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ABSTRACT

This report consists of the FORTRAN listing and the corresponding
description of a computer program named JUPITOR-1 (abbreviated JP1).
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.



J. Introduction

This report is the description of a computer program named JUPITOR-1
and abbreviated JP1l. 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 JUPITOR-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.l Some additional modifications were made in the program after
the above review article was written, and the results of calculations
made with such new possibilities were also pu.b_"Lislrled.g—5

The present report is written assuming that the reader is familiar
with these publications, particularly with Tl. 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

AL

formulations are included in Appendix A of the present report."

Section IT of this report is devoted to the detailed explanation of
all the routines (in CDC-FORTRAN-63) 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 irnto 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. Theréfore,
to the readers who want to use this program Jjust as it is, it is suf-
Ticient to read only this subsection.

In Sec. III 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

i

non-adiabatic coupled-channel calculations

WAppendices A, B and C are found at the end of Sec. IT.

TAs of May, 1967.




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.

(1)

(ii)

(iii)

(iv)

(vii)
(viii)

(ix)

Spin s of the projectile can be either O, %, or 1 (s = 0 or
1
5 for ACC).

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.

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

Coulomb excitation can be included.

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

Up to six states can be coupled at one time.

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.)

The maximum value of the orbital angular momentum, zmax, is

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

to make 4 larger. (See sec. III).

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) 1If 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-
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.
It is also known7 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.




IT. 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 foravariety of possibilities, with
the possible expense of the running speed. Thus, in the present pro-
gram two scratch tapes are used very frequently, meking 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 4000 ~ 4999. They are attached to the statements which handle
the intermediary output (See Sec. IIC-1). 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.




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-1604 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-IV 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 JP%MAIN 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. TIC-1).

JPIMAIN (1), CCCTRL (2), NLJJJK (2-1), FIGICH (3),
FIGING (3-1), POTENT (k4), COUPLE (5), BMATRX (5-1),
AMATRX (5-2), SMATRX (6), SIMLEQ (6-1), XSEC (7),
ACCSAB (7-2), CROSPL (8), CMMMFC (8-1), BFACTR (8-2),
OUTPUT (9), PIOTER (9-1), RACT (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 FLGICH or FLGING 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 SIMIEQ 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 ACCSARB
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 PIOTER to plot the experimental and theoretical cross sections and

polarizations.

The small, but important routines NIJJJK, RACT and CLEB are called




by various routines. Among them RACT and CIEB compute, respectively, the
Racah and Clebsch-Gordon coefficients,8 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:

JPIMATN <= |CCCTRL] <~ FLGLCH

<~ |COUPLE| -, BMATRX . __-. AMATRX
ek e SMATRX <> SIMLEQ
—mre! i | XSEC| <1 ACCSAB

‘‘‘‘‘ «t—=-2> |CROSPL| <.y, CMMMFC

<?~-~:;> BFCTOR

\

1 <C—2 QUTPUT <> PLOTER

C. Detailed Explanation of Each Subroutine

Tn 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 gquite common for various kinds of projectiles and
the targets. It was also emphasized in Sec. IITI 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
<IHQK(t)HI') introduced in (T-27). 1In 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(LJI, 4'j’I’, AJs) of (T-27),

(t)
A

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

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

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.

(1) 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-4100), FACLOG(N), N = 1
~ 500 are computed. These are log [(N—l)f] and are used mostly in RACY

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

nation of these two routines were made in a previous ORNL report8 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., 1475).°

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 JPIMATN.

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

rAll the cards that read in integer values exclusively have this format,
14T5. 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(1) 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(4) = 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—59) 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) = O, 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 XTRL(9) # O, 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. III of T, a set of coupled equations is given for
each set of values of J and [I; cf., (T-17), and the C-matrix elements
are designated as Cij;nzlj' as in (T-46). On the other hand, if ACC is
made, a set of coupled equations is given for eac@ set of values of ﬁj and

m.
I, and the C-matrix elements are designated as C 9 , as in (T-68).

L3543

(Here ﬁj was introduced in (T-66) while [I equals 1 times (-)2, 4 being
one of the 4's in (T-66) and m 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 ﬁj) is varied within some range and in the
other the value of Il 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

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

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

If KTRL(7) = O
Jd = J+1 if J is integer
JJ = J+1/2 if J is half integer
JJJMAX = the smallest integer that equals or exceeds

(Zmax + I, +s 1).

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

1

target and 2max is the maximum value of the orbital angular momentum to

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

JJ = ﬁj + 1 if ﬁj is integer

JJ ﬁj + 1/2 if ﬁj is half integer

JJIMAX the smallest integer that equals or exceeds

(xmax + 8+ 1).

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

K-DO-1o0p, or collectively as JJ-K-double-DO-loops. .
After defining these double DO-loops, the explanation of the use of

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

KEXCOM(5) to KEXCOM(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 KEXCOM(T7), 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) % O 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 II. .
Another use of KTRL(9) # O may be made when a resonance is expected

to appear for a particular set of values of J and II. 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(11) = O, the coupling potential (or the form factor) is

calculated as given in (T-13). If KTRL(11) = 1, it is calculated
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according to (T-15) and (T-16). When the target is deformed, use of
KTRL(11) = 1 is strongly recommended.

If KTRL(12) = O, only the real part of (T-13) or (T-15) is taken;
i.e., the real form factor (RFF) is used. If KTRL(12) = 1, the whole of
(T7-13) 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 zmax must have larger values than otherwise (see
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(19) = 1, the (o-I) type interaction6 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-1604 (e.g., IBM-7090 or 709&)*, 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-1604 and the IBM-709% 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-7094 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 F¢RTRAN is

one card which looks like

SUBROUTINE XSEC ¢ RETURN g END

DECK-1 and DECK-2 expect to have the same set of data cards, except that
KTRL(27) = O 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 ~ 14. ©Not all of them

are used. ZFor those that are used, brief accounts of their use are
given in the comment cards in the beginning of JP].MAII\T.’Vc We shall give
here somewhat more detailed explanations.

First KEXCOM(2) and KEXCOM(L4) are used to fix the matching radius
Rm. In order to see how they are used (cf. CCCTRL, SN-181 ~ 183) we
first note that there are four sets of the radius and diffuseness
parameters, T, 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 Ty and a, four values of RO = roAl/5

+ 10 x a are first computed (CCCTRL, SN-167+1 ff). Their maximum is

WThese comment cards include also explanations of KEXCOM(N) with
N > 14.
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then taken and is called Tepl (= XCPIE 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(13) = O the matching radius
Rm (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
KEXCOM(2) # O. Then NXMAX and NXCPLE are equated to KEXCOM(2).

If KTRL(13) = 1, R must be taken as9

R = 2nl/klemin. (2-1)

Here ﬂl and k. are the Coulomb parameter and the wave number, respectively,

1
in the ground channel, while @ . is the smallest angle (in radian) up
to which the effect of the Coulomb excitation is to be evaluated accu-
rately. Usually Rm of (2-1) is much larger than rcpl defined above.
KEXCOM(4) is then used to redefine NXMAX as the sum of previous NXMAX
plus KEXCOM(4), (cf. CCCTRL, SN-183). (Between this new Rm and rcpl no
nuclear interaction is considered (cf. COUPLE for more detail.)

How to use KEXCOM(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 1/2) if excitations of states in which the even-core is ex-
cited to one of the two-phonon I = O, 2 or 4 states is considered, the
quantity KEXCOM(12) should have one of the values of I = 0, 2 and L,

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 KEXCOM(13). In .the present shape of
the program, however, only KEXCOM(13) = 1 (and O) is allowed.

CARD-3 finally reads in KEXCOM(14) which equals zmax+l' Since
JIJMAX increases with KEXCOM(14), 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 KEXCOM(14). When KTRL(13) = 1 to take 4 > 21, /6 .

max — 1’ "min
is requested.9

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

XTIOUT 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 = 1) 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. TII-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-1) and/or KTLOUT(2n) equal to 1.
Of these two, KTLOUT(2n-1) 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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3¢

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~ 210. 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 JPIMATN 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 KEXCOM(5), (6) and (7) to get output of A- and B-matrices.
(Cf. AMATRX, SN-4210 ~ 421k.)
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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, IICPIE = 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) ©NANGIR 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 TICPLE, 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. 1In such a case IIXCAL is smaller than JIICPIE.
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 ITXPLT < IIXCAL. Note that ITXPLT must be
< 6.

(viii-ix) TIIPCAL and IIPPLT serve the same role for polarizations as
ITXCAL and IIXPIT serve for differential cross sections. Note
that ITPPLT must be < 2.
(x) KANGRD equals either O 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 = ot (B-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 gquantities that specify the nature of
the target states. (FORMAT is 3(215, F10.3)). This card reads in three

gquantities for each state. (i) IIREAD(N) = I if KTRL(1) = 0; IIREAD(N)

= I, + % if XTRL(1) = 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(1l) 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) EIAB = E,,p Of the projectile in MeV.
(ii) PMAS = Mass of the projectile in amu or pmu depending on

whether AMUPMU = O 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).

7

(iv) CHARGE = 22" 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

1
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 ANGIER(N), i.e., the center of mass angles By 17
degree. TIf KANGRD, which was read in from CARD-7 were zero, SN-111 of
JPIMATN is executed and thus the cards should contain values of ANGLER(N)
for N = 1 ~ NANGIR. Therefore the needed number of the cards, NlO say,

of the type CARD-10 is given by N,. = ((NANGIR-1)/10)+1. On the other

10
hand, if KNAGRD = 1, which is used when all the eCM are equally spaced,
SN-112 is executed and CARD-10 needs to carry only two quantities, the

smallest value of GC and the increment AGCM'

M
CARDs-10-1 (SN—lE?). These cards read in the experimental differ-
ential cross sections SGMEXP(N,I) (in mb/sterad) and the experimental
polarization POLEXP(N,I). They are needed in the card deck only when
either or both of TIXPLT and IIPPIT are non-zero. The number of cards

needed equals N. . times (IIXPLT + IIPPLT).

10
As is seen in PLOTER, the plotting of Gth(e) and gexp(e), and Pth(e)

and Pexp(e) (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 6 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 cexp and PeXp are not given with equally spaced 6, plot cexp
and PeXp on a sheet of paper, draw a line through, read off the values
at equally spaced angles 6 and use them as cexp(e) and PeXp(G), i.e., as
SGMEXP(N,I) and POLEXP(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. 1In such a case fix NANGIR so
that the widest range of angles are covered. For the angles (in other

states) where no experimental data exist never make SGMEXP(N,I) 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,I) the following
values. Suppose there are experimental cross sections for N =N . ~ N .
min max
Make SGMEXP(N,I) = SGMEXP(N ., ,I) for N < N_. and SGMEXP(N,I) =
min — "min
SGMEXP (N ,I) for N > N . The same remark applies to POLEXP(N,I),
max =~ "max

too.

CARD-11 (SN-132). This card with FORMAT (I5,4F7.2) is needed in
the card deck only when KTRL(8) # O. The first quantity NFAI is the
number of different azimuthal angles ¢ for which the differential cross
sections c(e,m) are to be computed. Up to two values of ¢ can be con-

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

Note that for KTRL(8) # O there is an initial polarization and thus the
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differential cross sections are usually functions of p. It is clear
that SN-135 changes FAI(N) from degree to radian, while SN-138 gives to
THETA(N) in radian the values of 8> Which was given to ANGILER(N) in
degree.

Next comes a set of cards that starts at SN-138+41 and ends at
SN-290. This part is used to evaluate the values of the amplitudes
. .2
1) and bél )

s 1
and BMTR,I(M1,M2,N1), respectively. Here AMS is real but BMIR,I is in

a( , defined in Sec. IV of T, and store them in AMS(M1,M2,N1)
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, le may take complex
values.

The meaning of the arguments M1, M2 and N1 in AMS and BMIR,I are as
follows: N1 = 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. Iet us
say that the target is in the N1 = 1 polarized state and assume that
BMIR,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 N1 = 1
case. Let us say that the target is in N1 = 2 polarized state, and
assume that BMIR,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 the cross sections with two or more sets of BMIR,I is
not very long compared with the time needed for evaluating the cross
sections for one set of BMIR,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+1).

The argument M2 in AMS is essentially mS of a - Therefore M2
S
ranges from 1 to 2s +1. If s =0, M = 1 means m_ = 0. If s = 1/2,

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

m_ = 1, O and -1. M2 in BMIR,I is essentially Ml of bM . M2 ranges
1

from 1 to MULT1Z = 211 4+ 1. The relation between M2 and the actual

value of Ml is given by Ml = M2-1 = 0 if Il = 0, while if Il is half

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

T, I-1, ... AT

1’ 1°

The argument M1 in AMS and BMIR,I specifies different ensembles in
. .,
él) or bél ).
S 1
range of i and i/ which are called NENSBP(N1) and NENSBT(N1) are gener-

a given polarized state. Therefore Ml = i or i/ of a The
ally 1 ~2s + 1 and 1 ~ 2Il + 1, but can be narrower.

When there is no initial polarkzation, i.e., if KTRL(8) = O,
AMS(M1, M2, N1) = 5M1,M2/'/2S + 1 and BMIR,I(Ml, M2, N1) = 5M1,M2/‘/211 + 1
See (T-62) and (T-61). In JPIMAIN these evaluations of AMS and BMIR,I
are made at SN-155 and SN-160. Thus none of the CARDs-12 ~ 16 which
describe the initial polarization need be in the deck if KTRL(8) = O.

If KTRL(8) # O part or all of the CARDs-12 ~ 16 must be in the deck.

CARD-12 (SN-205) reads in NPOLST, and NENSBP(N1) and NENSBT(N1) for
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N1 =1~ 3. The latter quantities which correspond to N1 > NPOLST can
be zero (or any value).
At SN-205+1 there starts a DO-loop with NSP = 1 ~ NPOILST. A set of
CARDs-13 ~ 16, or part of it is read in each time this DO-loop is exe-
cuted.
CARD-13 (SN-195+1) must be in the deck if KTRL(8) = 1 or 2 and reads
in AMS(M1, 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 MUISPN means 2s + 1.)
If KTRL(8) = 1 or 3, there must be CARDs-14% ~ 16 in the deck. .
CARD-1k (SN-215+2) reads in MENSBT(N1,NPS) for N1 = 1 ~ NENSBT(NPS).
MENSBT equsls N, + i, where N

172 il
CARD-15 (SN-215+3) reads in OCCUPA(N1,NPS) for N1 = 1 ~ NENSBT(NPS).

is defined in (T-59) and/or (T-60).

OCCUPA(N1,NPS) = P 1> Where Pp. was defined in (T-58).

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

i Just the Euler angles 91, 92 and 95 (in degree) that are defined in

| (T-60) .
Using the quantities that are read in from CARDs-14k ~ 16, BMIR,T 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).

(w,) (Il) 3
b =D (o8 ,v) /PN )
My .My By 1
(Il) il . I )
D = -i(aN, + d
N, M, expl-1lal, T yMy MN, B

=

a3 (8) = [(3m)!(3-m)! (3n) ! (3-n)1]"

% ) [(3met)t (3onmt) Fe (tmem) 1) cos (/2) 23 BBBE (o3 (y o)y 2EHm
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-1)
WSX = depth of No. 2 potential =W of (T-1)
WSF = depth of No. 3 potential =W, of (T-1)
VSO = depth of No. 4 potential = V__ of (T-1)

'so0
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-18 (SN-400+1) reads in the geometrical parameters of the
optical potentials. (DFN,RZERO), (DFNW,RZEROW), (DFNS,RZEROS) and
(DFNSP,RZROSP) are the diffuseness parameter (a or a of (T-1)) and the
radius parameter (ro or fo in (T-3)) for the potentials No. 1 through No.
4, RZEROC is the radius parameter for the Coulomb potential and equals

R, of (7-8) divided by Al/B.

(Order of reading is that four a's are
read first and then five ro's.)

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

VCOUPL is essentially the value of BK introduced in (T-2) and (T-32)
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or in (T-3). Since the use of the B-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 the coupling terms that appear in
(T-27). What kind of coupling scheme is considered for a given INTYPE,
and correspondingly what 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.

If further INTMAX = 1, a very simple O+ -1 coupling is considered,
where O+ is, of course, the ground state, while 1" is any one-phonon

type (or two-quasiparticle type) state of natural parity: (I" =07, 17,
2+, 3, A+, 5, ... ). In CARD-8, these two states should appear in
the order of (i) 0% ana (ii) T'. The value of ﬁk of (T-36) should appear
in CARD-19 as VCOUPL(1).

If INTMAX = 2, we can consider the coupling O+—2+-3-, the states 27
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
(1) 07, (i1) 27 and (iii) 3°. The values of B, and B, of (T-36.1)

3
should be given as VCOUPL(1) and VCOUPL(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—l}), and thus only the first derivative of the
original optical potentials appears as the form factor. If INTMAX = 5,
and if still O+-2+—5— 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

B, and B;, as introduced in (T-36.1) appear, but the present program

3
allows to use different values to them. Thus in full, there should be
given four non-zero values in CARD-19. Among them VCOUPL(1l) and (2) are
the same as in the case of INTMAX = 2. On the other hand VCOUPL(5) and
(4) are, respectively, the values of B, and 85 that appear in (T-37.4).

In the above O+—2+—5_ 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
gquadrupole-octupole-two-phonon states, (I =17, 27, 37, 4 or 5_).11 In
this case this state I should appear as the fourth state, (iv) I , in
CARD-8. 1In the present shape of our program, the same values of VCOUPL(3)
and VCOUPL(4) are used to giving values of 82 and 65’ 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 IICPIE = 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 O+ 2; Og 2; 42 I5 coupling, where the suffices indicate the

number of the quadrupole-phonons in each state, while 15 1s one of the
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:

m = oottt = ot ot +
(a) TIICPLE = 3: 0,-2 12(12 0, 2, or 42).
+++ + +/
(b) TICPLE =k z N -I,- Ié (I2 and I, are any combinations of
+ + o+t +
two of the 02, 2, and 4 ), or 0_-2,-I, I5
+
R Tt ,
(c) TIICPIE =5: O 21 O2 42, or O —I 2 5 (12 and I,
the same as in (b)).
_ o o+
(d) TICPIE = 6: O 5~21-05-2 4 I;-

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

+
following rule: the first and the second states should always be OO and

+
21, respectively, while if I5

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

state is included in the coupling it must

(IICPLE-1)-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 O+ 21 22 42 and

OO 21 42 22 are effectively the same).

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

Tollowing parameters: BO2’ B2I’ ﬁéI and Béi (I is the spin of one of

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

They all describe the strength of the gquadrupole vibrations (excepting
Béi with I # 2), and thus were denoted in T simply as 52. The present
program allows to assign different values to 52, depending on between
which states they appear and that is the reason why this large number of

parameters is to be used. is Just the B, that appeared in (T-36.1),

B02
while BEI is the 52 that appeared in (T-36.2) and is now dependent on I.

6I is the 52 that appeared in (T-37.1), while Béf is essentially the BX
that appeared in (T-36.1), but it appears in the B-matrix element that
connects the ground and the two-phonon states. Thus 6%‘# 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 B,,
Bogr Bhor Pops Blps Poys Blys BGGs BGSs BY) in this order. Tt should
be noted that the sign of Béi is quite important in data fitting and
also of physical significance.

When one of the states coupled (the last state in CARD-8) is of the
three-phonon type, KEXCOM(13) is put to 1, as mentioned above (cf. CARD-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(11)
and VCOUPL(12) give, respectively, the 52 values that were defined in
(7-36.3) 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(11) = 1 must be taken. (The program works even if KTRL(11l) = O 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) = 1), always make INTYPE
= L. 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 A = 2 is included in the coupling.

If INTMAX = 2, two terms of (T-15) with A = 2 and L are included. 1In

either case 52 and Bu are to be read in as VCOUPL(1l) and VCOUPL(2) from

CARD-19. 1If a pure quadrupocle type deformation is to be considered, do

not forget to make VCOUPL(2) = 0. (Note that B, and B) are BK' appearing .
on the righthand side of (T-16). This A’ 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 X = 1/2
and the ground state spin is not 1/2, 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(1)
and VCOUPL(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 (g-I)VSS times the Saxon form factor.

When this term is considered, the use of VCOUPL(1l) and VCOUPL(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 VCOUPL(3). 1If KTRL(19) = 1,
do not make KTRL(12) = 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(19) = O 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 Il < 9/2 can
be handled. (The computer knows which of the guadrupole or octupole
vibrations is excited by checking whether |KPRITR(2)-KPRITR(1)| = 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 62 values for the coupling between the ground state and the
N-th states is to be given as VCOUPL(N-1) in CARD-19. See BMATRX, SN-
520, and note that the B-matrix is given by:

I-T

afolPery = ()" g1/ /.

When Il = 1/2, 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 i1s for this
case. For the details of the formulation | 3ee 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 IC =0, 2or
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4, and the total spin can be either I = 1/2, 3/2, 5/2, 7/2 or 9/2. TNote
that if once the value of I is given, the value of IC 1s fixed uniguely.
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 IC must be given as KEXCOM(12) in CARD-3.
Next make INTMAX = 2. The value of 52 which is common to one-phonon-
cored 3/2 and 5/2 states is read in as VCOUPL(1). The values of the
parameters that correspond to BEI and BéI , defined in the explanation
of INTYPE = 3, are to be read in ;s VCOUPL?E) and VCOUPL(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 Ic = 2. Thus, let the wave functions of the first and second
5/2 states be written as ¢l and ¢2, respectively. Correspondingly, let
the wave functions of 3/2 states with pure one- and two-phonon cores be
written as ll) and |2), respectively. Then one may be able to write ¢l

and Y, as

¢l all) + c ~/1-a% |2> + o, s

Vo = ~al2) £ ¢ \/I-a® 1) + ...
where the coefficient ¢ with ]cl < 1.0 is inserted to take into account
the possibility that Il) and |2> do not exhaust ¢l and ¢2. This ¢ is

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

of the double signs in the above expressions is read in as VCOUPL(8) = # 1.
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When the total spin under consideration is 5/2, the corresponding quanti-
ties are read in from VCOUPL(9) and VCOUPL(10), respectively. Note that
VCOUPL(7) and VCOUPL(9) should never be less than ﬁ/i7§ 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
KEXCOM(21) through KEXCOM(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 B-band (if any), and then those in the

K = 0 band (if any), and so on. Clearly KEXCOM(21) must be non-zero

27
always and ¥  KEXCOM(N) S 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 62 of Eq. (A-2) in Appendix A of this report is to be
read in as VCOUPL{1l) from CARD-19. The parameters that describe the
strength of the excitations of the above six excited bands, namely ni
(i =1~6) of Egq. (A-8) are to be read in as VCOUPL(3) through VCOUPL(8),
respectively, from CARD-19.
In column 72 of the CARD-19 a quantity called KREAD1 =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 KREAD1 = 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 gquantities 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-110-1) 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+1), 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 (1 ~
ITXCAL for ACC) channels. They are, respectively, 21N + 1, c.m. energy,
ﬂN (Coulomb parameters), L kiN (the wave number at r o 0) and oo(N)
(Coulomb phase shift for 4 = 0).

At SN-150+1 ~ 167, XMES1 is re-evaluated so that XMES1l = XMESE/EN
with N an integer. (Thus XMES1 in CARD-9 was not necessary to satisfy
the relation XMES1 = XMESE/EN 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 = O if all ECM(N) > O, but KBOUND = 1 if at least one of
ECM(N) < O. The quantity NFGMX, defined at SN-290+l1, equals 1 or 5,
depending on KBOUND = O or 1.

At SN-290+2 ~ SN-390, the Coulomb wave functions are computed.
When KBOUND = O, where all ECM(N) > O, the subroutine FLGLCH is called
(SN-341) and the functions FZ’ G, Fé and G; are evaluated for RHOMX =
p = kNRm. The results are stored in FC, GC, FDC and GDC (SN-355).

On the other hand, when KBOUND = 1, again FLGICH is called if
ECM(N) > O, but FLGLNG is called if ECM(N) < O. The evaluation of the

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

n x XMES2 with n =2, 1, O, -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) < O, what are
computed are, in fact, the spherical Hankel functions and not the
Whittaker functions, since we consider the case ECM(N) < O only when the
projectile is a neutron. UNote also that in FLGILNG these spherical

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

(
4

(SN-273+1 ~ SN-510). At SN-580 POTENT is called to evaluate the radial

The gquantities exp(ic n)) are evaluated and are stored in EXSGRI;
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). 1In 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) NLIJJK

This is a tiny but important routine. As is seen in T, if KTRL(7)
= 0, the size of the coupled equation NC of (T-20) and the quantum numbers
(ngj) of (T-25) can be fixed if once the set of gquantities Iy -ves I,
and J and [l of (T-17) are given. The routine NLJJJK is used Jjust to
evaluate these quantities. As is seen J and [l 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 /

NNROW (N) = n, IIROW(N) = 24, JJROW(N) = 2j for N = 1 ~N_.
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Note that £ that exceeds KEXCOM(14)-1 is omitted (SN-410).
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.

3) FLGLCH
This subroutine computes for ECM(N) > O the Coulomb (or spherical
- Bessel and Neuman) functions and their derivatives for a given value of
p = knrm (= RHOMX in the program). The coding follows very closely the
method given by Buck et gi.lg and by reading this reference the under-
standing of FLGLCH is quite straightforward. Fz, Gz, F/ and G’ are stored

L L
in F(L), &(L), FD(L) and GD(L) with L = 4 + 1 for L = 1 ~ IMAX.

3-1) FLGING

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.

3

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-
b

z
nation except that AIFCA, with A = 0, 2, 4 and 6 equals [hm(2n + 1)]".

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 ~ L0O.

If KTRL(11) = O, all the needed form factors are evaluated in
SN-2654+2 ~ SN-285-1. If KTRL(11) = 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(11)
= 1.

The meaning of the evaluated form factors is quite easy to under-
stand. Thus for KTRL(11l) = O, VCENTR(NX), VCENTI(NX), VSPIN(NX) and
VCOULM(NX) added together is exactly equal to Vdiag defined in (T-12).

On the other hand VCPLnR(NX) + i1 VCPLnI(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(11) = 1, VCENTR(NX) + i VCENTI(NX) and VCPLnR(NX) + i
VCPLnI(NX) (with n = 1 and 2) are equal to VCéX)(r)(r), defined in (T-16),
with A = 0, 2 and 4, respectively. On the other hand VCPDnR(NX) + i
VCPDnI(NX) with n = 1, 2 and 3, respectively equals vééX)(r)(r) (defined

in Appendix A), with X = 0, 2 and L.

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, & 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 MXR@WI is clear. NXRM (SN-20+1) defines the matching
radius for KBOUND = 1. The coefficients PREMl, ceey PRELS are just
those appearing in Eq. (B.3) of Appendix B. KCTY2 = O or 1; its use
will be found at SN-1412 and SN-1512. The part SN-70 ~ SN-670 is exe-
cuted only when KTRL(13) = 1, and prepares for the Coulomb excitation
calculation. SPFACT(Ml) evaluated at SN-815 is Jjust the expectation
value of the operator (8-?) for each partial wave channel Ml.

At SN-815+1 the subroutine BMATRX is called. We shall therefore
look at this subroutine.

In the beginning of BMATRX a quantity JJTRIW is evaluated. It is
just 2J where J was defined in (T-17). 8N-50-1 ~ SN-60 simply clears
21l the B and A matrices. The B-matrix, which is simply called as B
here, has three dimensions, B = B(N1, N2, K1). N1 and N2 specify the
row and column of this matrix; thus they correspond to I and I’ of
(IHQx(t)HI'> of T-27 . On the other hand, K1 specifies different sets
of A and t.

COMFAC that appear at SN = 70 equals 1/%/Lm. (Note that the B-
matrix defined in BMATRX is l/?/ﬁ; times the B-matrix of T.) At SN-T0
KIT(1) is set equal to ITIREAD(2). KII(1) stands for A of (T-36.1) and

thus the relation KITI(1) = ITIREAD(2) appears because of the factor 6

Al
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in (T-3%6.1). 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 O+—2+-5_ 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(1,2,1) # O (unless VCOUPL(1) = O) we then go to
SN-720 and have KI = A; (A 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(1,2,1) at SN-752-2, the
result being T1l. (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 metrix AMAT1
(M1,M2). This concludes the evaluation of the A-matrix for O+—ITr
(1" =17, 2+, 3" ...) coupling.

Next suppose we have O+-2+—5_ coupling, and thus had INTMAX = 2.

As we have seen at SN-210+1 of BMATRX, B(1,3,1) # O unless VCOUPL(2) = O.

Since INTMAX = 2, SN-720 of AMATRX is passed twice, once with K1 = 1,

then with K1

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 AMAT1 (M1,M2)

at SN-761.

Thus in this case the coupling term (T-27) can be rewritten as
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131 = v e ) <IHQ>E1)HI'> ALY T, £'3'T' 503 )
>\=2;5

<2j IIVcoupl

= v(l)(r) AMAT1 (M1,M2).

The merit of grouping several matrices, which are to be multiplied in
(T—27) ontoc 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 1is seen in
SN-T752 of AMATRX, KISEIC 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 1is either O+-2+—5_ or O+-2+—5_—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(N1,N2,K1) with K1 = 1
~ 5. Among them, those with K1 = 1 and 2 are multiplied in (T-27) by
v(l)(r) of (T-13.1), and as is seen in AMATRX, the corresponding A-matrix
elements are stored in AMAT1 (M1,M2). On ther other hand those with
Kl = 3, 4 and 5 are to be multiplied in (T-27) by v(2)(r) of (T-13.1). As
is seen in SN-T726, KISEIC = 2 for these cases and the corresponding A-
matrix elements are stored in AMAT2 (M1,M2). (Cf. SN-752 and SN-T766 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




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 UCI2(M1)) and the re-
sults are summed up as BR(M1l) + i BI(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 > 5. As is seen at SN-1415, these two
kinds of multiplications are made either at SN-1470 ~ 1473 or at SN-

ALT5 ~ 2477.

Irrespective of the values of INTYPE and INTMAX, SN-1410 ~ 1492
performs the integration for RFF, while SN-1510-1592 does it for CFF.
SN-1610 ~ 1700 is executed if KTRL(13) = 1.

The part of SN-4190+1 ~ 1800 is to perform the calculation of (B-3)
in Appendix B. At SN-1805 ~ 1850 the derivatives of the solutions at

the matching radius are evaluated and are stored as UCR2(M1) + i UCI2(Ml1).

O
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They are written on TAPE-8 together with the values of the solutions
UCR1{(Ml) + i UCI1(M1l) at the matching radius (see SN-1897 for KBOUND = O,

or SN-1892 ~ 189541 for KBOUND = 1).

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 = O or (C-10) for KBOUND = 1 is prepared at
SN-119+1 ~ 17942, 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 = O, the C-matrix elements have to be calculated by using Eq.
(C-7). This is performed at SN-340 ~ L55.

In both cases the obtained C-matrices are saved on TAPE-T7 at SN-

L90.

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




simpler and easier than that of the C-matrix elements, because it is
essentially a matter of bookkeeping. 1In 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
cross sections ois)(e,@) for NACC, i.e., with KTRL(7) = O. Its analytic

expression is found in Egs. (T-48) and (T-49), and we note that the

hardest part of its evaluation is that of the second term of (T-48),

(NACC) (6,0).

which we shall call X ;
mSM

l;msMn

Let us first define quantities

JM

_ . . J
Coasna’s sm T (gsom|gmy) (3T m M, |M) C 500y Y, m_+1e, (7.1)
Then we see immediately that
= (NACC _ \’ 2 ’ . n JM
Ko M. /M (6,9) = 24 (hn/%2) " 4 exp (210,17 ") Coiing’ s sm M
sl s n .7 ;o My
L34 ) dm m .M
£
(7.2)

/7 / / -/ /7 ./ /
x (4's"mim) |3 mj)(J I, ijhIJM) Yz,mz(e,@).
We next note the relation

i mﬁ+lmﬁ‘ 4L
2441 () 2 (&= [m )

= L
Yz/m}l(eytp) —IF W lelmél(cose)exp[lmch]

i (7.3)

and define
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v () - .
= - +
Cm M sm M ZJ (247+1)exp(2i0 7 )CzJ,nza,m M
zjj'Jm'jM

l)
L3 (7.4)

1

m/+|m/| , ,
£ - !
L2 Imzl) (57 I m ‘M IJM) 2's'm m IJ m )6 ,

X (') (zl—'lmé!)l z

sm +M -1 -M )

Then clearly

— 2" (m))
- (NACC) _ ZJ y) .
Xm M s M (6,p) = Cm M s’ M Xp(1m£¢) lelmll(cose)- (7.5)
1 ’ ’ s 1 ﬂ,
y) (mz)
In the subroutine XSEC, Cij.nzlj/ is read in from TAPE 7 (SN—llO-l),
>
converted into C JM in SN-160 ~~ 240 and the latter is stored

23;n8’3";m Ml

on TAPE 8 (SN-250). Then (if KTRL(3) = O) 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 CJM are first read in from TAPE 8 (SN-425 +

£3;n4"° ) ;mle
(n)
2’ )

CMXR + iCMXI (SN-441 ~ 4k43). The multiplication of other factors in

4). They are multiplied by exp(2ic and the results are stored as

(7.4) and the summations appearing there are performed in SN-610 ~ 1010,

4/ (m))
4 which are written as CMMMKR + iCMMMKI (K = 1 ~ 5)

mSMl;mSMn ?

and are stored in TAPE 7 at SN-1110 ~ 1118. It should be noted that the

resulting in C

calculation so far has been Independent on the angles 6 and o.

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 Pz,lm,,(cose) are computed (SN-1410 + 1 ~ 1450), and
2" (m)

then C are read in from TAPE 8. Results of the multiplication

mSMl,m M
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are saved as BFACKR + iBFACKI (SN-1471 ~ 1450).

The command is then returned to CROSPL and there the multiplication

zv(mk) (1) (i) i
. .
of Cm M 5m! M by exp(lmz@), a. and bM are performed in SN-1045 ~
1 s 1
—1550; i.e., XAMPKR + XAMPKT (K = ] ~ 5) of SN_llél ~ 1165 are
- (macc) . C
(9,¢)a (l)b (1 ). The addition of the contribution to these
mSMl,m M ms Ml

guantities from the first term of (T-48) is made at SN-1390 ~ 1405. The
rest of CROSPL is devoted to the evaluation of gn(s)(e,m) and the polari-
zation Pn(e,m) 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-

gquires the evaluation of (T-71). 1In evaluating X (éCC)(e}®) of
m M ;m M
s 1 s n
(T-71), we first define the quantities
Jz J m,-m! o i

m m M

2; ZJ (_) J (gsom_|m_) (33" mj-mj‘JO)(jj m-m |JM ) CZJ,L 5
m

(7.6)
+(-)?
2(l+61-n_ ) .
J,0
Then the second term of (T-71), which we call X (ACC)(G,Q) is re-
mSMl,m M
written as
(acc) 3 P (1)
. A . AR | 1
X My 51N (8,0) = ZJ 2 (L) LS AN S 4 exp[2ic T, Ic,. m,M
s s n Lttt s Jd
m m. JM
£ a1
(7.7)

X (JIlOKlan)(JIl JMlII M ) (2! sm m IJ m! ') Y, ,(e,¢)_
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We notice the relation (7.3), and then define the quantities

.

I,I z'(m')

Cm M m M B ZJ {
1

l}

1 L (1) d8'3!
17 exeleia ) 105,
s JJd

W|m

- (JIlOK]InK)(JIlMJMl|InMn)}

=

(7.8)

[

mytmy| [ (4" [m) )
2

(22'+1) (£'sm m gt m; 1) (=) (£'+lmkl)3

Then (7.7) is rewritten into the following very compact form

2 (acc) LT 4" (mp) .
Xm Ml;m M ) Z m M IIl M exp[lszp]Pz, lm}’I (COS@) (7-9)
2

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, Cﬁj‘l'jq are read in from TAPE 7 as CMXADR + iCMXADI
2

6N-1175), and then the summation of Eg. (7.6) is performed between SN-

. . lej'
1173 and SN-1280. The quantities C M
. s 3 dJ

CMSXJR + iCMXSJI (cf. SN-1280-1 and -1), and then saved in TAPE 8 at

are temporarily stored as

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) = O. CMMMFC then reads from TAPE 8 the quantities CMXSJR +
iCMXSJI (SN-515 + 1) and then starts to perform the summations that

appear in Eq. (7.8). The summation is completed at SN-1010, and the re-

IlINz

Ml,m M oM

sulting quantities C , which are called CMMMKR + iCMMMKI (X =

y

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) O, and thus its explanation can be

i

avoided.

The evaluation of the total and reaction cross sections and the s-
and p-strength functions are made in XSEC if KTRL(7) = O, and in ACCSAB
if KTRL(?) = 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) RACT, CLEB

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 nucleil 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(l + % BA YXO), (A-1)
as is seen in (T-3), (cf. also Sec. II (ii) of T).
We now extend (A-1) as
2 6
R=R (1+z%B Y + E:e Y £y 2 (e Y ' +e Yy ! (A-2)
o) A Ao A:0 Ao ZJ - 2K, ALK, A=K, AL-K. -
A o i i i=5x/2 i1 it iiti

+ - + - - -
where i =1 ~ 6 stands for K=0, 0, 2, 17, 20 and 3 vibrations,

that were defined in the explanation of the CARD-T7-1. The € K are

id
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, = B‘Bg: while for

€20
— + ——
K=2, €op = Y 52, ete.
We now insert (A-2) into the optical potential (T-1), 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

(r) oy @)

diag coupl coupl

V(r,8,0) =V , (A-3)
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where the first two terms are the same as the two terms on the right
hand side of (T-14). On the other hand the last term of (A-3) may be

written as

= 6
(r)! (x)(r) 2 (1), (x) 1 (1) L(\)
coupl § % ch (r) {iEl ex OCAX Dpo * 1§5“J2~(€AiKiCXXKiD
‘ (a-4)
} 1) ;QP)
>\ K, Cyi- K, u K )}
with N
2
(1) _{(exif1)(exi+)’ - 2 .
‘ Cur ‘j b (21 +1) J (jhooro)™s 1 = 1,2,
(A-5)
%
(1) i (exi+) (ex+) = u N Cor oo
N K, " [ T ] (xixoolxo)(xix + KiOIx *K.); 1=3, 6.

(A ()

In (A-4) the form factor vc'p r) is obtained from (T-16) by re-

placing A there by A, and then replacing the expression in the curly
bracket there by the first term of (T-13.1) with the radius defined by

(T-3), and by finally multiplying with Ro/a.
(r)

coupl of (A-4) to the coupling term (T-27)

The contribution of V

was already given in (T-40). The contribution of (A-4) can be described

as
f %— vgg‘)(r)(r) b B(l)(I,I’;xX) A(BIT; 831" ;0 Ts) (A-6)
: i
with
1
- _ .-
i _ (2x +1) (2h+1) _ _ N

BL(II';01) = 1 ()\iXOO,}\O)(}\i}\ Kiol}‘ Ki) Tz Ki_KlIIO)ni

b (20+1)

(i=1~6) (A-7)
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with ﬂi = (grlexiolvib) for i =1, 2 and ﬂi = /2 <ng€AiKiIVib> for
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
equations is the prediction-correction method due to Stormer.lu 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(h%*) for n = 2 and O(hn+l)
for n > L. (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 = 0 and r =

h. Because of this last reason, and alsc 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
switech 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-1)

When (B-1) 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) = hZA(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) + %g% v(x-h)

11
15

v(x-2h) + %%6 v(x-3h) (B-3)

l

v(x-4n) + %g@ v(x-5h).

]
Uil o

By Taylor expanding both sides of (B-2) in powers of h, the reader will
easily find that the error is indeed O(h*). Similarly, Eq. (B-3) is
easily shown to have an error of O(h®).

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 thne use of Egq. (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(x’/) had been saved for x! = 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-
mations, in addition to the above N2 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 Egs. (B-2) and (B-3) is made in the following
way. First we choose h (=~ 0.1 fm). Then wé define another mesh size h

1

which is hl = h/2k (k = integer). We use Eq. (B-2) for the first eight

steps. Then we increase hl by a factor of two and then switch to Eq.
(B-3). With this new mesh 2hl, we already have u's at five preceding
points, and thus Eq. (B-3) can indeed be used. With mesh Ehl, we pro-

ceed four more steps, and then increase the mesh to bn We again have

1
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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1lst stage 0123545678
- »
O- ~O O Q0. Q
2nd stage 0 1 o 3 5 6 7 8
%
(e fa) Q Q
5rd stage 1 o 3 5 6 7 8
e e e
Lth stage o 1 5 3 L

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-1) 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 qu (g = 1 ~N), where ro is the matching radius and g speci-
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 uq at r = ro by
N

u_ = 24 au (3 =1~N) (c-1)
p=1

which is to be matched to the asymptotic solution, defined also at r = ro
The condition of smooth matching fixes the unknown coefficients ap, 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

aF s _ +e C (G + iF c-2)
q g9 kg 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 dq and ekq are known constants.

Equating (C-1) and (C-2) (and their corresponding derivatives) we get the

following matching equations:
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N
¢
f el
{ au =d6§&§ F +e C G + iF =1~N C-
; zJ P pq aka g kq kq( q q) (a ) (C-3)
! p:l
i
(N
é \—‘ t 1 1 2 H

au' =46 F' +e C (G + iF =1~N c-4

{ L %pUp a®kafq ¥ ®koCxq (G % (a ) (c-4)

p=1

This is a set of 2N simultaneous equations for 2N unknowns, ap and qu.
However, it is not necessary to solve these 2N equations as they are.
Rather, we can reduce them into a set of N silultaneous equations, as is
shown now.

Multiply (C-3) and (C-4), respectively, by (Gé + iFé) and (Gq + in)

and take the difference of the resulting equations. Then noting that

FéGq - FqGé =1 (c-5)
we easily get
N
E: 8, {upq(Gq + in) - upq(Gq + in)} = -dqéquq (g =1~N) (c-6)
p=1

This is a set of N simultaneous eqguations for N unknowns ap, and we can
solve it easily.
Next multiply (C-3) and (C-4), respectively, by Fé and Fq and take

the differ'ence. Again using (C-5) we get

E: a {u' F - u Fé} =e C (c-7)
p Lpa a jele] kg "kag
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Since the left hand side is known, (C-7) is nothing but the equation to
express qu 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 Rm equal to the nuclear radius Ro’
(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 = Rm in exactly
the same fashion as was made above (outward solutions). Let us call the
solution at r = Rm as upéi), where the superscript i stands for the in-
ternal solution.

Next take a radius Ra >> Ro’ so that at r = Ra all the nuclear
interactions are effectively zero. The coupled equations are then inte-
grated N + 1 times with the following boundary conditions (imward
solutions).

(i) Pick up a partial channel k among the ground state channels,
cf. Eq. (C-2). Make the amplitude at r = Rm in channel k equal to dka,

and those in other channels equal to zero. The solution obtained at

(e)

r = Rm'with this boundary condition is called ukq

, 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 = Rm in this

channel equal to e (Gp + in), if the energy in this channel is posi-

kp

tive, or equal to ekap, if the energy is negative. Here Hp is either
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

the solution at r = R as u (e).
m jolel .
(i)

The internal solution uq may be written as

N
(i) _ ¥ (1)
g T zJ “p "pg (c-8)
p=1

(e)

just as in (C-1), while the external solution uq may be written as

N
(i) _  (e) (e)
uq = ukq + Z: Ckp upq (c-9)
p=1

Equating uéi) (i)' (e)

and its derivative uq , respectively to uq , and its

H
derivative uée) , the following matching equations are obtained
N N
(1) Z (e) (e)
a u - C u = u
Z P prd kp "pq kqg ~’
p=1 p=1
(c-10)
N N
— <\ 1 o 1 1
2, a u (1) - 2, C u (e) =u (e) .
P pra kp pq kq
p=1 p=1

Equation (C-10) is a set of 2N simultaneous equations for the 2N unknowns

aP and Ckp' (Note that it cannot be reduced to a set of N simultaneous
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equations, as was the case previously.) (Note also that only the solu-
tions Ckp that correspond to p for which the progectile energy is posi-
tive have the meaning as the scattering amplitude, and thus are needed
in evaluating the scattering cross sections.)

IIT. 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-
1604 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 freguently 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 zmax’
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,, FE, G/, exp(icén)) and log(£'). To en-

large their capacity does not require so many cores.) This unlimited
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value of ﬂmax 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 O+ and 2+ states and between the

O+ 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 show five examples of the input data, one for
each value of INTYPE = 2, 3, 4, 5 and 6.

9

EXAMPLE-1 is for the scattering of a 6.5-MeV proton by EZr, with

O+-2+ coupling considered. Therefore INTYPE = 2 and INTMAX = 1. 52 =
0.110 is taken. Differential cross sections to the O+ (ground) and 2+
(assumed to be at 1.0 MeV excitation) states are calculated. Polari-
zations are not calculated.
EXAMPIE-2 is for the scattering of a 13-MeV proton by llng. O+ .
(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 tnree states are made. After a set of calculations with Béé =
0.0415 is done, another calculation with Béé = 0.0 is made.
EXAMPLE -3 is for the scattering of a 14-MeV neutron by 165Ho. Thus
INTYPE = 4. ACC ié taken (KTRL(7) = 1), and Legendre polynomial ex-
pansion of the potential is made (KTRL(11l) = 1). 1Initial polarization
of the target is considered. it includes two cases; the first one is
for no polarization; the second case is for a 1004 polarization. Total
and reaction cross sections are computed, but differential cross sections
are not. Spin s of the neutron is set to zeroc to save machine time.
EXAMPIE-4 is for the scattering of a 12.94-MeV proton by lo?Ag.
Thus INTYPE = 5. 1/27-3/27-5/27-3/27 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 14-MeV neutron by 120. 0'-2

coupling is considered assuming that the second O+ state can be inter-

preted as a P-vibrational state. There INTYPE = 6 and KTRL(11) = 1, but

KTRL(T) = 0.
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FhkhkkAkThkkkkkkk EXAMPLE -1 Rk kR hhhkhkk ik kkik

1 KTRL 1

KTRL 2

1 1 1 6 KEXCOM 3

1 1 1 1 1 1 KTLOUT &4

KTLOUT 5

EXTCOM 6

2 2 1 1 35 2 0 2 0 1 IICPLE 7

V] 1 0,000 2 1 1,000 | IREAD 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

khkkhIhkhkkkhkkkhd EXAMPLE -2 Kk hhk Rk AKX hhkkkik

1 KTRL 1
1 KTRL 2
1 1 1 10 KEXCOM 3
1 1 KTLOUT &4
KTLOUT 5
EXTCOM 6
3 3 7 1 29 3 3 3 0 1 I ICPLE 7
1 3
1

~N
—

0.000 2 1 0.617 1.311 I IREAD
13.00 000 112,0 48,00 ,0125 0.100 ELAB 9
20.00 5,000 ANGMINIO
0.940 0,970 0,940 0,820 0,640 0.500 0,450 0,480 0,530 0,670 CD112~011
0.680 0,610 0.500 0, 70 0,260 0.220 0,230 0.300 0,380 0,440 CD112-012
0.470 0,460 0.410 0.350 0,280 0.230 0,215 0,215 0,240 Cb112-013
6.800 5,600 4,600 L, 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 cD112=212
0,920 0,970 1,000 0,980 0,900 0.760 0.650 0,520 0,400 CD112-213
0.600 0,560 0,490 0,400 0,370 0,280 0.215 0.215 0,215 0,215 CD112-221
0.220 0,230 0,220 0,170 0,110 0,080 0,040 0,028 0,026 0,026 CD112-222
0.040 0.047 0,050 0,052 0.049 0.041 0,033 0,033 0,033 CD112-223
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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 L0415 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 DFN 18
0.200 0.129 0,160 1 VCPL 19
ek de Fode ¥ dededode ke de ke ko E XAMP LE"‘3 Fe Y Jo Jo e % do Fe e K I ek kK
1 2 1 3 1 KTRL 1
KTRL 2 .
20 KEXCOM 3
1 1 KTLOUT 4
KTLOUT 5 )
EXTCOM 6
1 L 1 0 30 0 0 0 0 1 | ICPLE 7
L 1 0.000 5 1 0,198 | IREAD 8
14,00 1,000 165,0 0,000 .0125 0.100 ELAB 9
25,00 5,000 ANGMINTO
1 0.000 NFAL 11
2 1 3 1 1 NPOLST12
L 3 2 1 0 =1 =2 =3 MENB2 14
0.125 0,125 0,125 0,125 0,125 0,125 0,125 0,125 OCCUP 15
0.000 0,000 0,000 EULER 16
N MENB2 14
1,000 occup 15
0.000 90.00 0,000 EULER 16
45.50 0,000 1,000 6.500 1,000 1.000 1,000 1.000 1.000 1.000 VSX 17
0,600 0.600 0.600 0.600 1.350 1,350 1,350 1,350 1.350 DFN 18
0.330 1 VCPL 19
Fe e e e e e e e e Ko e Kk EXAMPLE -4 Fe vk Je Jc 3 o Je v e e do g v ek
1 KTRL 1
KTRL 2

1 1 1 2 11 KEXCOM 3
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1 1 KTLOUT &

KTLOUT 5

EXTCOM 6

3 5 2 1 35 3 0 3 0 1 | ICPLE 7

1 2 0.000 2 2 0.326 3 2 0.423 | IREADS1

3 2 0.780 I IREAD82

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
s KAKKKKARKKTKKAXK EXAMPLE ..5 HRAXKKXKKXARKXRKRKRKX

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 o0 3 0 1 i ICPLE 7

2 1 KEX21 71

0 1 0.000 2 1 L,430 0 1 7.66 | IREAD8T

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 EXAMPIE-1 in the last section.

Although this is one of the simplest cases to be run on JP1 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 gust 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.



L 2
aftsesREetan CGUPLED C“ANNEL CALGULATlUN L ENEEE RN XY )
- - - - - “{BN PRBGRAM JUPITUR-|) - "’ -
. o __ELABs 6,500+ CHARGE® 40,0, TMAS= 92,000, PMAS® |,000 _ _ L _
_ _ ___ YSX.WSX,WSFaYSO - = 53,400 . p 8,000 7.500 I _ o
DFN+DFNW,DFNS, DFNSP = 1650 1650 1470 1050
R _..__RZERO.,RZEROW/RZEROS,RZROSP,RZERACE 14250 14250 |+250  1.+250 Le250 _ _
We & 1000 1,200 14000 1,000 1.000 1,000
PROJECTILE SPIN¥[7¢
— - TIRMAXZ2, INTYPESZ, INTHAXE | ,BETA® — , 1|0 =0 «0 = 0" 0 <0  «Q -0 s e -
- — T TARGET SYATES, "0 (Y AY 7 D WEV, 2 (#Y AT 7,000 MEV, T T ’* - T T
KTRL 0 w0 | =0 =0 8 w0 0 <« <0 =0 =*0 0 <0 =0 <0 <0 ep 0 =0 =0 ®Q e0 0 0 w0 =0 0
KEXCOM =0 e0 =0 ®Q ] ] | o0 ~0 <0 =0 =0 e 6
KTLOUT =0 g0 (] I =D I D | | | *0 =8 =8 =0 =0 =0 g <0 =0 -0 *0 <0 <0 =0 ~0 ~0 -0
EXTCOM =0 L] =0 =0 _0 =0 =0 _*0 -p °0.

XMES|® ,Di250  XMES2% ,|g0g0

T UNITesAMU
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ECM 6.430) |E*DU

5,430 1E+0D

WN 5.51599E=0| 5,06896E=()

WNINT |.68257E%00 1. 66845E%0D

ETA a 47U34E+Q0 2,68820E%00 -

SIGMD . |15198E"D| 7.24338E%01

JJIMAX ,KEX {4, NXCPLE,NXMAX= [} & {21 T21 XMAX,XBARS |, 2|00000E*Di 5,6429468E+UQ

TN FLGLTH

ETA»SIGMAZ,RHOMX s RHOMXG, Rn- 2,4703425000 5,15(1980Ew0| 6,674348E0) |,(1087 | 4E+0) 5,515990E~p2

LMAX,NINC)NMAX=

6

F | +3095854E4q0 |.2=27|snEoou 1 +U790706E«00 B8,0200267E=U| 5:0965559E«p) 2,78Y8862E-0| )433)9291Ee0)
G 3'44‘30645 D) 6+¢1570842E=gt | 0326603E+00 |,4829038E%0n 2.0032247EpQ 2.65539555*00 4167778B9E+

FD  9,2764469E-02 2,5780934E~g} 3,34665/0E«0| 3,7693706E~=01 3,2242430E=0] 2,2|02662E"01

GD =7.3922392E-0| "619512805E"0}F 64004521 0EvD| *5,4992|7(EnQ| *6+94B0585E=q| -|.5c58309E'uu

WR | 145519 15E-|| 5.820766|1Ee|t €,3655746E=1| |,89|7490E={0 |¢89|7490Ew(0 |,455(9|5E"|0 -

IN FLGLCH

ETA,SIGMAZ ) RHOMX RHOMXG,RDE  2,688202E+0U 7,243364Ee0| 6,{83437E%0p | ,0|886GE+0U| »,068956E~iR N

LMAX,NINCs NMAXS [ 3 80

F T+ 0945666E+00 9,7350442E%0| 74+534314|E=0) 4,99B086TE"(){ 2+042B474E=0| |,397|885EP(| 6+0502600F"02

G |+0305903F*00
FD "3,2869358E-10
GD ~6,0412|92E-0

142851 354E+00

) | 15690737E00
31637 145E=0}

3,7253749E0

2,0293582E+00
3,1933)60E=0}

2:8(48838E«p0D

2125736p0E=p) 1,430a|715'0|

4,4B36(21EFQD B,

WR 3.6379788E-
X

2+9)03830E~|1

I.uiéosals-ln

2.18B27873E=|0D

“5,65757|8Exg| 55,5]4294(Ew0) =7,04|9588Er() =|,2824445Eep0 »2,8697029€400

216193447E=1( z,e|93447er|u

4547799E+0g

1+2500E"02 2,5000E"p2 3,75p008*02 5.0u00E-02 6,2500ErPp2 7,.5000E"g2 B,75p0E*02 |.0000E*0| 1.,2500E%0| |+3000E~0)
|+7500€*0| 2,puBUE*D} 2,5000B*D| 3,0000F=04 3,5000EwD| 4,0000E~0| 5,0000Ew0| 6,0000E«0| 7,0000E=0| 8,0000E=0|
9,0000E€0) 1.0UDUE*g0 1,10008*00 |42000E«00 {,3000E*D0 |.4000E*00 |,5000E%00 |,6000E%00 ),7000E«00 |.aoooE°nn
|-9000E*00 2.000UE*QU 2,I1000E*00 2,2000E%00 2,3000E*00 2.4000E%00 2,5000E+00 2,6Q00E*00 2,7000E¢00 2,8000E%00
2,9000E+00 3.QUCUE®pU 3,ig00B*00 3.2oonEouu 3,3000E*00 3,4000E*00 3,5000E%00 3,6000E%00 3,7000E*00 3,8p00E+00
3.9000E«00 4-nuqu*gu 4,1000E*00 4,2000E%0p 4,3p00E*00 4.,4000E*00 4,500Q0E*0Q0 4.600pE*0g 4,7p00E*00 4.8pppE*0p
4,9000E*00 5.,0000E*Q0 5,Ip00E*00 5,2000E+00 5,3000F%00 5,4000E%00 5,5000E«00 >,6000E*00 5,7000E*00 5.8000E%00
5,9000E¢00 6,QU0UE*QU 6,10006*00 6,2000E+00 6,3000E+00 &,4000E*00 6,5000E+00 6,6000E+00 6,7000E*00 6,8000E*0Q
6,9000E*00 7.QU0uE*gu 7,Igpo0¥*00 7.zunnEooo 7,3000E%00 7,4000E*00 7,5000E*00 7,6000E+00 7,.7000E%00 7.,8p00E*00
7.9000E*00 B.pUGUE*QU B,1Q00F*00 .zunnEooo 8,3000E%00 8,4000E*00 B8,5000E+00 B8,6000E*00 6,7000E*00 B8.8000E*00
B.9000E«0U 9.000UE*QU 5,1000E%0) 9.2000E+00 9,3000E+00 9,4000E*00 $,5080E«00 9,6000E+*0p 9,7000E*00 9.8000E*p0
9,9000E*00 1,0U0UE*g) 1,0I100E*0|] 1,0200E+0) {,0300Ee0]| |.n4onE'n| 1,050QE%01 1,0600E%0| 1.n7ooE°n| 1.0800E*0}
1+0900E®0f 1. |0U00E*0] (.1 (00&®*0|] 1./1200E*0| T,1300E%0| 1,f400E*0] 1.I500E«01 I.1600E*0( |I,|700E®0f 1,/800E%0]|
{+t900E€0} [.200UE*Q} 1,2 00E%0| |,2200F+0| |,2300E+0] ) -
VCENTR ) ) T -
®5,339 {Eep| w5,339(E*y| +5,3390E%0) *5,3390Ee0) #»5,3390E%0| v5,3390E*Q| =5,3390Eeq| *5,3389Eep| »5,3389Eep| r5,3389E¢p
»5,338BE«0| ©5,3368E¢0] «5,3387H¢0| ©5,3386E¢0| «5,33B4EeQ| 5,33BIE#0| =5,3380EeU| «5,3377E«Q| o5,3373E¢0| ~5,3389EeQ|
5, 3364E¢o| v5,3358E¢(0| o5 335|E°u' -5 3343F+0| =5,3333Ee0| »5,3322E*0| =5,33p9Ee0| ¢5,3294E0p| w5, 32765'0 r5,3256E%p

® *0 +3204€%p] 2 134EeD| *5,3pY0E®0( =5,30 | 1297VEeD| w5, 291 QE%G] » 12735k*0|
ns, 2626Etol 95,250 YE*Q] 5 23535*n| -5.2|83E00| w5, |986EeD| w5, |758E+0| =5, [495E¢0| =5, | |Y|Evp| =5, oa4|Etn| rB,0439Eep
-4‘7976&-bp 34,945|E*(| »4,885(Es0| nd ,B|68E¢0| w4 ,7396E%0| v4,5526E0| =4,555|E0) w4,4464Ee0| «4,3260E*0) ~4,[935Eep)
#4,0489E«p | -3.8924E'u| -3.72455'01 nY,546{Ee)| ©3,3585Eep| w3,|632E%0| =2,9624ED| #2,7582Eep} '2-55295‘91 »2,349pE90)
»2,T488E€Q] v|.9546E%0] JTi7ae]Et0|'51;59nas-0|'-].4zubsknr”-..23v95tui | ,i27)Ee0| *9,9634E40) 8,776 [E%00 »7,7052E%00
#6,7453E€00 95,8895E9)() «5,)304B%00 v4,4599E+00 »3,8700E400 *3,3528E00 »2,9097E+U0 v2,5065E40(0 w2, |636E+40) ~|,8658E+QQ
o 607BEeQn w|.3B45E*q0 »|,1914E%00 #1,0248F¢00 =8,8|09Evp| *7,5723E*0| *6,5057E«0| =5,5877E*p| 4,798 (Evp| rd4,|{|P2ErD)
#3,5357E=0] 23.0344E=Q| «2.6038E%0| w2,2340E~0] -|.9|6oE-n| *|,6442E"0| -|.4|usE=n| -|.2097E'0| -l.us755 0| ~8,8982E=p2
®7,63) |E702 96.5443E~02 »5,62{6702 v4,8|26E~02 *4,|268Er02 *3,53B8Feg2 +3,0344Erp2 =2,6019Evp2 =2,23( (E*02 »{,93pE~02
®|16403E=02 ©|.4065E"p2 = ,2p608"02 7| ,0340Ewp2 ©8,8662Ee03 ~7,602)Eep3 #6,5)82E¢03 5, 58B8E=03 ©4,79)9En03 ~4,|pB87E~p3
-3.5#235-03 °3,0205%E5(03 »2,5898E203 #2,2205E~*03 i ,9039ErD3

YCENT]

#2.0065Ev04 32.0606E"(04 =2, |6 E"0A 2, |73|E~04 *2,2317E»04 =2,29|JE~p4 =2,3536E=04 «2,4 |7 |E=ga =2,549 |Enpa r2,6884Eeq4
®2,8352E=04 22.990|E*p4 ~3,3258Ev04 93,699 |Ewg4a v4,||43Evp4 v4,576 |Ewpa =5,66 FEvp4 7,003 |Eopgq »B,6635Ewp4 '|q87[7i{03
®1,3258E203 =|,640(EvQS =2,0290E°03 v2,5099E«03 *3,|049Er03 *3,8409E"03 =4,75,3Er03 »5.8774EeQ3 *7,2702E%03 93pE=p3

0L



* 1 4124E202 =(.375YE30¢ =1.7p|7Bw02

29,2907E=02 . |4ATBE")| ~),4)75B"0|

=2,1y47€E=02

[ 17499F«0 )

»2,6U29E-02
*2.159 E*D]

*3,2(88E02
®2,6624E%q

*3,9800E~02
=3,28p6EnD |

#4,92U8Ev02
*4,03B6EwD|

*6,0830E-02
*4,9660E"D

*7,5|85E=02
r6,0977E~0

B7,4744E70) =9.1425E0| »|,||54E*00 i ,3565E+0) *|,6433E¢0p *|,96816E*pp *2,376)E%0p 2,830 |E%0p =3,3438E%0g ~3,9)35E+p(
74,529BE%0( 55.)|763E%)U v5,829 |E*0Q) n6,4569E+0) */,0230E%00 =7.4885E*py =7,8|78E«00 *7.9833E*00 »7,9706E%00 ~7,7808E+qp
*7.4304E%00 26.9483E%py «4,37(2E*0Q ©5,7378E+0) 5,084 Ev00 v4,4406E*0) *3,8300E+00 ~5.,2678E+00 =2,7624E+p0 ~2,3|69E*0p
v |,9306E400 =I.5999E%0y »i, 398890y »1,0847E+0g »8,8876Erp| =7,2637E=0| =5,9242Ev0| *4,8236E*p| =3,922)Evp| ~3,)856Evp)
82.5850E=0| %2.096{E"p) »),6987Bw0) #),3759E=0) ®),|j4|Ev0| *9,0(76E~p2 =7,2972Ev02 =5,9038Evry2 *4,7757E202 ~3,8626E-p2
#3,1238E202 72.526{E~»02 v2,0425E°02 » |65 5Ev02 | ,3352Er02 "{,0795E"p2 *8,7272E=p3 *7,0554E%03 v5,7g37E=03 4,6 98Erg3
53,7274E=03 *3.0)3|E"pS v2,43576°03 *|,9690E=03 =|,5916Erp3 =) ,2866E=p3 ~|,p4p|E=03 w8,4073Ev04 »6,796 |Ev04 ~5,4936E=04
#4.4408E~04 =3.509/E=04 =2,90|7B»04 *=2,3456Ea04 "|,B96|Ev04 v ,5327E%04 =) ,2389E~04 v|,0015E*04 =B,0955E-05 ~6,544pE05
85,2898Ev05 74.276UE"])D *3,4565E%05 *2,794(FE=05 »2,2585E~05
VSPIN
3,1927Eep) }.6275E%Q| |.1p60B 0] B,4>57Ew02 6,8958Ewp2 5,858 )E-g2 5, (86Esu2 4,%637Eepe 3,7958Ewp2 3,287 E-g2
"2+9280E502 2.6624E%02 2,390\ K902 2+0699E«02 | .9|60E=02 |.8]05E%02 |,689|E*p2 |,64|5E*02 |.6407Ee02 |,674)E-g2
«7353E3g2 | .82} (Evge 2 16153Eeg2 2,858gFr E 3,4507Ee
3. 02 4, ,7919Erg2 6,4612E*02 7,2|B80E+*02 O,0735E*p2 02 |«0131E"ny
19136)En0| {,2747E%Q| 1.4307Eng| }.606|E=0| 1,8027Emp| 2,0228Een| 2,2686Ew0| 2,542)Ee0| 2,8455Eeq; 3,|895Eep)
T3.5486€e0|  3.,9506E%g} 4,3867Eep| 4,8559E=0| 5,3558Ewn| 8,882bEeg| 6,43pjEv0| 6,9905Er0| 7 ,5533Een; 8,|(p59E=g|
_B46335Ew0| 9, (98E*Q} 9,5477B=0| 9,900\E~0| _i,0|62E*pp |.0319E%00 1,p3s4Ev00 |.U29 E%00 |.pl02BE*0Q 9,8032Erg)
9,4058E=0) ~8.9250E7p| 8,3787Ewp| 7,7859E=0| 7,i1657Eep| 6,5338Eep| 5,9||7Ew0) 5,3066EeQ] 4,7303Evp| 4,)902E-p|
3,69 |0Ev0| 3.2349Enp| 2,8227Beg| 2,4533Eep| 2,!125QE*0| 1,833|E=pj (,5806Ee0y |,3583Fep| 1,]165Ev0| 9,9762E=g2
8.5302E%02 7.284BEwpZ 6,2|48Bv02 5,2972E%02 4,5| |8Evg2 3,B8404Ee02 3,2673Ee02 2,7784Ev02 2,36|9En02 2,0072E~p2
|»7054E+02 |.4487Evp2 |,23056%02 |,0450E~02 8,8742E»03 7,53%5E~03 6,3986EeD3_ 5,433 |Ev03 4,6|33Ew03 3I,9|73Erp3
"3.3264Ee03  2,8247Ewpd  2,39878e03 2,0371E«03 |,730|Ev03 | ,4695E=03 | ,2482Ew03 |,0603Es03 9,007(Er04 7,652|Evpq
_6450|4E«D4  5,5242E%04 4,694|Ev04 3,989|E~04 3,3902Ewp4 2,88j4E=04 2,449 |Ev04  2,08|9Ev04 1,7698Ev04 _|,5046Ecnq
1 v2792E704 | 0877E904 9,249 |E®05 7,8653E=05 6,6890E=05
YCOULM
{«5310E«01 1+5910E*Q| 1.5309E%0] 1,+5309F0| 1,5309E«0| |,5309E*0] 1,5308E+01 |,5308E*0) 1,5307E+0| |,5306E=~0]|
1+5305E¢D| [.5308E*y| _ (,5300E*0| |,5295E40y 1,5290E*0| _|.5284E*0)| 1,527Q€e0) 1,5292E¢p)] 1,523|1E«0| |.5207E¢p
1+5180E®D) 1+ 5T49E%0T 1,51 16B%0| 1+5079E%0| |,5039E%0) |, 49V6E%D| | ,4949Ee0| |.48Y9EsQ| | ,4847E%0| |.4799E¢0
1+473\Eep| | 14669E%p| 1.4603E%0| },4534E0| ) ,4462Een| | ,4387E¢q| | ,4308Ee0) |,4226E*D} j,4[41E*0]| |.4p53Eep
|+3962E«0|  |.3867E%01 |,3770E%0| 1,3669€¢0| |,3564E%q| | ,3457E%0} ) ,3346E¢0| |,3233E€0| |,3{/16E¥0[ |.2996E%0]|
[ +2872E€0| | +2746E*p| 1.2616E%0] |,2483E¢Q) |,2346Ev0) |,2207E%n) |,2064E€0) |.|)919E*Q) {|,1769E*0| |,|6(7E*p}
|« 1462E%0| |+|S03E*Q] (1|44jE%Q| |+0976E%0) |,0B08E%Q| |,0656E*p| |,0462E+0| |.0284Ee0y 1,0104E*0| 9,930 E«0p
9.76|BE«00  9,5Y91E*QU_ 9.4417H%00 9,2895€e00 9,)420E+00 8,9992Ee0) 8,86p7Esu0 6,7265Ee00 8,5962E+00 8,4696Ev0p
"B8,3470E%00 B.2278E%qu &, 198%00 7.9993Es0q 7,8897E+g0 7,783|E%00 7,6793Ee00 7,5782E+Qp 7,4798E+0p 7,3839E+qp
7,2905E%0(  7)993E*QU _7,|{0aB%00 7,0237EeQp 6,939 EepQ 6.8565E%0Q 6,7758Ee0D  6.697QE%00 6,620 E*00 6,5448E+0g
T6:4T7 | 3Ex00 6.3994Equ 6,329 E%00 6,2603FEe00 6,1930E*00 6,127 |E*00 6,0626E+50 5.99%4E¢0p 5,9376Een0 5,877¢E<np
5,8 76E+ 5,7599E¢ 5,7024E%00 516465E+ 5,59{7E¢ 5,5379E¢ 5,4852E¢p 5,3827E+0p 5,3328E¢
5.2839E€00 5.,2359E*0U 5,(8878%00 5,(A24E+00 5,0969E%00 5.0522E*00 5.,0082E+00 4. 226E%pp 4.88p9E+gp
_4.8399E«D0 _4,7995E+QU  4,7599E*00_ 4,7209E+00 4,6825E+00 Ll o
VCPL|R
5§,gJ7§§gg; 28, 729E=pe +8,33)56v02 *8,4932E«02 »8,658|Ewvp2 8,826 Evp2 «B,9974E«y2 #9,|72|Evgz 9,53 6E=p2 »9,9052E=p2
#1.0293E20| ©|.q697E=q) w|,1552H%0| ©|2475Ew0| =|,3472Ev0| *|,4548Een| «(,6966E¢D| «|,9785Ewp| w2,3772Eep| ~2,69p5E-p|
53, 1374Eep| 93,6585Ewp| v4,2686E°D| *4,9735E=0| »5,7986EnQ| *6,7602E=p) ~7,8Bp7€Eey) ¥, |86 EvQ| =|,0707E*0Q | +2478E*qQp
8]+4540E«pp 9|, 6940FE*00 v|, 973480 v2,2903E%00 »2,676|E+QD *3,1|7|E*00 =3,625 Ee00 =4,2|69Esng =4,9032E¢0p ~5,6984E+q
»6,6|87E40D u7,6824E¢00 «B8,9)0p8*00 w|,0524E0) »1,{93|EvD| *|,3816Evp| ) ,595|Ee0| w|,83B5E¢p| 2,]||50E*0| =2,4279EeQ
82, 7B02E40| %3, (745E%0| 3,63 (|8¢0| w4, 097 (Ee0| v4,6264E%D| =5,[996Eeg| <5,8|28Ee0| =6,4598E¢0| =7, (3)7E«0| ~7,8)62Eq
®B,4984E40| 9, )603E*)| 9,78 9E%0| v),0342E+02 =|,0819E«02 *(,)|94E#p2 = |, 45|EeU2 »),|577E*02 =|,|567E%02 =|,|422E*Q2
8 4| 4BE€02 * |, p758ESQ2 ), 0267E*02 ¢V ,6975E¢0| ©9,0689E+0| ~B8,4030Ev0| *7,7|94E+0| *7,0358E%n| *6,3668E+p; =5,724|Eep)
25,1 |62E)| w4.549|E+p) 4,p280E*0| ~3,5485E¢Q| *3,||63Evp| *2,728QE*p| «2,38)4Eep| »2,0739Evp| =|,8022E*0y ~|,5632E+0)
¥ 3538E*0| ©1.|707E*(] =1,0||SE*Q| =B8,726(E+00 v7,5229E#00 *6,4806E*pp =5,5790E+00 »4.8p02E*ny +4,]28gE+*00 ~3,5484E+pp
83,049)E+00 :2.5;955'00 ©2,2494E%00 ] ,93|4E+00 »|,6579E*00 *|,4230E*00 ~1,22)|E»D0 *|,0478E*QQ *8,9897Evp| ~7,7(2¢E~0|
%6.6)55E~D]| ©5,67/45Em)| ~4,8470E%0| *4,1742E«0) ~3,5799Eeq| ©3,070(E~D| ~2,6328E~0) =2,2578Ev0| vi,936)Eep| =|,6602E~p)
21+4236EnD| =|.2207Emp| v|,04676"0| *8,9752E=02 *7,6958Ev02 *6,5988Evg2 =5,6580E+02 4,85 4Evp2 "4,|597E=02 r3,5667Enp2
=3,058En02 72,622 |E*02 v2,2482E%02 v|,9277E=02 | ,6528E%02
VEPL) 1
2+.4090E203 2.4740E")8 2,5406E°03 <2+60J|Ew03 2+6794EPQ3 2,75|6E"03 2,8258Ev(3 2,9020E*03 3,0805E°Q03 3,2277E-p3
3.4040E=03  3.590UE"p3  3,9929B203 4,44 |Ee03 4,9396Evp3 5,4940Ev03 6,7965Ewy3 8,4978Ee03 |,040)EvD2 | ,2867E~p2
1+5917E202 | +969UE"p2 2,4357E%02 3.0130E-02 3,7271Ev02 4,8)04E%p2 5,7028E«p2 7,0539E°02 8,7249E702 | ,079E"p
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|.3346E«0| ) 620%Ewg) 2,04)0E=0| 2,5236E=0| 3,|2n0EwD] 3I,BD08EeQ| 4,7666Ee0| 5,B8Y8Ewp| 7,2756Ew0| 8,9844E~p
" Tet0Y0E*00  |.36B(E*g0 1 ,6867E*00 2,077BE«Dp 2,557 1E#00 3,)430E*00 3,8572E«00 4,7249E%0p 5,7742E%00 7,.0365E+qg
8.5444E+D0 1 ,033UE%p} ) ,2423E%0| |,484(Ee| | ,7588Ewp} 2,0636E¢g| 2,39 9Ee0| 2.73)15Eep| 3,0628E¢0| 3,3582E+q)
J.5019E*p| 3,6923E*p| 3,6457E*0| J,4047E+0| 2,9467E*q| 2,273AE%0| |,4|65Ee0| 4,3762Ee0( =5,80|2E200 " |+OA64E*D|
»2,3805E¢0) =3.0247E¢Q| *3,45|68+0) »3,6033E+0) r3,6852E¢D| =3,5562E¢(| =3,3(99E«0| 8,0)75Ee0) »2,6836E40| r2,3446E¢0
©2,0190E¢0( *).7[8|E*p] «],4480E%0| =1+2108E+0| ~1,006{E«p| »8,3{56E«00 «6,8443E+0) 5,64 E«pp »4,592 E¢qgg ~3,7478E+qq
23,053 |E€0y 92,4835E¢00 «2,0(77E%00 v ,6377E+00 *|,3282E¢00 *|,0766E¥Dy =8,72)2E=0} =7,062|Ev0| =5,7|67Ev0| ~4,6264E=0)
n3,7432E20(1 =3.p28{Evg| ~2,4492Ew0| =) .9608E~0| *1,6018Ewq| =|,2952E%g} +j,0472Ee0| 8,487 (Ewg2 *6,8455Ee02 ~5,5343Ewp2
24,474 |E202 =3.6)7UE*Q2 =2,92408%02 =2,3637E~02 ~|,9|08Er02 =|,5446Ew02 =) ,2486E02 = |,00%4Ewp2 =8, |592E=03 ~6,5956E=03
3. 3316E~03 v4.3098E"Qd +3,4838Ev08 »2,8/62E*03 "2,2764ErQ03 v | ,B402E"03 =) ,4875E«03 *|,2024E"03 9,7 |96E*p4 ~7,8568E-04
€6,35{0E®04 5. |S38E*()4 =4,1499E*04 93 ,3546E«04 »2,7 | |7Ee04
VCPL2R
3.4789Ewp| 3.5464E~p} 3,6(52B%0| 3.6853E=0| 3,7568EwQ| 3,8297Eeg| 3,9040Eep} 3,97Y8Eeg| 4,|357EeQ| 4,2977E-p)
4466 E"g| 4.64{YEvg] 5,p||8B%0| 5.412)FE0| 5,8443Evg) 6,3||0E®0( 7,359 |Ew0i B,5809Ewq| 1.0005E*0p |.|665E%np
|+360pE*00 |.5855E¢py | ,.8482E%0p 2.)542E¢0p 2,5|07E*pQ 2,9258E*gg  3,409iEe0p 3,97|6Eeqgp  #4,626pE*gp 5,387 Eeqq
8,27 |7TE*gQ 7.2994E%qy 6,4926E%() Y,B769F+0g (148 [E*)| | .3339E*p| [,5487E«0| [,7/968E*0| 2.0826E%0] 2,4 |VE%p|
2.7897E%0| 3.2223E*g) 3,7,60E%0) 4,2773Ee0; 4,9)28BEs0| 5,6285E%p) 6,4296Es0) 7,3200E%0| B,3p08E~Q) 9,37092E%p)
T)-0521E*€02 7 1. (742E%p2 1,301 1E*0Q |+4299E%p2 | .5566E%02 | ,6759E*g2 | ,78,4Eeg2 |, B855E%g2 |,.9200E*02 {.9369E%p2
|»9052E*p2 | +820%E*g2 | .677pB%02 |+473)Eep2 |.2)09E*p2 8,9765E¢p| 5,4435Eeq) | ,6596E+q| ’Z'ZQZZEiDI,'sjgéoge'Ol
99,4457E40| 9. 2512E%02 »(,5054E¥02 *|,7(09E+p2 »|,B3I59E#p2 *|,9|26E#%02 =) ,9364Ee02 &,V 44Eep2 ¥ ,B553E¥02 » |, 7676E+p2
c)16598E4p2 w; 589 (E*p2 v ,4)(BB4p2 v|,2830E+02 =), |566E*p2 *|,0354E*p2 *9,2|42Eeq) 8,57 gF#p| «7,|889Eep; 6,3 3E%p)
*5.5224E¥%g| T4 B|BAE¥Q| «4,|93BEV)| v3,86424E*0| 3+ (577EVQ| "2, 7333E%n| *2,3627E%0) *2,0400E*0| " |.7596E¥D| = |.5{65E%p
®|13060E*0| =4, )24UE*p| »9,6690E*00 *B,3(34Ee0Q »7,|450E+pp =6, 387EegQ *5,2726E+0Q =4,5276E¢+0p »3,887pEepg r3,3364E+qp
22,B634E*00 ©2,4571E*Qy »2,10B828%00 ~|,8087E+00 *|,55/5E*00 =i ,3309Eeqq ={,14[5Ee00 *¥,7908E»pn| »8,3970E=0| ~7,2013Eng
86, |757E70]| 35.29Y6(UEe(j| «4,54{5EwD| n3,8944F =0} *3,3394Eeg| =2,8635Ewn| =2,4554E«0| =2,|p>4E=0) *|,B8053E~0| ~|,5479Ewqp|
2|, 5273620 <l.)38fE=Q| «9,7580E®02 *»B,3668E~02 7, (739E«)2
vecPL2!
51.4461EnD2 | 485[E=02 ={,525|EnD2 v[,5662E%02 ~(,60B4EvQ2 =) ,65(BE=02 =1,6963E»02 |,/ 420FE"02 *|,B372E002 =] ,9376E=02
»2,0434Ev02 r2,|550Ee02 «2,3969E02 =2,6659E«02 «2,965|Ev02 =3,2979Ee02 «4,0797Ew02 »5,0469Ev02 =6,2432Ev02 ~7,7230Es0p
89,55356202 v|,|8)8Eeqg| v ,46|8E=0] *|,8UB82E~0| "2,2366Ee0| »2,7663E=p| 3,42 4Ee(| 4 ,23|5Ewp| »5,2329EeQ| r6,4708E~p)
®8,0007E~D| =9,89)|E*p) «|,2226E%0Y =1,5)I10E«0Q =|,8669Ee0) »2,3059E*0) «2,8472E¢00 *3,5)39E¢0) =4,3344E+0p ~5,3426E+qp
96,5797E00 =8.,0945E¢0( »9,9450E%00 ~1,2|96EeD| v|,4932E¢0| v ,8232Eep| *2,2|9|EeQ| »2,6904Ewp| #3,246Q0E+p| ~3,B924E+g)
r4.6322E40| "5,4599E%| ¢6,3579E*0| #7,2902E«0| ~8,|949E«g| *B,9758Eeqn| 9,4960FEey| wV,5740Ewp| wB,9904Evnj r7,5092E¢p
v4, 9 90E*0| =|.0YB4E%)| 3,90576%0| 9,B045Ee0| [,6036E¢02 2,1B11E®02 2.,624YEs02 Z,B8590E%02 2,8407E*02 2,5735E402
2.1057E«02 | ,5|65E%02 8,9364E%*0| 3,|360EeD| =|{,7)24E+0| *5,3576Eeq| «7,78) |EeD) *»9,(217E*0| =9,3977E+p| ~9,4447E+p)
v8,877BEep| oB,072{E%p| 7, |5B6Ee0| n6,228 |Fep( «5,J3B3E#(| v4,5223E0| «3,7956E¢0) =3, 622E¢0| 2,6 90E+p| =2, |589E+qp
=|.772BE«p| v{,4514E%q| v, (B53E+0| ©9,66|2Ee0Q »7,B6|9Ewpnp *6,3895E=qQ =5,)875E+0() 4,208 E*pp =3,4||3EepQ ~2,7639E+qgg
i?.ZSBSE-b0'=|IB;EUE'QQ v|4685B%0] #7,|B56EeDp »V,5996Evg| =7, 76FBEwp| =6,2799E«py| «B,07B4Eeq| w4, |b5Erp| ~3,3204E"p)
v2,6846Eap| 22.|702Ewp| +|,7548BED| =|,4|86Eep| v|,|468Enp]| *9,27|{Eep2 =7,4947Ewp2 »6,0586Ee02 v4,8977Ewp2 3,959 Eep2
#3.2004Eep2 %2.587[Emp2 «2,09 38902 | ,8905F=02 *|,3665Ew02 = |,]d/E=g2 *B,9295EFeq3 v7,2|8|Evpg3 »5,834BEvr3 =4,/ | 65E=q3
#3,8|26E8p3 n3,0B|YEw)S w2,49|2Be03 v2,0|30FE03 r|,6278Es(d

BMATRX FOR INTYPE=Z INTMAX®E|
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N - 0 S S | B I - S _ I .
S*CMATRIX FOR JyiKeNLY® 0 v S 7 - - o )
Ceiid4p|4|0E-01 1+349926E=01) ( 2+750237E=03 *|:559105E=03) § |+ |V9652E=03 -2,946383E~03) (
N= T 2 H
ke 0_ 2 e - . . . o — .
Js 172 572 372
FECMATRIX FOR JJdKeNLJE ) 2 777 - T - T - " - ‘“* - T
{ 4.95|707E-~02 6.,]36909E=02) (*8,76(0|43Ewp4 3, 246638E=03) ( |+536092E=p2 7,742887E~p3) ¢
Ne 1 2 2 L . e _ B}
L= ] 3 !

Ja_ i/2 5/2 372 .
SRCHMATRIX FBR JJsKeNLJE 2 | |

(22,4967 6E-j2 4,(68742Emg2) ( |+929499Ew04 | +376254E=(4) (=2,97|7|6E=Q5
( 1s343257E-02 | 263805E=04) ¢
Ne 2 e 2 2

L» 2 4 3 2 0
PL 372 7/2_ 5/2 3/e (/2

-1,663388Eep3)

(2.015055E"03 2. (04788E=(3)

PACMATRIX FOR JUeKoNLJE 2 2 |

U 7.361576E~02 V.462940E=02) (*2,70|566E=p3 3,7 3664E~Q3) (+5.,83385(Ewp4 |.3??326E?E§7”'-1.|d53235-02 “w8,5B878pE*(3)
(%) 4058809E~(2 ~64215575E=03) ¢ _ e - e

N= ] 2 '3 2 2

Le | 3 ) | |

Js 3/2 172 s/2 8/e (/2 _ o i
®2CMATRIX FBR JJeKeNLJ® 3 | | ) )

(«2.022577E-02 2,574969Ewp2) (*2.¥23965E=05 4,229065E=04) ( 6,056132Ee(5 9,47 |65E=5) (=| 4709 |3E"g3 2.40|9256703)

{ 43670248E-05 |,306536E~03) (*8,200525E~03 »6,373828E=03) ¢

N= L2 22 2 1
L= 2 4 L] 2 2 [}
J3 . 5/2 9/2 _7/2 5/2 32 142

PCCMATRIX FOR JJeKoNLJ® 3 2 4

U 1.071448E-g2 7.[280Y9E=03) (+B,245570E~05 |,290866E=04) [ 5,7(6V 4E=p4
(v)7208534E-03 2,9|5264E=03) ¢ |.587669E-03 v4:892662E-03) ¢

Ns 1 1 é 2 2 1

(=1+|6F13BErS =2,435456E°04)

Ls 3 5 3 3 }
JB  5/2 972 772 5/2 372 |42

CECMATRIX FOR JUsKaNLJ® 4 |

¢
( 6407 )n70E=04 B8,2864|5Ew04) ( 4,]|05459Ew05 »|,755220E=05) (e8,0806556E-05
{w34|579|5E-04 ~|430322E-D4) ¢

Ns | 2 é 2 2

8,19294%"p5)

({4 73758BE=g4 || |5754E"4)

L= 4 4 4 2 2
Ja 7/2 9/2 772 5/¢ 3/2
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PECMATRIX FOR JJ!KaNLJ" ¢4 t

2
U T«772140E~-02 [,8739688E=02) (| ,709052E»04 2:259B45E=05) (w3,2723Y5E-75
(w4.772929E-04 ~2.945644E=04) ( 5,75|075E=03 =6,508066E-03) ¢

2,549720Ewp5) (=7 4BG708E=03 3 5VGABSE=(3)

Ne 2 e 2 2 2
L 3 s 5 3 I
Js 7/2 1472 9/2 1/¢ 5/2 342

®*CMATRIX FOR JJsKeNLJ" 5

U 2.0812B8E~03 6,8256|6E~g4) (~| 16499 6Ev04 4+)221B6E=05) (=3,644868E=05

N P72 72 2 T B - -

b= 4 4 4 2
Je o 972 %2 772 5/2

| +90687AE®S) (=24 3V357(E~(04 =6.5|BAB7E=(4)

®REACHMATRIX 78R JJ.K.NLI¥ 5 2 I

{ 2i597917E-04 |, |15348E=04) ( 3,847026E206 | 1802680E08) (201431305

(=) +047567E~(4 =] +82429Y8E~p4) (

N& 2 T e€¢ T2 7 - Tttt T
5

3.d 5 kd 3 3
We 972 11/2 972 772 5/2

*eCMATRIX FOR JJFKaNLIF 6 27 e e
t 2.805794E-04 2,893353E=p4) t 3,525929E-

U6 =3+243|79E=08) (v2,B873(|8E~06 ~|,4658) E~gb) ( 5,|)1306%9E05 »2.002]56E=04)

Ns= | 2 4 H
L= 5 5 ) 3
e /2 1172 9/2 T/2 o o . . o

SGTOTL= 2169|1202E*§2 REACCR= 2,344604E+02

STRGFS= 2¢425366E#9| STYRGFPs 14980327Ew0| FOR NPSu|
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st SCATTERING YO 0 (+) STATE AT__ (=MEV eetcr  (Fals = ,DQWVEGREE) NPSFE|
ANGLE _SUMTH _POLTH  ANGLE  SGMTH_ POLTH _ ANGLE SGMTH POLTH
5.0 | +38452E8y7 =, 000 6540 4,97364E¢(2 1003 12540 6,53592E¢( | ",01
0.0 8,7y823E+y5 000 700 3,73020E%*02 1018 130+0 5,74701E*p | "y0]9
15,0 1:72483E+05 _ »,000 _ 75:0 _2.93977E%02 _ 1033 13500 _S.11413E*g) _ *,0]6
20,0 5.45998E4)4 =000 8040 2,4)553E+02 1045 14010 4,6]728E%g) =014
2549 2,278 (Eeys 000 _ 85,0 __ 2,0444pEey2 4052 14590 __4.23542E%p | c.0]0
30.0 1+ 4040Ewy4 Bue 900 1¢76062E*02 +052 150:0 3,948 1E#*qQ| *+005
35.9 6.,4Y356E«(3 1001 95,40 1152805E%02 047 15540 35,73674E%p | »,000
0.0 3.84675E«U3 =, 803 100+D 1+32830E«02 +039 160+0 3,58528E+p| 1003
45.0 2,4U483Eey3 w007 105:0 __ |415298Ee02 _ ,028 165:0  3,48067E¢g) 1004
50.0 1.54507E«y3 w0} 11040 9,98792E%0 1 v016 17040 5,41290E*p| 1004
55,0 |+02083E+U3 =012 115:0 _ 8,64596E¢0| _ .00 17500 _5.37499%E%p) 002
60.0 6:971u5E%y2 -, 008 120+0 7,49799E+0 1004 -0 v6,47658%26| r0
7 e RUTHERFBRD CROSS SECT]ON o S
5.0 11382126497 5000 1,57)86Ee03 99,0 _|.697plE«02 14050  6443078Ee+Q)
10,0 B.69U07E*p> 5540 I, |10302E+03 10040 11456 | 0E+02 14940  6+06079E+Q|
15.0 1172749E+g> 6Q:0  B8,02282E¢02 105,90 1,26573E402 150¢0 54760 (3E#Q|
20,0 S+51475E+Q4 65,0 6,01646E%02 11040 1+]1365E«D2 155,0  5151926E«Q |
25,0 | 2:28480E+ (4 _ 7040 4,63278Eep2  _ _ _[15:0 _9,91038Eep} 1600 . 5¢33091E*p)
30,0 1+ 11743E%(4 7540 3.,65|06E+D2 12040 8,91425E«0 | 165,0 5.)8959E«p}
35.0  6413253E%pS _ 80y0_  2,93722Ee02 _ 12540 _8,]0012E=0| 17000 5409[32€«p)
40,0 3,6643BEe(s 85,0 2,40699E+02 1800  7,43i98E«l| 175¢0  ®,03340E«0|
45,0 2.33802E+gY 904 2,0057 |E+D2 1350 6,88249E«0]| "0 "6,47658-26|
se*%e  _ SCATYERING TO 2 (s) STATE AT |.000=MEV _ ***"* (Fale  ,00DEGREE) NPS=|
ANGLE SGMTH POLTH ANGLE SGMTH POLTH ANGLE SGMTH POLTH
_ 5.9 |+5B622EwU) =003 65:0  7,4]03(E-Q2 2] __125:0_ 2,849 |6Erp2  ~,384
10.0 {055 (27E=y =, 006 700 7,00756E+02 "y 151 13010 2,887626=02 =302
15.0 1149575E=0 | =010 7540 6,63397E=02 .86 _ 18550 $.0|94)E=g2 _ ",2]4
20.0 [ 142342Ew =04 8040 6,26057E=02 *:225 1400 3,28665E=02 ", |37
25.0 1+33900Ewy ] *,018 85,0 5,8645(E=02 =267 145:0 3.64|23E"02 ",078
300 | «24766Esy} .. 023 S010 5143354E-02 *13|2 15000 4,048506"02 =4 039
35,0 | 1+13456E~0j L= 029 9540 _ #4,96885E=02 =357 155:0  4.47}19E"Q2 _ *,0]|5
40.0 | +06432Ewy | *, 436 1000 4,48539E-02 L] 180+0 4,8730|E=Q2 *y002
45.0 9,806063Ex02 «y046 _ _ ip5:0 _4,00970E~02 ri44g _ 18530 2.22151EmQ2 2004
50.0  9.06078Ew02 -, 059 t1oe0 3,57557€E~02 465 170+0 5,49007E=02 » 005
55,0 B8+4]68)Ewg2 =, 875 11540 3:2(835E=02 ", 469 [RATY) 5,659 |5E*p2 1003
60.0 T«87179E«(2 v, 896 12040 2:96902E*D2 443 *0 n6,47658w24| =0
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VIi. 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.



PROGRAM JP1MAIN

ccccce ARk COMMON STATEMENTS THAT ARE COMMON YO ALL THE ROUYINES FE
COMMON FACLOG(500) +RAC+TAVIB,ICIDyTE+IF,L9(9),U9

COMMON KTRL(30) ,KEXCOM{50), EXTCOM{50) ,KTLOUT{ 30}
COMMON F{T1)+G(71)FDUTO),GD(T7O),ETA,SIGMAZ,RHOMX 4RDyLMAX

COMMON ANGLER(100),AR(70Y,ATI(70),BR{70},BI(70V,CE(TIO0Y,DRUIDY,
ECM{10),

TTMULT{10), TIREADT10) . KPRITRT IOV, JJROW(3OT,LLROWT3DT,
NNROW(30) +QVALUE(10),SGMAZZ(10),THETA(100),VCOUPL(20),

£ N e

WN(10) +WNINI(10),WC(10)
COMMON ISTRTWTICPLE, INVYPE, INTMAX, ITXCAL,IIXPLT,ITPCAL,

1 TIPPLT s JJJIMAX s MXROW, NXMAX s NXCPLE4NANGLR,NDFMES,
2 AMUPMU 4 CHARGE y CFUNIT,DFN.DFNS, DFNW, DFNSP,ELAB,ETUNIT,
3 PMAS,RMAS yRZERO+RZEROC +RZERDOS,RZERDW,RZ7ROSP,
4 RMAXyRBAR ¢ SGMAR s TMAS 4 VSX o VSF VSO, WS X, WSF,XMAX, XBAR,
5 XMES14+XMESZ2+WNUNIT,TTR,TTI,ZERQ T
TYPE COMPLEX TTR,TTI,LZERO
cccccce bkl b b COMMON FIELDS USED IN COMMON BY SEVERAL ROUTINES TEERK
COMMON EXTRA4(12190)
COMMON AMS(3,3,3),BMTR(10,10,3),BMTI{10,10,3),NENSBPT3T,
1 NENSBT(3)4SGMEXP(10046),POLEXP(109,7?),FAI(4)4,NFAI,
2 NPOLST
cccecc kX Kk DIMENSION FIELDS USED ONLY IN THIS ROUTINE REEERERL

DIMENSION MENSBT (20,3),0CCUPA(20,3),EULER(3,3)
EQUIVALENCE (EXTRA4( 1) s MENSBT ), (EXTRA4( 61),0CCUPA),

1 (EXTRA4( 121),EULER)
DIMENSION IT0T(6),11BB(6),KPBB(6)

TYPE INTEGER ISBB,IIBB,KPBB,AMPMWR
EQUIVALENCE (AR, ISBB),{AR(2),118B8B),(AR(8),KPBB),(AR(141},II0T)

cccecc IF KTRL(1)=0 TARGET IS OF EVEN A, IF=1 TARGET IS OF 00D A,
ccccecec IF KTRL{3)=1 REACTION AND TOTAL CROSS SECTIONS ARE COMPUTED.
¢ccccc IF KTRL(3)=2 DIFFERENTTAL CRQOSS SECTIONS ARE NOT COMPOTED.
cccccc IF KTRL(4)=1 DIAGONAL ELEMENTS OF ALPHA*ALPHA TERM ARE ADDED.
cccccc IF KTRL(7)=1 ADIABATIC ASSUMPTION TS MADE. -

cccccce IF KTRL{8)=1 BOTH PROJECTILE AND TARGET ARE INITTIALLY POLARIZED.
cccccc IF KTRL(8)=2 ONLY THE PROJECTILE IS INITIALLY POLARIZED.

cccecc IF KTRL(B)=3 ONLY THE TARGET IS INITIALLY POLARIZED.

cccccc IF KTRL(9)=1 RANGES OF JJJ AND K ARE RESTRTCTED BY KEXCOMI{5,6,71).
ccceccec IF KTRL(9)=2 RANGES OF JJJ AND K ARE RESTRICTED BY KEXCOM(5,6).
ccccecce IF KTRL({11)=1 EXPANSION OF V IN LEGENDRE POLINOMIAL IS MADE.
cccccc IF KTRL(12)=1 COMPLEX COUPLING IS TAKEN,

cccccce IF KTRL(13)=1 COULOMB EXCITATION IS ADDED.

ccccce IF KTRL(17)=1 ELASTIC XSEC IS DIVIDED RY RUVHERFORD XSEC.

cccccc IF KTRL(19)=1 SPIN-SPIN INTERACTION IS TONSTDERED.

cccccc IF KTRLE27)=1 IT IS ASSUMED THAT C-MARICES WERE ALREADY COMPUTED.
cccecce KEXCOM{2)=NXMAX=NXCPLE IF NON-ZERO {(CCCTRL,SN-181Y}

ccececc KEXCOM(4)=INCREMENT OF NXMAX. (CCCTRL).

cccecce KEXCOM{ 5,64 7)=JMINy, JMAX,KPARTITY USED WHEN KTRL(9) TS NON-ZERO.
cceccce KEXCOM(12)=SPIN OF TWO—-PHONON CORE STATE (INTYPE=5).

cccccce KEXCOM(13)=NUMBER OF THREE-PHONON STATES (INTYPE=3],

cccccec KEXCOM{14)=LLMAX IN NLJJJK.

cccecc KEXCOM(21-27) GIVE NUMBER OF STYATES IN THE GROUND BAND,AND
cccccc K=0+40=¢y2¢+41~42-43- BANDS.

cccccc KEXCOM(28)1=KIREPT (BMATRX,AMATRX)

cccccc KEXCOM(41)=KBOUND (C.F.COUPLE)

ccecccce KEXCOM(42)=NBOUND ({C.F.COUPLE)

cccccce KEXCOM(43)=MXROWI (C.F.COUPLE)

cccccc KEXCOM{454,461=9J,K IN NLJJJIK.

TTR=(1.0,0.0) ¢ TTI=(0.0,1.0) $ ZERO=(0.0,0.0)

701 FORMAT(1415)




702
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FORMAT(10F7.2)

703
04

FORMAT(3(215,F10.31)
FORMAT(15,4F7.2)

705
4000

FORMAT(10F7.3,12)
FORMAT{1H1)

4100

FORMAT (1H0)
FACLOGU1)=FACLOG(2)=0.0 $ FN=l.0

10

DO 10 N=3,500 $ FN=FN+1.0
FACLOG(N)=FACLOGIN—1)+LOGF [FN)

100

READ(54+4701)s (KTRLIN)+N=1,28}, (KEXCOM(N}4yN=1,14),(KTLOUT(N},N=1,28)CARD 1-5

READ(54702) s (EXTCOM(N)4N=1,10)

CARD 6

1

READ(5+701), ITCPLEy INTYPE, INTMAX, ISTRTWsNANGLR, TIXCAL, IIXPLT,
TIPCAL,IIPPLT,KANGRD

CARD 7

102

IF(INTYPE-6) 103,102,103
READ(5,701)+ {KEXCOM(N)4N=21,27)

CARD 7.1

103

ITTRMAX=[ICPLE*(1-KTRL(T7))+IIXCAL*KTRL{7)
READ(5+703), ( ITREAD(N}4KPRITRI(N)QVALUE(N)} 4N=1,IIRMAX)

CARD 8

105

READ(5,702)+ELAB,PMAS,TMAS ,CHARGE s XMES1+XMES2, AMUPMU
IF(XKANGRD) 112,111,112

CARD 9

111
112

READ{5,702), (ANGLERIN)yN=1.NANGLR) $ GO TO 115
READ(5+702) yANGMIN,ANGDEL $ ANG=ANGMIN

CARD I0
CARD 10

113

DO 113 N=1,NANGLR $ ANGLER(N)=ANG
ANG=ANG+ANGDEL

115
117

DO 117 I1l=1,IIXPLT
READ{(5,702) + (SGMEXP(N,I1)4N=1,NANGLR)

CARD10.1

119

DO 119 I1=1,11IPPLT
READ(5,702), (POLEXP(N,I1)4N=14NANGLR)

CARD10.1

128
131

IF(KTRL(8)) 132,131,132
NFAI=1 $ FAI(1)=0.0 $ GO TO 137

132

READ(5, 7041, NFAT,(FAT(N),N=1,2)
DO 135 N=1,2

CARD 1T

135
137

FAT(N}=FAI(N)*0.0174532925
DO 138 N=1,NANGLR

138

THETA(N)=ANGLER(N)*0.0174532925
NPOLST=1

MULSPN=TSTRTW+1 $ FMLSPN=MULSPN §$ SQRTSP=1.0/SGRTF(FMLSPN]
MULT1Z=ITIREAD(L)+TIREAD(1)+1-KTRLI(1)

FSO=MULTIZ $ FSO0=1.0/FSQ $ FSQINV=SQRTF(FSQ)
DQ 155 N1=1+3 $ DO 155 M1=1,3 $ DO 145 M2=1,.3

145
155

AMS(M1,M2,N1)=0.0
AMS(M1,M1,N1)=SQRTSP

157

DD 160 N1=1,3 & DO 160 MI=1,MULTLIZ § OO0 157 M2=1,MULT1Z
BMTR(ML,M2,N1)=BMTI(M1,M2,N1)=0.0

160

BMTR (M1.,M1,N1}=FSQINV
DO 180 N=1+3 $ NENSBP(N)=MULSPN $ NENSBT(N}=MULTI12

D0 180 NE2R=1,MULT1Z
MENSBT{NE2R,N}=2*(—TIREAD{1)+NE2R) -1

189

OCCUPA(NE2R,N)=FSQ
IF(KTRL{8)) 190,400,190

190

READ(5,701),NPOLST, (NENSBP (N1) ,NENSBT(NL) ,NL=1,3)
IF(KTRL(8)-3) 195,210,195

CARD 12

195

DO 197 N3=1,NPOLST
READ(54702)+ ((AMS(N1yN2,N3)4N2=1,MULSPN)4N1=1,MULSPN)

CARD 13

197
210

CONTINUE
IF(KTRL{B)=-2) 215,400,215

215

DO 290 NPS=1,NPOLST
N1MAX=NENSBT(NPS) $  NZMAX=MULT12

READ(5,701 )+ (MENSBT(NL+NPS)yN1=LyNIMAX)
READ(5+702) 9 {ULLUPAINLNPS)gNL=1yNLMAX)

CARD 14
CARD 15

READ{5+702)+(EULER (N14NPS),N1=1,3)
DO 225 N1=1,N1MAX

CARD 16

225

OCCUPA{NLsNPS)=SQRTF(OCCUPA(NL,+NPS))
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J1=TIREAD(1)

DO 260 NE2R=1,NIMAX $ MI=MENSBT(NE2R,NPS)
EULL=EULER (1,NPS)*0.0087266463

EUL2=EULER (2,NPS)*0.0087266463
EUL3=EULER (3,NPS}*0.0087266463

CORETA=COSF(EUL2) $ SIBETA=SINF(EULZ2)
DO 255 N1D=1,MULT1Z

N1=—TIREAD(1)+NID $ FN1=N1 $ FMl=Ml
ARG13A=EULL1*(FM1-0.5)+EUL3*(FN1-0.5)

COS13A=COSF(ARG13A) § SINL3A=SINF{-ARGI3A) § JPM=J1+M] § JPN=JI+N1
JMM=J1-M1+1 $ JMN=J1-Nl+1 $ MMN=M1-N1l+1 $ NTMIN=XMAXOF(1,MMN)

230

NTMAX=XMINOF (JPM, JMN) & BMTFC=0.0 $ TFINTMIN-NTMAX)230,230,247
NCOPOW=J1+J1+MMN $ NSIPOW=MMN+1

DCOMFC=EXPF(0.5*%(FACLOG(JPM)+FACLOG(JPN)+FACLOG(JMM} +FACLOG(JIMN}))
SUM=0.0

DO 245 NT=NTMIN,NTMAX
NTTRUE=NT-1 $ NTTW=NT+NT $ K1l=JPM-NTTRUE $ K2=JMN-NTTRUE

K3=NT $§ K&4=NT-MMN+1
NCPW=NCOPOW-NTTW & NSPW=NTTW-NSIPOW

COFC=COBETA*%NCPW & SIFC=SIBETA**NSPW
IF(COBETA) 234,232,234

232
233

IF{NCPW) 234,233,234
COFC=1.0

234
235

IF(SIBETA) 237,235,237
IF(NSPW) 237,236,237

236
237

SIFC=1.0
TERM=( (-1, )**NTTRUE) *COFC*SIFC/

245

EXPF(FACLOG(K1)+FACLOG (K2 V+FACLOG(K3)+FACLOG({K4Y)
SUM=SUM+TERM

2417

BMTFC=DCOMFC*SUM*OCCUPA(NE2R, NPS)
BMTR(NE2R+N1D,NPS)=BMTFC*COS13A

255

BMTI(NE2R.N1D,NPS)=BMTFC%*SIN13A
CONTINUE

260

CONTINUE
DO 262 N1=1,NLMAX

262

OCCUPA(NL,NPS)=0CCUPA(NL4sNPS)%**2
MENSBT(N1,NPS)=MENSBT (N1,NPS})*2-]1

290
400

CONTINUE
READ(54T702) « VSXsWSX,WSF,VSOy (WC{N)4N=1,6) CARD 17

READ(5+702),DFN,DFNW, DFNS, OFNSP,RZERO,RZEROW,RZERUS,RZROSP,RZEROC CARD 18
READ{5+705), (VCOUPL(N)+N=1410)+KREAD1 CARD 19

410

IF(INTYPE-3) 500,410,500
IF(KEXCOM(13)) 420,5004420

420
500

READ(54702)+ (VCOUPL(N)4N=11,20) CARD19.1
WRITE(64+502)

502

FORMAT(LIHL.//77777777)
WRITE(6.,503)

503

FORMAT(31X., 1OH*®**x*xx*xx*%,6X,2 THCOUPLED CHANNEL CALCULATION,SX,

BRI T L)

505

WRITE(6,+505)
FORMAT{ 1H0,48X,22H(ON PROGRAM JUPITQR-1))

510

WRITE(6,510).ELAB,CHARGE, TMAS, PMAS
FORMAT(////21Xy5HELAB=F643410Hy CHARGE=F5.1,8H, TMAS=F7.3,84, P

LMAS=F6.3)

WRITE(6+4513) e VSXoeWSXsWSFeVSO+DFN+DFNWAOENS,DFNSP,

513

. RZERD+RZEROW, RZERGS,RZROSP,RZERDOC, (WC{N},N=1,6)
FORMAT(/// 21Xy 15HVSX ¢ WSXy WSF¢VSO918Xs1H=944F8.3/21X,19HDFN,DFNW,DF

INS.DFNSP o 14Xy LH=4FB.3721Xy 34HRZERO,RZEROW,RZEROSSRZRAOSP,RIEROC=5F8
2¢3/21Xe2HHC 431Xy 1H=6F8,3)

514

ISOE=ISTRTW-2*«(ISTRTW/2) $ IFCUISOE) 516+514+516
ISTROT=ISTRTW/2 $ 1S88=2H $ GO TO 517

516

ISTROT=ISTRTHW $ 1SBB=2H/2



517

S18 FORMAT(1H0,20X+16HPROJECTILE SPIN=I1,A2)

80

WRITE(6,518),ISTROT.ISAS

WRITE(6+520) s IIRMAXsINTYPE , INTMAX,{VCOUPL(N)4N=1,10)

520

FORMAT(1HO0+ 20X+ THI IRMAX=11,8H, INTYPE=11,8H,INTMAX=I1,6H,RETA=10F6.
13)

523

IF(INTYPE-4) 530,523,530
IF(KEXCOM(13)) 524,530,524

524
5217

WRITE(64527)+{ VCOUPL{N) ,N=11,20)
FORMAT (48X, 5SHBETA=1Q0F6.3)

530
532

DO 538 Il=1,1IRMAX $ [F(KTRL(1)) 533,532,533
IIOT(I1)=TIREAD(I1) $ 1I18B(I1)=2H $ GO TO 534

533
.. 534

535
536

IIOT(I1)=1TREAD(T11)%2-1 $ {IBB(I1)=2H/>
_IF(KPRITR(I1)-1) 536,535,536
KPBB(I1)=3H(+) § GO TO 538
KPRR(I1)=3H(-)

538

CONTINUE
WRITE(64540), (1IOT(I),IIBB{I),KPBB(I)QVALUE(I),I=1,1IRMAX)

540

FORMAT(1H0+20X s 14HTARGET STATES+3(2XsI11,A2,A3,4H AT F6.3,5H MEV,))
IF(INTYPE-6) 555,550,555

550
555

WRITE(6+561), (KEXCOM(N)4N=21,27)
WRITE(6,4100) $ WRITE(6,562)+(KTRLIN),N=1,28)

WRITE(64563) y (KEXCOMIN) s N=1414) $ WRITE(6,4564), (KTLOUT(N) N=1,28)
WRITE(64565) 4+ (EXTCOMIN),N=1,10)

557

AMPMWR=3HAMU & IF{AMUPMU) 557,558,557
AMPMWR=3HPMU

558
561

WRITE(64566),XMES]1 +XMES2, AMPMWR
FORMAT(/21X,31HNO. OF STATES IN VARIOUS BANDS=715)

562
563

FORMAT(///7TH KTRL ,2814)
FORMAT(7H KEXCOM,2814)

564
565

FORMAT{TH KTLOUT,2814)
FORMAT(7H EXTCOM,10F10.2)

566

FORMAT (TH XMESL1=FT7.543Xs TH XMES2=F7.5,3X,6H UNIT=A3)
IF(KTRL(B)) 605,601,605

601
605

IF(KTLOUT(1)) 605,650,605
WRITE(64+610)

610

FORMAT(1H1,20X, SH**%%%,5X, 21H INITIAL POLARIZATION;5X, SHé*8&%) B '“‘
DO 680 NPS=1,NPOLST

620

WRITE(6,620) 4 NPS
FORMAT(///20X+9H AMS FOR 11,22H-TH POLARIZATIDN STATE//)

NAMAX=NENSBP[NPS) $§ NIMAX=NENSBTINPS)
DO 640 N1=1,NAMAX -

WRITE(6+635) yN1s (AMSUNL,NZ4NPS),N2=1, MULSPN)

635 FORMAT(10X,5H NE1=11,5X,3F10.5)

640 CONTINUE

645

WRITE{64650)y(EULER (N1 NPS),N1=1,3)

650

FORMAT(///12X+2HMN;3X, 6HWE IGHT 4 10X, 3HBMT ,5X, 3H*%%, 2X, 15H EULER ANG
ILES =3F7.2//)

DO 670 N1=1,N1MAX

DO 663 N2=1,MULT1Z
BRIN2)=BMTR(N1.,N2,NPS)
BI(N2)=BMTII(N1,N2,NPS)

665

WRITE(6+665) 4N1y MENSBT(N1,NPS) 4O0CCUPA(NL yNPS),(BRINZ) N2=1,MULT1Z)
FORMAT(5H NE2=12+2X+13,2H/24F9.4¢2Xs 10F9.4)

667

WRITE(6+4667)4(BI(N2)yN2=1,MULT17)
FORMAT(25X410F9.4)

670
680

CONTINUE
CONTINUE

690

WRITE(6,44000)
CALL CCCTRL

GO TO (100+105,400),KREADL
END JPIMAIN
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SUBROUTINE CCCTRL
CCLTCT — ¥¥¥XX¥  COMMON STATEMENTS THAT ARE CUMMON TU ALL THE ROUTTNES  *¥¥

COMMON FACLOG(500) yRAC, 1A, IByIC,IDsI[ELIF,LI(I),U9
COMMON ——  KTRLU{3U0J,KEXCUOM{50),EXTCUMIS0) ., KTLOUT(30)
COMMON F{71)+sG(T71)+FD(T70)+GD(T0),ETA,SIGMAZ ,RHOMX+RDyLMAX
T T COWMNON ANGLERTIOUOY,ART70) ,ATUT70Y,,BRU70),,BIT70),CECLTIOY,DRCIO),
1 ECM(10),
P4 TIMOCY (IO ), [ IREADTIO ), KPRITRUIUT » JIROWI(3UY,CLROWNT30),
3 NNROW(30) +QVALUE(10)SGMAZZ(10),THETA{100),VCOUPL(20),
[ WNUTIOTWNINTUIU)WCTTIOY

COMMON ISTRTW,IICPLE, INTYPE,INTMAXs I1XCAL, IIXPLT,IIPCAL,

I T TIPPLT , JJJMAX, MXRUOW,NXMAXy NXCPLE,NANGLR,NDFMES, — = "~
2 AMUPMU ,CHARGE s CFUNIT,DFNyDFNS yDFNW, DFNSP,ELAB,ETUNIT,
3 PMAS,RMAS ,RZERU,RZEROC, RZERUS s RZERUW, RZRUSP,
4 RMAX+RBAR s SGMAR,TMAS yVSXy VSF o VSO WSX o WSF y XMAX s XBAR,
5 XMEST « XMESZ yWNUNTT, TTRZTTT,,ZERT e
e TYPE COMPLEX TTR.TTI,ZERO
CCccccce *%#%¥¥¥  CUMMON FIELDS USED IN CUMMOUN BY SEVERAL RUUTINES — ¥¥&esxw

COMMON EXSGRI(T0+6) $ TYPE COMPLEX EXSGRI
CUOMMUN FCUT0,871,,FOUTTU5¥.GCT7T,6T,GDCT70,067

< DIMENSION FCRA(14¢5+6)+FDCRA(14+546)+GCRA(1455+,6)+GDCRA(1445,6)
EQUIVALENCE (FC,FCRAT,UFDC,FOCRAT,. (GC,GCRAY, (GDOC,GDCRAY -
DX=XMES2

DO 130 TII=1,TIXCAL T R
130 TIMULT(I1)=2*1IREAD(I1)+1-KTRL(1)
= = AS
ETUNIT=0.15745400%(1.0-AMUPMU)+0.15805086%AMUPMU
WNUNIT=0.21870660%(1,.0=AMUPNUYF0.2195376C*XAMUPNMU T
CFUNIT=1.0/(RMAS*WNUNIT*WNUNIT)
T pOUIS0 I1=1LTICPLE T = —
ECM{I1)=ECM{1)-QVALUE(I1l) $ E1=ABSF(ECM(Il))
CE TTIT=ETUNTT¥CHARGE®*SURTF{RMAS7ETT
WN (I11)=WNUNIT*SQRTF(RMAS*E])
T T T T ANINI(T L) EWNUNTT*SQRTFURMAS®CECMITIIFVSXYY — ~ 7 ==
ETA=CE(I1)
TF(ETA-10.07 131,133,133 - T T T T
131 ETA2=ETA*ETA $ ETA2A=2.0%ETA $ ETA6=ETA2+16.0
SIGMAU==({ETA7 T I Z . ¥ETABT T ¥ (I .+ TETAZ-48. 1/ (3UXTETAGYRZ T F(TETAZ
1-160. ) *ETA2+41280.) /(105.%(ETAG*%*4) ) )~ETA+(ETA/2. ) *LOGF(ETASG)
T 2+3.5¥ATANFIUO . Z5#ETA)-{ATANFIETAT#+ATANF IO . S*¥ETA) FATANFLETA73. VY

GO TO 135
T T IB3EINVIEILOZETAT 8 EINVZEEINVI¥EINVI § EINV3SEINVI®EINVZ — 7 — "’
- EINV5=EINV3%#EINV2 $ EINVT=EINVS*EINV2 $ EINVI=EINVT*EINV2
SIGMAU=U0. 7853981 634+ETA¥LUGF(ETAT-ETA
1 -(0.08333333333%EINV1+0.0027777TTTT*EINV3
. 2z +0.00079365079%EINVS¥0.00059523BI0%EINVY — — "= — T 7T
3 +0.00084175084*EINV9)

135 MODTPI=SIGMAQ/6.2831853072 77 oo e
FMOGDTP=MODTPI
SGMAZZITIT=SIGMAU-6.2831853072¥FMODTP
150 CONTINUE
77T NDFMES=T 8 IX=Z.0%¥XNESZ T T '7'" T
DO 165 N=1,10
TUTX=0L.5%TX T T T
IF(TX-0.00001-XMES1) 167+167,165
165 NDFMES=NDFMES+HI
167 XMES1=TX
AT=TMAS*¥0.333333333333 § XBAR=RZERU¥AIL
XCPLR =XBAR+10.*DFN $ XCPLW=RZEROW*Al+10.*DFNW

T T XCPLS T =RZERUS¥AI#10.¥DFNS §  XCPLSP=RZRUSP*A1+10.*DFNSP
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XCPLE=MAX1F(XCPLR+XCPLW+XCPLS»XCPLSP)
T NXMAX=XCPLE/DX
IF(KEXCOM(2)) 181,182,181
= 2y
182 NXCPLE=NXMAX
IF(KTRL(137) 183,185,183
183 NXMAX=NXMAX+KEXCOM(4)
185 FNXMAX=NXMAX $ XMAX=DX*FNXMAX $ KEXL14=KEXCOM(14)
JIIMAX=(1-KTRL( 7)) *(KEX14+( ISTRTW+2*IIREAD{1)-KTRL(1))/2)
1 +KTRLU7)Y*(KEX14+({ISTRTW/ 2T}
WRITE(6+263) 4 (ECM(I1),11=1,1ICPLE)
T WRITE(6+265), (WN(T1Y,IT=1, [TCPLE)
WRITE(64267) s (WNINI(I1),11=1,1ICPLE)
WRITE(6+269) . (CE(ILY, I1=,TICPLEY ~ S
WRITE(64+271)4+(SGMAZZ(I11)+11=1,1ICPLE]}

. . v ' v » XMAX, XBAR
263 FORMAT(TH ECM  6E15.5)
7T 265 FORMAY(7H WN 6E15.5) - S
267 FORMAT(TH WNINI 6E15.5)
T T T 269 FORMAT(TH ETA  6EI5.5] R
271 FORMAT(7H SIGMO 6E15.5)
273 FORMAT(2THOJJIMAX,KEX14,NXCPLE+NXMAX=415,11H XMAX,XBAR=2EI15.7)
KEX14=LMAX=KEXCOM(14) $ LMAXMl={MAX-1

KBOUND=0
DO 290 Il=1,1ICPLE
" TF(ECM(TI)) 282,290,290
282 KBOUND=1
290 CONTINUE
NFGMX=4*KBOUND+1 $ X=XMAX+2*KBOUND*XMES2
DO 390 NFG=1,NFGMX
DO 380 Il1=1,1ICPLE
T ETA=CE(I1) ~§ SIGMAZ=SGMAZZ(TI1) S N
RHOMX=X*WN(I1l) $ RD=DX*WN(I1l) $ [IF(ECM(I1l)) 343,341,341
341 CALL FLGLCH $ GO TO 345
343 CALL FLGLNG
345 TF(KBOUND) 361,351,361
351 DO 355 L=1,LMAX
T URCL, IEFICY T8 CGCUL,TIVSG(LY s TFOC(L, ILy=FDI(LY  — T T
355 GDC(L,I1)=GD(L)
G0 TO 380
361 DO 365 L=1,LMAX

GCRA(L NFG,IT)=G(L) & GDCRAIL,NFG,I1Y=GO(LY ~—  ~— — — — = 77~
365 FCRA(LyNFGsI1)=F(L) $ FDCRA(LWNFG,I1}=FD(L)
380 CONTINUE — ——— — 77— 77— o T
X=X-XMES2
390 CONTINUE
DO 510 I1=1,1ICPLE $ ETA=CE(I1) $ ETASQ=ETAX*ETA
"SG=SGMAZZ(T1) $ EXSGRI(I1.I1)=COSFUSGI*+TTI*SINF(SGY § FL=I.0~—
DO 510 L=1,LMAXML
DENOM=SQRTF(I1.0/(EYASQ+FL¥FL))
EXSGRI(L+1,I1)=(FL+TTI®ETA)*EXSGRI(L,I1)*DENOM
510 FL=FL+1.0
4060 FORMAT(4(1Xs1H(+C(EL3.6+E14.6),1H)))
T TFUOKTLOUT(6)Y ) 4I10,4190,4110° o
4110 DO 4120 I11=1,1ICPLE $ WRITE(6+4115),I11
" 4115 FORMAT(15HOEXSGRT FOR TI=11) -
WRITE(64+4060) 4 (EXSGRI(L,I1),L=1,LMAX)
4120 CONTINUE
4150 CONTINUE
T IF(KTRL(27T)) 560,580,560
560 REWIND 7 s REWIND 8 s GO TO 900

580 CALL POTENT




JMAX=JJJIMAX
= (6}

REWIND 7 $ JMIN=1 $ IF(KTRL(9)) 601,605,601
=

)
605 DO 800 JJ=JMIN,JMAX
KEXCOMT&5T=JJ

DO 790 K=1,2 $

IF(KTRL(9)~1) 608,606,608

606 TFIK=KEXCURTTY) 190+5608,790
608 KEXCOM(46)=K $ CALL NLJJJK $ [IF(MXROW) 790,790,720

D8
CALL COUPLE

725

TFURTLOUTU3T Y 725,790,725

JICHEK=JJROW(1)-2*(JJROW(L)/2) $

750

J1CKDV=2-J1CHEK

DO 750 N=T,MXROW § LLROWI(NI=LLROWIN)72

JJROW(N)=JJROW(N} /J1CKDV

WRITE(6+76117+ INNROWIN] s N=1 ,MXRUW)
WRITE(6+762)+ (LLROW(N) ¢N=1 s MXROW)

- 754

TFUJICHEKT 756,75%,756
WRITE(6+4763)y (JJROWIN)sN=1,MXROW)

$ 60 TO 770

756
761

WRITE(6+765), (JIJRUWINT N=1,MXROW)
FORMAT({3HON=,2315)

762
763

.
)
|

FORMATI{3H [=,2315)
FORMAT(3H J=,2315)

765
770

FORWATU4H J= ,23(13,2A7217
DO 775 N=1,MXROW $

LLROW{N}=LLROW(N)*2

775 JIJROWINT=JJRUOWINT*JICTRDV

790

CONTINUE

800

CONTINUE
IF(KTRL{9)}) 1000,900,1000

300
1060

CALL XSEC
RETURN

END




SUBROUTINE NLJJJK
CCCTCT ¥¥¥KFX  CUMNON STATEMENTS THAT ARE CUMMON TU ALCT THE ROUTINES — ¥¥%
COMMON FACLOG(S500)yRAC,IA,IByIC,IDyIE+IF,L9(9),U9
T ~ COMMON KTRC{30) ,KEXCORT50),EXTCOMI50) ,KTLOUT(30) _‘
COMMON FI7T1)4G(T71)+FD(70),GD(70),ETA,ySIGMAZ yRHOMX 4RDy LMAX
COMMON ANGLERTIOO0V,AR(T0Y,ATT70),BR{70),BITT0V.CE(IG) ODR{IOV,
ECM(10),
TTMOLTU{I0) s TIREADTIO T KPRTTRTIO),, JJROR{30T,LLROWT307,
NNROW(30) yQVALUE(10)ySGMAZZ(10),THETA(100),VCOUPL(20),
WN({TIO) ,WNINTTICY,WC(I0)
COMMON ISTRTWsIICPLE, INTYPE,INTMAX, IIXCAL,IIXPLT,IIPCAL,
Tl T UUITPPLTY  JJIMAX, MXROW . NXMAX , NXCPLE,NANGLR,NDFMES, ——
AMUPMU, CHARGE » CFUNITsDFN,DFNS s DFNWy DFNSP,ELAB,ETUNIT,
PMAS,RMAS ,RZERU,RZERDOC,RZERUS,RZEROW,RZROSP,
RMAXsRBAR y SGMARy TMAS ¢ VSX ¢ VSF s VSO ¢ WSX yWSF s XMAX, XBAR,
" XMES1¢XMESZ,WNUNIT,TTR,TTI,ZERD - -
TYPE COMPLEX TTR+TTI.ZERO
KTRLIT=KTRLIL)*(1-KTRL{7)) $ JJ=KEXCOM(45) § K=KEXCOM(%46) I
KTIPIS=KTRLLT+ISTRTW $ KTISCK=KT1PIS-2*(KT1PIS/2)
JITRTW=2%JJ-2+KTISCK _§ NROW=0 .
D0 600 I1=1,1ICPLE $ [IF(KTRL{(7)} 210,230,210
210 K1=K+1 $ JITWMI=JJTRTW+2 $ JITWMX=2%JJJMAX+2=KTISCK $GOU YO 250
230 K1=K+KPRITR{I1l) $ IITRYW=2*IIREAD(I1)-KTRLI(1)
T T JLTWML =XABSF(TITRTW=JJTRTWI+Z $ JITWMX=TTITRTW+JJTRTW+2 ‘*
25C KPCHEK=K1-2%(K1/2)
DO 600 JITW=JITWMI ,JITWNMX,2Z § JITRTW=JITWNIFJITWNX=JITW-2
L1TWMI=XABSF(JLITRTW-ISTRTW)+2 $ LLITWMX=JL1TRTIW+ISTRTW+2
DO 500 L1TW=LITWMI,LLITWMX,2 o - o
LITRTW=L1TWMI+L1TWMX-L1TW-2 $ LITR=L1TRTW/2
T LIPRCK=LITR=-2*¥(LITR/2) $ [IFULIPRCK—KPCHEK) 500,410,500
410 IF{LL1TR-(KEXCOM(14)-1)) 420,420,500
420 NROW=NROW+1 $& NNROW{NROWI=I1 $ LLROW(NROWJI=LITRTHW
JJROW(NROW)=JLTRTHW
"S500 CONTINUE =~
600 CONTINUE
"~ MXROW=NROW
IF(NNROW(1)~1) 610,620,610
610 MXROW=0
620 RETURN

END

£ W N -

U & WIN




SUBROUTINE FLGLCH

CCcCCl
COMMON FACLOG(500)+RAC+IALIByIC+IDsIEVIF4LI(9),U9
B ~ T COMMON KTRL{30) +KEXCOM(501EXTCOM{50Y,,KTLOUT(30) S
C OMMON F(71)+G{71),FO(T0)+GD{70),ETA,SIGMAZ s RHOMX,RDy LMAX
TCCCCCC %k %k¥% " DIMENSION FIELD USED ONLY IN THIS ROUTINE —~— ¥®XIXEEX¥

cccecc

COMMON EXTRA3(6070) +FBAR(200)+sGT{(7542)+TIMEMO(100) 4 WRONSK( 75)
¥kEek®x  CALCUCATION OF G ®¥¥&%¥%

ETATW=ETA+ETA $& ETASQ=ETA*ETA $§ LMAX1=LMAX+1 $ KTRL{15)=0

200

DO 200 L=1+LMAX1
WRONSK(L)=0.0

"EEPS2=0.000001 $ EEPS3=0.00007
COREC1=1.0/(10.0**10) $ SQ=SQRTF(1.0+ETASQ)

EEPS1=0.000001 §

250

M=1"§ RHAOMXG=RHONX+20.0%RD § NINC=D
SL1=1.0 $ TL1=0.0 $ SC1=0.0 $ TCl=1.0-ETA/RHOMXG

SL=StL1 & TL=TLl ¢ SC=SC1 & TC=vCT T oo/ oo oo -
IF(ABSF(ETA)-EEPS1) 263,263,255

255

DO 260 N=1,25 & Ti=N § T2=2.0%TI-1.0 $ T3=TI*(VI-1.0V —— — 77—
DENOM=2,0*RHOMXG*T1 $ Cl=(ETA*T2)/DENOM $ C2=(ETASQ-T3)/DENOM

SCZ2=CI#5LI-C2*TLI §$ TLZ=CI¥TLI+CZ*SLI
SC2=C1*SC1-C2*TC1-SL2/RHOMXG $ TC2=Cl*TC1+C2*SC1-TL2/RHOMXG

SL=SL+SL2 $ TL=TL+TLZ $ SC=SC+5C2 $ TC=TC+TC2 o
SL1=SL2 $ TL1=TL2 $& SC1=SC2 $ TC1=TC2
260 CONTINUE T
263 IF(M-1) 265,265,310
265 TFUABSF{SL*TC-SC*TL-1.0)-EEPSIT310.,270,270

270

NINC=NINC+1 $ IF{(NINC-50) 275,280,280

275
280

RHOMXG=RHOMXG+20.0*RD §$ GO TO 250

KTRL{15)=1 & GO TO 900

310

ARG=SIGMAZ+RHOMXG-ETA*LOGF (2. 0*RHOMXGY
SINE=SINF{ARG) $ COSI=COSF(ARG)

GT{1,M)=SL*COST-TL*STNE $ GOT=SC*COST-TC*SINE § TI=S0
GT(2,M)=((ETA+1.0/RHOMXG) *GT(1,M)~GDT)/T1

IF(M-1) 320,320,330
320 M=M+1 $ RHOMXG=RHOMXG+RD $ GO TO 250
cccccce *xEEEx INWARD SOLUTION OF DIFFERENTIAL EQUATION — = "¥x&k&¥x
330 RHOMXG=RHOMXG-RD

335

TFUABSF{RHOMXG-RAUOMXT=0.00017 335,335,340
G(1)=GT(1l,1) $ G(2)=GT{2,1) $ GO TO 360

340

RDSQ=RD*RD $ RDSQ56=0.83333333%RDS0 $ RDSQIZ=0.1%RDSQ56
NMAX=(RHOMXG-RHOMX)/RD+0.1

DO 350 L=1,2 S
RHOTM=RHOMXG $ FL=L*{(L-1) $ PSI1=GT(L,2) & PSI2=GT(L.1)

RI=RHOTM+RD § RZ=RHOTM $ R3=RHOTM-RD
DO 345 N=1.NMAX

DENOM=1.0-RDSQI2*{FL/(R3*R3J+ETATW/R3-1.0)
FAC1=(1.0-RDSQ12*{(FL/(R1*R1)+ETATW/R1-1.0))/DENOM

FAC2=(2.0+RDSQ56*(FL/(RZ*RZ2)+ETATH/RZ-1.0)T/DENTUM
PSI3=FAC2*%PSI2-FAC1*PSI1 $ PSI1=PSI2 $ PSI12=PSI3

345

R1=RZ2 $ RZ=R3 $§ R3=R3-RD
CONTINUE

350

G(L)=PSI3
CONTINUE

360

T1=5Q
DO 370 L=1+LMAX1 & FL=L $ FLI1=FL+1.0

TZ=SORTFTETASOFFLIFFLIT $ FACI=I.0/7TFL¥T2T S FACZSTFLFFCITRETE
FAC3=(FL+FL1)*FL*FL]l $ FAC4=FL1*T]

370

GIL+2)=FACI*TTFACZ+{FAC3/RHOMXTT*GIL+1T-FACA*GIL))Y §$ TI=VZ

CONT INUE

cccccc

FFFT 13 CALCULATION OF F LR d T
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IDEC=31

© 420 I=LMAX+IDEC ' $ FBAR(I)=1.C/UI0.0%%25) & "FBARTUI+#1Y=0,0 — — — — =~ —

IMAX=1I-1 $ FL=I $& FLSQ=FL*FL $ TI1=SQRTF{FLSO+ETASQ)

430 DU 500 TI=1,IMAX $ [=IMAX¥I-T § FL=C % FLI=FLFI.U
FLSQ=FL*FL $ T2=SQRTF(FLSQ+ETASQ)

CFBAR(LY=U(FC+FLT) *{ ETA+FL¥FLUI/RHOMX ) ¥FBAR( L+ LV -FLFTI®FBARILF 27y — — *

1 /(FL1%*T2)
"FBARCI=FBAR(L) $ FBARCZ=ABSF{FBARCI) $ IF({L=LMAXY 460,440,435
435 IF(FBARC2-10.0%%*15) 460+445,445

440 TFUFBARCZ-COREUTY 360,445, 445
445 COREC2=CORECL/FBARCL $ FBAR(L)=COREC2*FBARI(L)
T 7 FBARTL¥1Y=CORECZ*FBAR(L+1) ~ ~ ) n T
460 T1=T2
7500 CONTINUE -
ALPHAT=(FBAR(1}*G(2)-FBAR(2)*G(1))*S0

ITFTALPHATY 520,510,520
510 KTRL(15)=4 $ GO TO 900
520 ALPHA=1.0/ALPHAT - C
DO 530 L=1l,LMAX]
530 FBAR({LI=ALPHAXFBAR(LY "$ TFUIDEC-317 535,540,535 ~— T
535 IF(FBAR(1)) 538+536,538

536 TF{ABSF{F{IY1-0.00000T} 56C,560,540
538 IF(ABSF(F(I)/FBAR(1)—1.0}‘EEP52)560y560.540

" 540 DD 545 L=1,LMAXY ~—
545 F(L)=FBARI(L)
U TIDBCINC=1 T T
550 IDEC=IDEC+9

TFUTOEC+UMAXT=TI00) 420,420,555

555 KTRL(15)=5 $ GO TO 9GO
" 560 DO 561 L=TI,LMAXI — — —~ S T
561 T1IMEMO(L)=0.0

S DO 570 L=1,LMAXT "8 "LT=L 3 IF(FBAR(LY) 565,4562,565
562 IF{ABSF(F(L))-0.00001) 57C+570,564

564 RTRC{I5I=6 & GU TU 900
565 T1=ABSF(FIL)/FBAR(L)}-1.0) $ TIMEMO(L)=T1
- IF{TI-EEPSZY 570,570,566 ~— ~— ~— 7~
566 L1=0 $ GO TO 572
“S7C CONTINUE —~ — — — —
572 CONTINUE

TF{L1IT 574,573,574
573 IDCINC=2 $ GO TO 550

T T8T4 TI=S0 T T i
DO 590 L=1,LMAX $ FL=L $ FL1=FL+1.0 $ T2=SQRTF(FLI1*FL1+ETASQ)

D T VA D S
TEST=ABSF(F(L)*G(L+1)-F(L+1)*G(L)~-TS)

WRUNSKILJ=TEST 3 IFUTEST-EEPS3T 580,580,577
577 KTRL(15)=6 $ GO TO 900

777777 580 TI=TZ2
590 CONTINUE

DO 600 T=1I,.LMAX % FL=L § FLSQ=FL¥FL - T

FACL=ETA/FL+FL/RHOMX $ FAC2=SQRTF(ETASQ+FLSQ)/FL

FOULU)=FACT¥*F(LJ-FATZ¥FIL¥I) $ GUILI=FACFYGILI-FACZ¥GI(LFI)
600 CONTINUE

T U IF(KTLOUTUSY) 760,1000,760
760 WRITE(64765)

T 765 FORMATUIOHOIN FLGLCH)

WRITE(6+7T70) sETAs SIGMAZ y RHOMX ¢ RHOMXG s KD o LMAX + NI NC o NMAX

770 FO . ’ ’ s RU= . \ ' =
15)

WRITEUG6,781T,{F (LT L=1.LNAXLY ~ § WRITE(6,78B2T,(G (LY,[SI,LMAXD)
WRITE(6+783) 4 (FD(L)9L=1,LMAX ) $ WRITE(64784),(GD(L)yL=1,LMAX )

WRITE(6,785), (WRONSKILT,L=1,LMNAX)



87
781 FORMAT(3H F ,7E15.7)
- 782 FORMAT(3H G L7E15.7)Y o T T
783 FORMAT(3H FD,TE15.7)
784 FORMAT(3H GD,TEI5. 7}
785 FORMAT(3H WR,TE15.7)
o "GO TO 1000 T ' S T
900 WRITE(64+920),KTRL(15)
920 FORMAT(18HOIN FLGL KTRL(151=I2) o T B
1000 RETURN
END
-
|
|
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SUBROUTINE FLGLNG

CCTCCC FRAEEE COMMUON STATEMENTS THAT ARE CUOMMUN TU ALC THE ROUTINES T
€ OMMON FACLOG(500)+RACITAyIB+IC,IDyIE4IF+L9(3)4US
- T COMMON —  KTRL{30),KEXCUOM({50),EXTCOMTS0) ,KTLOUY(30)Y —— T
COMMON FI71)+G{71)+FD(TO)+GD(T0)4ETA+SIGMAZ yRHOMX yRDy LMAX
- TTTTUMX=LMAX+Z T o a LT ) o D T

R=RHOMX $& RI=1.0/R $ EX=EXPF(-R)

DO 50 C=1,LMX

GUIT=EX*RT & GUZT=EX¥{RTFRT®RI)
FL=1.0

TWELP1=2.0%FL+1.0

T GUL+2T=TWELPI*RI*GIL+T)Y+GILY S T

GD(L)==G{L+1)+RI*G{L)

4100 WRTITE(6,4110),R,RI,EX

50 FL=FL+1.0
T GOUI)Y==GI o ' o N B

FIL)=FDIL}Y=0.0

IF(KTLOUT(5)) 4100,4190,4100

4110 FORMAT(19HOIN FLGLNG R RI4EX=3E15.7)

WRITE(6+,412071, (G (LY, L=T,LFX]
WRITE{(6+44130), (GD(L)sL=1,LMX)

© 4120 FORMATTAH G =,7EI5.T)
4130 FORMAT(4H GD=,7E15.7)
4190 CONTINUGE — B

RETURN

END




SUBROUTINE POTENT

cccccce *ERERE COMMON STATEMENTS THAT ARE COMMON TO ALL THE ROUTINES

COMMON FACLOG(500) 4yRACTAZIBsIC+IDyTEZIF,L9(9),U9

ik

COMMON KTRLE30) 4 KEXCOM(50),EXTCOM{S0) KTLOUT(30)
COMMON F(71)4G(T71)5sFD(T0)+GD(TO) sETA,SIGMAZ y RHOMX yRDy LMAX

COMMON ANGLER(100),AR(70)+AI(70),BR(T0),BI(70),CE(10),DR(10),
ECM(10).,

TIMULT(10),ITREAD(10},KPRITR(10},JJROW(30),LLROW(30]),
NNROW(30)+,QVALUE(10),SGMAZZ(10),THETA(100),VCOUPL(20),

W N

WN{10) 4WNINI(10),WC(10)
COMMON ISTRTWSIICPLE, INTYPE,INTMAX IIXCAL,TIXPLT,IIPCAL,

IIPPLT 9y JUJMAX 4 MXROWs NXMAXyNXCPLE ¢ NANGLR, NDFMES,
AMUPMU+CHARGE ¢ CFUNITyDFN4DFNS, DFNW,DFNSP,ELAB,ETUNIT,

PMAS,RMAS yRZERQ,RZEROC,RZEROS,RZEROW,RZROSP,

V| WA =

RMAX ¢ RBAR » SGMAR TMAS VS X, VSF o VSO« WSX s WSF 4 XMAX, XBAR,
XMES1s XMES2,WNUNIT,TTR,TTI,ZEROC T
TYPE COMPLEX TTR,TTI,ZERO

ccccce

C Lba bl COMMON FIELDS USED IN COMMON BY SEVERAL ROUTINES = #%k&k%¥

COMMON EXSGRI(T0+6) $ TYPE COMPLEX EXSGRI

COMMOCN FCUT70+46)4FDC(T7046)+GC(70+6),GDC(TO0,46)
COMMON VCENTR(200),VCENTI(200)4VSPIN (200),vVCOULM(200),

VCPL1R(200),VCPLLIT(200)+VCPL2R(200),VCPL2I(200),
VCPD1R(200),vCPD1I(200),VCPD2R(200),VCPD21I(200}),

1
2
3 VCPD3R(200),VCPD31(200)
C

kA kk DIMENSION FIELDS USED ONLY IN THIS ROUTINE hihthahihihiahiha

COMMON PFORM1(4)yPFORM2(4),PFORM3(4),PFORM4(4),PFORMS(4),
VLAMD1(3,3) 4VLAMD2{3,3),VTERM1(3,3),VTERM2(3,3)

N =

+XMEM(300)
TYPE INTEGER VWRITE

NYTLMS=NXCPLE+4*(NDFMES—-1)
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  $ VCLFC1l=VCLFC2%0,5/XBARC

VFAC1=—VSX*XBAR/DFN $ WFACLl=—WSX*XBARW/DFNW
WDFC1=—4.0%WSF*XBARS/DFNS

VFAC2=VFAC1*XBAR*¥QO.,5/DFN $§ WFACZ2=WFAC1*XBARW*0O.5/DFNW
WOFC2=WDFC1*XRARS*0.5/DFNS

257

IF(KTRL(11)) 257,258,257
MESIZE=31 $ LAMAX=3 $§ FN=30,0

DCOSI=1.0/FN $ DCOSI3=DCOSI/3.0
BETAS5=0.6307831*VCOUPL(1) $ BETA9=0.846284367*VCOUPLI(2)

ALFCO= 3.5449078%DCOSI3 $ ALFC2= 7.9266549%¢NC0OSI3
ALFC4=10.6347234%DCOSI3 $ ALFC6=12.781232476%DCNSI3

258

- DX=XMESL1*FND

DO 410 ND=1,NDFMES
FND=2,0%%(ND-1)

IF(ND—-1) 2634259,263

259

260
263

X=CeO $ NXIMIN=] $ NXIMAX=8
IF(NDFMES=1) 265,260,265

NXIMAX=NXCPLE+2 & GO0 TO 265
NXIMIN=NXIMAX+1 $ NXIMAX=NXIMAX+4

264

IF{ND—NDFMES) 265,264,265
NXIMAX=NXMAX2=NTTLMS+2

265

DO 400 NX=NXIMIN+NXIMAX
X=X+DX $ XMEM(NX)=X

"PFORMLI(1)=EXPF((X-XBAR )/DFN )
PFORM1(2)=EXPF ( ( X~XBARW) /DFNW)

PFORML(3)=EXPF{(X-XRARS) /DFNS)
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PFORM1(4)=EXPF({X-XBARSP)/DFNSP}

DO 267 N=1,4
PFORM2(N)=1.0/(1.0+PFORML1(N))

PFORM3(NI=PFORMI{N)*PFORMZ (N} *PFORM2 (N}
PFORM4(N)={ PFORMLIN)—=1.0)*PFORM2(N)*PFORM3(N)

PFORMS5(NI=(1.0-PFORML{N)}*(4.0—-PFORML(N) 1 )*PFORMZ (N)
1 *PFORM2(N)*PFORM3(N)

267 CONTINUE
VCENTR{NX)=—VSX*PFORM2(1)

VCENTI(NX)=—WSX*PFORM2(2)-4.0%WSF*PFORM3 (3]
VSPIN{NX)=(VSPFC*PFORM3(4))/X

IF(X-XBARC)271,271,272
271 VCOULMINX)=VCLFC1*(3.0-({X/XBARC)**2))

a T 60 TO 275
272 VCOULM(NX)=VCLFC2/X

275 VCPLIR{NX)=VFAC1*PFORM3(1) $ VCPLZR(NX)=VFAC2*PFORM4(1)
VCPLIT(NX)=WFAC1*PFORM3{2)+WOFC1%*PFORM4(3)

VCPL2I(NX)=WFAC2*PFORM4(2Y+WDFC2¥PFORM5(3)
IF(KTRL(11)) 285,400,285

285 DO 287 LA=1lyLAMAX ¢ 0O 287 N=1,3
VLAMDLIN,LA)=0.0 $ VLAMD2{(N,LA)=0.0

287 CONTINUE
IIPA=1 $ CGSI=-DCOSI

DO 300 ME=1,MESIZE $ COSI=COSI+DCOSI
COSI12=COSI*COSI $ COSI4=COSI2%C0SI2 $ COSI16=COSI2*COSI4

BR (1)=1.0 $ BR (2)=1.5%C0SI12-0.5
BR (3)=4.375%C0SI14-3.75*¥C0SI2+40.375

BR (4)=14.4375%C0S16-19.6875%C0S14+6.5625%*C0S12-0.3125
BETAFC=1.0+BETAS5*BR (2)+BETA9%BR(4)

" PFORMI({I)=EXPF((X—-XBAR *BETAFC)/DFN }
PFORM1{2)=EXPF( (X—XBARWXBETAFC)/DFNW)

PFORM1(3)=EXPF((X—XBARS*BETAFC)/DFNS)
DO 288 N=1,3

PFORM2(N)=1.0/{1.0¢«PFORML(NT)
PFORM3(N)=PFORML(N)*PFORM2 (N)%PFORM2 (N)

~ PFORM4(N)=(PFORMI(NI-T.0)*PFORM2 (N} *PFORM3 (N

288 CONTINUE

DO 289 LA=1.LAMAX
VIERML{1,LA)=PFORM2(1)*BR(LA) $ VTERM2(1,LA)=PFORM3(1}%*AR(LA)

VTERM1(2,LA)=PFORM2{2)*BR( LA} $ VTERM2{2,LAY=PFORM3({2)}*BR(LA)
VIERML(3,L4)=PFORM3(3)*BRILA) § VTERM2(3,LA)=PFORM4(3) *RR(LA)

289 CONTINUE’
IF(ME-1) 291,295,291

291 IF(ME-MESIZE) 292,295,292
292 IF(IIPA) 293,254,293

293 TERMFC=4.0 ¢ TIIPA=0 $ GO TO 296
294 TERMFC=2.0 $ [IIPA=1 $ GO TO 296

295 TERMFC=1.0 S —_

296 DO 297 LA=1,LAMAX $ DO 297 N=1,3

VLAMDL{N,LA)=VLAMDL(N,LA)+VTERML (N, LA)*¥TERMFC
VLAMD2 (N+LA)=VLAMD2{N,LA)+VTERM2(N,LA)*TERMFC

297 CONTINUE
300 CONTINUE B

VCENTR(NX)= —VSX*VLAMD1(1,1)*DCDSI3
VCENTT(NX)=—(WSX*VLAMDL(2,1)+4.0%WSF*VLAMD1(3,1))%DCOS13

VCPLIR{NX)=—VSX*VLAMD1 (1, 2Y*ALFC2
VCPL2RINX)==VSX*VLAMD1(1,3)*ALFC4

VCPLLIT(NX)=(-WSX*VLAMD1(2,27-4.0%WSF*VLAMDI{3, 2 ) ¥ALFC2
VCPL2T (NX)=(-WSX*VLAMDL(2,3)-4.0%WSF*VLAMN1(3,3))%ALFC4

TIF(INTYPE=6) 400,310,400
310 VCPOLR(NX)= VFACL*VLAMD2(1,1)*ALFCO

"VCPD2R(NX)= VFACL*¥VLAMD2(T,2) ®*ALFC2
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VCPD3R(NX)= VFAC1*VLAMD2(1,3)*ALFC4

VCPDLIINX)={WFACL*VLAMD2(2,1)+ WDFC1*VLAMD2(3,1))*ALFCD
VCPD2EINX)=(WFACL*VLAMD2(242)+ WDFCL®*VLAMD2(3,2) )*ALFC2

VCPD3I(NX)=(WFAC1*VLAMD2(2,3)+ WOFCL1*VLAMD2(3,3))*ALFC4

400 CONTINUE
410 CONTINUE
IF(KTLOUT(7)) 4510,4590,4510
4510 VWNRITE=6HX $ MWRITE(644520),VWRITE

WRITE(644525) (XMEM  (NX) ¢ NX=1 4NXMAX2)

VWRITE=6HVCENTR $ WRITE(644520),VWRITE
WRITE(6+4525) s {(VCENTR(NX) 4 NX=1,NXMAX2)

VWRITE=6HVCENTI $ WRITE(644520),VWRITE
WRITE(6+4525) s (VCENTI(NX) s NX=1,NXMAX2)

VWRITE=6HVSPIN $ WRITE(6,4520),VWRITE
WRITE(6+4525)+ IVSPIN (NX)¢NX=1,NXMAX2)

VWRITE=6HVCOULM $ WRITE(6,4520),VWRITE
WRITE(6+4525) 4 (VCOULM{NX) g NX=1 ¢ NXMAX2)

VWRITE=6HVCPLLIR $ WRITE(6,4520),VHWRITE
WRITE(6+4525) s {VCPLIR{NX) yNX=1,NXMAX2)

VWRITE=6HVCPLLIL $ WRITE(6,4520),VHRITE
WRITE(6+4525)+ (VCPLLI(NX) ¢ NX=1,NXMAX2)

VWRITE=6HVCPL2R $ WRITE(6,4520),VWRITE
WRITE(6+4525F, (VCPL2R(NX) y NX=14NXMAX2)

VARITE=6HVCPL2I $ WRITE(6,45201,VWRITE
WRITE(64+4525)+ (VCPL2I(NX) ¢+ NX=1,NXMAX2)

IF(INTYPE-6) 4590,4515,4590

4515 VWRITE=6HVCPDIR $ WRITE(644520)+VHWRITE
WRITE(6,4525), (VCPDLIRINX) s NX=1,NXMAX2)
VWRITE=6HVCPD1I $ WRITE(644520),VWRITE
WRITE(6+4525) s (VCPDLII(NX) 4 NX=1+NXMAX2)
VWRITE=6HVCPD2R $ WRITE(6,4520),VWRITE
WRITE(6+44525) , {VCPD2R{NX) 4y NX=1,NXMAX2)
VWRITE=6HVCPD2]I $ WRITE(644520),VWRITE
WRITE(6+4525),(VCPD2I (NX) o NX=1,NXMAX2)
VWRITE=6HVCPD3R $ WRITE(644520),VWRITE
WRITE(6+4525)y (VCPD3R(NX) yNX=1,NXMAX2)
VWRITE=6HVCPD3I $ WRITE(6,4520),VWRITE
WRITE(6+4525), (VCPD3T{NX) ¢NX=1,NXMAX2)

4520 FORMAT(1X.,A6)

4525 FORMAT(10E12.4)

4590 CONTINUE
RETURN h

END
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SUBROUTINE COUPLE
CCCCCT
COMMON FACLOG(500)yRACyIA,IBoIC,IDyIEsIF4L9I(9),U9

o T COMMON KTRL{30),KEXCOM(S507,EXTCORISU0T ,KTLOUT(30)
COMMON FO71)4G(T71)+FD(T70)+GD(TO)+ETA,SIGMAZ RHOMX yRDyLMAX

- COMMON" "ANGLERTUI00) . ARU701ATT7071,BR(70),BI( 703, CECTOT, DRUI0TS
ECM(10),

TTMUCTUIO T, TIREADUIO T KPRITRUIU Y, JIRUWT3U T, LLROWT 30T,

1
P4
3 NNROW(30) ,QVALUE(10), SGMAZZ(10).THETA(100).VCOUPL(ZO)o
4 " WN(1IOY WNINTTTIOT,WCT{IO) —
COMMON ISTRTWs ITCPLE INTYPEINTMAX, IIXCAL,IIXPLT,11PCAL,

Ty T - TIPPLT, JJIMAX, MXROW,NXMAX ,NXCPLE ,NANGLR, NDFMES y
AMUPMU+CHARGE y CFUNITyDFNyDFNS, DFNW,DFNSP,ELAB4ETUNIT,

2

3 PMAS,RMAS,RZERU,RZEROC,RZERDS,, RZERUW, RZRUSP,

4 RMAX,RBAR,SGMAR, TMAS, VSX.VSFvVSOvNSXvHSFvXMAX.XBAR,
s © XMEST, XMESZ,WNUNIT,TTR,TYI,ZERO

TYPE COMPLEX TTR,TTI,ZERO

I o ol ot of of o EEEX - COMMON FIELDS USED TN CUOMMON BY SEVERAL ROUTINES
COMMON EXSGRI(70+6) $ TYPE COMPLEX EXSGRI

COMMON FCU70.,86Y,FOCT70,567,GCT 70,67 ,G0OCTT70,67
~ COMMON ) VCENTR(200),VCENTI(200)4VSPIN (200),VCOULM(200),

- VCPLIRTZ00Y, VCPLITT200) , VCPL2ZR(2Z200)Y,VCPLZI (2007,

1

2 VCPD1R(200),VCPD1I(200),VCPD2R(200),VCPD2I(200),
3 VCPD3R(2007,VCPD3T1200}

COMMON AMAT]1 (30+30)+AMAT2 (30,30),AMATCP(60 )y

1 AMATICU3U0,307+AMATZCT{30,30T,AMATSS{30,307
COMMON UCR1(30),UCI1(30),UCR2(30),UCI2(30),

T 1 N URFORDU30,5),UTFORD{3G, 51, SPFACT(30TF, T

2 FPRER(5,+30), FPREI(S.BO).FPRERM(4 33).FPRE[M(4 30),

e UCRTIMT30) ., UCTIM{30) — T
DIMENSION FCRA(14+5+6)9FDCRA(14+54+6)+GCRA(144546)+GDCRA(1445,6),

! UCRT (307 ,UDRTT3T7

EQUEIVALENCE (FC,FCRA),(FDC, FDCRA)v(GC,GCRA)-(GDCvGDCRA)v

1 ~ (URFORDLUCRIT,{(UIFORD,UDRIY ™ 7~ T T o
TYPE COMPLEX UCRIsUCRILEX

NBOUND=KBOUND=MXROWI=0 ~
DO 20 M1=1,MXROW

NI=NNROWUFMI) — § TFUECPHINDI) 1Z,1a,1%
12 NBOUND=NBOUND+1 $ KBOUND 1
~ 14 TFUN1-1Y 20,17,20
17 MXROWI= MXROHI+1
- T 720 CONTINUE N - T T -
NXRM=XBAR/XMES2

NXRMM=NXMAX¥{ I-KBUUND T¥NXRF¥KBGURD

KEXCOM(41)=KBOUND $ KEXCGOM(42)=NBOUND $ KEXCUM(43) MXROHI
T "PRE41=19./240. '$ PRE42==2.75. $ PRE43=97.7120."
PRE44=-11./15. $ PRE45=299./240.
NOPR=NOPRED=4 § TFNQPR=4.T - o T e
KCTY2=0 ¢ IF(ISTRTW-2) 43,55,43

43 TFUINTYPE-Z] 55.45,55
45 IF(1ICPLE~3) 50+50,55

~ SCTTFUINTMAX=3Y 52,55,55
52 KCTY2=1

S SSTTFUKTRLII3IT 70,810,700 T
70 XBAR2=XBAR*XBAR $ XBAR3=XBAR¥*XBARZ $ XBAR4=XBAR*XBAR3

VCOUVX=4,.319595%CHARGE
VCX2 =VCOUVX*XBAR2/5.0 $ VCX3 =VCOUVX®*XBAR3/7.0

7 VCXTIZ2 =VCOUVX/UXBAR3¥5.0) % VCXI3 =VCOUVX/{XBARAZ%T7.07
VCOUVP=VCOUVX*0.8*XBAR*DFN $ VCX2P= VCOUVP

- VCXT2P=VCOUVP*{-0.25)7(XBARZ¥XBAR3Y
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MIROW2=0 & K2CHK=0 $ MIROW3=0 $ K3CHK=0 $ MIRW2P=0

K2CHKP=0
DO 670 M1=1,MXROW $ N1=NNROW(M1l) $ T1=IIREAD(N1)

JI=JJROWIMI) § LI=LLROWI{MI) § RP=KPRITR(NID
IF(KP-2) 624,621,624

621
622

IF(K3CHK) 623,622,623
K3CHK=1 $ MIROW3=M1 $ GO TO 624

623
624

MXROW3=M1
IF(KCTY2) 650,660,650

650
652

IF(NI-2) 660,652,652
IF(KP-1) 660,654,660

654
656

IF(K2CHK) 6584656,658
K2CHK=1 $ MIROW2=Ml $ GO TO 660

658
660

MXROW2=M1
IFCENTYPE-3) 67046614670

661
663

TF{NI-3) 670,663,663
IF(I1-2) 670,665,670

665

IF{K2CHKP]} 669,667,669

667 K2CHKP=1 & MIRW2P=M1 §& GO TO 670
669 MXRW2P=M1 o
670 CONTINUE
ccccce MIROW3,MXROW3=MIN,MAX OF MI FOR WHICH STATE IS 3(-T.
ccceccec MIROW2,MXROW2=MIN,MAX OF M1 FOR WHICH STATE IS 2(+)-1.
cccccc MIRWZ2P ,MXRW2P=MIN,MAX OF M1 FOR WHICH STATE IS 2(+)-2. T
810 REWIND 8 $ CALL BMATRX

DO 815 M1=1,MXROW
J1=JJROW(ML) $ L1l=LLROW(M1)

815

SPRC=JT*¥{JT+ZT-LT¥(CI+Z2T-TSTRYW¥(ISTRTW+2]
SPFACT(M1)=0.250%SPFC

INEXMX=1+KBOUND ——" T T T T
DO 1950 INEX=1sINEXMX

FINEX=INEX $ M3IMAX=MXROW+MXROWIZ{(INEX-1Y T
DO 1900 M3=1,M3MAX

NOMAX=NDFMES#(2—-INEXT+#{INEX-T1]
DO 1890 ND=1,NDMAX

FND=2.0#%%(ND-1) $ DX=XMESL*FND*(2.0-FINEX)-XMESZ*(FINEX-T.0Y
DR=DX*WN(1) $ DRSQ=(DR*DR)/ECM(1) $ K4COR2=4*ND-5

822

IF(ND-1) 860,822,860 S
DO 825 M1=1,MXROW

UCRTTNIT=UCTI (NI }=UCRZ{MIT=UCTZ{MIT=0.0
DO 825 N=1.45

825

FPRER(N,M1)=FPRET(N+M1)=FPRERMI{N,ML)=FPREIM{N,M1)=0.0
CONTINUE

830

IFCINEX-1) 92548304925
N1=NNROW{(M3) $ J1=JJROW(M3) $ L1=LLROW(M3)

LL={L1/72)+1 $ WNI=WNINTUNI)
UCR2(M3)=0.5%({2.0%DX*WNI)**LL)#EXPF (FACLOG(LL)-FACLOG(2*LL))

834

IF(LL-2) 840,834,840
FPRER{(1+M3)=FPRERM{14M3)=CFUNIT*0.6666666666*WNI*WNI*DRSQ

840

860

X=0.0 $ NXIMIN=Z2 $ NXIMAX=8 % NXPRCH=3  §$ NNX=2
IF{NDFMES—-1)} 1225,857,1225

= + = AX-5 % GU 70O 1225
NXIMIN=S §& X=3.0%DX

862

IF(ND-NDFMES) 862,863,862
NXIMAX=8 $ GO TO 865

863
865

NXIMAX=NXRMM+2 $ NXMAX3=NXIMAX-5
DO 875 M1=1,MXROW

DO 870 NQ=1,NQPR
FPRER({NQsM1)=FPRERM(NQ,M1)*4.0

870

FPRET(NQ,MI}=FPRETM{NQ,M1)*4.0
FPRERM(1,M1)=FPRER(14M1) $§ FPRERM{2+M1)=FPRER(3,M1)

FPREIM{1,MI)=FPREITI,MI) $ FPREIM({Z,MI)=FPREI(3,M])
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UCRL{ML)I=UCRLM(ML) % UCll(Ml)7UCIlM(Ml)

B75 CUNTINUE e ——

NXPRCH=5 ¢ NNX=3

GG YO 1225
925 GR1=FI1=1.0 $ GI1=FR1=0.0 $ M4=M3

7 IF(M3-MXROWY 935,935,930 ~ ~— T T T TToTTTToT T e

930 GR1=GI1=FI1=0.0 $ FR1=1.0 $ M4=M3-MXROW

X=(NXMAX+3)*XMES2 $ CFFCLL=LL*(LL-1)*%CFUNIT

935 NI=NNROWIM4T ~§ T1=LLROW(M4T 3 " JI=JJROWI(N&G) ~$ LL=(CL72Y+1 — =~ = —

FAC=LT+T § FAC=SORTF{FACFUTWNTIT/WRINIYT¥¥37)
D0 950 NQ=1,5

T X=X-XMES2 T T 7 D
Vi=(1l. 4398650*CHARGE/X+CFFCLL/(X*X)—ECM(Nl))*DRSO
FRR ~ =GRL1*GCRA{LLyNQsNIT+FRI¥FCRAILLyNQ,N1)~~ —
FII =GIL*GCRA(LL +NQ/NL)+FI1*FCRA(LLyNQsN1)

EX=TFRR+#TTIFFI TV ¥FAC¥EXSGRTILL NIJ
FPRERR=EX $ FPREII=CIMAGI(EX)

T FPRER{NQ.M4Y=FPRERR*VI "~ § "FPREII{NQ,M&)=FPREII®V1 —
IFINQ-4) 9504945, 947

947 UCR2(M4&4)=FPRERR & UCI12(M4)=FPREII

945 UCR1(M4)=FPRERR & UCII(M4T=FPREIT ~'§ GO TO 950 — —

350 CONTINUE
NXIMIN=1 $ NXIMAX=NXMAX-NXRM $ NXMAX3= NXIMAX 5

T T X=INXMAX=TT®XMES2 ~ §  KACURZ=NXMAX+4%¥NDFMES-5 ~ h
1225 D0 1800 NX=NXIMINsNXIMAX

T N3=UNX+K4COR2) *{2-TNEX)#{K4CORZ-NXT¥(INEX-1}
X=X+DX $ XX2=X%*X $ XX2INV=1.0/XX2

ITF{KTRLTI3TY 1235.,12%45,1235

1235 XX3=X%XX2 % XX4=X%*XX3 $ XX3INV=1l, O/XX3 $ XX4INV l. 0/XX4

1240 TFUX=XBARY 1241,1241,1243

1241 VOX2X=VCXI2%XX2 $ VCX2XP=VCXI2P*XX2 $ VCX3X=VCXI3*XX3 $ GO TO 1245
7 1243 VOXZX=VCXZHXX3TNV — § VOXZXP=VCX2ZPEXX3INV  §  VOX3XSVOXI®XX4INV -~ — —

1245 DO 1700 M1=1,MXROW

LI=LIROWTMLT § LT=E(CI727FT $ CFFCCLCE(CL=1 T ¥LLXCFUNTT ¥NI=NNROUWI®™I)

WCOREC=WC(N1) $ IF(NX-(NXCPLE+2)) 1310.1310 1315
7 1310 ARZ=VCENTR(N3)+VCOULM{N3T#CFFCLT®*XX2INV ~——— — T
1 =SPFACT(M1)*VSPIN(N3)-ECM(N1)
T AT2=VCENTI(N3)*WCOREC ~$  GU TO 1320 T T T
1315 AR2=CFFCLL*XX2INV+1.4398650%CHARGE/X-ECM(N1) & AI2=0.0

1320 BRZ=ARZ¥UCRZIMIT=ATZ¥UCTZ(¥I)
BIZ=AR2*%*UCI2(M1)+AT2%UCR2(M1)

T BR{MI)=BRZ*DRSQ & " BIUMIF=BI2¥DRSTU ~

CCCCCC o e e o REAL COUPLING ##***#####**#*t###*##***#****#***#***

IFINX-NXCPLE+#2Y 1330, 1330,1610 e

1330 AFAC1R=DRSQ *VCPLIRIN3) $ AFAC2R=DRSQ *VCPL2R(N3)

TFIKTRLTIZTY TI510,.1410,1510
1410 M2MAX=MXROW

TFUINTYPE~-3)Y 1412,1%475,1416
1412 IF(KCTY2) 1413,1415,1413

~ TA4I3 ITFUMI-1) T414,1470,13T14 T T
l414 M2MAX=1 $ GO TO 1470

7 1431 TFUINTYPE-5) 1490, 1420,1490 T

1215 TFUINTMAX=2T T1&470,1470,1475
1416 IF(INTYPE-4) 1431,1418,1431

1418 TFUKTRLUTI9YT 1485,1420,1485
1420 IF(INTMAX-2) 1470,1475,1475

1470 DO 1473 M2=1,M2MAX

AFACTR=AMATI(PI,MZT¥AFACIR
BR(M1)=BR(ML)+AFACTR*UCR2(M2)

S BI(NI}=BI(ML)Y+AFACTR¥UCTIZTNZ]}

1473 CONTINUE $ GO TO 1610

1475 DO 1477 M2=1,MXROW



" BRUMLY=BR{ML)+AFACTR¥UCRZ(M2Z)

AFACTR=AMATL(M1,M2)*AFACIR+AMAT2(M1,M2)*AFAC2R

BI(M1)=BI(ML)}+AFACTR*UCI2(M2)

1477
1485

CONTINUE $ GO 70 I6l10
AFAC3R=DRSQ *( VCOUPL(9)/VSX)*VCENTR(N3)

DO 1487 M2=1,MXROW
AFACTR=AMATL(M1.,M2)*AFACIR+AMAT2(M1,M2)*AFAC2R

1 +AMATSSTMI,MZ)¥AFAC3R
BR(ML)=BR(ML)+AFACTR*UCR2(M2) & BI(M1)=BI(M1)+AFACTR*UCI2(M2}

1487
1490

CONTINUE ¢ GO TO T6I0
AFAC3R=DRSQ *VCPDIR(N3I)

AFAC4R=DRSQ ¥IVCPDZRUN3) $ AFACS5R=DRSO EVCPD3RIN3Y ’ R
DO 1492 M2=1,MXROW

AFACTR=AMATL (M1,M2)*AFACLIR+AMATZ (M1,MZ)*AFACZR
1 +AMAT1C(M1,M2)*AFAC3R+AMAT2C (M1 ,M2)*AFAC4R

2 +AMATSSTMI MZT¥AFATSR
BR(M1)=BR(M1)+AFACTR*UCR2( M2} $ BjﬂMl)=BI(N1)4AFACTR*UCIZ(M2)

1492
ccccc

CONTINUE §$ GO TO 1610
c YT COMPLEX COUPLING. Y P IITITTITI P T T T T T EY

1510

AFAC1I=DRSQ *VCPLITIN3)Y & AFAC2I=DRSO “EVCPLZTUN3Y T
M2MAX=MXROW

1512

TF(INTYPE-3) 1512,1575,1516
IF(KCTY2) 1513,1515,1513

1513
1514

IF(M1-1) 1514,1570.,1514
M2MAX=1 $ GU TO 1570

1515
1516

IFCINTMAX-2) 157C,1570,1575
IFCINTYPE-4) 1531,1520,1531

1520
1531

TFTINTMAX=27 1570,1575,1575
IF( INTYPE-5) 1590,1520,1590

1570

DO 1573 M2=1,MZMAX
AFACTR=AMATL(M1,M2)*AFACIR $ AFACTI=AMATL1(M1,M2}*AFACLI

BRUML)=BR(ML) +AFACTR*UCRZ(M2Y-AFACTI*UCTZ(MZ]
BI(ML)=BI(ML)+AFACTR*¥UCI2(M2)+AFACTI*UCR2(M2)

1573
1575

CONTINUE $ GO TO 1610
DO 1577 M2=1,MXROW

AFACTR=AMATL(M1,M2)*AFACIR+AMATZ(M1,M2)¥AFAC2R =
AFACTI=AMATL1(M1,M2)*AFACLI+AMAT2(M1,M2)}*AFAC2I

BR{M1)Y=BRUMI)+AFACTR¥UCRZ{ M2V -AFACTTI*®UCT Z{MZY
BI(M1)=BI(ML)+AFACTR*UCI2(M2)+AFACTI*UCR2(M2)

1577
159C

CONTINUE $& GO TO 1610
AFAC3R=DRSQ *VCPDIR(N3)

AFAC4R=DRSQ *VCPD2R (N3}
AFAC5R=DRSQ *VCPD3R(N3)

~~~ KFACIT=DRSQ *VCPDITI{NI)

AFAC4I=DRSQ *VCPD2I(N3)

AFAC5I=DRSQ *VCPD3I(N3)
DO 1592 M2=1+MXROW

AFACTR=AMATL {(M1,M2)*AFACIR+AMATZ (M1,MZ)*AFACZR
1 +AMATLIC(M14M2) *AFAC3R+AMAT2C (M1, M2)*AFAC4R

2 +AMATSS{MI,M2)*AFACBR

AFACTI=AMATL (ML ,M2)*%AFACLI+AMAT2 (M1,M2)*AFAC2I

1 +AMATIC{MI,, M2V ¥AFAC3T+AMATZCIMNI ,MZT¥AFACAT
2 +AMATSS(M1,M2)*AFACS I

BR(M1)=BR(ML)+AFACTR*UCRZ(MZ)-AFACTI*UCTZ(NZ]
BI(ML)=BI(ML)+AFACTR*UCI2(M2)+AFACTI*UCR2(M2)

1592
CCcCC

CONTINUE
C ET T3 COULOMB EXCITATION. A AR A A A ol R K

1610
1620

TF{KTRLTUI3)) 1620,1700,1620
IF(KCTY2) 1622+1637,1622

1622
1624

TF{MIROW2) 1624,1645,1624
IF(M1-1) 1628+1626+1628

1626

MZMNIN=MIROWZ $ MZMAX=MXRUWZ $ GO TO 1640
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1628 IF(M1-MIROW2) 1645,1633,1633
1633 IF(M1-MXROWZ) 1635,1635,1645"
1635 M2MIN=1 $§ M2MAX=1 $ GO TO 1640
I637 MZMIN=1 § MZMAX=MXROW
CCCCCC R kkkk L=2 MULTIPLE COULOMB COUPLING. kR X
164C AFACIR=DRSQ '~ "®VCX2X ~— 7~ o o T
DO 1643 M2=M2MIN,M2MAX
"AFACTR=AMATICIMI,MZ}*AFACIR ~
BR(ML)=BR{M1)+AFACTR*UCR2(M2)
BITMIT=BI{MIT+AFACTR¥UCTIZ(FMZ]
1643 CONTINUE
o TCCCCCU 77777 ¥y LU=2 DIRECT COULUMB COUPLING. x%¥xx¥x’
1645 IF(MIRW2P) 165041665,1650
" 1650 IFTM1-1) 1655,1651,1655
1651 AFAC1R=DRSQ EVCX2XP
DO [653 MZ=MIRWZP,MXRWZP -
AFACTR=AMATCP(M2)*AFACIR
BR({ 1)=BRIU 1)+AFACTR®=UCR2(N2)
1653 BI( 1)=BI( L)+AFACTR*UCI2(M2)
- T G0 TO 1665 B - Tt oo i o ’ 4
1655 [F(M1-MIRW2P) 1665,1657,1657
1657 TF{MI-MXRWZP) 1659,1659,1665
1659 AFAC1R=DRSQ AVCX2XP
T AFACTR=AMATCP({MIV#AFACIR
BR{M1)=BR(ML)+AFACTR%UCR2(1)
T BTUMI)I=BT{MIY+AFACTR*UCTZ(IT ~— ~
1665 11=11
CCTTTT FEEFRE =3 CUOULUMB CUOUPLING. TXIXXTERATTEY
IF(MIROW3) 1670,170Cs 1670
o TTTI6T0 TFUMI-1Y 1674,1672,1674 T
1672 M2MIN=MIROW3 $ M2MAX=MXRCW3 $ GO TO 1680
T 1674 TF{MI-MIROW3) 1700,1676,1676 o
1676 IF{M1-MXROW3) 1678,1678,1700
T678 MZMIN=1 § MZMAX=1L
1680 AFACLR=DRSQ *YCX3X
o DO 1685 MZ=M2MIN,M2MAX
AFACTR=AMAT2C(M1,M2)*AFACILR
BR{M]1)=BRUMIT+AFACTR*UCRZ(HMZY -
BI(M1)=BI(M1)+AFACTR*UCI2(M2)
1685 CONTINUE
1700 CONTINUE
o T TF(KTLOUTUION-2)4190,4110,4190
4110 TF(LLROW(1)-2) 4120+412044190
o 4120 WRITEU6+41251 NXe X+ {UCRZUM),UCTIZ{M),UCRITM),UCTI{M},M=1,2)
4125 FORMAT(4H NX=13,3H X=FB8.4,8E12.4) .
4150 CONTINUE
DO 1740 Ml=1,MXROW
ST U UTTFUINEX-T) I7LALITILS 171G -
1711 TF(ND-1) 1714,41712,1714
1712 IFTNX-4) 1713,1713,1714
1713 FPRER(NXyM1)=TERMR=BR(M1) $ FPREI(NXyM1)=TERMI=BI(M1)
GO 10 1715
1714 FPRER(S54M1)=BR(M1) $ FPREI(S5,M1)=BI(M1)
" " TERMR =PRE4I¥*FPRER (1 ,MIJ¥+PRE4Z¥FPRER (2, M1 J¥+PREGI*FPRER (3, M1)
1 +PRE44*FPRER (44ML)+PRE4S*FPRER (54M1)
T 77T TERWI =PREALFFPREI (1, RLT+#PRE4GZ¥FPREL (2, NIV +PREAI®FPREL (3, M)
1 +PRE44*FPRET (4+ML)+PRE4S*FPREI (5,M1)
I7I5 ARR=Z.0¥UCRZ(MIT-UCRITMIJ+TERMR
AlI=2,0%UCI2{M1)-UCIL(ML)+TERMI
T UCRTUMII=UCRZ{MIY § UCRZUMIJ=ARR B
UCIL{ML)I=UCI2(MLl) $ UCI2(Ml)=AIll

IFUINEX-1) 1735, 1717,1735
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1717 IFA{ND-NDFMES) 1718,1729,1718

1718 IF{NX-NXPRCH) 1729,1719,1729
1719 FPRERM{NNX,M1)=BR{M1) $ FPREIM(NNX,M1l)=BI(Ml)

TF{MI-MXROWY 1725,1723,1725
1723 NXPRCH=NXPRCH+2 $ NNX=NNX+1

1725 TF(NX-(NXIMAX-1}) 1729,1728,1729
1728 UCRIM(M1)=UCR1(M1) $ UCI1M(M1)=UCI1l(M1)

1729 IF(ND-1) 1735,1730,1735
1730 IF(NX-4) 1740,1740,1735

1735 DO 1738 NQ=1,.NQUPR
FPRER{NQ,M1)=FPRER{NQ+1,M1)

1738 FPREI{NQyM1)}=FPREI{NQ+1,NT)
1740 CONTINUE

IF (ND-NDMAX ) 1800,1760,1800
1760 NXCH2=NX-NXMAX3 $ IF(NXCH2)1800,1800,1765

1765 D0 1770 MI=1,MXROW
URFORD(M1,NXCH2)=UCR2(M1) $ UIFORD{M1,NXCH2)=UCI2(M1)

1770 CONTINUE
1800 CONTINUE

cececce FHRTER CALCUCATION OF THE DERIVATIVES EEEEE

IF (ND-NDMAX ) 1890,1805+1890

1805 DO 1850 MI=I,MXROW
UCR1(M1)=URFORD{M1,3) $ UCIL(M1)=UIFORD(M1,3)

N1=NNROW(M1l) $ ODENOM=1,0/{12.0%DX*WNI(NL))}

UCR2{(M1) =(8.0*%(URFORD{(M1,+4)~URFORD(ML,2))
1 —~(URFORD(M1,5)-URFORD(M1, 1)) ) *DENOM
UCIZ2(M]1) =(8.0%(UIFORD(M1,4)-UIFORD(M1,2))
1 —{UTFORD(MI,5J-UTFORD{MI, [T) I*DENCM

1850 CONTINUE

1890 CONTINUE
IF(KBOUND) 1892,1897,1892

1892 DO 1895 M1=1,MXROW
UCRI(M1)=UCRL1(M1)+TTI*UCI1(M1)

1895 UDRI(MII=UCRZ(ML)+TTT#UCTZ2(MI]
WRITE TAPE 8,{UCRI(ML),UDRI(ML) M1=1,MXROW)

GO TO 1900
1857 WRITE TAPE 8.(UCR1(M{),UCI1(M1)'UCR2(M1)'UCIZ(MI)'M1=1'MXRDH)V

1900 CONTINUE
1950 CONTINUE

CALL SMATRX
2000 RETURN

END




98

SUBROUTINE BMATRX

CCTTTT ¥¥¥F¥¥YX  CUOMRUN STATEMENTS THAT ARE COMMON TU ALCC THE ROUTINES ¥¥x
COMMON FACLOG(S500)+RAC+IALIByIC+IDyIE+IFsL9(9)},U9

COMMON RTRUT307 . KEXCOM{50 ) EXTCOMUS0 T, KTLOUT( 30}
COMMON FUTL) +GUTL)I+FD(T70)+GD(70)+ETA,SIGMAZ yRHOMX+RDy LMAX

COMMON ANGLER{100),AR{7071,AT{70),BR{707),81U70Y,CETTOY,,ORT1IOY, T
ECM(10),

TTRULT{IOY, ITREADUIO T KPRITRUTIU Y JIROW(30 Y, LLROW(30Y,
NNROW(30),QVALUE(10),SGMAZZ(10),THETA(100),VCOUPL(20),

&HWN -

WNUIO) ,WNINTUIG) . WC{10)
COMMON ISTRTW,IICPLE, INTYPE, INTMAXIIXCAL, IIXPLTy IIPCAL,

T TIPPLT,, JJJMAX, MXROW,NXMAX,NXCPLE,NANGLRy NDFMES,
AMUPMU s CHARGE y CFUNIT+DFNyDFNSyDFNW, DFNSP,ELAB,ETUNIT,

PMAS,, RMAS,RZERU, RZERUOC, RZERDS,y RZERUW,RZRUSP,
RMAX yRBAR s SGMARy TMASyVSX s VSF o VSOyWSX s WSF o XMAX, XBAR,

S, IR VS

XMEST, XMESZ ,WNUNIT.TTR, TTI,ZERD
TYPE COMPLEX TTR,TTI,ZERQ
T CCCCCT *¥¥%¥  (CUMMON FIELDS USED IN COMMON BY SEVERAL ROUTINES ™ —~—— ¥¥¥&x%x
COMMON EXSGRI(70,6) & TYPE COMPLEX EXSGRI

COMMON FCU70,61,FOCT70,8716GLT70,67),GU0CT70,67
COMMON VCENTR(200),VCENTI(200),VSPIN (200),VCOULM(200),

I VCPLIRT200),VCPLITIT200Y, VCPLZRUZ2007T, VCPL2T 12007,
2 VCPD1R(200),VCPDLI(200)+VCPD2R(200),VCPD21(200),
3 VCPD3R(2Z2001.,VCPD3T112G0)
COMMON AMAT1 (30+30),AMAT2 (30,30),AMATCP(60 )y

1 AMATICU30,30),AMATZCT30,3071AMATSST3U,307,
2 B8(1l0+10+10)+sKiI(24) ¢ALP23P(743)yALSQ3P(7+3),
3 ITTYPEUIOV ,KUNOTWIT)

JU=KEXCOM(45) & KTRLLIT=KTRL(L)*(1-KTRL(7))

T T KTIPTS=KTRLITHISTRTW 8 KTISCKSKTIPIS-2¥(KTIPIS/2) T

JITRTW=2%JJ=-2+KTISCK

DO 50 NI=1,06 $ DU 50 NZ=1+0 ¥ UU 50 KI=1,10
50 B(NLsN2,K1)=0.0
T DU 60 MELL,MXROWS - T ST
DO 55 N=1,MXROW
T 55 AMATIIM,NT=AMATZ2ZIM, NJ=AMATICTM y NTSAMATZ2CIM NI =AMATSS (M, NI=0. 0~
60 AMATCP(M)=0.0

TFTKTRTU77Y I00U0U, 70,1000
70 COMFAC=0.2820948 $ KII(1l)=IIREAD(2)
T BUI, 2. 1Y=VCOUPLTIT*COMFACT o
GO TO (1000,4210431C4410+4510+610), INTYPE
T 210 KIT(2y=3 o T ) B o o T
B(1ly3,2)=VCOUPL(2)*COMFAC $ [IF{INTMAX-3) 1000,232,232

232 HATISU=TIREADUAT*2¥] 3 HATI=SURTFUHATISUQY
B(34+4,1)=VCOUPL(3)*COMFAC*HATI*0.4472136
"""" - BUZ2v4,2V=VCOUPL &)Y ¥COMFACKRATIT¥U 37 79645F U T=T . OV *¥TIREAD(A )Y T
VCPL23=VCOUPL(3)*VCOUPL(4)*COMFAC*0.2820948
TKIT(3)=1 "8 KITT4)=3 % KIT(5)=5 & TA=4 § [IB=6 §$ D=0 ~ B
IE=0 s IF=0

DO 240 KI=3,5
IC=KII(K1)*2 $ CALL CLEB $ B(2,3,+K1})=VCPL23%*RAC
T T TIFIRTT(RI)T-TIREADU4)Y 240,235,240 -
235 B(1ly4,K1)=VCPL23*RAC

7 240 CONTINUE~ o B

GO TO 1000

310 COMFCZ=COMFAT72.5066282 ¥ TIRMXI=IICPLE-REXCUMUI3Y
NTPHST=IIRMX1-2 $ KII(2)=0 $ KII(3)=2 $ KII(4)=4

KIT{5)=0 & "KII(61=Z & KII(7I=4& I
DO 340 N1=3,IIRMX1
~ TI=TIREADINIT 3 NZ2=T1+42 & N3=NZ+1 & N&=(1172)+2 § HAT=II#I1+1




HAT=SQRTF (HAT)
B(2+N1,1Y=CONFAC*VCOUPLINZ Y*HAT*0. 6324555
N22=(11/2)+48 $ N44=N22-3
Nl = VCOUPLTNZZY
11M2=11-2 ¢ [IF(I1M2)331,333,335
T 331 CLEBI=0.44721I36 $ GO 10 337
333 CLEB1=-0.53452243 $ GO TO 337
335 CLEB1=0.717I3714
337 VC12=VCOUPL(N3)
BUT NI NaT=TVCIZ¥*2T¥COMFC2¥CLEBI
340 CONTINUE
INTMAX=T7 $§ TFUKTRLT4)) 351,375,351
351 ALFADG=VCOUPL(1)**¥2 $ ALFADG=ALFADG*COMFC2
Bl{1,1,2)=ALFADG*0.7070107 $ B(2,2,21=ALFADG¥2.2135946
B(2+2+3)=ALFADG¥0.7559290 $ B(2+2+4)=ALFADG*1.01418507
DO 370 K1=2,4
K1M1=K1-1 $ GO TO (353,355,357),K1M1
353 FKFAC=1.118034 $ FKHAT=1.0 $ 1IF=0 & GO YO 360
355 FKFAC=0.59761437 $ FKHAT=2.236068 $ IF=4 $ GO TO 360
357 FKFAC=0.59761437 § FKHAT=3.0 $ 1IF=8
360 IA=4 §$ IC=4 $ [IE=4
DO 370 NI=I,NTPHST § TI=TIREADINI+Z} § IB=TTI+T11
HAT1SQ=I8+1 - $ HATL=SQRTF(0.2*HAT1SQ)
DO 370 NZ2=N1,NTPHST & TFINI-N2) 369,365,369
365 IF(K1-2) 369,367,369
367 B(N1+2,N2+2,2)=HATIL
369 I2=ITREAD(N2+2) $ ID=12+412 $ HAT2SQ=ID+1 $ HAT2=SQRTF(3,2%HAT2SQ)
CALL RACT $ SNDTRM=HATI¥HATZ¥FKHAT*RACT
BIN1+2,N2+42yK1)=FKFAC*VCOUPL{2%N1+1)*VCOUPL(2%N2+1)
1 *(B(N1+2,N2+2K1)+SNDTRM)
370 CONTINUE
375 IF(KEXCOM(13)) 377,1000,377
377 SQRT10=0.31622773 $ SQRT2 =0,.70710656
CIFAC=C =
DO 379 K1=1,3 $ DO 379 Jl=1,7
ALP23P(J1,K1)=0.0 $ ALSQ3P(J1,K1)=0.0
379 CONTINUE
TTALP23P(1,2)= 2.445490
ALP23P(3,1)= 3.741657
ALP23P{3,2)= 2.3904574
ALP23P(3,3)= 3,2071351
ALP23P(4,2)=-5.477226
ALP23P(44+3)= 3.464102
ALP23P(5,2)= 5.318433
ALP23P(5,3)= 5.070927
ALP23P{T7.,3)= 8.8311761
ALSQ3P(1,2)=-0.58554009
ALSQ3P(3,1)= 1.67331986
ALSQ3P(3,2)= 0.57142857
ALSQ3P(3,3)= 0.76665167
ALSQ3P(4,2)= 0.43643575
ALSQ3P({4,3)1= 0.27602623
ALSQ3P(5,2)=-1.2713481
ALSQ3P(5,3)= 1.2121830
ALSQ3P(7,3)= 2.1111953
N3P=ITRMXI+1 § TI3PPI=TTREAD(N3PI+1 o 'v—‘
DO 380 N1=1,NTPHST $ N2P=N1+2 $ I2FPP=(IIREAD(N2P})/2)+1
BINZP,N3P, I11=CIFAC*ALPZ3P( I3PPI, I2PP}
380 CONTINUE
DO 385 Kk1=1,3
B(2,N3P,K1+1)=C2FAC*ALSQ3P(I3PP1,K1)

385 CONTINUE
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60 TO 1000

410 ROTFAC=0.2820948 § KII(I)=Z % KIIt2r=%
ID=IF=2%#][READ{1)-KTRL(1) $ 1E=0

DU 450 N3=1, INTMAX
IF(KTRL(19)}) 4154420,415

415 TFUN3-TNTMAXY 420,435,420 o

420 IB=2*KII(N3)

DO 430 NI= 1,TTICPLE ¢ TI=ITIREAD(NIT §& IC=2¥II-KTRL(I]) T

DO 430 N2=N1,IICPLE $ [I2=IIREAD(N2) $ [TA=2%[2-KTRL(1)

HATA=TA+T § HATA=SQRTFUHATAT
CALL CLEB

430 BUNI,NZ,N3V=ROTFAC¥HATA®*RAC

GO TO 450

" 435 DO 440 NI=I,ITICPLE ~ o

ITWw=ITREAD(NL)*2-1 $ ELSO=ITwWk(ITW+LI*X(ITW+2)

~ 450 CONTINUE

ELSQ=SORTF(ELST]
440 B(N1,N2,yN3)= 0. 5*ELSQ*VCUUPL(3)

GO TO 1000

- 510 IF(INTMAX-1) 555,515,555 = B o

515 KIT(1)=2+XABSF(KPRITR(2)-KPRITR(1)) $ I1=IIREAD(1)

T HATFCESORTF(HATIZ/5.0V¥{{-1.0)*¥(I12-11)7T
520 BU1.N2,1) COMFAC*HATFC*VCOUPL(NZ 1)

DT 520 NZ=Z,TICPLE
I2=1IREAD(N2) $ HATI2=2%]2

GO TO 1000
555 N1PHST=IICPLE-1 $ [IIGRND=IIREAD(1)

TRTRTW=KEXCUMTIZT¥Z  § HATR=IRIRIWFI
KII(1)=2 $ KII(2)=KEXCOM(12)

©A3=VCOUPLTT7T §  B3=VCOUPL{BT¥*SURTF(1.0-A3%A3) N T
A5=VCOUPL(9) $ BS= VCUUPL(IO)*SQRTF(I 0-A5%A5)

"COMFCZ=COMFAC/2.5066282 . e

DO 585 N1=2,IICPLE $ [II1=IIREAD(NL) $ HATL=[I1%2

HATI=TITI7Z2T¥Z2%Z2+¥]1

IF(N1-N1PHST) 561,5614+564
561 IF(1I1-2) 563,562,563 T - ' T T o
562 Al=A3 $ Bl=B3 $ GO TO 569

5€3 Al=A5 ¢ BI=B5 & GO TO 569 o ’ T o

564 IF(KEXCOM(12)/2-1) 565,566,565

567 AI=-B3*VCDUPL{4) '§$ Bl=A3 % GU TO 569

565 AI=0.% BI=I. § GU TU 559
566 IF(II1-2) 568+567,568

568 Al=-B5*%VCOUPL(4) $ Bl=AS5
565 ST=(-1.01**x(TTI-1TGRND) T o -
BULsN1,1)=COMFAC*S1%#SQRTF(HAT1/HATI)*VCOUPL(1)*Al

TA=IB=4 3§ 1IC=UITI7Z2T¥2¥72 % 10=IE=IF=0 % CALL CLEB ¥ CI=RAC
B(1yN1y2)=COMFC2%S1*CL*SQRTF(HATL/HATI)*(VCOUPL(3)*%2)%B1

‘DO 585 NZ=NI, ITTCPLE § TIZ=TIREADINZ} '$ HAT2=112¥2 ) ’ o

HATII=(112/2)%2%2+1
~ IFUNZ-NIPHST) 571,571,574 7~ ’ T T
571 IF(I12-2) 573,572,573

572 AZ=A3 % BZ=83 § GU TU 579
573 A2=A5 $ B2=85 $ GO TO 579

574 TF(KEXCOMTI2)7Z2-1) 575,5764575 h o T

575 A2=0. $ B2=1. $ GO TO 579

576 TFUIT2-27 578,577,578 o N
577 A2=-B3*VCOUPL(4) $ B2=A3 $ GO TO 579

5T8 AZ2=-B5¥*VCOUPLT&)Y ¥ BZ=A5
579 1A=4 $ IB=(I11/2)%2%2 $ [C=112%2-1

- ID=TIGRND*2-1 § "TE=UI1T12/72V¥2%¥2 § "TF=TT1%¥2=]
CALL RAC7 & R1=RAC
- GEOFAC=SQRTF(0.4*HATI I#HATI¥HATZI*( (- 1. OV ** (T TI=112) J*VCOUPL (27 o
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 B(N14+N2,1)=COMFAC*GEOFAC*(A2*B1+A1*B2)*R1
© 585 CONTINUE —~ o - T T
GO TO 1000

610 ROTFAC=0.2820948 $ ROTFCZ=RUTFACXRUTFAT
KQNOTW(1}=0 $ KQNOTW(2)=0 '$ KONOTW(3)=0 $ KONOTW(4}=4
~ KQNOTW({5)=2""¢ KONOTW(61=4 $ KQNOTW(7TI=6 ~ ~ o
SQRT5=SQRTF(5.0) $ SQRT7=SQRTF(7.0}
"NB8=0 T T o o T T
DO 620 N=1,7

7 62C CONTINUE

TFTKEXCOMIN+20)) 615,620,615
615 ITRANG=KEXCOM(N+20)

DO 617 IT=1,ITRANG $ NB=NB+I1
617 IITYPE(NB) =N

DO 690 KIREPT=1,4 $ KEXCOM(28)=KIREPT

GO TO (631,632,633,6341,KIREPT
631 INTMAX=2
- KITUIY=2 "% "KIT(21=4 "8 "GO TO 640 =~ — T T
632 INTMAX=2 $ LAMDAP=0
 KIT(I)=2 § KIT(Z¥=3 § "GO TO 640

633 INTMAX=6 $ LAMDAP=2
KIT{I)=0 § KII(21=2 § KII(371=%
KII(&4)=1 $ KII(5)=3 $ KII(6)=5 & GO TO 640
T 7634 INTMAX=T $§ LAMDAP=4 T N T -
KIT(1)=2 $ KII(2)=4 $ KII(3)=6
""" T O KIT(4)=1 & KII(5)=3 & "KII{6Y=5 & KII(TY=7 ~—~— — " o

640 DO 641 N1=1,1ICPLE $ DO 641 N2=1,I1ICPLE $ 00 641 N3=1, INTMAX

641 B{N1,N2,N3}=0.0
IF(KIREPT—-1) 643,645,643

643 LMOPTW=LAMDAP*2 § HATLDP=LMDPTW+1 $ HATLDP=5QRTF (HATLDP) " -
645 DO 680 K1=1, INTMAX

CAMDA=KTI(KI) "3 LAMDTW=LAMDA%*2 B
HATLMD=LAMDTW+1 $ HATLMD=SQRTF(HATLMD)}

00 680 NI=1,ITCPLE

I1=TIREAD(N1) $ I1TW=I1+I1-KTRL(1)} $ IT1=IITYPE(N1)
D0 675 N2=N1,I1TCPLE '~ o o :
I2=TIREAD(NZ2) $ 12TW=2%]2-KTRL(1)}

77 HATIZ2=12TwW+1l % HATIZ2=SQRTF{HATI2)y & TITZ=ITTYPEINZ} -~ ~ ~ S

IF (KIREPT-1) 655,6514655

651 TFTITI-IT2Y 675,652,675
652 TA=I12TW $ IB=2*KII(K1l) $ IC=I1TwW

ID=TF=KQNOTW(IT1)  $ TE=0 § CALL CLEB
B(NLyN2,K1)=ROTFAC*HATI2*RAC $ GO TO 675

655 TF(ITI-1) 675,656,675

656 IF(IT2=-1) 65746754657

T 661 TA=4 8 C1=SQRTS §$ GO TO 663

657 IT2M1=1T2-1
GO TO (661,662,661,662,6624662)51T2M1

662 TA=6 $ C1l=SQRT7
663 IB=LMDPTW $ IC=LAMDTW $ TD=IE=IF=0 $§ CALL CLEB & RI=RAC ~—~ '~
GO TO (666+6664665+6654665,665),1T2M1

665 TID=TF=KONOTWIITZT § CALL CLEB

666 R2=RAC
T TEe=-10 8 IFT T T S s T e
IA=12TW $ IB=LAMDTW $ IC=I1TW & CALL CLEB $ R3=RAC

RCFAC=RI¥RZ#*R3¥C1¥VCOUPL{TITZ+1IY -
ROTFC3=ROTFC2*¥HATI2*%HATLDP /HATL MD

BUNI,NZ,KIY=ROTFC3¥RCFAC
675 CONTINUE

680 CONTINUE
CALL AMATRX

690 CONTINUE



102

GO TO 2000
1000 CALL ANATRX =~ — ° T S T - s e
2000 RETURN

END




CCCCcC

COMMON
COMMON
COMMON
COMMCN
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SUBROUTINE AMATRX
TEREFEE COMMON STATEMENTS THAT ARE COMMON TU ALL THE ROUTINES FHE

FACLOG(S500) yRACsIASIBoIC IDsIE4IF4LI(F),U9

"TKTRLUT30) yKEXCTOM(50),EXTCOM(50) ,KTLOUT(30Y o

F(TL)+G(TL)+FD(TO)H+GD(T0),ETA,SIGMAZ ,RHOMX,RDyLMAX
"ANGLER1100) yARTIT70),A1(70)4BRU7C)BITT0Y,CECIO) 4DORTICT,
ECM(1G),

COMMON

TTRULCTUI0OT s IIREADT IOV yKPRITRUIC T JIROWI 30T, CLROW30T,
NNRON(3O)'QVALUE(IU)'SGNAZZ(IO)vTHETA(lOO)'VCUUPL(ZO)v
WN{IC) JWNINTUIC) WCTULDYT ™
ISTRTW,IICPLE, INTYPE,INTMAX,IIXCAL, IIXPLT,1IPCAL,
TIPPLT 4 JUIMAX, MXROW NXMAX ¢ NXCPLE+NANGLR ¢y NDFMES,
AMUPMU ,CHARGE  CFUNIT+DFN,DFNS,DFNW,DFNSP,ELAB,ETUNIT,

LD BN

PMAS,RMAS,RZERT,RZERTOTC.RZERDS y RZERUOW,,RZRUSP,
RMAX,RBARySGMAR, TMAS,VS X, VSFyVSO'NSX'NQF'XMAX XBAR,
“XMEST, XMES2,WNUNIT,TTR,TTI,ZFERO" - -

TYPE COMPLEX TTRTTI.LtRC

L A\ ]
: B i I
| !
Do N -

CCCCTC  — =%%%x ~  COMMON FIELDS USED TN COMMON BY SEVERAL ROUTINES R AAKI K
COMMON EXSGRI(70.6) $ TYPE COMPLEX EXSGRI
. COMMON FCUT0+61FDC{T0,671+GCUT0,6]1,GDCIT0,67

COMMON VCENTR(200)+VCENTI(200),VSPIN (200)yVCOULM(2CO0),

B D TVCPLIR{200),.VCPLITI2C0Y,VCPL2RTZ00Y,VCPLZT(200Y, —

2 VCPDLIR (200}, VCPDLI(2C0),VCPD2RI200),VCPD2I (200},

"3 ) VCPOD3R(20U0)»VCPD3IT2CD)
COMMGON AMAT1 (30,30),AMAT2 (30,30),AMATCP(60 )

1 AMATICT30, 307 ,AMATZC (30,307 ,AMATSST30307,

2 B(l0.1C,10),KII(24)

KIREPT=KEXCOM(28) ¢

JJ=KEXCOM{45] o N
KTIPIS=KTRLLT+ISTRTW

KTRL1T=KTRL(1)*(1-KTRL(7)) %
T KTISCK=KT1PIS-2%{KT1PIS/2} $
MJUBRTW=—JJTRTW $ IF(KTRL(7})

JJTRTW=2%JJ~-Z2+KTISCK
910+570,910

57C DO 90C MI=1,MXROW
N1=NNROW(M1) $ Il= IIREAD(NI)

" DO 900 M2=M1,MXROW
N2=NNROW(M2)} $ I[2=T1IREAD(N2)
KISELC=1 i o

DO 89C Kl=1,INTMAX

$ J1=JJROW(ML)

$WJ2=JJROH(H2)

$ L1=LLROW(ML)

$ L2=LLROW(M2)

KASPSP=0 & TFTKTRL{II)]
711 IF(K1-3) 713,712,713
712 KASPSP=1 - T
713 B1=B(N1.N2,K1} & [IF(Bl) 720,890,720
- 720 KI=KIT{K1) ) -
IF(INTYPE=2)

711,713,711

73047254730

725 KISELC=1
IF(K1-3)
- " 726 KISELC=2
730 IF(INTYPE~3)
735 KISELC=1
GO TO (750472657264 726+750+7505750),K1

7504 726,726
¢ GO TO 750
7404735, 740

740 TFUINTYPE-4) 743,745,743
743 IF(INTYPE=-5) 7504745,750
745 KISELC=K1 o N
750 KITRTW=KI+KI $

I1A=T1+11-KTRL(1) $ IB=J1 $

IC=12+12-KTRLI{1)

TID=J2 $§ TE=JJTRTW §& IF=KITRTW & CALL RACY

IF(KASPSP)

$ RACTI=RAT
78547514785

751 TA=L1 % IB=LZ2 & TC=KTTRTW ¥ ID=U § TE=U ¥

RAC2=RAC

T IASLY 8 IB=J1 § IC=LZ $ ID=J2 $ IESTSTRYW § IF=KTTRTW
CALL RACT s

T T U T RATS(LL AT AT L 24 1V R (JT IV ECJZHI)T $ HAT=SORTRUHATY "

TF=0 ¥ TALL CLEB

RAC3=RAC




S1={-10) %% { (JUTRTW-ISTRTW-I2%2+KTRL{1)+L1+L2)/2

1 T
T2=S1*HAT*RAC

L1-1L21/Z+KPRTTRINT)-KPRITR{NZ2)}/2)
1*RACZ*RAC3 $ Tl=T2xBl

TFUINTYPE=6)
752 GO TO ( 761.7

~ 154 IF{KIREPT-17 756,755,756 - -

755 IF(K1-1) 7¢€6,

© 7156 GO TO (755,763,765, 790)+KIREPT

761 AMAT1(M]1,M2)=

1524 154,757
66+ T71,773),KISELC

761,766

AMAT1(M1,M2)+T1

TFURTRTTUI3N
762 IF(KI-2) 850,

762890, 767
163,764

" T63 AMATIC(M]L,M2T=AMATIC(ML,M2)*#T1 $ GO TO 89G —~ ~—~ ‘77 o

764 IF(KI-3) 890,

765 AMAT2C(M1,M2)=

766 AMAT2(M1,M2)=

765+85C
AMAT2C(M1,M27+T1 " 8 GO TO BR90™ ’ -
AMAT2 (M1,M2)+T1

TFUINTYPE-3]
767 IF(12-2) 890,

769 AMATCP(M2)=AM

TTLU AMATICIMI,M2T=AMATIC(M1,M2)*TT § GO TO 89C

T73 AMAT2C (M1 ,M2)

768 TFI{M1-1) 890,765,850

890,767,890
71684890

ATCP(M2)+T1 & GD TO 890

=AMAT2C{M1,M2)+T]1 ¢ GO TO 890

785 TFULI-LZ2) 8BS0
786 TA=1 s IC=1 $

HAT=6%(18+]1)%*
" T1=T2*81 o
790 AMATSS(M1,M2)

CCLI={=T1L. 0V (TJSTRTWHITHIZH+LI-TIMULTINLY Y 72¥ DT~ 7~

v 136,890
IE=L]1 & IF=2 & CALL RAC7 $ RAC2= RAC

(ID+1) $ HAT SQRTF(HAT) $ T2 RACI*RACZ*C[*HAT

=AMATSS(MI,M2)+T1

850 CONTINUE

AMAT1 (M2,M1)=
- AMATSS(MZ,MITJ=

AMATZC(MZ.Ml)
" GGO TONTINUE "~ ~
GO TO 990

AMAT]1 (M1l,M2) $ AMAT2 (M2,M1)=AMAT2 (Ml,M2)
SAMATSS{MLILMZ) S AMATICIMZ,MIJT=AMATIC (M1 ,M2)
-AMATZC(MI'MZ)

91C ROTFATU=0.2820
DD 930 Mi=1.M
LI=LLROWIM]1)
DO 930 M2=Ml,

948
XROW

T3 J1=JJROWIML) T8 HATSQI=(LI#1)*(J1+17 -

MXROW

L2=LLROWIMZ]) T8 J2=JIROWIM2] & HATSQ2=(L2¥1V*{J2¥#1)

DO 925 Kl=1,1

HATFAC=SQRTF(

NTMAX

= = +1

HATSQ1*HATSQ2 7HATLMD)

T T S1= =1 0T ¥ ( {TTSTRTW+MIBRTWI/Z72+(C1-L2ZF/4) " — -
$ IC=LAMDTW $ ID=0 $ I€=0 $ IF=0 $ CALL CLEB $Cl= RAC
T IC=JT $ 1D=J2% TE=LAMDTW % IFSISTRTW $ CALL RACT7 3 RISRAC

TA=L1 ¢ IB=L2

IA=d1 ¢ IB=J2

$ IC=LAMDTW $ IE=MJUBRTW $ ID=—IE $ IF=0N

CALT CLEB $
T1=ROTFAC*S1*

- 92T AMATI{ML M2)=

922 AMAT2(M1,M2)=
925 CTONTINUE —
AMATLI{M2,M]1)=

CZ=RAT
HATFAC®*C1*C2*R1 $ GO TO (9211922)1K1
AMATIUNTI,L,M21+#T1 % GO TO 925" T
AMATZ(MI M2l+T1

AMAT1(M]1,M2) $ AMAT2(M2,M1)=AMAT2(M1,M2)

930 CUORTINUE
93¢ I1=I1

4050 FORMAT(BE15.51 [ T/

4060 FURMAT(1HO)

T IFIKTLOUT(9) )
4210 IF(JJ-KEXTOM(

4210+,4250,4210
5)) 4250,4212,4212

42172 TFUJJ-REXTURTBYY 4214,421%4,4250

4214 IF(KEXCOM(46)-

—KEXCOM(71}) 4250,4220,4250

4220 WRITEU6,4230)
4230 FORMAT(21HO

" DO 4232 KI=1,INTHAX

» INTYPE INTMAX, TKTTINLY,NI=1, INTMAX)
BMATRX_FOR INTYPE=I1,8H INTMAX=I1l,7H LAMDA= 1013)




WRIJE(64+4060)

"~ DO 4232 NI=1,I1ICPLE

105

WRITE(6+4050) +(B{N1+N2yK1) +N2=1,1ICPLE)

4237

CONTINUE

IF(KTLOUT(10)) 4233,4250,4233
T4233 WRITET6,423%Y
4234 FORMAT(12HO##% AMATRIX)

" DO 4240 M1=1,MXROW

4240 WRITE(65+4050), (AMAT]1 (M1,M2).M2=1+MXROW)

DD 424% NMI=1.MXROW

4245 WRITE(644050)4AMAT2 (M1.,M2),M2= I'MXROH)

.

DO 4246 MI=1,MXROW ™

4246 WRITE(6+4050)+ (AMATSS(M]1,M2),M2=1,MXROW)

DO 4247 M1=1,MXROW

4247 WRITE(64+4050), (AMATIC(ML,M2),M2=1,MXROW)

4250

DO 4249 M1=1,MXROW

I1=11
RETURN" i o
END

4249 WRITE(6+,4050) ¢ (AMAT2C(M1,M2),M2=1,MXRONW)

 WRITE(6,40507, (AMATCPT ~— MZ),MZ=1,MXROW) T
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SUBROUTINE SMATRX
ccccce *¥EFEX  COMMON STATEMENTS THAT ARE COMMON TO ALL THE ROUTINES —#%¥
COMMON FACLOG(500) +RACIIA,IBsICeIDsIE,IF,L9(9),U9
7 COMMON T TKTRLU30),KEXCUM(50),EXTCOM{50) ,KTLOUT{30T" o T
COMMON FL71)4GUTL)+FD(T0)+GD(T0)+ETA,SIGMAZ yRHOMX s RDy LMAX
7 COMMON T T ANGLERT1O00),AR(70T.AT(70J,.BRU70},BIT70V,CE(ION,DRTIOY, ~—~ —
1 ECM{10),
Z TTRULTYTIO Y TTREADTIO T RPRITRUIU T, JIJROWT30),LLRUW( 30T,
3 NNROH(BO)-QVALUE(IO).SGMAZZ(IO)vTHETA(IOO).VCOUPL(ZC)v
T 4 - ~ WN{TIO),L,WNINITIOJ},WCUIOT ~ T
COMMON ISTRTW, IICPLE, INTYPE,INTMAX, IIXCALs IIXPLT, IIPCAL,
I 7 ITIPPLT,JIJIMAX, MXROW,NXMAX , NXCPLE y NANGLR, NDFMES,
2 AMUPMU ¢ CHARGE » CFUNIT,yDFNyDFNS,DFNW, DFNSP,ELAB,ETUNIT,
3 PMAS, RMAS,RZERU, RZEROC, RZERUSy RZERUW, RZRUSP,
4 RMAXsRBAR s SGMAR, TMAS,VSX,VSF,VSO, WSX 4WSF 4 XMAX, XBAR-

Ty T XMES1» XMESZ,WNUNIT,TTR,TTI,ZERO ~
TYPE COMPLEX TTR+TTI.ZERO
T ¢CCCcCC LET F 27 ~ COMMON FIELDS USED TN COMMON BY SEVERAL RUUTINES ~—~— ¥R¥&&x®
COMMON EXSGRI(7046) $ TYPE COMPLEX EXSGRI
CCOMMON FCUT70,6),FDCTT0,67,GCT70,67,GDCT70,6)
COMMON VCENTR(200) +VCENTI(200),VSPIN {200),VCOULM(200),
T 1 VCPLIR(200),VCPLIT(2Z2C0),VCPLZR{200),VCPLZI{200Y, =~~~
2 VCPDLR(200),vCPDLI(200),VCPD2R(200),VCPD21(200),
3 7 TVCPD3R(200),vCPD3I(200)

COMMON H(6710)

DIMENSTON URCT30,307,0TCT30,3C),UDRCT{30,307,001C(30,307,

1 WNRATO(10)4+Q(50,51)

~ EQUIVALENCE (HU3101),URCY, (B{400TV,UICT,(H{&3901V,UDRTY, ~ ~ — ~~ — — = =
|

|

1 (H(5801),UDIC) s (H(6T701) yWNRATQ),(H,Q)

DIMENSTION ART(70),BRT{70Y $ EQUIVALENCE [AR,ARI),(BR,BRI)

TYPE COMPLEX QsARI+BRIJEX,DIVQsSUMRI

KBOUND=KEXCOM(4IJ & NBOUND=KEXCOM(ZZ2) ¥ WMXROWISKEXCOFU(&3]

JJ=KEXCOM(45) $ K=KEXCOM(46)

MXROWL=MXROW+1 ' ¢$ MXRBRI=MXROW+MXROW*KBOUND

DG 105 11=1,11CPLE

TWNR=WNOITI/WN(1) ¢ "WNRATC(TII)=WNRE*SQRTFIWNR) — — T T - T
105 CONTINUE

KWRIT2=0

IF(KTLOUT(12)) 113,119,113

113 IF(KTRLC(97) 118,114,118 "
114 IF{JJ-3) 118,118,119
118 KWRIT2=1 — ’"’ . T T -
119 NMATCH=( 1-KBOUND)+KBOUND*MXR0OWI
DO 700 NMAT=1,NMATCH
REWIND 8
T TFUKBOUNDY 125,145,125
125 MXROW2=2%MXROW $ IM=MXROW2+1
T DO 127 M3=1,MXROW2 B
127 READ TAPE B8, {Q(M14M3),M1l=1,MXROW2)
D0 129 M3=1,NMAT
129 READ TAPE 8, (Q(M1,IM),M1=1,MXROW2)

DO 13C M3=MXROWl,MXROW2
DO 130 M1l=1,MXROW2

130 Q{M1.M3==0(ML M3}
NLJMAX=1
TFTKWRTTZ) 4610,4690, 4610

4610 DO 4620 M1=1yMXROW2

- 4620 WRITET6440601,{QTMI,M3)Y,M3=T,TM] o -
4690 CONTINUE
G TO 1707
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145 DO 150 M3=1,MXROW
T READ TAPES«(URCIML M3 ),UICTMIIM3), UDRCIMI M3 ), UDTICtML M3, ~ — 7 —

1 M1=1,MXROW)
I50 CONTINUE
IM=MXROW1
T 4050, FORMAT(BEIS.6) T T T T

4060 FORMAT(4(1Xs1H{sC(EL3.69EL4.6),1H)))
4110 ITF(KWRITZY 4120,%150,4120
4120 WRITE(64+4150)
%150 FORMATTBHAUURC ETCY
DO 4160 M3=1,MXROW
T WRITE(6,4050) {URCIMI M3, UICTMI M3 ) ,UDRCIMI M3, UDTCIMI ™3}y — — — — B
1 M1=1,MXROW)
T 74160 CONTINUE — T 0 = = = - T T T T
4190 CONTINUE
TFIKTRLT 7YY 162+165, 162
T 162 NLJMAX=MXROW $ GO TO 170
f T 7165 NULJMAX=MXROWT — — T = T T T T T T -
170 DO 600 NLJ=1,NLJMAX
IF{KBOUNDY 300,175,300 ~—  — — 7 — — —
. 175 DO 179 N=1,MXROW
= =N 1 4 Li=tLLRUWINT/7Z7T¥1
FT= FC(LT NS).$ GT=GC(LT,NS) $ FDT=FDC(LT,NS) $ GUT=GDC(LT,NS)
DU TI79 M=1,MXRUW
UR=URC(N.M) $ UI=UIC(N,M) $ UDR=UDRC(N,M) $ UDI=UDIC(N,M)
T T T QREUR¥GDT-UT¥FUT=UDR*GTH+UUI¥FT ¥ QTSUR*FOT¥UIXGDT=UDR*FT=UDI*GT  — — -~ — —
QI{N+M)=QR+TTI*QI
T79 CONTINUE
LT=(LLROW(NLJ)}/2)+1 $ HAT=2%LT-1 $ FAC=—SQRTF(HAT)
T T T TQUNLT Yy ITMYSFACFEXSGRITLT, T T - T T - T T
4210 IF(KWRIT2) 4220,4290,4220
4220 WRITE(®,4230),NLIJGNLIJMAX —— 7 -~ — 7 —— —— —
4230 FORMAT(22HO**%*QMATRIX«NLJsNLJMAX,213)
WRITETG 4060 T s (UTML, IM) ,ML=1 MXROWT
IF(NLJ-1) 4290+4235,4290
T T 3235 DU 4240 MISI,MXROW ~ — i R Co-
4240 WRITE(644060)+(Q(M1,M2),M2=1,MXROW)
| T T %Z90 CONTINUE  — — — S -
300 CALL SIMLEQ
4310 IFIRWRITZT 4320+,4390,4320
432C WRITE(6,4330)
T TR I3 FORMAT{THO®R®RRANMP) ~ T T T T T T T T
° HRITE(b.aobo).(BRI(N) N 1 ,MXRBRI)
~ T %395 CONTINUE — T T T T T T T o
IF(KBOUND) 330,340,330
- 330 U0 335 MI[=1T,MXRUOW
M2=M1+MXROW
T T T 335 BRIUMIFSEBRIMM2Y S T T T T o T ST T o T T T
GO TO 490
340 D0 &30 NE1,MXROW™ — — —
NS=NNROW(N)} $§ LT=(LLROW(N)/2)+1 $ FT=FC{(LT+NS) $ FDT=FDC(LT,NS)
DU &30 W=I,MXRUW
UR=URC(N,M) $ UI=UIC{N,M) $ UDR=UDRC(N,M) $ UDI=UDIC(N,M)
“OREUR¥FUT-UDREFT ~$ ~ QT=UT®*FOT=UDT®FT § QUN,M)=QRF¥TTI*QI -
430 CONTINUE
T 7T DU 445 NISILMXROW 0 T T T T
ARI(N1)=ZERO

445 CUNTINUE
DO 450 Nl=1.,MXROW
T DU 44T NISIL MXROW T T T T
447 ARI(NLI= ARI(N1)+0(N1 Ml)*BRI(Ml)
T 7450 CONTINUE ™ — a T
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DO 455 N1=1,MXROW
NT=NNROW{NL) ¢ ~LT={(LLROWINLY/2)+1 ~§ HAT=LT+LT-1 T
FAC=WNRATO(NT)/SQRTF(HAT)
SUMRT=FAC/7EXSGRITLT,NT]
455 BRI(NL)I=ARI(NL)*SUMRI
T 77490 WRITE TAPE T7,(BRI(NY,NS1,MXROW) — =~ — ) D
4505 IF(KTLOUT(11)) 4510,4590,4510

T 4510 WRITEU6,4520T.JJ.KeNLS — 77— — T T T -
4520 FORMAT(24HO**CMATRIX FOR JJysKoNLJ=313)
WRITEU(E,40607, (BRTITUNI T NI=T MXRUWYJ
4590 CONTINUE
T 600 CONTINUE ——— — — 7 T, o, e T e T T
700 CONTINUE
1000 RETURN  — — - T o T
END




SUBROUTINE S
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IMLEQ

TCTCCT FREFTF
COMMON

COMMON STATEMENTS THAT ARE COMMON TU ALL THE ROUTINES

FACLOG(500) yRACsIA+IB,IC,IDsIE,IF4L9(9),U9

KTRLU30) KEXTOMIS50 T EXTCOMU50Y,RTLOUTT30Y — 7 — — —

FI71)+G{T1)+FD(70)+GD(T70)+ETA,SIGMAZ,RHOMX,RD,LMAX

ANGLERTI0DY,ART707,AT{ 701 ,,BR{701,BITT70OF,CETLIO) »ORUIOY, -

ECM(10),

COMMON

ITRUCTUIO T, ITREADTIO),,KPRITRTIUT,, JJROW(3U),LLROWNT30),
NNROW(30) ,QVALUE(10),SGMAZZ(10), THETA(IOO)'VCOUPL(ZO)-
WNTIO) ,WNINIUIOY,WCtoy - ~— — — ~ —— 7 — 7~
ISTRTWoIICPLEs INTYPE,INTMAX, I IXCAL, IIXPLT, IIPCAL,

TTPPLT, JJJMAX s MXROW,NXMAX ;NXCPLEyNANGLR, NDFMES,” —
AMUPMU ¢ CHARGE 4 CFUNIT 4 DFNsDFNS ¢ DFNW s DENSP s ELAB, ETUNIT,

PMAS,RMAS, RZERU, RZEROC, RZERUS, RZERUW, RZRUSP,
RMAX 9y RBAR » SGMARy TMAS + VS Xy VSF ¢ VSOsWSX o WSF XHAX'XBAR-

TYPE COMPLEX

7 CCCCCT ~ *%¥¥¥ ~ CUMMON FIELUS USED IN CUOMMON BY SEVERAL ROUTINES™

XMEST s XMESZ,,WNUNIT,TTR,TTI,ZERD =~ ~ -
TTReTTILZERD

TURRERERE

COMMON EXSGRI(70,6) $ TYPE COMPLEX EXSGRI
COMMON FCUT0+67FUCTTU.6T,GCT70U+6TGUOCT 70,67
COMMON VCENTR(200),VCENTI(200),VSPIN (200),VCOULM(200),
T VCPLIR(200),VCPLIT{200),VCPL2ZR(Z007,VCPLZIT2007, — T
2 VCPD1R{200),VCPDLI(200),+VCPD2R(200),VCPD2I(200),
o T3 ~ VCPD3R{20071,VCPO31(Z2001 T S
COMMON Q(50,51)

DIMENSTUN ARTU70T.BRIT70T § EQUIVALENCE [AR,ARIJ,(BR,BRI}

TYPE COMPLEX

T T MXROWM=MXROW §  KBOUNUD=KEXCUM{ZI) § MXRUOWSEMXROWT(T¥KBOUNDY

IM=MXROW+1

-7 77 DU 870 T=1,MXROW

BIGQ=CABS (Q(

Q+ARI +BRILEX,DIVQ,SUMRI

I»I1)) & MXI=I

ou 816 TI=T,

B1=CABS(Q(Il,
7 78T15 BIGQ=BI ¥ MXI=T1"

816 CONTINUE

MXROW
I}) ¢ [IF(BIGQ-Bl) 815,816,816

T T IFUMXT=TT 81
818 DO 820 J=1I,I

8,822,818
M

EX=QTT,.J7 %
820 Q(MXI,J)=EX

QUT JT=UUPXT . J7

822 DIVO=Q(I, 1)
830 WRITE(6,835)

835 FORMAT({ITHODIVQ=0 IN SIWMLEQ)

GO TO 1000

$ DIVUAB=CABSIOIVUY & " IF(DIVQAB)Y 840,830,840 T -

84T DIVQ=1.0/701IVQ

DO 850 J=1I,I

M

850 QUI,,J)I=0(T.J¥*DIVO

Il=1+1

- IF{II-TM) 860,880,880

860 DO 870 Kl=I1,

MXROW

EX=QIKRT. 17
DO 870 K2=1I,

IM

O{K1,KZ}=UTKT ,KZ)-EX*Q({TI,K2}

870 CONTINUE

880 BRITMXROWI=Q(MXROW, IV}

890 I=MXROW

TFTMXROW=17
892 SUMRI=ZERD

892,910,892

DO 894 KZ=1,

MXRUOW

SUMRI=SUMRI+BRI(K2})#*Q(I~-1,K2)}

894 CONTINUE



I=1-1

BRI(TI=Q(TI,IM)}~-SUMRI = "~~~ I S T T N )
IF(1-1) 910+910+,892
SIC TI=T1
1000 MXROW=MXROWM
7 RETURN ~ T T T T T S - " -
END
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SUBROUTINE XSEC
CCLCCT ¥XFEXXX  CUMMON STATEMENTS [THAT ARE COMMON TO ALCLC THE RUOUTINES  — ¥%®
COMMON FACLOG{500) yRAC,IA+IBsIC+IDyIEyIF4L9(93),U9
""" T 77 T COMMONT T KTRLULU3TI,KEXTCOM{507%,EXTCOM(50),KTLOUT(30Y — — —7 7 7
COMMON F{T71)+G(T71)+FD(T0)+GDUTO)+ETAySIGMAZ,RHOMX+RDy LMAX
T 7 777 CUMMON T TANGLERTIUOUTSARTTOV,AT(70),BR{TU),BI(TOY,CE(TO),,DRULIDT,
1 ECM(10),
Z TTMULTUIO ), TTREADTLO T, KPRITRUIU T JUROWT3UY «LLROW(30T,
3 NNROW(30) ,QVALUE(10), SGMAZZ(10).THETA(100)-VCOUPL(ZO)-
T T TG T T T T T T WNTTIOY GWWNINTTIO W RCTIOY T T T T ’ o
COMMGON ISTRTHW,IICPLE, INTYPE, INTMAXoIIXCAL IIXPLT, IIPCAL,
T T ITPPLT o JUIMAX s MXROW, NXMAX s NXCPLE ,NANGLRy NOFMES
AMUPMU.CHARGEvCFUNIT DFNyDFNS,DFNW, DFNSP,ELAB,ETUNIT,
’ * A
RMAX.RBAR SGMAR'TMAS'VSXvVSF VSO,HSX o WSF, XMAX XBARv
T 7 XMESY, XMESZ +WNUNIT,TTR,TTILZERD — — .
TYPE COMPLEX TTR,TTI.ZERC
TCCCCCC #%%%F%*x  DIMENSION FIELDS USED ONLY TN THIS ROUTINE FERREXERER
COMMON EXSGRI (840}
COMMON CHXRTIU.307.COXT(I0, 30T, -
ZBART (10+410+3)+ZBARS (10+10+3),ZBARP (10+10,+3),
T ZBARYTIT1I0,10,37,ZBARSITIO,10,3),ZBARPITIO, 10,3y —~~ ~~ 777
CBAR1T(3,10+10),CBAR2T(3,10,10},CBAR3T(3,10,10),
~ CBARIS(3,10,1071,.CBARZS{3,10,107,,CBAR3S(3,10,100»
CBAR1P{(3,10,410),CBAR2P(3,10+10),CBAR3P(3+10,10),
REACCR{3T» TOTLXCTU3T o STRGFNU 3T L STRGFS T3 Yo STRGHFP T3 T,
TOTLXS(3).TOTLXP(3)
T CUOMMON ™ EXTRA&(1I7Z9) ~ — 77T D - ST
TYPE COMPLEX ZBART,ZBARS,ZBARP,CBAR1T,CBAR2T,CBAR3T,CBAR1S,CBAR2S,
T I "CBAR3S,CBARIP,CBARZP,CBAR3P,EXL,EXS,EXTy, — — — = 77
2 ZBART1+2ZBARS1+ZBARP]
CCCCTT FRFEH COMMUN FIELDS USED I[N COMMON BY SEVERAL ROUTINES — ¥XOrF¥x
COMMON AMS(3,3,3),BMTR(10,1043)+8MTI(10+10+3),NENSBP(3),
T T T 1T T T NENSBTU3),SGMEXPUIO006 v POLEXP(TI00,2) yFATTAT,NFAT,
2 NPOLST
B " "REWIND 7 '§ REWIND 8 - o T/ e e
IF(KTRL(7)) 30.,45,30
30 CALL ACCSAB § GU 10U 590
45 MULTLZ=IIMULT(1l) & [ISMULT=ISTRTW+]
T T 760 MSREPT=(ISTRTIW/ZV+#I 8 IF(KTRLU3Y)Y 61,65,61 — — 77— 7~
61 DO 63 M1=1,MULT1Z $ DO 63 M2=1,MULT1Z $ DO 63 M3=1,ISMULT
T T T T IBARTIUMIMZ,M3T=ZBARSI(MI M2,M31=ZBARPI{MI M2\ M3Y=ZERD " —— — T T 7
63 ZBART(M1,M2,M3)=2BARS(M14M2,M3)=2BARP(M14M2,M3)=2ERD
DU 64 NPS=1,NPULCST
TOTLXS{NPS)=TOTLXP(NPS)=0.0
T 64 REACCRUNPSI=TOUTLXCUNPST=STRGFNINPSY=STRGFSTNPST=STRGFPINPS)I=0.0 "~ —
STGFCS=50.6606%WN{ 1)} *WN(1)*SQRTF(0. 000001/ELAB)
T T T T PATS0=9.869604401IT1T 7§ XSUSTWNUI)*XBAR)=®*2 N N
Cl=6.0*%PAISQ*XSQ/(1.+X5Q)
STGFCP=1000.¥WN{ L) ¥WN{LJ7TCI¥SURTF U ICU000UU . U¥ECABTY
65 DO 600 JJ=1lsJJJIMAX
o T = + = TS=2%(KTIPIS72Y 7~ T
JITRTW=2%JJ-2+KTISCK $ KEXCOM(45)=JJ
DO 595 K=1.2 o
KEXCOM{46)=K $ CALL NLJJJK
TFTMXROW) .595,595. 70
70 NRTTMX=0
DO 75 NI=1,MXROW
IF(NNROW{N1}-1} 75,73.80
T T3 NRT7MX=NRT7MX+1

~N YWY NN -
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75 CONTINUE
'8C DO 110 NRT7=1,NRTTMX
110 READ TAPE 74 (CMXR(NRT7yNL) 4CMXI(NRT74NL) yNL=1,MXROW)

DO 127 NEI=1.,3 $ DO 127 NEZ=1,10 § DO 127 NI=I,NRT7MX
CBARLIT(NE1+NE2+N1)=CBAR2T(NEL1 4NE2,N1)=CBAR3T(NELyNE2,N1)=ZERD
~ CBARIS(NELl,NEZ,NL)Y=CBARZSUNEL,NE2,N1)=CBAR3S(NEI.,NE2,N11=ZERO
127 CBARIP(NELsNE2+N1)=CBAR2P(NELyNE2,N1)=CBAR3P(NEL,NE2,N1) =LERO

D0 405 MSRE=L,MSREPT  § MSTRTW=ISTRTW®(2-MSRE)
DO 400 MTII=1,MULT1Z $ MTIINV=MULTLZ+1-MTII

130 BRIN1)=BI(N1)=0.0

MTITTW=2*NTTT-1-MULTIZ § MJTRTW=MSTRTW*MTITTW
DO 130 Nl=1,MXROW

IF(JITRTHW-XABSF(MJITRTH}) 250,160,160
160 D0 240 NRT7=1,NRTTMX § CGl=1.0 $ “IFUISTRTW) 210,212,210 — — ~— — —
210 JT=JJROWINRTT) $ LT=LLRCW(NRT7)

212 C62=1.0 "

TASTT § TIB=ISTRTW §$ 1IC=JT §$ ID=0 § IE=IF=MSTRTW

CALL CLEB $ CGl=RAC B
IF(KTRL(1)) 214,216,214

214 TA=JT 8 "IB=MULTIZ-I ~§ IC=JJTRTW $ ID=MSTRTW $ TESMTITTW ~—
IF=MJTRTW $ CALL CLEB $ CG2=RAC

216 CG12=CG1*CG2
D0 230 N1=1,MXROW

© 240 CONTINUE

~ BR(NIT=BRUNI)+CG1Z*CMXRINRTT,NI)
230 BI(NL1)=BI(NL)+CG12*CMXI(NRT7,N1)

250 WRITE TAPE 84 (BRIN1)yBI(NL)4yN1=1,MXROW)

TFUKTRL{3Y]) 252,4C0,252

252 DO 395 NLJ=1,NRT7MX

TJ2TRTW=JJROWINLJIY 3 L2TRTW=LLROWINCIY 7 — = = —— =

TWL2P1=L2TRTW+1 $ SQRTLB= SQRTF(TWL2PL) $ SIGNIV=0.0

IFCISTRTW-1) 262,261,254 T
254 IF(MSRE-1) 26242614262

261 SIGNIV=(-1.0)V¥*{{(2TRTWFISTRTW-NULYTZ+I-JJTRTWI /2]

262 DO 295 MTFF=1,MULT1Z $ MTFTTW=2%MTFF-1-MULT1Z

~ MSFTTW=MITRTW-MTFTTW § TF(ISTRTW=XABSF(MSFYTWY] 295,26%,264  — — — ~
264 MSFF=(ISMULT+1-MSFTTW)/2 $ CGl=1.0 $ IF(KTRL(1)) 266.267 266

266 TA=J2TRTW § TB=MULTIZ-1"$ IC=JJTRTW & ID=MSFTTW — — - - -
IESMTFTTW $ [F=MJTRTW $ CALL CLEB $ CGl=RAC

267 CG2=1.0 § TF(ISTRIW] 268.269,268
268 IA=L2TRTW $ IB=ISTRTW $ IC=J2TRTW $ 1ID=0 $ IE=IF=MSFTTW

CALL CLEB $ C(CG2Z2=RAC
269 T1=CGL*CG2*TwWL2P1 $ [TRl= TL*¥BR(NLJ) 8 T[}fl}fﬁl(ﬁ&i)

EX=TRL+TTI*TIL §& EX1=ZERG
IF(MSRE-1) 271,273,271

271 EX1=EX $ EX=ZERO

273 ZBART (MTIIMTFF,MSFF)=ZBART (MTII MTFF,MSFF)+EX

ZBARTL(MTII,MTFF,MSFF)=ZBARTL{MTITMTFF,MSFFJ+EXI T T
IF(L2TRTW=-2) 276,277,295

276 ZBARS (MTTI,MTFF,MSFF)=ZBARS (MTIT,MTFF,MSFFI+#EX ——~ — —  — "~ - —

ZBARSL(MTII+MTFFyMSFF)=ZBARSL(MTII MTFF,MSFF)+EX1 $ GO T0 295

277 ZBARP [MTII,MTFF,MSFFI=IBARP (MTII,MTFF,MSFFT¥FEX
ZBARPL(MTII, MTFF,MSFF )=ZBARPL(MTII, MTFF HSFF)+EX1
295 CONTINUE —— 7 — —
DO 370 NPS=1,NPOLST

NENST=NENSBP(NPS)  $ 'NENSZ=NENSBT{NPS)
D0 370 NE1=1,NENS1

A2=AMSTNET ,MSRE,NPST § AZZ=AWSINEIL, ISMULT,NPST*SIGNTV
DO 365 NEZ2=1,NENS2

A2B2R=A2*BMTR(NEZ2,MTIT,NPST+A22*BMTR(NEZ ,MTITNV,NPS]
A2B2I=A2%BMTI(NE2,MTIT,NPS)+A22%BMTIINE2yMTIINV,NPS)

TR1=(AZB2R*BRINLJIV-AZB2T*BIINLJYI*SORT(B
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TIl=(A2B2R*BI (NLJ)+A2B2I%*BR(NLJ}I*SQRTLB
EX=TRIFTTI¥TIT - -
GO TO (321+322+323)4NPS
321 UBARITINELNEZZNLIT=CBARITINEL  NEZ-NLJI¥EX $ GU TU 330
322 CBAR2T(NEL1oNE2yNLJ)=CBAR2T{NEL1+NE2,NLJ)+EX $ GO TO 330
T 323 CUBAR3ITINELNEZ NLIV=CBAR3TINEL,NEZ7NLIIFEX o -
330 IF(L2TRTH=-2) 341,346,365
341 GU TO (342,343,324 4NPS - o
342 CBAR1S(NE1,NE2,NLJ)=CBARLS(NEL,NE2,NLJI+EX $ GO TO 365
343 CBARZSUNET«NEZWNLIT=CUCBARZSINEL sNEZLNLJITFEX § GU TU 365
344 CBAR3S{NE1,NE2,NLJ)=CBAR3S(NEL1,NE2,NLJ}+EX $ GO TO 365
346 GU 1O (347,348,349),NPS - T ’*'
347 CBARLIP(NELsNE2sNLJ)=CBARLP(NELNE2+NLJ)+EX $ GO TO 365
348 CBARZPINEL,NEZ,NLJI=CBARZPINEL,NEZ,NLJY¥EX 8 GO TO 365 — -~ — — — =~ — —
349 CBAR3P(NELWNE2+NLJ)=CBAR3P (NEL1 +NE2,NLJ)+EX
365 CONTINUE
- 370 CONTINUE
— —— 395 CONTINUE —— - L _
400 CONTINVUE
T T 405 TONTINUE - '*’ o T T T -
» IF{KTRL{3)) 505¢595,505
505 DU 520 NPS=1,NPOLST
NENS1=NENSBP (NPS) $ NENS2=NENSBT(NPS)
DO 520 NEI=I,NENSI ) S
DO 520 NE2=1,NENS2
T DO 520 NLJ=1,NRTTMX ”* Tt T
GO TO (510+511,4512)4NPS
STI0EX =CBARITUNET ,NEZ,NLJT Y EXS=UBARISTNEL,REZ, RLD)
EX1=CBAR1P(NELlsNE2,NLJ) $ GO TO 515
T 777STT EX =UBARZTINEILNEZ,NULJ)Y % EXS=CBARZSINEIWNEZ,NLJY —  — —— — —— —— —~
EX1=CBARZP(NEL1,NE2,NLJ} $& GO TO 515
T B1Z2 EX =CBAR3TINEL,NEZ,NUJY § EXS=CBAR3SINEIL,NEZ,NLIY — " =~ — =~ =7~
EX1=CBAR3P(NEL+NE2,NLJ)
515 STRGFNINPSJ=SIRGFNTNPST¥FEX ¥CUNJGIEX J
STRGFS(NPS)=STRGFS (NPS)+EXS*CONJG(EXS)
7 STRGFPUNPSI=STRGFPINPST+EXI¥CONJG({EXY) — —— — "~ ——— "~ = — = '~
520 CONTINUE
5§65 CONTINUE ~—  — T ) T - o T
600 CONTINUE
TFTRTRLT3YY 610,990,610
610 SGABS=125.663T1/(WN{L1)*WN(1))
e T ‘DU 675 NPS=1,NPOLST "  NENSI=ENENSBPINPSY % NENSZ=NENSBTINPSY
- DO 670 NE1=1,NENS1 $ DO 670 NE2=1,NENS2 $ DO 670 MTFF 1.MULT17
T T RTFTTW=ZERMTFF=MULT1IZ=1 % PFTFINV=EMULTIZ#I-MTFF— —
B2R=BMTR(NE2,MTFF4NPS) & B2I=BMTI(NE2,MTFF,NPS)
DU 670 MSFF=1, ISMULT
MSFTTW=ISTRTW+2-2%MSFF $ MSFINV=ISMULT+1-MSFF
© AZ=EAMSINEIL MSFFNPST § TAZB2ZR=AZ®BZR $§ ~AZBZI=AZ*B21T — ~— -
DO 670 MTII=1,MULT1Z
MTTITTW=2%¥MTIT-MULTIZ-1" $§ WTTINV=MULTIZ+1-MTIT ~ —~ — — T
BLR=BMTRINEZ2,MTII,NPS) $ BlI=BMTI(NE2,MTI[,NPS)
DU 660 MSTI=T,ISMULT
MSITTW=ISTRTW+2-2%MSI[1]
T TR (MSTTTH+MTITTW-MSFTIN-MTFTTIW) 660,615,660 ~— 7 =7~ —— ~
615 AL=AMS(NE1,MSII,NPS) $ AIBLR=Al1*Bl1R & AlBlI=Al%*B1lI
T T T T ABFACR=AIBIR¥AZBZR+AIBII¥AZBZI T8 ABFACISATIBII®AZB2Z2R=AIBIR®AZB2T —
[F{ISTRTW-1) 621,617,618
617 TFUMSTI-1IT 622+621,627
618 IF(MSII-2) 621.,621+622
T 621 MTIIT=MTIT $ MTFFT=MTFF § PWSFFT=MSFF & GU TO 623 ) T
622 MTIIT=MTIINV $ MTFFT=MTFINV $ MSFFT=MSFINV

623 TFUISTRTW-1) 631,631,624 B S
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IF(MSII-2) 631,633,631

631

EX =ZBART (MTIIT,MTFFT,MSFFT) T
EXS=ZBARS (MTIIT,MTFFT,MSFFT)

633

EX1=7BARP (MTTIT,MTFFT,MSFFTY §$ GO TU &35

EX =IBARTL(MTIIT,MTFFT,MSFFT)

EXS=ZBARSI(MTIIT  MTFFT,MSFFT)
EX1=ZBARPL{MTIIT+MTFFT,MSFFT)

635

TSGT=CIMAGTUABFACR+TTI*ABFACI)*¥EX )
TSGS=CIMAG({ (ABFACR+TTI*ABFACI)*EXS)

TSGP=CIMAG{{ABFACR+TTI*ABFACI J¥EXT)
TOTLXC{NPS)}=TOTLXC{NPS)+TSGT

TOTULXSUNPS)=TOTUXS{NPS)Y*+TSGS
TOTLXP{NPS)=TOTLXP{NPS)+TSGP

CONTINUE
CONTINUE

TOTUXCUNPSY=SGABS*TOTLXCINPS]
TOTLXS(NPS)=SGABS*TOTLXS(NPS)

TOTLXP{NPS)=SGABS®¥TOTLXPINPS) ) o
REACCRINPS)=TOTLXC(NPS)-SGABS*STRGFN(NPS)

"REACCS =TOTLXS(NPS)-SGABS*STRGFSINPS])

REACCP =TOTLXP{NPS)-~SGABS*STRGFP (NPS)

STRGFSTINPS)=REACCS*STGFCS
STRGFP{NPS)=REACCP*STGFCP

978

CONTINUE
DO 980 NPS=1,NPOLST

FORMAT(///12Xs THSGTOTL=EL15.6,9H REACCR=EL5.6//

WRTTE(64978), TOTLXCUNPS) yREACCRINPST, STRGFSTNPST,STRGFPINPST,NPS — — —

~ 2000 RETURN

990

1
980

995

12X THSTRGFS=EI5.6,9H STRGFP=EL5.6+4X,BHFOR NPS=TT]J

CONTINUE

IF(KTRL{31-2Y 995,2000,995

CALL CROSPL

END
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SUBROUTINE ACCSAB

CCTTCT ¥XXRXXX ~ CUMNMUN STATEMENTS THAT ARE COMMON TO ALL THE ROUTINES ¥
COMMON FACLOG(S00)+sRACyIAZIByIC+IDsIE,IF,L9(9]),
o *‘44‘CUHHUN""_7(TRCTKUT”KEXCUNTSUT”EXTCUH(50)'KILUUI(5UJ - -
COMMON F{(T1)+sG(TL)FD(T0)4GD(TO),ETA, SIGMAZ ,RHOMX yRD4 LMAX
COMNMDN ANGUERTIUUY ARTTO T ZATUTUY . BRUTO),BITTOY,CETTIO)Y, ORTUIOT,
1 ECM(10),
Z TITRUCTVUIO T, T IREAUTIOT, KPRITRUIO Y, JIRUWI3UT s CLROWNT 30T
3 NNROW(30) yQVALUE(10),SGMAZZ(10) ,THETA(100), VCDUPL(ZC)v
&4 WNTTIO) +WNINTTTIO) . WCTTIOY T |
COMMON ISTRTW IICPLE, INTYPE,INTMAX, IIXCALIIXPLTyIIPCAL,
1 ITTPPLT,, JJJIMAX, MXROW, NXMAXyNXCPLE,NANGLR, NDFMES, — ~— — "~~~
2 AMUPMU, CHARGE 4 CFUNIT 4 DFNoDFNS + DFNW, DFNSP,ELAB,ETUNIT,
3 PMAS, RMAS, RZERU, RZEROC,,RZERUST; RZERUW, RZROSP,
4 RMAX9sRBARy» SGMARy TMAS VS X o VSF o VSO s WSX yWSF, XMAXvXBARO
5 XMEST, XNESZ WNUNIT,TTR,TTI+ZERUO o T T
- TYPE COMPLEX TTR,TTI,ZERC
' CCCCCC “¥¥¥Xk¥  DIMENSIUN FIELDS USED UNLY IN THIS ROUTINE — — ¥F&eexxxXxyx
COMMON EXSGRI (840)
CUONNUN CMXADRT30, 307, CAXADTI(30,30JCAXSJIRT3,49, 307,
~ 1 CMXSJI(3+49430)+ZBARIR(8B4+842)+ZBAR1LI(8+842),
: 2 IBARZRUB+8+ 2V, ZBARZI(8,8+ 21 REACCRI3 ), TOYLXCU3Y, — 7~
3 STRGFN(3)'STRGFS(3).STRGFP(3)
T 7T CUNMON EXTRA4{Z203] -
cccceccece LAl COMMON FIELOS USED IN COMMON BY SEVERAL ROUTINES Fedok A ko
COMMON AMST3+3+ 31+ BMTRTUIU, 10+ 31 BRTITIU, 10, 3T, NENSBP(3 T,
1 NENSBT(3).SGMEXP(100.6).PDLEXP(IOO'Z).FAI(4) NFAIv
T V4 NPOLST - -
MULTLIZ=IIMULT(1l) $ ISMULT=ISTRTW+l $ KQNOTW=MULT1Z-1
T T MSREPTEISTRIWRY T T T T T Tt

JSMAX=(IIREAD(L)+I IREAD(IIXCAL)-KTRL(1))/2+1
JSITMAR=TZ¥TIREAUC L I=KTRCTUITI72Z2¥1
JMJRPT=0
o T T TTDUTI6U JSEILJSMAX T T T T o
1160 JMIRPT=JMIRPT+(JS*2-1)
T 7T DO 1165 MI=1,MULTIZ % “ DU 1165 MZ=1,.,MULTIZ % DO IT65 MSP=1,2 - T T =
ZBARLIR(M1,M2.MSP)=ZBAR1I(M]1,M2,MSP)=0.0
IBARZRIMIL M2, BSPT=ZBARZTIMI M2y MSPT=T0.T
1165 CONTINUE
7 7DO 1187 NSP=I,NPOLST '$ TUOTLXCUNSPY=O.O — — — — — —~ 7~ — — — -~ = — — — —~
1167 CONTINUE

A DO 1500 KK=1,2
DU I170 MS=1.MSREPT § UU 170 JSSI,JMIRPT & DO IT70 NR=1,30
CMXSJR(MS,,JSyNR)=0.0
T T TTIITU CMXSJT(MS,JSONRY=0.T0
REWIND 7
T T T DO 1390 JIE1eJJIMAX 3 RTISCKEISTRTW=2%{ISTRTW/2Y — 7~ — — — = —~
MBARTW==(2%JJ—-2+KTISCK) $ CRONEC=1.0
TF{MBARTW) 1173,117271173
1172 CRONEC=0.5
CTUTTTIIT3ODU 138C K=Ell.2 T T -
KEXCOM(45)=JdJ $ KEXCOM(46)=K $ CALL NLJJJK
T T TTTTTIFUMXROWY 1380,13BUL1175 T ) T -
1175 DO 1177 N1=1,MXROMW
READ TAPE 7,{CMXADRINI NZJ CHXADIINI  NZJ +NZ=LMXRUW]J
1177 CONTINUE

TFTKK-KY 1380,1180,1380
1180 IF(JJ-1) 1190,1185,1190
7777 1185 MXROWM=MXROW —
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1190 DO 1375 JMJ=1,JMJRPT $ JSSUM=0
DO 1230 JS=1,JUSHMAX $ T JSADD=Z¥JS-1 § JSSUM=JSSUM¥JSADD T
IF(JSSUM-JMJ) 1230,1235,1235

1230 CONTINUE
1235 JSTRTW=4%JS—-4 $ MISTTwW=2%(JIMJ+JSADD-JSSUM-1)
DO I370 MSIT=1,MSREPT $ HMSITTW=ISTRTIW#2-2¥MSIT
DO 1365 N2=1,MXROW

TUL2TW=LLROWINZY $  JZTWSJJROWINZFT $§ CMLJPR=CRCJIPI=0.0 —  ~ — ———

DO 1280 N1=1,MXRONW

LITW=LLROWINTI] $ JITW=JJROWINIT § CI=I.0
IF(ISTRTW) 1255,12604+1255
T 1255 TASCITW & IB=ISTRIW §$ IC=JITW § ID=0 § TE=IF=MSITTW -
CALL CLEB $ Cl=RAC
1260 TA=JITW 8 IB=J2TW '$ TIC=JSTRTW 3 "ID=MSTTTW § [F=MJSTTW =
IE=IF-ID $ CALL CLEB $ C2=RAC $ MSFTTw=-IE

TD=MBARTW § [IE=—-MBARTW § IF=0 §$ CALU CLEB § C3=RAC
S1=(-1.0)%*( (MBARTW-MSFTTW)/2)
~  GEOFACSSI#*C1*CZ*C3%CRONEC = = —— —— T B
TERMR=GEOFAC*CMXADR(NL,N2}) $ TERMI=GEOFAC*CMXADI(N1,N2)
T CMLJPR=CMLJPR*+TERMR 8 CMLJIPI=CMLJPI+TERM]
CMXSIRIMSTI ¢ JMI4N2)=CMXSJR(MSIT JMJI,N2)+TERMR

’ ’ = * * I

1280 CONTINUE
S T IFUKTRLT3YY 1310,1365,1310 T
1310 IF(JS-JSIMAX) 1312,1312,1365

1312 IF(XABSF(MSFTTW)-ISTRTW) I314,1314,1365 ~— T
1314 MSFF=(ISTRTW-MSFTTW)/2+1

FI=2*%(L2TWw+17 $ CI=1.0
IF(ISTRTW) 1316,1318,1316

© 1316 TA=L2YW 8 IB=ISTRTW $ IC=J2TW § 1ID=0  § TE=IF=MSFTITW o
CALL CLEB s C1l=RAC

1318 C2=1.0
IF(KQNOTW) 1330,1332,1330

133C TA=TC=TD=TF=KONOTW % 1IB=JSTRTW §% 1TE=0 § CALL CLEB § CZ=RAC
1332 FCl2=F1%*Cl*C2

DO 1360 MTITI=L,MULTIZ
C3=1.0 $ MTFF=MTII
IF(KONOTW) 1334,1338,1334
1334 MTITTwW=2%MTII~-1-MULTL1Z

MTFTTW=MTITTW+MJSTTWN § WNMIFF=INTFTTWFI+MOLTIZI/2Z
IF(XABSF(MTFTTW)-KQNOTW) 1336,1336,1360
T 1336 ID=MTITTW $  TIE=MJSTTW § IF=MTFTTW § CALL CLEB  $ T3=RAC™ ~— -
1338 GEO=FC12*%C3 $ TER=GEO*CMLJPR $ TEI=GEO*CMLJIPI
T IF(MSTIT-1Y 1352,1351.,1352 T S T
1351 ZBARLIR(MTII,MTFF,MSFF)=ZBARLIR{MTII MTFF,MSFF)+TER

IBARITUMTTIT . MTFF,MSFFI=ZBARIT{RT T ,MTFF,MSFFTFTET $ T GU TUO 135C
1352 ZBAR2R(MTII+MTFF,MSFF)=2ZBAR2R(MTII,MTFF,MSFF)+TER
ZBARZI(MTIT, MTFF,MSFF)=ZBARZI IMTIT, NTFF,MSFFI+TET ~~— — ~ ~ — 7 =~ -

1360
1365
1370

CONTINUE
CONTINUE
CONTINUE

1375
1380
© T 139¢

1

CONTINUE
CONTINUE
CONTINUE

DO 140C N2=1,MXROWM
WRITE TAPEB,{{CMXSJR(MSRE, JMIWNZ T CMXSJIT(MSRE, JMIyNZT,
JMJI=14s JMIRPT) 4 MSRE=1,MSREPT)

1400
150¢

T UTR(KTRLTU3YY 1810,2000,1610 0
161C SGABS=125.663T1/(WN(1)*WN(1))
" DUL655 NPS=1,NPULST $ NENSI=NENSBPUNPST & "NENSZENENSBTINPSY —

CONTINUE
CONTINUE
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DO1650 NE1=1,NENS1 $ DOleC NE2=1,NENS2 $ DO1650 MTFF I.HULTIZ
T T TTMTFTTWEZRMTFFSMULTIZST S WMTFINVEMULTLIZ+#1=MTFF — :
B2R=BMTR(NE2, MTFF.NPS) $ B2I=8BMTI(NE2,MTFF,NPS)

DOI 650 MSFF=1, ISMULT
MSFTTW=ISTRTW+2-2%MSFF $ MSFINV=ISMULT+1- MSFF
T T T AZEANMSINET MSFRYNPS) TS A2B2R=AZ¥BZR T
001650 MTII=1,MULT1Z
T T T HMTITTWSZRMTII-MULT1Z-T 8 MTTINV=EMULTIZFI=WMTIL -
Bl1R=BMTR(NEZ2MTII NPS) $ BlI=BMTI(NEZ2,MTII,NPS)

DUT630 MSTI=I.ISMULT
MSITTW=ISTRTW+2-2*MSIL $ MSIINV=ISMULT+1-MSI]
T T T TFUMSTITTRHENTITTR=MSFTTW=MTFTTH) 1630,1615,1630° —
1615 AL1=AMS(NE1.MSII,NPS) & AlBIR=A1*B1R $ AlBlI=A1%*8B11
T T ABFACR=ALIBIR¥AZBZ2R+AIBIT*AZBZ2T & ABFACT=A1B1T*AZRZR-AIBIR*AZB21

A2B21=A2%821

TFUMTFTTR-PTITTIW) 618,161 7,1617
1617 MTIIT=MTILI $ MTFFT MTFF $ HSIIT=MSII $ MSFFT‘MSI—F

T GO'TO 1819 T
1618 MTIIT=MTIINV $ MTFFT=MTFINV $ MSIIT MSIINV $ MSFI—T MSFINV

""" © 1619 TF{MSIIT-1) 1622,1621,162Z o
1621 ZBR =ZBARIR(MTIIT MTFFT MSFFT) $ ZBI=ZBARLI(MTIIT,MTFFT,MSFFT)

GO TO 16723
1622 ZBR =ZBARZR(MTIIT,MTFFT,MSFFT) $ ZBI=ZBARZ2I(MVIIT,MTFFT,MSFFT)

7 16Z3 TSG=ABFACUR¥ZBI+ABFACI¥*ZBR
TOTLXC(NPS )= TOTLXC(NPS)+TSG
71630 CONTINUE o o
1650 CONTINUE

TOTCXCUTNPST=SGABS¥ TUTLXCTNPS)

1655 CONTINUE
T T T DUTIT30 NPS=ILNPOLST T
WRITE(6+1710)+TOTLXC(NPS)4NPS

T 7 ITIC FORMATU/77710X. THTOTLXCZETIS.7.9H FOR NPS=I1)
1730 CONTINUE
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SUBROUTINE CROSPL

CCCCCC FEAFEXEE COMMON STATEMENTS THAT ARE CUOMMUN TU ALL THE RUUTINES T

CUMMON FACLOG(500),RAC,TA,IByIC,IDy[ESIF,LI(9),U9

COMMON T KTRL{30),KEXCOM(B0),EXTCOMIS50) KTLOUT(30Y = 7~ -

CUMMON F{71)+GUT71)+FD(T70)+GD(70),ETA,SIGMAZ ,RHOMX ,RDy LMAX

COMMCN " ANGLER{IOQO)AR(T7O0)AIC7C)WBRIT0Y,,BIV7OICECLT ) 4DRUICY T
ECM(10),

TTMULTUIOT TTREADUIOY,KPRTTRUIOT . JIJROW{30T,,LLRUW(30T,
NNRDH(jO)-OVALUE(IO).SGMAZZ(IO)vTHETA(IOO) VCOUPL(ZO):
“WN{10) yWNINTIT1C) WCTTIOY) ™ T T
COMMON ISTRTW, IICPLEY INTYPE,INTMAX, IIXCAL,IIXPLT,I1PCAL,

£ N

1 "TIPPLTJJJIMAX, MXROWsNXMAXyNXCPLE,NANGLR, NDFMES, ~—~ T
2 AMUPMU y CHARGE s CFUNIT 4 DFNsDFNS»DFNW o OFNSP,ELAB,ETUNIT,
3 “PMAS,RMAS,RZERT, RZERUC,RZERUS,, RZERUW, RZROSP,
4 RMAX+RBAR,SGMAR, TMAS,VSX,VSF,VSO, HSXvHSF.XMAX.XBAR.
) 5 XMEST,XMES2 WNUNTIT ,TTR,TTT,ZERTT —~ — -
TYPE CCMPLEX TTR,TTI,ZERD
S CCCCCC  — #%*%xx ~  COMMON FTELDS USED TN CUMMON BY SEVERAL ROUTTINES ~—~— ¥¥¥R¥es
COMMOUN EXSGRI(840)+EXTRA4(10812),EXTRAS5(525)
COMMON ~ MULTIZ,MULTPO, FUCTPL,MUCTPZ,NANGMT, NANGMX, NS INC,
1 NAGR 12, I110UT 4KCNOTWoCLEBCH, FMULFC,WNFAC
T COMMON — "AMST3+3+37,BMTR{T0,T10+371,,BMTITIC,10,3V,NENSBP(3T, 7~
1 NENSBT(3), SGMEXP(IOO 6).POLEXP(100 2)sFAI(4) 4 NFAL,
2 a TNPOLST T T o T o o
cccece AKX DIMENSIONS CHARACTERISTIC TO THE PRESENT ROUTINE Ak ke

DTMENSTON BFACIRIB,16,71+BFACZRIB.16571,.BFACIRIB, 156,775

1 BFAC4R(8+16+7)4BFACS5R(841647)4BFACLI(B416,7),

A BFACZTUB+16,7)BFAC3T(8,16+7V,BFACAT(8y16,7), T
BFACS5I(8,16,7)

CXKAMPIR(16423 7TV o XAMP2ZR(T6+ 2+ 7T 4 XAMPIRT16,2, 7Yy~~~ =~ 7 777~
XAMPLI(1642+s7) s XAMP2I(1642+7) ¢ XAMP3I(1642+7)

EQUIVALENCE (TEXTRASGT 1Y .BFACIRY, (EXTRAERT BI97V,BFACTIIT,
(EXTRA4( 1733) +BFAC2R) 4 (EXTRA4(2689),BFAC21),
(EXTRA4( 3585),BFAC3RY, { EXTRAZ{G481},BFAC3TYy " —
(EXTRA4{ 5377) +BFAC4R) , (EXTRA4(6273),BFAC4I),

" {EXTRA4U 71697V,BFACSRY,, (EXTRARZTB065),B8FACSTY, ~ — 7 - —
(EXTRA4( B8961) +XAMPLIR) 4y { EXTRA4( 9185),XAMP1I),

TEXTRAA U S4U097T XARPZIRY W (EXTRAG U 9633 T, XAMPZT T,
(EXTRA4( 98B57) +XAMP3R), (EXTRA4{10081),XAMP3])
~ DTMENSTON FCRT351,FCT(351, SGMACT35) yPOLTHNT35,2,37, Tttt/
SGMTHN (35,2, 3)'FCR5(100)vFCIS(lOO)yQGMACS(lOO)o
T “POLTH5(100Y,SGMTH5(1007" o o -
EQUIVALENCE (EXTRAS( 1) +FCR 1+ {EXTRAS( 36),FCI b

~Oolu W

N -

{EXTRAST TITSGMAT T2 TEXTRAST I06),PULTHNT,
(EXTRAS( 316)SGMTHN},
T{EXTRASU T "IY,FCRS TH(EXTRAST 101V FCIS T, T
(EXTRAS({ 201),SGMAC5),{(EXTRAS( 301),POLTH5),
“(EXTRAS{ "4017J,SGMTHST i ' T
55 KONOTW=ITREAD(1)%2-KTRL(1)

60 CLEBCH=U.CTUO0000T ~ § SOURTIU=SOURIF{IU.] ¥ ISMULCTSISTRTWFI
LINMAX=ISTRTW*ISTRTW+]1 $ MULTLZ= IIHULT(I)
~ TFUCHARGEY 264,252,264~~~ — 7
252 TF{(KTRL(B)) 254,256,254
~ 254 DO 255 N=1,NANGLR % FCRIN)=U.0 T -
255 FCI(N)=0.0 $ GO TO 281

256 DO 257 N=T,NANGLR & FCR5INT=0.0
257 FCIS5(N)=0.0 & GO TO 281
"264 ETA=CETD)
DO 270 N=1,NANGLR $ SN=SINF(THETA(N)*0.5) $ SN=SN=*SN
- FLN=ETA*(LOGF(SNY)~2,0¥SGMAZZ(1T % FNU=ETA/(Z.0¥WNI{TT%SN)
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FCRT=-FNO*COSF (FLN)*SQRT10 $ FCIT= FNO*SINF(FLN)*SQRTLC

IF(KTRL(BY) 26542665265 o
FCRIN)=FCRT $ FCI(N}=FCIT $ GO TO 270

266
21¢

273
2175

FCR5IN)=FCRT & FCISIN]I=FCIT
CONTINUE

00 280 N=1,NANGLR
IF(KTRL(8B)) 273,275,273
SGMAC (N)=FCR (NI1*#%2+FCT (N)**2 § GO TO 280 T
SGMACS(N)=FCR5(N}**2+FCIS5(N)*%2

280
281

405C
411C
412C

CONTINUE

NAGREP=((NANGLR-1}/7)+1
IF(KTLCUT(1I5)) 411C.4190,4110
FORMAT(BEL5.6)
WRITE(6,4120)

FORMAT(15HORUTHERFORD—-AMP)

4125

4135

TF{KTRL(B8)Y 4125,%4135,4125
WRITE(644050) 4 (FCR(N) +N=1,NANGLR)
WRITE(6+4050) s (FCI(N)  N=1,NANGLR) ~

GO TO 4190

WRITE(6,4050), (FCR5(N)Y,N=1yNANGLRY ~—~
WRITE(6+4050), (FCIS(N),N=1,NANGLR)

419C

ceceeee b DC LOOP FOR DIFFERENT STATES BREAAK

CONTINUE

00 206C Ti=1,IIXCAL

MULTPO=TIMULT(I1) $ MULTPL=MULTPC+1 $ MULTP2=MULTPO+2
WNFAC=SQRTIO/wWN(TLY — —— — — — 7 — — /"
I110uT=11

cceece LT DO LOOP FOR DIFFERENT BLOCKS OF ANGLES

NAGRIZ=0 $ CALL CMMNFC

e X
DO 19CC NAGR12=1,NAGREP o
NSINC=7*(NAGR12-1) $ NANGMI=1 $ NAGXCH=T7+NS5INC

NANGMX=XMINOF( NAGXCH,NANGLRT-N5INC
REWIND 7 ¢ REWIND 8

CALL BFCTOR
KDIF=KPRITR(I1)-KPRITR(1)+IIREAD(I1)-TIREAD(])
DC 1600 NPS=1,NPOLST  — —— —— — — —
NENS1=NENSBP (NPS) & NENSZ2=NENSBT(NPS) $ 12=NPS
00 1030 N3=NANGMT,NANGMX ~§ N5=N3+NSINC — — — — 7 7 7
IF(KTRL(B)) 1010.,1005,1010

1005
1010

1020
1630

SGMTH5{N5)=0.0 $ POLTH5INS)=0.0 & GO 7O IT30
DO 1020 N4=1.NFAI

SGMTHN(N5.N4,12)=0.0 $ POLTHNIN5,N4,12}=0.0
CONTINUE
CCNTINUE
00 1500 NE1=1,NENS1 $ DO 1500 NE2=1,NENS2

" XAMPLIR{MN,N4,N3)=0.0 $ XAMPITUIMN,N4,N3T=0.0

" XAMP3R(MN,N4,N31=C.0 § " XAMP3I(MN,N4,N3}J=C.0"

00 1050 MN=1,MULTPO s DO IG50 N4=1,NFAT
D0 1050 N3=NANGMI,NANGMX

XAMP2R(MN,N4,N3)=0.0 $ XAMP2I(MN,N4,N3)=0.0

CONTINUE

DO 1350 MSII=1,ISMULT
MSITTW=ISTRTW+2-2%MSI[ $ HEJI§§iAN§}NELLﬂ§I[7 yNPS)

DO 1350 MSFF=1, ISMULT
MSFTTW=I STRTW+2-2%MSFF $ LINT=MSII+ISMULT*(MSFF-1)

DG 1350 MTIT=1,MULTIZ

MTITTW=2%*MTII=-TIMULT(1)—-1 $ MTIINV=MULTL1Z+1-MTII

WEITTS=BMIR(NEZ,NTIT ,NP3S)
D0 1340 MTFF=1,MULTPO

MTFTTW=2%MTFF-TIMULT{TITII-1 $ MTFINV=MULTPO+1-MTFF
MEL=(MSITTW+MTITTW-—MSFTTR-MTFTTNW)/2

WEITI=WEITSS*¥WEITTS $§ FMEL=MEL $ TIF{LINT-LINMAX]) 1075,1075,1077



1675 LIN=LINT & MTIT=MTII $ MTFT=MTFF $ GC TO 1080
1077 LIN=TSMULTHISMULT+1-LINT $ ~SIGNKM={-1,0) % (KDIF+MEL T o o B

WEITL=WEIT1I*SIGNKM $ MTIT=MTIINV $ MTFT=MTFINV

108C DU 1300 N3=NANGMT,NANGMX

GU TO (1111,1113,1115,1117,1119),LIN

1111 AZMFIR=BFACIR(MTIT,MTFT,N3) ) i T T -

1113 AZMF1R=BFAT2R(MTIT,MTFT,N3)

AZMF1I=BFACLII(MTIT,MTFT,N3) $ GO TO 1130

AZMF1I=BFAC2I(MTIT,MTFT,N3) $§ GO TO 113¢C

1115 AZMFIR=BFAC3R(MTIT,MTFT,N3)

1117 AZMFIR=BFAC4RIMTIT,MTFT,N3)

1115 AZMF1IR=BFAC5R(MTIT,MTFT,N3)

AZMF1I=BFAC3I(MTIT,MTFT,N3) $ GO 10 1130

AZMF1I=BFAC4I(MTIT,MTFT,N3) $ GO TO 1130

AZMELT=BFACSI(MTIT,MTFT,N3)

113C DO 1300 N4=1.NFAT

ARG=FMEL*FAI(N4) $ EXPMLR=COSF(ARG) $ EXPMLI=SINF(ARG)
TERMIR=(EXPMLR*AZNMFIR-EXPMLI¥AZMFIT)Y*WETIT1 — — — — ~— S T
TERMII=(EXPMLR¥AZMFLI+EXPMLI*AZMFIR)*WEIT1
GG TO (1161+1T6341165)MSFF ~ — ~— = — = '~

1161 XAMPLIR(MTFF 4N4yN3)=XAMPLRIMTFF ,N4,N3)+TERMILR

XAMPTTUMTFF,N4 N3V =XAMPIT(MTIFF,N4,N3J*#TERMIT $ GO TO I300

1163 XAMP2R(MTFF,N4 N3)=XAMP2R(MTFF ,N4,N3)+TERMIR

XAMP2T(MTFF, N4 N3)=XAMPZT (MTFF N4, N3+TERMIT ~§ GO TU 1300~~~ T

1165 XAMP3R(MTFF,N4,N3)=XAMP3R(MTFF,N4yN3)+TERMIR

XAMP3T(MTFF N4 N3 )=XAMP3T (MTFF, N4, N3T+TERNLIT ~— — — "~ —

1300 CONTINUE

134C CONTINUE
1350 CONTINUE

TF(TI1-T1) 1407+1361,1407° — — = = 70— oo T T

1361 IF(CHARGE) 1362+1407,1362
1362 AMS1=AMSINE1l L1,NPS) o T S T s s

AMS2=AMS(NE1 ,2.,NPS)

AMS3=AMSTINEL +3,KNPS]
DO 1405 N3=NANGMI,NANGMX $ N5=N3+N5SINC
IF(KTRL(8)) 1380,1385,1380 "~ ' ' T T T T I

138C FCRR=FCR (N5) % FCII=FCI (N5) $ GO TO 1390
1385 FCRR=FCR5TN5) ¢ FCII=FCISINS)~ ~ ~ S s s T
13G6C DO 14C5 N4=1,NFA1

D0 1305 MTFF=I,MUCTPO
BMT1=BMTR(NE2 MTFF,NPS)

T AMBMI=AMSI#BMTT &  AMBMZ=AMSZ*BMT1 $ AMBM3=AMSI®BMT] — — - -
XAMPLR(MTFF ¢N4 ¢ N3)=XAMPLR(MTFF ,N4,N3 ) +FCRR*AMBM]
XAMPIIUMTFFYNA N3 ) =XAMPITUNTFF N4 ,N3T+FCIT®*AMBMT — ~~ ——— — — — — — -

XAMP2R(MTFF ¢yN4yN3)=XAMP2R{MTFF 4N4,N3)}+FCRR®AMBM?2

XAMPZTUMTFF N4 N3T=XAMPZITRIFF, N4, N3 T¥FFC T ITXANBMZ -
XAMP3R (MTFFoN44N3)=XAMP3R(MTFF N4y, N3 )+FCRRXAMBM3
T XAMP3T{MTFF,N4,N3)=XAMP3T(FTFF,N4,N3)+FCII¥AMBRM3 "~ S e T e

1405 CONTINUE
~IaC7 T2=NPS ©~ & T T T oo S T T T T o T

D0 145G N3=NANGMI,NANGMX $ NS=N3+NSINC

D0 1450 N4=1,NFAT ¥ CU=COSFUFATING ) ¥ ST=STNFTUFATUNGTY

DO 1430 MTFF=1,MULTPO

XP1R=XAMPIRTMTFF,N4,N3¥ $  XPLI=XAMPIT{MTFF,N&,N3) T
XP2R=XAMP2R(MTFFyN4yN3) $ XP2I=XAMP2I(MTFF,N4,N3)
CXP3R=XAMP3R({MTFF,N4,N3) ~§ XPII=XAMP3IIMTIFF,N4,N3}Y — — ——————————
GO TO (14214142341425), ISMULT

1421 TERMSG=XPIR*XPIR+XPIT*XPIT 3§ TERMPT=0.0 § GU TU 1&27

1423 TERMSG=XPIR®XPLIR+XPLI#*XPLI+XP2R®EXP2R+XP2I*XP21]

GO TO rs27 T

"TERMPL=CO*(XPIR¥XP2I=XPIT¥XPZRT
1 =SI®(XPLR*XP2R+XP1I%XP21)
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1425 TERMSG=XPLIR*XPLR4+XPLI*XPLI+XP2R¥XP2R+XP2 [ *XP2[ +X P3R*XP3R+XP31*XP 31
TERMPL=0.0 T -
1427 IF(KTRL(B)) 1428,1429,1428
1428 SGMTANTNG. N4, I2T=SGNMTHNNS , N4, IZT+ TERMSG
POLTHN(N54N4,12)=POLTHN(N5 ,N4, 12) +TERMPL
GO TO 1430 oo
1429 SGMTH5(NS5)=SGMTHS5(N5) +TERMSG
POLTH5(N5)=POLTH5(NSY+TERMPL ~ ~ : . |
143C CONTINUE
1450 CONTINUE
1500 CONTINUE
“““ D0 156C N3=NANGMI,NANGMX $ N5=N3+NSINC
IF(KTRL(8)) 1547,1545,1547

1545 POLTHS5(N5)=2.,0%POLTHS(NST/7SGMTH5INS) & 60 TO 1560 ~—~—~— — — =
1547 DO 1550 N4=1,NFAI
POLTHNI(NS N4 +121=2.0%POLTHENINS N4, I 21 /SGMTHRANTNS N4, 127
- 1550 CONTINUE
156C CONTINUE
1600 CONTINUE
19¢C CONTINUE
- IF{KTRL(17)) 1905,1930,1905
19C5 IF(KTRL{8)) 1930,1910,1930
1910 IF(CHARGE) 1912,1930,1912
1912 TF(11-1) 1930,1915,1930
1915 DO 1920 NA=1,NANGLR
1920 SGMTHS(NA)=SGMTHS (NA) /SGMAC5(NAY —
1930 CALL OUTPUT
2000 CONTINUE |
RETURN
END
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SUBROUTINE CMMMFC

TTTTTTTTCCCTTT T ¥FFFEY . COMMON STATEMENTS THAT ARE COMMON TO ACL THE ROUTINES—**%

COMMON FACLOG(500)+RACyLA,IByICoIDsIELIF,L3(9)yUS

COMMON KTRUT30Y,,KEXCOMTIS50 ), EXTCOM{S50T,KTLOUT30)
COMMON FIT1)+G(TL)+FD(T0),GD(T70)+ETA,SIGMAZ yRHOMX4RDy LMAX

COMNMON ANGLERTIUO0) »AR{T7UYATUT70).BRUT0T+BIT70V,CETTO)Y»ORTTO),
ECM(10),

T TIMULTUIO T, ITREADTTIUT . KPRITRTUIO )Ty JIROWI3UTFCLROW(30T,
NNROW(30) +QVALUE(L10),SGMAZZ(10),THETA(100),VCOUPL(20),

W N~

WNT1U)Y .WNINTTICY,WC(1I0) T
COMMON ISTRTWIICPLE, INTYPE, INTMAX, IIXCAL,IIXPLT, IIPCAL,

TTPPLT,,JJJIMAX s MXRUW, NXMAX,NXCPLE,NANGLR, NDFMES,
AMUPMUyCHARGE s CFUNITsDFNsDFNS,DFNWo DFNSP,ELAByETUNIT,

PMAS, RMAS,RZERU,RZEROC,RZERUS , RZERUW, RZRUSP,
RMAXRBAR y SGMAR, TMAS VS X VSF s VSOJWSX o WSF, XMAX, XBAR,

S ul N

XMESTy XMESZWNUNIT,TTR,TTI,ZERO e T
TYPE COMPLEX TTR,LTTI,ZERQ

o ccccce FAEETE ~COMMON FTELDS USED IN CUMMON BY SEVERAT ROUTINES  ¥o¥ex

COMMON EXSGRI(70+6) $ TYPE COMPLEX EXSGRI

COMMUN EXTRAGTIOBIZY +EXTRAS(525]
C OMMON MULTLZ 4MULTPO, MULTPL,MULTP2,NANGMI, NANGMX,N5INC,

1 NAGRIZ,y ITOUT,KUNUTW, LLEBCH, FMULFC WNFAC
COMMON AMS(3+3,3),8MTR(10+10+3),BMTI(10+10,3)NENSBP(3),

1 CTTTUNENSBTU3 7, SGMEXPUIOU.61, POLEXPUIU0S 2Ty FATUA)YZNFAT,
2 NPOLST

CCCLLT FEXFEE DITMENSTONS CHARACTERISTIC TO THE PRESENT ROUTINE ¥ ¥¥¥

DIMENSION CMMMIR(891698)+CMMM2R(8+16+8) yCMMM3R(8,1648),

1 CMMMARTBy 16981y LMMMSR (B4 16+8) yCHMMTITIB, 16487,
2 CMMM21(8y16+ 8).CMMH3I(B.16.8).CMMM4I(8.16 8),

T T 3T T T T T T T CMMMS T 8, 16,8 D

DIMENSION CMXR(3,8,13).CMXI(3,8,13)

DTMENSTUON — CMXSJIRTU3,497,,CMXSIT (3549 Ty LCGISMETTY
EQUIVALENCE (EXTRA4( 1) yCMMMLR) , (EXTRA4(1025), CMMMII)'

1 T TEXTRAG( 2049 JCMMM2R Y S TEXTRAG(30TS) ,CHMM2 T Yy T
2 (EXTRA4(4097) yCMMM3R) 4 (EXTRA4(5121),CMMM3T),
3 T T T LEXTRAGTETAS ) s CMMMAR ) (EXTRAGTTIO9 ) s CHMMG Ty T T
4 (EXTRA4(8193) CMMM5R) » (EXTRA4(9217) yCMMM5T)

EQUIVALERNCE  TEXTRAGTTIUZH I 2 OMXRIG IEXTRAZTTIOSS 3T CHXTY
EQUIVALENCE (EXTRA4(10241), CMXSJR).(EXTRA4(10388) CMXSJI)-

1 T CEXTRA&(TTO535 13 CGISHET o Tt T
DIMENSION NROWST(6)

II=T10UT ’ B - T B o
SQRT10=SQRTF{(10.0) $ LINMAX=ISTRTWXISTRTW+1 $ ISMULT=ISTRTW+1

’ MSREPT=UISTRIW/2T¥1

"TDUO 280 JS=1,JSMAX
280 JMIRPT=UMIRPT+(JS*2~-1)
CISMAXT={TIREADTIYHTIREADITII=KTRLUIYYI/2¥T % IMIRPI=0 I

JSMAX=(IIREAD(L)+1IREAD(IIXCAL)- KTRL(l))/2+1 $  JMJIRPT=0

DO 285 JS=1,JSMAXI

Z85 JMIRPI=JMIRPIFUISTZ=T17

Kl4=KEXCOM(14)-1 $ KIL14RPT=(K14/8})+1

, 3 * ) L
300 DO 1200 K14R=1,K14RPT
“REWIND B~ : o
LTRUMI=8%(K14R-1) $ LTRUMX=LTRUMI+7
CTRUMX=XMINOFTRIZ,LTRURXT § CWRTRX=LTRUMX=CTRUMT¥T

DO 310 MTII=1.,MULT1Z
DO 310 MTFF=1,MULTPO ~
DO 310 LWRT=1,LWRTMX

T CMMMIR(MTIT  MTFF,LWRTT=0.0 '$ CMMMZRIMTIT ,MTFF, LWRTI=0.T
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CMMM3R(MTII MTFF,LWRT)=0.0 $ CMMM4R(MTII,MTFF,LWRT)=0.0

CMMMSRIMTII MTFF,LWRT}=0.0
CMMMLI(MTII JMTFF,LWRT)}=0.0 $ CMMM2I{(MTII MTFF,LWRT)=0.0

CEMM3T{NTIT ,MTFF,LWRT)I=0.0 § CMMMGZI(MTII.MTFF,LWRTJ=0.0
CMMMST(MTII,MTFF,LWRT)=0.0

310 CONTINUE - T -
IF(KTRL(T7)) 332,330,332

330 JJMAX=JJIJNMAX $ KMAX=2 § GO 10 350

332 WNFCAD=SQRTI0/WN(1l) $ KEXCOM(45)=1 $ KEXCOM(46)=1

CALLT NCJJJK  § WMXROWI=MXRUW
KEXCOM({46)=2 & CALL NLJJJK $ MXROW2=MXROW

HATFAC=SQRTF(HATL/HATN)*2,0%WNFCAD $ ID=0 $ IE= KONUTH
o ~ IF=KQNOTW § IB=TTMULT(IT-T & TIC=TIPULT(IIF-T R
DO 340 JS=1,JSMAX

JSTRTW=4%J5-4 $ TA=JSTRTW & CALL CLEB

CGJSME{JS)=RAC*HATFAC
340 CONTINUE : T T T T
350 DO 1010 JJ=1+JJIMAX

ITF{KTRL{7)) 353,351,353
351 KS=KTRL(1)+ISTRTW $ KTISCK=KS—-2%(KS/2) $ JJTRTW=2%JJ-2+KTISCK

GO TO 360
353 IF(JJ-1) 357,355,357

357 IF(JJ-MXROW1-1) 360+3594360
7359 KEXCOM{45)=1 § KEXCOM{46)=2 $ CALL NLJJJRK $§ HMXROWM=MXROW
360 DO 1005 K=1,KMAX

T 355 KEXCOM{45)=1 $ KEXCOMI{&467T1=1 §$ CALL NLJJJK § W™XROWM=MXROW ~— ~— 7~

TFIKTRLTU71T 5I1.411.511
411 SIGNT=(-1.0)**((ISTRTWHIIMULT(1)-1-JJTRTW)/2+K+1)
T KEXCOMU45)=JJ § KEXCUM{46)1=K & CALL NLJJJK ’ T
IF(MXROW) 1005,10054412
412 DO 420 I2=1,11 $ NROWST(IZI=0
DO 415 N1=1,MXROW $ IF(NNROW(NL1)-12) 415,413,420

413 NROWSTUIZ)=NROWST{TIZ]+1

415 CONTINUE

420 CONTINUE
I3=11-1 $ NROWMI=1 $ [F(I3) 422.425+422

422 DO 423 12=1,13
423 NROWMI=NROWMI+NROWST(12)

475 NROWNS=NROWSTTTII)
DO 450 MSRE=1+MSREPT
77 DO 450 MTIT=1,MULT1Z
MTIINV=MULT1Z+1-MTII
T 77777 READ TAPE B, U{BRINIT.BTINIT,NI=1I,MXROW] S ' T
DO 448 NRW=1,NROWNS

NI=NRW+NROWMI-I § CR=BRI{NIJ¥WNFAC § CI=BITNII¥WNFAC
L1=(LLROW(NL)/2)+]1 $ ERL=EXSGRI(L1,I1) $ EIl= CIHAG(EXSGRI(LI'II))
T T U ER=ERTFERT-ETI*ETITS EI=Z.0¥ERT¥ETIL $& CMR=CR¥ER-CT¥ET
CMI=CR*E[+CI*ER
T TTF(MSRE-TY 443,441,443 0
441 CMXR{L1+MTIIsNRW)=CMR $ CMXI(LsMTIL,NRW)=CMI

TFTUISTRTW-17 448,442,442
442 ISR=ISTRTW+1

CMXI(ISR'MTIINV,NRH)‘CMI*SIGN7 $ GO TO 448

TR 43 CMXRUZWMTIT NRWT=CMR  '§ CPXTU{Z MTTINRWI=CMT ~— ~
448 CONTINUE

450 CONTINUE
GO TO 530

511 TF{JJ-MXROW1Y 512,512,514
512 N1=JJ $ GO TO 515

T 514 NI=JJ-MXROWL -

JIMAX=MXROWL+MXROWZ § KMAX=1 3% HATISTIMULT{1IY $ FATNEITMOLTOIIY
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L1TRTW=LLROW(NL) $ LITR=LITRTW/2

"READ TAPEB, (ICHMXSIRIMSRE s JMJT y CMXSIT (MSRE,, IMJIT,
1 JMJU=14 JMJRPT) 4 MSRE=1, I SMULT)

516

517 JITRTW=JJROWINI) § LI=U1TR¥]

TFITITR=CTRUMIT I0IUL516,516
IF(LLTR-LTRUMX) 517+517,1010

ER1=EXSGRI(L1ls1) $ EIl= CIMAG(EXSGR[(LI'I))

ER=ERLI¥ERTI-ETI*EIT § EI=2.0*ER1*ET1
DO 520 JMJ=1,JMJIRPI

520
530

DU 520 MSRE=T, ISMULT
CR=CMXSJR(MSRE+JMJ) $ CI=CMXSJI(MSREsJIMJ)

"CMXSJIRTMSRE»JHJT=CRFER-CI*ET %  THMXSITIMSRE,IMJV=CR*ETFCI*ER —

CONTINUE

'NRWMAX =NROWNS*{ ISKTRLUTIIFKTRLETY — ~ — o :
DO 1002 NRW=1,NRWMAX

61a

612

IFTKTRLUTTY 650,610,650
NRWT=NROWMI+NRW-1 $ L1TRTW= LLROH(NRHT) $ LLITR=L1TRTW/2

IFCLLITR-LTRUMI Y 'TO02,.,612,612 T
IF(LLITR-LTRUMX) 6154615,1002

T 615 JITRTW=JJROWINRWTY ~ ~ ~ o o

65C

DO 1000 MSII=1,ISMULT

= = = =WSTI
DO 1000 MTII=1,MULT1Z

TMTTTTW=23NMTIT-TIMULT(IT=T ~ § MSMITW=MSITTWFATITTW

DO 990 MTFF=1,MULTPO

TMTFTTW=2*¥MTFF-TTMOLTTILI=T 7
DO 980 MSFF=1,MSREPT

6607
670

“MSFTTW=ISTRIRFZ=2ZXRSFF § LINEAREMSTIFISHNULT®IMSFF=I)
IF(LINEAR-LINMAX) 660,660,580

IFIKTRLITYI "7T10+67C» 710 -
TA=J1TRTW $ 1B=MULTPO-1 $ IC=JJTRTW $ IE= M1FTTH $ IF= MSM[TH

ID=TF-TE "¢ CALLU CLEB % CLEBSI=RAC ~
PLFACR=CMXR{MSTI,MTII NRW)*RAC

11¢C

PLFACT=CMXITRST I «MTII ,NRWT¥RAC % GU TO 750

SUMJJR=0 $ SUMJJI=0 $ MITRTW=MTFTTW-MTITTW
IB=TIMULTTTI)-1 $ IC=IIMULTIIT)=T $ 1D=MJUTRTW $ TE=MTITTW
IF=MTFTTW

DO 720 JS=1.JSMAXI Tt T T CTT T
JSTRTw=4%JS~4

T12

715

TFTISTRTW=XABSFUIMJITRIRTIT 72057125712

IA=JSTRTW $ CALL CLEB $ T1=RAC®XCGJSME(JS)
MI=XABSF(MJTRTW)/2Z ~'$ JMI=0 $ ~JSMI=Js-1 T ST
DO 715 JS1=1,JS5M1

JEJSJMI+(2ZFIS1-1) & JNJSJNMJ+MTFT - e e
IF(MJTRTW) 71B,717,717

717

718

720

SUMJJR=SUNIIRFTIFUMXSIRIMS T, JFIT
SUMJJI=SUMJJI+TL*CMXSJI(MSII,JMJ) $& GO TO 720
TI=TI*((=1.0)**{TL1TRTWFIJLTRTW=ISTRTW=-JSTRTWY/ 2V~
SUMJJR=SUMJJR+TL1*CMXSIR{MSTIINVJMJ)

SUMJJIT=SUMJJI+TI*CMXSITNSTINV,IMI)
CONTINUE

75C

PLFACR=SUMIJR & PLFACT=SUMIIT
Ii=I1

[TA=LU1TRTW 3 IB=TSTRTW $ TC=JITRTW $ TE=MSFTTW § IF=MSMITW=MTFTTW -~ —
I0=1F-1E $ CALL CLEB $ CLEBS2=RAC $ MEL=IN/2 $ MELABS= XABSF(MEL)

FL2=L1TRTW+T & KI=LITR+MEUABS+1 % K2=LITR-MELABS¥T
IF{K2) 980,980,760

FCC=FACLUGTIKTT-FACTUGIKZY § FCUSERPF{=-U.S¥FCCT
GEOFAC=FL2*FCC*CLEBS2*( (- 1.0)*x({MEL+MELABS)/2))

PLFACR=GEOFAC¥PLFACR $ PLFACT=GEUFAC®*PLFACT "
N1=L1TR+1-LTRUMI

GO 7O ( 831,833,835+837+,839 T,LINEAR ™




831 CMMMIR(MTII+MTFF¢N1)}=CMMMIR(MTII.MTFF,N1)+PLFACR
T CMMMII{MTYII MTFF ,NI)=CMMMILI{HATII MTFF,NY)#PLFACI '§ GO TO 840 — -
833 CMMM2R(MTIIsMTFF4N1)=CMMM2R(MTII  MTFF,N1)+PLFACR
CMRRZITHTIT MTFFNIJ=COMMMZI{NMTII,MTFF,NIJ¥PLFACT § GU TO B4U
835 CMMM3AR(MTIIsMTFFoNL)=CMMM3R(MTII MTFF,N1)+PLFACR
T CMMM3TINMTIT  MTFF,NT)=CMMM3T{MTITMTFF,NI)*PLFACT '$ GO TO 840 — ~ -
837 CMMM4R(MTII MTFF,N1)=CMMM&4R(MTIIMTFF,N1 )+PLFACR
T CMMMATI(WTIT ,MTFF,NLY=CHMMNRI{MTTIIMTFF,N1}+#PLFACT % GU TUO B&0~ ~ —
839 CMMMSR(MTII MTFF,N1)=CMMMSR(MTII . MTFF,N1)}+PLFACR
T CHMMSI(MTITI MTFF,NIJ=CMMNSI{MTII MTFF,NLT¥PLFACT
840 I1=1I1
© 980 CONTINUE T T/ T T e T T T T
390 CONTINUE
71060 CONTINUE " — 7 e T T e -
1002 CONTINUE
1005 CONTINUE
- 1010 CONTINUE
7 7 77TDOITI30 NI=l,LwWRTMX T T T o T T T T T T o e -
DO 1120 LIN=1,LINMAX
TGO TO (ITI0L.TII2,1114,1116,1118 ).,LIN T~ — T e e
~ 1110 WRITE TAPE 7+ ((CMMMIR(MTII yMTFF,N1)CMMMLI(MTII MTYTFF,N1),
1 MTFF=1,MOLTPOJ +MTII=LMULTTZY) 3 GO TUO 1120
1112 WRITE TAPE 7+ {(CMMM2R(IMTII yMTFF4NL1) CMMM2I{MTIT,MTFF N1},
1 MTFF=1,MULTPD)  NMTII=L,MULTIZ) $ GO YO 1120 7 7T
1114 WRITE TAPE 7, ((CMMM3R(MTII yMTFF¢N1)yCMMM3I(MTLI,MTFF,N1),
B ¥ MTFF=1, MULTPO),NTIT=1,MULTIZ) $ GO 17O 1120 T
1116 WRITE TAPE To{(CMMM4R(MTII 4yMTFF,N1),CMMM4I(MTITI MTFF,N1),
1 MTFF=1,MULTPO),MTIT=1,MULTIZY $ GO 70 1120
1118 WRITE TAPE 7+ ((CMMMSR{MTII MTFF4N1),CMMMSI(MTII MTFF,N1),
T 1 MTFF=1,MULTPCOY,NTII=1 ,MULTIZY 7 77 —/ — 7~ -
1120 CONTINUE
1130 CONTINUE S s e e e T T
1200 CONTINUE
RETURN




126

SUBROUTINE BFCTOR

CCCCCT ¥X¥FXF  COMMON STATEMENTS THAT ARE COMMON TU ALCC THE RUUTINES —¥¥%
COMMON FACLOG(500) +RAC+IA,IB,IC+IDsIEsIF,L9(9),U3
T TCOMMON ~ KTRL{30) . KEXCOMI50 ) ,EXTCUMIS0) JKTLOUT(3OY ——— — 7 — —
COMMON FET1)eGUT71)4FD(T0)+sGD(TO)+ETA,SIGMAZ 4RHOMX,RDy LMAX
T 7 COMMON T 7 ANGLER(100V,ARTT7O0T,AIUT0Y,,BRUT70),BI(70V,CE(TIOV,DRTI0Y
ECM(10),

TTMOLT{IO) ., TTREADTIOT . KPRITR{ IOV, JIJROW(30T,CLROW (3T,
NNROW(30) QVALUE(1G).SGMAZZ(10), THETA(IOO) VCOUPL(20),
T T WNUIDY WNINTI{IOY, T

COMMON ISTRTWsIICPLE, INTYPEsINTMAXyIIXCALoIIXPLT,IIPCAL,
1 7 U HIPPLT G JUJMAX MXROW, NXMAX NXCPLE ,NANGLR,NDFMES, — 7 —
2 AMUPMU ¢CHARGE s CFUNTT+DFN,DFNSsBFNWyDFNSP,ELAB,ETUNIT,
3 PMAS,RMAS,RZERU,RZERUC, RZERUS y RZERUW, RZRUSP,
4 RMAXRBAR y SGMAR,TMAS ,VSX4VSF 4VS0, HSX'HSF XMAXy XBAR
R R T XMES1,XMESZ WNUNIT,TTR,TTI,ZERTO ) oo T
TYPE COMPLEX TTR,TTI,ZERO
T TCCCCCC T T ¥ xk¥ T T COMMON FIELDS USED IN TCOMMON BY SEVERAL ROUTINES — ¥=®%x
COMMON EXSGRI(840),EXTRA4(10812),EXTRAS(525)
CUOMMON MULTIZ MUOLTPO, FULTPL,MULTPZ,NANGNIT ,NANGMX, N5INC,
1 NAGR12+I10UT s KQNOTW,CLEBCHyFMULFC,WNFAC
T COMMON AMS(3,3,3)BMTRII0O,10,3),BMTI{10,1C,3¥,NENSBP(37, T
1 NENSBT(3)1SGMEXP(IOO 6)vPULEXp(100'2) FAI(4) yNFAI,
2 TONPOLST T T
ccccecece TRk DIMENSIONS CHARACTERISTIC TO THE PRESENT ROUTINE ok

DIMENSTON BFACIR(B.16,7).BFACZRIB,16,77,BFAC3RTB,164+77,
1 BFAC4R(B4+16+7)+BFACSR(8,16+7)+BFACLI(8416,7),
o ra © BFACZ2I(8,16,71,BFAC3T(B,16,7)BFACAI(BY16,7Yy
3 BFACSI(8+16,7)
~DIMENSION P(9,T14,7V,CMMMR{8,16),CMMMI(8,16]
EQUIVALENCE (EXTRA4( 1) +BFACIR), (EXTRA4( 897),BFACL11),

I {EXTRASGTTI7937,BFACZRY, (EXTRA4 (26891 ,BFACZTT,
2 {EXTRA4(3585) yBFAC3R ), (EXTRA4(4481),BFAC31),
3 " (EXTRA4(5377) ,BFAC4RY, EXTRAG(6ZT73Y,BFACAT), ~— '~
4 (EXTRA4(7169) 4BFACS5R), (EXTRA4{8065)+BFACSI)
~ EQUIVALENCE T(EXTRA4U8961),P1,{(EXTRA4(I843],CMMMRT,
1 (EXTRA4{9971),CMMMI)

TI=TIOUT

SORT10=SORTF{10.0) $ LINMAX= ISTRTH*ISTRTH+1 $ ISMULT=ISTRTW+1
MSREPT={ISTRTW/2Z)+1" T T
JSHAX—(IIRtAD(l)fIIREAD(IIXCAL) KTRL(l))/Z*l $ JMJRPT=0
DO 280 JS=T1,JSMAX - S
28C JMJRPT=JMJRPT+(JS*2~-1)

JSMAXT={TIREADTIT#FITREADTTIT=KTRLTITI72%T § JMIRPI=U
DO 285 JS=1,JSMAXI

T 285 JMIRPT=JMJRPI+(JS*2-1)V
K14=KEXCOM(14)-1 % __K14RPT= (K14/8)+1

~ REWIND 7
1400 DO 1410 MTII=1,MULT1Z

T T TBFACIR(MTII,MTFF,N37=0.0 § BFACZRIMTTI,MTFFyN37=0.0

D0 1410 MYFF=I,MULTPO
D0 141C N3=NANGMI,NANGMX

BFAC3R(MTII+MTFF,N3)=0.0 $ BFAC4R(MTII,MTFF,N3)=0.0

T BFACSRIMTII,MTFF,N3¥=0.0

BFACII(MTII MTFF,N3)=0.0 & BFAC2I(MTII,MTFF4N3)=0.0

BFAC3TIMTIIT,MTFF,N37=0.0 § BFACGITNTII MTFF,N3T=0.0
BFACSI(MTIIMTFF,N3)=0C.0

141G CONTINUE
DO 1700 K14R=1,K14RPT

LTRUMT=8%(K14R-1} § C = + =XWINOF(KTI4,LTRO®XT

«
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<
LWRTMX=LTRUMX-LTRUMI+1
TTMMCHZETSTRTW+IIREAD(IV*TIREAD(ILI#1I-KTRC(1) - T o
DO 1450 N3=NANGMI,NANGMX
NS=N3¥NSTINLU P TH=THETATNDY b3 LUSLULTYTITHY > DITLJUJSINTUTHYT
CT=2.0%C0O*SI
- TTF(KT4R-1I7 1427,1425,1427 - - B T -
1425 P(1y1+N3)=1.0 $ P{241,N3)=CO $ P(1+2,N3)=0.0 S FL O 0 $ GO TO 1430
T 1427 FL=UTRUMI 8 " FLPI=FL¥1.0 3 TWUPI=FL¥FLP1 Tt
DO 1428 M=1,MMCH2
1478 PIL Mo N3T=PTU9, M, N3T
P(2,1, Nd)’(THLPI*CO*P(1-1'N3)-FL*P(8 1 N3))/FLP1
B " 1430 NMAX=LWRTMX+2Z T 0 T T o T
DO 1445 N=3,NMAX
| TTUFLEFL#1.0 % FLPI=FL#I.0 7% THLP1=FL¥FLPT % "NMI=N-1 "% NMZ=N-2
} PN1 =(TWLPL1*CO%P(NM1414N3)-FL*P(NM2,1,N3))/FLP1
TF{N-NMAXT 143Z2,1431,1432
- 1431 P(NM1,2.N3)= FLPI*SI*(CU*P(NMI 1 N3) PNl) $ GO TO 1433
o 1432 P(N,1,N3)=PNI T l
P(NM]1,2,N3)= FLP1*SI*{CO*P(NM1,1sN3)-P(N,1,N3))
B 1433 MMCHL=NMI+LTRUMI ™ $ ~MMAX=XMINOFTMMCH1,MMCHZT $ FM=C.0 o o
- DO 1435 M=3,MMAX $ FMPl=FM+1.0
PINNI M, N3T= CT*FMPI¥P(NMI M=T N3 ) - (FL-FMI R (FLIFMPIT®¥P (NMI  M=2, N3]
1435 FM=FM+1.0
Y445 CONTINUE 777 T o - T

1450 CONTINUE
" D0 1600 LI=T,LWRTMX ~ % UITRPISLTRUNMI+L1L i - - T
DO 1500 LIN=1,LINMAX
MSFF={ILIN-IJ7TSMUCTIF1 ¥ MSTT=CIN-TSPMUCT®{MSFF=1)
MSITTW=ISTRTW+2-2%MSII $ MSFTTW=ISTRTW+2-2%MSFF
T READ TAPETTYU(UMMMRTMTIT W MTFFY yCMMMT(MTTI T RTFF Y, - T/ =
1 MTFF=14 MULTPC) 4MTII=1,MULT1Z)
"DO 'I500 MTIT=1.MULTIZ 8¢ FTITTW=Z®MTII-IIMULCTIIY=T  ~—
DO 1495 MTFF=1,MULTPO

MELPL=(XABSF(MELTW)/2)+1 $ IF{LLTRP1-MELP1)} 1495,1470,1470
“1427C°0U0 1490 N3=NANGMI,NANGMX ¥  PFACTEPIUTMELPI N3Y o o
TR=PFACT*CMMMR (MTII,MTFF) $ TI=PFACT®CMMMI{MTII, MTFF)
GO TO ( 14711473, 1475147741479 },LIN ——
1471 BFACLR(MTII+MTFF N3)=BFACLR(MTII,MTFF,N3)+TR
BFACTII(MT I I MTFF,N3)T=BFACTIT(MTII  MTFF N3 V¥T1 Y GO TO I%90
1473 BFAC2R(MTII MTFF,N3)=BFAC2R(MTII,MTFF,N3)+TR
T T BFACZIUMTITIMTFF N3)=BFACZITUNTITIMTFF,NITFTTI % GO TO 1490 T T
. 1475 BFAC3R(MTIIMTFF+N3)=BFAC3R(MTII,MTFF,N3)}+TR
. 0 TTBFAC3TIMT I L MTFF L N3V1EBFAC3I TIMTIT MTFF,N3T*TT ¢ "GO TO 1490
1477 BFAC4R(MTIT MTFF4N3)=BFAC4R(MTII MTFF4N3)+TR
BFACGI(MTIIT, ) = v )
1475 BFACSR(MTII+MTFFoN3)=BFACSR{MTIIMTFF,N3)+TR
BFACSIIMTII  MTFF N3 )=BFACSI{MTII ,MTFF,N3)+TT1 i
1490 CONTINUE
T 77T I495 CONTINUE T T oo oo
1500 CONTINUE
1500 CTUNTINUE
170C CONTINUE
77T 2CC0 RETURN . - T
END
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SUBROUTINE OUTPUT
T CCTLTT —  ®¥¥X¥¥  LUMMUN STATEMENTS THAT ARE CUMMON TO ALCL THE ROUTINES — *¥¥

COUMMON FACLOG(500)+sRAC,I1A+IByIC+ID,IE,IF,L9(9),U9
COMMON " 7 KTRLU{30) KEXCOM(S50)FyEXTCOMI S50V VKTLOUT(30) T T -
COMMON FUTL) 4GUT1)+FDUT0)+GDIT0)+ETA,SIGMAZ yRHOMX yRDy LMAX
COMMON "~ ANGLER(CIUO)AR[70) »AI(70T,BR(TOY,BICTOY,CE(10),DRLLCY -
1 ECM(10),
Z TIMOLT IO T, ITREADTIU N, RPRITRUTIO Y JIJROWE 30T, LLROWTE30 ),
3 NNRDH(30).QVALUE(IO).SGMAZZ(10).THETA(IOO).VCOUPL(ZO).
h 4 T T 7 WN{10) ¢WNINITICY,WC{10) ~ T

CUMMON [ISTRTWeIICPLE, INTYPE, INTMAX, IIXCALy IIXPLT,ITPCAL,

1 TIPPLT s JJIMAX y MXROW,NXMAX yNXCPLE s NANGLRyNDFMES, T T
2 AMUPMUCHARGE y CFUNIT,DFN,DFNS,DFNW, DFNSP,ELAB,ETUNIT,

3 PMAS, RMAS,, RZERTC, RZERUC,RZERUS,, RZERUW,RZRUSP,
4

5

RMAXyRBARy SGMARy TMAS,VSX s VSF VSO, WSX, HSF.XMAX XBARv
XMES] ¢ XMES2 +WNUNIT,TTR,TTI,ZERCQ T o o
TYPE COMPLEX TTR.TTI,ZERO

cccece REERE COMMON FTIELDS USED TN COMMON BY SEVERAL ROUTINES TREEHK
COMMON EXTRA4(11652)+EXTRAS5(525)
COMMON MULTIZ MOLTPU, FULTPI, PULTPZ, NANGFT,, NANGMX, N5 INC,
1 NAGR12+I10UT+KQNUTWsCLEBCH, FMULFC o WNFAC
" CUMMON "7 AMS(343,3)+BMTR(1C,y10,37.BMTITI0,10,3),NENSBP(3), — —  ~ 7~
1 NENSBT (3),SGMEXP(100, 6).POLEXP(100-2)yFAI(4) NFAT,
- o2 T NPOLST T B o -

DIMENSION  FCRI(35)+FCI(35),SGMAC(35)POLTHN(35,2,3),
1 SGMTHNT35, Z+ 31 FCRSTTOUT . FUISTICU T, SGMACSTITO Y
2 POLTHS(100)+SGMTH5(100)
EQUIVALENCE (EXTRAST ™ " TI1,FCR ™ ) TEXTRAST ~36F5FCI )y T e
(EXTRAS( 71) 4SGMAC ), (EXTRAS( 106),POLTHN),
"TEXTRAST ™~ 3167, SGMTHAND , B e -
{EXTRAS( 1) 4FCRS ) ,(EXTRAS( 101),FCI5 ),
{EXTRADT ZUL T SGMAUSTY,, {(EXTRAS T 30ILT,,POCTHS T,
(EXTRAS( 401),SGMTHS5)
TYPE INTEGER PARIKI™ — " S —
4000 FORMAT(1HL)
TOITET10UT 8 T2=I11-XMAXOFUTIXPLT,IIPPLT) —$ IF(TZ2) 510,51055065 ~— ~— -
505 IF(NFAI+NPOLST-2) 510,507,510
507 THFUTZ-Z2%TTZ2727Y7) 510520, 51C
51C WRITE(6,4000)
" 52C 0O 100C NPS=1,NPOLST - 0 ”*' o - Tt ot e T
DO 900 N4=1,NFAI '
FATIDEG=FAT(N4T®E57.296F0, 001 % TI11=TIREADIIL) - I - I -
QV=0VALUE(I1l) § KP=KPRITR(I1) $ [IF(KTRL(1l)) 605,601,605
G6CT TIW=TI11 3 TFTRP-T7 603,602,603
602 PARIK1=5H (+) & GO TO 61C
6C3 PARIKI=SH {-) ~$° GU TO 61C B —
605 TIw=I111+111-1 $ IF{(KP~-1) 607'606'607
606 PARIKI=SH/2(+Y §& GO TU 610 T I —
607 PARIK1=5H/2(~)
6T0 WRITETS6,620) I IW.PARTIKI UVFATUEG,NPS
620 FORMAT(1HO//20X,5H#*%%%%,5X,15H SCATTERING TO I2,A5,10H STATE AT ,
Tl T TTF6 W 3y 4H-MEV, 5X  SH¥¥¥ %%, 3X, SHIFAT=F6. 2,8H-0EGREET, 5H NPS=T17/} -
NA3RD=(NANGLR+2)/3
"WRITEU(6.740} 7 T T . -
740 FORMATU3(5X,5HANGLE 46Xy SHSGMTH9X,5HPOLTH,3X) /)
DO 760 N5=1,.,NA3ZRD $ N6=N5+NA3RD 3 N7T=NG6+NA3RD
IF(KTRL(8)) 745,747,745
745 WRITE(6,750)ANGLERINS T, SGHTHNINS , N4 , NPST, PULTANINS , N4 yNPS}
1 s ANGLER(ING) ¢ SGMTHN (N6 N4 ¢ NPS) s POLTHN (N6 4 N4 4NPS )
2 sANGLERTN7 )Y SGMTHNI{N7+N4,NPS)y POLTANINT7,N4yNPS)

(S0 IOV N




G0 TO 760

747 WRITE(6,750),ANGLER(N5},SGMTH5(N5),POLTRS(NS}
1 s ANGLER{NG6) s SGMTHS (N6) , POLTH5(N6)
2 +ANGLERTNTY ,, SGNTHSINTT 5 POLTRAS{NTY

750 FORMAT(3(Fl0e1+E15.54F1043,3X))
760 CONTINUE
IF{I1+NPS+NFAI-3) 890,770,890
77C IF(CHARGEY 772,890,772
772 WRITE{(6,775)
775 FORMAT(7748X, 24ARUTRERFORD CRUOSS SECTION/J
NA4H=(NANGLR+3)/4
DO 785 N5=1,NA4H § N6=N5+NA4H § N7=N6F+NAZH —$ NB=NT+NAGH T
IF(KTRL{8)) 777,779,777
777 WRITE(6,780)+ANGLERIN5T,SGMAC (N57,ANGLERINGT,SGMAC (N&)Y ~—  ~—— ~ —

1 sy ANGLER(NT) ,SGMAC (N7) ANGLER(N8),SGMAC (NB8)
GO TG 785
. 779 WRITE(6+780) y ANGLER{NS)+SGMACS(N5) ANGLER(NG) y SGMACS (N6)
o 1 » ANGLERUNT7T,SGMACS(NT),ANGLERTNB),SGMACSINBY  —~———

780 FORMAT(F10.14ELl4.543(FlbelyE1l4.5))
785 CONTINUE
890 CALL PLOTER
900 CONTINUE
10CC CONTINUE
RETURN
END
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SUBROUTINE PLOTER
CCTCCC ¥¥Ek¥EX  COMMON STATEMENTS THAT ARE COMMON TO ALL THE RUUTINES  ¥%¥
COMMON FACLOG(500) +RACITA4IBoICIDyIEZIF4L9(9),U9
******* COMMON  KTRL{301.KEXCOM(S0V,EXTCOMIS50),,KTLOUT(30)
COMMON F(T1)oGUT1)«FDUT0)+GD(TO)yETA,SIGMAZ yRHOMX ¢RDy LMAX
COMMON ANGLER{IO00)sAR{TO) JATI( 7OV BR{T0Y,BIUTO)CETITUY,DR{I0),
ECM(10),
TIMULT (IO T, ITREADTIO T, KPRITRTTIUT, JJRUWI 30V, LLRUOWL30Y,
NNROW(30) QVALUE(10)+SGMAZZ(10) +THETA(100),VCOUPL{20),
WN{I0) ,WNINTUICT WCTI0]
COMMON ISTRTWoIICPLEy INTYPE,INTMAX, IIXCAL, IIXPLT, IIPCAL,
TTPPLTy JJIMAX, MXROW, NXMAX,NXCPLEy NANGLR, NDFMES,
AMUPMU ,CHARGE y CFUNIT,DFN,DFNS, DFNW, DFNSP,ELAB,ETUNIT,
PMAS,RMAS ,RZERT+RZERDC,RZERDS,RIERDW,RZROSP,
RMAX¢RBAR s SGMARy TMAS s VSX s VSFy VSO WSXyWSF ¢ XMAX s XBAR
"XMEST, XMESZ,WNUNIT,TTR,TTI,ZERTC
TYPE COMPLEX TTR,.TTI.ZERO -
CCCCCC FTTTTZ] COMMON FIELDS USED IN COMMON BY SEVERAL ROUTINES — *¥¥E%
CGMMON EXTRA4(11652)4EXTRAS(525)
COMMCN MULTIZ,MULTPO, POLTPI,MULTPZ2,NANGMT,NANGNMX, N5 INC,
1 NAGR12,110UT,KQNOTW,CLEBCH, FMULFC,WNFAC »
COMMON AMS(3,3,3),BMTR(IC,10,3),BMTI{10,10,3),NENSBP(3Y,
1 NENSBT(3),SGMEXP(100+6)yPOLEXP(1004+2),FAL{4),NFAI,
2 NPOLST
DIMENSIGN FCR(35),FCI(35),SGMAC(35),POLTHN(354+2,3),
1 SGMTHN{35+2+ 31 +FCR5(100),FCISTIO0) ,SGMACST100),
POLTH5(100) 4SGMTH5(1GC0)
EOUIVALENCE (EXTRAS{  ILJ,FCR  J1,{EXTRAS{ 36),FCT ¥, 77~
(EXTRAS( 71),SGMAC ), (EXTRAS{ 106),POLTHN),

W N -

[C, P TV N S

1

2 T (EXTRAS( 316Y.SGMTHNY,

3 {EXTRAS( 1) +FCR5 ) ,(EXTRAS( 101),FCIS ),
4 {EXTRAS{ 201),S5GMACSY, TEXTRAS{ 3017,POLTHST,
5

C

(EXTRAS( 401),SGMTH5)
xxxxxk  DIMENSTONS CHARACTERISTIC TO THE PRESENT ROUTINE =~ X¥¥%¥¥®
DIMENSION PLOT(103),POINT1(100)sPOINT2(100)
7 EQUIVALENCE (EXTRA4(6051),PLOTT,
1 (EXTRA4{6154) 4 POINTL)» (EXTRA4(6254) 4POINT2)
TYPE INTEGER PLOT
801 FORMAT(1H )
850 FORMAT(11X,103AT)
851 FORMAT(1H +F6.2, 4H DEG,»103Al)
T U NTMAS=TMAS+0.1  $ NPMAS=PMAS+0.T % 'NZZ =CHARGE¥O0.1 T
DO 500 IPL=1¢2 $ [IPLCHK=IIXPLT*(2-IPL)+IIPPLT*(IPL-1) -
TF{TICUT-TPLCHKY 15%5,155,5C0
155 DO 170 NA=1,NANGLR $ IF(IPL-1) 165,160,165
16C POINTL(NA)=LOGF{SGMTH5{NA) 1¥0.43429448 .
POINT2{NA)=LOGF(SGMEXP(NA, I10UT))*0.43429448 ¢ GO TO 170
‘165 PUINTL(NAY=POLTHS5{NAT*10.0 o -
POINT2(NA)=POLEXP{NA,I10UTI*10.0
170 CONTINUE
CO1=MAX1F(POINTL{1)4PCINT2(1))
© COZ=MINLF(POINTI(L),POINT2TIY} T
DO 23C NA=1,NANGLR
o COL1=MAX1F{COL,POINT1(NAY,PCINTZINAY)Y — =~
CO2=MIN1F{CO2,POINTL{(NA),PCINT2(NA))
23C CONTINUE
NCO1=C01-{1.0~-{CO1/ABSF{COL)))*0.5

ccecc

NCO1=NCO1+1
NC02=C02-(1.0-{C02/ABSF{C02)))1%*0.5
~ 'NCYCLE=NCOL-NCOZ ~~ % 'NSPACE=TOO0/NCTYCLE =
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IF(IPL-1) 310,305,310

305 WRITEU6+3077),NCUZ,NCOT

307 FORMAT(47H1PLOT OF XSEC. LOWEST AND HIGHEST * ARE FOR 10EI2,9H AN

10 TOETZ)
60 TGO 320

310 FNCUZ=NCO0Z —$ FNCUOI=SNCUL  $ FNCOZ2=FNCOZ*0.1 3  FNCOLISFNCOI*0.1

WRITE(6,312)FNCO2,FNCOL

l.6H AND F4.1)

320 WRTTEU6+33U0UTyNTHAS ,NPFAS,NZZ,ELAB, ISTRTW, 1 IOUT, L IREADTTIUUTY,

1 KPRITR(I10UT)

77330 FORMAT(3H A=13,3H P=I12,4H ZIZ=13,6H ELAB=FB6.2,4H 2S=1174H
1IR=I143H K=11)

I1=11,4H

WRITE(6,4331) ,VSXyNSX,WSF VSO, UOFN,DFNW,DFNS, DFNSP RZERO,RZEROW, T T T
1 RZEROSyRZROSP+RZEROC, (WCIN) yN=1,6),{ VCOUPL(N) yN=1,10)

33T FURMAT(8H VSX ETC,I3F8.374H WC=6F6.3,80 VCOUPL=10F&6.3]J
NSTAR=0

340 WRITEUS,8017 — oo T T

DO 350 I=1,103

35C PLOT{II=1IH " ——
DO 355 I=2,102,NSPACE

355 PLOTI{TIT=IH¥
WRITE(64850-),PLOT

7 IFINSTAR) 500,357,500 o
357 D0 365 1=1,103

365 PLOT{II=IH
WRITE(6,801) $ FNPOWR=NCO2 $% FSPACE=NSPACE

DU 400 NA=1,NANGLR
NCOW1=(POINTL(NA)-FNPOWR)*FSPACE+2.1

T T T T NUOWZETPUOINTZ{NAY=FNPUWRT¥FSPACE*2.1 o
PLOTI(NCOW1)=1HT $ PLOT(NCOW2)=1HE

T T T IFUNANGLR=207 371,371,375 B T
371 WRITE(6+801)

375 WRITETG,8517T, ANGUERTNAT, PLUT
PLOT(NCOWl)=1H $ PLOT(NCOW2)=1H

“4C0C CONTINQE™ — — — — 7 T o e e
NSTAR=1 $ GO TO 340

7 BUC CTONTINUE — 7~ 77 - =

RETURN

END
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SUBROUTINE CLEB

COMMCN FACLOGU50017 .RAC,TA,IB,IC,ID,TE,TF
RAC=0.0
T 77 TIF(IO+TE-TF)Y 1000,105,1000 T
1C5 K1=JA+IB+IC $& IF(K1-2%(K1/2)) 1000,110,1000
~ 110 KI=TA+IB-TC $ KZ=IC-XABSF{IB-TA)Y § K3=XMINOF(KI,K2) -
{F(K3) 1000,130,13¢C
I3C YF{T-TY**TIB+IETT 1000,100C,140
140 IF((-1)**(IC+IF)) 1C0G+100GC,150
150 TF{TA-XABSF{IDJ)) 1000,152,152
152 IF(IB-XABSF(IE)) 1000,154,154
© 154 TF(IC-XABSF(IFAYY 1000,160, 160G~ T
160 IF(IA) 1000+175,165
165 TF(IB) 1000,175,17C
170 IF(IC) 1000,180,250
T 175 RAC=1.0$ GU TO 1000 T
18C FB=18+1 % RAC=((-1.0)**((IA~ID)/2)}/SQRTF(FB) $ GO TO 1000
7250 FC2=1IC+1 8§ TABCP=(TA+IB+IC)I/2+1 T
[ABC=TABCP-IC $ ICAB=I1ABCP-IB $ [IBCA=IABCP-IA
TAPD=TTA+ID)/2+1T $ TAMD=TAPD-TD § TBPE={IB+IE}/Z¥T § IBME=IBPE-¥E
ICPF=(IC+IF)/2+1 & ICMF=ICPF-IF -

T SOFCLG=0.5*%(LOGF(FC21-FACLUOG(TABCP+1T — ~
1 +FACLOG(TABC)+FACLOG(ICAB)+FACLOG(IBCA)

2 +FACLOG(IAPD)+FACLOG{IAMD)+FACLOGIIBPE)

3 +FACLOG( IBME)+FACLOGUICPF)+FACLOG(ICMF))
NZIMIC2=(T8-TC-T0172 § NIPIC3={TA-TC+IEY/Z
NZMI=XMAXOF{O+NZMIC2,NZMIC3}+1 & NZMX=XMINOF(IABC,IAMD,IBPE)

TTST=(-1.0V*x(NZRT-17 o “" T
DO 40C NZ=NZMI,NZIMX
7 U NIMI=NZ-1 % NIT1=IABC-NZNMI § NITZ=TAMD-NZWL — e
NZT3=IBPE-NZM1l & NZT4=NZ-NZMIC2 $ NITS=NZ-NZIMIC3
TERMLG=SUFCLG-FACLOGINZT-FACLOGINZTTT-FACLCG(NZTZ]

1 ~FACLOGI(NZT3)-FACLOG(NZT4)-FACLOG{NZTS)
"~ SSTERM=S1*EXPFITERMLG) ™ §  RAC=RAC+SSTERM S/ e
40C S1=-51
10060 RETURN T S o T S
END
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SUBROUTINE RAC7Y

COMMUN FACTOGUSTU Ty RACG LAY 1B 1T IDTIESTIF % UTRERDTUN LTTO7T

Kl=IA+I8-1t $ K3=IC+ID-1E $ KS=1A+IC-IF $ K7=IB+ID-IF

KZ2=TE=XABSF(ITA=IB) ~ % K&=TE=XABSF(IC=ID)— $ KB=IF=XABSF(IA=IC) —— — — —

K8=IF-XABSF{IB-ID) & K9= XHINOF(KI:KZ.K3 Ka, K5 K6'K7 KB)

"RAC=0.0 7§ IF (K9) 4000,2Cs20 T o
20 K2=K1-2%{(K1/2) $ Ka&a=K3-2%(K3/2) $ Ké6=K5-2%(K5/2)

RB=KT7=-72¥(KT77Z2T % IF{XMARCTF{RZ KB +K6 KBTIV 4500, Z25+40C0
25 LTMIN=XMINOF(IA,IB,IC,1D.1E,IF) % [IF(LTMIN) 4000,30,150

T3C LTUIY=TA $ LT{2V=18 $ LTI3V=TC $ LT{4)=TD"% LT(SYSTE S CLT(BI=STF — — —

LIMIN=LT(1) $ KMIN=1 $ D0 40 N=2.,6 $ [IF(LTI(N}-LTMIN)35,40,40
35 LTMIN=LTIN] & KMIN=N — =~ ’ - T T o T
40 CONTINUE

ST=T.T ¥ FI=SIE § FZFIF 3 GU TU (55,55755195+45+00) +KMIN
45 FL=IA 's$ F2=IC $ Sl1=(-1.0)%*%(K5/2}) & GO TGO 55

‘S5CFl=IA" & F2=I8 % SI=(-1.01%%¥(K1/2} ~ ~ T -

55 RAC=S1/SORTF{IFLl+1l.)%(F2+1.)}) $ GO TO 40C0C
5C TABEP=TTIA+IB+IE)/2+1 ' TCDEP=(IC#TD¥*IE)/2¢1T — — - - T
IACFP=(1A+IC+IF)/2+1 $ IBOFP=(IB+ID+IF)/2+1

TABE=TABEP-TtE ¥ TEAB=IABEP-TE % IBEA=TABEP-TA
ICDE=ICUEP-IE $ IECD=ICDEP-ID $ IDEC=ICDEP-IC
TACFSTACFP=IF § [FAC=IACFP=IC § ~TCFASTACFP=IA — —  — —— — —— -
I1BOF=18DFP-IF $ [FRU=IBUFP-ID $ IUFB=IRDFP-IB8
"NZMAX=XMINOF ( 1ABE; ICDE, TACF,TBDF} $ ~ IABCDI=(TA+TB¥FICFIDF&TI /2 —
TEFMAD=(IE+IF-1A-1D)/2 $ [IEFMBC=(IE+IF-1B-1C)/2

NZMTT=—TEFMAED % WNZMIZ=—TtFMBU ¥ NZMIN=XPARUF{UNZIMTI,NZWIZT+1
SOLOG=0.5%(FACLOG( IABE)}+FACLOG(IEAB)I+FACLOGIIBEA)I+FACLOG(ICDE)
17777 T ¥FATLOGI TECDY+FATUOGUIDEC)I+FACLOGITACFIFFACLOGUIFAC) 7 = —
2 +FACLOG(ICFA)I+FACLOGIIBDF)+FACLOG(IFBD)I+FACLOG(IDFB)
3 =FACLUGUIABEP+1Y-FACLOGUICUEP*LY=FACLOG(TACFP¥1I=FACLOGIIBDFP¥+1)) — — — 7
DA 200 NZ=NIMIN.,NZMAX $ NIM1=NZ-1

KI=TABLUT-NZWI ¥ RZ=TABE~-NIVMI h3 KI=TLUE=NL™] h) Ra=TALF-NIWNT
KS=1BDF-NZM1 $ Kb6=NZ $ KT=IEFMAD+NZ & K8=1EFMBC+NZ
SSLOG=SULOG+FACLOG(K]1 F-FACLUG(K2Z2)-FACLUG{(K3)=FACLOGIKLZ) — : o -
1 ~FACLOG(KS5)~-FACLOG(K6)-FACLOG(KT7)-FACLOG(KE)
SSTERM={{-T.0)¥*XNZMLI*EXPF{SSLOG) $ RAC=RAC#+SSTERM - — — — - = — = = -

200 CONTINUE

4UUU RETURN

END
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