctions
d'onde des protons et des neutrons sont traitées ‘séparément
ce qui facilite la détection de-toute violation de 1'isospin
due 2 la force ‘de Coulomb. Les - éléments de la matrice de '
1'interaction nucléaire doivent 2tre fournis comme ‘données

initiales. ‘La fonction ondique de 1'essai-initial est
considérée comme étant celle du modeéle de Nilsson. En
-utilisant 1'interaction semi-réaliste N°2 de Saunier &-Pearson,
la plupart des quantités calculées Scnt cantonnées dans 10%

de leur valeur expérimentale, pour les noyaux ayant 4 < A< 40,
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‘Laboratoires Nucl&aires de Chalk River = =
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1. INTRODUCTION

‘It has become increasingly;clearvover the past

few _years that quantltatlve solutions. of the_nuclear many—,

“figuration spaces::
fHamfltoniangéonsistingidfithekoﬁeAbody}kinetic‘energyaopera—
“tor T, ‘and:-the: two—body interaction potential: V(z), we must

solve: the Schroedinger equation
H|y> = E|¥> | (1.1)

in'orderrtOﬁobtain.the'energy;eigenvalues:and,eigenfunctions
of the many-nucleon system.  Since |¥> is antisymmetric in
the-Arnscleon¢000rdinates, it-mayrbe;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 |¥> up to: about 300 MeV.

‘ | '“,Theﬂprbbable7reaspn'for this lack of conver-
'*gence;qfssspis;t9~1¥>}is;that |w>‘exhibits two-body corre--.
1ations,foyer_bethflaréesand?smsii distanees,,Which_cannOtﬁbe

:noh’think'of‘the many-bodyi-‘

'represented by SSD s.;;If:'
rHllbert space of states of tne |T> s-as being-a direct product
f:of one-partlcle spaces we ‘ecan dlstlngulsh roughly three ingre-

~u1ents whlch must be: present 1n order to obtaln ‘an accurate




' representatlon for |W> (1) the 81ngle partlcle ba81s should.

have a large dlmen31on, (11) hlghly exclted 2 partlcle 2 hole

(,,

=,orthonormal many-body bas1s remalns out of the bound of even;‘f

present day large, fast computers} However 1t 1s”st111 pos-fl SRR
s1b1p to nake quantltatlve predlctlons about thefstates,

fﬁ,even when the bas1s 1s truncated heav1ly,'“f?a dlfferent %ngr

effectlve Hamlltonlan H appropr1ate4fo
1)

ne part1cu1ar

case all therhobservablesih'h,_
. ' 2).

“truncatlon

1s used In:thi

"tﬂcounterpart

'voperators 1nstead of the states For he purpose of low—ﬁ"”.:

}whlchpw ww11¢ ca11 V

“from ‘now’ on, such that only 1ngred1ents (1) and (111) remaln: 
'“}ln IT> Tt 1s further belleved that, as’ long as short range5

~.f:“effects are not 1nvclved, 1t w11¢ be poss1b1e to compute theh"

f'matrlx elements of any observable: w1thout rencrmallzlng



~them agalnst effect (11) Bu g 1f chat last provxso holds,

' we need not have: an. exact mathematlcal prescrlptlon for the

xact hlghly 81ngular 1nteractlon to

our (Smooth) V(2)

Such a semlwreallstlc V(z)lhas been

recently developed by Saunler 8 PearsonS); Thelr potentlal

‘~managea lewproblem.% We can dlstlngulshgroughly two approaches S

,tO this questlon.c In shell ‘model calculatlons the Slngle=f“w

;7"part1cle ba51s 1s flrst heav1ly truncated the 1nteractlon

(2)

is then renormallsed once more (V +G) and as manv Conflg—"“

urPtJons of type (111) are retalned as +ne 51ze of the matrlx _;

‘d1agonallsatlon problem w1ll allow The usual net result of

‘ 'such calculatlons JS that one obtalns a rather large (perhaps‘

715 30, 1n;fhe<s d_shell) number of elgenstates, w1th:moder? e

waccuracy for any 81ngle one, and requlr;_ Lsubstant 11

- amount offtype (1) renormallsatlon to cbtaln tran51tlon‘,?tr

ceiofg ffectlve'charges) r‘he second approach’

“tls the object of thls report, and conslsts 1n retalnlng the

\

i,flargest p0531ble 81ngle partlcle ba31s (effect (1)) "neil' o

then concentrates on: obtalnlng type (111) correctlon for a

‘very llmlted number (l—S, say) or elgenstates, usually near .

o the ground state.;;to do thls, the unrestrlcted Har*ree-Fock

~flvar1atlonal'method should

3”clude projectlon to rectore the T




- symmetries which may be violated By the variational mixing.
Although a smaller number of states are described in this
way, the accqracy;of=thegwavefunctions&is;improved,-with‘
the result-that:littleé.or no-operation renormalisation is
required (unrenormalised transition operators may be used).

TActualiy, 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
descriptionaof'the methods used is warranted both for its
own sakeiand"as'a*stepﬁtowards’fupther elaboration~of'the
presentawork; |

- The ‘main new features of the code are i)
extensive use of the "Wigner-Eckart theorem", -although
defOrmedfstates are. considered throughout, ii’ a flexible
modular -construction where each subroutlne package performs
a glven phy51ca1 or mathematlcal step, 111) liberal use of"
r random—access mass storage fac111t1es, 1v) con51derab1e
flex1b111ty 1Lc1ud1ng a complete Nllsson ‘model.-code (ELMOSa))fw
- forthe 1n1t1allsatlon procedure Wthh supplles the start=
iylng SSD trlalxwavefunctlon.aifs*—*““‘*

wThefflrst feature alloWSJauseveral—foldi"

'v,’1ncrease in’ 5peed over. the conventlonal methods, while ‘the

p'next two greatly fa0111tate exten51ons and modlflcatlons

: for spec1al purposes.@ Theulastwfeatune %saofenear%vltalﬂ~ﬁifﬁk



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 involvedﬂin
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 terminatissf 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 regquired at the outset. A separate program
EVAFME is also described here since it uses novel methods

which considerably increase its speed a:d flexibility.



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 BarangerlO). 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 Hamiltonlan is the

following sums of one and two body terms

A A
H= J T(n) + §} V(n,m)
n=1 n=1
m>n
(2.1)
A A
= § T +3 ] Vm

n=1 ném=1

where T(1l) depends on the coordinates of the first particle
only and V(1,2) depends (symmetrically) on the coordinates

of particles 1 and 2 only, etc. Typically T(n) will be the
kinetic energy of the nth nucleon %ﬁ1gn|2, and V(1,2) is a

complicated interaction between the two nucleons which will

be discussed later on.



The coordinate (or classical) expression (2.1)
needs to be rewritten in the quantum mechanical second quan-
'tisation formalism. We let C+a’°a be a set of ferﬁion crea-
tion and destruction operators obeying the usual anticommuta-

tion relations and we define our single particle basis
= T - -
<r|a> = <§[c al0> = ¢a(g), o =1, -——, B . (2.2)

We now state the precise definition of ¢u(r) which has been
used throughout in this work. The index o stands for u

labels: n_,
a

tﬁe'radial label,ja,ma the total angular momentum
and its projection along the z axis, and t,, the isospin pro-
jection, which is -% for neutrons and +% 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

<p|njm> = Rng(g)(i)g ) Ym’"(e,¢)xg x

; (2.3)
C(Z;éj;m‘u:u sm):

where an(r) is the normalised radial wavefunction for a
particle in a 3-dimensional harmonic oscillator of fréquency
4w, and oscillator parameter b ﬁ- Following Brody &

11)

. _ T
Moshinsky we have for an(p), (p = g



, . ,
' 2 -1 1
R ,(p) = |—2m |7 p% omEe a2y, (2.4)
ni T(n+2+3/2)
where Ln(z) is given as
. . __ D _ ,
L3z) = L % 273 2 _ (72 Y | (2.5)
n . azn

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

wavefuncticon and Rn is positive at the origin. The Ym(9,¢)

L
are the usual spherical harmonics of Condon & Shortley and
x£ is the appropriate spinor. Under the time reversal

2
operator T we have

- - ) N . -
(it )™ = COPRGR™, T = CLEH . (2.6)

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
current shell model calculations. The factor 1% has been
introduced in order tc insure that under time reversal the

states |[njm> will transform as
< Tlajm> = (-3 ™ |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.



Using c, and c+u it can be shown that eq.

(2.1) can be rewritten as

1.
H=J <a|lT|>c’cp+% ] <aB|V(1,2)|Y6>chgc5cY, (2.8)
opf aBy$S
where
3 E
<a|T(1) B> =./; 16, (2)T(re,(ry),
and (2.9)

3. .3 % %
<aB|V(1,2)|yé> =~/; r,d 22¢a(pl)¢6(gz)V(gl,gz)¢Y(gl)¢6(§2).

We next defined the antisymmetrised, unnormalised matrix

elements UaByG as

UaByG = <aB|V(1,2)|y6>-<aB|V(1,2)]|6y>

(2.10)
= —UBayﬁ = -Uasﬁy = UBaGY ?
so that (2.8) takes the convenient and standard form
- 1‘- N 1- 1'- 2.11
H=7J TogCalg * & Y Vogys CaCBCsCy ° ( )

aB aByd
The rotational invariance of H can be used to apply the

Wigner—ECkéft thebrem to V giving the decompositions

aBYG’
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) F(acde)sBs?C(jaij:ma,ﬁéM) C(jdij:md,a ,M)
JM

UuBYS

(2.12)

I G(abedd)Ci3_3
JM

bJ;mambM)C(]c]dJ;mcmdM),

where the second decomposition is the usual shell model one,

apart from the normalisation, while the first one is more

]~
Ja My

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

ﬁ& = -m,- The F reduced matrix elements may be obtained

from the G's with the relation

F(acdbg') = - § (20+1)W(G 343 34390 ")6(bacdd) . (2.13)
J _

Let us now consider a single Slater determinant

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

Tt i '
lo,> = £, £, oo+ E. |O>, : (2.14)
A A 7Ay Ay
where
¥ o_ F _
£y ) U,xCq ° A =1, »--,A , (2.15)
a

and Uak is a (complex) unitary transformation of the (fixed,

laboratory, expansion) basis. The one-body density matrix
A B a
Pag = céca has, on this state, the average value

Pop = <¢A|ﬁa8|¢A> = <¢A1cgca|¢A>,= ) Uakugh' (2.16)

A occupied
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The average density defines the average potential energy

matrix

GaY =) Vagys Psg - (2.17)
B

This potential together with Tuy defines the so-called

Hartree-Fock Hamiltonian hay as

h = T + v . (2.17a)
The variational minimum to
8y <¢A|H|¢A> =0 , (2.18)

where one varies with respect to the parameters of the

unitary transformation UaA can be shown to lead to the selfi-

consistent eigenvalue equations

) hoe Upa = €aVan? (2.19)
B

where the eigenvalues g, 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

aB

is itself a function of U through equatlons (2.17) and

al®
(2.16). The self ‘consistent U is found by flrst selectlng
an initial U° then computing h from it and diagonalising it

to get a new Ul by populatlng the states of lowest EA This

process is 1terated untll ho further change in U is dntected
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The eq. (2.17) is not practical to use when
B is large because there are " or, in this case, approxi-
mately 45 million matrix elements VaByﬁ' We shall want to
use only the F matrix elements of eq. (2.12). This can be
accomplished by usinga slight variation of the Wigner-

Eckart theorem for paB and VaB' We write

. —l s = s s - o= My, ,
<a]ama[v|63bmb> = Vag T Sq ) L(jb]aJ;mb,ma,M)(]aﬂvJ Hjb) (2.21)
J

as the defining equation for the "reduced matrix elements"”
R ¥ . . i . e w My

(]aHVJ"Jb). A similar equation defines (jaﬂpJ”jb). We

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

new equation

. =M _ . w My
Glvila) = § Flea,dbs D Gpfegliy) (2.22)
bd

This equation involves far fewer matrix elements of the
potential (¥ 15000 in the present case) and was used 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 o T et e tm ey I8 e e 1o
Galvglip) = L i osmy,Mm ) (-1) Ggotimg [V]Igm>-

o S S . ; ‘

c (2.23)

The valueVOf <¢A!Hl¢A> canfbezoompufed‘and we obtain
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Eg.p. = <balllog> = I (Toavhs Voodeg, . (2.24)
af

These, then, are the basic equations which
were used in 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,ed3;J) = F(ed,ab3;Jd) 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 Pag is hermitian, as can
be seen from its definition (2.16). This implies the sym-

metry property for its reduced matrix element (janpﬁﬂjb)

. -M. . . . Mpy. =
Gller 13,0 = 83 -3 ,-M G lleslli0 s (2.25)

with 68(atb+ .-.) = (—l)a+b+.", so that only the matrix ele-

ments with M > 0 need be stored. This property is useful
when computing the traces involved in eq. (2.24). In terms

of reduced matrix elements we have

— a ) — Ly M - . “Pq 2 %
Tr[pV] =;ZB,devBa =3 1 (2—6M,0)Re[(1bﬂoJHJa>(JbHvJﬂJa> ]
a - :

J Jalp

(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.
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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

operaiors are constructed:

i) the 21 symplectic operators of Lipkian):

r.ry (6 operators), Py Py (6 more),rkpz (9) k,% = 1,2,3

ii) rLYE(e,¢), 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 1i) is used to evaluate the multipole

moments of the intrinsic state |¢A>. The set i) is obtained
by relating r, and p; to harmonic oscillator creaticn and
annihilation operators in the cartesian oscillator basis,
Linear ccmbinations of the opefators‘above were computed as

follows, in units of bz,

3« A P-Pifpirj L o N , .
Ny = 1 9y —=H = 1,000,095, (2.274)
i3=1 o o B

+ 3 DsDs il . |
A— = 2 Qlif (J_—Jé_-l._l-) A =,+,--. 3 9:;,, (2a27b)
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where the 9 3x3 matrices QA are

0 0 0 0 0 1) 0 -1 o]
g =|0o o-1f, g =]0 0 o}, g, =1 0 of,
Y 0 1 0 % 1 0 0 & a0 0
1 0 0 10 0 0 0 0
@, =|0o-1 0|, & =|o-1 0} 9 = |0 0 1},
o 0 o] 0 0 2 0 1 0]
00 1 [0 1 o0 L 0 o
97 =0 0 Of, 98 =11 0 o0}, Qg =10 1 0O
= 1 0 0 0 0 0 0 0 1

The precise definition of the set ii) is
M L 4w

_ M L M, .- |
QL = r >TFT YL(6,¢) = r CLFG,¢), L even

and its matrix elements are given by the formula

2=, . ,
[ g | M s = 2 +]-m 213t e M 1p! L
<n’8'j'm [QL[nzjm> = (-1) C(i'iksm'mM)(n'' [r|ng)
L Gerirfea) e (2.28)
V2141

The radial matrix element is evaluated in the usual manner

while the angular reduced matrix elemeht;isngiven by Edmondslg).
=< . e pogt
The additional factor (-1) < reflects the phase convention

adopted here.

The computation of:the~m§ffix elements of the

4

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



Apart from the nuclear potential the following operators are

need=d:
A
2
z lgn—:gml [}

n#m

N

(2)
R

A

I Ip-p
n#m

m2z (2.29)

<
~
N
~
N

~~
N
S’
N b
~1
'_J

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;j
thus two sets of VR and VP must be obte‘ned. 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 impdrtant features of this

czlculation.



2.3 THE CENTER-OF-MASS PROBLE4

The initial trial wavefunction supplied by
ELMOS very nearly puts the center-of-mass (CM) of the
nucleus in the ground state (0s) of a harmonic oscillator of
the same frequency as fw, the basis frequency. Now the one-
body kinetic energy | |2
p
Ttot = g 2;

contains TCM’ the kinetic energy of the CM. If we iterate

using T the final wavefunction will also tend to minimise

tot

TCM’ 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 or by adding to T \Y

ey from T, g tot® VCM

t

1

- 2 2 _ (n)
Yom = 7 M gy 1BI% B = £

-~

A .
| % , (2.29)

n=1"
which will bind the CM in a harmonic oscillator potential.
The present che uses the first method; fhe second one is
useful when it can not be established that the:initial SSD
has the desired CM wavefunction. The form of T

= T

1~ Tiot TomM

can be obtained as
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1 ]
rel A A e S I

(2.30)

2 .
T =2JLH_|__ y p™e m' n m'!z 1 ()
n

nm n#m

This last equation shows that the Hamiltonian in the relative

L]

coordinate system hias nc 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
1 n 2 _1 (2)
el = A Y Ir"-Rr|C = = Vg . (2.31)

>

n=1

The difference beiween (2.31) and the simplified expression

% ) Irn|2 goes to zero for heavy nuclei but is apprecziable
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 & NEUTRON DENSITY MATRICES & 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 gquantum numbers (n,j",m,tz).
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
submatrices gp and n each of which breaks up further into
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 Pr of a given J" therefore contain

P
only J+ terms since Ty T M M- The complete set of reduced
matrix elements of F in (2.22) has the labels
F(ctc,ata,dtd,btb,J“). From the properties of p and the

eq. (2.22) we see that only'the J* matrié 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(db,casd), (2.32)

the F matrix breaks up into the submatrices

FJ FJ
122 pn
F = , (2.33)
FJ FJ
np nn

where the subscripts label the two particle hole pairs (ca

and db).

Furthermore if we let p,0 stand for the two

pairs ca,db it can be shown that

J
F_._(p,o
DD p,0)

J
b

J
n

J
n

F F

P(o,p) n(p,o) F n(c,p) s (2.34)

and

J J J Jd
Fpn(p,o) Fpn(o,p) an(p,o) an(o,p) . (2.34a)

Using the p,0,n notation for pairs of labels, the equation

(2.23) can now be rewritten as

M : M
V’}Pw) =¥ (ng(cr,n)pJp(n) + F(o,m)pg (),
n
(2.35)
M J M vl oo M .
Vi, (0) = ) (Fpn(c,n)pJP(n) + an(c,n)pJn(n))) .

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 Talmanlu) has been
used with success.
. (1,2) .
For any two-body potential V , the anti-
symmetrized F-matrix element can be written as
I tigM g
F(ab,cd;J) = f(abedJ) - (-) Z (2J'+1)(-)
Jl
W(jajbjcjd;JJ')f(écde'), (2.36)
where
- (1,2) D
f(abedJ) = § <a8 |V ? V|8y> C(3 3, d5m m M)
ma-mb=M -
mc—md=M
x C(chdJ;mcmdM)SBss. (2.37)

When V(1,2)is a central force, i.e. V(1,2) = V(Igl—y ),

o
Talman's scheme yields the formula
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o3 ~i e e -2 -2)/2 5.5.35 3
fabedJd) = c_c,ec c.(-) 2 ¢ 8 ¢a-d a~b-c’d

a®p%e®d rED
: 3 379 T—ce
WL, % 3,3, 30%W(R 85 ] 45d%) \i\\cNJ\MJ R(NMJV) I, (v), (2.38)

NMv

where ﬁa = /2]a+1; we refer the reader.to Talman'slu) equa-

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

of the normalisation coefficients cs the transformation

coefficients CNB and R(NMJv) respectively. Here Iv is

the Talmi integral

® _gv+2 _-r?
I, = um r e V(Y2 r)dr . (2.39)
’ o
e2
For example the case VC(1,2) = TEI:E;T- gives
IV = e” L v,
v V2

for the Talmi integrals of the Coulomb potential. The equa-
4
tion (2.38) implies the useful selection rules J + 2_ + Zb

= even, lc+2d+J = even, and the symmetry relations

f(abedd) = f(cdabJd) = -6(abJd)f(bacdJd).
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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 Hw. They are
first on the tape and require €6 blocks of data. There follows
'a variable number of sectioné consiéting of U4 blocks each and
pertaining to the various values of fiw for which nuclear force
matrix elements, in MeV, have been constructed. The first
block of the dimensionless M.E. section 1s a 25 word control
block containing the number of j shells to be considered (up
to 16) and the correspondipg'lengths of the following 5 blocks.
é;;, ;;;, Vé;;, P;;Z V;;; of equation
(2.29). The»ﬂ—block sections are composed of a control block,

They in turn contain V

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

PP’ “pn

elements are included for refepence.purpqses 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(I1,12,I3,I4,J,KT,66G,0) 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
Nilsson model by calling the overlay ELMOSES). ELMOSE is
called in any case in order to geherate 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
vesults 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 extérnal 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 1is 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 uHe, 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 simultanegagly in core
only one set of two-body matrix elements and two sets of one-
body matrix elements (we view the wavefunction Uay as a one-
body array.) For this purpose one iong (15000) array and two
short ones (4000) 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 thé>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 P array contains control data.
These data are checked during processing to insure that
garbage has not been read from mass storage.

We have

F(1) = NV = number of levels in the basis
F(I+1) = I = code number of the levels described in
table I.

There follows JmaX blocks for eacﬁ positive parity J value
occurring in (2.12) (Jmax < 7). The first element of each
block is set to 6u4%J + DIMJ, wheré_DIMJ'= tae number of
different pairs (ja’jy) which can coﬁpie to J'. Within a
block the element FJ(L,M) is located at the position
L + DIMJ*(M-1)-M(M-1)/2, L > M. In the pair index

L (ja’jy) the index o 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!?|j8>.

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 €AP and

€

An°®
The machine language code FTNUTIL is a general
purpose debugging and tracing code of considerable usefulness
when testing modifications to the-pfogram.
The overlay ELMOSE will not be discussed in
this report since its coding techniques have been described

8)

elsewhere .

The subroutine.HARPIT(ITE) performs ITE com-
plete iterations including diagonalisations etec..., 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.



4, RESULTS & 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 usiﬁg the K.L.S.
G—matrixu) in an N = 0-2, 3 major shells basis and using
the Saunier—PearsonS) 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 lO%vof 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 B 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 cf the separation

energy.
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A striking feature of many of the density dis-
tributions determined here is that strong alpha clustering
effects have been observed. In particular 8Be, 12C'-'-'('.7.67 MeV),
150*(6.06 MeV) 20Ne 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 & 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
the neutron and proton radii have proved interesting7).

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.



* ¥ & &

OVERLAY (EVALINY0,0)
BLOCK DATA EVALI

EVALI ###MuSTees BE THE FIRST SUBRe OF THE (040) OVERLAY
COMMON/NUHARN/VALN (82) s VALP (82) yNP (2) yNN(2) yNAME s ITER, ITCRsATNO

1 +NORBA (41) 4NORB+BET 9 GAMD 4NPTOTyNNTOT
COMMON/CONTRSN/ICON(2'40).RNU(S;#O)oIBLK9HBOH0TNAME.HBHA(30)

COMMON/EXF IN/EXFID(2y4420)

COMMOUN/PRINLIM/EPS IPReQNO (82) o IPUNCH

LOGICAL IPUNCH
DATA IPUNCH/«T./
DATA EPSy1IPR/,003, O/

DATA ICON/S4e14040/
DATA ICON/1,14040/

DATA EXFID/0O/
DATA IBLK/1/

DATA ITER,ITCR/6+2/
DAYA ITER4,ITCR/2,2/

DATA TNAME HBWA/10H020SP2416L¢13e5017:592040010¢5925.008,0436,0¢
DATA TNAME 4HBWA/10H021SP2,6LV3s13:5917.5420,0510,5,25,048,.0,30,0,

l 15.0,0'00/

DATA RNU/?..E.QSLHE 4!-00190.94!94005LBE 8'070'009

bcoboich 129059]&000
IO.QIO-OSLNE 20904590-9
14,914,95LS] 284,504180,,
18,418, 45LAR 369.189180.9
20.’24. OSLCA 44!-15’0-'
40,450, ¢51.ZR 90,,001,0,,
6asBaaBLCH 1241,1640,,
BOOIZUOSLO 2@!.25’101;’
80912095L0 209.2591009
EOOBO’SLHE 109000190|D
laoleoSLH 20¢001450,04
B..S.obLO 16“9104690
BeePe95L0 170e050000
2-93095LHE 59.3290!9
5¢¢5.95LB 104450035,
TasBaeSLN 1590405018040
8.09u95L0 179.1090.9
9.98.95'."- 17900500‘0
10,984 s5LNE 18942590,
5404/

END

EX~NTNFPWN=OL TN WN—

8.'8.’5L0 16'.00190.’
126912:95LMG 249 ,45415.,
16e916695LS 324,38944, °
20-'20.’5LCA 400.001,0..
20-!28-’5LCA ‘89-0010009
5°||66l95LSN116’l12'°.'
Rey8.95L0% 16,.83292699
BeslloySLO 10442590,
Besl&e9SL0 249e2501700,
00’8¢|5LZ 89.00195e9
Des2495L2 29000190,
1009100 96LNE 20%91,T7900ey
BOOIOOQSLO 18001590.9
3e93495LLI 64252404,
TeoTeoSLN 14,.05,180.0
BesTeoSLO 15,405,18000
RoslUeeSLO 1844259049
9,99, ¢5LF 18,0151009
11e9011e95LNA 2246540,

PRCGRAM EVALIN(QUTPUT+TAPE]1+TAPE9=1 sPUNCH=4008, INPUT=4008)

A CODE TO DO COMPLEX HARTREE=FOCK ITERATIONS.
TAPEl MUST HAVE BEEN PRESET BY EVAFME .

LIMITATIONS, NOLVJLE«16¢1CODE MUST CONTAIN BOTH + AND- PARITIES .

COMMUON/OVERCUN/ FIRST, ISKP

COMMUN/CONTRSN/ICON(2440), RNU(5940)QIBLKoHBOHoTNAMEQHBHA(30)~

COMMON/HASES/ ICODE‘I&).ISTA(IG) IPAR(16) 4 INPO(16) o INUC(16),

1 ILCL16) +NOLVNB(2) sMUD+IDF IDSCQIDSJoJAR(l#QZ)91DAC(14014)oJMPOO

2 NBToHBUM,D5PAZ .

~ COMMON/NUHARN/VALN (82) «VALP (B2) yNP (E

QNN(Z)9NAME’ITER0ITCR0ATN0

1,2

4

Se6&

T+8

9510

11412
13,14
15,18
17,18
17,18
19,20
21,22
23424
25426
27,28
29430 -
31,32
33,34
35,36
37,38



1 +NOKRBA(41) 4NORB4BET » GAMDJNPTOT oNNTOT
LOGICAL FIRSI
COMMON/EXSYPN/EXF (69b) «SYP{21) +NOMM (20,4 3) 4COMM(20)

COMMON/CUNATPR/THBAR(30)
REAL NAMES DIMENSION CLIG (4)
COMMON/NAMEN/FPRoPTSeFPF oFNE oFNF o FUNePTD o FUF ¢ RONI yROP ¢ SPE 9 SPEXF
1 o RTS4RTD
COMMON/CLERNAT/ZALOGF {30) 4 SQRF (30)
COMMON/WUADSN/ QUIADS (54 3)
DATA FPRoPTSeFPF oFNE oFNF oFDNePTDoFUF s RONI yROPI + SPE « SPEXF
1 JRTSHRID
1/3LFPRyILPTSe3LFPF 3 3LFNE ¢ BLFNF ¢ 3LFDNe3LPTLOs3LFDF 94 LRON] +4LROPI»
1 3LKENGBLSPEXF ¢ 3LRTS+3LRTD/
DATA SYP/3|NL1s3LNLZ¢3LNL3,
1 3LNL4 ¢ 3LNLSs3LNL6¢3LNLTc31.NLBs3LNLY
1 3LAP4+3LAPSs3LAPGO3LAPTW3LAPR3LAPY,
1 3LAM4 ¢3LAMS»3LAM6E¢3LAMT 4 3LAMB s 3LAMY/
DATA COmMy =les lew log=ls9=loes los les=lagmlag=lag2e99%tl,/
DATA NOMM/ ] 4) 029203033434 9595e5909b9797+189899909:9,
1 331930102910 2019293520391939192914243,
2 Je2e3cl0l9lele2ele2e3e30293919291l019293/
DATA IBAD/
1 10100+ 202014 10201, 30302s 10300s 20302y 40403, 20401y 30403
1 10401y 50504 30502, 405045 L0500 60605y 20502y 50605s 40603,
1 70706+ 20601, 30603, 10501, 60706, 50704y 80807, 30702y 40704,
1 10700, 20702, 70807/
DATaA EXF/#LRIRI.ALRZR]94LP3R1~4LP]R1;4LP2R1 4LP3RY,
1 4LRZR144LR2R2+41L R3R214L.P1R2+4LP2R24LP3R2,
2 4LR3R1 y4LR3RZ+4LRIR3y4LPIR3Is4LP2R344LP3RI,
2 4LPIR144LPIR2+4LP1R344LPIPLe4LP2PLy4LP3PY,
4 4LP2R1+4LP2R2+4LP2R3+4LPPP1 ¢4 P2P2+4LP3P2,
5 4LP3R1 44LPIR2+4.P3R3y4LPIP144LP3IP2e4LP3P3/
DATA ELMOSE ¢NUHARTGUENSITY ¢READINGPROJECTyMULTIF/
1 6LELMOSE 6LNUHART s 7LDENSITY +6LREADINy 7TLPROJECT y6LMULTIP/
DATA MUDSFIRST/24eTa/15KP/~ 1/960C0/4*0/
CALL SFL(1100U008)
ALOGF (1)=04% SQRF(L)=1.% DO 21 K = 2 o 308 SQRF(K)= SQRT(FLOATI(K))
el ALOGF (K)= ALUGF (K=1)+ ALOG(FLOAT(K=1))
PRINT 100
100 FORMAT(1AR)
PRINT 101
101 FORMAT(//(/40X10H*********ﬁ # MULT[=-SHELL HeFs CALCs *®
1 10Hesustacsde  ///7)
CALL OVERLAY(READINs3,0)
# RETURN 1
IF(IOF.LT41) CALL ERREXIT(IDF)
0SPa2= 41,6/H80M
PRINT 1006, HBOM
1006 FORMAT (/% (0SCs ENERGY= #F10e2+% MEV.%/)

@ INITIALISE THE HF PROCEDURE.
NB(1)=NB(2)=0% DO 13.-K-= 1., NOLV$ KP= ICODE(K)$ IQ= 1BAQ(KP)
JPH= [G7100008 I7= MOD(IQ,10000)$ NT= 1T/71008 LT=. MOD(I17,100)

ISTA(K)= JPHS. IPAR(K)= 2=(LT.A¢1)S$ INPO(K)= NTS. ILC(K)- LT
IPT= 1+(LT.Asl)

13 NBIIPT)= NRC(IPT)« SHIFT(JPH:1) $ NBT= NB (1) +NB.(2).
INSC= NBA{1l)##2+NA (2) 402

D0 11 IN= 1 s 40% IF(ICON(1+IN).EQ.0) GO TO 99
ISKP= ICON(29IN)$ ILA= ICON(1,IN)S IF(ILACLTel) CALL ERREXIT(ILA)
> NPTOT- RNU(loILA)s NNTOT= RNU(Z.ILA)S NAME= RNUI(3,1ILA)
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COCO(1)= NAMES CALL REMARK (COCO)

GAMD= RNU(5,ILA)S ATNO= NPTOT+NNTOTS BET= RNU(4yILA)
NP(1)= NPTOTS NN(1)= NNTOTS NP(2)=NN(2)=0

NORR= (MAXO(NPTOT,NNTOT)+1)/2% DO 1 K = 1 y NORB

1 NORRA(K)= K $ IF(ISKPsEQs0sAasN+FIRST) GO TO S5

CALL OVERLAY(ELMOSEs1l,0)
IF (ISKP.EQ,0) CALL UVERLAY(READIN43,0)

CALL OVERLAY(NUHART+2,0)

CALL OVERLAY(MULTIP+6,40)

CALL OVERLAY(DENSITYs440)

FIRST= .F,

CONTINUE

CONTINUE

END

SUBROUTINE ADLONG(FL1,Cl4FL29C2+FLT»AS1,yALL)

COMMON/BASIS/ ICODE(16)sISTA(16) 9 IPAR(16) oINPO(16)4INUC(16),
1 ILC(16) 4sNOLVsNB(2)yMUDsIDFIDSCeTOSIeJAR(1492) 9 IDAC(14914) 4 JMPO,
2 NBTsHBUM,0SPA2

DIMENSION aSl(1),aAL1(1)

DATA FLD/3LFTD/

INS= MINO(IDF+8000)% IF(SHIFT(IDSs1)eLT<IDF) CALL ERREXIT(IDS,IDF)
CALL BUFFIN(FLIJAL1.IDF)}S CALL BUFFIN(FL24AS1l,s1DS)

bo 1 K =1, IDS

AS1(K)= Cl#AL1(K)+ C2#AS1(K)$ IF (IDF.EQ.IDS) GO TO 7

CALL BUFOUT(FLDsAS1+IDS)$ IDPl= INS+1% DO 3 K = IDPl,yIDF

ASl (K=IDS)= AL1(K)$S CALL BUFFIN(FLZ2+AL1+IDF)% DO % K = IDP1 , IDF
ALl (K)= C2#ALL1(K)+ Cl#AS]1(K~IDS)% CALL BUFFIN{FLD,ALl,IDS)

CALL BUFOUTI(FLT4ALLIDF)S RETURN

CALL RUFOUT(FLTsAS19INS)$ RETURN

END

SUBROUTINE REORDER(VALNP)

7O SUPPLY A NEW SET OF NP (MUD) .
COMMON/DUMPN/TA (100) o ITAG(100) 4 TAP(100)

DIMENSION VAL(1) 4NP(1)

COMMON/BASIS/ ICODE(16)+sISTA(16)sIPAR(16)4INPO(16),4INUCI1G),
1 ILC(16) ¢NOLVeNB{2) sMUD9IDF9INSCoIDSJIsJAR(1442) o IDAC(14914) 5 iMPOy
2 NBTsHBOM,0SPA2

NPT=0% TLA=1% DO 3 K = 1 , MUDENPT=NPT+NP (K)

ND= NB(K)E N0 3 L = 1 « ND$ TA(ILA)= VAL(ILA}SITAG(ILA)= K

ILA= 1LA+1% CALL SORTAG(TA,1,NBTs1TAG)S IF(NPT.EQG.0) RETURN

NP(1)=NP(2)=0% DD T L = 1 4 NPT

NP(ITAG(L))= NP(TITAG(L))+1% RETURN
END

SUBROUTINE ROCONY (RO4ROJ4IDIR)

WHEN IDIR.GTe0 ,
TO CONVEKT FROM RO 1N (JC.MCs/RO/JAsMA) BASIS TO ROJ IN
{JCoJAsJsM) BASIS, NOTE JA VARIES MOST RAPIDLY
WHEN IDIR .LE.0 DO THE INVERSE TRANSFORMATION ,
COMMON/HASIS/ ICODE (16)sISTA(16) s TPAR(16)sINPO(16),INUC(1GE)
1 ILC(16) sNOLVsNB(2) sMUDs IDF 41DSCo1DSJsJAR(1492) s IDAC(14914) 9 JMPOs
2 NBToHBOM,0SPA2 |
DIMENSION RO(1), ROJ(1)
1C= 1% CALL IDACSET(D1% DO 1K = 1 o 2% IF(IDIReGT,0) GO 70 3
CALL ROLONIP(RO(IC) sROJoK=I4NR(K))S GO TO 1

. CALL ROCUNVP(ROL{IC) sROJeK=14NB(K))

IC= IC+ NR(K)®##2% RETURN .
END oo e o ‘
SUBROUTINE TUACSET(IPR) - : /.

. . .
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TO GENEHATE THE HASE ADDRESSES OF ROJ(JeM4PI) IN IDAC(MyJ)»

1Pi= 1 If PI= =4 [PI= 2?2 IF PI= + .

JAR(J+3=IPIT) IS ALSO CLONSTRUCTED = DIM OF A J4 o IPIT SUBSPACF .
COMMUN/BASIS/ ICNDE(16)«ISTA(L16)+TPAR(16) INPU(16),INUC(1G),

1 ILC(16) sNOLVeNB(2) sMUDIDF o IDSC+TDSIeJAR(1492) 9 IDAC(1&914) 5 JMPO
2 NBTeHHBUM,0SPAZ

DO 21 K =1 « 28

JAR(Kgl)= 0,5 UM= 1% N0 1 K1= 1 o NOLVS JIPH= ISTA(K])

IPl= IPAR(KLIIS JUM= MAXO(JM.JIPH)S VO 1 K2 = 1 4 NOLV

J2PH= ISTA(KZ) S IPI= 1+ MODI(IP1+IPAR(KZ) +2)

JMINZ TABS(J1PH=U2PH) +1% JUMAX= JIPH+JZ2PHS DO 1 JL= JUMINe JMAX
JAR(JLSIPT)= JAR(JLIPI)+1% JUMPU= JUM+JME [LAB= 13D0 7 K =1 4 196
INDACIKs1)= 0% DO 11 JPO= 1 - 14

0O 11 MPOU= 1 2 JPOS IDAC(MPO.JPC)= ILAB

ILAHRE TLAB+ 2#JAR(JPO.1)% 1DSJ= TLAB=-1

IF(IPR.LT43) RETURNS PRINT 101« (ISTA(L) o1PAR(I) s I=1eNOLV)

PRINT 103, JARLINACY RETURN

FORMAT /7% ISTA ANU IPAREXPs PAR=({=1)#2H&#4 [PAREXP¥/(1X1Ee(16,12)))
FORMAT(//¢ DIMe FOR EACH U#//1X16416/1X%X1416//% BASE ADDRESSES FOR R
104877 t1al416))

END

SUHBROUTINE ROCONVP (RO4KOJe IPACINB)

TO CONVERT RU= (JC+MC/RO/JALMA) OF PARITY IPAC TO

ROJ= RO(JCeJA/Z M)

COMMON/HBASIS/ ICODE(16) +ISTA(16) 9 TPAR(16) 4INPO(16)4INUC(1g) 4

1 ILC(16) oNOLV4DD(2) sMUDSIDF 4 IDSCoIDSIsJAR(1492) 9 IDAC(14914) gUMPO,
2 N2TeHBUM,0SPA2
COMMON/HISCLE/NQOQGaNLoNZ1oN31oN12+N2sN&9gN139N3eNSeCLER

DIMENSION RO(NBINB) sROJ(1)S INTEGER TUPCsTJPA

IRAC= 9% DO 3 €C= 1 o+ NOLVS JPHC= ISTA(KC)
IF(MOD(IPAC+IPAR(KC) 42) «NEL O} G0 TO 3% TJPC= SHIFT(JPHCe1)~-1
IRAA= 0% DO 5 KA = ) , NOLVS JUPHA= ISTA(KA) _
IF{MOD(IPAC+IPAR(KA) 42) o NE. 0) GOTOSSJACPO=JPHC+ JPHASTIPA= 28 JPHA-1
JAMCPO= 1ARS(JUPHC=JPHA)+1% DO 7 JPO= JAMCPO, JAGPO

N1S= JPHA+JPHC=JP0% D0 7 MPO= 1 » JPO % MINT= JUPHA~JPHC~MPQO+1
NAMIN= MAXQ (QeMINT) +1% NAMAX= MINQ(TJUPA¢JACPO=MPD) +]
ROR=RO[=0.% IPHAS= 1=-SHIFT(MOD(1+NAMIN+IABS(MINT) 42)41)

D0 11 NaL= NAMIN » NAMAXS NCL= NAL= MINT® N1= NiS$ N2= NAL-1
N4= TJUPA=N2% NS5= NCL~1$% N3= TJPC=nN5% CALL HISCLEBS IC= IRAC+NcL
IA= IRAA+ NALS CLET= CLEB#IPHASS [F(IC=IA) 174915413
ROR=RUR+CLET*RO(IC»1A)S ROI=ROI=-CLET*RO(1A+IC)S GO TO 11

FOR= ROR+ CLET®RO(IC,IC)% GO TO 11

ROR= ROR+CLET#RO(IA5IC)$ ROI= ROI+ CLET*RO(ICsIA}

IPHAS= =1PHAS

1LAR= IDAC(MPO,JP0)S ROJ(ILAB)= ROR$ ROJ(ILAB*})= ROI
INAC.{MPO, UPO) = ILAB+2% IRAA= IRAA+ TJUPA+1

CONTINUE $ IRAC= IRAC+ TJPC+1

CONTINUES RETURN '

END.
,SUBROUTINE RUCONIP(RO ROJ.IPACoNB)

TO DO THE INVERSE OF ROCONVP AND RETURN TO (JC’MC/ROIJAQHA) BASIS
COMMON/BASTS/ JCODE(16)+ISTA(16)9sIPAR(16) s INPN(16)4INUC(16),

1 ILC516)9N0LVQDD(2)QMUDQIDFQIDSCQIDSJ;JAR(149¢)QIDAC(149143uJMP09
2 NBT+HBUM,0SPA2 .

COMMON/HISCLE/NOO yN1 yN21 yN31oN129N2sNéoN135sNI s NS o CLEB |

DIMENSIUN RO(NE¢NB) sROJ(1) 4RUT (2914} INTEGER TJPC.TJPAT
-TRAC=.0% DO-3-KC= 1 , NOLVS JPHC= ISTA(KC) 5

- IF(MOD (IPAC+IPAR(KC) ¢2) «NE40) GO TO 3% TJPC“ SHIFT(JPHCOI) 1

IRAA= 0% DO 5 KA = 1 , NOLVS JPHA= ISTA(KA)
IF(MOO(IPAC*IPAR(KA)oz)-NE.O)GOTOSSJACPO-JPHC’JPHASTJPA' 26 JPHA=1
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JAMCPO= LAHNS{JPHC=JPHAI +1% DO 7 MPO= 1 o JACPO
MINT= JPHA=JPHC=MPO+1% JPOMiN= MaxX0 (MPO,JAMCPO)
DO K JPU= JPUMIN o, JACPO% ILAR= INAC(MPO,JPD)
RUT(14Ur0)= ROJ(ILAB) S RIUT(2,JP0)= ROI(ILAB+))

TEST TO MAKE SURE THAT RQJ IS A HERMITIAM OPERATOR »
IF(KC-EU-KA.AND.MPOOEQ.lnANDoRJT(E!JPO).GT.I.E'I?‘ CALL ERREXIT
1 (JPOWKC9RITIZHFL ¢ 28)

IDAC (MPU, JP0O)= ILAB+2% NAMIN= MAX0O((eMINT)+]

NAMAX=MINQ (TJPASJACPO=P0)+]1 $ DU 7 NAL= NAMIN 4 NAMAX

NCL= NAL~MINTS ROTH=ROTI=0,% TPHAS= 1=2%MUD(NCL~1,2)

D0 11 JrO= JPOMIie JACPOS Nl= JACPU=JPOS$ N2= WAL=-1% N4= T PA=N2
NS= NCL=-1% N3= TJUPC-NS3% CALL HISCLESH

ROTR= RUTR+ CLEB#RJT(1+JPD)$ ROTI= ROTI+CLEB#RYT(2,JP0)
CONTINUES IC= JRAC+NCLS TA= TRAA+NALS IF(IC-IA)17,15,13
RO(1Cs1A)= ROTR#1PHASS RO(IA.ICY= ~ROTI#IPHAS® GO TO 7
RO(IC4IC)= HUTR#[PHASS GO TO 7

RO(IAIC)Y= ROTR*IPHASS ROIIC,IA)= ROT[2IPHAS

CONTINUES TRAA= [RAA+ TJPA+1

CONTINUES IRAC= 1RAC+ TJPC+1

CONTINUE % RETURN

ENN

SUBRQUTINE HISCLEBR

TO DO A HIGH SPEES COMPUTATION OF CLESSCH(J)¢M]eJ2,M2/03)

USING THE FNRMULA OF SCHWINGER(REF. QUANTUM THEORY OF ANG, MOM.
BY RIEDENHARN.P246) ¢ AND THE REGGE SYMMETRIES(REF,IBIDsP.296) .
PAR, ARE IN /HISCLE/N1=J1+J2=J3¢N2=J]l=M]¢N3=J2=-M2 N4=J1+M] NS=J2+
M2. NO TESTING IS DONEe ANSWER IS IN CLEB IF ALL NI.J ARE NONeNEG.
INTEGERS M ..l.o.“ARNING......ALL 5 NIS HAY dE CHANGED L
COMMON/HISCLE/NOO 4N 9N21 9N31 ¢N129N2 N4 4N139N3eNSeCLEB

COMMON /HISCLE/NR (1) ¢N114N214N31eNI2oN22eN32sN13yN23+N334CLEB
COMMON/CLEBDAT/ALOGF (30) ¢ SQRF (30)

PREPARE THE REGGE Q=NOS IN NIJ .
N21= N32+N33=N11% N3l= N22+N23~N11% JT= N21+N22+N23% IFSE=0
N12= N23¢N33=N11% N13= N2Z2+N32-N11$% JJP= JT=-N11+l

FIND NZE THE SMALLEST NIJ ANMD BRING IT TO N11 POSITION .«

NZE= MINO(N119N1Z24N134N214yN22sN23,N31sN3I24N33)

IF (NZE-EQ,.N1L) 60 TO 7% IFINZE.EQ.N31) GO TO 43

JF(NZEoEQ,N12) GO TU 463 IF{NZE.EQ.N22) GO TO 45

IF(NZE.E4,N32) GO TO 46% IF{NZEEQ.N13) GO TO 47

IF(NZEL.EQ,N23) GO TO 48% IFINZE.EQ.N32) GO T0 49

IFSE= N33% Nw= N213% N2ls N11% Nll= NW$ NU= N12% N12= N22% N22= NU
NV= N13% N13= N23% N23= NV$ GO TO 7

IFSE= N22% NW= N31% 'N31= N11$ Nll= NWS NU= N12% N12= N32$ N32= NU
Nv= N13% N13= N33% N33= NvV$ GO TO 7

IFSE= N33% Nw= N12% NiZ= N11% Nll= NWS NU= NZ2is N2l N22% N22= NU
Nv= N31% N31= N32s N32= NVS GO 10 7 ' :
Nw= N22% N22= N11s Nll= Nw$ NT= N21s N21l= N123 N12= NT

NU= N13$ N13= NZ23$ N23= NUS NV— Nals N31= N32% N3Z2= NVS GO TO 7
IFSE= N11+N32% Nw= N32% N32= N11$s N1l= NWSNT= N31sn31=N12¢ N12= NT
NU= N13% N13= N33 N33= NUS NV= N21% N21= N22$ N22= NV$ GO TO 7
IFSEZ N22% NW="N13$ N13= N11$ N11-~Nus NT= Nzls Nzl- Nzas N23= NT
‘NU= N31$ N31= 'N33$ ‘N33= NUS GO TO 7

IFSE= N11+¢N23% Nwz N23% N23= N11§ Nlls Nusnu=N31$N31= N33S N33= NU
MT= N21% N21= N13$S N13= NTS NV= N12S N12= N22$% N22= NVS GO TO 7
NW= N33% N33= N11$ N1l= NwS NT= N31$ N31= N13$ N13= NT

NU= N21% N21= N23$ N23= NUS NV= N12$ N12= N32% N3I2= NV

CONSTRUCT DELTA#NORMALISATION AND DO THE SUM .
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7 SUM= 5% (=ALOGF (N11+1) +ALOGF (N12+1) +ALOGF (N13+1) +ALOGF (N2]1+1) =

1 ALOGF (N22+1) +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¢% IF(N11,LT.1) GO TO 13% 00 15 K = 1 s N1l _
15 SUP=1,=SUPeK# (N22~N11+K)# (N33=N11+K)/ ((N11+1-K)® (N23+1=K)® (NIP+1=K

1N _
13  CLER= SUP#EXP(SUM)#{]1=SHIFT(MOD{IFSE+2)+1})®#SQARF{JJP)S RETURN

END

SUBROUTINE BUFOUT (NAME +DUA «LNGT)

-]

T0 USE MASS STORAGE FACILITIES

# UP T0 100 RECORDS WITH ALPHA NAMES .
COMMON/BUFF TN/ INDX (201) s OPEN
LOGICAL OPEN
DATA OPEN/.FALSE./e¢ INDL,/201/
1F (OPEN) GO TO 1% OPEN= ,TRUE.
CALL OPENMS (9, INDXsINDLs 1)

1 CALL WRITMS(9,0UA+LNGTNAME)
RETURN
END /
SUBROUTINE DENMAT(RO+RR+BIsNO)

o TO CONSTRUCT RO FROM AR+BIs ALL IN CARTESIAN BASIS .

COMMON/BASTS/ ICODE(16) +ISTA(16)sIPAR(16)9INPO(16)4INUC(]H)

I ILC(16) «+NOLVNBI(2) sMUDSIDF 4 IDSCoIDSJ9JAR(1492)+IDAC(14914) ¢ JMPO,
2 NBT+HBOM,0SPAZ

DIMENSION RO(1) 4HR(1),BE(1)4NO(2)

M= 1% DO 1 K = |1 » MUD$ ND= NB(K)

CALL DENMATP(RO(M)QBR(M)oBI(M)oNU(K)oND’NU,ND)

1 M= M+ NO##2% RETURN
END
SUBROUT INE DENMATP(RO.BR»BI9NPA9NHA¢IB’IR)

# TO CONSTRUCT RO(IeJd)= SUM(K OCC.)B(IoK)ﬂB(JpK)*’CC .

UDIMENSION RO(IRSIR) 9BR(IB,IR) +BI(TBs1IB)
NP= NPAD NB= NBAS DV 1 I =1 o NBS DO 1 U =1 , IS$ T=u=0,
IFINP.LT.1) GO TO 415 DO S K = 1 4 NP
T= T+ BRT4K)¥BR(JeK)+ BI(1+K)#B1 (JsK)

S Uz U=BRIIK)#*BI(JeK)+B[ (1K) #BR(J4K)

4} RO{IvJI= T% IF(I.EQsJ) GO TO 1% RO(JeI)= =u

1 CONTINUES RETURN
END .
SUBROUTINE S3UFF IN(NAME ¢ DUA+LNGT]
CALL REAUMS(9.DUA¢LNGToNAME)
RETURN
END
SURROUTIHE SURTAG(AsL[+JJsTAG)

C SORTS ARRAY A INTO INCREASING ORDERy FROM A(II) TO A(JD)
C ARRAY TAG IS PERMUTED THE SAME. AS ARRAY A ,
€ ORDERING IS RY INTEGER SUHTRACTION, THUS FLOATING POINT
Cc NUMBERS MUST BE IN NOKMALIZED FORM,
C ARRAYS IU(K) JAND IL(K) PERMIT SORTING UP 10 I'°(K+l)-l ELEMENTS
DIMENSION A(l)oIU(l&).IL(le).TAG(I)
INTEGER A,T,.TT )
. =18 I= I1%. J= 4J
5 IF(1 «Gte. J) GO TO 70 ’
10 = I8 [Jd= (J* 1)/2% T= A(ID)S IF(A(I)aLE T) 60 TO 20
. A(IJ)- A(I)$ A(I)= TS T= A(IJ)® TG= TAG(IJ)$ TAG(IJ)= TAG(I)
TAGID) = Tg

20 L= . J% IF(A(J) «GE. T) GO 10 40 $ A(IJ)- AlD) S, Al))= T8 T= A(1J)
_TG' TAGIIN S TAG(IJ)' TAGIS TAG(J)= TGS lF(A(l)-LE T} GOTO 40
A(IJ)' ALD S A(I)= T$ T= A(IJ)$ T6= TAG(IJ)S TAG(1U) = TAG(I)



TAG(I)= TGS GO TO 40
30 A(LY= ALKYS A(K)= TTS T6= TAG(L)S TAG(L)= TAG(K)S TAG(K)= TG
40 L= L= 1% IF(A(L)GT.T) GO TO 40 % TT= A(L)
50 K= K+ 1% IF(A(K) LT.TY GO TO 50% IF(K.LE.L) 60 TO 30
IF(L=1.,LE.J=K) GO TO 60% IL(M)= I% IU(MI= LS I= K§ M= M+ |
GO TO 80
60 ILMI= Kg TUIMI= Jg J= Ls M= M+ 1g GO TO 80
70 M= M= 1% IF(M.EQ.0) RETURNS I= IL(M)S J= IUM)
80 IF(J=1.GE.,11) GO TO 10% IF(1.EQ.I1) GO TO 5% I= =1
90 I= I+ 1% IF(1.EQ.J) GO TO 70% T= A(I+1)S IFIA(I)«LE.T) 60 TO 90
Tg= TAG(I+1)S K= 1
100 A(K+l)= A(K)® TAG(K*+1)= TAG(K)S K= K~ 1% IF(TeLT.A(K)) GO TO 100
A(K+ll= T TAG(K+1)= TGS GO TO 90
END
IDENT FTNUTIL
LIST
USE START.
TRACE. VFD 42/7LFTNUTIL,.1B/FTNUTIL
TEMPAO. BSS 1#

ENTRY. BS5 0B
FINUTIL RSS 18
Sxé A9
Sa0 A}
SA6 TENPAQ.
FTHNNOP, DATA 460004600046000460008
USE CODE.
USE DATA.

NAM

VFD 6/0/7LCALINGP

LIN DATA 000000000000060077778
S HSS 18
T B8SS 18
PARNO DATA 000000000000000000018
ADDR DATA 000000000000007777778
OFL DATA 0006090000000000077788
X BSS 3K
FLs DIS i+FL
TRCFBCK EQYU ENTRY,

ENTRY TRCERCK
NOPS. DATA 4600046V0045000460008
ENTRe MACRO NaME

LOCAL XoZyT1

Eeq T
NAME BSS 1

ENTRY NAME

Sa2 X

Bx6 X2

SA6 FTnNNOP,
En ENTRY.+1
¥ EQ Z
Z Sal
SA2
Bxé6
Lx7

NOPS .«

NAMF,

X1

HOy X2
SA6 FTNNOP,
SAT ENTRY,

T 855 0

" ENDM
«201

" -DiIS

VFD 60/6C 201
Sel/% TRCEBCK CALLED HY ®#A7+% AT LINE #14&)

0202 -

VFD &0/6C-202
6el/7/% TRCEDMP CALLED BY ®AT.% AT LINL ﬁl#-le*REAL*le*DECIN
2y TH20X40CTAL®)



«203 VFU 60/6C 203
DIS 64(/% TIMEPRT CALLED) BY 2A7+% a7 LINE #J4qe%, CP TIMES®FQ 3,4
DIS  3+SECs SYSTEM TIME %A10)

204 VFD 60/6C 204
DIS 6.(/%8 ERREXIT CALLEU RY #A7+% AT LINE #14¢16AYREAL®19X8DECINT
DI5  2e%20A*0OCTAL®)

o211 VFD &0/6C 211
DIS 4e (10X#CALLED RY #A7+% AT LINE =14)
.30 VFD &0/6C 301

Dis 6e¢(/% PARs NO. #12.% AT OCTALL #Ube%s DFL=E #13,6X1PE22,144+5K1
DiS 1416,4X020)

«307 VFD 60/6C 302

D1S 3, (46X1PEZ2241445XK116.8X020)
401 VFD 60/6C 401

0IS 4y(/7% SYSTEM COMM, AREA OCTAL DUMP#/)
«403 VFO 60/6C 403

DIS 64 (/7% WORKING AREA DUMP. 40008 ARUDUND ERREXIT CALL#®/)
IEN B8SS 1B

ExT VUTPUTZ
ExT OPUIGCT.
ExT OUTPTC.
ExT SECUNDS
ExT TIMe®
EXT PuumMP$%
is B85S 1R
IF BSS iB
1ADR nSS 18
CALLA HSS 16
ExT EXIT®

CON, 435S 0B
DATA 00000000000000000000R8
0aTa G0000000000000600100R
DATA 000000000600000000048

USE CODE.
+ SX6 1B
SA6 IEN
Eq .100
ENTR. TRCEDMP
+ SXx6 28
SA6 IEN
EqQ .100
ENTR, TIMEPKT
+ SXx6 3R
Saé 1EN
EQ 100
ENTR. ERREXIT
+ SX6 4R
Sa6 IEN
2100 RSS 0B
SAS ENTRY, .
AXS 30 X5=RET.ADDR.
HX6 . 1 SAVE
SA6 CALLA CALL- ADDRESS :
SA4 15=18 X4==VFD12/LINy1B/TRACE.
SA3 X4 X3=VFD42/7LCALPNAMs 18/CALPNAM
BX6 X3 }
SA6 NAM
AX4 18
-MXAT - 48 ,
RLS -A7%X4
SA6 LIN

MXT- 42



RX6 -XTuX 3 '
SA6 IADR STURE PREVIOUS EMTRY
Saé IEN
SX0 X4=4B
Sul X4=PH
PL X0,.104
LT BlsB0e,101
Je Ble+=all]
ZGL1 BS5 08
Eq .102
Eq .103
e101 455 08B
+ SR2 OUTPUI=
Sa3 .201
+ Ry oPuUTCI,.
- VFD 12/14B.18/TRACE,
+ Sul NAM
SH? 26
RJ OUTPTC,
+ SH1 -1B
RJ OUTPTC.
En .200
«102 HSS 08B
+ SRZ OUTPUT=
SR3 .2062
+ Ry nPuTCl,
VFD 12/178B418/TRACE-
+ Spl NAaM ;
sB? 2B PO BOTH MAM AND LIN
RJ QUTPTC,.
+ SRl -=1iv
Ry OUTPTC.
EQ .300
=103 HS5S 08
+ Sal [AP)
+ Ry SECONDS
- VFD 12/238,18/TRACE.
+ SAS S
Sa4 AD
Bx7 XS
Sal [(AP2
SAT xa4
NOo :
+ Ry TIMES
= VFD 12/238.18/TRACE.
+ Sy2 QuTPUT:=
SR3 .,203
- RJ OPUTCI []
< VFD 12/24B,+18/TRACE.
+ 541 NAM

sB2 48 PRINT -NAMsLIN4SsT. -
Ry OUTPTC., : L e
+ 581 =18

Ry OUTPTC.

EQ .99
«104 RSS 08B
+ SB2 0UTPUTES

SR3 204
+ R4 ORUTCI.
= YFD . 12/30B418/TRACE, |
¢ SA1 NAM
s82 28 PRINT 9 NAMJJLIN



RJ OUTPTC.
+ SBl ~-1B
RJ OUTPTC.
«200 BSS
SA4
ZR
SAS
AXS
SA4
SA3
HX6
SA6
AX4
MXT
BX6
SAG
MX 7
BX6
SA8
SR2 OUTPUTZ
sB3
+ RJ OPUTCI.

* SB81
SH2
RJ QUTPTC.
+ 581 =18
RJ OQUTPTC.
EQ
«29¢ BSS
SA5 IEN
Sx0 4B
IX7 X5=x0
NO
NZ XT+499
+300 B85S 08
SXeé
SA6
SAS
} AA BSS
SA4
Sg72
S83
HX7
SA7
SA7
SA7
HX6
SA6
SAS
SA4
SA3
IX0
R
sXe
SAh
EQ
- =21 1459
SAQ
SAS
IR
SAq

(]}

TADR

X& o299
X4

E 1]

X5=18

X4

X3

NAM

18

48

=X78 X4

LIN

42

=XT#X3

TADR

211

VFD 12/76+18/TRACE.

NAM
28

«200
(1]

46 -

FULL TRACZ ENTRY .
JMP s TRACE ENDS.
X5==ET.ADD~.

X4==VFD12/L*N,18/T~ACE.
X3=VFD42/TLCALPNAMy 18/CAL PNAM

STORE PREVIOUS ENTRY

BRING FIRST PAR. AD.

FETCH FIRST PAR.



SX0 X4=-18
NG. XUse25 IF DFL (T 1 RETURN
SX7 X4=7778
NG ATysa27
) SK4 7718 DFL LE 7778
27 #Ss i1}
BX6 X&
SAK nfFL
223 BSS [1] -]
+ RJ OPUTCII
- VvVFD 1271284 18/TRACE,
b SH1 - PARNO
s82 /B
RJ QUTPTC.
* s8i -18
RJ OUTPTC,
SAS nFL
SXé6 28
[X0 XS5=X6
X7 X0
SAT NFL
. NG X04e29 IF UCFL LT 2 GO FOR NEXT PAR.
+ SRZ2 OUTPUTZ
SB3 302
+ Ry OPUYTCIl,
= VFD 12/6B418/TRACE.
)AB RSS 0B
SAS AUDR
SX4 X5+18
SA3 X4
BXT X4
SA7 aADDR
RX6 X3
SAf X
SAe x+r18
SA6 X+28
4 SH1 X
SHZ2 38
RJ oUTPTC.
-SAS DFL
SX7 X5=-18
SAT AS
. PL XT4) AR
+ SH1 =18
RJ QUTPTC,
29 38S o8
SAQ al+18 LOUK AT NEXT PAR,
SA5 A0 X5= AD. OF NEXT PAR.
7R X545 e25 TF NO MORE END IT ALLe
SA4 PARNO
SKT X+l
SXQ X7=25R PARNO= 1 » 20
SA? AL
NG XUs)AA
025 - HSS 1]2]
'Sa5 IEN
Sx¢ 48
IX7 XS5=x0
ND N
NZ %X7ee99 o .
SA2 OUTPUTS . S

SR3 401



+ RY DPUTCTL.
VFD 12/538.1R/TKRACE,

+ SRl =1R
Ry JUYTRPTC,
+ Sal [AP3
+ RJ PLOUMPD
- VFD 12/5%8:iR/TRACE,
+ Su2 QuTPUIZ
SR3 .403
+ Ry OPUTCIL.
= VFD 12/56B+18/TRACE.,
+ Spl -18
Ry QUTPTC.
+ Sal [APs4
SAS CALLA
SX7T x5=20008
PL XTea9H
SA7 (]}
«98 RSS n8
SX6 Xb+17778
SaT IS
SA6 IF
* RJ PLUMP %
- VFD 12/608.18/TRACE,
+ RJ EXITS
- VFD 1276184183/ TRACE.
«99 BSS 08
+ 5A5 TEMPAQ.
SA0 X5 R
NO
Eq ENTRY.
[aP) BSS 0H
VFD 60/S
DaTa OB
(aPz BSS 08
VFU hO/T
DaATA 0B
[AP3 BSS 0B
vFO 60 /CON,
VFD 60/CON,.+18
VFD 60/CON.+2H
DATA 08
(AP4 BSS 0B
VFO 60/1S
VFU 60/1F
VFD 60/CON.+2R
DATA 0B
-END

OVERLAY (READIN 3.0)
PROGRAM HEANIN

&

TO READ IN THE Tw0=BODY MATRIX ELEMENTS .

# ALY WIL BE OVERWRITTEN TO LENGTE 15000

COMMON/HASIS/ ICODE(16)+ISTA(16)9IPAR(16A) ¢ INPO(16) 4INUC(LG)
1 ILC(16)oNOLVoNB(Z)oMUD-IDF-IDSCoIDSJoJAﬁ(l#oE)oIDAC(1¢!14)gJMPOo
2 NBTyHBUM,0SPAZ

COMMON/CONTRSN/ICON(2540) sRNU(5440) IBLK.HBOH.TNAME,HBHAtao)
COMMON/OVERGCON/ FIRST,ISKP

COMMOIN AS1(85000) 4AL1(1)

DIMENSION NA(2)4IP0S(8)+COA(8) 9BTA(2)

DATA BTA/4LRONI4LRUPI/

CALL TIMEPRTIYT)® IF(ISKP.EQ.0) GO TO 1



& & & & & &

CALL REUFAT1(TNAME,IDG+IBLKsAL1) S REWIND 1

FLD CONTAINS THE DIMENSIONLESS COULOMB ANTISe MATRIX ELEMENTS .
E2B= SURT (,0241145#HBOM) #] .44
CALL ADLONG(3LFNEy1as3LFLDJE2B+3LFPRyAS1yALL)
CALL BUFFIN(3LFLD,ALLILIDF)S DO 15 K = 1 4 IDF
15 ALL(K)= E2B4ALI(K)5 CALL BUFOUT(3LFCO-AL1,IDF)S GG TO 99
1 DO 9 KKIN= 1 4 2
READ 103+CNAMEsNAsKIND«CTNAME ¢ IBLKC 9 CHROM s CHHEN » CNOW
PRINT 1054.CNAME ¢NA3KINDyCTNAME y IBLKC »CHBOMs CWHEN y CNOW
103 FORMAT(A10+21442X2A10,15,F10,2+2A10)
105 FORMAT(1XA109214+42X2A10415,F10.202A10)
101 FORMAT(6(I44F6e4))
1027 FORMAT(1IXB(I%4+F6.4))
I1s= ICNT=0% IDSCT= 2#IDSC% DO 11 1 = 1 » IDSCTY
11 AS1(IS= 0,% DO 3 KC= 1 o 1340
READ 1014 (TPOS(J) +COA(J) 9 )=148)
PRINT 1024 (1P0OS(J) +COA(J) ¢J=1+8)
IRETIM= 1% D0 3 JC= 1 , 8% IF(COA(JC) «NE.0) GO TO 7
IF (TPOS(JC) JNESICNT) CALL ERREXIT(IPOS(JC)+ICNT)$ 1S= IDSCSICNT=0
IREIM= IREIM+1% ICNT=0% IF(IREIMaLE«2) 3,13
7 IF(IPOS(JC) .GT«IDSC) CALL ERREXIT (1DSC,IPOS(JC))
AS1 (IS+IPOS(JC))= CUA(JC)S ICNT= TCNT+}
3 CONTINUE$ CALL ERREXIT(KKIN,CNAME)
13 CALL DENMAT(AL1+sAS19AS1(]1S+1),NA)S CALL ROCONY (AL1,AS1y1)
CALL BUFOUT(BTA(KKIN) 4AS1,1DS5J)
9 CONT INUE
99  CONTINUE
END
SUBROUTINE REDFAT] (FLNAME+IDG+IBLKsAL])

FLPD= FCS
READ FROM TAPEl INTO DISC THE 7 ARRAYS ,
NOLY= F(l)y= NUMBER OF LEVELS .
ICONE (NOLV)= CODENUMBER ARRAY= F(2yeaasNOLV+2) o
IDF= NUMBER OF F ELEMENTS READ
COMMON/BASIS/ ICODE(16) +ISTA(16) 9 IPAR(16)4INPUL16) o INUC(1g),
1 ILS(16) ¢NOLVINB(2) sMUDSIDF o INSCeIDSJaJAR(1492) s TDAC(14314) s IMPO
2 NBTsHBOM,(0S5PA2
DIMENSIUN TA(25) 4NAA(T) 9ALY ()
DATA NAA/3LFNE ;3LFDN33LFLD43LRTS+3LRTD,3LPTS3LPTD/
REWIND 1 .
I8LP= [RLK+% Do 11 IHL- 1 4 IBLP.IBLKSIB=IBL=]
IF{I8=1.LT.1) GOTOS5%IRS= IR~1% DO 3 ISK=1 , IRSS DO I K =1 , &
3 READ(1)
5 READ(L) TA & TITLE= Ta(l}$ IF(TITLEL.NE.FLNAME) GO TO 101
NOLV= Tal?)% DO 7 K. = ) 4 NOLV. - :
7 ICODE (K)= TA(K+2) .
IDF= TA(21)% 10G= TA(22)% HBOM= TA(23)% IF(IB.LTs1) GO Tu 13
READ(1) (AL1(I)yT=1sIDG}$ CALL BUFOUT(SLGMATR ALI 1D0G)
13 0D 1 L =14 7% IF((IReLTaleAol el Te3)a0Re(IBaTe0sALe GT.Z))GOTOI
REAND (1) (ALL(I)»I=14IDF) S CALL BUFQUT (NAA (L) sAL1 s IDF)
1 CONT INUE :
11 CONTINUE
105 RETURN
1ol PRINT 103 . A
103 FORMAT (/% F ARRAY ND'I' ON TA"FJ */) '
G0 10 105 et : e
END.
\;OVERLAY(ELMnbto,oO)
PROGRAM . ELMOSE:
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103
11
13

20

101

225

227
226
233

211
22

ELLMOSE RPROVIDES THE FOLLOWING SERVICES FUR EVALIN.

IT SETS WNO(NBT), THE CHARACTER ARRAY, THE SINGLE PARTe MES.

IT PROVIDES THE INITIAL GUESS FOT THE NUCLEAR WAVEFUNCTION TO HE
USED IN WuUHaART, IF [SKP.NE.O

COMMON/HAS TS/ lCUDE(lﬁ).ISTA(\b)sIPAR(lb’olNPQ(lb),INUC(lb).

1 ILCULE) sMOLVeNB(2) sMUL IDF ¢ TDSCe 1DSJeJAR(1442) 2 IDAC(14014) ¢ UMPO,y
2 NRTsHBUMLNSPA?

COMMON/OVERCUN/F TRSTy ISKP
COMMUN/NUHARN/VALNTH2) « VALP (B2) oNP{2) ¢ NN(2) ¢ NAMESITER,ITCRsATNO

1 ¢NORBA(41) ¢NORBBET o GAMD ¢NPTOT ¢NNTOT
COMMON/NAMEN/FPRaPTSeFPF o FNE oFNF oFON9PTD 9 FUF s RONI 4 ROP I 9 SPE ¢ SPEXF
1 4 RTSeRID

COMMO: A31(4000) 4AS3140060)

COMMUNA/FRINLIM/EPS+IPR«QUNO (82)

COMMUN /SPINURB/ CHI(T) «RD(T)/EXSYPN/EXF (696) 9sSYP(21) NUMM(2043)
| COMM(20) /CARTEMP/AS2(5726)

LOGICAL FIRST

EQUIVALENCE (KTMP4I0SJ)

DAT“ CH[QRI,)/‘&*.0793**- 05!3*.')!.359 3“.’45/

CALL TIMEPRT(Y)$ CALL CARTQU{(0)$ IF{ISKP.EWQ.0) GO TQ 20

PRINT 103,NAMES CALL ELTRIAL (ASls1PR)

FORMAT (] TRILAL WAVE FUNCTION COMPUTATION FOR #A)10)

DO 11 K =1 s IDSC

AS2{K)= 0.% CALL REORDER(VALPWNP)$% CALL DENMAT (AS3,AS1+AS2.NP)
CALL ROCONV(AS32452+1)% CALL BUFOQUT(RUPIAS2+IDSU)S DO 13 K=1,IDSC
ASZ2(K)= 0,5 CALL REURDER(VALP+NN)$ CALL DENMAT (AS3,AS19AS2sNN)
CALL ROCONV (AS5344S2+1)% CALL BUFUUT{RUNI.+AS2sIDSJ)

FIRST TIME AROUND COMPUTE THE 2) EXTERNAL FIELD OPSe XI#XJyPI#PJs
RI#PJeToJ=142434IN OIMENSIONLESS FURM

IFCaNOTCFIRST) GO TO 22% DO 21 K1= 1 4 6% DO 21 K2= 1 » K1

CALL EXFIIH(AS3,K1,K2)

IF(IPR.GT.4) PRINT 101+EXF(K19K2) 4 (AS3(I)sI=1s105C)

CALL RUCONV (A53,AS1s1)% CALL RUFOUT(EXF(KI,KZ)9A519KTMP)
FORMAT(//% EXT FIELD NAME #A10//(1X10F12.,5))

CONT INUE

NOW PUT THE 21 OPERATORS IN THE SYMPLECTIC BASIS ,

ICO=1% VO 201 IS=1 4 9% DO 203 K = 1 4, KTMP

ASI(K)= 0,

CALL BUFFIN(EXF (NOMM(ICO43) s NOMM(TCO92)+3) 9AS24KTMP)

CONS= CUMMIICO)S DO 205 K = 1 « KTMP

AS1{(K)= AS1(K)+ AS2(K)®CONS

1C0= ICU+1% IF (NOMM(ICO+1).EQ.IS) GO TO 207

CALL BUFQUT{SYP(IS) sAS1+KTMP)

IcO= 7% DO P11 1IS= 4 4 9% DO 213 K = 1 4 KTMPH ASI(K)= €
AS1(K)=

CALL BUFFIN(EXF(NOMM{ICO43) ¢ NOMM(ICO92)) s AS2+KTHMP)

CONS= COMM(ICO!S$ DO 215 K = 1 » KTMP

AS1(K)= AS]1(K)+ ASZ(K)#CONS

CALL BUFF IN(EXF (NOMM(ICOo3)+34,NOMM{1C0:2) +3) sAS2yKTMP)

DO 225 K = 1 +« KTMP

AS3(K)= AS3(K)+AS2(K. 2CONSS ICO=ICO+1%IF (NOMM{ICO,]1).,EQeIS)GDTO217
SAVE THE KIN ENERGY .

IF(IS.NE,9) GO TO 226% RKEN= .5%HRAOM/CONSS DO 227 K = 1 + KTMP
ASZ2(K)= RKEN®AS3(K)$ CALL BUFOUT(SPEsAS2sKTMP)

DO 233 K = 1 4 KTMPS AS2(K)= .5%#(AS3(K)+AS1(K))

ASLIK: = 5% (ASI(K)~AS1(K))

CALL BUFOUT (SYP(15+6)9AS2,KTMP}SCALL HUFOUT(SYP(I5412) sAS] 9KTMP)
SYP(l0yey15)= 5#(PI#PJ+RIMRY) +SYP(16y4021)= s5% (P1#PJ=RI8RJ)
CONTINUES CALL CARSET (WNO}

CONTINUE
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END
SUBROUTINE ELTRIAL (HR,IPR)

BR(NDsND)= REAL PART OF EIG. VECT MATRIX TO BE FILLED.

NB= RETURNED VALUE OF BASIS DIM.

NORBA (NORR)= ARRAY OF WNILSSON ORBITS TO BE FILLED,

AT VALUES OF BET= BETA GAMD= GAMMA IN DEGREES ,

CODA(NOLV)= CODENUMBER ARRAY TO DLSCRIBE THE BASIS .

IPR= PRINT INDEX VARIES FROM ~1 To *6 ,

COMMON/BASIS/ ICODE(16)+ISTA(16)+IPAA(L6) INPO(16),INUCI1E),

1 ILCU16: sNOLVNB(2) +MUDsIDF+IDSCeIDSJI+JAR(1442) 2 IDAC(146914) 2 5MPO0
2 NBT.HBOM,DSPA2

1

1

COMMON/NUHARN/VALN(82) «VALP (82) o+NP (2) 4NN (2) ¢NAME s ITERs I TCR4ATNO
oNORBA (41) 4NORB+BET s GAMD4NPTOT 4NNTOT
DIMENSION dR{1) 4MLAM(2) + ITE(2) 2 IFL (2) s IBSAD(Ts7)
COMMON/SPINORB/CHI(7) +RD(7)
COMMON /WAVN/ ARRAYS(4116).TAU(3) 4SR(3)
COMMON /DISTORA/ FNNP (73443} /DUMPN/C] (7542)+C2(7542)
DO 1 K =1 4 75D01 L =1.,7
IRSADI(K,L)=0% IFL(1)=1% YFL(2)= 1
DO 3 K = 1 o NOLVS JPH= ISTA(K)S NPO= INPO(K)S IPAR= 3-IPAA(K)
IBSAD (NPO,JPH)= IFL(IPAR)S IFL(IPAR)= IFL({IPAR)+ 22JPH
CONTINUE
CALL WAVSETE(BET+GAMD«CHI RD+IPR)
DO 45 K =1 » 3
CALL DISTOR(TAU(K) ¢FNNP(1a1l4K) 7024}
KMA= IDSCS DO 5 I = 1 » NRT
VALP(I)= 100% DO 35 1 = 1 5, KMA _
BR(I)=0.% MLAM(1)=0% MLAM(2)= NB(1)#*2% ITE(l)=1% ITE(2)=1+NB(]1)
ENLA= 1.5 DO 49 INP= 1 +» NORB% JUNIL= NORBA{INF)
DO 49 KTR= 1 » 2 $ IF(KTR,GT.1} GO TO 53
CALL OBCFP(JNILsClsN1,75,1)8 GO TO 51
CALL TIMEREVI(Cl,.Nle¢75)% CALL SPRNTC(CleN1,C1(1,2))
DO 55 N= 1 , WN1S IQN= Cl(N.1)$S NSHELL= IGN/19000
IPAR= 1+ MOD(NSHELL +2)
NREM= IQGN= 1V0008#NSHELLS JPK= NREM/100% UMKz NREM=100&JPK
JPH= (JPKe+JMK+1)/2% I1ADR= IBSAD(NSHELL#*14JPH)
IF(IADR.EQR.O} GO TO 55
IALAM= IADR+ JMKs+ MLAM{IPAR)
BRIIALAM)I= Cl(Ny2?)
CONTINUE . $ MLAM{IPAR)= MLAM{IPAR)+ NB{IPAR)
VALP(ITE(IPAR) )= ENLAS ENLA= ENLA+l.
ITE(IPAR)= ITE(IPAR) +1
CONTINUES IF(IPR.GT«5) PRINT 103+ (BR(1}4I=1,IDSC)S RETURN
FORMAT (/7% THE TRIAL wF*//(1X10F12,5))
END
SUBROUTINE CARTOJ(IPR)

TO GENERATE THE ARRAYS STUCO(1260,2) AND CS5(300,2) HITH THEIR

DICTIONARY TGN{34,6)s ICSD{49) ..

STUCO COUNTAINS "THE COMPONENTS IN THE SPIN-CART BASIS oF THE

SPHERICAL ETGENSTATES/NeJeK)y WITH K=o5= EVEZs WITH THE ~

BRODY=MOSHINSKY. PHASE « CSS CONTAINS THE COMPONEHTS OF THE'

SOLID SPHERTCAL HARMONICS IN THE S=C OPERATOR BASIS.

THE METHOD USED 1S BASICALLY THAT OF MQSHINSKY IN THE NOTES,

GROUP THEORY AND COLLECTIVE MOTION,1962, LATIN AM, SCHOOL OF PHYS,

COMMON /CARJN/ STUCO(126042) s ION(A%,6) 4C55(300,2) cICSC{49)

COMMON /CARTEMP/ CS5(25424,13).CU(15.:2, 13).CJA(30.2,49).IAD(?..¢.1¢)
.NPA(ls).SFAC(r) .JSFAC(T)cIJAIQQ)QITQN(§9|2)gC(50o2)|CP(50.2)

DATA P1/3,14.159 265:358 98/

DSFAC(1)=3 SFAC(1)= 1.% NX= 18- Do 21 I =, doee 6

DSFAC(IOI 2 DSFAC(I)*SQRI(FLOAT(z-lol))
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S0

513
511

W~

25
27
29
23

119

-

37
49

4]
43

33

SFAC(I+1)= SFAC(I)2SQRT(FLOAT(I))

fFOR N = O=6 SHELLSy L= (=6
ICL= 13 DO 1 IL= 1 » 7% L= IL-1% RIL= LS KLH= 1/SART(2+*RIL*®14)

FIRST CONSTRUCT YLL IN THE AsBsC RASIS AS (4%PI/(28Le¢]))®a SoRaslay(L,L)
N= 1% C(l413= FLOAT(10000%L)

Clls2)= DSFAC(IL)/SFAC(IL)SRLH®(1=22M0OD(L,2))

KMMz= 28L+13% M= LS DU 3 KMz 1 o+ KMM

CALL POLTRA(CS(1¢10eKM)+NPA(KM) 9254CoNs50)

CALL TRIMUP (CS(1e1sKM)oNPA(KM) 925,1.E~8)

ICM= NPA(KM)S® ITE= 10000%ICL+ ICM

DO S11 IC= 1 « ICMS DO 513 J =1 » 2

CSS(ICLsJ)= CS(ICyJeKM)

icL= ICL+ 1% IF(KM,EQ.KMM) GO TO 3

CALL NOLMIN(CP4NP50sLsMy CyNoS0)

DOT7TJ=1,.,NPSDOTI=1.2

C(JeI)= CP(JeI)% N= NP

CONT INUE

IF(IPR.LT,2) GO TO 10% PRINT 101 L

FORMAT(///5 SPHER. HARM. OF ORDER -12.-. IN SPIN=-CART, OP, BASIS*
1 2/)

NOW USE CS THE OPERATOR TO CONSTRUCT CU THE STATE VECTOR ,

DO 9 KM= | o KMM$S M= L+ )= KMS ISwi= MOD(IABS(M)o2)# |}

JM= NPAIKM)S DO 23 J =1 +» JMS NTE= IFIX(CS(Je]eKM))

Nl= NTE/10000% NTEP= NTE- 10000%N1S N2= NTEP/100% N3= NTEpP~-100%N2
N12= MOD(N]#NZ242)8 GO TO (25,27} ISWI

IPHAS= 1~ 2eMOD(N2/2+N12+2) $ GO 10 29

IPHAS= [1=2aMOD((N2¢+]1)/2+N12,2}

CNCR= SFACIN1+1)*SFAC(N2+1}#SFACINI+1)®*IPHASSCU(Jy1eKMIZCS(Jo]sKM)
CULU129KM)= CS5(Je24KM)#CNORS IF (IPR.LT.2) GO TO 9

PRINT 119, M

FORMAT (4HaM= 13)

CALL SPRNTC(CS(1s19KM)oNPA(KMI o+CS(1929KM))

CONT INUE

NEXT CONSTRUCT STATES OF GOOD JsK IN CJA s WITH K=,5= EVEN.
DO 31 IPH= | o 2% JPH= IL+ IPH= 2% 1F(JPH.L.Tsl) GO TQ 31
ISWI= 1fHS DO 33 JAK= 1 , JPH
TAKM= MOD(IAK=1,2)$% RK= (FLOAT(IAK)=u5)#{1=2%1AKM)

IKPH= 1AK#(1=2#1AKM)+ [AKM $ COl= SQRT{RIL* «5¢RK)#*RLH
CO2= SQRT(RIL+.S=-RK)*RLHS GO TO (35,37) ISWI

Al= =C02% A2= + (OIS GO TO 33

Al= CO1S aA2= CO2

Kitl= IL= IKPH+ 1% KMZ2= KM1-1% Nl1= 0
IF(rM1.LT,.1.URKMLGT 27 IL=1) GO TO 41% N1= NPA(KMI)

N2z 05 IF(KMZ2.LTal.0R,KM2,6T,.2%IL=1) GO TO 438 N2= NBp (KM2)
CALL LINCOH(AvaU(lvluKMl)-qulSaAEnCU(lvl’KHZ)nNZvISg

1 CIA(Ls)lanNX?2 s IJA(NX) 430)

IN1= JPHe IKPHS IN2= JPH= [KPH*1S IAD(ILsINleIN2)= NX

ITGN(NX,1)= INl1~ 1% ITQN(NX.Z)* IN2=- 18 NX= NXes ]
CONTINUE

CONTINUE
CONT INUE

START COPYING INTO MAIN ARRAY STUCO o S e
ILAG= NY= 18 DO S1 IN= 1 , 7 $ NSH= IN=- 1§ ILU= Nsulzc |
IREM® MOD (NSH2)$ IL= IREMs 1% DO.S3 ILT= 1°» ILUS L= ILe 1
NEX= (NSH=' L)/2% INI= MAXQ(IL+2)S IN2= INl= 1% KMM=z 2e]lL= 1"
NAST= IAD(IL+IN1+IN2)S DO 55 KM= 1.9 KMM
- TFAC= SQRT(FLOAT(2#IL=-1))/DSFAC(IL)S BNOR= 1.



OO0000

IF(NEX.EQ,0) BNOR= TFACS INEM= [JA(NAST)S DD 59 INE= 1 » INEM
C(INEy1)= CJA(INE,19NAST)

59 C(INE+2)= CJA(INE+29sNAST)S IF (NEX.EQ«0) GO TO 71

HERE PUT IN THE REQUIRED POWERS OF (ABS(ACROSS))#*a2
DO 57 UNE= 1 o NEX $ A= 1,
TFAC= ~TFAC/SQRT (FLOAT( (28 NE+2#I =] ) #2%UNE))
IF(UNE.EQ,NEX) A= TFACS CALL SCALNZ2(A4CPysNPsS50,CeINEMy50)
CALL TRIMUP(CPyNP+50s1.E=8)% DO 61 INE= 1 9 NPS C(INEo1)=CP{INEs])
61 C(INEs2)= CPUINE.2)% INEM= NP
ST  CONTINUE
71 IGN(NY,5)= ILABS DO 62 INE= 1 » INEMS STUCO(ILABs1)= CUINE,1)
STUCO(ILARs2)= C(INE,2)*BNOR
62 ILAR= ILAB+ 1S IGN(NY,6)= ILAB= 1% IQN{NY,1)= NY
IQN(NY,2)= NSHS IQN(NYs3)= ITQN{NAST.1)+ ITON(NAST,2)
IGN(NYs4)= ITON(NASTs1)= ITAN(NAST2)
STUCO(ILARy1)= 999900+ NY+ 1} 5 STUCO(ILAB+2)= 0.% ILAB=® ILAB+ 1
NAST= NAST+ 1% NY= NY+ 1
§5 CONTINUE 8 IL= IL+ 2
53 CONTINUE
51 CONT INUE

ILABT= ILAB~- 1% IF(ILABT.GT.1260) CALL EXIT

ORDER STUCO FOR FUTURE USE IN .SCALP .
DO 81 I =1 » 88% II= IAN(IL5)% JJ= IQN(]I,8)
8l CALL SORTAG(STUCO(191)eI14JJsSTUCO(142))% IF(IPR4LT«1) RETURN
PRINT 213
213 - FORMAT (//%#] XPANS, COEF. OF SPHER, STATES IN S-C. BASIS*///)
CALL SPRNTC(STUCO(1s1)+ILABTSTUCO(1+2))% PRINT 217
217 FORMAT(//#1QUANTUM NUMBER DICTIQONARY ®/)
ITPR= 1% DO 69 K = 1 , 7% ITPM= ITPRell}
PRINT 219y ((IGN(IsJ) sI=ITPRyITPM) sJ=1,6)
219 FORMAT (51 1= 12(3XF443X) /5H NH= 1213X[4+3X)/5H 28>
1 12(3XI443X)/5H 2#K= 12( 3XI1443X)/5H IAS= 12(3XI443X)/5H 1AF=
2 12(3XI443X)77)
69 ITPR= ITPR+ 12% RETURN
END
SUBROUTINE POLTRA (CPsNPoNDPoCsNyND)

CP(Ns1)= 10000%NP1+ 100®NP2+ NP3 ,

CP(N#2)= COEFFICIENT ,

THIS SUBR, DOES POLYNOMIAL MANIPULATIONS.

CP = CP+ CH#{X=Y)®aN]#(X+Y)auy2uZeaNI/2us((N14N2)/2)

DIMENSION CP(NDP+2) +C (NDy2)

DATA SQA/,70710 67811 B6S48/

NP= 03 IF(N.EQ.0) RETURNS DO.1 NC= 1 ¢ N3 BN2 CINCy2)
INT= IFIX(C(NCs1))$ N1= INT/100008 INR= INT- 10000#N1SN2=INR/100
N3= INR=- 100%N2$ SQ= SUA®e (N1+N2)#8NS CTl= 1.3 N1F= Nlel

Do 1 NR,— 1 » NIFS CT2= 1,% N2F= N2+ 1% DO 3 NS = 1 ¢ NEZF

CST -= 100002 {NIF=-NR+N2F=NS )+ 100% (NR+NS-2)+ N3

COE = Su*CTI#CT2% IF (NP.EQ.0) GO TO 7 $ DO 5 NPP = 1 , NP
IF(CSTWNEL.CPINPP,y1)) . -GO. TG 5% CP(NPP.Z)- ‘CP(NPP+2) « CGESGOTO9
CONT INUE
NP = NP+ 13 IF(NP.GT.NDP) CALL EXITS CP(NP,1)= CSTS CP(NP.Z)scP‘
‘CT2= CT2# (N2F=NS)/FLOAT (NS) '

_CONTINUE o
- -CTis -CTl*(NlF-NR)/FLOAT(NR)
-1 CONTINUES RETURN . .

LEND - -

,Q:SUBRUUTINE*TRIHUP (C.N.ND.EPS) R F

EPS= SHALLFST TERM TO BE RETAINED .

W ~n
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N WILL BE CHANGED .

DIMENSTIUN C(ND42)

IF (N,EUe D) RETURNS MP= 0% DO 1 NT= )1 ¢ N

IF 1ABS{C(NT#2)) LTEPS) GO TO 13 NP= NP+ 1

IF INPeGT.NN) CALL EXITS C(NPel)= CINT41)% C(NPs2)= CiNT,H2)
CONTINUES N= NPE RETURN

END

SURBROQUT INE NOLMINI(CPsNP+NDPsL «MsCoaNaND)

COMPUTE THE ACTION OF THE NORMALISED LOWERING OPERATORs

DIMENSIUN CPINDP,2)sC(ND42) s IN(2),TEC12)4+51G(2)

DATA TEC/99,+=9999./¢ SIG/les=1e/

NP = 0% IF(NeEQ.0) RETURN % IF(M«sLEe=L) 6O TO 17

CNOR= SURT (P«/FLOATL{L*M) & (L=M+1)})8 DO )1 NT= 1 5 N

INT = IFIX(CINT41))% INTP= INTZ100% IN(1)= INT= JO0®INTP
IN(2)= INT/10000% D0 1 J =1 o 2% IF(IN(JD)WLTa1) GO TO )
ONT = CINT41)+ TEC(DE CT= SIGLII#INLI)#C(NTe2) #CNOR

IF(NP.EQ.0) GO TO 7% ND 5 NPT= 1 + NPS IF (UNT<NE.CP(NPT»1))G0TO 5

CP(NPT42)= CP(NPT,2)+ CT$ GO TO 1

CONTINUE

NP = NP + 1% IF(NP.GT.NDP) CALL EXIT $ CP(NP+si)= QONTSCP{(NPe2)= CT
CONTINUE

M = M=1% RETURN

END

SURROUT INE SPRNTC({RGN,LGT4Z0E)

TO PRINT THFE LGT QUANTUM NUMBERS TN RGN AND UNDER THEM THE LGT
CORRESPUNDING COEFFICIENTS ,

DIMENSION RQN(1)+COE(1)siQD(12)}

DATA LEFSQB.RITSOB/1LI+1L1/

ITPR= 1% KTOT= (LGT+ 11)/12% DU 67 K = 1 4 KTOT
[TPM= MINO (LOTLITPR+11)% IMX= ITPM= ITPR+ 1

DO 1 I = ITPRy ITPMS IT= 1= ITPR+* }

1QD(IT)= RON(T) )

PRINT 215, (LEFSQH,IQD(I) 4RITSOBsI=14IMX)

FORMAT (& QN=%12(2XAls174A1))

PRINT 2174 (COE(I)4I=ITPR,TITPM)

FORMAT (# CcI=% 12F1l1.7)

ITPR= [TPR+¢ 12% RETURN

END

SUBROUTINE LINCOM(AlsClsN1+ND13sAZ, cquZ.NDZ.CoN,ND)
DOES C = A1#Cle apaC2 .

DIMENSION C1U(ND142)sC2{ND2+2) yC{(ND¢2)

N = 05 IF(N1cEQ.0) GO YO 1% IF{N1,GT.ND) CALL EXIT
DO 3 1T= 1 o N1% C{ITs1)= Cl(ITol) ’

C(IToZ)- Al*Cl(IT.Z)

N = Nl ‘

IF (N2e:Wa0) RETURN$ DO 5 IT= 1 4 N2% IF(N.EW,0) GO TO 9

00 7 JT=1 9 NS IF(C(ITs1) oNE.S2(TITs1)) G0 TO 7

ClITe2)= C(JT32)+ A25C2(1T+2}$ GO TO S5

. CONTINUE

N = N+ 1S IF(N.GT.ND) CALL EXITS C(Nyl)' CE(IT,])
Ci{Nes2)= A2%C(1T,2)
CONTINUEi RETURN

END : o
| SUBROUT INE SLALNZ(AoCPoNP-NDPvCoN.ND) o

'gconpur ES  (ABS (ACROSS) ) 242 on’ THE SPIN'CART. STATE IN < AND PUTS

THE RESULTING (UNNORMALISED) -STATE IN CP &
DI"FNSIQN CPAKDP,2) +C(ND32) yRINC(3) s IAN(3)
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DATA RINC/200004+200¢ 92/

NP = 0% IF(NeEQ.0) RETURNS DO I IN= ' , N$ CT= C(INs1)}

NIN = IFIX(CT)$ CT2= C(INs2)$ H1l= NI{J/10000$ NTE= NIN=10000®N]
N2 = NTE/100% N3= NTE- 100%N2% IAN(1)= N1% IAN(2)=N2S1AN(3)=N3
IPHAS= 1% DO 1 JUK= 1 o+ 3% IF(JKEQ.2) IPHASE ]- 2%MOD (N1+2)
IF(UK.EW.3) IPHAS= 1= 24MOD(N1+N2,2)

FAC= SQRT(FLOAT((IAN(JK)ﬁl)*(IAN(JK)+Z)))S CTP= CT+ RINC (UK}
IF(NP.EQ.0) GO TO 7% DO 5 INP= 1 , NP

IFICTP.NE,CP(INP41)) GO TO 5

CP(INPo2)= CP(INP,2)+ A®FAC®#CT2% GO TO 1

CONTINUE

NP = NP+ 1% IF(NP,GT.NDP) CALL EXITS CP(NPy1)= CTP

CP(N742)= A®FACHCT?

CONTINUES RETURN

END

SUBROUTINE WAVSETE(BET+GAMDCHI4RDy IPR)

TO COMPUTE THE WAVEFUNCTIONS OF A SINGLE NUCLEON IN AN ELLIP-
SOIDAL MONIFIED OSCILLATORs FOR N= 0=6. SEE REFe SeGe NI|LSSON,
DANMATFYS.MEDD.29+ND«16(1955)y FOR INTERPRETATION AS A DEF.
BASIS OR AS A SPHERICAL BASIS.

BET,GAMUSCHI(T)y RD(7)s ARE INPUT PARAMETERS UF THE MODEL,

IPR= =1 ELIMINATES PRINTOUTs 0JLE<IPRJLE.b SPECIFIES PRINT
DETAILING,

THE BLOCK/WAVN/ CONTAINS ALL COMPUTED RESULTS.

NOTE THAT THE NATURAL ORDER IS THE ONE IN WHICH THE STATES ARE
ORTAINED WHILE THE 1HCREASING ORDER 1S THE ONE FOR WHICH THE
ENFRGY EIGENVALUES ARE INCREASING, ALL ARRAY SUBSCRIPTS WITH 1<LE.IvLE.
84 REFER TO THE NATURAL ORDER EXCEPT THOSE OF EAV(J) AND ITAG(Jsl)
EAV(J)= AVERe ENERGYs T+,5¢Vy OF THE STATE WHICH HAS THE JTH
LOWEST EIGENVALUEs ITAG{Js1)=I=NATURAL ORDER OF THIS JTH LOWEST
STATE . ENE'EAVs ARE IN UNITS OF H BAR OMEGA.

ITAG(I4+2)= STARTING POSITION IN WAVSET WHERE THE COMPONENTS AND
Q.Ne OF STATE I ARE STORED. THE END OF THE STATE I IS SIGNIFIED
BY STORING 9999XX, (XX=1) IN WAVF(IENDs1) .

RJZUIVy QUAD(I43)= AVERAGES GF JZ Xo#2,Y382,7%82,DIMENSIONLESS.
NHA(I)= MAJOR SHELL QUANTUM NUMBER .

TAUP (K) = NON=AXIAL DEFORMATION PARAMETERS .

SR(K)= OMEGK/OMEGO.

ALL INITIAL SPINS ARE + ,

THE Q.Ne OF THE STATES +000 IS STORED AS +al.

COMMON /WAVN/WAVF (1680+¢2) +EAV (84) JENE (84) yulJAD(S4493) g ITAG(B4s2)
1 RJZ(84) WNHA(B4) +TAUP (3)4SR(3)

COMMUN /CARTEMP/ HAM(284+28)VEC(2R+28) + XHTU(2843) y JLAB(84)

I XHTL{28) yRESTA(3962)

DIMENSTUN CHI(7)4RD(7)2TOU(3) +SUMA(3)BSU(3)sINS(T)B80B0(3)
DATA PIsINS.TT1/3,1415926535897+0919293+495169+666566666066606/
NN= 28% GAM= PI#GAMD/180.3% Cl= 5#SQRT(1.25/P1)*BET

DO 1 K =1 ¢ 3% TOUIK)= TAUP(K)= C1#L0S5 (GAM= TT'K#PI)

BOBO(K)= EXPITOUIK)) S BSQ(K)= BUBO(K)°*2

SRI{K)= 1./Bsu(x)s ILAR= TuL='1

DO 3 NZ= 1 « 7% IRET= 0% NH= NZ=1% NST= (NH+1)&#(NH+2)/2

CALL MOSDT (NH<TOUoCHI (NZ) +RD(NZ) +ENE (ILAB) sRJIZ(ILAB) » IPRSIRET,
1 HAM’VECQXHTLOXHTQ’ND‘

GENERATE/WaVN/BLOCK

DO.& I1 =1 + NSTS bUMA(l) SUMA(Z)- scun(s)- SUHl"O."
ITAG(ILABL2)= LdLS DO 5 JJ = 1 o NSTS WAVE (IWLy1)= XHTL(JJ)

WAVF (IWL+2)= ETA= VEC(JJsII)S ETA= ETA#82S HAMD- 0.

DO 108 K ="}a: 35" HAMD= HAMD+ XHTQ{JJeK) *SR(K):: e

SUMA(K) = SUMA (K)}s KHTQ(JUK) #ETAS  SUML= SUM]* HAHD'ETA SRR
IHL le+ 1$ EAV(ILAH) S“ENF(ILAH)O .25osun1; ;v‘A I
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ITAGUILAR,1Y= TLARS NHA(ILAR)= NH

WAVF (1wl s1)= 999900.+ FLOAT(ILAR)% WAVF (1uLs2)=0.SIWL= IwWL+ 1
DO QWK =1 .3

QUAD ([LABLK]I= SUMA (K]

QUAD (ILAH.K)= HSQ(K) #SUMA(K)

ILAR= JLAH+ L

CONTINUED [LAR= [LAHB= 1

ORDER EnV ACCORDING T0 INCREASINL ENE .

DO P2l K =1 » H4% JLAB(K)= K

XHTU(Kellm ENE(K)S CALL SORTAG(KHTQs148451TAGIS VO 23 K = 1484
XHTQ(Ky1)= FAVIITAG(K,1))% DO 25 K = 1 « 8B4

EAV(K)= XHTQ(K+1)% IF(IPR,LT4.0) RETURN

PRINT 101y HETsGAMD e (INS (U} aCHE(J) yRD(J) 9 =1 1)

SPHE«BA.
DEFO.BA.

FORMAT (//4)X%ELLIPSUINAL MODIFIED HARMONIC OSCILLATOR CUMPUTATIUNG

} 7736X- DEF, PAR, OF POTENTIAL ARE, BETA=#FO.be%*y GAMMAT#FG.3//
2 14XOMAJUR SHELL Nu6XuSPIN-ORBIT STRENGTH CHI#SX®#| SQR STRENGT D+*
3 7/7(3BXI2419KFTate 1 7TXFTa& ))

PRINT 103

FORMAT (///2%X% STATE ORDERING ACCORDING TO INCREASING ENERGY EIG.
1VAL+y FURK SUMMING PURPOSES#//)

ITPR= 1% KMX= (ILAHR* 111/12% DO 12 K = 1.y KMX® ITPM= LTPR+ 11
PRINT 1054 (JLAB(T) yI= ITPRGITPM) s (ITAG(191) 9 I=TITPR,1TPM)

1 o (RAVIL) 4 I=ITPR.ITPM)

FORMAT (16H INCR« ORDeNOs J12(4XI12.4X)716H NATU, ORD«NO« I
2 12(4X12+4X%)7 16H EAV. OF JTH ST-LZ(IXFgcbi/)

ITPR= JTPRe+ 12% PRINT 107

FORMAT [//2] X*ENERGY EIGeVALe» JZ AVERs AND MAJOR SHELL UGeNs IN THE

1 NATURAL ORDER(ORDER OF COMPUTATION)®/)

ITPR= 1% NG le K = 1 4 KMX$ ITPM= ITPRe 11

PRINT 109¢ (JLABLT) oI=ITPRyITPM) o (ENE(L) 9o I=ITPRsITPM),
1 (RJZ(I) 4 I= ITPRy ITPM) s (NHA(L) ¢ I=zITPReITPM) .

FORMAT (/164 NATU. ORD.NO, I12(4XI244X)/16H ENE. OF ITH 5T,
1 12(1XFY46)/16H JUZAs OF ITH STe12(1XF9.5)/16H NMSH OF ITH ST.
3 1206X1244X))

ITPR= [TPR+ 12% IF(IPR.LT,.])) RETURNS PRINT 111

FORMAT (//31X*THE ETGENFUNCTIONS IN THE S=Ce BASIS FOR INIT. SPIN=
1+, NAT, URI')-“//)

EAbL SPRINTC (WAVF {141) o IWL=1sWAVF (192))$ RETURN

N

SUHROJTINE MOSDI (NHe TOUsCHI o DeENEyRJZy IPRy IRET yHAM VEC » XHTL »

L XHTQeND}

NH = MAJOR- SHELL

TOU(K)= SQRT(5/4PT)/2%C0S(GAM=2/3K*PI)4BETA

CHI==L«516 STRENGTH

D= L®%2 STRFNGTH ,

IF IRET= o SET VEC TO 1 IF IRET= 1 USE CURRENT VALUE QF VEC »
RJZ= AVERAGE VALUE UF JZ . VEC= EIGENVECTORS BY COLUMBSs

ENE= EIGENVALUES 4 XHTL(N)= Q. NOS« OF THE BASIS STATESe
XHTO(NgK)=NK*e5 . ’
DIMENSION TOU(3).ROMG(3).SR(3)oENE(l)oRJZ(I)oKHTL(llngTG(ND¢3)-
1 HAM(ND¢ND) » VEC (N[ ¢ ND)

NST= ((NHe1)®(NH+2)}/2% D0 1 K = 1 » 3% ROMG(K)= EXP(=TOU(K))
SR(K)= ROMG(K)#82% [TM= NH+13 DO 3 1 =1 4 NSTS DO 2 J 3 1 » NST
HAM(14d)= VEC(I1,J)=0.% c =CHI*D

IN HAM PUT: HO= K'D'L“SXG“ROMG v IN VEC PUT L'SIG'ROMG .

N= 1$.D0 7 IT='1 , ITM3 DO .7 IMU= 1 4 ITS [NUs [T- IMU* 1
RINU= FLOAT(INU)S RIMuz FLOAT(IMU)S RITD= FLOAT{ITM=IT) _ :
KHTQ(Ns )} = HINU= 53 XHTR(Ns2)= RIMU= 53 XHTW(N»3)= RITDs oS
“RHTL {N) = 10090.-(R1Nu-1.)+ 100.#(RIMU~1.)¢ RITD
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IF(XHTLIN) aLTel4E=«S) XHTL(N}= 1
HAMT= 0+% DO 501 K= 1 4 3

HAMT= HAMT+ SR(K)#XHTQI(NsK)$ HAM(NeN)= HAMTS IF(INULE.l) GO 70 5

Tz (1= 2%MOD(INU+1+2) ) #SQRT ((RINU=14 )} (FLOAT(IT)=RINU+1a))
HAM(N+1 ¢ N)= ToROMG(3)#CS VEC(N+1lsN)= T/ROMG(3)
IF(IT.GEL.ITM) GO TO 7

T= (1=2#MOD(IMU42) ) #SQRT (RITD#RIMU)

HAM(N+IT+]1 4Nl = ToROMG (1) #CS VEC(N+IT+1,N)= T/ROMG(1)
T= (1=2#MO0(IT,25)#SQRT(RITD®RINY)

HAM(N+ITsN)= T2ROMG(2)1#CS VEC(N+ITyeN)= T/ROMG(2)

N= N+

NEXT DO HAM= HAM=X#(VEC+ D*(VEC)##2) AS MATRICES

DO 23 1 =1 + NSTS DD 23 U =1 4+ 1% TPP= 0D,

DO 21 K = 1 » NSTS IF(J=K) 11413513

IF(T1=K) 17+19419

TPP= TPP+ VEC(T.K)#VEC(JeK)S GO T 21

TPP= TPP+ VEC(I,K)#VEC(KsJ)S GO TO 21

TPP= TPP+ VEC(K,I)®VEC(Ked)

CONT INUE

HAM(1lsJ)= HAM({I4J)= CHI®(VECIIsJ) s D&TRP)

CALL OIAGTVDI(NST+289VEC+HAMJIRET)

COMPUTE JZAVERAGE, SELECa RULE IS M=NP= 0O4*le=] .

DO 120 T = 1 o« N

ENE(I)= HAM(lsI)% N= 1% DO 27 IT=1 o ITM

DO 27 IMU= 1 & ITS INU= IT<IMU+1S IF(N.LTNST) HAM(N+14N)= 0,
HAM(NoN)= 5% (]= 28MOD(IT=142)35 TF(INULLE«1) GO TO 27
HAM{N+14N)= (1= 2oMOD(JT+INU.2))*SURT(FLOAT ((INU=1)¥®IMU))
N= N+l

DO 31 L = 1 s NSTS T= 0.,%5 DO 33 N = 1 5 NST

T= T+ HAM(NGNISVEC (NS I #8285 IF (NsFEG@.NST) GU TU 31

T= T+ 2HHAM(N+ ] JN)SVEC(N+1 (L) #VEC (NsL)

RJZ(L)= T$ IF(IPR.LTs6) RETURNS PRINT 10

FORMAT(//%# EIGENVALUES#*20X®EIGENVECTORS#/)

80 39 I = 1 » NST

PRINT 61s ENE(I) 4 iVEC(JeI) o J=1eNST)

FORMAT (LPE14+64TE1646/(14X4TEL1666))

RETURN

END

SUBROUTINE DIAGTFC(N,ND4B.ELIT)

B(I+K) CONTAINS THE KTH EIGENVECTOR STORED BY COLUMBS.
E(I1sJ) [eGE+J CONTAINS THE LOWER THIANGULAR PART GF THE MATRIX
T0 BE DIAGONALISED - E IS DESTROYFD. WwHEN RETURNING E(K+K) CON
TAINS THE KTH EIGENVALUE ,

N= DIMENSION OF MATHIX TO BE DIAGONALISED » l<LEsN.LE.100,
ND=DIMLOF ARRAY .IN WHICH R AND E ARE STOREUsN.LE«ND.
DIMENSTON 13 (NDoND) +E (NDaND) '

1IF 1T=0 WHEN ENTERING SET B TO 1 INITIALLYs

IF 1T.6T.,0 WHEN ENTERING USE CURRENT VALUE OF B

THIS OPYIGN CAN RE ‘USEFUL FOR 1TERATIONS.

IF. DIAGUNALISATION FAILS IT IS RETURNED AS =-l.

ACCURACYy 1 IN.-10-TQO THE 6. - -

DIMENSTON H(1)4E(1)

DIMENSION XMS(100)4JS(100) -

FORMAT (/SX#N1AG FAILSbEll 2/)"

- ENTRY DIAGTVD .. -, '
IF ANGLT 2 60 TO 501$ IF(IT GT 0) GO TU 55

55

DOS7T 1 -,1 * N$:1J=°1% DO 57 J lw'.us B(lJ)g_O..,;;h ,
IF(1+EQ.J) R(IJ)-/I. o R 0 ;[‘f“ R
1u=" IJo ND - : ;

TEST = ud$ N0 20 'T'=+1 ‘e N$ U= 15 DO 20005 ¥y IS EPSP~ 2.
IF(I«EQ.J) FPSP 11* R t(lJ)S—nEsT' TEST jEPSP*TéT E
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ENTRY OBCFP"

[d= [Je ND & IF{TEST.EW.0,) GO TO 502% XNOM= (N®N=N)/TEST
NMAX= S#Nun$ KTz 05 0 123 K = 2 o N$ XM= 0% J= 1% KK= K- ]
KL= K DO 22 L = 1 + KK$ Q= ARS(E(KL))S KL= KL+ ND
IF(QeLELXM) GO TO 22% aM= Q% J= L

CONTINUES XMS(K)= XM

JS(KI= J

LOOP ENTRY PUINT FOR | JACOBI ITERATION

AM= 0,5 DO 222 K = 2 5, N$ Q= XMS(K)$ IF (WeLEeXM)} GO TO 222% XM=
I= K

CONTINUE

Rz XNOM#XM#XMS IF (RaLTelaE~12) GU TQ 502% KT= KT+ )
IF(KT.GT«NMAX) GO TO 263 J= JS(I)$ JT= MAXO(29J)3 MJ= ND#(J= 1)
L= MJ+ 1% 2= E(1JIS E(IJ)= 0.3 MI= NO#(1= 1)% JJ= MJ+ JBII=MI+ I
Y= JSH(E(JI) = E(II))IS X= P/SIGN(ARS(Y)+ SURT(Y#Y+ P#P),Y)§ P= P#X
E(JJi= ELJN* PP E(ID)= E(II)= PS C= 14/SuRT(]l,+ X#X)}§ S= X#C

KJ= MJ+ 1% Kl= MI+ 1% JUK= JF IK= 1% DO 25 K = 1 ¢ N§ ¥Y= B(KJ)

Z= (KIS B(KJ)= CoY+ S#Z§ B(Kl)= C#Z= S#YH [F(K=]) 29+24,28
12JZ2=K1]

Ivdy= KJ$ 60 TO 290

17J2= 1a$ [F(K=J) 3142430

IyJdys JK '

Y= E(IYJY)$ 4= E(IZJZ)$ E(IYJY)= Y#C+ S#Z8 E(IZJI)= Cwi= SuY

KJd= KJ+ 1% Kl=s KI+ 1% JK= JK+ ND$ IK= K+ ND

CONTINUES DO 301 K = JT o N& IF(KeI) 308:3099310

JSK= JS(K)§ IF(J.EQeJSK4ORWT.EQeJSK) 3094301
IF(JeNE«JS(K) e ANDaJoNF.K) GO TO 301

KK= K=1% XM= 0% JJ= 1% KL= K% DO"305 L = 1. ¢ KKS Q= ABS(E(KL))
IF (@ +LE, %M} GO TO 305% XM= Q% JJ= L

KL= KL+NDE XMS(K)= XMy JS(K)= JJ

CONTINUES G0 TO 27

IT= =1% PRINT 10, R § GO TO 502
ASSUME = 1

Hil)i= 1.

RETURN

END

SUBROUTINE NDISTOR (TAUL +FNNP o ND,y NQD)

COMPUTE THE XFORMATION FROM THE DEFORMED BASIS TO THE 1SOTROPIC
ONE ALONG ONE OF THE AXIS, AS A XFORM. ON A 1=pIM. OSCILLATOR,
DIMENSION FNNP (NDoNOD) e TSGR(60) - -

EXT= EXP(TAUL)S EXTI= 1e/EXTS CHT= 5% (EXT+ EXTD)

SHT = (EXT= EXTI}#.5% THT= SHT/CHTS FNNP.(isl}= 1. /sQRT(CHT)
FNNP(231)= FNNP(191)/CHTS DO 1 I =1 » 60 . ,

TSOR([)= SQRT(FLOAT(I))$ DO 3 IDL= 2 » NOLS IN= 1

NP = 28IDL- 3+ IN

FNNP(19IDL) = +TSQR(NP- 1)/TSQR(NP)*THT#FNNP(1olDL-l)S NP- NPe 1
FNNP(2,IDL)= TSQR(NP)#FNNP(141DL}/CHT = © -

DO 5 IDL= 1 » NODS DO 5 IN= 3 s NDS N= IN= 1S NP= 2%1pL= 3+ IN
FNNP(INs IDL) = (AN+NP~1) 9FNNP (IN=1,10L)~" TSQR(N-I)*TSQR(NP-I) cHT®
1 FNNP([N-Z:IDLE)/(TSQR(N)*TSQR(NP)*CHT)S RETURN : :

suanour:nz OBCFPE (NTH4CP NP » NDoIPR) : R

COHPUTES COMP, OF NTH LOWEST NILSSON STATE IN NwJ*KoJ-Ki BASIS N
. COMMON /HAVN/HAVF(16BO|2).EAV(BA)oENE(B#)|QUA0(8403)91TAG(84’2!0
1 RJZ(84)wNHA(Bb)oTAUP(3)oSR(3) B . :

DIMENS[ON CP(ND!Z)oC(84-2)

s ITAG(NTHsl)S ILAB= ITAG(J:Z)S NJ= ITAB(J‘IOZ) ILAB-

D031 = 1"y NUS ILT= lLAB-l‘IS CPLIsl)=, HAVF(ILT 1),

3 CP(Io?)— HAVF(ILToZ)S CALL TRIMUP’CPGNJ’NU’IOE 5)
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IF(rPR.LT.0) GO TO S% PRINT 101y NTH

FORMAT (#QCOMP, OF#I13¢#TH L, ORB IN SPIN=CART, DEFORM, BASIS,{MUsNX
1sNYoNZ3 o#)

CALL SPRNTC(CRsNJ4CP(1+2))

CALL DISTRA(CsNyB&yCPyNJyND)$ CALL TRIMUP(CsNy8441,E=5)
CALL CNNJK (CPyNPyNDsCsN984)S CALL TRIMUP{CPyNP4NDy]eE=4)
IF (IPR«LT,0) RETURNS PRINT 123 -

FORMAT (# EXPANSION COEFe IN [NTeJeK, J-K] SPHERICAL BASISl)
CALL SPRNTC(CPnPsCP(1+2)) 3 RETURN

END

SUBROUTINE DISTRAE(CP4NPyNDPsCeNyND)

HERE COMPUTE THE 3=DIM. DEFORMATION XFORMATION USING PRCDUCTS OF
THE COEFS IN FNNP .

C AND CP MUST BE IN THE SPIN=CART, BASIS,

C HAS THE COMP. IN THE DEF. BASIS s CP WIL HAVE THE COMP. IN THE
ISOTROPIC HASIS .

THE MES OF THE TRANSF, FROM THE DEF BASIS TO THE ISOTROPIC ONE
ARE CONTAINFD IN FNNP (NDyNODsK)y K=19243.

DIMENSION CP(NDP42) sC (NDy2)

COMMON/DISTORAZ FNNP (To4s3)

ENTRY DISTRA

NP = 0% IF(NeLTo1) KETURNS DO 1 IN= 1 4 N$ IGNz IFIX(C(IN,1))
Nl= LQN/10000% NTE= IQN= 10000*N1S N2= NTE/100$ N3= NTE~ 100eN2
IR1= MOD(N1,2)$ IR2= MOD(NZ,2)% IR3= MOD(N342)

DG 3 J1 =1, 7 4 26 NPl= Jl= 1+ TR1S IF(NPL.GT.6) GO TO 1
IGNP1= 10000¥NP1% Kl= MINO(N1,NP1)+ 1§ L1= IABS((NPi=N1)/2)+ ]
Fi= (1=2%MOD(IDIM{ (N1~NP1)/240)42) ) #FNNP (K1oL1y1)

DO'S J2= 1 4 7 s 2% NP2= J2= 1+ IR2$ IF(NP1+ NP2.GT+6) GO TC 3
1GNP2= IGNP1*+ 100%#NP2% K= MINO (N2,NP2)+ 1% L= IABS ((NP2=N2)/2)+ 1
F2= (1=29MOD(IDIM( (N2=NP2)/240) 92) ) #FNNP (KeL 92)

DO 7 J3= 1 o 7 » 2% NP3= J3= 1+ IR3$ IF (NP1+NP2oNP3.GT.6) GO TO S
IGNPT= IQNP2+ NP3% K= MINO(N3.NP3)+ 1% L= [ABS((NP3=N3)/2)+ 1
F3= (1=2¢MON (IDIM((N3=NP3)/2,0) s2) ) *FNNP (KsL +3)

COET= C(INs2)#F1#F2%F3% IF (NP,EQ«0) GO TO 9

DO 11 INP= 1 4 NP$ IF (CP(INP,1)«NE.IGNPT) GO TO 11

CP(INPs2)= COET+ CP(INP»2)$ GO TO 7

CONT INUE )

NP = NP+ 1$ IF(NP.GT.NDP) CALL EXITS CP(NPs1)= IGNPT

CP(NP,2)= COET

CONTINUE

CONT INUE

CONTINUE . -

CONTINUES RETURN

END

-SUBROUTINE CNNJKTE 'DeNDPoCoNoND)

WHEREAS sruco e:vss 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 , ;-
CP(NPs1)= 100004NT+100% (J+K) + (J=K)

CPINP,2)= COEFFICIENTS .

THIS VERSTION HAS -CORRFCT, TIME REV, PHASEs .- ‘ -
DIMENSTION "CPUNDP42) 9CIND42)4CT(30,2) g
COMMON. /CAR N/ . STUC0(126012)oIUN(B#ob),LbS(300.2)9ICSD(49)‘
ENTRY CNNJK = .
CALL SOHTAG(C(L.1) .1.N.C(1.2))$ NP-AOS F(N.Ea.a) RETURN
DG 17 NY= 14 848 1I=" TQNANY+5)$ JL= 1 N(NY36)=. IQN(NY’S)* 1
3 oy LS ITE ILs e 3R CTUTe)) =, sruc0(11‘ .

CT(142)= STUCOTIT,2)8 S SCALP(CToJLq3DquL-ND)Ng oo

CIF(ABS (SCT) LT 1.E=4) GO TO il$ NP= NP+ 1§ IF(NP.G*.ND‘) CALL EXIY

CP(NP;I)- lOUOO*IGN(NY-2)+50*(IGN(NY,J)*IQN(N? 4
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1 (LUN(NY»3)=1QN(NYe4))/2
MODIFY PHASE FROM MUSHINSKY DEF.
ICH= MOUCTIQN(NY 3 3) 98) <2*MON (IAN(NY42) 42)
IF(ICHEW,s3s0ReICHERLS) SCT= =SCTS CP(NPy2)= SCT
CONTINUES RETURN
ENE ’
FUNCTION SCALP(CHNByNDBsCAcNASNDA)
EACH CI(141) MUST BE UNIQUE .
CA AND CB MUST RE ORDERED .
DIMENSION CA(NDAL2)s CH(NDBs2)
SCT= 0.% IA= IB= 1% IF(NA.LT,1.0R, NB.LT 1) GG 1O 101
IT= MAXO(NA. NB)S DO 1 J=1 ., 1T
IF (CB(IR¢1)= CA(TIAy1)) 34 S5s 7
IA = 1A+ 1% 1F(IA.GT.NA) 101,9

IB = I8 + 13 IF(IB.GT.NB) 101.9
SCT = SCT+ CB(IR,2)%CA(TA,2) § IA= IA+.1% [B= IB+ 1]
IF(IA«GTaNALOR,IRGT4NB) GO TO 101

CONTINUE
SCALP= SCT: RETURN
END

SUBROUTINE TIMEREV (CyNCeND)
THE STATE C(ND#»2) IS5 TIME REVERSED.

DIMENSION C(1)

Ia=1% IC= nii*}

DO 1 N = 1 4 NC -
1aN= C{iw)

JMK= MOD(TQN+100)S JPK= MOD(IQN/1000100)
CLIC)= CLIC) ¥ (1=2%MOD (JMK,42))

ION= JQN+100% (JMK~JPK) +JPK~JMK$ C(IQ)= IQN
Ic= IC+1% 1Q= IQ+1

CONTINUE $ RETURN

END

SUBROGUTINE EXFI1B(EXM,K1,4K2)

TO GENERATE MUD CALLS TO EXFI1BP

COMMON/BASIS/ ICODE(16) +ISTA(16)9TPAR(16) sINPO(16)+INUC(1g)

1 ILC(16)9NOLVNB(2) sMUDsIDF+IDSCyIDSJ9JAR(1492) 9 IDAC(14914) 2+ usiPOy
2 NBToHBOM,0SPA2

DIMENSION EXM(1),ICO(16)

M=1l% 00 1 K = 1 4 MUD$ NLP=0% DO 3 L = 1 » NOLVE IPR= 3~IPARI(L)

. IF(TIPR.NE.K) GO TO 3$ NLP= NLP‘lS ICO(NLP)- ICODE(L)
"CONTINUE

CALL EXFIIBP(EXM(M)QICOQNLP.KviZ)
M= M* NH(K)»®2-

RETURN

END -

SURROUTINE EKFIIHP(rXMQCODA'NOLV!KliKa) )

KI=.:192¢39 DO XoYeZs KI=4,54+65 DO PXyPY,PZ o o v
USING’ THE STUCO ARRAYS OF JoM STATES IN CARTESIAN BASIS .
EXM(NAsNB)= HERMITIAN MATRIX EL. OF KI*KE . '
;CDDA(NOLV)‘ CODE NUMBER ARRAY .

CIKINE e, REAL SYMﬁ- s IKIN==1y. IMa ANTIS. ‘ ‘
COMMON/BASIS/ - ICODE(IG)QISTA(lb)vIPAR(lﬁ)OINPO(lﬁ)oINUC(IG)O o

o 1. ILC(16)-NOLToNB(Z)vMUDoIDF910509105J1JAR(14’2)tlDAC(l#tl#)9JMP0|

2 NBT,HBOM,OSPAZ : o

'INTEGER. CQDA ™~ B T

DIMENSION. Exntl).cooAtl).IFAS(o) 8 B
COMMON  /CARJN/ STucollzéo,z).10N(s4.6).€55(3oo.2).lcso(49)

COHMON/LARTEHP/C(looyz)OCP(IODOZ);CT110012)9IBSI(SO’QI=IGN(50)9
l ITAG(SO)qITP(SO)vLARlSO).RESTA(4876)
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DATA 1FAS/Gele04340+3/

NEXT STATEMENT TO TELL SPIN UP FROM SPIN DOWN.
STUCG(l.1)=,1

IFT= MOD(IFASIKL)+IFAS(K2) ¢4) .

IKIN= 1-28MOL(IFT92)% IPH= 1=2%#(IFT/2)

ICl= [+MOD{K1l=103)% [Pl= l=28((K1=1)/3)

IC2= 1+4MOD(K2=1,3)% IP2= l-2%((K2=1)/3)

ASSIGN 11 TO IHERS IF(IP1+1P2.EQaQ) ASSIGN 13 TO IHER

NOW FILLIN YBSI WITH NILSSON NUMBERS IN IuN .

ILA= 1% DO 3 K = 1 » NOLVS KP= CODA(K)S LAM= ILC(KP)
JPH= ISTA(KP)}S NPO= INPO(KP)S JPHD= SHIFT(JPHs1)

DO 3 M =1, JPHDS JMK= M=1% JPK= JPHD=M

ISIGN{ILA}= SHIFT(NPO=1412)+ SHIFT(JPK,6) ¢« JMK
ITAG(1LA)= ILAS LAR(ILA)= LAM

ILA= ILA+15 IDIM= ILA=1

CALL SORTAG(ISIGNs1+IDIMsITAG)

DO 1L =1, IDIM

IBSI(L)=0

DO S IL=1 4 86 $ NH= IQN(IL+2)% NILN= IGN(ILs])
TOJ= IAN(IL+3)% TOK= IUN(IL.+4}% JPK= (TOJ+¢TOK) /2
JMK= (TOJ=TOK) /2

ISIGP= SHIFT(NHs12)+ SHIFT (JPKs6) +JMK

IR= INBINS(ISIGN.!o,IDIMsISIGP)

IF(IR.LTL1) GO TO 5% IBSI(ITAG(IR))=ILS ITP(ITAGUIR))=JUMK
ISIGP= SHIFT(NHe12)+¢ SHIFT(JMK6)3 JPK

IR= INBINS(ISIGN.141DIM.ISIGP)® IF(IR.LTel) CALL EXIT
IBSI(ITAG(IR) )= ~IL$ ITP(ITAG(IR))= JPK

CONT INUE

KAREA= 1DIM®%2% DO 25 K = 1 « KAREA

EXM(K)= 0,

IL LOOP STARTS HERE

DO 7 IL=1 4 IDIM

NILNO= IBSI(IL)S IF(NILNO.EG.0)} GO TO 101

NILN= TABS(NILNO)$S LAL= LAR(IL)

IAS= IQN(NILNsS)% IAF= IQN(NILN.,6)S ILA= 1

DO 9 K = TASsIAF

C(ILAW1)Y= STUCO(K41)% C(ILA2)= STUCO{K,2)

ILA= ILA+1% ILA= ILA~-]

IF(NILNULLT.®) CALL TIMEREC(CsILAS100,ITP(IL))

GO 70 IHERs(11413)

NT=0% CALL DIPSTAE(CTyNTo100+IC2¢CoILAs100s14s1IP2)
NP= 0% CALL DIPSTYAE(CPsNP4100,IC14CTsNT+100,1.,IP1)S GO TO 15
NT=0% CALL DIPSTAE(CT.NT4.10041C2¢CeILA210091e91IP2)
NP=0% CALL NIPSTAE(CP NP4100+ICLleCToNT4100y.5+1IP1)
NT=0% CALL DIPSTAE(CT4NT4100+IC1sCsILA,10091e+1IP]1)
CALL DIPSTAE(CPoNP4100+IC24CToNT9100s541P2)

CALL SORTAG(CPsl«NPWCP(1:2))

IM LOOP STARTS HERE

DO 17 1¥= 1 » IL% LAM= LAR(IM)

IF(MOD(LAM+LAL+2) 4HE.0) GO TO 17
THIS PUTS IN THE TIME-~REVERSAL PHASE
TRPH= (~1)#s((LAM=LAL)/2)
NILNGM= TRSIC(IM)S NILNM=IABS (NILNOM)
IASM= JUN(WILNMs5)35 TAFM= TQN(NILNM.6)S ILM=1 .
DO. 19 KM= -TASMs JAFMS$. cT(lLM.x)- STUCO(KMol)S CT(ILM-Z)’STULO(K"

CTLM=T ILMels ILME TLM=]1" .
IFANILNOM.55T0) GO TO 27$% CALL TIMEREC(CT,lLMoIOO ITP(IM))

CALL SORTAb(CToleLM-CT(l-Z))
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PE= SCALP(CTsILMy100+4CPesNP.100)=TRPH

WwE HAVE (M/K1eK2/1) UPFER TRIAN PART

IF(IKINGLT.0) GO TO 21 $ EXM{IL+IDIM#(IM=1))= IPH®PES GO TO 17
IF(IL.NE-IM) GO TO 73 % IF(ABS!{PE).GT«l.E=10)103,17
EXM{IMslUTMe(IL=1))= TPH*PE

CONTINUE

CONTINUEDS RETURN

PRINT 105,It% GO TO 199

FORMAT (/2 FOR [L= #I5+% WE HAVE NO SPHERICAL STATEs EX1T,..®
PRINT 107+ ILeIM LPE

FORMAT (/¢XXXXXXXXXAXX FOR IL AND iM = #2]S5,%WE HAVE A ME=%E]10.3 )
CALL EX1T

ENUD

SURRPOUTINE TIMEREC (CyNsND4MPS)

C(NDes2) CONTAINS N COMP, IN SPIN-CART. BASIS .

ON RETURNTNG C CONTAINS THE TIME REV. STATE#®(~])®#MPS,
NOTE THAT /Je=M)= (-L)#a¢(J=M)&T#C ®HEN C HAS GOUD J«M .
FORMULA IS TH#/N)eN2+N3sMU)= MUR/NY+sN29sN3s=MU)

DIMENSION C(1)

IFAS= (=1)=&MPS$ IF(N.GT.0) GO TO 1

RETURN

DO 5 K1= 1 « N% K2= K]1+ND

RQ= C(K1)$ Cc{Kl)= =-RQ

C(K2)= CIK2)1¥SIGN(1.sRU)EIFAS

GO 70 3

END

SUBROUTINE DIPSTAE(CP NPoNNPsKsCoNsNDoCBT 4 IPH)

DIM CP(NDP4Z) e CI(NDe2)

IF IPH= 1, DO XK. [F IPH==1. DO PK ON THE STATE C.

CP= OK#={,

DIMENSION CP(1)+C(1)oCT(2)4M(3)

IF (N.LT+1) RETURNS DO ! L ="1 o N3 L2= L+ ND3$ IT= IFIX(AGS(CIL)))
M(1) = [T/10000% NR= T~ 10000#M{1)$ M(2)= NR/100

M(3)= NR= 1008M(2)% PHI= 1% IF(KeLTe3) PHI= 1= 2#MOD{M(3),2)
IF{KeLT.2) PHI= PHI®(1~= 22MOD(M{2)+2))S$ SGZ= 1.

S6Z= SIGN(SGZ.CIL)IE CT(2)= PHI®CIL2)E IF(KsGT.1)CT(2)= SGZ®*CT(2)
IF(KeLTs3) S6Z= =S5Z% CT(1)= SGZ#ABS(C(L))S HMT= MiK)

00O 3 J =1, 2% CTT= SGRTI{FLOAT(MT+2<J)/2)

IF (CTTaLToleE=4) GO TO 3% IF(J.EQ.1) CTT= CTT2IPH

M(K)= MT+3=22J% CT(1)= SGZ=(10000#M(1)+ 1g0*M(2)+ M{3))

IF (CT(1)},EQe0s) CTU1)= L1%SGZS IF(NP.LT.1) GO TO 8

DO 7T LP =1 ¢ NP 3§ LP2= LP+NDPS IF(CT(I)-NE CP(LP)) GO TO 7
CPILP2) = CPILP2) + CTT#CT(2)%CBT$ GO TO 3

CONT INUE :

IF (NP.LT.0) NP = 0% CPINP+1)= CT(1)$ CP(NP+1+NDP)= CTT¥CT(2)aC8Y
NP= NP+ 1} .

CONTINUE

CONTINUES RETURN

END '

SUBROUTINE CARSET (CARA)

'COMMUN/EASIS/ ICODE(IG)’ISTA(lﬁ)!IPAR(I&)OINPU(IG)OINUC(IG)’

1 ILC(IG)cNOLVoNB(Z)vMUD’IDFoIDSC-IDSJ’JAR(14’2)leAC(l@!lQloJMPO-
2 NBToHBUM,0SPA2 -

ODIMENSION 1COD(16) +CARA(1)
INTEGER CARA

'M=1$ DO 1 K = ] 4 2% NY=0$ DO 3 NT= 1 4 NOLV

IF (IPAR(NT) (NE.3=K) GO TO 3% NV= NV+1$ ICOD(NV)= ICODE(NTl

. CONTINUES -CALL CARSETP(ICOD.NV.CARR(M).IDM)
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M= M+ THHE RETURRM

END

SUBROUTINT CARSETP (CODA«NOLP CARA, I1UM)
COMMON/RASLS/ ICUDE(16)+vISTA(L16)sTPAR(16) 2 INFOL16) 4INUC(L1g) .

I ILCU16) oNULV.NS(Z2) sMUD ¢ IDFTUSCeTUSI 9 JAR(1492) s IDAC(16914) ¢+ JMPOY
2 NBT+HBUM4USPA2

DIMENSIUN CrRA(1)s CODA(1)S INTEGER CODA+CARA

DIMENSIUN ISHC(B8) 4 ITJC(8) 4ITKC(16)

DATA ISrC/ 33568434568 435568 436568,3756B+4056B+4156R+4256H/,

1 ITJC/3456r43656H 440568 +42568+4456B¢34345608+343656B+3440553/,
2 ITKC/ 34408 434368434348 04484428408 +368434H,

3 46348+46368B94640B+4642B+4644R,4634348,4636368,46344087

ILA=1% bU 3 K = 1 4 NOLPS KC= CUDA(K)S JPH= ISTA(KC)

NPO= INPO(KC)S LTL= SHIFT(JPH1)S DO 3 L = 1 ¢ LTLS LK= Le+B=JPH
CARA{ILA)= SHIFT(ISHC(NPO) 42)+ SHIFT(ITJC(JIPH) +24)

I « SHIFT(ITKC (LK), 06}+ 61000000000000000062B

ILA= ILA+1% IDpM= JLA=-1% RETURN

END

|

IVDENT INBINS
LIST LR

FUNCTIOH INBINS(AsIlydJeX)
THE ARRAY A MUST BE IN INCREASING ORDER.
A BINARY SEARCH IS DONE IN ARRAY a FROM ELEMENT II YO JJ,
FOR THE VALUEL X, THE VALUE IX OF THE LOCATION WHERE X 15 STORED IN
A IS RETURNED AS A FUNCTIONAL VALUE IF THE SEARCH 1S SUCCESSFUL.
THE VALUE 0 IS RETURNED IF X IS NOT FOUND. THE VALUE =1 IS
RETURNED IF THE SEARCH FAILS BECAUSE OF IMPHROPER CALLING,
A AND X MUST BE NORMALISED IF THEY ARE REALe.e IF X IS CUNTAINED IN
SEVERAL LOCATIUNS THE RETURNED VALUE WIL BE ONE OF THOSE,
FOLLOWING IS A FORTRAN CODE wHICH COULD BE USED.
INTEGER AlX
DIMENSION A(D)
Ix= 11
IF(A(IX)=X) 1 4 3 o 5
INBINS= IX
RETURN
INHINS= 0
GO TO 7
IL= IX
IX=s J4
IFLa(IX)=X) 54349
Iu= IX
DO 11 K =1y 20
IR= Iu- 1L
IF(IR=- 1) §, 54 13

13 Ix= IL+ IR/2
IFIA(IX)=X) 17 o 3 ¢ 1S
15 Iu=s IXx
Go TO 11
17 L= Ix
11 CONTINUE
INRINS= -1
GO TO 7
END
USE START. ) N
TRACE. VFD 42/TLINBINS +18/IMBINS
TEMPAO. RSS ) |- SO ,
ENTRY, 8SS 08 -
ENTRY  INBINS -
INBINS RSS 18

5X6 AV ‘
SAD Al AQ= PAR. LIST FIRST ADDRESS



SA6 TEMPAO,
USE CUDE.

L] X6=IK'RI=IL.82=IUvBB=AD(A)-lBoXl=lR.34=K°l|85=19gX2=X.
SAS AO+1B GET AD(II}
SA4 AO+3B GET AD(X)
SA3 X5
RX& X3 ix= 11
SAZ X4 GET X
SAl AQ GET AD(A)
SB3 Xl-18 R3= AD(A)~-18B
SA4 X6+B3 X4= A(IX}
iXxo XG=X2 X0= A(IX}=X
ZR XUse? IFLALIX)=X) 1,745
NG XUqsal IF(A(IX)=X}elTe0) GO TO 3
EG e

o7 8SS oB
SA4 TEMPAQ . R
SAD X& . E
EQ ENTRY, TURN

«5 RSS oB
MX6 1] IX= 0
EQ o7

ol BSS 0B
SB1 X6 IL= IX
SAS AQ+28 GET ADIJJ}
SA3 X5 _ x3= JJ
BX6 X3 IX= JJ
SA4 X6+B3 ’ X4= A(IK)
I1X0 X&=X2 N
ZR X0sas?7
NG X0+e5
sB2 %6 Iu=s IX
S84 0B K=1= 0
SBS 238 H5= 19

) AA RSS ob NO 11 K=1 » 20
5X1 H2=-B1 IR= iuU-IL
SBG6 xl1=-18
LE R6e S IF({IR.LTW2) GO TO S
AX1 18 ’ - IR= IR/2
9.9 X1+B81 IX= IL+ IR
SA& X6+83 X&= ATIX)
IXaQ Xa4=X2
ZR X04,7
NG X04,17
582 X6 fus IX
EW ell

«l7 RBSS (1],
SB1 X6 L= Ix

ell RSS ng A
S84 B4+18 K= Ke]
LE B448BS4)AA CONTINUE
SXe -18 X= =1
EQ ol
END

OVERLAY (NUHART 4240}

PROGRAM NUHART

FIRST D0 ITER ITERATIONS WITH NO CeMe KINETIC ENERGY THEN SAVE
THIS WAVEFUNCTION IN RS AND ROS AND DO 1 ITERATION WITH K,E. OF .
CeMa 'INCLUDED TO GET THE USUAL SINGLE=-PARTICLE ENERGIES« FINALLY
DO ITCR ITERATIONS FOR EACH EXTERNAL FIELD EXF 10y - USING THE "
SAVED WAVEFUNCTION «

« &k % 8% &
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COMMON/BASIS/ ICODE(16)«ISTA(16)+sTIPAR(16)4INPO(16),INUC(18),

1 ILC(16) ¢NOLVsNB(2) yMUD» IDF4IDSCe1DSJ9 JAR(1492) s IDAC(1%914) ¢ JMPO,
2 NBT+HBOM,0SPA2
COMMON/NAMES/ROP y RON s ROPS y RONS +BRPS yBIPSsBRNSsBINS s VPP 9 VNP s VPN

1 o PROTWNEUTsNUCL

COMMON AS1(4000) «AS2(4000) +AL1(15000)
COMMON/NUHARN/VALN (B2) « VALP (B2) o NP (2) 4NN {(2) yNAME s ITER, I TCRsATND

1 +NORBA{(41) yNORB+BETsGAMD NPTOT4NNTOT

COMMON/EXFIN/EXFID(294+20)
COMMON/MAMEN/FPRoPTSoFPF oFNE oFNF o FDNsPTDsFDF o RONI yROPT o SPE o SPEXF
1 o RTS.RTD

DATA ROP yRON s ROPS sRONS +BRPSsBIPS+BRNSsBINS s VPP s YNP 4 VPN

1 » PROT4NEUToNUCL/3LROP ¢3LRON. 4L ROPS+4LRONSy4LBRPS 4L B(PS,4LBRNS
1 4LBINS»3LVPP+3LVNP+s3LVPNOLPROTON(S) s 10LNEUTRON(S) » s OLNUCLEON(S)/
PRINT 103% CALL TIMEPRT(Y)S FACF= .S%HBOM/ATNO

CALL ADLONG(FPR+1.9PTSeFACFoFPFoAS]1,ALL1)

CALL ADLONG(FNE1.sPTSesFACF+FNF4AS1ALL)

CALL AGLONG(FDNy1o9sPTDNeFACF.FOFsAS]1ALL)

CALL HARFIT(RONIJROPI «FPFoFNFoFDF 403 ITERsoT,)

NOW COMPUTE THE RsMesS. RADIUS WaR.T. THE C.Ms

CALL BUFFIN(ROP4AS1+IDSJI)$ CALL BUFFIN(RTSsAL1,IDF)
CALL VEEBAF (AS2,AL19AS190)% TEl= TRVEROJ(AS1+AS2+0)
CALL BUFFIN( RON9sAS1+1IDSJ)S CALL VEEBAF (ASZ2yAL19AS]+0)
TE2= TRVEROJ(AS]15AS2+0)% CALL BUFFIN(RTDeAL1+IDF)

CALL VEEBAF (AS2,AL19AS195)S CALL BUFFIN(ROP4AS]IDSJ)
TE3= TRVERDJ{AS1.AS2+0)% FAMU= OSPAZ2%#.5/ATNO®&2

CALL BUFFIN(3LFCO,ALl1,IDF)$ CALL VEEBAF (AS24AL1+AS1+0)
TMS= FAMUR (TE1+TE2+2.#TE3) $ RMS= SQRT(TMS)

ECOUL= .5#TRVEROJ(AS1,AS2.,0)% IF(NPTOT) 703,701

PFACT= OSPAZ2#.5/ (NPTOT#ATNQ®#2)

TPMS= PFACT#(TE1# (ATNO*NNTOT)~ NPTOTRTEZ+ 2.*NNTOT®TE3)
PRMS= SURT(TPMS)% GO TO 705

PRMS= 0.

PRINT 101, RMS. PRMS,ECOUL

DO 1 MORE ITERATION TO GET SePc ENERGIES. WITH KiE. »THEN
PROCEED WITH THE EXTERNAL FIELDS IF ANY .
PRINT 103s CALL HARF1T.RON+ROPsFPReFNE sFDNeSPEylsaFe)
DO 120 K = 1 » 20% IF(EXFID(1+1+K)=EQ.0DY GO TO 99
PRINT 103% PRINT 105y ((EXFID(IeJaK) sI=102)9u=134)
CALL BUFFIN(EXFID(1e1,K)oAS1sIDSHE DO 121 M =1 , 1IDSJ
AS1(M)= ASI(M)#EXFID(241,K)8 DO 123 J = 2 » &
IF(EXFIU(1sJ9K) EQe0aORJEXFID(29J4K) <EQ.0) GO TO 123
CALL BUFFIN(tXFID(lvdoK)oASE-IDSJ)S DO 125 M = 1 4 IDSJ
AS1(M)= AS1(M)+ ASZ(MI®EXFID(2+JeK)
CONTINUES -CALL BUFOUT(SPEXF,ASI-IDSJ)
CALL HARFIT(RONS.ROPS FPF . rMF.FDF,SPEXFolTCRonF.) i
ORMAT(IIOH kasoopnnn o TOTAL ReM.Se RADIUS WeReTas CoeMa= #F9,5y
1l # Fas PROTON ReMeS, RADIUS WaReTe TOTAL CoM,=%F10,.5+% Fe #
llOﬂﬁi**"***‘//lOXiCOULOMB ENEQGY—iFIE 59* ‘MEV, */)
FORMAT (1HR)
FORMAT(//% THE, STRUCTURE OF SPEXF IS.' NAME'IOX‘AHPLITUDE(MEV)'//(
115XA10,10XF12.5))
CONTINUE _ ,
END - R N B ’
SUBHOUT[NE HARFIT(RUNI.ROPI.FPR.FNE,FDN,SPE,ITER,ISAV)
COMMON/BASIS/. ICODE(IG)9ISTA(16)9IPAR(16)oINPotlb)olNUC(la)v
1 ILC(lb)’NOLVoNB(Z)’MUDQIDFQIDSC!IDSJ'JAR(l‘OZT9IDAC(15914)'JQPO’
2 NBT;HBOH,OSPAZ
COMMUN/NUHARN/VALN(HZ)oVALP(B2).NP(Z)sNN(?)oNAHEvDD(Z)vATNO
] .NORuA(41) DhBoBEToGAMD.NPTOToNNTDT .
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COMMON/EXSYPN/EXF (36) ,S5YP(21)

LOGICAL NOSPE4NOSAVeIPRS,ISAV, IPUNCH SREAL NEUT,NUCL«IXX
CUMMON/NAMES/ROP 4 RONsRUPS 4 RONS « BRPS+BIPSyBRNSsBINS s VPP s VNP o VPN
1 s PROTSNEUTsNUCL
COMMON/DUMPN/RMES (2593} +STN(3+5) ¢ QUADN(S) 9y NPQUAD (5) +BETU (5) &

1 GAMP(5) +QZ08 (5) +DDD(185)

COMMON/PRINL IM/EPS s IPRVUND (82) + IPUNCH

COMMON/UADSN/ QUADS (5¢3)

COMMON aS1(4000) ,AS2(4000) AL1(15000)

CALL HUFFIN(RONL+AS1+1DSJ)% CALL RUFFIN(ROPI9AS2,1DSJ)

CALL BUFOUT(RON +AS1:1USJ)$ CALL BUFOUT(HOP,AS2+1DSJ)

PRINT 209.RONI +ROPI+FPReFNE+FDNoSPES E5=0.

NOSPE= SPE.EU.0% DO 3 L= 1 o ITERSNOSAV= N, (ISAV.A.IL.EQ,ITER)
PRINT 201+ TLoNPTOTWNNTOT(NAMES IPRS=[PReLTeleAaIL NE.ITER

CALL BUFFIN(ROP.AS1+IDSJ)S RTP=TRVEROJ(AS1+A51,0)5% IF (NUSPE)GONTO11
CALL BUFFIN(SPE.AL1»INSU)S ES= TRVEROJ(ASlsALL,D)

CALL BUFFIN(FPRsAL1+IDF)}% CALL VEFHAR(ASZ29AL1+AS1,IPR)

CALL BUFOUT(VPP4AS2+IDSJ)$ CALL BUFFIN(FDNysAL1l,IDF)

CALL VEEBAR{AS2,AL19AS101PRY$ CALL BUFDUT(VNPsAS2,1DSJ)

CALL RBUFFIN(RON,AS1+INSJU)S CALL VEEBAR(ASZyALL14AS]1,4IPR)

CALL BUFOUT(VPN,AS?2yIDSU)S RTN= TRVEROJ(AS1+AS1+0)SIF (NOSPE)GOTOL12
CALL BUFFIN(SPE.ALl+INSU)E ES= ES+ TRVEROJUAL14AS1,+0)

CALL HUFFIN(FNEoAL1+IDF)$ CALL VEEBAR(AS2+AL1+AS},yIPR)

CALL RUFFIN(VNP,AL1+IDSIH)S DO 21 K = 1 4 1IDSJ

AS2{K)= AS2(K)+ ALI(K)S IXX=0% IF(IL.EQ.ITER) IXX= NEUT
IF(IL.EQLY) GO TO 7% IF ((RTP-NPTOT)#u2+ (RTN=NNTOV) ##2,6T,4]14,E~20)
1 CALL ERREXIT(RTP,RTN,NPTOT NNTOT,IL} =~ -

ETN= S*TRVERQOJ(ASZ2¢AS1+IXX) % IF (NOSPE) GO TO 13

CALL BUFFIN(SPEsAL1+IDSU)S DO 23 K = 1 » IDSJY

AS2(K)= AS2(K)+ AL1(K)

CALL DI2GON(ASZ2eAS1eALLaVALNNN)

CALL WAVPRT(AS]¢AL1+VALNNNTOTsNEUT4IPRS)

CALL UENMAT(ASZ2oAS1eALLsNN}S IF (NOSAV) GO TO 30

CALL BRUFOUT (BRNS.ASl+IDSC)S CALL RUFOUT(BINSsALl,IDSC)

IF (1PUNCH) CALL WAVPUN(AS]+ALL1sNN,NEUT ,NAME)

CALL ROCUNV(ASZsAL1+1)SIF (o NoNOSAV)CALLBUFOUT (RONSyAL1sIDSJ)
CALL BUFOUT(RONyAL1lsIDSY)

NOW REPEAT FUR PROTONS .

CALL BUFFIN(VPN,AS2+INSJ) S CALL BUFFIN(VPPsAL1,1DSJ)$D025K=1+TDSJ
ASZ(K)= ASZ2(K)+ALL1(K)S IXX=0% IF(IL.EQ.ITER) IXX= PROT

CALL BUFFIN(ROP,AS2+IDSJ) S ETP= «SHTRVEROJ(AS2,AS14IXX)

IF(NOSPE) GO TO 15% CALL BUFFIN(SPE.AL1+IDSJ)S DO 27 K = 1 » IDSJ
AS2(K)= AS2(K)+ AL1(K) -
CALL DIAGON(ASZ24,AS1sALIsVALPSNP)

CALL WAVPRT(A31¢AL19VALP.NPTOTsPROTIPRS)

CALL DENMAT(AS2,AS19ALL.NP)S IF (NOSAV) GO TOQ 32

CALL BUFQUT(BRPS,AS1,10SC)S CALL BUFQUT(BIPS+AL1,IDSC)

IF (IPUNCH) CALL WAVPUN(AS1+AL19NP,PROT4NAME)

CALL ROCONV (AS24AS191)SIF (JN.NOSAV)CALL BUFOUT(ROPS-ASI-IDSJ)

CALL BUFUUT(ROP,AS19IDSJ)S ETOT= ETP+ETNCES

ECOUL= ETP=ETNS PRINT ZU3,ETOTIETP+ETNJECOULIES

CONTINUES CALL BUFFIN(RON,AS524+1DSJ) SPRINT ZOSoOSPAZoPROToNEUT NUCL
DO 117 ISY = 1 , 215 CALL BUFFIN(SYPUISY):ALleIDSY)

RMES(ISYs1)= TRVEROJ(AS14AL1,0)S RMES(ISY.Z)- TRVEROJ(ASZ ALl.O)
RMES(ISYs3)= RMES(ISY.1)+ RMES(ISYs2) ~

PRINT 207,SYP(ISY) s (RMES(ISY;J) sJ=193)S GQUADN(1)= PROT =" =~
QUADN(2)= NEUTS QUADN(3)= NUCL$ NPQUAD(1)= NPTOTS NPQUAD(Z)-NNTOT
NPQUAD(3)= NPTOT+NNTOTS DO 119 U =1 4 3

STD(34J)= 0SPA2% (RMES(154J) =RMES (214J) +RMES (11 ,J) =RMES (17,4)) /3
STR(l.J)= 0 SPAZG(-RHES(lloJ)ORMES(ITcJ)fRMES(lOyJ)-RMES(lsoJ))/2'

-1 57D(3¢J)$ STD(ZoJ)- STD(l-J)-OSPAZ'(RNES(lOcJ)-RH£5116¢J))
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CALL GAMEXT(STD(14J) 9BETD (J) yGAMP (J) »QZOB (J) sNPQUAD (J) yQUADN( J) }
IF(NOSAV) RETURNS D0 121 J = 1 o 3% QUADS(4,yJ)= QUADNIY)
QUADS(S+sJ)= NPQUADIJIS DO 121 K = 1 » 3

QUADS (KyJ)= SQRT(STD(KsJ) /QUADS (5,J))S RETURN

FORMAT{(///% ITERATION NO#I3.,% FOR®#I3+% PROTONS AND“I30‘ NEUTRuNSv
INUCLEUS= #A10/)

FORMAT (///58X20Kuseststsansnatonnonn//SKeTOTAL BINDING ENERGY=*F12
1eSe® MEVy TOTAL PROTON POTENTIAL ENERGY=%F12.5,% MEVs TOTAL NEUTRO
IN POTENTIAL ENERGY=®%F12.5//25X*DELTAPN ENERGY=#F]2,5,% MEy, TDTAL
30NE=BODY ENERGYz&#F12.5¢% MEVS//SBX20HARE#asadsnssnscnassa, /)

FORMAT (// (X#COMPUTATION OF EXPECTATIGN VALUE OF THE 21 SYMPLECTI
1C BILINEAR OPERATORSs IN DIMENSIONLESS UNITSs 0SC. PAR. BSQUARE=®
1843,% FERMISQ#///13X#NAME®3 (10XA10) /)

FORMAT (13X410,2X3(F12,54BX))

FORMAT (///% HARTREE-FOCK ITERATIONS WITH THE PARAMETER LIST.#5X#R0
INI ROP1Y FPR FNE FON SPE®//26X#MASS STO
2RAGE ARRAY NAMES,#3X6A10)

END
SUBROUTINE WAVPUN(BR.BI+NA&KINDyNAME)

TO PUNCH WITH A UNIQUE HEADER AND NO. OF COMP. TRAILER THE COMP.
OF THE WF WHICH ARE GT EPS/3

COMMON/BASIS/ ICODE(16) 4 1ISTA(16) s IPAR(16)3INPO(16)4INUC(1G),

1 ILC(16: oNOLVINB(2) o MUDs IDF oIDSCeIL3J9JAR(14+2)sIDAC(14914) ¢ JMPO
2 NBT+HBOM,0SPA2

COMMON /PRINLIM/FOSP

COMMON /CONTRSN/IDUM(280)  IBLK +HBOW s TNAME

COMMON /DUMPN/IPOS(10) +COA(10) yNCOMs IBUF s ILASEPS

DIMENSION BR(1)4BI (1) NA(2)

EPS= EPSP/3% CALL TIME (NOwW)3 CALL DATE (WHEN)

PUNCH 103 ,NAME ¢NA s KIND» TNAME » IBLK » HBOM ¢ WHEN y NOW

PRINT 105¢NAME ¢NAcKINDs TNAME » IBLK y HBOM o WHEN s NOW

NCOM=IBUF=0% ILA=w=1%3 DO 1 K =1, 2

CALL WAVPUP (BR{M) 4NA (K) sNB(K))$ ILA= leNB(K)®&2

M= MeNB(K)#e2% IRBUF= [HUF+1% TPOS(IBUF)= NCOMS COA(IBUF!= 0
IF(IBUF.LT.08) GO TO 3% PUNCH lo01, (IPOS(J).COA(J).J-I.OB)

IRUF=0

NCOM=03% ILA=M=1% DO 5 K = ]| 4 2% CALL HAVPUP(BI(M).NA(K)oNB(K))
ILA= lenB(K)®#2

M= M+ NB(K)##23% IBUF=1BUF+1% IPOS(IBUF)= NCOM$% COA (IBUF)=p

PUNCH 101, (TPOS(J) +COA(J) yJ=1+IBUF)S RETURN

FORMAT(OB(149F6,44))

FORMAT (109214 42X2A10,15,F10.2+2A10)

FORMAT (® HAVErUNCTIUN PUNCHED WITH HEADER= ®Al0+25492X2A10,15,F10,
12,2A10)

END

SUBROUTINE wAVPUP (BReNPAWNBP)

COMMON /DUNMPN/IPOS(10)+COA(10) +NCOMs IBUF s ILASEPS

DIMENSTON RR(NBP,NBP;

DO 1 K =1, NPAS DO 3 I = 1 , N6PS IF (ABS(BR(IsK))«LTEPS)GOTO 3
IBUF=1IBUF+1% IPOSCIBUF)=ILA

COA(IBUF)= SIGN(AMINL (ABS (BR(1+K)) 929999) yBR(1,K}) S NCOM=NCOM+1
IF(IBUF.LT.08) GO TO 3% IBUF= 0% PUNCH 101.(lPos'J),COA(J).J—l.oe)
FORMAT (0B (14+F6.4))

ILA= ILA«]
CONTINUES RETURN
END

SUBROUT INE GAMEXT(ST'BETvGAMDvQZUHoNPATvNAHE)
STU(K)=_XK2AVs s BET AND GAHD ARE RETURNED ALONG HITH RoHoS- RADe

DIMENSION ST(3)v TAU(I) -
DATA P1/3.14159265358/
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CNUM= 2.#S0RT(5./(4.%P1))$s CNP= 1R0./P1

QZ08= (ST(1I%ST(2)4ST(3) )88 (1./3¢)% A= 0.5 DO | K=1 , 3
TAU(K)= ALOG(ST(K) /7uZ0b) /CNUM

A= A+ TAU(K)##2

BET'—' SQRT(ZI“A/J.)

GAMD= 0% IF(BET.LTV.l.E=5) GOT03 $ CGAM= TAU(3)/BET
IF(CGAM.GT.1+)CGAM=1.3 IF(CGAM4LT,=1e) CGAM==1,

GAMD= CNP#ACUS (CGAM) :

GAMD= CNP#ACOS(CGAM)S QZ0B= SQRT(QZOB/NPAT)

QZOR= SURT{(ST(1)+ST{2)+ST(3))/FLOAT(NPAT))

PRINT 101, NPAT, NAME « QZOB +BET.GAMD

FORMAT (/# B, M,S, S.P. RADIUS FOR #13+1XA10s%= #F9,5,

1 ® Fes BET =¢F8,5¢%s GAM = 2FB.2+% DEGe®/)

RETURN
END
FUNCTION TRVEROJ(VBsROJNAME)

TO COMPUTE THE TRACE OF VB#RO WHERE VB AND RO ARE IN N JsM BASIS ,
IF NAME NE, 0 PRINT THE COMPONENTS WHICH ARE .GT. EPSP AND THE
PARTIAL SUMS OF .S®VB#RO ,

COMMON/HASIS/ ICODE(16)sISTA(16)+IPAR(16)4INPO(16)4INUCI(LG)

I ILCU16) oNOLVeNB(2) sMUDIDF s IDSCeIDSJeJAR(1462) v IDAC(14914) ¢ JMPOy
2 NBT+HBOM,0SPA2

DIMENSION VB(251)sRO(2+1) 9 ILAB(100) s IAN(12) yDR(12)4DI(12) 4VR(12)+

I VI{12)% LOGICAL WESKIPS COMMOM /PRINLIM/ EPSs1PR,QNO(82)

DATA LSGB,RSQB/IL{+1L)/

WESKIP= NAME+EQ.0% XTE= 0,SEPSP= 1000.'EPS‘*25 IF (WESKIP) GO To 4!}
PRINT 2014 NAME, EPSPS$ IBUF= 0

ILA= 1% DO 31 JPO= 1 , JMPO3 J= JPO-IS IF (WESKIP) GO TO 43

PREPARE DICTIONARY IN ILAB .

INC= 0% DO 11 IPL=1 , 2% DO 13 KC= 1 » NOLV
IF(MOD(1PL=1+IPAR(KC) 42) «NE.0) GO TO 13% JPHC= 1STa(KC)

DO 15 KA= ] » NOLVS IF(MOD(IPL=1+IPAR(KA)y2)eNEeD) GO TO 15
JPHA= ISTA(KA)

IF(IABS (JPHC=JPHA) +1+GT« JPQ e OR ¢ JPHC+JPHA LT, JPO) GO TO 15
INC= INC+1% ILAB(INC)= 1oo~1coDE(KC)o ICODE (KA)

CONTINUE

CONTINUE

CONTINUE

IF (JAR(JPO,1) «NE.INC) CALL ERREXIT(JPO,ILABs2HFLsINC)

INC= JAR(JPOs 1)

TRJP= 0.% DO 3 MPO= 1 o+ JPOS EPSM= 1.5 IF(MPOEQ.1) EPSM= .5
SUMT= 0,% DO 5 IAC= 1 » INC

X= RO(14ILAI®VB(14ILA)+RO(2,ILAIEVB(2,LA)

IF (ABS(X) ,LE-EPSP.OR.WESKIP) GO To 21

IRUF= 18UF+ 1% ION(IBUF)= 10000%ILAB(IAC)+ 1002 (JPO=1) +MPO=1
VR(IBUF)=vB (1, ILAI$ VI(IBUF)=VB(2,ILA)S DR(IBUF)=RO(1,ILA)

DI(IBUF)I=RO(24ILA)S ASSIGN 21 TO IRETS IF(IBUF.GE,12) GO TO 10l
SUMT= SUMT+X

ILA= ILA+3;

TRJP= ‘TRJO+ EPSM#SUMTS IF (WESKIP) GO TO 31% ASSIGN 1 TO IRET
IF(IBUF.GT.0N) GO TO 101l

PRINT 103 , J,TRJP

XTE= XTE+ TRJPS TRVEROJ= Z.'XTES RETURN

PRINT ~.¢S, (LSQBoIGN(I)oRSQB'I 1«1IBUF1S PRINT. IUTQ(VR(I’QI’IQIBUF'

PRINT. 1094 (VI(])9I=19IBUF) S PRINT lll’(DR(l)!l’l!lBUF)
PRINT 113, (DI(1)4i=1s[BUF)

_IBUF= 0% GO TO IRETs(1+21)

FORMAT (® FOR MULTIPOL, LAM=#I3,%s THE TOTAL CONTRIB. TO THE POTe E

INERGY - IS®F 136548 MEVS/)
~FORMAT (® QN=%12(1XAls184A1))
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FORMAT (# yR=#]12(F1145))
FORMAT (# y[=#12(F11+5))
FORMAT (# DR=#]12(F115))
FORMAT(# DI=*12(F11.5))
FORMAT(///10X#MULTIPOLE ANALYSIS GF ®#A104% H=F POT, V AND DENSe Ma
IERB D+ wITH LISTING OF ALL COMPS WITH EN« CONTRe GT®F7.4//)
N

SUBROUTINE DIAGON(EsBRsBI,VALsNO)

FIRST CONVERT E BACK TO (JCyMC/E/JAsMA) BASISs THEN CALL MATRIX
OIAGONALISATION, ORDER THE STATES IN INCREASING ENERGY AND
FINALLY REDISTRIBUTE THE PARTICLES IF NEED BE .

COMMON/HASIS/ ICODE(16)¢ISTA(16)sIPAR(16)4INPO(16),INUC(16),

1 ILC(16)+NOLV4NB(2) sMUDsIDF4IDSCs10SJsJAR(1492) 9 IDAC(14914) yJUMPO
2 NBTyHBOM,0SPA2

DIMENSION E(1)+BR11)+BI(1)4VAL(1) «NG(2)

CALL ROCONV(BRyEs=1)% DO 5§ K = 1 , 1DSC

E(K)= BR(K)

MA=1% MB=1%$ DO 1 K = ] » MUDS ND= NB(K)$ INC= ND+}

CALL RHERMAD(E (MB) yBR(MB) 4BI (MB) yND4ND 309 IRES91.E=12)

IF= ™8

00 3 L =1 4 NDS vaL(MA)= E(IF) § MA= MA+}

IF= IF+ INC

MB= MB+ NDu##2

IS= ISH= 1% DO 11 K = 1 s MUD$S ND= NB(K)

CALL ORUER(VAL(IS) +BR(ISH)+BI(ISH) yND4ND)}3 IS= ISeND

ISH= [ISH+ ND®#2% CALL REORDER(VAL,NC)$% RETURN

END

SUBROUTINE ORDERI(E+BR,BI4NByND)

E IS THE LINEAR EIGENVALUE ARRAY ,

COMMON/DUMPN/ TA(100) 4ITAG(100)TAP(100)

DIMENSION E (ND) +BR(NDsND) +BI (ND9¢ND)

DO 3 J =1, NBS TAlJ)= E(J)

ITAG(J)= J% CALL SORTAG(TAJ14,NB+ITAG)S DO 5 J =1 4 NB

E(J)= Ta(J)s DO 7 1 =1 ¢« NBS DO 9 J =1 4 NBS TAP(J)= BI(1,J)
TA(J)= BR{i,J)S DO 11 L =1 4 NB% JUP=ITAG(U)S BI(I,J)= TAP(UP)
BR(IsJ}= TA(JP) :

CONTINUE § RETURN

END

SUBROUTINE WAVPRT(8RsB1sVAL «NNU+NAME ¢ SMPR)

TO DO A CONTROLLED PRINTOUT OF THE WAVEFUNCTION .
COMMON/PRINLIM/EPSs IFRsUND(B2)S LOGICAL SMPR
COMMON/OUMPN/EN(100) s TTA(100) +QN(20) yCR(20)+CI (20) 40DD (40)
COMMON/BASIS/ ICODE(16)+ISTA(16) +1IPPP(16)+INPO(16)4INUC(1E)

1 LCC(16) sNOLVoNB(2) 9MUDe IDF«IDSCoIDSJsJAR(1492) s IDAC(14914) 9 JMPOy
2 NBT,HBOM,0SPA2

OIMENSION BR(1) 481 (1) 4VAL(1)

NS= MINO(NBTeNNU+12)% IF (SMPR) NS= 0

PRINT 101,NSyNAME,EPSS DO 1 K = 1 » NBTS EN(K)- VAL (K)

ITA(K)= K§ CALL SORTAG(ENs1,NBT+ITA)S NSPl= NS+1$ IF(SMPR) GO TO 4
DO 3 K =1, NS$ KP= TTA(K)S IF(KP=NB(1)) 5¢5,7

M=1$ KPP= KP$ IPAR=13% IDB= NB(1)$ IND=1$% GO TO .9

M= 1¢NB(l)#82% KPP= KP=-NB(1)$ IPAR==1% I08B= N8(2)$ IND= 1eNB (1)
ILA= M+ 1DRB%(KPP=1)% ILB= ILA+ IDB=1% ILC= 0§ ASSIGN 11 To IRET
I0CC= NAMES IF( K.GTsNNU) .10CC=03% PRINT .103sK+EN(K) s IPARyJOCC

DO 11 KS= JLAsILES CRT= BR(KS)S CIT= BI(KS)SUNT= QNO(IND)

IND= IND+1% IF (ABS(CRT).LT.EPS+AND<ABS(CIT).LT,EPS) GO TO 11
ILC= "ILC#15 UN(ILC)Y= QNTS CR(ILC): CRTs CI(ILC)- CIT ,
IF(ILC.GE,.12) GO TOD 13,

CONTINUES. IF(ILC-LT 1) 60 TO 3s ASSIGN 3 TO IRETs GO TO 13
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CONTINUES IF{NS,GE.NHBT) RETURN

PRINT 111, (EN(I)I=NSP1sNBT)$ RETURN

RETUKRN

PRINT 1054 {AN(J) +J=14ILCIS PRINT 1079 (CR(I)s1=1sILC)
PRINT 1094 (CI(J)4J=1+1LC}E ILC=0% GO TO IRETe(3911)
FOPMAT (//30X10Hesennoonts & THE LOWEST #I1241XA10,

1 # STATES, ALL COMPe .GT, #F5,3s1X10Hesssanssse /)

FORMAT (/% STATE NO#I3e%e WITH SePe ENe=#F12¢69% MEVos PAR,=%130%,

1 OCCUPIED BY A #A10)

FORMAT (4H QN=12(1XA10))

FORMAT (4H RP= 12(1XF10.7})

FORMAT (4H [P= 12(1XF10.7)) -
FORMAT (/# REMAINING S.P. ORBITS AT ENERGIES (MIV)#//(2X10F12.5 ))
END

SUBROUTINE RHERMAD(EsBRBT+NBE«IDIMsIBTs IRESeR2)

E= HERM, MATRIX TO BE DIAGONALISED.

E(IeJ)s I.GEeJs CONTAINS REAL PART OF Eo

E(IsJd)y 1.LTe Jy CONTAINS IMAGINARY PART OF E .

B(IDMyIDM)= ARRAY CONTAINING EIGENVECTORS BY COLUMRS.

BR= REAL PART OF By Bl: IM. PART OF Bs

NBE= DIM OF MATRIX TO BE DIAGONALISED.

IDIM= DECLARED DIM OF E AND By EG, A(IDIMsIDIM)s B(IDIM+IDIM),
18T= 0, NO THRIAL EIGENVECTORS, SET B TO 1 INITIALLY.

IRT=1s USE CURRENT B. ‘

IRES= 0, HERMAD HAS FAILEDs IRES=1 IF DIAG. IS COMPLETED «

COMMON/DUMPN/ XMS (100 4JS(100) »DDD (100}
DIMENSION E(1)+BR(1)BI{1) ;

N=NBE$ ND=INIM$ IRES=]13RL=RZ2#R2
IF(RLeGTaeleORuRLLTs1eE~24) RL= 1.E~12
FORMAT (/5X¢# -AERMAD FAILS. R= #1PE8.2/)
IF(NeLT.2) GO TO S501% IF(IBT.GT.0) GO TO 55
00 59 I= 1 4 N

1= 1

DO 59 J=1 + N

BR(IJ)I=0.% BI(1J)=0.% IF(I.EQ.J) BR(IU)=1,
IJ= IJ+ ND

TEST=0.% MI=0 ..

Do 20 I=1 4 N

IJ="1% JI= MI+}

D022 U=1 1 I

EPSP= 2,% IF(I1.EQ.J) EPSP-

H=1.% IF(1. EQ.J) H= 0, o

TEST= TEST+ (E(IJ)‘“Z*H*E(JI)‘“Z)“EPSPS IJ= IJ* ND
JI= Ji+l ‘ ‘ L ,
MI= MI+ ND S e

. IF(TEST.EQ40e) GO T0 502

ANOM= (N“N°N)/TEST5 NMAX- 50N#N$ KT=0% MK-ND s : i

DO 123 'K=2 » N
S XM=0+% U=1$ KK‘KflS KL=KS " LK=MK01

32
123
27

222

DO 32 L=} 4 KK

Q= EAKL) #8024 E(LK) #9228 KL= KL*NDS LK-LK#I

IF(QeLE«XM) GO 'TO 32% XM=Q%: J=L

CONTINUES XMS(K)- XMS JS(K)' J

MiK=_ MK+ND

XMz0s

DO 222 k= 2 + N

QaxXMS(K) S IF(Q-LE.XM) GO. TO 222% xM=Q3%$ I‘K
CONTINUE ,

Ra XNOM#*XMS IF(R LTeRL. . ). €0 TO 502

KT- KT*IS IFIKT.GT.NMAX) GO TO 26
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J=JS(I)8 JT=MAX0(2+J)% MJUzND# (J=1)% I1J=MJ+I$ MI=ND® (J=1)
JI= MI+J$ JJ= MJ+J$ 115 MI+]
PU= E(JI)S YU= E(IJ)% PSQ=PU#&22+ YU#®2S E(I1J)30.8 E(JI)30,
P= SIGN(SQRT(PSQ) +YU)S Y= (E(JJ)=E(II))*,5
X= P/SIGN(ABS(Y)+SQRT (Y#Y+PSQ) +Y)
XU= PU/SIGN(ABS(YU)+ ABS(P),YU)
C= 14/SQRT{1e+X#X)}E S= X#(
CU= 1./SQRT(l,+XU#%2)% SU= XU=CU
P= P#X$ E(JJ)= E(JJ)+PS$ E(II)= E(II)=P
KJ= MJ+1$ KI= MI+1$ JK=J$ IK=I
00 25 K= 1 4 N
YR= CU#BR(KJ)=SU#BI(KJ)$ YI=SUSBR(KJ)+CU*BI (KJ)
ZR=CU#BR(KI) *SU#RI(KI)S ZI==SU%BR(KI)+CU*BI (KI)
BR(KJ)=C#YR+5#ZR% BR(KI)= «S#YRe¢Ca#ZR
BI(KJ)=CH#Y]+S4Z1% BI(KI)z=SaYI+(#2Z]
IF(K=1) 294,24,28
YR=CU#E (KJ) +SU¥E (JK)
YI= SU#E (KJ)= CU®E (JK)
ZR= CU®E(KI)= SU#E(IK)
ZI= =SU%E{KI)~ CU%E(IK)
E(KJ)= YR#C * S#ZR
E(KI)= -S#YR* C#ZR
E(JK)= =CaY]~ S#Z]
E(IK)= S#Yi- CH#ZI% GO TO 24
IF(K=J) 31y 24y 30
YR= CU%E (JK)= SU#E (KJ)
YI= =SU%E (JK)= CUHE (KJ)
ZR= CU%E(IK)*+ SU=E(KI)
21= SU*E(IK)= CU#E(KI}
E(JK)= C#YR+ S#ZR
E(IK)= =S#sYR+ C#ZR
E(KJ)= ~CEY[= S#Z1
E(KI)= S#Yl= C#ZI% GO TO 24
YR= CU®E(KJ)+ SU®E (JK)
YI= SU#E(KJ)~ CUHE (JK)
ZR= CU#E(IK)+ SUHE(KI)
ZI= ~SURE(IK)+ CU®E(K])
E(KJ)= C#YR+ S#ZR
E({IK)= =-S8YR+ C&ZR
E(JK)= =C#yl= SeZI
E(KI)= =Su#YI+ C=aZI
KJ= KJ+1% KIZ KI+13 JK= JK+NDS IK= IK+ND
CONTINUE § MKz ND#(JT=1)
DO 301 K= JTs N .
JSK= JS(K)$ IF(K-I) 303.309.310
IF (JeEQsJSK.ORs 14EQeJSK) 3094301
IF (JeNE « JSKeAND e JoNESK) GO TO 301 .
KK=:K=1% XM=0,% .JJ=1$ KL=KS$ LK= MK+l
DO 305 L="1-9 KK.
Q= E(KL)Y##2+E (LK) #4235 LK= LK+1$ IF(Q.LE-XM) 60 TO 305
XM= Q% JJ=L .
KL= KL*ND$: XMS(K)= XME JS{K)= JJ-
MK= MK+iD$ GO TO 27
IRES=0% PRINT 10,R$ GO TO 502
BR(1)=12% RIl1)= o. : oo
RETURN .
END
SUHROUTINE VEEBAR(VB’F’ROJ'IPR)

S

,»ro FIND THE AVERAGE ONE-BODY_POTEMTiAL GIVEN F THE: FORCE ARRAY

IN THE. JyM REPRESENTATION o
A ) e ﬂlNPO(le).lNUC‘l6)q;



1 ILC(16) «NOLVNB(2) sMUDeIDF ¢ IDSCe1DSJeJAR(1452) s IDAC(14914) 4 JMPOs
2 NBT.HBUM,0SPAZ
DIMENSION VB(241)sRUOJ(2e]1)F (1)
17S5= 14 GO TO 15% ENTRY VEEBAFS 1TSS= 0
15 IF(IPR.GT,0) CALL TIMEPRT(X)$ IF(ITSS.EW.0) GO TO 13
IF CINT(F (1)) eNENOLV) CALL ERREXIT(NOLVFs2HFL,200)
DO 25 K = 1 9 NOLVS IF(INT(F(K+1)}) NE.ICODE(K))
1 CALL ERREXIT (K4 ICODE2HFLWNOLV +F 42HFL+200)
25 CONTINUE
13 IFL= NOLV+1$ IF (1PReGT44) PRINT 409,T0SJs (ROJ{T91)eI=191DSJ)
409 FORMAT (/% ROJ ARRAYy#15.% ELEMENTS#/1P(1X10E13,5))
ILR= 0% ILV= 1% DO 1 JPO= 1 4 JMPO$ JARJ= JAR(JPO,1)
IF(ITSSEQeN) GO TO 17% IF(INT(F(IFL*1))eNE+SHIFT (JPO=196)+JARJ)
1 CALL ERREXIT(JPOWIFL+JARyZHFL 9144F (IFL=100) 92HFL,200)
17 IFL= IFL+1% DO 3 MPO= 1 4 JPOS IF(JARJLEQ.D0) GO TO 3
DO S L =1 «» JARUS VB(LsILVI=VB(2,ILVI=0+% LMF= L+IFL
DO 7 M =1 4 JARJUS VB(leILV)= VB{1sILV)+ FILMF)®*ROJ(1+ILR2M)
VB(2esILV)= VB(24ILV)+ F(LMF)#ROJ(?2yILReM)S [DEL= 1
IF(M.LToL) IDEL= JUARJ=M
LMF= LMF+ IDEL
ILV= ILV+)
ILR= ILR+ JARJ
IFL= IFL+(JARJ® (JARJ+})))/2
IF{IPR,GT.5) PRINT 4115IDSJe(VB(Ial)eI=1+IDSJ)
411 FORMAT(/# VBJ ARRAYe«®]G5s% ELEMENTS'IIP(1X10E13 5)) .
RETURN
END -
OVERLAY (DENSITYe440)
PROGRAM DENSITY
COMMON/QUADSN/ QUADS (543)
COMMON/BASIS/ ICODE(16)2ISTA(16)7IPAR(16)+INPO(16)+INUC(16),
1 ILC(16)oN0lVoNB(Z)oMUDoIDF.IDSC9IDSJ-JAR(14o2)oIDAC(lkolh)oJMPOo
2 NBT+HBOM,0SPA2
COMMON/NUHARN/VALN(B82) « VALP (82) +NP (2) yNN(2) yNAME s ITERysITCRsATNO
1 9NORBA(41) yNORBsBET s GAMD 4NPTOT 4NNTOT
COMMON /CODAN/ICODAP (16}« ICODAN(16) 9LVPSLVN,IQM(16) oNOLT
COMMON /PLOT1/ LAYsNMAX/ADEN1/DTHEs ITHE» IRADsMAXX
COMMON/PLOT3/X(3)oIAXIS(B).UNITloXNAMEK3),DAoBETA,ABSS(9),
1 DAR(9) ¢y NPN{2) yCOMM(2)
COHMON YLM(#OOO).HNL(4OGu),HAVF(328)9RMS(3)9A51(2)

) Ui~

ol sxoe NOTE#es® AS] OVERWRITTEN TO LENGTH 40000 s

haf OATA COMM/10H TOTAL DENs LOHSITY ' £

& LAY IS THE NO. OF LEVELS OF DENSITIES TO BE PRINTED IN DENPiLOT.

ol 'UNIT1 IS THE UNIT DENSITY IN DENPLOTy EeGe THE SYMBOL 2 IN DEN~-

* PLOT REPRESENTS A DENSITY OF 1.75 TO 2425 UNIT1{(NUCEON/FERMI CUBED).

- DATA "LAYsNMAXsUNIT1/40954 44017/ »MAXX/300/ yJWANT/3/

CALL TIMEPRT(YD)S$ CALL BUFFIN(4LROPS - 1¥LM¢IDSJ)
ENCODE (205101 ¢ COMM) HROM

101 FORMAT(#TT NNS,HBOM=%#F6.1) - ’ H
CALL ROCONV(AS1,YLMs=1)$ CALL BUFFIN(ALRONS "9 YLMyIDSJ)
CALL -ROCONV(HNLsYLMs=1)$ DO 1 1 =1 4 3 ST

1 RMS(I)=" QUADS(I+JWANT)$S DO 2 I = 1 s IDSC.

2 ASI(I)= AS1(I)e HNL(I)$S NPN(1)= NPTOTS NPN(2)= NNTOT

- CALL'CALYLM(YLMy59181,0THE+ITHE)S CALL CALHNL (HNLyMAXXs59RAD)
© - LVPELUNS0S DO -3 I1 =} 'y’ NOLVS IF(MOD(IPAR(II)oZ).EQ-O) G0 T0 S
. LVN=LVn+1's’ TCODAN(LVN) = ICODE(II)S GO 0.3

5 - LVP= LYP+1$ ICODAP(LVPY= ‘TCODE(II) - -

2 CONTINUES 00.7 K = 1 , LVP -

T - IGM(K)= ICODAP(K)S DO 9°K = 19 LVN

.9 IGM(K¢LVP) = ICODAN4K) S NOLT= NOLV

1'CALL DENPLOT(ASIyRMSowAVF.YLM.HNL NBoNBTcHBOMcNAME)
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20
21
30

3l
312
313
314
40
50
51
52

60

-0 W

END
SURROUTINE CALYLM(YLM LM NM DXy IDIM)
CALCULATE THE REAL NORMALIZED ASSOCIATED LEGENURE POL INOMIALS
FOR 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 IDIMeNM, WHERE IDIM IS THE NUMBER OF PAIRS ‘LeM)= (gs0)4
(100)0 (191)1 (ZQO)O-UQlGQQ (LH’LM‘I)’ (L"’L"). OH
IDIM=((LM* 1) ® (LM+2)) 72, THE ADDRESS OF THE YALUE FOR
(LsMyTHETA) IS  THE SAME AS THE ADORESS (LM,IX) IH A IDIM®NM
MATRIXy WHERE LM=(L®(L¢1))/2+M+1ly 1eEes ADD=IDIM® (1Xal)+| M
DIMENSION YLM(1)
LMAX=LM+1% IDIM=((LMAX+1)#LMAX) /2% DX=3,1415926537(2,#FLOAT (NM=1))
1=1% DO 1 L151+LMAXS L=L1=1% X==DX$ K=I
DO 2 M=) sNM$ X=X+DXS CALL NLEGEND (XyYLM(K) L}
K=K+ IDIM
I=1+L1% RETURN
END
SUBROUTINE NLEGEND (THETA.A+N)
. BASED ON THE ALEGEND SUBROUTINE IN THE CDC 6600 LIBe AT CRNL.
A(M*+])= Y(NeMyTHETA) = (=1)#sMESQRT ((2%N+))#FaACT (N=M)/
(42PI#FACT (N+M)))*P(N,Ms THETA) s FOR M,GE.O
DIMENSION RTFAC(20)+A (1)
LOGICAL IPASS
DATA IPASS/.FALSE,./

IF(IPASS) 60T02% RTFAC(1)=1.% DO 1 [=2,20% P=SQRT(FLOAT(I-1)})

RTFAC(I)=P#RTFAC(I-1)% IPASS=.TRUE.

P=SQRT (FLOAT(28N+1)/(4.%3,.141592653)) $ IF(N.GE«1)GOTO20

A(1)=P$ RETURN

IF(ABS (THETA) «GT41.E=-10)G0T0O308 A(1)=PS DD 21 K=1,N

AlK+1)=,0% RETURN

IF(ABS{THETA~3,1415926536) «LTel.E=-11)31,40

K=N/2% IF(KU2,EQ,N13]11,+312

A(1)=P$ GOTO313

A(l)s=pP

DO 314 K=1,4N

A(K+1)=0% RETURN

Y=SIN(THETA)S PROD=N+1% K1=N+2$ K2=2%N$ IF (K2.LT.K1) 52950

DO 51 K=K1,.,KZ

PROD=K®PROD )

PNR=A (N+1) =P¥PRON#* (Y/2,) #8NS PNS=,08 COT=COS(THETA)/Y

DO 60 MM=1sND H=N=MM$ A (M+1)=(2%(M+1) *COTEPNR=PNS) 7 ( (N+M+]) & (N=M))

PNS=PNRS . PNR=A (M+])

A(M+1)=RTFAC(N=421)®(=1.) #8M¥A (M*1) /RTFAC (N+M+1])

A(N+l)=(1-2§MOD(N92))¢A(N¢l)/PTFAC(N+Nol)S RETURN

END ‘

SUBROUTINE CALHNL(HNL,xMAx.NH.IDIM)
CALCULATE THE HARMONIC 0SC. WAVE FUNC. FOR ALL STATES WITH TOTAL
QUANT. NO. LE NM, FROM. xao TO X=4.=DX IN INTERVALS OfF DX AND STGRE
IN THE LINEAR ARRAY HNL. ' X=R/BETA» BETA-l./soRT(.0241145-Hu).
HNL (1) =RDFUNC(NsLsX)s WHERE I=IDIM® (EX=1)*INLs
INL=(NQIZ*1)'(NQIZ)OMOD(NGoZ)'((NO-I)IZ*I)*LIZ*I. NQ=2%N+L
_THE DIMENSION OF HNL MUST NOT BE LESS THAN IDIH-xMAx.

INTEGER XMAX i ; _

DIMENSION HNL(]) :

IDIN=((NH*3)/2)'((NH*I)/2)¢M0D(NH0102)1(NH12*1)S Dx-k./FLOAT(anX)

NMAX=NM+1S IK=0% X==DX

DO 1 K=1,XMAXS x:xtoxs O 1 Nl= laNMAxs IF(HOD(NI 1.2))6o3,

LMIN=1S GOTOS L o S

LMINE2 ' D

Do 1 Ll'LHIN.NloES L=L1-ls N=(N1-L1)IZS IK:IK'I

HNL (1K) =RDFUNC (NsLsX) S RETURN «
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CALL ERREXIT(N])

END

FUNCTION RDFUNC (NsL9X)

NORMALIZED HeO+RADIAL-FUNCTION UPTO NOSC=20 (NOSC=2#N+L)
DIMENSION FL(11),GL(21)

LOGICAL IPASSS DATA IPASS/.F./

DATA NIMAXyLIMAX/11+21/

Nl= N¢ls L1z L+1% RDOFUNC=0% IF (NeLTeCusOReLoLTa0) RETURN
NL= N+L+1ls IF(N1.GT<NIMAX,0R.NL.GT+LIMAX) GO TO S
IF(IPASS) GO TO 2% IPASS= .T.$ FL(1)=0.% GL{1l)= ALOG(0.5)
DO 1 M =2 4 LIMAXS A= M=1% IF (MeGT«NIMAX) GO TO 1

FL(M)= FL(M=1)+ALOG(A)

GL(M)= GL{(M=1)+ALOG(A+0.5)

A= 2./50RT(3.141593)

XSQ= X&X

EVALUATE |LAGUERRE POLYNOMINAL POLAG(NsL+1/2+XSQ) ]
POLAG= EXP(GL(NL)~GL(L1)~FL{N1))$ IF(N.EG.0) GO TO 4% B= 1.
DO 3 M=1,N$ B= =-B#XSQ

POLAG= POLAG*B#EXP (GL (NL)=GL (L1+M)=FL(N1=M)-FL (M+]))

B= EXP{FL(N1)=GL(NL))% B= SQRT (A®#8)

RDFUNC= B# (X%#L)#EXP (=0.5%XSQ) #*POLAGS RETURN

PRINT6sNst $ RETURN

FORMAT (/1Xo#XXXXX N=t91202Xs %L =24 1242Xe#N OR L TOO LARGE®,

11% CANNOT CALCULATE RANDFNC.CHANGE DIMENSION AND DATA XKAXX#)

10

1

END
SUBROUTINE DENPLOT (RO,RMS, HAVF.YLMyHNL NB NBT.HU,NAHE)

ROUTINE ONLY CALCULATES THE FIRST QUADRANT DENSITY FOR ANY GIVEN

CRUSS=-SECTION. IN OTHER wORDSs PARITY CONSERVATION IS ASSUMED.
COMMON/PLOT3I/X(3) s JIAXIS(3) sUNIT1 4 XNAME (3) yDAsBETA,ABSS(9),

DAR19) yNPN(2) COMM(2)
COMMON/PLOT2/AS2(4000)
COMMON /PLOT1/LAY 4NMAX )
COMMON/SYMB/LIT(4G)% INTEGER TAG(3)3 REAL NAME
COMMON/SYMB/LIT (40) .
LOGICAL Rl4R29R3,FLIP,IPASS
DIMENSION RD(I).RMS(I).YLM(l).HNL(l).NB(l),uAvrtl).ADEN(&o),Y(3)
DIMENSION DAZ(9) 4DB9(9)
EQUIVALENCE(IsIAXIS(1))s (12,IAXIS(2)), (I3,IAXIS(3))
DATA DB/10H4 /v IPASS/«F e/
IF (IPASS) GOTO7S ENCODE ( "90,51«DA9)DA,DADAsDASDASDAIDASDA,DA
IN=DATE(T)$ ENCODE(90,51,DB9)D8,0D8,08,D8,08,08, DB,DB,DBSIPASSQ.T.
JKX=1% IF (NAME.EQ.5LMG 24,0R<NAME.EQ.5LS 32) JKX=0
BETAZ=]1./5QRT(.02411458HW) S R2=ABS(RMS(1)=RMS(2)) eLTsel

0.17 PER FERMI CUBED IS THE NUCLEAR MATTER DENSITY.

B3=RETA293% DDEN1=0.17¢83% UNIT=UNIT1#83/2
R1=ABS (RMS {2) -RMS(3)) ,LT. .15 R3=ABS(RMS(1)=RMS(3)), LTael

N2=NMAX/2% DOI0 I=193% Y(I)=(RMS{])#3,0/BETA) %42

TAG(I)=I% CALL SORTAG(RMS.1,3.TAG)S X(TAG(I))-X(TAG(Z)) 0
XM=AMIN1{3.,9+RMS(TAG(3)) 3, 0/BETA) $0X=XM/N2SAMAX= XM'.S*DXSXM’XMODX
XM=AMIN]1 (3,9+3,6/BETA)S - DX-XM/NMAKSXHAX-XMo 5#DXSXM=XM+DX
I1=TAG(3)§ X(II)==DX$ w=0% DO 11 T=1,N2% X(II)=X(II)eDX

CALL CWVFNC(XoNBT +HAVF+YLMsHNL)S DENSDENSD (RO, HAVF’lnylogNB!Z)

 W=AMAX](DEN,W)$S DDEN=w/FLOAT(LAY)S FLIP=.F.$ DZ=6*BETA%DX

N?=NMAX/2% FLIP=.F.$% D010 I=1,3% Y(I)=(RMS(I)#3,0/BETA)®*2
CONTINUES XM=AMIN]1(3.9¢3.6/BETA)S . DX-KH/NHAXS KHAX'XMO.S’QX
XM=XM+DXS DZ=6*BETA®DX -

D0 1 1=1+3%. IF(1.EQ.2,AND, RZ)GOTO]S IF(I EG 3-AND-(R1 OR.R3))GOT01

12=M0D(1+3)+1% I3-M00(101o3)015 IF(Y(I3)‘Y(IZ))3v6’6 ,
K=12% [2=13% I3=x

YY=SSURT(Y(IZ2)/Y([3))% l(IZ) ==X S-X(IJ—.US KK=0 »7'*—*>
Xl=x(Iy#X(0) /Y1)
PRINTIO00U, % PRINT1001, DA9



CEE 3N I BN BN BN IR BN AN

b 4

sl
1000
1053
1602
1003

21

- 75 -

DO 2 J=1oNMAXS X(12)=X(I12)+DXS X(13)==DX S DO & K=1,NMAY
ADEN(K)=.0% X2ax(12)*x(12)2YY/Y(IZ)$ DO 5 Kzl NMAXS X(I3r=X(I3)+Dx
IFIX1+X2¢X(1)*X(13)}/Y{I3},.GT.1l.) GOTOS

CALL CWVFNC(XyNBToWAVF s YLMoHNL)S ADEN(K)=ZDENSD (ROgWAVF 91l eyl sNBs2)
CONTINUES IF(J.EQ.NMAX) FLIP=.T7.$ D012 N=] NMAX

AS2 (KK+N)=ADEN(N)S CALL LINPLTI(ADEN.DOENJLAYNMAX . FLIP)

ASZ2 (KK+N)=ADEN(N)SCALL LINPLT2(ADENsUNITsLAYoNMEX,DAR)

CALL FORMT (JsNAME)

KK=KK+NMAXS PRINT1001,D0A9% PRINT1002.089% PRINT1003+ABSS o XNAME(I3)
CALL LINPRT1(AS2,0DEN1sNHAX,B3)

IF(IeNEe3I,0Re JKX¢NE+O0)GOTO1SX(I)=UKX=1$X ([2)2-DASKK=0S GO7013
CONTINUES RETURN

FORMAT (9A10)

FORMAT (1H] s 18X#DENSITY PLOT FROM EVALIN ( R.Ys CUSSON/ HeCa LEE )

1C+RoNelL. DATE2A10//)

FORMAT (9X#+@9A10%+2)

FORMAT (10X,9A10)

FORMAT (9X 49 (F5,3,5X) 744X ¢A18=AXIS(FERMI ) ®)

END

SUBROUTINE JWVFNC1 (XoNBT gwWF JSe YLM4HNL)
CALCULATE THE SPIN PROJECTED SIMGLE PARTICLE WAVE FUNCTIONS AT X
AND STORE IN THE LINEAR ARRAY WFJS. IN THE FIRST 2%*NET LQCATIONS
THE SPIN UP COMPONENTS ARE STORED IN THE ORDER GIVEN BY ICODAP AND
ICODAN, ICODAP CONTAINS THE POSITIVE PARITY STATES IN CODA AND ICODANM
THE NEGATIVE PARITY STATES. FOR A GIVEN JeSTATE THE QRDER OF M IS
M=Js M=J=leeessns M==), THE TOTAL NO. OF STATES IS NgT.
THE IMAGINARY PART FOLLOWS IMMEDIATETLY AFTER THE REAL PART FOR EACH
(JeM) STATE. THE 2%NBT LOCATIGNS STARTING FROM 2#NBT+1 STORE THE
REAL AND IMAGINARY SPIN DOWN COMPONENTS.

COMMON/CLEBDAT/ALOGF (30) » SORF (30)

DIMENSION WFJUS(1)oYLM(1) oHNL(1) eX(3)

COMMON /CODAN/ICODAP (16) ¢+ ICCDAN(16) s LVPoLYNy1QM(16) oNOLT
COMMONZADEN]/DTHETA» ITHE « IRAD sMAXX

DIMENSION CS(4&) 4SN(4) 3CSL(10)4SNL(10)
COMMON/CODATPR/IBAG (30)

LOGICAL XX2,LTHE

DATA CSeSN/Tee0ce=1l090e30,51,90,90=1a/

DATA Pl.PI2/3.1415 92653 5898,1.5707 96326 7949/

SCG 15 THE C=G COEFF. ( JosM [ L9aS5sM=5¢5 ) o MU=Z® (J=L)y NU=2eS,
X1¢X24X3 ARE THE CARTESIAN COORDINATES KeY¥eZe

ENTRY CWVFNC

X1=X(1}% X2=X(2)% X3I=x(3)

R=X1®X]1+X2#X2% THE=ATANZ (SQRT(R)¢X2)S PHI=ATAN2(X24X1)

R=SQRT (R+X3#X3)5 IF(ABS(X3) LTeleE~D) THE=PIZ2

ENTRY SWVFNC

X19X24X3 ARE THE POLAR COORDINATES ReTHETASPHI
R=X(1)S THE=X(2)$ PHI=X{3)
KK=SHIFT(NBT+2)$ DOL]1 K=].KK
WFJS(K)=0S DO 16 L=1+10% PHL=(L=1)*PHIS CSL L) =COS (PHL)
SNL(L)=SIN(PHL) S XX2=.FALSE.$ KS=28NBTS IF(THE~P1/2.)2+2,3
THE =PI1=THES XX2=.TRUE. .
LTHE=(PI®.9=THE) «GT.OTHETAS XT=THE/OTHETAS K28XT3 DKZSXY-FLDAT¢K2)
XR=R*MAXX/4.% K1=XRS$S DK1=XR-FLOAT(K1)S% YL={§;}S " LQNT /10000
0 24 I =1 o NOLTS IG= IQM(I)S IQNT= [HAJ H= 7
?T'zﬂog(lQbTvlﬁﬂkO)SlNTs 1771008 L= MOD(IT«100)$ M22= SHIFT(JPHs1)
M2= M22=1% N@= NT~1$ MUz M2-SHIFT(L,1)$ SOL=® SQRF (2% *1)
MDL=MOD (Ls4)*1$S SRE=CSI(MDL)S SIM=SN(MDL}$ NQZ2SSHIFT (NQs=1)
IR=IRAD'K10(MQZ*I)!MOZfﬂQD(NQoZ)'(SH]FT{NQ-IQ-I)0l)°SHIFT(Lo-1)’1
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H=HNL (1K) § HSH+DK1% (HNL (IR+TRAD) =) SIL=SHIFTIL&(L+1) s=1) +ITHESK2+]

o IR iS THE ADD. OF NoL-R IN HNLe ILM IS THE ADDs OF L LMsTHETA IN YLM,
D024 JM=1,M22% XM=FLOAT(M2)/2% D07 NU=1,3+2% NNU=NU-2§ YM=ZM=]
LM=SHIFT(M2=NU+2,=1)F IF(XX2) YL=1=2%MOD(L+LM«2)% IF(LM)E,5,5

6 LM==LMS YM=1=2#MOQ(LM,2)% ZM=-1.

S IF(LM.GT.L) GOTO7S ILM=IL+LMS IS=SHIFT(KS®#(3=NU) 9~1)
KK=,5+MUSNNU®XHMS SQK=SORF (KK<L)$ SCG=o5% (] *MU=NNU+MUSNNU) 2SQK /SGL
Y=YLM(ILM)S IF(LTHE) Y=Y+DK2a(YLM(ILM+ITHE) =Y}

S=YMeYL*YeH#SCGE CR=CSLI(LM+1}% SR=SNL (LM+ 1) #2M
WFJS(IS+IK)={SRE®#CR-SIM#5R) #5% WFJS(IS+IK+1)=(SIMaCR+SRE#SR) 25
T CONTINUES Mp=M2=-2
26 IKsIXK+23% RETURA
END
FUNCTION DENSD (RO4WAVF +5G14G2oNBsMUD)

L] THIS CODE GENERATES MUD CALLS TO DENSFP TO GET TOTAL DENSITY
DIMENSION RO{1} +WAVF{2s1)NB{1}
M= NBB=13 X= 0.% NﬁT= 0% DG 11 K= 1 o MUD
11 NBT= NBT+ NBI(K)
DO 1] K =1 , MUD% ND= NB(K)
= X’DENSP(RO(M)9HAVF(1;NBB)viAVF(loNBB*NBT)9610620ND)
M= M+ Np®=&2
1 NBB= NBS+ NDE DENSD= X% RETURN
END
FUNCTION DENSP (RO,FI14FI2,H]14H29N8)
o .
& ASSUMING THAT RO(I+J) IS REAL COMPUTE SPATIAL DENSITY USING WAVF .
DIMENSION RO(NBs1)4FI1(1),FI2(1)
ND= NBS DENSP= 0.% II= 15 D0 1 I = i o ND$ JJ= 1§ Gl= 2.8y}
G2= 2.,%H28 DO 3 J =1 s IS IF(ABS(RO(I4N))slLTeleE=5) GO To 3
IF(IeGToJ) GO TO 4% G]= «54G1% G2= «5%G2
& DENSP= DENSP¢ RO(I»J)*(GI'(FII(JJ)'FII(il)*Fll(JJOl)'FIl(II‘l))
1 «G2R(FI2(JDRFI2(TD)+FI2(JJ*1)2F12(11+1)))
3 JJ= JJ+ 2
1 I1= 11+2% RETURN
END
SUBROUTINE LINPLTZ{AsUNIT.LAY9sNeX)
COMMON/SYMB/LIT(40)%5 DIMENSION X(1)A(1)S INTEGER X
DATA LIT/1R s1R141R s1R241R +1R391IR 91R&491R +1RSe
1 1R ¢1RGs1R +1RTs1R +1RBs1R 21RI91R +1iRA
2 1R 91RBs1R +1RCs1R +1RDs1R +1REs1R 91RF
3 1R #1RGs1R s1RHs1R +1RJs1R +1RKsIR OIRL/
Nl=N=1$ A0=A(1)S Al=A(2)S DO3 I=1,13
X(1)=0B% DO& I=2,N1% A2=A(]I+1)S A(I)-(AO’AIOAZ)/3 § AO=Al
Al=AZS H-(S*N)/3$H1—H-ISGEL’-5‘UNITSH5=H1/1001S IF(H-100)191199
D03 I=1,9
X(I)=0B3% M=(5eN) /3SM1=M=1$DEL=S*UNITSMS=M1/10+1% IF(H'100)101099
K={A(1)*DELY/UNIT+#1+% X¢1)=SHIFTI(LIT(K) ¢+54)% K-(A(N)*DEL)/UNITOI-
X{MS) =SHIFT(LIT(K) »S54~-6*MOD (M=1910))S D02 I=2+M1$ Il=1-1
12=11710% 11=MOD(I1+10)% XI=I2%6e¢[1%5./9¢]1.8% IX=X]
K-(A(IX)’(XI'FLOAT(IX))'(A(IX’I)'A(IX))ODEL)/UNITOI. $ J—IZOI
2 X(J)3X(J)OSH1FT(LIT(K)-5‘-6'11)5 RETURN )
99 PRINT10028¢ RETURN
1002 FORMAT(® MESSAGE FROM LINPLT., N-GT.60. DECREASE NO- OF PoINTs CAL

IEUEAYED’ N-NHAX- TO LESS THAN 60-')
N .

L3
-l W

SUBROUTINE FORMT (NLsNAME) '
coquN/PL073/xt3)-IAXIS(3).UNITI.XNAME(a).DA.BETA.ABSS(9)o
1 DAR(9) ;NPN(2) COMM(2)

DIMENSION DAR1(6) -

EQUIVALENCE (DAR(1)sDAR1(1))
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DATA DA/]O0Hé¢v=wmccw==/y DB/10Hl===e=e===/y DC/]10HI NUCLEUS/,

1 DD/ 1HI/» DL/2H==/» DE/TH(FERMI) /,
2 DF /SHPLANE/ » DG/THI UN]IT/9 DH/THDENSITY/ o
3 O1/9H/F CUBED /s DJ/10HI COMMENT/s XNAME/irXe1HYs1HZ/.

XX1=BETA®X (IAXIS(1))S XXZ2=BETASX{IAXIS(2))
IFU(NL=645)2(NL-54))10,10,1

IF(NL.EQ.2B)G0TO2% IF(HOD(NLIG)-EQQI)GOTO3
PRINT1001,DDoDAR,DDS RETURN

PRINT1002,XNAME (IAXIS(2)) sDDsDARsDDS RETURN
PRINT1003,XX29DL+DAR+DLS ABSS(KL/5+1)=XX2% RETURN
IF (MOD (NL,2))12,11,12

PRINT1004,DDsDAR]1,D0+DDS RETURN

NI=(NL=43) /2% GOTO(2]1,22+23+24925) NI
PRINT1001,0D9DAR]1,DA»DB,DB,0DS RETURN
PRINT1006,DDsDAR]1+DCyNAME +NPNo,DDS RETURN
PRINT100T ¢ XX2+DLsDAR] ¢ XNAME (TAXIS (1)) o XX1+DE+DF oD
ABSS(NL/76+1)=XX2% RETURN
PRINTIOOBQDD!DARI,DG,DH,UN!TI.DI’DDS RETURN
PRINT1009,DD9DAR19DJ9COMM,0DS RETURN

FORMAT (9X4,A199A104A1)

FORMAT (1 X,A1%=-AXIS #Al1,9A10,A1)

FORMAT (3XoFSs34A295A10+A2)

FORMAT (9X4A196A1C:A1929XsA))
FORMAT(9X.Als7A10,1X,A5'_ 2=#13% N=#]3,1X,R1)
TORMAT {3XoFSe39A296A1 0P =32 X oAl R=RFS5,39AT 9 1X9AS,7XsA2)

- FORMAT (9X,Al96A104AT91X9A7:1KsFSa39A94A1)

FORMAT (9X,A1+9A10,A1}
END
SUBROUTINE LINPRT](RO4DDsN,B3}

LEFT-RIGHT SYMMETRY OF RO IS NOT CONSERVEDe TO CONSERVE SYMMETRY

USE SURROUTINE LINPRT.

INTEGER A (40)
DIMENSION RO(NsN)
DATA M/30/ _

= 100./DD$ SB3= S5B3s PRINT 1001,SB3S Ml= M=1$ DO 2 J =1 s N
Atl}= RO{1,J)#5+,5
A(M)=RO(N,J)9S+,5% DO]1 K=2,M1$ XK=FLOAT (K#N)/FLOAT(M)§ l=xXK
A(K)'(RO(IyJ)O(XK-FLOAT(I))'(RO(I#I.J)-RO(I,J)))'50.5
PRINT1000, (A{1}4I=1sM}S RETURN
FORMAT (5X 44013) )
FORMAT (1 DENSITY PRINT, THE INTEGER PRINTEG 1S= (RHO IN FERM.#
18H# & (=3) ) #FSe1//)
END
OVERLAY (MULTIP+64+0)
PROGRAM MULTIP

TO COMPUTE THE MULTIPOLE MOMENTS OF THE PROTON WAVEFUNCTIONS .
COMMON/BASIS/ ICODE(16) s ISTA(16) 9 IPAR(16) 9 INPO(16)+INUC(16) s

1 ILC(16)9N0LV9NB(2)9MUD:lDF-IDSCoID:JvJAR(l‘oZ)gIDAC(l#Ql‘)oJHPOv
2 NBTsHBOM,0SPA2 o

COMMON ASl(#UOO)oASZ(éooo)cAS3(l)

CALL\TIMEPRT(YD) o

" PRINT 183

CALL HUFFIN (4LROP59ASI-IDSJ) '

DO 1 KPOLL= 1 o 7 » 2% KPOL"KPOLL-IS DD l HPOLL' 1 ’ KPOLL,Z
MPOL= MPOLL~-1

CALL MULNME (AS2,XPOL¢MPOL) "

CALL ROCONV (AS23AS3.+1) )

HEXAD= TRVEROJ(AS3gAS],O)G(I-P‘HOD(KPOLlaqzii
DHEXAD—RiuchbiPllziLvl)!!.5'(Y(Lo )0(-1)"H'Y(L5-H))/20IN F‘*L
DHEX= HEXAD*(OSPAZ)"(KPOL/Z)

PRINT 101.KPUL+MPOL sHERAD s OHEX



101 FORMAT (/% FOR KPOL MPOL=82]4s% sMOMENT=¢1PEl14.5+% ,IN UNITS OF BSQ
1Ry MOMENT=%#Fl4eS+% oIN UNITS OF ®T7HF&#KPUL)

103 FORMAT(////52X2COMPUTATION OF MULTIPOLE MOMENTS#)
END
SUBROUT INE MULME (RME yKPOL ¢+MPOL)

T0 COMPUTE THE MATRIX ELEMENTS OF (I#R)#®&KPOL®#C(KPOLyMPOL)y IN THE
T.R.I1. BASISs WHERE THEY ARE REAL, C(KPOL+MPOL)=(42PI/(28K+1))
88,59Y Ms [F MPOLNE.O COMPUTE 5% (C(KoM)+(=])as (KaM)sC(K,~M)) SINCE
THIS IS THE REAL SYMMETRIC HERMITIAN PART ,

COMMUN/BASIS/ ICODE(le) +ISTA(16)+IPAR(16)4INPO(Ll6),INUCILE),

1 ILC(16) sNOLV+NB(2) sMUD»IDF « IDSCaIDSJUsJAR(14452) s IDAC(14014) 4 JMPO
? NBT+HBOM,0SPA2

DIMENSION RME (1)

IHA= 1=-SHIFT(IABS (KPOL=MPOL) «Aelv1)% RKPO= KPOL

CNOR= 1.,/SQRT(1,.+22KkPOL)S DO 2 Kk = 1 4 IDSC

2 RME(KK)=0 % ILS= 0% DO 1 IPL= 2 » 3% ND= NB(IPL-1)% ILAP=@

DO 3 KP = 1 » NOLVS IF(((IPL+IPAR(KP)) . Aal)NE,0) GO TO 3

JPHP= ISTA(KP)S MLMP= SHIFT(JPHPs1)% LP= ILC(KP)

NUP1= SHIFT(INPO(KP)=LP+1,=1)F JMLP2= MLMP=SHIFT(LPy1)=18SILA= 0

DO 7T K =1 ¢ KP % IF(((IPL*+IPAR(K))sA1l)eNEcO) GO TD7SJIPH=ISTA(K)
MI_LM= SHIFT(JPHe1)% L= ILC(K)S IF(L+LP=KPOL.LT«0) GO TO 8

JML?2= MLM=SHIFT(Ls1)=1% NUl= SHIFT(INPO(K)=L+1l,-1)

IPE= IABS (L-LP+KPOL)

RMX= CNURZRAD (NUP1 4LPyNU] « L-KPOL)iRMECK(LPsJMLPZoKPOLgL'JMLZ)G

1 (1=SHIFT(SHIFT(IPEs=1)eAalsel)) 5 IF(RMX.,EWe0) GO 7O 8

DO 9 MLP= 1 » MLMPS ILBP= ILAP*MLPS RFASM= .5

DO 11 ML= 1 o MLMS ILB= ILA+MLS IF(ILB.GT.ILBP) GO TO 11

MPMM= ML=MLP+JPHP=JPHS Cl=C2=0

IF (MPOLJEQ.MPMM) C1= CLEBSCH(JPHP =.SeJPH=+S ¢ JPHP+ ,5=MLPIML=,5=JPH,
1 RKPO)

IF (MPOL.EQ.=MPMM) C2= PLEBSCH(JPHD-.S,JPH-.S-JPHP+.5-MLP-ML-.5-JPH
1 +RKPO)®IHA

RME (ILS+ILHP*ND®= (ILB=1))= RFASM®(C1+C2) #RMX

% 000

11  RFASM= -RFASM
9 CONT INUE
8 ILA= ILAs MLM
7 CONTINUES ILAP= ILAP+ MLMP
3 CONTINUE
1 ILS= ILS* ND#ND$ RETURN
END
FUNCTION RMECK (LP oy JMLPsKyL s JML)
® .
» T0 COMPUTE THE REDUCED MATRIX ELEMENTS OF THE UNNORMALISED
. SPHERICAL HARMONICS C(K)s IN J=J COUPLING BASISs USING
. FORMULAE 7.19 AND 7.1.10 OF EDMUNDS P 113,
. JMLP AND 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 WIGNER-ECKART THEOREM IS ASSUHED .

/ALGFN/ MUST HAVE BEEN PRESET TO LOG(GAMMA(N)). ..
COMMON /CLEBDMAT/ALOGF (30) 4 SGRF (30)
COMMON/RMECKUT/11+12013014415916017 IBQIFASN’RJPQRJ
VAL=0,S IF (MOD(L+LP*K,2)) 99,1

1 RShzl ¢S RK=KS IF (JMLP)- 3,99,5 . »

3 RJIPs FLOAT(LP) =S8 IF (JML) 7199+9 .

5 RUPz FLOAT(LP)+.5% IF(JML) 11,9913

T RJ= FLOAT(L)~.5% GO TD 15 .

9 RJ= FLQATIL)*.5% 60 TO 17 ‘

11 Ru= FLOAT(L)=.5% GO TO 17

13 RJ- FLOAT(L)*.5

17 sw: aJoka.aKs IFASN=2= 4.noo(lAss(1F1x(.5-(na-naponxonsn))).z)
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I12RJ+RIP=RK+1S 12= RUP~RJ+RK+1%S I[3=RJ+RK~RJP+1S I4=IFIX(SM)+2
I5= «5%(SM+34=RSH) S 16= ,5% (RIP+RI=RK+1,+¢RSH)

I7= 52 (RJ+RK=RJIP+2.=RSH)§ IBs .5& (RJIP=-RJI*RK*+2,=RSH)

10= MINO(11,12413914915+16,17,18)8 IF(I0.LT.1) GO TO 99

VAL= IFASN®EXP (5% (ALOGF (11) +ALOGF (12) ¢ALOGF ([3) ~AL.OGF (14))

1 ¢+ ALOGF (I5)= ALOGF(I6)= ALOGF (17)= ALOGF(IB))

RMECK= VALS RETURN
END

FUNCTION RADI (NQsLGsNRsLRoLAM)

USE THE FORMULA OF MORSE-FESHBACH P. 735 WRITTEN IN TERMS OF
GAMMA FUNCTIUNS,.

ALGA(R)= L OG{ABS(GAMMA(R))), R= 28K FAGA(R)= SIGN(GAMMA(R)),

IF R= NEG, INT. ALGAJFAGA CONTAIN THE L0GG ABS OF THE RESIDUE AT
THE POLEs AND THE SIGN OF THE RESIDUE RESPECTIVELY .

ALOGF (N) MUST HAVE BEEN PRESET TO LOG(GAMMA(N)) ,

NQ= NUP+1$ NR= NU+1

COMMON /CLEBDAT/ALOGF(30).SQRF(30)

ENTRY RAD

LMPD= LAMs LQ+ LRS RLMP= ,56_MPDS IFAS= 1-28MOD (NG+NR,2)
NP= NQ<1% Nz NR=1% VAL=0.% LL= MINO (NP4LQsNsLR,LAM+1)
IF(LL.LT.0) GO TO 1008 RNLP= NP+ LQ$S RNL= N¢ LR

ISU= MINO(N,NP)+1$ IF (MOD(LMPDs2)) 14 3

ISL=1% GO TO 5

LMLPSIFIX(RLMP)=LQ $ LML= IFIX(RLMP}=LRS ISL=1

IF (LMLP.GE.0) YSL=1+¢MAX0(04NP-LMLP;

IF(LML.GE.0) ISL= 1+ MAXO{ISL=1sN=LML)

IF(ISU=ISL) 99,747

VAL= IFASZEXP(.5% (ALOGF (NQ) + ALOGF (NR) =ALGA (RN +145) =ALGA (RNLP

1 ¢ 1.5))+ ALGA(RLMP=FLOAT(LQ-1))+ALGA (RLMP-FLOAT (LR=1)))#
2 FAGA(RLMP=FLOAT(LQ=1))¢FAGA (RLMP=FLOAT(LR=-1))

SR=0+3% R1=RLMP+]1,5% R2= RLMP-RNLFP+1.% R3= RLMP=RNL+l.
DO 9 1S= ISLsISU$ RS= IS=-1
SR= SReEXP (=ALOGF (RS+1.)=ALOGF (FLOAT \N=15+2))~ALOGF (FLOAT (NP~]S

1 +2))+ ALGA(R1+RS)~ALGA(R2+RS)~ALGA {R3+RS))*
2 FAGA(R]+RS)®FAGA (R2+R5) 2FAGA (R3+RS)

VAL= VAL®SR
RAD1=VALS RETURN
PRINT 102y NQsLQsNRsLRoLAM

102 FORMAT( & BAD CALL TO RAD NQsLQsNRsJLRyLAM= #5]15,

1 #LOWER LIMITS ARE 14 0 1y 0¢ =1 #)

GO YO 99

END

FUNCTION ALGA (RN)

TO COMPUTE LOG(ARS (GAMMA{RN))) o USING /ALGFN/ WHIVH MUST HAVE
BEEN FRESET TO LOG(GAMMA(N)) &

RN MUST BE + K/2 OR =(K+,5) .

THE ENTRY FAGA RETURNS WITH THE PHASE OF GAMMA(-K=-,5) FOR K
NEGATIVE ,

NONSENSE MaY BE RETURNED IF RN.NE. 2%K .

IF RN==NsN=0slsoee ALGA= LOG(ABS(RESIDUE AT THE POLE))»s
FAGA= SI1GN(RESIDUE)

COMMON /CLEBDAT/ZALOGF (30) «SQRF (30)

}DATA ALZ/O 6931 47180 55994/0ALRP/0-5723 64942 92470/

I1TN= INT(RNO RN).S IF(ITN) 19305

‘ALGAS -ALOGF(IFIX(-RN)*I)
RETURN = - - L
CIF(MOD(ITN,2)) 947

"ALGA‘ ALOGF(IFIX(RN))S usrun~
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IF(TTN=1) 13s11

ALGA= ALRP$ RETURN

ALGA= ALRP+ ALOGF (1TN=1)= AL2®#(ITN=2)~ALOGF (IFIX{RN=-,5))SRETURN
IF(MOD(ITN,?)) 15,3

ALGA= ALRP=AL2#ITN+ ALUGF (IFIX(+5=RN))=ALOGF (1=1TN)SRETURN
ENTRY FAGAS ALGA=1% IF(RN) 19417417

ALGA= 1-2#MOD(IFIX(«5=RN)+2)% RETURN

END

FUNCT1ION CLEBSCH(VquVJz.VMI.VMaoVJa)

TO COMPUTE C(Jly02¢J3/M14M2) « A CLEBSCH=GURDAN COEFFICIENT
USING THE FORMULA OF SCHWINGER(REF. QUANTUM THEORY OF ANG, MOM.s
BY BIEDENHARN:P246)9s AND THE REGGE SYMMETRIES(REF .IBIDsP«296) .
COMMON /CLEORD/ ZN(1)4VN(3+3)«NR(1)¢NN(343)

COMMUN /CLERUAT/ALOGF (30) +SQRF (30)

PREPARE THE HREAL REGGE QsNa IN VN(leJd)

RES= 0% ZN(2)= VJ1=VJ3+VJ2% ZN(6)= VJ1=VMIS IN(T)= VJI*VM]
IN(9) = VJ2=VM23% ZN(10)= VJ2+VvMES RJI= VJ1+VJI2+VY3

ZN(3)= RJ=ZN(6)=ZN(9)F ZN(4)= RJI=ZN(T)=IN(10)

IN(S)= RJ=ZN(6)=ZN(T)S ZN(B)= RJ=ZN(9)=IN(10)$ JJ= MODUINT(RJ)+2)

CHECK THAT THEY ARE NON-NEG. INTEGERS AND FIND NZE,

NZE= 1013 DO 1T =1 , 33 DO 1 J =1 9 3% NT= JTABS(INT(VN(IsJ)))
IF (FLOAT(NT) «NE.VN(I9J)) GO TO 99% IF{NT.GE.NZE) GO TO 1

NZE= NT% 12E= I% JZE= J

NN(IsJ)= NT$ IFSE= NR(7)+ NR(9)

C=G EXISTS, BRING NZE TO NN(1s1) POSITIONy, SAVE THE PHASE .
IF(IZE«EQ,1} GO TO 3% IF(JJ.NE.D) IFSE= IFSE+1S$ DO S J =1 o 2
NT= NN(1+J)% NN(1lsJ)}= NN(IZE»J)

NN(IZEyJ)= NT .

IF(JZE.EQ,1) GO TO 7% IF(JJ.NE«(Q) IFSE=IFSE+1% DO 9 | = ! , 3
NT= NN(Is1)% NN(Is1)= NN(I,JZE)

NN(TsJZE)= NT

CONSTRUCT DELTASNORMALISATION

IFAS= 1-2¢MOD (IFSE+NR(3) +NR(5)+2) .

SUM= -ALOGF (INT(RU)+2)$ DO 11 K = 2 4 10
SUM= SUM+ ALOGF (NR(K)+1)$ SUM= ,5#SUM

DO THE SUM wITHOUT ALQGF .

SUM= SUM=ALOGF (NR(2)+1)= ALOGF (NR(6)+1)~ ALOGF (NR(10)+1)

1 =ALOGF (NR(9)=NR(2)+1)= ALOGF (NR(T7)=NR(2)+1) $ PROD= EXP(SUM)
"SUM= 1.5 NM¥= NR(2)% IF(NMX.LT.1) GO TO 13

ZA= NR(6)= NMX$ ZB= NH(10)=NMX$ ZC= NHX*IS D= NR(9)01

ZE= NR(7)+1% DO 15 K = 1 , NMX$ ZK=
UM-I--‘UM‘ZK*(ZA*ZK)*(ZB*ZK)/((ZC'ZK)'(ZD'ZK)'(ZE-ZK))

RES= SUMepPROD®IFAS#SQRT (2,4VJ3+1,)

ELSBSCH‘ RES$ RETURN
N

END EvALIN

aOOOO0O0

BLOCK DATA EVAPREP

THE SHELL STRUCTURE IS 0S1/2, 0P3/2./P1/2.005/2.151/2.
003/2-0F7/2s1P3/290F51201P1/2¢069/2o105/2.067/29251/2o
103/2.0H11/2.0H9/2-1F1/2.1F5/2.2P3/2.291/2.0113/2.169/2.
ox11/2.205/2.35112.161/2.203/2.0J15/2.0J13/2., '

CO"HON/SHELL/NX(30)oLx(30)9xJX(30) SRR LA
COMMDN/UPLOHu/IMINoIMAX.IIMIN.IlHAXoIZMIN,IZMAXoI3MINoI3MAXo
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1T4MIN, T4MAX 4 JMIN, JMAX , ICODE
COMMON/NUMB/NUMyNUMIN, IPARITY

COMMON/IPRI/ IPRINTS LOGICAL IPRINT

COMMON /TCON/NAME yHBWA (30) s IUNIT(30) 4 I1ADV (30)

DATA NAME JHAWA/10HZ234=01646L 913.5¢1045913.5910.5,0/

DATA IUNIT/3085/

DATA IADV/30%1/

DATA NAME 4HBWA/10H021SP2+6LV, 13-5!1705’20.0'10.5’25-0’800.30.0'
DATA NAME ,HBWA/10HGZ0SP2416L 9134541 705920.0910,5925.0980,30.0,
l 15.0'0.00/

DATA IUNIT/Se786/

DATA 1ADV/3,7#1/

DATA HNXyLXeXJX/
1 48001 v2%0919001909019092+001909190929192900135042914392+0>»
209291 9290029391 939196+29690+59225+396919390196049792049092,7,

30e591¢510:592259005515993:591¢51225002514¢592¢593.590:505,5,
41.5.“5!3.5!6.5’10502.5!0-5’50504-50705|2n5’3l5'0-5’1l5|6.5'

ICODE=0y NO GA PRINTOUT. ICODE=2y FOR GA MATR, PRINTOUT.
DATA IMAX,ICODE/16,2/

DATA NUMoNUMING: IPARLITY/0,041/

DATA IPRINT/eTa/

END

PROGRAM EVAFME (QUTPUT 4 TAPE], TAPER » TAPES » TAPE9=] s TAPE®)
DIMENSION GA(15000) yMAGIC(8) s ICODE(16) 4GPH(2) sFCL(5) s TLINT (150)
COMMON /TCON/NAME ¢ HBWA (30) o ITUNIT(30) 4 IADV (30)
COMMON/SHELL/NX(30) sLX(30) «XJX(30)
COMMON/UPLOWA/IMINs IMAXs T1IMINs I1MAX s I2MIN9I2MAX s I3MIN, I3MaX,
L1IGMIN, I4MAX o JMINy JMAX o IPUNCH
COMMON/LBL3/IPH(30+30)91JTV(10+2) ¢IIP(100),IIH(100)
COMMON/LBL4/IPMIN, IPMAX s THMINe IHMAX s IPHD 9 IJTD e JUMA X
COMMON/MOSHTN/ NOENs TABM(1000) +NQMS(1000)

COMMON/IPRI/ IPRINTS LOGICAL IPRINT
COMMON/NUMB/NUMyNUMIN, IFARTT Y
COMMON/PHGCON/NMAXP y NOENP , IPASSS LOGICAL IPASS

DATA MAGIC,MAG/2+B+20+28+40+500824126+9/

DATA NTYP/2/

CALL ERRSET (IERROR50)

REWIND 25 REWIND 5% REWIND 6

PRINT 101

FORMAT (1HR) ,
IPMINSIHMINSIIMIN=12MIN=13MIN=I4MIN=IMIN=1
IPMAX=THMAX=11MAX=T2MAX=13MAX=]4MAX=NV=1MAX

JIP1=1% DO 21 KP= 1 « NVS K= KP+IMIN-1

JIP1= MAXO(JIPLeIFIX(2.8XJX(K))+1)

CALL TALMI(TLINT.NTYP)

PRINT1

FORMAT(lHo.SX-45H**‘“¢*'*6¢'*G¢*SHELL STRUCTUREiﬂcﬁiiiliiqaibc
1/718BX g #N# g 7Xo 8L % o TX 0% )8 95X ¢ ®NOSC2N¢L #/)

D03 I=1430

J=31~-1

NOSC=22NX(J) +LX ( J) -

IF (JeNE.22.AND. JoNE s 16.AND.J.NE 114 AND 4 JoNE 2104 AND J.NE.T

© TeANDeJoNE 6 AND VI NELFJAND s J4NEST) GO-TO 3

2

1MAG-HAG-1¥
'PRINTE.MAGIC(HAG) . ER i R :
fFQRMAT(lax,38H0¢nnnnabeeaunna&uniiiiccqhinocoagiuuci ,13)F

3 PRINTIOOZ.J,NX(J)oLX(J)qXJX(J)oNOSC _

234=016
234-016



* &k %

1002
1003

23
1010

1007

12
11

111

13
15

1011
2004

"
99

* REWIND 2$ REWIND 55° REWIND 6 ‘f‘

FORMAT(S5X4120112418¢F9,15110)
FORMAT (BX401295E20.10,12)
DG 49 IBL= 1 9 318 IF(IBbL.EQ.1) GO TO 23% IB= IBL=1% WHEHBWA(IB)
NMAXP=NOENP=0% IPASS= «F.
IF(WH.EQeQ?! GO TO 99% CALL PREPSA(IADV(IB)+0sIUNIT(IB)}
REWIND 1% WRITE(1,1010) NAME
FORMAT (A10)
IF(IBL.GTL1) CALL LABELF(5.GA)
JF=JG=F 3=F4=FS=[FAS= (0% Fl=F2=NV
PRINTlooanF‘Fl'FZ’FS‘F4|F501FAS
WRITE(141003) UF oF14F24F34Fa4FSeIFAS
DO 7 KP = 1 ¢ NVS K = KP+IMIN=1% F1=F2=K$ F3=F4=F5= 0,
ICODE(KP)= K
PRINTI003,JFsF1eF24F3,F4sF5,IFAS
WRITE(141003) UFoF1oF2,F3+F64eFSeIFAS
CONTINUE
IFL= NV+2
IPI= 1% D0 4 Ji= 1 » JIP1S J= J1=13 VJI= JUSCALL LABEL3(IPI4JeIDMsl)
PRINT 100738 ICNT= ¢
FORMAT ~ (77/% THE FIRST 100 F MATRIX ELEMENTS FOR THIS J.®/)
F1=F2=64%J+10M$ F3=F4=FS=JF=0 .
PRINTI003¢JFoFLloFRsF34FGsFS,IFAS
WRITE(191003)JFsFloF24F3sF4+FSeIFAS
1FL= IFL+1% IF(INM,LT.1) GO TO 4
DO § M=]1,4iDM
IC=11IP (M}
ID=11H (M) R ‘
DO 5 N=MeIDM ) . ‘
IA=I1P (N)
IB=1IH(N)
JF= IU*64*(IC*64°(IB*64°(IA +64%64%J)))
JFEI0+64# (1C+642 (IB+64% (1A+128+64%648J)))
IF(MODILXC(EAY +LXLIBY+LX(IC)+LX(ID) 42112011012
FlsF2=0.% GO TO 13
Fl= FSy F2= FDy F3= F(CS»
IF(IBL.EQ.,1) GO TO 111
CALL PHGPHC(IAsIRsICsIDsJeGPHsGA}S Fl= JS5#(GPH(]1) -3PH12}}
F2= «S5%(GPH(1)=GPH(2))% F3=F4=F5=1FAS=0.% GO T0 13
F1=F2=0.
CALL FMTRX1(IA+IB4ICeIDeJsTLINTL,FCLoNTYPsIFAS)
F3= FCL(3)$ F4e= FCL(4)S FS5= FCL(2)
F3=FCL(3)#E2RS F4=FCL(4)$ FS5=FCL(2)
FCL(1) IS COUL DIRECTs FCL.(3) ‘IS COUL DRCT=EXCH,
FCL(2) IS R##2 DRCTy FCL(4&) IS R*'Z DRCT-EXCH.
E2B=SQRT(,0241145%WH) #1 .44 -
ICNT- ICNT*IS IF (ICNT, LT.lol.AoIPRINT)

" PRINTYI0039JF sF13F2sF39F49F5;IFAS . G
wnlrE(l 1003)JF F11F2 F3,F4 FSqIFAS ) ;
IFL- IFL+1 - C

- CONTINUE

~vCONTINUE
ENDFILE 1
IFL= IFL=1. ;
PRINT 1011y IFL .
FORMAT (//% NUMBER- OF F MATRIX ELEMENTS COMPUTED'Ie)
PRINT2004 ,NOEN -
FORMAT (/% .~ NUMBER OF- TALMAN COEFF. TABULATED '15///)
CALL REDFA12(GA, NV-ICODE.NAME.IFL,lSOOOoNUM.Hﬂ IBL)
CONTINUE .
ENDFILE 2

PRINT 777, 1ERROR

T=0
N=N

E*®2/B
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QOO O00

1711

1006

11

10
15

30
40

50
51

52
99

. N=0$:D0-7'1=

FORMAT (& NUMBER OF INRUT ERRORS= #13)
END
SUBROUTINE TALMI(TLINT.N)
OIMENSTION TLINT(1)
TLINT(1)=SQRT(2./3.141592653)
TLINT(31)=3.8% TLINT(61)=1./S4RT (8,)
DO 1 I=2¢305% XI=1=1% TLINT(I)=XI®#TLINT(1=1)/(X1+,5)
TLINT(30*I)=(XI+1.5)#TLINT(29+])}/ (XI+.5)
TLINT (60+I)=TLINT(59+1)/2.
CONTINUES NNSN#30% PRINT1006,(TLINT(I)oI=1eNN)S RETURN
FORMAT (/% TALMI INTEGRALS®//1P(E17.549E12,5))
END
SUBROUTINE PPMEXT(J19J20J3¢J4sKJeKT GGGy IPR)

TOo OBTAIN FROM MASS STORAGE PREPARED BY PREPSA, THE MATKIX
ELEMENTS (U1 4J2eKJeKT/GGG/ J3eJb ol e KT) o

THE SAUNIER MES ARE UNNORMALISED AND USE THE BROD. MOSHe PHASE »
COMMON /SHELL/Z NX(30) 4LX(30) ¢ XJX(3G}

COMMON/TEMP/ 1QNA(250) 9ZA(250) o IDIMy IDTM2

COMMON /INDN/ INDEX(T1)eIFIRS(T1),IMS

DATA ICBL/O/

GGT=0.% IFAS= TABS(LX(J1) + LX(J2)=.LX(J3)= LA(J4})F2.

IA= MAXG(J1+J2)5 1B= MAXO{J3,J4)S IF(IA=- IB) 20s11,10

IA= MINO(J1,J2)% IB= MINO(J3,J4)% IF(IA=-IB) 20,10,10

I1= J3% 12= J4$ 13= J1% l&= J2% 6O TO 15

I1= JI% 12= J2% [3= J3% 14= J4&

IF(12.LE.I1) GO TO 30

IA= I1% I1= 12% I2= IA% IFAS=s IFAS+ JFIX(XKJIX(I1)¢ XIX(I2))¢ Kys KT

IF(16,LE.I3) GO TO 40

Ia= I3% I3=14% 14= 1A% IFAS-IFASOIFIX(XJX(I3)¢XJX(I¢))*KJ‘KT

I= T4« (13?(13-1))’"* ((12=-1)2((I1=1)#11+ 1I2))/2
1 ¢ ((Il=l)aTln(2=-11+ T1®%2))/8

1GN= SHIFT(IS)+ SHIFT(KJy1)+ KTS IF(IGN.LT,)) GO TO 99

NOW FIND POSITION OF IUN IN BLOCKS .

LM= IMS=1% 00 50 L = 1 » LM$ IF (IQN.LT.IFIRS{L+1)) GO TO sl
CONTINUE ¢ 60 T0 99

IF(L+EQ.ICBL} GO TO 52

I1CBL= L% CALL READMS(9sI1QNA,1DIM24L)

IR= INB'NS(IGNA,1,IDIMsIQN)S IF (IReLT41) GO TO 99

66T= (1= E*MOD(IFA592))°ZA(IR)

6G66= GGTS RETURN

END

SUBROUTINE LABEL3(IPARITY 1JoIDIM, ISYM)

IF IPARITY = 1. TWO: PARTICLE STATES HAVE POSIT!VE PARITY!“

IF IPARITY =-19 TWO PARTICLE STATES HAVE : NEGATIVE PARITYo
IF IPARITY . N0 RESTRYCTION ON PARITY. N

COMMON/SHELL/NX(BO)oLX(30)_XJX(30) ¥ ,agﬁ»‘“
COMMON/LBL3/IPH(30'307QIJTV(IOQZ) IlP(lOﬂ)!llH(loo . S
COHMON/LBL#/IPMINQIPMAX IHMINFIHMAX!IPHUOIJTD'JHAX ;Q;’ﬁiwﬂa
Yy=1J T '
DO 17 13193
D0 1" J=1le3
IPH(TyJ) =, 0
00 2 I21y]0"
Do 2; J=
IJTV(I Jl

X -IHMINpIHMAX o
)y2) iNESI=1)60T07S" IPMINP=IPMINS IF(ISYH-EO.I)GOTO&
IHMIN.EQ.IPMIN AND s IHMAX o Eo.xPnAx) IPHINP*IH - :

IF.(MOD(LXT(
1
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6 DO 3 IP=IPMINP, IPMAX

IF(1J.,LT.0) GOTO4

IF(XJIX(IP) #XIX(IH) aLToVJ,ORABS(XJX (IP)=XJX (IH) ) «GToVJ) GOTO3I

4 IF(TIPARITY.EQ.0) GOTOS

IFC(=1) %8 (LX{IP)+LX{IH)) 4NE-IPARITY) GOTO3

S N=N+1

IPH(IPs IH) =N
ITH(N)=IH
IIP(N)=1IP

3 CONTINUE

7

1002

25
23
27
29
33
31
35
37
39
4l

45

‘47

L IR

49
51
53
55
57

CONTINUES IDIM=N

IF(IPASS«NE.125394) PRINT1002+ ({IPH{JeI)sJ=1030)91=1,30)
IPASS=125394

FORMAT(3013)

RETURN

END

FUNCTION RACAH(A4B4CesDsELF)

FUNCTION RACAT(A+BsCoDsEF)

T0 CONPUTE RACAH COEFFICIENTS USING THE REGGE SYMMETRIES
AND TO BUFFER THE PREVIQUSLY COMPUTED VALUES .
LOGICAL INITIAL

COMMON/BUFFN/ IQN(1000) «SIXJT(1000) « NOTA2 IOVF o IReICU
COMMON /FACLN/FACLO(100)

COMMON /ORDTRK/ 1Z(1), IXl0IXZQIXEOIYIOIYZOIY3’IY4’
1 RVY(L) o X1 4X20X39Y1sY29Y¥3eY4eSIKJ

DATA INITIAL/.TRUE. /OIquNOTA/Z'D/OIOVF/SDD/
SIXJ=0.% IFAS=0

X1=A+B+C+DS X2=A+D+E+F5 X3= B+C+f+F

Y1= A+B+ES v2= C+D+ES Y3z A+C+F3 Y4z ReD+F

FIRST CHECK FOR ERRORS IN CALLING SEQUENCE

DOl k=2, 8

Z0=RV(K)S IT= ABS(Z0)S IF(FLOAT(IT).NE.Z0) GO TG 999
1Z(K) = IT

THEN SORT THE REGGE QUANTUM NUMBERS.
IFASSIX1S$ IT= IX1% IE=2$% IF(IXi-IX2) 25923923
IT= IX2% 1E=3

IF(IT=IX3) 29,29,27

IZ(1IE)= IX3% IX3= IT

IF(IX1=-1Xx2) 31,31,33

IT= IX1$ IX1=IX2% IX2= IT

IX0= IX1% I7= IY1l$ IE= 5% IF(IYl~=1Y2) 35’37937
IT= IY2% 1€E=6

IF(IT=1Y3) 39,4141

I1T= 1v3% 1E=

IF(IT=1Y4) 45,465,413

IZ(IE)= 1Y4% IY4e= IT

I1T= IY1% [F=5% IF(IYI IYZ) 47949949

“Iv= 1v2% 1E=6

IF(1T=1Y3) 53953051
IZ(1E)= 1Y3% 1Y3= IT
IF(IY1=1Y2) 57!57955

1T= 1Yl IY] IYZS IYZ‘ ]T
IYO« Ive -

- NEXT. TEST FOR TRIANGLE CONDITION .

"v‘;IF(IXO.LT 1v0) 60 TO 999 IF(IXO LT.1) GO TO 997

- DO A TABLE SEARCH .

"~ 1= IX0-IY0$"DO 59 K= 3 4 8.




59 10= SHIFT(IQs6)+ TZ(K)
IR= INBINS(IGNs1+NOTAL,1G)S IF(IReLTel) GO TO 61
SIXJ= SIXJT(IR) % GO TO 999

L S0y COMPUTE DEL3

6l IF(aNOTLINITIAL) GD TO 2% INITIAL= .FALSE.% FACLO(1)= 0.
D05 K= 2 4 100

5 FACLO{K)= FACLO(K=1)+ ALOG(FLOAT(K=1))

3 DEL3=0+% CN= FACLO(2+IYOIS DO T K =1 4 &
DEL3= DEL3= FACLO(2+1Z(K+4))$ CN= CN=FACLO(1+1Y0=IZ(K+4))
DO 7 L =1 + 3% DEL3= DEL3+ FACLO(1+IZ(L+1)- 1Z(K+4))

7 CONTINUE

o THEN INITIALISE THE SuM,
DO 9 I= 2 4 4 .
9 CNz= CN=FACLU(L+IZ(I)=1Y0)
DEL3CN= (1=2%MOD(IY0,2))%EXP (CNe ,S#3EL3I)
SM=1e% I[RAN= IX0-IY0+13% IF(IRANLLT.Z} GO TO 13
Zo=1X0+3% NXQO=1IX0+1% X1=]X1=NXp% X2= IX2=NXp$ X3= 1X3=NXp
NX0= JIX0+2% Yl= nXQ=IY1% Y2= NXO=1Y2% Y3=NXQ«IY3$ YVa4=NXQ=IY4

bef THE SUM IS DONE RECURSIVELY #ITHOUT FACLO
DO 15 K = 2 » IRANS XK= K
15  SM= 1.=5M#(Z20=XK) 2 (X1+XK)}# (X2+XK) & (X3+XK)/
1 ((Yl=XK)#(Y2=XK)# (Y3=XK) & (Y4=XK))

] SIXJ IS THE USUAL 6=J SYMBOL OF WIGNER .
13 SIXJ= DEL3CN®SM

* SAVE THIS VALUE IN ICN .
NOTA= MINO(NOTA+1,1000)% ICUs ICU«18% [CN= NOTA
IFINOTA.EQ,1000) [CN= IOVFS IQN(ICN)= I0% SIXJTIICN)= SIXy
CALL SORTAGI(IQN,1NOTASSIXJT+ICN) -
GO TO 999
997 SIXJ=]l.
999 RACAH= SIXJ®(1=-22MOD(IFAS.2))
#999 RACAT= SIXJs(1=-2¢MOD(IFAS,2))
RETURN
END
SUBROUTINE FMTRXI (IA+IBeIC+IDsJsTLINTSFCLONTYP,LIFAS)

ROUTINE :CALCULATES THE ANTI=-SYMMETRIZED F-MATRIX ELEMENTS

UTILIZING -THE SUBROUTINE FMTRX.

FCL(I) I=ly eee oNTYP, STORES THE DIRECT MeE.

FCL(K)c K‘NTYP’I- ese 929NTYPy STORES THE DIRECT MINUS EXCHANGE McE.

so B0 S8

COHNON/SHELL/NX(SO)9LX(30)01JX(30)
DIMENSION FCL(1) s TLINT(1),FCLL1(10)
VASXJX(TA)S VB2aXJXIIB)S VC=XJX(IC)S VD=XJA(ID)S VJ=J
IFAS= l-ZiMOD(NX(IA)#NX(IB)ONX(IC)*NX(ID)OIABS(LX(IA)OLX(ID)
o ¢LX(IB)'LX(IC)‘/292)
M=AMIN1 {VA+VCsVB+VD) +1:§ " JNSAHAXI(ABS(VA-VC)-ABS(VB‘VD)).I-
JN'JNOHOD(LX(IA)0LX(IC)+JN¢192)S I1=VA+VDS PHa(=1l)%#(1+J}
. CALL. FMTRX(IAplB’IC-ID,J,TLINTpFCLgNTYP)S DO 1 KEIQNTYP
1 - FCL(KeNTYP)=FCL (K) ~ : K .
DO 2 JX“JN-JHQZS JPIX~1$ VJP=JP s o
(MJP’VJP*lo)“('1)**JP'RACAH(VA9VB’VC’VD!VJQVJP) .
. CALL FMTRX(IAyICo IByID¢JP s TLINToFCLLNTYP) : o
DO 2 KelsNTYPS' NKaK+NTYP
2 .»FCL(NK)-FCL(NK)-XGFCLI(K)*PHS RETURN
SUBROUTINE FHTRX(Il’12’l3914,JoTLINT’FCL9NTYP)
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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

(0o INF.)R®® (2M+2) #EXP (=Ra¥2) ,

THUS RTAL(S1+1s52+1sLeN+1) IS EQUAL TO TALMANS R-COEFFICIENT
R(S)14S2sLsN) TIMES THE NORMALIZATION FACTOR.

THE EXTERNALS TALMAN AND RACAH ARE NEEDED,

Ci(N+1,L*1) ARE THE NORMALISATION CONSTANT OF THE OSC, WeFe (NyL)

COMMON/SHELL/NX (30) sLX(30) o XJX (30)
DIMENSION FCL(1) «TLINT(1)4T(5)oS(5)
DIMENSION FAC(30) +DFAC(30)4C(598)
LOGICAL IPASS

DATA IPASS,RTPI/.FALSE.s1,77245385/

Do

Do
DO

N—

RTAL(N14NZ2eLoM)= =YY®FLOAT ( (=1)#&# (N1*N2+M)a (L+L+1))
REXP (DFAC (2% (L+N)+N2-1)) +FAC(L+N]1+N2~-1)=FAC (N1)~FAC(N2)
=DFAC(2%(L+N2))=FAC(M)=FAC(L+N]1+N2=M)
«DFAC(2%(L+N1))) /2.%8 (N1+N2)

IF (IPASS) GOT02% FAC(1)=FAC(2)=DFAC(]1)=DFAC(2)=0

1 N=3530% X1=N=1% X1=ALOG(X1)$ FAC(N)=X1+FAC(N~1)

OFAC(N)=X14+DFAC(N=2)% RX=SURT(2,/RTPI##3)% X|_==3

7 L=198% XL=XL+2% X=Le+L-1% C(l,L)-RY'RX-SQRT(ABS(XL)/Z.)’RX
7 N=2+5% XN=N=1% X=X+2,

C(NsL)=RY==SURT (XN#X/2.) #RYS YY=4,#RTPI#%6$ IPASS=.TRUE.

NTYP

2 DO 14 I=1.N

FCL(I)=0% IA=I1% IB=12% IC'I3$ 10314
LASLX(IAYSLB=LX{IR)SLC=LX (ICYSLD=LX(ID)

IF (MOD(LA+LLB+Js2) eNE.0,ORMON(LC+LD*Js2) «NE.0) RETURN

IF ((LA+LB=J) % (JABS (LA=LB)=J) «GT+0) RETURN

IF ((LC+LDO=J) # (IABS(LC=LD)=J) «GT+0) RETURN
NA=NX (1A) SNB=NX (IB) SNC=NX (I1C) SNDSNX(IDY

1=XIX(I1) =XJX(13)F PH=(=1)#4(1+(LC+LB=LA=LD) /2)
~1qu-(2°(NA+NB)+LA0LB—J)/2+15N2MAx-(2'(NCoND)oLCoLD-J)/zol
IF (NZMAX=N1IMAX)Ss5+6
K=NIMAXENIMAX=NZMAXSN2MAX=KSK=L ASLA=LCHSLC=KSK=LBSLB=LDSLD=K

1A=13%18=1451C=11%1D0=12% NA=NX(IA)$ NB=NX(IB)3 NC=NX(IC)SNO=NX(ID)

W

VLA=LAS VLB=L3% VLC=LC$ VLD=LD
VASXJX (TA) SVB=XJX(IB) SVC=XJIX (IC) SVD=XJIX(ID) $VJ=JUS DO 9 I=1sN
S(I=0

DO 11 Ni1= 14NIMAXS Cl=TALMAN(NA+LAINEsLBINI=19J)
Do 11 Nf =19N2MAXS C2=TALMAN(NCsLCoNDsLDsN2=19J) *C]SMAX=N] +N2¢ J=1
DO B I=leN

11

1
2

T(I)=0% DO 12 M=),MAXS MI==30% DO 12 [=]sRN$ MI=MI+30

T(I)=T(1) +RTAL (N1, NZ-J.H)*TLINT(HI#M)S DO -11 I=1eN
S(I)=S(I)+C2#T(I)
X'C(NAoloLA*l)*C(Nb+l.LBOI)*C(NC+1gLC01)‘C(NDOI9LD'1)

HSORT ((VA+VA®])4) 4 (VB+VB*1e) ® (VCHVC41 ) #(VD*VD+14) )/ (VJI4V*le)
*RACAH(VLA.VLB-VA-VB.VJ..5)4RACAH(VLC.VLD VC,VD,VJe-S)'PH

DO 10 1= loN

10

EnO

FCL(I) X“S(I)S RFTURN

FUNCTION TAL"AN(NI.LI.NZ.LZ NC,LC)
COHMON/HOGHTN/NDUHgTAB(1000)-NAB(IOOO)
DATA NMAX/0/9NOEN/O/

TALMAN=0S IF(ﬂOD(L10L2+LCn2)-NE-0) RETURN
IF ((28NC*LL) 4GTo (2% (N1+N2) #L1+L2)) RETURN -
‘NA=N1$ NHB=N2% LA=L1% LB= L2s lF(NA-NB)é-S-S
NB=N1$ NA=N2$%-LU=L1$ LA=LZ i L r
1a= SHIFT(NAoio)94“157;~A.cv)OSHIFT(NH.IB)*SHIFT(LB-IZ)'




»

1 +SHIFT(NC+6) +LCS [A=INBINS(NABLoNOENSIQIS IF(IR)Ze2,7
2 Z=TALMANL (NAJLASNRWLB,NC,LC)S TALMANSZS IF (NMAX=1000)]149,9
1 NMAX=NMAK+1% NOEN=MAXQ(NMAX4NNEN) S NOUM=NOEN
3 TAB (NMAX)=Z$% NAB(NMAX)=IQ$ CALL SURTAGL (NABe1 4NOENs TABWINMAX)
RETURN
7 TALMAN=TABI{IHR)S RFTURHN
9 PRINT1000%S NMAX=500% GOTO3
1000 FORMAT (& TALMAN TABLE 1S FULL.se LENGTHIS 1000 #)
END
FUNCTION TALMANL (NAsLA«RB,LBsNCsLC)
THIS IS THE C-COEFFICIENT OF TALMAN(SEE NUCL.PHYS. Al#él
(19701273, £QU1%)) e THE FUNCTION SUBROUTINE CGOO00(L1,L24LC)
FOR THE 3=J SYMBOLS 1S THE ONLY EXTERNAL NEEDED.
FAC(N+1) IS THE LOG OF FACTORIAL Ne
NA IS ASSUMED TO BE GT NHe IF OTHERWISE CALCULATION
wILL BE SLOWER HRUT RESULT wWlpLL BE CORRECT,
DIMENSION FAC(30) ,0FAC(30)
LOGICAL IPASS
OATA IPASS/.FALSE./
1F (IPASS) GOTO02% FAC(1)=FAC{2)=0UFAC(1)=DFAC(2)=0
DO I N=3,30% X1=N=1% X1=AL0G(X1)% FACINI=K1+FACIN-1)
i OFACIN)=X1+DFACI(N=2)% ]PASS=.TRUE. )
2 NXSLA+L B*LC=2% NY=(LA+LB=LC)/7=1% NZ=(LA*LB=LC)/72=-NC=)
S=05% LAMSLA*LAS NAASMA+1T NBB=NB+1
DO 6 M=1yNAASNMIN=MAXQ(] yNC=M+1=-NY)SLAM=LAM+2SIF (NMIN.GT«NBB)GOTOS
NS=NY+M§ NT=NZ+M$ NR=NX+MsM+NMINNMIN=2
LBN=LRB+LB¢NMIN+sHNMIN=2¢ S1=FAC(M)*FAC(NAA=M+]1) +DFAC(LAM)
DO 7 N=NMIN,NBB$LBN=LBN*2% NR=NRe¢p
7 S$=5+{1=21A85 (MOD (M*N,2})) ) 2EXP (DFAC LNR) +FAC INS+N)
1 < FACIN)~FAC (NBB=N+1)=DFAC(LRN)=FAC(NT+N)=S5])
6 CONTINUES TALMANL=(=]1)%2(NASNB)® (2% A1) % (2% Be])a2%a(NYs])
1 #CGO00(LA,LBsLC)I®SE RETURN
1 #CGO000(LA4LB4LC) =S
PRINTBy NAsLAsNBsLHsNCJLCs TALMANLIS RETURN
8 FORMAT(10X46134E20.19)
END
SUBROUTINE SORTAGl{(AsII+JdJeTAGsIOUT)
THE ELEMENMTS 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 A(l), TAG(1)
INTEGER A
10= 10UTg 1=IIg J= JJ
IF(J=1-1) 9991,1
1 IF(10-1) 99,13,5
5 IF(J=10) 99,11,9
9 IFCAUTIO)=A(T0+1)) 11,499,323
11 IF(ALI0=1)=A(10)) 99999,7
T T= TAG(I0=-1)% TAG(IU=1)= TAG(IO)S TAG(IO0)= T
IT= A(I0=1)% A(IC-1)= A(IO)S A(I0)= ITSs 10z I0-]
IF(10-1) 99,99,11i
3 T= TAG(10+1)$ TAG(10+1)= TAG(IO0)S TAG{IOI=T
IT= ACIO+1)S A(IO+1)= ALIO)S A(1O)= ITS 10= 10s1
IF(J=10) 99,99,13 ..
13 IF1A(10)=A(10+1)) 99-99.3
99 RETURN - :
END © -
FUNCTION. CGOOG(IA.lﬂglC) ’
SUBROUTINE TO CALCULATE THE 3=J SYMBOL (A+B83C/050,0)
THE TRIANGULAR INEQUALITIES ARE ALREADY SATISFIED.
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ALSO (=1)#a (A+HBeC)=+1 HAS BEEN SATISFIED.
DIMENSION FL(130)
DATA IPASS/0/
IFL1PASS<EQ.1) GOTO02% FL(1)=0%D001 K=2,4130% A-K-l
1 FL(K)=FL(K=1) +ALOG(A)E IPASS=1
2 CG000=.0

IF(I1CeGTo (IA+*18) sORIC.LT.IABS(IA-1B)) RETURN
IF((=1)"3(TA+IB+IC) «NE.1) RETURN
1AB=1A+IB

40 IG2=IAB+IC
162P=1G2+2
16=162/2
1CP=1IC+1
IACMBF=IA~IB+ICP
1BCMAP=IB~IA*ICP
IABMCP=1AB-1C+]

70 IGP 1=16G+]
IGMAP)1=1GP1=1A
16MRP1=1GP1-1B
IGMCP1=1GP1-1C
16D2=16/2
NSIG=1G-IGD2-16D2
SIG=1~NSIG=NSIG
X=FL(IGP1)=~FL (IGMAP1) =FL (IGMBP1) -FL (IGMCP])
DLG=«52 (FL{TACMBP) +FL (IBCMAP) «FL (1ABMCP) =FL (162P))
YLG=X+DLG
Y=EXP {YLG)
TJ=S1GeY
€G000=TJ
RETURN
END -
SUBROUTINE PREPSA(IBLK«IREW,KU)

TO PREPARE THE SAUNIER TAPE FOR USE BY PPMEX .
IFUIREW.EQeD) DO NOT REWIND S aveos
COMMON/TEMP/ IGNA(250)+ZA(250) +IDIMe IDIM2
COMMON ZINDN/ INDEX(71)eIFIRS(71),IMS
DIMENSION Z(S),IRCT(8)
LOGICAL INITIAL
UATA TRCeTRCT/04176614176624170663, 17744.17745-17750-17761 17762/
DATA INITIAL /.To/
GATA IDIM, IDIM2/250+500/
IF(IREW.NE.0) REWIND KU
IMS= 1LA= J[B= 1 % IB= IBLK=1% IF(.NOT,INITIAL} GO TO 11
INITIAL= ,F.3 CALL OPENMS(9,INDEX,7140)
11 IF(IB.LT«1) GO TOS3 DO 1 K =1 +» IBS DO 1 L =1 , 8364
1 READ(KU«102) IDUMP ‘
102 FORMAT(I16)

TAPE IS NOW POSITIONED AT CORREXT HLOCK .
5. DO 7L =1 « IDIM2
7 1gnNAtL)= o
DG 3 L =1 4 B364% IF(KU.EQ.6) IRC= IRCel
30 READ(KUs1n13) 11112013014-.]1(2“(11'( 1+5)
D0 201 JC= 1 o 8% IF(IRC.NE. IRCT(JC)) 6O TO 20}
PRINT 1015011912013!I4QJO(Z(K)!K—IOS)’XRC
201 CONTINUE
1015 FORMAT(IXEIZOSEI#.GOIS/)
1013 FORMAT (51295514 6) ’
l' 14+ (134(13-1))/20 ((12- 1,9((1“1)“11‘ IZI)IZ
1 ¢ ((I1=})#11e(2~11+ Tlo#2))/8
ION= SHEFT(T+S)+ SHIFT(Js1)
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D0 3 IT= 1 , 2% TF(Z(IT).EG.0.) GO TO 3
IQNA{ILB)= IUN+ IT-1% ZA(TLR)= Z(TT)% ILB= 1LB+}
IF (LB BT, IDIM.OR.( L 4GE.B364.ANNLIT.EW.2)) GO TO 150
3 CONTINUES IMS= IMS=-1% KRETURN
150 IFIARS(1I#S)= IGNA(TI)$ CALL WARITMS (Yo IQNALINIMZ,IMS)
IMS= IMs+1% ILB=1% DU 9 LT=1 + INIM2
9 IGNA(LT)=0% GO TO 3
END
SUBROUTINE LABELF (MeGa)

ROUTINE PUTS TWO PARTICLE MeEeS (IAs1B42J,2TIGLICs1D,2J,2T)
INTO A ONE-DIMENSIONAL ARRAY,

IF M=g, McE.S ARE READ In ON DATA CARDS,

IF M=2, M.E.S ARE CALCULATED BY CALLING PPME.

THE GENERAL RULE OF THF ORDER OF THE INPUT M,E.S IS
IB.GE.IA«ANDID.GE.IC. 1IN PARTICULAR IF THE INPUT ARE
PPME TO BE CONVEWTED TO PHME. THEN IN ADDITION WE HAVE
IC-GEoIA’ AND ID.GE-IB IFF IC.EQ.IA.

COMMON/SHELL/NX{30) +LX(30) 4 XJX(30)
LOGICAL 1ABCD,IPAULI.I12,134
COMMON/LBLS/IAs IR ICs IDeJJI29ST2eNIP2
COMMON/UPLOWA/THMINs IMAXo IIMINS IIMAK 9 I12MINSI2MAX s I3MIN, I3MAX,
114MIN, JaMAX ,JMIN, JMAX, ICODE

COMMON/NUMB /NUM,NUMIN, IPARITY

DIMENSION II12(200)+6GA(]1)

COMMON/GMTRXB/GB t32)

LOGICAL IPRINT:IWRITE

PRINT 105,M% ICNT= O

ENTRY LABELC

ENTRY LABELD

ENTRY LABELE

105 FORMAT(//# THE FIRST 200 6 MAT ELEM OBTAINED BY LABELING ROUTINE+M
l=813s7)
IPRINTSICODECEQe2 e OR ICODE +GE+4% THRITE=ICODE<EQe3,0ReICODEGE 4
I0AR= SHIFT(IA96)+IBS I1QCD=SHIFT{IC+6) +ID
IGABCD=SHIFT{(IQAR,12) +1QCDS DO 25 K=1,32
25 GB(K)=0% N=NUMIN$ K2=]2MAX=-I2MIN+15 KO0==-KZ

N0 24 I1=1IMIN,I1MAXS KO0=K0+K2% IT1=I1=I2MIN-1

IF(II1.LE.0) II1=0% K1=(II1#(I11+1))/2% IZHN=MAXD(II,IZHIN)

DO 24 12=12MN,I2MAXS JOQ12=SHIFT(I1+6)+I2% L12=LX(T11)+LX(I2) "
IMN=K0=Kl+I2=12MN+]

VI=XJX(I1)$ V2=XJX(I2)% J12=V1+V2%s J21=ABS(Vi-v2)% I12=11,EQ.12
IF (MeNE.1) GOTO103% IF(IQAB-IQ12)24+5042%

50 N=II12(IMN)$ GOTOl04

o3 1112 (IMN}=N
104 DO 22 1I3=11.13MAXS IF(I3-11) 34.12;11
12 14V =MAX0 (124, 14MIN) S 607010

1l I4MN=MAXO0 (I3, I4MIN)

10 DO 22 [4=]4MNs [4MAKXS Iu34-SHIFT(I3-6)0145 L3#-LX(13)*LX(14)
26 V3=XJX(I3)$ V4=XUX(I4)$ J34-v3+v4s J43=A85(v3-v4)s 134=13, 50.14
J2ZMAX=MINO (J12,J34)+1% JZMIN-unthJZl.J43)+l
IF (J2ZMAX=JZMIN) 22,13413.
13 1Qi234=SHIFT(IQ12,12)+1034%" IABCD-101234.EQ.IQABCD
DO 23 1T1=1,2€% KT=IT1=1% KJT=KT®#16$ IT2=24KT"
DO 23 JJ1=J2MINy J2MAXS KJT-KJT+15 J-JJl ls IJE-Z*J R
IPAULI=MOD(J+KT92)+EQe0 - o ,fh
IF(112.ANDsTPAUL L) GOTO23S IF(134.AND IPAULI)GOTOZB Lo &
~ . N=N+1$ IF(M.EQ.Z)GOYO#S IF(H.EQ o)GOTozs Irtn.ge.ar 607023
IF (M.EQ:S) ‘60 TO 501:
IF(IABCD-AND u.En 1) 1ozq23

[T,




4 CALL PPME(119129139144J9KTeGGGe0)
° THE TIME=REVERSAL PHASE IS IM PPME.
504 ICNT= ICNT+1% IF(ICNTLTeR20leAcIPRINT)
1 PRINTS0U00sNesT1912913,144U.KT+GGG
IF(IWRITE) WRITE(8+5000)NaIle12913,149JyKT,GGG
6G0TO1
2 READ(Bs5000)NNeJAsIBsTCeID«JaKT GG
JJ2=J#2% JT2=KT#?2
IQABCU=IU+SHIFT(ICs6) +SHIFT(IRe12)+SHIFT(IA,18)
JNJT=IQABCO+SHIFT(JJ2,24) +SHIFT (JT2,30)
INJT=IW1234+SHIFT(1J2,24) +SHIFT(172,30)
c 2 READ S000, NNeIAIBsICsIDsJJI2eJT29G6GG4JP]
S000 FORMAT(15,5%X9615+SXsE20e8.15)
IF (NNJNE «NoORG INJTNE JNJT) GOTO34
1 GA(N=NUMIN)=06GG

GoT023
in2 IF(JJ2=1J2) 41.42,41
42 IF(JT2=1T2) 41,433,41
41 GH (KJT) =GA (N-NUMIN)
23 CONTINUE

IF(IABCD-AND.M.EQ,1) RETURN
22 CONTINUE

24 CONTINUES IF(M=1)27+28427
28 N=03% RETURN .
27 NUM=N$ TF (IWRITE) ENDFILEBS RETURN -
34 PRINT2000,N.11, 129I391491J201T2vNN;IA;IBvICoID JJde.JT12
RETURN
2000 FORMAT(2X,49HaRunabndmi ERROR IN CARD INPUT sahbogonan/
15Xs1415)
33 GB (KJT)=GA (N=NUMIN)$ RETURN
501 SALL PPMEXT{11412+13¢I49JsKT+G6Gsn)S GO TO 504
ND

SUBROUTINE REDFA12(AL]1+NOLV+CODAyFLNAME,IDFy IUMs IDGsHBOM, IBL)

READ FROM SCRATCH TAPEls INTO TAPE2 THE 7 ARRAYS .

LOOK FOR FLNAME, THEN READ TO ENDFILE MARK «

NOLV= F(1)= NUMBER OF LEVELS .

CODA(NOLV)= CODENUMBER ARRAY= r(Z.---oNOLVOZ) -

IDF= NUMBER OF F ELEMENTS READ .

iDM= DIM OF F ARRAY - ,

WRITE ON 2 OUT OF TA FLNAMEsNOLVsCODA(16) +IDF 9 JDGyHBOMo

0 e &5 S X0

DIMENSION ALL (1) »CODA (1) sNAA(T) oFT(5)
DIMENSIUN TA(25)

INTEGER CODA
DATA NAA/3LFPR.3LFNE.3LF0N.3LR15.3LRTD.3LPIS‘3LPTD/
REWIND 1
TA(1)= FLNAMES TA(2)= NOLVS DO 7 K =1 o NOLV

7 TA(K+2)=" CODA(K)
TA(21)= IDF$ TA(22)= IDGs TA(23)- HBOM

© WRITE(2) 'TA'$ PRINT 107 . TA -

107 FORMAT(//# TA CONTROL SLOCK“IIIPS(SEZO 6//)/)

IF(IBL.GT.1) WRITE(2) (AL1(1)+1=1,1DG)

D0 1 L = 1 ,78IF((IBL, EQ-l A.L LT 3)-0R.(IBL-GT l-A-L.GT-Z))GOTOl
- READ{1+1010) TITLES IDF=0 ‘
1010 FORMAT (A10).

IF(TITLE.NE ,FLNAME) GO TO 101

READ(101003) JFsFToIPHS - IF(FT(I)-LT-I) GO TO 101
1003 FORMAT (BX4012,5E20.10,12) - - :

NOLV= FT(1)$ IFL=2% AL1(1)= Ff(L)S lF(LoGT-S) ALl(l)-FT(L-Z)
DO 31 K = 1 » NOLVS READ(141003) TFDFTyIPH .
CODA(K)I= FT(L)S ALL(IFL)= FT(L) § IF(L.GT-S)ALI(IFL)-FT(L-Z)



¢ 8% %k & & 8

3l
33

35

105
1ol
103

4

3
30
31
33
32

17
8

10

N~

IFL= IFL+}

IF(IFL.GT,I0OM) GO TO 101% READ(1+41003) IFD,FT4IPH
ALL(IFLL)= FTIL)STF(L.GT.S) ALI(IFL)= IPH#FT(L=2)
IFL= IFL+1% IF(EOF (1)) 35,33

IDF= IFL=2

REWIND 1

WRITE(2) (AL (1) s I=19IDF)

CONT INUE

RETURN

PRINT 103

FORMAT (/= F ARRAY NOT ON TAPEl #/)

GO 70 105

END

SUBROUTINE PHGPHO(IUsIVeIWeIXeJsGPHyGA)

CALCULATES THE F=MATRIX ELEMENT F(AyBsCsDyJ) FROM THE FORMULA
F(AsBsCIDIJs T)==SUM(JP) (52 (22JP+]) *RACAH(AsDsBsCsJP,J) #

(=G (0)+3#G(1)1uD(T,0) + (G(0)+G(1)));
WHERE G(T) IS5 THE G=-MATRIX G(DyAsBsCeJPsT),
AND D(T,TP) IS THE KRONEKER DELTA=-FUNCTION,.
GPR{T+1)=F(A4BsCyDsdeT)

COMMON/SHELLZ/NX(30) +LX(30) 4XJX(30)
COMMON/PHGCON/NMAX ¢NOEN oIPASS
DIMENSION GA(1) 4GPH(1)4GX(2)+TAB(200+2) +NAB(200)
COMMON/GMTRXB/6GB(32)% INTEGER TAG(200)$% LOGICAL [PASS
COMMON/LBLS/IPsI1Q¢IR3TSeJJ2+ JDUMeN, IDUM
DATA NMAXoNOEN/0+0/3IPASS/Fe/
ENTRY PHGPHC
IF (IPASS)YGOTO3% DO 4 I=1,200
TAG(I)=T $ IPASS=.T,
IF(JU=-TV)30,31,31
IASIVS IB=Iu$ IC=1X% ID=Iw$ FAVT=13 IF(IA-IC)33,32,32
IA=TUS IB=Iv$ IC=Iwd ID=IX$ FAT=0% IF(IA-1C}33,32,32
I11=1A% IA=IC% IC=[I% 1l=1B$ IB=ID% ID=II
II=SHIFT(Js24) +SHIFT(IA418) «SHIFT(IBs12) +SHIFT(ICs6) +ID
VCEXJIX(TC) S YO=XJX(ID)S VJ=J$ VAIXJIKIIA)S vB=XJX(IB)
IFAT=FAT® (VA+VB+VC+VD) SFAT=1=2#MOD(IFAT2)% JJ2==18GPH{1)=GPH(2)=0
IF (NOEN.LT.1)GOTO8% JJSINBINS (NAB.LsNOENsIINS IF(J)J)B,8s17
GPH(1)=TAB(TAG(JJ) s 1) #FATS GPH(2)=TAB(TAG(JJ) +2)*FATS RETYRN
JAD=VA+VDE JBC=VR+VCS JOA=ABS(VA=vD) 3 JCB=ABS(VB=VC)$ JZMAX=MINO(
1JAD:JBC) +1% J2MIN=MAXQ(JDALJCB) +15% IF (U2MAX=JEMIN) 11410+10
IP=MINO(IAyIN?S IQ=MAXO(IA+1I0)% IR=MINO(IB,IC)S IS=MAX0(IRsIC)
IF (1P 6TeIReORe (IPEQaTRAND e IQeGT,IS)) 697
JU=IPS IP=1R% IR=JJ$ JJ=10% IQ=IS5% 1S=JJ
CALL LAHELC(1eGA)E IF (M) 141,412
DO 2 J2=JPMIN, JZMAXS JP=J2=1% VJIP=JPS DO 5 JT1=1+2% JT=JT1~-1
IFAS=0% LIF(IDLGT.IA) IFAS=IFAS+JP+JT+JAD
IF(IB.GTeIC) IFAS=IFAS+JP+JT+JBCE PH=]=2%MO0 (IFAS,2)
GX(JTI)=6GB(JT#16+J2=J2MIN+1) #PH
SO=(=GX(1)+3.86X(2))/2.% S1=(GX(1)+GX(2)) /2.
XX=RACAH{VAs VD« VB ,VCoVIP¥J) # (VIP+VUP+1,)
GPH(1)=GPH (1) =XX#SO0®FAT
GPH(2'=GPH (2) =XX#S1#FATS IF (NMAX=200)20,21,21
NMAX=NMAX+15 NOEN=MAX(Q (NMAXsNOEN)
NAB(NMAX)=1I% DU 1Y I=1.2
TAB(TAGINMAX) ¢ 1) =GPH(I)#FATS CALL SORTAGL (NAB 91 s NOENs TAGsNMAX)
RETURN
PRINT2002% NMAX=1% GOT022
FORMAT (& MESSAGE FROM PHGPHD. TABLE TAB(200) IS FULL.™)
PRINTZ200191AsI8+ICIDyy
FORMAT(# MESSAGE FROM PHGPHN. G=MATRIX ELEMENTS NEEDED FOR



JTHE CONSTRUCTION OF THE F=MATRIX ELEMENT®#/& F{#513%) LO NOT
PEXIST It THE ARRAY GA OF SUBRUUTINE LABELU®)

11 RETURN
END
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APPENDIX I1I

SAMPLE RESULTS FOR qu

This case was run with the S.P. No. 2
potential, N = 0-2, fiw = 13.5 MeV. Only 2 iterations were

performed to illustrate the output format.




THIAL WAVE FUNCTIUN COMPUTATION FOR HE &

ELLIPSOIDAL MODIFIED HARMONIC OSCILLATOR cOMPUTATION

DEF, PAR, OF POTENTIAL ARE, BETa=

MAJOR SHELL N SP/N=QRBIT STRENGTH CHI
«0790
«0700
l0790
20700
.0500
«US00
+ 0500

CNEFWN~C

«001000.

GAMMA= 0,000

LSAR STRENGT D

0+0000
6.,0000
0,0000
»3500
+ 4500
4500
« 6500

STATE ORDERING ACCORDING TU INCREASING ENERGY EIG. VALe«, FOR SUMMING PURPOSES
INCRs ORD.NO, J 1 2 3 4 s 6 7 8 9 10 1 12
NATUe DRD.NO, I 1 2 4 3 5 6 8 10 7 9 13 12
EAY, OF JTH STe 10125000 1.839774¢ 1.840226 1.:945001 2,554636 2.554910 2.55545]1 2.625002 2.729664 2.730338 3,12255T7 3.122734 i
INCRs ORD.NO., J 13 14 {5 16 17 18 19 20 21 22 23 26 w
NATUe« ORD.NO. I - 15 19 i 20 16 16 la 17 22 23 25 28 +
EAV, OF JTH STo 3¢123088 3.123619 2.315088 3.315911 3,367535 3,367887 3,36B575 3.420510 3.799455 3.799591 3,799864 3,800272 |
INCRs ORDJNO, J 25 26 27 28 29 k1) 3 32 33 34 as 38
NATUs ORD.NO, I 34 27 30 3z 26 26 29 33 35 21 k) 42
EAV, OF JTH STs 3s800816 4+006932 4.007358 44008205 4,029429 4024659 4,025117 4,025795 4.]124944 &,132057 4,133014 4.4]1872
INCRe ORD.NO. J 37 38 39 40 41 42 43 46 45 46 &7 48
NATije ORD.NO. 1 4«5 40 &b 49 ‘54 37 47 50 52 %1 39 43
EAY, OF JTH STe 40411980 4,412195 4,412518 4,412947 4,413484 4,666320 4,66%592 4,665135 4,665948 4,686.35 4,687002 4,687335
INCRe« ORDJNO. J 49 S0 51 52 53 ¢ B4 55 56 s7 58 59 60
NATUe QRD.NO, I 48 53 60 é 68 70 69 15 82 46 38 51
€AV, OF JTH ST. 4e6B7R33 44688493 5.001798 5,00i886 5,002041 '5,002324 5,002675 5,003113 5,003638 4,B26891 4,828090 4,839319
INCRa ORD.NO. J 61 62 63 64 65 66 %3 68 69 70 71 72
NATU« ORO.NO, 1 55 56 26 72 7 61 - Ta 83 63 66 65 64
EAY, OF JTH ST.  4+839853 4.84DB4T 44902523 5.299224 5,299418 5.299806 5,300287 5,301159 5,326751 5,326879 5,327137 5,327522
INCRs OROLNO, J T3 74 75 76 . 77 78 79 80 81 82 a3 B84
NATUY. ORD,ND, 1 74 8l 58 59 79 17 o7 73 an 57 aé 78
€av, oF JTH ST, $.328036 5.328673 5.506713 5.507303 5,508472 5,524201 5.526526 5,525168 5.520il2 5.624889 5,631934 5,633204

ENERGY ElGeVALesr JZ AVER, AND MAJOR SHELL @.N. IN THE MATURAL ORDER(DHDER OF COMPUTATION)

NATUe ORD,NO. 1 1 2 3 3 5 6 7 8 9 10 11 12
ENE, DF ITH ST. 1500000 2.429706 24640001 2:430294 3,359528 3.359B83 3,709547 3,360587 34710456 3.500002 4380461 3.995672
JZA, OF ITH ST, «50000 «50000 «50000 =1.50000 «50000 «1450000 50000 2.50000 =1.50000 +50000 «50000 =1450000
NMSH OF ITH ST, 0 1 1 1 2 2 ? 2 2 2 3 3
NATUe ORD.NO, I 13 14 15 1b 17 18 1o 20 2 g2 23 26
ENE, OF ITH STe 3995453 4.485854 3.996109 4#,4856400 4,591010 .4.486744 3,956764 4,381538 5.,514396 &,B49332 6,849699 5,299274
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TIMERHT CALLED BY NUMART At LINE 23, CP TIMEs

MARTREE=FOCK ITERATIONS WITH THE PARAMETER LIST»
MASS STORAGE ARRAY NAMES,

16.568 SECo SYSTEM TIME 1B.34,56,

/OPI FPR FNE FOh SPE
woPl FRF FNF FOF

ITERATION NO 1 Fnt 2 PROTONS AND 2 MEUTRONSy NUCLEUS® HE &

snnenprenee THE LOWEST

REMAINING S.P. ORAITS AT ENERGIES (MEV)

15,31936
27.13283

15.,31936

-11,30798  «11,30798
27.13283

27.13201

iy

REMAINING S.P. ORBLTS AT ENERGIES(MEV)

=10+62198  =10e02198 16430268 16430268

15,32285
27.13447

1630618

0 NEUTRON(S) STATES: ALL COMp« +GTs 003 ®anessaese

15,32285% 17,a755% 17,8755%5 26,29343 24,2934
27.13447 29,14350 29,14350 2914501 29,14501
*nuaneesew THE LOWEST 0 PROTON(S) STATESe ALL COMPs +GT. 0003 ®easecesee !
[{o)
(o2}
\
16,3068 18.85888 18,8508 25421901 2521991
28,04131 30405036 30,05036 30,05185 ip,0510%

20,03968

28,03887 28,03807 28,03368

28,04131

LXTTTTFEYYPYY R YT T ¥ ™

ToTAL BINDING ENERGYa =21.4179463 MgV, TOTAL. PRUTON POTENTIAL ENERGY= ' =10e2b196 MEVs TOTAL NEUTRON POTENTIAL ENERGY®  =10:91749

DELTAPN ENERSY®

«65555 MEV, TOTAL ONE-ROPY ENERGY=

0.00000 MEV

RBDRERQARNAQCRRGRERNN

ITERATICN NO 2 FOR 2 PROTQNS aND 2 NEUTRONSs NUCLEUS= HE &

MULTLPOLE ANALYSIS OF NEUTRON{S) H=F PO7. V AND UENSs MATR, Ds WITH LISTING OF AlL COMPS WITH ENs CONTRe GT .0090

Gn= [ 10100000 ¢ 10500061 { S0100001 [ 5050000)
YRS a]5.98249  =8,92312 =B,923]2 14.49191
¥Yis  0.00000 ¢e00000 0.00000 0400000
DEL 1.39870 14729 214729 018851
D= 0,00000 0,00000 0,00000 0,00000

FOR MULTIPOL. LANa Oy THE TOTAL CONTRIR. TO THE pQT, ENERGY 1§

=12¢22419 MEV
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$TATE NO« 2¢ NITH SeP: ENoz
CGN® Cow. 1y 1) [2e 1e .11
RPs - ,0862931 ,15650030
IP=. . 0,0000000 0.0000000

RTATE NOe 39 WITH SeP. ENax
aNs [1le 3y =1)
"RP® 49999999
IPa  0,0000000

"$TATE NOe &3 WITH SuPs ENus
ONs [1s 34 1)
AP . 19999999
IPs . 0.0000000

STATE NOe 89 WITH SePc ENes
GNe [le 3y =3I
RPs 1,0000000
IPs 0.,0000000

STATE NO« &o WITH SePs ENesm
QNs [1y 3y 3]
APE. 140000000
IP®  0,0000000

STATE NOs 79 WITH SePe ENew
ana (19 1y 11
Rpm 9999999
IPmn  0,6000000

STAYE NO, 8p WITH $,P, ENem
QNm [1s 1y =1)
RPn «9999999
IP! 0,0000000

ST‘TE NO. 9' 'ITH S'P. ENI-
ans [0y Ly ) 24 1y 1)
APe  «,1650030 ,9862931
IP® 0,0000000 0.,0000000

STAYE NO. 10, WITH s.P. ENyz
GNw (09 1y =1) (24 1y =1}
REm  «, 18650030 9862931
IPE 040000000 042000000

STATE NOs 11s WITH S,P, ENsw
QNe [24 % 1)
RP=  1,.4000040
e 0,0000000

STATE NO, )2y WITH 5.P, ENes
aNe (2 5, ~=1)
APs  1,00¢:000
IPm 04006 1000

,,STATE NO. 139 WITH sOpl ENO.
QNe [2¢ 5 3)
fAPw  1,0000000
Ipe 0,0000000

" STATE NOo 14y WITH SeP. ENum

={1.6650¢8

18,00811¢9

184098119

18.099721

184099721

21:113161

21.11316)

24,401832

26.401832

30,128003

30,128003

30,128354

30,128354

MEVer

MEV.'

NEV.'

MEV.s

HEV.!

MEVs»

MEV.s

MEV, .

MEV,,

MEY,

MEV , ¢

MEV,»

MEV.»

PAR.®

PAR»®™

PARs T

PAR.®

PAR.=

PARW®

PAR,=

PAR,=

PAR,2

FaR.s

PAR,=

PAR,=

PAR=

ly

=],

=l

=lg

=l

=1l

|

le

1,

ly

1y

GCCUP gD

OCCUPIED

0CCcuPIgD

OCCUPIED

0CCUPLED

OCCUPIED

OccuPled

OCCuPLED

OCCUPIED

0¢cuPleD

OccuPleD

0CCUPIED

OCCUPLED

By

8y

8y

By

By

8y

By

By

8y

gy

By

a8y

8y

A PROTON(S)

66



UNs [2¢ 5y =3)
RPs 120000000
1P= 040000000
REMAINING S<Pe ORAITS AT ENERGIES (MEV)

30012906 30412906  32.32431  32.32431  32,32491 = 32,3249]
JAVEFNCTIUN PUNCHED WITH HEADER= HE & 2 0 PROTON(S) 021SP2s6LV ) 13.50 11/09/70 18,35,02,

ToTAL BINUING ENERGYa  =23.72683 MEVs TOTAL PROTON POTENTIAL ENERGY®  =]11+50264 MEV»> TOTAL NEUTRON POTENTIAL ENERGY®  «12422419
DELTAPN ENERGY® «72155 MEV, TOTAL ONE=RODY ENERGYs 0.00000 HEV

[YYSIITYITYI YT YT Y 1)

b} O#‘EXPECTATION VALUE OF THE 21 SYMPLECTlc BILINEAR OPERATORS: IN DIMENSIONLESS UNITS, 0Scs PAR, BSQUARE® 3081 FERMISG

COMPUTATI
 NAME PROTONLS) NEUTRON(5) NICLEON(S) \
NL] 0.00000 0400000 0400000 1=
NL2 0.00000 006000 0.00000 o
NL3 =+ 00000 +400000 =4, 00000 o
NLe 0,00000 0,00000 0,00000 .
NLS 0,00000 0+00000 0400000 i
"NL6 0,00000 0400000 0.00000
N7 0,00000 0400000 0.00000 \
NLE 0,00000 0.00000 0,00000 . .
. NL9 0,00000 0:00000 0400000 |
) 200000 + 00000 . 00000 o
T APS =,00010 =200010 -, 00020
ARG 0,00000 0,00000 0,60000
APT 0,00000 0400000 0.00000. "
_APa. 0.00000 0400000 0,00000
APY 3.10890 3411439 6422330
AMA 0.00000 000000 0.00000
AMS | -, 00036 -+ 00035 -4 00071
AMS 0,00000 0400000 0,00000
AMT 0,00000 0400000 0.00000
AMH De00000 0400000 0400000
"AM9° 79727 +81653 1.61380
HeM,Sa SePo RADIUS FOR = 2 PROTON(S) = 1.8A723 Fue BET =  ¢00009y GAM = «00 OEG.
R,M,S5. S.Ps RADIUS FOR 2 NEUTRON(S)= 1.88160 Fay BET = 400009y GAM = «00 DEG.
A,H, S, S«P. RADIYS FOR & NUCLEON(S)= 1408482 Foy BET m ,00609s GAM = +00 DEG.

sasatnnes TOTAL R.MsSe RADIYS WeReTe CoMe® 1-63195 Fas PRUTQON R MeSe RADIUS weR,Ts TOTAL CoMym 1.,63358 Fs [TTYYYYILYS

COULUMA ENERGYs «74307 MEV.



NARTREE«FOCK ITERATIONS WITH THE PARAMETER LISTe RONT ROPI FPR

MASS STORAGE ARRAY NAMES, RON ROP FPR

ITERATION NO 1 FOR 2 PROTONS AND 2 NEUTRONS» NUCLEUS= HE 4

MULTEPOLE ANALYSIS OF NEUTRON(S) HW=F POT; V AND DENSs MATR, D+ WITH

gNm ¢ 1010000) ¢ 1050000) t 50100001 | S050000)

VRS «40,87887 =17,87368 -17,87368 =15.67061

Vim 0.00000 0,00000 0,00000 0400000

DR= 1.37377 « 23571 +23571 04044

Olm= 0:00000 0200000 0400000 000000

FOR MULTIPOL, LAMxz 0y THE TOTAL COHTRIR. TO THE POT, ENERGY IS »32:60764
_.FOR MULTIPOL. LAM® 1y THE TOTAL CONTRIR. TO THE POT, ENERGY IS +00000

FOR MULTIPOLe LAM= 2, THE TOTAL CONTRIB. TO THE POT, ENERGY 15 «+00000

FOR MULTIPOLe LAM= 34 THE TOTAL CONTRIB. TO THE POT, ENERGY 1S «00000

‘FOR MULTIPOLe. LAM= 4s THE TOTAL CONTRIR. TO THE POT, ENERGY IS =e00000

FOR MULTIPOLe LAMX 5y THE TOTAL CONTRIBs TO THE POT, ENERGY IS 200000

saxesnsess THE LOWEST lé NEUTRON(S) STATESs ALL

.

FNE FOM SPE

FNE FON KEN

LISTING OF ALL COMPS WITH ENs CONTRe GT ,0090

MEV
MEV (
MEV

10T

MEV
MEV f

MEV

003 Pesstasnne

COMpPs «GTs

STATE NOs 1o WITH SePs ENew =19,37797s MEVes PARsm 1, OCCUPIED BY A NEUTRON(S)
QNE 00 1y =l) £24 1y =1}

RPRE 49907525  ,1356784

1Ps  0,0000000 0,0000000

"STATE NOe 2+ WITH SsPa ENs= =19,377974 MEVes PARe2 1, OCCUPIED BY A NEUTRON(S)
Qna [hy 1y ) L2+ 1 1)

9907529  ,1356784

IP®  0,0000000 0,0000000

STATE NOe 3y WITH SuPe ENex 3.057962 MEV.s PARe® =1, OCCUPIED HY A

anNe (1e 3y 1)

RPS. . 10000000

1Ps 040000000
"STATE NRe &y WITH 5¢Ps ENes 3.057962 MEV.o PARe® =1, OCCUFIED By A

GNa Cle 3¢ =1)

RPm  1.0000000

Ipe 0,0000000

STATE NOo St WITH SePe ENum 3.058400 MEV.s PAR¢S =1, OCCUPIED 8Y A

aNe [1s 3¢ =3)



AP=  1,0000000
IPs  0,0000000

STATE NOe 64 WITH SaPe ENem 3.058400 MEV.s PARs™ =1, OCCUPIED Ry A
anae [1s 34 31
RPE  1,0000000
IPe  0.,0000000

STATE NOs T7» WITH SePe ENa= 6.351014 MEVer PAR¢® =1y OCCUPIED BY A
QNw [y 1y =1)
RPe  1.0000000
IPm  0.0000000

STATE NO. 85 WITH S.P, ENes= 6,351016 MEV,s PARe® =}, OCCUPIED By A
C@Ne [1s 1y 1)
* RPm  1,0000000
iSa  0,0000000

STATE NO. 94 WITK 5.P. ENyz  13.142871 MF¥,.s PARs3 1, OCCUPIED By A
aNs [0 1e 1) [20 1v 1]
RPE = 135679  ,9907529
IPS  0e30000us 040001000

STATE NO, 10y WITH 5,P, ENg= 13.162871 MEV,s PAR.® 1, OCCUPIED By A
ONm [0y 1y =1] [24 1o =1) .
HPE  =,1356784 9907529
IPs 0.,0000000 0.U000000

STATE NO, 1ls WITH S.P, ENes  17.439012 MEV,y PAR.® 1, OCCUPIED By A
QN® (20 5. 11

RP® ] .0000000
Ip®  0.0000070

STATE NO, 12y WITH SaP. ENem  17,439012 MEV.s PARea 1, OCCUPIEQ By A

QN [2¢ S =)
AP=  1,0000000 ‘
1#e  0.0000000

STATE NO. 13¢ WITH SePe ENu= 17.439154 MEV.e PARe= 1, OCCUPIED BY A

QNe [y 54 3]
RP=  1,0000000
IP= 040000000

STATE NO, 14 WITH S.P. ENez  17.439154 MEV,s PARy= 1. OCCUFIED BY A
QND [2y 5¢ =3
RP=  1.,0000000
P& 0.0000000

REMAINING SeP: ORRLTS AT ENERGIES(MEV)
17.43964 17,439 19,73509 19.73509 19,73533 19,73533

MULTIPOLE AMALYSIS OF PROTON(S) H=F POT. V AND DENSe MATR, D WITH LISTING OF aALL COMPS WITH ENe CONTRe GT 40090

Que ¢ 10100003 ( 105000t [ 50100001 [ 5050000}
VRE  «39,90723 =1T7.7847; =1T.7B4T4 <=14.32646
VI® . 0+00000 000000 0+00000 000000
OR= 137571 +23015 »23015 «03850
DIs . 0.00000 0.00000 0.00000 0400000

c0T



FOR -MJLTIPUL. LAM= Oy THE TOTAL

FOH

FOR

CONTRIR.

MULTIPULs LAM= 1o THE TOTAL CONTRIBs

MULTIPOL. LaMa 2y THE TOTAL CONTRIR.

FOR MULTIPOL, LAM= 3¢ THE TOTAL CONTRIR,

FOR

FOR

STATE NOe * 1v. WITH SePs ENea

Na Ls 1y =11 (20 1o =11
dpa 9911872 11327877

[Pz 0.000000V 0,0000000

STATE NO, 2v WITH SePe EN.=
aneE [0o 1s 11 t2e Ly 1

HP= «9911472 1327677
1Pz n.0000000 0.0000000

STATE NO, 3» WITH SePe ENu=z
ans T1e 3¢ 11 .
WP=  1.0000000
iP=  0.0000000

STATE NO. 4% YITH S5,P, ENg=
une {1e 34 =1)
RP=r 14000000V
lp® 040000000

STATE NO, Sy WITH SePe ENu=
WNE (Le 3y =3)
NP=- 1,0000000
IP=  0,600000u

‘STATE NOy 63 WITH S5,P, EN.=
unz [1s 30 3]
RP= - 10000000
IP=  0.0000000

STATE NOo: 7s WITH 5,P, ENe=z
ane (1s Yy =11
RP=: ],0000009.
[Pa  ,000000V

STATE NQ, Hs WITH S.P, ENe=
unz (1s 14 1)
RP=. - 14000000V
Ips  0.0000000

STATE NO. - 9y YITH S.P. ENe=
dnx-(0g 1y =11 (P le =1)
RPE. . «,]3276T7 9911472
ie*  0.0000000 0.U000000

MULTIPOL LAM= &4 THE TOTAL CONTRIA.

MULTIPOLe LAMS  5e THE TOTAL CONTRIAs

TQ
T0
T0
TO
T0
To

THE POT,
THE POT,
THE POT,
THE POT,
THE POT,

THE POT,

sanuancean THE L OWEST l&

=18.670839 MEV.y PAR.=

=iB.670839

4,091875

4,091875

4,092309

4,092309

7.379135

7.379135

14,071823

MEV,y PAR,s

MEV,y PAR,=

MEV.y PAR.s

MEv,s PaR.=

MEV,y PAR,=

MEV,y PAR,=

MEV,y PARe=

MEV,, PAR.=

ENERGY 1S
ENERGY 1S
ENERGY IS
ENERGY 1S
ENERGY IS

ENERGY IS

PROTON(S)

-31.81938
« 000090
«+00000
+00000
=+00000

«00000

STATES, ALL

MEV
MEV
MEV
MEV
MEV

MEV

COMPs «GTe +00G3 ®rnRenases

19 OCCUPIED By A PROTON(S)

1» OCCUPIED

=Is OCCUPIFD

=1y OCCUPIED

=], OCCUPIFDL

-1, OCCUPIED

=1, OCCUPIED

«]1y OCCUPI_D

1y OCCUPIED

By A PROTON(S)

By A

8y A

3y A

8y A

By A

By A

By A

EOT



STATE NOs 109 WITH S«P. Etlesz
gum (o 1s 11 (2 1s 11
Rps .«41327677 9911472
[Pa  0,0000000 0,0000000

SIA'E Nﬁe‘lll '!TH SePe ENexm
aN= [2¢ 5. 1]
Rp=  1.0000000
Ips  0.0000000

STATE NOs }2¢ WITH SePe ENaz
Uns {29 5e¢ ~1)
fAps  1.0000000
‘IPs  0.0000000

STATE NOe 133 WITH SeP, ENg=
UNs [2¢ 5¢ 3]
RPa  1,0000000
} .1 Olqooonoo

STATE NOo l&s WITH S.P, ENes
GNs {29 5¢ =3)
RP=  1.,000000¢
Ies  0,0000000

180671823 MEV.» PAR+= 1. OCCUPIED BY A

184374921 MEVes PAR«® 1y OCCUPIED BY A

18+37492] MEV,.s PARe® 1y OCCUPLED BY A

18,375062 MEV,; PARe® 1, OCCUPIED By A

18,375062 MEV,s PAR,a 1, OCCUPIED By A

REMAINING S.Ps ORALTS AT ENERGIES(MEV)

18.37534 10,37534

TOTAL BINOING ENERGY3 ~11052663 MEV» TOTAL PRUTON POTENTIaL ENERGY=

DELTAPN ENERGY=

CGHPUTATION OF EXPECTATION VALUE OF THE 21 SYMPLECTIC BILINEAH OPERATOHS, IN DIMENSIONLESS UNITS, 0S¢, PAR. BSQUARE=

NAME PRUTON(S) NEUTRON(S)
NL1 000000 000000
NL2 000000 000000
NL3 «00000 «00000
NL& 0,00000 0.00000
NLS 0.,00000 0.00000
NL6 0,00000 0.00000
NLT 0.00000 0.00000
NL8 0.00000 0.00000
NLY 0,00000 0.00000
APS& +00000 +00000
hPS -.00002 -.00002
APG 0.00000 0.00000
ARPT 0.00000 000000
APE 0.00000 000000

20,66720 20,66728 20,6675] 20,66751

FYT LI TTY I Yy IS 2 2 Y

f3l;81938 MEVs TOTAL NEUTRON POTENTIAL ENERGY™ =J2+60764

78826 MEV: TOTAL ONE=RODY ENERGY=

SRR RGERRQUAND BB ERS

NUCLEON (S)

0«00000
000000
+00000
0.00000
0.00000
0.00000
0,00000
0.,00000
0.00080
«00000
©, 00004
0.00000
0.00000
0.00000

5290038 MEV

70T

3.,08) FERMISQ



AP9
AM4
AMS
And

AMT.

AME

AMS S
ReM,Se SePs RADIUS FOR 2 PROTON(S) =  1,93329 Fuy BET = 0000020 GAM =

R.M, 5. S.Po RADIUS FOR 2 NEUTRON(S)=

RaM 5S¢ SePs RAO‘US FOR

TIMEPRT CALLED BY MULTIP AT LINE

FOR XPOQL ¢MPOLM
FOR KPOL-NPOLf-
FOR KPOLsMPOL?
FOR KPOL ,%PJL=
FOR KPOLeMPOL®
FOR KPOL¢MPOLS
FOR KPOLeMPOL®
FOR KPOL ¢ MPGL™
FOR KPNL sMPOL=™
FOR KPOLsMPOL®

‘TIMFPRT CALLED 3Y OENSITY AT LINE

& > > »+ »Fr »r N N o

&

&£ M O+ N O N O O

(.}

3,07051
0.00000
00008
0.00000
0,00000
0400000

264467

4 NUCLEON(S)=

yHOMENT s
-HQHENT-
lHONENfI
yMOMENT=
s MOMENT=
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19,055 SECy SYSTCM TIME 18.35,10.
COMPUTATION OF NULTIPOLE MOMENTS
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APPENDIX III

DEBUGGING & ERREXIT MODES

A COMPASS multiple entry point routine
(FTNUTIL) is inecluded 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 ealls. The CALL TRCEDMP(pl,pQ,pS,---,pk),
k < 20 will print the parameter list P; either as single
variables or as arrayslwith 3 formats, 1PE25.1u4, Il6, and 020.
In therarray mode of print out 3 parameters must be given,
P;s Piye1o pi+2 with pi being the location where printing
begins, Pjy1 = 2HFL and P49 is an integer specifying the
number of consecutive locations to be printed. The last
entry point is reached with CALL ERREXIT(pl,t-v,pk).- This
will first trace back then trace dump as above “then dump
the xfer package and 40004 locatlons around the call,
Flnally EXIT 1s~oalled. All ex1ts from EVALIN result from
ﬂalfunctlonq of the program ' The trace part of ERREXIT w1ll
supply the ‘name of the subroutlne and the llne number..,Af
list Ofpthese‘exltevls glven below;and ‘the problemvwhlch;s

caused it is explained.



SUBROUTINE

EVALIN
EVALIN
ADLONG

ROCONIP

READIN

READIN

READIN

CARTOJ

POLTRA

TRIMUP

NOLMIN
LINCOM
SCALN2
DISTRAE
CNNJKTE

EXFI1BP

EXFI1BP

LINE

58

70

19

w
W

35

37

100

17

15
12
17
29
16

41

48
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PROBLEMS

TA control block on input tape was mis-
read by REDFAT1. T 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.

Tco 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 épéears to be too small.
array CP appears to be too small.
array CP éppears to be too small.

The required state was not found, bad
calling sequence to INBINS.

' ‘Missing state or bad matrix elements.
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SUBROUTINE LINE PROBLEMS

HARFIT 34 RO#*%*2 NE.RO, bad density matrix suspect
diagonalisation or F array.

TRVEROJ 27 TRVEROJ and IDACSET disagree on the com~
puted dimension of a J subspace.
Suspect bad calling sequences.

VEEBAR 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 1V

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 wavefunction 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-
HBWA(I) should have the value of hw 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(5,K) 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 nucleus, 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 Bw, 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 ICON(Z,J). For example
ICON(1,1) = K1,ICON(1,2) = K2, ICON(1,3) = 0 will process
nuclei K1,K2 in the list of RNU, then stop. If
ICON(2,KI) = 1, the initial wavefunction is computed using
EIMOSE, but if ICON(2,KI) = 0 this wavefunction is read
from cards by READIN. Other control vaiues 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 %" magnefic
tape (AECL #234-005) 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 3L41L
physical records of 80 external T-track BCD characters
each, recorded at a density of 556 bpi. Each record is

separated by a 3/4" interecord gap and contains one card

image. The listing of appendix I was made from this tape.
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TABLE 1

THE SINGLE PARTICLE BASIS USED IN EVALIN

oo o o RO NOHWH
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N ON

3/2
11/2
172
772
5/2

9/2
1/2
5/2
3/2
7/2
3/2
1/2
5/2

1/2
3/2

1/2

N

2ntl

= = F F o0 F

ww w

N NN

-

Z

cumulative
82

40

28
20



