191

JAERI 1191

STAX 2 : A Computer Program
for Calculating Neutron Elastic
and Inelastic Scattering Cross
Sections by Means of the Opti-
cal Model and Moldauer’s

Theory

July 1970

H A A 5 %

“Japan  Atomic  Energy Research Institute



BARRF UL, WRkd, SERAaE 4 JARRL va—F el
T, D¥o4FicsdehehoalE5E24L, REMcHTLTEY

9.
e 4 g EEESTHIROBES BT
LBRBE lmesysmassions JAERI 1001- i
2 MERE N ELREOBRREES JAERI 4001-
3 & g L MRTOUOBERRLE JAERI 5001-
4 " B EROBECEIENY JAERI 6001-

DS BEFSMCONTIE TJAERI vt~ b—% ] 124 b - EE
AT EHTERL, FAFAlvE— R IHERRESSE] WAT) TR
KEALTCOET.

CRSDY 2} - HERELOAFBIUEE - BIFIEOCERR
A AT R R AR GRREAIHEER) KRL AT S
W

Japan Atomic Energy Research Institute publishes the nonperiodical
reports with the following classification numbers:

1. JAERI 1001- Research reports

2. JAERI 4001- Survey reports and reviews
3. JAERI 5001- Annual reports

4. JAER! 6001- Manuals etc.

Requests for the above publications, and reproduction and translation
should be addressed to Division of Technical Information, Japan Atomic
Energy Research Insitute, Tokai-mura, Naka-gun, Ibaraki-ken, Japan

KE T H W R F
FOE OB OB R 4k

WREFTAT
H |

I m



JAERI 1191

STAX 2
A Computer Program for Calculating
Neutron Elastic and Inelastic Scattering Cross Sections
by Means of
the Optical Model and Moldauer’s Theory

Summary

This program computes the cross sections for neutron elastic and inelastic scattering
using the optical model and Moldauer’s theory, and searches for potential parameters which
reproduce experimental cross sections.

Improvement is made in the treatment of the effect of resonance interference. The
quantity “Q” characterizing this effect has been regarded as an arbitrary parameter in
the calculations hitherto published. In the present program this quantity can be calcu-
lated considering its dependence on the strength function.

Calculation using the Hauser-Feshbach theory is also possible.

November 1969

Yoshiaki TomiTa
Physics Division Tokai Research Establishment
Japan Atomic Energy Research Institute
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JAERI 1191 : 1

1. Introduction

STAX2 is a computer program for calculating neutron elastic and inelastic scattering cross
sections using the optical model and Moldauer’s theory, and can search for potential parameters
which can reproduce experimental cross sections. Search is made on all potential parameters
with respect to any combination of the following cross sections :

1) total cross section,

2) elastic scattering cross section (integral or differential),

3) inelastic scattering cross section for the first excited level (integral or differential).
Although there exist many optical model programs!:?, none of them seems to use Moldauer’s
theory for the calculation of compound nuclear process. The program NEARREX?®, often used to
compute reaction cross sections using Moldauer’s theory, can not compute angular distributions
and does not include an optical model routine. These are the reasons why the present program
has been written.

In this program improvement is made in the treatment of the resonance interference by

considering the dependence of the quantity Q7, characterizing this effect, on the strength function.

2. Theory

We consider the scattering of neutrons by a target nucleus of mass M. The cross section
oa for elastic scattering is composed of the shape elastic cross section 0. and the compound
elastic cross section a,y:

Oel = Oge+ 0. (1)

The quantity a is a correction factor equal to or less than unity and is used to approximately
correct for the effect of other open channels than neutron channels, because this program can
treat only neutrons. This guantity is also used when higher energy levels are not well known.
For the inelastic channels we neglect the direct process and the cross sections are given by

0 =Q0cn, (2)
where 7 indicates the n-th excited state.

Cross sections computed in the present program are those in the center-of-mass system.

2.1 Shape Elastic Scattering——Optical Model

The shape elastic scttering is treated by the optical model. The optical potential employed
in the present program is of the form

— Vf(?") —ZWQ(T) - Vso(l'a)h(r): ( 3 )
where
flr)= L (4)
1+expl(r—roA¥)/al
_ dexpi(r—r,A¥3)/b]
= Texpllr —r. AR)BT )
W)=~ 1L, (6)

2e=2. 04264 fm. (7)
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Each of the seven parameters V, W, V,,, r., @ and b may have an energy dependence
5
V=SV E" etc., (8)
n=0

where E is the kinetic energy in the center-of-mass system.

The radial Schroedinger equation describing the scattering is

_ R Ul+1) « _
[ zﬂ{drz 7"2 } Vf —1 Wg 7‘) C1 ) Vsoh(r) ]¢1(i) —0, ( 9 )
where (+) corresponds to the value of coupled angular momentum j=I+1/2 of Z and @, and
CW=-1 CO=l+], (10)
_ mM
B maM 1)

Here m is the neutron mass, which is 1. 008665 amu-12C.

The scattering amplitude 7,®) is obtained from the asymptotic behavior of the wave function :
@B (r) ~ r(h/ @ (kr)+7, kW (kr)), (12)

7r—>co
where 2, and h,® are the spherical Hankel functions and
1 ZﬂE
FaCRE
The shape elastic cross section and the cross section for the formation of compound nucleus

k= (13)

are given by

0=l I+ L=+ 1-7 O], (14)
Dee [I2{<z+1><1 =)+ U1 —7 )} Pi(cos 0)]2

e 4

1 +;EI(771(+>—771(“))P11(COS 0)]2} (15)
1

0c=nl U+ T +IT,O), (16)

where transmission coefficients 7,(*) are given by
T,® =1—|p®]2 (17)

2.2 Compound Nuclear Process——Moldauer’s Theory

, By using Moldauer’s theory® differential cross section for the n-th excited state can be
; written in the following form :

do,_ 1
5 20 2(210_‘_1) > BLPi(cos §), (18)
BL=BLW+B.®+B.®, (19)

Bo—CEL 5 1ty (-, 1)
Jairyt

X Z(Ljlf; iL)W(ijJ; LL)Z{Uj'Vj ; %L)W(j’Jj’J; LL)

@ﬂ OIJ@ﬂ nl’ 1> Jz

wg—}, (20)
8(n, 0) R | . 2

B ®="="3 @IT+VDRZU " ; =YW (3J5' T ;LL)
4 jaujypses) 2
'’ gt }H
X8(mo( ), T3, 1) Res s B 2 T, (2)
«“ ]
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— 2
Bw==0n0 5 (2J+1>2{Z(lﬂ'j'; iL)W(ij'J;IoL)}
4 gy 2
X (o =), 3o ), T1)Rij,17Qul (B9, B 73, (22)

where I, and 7, are the spin and parity of the n-th excited state (the ground state is denoted
by n=0), J and I7 are the total angular momentum and parity, and d(n, m) is Kronecker’s
symbol. The coefficients Z and W are the Blatt-Biedenharn and the Racah coefficients, and

2B (0,51

f/ i . |74
Q=g (1-0 (56 @3)
B=1b,? (24)
Ryj; v = Re(boborj*)/B. (25)

Here B is assumed to be independent of (nlj).
The function @, is defined by

Do(x)=1— i [1 — —};e"‘sinh x} — %Ei( —x){cosh x—-%sinh x], (26)
and
0,= ? Opynt;. 27
nlj

Other quantites O, ., b,, and N are defined in ref.® and the average ( ),/7 is taken over
the compound levels ¢ which have a spin and parity of JII. The quantity (B, ../ is pro-
portional to the strength function {(I'4,.;/D)./®, and is related to the transmission coefficient
Tn[j by

QI

Tntj =By nt ;D — “r{<9ﬂ,n1;‘>ﬂf”}2' (28)

Assuming a X2-distribution with v degrees of freedom for 6,,,,, we obtain®

Ot mwry j”: Op,nt)uj1Bpwr ) u™ Sntj,wr il (29)
O, n CAPL ' ’
e ]- + 25nn’6ll’6 ii’
Sl wry=\ dt g 30
iy SO Fut fury Wepo T B frprpe 912 (30)

where the product in the denominator is taken over all channels which have a total angular
momentum and parity of J/I, and

fnzj=1+<‘ (05,1 v (81)
Various quantites given above have limited ranges of magnitude:
1>B2>0, (32)
N>1, (33)
1>Ryjvp> —1, (34)
Ry =1, (35)
2>Q/1>0, (36)
and in the limit of I'/D—0 they become
B=1, (37)
N=1, (38)
Rijri=1, (39)
QQII=2. (40)

The quantity Ry,vy for (Lj)3(l'j’) is assumed to be independent of (/j; ;') in the present
program. This quantity does not affect the cross sections when the spin of the target nucleus
is zero.

In the calculations hitherto published, Q/7 Wwas treated as a constant neglectnig its dependence
on ¢6,,.;>./7. However, this treatment sometimes results in negative values® for the compound
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elastic cross sections for some partial waves, when many channels are open and the constant is
not taken sufficiently small. This difficulty is avoided if Eq. (28) is solved for <@, ..;>./ by
considering the functional dependence of Q/7 on (@, .;;>,/® given by Eq. (23). Both treatment
of QJT are possible in the present program.

The largest possible Q/7 is given for B=1 and N=1.

By putting b.;; to zero and S.u;j, .1/ to unity, B and Q/7 become zero and the Hauser-
Feshbach formula is obtained in Egs. (18)-(22).

3. Fitting to Experimental Cross Sections

Fitting the calculation to experimental cross sections is made by minimizing the quantity X2

defined by

Y2 — { W (O’tCal — O'Ff)z n W (gt?l_cil‘:quf)z_}_ Wl (o-lcal _o-lexp)z
- t e AL EE—. S
4

Ao, Oel do,
dog='(0) dog**(6) 2 do,*(0) do,***(f) 2\
ds ds? das dae
Weia L7 A -
+ l % Adoel(a) + ! ; Ad(n(@) [
ds \ dge
W+ Wa+ Wi+ % We]a+§) Wha), (41)

where o, is the total cross section, “cal” and “exp” indicate the calculated and the experimental
cross sections, 4 indicates the experimental uncertainty, and W, etc. are weighting factors which
may be arbitrarily chosen. Search for the “best” parameters is made on any number of
parameters VO, WOV, (@ 70 »© 50 and 5 by means of Gauss-Newton’s method.
For brevity we denote the set of parameters to be searched for by {x;] and the cross sec-
tions to be fitted by {o,]}. Around {x;"} the cross sections are approximated by
cal An)
0o ({2 +0x;}) = 0 {2, )+ 2 ?E«z_%{_____w(jxi, (42)
i Xy
where {x;”} indicates the parameters obtained after the n-th iteration. The parameters which
minimize X2 can be obtained by
W 60 ca]aa cal W G, 5P — @ cal 60' cal
2 az a a 5x1=2 (X( «Q 2 a ) a A
aj (AO'a) 0x; 6xj o (AO'Q) 0x;

This equation can be solved easily. However, since we neglected higher order terms of {dx;)}

(43)

in Eq. (42), this equation is not very accurate when some of the eigenvalues of the matrix

( W 004, 6aa°a‘)
a

(dog)? 0x; 0x;
are small, and such circumstances may often happen because of the well known optical potential
ambiguities. For this reason Eq. (43) is not solved as it is. We define a symmetric marix and

column vectors in the parameter space:

_ Wa 80-acalao-acal
(A"f)_(?(Aaa)z 0x; 0x;

6ximax6xjmax)’ (44)

_ Wu(o-acal _ aaexp) aa-acal max
(© ")_(22 VEA R ) (45)
o= (25), (46)

where {0x;m*} is introduced in order to make the magnitude of A;; uniform and also to set
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a limit for {dx,;}, and is given as follows: )
O Vmas =g Wmax =V, mx=3 0 MeV,
Or¢max=0. 05 fm,

ormax=0, 1 fm, “n
dam>=0. 07 fm,
dbmax=0. 1 fm. )
Then Eq. (43) can be written as
Adg=b. (48)
The matrix A is diagonalized by a orthogonal matrix U:
A0
UAU’=D=< A2 > (49)
0 ~J
Solution of Eq. (48) is given by
0&=U'dy, (50)
op=D"1Ub. (51)

Because of the reason mentioned above, we neglect small eigenvalues and replace D-! by
D-, the elements of which are given by
i if ialze
b= % (52)
0, if |A]<e,
where ¢ is a small number defined below in Eq. (57). Furthermore, since the approximation (42)

is valid only in the neighbourhood of {x;(®}, dn is truncated as follows:

on., if Joml<1

oni=1 ép; ., o~ (53
(R AP :
107;]
where
dp=D-1Ub. (54)
At {x; +4dx;}, X2 is expected to decrease by
=3 A0p) (55)
i =]

2
in the same approximation as above. When X2({x;™ })—X2({x;™ +6x;})24éf—, {x;0 4-6x;}) is taken

as {x;"*V}. When XZ({x,-(")})—XZ({xi(’”+6x,»})_<_-£%—2, we consider the approximation (42) to be
not good and compute X2 at {x;(")—%—%éx,»}. Then {x;(**1} is obtained by approximating X2(x;(™ +
adx;}) by a quadratic polynomial of a.
This parameter search is stopped when one of the following conditions is encountered :

1) a specified number of iteration has been made,

2) specified calculation time has elapsed,

3) X% has become smaller than a specified value XZnis,

4y X2({x, M) =212({ 2,20 ) <0, 01 Xpin2.
The matrix A is diagonalized by means of Jacobi’s method and the accuracy of diagonalization
is taken as
_10°%

N,
where N, is the number of the parameter to be searched for and K is usually set equal to five
unless otherwise specified. The ¢ in Eq. (52) is given by
e=10 Ng'. (57)

8,

2 A, (56)
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Derivative ga" is approximated by
Xi
ol + dx;) —0a(x:)
Ax, ) (58)
where {4x;} is given as follows:
AV=4dW=4V,=0.1MeV, } 59
dro=r=Ada=4b=0. 01 fm. (59)

In computing gu({x; 4 4x;}) two methods are employed :
(A) ou({x, +4x,}) is calculated rigorously,
(B) only the shape elastic cross section and the cross section for the formation of com-
pound nucleus are calculated, and the cross sections through compound process are
approximated as follows:

(n) .
a4 =TS g (50, (60)

docn(x, ™ +Ax,) _0o(x, + Ax;) doca(x:7)
as o(x,™) dQ

Method (B) is inferior in accuracy to method (A), but requires much shorter calculation time

(61)

especially when many channels are open. In most cases method (B) is preferred.

4. Methods of Numerical Calculation

4.1 Solution of the Schroedinger Equation

Equation (9) is solved by means of Noumerov’s method” in the internal region. Rewriting
Eqg. (9) as
2
_r_zgol(d:):Dl(:t)wl(:t), (62)
and defining the quantity

zp,m:(l_gD,(t))go,(r), (63)

we can replace Eq. (9) by the recurrence relation

2Dy (r,-1)
I-ED ) (75-1)
12 ) n—1

T, () ={2+ Tp‘fﬂ(m_l)—wz<*)(rn~z>, (64)

where

rao=ri+n—1h4 (65)
and A=0.25fm unless otherwise specified. Two values &, (r,) and ¥,*)(r,) are necessary
for solving Eq. (65). These values are obtained by expanding the functions in power series of 7:

QB (r) = % by (Bt (66)
n=0
D=t B2 5 g o, (67

I r n=0
where

- 222 VoCi®  exp(—roAlB/a)
(£) Gt ln ¥V sori 63
K fi? a {1+exp(—r,A¥3/a)}? (68)
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21 =i—‘2‘[156,,0 oV diga WA (n+2)A2 Vol G o], (69)

The coefhicients f, and ¢, are the derivatives of potentials and are given by the following
equations :

Ja=Firy, a) (70)
gn=—b(n+1)F,(r,, b), (71)
Fy(r, c)=[1+exp(rA%/c)], (72)

1 n
Funtrie)=-1 1)[—F"(r, O+ 3 Ar OFsilr, ) | (73)

The expansion coefficients of ¢;(*) are given by
by =1, (74)

K,
() = _ D77
b, (F) = ——:-1*-[1{1(*)171,._1(*) +”§}2bik(1)a1n—k—2(i)1 (76)
n(2l+n+1) k=0 .

Only the first eight terms are taken in the expansion of ¢,(*).

Because of the singularity of I(/+1)/r?, Eq. (64) is not accurate in the neighbourhood of
r=0. Therefore r, and 7, should be taken as large as possible. Error of ¢,*) due to the
truncation of the power series (66) is of the order of

\ .
B o), "
where

_ B E
K= [S4E+V) (78)

We require ¢,*)(r;) to be accurate to 105 and take r, as

rs= 1—Kg (79)

4.2 Determination of Scattering Amplitude

Scattering amplitude 7,¥) is obtained by matching the internal wave function with the
external wave function (12):

e (rv) v D (k) +0 Ry D (krw)
@i (ryi-1) rv—r BB (krv-1) + 0D Ry D (krv-a).

Matching radius 7y is determined by the requirement that at r>ry influence of the optical

(80)

potential is negligible. By rewriting Eq. (9) as

R —onfers =0, (81)
-

relative error of ¢,®)(ry) introduced by neglecting v(r) at r>ru can be shown to be of the
order of

1

2

The right hand side of the inequality becomes

i,
ak

for v(r)=Ce~2. Therefore we require rv to satisfy the following conditions

wdrrzv(r)hz(“ (kr)h, @ (kr) f%Swdr]v(r)l. (82)

™ ™

—ary (83)
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roA‘/‘ M

’

AbRW 1otz

b, a <10—6

E
10kA2V,, PeAR=ry

e« <10

4.3 Calculation of Q7 and (O, >, "

Equation (28) can be rewritten as

— 20w
@c~Q{1 VQT.}

4
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(84)

(85)

and O, may be regarded as a function of Q, where we denote (O, Twj; and Q' by 6.,

T. and @ for brevity. Then Eq. (23) becomes an equation with only one variable @. This

equation is solved by Newton’s iteration method. Starting values are taken as

6. = TC,

9B 36, ©
Qu=2B(1-0,%
N: \aNz

and the next value is given by

QD) =Qm +

4N22

where @,/(x) is replaced by

100{®,(x +0. 01) —Bo(x)}.

Tteration is continued until

|9+ —O, (] <107

is reached for all c.

4.4 Calculation of Width Fluctuation Factor

For brevity we denote the integral in Eq. (30

S“ dt
0 T1(1 o).

By the transformation
y=Q1+az)
the integral becoms

_1,._51 dy
( ) OHYk,
where
1
n= *52}2 D,
ad—= *];Z o
n%

Y= (l—g—k)y’}il+qk
a a

(86)

(87)

(88)
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The integrand is a monotonously decreasing function of 7, and when values of ai are scattered

widely around their average @ it has a large derivative in the neighbourhood of y=0; In order

to avoid this rapid variation further transformation

y=2° 97)
is made and the integral becomes

5l oes

‘(n~1)aso£1ka‘, (98)

which is evaluated by means of the 16-point Legendre-Gauss formula.

5.

Subroutines

The following subroutines are used in the present program.

1

© PN W

T el
w N = o

= =
IS

6.

SUBROUTINE SEARCH searches for the “best” potential parameters.

SUBROUTINE EIGEN diagonalizes the matrix A in Eq. (49).

SUBROUTINE XSECT computes various cross sections.

SUBROUTINE DIFEQ solves the Schroedinger equation.

SUBROUTINE BESSEL AND BESSE2 compute the spherical Bessel and Neumann functions.
SUBROUTINE SHAPE computes the shape elastic cross section.

SUBROUTINE LEGND1 and LEGND2 compute the Legendre functions.

SUBROUTINE TRANS computes Q77 and <@, n;;>,"".

SUBROUTINE PHAI computes the function &,.

SUBROUTINE EI computes the exponential integral.

. SUBROUTINE BLL computes B in Eq. (18).

FUNCTION S computes the width fluctuation factor.

SUBROUTINE FACTRL, FUNCTION DELT and EXDELT are used for computing the
Clebsch-Gordan coefficient and the Racah coefficient.

FUNCTION CGO computes the Clebsch-Gordan coefficient.

FUNCTION WRAC computes the Racah coefficient.

input

The meaning and FORMAT of input cards are described below. Units of energy and length

are MeV and fm, respectively.
CARD 1

(DATE(N), N=1, 3), (NAME(N), N=1, 3)
FORMAT (6 A 4)

Date and name.

CARD 2

(TITLE(N), N=1, 18)
FORMAT (18A 4)
Title of the calculation.

CARD 3

FMASST, NOMASS, NLEV, NLOUT, ELAB, PHIPRE, DR, ITEST, IFDPR, NPRE.
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FORMAT (F12.0, 316, F6.0, E12.3, F6.0, 316)
FMASST : Mass of the target nucleus in amu-C2
NOMASS: Mass number of the target nucleus.
NLEV  : Number of levels. (<25)
NLOUT : Cross sections are calculated only for the lowest NLOUT levels.

ELAB : Energy of the incident neutrons in the laboratory system.
PHIPRE : The factor 10-¢ in (84) is replaced by PHIPRE, if PHIPRE=:0.
DR : If ITEST=0, matrices A, b, D and U in Eqs. (44)-(49) are printed as output.

IFDPR : If IFDPR=1, {4z} in Eqs. (59) are replaced by the values on CARD 4.
If IFDPR=2, {6z} in Eqgs. (47) are replaced by the values on CARD 5.
If IFDPR =3, both quatities are replaced.
NPRE : If NPRE=XO0, the factor K in Eq. (56). is replaced by NPRE.
CARD 4 (Necessary only when IFDPR=1 or 3.)
(DPARA(N), N=1, 7)
FORMAT (7F6.0)
4V, AW, 4V, dr,, Ar,, da and 4b in Egs. (59).
CARD 5 (Necessary only when IFDPR=2 or 3.)
(DRPMAX(N), N=1, 7)
FORMAT (7F6.0)
JVmax JWmax Y, mex Gpmax Gy max fgmax and §hme* in Eqgs. (47).
CARD 6
(EX(N), N=1, NLEV)
FORMAT (12F 6.0)
Excitation energy of each levels in ascending order.
CARD 7
(SPIN(N), PARITY(N), N=1, NLEV)
FORMAT (12(F 5.0, A 1))
Spin and parity of each levels. Parities are punched as + or —.
CARD 8
NANGL, IFCM, IFCOS
FORMAT (316)
NANGL : Number of angles for which differential cross sections are calculated. (<20)
IFCM . If IFCM =1, the values of angles are those of in the center-of-mass system,
and if IFCM =0, they are in the laboratory system.
IFCOS : If IFCOS=1, angles are given by cosine, and if IFCOS=0, they are given
in degrees.
CARD 9
(ANG(N) or COSIN(N), N=13NANGL)
FORMAT (12F 6.0)
Values of angles.
CARD 10
NSRCHO0, NSRCH, CHIMIN, TIME, WGTOT, WGEL, WG 1, WGELA, WG1A.
FORMAT (216, 7F6.0)
NSRCHO and NSRCH: Number of iteration of the parameter search by method (B)
and by method (A). Usually method (B) is tried first and then method (A),
but if NSRCH<0, method (A) is tried first. Either may be zero.
CHIMIN : Search ends when X2 has become smaller than CHIMIN.
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TIME  : Search is interrupted when calculation time has exceeded TIME.
TIME is given in minutes.
WGTOT, WGEL, WG 1, WGELA and WG1A:
Weighting factors W,, W, W,, We, and Wi, in Eq. (41).
CARD 11
IFV, VO, (VE(N), N=1, 5)
FORMAT (A1, F11.0, 5F 12.0)

IFV :  When search is made for the depth V of real potential, * is punched for [FV.
VO : VO in Eq. (8).
VE(N) : V% in Eq. (8).

CARD 12

IFW, WO (WE(N) N=1, 5)
FORMAT (A1, F11.0, 5F12.0)
Same as CARD 11 for the depth W of imaginary potential.
CARD 13
IFVSO, VSO0, (VSOE(N) N=1, 5)
FORMAT (A1, F11.0, 5F 12.0)
Same as CARD 11 for the depth V., of spin-orbit potential.
CARD 14
IFRR, RRO, (RRE(N), N=1, 5)
FORMAT (A1, F11.0, 5F 12.0)
Same as CARD 11 for the radius parameter r, of real potential
CARD 15
IFRS, RSO, (RSE(N), N=1, 5)
FORMAT (A1, F11.0, 5F 12.0)
Same as CARD 11 for the radius parameter r, of imaginary potential.
CARD 16
IFA, AO, (AE(N), N=1, 5)
FORMAT (A1, F11.0, 5F12.0)
Same as CARD 11 for the diffuseness a of real potential.
CARD 17
IFB, BO, (BE(N), N=1, 5)
FORMAT (A1, F11.0, 5F 12.0)
Same as Card 11 for the diffuseness # of imaginary potential.
CARD 18 (Necessary only when at least one of WGTOT, WGEL and WG1 is not zero.)
STOTEX, ERTOT, SELEX, EREL, SISTEX, ERIST
FORMAT (6F6.0)
STOTEX and ERTOT: Experimental total cross section and its uncertainty.
SELEX and EREL : Same as above for the elastic scattering cross section.
SISTEX and ERIST : Same as above for the first level cross section.
(CARD 19-21 are for the experimental values of differential elastic scattering cross sections, and
are necessary only when WGELA=:0.)
CARD 19
ERRAT
FORMAT (F6.0)

Uncertainly in cross section in percent. When ratios of uncertainty to cross section
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are different for various angles, ERRAT is set equal to zero and uncertainties are
given on CARD 21.
CARD 20
(SELAEX(N), N=1, NANGL)
FORMAT (12F6.0)
Values of the differential cross section in mbj/sr. For angles where experimental
values are lacking, SELAEX (N) are set equal to zero. They are not included in
the X% calculation.
CARD 21 (Necessary only when ERRAT=0.)
(ERELA(N), N=1, NANGL)
FORMAT (12F6.0)
Uncertainty in the above values in mb/sr.
(CARD 22-24 are for the experimental values of differential inelastic scattering cross sections
leading to the first excited state, and are necessary only when WG 1 A20. The meaning of these
cards are same as CARD 19-21.)
CARD 22
ERRAT
FORMAT (F6.0)
CARD 23
(S1AEX(N), N=1, NANGL)
FORMAT (12F6.0)
CARD 24 (Necessary only when ERRAT=0.)
(ER1 A(N), N=1, NANGL)
FORMAT (12F6.0)
CARD 25
FCHI, IQCONS, QCONST, BC, REBB, FNR, COMP
FORMAT (F6.0, 16, 5F6.0)
FCHI : Degrees of freedom of the X2-distribution for 6,,,, IF FCHI=O0, cross
sections are calculated by means of the Hauser-Feshbach theory.
IQCONS and QCONST: If IQCONS=0, @Q’7 is calculated as described in Sec. 2.2. If
IQCONS=1, QT is set equal to QCONST.

BC . B in Eq. (24).
REBB  : Ry, for ('j)%('f") in Eq. (25).
FNR  : Nin Eq. (23).

COMP : a in Egs. (1) and (2).

7. Requirement for Machine

This program is coded in FORTAN for a FACOM-230/60 computer which has a library
subroutine CLOCK which gives the elapsed time in units of Second. Memory size required for
this program is about 40K words.
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Appendix A Sample Calculation

For illustration, the input and output of a calculation is shown below. In this
culculation fitting is tried to the data of Zn at E,=2.24 MeV by using the largest pos-
sible values of Q.
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113.0

143,0
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HRT—7 &G DECKNAME [ . No O
) 3 4 s [ ] 7 . 8
12345867 ns]ov 234567809(0123456789/0123456789(01234567089/0123456789(0123456789(012/$456789|0
Jl 9\l ol JMéMi Lyt
2. R4MEY| Ll Ll
12819 65 | 4 4 24 pidir
LiLol-o] | |10l 11 11.4(0] L Lyl
0 12+ 2 o R
! i1l
ol. el 2o 3iof. Alo|. Sto tlo o} D . 0|, {loje. Llftol.t 11§ 041
{i2lo] . 1]3jo yalol, 1i5iof, jléloi. \le | Rle RN
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b Slo|. [
4 1ol (el
floj. [HREEE
11,12l HRERNNE
il Ll
-16[5] LLlii
.| 510] NN
B RIANIC oo 13 Lt
0. Loy
s1slol ol {alele. 1] |2laiel 1] {13l | (812)lo] | 19i0].is] [tlolal. /%l [tlol.le) 11 [+ 11
i ﬂ 9|81 i3 1afal 5] i Lo
el Llo] 1 14310l | itlol.l0 7.8 5. AR .4 é.g’ Gllol (1|11t
4.3 LY Ly 6 -9 Pt
1. Q | L 1N L. | RSB
| ol
INw2424MEV Q=MAX 1969=-10=20 Y.TOMITA
MASS OF TARGET NUCLEUS1.esase4 6542890
MASS NUMBERsssssvssssine esete e 63
ENERGY IN LABs SYSTEMcassvaqns 242400 MEV
ENERGY IN CiMs SYSTEMssacsaqos 242059 MEV
GROUND 157 2ND 3RD
E 0.000 1,020 1,835 1.900
SPIN 0 + 2 + 2 ¢ o +
INITIAL POTENTIAL PARAMETERS
POWERS OF E 0 1 2 3 4 5
*y 50,000 =~0.000 ~0:000 =0.000 =0.000 =0:000
* W 10,000 =0,000 «0.000 =0:000 =0+000 =0.000
VS0 104000 =04000 «04000 =04000 =0,000 =0.000
RR 1,200 +=0,000 0,000 =0.,000 =n,000 =0.000
RS 1,200 =0,000 04000 =04000 =0,000 =0.000
* A 0,650 =0,000 0,000 =0.,000 =0n.000 =0.000
» 0,500 =0,000 =0.000 =0.000 =n,00U0 ~0.000
#'S INDICATE THE PARAMETERS TO BE SEARCHED FOR
EXPERIMENTAL CROSS SECTIONS (AND ERRORS)
18T LEVEL CROSS SECTION«s, 0.690C 04013) BARN WEIGHTesses 1,000
ELASTIC ANGULAR DISTRIBUTION (MILI.IBARN/STERAD.) WEIGHTssees 1,000
ANGLE CROSS SECTIQN ANGLE CROSS SECTION ANGLE CROSS SECTION ANGLE CROSS SECTION
0.0 =0,0¢ =0.0) 10,0 -0,0¢ =0,0) 20,0 =-0.0¢ =0,0) 30.0 550.0¢ 16,0)
40,0 368.1C 13.0) 50,0 230.1C 10,0 60,0 137.2¢ 7.8 70.0 88.0¢ 5,8)
80,0 82.,0¢C 5:1) 90,0  90.5¢C 5,4 100,0 104.8C 6.,0) 110.0 110.6¢C 6,0
120,0 112.0¢C 6+3) 130.0 95.3¢( 5,1 l4p,0 92,0¢ 544 150.0 102.2¢ 6.0)
160.0 «0.UC =0:0) 170.0 ~0,0( =0.0) 180.0 -0,0¢ =0.0)
MB@ UNDERFLOwW AT 060067
IN=2«24MEV @=MAX 1969-10=20  Y.TOMITA
PARAMETFR SFARCH
TOTAL  COMP.FORM, ELASTIC CROSS SECTION 1ST LEVEL
CrOSS CROSS CROSS
NOs -V *w Al fR RS *A #R/  SECTION  SECTION TOTAL SHAPE COMPOUND SECTION CHI=SGUARE TIME
0 50.000 10.000 10.000 1.200 1,200 0,650 0.50n 3.324 1,863 2.243 1,460 0.783 0,683
1% 534231 10,413 10,000 1.200 1,200 0.615 0,611 3.4617 1,953 2,356 1,514 0.832 0.724
2% 54,885 9,091 10,000 1.200 1,200 0.586 0604 3.309 1,848 2.260 1,461 0+799 0.681
M@ UNDERFLOW AT 060067
3% 544801 90338 104000 14200 14200 04597 0594 3+312 1.865 20252 1447 0-+80% 0688
M@ UNDERFLOW AT 060067
4% 544801 9,299 10,000 1.200 1,200 04596 0.59% 3.312 1,863 2.254 1,449 04805 0.687
M® UNDERFLOwW AT u60067



IN=2. 24MEV

Q=MAX

FINAL POTENTIAL PARMMETERS

PUWERS OF E v 1 2
LY, 54,801 =U.000 ~0.000

L] 9.299 =0.000 «~0.000

vs0  10.000 =0.000 «0.000

KR 1,200 =0.000 «0.000

RS 1.200  =0.000 «0.000

* A 0.5%96 =0.000 =U.000

* A 0.595 =0.000 «0.000

#'S INDICATE TnE PARAMETERS TO BE SE

3 4 5
=0.000 =n,000 ~U:00U
-UsN00 =n.000 =0.00v

~0.000 =n,00V =U.00UL
=0.000 =0.000 =0.000
~0.000 =0.000 <U.00U
~0,000 =n.000 =~U.000
=0:000 =n.000 =0.000

ARCHED FOR

TOTAL CROSS SECTIONsseesaes.s 3.312 BARN

ABSURPTION CROSS SECTION. . 1.863 BARN

SHAPE ELASTIC (KOSS SECTION, 1,449 BARN

CHI=SQUARE VALUE«ssveraassass 0.609

TRANSMISSION COEFFICIENTS

LEVEL GROUND 1sT 2ND ELL

ECM (ExIT) 24206 l.186 0.371 0,306

MESH U250 0,250 0,250 0.450

MATCHs RADIUS 14,979 15.236 15.991 16.441
L L=s
0+ T.2579F=01 6.7528E~pl 5.1629E=01 4.8483E-U1
1 - 6.3927E-01 4,48896-01 1.5751E=-01 1.2459E-01
1+  7.86056=01 5,8511E-01 2.1475E=01 1.7277E-U1
2 =  5.5007E=01 2,9226E=0l 3.1704E=02 2.0422E<02
2 +  3.,4701E-01 1.,6961E-p1 1.9508E-02 1.2748E+02
3« 8,504uE-02 1.,2638E-02 2.6281E~04 1.3400E=V4
3+ 2,01126-01 2,7640F-02 5.1735€-04 <.6552E~04
4 = 9,7385E=03 7,5084F=04 O+ O
4 4 T,0109F=03 5.5110e=04 0. 'R
5 = 3.0413F=04 1,2353E-0% O« '
5 4  6.781IE=04 24686TE~D5 O 0.
6 = 1,0997E=05 O, 0s 0+
6 ¢ 1.5602£~05 0, 0. 0.
IN~2: 24MEV @=MAX

S=MATRIX ELEMENTS FOR THE ELASTIC CHANNELS
i L=5 = L=s +

L REAL PART IMAGENARY PART REAL PART IMAGENARY PART
0 =2418351E=01 4,75951E-01
1 3.19318k=01  =5,08737E-01 3.17079E=01  =3,36771E-01
2 5:64469E=01  =3,29129E-01 7422423E=01  =3,62065E=01
3 9.56496£-01 8.69566E=03 8.9322qE=01 3,20154E-02
4 9,95119£-01 1.76826E-04 9.964a6E=01 2.08633E=03
5 9.99848E=01 1.01511E=04% 9.99661E=01 1,73409E-V4
6 9.,99994E=01 4,33369E~06 9499992E=-UL 1.34409E~05

VARIOUS STATISTICAL GUANTITIES

CALCULATION OF COMPOUND PROCESS WAS CARRIED Oul BY USING MOLDAUER'S THEORY

N = 1,000
BC= 1.000

1969-10=20

1969=10-20

Y.TOMITA

Y TOMITA

REAL PART OF THE RELATIVE PHASE OF SQUARES OF REDUCED WIDTH AMPLITUDES BETWEEN DIFFERENT CHANNELS+ses 14000
DEGREE OF FREELOM OF CHI=SQUARE DISTRIBUTIUON FOR S@QUARES UF REDUCED WIDTH AMPLITUDE«svssvssssassasese 14000

TOTAL TOTAL COMPQUND
SPIN STRENGTH FORMAT 10N
PARITY FUNCT ION CROSS SECTION
1/2- 1.8829 04192
1/2¢ 2.0458 0,217
3/2~ 2,1752 0.471
3/2+ 2416063 0,330
5/2~ 17579 0.076
5/2+ 243614 0,312
/2= 1,2413 0.241
772+ 045782 0,012
9/2~= 0.0419 0,000
9/2¢ 0,2124 0,011
11/2- 0.0293 0.001
11/2+ 0.,0013 0,000
13/2- 0,0000 0,000

1372+ 0.00086 0,000

(]
1.002
0.963
0.822
0.851
1,033
0.897
1.189
1+483
1.926
1,740
1,945
1.996
2,000
1.998



IN=2424MEV @=-MAX 1969=10=20  Y.TOMITA
GRUUND 0.000 MEV. 0+
LAb. LAB. oM. CoMe COMPUUND SHAPE TOTAL
ANGLE  COSINE ANGLE  CUSING ELASTIC  LLASTIC  ELASTIC
0.00  1l.000 0:00  1.00u 135,10 852.59 987.69
10.00 0.985 10.15 0.984 125,4u 800+28 928.68
20,00 0,940 20430 0.938 111,45 €60.24 771,69
30,00 0.866 30.44  0.862 91.37 475.11 566,48
40,00  0.766 40457 v.T6V 74436 294434 368.70
50,00 0.643 30468 0,636 62456 155.05 217,61
60,00 0,500 60.77  0.488 54,71 72.00 126.77
70,00  0.342 70.83 0,326 49,18 39,08 88.25
B0.00  0.174 80,87  0.15v 42,38 38412 83450
90,00 0.000 90+89 =0,015 44,15 49.10 93.25
100,00 =0.174 100.87 =0.189 43,88 57426 103.14
110,00 =0.342 110483 =0,356 49.99 55.88 105.87
120,00 =0.500 120,77 -0.512 25,78 45,45 101.23
130,00 =0.643 130,68 =0.65¢ 63.87 30.70 94,57
140,00 =0.766 140,57 =0.772 76.01 17.09 93.10
150,00 =0.866 150,44 =0.8T0 93.07 8.11 101.18
160.00 =0.940 160430 =0.941 112,63 4.20 116.83
170.00 =0+98% 17015 =0.985 125,78 3449 132.27
180.00 -1.000 180.00 =-1.00u 135.10 3.60 138.70
INTEGRATED CROSS SECTION.eeesvenas 0.805 1,449 2.254
1sT 1,020 MEV. 2 -+
LAK, LAR. CoM. CoMa CRUsS LAB. LAB. CoMs CoMs CROSS
ANGLE  COSINE ANGLE  COSINE SECTION ANGLE  COSINE ANGLE  COSINE SECTION
0.00 1,000 0400 1.000 24,17 100,00 =0.174 101.19 ~0.194 54,13
10,00  0.985 10.21 0,984 54433 110,00 =0.342 111413 =0.361 54446
20,00 0,940 20641 0,937 54.73 120,00 =0.500 121,05 =0.516 54,87
30.00 0.866 30.60 0.861 55,12 130,00 =0.643 130,92 =0,655 55.19
40,00 0.766 40,78 0.757 55,28 140,00 =0.766 140,78 =0,775 55,217
50400 0.643 50492 0.63v 55,14 150,00 =0.866 150,60 =~0,871 55.08
60,00 0.500 61,05 0,484 54,78 160,00 =0.940 160441 1942 54469
70,00 0342 71.13 0,323 54,37 170.00 =0.985 170.21 =~0.985 54432
" 80+00 0174 81.19 04153 54407 180,00 =1.000 180,00 ~=1.000 54417
90,00 0.000 91.21 =0.02L 23,98
INTEGRATED CROSS SECTIONseesasvaas 0.687
INe242ZMEV o=Max 1969~10-20  Y,TOMITA
2ND 1,835 MEV. 2 -
LAB LAg. CuMe CoMe CROSS LAB. LAB. CeMe CeMe CROSS
ANGLE ~ COSINE ANGLE  COSINE SECTION ANGLE  COSINE ANGLE  COSINE SECTIgN
0:00  1.000 0:00 1,000 23.01 100.00 <~0.174 102,13 =0.210 22426
10,00 0.985 10,37  0.984 22,99 110,00 ~-0.342 112,03 =0,375 22,36
20,00  0.940 20.74  0.935 22,94 120.00 =0.500 121,87 =0.528 22,50
30,00 0,866 31.08 0.856 22486 130.00 =0.643 131.65 =0,663 22.64
40.00 0.766 41.39  0.750 22,74 140,00 -0.766 141,39 «~0,781 22,17
50,00 0.643 51,65 0,62V 22459 150,00 =0.866 151,08 =0,875 22.88
60.00 0.500 6187 0,471 22,84 160,00 =0,940  160.74 =0,944 22495
70400 0.342 72:03 0309 22432 170.00 =0.985% 170s37 =0+986 22.99
80,00 0.174 82.13 0,137 22,24 180.00 =1.000 180,00 =1.000 23.01
$0.00 0,000 92.16 =0.038 22.22
INTEGRATED CROSS SECTIONsesessrses v.283
3RD 1,900 MEV. 0 4
LAB. CoMs CoMe CRUSS LAB. LAB. CoMe CoMe CROSS
AaRt COSINE  ANGLE  COSINE  SECTION ANGLE ~ COSINE  ANGLE ~ COSINE  SECTION
0,00 1,000 0.00 1,000 Y.83 100,00 =0.,174 102,34 =0.214 5.93
10,00 04985 10.41 0,984 9.68 110,00 =-0.342 112,23 =0,378 6428
20,00 0,940 20,81 0,935 9.25 120,00 =0.500 122,06 ~0.531 6.79
30,00 0,866 31,19 0.85Y 5,62 130,00 =0.643 131,82 =0.667 7443
40.00 04766 41.93  0.749 7.90 140,00 =0.766 141,53 =0,783 8411
50,00 0.643 51,82 0.618 Tl 150,00 =0.866 151,19 =0,876 8,78
60,00 0,500 62.06 0,469 6.56 160.00 =0.940 160,81 =0,944 9.33
70,00 0.3a2 72.23  0.305 6410 170,00 =0.98% 170,41 =0,986 9.lg
80.00 0,174 82,34  0.133 5.83 180.00 =1.000 180,00 =1.000 9
90,00 0.000 92.38 =0.041 5.78
INTEGRATED CROSS SECTION,:eeassess 0.089

TIME REQUIRED sevescescssnses 17645 SECs

END-OF=DATA ENCOUNTERED ON SYSTEM INPuT FILE:
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Appendix B Symbolic listing of STAX 2
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4 sTAX2 MAIN PROGRAM
OPTICAL MUDEL AND MOLDAUFR®S THEORY

an

DIMENSION

1 ANGL19) 1COSINCL9) vANGLAB(19125) 1COSLARC19425),
2 ANGCM(19125) +

3 LNAME £25) sHALF(2) J ISP INC29) 15161 S(2)

COMMON  /CFAC/FACOVFAC(100) JEFACOIFFALCI0C) /CDFG/DFGO
JCLEVZNLEY 1EX(25) 1SPIN(2%) JNPAR(25) JNLMAX(25) 4DJNLHAXA
JCSTAZTC1162529) +TH(114242%) W THTOT(2042) 40 (2142) «TOCONS S

WCONST A FNR2 VRCARFRARLVFCH T 1 COMP
/C(]NIEN(Z&)tF((Z))oNM-PLAH-PLAHO-PLAHl\FNHX)\:OHPAI
JCWAV/PHIPRE «OR (DRN(25) \RMATN(25)

JCPOT/PARA (1) +VF (51 yWE (53 «VSOE{5) +RRE(5) ¢RSECS) VAE(S) s

Bf (
ICCRS/NANGLuSTU'nSAHS-SELISSFLnsG(ZS)lSELA(JQ)'ssELA(IV)\
SGA(1912%) +PI AMEL
COMMON  /CTON/TITLEC18) «DATE(3) 1NAME (3) ¢ IFPARACTY 4 TIMEL
COMMON  /CFXP/IFEXP (WEIGHT 1WGTOT «WGEL YwG1 s
WGELAVWO1A¢STOTEXERTOTvSELEXEREL 4S1STEXGERIST,
SELAEX(19) vERELAC19) ¢SIAEX(19) vERIAC19)
JCINT/XTO(B) «WIOCBY «XT1(8) (X12(8)XLI(B) 4XL2CE)
XAD1C0) \XD2(8)
COMPLEX YETAC11+2)
COMMON  /CYET/YETAZCOMJ/NJMINNIMAX 4NLMAXO(3) +COSCM(19125) 4 IFFL
ZCDPRZCHIMINGNPARA (PARAL (T3 «DPARA(T) «DRPMAX (T) «RAT(T) ¢
TDPAR (T JNPRF

[P P A L

o

EQUIVALENCE  (1FVsIFPARACI)) s C1F W [FPARAC2)) ¢ (IFVSOs IFPARA(3) )«
CIFRR4IFPARACA) ) (TFRS < IFPARALSI) « (1FAVIFPARACEI )
CIFBAIFPARALTI) o
(VOIPARACL)) + (WOLPARA €2)) s (VSOD1PARACSY Y 4
CRROCPARACA)) 1 (RSOAPARACS)) v (CADWPARALE)) o
(BO+PARA(T))Y

FEXPENTS

INTEGER FARITY(29) WPLUS TIMEY «TEND s TIME2
DATA PLUS (MINUS/1He s 2H=/ ISTARZIH® 7 (HALF /2K «2HI2/4
SIGLS/IH=11H*/
LNAME (1) /4HGRD . / sLNAME (2) /4H 151/~LNAMF(3)ICH 2ND/
LNAME (&) /4H 3RD/3LNAMED/4H OTH,
FnN/l-ooassa/.AHUHEV/.023923551-COHPAX/Z-OA?E4I-
DFGO/3.0.
DATA x10/ +095012514.281603554,45301670,, 617876244
+755408414,86563120+1:94457502+.98940093/ ¢
wio/ 11894506141:182603424.16915852+,14959549,
+124628974095158514,06275352+,02715246/

WNE draNE

CALL OVERFL(NOVFL)
CALL  FACTRL

DO 5 I=l+8

KILCD =(1oeX10CII}®. 3
X12¢11=C1,=X10¢12)2,3
XL1C1)=2,#ALOG(XIL(I))
XL2 ¢ =2, #ALOG(X12C1))
XD1¢1)=XT1(1)##(DEGO=14)

5 xD2(1)*x12(1)»e(DEGO-1+)
10 CALL  CLOCK(TIMEL)
READ (5:1010) DATE «NAME
1010 FORMAT(18A4)
READ ¢5.1010) TITLE
READ (541020) FMASST-NnMASS-NLEv;NLDUT-ELAH.PNIPNE-DRV)TEST.IFDFW
1

'NPRE
1F (PHIPRE.E@:Qs) PHIPRF=1.E=b
IF (OR.E8.04) DR=:25
NPRE=MAXO(NPRE +5)
1020 FORMAT (F12,043181F6.04E12.3:F6,01316)
\F (1PDPR.E®.1,0R: IFOPR,ER.3) GO TO 1021
DFARA(J)-»I
DPARA(2) el
DPARA(3)m,1
DPARA(Y) 0005

DPARA(7)-¢003

60 TO 1022
1021 READ (5+1030)DPARA
1022 PNM133(FLOAT{NOMASS) s (1./3.)
0) NLOUT=NLEV

LOR+ IFDPR,EG.3) GO TO 1024
DRPMAX (1) =3.0
DRPMAX(2)®3.:0
DRPMAX(3)=3.0
DRPMAX (4) =05
DRPMAX(3)=.1
DRPMAX(8)=.07
DRPMAX(T) =4}
GO TO 1023
1024 READ {5,1030) DRPMAX
1025 READ (541030) (EX(NY N=14NLEV)
1030 ronuAr (17F6.0)
1035 t=1.7
1035 RAT(I)'D!PMAX(I)IHPANA(I
READ (5+1040) (SPIN(N)+PARITY(N}sN=1NLEV)
1040 FORMAT (12(F5:04A1})
0 1041 WRLWNLEV
NFAR(N) el
1F (PARITY(N) .E®,MINUS) NPAR(NI==1
IF (NPARINY JE®11) PARITY(N)=PLUS
1041 CONTINUE
DJ=SPINC1)=AINT(SPIN(1)+e13 425
FCMaELARSFMASST/ (FMN+FMASST)
FMREL'FMNGFMASSTI(FNN'FNASST)
HM=FMREL #2 « #AMUMEV
READ (511050) NANGLs!FCMe1FCOS
1050 FORMAT (1216)
RAD=3.1415927/180.
1F (IFCOSSNE0) 6O TO 109
READ (5+1030) (ANG(NA)vNA-)-NANGL)
DO 1080 NAm1sNANGL
1080 COSlN(NA)-CDS(RAD“ANG(NA))
110%

1090 lFAD €54¢1030) (COSXN(NA)-NA-)-N‘NGI)
1100 NAm1sNAN

1100 ANG(NA)-AR(OS(COSIN(NA))INAD

1105 DO 1140 NeLuNLFV
ENCN) =ECM=E X (N)
JF (ENCN) JLE.D+) GO TO 1130
FR NI 8SQRT (EN(N) #HH)Y
GAMaFMN/ (FMASSTRSGRT (ENCNI FECM) )
1F CIFCMUNELO) GO TO 1120
DO 1110 NA=1aNANGL
ANGLAB (NA «1) mANGCNA)
COSLAB(NAWN) =COSIN(NAY
SOR23 1, =GAMe#2% (1, =COSIN(NA) ##2)
1F (SOK2.(7,00) GO TO 1108
(OS(M(NA'N)-(OEIN(NA)'SQRY(SOHZ)

=GAM® (1. =COSINCNA) ##2)

ANGCH(NA'N)-AuCnS((nSCH(NA.N))IRAD
G0 1O 1110

1108 ANGLAB(NAWNI=0.
COSLABINAWNY =1+
ANGCMINA (N =0
COSCMINAWN)m1 s

1110 CONTINUE

G0 TO 1140
1120 00 1130 NA=L1«NANGL
COSLABCNA (N » (GAM+COSIN(NA) ) 7SORT (1. +GAMS (GAM+2. #COSIN(NADY)Y

ANGLAB {NA +N) mARCOS (COSLAB (NA +N) ) 7RAD
ANGCH  (NAIN) oANG (NA)
1130 COSCH (NA'NI=COSININAD
1140 CONTINUE
GO 10 1300
1150 NLEveN=1
1F (NLOUT.GTsNLFV) NLOUTNLEV
1300 DO 1310 N=343
1310 NLMAXO(N) =0
CALL OVFRFL(NOVFL)
1F (NOVFL.E#.1) WRITE (6198765)
98765 FORMAT (/7///3X115HesseumMAIN 2 1117y
JFFL a0

1F (NLEVJLE.A) 6O TO 2000
DO 1410 Ns3uNLEV
M10a(N~1)710
MlaN=108M10e1
LNAME (N) «LNAMEQeM1naeep
1F (M10.NE+0) LNAME (N)@LNAME(N) +22488%10+MIonE0u9
1410 CONTINUE
2000 READ ¢512010) NSRCHO'NSRCHeCHIMINITIMEsWGTOT ¢ WGEL +WGY WGELA «WG1A
2010 FORMAT (21647F6.0)
TEND=TIMEL+INT(TIME#60.)
TFExP=1
1F (wGTOT. F..O;.AND,VGFL-E‘»O:nAND WG1/EQ0. o AND WGELA.£@:04sAND«
H WGLAEQ.D1) IFEXP
READ (542020) va.vc.(vE(l)-l- +5)
READ (542020) 1FWoWO (WE(I)s1m1.5)
READ (512020) 1FV50¢VSNQs (VSOE(I) s mle5)
READ (5120209 1FRRWRRO.(RRECI) vl=le8)

2020

2030

2040

2050
2060

2070
2080
2100

2110

2130

2140

2210

o

3010
3020

3030
3040
3050

3060
3070

3100
3110

3210

5220
3230
32An
3250
3260
3270

3280
1

READ (5,2020) 1FRS:RSO((RSEC1)+1=143)

READ (54¢2020) [FAsADCAEC]) o 1=145)

READ (5.:2020) IFB+80:(AFCI)sl=1s%)

FORMAT (A14F11.045F12:0)

1F (XQTOT+EQ+0+  AND,WGFL+E8.04+AND.WGL.E8+0.) GO TO 2030
READ (511030) STOTEX'ERTOT+SELEX+EREL'SISTEXERIST
If (wGELAJE9.0.) GO TO 2080

READ (3,1030) ERRAT

READ (541030 (ssLAex(nA)-NA-z.nANGLy

1F (ERRAT.F8.0.) GO TO 2030

DO 2040 NA=1.NANGL

ERELA(NA) »FRRATSELAEX (NA)w 01

GO TO 2060

READ (5+1030) (ERELACNA) +NA=1NANGL)

IF (WG1A.ES.0.)G0 TO 2100

READ (5.1030) ERRAT

READ (511030) (SlAEX(NA)$NA'1'NANGI)

1F (FﬁRA'-E‘.O') 50 10

DO 2070 NAw1+NAl

(“ll(NA)lFRRA‘-SlAEx(NA)¢~01

2300
KCAD €3:1030) (ERTACNAY JNA=1INANGL)Y

NPARA=0

00 2110 1I=1

1F (lrﬁAnA(l) Ne ISTARY GO TO 2110
NPARA=NPARA®L

1DPAR(NPARA) =]

CONTINUE

N1=0+

N220+

DO 2140 NAm1iNANGL

1F (WGELA.E®.0:) GO TO 2130

IF (SELAEXCNA):GT:0.3 NlaNlel

1F (wdlA.FQ.0.) GO TO 2140

IF (SIAEX(NA).GT.0:) N2eN2el
CONTINUE

WE 1GHT=WGTOT +WGEL ¢WG1 +WGEL ARFLOAT (N1) *WG1A®FLOATINZ)

READ (312210) FCHI1]8CONS+GCONST18CIREBBLFNRICOMP
FORMAT (F6:0:1645F6,0)
FNR2=FNRS#2

PLAMO=+031418927/FK(1)ea2
PLAML=PLAMO/(SPIN(1)445)
PLAMFL=2,3/FK{1) 282
PLAMaPLAMFL/(SPIN(1)+35)
WRITE €643010) TITLF +DATE+NAME
FORHA‘ (1H124X118A4420X e 6A4)

RITE (643020) FMASSTINOMASS'ELARIFCM

FSean

veenlas
LoF9.AchH MEVe
LoFehran MEVZ))

75X+ 38HMASS NUMBER«crsavsen
I}x~)0NE~Equ IN LAR. SYSTEM..
73X 30HENERGY IN CeMs SYSTEMs. et

120=2.#DJ*.1

SPIN2=HALF (120J)

wh e

LINF=CNLEY  414)/15

DO 3060 L=1+LINE

N2e15eL

Nien2=1a

IF (L:+EQ.LINEY N2=NLEV

WRITE (6430300 (LNAME(N)sNeN14N2)
FORMAT (11X+13A8)

WRITE (643040 (EX(N)N=N1:N2)
FORMAT(TX(AHE  +15F8+3)

DO 3050 N=N1sN2
1SPIN(N) =2, 0DJ8SPINC(NI +. 1
WRITE(6.43070) (ISPINC(NY4SPIN2PARITY(N) INoN1IN2)
FORMAT (TX1AHSPINI15CI5¢A24A1)/)

WRITE (643100}

WRITE(6+3110) (14l=145)¢1FVVOL(VECI) 11m145) «IFW WO (WECI) v 1=145)0
1FVSO+VS00+ (VSOECIY ¢ Im143) « IFRRHROV(RRECI) slw1e3)s
16ns~aqo-(ass(:)' +8) 2 IFASAOL (AECT) s Twls5) s
[FR<ROC(BECIs1=la5)

FORMAT ( //5x.zan|~|rlAL POTENTIAL PARAMETERS)

FORMAT €/710X+18HPONERS OF €
0VSIA/1AX AL+2H Va3X16FB.3/14X0As2H We3X16F 81 3/14X 1AL AH VSO

201X16F8,3/18X1A13H RR2X16F8¢3/14XsALs3H RS+2X46FB43/14XvAT02H A+

33X+ 6F8.3/14X AL 2H Be3X6FAL3/1NXA8H'S INDICATF THE PARAMETERS T

40 BE SEARCHED FOR/)

wn -

IF ¢IPEXP.Fg.0) GO YO 4520

WRITE (643210)

ionnAv(//lsx'AonElPEnlnENTAL CROSS SECTIONS (AND ERRORS)/)

TF (WGTOT.£8.0:360 TO 323

WRITE (6:3220) STOTEXsERTOT WGTOT

FORMAT (8X+26HTOTAL CROSS SECTION«esse
9x.11nuz|snt..-...s1.3)

IF (¥GEL.E8.0.)G0 To 3250

WRITE (613240 SELEX.EREL WGEL

FORMAT (8X<26HFLASTIC CROSS SECTION.es-saFTe301HCFA316H) RARNS
9X11IHWEIGHT ., 3

IF (wel. 0,360 TO 3270

WRITE (6+3240) S1STEX+FR15TWG1

EORMAT(BX+26H1ST LEVEL CROSS SECTION«:sF7.311H(sF62316H) RARNS
9N+ 1IHWETGHT o0 s e asFT,3)

1F (W&ELA.E0.0+)G0 TO 3310

WRITE (6:3280) WGELA

FORMAT (/BX+ABHELASTIC ANGULAR ulsIRlBuTlon (MILLIRARN/STERAD )+
TXLIHVE [GHT e eay sF 7,378
A(5x-5HANGLE-2x-13ncnoss SECTIoND)

FT7:331HCFAs316H) BARNG

2
LINE=(NANGL®3)/4

3290
3300
310

3320

DO 3290 1 »1sLINE

N2=4oL

N1wN2=3

N2=MINO (N2 +NANGL Y

WRITE (613300) (ANG(NA) +SELAEX (NA) +ERELACNA) sNA=NI 1N2)

FORMAT (8XsA(F10+1sF7+1+1H(F6s131H)Y)

1F (uGlA.Ge.o.)Go Yo 3400

WRITE (6143320) W

'0&“AI(/0!~50N1$"LEV€L ANGULAR DISTRIBUTION (MILLIBARN/STERAD:)s

1 SX 1IHWEIGHT e a e oF T,

‘A(9X'SKAN6LE~?X‘I§HCROS$ SECTIONY)

2
LlNE-(nANGLos)/~

3330
3400

4260
4
98766
98704

4500
4310
4520

<
4610
L1383

4613
4614

4620

A830

4840
4630

DO 3330 La1sLINE

N2=Asi

NieN2-3

N2=MINO(N2 sNANGL)

WRITE (613300) CANG(NA) «SLAEX(NAY 1FRIACNA) «NA=NLIN24LINF)
lF (Ns«cnn E8.0,AND . NSRCH+€8.0) GO TO 4520

1r (NGI.N;.o;-on.wGlA.NF.O.) NLO=2
NLD=0

IF (WGELAJNE(C.) NLD=1

IF (WGLANF.0.) NLD=2

0 4260 1=1.7
PARAL(I)aPARACE)

CALL OVERFL(NOVFL)

If (NOVFL.E@:1)} WRITE (6+98766)

FORMAT (7/7/75K:15riss®esMAIN

CALL SEANCN(NSICHvNSRCNO-uLO‘NLD'ITESTlTEND)
CALL  OVERFL(NOVFL)

IF (NOVFL.E@.1) WRITE (6+98704)

FORMAT (77/773X115HRa%aaMAIN 110

DO 4510 J=1.7
PARA (1) aPARAL(IY
CALL XSECT(NLOUTsNLOUT+PARALSOCHID1+2)

VRI‘E (6+3010) TITLE+DATENAME

lF (NSRtM.F.-DDAND-NSRCﬂOoE.-O) GO TO 4613

WRITE (614611

FORMAT (/5X+26HF INAL POTENTIAL PARAMETERS) .

WRITE (643110 (1+1=1+53¢1FVaVOsVE s IFWWOIWE s IFVSNIVSO0:VSOES

1FKR \RROYRRE ¢ IFRSsRSO+RSE s IFA1ADIAE  IFBIROIBE

Llﬂ(-LlNEol‘

WRITE (614614

FORMAT (//)

WRITE (6146203 STOT/SAASSSEL

ronnAY (/5x429HTOTAL CROSS SE Txou...- <r1.:‘9u BARN®
15X+ 29HABSORPTION CROSS SECTION 72345H BARNY
75X+ 29HSHAPE ELASTIC CROSS SECTIONc-‘F1-3‘5N BARN)

LINE-LIN:oo

IF CIFEXP.EN.0) GO TO 4640

WRITE (644630) S®CHIO

fOﬁHAV (5!02’NKHI-SOUARE VALUE«sasssetsossssFi2e3)

LINEsLINE*2

wRI1TE (6.~ 30)

FORMAT (//3l.25u|nA~Sﬁl$5|o& COEFFICIENTS)

MGw(NLEV+9) 710

LINESLINE+3

DO 4830 NG=1.MG

243



N2=108NG
N1=N2=9
NZ=MINO(MZWNLEV)
LINE=L INE+5e2eNLMAXA
IF (LINFJLF,58) GU 10 4730
LINE=2@NLMAXAS
WRITE (6430100 TITLEDATE +NAME
WHITE (644720
4720 FORMAT (/3X¢24HTRANSMISSION COEFFICIENT/)
GO TO 4730
4730 WRITE (644740)
ATAD PORMAT (/)
AT50 WRITE (644760) (LNAN[(N)\N-NliN?)
aT60 ronnu (3X«SMLEVEL A
RITE (8+4770) (EN(N)-N-N\-NZ)
4170 IDRMAT (5XsJOHECM {FX1T)+3x410F11:3)
WRITE (644780) (ORN(N) ¢NwNioN2)
AT80 FORMAT (X AHMESHI9X+1NF1143)
WRITE (6+4790) (RMATNCN) sN=N1IN2)
A790 FDGMAY (AX413HMATCH. RADIUS410F11.3)
WRITE (614800)
4800 VolnAY C11X11HL 12X 0 3HL=5)
4830 NL=3sNLMAXA
J)'l
1FINLAEBV 1) J1e2
L=NL=1
DO AN30 JmJie2
4830 WRITE (6048400 [ +SI6LEEID (T INL4JIND N=NI ¢N2)
4840 FORMAT (9X+134¢3XeAL+2X11P10EL1va)
LINY=NLMAX(1}+?
1F (FCHIE@.0+ sAND+COMPoNE- Qo) LINIaLINIA
LINELINESLIN
1F (LINE.LF,58) GO 10 a8
WRITE (613010) TITLF «DATE +NAME
LINE=LINL+)
4850 WRITE (614880)
4860 FORMAT (///3XvAZHS=MATRIX FLEMENTS FOR THE ELASTIC CHANNELS//
1 26X+8HLaS =128X¢5HL=S +/10Xe1HL12(6XAIHREAL PART 14X
14HIMAGENARY PARTY)
NL1=NLMAX (1)
WRITE (644870) YETA(142)
ABTO FORMAT (10%+1HO435X 1P2E$5.5)
DO 4880 NL=2WNLL
Laniel
4080 WRITE (&8¢
#4890 FORMAT
IF (COMP.
LINESLINEe6
1F (FCHI E®,0:) 60 TO 35010
LINE-LlN[OZ.(NJNAX-NJHIN)'II
5010 IF C(LINEJLELS0) Gn T
IRITE (643010) YlTLEcDAYFvNAME
5050 lF (FCHILER.0.) GO TO
WRITE (645040)
5060 FORMAT (//73Xs30MVARIOUS STATISTICAL SUANTITIES//10X+6OHCALCULATIO
1N OF COMPOUND PROCESS WAS CARRIED OUT BY USING MOLDAUER'S « SNTKEQ

8903 L+ (YETA(NL s J) s Jm142)
3+2(2X21P2F13+341X))
«01) GO TO 5410

2RYY
WHITE €645070) FNKSRCIRFABIFCHI
3070 FORMAT (/10X+3HN =3F6s3/10X+3HBCe Fb43/10X+101HREAL PART OF THE RE
ILATIVF PMASE OF SWUARES OF REDUCED wIDTH AMBPLITUNFS BFTWEEN DIFFER
2ENT CHANNELS .o sF6,3/10X+101HOFGREE OF FREEDOM OF CHI=SOUARE DIST
3RIBUTION FOR SWUARES UF REDUCFD WIOTH AMPLITUDEvssvssssescssaonnen
AF6eY)
60 TO 5110
5080 WRITE (6+5090)
8090 FORMAT (///10XsTSHCALCULATION OF COMPOUND PROCESS WAS CARRIFD OUT
1BY USING HAUSER=FESHRACH'S 4bHTHEORY)
5110 IF (COMPL.ES.0.) GO TO 5410
1F (COMPF8,1.0) GO 7O 5130
WRITE (645120) COMP . .
5120 FORMAT (10X+101HCOMPOUND CROSS SECTIONS WERE MULTIPLLED BY A FACTO
casantes taiecsasssveburvearesnrntenvotarncoreniFbed)
2130 IF (FCHI.EQ.0.) GO TO 5500
WRITE (615150
5150 FORMAT (//710X+6HTOTAL «AX28H TOTAL

WAXe13H  COMPOUND
10X16H SPIN AX+BHSTRENGTHe4X(13H FORMATION /
10X VEHPARITY s 4X s BHFUNCTION 44X ¢ 13HCROSS SECTION«TXs1HE)

NHF=3.1a2,8DJ)
DO 5240 NJ=NJMININJMAX
FJ=FLOAT(NJ)=DJ
JOUTSFLOAT(NHF ) #FJe.1
DO 5240 NOPARel:2
SCOMP=O,
NLMIN=1
1F (2#NOPAR~3:NE.NPARCLY) NLMIN=2
DO 5230 J=1.2
NL1mABS (FJ=SPINC1))=FLOAT(J)+246
NL1=NL14MOD(NLL1oNLMING2)
NL JeSPINCLY=FLOAT (N +2:6
NL2=HING(NI 2 NLMAX (1))
1F (NL1.,GT.NL2) 6O 1O 5230
DO 5210 NLaNL1WNL2
5210 SCOMPaSCOMAST(NLvJIe1)
5230 CONTINUE
SCOMPaSCOMPR(FJ+453 /(2. 2SPIN(1)+1.)#0.031415927/Fr (1) a2
5240 WRITE (6152503 JOUT.HALF (NNF) 4S1GLS (NOPAR) \ THTOT (N.JNOPAR) 1 SCOMP +
#(NJNOPAR)
5250 FORMAT (10!.13.A2.A:.Ax.ra.4.4x.f10 suax.Fxo »
¢ @0 70 3>

5410 WRITE (6.5420) _
5420 FORMAT (3X+4MHONLY SHAPE ELASTIC CROSS SECTION WAS CALCULATED.)
<

5500 WRITF (6430100 TITLE «DATE SNAMF

5710 WRITE (645720 LNAME(L)4EX(1)11SPINCL) ySPIN24PARITY (1)

5720 FORMAT (//5K+AbaF9+315H MEV,e15.A20A1)

5730 FORMAT (/22X AHLAB . s8X 4 AHLAR S Y6X ¢4HC s Mo 4 AX 4 AHC o Me +4X ¢ BHCOM
1MOUND 14X « SHSHAPE + $X « SHTOTAL /21X o SHANGLE « 3X ¢ 6HCOS [NE + 4X + SHANGLE + 3X o

K\7NELA§TIC\!x-TNELASIXC-ngTHELASTIC)

Do 5760 NA.X»NA 6L
5760 WRITE (6+9770) ANGLARCNA+1)+COSLABCNA*1) sANGCM(NA+1) «COSCMINALL) +

SGACNAYL) ¢SSELANA) sSELAINA)
5770 FDRMAT €20X+F T 20FB8,30F10,2+F8.301X13F10,2)
RITE (6+5780) SG(1)SSFLISEL
3760 FDRNAV (/20X+34HINTEGRATED CROSS SFCTION.«.anvase 13F10,3)
LINE=NANGL +9
If (NLOUT.E@.1) GO TO 5980
NANG2 = {NANGL ¢1) /2
DO 5900 Nm2NLOUT
LINEaLINE+ 94NANG2
IF (NvE®INLOUT) LINE=LINE*2
1F (LINE.LE(38) GO TO 5320
LINEeNANG2+9
WRITE (6430107 TITLEDATE sNAME
40 TO 5240
3820 WRITE (6+3830)
5830 FORMAT (1HO)
5840 WRITE (6457200 LNAME(N) (EX{N) ¢ ISPININD 1SPIN2sPARITY (N>
WRITE (6¢9850)
9650 FORMAT(/12X42(10Xv8HLAR, +8X (AHLAR 48X 1AHC +M, v AX CAHC  Ma +8X 1 TH CROSS
1 }/12X32¢9X 4 SHANGLE + 3X«6HCOSTNE 44X « SHANGLE ¢ 3X 4 6HCOS [NE s X+ THSECT 1O
FIT3

DO 5880 NAeliNANGZ
5880 WRITE (6¢5890) (ANGLAB(NAIN) ¢COSLAB(NAIN) tANGCM(NA N 1 COSCM(NAWN) o
SGA(NASN) sNASNB NANGL tNANG2)
5890 FORMAT (12X12(F13.2.F8:34F10.2:F8+3:F11.2))
5900 WRITE (6+5780) $SG(N)
5980 CALL CLOCK(TIME2)
TIME2=T [ME2=TIMEL
WRITE (646000) TIME2
6000 FORMAT (/5X229HTIME REQUIRED +s.0s
CALL OVERFL(NOVFL)
TF (NOVFL.£8.1) WRITE (§+98705)

T+ 1725H SECY)

98705 FORMAT (/////3Xy15HusseenAIN 5/411)
1000 0 To 10
END
€ PARAMETER SEARCH SR
SUBROUT INE SEARCM(NSRCHINSRCHO 'NLOYNLD * I TESTSTEND) SR
SR
COMMON  /CCRS/NANGL 1 STOT4SABS1SEL vSSEL1SG(25) +SELACLI9) +SSELACI9)+ SR
1 SGA(19+25) +PLAMEL R
2 JCSOT/STOTT 1SARSTVSELT1SCELT19G2T+SELAT(19) \SCELAT(19)+ SR
3 562AT(19) SR
. JCDPR/CHIMININPARASPARAL (7) «DPARACT) sDRPMAX(T) sRAT(T) SR
s DPAR(T) «NPRE SR
6 JCEXP/IFEXP «WELGHT 4 WGTOT WWGEL 1WG1 WGELAYWGIAS SR
7 5'0TEX~ERTOT~SELEn'ER!LiS)STEX‘ERlSTvSELAEX(lO)- SR
[ ERELA(19) +SIAEX(19) 1FR1AC19) SR
9 JCTDONZTONC31) 1 TIMEL SR
. SR
DIMENSION DRP (7Y \DTOTCT) \DEL {73 \D2(7) +DELACT+19) «D2A(T419)s SR
1 AACTATY 1RBCT) WDAACTATI AUCTT) (UBCT) sVBLT) 4D5(S) SR
SR
INTEGER Yl-YlMEl-sEC-TEND SR
DATA DS/1H#41H +1HT SR
SR
160=1 SR

IF (NSRCH.GE.0) GO TO 3500 SR

NSRCHe=NSRCH SR
1 SR
500 CALL XSECT(NLOJNLOPARAL+S8C142) SR
X=0, SN

WRITE €6.600) TON
600 FORMAT(1H1:4X118A4420X:6A47/3Xe 16HPARAMETER SEARCH/39X 1 SHTOTAL2X DSI

1 10HCOMP . FORM .+ + 5X 1 21HELASTIC CROSS SECTION:2Xe9H1ST I EVFL/
2 39X13HCROSS 14X+ SHCROSS 4 33X+ SHCROS$/ sl
3 TXr3HNO, 16X eALs1HY . 5XeALs1HWeIX+ALeIHVEO 13X e AL s 2HRR 43X AL SR
. 2HRS 4 AX 1AL s1HATAX sAL IMB 12X 4 SR
s THSECTION+2X o THSECT [ON 4 TX s SHTOTAL 4 3X « SHSHAPE 41X ¢ SR
8 SHCOMPOUND s 2X s THSECT [ON+2X 4 10HCH]~SQUARE + 2X 1 AHT IMED SR
NSe0 SR
108»2 SR
MiNal SR
N@Ow1 SR
LINE=¢ SR
SR
700 LINE=LINE+L SR
CALL QCK (T1) SR,
SECeTI~TIMEL b
IF (LINE.LE.38) GO TO 710 SR
WRITE (6+600) TDN R

LINE® . SR

710 WRITE (64720) NS +DSCINS) sPARALLSTOT«SABS+SELISSELSG(1)456¢2)e SR
DS (MIN) +SEC

719 PORMAT (X< [3+ALeFB.392FT:3.AF6.342F92344Xs3F8434F10.34712,31A14 :n

R

]' (T1:GE+YEND) GO TO 2360 SRk
40 TO (1010:2010+2150+2290 ) sNGO ::

<
1010 STOTT=STOT SR
SABST=SARS SR
SELT=SEL Sk
IF (WGELA.E€.0.3G0 TO 1040 SR
DC 1030 NA=LliNANGL SR
SELAT(NA) =SELACNA) S8
1030 SCEL AT(NA)=S8A(NA.1) Sk
1040 SCELT=86(1) SR
$627e36¢(2) Sk
1F (WE1A.EQ.0¢) 60 TO 1090 SR
DO 1050 NA=1sNANGL i
1030 $G2ATLNA)=SEAINAL2) SR
1090 LF (NS:Ee,0) GO TO 1120 Sr
1F (58C.LE. (. T5eS0CH]1 0+, 239EXSE)) 60 TO 4000 £l
1110 @0 TO {112042020+216014000+4000+4000) *N6O SR
1120 HNI-IADS( ISRCHO) SR
(llo.[.-!) MNS=NSRCH SR
ﬂE SR
1350 l‘ (nns-eo 0) 60 7O 4100 SR
4010 NS=1iMNS SR
soculo-s SR
DO 1200 NPel+NPARA Sk
1=IDPAR(NP) SR
PARAL (1) wPARAL (1) +DPARACE) SR
CALL  XSECT(NLOJNLOPARAL+S8C104160) S8
1F (WGTOT.NE.O«)DTOT(NP)m(STOT-STOTTI*RAT(]) SR
1F (WSEL +NE,0+)DEL(NP)m(SEL=SFLT)#RAT(1) SR
IF (WG1.NE.0,ID2(NP)=(SG(2)-SG2T)I *RAT(]) SR
1F (WGELA.E#:0.)60 TO 1170 sr
DO 1160 NA=1tN, SR
1160 DlLA(NP.uA)-(sELA(NA)‘stLAY(NA))OKAY(l) SR
1170 IF (vcll.ra. +)60 To SR
DO 1180 NAwleNANGL SR
1180 D2AINPNA) = (SGA(NA+2)=SG2AT(NA) Y #RATC)) SR
1190 PARAICI)@PARALCI}=DPARACI) SR
CALL  CLOCK(T1) SR
1F (T1+GELTEND) RETURN SR
1200 CONTINUE SR
< SR
DO 1470 NP=1sNPARA SR
BBINP) =0, SR
DO 1370 NP1=liNP SR
AACNP INPLY=0, SR
1F (¥GTOT.FE.0.) GO TO 1 SR
AACNP NPY) A(NP-NPL}'DYOT(NP)'DYOY(NPI)'VGTOY/ERYOV"? SR
1310 IF (WGEL.E®.0.) 6O TO 1320 SR
AAQ PONPIJ-AA(NP-NPI)‘DEL(NF)‘D!L(NPI"VGELIEREL"? SR
1320 IF (W61.E6.0.) GO T 30 SR
A(N’-NPl)-AA(N’«NP))'D)(NP)OD?(NP))OIG]IERlSTOQ2 SR
1330 :F (WGELA:£9.0.) GO TO 1 SR
1340 NAe1sNANGL sa

IF (SELAEX(NA).LE.0.) GO T 1340
AACNP «NPL)=AACNP «NP1) *DELACNP tNA) *DELACNPT +NA) SWGFLA/FRELA(NAI #22 Sl
1340 CONTINUE

1350 IF (¥G1A.EQ.D¢) GO TO 1370 sn
DO 1360 NAm1sNANGL SR
1F (SIAEX(NA) -LE:C.> GO TO 1360 ) SR
AACNP (NP1} mAA (NP I NF1) *D2A (NPNAY#D2A (NP1 NAT #WG1A/ERIA (NA) #52 SR

1360 CONTINUE SR

1370 AACNPL<NPI=AA(NEINPL) SR

4 sm
1F (WGTOT.£8.0+) GO TO 3410 SR
uu(NP)-aa(NP)-DYOY(Np)e(stnrsx-srorr) SR

*WGTOT/ERTOTa2 s®

1c:o IF (¥GEL.£6.0:)G0 To 1420 SR
BR(NP) =8B (NP) *DEL (NP} #(SELFX=SFLT) SR

1 *wGEL/EREL w22 SR

1420 {F (WGl:Ee.0.) GO TO 14 SR
BB(NP)—OD(NP)‘DZ(N?)O(SXSTEX-592T J#wG1/ERISTee2 SR

1430 l‘ (wGELA.E8.0+) GO TO SR

1440 NA=1¢NANGL SR
lr (SELAEX(NA) +LE<0.) GO YO 144 sn
BB(NP)-BB(NP)'DELA(ND-NA)’(SELAEX(NA)'SELAT(NA))

vﬁ!LA/!lELA(NA)--zsn

1440 conTlNuf

1430 IF (WGLlA.E€.0:) GO TO 1470 su
DO 1460 NA=1sNANGL SR
IF (S1IAEX(NAY (LE,0.) SR

SB(N’)'OB(NP)'D?A(N9~NA)‘(S!ACX(NA)‘SG?AY(NA)) SR
SWGIAZERIA(NA) w2 SR

1440 CONTINVE SR
1470 CONTINUE SR
4 SR
0. SR

DO 1510 NP=1+NPARA SR

1310 FeFeAACNP INP) SR
F=F /€10, #8NPREFLOAT (NPARAD SR

CALL  E1GENI(NPARATAAIDAAUSFT) SR
FeFoPLOAT (NPARAY#1Q. SR

DO 1550 NP=3iNPARA SR
UBINP. SR
VB(NPI =0, SR

IF (DAACNP NP oLT. F) 60 TO 1330 SR

DO 1540 N=1sNPARA Sm

1340 UBCNP)=UB(NP)+U(NPN)*BA(N) SR
VB(NP)=UB (NP} /DAA (NP «NPY 3

IF (ABSCVBINPI)aGTe1e) VBINPI=SIGN(L1'VA(NG)) SR

1330 CONTINUE SR
s

1560 DO 1580 NwlsNPARA SR
DRP{N)=0. SR

00 1370 KeisNPARA sm

1570 DRP(NI=DRP (N} *U(KIN)*VR(K) SR
1= IDPAR(N) SR

DRP (N) =DRP (N} *DRPMAX (1) SR

1580 PARALC1)=PARALCII4DRP(N) sr
EXS@=0+ SR

1390 Ne1sNPARA SR

1590 EXSE=EXSE+DAAINHI *VBIN) 52 SR
EX59=SOCHIO=EXSO/WE | GHT R

IF (1TEST.EQ.0) 60 TO 1910 SR
LINESLINE+2oNPARA+1D SR

IF (LINE.LE.38) GO TO 1600 Sk
WRITE (64600) TDN SR
1N[°2'NIARA¢!7 SR

1600 uﬂlt! (641610 SR
1610 FORMAT (9X42HAR)Y SR
00 1620 NPe1iNPARA SR
1420 WRITE (5416300 (AACNPINP1).1NPlal iNPARA) SR
1630 FORMAT (12X+1PTE11¢3) Sk
WRITE (6+1640) SR

1640 FORMAT (9X+2HB8. SR
WRITE (6'1630) (BG(N)vN-!tNIAIA) SR
WRITE (64163 SR

1650 FORMAT (9X. )NOAA) SR
WRITE 641630 (DAACNIN) JNelNPARAY s
WRITE €6+1660) SR

1640 'Olﬂl‘ C(9XeIHUY SR
1670 NeiyNPARA SR

1670 '"I'E ($‘1630) C(UINs J) s JoL INPARA) SR
WRITE (64168 SR

1680 FORMAT ¢ v)NUS) SR
WRITE < 630) (UBCN) *N=1+NPARA) SR
WRITE €641690) SR
1690 FORMAT (9X+2HVB: kL
WRITE (6+1630) (Vl(N)‘N-l'NPAlA) SR



16948
1700
C

1910
1920

2010
2020
2050

2060
2080

2100

2110

2150
<
2160

2200

2250
2260

LINE=LINE«1

1F (LINEJ.LE.58) GO TO 1698

WRITE (6:600) TDN

LINE=T

WRITE (641700 EXS4

FORMAT (9X+¢33HEXPECTED VALUE OF CHI=SWUARE +assee3F12.1)

CALL  XSECT(NLOJNLDPARAL +SOC1142)
NGOa2

LILTY
IF (58C,LT.54CHID) MIN=t
X=MIN=1

I1DS=1GO

G0 YO 700

1F (MINJE®+1) GO TO 1010
GO TO (ZUSDQIOBD)leN

G"0.5
40 10 2100
Omg@CHIO

LY-MIN-

DO 2110 NwiNPARA

1~ {DPAR(N)
PARALCI) =P ARAL (1) =0, 3%DRP (N)

CALL  XSFCT(NLOWNLD +PARALISBC1+2)

MINe2

1F (S8C,LE.SQ0) MIN=1
X®FLOAT(MIN=1)*G

10S=3

G0 TO 700

IF (MIN:E@.1) GO TO 1010

sel=seC

A=0, 5% (582+500) =SaL
B=0,5%(592-500)
He=G

TF (BelTib.%A) Ha(l.=0.5%B/A)*G
DO 2200 NelNPARA

1=1DPAR(N)
PARAL(1)wPARAL (1)« (G=H)#DRP (N)
CALL  XSECT(NLD+NLD+PARA1+SRC»>142)
1F (ITEST«E®+0) GO TO 2270
LINE=LINE+L

1F (LINE/LE,38) GO TO 2250

WRITE (616003 TON

LINE=7

WRITE (6422600 AiBH

FgRHAT (9Xs2HAR$1PELL 345X 0 2HB® ELL, 345K ¢ 2HH=ELLL3)

2270 NGOwa

2290
4
2350
2360
2370
4000

4010
<
4100

4210

4310

A NnAAaannNnn an N0

1010

4
2000

Aes
M

For
ND1

105=2
1F CASLE.0.) [DS=3

MINe2
1F (SWCILE«AMINL (5G0+501)) MINey
x’FLoAT(MIN-x)'zx-GvH)
GO TO 700
{F (MINE®.2) GO TO 230
60 7O 1010

SECmAMINL(S@0v581)

DO 2370 N=g NPARA

12 1DPAR (NY
PARALC1)=PARAL (1) =X#DRP (N

IF CCSOCILECHIMIND «OR: (SOCHIO=SOCILESCHIMIN®L01)) RETURN
CALL  CLOCK(T1)

IF (T1iGEJTEND) RETURN

CONT INUE

1F (NEND.E&.1) RETURN
NENDs=

60 TO (421044310)4160
16002

MN§= NSRCH

[ TO 1130

160

NNS-IABS(NSICHU)

60 YO 1130

END
E1GENVALUE

SUBROUTINE ELGENCMSALDIUIFINDIM)

MATRIX TO BE olAGonALJZED (SVHMEYRIC)

ACTUAL DIMENSION OF THE MATRIX

. DIAGONALIZED MATRIX (DIAGONAL ELEMENYS ARE EIGENVALUES)

Des
UtNs 1) ORYHOGONAL MATRIX OF TRANSFORMATION

1-TH COMPONENT OF THE N~TH EIGENVECY 03
se1 UPPER LIMIT FOR THE_OFF=DIAGONAL ELEMENTS)
seer MAXIMUM DIMENSION TAKEN IN THE MAIN PROGRAM

ACND IMOND M) 4D CNDIMsNDTH) sUCNDIMIND IM)

OIMENSLON

G"0s

MimM=1

DO 1010 I=]M

DO 1010 Jwlm
D(ch)-A(llJ)

ucts

1F (l‘E.oJ) Ulled=1s
CONTINUVE

IF (MiEe:1) 60 TO 3000

G=0,

DO 2010 I=leML
f1m]el

DO 2010 Jel1sM

GLuABS(DC!vJ))
1F (G+GE.G1) GO TO 2010

G=G1
2010 CONTINUE

C

1F (G.LE.F) GO TO 3000

DD=D (Lt y=D (KK

IF (2.%G,GT.ARS(DD)) GO TO 2110
T=2,#DC(KsL) /DD
C==T/(1,sSORT (L, »T#w2))

G0 TO 2120

2110 T=DD/(Z24#DCKL))

CoT=SeRT(1.4Twu2)#SIGN(L 4 T)

2120 P=L./SORT(1.+Can2)
@nCep

<

DO 2210 i=1iM
UKaPeU(Ks 1Y oanUCLe 1)
ULe=@eUK 1 [)ePelL(Le DD
VIC TSI

C2210 UL D mUL

DO 2310 Tmlasm

KJOR:1.E-L) GO TO 2310
#D(K4[)+QeD(L 1)
*D (Ko [Y+PaD (Lol
DK+ 1) =DKT
DCL4R)I=DK I
DLLs1Y=DLI

{1.L3=DL 2

]
2310 CONTINUE

DKK=D(K1K)+DKL) *C
OLLan(LiL)=D(KsL)#C
D(K1K)=DKK
DCLL)=DLL
O(KsLI=04

DLLIK)I =0

GO TO 2000

3000 F=G

RETURN
END
CROSS SECTION

SUBROUT INE XSECT(NLOUT +NLD+sPAR4SBK ¢ I X4 1FC)

DIMENSION BLL25411)4V(25) 4w (2%)sV50(25) ¢RR(25) sRS (28 1A(25)
1 B(25) +PARCTI sPL (113193 4FLICIL19)4PL2C11+1903)

3 TRMAT(25) s TRPWR (25)

COMPLEX WRAPHATR(300) +DPHAL sDLIYETAC1142) s YETANSHI oHR

COMMON  /CLEV/NLEVIEX(25) 1SPINC23) «NPAR(23) JNLMAX(25) sDJsNLMAXA

23 3¢ 3¢ X X X 3 X X

P TSRV

98765

2010

2020
2021
2022

2023

2030
2040

2050
2110

2117
2113
98766

2113

2120

2170
2200

2210
2220
2230

98767
c

2310

2320
2330
2340

98768

so0lo

3020

3510

G _Ne

IcSTAlrtlx.z-zs)oTn(xx-z.Zs).TnToYLZL.Z).ntzl-?;-xlcONs-
WCONST+FNR+BCREBAIFCHI +COM
I(llnlEN(Z!}-FK(2,)'HNnPLAH-FLAMOtPLAMl-FNHl!-CuHPAI
ZCWAV/PHIPRE +DR«DRN (25) sRMATN(2
I(POTIPARA(T)tvE(5)~'E(5)-VSOE(’)'RKE(i)ORSE(S)-AE(S)-

BE(S)
JCCRS/NANGL +STOT ¢ SABS+SELSSSEL+5G{25) +SELACLI) ySSELACL Y
SGA(19429) sPLAMEL
JCWEL/WRWVRIVSORRVIRWARIAREROR1 JMESH s RPWR s RPWR1
JCFXP/IFEXPsWEIGHT «WGTOT sWGEL *WG1
WGELAJWG1A+STOTEX+ERTOT s SELEXJERELVS1STEXJERLSTS
SELAEXCL9) sERELAC19) 4SIAEX(19)4ERLA(CLY)
JCYET/YETAZCOMIZNIMIN WNIMAX 4NLMAXO(3) ¢ COSCM(19+25) o IFFL
/CSGT/STOTT o SABSTASELT+SCELTASG2T+SELAT(19) +SCELAT(19) s

i

g
H

SG2AT(19)
JCCGW/CBLCIL o1t oWl (1102410)

CALL  OVERFL (NOVFL)

1F (NOVFL.E@.1) WRITE (649876%)
FORMAT (////75X+15HweswexSECT
NLMAXA=0

$G6(2)=0.

NLEVISNLEV

IF C1PC,E@,1) NLEV1ial

DO 2230 N=1lsNLEVL

ER®ENIN) #HM

a1

VSO(N)=PAR (3)

RRCNI sPAR (4)
RSINY=PAR (3)
ACNY=PAR (6)

SINY=PAR (T3

FE=1.

00 2010 NEw1:3
FE=FESEN(N)

VIN)mVN) *FE#VE (NE)
WIN)wW(N) +FESWE (NE)
VSOUN) »VSO(N) +FE®VSQE (NE)
RRCNY =RR(N) +FERRRE (NE)
RS(N)=RS (N} »FERRSE (NE)
ACN) @A (N) *FE#AE (NE)
BN =BIN) +FFRBE (NF)
VR=Y (N}

WRW (NI #HM® (05 443

VSOR®=YSO(N) $KMRCOMPA /A (N)

RV=RR(N) #FNM13

RWaRS (N) sFNM13

AR®ACNY

BRaB(N)

IF ¢1X:EQ.0% GO TO 2030
VRK-AMA!I(ABS(V!N)'A(N)IFK(N))'AlS(VSO(N)UXOcOCDMPAI/RV))
1F (VRX,E@.0.) 60 TO 21
Rl-ALDG(VRX/(FN(N)'FH[PR!))'A(N)OIV
@0 To 2021

Ri=0.

IF (W(N)1E@.0++ORBIN) JEQ«N.) GO TO 2022
R2mALOGCABS (W(N) #B(N) @FK (N) #4. 7 (ENCNI *PHIPRE) ) ) B (N) +RW
GO TO 2023
R2204
RMATCH®AMAX1(R14R2)
RPWR=122/SERT(ER+VR)
TRMAT (N) mRMATCH
TRPWR (N) =RPWR
GO TO 2040
RMATCHSTRMAY (N)
RPWR=TRPWR (N)
MESH= (RMATCH=-RPWR) /DR*2,9999499
IF (MESH/LE+300) GO TO 2030
MESH=300
Rl-(ﬁNAT(N‘RPVﬂ)IZ?G-
GO T0 2
anAycn-nnorLoAt(nFSn-))oRPuR
DR1=DR
ROH2  =RMATCH®FK(N)
ROH1=NROH2=DR1 #FK (N)
RPWR12RPWR=DR1
NLCeROH2+1.:5
RLAAMAX] (RVe4 1 S#AR 1RWS4 L 6%AR)
ZLSRLSFK (N)
BL1=SINCIL)Z7ZL
ALO=COS (2L ) /21
BJMIN=0,17(125+664nRL*22)
00 2112 NL=2.1%
BSsFLOAT (2%NI )*BL1/21 =BLO
1F (BS*#2eFLOAT(2%NL=1).LE.BJMINCAND.NL.GTANLC) GO TO 2113
ALO=BLL
aL1=RS
NL=12
MNLaNL=1
CALL OVERFL(NOVFL)
FORMAT (/77775%115Heen2exSECT
IF (NOVFLJEQs1) WRITE (6498766)
NLMAX CN) aMiL
T(1111N) w04
DO 2170 NL=1sMNL
LeNL=1
CALL  BESSEZ2(NLBJ24BN? sRON2)
CALL BESSEL(NL+BJ1.8N1+ROHLY
LS=1
IF (L1€Q:0) LS=2
CALL DIFEQ(LILS+PHAIRY
DPHA T =PHA IR (MESH) #ROH1/ (PHA IR (ME SH~-1) *ROH2)
HR=BJ2=DPHA | #BJ1
Ml=(0u11.)#(BN2=DPHA [#BN1)
YETAN= (HI=HR) 7 (K1 +HR)
TANLILSINY w1 =(CABSCYETAN) ) #e2
TF (NJES,1) YETACNLILS)mYETAN
1F (LS<E.2) GO TO 2170
S=2

L
G0 TO 2120
CONT INVE

21170

NLMAXASMAXO (NLMAXA sNLMAXCN) )
IF (NLMAX{N)Fu.11) GO TO 2220

N1sNLMAX (N +1

DO 2210 NL=Nle1l

TCNL+1sNY=0,

T(NLs2sNY=0.

RMATN(N) =RMATCH

DRN(N)=DR1

CONTINUE

CALL OVERFL(NOVFL)

1F (NOVFL,E@.1) WRITE (6498767

FORMAT (7/7775X 15HeavnaxSECT 31ty
IF (IFC.EQ.1) GO TO 3010

DO 2340 NLe1sNLMAXA

FNL=NL=1

DO 2310 L=iahL

FL=2#(L-1)

CuL(NL‘L)E(GB(FNL‘FNL‘FL)'(? *ENL*1.)
DO 2330 LSe:

LlenLeLS=2

1F (L1:£.0} GO TO 2330

FLSAFNL+FLOAT(LS)=1.5

DO 2320 L=1all

FL=2#(L=1)

WLINL LS W LY =WRAC(ENLFLS FNLIFLS 0.3 FL)

CONTINUE

CONTINVE

CALL  OVERFL (NOVFL)

[F (NOVFL.F@.1) WRITE (6498768)
FORMAT (77/775%115HaavasxseCT 110

MAXLL=NLMAX (1)

SARS=D.

FNL=0s

DO 3020 NLwleMAXLL

FNLI=FNL

FNL=FNL*1,

SABS2SABS*FNLL*T(NL 1+ 1) »FNLET(NL 201}

SARS=SABE#PLAMO

IF (COMP.£8.0.) GO TO 3700

IF (IFC/E®.1) GO TQ 6010

DO 3510 NF=1+NLOUT

D0 3510 NL=leMAXIL
BLINF«NL)=0s

NJIMAXeMAXL1¢ INT(SPIN(1)=14400)
fJIFLOAT(MAlLl)-SPIN(I)-I.
NIMIN=D =, 4aF )

IF (NJMINGLE.O) NJMIN=1

DO 3610 NJENJMININIMAX

CALL OVERFL(NOVFL)

FORMAT (/////5X+15H*##raxSECT
IF (NOVFL.F@«1) WRITE (6198703)
CALL  TRANSCIMAGRY sNJINNNNNND

50014y

3 3 3¢ 2 3¢ 3 3 M MM K MK X

36 303¢ X3 3K 3 X 3¢ 3R M6 3K I XA M M I XK DX M I X I XX XX 3 > XX

33€ 2 32 X 2 XM X XK X 233 3 M X X3 3K X XM X X N M X X

3¢ 3 3¢ 2 3 3 3¢ > %KX X 3 X X XK X X M K K M X X X

333K R 3R 2 23 M K 2 X N

3¢ 36 303 X 26 32 X XX X X > XX X X M X XK



CALL OVERFL(NOVFL)

1F (NOVFL:EQ41) WRITE (6498706}
98706 FORMAT (///7/5X415HuennnXSECT 61411)
c!bln CALL  BLLINLOUT WNLDWNJWAL)

DO 3670 N=14NLOUT
K=MINO(N+3)
SGINI=PLAMI#BL (N4 1) 4COMP
IF (N:GT.NLD) 6O TO 3670
NL2eMENO CNLMAX (N 'MAXL1)
NLley
IF (k:E0.3) GO TO 3620
IF (NL2.LEJNLMAXO(N)Y} GO TO 3680
NL1=NLMAXO(N) +1
IF (N+E@42) NLMAXO(2)=NL2
3620 CALL  LEGND2(NLLyNL2NANGL 4PL21COSCMINY IFFLY
CALL OVERFL(NOVFL)
IF (NOVFL,E®,1) WRITE (64947073
98707 FORMAT (/IIII)X;XSHOIOOQlSF(T T
3640 DO 3660 NA®1+NANGL
SGAINAINY =0,
00 3650 NLwliNL2
3650 SGAINAIN)=SGA(NASN) #BL CNINI ) #PL2 (NLINAIK)
3660 SGA(NAINY RSGACNAN) #PLAMRCOMP
3670 CONTINVE

<
3700 IF (NLMAX(1)+LE.NLMAXO(1)) GO TO 3701
CALL  LEGNDL(NLMAXUCL)+1sNLMAX (1) sNANGL 4PL 4PL11COSTM)
CALL  OVERFL (NOVFL)
[F (NOVFL.E®.1) WRITE (6.,94708)
98708 FORMAT (//7/75Ks15HenweaXSFCT LZ23)
NLMAXO (1) sNLMAX (1)

3¢ 3¢ 3¢ 2 3 X XX M X X X

X % X 3 3 X X X

3703 CALL SNAPE(FK(I)‘NANGLlﬂllLl VEYA-SSELA-SSEL-PLuPLlnPLAMEL-FLAHO)X

CALL OVERFL(NOVFL)
IF (NOVFL.E@.1) WRITE (6498709)
98709 FORMAT (////775Xs15Hee®uu)SECT 917173
DO 3710 NAm1aNANGL
(COMPLERLD.) SGA(NA+1)=0,

3710 SELA(NAYaSSELACNA) +SGA(NA+1)
IF (COMP.FR.0+) SG(1)e=0.
SEL=SSEL+5G(1)
STOT=SANS+SSEL

1F C(IFEXP,E®.0) RETURN

SeK=04

IF (WGTOT.£840,)G0 TO 3810

SEK-SI(‘WGTOY'((SYOY‘SYOTE!)/ERYOY)--2
3810 IF (WGEL.E®.0:)GO TO 38;

SOK-SOKOHGELQ((SFL-SELEl)IEREL).-?
3820 IF (WG1.E8.0.)60 TO 3830

SUKaSOK+WE1#((SG(2I-SISTEX) JERIST) #w2
3830 IF (WGELAJE4013GO TO 3AS0

S0AR0s

DO 3840 NAm1.NANGL

1F (SELAEXCNADSLE.0.) GO TO 3840

SEARSUA® ((SELACNAD =SELAEX(NAY) JFRELANAY I ##2

3840 CONTINUE
SOKaSHK +WGFLARSHA
3850 1F (WGLA.EQ.0,)GO TO 3870
SASO.
DO 3860 NAel NANGL
IF (S1AEX(NA).LE.0.) GO TO 3860
S@ARS@A+ ((SGAINA+2)=STAEX(NAY ) /FRLA(NA) ) w92
3860 CONTINUF
SEKwSUK+WGLARSUA
3870 SGKeSUK/WF IGHT
CALL  OVERFL (NOVFL)
IF (NOVFL.F8.1) WRITE (6+98710)
98710 FORMAT (77/7/5% 1oHenmnaxsecT 107771
4100 RETURN

C
6010 RATS=SARS/SARST
56(1)@SCELTwRATS
SG(2)wSG2TRATS
IF (WGELAJE®.0) GO TO 6030
DO 6020 NAw3 «NANGL
6020 SGA(NA11)=SCELAT(NA)#RATS
6030 IF (W61A.€0.0.) GO TO 3700
DO 6040 NA=1+NANGL
6040 SGA(NAI2)mSG2AT(NA) *RATS
60 TO 3700

END
C  SOLUTION OF SCHROEDINGEK EQUATION
C

SUBROUT INE DIFEQ(LILSIPHAIR)

COMPLEX PHAIR{300) +¥R4P (832 UOCE) +FO(300) 1F (30071 (8)

COMMON  /CWEL/WR +VRsVSORIRR1RSvARVB4ER DR sMN s RPWR +RPWRL

COMMON  /COUT/P
DIMENSION FS0{300)«FR(10)+G(8)+FRL9) +H(8)
DOUBLE PRECISION FRAGIFBIEVIEWSEAIEBIDELDER

CALL OVERFL(NOVFL}
IF (NOVFL.EQa1l) WRITE (6+9876%)
98765 FORMAT (/////5X15H%neeapFER 1111
GO TO (101041020) LS
1010 FACLs=L=1
RST1eRST1#RPWR1
RST2=R5T2#RPWR
F2L2=F2L 242,
60 10 1030
1020 FACL=L
1030 FLL=FACL®#(FACL*1.)
DR12wDRe#2/12.
FACL=FACL#VSOR

<
g STARTING VALUES
1F (LoNEWDY 6O TQ 1200

FVeDEXP (DAL E (=HR/ARY)
FWaDEXP (DALE (=HS/1))
RST1aRPWR1
RST2aRPWR
FaL2m2.¢
FRELY =14/ (1 0EV)
FBCLI®L. /(1. 4t W)
FNmO,
DO 1120 N=249
FNaFN+1,
Nle
FR(N)==F R (N1)
GIN1)=FR(NL)
DO 1110 M=1iNL
NMaN=M
FRONYSFR(NY +FR (M) #FR (Nat)

1110 GIN1Y=GIN1Y=FB{M) *FR (Am}
FRN)®FR(N) 7 (ARRFN)

1120 FBAN)==G(N1)/ (RaFH)
FR{10)®=~FR(9)
DO 1130 M=1.9
M1D=10%H

1130 FRCI0I=FR(10)+FR(M) FA(m10)
FR(10)=FR(103/(9.#AR}
FNe,
DO 1140 N=118
FNaFNel,
CN)=VRASNGL (FR (N) ) sWHOSNGL (GIN) §

1140 HIN)wAR®FNeSNGL (FRIN®2))
CALL OVERFL (NOVFL)
IF (NOVFL.E§.1) WRITE (6498766}

F8766 FORMAT (////75%115HensneD|FEQ 21711y

Cl1y=CC1)+ER

<
1200 RESIDe-FACL#FR(2)#AR
DO 1210 N=1.8
1210 UDKN)=C(N) +H(NI#FACL
C

pllyels
P(2)=-RESIO/FZL2
FNel.
DO 1320 N=3.8
P (N)==RESIDWP (N~1)
FN=FN#1,
N2oN=2
00 1310 Me1:N2
NMmN=M=]
1310 PN =P INY~R (M) #UO (NM)
cl’io PNYSPIN) £ (FN®CF2L2¢FN=1,))

PHAIR(1)@P (1) #RSTL
PHAIRC2)=P (1) *RST2
ST1=RSTL

sT2eRST2

DO 1330 NeZ48
ST1=STI#RPWRL

23R 32 DM X MR KM R X X K

3¢ 3¢ M X X X X X X X

ST2mgT2eRPUR
PHATR(1) =PHATR (1) P (N) #5STL
1330 PHAIR(2)aPHAIR(2) +P (N)#ST2
CALL OVERFL (NOVFL)
IF (NOYFL.E®.1) WRITE (6+98767)
98767 FORMAT (//7//5X+13H#wsusD(FEQ ey

g NOUMEROV

IF (LWNE.O) GO TO 4000
DE 1wDEXP (DHLE (DR/AR) )
MNOw INT ( (RR=47 + #AR-RPWR1) /DR) +1
IF (MNOLLE.0) GO TO 2320
DO 2510 N=1 MNO
FO(N)=ERsVR
2510 FSO(N)=0.
MNOwMNO+1
G0 TO 2330
2520 MNO=1
2530 R=RPWR1+FLOAT(MNO=1)#DR
EA=EXP ( (R=RR) /AR)
MN1e(RR=RPWR1) /DR¢1¢
DO 2540 N=MNOWMN1
El=EA
FOLN)=ERSVR/ (1. #E1)
FSO(N)®EL/(Re (L. +FLYun2)
EA=EA®DE]
2540 R=ReDR
DEla1./DEL
EA=1./EA
MN1aMN1+1
00 2550 NeMN1iMN
E1=EA
FOCNY=ERsVR#EL/ (1:+F1)
FSO(N)=E1/(Re(1.9EL) w%2)
EA=EASDEL
2550 R=R+DR
DE2=DEXP (DBLE (DR/B))
HNO=INT( (RS=87+*B=RP#H1) JOR) ¢2
1F {MNO.LE.0) MNO=1
R=RPWR1+FLOAT(MNO=1) DR
ER=EXP((R-RS)/B)
HN1w(RS=RPWR1)/DR+1.
DU 2560 NeMNOWMNL
E2=EB
FO(N)-FO(N)OIR'EZI(I-'F?)"Z
2360 EB=EA®DE2
MN1eMN1+1
DE2=1./DEZ
ESe1./E8
DO 2570 NaMN1.MN
E2=€8
FO(N)=FOCN) +WR®E2/ (1 +F2) ##2
2570 EB=EB*DE2

4000 R=RPWR1

CALL  OVERFL (NOVFL)
1F (NOVFL.E@.1) WKITF (6.9A748)
98768 FORMA' €711719%115HneneeDIFEQ 1110
4010 N
r(»; CFLL/
4010 R=ReDR
C

MN
2=FO(NY=FACL*FSO(N)) *DR12

PHATRCL)=PHATR(1)# {1 e=F (1))
PHAIR(2)ePHATR(2) #(1.%F (2))
5010 N=3«MN

5010 BHATRCN) (22412, #F (N=1)/(LsoF (N=1))) 4PHATR (N=~1) =PHATR (Na2)

PHATR(MN) ®PHA TR (MN) /(L4 =F (NN))
PHATR(MN=1)mPHATR(MN~1) /(Ls=F (MN=1))
CALL  OVERFL (NOVFL)
IF (NOVFL4E®,1) WRITE (6498769)
98769 FORMAT (///775X\15HeunesDiFER  5777/)
C

RETURN
END
SPHERICAL BESSEL FUNCTION

[
C
c SUBROUTINF BESSELCNL «BJsBNs7)
c

IF (NL=2) 10420430
RJeSIN(Z)/2

BN==C08(Z3/2

BDJ==BN=B.1/T7

ADNe=B J~BN/Z

40 T0 30

e
°

20 AJe-ADJ
BN==RON
GO TO 40

30 RJ= FLOAT(2#NL=3)#bJ1/Z-8J0
BN= FLOAT (2#NL=3)#8N1/Z=BNO

40 8J0=8J1
ANO=RNL
RJl=nJ)
RN1=AN
RETURN

3

o

END
SPHERICAL BESSEL FUNCTION
SUBROUTINE BESSE2(NL+8JsBNsZ)

no nn

1F (NL=2) 10420530
10 BJ=SINCZY /2

RAN==COS$(2) /2

ADJe=BN=8 /2

ADNeBJ=BN/Z

G0 10 30

20 RJ=-BDJ
AN=-BDN
@0 TO 40

30 8J= FLOAT(2#NL=3)#8J1/7=8J0
BN= FLOAT (2eNL=3) #8N1/Z=ANO

40 AJO=BIL
ANO=BNL
30 AJL=RJ
AN1=AN
RETURN

ND
C SHAPE FLASTIC SCATTFKING CROSS SECTION

SUBROUTINF SHAPE(FK sNANGL WNLMAX ) YETASS IGSEL+ST1G1PLPLLIFLyF2)

c COMPLEX CoC19F(20)4G{20) 4 YETA(1142)

c DIMENS [ON SIGSEL(19)+PLL11+19)+PLLCLL19)
YETACLe1)e(1.30.)
DO 100 NA=1.NANGL
FINAY=OD.

100 G(NAY=O,

S1Ge0.
FNL=0s
00 130 NL=3 NLMAX
FNL1=FNL

FNL®FNL41.

SlG-SIG*FNLIO(CADS(I--VETA(NLll)))'OZ'FNL'(CABS(L--VEY‘(NL'Z)))"?SEL

CoFNL# (1, ~YETAINL+2) ) +FNL1# (1 «=YETACNLI1))
1F (NL+Eg:1) GO TG 120
CL=YETA(NL»2)=YETA(NL 1)
120 DO 130 NA=1(NANGL
FUNA) =F (NA) +CHPLINL oNA)
1F (NL:EQ,1) GO TO 130
G(NA)®& (NA) +CLePLIINLINA)
130 CONTINUE
DU 200 NA=1 JNANGL
200 SIGSELANAY=((CABS(F (NAYY)##2+ CCABS(G(NA)) I ne2)FL
S1GeS1GeF2
<
RETURN
END
C LFGFNDRE FUNCTION FOR SHAPE €1 ASTIC SCATTERING
SUBROUT INE LEGND1(LLyL2sNANGL +PL4PL1+COSIN)
DIMENSION COSINC19+2%) sPLLI1419)sPLLCLIL419) o
FLICIDY sFL2 Q1LY «FL23(22)
1F (L1+€041) FL=O,
D0 5 LsL1si2
FLICL) =FL
FL=FL+1,
FL2(L)=FL=2,
FLZ3CLImFLICL) *FL24L)
0O 11 Nwl1iNANGL
X=COSINCN1)

-

740
750
760



tFO(L1:GTe1) GO To 8 LEGDK 71
PLETITNY =Y, LFGDK 80
PL{2+NYmx LEGDE 90

B 1k (L2:LF.2) GO 70 13 LEGDE 91
L3mMAKUE3eL1) LEGDK 92

00 10 NLeL3:L2 LEGDX 100

10 PLUNLTN) @ (FL23CNLI #XOPI (NL=1aN3=FL 2(NLI @PL(NL=24ND D /FLDCNLY LEGDK110
11 CONTINUE LEGDK130
DO 20 N=1«NANGL LEGDK1a0
X*COSINC(N+1) LEGDK1%50
Y=SERT(],=x002) LEGDK 16D
we0, LEGDK161

1F (YONELOL) wela/Y LEGDK162

DO 20 NLsL1sL2 LEGDK170

20 PL1C(NLsN)= FLIINL)® (PLANL=1 NI *X#PL (NL<N) ) 0w LEGDK 180
RETURN LEGDK190
END LEGOK 200
LEGFNDRE FUNCTION FOKR COMPOUND PROCFSS LEG 2
SUBROUT INE LEGND2 (L1 1L.24NANGL «PL (COSCHMNVIFFL) LEG 3
DIMENS LON PLEL1419s 3)4COSCM(19429) PLE19 D) LEG .

1 FLATCI1) FLASCILY FL24 (12 4FL22C11)4FL23(11) LEG an
K=MINO(N¢3) LEG oA

1F (1FFLLGE.L2) 6O TO 110 LEG  aC
LImtFFLeL LEG &b

1F (1riL.f».0) FL=0. LEG  SA
LEG M

LFG 3¢

. LEG 50

FL23(L)»FL-1. LEG aF
FLoFLY2. LEG 13
FLASCLIRFL23CL)eFL 22(L) LEG 36
100 FLAT(L)aFLAS(LI=24 LEG
tFFLoL2 LEG 6
110 DO 1010 NA=1iNANGL LFG 7
X=COSCMINA N} LEG s

1F (LLeNEs1) GO TO 200 LEG 84
PL(LeNASK Y=, LEG 9
PLNAKY =0, LEG 10
200 [F (L2¢E@.1) 60 YO 1010 LEG 10A
T=MAXO(2sL1) LEG 10m

DO 1000 iwlil2 LE6 11
PLINAK)m (FLATC(L) wXaPLCL =1 tiAek}=F1 24 (LI wP1ENASK) I /FL23EL) LEG 114
PLILWNAIK) m(FLAB(L) #X#P) (NAWK)~FL23CL)@PL(L=1sNAWKI) ZFL 2201} LEG 12

1000 CONTINUE LEG 14

1030 CONTINVE LEG 144
RETURN LEG 1%
END LEG 16
CALCULATE GAMMA/D FROM T TRA 20

TRA 30

SUBROUT INE TRANS (IMAGRY 2 Nj « NNNNNN) TRA 40

TRA 30

COMMON  /CLEV/NLEVSEX(25) +SPINC25) «NPAR(25) JNLMAX(23) «DJeNLMAXA  TRA &0

1 JCSTA/T(1142925) ¢ TH(1192+25) « THTOT(2142) ¢0(21+2) +JQCONSe  TRA 10
? WCONST s FNR +RC (RERRFEA T\ COMP TRA 80
3 JCETC/NLLON (212,425 WNLUPR(2+2125) «F JINOPAR TRA 90
IHAGRY=0 TRA 130

1F (FKA1.NE.O:) Ceo2,#BC/FNR TRA 131

FJ=FLOAT(NJ) =D TRA 140

DO 2300 NOPAR®1.:2 TRA 150
NJPAR®2aNOPAR=3 TRA 151
THTOT (NJeNOPAR) =0+ TRA 152

0O 1120 Ne1JNLEY TRA 160

NLMIN®L TRA 170

1F (NJPARCNENPARC(N)) NLMIN®2 TRA 171

DO 1120 Jeis2 TRA 180

FLS®2,6=FLOAT (L) TRA 181

NL1wABS (F . =SPIN(NI)+FLS TRA 182

NLLOWCNOPAR + JsNYaNL14MOD (NI 1eNUMINS2) TRA 183

NL2=FJ4SPINCNI #ELS TRA 184

NLUUUSMINO (NL 2 INLMAX (NY) TRA 183

NLUPR (NOPAR 3 J4N) NLUUU=MOD (NLULU+NLMIN+2) TRA A18%

IF (NLLOW(NOPAR+JsN) +LE (NLUPRINOPAR+JSN)) GO TO 1010 TRA 186

NLUPR (NOPAR s JsN) @O TRA 187

G0 T0 1120 TRA 188

1010 NL1aNLLOWINOPARsJN) TRA 190
NL2oNLURR (NOPAR + J ¢ N) TRA 191
DO 1110 NieNL1uNLZ42 TrRA 200
THTOT(NJWNOPAR) a THTOT(NJANOPAR) ¢ T(NL y J 4N} TRA 201

1110 THINLsJeNYaTENLsJoN) TRA 210

1120 CONTINVE TRA 220
1F. (FKAI,1E8.0.) GO TO 2300 TRA 221
1F ¢|wCONSE®+0) GO TU 2130 TRA 480
@JPeOCONST TRA 470
&0 YO 2142 TRA 480

2130 @JPeC# (1. =PHAL (THTOT(NJ(NOPARY/ (2 +#FNR))) TRA 490

2142 SUMeD. TRA 500
Ddeg TRA 510
INDEX=0 TRA 520
1MNJ=0 TRA 930
DO 2200 N=l4NLEV TRA 530
00 2200 Jale? TRA 380
NL2=NLURR (NOPAR ¢ JsN) TRA 590
1F (NL2.E®.0) GO TO 2200 TRA 800
NL 1aNLLOW(NOPAR + JaN) TRA 810
DO 2190 NL=wNL1,NL2:2 TRA 850
DT=14=0JP#T(NL v JaN) TRA 670
TO=TH(NL s JeN) TRA 680

2160 1F (DT.6T, 0-0) 60 To 2170 TRA 720
lHnJ-INNJ TRA T30

0.9940JP/(1.-DTY TRA 731
ov-o 0L TRA 740

2170 sepT=s#RT(DT) TRA 7ol
TNw2, #T(NL 1 JoND /(10 450DT) TRA 730

2171 IF (ABSCTN®TO) 1 GT.14E~A1AND, IQCONS,E9+0) INDEXaL TRA 760
THINL*JsN) @ TN TRA 780
SUM=SUM* TN TRA 790
po-pn~¥u--z/30ur TRA 8400

2190 (DNHN TRA 810

2200 CONTINVE TRA 820
IF (llCONs.E.-hOR VINDFX.E0+0) GO TO 2250 TRA 830

UM/ (2 ¢ »FN TRA 831
PHInPHAT(S1) TRA 832
DPH@100, % (PHAL(S1+401)=PH1) TRA 833
ON=Co Ll =PH1Y TRA 840
8PP (AN=BIPI /L1, sDURDPRC/ (84 ¥FNR)) TRA 841

GO 1O 2142 TRA 842

2250 IMAGRY®=IMAGRY IMN. TRA 850
@ (NJINOPAR Y mQUP TRA 880

2290 THTOT(NJINOPAR) =SUM TRA 870
2300 CONTINUE TRA 880

C TRA 890
RETURN TRA 900
END TRA 910

4 PHALD PHAL 20

FUNCTION 1oy PHAT 30

IF (Y.LE.0.01) 50 vo 100 PHAT 40
1e/v PHAL 30
EXP(=2.0Y)) %5 PHAL 5

e Xn (2. mXRI=E1 (VI8 (lo=l=XnI)} PHAI 60

PHAL 70

100 1F (Y.LE.0,) GO TO 300 PHAI 71
Aw=1.000617 PHAT 80
B=E1(Y)»1.000617 PHAL 90
YZaa2iny PHAI 100
PHAI=040 PHAL 110
F2e2, PHAL 111

DO 200 [els6 PHAI 120
F1sF2 PHAL 121
F2eF2+1, FHA| 122
A=AwY2/F2 PHAL 130
BeBaY2/F) PHAL 140
200 PHAJ=PHAT+A=R8{1.=2, /F2) PHAT 130
RETUAN PHAT 160

300 MHale0, PHAT 170
ntvunn PHAL 180
PHA! 190

4 INYFGRAL oF EXP(-T)/T (T=XoINFINITY  MULTRLIED BY EXPCX)) El 20
FUNCTION ET(x (3] 30

< €t 40
DIMENSION € 30
COMMON /ClNYlll(9)tVI(6)lll(!)-lZ(B)‘XLI(B)l!LI(!)\lDl(l)»lD?(l) El 60

< € 61

DATA A/=01254012544012111111°483333393€E=14=033933333E=14 £ 70

1 129629630E=1 1=114512472E 14 163492099E +290832082E~E1 80

2 24490299982E=34=4290%1204F=34,91208385€=4,-425904663E 90

3 E=81,687B028E5+-,1712810E~5+,39608816~6+~,8T089E-Ty EI 100

. ©20424E=7 42 4453Ex81, 410E=9/4C/ 1 5TT21566/ El 110

¢ El 120
< E1 161
1F (XsGF.a.) GO TO 3000 El 170

Ele0s El 180

XNe=1. El 190
XdmX/4e €1 191

DO 2010 N=320 £l 200
XN=XN#X4 €1 210
EIN®XN®A(N) X €L 230

IF CABSCEINY LT 1.E~16) GO TO 2020 €1 240

2010 EI=E3=EIN El 250

2020 El=(El®32,-C=ALOG(X))oF XP (X}
RETURN

3
3000 El=0.
DO 3010 I=1.8
3010 El=EI+WICII®(X1CI)/(X=XLICI)IX2€1) 7 (X=XL2(13))
E1=F1/1.0000098
RETyRN
9
END
(4 LEGENDRE COFFFICIFENY
¢ SUBROUT [NE BLLCNLOUTWNLDINJeBL)
COMMON  /CLEV/NLEVIEX(25) ¢SPINC25) sNPAR(25) JNLMAX (293 «DJNLNAXA
1 #CSTA/T(119242550TH(1142425) 4 THTOT (21423 48C2142) 4 18CONS s
2 WCONST«FNRBCIREBB+FKA] vCOMP
s JCFTC/NLLOW(292425) oNLUPR(242425) +F JINOPAR
¢ . JCCGW/CGLLI1421) 4w €1102420)
DIMENS)ON BLC23¢11) ¢2WN1C11v25911) 2WN2(1142%411) ¢ T2w(2%)

98765 FORMAT (//7//75X+15Haneuapil
nO

CALL OVERFL (NOVFL)
TF (NOVFL.EQ.1) WRITE (6498763%)

11
150 NelsNLOUT

Lz-nAxO(NLupu(x.x-N).NLUP&(2‘1¢n))
IF (L2:LE,1) GO T

l-ﬂlNO(NLLO'(I‘X-N)oN-l.LOI(?-ltN)J
DO 110 NLaLlel2

IF(NL.E#.1) 60 TO 110
FLSaFLOAT(NL) =15
LLeMINO (NL=1 1Ny

1F (NJGT.NLD) LL=1
DO 100 {=i.L
FLu2e(lal)

100 ZWNICNLAN(LYw (2, 8FLS+1, JRCELINL +LIOWL(RL 424D

SYRACCFLS+FJsFLS+FIsSPINCNI oFL)

110 CONTINUE
120 L2aMAXO(NLUPR{E 424N} +NLUPR(2424N))

98766 FORMAT

CALL OVERFL (NOVFL)
IF (NOVFL.

1) WRITE (46+98766)
777743 15nnavesniL 21111y
1F (L24€Q.0) GO TO 130
LI=MINO(NLLOWC] +24N) sNLLOWE2+24N))

DO 130 NisLl.l2

FLS=FLOAT(NL)=0.3

LLeMING(NL sNJ)

IF (HsGT.NID) LL=t

00 130 L=lalL

Flezs(lel)

130 ZWN2(NLWNLYe(2,2FLSe2.) 0CGL(NL oL )Wl (ML 4 2+()

1
150 CONTINUE

98767

1110

1150

1160

SWRACLFLS«FJ+FLSIFJoSPINCND +FL)

GJ=(FJIe0.5)
CALL W!llfl.("‘)\‘ﬂ.

1F (NOVFL,EQe1l) WRITE (6498767)
FORMAT (7/7//5X«15HaseneBlL

3114

1F (FRAI.EN.0) 6O TO 3000
DO 1270 NOPAR®1,:2
6JTe6I/ THTOT (NJINOPAR)
DO 1270 Jleye2
ASSIGN 1167 TO NGOL
1F (J14E@.1) ASSIGN 1163 To NGOL
NL12=NLUPR(NOPARvJ141)
1F (NL12.,E9.0) 60 To 1270
NL13«NLLOW(NOPARsJ141)
DO 1260 NI l-M.ll.Nl.|2\?
TI=TH(NLEaJT e

xF (tlnLv.x.£~6) GO TO 3260
FLIwNL=1
FJIFLIeFLOATCIII=1,5
DO 1250 NFslwNLOUT
10S@ABS (SPIN(L) *SPINCNFI) ¢4
FSIGN"(~1)##1DS
DO 1250 JFels2
ASSIGN 1174 TO NGO2
1F CJF+E@.1) ASSIGN 1172 Ta NGO2
NLF2eNLURR (NOPAR + JF JNF)
1F (NLF2.£0,0) 6O TO 1950
NLflﬂNtLOV(NOPAﬁ‘Jf

INF. ] NlF?'HlNO(NLhNLI’Z)
lf (NLF2,LT.NLF1} GO To 12350
DO 1240 Ni FaNLF1eN{F242
TFaTHINLF 3 JF +NF)
1F (TF-LY.l-E-G) 60 TO 1240
FLF=NLF~
FJF-FLFOFLOAI(JF)-I.S
TTeG T*TITF #SCNJINLY s J ] oNF INLF W JF)RFSIGN
IF (NF+£Qs1.AND.NLFANESNLI) TT=2.87T
LL1=MINQCNLT+Jl=2«NLF+JF=2NJ)
IF (NF:EQ.1) GO YO 1150
il=iL1
G0 TO 1160
LL2aMAXO ((NL1-NLF)/72¢14 (JABS(NLI=NLF+J1=-JF)41)/2¢1)
LL3wMINO(NJ ¢ (NLT#NLE) 724 (NLTONLF eIl s JF=33/2)
LLoMAXOCLLTWLL3Y
00 1230 telisil
1F C(LeNE«1,AND+NF:+GTNLD) GO YO 1240
FL=2e(L=1)
1F (L.GT.LL1) 60 TO 1200
G0 TO NGO1+{11654+1167)
zvl-z!N;(nLl.le)
@0 10 1
l'l-lel(NtI‘l‘L)
60 _TO NGO24(117241174)
2WFaZwN1(NLF¢NF LY
60 TO 1130
ZWFmZWNZ INLF 4 NF oL)
st(nr.t)-eL(nF-L)vYT'lilcl-r
[F (NFINE.1) GO TO 1230
1F (L-L?-LL?.W-L-GTaLLS) GO To 1230
ZW2w (20 9FL 1+14) w20 #FLF+1 )0 (200FJ1o1edn{200F JF*14)

1 #(CGOCFLIVFLF+FLIMWRACCFLIVFII FLF A FUF 1005 0FL)

2 AWRACCFIIVFJWFIF JFUISPINCLI) oFLY w02

1
CALL  OVERFL (NOVI

IF (NLI.EQ.NLF (AND. J1+£€.JF) GO YO 1220
BLCLsL)wBLCLl J¢2W20(1.+BC *REBR)#TT
RERT=REBS

G0 TO 1221

REBTel.
IW2=2W246 J#REBT28 (NI INOPARY nT 1 TF /4,

1F CNLFUNEJNL]) 2W2m2.87w2
BLCLeL)wBLC14L)=2W2

CONTINVE

CONTINUE

CONTINUE

CONTINUE

CONTINVE

CALL OVERFL(NOVFL)

1F (NOVFL.E®.1) WRITE (6498768)
FORMAT (/////5X:15HnnsneBll
RETURN

DO 3310 NOPAR®142
LL=MINO(MAXO(NLUPRCNOPAR S 111)=1 ¢NLUPR (NORAR 231D ) aN.D)
8JTaG L/ THTOT (NI NOPAR)

DO 3310 teistl

FLazell=1)

NNILeNLOUT

IF (L+GE+2) NNLL=NLD

DO 3210 Nel.NMLL

TZW(NI=0.

DO 3210 LS=ie2

ASSIEN 3118 TO NGO3

IF (L5+E@:1) ASSIGN 3116 T0 NGO3

L2=NLUPR(NOPAR «LS +N)

1F  €L24LT.L+2=LS) GO TO 3210

L1=NLLOW(NOPARILSN)

IF (L1:GE.Le2=LS) GO To 3110

L=l e2-LS

Llag 34MOD(LI=L142)

1F (L24LTals) GO TO 3210

00 3120 NLa=lL1tL2+2

G0 TO NGO3+¢311643118)

TIWINI = TZWEN) +TCNL s 1 oNY#2ZWNL(NL WNsL)

40 TO 312

a1

0
TIZWINIOTZWINY ¢T{NL + 2 ¢NY#ZWN2 (NL WNsL)
CONTINVE
CONTI';g!

0 3310 N=1sN
euu-u-eq.m.l).rLoAu(-nul~rmsu"mm-il’lN(“"ﬁm"J'
STIWCLIWTINND

FLY
1F (NOVFL ,£@.1) WRITE (6498705)
FORMAT (////75X 15HeswweBLL

s110ly
RETURN
WIDTH FLUCTUATION FACTOR
FUNCTION SCNJSNLTsJI ¢NFANLF ¢ JF)

DIMENSION A(300)



< S 80
ComMON SCINT/RTCo) vwi () s XACE) 1 XBIAY *XL 1LY 4 XL2(BY s ANICBY 1 XN2(B) S 70

1 JULEV/NLEVIFXC25) aSPINT25) (NPA(25) yNLMAX(29) +DJ4NLMAXA S 80

2 JESTA/TEL102025) 2 THE1142425)  IHTOT(2142) 16 (2123 18CONS, S 90

3 WCONSTCENRIBCIRFRARAFKAT 1COMP 5 100

4 /CREG/DEGL S 110

s JCETC/NLLOW(212,25) sNLUPR (25 2125) vF 33 N0P Ak s 120

S 130

1000 S=0. s 140
Al=THONLTVJT41) N 200

1020 1% (ALeLT 1 E=6) rbTunN S 230
ALPHA=AL S 240
AZ&THUNLF o« JF WNF ) s 280

1040 IF CA2-1T.1.,E=6) wETVRN S 310
ALPHASAL®HA+AZ S 320

. s 330
EFeFKAl®.S S 349

120 5 350

60 1142 NelyNLEV S 360

DO 1141 J=142 S 381
NL2@NLUPR (NOPAN + J+N) s 400

I1F (NL2,€@.0) GO TO 114} s 410
NL1=NLLOW(NOPAR Y JoN) S 420

DU 1140 NLaNL1WNLZ.2 s 440
AOSTHING 4 JoN) s 450

IF (ACILT 1.E=8) LU TU 1140 s 460
I=l+1 S 470
Al1>=a0 s 490
ALPHARAL®HA+ACHFP S 500

1140 CONTINUE s 630
1141 CONTINVE S 631
1142 CONTINUE S 632
[MAxe? 5 640

1F (IMAX.FG.0) RETURN B 650
DEGm2 ¢ $FLOATLIMAXI ¥FP S &60
ALPHAALPHA/DEG s 670
DEGeNFGO/ (DEG=1.) S 620
ALeAY/ALPHA s 681
A2=A2/ALPHA s 682

DO 1150 1s1.IM, S 683

1150 ACIY=AC]) 7ALPHA s s34
< s 690
DO 2020 K=1:8 s 700
X1mXA(K)##DEG S 710
x2=xB{K)#aDEG S 120
DS1eXD1(K) AU =A1YaX1eAl) R ((1emA2)2X1eA2)) S 730
DS2wXD2(K) J{UQ . =AL)#X2+A1) 2 ((1.=A2) #X2+42)) S 740

' DO 2010 [=11MaX s 750
NS1eDS1/ ({1 =AL]) ) x1¢A([)) wutP by 760
2010 NS2«DS2/((1.=ACI)I#X24A(1))%"EP 5 770
2020 S=W]1{(K)#(NS1+052)/2.45 S 780
5=S#DEGHEP*THTOT (NJANOPAR) ZALFHA s 790

IF (NFAEQ. 1.AND.NL] EQNLF.AND.JI Eq«JF) SmS%(1.+2./FKAL) S 800
RETURN s 210

END s 820

C FACTOMIAL FaC 2

SUBRQUT INE FACTHL FAC 3
COMMON  /CFAC/FACHFACCI00) JEFACDVFFALL100) FAC .
Facoal0 FAC S
FACh®1.0 FAC 6
EFACO=D, FAC 7
EFACN™D, FAC 8

DO 210 N=1,100 FAC 9
FACNSFACN®FLOAT(N) FAC 10

1 IF (FACNJLE.3.16) GO TO FAC 11
FACN=FACN/10, FAC 12

: EFACN=EFACN®1+ FAC 13
GO TO 1 FAC 14

4 FAC(N)=FACN FAC 1%

10 EFACIN) »EFACN FAC 16

RE TURN FAC 17

i FAC 18
€ COUPLING CONDISIUNS ARE ASSUMED TO BE SATISFIFD DL 20
FUNCTION DFLTCAWBLC)Y nL 30
COMMON  /CFAC/FACO1FAC(100) vEFACONFFAC(100) oL a0
T1mAsB=C+.1 oL 70
12=B+CAv,1 DL 90
13mCoA=R4.1 DL 110
14mA+B+Co1,1 oL 130
DELTWFAC ([1)akAC(12)#FAC(LI3) /FACCI4) DL 140
RETURN oL 170

END oL 200

4 EXDL 20
FUNCTION EXDFLTCAWBAC) EXDL 30

4 EXDL a0
i COMMON  /CFAC/FACOFACC100) «EFACOVFFAC(100) EXDL 50
: 4 EXDL 60
11eAsB=Cer1 £xbL 70
12ep+C=Av] EXDL 80
[3eCeA=Bo.1 EXDL 90
|4mpasBeCslal EXDL 100
EXDELT=EFAC(IL)4EFACCI2) +EFACCI3)=FFAC(]a) EXDL 110
EXDELTREXDELT/2. EXDL 120
RETURN EXDL 130

END EXOL 140

< CLEBSCH=GORDAN COFFFICIENT CLEN 20
C  CouPLING CONDISIONS ARE ASSUMED TO ME SATISFIED CLES 30
FUNCTION CGOCAVEC) CLER 40

< cLes 50

CALL OVERFL (NOVFL)
TF (NOVFLJE®.1) WRITE (6498765)

98765 FORMAT (//7//5X\15Hasnen(GO 11/11)
D=(A*B*C) /2, CLEB 90
CGOmFLOAT((=1)#8 INT(D=C»,1)) CLER 140
1 #5URT((2,#Ce1,)@DELT(AIBICI) /(DL I*DELTCA/21 4R 240C/2.)) CLEB 150
2 #10, 00 (EXDELT(AIBICY=2  #EXDELTCA/2,4B/244C724)) CLEM 160
CALL  OVERFL (NOVFL)
IF (NOVFL.F@.1) WRITE (6498766}

98766 FURMAT (7////75K 15HeneneCGO 27110
RETURN CLEB 170
END CLEB 200

C RACAM COEFFICIENT RAC 20

C COUPLING CONDISIONS ARE ASSUMFO To BE SATISFIED RAC 30
FUNCTION  WRAC(AWB4CIDVEF) HAC 40

C RAC %0
COMMON  /CFAC/FACO(FAC(100) \FFACOsFFACC100) RAC 60

RAC 70

CALL OVERFL(NOVFL)
TF (NOVFLVE@.1) WRITE (6:9876%)

98765 FORMAT (/7///5%315Hun%%uWHAC 11111
WL=OELT (A(BVEI*DELT(CoDFI#DELT (ALCoFI#DELT(BID1F) RAC 80
T1=A*BeEle1 RAC 100
12=CeD*Ee1.1 RAC 110
13ASCOFelL] RAC 120
14=B4D2Fal.1 RAC 130
J1=A+BeCoD*1 Y RAC 140
J2=A*DYETFALL] RAC 140
J3=meCrEsFel, L RAC 160
NL=MAXO(I1412443014) RAC 170
N2=MING{U14J2043) RAC 180
w2=0. RAC 190
FweEXDELTCAWRIE) +EXDELT(C1DIEI *EXDELT (AvC+FY+EXDFI T(B+D1F) RAC 200
LU 1000 Ne=N1sN2 RAC 210
Klen=11 RAC 220
x2eN=i2 RAC 230
K3=N=13 HAC 240
KasN=14 RAC 250
Ll=j1=N KAC 260
L2=42=N RAC 270
L3=03=N RAC 280

1000 W2=w2sFLOAT((=13##L1)  «FACCN)/(FAC(R1)¥FAC(K2) #FAC(K3)#FAC(K4)* HAC 290
1 FACKLIY*FACCL2)SFACIL3) ) %10, %8 (FWeEFACINI=EFAC(K1)=FFAC(K2)~ RAC 300
2 EFAC(X3)=EFACCKA)=EFAC(L 1) =EFAC(L2)=EFAC(L3)) RAC 310
WHAC=W2RSGRT (W1) RAC 320
CALL OVERFL(NOVFL)
17 (NOVEL.F@.1) WRITE (6198766)

98766 FURMAT (/////5Xs15HmeennwRAC 24111y
RETURN RAC 330
END RAC 360



