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ABSTRACT

This report consists of the FORTRAN listing and the corresponding

description of a computer program named JUPITOR-1 (abbreviated JPl).

This program can be used to perform coupled-channel calculations to

evaluate the cross sections for the scattering of nuclear particles by

nuclei. Preparations of the input data cards are explained in great de

tail with illustrations. Ways of possible modification or expansion of

the present program are also suggested.



I. Introduction

This report is the description of a computer program named JUPITOR-1

and abbreviated JPl. This is a program for coupled-channel calculations

that calculate the scattering cross sections of nuclear particles by

various (collective) nuclei.

This program has a vast flexibility as can be seen below. To allow

for this flexibility, including the possibility of handling very large

sized coupled differential equations, it has become inevitable that the

speed of computation when only coupled equations of smaller size are

handled is relatively slow. In order to handle with higher speed the

problems in which only such smaller sized sets of equations appear,

another program named JUPTTOR-2 was written and is used. The description

for JUPTTOR-2 is under preparation and will appear as another ORNL report

sometime later.

The writing of the program JPl was started at the end of 1962.

Afterwards various possibilities were added one by one, and corres

pondingly various calculations were performed with this program. A re

view of the results of such calculations was published in 1965, which

also contained details of the formulation of the coupled channel calcu

lations. Some additional modifications were made in the program after

the above review article was written, and the results of calculations

2-5
made with such new possibilities were also published.

The present report is written assuming that the reader is familiar

with these publications, particularly with T . Therefore, reference to

the notations and equations of T will be made frequently without renewed

explanations of them. The program contains, however, also some other



possibilities which have not yet been used for production runs and the

results of which thus have not been published anywhere so far. Their

formulations are included in Appendix A of the present report.

Section II of this report is devoted to the detailed explanation of

all the routines (in CDC-FORTRAN-65) that constitute the source deck of

the present program. In Sec. II-A remarks on the general structure of

the coding of the present program are given. A list and rough expla

nations of the functions of the various routines are given in Sec. II-B,

together with a very simplified flow diagram of the whole program. De

tailed explanation of each routine is given in Sec. II-C, which is di

vided into subsections devoted to the explanation of each subroutine.

Among these the explanations of the main routine (JPIMAIN) exhausts the

explanation of how the input-data cards are to be prepared. Therefore,

to the readers who want to use this program just as it is, it is suf

ficient to read only this subsection.

In Sec. Ill suggestions on how the present program may possibly be

modified or enlarged are given. Sections IV and V give, respectively,

examples of input-data cards and some of the machine outputs. The

FORTRAN listing'of the whole program is given in Sec. VI.

In the following, several abbreviations are used. They are as

follows: (See T for more detail.)

CC ~ coupled-channel calculations

ACC = adiabatic coupled-channel calculations

NACC - non-adiabatic coupled-channel calculations

Appendices A, B and C are found at the end of Sec. II.

'As of May, 1967.
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RFF = real form factor

CFF = complex form factor.

We shall close this section by giving a list of possibilities that

can be handled with the present program.

(i) Spin s of the projectile can be either 0, ,, or 1 (s = 0 or

i for ACC).

(ii) Targets can be anything, though those with some collectivity

are of primary interest. They can be either vibrational

(spherical) or rotational (permanently deformed), and of

either even or odd A.

(iii) When the target is deformed, either NACC or ACC can be made.

(iv) When the target is deformed, excitation of states belonging to

higher (vibrational) bands can be considered. (Of course,

NACC is to be used in this case.)

(v) Coulomb excitation can be included.

(vii) The form factor can be either real (RFF) or complex (CFF).

(viii) Up to six states can be coupled at one time.

(ix) Up to thirty partial waves can be coupled at one time: (Up

to twenty-five partial waves, if the projectile energy becomes

negative in some excited channels.)

(x) The maximum value of the orbital angular momentum, I , is
max

69, though it is not difficult to modify the program so as

to make I larger. (See Sec. III).
UlclX

(xi) Can compute the differential cross sections for up to 100

angles for any number of states (Up to 35 angles if a



polarized beam or target is considered.) Total and reaction

cross sections and s- and p-wave strength functions can also

be computed (Only differential and total cross sections for

ACC.)

(xii) If the projectile is a neutron, its energy in some excited

channels can be negative,

(xiii) Automatic plot of the theoretical and experimental differ

ential cross sections and polarizations can be made. (Up to

six states for cross sections and up to two states for polari

zations.)

The original version of the present program had the possibility to

compute also the Hauser-Feshbach (HF) cross sections. In the present

version, however, this possibility was deleted, because of the follow-

6
ing reason: The evaluation of HF cross sections was made previously

and it was found that the result (see (T-57)) obtained by using the C-

matrices (or in turn the transmission coefficients) obtained by solving

the coupled-equations is very similar to that obtained by using the

transmission coefficients derived from the uncoupled optical model

calculation. The latter calculation is certainly much easier than ours.

7
It is also known that the HF theory is only approximately correct in

evaluating the compound-process contribution to the differential cross

sections. Therefore, it does not seem meaningful to retain that possi

bility in our program.



II. Coding of the Program

A. General Remarks Concerning the Coding of the Program

The present program has been coded aiming at satisfying at the same

time the following three requirements as much as possible.

(i) To be general; (i.e., can handle various projectiles and

targets with one program deck).

(ii) To be fast in computation,

(iii) To be easy to understand; (i.e., easy to read and use the

program).

The requirements (i) and (ii) conflict with each other, unless one

has access to a computer with a very large core storage. When such a

conflict is unavoidable the requirement (i) has been given the priority.

Namely, the coding was made to allow fora variety of possibilities, with

the possible expense of the running speed. Thus, in the present pro

gram two scratch tapes are used very frequently, making the running

speed slower and the understanding of the program harder than otherwise.

Concerning the above item (iii), a policy was taken of having the

statement numbers that are used in each routine appear always in an in

creasing order. This makes it easy to follow the flow of the logic of

the program. (An exception to this rule is made for statement

numbers ^000 ~ k-999- They are attached to the statements which handle

the intermediary output (See Sec. IIC-l). Another policy taken was to

keep all the routines in approximately the same size. Also the quantities

that are communicated from one routine to the other are all placed in

the COMMON field. No subroutine exists which has arguments.
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The logical numbers of tapes used by this program are the follow

ing:

TAPE 5 = Standard Input Tape,

TAPE 6 = Standard Output Tape,

TAPE 7 and TAPE 8 = Scratch Tapes.

The present program was coded to be run on a CDC-l60^ computer, and

the language used is that of FORTRAN 63. It was not tested, but it is

believed that an IBM machine for which a FORTRAN-TV compiler is avail

able could also be used to run this program with very little modifica

tion, if any. (See also remarks in Sec. IIC-1, particularly concerning

the use of KTRL(27) = 1.)

A big difference between FORTRAN 63 and FORTRAN-IV is that the maxi

mum number of alphanumeric characters that can be used to describe the

variable names is 8 in the former, but is 6 in the latter. All the

names of variables that appear in the present program are described with

less than 6 characters, except JP1MAIN which is the name of the main

routine.

B. Names and Roles of the Subroutines

We first give the list of the subroutines that constitute the source

deck of our program. The number that is given in parenthesis that

follows each name is the serial number of each subroutine, and its use

will be explained later (cf. Sec. IIC-l) .

JPIMAIN (1), CCCTRL (2), NLJJJK (2-1), FLGLCH (3),

FLGLNG (3-1), POTENT (4), COUPLE (5), BMATRX (5-l),

AMATRX (5-2), SMATRX (6), SIMLEQ (6-1), XSEC (7),

ACCSAB (7-2), CROSPL (8), CMMMFC (8-1), BFACTR (8-2),

OUTPUT (9), PLOTER (9-1), RAC7 (10), CLEB (10-1).



The functions which these routines play are very roughly as follows:

First, the main routine JPIMAIN reads all the input data cards, and then

outputs them immediately after reading. This routine then calls CCCTRL,

the name meaning control of the coupled-channel calculation. CCCTRL

first fixes various basic quantities, like reduced mass, center of mass

energy, matching radius, etc. It then calls FLGLCH or FLGLNG to com

pute the Coulomb wave functions for positive or negative energy pro

jectiles at the matching radius, and then calls POTENT to compute the

potentials that appear in the coupled equations. From CCCTRL also the

routine COUPLE is called, which itself first calls AMATRX and BMATRX to

establish the geometrical part of the coupled equations, and then solves

that equation. The solutions are used in SMATRX, which is also called

from COUPLE, to construct the matching equation. This equation is solved

in SIMLEQ that is called by SMATRX, and the C-matrix elements are ob

tained.

After all the needed C-matrix elements are obtained, CCCTRL calls

XSEC, which performs the computation of the cross sections. This rou

tine performs, when NACC is made, partial summations that appear in the

expression of the cross sections, while if ACC is made it calls ACCSAB

to perform the corresponding partial summations. XSEC then calls CROSPL

to perform the rest of the summation. In this process CMMMFC and BFCTOR

are called from CROSPL. After the cross sections are computed, CROSPL

further calls OUTPUT to output the obtained results. OUTPUT may also

call PLOTER to plot the experimental and theoretical cross sections and

polarizations.

The small, but important routines NLJJJK, RAC7 and CLEB are called



by various routines. Among them RAC7 and CLEB compute, respectively, the

o

Racah and Clebsch-Gordon coefficients, while NLJJJK sets up the quantum

numbers N, L and J of the partial waves that are to be coupled together

for a given value of JJ and K. (The meaning of the quantities N, L, J,

JJ and K will be explained later.)

Summarizing, the crude flow diagram of the present routine is given

as follows:

JPIMAIN CCCTRL -> FLGLCH

-> FLGLNG

-> POTENT

COUPLE _> BMATRX

> SMATRX

< > XSEC <~ -"> ACCSAB

•;^ AMATRX

••> SIMLEQ

CMMMFC

<- -> BFCTOR

OUTPUT <--> PLOTER

C. Detailed Explanation of Each Subroutine

In this subsection we give explanations of how each subroutine was

coded. If the reader wants to use the present program just as it is,

and thus has no intention to modify it, it is sufficient to read only

the explanation of the routine JPIMAIN. The reason is that JPIMAIN is

the sole routine into which all the input data are read, and thus by
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understanding this routine the reader can know how to prepare the input

data cards.

As we have emphasized in T, the coupled channel calculations can be

formulated in a form quite common for various kinds of projectiles and

the targets. It was also emphasized in Sec. Ill of T that differences

in the nature of the target are reflected only through differences in

the matrix, called B-matrix there, whose elements are the quantities

<l||Q, ||l') introduced in (T-27). In the present program this B-

matrix is computed in the subroutine BMATRX. Therefore, if the reader

wants to extend the present program to use it for calculations which are

not included in its present form, he must add or modify an appropriate

part in BMATRX. In other words, the understanding of BMATRX is the most

important next to that of JPIMAIN. A comparatively detailed explanation

is thus given of BMATRX, too.

However, in order to know exactly how the coupled equations are

constructed, the reader has to know further how the B-matrix elements

are combined with the geometrical factor A(jl,jl, JL'j'l', XJs) of (T-27),

and then with the form factors v. (r), also introduced in (T-27). How
A.

to do this is known by understanding the subroutines AMATRX and COUPLE;

therefore some detailed explanations are also given to these two. Ex

planations of other routines are also given, but with less detail.

In the following an abbreviation SN is used to mean statement

number. Therefore, e.g., SN-100 means the card to which the statement

number 100 is attached. When no SN is attached to a particular card, we

refer to it by saying, e.g., SN-100 + 3 (or SN-100-2) which means that

the card we refer to is the third card below (or the second card above)
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the one to which SN-100 is attached.

(I) JPIMAIN

This is the main routine. As we remarked above, all the input data

are read in from this routine and nowhere else.

In the beginning of this routine (below SN-^100), FACLOG(N), N = 1

~ 5°0 are computed. These are log [(N-l).'] and are used mostly in RAC7

and CLEB to compute Racah and Clebsch-Gordan coefficients. The eXpla-

nation of these two routines were made in a previous ORNL report and

thus will not be discussed here again.

At SN-100 the first READ statement appears. It reads 5-cards. All

use FORMAT 701 (i.e., 1*1-15)."

CARD-1 and CARD-2 read in KTRL(N), N - 1 ~ 28. KTRL stands for

control and KTRL(N) are used to specify different uses of the present

program. The CARD-1 and CARD-2 are completely blank if the present

routine is used in its simplest version. Namely, when the target is

even-A, spherical nucleus, real form-factor (RFF) is used, no Coulomb

excitation is considered, etc. The more sophisticated the calculation

gets, the larger number of non-zero values appear in these cards.

When a KTRL(N) is non-zero, its value should be 1, except that

KTRL(8) can take values 2 and 3, and KTRL(3) and KTRL(9) can take a

value 2. Under what conditions KTRL(n) should be given non-zero values

is explained in the COMMENT cards given in the beginning of JPIMAIN.

Some of them are clear, but the others may require more detailed

All the cards that read in integer values exclusively have this format,
l*t-I5. On the other hand all the cards that read in floating point values
exclusively have the format 10F7-2 (cf. SN-702).
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explanation. We shall list here, for completeness, all the KTRL(n) that

can take non-zero values. Those which do not appear below are not used

and thus can be zero (blank) all the time.

If KTRL(l) = 1, the machine understands that the target has odd-A.

If KTRL(3) - 1, the total and reaction cross sections and the s-

and p-wave strength functions (for ACC total cross sections only) are

computed, together with the differential cross sections. If KTRL(3) = 2,

however, the calculation of the differential cross sections is skipped.

If KTRL(*0 = 1 the terms given in (T-39) are included in the coupled

equations (which occurs only when the target nucleus is vibrational). In

most of the calculations so far made with the present code, however,

these terms were omitted. The reason is the following. If these terms

are added, it amounts to the modifications of the depth and the radius

of the optical potential and thus it affects particularly the elastic

scattering cross sections. Therefore the optical model parameters that

were fixed through the fit to experimental elastic cross section by the

usual optical model analysis (uncoupled calculation) cannot be used any

more. However, in the usual optical model analysis the effect of the

terms such as (T-39) must already have been included effectively. There

fore, if we want to use parameters found by such optical model analysis,

to add (T-39) anew is redundant.

If KTRL(7) - 1, a deformed nucleus is taken as target and ACC is used.

If KTRL(8) = 0, neither projectile nor target is initially polarized.

If both the projectile and the targets are initially polarized (or ori

ented), make KTRL(8) = 1. If only the projectile (target) is polarized,

make KTRL(8) =2 (=3).
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If KTRL(9) f 0, some restrictive calculations are made, but for its

full explanation, some preparatory remarks are necessary. If we do NACC,

as can be seen in Sec. Ill of T, a set of coupled equations is given for

each set of values of J and II; cf., (T-17), and the C-matrix elements

are designated as C .. _ .,., as in (T-46). On the other hand, if ACC is
joj; xix, j

made, a set of coupled equations is given for each set of values of in. and
in. J

n, and the C-matrix elements are designated as C„. „/./ as in (T-68).

(Here iii. was introduced in (T-66) while II equals tt times (-) , I being
J

one of the 4's in (T-66) and n the parity of the intrinsic state.) It

is therefore easy to see that the part of the program which performs the

evaluation of the C-matrices and another part which evaluates the cross

sections by using these C-matrices should have two-fold DO-loops, in one

of which the value of J (or m.) is varied within some range and in the

other the value of II is varied from +1 to -1 (cf., e.g., SN-605, 605 + 2

in CCCTRL).

In the present program, the notations JJ and K are used as the

variables of these two DO-loops. Among them K = 1 and 2 correspond to

tt = + and -. On the other hand JJ ranges from 1 to JJJMAX, where the

definition of JJJMAX and the relation of JJ to J or in. are as follows:
J

If KTRL(7) = 0

JJ - J+l if J is integer

JJ = J+l/2 if J is half integer

JJJMAX = the smallest integer that equals or exceeds

(A +L +s + l).
max 1

Here s is the projectile spin, I is the spin of the ground state of the

target and I is the maximum value of the orbital angular momentum to
max D

be considered in the calculation.
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If KTRL(7) = 1

JJ = m. + 1 if m. is integer
J J

JJ = m. + l/2 if m. is half integer
J J

JJJMAX = the smallest integer that equals or exceeds

U + s + 1).
max

In the following, these two DO-loops are referred to as JJ-DO-loop and

K-DO-loop, or collectively as JJ-K-double-DO-loops.

After defining these double DO-loops, the explanation of the use of

KTRL(9) /0 is easy. If KTRL(9) = 1 or 2, the value of JJ ranges from

KEXC0M(5) to KEXC0M(6), instead of from 1 to JJJMAX, where KEXCOM(5,6)

are read in from CARD-3 (see below). Further, if KTRL(9) = 1, the

value of K which differs from KEXC0M(7), which is also read in from

CARD-3, is omitted from the K-DO-loop. If KTRL(9) = 2 no restriction to

the K-DO-loop is imposed. (For the complete understanding of the above

statements, see SN-601-1 ~ SN-606 of CCCTRL.)

The use of KTRL(9) ^ 0 may be useful in some test running, because

it is often sufficient for test running to be made for a restricted set

of values of J and JJ.

Another use of KTRL(9) 7^ 0 may be made when a resonance is expected

to appear for a particular set of values of J and JJ. In the preliminary

running to investigate the nature of that resonance, the use of KTRL(9)

•£ 0 will save machine time. It is to be noted that if KTRL(9) ^ 0, sub

routines that compute cross sections are not called. (Cf. CCCTRL,

SN-800+1).

If KTRL(ll) = 0, the coupling potential (or the form factor) is

calculated as given in (T-13). If KTRL(ll) = 1, it is calculated
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according to (T-15) and (T-l6). When the target is deformed, use of

KTRL(ll) = 1 is strongly recommended.

If KTRL(l2) = 0, only the real part of (T-13) or (T-15) is taken;

i.e., the real form factor (RFF) is used. If KTRL(l2) = 1, the whole of

(T-13) or (T-15) is taken; i.e., the complex form factor (CFF) is used.

Note that with CFF the time needed to solve the coupled equations is

about doubled, compared to that with RFF.

If KTRL(13) = 1, the Coulomb excitation is added. Be aware of the

tremendous increase of machine time in using this version, since the

matching radius and i must have larger values than otherwise (see
max

below). Note that for INTYPE (explained in CARD-6 below) equals 6,

Coulomb excitation cannot be included.

If KTRL(17) = 1, theoretical elastic differential cross sections are

divided by the Rutherford cross section.

If KTRL(l9) = 1, the (cr-l) type interaction is added. In the

present form of the program this possibility exists only for deformed

nuclei and with RFF.

The use of KTRL(27) = 1 is made when the present program is run on

a computer smaller than the CDC-l604 (e.g., IBM-7090 or 709*0 , and thus

the whole program cannot be loaded in the core at one time. In that

case, first set up two DECKS, each consisting of the following routines.

(The numbers given are the serial numbers of the subroutines defined in

Sec. II-B.)

'Although the CDC-l604 and the IBM-7094 are both 32 K machines, the length
of one word is 48 bits in the former, but is 36 bits in the latter, and 2
commands can be carried in one word in the former, but only 1 command
in the latter. This, as well as other features like the smaller number
of index registers, effectively makes the IBM-709*)- a smaller machine
than the CDC-1604, as far as the loading of the program part is con
cerned.
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DECK-1: 1,2,2-1,3,3-1,4,5,5-1,5-2,6,6-1,10,10-1 and the Dummy of 7-

DECK-2: 1,2,2-1,7,7-1,8,8-1,8-2,9,9-1,10,10-1 and the Dummies of

3,3-1,4,5.

Here Dummy of 7, e.g., means a Dummy routine of XSEC and in FORTRAN is

one card which looks like

SUBROUTINE XSEC $ RETURN $ END

DECK-1 and DECK-2 expect to have the same set of data cards, except that

KTRL(27) =0 in the former, while KTRL(27) = 1 in the latter. By using

the DECK-1 all the needed C-matrix elements are computed and are saved

in the scratch TAPE 7- In the DECK-2 they are read in from that TAPE

and are used to compute the cross sections. (See CCCTRL, SN-560 for

more detail.)

CARD-3 (SN-100) reads in KEXCOM(N), N = 1 ~ l4. Not all of them

are used. For those that are used, brief accounts of their use are

given in the comment cards in the beginning of JPIMAIN.^ We shall give

here somewhat more detailed explanations.

First KEXC0M(2) and KEXC0M(4) are used to fix the matching radius

R . In order to see how they are used (cf. CCCTRL, SN-l8l ~ 183) we

first note that there are four sets of the radius and diffuseness

parameters, r and a, i.e., for the real and imaginary parts of the

Saxon potential, derivative-type imaginary potential and the spin-orbit

potential. Using these four sets of r and a, four values of R = r A '
o 00

+ 10 x a are first computed (CCCTRL, SN-I67+I ff). Their maximum is

These comment cards include also explanations of KEXCOM(n) with
N > 14.
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then taken and is called r (= XCPLE in CCCTRL). In the program this

XCPLE is redefined as the product of NXCPLE times DX, where NXCPLE is the

truncated value of the ratio XCPLE/DX, while DX is the mesh size chosen

in solving the coupled equations. If KTRL(l3) = 0 the matching radius

R (called XMAX in the program) is then set equal to XCPLE and the ratio

NXMAX = XMAX/dX is equated to NXCPLE. In some cases, however, it is

preferred to give NXMAX = NSCPLE as an input number. In that case make

KEXC0M(2) f- 0. Then NXMAX and NXCPLE are equated to KEXC0M(2).

Q

If KTRL(13) = 1, R must be taken as
m

R = 271,/^e . . (2-1)
m '1 1 mm

Here Tj and k are the Coulomb parameter and the wave number, respectively,

in the ground channel, while 9 . is the smallest angle (in radian) up
a mm

to which the effect of the Coulomb excitation is to be evaluated accu

rately. Usually R of (2-l) is much larger than r -, defined above.
J J m cpl

KEXC0M(4) is then used to redefine NXMAX as the sum of previous NXMAX

plus KEXC0M(4), (cf. CCCTRL, SN-I83). (Between this new R and rc no

nuclear interaction is considered (cf. COUPLE for more detail.)

How to use KEXC0M(5 ~ 7) was already explained above in connection

with the use of KTRL(9) = 1 or 2.

When the target is an odd-A vibrational nucleus and (with ground

state spin l/2) if excitations of states in which the even-core is ex

cited to one of the two-phonon 1=0, 2 or 4 states is considered, the

quantity KEXC0M(12) should have one of the values of I = 0, 2 and 4.

When the target is an even-A vibrational nucleus and if the exci

tation of the three phonon states is to be included in the calculation,
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give the number of such states to KEXC0M(13). In .the present shape of

the program, however, only KEXC0M(l3) = 1 (and 0) is allowed.

CARD-3 finally reads in KEXC0M(l4) which equals & +1. Since
m£ix

JJJMAX increases with KEXC0M(l4), and since it is desired to keep JJJMAX

as small as possible to save machine time, the smallest possible value

is to be chosen for KEXC0M(l4). When KTRL(l3) = 1 to take £ > 2TL/e .
max — T mm

9
is requested.

CARD-4 and CARD-5 (in SN-100) read in KTLOUT(N), N = 1 ~ 28. Here

KTLOUT stands for output control and is used to control the intermediary

outputs. If these two cards are blank, there will be no intermediary

output. The more non-vanishing values (usually = l) are given to KTLOUT(n),

the larger number of intermediary output is given.

What quantities can be output is known precisely only after under

standing all the subroutines. Here we note the following general rule in

using KTLOUT(N).

In Sec. II-B above, we gave a serial number to each routine, which

ranged from 1 to 10. If one wants to get an output from a routine whose

serial number is n, then make KTLOUT(2n-l) and/or KTLOUT(2n) equal to 1.

Of these two, KTLOUT(2n-l) outputs quantities of smaller amount, but of

more physical or computational importance, than KTLOUT(2n) does. For

example, take COUPLE, BMATRX and AMATRX, which are grouped to have n = 5.

As is seen in the end of AMATRX, the B-matrices are output if KTLOUT(9)

= 1, while the A-matrices are output if KTLOUT(10) = 1. The B-matrices

which contain all the physics involved in the coupling scheme are more

crucial than the A-matrices, the latter being obtained by multiplying the
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•ss-

B-matrices with the well defined geometrical factors. Further, the

amount of the output of the B-matrices is much smaller than that of the

A-matrices.

CARD-6 reads in EXTCOM(N); N = 1 ~ 10. In the present shape of our

program none of them are used. Therefore, this card can be blank. It

may be that the modification of JPIMAIN is to be made so as to drop the

card SN-100+1 altogether, but we prefer to retain it. The reason is the

following.

The name EXTCOM means extra-common. Many of them are unused at

present, but they are useful when a small modification of the program is

to be made in which communication of a quantity from a routine to another

is needed, since EXTCOM lies in the COMMON field (occupying 50 core

storages altogether). EXTCOM(n) in the CARD-6 is useful when the

quantity to be communicated is to be given as input data.

As was seen in CARD-3, there are quantities which are not used in

KEXCOM(n), N = 1 ~ 14. They can be used to read in some new integer

quantities. KEXCOM(n), N = 15 ~ 50 can be used to communicate new in

teger quantities between subroutines.

In the comment cards given in the beginning of JPIMAIN, there is

given a list of KEXCOM(n) and EXTCOM(n) that are already used in the

present shape of our program.

CARD-7 reads in ten integer quantities. Their meaning and use are

as follows:

It should be noted that the A-matrices in the present program are the
product of the B- and A-matrices of T, and not the A-matrices of T

themselves. It should also be noted that some non-vanishing values

must be given to KEXC0M(5), (6) and (7) to get output of A- and B-matrices.
(Cf. AMATRX, SN-4210 ~ 4214.)
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(i) IICPLE equals the number of coupled states in the target and

thus equals N of (T-19)• (if KTRL(7) = 1, IICPLE = 1 always.)

(ii-iii) INTYPE and INTMAX specify the type of the coupling and the

number of coupling terms, respectively, and for their complete

understanding the reader has to understand the subroutines

COUPLE, BMATRX and AMATRX. A brief explanation of these

quantities will, nevertheless, be given in the explanation of

the CARD-19 below,

(iv) ISTRTW is twice the value of the projectile spin s.

(v) NANGLR is the number of angles for which the differential

cross sections (and polarizations) are to be computed,

(vi) IIXCAL is the number of states for which the differential

scattering cross sections are to be computed. For NACC,

usually IIXCAL equals IICPLE, but there are cases, for example,

in which the energy of the incident particle is so low that

the projectile gets a negative energy when the target is in an

excited state. In such a case IIXCAL is smaller than IICPLE.

For ACC usually IIXCAL > IICPLE = 1.

(vii) IIXPLT is the number of states for which the theoretical and

experimental differential cross sections are to be machine-

plotted. Clearly IIXPLT < IIXCAL. Note that IIXPLT must be

< 6.

(viii-ix) IIPCAL and IIPPLT serve the same role for polarizations as

IIXCAL and IIXPLT serve for differential cross sections. Note

that IIPPLT must be < 2.

(x) KANGRD equals either 0 or 1. How to use these two values will

be seen below in the explanation of CARD-10.
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CARD-7-1 (SN-102) is needed to be in the data deck only when INTYPE =

6. If INTYPE = 6 this card reads in KEXCOM(n), N = 21 ~ 27. Note that

when INTYPE = 6 the target is a deformed even nucleus and excitation of

vibrational states are also considered. KEXCOM(N), N = 21 ~ 27, re

spectively, give the number of states considered in the coupling in each

of the following seven bands: (i) ground band; (ii) K = 0 (g-vibrational)

band; (iii) K = 0" band; (iv) K = 2 (y-vibrational) band; and (v-vii)

K - 1~, 2", and 3 bands. See the explanation of CARD-19 for more detail.

CARD-8 (SN-103) reads in the quantities that specify the nature of

the target states. (FORMAT is 3(215, FIO.3)). This card reads in three

quantities for each state. (i) IIREAD(n) = 1^ if KTRL(l) = 0; IIREAD(N)

= T +i if KTRL(l) = 1. (ii) KPRITR(n) = 1 or 2, depending on whether

the parity of the N-th states is + or -. (iii) QVALUE(n) is the exci

tation energy (thus the negative of the usual Q-value) of the N-th state

above the ground state. Therefore QVALUE(l) is zero always and QVALUE(n)

> 0 for N > 2. If IICPLE > 4 for NACC or IIXCAL > 4 for ACC more than

two cards of type CARD-8 are needed.

The order with which these states appear in CARD-8 must satisfy

certain rules. These rules are shown in the explanation of CARD-19.

CARD-9 (SN-105) reads in seven floating point quantities that

follow:

(i) ELAB = E., ,_ of the projectile in MeV.
lab

(ii) PMAS = Mass of the projectile in amu or pmu depending on

whether AMUPMU = 0 or 1; see (vii) below. However, the use

of an integer value may be made,

(iii) TMAS - Mass of the target. Remarks concerning the unit is the
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same as in (ii) .

(iv) CHARGE = ZZ' of (T-7), i.e., the product of the charge numbers

of the projectile and the target. Thus if the projectile is a

neutron, CHARGE = 0.0.

(v-vi) XMES1 and XMES2 are the mesh sizes used in the differential

equation integration. They are equal to h and h of Appendix

B, respectively. The use of XMES1 = 0.0125 and XMES2 =0.1 is

usually recommended,

(vii) AMUPMU =0.0 (=1.0) if atomic (proton) mass unit is to be

used.

CARD-10 reads in ANGLER(n), i.e., the center of mass angles 9 in

degree. If KANGRD, which was read in from CARD-7 were zero, SN-111 of

JPIMAIN is executed and thus the cards should contain values of ANGLER(N)

for N = 1 ~ NANGLR. Therefore the needed number of the cards, N „ say,

of the type CARD-10 is given by N = ((NANGLR-l)/l0)+l. On the other

hand, if KNAGRD = 1, which is used when all the 9p are equally spaced,

SN-112 is executed and CARD-10 needs to carry only two quantities, the

smallest value of 9 and the increment A9rM.

CARDs-10-1 (SN-127). These cards read in the experimental differ

ential cross sections SGMEXP(N,l) (in mb/sterad) and the experimental

polarization P0LEXP(N,l). They are needed in the card deck only when

either or both of IIXPLT and IIPPLT are non-zero. The number of cards

needed equals N „ times (IIXPLT + IIPPLT).

As is seen in PLOTER, the plotting of 0^(9) and a (9), and P (9)
th exp ' th

and Pg (9) (the theoretical and experimental cross sections and polari

zations) is made on a sheet of paper taking a fixed spacing between the
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neighboring angle, irrespective of whether the actual difference of the

neighboring 9 is a constant or not. Therefore, it is recommended to use

6 of an equal spacing when the machine plot is to be made. Thus, when

original a and P are not given with equally spaced 9, plot a
& exp exp exp

and P on a sheet of paper, draw a line through, read off the values
exp

at equally spaced angles 9 and use them as o (9) and P (9), i.e., as

SGMEXP(N,I) and P0LEXP(N,I).

It should also be noted that the number of angles NANGLR for which

the cross sections are to be calculated and then plotted is commonly

used for all the states. In many practical cases, however, it happens

that the range of the angles for which experimental cross sections are

supplied differs from a state to another. In such a case fix NANGLR so

that the widest range of angles are covered. For the angles (in other

states) where no experimental data exist never make SGMEXP(N,l) equal to

zero. (The computer is requested to take a logarithm of zero and may

stop.) It is recommended to give to such SGMEXP(N,l) the following

values. Suppose there are experimental cross sections for N = N . ~ N .

Make SGMEXP(N,l) = SGMEXP(N . ,l) for N < N . and SGMEXP(N,l) =

SGMEXP(N ,l) for N > N . The same remark applies to POLEXP(N,l),
max — max

too.

CARD-11 (SN-132). This card with FORMAT (I5,4f7-2) is needed in

the card deck only when KTRL(8) f 0. The first quantity NFAI is the

number of different azimuthal angles cp for which the differential cross

sections a(9,cp) are to be computed. Up to two values of cp can be con

sidered at present. FAl(N), N = 1 ~ 2 are such cp values in degree.

Note that for KTRL(8) ^ 0 there is an initial polarization and thus the
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differential cross sections are usually functions of cp- It is clear

that SN-135 changes FAl(N) from degree to radian, while SN-I38 gives to

THETA(n) in radian the values of 9 , which was given to ANGLER(n) in

degree.

Next comes a set of cards that starts at SN-I38+I and ends at

SN-290. This part is used to evaluate the values of the amplitudes

a^1 and b^ ,defined in Sec. IV of T, and store them in AMS(M1,M2,N1)
s 1

and BMTR,I(M1,M2,N1), respectively. Here AMS is real but BMTR,I is in

general complex. The reason why AMS can always be real is that it is

always possible to choose the plane defined by the direction of the

motion of the projectile and the direction of the polarization of the

projectile as the x-z plane. On the other hand, b may take complex

value s.

The meaning of the arguments Ml, M2 and Nl in AMS and BMTR,I are as

follows: Nl = 1 ~ NPOLST (NPOLST < 3) is used to specify different

initial polarizations. For example, suppose we have a target of known

initial polarization, and want to compute the cross sections. Let US

say that the target is in the Nl = 1 polarized state and assume that

BMTR,I are defined accordingly. We may further want to compute the cross

section for the case in which the target is unpolarized but everything

else (i.e., parameters, coupling-scheme, etc.) is the same as in Nl = 1

case. Let us say that the target is in Nl = 2 polarized state, and

assume that BMTR,I are again defined accordingly. If no other states

are considered, put NPOLST = 2. The reason to allow the use of

NPOLST > 1 is the following: Most of the machine time in performing CC

is taken in evaluating the C-matrices. Once they are obtained, the time
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needed to evaluate tne cross sections with two or more sets of BMTR,I is

not very long compared with the time needed for evaluating the cross

sections for one set of BMTR,I. We thus want to evaluate the cross

sections for as many polarized states as possible at one time. (The

same remark applies also to the possibility of NFAI > 1.) When there is

no initial polarization, it is clear that one can put NPOLST = 1 (which

is automatically made by the computer, SN-138+l).

The argument M2 in AMS is essentially m of a . Therefore M2
6 J s m

s

ranges from 1 to 2s + 1. If s = 0, M2 = 1 means m = 0. If s = l/2,

M2 = 1 and 2 means m = l/2 and -l/2. If s = 1, M2 = 1, 2 and 3 means

m = 1, 0 and -1. M2 in BMTR,I is essentially M of b . M2 ranges

from 1 to MULT1Z = 21 + 1. The relation between M2 and the actual

value of M is given by M = M2-1 = 0 if I = 0, while if I is half

integer (i.e., if KTRL(l) = l), M2 = 1, 2, ... MULT1Z means that M =

The argument Ml in AMS and BMTR,I specifies different ensembles in

a given polarized state. Therefore Ml = i or i' of a or b, . The
t= -f m M^

s 1

range of i and i' which are called NENSBP(Nl) and NENSBT(Nl) are gener

ally 1 ~ 2s + 1 and 1 ~ 21 4- 1, but can be narrower.

When there is no initial polarkzation, i.e., if KTRL(8) = 0,

AMS (Ml, M2, Nl) - 6M1 M2/V2s +1and BMTR,l(ML, M2, Nl) = 6^ M2/V2I1 +1

See (T-62) and (T-6l). In JPIMAIN these evaluations of AMS and BMTR,I

are made at SN-155 and SN-l60. Thus none of the CARDs-12 ~ l6 which

describe the initial polarization need be in the deck if KTRL(8) = 0.

If KTRL(8) ^ 0 part or all of the CARDs-12 «- 16 must be in the deck.

CARD-12 (SN-205) reads in NPOLST, and NENSBP(Nl) and NENSBT(Nl) for
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Nl = 1 ~ 3- The latter quantities which correspond to Nl > NPOLST can

be zero (or any value).

At SN-205+1 there starts a DO-loop with NSP = 1 ~ NPOLST. A set of

CARDs-13 ~ l6, or part of it is read in each time this DO-loop is exe

cuted.

CARD-13 (SN-195+l) must be in the deck if KTRL(8) = 1 or 2 and reads

in AMS(Ml, M2, NPS). The way how to prepare this card is easy to see

from (T-62) or (T-63) and SN-195+ 1. (Note that MULSPN means 2s +1.)

If KTRL(8) = 1 or 3, there must be CARDs-l4 ~ 16 in the deck.

CARD-14 (SN-215+2) reads in MENSBT(N1,NPS) for Nl = 1 ~ NENSBT(NPS).

MENSBT equsls N. + ^, where N is defined in (T-59) and/or (T-60).

CARD-15 (SN-215+3) reads in 0CCUPA(N1,NPS) for Nl = 1 ~ NENSBT(NPS).

0CCUPA(N1,NPS) = P , where P was defined in (T-58).

CARD-16 (SN-215+4) reads in EULER (N1,NPS), Nl = 1 ~ 3. They are

just the Euler angles 9 , 92 and 9^ (in degree) that are defined in

(T-60).

Using the quantities that are read in from CAKDs-l4 ~ 16, BMTR,I is

computed in the DO-loop that starts at SN-225+2 and ends at SN-260. The

formula used is as follows: (See (T-60) and e.g., page 22 of ref. 10).

\ =\u± (-,b,y)/p7n-J

(Ix) I,DNA -exp[-i(aN1+YM1)] d^(0)

dmn(B) = [(J^'(j-m)!(j-hi)!(j-n):]

x^ [(j+m-tJKj-n-tJ.'tUt+n-m)!]"1 cos(g/2)2J^n-n-2t (sin(g/2) )2t_hl-m.
t
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CARD-17 (SN-400) reads in the strength parameters of the optical

potentials. To make easy the explanation of this card and the next card

(CARD-18), we shall call the real and imaginary parts of the Saxon po

tential, surface type imaginary potential and the spin-orbit potential,

as No. 1 ~ No. 4 potentials, respectively.

VSX = depth of No. 1 potential = V of (T-l)

WSX = depth of No. 2 potential = W of (T-l)

WSF = depth of No. 3 potential = W of (T-l)

VSO = depth of No. 4 potential = V of (T-l)

CARD-17 also reads in WC(N), N = 1 ~ 6. They are the "fudge" factors for

the strength of the No. 2 and/or No. 3 potentials. See Sec. IV-(ii) and

IV-(iv) of T. See also ref. 2. WC(N) for N > IICPLE is of no meaning

(and not used). (Note that the actual strength of imaginary potentials

in channel N equals WSX or WSF times WC(n). Thus if no fudging is to be

done, WC(N) = 1.0, not = 0.)

CARD-l8 (SN-400+l) reads in the geometrical parameters of the

optical potentials. (DFN,RZER0), (DFNW,RZEROW), (DFNS,RZER0S) and

(DFNSP,RZR0SP) are the diffuseness parameter (a or a. of (T-l)) and the

radius parameter (r or r in (T-3)) for the potentials No. 1 through No.

4. RZEROC is the radius parameter for the Coulomb potential and equals

l/3R of (T-8) divided by A . (Order of reading is that four a's are

read first and then five r 's.)
o

CARD-19 (SN-400+2) reads in VCOULE(N), N = 1 ~ 10 and an integer

quantity KREAD1.

VCOUPL is essentially the value of 0 introduced in (T-2) and (T-32)
A.
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or in (T-3). Since the use of the P-values in the present program is

somewhat more complicated than was explained in T, and the P-values are

the most important quantities that one wants to obtain from the fit of

the theoretical cross sections of CC to experiment, we shall give here a

detailed explanation of VCOUPL. We noted above that the complete under

standing of the CARDs-7 and 8 awaits the knowledge of VCOUPL. We shall

thus give here the complete explanation of these two cards, too.

The quantities in CARD-7 for wnich a detailed explanation has to be

made here are INTYPE and INTMAX. The former, i.e., INTYPE stands for

"interaction type" and by giving one of the values from 2 to 6 to it, a

particular type of coupling scheme is chosen. On the other hand INTMAX

roughly corresponds to the number of tne coupling terms that appear in

(T-27). What kind of coupling scheme is considered for a given INTYPE,

and correspondingly wnat value is to be given to INTMAX will be explained

below separately for INTYPE = 2 ~ 6.

INTYPE - 2 is used when the target is an even-spherical nucleus.

+ TT
If further INTMAX = 1, a very simple 0 - I coupling is considered,

+ TT
where 0 is, of course, the ground state, while I is any one-phonon

type (or two-quasiparticle type) state of natural parity: (i" =0 , 1~,

+ - i + -
2,3,4,5, )• In CARD-8, these two states should appear in

the order of (i) 0 and (ii) I™. The value of ft of (T-36) should appear
A.

in CARD-19 as VCOUPL(l).

If INTMAX = 2, we can consider the coupling 0+-2+-3", the states 2+

and 3 being, respectively, the quadrupole and octupole one-phonon states.

The order of appearance of these states in CARD-8 must be of the order

(i) 0 , (ii) 2 and (iii) 3". The values of ft^ and £ of (T-36.1)

should be given as VCOUPL(l) and VC0UPL(2) in CARD-19.
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In both cases of INTMAX = 1 and 2, the coupling terms considered are

only the first terms of (T-13), and thus only the first derivative of the

original optical potentials appears as the form factor. If INTMAX = 5,

+ + -
and if still 0 -2 -3 coupling is considered, the contribution of the

second term of (T-13) is included. In this case the necessary B-matrix

elements are evaluated by using (T-37-4). In (T-37-4) the same notation

Sp and p.,, as introduced in (T-36.1) appear, but the present program

allows to use different values to them. Thus in full, there should be

given four non-zero values in CARD-19. Among them VCOUPL(l) and (2) are

the same as in the case of INTMAX = 2. On the other hand VC0UPL(3) and

(4) are, respectively, the values of g„ and g^, that appear in (T-37-4).

In the above 0 -2 -3 coupling, IICPLE of CARD-7 was, of course,

equal to 3- If INTMAX = 5 is still taken, but if IICPLE is put equal to

4, one can consider the excitation of one of the I states that are the

quadrupole-octupole-two-phonon states, (1=1,2,3,4 or 5 )• In

this case this state I should appear as the fourth state, (iv) I , in

CARD-8. In the present shape of our program, the same values of VC0UPL(3)

and VC0UPL(4) are used to giving values of gp and g , respectively, in

all the matrix elements of (36.4), (36.5), and (37-3) as well as of

(37-4). The removal of this restriction is easily made by a slight

modification of BMATRX.

Finally it should be noted that if IICPLE = 1, INTYPE = 2 and

INTMAX = 1 are taken, our program is used as an usual optical model pro

gram (though it is slow to be used in this sense; cf., the remark made in

the Introduction).

INTYPE = 3 is used also for even-vibrational nuclei, but here we
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consider the excitation of quadrupole multi-phonon states. In the

present form of our program the most extensive coupling that can be con

sidered is 0 -2 -0_-2o-4o-I-r coupling, where the suffices indicate the
ol2223

number of the quadrupole-phonons in each state, while I is one of the
3

values of 0, 2, 3, 4, 6. INTYPE = 3 allows for a variety of smaller

sized coupling schemes between the above six states. Namely we have the

following variety of coupling schemes:

(a) IICPLE =3: ^^j"1^1^ =°t> 22 °r k2)'

(b) IICPLE =4: °^)-21-I2-I2 ^2 and X2 are any COInbinations of
two of the 0g, 2* and kp, or 0+-2^"-I2-I_t.

(c) IICPLE =5: 0o-2i-02-22-42^ °r ^l-1^1^' (l2 and X2
the same as in (b)).

(d) IICPLE =6: 0^-2^-6^-2^-^-1^.

The order with which these states appear in CARD-8 must obey the

following rule: the first and the second states should always be 0 and

2 , respectively, while if I state is included in the coupling it must

be the last state in CARDs-8. As the third through IICPLE-th or

(iICPLE-l)-th, states there appear two-phonon-state(s) and if more than

two of such two-phonon states appear, their order of appearance among

+ + + +
themselves in CARDs-8 is immaterial, (e.g., the orders 0 -2-2-4 and

0 -2 -4_-2_ are effectively the same),
o 1 2 2 J

In order to explain how to prepare CARD-19, we introduce here the

following parameters: gQ2, g , Pqi and ^0T ^ ls the spin of one of

the two phonon states.) Detailed explanations of these parameters have
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l 4
been given previously, and the reader is referred to these papers. '

They all describe the strength of the quadrupole vibrations (excepting

P„i with I / 2), and thus were denoted in T simply as ft->. The present

program allows to assign different values to P„, depending on between

which states they appear and that is the reason why this large number of

parameters is to be used. P„p is just the Pp that appeared in (T-36.1),

while ftp is the ft, that appeared in (T-36.2) and is now dependent on I.

fti-r is the P„ that appeared in (T-37-l), while ft(Z. is essentially the ft
UI d U± A.

that appeared in (T-36.1), but it appears in the B-matrix element that

connects the ground and the two-phonon states. Thus fi'L ^ 0 means that

it is assumed that a non-vanishing amplitude of the one-phonon type state

is admixed into that of the two-phonon state.

Irrespective of what are the states that appear in CARDs-8, the

VCOUPL(N), N = 1 ~ 10 in CARD-19 should always have the values of ft^,

P20> P00> P22' P02' P24' P04' P66' P02' P6( in this °rder- Xt Sh°uld

be noted that the sign of ft^i. is quite important in data fitting and

4
also of physical significance.

When one of the states coupled (the last state in CARD-8) is of the

three-phonon type, KEXC0M(l3) is put to 1, as mentioned above (cf. CAKD-3).

In this case another card of the type CARD-19 must follow CARD-19, and

the first two quantities that are read in from this card, i.e., VCOUPL(ll)

and VC0UPL(l2) give, respectively, the ft-, values that were defined in

(T-36.3) and (T-37.2).

INTYPE = 4 is used exclusively for deformed nuclei as a target.

There are two different ways of this use. Note that when INTYPE = 4, al

ways KTRL(ll) = 1 must be taken. (The program works even if KTRL(ll) = 0 is
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taken, but the obtained results may have little physical reality.)

(i) When ACC is used (i.e., when KTRL(7) = l), always make INTYPE

— 4. This is true both for even- and odd-A targets. The present shape

of the program allows to take either INTMAX = 1 or 2. If INTMAX = 1 is

taken, only one term of (T-15) with X = 2 is included in the coupling.

If INTMAX = 2, two terms of (T-15) with \ - 2 and 4 are included. In

either case gp and g, are to be read in as VCOUPL(l) and VC0UPL(2) from

CARD-19. If a pure quadrupole type deformation is to be considered, do

not forget to make VC0UPL(2) = 0. (Note that g? and g, are g , appearing

on the righthand side of (T-l6). This \' is quite different from A.

appearing just above.)

The target states that are to be defined in CARDs-8 can appear in

any order, except that the lowest and the highest spin states should

appear as the first and the last states in that CARD(s). (if K = l/2

and the ground state spin is not l/2, a few modifications of the present

program are needed.)

(ii) When the excitation only of states in the ground band is con

sidered, just as it was in (i), but the incident energy is too low to

allow the use of ACC, still INTYPE = 4 can be used. Again the target

can be either of even- or odd-A, and the way to use INTMAX, VCOUPL(l)

and VC0UPL(2) is exactly the same as in (i).

There is, however, a special use of INTYPE = 4, when the target is

an odd-A nucleus, and when the spin-spin interaction is considered:

(Thus KTRL(19) = 1.) As in ref. 6 this spin-spin interaction is taken

as (cr-l)V times the Saxon form factor.
ss

When this term is considered, the use of VCOUPL(l) and VC0UPL(2) is
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still the same as above, but one has to make INTMAX - 3- Also one has

to give the value of V in MeV in CARD-19 as VC0UPL(3). If KTRL(l9) = 1,

do not make KTRL(l2) = 1.

The rule for the order of appearance of the target states in CARDs-8

is also the same as in (i), irrespective of whether KTRL(l9) = 0 or 1.

INTYPE = 5 is used when the target is an odd-A, vibrational

(spherical) nucleus. If the core excitation is restricted to (either

quadrupole or octupole) one-phonon excitation, cases with I < 9/2 can

be handled. (The computer knows which of the quadrupole or octupole

vibrations is excited by checking whether |KPRITR(2)-KPRITR(l)| = 0 or

1 (see BMATRX, SN-515)- Therefore, no input data is needed to specify

this.) In this case INTMAX = 1.

In CARD-8 the ground state should appear as the first state. The

order of appearance in CARDs-8 of the excited states is immaterial.

However, the gp values for the coupling between the ground state and the

N-th states is to be given as VCOUPL(N-l) in CARD-19. See BMATRX, SN-

520, and note that the B-matrix is given by:

CgiQ^llgr,,) =<-)Vl1 B2Tn/ /5.

When I = l/2, the present program allows one to consider exci

tation of two-quadrupole-phonon core states, as well as the one-

quadrupole-phonon core states. The following explanation is for this

case. For the details of the formulation see ref. 5 •

When the core is excited to one-phonon state with core spin equal

to 2, there can be two states with the total spin of 3/2 or 5/2. When

two-phonons are excited in the core, its spin can be either I = 0, 2 or
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4, and the total spin can be either I = l/2, 3/2, 5/2, 7/2 or 9/2. Note

that if once the value of I is given, the value of I is fixed uniquely.

The present program allows one to consider the excitation of only one

state with a two-phonon core at one time, together with the three states

with zero and one-phonon cores.

Thus with IICPLE = 4, we consider the 1/2-3/2-5/2-1 coupling, where

I is one of the above five states with a two-phonon core. In this case

the value of the corresponding I must be given as KEXC0M(l2) in CARD-3-

Next make INTMAX - 2. The value of gp which is common to one-phonon-

cored 3/2 and 5/2 states is read in as VCOUPL(l). The values of the

parameters that correspond to gp and g' , defined in the explanation
c c

of INTYPE = 3, are to be read in as VC0UPL(2) and VC0UPL(3), respectively.

For the states with total spin I = 3/2 or 5/2, the program allows one to

consider them to be a mixture of the states with one- and two-phonon

cores with I =2. Thus, let the wave functions of the first and second
c

3/2 states be written as \ji and i|rp, respectively. Correspondingly, let

the wave functions of 3/2 states with pure one- and two-phonon cores be

written as |l) and |2), respectively. Then one may be able to write \|;

and i|rp as

\|; = a|l) ± c -,/lTa2 |2> + ,

^2 = -a|2> ± c Vl^a"2 |l> +

where the coefficient c with |c| < 1.0 is inserted to take into account

the possibility that |l) and |2) do not exhaust \|j and i|rp. This c is

read in as VCOUPL(4). The value of a is read in as VC0UPL(7), while one

of the double signs in the above expressions is read in as VC0UPL(8) - ± 1.
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When the total spin under consideration is 5/2, the corresponding quanti

ties are read in from VC0UPL(9) and VCOUPL(10), respectively. Note that

VCOUPL(7) and VCOUPL(9) should never be less than V1/2 and never ex

ceed 1.

The order of appearance of states in CARD(s)-8 should be of the

order of increasing energy.

INTYPE = 6 is used when the target is an even-A deformed nucleus, as

with INTYPE = 4, but the excitations of vibrational bands are to be con

sidered. The list of the seven bands that can be considered in the

present program is found in the explanation of CARD-7-1- As was stated

there, the numbers of states in these bands are read in from CARD-7-1 as

KEXC0M(2l) through KEXC0M(27). The order with which these states appear

in CARD(s)-8 is to follow the same order of the numbering made in the

explanation of CARD-7-1- Namely there should come states in the ground

band first, then those in the g-band (if any), and then those in the

K = 0" band (if any), and so on. Clearly KEXC0M(2l) must be non-zero

27 <
always and £ KEXCOM(N) - 6. The value of INTMAX does not need to be

N=21

given or can be anything, since it is set automatically by the computer.

The value of gp of Eq. (A-2) in Appendix A of this report is to be

read in as VCOUPL(l) from CARD-19- The parameters that describe the

strength of the excitations of the above six excited bands, namely T|.

(i = 1 ~ 6) of Eq. (A-8) are to be read in as VC0UPL(3) through VCOUPL(8),

respectively, from CARD-19-

In column 72 of the CARD-19 a quantity called KREADl = 1, 2 or 3 is

read in. The role of this quantity is clear from SN-690 + 2. Namely

this quantity specifies, when more than one set of calculations are
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intended to be made at one time, what sort of CARD should follow the

CARD-19 of the preceding calculation. For example, if KREAD1 = 3, the

CARD-17 ~ 19 are the cards that follow the previous CARD-19. In this

case two (or more) calculations can be made, with the same coupling

scheme, but with different optical model and/or coupling parameters.

On the other hand, if KREADl = 1, a calculation which is completely

independent from the preceding run can be made.

This concludes the explanation of all the input cards. Before

leaving this subsection, however, we remark once again that, if the

reader wants to get complete understanding of how the quantities read in

from CARDS 7, 8 and 19 are indeed used in the program, he must read the

listings of the subroutines BMATRX, AMATRX and COUPLE, in particular the

first one. As is seen in the very beginning (SN-110-l) of BMATRX, there

is a computed GO TO statement, which leads the flow to different groups

of statements that compute appropriate B-matrices depending on the value

of INTYPE. For a given value of INTYPE, it is sufficient to read the

part of BMATRX which is headed by a card with a statement number that

equals 100 x INTYPE + 10, and ends with a card that says GO TO 1000.

SN-500 ~ 690 handles the output of the quantities thus far read in.

The contents are quite straightforward and no detailed explanation seems

needed.

The last role of JPIMAIN is to call CCCTRL (SN-690+l), and the

coupled-channel calculation for a given set of parameters now starts.

2) CCCTRL

The name CCCTRL means CC-control, and the purpose of this
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subroutine is to prepare various basic quantities that are used in the

CC-calculations that follow.

In the very beginning (up to SN-150) IIMULT(N), ECM(M), CE(n),

WN(N), WNINI(N) and SGMAZZ(n) are evaluated for N = 1 ~ IICPLE (l ~

IIXCAL for ACC) channels. They are, respectively, 2T + 1, cm. energy,

71 (Coulomb parameters), k^, k (the wave number at r « 0) and cr (N)

(Coulomb phase shift for & = 0).

At SN-150+1 ~ 167, XMESl is re-evaluated so that XMESl = XMES2/2

with N an integer. (Thus XMESl in CARD-9 was not necessary to satisfy

the relation XMESl = XMES2/2 exactly.) This part also fixes the value

of NDFMES (meaning number of different meshes). See Appendix B to under

stand the meaning of these quantities.

Next at SN-167+1 ~ SN-185+2 XMAX, NXMAX, NXCPLE and JJMAX are evalu

ated, just in the way as was explained in the explanation of CARD-3-

At SN-273+2 ~ SN-290 a quantity called KBOUND is evaluated.

KBOUND = 0 if all ECM(n) > 0, but KBOUND = 1 if at least one of

ECM(N) < 0. The quantity NFGMX, defined at SN-290+1, equals 1 or 5,

depending on KBOUND =0 or 1.

At SN-290+2 ~ SN-390, the Coulomb wave functions are computed.

When KBOUND = 0, where all ECM(n) > 0, the subroutine FLGLCH is called

(SN-341) and the functions F , G , F' and G' are evaluated for RH0MX =
jL ju jo Xi

p = k_R . The results are stored in FC, GC, FDC and GDC (SN-355)•

On the other hand, when KBOUND - 1, again FLGLCH is called if

ECM(N) > 0, but FLGLNG is called if ECM(n) < 0. The evaluation of the

Coulomb wave functions are made at five mesh points, i.e., at X = E^ +

n x XMES2 with n = 2, 1, 0, -1 and -2. The reason why this has to be
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made is understood from Appendices B and C, where the techniques to solve

the differential equations and to evaluate the scattering amplitudes are

explained. The Coulomb functions obtained are stored as FCRA, GCRA,

FDCRA and GDCRA as is seen at SN-365. Note for ECM(n) < 0, what are

computed are, in fact, the spherical Hankel functions and not the

Whittaker functions, since we consider the case ECM(n) < 0 only when the

projectile is a neutron. Note also that in FLGLNG these spherical

Hankel functions are stored as G and GD; F and FD are set equal to zero.

(n)
The quantities exp(ia. ) are evaluated and are stored in EXSGRI;

JO

(SN-273+l ~ SN-510). At SN-580 POTENT is called to evaluate the radial

part of various potentials and then at SN-605 the double DO-loops on JJ

and K begin. The meaning of these double DO-loops were already explained

(cf. CARD-3)• In this DO-loop two subroutines NLJJJK and COUPLE are

called. The explanation of the former is given in the next subsection.

COUPLE is explained somewhat later.

2-1) NLJJJK

This is a tiny but important routine. As is seen in T, if KTRL(7)

- 0, the size of the coupled equation N of (T-20) and the quantum numbers

(n£j) of (T-25) can be fixed if once the set of quantities I , ..., I ,

and J and JJ of (T-17) are given. The routine NLJJJK is used just to

evaluate these quantities. As is seen J and JJ are communicated as JJ

and K, respectively, to NLJJJK through KEXCOM(45) and (46), and then the

evaluation is straightforward. The storage of the results is made as

follows:

MXROW = N /
c

NNROW(N) = n, LLROW(N) = 2X, JJROW(N) = 2j for N = 1 ~ N .
c
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Note that £ that exceeds KEXC0M(l4)-l is omitted (SN-4lO).

How this routine works when KTRL(7) = 1 will be almost evident by

knowing the definition of JJ and K, as made in the explanation of KTRL(9),

and will require no further explanation.

5) FLGLCH

This subroutine computes for ECM(N) > 0 the Coulomb (or spherical

Bessel and Neuman) functions and their derivatives for a given value of

o = k r (= RHOMX in the program). The coding follows very closely the
n m

12
method given by Buck et al. and by reading this reference the under

standing of FLGLCH is quite straightforward. F ,G ,F^ and G^ are stored

in F(L), G(L), FD(L) and GD(L) with L = i + 1 for L = 1 ~ LMAX.

5-1) FLGLNG

As was explained in CCCTRL, this subroutine evaluates the spherical

Hankel functions. This subroutine is very short and the content is

simple. Therefore no further explanation will be necessary.

4) POTENT

This routine prepares the radial parts (form factors) of the optical

potentials and the coupling potentials. The coding is quite straight

forward.

At the very beginning of this routine evaluation of several vari

ables is made. Their meaning is clear so as not to warrant any expla-
l

nation except that ALFCA., with \ = 0, 2, 4 and 6 equals [4tt(2a. + l)] .

At SN-258 ~ 264 evaluation is made of how many mesh points are to

be considered for each of the given mesh values (= DX), cf. Appendix
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B for the explanation. After that the evaluation of the form factors at

each mesh point is made in SN-265 ~ 400.

If KTRL(ll) = 0, all the needed form factors are evaluated in

SN-265+2 ~ SN-285-1. If KTRL(ll) = 1, the re-evaluation of them are made

at SN-285-400. Note that VSPIN(NX) and VCOULM(NX) are not re-evaluated

here; therefore, SN-265+2 ~ SN-285-1 should not be skipped for KTRL(ll)

= 1.

The meaning of the evaluated form factors is quite easy to under

stand. Thus for KTRL(ll) = 0, VCENTR(NX), VCENTI(NX), VSPIN(NX) and

VCOULM(NX) added together is exactly equal to Vn defined in (T-12).
diag

On the other hand VCPLnR(NX) + i VCPLnl(NX) with n = 1 and 2 equals the

first two lines of the right hand side of (T-13.1) and (T-13.2), re

spectively. (The Coulomb part of (T-13.1) and (T-13-2) are evaluated,

if KTRL(13) = 1, in COUPLE at the process of integrating the differential

equations; therefore, they don't need to be stored.)

For KTRL(ll) = 1, VCENTR(NX) + i VCENTl(NX) and VCPLnR(NX) + i

VCPLnl(NX) (with n=1and 2) are equal to v ^^(r), defined in (T-l6),

with a. = 0, 2 and 4, respectively. On the other hand VCPDnR(NX) + i

,(\)(r)

in Appendix A), with \ = 0, 2 and 4.

VCPDnl(NX) with n - 1, 2 and 3, respectively equals v/UJ(rJ(r) (defined

5) COUPLE, BMATRX and AMATRX

Since these three routines are intimately related with each other,

it will be better to explain them together, rather than separately.

As we have seen in the explanations of CARDs-7, 8 and 19, there

are various ways to use these routines, depending on the value of INTYPE.
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Since, if one understands their use, however, for a given value of

INTYPE, the understanding for the use of other values of INTYPE is quite

easy. Therefore, we shall give here only the explanation for the case

of INTYPE = 2.

First of all, in COUPLE the parts SN-12-3 ~ SN-815 are executed

irrespective of the value of INTYPE. The meaning of KBOUND (same as in

CCCTRL), NBOUND and MXR0WI is clear. NXRM (SN-20+1) defines the matching

radius for KBOUND = 1. The coefficients PRE4l, ..., PRE45 are just

those appearing in Eq. (B-3) of Appendix B. KCTY2 = 0 or 1; its use

will be found at SN-l4l2 and SN-1512. The part SN-70 ~ SN-67O is exe

cuted only when KTRL(13) = 1, and prepares for the Coulomb excitation

calculation. SPFACT(MI) evaluated at SN-815 is just the expectation

value of the operator (a-!) for each partial wave channel Ml.

At SN-815+l the subroutine BMATRX is called. We shall therefore

look at this subroutine.

In the beginning of BMATRX a quantity JJTRTW is evaluated. It is

just 2J where J was defined in (T-17)• SN-50-1 ~ SN-60 simply clears

all the B and A matrices. The B-matrix, which is simply called as B

here, has three dimensions, B = B(N1, N2, Kl). Nl and N2 specify the

row and column of this matrix; thus they correspond to I and l' of

(jIlQ, III') of T-27 . On the other hand, Kl specifies different sets
A.

of X and t.

COMFAC that appear at SN - 70 equals i/"./*Ttt. (Note that the B-

matrix defined in BMATRX is 1/"\/4"tt times the B-matrix of T.) At SN-70

KII(1) is set equal to IIREAD(2). KIl(l) stands for X of (T-36.I) and

thus the relation KIl(l) = IIREAD(2) appears because of the factor 6
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in (T-36.1). SN-70+1 is nothing but the equation (T-36.1).

Since we have INTYPE = 2, we next go to SN-210. SN-210 and SN-210+1

simply prepares for considering 0 -2 -3" coupling if IICPLE = 3. Now

suppose we have INTMAX = 1 or 2. Then we go to SN-1000 and AMATRX is

called.

In SN-570 ~ SN-900 of AMATRX the A-matrices (which is the product

of the A- and B-matrices in the notation of T) are evaluated. Let us

assume that we have INTMAX = 1 (with INTYPE = 2) . Then we first go to

SN-713- Since we have B(l,2,l) / 0 (unless VCOUPL(l) = 0) we then go to

SN-720 and have Kl = X; (X is of (T-36.1)). At SN-725 KISELC is set

equal to 1, and we go to SN-750, where the evaluation of the A-matrix of

(T-25) is started and it is multiplied into B(l,2,l) at SN-752-2, the

result being Tl. (Note the use of KII(Kl) in the process of the evalu

ation of the A-matrix.) Since KISELC = 1 at SN-752, we next go to SN-761

and the above Tl is stored as one of the elements of the matrix AMATl

(M1,M2). This concludes the evaluation of the A-matrix for 0+-In

(I =1,2,3 ...) coupling.

Next suppose we have 0 -2 -3" coupling, and thus had INTMAX = 2.

As we have seen at SN-210+1 of BMATRX, B(l,3,l) / 0 unless VC0UPL(2) = 0.

Since INTMAX = 2, SN-720 of AMATRX is passed twice, once with Kl = 1,

then with Kl = 2. In both cases, however, KISELC = 1, as is seen from

SN-725 and SN-725+1, and thus the result is again stored in AMATl (M1,M2)

at SN-761.

Thus in this case the coupling term (T-27) can be rewritten as
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<ij l|VcQu 1Uj'I/> =v(l)(r) ^ (illQ^1^!') A(ij I, l'j'l';\JQ)
:oupl'

^=2,3

=v^(r) AMATl (M1,M2)

The merit of grouping several matrices, which are to be multiplied in

(T-27) onto a same form factor, into one matrix is understood by looking

at Appendix B. As is seen there, the integration of the coupled differ

ential equations is nothing but a repetition of the multiplication of

matrices onto a vector. This calculation can certainly be performed

faster for a smaller number of independent matrices. As is seen in

SN-752 of AMATRX, KISELC is used in performing this grouping of the

matrices.

Let us now consider the case of INTMAX = 5, still with INTYPE = 2.

In this case the coupling considered is either 0 -2 -3 or 0 -2 -3 -I

coupling. In SN-232 ~ 240 the B-matrix elements of (T-36.4), (T-36.5),

(T-37-3) and (T-37.4) are computed and stored as B(Nl,N2,Kl) with Kl = 1

~ 5. Among them, those with Kl = 1 and 2 are multiplied in (T-27) by

v (r) of (T-lJ.l), and as is seen in AMATRX, the corresponding A-matrix

elements are stored in AMATl (M1,M2). On ther other hand those with

(2)
Kl = 3, 4 and 5 are to be multiplied in (T-27) by V (r) of (T-13.1). As

is seen in SN-726, KISELC = 2 for these cases and the corresponding A-

matrix elements are stored in AMAT2 (M1,M2). (Cf. SN-752 and SN-766 of

AMATRX.) Thus in this case we have two A-matrices.

The evaluation of the A-matrices differs depending on the values of

INTYPE and INTMAX, but the above illustration will be sufficient to get
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a general idea how it is made. Anyway, when the command is returned

from BMATRX to COUPLE at SN-815+1, it is understood that all the neces

sary A-matrices were evaluated, and thus we can proceed to solving the

coupled equations.

At SN-815+3 a DO-loop starts with a variable INEX. INEX = 1 and 2

corresponds to the outward and inward solutions of Appendix C. The vari

able M3 for the DO-loop at SN-815+5 discriminates various initial con

ditions, and in SN-815+7 ~ SN-1225-1 detailed preparations of the initial

conditions are set. Actual integration of the differential equations

starts at SN-1225 and the process for one step of mesh ends at SN-1800.

In between SN-1225 and SN-1800 various matrices are multiplied onto

a vector (whose elements are called UCR2(Ml) + i UCl2(Ml)) and the re

sults are summed up as BR(Ml) + i Bl(Ml). Since we have prepared vari

ous A-matrices, and know with which form factors they are to be multi

plied, the coding in this part is to be made according to this knowledge.

We thus consider once again the INTYPE = 2 case. We know that if

INTMAX < 2 only one A-matrix is to be considered, while two A-matrices

have to be considered if INTMAX > 3- As is seen at SN-l4l5, these two

kinds of multiplications are made either at SN-1470 ~ l473 or at SN-

1475 ~ 1477-

Irrespective of the values of INTYPE and INTMAX, SN-l4l0 ~ l492

performs the integration for RFF, while SN-1510-1592 does it for CFF.

SN-1610 ~ 1700 is executed if KTRL(l3) = 1.

The part of SN-4190+1 ~ 1800 is to perform the calculation of (B~3)

in Appendix B. At SN-I805 ~ 185O the derivatives of the solutions at

the matching radius are evaluated and are stored as UCR2(Ml) + i UCI2(Ml).
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They are written on TAPE-8 together with the values of the solutions

UCRl(Ml) + i UCIl(Ml) at the matching radius (see SN-I897 for KBOUND = 0,

or SN-1892 ~ 1895+1 for KBOUND = l).

6) SMATRX

If once the content of Appendix C is understood, the understanding

of this subroutine is quite simple. We simply say that the simultaneous

equation (C-6) for KBOUND = 0 or (C-10) for KBOUND = 1 is prepared at

SN-119+1 ~ 179+2. This is solved by calling SIMLEQ at SN-300.

For KBOUND = 1, the C-matrix elements are obtained already at this

stage as the solution of this simultaneous equation. On the other hand

for KBOUND = 0, the C-matrix elements have to be calculated by using Eq.

(C-7). This is performed at SN-340 ~ 455.

In both cases the obtained C-matrices are saved on TAPE-7 at SN-

490.

6-1) SIMLEQ

This is a subroutine to solve a set of simultaneous equations. A

standard technique to bring the coefficient matrix into a triangular

form is used. Complex arithmetic is used throughout.

7-8) XSEC, ACCSAB, CROSPL, CMMMFC and BFCTOR

These five subroutines are used in evaluating various cross sections

after the C-matrix elements were obtained. Since these routines are

correlated very intimately with each other, it is more convenient to

give their explanations together, rather than do it separately.

Usually the coding for the evaluation of the cross sections is
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simpler and easier than that of the C-matrix elements, because it is

essentially a matter of bookkeeping. In the present program, however,

cases in which a huge number of the C-matrix elements appear are allowed

and thus these elements have to be saved in TAPE, rather than in the

core. This fact makes the performance of the many-fold summations that

appear in the expressions of the cross sections rather complicated.

We start the explanation with that of the differential scattering

(s)cross sections a (6,cp) for NACC, i.e., with KTRL(7) = 0. Its analytic

expression is found in Eqs. (T-48) and (T-49), and we note that the

hardest part of its evaluation is that of the second term of (T-48),

which we shall call X „, /„, (6,cd).
m Mn ;m M '^

s 1 s n

Let us first define quantities

C,"™ „/./ .. = Usom Ijm )(jI1mMn|jM) C„J „,./ L, J_w (7-l)Jij;nJl j ;m M s' ° s xu 1 s l1 £j;nA j jy[,m +M K
si si
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We next note the relation
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In the subroutine XSEC, C^. „,., is read in from TAPE 7 (SN-110-l),

converted into C „. „/./ ., in SN-160 /--•. 240 and the latter is storedZj;nZ j ;msM1

on TAPE 8 (SN-250). Then (if KTRL(3) = 0) XSEC calls CROSPL (SN-955),

and the rest of the calculations are performed.

CROSPL first calls CMMMFC for each given value of n, (SN-4190 + 5)

and in the latter C,. „,., ., are first read in from TAPE 8 (SN-425 +Aj;nA j ;msMx

4). They are multiplied by exp(2i<j./ ) and the results are stored as

CMXR + iCMXI (SN-441 ~ 443). The multiplication of other factors in

(7-4) and the summations appearing there are performed in SN-61O ~ 1010,
JL'U )

resulting in C ,, ,., , which are written as CMMMKR + iCMMMKI (K = 1 ~ 5),
to m M-,; m M '

s 1 s n

and are stored in TAPE 7 at SN-1110 ~ lll8. It should be noted that the

calculation so far has been independent on the angles 9 and cp.

CROSPL then divides the angles into groups of not more than seven

angles, and for each set of these angles it calls BFCTOR (SN-4190 + 10).

In BFCTOR first P ,, ,1(cose) are computed (SN-l4lO + 1 ~ 1450), and

then C JL are read in from TAPE 8. Results of the multiplication
m M, :m'M
s 1 s n



48

are saved as BFACKR + iBFACKI (SN-1471 ~ l490).

The command is then returned to CROSPL and there the multiplication

°f Cm M -m'M by exP(lm/p); am ^ and bM are performed in SN-1045 ~
s 1' s n s 1

1350; i.e., XAMPKR + XAMPKI (K = 1 ~ 3) of SN-ll6l ~ 1165 are

(NACC). . (j) (j'l
X ,. ,.. (9,cpja b„. . The addition of the contribution to these
m M, ;m M 7Y m M.,
s 1' s n s 1

quantities from the first term of (T-48) is made at SN-1390 ~ l405. The

(s)rest of CROSPL is devoted to the evaluation of a (0,cp) and the polari

zation P (6,cp) of (T-50). The understanding of this part is very easy.

We shall now turn to the evaluation of the differential cross section

and the polarization in the case of ACC, i.e., for KTRL(7) = 1, which re

quires the evaluation of (T-71) • In evaluating X w ,?, (0,cp) of
m M, ;m M Y

s 1 s n

(T-71), we first define the quantities

Cmm'MT =1 I <"> J ' (X3oms|jms)(jJ' in.-in. |JO) (j j•m^J^) C ^,
S J J JLj in. > 0

T (7-6)

X 2(1+6- ) •
m.

J,o

Then the second term of (T-71), which we call X r, ,?, (Q,w) is re-

written as

m M-,; m M
s 1 s n

(ACC) ^ p . a A A

(7.7)

3n A*j'm'm,.JMT sJJ
JO J tJ

x (jI1OK|lnK)(jI1MJM1|lnMn)(X'sm^|j'm^) Y^, (6,<p) .
JO
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We notice the relation (7-3), and then define the quantities

CV ,J = ) \ %- rr exp[2iCTiT)]CJ'£'t]' (JInOK|l K) (JI..MJ1., Ii M)m Mn ;m'M L t I ^L £ J m m'.MT 1 ' n 1 X 1' n n
s 1' s n _...,, IN s j J

JM j m!

(2Je,+l)(A,sm'm'|j*m!) (-) * *
JC S J c. (i' +lm^j).'

(7-8)

Then (7-7) is rewritten into the following very compact form

(nrr) r ITIrli'^mi^X m u, (6,cp)= > C V1 ,M exp[im'cp]Pat, , , (cosO) (7-9)
msMljins n ^ msMljms n £ ' '"i'

Equation (7-9) has the same structure as that of Eq. (7-5)-

When KTRL(7) = 1, the subroutine XSEC does nothing but to call
m.

ACCSAB. In ACCSAB, C„. ,A are read in from TAPE 7 as CMXADR + iCMXADI

(3N-1175), and then the summation of Eq. (7-6) is performed between SN-

1173 and SN-1280. The quantities C ,, are temporarily stored as
m m.MT
s j J

CMSXJR + iCMXSJI (cf. SN-1280-1 and -l), and then saved in TAPE 8 at

SN-1390+1.

XSEC than calls CROSPL, which for each given value of n calls sub

routine CMMMFC at SN-4190 + 5 just the same way as was the case with

KTRL(7) = 0. CMMMFC then reads from TAPE 8 the quantities CMXSJR +

iCMXSJI (SN-515 + l) and then starts to perform the summations that

appear in Eq. (7-8). The summation is completed at SN-1010, and the re-

IiV
suiting quantities C „ .„ , which are called CMMMKR + iCMMMKI (K =

6 ^ m M., ;m'M ,m'
s 1 s n' SL

1 ~ 5) are written on TAPE 7 as is seen in SN-1110 ~ SN-1118.
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After this, the evaluation of the cross sections follows exactly

the same procedure as with KTRL(7) = 0, and thus its explanation can be

avoided.

The evaluation of the total and reaction cross sections and the s-

and p-strength functions are made in XSEC if KTRL(7) = 0, and in ACCSAB

if KTRL(7) = 1- How the evaluation is made can be seen by looking at

the statements that are executed when KTRL(3) / 0, in these two sub

routines .

Since the meaning of various quantities that appear in these routines

have been explained above, and since the necessary formulas are found in

previous publications ((T-53), (T-54) and Eq. (7) of ref. 13), the reader

will find no difficulty in understanding how the coding was made.

9) OUTPUT, PLOTER

These two routines are very simple; no explanation is needed, except

to note that in PLOTER the cross sections are plotted with logarithmic

scale, while the polarizations are plotted with linear scale.

10) RAC7, CLEB
Q

These two routines have been explained in detail.
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Appendix A

In this appendix the coupling terms in the coupled-channel equations

that appear when the excitation of states that belong to the vibrational

bands of even, deformed nuclei are considered.

For this purpose we recall that when only the excitation of states

in the ground band was considered, the radius of the nucleus was simply

described as

r =ro(i + spx y;o), (A-l)
X

as is seen in (T-3), (cf. also Sec. II (ii) of T).

We now extend (A-l) as

2 6

R=R (1 + E ft Y,' + Y e, Y, , + Y - (e, v Y, ' +e, v Y, ' • (A-2)
ov y X Xo L X-o Xlo L /T> X.K. X.K. X.-K. X.-K.'

A- . _, 1 1 .-,'.12 1111 1111
i=l i=3

where i = 1 ~ 6 stands for K = 0 , 0 , 2 , 1 , 2 and 3 vibrations,

that were defined in the explanation of the CARD-7-1- The e, „ are
X.K.

l l

operators which are equal to some constant times a linear combination of

creation and annihilation operators of the phonons corresponding to the

various vibrations. Thus, e.g., for K = 0 , e = P-ft-,, while for

K = 2 , e22 = Y &2' etc'

We now insert (A-2) into the optical potential (T-l), expand the

latter in powers of the last term of (A-2) (up to first order) and then

expand the coefficients in Legendre polynomials, in a manner similar to

what was done in Sec. II (ii) of T.

The resulting expression may be written as

v(r,e,cp) =v,. +v n(r) +v n(r)', (A-3)
Y diag coupl coupl
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where the first two terms are the same as the two terms on the right

hand side of (T-l4). On the other hand the last term of (A-3) may be

written as

coupl

with

XX ± K.

2 p(iyU . t 1 , r(i) ^(X)
.=1 X.oXX ^o 1=y^" X.K. XXK_ uK.V r'' =SSv* (^)(r)(r) { E e, C '̂DV/W + E ^ (e, v C,\-y D

X X

+eA KC^KD(^)JYA(e^
X.-K. XX-K. LL-K. J Xli
ii i^i

c(i) = "(2X1+1) (2X+1)
U 4n(2X+l)

(X.Xoo|Xo) ; i = 1,2

(2Xi+l)(2X+l)

4tt(2X+1)
(X.Xoo|xo)(X.X ± K.0|x ± K.); i = 3, 6.

(A-4)

(A-5)

In (A-4) the form factor v'^ ^ (r) is obtained from (T-l6) by re-
cp

placing X there by X, and then replacing the expression in the curly

bracket there by the first term of (T-13-l) with the radius defined by

(T-3), and by finally multiplying with R /a.

(r)The contribution of V j of (A-4) to the coupling term (T-27)

was already given in (T-40). The contribution of (A-4) can be described

as

with

E

X
fv-f)(r)(r) EB(i)(l,I';XX)

i

A(ijIU'j'I';XJs) (A-6)

B (II';XX) =
(2X±+1)(2X+1)

4tt(2X+1)
(xiXoo|xo)(xix ko|\ k.) i'(i'x k.-k|io)ti.

(i = 1 ~ 6) (a-7)
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with 7]. = <grje, |vib) for i = 1, 2 and 7). = ~\p2 <gr|e, |vib> for
i i i

i = 3 ~ 6. In (A-7) it is assumed that the state with spin I is a

member of the ground band, while the state with spin I' is a member of

the i-th vibrational band.

Appendix B

Method of differential equation integration

The method used in the present program in solving the differential

14
equations is the prediction-correction method due to Stormer. This

method is fast and accurate and is particularly suited when the coupled

differential equations are to be solved. Stormer's method is, in short,

an approximate way to obtain the solution at a mesh point x when the

solution at the n preceding mesh points x-h, x-2h, ..., x-nh are known,

h being the mesh size. The accuracy of the approximation is increased

as the number n increases, the error being 0(h4) for n = 2 and 0(h )

for n > 4. (No case exists with n = 3-)

In the present code a combination of n = 2 and n = 5 are used. The

use of n = 2 was forced, since at the origin one cannot know the values

of the solution at more than two points, if it is avoided to assume any

specific shape of the solution. We know that all the solutions of our

equations satisfy u(o) = o. We can then give any value to u(h), the

different values given to u(h) simply meaning different normalization

which is readjusted through the matching condition at a matching radius.

In other words, so long as n = 2 is used, no ad hoc assumption was made,

except that we assumed that there is no potential between r = o and r =

h. Because of this last reason, and also of the fact that with n = 2
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the error is comparatively large for a given h we should choose h fairly

small near origin. Once away from origin to some extent, however, we can

switch to n = 5 method. Then we can begin to use large values for h.

We now show explicitly the Stormer method for the cases of n = 2 and

5. For that purpose we note that our differential equations can be

written in the following form:

U' '(x) = A(x)U(x). (B-l)

When (B-l) is a set of N coupled equations, U is a column vector of di

mension N, while A is a N x N matrix. In the n = 2 approximation, the

solution is obtained by the following relation: (v(x) = h2A(x)u(x))

U(x) = 2u(x-h)-u(x-2h) + v(x-h) (B-2)

In the n = 5 approximation, the corresponding relation is

u(x) =2u(x-h) -u(x-2h) +||2 v(x-h)

-i| v(x-2h) +11^ v(x-3h) (b-3)

-|v(x-4h) +i|o v(x-5h).

By Taylor expanding both sides of (B-2) in powers of h, the reader will

easily find that the error is indeed 0(h4). Similarly, Eq. (B-3) is

easily shown to have an error of 0(h6).

The merit of the use of the Stormer method is the following. As is

seen in (B-2), there appears a multiplication of the matrix A onto the

vector u at each mesh point. Thus N2 multiplications are needed at each

mesh point and this is the part which takes the most of the machine time
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in our calculations. (Still this method is much faster than, e.g., the

Runge-Kutta method.)

In Eq. (B-3) there are five such multiplications and thus it may

seem that tne use of Eq. (B-3) is five times slower than that of Eq.

(B-2). Obviously it is not true, since four of the multiplications had

been made prior to reaching the present mesh point x. In other words,

if the vectors v(xx) had been saved for xy = x-2h, x-3h, x-4h and x-5h,

what has to be made in Eq. (B-3) is the 4n multiplication and 4N sum-

2
mat ions, in addition to the above N multiplications. Therefore, when N

is large, the use of Eq. (B-3) does not slow down the calculation very

much compared with the use of Eq. (B-2). Since the former allows the use

of a larger h than the latter, the calculation is, in fact, sped up.

The combined use of Eqs. (B-2) and (B-3) is made in the following

way. First we choose h (« 0.1 fm). Then we define another mesh size h

which is h = h/2 (k = integer). We use Eq. (B-2) for the first eight

steps. Then we increase h by a factor of two and then switch to Eq.

(B-3). With this new mesh 2h , we already have u's at five preceding

points, and thus Eq. (B-3) can indeed be used. With mesh 2h , we pro

ceed four more steps, and then increase the mesh to 4h . We again have

five preceding u's in terms of this new mesh, and we proceed four more

steps. This procedure is repeated until the mesh equals h. We then

keep integrating up to the matching radius.

The change of the mesh size is illustrated in the following figure

for k = 3, where the arrows show the range of x between which the inte

gration proceeds in each stage. The circles show the points of x where

the values of u are already known at the beginning of each stage.
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<*-

3

In most of the nuclear problems the use of h = 0.1 fm and

k = 3 or 4 seems to give sufficiently high accuracy to the solution.
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Appendix C

Method of solving the coupled equations and obtaining the C-matrices

We have a set of N coupled equations as given in (B-l) of Appendix

B. We first solve these equations under the condition that the p-th

component of the vector U is non-zero at the origin, but the other com

ponents are all equal to zero. We write the solution thus obtained at

r = r as U (q = 1 ~ N), where r is the matching radius and q speci-
m pq ' m

fies N different components. We repeat this procedure for p = 1 ~N and

it is clear that the solutions obtained with different p are (linearly)

independent with each other. We then define functions u at r = r by

N

u = ) au (j=l~N) (C-l)
q L p pq

p=l

which is to be matched to the asymptotic solution, defined also at r = r .

The condition of smooth matching fixes the unknown coefficients a , as

well as the scattered amplitude, or the C-matrix elements.

The asymptotic form (T-42) or (T-48) may be written, in general, as

d F 6, + e. C. (G + IF ) (C-2)
q q kq kq kq q q

where k is a fixed number among 1 ~ N that specifies a channel in which

there is an incoming wave, while d and en are known constants.
° ' q kq

Equating (C-l) and (C-2) (and their corresponding derivatives) we get the

following matching equations:
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. N

! ) a u =d 6, F + e. C. (G + iF ) (q =1~ N) (C-3)
i Z_. p pq q kq q kq kq q q vu v JJ

I ) a u' =d 6. F' + e. C. (G1 + iF') (q =1~ N) (C-4)
L, p pq q kq q kq kqv q q vu ' v 'I t-> P PQ. q kq q kq kqv q q'

V P=l

This is a set of 2N simultaneous equations for 2N unknowns, a and C
P kq

However, it is not necessary to solve these 2N equations as they are.

Rather, we can reduce them into a set of N simultaneous equations, as is

shown now.

Multiply (C-3) and (C-4), respectively, by (G' + iF') and (G + iF )
q q q q

and take the difference of the resulting equations. Then noting that

we easily get

N

F'G - F G' = 1 (C-5)q q q q ^ J'

) a {u (G + iF ) -u (G + iF )) = -d 6, F (q = 1~ N) (C-6)L p I pq' q q pq q q J q kq q VH ' ^ '
P=l

This is a set of N simultaneous equations for N unknowns a , and we can
P

solve it easily.

Next multiply (C-3) and (C-4), respectively, by F' and F and take

the difference. Again using (C-5) we get

N

Y a iu' F -u F'} = e. C. ^C_7')
L p L pq q pq qj kq kq

P=l
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Since the left hand side is known, (C-7) is nothing but the equation to

express C, in terms of the known quantities, and thus our task is

finished.

When the (asymptotic) energy of the projectile in some of the coupled

channels is negative, the preceding matching equations cannot be used

anymore, because we should not keep integrating the differential equations

beyond the nuclear radius. (Note that there the integration becomes un

stable, in the sense that the exponentially increasing components are

mixed into the negative energy components of the solutions which are

supposed to be exponentially decreasing.) The procedure to be taken then

is the following.

First choose the matching radius R equal to the nuclear radius R ,
m o

(say, the half-fall-off radius of the real part of the Saxon potential).

The coupled equations are then integrated from r = 0 to r = R in exactlv
m

the same fashion as was made above (outward solutions). Let us call the

solution at r = R as u , where the superscript i stands for the in-m pq ' j- ±-

ternal solution.

Next take a radius R » R , so that at r = R all the nuclear
a o a

interactions are effectively zero. The coupled equations are then inte

grated N + 1 times with the following boundary conditions (inward

solutions).

(i) Pick up a partial channel k among the ground state channels,

cf. Eq. (C-2). Make the amplitude at r = R in channel k equal to d, F, ,
m kk'

and those in other channels equal to zero. The solution obtained at

(e)
r = R with this boundary condition is called u , where the super

script e stands for the external solutions.
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(ii) Pick up any channel p and make the amplitude at r = R in this

channel equal to e, (G + iF ), if the energy in this channel is posi-
kp p p r

tive, or equal to e, H , if the energy is negative. Here H is either
kp p' OJ p

the spherical Hankel function or the Whittaker function, depending on

whether the projectile is charged or uncharged. Putting the amplitude

in all the other channels equal to zero, integrate the equation and call

(e)
the solution at r = R as u

m pq

The internal solution u may be written as
q

u(l) = ) a u (±) (C-8)
q L p pq

just as in (C-l), while the external solution u may be written as

N

u(i) =uv(e) + Y n u (e) (C-9)q kq L kp pq v
p=l

Equating u and its derivative u , respectively to u , and its

(e) '
derivative u , the following matching equations are obtained

N N

L, p pq L, kp pq kq '
p=l p=l

(C-10)

N N

L, p pq L kp pq kq
p=l p=l

<i3 V „ a M . „ M

Equation (C-10) is a set of 2N simultaneous equations for the 2N unknowns

a and C . (Note that it cannot be reduced to a set of N simultaneous



61

equations, as was the case previously.) (Note also that only the solu

tions C. that correspond to p for which the projectile energy is posi-
kp

tive have the meaning as the scattering amplitude, and thus are needed

in evaluating the scattering cross sections.)

III. Suggestions for Possible Modifications

to the Present Program

Since detailed explanations were given in the preceding sections of

the present form of our program, it will be quite easy for the readers

to find out particular places to modify, in case he wants to add new

features or make any improvements. We shall give here a few comments

which may be of help in making such modifications; they may also serve

as a summary of what was presented in the preceding sections.

As we said in the Introduction, this program was coded for the CDC-

l604 computer, and thus was designed so that the whole program can be

loaded within the 32 K core. As was also said in the Introduction, this

made some of the calculations comparatively slow. Thus if one has access

to a larger computer, it may be desirable to rewrite some of the routines

for increased speed. Perhaps the part for which this is the most de

sirable would be the routines that evaluate the cross sections; there,

scratch tapes are used frequently and slow down the calculations. (in

JP2 this is avoided.) It should be noted, however, that in its present

shape our program has essentially no restriction on the value of £ ,
max

as far as the storing of various quantities are concerned. (The only

source of restriction comes from the limited size of the cores allocated

to store the quantities F., G., F', G', exp(ia„ ) and log(i.'). To en

large their capacity does not require so many cores.) This unlimited
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value of £ was brought about because of the frequent use of the tapes.

The reader might have noticed in the preceding sections that there

are various restrictions on the possible numbers of coupled channels

(target states and the partial waves), total number of mesh points, etc.

Clearly most of these restrictions can be removed easily by simply en

larging the size of core storages allocated to various variables. How

ever, for most of the practical calculations, the limitations incurred

by the present program are not so severe.

So far as the mathematical technique is concerned, there is room to

modify the subroutine COUPLE for speeding up the solution of the coupled

differential equations. A suggested method to be used is a sort of re

laxation method. When the number of coupled equations is large, perhaps

this method is faster than the straightforward method used in the present

program (still maintaining the same accuracy).

As far as the physics is concerned, a large modification that is

suggested would be to introduce the microscopic description of the wave

functions of the target nucleus, in place of the phenomenological de

scription used here (and in T). Even with this modification, however,

most parts of the present program may be used just as they are. The

modification required is to replace POTENT by a new subroutine, so that

the form factors are evaluated from the microscopic model assumed for

the target. (Or modify POTENT so that these form factors are read in

from cards or tapes.) This procedure may make the form factors differ

ent for the coupling between, e.g., the 0+ and 2+ states and between the

0 and 3 states in vibrational nuclei, which at present are both taken

as the first derivative of the optical potential. This will, however,
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make it impossible to group together the A-matrices, a procedure ex

plained in detail concerning the subroutines BMATRX and AMATRX. This

fact then certainly requires some modifications in these two matrices as

well as in COUPLE. However, no other routines, particularly cross

section routines, seem to require any major modifications.

In any event, if one made any modifications, it is strongly sug

gested that one output the quantities obtained by such new possibilities.

For such a purpose, efficient use of KTLOUT is recommended.

In coding the present program, every care was exercised to avoid

making any possible errors. Nevertheless, it is not impossible that the

program still has some errors. In the past few months, fairly large

modifications were made throughout the program in order to bring it in

final shape appropriate for publication. It is believed that the pro

gram has become quite comprehensive this way, but some errors might have

been committed in this procedure.

It would therefore be highly appreciated if the reader would notify

the author of any errors he may find. These would be transmitted to the

other users of the present program.
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IV. Examples of Input Data Cards

In this section we snow five examples of the input data, one for

each value of INTYPE =2, 3, 4, 5 and 6.

92
EXAMPLE-1 is for the scattering of a 6.5-MeV proton by Zr, with

+ +
0 -2 coupling considered. Therefore INTYPE = 2 and INTMAX =1. ft_ =

0.110 is taken. Differential cross sections to the 0 (ground) and 2

(assumed to be at 1.0 MeV excitation) states are calculated. Polari

zations are not calculated.

TIP +
EXAMPLE-2 is for the scattering of a 13-MeV proton by Cd. 0

+ +
(ground)-2 (0.617 MeV)-2 (1.311 MeV) coupling is considered. There

fore INTYPE = 3. CFF is taken. Automatic plot of the cross sections

for the three states are made. After a set of calculations with $'' =

0.0415 is done, another calculation with $'' - 0.0 is made.

EXAMPLE -3 is for the scattering of a l4-MeV neutron by ^Ho. Thus

INTYPE = 4. ACC is taken (KTRL(7) = l), and Legendre polynomial ex

pansion of the potential is made (KTRL(ll) = l). Initial polarization

of the target is considered. It includes two cases; the first one is

for no polarization; the second case is for a 100^ polarization. Total

and reaction cross sections are computed, but differential cross sections

are not. Spin s of the neutron is set to zero to save machine time.

EXAMPLE-4 is for the scattering of a 12.94-MeV proton by Ag.

Thus INTYPE = 5. l/2"-3/2"-5/2"-3/2" coupling is considered. Parameters,

particularly those in CARD-19, are those used in obtaining the result of

ref. 5.

EXAMPLE-5 is for the scattering of a l4-MeV neutron by C. 0+-2+-0+

coupling is considered assuming that the second 0 state can be inter

preted as a P-vibrational state. There INTYPE = 6 and KTRL(ll) = 1, but

KTRL(7) = 0,
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************** EXAMPLE-1 ***************

1 KTR L 1

KTRL 2

111 6 KEXCOM 3

1 1 1 111 KTLOUT 4

KTLOUT 5

EXTCOM 6

2 2 1 1 35 2 0 2 0 1 I ICPLE 7

0 1 0.000 2 1 1.000 IIREAD 8

6.500 1.000 92.00 40.00 .0125 0.100 ELAB 9

5.000 5.000 ANGMIN10

53.40 0.000 8.000 7.500 1.000 1.200 1.000 1.000 1.000 1.000 VSX 17

0.650 0.650 0.470 0.650 1.250 1.250 1.250 1.250 1.250 DFN 18

0.110 1 VCPL 19

************** EXAMPLE-2 ***************

1 KTRL 1

1

1 1 1 10

KTRL 2

KEXCOM 3

1 1 KTLOUT 4

KTLOUT 5

EXTCOM 6

3 3 7 1 29 3 3 3 0 1 1 ICPLE 7

0 1 0.000 2 1 0 .617 2 1 1. 311 1IREAD 8

13.00 1 .000 112.0 48.00 .0125 0.100 ELAB 9

20.00 5.000 ANGMIN10

0.940 0.970 0.940 0.820 0.640 0.500 0.450 0.480 0.580 0 .670 CDl12-011

0.680 0.610 0.500 0. 70 0.260 0.220 0.230 0.300 0.380 0 .440 CDl12-012

0.470 0.460 0.410 0.350 0.280 0.230 0.215 0.215 0.240 CDl12-013

6.800 5.600 4.600 4.100 3.500 2.900 2.600 2.700 2.700 2 .700 CD112-211

2.700 2.700 2.500 2.000 1.550 1.150 0.850 0.800 0.830 0 .860 CDl12-212

0.920 0.970 1 .000 0.980 0.900 0.760 0.650 0.520 0.400 CDl12-213

0.600 0.560 0.490 0.400 0.370 0.280 0.215 0.215 0.215 0 .215 CDl12-221

0.220 0.230 0.220 0.170 0.110 0.080 0.040 0.028 0.026 0 .026 CDl12-222

0.040 0.047 0.050 0.052 0.049 0.041 0.033 0.033 0.033 CDl12-223
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55.70 0.000 7.600 6.000 1.000 1.200 1.000 1.000 1.000 1.000 VSX 17

0.700 0.700 0.700 0.700 1.200 1.200 1.250 1.200 1.250 DFN 18

0.200 0.129 0.160 .0415 3 VCPL 19

55.70 0.000 7.600 6.000 1.000 1.200 1.000 1.000 1.000 1.000 VSX 17
0.700 0,700 0.700 0.700 1.200 1.200 1.250 1.200 1.250

0.200 0.129 0.160

DFN 18

1 VCPL 19

**************
EXAMPLE-3 ***************

1

4

14.00

25.00

1 0

0.000

165.0

4

1

1.000

5.000

1 0.000

2

4

0.125

0.000

4

1.000

0.000

45.50

0.600

0.330

1 8

3 2

0.125

0.000

1

1

0.125

0.000

90.00

0.000

0.600

0.000

1 .000

0.600

30

5

0.000

0 0

0.198

,0125 0.100

1

0 -1 -2

0.125 0.125

6.500

0.600

1 .000

1.350

-3

0.125

1 .000

1.350

0.125 0.125

,000

350

1 .000

1.350

1 .000

1.350

20

1 .000

**************
EXAMPLE-4 ***************

11

KTRL 1

KTRL 2

KEXCOM 3

KTLOUT 4

KTLOUT 5

EXTCOM 6

I ICPLE 7

I IREAD 8

ELAB 9

ANGMIN10

NFAI 11

NP0LST12

MENB2 14

OCCUP 15

EULER 16

MENB2 14

OCCUP 15

EULER 16

VSX 17

DFN 18

1 VCPL 19

KTRL 1

KTRL 2

KEXCOM 3
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1 1 KTLOUT 4

KTLOUT 5

EXTCOM 6

3521 35 30301 IICPLE 7

1 2 0.000 2 2 0.324 3 2 0.423 IIREAD81

3 2 0.780 IIREAD82

12.94 1.000 107.0 47.00 .0125 0.100 ELAB 9

5.000 5.000 ANGMIN10

54.30 0.000 7.440 6.000 1.000 1.000 1.000 1.000 1.000 1.000 VSX 17

0.680 0.680 0.710 0.680 1.210 1.210 1.240 1.250 1.250 DFN 18

0.230 0.120 0.166 1.000 0.997 1.000 1 VCPL 19

************** EXAMPLE-5 ***************

1 KTRL 1

KTRL 2

1 1 1 8 KEXCOM 3

1 1 1 1 KTLOUT 4

KTLOUT 5

EXTCOM 6

3 6 7 1 30 3 0 3 0 1 IICPLE 7

2 1 KEX21 71

0 1 0.000 2 1 4.430 0 1 7 .66 1IREAD81

14.10 1 .000 12.00 0.000 .0125 0.100 ELAB 9

10.00 5.000 ANGMIN10

47.00 0.000 2.000 5.000 1.000 1.000 1. 000 1.000 1 .000 1 .000 VSX 17

0.350 0.650 0.200 0.200 1.250 1.250 1. 150 1.150 1.250 DFN 18

-.600 0.000 0.200 0.000 0.000 0.000 0. 000 3 VCPL 19
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V. Examples of Machine Outputs

Since the machine output is usually voluminous, we shall give only

one example here. This is the result of a running made with the input

data presented as EXAMPLE-1 in the last section.

Although this is one of the simplest cases to be run on JPl since

it uses INTYPE = 2, still it uses the most important parts of this pro

gram, and it is believed to be useful for a test running that the reader

would do after he has converted (with varying amount) the present pro

gram to make it compatible to the computer available to him.

This example contains some amount of intermediate outputs. The

first page is just the reproduction of the input data. The second page

gives first the quantities basic for the computation and then the Coulomb

wave functions. Next, the form factors are output and then at the end

of the fourth page, B- and A-matrices are given for JJ = K = 1. C-matrix

elements and the quantum numbers n, £ and j are given for all values of

JJ and K. Finally, various cross sections are output.



COUPLED CHANNEL CALCULATION

(UN PROGRAH"~JUPIT!JR.| >

ELAB« 6.5g_0_» CHARGE' 10,0, TMAS = 92.00J), P«AS« |,000

_ysx,_wsx.wsFjVsa •
DFN.DFNW,DFNS#DFN8P =
RZERa.RZERQU'R ZEROS. RZR8SP.RZERBC
WC = 1,000 1,200 1,000 I.U00 1,000 1,000

PROJECTILE SfIN*|/K

nRHAY^2,IT«TTPE»Z7TNTHA)r=l.TETA* Tl 10 '0 ~" 'D-" •6"~ '0 -TT" »1I -0 "0 ""^l1

"7ARUFT STTTIS, -"IT" C"*7~*T ""~ 0 HEV, 2 f*T AT J ."QUO HEV."""" "" ~

53,400 P 8,000 7.5JIU
,650 ,650 ,170 ,650

1 .250 1 .250 1 .250 J ,*50 1 ,250
1,000 1 ,200 1 ,000 1 ,UQ0 1 ,000

KTRL e0 «0 I "0 "0 »0 '0 »0 "0 «0 '0 »0 »0 *0 "0 '0 «0 «0 »0 -0 «0 »0 "0 »0 »0 -0 -0 '0
KEXCOM ?0 «0 -0 "0 I I I •" "0 .0 .0 »0 -0 6
KTLOUT ?0 «0 i "0 i Ml i »0 i i i ^0 M) •» »0 -0 -6 «0 -Q «0 Ml Ml *0 Mi -0 -0 -0 "~0 q^
EXTCOM »o __ "J) _ "0 "0 _ __"Q *0 _ "0 _ "0 _ *0 _ «0 _ __ vn
XMESl" .01250 X""MES2« ,10000 UN1T»AMU



ECM 6.430||E*0U 5,430|lfc*00
WN 5.5|599E-0| 5.0689«E'OI
WNINI |,68257E*0U I.6684»E*00
ETA_ 2.47U34E*0J g^BSiOt'OO
SiGMQ 5.I5I9BE-OI 7,2433*E'D1

JJJMAX,KEX|4.NXCPLt,NXMAX» 6 6 |2I T2 I XMAX.XBAR* 1.210OOOOE*01 5,64294686*00

IN H LULCH

ETA«SIGMAZ,RHOMX.RHOMXU,RD« 2.470342E+0U 5,lb|98oE»0| 6,674J486»00 |.I087|4E*UI 5.5|599qE»Q2
LMAX,NINC,NMAX= 6 3 80
F |,3095854E*0U I,2527 I50E*0« Itl)7»o''06_E*00 8,0200267E-0J 5tj965599E"B | 2,7B9B»62E*0I i<33|929|E» QJ
G 3,44 J3082E-0 I 6", |57q842E-0t I,03266Q3E+00 I,4B29"036E*00 2.003224"7E*0Cf" 2.8596*556*00 4.677T8B9E*"oo
Ft) 9.2764469E-Q2 2,Q78p934E»QI 3,34665|OF-0| 3,76937Q6E-Q I 3,224243QE«Q| 2,2|62662E*QI
GD -7.3922392E-OI -6,96|26o5E»of "6,Q6452IOE'OI '5,4992|7|E-Q| •6,948o585E.oI »I,3|9B3o9E*go
WR I,455|9|5E-| | 5.B20766IE«|* 4.3655746E-I| I,89 I7490E-I 0 |,89 J7490E.|0 I,«55|»|56"I 0

IN FLGLCH

ETA75JGMA"Z,RH9MXiRH0MxG,RDi 2,668Z02E*0U 7,2433646*0'| 6.133437^*00 j,0188«0E*or »,068956E"MJ2 " '"
LMAX,NINC,NMAX= 6 3 80
T I,0945666E*OU 9.7350442E-0I /.5343I4IE«0I 4.99B0667E-0I 2.8428474E-0I I,39V|»85ErOI 6,Q302800E"02
G I,03Q5903E*OU AA2A5|354E*01 I,669o737E*00 2,0293582E*00 2,8 I488JBE*00 4,4836 I2IE*QQ 8,4547799E*DJ
FD 3.2869353F-OI 3.637jI45E-0t 3,7253749E*0| 3,I933 I6OE«0I 2.257360QE-0I I,33*BI7IE'0I
GD -6,04I2I92E-0I -5.65757|8E-0J =5,5 I4254IE-0| -7,04 I9588E-0I •I,2B24445E«00 "2,8697029E*00
WR "3.6379788E-I| 2,9|038306-1 I I.II i8634IE«I0 2.I827873E"|0 2,6I93447E-I 0 2,6|9j447gr|0
X '
I.2500E102 2,5U0UE"q2 3.75006>02 5.0U0OE-O2 6,2500E»02 7,5QugE«o2 8,75oOE»02 I.0OBOE-QI I,2500E,0I I.*000E'0 I
|.7500E*OI 2,0UOUE»0l 2,50006*0! 3,0U0QE«0I 3,5000E»0I 4,OOOOE'OI 5.0000E.OI 6,0JJ00E*Pi 7,0g00Eis0| •i00OOE*OI
9.0Q0QE"0I I.0 U0UE*06 1,10008*00 l,2U00E*00 1,30006*00 I.« 000E*00 I,50 006*00 I.6QO0E*aO 1,70006*00 1.80006*00
l.9000E*00 2.0UOUE«OU 2,10001*00 2,2000E*00 2,3000E*00 2.4000E*00 2,5000E*00 2,6ol)OE*00 2,7j)00E*00 2,80006*O0 TsJ
2,9000E*00 3.000UE"*OU 3.10006*00 3,200QE*00 3,3000E*00 3,40U06*00 3,5000E*00 3,6oOOE»OQ 3,7QbbE*~od 3,80006*00 °
3.9qoqE«OU 4,QUU0E*QU 4.10008*00 4,;uooE*OQ 4,3qOdE*oq 4,400QE«oo 4.50nOE*OQ 4.6q0qE»00 4,7oOqE*oo 4,8qooE»qo
4.9qOOE*00 5,000UE*00 5,I 000^*00 5,2000E*00 5,30006*00 5,4000E*00 5,5000E*00 5,6()00E*00 5,7(J00E*00 5,80006*0 0
5,9000E*00 6_.0U0UE*0U 6,lb00S*0g 6,2U0DE*00 6,3000E»00 «,4000E*00 6,5O0OE»OO 6,6000E*00 6,7QOOE*00 6i80O0E*O0
679"000E*O0 7.0UOUE*OU 7,1000**00 7,2UOOE«00 7,3000E»00 7,4gogE*OQ 7,5000E*00 7.6oOOE*OD 7,7oOOE*00 7,8oool=*b0
7,9j]ggE«00 8.oOOUE*OU 8,IOOOE*00 8,2U00E*OO 8,300gE*00 8,40006*00 8,5bj)0E*00 8,6oOgE*00 8,700gE*0g B,8ooqE*oo
8.^0006*00 9."000UE*0U 9, 1000*1*00 *i2000E"*00 9,30006*00 9,4Q00E*00 9,5000E*00 9.6000E*00 9,7000^*00 9,8000E*O0
9,9Q00E«00 I.QU0UE*Ql t.0100_*01 l,Q200E*0| l,Q300E*0| l,040QE«0| l,0SgQE»OI l.0600E«QI l,070Q6*0| l.08006»fl|
I,0900E*0I I•IU00E*0l I,I I00B*0 I I,|200E*0| I,I300E*0I I,|400E*0I I,|5oOE*OI I,I600E*0I I,|700E*0I I.|800E*OI
l,f90DE*0l I._£J00E*01 I.2 |n•E*0 I l,220UF*0| I,23006*01

VcENTR """ -.-_._

»5.339|6*0I «5,339|E*q| .S,339qE*0| »5,339|)E*0| »5,339oE»OI "9,339oE*o| -5,339oE*OI •5,3389E»0| •5,33B9E*oi •5,3389E*0|
»5.33BBE*0[ =5,3388E*ol .5,33871*01 _,33B6E*D| ."5,33B4E*0| «5,3JB3E*0| -5,3380E*OI"•5,33776*01 •5,3J73E*0| -573369E*"OI
•5.3364E«Q| «5,335BE*Q| *6,335|B*Q| »5,3343F*0| »5,3333E»Q| •5,3322E«Q| -5,33q9E*0| »5.3294E*Q| »5,3276E*Q| •5,3256E*Q|
»5.3232E*0I «5,3204E*0l -5,3|72E*0| *5,3I34E*0I •5,3o90E»0l *5,3Q3»E*0| *5,2979E»0I •».29loE*OI •5,2829E*0I '5,2735E*0I
»5,2626E*0I »5,250UE*oi •5,23531*01 •5,2|83E*0| *_5, 1986E»0 I '5, 17»BE*0 I •5,|495E*0I »9.l_l°|6*OI •5,g84|E*0| -6,0439E*0|
»4r9"97BE«"0| "4,945|E*0I .4,885|ff*0| •4,fl|6SE«0| .4,7396E*0| •~4li5-6_*oT'*4.555iE»Oi «4,4464E*0| •4,326oE*0| '4,|935E*0|
«4,0489E«0I •3L8924E*Q| •317245E*0I »3,546[E*0| "S.SSSSEiOj »3,I6_2E*0| -2,9624E*0I »2.75^2E*0| »2,5529E*0J »2,349q6*0|
»2. I4S8E*0I «| ,9S"46E*(jl •l,768|E*0| •l,59i|E*0| »I,42486*0 I • I.26?9£«o j •1,12716*01 •»,9634E*00" *8,T76 |E*00 •777o52E*oo
»6,/453E«OQ *5.8«95E*QU »5.13Q4g»O0 «4,4599E*00 »3,870QE*00 «3.3528E«0Q »2,90q7E*00 »2.5q65E«00 •2,|636E*0Q •|,86586*00
•|,607BE*00 »|.3B45E*00 '1,1914^*00 •l,0248F*00 •8,8|09E»0| "7,5723E»o| -6,5057E.0I •5,5877E'0| •4,798|fc'0| •4,l|92b*oi
•3.5357ES0I »3j.o344E-q| •2,6p3BE_*0| "2,2340E»0| N ,9166E*01 •I.6442E-0 | -|,4lo3E»OI •l.2p°7E»0l •l,0375E'0| '8,8982b.p2
•7,63"l|-«02 «6.5443e»02 •5",6|2|S«02 •4,8i26E".02 *4,I268E»02 »3,53BSE»02" "3,0344E-02 "2.60I9E«02 •2,23!|E"02 "It9I30^*02
•|,6403E50_2 »L^_4065E»q2 •i.2q4q6»02 "|,0340E«02 "8,8662E*o3 •7,6q2|E»03 "6,5|82E.03 "S.SBBbE-oS "4,79|9E-g3 -4^1 087E-q3
»3.5228E»03 «3.0205E"oJ •2.5898E»03 •2.2205E-03 •|,a039E>03
VCENTj
»2.Q065E«04 32.o*06E"Q* -2,||6|E«04 »2,|73|E-04 '2.23|7E*04 "2,29|9E'04 -2.3536E.04 •2,4|7|E«04 •2,549|t«04 >-2,6B84fc.o4
»2.8352E^04 '2i99o|E«Q4 -3.3258E-04 »3.699|E-04 «4,||43E"04 -4,S76|E-o4 "5,66|0E»O4 -7,QQS|E"p4 •8,6635E«04 -|,Q7|7B"03
»I,325BE»03 »|.640|E->o3 *2,029oB»03 •2,5o99E«03 •3,I049E»03 •3,8409E»Q3 -4,75|3E»03 *5.8774E*q"3 »7,2702E"03 "-B.^O^'OS



»l.11246*02
e"9,2907E*02
•7,4744E!.Q I

,375VE»Jl-_
.|4786"«gi"

=9.|425E-Q|
05.|763E*0U
=6.9483E*J0
s|.5***E*0lT
•2.096|E"Q|
»2.526|E'02
•3.Q|3|6-g3

,7p)7 B"0 _
.4 j756-0|

'I.I|546*QQ
•5 . 829 | E*00
'6±37l2E*gp_
'I , 3 | 98B*0JJ
• | ,6987B«0L
'2 T 0 4256". 02
'2.43576»03

• 2_,iu4;e'02
•I , 7499F-Q|
•I,3565E*0Q
"6.4569E+00
• 5j7378E*0jJ
• I,0^47E*Q0
»i.3759E-0|
•|,65|5E-02
•I,96906-03

»2.6_Q296»_02
-2.159 fEro 1

I,6433E*00
•7,D230t*00

'5,p84j^E*oo
•B,8876E*0I
•1,1|4iE»0|
-I .3352Eb"o"2
-I.59I6E-Q3

•3,2|B8E«02
•2.6624E-0I
,9B|6E*0Q

•3.9800E-02
•3,28|j6E.QI
_L____1__Q_
•7,8|78E*00
•3,B3o_06*00
•5.9242E.0I
'7,29726-02
'8.7272E.03

I,04q|E*Q3

»4,9 20
'4.0 38
•2.B3Q
7.983

3.267
4,823
5,9g3
7", 056
8.4^7

BE-02

6E-0I
E*OQ

3E*00
8E*00
6E-0]
86-02
4E-03
3E-Q4

1Q83gE-02
.9_6qE»0I
,34366*00

1*7066*00
,7624E*gg
1922 IE"0 1
,77576*02
,7gJ76-03
,796|E-Q4

r7,5|85E-02

-6,09776-01
3,9|356«Q0

M,52986*00
»7.4304E*00
« I.*lo6E*00
»J.58506*0 I
"3,I238EB02
B3.7274E-03
•4.440BEt04
s5.2898E*05
VSPIN

3.|927E«0I
2,92806=02
I.73536*02

=3.5897E-g4
*4.27606-g»

I.6273E-QI
2.6624E«o2

J___i|__L

•2.9g|7B»04
'3,45656-05

l_ I060H_,0 I
2.300|S«02

,93041-02

•2.3456E-04

•2.7940E-Q5

8.4557E-02

2.0699E«02
2,q63|E«Q2

•|,896|E*04
*2,2585E*g_5

^,89S8E.g2
I ,9]*06«02
2.22Q4E»Q2

'7,48b5E*00
•4,4406E*00
'7.26J7E-0I
•9,0|76E-02
'I,0^'5E-02
• | .2866E-Q3
|,5327E«04 -I.2389E-04 -|.00l56'04 »8.o955E-05

"7,7808E+00
-2,3|69E*00
-3,j8566-0I
-3.8626E-02
-4,61086-03
-5.4936E.Q4

-6,544oE-o5

3.8g*4E*62
I .I36|E»0I

"3.b"4866o0 i
^^6335E«0 I
9,4058E50|
3.69|QE»0|

8.5302E»02
J.7054E-02
3l3264Ee03

^,^0|4E«04
I.27926*04

_______

|.53I0E*0I
J_.5305E*0|
I,5|80E*0!
|,473J^E*0I
I.3962E«0I
I.2872E«Q|
I.|462E*0I
9.76|BE*00

8,34706*00
!.2*g5E«00_
6,47|3E*00
5.8|76E*0Q
5.2839E«66
4.8 399E«00

VCPL1R
• 8. OJ736*02
•I,0293E*0l
o3. I374EB0I

5I,454oE*00
»6,6|87E«0 0
b2.7B02E*0|
• 8,^9846*0^
• i.»I 486*02
»5.I|62E*0
* I.35386*0 I
b3.049|6*00
»6.*j55E'.0 I
»^| ,4236E*^j
S3,05816102
VCPLU

m4.2|64E»Q2
I^2/4/E'gl
3.95Q6E»gf
9,||98E^j)|
"8~.925"uE«g|
3.234»£»gi
7,2848E»g.
I_1448_7E»J2
2,8247E"»g3
5152_42E*g4
I."ob7'7E'"b«"

I.53|UE*gl
1A53i^e*a1
l,5|49E*gi
I,4669E*gi
I". 38676*0 I
I.2746E«pi
I.|303E*ol
9,5*9£E*g_

"8 .22786*0 u
7.j«9,}E*j)U
6.3*94E*0U
5,759j,E*ou
5.2359E*0U
4,7»?5E*JU..

•8.|729E-g.
• I ,o6*7E-g|
•3.6583E-JJ
• I ,6940E*g0
«716824E*g0
•3.|74*6*g|
»9i|603£*g[
•I.o758E*g2
•4.549|E*Q|
"i. 170/e*51
»2^6]936*gb
"»5, 6/456-g I
»l_^2211E-j|
•2.622IE-02

4.6777E«b2
I.43g76*0|
4.3867E«0|

9^54776"OL
8.37876*01
2.82276'Q
6,2|486«02
lL23_05Ej0 2^
2,39876*03
4^694|6-04
9,249|-«05

9.2003E-02

!__*__ I6L"0J.
4,85596-01
?.«00IE_-0L
7,78596-01
2.4533E-0I

5.2972E-02
I.0450E-02
2.03716*03
31989|6_-04
7,8653E-05

5.79I9E-02
J,8g27E"0|
5,3558E»0|

_L.OJ62E*00
7, I657E.0|
2.I25QE.QI
4,5|I8E-02
8.8742E.03
"I ,730IE.03
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I 2,g8(2B8t-03 6,e256]6E-04) (•I.64W|6b-04 4.I 22I86E-g5) I*3.6448686.p5 |,506B746»p5> <-2,3*357|E-p4 -6.5 I846?E-p4)

W» 1 2 2 2

4

9/2
4

9/2

4

7/2
2

5/2

"-unatkiX FOR JJ.K.NLJ" 5 Z T
X 2i5»79j_7E-04 |.||5348E-jj4) ( 3,8420266-01 |,Bo266oE-n6) (-2,1143136-05 9, |62737E»p7 ) ( |,8B|25(E-o5 6, 08 |68o6-05)
(."|.g475676-04 "I • «242*86-B4) ( " '"""

k__

I*
J»

J* 9/2 I 1/2 972 772 5/2

••CMATRTXTBR J3TK.NLJ"~ 6 2" 1 " —"
( 2.805794E.g4___2iB9_33J3E*0_l> ( 3,525*2*6-Q6 -3 .243 I796-Q6) «*2,873 IJ86.g6 • | .4658 IJ_6«j_6) ( 5, |)3Q6*6-q5 *2. gg2 |566-g4 )

N« I 2 2 2

5 5
I 1/2 I I /2

5

9/2
3

7/2

SGTOTL* 2,6912026*12 REACCH. 2,3448046*02

STRGFS» 2,4253666*11 STRGFP. |,980327E»0| FOR NPS«|



ANGLE

5-0

SUM™

I ,38452E*Q7
10 0 8 70823E*U5
15 n 1 72483£*U5

20 0 5 459*86*04
25 Q 2 2781|E*U4

|4p40 E* u430 0 1

35 q 6 4U356E*U3
40 0 3 ,84675E«03
45 0 2 .4II433E*U3

50 0 1.5451)76*03

55 0 1,02033E*U3
60 0 6 .97[g5E*U2

s.g
10,0

is.g
20,0
25, g
30,0
35.0
40.0
♦5.Q

ANGLE

I ,189J2E*0j
6,69U07E*0»
|,72749E*Qi)
5.5|4756*g4
2.284j!6E*g4
1,1 |743E*g4
6. |3253E*JJ3
3,6643"8E*g3
2.33602E«Q3

SUMTH

SCATTERING T0_ 0 <*> STATE AT

J>0LTH

100

.100
,100
.100

.001
,BU2

,101
,103
.107

.01 1

.112
,81)8

__IE_

6S.Q

70.0
75.0
60.0

_B5,J_
90.0
95,0

100.0
105.0
I 10.0
I |5.0

120.0

1GMTH

4,97364E*Q2
3,73020E*02
2,939776*02
2,4|553E*02
2,0444QE*U2
I,760626*02
I,528Q5E*02

,32830E*02
I ,152986*02
9,987926*01
8,J45966*JJ
7,497996*01

0-MEV

POLTH

,003

,018
,033
,045

,052
,052

.047

.039
..028
.016

_.005
',004

<_Al«_... ,00.»PEQR_EE)_NPS«|.

ANGL£_ SGMTH __ POLTH

I25.Q

|30.0
I35.0
I40.0
|45,0
|9o.O
I95.0
1*0*0
|65.g_
|7p7o
I 75.0

•b

6.539926*01
5,7470lE*p|
_S.I14|JE*0I
4.6|728E*p|
4,235426*Pi
3.94B||6*ol
3.73674E*Q|
3,585286*01

^-,48p676»g I
3,4|29b"E*ol
3,37499E*p|

.6.47658*261

,011
",0|5
'.01*
".01*

•j01P_
•,005
".000

,003

_,0O«
,004

j 002
-0

RUTHERFORD CRO__SS S6CT ION

5g,0 I.57(866*03
"55,0"" l,|0302E*03
60,0 8,q2282E*02
65, g

ZJ) ,0
75", 0"
8J,u
85,0
9Q.U

6.016466*02
4,63278E*02
3,65|06E*02
2,93722E*02
2,406*96*02
2,Q057|6*02

»5,0 _l.6_97gj_E*02
100,0 l,456|0E»02
105.0 l.26573E*02
110.0 |,||3656*02

_li5,_g _9,9ig38E.gi
120,0 6,9 I4256*0 I

_L25^0 8,|00|2J*OI
|30,0 7,43I98E*0I
|35,0 6,68249E*0I

|4g,g 6_L43g786*g|
145,o 6,g6g796*gi
I50.0 5.760136*0
159,0

i*o.a
165,0
170,0
I75,0

_____

5,519266*0|
5_i33g9l6*o |
5. | B9"596*o I
5.0*1326*0 1
5,033406*01

-6,47658-26|

__SCATTERINGL TO_ 2 (*)_ STATE AT | .QQQ'MEV

POLTH ANGLE SqMTH PBlTh

•• (£>!• .00-D6GREE) NP_S»[ _

ANGLE SGMTH POLTH

5,g |.5B6226.pi 003 65.0 7,4|03|E-02 •I2_l. (25. p 2,849|6fc*g2 -.384

10,0 |,55|27E-U| 006 70.0 7.00756E-02 .151 |30>0 2.867626»02 -,302

15,0 |,4*5756.01 910 75.Q 6,633*7E-02 . 186 |35.0 3,gi»4|E-p2 -.2 |4

20,0 1,423426.gi 0|4 8o,0 6.26057E-02 -.225 |40.0 3,286656-02 *, 137
25.0 |.339poE.g| 1|6 85.0 5.8645IE-02 '.267 145.0 3,641236-02 ",078

30.0 |.24766E«o| •23 *0i0 5.43354E-02 '.3|2 |50.0 4,048506-02 *,03»
35,0 |.|5456E-UI 129 *5,0 4.96865E-02 '.357 155. 0 4.47| |9E-02 -,0|5
40.0 I-06432E.UI 136 100.0 4.48539E-02 '.40| 1*0.0 4.8730IE-02 *,002
45.0 9,80663t*02 046 105,0 4.0P970E-02 •.440. 1*5.0 5.22I5IE-02 ,004

50.0 9.06076E.02 059 110,0 3.57557E-02 '•465 |70.0 5,4»007E-02 .005

55.0 8.4|6B|£-U2 - 175 115,0 3,2|835E-02 ',469 175.0 5,65*|5E»02 .003

60.0 7,871/96*02 |96 120.0 2.969Q2E-02 '.443 •o .6,47658*261 -0

<I
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VI. FORTRAM Listing of JUPITOR-1

The following is the listing of the FORTRAN program JUPITOR-1, as

of May, 1967.

The FORTRAN cards of this program (including the data cards of Sec.

IV) are available upon request of the author. It is hoped, however,

that such a request is discriminated, since the duplication and shipping

of these cards involves labor and expense. When the reader has a copy

and is requested from somebody else to make a copy, he is quite welcome

to do so.



Tl

PROGRAM JPIMAIN
CCCCCC ****** COMMON STATEMENTS THAT ARE COMMON TO ALL THE R0UTINE5 ***"

COMMON FACLOG!500).RAC,IA,IB,IC,ID,IE,IF,L9!9),U9
COMMON KTRL<30),KEXCOM<50rTEXTCOM(50T,KTLrtUT(373~l
COMMON F(71),G!71),FD<70),GD!70),ETA,SIGMAZ,RHOMX,RD,LMAX
COMMON ANGLER(100),AR(70),ATT70),8R{70),81(70),CE(10),ORI 10TV

ECM(10),

IfMULT<l0),tlReAD{lO>,KPftITft(l0),JJftOW!30),LLftOW(30),
NNROWOO) ,0VALUE(10),SGMAZZ( 10 ) ,THETA( 100 ) .VCOUPL ( 20 ) ,

COMMON

WN<10>,WNINI!10),WC!10)
ISTRTH.IICPLE,INTYPE,INTMAX,11XCAL,IIXPLT,IIPCAL,
T TDQI T I 1 IUAV uvonu MVUAV _iv/~m n MAMrrfi urn cue? "~~~IIPPLT,JJJMAX,MXROW,NXMAX,NXCPLE,NANGLR,NDFMEST
AMUPMU,CHARGE,CFUNIT,OFN,DFNS,DFNW,DFNSP,ELAB.ETUNIT,
PMAS,RMAS,RZERO,RZEROC,RZEROS,RZEROW,RZROSP,
RMAX,RBAR,SGMAR.TMAS,VSX,VSF,VSO,WSX,WSF,XMAX,XBAR,

5 XMES1,XMES2,WNUNIT,TTR,TU,ZER0
TYPE COMPLEX TTR.TTI.ZERO

CCCCCC ****** COMMON FIELDS USED IN COMMON BY SEVERAL ROUTINES *****
COMMON EXTRA4U2190)
COMMON AMS!3,3,3),BMTRU0,10,3),BMTII10,10,3),NENSBP(3\,

1 NENSBTI3),SGMEXP!100,6),POLEXP!109,?),FAK4),NFAI,

2

CCCCCC

NPOLST

****** DIMENSION FIELDS USED ONLY IN THIS ROUTINE ********

DIME

EOUI

NSION MENSBT!20,3),0CCUPAI20,3),EULER!3,3>

VALENCE 1EXTRA4! U,MENSBT),(EXTRA4( 61J,0CCUPA),

(EXTRA4! 121),EULER)

II0T(6),IIBB(6),KPBB16)DIMENSION

TYPE

EOUI

CCCCCC

CCCCCC

INTEGER

VALENCE (

IF KTRL

IF KTRL

ISBB,IIBB.KPBB,AMPMWR

AR,ISBB),!AR!2),IIBB),IAR!8),KPBB),(AR(14),HOT)
(1) = 0

(3)=1

TARGET IS OF EVEN A, IF=1 TARGET IS OF 0D0 A.

REACTION AND TOTAL CROSS SECTIONS ARE COMPUTED.

CCCCCC IF KTRL(3)=2 DIFFERENTIAL CROSS SECTtONS ARE NOT COMPUTED.
CCCCCC IF KTRL!4)=1 DIAGONAL ELEMENTS OF ALPHA*ALPHA TERM ARE ADDED.

CCCCCC

CCCCCC

CCCCCC

CCCCCC

IF KTRL

IF KTRL

IF KTRL

IF KTRL

(7)=1 ADIABAT

!8) = 1 BOTH PR

IC ASSUMPTION IS MADE.

OJECTILE AND TARGET ARE INITIALLY POLARIZED.

(8)=2 ONLY

(8)=3 ONLY

E PROJECTILE IS INITIALLY POLARTXFD.

E TARGET IS INITIALLY POLARIZEO.

CCCCCC IF KTRL(9)=1 RANGES OF JJJ AND K ARE RESTARTED BY KEXCOM*5,6,7),
CCCCCC IF KTRL(9J=2 RANGES OF JJJ AND K ARE RESTRICTED BY KEXCOM(5,6).

CCCCCC

CCCCCC

CCCCCC

CCCCCC

CCCCCC

CCCCCC

CCCCCC

CCCCCC

CCCCCC

CCCCCC

CCCCCC

CCCCCC

CCCCCC

CCCCCC

CCCCCC

CCCCCC

CCCCCC

CCCCCC

CCCCCC

IF KTRL

IF KTRL

( U) = l EXPANS

(12)=1 COMPLE

ION OF V IN LEGENDRE POLINOMIAL IS MADE.

X COUPLING IS TAKEN.

B EXCITATION IS ADDED.

C XSEC IS DIVIDED BY RUTHERFORD XSEC.

PIN fNTERACttON IS CONSIDERED.

I13)=1 COULOM

(17)=1 ELASTI

IF KTRL

IF KTRL

IF KTRL

IF KTRL

(191=1 SPIN-SF

(27)=1 IT IS ASSUMED THAT C-MARICES HERE ALREADY COMPUTED.
KEXCOM!

KEXCOM!

LE IF NON-ZERO <CCCTRL,SN-181)

OF NXMAX. (CCCTRL).

2)=NXMAX=NXCP

4)=INCREMENT

KEXCOM!

KEXCOM!

5,6,7)=JMIN,J

12)=SPIN OF T

MAX.KPARITY USED WHEN KTRLT9TTS NON-ZERO.

HO-PHONON CORE STATE (INTYPE=5).

KEXCOM!

KEXCOM(

13)=NUMBER OF

14)=LLMAX IN

THREE-PHONON STATES (INTYPE=3),

NLJJJK.

21-27) GIVE N

,2+,l-,2-,3-

UMBER OF STATES IN THE GROUND 8AND.AND
BANDS.

KEXCOM!

K=04,0-

KEXCOM!

KEXCOM!

KEXCOM!

KEXCOM!

KEXCOM!

TTR=I1.0,0.0)

28)=KIREPT (B

41)=KB0UND !

MATRX,AMATRX)

CF.COUPLE)

42)=NBOUND

43)=MXR0MI

CF.COUPLE)

CF.COUPLE)

45,46)=JJ,K I

$ TTI=!0.0

N NLJJJK.

,1.0) S ZER0=!0.0,0.0)

701 F0RMATI14I5)
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702 FORMAT!10F7.2)

703 FORMAT!3!2I5,F10.3))

704 FORMAT!I5.4F7.2)

705 FORMAT!10F7.3,12)

4000 FORMAT!1H1)

4100 FORMAT!1H0)

FACLDG11)=FACL0G(2)=0.0 $ FN=1.0

DO 10 N=3,500 $ FN=FN+1.0

10 FACLOG(N)=FACLOG!N-1)+LOGF(FN)

100 READ!5,701),(KTRL!N),N=l,28),1KEXCOM!N),N=1,14),IKTLOUT!N),N=1,
READ!5,702),IEXTCOM!N),N=l,10)

28JCARD

CARD

CARD

1-5

6

READ!5,701),IICPLE,INTYPE,INTMAX,I STRTW,NANGLR,IIXCAL,IIXPLT,
1 IIPCAL,IIPPLT,KANGRD

7

IFIINTYPE-6) 103,102,103

102 REA0(5,701).!KEXC0M!N),N=21,27) CARD 7.1

103 IIRMAX=IICPLE*!1-KTRLI7)H-IIXCAL*KTRL(7)

READ!5,703),i IIREAD!N).KPRITR(N),QVALUE!N),N=l,I IRMAXI CARD 8

105 READ(5,702),ELAB,PMAS,TMAS,CHARGE,XMES1,XMES2,AMUPMU
IF1KANGRD) 112,111,112

CARO 9

111 READ!5,702),(ANGLER!N ),N=1.NANGLR) $ GO TO 115

112 READ!5,702),ANGMIN,ANGDEL $ ANG=ANGMIN
CARD

CARO

10

10

DO 113 N=l,NANGLR $ ANGLER(N)=ANG

113 ANG=ANG+ANGOEL

115 DO 117 11=1,IIXPLT

117 READ!5,702),ISGMEXPIN,ID,N=l,NANGLR) CARD1

CARD1

0.1

DO 119 11=1,IIPPLT

119 REA0(5,702),!P0LEXP!N,I1),N=l,NANGLR) 0.1

128 IF(KTRL<8)> 132,131,132

131 NFAI=1 $ FAII1)=0.0 $ GO TO 137

132 READI5,704),NFAI, ( FAKN) ,N = 1,2)
DO 135 N=l,2

CARD 11

13.5 FAI!N)=FAI(N)4>0. 0174532925

137 DO 138 N=l,NANGLR

138 THETA(N)=ANGLER(N)*0.017453292 5
NP0LST=1

MULSPN=ISTRTW+1 $ FMLSPN=MULSPN $ SQRTSP=1.0/SORTF(FMLSPN)
MULT1Z=IIREAD!ll+IIREAD!1)+1-KTRL(1)

FS0=MULT1Z $ FS0=1.0/FS0 $ FSOINV=SQRTF!FSO)

DO 155 Nl=l,3 $ DO 155 Ml=l,3 $ DO 145 M2=l,3
145 AMS!M1,M2,N1)=0.0

155 AMS(M1,M1,N1)=S0RTSP

DO 160 Nl=l,3 $ DO 160 M1=1,MULT1Z » DO 157 M2=1,MULT1Z
157 BMTR(M1,M2,N1)=BMTI!M1,M2,N1)=0.0
160 BMTR !M1,M1,N1)=FS0INV

DO 180 N=l,3 t NENSBP(N)=MULSPN $ NENSBTIN)=MULT1Z
DO 180 NE2R=1.MULT1Z

MENSBT(NE2R,N)=2*l-IIREAO(1>+NE2R)-1

180 OCCUPA1NE2R,N)=FSO

IF(KTRL(8)) 190,400,190

190 READ(5,701),NPQLST,!NENSBP!N1).NENSBT!Nl),N1=1,3)
IFIKTRLI8I-3) 195,210,195

CARD 12

195 DO 197 N3=l,NPOLST

READ!5,702),I!AMS(NI,N2,N3),N2=1,MULSPN),N1=1,MULSPN) CARD 13
197 CONTINUE

210 IFIKTRLJ8J-2) 215,400,215
215 DO 290 NPS=1,NPOLST

N1MAX=NENSBT!NPS) $ N2MAX=MULT1Z

READ!5,701),IMENSBT(N1,NPS),N1=1,N1MAX)

READ(5,702),(U_LUHA(N1,NPS),N_=1,N1MAX)
CARD

CARD

CARD

14

15

READ(5,702),!EULER (Nl,NPS),N1=1,3)
DO 225 N1=1,N1MAX

16

22 5 OCCUPA(N1,NPS)=S0RTF( OCCUPA(Nl.NPS))
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Ji_JLL?EAD( *>
DO 260 NE2RM.N1MAX $ M1=MENSBT(NE2R.NPSI

EUL1=EULER 11,NPS)»0.0087266463
EUL2=EULER 12,NPS)*0.008726646 3

EUL3=EULER I 3.NPS)*0.0087266463
COBETA=C0SF!EUL2) $ SIBETA=SINF(EUL2)

DO 255 N1D=1,MULT1Z

Ni=-IIREAD(1)4-N1D $ FN1 = N1 * FM1 = MI
ARG13A=EULl*!FMl-0.5)+EUL3*IFNl-0.5)
C0S13A=C0SF!ARG13A) $ $INl3A=SlNF(-AftGl3A) * JPM=J1 + M1 i JRN=JUN1
JMM=J1-M1+1 $ JMN=J1-N14-1 t MMN=M1-N1+1 < NTMIN=XMAXQF!1,MMN)
NTMAX=XM!NOF!JPM,JMN) $ BMTFC=0.0 I IF(NTMIN-NTMAX)230,230,247

230 NC0P0W=J1+J1+MMN S NSIP0W=MMN+1
bcOMFC=EXPF!0.5*!FACLOG! JPM) 4-F ACLOG! JPN)+FACLOGi JMM»+-F ACLOG! JMN) ) )
SUM=0.0
DO 245 NT=NTMIN,NTMAX

NTTRUE=NT-1 $ NTTW=NT+NT $ Kl=JPM-NTTRUE $ K2=JMN-NTTRUE

K3=NT * K4=NT-MMN+1

NCPW=NCOPOW-NTTW * NSPW=NTTW-NSIPOW

COFC=COBETA**NCPW * SIFC=

IF(COBETA) 234,232,234

=SIBETA**NSPW

232

233

IFINCPW) 234,233,234

C0FC=1.0

234

235

IF(SIBETA) 237,235,237

IF(NSPW) 237,236,237

236

237

SIFCal.O

TERM=!(-1.)**NTTRUE)*C0FC*SIFC/

1EXPF!FACLOG!Kl)+FACL0G(K2)+FACLOG!K3)+FACLOG(K4))

245 SUM=SUM+TERM
BMTFC=DC0MFC*SUM*0CCUPAINE2R,NPS)

247 BMTR!NE2R.N1D.NPS)=BMTFC*C0S13A

BMTHNE2R,N1D,NPS)=BMTFC*SIN13A

255 CONTINUE

260 CONTINUE

DO 262 N1=1,N1MAX

0CCUPA1N1,NPS)=0CCUPA!N1,NPS)**2

262 MENSBT!N1,NPSI=MENSBTIN1,NPS)*2-1

290 CONTINUE

400 REA015,702).VSX,WSX.WSF,VS0*!WC!N),N=1.6) CARD 17
READ(5,702), DFN,DFNW,DFNS,OFNSP,RZERO,RZEROW,RZEROS,RZROSP.RZEROC CARD IT
REA0I5,705),(VC0UPL!N),N=1,10),KREAD1 CARO 19
IFUNTYPE-3) 500,410,500

410 IF(KEXC0M!13) I 420.500,420
420 READ!5,702),(VCOUPL(N),N=11,20) CJRD19.1
500 WRITE(6,502)
502 F0RMATI1H1,//////////)

WR1TE16.503)
503 F0RMATI31X, 10H**********,6X.27HCOUPLED CHANNEL C ALCULATI ON, 5X,

11OH**********I

WRITE!6,505)

505 FORMAT!1H0.48X.22H!0N PROGRAM JUPITOR-1) )
WRITE 16,510),ELAB,CHARGE,TMAS.PMAS

510 FORMAT!////21X,5HELAB=F6.3,10H, CHARGE=F5.1,8H, TMAS=F7.3,8H, P

1MAS=F6.3)

WRITE16.513).VSX,WSX»WSF,VS0,DFN*DFNW„DENS,DFNSP,
l RZER0,RZER0W,RZER0S,RZR0SP,RZER0C,(WC(N»,N=1,6I

513 FORMAT!/// 21X,15HVSX,WSX,WSF,VSO,18X,1H=,4F8.3/21X,19HDFN,DFNW*DF
1NS,DFNSP,14X,1H=4F8.3/21X,34HRZERO,RZEROW,RZEROS,RZROSP,RZEROC=5F8

2.3/21X.2HWC,31X,lH=6F8.3)
IS0E=ISTRTW-2*!ISTRTW/2) $ IF(ISOE) 516,514,516

514 ISTR0T=ISTRTW/2 * ISBB=2H $ GO TO 517
516 ISTROT=ISTRTW $ ISBB=2H/2
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517 WRITE16,518),ISTROT,ISBB

518 FORMAT!IHO,20X,16HPR0JECTILE SPIN=I1,A2)

WRITE!6,520),IIRMAX,INTYPE,INTMAX,1VC0UPL(N),N=1,10)
520 FORMAT!IHO,20X,7HIIRMAX=11,8H,INTYPE =I1,8H,INTMAX=11,6H,BETA=10F6.

13)
IFtINTYPE-4) 530,523,530

523 IF(KEXC0M113)) 524,530,524

524 WRITEI6,5271,1VCOUPL!N),N=11,20)

527 F0RMAT(48X.5HBETA=10F6.3)
530 DO 538 U = 1,IIRMAX $ IF(KTRLd)) 533,532,533
532 HOT! I1) = IIREAD!U) $ IIBB!Il)=2H $ GO TO 534
533 HOT!I1) = IIREAD(I1)*2-1 $ I IBB(11)=2H/2
534 IF(KPRITRd 1)-1) 536,535, 536
535 KPBB(I1)=3H(+) $ GO TO 538
536 KPBB1 I1)=3H(-) ^^^
538 CONTINUE

WRITE 16,540),(HOT! I),IIBBII ),KPBBJI )»flVALUE! II,1=1, IIRMAX )
540 FORMAT! IHO, 20X ,14HTARGET STATES,3!2X,I 1,A2,A3,4H AT F6 .3, 5lT"MEV,T>

IF(INTYPE-6) 555,550,555

550 WRITEI6.561),1KEXCOM!N),N=21,27)
555 WRITE16,4100) $ WRITE16,562),(KTRL!N),N=1,28 )

WRITE 16,563),1KEXCOM!N),N=1,14) $ WRITE16,564),IKTLOUTIN),N=1,28)
WRITE(6.565)*!£XTCOM(N),N=1,10)
AMPMWR=3HAMU $ IF(AMUPMU) 557,558,557

557 AMPMWR=3HPMU

558 WRITEI6.566),XMESl,XMES2.AMPMWR

561 FORMATt/21X,31HNO. OF STATES IN VARIOUS BANDS=7I5)
562 F0RMAT1///7H KTRL ,2814)

563 FORMAT!7H KEXCOM,2814)
564 FORMAT!7H KTLOUT,2814)

565 F0RMAK7H EXTCOM, 10F10. 2 )

566 F0RMAT!7H XMES1=F7.5,3X,7H XMES2=F7.5.3X,6H UNIT=A3)
IFIKTRLI8)) 605,601,605

601 IF(KTLOUTU) ) 605,690,605
605 WRITE16.610)

610 FORMAT!1H1,20X,5H*****,5X,21H INITIAL POLARIZATION,5X75H*****)"
DO 680 NPS=1,NPOLST

WRITE 16,620),NPS

620 FORMAT!///20X.9H AMS FOR I1.22H-TH POLARIZATION STATE//)
NAMAX=NENSBP(NPS) $ N1MAX=NENSBT(NPS)
DO 640 N1=1,NAMAX

WRITE<6,635),N1,(AMS!Nl,N2,NPS),N2=1,MUCSPN)
635 FORMAT!IPX.5H NE1 =I1,5X,3F10.5 )
640 CONTINUE

645 WRITE!6,650),!EULER INl,NPS),Nl=l,3)

650 F0RMAT1///12X,2HMN,3X,6HWEIGHT,10X,3HBMT,5X,3H***,2X,15H EULER ANG
1LES =3F7.2//)

DO 670 N1=1,N1MAX

00^63 N2=J.,MULT1Z
BR(N2)=BMTR(N1.N2,NPS) ~~ "

663 BI(N2)=BMTIIN1,N2,NPS)

WRITE16,665),N1,MENSBT1N1,NPS),0CCUPA!N1,NPS),!BR(N2),N2=1,MULT1Z)
665_F0PjjATJ 5H NE2= I 2,2X* I 3, 2H/2.F9.4, 2X, 1QF9..4)

WRITE(6,667),IBI(N2),N2=l,MULT1Z)
667 FORMAT(25X,10F9.4)
670 CONTINUE

680 CONTINUE

690 WRITE16.4000)

CALL CCCTRL
GO TO 1100,105,400),KREAD1
END JPIMAIN
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SUBROUTINE CCCTRL

CCCCCC ****** IUMMUN SIAIbMbNIS IHA I AKb LUMMUN IU ALL I'Hb RUUIlNbS
COMMON F ACLOG! 500 »,RAC. IA, IB* IC ,10, IE, IF, L91,9),U9
COMMON KTRL130),KEXCOHI50),bXIC_M!bO),KTLUUH30)
COMMON FI71),G!71),FDI70),GDI70),ETA,SIGMAZ,RH0MX,RD,LMAX

~ COMMON ANGLfcRUOOKAKi /O),A1! ^0)*BR!70),BI170),Cbl10)H
1 ECM! 10),

~2 UHULI 110),HRfcAU( lOI.KPRl IK11U) .JJRUWI 3U) .LLKUW1 3U).

3 NNR0W(30),0VALUE(10),SGMAZZ(10),THETA(100).VCOUPL(20),
^f WNI10),WNIN1(10),WC110)

COMMON ISTRTW,IICPLE, INTYPE,INTMAX,IIXCAL,IIXPLT,IIPCAL,

I " IIPPLT,JJ JMAX.MXRUW, NXMAX, NXCPLb, NANGLR, NDFMES, —

2 AMUPMU,CHARGE,CFUNIT.DFN.DFNS. DFNW, DFNSP, ELAB, ETUNIT,
3 PMAS,RMAS,RZbKU,RZfcRUC.RZfcKUS,RZbKUW,KZKUSP,
4 RMAX.RBAR.SGMAR.TMAS,VSX,VSF,VSO,WSX,WSF,XMAX,XBAR,
5 XMES1,XMES2,WNUNIT,TTR,TTI,ZER0"
TYPE COMPLEX TTR.TTI.ZERO

CCCCCC ***** COflMON FIELDS USED IN COMMON BY SEVERAL RUUIINbS *******
COMMON EXSGRI170,6I $ TYPE COMPLEX EXSGRl
CUMHON bC!70,-).HJlt/0,6),GG170,6),GUC1 f0,6)
DIMENSION FCRA(14,5,6),FDCRA(14,5,6),GCRA«14,5,6),GDCRA(14,5,6)

E0UIVALENC¥"(FC,FCRA).(FUC,FDCRA),(GC,UCKAI,1GUC,GDCRA)
DX=XMES2

"DO 130 Il=T,"TTXrAT

130IIMULT(I1)=2*IIREAD(I1)+1-KTRL(1)

KMAS=PMAS*IMA_/(PMAS+?MAS1 T—blMl1)=bLAB*KMAb/PHAb

ETUN IT=0.15745400*(1.0-AMUPMU)+0.15805086*AMUPMU

RNUNTT=I).21_/0660»<1.0-^HUPMU)+0.2195376C»AMUPMU

CFUNIT=1.0/(RMAS*WNUNIT*WNUNIT)

DO 150 ll = l,UCPLb

ECM! IU = ECM!1)-0VALUE!I1) $ E1=ABSF1ECM! 11) )

~ CTE 1 1 D = blUNl l*LHAKGb»SUKIHKHAS/bll

WN 1I1)=WNUNIT*S0RTF!RMAS*E1)

WNrNTITXl^imUrTrT^ORTFTRHflT^rECMTTTT^VSXTr—

ETA-CE(U)

IF rETff-IOV01 1317X3371^3

131 ETA2=ETA*ETA $ ETA2A=2.0*ETA $ ETA6=ETA2+16.0

SIGHA0=-!blA/l 12.*bfA6) )»( l.H b IA2-4B. )/l 3U.*(bIA6**2 ) H-HEIA2

1-160.)*ETA2»1280.)/(105.*(ETA6**4))>-ETA+(ETA/2.)*LOGF ( ETA6)

2+3.5*ATANF(0.Z5*_TAl-(A! ANH b IA J+A! ANHO-b*b I A)+ATANF!ETA/3TT1

GO TO 135

133 bINV1=170/ETA $ EINV2=EINVl*blNVl~f EINV3=EINV1*€1NV2
EINV5=EINV3*EINV2 » EINV7=EINV5*EINV2 * EINV9=EINV7*EINV2

SIGMAO=0. /Bb39B1634+blA*LUGHblA)-blA

1 -<0.08333333333*EINV1+0.00277777777*EINV3

2 +O.UUU f936t>!U9*bINV5+0.00059523810*EINV7^
3 +0.00084175084*EINV9)

1T5 M0DTPT=TTGHSO75.2a318 530/2

FMODTP=MODTPI

S_MAZZlIU=SIGMA0-6.2B31Bb3U/2*>MUUIP

150 CONTINUE

NDFMES=X T TX=2.(

DO 165 N=l,10

TX=TT.5*TX

IF1TX-0.00001-XMES1) 167,167,165

165 NDFMfcS=N_FMfcS+l

167 XMES1=TX

A1=TMAS**0.333333333333$XBAR=RZbRU*AI

XCPLR =XBAR+10.*DFN $ XCPLW = RZEROW*AH- 10.*DFNW

KCP L3~~=T_ER0S*A1 + 10.*DFNS J XCPLSP=RZRUSP*A1+10.*UFNSF~
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XCPLE=MAX1F!XCPLR.XCPLW,XCPLS.XCPLSP)
NXM*X=XCPLE/W

IF1KEXC0M12)) 181,182,181
181 NXMAX=KEXC0M12)

182 NXCPLE=NXMAX

IF<KTRU13I> 18371"837TS3
183 NXMAX=NXMAX+KEXC0M<4)
185 FNXMAX=NXMAX $ XMAX=DX*FNXMAXi KEX14=KFXX0M(14)

JJJMAX=11-KTRLl7))*1KEX14 + 1ISTRTW+2*!IREAD11)-KTRL!1))/2)

I +KTftL(7)*(KEX14+USTRTW/2)»
WRITE (6. 263). (ECM! ID, 11=1, I ICPLE)
WRITE16,265),1WN!ID,I1=1,IICPLE)
WRITE16,267),1WNINI1ID,I1 =1,IICPLE)
W'R't TE16,269) .TCETI 11,11= 1,IICPLET
WRITE16.27D.1SGMAZZ1 I 1) , 11 = 1, I ICPLE )
WRITE16,273),JJJMAX,KEXCOM114),NXCPLE,NXMAX,XMAX,XBAR

263 F0RMAT17H ECM 6E15.5)
265 FORMATT7H WN ^_T5T51

267 FORMAT17H WNINI 6E15^5)
269 F0 ft MAT 1 7H ETA 6HET57 51
271 F0RMAT17H SIGMO 6E15.5)

273 FORMAT!27HOJJJMAX.KEX14,NXCPLE,NXMAX=4I5,11H XMAX,XBAR=2E15.7)
KEX14=LMAX=KEXC0M114) $ LMAXM1=LMAX-1

KBOUND=0

_9.° 290 U =1«1ICPLE
IFIECMIID) 282,290,290

282 KB0UND=1

290 CONTINUE

NFGMX=4*KB0UND+1 $ X=XMAX+2*KBOUND*XMES2

DO 390 NFG=1,NFGMX
DO 380 11=1,IICPLE

ETA=CE1ID $ SIGMAZ=SGMAZZfTl)
RH0MX = X*WN1ID $ RO=DX*WN!ID S IFIECMIID) 343,341,341

341 CALL FLGLCH S GO TO 345

343 CALL FLGLNG
345 IF1KB0UNDT^361,351,361
351 DO 355 L=DLMAX

FCiL,ri)=F!LT i GCl_7TTT=Tr(Lr $ TrjCfLTTTT^FDILr
355 G0C1L. ID=GD1L)

GO TO 380

361 DO 365J_=1,LMAX
GCRAiL.NFG,lTT=GTL) $GDCRA!LVNFG.ll) = GDTL1

365 FCRA!L,NFG,ID=FJJ.) $ FDCRA1L.NFG, ID=FD1L)
380 CONTINUE "

X=X-XMES2

390 CONTINUE

DO 510 11=1.IICPLE $ ETA=CE«ID $ ETASQ=ETA*ETA

SG=SGMAZZ1ID * EXSGRIflTlTT=C_3FT?G)^TTT*TTNFTrGT $ FL=170
DO 510 L=1,LMAXM1

DENOM=SQRTF!l.0/(ETASQ*F_*FL)T
EXSGRI1L + 1.IP = (FL+ TTI*ETA)*EXSGRI(L,IP*DEN0M

51C FL=FL+1.0 —

4060 F0RMATU(1X,1M,C!E13.6,E14.6),1H) ) )

IF(KTLOUT16)) 4no,4T9(J,4TI0

4110 DO^412CWl=ldICPLE $ WRITE16,4115),11
4115 FORMAT! 15H0EXSGR f FOR 11=ID

WRITE 16,4060),1EXSGR11L.I1 ),L=1,LMAX)
4120 CONTINUE

4190 CONTINUE

IF1KTRLI27)) 560,580,560" ""

56c rewindj7 * rewind 8 *go to 900
580"Call potent
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REWIND 7 $ JMIN=l $ JMAX=JJJMAX » IF(KTRL(9P 601,605,601
601 JHIN=KbXCUM(b) $—JMAX=KbXCUM 16 )

605 DO 800 JJ=JMIN,JMAX

K_XCUM(4b)=JJ

DO 790 K=l,2 $ IF(KTRL(9)-D 608,606,608
606 IFIKrKEXC0K(7)J 790,608,/90
608 KEXC0M(46)=K $ CALL NLJJJK $ IF(MXROW) 790,790,720
720 REWIND 8

CALL COUPLE

IKKILUUI13)) /2b,/VU./2b

725 JlCHEK=JJR0W(D-2*(JJR0W(l)/2) * J1CKDV=2-J1CHEK

DO 750 N=1,MXR0W J LLKOW(N)=LLRUW(N)/2

750 JJR0W1N)=JJR0W1N)/J1CKDV

WRITE(6,76D,(NNR0W(N),N=1,MXR0W)
WRITE16,762),!LLROW!N),N=1,MXR0W)

IF1J1CHEK) 756,754,756
754 WRITE 16*763),1JJR0W1N),N=1.MXR0W) $ GO TO 770
756 WRlTE16,765),tJJR0WlNJ,N=l,MXR0WJ
761F0RMAT 13H0N=,2315)

762 F0RMAT13H L=,23151
763 FORMAT!3H J=,23I5)

/6b HJKMAH4H J= ,23(13,2H/_I»
770 DO 775 N=1,M-XR0W * LLROW 1N) = LLR0W (N) *2

775 JJR0W1N)=JJRUW1N)*J1CKDV
790 CONTINUE

800 CONTINUE

IF(KTRL(9I) 1000,900,1000

900 CALL XSEC

10C0 RETURN

END



SUBROUTINE NLJJJK
******
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CCCCCC CUMMUN SlAIbMbNIS (HAT ARb CUMMUN IU ALL

FACLOG(500),RAC,IA,IB,IC,ID,IE,IF,L9(9),U9

1CTRTT30),KbXCOH!50),bX(COM( bO),KTLOUT(30)
F{7D,G(7D,FD(70),GD(70),ETA,SIGMAZ,RHOMX,RD,LMAX

IHb KUUlINbS

210

230

25C

410

COMMON^
"CUMMTJN"

COMMON

"COMMON"

COMMON

ANGLERTTOOT, AR! 70 ),AII 70 ),BR 170 ), BI (70),CE110) ,UR! 10 ),
ECM110),

nMULT(10),IIREAD!10),KPRITR!10),JJRUW(30),LLKUW!30),
NNR0W130).OVALUE!10).SGMAZZ110).THETA!100).VCOUPL!20),

WN(10T7wMNI(lC),WC!101
ISTRTW.IICPLE,INTYPE.INTMAX,IIXCAL,IIXPLT, IIPCAL,

11PPLT,JJJMAX, MXROW,NXWA"X,NXCPTE, NANGLR,NDFME57
AMUPMU,CHARGE,CFUNIT,DFN,DFNS,DFNW,DFNSP,ELAB,ETUNIT,

PMAS.RMAS.RZERO.RZE
4 RMAX,RBAR,SGMAR,TMA
5 " XMEST7'XM_3_TWNU

TYPE COMPLEX TTR,TTI,ZERO

ROCRZEftOS.RZEROW.RZROSP,
S,VSX,VSF,VSO,WSX,WSF,XMAX,XBAR,

TTTITZ-RTJ

KTRL1T=KTRL11)*11-KTRLT7TT *
KT1PIS=KTRL1T+ISTRTW $ KTISCK

JJ = KEXC0M145) S K=KEXC0M"nf6"T
KTlPIS-2*lKTlPIS/2)

JJTRTW=2*JJ-2+KTISCK

DO 600 11=1,IICPLE $

"$ NR0kl=0

IF1KTRL1

RTW+2 i

ITRTW=2*IIREAD(ID-KTRL!1)

Kl=K+l $ J1TWMI=JJT
K1=K+KPRITR!I1) $ I

7)) 210,230,210
JlTWMX=2*JJJMAX+2-KTISCK $G0 TO 250"

J1TWMI =XABSF"< I ITRTW-JJTRTWT+T^
KPCHEK=Kl-2*!Kl/2)

JTTWMX = 11TRTW+JJTRTW+2

DO 600

L1TWMI

J1TW=J1TWMI,J1

=XABSF1J1TRTW-I

TWMX.2 * J
STRTW)+2

lTRTW=JlTWMI+JlTWMX-JlTW-2

* LlTWMX=JlTRTW+ISTRTW+2

LlTR=LlTRTW/2

DO 500 L1TW=L1TWMITL_TW«X72~

LlTRTW=LlTWMI+LlTWMX-LlTW-2

L1PRC K"= L1 TR- 2* IL1TR72T $
IF(L1TR-(KEXC0M(14)-1

$

1PRCK-KPCHEK1 500,4107500"

,500)) 420,420
R0W)=I1 $ LLR0W(NR0W)=L1TRTW420 NR0W=NR0W+1 t NNR0W1N

JJR_W(NROW)=JPRTW
500 CONTINUE

600 CONTINUE
MXROW=NROW

IF(NNROUil)-l) 610,620,610

610

620

MXROW=0

RETURN

END

"***
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SUBROUTINE FLGLCH
CCCCCC ****** COMMON STATEMENTS THAT ARE CUMMUN TO ALL )Hb RUUIlNbS —*w

COMMON FACL0G1500),RAC,IA.IB.1C,I0,IE,IF,L919),U9

COMMON KTRT(TOT, KEXCOM (50 ),"_XTC0Wr50T,KTLUUT! 30 )

COMMON F!71),G17D,FD170),GD!70),ETA,SIGMAZ,RH0MX,RD,LMAX
CCCCCC ****** DTMWSION FIELD USED ONLY IN THIS RXRJTXNTE *********

COMMON EXTRA316070),FBAR(200 I,GTI75,2),T1MEMO(100) .WRONSK! 75)
CCCCCC ****** CALCULATION OF G ******

ETATW=ETA+ETA $ ETASO=ETA*ETA $ LMAX1=LMAX+1 $ KTRL(15)=0

DO 200 L=1,LMAX1

200 WR0NSK1L)=0.0
EEPS 1=0.000001 $" "EEP52=TJ70TJ07J0T i EFPT3=7J. 00002"

C0REC1=1.0/110.0**10) $ S0=S0RTF!1.0+ETAS0)
R=T $ RHOMXG=RHOMX+20.0*RD—$—NINC=0

250 SL1=1.0 $ TL1=0.0 $ SC1=0.0 $ TC1=1.O-ETA/RHOMXG

SL = SL1 $ T_=TLT~~*SC = SC1 i TTJ=TCT
IF(ABSF(ETA)-EEPS1» 263,263,255

255 DO 260 N=l,25~ t T1=N $ T2=2.0*T1-1.~0 * T3 = T1*( T 1-1.0)
DEN0M=2.0*RH0MXG*T1 $ Cl = (ETA*T2)/DENOM $ C2=(ETASQ-T3 1/DENOM

SL2=Cl*SLl-C2*TLl—5—TL2=C1*TL1+C2*SL1
SC2=C1*SC1-C2*TC1-SL2/RH0MXG $ TC2=C1*TC1+C2*SC1-TL2/RH0MXG

SL=SL+SL2 $ TL=TL+TL2 $ SC=SC+SC2 $TC=TC+TC2

SL1=SL2 $ TL1=TL2 t SC1=SC2 S TC1=TC2
260 CONTINUE

263 IFIM-D 265,265,310

265 tF<A6SF(SL*TC-SC*TL-1.0»-EEPSl1310,270,270

270 NINC=NINC»1 i IF(NINC-50) 275,280,280
275 RHOMXG=RHOMXG+20.0*RD$ GO TO 250

280 KTRL(15)=1 $ GO TO 900
310 ARG = SIGMAZ+RHOMXG-ETA*LOGF12.0*R~HOMXGT

SINE=SINF1ARG) $ COSI=COSF!ARGI

GT(l,M)=SL*COSI-TL*$tNE i, G0T=5C*C0SI-TC*SINE t T1 = S0
GT!2,M)=!1ETA+1.0/RH0MXG)*GT(1,M)-GDT)/T1

IFIM-D 320,320,330
320 M=M+1 $ RHOMXG=RHOMXG+RD $ GO TO 250

"CCCCCC ****** INWARD SOLUTION OF DTFFEKENTXAlT^WATrON ******

330 RHOMXG=RHOMXG-RD

1ElA6SF(RH0MXG-RH0MX1-0.0001) 335,335,340
335 G!D=GTU.l) $ G!2)=GT!2,D $ GO TO 360

340 RDSO=RD*RD *"RD_Q56=0.83333333*RDS0 $ RU5QT2=07T*RTJS056
NMAX=1RHOMXG-RHOMXl/RD+0.1
DO 350 L=l,2 "
RHOTM = RHOMXG t FL = L*1L-1) * PSU = GT(L,2) $ PSI2=GT(L,D
R1=RH0TM+RD S ft2=RH0TM—$—R3=RH0TM-RD
00 345 N=1,NMAX

DENOM=l.O-RDSO12*!FL/!R3*R3)+ETATW/R3-1.0)
FAC1=(1.0-RDSQ12*1FL/(R1*R1)+ETATW/R1-1.0)l/DENOM
FAC2"= ( 2.0+R0SQ56*TFT7 TRT+R2 ) +ETATW/K2-1. 0D/DENUfl
PSI3=FAC2*PSI2-FAC1*PSI1 $ PSI1=PSI2 $ PSI2=PSI3

R1=R2—S—R2=R3—J—R3=R3-RD
345 CONTINUE

G(L)=PSI3

350 CONTINUE

360 T1 = S0

DO 370 L=1,LMAX1 $ FL==L $ FL1=FL + 1. 0

T2=S0RTF1ETAS0+FL1*FL1)
FAC3=(FL+FL1)*FL*FL1 $

J FAC1=1.0/(FL*T21 $

FAC4=FL1*T1

FAC2==1K + FLll*t1 A

370

G(L+2)=FACl*((FAC2+1FAC3/RH0MX))*G(L+D

CONTINUE

-FAC4*G(L)) $ 11=12

CCCCCC ****** CALCULATION OF F ******
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IDEC=31

420 I=LMAX + I0__" $ FBARTn=T.C7T1070**25) $ FBARTT+1T=0.0
IMAX=I-1 $ FL=I $ FLSO=FL*FL $ T1=S0RTF1FLSO+ETASO)

430 UU 500 I = 1,IMAX J L=1MAX+1-1 $ F_=T $ FL1 = FL+1.U

FLSO=FL*FL $ T2=S0RTF1FLSQ+ETASQ)

FBARIL r=T(FT_+FLD*l ETA + FL^FlTITRHOMX)^FBARlL+ir-FL*Tr*T^ATrr_+_):
1 /(FL1*T2)

FBARC1 = FBAR!L1 S" FBAT?C2=AB^FTFBARCir $^IFI L-LKAX1 46Trr44tr,^4T5-
435 IFIFBARC2-10.0**15) 460,445,445

440 lHFBAKC2-C_KbCD 460,44b,44b
445 C0REC2=C0REC1/FBARC1 $ FBAR1L)=COREC2*FBAR(L)

FBSRTL+T)=CDRTCZ*FBATlTir+T)

460 T1=T2
500 CONTINUE - - - _ .. _ .

ALPHAI = !FBAR(D*G12)-FBAR(2)*G(D )*S0
IF(ALPHAI) 520,510,520

510 KTRL! 15)=4 $ GO TO 900

520 ALPHA=I.0/ALPHA1
DO 530 L=1,LMAX1

530 FBAR (L )=AXPHA*FBAR (LI $ TF( IDEC-^311 5357 5407535
535 IF1FBAR1D) 538,536,538

536 IF1ABSF1F! 1) l-O.OOOOOD 56C,b60,540
538 IF! A8SF! FID/FBAR! D- 1.01-EEPS2 ) 560 , 560, 540
540 DO 545"L=1,L*TA"X1
545 F(L)=FBAR(L)

rociNC=i —

550 I0EC=ID£C+9

IF( I0EC+LMAX1-100) 420,420,555
555 KTRL(15)=5 $ GO TO 900

560 D0"5S1 L=T,LMAXI

561 T1MEM0(L)=0.0

D0 570 t=T."LMAXI" $ L1=L ^ 1F1 FBAKTL ) ) 565,562,565
562 IF1ABSF1F1L))-0.00001) 570,570.564

564 KTRL! lb)=6 $ GU IU 900 —

565 Tl=ABSF!F!L)/FBAR(L)-I.O) $ T1MEM0!L)=T1

IF1TI-EEP52T 57075707 566
566 L1=0 $ GO TO 572

5TC CONTIWJE

572 CONTINUE

IF! LI) 574.5/3,5/4 —

573 IDCINC=2 $ GO TO 550
5T4"TT^_U ~ - -

DO 590 L=1,LMAX $ FL=L * FL1=FL+1.0 $ T2=SQRTF(FL1*FL1+ETASO)
TS = FL7T1

TEST = ABSF(F(L)»G(L+D-F(L+1)*G(L)-TS)
WKUNSKlL)=IbSI 5 IF!lbbl-bbP-3) bHU,b8U,b//

577 KTRL(15)=6 $ GO TO 900

5WT!=TZ

590 CONTINUE

TJ0~601TT=17 LUXX $~ ~~F_=_ $ FLSQ^FTT*FL
FAC1=ETA/FL+FL/RH0MX $ FAC2=SQRTF(ETASQ+FLSQ)/FL
FDIL) = FAC1*HL)-FAC2*HL+D $ GU1L ) =FAC1»G!L )-FAl2*G(L+l)

600 CONTINUE

rFTKTL0UTT5D^760,10UX17T6ir
760 WRITE(6,765)

~76~5~T0KH6TTl OTTOIN FLGL"CTT)
WRITE(6.770),ETA.SIGMAZ,RHOMX,RHOMXG,RD,LMAX,NINC,NMAX

//O FURMAI128H blA.S1GHAZ,KHUHX,HHUHXG,RU=bbl4.6/16H LHAX.NINI,NMAX=31
15)
TiRlTbl6,/8D,(F !L),L =1,LHAX1) $ WRIIbl 6 , 782 ), ! G !L ) ,L = 1 ,LMAX1 )
WRITE16.783),(FD(L),L=1,LMAX ) $ WRITE<6,784),(GD!L),L=1,LMAX )

"WTTT TET67T8~51,(WR0NSK(L),L=1,LMAX)
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781 F0RMAT13H F A7E15.7)
782 FORMAT(3H G".7'_T5".7T~

783 FORMAT13H FD.7E15.7)

784 F0RMAT13H G0.7E15.7)

785 FORMAT 13H WR.7E15.7)

" GO TO 1000

900 WRITE16.920).KTRL!15)
920 FORMAT!18H0IN FLGL KTRL!15T=T2T

1000 RETURN
END
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SUBROUTINE FLGLNG
TXUCCC ****** CUMMUN SIAIbMbNIS IHAI AK b CUMMUN )U ALL IHb KUUUNbS

COMMON FACLOG(500),RAC,IA,IB,IC,ID,IE,IF,L9(9),U9
CTJMffON" KTT_1T0T,l^FJ«njKr5DT7EXTC0MT5O) ,KTLTTUTI3TXT
COMMON F(7D,G171),FD170),GD(70),ETA,SIGMAZ,RHOMX,RD,LMAX
LMX=LMAX+2"

fi=RHOMX $ RI=1.0/R $ EX=EXPF(-R)

G( D = bX*RI $ G!2)=EX*IK1+KI*R1 ) —

FL=1.0

"DO 5U~L"=1 , 1WX

TWELP1=2.0*FL+1.0

GTt+2T=TWT_PT*Kl*Gr_ + lT+Gr_T
GD(L)=-G(L+D + RI*G!L)

F1L)=F0(L)=0.0
50 FL=FL+1.0

G_m=^GTZT

IF(KTLOUT(5D 4100,4190,4100
4100 WRI TE f6.4110T,K7RT".EX
4110 F0RMAT119H0IN FLGLNG R.RI,EX=3E15.7)

WRITE(6,4120),(G (L),L=1,LMX)
WRITE(6,4130),1GD1L),L=l,LMX)

^4120"F0KWSTT4H" G =7TET577T
4130 F0RMATI4H GD=,7E15.7)

4190"C"0 NTTNOE

RETURN

END
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SUBROUTINE POTENT

CCCCCC ******COMMON STATEMENTS THAT ARE COMMON TO ALL THE ROUTINES ***

COMMON FACLOG!500),RAC,IA,IB,IC,ID,IE,IFtL9!9),U9
COMMON KTRH30),KEXCOM!50»,EXTCOM!50),KTLOUTI 30)

COMMON Fl 7D,G!7D,FD170),GD!70),ETA,SIGMAZ,RHQMX,RD,LMAX
COMMON ANGLER!100),AR!70)* A II70),BRI 70),Bit 70),CE110),DR(10),

1 ECM110),

IIMULT«10),IIREAD110),KPRITR!10),JJROW(30),LLROW130),
NNROWt 30),0VALUE!10).SGMAZZ!10),THETAI100).VCOUPL!20),

~4 WN110),WNINI110I.WC110)
COMMON ISTRTW,IICPLE,INTYPE.INTMAX,11XCAL,IIXPLT, IIPCAL,
1 11PPLT,JJJMAX,MXROW,NXMAX,NXCPLE.NANGLR,NDFMES,
_2 AMUPMU,CHARGE,CFUNIT,DFN,OFNS,DFNW,OFNSP,ELAB,ETUNIT,

3 PMAS,RMAS,RZERO,RZEROC,RZEROS,RZEROW,RZROSP,
j4 RMAX,RBAR,SGMAR,TMAS,VSX,VSF,VSO.WSX*WSF,XMAX,XBAR,
5 XMES1,XMES2,WNUNIT,TTR,TTI,ZER0

TYPE COMPLEX TTR,TTI,ZERO

CCCCCC ***** COMMON FIELDS USED IN COMMON BY SEVERAL ROUTINES *******

COMMON EXSGRI170,6) t TYPE COMPLEX EXSGRI
COMMON FC170,6),F0C!70,6),GC170,6),GDCI70,6I

COMMON VCENTR!200),VCENTI1200),VSPIN 1200),VCOULM1200),
1 VCPL1R1200),VCPL1I!200),VCPL2R!200),VCPL2I(200),
2 VCPD1R(200),VCPD1II200),VCPD2R(200),VCPD2I1200),
3 VCPD3R!200),VCPD3I1200)

CCCCCC ****** DIMENSION FIELDS USED ONLY IN THIS ROUTINE **********
COMMON PFORM114),PFORM2!4),PFORM3(4),PF0RM4!4),PFORM5!4),

1 VLAMDU3,3) ,VLAMD2!3,3),VTERM113,3),VTERM2(3,3>
2 .XMEM1300)

TYPE INTEGER VWRITE

NTTLMS = NXCPLE + 4*1NDFMES-D

VSPFC=2.0*VSO/DFNS

XBFAC=TMAS**0.333333333 $ XBARW=RZEROW*XBFAC

XBARS=RZEROS*XBFAC $ XBARC=RZEROC*XBFAC

XBARSP=RZROSP*XBFAC

VCLFC2=1.4398650*CHARGE $ VCLFC1=VCLFC2*0.5/XBARC

VFAC1=-VSX*XBAR/DFN $ WFAC1=-WSX*XBARW/DFNW

WDFC1=-4.0*WSF*XBARS/DFNS

VFAC2=VFAC1*XBAR*0.5/DFN$WFAC2=WFAC1*XBARW*0.5/DFNW

WDFC2=W0FC1*XBARS*0.5/0FNS

IF(KTRLUD) 2577258,257
257 MESIZE=31 $ LAMAX=3 $ FN=30.0

DCOSI=1.0/FN $ DCOSI3=DCOSI/3.0 ""

BETA5=0.6307831*VCOUPL<I) $ BETA9=0.846284367*VCOUPL(21

ALFC0= 3.5449078*DCOSI3 $ ALFC2= 7.9266549*0COSI3

ALFC4=10.6347234*DC0SI3 $ ALFC6=12.7813476*DC0SI3

258 DO 410 ND=1,NDFMES

FND=2.0**(ND-P _
dx=xmesi*fnd

IFIND-D 263,259,263

259 X = C0 $ NXIMIN=1 % NXIMAX=8

IF(NDFMES-l) 265,260,265

260 NXIMAX=NXCPLE+2 * GO TO 265

263 NXIMIN=NXIMAX+1 $ NXIMAX=NXIMAX+4

IF(ND-NDFMES) 265,264,265

264 NXIMAX=NXMAX2=NTTLMS+2

265 DO 40C NX=NXIMIN,NXIMAX

X=X+DX $ XMEM(NX)=X

PFORM11 D=EXPFI 1X-XBAR )/DFN )

PF0RM1(2)=EXPF!IX-XBARW)/DFNW)

PF0RM113)=EXPF(IX-XBARS)/DFNS)
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PF0RM1(4)=EXPF((X-XBARSP)/DFNSPI

DO 267 N=l,4

PFORM21N) =1.0/(1.0+PFORM1(N))
PFORM3!N)=PFORM1!N)*PFORM2(N)*PF0Rm2!N)
PF0RM4(N)=IPF0RM1(N)-1.0)*PF0RM2!N)*PF0RM3!N)

PFORM51N) =( l.0-PFORMHN)*I4.0-PFORMl(N)TT*PF0RM2!N)"
1 *PFORM21N)*PFORM3(N)

267 CONTINUE

VCENTR!NX)=-VSX*PFORM21 l)

VCENTI1NX)=-WSX*PFORM2!2)-4.0*WSF*PFoRm3(31
VSPININX)=(VSPFC*PF0RM3(4))/X

IF I X-XBARC1271,271,272

2 71 VC0ULMINX)=VCLFC1*(3.0-!(X/XBARC)**2))
GO TO 275

272 VC0ULM1NX)=VCCFC2/X

275 VCPL1R1NX)=VFAC1*PF0RM3(D $ VCPL2R(NX)=VFAC2*PFORM4l11
VCPL1IINX)=WFAC1*PF0RM3!2)+WDFC1*PF0RM4(3)

VCPL2I1NX)=WFAC2*PF0RM4(2)+WDFC2*PF0RM5!3)
IFtKTRL(lP) 285,400,285

285 DO 287 LA=1,LAMAX $ DO 287 N=l,3
VLAMDUN,LA)=0.0 t VLAMD21N,LA)=0.0

287 CONTINUE

IIPA=1 $ COSI=-DCOSI

DO 300 ME=1,MESIZE $ COSI=COSI+DCOSI

C0SI2=C0SI*C0SI $ COSI4=C0SI2*C0SI2 $ COSI6=C0SI2*C0SI4

BR (1)=1.0 $ BR !2)=1.5*COSI2-0.5

BR !3)=4.375*COSI4-3.75*COSI2+0.375

BR I4)=14.4375*C0SI6-19.68 75*C0SI4+6.5625*C0SI2-0.3125
BETAFC=1.0+3ETA5*BR!2)+BETA9*BR(4)
PF0RM1ID=EXPF1(X-XBAR *BETAFC)/DFN )

PF0RM1I2)=EXPF(!X-XBARW*BETAFC)/DFNW)

PF0RM1!3) = EXPFIIX-XBARS*BETAFC)/DFNS )
DO 288 N=l,3

PFORM2IN)=1.0/(1.0+PFORM1!N))
PFORM 3!N)=PF0RM 1 ( N_) *P FOR M21N)*PFORM 2 IN)
PFORM4(Nl = lPF0RMi(N)-r.0)*PF0RM"2T^)*P"FOR"M3(NT _

288 CONTINUE
DO 289 LA=1,LAMAX "
VTERM1(1.LA)=PF0RM21D*BR(LA) t VTERM2 11, LA I=PF0RM31 D*BR 1LA )

VTERM1(2,LA)=PF0RM212)*BR1LA) S VTERM2 I2,LA >=f>F0RM3! 2 >*8R! LA )
VTERMU3,LA) = PFORM3(3)»BR(LA) $ VTERM2 13,LA )= PF0RM4( 3) *BR! LA)

289 CONTINUE " " - - -

IFJME-1) 291,295,291

291 IF(ME-MESIZE) 292,295,292

292 IF(IIPA) 293,294,293

293 TERMFC=4.0 $ IIPA=0 $ GO TO 296

294 TERMFC=2.0 $ II PA=1 $^ GO TO 296
295 TERMFC=1.0 " "'

296 DO 297 LA=1,LAMAX $ DO 297 N=l,3

VLAMD11N,LA)=VLAMD1IN,LA)+VTERM1JN,LA7*TERMFC
VLAM02(N.LA)=VLAMD2!N,LA)+VTERM2!N,LA)*TERMFC

297 CONTINUE ~"
300_CONTINUE

VCENTR1 NX)= -VSX*VTAMDTfl,1)*DC0ST3
VCENT I IN X)=-!WSX*VLAMD11 2_^D +4.0*WSF *VLAMD113,1D*0C0SI3

"VCPLlRlNX)=-VSX*VLAMDirr,2l*ALFC2
VCPL2R(NX)=-VSX*VLAMD1(1,3)*ALFC4
VCPHI(NX) =!-WSX*VLAMDl(2,2)-4.0*WSF*VLAM0n3,2))*ALFC2
VCPL2 I(NX)=!-WSX*VLAMD1(2,3)-4.0*WSF*VLAMD113,3))*ALFC4

"IF!INTYPE-6) 400,310,400
310 VCPD1RINX)= VFAC1*VLAMD211,D*ALFC0

VCPD2R!NX)= VFAC1*VLAMD211,2)*ALFC2



91

VCPD3R1NX)= VFAC1*VLAMD211,3)*ALFC4

VCP01MNX) = !WFAC1*VLAMD2I2,P* WDFC1*VLAMD21 3,1) )*ALFCO
VCPD2I1NX)=1WFAC1*VLAM02(2*2)+ WDFC1*VLAMD213,2))*ALFC2
VCP03I(NX)=!WFAC1*VLAMD2(2,3)+ WDFC1*VLAMD213,3))*ALFC4

400 CONTINUE

410 CONTINUE

IFIKTL0UT17)I 4510,4590,4510
4510 VWRITE=6HX $ WRITE!6,4520),VWRITE

WRITE(6.4525),1XMEM I NX),NX=1,NXMAX2)
VWRITE=6HVCENTR $ WRITE!6.4520).VWRITE
WRITEI6.4525),tVCENTR(NX),NX=1,NXMAX2)
VWRITE=6HVCENTI $ WRITE!6,4520),VWRITE
WRITE16*452 5),1VCENTHNX),NX=1,NXMAX2)
VWRITE=6HVSPIN $ WRITE!6,4520),VWRITE
WRITE16,4525),(VSPIN 1 NX),NX=1,NXMAX2)
\/UDIT___UWrnill __ * un »Tr-# _• y _ -»rt _ i/un * •VWRITE=6HVC0ULM * WRITE!6,4520).VWRITE
WRITE!6,452 5),!VC0ULM1NX),NX=1,NXMAX2)
VWRITE=6HVCPLIR * WRITE!6,4520),VWRITE
WRITE 16,4525),1VCPL1R(NX),NX=1,NXMAX2)
VWRITE=6HVCPL1I $ WRITEI6,4520),VWRITE
WRITE16,452 5),!VCPL1I1NX),NX=1,NXMAX2)
VWRITE = 6HVCPL2R $ WRITE I 6,4520),VWRITE
WRITE16.452 5*.1VCPL2R!NX),NX=1.NXMAX2)

VWRITE=6HVCPL2I $ WRITEI6,45201,VWRITE
WRITE 16,4525).1VCPL2I1NX),NX=1,NXMAX2)
IF1INTYPE-6) 4590,4515,4590

4515 VWRITE=6HVCPD1R $ WRITEI6,4520),VWRITE
WRITEI6,4525),1VCP01RINX),NX=1,NXMAX2)
VWRITE=6HVCPD1I $ WRITEI6,4520),VWRITE
WRITE16,4525),!VCP01I!NX),NX=1,NXMAX 2)
VWRITE=6HVCPD2R $ WRITEI6,4520),VWRITE

WRITE!6,452 5),!VCPD2R!NX),NX=1,NXMAX2)
VWRITE=6HVCPD2I $ WRITE!6,4520),VWRITE

WRITE!6,4525),!VCPD2I!NX),NX=1,NXMAX2)
VWRITE=6HVCPD3R $ WRITE(6,4520),VWRIIT^
WRITE!6,4525),1VCPD3R!NX),NX=1.NXMAX2)"
VWRITE=6HVCPD3I t WRITE!6,4520),VWRITE
WRITEI 6,4525),(VCPD311 NX)*NX = 1,NXMAX2)

4520 F0RMATUX.A6)

4525 FORMAT110E12.4)

4590 CONTINUE

RETURN

END
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CCCCCC CUMMUN SIAIbHbNIb 1 HA I AKb CUMMUN IU ALL

FACLOGI500),RAC,IA,IB,IC,ID,IE,IF,L919),U9
"KIRL130»7KEXCOM(bOT.FXTCOMlbO).KTLOUT!30)
F17D ,G17D ,F0!70),GD1 70 ) ,ETA, SIGMAZ , RHOMX ,RD, LMAX

TSNGLbKUO0),AK170T7ATTTOT. BR 170),BI170),Cb110 I,DR1 10 )T
ECMUO),
1 1MULI UUl.PKbAUl lOI.KHKHKUU). JJKUWIdU),LLKUW!30),
NNROW130),0VALUE!10),SGMAZZ(10),THETA!100).VCOUPLI 20),
WI 10T7WNTNK 10),WCI101

ISTRTW,IICPLE,INTYPE,I NTMAX,IIXCAL,IIXPLT, IIPCAL,
TlPPLT, JJJMAX, MXR0W,NXWAX,NXCPLF7NSNGLR7NDTMFS,

IHE KUU1INbS

COMMON

CUMMON "

COMMON

COMMON"

1

~_~

3

4

1

2

"T

4

5

COMMON

AMUPMU,CHARGE.CFUNIT,DFN,DFNS.DFNW,DFNSP.ELAB,ETUNIT,
PMAS,RMAS,KZERO,RZfcRUC,KZEK_S,HZfcRUW,RZRUSP,
RMAX,RBAR,SGMAR,TMAS,VSX,VSF,VSO,WSX,WSF,XMAX,XBAR,
XMEST^XMES_7WlTONTT7TTK7TTr7ZFR0

TYPE COMPLEX TTR.TTI.ZERO

CCCCCC *****— COMMON FIELDS USED IN COWW0N BY^STVbRAL RUUTTNFS
COMMON

CUMMON

COMMON

COMMON

COMMON

DIMENSION

EXSGRI170,6) TYPE COMPLEX EXSGRI

FC170,6),FUC170,6J,GC! /0,6),GUC( /0,6)
VCENTRI200),VCENTI1200).VSPIN (200),VC0ULM1200 ) ,
\rCPLTRT_OO),VCPL11T2O0) , VCPL2R ( 200) , VCPL2I (200)r
VCPD1R(200),VCPD1I(200).VCPD2R1200).VCPD2I<200),
vcpd3kt20ot,vcpo3i(20tn

AMATl (30,30),AMAT2 (30,30),AMATCP(60 >,

AMAriC(30,30),AHAI2L(30,30),AHA[SS(30,30)
UCR1(30),UCI1(30),UCR2(30),UCI2!30),

TJRFOKDT307517TJTF0RDT3XT, 5 ),SPFACT 1TOT,
FPRER(5,30),FPREII5,30),FPRERM(4,30),FPREIM(4,30),
TjcRiflT3fO),ucri>rr3rjT

FCRA!14,5,6),F0CRA114,5,6),GCRA!14,5,6).GDCRAI14,5,6),
ULK1130),UUK1I3U) "

EQUIVALENCE

1

(FC,FCRA),(FDC,FDCRA), (GCGCRA), (GDCGDCRA),
!URF0RD7UCRIT,TU1F0RTr,UDRD

TYPE COMPLEX UCRI.UCRI.EX

NBOUND=KBOUND=MXKUWI=0
DO 20 M1=1,MXR0W
N1=NNHUW!MD

12

14

17

20

45

50

52

55

70

NB0UND=NB0UND+1 $

IT!Nl-IT 20,17,20

MXR0WI=MXR0WI+1

CONTINUE

NXRM=XBAR/XMES2

NXKMM=NXMAX*U-KBUUNU)+NXKP*KB-UNU
KEXC0M14D = KB0UND $ KEXC0M142) =NBOUND
PRE41 = 19.7240. $ TIKE42=-2./b. $~~ PRE?
PRE44=-11./15. $ PRE45=299./240.

N0PR = N0PRTD"=4 $TNQPRS47T3

KCTY2=0 $ IFIISTRTW-2) 43,55,43
IK 1NTYPE-

lt-!bLMlND)

KB0UN0=1

2T

IFIIICPLE-3)

TFTTNTMAX-3T

KCTY2=1

TFTKTRLT13T)
XBAR2=XBAR*XBAR

VC0UVX=4

bb,4b,5b

50,50,55

527 55,55^

70, ,70BIO,

* XBAR3=XBAR*XBAR2

319595*CHAKGE

12,14,14

$ KEXC0MI43):

J=^37./120.

MXROWI

XBAR4=XBAR*XBAR3

VCX2

"VCXT2

=VCOUVX*XBAR2/5.0 $

=VCOUVX/ IXBAR3*5.U)
VCX3 =VC0UVX*XBAR3/7.0

T VCXI3 = VCXrOVX/TXB7Or4*770T
VC0UVP=VC0UVX*0.8*XBAR*DFN $ VCX2P=VC0UVP

VCXT_P = VCaWP*fH5725)/lXBAR2*XBAR3)



93

MIR0W2=0t^ K2CHK=0_ S MIR0W3=0 $ K3CHK=0$MIRW2P=0
K2CHKP=0

DO 670 Ml=l.MXROW S Nl = NNROW!MD $ I 1=IIREAD!NlI

Jl=JJROw(Ml) S Ll=LLROw(Ml) J—KP=KPRITR(N11

IF1KP-2) 624,621,624

621 IF1K3CHK) 623,622,623

622 K3CHK=1 $ MIR0W3=M1 S GO TO 624

623 MXR0W3=M1

624 IF1KCTY2) 650,660,650

650 IFtNl-2) 660,652,652

652 IF1KP-D 660,654,660
654 IF1K2CHK) 658,656,658

656 K2CHK=1$ MIR0W2=M1 $ GO TO 660

658 MXR0W2=M1

660 IF1INTYPE-3) 670,661,670

661 IF1N1-3) 670,663,663
663 IF!U-2) 670,665.670
665 IFIK2CHKP1 669,667,669
667 K2CHKP=1 $ MIRW2P=M1 $ GO TO 670

669 MXRW2P=M1

670 CONTINUE

CCCCCC MIR0W3,MXR0W3=MIN,MAX OF Ml FOR WHICH
CCCCCC MIR0W2,MXR0W2=MIN,MAX OF Ml FOR WHICH

STATE

STATE

STATE

IS

IS

IS

31-1.

21+1-1.

21+1-2.CCCCCC MIRW2P,MXRW2P=MIN,MAX OF Ml FOR WHICH
810 REWIND 8 $ CALL BMATRX

DO 815 M1=1,MXR0W

J1=JJR0WIMD $ L1 = LLR0W(MD

SPFC=Jl*(JT+2)-Ll*(Ll+2)-ISTRTW*lISTRTW+2)
815 SPFACT1MD=0.250*SPFC

INEXMX=1+KB0UND

DO 1950 INEX=1,INEXMX
FINEX=INEX $ MTMax=fl)TROW+MXROWI*( INEX-1T

DO 1900 M3=1,M3MAX

nDMAX=NDFMES*!2-INEX) + UNEX-1)

DO 1890 ND=1,NDMAX
FND=2.0**!N0-D^ T" DX=XMES1*FND*(2.0-FINEX)-XMTS2*TTTNFX^1.0)
DR=DX*WN1D $ DRSQ=1DR*DR)/ECM!1) $ K4C0R2=4*ND-5
IF1ND-D 860.822,860 "~

822 DO 825 M1=1,MXR0W
UCRllMD =UClHMl)=UCft21Mll=UCI2!Mll=0.0
DO 825 N=l,5
FPRER1N,MD = FPREI1N,M1)=FPRERM!N,M1)=FPREIM!N,MD=0.0

825 CONTINUE

IF1INEX-D 925.830,925

830 N1=NNR0W!M3) $ J1=JJR0W!M3) $ L1=LLR0W(M3)

LL=(Ll/2)+l I WN1=WN1NI(N1)
UCR2!M31=0.5*1!2.0*DX*WNI1**LL1*EXPFIFACLOG(LL)-FACLOG(2*LL))

IF1LL-2) 840,834,840
834 FPRER11,M3)=FPRERM11,M3)=CFUNIT*0.6666666666*WNI*WNI*DRSQ

"840 X=0.0 $ NXl MTN^2 * NXIMAX=8 Y" NXPRTJH=T~

IFINDFMES-1) 1225,857,1225

857

860

NXIMAX=NXRMM+2 J NXMAX3=NXIMAX-5 $
NXIMIN=5 * X=3.0*DX

GU TO 1225

862

IF1ND-NDFMES) 862,863,862

NXIMAX=8 $ GO TO 865

863

865

NXIMAX=NXRMM+2 $ NXMAX3=NXIMAX-5

DO 875 M1=1,MXR0W

00 870 N0=1,NQPA
FPRER!NQ,MD=FPRERM!N0,MD*4 .0

870 FPREI1N0,MD = FPREIM(N0,MD*4

FPRERM!l,MD = FPRER!l,MD $
.0
FPRERM12 ,M1) ==FPRER!3, Ml)

FPREIM(1,M1>=FPREI(1,M1) * FPREIM12 Ml) ==FPREU3, Ml)
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UCR1(MD = UCR1M(MD $ UC I II M 1 )=UCI 1M( Ml )
875 CONTINUE ""

NXPRCH=5 $ NNX=3

GO !U 122b ——

925 GR1 = FU=1.0 $ GI1=FR1 =0.0 $ M4=M3
IFfM3^MXR0WT ^35,935,^330 .-..._.—. —

930 GR1=GI1=FI1=0.0 $ FR1=1.0 $ M4=M3-MXR0W

93? Nr=NNR0WTM4T 5^ LT = LLR0WIH4T 1 J1=JJR0W1M4) $ LL=ILT7_T+T
X=(NXMAX+3)*XMES2 i CFFCLL=LL*(LL-D*CFUNIT

FAC = L1 + 1 5 FAC = S0R!HFAC*U WN1D/WN(N1))**3))
00 950 N0=l,5
X=X-XMES2 " ~ —"

Vl=( U4398650*CHARGE/X+CFFCLL/1X*X)-ECM(ND )*DRSO

FRR =GR1*GCRA(LL,NQ,N1T+FRT*FCRA(LL7N0.ND
FU =GI1*GCRA(LL.NQ.ND+FU*FCRA(LL,NQ,ND
fcX = (FRR + TTI*FII)*FAC*bXSGRKLL,Nl)
FPRERR=EX $ FPREII=C1MAG(EX)

FPRER"(N07M4y = FPRERR*V1 T FPRFTTNQ,M4)=FFRFTT*V1
IF(N0-4) 950,945,947

945 UCR1TM4T=FPFTERR $ UCT1TW4)=FPRbIT $ GO TU 950
947 UCR2(M4)=FPRERR $ UC12(M4)=FPREII

950 CUNIINUE

NXIMIN=1 $ NXIMAX=NXMAX-NXRM $ NXMAX3=NXIMAX-5

X=TN XMAX=1T*XMF52 ~f K4C0R2=NXMAX+4*Ti
1225 DO 1800 NX=NXIMIN,NXIMAX

"N3=TWC+K4COK2) *I2-TNEX1 +TK4C0R2^NXT*(
X=X +DX $ XX2=X*X $ XX2INV=1.0/XX2
IF(KTRL(131) 123b,1245,123b

1235 XX3=X*XX2 $ XX4 = X*XX3 $ XX3INV=1.0/XX3 $ XX4INV=1.0/XX4
"T2"40~ IF'rX-"XB"SRr 124171241,T24T
1241 VCX2X=VCXI2*XX2 $ VCX2XP=VCXI2P*XX2 $ VCX3X=VCXI3*XX3 $ GO TO 1245
124T VCX2X=VCX_*XX3TNV i "VCX2XP=VCX2P*XX3TNV~ Tr~ VCXTX= VCX3*XX4INV
1245 DO 1700 Ml=l,MXROW

L1 = LLKUW1M1) $ LL=1L1/2I + 1 $ CFFCLL= I LL-D »LL*CFUN1 I tNl=NNRUW! MB
WCOREC=WC(ND $ IFINX-INXCPLE+2)) 1310,1310,1315

1310 AR2 = VCENTRfN3)+l/COULMTN3T+CTFCLL^XX2TNV —
1 -SPFACT!MD*VSPIN(N3)-ECM(ND

A12 = VCENTirN3)*WCOREC $ GTTTff 1320 —

1315 AR2=CFFCLL*XX2INV+1.4398650*CHARGE/X-ECMIN 1) $ A12=0.0

1320 BR2 = AK_*UIR2(MD-A12*UL12!H1) —
BI2 = AR2*UCI2(MD+AI2*UCR2(MD

BTT!MD=BR2*DRS0 $ BII MD =^12*DRSQ
CCCCCC ****** REAL COUPLING *************************************

rF(NX=NXCPLr+2K13T0,TT3IT,T6T0
1330 AFAC1R=DRSQ *VCPL1R!N3) $ AFAC2R=DRS0 *VCPL2R1N3)

IHKIKLI12)) Ibl0,1410,lbl0
1410 M2MAX=MXR0W

1FI INTYPE^3TT4T2, 1475, 141"6
1412 IFIKCTY2) 1413,1415,1413

T4r3^IFrMl^D"14T4,1^70714T4
1414 M2MAX=1 $ GO TO 1470

1415 1FI1NIMAX-2) 14 /0,14 /0,14/b
1416 IFIINTYPE-4) 1431,1418,1431

T41B"TFTKTRL1T9)TT^»857 1420,148b
1420 IF1INTMAX-2) 1470,1475,1475

1431 IF! INTYPE-5) 1490,1420,1490
1470 DO 1473 M2=1,M2MAX

AFACTR = AMAIUM1,M2)*AFAC1R
BR(MD=BR(M1) + AFACTR*UCR21M2)

"BI1MU^_I(M1) + AFACTR*UCI2!H21
1473 CONTINUE $ GO TO 1610

"1475 DO r4T7^_=T7MT(RTJW~
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AFACTK=AMAT11M1.M2)*AFAC1R+AMAT21M1,M2)*AFAC2R
BR! Ml) =BR( Ml) +AF7SCTR+UCR21 M2 )

BI!M1)=BI(MI)+AFACTR*UCI2!M21

1477 CONTINUE—$—GO TO 1610
1485 AFAC3R=0RSQ *1 VCOUPL 19)/VSX)*VCENTR!N3)

^0~T~487 M7=T7KXKOW
AFACTR=AMAT1(M1,M2)*AFAC1R+AMAT2!M1,M2)*AFAC2R

1 +AMATSSI Ml ,H7I*AFSTJ3R

BR1M1)=BR{MD+AFACTR*UCR2(M2) $ BI { MD = BI ( MD + AFACTR*UCI2I M2 )

1487 CONTINUE J—GO TO 1610
1490 AFAC3R=DRSQ *VCP01RIN3)

AFAC4R=DRSQ *"VTPD2R1 N3) i AFAC5R=DRS0 *VCF03RTN3T
DO 1492 M2=1,MXR0W

AFACTR=AMATT 1 Ml,M21 *»'FACIR+AMAT2 1 Ml ,T_" J *AF7TC2R
1 +AMAT1C1M1,M2)*AFAC3R+AMAT2C(M1,M2)*AFAC4R

2 +AMATSS!M1,M2)*AFAC5R
BR1MD=BR1M1 )+AFACTR*UCR2I M2| S BI ( M!J=B 11 MD+AFACTR*UCI 21 M2 )

1492CONTINUE $ GO TO 16TO
CCCCCC ****** COMPLEX COUPLING. ***************************

T510 AFAC1T=DRS0 *VCP_ITfTJ31 $ AFAC2I = DRS_ *VCTT2TrN3T
M2MAX=MXROW

IF11NTYPE-3) 1512,1575,1516
1512 IFIKCTY2) 1513,1515,1513

1513 IFIM1-D 1514,1570,1514

1514 M2MAX=1 $ GU TO 1570

T515 IFIINTMAX-2) 1570,1570,1575
1516 IFIINTYPE-4) 1531,1520,1531

1520 1FI1NTMAX-2) 1570,1575,1575
1531 IFIINTYPE-51 1590,1520,1590

1570 DO 1573 M2=1,MZMSX
AFACTR=AMAT1!M1,M2)*AFAC1R $ AFACTI=AMAT1!Ml,M21*AFAC1I
BR!MD=BRTMlT+AFACTR*UCR2tM2>-AFACTI*UCI2(M2)
BI(MD=BI!M1) +AFACTR*UCI21M2)+AFACTI*UCR2!M2)

1573 CONTINUE $ GO TO 1610

1575 DO 1577 M2=l,MXROW
AFACTR=AMAT11M1,M2)*AFAC1R+AMAT2(M1,fl2)*AFAC2R
AFACTI=AMAT1(M1,M2)*AFAC1I+AMAT21M1,M2)*AFAC2I
BRl7rir=BR<MD + AFACTR*UCR2!M2)-AFACTI*UCI2!M?)
BI1MD = BI1MD+AFACTR*UCI2IM2)+AFACTI*UCR2IM2)

1577 CONTINUE—I—GO TO 1610
159C AFAC3R=DRSO *VCP01RIN3)

AFAC4R=DRS0 *VCP02R(N3)

AFAC5R=ORSQ *VCPD3R(N3)
~AFAC3l=DRSQ *VCPDlI!N3r
AFAC4I=DRSQ *VCPD2I(N3)
AFAC5I=DRSO *VCP03I(N3>
00 1592 M2=1,MXR0W

AFACTR=AMAT1 <M1,M2)*7\FAC1R+AMAT2 IM1.M2)+AFAC2R
1 +AMAT1C1MDM2)*AFAC3R+AMAT2C1M1,M2)*AFAC4R

"2 +AMATSSTM1,M2)*AFAC5R
AFACTI=AMATl 1M1,M2)*AFAC11+AMAT2 1Ml,M2)*AFAC2I

T +AMAT1C(M1,M2)*AFAC3I+AMAT2C(M1,M2)*AFAC4I
2 +AMATSSIM1,M2)*AFAC5I

BR!M11 = BR1MD+AFACTR*UCR2!M2»-AFACTI*UCI21M21
BI1M11=BKM1)+AFACTR*UCI2!M2)+AFACTI*UCR21M2)

1592 CONTINUE
CCCCCC ****** COULOMB EXCITATION. *******************************

1610 IF1KTRLU3)) 1620,1700,1620
1620 IFIKCTY2) 1622,1637,1622
1622 IFIMIR0W2) 1624,1645,1624
1624 IFIM1-11 1628,1626,1628

"1626 M2MIN=MIR0W2 I M2MAX=MXR0W2 S GO TO 1640
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1628 IF1M1-MIR0W2) 1645,1633,1633
1633 IFfM1-WXRDW21 1635,1635,1645
1635 M2MIN=1 $ M2MAX=1 $ GO TO 1640
163/ M2MIN=1 J M2HAX=MXKUW —

CCCCCC ****** L=2 MULTIPLE COULOMB COUPLING. *******

1640 AFAC1R=DR5G *VCX2X

DO 1643 M2=M2MIN,M2MAX

AFACTR=AWnTCIWr7HT)*AFACrK
BR(MD=BR1M1)+AFACTR*UCR2(M2)

-KMD = BllMD + AFAUK*UL12tH2)
1643 CONTINUE

CT.CCCC ******- l=2 DIRTCTCUUrONB COUPLING. ******
1645 IFIMIRW2P) 1650,1665,1650

T65C IF1M1-1)1655,165171655
1651 AFAC1R=0RSQ *VCX2XP

DO 1653 M2=MIRW2P,MXRW2P

AFACTR=AMATCP!M2)*AFAC1R

BR! D=BR! 1)+AFACTR*UCR2TM2)
1653 BI!^D=BI( 1)+AFACTR*UC12 IM2 )

GO^TO 1665

1655 IF1M1-MIRW2P) 1665,1657,1657

1657 IF1H1-MXRW2P) 1659,1659,166b
1659 AFAC1R=DRS0 *VCX2XP

AF^CTR=lfflSTCFTM1T*AFAC1R
8R(MD=BR!MD + AFACTR*UCR2( 1)

6TniT7=B!rMT)+AF7_TR*UC12TTr
1665 11=11

CCCCCC ****** L = 3 CUULLHB CUUPL1NG. *****#***#**

IF1MIR0W3) 1670,1700,1670
«70 lFrMT-lTTT6T47 167271674
1672 M2MIN=MIR0W3 $ M2MAX=MXRCW3 $ GO TO 1680

T574 IFrM1-MIRU¥3) 17007167671676
1676 IF(MI-MXR0W3) 1678,16 78,1700
16/8 M2MIN=1 J M2MAX=1

1680 AFAC1R=DRS0 *VCX3X

DO 1685 M2=W2MIN,M2MAX

AFACTR=AMAT2C(M1,M2)*AFAC1R

BRTMlT=BRTH1T+AF*CTR*UCR2TTr2)
BI(MD=BI!MD + AFACTR*UCI2(M2)

1685 CONTINUE

1700 CONTINUE

TFTXTL0UTir0)-2)4T9Xr,4110T4T90
4110 IFILLR0W1D-2) 4120,4120,4190

""4120 WRITE !6,41251 NX7X7TUCR21 M) ,UCT2TMT, UCRTTTr)7UCTTTM1 , M=T7_ )
4125 F0RMATI4H NX=I3,3H X=F8.4,8E12.4)
419U CUNIINUE

DO 1740 Ml=l,MXROW

TFTTN_X-in714,1711,1714
1711 IF(ND-l) 1714,1712,1714

1712 IFTNX-4) 1713, 171371714
1713 FPRER(NX,MD = TERMR = BR1MD $ FPRE H NX ,MD =TERMI =B 11 Ml )

GU 10 1715

1714 FPRER15,MD = BR!MD$ FPREI ( 5 ,M11 =B I I Ml 1

TERMR ^=?Kb41*FPRER 1 1 7MD »PRb42*FPRER ! 2, MD+PRE43*FPKbK 137HTT
1 +PRE44*FPRER 14,Ml)+PRE45*FPRER (5,Ml)

TERMI =PRE41*FPREI 11.1HT+PKb42*FPRbT T27MTr+PKE43*FPRbl (3.K1T
1 +PRE44*FPREI 14, MD+PRE45*FPREI 15, Ml)

1715 ARR=2.0*UCR21MD-UCRl!MD+rbRMK
AI1=2.0*UCI2(MD-UC11(MD + TERMI
UCftl(MD = UCR2!Mn J UCR2(M1)=ARR
UCI1!MD=UCI2(MD $ UCI2IM1)=AII

TFTTNEX^1TT735.T7T7,T735^
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1717 IFiND-NDFMES) 1718,1729,1718
1718 IFlNX-NXPRCH) 1729,1719,1729
1719 FPRERM(NNX,MD=BR1MD $ FPRE IM! NNX, Ml )=B I ( Ml)

1F1M1-MXR0W) 1725,1723,1725
1723 NXPRCH=NXPRCH+2 $ NNX=NNX+1

1725 IFINX-INXIMAX-D) 1729,1728,1729
1728 UCR1M1M1)=UCR1!M1) * UCI IM! MD = UCI 11M1)
1729 IF(ND-l) 1735,1730,TT35
1730 IF1NX-4) 1740,1740,1735

1735 bo 1738 N0=l,NQPft
FPRER1N0,MD=FPRERIN0 + 1,MD

1738 FPREI1N0,MD=FPR£HN0+1,M1)
1740 CONTINUE

IF1ND-NDMAX FTBOO717607T50TT
1760 NXCH2=NX-NXMAX3 * IF!NXCH211800,1800,1765
1765 DO 1770 M1=1,MXR0W

URF0RD(M1,NXCH21=UCR2(MD $ UIFORDlMl,NXCH21=UCI21 Ml1
1770 CONTINUE

1800 CONTINUE

CCCCCC ****** CALCULATION OF THE DERIVATIVES ******

IF1ND-NDMAX ) 1890,1805,1890

1805 DO 18S0 M1=1.M7HUW ' """'"' " '
UCR1!MD = URF0RD!M1,3) $ UCI 11M1) =UIF0RD1MI, 3)

N1=NNR0W1MD $ DEN0M=1.0/l12.0*DX*WN (Nl) 1

UCR2(MD =(8.0*(URF0RD(M1,4)-URFQR0(M1,2))
1 -(URF0RD(Ml,51-URFORDIMl,1)1)*DENOM"
UCI2(MD =(8.0*1U1FORD!M1,4)-UIFORD(M1,2) )

T -(UlFOftO(Ml,5)-UlFOftO(Ml,l)))*OENOM
1850 CONTINUE

1890 CONTINUE

IF(KBOUND) 1892,1897,1892
1892 DO 1895 M1=1,MXR0W~

UCRUMD=UCR1(MD+TTI*UCI11MD
1895 UDRt<MD=UCR21Ml)+TTI*UC12(Ml)

WRITE TAPE 8.1UCRI1M1),UDRI(M1I,M1=1,MXR0W)

GO TO 1900GU IU 1V0U

1897 WRITE TAPE 8,1UCRl(Ml),UCI 11 Ml),UCR2(Ml),UCI2(Ml),Ml = l,MXROW]

1900 CONTINUE "" ~"

1950 CONTINUE

CALL SMATRX

2000 RETURN
END
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BMATRX

CUMMUN SIAIbMbNI- (HA) AKE COMMON TO ALL

FACL0G!500),RAC,IA,IB,IC,ID,IE,IF,L9I9),U9

KIKL130),KbXCOMlb0),bXICUMlb0),KTLOUT!30)

FI71I,G17D,FD!70),GD!70),ETA,SIGMAZ,RH0MX,RD,LMAX

ANGLbR!100),AK( /0I.A11 /O

!HE RUUT1NES

COMMON

COMMON

COMMON

COMMON" II.HII70),Cb!10),UR110),

ECM110),
IIMULT(10),llKbAU(10),KPKllK(IU),JJKUWI3U),LLKUW(3U),

NNROW130),0VALUEil0),SGMAZZ!10),THETA1100),VCOUPL!20),
WN(10),WNINI(10),WC(10)

COMMON ISTRTW,IICPLE,INTYPE,INTMAX,11XCAL,IIXPLT, IIPCAL,
ri^prT^tjjUHAXfMXR0HtWrH4XjNXCpLtfNANGLR7NUFHfcs>

AMUPMU,CHARGE,CFUNIT.OFN.DFNS.DFNW,DFNSP,ELAB,ETUNIT,
PMAS,RMAS,KZbKU,KZbKUC,KZbKUS,KZbKUW,KZKUSP,
RMAX,RBAR,SGMAR,TMAS,VSX,VSF,VSO,WSX,WSF,XMAX,XBAR,

1CKESl,XMES2,WNUNIT,TTR,TTI,ZbKU
TYPE COMPLEX TTR.TTI.ZERO

CCCCCC *****

COMMON

COMMON

EXSGRI170.6) $ TYPE COMPLEX EXSGRI

CUMMON EC! /0,6).mtl /0.6),GC1 /U.6),GUL! /0,6)
COMMON VCENTR1200),VCENTI!200).VSPIN 1200),VCOULM!200 ),

T VCFT1R1200),VCPL11!200),VCPL2KI 200),VCPL211200I,"
2 VCPD1R(200),VCPD1I1200),VCPD2R!200),VCP02I1200),
^ VCPD3RT2O0T7VC PD3 11200T

COMMON AMATl (30,30),AMAT2 (30,30),AMATCP(60 ),

50

55

60

70

210

"_3_"

235

240

~3T0~

AMATlC!30,30),AMAI2C130,30l,AMAISS!dO,30),
B(10,10,10),KII(24),ALP23P(7,3),ALSQ3P(7,3)
IITYPEllOrTKONUIW!/)

$ KTRL1T=KTRL11)*!1-KTRL(7) )

STKTW—

JJ=KEXC0M(45)

KT1P1S=KIRLD +

JJTRTW=2*JJ-2+KTISCK

KVISCK=KT1PIS-2*!KT1PIS72T

UU bU Nl=l,6 $ UU bU N2=l,6

B1N1,N2,KD=0.0

DU 60 W=17MXRUW

00 55 N=1,MXR0W

AMATItW,Nl=TWAT2Tir,N) =AMAT _CTW7T

AMATCP(M)=0.0

UU bU K1=1,1U

_Ct«VNr=^ SSlM.NI^OTtr

1HKIKLI/I1 100U,/U,1UUU
C0MFAC=0.2820948 $ K1111)=1IREAD!2)

BTI727TT^VC0UPL (1) *COMFATJ

GO TO (1000,210,310,410,510,610), INTYPE
KII(2)=T

B(1,3,2)=VC0UPL(2)*C0MFAC $ IF1INTMAX-3) 1000,232,232

HA I ISU=DKEAUI4>*_ + 1 5 HA 11 =SUK I M HAU SU)

B!3,4,D=VCOUPL!3)*COMFAC*hATI*0.447 2136

TT2 74721=VC0UPLT4T*CUMFAC*hAI1*0.3779645*1(-1.0)**11 READ 14)I
VCPL23=VC0UPL(3)*VC0UPL14)*C0MFAC*0.2820948

KTT!31=1 $ TTir4)=T $ Kll(b) = 5 $ T"A^4T 18=6$ ID=CT

IE=0 $ IF=0

UU 240 Kl=3,b

IC = KII!KD*2 $ CALL CLEB $ Bl 2,3 ,KD =VCPL23*RAC

TFTKTirKlT-IlREADT4)) 240,235,240

B11,4,KD=VCPL23*RAC

CONTINUE

GO TO 1000

COMFC2=CUMFAC/2.b066282 $ 11KMX1 = 1lCPLb-KbXLUMI Id)

NTPHST=IIRMXl-2 * K11(2)=0 $ KII!3)=2 $ KII(4) = 4

KITT5T=T5S" ~KII(6)=2 $ Kill7)=4
DO 340 N1=3,IIRMX1

Tl = nRTA0TNT7~$ N2 = II+2 t N3=N2 + 1 ~$"N4=< 11 /2)+2" $ HAI = 11+1T+T

*******
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HA,T=SQRTF!HAT)
B12,N1,1)=COMFAC*VCOUPL(N2)*HAT*0.6324555
N22=!Il/2)+8 $ N44=N22-3

B(1,N1,N44)=C0MFAC*VC0UPL(N221
UM2=ll-2 $ IF!I1M2)331,333,335

331 CLEB1=0.4472136 iGO TO 337
333 CLEB1=-Q.53452243 $ GO TO 337

335 CLEB1=0.71713714

337 VC12=VC0UPL1N3)
B11,N1,N4)=(VC12**2)*C0MFC2*CLEB1

340 CONTINUE
INTMAX=7 $ 1F(KTRL14)J 351,375,351

351 ALFADG=VC0UPL11)**2 t ALFADG=ALFA0G*C0MFC2

B11,1,2) = ALFADG*0.7070107 $ Bl2,2,2T=ALFADG*2.2135946
Bl2.2.31=ALFADG*0.7559290 $ B12,2,4)=ALFADG*1.01418507
DO 370 Kl=2,4
K1M1=K1-1 $ GO TO 1353,355,3571.K1M1

353 FKFAC = 1.118034 * FKHAT=1.0 $ rF=TT^ GO TO 360

355 FKFAC=0.59761437 $ FKHAT=2.236068 * IF=4 $ GO TO 360

357 FKFAC=0.59761437 $ FKHAT=3.0 5 TF^B

360 IA=4 $ IC=4 $ IE=4

DTj 370 N1=1,NTPHST J—I1 = IIREAD(N1+21 1—IB=I1 + U
HAT1SQ=IB+1 $ HAT1=SQRTF!0.2*HAT1SQ)

"DTj 370 N2=N1,NTPHST $ IF1N1-N21 369,365,369
365 IF1K1-2) 369.367,369
367 B1N1+2,N2+2,2)=HAT1

369 I2=IIREAD(N2+2) $ 10=12+12 $ HAT2SQ=ID+1 $ HAT2=S0RTF!3.2*HAT2S0)
CALL RAC7 $—SNDTRM=HAT1*HAT2*FKHAT*RAC
BIN1+2,N2+2,KD=FKFAC*VC0UPL12*N1 + D*VC0UPL(2*N2+D

1 *(B1N1+2,N2+2,KD + SNDTRM1
370 CONTINUE
375 IF1KEXC0M113D 377,1000,377
377 S0RT10=0.31622773 S SQRT2 =0.70710656

ClFAC=C0MFAC*S0RT10*VC0UPL(ll)t C2FAC=C0MFC2*S0RT2*iVCOUPL(121**2)
DO 379 Kl=1.3 t DO 379 Jl=l,7

ALP23P(J1,KD=0.0 J ALSQ3P(J1,K1)=0.0
379 CONTINUE

ALP23P(1,21= 2.449490

ALP23P13.D= 3.741657

ALP23P(3,2)= 2.3904574
ALP23P13,3)= 3.2071351

ALP23P!4,2)=-5.477226

ALP23P14,3)= 3.464102

ALP23P15,2)= 5.318433

ALP23P15.3)= 5.070927

ALP23P<7,3)= 8.8311761
ALSQ3P11,2)=-0.58554009

ALS03P!3,1)= 1.67331986

ALS03P13,2)= 0.57142857

ALS03P!3,3)= 0.76665T6T
ALS03P14.2)= 0.43643575

AlS03p{4,3)= 0.27602623
ALSQ3P15,2)=-1.2713481

ALS03PI 5, 3)= 1.2T2I83TJ
ALS03P(7,3)= 2.1111953

N3P=IIRMX1+1 *~ I3PP1=IIREAD!N3P)+1

DO 380 N1=1,NTPHST $ N2P=Nl+2 $ I2PP=(IIREAD!N2P)/2)+1
_(N2P,N3P,1)=C1FAC*ALP23P(I3PP1.I2PP)

380 CONTINUE

DO 385 Kl=l,3
B12.N3P,K1+D = C2FAC*ALS03P!I3PP1,KD

385 CONTINUE
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GO TO 1000

^4T0~ RDTFAC=0. 282CT9"4"8 $ Kllll) = 2 $—KI1I2)=
ID=IF = 2*IIREAD1D-KTRL!D $ IE=0
UU 450 NJ=1,1NIMAX

IFIKTRL119)) 415,420,415
415"IF!N3-INTMAX! 42074357420
420 IB=2*KII(N31

T_CT^430 ~N1^T71TCPUE $11= 1 TRETOTNT) $ 1C = 2*I 1-KI KL 1 1)
DO 430 N2=N1,IICPLE $ 12=1IREAD(N2) $ IA=2*I2-KTRL(1)
HAIA=IA+1 S HAIA = S(JKIF(HAIA)
CALL CLEB

330 B ( N17N2TNTT=1_1F AC*RATA*RAT:
GO TO 450

435 DO 440 "NT=1,IIT.PIE

ITW=IIREAD(N1)*2-1 $ ELSO=ITW*1ITW+1)*11TW+2)
bLS0=S0RIF!ELSQ)

440 B1N1,N2,N3)=0.5*ELSQ*VC0UPL13)
45^ CONTINUE

GO TO 1000
3UT1 FIT NT M7nr-IT^5 5,5157555
515 KII(D=2 + XABSF(KPRITR!2)-KPRITR1D ) $ I1 = 1IREAD!D

DO 520 N2=2,IICPLE
_ I2=IIREAD(N2)$ HATI2=2*I2

HATFC=50RTFI HAT I 2/5701*11=1701**T12^mT
5 20 B!1,N2,1)=COMFAC*HATFC*VCOUPL(N2-D

"GuTTITOOO

555 N1PHST=IICPLE-1 t I IGRND = IIREAO!1)
!KIKIW = KbXCUMII2)*2 $—HAIK=1KIK IW+l
KII1D=2 $ KII!2)=KEXCOM(12)

7S3=VCT_UPTT71 $""""' B3=l/CT_UFirr8T*SORTFTT.O-TS3*«T)
A5=VC0UPL19) $ B5=VC0UPLl 10)*SORTFI 1.0-A5*A5)
C0WFC2=COMFACV2.5066282

DO 585 Nl=2,IICPLE $ I 11=1IREAD!Nl) $ HAT1 = II1*2
HAI 1 = 1111/21*2*2 + 1 —
1F1N1-N1PHST) 561,561,564

561 IF! II1-21 5637562,563
562 A1=A3 $ B1=B3 $ GO TO 569

5*3 A1 = A5 $ BI=B5 $~GUTCT~569

564 IFIKEXCOM!121/2-1) 565,566,565
56b A1=0. $ Bl=l. $ GU IU 569
566 IFIII1-2) 568,567,568
567 AI=-B3*VCTJUPLT4) T B1 = S3 $ TJtT TO 569
568 A1=-B5*VC0UPL14) $ B1=A5

569 51 = 1-1701**1 111-1TCRND!

B( 1,N1.D=C0MFAC»S1*SQRTF1HAT1/HATD*VC0UPL!D*A1
1A=IB = 4 $ 1C=1 111/21*2*2 5 lU=lb = lF = U $ CALL CLbB—S C1 = RAC
Bl1,N1,2)=C0MFC2*S1*C1*S0RTFIHAT1/HAT1)*(VCOUPL(3)**2)*B1
DCT585T_r=Nl,TTCPLE $ I I 2 = 1 IKEAUI N2T T—FTAT2=II2*2
HATII=(II2/2)*2*2+l

rFTN2-N1PTHST) 371,571,574

571 IF1U2-2) 573,572.573

b/2 A2=A3 $ B2=B3 5 GU IU b/9

573 A2=A5 $B2=B5 $ GO TO 579

574 rT-TK_XC0MTT2)/Z-I) 5757576~,575
575^ A2=0. $ B2=l. $ GO TO 579

376 TT-Trr2-2T37875T7, 578
577 A2=-83*VC0UPL!4) $ B2=A3 $ GO TO 579
578 A2=-Bb*VCUUPL<4) 1 B2 = Ab

579 IA=4 $18=1111/21*2*2 $ IC=II2*2-1

TD=TIGRND*2-r i TE=TI 12/21 *2*2 5 TF=1TT*2-1
CALL RAC7 $ R1=RAC

GEOF AC= SORTF 10 . 4*HATI I*HATT*H5T2T*TFT7"0T**TTT nTT_TT^VOTUF_T2T
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B(Nl1N2.1[=COMFAC*GEOFAC*(A2*B1+A1*B2)*R1
585"C0NTINUT_ - ••- "~

GO TO 1000

610 R0TFAC=0.2820948 5—RU II-C2=RU1FAC*R0TFAC
J<ONOTW(D=0 $ K0NOTW(2)=0 $ KONOTW(3)=0 $ K0NOTW(4)=4
K_NOTWT3J=_ 3 KQN0TWT6T^4 $" KQNOTW(71=6 ' ' ~
j>QRT5 =SQRTF<5.0| $ S0RT7 =S0RTF(7.0)
NB=0 """ " """ .. _ _ .

DO 620 N=l,7

1FIKEXCOM1N+20H 615,620,615
615 ITRANG=KEXCOM(N+20)

DO 61737=1,TTR3NG^ 5 "NB= NB+T"
617 IITYPE(NB)=N

620 CONTINUE" "

DO 690 KIREPT=1,4 $ KEXCOM!28)=KIREPT

GO TO (631,632,633,634),KIREP1
631 INTMAX=2

KIT1TT=2 3 Kn"(ZI=TT GO TO 640

632 INTMAX=2 * LAMDAP=0

KIIin=T1 3rT(2T=T^ GTj~TO340
633 INTMAX=6 t LAMDAP=2

Kill 11=0 i—KIH2)=2—I—KII(31=4
KII(4)=1 $ KII!5)=3 $ KII16)=5 $ GO TO 640

634 INTMAX=7 $ LAMDAP=4 "

KII(P =2 $ Kll<2)=4 $ KIII3) =6
KIII4)=1 * K I'll 5) =3 3 KTTT6T=5 $'"""'KT"ITTT = 7

640 DO 641 Nl=l,IICPLE % DO 641 N2=l,IICPLE $ DO 641 N3=1,INTMAX

641 B(N1,N2,N3)=0.0

IF(KIREPT-l) 643,645,643

643 LMDPTW=LAMDAP*2 3 HATLDP=LMDPTF+I T TfATLDP = ST3KTF (HATLDP)
645 DO 680 kl=l,INTMAX

"~ LAMDA=KTirklT "T ' L AMTJTW=L AMDA*2
HATLMD=LAMDTW+1 $ HATLMD=SQRTF(HATLMD)

DO 680 Nl=l,IICPLE
11=IIREADIND $ I1TW=I1+I1-KTRL(1) * IT1=IITYPE1NlI
DO 675 N2=Nl,IICPLE

I2=IIREA0(N2) $ I2TW=2*I2-KTRL1D
HATI2=ITTW+1 3 HATr2=SQRTF1 RATI2) f rT2=ITTYTETN21
IF1KIREPT-D 655,651,655

651 IF1IT1-IT21 675,652,675
652 IA =I2TW $^ IB=2*KII(KD $ IC =I1TW

TD=IF=KONOTW(IT"D *^ IE=15 J. CATL CLEB
B^(ja,JJ2LKD=ROTFAC*HATIJ*RAC^ $ JJO TO 675

655 IF(ITl-l) 675,656,675

656 IFIIT2-D 657,675,657

657 IT2M1=IT2-1

GO TO (661,662,661,662,662.662).IT2M1

661 IA=4 $ C1 = S0RT5 $^ W T0363
662 IA=6 $ CI=SORT7

663 IB=LMDPTW $ IC=LAMDTW * 3D=1E=1F=0 $ CALL XLFB $ R1=RAC
GO TO (666,666,665,665,665,665),IT2M1

665 I0=IF=K0N0TW!IT2) J—CALL CLEB

666 R2=RAC

TE=-I0^ 3F=0 "" " ~

IA=I2TW *IB=LAMDTW $ IC=I1TW * CALL CLEB * R3=RAC

RC F AC=RT*R 2 *R 3*31*VC0UPL(IT2+T1

RQTFC3=ftOTFC2*HATI_*HATLDP/HATD'0

B1N1,N2,KT)=R0TFC3*RCFAC
675 CONTINUE

680 CONTINUE

CALL AMATRX

690 CONTINUE



GO TO 2000
1000 CALL AMATRX

2000 RETURN

END
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SUBROUTINE AMATRX
******
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CCCCCC COMMON STATEMENTS THAI ARE CUMMUN IU ALL IHb KUUIlNhS

COMMON FACLOG(500),RAC,IA,IB,IC,IU,IE,IF,L9!9),U9
COMMON "KTRL1301 7KEXCTTM(5017 EXTCOM! 50 ) ,KTLOUT(30T
COMMON FI7D,G! 7D.FD170) ,GD170) ,ETA,SIGMAZ,RHOMX,RD,LMAX
COMMON ANGLER!IUO),AR1701,A 1(701,BR(7C),STITO),CE(10),DR(10),

1 ECMI10),

COMMON

I 1MULI I10),lIKbALMlO),KPKDK( 10 ), J JKUW I3U I.LLKUWI30),

NNR0WI30) .OVALUEI10),SGMAZZI 10),THETA! 100).VCOUPLI 20),

"RN1IC") .WNTNTTTCl.WTTIOT "~"

ISTRTW, IICPLE, INTYPE,INTMAX,I IXCAL,IIXPLT, IIPCAL,

IIPPLT, J JJMAX7MXR0W, NXMAX, NXCPLE, NAW,LR,1«0FME_,

AMUPMU,CHARGE,CFUNIT,DFN,DFNS,DFNW,DFNSP,ELAB,ETUNIT,

3 PMAS7RMAS,RZER0,RZEROC,RZfcROS,RZbRUW,NZKUSP,
4 RMAX,KBAR,SGMAR,TMAS,VSX,VSF,VSO,WSX,WSF,XMAX,XBAR,

"5 " '"XMEST, XWE527WNUNTT7TTK,TTI,ZER0

TYPE COMPLEX TTR.TTI.ZERO

CCCCCC —"" ***** CONM0N3IEL"D5 USEDTN COMMONBY SEVERAL ROUTINES

COMMON EXSGRK70.6) t TYPE COMPLEX EXSGRI
COMMON FC(70,6),F0C(70,6J,GC170,61,GUCI/0,6)
COMMON VCENTR(200),VCENTI (203) .VSPIN <2'JO) , VCOULM ( 200 ) ,

1 3CPn"R(200).VTPLrTT2COT,VCPX2Rr2TJOT7VCPU2T(2(J01, "
2 VCPD1R(200),VCP0D(2C0) ,VCPD2R(200) .VCP02I (200),

3 " VCPD3RI200).VCPD3IT2C0) "—'

COMMON AMATl (30,30),AMAT2 (30,30),AMATCP(60 I,

" I AMAT1C(30,30),AMAT ZC( 30 ,30) ,AMATSSI 30,3'}) ,
2 Bl10,10,10),KII(24)

KIR_PT=KEXC0W(2BJ t J J=KEXCOM( 45 I

KTRL1T=KTRL( D*( 1-KTRH7) I $ KT 1 PI S=KTRL LT + I S TRTW

KTTSCK=KTlPT3-2*3KTIPT5/2r $ JJTRTW=2*JJ-Z+KTISCK
MJBRTW=-JJTRTW $ IF(KTRL(7)) 910,570,910

570 00 900 M1 = 1,MXR0W
N1=NNR0W(M1) i I1=IIREAD(ND $ J1 = JJR0W(MD % L1=LLR0W(M1)

DO 900 M2=M1,MXROW
N2 = NNR0W(M2) $ 12= IIREAOIN2) $ J2 =JJROWI M2) $ L2 =LLR0W(M2)

KISELC=1 ' ~
DO 890 Kl=l,INTMAX

kASPSP=0 5 IF1KTRLI191) 711,713,711

711 IFIK1-3) 713,712,713
712 KASPSP=T

713 Bl=BlNl,N2,kl) $ IF(Bl) 720,890,720

720 Kl = KII(T<D ""

IFIINTYPE-2) 730,725,730

725 KISELC=1

IFIK1-3) 750,726,726

726 KISELC ="'_ *T GO TO 750

730 IF(INTYPE-3) 740,735,740

735 KISELC=1

GO TO I 750,726,726,726,750,750,750) ,K1

"740"
743

74 5

750

3T

-5)

IF! 1NTYPE-

I FUN TYPE-
KISELC=Kl
KITRTW=KI+KI $ IA=I1 + I1-KTRL(1) i IB=Jl $ IC = 12 + 12-KTRL11)
I0=T2 3 IE=JJTRTW * IF=KlTRTW3CAn. RAT7 $"RAC1=RAC
IFIKASPSP) 785,751,785

751 IA=L1 i IB=L2 * IC=KITRTW t IU=0 t Ib=0 $ IF = 0 % CALL LLbB

RAC2=RAC
" IA=L1 S^B=J1 t IC=L_33TJ="J_~3 IE=T5TRTW 3TF=

CALL RAC7 $ RAC3=RAC
hat=7 l 1+11*rn+n^rji+TT*Tj2+n 3^ hat^urtfixati

743,745,743
750,745,750

*******
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Sl=!-1.0)**< (JjTRTW-ISTRTW-I2*2+KTRL(D+Ll+L2)/2
1 +((Ll-L2)/Z+KPRTTR(Nl)-KPRITRTN2))/2)

T2=S1*HAT*RACI*RAC2*RAC3 $ T1=T2*B1

lbl INIYPb-6)—/52, /b4, /b2

752 GO TO ( 761,766,771,773),KISELC

754~"IF("KrREPT-n "756,755,756

755 IF(Kl-l) 766,761,766

756 GO TO (755,7637765,7901,KIREPT
761 AMATUM1,M2)=AMAT1(M1,M2) + T1

lKKIKL(ld)) /62,B90,/62
762 IFIKI-2) 890,763,764

763" AMATlC!Ml,M2r=AMATlC!Ml,M2T+Tl $ GO TO 8 90
764 IF1KI-3) 890,765,890

765 AMAT2C!M1,M2)=AMAT2C1M1,M2T+TI $ GO TO 890
766 AMAT2(M1,M2)=AMAT21M1,M2)+T1

lUlNIYPb-d) 8yU,/6/,890
767 IF!12-2) 890,768,890

7683 F( Ml"-IT 890,769,890 —"
769 AMATCP(M2)=AMATCP!M2)+T1 $ GO

77 r"AMATTC ("HI. M2T="AHAT 1C ("HI, M2T+T1"
773 AMAT2C(M1,M2)=AMAT2C(M1,M2)+T1
7Ub IFIL1-L2) 890, /S6.890
786 IA=1_$ IC=1 $ IE=L1 t IF=2 $ CALL RAC7 $ RAC2=RAC

Cl=T-1.01**(TTJTRTW+JT+J2+11-TTMULTTNirT/2+1T
HAT=6*I IB + D*1 ID+1 ) $ HAT= SORTF (HAT ) t T2= R AC 1*RAC2*C1 *HAT

31=12*81 """ "• "-

790 AMATSSIM1,M2)=AMATSS(M1,M2)+T1

ro 890

"J "GO TO"8 9C

$ GO TO 890

890 CUNI INUb —

AMATl IM2,MD=AMAT1 IM1.M2) $ AMAT2 IM2, Ml) =AMAT2 (M1.M2)
AM ATS3 ( M27MT7 = AMSTSS 1 Ml, M2T—S"7VMATTCTM2,WB= AWATTC (m , "27
AMAT2CIM2.M1)=AMAT2C(Ml, M2)

900C0NT1NUE "" —' — - —

GC TO 990

910 KUIFAL = U.2820948

DO 930 Ml=l,MXROW

Ll=LLROWrMD "» J1=JJR0WIWD % RATS01=T Lt+t)*lJ 1+D
DO 930 M2=M1,MXROW

L2=LLROWTM2) $ J2=JJKOwrW2) T HATSQ2=TL2 + D*! J2TD
DO 925 Kl=l,INTMAX

LAMUA=2*K1 i LAMUI W=LAMUA*2 t HA I LML)=LAMDT W+1
HATFAC=S0RTF(HATS01*HATS02/HATLM0)
S1 = T^1. 07**1 (TSTRTW+MJBRTWTT2+T_l-LZr/4)

IA=L1 t IB=L2 i IC=LAMDTW $ ID=0 $ IE=0 $ IF=0 $ CALL CLEB $C1=RAC
IC= J3 $3_ =J23 1E=LAMUIW $ IF = IS!KT3 rTATT—RAC7^$ RT=RAT
IA=J1 $ IB=J2 t IC=LAMDTW $ IE=MJBRTW $ ID=-IE $ IF=0
CALL CLEB $ L2 = KAC

T1=R0TFAC*S1*HATFAC*C1*C2*R1 $ GO TO (921,922),Kl
^2T"AMAT11MI,Tf2r=AMATTTHTTM_T+Tl—~$"—GOTO 925
922 AMAT2(M1,M2)=AMAT2(M1,M2I+T1
925C0NT1NUE"~ ~ — — — —- —

AMAT1(M2,MD=AMAT1(M1,M2) $ AMAT2 IM2, Ml) =AMAT2 IM 1,M2 )
9d0 CUNI INUb — —

99C 11=11

4050 FORMAT! BE15751 —"

4060 FORMAT!IHO)

rFrKTL0DTT9) T 42T074250,42T0
4210 IF(JJ-KEXC0M(5»I 4250,4212,4212
4212 IKJJ-KbXCUM(6) 1 4214,4214,4250
4214 IF(KEXC0M(46)-KEXC0M(7>) 4250,4220,4250
422O3iRllb(6.4230),lNTYPE;iNIHAX,(KlUNl),Nl = l,lNIMAX)
42 30 FORMAT!2IHO BMATRX.FOR INTYPE=I1,8H INTMAX=I1,7H LAMDA=10I3)

33TJ"4_32 "KT=I, INTMAX -
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WRITE(6,4060)

DO 4232 Nl=l,TICPLE
WRITE(6,4050),(B(N1,N2,KD ,N2=1,11CPLE)

4232 CONTINUE

IF1KTL0UTI10)) 4233,4250,4233

4233 WRI TE 16,^2341
4234 FORMAT!12H0*** AMATRIXI

"DD"' 4_4TJ31= 1, MXROW"

4240 WRITE!6,4050),tAMATl 1Ml,M2),M2=l,MXROW)

00 4245 MT = 1.MXROW
4245 WRITE(6,4050),!AMAT2 1Ml,M2),M2=l,MXROW»

~~ 00" 4246 1*1=1 .MXROW —'
4246 WRITE!6,j4050) .1AMATSS1Ml, M21,M2=l, MXROW)

" DO 424731=1 ."MXROW

4247 WRITE!6.4050),(AMAT1C1M1,M2).M2=1,MXROW)

DO 4249 Ml=l,MXROW

4249 WRITE16,4050),1AMAT2C1M1,M2),M2=1,MXROW)

WRITEI 6. 4 0501, 1AMATCPT ~M2T7M_=17MXR0W)

4250 11=11

" "RETURN" "

END



SUBROUTINE

cccccc ******

SMATRX

COMMON
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STATbMbNlS (HAT ARb CUMMUN IU ALL

FACL0G1500).RAC,IA,IB.IC.1D,IE,IF,L9(9),U9

KTRL(30)TKEXCnMT50 )7EXTC0MI 50T,KTLOUT< 301
FI71I,G17D,FDI70),GD170),ETA,SIGMAZ,RH0MX,RD,LMAX

IHb KUUI INbS ***

COMMON

30WW0N
COMMON

"CGMMTJN ANGLER! 1TJQT, AR ( 701 , A11 70 ) , BR 1 TO ) , B 1 ( 70T, C b 1 10 )7DRTT0T
ECMUO),

COMMON

IlMULT110),IlRbAU(10).KPRllKUU),JJKUWld0),LLKUW!dUI,
NNR0W(30),QVALUE(10),SGMAZZ(10),THETA(100).VCOUPL(20),
WNIIOITWNINH 101,WC(10)

ISTRTW,IICPLE,INTYPE,INTMAX,IIXCAL,I IXPLT,I IPCAL,
IIPPLT, J JJMAX7MXR13W,^XMAX,NXCPLE71«ANG1R,NIJFMES,
AMUPMU,CHARGE,CFUNIT,DFN,DFNS,DFNW,DFNSP,ELAB,ETUNIT,

3 PMAS,RMAS,RZERO,RZbRUC.RZbRUS.RZbKUW,KZRUSP,
4 RMAX,RBAR,SGMAR,TMAS,VSX,VSF.VSO,WSX,WSF,XMAX,XBAR,
5" """ XMESl7 XME5Z7WNTJNTT," T TR, ITI, ZER 0

TYPE COMPLEX TTR.TTI.ZERO

CCCCCC ***** COMMON "FTEtTJ5""_SED TN""COMMON BY SbVbKAL^ROUTTNFS"
COMMON EXSGRK70.6) $ TYPE COMPLEX EXSGRI
COMMON FC(70,6),FDC(70,6l,GC( /0,6),GUC1 /0,61
COMMON VCENTR(2001,VC ENTI(200),VSPIN (200),VCOULM(200 ) ,

1" VCPL lR3200r7VC PL 11 (200) , VCPL _R( 200) , VCPL 2 K 2003,
2 VCPD1R(200),VCPD1I1200),VCPD2R1200),VCP021(200),
3 " " VCPD3R(200r.VCP331121J01 """

COMMON H(6710)
DIMENSION URC(30,30),UIC[30,30I,UDRC(30,30),UU1C(30,30),

1 WNRATO!101,0(50,51)

EOOTVALENCE (Hr3101),URX1T(TR0OTI7U1CT,rHr^9^IT,U_Rrr7
1 1H15801),UDIC),!H<670D.WNRATO),<H,Q)

DIMENSIONARl (TO! 7BRTT70T $"E0_TVATENCE^rAR7ARIT7TBR7BRT)
TYPE COMPLEX Q,ARl,BR I,EX,01VQ,SUMRI
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kB0UN0=KEXCOM(41) J NBUUNU=KbXCUM(42 )—
JJ=KEXC0M(45) $ K=KEXC0M(46)

MXROWl="MXROW+r 3 MXR6RI=MXROW"+MXR0W*KB0UND
DO 105 11 = 1,IICPLE

WNR=WN< IT) / W'N'Q )"" t WNRATC(ir]=WNR*SORTFTWNR)
CONTINUE

KWRIT2=0

IF(KTLOUT( 121 ) 113,119,113

113 IF(KTRL(9T) 118,1147118"
114 IFIJJ-3) 118,118,119

118 KWRlT2=l " "

119 NMATCH=!1-KBOUNO)+KBOUND*MXROWI

125

127

DO 700 NMAT=1,NMATCH ~

REWINO 8

TFTKBOUNOl 125,145,125
MXROW2=2*MXROW * IM=MXR0W2+1

00 127 M3=1,MXK0W2

READ TAPE 8,(01 Ml,M3 ),Ml=l ,MXR0W21

DO 129 M3=1,NMA1

129 READ TAPE 8,(0(Ml,IM1,Ml=1 ,MXR0W2)

D0 13C M3=MX"R0W1,MXR0W2 "
DO 130 M1=1,MXR0W2

130 0<MT,""M3T=-OfMl,M3T"

NLJMAX=1
IF1KWRIT2) 4610,4690,4610

4610^DO 4620 M1=1,MXR0W2
4620 WRIT£36,40601710TMT7M3 T7M3"=T,TM)
4690 CONTINUE

GOTO 170 "" "'"" "

MXKUWI=KbXCUM(4d)

*******



145 DO 150 M3=l,MXROW
f,E40 TAPE8,!URCIMl,M3),l

1 Ml=l,MXROW)

IbO LUNI1NUE

IM=MXR0W1

4050. bUKMA! (8E15.6)

4060 F0RMAT14!1X,1H(,C!E13.6,E14.6),1H)))

4110 IF1KWRII2) 4120,4190,4120

4120 WRITEI6,41501

4150 FUKMAK8H0URL bid

DO 4160 M3=l,MXROW

WRl!bl6,40bO),lURC!Ml,M3),UIC!Ml,M3),UDKC!Ml ,1*31 ,UDIC!M1,M3) ,

1 Ml=l,MXROW)

4190 CONTINUE

IF1KIRL1/)) 162,16b,162
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1.62 NLJMAX=MXROW $ GO TO 170

170 DO 600 NLJ=1,NLJMAX

ITTKBOUND) 300,175,300

175 DO 179 N=l,MXROW

(J1N,IM)=ZERU $ NS=NNKUW1N1 $ L I=1 LLKUW! N I/2)+1

FT=FC!LT,NS)3 GT=GC!LT,NS) $ FDT=FDCILT,NSI $ GUT=GDC!LT,NS)

UU 179 M=1,MXKUW

UR=URC!N,MI $ UI=UIC!N,M) $ UDR=UDRC1N,M) * UDI=UDIC1N,M)

QR=UR*GDT-U1*FDT-UUR*GT+UU1*FT3 0T =XIR*FOT+U I*GUT=TJOR*FT-UOI*&T

01N,M)=0R+TTI*0I

1/9 CUNIINUb

LT = lLLR0W!NLJ)/2) + l $ HAT=2*LT-1 $ FAC=-SORTF1 HAT)

UTNLT, IM)=FAC*bXSGRrfT_T,1)

4210 IFIKWRIT2) 4220,4290,4220

32203R1 T E ( 6 , 4230 ) 7NL JTNCTHAX

4230 F0RMAT(22H0***0MATRIX.NLJ,NLJMAX,2I3)

WK1IE16,4U6U),1U1H1,IH),H1 = 1,MXK0W)
IFINLJ-1) 4290,4235,4290

^4235HO 424CT Ml = I,MXROW ~ ~ ~

4240 WRITE(6,4060) ,(0(Ml,M2 ) ,M2 = 1,MXROW)
4290 TONTTNUE ~ - _ - — — ._ _ . . ._ ..

300 CALL SIMLEQ

431U 1KKWKIT2) 4320,4390,4320

432C WRITE(6,4330)

^4330 TUKMAT ( 7HO***»MP7 "— — - -

WRITE(6,4060),(BRl(N),N=1,MXRBRD

IF(KBOUND) 330,340,330

330 UU 33b Hl = l,MXKUW

M2=M1+MXR0W

33b BRI(Ml)^BRrTH27

GO TO 490
" T403JTJ-'~430""N = 17MXR_W'" " ._._._._. — _. _

NS=NNROW(N) $ LT=!LLR0W(N)/2)+l $ FT=FC(LT,NS) $ FDT=FDC(LT,NS)

UU 430 H=1,MXKUW
UR=URC(N,M) $ UI=UIC(N,M) $ UDR=UDRC(N,MI $ UDI=UDIC(N,M)

~OR=TJR*FDT-UDR*FT$ OT=Ul*FTJT-OTJr*FT $ 0! N, M1=0R+TTT*01

430 CONTINUE
"' DU 44531=1, MXROW '" - - -

ARI(ND=ZERO

—44b CUNI1NUE

DO 450 Nl=l,MXROW

DTT44 7 M1=1,MXKTJH

447 ARHND = ARI(ND+0(N1,MD*BRI(MD

"45030NTINTJE "" "
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DO 455 Nl=l,MXROW

"NT = NNROWTNn" "'*"" LT=TLLROWTNIT/?) + 1 * H3T=TT+L T- 1
FAC=WNRATO(NT)/SORTF(HAT)

SUMRI=FAC/EXSGRI1LT,NT)
455 BRI(ND = ARI(N1 )*SUMRI

3903R1TFTAPEr77TBRTrN),"N=1,flXRTJWl "
4505 IFIKTLOUTl11)) 4510,4590,4510

"4510 ~H RTTET6745201 , J J7 K7 NTJ
4520 F0RMAT!24H0**CMATRIX FOR JJ,K,NLJ=3I31

WKIT'b(6,4060l,(BKl(ND,Nl = l,MXKUWI

4590 CONTINUE

300 TONTTNUE "

700 CONTINUE
1000 RETURN " " " ••--— — - -

END



SUBROUTINE SIMLEO
******
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CCCCCC

COMMON

CUMMUN SIAIbMbNIS IHAI AKb CUMMUN IU ALL IHb KUUIlNbS ***
FACLOG(500),RAC,IA,IB,IC,ID,IE,IF,L9(9),U9

COMMON

COMMON"

1

KIRU 30)TKbXCOMlbO)7EXTCOMT50T,KTLUU(I301
F17D ,G! 7D,FD!70),GD170),ETA,SIGMAZ,RH0MX,RD,LMAX

3NGT_RT10017 ART70T,7S1( /0 ) 7BRT70T7BIT70T7CE1101 ,DR1 1017
ECM(IO),

COMMON

llMULr(101,llKbAU(10l,KPRlIK!101.JJKUWIdU1,LLKUWI3U),
NNROW130) .QVALUEU01.SGMAZZ! 101.THETAI 100) .VCOUPL! 20 ) ,
WNUO) ,WN1N1U0),WC!10)
ISTRTW,IICPLE, INTYPE,INTMAX,IIXCAL,IIXPLT, IIPCAL,
I1PP_T7J3JTOX , MXR0F,TIXMAX,W(CFLE7NSNG1R,NOFMES,""
AMUPMU,CHARGE,CFUNIT,DFN,DFNS,DFNW,DFNSP,ELAB,ETUNIT,
PHAS,RMAS,RZbRU.HZbKUC,KZbKUS,KZbKUW,KZKUSP,
RMAX,RBAR,SGMAR,TMAS.VSX,VSF,VS0,WSX,WSF,XMAX,X8AR,

XMESl,XMES2,WNUNIT,TTR,TTT7ZbR0
TYPE COMPLEX TTR,TTI,ZERO

CCCCCC ***** COMMUN FIELDS USED IN COMMW BY SEVERAL TUTOTTNES^

COMMON EXSGRI170,6) * TYPE COMPLEX EXSGRI
COMMUN FC1 /0.61,1-UCI /0.61.GCI /U, 6) ,GUL1/0.6 1
COMMON VCENTR1200),VCENT11200),VSPIN 1200),VCOULM 1200 ),

T VCPLTR1200),VCPL11I200),VCPL2K(200),VCPL211 200T7
2 VCPD1R!200),VCP01I1200),VCPD2R!200),VCPD2I(200),
3 VCP03T<T2OO771

COMMON 0(50,51)

DIMENSION ARK/01,BKI(/01 f bOUlVALbNCb 1AK.AK11,1 BK, BKl 1
TYPE COMPLEX 0,ARl,BRI,EX.OIVQ.SUMRI

J KBOUND="MXRDWM=MXROW

IM=MXR0W+1

30 870 1=1,MXROW"

BIGO = CABS(0(I,D)

UU 816 U=1,MXRUW

B1=CABS(0U1, D)

315 BIG0= B1 "T—MX1 = 11

816 CONTINUE

IFTMXT-I ) 813,B227813

818 DO 820 J=I,IM

MXI = I

IFIBIGO-BD 815,816,816

tx=oii,j)—$"

0!MXI,J)=EX

Ull,J)=U!MXI,J)

820

327

830

333

OIVO=OII,I) $ D1VOAB=CABS1DIVO)
WRITEI6.835)

FORMAT!17HODIV0=0 IN SIMLbU)

GO TO 1000

84G 0IV0=1.0/UIVU

DO 850 J=I,IM

850 0!I.J)=0(I,J)*D1V0

11=1+1

IF1I1-IM) 860,880,880

Il+KBOTJNTJ r

3407830784TT

*******

86 0 DO 870 K1=U,MXROW
tX = (J(Kl,l I

DO 870 K2=I,IM

870

Q(K1,K2J=Q(K1,K21-EX*QII

CONTINUE

,K2I

880

890

BRU MXROW) =01 MXROW,

I=MXROW

IM)

892

1HMXRUW-D 892,910

SUMRI=ZERO

,892

DO 894 K2=I,MXROW

SUMRI = SUMRI+BRHK2) *Q1I- 1.K2)

894 CONTINUE



1=1-1

BRI(D = 0(I,1M)-SUMRI
IFII-D 910,910,892

91C 11=11
1000 MXROW=MXROWM

RETURN" "

END

no



SUBROUTINE XSEC
******

Ill

CCCCCC

COMMON

COMMON

COMMON

COMMON

1

CUMMUN SIAIbMbNIb IHAI AKb CUMMUN IU ALL

FACL0G15001,RAC,IA,IB,IC,ID,IE,IF,L9!9),U9

KTRL I 301 ,XEXCTrMT50T,EXTCTJMI50),KTLOUTT307
F(7D,G(7D,FD(70),GD(70),ETA,SIGMAZ,RH0MX,RD,LMAX

ANGIERTIOOT, ARTTOT, ATT701 ,BR !70r,BIT7O7,tErr0) rDRUDT,

ECM!10),

IHb RUUIlNbS

—2~~

3

3

COMMON

UMULI 1 10 l,llKbAUUO),KPKl IK! IU ) , JJKUWI 3U ) ,LLKOW I 30 I ,
NNROW(30),OVALUE(10),SGMAZZ110),THETA{100).VCOUPL120),

WNT TO17 WN1N1110),¥01101
ISTRTW,IICPLE, INTYPE,INTMAX,IIXCAL,IIXPLT,IIPCAL,

IIPPLT,JJ JMAX7WXR0W7 NXMAX,NXCPLE,NANGLR,NDFME S,
AMUPMU,CHARGE,CFUNIT,DFN,DFNS,DFNW,DFNSP,ELAB,ETUNIT,

3 PMAS,RMAS,KZbRU,RZbRUC,KZbKUS,KZbRUW,RZKUSP,

4 RMAX,RBAR,SGMAR,TMAS,VSX,VSF,VSO,WSX,WSF,XMAX,XBAR,

5 XME517XME527WNUNI I ,TTR,TTr7ZERTJ

TYPE COMPLEX TTR.TTI.ZERO

CCCCCC ****** DIMENSION"

COMMON EXSGRI(840)

COMMON

1

3

3

3

5

JSED ONLY IN THI3RTJUTTNE

CMXR(10,30),CMX1(10,30),
ZBART (10,10,3),ZBARS 110,10,3),ZBARP (10,10,3),

3BSRT1T107 10 , 3 1.ZBSR51T10,107 3 1 , ZBARPTU07107 3T7
CBAR1T(3.10,10),CBAR2T(3,10,101,CBAR3T(3,10,10 1,

CBARTST3.T0.10 1 .CBAR2S (3710710T.CBAR 3S (3,10,10),
CBAR1P(3,10,10),CBAR2P(3.10,10),CBAR3P(3,10,10),

**********

3 REACCRI3I, IUILXC(3),SIKGbN(d) ,SI KGFS( i > ,S I KGbP I 31 ,
7 T0TLXS(3),T0TLXP(3)
"COMMON FXTRS4T17291

TYPE COMPLEX ZBART,ZBARS,ZBARP,CBARIT,CBAR2T,CBAR3T,CBARIS,CBAR2S,

1 CBAR3S,CBAR1P,CBAR2P,CBAR3P,EX,EXS,EXI,

2 ZBART1.ZBARS1.ZBARP1

CCCCCC *****

COMMON

I

2

3EWINTJ 7 i

CUMMUN

AMS(3,3,3

N_N_BT(3T

NPOLST

HEWTND3

HbLUS USbU IN COMMON BY SbVbRAL ROUTINES

1,BMTR(10,10,3),BMTI(10,10,31,NENSBP(3),
7SGMEXP( 10076) ,TOLEXF( 100 ,2 ) ,TATT4r,NFA I ,

IF(KTRL(7D 30,45,30

30 CALL ACCSAB 5 GU IU
45 MULT1Z=IIMULT(D $

61 DO 63 M1=1,MULT1Z $

ZBART1(M1,M2,M3T=^

63 ZBART(M1,M2,M3)=ZBARS

390

ISMULT=ISTRTW+1

$ IF(KIKL(3D 6r765761
DO 63 M2=1,MULT1Z $ DO 63 M3=1,ISMULT

SI (Ml ,M2,M3)=ZBARPirMT»M2»M3T=TEKT_

(M1,M2,M3)=ZBARP(M1,M2,M3I=ZER0

UU 64 NPS=1,NPULSI

T0TLXS1NPS)=T0TLXP!NPS)=0.0 _
= STRGFS!T*

WN1D*SQRTF 10.00000 1/ELAB)

XSU=(WN!D*X BAK)**2

XSQ)

64 RfcA

STGFCS=50.6606*WN!1)*
PAIS0=9.8696044011 $

C1=6.0*PAISO*XSO/I1.+

STGFCP=1000.*WNU)*WN!IJ/1C1*S(JKIK 1U0UU0U.U*ELAB) I

65 DO 600 JJ=1,JJJMAX

IS-2*!KT1PIS/2T~"KT1PIS=KTRL1D + ISTRTW
JJTRTW=2*JJ-2+KTISCK

3KT

$ KEXC0M145)=JJ

DO 5953=173
KEXC0M!46)=K CALL NLJJJK

IFIMXROW) .595,595,70

70 NRT7MX=0

DO 75 Nl=l,MXROW
IFINNR0W1ND-D 75,73

33 NRT7MX=NRT7MX+1

.80

;r=o.tr

*******
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75 CONTINUE

8C DO 110 NRT7=1,NRT7MX ~ ~~
110 READ TAPE 7,1CMXR1NRT7,Nl) ,CMXI(NRT7,ND,N1 = 1,MXROW)

DO 127 NE1 =1,3 $ DO 12/ NE2=i,10 $—UU 12/ N1= 1,NRI /MX
CBARmNEl,NE2,Nl)=CBAR2T(NEl,NE2,ND = CBAR3T<NEl,NE2,ND=ZERO
CBARriSlNEl,NE^,ND=C6AR2STNEl,NE2,Nl) = CBAR3SnNrET,NE2,TrD^ZER0

127 CBARlPlNrT,NE2^Nl^=CBAR2P!NEJ.,NE2,Nl)=CBAR3P<NEl,NE2,Nl)=ZERO
DO 405 MSRE=1,MSREPT $ MSTRTW=ISTRTW*T2-MSRE)
DO 400 MTII=1,HULT1Z $ MTIINV=MULT1Z+1-MTII
MilfTW=2*MTII-l-MULTl_ S MJTRTw=MSTRTW+MTITTW
DO 130 Nl=l,MXROW

130 BRIND=BI(ND =0.0
IF!JJTRTW-XABSFIMJTRTW)) 250,160,160

160 DO 240 NRT7 = 1,NRT7MX $ "CG"1=T."0 3 TF1ISTRTW) 2107 212,210
210 JT=JJR0W!NRT7) j LT=LLRCW<NRT7)

TS=TT j IB=ISTRTW S TC-jT $ nT=0"—$ lb = lF=MSTRTW
CALL CLEB $ CG1=RAC

212 "CG2 = 170" —

IFUTRLUll 214,216,214
214 TA=JT $ lB=MULTlZ-r $ IC3TJTRW ^ T D=3STRTW $ IE=MT1TTW

IF=MJTRTW $ CALL CLEB $ CG2=RAC

216 CG12=CG1*CG2
DO 230 Nl=l,MXROW
BR 1N1) =BR 1N D +CGl3*rMXRTNRT77NTl

230 BI(N1)=BI<Nil+CG12*CMXI1NRT7,NlI
240 CONTINUE

250 WRITE TAPE 8 , IBR1 ND ,B I INl), Nl = l.MXROW )
~ IF(kTrl131J 252.4C0.252
252 DO 395^ NLJ=1,NRT7MX

J2TRTW=jJftOWTNLJr 3 L_TRTW=XT3_W1NL3I
TWL2P1=L2TRTW+1 $ SORTLB =SORTFITWL2PD $ SIGNIV=0.0
IFUSTRTW-IT 26272617254

254 IFIMSRE-D 262,261,262

261 SIGNIV = (-1.0)**HL2TRTW+ISTRTW-MULT1Z +1-JJTRTW)/21
262 DO 295 MTFF=1,MULT1Z $ MTFTTW=2*MTFF-1-MULT1Z

MSFTTW=MJTRTW-MTFTTW $ TFtT3TirrW^XABSFIM_FTTWT3 2957264, 264
264 MSFF= USMULT+l-MSFTTW)/2 $ CG1=1.0 $ IFIKTRLID) 266,267,266
266 IA=J2TRTw $ IB=MULT1Z-1 t^ IC3JTTRTW $ T_ = M5FTTW

IE=MTFTTW i IF=HJTRTW $ CALL CLEB $ CG1=RAC
267 CG2=1.0 $ IFUSTRTWI 268,269,268 —
268 IA=L2TRTW $^ IB=ISTRTW $ IC =J2TRTW $ ID=0 $ IE=IF =MSFTTW

CALL CLEB * CG2=RAC

269 T1=CG1*CG2*TWL2P1 $ TR1=T1»BR(NLJ) $ T 11 = T1*BI1NLJ 1
EX=TR1+TTI*TI1 ""'$ EX1=ZER0
IFIMSRE-D 271,273,271

271 EX1=EX$EX=ZERO —

273 ZBART ( MTJ I , MTFF , MSFF ) =ZBART 1MTIDMTFF, MSFF) +EX
Z BART11 MT II, MTFF , MSFF )= ZBART1 I MTTT7MTFF7MSTTT+EX1
IF(J_2TRTW-2)^ 276.277^295

276 Z BARS ( MT II7MTFF ,MSFFT=TB7re3TMTI3, MTFFTMSFFT+EX
ZBARS1IMTII,MTFF,MSFF)=ZBARS1(MTII,MTFF,MSFF)+EX1 $ GO TO 295

277 ZBARP 1MTII,MTFF,MSFF) = ZBARP (HT1I, HI H-.HSFF 1+ EX
ZBARPIIMTII,MTFF,MSFF)=Z8ARP11MT11,MTFF,MSFF) + EXl

295 CONTINUE

DO 370 NPS=1,NPOLST

NENSl =NENSBP(NPSr 3 NTfN^2=NEN__T1NPS1
DO 370 NE1=1,NENS1

A2=AMS(NEl,MSftE,NPSJ J A22=AMSlNbl,ISHULT.NPS)*SlGNIV
00 365 NE2=1,NENS2

A2B2R=A2*BMTR1NE2,MTII,NPS)+A22*BMTR(NE2,MTIINV,NPSI
A2B2I = A2*BMTI1NE2,MTII,NPS1 +A2 2*BMTIINE2,MT11NV,NPS)
TR1=IA2B2R*BR1NLJ)-A2 B21*BI!NLJ))*S0RTL6
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TI1=1A282R*BI1NLJ)+A2B2I*BR(NLJ))*SQRTLB
T£X=TK1+I 11*1 u
GO TO 1321,322.323),NPS

321 LBARll(Nbl,NE2,NLJ)=CBAKD(Nbl,Nb2,NLJ)+bX $—GO TO 33U

322 CBAR2T(NE1.NE2.NLJ)=CBAR2T(NE1,NE2.NLJ)+EX $ GO TO 330

323 CBARdl(Nbl,Nb2,NLJ)=CB1tR3UNbl,Nb2,TrL7rPFE3
330 1F(L2TRTW-21 341,346,365

342 CBAR1S(NE1,NE2,NLJ)=CBAR1S(NE1,NE2,NLJ)+EX $ GO TO 365
343 CBAK2blNbl,Nb_,NLJl=CBAK2SINbl,Nb2,NLJ)+bX $—GO TU 365
344 CBAR3S(NE1.NE2,NLJI=CBAR3S(NE1.NE2.NLJ)+EX $ GO TO 365

346 GO 10 (347,348,349),NPS
34 7 CBAR1P(NE1,NE2.NLJ)=CBARIP(NE1.NE2.NLJ)+EX $ GO TO 365

348 CBAR2PTNEl,Nb2,T_J) = CBSR2P(NEl,NE2VN1JT+EX 3 3030 365^
349 CBAR3P(NE1.NE2,NLJ)=CBAR3P(NE1,NE2,NLJ)+EX
36b CONTINUE

370 CONTINUE

393 CONTINUE

400 CONTINUE

IF(KTRL(3>) 505,595,505

bOb 00 b20 NPS=1,NPULS1

NENS1=NENSBP1NPS) $ NENS2=NENSBT1NPS)

TJTJ320 NE1=1,NEN51
DO 520 NE2=1,NENS2

T50320~NLJ=17NRT7MX
GO TO 1510,511.512),NPS

510 EX =CBARlTlNbl,Nb2,NLJ) $ bXb=LBAK1S1Nbl,Nb2,NLJ I
EX1=CBAR1P(NE1,NE2,NLJ) $ GO TO 515

3IT3X =T_TJ7*R2 T1 NE 17NE2 , NL J1 "$—EXS=CBAK2S(NEr,NE2,NL31
EX1=CBAR2P(NE1,NE2,NLJ) $ GO TO 515

3T73X =CBAR3TINE1,NEZVNLJ1 $ bXS=CBA7*3Sl NE1 ,NF27NLJ7
EX1=CBAR3P!NE1,NE2,NLJ)

bib SlKGFNINHbl=blHGENINPb)+bX »LUNJblbX )

STRGFS(NPS)=STRGFSINPS)+EXS*C0NJG1EXS)

3TRGT3^l7<T3r=STROFFTNFST+EX1*CUNJGIEXll

520 CONTINUE

595 CONTINUE

600 CONTINUE

It-lklRLIdlJ 61U.990.6I0

610 SGABS=125.66371/!WNI1)*WNIII)

D0"67531P_=1,NP0L_1 $ "NENSl=NENSBPrNPST"3 TyENS2=NENS_T1NP_1

DO 670 NE1=1,NENS1 * DO 670 NE2=1,NENS2 $ DO 670 MTFF=1,MULT 1/
7»TFT!3=2*M I FF-MULTT73I $ MTTTNV=MULT1T+1-MTFF

B2R=BMTR(NE2,MTFF,NPS) $ B2I = BMT11NE2,MTFF,NPS)
UU 6/0 MSFb = l,lSMULI
MSFTTW=ISTRTW+2-2*MSFF * MSFINV=ISMULT+1-MSFF

1_= Afl5TN_lfM5FF,NP57 I 7S2B2K = A2*B2R T TS2BZT = A2»B2I
DO 670 MTII=1,MULT1Z

MTTTTw=2*MTIT^HULTIZ-T $ Ml 1 INV=74U1T1Z+1-MTTT

B1R = BMTRINE2,MTII.NPS) $ BlI=BMT11NE2,MTII,NPS)
DO 660 MSII = 1,1SMULI
MSITTW=lSTRTW+2-2*MSII

rF! MS ITTW+MTITTW-MSFTIW-MTFTTffr^6_07615,660
615 A1=AMS(NE1,MSII,NPS) $ A1B1R=A1*B1R $ A1B1I=A1*B1I

7_T3CR=H1BIR*A2B2R+AIBII*A2B21 $ *BFAC1 = A1B D * A2 B2R31B tR**ZB_T

IFUSTRTW-1) 621,617,618

61/ IFIMSII-D 622,621,622
618 IF1MSII-2) 621,621,622

621 MTIIT=MTII $ MIFF!=MIFF $ MSFFT = MSFF T GO TO 623

622 MTIIT=MTIINV $ MTFFT=MTFINV $ MSFFT=MSFINV

623 IF! T3TRT W-T) 33T76317 624
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624 IFtMSII-21 631,633,631
631 EX =ZBART3TMTT1T7WTTFT7WSFFT)

EXS=ZBARS 1MTIIT.MTFFT,MSFFT)
EX1=ZBARP (MTIIT.MTFFT.MSFFT) S—GU ID 635

633 EX =ZBART11MTIIT,MTFFT,MSFFT1
EXS=ZBARSl(MTirrrMTFFT,MSFFTJ
EX1=ZBARP1!MTIIT.MTFFT.MSFFT)

6 35 TSGT=CIMAGt(ABFACR+TTr*A3FACI)*EX )
TSGS=C1MAG!1ABFACR+TT I*ABFACI)*EXS)
TSGP=CIMAG((ABFACR+TTI*ABFACI)*EX1>
T0TLXC1NPS)=T0TLXC!NPS)+TSGT

TOTLXS(NPS)=TOTLXS1NPS)+TSGS
T0TLXP1NPS)=T0TLXPINPS)+TSGP

660 CONTINUE

67C CONTINUE

T0TLXC1NPS)=SGABS*I0TLXC(NPS)
TfJTLJ(StNFS) =SGABS*TOTLXS<NPS>
TOTLXPI NPST=S^A^S^TTJTLXPTNT3)
REACCR1NPS)=T0TLXC1NPS)-SGABS*STRGFN(NPS)

REACCS = T0TLX3fNPST307SBS*STRGFSiNPS 1
REACCP =T0TLXP1NPS)-SGABS*STRGFP!NPS)
STRGFS(NPS)=REACCS*STGFCS
STRGFP(NPS)=REACCP*STGFCP

675 CONTINUE

DO 980 NPS=1,_NPOLST
WRITE I 6, 978 ), TOTLXCTNPST.RTATXRTNP3T, STRGFSTNPST,STRGFPI NP31TNP3

978 FORMAT!///12X,7HSGT0TL=E15.6,9H REACCR=E15.6//
I 12X,7HSTRGFS=E15.6,9H S lRGFP=blb. 6,4X,8HFUH NPS=U1

980 CONTINUE
990 I3TKTRLT3) =23 993720007W5
995^CALL CROSPL

2000 RETURN

END



SUBROUTINE
CCCCCC ******

115

ACCSAB

CUHHUN SIAIbMbNIb IHAI AKb CUMMUN TU ALL

FACLOG1500),RAC,IA,IB,IC,ID,IE,IF,L919),U9

THE ROUTINbS

COMMON

COMMON

COMMON

KlRL130),kbXCUH(50),bXICUM!50) ,K1
F171»,GI71),FD!70),GD!701,ETA,SIGMAZ,RHOMX,RD,LMAX

COMMON ANGL faR 110 0) . AR 1 10 ) 7A~11 70 ). BK1 70) TBI! 70), C E t 10) . OR 1 10 I

ECMUO).
UHULHlOl.IlKL-AUUUl.kPRllKI IU) .JJKUWI 3U) ,LLKUW> 3U ) .
NNROWl30).OVALUE!10).SGMAZZ110),THETAl100),VCOUPL 1 20) ,

COMMON

WN110),WNIN1!10).WCI10)

ISTRTW, IICPLE,INTYPE,INTMAX,IIXCAL.IIXPLT,IIPCAL,

I IPPL I,JTJMAX, MXROW nTXMAX,NXCPLE,NANGLR,NDFMES,

AMUPMU,CHARGE,CFUNIT,DFN,DFNS,DFNW.DFNSP,ELAB,ETUNIT,
PMAS,KHAS,KZbKU,KZbKUC,KZbKUS,KZERUW.KZKOSP,

RMAX,RBAR,SGMAR,TMAS,VSX,VSF,VSO,WSX,WSF,XMAX,XBAR,
5 XT*bSl,XMES2,WNUNlT,nR, III.TERXT

TYPE COMPLEX TTR,TTI,ZERO
CCCCCC ****** DIMENSION FIELUS USED TJNLY-

COMMON EXSGRI(840)

rrrrs routine

CUHHUN

COMMON

CCCCCC *****

CHXAUK130.3U).CHXAUI(d(J,dO),CMXbJKld,49,dU),

CMXSJU3,49.30).ZBAR1R!8,8,2).ZBAR1I18,8,2).

ZBAR2K18,8,2),ZBAR2118,8,2),RbACCR13 1TT0TLXCI3) r

STRGFNI3),STRGFSI3),STRGFP(3)

EXTRA4I203)

COMMON FIELDS USED IN COMMON BY SEVERAL ROUTINES

CUMMUN AMbl3,3,d),BHIKIlU,lU,3).BMIIIIU,10,3),NbNbBP( 3) ,
NENSBTI3),SGMEXP(100,6),P0LEXP!100,2),FAI!4),NFAI,

NPULS1

MULT1Z=IIMULT!D $ ISMULT=ISTRTW+1

MSREPI=ISIRIW+1

JSMAX=I IIREA01D + I IRE AD! 11 XCAL J-KTRL 1 1) )/2+ 1

K0N0TW=MULT1Z-1

JSlHAX=l2*llRbAUIl)-KIKLI 1)1/2+1

JMJRPT=0

DTT 736335=17J5WA"X

1160 JMJRPT=JMJRPT+US*2-1)

TJ03165 MT=1,3ULTTZ" * "DO 1165 M2 = r,MULTl_

ZBAR1RIM1,M2.MSP)=ZBAR1IIM1,M2,MSP)=0.0

ZBAK2RlMl,M2.MbP)=ZBAK211Ml,M2,MbPI = U.U—

1165 CONTINUE

D731T6T NSF=3, NPTJCST—$ rOTLXC(7*STT=07Cr
1167 CONTINUE

" " "REWIND 8

DO 1500 KK=1,2

UU 11/U JS=1,JMJKP!

t—Dtrri65 -*sp=i, 2

DO 1170 NR=I,30UU 11/U MS=l,MbRbPI S-

CMXSJR(MS,JS,NR)=0.0

11 7C CMX5Jl(MS.JS7NRT=~0.O

REWIND 7

" DO 1390 JJ = 17JJ3WAX r

MBARTW=-!2*JJ-2+KTISCK)

KTlSCK=ISTRTW-2*t rSTRrW/21

$ CR0NEC=1.0

IblMBAKIW) 1173,1172,1173

1172 CR0NEC=0.5

1173 DO 138C K=l,2

KEXC0M!451=JJ

IF1MXR0FT

$ KEXC0MI46);

1380, 1T80, DT5

CALL NLJJJK

1175 00 1177 Nl=l,MXROW

READ TAPb /,1CMXAURIN1,N2J,CMXAU1(Nl,N2J,N2=

1177 CONTINUE

IF1KK^KT"1380,1180,1380

1180 IFIJJ-D 1190,1185,1190

1185 MXRO«74=flTRCTW

l.MXKUW)

*******
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1190 DO 1375 JMJ=1,JMJRPT $ JSSUM=0
DO l23~0~35=aY"JS"HA"X~~ 3 JSADD=2*JS-1 $ " JSSUM=JSSUH*JSAOU
IF!JSSUM-JMJ) 1230,1235,1235

1230 CONTINUE ~

123 5 JSTRTW=4*JS-4 $ MJSTTW=2*1JMJ+JSAOD-JSSUM-11

D03T70 3STT317MSREPT t MSI TTW=TSTRTW+2-2*MSII
DO 1365 N2=l,MXROW

L2TW=TXR0WTN_T * 32TW=JJR0W(N21$ CMCJPK=CMLJPI=0.0
DO 1280 Nl=l.MXROW

L1TW=LLR0W1ND 5 Jl I W=JJROW< Nl) S Cl = 1.0
IF1 ISTRTW) 1255,1260,1255

T253TA~=LTTW $ r_=TSTRTW$ TC=TITW $"_TD="_J—I3=TF=7fSTTTH
CALL CLEB $ C1=RAC

1260 IA=JTTW $ ' 1B3J2TW 3 1C=TSTRTW 3 I D= MSTTTW^T IF=HTSTn»
IE=IF-ID t CALL CLEB * C2=RAC * MSFTTW=-IE
ID=MBARTW J IE=-MBARTW J TF=Tj i CALL CLEB J C3=RAC
S1=1-1.0)**!(MBARTW-MSFTTW)/2)
GE0F7_=^*C1*CZ*C3*CRTJNEC ~
TERMR =GE0FAC*CMXA0R1N1,N2) $ TERMI=GEOFAC*CMXADI1N1,N2)
CMLJPR = CML3PR+TERMR^ 3 CMOrPI=CMLJPT+TERMl
CMXSJR1MSII,JMJ.N2)=CMXSJR!MSII,JMJ,N2)+TERMR
CMXSJI(MSII,JMJ,N2)=CMXSJUMS1 I, JMJ.N21 + I EKM1

1280 CONTINUE

IFTKTRLI 37rT3T0713657r3TO
1310 1FI JS-JS l^MAX ) 13.12,1312,1365
1312 IFIXABSFIMSFTTWl-ISTRTW) T314TT3T4,I365
1314 MSFF=(ISTRTW-MSFTTW1/2+1

F1=2*(L2TW+1) $—Cl = 1.0
IHISTRTW) 1316,1318,1316

1316 1 A= L2TW "$ T8=TSTRTW * IT3J2TW 3 ID=T7 S rE=TF=M5FTTW
CALL CLEB $ C1=RAC

1318 C2=1.0"

IFIKONOTW) 1330,1332,1330
133C IA=IC=ID=IF=KONOTW I IB=JS1RIW J lb=0 $—CALL CLEB $ C2=KAC
1332 FC12=F1*C1*C2

DO 1360 MTn = l,MULTir "
C3=1.0 $ MTFF=MTII

IF fkONOTWl 3334,1318,1334 ~ ~ ~ ~ -
1334 MTITTW=2*MTII-1-MULT1Z

MTFTTw=MTinW+MJSTTW $ Hlbb = (MlH IW+1+MULI 1Z1/2
IF(XABSF(MTFTTW)-KQNOTW) 1336,1336,1360

1336 ID=MTITTW $ IE = MJ5TTW 3 IT=MTFTTW T CA1L C1EB $ T3=RAC
1338 GE0=FC12*C3 $ TER=GEO*CMLJPR $ TEI=GEO*CMLJPI

"IF"|MSII-17 1352,1351.1352 ._--._

13 51 ZBAR1R(MTII.MTFF,MSFF)=ZBAR1R!MTII,MTFF,MSFF)+TER
ZBAR1I(MT11.MTFF,HSFF) = ZBARU(HI 11 , MI bb, MSFF) + I b 1 $ GU IU 1360

1352 ZBAR2R(MTII,MTFF,MSFF)=ZBAR2R(MTII,MTFF,MSFF)+TER
ZBAR2t(MTTI, MTFF,MSFF1 = ZBAT?7ITMTIT.MTFF7M5FF7+TFT

1360 CONTINUE
136 5 CONTINUE " - - - - - _ _ ._ _

1370 CONTINUE

1375 CONTINUE

1380 CONTINUE
1390 CONTINUE " - - - -

DO 140C N2=1,MXR0WM

WRITE" TAPES, fTCMXSJRmSRF, JffJTN2),CMXSJI(MSRE,JM17NZT,
1 JMJ=1,JMJRPT),MSRE=1,MSREPT)

1400 CONTINUE " —
150C30NTINUE

TF I3TTUT3TT" r6I3,T0Cr0"7_6_0
1610 SGABS=12 5.66371/ (WN(D*WN( 1) )

DU1653 NPS=1,NPOLST $ 3ENS1="NEN5BPTNPS1" $ 3ENS2=NEN_73TrNP3r'
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001650 NE1=1,NENS1 $ D0165C NE2=1,NENS2 * D01650 MTFF=1,MULTIZ
M I F II W=2*M Ibb-HULTlZ-lS—MTFINV=WTJTTIZ + l^WTFF

B2R=BMTRINE2,MTFF,NPS) $ B2I=BMTI!NE2,MTFF,NPS)
UU165U MbFF=l, IbMULI

MSFTTW=ISTRTW+2-2*MSFF

32="A7TS1NET, MSFF ,"NP S7 ~ J

D01650 MTII=1,MULT1Z

3TTTTW=2*M I 11-7TOLT1Z-1

B1R=BMTR!NE2,MTII,NPS)

$ MSFINV=ISMULT+1-MSFF

7TZB2R=A2*B2R

3

$

TrrnNV=MttLTTZ+l-MTir

B1I=BMTI1NE2,MTII,NPS)

0U16dU MbU = l,IbMULI

MSITTW=ISTRTW+2-2*MSII $ MSI INV=ISMULT + 1-MSI I

~TF< MSI I !W+MTTTTW^M5FTTW-MTFTTMT 1630,1615,1630

1615 A1=AMS(NE1,MSII,NPS) $ A1B1R=A1*B1R $ A1B1I=A1*81I

"""' AB73CR=TS1B1R*A2ff2R + ArBlI*A2B2I^ $ 38FAtl = AlBlT*T_R2R-A1T31R*A2B2I

A2B2I=A2*B2I

1F1MIFIIW-MI1 I IW) 1618,161/,161/

$ MTFFT=MTFF $1617 MTIIT=MTII

GtTTU T6T9 "-

1618 MTIIT=MTIINV $ MTFFT=MTFINV $ MSIIT=MSIINV $ MSFFT=MSFINV

1613TFTM5TTT3T 36227162171623
1621 ZBR =ZBAR1RIMTIIT,MTFFT,MSFFT1 $ ZBI=ZBAR1 IIMTIIT.MTFFT,MSFFT)

GU TU 1623

1622 ZBR =ZBAR2R(MTIIT,MTFFT,MSFFT)

1623 TSG=ABFACR*ZBI+ABFACT3ZBR

T0TLXC!NPS)=T0TLXC(NPS)+TSG

I333TTJNIINUE "~"

1650 CONTINUE

MSIIT=MS1I MSFFT=MSFF

ZBI=ZBAR2IIMTIIT,MTFFT,MSFFT)

IUILXClNPb)=bGABb*IUILXLlNPS)

1655 CONTINUE

TJU3/30 NPS=17NPOLST -"

WRITE!6,1710),TOTLXC(NPS),NPS

lTnTTOTTMAlT/T/TOX . /HTO TLXC=EI57T, 9H FUR NPS= I 1)

1730 CONTINUE

2000 RETURN

END
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SUBROUTINE CROSPL
CCCCCC ****** CUMMUN SIAIbMbNIb IHAI AKb CUMMUN IU ALL IHb KUUIlNbb

COMMON FACLOG(50O),RAC,IA,IB,IC,ID,IE,IF,L9(9),U9

COMMON" 3TR_(30T,KEXCUM(50). EXTCOM! 50) TRTLOUTOO)

COMMON F(71),G(7D,FD!70),GD!70),ETA,SIGMAZ,RHOMX,RD,LMAX

COMMON" ANGLER(I00),A3<7G),AI(7C),BR(7d,B1T70T,TE!10),DR3I0T7
1 ECM( 10),
2 11MULI I10), 1IREAD1101.KPRIIRI101,JJKUW13U).LLKUWIdU) ,
3 _ _ NNROW130).QVALUE1101,SGMAZZI10).THETAl100),VCOUPL<20),
4 "WN1TO) .WNTNmCl.WCUOl

COMMON ISTRTW, IICPLE, INTYPE,I NTMAX,I IXCAL,I IXPLT,I I PCAL,
1 IIPPLT, JJJMAX7MXR0W,NXMAX,NXCPL3, NSNGLR,T_FMES,
2 AMUPMU, CHARGE, CFUN IT ,OFN,DFNS, OFNW, DFNSP, EL AB.ETUN IT,

"_ PMAS,RMAS,RZERC,RZbRUC,RZERUS,RZfcKUW,KZRUSP,
4 RMAX.RBAR.SGMAR.TMAS,VSX,VSF,VSO,WSX,WSF,XMAX,XBAK,

"5 " XMEST,XMF327WNUNTT,TTR7TTT,TERTr ~ —'
TYPE COMPLEX TTR.TTI.ZEKO

CCCCCC ***** COMMON"FIELDS "USEDIN COMMON" BY SEVERAL RTJUTTWES *******
COMMUN EXSGRI IP40),EXTRA4(10812),EXTRA5!525)
CUMMUN MULI 1Z.HULIP0 3UL I Pl.MUL I P2,NANGM1 .NANGMX, Nb INC,

1 NAGR12,U0UT,KCN0TW,CLEBCH,FMULFC,WNFAC
COMMON" 3MST3, 3,31,BMTR 1TO,T0377BMTITT0710737,TfEN_BPT31, "

1 NENSBTI3),SGMEXPI100,6),P0LEXP(100,2),FAI14),NFAI,
2 "NPOLST "

CCCCCC ****** DIMENSIONS CHARACTERISTIC TO THE PRESENT ROUTINE
DIMENSION BFAC1R18.16, /),BFAC2R18,16. /1.BFAL3K18. 16, /),

1 8FAC4R(8.16,7),BFAC5R(8,16,7) .BFAC1K8, 16,7),
2 3FAC21T 8,36,7 )"TBFAT3T 13,36 ."n,BTA34TTR,167T7T—
3 BFAC5I(R,16,7)

4 " XAMPTRU6,2,7)7XAMP2R(T6727Tr,XAMP3RTI67277T,
5 XAMP11 ( 16,2,7) ,XAMP2I( 16,2,7) ,XAMP3I( 16,2,7)

fcUUlVALbNCE (EX1RA4I 1) .BFAL1K),1 EX IKA4I 89/ I.BbALUI.
1 (EXTRA4I 1793).BFAC2R),(EXTRA4I2689),BFAC2I),

2 " (EXTRA4( 358577BFAT.3RT,(EXTRA4{44BTT7BFAT3T7T ~
3 (EXTRA4( 5377) ,8FAC4R),IEXTRA4(6273),BFAC4 I ),
4 TEXTRA4C 71693, BFAC5RP, I EXTRA4r8065) ,BFAC5IT,
5 IEXTRA4I 8961) .XAMP1R), I EXTRA4! 9185 ), XAMP II ) ,
5 IEXIRA4I 9409) .XAHP2K).1bXIKA4l 96 3d),XAMP21 ) ,
7 (EXTRA4I 9857).XAMP3R),!EXTRA4I 10081).XAMP3I )

OTMENSTON TCRT35) 7FCTT35) , SGMACT35) ,PTJLT HN I 35 , 2 , d ) ,
1 SGMTHN(35,2,3).FCR5U00).FCI511001.SGMAC5!100)
2 -POLTHSIICTOTTSGWTTTSUOOT —

EQUIVALENCE (EXTRA51 D.FCR ),(EXTRA5( 36),FCI ),
I (EX IKA51 /D.SGHAC ),(bXIKAb( 1U6) , PUL I HN I .

_2 (EXTRA5! 316 ) . SGMTHN) ,
3 TEXTRA5I 1) , FCK b 1TTEXTRA5! 10D.FCI5—17"^
4 _ 1EXTRA5I 201).SGMAC5),(EXTRA5! 301).P0LTH5),

"5 "~ "IEXTRA5r "401T,SaMTH51_
55 KONOTW = IIREAD( D*2-KTRL( 1)

60 CLEBLH = 0.0000001 J SUKI10 = bUKIFl10. ) $ 1 SHULI = 1bIKIW + l
LINMAX=ISTRTW*ISTRTW+1 * MULT1Z=I I MULT ID
IF! CHARGE I 2647252,264

252 IF1KTRL18)) 254,256,254

2T4 DCT3553i=l,NSNGLR » FCRTNT=TJ.O
255 FCI(N)=0.0 $ GO TO 281

256 UU 25/ N=l,NANGLR J FCRb!Nl=0.0
257 FCI5(N)=0.0 $ GO TO 281

2 643T3=XETTJ

DO_270N=l,NANGLR $ SN=SINF( THETAlN)*0. 5 ) $ SN=SN*SN
FLN=ETA*"1 LOGFTSNTI -2. 0*SGMAZZ( 11 J FNU = ETA/! 2.0*WN11 )*SN)
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FCRT=-FNO*COSF(FLN)*SQRT10_
IF I KTRLI 81) 2 65,266,265 "
FCR(N)=FCRT $ FCIIN)=FCIT

FCIT= FNO*SINF1FLN)*SORT1C

265 GO TO 270

266 FCR5(N)=FCRT 1 FCT5TNT=TCTT

27C CONTINUE
DO "280"N="17NANGLR

IF<J<TRLJ8J^273,275,273
273 SGMAC (N) = FCR<N)*"*2 + FCI "(N" )*""*?"

2 75 SGMAC5(N)=FCR5(N)**2+ FCI5(M**2

280 CONTINUE

281 NAGREP=((NANGLR-11/7)+l

IF f KTLOUT! 1511" 4113,4190",4310"

4050 F0KMATI8E15.6)

411C WRITEI6,4120 1

412C FORMAT!15H0RUTHERFORD-AMP)

IFIKTRLI8)) 4125.4135,4125

412 5 WRI TE I 6.4050 KIFCR I NDN=1, NANGLR)

""" WRI "TE I 6, 40 50 ) , I FC1TN ) , N="1, NANGLR )"'"""

_ GO TO 4190 _ _ _ _
4135 WRlfE!6",4050). <FCR5! NT,N =17NANGLRT

WRITE(6,4050),(FCI 5!N),N=1.NANGLR)

419C

CCCCCC

CONTINUE
******

DO

GO TO380

00 LOOP FOR DIFFERENT STATES

200C I1=1,IIXCAL

MULTP0=I_l[MUL T(I 1) $
wn fax=s'ort ro /w"N m r
UOUT=U

MULTPl=MULTPO+l $ MULTP2=MULTP0+2

NAGR12=0—J—CALL CMMMFC
CCCCCC ****** DO LOOP FOR DIFFERENT BLOCKS OF ANGLES

""'" DO" 190C!'"NA'GR12="T7N"AT,REP "
N5INC=7*(NAGR12-1) * NANGMI = 1 $ NAGXCH = 7+N51NC

"" NAN3MX = XMlN0FT3AG"XC"H7r^AT«GTR"RN51NX " " " "
REWIND 7 i REWIND 8
CALL BFCTOR

KDIF^KPRITRUD-KPRITRID+imEArJI II )-I IREADI 1)
DC 1600 NP"S = 1,NPOLST " '"
NENS1=NENSBPINPS) $ NENS2=NENSBT<NPS) $ 12=

" " DO TO30 33= NANGM"I,NANGMX 3 N5=TO"+N5If_
IFIKTRLI8D 1010,1005,1010

1005 SGMTH5(N5)=0.0 i P0LTH5(N5)=0.0 $ GO TO 1030
1010 00 J.0 2Q N4=1,NFAI

SGMTHN1N5", N4.I2)=0.0 5 "P0LTThRTN5,N47T2'7=157D ""
1020 CONTINUE
1030 CONTINUE

DO 1500 NE1=1,NENS1 $ DO 1500 NE2=1,NENS2

1050

DO

DO

1050

1050

MN=1.MULTP0

N3=NANGMI,NANGMX

MN.N4,N3)=0.0
MN,N4,N3)=0.0

MN,N4,"N3T=C70

E

XAMP1R1

XAMP2R!

"XAMP3RI
CONTINU

DO 1050 N4=1,NFAI

XAMPITI MN, N47N31=073
XAMP2I(MN,N4,N3)=0.0

"XA MP 3 I I MN ,N4 ,"N 31= CO""

DO 1350

MSITTW=

MSH = 1,ISMULT
ISTRTW+2-2*MSII $ WEITSS=AMS(NE1,MSII

DO 1350

MSFTTW=

MSFF=1,ISMUL3

NPS

NPS)

ISTRTW+2-2*MSFF * LINT=MSII+ISMULT*!MSFF-D

DO 1350

MTITTW=

MTII=1,MULT1Z

2*MTII-IIMULT(D-1 $ MTI INV= MULT1 Z+ l-MT 11

WEITTS=
DO 1340

6MTRINE2.MTII

MTFF=1,MULTP0

,NPS)

******

2*MTFF-IIMUTT1ID-1 5 MTF INV=MULTP0+1-MTFF

ITTW+MTITTW-MSFTTW-MTFTTW1/2
LINMAXI 1075,1075,1077

MTFTTW=

MEL=(MS
Wb IT 1 = WE I TST*WETTrS3 3ME"L=
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1075 LIN=LINT $ MTIT=MTII $ MTFT=MTFF $ GC TO 1080
1077 LIN=I3MULT*1SMULT + 1-LINT $ 3I_NK"H="{-T. 07 ** ( KDIF+MEL X

WEIT1=WEIT1*SIGNKM i MTIT=MTIINV $ MTFT=MTFINV
108C DO 1300 N3=NANGM1,NANGMX

GO TO I 1111,1113,1115,1117,1119),LIN
1111 AZM'F'1"R= 8"FAC"1RTMTIT",MTFT,N3")

AZMbU=BFACl II MTIT.MTFT.N3) $ GO TO 1130
1113 AZM"F'IR = B'F"AC2R"("MTIT7MTFT",N3"") - "

AZMF1I=BFAC2I(MTIT,MTFT,N3) $ GO TO 1130
1115 AZMHR = BFAC3k(MI 1I.MTH.N3)

AZMFD = BFAC3i(MTIT,MTFT,N3) $ GO TO 1130
1117 A"ZMF1R = B"FAC"4R(MTTT",MTFT",N"37" " ""'"

AZMF1I=BFAC4I(MTIT,MTFT,N3) $ GO TO 1130

1119 AZMF1R"=B"FAC5R"(MTTT",MTFT;N3) " " " " " "~ ~
-ZMF1I =8FAC5I(MTIT.MTFT.N3)

UdC DO 1300 N4= 1,NFAI

ARG=FMEL*FAI(N4) $ EXPMLR=COSF(ARG) $ bXPMLI=SINF IARG)
TERM"l"R"=IEXPMLR"*ATHFTR-EXPMtI*"AZMFn)'*WETTI"" ~" ~ ~
TEKM1I=!EXPMLK*AZMF1I+EXPMLI*AZMF1R)*WEIT1
GO TO 1116 1,1163,11651, MSFF " -'~

1161 XAMP1R(MTFF,N4,N3)=XAMP1K!MTFF,N4.N31+TERM1R
XAMPii!MTFF,N4.N3)=XAMPlI!MIFF,N4,N31+TbKMlI 5 GU IU 1300

1163 XAMP2RIMTFF,N4,N3)=XAMP2R(MTFF,N4,N3)+TERM1R
XAMP2IT MTFF, N47N3) =X"AMP2T("MTFF.347N3T+TERMTT""3~ G03TJ3303

116 5 XAMP3R(MTFF,N4,N3)=XAMP3R(MTFF,N4,N3)+TERM1R
XAMP3I (MTFF7N4,N3)=XAMP3I(MTFF34,N3T+TERM1I

1300 CONTINUE

134C CONTINUE

1350 CONTINUE

IF 111373 4037136171407-
1361 IF(CHARGE) 1362,1407,1362
1362"" AMS1=AMS1"NE1 "".17NP51 ~ ~

AMS2 =AMS(NE1 ,2,NPS)
AMbd=AMSlNbl ,3,NPb)

DO 1405 N3=NANGMI,NANGMX $ N5=N3+N5INC
IFIKTRLI81) 1380,1385,1380 .-..._

138C FCRK=FCR (N5) $ FCII=FCI (N5) $ GO TO 1390
r385"'FCRR"=FCR5TN51 "3 FCU =FCI5IN5) "
139C DO 14C5 N4=1,NFAI

DO 1405 MIFb=l,MULTPO

(3MT1 = BMTR(NE2 .MTFF,NPS)
AM"BM1 = "A"MST*BMTT'"" S —AMBM2= AM52*BMTl $ AMBM3=AMS3*BMT1
XAMP1R(MTFF,N4,N3)=XAMP1R<MTFF,N4,N3)+FCRR*AMBM1
XAMP11 rMTFF7N4,N31 =7CAMPITTMTFF7N47N3 V+FC I r*AMBMl —
XAMP2K!MTFF,N4.N3)=XAMP2R<MTFF,N4,N3)+FCRK*AM9M2
XAM(_uM|Fb.N4,N3)=XAMP211MIFF,N4,N3 >+FLD*AMBM2
XAMP3R(MTFF,N4,N3)=XAMP3R(MTFF,N4,N3)+FCRR*AMBM3
XAWP3ITMTFF7N47N31 =XAMP3TTMTFF ,N4 7N3r+FCTI*AMTW3

1405 CONTINUE

I4C732 = NPS "" - -

DO 1450 N3=NANGMI.NANGMX $ N5=N3+N5INC
uu i<ou N4=1,NFA1 5 CU=CUbFlFAHN4) ) $ bl = b 1 NF( b A11 N4 ) )
DO 1430 MTFF=1,MULTP0

XP1R=XAHPTR1MTFF7N47N31 S 3<P1I=XAMP1I "{"MTFFTN47 N31 —
XP2R=XAMP2R1MTFF,N4,N3) $ XP2 I=XAMP2I(MTFF,N4,N3)
XP3R=XSMP3RTMTFF7N47NT) 3 XP31=X AMP3I rMTFF7N47N31
GO TO I 1421.1423,1425), ISMULT

1421 TERMSG=XP1R*XPIU+XP11*XP1I $ lbRMPL=0.0 S—GU IU 142/
142 3 TERMSG=XP1R*XP1R+XP1I*XP1I+XP2R*XP2R+XP2I*XP2I

T E R MP L =XO*TXPTR* XP3I3

1 -SI*(XP1R*XP2R+XP1I*XP2I1
GO TO 1427
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1425 TERJ»SG=XP1R*XP1R+XP11*XP1I+XP2R*XP2R+XP2I*XP2I+XP3R*XP3R+XP3I*XP3I
TERMPL=0.0 '"" ""

1427 IF1KTRL18)) 1428,1429,1428

142 8 SGMTHN(N5,N4,12)=SGMTHN(N5,N4,I21+!fcRMSG
P0LTHN(N5.N4,I2)=P0LTHN1N5,N4,I2I+TERMPL

GO TO 1430

1429 SGMTH5IN5)=SGMTH5(N5)+TERMSG

POLTH5(N5)=POLTH5rN5)+TERMFL"

143C CONTINUE
1450 CONTINUE

1500 CONTINUE

00 1560 N3=NANGMI,NANGMX 5 N5=N3+N5TNC

IF1KTRLI81) 1547,1545,1547

1545 POLTH5TN5) = 2.0*P0LTH5{N5T7S"GMTH5TN5T 3 GO3TTT560
1547 DO 1550 N4=1,NFAI

POLTHN(N5,N4,l2)=2.0*P0LTHN(N5,N4,I2)/SGMTHN(Nb,N4,I21
1550 CONTINUE

1560 CONTINUE

1600 CONTINUE

1900 CONTINUE "" "

IF1KTRL117)) 1905,1930,1905
19C5 IFIKTRLIsD 1930,1910,1930
1910 IFICHARGE) 1912,1930,1912

1912 IFII1-1) 1930.1915,1930

1915 DO 1920 NA=1.NANGLR
1920"SGMTH5INA) = SGMTh5TNAI7SGMAC5(NA;)

1930 CALL OUTPUT

2000 CONTINUE

RETURN
END



122

SUBROUTINE CMMMFC

CCCCCC ****** COMMON STATEMENTS THAT ARE COMMON TO ALL THE ROUTINES

COMMON FACLOG!50O),RAC,IA,IB,IC,ID,IE,IF,L9I9),U9

COMMUN KIRL!30).KEXCOM!50),EXTCOM!50).KTLOUT!30)

COMMON F(7D,G171),FD!70),GD170),ETA,SIGMAZ,RHOMX,RD,LMAX

CUMMUN ANGLER! 100T7ATrt70l7A II 70 ) ,BR( 70 ),Bl170),CE110),DRt10),
1 ECMUO),

2 UMULI 1101,1IREAD!lUl.KPKllKlIU).JJKUWIdU),LLKUW13U) ,

3 NNR0W130) ,0VALUEU0),SGMAZZ!10),THETA(100),VCOUPL(20),
4 WN!10),WNINTT10),WC!10)

COMMON ISTRTW,IICPLE,INTYPE,I NTHAX,IIXCAL,IIXPLT,IIPCAL,

1 DPPIT, JTJMAX, MXROW, NXMAXrNXCPLE, NANGLR, NDFMES ,

2 AMUPMU,CHARGE,CFUNIT,DFN,DFNS,DFNW,DFNSP,ELAB,ETUNIT,

3 PMAb,RMAb,KZEKU,KZbKUC,RZbKUb,KZEKUW,KZKUbP,

4 RMAX,RBAR,SGMAR,TMAS,VSX,VSF,VSO,WSX,WSF,XMAX,X8AR,

5 XMESl,XMbS2,WNUNlT,ITK,TTI,ZERO

TYPE COMPLEX TTR.TTI.ZERO

CCCCCC ****** COMMON FIELDS USED IN COMMUN BY SEVERAIT ROUTINES

COMMON EXSGRI170.6) * TYPE COMPLEX EXSGRI

CUMMUN bXIRA4!l08121,EXIKAbl52bl

COMMON MULT1Z,MULTP0,MULTP1,MULTP2,NANGMI,NANGMX,N5INC,

r N AGK 12,1113X11, KUNUTW", CLEBCH.FMULFC ,WNFAC

COMMON AMSI3,3,3),BMTRI10,10,3),BMTI<10,10,3).NENSBP13),

T NEN5BTT37,5GMEXP!IO0,6),POLEXP(10OT23, FA I!4),NFAT,

2 NPOLST

CCCCCC ****** DIMENSIONS CHAKACT bK IS 11C TO THE PRESbNT ROUTINE

DIMENSION CMMM1R!8,16,8),CMMM2R(8,16,8),CMMM3R(8,16,8),

1 CMMM4R18,16 787,TMMH5R(8,16.8),CMMM1H8.16,8),

2 CMMM2I18,16,8),CMMM3II8,16,8),CMMM4I18,16,8),
3 CMMM5II8,16rST

DIMENSION CMXR13.8.13),CMXI(3,8,13)

U1MENSIUN CMXbJKId,49).CMXSJI 13,49) .CGJSMEI /)
EQUIVALENCE 1EXTRA4I 1) .CMMM1R),(EXTRA4l1025),CMMM1 I) ,

"1"" fEXTRA4!2049T7CmM2R3, ( EXTRA4130737 ,CMMM2T1,

2 (EXTRA414097).CMMM3R),IEXTRA4!5121),CMMM3I ),
3 1 EXTR A4t 61453,CHMM4R) , I EXTRA4TT16^7tCMMM417 ,

4 1EXTRA4(8193).CMMM5R),!EXTRA4<9217),CMMM5 I)

EQUIVALENCE 1EXTRA4! 10241 I,CMXR),1EXTRA4110553),CMX1 )

EQUIVALENCE 1EXTRA4I10241),CMXSJR),!EXTRA4i10388),CMXSJD,

3 TEXTRTA4TT0535 )7C&JSMET

DIMENSION NR0WSTI6)

T1=T10UT

SQRT10=SQKTF(10.0) $ LINMAX=ISTRTW*ISTRTW+1 $ ISMULT=ISTRTW+l

MSKEHI = ( IblKI W/21 + 1 :
JSMAX=(IIRbADID+IIREAD(IIXCAL)-KTRL(l))/2+l $ JMJRPT=0

170380" J S=17J3MAX

280 JMJRPT = JMJRPT+(JS*2-1 )

3SMAXI= 11IREATT! 11 +1 IREAD ( I 1)-KTRt IIT7/2+T^ Tr JWJRPIO

DO 285 JS=1,JSMAXI

285 JMJRPl=JMJRPl + (Jb»2-D

K14=KEXC0M(14)-1 $ K14RPT=(K14/8)+1

REWIND 7

300 DO 1200 K14R=1,K14RPT

REWTND3T

LTRUMI=8*(K14R-D $ LTRUMX=LTRUMI+7

LIRUMX = XM1N0F1K14,LIKUMX) $ LWRIMX = LIKUMX-LIKUMI + 1

DO 310 MTII=1,MULT1Z

"DX373 "MTFF=1, MUL T PO
DO 310 LWRT=1,LWRTMX

3MMM1R( MTTT,MTFF,lWRTr=3T0" T CMMM2R1MT1 I VMTFF.LWKI >=X7TT
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CMMM3R(MTII,MTFF,LWRT)=0.0 * CMMM4R1MTII.MTFF,LWRT)=0.0
CMMM5R!MTII,MTFF,LWRT)=0.0

CMMM1I1MTII,MTFF,LWRT)=0.0 $ CMMM2 11MT 11.MTFF,LWRT)=0.0

CMMM3I!MT11.MTFF,LWRT)=0.0
CMMM5I!MTII,MTFF,LWRT)=0.0

"J—CMMM4 KMT II,MTFF, LWRT 1= 0.0

313 CONTINUE

IF1KTRL17I) 332,330,332

333

332

JJMAX=JJJMAX * KMS3=_ $GO TO 350

WNFCAD=S0RT10/WN(D $ KEXC0M!45)=1 $ KEXC0M146)=l

CALL NLJJJK

KEXC0M(46)=2

MXRUW1=MXRUW

CALL NLJJJK $ MXR0W2=MXR0W

1 $ HAI1 = 11MULT 111T

$ ID=0 $

JJMAX=MXR0W1+MXRUW2 $ KMAX

HATFAC=SORTF!HAT1/HATN)*2.0*WNFCAD

IF=KONOTW T T3=TTMULT!11-3"
DO 340 JS=1,JSMAX

745IN = 1 1MULTTTTT

IE=KQN0TW

340

350

JSTRTW=4*JS-4—J IA=JSTRTW

CGJSMEIJS)=RAC*HATFAC

CONTITTOF

DO 1010 JJ=1,JJMAX

X=TrMU111 TH-3

"$—CALL CLEB

351

IF1KTRLI7)) 353,351,353
KS=KTRL1D+ISTRTW $ KTISCK=KS-2*IKS/21 $ JJTRTW=2*JJ-2+KTISCK

353

GO TO 360
IFIJJ-D 357.355,357

353

357

KEXCOM(45)=l

IF(JJ-MXROW1-

3 KEXCOM(46)=T

1) 360,359,360

TCALL NLJJJK

359

360

KEXC0M(45)=I SKEXC0M146)=2

DO 1005 K=1,KMAX

XA1L NLJJJK

411

IF!KTRL(71) 511,411,511
SIGN7=(-1.0)**l(ISTRTW+IIMULTlD-l-JJTRTW)/2+K+l)

KEXC0M!45) = J1 J KEXCUM!46)=K S-T"A__3_"J"J"JK

IFIMXROW) 1005,1005,412

3TZ" 3ROWST! I2)=C

$ IFINNR0W1ND-

"MXROWMSMTCR'OiT

"MXRUWM=MXK

03

DO

42332=1711 $~
415 Nl=l,MXROW

NR0WST(I2)=NR0WST1I2)+1

12) 415,413,420

3T3"
415

420

322

423

323

441

CONTINUE

"CONTINUE

13=11-1 $

DO 423

NROWMT

T2"=T7T3

1 $ IF1I3) 422,425,422

NROWMI=NROWMI+NROWST(12)

NR0WNS=NR0WST( ID

DO 450 MSRE=1,MSREPT

DO 450 MTI 1=1, MULT IZ"

MTIINV=MULT1Z+1-MTII

TE15T3TSPE3^, I BR1N17, B1TN1T,"N1=17MXR0W7

DO 448 NRW=1,NR0WNS

Nl=NRW+NROWMl-l T

Ll=(LLR0W!ND/2) + l $

3R^E^T*ET<T-EI1>E11"S

CMI=CR*EI+CI*ER

TFTM SRE- IT343,44T343

CMXR11,MTII.NRW)=CMR $

CR=BR!ND*WNFAC $ C 1=B 11 ND*WNFAC
ER1=EXSGRI!L1, ID $ E 11=C I MAG I EXSGR I ( L I, 11) 1

Er="27 0*ER 1*EII $ TMR=CR*bR-CI*bl

CMXI!l.MTII,NRW)=CMI

IF(lSTRTW-l) 448,442,442
442 ISR=ISTRTW+1

CMXRTTSR , MTTINV ,NRTT) =CMR*STGN7
CMXII ISR,MTIINV,NRW)=CMI*SIGN7 $ GO TO 448

443CMXR IT, MT 117NRW1 =CMR $ CMXTT27MTU , NRW1=0MT

448 CONTINUE

350" CONTINUE

GO TO 530

511 IFUJ-MXROWl) 512,512,514

512 N1=JJ $ GO TO 515

314 N1=JJ-HXK0W1
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515 L1TRTW=LLR0W(ND $ LlTR=LlTRTW/2

READ" T7n*E3,TTCHXSJTnHSRE,JHJT,XMXSTItMSRE,JHJT
1 JMJ=1,JMJRPT1,MSRE=1,ISMULT)

1F1L1IK-LIRUH1) !UlU,bl6.bl6

516 IFIL1TR-LTRUMX) 517,517,1010

517 JURIW=TJKUW1ND $ L1=L1TR3I

ER1 = EXSGRI(L1,D $ EI 1=C IMAG I EXSGR II LI , 11 1
ER=ERT*EK 1-E 11*E 11 $3I= 270*ER1*ET1

DO 520 JMJ=1,JMJRPI

UU 520 MbRb = l,lSHULI

CR=CMXSJR(MSRE,JMJ1 $ CI=CMXSJ11MSRE,JMJ1
CMXSJRrMSRE7JM JT=XR*ER-XT*E3 $ CMXS JTTMSRE, JMJ 1 =CR»E I+CI*ER

520 CONTINUE

330 NR¥M7U=NRXTWN5*(I-7rrRL1717~+TfTRrTT7

DO 1002 NRW=1,NRWMAX

1F1KIKL1/11 6bO,61U,6bO

610 NRWT=NR0WMI+NRW-1 $ L1TRTW=LLR0W1NRWT) S L1TR=LITRTW/2

TFIL1TR3.TRUMD '3002",6127612
612 IFIL1TR-LTRUMX) 615,615,1002

""615" J1TRTW=JJR_WTNRWTT

650 DO 1000 MSII = 1, I SMULT

MSB IW=lblRIW+2-2*Mbll $ Mbl1NV=1bMULl + l-Mbl 1
DO 1000 MTI1=1,MULT1Z
MTI TTW=2*MTIT31MULT I TT3 $ MSMTTW=MSI T TW+M Tl I IW

DO 990 MTFF=1,MULTP0

MT F T I w=2*MTFF-1 TM0LTU1T3

DO 980 MSFF=1,MSREPT

MbbIIW=lblKIW + 2-2*HSFb $ L 1NEAK=MS11 + 1bMULr*IMSFF-1)

IF(LINEAR-LINMAX) 660,660,980

660 IFrKTRlfTTT 710,6707710

670 IA=J1TRTW t 1B=MULTP0-1 $ IC=JJTRTW $ IE=MTFTTW $ IF=MSMITW

ID = IF-IE 3 CALC C1ES 3—CL3B3T=1*AC
PLFACR = CMXR(MSI I,MTII,NRWl*RAC

PLFACl=CMXHMbl l.HI 11 ,NKW1 *KAC % GO TU 7bO
71C SUMJJR=0 $ SUMJJI=0 $ MJTRTW=MTFTTW-MTITTW

IB=IIMULTT1)-I $ IC = IIMUCTtIT7-1^$ ID=MJTRTW $3E=^TrrTir
IF=MTFTTW

DO 720 J3=T,JSMAXI

JSTRTW=4*JS-4

lb(JblRIW-XABbblMJiKIW)) 720,712,712

712 IA=JSTRTW $ CALL CLEB $ T1=RAC*CGJSME(JS)
MI=XABSFCMTTRTW)/_ $ ^mx^TD $ J5M1=JS-1

DO 715 JS1=1,JSM1

315 JMJ51MJ+(2375137 3" JMJ=JMJ+M1+T
IFIMJTRTW) 718,717,717

IV I bUMJJR=bUHJJK+l l*CMXbJKlMbll,JMJ)
SUMJJI=SUMJJI+T1*CMXSJIIMSII,JMJ) S GO TO 720

718 31=11 * I 1-1. 0 ) ** CTLTTRTW+J 1 rKTW33TRTW-JSTRTW7/2T7
SUMJJR=SUMJJR+T1*CMXSJR1MSIINV,JMJ)

SUMJJI=SUMJJI+Tl*CWXSJTtHSIINV.JWJ1
720 CONTINUE

PLFALK= bUMJJK $ PLFAL 1=SUHJ J 1

75C U = I1

IA=LITRTW 3TB=ISTRTW $ TC=JITRTW3 IE=MSFTTr 3TT=MSMI TW-MTFTTW

ID=IF-IE $ CALL CLEB $ CLEBS2=RAC $ MEL=ID/2 $ MELABS=XABSF(MEL)

FL2=L1TRTW+T $ K1=L1TR + HEL3BS+1 3K2 = LITR-MELABS+1
IFIK2) 980,980,760

/60 FCC=(-ALLUG1K1 I-FALLUGIK2) $ bLC=bXPF|-U.b*FCL )

GEOFAC=FL2*FCC*CLEBS2*((-l.0)**IIMEL+MELABS)/2))
PL3ACR = GEaFA3*PLFACR $ P1FA"CT=XE0FHC*PLb ACT
N1=L1TR+1-LTRUMI

30303 83T783378357837 ,8 39 r,"LlNbAK
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831 CMMM1R!MTII,MTFF,ND=CMMM1R!MTII,MTFF,N1 ) + PLFACR
CMMMl 11 MTTT , MTFF ,NT) =CMMMTTTMTTT7MTFF, NT) +P1FACI"3" 35030 840

8 33 CMMM2R1MTII,MTFF.N1)=CMMM2R(MTII,MTFF,N1l+PLFACR
CMMM2I(MTII,MTFF,N1)=CMMM2I(MI11,MIFF.N11 + PLbACl $ GU IU 840

J)35 CMMM3RIMTII,MTFF,ND=CMMM3RIMTII,MTFF,N1 )+PLFACR
CMMM3nMTII,MTFF,NT)=CMMM3HMTTT,MTFF,N17+73LFACT^ 3 30 TO 843

837 CMMM4R1MTII,MTFF,ND=CMMM4RIMTII,MTFF,N1 l + PLFACR

CMMM4TI MT 11 , MTFF7N17=XMMF41 imTl^MTFF7ND+P7TFATT $ 3TTTTJ 840

839 CMMM5RIMT1I.MTFF,ND=CMMM5R(MT11,MTFF,Nll + PLFACR

CMMM5HMTlI.MlFF,Nl)=CMMM51(MIU,MlbF,Nl) + MLFACl
840 11=11

383 CONTINUE

990^ CONTINUE
1000 CONTINUE

1002 CONTINUE

1005 CONTINUE

1010 CONTINUE

TJO3130 N1=T,LWRTMX ~ "" ~
DO 1120 LIN=1,LINMAX

" XO TO {IlTO,11I3,TIT47in3,lll8 1 ,L3N
1110 WRITE TAPE 7. ( ( CMMM1R( MTI I .MTFF ,ND , CMMMl I ( MTI I , MTFF ,ND ,

I MTFF=1,MULIP0>,MTII = I,MULUZ) $—GU IU U2U
1112 WRITE TAPE 7,((CMMM2R( MTI I .MTFF.ND , CMMM2 I ( MTI I ,MTFF ,ND ,

T MTT3=3,TOLTP0171*TIT=3, MUL T177 J GO 10 1120 ""
1114 WRITE TAPE 7,( 1CMMM3RIMTII ,MTFF.ND ,CMMM3I(MTI I,MTFF,ND,

1 MTFT^=r.MLn3TO3,3rTr3r7MUCTT3) f GO TO 1120 "
1116 WRITE TAPE 7,11CMMM4R1MTI1.MTFF,N1).CMMM4I(MT11,MTFF,ND,

I MTFF=1,MULTP0).MTII = 1,MULT1Z» %—GU TO 1120
1118 WRITE TAPE 7, ! 1CMMM5R1 MT I I,MTFF,ND ,CMMM5 11 MT I I, MTFF ,ND ,

1 MTFF=T, MULTPO1 , MT 1I =T7MU_TTZ7

1120 CONTINlLIE
1130 CONTINUE " "'"

1200 CONTINUE

RETURN

END
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SUBROUTINE BFCTOR
CCCCCC ****** CUMMUN SIAIEMENIb IHAI AKE CUMMUN IU ALL IHb KUUIlNbS

COMMON FACLOG(500),RAC,lA,IB,IC,ID,IE,IF,L9191,U9

COMMON 3CTRL1 30 r,3EXCtrMT50 r7EXTC0MT501 ,TCTL OTJTT30T
COMMON F(7D,GI7D,F0(70),GU(70) , ET A, SIGMAZ , RHOMX , RD, LM AX

COMMON " ANGLER"! 100777SRT7O17"AIT70T,BR! /0173M /017CE110) ,OR(10T,
1 ECM! 10),
2 IIMULI110),llRbAU110),KPKllK( 10 ) .JJKUWI30),LLKUW130),
3 NNR0WI30).OVALUEIIOI.SGMAZZ!10).THETAl100),VCOUPL!20),
4 " WNl TO 1, WNINIIIOI.WCUOI

COMMON ISTRTW.IICPLE, INTYPE,I NTMAX,11XCAL,I IXPLT, 11 PCAL,

1 IIPPLT,JTJMA3,MXRT}W,NXMAX,7}XCPLE,NATCT_R7T_TME$7
2 AMUPMU, CHARGE, CFUNIT.DFN,OFNS,DFNW,DFNSP, ELAB.ETUNIT,
3 PMAS,RMAS,RZbRO,RZbRUC,RZbKUb,RZEKUW,RZKUbM,
4 RMAX,RBAR,SGMAR,TMAS,VSX,VSF,VSO,WSX,WSF,XMAX,XBAR,

5" " "'"" XMEST,"XMES27SNUNIT,TTR,TTr,ZER0 ~
TYPE COMPLEX TTR.TTI.ZERO

"CCCCCC ****** COMMON FIELDS USED"INXOMMUN BY SEVERAL KUUITNES

COMMON EXSGRI1840),EXTRA4(10812).EXTRA5I525)
COMMON MULIIZ.MULIPU.HULIPl.MULIP2,NANGM1.NANGMX,N5INC,

1^ NAGR12,I10UT,KQN0TW,CLEBCH,FMULFC,WNFAC
COMMON 7SMST3 7373T7BMTR (10,10 ,3 ) , BMT II 10,107377 NENSBPI 3 ) ,

1 NENSBTI3) ,SGMEXP( 100,6),P0LEXPI100,2),FAK4) ,NFAI,
2 NPOLST

CCCCCC ****** DIMENSIONS CHARACTERISTIC TO THE PRESENT ROUTINE
DIMENSION 8FAC1R(8,16,7I,BFAC2R(8,16,/1,BFAC3R(8,I6,/),
1 BFAC4R(8,16,7),BFAC5R(8,16,7).BFAC1I(8,16,7),
2 BFAC2TT87T6,3T78FAX3TI3 T6,T) 3FAC4D8,16, /),

3 BFAC5II8,16,7)
DIM E77ST0N P I 97 T43T7CMMMRT87T63, CMMM 118 ,T 61
EQUIVALENCE (EXTRA4! 1) , BFAC1R),1EXTRA4 I 897),BFAC1 I ),

1 1EXTRA4! 1/93) ,BFAC2R» , 1 bX IKA41 2689) , BbAC2 I ),
2 IEXTRA413585).BFAC3R),(EXTRA4I448D.BFAC3I),

3 rEXTR*4T«771 ,ffFAX4RT,TEXTRA4T62731,BFAX4T77
4 (EXTRA417169).BFAC5R),IEXTRA4!8C65I.BFAC5I)
"EQUIVALENCE" rEXTR7\4{ 896B ,T3TCEXTRA41W43T,CMMMRT7
1 (EXTRA4I997D,CMMMl )

11=I10UT
SQRT10=SQRTF(10.0) $ LINMAX=ISTRTW*ISTRTW+1 $ ISMULT=ISTRTW+1

M3REPT=TTSTRTW72T+T

JSMAX=U IREAD! D + I IREAOI 11 XCAL )-KTRL I 1) 1/2+1 $ JMJRPT=0
D03__03S=17J5MSX _"

28C JMJRPT=JMJRPT+I JS*2-D

JSMAXI = U IREAOI 11 + 1 IREAOI I 1J-K I KLI D )/2+l J—JMJRP1=0
DO 28J3)S=1,JSMAXI

285 JMJRPI=JMJRP1+1JS*2-T1
K14=KEXC0M!141-1 $ K14RPT=«K14/8) + 1

" REWIND3
1400 DO 1410 MTII=1,MULT1Z

00 1410 MTFF=1,MULTPO
DO 1410 N3=NANGMI,NANGMX

3F3CTRTWTriTMTFF,N3T=D703 BFAC2RI Ml I 1,MTFF,N3)=0.0
BFAC3R(MTII,MTFF,N3)=0.0 $ BFAC4R1MTI I.MTFF.N3I=0.0
BFAX5RTMTT I7MTFF7N31 =370
BFAC1I(MTII,MTFF,N3>=0.0 * BFAC2 11MT11,MTFF,N31=0.0
BFAC3IIMI 11,HIFF.N31=0.0 i BFAC4 1(HI 11,HIFF,N3)=U.U
BFAC5KMTII,MTFF.N3) =0.0

1410 CONTINUE

DO 1700 K14R=1,K14RPT

LTRUMT=W( K34R3.1$~ "LIRUMX = LIKUMI + 7 $ LTRUMX= XHIN0F1 K14,L I RUMX )
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LWRTMX=LTRUMX-LTRUMI+1

MMCH2=T5TRTW+IIKEAO 1 _ T+IIRTAOU D+l-KTRL 11)

DO 1450 N3=NANGMI,NANGMX

N5=Nd + N51NC 1 TH=1HEI A1N5) $ CO=COSF(THl $ SI = 1. 0/SI NF 1TH )

CT=2.0*C0*SI

IF !KT4R-1137427, 1425,3427

1425 Pll,1,N3) = 1.0 $ P12,1,N3) = C0 $ PI 1,2,N3)=0.0 - FL=0.0 $ GO TO 1430
1427 FL=LTRUMT3T- FCPT=FL+3.0 $ TWLPI = FL+T7_P1

DO 1428 M=1,MMCH2

1428 HI1,M,N3I=PI9,M,N3)

P(2,1,N3)=(TWLP1*C0*PU,1,N3)-FL*P(8,1,N3) 1/FLP1

1433NMA7f=7_¥RTMX+2 "~-

DO 1445 N=3,NMAX

" FL=TT+1.0 $ FLP1=FL+T70 3 TWLP1 = F17+FLP1—$ 3iMl=N-T T NM2=N-2

PN1 =(TWLP1*C0*P(NM1,1,N3)-FL*P(NM2,1,N3)l/FLPl

IFIN-NMAX) 1432,14dl,14d2

1431 P(NM1,2.N3)= FLP1*SI*1CO*PtNMl,1,N31-PN11 $ GO TO 1433

1432 "P(N,T.N3)=TSNI "~"

P(NM1,2,N31= FLP1*SI*!C0*P(NM1,1,N3)-P!N,1,N3))
1433 MMCHT=NMr+TTRUMI * "7^M7rX=XWTN0FTMMCH17MMCH23 $ 73=0.3

DO 1435 M=3,MMAX * FMP1 =FM+1.0
P(NM1,M,N3)= CI*FMP1*P(NM1,M-1,N3)-IFL-FM)*lFL+FMPD*P(NM1,M-^,Ni)

1435 FM=FM+1.0

T43530NTINUE

1450 CONTINUE

3331500 LI3I7LWRTMX"" r LI IKP1=TIKUMI*L1

DO 1500 LIN=1,LINMAX

MSFF=! (LIN-D/lbMULl 1 + 1 $ Mbl 1 =L I N-l SMUL I *( MbbF-D

MSITTW=ISTRTW+2-2*MSII $ MSFTTW=ISTRTW+2-2*MSFF

3FJD3fPE'T. (TCMMMKI MTD.MTFFTTCMTIMTrMTI I, MTFF tl

1 MTFF=1,MULTPO),MTII=1,MULT1Z>

303500 mtit^itwuiiiz-—$ TmiTW = 2*MT 11- 11 MULT 1173

DO 1495 MTFF=1,MULTPO

MIFI IW=_*HIH—UHULI (Ul-l S MbLl W= MS 1 TTW + HTI T TW-MSF TTW-MTFT TW

MELPl=!XABSFlMELTWl/2)+l $ IFlL1TRP1-MELPD 1495,1470,1470

147COD I49XN3=~NANGHT, NANGMX 3—PTAXT=F(L1TWE_P1,T}3T
TR=PFACT*CMMMR(MTII,MTFF) $ Tl=PFACT*CMMM 11MTI I,MTFF)

GO TO! 14 / 1, 1473714757137771479 3TL1N
14 71 BFAC1R(MTII,MTFF,N3)=BFAC1R(MTII,MTFF,N3)+TR

BFAC11IMI ll.MIFF,Nd) = BFACIl!HI11,MTFF,N3)+T1 $ GO TO 1490
1473 BFAC2RIMTII,MTFF,N3)=BFAC2RIMTII,MTFF,N3)+TR

BFAC21IMI II,MTFF7N31=BFAC2I(MTII,MTFF,N3)+TT—7; GO TO 1490
14 75 BFAC3R1MTI I ,MTFF,N3I=BFAC3RIMT11,MTFF,N3 ) + TR

"BFAC3KMT I I ,MTFF ,N3T = BFAC3 I! MTI I ,MTFF ,N3 ) +TI 3 3030 1490
147 7 BFAC4R(MTII,MTFF,N3)=8FAC4R(MTII,MTFF,N3)+TR

BFAC41IMI U,MlbF,Nd) = BFAC4HMTlI,HTFF.N3)+TI $ GO TO 1490
14 79 BFAC5R(MTII,MTFF,N3)=BFAC5R(MTII,MTFF,N3)+TR

BTACbl (MII1,MTFF,N3)=BFAC5I!MTII,MTFF,N3)+TT

1490 CONTINUE

T495 CONTINUE

1500 CONTINUE

CUNIINUE

CONTINUE
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CCCCCC CUMMUN blAIEHbNIb THAI AKb CUMMUN TO ALL THE ROUTINES

COMMON FACLOG(500),RAC,IA,IB,IC,ID,IE,IF,L9(9),U9

COMMON KTR1I307,KEXCnM(50T,EXTC0M150),KTLO_T!30r

COMMON FI71I,G(71I,FDI 70),GDI 70),ETA,SIGMAZ,RHOMX,RO,LMAX

COMMON ANGLER 1100),AR170),A11703.BR170T,BIT707,CB110>,0R1103,
1 ECMUO),
2 1 1MULI1 10),IIRbAD110).KPRlIRIIU).JJROWt30),LLR0W!30),

3 NNROW130) ,QVALUEU0),SGMAZZ1 10) .THETAl 100 ), VCOUPL 1 20 ) ,
4 WNT10)7WNINITTCr,WX!10) "—

COMMON ISTRTW,IICPLE,INTYPE,INTMAX,IIXCAL,IIXPLT, IIPCAL,

1 IIPPLT, JJJMAX,WXR0W7NXMA7C,NXCPLE,NANGLR,TTOFMES ,

2 AMUPMU.CHARGE, CFUN IT, DFN, DFN S, OFNW, DFNSP, ELAB, ETUNI T,
3 PMAS,KMAS,KZEKL7KZEKUC,KZbKUS,KZbKUW,K/KUbP,
4 RMAX,RBAR,SGMAR,TMAS,VSX,VSF,VSO,WSX,WSF,XMAX,XBAR,

'""5'"— XMESl,XMES2.WNUNIT7TTR,TTI,ZERO ' ~"
TYPE COMPLEX TTR.TTI.ZERO

CCCCCC ****** C0MM0N33ELD5TJ5ED3N "C0MM0N3T SEVERAL ROUTINES

COMMON EXTRA4(11652(,EXTRA5(525)_-ui <J IUI* _/"»Il>»-«-»l __«_»__» »_/\l »-•.#•*_** _»_._/_

COMMON MULI1Z.MULIPO,KULI PI,MULIP2,NANGMI,NANGMX,N5INC,
NAGR12,U0UT,KQN0TW,CLEBCH,FMULFC,WNFAC

COMMON AU513.373) , BMTRT 10,107 3T7BMTIT10,10737, NENSBPT3T,
1 NENSBTI3).SGMEXPI100,6),POLEXP(100,2),FA I(4),NFAI,
2 NPOLST —

DIMENSION FCR135),FCI135),SGMAC(35).P0LTHN(3 5,2,31,

3 SGMIHN(35,2,3) ,FCK5I 100),EC I 5 I 100),SGMAC5!100),
2 P0LTH5I100),SGMTH5(100)

EQUIVALENCE I75XTRA5r 11.FCR ) .3EXTRA53 363.TC I ),

1 (EXTRA51 71),SGMAC ),(EXTRA5( 106),POLTHN),

2 """ TEXTRA5T 316 r.SGMTFTN) ,

3 (EXTRA5! D.FCR5 1.1EXTRA51 10D,FCI5 ),
4 IEXIRA5I

5 (EXTRA5!

TYPE INTEGER PARIK1

4000 FORMAT! 1HD

11=110UT $ 12=11-XMAXOFTTrXFLT,IIPPLT)

505 IFINFAI+NPOLST-2) 510,507,510

201),bGMAL5).IbXIKAb! JOB,PUL IHbI,

401),SGMTH5)

50/ IF! 12-2*U2/2) ) 510,52U,blC

510 WRITE(6,4000)
52C DU300C NPS = 1,NPOLST

DO 900 N4=1,NFAI

FAT DFG=TS1 ( N41*5 7 .296+0 .TJOT S—

0V=0VALUE(ID $ KP=KPRITR(ID

I J IU KM-11 6U3,6C2,6Ud
GO TO 61C

GO TO 6TC

IF (127 510,5107505

1=TTREADTI1)

IFIKTRLID) 605,601,605

303
602

6U3

605

6X6

607

=5H (+)

= 5FT I -")"

1+IU-l

=5H/2I+

=5H/2(-)

11W=B

PARIK1

P7SRIK1

IIW=II

PARIXI

PARIK1

$

"$""

S

3 $

IFIKP-D 607,606,

GIT TTT610

607

610 WRITE!

620 FORMAT

1 F67

NA3R0=

WRTTET

74C F0RMATI315X.5HANGL

6,620),1IW,P
(1H0//20X,5H

3,3H-MEV75X,
(NANGLR+21/3

6,740)

AKlKl,UV,FAlUbG,
*****f5X,l5H SCA

5H*****73X, 5 HITS

NPS

TTERING TO

I=T6.2,8H-D

I2,A5,10H STATE AT

EGKbbl,5H NPS=TT73

DO 760
IFIKTR

743 WRTTET 6, /501 , A NGLE
1

2

E,6X,5HSGMTH,9X,5HP0LTH,3X)/>
3TN5=1,NA3RU

L(8)) 745,74

N6=Nb+NA3RU

7,745

RTN5 T7bGHlHN!Nb,
.ANGLERIN61.SGMTHN1N6,

3NGLER1N7T,SGMIHN!N/,

N/=N6+NA3KU

N4,NPS),PUL

N4,NPS),POL

N4,NPS),PUL

IHN!Nb,N4,NPb)
THN(N6,N4,NPS)

THN(N/,N4,NPS)
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GO TO 760
747 WRITE I 6, 750), ANGLER! N5),SGMTH5<N5f,P0LTH5!N5)

1 , ANGLER 1N6), SGMTH51N6) , P0LTH5( N6)
2 ,ANGLER(N7),SGMTH5(N/),P0i.TH51N7)

750 FORMAT!3(F10.1,E15.5,F10.3,3X)1
360 CONTINUE

IF!Il+NPS+NFAI-3) 890,770,890
TTTJ IF!CHARGE) 772,890,772"
772 WRITEI6.775)

775 F0RHAH//48X,24HRUIHbRFUK_ CRUSS SbCUON/1
NA4H=(NANGLR+3)/4

UU /8b N5=l,NA4Td $ N6=N5+NA4H $ N7=N6+T«S4T7 $ N"8 = N/+NA4H
IF(KTRL(8)1 777,779,777

377 WRTTET67T80T,ANGL3RTN5T,SGMAC !N5TTAT_L ERTN617SXMSC3N_T
1 .ANGLER1N7),SGMAC 1N7).ANGLER!N8),SGMAC <N8)

GO TO 785

779 WRITE I 6.780),ANGLER!N5).SGMAC51N5),ANGLER!N6),SGMAC5(N6)
1 3ANCL"ER!N7r,SGMAC5(N7),ANGUERTN8),SGMAC5(NBT

780 F0RMAT(F10.1.E-14.5,3IF16.1,E14.5))
38 5 CONTI NUE
890 CALL PLOTER
900 CONTINUE — ~

10CC CONTINUE

RETURN

END
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SUBROUTINE PLOTER

CCCCCC ****** COMMON STATEMENTS THAT ARE CUHHUN IU ALL IHb RUUIINbb

COMMON FACLOG1500),RAC,IA,IB,IC,ID,IE,IF,L9!9),U9

COMMON KTRL(JO 1,KEXCUM150T,EX 1C0MT501,KILUUII301

COMMON FI7D,G17D,FD170),GD!70),ETA,SIGMAZ,RHOMX,RD,LMAX

"COMMON ANGLERI100),ARI70),AI( /O I,BK{ /O ),BH /O),Cb110 I,UK110),

1 ECMUO),

2 1IMULI 110 J.llREAUllOJ.KPRDKl 10 J,JJKUWI 3U I,LLKUW IdU J ,

3 NNROW130) ,QVALUE(10I,SGMAZZ( 10) ,THETA( 100) .VCOUPL( 20 ),

4 WN!10),WNINII1CT7WC<10)

COMMON ISTRTW.IICPLE,INTYPE,I NT MAX,I IXCAL,IIXPLT, IIPCAL,

1 U3PLT7JTJ MAX7MXTT0W7NXMAX, NXCPTE7NANGLR, NDFMES,
2 AMUPMU, CHARGE,CFUNIT,DFN,OFNS,DFNW,DFNSP,ELAB,ETUNIT,
3 PMAS,RMAS,RZER0,RZER0C,RZEROS,RZEROW,kZROSP,
4 RMAX,RBAR,SGMAR,TMAS,VSX,VSF,VSO,WSX,WSF,XMAX,XBAR,
5 XME5T7XME32 ,WNUNIT,TTR,TTT,ZERO

TYPE COMPLEX TTR.TTI.ZERO

CCCCCC ****** COTM"_"N3TEITJ$3jSED IN COMMON BY SEVERAL ROUTINES

COMMON EXTRA4(U652),EXTRA5(525)

COMMON MULTIZ,MULTPO, )-ULTPI,MULTP2.NANGMI,NANGMX,NbINC,
J^ NAGR12.U0UT, KQNOTW.CLEBCH, FMULFC, WNFAC
"30MM0N AMS13,3,3T,6"MTR110,10,3) .BMTII 10, 10, 3 ) .NENSBP 1 3 ) ,
J NENSBTI31.SGM EXP! 100,6) , POLEXP ! 100 , 2 ) , FA11 4) ,NFAI,

2 NPOLST

DIMENSION FCR!35),FCII35).SGMAC(35),POLTHN(35,2,3).

~l SGMTHN!35,2,3J,FCR5(100),FCI511001,SGMAC5!1001,

2 P0LTH5I1001.SGMTH5I1C01

E QUI VAL EN C E 3EXTPTA53 D,FCR r7TE~XTR7C5I36DFCI I,
1 (EXTRA51 71),SGMAC ),!EXTRA5( 106),POLTHN),

2 (EX T3A3( 3I6),SGMTHNT,

3 1EXTKA51 1) ,FCR5 I.IEXTRA51 10D,FCI5 ),
4 (EXTRA51 201 ),SGMAC5),( EXTR A5( 3011, P0LTH5 1,
5 (EXTRA51 40D.SGMTH5)

CCCCCC ****** DIMENSrONS3THAR"ACTERrSTTC TO THE PRESENTITOUTTNE

DIMENSION PL0T!103),POINTll100),P0INT2(100)

EQUIVALENCE (EXTRA4I6051),PLOT! 7
1 I EXTR A41 6154) .POINTD, I EXTRA4 ( 6254 ) , POINT2)

TYPE INTEGER PLOT
801 FORMAT!1H )

85X3O3M3TriTX,103ATT
851 FORMATIIH ,F6.2. 4H 0EG.103AD

NTMAS=TM AS + 0. 1 $ WFMA S=PMSS+07T *~3J__ =TTTARGE+0r[

DO 500 IPL=1,2 $ IPLCHK=IIXPLT*12-IPL)+IIPPLT*(IPL-1)
IF(IIOUT-IPLCHK) 155,155,500

155 DO 170 NA=1,NANGLR $ IF1IPL-1) 165,160,165
160 POI NTH NA) =L0GFrSGMTH5!7>JA)3*rr334294"48

P0^NT2(NA)=L0GF(SGMEXP1NA,I10UT)1*0.43429448 $ GO TO 170
165"PXTNTirNA)=PO"L"TH5TNA7*1070 "

POINT2(NA)=P0_EXP(NA.U0UTI*10.0
170 CONTINUE

C01=MAX1F1P0INT1!D,PCINT2<1))

C02 = MINlFlPOTNTnT),POINT21irr

DO 23G NA=1,NANGLR

CO 1 = MAX1FTCOT7P0TNT1 (WST7PGINT2 I NA ) )
C02=MIN1F(CQ2,P0INT1(NA),PCINT2!NA) )

23G CONTINUE

NC01=C01-!1.0-1C01/ABSF(C01D)*0.

NC01 = NCTn"+T

NC02=C02-(1.0-(C02/ABSF(C02)))*0.5

NCYCl"E=1sIC01-NC02 5" "NSPACE=T007NXYCL3



IFIIPL-1) 310,305,310
30b WK1Ibl6,d0/),UC02,NC01
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307 F0RMATI47H1PL0T OF XSEC. LOWEST AND HIGHEST * ARE FOR 10EI2.9H AN
IU 1UE12)

GO TO 320

310 FNCU2=NC02 $ FNCU1=NC01 $ FNCU2=FNC02*0. I- 5—FNC01= FNC01*0. 1

WRITE(6,312),FNC02,FNC01

312 FORMAT I52H1PLUT OF PULAR1ZATIUN7 LOWEST ANXTHIGHEST ^ARE F0R-F47T

1.6H AND F4.D

32 0 WRI lbl6.3dU),NIHAb,NPMAS,NZZ,bLAB, lblKIW,UUUI ,UKbAUI 11UU) ),
1 KPRITR1I10UT)

330 FURMA1I3H A=I3,3H 3=12,4H ZZ = ld,6H ELAB=F6"7274H 2S=U3H II = ir,4ir
1IR=I1,3H K=1D

WRITE!6,331)","VSX7T«X7*SF,VS0,UFN,DFN¥VDFNS,Tn:7irSP7R7.ER0,RZEROH,
1 RZEROS,RZROSP,RZEROC,(WCIN),N=l,6),1VCOUPL1N),N=1,10)

331 FURHAH8H VSX b IC. 13F8.3/4H WC=6b6.d,HH VLUUPL = 1UF6. d)
NSTAR=0

34X WRITEI6.80D
DO 350 1=1,103

35C PLOT(IT=TH

DO 355 I=2,102,NSPACE

355 PL0T(I)=1H*

WRITE I6,8507.PLOT

IFINSTAR) 500,357,500

357 DO 365 1=1,103

363TT.0T! I)=Tfl

WRITE(6,801) $ FNP0WR=NC02 $ FSPACE=NSPACE

DU 400 NA=1,NANGLR

NC0W1=IP0INT1(NA)-FNP0WR)*FSPACE+2.1

NC0¥2"=TP U1 N1 2 ( N AT-FNPTJWR T*FST3CE+2.1

PL0TINC0WD=1HT $ PLOT I NC0W2 ) = 1HE

IF 1 NANGLK-~20T"371, 37r,3T5

371 WRITEI6.80D

d/b WRI IEI6.8bD.ANGLbRINA),PLUI
PL0T1NC0WD = 1H $ PLOT! NC0W2 ) = 1H

30C "CONTINUE

NSTAR=1 $ GO TO 340

"500 CONTINUE

RETURN
EfJQ
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SUBROUTINE CLEB

COMMON FACLOG(500J,RAC,IA,IB,IC,IO,IE,IF
RAC=0.0

IF I 10+1 E-TF3TXO07TC57TOD0
1C5 K1 = IA+I8+IC S IF!Kl-2*!Kl/2) ) 1000,110,1000

110 K1 =T A+733X $ K2=IC-XAFSFI IB-1 A) $—K3=XMIN0F I K1.K2 )
IFIK3) 1000,130,130

13C IF!(-!)**(IB+IEJ) 1000,100C,140
140 IF! <-D**UC+IF) ) 1C00.100C150

"TSOTFTIA-XABSF 1TDT31TJ00,152,152
152 IFUB-XABSF! IE) ) 1000,154,154

354 IF (TC-X ABSF UFT 11000 ,163.T60
160 IFIIAI 1000,175,165

165 IF! IB) 1000,175,170
170 IFIICI 1000,180.250

T753AC=T.0"3 GO3O3C0X

18C FB=IB+1 $ RAC=!(-1.0)**!1IA-IDI/2))/SQRTF(FB) $ GO TO 1000

^533C2 = lX+3 3 T36XP =TTA+TB+1C ) /2♦ 1

1ABC=IABCP-IC t ICAB=IABCP-IB $ IBCA=IABCP-1A

lAPD=(IA+ID)/2+l t IAMD = IAPU-1D * !BPE=I IB+lb 1/2+1 $ lBMb=IBPb-»fc
ICPF=(IC +IF1/2+1 $ ICMF=ICPF-IF
S0 FC L G =0.5* ITOXFTFX 27-FAXLOG!IABCP + 1J

_ _ _1 +FACLOG! IABO+FACLOG! ICABI+FACLOG! IBCA)
2 +FACLOGIlAPDT+FACLOG!IAMDJ+FACLOG! IBPE)

3 +FACLOG!IBME)+FACLOG11CPF)+FACLOG1ICMF))
NZMIC2=(IB-IC-IDI/2 I NZMIC3=(IA-IC+IE)/2
NZMI = XMAX0F(0,NZMIC2,NZMIC3) + 1 $ NZMX=XMIN0F1I ABC,I AMD,IBPE)

31 = 13307**(NZMr3T
DO 40C NZ=NZMI,NZMX

NZM1"=NZ-T $ "NZT1 = IAT3X-7«MI $ NZT2=TAMD-NZM1

NZT3=IBPE-NZM1 % NZT4=NZ-NZM IC2 $ NZT5=NZ-NZMIC3

TERMLG=S0FCLG-bACL0G(NZ)-FACLUG(NZTll-bACLUG(NZI2l
1 -FACL0G(NZT3)-FACL0G1NZT4)-FACL0GINZT5>

SSTERM=ST*"EXPnTERMLC)" T 3R7SC3A"C+"5STEP3
40C S1=-S1

1GCC RETURN " " ~

END
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SUBROUTINE RAC7

CUMMUN FACLOGI5U0),KAC.IA,IB,IC,ID,IE,IF t DIMENSION LTI6)

K1=IA+1B-IE $ K3=IC+ID-IE $ K5=IA+IC-IF . K7=IB+I0-IF

K2 = IE-"XA_SFTIA-IB) ~$~""'K"4=TE-XAT3SF 1 I CM01 _ $" K6=1 F^XABSF flMtl

K8=IF-XABSF(IB-ID) $ K9=XM1N0F(Kl,K2,K3,K4,K5,K6,K7,K8)

" RAC='0."0 """$" "IF" 1X9 1" 4000,20,20 ~ -

20 K2=Kl-2*(Kl/2) $ K4=K3-2*(K3/2) $ K6=K5-2*IK5/2)

K8 =K/-2*(K//2) $ IF(XMAXUF1K2,K4,K6,K8I) 4UUU,2b,4UUU

25 LTMIN=XMIN0F(1A,IB.IC,ID,IE,IF) $ IFILTMIN) 4000,30,150

30 LTrT)=TA" S LT(21=7B $ 1TT31=1C3 LT!4) = TD3 tTT 5T=TFTr CT! 6T = TF

LTMIN=LT(1) $ KMIN=1 $ 00 40 N=2,6 $ IFILT(N1-LTMlNI 35,40,40
35 LTMIN=LTIN7 '$ KMIN=N ...._..__..

40 CONTINUE

ST3TT0 J Fl = lb $ F2 = 1F 1 GU IU I 55,55,55,55,45,50),KMIN

45 F1=IA $ F2=IC $ Sl=(-1.0)**(K5/2) $ GO TO 55

5CF1 = IA"$ F2=IB t " S_= {-1.01**1 Kl/2)"' "

55 RAC = S1/SQKTF( IF1+1 . )* IF2+1 . ) ) $ GO TO 40C0

T50'TAB_P = TIA+1B+1E")/2 + l 3 IXDEP3 IX+TD+IF)/2+T ~ ~ ~ "

IACFP=(IA+IC+IFJ/2+1 $ IBDFP=(IB+ID+IF)/2+l

lABb=lABEP-lb 5 lbAB=IABbP-IB $ lHbA = lAHEP-1A

IC0E3CUEP3E $ I ECD= ICDEP-ID $ I DEC=I CDEP-IC

T7SXF=1ACFP3F" i IFAC=1ACFP-IX T " TCF"A=TaCFP3 A

IB0F=IBDFP-IF $ IFBU=IBUFP-IL) $ I UFB= I BDFP-IB

~ NZMAX"="XWINOFIIABE, ICDE, rACF.TBDF) $ IABC0r=TTA+TB+IC+I0+4T72

IEFMAD=(IE+IF-IA-I01/2 $ IEFMBC=(IE+IF-IB-IC)/2

NZMIl=-|tbMAU $ NZMl2=-lbbMBC 1 NZM1N = XMAXUFI 0,NZMI 1,NZM12) + 1—

SQLOG = 0.5*(FACLOGI I ABE )+FACLOGI IEAB)+FACLOGII BEAl + FACLOGIICDE)
" " 1 " +FA0LOG! IEC0)+FA0LOG(1DEC7+FACLO0(n\CF)+FACrt)0TlFAC)-

2 +FACLOGI ICFA)+FACLOG(IBOF)+FACLOG(IFBD) + FACLOGIIDFB)

" " 3 -FACLUGirABEP+D-FACLUGI ICDEP+1T-FA CLOG"! TACFP+1 T^FTSCrOGT T_DTP+DT

DO 200 NZ=NZMIN,NZMAX $ f\ZMl=NZ3

K1=1ABLUI-NZM1 1 K2 = IABb-NZMl 5 K4=1CUE-NZM1 $ K4=1ACF-NZM1—

K5=IBDF-NZM1 $ K6=NZ $ K7=IEFMAD+NZ * K8=IEFMBC+NZ

SSLOG=SQLCG+FACLOG<Kl)-FACtOG(K2)-FACLOGIK3)-FAOLOGtK43

1 -FACLOGIK5)-FACLOGIK6J-F4CLOGIK7)-FACLOGIK8)
SSTERW=r(-170)**N_KD*EXPFTSSLOG) $ R AC=RAC+SSTERM

200 CONTINUE

"4CUC KbIURN

END
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