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GNASH: A PREEQUILIBRIUM, STATISTICAL NUCLEAR-MODEL CODE
FOP. CALCULATION OF CROSS SECTIONS AND EMISSION SPECTRA

by

P. G. Young and E. D. Arthur

ABSTRACT

A new multistep Hauser-Feshbach code that includes correc-
tions for preequilibrium effects is described. The code can cal-
culate up to 60 decay reactions (cross sections and energy spectra)
in one computation, thereby providing considerable flexibility for
handling processes with complicated reaction chains. Input parameter
setup, problem output, and subroutine descriptions are given along

with a sample problem calculation. A brief theoretical description
is also included.

|

I. INTRODUCTION

The preequilibrium, statistical nuclear-model code GNASH provides a flexible
method by which reaction and level cross sections, isomer ratios, and spectra
(neutron, gamma-ray, and charged-particle) resulting from particle-induced reac-
tions can be calculated. The code uses Hauser—Feshbachl theory to calculate
complicated sequences of reactions ‘and includes a preequilibrium correction for
binary channels. Gamma-ray competition is considered in detail for every decay-
ing compound nucleus. Tach calculation can handle decay sequences involving up
to 10 compound nuclei, and each decaying compound nucleus can emit a maximum of
6 types of radiation (neutrons, gamma rays, protons, alphas, etc.). Angular-
momentum effects and conservation of parity are included explictly. Each resid-
ual nucleus in a calculation can contain up to 50 discrete levels, whereas its
continuum region can be represented by up to 200 energy bins. The incident-par-
ticle types that are permitted are neutrons, protons, deuterons, tritons, 3He,
and He. These particles and gamma rays can also be emitted from decaying com-
pound nuclei. Angular distributions are not calculated; that is, isotropy is

assumed in the center-of-mass (c.m.) system.




Figure 1 illustrates input data
used in GNASH calculations and provides
a summary of the major output features.
The input includes cards that specify
the reaction chains to be followed, the
incident energies to be included, and
the model and parameter options to be
used in the calculation. Optical-model
transmission coefficients are input for
all particle types included, and the
energy levels, spins, parities, and
branching ratios are provided for all
residual nuclei in the calculation.

A complex decay sequence involving
multiparticle and gamma-ray emission,
typical of the ones that can be handled
in a single calculation, is shown in
Fig. 2. The sequence is for neutrons
incident on 9Co with sufficient energy
to cause (n,5n) reactions to occur, and
has been used to calculate proton- and
alpha-production cross sections for neu-
The

heavy arrows in Fig. 2 indicate the main
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trons up to 40 MeV in energy.

reaction chains that were followed. A
part of this calculation is included in
this report as a sample problem. Other
examples of calculations with GNASH ap-

pear in Refs. 3-8.

The GNASH code, developed for a Control Data Corp.

INPUT CARDS
(REACTION CHAINS,
INCIDFNT ENERCY,
MODEL OPTIONS, ETC.)

REACTION CROSS SECTIONS

TRANSM1SSION
COEFFICIENTS

LEVEL: ACTIVATION X-SCC
DISCRETE GA!MA-RAY X-SEC
TSOMER RATIOS

GNASH

LEVEL SCUEMES

MASS end GROUND
STATE SPIN TABLE

NEUTRON
CAMMA-RAY
SPECTRA { CHARGED-TARTICLE
(INDIVIDUAL AND
COMPOSITE)

Fig. 1.
Input and output features of the
GNASH code.
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Sample decay chain for n + 59Co
calculations.

(CcDC) 7600 computer, uses

49 000 words of storage and up to 290 000 words of extended-core memory (depend-

ing on the problem) for storage of parameters used in a calculation.

As an op-

tion, the code can use auxiliary files of transmission coefficient and energy-

level data or obtain these data directly from cards.

Included in this report are descriptions of the theoretical expressions used

in the calculations (Sec. II), mechanics of the calculation and important sub-
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routines (Sec. III), input parameters and options for streamlined setup (Sec. IV),
supplemental data or files needed (Sec. V), and output produced by the code (Sec.

VI). Section VII contains a summary discussion, and the code listing and a sam—

ple problem are given in Appendixes A-E.

I1. THEORETICAL BACKGROUND

A. Calculational Expressions

The statistical portion of the code includes angular-momentum and parity ef-
fects explicitly and generally follows the formalism of Uhl.9 In this section,
we give a brief description of the expressions used in the calculation. Peference
9 should be consulted for more detail.

For the calculations of complex reactions involving several particles and
compound nuclei, we assume that the reaction proceeds in stages with only one
particle emitted at each step. Each newly formed intermediate nucleus, produced
by particle decay of the previous compound nucleus, then disintegrates (if ener-
getically possible) with probabilities determined from llauser-Feshbach theory for
binary reactions.l

The composition of nuclei involved in a calculation is as follows. At low
excitation energies, discrete levels of energy F, total angular momentum J, and
parity T are included. Generally, experimentally determined values of E, Jﬂ,
and branching ratios are used for these levels. For higher excitation energies
where discrete-level information may be lacking, a continuum level-density ex-
pression is used. For this purpose, the continuum region is divided into energy
bins of width AE.

(n+1)

The population of continuum bins P (UJT) in the (n+l)th compound nucleus,

formed by particle disintegration of the nth compound nucleus, is given by

(n)

:E:: R r>>’(u'J'o',uJm

P(n+l) (UJTT) = /dU' P(n) (U'J'TT') a I-‘(U'J',nv) p(n+l) (UJTT) s (1)
J'me

2(n)

where P (U'J'rm') is the population of continuum energy bins in the nth compound
nucleus after gamma-ray cascades have been considered, U is the excitation energy,
p is the level density, and a defines the type of radiation emitted by the nth
compound nucleus to form the (n+l)th nucleus. The population of the first com-

pound nucleus is determined from its formation cross section, which can be found




from the appropriate sum over transmission coefficients taken at the c.m. energy

€ of the incident particles,

(1) - (23 + 1)
P (um = k_2 GT T DL T D E E Tz(E)fzé(U - B . (2)
s 2

Here k is the relative-motion wave number, I(NT) and i(ﬂp) are the spins (parity)

of the target nucleus and projectile, and J(m) is the total angular momentum
(parity) of the compound system. The quantity fl is a parity operator given by
fl =1/2 [ﬂ + (—l)lﬂTnpl, TQ(E) is the transmission coefficient having orbital
angular momentum £, s is the channel spin, and B is the binding energy of the
incident particle in the compound nucleus. The partial decay widths used in Eq.

(1) for reaction channel a have the general form

(M) v 10 ' = ——1———- ' -
P, QI UIm) = ey E E T,(U' - U - B)f, (3)
s L

for widths involving transitions from continuum bins in the compound nucleus to
continuum bins in the residual nucleus. Here the parity operator fl has the form
£, = 1/2|mm' + (—l)lnal, where L is the parity of the emitted particle, and Ba
is the binding energy of the emitted particle.

Similar expressions hold for the population of discrete levels:

(n)
~ r>(u'y'n',E,J,Ty)
P (6 gmy) =de' Z PV @y 2 I‘(U'J'Tr';\ o )
J'm

where the partial width for continuum to discrete level transitions has the form

r_(U'J'm,E,Jm) =E E T,(U' - E, - B)f, . (5)
s 2

Here the sums are taken over channel spin s and orbital angular momentum £.
The total width appearing in the denominators of Eqs. (1) and (4) is then the sum
over continuum bins (UJm) or discrete levels (EAJAHX) of the arpropriate partial
width Fa(U'J'ﬂ',UJn) or Fa(U'J'W"EAJlnl) for each reaction channel a.

For many calculations of interest, nonstatistical or preequilibrium effects
become important; therefore, a simplified preequilibrium expression formulated by

11
Braga—Marcazzanlo and based upon the exciton model of Criffin  and Blann12 has
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been used to correct reaction and level-excitation cross sections as well as

spectra for preequilibrium effects:

0. (e)meo n _ :
- ) W @+ 2 - (6)

do «
d€ Jpreq M| “g E

n=3

In this expression E and U are the excitation energies of the compound and resid-
ual nuclei, respectively; og is the incident-particle reaction cross section; m,
€, and Oinv(e) are the mass, kinetic energy, and inverse cross section for the
outgoing particle; g is the average single-particle level spacing from the
Fermi-gas model; and n is the number of particles and holes (n = p + h) in the
compound nucleus. The sum extends from the initial exciton number 3 to ﬁ, the
limiting value attained when equilibrium is reached.

We assumed that the absolute square of the average matrix element of resid-
ual two-body interactions had the form |M|2 = xa gL (A is the mass of the
nucleus involved), determined by Kalbach—Cline.13 The normalization constant
K was obtained from fits to various sets of data, including both spectra and in-
tegrated cross sections (for example, see Refs. 14 and 15). The code evaluates

the normalization factor using the expression

A . (7)

We determined the value of o for neutron- and proton-induced reactions to be
0.0005 + 0.0001, in agreement with the Braga-Marcazzan value of 0.00045.10 Our
result corresponds to K = 150 + 30 MeV3, which can be compared to the value of
100 + 35 MeV3 obtained by Kalbach—Cline.13 To provide flexibility in the code
for calculation of preequilibrium emission, we made the normalization factor
dependent on the type of particle emitted. Thus, effects such as the possible
existence of preformed particles can be included. When the outgoing particles
are neutrons and protons, the o values are known fairly reliably, but those for
outgoing alphas are less accurately known. Because of the lack of experimental
data on d, t, and 3He emission, even more uncertainty in o exists for these.

The total preequilibrium component, obtained by summing over each outgoing
particle channel involved in the decay of the first compound nucleus, then de-
termines a fraction by which the total compound-nucleus reaction cross section is
reduced. Because the preequilibrium model used in the code does not include ef-

fects of spin and parity, we assumed that the preequilibrium component had the

same spin and parity distribution as the statistical population component.




B. Supplemental Quantities: Transmission Coefficients and Level Densities

To provide particle transmission coefficients, external optical model rou-

tines or codes must be used. GNASH accepts transmission coefficients in the
16

COMNUC™~ form (see Sec. V) as a function of total angular momentum J and converts

them to TQ using the expression

1

T, (g) “or+ D

® + 1)’1‘1’“S + QTQ,Q—S . (8)

To provide gamma-ray transmission coefficients, either the Weisskopf approx-
18
mation™ o1 the Brink-Axel 219 glant dipole resonance form can be used. Specif-

ically, the Weisskopf approximation for El transitions yields

El E3

BECRDIEECl 9)

whereas the Brink-Axel form gives

g2r?
El El 2 ;2 0.013A
T (U,u') = CBA;% y T N 7.2 (10)
hee (E EY) + EY r

Here EY = U - U', T is the giant dipole resonance width (I' = 5 MeV), and Eg,
the resonance energy in millions of electron volts, is given by ER = 80a™1/3,
The normalization constants CilénuicBi are obtained from the ratio of the
average experimental gamma-ray width <FY> to the observed resonance spacing <D>

for s-wave neutrons through evaluation of the expression (at the neutron binding
energy EB)

r > :E
<< > J( ™l ue@ I yaut (11)
<D> n

2,3

where TEl is computed using either the Weisskopf or Brink-Axel forms.

In the code, gamma-ray cascades through E2, E3, M1, M2, and M3 transitions
are permitted also. Transmission coefficients for these are computed using the
Weisskopf form (« €$£+1), and the rai%os CEZ/CEl, CEB/CEl, cees CM3/CEl are de-
termined from the Weisskopf estimate  or are input directly during setup of the
calculation.
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The level-density expressions are those of Cilbert and Cameron20 with the

21
pairing and shell parameters of Cook. A Fermi-gas level-density form is used

at higher excitation energies,

V7 oexp @Val) (27 + 1) exp [-(3 + 1/2)%/207]
24~ _1/4:5/4

p(E,Jm) = (12)

24y2m 03

and is matched to a constant temperature expression used for lower excitation

energies

(23 + 1) exp [-J + 1/2)%/20%]
- .
2421 ©

o(E,Jm) = i exp [(E - By)/T] (13)

2T
The definitions for the quantities in Fqs. (12) and (13) are given in Ref. 20 and
will not be repeated here. The experimentally determined number of levels up to
a particular excitation energy are used (where possible) to determine parameters
for the constant-temperature expression so that a good match is made. The level-
density parameter a 1is either input directly into calculations or determined

using the CGilbert-Cameron prescription
a/A = 0.00917 [S(Z) + S(N)] + C , ’ (14)

2
where S(Z) and S(N) are shell effect terms 1 and C, a correction term, depends on

whether the nucleus is deformed (C = 0.120) or spherical (C = 0.142).%0

IIT. CODE SUBROUTINES

To explain the workings of the GNASH code and to aid in its use, a short de-

scription of its subroutines is given here. The code listing is in Appendix A.

MAIN - The main control routine of the program. It reads in data describing in-
cident-particle and target types, problem and decay chains involved, etc.
(see Sec. IV), and calls subroutines LEVPREP, TCPREP, and SETUP for initial
problem setup. At each energy for which a calculation occurs, SETUP2 and
SPECTRA are called. After the calculation, DATAOUT is called to provide a
summary of the results.

LCSPACE - Sets up extended-core-storage (ECS) locations, zeroes extended-core lo-
cations, determines parent reactions, and creates population-storage buf-
fers.

CHAINS - Called if automatic setup of chains is desired.



ENERGY - Determines masses, separation energies, and ground-state spins and pari-
ties from the GROUND2 data file (Appendix B).

XMAGIC - Determines whether a nucleus is "odd" or "even," according to the Gil-

20
bert-Cameron  level-density prescription.

LEVPREP - Prepares a binary level-data file ordered properly for the calculation
from an input binary-coded decimal (BCD) level file or cards. Stores JT
data in extended-core arrays.

TCPREP - Reads in transmission-coefficient data, eliminates J-dependence of spin
1/2 arrays, reorders spin 0 and spin 1 arrays, determines the number of
nonzero coefficients, and stores transmission-coefficient data in ECS.

SETUP - Provides general setup information by determining accumulated separation
energies for the decaying nuclei, identifies incident particle as well as
secondary particles and photons, determines whether a residudal nucleus is
even or odd, sets up J7 arrays, and initializes level densitities and
Gilbert—Cameron level-density parameters.

SETUP2 - Provides setup information for each incident energy in a calculation.
Sets up energies, determines integration end points, and generates incident-
channel transmission coefficients.

SPECTRA - The main subroutine of the program in which the widths (total and par-
tial) and population increments used to compute the spectra are calculated
for all compound nuclei and decay reactions occurring in a specified decay
chain. Figure 3 illustrates the treatment of the decay sequence in which
gamma rays and particles may be emitted from one or several compound nuclei.
Through several nested DO loops, the entire reaction sequence is handled.
The outermost loop sums over decaying compound nuclei involved in the reac-
tion sequence. The second loop sums over energy bins in the decaying com-
pound nucleus. The third loop provides flags that indicate whether total
decay widths should be calculated (first execution) or whether populations
of continuum—continuum or continuum-level transitions should be calculated
(second execution). A fourth loop sums over reaction types occuring in the
decay of a continuum bin in the compound nucleus. Thus, all decays (either
gamma-ray or particle) are handled in the same manner. The decays to con-
tinnum bins or discrete levels in a particular residual nucleus are then
obtained from sums over the fifth loop. If preequilibrium effects are to be
included, PRECMP is called to modify the continuum and level populations
computed above. The GRLINES subroutine is then called to compute discrete
gamma—-ray cross sections and to add these cross sections to the computed
gamma-ray spectra.

LEVDSET - Provides pairing and shell corrections from the tables of Cook et al.21
to be used in the computation of level densities using the Gilbert-Cameron
Fermi-gas level-density expression. Calls GILCAM to provide information for
the Gilbert-Cameron constant—-temperature level-~density expression.

GILCAM - Where possible, computes energy matching parameters for the Gilbert-
Cameron constant—-temperature expression using input data that describe the
number of levels present up to a given excitation energy.
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Fig. 3.

Schematic flow diagram for the SPECTRA subroutine.




LCMLOAD - Computes transmission coefficients, level-density values, and Yrast
values on an integration energy mesh for each nucleus involved in a par-
ticular segment of the decay chain.

GAMSET - Sets up the gamma-ray cascade calculation, determines Weisskopf or Brink-
Axel parameters, and computes gamma-ray transmission coefficients.

WEISSKF - Normalizes Weisskopf or Brink-Axel gamma-ray strength expressions to
the input values of (2m<I'>)/<D> determined from s-wave neutron resonance
data.

INCHSUM - Performs sums over s and £ of the incident channel for a given compound
nucleus spin and parity.

SUMER - Adds computed population increase into spectra and level-population
arrays.

GRLINES - Computes discrete gamma-ray cross sections; sums speétra to obtain
integrated cross sections.

DATAOUT - Main output subroutine. Depending on which print options are selected,
widths, individual and composite spectra, cross sections, discrete levels,
gamma-ray data, and level-density parameters can be printed.

ISERCH - Determines the parameters necessary for the interpolation routine.

PRECMP - Determines preequilibrium contribution, renormalizes compound-nucleus
cross sections, adds preequilibrium contribution into calculated particle
spectra, and modifies continuum and level populations to account for pre-
equilibrium effects.

INTERP - Main interpolation routine.

IV. MAIN CODE INPUT PARAMETERS

We attempted to keep the GNASH input as simple as possible. Thus all masses,
separation energies, and ground-state spins and parities are taken from a data
file (GROUND2, listed in Appendix B), which accompanies the program. The masses
in the file are either the 1971 adjusted experimental values of Wapstra,22 or in-
terpolated or extrapolated values from fits to the measured masses using the semi-
empirical relations of Garvey et al-23 The ground-state spins and parities are
based on experimental measurements.24 If J or T is unknown, a value of 99. ap-
pears in the file. Unknown spins and parities are flagged during execution, and
JTr = O+ (even A) or JTr = 1/2+ (odd A) is used in the actual calculation.

The input parameters required for the main GNASH code are described in
Table I, and a sample input is given in Appendix C. The following sequence of

input data cards is used:
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cards) FORMAT (8A10): TITLE(N), N =1, 16

card) FORMAT (5I4): IPRTLEV, IPRTTC, IPRTWID, IPRTSP, IPRTGC
card) FORMAT (5I4): INPOPT, KLIN, KTIN, NIBD, LMAXOPT

card) FORMAT (6I4): NI, NMP, LGROPT, LPEQ, NJMAX, ICAPT
card) FORMAT (4E10.3): ZAP, ZAT, DE, FSIGCN

(1-3 cards) FORMAT (8E10.3): FELABS(N), N = 1, NELAB

depends on the particular input option chosen, as follows:

INPOPT = 1, 2, or 3 (0 cards)

Reaction chains are set up automatically.

INPOPT = -1 (1-10 cards) (DO loop I = 1, NI)

FORMAT (8E10.3): ZACN(I), XNIP(I), SWS(I), [ZZA1(IP),

OQuter DO loop I = 1, NI

(1 card per I) FORMAT (5E10.3): ZACN(I), XNIP(I),
CNPI(I), CNPIP(I), SWS(I)

Inner DO loop IP = 1, NIP

(1-6 cards per I) FORMAT (5E10.3): ZAI1(IR), XNL(IR),
A(IR), XNLGC(IR), ECGC(IR), where IR is a running re-
action index that defines a unique I, IP for each re-

(1-6 cards) (DO loop MP = 1, NMP)
FORMAT (8X, Al, I1l, E10.3): LMGHOL(MP), LG, REL(MP)
(0-1 cards) Input depends on LPEQ parameter, as follows:

FORMAT (6E10.3): [ALPHA1(IDX), IDX = 1, 6]

TABLE I

MAIN INPUT PARAMETERS FOR GNASH

Two cards of Hollerith information to describe the problem being

(A (2
(3) (1
(c)
™
() (1
(F) (1 card) FORMAT (1I4): NELAB
(G)
(H) (0-70 cards) Reaction-chain data.
(1)
(2)
IP = 2, NIP]
(3) INPOPT = O (2-70 cards)
(a)
(b)
action sequence.
()
(J)
(1) LPEQ = 0 (0 cards)
(2) LPEQ = 1 (1 card)
Parameter Description
TITLE
calculated.
IPRTLEV

The form and complexity of this segment

Print control for discrete-level data. Set IPRTLEV = 0(1) to omit

(include) print of discrete-level information.

11



TABLE I (cont)
Parameter Description

IPRTTC Print control for transmission coefficients. Set IPRTTC = 0(1l) to
omit (include) print of input transmission coefficients. Set IPRTTC
> 1 to print input values and interpolated transmission coefficients
at every (IPRTTC-1)th energy on the basic integration energy mesh.

IPRTWID Print control for reaction decay widths. Set IPRTWID = 0(1l) to
omit (include) print of decay widths for each reaction channel on
the basic integration energy mesh.

IPRTSP Print control for calculated energy spectra, as follows:

IPRTSP

0 to omit print of all calculated energy spectra.

1 to only print composite spectra for each radiation type
in the calculation, that is, composite spectra for
emitted gamma rays, neutrons, protons, etc.

= 2 to print individual spectra from each decay process in-
cluded in the calculation, omitting the composite
spectra.

= 3 to print both individual reaction and composite spectra.

IPRTGC Print control for level-density information. Set IPRTGC = 0(1) to
omit (include) print of level-density parameters for each residual
nucleus in the calculation. Set IPRTGC > 1 to print parameters and
computed level densities at every (IPRTGC-1)th energy on the basic
integration energy mesh for each residual nucleus.

INPOPT Input control for designating the input option chosen to specify
the reaction chains followed in the calculation. The following
options are available:

INPOPT

0 is the most general input option available for speci-
fying the reaction chains and the various parameters
associated with each chain. For example, it permits
(but does not require) input of level-density parameters
for each residual nucleus in a calculation. See descrip-
tion of card input for details of reaction-chain input.

= -1 also permits general specification of reaction chains
but uses automatic features to simplify input. With
this option, the code uses a built-in level-density pa-
rameterization and automatically determines parentage of
each decaying compound nucleus by assuming that all
previous, unassigned reactions leading to a given com-
pound nucleus contribute to its initial population of
states.

12




Parameter

TABLE I (cont)

Description

KLIN

KTIN

NIBD

LMAXOPT

NI

NMP

LGROPT

LPEQ

NJMAX

1 to automatically follow the neutron chain from the
initial compound nucleus. A total of NI (see card
no. 5, Sec. IV-D) compound nuclei are included, and
each is permitted to decay by emission of gamma rays
and neutrons.

= 2 same as INPOPT = 1 except each compound nucleus is per-
mitted to decay by emission of gamma rays, neutrons,
protons, and alpha particles.

= 3 same as INPOPT = 2 except that the product nuclei that
result from proton and alpha emission are themselves
allowed to gamma decay.

Input fileset for discrete energy-level data (= 5 for card input,
= blank or 8 for input on disk or tape file 8).

Input fileset for transmission-coefficient data (= 5 for card
input, = blank or 10 for input on disk or tape file 10).

Number of large-core buffers set up for storing state populations
in reaction products that will further decay. The default value
for NIBD is 10, which is also the maximum dimension.

Control for limiting the number of transmission coefficients
(TQ) included in a calculation by requiring that (22 + 1)T >

— 1 LMAXOPT
TO * 10 l l. The default value is LMAXOPT = 5.

Number of compound nuclei that are permitted to decay in the re-
action chain (maximum of 10).

Number of gamma-ray multipolarities permitted in radiative decays
(maximum of 6).

Control for indicating the model desired for calculating gamma-ray
transition probabilities, as follows:
LGROPT = 1 for the Weisskopf approximation.

= 2 for the Brink-Axel approximation.

Preequilibrium control. Set LPEQ = 0(l) to omit (irclude) pre-
equilibrium processes in the calculation.

Maximum number of values of total angular momentum permitted in
the calculation (dimensioned for 40, which is also the default
value). For even—A cases, J = NJMAX - 1; for odd-A cases,

J = (2 * NJMAX - 1)/2. Mmax
max

13



TABLE I (cont)

Parameter Description

ICAPT Gamma-ray cascade control for initial compound nucleus:

ICAPT = 0 to omit full gamma-ray cascade calculation in the initial
compound nucleus (all subsequent compound nuclei do in-
clude the full cascade).

= 1 to include the full gamma-ray cascade in calculation in
all compound nuclei.

ZAP 1000 * Z + A for the incident particle or projectile, where Z is
atomic number and A is the (integer) mass number.

ZAT 1000 * Z + A for the target nucleus.

DE Energy increment for the basic integration energy mesh (in millions
of electron volts). A maximum of 200 energy steps is permitted.
If the chosen value of DE is too small, the code automatically in-
creases it to satisfy the 200-step limit.

FGSIGCN Constant multiplier applied to all calculated quantities (default
value is 1.0).

NELAB Number of incident neutron energies included in the calculation
(maximum of 20).

ELABS(N) Incident particle energies in millions of electron volts for the
calculation.
ZACN(I) 1000 * Z + A for each compound nucleus that is permitted to decay

(I is the index that specifies the decaying compound nucleus.)

XNIP(I) Number of decay channels included for compound nucleus ZACN(I).
The minimum value is 1., and the maximum is 6. The fixed-point
value of XNIP(I) is NIP in the code, and the decay index IP runs
from IP = 1 to NIP for each compound nucleus.

SWS(I) Value of the gamma-ray strength function for s-wave neutrons,
2m<T,>/<D>, that is used to normalize the gamma-ray transition
probabilities. A negative value of SWS can be used to directly
input a normalization factor of ISWS(I)I. In the case of the
Brink-Axel approximation, SWS(I) can be set equal to 0. to indicate
use of a built-in, constant normalization factor.

ZZA1(TIP) 1000 * Z + A for the radiation emitted from ZACN(I) by decay into
channel IP. Note that ZZA1(1) = 0. (gamma ray) is assumed in all
cases. Other possible values are 1., 1001., 1002., 1003., 2003.,
and 2004. (maximum of IP = 6).

CNPI(I) Parentage designator that indicates the previous compound nucleus
index Ip whose decay leads to the formation of ZACN(I).

14



Parameter

TABLE I (cont)

Description

CNPIP(I)

ZAL1(IR)

XNL (IR)

A(IR)

XNLGC (IR)
and
ECGC (IR)

LMGHOL (MP)

LG

RE1 (MP)

ALPHA1 (IDX)

Parentage designator that indicates the previous decay index IP
that leads to the formation of ZACN(I). P

Same as ZZA1(IP) described above. DMNote that the running reaction
index IR defines a unique I, IP for each reaction sequence.

Number of discrete levels to be included in the calculation for
the residual nucleus formed in reaction IR. If XNL(IR) = 0., then
the total number of levels input in the Level-Data File (described
in Sec. V) is used.

20
Level-density parameter, a, for use in the Gilbert-Cameron form—
ula for the residual nucleus formed by reaction IR. Set A(IR) = 0.
to use built-in values [see Eq. (14)].

Number of discrete levels, XNLGC(IR), at excitation energy ECGC(IR)
that are matched in the code to the Gilbert-Cameron formula for the
continuum level density. If both these parameters are set equal to

0., then the total number of levels input in the Level-Data File is
used.

Hollerith E or M to designate the MPth radiative transition as elec-
tric or magnetic.

Multipole order of the MPth transition.

Ratio of the strength of the MPth transition to the strength of the
El transition. Set RE1I(MP) = 0. to use a built~in value.

Preequilibrium normalization constants [see Eq. (7)] for reactions
involving emitted neutrons, protons, deuterons, tritons, 3He, and
4He for IDX = 1 through 6, respectively. Set ALPHAL1(IDX) = 0. to
use the built-in values.

V. ADDITIONAL INPUT PARAMETERS
A. Discrete-Level Data

Following the main input, a separate subroutine (LEVPREP) is called to input

discrete-level data. These data can either be selected from a general data file

on disk or magnetic tape (KLIN = 8) or they can be input directly on cards for

the cases required (KLIN = 5). 1In either case, the overall ordering of the in-

formation must be for increasing ZA (1000Z + A). The discrete-level input param—

eters are described in Table II, and input for the sample problem of Appendix C

is given in the first part of Appendix D (pp. D-1 through D-5). The following

15



sequence of cards (or card images) is required for each residual nucleus requir-

ing level data:

(A) (1 card) FORMAT (18, 15, Fl12.6): ID, NL, F
(B) Outer loop on levels (DO loop N = 1, NL)

FORMAT (I6, F12.6, 2F6.1, E12.5, 16): NX, EL(N), AJ(N), AT(N), TAU, NT
(C) Inner loop for each level (DO loop K = 1, NT)

FORMAT (12X, 16, 2F12.6): NF, P, CP

Parameter

TABLE II
DISCRETE-LEVEL INPUT PARAMETERS

Description

ID
NL
F

NX

EL(N)

AT(N)

AT(N)

TAU

NT
NF

CcP

16

1000 * Z + A of the nucleus whose levels are being input.
Number of levels being input.

For card input, set F = -1. for the last nucleus (highest
ID) for which level data is input. Otherwise, set F = O.

Level number (= M), that is, N = 1 for the ground state,
N = 2 for the first excited state, etc.

Fnergy in million electron volts of the Nth level; that is,
EL(1) = 0.

Spin and parity of the Nth level. The sign of AJ(N) indicates
the parity. For example, -0. is interpreted as a J" = 07 state.

Isospin of the Nth level (if unknown, it is set equal to 99.0).
AT(N) is not used in the calculation at present.

Half-1ife of the state in seconds (if unknown, it is set equal
to 99.0 or 0.0). TAU is not used in the calculation.

Number of gamma-ray branches from the Nth level to lower levels.

Level number indicator for a level to which a gamma-ray tran-—
sition is occurring.

Gamma-ray branching ratio for the transition defined by N - NF.

For bound states, Y. P(N - NF) = 1. For unbound states, X P(N

NF NF
+NF) = the total probability for decays other than particle
emission.

Probability that the transitions characterized by P(N -+ NF)
are gamma-ray transitions. If, for example, there is a 20%
probability that electron conversion is the decay mechanism,
then CP = 0.80.




TABLE III
TRANSMISSION-COEFFICIENT INPUT PARAMETERS

Parameter Description

NPART Number of particles for which transmission coefficients
are input.

BCDTC(8) Seventy-five columns of Hollerith descriptive information.

XBCD Alphanumeric particle identifiers, as follows:
_NEUTRON, _PROTON, _DEUTERON, TRITON, _HE-3, ALPHA;

that is, a blank column precedes each identifier.

NE Number of energies included in energy grid for transmission
coefficients.

NN Number of coefficients input at each energy in the COMNUC
format.

K Optional card counter. Can be used to check ordering of
cards.

ETC(J,ID) Energy grid for transmission coefficients. The index

J specifies the energy and ID is an internal identifier
that specifies the particle.

TDUM(L) Transmission-coefficient array. The index L runs from
1 to NN for each energy on the grid. The coefficients
are collapsed to remove J-dependence and are stored as
functions of energy for each particle.

B. Transmission Coefficients

Transmission coefficients for the projectile and outgoing particles are in-
put in the subroutine TCPREP, following the discrete-level data input. Again,
these data can be provided on a disk or magnetic tape file (KTIN = 10), or di-
rectly from cards (KTIN = 5). We have adopted the format used by COMENUC16 for
transmission coefficients, and data for the various particles can be input in
any order. The input parameters are described in Table III, and transmission
coefficients for the sample problem follows the level data in Appendix D (pp. D-6
through D-14). The following sequences of cards (or card images) is required:
(A) (1 card) FORMAT (I4, 1X, 7A10, AS5): NPART, [BCDTC(I), I = 1, 8]

(B) Outer loop on particles (DO loop N = 1, NPART)
(1 card per N loop) FORMAT (42X, A10, 12X, 2T4, A8): XBCD, NE, NN, K

17



(C) Input energy grid for particle N (internal identifier = ID). (DO loop
I =2, NE, 6)

(1-5 cards per N loop) FORMAT (6E12.2, A6): [ETC(J,ID), J =1I, I+ 5], K

(D) Input transmission coefficients for particle N. Outer loop on energy
(DO loop I = 2, NE), inner loop on NN (DO loop J = 1, NN, 6)

(1-7 cards per energy, depending on NN) FORMAT (6E12.2, A6): [TDUM(L),
L=J,J+5], K

VI. CODE OUTPUT

The code output from the sample problem described in Appendixes C and D is
given in Appendix E. The amount of detail included in the output depends upon
the values of the parameters IPRTLEV, IPRTTC, IPRIWID, IPRTSP, and IPRTGC, de-
scribed in Table I. The problem output, the result of a typical setup used at
the Los Alamos Scientific Laboratory, consists essentially of six parts:

(1) 1Input data (pp. E-1 and E-2), including the parentage indicators, masses
(XMR) , separation energies (S), and buffering information automatically
determined by the code. Note that the number of discrete levels (NLEV) and
the level-density parameters (A, NLGC, and ECGC) have not been determined yet
unless they were input directly into the calculation. Also note in the col-
umn at the far right that the number of population-storage buffers is the
minimum possible (4) for this particular calculation. Buffer No. 1 is re-
used in the decay of the ZA = 27059 nucleus for storage of the ZA = 27058
level populations. The buffer numbers set to zero indicate residual nuclei
that are not allowed to further decay in the calculation.

(2) Timing information (p. E-3), printed as the code progresses through the
main computer loops in subroutine SPECTRA, and normalization constants for
the gamma-ray transition strengths (input directly in the example).

(3) Binary reaction cross sections (p. E-4).

(4) Calculated cross sections, average energies, and secondary spectra of emitted
radiation from individual reactions (pp. E-5 and E-6) and composite spectra
for the various species of emitted radiation (p. E-7). Cross sections for
reactions to discrete states, and gamma rays from de-excitation of excited
states are included in the spectral listings. Above each spectral column
appear the integrated level decay, level excitation, and total production
cross sections and average emitted energy for the particular reaction. Mul-

tiparticle cross sections such as © and © can be deduced from the
n,2n n,np

integrated cross sections. The energies associated with the emission spec-
tra are midpoint values from the integration energy bins. Both the spectral
energies and cross sections are given in the c.m. system of the recoiling
nucleus plus particle or gamma ray. For medium or heavy mass nuclei, the
c.m.-to-laboratory transformation factors are essentially unity.

(5) Discrete-level excitation and gamma-ray de-excitation cross sections (pp.
E-8 through E-15). The gamma-ray de-excitation cross sections only appear

-
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for the decaying compound nuclei and in those cases the level and gamma-ray
production cross sections include cascade effects.

(6) Summary of the parameters used in the Gilbert-Cameron level-density
formulas (p. E-12). The quantities EO [E, in Eq. (13)] and EMATCH [energy
where Eqs. (12) and (13) are matched] are determined from the number of dis-
crete levels at excitation energy ECUT and the level-density parameter a.
The neutron and proton pairing corrections (PN and PZ) and shell correc-
tions (SN and SZ) are listed, together with the neutron-separation energies
(8) for each residual nucleus. The quantity SAC is the "accumulated separa-

tion energy,'" that is, the energy of each decaying compound nucleus relative
to the first compound nucleus.

VII. DISCUSSION

The transmission coefficients given in Appendix D, which were used for the
sample problem, were calculated from the Wilmore—Hodgson25 global optical param-
eters for neutrons, the Bechetti—Greenlee526'parameters for protons, and the Igo27
parameters for alphas. The gamma-ray strength normalizations, which were input
directly for the sample problem, were originally determined by normalizing the

calculations for each compound nucleus to values of 2ﬂ<Fy>/<D> cf approximately

25 x 10" for the Co isotopes and 2 x 107> and 3 x 1077 for ~OMn and ° Fe.

Note that the sample problem results are for illustrative purposes only. A tighter
integration mesh and more careful selection of model parameters would be advisable
for a serious calculation. Additional examples of n + 59Co reaction cross-

section calculations are compared to experimental data in Figs. 4-7. These re-
sults were obtained with the global optical parameters described above, but with

a tighter integraticn mesh in GNASH than the one in our sample problem.

Thus far the validation of the GNASH codez—8 has been for incident neutrons
or protons with energies mainly below 25 MeV. At energies above 25-30 MeV, the
binary reactions are dominated by the preequilibrium component, and calculations
become increasingly sensitive to the accuracy of that approximation. At incident
energies below ~100 keV, use of GNASH becomes inefficient because of restrictions
on the integration step size. Caution should also be exercised in using global
parameter sets for generating transmission coefficients; we think the discrepancy
between calculated and measured values of the 59Co(n,oz) cross section in Fig. 6
resulted in part from inadequate optical parameters for alpha particles.

For complicated reaction sequences or higher energy calculations, computa-
tional times can be excessive. Because computational times are very problem de-

pendent, the following parameters, which are most important in determining the
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times, should be chosen carefully: energy-bin width (DE), the maximum number of
total angular momentum states in the compound nucleus (NJMAX), the criteria for
limiting the number of transmission coefficients (LMAXOPT), and the number of de-
caying nuclei (NI) in the calculation. In addition, the gamma-ray cascade cal-
culation for the initial compound nucleus should always be turned off (ICAPT = 0)
unless the spectrum of capture gamma rays is specifically required. A summary of
running times for n + 59Co calculations to 40 MeV using the reaction chain of
Fig. 2 is shown in Fig. 8. For these calculations, the following parameters were
used: DE = 1 MeV, NJMAX = 40, NI = 5, and ICAPT = O. When they were performed,
the option for limiting the number of transmission coefficients had not yet been
implemented, so in effect the results were obtained with LMAXOPT = 15. The times
given in Fig. 8 can therefore be significantly reduced (~35%) without accuracy

loss by using the LMAXOPT parameter.
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APPENDIX A

PROGRAM LISTING

CoPyYsF 4 FILES FHOM F8ETY LASL Identification No. LP-0778
PROGRAM GNASH{INP,FSETSzINP ,0UT,P8ET6&0UT,FSETS,FSETY, MAIN 2

{1 FSET10,FSET11.PSET12,FSET1S) APROTTT
MAIN 4

GAMMAeRAY, NEUTRON, AND ASSHRTED SPFCTRA FROM HEAVY NUCLE! MAIN S

MAIN 6

FSET8 = INPUT LEVEL DATA IF CARDS NOT USED MAIN 8
FSET9 3 INTERNAL BINARY LEVEL DATA FILE (KL) MAIN 9
FSET{g= INPUT TRANSMISSION COEFFICIENTS 1F CARDS NOT USED MAIN (0O
FSET11e LEVEL SCRATCH FILE e AVAILARLE FOR PUNCH OR DISC O/P APROTT772
FSET13z INPUT GROUND=STATE MASS EXCESS, SPIN, AND PARITY MAIN {1}

MAIN (2

IPRTLEVE2 TN OMIT PRINT OF DISCRETE LEVEL INFORMATION MAIN 13
IPRTTC =@ TO OMIT PRIMT OF ANY TRANSMISSION COEFFICIENTYS MAIN {4
IPRTTC =1 TO PRINT 1/P TRANSMISSION COEFFICIENTS MAIN 18
IPRTTC. GE,2 TO PRINT TRANSMISSION COEFFICIENTS AT EVERY (IPRTTC={)MAIN 16

TH ENERGY ON THE BASIC INTEGRATION ENERGY MESH MAIN {7

IPRTWIO=0 TO OMIT WIDTH PRINT MAIN 18
IPRTSP 30 TN OMIT SPECTRA PRINT MAIN 19
IPRTSP =1 YO PRINT COMPOSITE SPECTRA ONLY MAIN 20
IPRTSP =2 TO PRINT INDIyIDUAL SPECTRA ONLY MAIN 2%
IPRTSP =3 TO PRINT COMPOSITE AND INDIVIDUAL SPECTRA MAIN 22
IPRTGC =20 TO OMIT PRINT OF LEVEL DENSITY PARAMETERS MAIN 23
IPRTGC 31 TO PRINT GILAFAT~CAMERON LEVEL OENSITY PARAMETERS MAIM 24
IPRTGC, GE,2 TO PRINT LEVYEL OENSITIEY AT EVERY (IPRTGCe1) TH ENERGYMAIN 25

ON THE BASIC INTYEGRATION ENERGY MESH ) MAIN 26

INPOPTzel MANUALLY READ IN REACTION CHAINS HUT CODE AUTOMATICALLY MAIN 27
ASSIGNS PARENTAGE, CNPI(CI) AND CNPIP(I) ARE ASSUMED TO MAIN 28

BE ALL UNASSIGNED HIGHER REACTIONS THAT PRODUCE ZACN(I)Y MAIN 29

INPOPT=@ MANUALLY I/P REACTION CHAINS AND PARENTAGE INDICATORS MAIN 30
INPOPT=1 AUTOMATICALLY FOLLOW NEUTRON CHAIN WITH G,N DECAYS MAIN 3%
INPOPT=2 AUTOMATICALLY FOLLOW NEUTRON CHAIN WITH GyN,P,A DFCAYS MAIN 32
INPOPT=3 AUTOMATICALLY FOLLOW MEUTRON CHAIN WITH G,N,P,A DECAYS, MAIN 33

AND PICK UP GAMMAS FROM P AND A DECAYS MAIN 34

SWS(I) 3 ¢ TO NNRMALIZE SeWAVE STRENGTH TO SWS(1) MAIN 38
SWS(1) = a. 10 uSE UNNORMALIZED GAMMA RAY TRANSITION PROBABILITIESMAIN 3§

« AS ADJUSTED By RE{(1) MAIN 37

SWS(I) = =« TO MULTIPLY GAMMA TRANSITION PROBABILITIES 8Y MAIN 38
ABS(SWS(I)) MAIN 39

) MAIN 4o

1 FORMAT(2014) | MAIN 41
2 FORMAT({P,8E10.3) MAIN 42
3 FORMAT(BALQ) MAIN 43
4 FORMAT(1H],8A10,/1H .eA10) MAIN 44
;] FORMAT(8X,A1.11,1P,7E10°3 MAIN 4S
6 FORMAT(IP,E1Q,3,10X,6E13.3) MAIN 46

7 FORMAT(/ 9K IPRTLEV:IZ.3X.7HIPRTYC!IZ.3X. 8HIPRTWIDMAIN 47
1212, 3X, THIPRTSP=12,3X, THIPRTGC21R) MAIN 48

8 FORMAT( 8H INPOPT=12,3X,SHKLINEI2,3X,5HKTINS22,3X,3HNIBDSI2,3X, JUL26771
{ 8HLMAXQOPT=212,/) JUL26772

9 FORMAT(/UH NIz,13,3X,dHNMPZ,12,3X,7HLGROPTS,12,3X, MAIN 88

1 SHLPEQ312,3X, 6HNJMAX=T3,3X,*1CAPTEs12) MAIN 51

10 FORMAT(/ SH ZAP=FS5.@e3X,4HZATEFb6,0,3X,3HDE=F6,3,UH MEV, MAIN 52
3IX, UHXMT=F10,5,UH AMU.SX.3H3P=F6 3, UH MEV,3X, MAIN 83

z B8HECUTOFFeFS5,2,4H MEV) MAIN S8y

11 FORMAT( SH ACH:F7.3.SH /MEV,3X, ) THFSIGCNMAIN 5§
12F7,3,3Xs AHDEFCNEF2,0,3Xy THSPINT =F5,1,3X,4HPITaF3,0) MAIN 5Sb

12 FORMAT(/+ 1 ZACN Nlp PARENT#, 99X, #SaWAVER,8X,#IPa, UX,wZA{a,MAIN ST

1 UXNZA2%,SX, #XMRN, 8X,ng%, 4%, «NLEVY DEF A NLGC ECGC BUFMAIN S8
2FERA/A we wevee osv 1 IPw, MAIN 59

3 STRENGTH, ENERGY -e mans %, MAIN 60




2

3

13

13
16
17

18

19
S

0
33
34

4 f ecemee (AMU) (MEV) on ove t/MEV, LA L L] (sz, NUHHHA!N b{
SERw) MAIN 62
FORMAT(13,F7,0,FU,0sF7.0,F6,M,2X,1PE10,3, 0P.F7 3) MAIN 63
{4 FORMAT(UbX. IS.F7 n.ra n,FR. 3.F10 3,2F5.0,F8,3, FS 2,F10,3,17) MAIN 64
FORMAT(/ 46H INDEX L uPARITY HULTIPOLARITY RATIO 10 El) MAIN 65
FORMAT(IU,2F6,A,9%XsA1,11,8X%,6G11,4) MAIN 66
FORMAT(//% WEISSKOPF APPROXIMATION USED FOR GAMMA=RAY TRANSMISSIONMAIN 67
1 COEFFICIENTS#) MAIM 68
FORMAT(// « AXEL APPROXIMATION USED FOR GAMMA@RAY TRANSMISSIONMAIN 69
{ COEFFICIENTS#) MAIN 70
FORMAT(/ 26H INCIDENT ENERGIES (MEV) £,1P,10E102,3./26X, 10F1ﬂ 3) MAIN 71
FORMAT(//Sx#COLLI=MILAZZ0 CLOSED FORM USED FOR ABSOLUTE CAL OF PREMAIN 72
1=EOUILIBRIUM CROSS SECTINN w//,% PREwEQ!ILIBRIUM NORMALIZATION CONMAIN 73
2STANTS ARE /7 %,6A10,/39%sw(INPUT) »,1P,6E10,3,/39X,¢ (USED) », MAIN 74
Y 6E10,3) MAIN 75%
MAIN 76

FORMAT(//725%X% THE LAB gNERGY IS #G{1,un MEV »//) MAIN 77
FORMAT(20A4) MAIN 78
FORMAT(1X,20A4) MAIN 79
COMMON RMO(42,230),T(30,200).,P(80), SP(ZGO 6),PP(80),3PP(200,7) RKO 2
1, SPNGN(200),PL(3R,6), 6(200 6),RHOFTR(UR) RHO 3
COMMON/LCINDEX/1PBLGC,IGLC, T1ZEROLC, I1SPLC, IPLLC, IEGLL,ISGLC,ITCLC, LCNDEX 2
1 ISTCLC.IRHOLC.ITLC.IELLC.IAJLCoIATLC.NIDIM.NIPDIM.NIBDIM.NGRDIM.LCNDEX 3
2 NIDDIM,NIROIM LCNDEX 4
COMMON/TCOEF/ETC(2%,6),7C(25,30),BCO(7),XSPIN(7),NLOIM, TCOEF 2
{NPART,NFE(H) aND(6) s NTC(5),T1ZAID(T7),XMASS(T7),NEEDIM,NLEINC(6,25), TCOEF 3
eNLE(6,200), JRAST(200,6) TCOELF 4
COMMON/LEVELilEL(SG).AJgSO).AT(SG)oXNL(OO).ELMAX(bO).NLEVDIM LEVELY 2
1,EG(2U0),SGC2u0), NGRAYS (60) LEVELY 3
COMMON/BASTCI/NIXNIP(1n),NIR,LR(6,10),ZA1(60),ZA2(60),XM2(60), BASICY 2
{ ZACN(10),C8GR(6M)sCSTOT(60),CSLEV(60),C8ID(B),EAVID(8),EAV(60) BASICY 3
COMMON/RASTC2/TITLE(16),ELAB,DE,ZAP,ZAT,XMT, NKKM(10),CNPIC{0Q), BASIC2 2
1 CNPIP(10),5(60),SACC12),ID1(6A),I0P,10E2(60), IBUF(6,10), BASIC2 3
2 ECM,UP,NKMAX ,NJMAX, NKK(6A) ,NKDIN, TCP(30),AMDP (UMY, A(60),A2(6Q), RBASIC2 U4
3 NRHO(H) s XJITy NPOPMAX,NTC2(6),NJDIM, TO0ECN(10),NKKCN(1Q),ECON,BASIC2 5
4 JPICUP,2) ) XMP oXJPsPIT,NLPsXNLP,KLeIDSTAT(7)»SICsCSL,CSH,PILLL(3R)BASIC2 6
SeICAPT,PLBUF(5R,10)4 INPOPT, TKEEP BasIC2 7
COMMON/GAMMA/NMP,LGROPT,SWSC1®),GML(6),GMP(6),RE1(6), LMGHOL(6), GAMMA 2
{1 TGR(2(30A,6) s WKCON,CAXEL,GAXEL,ERAXELsEXSWS(10), WKNORM GAMMA 3
COMMON/PREEN/LPEQ,SIGR,PREANTI(6)»CSIGICO),NITT(6),ALPHA(S) PREEQ 2
COMMON/PREQI/ZEPSIG(20AB, 6), NLEV,NPIT,NIT PRERY 2
COMMON/FITTING/ACN,FSIGCN,SIGPER FITTING2
COMMON/PRNTOUT/IPRTLEV, IPRTTC, IPRTMLD, IPRTW]D, IPRTSP, IPRTGC PRNTOUT2
COMMON/LEVDEN/DEF(60), XNLGC(6R),ECGC(60),UCUTOFF,DEFCN,TGC(60), LEVDEN 2
{ EAGC(6MA),EMATGC(6Q),PATR(6A),XMR3(60),XNLLN(60),32(100),SN(150), LEVOEN 3
2 PZ(1PD),PN(15Q) . LEVDEN 4
COMMON /SPNPAR/ SPIN,PARITY,KGRD LEVDEN S
MAIN 92

DIMENSION ALPHA1(6) MAIN 93
DIMENSION ZZA1(6),ELABS(20) MAIN 94
DIMENSION ZINPU(28) MAIN 95
DATA BCD/1@H NEUTRON ,1@H PROTON s 10 DEUTERON ,10H TRITON s MAIN 096
1 ~ 1@H HE=3 s 10H ALPHA s 10K GAMMAeRAY/ MAIN 97
DATA 1ZAI1D/1,1001,1002,1003,2003,2004,0/ MAIN 98
DATA KI,KL.K7, KGRD.IHOLF.IHOLM /549,713, 1HEs L HMY/ MAIN 99
DATA XMASS/1{, 098666.1 nn7825.2 n14102,3,P16050,3,016830,4,002603, MAIN 100
1 9,/ MAIN 101
DATA XSPIN/B,5:0.5s1.0s0,5:P.5,7.92,0,0/ MAIN 102
DATA NKOIM,NJDIM,NEEDIM,NLDIM,NLEVDIM/200,40,25,30,%8/ MAIN 103
DATA NIDIM,NIPDIM,NIBDIM;NGROIM,NIDDIM/ MAIN 104
{ 10, . 6. 8, 2ua, 7 7 MAIN {0S
DATA ALPHA/S.AEeBU,5,0Ea0lU, k], AEmD2,5F=aY/ MAYTT
DATA NITT/%,3,3,3,3,3/ MAIN 107




s

(s Xe XeNal

32
38

301

300

oo

o0

100

101

EXACTM(ZA,EXMASS) ® ZAn{0M0,#FLOAT(IFIX(ZA/1000,))+EXMASS/931,502

TAPE 12 = BUFPER INPUT

WRITE(6,32)
FORMAT(1HY)
READ(KI,33) ZINPU
IF(EOF, K1) 30P0.301
WRITE(6,34) ZINPU
WRITE(C12,3%) ZINPU
GO 10 35

CONTINUE

NOW TAPE 12 = INAUT

Kilz12
ENOFILE K1
REWIND KI

MAIN INPUT SECIION

EXMN = ENERGY(1,0)

REAO(KI 3 TITLE

1F(EQF,K1)1000,101

WRITE(6,4) TITLE

READ(KI,1) IPRTLEV,IPRTYC, IPRTWID, IPRTSP, IPRTGC
READ(KI, 1) INPOPT, KLIN.KTIN N1BD,LMAXQPTY
IF(NIRD, Gr,a) NIBRDIM=NIBOD

IF(KLIN, LT,l) KLIN=8

IF(KTIN LT,1) KTIN=1Q

IF(KLIN NE 8) KLIN={2

IFCKTINJNE, 1B)KTIN212

WRITEC(6,7) IPRTLEV,]PRTTIC, IPRTHID.IPRTSP.IPRTGC
WRITE(6,8) INPOPT,KLIN,KTIN,NIBD,LMAXOPT
EPSILON=1, aE-S

IF(LMAXOPT GT 2) LMAXOPTa-LHAXOPT
IF(LMAXOPT NE @) EPSILONEZ{O, a2l MAXOPT
READ(KI, 1) MI,NMP,LGROPT,LPER,NJMAX, ICAPT
IF(NJMAX L EQ', @) NJIMAXENINIM

READ(KI.Z) ZAP ZAT,DE,FSIGECN

UCUTOFF = 0,1

REAO(KI,1) NELAB

READ(KI,2) (ELABS(I):sIr1,NELAB)

EXMT = ENERGY(ZAT)

XJT = SPIN

PIT a PARITY

XMT 3 EXACTM(ZAT,EXMT)

8IC = EXMT 4 ENERGY(ZAp) » ENZRGY(ZAT+ZAP)
IF(FSIGCN, EOQ, 2.) FSIGCNgl, 2

IRz

00 104 Iaf,N]

IFCINPOPT,FO,@) READ(KI,2)ZACNCI),XNIPCI),CNPICI),CNPIP(T),8H8(T)

1ZA1(1) =0,

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MATIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MATIN
MATM
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

134

JuL267173

MAIN
MAIN
MAIN

136
137
138

APRATTT3
APRATT74

MAIN

139

JuL26774
JuL2677%
JUL26776
Jul26777

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

IF(INPOPT,LE,=1)READ(KI, Z)ZACN(I) XNIP(I),SWS(1)s (ZZALCIP),IPa2,6)MAIN

IFCINPOPT, GE,1) CALL CHAINS(I,IR)
ZAC g ZACN(D)
ExMC = ENERGY(ZAC)
EXSWS(I) 8 ENERGY(ZAC=1,0) + EXMN o EXMC
NIPaXNIP(1)
D0 1mA4 IP3i,NIP
IR=IR+
LR(IP,I)®IR

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

141
142
143
144
145
146
147
148
149
150
151
192
153
1%4
15%
156
157
158
159
160
161
162
163
164
169



184

196

110

202
201

a0 [aXe) o0

[z Mgl

XNL(IR) =0,
ACIR)=0,
XNLGC(IR) =0,
ECGC(IRY=O,

IF(INPOPT,EO;O)READ(KI.2)2&1(IR).XNL(IR).A(IRJ.XNLGC(IR).ECGC(IR)

IFCINPOPT LE,=)) ZAI(IRY®ZZAL(IP)
ZA2(IR) = ZACN(I)®ZA1(IR)
DEF(IR) = XMAGIC(ZA2(IR)Y)
ZAR = ZA2(IR)Y
EXMR x ENERGY(ZAR)
XM2(IR) = EXACTM(ZAR,EXMR)
SCIR) s EXMR + ENERGY(ZA{(IR)) = EXMC
CONTINUE
NIR=IR .
CALL LCSPACE
ACN3A (1) )
DEFCNIDEF (1)
WRITE(6,9) NI,NMA,LGROPT,LPEQ,NJMAX,ICAPT
WRITE(6,10) ZAPL.ZAT,0E,XMT,SI1C,UCUTOFF
WRITE(6,11) ACN,FSIGCN,DEFEN,XJT,PIT
WRITE(6,19)CELABS(I),In1,NELAB)
WRITE(h,12)
DO 106 I={,NI
WRITE(6,13)1,ZACNCI),XNIP(T),CNPI(I),CNPIP(1),8WS(1),EXSKS(])
NIPTXNIP(1)
DO 1@6 TPa{,NIP
IR=LR(IP, 1)
18=1BUF(IP. 1) _
IF(IB,GT.NIBDIM) 1B=1BaNIROIM
WRITE(6,14) IP,ZAL1CIR) ,ZAR(IR) ,XM2(IR) #S(IR) ,XNLC(IR),
{ DEF(IRY ., | ACIR) ,XNLGC(IR) LECBC(IR),I8
IF(LGROPT,ED,1) WRITE(6,17)
IF (LGROPT (EQ,2) WRITE(6,18)
WRITE(6,15)
DO 113 MP=i,NMP
READ(K1,5) LMGHOL(MP),LG,REL1(MP),
IF(LMGHOL (MP),EQ, IHOLE) GMP(MP)R+1,0
TIF(LMGHOL (MP) ,EQ. THOLM) GMP(MP)ami.p |
IFCC(LMCHOL(MP) (EQ, THOLE) .ANO. (LG,EQ,$)  AND, (REL (MP),ER,2,))
1 RE1(MP)=1.0
GML(MP)=LG )
WRITE(b6,16) MR,GML(MP),GMP(MP),LMGHOL(MP),LGsREL (MP)
IF(LPEQ,EQ.1IREAD(KI,2)ALPRAY
00 221 1DX=1,6,
IF(ALPHAL(IDX) NE,B,) 202,291
ALPHACIDX)=ALPHAT(1DX)
CONT INUE L
IF(LPEQ.EQ,1) WRITE(6,28) (BCD(IDX),I0X%1,6)sALRHAL,ALPHA

READ LEVEL INFORMATION
CALL LEVPREP(KLIN,KL)

READ TRANSMISSION COEFFICIENT DATA
CALL TCPREP(KTINJEPSILON)

SET UP FOR CALCULATION
CALL SETUP

INCIDENT ENERGY LOOP
00 200 IELAB=1,NELAS
CALL SECOND(TKEEP)
ELAB=ELABS(IELAB)
CALL SETUP2

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MALM
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

166
j67
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
1853
186
187
188
189
190
191
192
193
194
19%
196
197
198
199
200
201
202
203
204
208
206
207
208
289
210
211
212
213
214
215
216
217
218

JUuL26778

MAIN
MAIN
MAIN
MATIN
MAIN
MAIN
MAIN
MAIN
MAIN

220
224
222
223
224
°25
226
2217
228




(> N o] [~ X g}

198
199

200

iBOO

QOO

2

C
c

10

MAIN 227

CALCULATE SPECTRA MAIN 238
CALL SPECTRA(ACN,FSIGCN) MAIN 231
MAIN 232

PRINT AND WRITE OUTPUT RESULTS MAIN 233
CALL DATADUT MAIN 234
CONTINUE " MAIN 238
CONTINUE MAIN 236
MAIN 237

CONTINUE MAIN 238
GO T0 100 MAIN 239
sTOP MAIN 240
END MAIN 241
SUBROUTINE LC8PACE LCSPACE?2
LCSPACES3

SET UP LCM STORAGE, 2ZERD ARRAY, AND VARIABLE STORAGE BUFFERS LCSPACEY
LCSPACES

COMMOM RHO(U0,200),7(30,2a0), P(an) §P(270,6),PP(80),SPP(2002,7) RHO 2
1, SPNGN(200),PL(5@,6),G(220,6), RHOFTR(U@) RHO 3
COMMON/BASICI/NI,XNIP(1a),NIR,LR(b,10),ZA1(60),2A2(60),XN2(60), BASICY 2
1 ZACN(10).C$GR(68).CSTOT(&G).CSLEV(bO).CSID(B).EAVID(SJ.EAvtbn) BASICY{ 3
COMMON/LCINDEX#IRBLC, IGLC, 1ZEROLC,ISPLC,IPLLC, IEGLC,ISGLC,ITCLE, LCENDEX 2
{ ISTCLC,IRKOLC,ITLC,IELLCs»IAJLC,TATLC,NIOIM,NIPDIM,NIBDIM,NGRDIM, LCNDEX 3
2 NIDDIM,NIRDIM LCNDFX 4
COMMON/TCOEF/ETC(?S.OJ 16(2%,30),8C0(7), XsPIN(V) NLOIM, TCOEF 2
{NPART,NEE(6), Nn(b) NTCC6),1ZAT0CTY s XMASS (7)Y, NEEDIM,NLEIN(6,25), TCOEF 3
2NLE(6,202), JRAST(200,6) TCOEF 4
COMMOM/LEVELL/ZEL(SAY ,AJ(SA) ,AT(SA) , XNLC6B),ELMAX{6B),NLEVDIM LEVELY 2
1,EGC2u0)sSG(240),NGRAYS(60Q) LEVELL 3
COMMON/BASIC2/TITLE(16),ELAR DE.ZAP ZAT,XMT, NKKM(10),CNPI(10), BASIC2 2
{ CHPIP(12),S(60), SAC(!G) I101(6P),IDP, 1052(60).IBUF(6.18)o BASIC? 3
2 ECM.UP.NKMAX.NJMAX.NKK(Gn).NKDIM.TCP(SG).onnptaﬂ).A(ba).Aztéo). BASIC2 4
3 NRRO(6)sXJT, NPOPMAR,NTC2(6),NINPIM, TOFECN(1A),NKKCN(1Q),ECON,BASIC2 S
4 JPI(UG.Z).XMD.!JP.PIT.NLP.iNLP.KL.IDSYAT(7)-SIC.CSL.CSH.PILLL(SO)RASIca 6
SsICART,PLBUF(S7,10), INPOPT, TKEEP BaSIC2 7
DIMENSIDN SCRUF(urAN),1JJ(12),1IPJJ(10) LCSPACY2
EQUIVALENGCE (SCBUF.RHO) LCSRPACL3
LCSPACt4

SET LCM STORAGF INDEXES LCSPACHES
NIRDIM=NIDIMANIPDIM LLCSPAC16
IPBLCSD LCSPACYT
IGLC=IPBLC+NJDIMaNKOIMaNIBD IM22 LCSPACYS
1ZEROLC=IGLC+NKDIMaNIRDIM LCSPAC19
ISPLC=1ZEROLC+aMQ0O LCSPAC20O
IPLLC=ISPLCHNKDIMANIRDIM, LCSPAC21
IEGLC=IPLLC+NLEVDIMANIROIM LCSRACR2
ISGLC=TFGLC+NGRDIMaANIRDIM LCSPAC23
ITCLC=ISGLC+NGRDIMaNIRDIM LCSPAC24
JRNNLC3ITCLC+NEEDIMWNLOIMaAC(NIDDIMe ) LCSPAC2S
ITLC=IRMHOLC#NKDIMaNIDIMaNIPDIM LLCSPAC26
TELLC=ITLC+NKDIMANLOIMANIPDIM LcShAC2Y
TAJLC=IELLC+NLEVDIMANIRDIM LCSPAC28
TATLC=TAJLC+NLEVOIMANIRDIM LESPAC29
LCMDIMSTATLC#NLEVOIMANIROIM LCSPAC3O
WRITE(6,1) LCMOIM LCSPAC3!
FORMAT(» LCM SPACE RENUIRED (EXCLUNING DISC BUFFERS) IS #,17) LCSPAL32
WRITE(S,2) NIBDIM,NKDIM LCSPAC33
FORMAY( % MNUMBER OF LCM BUFFERS I8 #,12/7 « MAXIMUM NUMBER OF ENERGLCSPAC34
1Y BINS 1S #,14) LCSPAC3S
LCSPAC36

SET UP LCM ZERO ARRAY LCSPAC3T
00 10 Kai,1000 LCSPAC3E
SCBUF (K)&D', LCSPAC3Y

A-5




408
409
410
420

62
64

66

1h0F a3 2ERNLE

NPTS=12307

CALL ECWR(SCBUF,INDEX,NpTS, IERR)
INDEX=INDEX+NPTS

CALL ECWR(SCBUF, INDEX,NATS, IERR)
INDEXaINOEX+NPTS

CALL ECWR(SCBUF,INDEX,NpTS, 1ERR)
INDEX=INNEXeNPTS

CALL ECWR(SCBUF, INDEX,NPTS, IERR)
CALL ECRD(SC8IF,1ZEROLC, Um0, IERR)
INOEX=INDEX+NPTS.

CALL BCWR(SCRBUF,INDEX, 4p@@, IERR)
IFC(INPOPT.GE.) GO TO 420

DETERMINE PARENT REACTIDNS
LBUFOPT=1
CNPI(1)e],
CNPIP(1)a1’

IFE(NI,LT.2) GO 1O 420
DO 41@ I=P,NI

CNPTIC(I) =0,

CNPIP(I) =0,

ISED LT

DO 489 IMmi, It

IT=Itelbey _
IF(ZACNCI).EQ,ZAECNCII)) GO TO 410
NIP = XNIP(II)

IF(NIP,LT,2) GO TO 409

DO 488 11Pz2,NIP
IRSLR(IIP,IT)

IF(ZAQ(IR) NE zACN(I)) GO 10 408
CNPI(T) = I1 + 1@B.*CNPI(1)
CNPIP(I)= IIP+1@A,2CNPIP(T)
IF(LBUFORT.EQ,2) GO TO u4i0
CONTINE

CONTINUE

CONTINUE

CONTINUE

SET UP POPULATION STORAGE BUFFERS FOR LCM
CALL ECRD(1BUF, IZEROLC,68, IERR)
CNPIC1) =Y,
cnPYP ety ay
1820 i
00 70 Je{,NI
18=1B+1
112CHPT(J)
1IP=CNPIP(J)

DO 62 JJ=z1.10
JIX210an(JIn2)
JIX2=2JJx/100
1JJCJJIYEMOD (T, JIX)/JIX2
IPJICJIIY=MOD(TIP, JIX) /I IX2
IF(I1/JIX,LT.1) 80 10 64
CONTINUE

NJJaJJ

DO 68 I=1,J

NIPaxXNIP(1)

DO 68 IP®{,NIP

DO 66 JJ3{.NJJ
IFCCINELTJICIIY)LORL (TP NE,IPJICJIIYI)) GO TO 66
IBUF (IR, 1} =1B

CONTINUE

LCBPACUO
LCSPACUL
LCSPACU2
LCSPACUS
LCSPACAY
LCSPACUS
LCSPACUG
LCSPACUT
LESPACYSB
LCSPACUS
LCSPACSA
LCSPACS!
LCSPACS2
LCSPACS}
LCSPACSY
LCSPACSS
LCSPACSS
LCSPACS?
LCSPACS8
LCSPACS9
LCSPAC6®
LESPACSH1
LCSPACGK2
LCSPACH3
LCSPACGY
LCSPACHS
1 CSPACKS
LCSPACK?
LCSPACHS
LCSPACKY
LCSPACTA
LCSPACTY
LCSPACT2
LCSPACT3
LCSPACTY
LCSPACTS
LCSPACTS
LCSPACTY
LCSPACTB
LCSPACT9
LCSPACSD
LCSPACSY
LCSPACSB2
LCSPACA3
LCSPACSY
LCSPACSBS
LCSPACS8S
LCSPACSY
LCSPACSS
LCSPACAY
LCSPACYA
LCSPACYY
LCSPACH2
LCSPACY3
LCSPACYY
LCSPACYS
LCSPACY6
LCSPACIT
LCSPAC98
LCSPAC99
LCSPAL@O
LCSPA1OY
LCSPA102




(s Na Ny ]

68
0

72

1

12

22

23

CONTINUE
CONTINUE

EQUATE (N,G) REACTIDN ByUFFERS TO PARENT NUCLEUS BUFFER

00 72 I=1,N}

II=CNPI(])

IIP=CNPIP(T)
I1=MOD(11,100)
I1P=MOO(IIP,100)
IBUF(1,1)3IBUF(IIP,11)
CONTINUE

RETURN

END

SUBROUTINE CMAINS(I,IRX)

CONSTRUCT OPTIONAL AUTOMATIC REACTION CHAIN SEQUENCES

COMMON/BASICI/NI,XNIP(1a),NIR,LR(6,1@),2A1¢40),2A2(60),%XN2¢60),
1 ZACN(12),CSGR(5D), csror(eo) CSLEVC6D),CSID(B),EAVID(B),EAV(60)
COMMON/BASICZITITLftib) ELAB,DE,ZAP,ZAT, XMT,
{ CNPIP(10).5(60), sAC(10) 101 (6R), IDP.IOEZ(bG) 18UF(6,10),

2 ECH,UP, NKMAX, NJMAX s NKK(6@) ( NKDIM, TCP(3@),0MOP(uP),AC60),A2(60),
VPOPMAx.NTCZ(O).NJDI"

3 NRHO(6)9XJTy

2 PZ(120),PN(150)

COMYON /SPNPAR/ SPIN,PARITY,KGRD
COMMON/LEVFLI/ZEL(S@),AJ(50),AT(S0),XNL(60),BLMAX(6B),NLEVDIM
1,EGC24M),S6G(2UAY« NGRAYS(6R)

COMMON/GAMMA/NMP L LGROPT, SWS(10), GML(6),GMP(6) ,RE1(6), LMGHOL(6),
{1 TGR(202,6),WKCON,CAXEL,GAXEL, ERAXEL.exsws(10) NKNORH

DIMENSION ZAX(4)

DATA ZAX/Q.s1,41001,,20084,/

X1=1 .
ZATOTIZAPHZAT

SWS(1)z0,

IR=IRX

GO T0 (11,12,13), INPOPT
ZACN(T)IZATOT-X101 0001
XNIP(I)=2,

CNPIC(I)= XI-O 99999
CNPIP(1)=2,

GO T0 S@ o
ZACN(1)=ZAT0Tex1+1,0001
XNIP(1)=u4,

CNPI(I):XI 0.99999
CNPIP(IYE2,

GO 10 S@

GO TO0 (21, 22123,2102202%,21,22023,21), 1

XII=(le1)/3
TACN(I)SZATOTeXT]
XNIP(I)=u,

CNPI(I)=le}

CNPIP(1)=2,

GO TO 3@ ) .
ZACN(1)=ZACN(Tat)=ZAX(3)
CNPICI)=]e

CNPIP(1)=3,

XNIP(IY=1,

60 10 S8 . | )
ZACN(I)ZZACN(Te2)=FAX(Y)

NKXM({@®)Y,CNPI(12),

IOE(N(iﬁ) NKKCN(10),ECON,BASIC2
4 JPT(u@,2)eXMP,XJPyPIT,NLP,XN(P, KLy IDSTAT(T7)s»SICsCS5L,CSHsPILLL(3AIBASIC?

S.ICAPT-PLBUF(3Qo1B) INPOPT, TKEEP
COMMON/LEVNDEN/DEF(60),XNLGC(6R),ECGC(60),UCUTOFF,DEFCN,TGC(60),

{ EAGC(6A),FMATGC(60)»PAIR(6PA), XMRI(6A), XNLLN(6RA),SZ¢100),SN(158),

Lespatos
LC3PALQY
LCEPALRDS
LCSPALOG
LCSPAL@Y
LC3PA 108
LCSPALQ@9
LCSPALL@
L.cSsPAtty
LCSPALt2
LCSPALLS
LCSPAYLY
LCSPALLS
CHAINS
CHAINS
CHAINS
CHAINS
BASICH
BASICY
BASIC?2
BASIC2
BASIC?2

BASIC?2
LEVDEN
LEVDEN
LEVDEN
LEVDEN
LEVELY
LEVFLY
GAMMA

GAMMA

CHAINSI{
CHAINSY?2
CHAINS13
CHAINS1U
CHAINZILS
CHAINS1G
CHAINS1?
CHAINS18
CHAINS19
CHAINS20
CHAINS21
CHAINS22
CHAINSZ3
CHAINS24
CHAINSR2S
CHAINSR26
CHAINS27
CHAINS28
CHAINS29
CHAINS3Q
CHAINS3Y
CHAINS3?2
CHAINS33
CHAINS3Y
CHAINS3S
CHAINS3S
CHAINS37?
CHAINS 38
CHAINS39
CHAINS D
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50

54

oOann.

£ N -

ino
101
102

10

15

o0 o0

20

k14

o0

ue

* Ngl
(-]

4y BEE ]tIv? CHAINSgUY

CNPIP({I)my, CHAINSYR
XNIP(I)=t, CHAINSUS3
NIPaXNIP(]) CHAINSGY
$ZA=ZACN(T])Y CHAINSUS
ZACN(IYxIZA CHAINSYG
00 54 1Pz, NIP CHAINSUT
IRxIR+1 CHAINSA4S
ZALCIR)YSZAX(IPY CHAINSY9
CONTINUE CHAINSS®
RETURN CHAINSSY
END ) CHAINSS?2
FUNCTION ENERGY(ZA) ENERGY 2
ENERGY 3

swann ENERGY LOOKS UP VALUEY OF GROUNDeSTATE MASS EXCESS (MEV)s ##ENERGY 4
wetax SPIN, AND PARITY, MISSING DATA PRODUCE A PATAL ERROR, #*ENERGY S
ENERGY 6

COMMON /3SPNPAR/ SPIN,PARITY,KGRD ENERGY 7
OIMENSION IM(11),11€11),12011),J0(¢11),J1C12),KB(12),ENER(2055) ENERGY 8
DIMENSION PAR(3) ENERGY 9
DIMENSTION SPINPAR(2055) RCDGRD 1§
DATA PAR /iHw,1H ,1H¢/ EMLRGYLO
DATA INPGRD/1/ . BCOGRD 2
FORMAT(28HA##*ane GROUND&STATE DATA FOR 16,19H NOT IN TABLE wears) ENERGY12
FORMAT(12,2H/2 A1) EMERGY!3
FORMAT(12, Al) ENERGY 14
FORMAT(2X A1) ENERGY!S
FORMAT(5X*4++4+ GROUND STATE OF #Fb6,0+ 1S INCOMPLETELY DESCRIBEDRCOGRD 3
Xs SPIN,PARITY = #F6,2,2%sFb6,2,2X 4+ 4¢4%) BCOGRD 4
FORMAT(SX,a++e4+%,28X,# ASSIGNMENTS CHANGED TO, SPIN,PARITY & BCDGRD 8
IRF6,2,2XsFb,2,2Xsnetdb0n/) BCOGRD 6
ENERGY18

FIRST CALL CAUSES DATA %0 BE READ IN ENERGY {9

1F (INPGRD,ER,.12345) GO 70 10 : ENERGY20
REAO (KGRD,100) 10,I11,13,J0,J1,K? BCOGRD 7
FORMAT(BI1R) BCNGRD 8
REAO(KGRO, {101)ENER B8COGRD 9
FCRMAT(6E13,6) BCOGRD1M
READ(KGRD,1A2)SPINPAR BCOGRN1
FORMAT(B8F1Q,3) BCOGRD{ 2
REWIND KGRD BCOGRD{3
INPGRD = 12345 ENERGY22
IF(ZA) ud,15,2a ENERGY23
ENERLY24

2x0, A=0 183 CONSIDERED A PHOTON ENERGY2S
ENERGY = SPIN = 0O, $ PARITY = of; $ RETURN ENERGYR6
ENERGY27

FIND RFQUESTED NUCLEUS §N APPROPRTIATE TABLE ENERGY28

I1ZA = IFIX(ZA) 8 J7 = 12A/1000 ENERGY29
1A 3 12A = 1000#JZ SN =2 lhe JZ ENERGY3A
NZz N =« J2 $ N3 a NZ » J2 ENERGY31
00 30 K=z1,11 $ Ir¢JZ,GE, JI(K+1)) GO 10 30 EMERGY 3?2
ND & T1(K) o 1 $ I = NZ « NO ENERGY 33
IFCI2(K),LT,0) 1 a N2 « ND ENERGY 34

IK = 10(K) $J 5 J2 « JI(K) ¢ § ENEPGY3S

IN 2 KO(K) 1 ¢ (Jel)#]K ENERGY$6
1IFC1,GT,@.AND,I,LE, 1K) GO TO S@ $ GO YO 4o ENERGY37
CONTINUE ENERGY3S
ENERGY 39

REQUESTED ISOTOPE 18 NOY IN TABLES ENERGYUD
PRINT {, IZA $ SYOP 7776 EMERGYU Y
ENERGY4Q

CONTINUE B8COGRD {4
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EMERGYRENERP(IN

IF(SPINPAR(XN),CF 990P,)SPINESPINPAR(IN)=9908,

IF(SPINPARCINY,GF, 9990 JPARITY®99,

IF (SPINPAR(INY GE,9900,)G0 10 200
IF(SPINPAR(IN),GE, 1«9 JPARITY=1,
IF(SPINPAR(IN) GE 1na ISPINRSPINPAR(IN)»120,

IF(SPINPAR(IN),LT,@,)PARITYnel,

IF(SPINPARCIN) LT,0, )SPIN-SP!NPAR(IN)olbo.

CONTINUE ) )

IFC(PARITY,NE, 99,3, AND, (SPIN,NE,99,)) RETURN

PRINT S, 2A,SPIN,PARITY

IF(PARITY, F0.99.) PARITY=4i,

IF(SPIN, Eo 99,) $PINmg, 5:(1.-(-1.)tﬁ!A)

PRINT 6,8PIN, PARTTY
RETURN

END )

FUNCTION XMAGIC(ZA)

DIMENSION XMAG(10)}

DATA NMAG/8/, XMAG/2.,08,020,,28,,50,,82,,126,,186,/

123lAr1v0e, $ =11

AzZ7AeZ¢1000,

ANz Ae7

IFCZ,LT, Sa GO 10 1%

IF(AN,LT,86,)60 TO 18

xMAclc-l.

00 10 NuS,8

CluABS(XMAG(N)e2Z)

cazABS(XMAG(N)-AN)

IFCCCL LT, 3.5).0R, (C2,LY:3,8)) GO TO S

CONTINUE

RETURN |

XMAGIC=D,

RETURN

END

SUBROUTINE LEVPREP(K{,K2)

PREPARES BINARY LEVEL DATA FILE ON k2 FROM 1/P BCD FILE Ki, ALSO
STORES ENERGY AND JePl OATA IN LCM ARRAYS ELLC(N,IP,1) AND
AJLC(NGIP, 1)

FORMAT(18,18,3F18,6,18)

PORMAT(16,F12,6,2F6,1,E12,%,16,24X,18)
FORMAT(6X,216,2F12.6,E18,5,313,12X,18)

FORMAT(// % LEVEL DATA FOR IZAm#IS,% NOT POUND, USE GROUND 8TATE
1ONLY, %)

COMMON/SPNPAR/SPIN,PARITY,KGRD

COMMON/LCINDEX/1PBLC, JGLC, IZEROLC, ISPLC, IPLLC,IEGLC, ISGLC,ITCLE,
{ ISTCLC,IRHOLC,ITLCsJELLCsIAJLC,IATLC,NIOIMsNIPDIM,NIBDIM,NGRDIM,
2 NIDOIM,NTIROIM ]
COMMON/LFVELi/FL(Sﬁ).AJ;SZ).AT(SO)oXNLtbo).ELMAX(GO).NLEVDIM
1,EG(240),8G(240)  NGRAYS(6Q)
COMMON/BASICI/NI,XNIP(1m),NIR,LR(6,10),2A1(68),2A2(68),XM2(60)/

{ 2ACN(C1®),C3GR(60), CBTOT(bﬂ) CSLEV(60),COI0(8),EAVID(8),EAV(6D)
COHMDN/PREG1/59316(200.6) NLEV,NPIY, NIT

DIMENSION ZATAB(60), oUMnV(l!u)

DETERMINE RERUIRED ZA TABLE
K3myd

08 {7 Nmg,NIR

lATAO(NIaZAZ(N)

CALL SORTYCNIR, @, 2ATAB, DUMMY)
NTAS & §

BCOGRNIY®
BCOGRD16
BCOGRD17
BCDGRNDYIA
BCOGRDt9
BCOGRD20
BCOGRD2}
BCOGRD2?2
BCOGRD23
BCOGRD24
BCOGR0O2S
BCOGRD26
BCOGRD27
BCOGRD28
BCOGRDR29
ENERGYS8
XMAGIC e
XMAGIC 3
JUL29TT!
XMAGIC 8
XMAGIC 6
XMAGIC 7
JuL29772
JUuL29773
XMAGIC 8
JuL29774
XMAGIC1@
XMAGICYY
XMAGICY?2
XMAGICY3
XMAGIC14
XMAGICYS
XMAGIC16
XMAGIC17
LEVPREP2
LEVPREP3
LEVPREPU
LEVPREPS
LEVPREPS6
LEVPREPY
LEVPREPS
LEVPREP®
LEVPRELO
LEVPREY!
LEVPRE12
LEVPRF{3
LEVPRELY
LCNDEX
LCNDEX
LENDEX
LEVELY
LEVEL1Y
BASICHY
BASIC|
PREQY

APRO777S
APROTT76
APROTTTY
APROT7778
APRO7779
APROT710
APROTT1Y
APRBTT1R

NWNDWNOE N
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18
19

20

21

22
23

24
25

26
27
28

29

39

1%

31

CSTOT(1) = 2ATABLY)

IF(KIR.EQL1) GO TO 36

DO 18 Ne2,NIR

IF(ZATAB(N), EO ZATAB(N-i)) GO TO 8
NTAB = NTABR ¢+

CSTOT(NTAB) = ZATAB(N)

CONTINUE

DO 19 Nmi,NTAB

ZATAB(N) 3 CSTOTIN)

SELECT LEVEL DATA FOR REQUIRED ZAS
IF(KY ,EQ.,8) REWIND Ki
READ(K1,1) ID,NL,FsAsAE,LDATE
KIEOF = IOCHECK(Ki 1)
IF(KIEOF,GT,4) GO 10 29
ISET = 2
D0 21 Mai,NTAB
1242 « ZATAB(N)
IF(I10,EQ,1ZA2) ISET m !
CONTINUE A .
GO TO (22,23), ISET
WRITE(K3,1) ID,NLsFsA,AEsLDATE
00 28 N=1,NL
REAO(Kl 2) NX,ELCNY,AJ(N), ATCN), TAU,NT, IS
GO 10 (24, ?5). ISET
NEIYE(K; 2) NX, ?L(N)ilJ(N)ilT(N) 'AUDNT'IS
IF(NT, LT 1) GO0 10 28
DO 27 K=i,NT
READ(K1,3) LL,NFsP,CP, AMR,L1.L2,18
Gp T0O (260?7)0 ISE7 .
CONTINUE
CONTINUE , .
1F(F,GE,Q,) GO YO 20
K{ = K3
REWIND K2

DETERMINE BINARY FILE IN ORDER OF REACTION CHAIN

REWIND K2 _

00 1@@ IR={,NIR

1ZA2= ZA2(IR)

PEWIND K1

REAO(K{,1) 10, N, FoAsAE, LOATE
K1E0F=IOCHFCK(K1p1)
IF(KIEOFLE,4) _GO TO SO
WRITE(6,4) IZA2

XNLCIR) = 1,0

NLL = 1 |

ELC1) o,

ATC1) = 99/,

TAU =3 99,

NT 3 @

LDATE = @ .

EOUM & ENERGY(ZA2(IR))

AJC1) 3 PARITY#SPIN
IF(ZA{(IR) NE,0.) GO 10 45
HRITE(K2)IZA2 NLL,LDATE
WRITE(K2) ELC1),AJC1),ATC1), TAUSNT
Gb 10 4S

I18ET=2

IF(10, EO IZAZ) 1SETE

GO 10 (31, }2) ISET
!F(XNL(IR) Lr.8.%) XNL (IR)aNL

APRNTILY
APRQATT714
APROTT1S
APRATT16
APROT717
APROTT74S
APRATT19
APRO7720
APROTT21
APROTT722
APROT772%
APROTT24
APROT72S
APROT726
APRAYT27
APROT728
APRA7729
APRAT7730
APRQAT731
APRQAT732
APRO7733
APROAT734
APRO7T735
APRA7736
APRQA7737
APRO7738
APROT739
APRQATTUR
APRATT4Y
APRAT 742
APRO7743
APROT7744
APROT74%
APRA7746
APROYTGT
APROT748
APRAT 7409
APRGY7S0
LEVPRE20
LEVPRE21
LEVPRE 22
LEVPRE 24
LEVPRE25S
LEVPRE26
LEVPRERT
LEVPREZ28
LEVPRE29
LEVPRE3®
LEVPRE 3}
LEVPRE32
LEVPRE33
LEVPRE3Y
LEVPRE3S
LEVPRE36
LEVPRE3?
LEVPRE3S
LEVPRE39
LFVPRE 4D
LEVPREYY
LEVPREU?2
LEVPREUY
LEVPREUY
LEVPREUS
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35
36

37

38
40
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NLMAX®XNL(IR)

NLLaMINACNL, NLMAX)

XNL(IR) = NLL

IF(ZALCIRY, NE a ) GO 10 32
WRITE(K2) ro.NLL.LDATE

00 4@ N=i,NL

READ(K1 2) NX, !L(N) AJINY,AT(NY,TAU,NT, I8
GO 10 (35.36).}S§T

IF(CZA1CIRY  NE . P.). OR (N,GT,NLL)) GO 1O 3%
HPITE(KZ) FL(N) AJCN), AT(N) TAU,NT
IF(NT,LT.1) GO ro )

D0 38 K=1,NT

READ(K‘.}) LL.NF.P.CP.AMR.L‘.LZIIS
GO TO (37,38),1SET

IF(N, 6T, NLI) G0_.T0 38

IF(ZA1(IR) EQ, n ) WRITE(K2) NF,P,CP,AMR, LisL2
CONTINUE

CONTINUE )

GO T0 (4S.%10),19ET
INDEX-IFLLC¢(IR-i)tNLEVDIM

CALL ECWRCELs INDEX, NLL, IERR)
INDEX:IAJLC#(IR-i)aNLEvoIM

CALL ECWR(AJ, INDEX,NLL, JERR)
INDEXZIATLC+(IRay)XNLEVDIM

CALL ECWR(AT,INDEX.NLL, I1ERR)
ELMAX(IR)ISFLINLL)

CONTINUE .

END FILFE K2

REWIND K2

RETURN

WRITE(G6,4) 1242

$tToP

END ,
SUBROUTINE TCRPREP(KI,EPSILON)

FORMAT (42X, A10,12X,214,4A8)
FORMAT (1P, 6E12 S.18)
FORMAT(I4,1XsT7410,45)

LEVPREUS
LEVPREYY?
LEVPREUS
LEVPREUS
LEVPRES®
LEVPRFS|
LEVPRES2
LEVPRESS
LEVPRESY
LEVPRESS
LEVPRERS
LEVPRES?Y
LEVPRESS
LEVPRESS
LEVPRF 60
LEVPRF61
LEVPRE62
LEVPREGS
LEVPREGUY
LEVPRESS
LEVPRESHS
LEVRRESGT
LEVPREGS
LEVPREKY
LEVPRETO
LEVRRETY
LEVPRET2
LEVPRET3
LEVPRETY
LEVPRETS
LEVPRE76
LEVPRE77
LEVPRETS
JuL26779

TCPREP
TCPREP
MAYT7

TCPREP

FORMAT(// 1X.A10-'TRAN3MISSYON COEFFICIENT DATA OUY OF DRDER, CARDTCPREP

{ NO» 16, e ARQORT JOB')

TCPREP

FORMAT(//1X,*PARTICLE IOENTIFIER #A{Q,* NOT RECOGNIZED IN TRANSMISTCPREP
TCPREP1D
TCPREP1Y
TCPREPIR
TCPREP13
TCPREPIU
TCPREPIS
TCPREP1G

{SION COFFICIENT DATA we ARORT JOB#)

FORMAT(// » TRAMSMISSION COEFFICIENT DATA * / I4,1Xs7A10sAS)
FORMATC #» ID=w12,3X,*NEZ#13,3X,2NLa#13,3X,4PARTICLE p«Al0)

FORMAT(/ =« ENERGY =# F7.3,% MEVH)
FORMAT{ = TRANS COFFS, *.19 10512.5)
FORMAT( = sPLINE DATA «,1P,10E12,5)

COMMON/LCINDEX/IPBLC, IGLC, IZEROLC, ISPLC, IPLLC,1EGLC,1SGLC,ITCLC,

LCNDEX

1 ISTCLC,IRHOLC,ITLC,IELLC,IAJLE, IATLC.NIDIM NIPDIM NI8DIM,NGROJIM, LCNDEX

2 NIDDIM,NIRDIM

COMMON/LEVELl/EL(SG)olJQSG).AT(SO) XNL (60, ELMAX(68), NLEVDIM

1,EG(240),3R(2UA),NGRAYS(6Q)

COMMON/TCOEF/ETC(25+6)41C(25,3P),BCO(7),XSPIN(7),NLDIM,
INPART ,NEEC6)sNO(6) sNTC(6), TZATD(T7), XMASS(T7),NEEDTIM,NLEIN(6,28),

aNLE(6,2P0).JRAST(200,6)

coMMou/pnurourllpRTLEv JPRTTC, IPRTMLO, IPRTWID, IPRTSP, IPRTGC

DIMENSION TOUM(62),BCDTC(8)

MAIN PARTICLE LOOP
IF(Ki EQR,1AIREWIND K{

READ(K!.S)NPART BChHTC

WRITE(6,6) NPART.BCDTC

LCNDEX
LEVEL1Y
LEVELY
TCOEF
TCOEF
TCOEF

Voo~ NE W

N

3
4
2
3
2
3

L~

PRNTOLIT2
TCPREP2Y
TCPREP22
TCPREPR23
TCPREP24
TCPREP2S
TCPREP26

A-11




20

22

o000

Qa1
30

[ Xg] o0

336
35

40

42
48
k14

60

66
70

A-12

DO 109 Nm{,NPARY
KP=2
READC(K1,1) XBCD,NE,NN,K

IDENTIFY I/P PARTICLE

DO 20 1D31,6
IF(XBCN,EN,BCD(ID)) Go 10 22
CONTINUE

WRITE(6,S) XBCO

stoP

NEECID)o NE

READ ENERGY ARRAY

DO 3@ IﬂleElb

KP=KP¢1

1Uz1+S
READ(K;.Z)(ETC(;.ID)-J!I.IU).K
PORMAT(23X,6E12,9,A8)

CONTINUE

MAIN ENERGY LOOP
00 80 1=2,NE

READ TRANSMISSION COEFFICIENT DATA

DO 35 J=1,NNs6

KPzKP+¢1

JuzJe+s

READ(K1,2) (TOUM(L),LaJ,JU),K

00 336 LaJ,Ju, | i
IFCTOUMCLY, LE, 2, 0E=14) YOUM(L) =B,
CONYINUE

CONTINUE ] . ,
IFC(CID.EQ.3),0R.(10,EQ,8)) GO TO 68

FLIMINATE JeDEPENDENCE DF SPIN 1/2 ARRAYS
TCCI, 1) = TOYM(Y)

00 SO J=2|NN|9 . - . .

XL 8 tJel)/2 ¢ MOO(J/2,2) =

JJzJet

D0 48 JL=1,2

JJ=JJ+y )

IF(JJ,GT.NN) GO 10 78

XL=xLet,0

LPexL+l,001

1F(LP,LE.NLDIM) 6O TO up

LPzLPay

GO 10 70 . )

IF{(JJ+2),LE.NN)Y GO TO 42

TCCI,LPY =  TOUM(JD)

GO T0 48

TC(I,LP) = COXL+1Y2TOUMEII#2) & XLwTDUMCJIIIZ(2,2XLel,)
CONTINYE

CONTINUE

GO 10 7o

RE=ORDER SPIN 0 AND SPIN | ARRAYS
DO 66 Loi,NN

J £ 2eLeMOD(L,2),

IFCJ,GT.NNY GO TO 70

LP=L

TCCI,LP) # TOUMCJ)

CONTINUE

TCPREIPRY
TCPREP28
TCPREP29
TCPREP3Q
TCPREP3{
TCPREP32
TCPREP33
TCPREP3Y
TCPREP3S
TCPREP36
TCPREP3?
TCPREP3S
TCPREP39
TCPREPUD
TCPREPU1
TCPREPUY?2
TCPREPUZ
TCPREPGU
TCPREPUS
TCPREPUS
TCPREPUT
TCPREPUS
TCPREPU9
TCPREPSQ
TCPREPSH
TCPREPS?2
TCPREPS3
TCPREPSU
TCPREPSS
TCPREPSH
TCPREPS?
TCPREPSS
TCPREPSY
TCPREP6O
TCPREPGH1
TCPREP62
TCPREP63
TCPREPOU
TCPREP6S
TCPREPG66
TCPREPG6T
TCPREP6S
TCPREP69
TCPREPYO®
TCPREPTY
TCPREPT2
TCPREPT3
TCPREPT4
TCPRLPTS
TCPREPTS
TCPREPT?
TCPREPT78
TCPREP79
TCPREPBQ
TCPREPS]
TCPREPA2
TCPREPS83
TCPREPSBU
TCPREPSS
TCPREPBS
TCPRFP8BY
TCPREPSS
TCPREP89




83

a2
84

90
100

{000

CONTIMUE TCPRIPOQ
NO(ID)=zLP TCPREPOY
SET TC ARRAY T0 ZERO FOR ZERO INCIDENT ENERGY TCPREP92
ETC(1,1D)=zq, TCPREPY3
00 29 L=, LP TCPREPIY
TCL,L)z 0 TCPREPIS
. : TCPREPYS
FIND NUMBER OF NONeZERO COEFFICIENTS TCPKEPOY
DO 84 1132,NE TCPREPSS
1 = NEeI142 TCPREP99
D0 82 L Xx3§,LP TCPRE{0Q
L = LPeLX4+1 TCPRE1@Y
IFCTC(I, 1)) 82,82,8% JuL2s710
XLsL . , JUL26711
RATIOB (R.#XL+1,I%TCCI.LI/TC(I,1) JuL26712
IF(RATIO.GT,ERSILON) GO TO 84 JuL26713
CONTINUE TCPREO3
NLEIN(CI0,1e1) 5 L TCPRE{AU
NLEINCID,NE) = NLEIN(ID,NE=1) TCPRE10S
, . TCPRE106
STORE TRANSMISSION COEFFICIENT DATA IN LCM TCHRE{O7
NPTSZLRANFEDIM TCPRE10B
NTCC(IDY= MPTS TCPRE109
INDEX=1TCLC+(10=1)aNEEDTIMaNLDIM TCPREYLO
CALL ECWR(TC,INDEX,NPTS,1ERR) : TCPREL1Y
. TCPRE(12
PRINT OPTION, . TCPRE113
IFCIPRTTC,LT,1) GO TO 1@ TCPREf14
DO 90 I=1,NE TCPRE116
WRITE(6,8) ETC(1.1D) TCPREL1Y
LP 3 NLEINCID,1) TCPRE118
WRITE(6,9) (TCCI,L)sLa1,LP) TCPRE{19
CONTINUE TCPRE120
CONTINUE TCPRE121
RETURN A TCPRE122
WRITE(6,4) XBCD,KP TCPRE123
stTop TCPREL 24
END o TCPRE125

SUBROUTINE SETUP SETUP

SETUP

FORMAT(// » PARTICLE WI¥H 2Z2aw#IS,% NOT FOUND, ABORY JOB,w) SETUP

SETUP
COMMON/LCINDEX/1PBLC,IGLC, IZEROLC, ISPLC, IPLLC, IEGLG, I8GLC,ITCLC, LCNDEX
1 ISYCLC,IRMOLE,ITLC,2ELLC,IAJLC, TATLC,NIDIM,NIPDIM,NIBOIM,NGROIM, LCNDEX

2 NIDOIM,NIROIM LCNDEX
COMMON RHO(U4Q,200),T(30,200),P(80),SP(200,6),PP(80),SPP(200,7) RHO
1,5PNGN(202),PL(S0+6)s6(200,6),RHOFTRLUDB) RHO
COMMGN/TCOEF/ETC(2506),7C(2%,30),BCOC7),XSPIN(T),NLDIM, TCOEF
INPART,NEEC6) s NO(A)«NTCC6), 1ZATOCT),XMASS (7Y, NEEOIM, NLEIN(6,25), TCOEF
2NLE(6,200),JRAST(200,6) TCOEF
COMMON/LEVEL1/EL(S53), AJ(SO) AT(S®),XNL(60),ELMAX(50),NLEVDIM - LEVEL1Y
1,EG(242)+sSG(2U0) 4 NGRAYS5(60) LEVEL1Y

COMMON/RASICI/NI,XNIRC1A),NIR,LR(6,10),ZA1(60),2A2(60),XM2(68), BASICH
1 ZACN(1@),CSGR(4M),CSTOT (D), CSLEv(bO) CSID(8),EAVID(8),LAV(68) BASICY
COMHONIBASICZITITLEtib) ELAR,DE, ZAP, ZAT.XMT. NKKM(1m),CNPI1(10), BASIC2
{ CNPIPtlﬂ).S(bG)-SAC(iﬂ).rbitbﬁ).IDP.IOEZ(ba).IBUFtb.10). BASIC?2
2 ECM,1JP, NKMAX,NJMAX, NKK(60),NKDIM, TCP(30),AMDP(4B),A(60),A2(60), BASIC2
3 NRHO(6),XJT, NPOPMAX,NTC2(4),NIJDIM, TOECN({@),NKKCN(1Q),ECON,BASIC2
4 JPTCUD,2)aXHP XJP,PIT,NLPaXNLP,KL,IDSTAT(7),SIC,CSL,CSH,PILLLC3AIBASIC?
Se ICAPT,PLBUF(50,10), INPNPT, TKEEP BASIC?2
COMMON/LEVDEN/DEF(62),XNLGC(6M),ECGL(6A),UCUTOFF,DEFCN,TGC(60), LEVDEN
1 EAGC(60),EMATGC(6Q),)PATR(62),XMRI(40) s XNLLN(6D),52(100),SN(150), LEVDEN
2 P2(120).PN(150) LEVDEN

EHNNOCNEWNWNUABNMNEWRNVNHUNEWIVNIEWN

A-13
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30
32

36

38

39
40
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b1

60
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COMMON /SPNPAR/ SPIN,PARITY,KGRD

FIND ACCUMULATED SEPARATION ENERGIES FOR THE DECAYING NUCLE!

D0 15 I=1,N?

SAC(1)=0,

D0 20 I=1,N?

11=1

00 18 Jsi,NI

IX=11

I1=CNPI(IX)
IF(II,LT,1) GO YD 20
IIP=CNPIP(YX)
IPCII,LT.170) GO 10 ¥
11=11/100

11P=11R/100
GO 10 16

CONTINUE |
IRzLR(IIP,11)
SACLI) = SAC(I) + $CIR)
CONTINUE

IDENTIFY INCIDENT PARTICLE
D0 30 ID=1,7

124 = ZaPp | o
IF(1ZA.EQ,YZAID(ID)) GO TO 32
CONTINUE

GO 10 10002

10P=1IN

XJP=XSPINCIDP)
XMP=XMASS(IDP)

CSL = ABS(XJTexJP)e «1.0

CSH a2 XJT+XJP+2,001

10ENTIFY SECONDARY REACYION PARTICLES AND PHOTONS
DO 36 Ib21,7

10STAT(1D)=0

DO 4@ IR=1,NIR

1ZA= ZA1(IR)

0O 38 10e1,7
IFC1ZA"EQ,1ZAIDCI0)) GO TO 39
CONTINYE

GO T0 {roe

IDSTAT(10) =1

ID1¢IR)=1D

IDENTIFY RESIDUAL NUCLEI AS TQ 00D OR EVEN A
10E2=1 FOR ODD, I0E2=2 FOR EVENsA RESIDUAL NUCLEUS

00 S@ IRs{,NIR

1ZA= ZA2(IR)

Taz MOD(IZA,1090)
IOE2(IR)= (3+(=y)nnlA)/2

IDENTIFY DECAYING COMPOUND NUCLEI AS TO 00D OR EVEN
D0 60 I:i.N!

1ZA= ZACN(I)

Taz MOD(IZA,10Q0)

IOECNCI)® (3+¢(=1)*a1A)/2

SET UP JePl ARRAYS
JJ=0

00 82 Jz1,NJMAX

00 82 IPI=q,2

LEVDEN $
SETUP {3
SETUP 14
SETUP {5
SETUP {6
SETUP {7
SETUP 18
SFTUP 19
SETUP 20
SETUP 21
SETUP 22
SFTUP 23
SETUP 24
SETUP 2S5
SETUP 26
SETUP 27
SETUP 28
SETUPR 29
SETUP 30
SETUP 31
SETUP 32
SETUP 33
SETUP 34
SETUP 3%
SETUP 36
SETUP 37
SETUP 38
SETUP 39
SETUP 40
SETUP 4}
SETUR 42
SETUP 43
SETUP 44
SETIP 4S
SETUP 46
SETUP 47
SETUP 48
SETUP 49
SETUP 50
SETUP 51
SETUP 52
SETUP 53
SETUP S4
SETUP S5
SETUP Sé
SETUP S7
SETUP 88
SETUP 59
SETUP 60
SETUP 61
SETUP 62
SETUP 63
SETUP 64
SETUP 65
SETUP 66
SETUP 67
SETUP 68
SETUP 49
SETUP 70
SETUP 71
SETUR 72
SETUP 73
SETUP T4




(g X ¢

o000

LT

84

99

1000

75

77

JIaJl+ s
JPICJ,1P1)xJJ

0D 84 Lai,NLOIM
LLzlet _
PILLLCLY=C(al)wnl L

INITIALIZE LEVEL DENSITIES AND GIL=CAM PARAMETERS
D0 9@ IR=1,NIR

A2(IR)= A(IR) , .
IF(XNLGCCIRYGLE.P.) XNLGCCIR)=XNL(§R)

IF(ECGC(IR) LE,@.) ECGC(IR)a ELMAX(IR)
XNLLNCIR)=ALOG(XNLGC(IR))

XMR3(IR)Z XM2(JR)##@,33333333

RETURN _
WRITE(6,1) 12A
STOP

END

SUBROUTINE SETUP2

SET UP INCIDENT ENERGY DEPENDENT QUANTITIES

COMMON/BASTCI/NI,XNIP(10),NJR,LR(6,18),2ZA1(60),2A2(60),XM2(60),

1 ZACN(10),C8GR(6M),CSTNT(6A),CSLEV(6@),CSIN(B),EAVIN(R),EAV(6M)
COMMON/BASIC2/TITLE(16),ELAR,DE,ZAP,ZAT,XMT,  NKKM({@),CNPI(10),
1 CNPIP(17).S(6M),SAC(12),1D1(6B),I0P,I0E2(6@),1RUF(6,10),

2 ECMyUPyNKMAX)NJMAX s NKK(6Q) yNKDIM, TCP(30),0MOP(40),A(6D),A2(60),
3 NRHO(6).XJT, NPOPMAXsNTC2(6)sNIDIM: TOECN(10),NKKCN(1@),ECON,BASIC?2
4 JPI(UB,2),XMPoXJPsPIT,NLP%NLP,KL,IDSTAT(7),81C,CSL,CSHsPILLL(3AIBASIC2

S, ICAPT,PLBUF(S@,10), INPOPT, TKEEP

1

COMMON/LCINDEX/1PALC, IGLC, IZEROLC, ISPLC, IPLLC, IEGLC,ISGLC,ITCLC,
ISTCLCs IRHOLC, ITLC, TELLCs TAJLC, JATLC,NIDIM,NIPDIM,NIBOIM, NGRDIM, LCNDEX

2 NIDDIM,NIRDIM

2
{

COMMON/TCOEF/ETC(2546), TC(2%.3@),BENCTY, XSPIN(T),NLDIM,
INPART,NFE(6)sNOC6) yNTC(8),12810(T7),XMASS(7),NEEDIM,NLEIN(6,25),

NLE(6,200), JRAST(203,6)

COMMON/LEVEL1/EL(50),AJ750),AT(S0),XNL(60),ELMAX(6B),NLEVDIM

+sEG(240),8G(2uA),NGRAYS(60)

SET UP ENERGIES AND OETERMINE INTEGRATION END POINTS

ECM= (XMT/(XMTexMP))I®ELAB

UP = ECM+SIC . .

XMU =  XMTaXMP /(XMT4XMP)

ECON = 0,650999/ (XMUNECMN(2,eXJPé{,)x(2,#XJT+4,0))
EKMAX=0,

00 77 I=1,N?

NKKM(T)=0

NIP = XNIP(1)

DO 77, 1Pzi NIP

IR=LR(1IP, 1)

NL= XNL(IR) .

INDEX=TELLC+(IRa1)«NLEVDIM

CALL ECRD(FL,INDEX,NLsIERR)

EK 3 UP«SAC(I)eS(IR)

EKMAX 3 AMAX{(EK,EKMAX)

NKK(IR)e (FKeEL(NL)I/DE + 0,5
NKKM(T)cMAXOINKKCIRY» NKKM(T))
IFCIP,EN.1Y NKKCN(IY=NKK(IR)
CONTINUE .
NKMAX=EKMAX/DE + 0.5
IF(NKMAX LT, NKOIM) GO Tp 79
XOUENKDIMa i

OF 8 EKMAX/XOU

SETUP 78
SETUP Te
SETUP 77
SETUP 78
SETUP 79
SETUP 80
SETUP 81
SETUP 82
SETUP 83
SETUR 84
SETUP 85
SETUP 86
SETUP 87
SETUP a8
SETUP 89
SETUP 90
SETUP 91
SETUP 92
SETUR?2
SETUP?2
SETUP2
SETUP2
BaSICHY
BASICH
BaSIC2
BASIC?2
BASIC2

BASIC?2
LCNOEX

LCNDEX
TCOEF

TCOEF

TCOEF

LEVELY
LEVELY
SETURP211
StTUp212
SETUP213
SETUP21U
SETUP21S
SETUP216
SETUP217
SETUP21B
SETUP219
SETUP22Q
SETUP221
SETUP222
SETUP223
SETUP224
SETUP22S
SETUR226
SETIIR227
SETUP228
SETUP229
SETUP21Q
SETUP231
SETUPR232
SETUP233
SETUP234
$ETUP23S

WMNEWNDSDWNNFASWMN WU S WD
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GO Y0 78
NPOPMAXSNKMAX#NJDIM#2

GENERATE TRANSMISSION COEFFICIENTS FOR INCIODENT CHANNEL
NE=NEE(10P)

NPTS=NTCC(INP)
INOEXSITCLC#(IOP-i)'NE!DIMiNLDIH

CALL ECRD(TC,INDEX,NPTS,IERR)

K = ISERCHCECM,ETC(1,I0P),NE.AA,AS,Ab)
NLPZNLEINCIDP,K+1)

XNLPaNLPe{

D0 85 J=i,NLP

CALL INTERP(ETcti IDP),TC(! J)Y»NE, 2, ECM, YOUT)
IF (YOUT.LT,O.) vour-o

TCP(JY=YOUT

RETURN

END

SUBROUTINE SPECTRA(ACN,FSIGON)

COMMON/| CINDEX/IPBLC,I6LC 17eRoLC, 18PLE, IPLLE, TEGLC, 2SGLC, ITCLC,
E T1AJLC,IATLC,NIDIM,NIPDIM,NIBDIM,NGROIM, LCNDEX

{ ISTCLE,IRHOLC,ITLC,IELL
2 NIDDIM,NIRDIM

COMMON RHO(UP,200),T(3N,200),P(80),3P(200,6)sPP(80),3PR(200,7)

1sSPNGN(200),PL(SA,6),G(200.6),RHOFTR(4OY
COMMON/TCOEF/ETC(25:6), YC(zs.sa) BCO(7),XSPINC7),NLDIM,

INPART,NEE(A) s NOC6IsNTCCp) s TZATID(T) s XMASS(T) s NEEDIM,NLEIN(6,25),

2NLE(6,270)« JRAST(200,6)

COMMON/LEVEL1/EL(SA) s AJ(50), AT(S0), XNL(608), ELMAX(60), NLEVDIM

1,EGC24A),S6(24M) ,NGRAYS (6@)

chMON/aAsxc1/N1.xNIP(1n).N1R.LR(6.10).ZAl(60).ZA2(60).XM2(60)-
{ ZACN(10),CSGR(6MA),CSTOT(6R),CSLEV(60),CSID(8),EAVID(B),EAV(6Q)
COMMON/BASIC2/TITLEC16),ELAB,NE,ZAP,ZAT,XMT, NKKM(12),CNPI(10),
{ CNPIP(19).5(60).SAC(iﬂ)oIDi(bﬂ).IDP-IOEZ(bO).IHUF(b.iﬂ)o
2 ECM,UP,NKMAX,NJMAX, NKK(6A),NKDIM, TCP(30),0MOP(uA),A(62),A2(60),
3 NRHO(6)»XJTs NPOPMAX, NTC2(6)« NJDIM, TOECM(10),NKKCN(1@),ECON,BASIC?2
4 JPI(UA,2)eXMP,XJIP,PIT,NLP, YNLPsKL, IDSTAT(7)»SIC,CSL,CSHsPILLL(30)IBASIC2

5, ICAPT,PLBIIF(5@,10) ) INPGPT, TKEEP

COMMON/GAMMA/NMP JLGROPT,SWS(1@),GML(6)yGMP(6),RE1(6),LMGHOL(6),

{ TGR(2P0,6),WKCDN,CAXEL,GAXEL,ERAXEL,EXSWS(1@),HKNORM

COMMON/PRFEQ/LPEQ,SIGR,PREQI(6)+CSIGI(6),NITT(6)sALPHA(G)

COMMON/SUMBLKL/KP, KD, 1P, 1D KMGN, JPI2,N,DP, IK

COMMON/SUMBLK2/XJCN,PICN,) JPICN,ECONJI,MP,J2, 1.2, TGRL, TLEV,XJ2,

{ TT0T(30)

DIMENSION SCBUF(50@8), DECON(2),XJINI(2),P1(3),83CBUF2(80)

ERUIVALENCE (SCBUF,RKO)
DIMENSION IBTAG(10),1BTAG2(10)
COMMON/TOTALS/SIGTOT(1@)

DATA PIP, PIi/i..i /e XJINI/»B,S,21,0/4P1/41,0s®1,0,¢1,8/
DATA OECON/1,0,3.0/

SPLIN (B,CeD,E) B8 BAAS & C#Ab = AAR(DwASOE*AG+D+E)
CALL SECONO(TIME)

DTIME=TIMETKEEP

WRITE(6,3) DTIME,TIME

FORMAT({H{, #START OF SSECTRA SUBROUTINE,#,

SETUP234
SETUP23?
SETUP238
SETUP239
SETUP240
SETUP24Y
SETUP242
SETUP243
SETUP244
SETUP24S
SETUP246
SETUPR4T
SETUP248
SETUP249
SETUP250
SETUPRSY
SETUP25?
SPECTRAZ
SPECTRAZ
LCNDEX

LCNDEX
RHO
RHO
TCOEF
TCOEF
TCOEF
LEVEL1Y
LEVELY
BASICH
BASICHY
BASIC2
BASJC2
BASIC?2

BASIC2
GAMMA

GAMMA

PREEQ

SUMBLK12
SUMBLK22
SUMALK2Y
SPECTR14
SPECTR1S
SPECTR16
SPECTR17
SPECTR18
SPECTR19
SPECTR20
SPECTR2!
SPECTR22
SPECTR2S
SPECTR24
SPECTR2S
JULi9T7¢

NWN N WVMEWNWNWNNE WM WNDE N

{* TIME FROM STARY OF THIS ENERGY a#F9,3,% SECONDS, TOTAL ELAPSED TSPECTRZ7

2IME =xF9,3,% SECONDS,#)

SET UP LEVFL DENSITY PARMETERS
CALL LEVDSET(ACN,A,A2)

IERO LARGE= AND SMALL@CORE ARRAYS

SPECTR28
SPECTR29
SPECTR30
SPECTR3Y
SPECTRI2
SPECTR33




o000

o0

4s

60

S1

CALL FCRDP{oneIF, 1ZFRULC,BONA, LK)
CALL ECWR(3C21F,IPLLC,3n20. 1ERR)
CALL ECRO(SPP,1ZEROLC, 1400, IERR)
CALL ECRD(SPNGN, IZEROLC,NKMAX, IERR)
N8OPO=NPOPMAX8000

D0 S{ Nz{,NIDIM

NPTS-NKDIMtNIPOIM

INDEX= ISPLCQ(Noi)ﬁNPTS

CALL ECWR(SCBIF,INDEX,NPTS, IERR)
INDEX= Islc¢(~.1).MuTS

CallL ECWR{SCBUF,INDEX,NpTS, IERR)
CONTINUEB

00 45 !B={,10

IATAG(IB) =0

IBTAG2(1B)=0

MAIN LOOP TO SET UP DECAYING NUCLEQ

SIGR=A, _ . .
CALL ECRD(SIGTOT,IZEROLC, 1@, IERR)
DO 500 le{ NI
CALL SECOND(TIME)
DTIME=TIMELTKEEP
WRITE(6,2) 1,0TIME, TIME
FORMAT(/+ START OF Ieald,a LOOP,,

JOECN= TOFCN(1)

NKCN= NKKCN(1)

IF(NKCN,LT. 1) Go 10 60,

IF(CICAPT EQ.QA)Y,AND, (I EQ, 1)) NKCNay
IBCN!IBUftloI)

IF (I1BCN.GT,NIBDIM) IBCN®PIBCNaNIBOIM
NIPa XNIP(1)

NJOIM2=z2+4NJODIM

NIJMAX2=24NJMAX

ZERD ARRAYS AND CHECK BUFFERING
NPTS=NKDIMaNIP

INDEX=TZERDLC

CALL ECRO(SP, INDEX.NPTS, TERR)
CALL ECRN(G, INDEX,NPTS, IERR)
NPTSaNLEVDTM#NIPOIM

CALL ECRD(PL, INOEX,NPTS, IERR)
CALL ECRD(SCBUF,INDEX, 8000, IERR)
DO 64 IPEY,NIP

1B=IBUF (1P, 1)

IF (1BLLT,1) GO, 10 64
IFC(IBTAGCIR),6T.@) GO To 64
IBTAG(IR) = ,
IFCIB,LE.NIBDIM) GO TO 62
IR=IBeNIBDIN _
IF(IBTAG2(18),67.0) GO 10 62
WRITE(6,1) 1,1P,1B

srLcIr3g
SPECTIR1Y
SPECTR3
SPECTR3?
SPECTR3S
SPECTR39
SPECTRYUO
SPECTRUY
SPECTRYU?
SPECTRUZ
SPECTRUY
SPECTRUS
SPECTRUS
SPECTR47
SPECTRUS8
SPECTRu4S
SPECYRS®
SPECTRS1
SPECTRS2
SPECTRSY
SPECTRSY
SPECTRSS
SPECTRSS
SPECTRS?
SPECTRSS

{* TIME FROM STARY OF THIS ENERGY p#F9,3,% SECONDS, TOTAL ELAPSED TSPECTRS9
2IME 3#F9,3,% SECONDS,#)

SPECTR6O
SPECTR6!
SPECTR62
SPECTR63
SPECTR6U
SPECTR6S
SPECTR66
SPECTR67
SPECTRé68
SPECTR69
SPECTR7Q
SPECTR71
SPECTR72
SPECTR73
SPECTR74
SPECTR7S
SPECTR76
SPECTR7Y
SPECTR78
SPECTRT9
SPECTR8®A
SPECTRS8]
SPECTR82
SPECTR83
SPECTR84Y
SPECTR8S
SPECTRE6
SPECTR8?

FORMAT(//#% eeaeTHE REACTION le#l2,4, IP=#12,% S ATTEMPTING TO REUSPECTRSA
18E BUFFER NUMBER 1Baw12,+ BEFORE THAT BUFFER HAS BEEN EMPTIED,%// SPECTR89

2% =e=aABORT JOB,#) SPECTR9@
sToP SPECTR9Y
CONTINUE . . , , SPECTR92
INOEX=IPBLC+(IBa])#NJOIM* 24NKOIM SPECTR93
CALL ECWR(SCBUF, INDEX,8p@0, IERR) SPECTR94
IF (NRP@A,LT,1) GO TO 64 SPECTR9S
INDEXINDEX+800Q SPECTR96

A-17
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o000

182

103
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CALL ECWR(SCBUF, INDEX,NAQGDQ, TERR)
CONTINUE

IBTAG2(IBCNYmy

IF (NKCN,LT,1) GO 10 500

COMPUTE TRANSMISSION COEFFICIENTS AND LEVEL DENSITIES ON
INTEGRATION ENPRGY MESH AND LOAD INTO LCM
CALL LCMLOADC(I)

SET UP GAMMA=RAY CASCADE CALCULATION, DETERMINE WEISSKOPF OR AXEL

PARAMETERS AND COMPUTE GAMMA RAY TRANSMISSION COEFFICIENTS
CALL GAMSET(I)

MAIN LOOP OVER INITIAL ENERGY OF DECAYING COMPDUND NUCLEUS

UCN3 UP=SAC(I)+DE

DO 4M@ Kzy,NKCN

UCNSUCN=OF

JMAXCNEJRAST(K,. 1} .

CALL ECRO(TTOT, 1ZEROLC,NJMAR2, IERR)
IKzleK

SET UP TRANSMISSION COEFFICIENT TO WIDTH CONVERSION FACTORS
INDEX=IRHDLC+(Ka1)4NJIDIM

CALL ECRD(RHOFTR. INOEX,NJMAY, IERR)

DO 181 JCN=1, JMAXCN ) L )

RHOFTRCJCNY= 1./(RHOFTR¢JCN)#6,2831853()

INITIALIZE POPULATION OF ALL STATES
INOEX2IPBLC+(Ka{)#NIJDIMa24 (IBCNe 1) «NJDIMu2#NKDIM
CALL ECROCPP, INDEX,NJDIM2, IERR)

WIDTH SUMMING LOOP
00 300 M3{,2

LOOP OVER REACTION TYPES FOR THE DECAYS
DO 300 IP=y,NIP

IRELR(1IP, 1)
ID=ID1(IR)
KNGN=?2

IF((K_NE.1),AND,CID.EQ, 1) ,AND,(T,EQ,1),AND,(ID1(1),EQ,7)) KNGN={

JOE2= I0E2(IR)
XJ13XSPIN(ID)

TRANSFER LEVEL DENSITIES, TRANSMISSION COEFFICIENTS, LEVEL
ENERGIES, AND LEVEL SPINS TO SCM,
IFCID,EQ,7) GO 1O 1@2

NPTSz NTC(ID)  _
INDEX=ITCLC+(INa{)#NLDIM*NEEDIM
CALL ECRD(JC, INDEX,NPTS, IERR)
IF(NKK(IR).LT,1) GO TO 102
NPTSINTC2(IP) | )
INDEX=JTLCHNKDIMANLDIMA(IPwY)
CALL ECRO(T, INDEX,NPTS, 1ERR)

NK2z NKK(IR) |

IF(NK2,LT.1) GO TO 103

NPTSz NRHOCIP) | S
INDEX=TRHOLC+NKDIM#NJDI M (1Pa])
CALL ECRD(RHO, INDEX,NPTS, IERR)
NLEV2zXNLCIR) .
INDEX=TELLC+(IRe1)#NLEVDIM

CALL ECROC(EL, INDEX,NLEV2, IERR)

SPECTRAY
SPECTROS
SPECTR99
SPECT100
SPECTi0Y
SPECT102
SPECT{03
SPECT104
SPECT10@S
SPECT 136
SPECT1AT
SPECT108
SPECT{A9
SPEGCT{10
SPECTIYY
SPECT112
SPECT{13
SPECT{14
SPECT11S
SPECT{16
SPECTI17
SPECT118
SPFCT119
SPECT120
SPECTiaY
SPECT{22
SPECT123
SPECTI24
SPECT2S
SPECT126
SPECTL27
SPECT{28
SPECT129
SPECT130
SPECT131
SPECT{32
SPECT{33
SPECT{34
SPECT13S
SPECT{36
SPECT137
SPECT138
SPECT139
SPECT{40
SPECT141
SPECT142
SPECT{43
SPECT144
SPECT148
SPEGT146
SPECT147
SPECT148
SPECT149
§PECT{S0
SPECT{S1
SPECT1S2
SPELT{IS3
SPECT{S4
SPECT{SS
SPECT156
SPECT157
SPECT158
SPECT{59




SIO000

0

o0

117

112

INDEX®IAJSLC+(IRa1) NLEVDIM
CALL ECRDCAJ, INDEX,NLEV2, IERR)

SPECTi6Q
SPECT161

SPECT162

MAIN CONTINUUMaTO=CONTINUUM COMPUTATION SECTION magnensenccesweaseSPECT]63

RESIDYAL NUCLEUS ENERGY LOOP
KLOWSK¢1

IF(KLOW,GT_NK2) 60 TO 200
KD=0

D0 195 KPmKLOW,NK2

KO=KD+1 . )

XNLE a NLE(IP,KO0)={
JMAX23JRAST(KP, IP)
XJIMAX23JMAX2

XJMAX22XIMAX2a 0, 25-(OEcoN(Jo€2)01 140,04
XJEN= XJI“I(JOECN)
INCHKEYa14K+MaTPKP

ZERO INITIAL PbPULATIDNé IN RESIDUAL NUCLE!
JMAX22824 JMAX2
IF (M,E0.2) CALL ECRO(P, IZERDLC JMAX22, 1ERR)

LODP OVER DECAYING COMPDUND NUCLEUS SPIN,PARITY
D0 180 JCN= 19 JMAXCN

XJCN=XJCN+1,0

ECONJs ECON-(? #XJCN+1,0) aFSIGCN

00 184 IPICN={,2

PICNs PI(TPICN)

PIPI = PI{«PICN

JPICNzJPICJCN, IPICN)

SET UP INITIAL POPULATIDNS FOR LGad CASE
IFCINCHKEY.GT,6) GO T0 {17

CALL INCHSUM(S)

PP(JPICN)=NP

SIGR=SIGR+OP

IF (PP(JPICNY,LT.1.E=300) GO 1O 180

IF (ID.NE,7) GO 10 14@

GAMMA RAY TRANSITION SEETION == CONTINUUM TO CONTINUUM
D0 132 MP=1,NMpP

LG= GML(MP)
PIL=PILLL(LG+1)

XJ2z ABS(XJCMaGML(MP))e .i.0
XJ2H=XJCN+GML (MP)+0, 001
XJ2HSAMINY (XJ2H, XJMAX Q)
DO 128 JJ2x1,1700
XJ2=xJ2+1,.0

RPI2= PICN«GMP(MPI#RIL

J2s XJ2+1, [

IF(xJ2’, GT XJ2H) GO 10 130
IP12 = 1§, 501-P12/2.

JPI2 = JPI(J2,1IPI2)

CHECK FOR @ TO 0, TRANSITIONS
IF(XJ2+XJCN,LT.0.1) GO 1O {p8
GO 10 (112.120) M

ADD CONTINUUM GAMMA WIDTH TO TOTAL WIDTH SUM
DT2 TGR(KD,. MP)tRHO(JZ Kp)«DE
TTOT(JPICNYSTTOT(JPICNY4DT
G(K,IPYZG(K,IP)+OT#RHOFTR(JCN)

GO 10 128

SPECT164
SPECT16%
SPECY 166
SPECT167
SPECT168
SPECT169
SPECT170
SPECT171Y
SPECTy72
SPECT173
SPECTL7Y
SPECT17S
SPECT176
SPECT177
SPECT178
SPECTLT9
SPECT180
SPECT18Y
SPECT182
SPECT183
SPECT184
SPECT18S%
SPECT186
SPECT187
SPECT188
SPECT189
§PECT{90
SPECT191
SPECT192
SPECT193
SPECT194
SPECT19%
SPECT196
SPECT1I97
SPECT198
SPECT199
SPECT200
SPECT201
SpPECT202
SPECT203
SPECT204
SPECT20S
SPECT20P6
SPECT207
SPECT208
SPECT2A9
SPECT210Q
SPECT214
SPECT212
SPECT21%
SPECT214
BPECT215
SPECT216
SPECT217
SPECT218
SPECT219
SPECT220
SPECT221
8PECT222
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C sPECT223
c COMPUTE CONTINUUM GAMMA POPULATION INCREMENTS FOR LDOPS QTHER SPECT224
c THAN THE FIRST . . SPECT22S
120 OP = PP(JPICNIXTGR(KD,MP)#RHO(J2,KP)*DE/TTOT(JPICN) SPECT226
126 CALL SUMER(1,DE) SPECT227
128 CONTINUE SPECT228
130 CONTINUE SPECT229
GO 70 180 SPECT?30
c SPECT231
(o PARTICLE TRANSTITION SECYION ew» CONTINUUM TO CONTINUUM SPECT232
140 XJ2s XJINI(JOE2). SPECT233
D0 170 J2=1,JMAX2 SPECTR234
XJoaxJe+1.0 . SPECT239
S2s= ABS(XJ?.-XJ})-i.n SPECT?236
S2Ha XJ2+xJ1+0,.001 SPECT237
D0 168 1S2=z1,1004@ SPECT238
$23 S2¢1,0 ' SPECT239
IF(S2,6T,82H) Gn 10 170 SPECT240
LZLIAES(XJCNGSP)Ol.Ul SPECT24}
L2HeXJCN+S2+1,01 SPECT242
L2HaMINACL2H,NLE(IP,KD)) SPECT243
IF(L2L.GT,12N) GO TO 168 SPECT244
DO 166 L2zL2L,|2H SPECT245
PI12=PIPTI#PILLL(L2) SPECT244
1P12z 1,501=P12/2, SPECT247
JPI2= JPI(J2,1P12) SPECT248
GO 10 (142,150) M SPECT249
c _ SPECT250
c ADD CONTINUUM PARTICLE WIDTH TO TOTAL WIDTH SUM SPECT251
142 OT= T(L2,KO)*RHO(J2,KP)#DE SPECT252
TTOT(JPICN)=TTOT(JPICN)+OT SPECT253
G(K,IPY=G(K,IP)+DT#RHOFTR(JEN) SPECT254
GO T0 166 SPECT25S
¢ _ ) SPECT256
c COMPUTE CONTINUUM PARTICLE POPULATION INCREMENTS POR LOOPS OTHER SPECT287
C THAN THE FIRST SPECT258
1%0 CONTINUE ) MART77
IFCTTOT(JPICNY,LE,@,)G0 TO 166 MARTT @
DP=PP(JPICN)I*T(L2,KD)*RHO(JR,KPI*OE/TTOT(JPICN) MAR7T 3
160 CALL SUMER(1,0E) SPECT260
166 CONTINUE SPECT261
168 CONTINUE SPECT262
170 CONTINUE SPECT263
180 CONTINYE SPECT264
C -IIIIII-IIQI-IIIIII-I.I.-.IIIII.I-.-II.I-...II-.--!-I'I-I.II"I.I.SPEC7265
¢ ) . , SPECT266
¢ TRANSFER, ACCUMULATED PDPULAYION TO LCM BUFFER SPECT267
IFC(M,ED,1),0R, (IBUF(IP,I1),EQR,B))GO TO {96 SPECT268
IBSIBUF§IP’I) . SPECT 269
IF(IB.GT . NIBNDIM)IBuIBaNIBDIM SPECT270
INDEX=1IPBLC+(KPa1)#2aNJDIM+ (IBa1)x24NJDIMaNKDIM SPECT271
CALL ECRD(SCBUF2(1),INDEX,JMAX22, 1ERR) SPECT272
00 194 Jmi,JMAX22 . . . SPECT273
{90 SCBUF2(J) = SCRUF2(J) + P(JY | SPECT274
CALL ECWR(SCBUF2(1),INDEX,JMAX22»1ERR) SPECT27S
196 CONTINUE SPECT276
{95 CONTINUE ) . SPECT277
270 U2MAX= UCNeS(IR) SPECT278
c o L _ , SPECT279
[ MAIN COMTINUUMeTOeLEVEL COMPUTATION SECTION ecvacccscccansmeccaseaSPECT280
c . . . . . . SPECT281
c LOOP OVER DISCREYE STATES OF THE RESIOUAL NUCLE!? SPECT282
D0 280 N3{,NLEV2 SPECT283%
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o0

(s X2 Ng]

224
296

210

220

226
228
230

240

XJ2EALSCAI(ND)

PI2m SIGN(1, 0, AJ(N))

EC2 = U2MAX=EL(N)
IF(EC2,LE.,0) GO TO 288
KD @ EC2/0F + 0.5
IF(KD,LT,1) KDz}

GAMMA RAY SECTION e= CONTINUUM TO LEVELS

IF(I0,NE,7) GO TO 240

DO 233 MP={,NMP

LG = GML(MP)

PILIPILLL(LG*Y)

PICN 3 PIL#GMP(MP)I#PI2

IPICN = 1,501ePICN/2,

XJCN 2 ABS(XJ2eGML(MP))at’0

XJCNHI XJ2+GML(MP) 40,001

00 228 JJCN=i, 1020

XJCN 2 xJCN+1,.0

JCNEXJCN+ 1,01 L . o

IF(CJCN.GT.JMAXCEN) . OR, (XJCN,GT . XJCNMH)) GO TQ 230

ECONJHECON® (2, #XJCN+1,0)#pPSIGCN

JPICN = JPI(JEN,JPICN)

IF(XJCNeXJ2,LT.0.1) GO 10 228

GN T0 (274,276),LGROPT

TGRLEWXCON#WKNORMAREI (MPI#EC2an (24, G*1)

GO 10 210 ,

TGRL = 1, H53U928E=I#CAXELYRE{(MP)#GAXEL#EC2##d/ ((ERAXEL*22
eECPo*%2)aw2 ¢ (EC2#GAXEL)##2)

TGRLETGRL#WKCON

IF (M,EG.2) GO TO 220

ADD GAMMA WIDTM TO TOTAL WIDTH SUM
OT=TGRL o
TTOT(JPICNIRTTOT(JPICN) 40T
G(K,IP)Y=G(K, IPY+DT#RHOFYR(JEN)

GO 10 228

COMPUTE LEVEL POPULATION INCREMENTY FROM CONTINUUMeTO=LEVEL TRANe
SITIONS IN OTHER THAN THE FIRST LOOP

IF(TTOT(JPTCNY EQ,D,) Gh TO 228

OP = PP(JPICNI*TGRL/TTOT(JPICN)

CALL SUMER{2,DE)

CONTINUE

COMTINUE

GO TO 280

PARTICLE TRANSITION SECTION we CONTINUUM TO LEVEL
XJCN= XJINT(JOECN)

KE = ISERCH(EC2,ETC(1,I0),NEECID),AAsAS,AS)
XNLE = NLEINCIO,KE+1)ey

DO 27@ JCNz1,JMAXCN

XJENE XJCN¢1,0

ECONJZECON#(2,4X JCNe1,0)*FSIGCN

$2= ABS(XJ2=XJ{)e{,0

S2H= XJ1+XxJ2+0,001

D0 268 15=1,1000

S$2=32+1.0 .

IF(S2.GT,82H)GO TO, 270
L2L=ABS(XJCN=52)+1,01

L2HzXJCN+S2+1,01 )

L2HSMINA(L2Hs NLEIN{ID,KE®]))

IFCL2L.CT L2H) GO YO 268

00 266 L2kL2L,L2H

sPECT1284
SPECT28S
SPECT286
SPECT287
SPECT288
SPECT289
SPECT290
SPECT291
SPECT292
SPECT29Y
SPECT294
SPECT29%
SPECT296
SPECTZ297
SPELCT298
SPECT299%
SPECT3Q0
SPECT3O
SPECT3n?2
SPECT303
SPECT3OU
SPECT3IAS
SPECT3INS
SPECT3IAT7
SPECT3R8
SPECT3M9
SPECT310
SPFCT31Y
SPECT3{2
SPECT313
SPECT3{4
SPECT3{S
SPECT3§6
SPECT317
SPECTX{8
SPECTX19
SPECT320
SPECT321
SPECT322
SPECT323
SPECT324
SPECT325
SPECT326
SPECT327
SPECT328
SPECTY329
SPECT330
SPECT33Y
SPECT332
SPECT333
SPECT334
SPECT33S
SPELT336
SPECT337
SPECT338
SPECT339
SPECT340O
SPECT3UY
SFECT342
SPECT3UZ
SPECT3UU
SPECT34S
SPECT34s
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o0

2ua

o0

250

260
266
2h8
270
2R0

(g

285

3n0

[ X g} (2 Ng)

400

589

A-22

PICNsPIi+pT2#PILLLCL2) SPECT3I4Y
IPICN = { 5¢1e PICN/Z. SPECT3IUS
JPICN s JOT(JCN, JPICN) SPECT349
CALL INTERP(ETC(1, 10), TEC1,L2)/NEECID),2,EC2, TLEV) SPECT3SO
IFC(TLEV,LT.Q,)TLEV=D, SPECT3S1
GO TO0 (2u42,250) M SPECT3S52
SPECT3SY

ADD PARTICLE WIDTH TO TOTAL WIDTH SuM SPECT3S4
DT=2 TLEV SPECT35S
TTOT(JPICN):TTOT(JPICN)fDT SPECT3S6
G(K,IPY3G(K, IPY+DT#RHOFTR(JEN) SPECT357
GO TO 246 SPECT3SS
. . . SPECT359

COMPUTE POPULATION INCREMENTS FOR PARTICLEwLEVEL TRANSITIONS AFTERSPECT360
THE FIRST LOOP , SPECTY6!
IF(TTOT(JPTCN) EQ,2.) GQ TO 266 SPECT362
DP = PP(JPICN)aTLEV/TTOT(JPICN) SPECT%63
CALL SUMER(240E) SPECT364
CONTINUE SPECT36S
CONTINUE SPECT366
CONTINUE SPECTINY
CONTINUE SPECT368
-...--.-w-.I-II-I-I--II-I--.’-I.III--III-I-I.I-II--I.III.I.'.III--SPE(‘T369
CONTINUE SPECT370
) . SPECT37Y

CLOSE M AND IP LOOPS. SPECT372
CONTINUE SPECT3?3
o , ) SPECT374

CLOSE K LOOP, TRANSFER 8P AND PL TO LCM, SPECT37S
CONTINUE SPECT376
NPTS= NKDIMaNIP SPECT377
IFCI.EQL1,AND, LPEQ EQ,1)CALL PRECMP SPECT378
INDEX= ISPLCoNKOINtNIPDIMt(I 1) SPECT379
CALL ECWR(SP, INDEX,NPT3,1ERR) SPECT380
INDEX2IGLC+(lal ) XNKDIMaNIPDIM SPECT381
CALL ECWR(6G, INOEX,NPTS, IERR) SPECT3R?2
NPTS=NIPANLEVDIM SPECT383
INDEX=IPLLC+(1= 1)'NLEVDIM.N1PDIM SPECT384
CALL ECWR(PLsINOEX,NPTS,IERR) SPELT38S
. SPECT386

CLOSE I LOOP SPECT387
CONTINUE SPECT388
CALL SECOND(TIME) SPECT389
DTIME=TIME-TKEEP SPECT390
WRITEC(6,4) DTIME, TIME SPECT391
FORMAT(/% END OF I LOOP IN SUBROUTINE SPECTRA, %, SPECT392
{# TIME FROM STARY OF THIS ENERGY =m#F9,3,% SECONDS. TOTAL ELAPSED TSPECT393
2IME z=#F9 3, % SECONDS *) SPECT394
‘ o , SPECT395

COMPUTE DISCRETE GAMMA«gAY £ROSS SECTIONS AND ADD TO SPECTRA, SPECT39%6
CALL GRLINES SPECT397?
SPECT398

RETURN SRECT399
ENO SPECTY4QO
SUBROUTINE LEVDSET(ACN, AsA2) LEVDSET2
. LFVDSETY
COMMON/LEVDEN/DEP(6@),XNLGC(60),ECGC(62),UCUTOFF,DEFCN, TGC(60), LEVDEN 2
{ EMGC(6A),EMATGC(60),PATIR(6M),XMR3(60),XNLLN(60),82(100),SN(150), LEVDEN 3
@ PZ(100),PN(150) LEYDEN 4
COMMON /SPNPAR/ SPIN,PARITY,KGRD LEVDEN S
COMMON/BASIC1/NIJXNIP(1p),NIR,LR(6, 10),2A1(60),ZA2(60),XM2(60), BASICY1 R
{ ZACN(1@),CSGR(60), CSTOT(bO)-CSLEV(bW) CSID(8Y,EAVID(B),EAV(6D) BASICYI 3
COMMON/LCINDEX/IPBLC,IGLC, 1ZEROLC, ISPLC,IPLLC, IEGLC,I8GLC,ITCLC, LCNOEX 2




[ N1 Nl

[a N WeNe

1 I8YCLC,InHOLC, ITLC, TELLC, JAJLC, TATLC,NIDIM, NIPOIM, NIBDIM, NGROIM, LCNDEX 3

2 NIDDIM,NIROIM LCNDEX 4§
DIMENSION DEFCONC2),AC1)0sA2(1) LEVOSET?
. LEVDSETS
OATA TABLFS OF COOK ET, AL, AAEC/TM392 LEVDSET9
LEVDSEl®@
DATA °2/11-n,.z Uh00,s2409,0,01.62,0,01262,0,,1.83,8,,1.73, | LEVDSE11
1 a.,1, 35.0.,1. 50,0.01 280ﬂ 26,0,88,2.1991,3%02,09,1,52,m,09,1,17, LEVDSEL2
2 ,0U,1,24,0,29,1,09,,28, 1, 17..23.1 15,2,08+1,35,0 30 1. 05.,25.! 27LEVDSEL3S
3 00-01 S, 9-01,..0°01 2.0201 Us 93, 100m,2,1, 190.W9-.9700-0.920-11 LEVOSE1l4
4 68'-951-65l'-?20-790 P9,.69,.%1,.72, 9-0.“0-160.73 Broplby, 17, LEVDSELS
S 89,0,,.79, 0-( 49, ﬂ...a!.-,nb..69.-.2 .710'012..72 0.0.7702.5./ LEVDSELS

DATA PN/iitG..Z 67s0,01.8,0,51467s0,51.86,0,52.08,0,,1,64,0,51,44,LEVDSELT

i @pli $a 9.01 309-01 27 0-01 290-08 1 al,-.@a 1 50'.0502 2“.'.“70 LEVDSE18
2 1 03.- 15.,1. aa.'@bvi 36' 2501-57.”.10.1 ub, Q.0.93|.01|.620'.50 LEVDSE1L9
3 1 02..13 1 52.- 630.8.-.“5 1 29,-.07 1 250'.““..97..28.1 65.'.11 LFVOSEZ”
4 1,2699,86.1.76,08,2241,55,= .0701 3740410142, °,274,92,. . 3551,19,0,,LEVOSE2]
S 1a05,2025,1,6) 00210 09,°02004Tsa738,5721m034,,92,2026,.94s,01,  LEVDSE22
[} 650'-360.83.,11.,67..“5 1,..51 1. ﬂﬂ..}}..b&.- 270.81..09..750 LEVOSE?23
T «170,860,14,1.1,=, 220.8“0'.070.“80.@2..880.Zal.52..27..“10'.05/ LEVDSE24

DATA (PN(IL) ILs126,15¢)/ LEVDSE2S
X p38,015,67,0,,,6100,,278,0,0.6700.,.67,0,0,79, LEVISE26
1 0-0-60.00..60¢- 060.“5..05. 26.'.220.39 AePr 439/ LEvVDSE27

DATA S7/1020,,02,91)2U,17,85,72,27,8+=8,97,29,7,010,1,=18,7,211,38LEVNSE28
1212,07.=12, 55.-13 2Use13,93,714,71s%15,53,»16, 37.-17 36.-18 6, LEVDSE29
©18,7,218.01,217,87,217,08,216,6,216,75,»16, Se=16,38,=16,22, LEVNSE3Q
*16,41,216,89.016,U43,016,68,216,73,=17,45,217,29,%17,44,=17,82, LEVDSE}}
-18 62,=18,27.219, 39.-19 91,219, 14,18, 26.-17 U=1h,423,=15, 17, LEVDSE32
“14,37,213,91.018.1,21%,11,211,43,10,89,10,75,10,62,=10,41, LEVDSE33
-1@ 21,9,85,29,U7,79,a3,=8, 61.-8 13.-7 ub,=7, 48, =74 2ro7.13s27,06LEVDSE3Y

'=b, 75.-6 6a,-e 6y o7, p68,01,89,=8, 01.-8 U9,=7,88,26,3,25,47,24,78LEVDSE3S
.-u 37,4, 17,4, 13.-a 32,%4.55,05, 04, o5, 28,0606, 6, 28,=6,87, LEVDSE3e
©7,20,°7.74,220,/ LEVDSE37

DATA SN/ietW..b 897e5357.55,742157.44,8,07,8,94,9,81,10,6,11,39, LEVDSE3A

VOO LN

1 12,54013,68,44,34,14, 16.13 83,13,5,13.,12013,12,6,13,26,14,13,  LEVOSE39
2 10,92,15052,16.38417.16017455,18,03417,59,19.03,18,71, 18,8, 18,99, EVOSE4@
3 18,U6,18.25,17,76,17,38,16.72,15,62014.38,17.88,13,23,13,81,14,9, LEVDSE4]
U 14, 86415,7601602017562,17,73,18,16418,67,19.69,19,51,20.17,19,48,LEVDSE42
5 19,98,19,83,20,2,19.72,19%87,19.20, 18564, 17.61, 1721516, 16 15,9, LEVDSEU3
6 15.33,14,76,13,50,12,63%4 +10,65,10,1,8,89.10,29,9.79,11,39,11,72, LEVDSE44
7 12.43,12,96,1%.43,13,37,12596512511511.92011,,10,8,10542,10.39, LEVDSE4S
B 9469,9,2748,9%,8,5708,02,7.5957,33,7,2347.85,7,42,6.75,6.646,38/ LEVDSFUs
DATA  (SMCIL),tLeift, 11503/ LEVDSEQY

X 603606.09,6,25,5.85,5,U8,4.53,4,3,3,39,2.35,1,66,.81, LEVDSE4S8
1 0,06,2,96,21,60,22,53,a3,1bsa1, 87.-.a1..71 1,6602,62,3,22,3,76, LEVDSE49
2 Upl, UL Ubyd,B3,5 09,5, 1805 17,5,125,01,4297,5,09,5.03,4.93,5,28, LEVDSESD
3 5.49,5,50,5,37,5,30/ LEVDSES1
DATA DEFCON/@,142,0,1207 LEVDSES2

LEVOSES3

COMPUTE EACH LEVEL DFNS{TY RELATIVE TO ACN USING GILBERT=CAMERON LEVDSESY

FORMULAS FOR LEVEL DENSTTY LEVDSESS

, LEVOSESs

IDEFCN= OEFCN41',01 LEVOSES?

1ZACN2 ZACN(1) LEVDSESS

TACNZMOD(IZACN, 1000) LEVOSES9

1ZCN= I1ZACN/100A LEVDSE6Q

INCN= TACNa1ZCN LEVDSE6

XACNz TACN LEVOSE62

ACNGCz XACN#(0.@0917#(SZ(IZCN)#SNCINCN)) ¢ DEFCON(IDEFCN)) LEVPSEGS

IF(ACN.EG,P,) ACNEACNGE LEVDSE6U

A2(1)eACN LEVDSE 65

DO 6@ IR31,NIR. LEYNSE6S

IDEF # DEF(IR)+1.01 LEVDSES?

A-23



59

60

40
4s
50

{00

101

A-24

12A = ZA2(IR)

TAs MOD(1ZA,1000)

1Z = 1ZA/1000

IN 3 lAelZ

XA % IA

IFCCACIRY,GT,0%)50R, (IR, R, 1)) GO TO S0
AGC = XA%(g,00917+(SZCIZ)+SNCIN)) + DEFCONCIDEF))
DAGC @ AGCeACNGC

A2(IR) = ACN+DAGC

PAIR(IR) » PZ(1Z)+PN(IN)

CALL GILCAMCA2(IR),IR)

CONTINUE

RETURN

END o

SUBROUTINE GILCAM (A,LR)

COMMON/LEVOEN/OEF (6@),XNLGC(68),ECGC(6A),UCUTOFF, DEFCN, TGC(60),
1 EAGC(62),EMATGC(60),PATR(6D), XMRI(6A), XNLLNC60),82(108),SN(150),

2 PZcion), pN(iso)
COMMON /SPNPAR/ SPIN,PARITY,KGRD
DIMENSION DE(4)

DATA NNE,DE/G,1,,0,1,0.,01,0,001/
ECZECGC(LR)

CONST 3 5,@57{#XMR3(LR)

E = 0,1+PATR(LR)+2525/A

00 5@ I=1,NDE

00 4o J21,500

U = E-PAIR(LR)

T = 1,/(SQRT(AZU)=1,5/U)

EQ = ECeTaXNLLNCLR)

EA2 m E+Ta(ALOG(CONSTSQRT(ANU*%3)/T) =2, #SQRT(ARU))
DEL2 =f01eF02

IF(I*J.EQ.1) SEGN@ B SIGN(1,,DEL2)
SIGN2 = SIGN(1..DEL2)
IF(SIGN2,NE,SIGN@) GO To uS

DELY = DFL2

Es £ + DE(I)

CONTINUE

E = E«DE(I)

CONTINUE

DELA=ABS (DL 1=DEL2)
IF(DELA,GT.1,0F=320) GO 10 100
E30,14PATR(LR) +2.25/A

EMATCHRE

UzE=PAIR(LR)
Tz1,/(SORT(A/U)e1,8/U)

PRINT 1,LR

LEVD3ESGS
LEVDSE 69
LEVDSETO
LEVDSETY
LEVDSET?2
LEVDSET3
LEVDSE 74
LEVDSETS
LEVDSET76
LEVDSETY
LEVDSE78
LEVDSET79
LEVDSE8®
LEVDSEB!
GILCAM 2
GILCAM
LEVOEN
LEVOEN
LEVDEN
LEVOEN
GILCAM
GILCAM
GILCAM
GILCAM
GILCAM
GILCAMIO
GILCAMIY
GILCAMY{2
GILCAML3
GILCAMLG
GILCAMLS
GILCAMLG
GILCAMLY
GILCAMLS
GILCAML9
GILCAM2D
GILCAMZ2Y
GILCAM2?
GILCAM23
GILCAM24
GILCAM2S
GILCAM26
GILCAM2Y
GILCAM28S
GILCAM29
GILCAM3D
GILCAM3Y
JuLt19r72

BNV WN

FORMAT(/t ++44 GILCAM SUBROUT!NE UNABLE TO MATCH OISCRETE LEVELS WJUL19773
{I1TH LEVEL DENSITY FUNCTION FOR RESIOUAL NUCLEYS IN REACTION IR am#,JUL19774

2 13,8 +444n/)

GO 10 a1 -

EMATCH = £ & DE(NDE)~(DFLY/(DEL1=DEL2))
U = EMATCH = PAIR(LR)

T 3 1,/(SORT(A/U)=1,5/U)

E@= EC «TaXNLLN(LR)

EMATGCC(LR)=EMATCH
TGCC(LRYET S FOGC(LRI®ED
RETURN

END

SUBROUTINE LCMLOAD(I)

COMPUTE TRANSMISSION COEFFICIENTS AND LEVEL DENSITIES ON

JUL1977%
GILCAM3IS
GILCAM3S
GILCAM3?
GILCAMYS
GILCAM3S
GILCAMYD
GILCAMYY
GILCAM42
GILCAM4UZ
LCMLOADR
LCMLOADS
LCMLOADY




[« MV, I RV} N

~

INTEGRATION ENCRGY MESH AND LOAb INTO LCM LCMLOADY

LCMLOADS
FORMAT(//% TRANSMISSION COEFFICIENTS ON SUBSET OF INTEGRATION ENERLCMLOADY
1GY GRID#) LCMLOADS
FORMAT(/ #» I1D=w12,3X,%PARTICLE kA0, IX, #1812, 3X,*IPBx12,3X, LCMLOADS
{ #IP=#I3, IX #NK=#14,3X,eNL3#13) LCMLOALD
FORMAY(/ &« ENERGY = F7,3,* MEV*,5X,*JMAX INODEX 3#13) LCMLOALY
FORMAT (1P, {RE12. %) LCMLOAL2
FORMAT(// « LEVEL DENSITIFS ON SUBSET OF INTEGRATION ENERGY GRID®)LCMLOA1Y
FORMAT(/ » ID=w12,3Xs*PARTICLE maA1Q, 35X, 218012,3X,a1PEn12,3X, LCMLOALY
1 #IR=WIZ, 33Xy ANK=zwIUy3X, aNJMAX=#T3) LCMLOALS
FORMAT(/ % ENERGY S*F7,%¢% MEV#,5X,#LMAX INDEX =z#13) LCMLOALG

LCMLOAL?

COMMON/CINDEX/1PBLC, 16| C, IZEROLC, ISPLC, IPLLC, IEGLC, ISGLC, ITCLE, LCNDEX
1 ISTCLC.IRHMOLC,ITLCoIELLCsIAJLCsIATLC,NIDIM,NIPDIM,NIBDIM,NGRDIM, CNDEX

2 NIDDIM,NIRDIM LCNDEX
COMMON RHO(U40,207),T(3Q,200),P(8R),SP(208,6),PP(8C),SPP(200,7) RHO

19 SPNGN(2ANY,PL(SD,6)sG(27A,6),RHOFTR(UA) RHQ
COMMON/TCOFF/ETC(2506),1C(25430),8C0(7),XSPINCT),NLDIM, TCOEF
INPART ,NEE(6)sNOC6)aNTCCp), TZAIDCT),XMASS(TY,NEEDIM,NLEINC6,25), TCOEF

2NLE(6,200),JRAST(20C,6) TCOEF
COMMON/LEVFLI/FL(SB)»AJ(SP),AT(SA),XNL(6Q),ELMAX(6B),NLEYDIM LEVEL1
1,EG(2u0),506(240) NCRAYS(6G) LEVFLY

COMMON/RASTICI/NI,XNIP(12),NIR,LR(6,1D),ZA1(60),ZA2(60),XM2(60), BASICHY
{ ZACN(1®),CSGR(6A)«CSTOT(6RA),CSLEV(60),CSINCRY,EAVID(B)Y,EAV(6Q) BASICH
COMMON/BASIC2/TITLEC16),ELAR,DE,ZAP,ZAT,XMT, NKKM(10),CNPI(10), BASIC?2
1 CNPIP(10).5(6R),SAC(10),1IND1(¢6A),ICP,I0E2(60),IBUF(6,18), BASIC2
2 ECMyUP,NKMAX,NJMAX, NKK(60Q),NKDIM, TCP(30),0MOP(UB),A(60),A2(60), BASIC2
3 NRMO(6),XJT, NPOPMAX,NTC2(6)sNJDIM, IOFCN(10),NKKCN(10),ECON,BASIC?
U4 JPICU@,2) e XMPaXJIPsPIT,NLP,XNLP, KL, IDSTAT(T),»SIC,CSL,CSH,PILLLC3OIRASIC2
8, ICAPT,PLRUF(SA, 1A), INPOPT, TKEEP BASJIC?2
COMMON/LEVDEN/DEF(60),XNLGC(60),ECGC(60),UCUTOFF,DEFCN,TGC(6A), LEVDEN
{ EAGC(6D) ,EMATGC(60)sPAIR(6D), XMRI(HD),XNLLN(6A),82¢120),SN(158), LEVDEN

NALSWNNCNEWNLBLGNWNEWN WD EWND

2 PZ(100)Y,PN(150Q) LEVDEN
COMMON /SPNPAR/ SPIN,PARITY,KGRD LEVDEN
COMMON/PREQI/EPSIG(20P, ), NLEV,NPIT,NIT PREQ!
COMMON/PRNTOUT/IPRTLEV, IPRTYC,IPRTMLD, IPRTWIOD, IPRTSP, IRRTGC PRNTOUT2

LCMLOARY

SPLIN (BsCuDsE) = B#AS § Cw¥Ab = AA®(DaAS+EwAL4D+E) LCMLOARS
LCMLOA29

NIP=XNIP(I) LCMLOA3D
00 103 IP= 1 NIP LCMLOAZY
IRELR(IP, I) LCML,0A32
IPRT=1 LCMLOAZS
NK3NKK(IR) LCMLOASY
IF(NK,LT. 1) GO 10 100 LCMLOA3S
10= I01(CIR) LCMLOA3S
0Fs2,5 LCMLOA3Y
I?(IOEZ(IR) GT 1) OE-1 LCMLOA3S
IF(ID,6T,6) GO 1O SO LCMLOA3S
- . . . LCMLOAL4®

COMPUTE AND STORE TRANSMISSION COEFFICIENTS LCMLOAUY
NL& NO(ID) LCMLOAg2
NEs NEE(ID) LCML0A4S
NPTS8= NTC(1D) LCMLOA4Y
INDEX=ITCLO+ (101 ) ANEEDIMaN{DIM LCMLOAUS
CALL ECRD(TC,INDEX,NPTS,IERR) LCMLOAUS
EKe 0@, LCMLOAUY
D0 44 K=1,NK LCMLOAUS
€Kz EX4DE LCMLOAUY
KE= ISERCHCEK,ETC(1s»ID),NEsAA,AS,Ab) LCMLOASD
NL = NLEIN(ID,KE+}) LCMLOAS]
NLECIP,K)=aNL LCMLOAS2
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44

4s

52
E3
S5

46
us

(¢ N o)

17

70
T2
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00 44 Lat,NL ] .
CALL INTFODP(CETCC(1,10)sTCCtsL)sNE,2,EK,YOUT)
T(L,K)=YOUT
IF(T(L.K).FE 1 )T(LlK)Eln
IF(T(L,K).LE, @, )T(LoK)BW
CONTINUE

IF(I EQ 1 ANO ID LE. 6)05.55

KLM= (UP-SAC(i)-S(IR))/DE90 ]

EK=Q,

DO S{ K={,KLM

FPSIG(K,1D)=0,

EK=SEK+DF

KESISERCH(EK, ETC(i 103, NE.AA.AS.AG)
NLENLEINCID,KE+1)

D0 S2 L={,NL

CALL INTERPCETC(1,I0),TcC1,L),NE,2,EK,YOUT)
TCL,K)aYNUT

IFC(T(L.K), GE 1 )Y(L-K)'l.
IF(T(L,K),LE, B ITCLsK) 2P,

EPSIG(XK, ID):EPSIG(K.ID)o(?.ﬁ(L-l)ﬁl Y#T(L,K)
CONTINUE

CONTINUE

CONTINUE

TRANSMISSION COEFFICIENT PRINT OPTION
IF(IPRTTC,LT,2) GO TO 48

WRITE(6,1)

WRITE(H,2) ID.BCD(ID).I.IPDIR.NK.NL
KPRT=IPRTTCe1

DEFTR=KPRYT,

EK = DEx(1,«DEFTR)

D0 46 Kz{,NK;KPRT

EX=EK+QOFE«QOEFTR

NL = NLEC(IP,K)

WRITE(6,7) EK,NL

WRITE(6,4) (T(LoK)elL=1,NL)
NPTS=NKaNLDIM

NTC2(IP)I=NPTS
INDEX=ITLC+NKDIMaNLDIMa(IPw1)

CALL ECWR(T,INNEX,NPTS, 1ERR)

COMPUTE AND STORE LEVEL DENSITIES AND YRASTS
EKMAXz PJPeSAC(])eSCIR)
X1EFFE?,07656Ea3#XMRI(IR) #2E
EKzeDE
DO aa K=I|NK
EX=2EX+DE
EXs EKMAXeEK
U = EX<PAIR(IRY
USeE AMAX1(LI,UCUTOFF)
SIMAX=SQRT (2. #US*XIEFF)
JMAX23SJMAX+0E
JMAX2EMIND (JMAX2, NJMAX)
JRAST (K, IPY=JNAX2
$1622 = @, 1776#SQRT(A2(TR)4US) #XMRI(IR) #42
IFCEX,LE.EMATGC(IRY) GO TO 70
AURT= SORT(A2(IR)*U)
RHOE = EXP(2,#AURT)/ (10, 1{42#XMR3I(IR) «U~AURT)
GO 10 72
RHOE = EXPC(EXaEAGC(IR)Y/TGECIRY I/ (R, #TGE(IR))
XJJ:-i 5]
Irtxoeatxna £0,1) XJJme0,S
DO 76 Jai, JMAX2

LCHLUAYS
LCMLOASY
LCMLOASS
LCHMLOASS
LCMLOAST
LCMLOASS
LCMLOASRS
LCMLOAGD
LCMLOAGY
LCMLOAG2
LCMLOAGS
LCMLOAGY
LCMLDAGS
LCHMLOAbS
LCMLOAGT
LCMLOAGS
LCMLOAGY
LCMLOATA
LCMLOATY
LCMLOAT2
LCMLOAT7Y
LCMl DAT74
LCHL.OATS
LCMLOATS
LCHKLOATT
LCML0AT78
LCMLOATY
LCHLOABD
LCMLOABY
LCMLOAB2
LCMLNDABS
LCMLOABE
LCMLOABS
LCMLOABS
LCMLOABY
LCMLOABS
LCMLOABY
LCMLOA9D
LCHLOA9Y
LCMLOA92
LCMLOASS
LCMLOA9G
LCML.OA9S
LCMLOA96
LCMLLOASY
LCML.OAGS
LCMLOA9Y
LCMLO1@D
LCMLOI®Y
LCMLOtR2
LCMLO1O3
LCMLOt@Y
LCMLO18S
LCMLO1Q6
LCMLO107
LCMLOtO8
LCMLO1@A9
LeHLoLyn
LCMLO1LY
LEMI 0112
LCMLO113
LCMLOt L4
LCMLO11S




o000

76
82

82
84

100

50
52

XJJexgJe1,n

RHO(J,K) & RHOFw(2.#XJJ41,0)I4EXP(w(XJJ4D,5)#%2/681622)/81622

CONTINUE

LEVEL DENSITY PRINT OPTION
IFCIPRTGC,LT,2) GO TO 84
NRITE(O.S)

WRITE(6,6) ID,BCOCID), I, IPs TR, NK,NJMAX
KPRT=1PRTGC=1

DEFTR=KPRT

EKs=DE«DEFTR

00 B2 K={,NK,KPQT
EK=EK+OE«DEFTR

EXZEKMAXeEK )

JMAX22 JRAST(K, 1)

WRITEC6,3) EX,JMAX2

WRITE(6,4U) (RHO(J.K) Jei, JIMAX2)
NPTS=NK#NJDIM

NRHO(IP)=NPTS

INDEX= IRHOLC#NKDIMﬁNJDIM*(IP-i)
CALL ECWR(RHO, INDEX,NPT§, IERR)
CONTINUE

RETURN

END

SUBROUTINE GAMSET(I)

SET UP GAMMAeRAY CASCADE CALCULATION,

FORMAT(// » GAMMA=RAY TRANSMISSIbN COEFFICIENTS#, 10X, #12x12,
1 3X,#1Pc#12,3X.#IR=x13,/ « ENERGY®,10C6X,A1,F1,0,4X))

FORMAT(F8,3,1P.10C1X,ES1,4))

COMMON/BASTCI/NILXNIPC1@),NIR,LR(6,10),ZA1(8M),ZA2(60),XM2(60),
1 ZACN(1@),CSGR(AM),CSTOT(6A),CSLEV(60),CSID(B),EAVID(8),EAV(6R)
COMMON/BASIC2/TITLE(16) ELAR,DE,ZAP,ZAT,XMT,
1 CNPIP(18).S(62)¢SACC1R)sID1¢6@), IDP,I0E2(60),IBUF(6,10),

2 ECM,1JP,NKMAX,NJMAX, NKK(60) ,NKDIM, TCP(30),0MDPCU0), A(60),A2(60),
NPOPMAX, NTC2(6),NJDIM,

3 NRHO(6) s XJT,

DETERMINE WEISSKOPF OR AXEL
PARAMETERS AND COMPUTE GAMMA RAY TRANSMISSION COEFFICIENTS

NKKM(1a),CNPIC(10)Y,

LMLt LS
LCMLO1L?
LCMLOL 8
LCMLOt119
LecMLOt 20
LCMLO12Y
LCMLOy22
LekLo123
LEMLOL 24
LCMLOg2S
LCMLOL26
LCML, 0127
LCMLOyR8
LCMLOS29
LEMLO130
LCMLO1 3]
LCMLLO132
LCMLO133
LCMLO134
LCMLO13S
LCMLO136
LCMLO13?
LCMI.NL38
LEeMLO139

GAMSEY
GAMSET
GAMSET
GAMSET
GAMSET
GAMSET
GAMSEY
GAMSET

GAMSETH{

BASICH
BASICHY
BASIC?2
BASIC2
BASIC2

T0OECN(1{A),NKKCN(18),ECON,BASIC?

4 JPICUDs2) e XMPLXJIPSPIT,NLPIXNLP, KL, IDSTAT(T7),SIL,CSL,CSH,PILLL(30)BASIC2

S+ ICAPT,PLBUF(SA,10)s INPOPT, TKEEP

COMMON/LEVDEN/DEF(63),XNLGC(68) ,ECGC(60), UCUTOFF,0EFCN, TGC(6Q),
{1 EAGC(6R) ,EMATGC(6D) sPATIR(69),%XMRI(60) s XNLLN(60),S2Z(108)»SN(150),

2 PZ(108),PN(150)
COMMON /SPNPAR/ SPIN,PARITY,KGRD

COMMON/GAMMA/NMP, LGROPY, SwS(1@),GML(6),GMP(6),REL1(6),LMGHOL(6),
1 TGR(2AM,6),MKCON,CAXEL,GAXEL,ERAXEL,EXSWS(10), KKNORM
COMMON/PRNTOUT/IPRTLEV, IPRTTC, IPRTMLD, IPRTHID, IPRTSP, IPRTGC

DIMENSION RDUM(2)
OATA GAXEL/S.0/,R0/1.,25/

NIPaXNIP(1)

00 SO IP=zy,NIp

IRs LR(IP, 1)

10= IDI(]IR) _

IF(10,EQ.7)Y GO 10O %2

CONTINUFE

RETURN i X

CAXEL=@, ﬁiltXMZ(IR)

ERAXEL:RG A/XMRS(IR)

WKNORME! ,DFe8

CALL WEISSKF(I,IR,IR) _ )
WRITE(6,10) T,WKCON

BASIC2
LEVCEN
LEVDEN
LEVDEN
LEVDEN
GAMMA

GAMMA

2

W ASBLNNTTAEWNWNO OIS NI W

PRNTOUT?2
GAMSET16
GAMSET17
GAMSET18S
GAMSETHI9
GAMSET20
GAMSETR2t
GAMSETZ22
GAMSET23
GAMSET24
GAMSET2S
GAMSETZ26
GAMSET27
GAMSET28
GAMSET29
GAMSET30
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19 FORMAT(/% DAMMA AAY STRENGTH NORMAL LZATION CONSTANT /7 lmw, TLEIRAT
1 12,%, CONSTANT u#{PE12,4) GAMSETI2

7@ RATIO = 4,u8758/((RO*XMACIR)IAXMRI(IR)I##Q) GAMSET33
DO 75 MP=zy,NMp GAMSET34

L = GML(MP) , GAMSET3S
IF(GMP(MP).LT,0,) GO TO 7% GAMSET36

IF (L,LT.2) GO YO 74 . _ GAMSET3?
IFC(RE1(MPY EQ,0.) RE1(MP)a{ ,0E=b GAMSET38

74  ROUMCL)®RE1(MP) GAMSET39
75  CONTINUE GAMSETUO
DO 78 MP3{,NMP GAMSETU!

L = GML(MPY | . L. GAMSET4?2
IF((GMP(MP),6T,08.).OR, (RE1(MP).GY,0,)) GO TO 78 GAMSET43
RE1(MP) = RATIO#ROUM(L) GAMSETU4U

78  CONTINUE GAMSETUS
NKe NKK(IR) GAMSETUG
E6za, GAMSETUT

00 98 Kn=1,NK GAMSETUS
EG2EG+DF GAMSET49

DO 97 MP={,NMP GAMSETSO

L & GML(MP) , GAMSETSY

GO 10 (81,82),LGROPT . ] GAMSETS2

81  TGR(KD,MP)zWKCON#W¥KNDRMaRESCMPIAEGAX (2wl +1) GAMSETSS
GO T0 90 GAMSETSU

82 TGR(KD,MP)31,63U928Ew3#CAXEL#REI(MP)#GAXEL®EGH~U/ GAMSE TS5

1 C(ERAXEL##2eEGn#2)2#24 (EGRGAXEL) ##2) GAMSETS6
TGR(KXD,MP)aTGR(KD, MP)#WKCON GAMSETST

98  CONTINUE GAMSETSS
c ) ) ) . GAMSETS9
c TRANSMISSION CDEFPICIENT PRINT OPTION GAMSET6Q
IFCIPRTTC,LT,2) GO TO @@ GAMSET61
WRITE(6,1) IlIP.IR.(LMGHOL(MP)lG"L(MP).MptilNMP) GAMSET62
KPRT=IPRTTCe1 GAMSET63

DEF TRaKPRT GAMSET64
EG=A, ' i GAMSET6S

DO 94 KD=31.NK,KPRT GAMSET66
EGFEG+NEADEFTR, A GAMSET67
WRITE(6,2) EG4(TGR(KD,MP),MPR{,NMP) GAMSET6S

94  CONTINUE GAMSET69
10@ RETURN . GAMSET?70
ENO , . GAMSETT!
SUBROUTINE WEISSKF(I.,IP,IR) WEISSKF2

c WEISSKF3
c OBTAIN NORMALJZATION FACTOR FOR WEISSKOPF APPROXIMATION FROM WEISSKF4
€ INPUTTED STRENGTH FUNCTION WEISSKFS
c . , ) ) WEISSKF6
COMMON/LCINDEX/1PBLC,16LC, 12EROLC, ISPLC, IPLLC, TEGLC, ISGLC, ITCLC, LCNDEX 2

{ ISTCLCs»IRHOLC,ITLC,IELLCsTAJLC, IATLC,NIDIM,NIPDIM,NIBOIM,NGROIM,  CNDEX 3

2 NIDDIM,NIRNIM_ LCNDEX 4
COMMON RMO(4®,200),T7(30,200),P(80),SP(200,6),PP(80),SPP(20A,7) RHO 2
1,SPNGN(200),PL(5%,6),6(200,6),RHOFTR(4D) RHO 3
COMMON/LEVELI/EL(5B)sAJ(SO),AT(50), XNL(6A),ELMAX(60),NLEVDIM LEVELY 2
1)EGC24C),56(24@) s NGRAYS (60) , LEVELY 3
COMMON/BASTIC2/TITLEC16) ,ELAB,DE,ZAP,ZAT, XMT, NKKM(10),CNPTI(10), BASIC2 2

1 CNPIP(1P),S5(6M),SAC(10),101(¢60), I0P,10E2(6A), IBUF(6,10), BASIC2 3

2 ECM,UP, NKMAX,NJMAX,NKK(6a) ,NKDIM, TCP(30),AMOP(U4@),AL60),A2(60), BASIC2 4

3 NRHO(6)sXJT, MPOPMAY,NTC2(6) s NJDIM, IDECNC1@),NKKCN(10),ECON,BASIC2 S

4 JPTCUR,2)XMP,XJP,PIT,NLPsXNLP,KL, IDSTAT(7)sSICsCSL,CSHsPILLL(3R)BASIC2 6

3, 1CAPT,PLBUF(50,10),INPOPT, TKEEP BASIC2 7
COMMON/TCOFF/ETC(254s6),TC(25.3@),8C0OCT7),XSPIN(T),NLDIM, TCOEF 2
{NPART,NEE(6) s NDCOY s NTC (), TZAID(7),XMASS(T),NEEDIM, NLEIN(6,25), TCOEF 3
2NLE(6,2n0), JRAST(200,6) TCOEF 4
COMMON/GAMMA/NMP, LGROPT, SWS(10),GHLC6),GMP (&), REL(6), LMGHOL (6], GAMMA 2

A-28



29
25
39

48

59
52

60

{ TGRC20M, 6, WKEON, CAXEL ,GAXEL, CRAXEL, PRAWGL10), WKNORN

IF(SWS(1))29,25,30
WKCONBeSWS (1)

RETURN

WKCON=1,

RETURN

GAMCON=1 ,63U928Em3aCAXEL#GAKEL

SET WKCONzi, TP EXSWS(1) 18 EQUAL 10 o,
TFCCEXSWS (1), GT.0,) 4 AND, (NKK(IR),GE, 1)) GO TO 4B
WKCONz1,0

RETURN

READ IN LEVEL DENSITIES AND DISCRETE LEVELS
NPTS=NRHO(IP)

INDEXaIRHOLC+ (IPm3)#NKDTMaNJDIM

caLL ECRD(RHO.INDEX.NPTgoIE!R)
NLEV2aXNLC(IR)
INDEX=IFLLC+ (IR {I#NLEVDIM

CALL ECRO(CEL, INOEX,NLEV3, IERR)
INDEX=TAJLC+(IR=1)XNLEVATM

CALL ECRD(AJ, INDEX,NLEV2, IERR)

FINO INITIAL K FOR INTEGRATION
NKeNKK(IR)
EKMAX2UPe3AC(TI)=S(IR)
EX2EKMAXeDF

DO %0 K=1,NX

ExztX=DE,

IF(EX,LT.EXSWS(I)) 6D ¥p 52
CONTINUE

KL OW=K

EXLOWREX

INTEGRATE OVER COMPOUND NUCLEUS SPINS,PARITIES
SuM=m,

I1PICOMPE=PYY ,

XJCN3ABS(XJTeXJP)wl,0

XJCNH=XJIT+XJP+q, 0

DO 103 JJCNs1,1020

XJCN3XJCN+1,0

JCM2XJCNe1, A1 .
TF(C(XJCN.GT,XJCNH) 4OR, CJCN, BT, NJMAX)) GO TO 110

INTEGRATE OVER FINAL STATE SPINS,PARITIES
XJ2zABS(XJCN=1, )=],0

XJ2H=XJCN+ 1,04

DO 90 JJ2=1,1000

XJ2zxJ2+1,@

Ja2=xJ2+1,0 ,
IFC(XJ2,6T,XJ2H) ,OR, (J& GT,NIJMAX)) GO TO 100
J22Jz2,#XJ2+0,01

INTEGRATE QGVER CONTINUUM ENERGIES
EXSEXLOW+DE

0O 70 KP=KL OW, NK

1F (JRAST(KP, IP),LT,J2) GO 10 75
EX=EX=DE

EO=SEXSWS(1)eEX

GO T0 (68,42),LGROPT
SFTRaZWKMORMRED##3

GO TO 70

QAMMA %
WEISSKL]
WEISSK14
WEISSKIS
WEISSK16
WEISSK1?
WET58K18
WEISSK19
WE1SSK20
WE1SSK21
WEISSK22
WETSSK23
WEISSK24U
WET5SK25
WETISSK26
WEISSK27
WETSSK28
WEISSK29
WEISSK3Q
WETISSK31
WEISSK32
WE1$5K33
WETISSK3Y
WEISSK3S5
WEISSK36
WEISSK3?
WETSSK38
WEISSK39
WETSSKUO
WEISSKk4l
WEISSKU2
WEISSKU3
WEISSK44
WETSSKUS
WEISSKUG
WEISSKUY
WE1SSKa48
WEISSKU9
WE1SSKSO
WEISSKS{
WEISSKS2
WETISSKS3
WEISSKSY
WETSSKSS
WEISSK56
WEISSKS?
WE1SSKS8
WETIS$SKS9
WEISSKeN
WETISSK61
WETISSK62
WETISSK63
WETISSK6d
WEISSKAS
WEISSK66
WEISSK67
WETSSK68
WEISSK69
WEISSKT@
WEISSKT1
WETISSKT2
WETSSKT3
WEISSKT4

A-29



62  SFTPE=GAMCON®ED#wU/((ERAXEL#w2eED#w2) #2224 (EDAGAXEL) ##2) WETSSKTS
70 SUMzSUM4DE#RHO(J2,KP)*SFTR WEISSKT6
75 CONTINUE WEISSKTY
o ) WEISSKT8
o INTEGRATE OVER DISCRETE STATES WEIS88KT9
IF(NLEV2.LT.1) _GO TO 9@ WE1SSKan
DO 8@ Nz{,NLEV2 WE]SSK81Y
TAJ2J32,%ARS(AJ(N)) +0,01 WEISSK82
IF(J22J ,NEL1AJ20) GO To an WEJ85K83
PIAJ = sxcwti P AJ(N)Y) NE15SK8U
1PIAJ = PIAJ’S!GN(G 1,PIAJ) . WEISSK8S
IFCIPIAJ.NE,IRICOMP) GO TO 40 WEISSK8S
£ED = Exsws;l) =EL (N) WEIS3K87
1F(ED,LE.B.) GO TO 90 WEISSK88
GO TO (76,78),LGROPT WEISSK89
78 SFTRaIWKNORMAED#%3 WEISSK90
GD T0 79 WEISSK91
78 SFTRZGAMCON#ED##4/ ((ERAXEL#a2EDe#2)#%24 (EDNGAXEL ) ##2) WE1SSK92
79 SUMZSUM$SFTIR WEISSK93
82 CONTINUE WEISSK9U
9@ COMNTINUE WEISSK9S
1PD- CONTINUE WEISSK96
112 WKCON = SWS(1)/3UM WEISSK9?
RE TURN WEI58K98
END WEISSK99
SUBROUTINE INCHSUM(MM) INCHSUM2
o _ ) INCHSUM3
o PERFORM SUMS OVER 8 AND L OF INCIDENT CHANNEL POR GIVEN GOMPOUND INCHSUMY
¢ NUCLEUS SPIN AND PARITY INCHSUMS
¢ _ INCHSUMé
COMMON RHO(40,200),7(30,200),P(80),5P(2002,6)s,PP(80),SPP(200,7) RHQO 2
1,5PNGN(20P)Y,PL(SA,6)sGC200,6),RHOFTR(UD) RHO 3
COMMON/BASTC2/TITLF(16) ,ELAR,DE,ZAP,ZAT, XMT, NKKM(10),CNPT(108), BASIC2 2
{ CNPIP(1@),8(60),3AC(12),101(¢6P),I0P,I0E2(6A),IBUF(6,10), BASIC2 3

2 ECMyJP, NKMAX, NJMAX; NKK(6Q) ,NKDIM s TCP(30),RMOP(UB),ACON), A2(6P), BASIC?
3 NRHO(6),XJT, NPOPMAY,NTC2(6)sNJDIM, TIOECN(10),NKKCNC{@),ECON,BASIC2 S
4 JPT(UN,2) e XMPoXJIPPIT,NLP,XNLP,KLsIDSTAT(T7)+SICsCSLsCSH,PILLL(3AIBASICR &
S,1CAPT,FLBUF(S0,10),INPOPT, TKEEP BASICa 7
COMMNN/AMMA/NMP ,LGROPT,SWS(102),GML(6),GMP(6),REL(6),LMGKOL(6), GAMMA 2
1 TGR(200,6), WKCON,CAXEL GAXEL,ERAXEL,EXSHS(10),WKNORM GAMMA 3
COMMON/SUMABLKY/KP, KD, IP, IN,KNGN,JPI2,N.DP, IK SIMBLKL 2
COMMON/SUMBLK2/XJCN,PICN, JPICN,ECONJsMP,J2. L2, TGRL, TLEV,XJ2, SUMBLK22
{ TTOT(8D) SUMBLK2S
COMMON/PREEN/LPEQ,SIGR,PREQTI(6)¢CSIGI(6),NITT(6)sALPHA(S) INCHSU12
MXT (MMw1)/2 ¢ INCHSUILS
€s = cSL INCHSU 1Y
DP=z20, INCHSULS
PICOMP=PIT#PICN INCHSIJ16
LPICOMPEPICOMP*SIGN(O,1,PICOMP) INCHSULT
D0 67 18SP=1,1000 INCHSU18
€SsCS+1,0 INCHSU19
IF(cs-csH);nn ?op.rn INCHSUI2#
200 LPL=ABS(XJCN=[£S)+1,0! INCHSU21
LPHaXJCN+CS+1,01 INCHSU22
LPH=MINA(LPH, NLP) INCHSU23
IF(LPL=LPH)201,201,60 INCHSU24
271  CONTINUE INCHSU25
DO 55 LP=LPL,LPK INCHSU26
LPPI=PILLLC(LP) INCHSU27
IF(LPPI=LPICOMP) 55,202,585 INCHSU23
202 COMTINUE INCHSU29
S@ OP=ECONJ#TCP(LP) + OP INCHSU30
53 CONTINUE INCHSU3Y
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s XeNel

3000

o0

60
70

S1

52
58

79
72
61
62

CONTINUE
RETURN

END

SUBROUTINE SUMER(NN,DE)

ADD POPULATION INCREMENT INTO POPULATION ARRAY AND INTO SPECTRA

COMMON RHOC(UQ,208),T(30,207),P(80),8P(200,6),PP(80),3PP(202,7)
14 SPNGN(200),PL(S0,6)+6(2%0,6),RKOFTR(UD)
COMMON/SUNBLKi/KP.KD.IP,ID.KNGN.JPIZ.N.DP.IK

COMMGN/TOTALS/SIGTOT (10}

GO TO0 (51,52),NN

P(JPI2) = P(JP12)+DP

GO T0 s8

PLC(N,IP) 8 PL(N,IP)+0DP
DS= DP/DE

SP(KD,IP) = SP(KD,IP)+DS
SPP(KO.1D)= SPP(KD,10)+DS
IF(1K=2)70,70,72
SIGTOT(IPYaSIGTOT(IP)+0DP
GO TO (61,62),KNGN
SPMNGN(KD)=2SPNGN(KO)+DS
RETURN

END

SUBROUTINE GRLINES

CALCULATE OISCRETE GAMMAwRAY CROSS SECTIONS AND SUM

TO GET INTEGRAL CROSS SECTIONS

INCHRUTR

INCHSU

33

INCHSU34

SUMER
SUMER
SUMER
SUMER
RHO

RHO

SUMBLK
SUMER
SUMER
SUMER
SUMER
SUMER
SUMER
SUMER
SUMER
SUMER
SUMER
SUMER
SUMER
SUMER
SUMER
SUMER
GRL INF
GRLINE
GRL INE
GRLINE
GRLINE

~n

3

4
5

2

3
12
8
9
10
i
1a
13
14
15
16
17
18
19
en
21

22

82
$3
84
§S
S6

FORMAT(//« LEVEL DATA DUT DF ORDER, ZAS#15,2X,#ZA2a#15,4X,#NLual3,GRLINEST
{ UX,#LDATEz#17,4 ABORT JOR,«)

COMMON/LCINDEX/1PBLC,1G|.C, 1ZEROLL, ISPLC, IPLLC, IEGLC,ISGLC,ITCLE,

GRLINE
GRL INE
LCNDEX

{ I8STCLC,IRHOLC,ITLC,IBLLC,IAJLC,IATLC,NIDIM,NIPDIM,NIBDIM,NGROIM, CNDEX
2 NIDDIM,NIRDIM

COMMON RHO(4D,200),7(30,200),P(8A),SP(200,6)sPP(80),SPP(200,7)
10$FNGN(ZFG)0PL(5006)0G(QQG06).RHOFTR(UQ)
COMMON/LEVELIZEL(SD) ,AJ(50),AT(30),XNL(6O),ELMAX(60),NLEVDIM

1,EG(240),SG(2uPY NGRAYS(6P)

COMMON/BASICI/NI,XNIP(1a),NIR,LR(6,10),ZA1(68),2A2(60),XM2(¢68),
{1 ZACN(1@).CSGR(6DICSTOT(HB)LCSLEV(6@),C8IN(B),EAVIO(B),EAV(6Q)
COMMON/BASIC2/TITLE(16),ELABJDE,ZAP,ZAT,XMT,
1 CNPIP(19),8(60),8AC(10),101(60),10P,I0E2¢60),IBUF(6,10),
2 ECM,UP,NKMAX,NJMAX, NKK(6Q) ,NKDIM, TCP(3R),0MDP (D), A(60),A2(60),

3 NRHO(6)sXJT, T10ECN(10) ,NKKCN(10),ECON,BASIC2

NKKM(10),CNPIC1@),

NPOPMAX, NTC2(6),NJDIM,

LCNDEX
RHO

RHO

LEVELY
LEVEL
BASICY
BASICY
BASIC2
BASIC2
BASIC2

4 JPICUP,2),XMP xJPaPIT)NLPyXNLP,KLsIDSTAT(7)sSIC,CSL,C8H,PILLL(30)BASIC2
S, ICAPT,PLBUF(S0,10)s INPOPY, YKEEP

DIMENSINON NTT(S@),16(S0,40),NFF(30,40),PR(5Q,40),CRR(5A,40)
EQUIVALENCE (1G,RHO), (NFF,RMO(1,101)), (PR, T)Ys(CPR,T(1,101))

MAIN
CalLlL
CALL
CALL
CALL
CaLL

CALCULATIDN LOOPS
ECRD(PLBUF, J2EROLC, SA@, IERR)
ECRD(CSGR. 1ZEROLC,NIR,s IERR)
ECRD(CSTOT, 1ZEROLC,NIR, TERR)
ECRO(EAV,IZEROLC,NIR, 1ERR)
ECRD(CSLEV,IZEROLC,NIR, IERR)

REWIND KL
DO 102 T13{,N1?
NIP=XNIP(T)

NPTS=

NIPaNLEVOIM

INOEX=IPLLC+(Tai{)#NLEVDOIMaNIPDIM

CaLL

ECRO(PL, INDEX,NPTS, IERR)

BAS]C2
GRLINE
GRL INE
GRLINE
GRLINE
GR{ INE

S8
89
2

N VIEBEWNUWAOALNNWND S W

18
16
17
18
19

GRLINE?20

GRLINE
GRLINE

21
22

GRLINE23

GRLINE

24

GRLINE2S
GRLINEZ26
GRLINER27
GRL.INE28
GRLINE29

A-31



se

58
%

66
70

A-32

HRTAw NYhi1aNTP
INDEX2ISPLC+ (1wl )aNKDIMANIPDIM
CALL ECRD(SP,INNEX,NPTS, IERR)
00 102 1P=mi,NIP

IRz LR(IP,1)

NLEV2 = XNL(IR)

ADD PARTICLE=INDUCED POPULATIONS TO STATES THAT GAMMA DECAY
IB=IBUF(IP, 1)

IFCIB,LF,@IGO 10 90

DO 4@ Nzi,NLEV2 _

PLBUF(N,I8) = PLBUF(N,IB)+PLINsIP)

10 = ID{(1R) _

IP(10,NE,7) GO T0 90

COMPUTE DISCRETE GAMMA cROSS SECTIONS
1ZA2=ZA2(IR)

READ(KLY 1ZAsNL,LOATE
IF(IZA.EN,1ZA2) GO TO %o
WRITE(6,1) 1ZA.1ZA2,NL,LOATE
STOP

NG=0

N0 6@ N={,NL )

PLIN,IP) = PLBUF(N,18)

READ (KLY ELCNY,AJCN),AT(N),TAU,NTT(N)
NT=NTT(N) )

IF(NT,LT,1) GO 10 60

00 S8 KNaf,NT

NG=MNG+1

IG(N,KN)=NG

READCKL) NFF(NsKN),PR(N,KN),CPR(N,KN),AMR,LLY,LL2
CONTINUE

NGRAYS(TR)auNG

NGR=NG

DO 70 NN=2,NL

NENLeNN¢2

NTINTT(N) ..

IF(NT,LT.1) GO TO Y0

DO 66 KNz NT

NGEIG(N, KN)

NFENFF (M, KN) .
EG(NGYzEL(N)=EL (NF)

DP=PL(N, IPY*PR(N, KN)

PLCNF, IPY=PL(NF, IP)+DP
DPaDP#CPR (N, KN)

SG(NG)= DP '
CSGRCIRYSCSGR(JIR)+0OP

KDm EG(NG)/DE + 9,5
IF(KD,LT,1) KD={

0S = DP/DE .

SP(KD,IP) = SP(KD,IP) ¢+ DS
SPP(KN,IN) = SPP(KD,1D) ¢ O§
CONTINUE = | )
INOEX=TEGLE+(IRa1)#NGRDIM

CALL ECWR(EGs INDEX,NGF, 1ERR)
INTEX=1SGLC+(IRa1)#NGRDIM

CALL ECWR(SGs INDEX,NGR, IERR)
NPTS=NIP#NLEVOIM
INDEX=IPLLC+(I=1)#NLEVDIMaNIPDIM
CALL ECWR(PLs INDEX,NPTS, IERR)
NPTSz NKOIM#MIP
IMDEX=2ISPLC+(Ta1)#NKOIMaNIPDIM
CALL ECWR(SP,INDEX,NPTS,IERR)

prRL I 3V
GRLINF Y}
GRLINE32
GRLINESS
GRLINE 34
GRLINE3S
GRLINE 36
GRLINF 37
GRLINE3S
GRLINE39
GRLINEUO
GRLINEUY
GRLINEU2
GRLINEAS
GRLINZUY
GRLINEUS
GRLINEU®
GRLINEW?
GRLINEUS
GRLINEUS
GRLINES®
GRLINESY
GRL INES2
GRLINESS
GRLINESG
GRLINESS
GRLINFS6
GRLINES?
GRLINESS
GRLINESS
GRLINE6D
GRLINEG1
GRLINES2
GRLINE63
GRLINEGU
GRLINESS
GRLINEGS
GRLINES?
GRLINE6S
GRLINE69
GRLINETO
GRLIMNET1
GRLINE?2
GRLINETS
GRLINE74
GRLINETS
GRLINET76
GRLINET?
GRLINE78
GRLINE79
GRLINFBY
GRLINEB1
GRLINES2
GRLINEAS
GRLINESY
GRLINESS
GRLINEB6
GRLINEA?
GRLINESB
GRL INE8S
GRLINE9Q
GRLINES1
GRLINES2




(e NeX s

90

92

94
100

108

120

AN AL W N o=

0

10

11

GRLINFOY

SUM INDIVIDUAL SPECTRA GRLINFOY
£Eo=0, GRL INESS
NK2NKK(IR) GRLINE9G
00 92 K={,NKMAYX GRLINE9?
ED=ED+DE GRLINE9S
EAV(IR)SEAV(IR) +EDASP(K,IP) GRLINES9
CSTOT(IR)= CSTOT(IR)0SP(K 1P) GRLINIDO
IFC(CSTOTCIR).GT.B,) EAV(IRYREAV(IR)/CSTOT(IR) GRLINt@QY
CSTOT(IR)= CSTOT(IR)-DE GRLINi@2
. ) GRLINiO3

SUM LEVEL POPULATIONS FROM CONTINUUM AND LEVEL TRANSITIONS GRLIN{RY
DO 94 N=i,NLEV? o GRLIN{®S
CSLEV(IR)= CSLEV(IRY+PL(N,1IP) GRLIN1@S
CONTINUE GRLIN1QAY
GRLINIAS

SUM COMPOSITE SPECTRA GRLIN1QA9
0O 110 10= GRLIM1tO
csxo<10):n GRLINf11
EAVID(ID)=a, GRLIN112
ED=0, o GRLINILS
IFCIDOSTAT(CID),LT.1) GO YO0 110 GRLIN1 14
DO 178 Kay NKMAX GRLIN11S
ED=ED+DF GRLINit1G
EAVID(ID)SEAVID(ID)+ED*SPP (K, 10D) GRLIN1{7
CSIDCIN)= €STIO(IPI+SPP(K,IN) GRLINy8
IF(CSIDCID) GT.R,) EAVID(ID)HEAVID(ID)ICSXD(ID) GRLIN{19
CSID(1ID)= CSID(ID)tDE - GRLINt20
CONTINUE GRLINg21
C3I1D0(8)=0, GRLINg22
EAVID(B)= 0 GRLIN{23
EOcR, ) GRLINi24
DO 129 K={.NKMAYX GRLINt2S
EDZEN+NE GRLINi2S
EAVID(B)SEAVID(8)+ED*SPNGN(K) GRLINL27
CsIO(S):CS}D(a)osPNGN(K) . GRLIN{28
IF(CSI0(8).GT,0,) EAVID(G)l!AVXDtU,/CSID(B) GRLIN{29
csxntaa:csxots)-oz GRLIN{30
RETURN GRLIN13
END GRLIN{32
SUBROUTINE DATAOQUT DATADUT2
, DATAOUTS

MAIN OUTPUT ROUTINE DATAQUTY
; R DATAOUTS

FORMAT(1{H1,10Xs2R A D T AT I ON _  WIODTHSHY /) DATAQUTS
FORMAT(1H|{,10X,#8S P E C T R A FROM INDIVIDUAL NDATADUTT
{1 REACTIONS* /) DATAOUTS
FORMAT(16X.10(A6,F5,0)) DATANUTY
FORMAT(A6,A10,10(1X,A10)) DATAOU1Q
FORMAT (AL, A7 1P, 12(E10,3,1X)) DATAOIL Y
FORMAT(1S, F10.3 2X« 1P, 10(E10,3,1X)) 0ATAQULR
FORMAT({M1,3AX,«C O M P O S I T F S PECTRAn /) DATADU1L3
FORMAT(1H1,10X,#D ! S CRE T F LEVEL I NFOQRMAT I DATAOULY
10 N» ) DATADULS

FORMAT(// 3K I:IZ.SX.SHIPIIE.SXo3HIRlIZ 3Xs 4HZALIR,FU, 0, 3X, 4HZA2RFSDATAOULG
1eP93X, 1OHSEPARATION ENERGY =F7,3,4H MEV,3X,31HACCUMULATED SEPARATIDATAOUYY

20N ENERGY =2F7,3,4K MEVY) DATAOU1S
FORMAT( 38HM NUMHER OF LFYEL IN RESIDUAL NUCLEUS =#13,3Xx,22HNUMBER ODATAOU19
1F GAMMA RAYS =Y3.3X, #RESIDUA|L NUCLEUS ID a#15) NATADU20
FORMAT(// » LEVEL LEVEL SPIN, PRODUCTION NUMBER OF FINDATAD2Y
1AL FINAL TRANSITION CONDITIONAL GAMMA GAMMA PRODUCTION DATAQU22
2 %/ s NO ENERGY PARITY CROSS SECTION TRANSITIONS LEVDATAOU2Y

3EL ENERGY PROBABILITY PROBABILITY NUMBER ENERGY CROSS SECTIODATAOU24

A-33
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UN» / * (MEY) (BARNS) NODATAO!2Y
5 (MEV)Y _ C . (MEV) (BARNS)*) DATAOU26
FORMAT(/ Ia.Fiﬂ.a.F7.1o§X.1?E1}.0.!10) , DATAQUZ2Y

FORMAT(USX,110,F10.UsF11,U4sF13.4,18,F10,4,3Xs1PE1}.4) DATAOU28

FORMAT( (N1, 1OX,%L E V E L DENSTITY PARAMETER JULI9TTG

18» ) DATAOU3A
FORMAT(/ » .1 1P IR IZal 1242 A _TEMP E@ EMATCH DATADUZY

{ECUT  LEVELS PN P2 SN LY $ SAC » / DATAOUS2
2 * (/MEVY  (MEV) (MEV) (MEV) (DATADU3Y
IMEVY AT ECUT, (MEV) (MEV) (MEV)  (MEV) (MEV) (MEV)% ) DATAOU3Y
FORMAT(313,FSaP,F7,001X,2F7,3,3F8,3,F6,2,1X,UFP8,242F9,3) DATAOI3S

FORMAT(« NUMBER OF LEVELS IN RESIDUAL NUCLEUS mw,13/// DATAOUZS

{* LEVEL LEVEL SPIN, 1$0e _ PRODUCYION#/ DATAOUY?
2» NO ENERGY PARITY  SPIN CROSS SECTIONw/ DATADU3S
3w . (MEV) ) (BARNS)#/) DATAOU39
FORMAT(IU,F12,4,2F7,1,3%s1PEL1,4) DATAOUYA

FORMAT(1H{.8A10,/1H ,8A10) DATAOUUY

FORMAT(/% LAB NEUTRON ENERGY z#{PE{{,U4,* MEV#/) DATADUY2

FORMAT(/* RIMARY REACTION SUMMARIES (COMPOUND NUGLEUS ONLY)#*,//  DATAOU43

i  REAGTION . SIGMA #,/n PRODUCT (BARNS) %,/ DATAOU4Y
L Seecwnese II-I'I‘-.'I.) DATAOUUS
FORMAT(1X,A10@,2%X,1PE11,4) DATAQUUSG

DATAQUAT

COMMON/LCINDEX/IPBI.C,IG1 C,IZEROLC, ISPLC, IPLLC,IEGLC, ISGLC,ITCLC, LCNDEX 2
{ ISTCLCeIRMOLE,ITLC,TELLC.TAJLC,IATLC,NIDIM;NIPDIM,NIBDIM,NGROIM,LCNDEX 3
2 NIDDIM,NIRDIM LCNOEX 4

CQOMMON RHO(aﬂ.aoo).7(30,200).P(&n).SP(ZGO.G).PP(BO).SPP(209.7) RHO 2
1+ SPNGN(200),PL(S0,6)sG(200,6),RHOFTR(UY) RHO 3

COMMON/LEVELI/ZEL(S2),AJ(50),AT(S0), XNL(6A),ELMAX(60),NLEVDIM LEVELY 2
1,EG(2UM),S6(24M), NGRAYS(60) LEVELL 3

COMMON/BASIC1/NIXNIP(1@),NIR,LR(6,10),ZA1(60),2ZA2(60),XM2(60), BASICY 2
{ ZACN(1@),CSGR(6A),CSTOT(6A),CSLEV(60),CSID(B),FAVIO(8),EAV(6DQ) BASICY 3

COMMON/RASIC2/TITLF(16) ELABLDE,ZAP,ZAT,XMT, NKKM(1Q),CNPI(10), BASIC? 2
{ CNPIP(17).S(6A)SAC(10),101(¢60),I0P,10F2(60),IBUF(6,10), BASIC2 3
@ ECM UP,NKMAX ,NJMAX,NKK(6R),NKDIM, TCP(30),OMOP(UB),A(60),A2(61), BASIC? 4
3 NRHO(6)2XIT, NPOPMAX)NTC2(63,NIDIM, TOECN(1P),NKKCN(1@),ECON,BRASIC2 8§
4 JPICUR,2) s XMP,XJIP,PIT,NLPoRNLP, KL, IOSTAT(7),SIC,CSL,CSHsPILLL(3Q)IRASIC2 &
SsICAPT,PLRIUF(SA, 1), INPOPT, TKEEP BASIC2 7

COMMON/PRNTQUT/IPRTLEV, IPRTTC, IPRTM D, IPRTWIO, IPRTSP, IPRTGC PRNTOUT?2

COMMON/LEVNEN/DEF (AC) , XNLGC(6@),ECGC(6@),UCUTOFF,DEFCN,TGC(60), LEVDEN 2
1 E@GC(60),FMATGC(6A),PATIR(6M),XMR3I(60),XNLLN(6@),S2(128),SN(158), LEVDEN 3

2 PZ(12R)Y,PN(1I5R) LEVREN &4
COMMON /SPNPAR/ SPIN,PARITY,KGRD LEVDEN §
DIMENSION SCHUF3(20R,10),HK(2)sHGAM(2),HLEV(2),HTOT(2),ZADUM(60), DATAOUSS

{ SCBUFU(207,6,10),8LANK(2),BC02(8),HEAV(2) DATAOUSS
COMMON/PREEN/LPER,SIGR,PREQI(6)IsCSIGI(6)I,NITT(6),ALPHA(S) DATAOUSY
COMMON/TOTALS/SIGTOT(1a) ’ DATAOUSS
EQUIVALENCFE (RHO,SCRUF3Y, (RHO(1,51),3CBUFUY) DATADLSY
DIMENSION MTA(SA),8PX(20@),%E(290) DATAQU60
DIMENSION INTC1),NBT(1) DATAOUGY
DATA MTA/18,18.17,17016,1644,91,102,0,0,0,0,0,0,0,32,28,0,0,0,0, DATAOU6?

X105,33,104422,3440,7,103,04067,107,0,106,1420/ DATAOUGY
DATA C1,L1.L2,NR,MC/0,,0+0s1,1/ DATAQUGS

- o . DATAQUGS
DATA BCD2/1@H NEUTRON ,1@H PROTON , 104 DOEUTERON, {0H TRITON ,DATAQUSS

1 10H HELIUMe3,{@2M HELIUMald,10H GAMMA@RAY, {0H G,NEUTRON/DATAOU67
DATA HWID,HMEV,HSIG, HRARN,HBMEV ,HDASH, HK, HGAM, HLEV,HTOT,HZACN, DATAQU68

{ HZA1,HZA2/10H NIDTH_oleH (MEV) ,10H SIGMA , 10K (BARNS)DATAOUG9

2s10M (B/MEV)  10H @emcemanma, 6H K , 10K ENERGY ,10K LEVEL DECDATAOUTO

Ys THAY C/S=,10H |LEVEL ExC,7HIT C/S=,10H TOTAL PRO,7HD, C/8%, DATAQUTY

4 6H ZACN=,6H 2Za13,6H ZA2=2/4BLANK/ 10K s 10H / DATAQUT2
DATA HSPEC/1OH SPFCTRUﬂ/.HEAV/iﬂH AVG,ENERG, THY IMEV)/ DATAOUT3
DATA MNON/1AHNONELASTIC/ DATAOUTY
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250

260
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47

49
us

52

54
58

ENERGY AND BINARY CROSS SECTION PRINT
NIP=XNIP(1) .

D0 250 IP={,NIP i :
8IGT0T(1M)=SIGTOT(10)¢§IGTOT (1P)
WRITE(6,219) TITLE

WRITE(6,220) ELAB

WRITE(6,221) .
WRITE(6,222) HNON,SIGTO?(10)

DO 26@ IP={,NIP

IR=LR(1P,1)

102101 CIR) _ .
WRITE(6,22p) BCD2(ID),SIGTOT(IP)
IF (LPEG.NE. 1360 10 248
WRITE(6,2U8) |

DO 249 1P=z{,NIP

IR={R(1IP, 1)y

INS1D1(1R)

NK=NKK ( IR)

IF(NK, LY, 1360 TO 249
IFC1D,EQ.7)60 1O 249

uaxre<e.207)Ip.;o.ecoatroa.NrTTtIo).ALPHA(IDi.cs;cttro).Paenxtxo)
FORMAYt///15X#%eeanes PREEQUILIBRIUM SUMMARY weeesan/)
FORMAT(/SX#IP 2 #13,2%x#10 = #13,2X#O0UTGOING PARTICLE =

X«INITIAL EXCITON NUMBER m #l3,SX#PREQ NORMALIZATION »

X COMPOUND X=-SEC(BARNS) = #E14,5,5Xe PREEQ XwSEC(RARNS) =

X)
CONTINUE
CONTINUE

WIDTH PRINT OPTION

IFCIPRTWIDLLT, 1) GO TO 60
NPTSINKDIMx6#NT A

CALL ECRD(SCBUFu4,IGLC,NpTS, IERR)

ICTa0

DO S8 Iay,NI

NIP= XNIP(1)

DO 58 1P={.Nlp

IR=LR(1IP, 1)

ZADUMCIR)= ZACN(I)

ICT=ICTs+!

DO S2 K=1,NKMAY o
SCBUF3(K,INT) a SCBUFU(K,IP, 1) .
IFCCICT,LT.10) AND, (IR, LT, NIR)) GO 10 %8
IRHa IR

NICT=ICT

IRLIIRHeNIET+]

PRINT WIDTHS

WRITE (641) A .

WRITE(6,3) (HZACN,ZADUM(IT),I1=IRL,IRN)
WRITE(6,3) (HZAY1, ZA1(IT1),11a3lRL,IRH)
WRITE(6,3) (HZA2. ZA2(13),11=1RL, IRH)
WRITE(6,4) BLANK, (HDASH, IIxIRLs IRH)
WRITE(6,4) KK, (HWID, IT=1RLsIRHK)
WRITE(6,4) BLANK(1)sHMEV, (MMEV, II51IRL, IRM)
EXK=UP+QE

00 S4 Kei,NKMAY

EK=EK«DF ) ) .
WRITE(6,6) KsEK, (SCBUF3(K,11),1Is{,NICT)
ICT=0

CONTINUE

DATAOU?S
DATAQUTS
DATADUTY
DATAOU78
DATAOUT9
DATAOUS®
DATAOUSY
DATAOUSB2
DATAOLSBY
OATAOLIBY
DATAOUSBS
DATAQNBS
DATAOUB?
OATAGLBS
DATADUBY
DATACUS9O
DATAOU9Y
DATAOU92
DATAQUOY
DATAOU9Y
DATADU9S
DATAOU96
DATACUSY?

*A10/SXDATAOU98
*E{4,5/3X*DATAOU99
«E14,5/DATAO110

DATANIAY
DATAO1@2
DATAOI®3
DATAOLAY
DATAD1QS
DATAD1Q6
DATAO1AY
OATAD1QA8
DATAOLA9
DATAO11@
DATAOf1Y
DATAD112
DATAQ113
DATAD{1U
DATAO11S
DATANy G
DATAODY117
DATAO118
DATAOD119
DATAD120
DATAG12Y
DATAD12?2
DATAD123
DATAD{24
DATAD(2S
DATAQ126
DATAQ127
DATAD128
DAYAOf29
DATAN13Q
DATAO{3Y
DATAD132
DATAD§33
DATAODY34
DATAQ13S
DATAD136
DATAD137
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INDIVINUAL SPECTRA PRINY OPYION
IF(IPRTSP,LT,2) GO TO 79

1CTeR )

DO 68 Iai,NI

NIPz XNIP(1)

NPTS2 NKDIMaNTP
INDEX=ISPLC+ (1= )*NKDIMaNIPDIM
CALL ECRO(SP, INDEX,NPTS,IERR)
D0 68 IP=1,NIP

IR = LR(IP,I)

ZADUM(IR)=a ZACN(I)

ICT 3 ICT+{

DO 62 K=1,NKMAX

scRUFS(K.Icr)= SP(K,IP)
1FCeICT, LT 1)L AND, (IR, LT NIR)) GO 10 68
IRHalIR

NICT=1CT

IRLeIRH=NICT+

PRINT CROSS SECTIONS AND SPECTRA
WRITE(6,2)

WRITE(6,3) (HZACN,ZADUM{I1),I12IRL, IRH)
WRITE(6,3) (HZALs  ZA1(I1),11=IRL,IRH)
WRITE(6,3) (HZA2,  2A2(I11),IT=IRL,IRH)

WRITE(6,4) BLANK, (HPASH, 11=IRL, IRH)
WRITE(6,4) RBLANK, (HS1G, 11=IRL,s IRH)
WRITE(6,4) BLANK, (HRARN, II®IRL, IRH)

WRITE(6,5) HGAM, (CSGR(II),I11=IRL,IRH)
WRITE(6,5) HLEV, (CSLEV(II)011=IRL01RH)
WRITE(6,5) HTOT, (CSTOT(I1),I1=IRL,IRK)

WRITE(6,4) BLANK, (HDASH, TI=IRL, IRH)
WRITE(6,5) HEAV, (EAV(IT),11=IRL,IRH)
WRITE(6,4) BLANK, (HDASH, T1=2IRL, IRH)
WRITE(6,4) HK, (HSIG,II=IRL, IRH)
WRITE(6,4) BLANKC1) s HMEV-(HBMEV111=IRL.IRH)
EXz0a,

DO 64 K=1,NKMAYX

EKZEK+DE

WRITE(6,6) KsEK, (SCBUF3(K,11),11n1,NICT)
1cT=0
CONTINUE

IFC(IPRTSP NE, 1)% AND, (IPRTSP ,NE,3)) GO 10 80

PRINT COMPDSITE SPECTRA

WRITE(6,7) ,
WRITE(6,4) BLANK.(BCO2(ID),10%1,8)
WRITE(6,4) BLANK. (HSPEC,1D%1,8)
WRITE(6,4) BLANK, (HDASH,ID2{,8)
WRITE(6,4) BLANK,(HSIG ,1021,8)
WRITE(6,8) BLANK, (HBARN,IDE{,8)
WRITE(6,5) HTOT,(CSIOCINY,ID=1,8)
WRITE(6,4) BLANK, (HDASH,IN=1,8)
WRITE(6,5) HEAV,(EAVID(ID),1De1,8)
WRITE(6,4) BLANK, (HDA3H,1D=1,8)
WRITE(6,4) HK, (HSIG ,1Dz1,8)
WRITE(6,4) BLANK(1), HMEY, (HBMEV, 1021, 8)
Exz0,

DO 74 K=1,NKMAX

EKIEK4+DE

WRITE(6,6) KoEK,(SPP(K, 10),10x1,7),3PNGN(K)

IF(IPRTLEV.LT,1) GO TO 90

PRINT DISCRETE LEVEL AND GAMMAwRAY DATA

DATADY SA
DATAOL39
DATAO( 40O
DATAO14]
DATAO1UR
DATADL43
DATAOL U4
DATAO14S
DATADL UG
DATAN14Y?
DATAO1US
DATAD149
DATAO1S0
DATAO1S¢
DATAO1S52
DATAD153
DATAO1SU
OATAO15%
DATAQLSS
OATAQ1S?
DATAO158
DATAD1S59
DATAN160
DATAO161
DATAD162
DATAON163
DATAOD164
DATAODL65
DATAO166
DATAO167
DATAC168
DATAD169
DATAODL70@
DATAO171
DATAD172
DATAO173
DATAOD174
DATADLTS
DATAD176
DATAOL77
DATAD178
DATAD179
DATAD{80
DATAO181
DATAO182
DATAO183
DATAOD184
DATAD18S
DATAOD186
DATAO187
DATAO18R8
DATAD189
DATAD}90O
DATAO191
OATAQ192
DATAD193
DATAD194
DATAD}9S
DATAQ196
DATAO{97
DATAD{98
DATAD199
DATAO2WO




81
82

98

100

NRITE(H,0)

REWIND KL

DO 88 I=1,NI

NIP= XNIP(1)

NPTSe NIPaNLEVRIM .
INDEX=IPLLC+(Tat)ANLEVDIMaNIPOIM

CALL ECPD(PLsINDEX+NPTS, IERR)

D0 88 IP=1,NIP

IFC(PL(1.IPYLER,B,),AND, (NKKCN(I),LT.1)) GO TO 88
IR= LR(I°,1)

NLEV2z XML(IR)

WRITE(6,9) 1,1P,TR,ZALI(IR),»ZA2(IR),S(IR),SAC(])
SFCIDICIRYLER, Y)Y GO TO A2

WRITE(6,17) NLEV2
INDEX=TELLC+(IRal)*NLEVPIM

CALL ECRND(ELs INDFXsNLEV2, IERR)
INDEX=TAJSLC+ (IRt }#NLEVDIM

CALL FCROCAJ, INDEX,NLEV?, IERR)
INDEX=TATLC+(IRa1)#NLEVDIM

CALL ECRD(AT,INDEX,NLEV2, IERR)

00 81 N={,NLEV?

WRITE(A,18) N,ELC(NY,AJCNY,ATCNY,PLIN,IP)
GO 10 88

READCKLY I174,NL,LOATE

NGR = NGRAYS(IR)
INOEX=IPGLE+ (TRl )#NGRDIM

CALL ECRO(EGs INDEX,NGR, IERR)
INDEX=1SGLC+(IR=1)#NGRDIM

CALL ECRD(SG, INDEX,NGR, TERR)
WRITE(6,17) NLEVR2,NGR,17A

WRITE(6,11)

NGz

00 86 N=i,NL

READCKLIELCNY yAJJ,ATT, TAU,NT
WRITE(6,12) N EL(NY»AJJI,PLIN, IP),NT
IF(NT,LT.1) GO TO 86

DO 84 Kzi,NT

NGaNGe .

READ(KL) NF,PROR.CPROB,AMIX,LLI1,LL2
WRITE(6,13Y NFLELC(NF),PROB,EPROB,NG,EG(NGY,SG(NG)
CONTINUE

CONTINUE .

IFCIPRTGC,LT.1) GO TO ta@

PRINT GILAERT-CAMERON PARAMETERS
WRITE (6, 14)
WRITE(6,15)

D0 98 Ilei,NI?

NIP= XNIP(I)

D0 98 IPE1 NIP
IRE LR(IP, 1)

1ZA= ZA2(1IR)

Ias MOD(1ZA,1000)
I1Zs 1za/1aa0

INE lAel?

DATAD2UY
DATACRUR
DATAO203
DATAO204
DATAD208S
DATAD2Q6
DATAQ207
DATAC2QP8
DATAO2A9
DATAOD210
DATAO211
DATAD212
DATAD213
DATAO214
DATAD215%
DATAD216
DATAD217
DATAD218
DATAD219
DATADZ20
DATAD221Y
DATADR222
DATANR23
DATAOR24
DATAD22S
DATAG226
DATAD227
NDATAD228
DATADZ29
DATAD23Q
DATAD23Y
DATAD232
DATAQ233
DATAD234
DATAD23S
OATAO236
DATAD237
DATAD238
DATAD239
DATAQ24D
DATAQ241Y
OATAD242
DATAO243
DATAD244
DATAD24S
DATAD246
DATAQ247
DATAO248
DATAD249
DATAO2%0
DATAQ25]
DATAQ2S?
DATADZ2S3
DATAD2S54
DATAD25S

NRITE(6,16) 1,1R,IRsZA1(IR),2ZA2(IR),AR(IR),TGC(IR),EQGC(IR),EMATGCDATAN2SS

1CIR),ECGC(IRY, XNLGCCIR),PNCIN),PZ(12),8N(IN)»SZ(IZ),S(IR),SAC(])

CONTINUE

RETURN

END

FUNCTION ISERCH (XsEE,NEsAsA1,A2)

FIND PARAMETERS NECESSARY FOR SPLINE INTERPOLATION

DATAO02S7
0ATAD258
DATAD2%9
DATAO260
ISERCH 2
ISERCH 3
ISERCH 4

A-37



onNONore

12

o000

A-38

10

20

40

JGIAAL

X @ ENERGY AT WHICH FUNCTION 18 TO BE EVALUATED ISERCH &

EE = ARRAY OF FUNCTION ENERGIES 1SERCH 7

NE « NUMBER OF ENERGIES STORED IN EE 1SERCH 8
AsAl,A2 = SPLINE INTERPOLATION PARAMETERS 1SERCH 9

) . I1SERCH1Q

FORMAT(//#» SPLINE FUNCTION $SERCH OUT OF RANGE, K = #14,5H NE®ld)ISERCHIY
DIMENSION EE(NE) 1SERCHL2
I1SERCH13

K £ 0 1SERCHIU
IFC(X,LT,EF(1)) OR. (X, GT.EE(NE))) GO TO 50 1SERCH1S
K = 1 _ ISERCH16
IF(X.LT,EECKY) GO T0 20 1SERCHL?
IF (X LT.EE(K+1)) GO 10 4o 1SERCH18
K2 K+ o ISERCHI9
IF (XK, LT NE)Y GO TO {0 1SERCH20
K =K e ISERCH2Y
GO T0 4@ o 1SERCH22
IF(KED, 1) G0 T0 40 ISERCH23
K =1 I1SERCH24
GO T0 10 . ) 1SERCHZS
H e EE(K+1) » EE(K) I1SERCHR4
HY =2 X @ EE(K) ISERCHRY
H2 s EE(K#+1) = X I1SERCH28
A = H2wMi/s, ISERCH29
Al = Hi/H I1SERCH3O
A2 = M2/H ISERCH3Y
ISERCH & X 1SERCH32
I1SERCH33

RETURN 1SERCHIUY
IF(X,GT,EE(NE)) Km=999 13ERCH3S
WRITE(6,1) KsNE 13ERCH36
RETURN I1SERCH3?
END . I1SERCH38
SUBROUTINE PRECMP PRECMP 2
PRECMP 3

PRECMP 4

. PRECMP §
COMMON/LCINDEX/IPBLC, IGLC, ITEROLC, ISPLC, IPLLC, IEGLC,I8GLC, ITCLE, LCANDEX 2
{ 1STCLCsIRHOLC,ITLC,IELLC,IAJLC,IATLC,NIDIM,NIPDIM,NIBDIM,NGROIM,LCNDEX 3
2 NIDDIM,NIRDIM LCNDEX &
COMMON RHO(4@,200),T(30,20M),P(80),SP(203,6),PP(80),SPP(200,7) RHO 2
1, SPNGN(2P0Y,PL(50,6),G(200,6),RHOFTR(4D) RHQO 3
COMMON/TCOEF/ETC(2506),TC(25,3@),8C0(7),XSPIN(7),NLDIM, TCOEF 2
1NPART.NEE(é).Nn(b).NTC(b).IZAID(7).XMASS(7).NEEDIM.NLEINtb.ZS). TCLOEF 3
2NLE(6,2M0), JRAST(200,6) TCOEF 4
COMMON/LEVFL1/EL(SP) s AJ(5A),AT(SA)aXNL(60),ELMAX(6D),NLEVDIM LEVEFLY 2
1,EGC240),S6(247),NGRAYS(6Q) LEVELY 3
COMMON/BASTCI/NI,XNIP(1m),NIR,LR(6,108)4ZA1(60),Z42(60),XxM2(60), BASICY 2
1 ZACN(IR).CSGR(6A),CSTOT(6M)»CSLEV(HA).CSID(B),FAVID(B),EAV(6R) BASICY 3
COMMON/RASIC2/TITLEC16),ELABJDE, ZAP,ZAT,XMT, NKKM(1a),CNPI(10), BASIC2 2
1 CNPIP(1P),5(6@).SACCIMY,T101(6RA),1IDP,I0E2(6A),IBUF(6,10), BASIC2 3
2 ECM, )P, NKMAX ,NJMAX,NKK(6P),NKOIM, TCP(30),QMOP (4R, A(60),A2(60), BASIC2 4
3 NRHO(6)sXJTs NPOPMAX,NTC2(6) s NIJDIM, TO0ECMC{R),NKKCNC(1@),ECON,BASIC2 S
4 JPICUR,2),XMP,XJP,PIT,MLPo XNLP KL, IDSTAT(7)+SIC,CSL,CSH,PILLL(30)BASIC2 &
SsICAPT,PLRUF(5A,10), IMPQPT, TKEEP BASICR2 7
COMMON/PREEQ/LPER,SIGR,PREOI(6)sCBIGIC6),NITT(6),ALPHA(S) PREER 2
CGMMON/PREQI/ZEFSIG(200,5) ,NLEV,NPTIT,NIT PREQY 2
COMMON/FITTING/ACN,FSIGCN,SIGPER FITTING?
DIMENSION SPZ(2RQ) PRECMP 1S
DIMENSION PREN(200A),PREQIN(6,270) +SP21ID(6,208) PRECHP16
DIMENSION PPREP(8Q),PREP(80) PRECMPLY
NIP2XNIP(1) PRECMP18




2000

3086

30
31090

Xaft,yer,

00 2409 1Psi,NIP

KMAXENKMAX

IR=Z|LR(IP, 1)

10=10D1CIR)

IF(ID.FN.7)60 TO 2000
NK=NKK(IR)

IF(NK,LT,1)G0 To 2000
E:(KPAXO Sy«0DE

PI1=3,14159

GGGm b wACN/PITwan2

AAARXMT+1,
NFINZSORT(1,5+GGGYE)
xno=qusst;oaaxur/cxMToxMAsstxoa)
ALPH{3(14,+STICI#ALPHACID)
ALPH=ALPHI/E L.
PCON=SIGRw (2, #XSPINCID)41,)/C(ALPHR12, 2P Iun2)
PCONSPCOM/CAAARERS3)
NITZNITT(10)

KMAXINKMAX

EGR=SAC(1)+S(IR)

KGRZEGR/DE
KLM=(JPaSAC(1)=S(IR)I/DE+Q.5
DO 2 I=f,KLM

Us(KLMal+_5)DE

PREQ(1)=0,

DO 4 NaNIT. NFIN,2
PRFQ(I)uDREO(I)¢EPSIG(I IDYA((No L In(Ne{)an2)0(U/E) 2 & (NuD)
CONTINUE

PREN(1)8PREQ(T)#PCON
IF(SPP(1,IN) 4 LE.@,)PREQ(1)aQ,
PREOIN(1D, 1):pngo<1)
XaX+PREQ(CIISY=Y+SPP(I,1ID)
CONTIMUE

CONT INUE
IF (Y,LE,@,)PRINT 3006

FRACTiul
IFC(X,GE, Yy AND, (X\6T,1.Ea99)) FRACTimY/X

FORMAT§///25Xa acena SPECTRUM SUM n@, NO PRECMP mweaet///)
IF(Y,LE,Q,160 TO 3007

FRACT=(1 .x/v)

xr(rnAcr LE.A.)FRACT=D,

XzX#DESYzY#0E
DO 3AA8 IP=1,NIP
IR=LR{1IP, 1)81D=101CIR)

NK=NKK(IR)
1F(10.€0,7.0R,NK,LT,13GD T0 3008
u=a, SPRERT(I0)=A, scsxcx(xopsn
KLM= (nP-SAC(i)-S(IR))/0590 -1
D0 3@ Ilmi,KLM.
PREQ(II)SFRACT{#PREQID(ID,11)
PREAID(ID, I1)=PRED(II)
YYSFRACT#SPP(11,1D)
Z=YY4PREQ(TD)
IF(SPP(11,10),EQ.0,)2Za0,

UzU+0E
I3A=K“YAXe]]
SPZ(11)e2 .

SPZID(IN,I1)eZ
PREQICINI=PRENCYII*DE+PREGI(ID)
CSIGICIDYaYY#DE+CSIGICID)
CONTINUE

CONTINUE

pLECILe
PRECMP2D
PRECMPZ1
PRECMP22
PRECMP23
PRECMP24
PRECMP2S
PRECMP26
PRECMP27
PRECMP28
Juk2977s
PRECHMP3ID
JUL29776
PRECMP32
PRECHP3Z
PRECMP3U
PRECMP3S
PRECMP36
PRECMPYY
PRECMP 38
PRECMP39
PRECMPUQ
PRECMP U1
PRECHPY2
PRECHPYS
PRECHPUU
PRECMPUS
PRECMPUS
PRECHMPUT
PRECMPUB
PRECMPYUY
PRECMPSO
PRECMPS]
PRECMPSR
PRECMPS5]
PRECLHPSUY
PRECMPSS
PRECMPSS
PRECHPST
PRECMPSE
PRECMPSY
PRECMP 6D
PRECMPS1
PRECMPHS
PRECMP69
PRECMPTQ
PRECMPT
PRECMPT2
PRECMPT73
PRECMPT7U
PRECMPTS
PRECMP?6
PRECMP 77
PRECMP78
PRECMP79
PRECMPBA
PRECMP8Y
PRECMPB2
PRECHMP83
PRECMPBY
PRECHMP8S
PRECMPBSG
PRECMPBY

A-39




OoMce

[y BV}
-

o0 (s Ny Nel

2sa

298

299
3e0
399

un0
999

110
80

81

401
402

A-40

¢

NORMAL2ZAION OF PREES®

DO 1000 IP21,NTP
IRSLR(JP,1)$I0x101(IR)

NK=NKK (IR)

IF(ID,EQ.7.0R NK.LT,1)50 10 {@ge
KLM3(UP=SAC(1)=S(IR))I/DE+A.S

DO 31 I=f,KLM
PREQ(1)=PRERID(ID, 1)

NK2=NKK( IR)

MOD OF CONTINUUM

NKCNm{

- 1B3IBUF(1IP,1)
1F(IB,EQ,P)GO0 TO 999
DO 4A@ Kmi,NKCN
KDz |
KLOWzK+| R
IF(KLOWaNK?) 250,250,400
DO 399 KPzKLOW,NK2
KD=KD+1 .
JHAX2232, # JRAST(KP, IP)
INDEX=IPBLC+(KPai)#2#NJDIMs {1B=1)#2aNIDIMaANKOIM
CALL ECRD(PRFP(1), INDEX, JMAR22, 1ERR)
D0 309 J=i,JMAX22
PPREP (J)=PREP(J)
IF(SPP(KD, 1D} ,LE.D,)299,298
CONTINUE
PREQFz(FRACT+PREQ(XD)/8PP(KD,10))
PREP(JY=PRFP(JY#PREGF
CONTINUE
COMTINUE |
CALL FCWR(PREP(1),INDEX,JMAX22,1ERR)
CONTINUE
1z}
CONTINYE
CONTINUE
NLEVEXNLCIR) )
JNOEX=IELLC+(IRe1)«NLEVDIM |
CALL ECRD(EL,INDEX.NLEV, TERR)
UUCN=UPaSAC (1)
UU2MAX=UIUCNeS (IR)
DO 80 II1=1,NLEV
ECC2=UIU2MAX=EL (1)
KXDBECC2/DE+D.S
IF(SPP(KKD,10),LE.0,3G0 TO 110
PLCTIT, IPYsPL(IT,IP)*(FRACT4PREG(KKD)/SPP(KKD,1ID))
CONTINUE
CONTINUE . .
IF(IBUF(IP,1),EQ.0)G0 Tp 8t
I1=1
CONTINUE
DO 4@1 I=q1,KLM ,
SP(I,IR)I=SPZID(ID,I)SSPP(],1D)n8PZID(ID,1)
CONTINUE
CONTINUE

gy v nn
PRECMPB9
PRECHP9O
PRECMPOY
PRECMPO2
PRECMP93
PRECMP9U4
PRECMP9S
PRECMPOS
PRECMPIT
PRECMPOA
PRECHP99
PRECM{OY
PRECM1A2
PRECM{03
PRECM{QU
PRECHYGS
PRECM106
PRECM108
PRECHL M9
PRECM{ 10
PRECM111
PRECML12
PRECH{13
PRECM114
JuL29err?
JUL29778
PRECM1t6
PRECM{1Y
PRECM118
PRECM119
PRECM{20Q
PRECM{2}
PRECM122
PRECH123
PRECHM124
PRECM12S
PRECM{26
PRECM{27
PRECM{28
PRECM{29
PRECM1 30
PRECM{31{
PRECM{32
PRECM{33
PRECM134
PRECM{38
PRECM136
PRECM{37
PRECM138
PRECM139
PRECM{U®@
PRECM141y
PRECMId4?2
PRECM143
PRECM14Y
PRECM{4S
PRECM{ 46
PRECM{47
PRECM148
PRECML 49
PRECHI50@
PRECM1SY



1p0Q
3307

109

104

35

40
41

OOOWm

CONTINUF

CONTINUE

RETURN

END

SUBROUTINE INTERP(X,Y,NPTS,NTERMS,XIN,YOUT)
DIMENSTION X(1),Y(1)s0FLTACINY,AC1])

SEARCH FOR X (1)

00 19 Iei,NPT8
IF(XINeX(T))13,17,19
1121=NTERMS/2
1P(11,67,2)G0 1O 21
I1=1
GO TO 21
YOUT=Y(1)
G0 10 61
CONTINUE )
I1=NPTSeNTERMS+1
IZ:IioNTEng-i ,
IF(NPYS,GE, 1260 TO 3%
I12=NPTS
113]12eNTERMS+Y
IF(I1.6T.MG0 10 31
Ilay
NTERMSz12e114+1

EVALUATE DEVIATIONS DATA
CONTINUE
DENOM=X(I1+1)eX(11)
IF(DENOM,EQ,P,) 100,101
YOUTaY (1)
GO 10 61
CONTINUYE
DELTAXZ(XIN=X(11))/DENOM
00 35S I=1,NTERMS
IX=T141ey ,
DELTACI)=(X(IxX)=X(11))/DENOM
CONTINUE

ACCUM CDEF A

AC1)=Y(1Y)
DO 5@ Ke2,NTERMS
PROD=1,
SuM=o,
IMAX:K-i'
IXMAX=T14IMAX
DO 49 ISl.rMAX
J:K-I
PROD=PROD#(DELTA(KIWDELTA(J))
§UMzSUMeA(.1)/PROD
CONTINUE
A(K)=2SUMsY(IXMAX)/PROD
CONTINUE

ACCUM 8SUM OF EXPANSION

SuM=a(1)

DD S7 J=2,NTERMS
PROD=1,

IMAX:J-‘

D0 S6 Is1, IMAX

PRECM1S2
PRECM1SS
PRECM154
PRECM1SS
INTERP
INTERP
INTERP
INTERP
INTERP
INTERP
INTERP
INTERP
INTERP1O
INTERP1
INTERP12
INTERPI3
INTERPLUY
INTERP1S
INTERP{6
INTERP1Y
INTERP{8
INTERP19
INTERP2O
INTERP?Y
INTERP2?2
INTERP23
INTERP24
INTERP28
INTERP26
INTERP27
INTERP28
INTERP29
INTERP3O
INTERP3Y
INTERP32
INTERP33
INTERP3UY
INTERP3S
INTERP3S
INTERP 37
INTERP3S8
INTERP3S
INTERPUD
INTERPUY
INTERPU?
INTERPU3
INTERPUY
INTERPUS
INTERPUS
INTERPUY
INTERPUS
INTERP U9
INTERPSO
INTERPSY
INTERPS?2
INTERPS3
INTERPSY
INTERPSS
INTERPSS
INTERPS7T
INTERPSS
INTERPSY
INTERPGD

OeNOTVIEWN
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96
S7

61

A-42

D0 56 leil, THAY

PRODEPROD# (DELTAX=DELTA(I))
CONTINUE
SUM2SUM$A(J)*PROD
CONTINUE
YOUT=SUM
CONTINUE
RETURN
END

N o

INTERP6
INTERP62
INTERP63
INTERP6Y
INTERP6S
INTERP66
INTERP6T
INTERPGS
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APPENDIX B

GROUND-STATE MASS,

18 {9
16 -y
.6 28
35 32
ip 9
7 12
83 71
33n 590
1863 2055
2 100000F+A7
»322868E+0?
.7289228901
2 58SPORE+02
p2U2U9UE+DY
.621981E002
109086F002

,1aaaa95907
21260R1E402
a279uraF+R2
p 165620F 402
157027602

p 1369308402
pS3LSTAE+M
»163500F+02
,0736585901
«137301E4+0R2
214861PE+QY
,?371295002
" BP251{PE+A)
21298ARE+02
=,9356QA0E+N1
583996F +70
2150170F+02
,aoizsasoai
sl 672URF+02
=, 214911F+022
.. 208304F¢+02
w,2Uu396E+02
*«159142E+0 1
=, 299292€+22
,7200RRE+1] =
=, 317615E+02
=,230494F+A2
».330661E+02
=.112500E+02
355583F+02
=,35704RE+02
=, 3151371E+02
., 423U3AF+A2
=,286U10E+0?
,U32A9F+02
=, 202779 +02
149292E+02
*,U65560E+02
=.U2ARUBE+22
=,510612t422
-, 3USORREGQ2
=.552838E¢02
.. $8BUATESPR
=, 546865402
*,557332E+02
°,829420L+122

30
L))
=59
38
11
%]
81
709

,10CAPQE+DT
»U83585€+02
2 131363E+02
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100, A00
10¢,000
102,000
9999, 200
«99,200
«99,000
190,700
{70,000
100,200
100,070
9999, A0
9999 ,24p
103,500
9999,20@
9999,008
39 ,.5@0
99,520
9999,a00
9999,000
103,500
9999, 0200
9999, 000
9999, 0209
«98,500
9999, 200
9999, a%0
102,500
9999,000
9999, 0@
9999,000
-98,500
9999,000
9999, 200
{1,500
-94,500
9999, 000
9999, A00
99,500
9999,0202
9999, 008
141,590
101,500
9999,0200
9999,060Q
*99,500
=99,500
98,000
98,000
{25,000
180,000
100,000
100,000
9999, 070
177,000
105,020
9999,002
{og,000
100,000
{0,000
9999,000
95,500
9999,000
{0,000

9999, 110Q
«97,%40
97,500

9999,000
100,800
100,500

9999,000

9999,009
v99,500

9999,009

9999,000
99,000
93,000
1,000
{0p,r00
107,000
100,000
9999,0002
9999,000
178,000
{0n,000
140,000
100,000
{0G,r00
9999,700
9999,4P0
97,700
9999,000
{0y, p00
167,000
1fa,e00
9999,0007
9999,000
58,000

9999,000
100,000
{ov,cn0
{00,000
9999,029
9999,080
99,000
99,000
100,200
100,000
100,200
100,000
10,500
100,500
107,500
9999,000
97,579
104,500
9999,9200
95,500
95,520
9999,900
98,500
99,500
9999,000
9999,020
105,000
9999 ,040
9999,0008
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{00,000

100,200

1ea,000

9999,070
9999,¢00
9999,020
100,000

190,000

{ea,200

100,020

9990.932
'97.5““

9999,700
1eu,naﬁ

120,000

120,700

9999,490
9999,000
=98,508

132,009

{en, 7200

9999,020
1°02,000

{en, 000

{ep, 000

9999.7P0
«99,000

{ea.nr00

1an,ang

9999.030
=98,700

100,000

100,020

9999,230¢
9999,700
100,000

10r. 000

9999,007
9999.0907
170,R20

100.000

9999,700
7,000

B-10

9999,020
9999,009
9999,0009
9999,000
=99,n30
9999, 000
9999,000
9999,000
109,500
9999,a00
9999,000
9999,000
9999,0200
9999, 070
101,570
103,540
9999, 200
9999,000
14,0200
101,300
100,542
9999 _a00

102} 500
9999,000
102,500
9999, 000
97,500
9999,000
103" 500
9999, 000

<987 500

9999/ 000
95,503

9999, 000
-98/ 500

99997 ana
RULELL
99997000
=96/ 500

9999/ 000
9999' a0
9999" non
ol ano

100,000
ice.ean
1a0,000
9999,000
2999,000
101,509
170,000
{08,009
100,700
9999,000
9999,A¢n
«98,500
9999,000
102,70
103,700
1093,00n
9999 ,A0n
«37,5%0
«98,509
170,000
1r0,000
9999,000
105,000
100,0%0
170,000
9999,000
94,00
120,000
{00,000
9999,000
=92,000
1an,000
100,00m
9999,00n
107,200
103,700
100,070
9999,00n
a{0A,200
100,000
P. 700
9999, ¢0n
0,200

9999,709
9999,000
9999,090
9999,000
9999,a20
9996.000
9999,000
9999,000
97,500
9999,000
9999,0800
9999,000
9599.%20
9999,.000
101,500
9999,000
9999,020
103,000
«99,000
97,500
102,520
$999,000
102,500
102,520
173,500
9999,R00
102,500
9999,000
=95,500
9999,000
143,800
9999,0A00
100,500
9999,A00
193,500
9999.000
123,500
9999,000
9999,000
9999.700
N.PAQ
9999,000
N,700

103,00
100,000
100,000
9999,200
9999, 000
9999.00¢
170,000
100. 700
1aq,000
9999.000
9999,970
98,500
100,030
170,000
100,020
189,900
9999,.000
=97.508@
98,500
100,090
100,000
1nn,000
9999,007
{re,000
190,700
9999, 00
102,000
1nn,non
100,200
9999, 000
-98,90n
{an, 00
100,00
9999.000
107,900
100,000
100, rA0
9999,000
0.000
100,000
°,000
9999,70A3
p.000

9999,800
104,509
9999,000
9999,000
9999,000
9999,000
9999,000
9999,000
9999,000
9999,002
9999,0200
103,200
9999,A00
9999,300
102,370
9999,000
9999,200
«98,000
9999,000
102,500
9999,000
102,500
9999,0040
=96,500
=95,500
«97,500
9902,500
100,500
100,508
=98,500
103,500
120,500
103,500
9999,030
9999,000
193,500
104,500
9999,000
2,000
=95,500
2,700
9999,700
2,700

{en, 000
100,000
9999,000
9999, 0@
9999,000
9999,400
100,000
120,000
100,000
9999,000
9999,000
9999,7d0
103,000
1ne,neq
100,000
9999,00n
9999,000
«98,500
9999,000
100,003
173,000
=94,000Q
9999,179
100,000
100,200
97,000
9999,000
170,000
109,000
96,000
9999 ,u0@
1re,0np
100,000
9999,000
9999,a0@
100,000
0.0@0
9999,000
0.000
100,000
0,000
9999,.700
2,000

«99,%00
101,500
9999,000
9999,000
9999,000
9999,000
9999,000
9999,0200
9999,000
9999,000
9999,000
9999,000
9999,720
9999,000
192,320
9999,900
9999,100
9999,300
9999,0200
=96,%d9
9999,000
102,500
9999,0n00
100,500
9999, 000
«97,%00
9999,0a0
102,500
9999,000
-98,530
9999,040
103,500
9999,000
103,500
9999,000
9999,000
9999,040
9999,000
9999,000
16R,500
9999,p00
9999,000




APPENDIX C

SAMPLE PROBLEM INPUT FOR MAIN PROGRAM

N ¢ COe59 e= Hey AND HE=4 PROOUCTION w~e {0 TO 48 MEV RUNS
APRIL 7, 1977 == STANDARD PARAMETERS

1t o o 3
= 12 2 4 o
s 3 2 1,
1. 27059, 1e
{
14,
27060, 4, *0,683 1, {004, 2004,
26059, A -i,.008 1, 1901, 2004,
25056, 4, 1,003 1s 1em1, 2004,
27059, 4, 0,173 1, 1004, 2nau,
27258, 4, eB,U76 1, 1e0y, 2004,
EY 1§,
M1 @,
2 o,
e, a, .001 .001 .00 .003

c-1



APPENDIX D

SAMPLE PROBLEM SUPPLEMENTARY INPUT:
DISCRETE-LEVEL DATA AND TRANSMISSION COEFFICIENTS

23052 Y .99, 52, 99, 040676
1 9, 3. 99, 99, 2 23052
2 .0172 2, 99, 99, g 23052
1 1 1, 1, 99, 99 99 23052
3 .0228 a, 99, 99, 1, , 23952
1 1 1, 1, 99, 99 99 23052
4 L1416 1, 99, 99, 1, 23052
1 2 1, 1, 99, 99 99 23052
S .1478 3, 99, 99, 2, 231852
1 1 .17 e 99, 99 99 23052
2 3 .83 1. 99, 99 99 230a52
6 4366 2, 99. 99, 3, 23052
1 1 Lu8 1a 99, 99 99 23952
2 2 L3 1, 99, 99 99 23052
3 21 1o 99, 99 99 230%2
7 .793% 2. 99, 99, 2, 23052
1 3 ,80 1. 99, 99 99 23u52
2 1 .2 le 99, 99 99 23052
24055 5 99. 99, 292976
1 0, *1.5 99, 99, ) 24055
2 .24 -0.5 99, 99, 1, 24055
1 1 1, e 99. 99 99 240589
3 0521 '2-5 99- 99. 2. 24055
1 t 1o 99, 99 99 24055
2 2 L4 1. 99, 99 99 24755
4,572 *1.5 99, 99, 1 24@SS
1 3. 1, 99, 99 99 24055
5 ,885 «2.5 99, 99, 1 2uass
1 4 1, 1, %9, 99 99 24055
25052 3 99,400000 99.,0ANRA0  «0,0000R0 929760
1 2,000000  6.% 99,2 ,99@ANE+02 0 25052
2 .377800 2,0 99.A L99AMAE+Q2 | 25052
1 1 1.000002  1,000000 ,990MQE+02 99 99 25052
3 «546000 (.7 99.0 ,99@A0Eed2 | 25052
1 2, 1,020000 1,0000028 _99@00E+02 99 99 25052
25053 3 99,000007  99,pQRRAA  =0,007000 929760
1 0,000002 ®3,5 99,8 ,990RRE+D2 ) 25053
2 «377500 2.5 99.a .99MAAE+02 | | | 25953
1 1 $1.200000 | 1,000080 ,99000E+02 99 99 25053
3 1,288400 1.5 99,0 .99a70E+@2 = 2 25053
1 1 S 62PN 1,002000 ,9900RE+@2 99 99 25053
2 2 Lunarap 1,002000, ,99000E+@2 99 99 25033
25aS4 1 A,000020  53,940357 55,5570 {00975
{ 2,8M%000, 3.7 99.¢ ,27PNCE+08 @ 25054

25@5$S 7 99,00n000 S5.,00Q000 =0,000000 .0



{ 2,000000 =2,5 99,7 ,99000E+N? e
2 «126002 3,5 99,8 ,99¢PBE+02 1
i 1 1,000000 1,000022 ,99A00E+R2 99
3 ,984000 4.5 99,8 ,L99000E+02 2
1 1 .090000 1,000000 ,99000€+02 99
2 2 910000 1,000009 ,99@00E+22 99
4 1,292007 «5,5 99.0 ,99000E+02 2
1 3 »390ran 1,000002 ,990A@0E+H2 99
2 2 , 709000 1,000000 ,99¢0RE+n2 99
s 1,528000 1,5 99.m ,99MCRE+02 1
1 { {,nnaege 1.700000 ,9900AE+0P2 99
6 1,88300@ =2.5 99.2 ,99PBAF+02 2
1 1 . 620000 1,000000 ,99000E+0P2 99
2 2 300000 1,00002@ ,990PAE+02 99
7 2,199202 «3.5 99.4 .99MOAE+V2 1
{ 3 1,nnenae 1,0720000 ,990003E+02 99
25M56 3 99,0mpP00  S6,0000¢?  =0.070020 510760
1 8,P0A220 3,2 99,Mm .990QAQE+N2 e
2 «026708 2.0 99.4 .99AQAI'E+N2 1
1 1 1,a00e00 1.,700000 ,99000E+02 99
3 .110G00 1,0 99,8 ,990P2E+@2 1
1 2 1.000000 1.,0P0000 ,99A0@E+A2 99
25058 { 99. 99, 051377
1 o, -0, 99, , 99, , )
2655 B P, 070220  54,938294 =57,47840R 100775
1 2,000M00 1.5 99,@ ,84NPAE+08 a
2 411400 «.5 99.8 ,L,990ACE+D2 1
1 1 1,r00PPQ 1.000002 ,99000E+02 99
1 2 012000 1,000000 ,990PRE+B2 99
2 1 .9880020 1.720000 ,9900AE+02 99
4 1,316400 «2.5 99,4 ,L,99AG2E+n2 2
{ 3 084230 1,€00000 ,9900AE+A2 99
2 1 916000 t.eecere  .99¢00E+n2 99
5 1,408400 3.5 99.3 ,99CAAE+A2 3
{ 4 Lruuree 1,000000 ,9900MAE+pR2 99
2 3 .4Senaa 1,M20900 ,99A00E+32 99
3 1 .50620p 1,00A7?00 ,992A3E+02 99
6 1,918080 «,5 99.7 ,99000E+02 2
{ 2 2320000 1,7a0900 ,99000E+02 99
2 1 676000 1.700000 ,99000E+m2 99
7 2,050900 1.5 99.@ .99000F+02 2
1 2 121700 1,000000 ,99200E+02 99
2 { ,57900a 1,000000 ,990U80E+02 99
8 2,153000 2,5 99.a ,99700E+@2 {
1 1, 1.,000¢00 1,272000 ,99ANBE+A2 99
26056 34 99.,000pN0  99,700000 =Q,00¢200 929760
1 0,000000 0,0 99,8 ,9900¢E+R2 e
2 L8U460A0 2.0 99,0 .99PARE+E2 1
1 1 1.0000za 1,000000 ,99700E+02 99
3 2.085100 4.0 99,m ,L99A2QE+N? 1
' )} 2 1.000000 1,000000 ,99000E+02 99
4 2,657600 2.7 99,8 ,990A@RAE4+A2 2
1 2 , 980900 1.00eA20 ,99008E+02 99
2 1 .0200¢2a 1,700000 ,990208E+72 99
S 2,941700 8.7 99.¢ ,L99PBRE+P2 1
1 2 1.,000000 1,000000 ,9900AE+02 99
6 2,96%000 2.2 99.0 ,9930@AE+@2 2
{ 2 »980000a 17000208 ,997200E+02 99
2 1  .020200 1,020000 ,9990PE+A2 99
7 3,120008 1.9 99.2 ,99nfCF+R2 2
1 2 970000 1,02330a ,99080E+02 99
2 1 ,030000 1,000000 ,99009E+02 99

99

99
99

99
99

99

99

99

99

99

99

99
99

99
99

99
99

99
99

99
99

99

99
99

99
99

99

99

99
99

25058
250%%
250538
25055
25M5S
25055
25455
25055
25055
25%5%
28055
25055
25RSS
25955
25455
25055

2%0%6
25056
25056
25056
25056

25058

26085
26055
26MSS
26Q53
26055
26MSS
26055
26055
26055
26055
26055
26055
26055
260583
26055
26155
26M5S
26055
26055
6055
26055

26056
26056
260%6
26056
26056
26056
26056
26056
26056
rL1.-1)
26056
26056
26056
26056
26056
26056



12

11

12

13

14

15
16

17

18

19

4%

21

22
23
24

25

26

27

28

3,1230n0
1 3
3,3170200
1 2
2 1
3,388000
1 3
3.445000
1 4
2 3
3 2
3,450000
1 2
2 1
3,6011900
1 2
1.607000
1 2
2 1
3,75500@
1 3
3.832000
1 4
2 2
3 1
3.8%60p0
1 8
2 3
3 2
4,046000
1 3
? 2
4,099700
1 3
2 2
4,120000
1 1
4,298000
1 2
2 3
3 B
4.302000
1 2
4,395200
1 2
4,401000
1 2
2 K
3 i1
4,458000
1 3
2 8
4,51%000
1 2
2 3
3 4
4 i1
4,539500
1 1
2 4
3 6
4,554000
1 3

4.9 99,0
1,000¢00
2.2 99.p
L800P02
160000
6.2 99,9
1.n0¢000
3.0 99.p
«030000a
19002
.780200
1.0 99.0
SUthaa
Jd60en
2.9 99.0
1,000009
P.® 99,0
aS51uafa
JU9avng
6.2 99.0
1.800900
2.2 99.p
. 280C0An
612N
.AB2cen
3.0 99,n
010000
«9270:00
Q70000
3.0 99,0
140000
8602R0
3.2 99,p
«330CAn
670000
4,0 99.0
1,020000
4.9 99,m
«250P0n
2972000
660200
2.2 99.pm
1,000000
3.0 99,0
1.ﬂ0¢upa
an 99-0
Ls77070p
JNBARAD

« 150200
3.0 99,a
«SAA0NG
500000
-Sna 99,q
« 353000

« 150020
LT LT
.020090
1.0 99.e
N8ENAA
.1300Gn

« 794030
3le qq.o
< 780720

s 99P008+02
1.008a00
«99020AE+A2
1,022000
1,70000
9FNRAESA2
1,000000
«99000F+02
1,000000
1,900000
1,0023¢e0
«990PBCE+D2
1,000000
1,000000
«990APE+N2
1,000000
£ 9902AE+02
1,¢nra00
1,600a00
«99PBRAELB2
1,000000
«99PABE+A2
1,PRAR%20
1,000000
1,300000
+99POAE+ A2
1,000000
{.2e90Qp
1,000000
«990QAE+A2
1,700000
1,090000
$997ARE+02
1,07n000
1.020000
«993RPNE+D?2
1,000000
«99RDAE+R2
1,3CA030
1,000000
1,000080
«99Q0CE+M2
1,2a0000
«9900PESLR2
{, 20002
«99ANCESN2
1,070¢C0
1,703000
{.0007020
«990P0E+Q2
1,000000
1,000020
«99ACUELR2
1,700000
1.000000
1,000000
1,000000
«99RCAE+RP
1.A00020
{1,000¢00
1.020y00
T TEIFYF]
1,C20000

|
.998080E+A2

2
,99000E+02
.99R09E+@2

1
+99000E+02
3
«99PANE+D2
«991PAF+02
.9900AE+0?2
2
<9902PE+02
«99000€+02
1
«99000E+Q2
2
«990REE+R2
«99000E+ Q2

1
«99AAQE+ M2
3
.99A0AE+02
L99PARE+02
«99A0RE+A2
3
L99UNPE+D2
9900AE+02
.99000E+02
2
+990004E+ 02
.990PUE+A2
2
.99030E4+02
«99A0AE+02

{
«99200E+02

3
«99000E+R 2
«99PIRE+ Q2
+9900RE+02

1
-9900ANE+ 02

{
,99AA0E+02
3 .
«790A0E+Q2
«990PAE+R2
«99070E+0?2
e
«99ACNE+A2
«99000E+Q@2
4
«990VAE+ Q2
.990PPE+02
99PAE+0?2
«99P0PE+D2
3
«9900AE+02
«9923VE+R2
«99RARE+N2
3
«990A0E+R2

9

99
99

99
99
99

99
99

99

99
99

99
99
99
99
99

99
99

99
99

99

99
99

26056
26056
260%6
26PS6
26056
26156
26156
26056
26056
26056
26156
26056
26056
26056
26256
260586
26056
26036
26056
26056
26056
26056
26056
26056
260156
26256
26056
26056
26056
26056
26056
26056
26156
26056
26056
26056
26056
26056
26056
26056
26056
26056
261456
26156
26156
26056
26056
26056
26056
26056
260564
26086
26056
26056
26056
26056
26056
26056
26036
26756
26656
26056
26356

D-3



D-4

29

3o

31
32
33

34

26057

2
3
4,
1
2
al
1
2
4,
1
a.
1
4,
1
2
a.
1
2
3
a,

1

® "W eas N\ »=

£ W N -

o,
1
1,
{
2
2-
{
2
2,
{
2,
1
2,
{
-]
3
4
2,
{
3,

1,

e,

1

.8 , 160000 1,000000 ,99070EeQ2 99

11 +060000 1,800300 ,9904QE+32 99
612020 2.0 99.0 ,99700E+02 2

2 .332000 1,00pnag ,99@00E+02 99

6 670000 1,020002 .999P2E+02 99
660000 3.0 99.4 L,99ARQAE+A2 2

2 .502000 1,0e¢e009 ,990n0NE+02 99

8 530 0Rp 1,000900 .99000E+A2 99
684700 3,2 99,3 ,99000E+02 1

6 1,000up0 1.,0000a0 ,997200E+02 99

2 1,000000 1,0408¢30  ,9908AE+32 99

739600 2.0 99.2 ,99002F+02 2 )

4 + 890000 1,004000 ,99@ARE+02 99

8 . 20PR0A 1,000720 ,9900RE+P2 99
878m00@ 2.9 99,4 ,990M0E+A2 3

2 430ran 1,000000 ,990VQE+A2 99

3 250000 1,090000 ,9900AE+02 99

6, . J32000m; 1.700000 ,9900QE+02 99

5 «21400 56935391 +60,183800 10A975
PNAe0A «,5 99.3 L10020FE+99 ]
A14408 «1.5 99.4 ,9781AL=pT 1

. 1 1.,0P000n 1.002200 ,99Q0A@E+A2 99
136460 2,5 99,9 .B87P00E=N8 2

2 L 880anan 1,000P20 ,990@QE+A2 99

1 120000 1,000000 _99¢00E+A2 99
366800 1.5 99,0 ,990CRE+QD? 3

3 .12000n 1,0640000 L,99RARE+N2 99

2 ,70000n 1,00P320  ,99ARRE+A2 99

1 14n0aAp 1,000000 ,99P0RE+B2 99
706600 2.5 99.m ,33000Eely 4

4 ,822780 1,200000 ,9900RE+A2 99

\] ,081000 1,600000  _99A00BE+@2 99

2 YYTIT) 1,290000 L,990RQE+P2 99

. .03302n 1,7207008 .990CRE+RP2 99

9 99,000000 38.0peano 99,000000 406760
20P0Q0 0,0 99,m ,99A@0E+A2 )
810600 2,0 99,4 ,L,99APPE+02 |

| 1.089900 {.9a0a9a  ,99A@AE+02 99
675000 2.9 99.m ,9900UE+p2 2

1 .39°¢2n 1,900e30 ,9900QE+02 99

2 618000 1,008002 ,99090E+02 99
133400 3.8 99,0 .9900¢E+02 2

2 JT4nEAY 1,0000020 ,99000E+A2 99

3 260200 1,000020 ,990@PQE+02 99
257m00 0.0 99.7 ,990Q00E+02 1

. 2 1.A00¢00 1.990000 ,99000E4+02 99
596000 4.0 99.0 L,99002E+€2 {

4 1.000008p 1.,2020000 ,990QCE+B2 99
782000 1.0 99,4 .99000E+a2 4

| 220000 1,00C0¢03 ,L,99300E+02 99

2 Luspagn 1,0082988 ,99022E+02 99

3 ,220000 1,000000 ,99A00E+A2 99

S .080009 1,007000 ,9902RE+A2 99
876000 1.0 99.0 ,99000E+02 1

2 1,700000 1,000000 ,9900PRE+@2 99
084200 2.0 99.8 .990RCE+02 {

1 1.0000a0 1,000002 .99770E+02 99

3 99.000200  $9,ApAARA 99,6200 426760
q0P000 w1,5 99,4 .990A0E+R2 )
289000 °.5 99.4  L,99RPRE+R2 |

| 1,000400 1,700090 ,9900RE+B2 99
475000 3.5 99.0 L99PRRE+02 2

99
99

99
99

99
99

99

99

99
99
99
99
99
99
99
99
99
99
99

99

99

256056
26056
26056
26056
26056
26056
26056
26056
26056
26056
26756
26056
26056
26056
26086
26056
26¢56
260S6
260856

26087
26087
26037
26757
26Q57
26087
26257
26057
26457
26057
26057
26057
26057
26057
26057

26058
26058
26058
260938
26058
26098
26058
26m38
26n58
26058
26098
26058
26058
26958
26258
26058
26058
26038
26258
26058
26n58
26058

26159
26059
26759
26059



27058
{
2

3

{ { . 750R00 1,0800d0 ,oenunben2 99
2 2. 252000 1,000020 ,990RRE+A2 99
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APPENDIX E

SAMPLE PROBLEM OUTPUT

N 4 CO-59 =a Hey AND HE=y PRODUCTION we @ TO 48 MEV RUNS
APRIL 7, 1977 we= STANDARD PARAMETERS
IPRTLEVs |  IPRTTCa @ IPRTWID® @ IPRTSPa 3  IPRTGCe {
INPOPTw=!  KLIN®12 KTIN®12 NIBO® 4  LMAXOPT® B
#4444 GROUNO STATE OF 25058 I3 INCOMPLETELY OESCRIBED,  SPIN,PARITY = 99,00 99,00 +eett
it ASSIGNMENTS CHANGED TO, SPIN,PARITY = 2,00 1,88 +eeee
LCM SPACE REQUIRED (EXCLUDING 018C BUFFERS) 1§ 225300
NUMBER OF LCM BUFFERS IS .
HAXIMUM NUMBER OF ENERGY BINS IS 220
NIs 5 NMPR 3  LGROPT® 2 LPEQ3 1 NJMAX® 40  ICAPTa=@
ZAPu 1 ZATa 27059 OEs 1.0@0 MEV  XMTa S8,93319 AMU 8Pa 7,492 MEV  ECUTOFFs 1@ MEV
ACNa ©.08P8 /MEY  FSIGCNR {,000 DEFCN2 @ SPINT ®= 3.5 PlITa ey
INCIDENT ENERGIES (MEV) ® §,40QE+0}
1 IACN NIP PARENT SeWAVE 1P Ay A2 AMR s NLEY DEF A
we  wawse wew 1 1P _STRENGTH, ENERGY .o vooe sqwee (AMU) (MEV) .- wew (/MEVY)
1 27060 4 1 1 <8,B830E~01 7,492
| @ 27@6@ 99,934 0.200 [ e 0,000
2 1 27859 58,9313 T.492 ° e o,e00
3 1081 26059 58,935 8,275 @ e e,ne0
4 2000 29056 55,939 T.172 e ¢ o,ure
2 26059 4 1 3 «1.0PB8E+0D 4,587
| @ 26059 58,935 A,000 ) 2 o,000
2 1 26058 57,933 6,587 e e 9,000
3 1e@1 25058 57,940 11,899 e e 9,000
4 2004 2uA55 S4,94% 7,974 e 2 0,000
3 25056 4 | 4 «1,003E+@0 7,270
| 9 25056 55.919 0.909 8 e 9,080
2 { 25055 54,938 7,270 e @ o,ce0
3 100} 24853 S4,941 9,477 e e n, 200
4 20p4 23052 51,945 7,897 e @ o,nen
4 27%es9 4 1 2 wl,730E~01 {0,UsQ
| @ 27959 58,933 @,700 e ¢ o,000
2 { 27958 57,936 10,460 e e o,00¢
3 1e@1  26M58 57,933 7.,37@ e e o,n00
4 2084 25055 54,938 6,951 e @ o,000
5 27058 4 4 2 U, 780F=01 B,572
1 @ 27A58 57,936 0,300 e e 0,000
2 1 27857 56.936 8,572 e 8 0,000
3 1881 26057 56.935 6.953 e ¢ a,000
4 2004 25854 53,940 6,715 8 e a,u¢ee

NLGC

a9 avaen [~ NN~ [N~ R~N.]

- RN .

£¢GC
(MEV)

2,200
0,000
P,000
2,000

2,040
2,200
2,000
2,000

2,800
0,000
2,200
2,000

0,000
w000
2,000
8,000

2,000
a,000
9,000
9,000

BUFFER
NUMBER

S Qe QDWW o0aNn W E -

[~~~ R



AXEL APPROXIMATTON USED FOR GAMMA~RAY TRANSMISSION COEFFICIENTS

INDEX L PARITY MULTIPOLARITY RATIO TO Ef
i 1 1 £1

1.000
2 i -1 M1 2,
3 2 1 €2 a,

COLLI=MILAZZO CLOSED PORM USED FOR ABSOLUTE CAL OF PRE-EQUILIBRIUM CROSS SECTION

PRE-EQUILIBRIUM NORMALIZATION CONSTANTS ARE / NEUTRON paoron DEUTERGN TRITON  HE=3
CINPUT) O,
(USED)

ALPHA
1,0PQE-A3 1,800E=03 1,P0QE=0Y 3,000E=0Y
5,000E=04 5 PeRE=04 |,000E~AY 1,000EmAY X.GBEE-GS S.HBBEOBS
TRANSMISSION COEFFICIENT DATA

3 N & CD-59 TRAN, COEFS, POR N. P, HEwU

L1 L] WaH FOR N 9'28'76 1




START OF SPECTRA SUBROUTINE, TIME FROM START OF THIS ENERGY 4072 SECONDS, TOTAL ELAPSED TIME = 22,122 SECONDS,
¢+¢¢¢ GILCAM SUBROUTINE UNABLE TO MATCH DISCRETE LEVELS WITH LEVEL DENSITY FUNCTION FOR RESIDUAL NUCLEUS IN REACTION IR nx 20 ¢é¢s

START OF Ix | LNOP, TIME FROM START OF THIS ENERGY & .082 SECONDS, TOTAL ELAPSED TIME = 22,202 SECONDS,
GAMMA RAY STRENGTH NORMALIZATION CONSTANT / Ix 1, CONSTANT & 6,8300E=01

START OF 1s 2 LOOP, TIME FROM START OF THIS ENERGY = 2.477 SECONOS, TOTAL ELAPSEO TIME ® 24,597 SECONDS,
GAMMA RAY STRENGTH NORMALIZATION CONSTANTY / 1Ia 2, CONSTANT » |,P084E4+¥0

STARY OF Is 3 LOOP, TIME FROM START OF THIS ENERGY % 3.274 SECONDS, TOTAL ELAPSEO TIME » 25,395 BECONDS,
GAMMA RAY STRENGTH NORMALIZATION CONSTANT / Iz 3, CONSTANT = 1,0010E+00

STARY OF Is 4 LOOP, TIME FROM START OF THIS ENERGY ® 5,085 SECONDS, TOTAL ELAPSED TIME = 27,185 SECONDS,
GAMMA RAY STRENGTH NORMALIZATION CONSTANT / Ias 4, CONSTANT = 1,7300E~01

START OF I= 8 LOOP, TIME FROM START OF THIS ENERGY ®m 6.366 SECONNS, TOTAL ELAPSED TIME w 28,486 SECONDS,
GAMMA RAY STRENGTH NORMALIZATION CONSTANT / 13 5, CONSTANT a 4,7628E-01

ENO OF 1 LOOP IN SUBROUTINE $PECTRA, TIME FROM START OF THIS ENERGY = 6,387 SECONDS, TOTAL ELAPSED TIME = 28,5087 BECONDS,



N & COwS9 we Hei AND HEey PRODUCTION w= 1@ TO 4@ MEV RUNS
APRIL 74 1977 == §TANDARO PARAMETERS

LAB NEUTRON ENERGY & {1, UBOOE+RY MEV

BINARY REACTION SUMMARIES (CoMPOUND NUCLEUS ONLY)

REACTION SIGHA
PRODUCT (BARNS)
'YX AL T L LI L LA
NONELASTIC 1, 0L 42E+20
GAMMA=RAY 1,2395€-03
NEUTRON 1.3276E+00
PROTON 6,9175E02
HELIUM=0  1.6112E%02

weeasa PREWEQUILTBRIUM SUMMARY mems=s

D =2 { OUTGOING RARTICLE = NEUTRON

P B 2 1
INITTAL EXCITON NUMBER B 1 PREQ NORMALIZATION ® ,500008E=03
COMPOUND X-SEC(BARNS) @ L935u5E+08 PREEQ XmSEC(BARNS) ® ,3u94pr400
P = 3 10 = > OUTGOING PARTICLE = PROTON
INITTAL EXCITON NUMBER ® 3 PREQ NORMALIZATION ® ,50PEAE.D3
COMPOUND X»3EC(BARNS) 2 ,4870AE=01 PREEQ XwSEC(BARNS) = ,62595E=01

1P = g 1D = 6 OUYGOING RARTICLE = HELIUM=4

INITIAL EXCTTON NUMBER # 3 PREG NORMALIZATION ® ,30C00E=02
CONMPOUND X~SEC(BARNS) -] .1!352E-01 PREEC X-SEC(EARNSJ 2 .538015~92




S-d

SPE

LEVEL OECAY €C/S¢
LEVEL EXCIT C/S8=
TOTAL PROO, C/S=
AVG.ENERGY (MEV)Y
K ENERGY
({MEV)
1 1,000
2 2,000
3 3,700
4 4,000
] 5.000
6 6,000
7 7,000
8 8,700
9 9.000
10 18,000
1 11,000
12 12,002
13 13,000
14 ftu,0e0
15 15,000
16 16,000
17 17,000
18 18,600
19 19,000
20 20, ae0
21 21,700

INDIVIODUAL

Zai=z (g0}
1A28260%9
Nnescusaew
SIGMA
(BARNS)

9,
1,339€-03
{1,113E=-014
LI L AN A LT} J
6,653E+n0
"TYLEL XY XY )
SIGMA
(B/MEV)
‘.lla[?eb
7,676E-04
T.324E-03%
1,624ke02
1,879E<02
1,672E~02
1,380E~02
l,lle-ﬂZ
9,095SE~03
7.221€-03
S,391E~n3
3,4B4E=D3
1,339E-03

CTRA FROM
ZACN=27080 ZACNZ227060 ZACN=227060
IAy2 @ ZAys A
ZA2=27068 7A2¢370%9
LA XL XN AL J CL AL X R A J J
SIGMA SIGHA
(BARNS) (BARNS)
5,153E=06 @,
9,181E06 1,K09E-02
1.2US5E=A3  {,285E+00
LA XL L NN J ..Q.W....
8,3189F$400 3,252F+00
LA E L L LR ] LL LR R L LA ]
SIGMA SIGMA
(B/MEV) (B/MEV)
7,366E06  3,416E-01
1,512E=85 3.038E<01
0'0695'05 3.1636-01
Q,ZlaEvOS 3.01][-01
1,160E¢04 a,221E-02
1,3A3E«04 §,971E~02
1,06E=08 4,032E0-02
1,422€-04 H.RBAERD2
1,284E=B4 2,1T4E~B2
1.093E=0d  1.666E-02
8,863E=05 {,235F-02
6,882E-05 8,863E~03
3,131Ex03 8.349E-03
3,673E=95 {,B7SE=D3
2,555€E«085 @,
1,704E-05 o,
1,133E-05 ¢,
7.445E=06 B,
4,569E-06 @,
6,556E=07 @,
2.,732E«06 @,

REACTIONS

IACN327060 ZACN=226059 ZACNS826859 ZACNm260859 ZACNE260%9

ZAy=- 2004
ZA2225056
LTI LY T
SIGMA

(BARNS)

a,
4,360 04
1,673E~02
smsmcaree
9.739E+00
YT XYY )

SIGMA

(B/NMEY)

e,
7.92]8‘]”
7,]“55'10
2, 116E~05
2,0U3IE-05
2+ UBTE~DY
1,215E=03
2,8B9E~03
3,746E-03
3. 313E~03
2,350E~03
{1455UE=Q]
9,156E=04
4,560E-04

YASL ] 0
ZA23260%9
[ 12 Al d LA 2]
SIGMA
(BARNS)
$,783E~02
1,265E~01
2,097E~4
1,897c+00
LAL R LA A4 X}
SI1cMA
(B/MEV)
1,104E~01
2,913Ep2
5,002E~02
9,34SE-03
3,693E-03
2,364E=03
7,171E=-04
1,991E=06
S.,762E~07
1,649E-07
1,753E-028
1,660E~11

ZA

i3 i

TA2226058

PeswRRaew

e,
4,
4,
L 14

SIGMA

(BARNS)

c69E~-02
269EwQ2

esreune

321E+00

wowswsnaN

3.
1,
1
1o
9.

SIGMA
(B/MEV)
085E=02
CO9E=02
616E~03
30uE-04

129E=08

IAl=s 1001

1A2=25058

Prcnunruw
SIGMA
(BARNS)

e,

e,

2,

LTI Y Y LT

e,

Seewwswowy
SIGMA
(B/NEV)

2A1= 2004
ZA2824058
SIGMA
(BARNS)
B,
S5,294E~11
S5,294E~11
[T ALY XY ]
2,838E+00
SIGMA
(B/7MEV)
4,958E=12
1,569E-12
4,351E»11
24904E~12

ZACN=z25056 ZACN225054

IAle )
1A2=25056
LAA A AL L A J J
SIGMA
(BARNS)
9¢571E»03
2sb03E-D2
4,336E-02
LAL LA XX L] ]
1,812E+¢€0
SIGMA
(B/MEV)
2,U50E=02
9,U32E-03
4,965€-23
2,668E=03
l.Za@E-ﬁ!
4,575e-04
1.05]5’9“
1,392E~08
1,326E-09
6,084E-10
2,279%E=14
1,089E«14

ZA
ZA

e,
2,
24
1,

2.
2,
Ts
3,
1,

iz i
222505S
weereee
SI1GMA
(BARNS)

773E-04
773E-24
LA A LA LB J
126E4C0
LA L LA LX)
SIGMA
(B/VEV)
496E-04
038E=09%
293E-06
979E-1¢
001E=-10




9-4

SPECTRA FROM INDIVIDUAL REACTIONS

ZACHE250%6 ZACN=250%6 ZACN227059 ZACN227059 ZACN=27859 ZACN227@859 ZACN=27858 ZACN=27838 ZACN=27058 ZACN=270%8
ZA1= 1001 ZA1= 2004 ZAlw 0 ZAgs { ZAls 1081 ZAl= 2004 ZIAQe 0 2412 {1 ZAl= 1eel A= 2004
ZA2=2405% 7A2221852 2A2027059 IA23270S8 2A2226058 2A2m25@55 142227058 ZA2<270ST7 IA22260ST ZA2=25054

Swswwnwsw evepreopurw "poeweonw [T XA LY ) LI XTI EERY ] PRI I LYY ] Swewwwwew sewwcwyrruw aegreasen senrperTew

SIGMA SIGMA SIGMA SIGMA SIGHA SIGMA SIGMA SIGMA SIGMA SIGMA
(BARNS) (BARNS) (BARNS) (BARNS) (BARNS) (BARNS) (BARNS) (BARNS) (BARNS) (BARNS)
LEVEL DECAY C/S$= @, fe 2,752E~01 @, e, e, 7,204E=01 @, a, e,
LEVEL EXCIT C/S3 3,353E=11 3,606Ee18 6,530E=01 7,317E-01 9,556E~02 {,197E-03 {,530E+R0 O, e, e,
TOTAL PROO, C/Sw 3,353E=11 $,6U6E~14 §,A1SE4N0 8,099E=0)1 9,556F~02 1,197E-03 7,97BE-~01 @, e, e,
LA R L L 4 2} LA LA R LA L J -?.'..Iﬂ. -r-.’-.-- werPPTEOw (A AL R 422 ] [ IR X A XX X ) LKL L LA XX ) LR LENT L LY ) (A A Y LR LAY ]
AVG,ENERGY (MEVY 1,0u8E+B8 2,u62E400 2,775E+00 1,307E+@@ 2,450E+00 4,689E+490 |,000E+00 O, g, e,
Teowaoare® LY A AL R Y A J LT AL L L LY 1} J POPOOBBYY womOUPRUBay LA AL X X X 2 K} LA R A R A A A A1 LA X X A2 R 1) [ L LA L L L LY LI X I LR LR L}
X ENERGY _SIGMA _SIGHMA SIGMA 51GMA SIGMA SIGMA SIGMA SIGMA SIGMA SIGMA
) (hEV) _(B/MEV)  (B/MEV) (B/MEV)  (B/MEV) (B/MEV) (B/MEV) (B/MEV) (B/MEV) (B/MEV) (B/FEV)
| 1,000  3,240E~1! ‘7.89B8E~1S 3,773E=01 %,612E-81 9,973E~33 6,239E-09 7,978E-01 @, e, e,
2 2,000  6,%11E~13  f,ub1F~14 1,370E~01 2,4B7E=01 5,561E-02 1,427E-06 O, e, e, e,
3 3,000  4,78RE-13 3,153F«15 2,047E=01 O, 1,360E-02 1,u62E~06 0, 2, 2, 2,
4 4,r08 0, 1,080E-14 1,229E-01 @, 9,759E~03 6,970E~84 @, e, e, e,
5 s,ece @, 0. 7,608E.02 @, 6,611E-03 1,66PE«24 B, 0, e, e,
6 6,000 @, B 4,301E0p2 @, 8, 3,315E-04 @, e, e, e,
7 7.000 0, Do 2,397E=02 0, e, 0. e, O, 9, 8.
8 8,A00 o, e 1,809E-p2 @, e, 2, ® 2, 2, e
9 9.2 @, Be 8.908E=0Y O, A 9, 9, Ao 2, 2y
10 1,000 O, A 2.711E-03 A, e, Ao a, e, 2, e,
1r 11,000 @, e 1,444E+05 0. e, e, e, e, % e,
12 12,700 o, r. S.611E-06 @, 9. A 2, 2, 2 2,
13 13,000 @, e 2,159€-06 @, °. 2, 2, °. a, e,
14 14,000 @, Ge 2, e, e, e, e, 0, 2, 2,
15 15.009 P, . e. By e, a, 2, 2, e, 2,
16 16.000 @, B 9, a, e, e. e, 0, e, e,
17 17,008 0, Ao °, 9, 2, 0. e, e. 2 2,
18 18,700 @, 2, ", s e, @ e, 9, e, e,
19 19,000 @, 2. e, a. e, e, e, e, 9, 9,
2n 20,000 @, A. a, A, e, P 9, e, e, o,
21 21,000 Q, Ao e, f. 2, e, 2, e, e, e,




[=d

TOTAL PROD, C/8wm
AVG,ENERGY (MEV)

K

—pa
QO NCUVNE N -

- em 4t b o g e pa
OO~V UV &N

n N
L]

ENERGY
(MEV)
1, rn0
2,020
3.n00
4,000
5.aap
6,000
7.000
8,000
9,209

19,7207

11,000

12,700

13,090

14,209

15,200

16,002

17,000

18,000

19,000

20,400

21,000

NEUTRON
SPECTRUM
ToaweReoRn

SIGMA

(RARNS)
2.131RE+00
2.UT6E+00@

SIGMA

(B/MEV)
9.333E=01
S.626E~71
2,121€-924
1,412€E-01
9,221E-72
$5.971Ee 22
4,a32E-02
2,RRAE=N2
2,17UF=02
1.666E~02
1,235E02
8,883E=23
5.%49E-03
1,A75E~03

-

[~ I I I~ e~ B B~

® ‘0w ®» ‘s @

COMPOSITE

PROTON
SPECTRUM

SIGMA
(RARNS)
2-”695!01
U,714E+@Q

SIGHA
(R/MEV)
Q,97UE-Q3
Bs63RE-A2
2.N9%E~22
2.620F=02
2.54NE-R2
1-6726.02
1.380&-02
1.116F=02
9.A95Fa03
7.221E=A3
5.39'E-03
3,484E-03
1,3139E-23

DEUTERON
3PECTRUM
SIGMA
(BARNS)
a'
LR L L ALY EX ]
ml
[ LAY T 2N ]
SIGMA
(8/MEV)

NIV INIDINVNIVVNIIAVNLIIND

® ® ® W e " ® e P B e 9 P ® s e "W g™

SPECTRA

TRITON
SPECTRUM
LA A L AN LA X J
SIGMA
(BARNS)
0.
(XA LE LY )
2,
LA L L A X L X J
SIGHMA
(B/MEV)

HELIUM=]
SPECTRUM
(LA N K Y 3
SIGMA
(BARNS)
2,
PeeSRedee
e,
LA LA AR L X J
SIGMA
(B/MEV)

HEL JUM=4
SPECTRUM
I L AL X AN 1 )
SIGMA
(BARNS)
1,793kE=02
[ A X A A LR N L J
9,U402E+07
YT ILEIIEX T}
SIGMA
(B/MEV)
6,2UUE~09
1,428E-06
1,U62E~006
7.181E-04
1,BbUF~0U
S.802E=0U
1,24RE-03
2,RB9E~R3
3, 7U86E-03
3,313E=03
2,354E-03
1,554F-03
9.156E-0¢4
U 56NE-30

GAMMA=RAY
SPECTRUM
[ I LR R Y'Y ]
SIGMA
(BARNS)
2,067E+00
1,984E+00
LAY AL L L X ¥ ]
SIGMA
(B/MEV)
1,314E+00
1,756E=01
24597E~01y
1,350E=~01
8,113E-02
4,597E-12
2,U93F 02
1,824E02
9,@37E~03
2,821L=03
1,031E=04
7,441E=05
5,3566E05
3.673E.“5
Z.SSSE.“S
1,7R4E-NS
1,133E=05
T,445E-06
4,569E-06
6,55RE~07
2,732E=06

Ge NEUTRON

SPECTRUM

cheenpas®
SIGMA
(BARNS)

%4

[ LR LR Y T ]

0-

[ ALK L AN X J
SIGMA
(B/MEV)



8-

DISCRETE LEVEL

Ie | IPs | 1R3 | ZIAls A ZA2227060
NUMBER OF LEVEL IN RESIOUAL NUCLEUS = 11

LEVEL LEVEL SPIN, PRODUCTION NUMBER OF
ND ENERGY PARITY CROSS SECTION TRANSITIONS
(MEV) (BARNS)

1 a,9000 5.0 3, 3AANE=AG a

2 ,2590 2,8 1.8U59F=06 S
3 02780 4,0 8.2780¢=07 1
4 .2680 3.0 6.520UE=B7 1
s .a360 5.0 G, 7UpbE=g? 2
6 .5050 3.8 2.8702€=47 1
7 ,5417 2.0 2,07u1E~07 2
8 .6180 3.0 6s1643E~07 2
9 .7360 2.0 1,8687EnA7 |
10 .7820 4,8 3.8003E~07 2
11 1.00680 3.0 2.7878E=R7 L1

FINAL
LEVEL
NO

o o=

-8, ]

£% o=

N W~

INFORMATION

SEPARATION ENERGY =
NUMBER OF GAMMA RAYS ®= 18

FINAL
ENERGY
(MEV)

9.0000
20,0000

+ 0390

e,0020
2780

+0590

,8590
2880

2599
2788

16140

9,0000
. 2080

,6140
.84
.2680
12780
0590

2,007 MEV

TRANSITION CONDITIONAL

PROBABILITY PROBABILITY

{.0000
{,0000
1,2re0

s1700
.8300

1.0000

,42080
5807

9700
0300

{.n000

24600
,5400

+ 5200
+ 0700
1500
s 1209
1400

ACCUMULATED SEPARATION ENERGY ®m
RESIDUAL NUCLEUS 10 =27060

1.e0n0

{.none

{,n00¢

1,0000
1,An0Q

1.,0008

1,0000
1,M000

1,0000
{,e000

1,0000

1,7800
{,000Q

1,000
11,0000
1,000
1,0008
1,000@

GAMMA

GAMMA

NUMBER ENERGY

11

PeNroN
ws N

15
16
17
18

(MEV)

.2590

2780

12290

U360
+ 1580

4460

.A820
+2530

055580
+ 3360

«1220

07820
4940

1 3920
s 8650
+7180
7280
,9470

0,000 MEV

PRODUCTION
CROSS SECTION

(BARNS)

1.8450E-04

8,27%0E=07

6,%20uE=07

8,0693Ev0P8
3.9397E=07

2,8702E=07

8'71115'00
1,7030E=07

5,9794E07
1,8493E=08

{.8657Ee07

1,7481E=07
2.0%21€~07

1,4340E-07
1,93P4E~D8
4,1367E=08
},3093E=08
3'56995'0”




6-d

1= |
NUMBER

LEVEL
NO

O~ WAL W »-

It}
NUMBER

LEVEL
NO

(% R TR

Is 1§
NUMBFR

LEVEL
NO

ot M) »=

I= 2
NUMBER

IP2 2 IR® 2 ZAtm |  7A2327059  SEPARATION ENERGY = 7492 MEV
OF LEVELS IN RESIOUAL NUCLEUS = 8

LEVEL SPIN, 150~ PRODUCTION

ENERGY PARITY SPIN (CROSS SECTION

(MEV) (BARNS)

2,0000 «3,5 99,0 1.8750€E-83

1.8993  «{,5 99,0 1,U0973FE-n3

1.1990  <4,5 99,@  3_.8514E-03

1,2915  ~1,5 99,0 1.1044E-03

1.4340 -5 99,1 S.3715E-04

1,460  <S,5 99,0 3.2654E+03%

1.4810 2,5  99.0 1,AR32E=03

1.7448 <~3.5 99, 2,2726E-03

IPa 3 TRe 3 ZA131p@1  7A2226039 SEPARATION ENERGY w 8,278 MEV
OF LEVELS IN RESIDUAL NUCLEUS = 3

LEVEL  SPIN, IS0«  PRODUCTIODN
ENERGY PARITY SPIN (CROSS SECTION

(MEV) (BARNS)

8,%0m0 «3,5 99,0 4,5634£-04

p2890 e 8 99,0 2.1616FK-02

WU788 «2,3 99,0 6,.6594EQa

1P 4§ 1R 4 ZA1u200g ZA2=225756 SEPARATION ENERGY & 7,172 MEV
OF LEVELS IN RESIOUAL NyCLEUS = 3 ;

LEVEL $PIN, I30= PAODUCTION

ENERGY PARITY SPIN (ROSS SECTION

(MEV) (BARNS)

@,3000 3.3 99,0 2,11A3E=0Y

.0260 2,  99,a 1,5207E=04

1100 1.9 99,0 9.2096E~05

IPa | 1R3 8  ZAlx @ 7A23260%9  SEPARATION ENERGY s 0,000 MEV

OF LEVEL IN RESIOUAL NUCLEUS & 3  NUMBER OF GAMMA RAYS w 3

ACCUMULATED SEPARATION ENERGY = §,000 MEVY

ACCUMULATED SEPARATION ENERGY ® 0,080 MEV

ACCUMULATED SEPARATION ENERGY = 0,000 MEY

ACCUMULATED SEPARATION ENERGY = 8,27% MEV

RESIOUAL NUCLEUS ID w26859




0T-3

LEVEL
NO

Ia 2
NUMBER

LEVEL
NO

OB NG U &N e=

In 2
NUMBER

LEVEL
NO

!

LEVEL  SPIN,  PRODUCTION NUMBER OF  FINAL  FINAL  TRANSITION CONDITIONAL  GAMPA  GAMMA  PRODUCTION
ENERGY PARITY CROSS SECTION TRANSITIONS LEVEL ENERGY PROBABILITY PROBABILITY NUMBER ENERGY CROSS SECTJON
(MEV) (BARNS) NO (MEV) (MEV) (BARNS)
a.mn02 1,5 6.864TE=R2 @
.2899 -5 1.6409E«02 1
1 0,nQ00 1,0000 1,0009 1 «2890 1,64B9Ew@2
14750 2.5 4,1424E~02 2
! 2,000 7500 1,0800 2 $u7%0 3,1068E=02
2 2890 .2500 1,0000 3 +1860 1,0356E=02
IPs 2 Rz 6 ZAlm | ZA2s26058 SEPARATION ENERGY & 6,387 MEV ~ ACCUMULATED BEPARATION ENERGY = 8,275 MEV
OF LEVELS IN RESIDUAL NUCLEUS = 9
LEVEL  SPIN, IS0=  PRODUCTION
ENERGY PARITY SPIN (CROSS SECTION
(MEV) (BARNS)
n,0000 g0 99.0 8,5725E-03%
.8106 2,9 99.9 2,2615E-02
1.6730 2,0 99,0 3,A559E+03
2,1334 3.8 99,8 5.145AE-03
2,2570 2.0 99.¢ 1.2544E~08
2.5960 4, 99.0 2,7356E+03
2.7820 1.6 99.0 1,4346E~04
2.8760 1.0 99.8 1,2237€~04
3.0R40 2,@ 99.0 1.7128E~04
IPs 3 YRe 7 ZAlwia@y  7A2225@58 SEPARATION ENERGY » 11,899 MEV  ACCUMULATED SEPARATION ENERGY = 8,273 MEV
OF LEVELS IN RESIDUAL NUCLEUS = |
LEVFL  SPIN, IS0«  PRODUCTION
ENERGY PARITY  SPIN CROS3 SECTION
(MEV) (BARNS)
2.0070 =2.8 99.0 .




TIT-d

I= 2
NUMBER

LEVEL

WS AN -

I= 3
NUMBER

LEVEL
NN

I= 3
NUMBER

LEVEL

~N O VRE N -

IPz 4

LEVEL SPIN. 160w
ENERGY PARITY  SPIN
(MEV)
2.2Ann  «{,5 99,0
,2009 -5 99.9
L5210 <2,5  99,m
25720  =1.,5 99,0
»B858 2,5 99,8
IPa IR® 90 7ZAia

IRm 8

ZA1=22q04 TA2m24059S SEPARATION ENERGY = 7,074 MEV ACCUMULATED SEPARATION ENERGY = 8,275 MEV
OF LEVELS IN RESIOUAL NUCLFUS = 8§

PROOUCTION
CROSS SECTION
(BARNS)

4,0766E-11
9.A5ABE-13
7,7826E~12
1,4270E=12
2.0583E-12

) ZA2325056 SEPARATION ENERGY = 8,040 MEV ACCUMULATED SEPARATION ENERGY = 7,172 MEV

OF LEVEL IN RESIDUAL NUCLEUS ® 3 NUMBER OF GAMMA RAYS & 2 RESIDUAL NUCLEUS 1D =25054

LEVEL
ENERGY
(MEV)
A.%000

.A260

1108

Ip= 2

SPIN,
PARITY

3.0
2,8

1.0

IR=10

PRODUCTION NUMBER OF FINAL FINAL TRANSITION CONDITIONAL GAMMA GAMMA PROOUCTION
CROSS SECTION TRANSITIONS LEVEL ENERGY PROBABILITY PROBABILITY NUMBER ENERGY CROSS SECTION
(BARNS) NO (MEV) (MEV) (BARNS)
1.6U55E~02 "
7.5421€E~03 1
i 20,0000 1,00004 1,0000 g 00260 Te5421E=03
2.0286E~03 i
2 «M260 1,0000 1,0000 2 P840 2.0286E~D3

IAln

1. 2A2m22505%3  SEPARATION ENERGY ®= 7,270 MEV  ACCUMULATED SEPARATION ENERGY m 7,172 MEY

OF LEVELS IN RESIDUAL NyCLEUS = 7

LEVEL
ENERGY
(MEV)

2,0000
1260
»9840

1,2920

1.5280

1.8830

2.199¢

SPIN,
PARITY

2,5
3,5
oa,S
105
.2.5
=3.%

150~

PRODUCTION

SPIN CRDSS SECTION

99,0
99,0
99,0
99.0
99,0
99,0
99.0

(BARNS)

9,7831€=0g
1,5538E~04
9,MB89E~06
1.7837€+08
1,B085E-05
1,2067E-06
1.1196E-06




¢1-4d

I= 3
NUMBER

LEVEL

A W e

Im ¥
NYMBER

LEVEL

N NBLE N -

I= 4
NUMBER

LEVEL
NO

IP= 3

IR2114

ZAle1p0y

OF LEVELS IN RESIDUAL NUCLEUS = §

LEVEL
ENERGY
(MEV)

n.8000
2440
.5210
«S720
28850

IPm 4

SPIN,
PARITY

-1.9

-’5
.2-5
1l.§
L2ls

IR®12

1S0~  PROOUCTION
SPIN CROSS SECTION
(BARNS)

99.9 3,2107E~11
99.8  7,7307E~13
99.0 3.5826E=13
99.0  1,8115E~13
99.0 1.1267E~13
IAl1=2p0u ZA2=23p%2

OF LEVELS IN RESIOUAL NUCLEUS = 7

LEVEL
ENERGY
(MEV)

e,e000
2172
20228
plule
s1478
U366
7935

IPe |

SPIN,

PARITY

IRz13

180~
SPIN CRDSS SECTION

99,0
99.0
99,0
99,8
99,0
99,0
99,0

2A1s

PRODUCTION
(BARNS)

6,9296E=1%
a,}!aﬂfajs
1,5579E=14
1,82935']5
4,7770E=15
2,0365F-1%
1,0685E~1S

a 1A2=27059

OF LEVEL IN RESIDUAL NUCLEUS = 8

LEVEL
ENERGY
(MEV)
2,dp00

1,0993

1.1900

1,2915

SPIN,
PARITY

=3.5%
.1-5

-4,5

'1.5

242224055

SEPARATION ENERGY =

SEPARATION ENERGY =

SEPARATION ENERGY ®
NUMBER OF GAMMA RAYE » 1

PRODUCTION NUMBER OF FINAL
CROSS SECTIDN TRANSITIONS LEVEL
(BARNS) NO

3.7819E=0a1 )
4,284 1E~02 1 .
7.9P69E=02 1
{
2.2122E=-02 2
{
2

FINAL
ENERGY
(MEV)
9.0000

2,0200
1,0993

9.077 MEV

7,897 MEV

0,000 MEV

TRANSITION
PROBABILITY

1,0000

{,0000

9400
Q600

ACCUMULATED 8EPARATION ENERGY »

ACCUMULATED SEPARATION ENERGY @

ACCUMULATED SEPARATION ENERGY =
RESIDUAL NUCLEUS ID =270%9

CONDITIONAL
PROBABILITY

{,0000

{,0008

1,0000
1,02000

GAMMA GAMMA
NUMBER ENERGY
(MEV)

1 1.0993

2 119080

3 142919

L} +1922

Te172 MBY

Tel72 MEV

T.492 MEY

PRODUCTION
CROSS SECTION

(BARNS)

4,2541E=02

7,9069E=02

2'07955'92
1,3273E~03




e1-4d

S 1.4340 ~.5 8,6U454E~03 2

2 1,0993 500 1., 0000 S »3347 4,3227E-03

4 1.2915 5000 1,0000 ] 1425 4,3227E~0%
6 1,4600 =5.5 8,.7962€E=02 1

1 e, a000 {1,00800 1,000¢0 7 1. 4600 8,7962E=02
7 1,4818 =2.% 1.B74AE=02 2

-] 1,4993 ,6000 1,078 8 3817 1,1276E=02

1 o,0000 L1900 1,0008 9 1,4810 7.5158E«03
8 1,7449 «3,3 1.6A81E~02 2

{ ¢,a000 . 5500 1,0000 1@ 1,7440 8,8281E=03

b} 1,1900 L4500 {,000¢ 1 5540 7.,2230PE=03

I= 4 IPe 2 IR=14 IAls 1 ZA2=270%8 SEPARATION ENERGY ® 10,460 MEV ACCUMULATED SEPARATION ENERGY ® 7,492 MEV
NUMBER OF LEVELS IN RESIDUAL NUCLEUS s 6

LEVEL LEVEL SPIN, 180e  PRODUCTION
NO ENFRRY PARITY SPIN CROSS SECTION

(HEV) (BAHNS)
1 e,emme 2,8 99,8  6,7A70E-02
2 ,f2649 5,8 99,0  3,3623E-01
3 LA508 3.4 99,  9,5163E=F2
4 ,1160 4,8 99,8 1,5206E-A4
5 .37 3,8 99.@  5,1398E-02
6 1320 2,8 99.@  2,9767E~02

I= ¢ 1P2 3 IR81S ZA121a04 1A22260%8 SEPARATION ENERGY ® 7,378 MEV ACCUMULATED SEPARATION ENERGY ® 7,492 MEV
NUMBER OF LEVELS IN RESIOUAL NUCLEUS ® 9

LEVEL LEVEL SPIN, 180~ PRODUCTINN
NO ENERGY PARITY SPIN CROSS SECTION

(MEV) (BARNS)
1 @.e0a@ 0.a 99,9 3, 7731E=-02
2 28106 2,8 99,0 4,8844E-02
3 1,6750 2,8 99,0 3,5876E-03
4 2,1334 3.8 99,9 2.8888E-03
5 2,2579 a.a 99,0 2,1366E~04
6 2,5960 4,0 99.90 1.66R1E~A3
7 2.7820 1,8 99.0 2,17157€-04
8 2.8760 1,0 99.@ 1.86U1E~00
9 3,0840 2,8 99.9 2,1991E~04




v1-d

I &
NUMBER

LEVEL
NO

b B RV BF V. Y R

Ie 5
NIJMBER

LEVEL
NO

IPrz 4

IRe16

ZA1=22004

OF LEVELS IN RESIOUAL NUCLEUS = 7

LEVEL
ENERGY
(MEV)

29,0700

.9840
1.2920
1.5280
1.583@
2.1990

Irs |

SPIN,
PARITY

=2,5
3.5
~5.5
w2,5
.3.5

IREyY

150~
SPIN

99,0
99,@
99.0
99,0
99,0
99,0

99{0

IAls

PRODUCTION

CRNSS SECTION

(BARNS)

1,5360E~04
6,8662E~04Y
S.275UE-0S
2,9761E~04
2.2376E-P¢
l,OQseEoﬂb
3,4425E-R6

1A28270%8

4
OF LEVEL IN RESIOUAL NUCLEUS =& b

LEVEL
ENERGY
(HEV)

2,7000

40249

+ 0549

s1160

13679

.4320

SPIN,
PARITY

2.0

S.0

3.“

1A2225@3S

SEPARATION ENERGY =

SEPARATION ENERGY ®=
NUMBER OF GAMMA RAYS =

PRODUCTION NyMARER OF FINAL FINAL
CROSS SFCTION TRANSITIONS LEVEL ENERGY
(BARNS) NO (MEV)

8.0915F=01 (.

3,U4826F~01 1
1 p,00002

1.1611E=01 1
1 0,0000

1.6295E=M1 2
2 249
1 0.0nA08

8.7994Cw02 1
1 0,0000

3. 50pUE-02 1

i 20,0000

6,951 MEV

2,000 MEV

TRANSITION
PROBARILITY

1.,0000

1,0000

.0300
97080

1,0000

{,0000

ACCUMULATED SEPARATION ENERGY ®

7,492 MEV

ACCUMULATED SEPARATION ENERGY ® {7,952 MEV
6 RESIOUAL NUCLEUS 1D

CONDITIONAL
PROBABILITY

{.,N000

1,0000

1,000
1,8000

1.,0000

1,0000

%27058

GAMMA GAMMA
NUMBER ENERGY
(MEV)

1 . 0249

2 108540

3 LN

4 1180

b 3670

) +4320

PRODUCTION
CROSS SECTION

(BARNS)

3, uB26E-01

1,1631E=014

(N LLLIZT
$458006E=01

S,7994E=02

3.5Q64E-02




ST-4

Is §
NUMBER

LEVEL
NO

BN NE W N -

Is §
NUMRER

LEVEL
NO

U1 £ i [ e

Is 8
NUMBER

LEVEL

NO

1Pz 2 IR® {4 IAln 1 ZA2227087
OF LEVELS IN RESIOUAL NyCLEUS = &8

LEVEL SPIN, 180~ PRODUCTION
ENERGY PARITY SPIN CROSS SECTION
(PEV) (BARNS)

9.roma <35 99,0 e,
1.2235 =-4,5 99.0 a.
1.3779 «1,5 99,0 e,
1.5050 -,5 99,0 °,
1.7577  =1,5  99.4 0,
1.8965 <3, 99.0 a,
1.9201  «2.5 99,0 a,
2,1329 =2.5 99,1 .

IPa 3 IR={9 ZA131pQy 2A2=260%7
OF {LEVELS IN RESIDUAL NUCLEUS = 5

LEVEL SPIN, 180~ PRODUCTYION
ENERGY PARITY SPIN CROSS SECTION
(MEV) {BARNS)

a.0000 -5 99,0 °.
,010d4 =1.5 99,2 e,
W 1365 e2,5 99,8 2,
L3668 1,5 99,9 °,
L7066 w2,8 99,0 2,

IPm 4 IR22a TAlc200Ay ZA282%054
OF LEVELS IN RESIOUAL NUCLEUS =

LEVEL  SPIN, 1S0= PAONUCTION
ENFRGY PARITY SPIN CROS3S SECTION
(MEV) (BARNS)

2,ama0 3.0 99,0 Q,

SEZPARATION ENERGY ®

SEPARATION ENERGY ®

SEPARATION ENERGY ®=

8,872 MEY

6,9%% MEY

6,713 MEV

ACCUMULATED SEPARATION ENERGY ® 17,952 MEV

ACCUMULATED SEPARATION ENERGY ®» 17,952 MEV

ACCUMULATED SEPARATJON ENERGY w 17,932 MEV



9T-d

LEVYEL
1 1P IR 12A) 1ZA2
{1 1 1 A 279067
{ 2 2 { 27059
1 3 3 1pey 26059
1 4 4 2eas 25056
2 1 5 A 26059
2 2 6 1 26058
2 3 7 iepy 2S508R
2 4 8 2204 240%%
Yy 1 9 @ P508%
3 210 1 25055
3 3 11 1801 2u4?SS
3 4 g2 20Q4 23952
4 113 8 27459
4 2 14 { 27058
4 3 15 1pmyl  2675A
4 4 16 2004 25855
S 117 @ 27058
5 218 { 21057
S 3 19 1Rt 26057
S 4 20 2004 25054

DENSTITY

A
(/VEV)
7,508
7,058
7,918
7,233
7,918
7,465
8,231
1517
7,233
6,66%
7,517
6,750
7,058
6.5]8
7,465
6,665
6,518
5,951
6,923
6,217

TEMP
(MEV)
1,135
1,231
12162
1,583
1,162
1,214

s 158
1,204
1,583
1,181
{204
1,188
1.231
1,277
1,214
1,181
1,277
1.399
1,150
2.373

¥ U.S. GOVERNMENT PRINTING OFFICE: 1977--777-083/148

PARAMETERS

EQ@
(MEV)
-{,744
-, 816
.;.629
-, 802
418
P.,000
~1,052
'1,629
_"”99
"rSl?
..1816
1,855
,416
_'3@99
1,855
"776
-1,473
2,000

EMATCH
(MEVY)
5,837
7,769
8.375

L0386
8,37%
9.798

LT

8,1%2

;436
6,410
8,152
5,366
74769
6,291
9,708
6.410
6.201
8.073
9.664

462

EcuT
(MEV)
1,006
1,744

pU75

+110

L4758
3,284
9,000

2885

110
2,199

LEVELS

PN

AT ECUT (MEV)

i

e NPTV OPDAINAN I se DA

,08
1,29

P2
(MEV)
0.@@
2,00
1,54
8,00
1,54
1,54
2,00

1,38
A.00
P00
1,35
2,00
yd
2,00
1,94
2,00
9,90
A,00
1454
2,70

SN
IMEVY)
15,52
14,92
15.52
14,13
15.52
14,92
15,52

14,13
14,13
13,26
14,13
12,60
14,92
14,13
14,92
13,26
14,13
13,26
14,13
12,60

82

(MEV)
17,36
"7.36
'16'37
15,53
16,37
16,37
«19,53

1HeT1
-15.53
=15,53
14,71
«13,93
17,36
17,36
16,37
'15.53
»{7,36
-17'36
=16,37
"5.'53

S
(MEV)
e,n00
8,275
7.172
¢,000
6,587

11,899

7.’7"
e,000
7.270
9,077
7.897
f,000
10,460
7,370
6,951
p,000
8,872
6,953
6,715

SAC
(MEV)
2,000
9,000
LT
0,000
8,275
8,275
8,275

8,21%
7.172
T.172
T.172
7,172
7.“92
7.492
7.492
7,492
17,9%2
17,952
17,952
17,952



