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i. INTRCDUCTION

Computer programs which generate energy spectra and
angular distributions of protons, neutrons, deuterons and alpha
particles emitted in a compuund nuclear reaction are de-
geribed, The programs incorporate explicitly the angular
momentum,., In addition, calculations are described which
in¢lude isospin as an additional quantum number (program
MACT3). Program EVAP generates angle integrated differential
cross section with no limits imposed on the summation over
the spin of the residual nucleus. Program descriptions
accompany each program and describe the type of calculation
that the relevant program is performing, Included in each
description are the limitations imposed on the wvariocus
sums involved in the computations. Calculations can he done
by including the Legendre polynomials of the evan order
(L) up to 10 (MACl10). However, for most of the cases of
interast to us, accurate results are ohtained by expanding
the Legendre polynomials up to [=6 (MAC3, YRAST, MACT3).

Calculaticons can be perfeormed with either the Fermi
gas model or the constant temparature model for the level
density. Program YRAST uses the yrast form for the level
density.

Z coefficients requirad in the calculaticns are computed
for both integral and half-integral channel spins by the

computer code ZICOEF.
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I1. PROGRAM DESCRIPTIONS

A. DESCRIPTION OF PROGRAM MAC]

The program calculates differential cross sections for
particles evaporated from a compound nucleus where many overlapping
levels are populated and the subsequent decay of these levels
with different angular momenta populate many levels in the
available residual nuclei. The program can also integrate the
generated spectra over any desired energy range and in energy

bins of any size.

1. Formulation

The differential ¢roas section for particles emitted in
a nuclear reaction A(a,b}BP leaving the residual nueleus B with an
excitation energy U, high enough that it ¢an bhe described adequately

by a continucus level density function is given by
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The guantitias Ia'ia'J' Lb and ib are the sping of the target,
projectile, compound nucleus, residual nucleus and emitted particle,

raspectively. Sa and S are the channel sping in the inecident

b
and outgqoing channels, respectively; & and £ are the orbital

a b

angular momenta of the incident and outgoing particles, respectively:
k. is the wave number of the incident particles; PL{ﬂﬂiﬁ} is
the Legendre polynomial of order L; T;ﬁ{ea} and TEP(EbJ are
the optical model trangsmission coefficients for the projectile
and the emitted particle, respectively, with the channel energies
of € and € ¢ Z(iaJEa;SaL} and E{EbJEbJ;SbL} are the so=-called
Z coefficients and are defined as producte of Racah and
Clebsch-Gordan coefficients (we make the random sign approximation
which implies that the angular distribution is symmetric about
90°} pb‘”b%h} is the energy and spin-dependent leval density of
the residual nuclens formed by the emission of partiecle b with
channel energy €, and the sum over b' refers to the sum over all
the different types of emitted particles.

The summation in the numerator of eg. {l) can be performed
i1ndependently with respect to the gquantum numbers ta,Lh.J and
Ib gince the 2-coefficients vanish for combinations of the gquantum
numbars which viclate the conservation of angular momentum.
The sums over channel spins Sa and Eb have to be performed from
|1,-i,] to |1 +i_| and [T -i } to |I +i, |, respectively. The
first sum over L in &g. (1) gives the enerygy distribution averaged

aver Solid angle, since the contribution of the higher L egendre



polynomials vanishes when they are integrated over solid angle,
owing to their orthogonality.

The wave nunber ka is definad by

ka=2_1T l_
a T

In terms of the channel energy ¢, and the reduced mase M _,

a

1 \["‘"‘ ~
kK = = oM ¢ (3}
F=A - [n - 3

The reduced mass Ho iz given by

HD = _ 24 {4)
Ma+HA
and
M
A
A Ta

Substituting egs. (4) and (5) intec (3} and squaring we get,

M 2
ki = Ef-Ea{lab} Ma ()
-R My +M
M 2
) A -1
ka = (0.0047846 Ea[lab} Ma{ }  mbs (5)
M M

where Eailah} iz the projectile energy in MeV in the laboratory,

Ha and HA are the masses (in a.m.u} of projectile and the target,

regspectively.
. _ 2 .
befine EFF = 4k, (2T +1) (21 _+1)
Then in terms of eq. {&) we can write EFF (which is one of the out-

puts of the program} asz



(7)

EFF = 0.01914 Eatlah} {EIa+1}[Zia+l} L (

The gquantity U is the maximum excitation ensrgy of the

L max
residual nucleus after emission of particle b and is related to the

Q=value of the reaction by the relation,
= %a + uah (8)

Ub max

where Qab is the ground state Q value for the reaction A{a,b}B.

2, Forms of Level Density

Two forms of the level density nb(Ub,Ib] of the residual
nuclei can be used in the program.
I. Fermi=Gas

If one uses the Fermi-gas form, the level density for a

particular spin and both parities is given by,

1/2 I {I +1) 1
(2Inh+1) 1/2 1/2 b""h
p {0 ,I.} = 3 —h—--——z exp | 2a {0 _—-4A) - — (9
PR 24 7 e % o mast) ] P 20t |

where
a = Fermi gas leval density parameter
4 = energy shift

t = thermcdynamic temperature

The relation hetween a, &, t and U is given by the equation

of state

U=s = at2 - t {10)

The spin cut=cff factor o is given by

uz = ot {11}



where
e = n? = 0,0137 2%3 mev™l (12)
wherelg is the moment of intertia given by

_:g =§ MAR® (13)

where

A = mass number
M = nucleon mass
and R is the nuclear radius given by

-13 ,1/3

R=1.2 x 10 A om {L4)

II. Censtant Temperature Level Density

In the gonstant temperature formalism the form of the

level density used is

] i
|

-{0 -B_} + {4 _=A 1}
cn n b
Db{Ub,Ih] - Dn{Uc-Bn} exp [ "
{21h+1] ‘ b{I +1}
—2——— exp } J {15}

where the level densities nb[Ub,Ih} of each residual nucleus B
is calculated relative to the level density ﬂn[Uc-Bn] of the
regsidual nucleus reached by emission of neutrens with zero
anergy. The quantity B, iz the neutron binding energy, T the
nuclaar temperature, and 8. =4y ie the difference in the energy
sehift for the fictive ground state energies in the residual

nuclei reached by the emission 9f a neutron n, and a particle b,
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3. Frogram Description

The program consgilsts of the main program called MAC3, twa

gubroutines TLREAD and DENOMR and two functions DEN and SIG

o o

1} MAC3 performs the five fold summation >  in
LathaJSh

2q. (1) using values of pb{Ub,Ib} and DENCM(J) as calculated

by the subroutines DEN, SIG and DENOMR described later. Optical

model transmission coefficients are provided by the input

cards and the Z-coefficients by an input tape. Two Z-coefficient.

tapes are nacessary, one corresponding to the integer channel

spins and the other corresponding to the hilf integer channel

spins. The method of calling those tapes is described in

detail later in the input data card formats. The summations

are performed up to !a max - Eh max ™ Jmax w 17 and sb max - 14.

II) Subroutines

i} TLREAD: This subroutine reads the optical model transmission
coefficients gupplied by the input cards and checks the right
order of input cards (see the data card format of the cards
for the transmission coefficients).
ii) DENMOMR

This subroutine calculates the gquantity DENOM{J) as defined
in eg. (2) for J=0 to 17. The summations are perfiormed up to
Emax = 17, Sy max™ 14 and It max™ 13. The index b' refers to
all the possible modes of decay. (In the present form of the
" program DENOM(J) is calculated for alpha particles, protons,

neutrong and deuwterons only). The integral in egq. (2) is appro-

ximated by sums according to Simpson's rule with 0.5 MeV steps.



iii) Functions DEN(E,NU) and SIG(E,NU,I}

The main program assumes that the level density pb{Uh,IbJ
is given by the product of DEN(E,NU} and SIG(E,NU,I}. Two forms
are provided for these functions. These are Fermi—-gas level
density and the constant temperature level density described
earlier, The dimension of the product DEN({E,NU) - SIG(E,NU,I}

is Mev™l,

INPUT

a) General ERemarks

i} Constants {(transmission coefficients, level density constanis}
raferring to emission of different kinds of particles and the
different residual nuclei reached by the emissicn of these

particles are labelled by an index NU with the following meaning:

NU particle

1 compound nucleus
2 a—-particle

3 proton

4 neutron

3 deuteron

ii) The energy scale for the excitation energy of the residual
nuclei reached after the emission of the different particles is
in MeV and the basic energy unit is 0.5 MeV, The integrands in
eq. {2} are calculated by the program for residual excitation
energies at intervals of 0.5 MeV st;rting at zerc excitation
energy and going up tc the maximum excitation energy of the
residual nucleus given by eg. {8). Thus the program needs the

values of the transmission coefficients T, (e} starting with the



highest possible channel energy ¢ (corresponding to residual

max
excitation energy of zerc) and followsed by Tl[emax-ﬁ.Sl,

TR{E -1.0) etec, until the lowest posaible value of the

channel energy i= raeached as decided by the Coulomb cut off in
the case of charged particles or zerg channe) energy in the case

of neutrons.,

b} Data Card Formats

Card 1: col 2 1
ol 3-80 A depgeriptive title
Card 2: c¢ol 1-8 SIMIN = amallest peagsible valus of entrance
(F8.1) channel apin
=|Target spin-projectile apin]
col 9-16 SIMAX = largest pos2sible value of entrance
(F8.1) channel spin
=target spin + projectile gpin
col 17-24 N refers to the type of Z-coefficient-tapes
1e reguired in the galeulations
=5 for integer channal spin
=3 for half integer channel spin
cel 25-32 JEL = an integer c¢orresponding te the lowsst
e excitation energy for which a differential
crose secticon is desiped., JEL>1; JEL=l
correspond‘s to the residual excitation energy
=  MeV.
col 33-40 JEH = an integer equal to (2U+l}) where U is

(I8)
the highest excitation energy.



col 41-48 JEI = ernergy interval between points for which
e calenlationsof differentjal cross section is
desired.
=1 for 0.5 MeV increment between two points
a2 for 1 MeV increment between two points

(JEL, JEH and JEI are measured in units of 0.5 MeV)

card 2
col 1-8 JEM(1) = dummy value not used in calculation
{18)
eol 9-16 JEM(2) = number of energies for which trans-
(r8)

mission coefficients for emission of c-particles
are given in the input

col 17-24 JEM{3}), same for protons
{18}

col 25-32 JEM(4), same for neutrons
(I8)

col 33-40 JEM(5), same for deuterons
(18)

FTor calculation of the integrals in eg. {(2), {performed by
subroutin denomR] the program needs tramsmission coefficients
for the listed kinds of particles in energy intervals of 0,5 MeV
starting with the maximum possible particle channel energy
{corresponding to zerc residual excitation energy} and going
downward in the particle channel energy in steps of 0.5 MeV
until either a particle channel epnergy ¢f less than 0,5 MeV is
reached or the transmission coefficients become negligible due

te the Coulomb barrier,
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card 4

cel 1-8 Estarm (1) = dummy value not used in calculation
(F8.5}

col 9-16 Estarm (2) = maximum excitation energy of resi-

(F8.5)
dual nucleus reached by emission of a-particles

col 17-24 Estarm {3) same for protons amisgion

{FB8.5)

aame neuvtron emisslon

col 25-32 Estarm (4)
{F8.5)

col 33-40 Estarm (5} = same for deuteron emission
{F8.5)

Estarm is calculated from prejectile energy and Q values

for the various reactions; for axample

59En + 11 MaV proton (in Lab. system),

Q valuye for EQCG{p,uJEEFe is 3.23 MeV; then

Estarm (2) = 11 x %% + 3.23 = 14.05 Mev

Cards 5=-8 give the lewvel denszity parameters of the different
residual nuelei reached by alpha, proton, neutron and deuteron
emission; the meaning of these parameters depend on the functional
form of the level density. Different forms of the level density
forms are selected by means of the control parameters IC and IP

in card 9.

Constant Temperature form of level density (IP=IC=2}

Card 5 (col 1=-60) {5E1Z2-5): A{(NUl = T NU = 1 to 5
Card 6 (cal 1-60) (5E12=-5): B{NU} = {UC_BH}-{ﬂn-ﬂv]
Card 7 {col 1-60) (SEl2=5): C{NU) = p{Uc-Bnl

Card 8 (col 1-60) (SEL2=5): DI(NU} = g2 (ND)
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Note that o2 (NU) = é% TNu) » .0137 227 3mu) - TNU)
-

The values with index (1) are not used in the calculation
and the indices 2,3,4, and 5 refer to the residual nuclei

reached by a=-particle, proten, nentron and deuteron emission,

respactively.
DEN (E,NU) = C(NU)exp [;ZE%%%}] (16)
SIG(E,NU,I) = (17)

EIL) o | - 1t1+1}‘
2D (NU) | 2D(NU) |

DEN (E) and SIG{E,NU.I} are the energy and the spin dependent forms

of level density. DENIE,HU) has the dimension levels/ MaV

and 5IG is a dimensionlessz fraction.

Farmi gas mndel (IP=1, IC=1)

Meaning of symbols for cards 5-8 for Fermi gas

E = A(NU} t% - ¢ (18)

- i
@@t/ exp i 21amu) - E-p oy /2 1

DEN{E,NU) = > (19}
C(NU) [E+t=B {0 ]
SIG(E,NU,I) =_Eli£_ 1.5 exp } -Eiliil__ ) (20)
[D{NDY] " 2D{N) -t
where D(NU) = "/hZ = 0.0137 a°73 mev'l
B(NU) = &
c{Nu) = 24./2 = 33,941

A{NU) a



Fermi gas model {IP=31, IC=l)}

Function DEN is the same as above. Dnlz function SIG is

altered to
- 2 -y
£ -{I+1} :
SIG{E,NU,I) = t21+1}_ = - exp —Z | (21}
[(D{NU}]) ™" 20 () J

D{NU) now equals to 02, i.e, the spin cut off factor o is kept

fixed over the available energy range,

Card S

col 4(I4)1P = 2 if constant temperature calculation of
lavel density is desired
=1 if Fermi gag level density is desired
=3 if Fermi gas form is desired with o =
constant.

col B(I4):IC =2 if constant temperature level density is
desired

=1 if Fermi gas level density is desired

col 9-20(E12.5) at present not used in the calculation
FO

col 24:{I4) =2 if differential cross section for
Nuour
a—emissicn is desired
=23 if differential rross section for p-
emisgsion is desired
=4 if Aifferential cross section for neutrons
emission is required

=5 if differential cross section for deuterens

emisgion is desired



col 25-28(I4)
MT

col 29-30(I4)
ITLR

col 33=26(IL4)
IDENOM

col 37-40(14})
ITOP

Card 10

Col 1-8{(F8.l}
SIP

_13_
aMass number of compound nucleus. This
ig used only to check the transmission
cocefficients.
=0 read all transmigsion coefficients,
i.e. incoming as well as those for outgoing
particles
=]l use previous transmission coefficients
=2 read only the incoming transmission
coefficients and use all the previous
outgoing transmission coefficients
=} calculate DEROMR
=1 nse DENOMR c¢alculated in the previous
case. (This has to have the same set of
level density parameters as the previous
case)
=integration option
=0 no integration
=] do integration in specified increments
(see last cerdlal}
=2 do one integration only {see last
card 18%)
=3 do integration (as specified by ITOP=1}
and sum between any specified energy
and 182

interval (insert both cards 131

in that order}

=projectile spin
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col 9-16(FEB.1) =Target spin
SIT

col 17=-24(F8.3) =Pprojectile energy in MeVi{Lab.)
EB

col 25-32(F8.3)} =exact value of projectile mass in a.m.u,

AM

cel 33-40(F8.3) eaxact value of target mas in a.m.u.
TH

col 41-438{I8) =1 if target parity (-}
IFAR

.=2 if target parity (+)

Qard

11 Format {8F10.5)

coel 1-10: AM{l) =mass of projectile

col 11-20: AM{2) =mass of target

col 21-30: AM(3}) =mass of outgoing light particle
wol 31-40: AM(4) =mass of residual nucleuns

col 41-50: AQ =0 value of the ground state

211 masses are in a.m.u,

Card 12
cel 1-5(I5) =punber of angles at which angular dis-
HNANGLE
tribution is desired for each particle.
Caxd 13 Format (9FLlD.5)

col 1-10: ANG{l) =angle 1 in degrees lab
col 1l-20: ANG(2) =angle 2 in degrees lab
col 21-30: ANG(3} =angle 3 in degrees lab

atc.

Cards 14-16 - Transmission cosfficients for bombarding particle

channel energy
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col 1=72(6E12.6) col 73-74 col 78 col 79-80
T(L} ,L=0,5 0 1 MT (as on card 9}
T{LJ ;L:‘E‘rll ﬁ 1 MT{“ ] n |'l]
T{L} ;L“l?,l? 12 1 m{ﬂ n n n]
Ccard 17

Transmission coefficients of outgoing a~-particles from L=0
to L=17, 6 coefficients per card (6E12.5) starting with the

highest possible a~energy & {corresponding to residual excitation

max
energy 2zeroc). Then for nax 0.5 MaV, €nax - 1.0 MeV, Crax 1.5
MeV, ete. till the lowest possible value of outgoing particle shannel
energy is reached as determined by the Coulomb cut off.

Each 0.5 MeV energy interval has 18 sets of transmigsion
coefficients. For JEM(2) for instance, they are entered in the

fellowing manner:

cal 1-72 (6E12.5) cel 73-74 col 78 col 73-90
T{emax,L] L=0,5 ] 2 MT{ as on card 9}
Tle, e D) L=6,11 6 2 MT{ " " ]
Tle oL} L=22,17 1z 2 MT{ " . )
T[{emax-ﬂ.S,J.L},Ltﬂ,E 0 2 mr{ ™ " )
Tl{ep ,~0-5} ,L)L=6,11 8 2 MT( * * )
T{{smax-D.E,L]L=12,l? 12 2 MTi " " )
+
+
T{(e] guegr LI L=0,3 D 2 MT( " " )
TE(ey prpee (D LT6 12 6 2 Mr{ " " )
T{(E10west,L}L=12,1T 12 2 Mr{ - " )
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Then follow the JEM (3} cards contalning the proton
transmission coefficients, the JEM (4} cards containing the
neutron transmission coefficients and finally the JEM (5) cards
sontaining deutercon transmission coefficients.

The last card or cards are inserted only when the integration

optien ITOP is specified either as 1, 2, or 3 as desgscribed below

For ITOP = 1, add card 131

card 18!

col 1-16: (Fl0.5) =lower energy limit of integration (in Ez{c-m}}
EMINE

¢ol 11-20:(F10.5) =higher limit of integration {in E;(c.m})
EMAXB

col 21~30:{F18,5} =energy interval between consscutive points
DELER

col 31-35:(I5) =pnumbey of integrations betwesn the lower
NOQINT
and the higher energy limits, It must be

an integer

For ITOr = 2, add only card 182

card 18°

col 1-10:(Fi0.5) =lower integration limit (>JEL)
ETMIN

col 11-20:(F10.5) =upper integration limit (<JEH}
ETHMAY

For ITOP = 3, add both cards 18" and 182 in this order.
A magnetic tape containing the Z coefficients has to be
provided, fTwo such tapes have been generated on the IBM 360

4

computer. Tape 222598 contains the coefficients for
integer channel spins and the data set reference number

is 13, Tape 2%Z99 contains the coefficients



for half-integer channel spins and the data set reference

number is 17.

B, DESCRIPTION OF PROGRAM MAC10

This program does the calculations like MAC3, but
the Legendre function {see eg. &) can be extended to either
L=8 or L=10 with an cpticn LBIG which appears on card 9 of
program MAC3 in ¢columns 41-44.

For detailz of the formalism of the prokblem, program
deseription and general remarks see program MACI.

Data card formats for all cards of MACIO0 are identical
to those of MAC3 with only one additional cpticn LBIG appear-~

ing in columns 41-44 of card 9.

Card 9: All input on this card is identical to
that of card 9 of program MAC3 except
for the following additional option.

col 41=-44 LBIG = L value of Legendre functions
() =4, L=20, 2, 4, 6, B

=0, L=0, 2, 4, 6, 8, 10

All other input cards are the same as those oOf program MAC3,

C. DESCRIPTION OF PROGRAM MACT3

This program incorporates iscobarie spin conservation into
. the statistical model of compound nuclear decay (eg. 11).
This is accomplished in the following manner.

With alpha particles as projectiles only one ischaric

spin T_ is formed in the composite system. With protons as
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projectiles, two isobaric spins T, and T  are formed in the
composite syatem, We assume that the two isobaric spins T,
and T, are formed with good iscbaric spin purity. Hence,

we treat the decay of each of these isobaric spin states
separately. Conventiconal transmissicon coefficients are used
in the entrance and the exit channels weighted with the
appropriate Clebsch-Gordan coefficients {see fig. 1). For
instance, emission of protons from the T, state of the compo-

63 62

site system Cu to the T=3 states of Ni is characterized

by a weighting Ffactor of 1/7, whereas emission of neutrons

to the T=2 and T=3 states of 62

Cu have associated weighting
factors of € anj &/7, respectively. 1In the calculation of
the level density of the residual nuclei, account is taken

of the jisobaric spin as well as the excitation energy and
angular momentum, Thus, the statistical calculation of the
particle evapcration from the T, states of the composite
system is accomplished by using the energy shifts of the iso-

baric analogue nucleus at the corresponding excitation

energies.

l. Pescription of Program

For general remarks, see Program MACI, The program
MACTI performs the same type of calculations as MACI bhut
alsc includes the conservation of ispharic spin. In addition,
it can handle another exit particle. 8Since the decays of
T, and T, #tates of the composite are treated separately,
T™we different sets of data cards are required; one for
transitions from T, states and the other for the decay of

T} states.
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Card 1:

Card 2:

Card 3:

Ccard 4:

col 2
col 3-80
col 2

col 3=80

(6F10.5)
col 1I-10
col 10-20
col 20-30
col 30-40
ccl 40-50
col 50-60
col 1-5
{(F5.2)

col 5=10
(I5)
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2. Input Cards

1

A descriptive title

1

Descriptive title indicating whether

the decay of T, or T, is desired.

CG3 = Bguare of Clabsch-Gordan coefficient
CG(l) = &G for incoming channel

CGE{2} = CG for cutgoing alpha particles

CG{3} = CG for outgeoing protons

CG{4) = CG for outgoeing neutrons
CG{5) = CG for outgoing qguterons
CE{6) = CG for the last exit particle
= SFIN {6)

= apin of the last exit particle

= IEDS

integer indicating spin of the last
exit particle
= 1 if SPIN(f) is half integer

= 2 if SPIN(6) i3 zero or integer

The rest of the input cards for the MACT3 program are the

same as the input cards from MAC3, from number 2 to the last

card of the program.

An additional set of transmission coefficients has to

be fed in for the last exit particle.

D. DESCRIPTION OF FROGRAM YRAST

This program is mpdified from MAC3 to calculate the

yrast level density instead of the usual level density form



{eq. {2} or ({(15}).

The lowest energy for a given angular momentum is called
the yrast energy. Tha fact that there are no lavels of a
givan angular momentum below the yrast energy is important
in the de-excitation of compound nuclei.

The lowest energy for a particular spin I is given by

tha rotational formula EI,

By = I(L+1) /23 (22)

where E_. is the yrast energy for spin I andgg is a moment

I

of inertia.

I+ can be easily shown by expanding Zalfz[U-EI-ﬂllfz

in the binomizl series that

222 (0-2-012 = 2al7%(w-8y1/2 - B
t
{23)
- Zalfz{u-ﬁllfz _ I{I;IJ
Using the expansicon given by (23), we can write the yrast
level density corresponding to eg. (9} as
1/2
pua _ g ) Lexp [2{a(u-E -2)}1/%) {24)
¥rast 2442 ¢/ ° (U-E -a+t)
The thermodynamic temperature t is given by
(0-E4=8) = A(HU]tz—t {25)

In the constant temperature formalism, the yrast level
density corresponding tc eq. (15) can be easily written down

as



={U_=B_)-E_+A_ =4
Uy ={U_-B_)-E;+&

I b

{21b+l}

—— {26)
2Uh

The program YRAST does the same type of calculations as the
program MAC3 using the yrast level density forms given by
equations (24) or (26). All input data is therefore

identical to that of program MAC3,

E. DESCRIPTICHN OF PROGRAM EVAP

This program calculates the spectrum of evaporated
particles integrated aver all angles. If one performs such
an integration on egq. (1) the term that gives a non-vanish-
ing result is that with LI=0. 1In this case, the Clebsch-

Gordan and Racah coefficients hecome

(1200|00} = (-) /VEEET (27}
W(eTed;s0) = ()57 oD (28}

Using these values and noting that integration of eqg. (1)

over all angles gives 4w, we get

1 +ia w
L_+5

g
do oo Z a
= T {e_)
dey k§{21E+1]{21a+1] s ;i;:;i | 4o u a
a '"a Tal Ta
d A

t J-'+Eb Sb+ib
. ({23+1) E
_G{ET__ T]Eb{Eb} o {1 th]
J=I£a-5a| h Sb=;J-Lb| 1h=|sb-ib|

where G(J) is given by eq. (2}.

—

L.

{29)
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The order of summation inside the sguare bracket of eqg. {29)

can be reversed to give

I +i S, +J

= b b b
E o (U, T,) E % Tﬁﬁtabl (30)
= 8, =L -i | t,={5,~5]

The program uses eqg. (29) to calculate the spectrum of
evaporated particles integrated cover all angles, This program
does not contain the integration option {ITOPF) of program

MAC3.

INFUT DATA FOBRMAT

All data cards from 1-8 are identical to data cards of
program MAC3. 1In card 9 of program EVAP, the spin demsity
option IF can be made to have several values which will he
described below, All other options of this card, however,

are the same ag those in MAC3. There is no integraticn option.

Card 9 of programn EVAP

cel 4 IP = integer describing the form of the
spin dependent level density
IP = 1, Fermi gas level density with

spin cutoff factor varying with temperature
1+ Yi+da(u-a)
Za
{2I+1)
o
Ir = 3, Fermi gas level density without the

t =

SIG = exp - {I+1/2)%/2ct]

variation of spin cutoff - -factor with

temparaturea

SIG = 13§§§l exp [~ (I+1/2) 27202}
c
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IP = 2, Constant temperature form of level
denzity without the variation of spin

cutoff factor with temperature

21+ 2, 2
SIG = 1—55—1 expl- (I+1/2) 2/20 %]
IP = 4, {2I+1) form of level density

S5IG

IEI+1)K¢3K2

All the other cards of this program are identical
to those used in MAC3 program. EVAP program does not compute
angular distribution, hence, no "angle cards" must be given.

It does not require the 2 coefficients.

DESCRIFPTION OF QUTPUT QF PROGRAMS

MAC3, MAC10, MACT3, YRAST, EVAP

l) Commcn to all 5 programs
a) All input parameters except those of cards 11, 12,
13 and the transmission coefficient cards.
b} EFF given by eq. (7}
c) (DENOM{J))}**.5 for J=0-17. where DENOM(JY) is given
by eg. (2)

2} Ratio of Legenhdre coefficients for cross section for
emission of a certain type of particles at selected residual
excitation energies as specified by the guantities NUOUT,
JEL, JEH, and JEI in input.

The various columns of the output list of the Legendre
coefficients have the following meaning:

a) First column: residual excitation energy in MeV

b} Second column: Aufnu « 1 always {no meaning}

2) Third column: Athu



oo
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~24u

d) Fourth column: Adjk

0
a) Fifth column: Aafhu
£} Sixth column: Ag/A, | Por MACLO program only depending

on option LBIG (see card 9 of
g} Seventh colwmnn: Alufhu MACl0 program)

Last column: A(L=0}: average differential cross
section in mb/sr/Me¥.

Columns a} - e) and the last column are common to all the
programs. In addition, all programs give the total average

cross sections in (mbs sr_l{bin gize in Hevl_ll and in mbs.

3} Macdonald angular distributions {common to MAC3, MACLO,
MACT3, and YRAST programs).

The output of this section consists of thecretical energy
spectra for desired angles.

Spectra integrated over a desired energy range or inte-
grated over specified energy bin size (0.5 MeV or 1.0 MeV)

are also given if desired.

.¢ol 1 E{RES) = residual excitation eneryy in

col 2 Ed{c.m.}= energy of the light cutgoing
particle in {HEV]C.m’

el 3 ¢.m, apgle = scattering angle {dey,) of

light particle in center of mass
col 4 Diff. cross section = differential cross
section (mb/s5r/MeV} of light particle
at various ensrgies
In addition if integration at each angle is desired, the
i‘integrated croas section (mb/sr) in each energy bin will be
printed. Also the total integrated cross section (mbz/sr)

within the specified limits will be printed.
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F. DESCRITPION OF PROGRAM ZCOEF

This program consists of main program, ZCOEF, and two
subroutine functions, CLEBSCH and BRACRE. It computes and
writes the Z-coefficients, Z{tJ4J:;SL}, on two magnetic
tapes on data set reference no. 13 and 17 for integral and
half integer values of J, respectively for values of 2217,
J=217, 5214 and even valuesz of L:12, These tapes are used
as input tapes for the programs MACI, MACLO, MACT3 and YRAST.
Printed output of the Z-coefficients is also generated.

The Z=coefficients are defined as

Z(ATRT;SL) = (28+1) (2T+1} {2200 |LO)W{eT2F;5L) (31)
The Clebsch-Gordan coefficient, (te00|LD} is {31)
given byzl
. j+m .
{jljzmlmzljmj = {-1) {2j+1}v{]1j2j:m1m2ml {32)

The V=goefficients are given by
Viabc;ey) = v{aboc;aBy)

[ (a+b~c) ! {a+c-b) 1 (b+c-a) 1/ {a+bte+1) 1] 372 (33)

viabcr;oaéy) = a{u+ﬂ,yjz: {_1]c+1+z
2

[(a*a) ! {a=a) ! (b+B) | (b=B) ! {c+y) ! {e=y} 11172
Z] (a+b=c=2)! (a=a=2) ! (b+E=2) ! (c=b+a+2Z) ! (C=a=R+2)!

(34)
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1

The functions V and v are defined for integral and half-
integral wvalues of the arguments, with the limitation that

the numbers,
a+a, a-e¢, b+#, b-g, c+y, o=y, at+b=-c, at+¢c~-b, bi+c-a {35)

must be integers. The function V vanishes if one of the
nunmbers {34) is negative, and the summation (33) reduces to
one term if one of these numbers vanishes.

The Racah coefficient W is given byzj

Wlabed:;ef) = w{abed;ef) .

{atb-2} [ (a+e~b} | (b+a-a) ! (ctd-a) ! (c+e=d) ! (d+e=c)!
{a+b+e+l) ! (c+d+e+l) ! {ato+£+1} ! (B+3+£+1) !

1/2
{a+c-£) ! (a+f=c)!(c+f=-a) ) (b+A~f) ! (b+f=A} | (d+E=b) EI {36)

where

wlabcd jef) = (-1)7 (a+btc+d+1-2) ¢ _
z z! (ath-e-2) ! (c4d=e-2) ! (ade-f=-2) !

1
{b+d=Ff=2) ! (a+Ff=a=A+2) | {a+fabh=c+z}!
{317}

The functions w and W are also defined for integral and half-
integral values of the arguments, with .the limitation that

each of the triads
(a,b,c),{c,d,e},{a,e,f),(b,d,f) (38)

has an integral sum. The functicn w vanishes unless the

elements of each triad {(38) satisfy the triangular inequalities;

if one of these triads reduces to a segment, the summation

in {37} reduces to ohe term.



a7

In (34) and (37), z takes only such integral values for

which the argument of every factorial iz not negative.
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I1I. PROGRAM LISTINGS, SAMPLE INPUTS AND OUTRUTS -29-

A. MAC3 Program Listing

C PROGR AM MALC 3

L MODIFIED FRCM PROGR AM MALCI, TREAT C.M, ANGLE EXACTLY AND

. INTEGRATE DIFF, CRGSS SECTION FOR DIFFERENT EMERGY BIN. 1171770
CrMMON TL+JEM s MT DENDM s Ny A48 4+ C Dy
1IPICESTARM, SFINsFO, IFLR
DIMENSIDN TLiI5% 18 445) ¢ JEWMIS), DENOMILE),

1 AlS)y BUS)k, ClRby DiD)sy ESTARMIS), SPINCS),

2 OU18) sZIL8318 4150 +PAL4+45) PACLH], ANGI24 ]

ALETNHNT L A0V L ETNT2030) 4NXLL30) +NXZ2130) ,DLI{30) ZOIFFIA0 ) E3LMLIZ0)

T10 READH %, 700, END=H00) NTITLE

TOO FORMATIIX ,I1,T8H
1 }
WRITE{A,:TFO1 )

TOL FORMATOIHY s 30X " MACUCKALD ANGULLAR DISTRIBUTION*F/}
WRITEL&,TOO ) NTITLE
GL T4 10

BOD CALL EXIT

L0 READOCH, 13} SLMIN,SLIMAX.N,yJEL+JEH,JE L,

LUJEME LE qI=] oS by [ESTARM{I),I=1,50s (ALL1)sI=1451,

ZUBITIN T =450 HCTTY 4021y 5)0y {O8Y) sl =] S50, [P+ICy FE NIOUT o MT , ITLR

3 IDENCM: ITOP

13 FORMAT {2FB.]1 T18,3V8/5[B/5FA,5/8F12.5/

15E12.5% / SEL12.% f SE12.5 [f

2I%y D16y E12.54514)

READC 5o 195F STP:SIT:ERAM,TH
195 FORMAT{ZFB.Ll, 3F2.3)
HRITE{S 141 SIMINS]1IMAX N,

LJEL ¢y JERy JET o TJEMITY 4 1=l e S {CSTARMI{ Tho¥=] 51,

ETACEY s i=le 50 IBUL e d=leB1 i CI1telI=)05),

DI e =l +5 )y [P [Ca FO, WUOUT

14 FORMAT{ IHGQ, ZS8HMIN ENTRANCE CHANNEL SPIN = ,F&4.1/

ZIH ,28HMAX ENTRANCE CFANNEL 5PIN = ,Fo.l/

A1H S ICHTAPE NUaz 411718 4 LIHJECLOWESTI=4 245X+ 12FJETHIGHEST 1=,

Gl Z29SKWEBHIEL INC =4 12F1H » laXeBHI =1 QX HI=2+ A+ IHI =3,

B9 Xe3H =4 9% pIHI =5/1H STHJEHMLIL)= 44X, 5812/

GlH fIOHESTARMI LI =, 1X 5E12.5/LH +BHALT ) =46Xy

TOEIZ2.5/LH 2+ 5HBITF=+ 6N 5EL12.57/1H +BHU i 1 3=4 06X SE 12 5/1H s SHDII I =,

BoXeSE L2+ 5FLH S26HANG MOM DENSITY OPTION IS 12/

S1H y25HENER LY DENSITY OPTION [5 #127/1H +3HFO=¢EL1245+1H s3HNU=,12)
EFF={1 Qi3 lasFPe{2 . 0%5IP+l 01 *{2..0%5[T+l Q) AMEITM/LAM+TM) ) #42
WRITE(G 9201 SEP+SITAMyTHEFFLEB

220 FOCRMATIELHO . ]5HPROJECTILE SPIN=FR.3/

T1IHG J2HTARGET SPIN=F5.3F

Z1HGLy 1&HPROJECTILE MASS=FO,3/

F1HG L 2HTARGET MASS=F12.,5/ 1%, 4 EFF=F 2.5/

41HO 1 BHPROJECTILE ENERGY =FL1Z 43 s2HMEY |
1F [TCENOM.NE 1) L2 TO T20
wWRITE{Ga 721

T2l FORPMATI*C PREVIOUS DENOMIJ) VALUES ARE USED'/)
TZ20 CONYIMUE
READLS,y TSD) AFLANZ s AM3, AMG 4 AQ
Ta0 FUORMATIBFITO 5
READ(S,7T51} NANGLE
T51 FORMATI IS
REACUS, TOOF [ANGI1leI=1sNANLLE)
IF TTTLR-1) 400 +4G] 4400
400 CALLTLHEAD
401 CCNTIMNIE



620

&30

ani
302
217
Z18

Li19

150

34

20l
203

204

202
220

2ev

SPINLZ2)=0,

SPINI[A}=.5

SPINIL&)=.5

SPINISE=1.

IFtN-&b s 1, 2
TSIMIN=S1MI Ne1.,
[SIMAX=5L MA X+ 1,

LOTO3

ISIM] N=S]M[N+.5
T1S5IMAX=5]1MANE. 5

CONT INJE

[F IIDENOM,.EQ.1Y GO TO &20C
CALL DENDMR

CONTINJE

WRITE(&,630F (DENOMI{J) 4Ji=1 18}

FORMAT{ 1HD, Y| DENODML J ) b ek, 5, J=20,17*/1H

151}

NT=N+R
DDL30L=Ek, 4
Fae{i-1}
0OL19Il=1,18
DCIL9MJ=1,18

READINT) LTI T,dTo 0 Z1i1I 4 ) KKY, K=l ,15)

IFILT=L )217 301,217
IF{IT=1IT}21T74302,217
TFLAT=JJIV 21 T. 119,217
WRITEIA:Z218) LablsJdaLTIT+dT

FORMAT {20H BAD ZCOE READINsy Le=y[2,5H

L3X3HLT=[5,3X3HIT=] 5, 3X3HJT=[ 5}
L TO 8400

CONT [ NUE

pOlSC10=1.18

DCl30JD=1,18

DGL130KCG=1.15

L0I0,J04K0)=2{10,J0+KO}/DENOMLIDN

D130 JE=JEL +JEH, JEL
ExjE-1

JB = ]

PRCOD=0.
DOL2515E=[51IMIN, I SIMAX
51=151

EFIN-a) 4445
E5=51-1»

0T Q&

E5=51-.5

DO 125 I = 1+ L%
[FiN-6}1201,201,202

GOTOL 2034203,204,205+203) y NUOLT

FI=1-1
GOT0229
Fl=I
FI=F[-.5
GaT0Z220

GOTOL 2044 204, 203,203, 2040 4NUOUT

LENS = SIGI(FI s ¥04 E, NJLUT}
S2ZMEN=ABS [FI-S5PIN{NUOUT))
52MAX =F [+5P ININUOUT )
TFIN-61227 +227,228

T52MY N=52M1 Nr 1.

s EEL 4. 5/L Xe&FLG .5 FLXHELG.

I=y T2+ 5H J=sl 2y


http://IDENOM.EQ.il
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I 52MAX=52MA K¢ 1.
GOTO 229
228 152MIN=52M] N+ .5
[SZMAX=5ZMA XY, 5
229 DO125 1525 IS2M IN, 152MAKX
EFIN=-561230,;230,231
230 52=15%¢2=1
GOT 0z 32
231 S52=152¢
S§52=52=.5%
232 K5=32-E%
FAC=t(=1. )%= KS5) J¥DENS
DO 127 L1l = 1, 18
FLi=11-1
JMIN=ABSIFL I=E5)+ 1.
JEAX=MINL{FLE+ES,y 17.03)+1
FACA = FAC * TL{Lks L1, 1 1}
DO 124 L2 = 1+ 1B
FACB=FACA=TLINUOUT,LZ2+JE)
G=ABRSTFACE)
ITF (L=, 0000001 ) 127 127%s 12C
120 BCL23 J=JMIN sJMAX
123 PROD = PROD + FACB % ZI LE« Jye IS1L ) *2{L2s 4, 152 1}
124 CONT INUE
127 CCHTIMNUE
125 CONTIRUE
PRGI= FROO/EFF
L300 PALLyJE=PRCO%DENIE s AUCUT
WRITE (&34 1)
4t FORMATL1IHOD, 18X, "RAT 110 OF LEGENMLURE LOEFFICIENTS (ATLIAAIOFY AND A
11{.=0)+*
2P0 ZX N EVRES, MY & X AlL=0) 78{L=0) B{L=Z2} A{L=0) AfL=%)/720L=0)] A
J(L=6)FALL=0]) ACL=0)*/4X s "MEY 165X *MBFSRIMEVT)
DO12B.E=JEL wJEH, JE]
E=JE-L
E=0, 5%E
IF {PALL,JE] 46T ..000001 O 70O 501
PE41)=D.
PRLZ2)=0.
PEL2)=0.
PRL4)=0.
G0 1O 502
901 OC 500 £=1l+%
PRILI=PA(L+JEM/ PA{L+dJE])
540 CONTINUE
507 WRITEiG+471 Es (PBILL)sLL=1+%bsPAT L JE]
47 FORMATIIBO ¢ 2XaF Sal s TXaSTIEL2. 542003}
128 CONTINUE
PASU M=0 ,
DO 510 J=JELsJEH,JE]T
510 PASUM=FASUM+P Al Ll +d]
PaSUM=PASUM={PA{]l ;JEL}+PA{L,JEH)]}/2Z,
SJET=JEI
DELE=SJEI/Z.
CSECT=% 93, 14 1S9%0E LEFPASUM
WRITEI&E+S11F PASUM,CSECT
511 FORMAT{LHO, 41X, 'TOTAL Adt=0) I[N HB/SR/MEY *,E12.5//742X:'TOTAL CRDS
15 SECTION TN MBS'"ELZ2.451
WRITE(E,TRL )



801

1586
e

T62

163
T&EQ

aG2

803
804

Bos
a¢é

WRITENS,.TOO} NTITLE

IF (ITOP.EQ.D} GO YO 759

IF L§iTAP.EQ.2) GO TQ 158
READISyBO1) EMINBEMAXB DELEB NOINT
FCRMATI3FID 5,15}

IfF {(ITOP.EQ.L) GO TA 753
REAOIS.B801) ETMINETMAX

CONTINUFE

GO Tal JT1=1,HMAMNMGLE
AANGLE=ANGLJ] k%]l 7.,453292 71000 .
WRITEAG, T62) ANGIJI )}
FORMATO IHO, "ANGLE="3FE, 3" DELREEILABLI "/ /" E1RES.) E3(C .M.}

1 L.M, ANGLE OIFF. CROSS SECTJON '/ X «HMEY . BN 4HHEY ., BXy *DEG.L Ty

2B X, "MBSSRAMEV Y )

DO 760 JJE=JEL«JEH, JEI

E=JJE-1

E=0.5%
EICHMLJJEI=ER®AMZ AN &/ | [AM 1+AMZ )52 )¢ { AQ~E | ®*AM&G/{ AM3+AMG)
Z 1=AM1*=AMI*EDR

IZ=COS51 XANGLE)

Y1=TLw72%72 4 AMA+ M 4 } * (AMGH{ AQ~E }+ER #( AMG=AM L} )
¥1=530RTI(YLl]

Y2z L2#S5QRTIZI11)

EZLABL={YL+Y2 }f (AFI+AMG)

EICMI=50RTLEICMIJIE}]

X1=E3LAGL#3 IN{XANGL E)

XCHMANG=ARSI K{ XL FEZC M1}

V1=5QRT{Z2.%EB FIAM]I*93].44]1)}

VOM=YV I*AML/ (AML+4M2 )
VILAB=EILABL/SORTIAMI®IL.441/72.)

VWIX=VWILAEWZ 2

TF [VOM GT.V3X) XCMANG=3,14159=KCMAaNG
CHANG=XCHANG® 100. /1. 74533

CANGYL=CO5 {X (M ANG |

CANGZ=C ANGL *C ANGL

CANG&=C ANG 2L ANGZ

C ANGE=C ANGS *C SN2

CROSSLI=PAIL 4 JJEY=PALZ2 4 JJEN/2+¥PALD s JJEREI /AW —PAGy JJEI*S /LG
CROSSZ2=IPAl 2y JUE 1 ¥24.~PAT I4JJEV* 60+ PAL{ 44 JUE ) *1 05, J=CANG2 +
LIFAB{T s JJE} #7004 ~PATG o JUEY *315 P *CANGS P Al G e JJEVTRZF] 4 *CANGH
UIFF{JJE)=CROS51+CRO552/ 1564

WRITE{64Ta3] EyEATAMLIIJE]) « CMANGDIFFI{JJE}
FORMATIIX vF Se Le5XsFBe245KsFO .2 ¢TXEL2.T1)
CONTINUE

iF {ITOF.EQ.C} GO TO B30

IF {1ITOP.EG.21 GU TO 830

EINTLL])=EMAXR

EINTZ {1 }=EMMK £~DELED

DU 892 NX=2,NOINT

EINTLINX}=EINTZINX-1}

ETMTZ INX) =EINTL1[NX]~0ELER

DO 803 KE=JEL yJEH,JE|

IF (E3CMIKE)LE.EMAXB) GO TO 804

COMTINJUE

MX1(1J}=KE

NC BD5 LE=KE.JEH.JEI

ITF {E3CHMILE).LE.EINTZI{1)} GO TD 806

CONT INJE

NX2ili=LE~-L



DL BOB NE=2 ,NOINT
MYLINE)=NX2INE~1)+]
Kil=NXIINE]
DO BOT KX =KXl ,JEH,JEI
IF (E3CM{KX).LEL.EINT2INE)) GO TD 808
BT CCNYILMIE
B08 WXZINE)=Kx-1
DO 820 LA=1,NOINT
KI=KX1ILX)
K2=MNX2{L X}
DO 2=(DIFFIEL}-DIFFIKLI-LI ) *FIEICMIKL-1}Y-ETNTLIL XV AL E3CMIKL-1) -
TE3ICMIKEL)I+DIFFIKE-]11}
RCL=(0C12+DIFF{RI)) S{EINTLIIL X)~E3CMIK] 172,
DE22=LDIFF{K2+1 )J-DIFF{RZ2I JR{ EICH{KZ2ZI-EINT2IL X} ) FALEZCHIK 2) -
LIEZCMIKZ+] I +D[FFRIK2}
DC2=LLC22+0IFF{K2) 1 #(EAHIK2Z)-EINT2{L X} /2.
DL =0.
IF (NXLALX)EQ, NX2ILX)) GO TO 811
K22=K2=1
DO BLY LY=K]l,K22
BID DC3=DCZ+] EACMILYI-CACMILY+ Y )= {DTFF{ LY+ DIFFILY &1 )b /2.
A1l OCALX¥=DCL+0C 2+0C3
820 CONTINUE
HRITET&,R21)
821 FORMAT{ LHO, &X Y INTEGRATION L IMIT UIFFERENTIAL LROSS SECTIGNEY
L14X, EMEYY LOX,"MBFSRY}
WEITEIG,B822) (EINTLINZI,EINT2INZY ,OCINF) NZ=1,NGINT]
H22 FUORMATION (FH.2,7 = " F4.2,110,EL12.5])
IF {ITOP.EQ.1) GO TD 899
830 0D 831 1F=JFL,+JEH,JE]
1F {E2CW{[EV.LF.ETHAX) GO T 832
831 CINTINUE
832 DC 840 1eEl=JE.JEH,JEI
IF {(ESCMITEL) .LE.CTMIA) GO TO B4l
Had CONTIMUE
841 Jx=[Egl=]
U12={DIFFILE})-DIFF{TE=-Y) Y+ (E3CHMITE-L)—-ETMAX}/L{EICMLIE-L}=E3CMI TE}}
1+0IFFIIE-11}
Ul=(1LLZ2+DIFFIIEY )/ 2. b *(ETMAX-E3CMLIE)}
U22={DIFFIJE+ LI =DIFFLJEY ) UEILMEJK I =ETHINFALEICHML MK )—EICMI JKxL ) )
1+D0IFF{JK)
D= LZ24NIFELJKY )2 02 [ EACM (IR I-ETHMIN]
3=n,.
1F {[F.EQ.JK] GO T 851
{Ta=JK~-1
DO RRO IT=1E, LT4
HEO U3A=U3#CE3CMALITI-EAC ML ITH+L b2 (DIFF{IFI4CIFFIIT+IIS2. r
851 DCTOT=U1+UZ+U3
WRITELB,B60) ETMINLETHMAX ,DETAT
B&0 FOUORMATULIHD (6% (P INTEGRANION LIMIT Y, Fa.240 = ', FO .29 MEVYS
LTX, "TOTAL DIFF. XSECTION=Y 4E1Z2.5:" MB /SR /)
890 CCNTIMJE
T&]1 CONTTMUE

PEWINDG NT
GC TO 71O
E ND

SUBRDUT INE TLREAD
ROUTINE TO READ IN TL CARDS PRDDUCED €Y OPT MOD.
REVISED BY C. €. LU



3=

COMMON TLeJEM, MTJDENDMIN yA 4B Co D4
LIP IC+ESTARM; SPINGFOSITLR
DIMENSTON TLIS:1B+45)y JEMIS), DENOML 18},

1 A15)y BiS)y C(5)y Di{S)e ESTARMIS) ¢ SPIN{S)
FIRST READ Mu=1; JE=} CARDS.
OO0 52 LINDEXN=1,413,6
L iINMAX=L INDEX +5
L={ INDEX-1
RFAD 103, ITLILelLIND41) s LIHD=LIKDEX s L [HNMAX ),
ILCARDMNULCAR Dy MTCARD
CHECK CARDS FOR PROPER INCICES AND ORDER.
IFI1-NUCARD)Y 53,54, 53
S4 LFLL=LCARD)S3,5b6,53
56 TFIMT-MTLARD) 53:52:33
52 CONTINUE
1F (ITLR=-2) 200,203,203
203 CONTIMNJE
RETURN
MCW READ IN FOR THE REST OF THE CHAMNELS: AND CHECK ORDER.
200 RuUl=2
NU2=5
5T DO 2 NuUskUl.KUZ
70 JEMAX=JEMINU}
90 CONT INUE
DO 2 JE=1sJEMAX
DO ¢ LINDEX=Ll:13:&
LINMAX=LINDEX +5
L=LI NDE X~1
g EAD 103, {TLUNUSLIND ¢ JEF L1 ND=L T NDE X,
FLINMAXY yLCARD,NUCARD,MTCARD
[FIKU-NUCARD} 3,4,3
4 EF{L-LCARD}I34 6,3
6 LFIMT=MTCARDOY 3,:2.3
2 CONTTNJE
RETURN
53 NL=1
JE=1
3 PRINT L4 NUJEsL oMT
103 FORMATIEFLZ &+ 242X42120
104 FORMATI(23HOTHE TSUBL-CARD FOR MU=I 2:5H: JE=TZ:T™: L =12 +FH:s AND -
LMT=12,35H 1% CUT OF PLACE IM THE INPUT DECK.]

CatL ExXTT

END

SUBROUT INE CENOME

CEOHMON TL+ JEM PT+DENOM s Ny AsB LoDy

LIPy IC,ESTARM, SPINGF I

CIMENSION FLi5,1B,45), JEM{5), OEMOM{18).

1 AIS), B{S)}y CiBYs DIS)y ESTARMIS), SPINIS I SUMIS 145} DNILE, 5}

IC b0 S00)=1,18
DENDMIJ) =0,
Ri=J-1
IFIN-6120,20. 15

15 RJI=RJ+0,5

20 DO 501 NU=2,5
iF (JEMINU)I-2) 1141112

L1 DNIJoNHE = O.

6O T 431
12 00 25 NZERO=] ,45
25 SWMINU,NZERD) =0,



o

40

&1
42

43
44
46

50
60

TO
T2
85
80
303
a2
301

400

401
402

410

4240
430

631
501
ECO

IF H=S({J-TNT} J=J-1 PE N=9{J-172INT) J=J=.5
JEMAX =JEM{NU)

o0 301 JE=l1,JEMAX

E=JE=1

U=E /2

DEMT=DEMN{EyNU}

DO 302 L=i.18

Ri=L-]

FLFAC=TLINU L +JE)
TFITLFAL-1.0E-10130k, 414l
DEMS=DENT*T LF AC
NSMIN=AGBS[RJ-RLI+1.
NSMAX=]+L-])
IFINSHEIMN-LE)43,43,302

TFINSMAX- 15 4604044

NS MAX =15

00 303 NE=NSMINLNSHAX

5=N5-1

IF N=5 5=5; [F N=% 5=5+.5 SMAX= 14
IFLN-£) 60450, 50

5=5+.5

IMIN=ABS{5-5PINI{NU] b +1 .

THMAX=S%+SPTHINU)+ ],

DC 303 I=IM]IN, IMAN

RI=T-1

TF{N-&}TO,.TC, T2

GC 7O (BG,80,R5,85,801,NU

GO TO 480,85,80,80,8%),HU

RI=RT+.5

SIMINLU s JEF=SUNMINY , JEY+DENS S IGART  FO, E,NU
CUONTINKUE

CONT INUE

CONTEMNUE

DN )y =0,

TES=JEMINU}

TEST=ESTARM(NUI*2 ,-TES

MEST=TEST

FFINESTI4L10,400,410

NTZ2=JEMINUY /2

NTZ=NTZ2*2

IFTJEMINUF-RT 21401 ,401,402

OMNE Sy N = 5UMANE , JEMAX] +SUM{NU JEMAX=-1)1} /2.
DN J e M F=DNIJ N S UM INU, JEMAXI*{ESTARMINGU } «2, - JEMINUI+ L) /2.
JEMS={JEMINUI+]1 /2

JEMS= JENS =)=

GLC TO 420

JEMS=JEMINUL /2

JEMS= JFEMS w2=-]

00 430 JE=I +JEMS5,Z

ONL Iy NUI=DNE] MUY+ ESUMINY  JE) +6, 0% SUMINU JE+]1 3 +SUMINU s JE+Z 1173,
Ghd gy N )=ON{,NUPF. 5

CENTIMNUE

DENOM LY Y= DENGME D 14D NL Jd 4N

DENOMLII= SURTIDENOHI AL}

RETURN

END

FURCTION DEN{E,NU}

COMMON TLy JEM ¢ MT DENOM s Ny A& B CaDy

LIP, JC+ESTARM, SPFINLFO



—-—J6=

DIMENSION TLIS,LBy4%5) 4y JEMIS]I, DENDMILE} &
1 ALS)s BiS)y Ci5)s DI5)
U=E/2.
1 0 70 (549),1IC
5 CHEK=aA(NUI=CIMNJI={U~BINII I%DLNL)
IFICHERX IO 48,47
6 DEN=O.
RETURN
T Tl +5QRTI Lat4 R {U-BING]IFRATNUY) ) A1 2.%A1HUD)
DEN=A[NUI** S*EXP (2 . *SARTIACNY ) = {U-B{NUI I P ZCHUST-BINU] | *%2
1#CINUY)
RETURKN
9 [FLA{NUY)O +H 410
L0 DEN=C (NUV*EXPIfU-B{NUIFFa{NULI]
RETURKN
END
FUNCTIOM SIGIFT (FDyE + N
CCHHGH TLfJB‘r“TiDENDH'NTﬁrBIC!D!
1TP:IC
DIMENSTON TLES:18+45), JEMIS), DENOMLILIB),
1 Ai{5), B151, Ci{5} OCI5%
U=E/2.
2 60 TO {1,1%¢ lel5heIP
1 [F{AT NI NI I* lY-B{NJID]5:5+15
S 5[G=0.
RETURN
15 1F tIP,EQ.3) GO TO 1&

lé

L9
20

T=0le+SORTI Ly ¢4, ¥ JU-B{NUYI=AINULID A2 A HUD)

SIC={ 2. *F |l Y*EXPIAFT+ .51 %2 /(-2 ,¢D{NUIRT] ) /{DLNU] *%], 5)
RETURM

El=d 2. 3F [+ I*EXPIIF I+ . 5)e&2/0=-2,%RINUK] }/AL{DINU)*%] 5}
RETURN

IFIOI{NUT S, 5,20

Sl=l 2 %F 1+ 1l Y2EAPI-FIRIFI+ L, /0 2. DiNUEY}AL2.2D{NUL)
RETLRN

EHD



B, MAC3 Program Sample Input

I S6FE{ALPHA,ALPHAISHFE 1T MEV FERMI GAS CALC.

0.0 0.0 5 1 23 1
1 23 23 22 1
1.G 16.02 12. T8 tCe93 .0
1.0 5.7 ba2 Saky H. 6
1.C O 7 -5 -5 =2 .
i.o 33,91 33. 9% 33, 9%1 13.94%1
1.0 11.23 12.25 12.25 il.9]
1 1 2 60 0 0 3
JaC 0.0 L7, 4. 002¢ 55, 9549
&,.00246 5% .9349 4.0026 55,9349 0.0
!
43. 63, 83. ar. 112. 142 . 167.
« 9981 « 3985 L2978 99T 2 « 9958
« 9890 + 9549 2006 - 7150 3819
«03&l L0100 « 0033 L0012 « D004
« 9941 « 9988 0978 L9972 SIIHE
« A0 « 3049 « 9005 + 7150 «3819
21341 0130 0033 0012 « Q00L&
« 3975 « G9AT « 9970 « 9967 «F952
«9HAT «DATZ « BO2A « 6203 + 2924
0232 L0070 0023 « QC0A8 L0003
+« 9958 - 5984 « 9960 9961 +9927R
+9745 L2127 « B0YD » 3134 « 21345
L0157 + 0058 +C21b « 0005 0002
« 9959 . 979 9945 9950 «987T3
+ 35611 . 87590 - T3%% 00250 « l4RE
+ 0105 « G032 L0001 « D00% L0001
aTF 460 +9971 « 9926 « 9932 « 9843
+ 9405 +A324 +H 396 + 29084 «0998
«DCH9 20022 « COOT « GOGZ L0001
s « 3957 «9898 « 3304 0771
« 2105 « 7687 2243 « 2092 ab5 7
+ 0045 « O 14  COO5 0001 0
« 9905 9935 +3R6 ] « 9800 « 9668
s 2656 « 6B40 w015 al3 e L0400
0 ZA 0009 « OO0 3 « 0001 o 2
«FRTH « 9901 « 9905 « 9792 «F317
« 0008 « 53779 $ 252 « 0284 D252
D01 R « 0005 L0002 ] 0
7827 « FBGT Y =+ F66] «92%1
7109 a562 « 1530 « 0539 )
L0011 .00n3 Q001 0 0
a 5759 « PTHLZ v« 3620 +9%01 AR
» 29481 « 3317 1157 e E] R 0081
« 0006 « Q002 « 0 « 0 o
« 9650 - D624 G840 « 9208 «Ba29
A3 2 « 2200 +06TO +0177 L 00a%
+ 0003 « 0001 0 o0 o0
P4 Th « G400 «91%6 « ATAT « THES
$ 2276 « 1330 3673 « 3096 L0024
J0GC02 « 0 « D o0 o0
LH192 « 3037 +BTO0 « 8001 +657%
« 2086 « 0738 192 <0050 0013
» I00] « . 0 v 0 1
« 3724 « 3452 i « 5900 3161
v 1196 « 0379 0356 a 0024 Q006
o0 o « 0 « 0 « 0

¢ TE4T 7523 AR50 5409 «3578

+ 9900
« 1350
0001
« 9900
« 1360
=« Q001
« 9874
« GCOL
«9B35H
JUB10
-G

«378T
« L3667
'G

«3712
D254
.‘D

« SHLE2
« 0161
1

e S433
«DIG0
w0

« 9171
0061
M

JHBTeC
030
« O

wBl31
« 0C21

«T211
« CEL2
o
1LY
« 3006
.0
o 1l T
0003
+0
2568
#0001
«
« L7246

175.

— —
= I - -

- [l [T

f—
=T V- . S PN O, B a3 P 8

160
150
160
260
g1
Zb0
260
2610
260
260
260
260
260
260
260
260
2&0
260
2a(
2ai
260
260
240
263
Fid 0]
2460
260
Zol
260
260
260
260
F .11
2ai
2o
260
260
26
260G
260
260
260
2o
26{
260
£l



. 0621
'IO
+ 32935
lﬂ
« 5019
+ 0128
'ﬂ
+3119
-D
« 134k
L0017
ID
« DAGG
0005
«0
« 0188
« 0001
« O
+ QD66

+ 0
. 0008

« 0
9261
« 0§60
0
+ 7239
0120
-0
« 9388
+G0A9
0
» 3374
« Q7 B4

« 34l
« D0 aG
« 0

«Fuas
$ 0032

« 4R
+ 0022

+ 3459
« 0014

3014
« 0009
« 0
« 7511
« G005
+0
. 9404
L0003
«D

Ll — —_ — — - L s [l P - -— - - Ll - — —
MmMrORN TN SNSRI PO PO R PO TN DR AN O CF o PR ONFONTTOND DT

'

=

280
260
260
260
260
260
260
Z60
260
260
260
260
260
260
260
260
260
260
26D
269
260
260
260
260
260
2L
360
360
360
60
350
340
360
360
50
340
3560
3o
3450
360
360
360
A6}
a0
340
&0
360
160
L0
is0
60
60
140
160
150
350
a0
360
3&d



. 0002
'D

+ 92846
« 0001

«» 9051
« 0

-U
« O
« 0
« 0
« 5930
'Iﬂ

« 5404
+
« 0
« 3528
-
« 0
+ 1T65
« 0
+ 0
«TN6LG
-ﬂ'
«0
-0136
«
0
+ 0015
v i}
- 0
«H345
2386

- B398
- 0290

<438
0214
.0
« 0104
« 0
+ 8500
«l
8512
LO0TH
«
=« 8514
U051
« 0
=+ 8511
UMK |

« G960
'c
‘U
L 625
« 0

. 3017
-0

» 3144
+0

2431
iD
.D
« 1729
+ 0

L] n
L] 0
D602
- G
-0
| ] ﬂ

. Q
v O
. 0020
0
« 0
« 0002
0

. 6619
00272

5528
0016
)

« 5430
0011

-B326
. 0ont

. DOC5
.D
00073
-0
- 5943
0002
« 0
- 5791
G001

+ 5486
'u
IE
SBT92
+0
'D
429
+0

#3922
« 0

L2851
'c‘l
.‘G
e ]l B4 4
.ﬂ

« 1031

~0aB2

+B203

« O
o}
«B230
-G
20
8222
« &

=30

.+ 14629

«0
+ 0
.0988
. 0
-ﬂ
1{}

L0398

»0226

« TSLT

«TLEL
40
Iu
+b812
l.n
-‘ﬂ
5378
iﬂ

+03TE
.-G
'D
0

0153
+0

0086

0047

« 3945

« 3687
tﬂ
'D
+» 3394
4'}
.D
+ 3074
.D

3672

« 3006
0
0
« 2387
0
qﬂ
« 1834
<0
=0
+1364
«0
-0
09T
« 0

360
360
aso
&0
360
150
360
is0
340
160
360
360
350
3560
360
340
360
3&0
3
340
360
3s0
160
340
150
&0
ET-10
360
is0
360
340
isg
360
360
360
A&60
460
460
4610
460
4560
450
H6Q
460
L60
460
460
460
&0
460
4460
460
4460
L60
“560
G460
460
460
460



» B4 89
0021
« O

« 8456
» 0012
D

« 3397
0007
+0

+ 8297
+ 0004
« 0

8102
« Q002

« THS50
« 0001

T3
« G
0
a T430
Oy
O
v T3 46
O

+ T600
«0

« 12657
« G
« TTH3

« 7329

5209

o O
+ 0

14 .
14 .

+ 5632
« 0
«0
« 5463
«Q
0
« 5277
« 0

» 5063
+ 0
« 0
«4E500
«0

4507
+

5006
« O
« 0
203
0
o
« JHRS
v

 J5EA
+ 0

¢ 2982
v 0

« 0
« 2130

« 1237

0139

«Bl86
a0

«Bl124
« G
+0
B021
»0

« THSS
o0

« TH35
.0

AT
+0
+ O
& 150
0
«
5080
w {3
. O
53925
« O
a )
TR
» 0

. 4991
o0
« 0
« 3358

« 1124

-40-

« 5301
o 0

« 53369
=0

EYKE!
+ 0

« 4130
0

+ 3453
«0

+ 2854
« 0

22251
0
« 0
« 1499
O
o
N850
+ 0

0424
a0

L0172
+0
0
« 004 1H

« 0006

0
+0

2721
«0
1Y
w2343
«0

1948
20

e 1544
0

«1142
»0

«0731
«0

» 0426
«0

0283
o

Q167
o 0

L0083
« 0

0032
» 0
«0

0
«0

+ 0679
«0
« 0
= 0453
+Q

0230
«0
«0
0177
« O

0103
« @
«Q
» 005
+ 0

» GO0
+ 0
0
« 0013
+0
« 0
» G005
«0

«0001
v 0
a0

«{
«0

v 0
o0

460
460
460
460
450
&h(
460
460
Y50
460
460
&0
200
4b0
4&(]
G460
450
460
460
4&0
450
%60
46
450
46
460
&0
460
460
460
460
&0
460
&0
450
450
440
460
460
460
G460
4&(
460
Led
el
860
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C. MAC3 Program Sample {Jutput

SGFE{ AL PHA. ALPHAISGFE 17 MEV FERMI GAS CALC.

MEM ENTRANCE CHAKNEL SPIN = 0,0
HAX ENTRANCE CHANNFL 3PIN = 0.0
TAPE NU,= 5
JEILOWESTI= 1 JEIHIGHESTY =23 JETING )= 1
I=1 I=2 1=3 [=4 I=5
JEM{ ) = 1 23 24 22 1

ESTARMI 1= {.10000E 1 0O.18020FE 02 D.12760E 02 0.10930F 02 0.0

AlT)= 0.1000G0F GL O5T7T000F 01 D.620C0F O) Q. 64000E O1l U.565000F 01
BLll= 0.10000E Ol C.T70000f 00=0.80000F Q0=0.5%0000F QO0=0.20000E O]
cCil)= Q.10000F 01 0.33941F 7 0.3394LE CZ 0.3394%1E 02 D.33941F 02
k= 0.10000€ Ol ©«11230F 02 0.122%0€ 02 0.12250E 02 0. 11910€ 02

ANG MOM DENSITY OPTION I5 1
EKERGY DENSITY OPTINN [5 1
FO= .0 NU= 2

PROJECTILE SPIN= 0.0

TARGET SPIN= 2.0

PROJECTILE MAS:= 4,003

TARGET MALS= 55.934309

EFF= l1.1342)

PROJELTILE ENERGY= 17.000MEY

Jaf, 17

D.94690F 02
Qe Sullar 02
Ja2N4 350 02

(DENCOM LI} F*%0.9,
0.562 9% 02
210969E 023
D.28857E Q2

0.12027 03
O39257TE 02
C.1T91VE D!

0.12995E 03
UC.9167RE Q2
C. 44027TE 01

0.12590E 03
G657 HE 02
0.19741E 01

C.11%27TE 03
. BOS19F 02
Cul3BZGE N2

RATE) OF LEGEMDRE COEFFICIENTS {ATLIAAIDYY  AND  ALL=0)
E{RES.] AL =01 FACL=0]) A{L=Z2dFRiL=0) AlL=4]7A0L=0) AlL=g)FRCL=T} LiL=)
MEY ME /SR FME W
D4 .3 o.n C.0 0.0 LoWf]
Ja S Tl N0 0.0 Q0.0 Q.0
L.C . LOCUIE €1 TO.929L6E Q0 O.2dT&E 00 04313630 U Qe 1E8988F-01
1.5 A.1003Q02 Q1 O, E245CE OO0 C.AV0FPE L0 D+1T34TE N0 0.373%26-01
2ol O.000E Gl . 4ATGE OO0 0.33¥5E Q0 C.1171& C©1O O, 6854 HE-D]
2.5 0. 100008 @) . T0Z2TE 0 B.29033E 00 D.R9415F-01 D.IRGARF 00
3.0 J.10000F O] 0.627TRE8 OC C. 22013 Q0O Q. SE4LME-CL C.1AR&RE CO
1.5 Q.113:33E 01 J.5T422F OC D.1TRBSE 0O 0,39331L-01 C.25G14E CC
4.0 C.100d08 1 0. 5234%F OC C.la4T3E 00 J.28208F-01 D.42TSTF Q0
4.3 0.100{0E 01 O.a47ailF 07 d. 11624 00 Ouil SAQTE=1 O0.40523E CO
S. 0. L00CUE 7] D.42TLNE Q0 J.922%56E-01 J«l3Ta5C=-01 Qe H226TE OC
55 U, 19000 01 0. IBCTEE Q4 Ca T?7230F-01 0.93923-07 DL ICTLYE G
Ball O.10000E 01 D0.33%79C 00 DeEG536E-01L Je 6IC21F- 02 Ce 13284 01
T C. LIDOUE &1 0,282965 09 O 41980F-10] DA LVITFE-"2 0,153 Q1
T.0 0. 10006 01 B.25208 Q¢ 0. 312826-01 Q.2 TCH&E-L2 O.10HEKE 01
1.5 OLLO90ME L] 0.2L575 4 Q.23202-41 D.17T326-02 O, 1RRO7E 01
3.0 Q. 120098 31 0. 18497€ QG C.17i02E-J1 DL,11800E-02 O, 163822 01
3.5 O,10000E 0l C.l&QTsE QO O.13274F=-01) 0. 1TaS8E-73 C.lCB0CE 01
9.0 0. 12000 {1 a,14331E 00 Q. 10T19E-0] 0L.593¥IE-03 C.h6927E 00
9.5 0.1 MIE 721 s 13014 0 Cu.BTIATPE-OZ Ju.3R65aF-013 D.3260%E OO0
19.0 9, 10000E 01 Ja 1195Q0E 00 O0.T2937E-02 O3 Ll%31E-03 Ca13356TE OC
10.5 Q. 1230G0E €1 C.1N%99E 49 U956 THF-1Z O IOHBHIE-DD Oub2a4QE-01
11.0 {. LuOC0E 1 0. 469835E~01 Ou 1TATLIE-02 ~0.14236E-04 CeTTH42E-0Q2
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TOTAL A{L=0} IN MB/SR/REY 0.1351l6E 02

TUTAL CROSS SECTION IN MBS 0.84934E Q2



- kL
MACDCKALD AMGULAR DIMTRIBUTION

I SeFECALPHA; ALPHA)SEFE IT MEW FEemi GAS CALEC.

ANGLE= 43,000 LEGREEILAR,)

E{REE.) E2IC. %, C. .M, BNGLF DIFF, CHCSS SECTICM
MEV. MEY., DEG. MR /SR/MEY
c.D 14 .81 45.80C 0.0
2.5 ld4.34 w84 0.0
1.0 1357 45,49 0. 1731TE-01
1.5 Lival 40,94 0.3691L1E-01
2.0 12.94 45. 99 D &95476-01
2.5 | 45,00 2. 1062k a0
3.0 12.91 46.11 0.17643E Q0
3.5 11.54 GEa 17 O, d1388L OO
a0 IL.OF 46,23 N.4468925C OO
4.5 1C.A1 46. 131 0. 63656 D0
5.0 1.4 4b .38 C.EB4T8E OO0
5.5 F.&6T Gty o8 0.11242E O1
Hald 3,21 “h. 55 . 13501E 21
b.5 HaTéh 46 . 6% D.16197TE 31
Tel 8,27 404 T4 0.17511E 21
Te5 Tl by HY . 17154F DL
B. 0 7.34 4h .97 Du.148G4E 0L
1,5 £.27 L | O.19872E 0L
P.0 b.4l 47,25 0. 88404 OO0
5.5 Y. %4 7. 42 0,31276E 00
10.0 5,47 47, 60 Q.13614E Q0
190.5 5.01 LA | C.43133E=-01
iL.0 4,94 &, b 0.TAZNGLE-D2
INTEGRATIUN L IMIT LITFFEPFNTTAL CPLESS SECTIUNM
ME ¥ MRS P
E3.00 - 12.00 N.Y175%08 GO
12.00 - 11.%0 GL.32491LC 00
11.¢0 - 13300 N.ASSESFE 0N
13.C0 - 7,00 OLLZ21TF 01
9.00 = 9. ;0 Cl886TE 01
.00 - .00 GL.15340F8 C1
T.C‘ﬂ' - UlUD D.l’b"?‘-jF G'D
IMTEGRATION LITMT GO0 = 1A D0 WY

TOTAL OTFF. WSECT MN= D.A3407F "1 MprsER

AMGLE=  &2,000 DLLREcILAR.G

EI(RES. FROOC, M,y LM mNGIF CIFF. CREOSS SECT 7N

MEYV, MEV . NEG. MBS RSMEY
J.0 14.81 0. Gb 0.0
G5 14, %4 bfaa 7l .G
11'0 li-dr ﬁﬁ-?ﬂ Ull"tRBIE"Jl
1.5 12.41 bt A4 0, 29425E-111
2. M1 12, 54 f&.01 054 TAF =01
2.5 12 .47 66 . OF . B&§9 2E-T
.0 14,01 &7 .04 0.15554F G0
1. b 11.5%4 7. 16 0. 243086 U0
4,0 11.07 ATeZ3 0. 3381 00
4.5 10.51 6T.32 0.52293E 13
5.0 10. L4 N Y 0, T21%1E DO

3.9 Gt T L6Tebe Q.203)6E 0N
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MACLO Program Listing

PROGPAM MAC 10 '
MODIFIED FROM PRCGRAN MACI TO EITEND LEGENORE FUNTION FO L=10,

C UMMON TL, JEM ,MT ,DEMNOM N A ,B4C, Dy
LIPLIC sESTARM, SPIN,FO,ITLR
CITHENSTON TLIS +18:45): JEWISH; DENOMIL1B),

1 AlS), BLIG)}, CLS), DISY, ESTARMI &), SPINLISG),
2 MHLIBY sZ2(18+18,15),PAL6+45),PEIS), ANGI 24
SyETNTIL30),ETNT2030) (NXLT30) ,NX2{30),0C{30) +DIFFI30},E3CM{20D)
T10 READIS, TOQ,END=000) NTITLE
TOO FORMATELIX (1 4 78H
1 I
WRITE{S,701)
TOL FORMATI [HLY , 30X, "MACDOKALD ANGULAR DISTRIBUTLON'//)
WRITYEIL,TCOD )} MTITLE
GC TD 10
00 CALL EXTT
10 READ(S5,13) SIMIN,SLMAX,N.JEL » JEH,JEL,
LLJEMEL) o1=1 4504 [ESTARMILI,I=1,5): LAUIL)}sI=1.,51,

ZIRLTI0=0s5)y {COEND oT=14sSh, LODUL) T=1l45), [P,ICy FO, NUOUT ,MT, ITLE

3,IDENCM, ITER, LBIG
12 FORMAT {2F8.1,18,3I8/S1B/5F8.5/5F12.5/
15E12.5 / BF1l2.% / BELZ.5 /
214, T4y E12.5614)
READL S,195) S5IP,SIT.ER AM,TH
195 FDRMAT{2FB.Ll,3F8.3)
WRITE(S ola) SIMIN,SL1NFAX, N,
BJEL ¢ JEH o JET y T JEMIT) o [=]1+5) s [ESTARMI TN o I=1 451+
21!“[1]1[:115'9 IH!II.I=11511[C1 LisI=145}),
IO o0 =1 48, [PyilsFO, NUOUT
14 FORMATI LD, ZBEHMIN ENTRANLCE CHAMNNEL SPIN = ,Fa.1/
Z1H (Z2BHMAX ENTRANCE ChHAMNEL SPIN = sF4.l/
31H JAICHTAPE NO.= T L/1H 11HJEILOWEST)=4 129X+ 1 2HJEIHIGHEST 1=,
GLZ2¢SXBRIEL INCIz o 1271H ¢ 24X 3HT= 1 9% ]I =2, 9%, 3H] =3,
S9X:3HI=4 49X AHI=S5F1H THIJEMIT =4 4% 51127
61H P OHESTARMLIT b= 1X+8EL2.5/1H s5HALITI=36)X,
TSEL2.5/1H pSABIT)=,6X45EL2.5F1H yS5HC{Li=46X:5E12.9F1H s 5HD{I} =,
BOXyHEL1Z.5F1H 26HANG MOM DENSITY OPTION IS .12/

FLF ¢ 25HENERGY DENSITY GPTIOK I35 12/ 1H +3HFO=,EL2.5+1H s3HRNU=,]121

EFF=0 01914 %EB* (2. 0%S5TPFr)l 0% {2.0%5]T+Ll  0FAME[TH/[AM+TM] ) k2
HWRTTELS 5200 STP+SIToAMe TMAEFFLED
20 FCRMAT(LIHO+ L6FPROJECTILE SPIN=FR.3/
LIHO 4 12HTARGET SPIN=FB.3/S
Z1HO, LEHPROJEC TILE MASS=F 8.3/
J1HC 4 1 ZHTARGET HMASS=Fl2.571%X+4FEFF=F 12 .5/
EHQ+]1 8KPROJECTILE ENERGYSFL12,3 s 3HMEY)
IF V IDENOM (NE &1 ) GO TG T20
WRITE (G 4T21)
721 FORMATI ' PREVIOQUS .DENUMIJ} VALUES ARE LSER*/)
T20 CCHNTIMNUE
REANRT 54 T50) ANL L AN2 AN, &M 50
TS0 FORPMATIAFIO 5
KEADIST50 ) MANGLE
T5L FORMATII[S5)
REAC({S, TS0) {ANGLI [)s1=1,NANGLE)
IF {[TLE=L} 4004401 +400
00 CALLTLREAD
01 CCHNTIMNJE
SPINILI=]1.
SPTNE 2)=0.
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SPINL3)=,5
S5PINI&)=.5
SPINL5) =1,
IFIN-&F1,1,2
1 IS51IMI[N=S1MIN+],
[SIMAXSSIMANE],
GUTO3
2 IS51MIN=5] MI A5
TSIMAX=51MA N . 6
3 CONT INIE
IF |IDENDM, EQ.LY GG TC 620
CALL OENIMR
620 CCNTIMNJE
WRITE(S5,630F IDENCMiJ) J=] 1B
630 FORMATOLHO, "IDENOML ) 3 e, 5, Jdul, 1B'Sf1H ,6EL3. S/LXHELA.5/F
L1 X, 6E13.5)
NT=N+ R
LXX=4
iF {LBIG.EQ.0) LBIG=#&
IF {LRIG.FO.LlO) LXX=86
DOL30L=]4LKX
F=2%i1=1)
DCi1elli=t.15
o0yv19J4J=141E
READINTY LT IT4 Tl 2011 00KKDy KK=1,4 L5}
TRILT=LBZ17 4301 .217
01 TFOET=TTh2ET302:217
302 THIT=dA 3217w 119 217
217 HRITE (64210 Lyl odJeLTelTedT
218 FORMAT d20H BaAl ICDE READINs L=41012:5H I=+12+5H =iy
T3XIHLT= 1543 X3HIT=15,3X3HJT=[%}
GO YO 8200
L1 CONT INIUE
DC1AD]0=E+15
AOr9InNJo=1.18
DA19UKd=14+15
15C Z0I0+JOWKOI =24 ICy JO, KCH/DENOM LAD )
DOl 3I0JE=JEL 4 JEH ¢ JET
F=JeE-1
g Jo = 1
PROD=L,
NCL2S IS I=I5iMIM, 1SLMAX
51=151
TFIN-B 14, 5 5
& F5=5)-t.
HOT0E
% ES5=51-.%
& DRE 1281 = 1 14
TFiH=-6) 201, 201,202
201 GCTCUZ03, 20 3, 204, 204,203 F4NUQUT
203 Fl=I-1
LOTG220
204 Fl={
FI=FF-.%
LT 220
202 GOT204,204,203,203,204% ,N0UT
220 UDENS = SIGIFL , FO, E+ NUOUT)
CoWMIN=2ARS (FI-5PININUOUT }])



227

228
229
230
231

232

120
123
124
127
12%

130

&l

501

500

502
47
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S2MAX=F 1+5P INLNUOUT }
IFIN=6)22T 227,228
132M] N= 52 MT M- 1.,
IS2MAX=S2MAX+ ],

GOTD229

JSZMTH=52MI N+ . 5
[SZMAX=SIMAX+ .S
DOLZSIS2=TS2MIN [ 52 MAX
TFIN-A0123G, 230,231

2= 82-1

GOTO232

$2=152

52=%2-,5

KE=52-E%
FAC={{-]1.}**{KS)I*DENS
DO 127 L1 =1, 18
FL1=L1-1
JFEN=ABSEFLL—-ES 1+,
JMAK=MIMNLI{FLL+ES,17.0}+]
FACA = FAC = TLiky L1y 1)
D0 124 L2 = L, 18
FACEB=FACA*TLINUDUT ;L 2, JEI
=AB% (FACRB)

T (G=, Q000001 Y L27, 127 120
DOL123J=JMIN,JMAX

PROD = PROD + FACE * X0 L1, Jy IS1 ) 220L 2y Jy I52 1]

CONTT NUE

CONT INUE

CONTINUE

PROD=PROD/EFF

PA{L,; JEI=PROD2ODENITE,NUDUT ]

WRITE{& 41}

FOPMATI YHO, 13X, "RATLIN OF LELENDRE COEFFICIENTS {ALLYFAALO)Y AAD
1=
S IHO ZXYELRES. ) P4 " AL L=2)3/21L=0) ALL=4)} S AIL=0% AIL=56)7A1L=0}
IfL=81/A1IL=0) ALL=10)/A{L=00 ALL=01 V74X, "HEV' ,8CK,*ME/SRANEVT )
NOL28 JE=JEL +JEH 4 JEI

E=JE-1

E=0.5%F

1F [PAIL,JE}.GT ..000090LF GO TO 501

PE{LI=G,.

PE(21=0.

PB(3)=0,

PR(&)=0,

PEIS) =0,

GU TO 502

CONT [TMNUE

LXxz2=13

IF {LRIG.EQ.AY LXXZ2=4

IF (LBIGLED JIDO) LXXZxS

O 500 L=1.L¥X2

LE=L#+]

PREILI=PA{ LK ,JEJ/PA(L,JE)

COUNTINUE

IF {LBIG,.EQ.B} GO TO %50

IF {LBiL.EQ.LO) GO TO %5&0

WRITE{&+&47T] E. [(PBILLYLL=1.3},PALL,JE]

FORMATIEH 4 2% 4FS. 1, TX 3MEL2,.5,2X0, 2BX,E12.5)

GC TO 128

A

A



Y S

S50 WRITEIG6455]1 ) E.{PB{LLI.LLx=l % dePA(L.JE)
551 FDRMATALH ,2XF5.1,TX41E12.5,2X):14X,E12.5)
L0 TD 128
550 WRITElS,561) EL{(PHILLI,LL=1,5)s PAEL,JE)
BHl FORMATIIH 22X FS. 1, TXH1EL12.5,2%11
128 CONT IMNUE
PASUM=],
o0 510 J=JEL|JEH1JEI

510 PASUM=PASUM+PALL,J)
PASUM=PASUM={ PATL)Y ,JELI+PAILlJER})/ 2.
SJEI=JEI
GELE=SJELFf?2.
CSECT=4,%3.141L5920ELE*PASUM
WRITE{E,511 ) PASUM, CSECT

6511 FORMATOIHD (410 ,*TOT AL AdL=0) IN MBFSR/MEVY YL E12 . 5/742%,*'TOTAL LROS
15 SECTION IN MBSY,EL12.5)

WRITE{&,TOL])
WRITEILI&,700) MNTITLE
TF {ITOP.EQ DY LO TO 759
IF (ITOPLEQ.2)Y GO T 758
READ{ 5, HQOE) EMENE,EMAXE,DELER (NOTNT
801 FORMAT{3F10.5,15)
IF {ITOP.EQ.1} GO TO 759
T8 READ{S,801) ETMIN,ETMAX
750 COCNTIMIE
oo 7&1 J1=]1,NANGLE
KAMGLE=ANGL J[ Y * L T,45326271000.
WRITEL&. 7621 BNGII])

T62 FOUORMATI IHO ,"ANGLE=" +FH,3," DEGREE{LAB,]) ¢/ ELRES,) E3II(C.M.]
1 C.M, ANGLE DIFF, CROSS SECTIOGN'/6X, SHMEY, » AX 4HMEV. yBE X, DEG. " 4
ZRE,"MB/SRAMEV Y )

DO 7&C JJE=JEL, JEH, JEI

E=JJE=i

E=0.5%F

EACML JJE P=EB*AMP¥AMGF I { AMI4AMZ I =2 J+# (AQ-E}FAMG/ | AMASAMG )
Z1=AMI%AMIANER

F2=xCEEL XANGLE)

Y1=71%Z2%2241 AMA+AHG ) F[AMGEL AQ=E ) +EBS[AMEG=AM] ] ]

¥YLI=SQRT UYL

Y2=12%50RT(21)

EILABI=LYi#YZ )/ LAMI+AMG)

FICHML=SQRTLEICHI JIE) ]

K1=FEZLABLI «STN{XANGLF}

XCMANG=ARSINIXIFESCH 1)

VI=SORT (2. *%ER /(AM]L+93] 441 1)

VM= 12AMLA{AMLEAMZ]

VILAB=£3ILARL/SOQAT {AM3293 ] .441/72 .1

VIXx=V3ILAD¥ZZ

ITF [VOM LT W3IX) XCMANG=3, 14159-XCMAND

CHANG=XCHANG* LOO./L.T4533

CANGL=CO5EXCMANG])

CANGZ=C ANGL L ANGL

CANG&=C ANGZ *C ANGZ

ANGE=C ANG G ANG 2

CANGH =C AMNGH *C 8NGZ

CANGIO=CANGEXLANG?Z

CROSSI=PAL 1 4 JEN=PAL 23 JJEY /2. +PAL Iy JJEI*3. /B =PaAl4 ¢ JUEI*S ., /16,
CRUSSZ=IPALZ 4y JJEV #2464 . —PATL3,JJEVFE0 . +PA[Gp JJEIF109 4 VRCANG 24
HHPAI3I WJJE) =70 ~PA{G,, JJEF* 315, ) *¥CANGG+PA{S , JJE} 23] ¥ CANGAH



TT0

TrL

-4f-

IF 1LBIG.EQ.8) GG TOQ TTO ' .

IF ILBIL.EQ.LO) GO TO 770

DIFEL JIEY =CROSSL+CROS52/16.

GO TO THO
PBx{6433.¥CANGO~120]1 2. %CANGCH+H G0 L ANG 4= 1260. *CANG 2+ 35,.) /124,
CROS53=PAIS,.JJEI*PE

iF {LBIG.EQ.10Q) LD TOD 771

DIFFLJJEI=CROSS]) +CRD552/16 . +CRDSS3

0 YO 7TBO
PlO=(45189. ¥ ANL 10=-109395, ®  ANG B+F0000,. *C ANG &= 3 003 C. ®C A NG4 +

1 3465 . %L ANGZ=563 .17 256.

780

7563
160

402

AQ3
a04a

805
a0a

aor
508

810
A1l
AZO

B2t

CROSS4=PATG, ) JEI*PLD
DIFF{JIE}=CROSS1+CROS52/1&6 . +CROSSASCRO5SS

CONTINUE

WRITE{&+ 763} E+E3CHME JIE) yLMANL DIFFT JJE}

FORMATIIX s FS,. 15K eFBL2y5XFb 2, TXE12.5)

CONTINUE

[ {ITOP.EQ.O0) O TO B30

IF {ITOP.FQ.2) GO TO 830

EINTLILI=EMAXR

EINTZ{1Lk=EM&X B—DELEB

DO 802 NX=Z,NCINT

ETHTLIL{NX I=E INTZINX-11]

EINTZ{NXKI=EINTLI[NX)=DELEB

00 B03 KE=JEL y JEH,JET

IF {E3CMIKE},.LE .EMAXR) D TO 804

CONTINUE

NXL(L)=KE

OCC B80% LE=KE.JEH:JEI

I¥ {E3CMILE), LELEINTZ2(1)} GG TT 806

CONTINUE

NXZ21L)=LE-1

DO BCE NE=2,NOINT

NXLINE)I=NXZINE~11}+]

KXl =NXLINE}

DO BOT KX=KX!,JEH.JEI

IF (E3LMIKX).LEL.EINT2INE}) G} YO BO8

CONTINUE

NXZINEI=KX-1

00 920 LX=1.NDINT

K1=NXKEILX)

K2=NX2{LX]

DC1Z={DIFFIKL F-DIFF UKL= DR {EACMIKL=])=EINTLILX)}/LESLMIK]~]1)~-
IECMOIKL Y +DTFFIK 1-1}

CCl=(0CL2+4DIFFIKL Y I*FEINTI{LXI=-EICMIKI}DSZ,
NC22=(DIFFIR2+Li-DIFF{A2) I+ (E3CHIKZI-EIRTZILX)}/{E3CMIK 2]
LEJLMIK2+1 ) i+0IFFIRZ}

CL2=tCC2Z 4G IFFIK2 M} = EZCMIKZI-EINTZILX )]/ 2,

OC3=0G.

IF (NXI{LX).EQ.NX2(LXI} O TO 811

K22=K?7-1

D0 81C LY=K1,K22
CC3=DC3+(E3CMILY F~E3CHMILY+1 1 ¥ (DIFFILYY+DIFFILY+L}D 72,
DC{LX3=DC1+DL2Z+DL3

CONTTMUE

WRITE(S64+821)

FORMAT( LHOy éX 4 INTEGRATION L1 MIT DIFFERENT TAL LROSS SECTIONYS
114%, "MEV' . 19X, "MBFSR 1}

WRITE1&4+822) (EINTLINZ),ELNT2INZ I, DCINZ}4NI=1LNOINT)
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82¢ FORMATIBX¢FO 24 = *,Fhe2y11X4E12.5)
IF {1T0P.EQ.1} GO TO 890
830 DO 831 I[E=.JEL,JEH,JEIL
If (E3CM{IE}.LE.ETMAX) GO TO 832
531 CONTINUE
B32 00 B840 IE1=1EsJEhyJE1
IF {E3CHITEL) 4LE.ETMIN) GO TO B4]
40 CONTINUE
841 JK=I[E1l-]
ULZ={DIFFITE=DIFFOIE=L) Y% (E3CM{IE-L}—ETHAXI/IEICMCIE-1 }-E3CM(TEN])
1+BTFF{[E-11}
UI={(UL2+DIFF{IE} M 2.1 %(ETMAX-E3CMLIE))
U22=LDIFFEJKt 1 =DTIFF{JK)IZ{EICHIIRI-ETMINI FCESCMUINXI=ESCMLIK+LE)
1+O1FF (IR}
DE={{U2Z+DIFF LJK) }/E2. ) {EILCMIIK I -ETMINY}
Ui=n,
IF T1E.EQ.J%} GO TO 851
1Te=JK-1
DO 850 IT=1IE, 1T4
850 U3=UZ+{FACMIITI-E3CML{IT#1 ) =iDIFFIITI+CIFFIIT+1}52.,
551 UCTOT=Ul+UZ+«U3
WRITE(G6,860) ETHMIN,ETMAX,0CTOT
960 FORMATILHO p6X »* INTEGRATICH LIMIT *rFée2e® = *yF6.25 " MEVYS
17X 'TOTAL DIFFs XSECTION=',E12.5,"' MB/5SR*/)
690 CONTIMJE
741 CONTINUF
REWINLC NT
GC TO 710
E MD
SUBRDUT INE TLREAD
C ROUTENRE T2 READ IN TL LARDS PRODUCED BY OPT MGD.
C REVISED B8Y (. C. LU
C CHHON TLa JEM MT y DENUM ¢ M 58 4By LoDy
1ITPLIC ESTARV, SPENFO4ITLR
DTMENSTON TLL{S541845), JEM{5), DENOM{LEY,
1 AlB3s BUS)e CUSke DI5)s ESTARMIN)y SPIN{GSH
. FIR5T READ NU=l,s JE=1 CARDS.
DO 5?7 LINDEX=1y13+6
LINMAX=LINDEX +5

L=LINDEX-1
REtAD 103, ETLOLyL INDy 1Yy LIHD=L1INDEXsLINMAX]
ILCARD 4 NUL ARG, MTLARD

C CHECK CARDS FOR PROPER INDTCES AND DRODCR.

TFIL-NUCARD) 52 454.53
54 IFLL-LCARD) 53256453
b6 IFIMT-MTOARDY 53952453
52 CONTINUE
I'F {LTLR-2} 200, 2C3,203
203 CONTINJE
RETURN
C MOW RELD IN FGR THE REST GF THE CHANNELS, AND CHELK CRDER.
200 NLl=Z
NU2=5
57 D0 2 NU=Nul.NUZ
T0 JEMAK=JEMINUI]
90 CONTIMNUE
00 2 JE=1,JEMAX
GO 2 LINDEX=1+13,6
LINMAX=LINDEX+S



4
b
2

53
3

103
104

1

15
20

1i
12

3G

40

41

&2

£3
A
46

1
60

TO
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L=LINDE X-1 . .
R EAD 10G3, ETLINULIND 4 JE} s LIND=LINOE X,

1L ITNMAXE s LCARD,NUCARD MTCARD

[FINU-NUCARD} 3,4,3

ITF{L-LCARD)}3, 6,3

IFIHT-MTCARD) 3 ,2,2

CONTIMUE

RETURN

NU=]

JE=1

PRINT 104 HU; JE4L4MT

FORMAT{ GF12 .0 .012+2X:212}

FORMAT( 23HOTHE TS L-CARD FOR MU=T 2,5H, JE=12,TH, L =12 ,:9H, AND
1MT=I2,3%H 15 CUT OF PLACE [W THE INPUT LECK.}

CALL EXITY

END

SUBROUT IME SENDMR

L OMMON TLy JEMsMT ,O0ENCOM 4N A 4D 4L, 0,

1IP, 1L (ESTARM, SP IN,FO

DIMENMSION TLIS:18+45); JEMLIS); DENDMIL1E ),

1 ALSi. B{S5)y CI{5)y DI(5)s ESTARMIC),; SPINIS)} SUMLS ;4501 ,0N(10:51
oC 500J=1.18

DEMOM{ 1) =0,

RJ=J-1

IFIN-G 120420, 15

RJ=RJ+{,5

0 501 Nu=2 .5

IF LJFMiNUY=-2) 114E1,12
”N'JTNU} = 0,

GO TO 431

DL 25 NIERG =l 445
SUMINLUyNZERD) =0.

IF N=5{J-INT} J=J-1 IF N=9[J-1/2INT} J=J-.5
SJEMAN=JEMINUY)

0O 301 JE=1.:JEMAX

E=JE-1]

U=Ef2

DENT=DENIC: MU}

B0 302 L=1.11%

Ri=L-1

TLFAC=TLINU,L +JE)
ITF{TLFAC-1.CE-10)301 +41+41
DENS=DEMT*TLFAL

RSMIN=ABS {RJ-RL F+] .
MNsHAXK=J+L-1

TFINSMIN=-1% 143,443,307
ITFINSMAK-]15 J4 608,448
NSMAX=]5h

DO 303 KS=MSMIN,NGMAY
S=NS-1

IF N=§ 5=5, IF N=9 Sx=5+_.5 SMAX=] 4
iFIN-&)5D,60,50

5=5%+.8
TMIN=ABS{ 5-SP INETMU } b+ L.
ITPAX=54SPIN{NU}+] .,

30 303 I=IMIMNIMAX

fI=1I-1

[FiN-G T3 TO, T2

GO TO (80,8(,85,85,80}1,NU
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T2 G0 10 {80,085, 80,80, 85)NU .
RS RI=R[+.5
B0 SUMINU,JE=SUMINL, JEY+DENS*STIGIRT 4FO,E, NI}
303 CONTINUE
I CONFIMUE
ANl CONTT NUE
DhEJeNI =02,
TES=JEMI{NDI)
TEST=ESTARMINWME2.-TES
NEST=TEST
TFIRESTIGL D 400,420
£00 NT2xJEMiNUY L2
NTZ=NT2 %}
TEF{JEMINU}=NT21 401,401 +402
G791 DNLJ NU = ISUMIND JEMAX S+ SUM{NLU, JEMAX=1)) 72,
402 ORKIJKUI=0NLI MUY SSUMEND , JEMAX P {ESTARMINU ) 2 .~ JEMINUI#11/F 2.
JEMS =1 JEMINUY+ L)} f2
JEME = JEMS &2 =1
G TOD #4240
410 JEMS=JUEMINUY/ 2
JEMS= JEMS %2 =]
470 DO 430 JE=L 4+ JEMS,2
H30 DNIJ,NUI=TINE) 2N+ SUMINU, JE) #6. OF SUMINU, JE+ L+ SUMTHU, JE+2 173,
DRI J, NI =0NI] D 2,5
431 COMTT NUE
GO1 DENOML I I=DENHOMI J 1+IN{I s NUD
500 DENOMIL)= SORTIDENDME 2N

RPETIURPN

END

FUNCT IOM DFK( =, MUY

rOYMYEN TLJEM  MT ,DENOM M8 ,B,C,0,
LIP: 10 JEST ARM, SP [N, FO

DIMENSION TLIS 18 4+45) s JEMIS), DENOMYIB]),
1 A[S5), BIS], LIUS), O(5)

u=rFs2.

1 6D TO (5,91 ,1¢C

5 CHFK= ALNS ) CANUD® [U=~BINY I I5DINV )
TRICHEKIS 1647

f DEN=D,
PETURN

T V=01 SORTOL. 44, % 1U-BINUI FEALNUII F/ (2. %ALNUD )
DENTACNI )&% ,S*EXPL2, #SORTLALNU) ®(U-RINUII#) 7 {LUs T=BENUY ) 642

1£C{NUIY

RETURM

9 IFTAINIII6, &y 10

10 DFN=C{NUF=E XP U{U=BINUT I/ ALNU] ]

RETUFN

[l B

FUNCTTON STGEFI«FOoE M)

COMMOK TE ¢ JEM ¢ MT 3 IE NOM (N B 4B+ C 9D
TP IC

NTMENSINN TLAUS ¢ 18,45, JEMIS), DENOMI]R),
1 AlS )y RBL{B)e C{B1y O15)

LU=E/2 .

2 GD TO {1419y 1419),41P

TFTACN 2D NU F&| =B INUDY |} 55, 15
51G=0.

RETUFPN

15 {F {iP.EQ.3) GO TO 14

't
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1%
2G

=57 -

Tx{la#5Q0RTHLe v as{-B{NUIDIFAINUIIIAT2. 200 NI D

SIG=l2.%F14# Ll )*EXPIIFI+. 52/ (-2 ¥DIKRULIET) I FIDINUI*®L 5}
RETURN

SIG={ 2a #F I 1. YREXPI (FI+ . 5) %2 /(-2 %DINUFY} I/ TDINUIwE] 5)
RETURN

IF{DINUNIG 45420

SIG={2 % Tal, V¥EXPI-FI¥IFI+], )/ (2.=DINUI}}/{2.2DINU)Y}
RETURN

END
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E. MACT3 Program Listing

C PRCGRAM MACT2 ; !
COMMON DUMMY, TL, JEM,MT ,0ENOM N A B, Ly Dy
11f, IC+ESTARM, SPINLFO,ITLR,LGA1EDS
DIMENSTION DUMMY (18], TLI6,18,400), JEMI6)}. DENCM{1R},
1 A(6)y BEEYy C(&), DiGY, ESTARMIGE, SPINIG)},CGL1D 4,
2 GULB . Z{1Bs 18,15 PALH 400 ¢PRIl &) sAKET 24)
F4EINTEIZ0) JEINT2 (300 4 NXLI30), NX2L30),0C030) 01IFFI30),E30 M 30)
710 READIS, TOC,ENL=BOO0} NTITLE
100 FCPMAT{1X,[1; 78H
1 H
READIS,B852) LTITLE
852 FLRMAT{1X,11,78H
1 I
READIS,850) {(CotINsI=1,&1
READIGE 8510 SPIN{G), IECS
B50 FORMATIAFLO. 5}
851 FORMATIFS.Z2:15}
WRITE(6 2,701}
TOL FORMATIEH L, 30%, "MACDONALD ANGULAR DT STRIBUTION® /)
WRITEGH, 700 ) NTITLE
WRITF(&, 8521 LYTTLE
L0 TO 16
800 CalL EX{T
10 REANIS, 130 SIMIM, SIMAXNyJEL+JEH,JEE,
l'l.JEH[ 1}1[=1r|5]'r [ESTﬂRH[II' [‘I.E\l1n ‘-ﬂ.{1111=11ﬁi‘$
SURETY 4l =l 480, (CUIN,I=146)y {C{T}4I=1,060, 1P,IC, FQO, NUDUT, MT,ITLR
Iy 10ENON, [ TOP
L3 FCRMAT ([(2F8 .., I8,318/618/6F8.0/6E12.5/
L&E12.5 / GE1?.5% f &E1Z2.5 /
14, T4y, E12.%,:514)
READIS ,1958) SIPSIT,EE+AM,TM
193 FORMATI 2FH. 1, 3F 8. 3)
WREITE{6,14) SLAMIN,S1IMAY N,
1JELsJFH  JET yIJEFIT) o 121,50, [ESTARMIT]  I=146 1},
ZTATT el =] 46 ) B 0Tl =1 6F LTIV 4[=14+E),
3T 41 =)+ 1, {LGHI) e I=1450)
L4 FORMATIELHO,2H8HMIN ENTRANMCE LHANMEL SPIN = ,F4.l1/
21H 2ERMAX ENTRANCE CHAMNNEL SPIN = F4.1/7
3tH LICHTAPE NDL. = HT1/1H 1LIHJE(LOWESTI=, [2,3X:12FRJELHIGHEST b=,
LTIZ2 DX AHJELINCY =412/ 14 + 14X, 3RT=1,9X,3Hl =2 ,9X3HE=3,
BOX,3IHI=4,9X3HI =5, 9X, 3HI=H/1H L THIEMI T)=s X H112/
BIH S LOHESTARMINI= ([ X.8F12.9/1F 5HALT)1=,6X,
TEEL2-5F1H s SHBl T b=, &% 6E 1257 1H SHO (I =46X,6F12.5/1H ,5HDI{IL}=,
BEX6ELZ .5FLHY L,ICGIL) =" DX HELE 5}
WRITELS&,15) IP,.ICFO.NOOUTY
15 FOBMAT{LHO, "ANG MUOM DENSTTY OPFEON 1S *,T12/1H ('ENERGY DENSITY OPY
TION §S " l2/1H 3HFC=ELl 2.5 1X . "NUOUT=1?,12}
EFF=0 .01l 14%FBx( 2, 0% 5P+ 1. 0)*IZ2,C6STT+L.OI*ANME[THS (AWRFETH)E ) 5322
WRITELS 923 ) SIFPeSIT.A0, TH,EFF4ER
90 FORMATILIHC,l6HFROJECTILE SPIN=FB.3f
LL1FD, LZHTARGET 5P IN=F &, 3/
2100, 16HPROJECTILE MASL=FE ./
FIHO YR TARGET MASS=FL2. 57 1Y «4HEFF=F1 2,5/
H1v0, LBFPROJECTILE ENERGY=F12Z. 3, 3HME WV}
IF IIDENDMLRELLY GO T 720
WRITEEA, 7211
T21 FORMATI'Q FREVIDUS DEMOM{) VALUES ARE USED '/}
720 CCONTIKUE
REARIS,T5CY AML,AMZ,AMZ, AM4, A0



TS50 FORMATIGF1Q.5) ' '
READ{3: 751} MNANGLE
T51 FORMATIIS}
READI 5 75C) (ANGIE) 1= MNANGLE)
IF {ITLR-1) 400, 401,400
400 CALLTLREAD
401 CONT [RUE
SPIMNILY=1,
SPINL 23 =0.
SPINf{3}=.5
SPIN{4)=.5
SPINLS)=],
IF{N=6)1,41:2
1 15ININ=S1IMKENEL,
[51MAXK=51MA X+,
GCTa3
2 TS5IMIN=51MI N-.5
ISIMAX=S5]IMA X+ .5
3 CONTINMUE
TF {IDENOMLEQ. LY GO TO &20
CALL DEMNDMR
&20 CONTINUE
WRTTE(H,630)] {DENOM{ J)+J=14s18])
530 FORMATUOLHOD : "{DENCHM I FpE20,.5, J=D:s 17 IH +G6E14.5F 1% 6E 4. 3FL X4 GEY &,
15)
NT=N+5
BECl30L=14+%
F=2={1L-11I
DOL1911I=1,18
GOl19 Jgd=1+18
REACCKTYE LTl TodToIF (M) s JdsKK) 5y KK=1,15]
EFILT-L 21T, 301, 217
3L [FCET-TTI021 7,302,217
302 JFCUT-J00 2107119217
217 WRITEIAG 218 ) Lo Il dJ LTy ET»JdT
217 FORMAT 120H BAD ICOE READIMNy L=.12.,5H [=412+5H J=s 124
13A3ELT= 15 3X3FIT =15, 3X3HJT=E 5}
GO TO A0O
119 CDONTINUE
po19c 10=1.18
OC130 J0=1 +18
DULSOKO=1,415
190 I{ 104 J0,KQ)=2 {10 JO+ KDY/ DENOMIJO )
DO JE=JEL v JEH P JEI
ExJE~1
34 JD = 1
PFROD= (.
DOLZSIS1=1SIMIN, ISLMAK
SE=I51
IFIN—tY%e 44 5
4 ES=51-1.
GOTO&
5 ES=51-.5
& DL 125 1 = 1» 14
[FIN-&) 201 201,212
01 O TO {203,203, 204y 206,203,198 NLIOUT
P98 L TO {204,203}, [EDS
2D3 FI=1-1
OTDZ 20



-55a

204 Fl={
Fl=FI-.%
GOTOZEZ0

202 G0 TO {204y 20464 203, 203,204,199}, NJOUT

299 GO TO {203,204),1EQS

220 DENS = S1G(Fl s FO, E, KUDUT)

S52MiN=A83 {FI-5P [NINUGUT I}
SEMAX=F [+5FPININJOUT )
IFIN-8) 22Ty 22 Tu 228

22T [SZMEN=5ZMIN+]L,

[ SZMAX=S2MA X+ 1,
COTODZZ22

ZZA 13ZMEIN=SZMIN+: .5
TSZMAX=5S2MA X+, 5

£29 00125 152=152M 1IN 152MAX
[FIN-51}230,230.,231

230 S2=152-1%

GCT 0232

231 S7=I52
52=52-.5

237 K5=57-ES
FAC={E-1.)**|{KSII*DENS
oo 12¥ Ll = 1y 1R
FL1=L1-1
JMIN=ABS{FLLI-E3)+].

JHEAE=MINLIFLL *ESs 1T 20k +]

FACA = FAC % TFL{ly Lly 1 }

DO LZ4 L2 = 1. 18
FALB=FACA*TLINUDOUT,LZ2+4E}
G=ABSIFACE]

[F {L-.0000001 ) 127, 127, 120

120 DL123 d=JdMI N, JHAX

1Z% PROD = PROD + FACH # Z0 L1y Jy 151 3 =ZILZ24s Jy 152 1}

124 CONTINUE

127 CONTERUE

i2% CUNTINUE
FRCD=FROQD/EFF

130 PALL»JEF=PRCD*DFKNAF  UCUT Y=L GI1 )*=CGINUOUT )

WRITEd{A 41} '
4] FORMAT{LIHO+18%: *RATID GF LEGENDORE COEFFICIENTS (A{LM/A00FY AND A
PCL=0) "
2FIHO 22X, PELRES, I 44X,y " ALL=0) FAIL=0) A(L=2)/7A1L=0) AIL=4)}FA{(L=D) A
JLL=6L /AL =0) AIL=0) 74X, "MEVT, 65X, "MB/SR/MEV '
DO128JE=JEL v JEHLJET
E=JE-1
E=0.5%E
If {PAI]JE).GT .. L00001L)Y GO T 501
PEL11=0.
PRI2ZI=0.,
PEY{3I=0.
PRI4])=0.
GL TQ 502
20 DO S0C L=1la44%
PEBILI=PAIL+JEI/PA(]+JEI
500 COKTIMUE
B02 WRITEL& 4T £ (PRLLLY yLL=] +4) +PAL]L + JEI
47 FORPMATLIHD 25 yFSale TXpSIE LEe 54 2XD )

128 CONTIMUE

PASUM=0,



1

oo S5i0 J=JELeJEHWJE]

510 PASUM=PASUM AL ] ,.J)
PASUM=PASUM—{PALLJELI*PA{]L, JEH}}/2.
SJEI=JEI
DELf=54E1/2.

CSEC Tk w %3, 14159%DELE*PASUM
WRITELG,511F PASUM,CSECT

511 FCRMAT{IHO, 41X, *TOTAL A{L=0) IN MB/SR/MEY *4E12.5//42X,"TOTAL CROS

15 SECTION IM FBSY4E1Z.51
WRITE{G6,701)

WRITE (6 ,70C ) &TITLE

WRITE(64852) LTI TLE

IF (ITOPLEQLO) O TG 759

IF (1TOPLEQLZ) GO TG 758

READ(S5, 801} EMINGYEMAXB,DELEG +NOINY

01 FORMAT(IFLID S [31
IF {1 TAP.EQ.1} GC TC 759

TSE READ{S,B01) ETMINLETHAX

¥53 CLCATINUE
GO 781 JI=1+NANGLE

KANGLE=ANGIJI )*17.453292/7 1000,
HRITE (6 ¢762) ARGIJI}

T&2 FORMATE JHO, *ANGLE=" +FB.3+* DEGREELLAB.)'/ /" E(RE5.) E3(C M,)
i CoM. ANGLE UOIFF, CROSS SECTION /48X, SHME V. y 8X s 4HMEV, 4B Xy "DEGL ' &
28R YMBJSR/IMEYT )

DO TA0 JJE=JELyJEHLJEI

E=JJE =1

E=0la %L

E3CH{ JJEI=EOSAMZ #AM4 /{ {AM ]+ AMZ2} %% 2) ¢ | AQ-E)* AM& /[ AM3+ AMS )
I1=AMLl*AM3I¥ER

L2=C050 HANGLE)
¥1=21#22%22+4| AMI+AN4 )2 AM4 %[ AQ-E)+ER*{ AM4=4M]})
Y1=SQRTIY1)

Y2=22%5QRT(Z1)

ESLABLI=UIY l+¥Y2}/ 1 AMI + AM4)

EICHMI=5QRTI{EICMIJIE})

¥1=E3LABL=5 INIXANGLE )

XOMANG=ARS TR{XE/E3ILML )

VI=SQRTIZ2.*EB /IAMI%93].441))

WCM=Y YFAM ]/ (AM] +4 M2 )

VILAR=FILARL/SORT [AMI*IIL 44172.,)

V3N=\ILARSZ 2

IF IVCH.GT, Y3XY NIMANG=3,. 14159 XLMANG
CMAMG=XCMANG*100. /1. 74533

L AMGi=CUS{XCMANL)

CANGZ=C ANGL *=C 8NG1

CANGa4=C ANGZ *C ANG?

CANGE=CAN G4 o ANL 2

CROSE1=PALI] ,JJEI-PAL2, JIJENS2.4PAI3, JJFYRI /B ~PAl &, JJE]*5, /16,
CROSSZ={PAL 2, JUEI =24, -PA[2,JJEN#60.4PAT4 4 JJE =105, ) *LANG2 4+
LIPACI L JJEI=TO .—PA{a, JJEF 2315 12CANGA+PAL 4, JJEV %23 ). ¥ LANG S
DIFFLJIEY=CROSS1I+LR0OSS52/16.

HWRITE(6+763) ELE3CMIJJIEY yCMANLG (DIFFIJJE)

Te3 FORMAT{AX FS,. 10X, FR,.2,5X,F&. 2, 7Y, EL12.5)

760 CONFINUE
IF {ITOPLEQ .O0) GO TC 890
IF (ITOP.EQ.2) GO TQ B30
EINTL{1)=EMAXHE
EINT2{]1 )=EMAX E-DELEE



802

BO3
L1vDA

E05
804

807
BQB

B0
Bll
g2 0

azl

B2z
B30

R31
B32

Bal
Bal

BTO
871

DO 802 NX=2 . NOINT

FINTLINKI=EINTYZ{NX=-11

EINTZINXKI=EINTLI{NXi=DELEB

DG 803 KE=JEL +JEH: JE|

IF {E3CHMI{KE ), LE.EFAXR] 0 TO 8504

CONTINUE

HNXL {1l I=KE

0O 805 LE=KE, JEH,JEI

IF {EZCMILE}.LEEINTZY 1) LO TO 806

CONTENUE

MXZ2{1l]l=LE=-1

CC BOB NE=ZNOINT

NXLIME) =MNXZ IME=] ) #1

KXI=MNXL{NE]}

D B8OT7 KX=NX1l,JEmM,JE]

IF [EACM{KXI.LELEINTZ{NE]) GO TO B0OB

CONTINUE

NXZINE] =KX=1]

DN 820 LX=1,ROINT

Kl=NX1{iLX}

KZ=NX 2l LX)

DCL1Z={0IFFIKL}I=DIFFIKL=1})1*¥{E3CMIK]1~ 1}-EINTIILIIl!lElCHlKl—ll—
LEACM{KL )40 IFFik1=1}

DCLl=ADCi2+DI[FFIK)L IIFIEIMNTI{LXI=EICMIKLED)/ 2.
DEZZ=(0IFF(KZ+L I-NIFFI{K2)I*(E3CHMIK2I-EINT2(LXEN) FEEACHIKZ )~
LEZCWINZ+E))+DIFF1KZ)

BL2=lDL 22+ 0TFF{K 2 IR I EICHMIKZI-EINTZ(LE))/Z.

LC3=0.

1F INXLIL XY LEC.NX2LL X1 GO TO ALl

Kz2=Kk2-1

OO 810 LY=Kl,KZ2

DG 3A=DC 3+ L E3CMILY F-ESCMILY+ 3 I = iDIFFI LY b#DIFFILY+LY} /2.
DCALX1=0C 1L +00L 24+DC 3

CLCNTINUE

WRTTE{&,BZ])

FORMABTY [ LHDy 6X 4+ * INTEGEATION LIMIT DIFFERENTIAL CROS5S SECTION'S
L14X, " ME V! 41 G *HB /SR

WRITE(E 8221 (ETNTFLINFI+EINT2A{NIY +DCINZIY s NZ=1l s NOINTI
FORMATEIBX s Fh, 2.t = " Fa . 24110, E17.5)

IF LITOPEQLY GO TO 890

00 B3] LE=JEL +JFHLWJET

1F (EACHMIIE]. LE.ETHAX]) GO TN HBH3Z

CONTIMNUE

DC G40 IE1=ILE.JEFysJEI

1F LF3CMIITL) LLELETKINY GD TO B4l

CONTINUE

JR=IELI-1
U12=[OEFFETE)=DIFFITE~L) b {EICMITE-L }-ETHMAX P AEICMLTE~LY-EICMI EED )
1+D1FFIIF-11

Ul=(IlULZ+DIFF{IE) ) 2+ *{ETMAX-EICH(IEL}}

U22=(DTFF{dK+ 11 =OIFFL{JRIIFJEICHOIRI—ETMIN] A {EICMIJK]-EICHTJE+1 ]}
1+01FF LUK}

U=t {UZZ+DIFFLUK) }F2 . V¥4 EACHMLJK I-ETMIN}

U3=0.

1F [(IE.EQ.JK} GO TO BTl

[ To=0K-1

00 HTC ET=1E+ ITH
UA=U3+1EICHMILITI-E3CMEIT+L ) #(DIFF{ LT +DIFFIIT+11) Fiu
DECTOT=UI1+UZ+U3



WRITE{6+6860) ETMIN, ETMAX ,DLTAT. ;

8§60 FORMATILHOy EXs" INTEGRATION LEMIT "oFGa22* = *sF6edy' MEV'/
LT X" TOTAL OIFF. XSECTION='+EL12.5," MB/SR'/)

8390 CONTINUE

761 CONT INUE

REWIND NT
GD TD 710
END

SLUBROUTINE TLREAD
ROUTINE TO READ IN TL CARDS PRODUCED B8Y OPY MOD.
REVISED AY C. C. L
COMMON ODUMMY, TL+ JEMy FT,DENCM 4K A4B3C Dy
1IP ICyESTARM, SPINSJFOLITLR
DIMENSION DUMMY {18) , TLIG,18,40), JEMIG)}, DENOM{ 18},
1 A{6), Blb)s Ci6E)Yy DIGYIy ESTARMIG) , SPINLG)
FIRST RE&AD MNI=1, JE=1 CARDS.
NO 52 LTNDE X=14+1345
L INMAX=LINDEX +5
L=LINDEX—-]
READ 103, [TLALALIND 1) s LI ND=LINDEX L INMAK ),
1L CARD+NUCAR Dy MTCARD
CHELK CARDS FCRE PROPER INGICES AND ORDER.
TFL1-NUCARD) 53+ 54,453
54 [FIL=-LCARD)S53,56,53
& FF{MT=-MTCARDY 53 .,52.53
52 CONTINUE
IF ELTLR=Z21 200,203,203
203 L ONTINUE
RETURKN
MCW READ 1M FOR THE REST OF THE CHENNELS, AND CHECK ORDER.
200 NUl=2
NUZ=56
3T DO 2 HNU=RHUL.NJE
TO JEMAX=JEMINUI]
20 CONTIMNGE
B0 2 JE=1l.JEMAX
O 2 LINDEX=Lls124 8
LiNHAX=LINDEX +5
L =LINDE X-1 .
READ 103, { TLANUGLIND yJEI s+ LI ND=LT NOE X,
LLINMAX ) o LCARD yNUC ARD . MTCARD
IF{NU-NLCARDY Av4s3
[FIL-LEARD) 5¢ B9 3
IF{MT-MTCARDE 34243
CONFINJE
FEETUEN
53 NU=1
JE=1
3 PRINT 104yNUy JEeL o MT
103 FORMATIGFLZ 041202 X%42121
104 FORMATIZ3HI THE TSUBL~CARD FUR Nif=[ 245Hy JE=TZdsTHs L =12 y3Hy ANL
IMI=12,35H 15 CUT OF PLALE IN THE INPUT DEL{X .}
CaLL EXIT
END
SLBRCOUT INE CENOMR
COMMON DUMM Yy TL e JEMy BT yOENOHM M ¢ & yB oGt Dy
LiIPy IC oESTARM:SP INGFOsTTLR4LLIEQS
DIMENSION DUMMY ELB) ¢ TLIGy)G6,40), JEMI&), DENOMI LB ),
1 Al6), Bi&Y, CE6Y, Did)y ESTARMIG)y SPINLO) 4CGILl0),

(RS S



10

i5
20

11
12
25

ao

40

41
42

&3
4
46

50
60

70
10¢

12
110

gs

g0
3an3
a2
301

& 00

401
402

-50-

2 SUMIE.40) sDN{LBa%]

D0 SGQJ=1.18

NEROMEL) =0,

RJd=Jd-1

IFIN-6)204 204 19
RI=R A4 .5

D0 501 HU=2,5

1F {JEMINLUY=2) 11411412
DN{JNU] = 0.

L0 T3 &3l

OC 2% NIERD=1 440
SUM{NU,NIERQ) =0,

IF N=51J=INT} J=J-1 IF N=9{J=1/2INT} J=J-.5
JEMAX=JEM{MNL

DO 301 JE=1;.JEMAX
E=.JE-1

U=str2

DEMT=DEN{ Ey WU )

DC 332 L=1,158

RL=L-1
TLFACSTLINU L +JE)
IFITLFAC-1 .OE-101301 441,41
DENS=DENT*TLF AC

MNiM IN=AES{RJ-RLI+1,
NSMAX=4+L—1
TE{NSMIN-L534 3,443,302

TE{NSMAK =15 196, 4044

MNEaMaA K=l 5

DO 303 NS=NSMINGNSMAX

S5=N5-1

IF N=5 5=5, 1F N=9 5=5+.,0 SMAX=14
IF(N-G16G 00, 50

5=5+.5

IMIN=AD S{S5-SPINLNU} ) +1,

TMAX=5+5P EN(NUI+1,

DO 303 1=[8IN,[MAX

RI=1-1

TFIN-£170,70, 72

GO TO (80 ,B0,85,85,8041003,NU
IF{TEDS.£G. 1) LO TG B85

{FIIECS .EQ.21 GO TO 80

GO TO { BD 8%, BC,H280,85,110}) +NU

1F ([FUS.EQ.1) LO TQ 80

IF (IE0S.EQ.2) GC TC 88

RI=R{+,5

SLUMINU, JE 3= SUMINU,J E}4DENS®S IGIR [, FO,E+NU)
C.ONTINUE

CONTINUE

CONT INJE

NG J L NUT =0,

TES=JFM{NU]

TEST=ESTARMANU} *2 .—TES

NEST=TEST

IFINEST 410,400,410

NT2=JEMINUY /2

NT2=MT252

[F{JEM{NS ) =NT21 401y 4014402

DRES, MU EESUM{NG, JEMAX I +SUM[NU , JEMAX =1} 372,
DNTJ  NUJ=ONLJ sNUI+S UMINU  JEMA X) S{ESTARMINUI®Z, —JEMINU) #1 1 /2.

’



~§0-

JEMS={JEM(NU) +1 }/2
JEMS= JEMS w2 -3
GO YO 420
410 JEMS=JEMINU Y 2
JFMSE= JEMG#2 -]
420 DD 430 JE=lysJEMS,2
530 DR S U I=DNIJ s NUJ#ISUMEINU, JE] +& 0*=5UM INU, JE+ LY+ SUMLNU, JE+ 213 /3,
DRUJs NOY=DNE] s NUP =L S
421 CONTINMUF
501 DENOM{OY= DENOM{ JI+DMEd, Nt E *CGINU L
500 JENOMID)= SR TIDENOM{JN]
RETURN
EMD
FULUNCTION DENTE MU
COMMON DUMMY, TL, JEMsMToDENDM g N g 48 4L 4Dy
ITPA4IL ,ESTARM; SPINLFQ
QIMENSION DUMMY{ 18), TL{A,18:40Fy JEMIG) y CGENOMILSY
1 ai6¥y Bty ClaY),y DIBI
U=E f2.
GO TOD (5,9),1C !
5 CHEK=AINUISCING)I=IJ-BiNY }I=DIRUD
IF{CHFK YA 4447
A5 DEN=0.
RETURN
T Tl 4503 TL la+aa®ly=-RINUFY=AINUIEY /I 2. AT NUL)
DEN=A{NL) *% S 5EXP {2 ,*SRATIAINU IS {U-BANUII I F (T U+T-B4NY) ) 222
1*CE N
RETURN
O 1S {ACMUR)S 46,419
190 DEN=CENUY *RE SP{{ U-PE{NUY FFAEHL)
RETURN
F N0
FUNCTIOMN STGEFI FM4E ¢NU)
CrMON DIMEY, TL o JEM MTy BENOM My & B (L 40y
T PLIG
DYMENSTON NUAMYL 18}y TLIBy18,40Vy JEMIGY, DENOMILE ]
1 AtL)y, BlGY, ClG)y DU&)
U=rFs2,.
2 L0 T0 (1919 L4190%,1P
1 [FEA MUY RN M) PR (U-BINIIIT15, 56,15
5 $TG=0,
RETURN
15 1F (TP.EQ.3) GO TO 156
Ted Lo #SRATT Ju 4+ s U-GANUI J&A(NUIDY AL 280 NUH) )
RIG={ 2. %F I +]1, i2E%PL{Fl¢.5)*x2/[ -2, *DI{NUI T} } F{D{HUI =& ], 5}
RFTURN -
s S1G=0 2. *F [+]., J*E XP{{FL+,5) &2 /{2, eQINUI I/ IDINL)%¥] 5]
RETHIRN
e TRIDI{NUYYS, 5420
27 SIGe{ 2 *F T+l ¥ EXP{-FIMFI+1l ) Al 2.2D{NU M 171 2. *0TKU}]
RFT U=
ErE

et



afle

F. MACT] Pregram Sample Input

1
1
«B5
0.5

+0

1
1.0

1

1.0

1
T

2

S2NT{P,#I62NL  L3IMEYV FERM] GAS CALC.
COMPOUND NUCLEUS T-LOWER STATE TRANSITION
T 1.0 .857 1.0 1.0
1
(.5 0.5 9 1 22
1 17 22 16 b
1.0 13.10 12.B0 A.06 heo 3,62
6.2 bob 6.9
—-B .5 -le
1.0 213, 941 33. 941 33,941
1.0 12.25 13.31 13.31
1 3 63 0 0 0O
0.5 0.0 12,0  1.0075 &]1.9283
a7e &£1,9283 1,0078 6L.92R3 0.0
3
90.0 130.0 165, 0
. 8991 . TB36 WBLLO . B4TS
D163 . 0015 ~0D01 0
0 0 0 0
L9991 & »9941 9879 . 9869
L899 . 7268 JaTLE 1793
0039 . 0012 » 000 % 0001
« 98583 . 9913 O8I0 .20812
. 0372 6299 . 3496 . 1163
0024 LOO0AR L0002 o
. 95819 . 9859 L9761 .9721
L7591 L5143 . 2400 . G721
L0015 L0005 .Ga01 0
+ 3T TR L 9TI8 « 955 « 99T
e BELS « JRTE L1529 +DaZ8
. 0009 . D003 .0001 0
L9478 . 96R3 . 9498 . 9332
« 5269 « 2706 0911 L0265
. D005 . 0001 4] Q
L9523 9494 L9247 . 8939
. 3885 L1712 L0511 0135
L0003 «0G01 0 ¢
.9275 . 9188 LRB52 LAILE
- 2587 . C991 L0273 L0071
0001 3 ! 4]
LARTL L8686 L5225 . T360
1550 L0529 L5119 L0036
o 0 0 0
LA2LN . Taas 7249 . 6004
«LB40 - D262 « Q05T SO0t 7
0 0 0 0
. Tt 50 . 6660 B84 4340
L0414 .0L21 . 0030 . D008
0 ] a o
« 3608 « 5008 » 41 D% + 2685
L0186 .0052 . 0013 L0003
G 0 0 a
L3746 . 3191 L2408 « 1399
L0076 . 0020 .CO05 0001
0 ! 0 0
. 2029 . 1658 « 1154 . 0612
0028 S0007 0002 0
0 0 0 0
L0873 0695 L0452 . 0227

« 143

T.2

-5

33.941
12.9%

ba.b
+5

33.94])

13,31

— —

—

- - - - b [ o -
ONCORNFEONECONTFONDPONEGREFDNFONSGONCONTOREFONTFOND O

e

163
163
163
263
2&3
263
263
263
263
263
Zbl
263
263
263
263
{63
263
263
263
263
263
243
263
263
263
263
263
263
Zo3
263
263
£63
263
263
263
261
2613
263
263
263
263
2453
263



L]
[=]
b
L+
o = = o = (] OO0 -0 = ¥ ' ] = o ] o
— — - - - L i L - — Ll et L L L — —
OMrPONM OSSP o NN SN PO O RO OO N AN ONDP DO D

o
—

=
-

263
£63
263
263
263
2&3
263
263
263
263
263
363
363
363
A6 F
361
263
363
363
361
3&3
363
363
363
353
363
&3
363
363
363
L
363
3463
363
363
363
363
53
363
363
353
363
353
363
353
LY ]
363
ELY
363
363
163
363
363
363
363
363
363
351
363



0o oaoo0QDo

L ]
[T
-
=]
£

OO0 oOOoODDoO oD O00

L]

]
=
|
W

= E=R=N=]

363
353
3563
356%
363
363
363
363
383
363
363
3463
3563
343
383
383
363
343
“4h3
46 3
i3
63
463
44 3
453
463
463
463
453
463
463
463
453
@63
463
463
463
463
463
463
463
4463
463
463
463
463
463
463
4463
4b3
463
463
463
HhH3
463
463
463
463
463



0
«5883
0
0
0
o
.raki
« 0007

« 4350

« 0002

« 2222

« Q723

+0131

«0010

+6939

+ 7014

« T0TH

L1109

« 7079

5883

+ 5098

1L 6ZNI{P+PIBZNI
I CO%POUMD NUCLEUS T=~UFPER
« 143

»143
Qa5 H

o
- 2099
0
q
0
0
+5176

« 3210

« 1448

+ 0428

L0073

. 000%

4818

. 4507

4l

« 3625

« 2976

« 2039

» 36920

L3MEY

22
12.84¢

33. 941

13.31

13.0

FERMI

0 0
« 2244 - 0028
0 0
o 0
« 0564 - 0001
9 0
o o
« 3536 « 1398
» 1829 « 0572
« DEB 4 «DL78
+0173 +0039
«0026 0005
«0n01
« 5393 « 2645
15216 + 1601
G923 +DB&H
» G430 +03T78
»3598 0131
s 22%% +0028
+0564% +0001
GAS CALL.
TRANSITEON
857 1.0
1 2Z
7 1
342 1.0 1.0
Bn
33.941 33.941
13.31 13.31
1]

1.0078 61,9253

« 003&

+ 3006

«02 80

174

0095

0042

0013

+0002

718

33,4941
12. 95

Tab
_1I3

+0028

+ 0011

« 0003

+« 000G 1

33,941

13, 31

463
b3
463
@63
463
G673
463
563
563
553
L1 |
563
563
563
hbb3
563
563
563
563
5613
563
563
5613
563
563
&63
663
663
G633
663
663
663
563
863
663
663
663
6463
6G3
663
H6:3
6563
be3
663
663
663



1.0078
3
90.0
« B99]

6l.9283

130.0

1. COTH

i165.0
« T34
L0015

61.92 83

» B110
+O001

-55=

0.0

+ 3475

+ 3370

«» 1703

o

(= =

- - - - P ot [ it Lol - Ll et e ot p— —
O ON OO ONPPORCCD NS PPN ONDONFONRNCEENNFOEN SO DD

[ ]

—

163
143
163
263
263
263
3563
163
lb1
363
363
383
363
363
3563
353
363
ELE
363
3463
3613
341
363
363
3563
363
3ol
363
363
363
343
363
3613
363
363
343
3463
363
3463
363
363
363
363
363
Ja3
363
363
363
363
363
EL-E
Jo3
363
3n3
363
363



.
=
=
[
e

SCooRDsT oo

G c1l2 363
L0086 0 0 363
0 0 & K-

o 012 36l
0002 ¢ O 363
0 c 6 363

+ 0L2 363

o 0O 0 363

o c & 363

o 012 363

0 o Q 363

0 g & 363

L+ e 363

o o 0 363

o 0 & E1.%

0 012 363

« 02 80 +0028 D 463
o o & 463

o c 12 4563

« 01 T4 G311 O 463
a 0 6 463

o g iz 463

« 0095 0003 © 463
o o 6 4563

0 012 463

« 0042 + 000 O 463
aQ 0 & *53

o 0D 12 463
0013 C 0 63
o o 5 463

0 012 4H3
0002 0 G 463
0 0 o6 463

0 01z 463

o cC 0 LL-%

o o o 463

0 0 12 463

o 563

& 567

L2 263

G 6b3

& 663

iz H63



G.

GZR1(PyPIB2N]

MACT3 Program Sample Qutput

3T -

MACOUNALD A NLUL 4K DESTR IBUTION

13MEY

FERM[ (A5 CALC.

L COMPOUMD NULLEUS T-LDWER STATE TAANSITION

MIN ENTRAMLE CHANNEL 5P IN =
MAX ENTRANCE CHAKNEL SPIN =
TAPE NO,= 9

0.4
0.5

JEILIWEST)= ] JE{H|GHEST 1222 JECLINC)= |
=1 =2 [#3 (£ 13 I=5 [=6

JEML I )= 1 LT 22 14 & 7
ESTARM({I}= O0,.10000F O1 O.13100F O2 0.]12BC0E 42 0.80800F QL Qu44QQG0E 01 0. 342006 01
Alt)= 0. 10000E 01 f.62000E Ol Q.64000E 01 D.69000F 01 O.T2000E 01 0.44000E 01
BlI)= 0,10000 01-C,80000E Q0 0.500C0E 00-0.22000E 41-0.50000E 0O O.50GQ0E OO
Cil)= 0.10000FE C1 0,.33941F 02 Q.33941E 02 4.33941E 02 0. 33341E 02 D, 331E 02
D)= 0.10000E ©1 C.12250F 02 0.13310E 02 0.13310E H2 0,12950E 02 O, 133L0E 02
CGill= 0.83700E 00 0.10000E QL Q.85TCOE Q0 0. LOOOODE 01 C.LO000L CI Q.14300F 00

ANG MOM DENSITY QPTION [S5 1
EMERGY DENSITY OPTION IS5 1

Fd= 0.0 NMUOUT= 3

PROJECTILE SPIN= f.500

TARGET LSPIN= 0.0

PROJELTILE MASS= L.0J08

TARGET MASS= Gl. 92830

EFfF= Q.48559

PROJEL TILE ENERGY= 11,0Q0MFY

(DENDM{ 1} ¥30, 5%, J=D,17
0.463319E 22 0.8536563F 02
0. 82529 02 O, TOTS1E C2

0. 925%32E 02
C.267T62F 02

O.9T444F 02
0.5860%E 2

D.10147E O3
C.405600FE 02

J0.99340E 02
0.35907F 02

0.19303E OZ2 O0.14421€ 02 C.BI9CHRBE O1 0.5GT13E 41 0. 2692 0E O] 0.10107€E 01
KRATIO OF LEGEMDRE COEFF ICIENTS {AILIFAID))  AND  AIL=01

E{RFS . AlL=00/010L=01 AdL=21/A1L =0} A(L=G ) SA{L=0) AtLzb)FfANL=D] PRI LY

MEV MR /SR FMEY
0.0 7.0 D.0 .0 C.fd 0.0
Oa5 1,6 0.t 0.0 0,0 0.0
1.0 0, l3000E O1 0.18563F G0 0. 15749€-01 O,.,TA80E-03 O. 1BTCGBE-0O1
1.5 C.10000E C1 0. 1315%5F a4 L. 755 07E-D2 O.2496LE-03 D.34914E-C1
2. 0,10000E 0] o.1019pPt OO J. 6412 26-02 0. LOTIEE~D3 O.601120E-01
2.5 0. 10000E 01 C.82419E=01 0.28288E-02 0.535B7E=-04 D.10122F QC
3.0 D.10000E 01 O.&BL57E=D1 C, LY099E~-0OF Q0,28919E=D4 0.15997E€ Q0
4.0 C, 1000CE (1 D.aF265E—01 C.9401 TE=-0% U.98R43F-05 0+35S5TF QO
4y 5 0.120N00E C1 O.409THE—-01) ETISOE=D3 C. 5AIHE-T5 D.50390E DO
Sed 0. 10000 01 C.I5RERE-D] Q. 4082019E+03 Q.3476BE-05 D.69LTOE CQ
S5 C.LlI000E 01 C. 29TH2E-01 Ca 3462 0F-01 01044 2E-0%5 0.,9194%E 00
&.0 G.10200E 021 0.254850-01 0.24964E=-03 O. Ytr13E=-05 C.1177HE 01
6.5 0,110C0E Ci GuZ21H3SE~=C] D.18145E-D3 0.6T20lE~06 D.14424E D1
7.0 0, L0OJOCE C1 0. 166l =01 G. 13153E-03 e 42 3 3DE-06 D.U653TE D1
1.5 g, 100Mmg oL 0.157T28E~01 0.F66%46E-04 -0, 853755E=08 Q.1 719582 C1
B.L C.19C000E 1 L.1297T0E~01 0+.63510E-04 Q.23L11F-C4 G17T607TF 01
8.5 0.10C00E 01 Cal10520E-01 0. 4360 1E-04% 0, ETATHE-DT 0.15%229E 01
.0 0. 10000 Q1 0. B4831E-02 D.A54]15E-04 D.,485TLE-D7 0.11013F 01



0.10000E 01
0.10000E 01
0. 1C000E 1

0.68R9TE-02 0.24280E-0¢ D.BAZBEE=-QR  DL6090BKE DO

0.553519€=02 0.15292€E=04 0.0 0.23411€ Q0
Q.ea240F-02 0.10T19E=D& 0.0 0.51188E-01

TOTAL AL(L=0) IN MB/SR/MEV 0.,14428E Q2

TOTAt CROSS SECTION IN M85 0.90655FE 02

Y



-9 -
MACDONALD AWGWLAR DISTRIBUTION

1 62NT(P.P}6Z2NT 13MEVY FERMI GAS CALC.
1 COMPOUND NUCLEUS T-LCWER STATE TRANSITION
ANGLE= 90,000 DEGREE{LAB.!

E{RES.} E3{C.M,) C.M, ANGLE DOIFF. CROS5S SECTICN

MEV. MEV. BEG. MB /SR/MEY
Dol 12.%9 G0.93 0.0
05 12.0% 90.95 0.0
1.0 11.50 90,97 Ca 17070E~-0)
L.5 11.11 90 .99 0.327T16E-01
2.0 10,62 91.02 N.58105E-01
2.5 13.13 91 .04 0. 67 160E-Q1
3.0 F. bk 9i.07 D.15464E DO
3.5 9. 1% o1, 09 0.236C2E 00
4.0 8.6% 2]1.13 0., 34T12E 00
Ge 5 B.1& 91 .16 D.&93TIE QD
5.0 T-47 91.20 0. 6T985%E 0D
Sl T.18 21.24 0.90%93E 00
ba 2 b. 58 91 .28 0.116Z9E 01
b.5 £a.19 9] .33 . 14 26RF D1
Tal} 5.70 91,39 0.15532E 41
Tel Sa2l 9l. 4% 0.17822F Cl
B.0 el 91.52 0,17493E Q1
B, 5 b.27 91.61 0.15150€ 01
3,0 3,71 31.71 0.10%66E 01
9.5 3.24 41.84 O .6U069BE OO
1.4 2.75 52.0C 0.23348F Q0
10.5 2.26 92,20 » FIGTRE=(]

ANGLE= 130.000 DEGREZLLAG.)

EIRES ) EFI(C.M.) C.ut. ANGLE DIFF. CRDP3S5 SELTION

MEV. MEVY. DEG. MB/SR/MEY
Q.0 12459 130. 7] 0. C

0.5 12 .04 132.73 0.0

Led Li.50 150.74 0. 12365 E-01]
1.5 11.11 130,76 0.35442E-01
2.0 13.562 130.78 0.0187AE-01
2.5 12.13 120,80 9.10227E Q0
3.0 D.b4 13].82 8. 16 149E 2D
3.5 .14 13G.84 0, 2445658 00
4.0 8.65 130, 84 C.357BAE CO
4,5 d.16 139,89 Q.85N&eTIE OO
5. 0 T. 67 130, &1 O.6950%E OO0
5.5 7.18 130, 45 C. 523310 O
b.0 b.6H 130.%8 D.iL820E G1
[ P BelS 131,02 0.1445%9E 01
7.0 5a70 131 .06 0, 1673LE Ol
Te® S5e21 131.11 0. IBOO4E Q1
B.D 4a12 131. 17 G.27641E 01
8.5 4ol 131.23 C.15253E 01!
9.0 .73 131.31 0. 11027TE 21
9.5 - 131, 41 0, 80S71E 0O
1G.0 275 131.53 J.83431E 30
10, & 2.28 131.469 0.51225E-21

AMGLE= 165.000 CEGREELLAE.)

E{RES.) E3{C.M.) CaM, ANGLE DIFF, CRESS SECTICM
MEV. MEV. DEG. MB SSRFAMEY



-70~
' MACODNALD AMNGULAR

1 42N1IP,PI62NI  13MEV FERMI[ GAS CALC.
1 LOMPOUND NUCLEUS T=UPPER TRAMSITION

0.4
0.5

MIN ENTRANCE CHANMNEL 59 1IN
MAX ENTRANCE CHAMNEL SPIN
TAPE NO.= 9

CISTRIBUTION

I=5

I=56

01 £.10000E Ol 0.100CCE 01

C.54000FE O1 ©,.T2000E 01 O.76000E 01

Q0=-C,50000E 00-=-0.13000E O1
02 0.33941E 02 0.33941E 02

Q.13310E 02 0.,12950E 02 0.13310E D2

JE{LLWEST)» | JEIHIGHEST =27 JELTNC = 1
1=1 I=2 I=3 [=4&

JEMI T )= 1 1 22 T
ES5TARMAL}= 0.L0D00E Oi 0.35200F Ol G.L2000E 02 Q.34200E
AlL)= 0. L000JE 01 £.62000FE O D.54000E 01

B6LI)= 0.10000€ Of=-C.A0Q000€ 0D 0.%00Q0E OO O, SQOQ00E
Cill= 0.i0000E 01 0.3394LE 02 D.33941E D2 0.3394LE
Dily= 0.,10000E Q1 D.13310F 02 D.13310F 02

CGiI)= 0.14300F OO G.LI0000E O D.14300E OO0 O.8ASTOOE

ANG MOM DENSITY OPTION |5 1

ENERGY DENSITY OPTION [§ 1
FO= 0,0 NUCUT= 3
PROJECTILE SPIN=  0.500
TARGET SPIN= 0.0
PROJECTILE MASS=  1.00d

FARGET MASS=
EFF =z 0.48559

Gl. 928230

PROJECTILE EMERG = L3, 0COMEY

(DENOM{D} b #20 .5, J=0,17
0.89104E 01 0. 1200%E 02
Q.109%93E 02 Q.92958EF 0Ol
0.23600E 0L De1014BE OL

D.13%66E Q2
G. 75105 01
C.l0&a03F Q1

¢.1%0023E 02
.59501E Q1!
Q.565%61€ Q0

00 ¢, 1O000E DL

0.125565E 02
0.45185€E C1
0. 245891 0

0. ITED0E 00

0. 124B6F 02
N.33192E 01
L. 9% 9T6E-D1

RATI[1) CF LEGFRDRE CDEFFICTIENTS dAILZAIQXY AN AlL=D}
ELRES .} A{L=2 /A0L=0) A{L=2F/AIL=0) AlL=4FAIL=0) AdL=&DFALL=D) AL =010

ME ¥ MB /SR S ME W
M. C.C 0.0 .0 2.0 0.0

0.5 TG0 NaQ Q.0 0.0 Qs 0

1.0 0. 1GOUJE QL D, 18855 00 O.14220E-04 D.82¥35E-03 Qe 2TOOTE-01
1.5 e LOIO0E O] Q. J33T1E DO Ca. TTAREE-D2 J.26008E-D3 O.BM4BO0E=-01
2.0 Q.13900E 0] 0. 10371 CO 0.,4552TE-02 D, 112416~02 O. B8G4 4E= (]
2.5 J. 1200GE C.BAARAE=0] Q.29199E-02 J.5613%&E-D04% D.14465%EF QOO0
3.0 0, L3ON0E 1l Nat93H6E~D1 Q. 19710E-02 0.3L2YIE=Dk 0.Z23LT2E 00
3.5 O. LOD0OGE 01 CaSHBL&ZE-O1 Q. 1372402 O dT2HIE-04% Qu3S91ATE Q0
4.0 D, 13000 91 O 49 133E-01 C.27131E-03 0. 10404E-04% J.51%38E Q0
4.9 0.10000E 01} 0.41721E-01 C.569514E-073 0. 51408E-0% C. T3056E €O
5,8 . L3COQE 0} N.3A5%2%E=01 Q.4P85%6E-02 C.ABRALE=-DS 0.10031E 01
5.5 0.19000E 01 0, aN33 =01 C.35%811E-01 0. 204 TRAE=~Q5 0.13334E 0}
b0 0.10030E 01 Qe 2595 TE=0O1 0.2%828E=02 0. 11469E=-D5 C.1T083E 01
a5 0.1J000E L Q. 22240E=01 0.18TT%E=-03 0. TOBASE-Q& 0.20925€ 01
T+0 0, 131300E C1 O.1E9445E-01 0. 13611E-03 0. 55 TIACE- 05 Uua28210F 21
Tu5 N, 19000E D1 O« 16025E-01 0.10000E-03 -0,.1T103E-0Q7F Q. 26065 Q1
A.0 0.120300F o1 0. 13223F-01 0. 10TT9E=04 0.25099E-04 0.25557F 0O}
A.5 0.19000E 01 O.10T18E=-C1 0.51280E-04 0,93517e-Q7 0.2210%E 01
2.0 0. 100Q0E ClL O, 8642 TE-02 0.36524E=D4% 1 56444E-0T 0.159903F 01



2.5
10.0
13. %5

0.10000E OI
0.10003E 01
0.1J020E Cl

0,8843)F 00
0.33997¢ 00
C.T&335E-D]

0, 1020702 0. 25109E-04 0. 8T9TSE-D8
0.56365E-02 0.15TTTE=D4 0.0
. 450T6E—02 0.11072E-D4% 0.0

TOTAL AIL=C} IN MB/SR/MEY 0. 20934E 02

TOTAL GROS5S SECTION IN MRS 0L13133E 03

=71~



=72~
MACOONALD ANGULAR O ISTRIBUTION

1 &Z2NIIP,PIH2NI 13IMEY FERMI (AS TALC.
L COMPOUND NUCLEUS T=yUPPER TRAMSITION

ANGLE= 90,000 CEGREE(LAB.)

E4RES. } E3IC.M.} C.M. ANGLE DIFF, (ROAS SECTION
MEY . MEY. OEG . MB /SR/MEV
2.0 12.5%9 90,93 0.0
C. 5 12.05% 90,95 0.0
i.0 Li.60 G0.97 D. 248620E-D1
.5 11.11 90.9%9 O.4T251E=01
2.0 10.62 91.02 C. B4 CQSE-01
25 10.13 1 .05 C.1405%% CO
3.0 Yelrt Sl.0T 0,22386E 00
3.5 Falh Q1.09 e 74 183E 00
“.0 B.65 gl.13 D.502%28 00
4.5 8.15 91.1& 0.71553E 00
5.0 T.67 91.20 O. 58546 GO
5.5 7.18 F1.24 O.13134E 01
5.0 6,68 91. 2R 0.15863E 01
6.5 6,19 91.33 0.20694E Q1
T.0 5. 70 9l.3% 0.Z39RZE 71
[ 5.21 91 .45 0. £9858E U1
4.0 &.72 21.92 0.29389E 01
.5 4,22 91.61 0.21991E 01
3.0 3.73 F1.71 0. 15921F ¢l
5.5 e F1.84 0.88123€ Q0
18.40 P 22. 040 0.339C1E CO
1045 Zulta BZ.20 0.74170E-G1

AMGLE= 130.000 DEGREE(LAS.}

EL{RES. ) E3({C.Msb ©C.M, ANGLE CIFF. CROSS5 SECTION
MEY, MEY. DEG. MB /5 RIMEY
2.0 12.59 130,71 Q.c¢
0.5 12.09 132.73 0.4
1.0 il.&C 130, 74 0.2752L0E-01
1.5 11.11 130. 76 « 51 283E-01
2.0 10.62 130. TR (.89586E=-01
2.5 i0o.13 130. 80 0. 14BLCE 0O
.0 . 6% 130.82 D.23379E 0O
3.9 Gl 130,74 0. 35454 00
%+ 0 B.n5 13084 Ga E1BTEE OO
4.5 B.lé 130.89 OuT3469E GO0
50 1.481 130.91 Q.10 GE0E 01
5.5 T.18 130495 e 133%0€ 01
& 0 6.68 130.98 1+ 1T145E Q1
B3 b.19 131,02 0.20991t (1
7.0 E.T0 131.04 0.242T6E 01
T.5 5.21 131.14 D.26126E 11
8.0 .74 131.17 0. 25407 21
B.5 .22 131.23 D.22144E 01
9.0 3.73 131.31 0. 160L1LE 1
3.5 3.24 L3l.4l C. 88527TE 00D
10.0 2.7% 131.583 0.34GZTE Q0
10.5 2.26 131. 6% 0. 14 359CE-01

ANGLE= |6%.000 OFLREF{LAB.}

E{RES.} E3(C.H.) C.M. ANGLE DIFF. CROS5 SECTION
MEVY. MEW . DEtr. MB fSR/MEY



o i
H. YRAST Program Listing

C PROGR AM YRAST '
L MODIFIED FROM MALC3
C OMMDN TLy JEM; MT yDENOM s N Ay B4 C oDy
11P, IC ,ESTARM, SPIN,FO, ITLR
DIMENS] ON TLIS5 18445}, JEM{H}, DENOM{ 18},

1 A{B)},y 945}y CEiShe DIS), ESTARMIS), SPINIS),

2 RULBY e ZALAs 1B, L5 ) PALG 4S5 ),,PBI{&),ANGL 24)
JyEINTLI30)+EINT2{30) ;NXE(30F,NX220) DCH30)DIFFLAQ I, E2CHLAN)

T10 READ{S, 700, END=800) MHTITLE

TOQ FORMATILX +11+78H
i ]
WRITE{&H,T701)

TOY FORMATOIHY (20X, "MACDOMALD ANGULAR DISTR IBUTION®F/)
WRITE{&,700F NTITLE
GC TA 1O

800 CALL EXIT

10 READIS,13) SLMIN,SLMAXsMN JELsJEH:JEIL,

L{JEMU]L) yI=1 451y (ESTARMII}4I=1:5ky (ALT}IsI=145]),

2IB0ET o1 =1,5)y CCUIT) (T=0sy5)y fDIThel=l454, IF,:IC,s FO, NUOUT ;MT . ITLAR

3y IDENCH,ITQOF
13 FORMAT (2F8,.) ,I8,318/510/5F8.%/%E12.5/
15E12.5 / BE12,.5 F BE12.5 f
214, T4; E12.5:514})
READL S, 135) SIP.S5IT,EB.AN,THM
195 FORMATIZFB,1,3F8.3)
WRITE (6 1% SIMIN,S]MAX,N,

JJELSJEHyJEY s (JEMENDE (T=1,51 +{ESTARMIT) ,1=1,5},

SIAM I aT=0e S M (BITI N I=14B) yiC0 LhsT=L1y G}y

ANETY I =L +5 4 IPIC FCy NUOUT

14 FORMATI LHD, 2BHMIN ENTRANCE CHAMMEL SPIN = ,F4,.1/7

2LH ;20HMAY EMTRANCE CHAMMNEL SPIN = F&.1/

31IH LIOHTAPE NG.= +I11/A1H s11HJEILOWESTI=412,5X+12HJE(HIGHEST 1=,

HL245%  BHIEN INC)I=, 12/ IH ¢ 14Xy 3HI=],9%, HI=2,9%, 3H[=3 ,;

SOX,AHI=4%,9X 3HI =6/1H ,THJEMIE)=z,aX, 5112/

BlH LOHESTARMIT) =, LX,5E12.5/1H ;BHAITI=,6%,

THE12.5/1H +5HBI1 =3 8X+5E12.5F1H «+SHC(I)=+&X,B5E12.651H 5HDI{1} =,

86X EF12.5F1H +26HANG MOM DENSITY OPTION §5 4 12/

OiH 2 BHENERGY DENSITY OPTIAOM [ 5 +12/1H 3HFO=4E]12.5,1H +3HNU=,12]
EFF=0.01l914 % B> (2 06SIP+] 0 {2 O05[Tel 0)cAMB] TH/{AMFTM) ) 02
WNRITELSH4920) STP.SI T, AM,THEFF,EDR

920 FORMATI IHO, 16 FPROJECTILE SPIN=FA,3f

LIHO 1 2ZHTARGET SPIN=FB.3/

21HD,18HPREOJECTILE MASS=FA.3/f

AP0, 1 2ZHTARGET MASS=F12.97 1%+ 4FEFF=F12.5F

1HO 41 SHPROJECTILE ENERGY=FL2.3 s3IHMEY)

[IF {TCENOMLNE .1} LG TO ¥2C

WRITEI&,T211)

T21 FORMATIN] FREVIOUS UDENGM{J) WVALUES ARE USEL? /]
T20 CONT INUDE
KEAD{S 7501 AM]  ARZ,ANM3, AMG, AQ
750 FORMATIAF10.5])
READUS, 79511 NBNGLE
Tl FORMATLIRI

REACLS, 750) LANGIL)Y.I=l NANGLE]

IF {ITLR=-1) &00, 401 400
400 CALLTLREAD
401 CONT INUE

SPINT1I=1.

SPINL2) =0,
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S5PINI 3k=.5
SPINL&)=.5
SPIN{G)=1.
TFIN=~&) Le 1y 2
1 ISIMIN=SIMIN+]1.
| SIMAX=SL MAX+].
GOTO3
£ I[S1IMIN=SIMIN¢.S
ISIMAXES] MA X+ .5
3 COMTINUE
IF LIDENDM.EQ.1)Y GO TO &20D
CALL DENOMR
620 CONT INDE
WRITE{H 8200 {(DENOM UL Jbed=],18)
G630 FORMATIIHO,"(DENOMT J) b0, 5, Jel 8" F1H 4EL13.5/1%:5EL3.5/
LLX:6EL13.5)
NT=N+B
DO130L=1+4
F=2%{1=1}
OO01131I=1,LE
D0119JJ=1+18
READINTY LT ITadTolZlIlsJdsKK)y KK=1,1%5)
TFELT=L 121 T«301+217
0L IF{IT=T132174302:217
302 IFLJT=JJ0217.119+217
217 WRITELS «216) Ee Il ddsLTolTodT
218 FORMAT {20H BaAD TCOE READINgy L=¢I245H I=41 2¢5H J=ol 2
13X3HLT=IS ¢ 3 X3HI T=154+3X3HJT=I5)
GO TO 800
119 CCNT INJE
DN190I0=1 118
DOrSQJ=1,18
DCI9OKO=1,15
IS0 Z2{10+J0KA} =7 {10, 40, KCY7CENIML IO}
DO13CJE=JEL + JEHY JET
E=JE-1
34 an = ]
FPROD=0,.
COLZ25151=I51MIN,:ISL FAX
Sk=15]
IFIN=~6)4, 4,5
4 F5=51-1
GATOSE
S5 E5=%1~.5
& NG 1281 = 1¢ 14
IFIN—-&1201y 2014 202
20l GOTO(203 203,204,204 ,203 ), NUDUT
03 FI=I-1
GCT 0220
204 FI=]
F'=F !-#5
GLTOZ20
202 COTOI 2Ca,20%420C3,203,204) NUULT
220 EROTA=FI® FI+1.)/(RIKRIDUT )]
FMROT=E-EROTA
DENS=DENIEMROT,NUOUT }=SYGIFE s FO,EoNUOUT)
EZMIN=ABS (FI-SPININUGUTI}
SZMAXK=F [+ SPININUCUT}
IFiN-B122Ty 227,228
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227 TS2ZMIN=SZMI N+ 1.
[S2MAX=52MAXNS ],
GOTD229

228 J52MIN=5ZMINs .5
IS2MAX=52 MAX+ .5

229 DOL25[52=TS2MIN, ] SZMAX
TFIN-&)230, 230,231

230 S52=152-1
cOTo232

231 s2=]152
52=5%2-.%

232 KS=L2-E5
FAC={ 1=}, )¥ei5) )} *DENS
D 127 LL = 1, 18
FL1=L1-1
JMIN=ABSIFLI=ES ) #+].
JMAN=HMIMNIAFLI+ES,1T.00¢]
FACA = FAC #» TLI{Ll, L1, 11
O 124 L2 = 1, 18
FACB=FACA#*]1 LI{INUDUT.+LZ,JE}
= ABS (FACE)
IF IG-.0000001 ¥ 127, 127,

120 DOL230=JHIN, JHAX

123 PROD = PROD + FACB * ZF( L1,

124 COMTINUE

127 COMTINUE

125 CCNYITMNUE
PROD=PR{ID JE FF

130 PALL, JE)=PROD Y
WRITE {6 241}

41 FORMAT{1HO,18X,'RAT10 CF LEGENMDRE COEFFICTENTS TA(L} A{C})

10 L=0}"

2/1HO2X " EIRES )Y p4X ' A{L=0¥/A{L=0])

120

151 } *ZUL 2,

Jr

AiL=Z21/alt=0)

[52 1}

WL=60/ALL=0} A(L=0)* 74X P MEV! 465 X" MB/ SR/MEV® )

DCl28 JE=JEL+JEH, JEI
E=JE-1i
E=D.%%

iF (PA[L, JE}.GT.,.0000010 GO TO 501

FBI13=0.

PRLZI=C.

FBI3II1=],.

FBI&)=0.

GO TO 502
50L 0D 500 L=LE.4%

PRBILI=PALL, JE}/FPLLL, JEI
800 CONTIMIE

302 WRETE{644%7) Er (PBULLY sLL=1 ¢4 }4PA{L »JE)
T FORMATILIHO« 2X4F5,.1s TXyS{E12.542X0}

128 CCNTINUE

PasSUM=0,

O 510 J=JEL.JEHsJE]
510 PASUM=PASUM+PALL + 00

PASUMPASUM—( PA( Ly JEL)+PAL]l ,JEH}} /2.

SJEI=JEL

DELE=SJEI /2.
CS3ECT=4,%3,14159%DELE*PASUM
WRITE{S6:511 ) PASUM,LCSECT

S1l FORMATI IHO 41 X4? TOTAL AlL=0D)

1% SECTION [N M35S',E12.5)

TH MB/5R/MEY

AND A

AlL=43/A(L=0) A

YYE12 .5/ /42X 'TOTAL CROS
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WRITE{6+T0L1])

WRITEI6.7T00 ) NTITLE

IF {1 TOP.EQ.D) GO TO 59

{F {ITOP.EQ.2) &0 TO 7548

READ(5+801) EMIND,EMAXBs DELEG, NOINT
801 FDRMAT{ 3F LG.54+15)

If {ITOP.EQ.1} GO TOD 759

758 READ(S+B01) ETMINJE THMAX

759 CONTINUE
DO TH61 JI=1NANGLE

XANGLE=ANGI JI }%#1T.453292/1000C,
WRITEIO.762 )} ANGEJT )

T62 FORMATILHO,»"ANGLE=" yF3.3," DEGREE{LAB.)'/ /1 ELRES.] EIML M,
1 CeM. ANGLE DIFFs LROSS5 SECTTOM® /i XaSHMEVS +BX 9@ HMEV o 48X 3 " DEG "
ZBXe "MBSSR/MEV T )

DO 760 JJE=JEL+JEH.JEI
E=JJE=1
E =0 . 3*E
F3CMTIJJEI=EB*AMZ ®=aM4 F{ (AN L *+AM2 [¥%2 |+ AQ—EJ*AMG /(AN I+ AM &4 }
TI=AM1%AM3I*EDR
Z2=LOSUXANGLE )
YI=21%l 2% 240 AMAcAMA ) s {AMG={ AQ-E)+EBFL AMA—AN] | )
Yi=5QRTL{Y¥YL)
Y2=I2*3SQRTLIL
E3LAB l=1Y 1+ Y2) /[ AMI+AM4]
E3LML=S3QRTIE3ICHIJIE) )
X 1=E 3LABL*S5SIN{XANGLE)
ACMANG=AR SINDX1/E3CMLY
V1=SURT 12, *EB/ (AML*T3] 441 1})
VOM=Y 1 *AML F{AM]L+AM2Z)
V3L AB=E3LAB 1/ SQRT{AM3#931.441/2.)
¥IN=VILARB®ZI2
IF IVCML 6T WIX) XCMANG=3, 14159 XCMANG
CPANG=XCHANG* 100 ./1.74533
CANG1=COS{ XCMANG |
CANG2=CANGL #CANG]
C ANG4=C ANGZ *#C ANG2
CANG&=CANG4*C ANG 2
CROSS1=FPAL L+ JJEI-PAI2yJJEN 2. +PAL D2 JJEI ¥ FB.—-PAT4 4y JJEF* 5. /15,
GROSS2=IPAL2 4 JUEN224 s —PALI JJEI*60, #P RIS, JUEI*L105 . J#LANG 2+
L PALS 4 JJEF*TQu-PATA  JUEI* 315 ) #CANGA+PALS s JUE 1 *23]  *LANGS
DIFF{JJEY=CRD551 +LRO552/L 6.
WRITE{5,763) E+E3CMI JIE} ,CMANG yDIFF [ JJE)
ToD FORMATIIX :FEaleSXsF 842454 Fb. 2+ T%:EL1LB)
760 CCNTIMUE
IF {1T0P.£Q.0) &N TO 890
IF 11TOP.EQ.2) GO TO B30
EINTL (1 Y=EHAXS
EINT211)=EMAXB-DELER
OC BOZ2 NX=24MAINT
EINTIINXI=ELNT2 {NE-1]

802 EINT2INX)=EINTL{NX}-DELEB

DC BO3 KE=JEL +JEH4JEI
IF (E3MIKE).LE.EMAXEY GO TO 804

803 CONT INUE

B04 M¥L{1}=KE
LO BOS5 LE=KE.JEH,JEI

IF tEACMILE}.LELEINT2(1)) GO TO RO6

BOS CONTINUE
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3046 NXZ2{lV=LE-1
GO 808 NE=2,NOLNT
AXLINE)=NX2 INE-]1)+]
KX1=NX1ITHE]
DU B0T KX=KX1l4JEHsJEI
IF {EMCMIKX 1LLE.EINTZINE)} GO TQ 808
807 COGNTINUE
A08 NXZINE}=KX-1
DO 820 LX=1 MNCENT
K1l=MNX1{LX} \
K2=NXZLLX}
NCL2=1{0IFFIKLI-DIFFIKL-L}I={EICHIKL~1I~EINTLILX })/ CEICHAK 11}~
1E3CHIKLIN+DIFFEIKL1-1}
DCl={CC12 YO IFFIKINI*{EINYIILX I=ESCMIK LY}/ 2,
DL22=(DIFFIKZ+1LI-DIFF(RZ2Z ) I*[EACMIKZY-EINTZ2ZILX) )/ TEICMIKZ Y-
1EICHIKZ+L ) I D IFF{K2)
DC2=AD0C22+DIFFIKZ}I* {EICHIKZI-EINTZILXI}/2.
oC3=0,
FF {NX1{LX) EG.NX2ILX)}) GD TD BI11
KZ22=K2~1
DO 810 LY=K1,K22
L0 DLI=DCIH{EICMILY J=EICHILY+1 1 %{OIFFILY }+0IFFILY+ L)} /2.
Bl) DCILX)=DCL+DC 2+0C3
A20 LONTINUE
WRITEIG R2Y}
821 FORMATLLHOC s EX *INTEGRATION LIMIT DIFFERENTIAL CRDES SELTION'S
114X o *MEV?Y s 19X, "M F5R 1)
WRITE(4,822) (EINTLINZI+ETRT2ANZ I ODCINZ} KI=]l NOINT )
B22 FNRMATIAXsF R 29" — " FGe24l1XsE12:5)
{F {iTOP.EQ,.,1) GO TGO &90
A30 DO 431 IE=JEL 4 JEH,JET
If£ LEICM{ IE}.LE .ETHAX]) O TO B32
831 CCNTINUE
Q32 DD B4&C 'EL=1E,JEH,JET
[F [E3CMI IELY JLELETHINY 20 T B&l
B4 CONTINMUE
R&al JE=TEl-1
U12={ CTFFIIE)=DIFFL E~L1) P {EILMY FE- 1 J=-ETMAXY HHEACMETE=-1)—-ESCMITER]
1+DIFFt1E-1)
Ul=t{UL2+DTFFLIEY ) S2,. I *[ETMAX=EICHM{TLE)}
UZ2={0DIFFL{JE#]L I=-DEFF{JK ) }*{EACHMI JK )-ETMIN}STEBCHIIKI-EICM{ JK+11})
1+NDIFFE{JK)
U2=i{U22+01FF{IR IIF2. ) HEICHML UK ~EFHMTN)
2=0.
tF [ IE.EQ.JK} GO TO BS1
1Ta=JEK~1
b BSLC IT=[E.,[T4
B U3=3+{ EICMIITI-EZM{IT+EII*(DIFFITTY+DIFFLIT+11)72.
£91 DCTOT=ULl+UZ+U3
WRITELl &, B&0) ETMIN.E TMAX ,DCTOT
860 FORMATL{IHO,6Y " INTELRATION LIMIT "4Fbh, 2" = ",F&6, 24" MEY? /S
17X, '"TOTAL DIFF. XSECTION=*,E12.5,* MB/SRY /]
2590 CONVINUE
Tl CONTIMUE

REWING NT
GO TO 710
EhD

SLOROUTINE TLREAD
ROUTINE TO READ IN TL CARDS PRODUCED BY OPRT MOD.
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c REVISED BY L. C. LU . '
C CHMON TLy JEM s MT 2 DENDGM s M o 9B 4 LoDy
IIPHIC sESTARM SFINLFQO,ITLR
DIMENSTON TLL{S¢18y45)y JEM{5)y DENOMILE} 4
1 A{5hks BIS5) CL{S)e D{5): ESTARMIS), SPINIS)
C FIRST READ NMU=l, JE=1 CARDS.
OO0 52 L INDEX=1,13.6
LINMAX=L] NDEX+5
LaLiINDEX=1

READ 103, (TL{ LyLIND4 1 }+LIND=LINDE Xy LI NMAX] ,
JILCARD (NUC ARD+ MFLARD
C CHECK CARDS FOR PROPER IMDICES AND ORDER.

[FII~NUCARD) 53,454+53
54 IFI{L-LCARD) 53,556,453
56 IF{MT=-MTCARD) 53,572,533
52 CCNTINUE :
IF [ITLR-2) 200,203,203
203 CONTIMJE
RETURN
C NOW READ IN FOR THE REST OF THE CHANNELS, AND CHECK ORDER.
200 NUl=2
NUZ2=5
5T DO 2 NU=NU1l.NUZ2
7O JEMAX=JEMINU)
20 CONTINUE
00 2 JE=1,JEMAX
B0 2 LENDEX=1,13,6
LINMA X=L{NDEX+5
L=LINDEX-1
READ 103, (TLINU4LINDyJEV 4L IND=LINDEX,
1L EINMAXD JLCARD yNUC ARD+MTCARD
[F{NJ=NJCAROT 3:4.3
4 IFIL=-LCARD] 3, 643
& TFIMT-MTCARD) 242,3
2 CONTINUE
RETURN
53 NU=1
JE=1
3 PRINT 104 ¢NUsJE+LMT
103 FORMATIO6F12.6,12+2%X,212)

104 FORMAT{2IHDTHE TSURL-CARD FOR NU=1Z245Hs JE=12:+THs L =12:9H, AKD
1MT=12435%H IS OUT OF PLACE IMN THE ITHRUT DECK.)
CaLL EX1Y
ENG
SUBROUTINE DE NOMR
CCMMOM TLe JEM o MT y DENDOM yN A 3B 4 C oD s
1IP+IG ¢ESTARN SPINGFO
DIMENSICN TLEISx1B+%5) s JEMIS)y DENOMILIE) 4

1 ALShe BISY, C{5¥s DE5)s ESTARM{S), SPINCS) SUML5+45),DNI 18, 5)
10 DO SO0Jd=1,41F
DENOM LS )=Ga
Rd=J=1
TFEN—=8) 204 209 15
15 RI=RJ+0.5
20 00 501 HKU=Z 45
IF (JEMINUI=2F Elellel?
11 DRI B = 0,
G0 TO 431
172 DO 25 MZERO=14+459



25

30

&0

41
“2

&3
G

LY ]

50
&0

TC
T
A5
L E)

303
igz
ol

4ng

401
40¢

410

420
430

431
501
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SUMINUNIERO =0, ’
IF N=5{J=-INT) J=J-1 iF N=9lJ=172INT} J=J-a5°
JEMAX=JEMINU)

DD 301 JE=],JEMAX

EaJE=1

u=sts2

DC 302 L=1.18

Ri=k-1]

TLFAC=TL{NU,L yJE)
IFITLFAC-1.0E-1013014+41,4%1
CONTENUE

M5M IN=ABSIR.J-RL 1+1.
NEMAX=] +L ~]
IF{NSHIN-15143,43,302

[IFIMNSMAX=15 M by 46444

MNSMAX=]S

D0 303 MNS=NSMIN,NSMAX

S=N5=-1

[F N=5% 5=5, IF N=0 3$=5+.,5 SMAX =14
IFiN-EFH0,: 60, 50

SES+.5

IMIN=AR 51 S=SPFININUN %1,

IM&X=S+5P IN(NUT+1,

OC 302 1=1MINTHAX

RI=t=1

TF{N=&1TD. 70, T2

GO TO (B0 ,80,85+85,80), M)

GO TO (80485, B0 80y 8% yNU

RI=RI+.5%5

CONTI NUE

UU=E/f2

EROT=RI=IRI+1 I/ {OTNUED

EMR=E-ERGT

DENT=DEN{ EMKE, NU}

OCHNS=DENT =T LF AC

SUMINUy JEN=5UMI MU JE FHOENS#5{LIR] +FNL,E 4 NUI
CCRTINUE

CONT TNUE

CONTINUE

DhiJs MUY =0,

TES=JEMINU)

TEST=£STARMINUD)*2,-TES

NEST=TEST

EFINEST }410 454004410

NTZ=JEM{RUL/Z

MNT2=NTZ2#*2

TFLJEMING J-NT 2}401, 401,402

DR Je BUYT=ESUM INU o JEMAX F+SUM{NU, JEMAX-1)1/2.
ONCJyNU) =DNEJ yNUT+SUMINY  JEMAXI % |ESTARMINUI*¥2 .- JEMINU L #1 } /2.
JEMS=(JEMENUY +L1) /2

JEMS=JEMGe2-3

L0 TO 420

JEMS=JEMINU)/ 2

JEMS= JEMS*2~]

DO 430 JE=x1+JEMS5,2

DR 2y MU )=ON{J o NUT+SUMINUD g JE ) #4 ,0SUMINU JE+ LY+ SUMENU, JE+ 21D /3.
ON{J ¢ NUF=DNLJ ¢ NUF*. 5

CONTINUE

DEMOMIII=DENOMLS F+DNEd, NU )



A=

500 DENOMIJY= SQRT(DENDMLJI}

RETURN

END

FUNCTION QENIEsNL}

COMMON TL + JEM s MT ,DENCMsN cAyBeC 4Dy
L1IP, IC+ESTARM, SPIN,F D

CIMENSI ON TLiS,18.4%), JEMI5)y DENOML 13},
1 At{5), 815), Ct%),y DULS)

L=ESf2.

1 GO TD (5:5)+IC
5 CHEK=ALNUI*CI NU}*{U-B{NUJDI)*D{ NLD
IFICHEK }5,6 ,7
6 DEN=(.
RETURN
T T=ll +SORTIL, #4, 2 (U-BINJII*EATNUYI IS L2 . ®ALNU) )
DEM=AfNU) *8 , SEEXNP (2 2 S0RTIACNUIZ{U-BINURI SO LHT-BINY)} ) ®*22
1*C(HY )}
RETURN
9 [FLATNURYS . &, 10
10 DEN=CINWIFEXP{IU=-RINUYSALND ) )

RETURN

EMD

FUMCTIOM STCUFILy FO, ELNY)

COMMON TU3 JEMe BT DENOM N8 ,B,C,0,y

LIP. I

CEMEMNSION TLIS419,45), JEMISE, DENOMI 18],
1 Ai(S), BIS), CI5%}, DI5)

U=Ef2.

2 GO TO t1ed9y L4190, 1IP
TFLAINUY*DENU) =L U=-BINU)}F5,5,15
5 SIG=0,.
FETURN '
15 IF (IP.EQ .2 &GO TO 16
F={1 ., #+5QRT{1, +4,.2{U=B{HNIYI=A{NLIY)FIZ2.®AINU})
SIG=12. % I+ 1, ) /tD(NUI=2].5)
RETURHN
16 SIC=t2.«FI+]1.)3/{D{NU}I%*x] 5}
RETURN
19 IFIDINITIS.S, 20
20 S1G=4 2. %F %] )2 EXP{=FIXIF I+l /2. %DINYDISL2.%DINU))
RETURN
E KD

[
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I, EVAP Pregram Listing

C FROGRAM EVAF
CALL ERRSET (Z0B42564=1,11
COMMON TLyJEM MT ;DENOM N A,8,C,D,
1P, 10 LEST ARMy SPINL,FO,ITLR ’ '
DIMEMSYON TLIS 18 4a6by JEMIS ), DENOMIZG],
| A{5), BIS1, CLShy DIS)s ESTARMIB), SPINIS) .,
2PALLS JLEACMIAR)
710 REAMM &5, 700, END=BR0Y NTITLE
T2 FORMATILIX,I1, TBH
1 }
WRITEI&,TOL)
Tl FORMATLIHL, E5K, *EVAPORAT ION SPECTRUY®)
WRITEL&,700) NYI TLE
LD To 10
800 CALL EXIT
10 REAGI 5,131 S1IMIN S1MAX NLJEL s JEH,JEI 4
LCJEMI TD,121.:5})y (ESTARMIIDeI=)eSY,y [ALL):T=2,5},
20B001 o1=1,%1, {CLTh-01=1+50s (OUL)el=1450s IP,ICs FO, NUDUT +MT, ITLR
3, TDENOM
13 FORPMAT (2FB .Y 4 [8.318/51K/5F8 ,6/5F12.5/
LS5E12. 5 / SE12.% F SE12.5 F
214, 6. E12.5,687141}
READ(5,195) S10,51T,EB, AM, TH
L3 FNRMATL2FR. 1, 3FH., 3)
WRITS{H 140 SIMENSIMAX M,
LUFL y JEH (JET ; LJEMLTY 1= +B ) (ESTARMIT Y, I=145 ),
FULATT Y pU=1 53,181 3}, T7=1+5) +1iCEIY 4021 :5);,
AT IV e l=1 S 0, 1P, TG FOp NUOUT
14 FORMATIIHAO,?8HMIN ENTRANCE CHANMNEL SFPIN = F&4.17
2YH L BHMAX ENTRANCE CHANNEL SPIN = ,F&4,1/f
JIH L, IOHTAPE Nfl.= L1 FA1H L 1THIEILDOWEST )= 1245 X 1 ZHIJEAHIGHEST ) =y
GIZ+ BN 8HIET TNE ) =, 127/ 1H 14X 43HI =] 49X AHI =2 49X 3H]I =3,
ROX,3HI=6, 9% y3HI=SF1I R JTHIEML [ )=+ 52X 5L )2/
AIH L IPHESTARMAIT Y=, XBELZ.9/1H 5HALITI=:6X,
THETZ,6/1H +SHBI 12, AX,SE L2, 514 +S5HC (T e BX,9E52.5/1H ;5HOI1} =,
BhX,5F1Z2,5971H ,26HANG MOM DENSITY OPTIO™M IS  [2F
FIH 7 HENERGY DENSTITY UPTION 5 412/71H +3HED=3F12.541H p3HNI=,12)
EFF=0.01914*C A¥ 2 . 005 iP+t 01%[ 2. 0% T+1.0)*%AME[ TH/TAMETHM) I 552
WRITE(&,920) SIP.S5[ TN, TM . EFFER
Q20 FNAKATL LHG, TAHPRROJEL TILE SPIN=FA. 3/
LI1HO, 1 ZHTARGET SFIN=FR.AS
ZIHO, 1 8HPROGEC TTLE MASS=FR .3/
AIHC  LZHTARGET MASSsF 1Z2.57/ 1K 4HEFF=F12.5/f
G1HD IAHPRGJFRCTILE ENERGY =F1 2.3 AHMEY )
TF {IDENIM.NE, 1Y GI) TO 720
WRITE(G&:T21)
771 FORMATI®™ PREYTOUNS DENOM{S) VAL UES ARE USER'/ )
T20 CONTTNRUE .
REAGIS: 7500 AM1, A2, AM3, AM4, AD
750 FORMATL 8F10.5)
IF {ITLR=~1L]) &30, &4, &00
00N CALLTLREAD
@] CONTI NUE
SFEIMI1I=1.
SPIN(2) =0,
SPINISI=. 5
SPINI&I=.5
SPEMCARI=],
TFiN=EF]141: 2



1 TSIMIN=SIMTN+]1.
TSl MAX=5iMAxK+],
Gorn3
Z TSLIMTHN=S1IMIN+.5
[ SIMAX=S]LMAX*.5
3 CONTINUE
IF (TOENOM.FOLLY G TO AZ0
CALL NE NOwE
6201 COANYYTNUE
WRITE{&:+530) IDENTMIJ )} d=1,:2%)
B30 FORMATIIHO " IOENAME JI)I=®] 5 J=0,239/F X 0FE 1A 571X 6F14.5/ 1Ky 6ELGa
151Xy &E14 .5 )
DA JE=IEL + JEHs JEI
F=JE-1
FROD=0 .,
DOLZSTSL=ISIMIN,. T51MAX
51=151
IFIN=&bbasay 5
& ES=51=-1.
G TO &
F5=5%1=.5
5 N 125 L1 =14119
FlL1l=L1~1
TEF ATL0 Ll a2 }EQ.0.,0) 6O T2 125
JHTN=ARSIFLI-FSI+!.
JIEAX=F I+ES +]
0125 Jd=JMTN: M AX
Fl=1-1
1F (8=61 50,570,051
S0 F2J=2*J-
-l TO 57
51 F2J=2%#)
F J=F J+0 . %
B2 0O 12F L2=1.1A
1F AITLIMIT:s L2+ JE)LEQDL.) GO T Y725
FLZ=L2-1
L2 IN=4PSIFL2-F.J)
SPMAX=FL?+F U
1CIN-&EF 27 Ty 22 T427R
227 IS2ZMTh=SPMINTL.
TS2MAX=S2MAx+T.
R TN 22%
228 ISZVTIN=SPMINe 5
I SZ2MAX=SPMAY+,5
279 COMTINLE
- DI 128 I82=152MIN, TS52M0%
[FiM=K) 23042504231
230 52 152-1
GO Ty 237
2?1 52=1%2
52=57—-.%
237 FI12%ITN=ARS{S2-SPININITUT}]
FI2MAX=52% 501 NINHYOUT)
ITF fHN=—) 237,730,234
723 I PMIN=FIZzMIN+1.
[2mAX=FI2MA X+1,
G0 T 235
234 T2MIN=F12MT A+, S
1 2MAX=F [2MA X+ .o

Ln



-f3-

235 DO 125 12=12M 1My I 2MAX

IFIN-6) 201+ 201,202
200 GOTOU 203, 202, 204y 206+ 203) +NUQUT
203 FI2=12~-1

G0 TO 236
206 Fl2z12

FIZ=FI2=.%

GO Ta 2356
202 GCL 1O {206y 206, 203, 203, 2041, NUOUT
236 PROD=FROM+TLAL+ LT «1 TETLINUOUT 4L2 » JEI#F2 U203 IGIFTZ+FO E,NUOUT )Y

LIDFNOML I) )
125 CCNTIMNUF

PROD=PROD /EFF
130 P A{JEI=PPOD*NFNIE ,NUDUT)

WRITE LS +ThHZ)

DC 760 JJE=JELyJEH, JE!

E=JJE-1

F=, 5%F

EICML JJFEI=ER=AM2% MG/ | {AMI+AMZY **2 1+ {AQ-TI1*AME/ AN+ AMS )

WBITEIS:+7TO3 ) FoEICMIUJEY+PAY JJE?
Taf CONTTNUE
762 FORMATILHD,* EIRES. 4 F3(CaM.) DIFF. CROSS SECTION /

1aX s tMEY 4 gBX (IMEY ¢ L BY P MR/ SRAMEY * }
Th3 FORMATIIK GF S0 Iy 9 4F Ba 2 e TXHEL245)

LC T 714

FMD

SURRPDUTINF TLRE&D

RIUTIM TO weaDd [N T CARDS PRODUCED B8y OPT MDD,

REVISFN 8Y C. Ce LU

FARPNLN TL s JEMyMT ) JEMOM s N4 AR D4 Dy
119,lE;ESTnﬂﬂqﬂpiﬂuFDvlTL*
D IMENSTON TLIS+18 4450, JEFISY, DENOMIZ4],

I A5}y BUS)y CU5)e DUIS)e ESTARM{S) + SPINLS)
FIRS5T RECAD M)=l,y JE=1 CARDS,
OO 52 LTHREX=1+1 344
LINMAX=L TNDOFX +5
L=LTMDE X~]
READ 1013, {TLILLIND 1) +LIND=LTINDEX s LINMAX]) 4
TLCARD W NUCARD, MTC ARD
CHELX T ASDS FOR PROPER TMDICES AND ORDER,
TFRUL-RUCARDY D3y 54,573
54 TFRIL-LCARIISY +056,+%3
6 FFIMT-MTCARD) 53,52,53
57 TONTTINJF
IF {TTLR-2) 200,203,203
203 ZONTINUE
RETURN
. NOW 2FAD [N FO2 THF S5T PF THE CHANMFLS: AND CHECK ORDER.
200 NUL=? .
M =5
BT DO 2 NUsHULy N2
T JEMAX=JEMN{NI)
afy COMTIMIE
bn 2 JE=!,;JEMAX
PN 2 LINDEX=1,1%,&
LIMMAX=LINAEX +5
L=t 1HNDE %-1
"FAD 107, ITLiMIb L 'ND«JE }yLIND=LENDE ¥,
1LTMMAXY (LCARD MUCARD, MTCATD



TF{NU-NUCAR D) 3, 4,3
4 IF{L=LCARDY 3:6:3
& TFIMT=MTCARD) 3,2,3
2 COMTINYE
RETURN
53 Ni=1
JE=1
3 PRINT 104 MU, JE,L MT
103 FORPMATIGFL2 ,6412,2%:212)
104 FORMATIZ2IHO THE TSUBL-CARD FOR NU=12,5H, JE=T2,7H, L =[2,94, AND
IMT=T2,354 15 0T OF PLACE [N THE IMPUT DECK.}

CALL FXITY

END

SURROUTYNE DENDOMR

C CMMON FLAJERyMT,DENOM 4N+ A48 4C 4Dy

1TP.1C LESTARM, SP1IN,FO : .

DIMENSTON TLLS,18.,45), JEMI{B), DENOMIZ24 1},

1 AlSY, BLth), CI8Y, 0i(SYy ESTARMIS )}, SPINIS) SUMLS,45) yIN| 26, 5]
10 OO S004=],.24
DENOM T ) }=0,
fi=]-1
IFiN-&) 20,20, 15
15 PJ=R]H),5
20 DO S5N1 NU=2 ,5
¢ {JEM{NWUII=2] 11,111,112
il DM dy M0} = T,
GO TO 431
12 DO 25 NIERD=],55
25 SUMINMU,NZERNE=0,
If N=&[J=TNT) J=J-1 IF N=9[Jd=1 F2THNT) J=J=-.5
JEMEY = | EML N
I0 DM INY JE=] ,HEMAX
E=zlE-1
W=fF/7
DENT=NFN[F, M)
0 D0 302 L=1,1%
RL=L=1
TLFAD =TLINU 4L 4 JE) .
TFITLFAC=-1,0F=10013%1,481:+4%1
41 NEFMHS=NENT =T LFAC
42 NSMTHN=ARSIR J-RL)+1.
NS MAY =)+ -1
6 DO IN3 NS =NSYIN,NSHMAX

taNS=-1
IF MN=5 S§=%, [F N=9 S=5#.5 SMAX=14
I1F{N=-0)E0,&0,50

B0 S=5+.5

&0 TMIN=ZARSIS~SPININIYI+], '
TMA M=% SPTNINIII*L,
NC 30% I=THIN,IMAK
Fi=1-1
TRIN=-F1 70,70, 72
T2 GOTN (BN, B0 85,85, 807,41
T2 L0 TN (EBY,BS5,80,80,85%]) M
g5 RI=221+,5
RO SIMINU, JE I=SUMING » JEY+DENS S LGERT«FOLE s NU)
303 CONFIMIE
332 COMTIMIE
391 CONTINUF



DR )L NII=0.,
TESaJEMINUI)
TEST=tSTARMINUY *7 . -TES
NEST=TEST
TEINFST 34104400, 410
00 N¥Z=JEMINUYS2
NTF=NTZ2E2
TF{JREMENU }=NT2) 401,401,402
A0 DNEJ, NPY= (S UM INL . JEMAY p+SUMINY, JEMAX=-11}S2.
02 DNCJ,NUF=DNOS N #SUMIRY , JEMAXIEIESTARMINLDY *2Z2 . —JEHINII&L)S 2.
JEMS={JEM{HU} #1172
JEMS = JEMSEZ 3
GN TD &20
410 JEMS= JEMENLHYFZ
JEMS= JEMS R —]
420 DO 430 JE=1,JEMS,2
G0 DHNEJ-NUY=DN LS NUY Y+ ISUMING G JEF+4 O05SUMINU, JE+ LY +SUMINUJE+Z11 /3.
DML ), MUYT=ONI sNUb®, 5
43) COMTY TNUE
01 NENOMIJI=DENOM{ JI+DKRT ), NU)
SO0 COMTYNUE

RETURNM

E M

FUNCTINN DENIE, NI

E["-TMI'!N TL:JE‘hHI’;DENﬂ“-N-&,B.ErD-p

ITPLIC 4ESTARNM, SPIN,FN

MIMENSTON TLAIS,18,45), JEMIS), DENOMIZ4),
Y a15), RA(S). CI5), OI5)

U=k /2. '

I WO TD (549410

5 CHEK=AINDY =CANY I ®(J=RA{M) ) D INU D
TFICHER 16, 6,7

£ NDEN=D ,
FETURM

T Tt +SaRTI L #a, #{U=RINUY IEAINID I} A2 o*AT{NUD)
DEN=A N ) &2 SEEXPL? L #50RTIAINDI S U=8INO Y BB/ IT-BINUF)*=*2
12CEMUD D
FETURN

2 IF{a{MIdE, 6, 1IN

10 OTN=C (MUY *F XPTEU-RINUY F FATHLY)

EFTLIFN

E nD

FUNCTION STGIFT,FCeENU)

COMMGHN TLy JEM s MT yDEMNIM Ny A B4 4Dy
11 & 1C

JTMENST ON TLd9 13 +85) y JEWIS), DENNMIZE ],
I ALSHy 305), 205K OIS

U=F/2.

2 GO T 11419,14301,1P
TFTA{M) PEDAND FH{U-RINUIII5:5,15
5 %1G=0.

RETURN

15 1F {[P.ER.3Y LD TO 146
T=0 1. +5SQRTI], 4, %{U-BI{MUIIRAINID )/ L2.%AT NI
STH=( 2. ¥F [+ 1a P*EXPUIF 1 %2 S %2/ (- 2. %D (NUI=T) ) /{D(NUI=¥*1 .5}
RETURM

16 STB={2,8F 1+ |, FFEXPL{F e, See2/(=2.2D{MUY )}/ {D{NI}%=].5)
PETURN

19 IFIDANUTYS 4 5.20

ot



20

30
3

SIG=(2.#F 14 L  J*EXPA=FI#(FToL ) F L2, %DINII) 3/ (2. #DIND}}
RETURN

[FCATNUIFDANLI*CU=BINJTY 1554 31

STG={ 2. %F [+ L.V /(OINU)*%], 5)

BRETURN

END



J.

I SG4FE{ALPHA; ALPHAYSGFE

IN EMTRANCE CHANMEL SPIN
rAX ENTRANLCE CHANNEL SPIN

TAPE NO.= 5
JE{LOWEST 1=

JEMA [} =
ESTARML | }=
A{l) =
Bllix
Cil}=
DEI)=

EVAP Frogram Sample CQutpnt

EVAPTIRAT MIN SPEC TRUM

0.0
0.0

1 JE(HIGHEST) =23

I=1

0.100C0E
0.10000E
Q. 10000
0. 10000F
0.L0000E

f=2
1
ol C.1602CE
oL 0.57T000E
el r.70000F
D1 C.,3394]1F
01 0.1L230E

JECING )=

i=3
23
02 Q.127EDE
Ot 0.62000E
00-0 . B0000E
G2 0,33941E
02 0.1225%0E

ANG MOM DENSITY OPTIONM

15 1

ENERGY DENSITY OPTIGN IS 1

FO=
PROJECTILE SPIN=

0.0

TARGET SPI1N=

PROJECTILE MASS=

TARGET MAS:=

EFF =
PROJECTILE ENERGY=

DEMOML]] »

0.31696E 04
0.12031¢ 05
0.83328E 03
O.32915E 01

EIRES.)
MEY,

D

Pttt

Lol =& U S = B - B N« e SR R T S R e e =]
A 8 g W uw o o

SWMOWS D S OWMOW SO O D

*

E3L(L.M.)

NU= 2

a.0

g.0

4,003

5545548

l.13423

17.0

Ja0,23

Q. 29662E D4
G.22192E 0&
D.42258E Q3
O.1963a0 01

QIFF
MEVY, |
14.31
14,34
L3.87
Liustl
12,94
LT
12.11
11454
11.07
10.51
10.14
Q.67
9.21
BaTh
8.7
.81
T34
Hud ¥
H.41
S5.94
B.AT
5.71
4 .54

DOMEY

0. 13788F
G.65479E

05
04

0.20121E 03

0. &4591E

» CROSS SECTION

BASP/MEY
0.7

0.0
O.18RH&F=C1
fL3TIAZE-QL
M85l =01
QO+ 10483 0O
C.1EBRBSHEF OO
0.290010 00
G.42T39C 00
N.&NL99E GO
O.827241F GO
0.107C%F GI
G.137R2E 7
G.15935F C1
0.,1&BT0F 0Ol
C.Lanl0F 01
Je.1a3nRL CL
J.106GTE QL
n, 643848 CO
Q.324520 OO0
0.12397¢+ 00O
O.aZ&s Te=01
G.TABOO3AIF-02

g ¥

L7 MEV FERMI GAS CALC.

1
=&

23
02 0.10930E
01 0.64000E
20-3.50000E
D2 O,3394]1E
02,0.12250E

L.15599F 05
D.432R4C D4
0.4%3032E Q2
0. 20282E 00

I=5&
22 l
02 0.0
01 0.&SDQCE 0Ol
00=-0,200Q00E Q1
02 0,339%1E 02
02 0.1191CE 02

0.198&42E 09
C.26T0HE O4
C.3TRBIE ©O2
.53 703E-01

0.l4u4a4E G5
D.15412F D&
0.14G99E 02
D.16581E-01



K.
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ZCOEF Program Listing

C

LA

14
15

1
110

150

T
41
32
18]

31

bt

O g ™

PRUOGRAM ELOEF

DIMEKSION ZCOE {18. 18,15)

G 31 N=5 .9 %

IFIN=GChEinly 2

WRITE(643)

FORMATI(3ZH J [5 INTEGRAL}
60 TO 15

WRITE (641 4)

FLREMATI( 3BH J [5 HALF INTEGRAL)D
NT=M+A

DT 30 L=1,7

Fez%{L=-1)

MRITELA, 11017 F

FORMAT{{H 60X ;7HL=sF&.1]

DO 30 I=1,18

A=l-1

WRITF(H:150) A

FORMATIIH , €0X,9HLORB[ TAL=,FdG,. 11
T LER={,LEASHLAy A4vFy D)

DU 30 J=l .18

D0 30 K=1,1%

[F {M=h) 44%:5

A=)=]

F=k—-1

GOoToO 7

A=x]

A=R-,5

FzK

FzE=,%

ZCOECEs Je R[22 . %081 L) 3(2 4B+l , 1 LEC*R ACAHL AsB s A 4B 1 E»F I
IF1K=1%)30:4]1 44l

WRITEI[H6+32) Lelady

LEFCOELL s s KKY s KX=1s 151}

FURMATI IR 2T &4, TELZ. 4510 BELZ W4
WRITEUNT) Lol pJdy (ZCOEl Ly KK I4KK=1415}
COMTINUE

FNMID FILE NT

CLCHT I ANJE

END

FUSCT 10N CEEBSH{A B CyALPHA,RETA)
THIS 1% A GEMNERAL FORMULATIOM GF CLEBSCH-GORDAN
COEFFILCTENT S,

GIMERSION FACTOL 1821

CLEBSH=0,

LCAMMA=ALPRAABETA

IF{LA+BHC)-INT TA+RB+CI 2143421
GOTO? S

[FLA+E-CIZL 2%

IF{A=R+CI2] +5 45

[Fi-A+d+C 21098

1FlaBS LALPFA -7y Tl

IFiaBs {DETAT-H I3 A 421

TFiaBS {GAMMAY-C I %221
TFLLA4ALPHAI~INT {A+ALPHAFI2L,10.21
IFI{IB+BETAY~INT {Q+BETA)IZ2L 411421
TFUIC+LAMMA 1= INT {C+GAMMBYIZ L, 02421
N].:A"‘B"{:*l L]

NZ=C+A-Bel.

M3=(L+b-A+]l,



13

=l Q-

TCEL=A+BL + 2,
Ne=A+ALLPHA+L .,
NS=A—-ALPHA+].
NG=B+BETA +] .
NT=B-HETA+] .

NB=( +GAMMAY L.
Ne={-CAMMA+] .

TCPL= 42429044 8%AL0CG{2 «*C+] .}
TFIFACTOLA 411 —4T.9116450T) 1314413
FACTOLILl)=D.

FACTOLL 2)=0.0

FALTOLY 3)}=0,30E0299957
FACTOLI4)=0.T7AL9L1Z2%904
FACTOL{S)I=1.3B02117242
FACTOLIGI=Z2 O0T91HL1Z4%b
FACTCLITY=2.8597332498
FACTOL{ B =3.T7L243053&
FALTOLL9)=4 6055205232
FACTOL{1O0}=5.555T743031
FACTOLI AL = 6.559TL3033
FACTOLIL1Z2)=T.601155718
FACTOLIY13I=F, 6B L33A09£4
FACTOLL 14 =9, 794280316
FACTOLI LS =10 .94050R025
FACTOLT lel=12.11404994]
FACTCLIL?I=13.3206195%9
FACTOLt1B)=14.55106R52
FACTOLL 19 1= 15.A0634102
FALTOLI20 1 =17 08509442
FACTOLIZ21li=i8.3B¢124c82
FALTOLI221=19.70834391)
FALTOLI23)=2] «CHCP64L59
FACTOL] 24 =22 41249443
FALTLLIZ2o =22  7OR2TOG67
FACTDLL 26Y=25.19Chba568
FALTULY 27 b= 26 605619403
FACTOL {28 )=28 03698270
FACTOQLI 29=79, 48514082
FACTOL{ A 1=30.0456%5488;
FALTULIAL) =322 .523660007
FACTOLY 32)=33.9150217T
FACTOL(33=45.52017]7%
FACTOLY 36)=35,933 062549
FACTOLL A5 =34 47016460
FACTOLI3&) =40 01423285
FACTOLIATI=4],.5T0583515
FACTOLI 3B =43 .138T3687
FACTOLLAD) =44, FT1H52047
FACTOLt 40b=4a56.3CY95AR0A
FACTOLI4L I=4T7 251164507
FACTOLI 42)1=49.52442092418
FACTOLI 43 }= 5] 14 T&TRZ]152
FACTOL (&4 1=52 .TR114E6TOR
FACTOLIAS =84.424%5393473
FACTCLE &GS =56 ,0774118411L
FACTOL U &Th=9T . 7405696927
FACTOL( 48 =52 .41266T55Q7
FACTOL{49 p=4] 093908 THAL
FACTOLI D= éd . TB4 L DGBAE]



FACTOLISL ) =t4,.4830T48T24
FALTOL(S2) =66. 1906450485
FACTOLLISA =6T A900064B3922
FACTOLI S4k=69.630%242614
FACTOLISS ¥=T1.3633180216
FaCTOLiI561=73.103680T111
FACTOLISTI=14. 85185873581
FACTOLIS8 1=716.607T435938
FACTOLL{59) =TB.3TLI1TLS8T3
FACTOLI 60 1=8G + 1420235930
FACTOLIAL1=81 .9201 748493
FaACTOLl 621 =83,. 1055046844
FACTOLi 63 1=8%.4978963738
FACLTOLLO4) =0T 2972369233
FACTOLI65)=H9. 1034168573
FACTOLI66=90.9163302539
FACTOLLGTI=52 . T3508T41895
FACTOL{ ¢8 }=94 ., 5615489922
FACTOLL 69 J=95 .39445 79047
FACTALI T0)=5R.23330699596
FACTOLITL )= t00.0TE4050356
FACTOL{TZ2)=101.9296033084%3
FALTOLL T3=103, TA699€8808
FACTOLIT4}=10%.6503187409
FACTOL[ TSY=107.5195504605
FACTOL1I TG }= 109, 3946117240
FACTALITTI=111.2754251163
FACTOLE7B)I=1]13.1419 50415
FACTOLIT)=115.0%40106442
EACTOLIANI=116H.951637T355
FACTOL{BLI=118.854572717224
FACTOLIA2)1=120.T6352127413
14 S01= 5 {FACTOLINYL )+ FACTOLINZ b+FACTAOL (N3 )+TCPL-FACTOL{IQEL) )
SO2= S* | FACTOLINSG)+«FACTOLINGSF+FACTOLINGI+FACTOLINTI
LeFACTOLANB ) +F ACTOLING) }
SUM=0,
SUM3I=0.
T KMAX= MIND {NE,N%S ,NbJ
18 TR{G—-B+ALPHA) 19,2323
19 TFIL—8-BETA}219, 224y 224
73 IFIC-A-BETA)Z21 820124
219 KMIN=&BS (C-A-RETANI+]1.0
GLT 024
219 EMTH= MAY] (AdS 1C-H+ALPHA)Y ,ABS {C-A-BETAl) +]
LOTAZ2e
2246 KN[M=ARS [LC—-H+ALPHA)+1,0
GUTO24
24 KMIA=1
Gh 12 17
26 TFLMKMAX-KMIN] 2T, 17,17
2T KM N=kMAY
17 DCSOK=KFMT N, KMAX
=K
KD=K~1
INE 2=N1-KD
IDE3=h5—-KD
InEa=Ns -
TDES=C-B+ALPHA+D
1CE&e=(~ A~-BETA +N

L.‘



-3]-

TF{Z2*IK/2)-KI31:32, 37
3l FAC=L .0
GOTOZ22
32 FAC==1.0
SUMI =2 30255093 % {SQ1+5U2<~{FACTOL IK J+FACTOL { IDE2 ¥4
IFACTOLLTIDEZ I+ FACTOLLICES Y« FACTOLUIDES )+ FACTOLLIIDESY ) )
TFISUML-88.165,565,T0
ES SUMI=SUMI+FACREXP {SUNMLI}
GOTAs0
22 SUM2=2.302585093 % {5Q1+502—(FACTOLIX 3+FACTOLIIDE2)
1+FACTOLUIDEI I +FACTOLIYOE4 Y+FACTOLI IDES) +FACTOLITOES Y] )
[F{5UmMZ2=5688.160,60,70
&0 SLM=SUMFACSEXP (SUMNZ2])
50 CONTTINUE
CLEBS F=5UM+5UM3
29 RETURM
T0 WRITEIE,T1) AR Co ALPHALBETA
71 FERMAT{SHLIOVERFLOW/IHOCIS{IPELS .01, 1IH}S]IH])
GNT0Z2%G
END
FUMCTTOM RACAH{A,B+C,D:E,F)
THIS T4 A GENERAL NUMERICAEL FORMULATION
NDF $ACAH COEFFIC IENTS.
DIMENSIONFACTGLEBZ)
RACAH=0,
IFi{A«B+E)—[MT {A+B+E)}35,2,35
IFI{CHD+E)=NT (C*D+E}135,3,35
TF{(A+L+F)1=INT [A+L+F)J135,4,35
PF{{R+D+FI=INT {D+B+FJ])35,5,35
I I=A+R+C
J1=C+D+E
KL=A+C+F
L L=B+0+F
l2=A+H~-F
15=A=-*E
The=A+B+E
J2=C +{1—-F
JI=C -1+ F
Ja==C #0 +E
KZ=A&[.~F
Ki=zA=C#F
K&==p+L +F
Lz=A+D-F
L 3=p=-[1+F
La== B+ +F
T LIFii2 ¥0%,8 .8
B [F1131085,%:9
35 WRITEIG+%6L )} Ay BeEs F
41 FORMATITTHOSUNM HNET INTEGRAL 3K «SHLORDB=3 Féal 13K e 2ZHixyFu,lis 3%, 2HS= F
1.1 3%e ZHL=FG. 1)
9 [F{14)85,10.10
10 IF{J2F65:11+21
11 [F(J3)a6, 12412
12 [FiJB)65413 413
13 TFRKZYES, 14l 4
1¢ [FIK365415+415
15 JIFIK4roS5.16041 68
16 JTEILZ1AS, LT 1T
1T 1FILY 35, 1h.18

i B g
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Ie IFIL4)65:+ 19,19

6% G0T0L110

19 TFLFALTOLL 41)=~47.91 450740, 41440

40 FACLTOL{11=0.0
FACTDLIZI=0.0
FACTOLI3)=0G.3G1029995T
FACTOL{&Y=D.TT21l512504%
FACTOLISI=L.380211242
FACTOLIO1=2.07918L246
FAMTOLI7I=2.,85T3324%6
FACTOLIB)=3.70243053¢&
FACTOL{9) =4 .605520523
FACTOLL10) =5. 559763033
FACTOL{ LML )=6.5%59TH3033
FALTOLI1Z21=T.601155T18
FAC TOLI 13V =R. 68C3369E4
FACTOLE 14 1=49,724280316
FACTOLILS=10.94 040835
FACTOLI 15 i=12.11649941
FACTOL{LT =13 ,32061959
FACTOLI IR =14.55%L G0 A5 2
FACTOLYI19)=15,30634102
FACTOLL20F=1T .0A509462
FACTOLL 21) =18, 38el24¢?
FACTOL{Z221=19.T7T08343%9]
FACTOL( 23} =21 + 0503760659
FALTNEL 24 )1=22 41249443
FACTODLIZ291=2% . 7927105407
FACTOLL 26)=25.13084548
FACTOLL 2T 1=256 440561943
FACTOLL29 =29 D365R2T9
FALTULI 2%l =29. 4814082
FACTOL{3D)I=30,94553R042
FACTON[ 3L =32 ,42356Q007
FACTALI 32 ¥= 33 .,415021177%
FACTOL({33)=35,4217175
FACTOLT 343=34,93B8E8546
FACTOLE 35 b= 38,4 7016440
FACTOLL 361 =40 014232465
FACTOLI{3TI=4k.57053515
FACTOLI3B)1=43,1 3872647
FACIOI t3191=44,.71A52047
FACTOLI 40 1= 46 303558508
FACTGLIG] )=47 91164507
FACTOULL&421=49,5244286244
FACTOLI43)=51.14T6T82152
FACTOLI44) =52, F81146470H
FACTOLI 451=54 . 4245993473
FACTOLI&E =506 .077B118611
FACTCL {4 7)=257.T4 056 94927
FACTOLI 4B 1=5% .41 26675507
FACTULL{S&9 ) =61 ,)IICORTHRL
FACTOLISD)=62.T841048E8]
FACTOL{S) I=64 . 40830749724
FACTOLIS2) =856.1906450485
EACTOLI S3)=6T.90A64RTF922
FACTDI 154 1=49.6309242414
FACTULISS)=71 .256331802)4
FACTOLYSE )=T2,.1038807111
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FACTOLISTI=74,5651A6B87381 \
FACTOL(58)=T6.607T435938
FACTOLL 5 = 16,3711TLS55673
FACTOLI60)=80,1420235990

FACTOLIGL }=8Ll.9201748493
FACTOLL&6Z2)=83, TOSSD &G04
FACTOLI632)=085,.4978963738
FALTOLL 64 =07 .,2978369233
FACTOLLI G5 1=89 10234168573
FACTOL1GE =90 9163302539
FACTOLL 6T)=52 . TA587T4 1895
FACTOLL 58 J=94 5619489922
FACTOL{69}=95.39443T7904%
FACTOLL7O0F=98,2333069556
FALTOL(7L)=100.0784050356
FACTOLIT2)=101.92966330843
FACTOLI73)¥=153,.7869958608
FACTOLI74)=105%.6503187409

FACTOLL T50=10T. 5195504606
FACTOLETa )= 109.3F461 17240

FALTOLATT F=111.2754253163
FACTOLIT8I=113.1¢131404]15
FACTOLITI)=115.054010686442
FACTOLT A0) =11 bu 95 143TTIASS
FALTOLIBLI=11B.854T72T7224%
FACLTNLIBZ ) =1Z20.T532127413

DFLABE= 9> (FACTOLA I 2% L) +FACTOLI TS+ 1 +FACTOL{TS+]11)
1-#ACTCLITL#2))

DFLCOE=o S {FACTOLL J2 41 ) +FACTOL (321 F+FACTOL{J%+] -
IFACTOL I JL+2 }]

DELACF=uS® i FACTIOLIKZ2+1 1+ FACTOLIK I+ L I+FALTOL I K4+ 1 |-
IFACTOLIKLI+2 4]

DELT A= 5=l FACTUL{L 2+ 1 }+FACTOLIL 2+ LY +FAL TOL (L&« }~FACTOLI L1+
L2 I +DELACF+RELCDOE+DELABE =2 ,3025R5093
Sumi=0,

SU P%‘pl

KMaX= MIND 112,02 :K2¢L2]1*1
IFIE+F=-A-1} 210,240,240
1FLE+F-B-C}250,260.260
JFIE+F-B-C) 270, 25425

KFIN=:3S (E+F-B-C)+l.

GLUTD 28

EMIN= MAX]1 {ABS {(E+F-A-D).+ARS {E+F-B-C}i+]
GC TO 2&

KMIN=ABS [E+F-4A~D})+1.,0

GO 1O 26

KeIN=1

G0 T0O 28

TFOKMAN=KM]|N]) 2T, 28, 2H

WM N=EMAX

NOILE=EMINy KMAK

I=K

Ml=T2~K+2

NZ2=)2~k+?

NEI=K2=K+2

MNas={ 2-K+2

Ml=F+F—B-D+2

MZxk+F-B-(+7F

M=+ R+C+0+ 3. =7
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32

38
2%
30
34
1to

350
1]
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[F{22{K/2i~K)31,32+32 " L

FAC=1 .0

GOTDZ %

Fal=—1.0

SuUM4= {FACTOLEM3 J~(FACTOL INL}+FACTOL{NZ)I+FACTOLI{ N3} +

1FACTOLING) +FACTOLIML J+FACTOL (M2 J+FACTOLIK) ) }#2,302585093

[IFI5UMG+DEL TA-B88,128,38.35C

SUM3I=SUM3 +FACREXP L5UPMa+DELTA )

GUTD34
SUM2=[FACTOLIM3I I={FACTOL (NLY+FACTOL{NZ}+FACTOLIN3)

I1+FACTOLING} #FACTOLIML ) «FACTOL (M2 J+FACTOLIK ) 3 1%2,302585093

TFISUMZ+DEL TA-88.030, 304 350

SUML=5UMl +FAC*EXP [ SUMZ+DELTAY)

LCONTT NUE

RACAH=SUM L +5UM3

RETURN

WEITE{&+38) A .8 ,LsD4E
FOERMAT{9HOOVERFLOW/ AHOWI 61 IPE1S. 631 ¢+ LH)Y }
GOTN LG

END
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L. sample Cutput of ZCOEFF L=0 237
Z(13e; L) fzorarlls
J 1S INTEGRAL -
ot Ber Je Lx 0.0 L il i:‘;j{
T ! S=0 LORAT TaL= 0,01 "
1 1 1 0Q.1000F ¢1 Q.0 S=l 0.0+522 0.0 + 523 0.0 & =24 0.0 &=5=5 0.0 ~—S=b
C.De 5=T 0.0+ 5«8 0.0~ 5= 0.0 +S=i0 0,0 +Smll 0.0 &+=SFE C.0 +~5213 0.0+ S=i4
1 12 0.0 0.,1737E D1 C.0 0.0 C.0 C.0 1,0
0.0 0.0 0.0 0.0 0.0 C.0 0.0 0.0
1 1 31 0.0 4.0 0.223&E C1 0.0 C.l C.0 0,0
0.0 0.0 0.0 Oull 0.0 0.0 Cul 0.0
! 1 & 0.0 0.0 Celd De2646E CI C.0 c.C 0,0
2.0 0.0 0.0 0.0 0.0 G.0 0.0 n.0
1 1 5 ¢c.0 0.6 0.0 0.0 C+3CCRE GI Q.0 0.0
.0 0.0 0.0 0.0 D0 Cel Ca0 0.0
1 1 & 0.0 0.0 0.0 0.0 c.6 0.3317E a1 0.0
C.0 0.0 C.0 €. 0.0 C.D 0.0 0.0
1 1 7 0.0 D0 0.0 0.0 G.0 0.0 0.2608F 01
c,0 0.0 0.0 0.0 0.0 2.0 0.4 0.0
1 1 & C.0 0.0 0.0 0.t} 2.0 0.0 0.0
0.3873E €1 0.0 0.0 0.0 Das L.l 0.0 0.0
1 1 9 €.n 0.0 0.0 0.0 C.C £.0 0.0
C.0 0.4123F Gl .0 r.0 0.0 Ca.l 0.0 0.0
1 1 10 9.0 0.0 ., 0.0 Dal 0.0 0.0 0.0
t.0 0.0 0.4359E €1 0.0 0.0 C.0 c.0 0.0
1 1 11 0.0 0.0 0.0 0.0 C.0 6.0 01,0
C.0 0.0 0.0 C.4583F £8 0.0 0ald C.0 C.0
1 1 12 o.0 C.0 £.0 2.0 0.C C.0 0.0
C.0 0.0 0.0 e.0 0.47S5E 1 C.0 C.0 Oy
1 1 17 0.C 0.0 0.0 Ou0 0.0 €0 0.
C.0 0.0 0.0 C.0 0.0 C.5000E 01 C.0 0.0
1 't 14 D.0 0.0 g.6 0.0 C.0 C.0 n.o
C.0 C.0 Cal ) Uu 0.0 C.5195E 01 0.0
1 L 15 0.0 0.0 (A 0.0 0.0 C.0 0.4
£.n 0.0 g.0 £.0 0.0 0.0 C.0 D.53685F D1
1 1 s 0.0 G0 Cald Q0.0 0.1 Culd Oafl
c.0 8.0 t.0 0.0 0.0 C.0 Cel n.0
1 1 17 o.0 0.0 C.0 6.0 C.i C.l 0.0
Cotd DeD Cald el 0.0 C.0 CaC 0u0
1 1 8 o,0 0.0 .0t 8.0 C.0 0.0 0.0
a,0 0.0 Jd.0 0.0 [ C.l 0.0 n.n
LTRBITAL= La0
1 2 1 .0 -2, 1000E O1 6.0 0.0 6.6 £.0 0.0
Calk a.0 0.0 a0 .0 C.0 C.0 0.0
1 2 2 =0 17326 N1 2.1737F 0L =C. 17326 Cl  G.0 C.0 €W De0
0.0 0.0 0.0 0.0 0.0 c.0 0.0 0.0
1 2 3 0.0 -0,223%F 01 (0.273&E {1 -C.2Z23&E Ct (.0 .0 0.0
Gol 0,0 0.0 fa 0.0 Cel} £aD 0.0
1 2 4 0,4 0,10 ~0.2h4EE C1 D.2646E £1 -C.2E&&E C1 (.0 0.0
£.0 0.0 0.0 0.0 0.0 C.0 G.O 0.0
12 & 0.0 0.0 fa0 -C+I0C0E Gl C.3CC0E €1 —Ca3000E Gl 0.0
C.0 2,0 0.0 0.0 0.0 0.0 C.0 0.0
i 2 & 0.0 0.0 0.0 C.0 =0.331TE O1 C.3317TE 01 =0.3317FF {1
0.0 Q.0 0.9 0.0 0.0 0.0 CeD 0a0
1 2 7 6.0 2.0 0,0 a.0 P. -8 3806E 1 D.3S0E 01
'(.36E6E ﬂl D.ﬂ Ot'ﬂ ﬂ.ﬂ 'EI'.EI D.G G-C D.U
1 2 B 0.C 0.0 0.0 0.0 0.0 Cal -0.7873F Q1
C+38TIE 1 -0L3R713E 1 0.4 A Galt Ca0 CaeC a8
t 2 & 0.0 0.0 9.0 Q.0 c.0 €.0 3.0
“C.4122F CL C,41239F €1 =C.&173E 01 £.0 a.0 Cell C.0 0.0
1 72 1¢ 0.0 0.0 0.0 Q40 tal Cul) Ny 0
£.0 -0.4758E 01 C.535S€ {1 -0,%3RSE C! 6.0 0.0 C.C 0.0
12 11 0.0 0,0 0.0 0.0 0.0 Gald 0.
€0 0.0 ~C.4503E €1 GC.45B3E CL ~0.4563F L1l Cu0 Cal G0
1 b 12 AN AN n.n f.n fi_n nf_n N M
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IV. DESCRIPTION OF JCL CARDS FOR PROGRAM ZCOEF

{IBM=360/65, Computer Center, University of Rochester)

//ZCOEF JOB AHS18, 'LUCC®
//*OPTIONS T=3,P=200,CLASS=B
//*SETUP 222998 ,HUIZENGA,RING
//*SETUP ZZZ5%99 HUIZENGA,RING
// EXEC FORTCLG,REGION.GO=60K
//FORT ,SYSIN DD *

SOURCE DECK

//CG0.FT13F001l DD DSN=2COEFI,UNIT=TAPEY,DISP= (NEW,PASS),
//  VOL=SER=Z32998,DCB=(RECFM=VBS,LRECL=76,BLKSI12E=764)
//GO.FTL7F00L DD DSK=2ZCOEFH,UNIT=TAPEY,DISP= (NEW,PASS),
//  VOL=SER=22Z99%9,DCE=({RECFM=VBS,LRECL=76,BLESIZE=764)
//GD.SYSIN DD *

/A

DESCRIPTION OF JCL CARDS FOR PROGRAMS MACY, MAC1O, MACT3
AND YRAST WHICH REQUIRE THE USE OF THE OUTPUT TAPES GEHNERATED
BY THE PROGRAM ZCOEF
{IPM-360/65, Computer Center, University of Rochaster)

Case a): Channel gpin is integer.

//HAC3 JOB AHS18, 'HUIZENGA'
//*OPTIONS T=5,P=60,CLASS=A
//*SETUP 222998 ,HUIZENGA

// EXEC FORTCLG,REGION,GO=92K
//FORT.SYSIN DD *

SOURCE DECK

//G0O.FT1AFC00]1 DL DSN=ZCQEF] ,UNIT=TAPEY ,DIS5P={0LD,PASS)
¥ VOL=3ER=ZZ22998 ,DCB={RECFM=VB5 ,LRECL=76,BLKSIZE=764)
//GO.SYSIN DD *



DATA CARDS

/f

Casgse b): Channel gpin is half-integer,

//MAC3 J0B AHS18, 'HUIZENGA'
//*OPTIONS T=5,P=60,CLASS=A
//*SETUP ZZ2Z999 ,HUIZENGA

// EXEC FORTCLG,REGICN.GO=22K
//FORT.S5YSIN DD *

SOURCE DECK

//GO.FT17F00L1 DD DSN=2COEFH,UNIT=TAPE?,DISP={0LD,PASS}
//  VOL=SER=Z22999 ,DCB= (RECFM=VBS5,LRECL=76,BLKSIZE=764)
//GO.SYSIN DD *

DATA CABRDE

4



