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GNASH: A PREEQUILIBRIUM, STATISTICAL NUCLEAR-MODEL CODE
FOR 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.
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I. INTRODUCTION

The preequilibrium, statistical nuclear-model code CNASH 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. Each 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 900 with sufficient energy
to cause (n,5n) reactions to occur, and
has been used to calculate proton- and
alpha-production cross sections for neu-
trons up to 40 MeV in energy.2 The
heavy arrows in Fig. 2 indicate the main
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 ENERGY,
MODEL OPTIONS, EIC.)

REACTION CROSS SECTIONS

TRANSM1ISSION

LEVEL: ACTIVATION X-SCC
DISCRETE CA*MA-RAY X-~SEC

COEFFICIENTS

TSOMER RATIOS

GNASH

LEVEL SCUEMES

MASS and GROUND
STATE SPIN TABLE
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(INDIVIDUAL AND
COMPOSITE)

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

(CDC) 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. IIIL), 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.

II. 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. Reference
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.

The composition of nuclei involved in a calculation is as follows. At low
excitation energies, discrete levels of energy E, total angular momentum J, and
parity T are included. Generally, experimentally determined values of E, Jﬂ,
and branching ratios are used for these levels. TFor 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 (UJm) in the (n+l)th compound nucleus,

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

(n)

N T w'atm',uJm

P(n+l) (UJTT) - /dU' E P(n) (Uu'J'n') a ST p(n+l) (UIT) , (1)
J'TT'

2(n)

where P (U'J't') 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) T (23 + 1)
P = S BT D 1)§ : ZTQ(E)f!La(U B (2
s L

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

of the target nucleus and projectile, and J(W) is the total angular momentum

(parity) of the compound system. The quantity fk is a parity operator given by

f
L
angular momentum £, s is the channel spin, and B is the binding energy of the

=1/2 [ﬂ + (—l)szWp], TQ(E) is the transmission coefficient having orbital

incident particle in the compound nucleus. The partial decay widths used in Eq.

(1) for reaction channel a have the general form

(€21 JPNN = . S— ' - -
DI UIT) = ey E E T,(U' - U - B)f, (3)
s &

for widths involving transitions from continuum bins in the compound nucleus to

continuum bins in the residual nucleus. Here the parity operator fz has the form

£
L
is the binding energy of the emitted particle.

= 1/2|ﬂﬂ' + (—1)£ﬂa|, where ﬂa is the parity of the emitted particle, and Ba

Similar expressions hold for the population of discrete levels:

(n)
~ > (u'g'n',E,J\T,)
I CRAN =de' D B iy -2 R %)
J'.n-'

rw'atn')

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

\ ] L} \J u—
(U3 ,EJim) = E E T,(U' - E, = B)E, . (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 sun
over continuum bins (UJ®) or discrete levels (EXJXHK) of the arpropriate partial
width Fa(U'J'ﬂ',UJﬂ) or Pa(U'J'W"EAJX“A) 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 _ :
- ) WD @+ e - (6)
n=3

do
— «
4€ Jpreq M| “g E

In this expression E and U are the excitation energies of the compound and resid-
ual nuclei, respectively; on 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 n, 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 = KA73E—1 (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

£ )

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.lO 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 a 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 T2 using the expression

1

T, (e) eTEED)

@+ DTy 0 AT (8)

To provide gamma-ray transmission coefficients, either the Weisskopf approx-

mation™ o1 the Brlnk-—Axel18 19 giant dipole resonance form can be used. Specif-

ically, the Weisskopf approximation for El transitions yields

El 3

whereas the Brink-Axel form gives

5212
2 52
TEl(U’U') = Cgi?h%_z Y = O%SA 2 Y2 2 2.2 (10)
c (ER - EY) + EY T

Here EY =U-1U', T is the giant dipole resonance width (I' = 5 MeV), and E,

the resonance energy in millions of electron volts, is given by ER = 80A_1/3.

L
w 909 “pa

average experimental gamma-ray width <Fy> to the observed resonance spacing <D>

The normalization constants C are obtained from the ratio of the

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

< > E1
< > / _;_ T (B ,U")p(U'J'n')du' , (11
<D> o

2,J"'

El
where T 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

29+ E2, El1 E3, El M E
Weisskopf form (<« EY 1), and the ratios C /C , C /C, ..., C‘3/C t are de-

17
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,

)EE'exp (2 VaU) (23 + 1) exp [-(J + 1/2)2/202J
24 a1/4U5/l+

p(E,Jm) = (12)

2421 03

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

2 2
(23 + 1) exp [-J + 1/2)"/207]

2427 03

po(E,Jm) = I exp [(E - EO)/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 is either input directly into calculations or determined

using the Gilbert-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

III. 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. 1IV), 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 Jr
data in extended-core arrays.

TCPREP - Reads in transmission-coefficient data, eliminates J-dependence of spin
1/2 arrays, reorders spin O 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 J7W 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.




———————» A, Loop over all decaying nuclei

——————— B, Loop over energy bins Y(UJm)
compound nucleus I
F—————>C. Width-summing loop M=1- Ptot
M=240p
—D. Loop over decay reaction types

El, Loop over continuun bins (U JI'm")
> A
of residual nucleus I'

M =1 compute

Frop(Ts¥) = T (T,9) + T(LP:T'9")p ('Y )AE

M = 2 compute
P(Tp:I'p")p(I'Y P (IW)AE/T, (1Y)
b—————P(I'y') = P(I'Y') + DP

DP

—>»>E2. Loop over residual-nucleus discrete
levels Y'(E'I'n")

M = 1 compute
Pooe(Ts¥) = T (T,0) + T(Ip:1'y")

M = 2 compute

PL(I'Y') = PL(I'Y') + T(W:T'WNPAY)/T (1Y)

Close D loop

Close B and C loops

Close A loop

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 (2w<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 spectra 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
J‘rr = 0+ (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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(A) (2 cards) FORMAT (8A10): TITLE(N), N =1, 16

(B) (1 card) FORMAT (5I4): IPRTLEV, IPRTTC, IPRTWID, IPRTSP, IPRTGC
() (1 card) FORMAT (5I4): INPOPT, KLIN, KTIN, NIBD, LMAXOPT

(D) (1 card) FORMAT (6I4): NI, NMP, LGROPT, LPEQ, NJMAX, ICAPT

(E) (1 card) FORMAT (4E10.3): ZAP, ZAT, DE, FSIGCN

(F) (1 card) FORMAT (1I4): NELAB

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

(H) (0-70 cards) Reaction-chain data. The form and complexity of this segment
depends on the particular input option chosen, as follows:

(1) INPOPT =1, 2, or 3 (0 cards)
Reaction chains are set up automatically.
(2) INPOPT = -1 (1-10 cards) (DO loop I = 1, NI)

FORMAT (8E10.3): ZACN(I), XNIP(I), SWS(I), [ZZAl(IP),
IP = 2, NIP]

(3) INPOPT = 0 (2-70 cards)
(a) Outer DO loop I = 1, NI

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

(b) Inner DO loop IP = 1, NIP

(1-6 cards per I) FORMAT (5E10.3): ZA1(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-
action sequence.

(I) (1-6 cards) (DO loop MP = 1, NMP)
FORMAT (8X, Al, I1, E10.3): LMGHOL(MP), LG, RE1(MP)
(J) (0-1 cards) Input depends on LPEQ parameter, as follows:
(1) LPEQ = 0 (0 cards)
(2) LPEQ = 1 (1 card)
FORMAT (6E10.3): [ALPHA1(IDX), IDX = 1, 6]

-9

TABLE I

MAIN INPUT PARAMETERS FOR GNASH

Parameter Description

TITLE Two cards of Hollerith information to describe the problem being
calculated.

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

(include) print of discrete-level information.

11



Parameter

IPRTITC

IPRTWID

IPRTSP

IPRTGC

INPOPT

12

TABLE I (cont)

Description

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

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.

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.

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.

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.




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
(T,) included in a calculation by requiring that (22 + 1)T >

o Z]LMAXOPT|
Ty * 10 . 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(1l) to omit (include) 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). TFor even-A cases, J = NJMAX - 1; for odd-A cases,

J = (2 * NJMAX - 1)/2, DmaX
max

13



Parameter

TABLE I (cont)

Description

ICAPT

ZAP

ZAT

DE

FGSIGCN

NELAB

ELABS (N)

ZACN(I)

XNIP(I)

SWS(I)

ZZA1(IP)

CNPI(I)

14

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.

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

1000 * Z + A for the target nucleus.

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.

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

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

Incident particle energies in millions of electron volts for the
calculation.

1000 * Z + A for each compound nucleus that is permitted to decay
(I is the index that specifies the decaying compound nucleus.)

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 TP = 1 to NIP for each compound nucleus.

Value of the gamma-ray strength function for s-wave neutrons,
2n<l,>/<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 ]SWS(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.

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).

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



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. UMNote 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. TIf 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) = O.
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 RE1(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 ALPHA1(IDX) = 0. to
use the built-in values.

v. ADDITIONAI 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). In 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 (I8, I5, F12.6): 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) 1Inner loop for each level (DO loop K = 1, NT)

FORMAT (12X, I6, 2F12.6): NF, P, CP

TABLE II
DISCRETE-LEVEL INPUT PARAMETERS

Description

Parameter
D

NL

F

NX
EL(N)
AJ(N)
AT(N)
TAU

NT
NF

CP

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 = 0.

Level number (= N), 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 JT = 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-life 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, A5): NPART, [BCDTC(I), I = 1, 8]

(B) Outer loop on particles (DO loop N = 1, NPART)
(1 card per N loop) FORMAT (42X, Al0, 12X, 214, A8): XBCD, NE, NN, K

17



(C) 1Input 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, IPRTWID, IPRTSP, and IPRIGC, 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) Input 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 O 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—Greenleeszs'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_4 for the Co isotopes and 2 x 10—3 and 3 x lO_4 for 56Mn and 59Fe.

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,oc) 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 = Q)
unless the spectrum of capture gamma rays is specifically required. A summary of
running times for m + " Co 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 = 0. 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

coPysr 4 FILES FAOM FBETY LASL Identification No.

PROGRAM GNASHCINP,FSETS:INP ,OUT,PSET630UT,FSETS,FSETY,
{ FSET{B,FSET1{.FPSET12,FSET1S)

GAMMA=RAY, NEUTRON, AND ASSORTED SPECTRA FROM HEAVY NUCLE!

FSET8 3 INPUY LEVEL DATA IF CARDS NOT USED

FSET9 a INTERNAL BINARY LEVEL DATA FILE (KL)

FSET1¢= INPUT TRANSMISSION COEFFICIENTS IF CARDS NOT USED
FSET11e LEVEL SCRATCH FILE e« AVAILABLE FOR PUNCH OR DISC O/P
FSET13= INPUT GROUND=STATE MASS EXCESS, SPIN, AND PARJTY

IPRTLEV=22 T0O OMIT PRINT OF DISCRETE LEVEL INFORMATION
IPRTTC =@ TO OMIT PRIMY OF ANY TRANSMISSION COEFFICIENYS
IPRYTC =1 TO PRINT 1I/P TRANSMISSION CQEFFICIENTS

LP-0778
MAIN 2
APRBTTTY
MAIN 4
MAIN S
MAIN 6
MAIN 8
MAIN 9
MAIN 10
APROTTT2
MAIN 11
MAIN 12
MAIN 13
MAIN  $4
MAIN 15

IPRTTC. GE.2 TO PRINT TRANSMISSION COEFFICIENTS AT EVERY (IPRTTCw1IMAIN 16

TH ENERGY ON THE BASIC INTEGRATION ENERGY MESK MAIN 7

IPRTWID=@ TO OMIT WIDTH PRINT MAIN 18
IPRTSP 304 T0O OMIT SPECTRA PRINT MAIN (9
IPRTSP &1 TO0 PRINT COMPNSEITE SPECYRA ONLY MAIN 20
IPRTSP =2 YD PRINT IND!yIDUAL SPECTRA ONLY MAIN 21
IPRTSP =3 7O PRINY COMPDSITE AND INDIVIDUAL SPECTRA MAIN 22
IPRTGC =@ TO OMIT PRINT OF LEVEL DENSITY PARAMETERS MAIN 23
IPRTGC 3t YO PRINT GILArRT~CAMERON LEVFL DENSITY PARAMETERS MATM P4
IPRTGC.GE,2 TO PRINT LEVEL OENSITIES AT EVERY (IPRTGCal) TH ENERGYMAIN 25

ON THE BASIC INTEGRATION ENERGY MESH . MAIN 26

INPOPTzw] MANUALLY READ IN REACTION CHAINS HUTY CODE AUTOMATICALLY MAIN 27
ASSIGNS PARENTAGE, CNPI(I) AND CNPIP(I) ARE ASSUMED TO MAIN 28

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

INPOPT20@ MANUALLY I/P REACLTION CHAINS AND PARENTAGE INDIGCATORS MAIN 30
INPOPTE1 AUTOMATICALLY FOLLOW NEUTRON CHAIN WITYH G,N DECAYS MAIN 3¢
INPOPTZ2 AUTOMATICALLY FOLLOW NEUTRQON CHAIN WITH G,N,P,A DFCAYS MAIN 32
INPOPT23 AUTOMATICALLY FOLLOW MEUTRON CHAIN WITH G,N.P,A DECAYS, MAIN 33

AND PICK UP GAMMAS FROM P AND A DECAYS MAIN 34

SHS(I) a3 4 TO NORMALIZE SeWAVE STRENGTH TO SWS(I) MAIN 38
SWS(I) = @. TO usFk UNNORMALJIZED GAMMA RAY TRANSITION PROBABILIVIESMAIN 36

« AS ADJUSTED BY RE{(1) MAIN 37

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

) MAIN 40

1 FORMAY(2014) . MAIN 4y
2 FORMAT({P,8E10.3) MAIN 42
3 FORMAT(BALQ) MAIN 43
4 FORMAT(1H{,8A10,/1H .eA10) MAIN 44
3 FORMATC(AX, AL, 11,1P, 7510 3 MAIN &S
6 FORMAT(1P,E10,3, 19X.6£13 3) MAIN 46

7 FORMAT(/ 9H I!PRTLEV=12,73X,THIPRTTC=12,3X, BHIPRTWIDMAIN 47
1812,3X, THIPRT3P=12,3%X, THIPRTGCa12) MAIN 48

8 FORMAT( B8H INPOPT=12,3X,SHKLINEI2,3X,5HKTINEL2,3X,3HNIBDSI2,3X, JUL26771
{f BHLMAXOPT=212,/) JuL2e772

9 FORMAY(/4M N1z,13,3X,4HNMPZ,12,3X,THLGROPTS,12,3X, MAIN S8

{ SHLP€Q=IZ.3X,6HNJMAX-13p3X.a!CAPT=tIZ) MAIN 51

192 FORMAT(/ SH ZAP=FS5.C,3X,UHZATcF6,0,3X,3HDE= Fb 3,4H MEV, MAIN &2
{ IX, BHXMTSF{Q,S, UH AMuosx.sHspcre 3,44 MEV, 3X, MAIN 83

2 SPECUYOFFzFS 2,4H MEV) MAIMN 84§

11  FORMAT( SH ACM3F7.3,5H /MEV,3X, . THFSIGCNMAIN 55
12F7.3,3Xs6HDEFCNEF2,0,3Xs THBPINT =FS,1,3IX,4HPITuF3,0) MAIN Sh

12 FORMATL/» 1 ZACN NlIp PARENT#,0X ) #SaWAVEN ) BXsnIPw s 4X,wZA 0, MAIN S7

1 UX®ZA2%,SX,#XMRA,8X,#82,4X,xNLEY DEF A NLGC ECGC BUFMAIN 58
2FERX/% @aw wvsew ows 1 IP», MAIN S9

3 « STRENGTH, ENERCY ow awnn W, MAIN 60




2

3

13

18
16
17

18

19
S

9
33
34

§ ¢ wosse {AMY) {MEV) on eve t/MEV, L L) ‘sz, NUMHMA!N 64

SER*) MAIN 62
FORMAT(13,F7.0,FUa@FT7.0,F6,0,2X,{PELD,3,0P, F7,3) MAIN 63

14 FORMAT(U46X.15,F7.7,F8,0,FA, 3.F10 3,2F5,.0,F8,3, FS 0,F10,3,17) MAIN 64
FORMAT(/ 46H INDEX L PARITY MULTIPOLARITY RATIO TQ E1) MAIN 65
FORMAT(14,2F6,Ma9XsAL,11,8X,611,4) MAIN 66
FORMAT(//% WEISSKOPF APPROXIMATION USED FOR GAMMARAY TRANSMISSIONMAIN 67

§ COEFFICIENTS#) MAIN 68
FORMAT(// * AXEL APPROXIMATION USED FOR GAMMA=RAY TRANSMISSIONMAIN 69

1 COEFFICIENTS#) MAIN 70

FORMAT(/ 26H INCIDENT ENERGIES (MEV) £,1P,10E1D, 3,/26X.10Flﬂ ) MAIN 71
FORMAT(//SX%COLL1eMILAZ70 CLOSED FNRM USED FOR ABSOLUTE CAL OF PREMAIN 72
1=EOUILIBRIUM CROSS SECTION w//,* PREwEGUILIBRIUM NORMALIZATION CONMAIN 73

2STANTS ARE / #,6A108,/39%,n(INPUT) #,1P,6E10,3,/39X,% (USED) =, MAIN T4
3 6E10.3) MAIN 75
MAIN 76
FORMAT(//25X* THE LAB gNERGY IS *Gitl,4% MEV %//) MAIN 77
FORMAT(2MAY) MAIN 78
FORMAT(1X,20A4) MAIN 79
COMMON RHO(UR,2008).7(30,200), P(BG)-SP(ZGG 6),PP(80),8PP(20Q,7) RHO

1,SPNGN(200),PL(SA, 6);6(280 63, RHOFTR(4M) RHO
CONMnN/LCINDEX/IPBLC:IGLC,1ZER0LC.ISPLCoIPLLC;IEGLC-ISGLC;IYCLC' LCNDEX
1 ISTCLC,IRHOLE,ITLC,IELLC, JAJLC, JATLCANIDIM,NIPDIM,NIBDIM NGRDIM,LCNDEX

2 NIDDIM,NIRDIM LCNDEX
COMMON/TCOEF/ETC(2%,6),7C(25,30)4BCD(T7),XSPIN(CT) NLDIM, TCOEF
INPART ,NFECH) 4 NOC6)aNTCCp),1ZAID(T) o XMASS(T) ,NEEDIM, NLEIN(6,25) TCOEF
2NLE(6,200),JRAST(2¢0,6) TCOEF
COMMON/LEVELL/EL(S@)»AJ(5S0),AT(SB)»XNLC6B),ELMAX(6B),NLEVDINM LEVELY
1,EG(240),5G(240),NGRAYS(6@) LEVELY

COMMON/BASTCI/NI,XNIP(10),NIR,LR(6,10),ZA1(6R0),ZA2(60),XM2(60), BASICH
1 ZACN(19),CSGR(6A),CSTOY(60),CSLEV(HB),C8ID(B),EAVID(8),EAV(60) BASICHY
COMMON/RASTIC2/TITLECL16),ELAB,DE,ZAP,ZAT,XMT, NKKM(10),CNP1C10), BASIC?

NNWNNNTVTSW WU WNNEWDWN

1 CNPIP({18),5(6A),SACLIR),1D1(6R),10P,1062(60),TBUF(6,10), BASIC?2

2 ECM,UP,NKMAX ,NIMAX, NKK(6A),NKDIN, TCP(30),QMDP(aR),AC60B),A2(60), BASICe

3 NRMHO(K),XJIT, NPOPMAY,NTC2(6),NJDIM, JOECN(C10),NKKCN(1@®),ECON,BASIC2

4 JP1(4R,2) XMP . XJP,PIT,NLP,XNLP, KL, IDSTAT(T)sSICsCSL,CSH,PILLL(3R)BASIC2
S+ ICAPT,PLRUF (50,10, INPOPT, TKEEP BASIC?
COMMON/GAMMA/NMP, LGROPT,SWS (1), GMLE6) 4GMP(6),RELL6)LMGHOL(6), GAMMA

1 YGR(2(38,6),WKCON, CAXEL,GAXEL,ERAXEL,EXSWS(10), WKNORM GAMMA
COMMON/PREEN/LPEQ,SIGR,PRERI(6)yCSIGI(6),NITT(6)oALPMA(S) PREEQ
COMMON/PREQI/EPSIGI2A0, ) ,NLEV,NPIT,NIT PRERY
COMMON/FITYING/ACN,FSIGEN,SIGPER FITTING2
COMMON/PRANTOUT/IPRTLEV, IPRTTC, IPRTMLD, IPRTHWID, IPRTSP, IPRTGC PRNTOUT2

COMMON/LEVDEN/DEF(6A) , XNLGC(60),ECGC(6@)4UCUTOFFDEFCN, TGC(6DB) LEVDEN 2
{ EAGCC6M),EMATGC(6Q),PAIR(6A), XMRI(6D), XNLLN(6B),32(100),SN(158), LEVDEN 3

2 PZ(1RrD),PNLLISAY . LEVDEN &
COMMON /SPNPAR/ SPIN,PARITY,KGRD LEVDEN 5

MAIN 92

DIMENSION ALPHA1(6) MAIN 93

DIMENSTION 2ZA%(4),ELABS(20) MAIN 94

DIMENSION ZINPL(28) MAIN 95

DATA BCD/1@H NEUTRON ,¢2H PROTON 2184 DEUTERON ,18H TRITON s MAIN 95

1 . 10H HEe3 010K ALPHA » 10H GAMMAwRAY/ MAIN 97
DATA 1ZAID/1,1R01,1002,1203,2003,2804,0/ MAIN 98

DATA KI,KL.K7,KGROD, IHOLF:!HOLM 75,9, 7,43, tHEs LHM/ MAIN 99

DATA XMASS/1,02R668,1,007825,2.014102,3,016050,3,016838,4,002683, MAIN t0@

MAIN 1014
DATA XSPIN/B.5.0.5,1.8,0.5,0,5,0.9,8,.0/ MAIN (@2

DATA NKDIM,NJDIM,NEEDIM,NLDIM,NLEVDIM/200,40,25,38,%0/ MAIN 403

DAYA NIDIM,NIPDIM,NIBDIMyNGRDIM,NIDDIM/ MAIN {Q@4

1 19, . 6, 8, 240, 1 7/ MAIN 105
DATA ALPHA/S.REw@4,5.PEwlu, 34| PEnd2,5Fe0s/ MAYTT |

DATA NITT/3%,3,3,3,3,3/ MAIN {07




(s XeKe Mol e

32
38

a1

339

(e Xg N3]

1902
1214

EXACTM(ZA,EXMASS) o ZAn10n0 #FLOAT(IFIX(2ZA/1008,))4EXMASS/931,502

TAPE {2 = BUFFER INPUTY

WRITE(6,32)
FORMAT({HY)
READ(KI,33) ZINPU
IF(EOF,K1) 300,301
WRITE (6,343 ZINPU
WRITE(12,33) ZINPU
GO 10 35

CONTINUE

NOW TAPE 12 = INAUT

Kilz12
ENDFILE KI
REWIND KI

MAIN INPUT SECIION

EXMN & ENERGY(1,0)

READ(KI,3) TITLE

IFLEQOF,KI)10@0, 101

WRITEC(S,4) TITLE

READ(KI, 1) IPRYLEV,IPRTYC,IPRTWID,IPRTSP,IPRTGC
READ(KT, 1) INPOPT,KLIN, KT!N N1B80D,LMAXQPT
IF(NIRD, GT ?) NIBDIM=N1BD

IF(KLIN,LT, 1) KLIN=8

IFIKTIN Lr,i) KTINZ1Q

IF(KLIN NE 8) KLIN={2

IFCKTIN,NE L §@)KTINZ]2

WRITE(6,T) IPRTLEV,IPRTTC, IPRTw!D.XPRTSP.IPRTGC
WRITE(6,8) INPOPY,KLIN,KTIN,NIBD,LMAXOPT
EPSTLON=Y, ﬂEoS

IrtLMAXOPr,cT ?)  LMAXOPTae| MAXOPY.
IF(LMAXOPT.NE, @) EPSILONZ1D, #a MAXQPT
READ(KI,1) NI,NMP,LGROPY,LPEQ,NJMAX,ICAPT
IF(NJMAX £Q,0) NIMAXENIDIM

READ(KI.Z) ZAP ZAT,DE,F3IGECN

UCUTOFF = @a,1

READ(XI,1) NELAB

READ(KI,2) (ELABS(I),1ri,NELAB)

EXMT = ENERGY(ZAT)

XJT = SPIN

PIT a PARITY

XMT 3 EXACTM(ZAT,EXMT)Y

§IC = EXMT + ;NERGY(ZAP) » ENERGY(ZAT+ZAP)
IF(FSIGEN,E0.2.) FSIGCNay, @

IR=Q

00 184 Iag,NI

JFCINPOPY FQ, @) READ(KI,2)ZACNCE), XNIPCT),CNPICT),CNPIPCT),8HB(T)

IZA1(1)=00,

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MATN
MATIM
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

108
109
110
it
112
113
114
115
116
117
§18
119
120
121
122
123
124
125
126
127
$128
129
130
134
132
133
134

JUL26T73

MAIN
MAIN
MAIN

136
137
138

APRBTTTI
APRATT74

MAIN

139

JuL26774
JuiL2e?7s
JUL26776
JuL2e77?

MAIN
MATIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MATIN
MAIN
MAIN
MAIN
MAIN
MAIN

IF(INPOPT,LE,=1)READCKI, Z)ZACN(I)oXNIP(I) SWS(I))CZZA{(IP), IPa2,6)MAIN

IFCINPOPT, GEL 1Y CALL CHAINSTI,IR)
ZAC £ ZACN(I)
ExMC = ENERGY(ZaAC)
EXSWS(I) s ENERGY({ZAL=1,0) ¢ EXMN « EXMC
NIPaxKIP(1)
D0 1044 IP3t,NIP
IR=IR¢
LREIP,I)SIR

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

141
142
ju3
144
148
14s
147
148
149
150
151
192
153
154
158
156
157
158
159
160
161
162
163
164
165



104

196

11e

202
201

on e X g on (g X4

XNLCIR) =0,
ACIR)=D,
XNLGC(IR) =0,
ECGC(IR) =N,

IF(INPOPT,EO;G)READ(KI-21241!IR)aXNL(!R)aA(IRJoXNLGC(IR)oECGC(IR)

IFCINPOPT,LE,=1) ZAICIRYEZZAICIP)
ZA2(IR) = ZACN(I)»ZA1(IR)
DEF(IRY = XMAGIC(ZA2(IR))

ZAR = ZA2(IRY
EXMR ® ENERGY(ZAR)
XM2(IR) = EXACTM(ZAR,EXMR)
SCIR) s EXMR ¢ ENERGYCZA{(IR)) = EXMC
CONTINUE
NIR=zIR .
CALL LCSPACE
ACNzAClY
DEFCNIDEF (1)

WRITE(6,9) NI,NMA,LGROPY,LPEQ,NJMAX, ICAPT

WRITE(A,18) ZAP,ZAT,DE.XMT,81C,UCUTOFF

WRITE(6,11) ACN,FSIGCN,DEFCN,XJT,PIT
WRITF(C6,19)(ELABSCIY, Ing,NELAB)

WRITE(H,12)

D0 1@6 1=1,NT

WRITE (6, 13114 ZACNCI) ) XNIPCT).CNPI(TY,CNPIPCT),SWS (1), EXSHS(])
NIPZXNIP(I)Y

DO 1@6 TPai,NIP

IR=LR(IP, 1)

18=18UF (TP, 1) )

IF(I8,GT.N1BDIM) 1B=IB=NIBDIM

WRITEC&,14) IP,2ALCIR) ,ZARCIR) ,XM2(IR) +SCIR) XNL(IR),
{ DEFCIRY . . ACIRY ,L,XNLGCCIR) LECBC(IR),I8
IF(LGROPT,EN, 1) WRITE(6,17)

IF(LGRORY ,EG.2) WRITE(6,18)

WRITE(6,15)

DO 119 MP={i,NMp

READCKI,S) LMGHOL(MP),LG,RELCMP)
IF(LMGHOL(MP),EQ, ITHOLE) GMP(MPIR41,0
IF(LMGHOL (MP) ,E0. THOLN) GMP(MP)a=i.p
IFCCLMGHOL(MPY,EQ, THOLE) .AND, (LG, EQ, 33, AND, (REL(MP) (EQ.24))
{ RE1(MP)=1.0

GML(MP)=LG ,
WRITE(6,16) MR, GMLCMP),GMP(MP) LMGHOL (MP),LG/RELI(MP)
IF(LPEQ,EQ. 1)READ(KI,2)ALPHAL

DO 22% 1IDXesi.6

IFCALPHALCIDX) NEL.O,) 202,201

ALPHA(TDX)zALPHALCIDX)

CONTINUE ) )

IFCLPER,.EQL 1) WRITECH,28) (BCDCIDX),10X81,8)sALRPHAL,ALPHA

READ LEVEL INFORMATION
CALL LEVPREPC(KLIN,KL)

READ TRANSMISSTON COEFFPCIENT DATA
CALL TCPREP(KTIN,EPSILON)

SET UP FOR CALCULATION
CALL SETUP

INCIDENT ENERGY LOOP
00 2P@ JELAB=1,NELAS
CALL SECOND(TKEEP)
ELABSELABS(IELAB)
CALL SETUP2

NAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MA TN
HAIN
MAIN
MAIN
MAIN
MAIN
MATIN
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
167
168
169
170
174
172
173
174
175
176
177
178
179
180
181
182
183
184
18%
186
187
18R
189
190
191
192
193
194
198
196
197
198
199
200
291
202
2a3
2es
208
206
2?7
20R
289
2190
211
212
213
216
215
216
217
218

JuL26778

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MATN

220
221
222
223
224
22s
226
227
228




[» N} [~ X g}

198
199

200
1AQ2

aAOO

10

MAEIN 227

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

PRINT AND WRITE OUTPUT RESULTS MAIN 233
CALL DATADUT MAIN 234
CONTINUE " MAIN 2358
CONTINUE MAIN 236
MAIN 237

CONTINUE MAIN 238
GG 10 1aa MAIN 239
sTOP MAIN 240
END MAIN 241
SUBROUTINE LCSPACE LCSPACE2
LCSPACED

SET UP LCM STORAGE, ZERD ARRAY, AND VARIABLE STORAGE BUFFERS LCSPACEU
LESPACES

COMMON RHO(UQ,200),7(30,2008), P(Gﬂ).SP(Z?G,b) PP(8D),SPP(200,7) RHO 2
1.SPNGN(208R)Y,PL(S5P,6)s6(200,46),RHOFTR(4A) RHO 3
COMMON/BASTICI/NI,XNIP(10),NIR,LR(b6,18),ZA1(68),2A2(60),XN2(60), BASICYL 2
1 ZACN(!0).CSGRtbﬂ)nC8TOT(bO)nCSLEV(bU)pCS!D(B).EAVIDtS)'EAV(bO) BASICY1 3
COMMON/LCINDEXAIPBLC,IGLC, IZERDLC, ISPLE, IPLLC, JEGLC,ISOLC,ETCLE, LCONDEX 2
{ ISTCLC,IRHOLE, ITLC,IELLCsIAJLE, TATLC,NIDIM, NIPDIM,NIBDIM,NGRDIM, LCNDEX 3
2 NIODIM,NIADIM LCNDEX 4
COMMON/TCOEF/ETC(2%5,6),7C(2%,308),8CD(7), XSPIN(7) NLOIM, TCQEF 2
INPART,NEE(6)sNDCO) S NTCLSY, TZAIDCT) s XMASS(7) ,NEEDIM, NLEINC6,25)y TCOEF 3
2NLE(6,203),JRAST(200,6) TCOEF 4
COMMOM/ZLEVELIZEL(SA) , A (SR, AT(SAY, XNLC6B),ELMAXL6D) ,NLEVDINM LEVELY 2
1,6G(243),56(240)(NGRAYS(60) LEVELY 3
COMMON/BASIC2/TITLE(1&),ELAR,DE, ZAP ZAT,XMT, NKKM(10),CNPI(10), BASIC2 2
{ CNPIP(12),5(60),3AC(30),101(6Q),10P,10E2(68),TBUF(6,1@), BASIC2 3
2 ECM UP,NKMAX, NJMAX ¢ NKK(60) ,NKDIM, TCP(30),0MDP(4R),AC60),A2(60), BASIC2 4
3 NRHOC(A),XJIT, NPOPMAR, NTC2(6),NJNIM, IOECNC{A),NKKCN(1Q),ECON,BASIC2 S
4 JPI(4R,2),XMP,XIP,PIT, NLP, RNLP, KL, IDSTAT(T7)4S1CsCSL,CSH/PILLLC3BIRASIC2 6
S+ ICART,PLBUF(S7,10), INPOPYT, TKEEP BASIC2 7
DIMENSION SCRUF(4PRAD)Y,1aJ(10),1PJJl(10) Lespacte
EQUIVALENCE (SCBUF,RHO) LCSPACLS
LCSPAC14

SET LCM STORAGF INDEXES LCSPACYS
NIRDIM=NIDIMENIPDIM LCSPACLS
IPBLCsO ) LcsPaC?
IGLCSIPBLECONIDIMANKDIMRNIBDIMR2 LCSPACHS
JZEROLC=IGLC+NKDIMRNIRDIM LCSPACEY
ISPLC=1ZEROLLC+8mB0 LcspPacz2e
IPLLC=1SPLCHNKDIMANIRDIN, Lcspacay
IEGLC=IPLLE+NLEVDIMANIRDIM LCSRAC22
ISGLC=1CGLC+NGRDIMANIRDIM LCSPAC23
JITCLC=I3GLEONGRDIMANIRDIM L.CSPAC24
IRRALCa2LTCLCeNEENIMWNLDIMa(NIDDIMe ) LCSPAC2S
ITLCSIRHOLLCHNKDIMeNIDIMaANIPDIM LCSPAC2S
TELLCSITLCHNKDIMaNLDIMANIPDIM LCSPAC2Y
TAJLC=TELLC+NLEVDIMANIRDIM LCSPA(C28
IATLC=TAJLC+NLEVDIMaANIRDINM LCS8PAC29
LCMDIMSTATLCHNLEVOIMANIQODIM LCSPACIO
WRITE(6,1) LCMDIM LCSPAC3Y
FORMAT(x LCM SPACE RENUIRED (EXCLUNING DISC BUFFERS) 18 #,17) LCSPAL32
WRITE(S,2) NIBDIM,NKDIM LCSPAC33
FORMAT( * NUMBER OF LCM BUFFERS IS w,12/ » MAXIMUM NUMBER OF ENERGLCSPAC34
1Y BINS IS w,1u) LCSPAC3S
LCSPAC3S

SET UP | CM 2ERQ ARRAY LCSPACST?
00 19 Ka1,1000 LCSPAC3S
SCBUF(K):G LCSPACTY

A-5




4Q8
499
410
429

62
64

66

1hnE s 2ERNLE

NPTS=12307

CALL ECWR(SCBUF,INDEX,NpTS, 1ERR)
INDEX=INDEX+NPTS

CALL ECWR(SCBUF,INDEX,NATS, 1ERR)
INDEX= INDEX$NPTS

CALL ECWR(SCBUF, INDEX,NpTS. 1ERR)
INDEX=INDEX+NPTS

CALL ECWR(SCRUF, INDEX,NBTS, IERR)
CALL ECRD(SCBUF,IZERDLE, 4n2a, 1ERR)
INDEX=INDEX+NPTS.

CALL ECWR(SCBUF, INDEX, 40300, IERR)
1IFCINPOPT.GE,O) GO TO 420

DETERMINE PARENT REACTIONS
LBUFOPT=Y

CNPIC1)EY,

CNPIP(1Y=1L

IFC(NI,LT.2) GO YO 420

DO 418 1=p,NI

CNPTIC1) =0,

CNPIP(X)=B

I1zlet

DO 489 IM=y, 1y

Il=11alIMsy .
IFCZACNCTI)LEQ,ZAENCII)Y GO 10 41Q
NIP = xnxncr:)

IF(NIP,LT,2) GO TO 429

DO 4@A8 I1P=z2,NIP

IRELRCITP, I1)
IF(ZARCIRYNE,ZACNLT)) GO TO 40@8
CNPI(I) = [T + 1AB,*CNPICI)
CNPIP(1)= 11P+10A,ACNPIP(])
IF(LBUFORT.EQ,2) GO TO 410
CONTINUE

CONTINUE

CONTINUE

CONTINUE

SET UP POPULATIQON STORAGE BUFFERS FOR LCM
CALL ECRD(1BUF,IZEROLC, 62, IERR)
CNPIC1)®Y,
cnPYP(tyay’,

1820 i

b0 79 Jei,N?

I1B=18+1

1T2CHPI(Y)

11P=CNPIP L)

D0 62 JJ=z1,10
JIXI1Pan(JIe2)
JIN223Jx/100
1JJ(JIISMOD(TT,JIX)/JIX2
IPJJI(JII=MODCITP, JIX) 27X
IFCIT/7J30%,L7.1) 80 TO 64
CONTINUE

NJJ=JJ

DO 68 I=1{,J

NIPaXNIP(I)

DO 68 IP=1,NIP

DO 66 JJ={.NJJ
IFCCTLNELTIICISIILORCIPLNE, IPJICIIII) GO TO 66
IBUF (IR, I} =18

CONTINUE

LCBPACUSG
LCSPACUHY
LCSPACY2
LCSPACUY
LCSPACUY
LCSPACUS
LCSPACUYS
LCSPACAY
LCSPACYS
LCSPACUY
LCSPACSA
LCSPALSY
LESPACS2
LCSPACSS
LLCSPACSY
LCSPACSS
LCSPACSS
LESPACST
LCSPACSSE
LCSPACSY
LCSPACGR
LCSPACSHY
LCSPACGKR
LCSPACH3
LCSPACGKY
LESPACHS
LESPALKS
LCSPACHT
LCSPACAS
LCSPACKY
LCSPALCTA
LCSPACTY
LCSPACT?2
LCSPACT3
LCSPACT4
LCSPACTS
LCSPACTS
LCSPACTY?
LCSPACT78
LLCSPACT9
LCSPACSBA
LCSPACSY
LCSPACB2
LCSPACAZ
LCSPACBY
LCSPACS8S
LCSPACSBS
LCSPACS?
LCSPACSS
LCSPACA9
LCSPAC9Q
LCSPACSY
LLCSPACS2
LCSPACI3
LCSPACSY
LC3PACYS
LCSPACYS
LCSPACYY
LCSPACSS
LCSPAC99
LCSPALGQ
LCSPALDY
LCSPALGR




[ Ko

(s Ne Ny )

68
9

72

1

12

22

23

CONTINUE LCSPALDY

CONTINUE LC3PALOU

‘ LCEPALDS

EQUATE (N,GY REACTION BUFFERS TO PARENT NUCLEUS BUFFER LESPALBS

DO 72 l=4,N} LCSPALRY

I1=CNPICD) LCSPALDS

11P=CNPIR(T) LCSPALR9

I1=MODC(1I,128) LECSPALLR

I11P=MODC(IIP,100) L.CSPALLY

IBUF(1,1)31BUFCIIP, 1) LesPa(12

CONTINUE LCSPALLY

RETURN LCSPAL1Y

END LECSPALLS

SUBROUTINE CMAINS(I, IRX) CHAINS 2

. , CHAINSG 3

CONSTRUCT OPTIONAL AUTOMATIC REACTION CHAIN SEQUENGCES CHAINS 4

CHAINS §

COMMON/BASICX/NI.XNIPtlﬂ).N!R.LR(G.10)-2A1C60).ZA2(6G)oxMztbG)' BASICY 2

1 ZACN(10Q),CSGR(HD),COTOT(6B),CSLEVLHA),CIDCBY,EAVIOCB),EAVI6D) BASICY 3
COMMON/BASXCZ/TITLftib) ELAB,DE,ZAP,ZAT,XNMT, NKKM(1@),CNPI(1@), BASIC2 2

{ CNPIP(10Y.5C60), SAC(!G) 10{¢e®), IDP, IOEZ(bw) IBUF(b:lG)o BASIC2 3
2 Ecﬁ,U° NKMAX,NJMAX,NKK(ba) NKDIM,TCP(3@),0MDP(uR),AC6R),A2(6@2), BASIC2 4
3 NRHO(H),XJT, VPOPMAXaNTCZ(b),HJDI" IOECN(xn) NKKCN(1P),ECON,BASIC2 S
4 JPTI(ua,2).xMpP,xJP, PIT.NLP.XVLP KL, JDSTAT(7)sSIC,CSL,CSH,PILLL(3BIBASIC2 &
S, ICART,PLBUF (S0, 1BY, INPOPT, TKEEP BASIC2 7
COMMON/LEVDEN/DEF(6@) ) XNLGC(602) ,ECCC(68),UCUTOFF,DEFCN, TGC(60), LEVDEN 2

{ EQGC(6Q),EMATGCL6Q) JPAIR(OMAI (XMRIL(EA) y XNLLNC(OHA)SZ(1PA)SNC15Q), LEVDEN 3
2 PZ({20),PN(1SQ) LEVDEN 4§
COMYON /SPNPAR/ SPIN,PARITY,KGRD LEVDEN §

COMMON/LEVELS/ELESA) s AT(SOY,AT(SO) ¢ XNLLEB) o ELMAX(6B) , NLEVDIM LEVELY 2

1,EG(2uB)Y,56(240)  NGRAYSc6M) LEVFLL 3
COMMON/GAMMA/NMP, | GROPY, SWSC1R), GMLtb).GMP(6),REl(b).LMGHOL(6!: GAMMA 2

1 TGR(20M,6),WKCON,CAXEL,GAXEL, ERAxeL,exswscie) WKNORM GAMMA 3
DIMENSION Z7AaX(4) ) CHAINS1Y

DATA ZAX/8.,1,.1881,,2004,/ CHAINS§2

X1=1 . CHAINS13

ZATOTIZAP4ZAY CRAINS14

SWS(1)z0, CHAINSYLS

IRz IRX CHAINS16

GO 1O (14, 12.13) INPOPT CHAINSI?

ZACN(I)-ZAror-xXox 2s0oy CHAINS18

XNIP(1Y=2, . CHAINS19

ENPI(I)= x1~e 99999 CHAINSRD

CNPIP(I)=2) . CHAINS21

G0 10 s5¢ o CHAINS22

ZACN(1)=ZAT0TaXx]l¢},0001¢ CHAINSZ3

XNIP(1)=4, CHAINS24

CNPX(I):XI 2.99999 CHAINS2S

CNPIP(TY®2, CHAINS26

GO TO S50 CHAINS27

G0 T0 (21.22:23 Zl.ZZ-!SoZl 22¢23,21),1 CHAINSZ2S

X11=(1=43/3 CHAINS29

JACN(IISZATOTeX Y CHAINS3Q

XNIP(I) =4, CHATINS 3

CNPI(])uled CHAINS32

CNPIP(IY=2, CHAINS3Y

GO TO 8@ . ) CHAINS3Y

ZACNCIY=2ACN Tt wZAX(S)Y CHAINS3S

CNPI(I):I-) CHAINS36

CNPIP(1)=3, CHAINS3?

XNIP(1)=1, CHAINS3E

Go 10 Se CHAINS39

ZACN(IY=ZAEN(Iw2)eZAX(4) CHAINS 4D



Camie: )tIv? CHAINSOY

CNP'P(I)IG. CHAINSYR
XNIP(1)=l, CHAINSUS

50 NIPaIXNIP(]) CHAINSGY
1ZA=ZACN(]Y CHAINSYS
ZACN(T)=IZA CHAINSG6

00 %4 IPsz{,.NIP CHAINSU47?
IRxIR+1{ CHAINS4S
ZALCIRYSZAX(IRY CHAINS49

Sy CONTINUE CHAINSS®
RETURN CHAINSSY

END , CHAINSS2

. FUNCTION ENERGY(ZA) ENERGY 2
o ENERGY 3
c sraan ENERGY LOOKS UP VALUEY OF GROUNDeSTATE MASS EXCESS (MEV)s ##ENERGY 4
c #aaex SPIN, AND PARITY, MISSING DATA PRODUCE A PATAL ERRQR, *rENERgY S
c ENERGY &
COMMON /SPNPAR/ SPINJPARITY,KGRD EMERGY 7
DIHENSION 19¢18),11C11), !2(11) JOC11),J1012),KBC12),ENER(2055) ENERGY 8
DIMENSION PAR(3) ENERGY 9
DIMENSIQN SPINPAR(2055) BCDGRD

DATA PAR /iHm,1H ,iMe/ EMLERGY1Q

DATA INPGRD/1/ . BCDGRD 2

b FORMAT(28HA4*x#* GROUNDWSTATE DATA FOR 16,19H NOT IN TABLE weama) ENERGYY2

2 FORMAT(I2,2H/2 Al) ENERGYYS

3 FORMAT(12, AL) ENERGY 1A

4 FORMAT(2X Al) ENERGY1S

1 FORMAT(5X+44+4+4 GROUND STATE OF «F6,04¢ IS INCOMPLETELY DESCRIBEDBCDGRD 3
X SPIN,PARITY = #Fh_2,2%,F6,2,2X%e4440%) BCDGRD ¢

[ FORMAT(SX.*0+¢¢+t.28X,ﬁ ASSIGNMENTS CHANGED TO, SPIN,PARITY =& BCNDGRD S
I1%F6,2,2X0F6,2,2Xs%s00000/) BCOGRD 6

c ENERGY1S
4 FIRST CALL CAUSES DaATA Y0 BE READ 1IN ENERGY19
IFLINPGRD,EN,12345) GO yO io - ENERGY20Q

) READ (XGRD,170) 10,11,12,J8,J1,K2 BCDGRD 7
100 FORMAT(8I1R) BCNGRD 8
. READ(KGRD, 181)ENER BCDGRD 9
101 FCRMAT(6E13,6) BCOGRDIN
READ(KGRD,1A2)SPINPAR BCDGRNYY

182 FORMAT(B8F10,3) BCOGRD12
REWIND KGRD ) BCDGRO13
INPGRD = 12345 ENERGY22

1@ IF(2ZA) 4Q,15,20 ENERGY?23
c ENERGY2Y
c Zx3, A=0 13 CONSIDEREND A PHOYON ENERGY2S
1S ENERGY u SPIN =& @, $ PARITY = ei, $ RETURN ENERGYR6
c ENERGY2?
c FIND RFQUESTED NUCLEUS §N APPROPRTIATE TABLE ENERGY28
29 1ZA 3 IFIX(ZA) . R $ JZ2 = 1ZAzt0QQ ENERGYR9
IA 3 1ZA = 1000eJ2 $ N a3 1A e J2 ENERGY 3N

NZ =N » J2Z $ N3 a N2 . JZ ENERGY 3

DO 30 K=i,11 $ 1F(JZ,GE, Jl(K#i)) GO T0 39 ENERGY3?

ND & M1(K) o1 S I = NZ =« NO ENERGY33

IF(12(K), LT.G) ! a N2 = ND ENERGY 34

IK = 18(K) $ J s JdZ = JI(K) ¢ | ENERPGY3S

IN = KB(K) + I ¢ (Jel)nlk ENERGY 36

1FCI.GT. 0, AND.1,LE, 1K) GO TO S@ $ GO YO 4o ENERGY3?

39 CONTINUE ENFRGY3S
c ENERGY 39
c REQUESTED ISOYOPE 1s NOY IN TABLES ENERGYUOQ
4@ PRINT 1, 124 $ SYOP Y776 ENERGYUW !
c ENERGY 4R
1) CONT INVUE BCDGRD 4



IO

10
13

3 il A o=

1?

ENERGYRENER(IN

IF(SPINPAR(CIN) GE,990P,)5PINESPINPAR(IN) 9908,
xr(spxprRrIN),cf 99%0 YPAR1TY®99,
IFC(SPINPARCINY, GE, 99%9 G0 10 209
IFtSPINPAR(IN),rE xnw,)PARITY-I.
IF(SPINPAR(IN) GE.1002,)3PINRSPINPAR(IN) w100,
1F(SPINPARCIN) LT, ,)PARITYned,
IF(SPINPARCIN) LT, @,)SPINSSPINPARCIN) ¢100,

CONTINUE ' )
IFC(PARITY . NE,99,) JAND, (SPIN,NE,99,)) RETURN

PRINY S, ZA,SPXN.PARXTY

!F(PAR!TV FQ 99.) PARIYY®med,

IF(SP!N,EG 99,) $PINm@, 5.(1.-(.1 JanlA)

PRINTY 6, SPxN.PAR!YY

RETURN

END )

FUNCTION XMAGIC(ZA)

DIMENSION XMAG(1Q)

DATA NMAG/B/, xnac/z..l..zo..zo..so..ea..:zo..seb /

l2siAr1n00, $ I=]11

AzZheZe«i000,

ANcAeZ

IFCZLLT, Sa Y60 YO 1%

IFCAN,LT, 86,760 T0 19

XMAclc-i.

DO 10 NlS.&

CisABS(XMAG(NYeZ)

C2x4BS(XMAGEIN) »AN)

IFC(CI.LT,3¢%),0R, (C2,LY+3,8)) GO TO 1S

CONTINUE

RETURN |

XMAGIC=D,

RETURN

END

SUBROUTINE LEVPREP(K],K2)

PREPARES BINARY LEVEL DATA FILE ON K2 FROM 1/P BCD FILE K1, ALSO
STORES ENERGY AND JaP! DATA IN LCM ARRAYS ELLC(N,IP,1) AND
AJLCINGIP, 1)

FORMAT(I8,15,3F1,6,18)

FORMAT(I60,F12,6,2F0, 1'512 9,146,20%,18)

FORMAY(HX, ;xe.zraz b.Eté.S-é!S.!zx.IB)

FORMAY(// « LEVEL DATA FOR 1ZAmelS,% NOT POUND, USE GROUND 8TATE
{ONLY, %)

COMMON/SPNPAR/SPIN,PARITY,KGRD
COMWON/LCINDEX/IPBLL, IGLC, IZEROLC, ISPLC, IPLLC, JEGLC,1SGLC,1TCLE,

{ ISTCLC,IRHOLC,ITLC,JELLC,2AJLC,IATLC,NIDIM,NIPDIM, NIBDIM,NGRDIM, L LCNDEX

2 NIDDIM,NIRDIM

COHMON/LFVELI/FL(SG).AJ;Sn).AT(SO) XNL(60)Y ,ELMAXC60) ,NLEVDIM
1,EGC2u0),5602U0) NGRAYS(6R)

COMMON/BASTICI/NTXNIPLIR) ,NIR,LR(6,10),2ZA8(068),2A2(68),XM2(60),
1 ZACN(E1R),C8GR(60), CSTOT(eG)-CSLEV(60)-CSID(O).EAVXD(O) EAV(6D)
COMMON/PREQI/EPSIG(203,6) ,NLEV,NPIT,NITY

DIMENSION ZATAB(6B), ounnvcl!u)

DETERMINE REQUIRED ZA TABLE
K3sqq

00 {7 Nef,NIR

lATAO(NIlZAZ(N)

CALL SORTL(NIR.0.2ATAB,DUMMY)
NTAS 8 ¢

BCOGRNYLY
BCOGRD1®
BCOGRD1L Y
BCOGRDLA
BCOGRD1YQ
B8COGRD2D
BCOGRD21Y
BCOGRD22
BCOGRD23
BCOGRD24
BCOGRD2S
BCOGRDOZ26
BCOGROD2?
BCOGRD28
BCOGRD29
ENERGYSS
XMAGIC 2
XMAGIC 3
JuL29771¢
XMAGIC %
XMAGIC &
XMAGIC 7
JuL29772
JUuL297713
XMAGIC 8
JuL29774
XMAGIC1B
XMAGICYY
XMAGIC12
XMAGIC13
XMAGIC14
XMAGIC1S
XMAGIC16
XMAGIC17
LEVPREP2
LEVPREP3
LEVPREPY
LEVPREPS
LEVPREPS
LEVPREPY?
LEVPREPS
LEVPREPS
LEVPRE LD
LEVPREYY
LEVPRE$2
LEVYPRF{3
LEVPRES U
LCNDEX

LCNDEX
LEVELY
LEVELY
BASICH
BASICH
PREGS

APROTT?S
APROTTTS
APROBTT77
APROT778
APRATTTO
APRGBT710
APROTTI}
APRBT71

NWNDWNOEWAN
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A-10

21

a2
23

24
25

28
27
28

29

3$a

1)

31

€sT0T¢y) s 2ATABL1)

IF(NIR,EQ,1) GO TO 16

DO 18 Nz2,NIR

IFC(ZATAB(NY, Eo ZATAB(N-i)) GO YO 48
NTAB = NTAR +

CSTOT(NTAB) = ZATAB(N)

CONTINUE

DO 19 Nm{,NTAB

ZATAB(N) 3 CSTOTIN)

SELECT LEVEL DATA FOR REQUIRED ZAS
IF(KE EQ.8) REWIND K{
READ(KS,1) IO,NL.FoApAE,LDATE
KIEOF = IOCHECK(K! 1)
IF(KIEOF,GT,. 4) GO TO 29
ISET = 2
DO 2% MNai,NTAB
12A2 c ZATAB(N)
1IF(ID,.EG. IZAE) ISEY m
ONTINUE . .
GO Y0 (22,23), ISET
HRITE(KSI 1) 10:NL.FI‘;AEOLDATE
DO 28 N=i,NL
READ(Ki:Z) NX, ELCNYJAJENY, ATEND ) TAU,NT, IS
GO Y0 (24, ?S). 1SET
WRITE(K3,2) NX.?L(N!oAJ(N)othN) YAU NT 18
IFINTY, LT 1) G0 vo 28
Do 27 K-l.NT
READEKY,3) LU, NF.P,CP,AMR,L1,L2,18
GO0 70 (26.?7)a 15EY
WRITE(K3,3% LL,NF,P,CP,sAMR,L1,L2,18
CONTINUE
CONT INUE
IF(F.GE,8,) GO 10 29
K{ = K3
REWIND K2

DETERMINE BINARY FILE IN ORDER OF REACTION CHAIN
REWIND K2 _

DO 1A IR={,NIR

1ZA2= ZA2(IR)

PEWIND K1

READ(KI,1) ID,NL.F,A,AE,LDATE
KlEOF:IOCHFCK(Ki;t)

IF(KIEQF LEL,4)_GO 7O S50

WRITE(6,4) 1ZA2

XNL(IR) = {,0

NLL = 1

ELC1)
AT(1)
TAU = 99,

NT 3 @&

LDATE = @ .

EDUM a ENERGY(ZA2(IR))

AJ(1) s PARITYaSPIN

IFCZALCIRY NE,G.) GO TO 4S
HRITE(K2)IZA2 NLL,LDATE

WRITECK2) ELCIY,AJC1),ATCEY, TAU,NT
GO 70O 48

8.
99.

J8ET=2

IF(ID,EQ, TZA2) 1sETey
G0 70 (31,32), !SET
!F(XNL(IR) LT.8.5) XNLCIR)aNL

APRATTLY
APROTT14
APRRTT71S
APRATTLS
APROTT7Y
APRD7748
APRDT719
APROT720
APRBY721
APRB7722
APRGT723
APROY 24
APROTT2S
APRBTT26
APRR]727
APROT728
APRA7729
APRAT 730
APROTT3Y
APROYT732
APRBT7733
APRATT734
APRBTT3S
APROTT736
APRBT7737
APRG7738
APRBT739
APRATT4R
APR@TTUY
APRAT U2
APROTT743
APRQOT744
APRB7 745
APRATTUS
APROGY747
APRQY 748
APRATT4S
APRQY750
LEVPRE2D
LEVPRE21Y
LEVPRER22
LEVPRE24
LEVPRER2S
LEVPRE26
LEVPRER?
LEVPRE28
LEVPRE29
LEVPREID
LEVPRE3Y
LEVPRE3R2
LEVPRE33
LEVPRE3U
LEVPRE3S
LEVPRE36
LEVPRE3Y
LEVPRE3S
LEVPRE3S
LFVPREUD
LEVPREYY
LEVPRE42
LEVPREUY
LEVPREWY
LEVPREYS



e CF.

32

35
36

37

38
un

45

100

1080

-V ]

- o0®m-e (V)]

NLMAX®XNL ¢ IR)

NLLIMINA(NL, NLMAX)

XNL(IR) = NLL,

IF(ZA1CIR).NE,G.) GO YO 32
WRITE(K2) 0,NLL,LOATE

00 49 Ne{,NL

READ(KY, a) NX,BLENY pAJEND, ATCN), TAU,NT, 18
GO T0 (383, 3@).; ET, .

TF(C2A1CIRY NE.@.)LOR,(N,GT,NLLY) GO T0 36
WRITE(K2) FLINY, AJENY JATON) , TAUGNT
IFINT,LY.1) GO TO 4@

DO 38 K=1{,NT

READ(Kl.!) LL,NFJ.P,CP,AMR,LE,L2,18
GO TO (37,38),1SET

IF(N,GTY, NLLY GO.TO 38

IFC2AL(IRY" EQ,2,) WRITE(K2) NF,P,CP,AMR,L§,L2
CONT INUE

CONTINUE

GO YO (45,32),18ET
INDEX'IFLLC#(IR-!)'NLEVDIM

CALL ECWRCELs INDEXsNLL, IERR)
INDEX=TAJLCY (IRe1)aNLEVDIM

CALL ECWR(AJ) INDEX,NLL, JERR)
INDEX®IATLC4+(IRm1)ANLEVDIM

CALL ECWR(AT,INDEX,NLL, TERR)
ELMAXCIRYaPL (NLL)

CONTINUE

END FILE K2

REWIND K2

RETURN

WRITE(H,4) 1242

sToP

Eud .
SUBROUTINE TCPREP(K1,EPSILON)

FORMAT (42X, A10,12X,214,48)
FORMAT(1P, bE!? 5, 18)
FORMAT(14,1X,TA10,AS)

FORMAT(// 1X.A10.tYRANSMISSYON COEFFICIENT DATA OUT OF DRDER, CARDTCPREP

t NO« 16,%* e« ARORY JOB*)

FORMAY(//734X,2PARTICLE roENYIFIER #A1@,% NQT RECOGNIZED IN TRANSMISTCPREP

{1SION COEFICIENT DATA we ARORT JOBx)

FORMAT(// » TRANSMISSION COEFFICIENT DATA « / Y4,1X,TAL8,AS)
FORMAT( & IDzwT2,3X,#NE3#13,3X,eNL3el3,3X,4PARTICLE peAl@)

FORMAT(/ & ENERGY =+ F7.3,n MEVe)
FORMAT{ » TRANS.COEFS, /1P, 10€12,5)
FORMATL # sPLINE DATA «,1P,{PE12,5)

COMMON/LCINDEX/IPBLC, 1GLE, 1ZEROLC, ISPLC, IPLLC, TEGLC, ISGLG, 2TTCLE,
1 ISTCLC,IRHOLC,ITLC,IELLCeTAJLC, TATLC,NIDIM,NIPDIM,NIBDIM,NGRDIM, LCNDEY

2 NIDDIM,NIRDIM

COMMON/LEVELllﬁLCSG);ngsm),AT(SG).XNL(bG)oELMAX(bﬂ) NLEVDIM

1,E6(240),36(20A),NGRAYS¢6Q)

COMMNN/TCOEF/ETC(R25+6)aTC(25,3R),BCOCT),XSPINCLT),NLDINM,
INPART ,NEEC6)sNO(E) 4 NTCCo),1ZAID(7), XMASSC7) ,NEEDIM, NLEINCS,28),

aNLE(6,200),JRAST(209,6)

COMMON/RRNTOUT/IPRTLEV, JPRTYC, IPRTMLD, IPRTWID, IPRTSP, IPRTGC

DIMENSION TDUM(62),BCDTC(8)

MAIN PARTICLE LooP
IFCKYLER, {MIREWIND K}

READ(Kl.S)NPARY BCNDTC

WRITE(S,6) NPARY-BCDTC

LEVPRELS
LEVPREYT
LEVPREUS
LEVPRE4Q
LEVPRESS
LEVYPRESY
LEVPRES?2
LEVPRESY
LEVPRESY
LEVPRESS
LEVPRESS
LEVPREST
LEVPRELSS
LEVPRESO
LEVPREGD
LEVPRF&1
LEVPREG2
LEVPRES®S
LEVPREGY
LEVPREGS
LEVPRESS
LEVRRESGY
LEVPREGS
LEVPRESRI
LEVPRETQ
LEVRRETY
LEVPRET2
LEVPRET3
LEVPRETYG
LEVPRETYS
LEVPRET6
LEVPRETY
LEVPRETS
JUL26779
TCPREP
TCPREP
MAYT?

TCPREP

TCPREP

OB E W

TCPREP10
TCPREP{Y
TCPREPLR2
TCPREPI3
TCPREPSU4
TCPREPLS
TCPREPLG®
LCNDEX

LCNDEX
LEVELY
LEVELY
TCOEF

TCOEF

TCOEF

PRNTOLT2
TCPREP2Y
TCPREP22
TCPREP23
TCPREPR24
TCPREP2S
TCPREP26

EWN U E NN
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20

22

oo

201
30

o0 o0

336
35

40

a2

sSa

60

66
70

A~12

DO 109 Nu{, NPARY
KP=e2
READ(X1,1) XBCD,NEsNNgK

IDENTIFY I/P PARTICLE

DO 2@ 1Da1,6
IF(XBCN,EN.BCO(ID)) 6o 10 22
CONTINUE

WRITE(H,S) XBCO

8T0P

NEE(ID)m NE

READ ENERGY ARRAY

DO 30 122,NE,6

KPaKP¢

Iuzl+S
READ(K;.?)(ETC(;.ID)-J:!.!U).K
PORMAT(22X.6E12,9,A8)

CONTINUE

MAIN ENERGY LoOOP
00 89 1=2,NE

READ TRANSMISSION COEFFICIENT DATA
DO 35 Jzi,NN,b

KPzKP¢1

JueJe+s

READ(X1,2) (TDUM(L),L=J,JU), K

D0 336 LaJ,Ju, | i
IFCTOUM(LY.LE,2,AE=14) TDUMCL)ER,
CONTINUE

CONTINUE . L. .
IFC(ID.EQ,3).0R,.(ID,EQ,8)) GO TO 60

FLIMINATE JeDEPENDENCE pF SPIN {/2 ARRAYS
TCLT,1) =  TOYM(1)

D0 5@ Jz2,NNs& ..

XL B tJet)/2 & MOD{J/2,2) = ¢

Ji=Jed

DO 48 JL=1,2

JJs=Jddet | )

1F(JI.GT.NN) 50 YO T8

XLsXL+1,0

LPaxLei, 001

IF(LP LE.NLDIM) 60 YO0 42

LP2( P

GO 10 70 , i

IFL(JJ+2) LE.NNY GO YO 42

TCLILLPY = YDUMCJS)

GO 10 48

TCCILLPY ®  (CXLALJIWTOUMEII#2) & XLwTOUMEJI))Z(2,0XLed,)
CONTINYE

CONTINUE

GO 10 7@

RE-ORDER SPIN @ AND SPIN | ARRAYS
DO 66 LBi,NN _

J 5 2«LeMOD(L,2),

IF(J.GT,NN)Y GC YO 79

LP=L

TC(I.LP) » TOUMCd)

CONTINUE

TCPREP2Y
TCPREPRS
TCPREP29
TCPREP3ID
TCPREPSY
TCPREP32
YCPREPI3
TCPRFP34
YCRREP3S
TCPREP36
TCPREP3?
TCPREP3S
TCPREP39
TCPREPUD
TCPREPUY
TCPREPU2
TCPREPUS
TCPREPUY
TCPREPUS
TCPREPUS
TCPREPYT
TCPREPUS
TCPREPU9
TCPREPSH
TCPREPSH
TCPREPS2
TCPREPSY
TCPREPSY
TCPREPSS
TCPREPSS
TCPREPS?
TCPREPSS
TCPREPSY
TCPREPHO
TCPREPH1
TCPREPSH2
YCPREPG3
TCPREPGUY
TCPREP6S
TCPREPGS
TCPREPST
TCPREP&S
TCPREP&9
TCPREPYO
TCPREPTI
TCPREPTR
TCPREPT3
TCPREPTAH
TCPRLPTS
TCPREPTS
TCRPREPT7
TCPREPTS
YCPREPTO
TCPREPBD
TCPREPSY
TCPREPAZ
TCPREPB3
TCPREPBY
TCPREPBS
TCPREPBS
TCPRFPAY
TCPREPBA
TCPREPBY




83

a2
84

99
180

1000

CONTINUE TCPRIE9Y
NO(10)=zLP TCPREPQY
SET TC ARRAY TO ZERO FOR ZERO INCIDENY ENERGY TCPREP92
ETCC1,10)=0, TCPREP9S
DO 25 L=1,LP TCPREPOY
Tett, Ly =0 TCPREP9S
, _ TCPREP9S
FIND NUMBER OF NON=ZERO COEFFICIENTS TCPREPQT
DO 84 1132,NE TCPREP9S
1 = NE=II42 TCPREP9Q
DO 82 LX=§,LP TCPRE100
L & LPwlX¢t TCPREJQY
IF(TCCI, 1)) 82,82,83 JuL2e71@
XLEL. JUL26711
RATIOB (2,aXLa1,)%TCCY,L)/TCCT,1) JuLaevs2
IF(RATIO0,GT,ERSILON) GO TO 84 JUL26713
CONT INUE TCPPEYQ3
NLEIN(ID,I~1) = L TCPRE1AY
NLEINCID,NE) 3 NLEINCID,NE=1) TCPRE1@S
, ‘ YCPRE106
STORE TRANSMISSION COEFFICIENT DATA IN LCM TCHRE{B7
NPTS=LR4NFEDIM TCPRE1@8
NTC(IDYz NPTS TCPRE109
INDEXSITCLC+CIDw1)ANEEDTMaNLDIM TCPREL1D
CALL ECWR(TC,INDEX,NPTS, TERR) v TCPRE11Y
_ TCPREL12
PRINT OPTION, ) TCPRE113
IFCIPRTTC,LT,1) GO TO 1@0 TCPRE114
DO 98 Y=1,NE TCPRE116
WRITE(6,8) ETC{1.10) TCPREL17
LP 3 NLEINCID,T) TCPRE118
WRITE(6,9) (TCCI,L)ela],LP) TCPREL19
CONTINUE TCPRE 120
CONTINUE TCPRE124
RETURN A TCPREY22
WRITE(6,4) XBCOD,KP TCPRE123
sTOpP TCPREL2U
END o TCPRE12S

SUBROUTINE SETUP SETUP

SETUP

FORMAT(// » PARTICLE WI¥H 1ZAasI5,» NOT FOUND, ABORY JOS,#) SETUP

SETUP
COMMON/LCINDEX/1PBLC, IGLC, IZEROLC, ISPLC, IPLLC, IEGLG, ISGLC,ITCLC, LCNDEX
1t ISTCLC,IRHOLC,ITLC,2ELLC,TAJLC, TATLE,NIDIM NIPDIM,NIBDIM, NGRDIM,  CNDEX

2 NINDIM,NIRDIM LCNDEX
COMMON RHOC(4Q,200),T(30,200),P(8R),5P(200,6),PP(82),S5PP(208,7) RHO

1o SPNGN({202Y,PLISD,6)+6C200.6),RHOFTRL4A) RHO
COMMON/TCOEF/ETC(R5,6),7CC2%430),BCDCT7), XIPINCTI,NLDIM, TCOEF
INPART,NEECK)/NOCA), Nche) 1ZAIDCT) . XMASS(?) ,NEEDIM, NLEIN(6,25), TCOEF
2NLE(6,200), JRASTC202, 6) TCOEF
COMMON/LEVELI/ZEL(SB)sAJ(SR),AT(S5®) XNL(6Q),ELMAX(60),NLEVDIM -  LEVELY
1,EGC242),SG(24B) NGRAYS(60) LEVELY

COMMON/RASICI/NT.XNIRC1A) ,NTR,LR(6,10),ZA1C60),2A2(60),XM2(68), BASICY
{ ZACN(1Q),CSGR&R), CSTOT(sa).CSLivtbe).CSID(B)-EAVIDCB’ EAV(63) BASICY
COMMON/BASTIC2/TITLEC16) ,ELAR,DE,ZAP, ZAT, XMT, NKKMC17) ,CNPI(30), BASIC?2
§ CNPIP(1®),5(6m),SACC1AY, 101(68),INP,I0E2¢60),1BUF(6,10), BASIC2
2 ECM, P, NKMAX,NIMAX, NKK(60) ,NKDIM, TCP(30),0MDP(40),A(60),A2(6@), BASIC2
3 NRHOC6)»XJT, NPOPMAX, NTC2(6),NIDIM, IQECNCIB),NKKCN(1A),ECON,BASIC2
8 JPICUB,2) o XHP L XJIP,PIT,NLP, INLP, KL, IDSTAT(T7),SIC,CSL,CSN,PILLLC3INIBASIC2
SeICAPY,PLRUF(S5@,10), INPOAPT,TKEEP BASIC?2
COMMON/LEYDEN/DEF(62), XNLGC(6A) ) ECGC(6A),UCUTOFF,DEFCN,TGC(60), LEVDEN
1 EPGC(OM),EMATGCCOBY JPATR(62) (XMRI(OD) 4 XNLLN(SD),SZ(1@B),SNCISR), LEVDEN
2 PI(133).PNCL90)Y LEVDEN

EUWNNCREWNVUNARNMEWNUNNE WV N

A-13




13

16

17
18
20

39
32

36

38

319
ue

aAaaoo
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COMMON /SPNPAR/ SPIN,PARITY,KGRD

PIND ACCUMULATED SEPARATION ENERGIES POR THE DECAYING NUCLE!

00 15 I=i,NI

SAC(l)=0.

DO 20 I=1,Nl

121

DO 18 J=i,N2

Ix=11

TISCNPICIX)
IFCII,LT,1Y GO Y0 28
!IP=CNPIP(YX)
IPCITI,LT.100) GO TO ¥
11=11/109

11P=11P/108
GO Y0 1&

CONTINUE |
IR=LR(IIP,1I1)
SACCI) = SaAC(D) ’ S(IR)
CONTINUE

IDENTIFY INCIDENT PARYICLE
00 30 1In=1,7

12A =2 zZap o
IF(I1ZA.EQ,TZAIDCID)Y) GO TO 32
CONT INUE

GO 70 1680

1oP=1n

XJP=XSPIN(CIOP)
XMP=XMASS(T0P)

CSL = ABS(XJTwxyPle e1.2

CSH = XJT+XJP+2,B0%

IDENTIFY SECONDARY REACHION PARTICLES AND PHOTONS
DO 36 1021,7

IDSTAT(ID) =0

DO 4@ IR=1.NIR

1ZA= ZALCIR)

DO 38 1D=f,7
IFC124.€0,1ZAIDCIDY) GO TO 39
CONTINYE

6o 10 {poa

10STAT(ID) =1

101 ¢IRY=1D

IDENTIFY RESIDUAL NUCLET AS TQ 00D OR EVEN A
10E2=1 FOR 00D, I10E2=2 FOR EVENwA RESIDUAL NUCLEUS

00 S0 IRmi,NIR

IZAz ZA2(TIR)

Az MOD(T1Z4a,100M)
JIOE2(IR) = (34(e1)nxIA)/2

IDENTIFY DECAYING COMPOUND NUCLED AS TO ODD OR EVEN

DO 6@ Iay,NT

1ZAc ZACN(Y)

IAz MOD(1Z4,1000)
IOECN(I)s (3¢(mi)nelA)/2

SET UP Jm=P! ARRAYS
JJs0@

DO 82 J=1,NJMAX

DO 82 lPlxzg,2

LEVDEN %
SETUP {3
SETUP 14
SETUP 1S
SETUP 16
SETUP 17
SETUP {8
SFTUP 19
SETUP 28
SETUP 21
SETUP 22
SFTUP 23
SETUP 24
SETUP &S
SETURP 26
SETUP 27
SETUP 28
SETUP 29
SETUP 38
SETUP 31
SETUP 32
SETUP 33
SETUP 34
SETUP 3%
SETUP 36
SETUP 37
SETUP 38
SETUP 39
SETUP 4g
SETUP 4t
SETUR 42
SETUP 43
SETUP 4y
SEYUP 4S
SETUP 46
SETYUP 47
SETUP 48
SETUP 49
SETUP S0
SETUP 51¢
SETUP 52
SETUP S3
SETUP S4§
SETUP 55
SETUP S6
SETUP 57
SETUP 88
SETUP S9
SFTUP 69
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 74




o000

82

84

90

1009

75

77

JJIadJs
JPI(I, 121 xdJ

DO 84 Lsi,NLDIM
Llzlet ,
PILLLCLYZCmi) mall

INITIALIZE LEVEL DENSITIES AND GIL«CAM PARAMETERS

DO 98 IR=j,NIR
A2(IR)= A(IR)

IFEXNLGCCIRILLE,P,) XNLGCCIRY=XNLC}R)
IFCECGCCIRY LE,@.) ECGC(IRYa ELMAXCIR)

XNLULNCIR)=ALOG(XNLGC{IRY)
XMRICIR)Z XM2CIR)I#n0, 33333333

RETURN _
WRITE(6,1) IZA
STOP

END

SUBROUTINE SETUP2

SET UP INCIDENT ENERGY DEPENDENT QUANTITIES

COMMON/BASTCI/NI,XNIPC1@),NIR,LR(6,10),ZA1(60),ZA2(60),XM2(60),
i ZACN(1Q),C3GR(6M),CSTOT(6R),CSLEV(AD),CSINCB),EAVIDCR),EAV(6R)
COMMON/BASIC2/TITLE(I6),ELAR,DE,ZAP,ZAT, XMT,
i CNPIP(12),S(6M),SACCIAY,1D1(60),1DP, I0ER(6R), IRUF (6,12,
2 ECMpUP, NKMAX, NIMAX,NKK(6() ,NKDIM, TCP(38),QAMDP(40),A(60),A2(60),
3 NRHO(6),XJT, NPOPMAX, NTC2(6),NIDIM,
4 JPTCUR,2) s XMPLXIP,PIT,NLP, XNLP, KL, IDSTATC7)sSIC,CSL,CSHPILLLE3AIBASICR
S,1CAPT,PLBUF(S@,10), INPOPT, TKEEP
COMMON/LCINDEX/IPBLC,IGLC, IZEROLC, ISPLC, IPLLC, TEGLC, ISGLC, ITELC,
1 ISYCLC,IRMOLC,ITLC,IELLC,IAJLE,TATLC,NIDIM, NIPDIM,NIBDIM, NGRDIM, | LCNDEX

2 NIDDIM,NIRDIM

COMMON/TCOEF/ETC(25,6),TC(2%,32),BEN(T), XSPIN(T7),NLDIN,
INPART ,NEECK) S NO(HY NTC(6),TZATDC7),XMASSCT) ,NEEDIM, NLEIN(6, 253,

2NLE(6,2n2),JRAST (2087, 6)

COMMON/LEVEL1/ELCSB) »AJ(S@) ,AT(SB) s XNL(6B) JELMAX(6B) ,NLEVDIM

1,EG(240)486(2uR) . NGRAYS(6D)

SET UP ENERGIES AND DETERMINE INTEGRATION END POINTS

FCM= (XMT/(XMT4XMRP))4ELAB
UP = ECM4SIC . .
XMU = XMTaXMP /(¢XMTe¢XMpP)

ECON = A,658999/ (XMUSECH® (2, aXJP¢1 3 #(2,uXJT+4,8))

EKMAX=Q,

DO 77 1=¢,NI!

NKKM(1Y=0

NIP = XNIP(I])

00 77.1Psy.NIP

IR=LR(IP, 1)

NL= XNLCIR) ]
INDEX=TELLC+(IR=1)IANLEVDIM
CALL ECRD(EL,INDEX,NL, IERR)
EK 3 UPeSAC(I)=SCIR)

EXMAX = AMAXJ(EK,EKMAX)
NKK(IR)e (FKeEL(NL))/DE ¢ 0.S
NKKM{I)eMAXBINKKCIR) ) NKKM(T))
IFCIP,EN.1Y NKKENCI)=NKK(IR)
CONTINUE o
NKMAXZEKMAX/DE + 8.5
IFI(NKMAY, LY NKDIM) GO YO 79
XDUSNKD [ Mw

DE & EKMAX/XDU

NKKM(12),CNPTI(19),

JI0ECN(18) ,NKKCN(1@),ECON,BASIC2

SETuP
SETUP
SETUP
SETUP
SEYUP
SETUP
SETUP
sSETUP
SETUP
SEYUPR
SETUP
SETUP
SETUP
SETUP
SFTUP
SETUP
SETUP
SETUP
SETURZ2
SETUP2
SETUP2
SETUPR
BASICY
BASIC)
BASIC2
BASIC?2
BASIC2

~8 ~4 -
~No>wn

PO PO ®E
~NT NSNS D ON

O e ®
SO0 ®

O o0
N o

BASIC2
LCNDEX

LCNDEX
TCOEF

TCOEF

TCOEF

LEVELY
LEVELY
SETUP211
stTup21e
SETUP213
SETUP214
SETUP215
SETUP216
SETUP21Y
SETUP218
SETUP219
SETUP229
SETUP22Y
SETUP222
SETUP223
SETUP224
SETUP22S
SETUR226
SETUR227?
SETUP228
SETUP229
SETUPR3@
SETUP231
SETUP232
SETUP233
SETUP234
8ETUP23S

WNEWMNDWUWNNTASWMN WU E WY
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79

an (2 ¥ ]

GO Y0 78
NPOPMAXENKMAX#NJDIM®2

GENERATE TRANSMISSION COEFFICIENTS FOR INCIDENT CHANNEL
NEZNEE(IDP)

NPTSZNTC(IDP)
INDEX2]TCLEH(JOP=t)ANEEDIMANLDIM

CALL ECRD(TC,INDEX,NPTS,IERR}

K = ISERCHCECM,ETCILsIDPY,NE,AA,AS,A6)
NLPENLEIN(IDP,K+1)

XNLPaNLPe} *

DO 85 J={,NLP

CaLL INTERP(ETCC!,IDP),TCtl.J) NE, 2, ECM, YOUT)
IF (YOUT.LT,2,) YOUT=Q,

TCP(JIsYOUT

RETURN

END

SUBROUTINE SPECTRA(ACN,FSIGEN)

COMMON/L CINDEX/IPBLC, I6LC, 17EROLE, 18PLE, IPLLC, TEGLE,28GLC, TTCLE,
£, TAJLC, TATLC, NIDIN, NIPDIM, NIBDIM, NGRDIM, LCNDEX

{ ISTCLC,IRHOLL,ITLC,IELL
2 NIDDIM,NIRDIM

COMMON RHO(U4R,200),T(30,200),P(88),3P(200,6),PP(80),3PR(200,T7)

1, SPNGN(298) ,PL(S5P,6),6(208.46),RHOFTR(4A)
CONMON/YCOEF/EYC(ZSob)aYC(ZS Sﬂ) BCOCT7Y,XSPINCT)I,NLDIM,

INPART,NEE(K) ,NO(6), NTC(b):IZAID(?)aX"‘SS(?) NEEDIM,NLEIN(6,25),

2NLE(6,200),JRAST(200,6)

COMMON/LEVEL1/EL(SA),AJ(5R), ATIS®) . XNLE6B) s ELMAX(6B), NLEVDIM

1,EG(24P),S6{24M) ,NGRAYS(6B)

COMMON/RASICI/NTXNIP(1@),NIR,LR(6,10),248(60),ZA2(60),%XM2(60),
{ ZACNC18),CS6R(6A),CSTOT(6M),CSLEV(6O) LSID(B8),EAVID(8)Y,EAV(60)
COMMON/BRASTIC2/TITLE(16),ELAR,DE,ZAP,ZAT, XMT, NKKM(18),CNPI(18), BASIC2
1 CNPIP(12).5(60),5ACC1A),IDI(6P),IDPIT0E2(60),IRUFLE,1D),

2 ECM,UP,NKMAX, NJHAX ,NKKc6A) ,NKDIM, TCP(30),QMDP(UR),A(62),A2(60),
3 NRHOC6)4XJIT, NPOPMAX,NTC2(6) NJDIM, TOECN(1@),NKKCN(1Q),ECON,BASIC?2
4§ JPICUM, ) XMP,XJIP,PIT NLP, XNLP,KL,ID8TAT(T),81C,CBL.CSH,PILLL(3B)BASTICR

S, ICAPT,PLBUF (50, 10) INPGPT, TKEEP

COMMON/GAMMA/ZNMP, LGROPT,SWS(12),GML(6),GMP(6),REL(6),LMGHOL(6),

1 TGR(2PB,6),WKCON, CAXEL, GAXEL,ERAXEL,EXSWS(1R), WKNORM

COMMON/PRFEQ/LPEQ,SIGR,PREQT(6),CSIGCICHI,NITT(6),ALPHA(S)

COMMON/SUMBRLKY/KP, KD, 1P, ID,KNGN,JPI2,N,DP, IK

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

1 TTOT(8a)

DIMENSTON SCBUF(50MB), DECONC2),XJINI(2),PI(3),8CBUF2(8Q)

EQUIVALENCE (SCBUF,RKD)
DIMENSION IBTAG(1@),IBTAGR(30)
COMMON/TOTALS/SIGTOT(13)

DATA PIP.PI!/!.:‘ ZeXJINT/wB.Sewl ,0/sPI/¢1,0,m1,8,¢1,0/
DATA OECON/1,0,3.8/

SPLIN (B,C.D,E) & BrAS & ChAb » AAR(DRASOEXAG+DE)
CALL SECOND(TIME)

DTIME=TIMETKEEP

WRITE(6,3) DTYIME,TIME

FORMAT(1Hi, *START OF BPECTRA SUBROUTINE,#,

SETUP234
SETUP23Y
SETUP238
SETUP239
SETUP24Q
SETUP244
SETUP242
SETUP243
SETUP24Y
SETUP24S
SETUP246
SETUPR4Y
SETUP248
SETUP249
SETUP25Q
SETUPRS
SETUP252
SPECTRA2
SPECTRAZ
LCNDEX

LCNDEX
RHQ
RHO
TCOEF
TCOEF
TCOEF
LEVEL1Y
LEVELY
BASICH
BASICY

BASJIC2
BASIC2

BASIC2
GAMHA

GAMMA

PREEQ

suMBLKt2
suMBlKe22
SUMBLK2Y
SPECTR1Y
SPECTR{S
SPECTR16
SPECTR1?
SPECTR{8
SPECTR19
SPECTR2Q
SPECTR21Y
SPECTRe2
SPECTR2S
SPECTR28
SPECTRZS
JuL19774

NUHUNNATNEUWANWDUWNDESWMNWND S N

{* TIME FROM STARY OF THIS ENERGY s#F9,3,+ SECONDS, TYOTAL ELAPSED TSPECTRZ7

2IME c2F9,3,« SECONDS. )

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

IERO LARGEw AND SMALL@CORE ARRAYS

SPECTR28
§PECTR29
SPECTR3Q
SPECTR3{
SPECTRY2
SPECTR3S




o300

4s

63

62

S1

CALL FCRD{QZPUF, 1ZFRULC, BERA, [LAK)
CALL ECWR({3CARUF,IPLLC,3n00. 1ERR)
CALL ECRD(SPP,IZEROLC, 1422, IERR)
CALL ECRD(SPNGN, TZEROLL,NKMAX,IERR)
NBBPB=NPOPMAXwB00QO

D0 51 N={,NIDIM

NPTS=NKDIMaNIPDIM
INDEX=1SPLL4(Na{)aNPTS

CALL ECWR{SCBUF, INDEX,NPTS, IERR)
INDEX= Ictc.(N.xyaers

CALL ECWR(SCBUF, INDEX,NPTS, IERR)
CONYINUE

DO 4S 1B=31,10

I8TAG(18) =0

1BTAG2(18)=0

MAIN LODP TO SET UP DECAYING NUCLE!

S1GRrz@, ) . .
CALL ECRD(SIGTOT, IZEROLE, 10, IERR)
DO S88 Tey,NI
CALL SECOND(TIME)
DTIME=TIMEWTKEEP
WRITE(5,2) I,DTIME,TIME
FORMAT(/% STARY OF Ienld,n LOOP,#,

IrLTIRIg
SPECTIR1YS
SPECTR3S
SPECTRY?
SPECTR38
SPECTIR3Y
SPECTR4Y
SPECTRUY
SPECTRAR
SPECTR4S
SPECTR4Y
SPECTRYUS
SPECTRUS
SPECTYRYUT
SPECTRYB
SPECTRU9
SPECTRSP
SPECTRS!
SPECTRS52
SPECTRSY
SPECTRSY
SPECTRSS
SPECTRSH
SPECTRYT7
SPECTRSS

{* TIME FROM START OF TH13 ENERGY p#F9,3,+« SECONDS, TOTAL ELAPSED TSPECTRSY

2IME 2aF9.3,% SECONDS,.#)
JOECN= TOFCN(I)

NKCN= NKKCN(X)

IF(NKEN,LT.1) 6D TO 60,
IFCCICAPT,EQ.A),AND, (1.EQ, 1)) NKCNat
IBCNITBUF(1,1)

IF (18CN.GT,NIBDIM) IBCNSIBCNaNIBDIM
NiPa XNIP(1)

NJDIM2224NJIDIM

NJMAX2Z2aNJIMAX

ZERQ ARRAYS AND CHECK BUFFERING
NPTS=NKOIMaNIP

INDEX=z1ZEROLC

CALL ECROCSP, INDEX,NPTS, TERR)
CALL ECRP(G, INDEX,NPTS, 1ERR)
NPTSaNLEVDTH&NTPDIM

CALL ECRD(PL, INDEX,NPTS, 1ERR)
CALL ECRD(SCBUF, INDEX,8p0p, IERR)
DA 64 IPE{,NIP

18=1BUF (1P, 1)

IF ¢1BLLT,1) GD, TO 64
IFCIBTAGCIR).GT.A) GO Tp &4
IBTAG(IR) = ,
IF(I8,LE.NIBDIM) GO TO &2
IR=1B«NIBDIN _
IFCIBYAG2(IB).6T.8) GO TO 62
WRITE(6,1) I,1P,1B

SPECTRED
SPECTRSY
SPECTR62
SPECTR63
SPECTRGU
SPECTR6S
SPECTR66
SPECTRGT
SPECTRG8
SPECTRSS
SPECTR7A
SPECTRT71
SPECTRT2
SPECTR73
SPECTRTY
SPECTR?S
SPECTR76
SPELTR?7Y
SPECTR7S8
SPECTRT7S
SPECTRS®
SPECTRSY
SPECTRB2
SPFLTR8Y
SPECTRBY
SPECTRBS
SPECTRBS
SPECTRBY

FORMAT(//# wweaTHE REACTYION Ye#l2,¢, IP=al2,% 8 ATTEMPTING YO REUSPECTRAA
{18E BUFFER NUMBER 1B3nl2,+ BEFORE THAY BUFFER HAS BEEN EMPTIED.x// SPECTRBS

2% e=»=aABORT JOB. W)

STOP

CONTINUE . . , .
INDEX=1PBLC+(IRw§ )« NIDIM*2ANKDIM
CALL ECWR(SCBUF, INDEX, 8000, IERR)
IF (NROQAO,LT.1) GO TO 64
INDEX:INDEx+aeaq

SPECTR9QD
SPECTRYY
SPECTR92
SPECTR93
SPECTRSY
SPECTR9S
SPECTR96
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c

c

G

c

¢

c

c

c

c

¢
182
103

A-18

CALL ECWR({SCBUF, INDEX,NABQD, TERR)
CONTINUE

IBTAG2(IBCN) =Y |

IF (NXCN,LT,1) GO TO 509

COMPUTE TRANSMISSTON 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 COEFPFICIENTS
CALL GAMSET(I)

MAIN LOOP OVER INITIAL ENERGY OF DECAYING COMPOUND NUCLEUS

UCN3 UPeSAC(I)4DE

DO 488 Kzi,NKCN

UCNa3UCNeDE

JMAXCNZJRAST(K. 1} .

CALL ECRD(YTOY,IZEROLC,NJMAR2, 1ERR)
IKzleK

SET UP TRANSMISSION COEFFICIENT TO WIDTH CONVERSION FACTORS
INDEX=IRHOLC+(Kai)aNJIDIM

CALL ECRD(RHOFTR. INDEX,NJIMAX, TERR)

DO 181 JCN=1, JMAXCN . . .

RHOFTR(JCNYE {./(RHOFTR{JCN)26,28%18531)

INITIALIZE POPULATION OF ALL STATES
INDEX21PBLCe(Kat) aNIDIMa24(IRCNw 1) *NJDIMaZ4NKDIN
CALL ECRD(PP, INDEX,NJDIM2, IERR)

WIDTH SUMMING LOOP
00 377 M3y,2

LOOP OVER REACTION TYPES FOR THE DECAYS
00 368 IPai,NIP

IRBLR(IP, 1)

ID=ID1(IR)

KNGN=2

TF((K NEL1Y AND CID,EQ, 1) AND, (T EQ, 1) AND, CID1C1),.EQ,7)) KNGNsY
JOE2= I0B2(IR)

XJ1aXSPIN(ID)

TRANSFER LEVEL DENSITIES, TRANSMISSION COEFFICIENTS, LEVEL
ENERGIES, AND LEVEL SPINS TO SCHM.
IF(10,EQ.7) GO 10 1@2

NPTSa NTC(ID)
INDEX=TTCLC+(IDwi)#ANLDIMANEEDIM
CALL ECRD(JCq INDEX,NPTS, IERR)
IF(NKK(IR) . LT,1) GO TO (@2
NPTSINTC2(IP) | .
INDEX:ITLpoNKD!MtNLDIMt(IP-!)
CALL ECROD(T,INDEX,NPTSE,IERR)

NK2z NKK(IR) |

IF(NK2,LT.1) GO TO 1083

NPTS3 NRHOCIPY) | L
INDEXZTRHOLC+NKDIMaNJIDI N 1P )
CALL ECRD(RNO, INDEX,NPTS, IERR)
NLEV2=XNL(IR) . .
INDEX=TFLLC+(IRm1)*NLEVDIM

CALL ECRDCEL,INDEX,NLEV2, 1ERR)

gpECTING?
SPECTR98
SPECTR99
SPECT100
SPECT{0Y
SPECT102
SPECT03
SPECT124
SPECTIAS
SPECTIB6
SPECT1A7
SPECT108
SPECT109
SPECTLIO
SPECTI1Y
SPECTIL
SPECT{13
SPECT114
SPECT{1S
SPECT116
SPECTI1Y
SPECT1{A
SPFCT119
SPECT120
SPECT1AY
SPELTI22
SPECT1R3
SPECTL24
SPECT12S
SPECT126
§PECTL27
SPECT{28
SPECT129
SPECT13Q
SPECT131Y
SPECT{32
SPECT{33
SPECT13a
SPECT13S
SPECT136
SPECTL37
SPECT138
SPECT139
SPECT40
SPECT141
SPECTI42
SPECTIUT
SPECTI4Y
SPECT148
SPECTI46
SPECT 147
SPECTL48
SPECT149
SPECT150
SPECT1S1
SPECT1S52
SPECT1S3
SPECTY54
SPECT{5S
SPECT56
SPECT1S7
SPECT1S8
SPECT{59




[~ Ns NaNgl

0

(e N2 N

117

112

INDEX®WIAJLCO(IRe () RNLEVPIM
CALL ECRD(AJ, INDEX,NLEV2, 1ERR)

SPECTI60
SPECT161
SPECT162

MAIN CONTINUUMeTO=CONTINUUM COMPUTATION SECTION nuneensnmvsenereenSPECT{63

RESIDUAL NUCLEUS ENERGY LODP
KLOWSK+ 1

IFCKLOW,GT.NK2) GO TO 2p8
KD=0o

DO 195 KPaKLOW,NK2

KO=KDe1 .

XNLE a NLECIP,KD)=i
JMAX23JRAST(KP, IP)
XIMAX25IMAX2

XIMAX2eXIMAX 2, 2St(OEcoN(JOE2)01 Ye0,01
YJCNa Xwar(Joscna
INCHKEY=I¢KOM¢YP¢KP

ZERO INITIAL POPULATIONS IN RESIDUAL NUCLEI
JHAX22=24 JMAX2
IF (M,EQ,2) CALL ECRO(P,1ZEROLC,JMAX22, IERR)

LO0OP OVER DECAYING COMPDUND NUCLEUS SPIN,PARITY
DO (8@ JCN=1,JMAXCN

XJCN3xJCNet, @

ECONJ= ECONN(2, #XJCN+1,0YaFSIGCN

DO 188 IPICN=31,2

PICNa PICTPICN)

PIPI 2z PI{aPICN

JPICNaJPI(JICN, IPICN)

SET UP INITIAL POPULATIONS FOR LGad CASE
IFCINCHKEY.GY,6) GO TO {17

CALL INCHSUM(S)

PP{JPICN) =NP

SIGR=SIGR+DP

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

IF (ID,NE,7) GO TO 140

GAMMA RAY TRANSITION SEATION e CONTINUUM TO CONTINUUNM
DO 133 MP=t,NMpP

LGz GML(MP)Y
PILEPILLLCLG#1)

XJ2s ABS(XJCN-GML(MP))'l a
XJZH'XJCN¢GML(MP)¢0 gy
XJ2H=AMINY (XJ2H, X JMAX2)

00 128 JJ2=1,1008
XJ22XJ2+1 .0

P12z PICNaGMP(MPYRIL
JasxJ2st, 01
IF(XJ2.6T,XJ2H) 6O TO 132
1P12 = 1.501eP12/2"

JPI2 =3 JPI(J2,1P12)

CHECK FOR & 70O, e, TRANSITIONS
IF(xJ24xJCN,LT.8%1) GO YO 128
GO YO (112,120 M

ADD CONTINUUM GAMMA WIDYH TD TOTAL WIOTH SUM
DTz TGR({KD., MP)tRHO(JZ.KP)tDE

TYOT(JPICNYSTTOT(JPICNI4DY

G(K,IP)=G{K, IP)4DT4RHOFTR(JGN)

G0 70 128

SPECT164
SPECT163
SPECT166
SPECT167
SPECT 168
SPECT169
SPECTYI70
SPECTITY
§PECTYI72
SPECT173
SPECTI74
SPECTI1ITS
SPECTIT6
SPECT177
SPECT178
SPECT179
SPECT180
SPECT18
SPECT182
SPECT183
SPECT184
SPELCT18S
SPECT186
SPECT87
SPECT188
SPECT189
8PECTI92
SPECT19Y
SPECT192
SPECT193
SPECT 194
SPECT198
SPECT19s
SPECT197
SPECT198
SPECT199
SPECT200
SPECT201)
SPECT202
SPECT203
SPECT204
SPECT20S
SPECT2A6
SPECTZ2A7
sPECT208
SPECT2M9
SPECT21P
SPECT211¢
SPECT212
SPECT21%
SPECT214
BPECT215
SPECT216
SPECT217
SPECT218
SPECT219
SPECT220H
sPecCr22)
8PECT222
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c sPECT22Y
c COMPUTE CONTINUUM GAMMA POPULATION INCREMENTS FOR LOOPS OTHER SPECT224
o THAN THE FIRST SPECT22S
128 DP = PP(JPICNIATGR(KD,Mp)#RHO(J2,KP)XDE/TTOT(JPILN) SPECTR226
126 CALL SUMER(1,DE) SPECT227
128 CONTINUE SPECT228
130 CONTINUE SPECT229
GO TO 8@ SPECT23®
c SPECT231Y
c PARTICLE TRANSITION SECYION e« CONTINUUM TO CONTINUUM 8PECT23R
1480 XJ2z XJINI(JOE2) SPECT233
D0 178 J2=y,JIMAX2 SPECT234
XJosxXJ2+1.0 SPECT23S
S§2= ABS(XJ?-XJ}] «1.9 SPECT234
S§2Hz XJ2+XJ1+0.001 SPECT237
00 168 1S2=1,10Q00 SPECT238
S2= 5201 @ SPECYR39
1F(S2,6T.32H) 60 TO 172 SPECT248
LZL!AES(XJCNGSP)QI.U! SPECT24Y
L2HEXJCN¢S2+1, 01, SPeECT242
L2HsMINA(L2H, NLFCIP KD)) SPELT243
IFCL2L.GT,12H) GO TO 168 SPECT244
DO {s6 L?SLZL;LZH SPECT248
RI2=PIPIwpPILLL(L2) SPELTR2U4
1r12= {,5A1=P12/2, SPECT247
JPI2a JRI(J2,1P12) SPECT2U8
GO TO (142,158) M SPECT249
¢ , 3PECT250
c ADD CONTINUUM PARTICLE WIDTH YO TOTAL WIDTH SUM SPECT25
142 DT= T(L2,KD)*RHO(J2,KP)#DE SPECT2S52
TTOTCJPICNITTOTCIPICN) «OT SPECT253
G(K,IP)=G(K, IP)#DT*RHOFTR(JGN) SPECT254
GO 10 {66 SPECT25S
¢ _ , SPECT256
c COMPUTE CONTINUUM PARTICLE POPULATION INCREMENTS PQOR LOOPS OTHER SPECT287
¢ THAN THE FIRSY SPECT258
159 CONTINUE MART7 |
IF(TTOT(JP!CN) LE.O,)G0 TO 166 MARTT 2
DP=pP(JPICN)*T(LZ'KD)*RHO(JE:KpiﬁoE/TTOTfJPICN) MARTT 3
169 CALL SUMER(1.DE) SPECT260
166 CONTINUE SPECT261
168 CONTINUE SPECT262
170 CONTINUE SPECT263
§83 CONTINYE SPECT264
C P PP NP E N AN T NN P RPN R NATNNa N S PP Rab el ndapeneyespensssngneneaSPECT265
c SPECT266
c TRANSFER, ACCUHpLATED PbPULATXON T0 LCM BUFFER SPECT267
IFC(M,ED,1),OR. (IBUFCIP,1).EQ,@))GO TO 196 SPLCT268
I88!BUF(!P’I) SPECT269
IFCIB.GT.NIBDIM)IBxIB<NIBDIM SPECT2719Q
INDEX= IPSLCO(KP-!)ﬁZQNJDIN0(18~1JQBQNJDIMtNKDIM SPECT27
CALL ECRD(SCBUF2(1),INDEX,JMAX22,IERR) 8PECT272
DO 19@a J=i,JdMAX22 . SPECY273
190 SCBUF2(J) = SCRUF2(J) + P(J) SPECT274
CALL ECWR(SCBUF2(1), INDEX,JMAX22, ZERR) SPECT27S
196 CONTINUE SPECT2T76
195 CONTINUE ‘ SPECT277
200 U2MAXz UCNeS(IR)Y SPECT278
c SPECTRT9
c MAIN CONT!NUUN.TO'LEVEL COMPUTATION SECTION sevusevevewnasennewaeweSPECT280
c . .. . . . SPECT?28}
c LOOP OVER DISCREYE STATES OF THE RESIDUAL NUCLEQ SPECT282
DO 280 N3{,NLEVR SPECT28)
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t

anon

2%4
296

aie

228

226
228
230

240

XJ22ABSCAIIND)

Pl2s SIGN(1,M,AJ(NY)

EC2 = UZMAX-ELtN)
IFCEC2,LE.?,0) 60 TO 284
KO = Eca/oz + 0.8
IF(KD,LTa1) KDs{

GAMMA RAY SECTION [ X CONY!NUUM TO LEYELS
IFC(ID,NELT) GO T0 240

D0 237 MPz{,NMp

LG = GML(MP)

PIL=PILLLCLG+Y)

PICN = PIL*GHP(MPIwPI2

IPICN = 1§, Sal-PICV/Z.

XJCN =a ABS(XJZ GML(MP))-l 9

XJCHHa XJZoG"L(MP)Oﬁ-Gﬂl

DC 228 JJICN=1,10€0

XJCN 3 XJCNel,0

JCNEXJCN+1,01

IFCCICN,GT. JMAXCN) OR.(XJCN GT XJCNM)) GO TO 23¢
ECONJaECON«(? aXJCNel ,B)y*PSIGCN

JPICN = JPTCJICN, JPICN)

IF{xXJCNeXJ2, LT.8.1) GO 70 228

GO TO (244, 236),LGROPY
TGRLEZWXCONAWKNORMARELI(MPIAEC2#n(2¢LG¢1)
GO 10 210

TGRL = 3.63U92BEw3I*CAXEL#REY(MPIRGAXELSEC2#n 4/ ((ERAXEL##2
{ «EL22%2)an2 ¢ (EC24GAXEL)#w2)
TGRLETGRLAWKCON

IF (M,EG.2) GO TO 220

ADD GAMMA WIDTH TO TOTAL WIDTH SUM
DY=TGRL

TTOY(JPICN]STYOT(JPICN)ODT
GCK,IPYIZG(K, IPY+DT.RHNOFYR(JEN)

GO 70 228

COMPUTE LEVEL POPULATION INCREMENT FROM CONTINUUMeTOeLEVEL TRANe
SITIONS IN OTHER THAN THE FIRST LOOP

IFCTTOT(JPICN) LER,P,) Gh TO 228

PP = PP(JPICN)tTGRL/YTOT(JPICN)

CALL SUMER{(2,DE)

CONTINUE

CONTINUE

GO 10 280

PARTICLE TRANSITION SECTION we CONTINUUM TQ LEVEL
XJCN= XJINT{JOECN)

KE a ISERCH(EC2,ETC(1,ID),NEE(IDY,AAsAS,AS)
XNLE = NLEIN(ID,KE¢4i)e}

DO 27@ JCNz1, IJMAXCN

XJCN® XJCNet, @

ECONJ=ECON® (2, #XJCN+1,B)nFSIGCN

82= ABS(XJ2eXJ1)=1,0

S2Mz XJ14XJ2+0.001

DQ 268 1S=1,1000

§2=252¢1, [

IF(S2,6T,.82H)IGN 10, 270

L2L= ABS(XJCN~S?)01 21

L2HzXJCN#S241,01

L2HzMINACL2H, NLEINCID,KE®E))

IF(L2L.GT.L2H) 6O YO 268

DO 266 L2sl2L,L2H

SPECT1284
SPECT285
SPECT286
SPECT287
SPECT288
SPECT289
SPECT290Q
SPECT291
SPECT292
SPECT29Y
SPECT294
SPECT28S
SPECT296
SPECT297
SPECT298
SPECT299
SPECTICO
SPECTROY
SPECTI2
SPECT30O3
SPECT304
SPECTINS
SPECT3INS
SPELCYZAY
SPECT308
SPLCT3IA9
SPECT31Q
SPFCT31Y
SPECT3Y2
SPECT3S
SPECTS{Y
SPECT3{S
SPECT3e
SPECTS17
SPECTYLS
SPECTX{9
SPECT3?20
SPECT321
SPECT322
SPECT32Y
SPECT324
SPECT32S
SPECT326
SPECT327
SPECT328
SPECT329
SPECT33G
SPECTY33¢
SPECT332
SPECT333
SPECTI34
SPECT33S
SPECT336
SPECT33?
SPECT338
SPECTI39
SPECT 340
SPECT34UY
SFECT342
SPELT3UR
SPECTYI4U
SPECT34S
SPECT3Ub
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242

o000

259

260
266
2h8
270
2An

(o]

28%

300

o0 (g Ng)

499

5080

A-22

PICNsPI{epT2+PILLLIL2) SPECTIYY
IPICN = { S5P1= 9!CN/2. SPECTILS
JPICN = °I(JCN,;PICN) SPECT349
CALL INTERP(ETC(1,10), TE(1.L2)sNEECID),2,EC2, TLEV) SPECT3SO
IF(TLEV, LY’ Aa)TLEVRE, SPECT3SY
GO T0 (242.258) M SPECT3S2
SPECT3IZ]

ADD PARTICLE WIDTH TO TOTAL WIDTH SUM SPECT3IS4
DYa TLEV SPELCT3SS
TTOT(JPICN):YTOT(JPICN)fDT SPECT356
G(X,IPYaG(K, IPY+DT+RHOFTR(JEN) SPECT3S7
GO TO 246 SPECT3SS
. . o SPECT359

COMPUYE POPULATION INCREMENYS FOR PARTICLEwLEVEL TRANSITIONS AFTERSPECT360
THE FIRSY LOOP , SPECTI6Y
IF(YTOT(JPTC“) £FR.2.) GQ T0 266 SPECT362
DP = PP(JPICNI#TLEV/TTOT(JPICN) SPECTY63
CALL SUMER(2,0E) SPECT36M
CONTINUE SPECT 365
CONTINUE SPECT366
CONTINUE SPECTINT
CONTINUE SPECT368
R E Ry PR PSP LT DL TEEE -] o S 1.1
CONTINUE SPECTX7Q
, . SPECT3T!

CLOSE M AND IP LOOPS, SPECT372
CONTINUE SPECT373
o , , SPECT374

CLOSE K LOOP, TRANSFER 8P AND PL 7O LCM, SPECT375S
CONTINUE SPECT376
NPTS8= NKDIMaNIP SPECT377
IFCILEQL1,AND, LPEQ EQ,13CALL PRECMP SPECT378
INDEX= ISPLC+NKDIN*NIPDIM'(I-1) SRECT379
CALL ECWR(SP, INDEX,NPT3, TERR) SPECT380
INDEX2IGLC4+ (Il )RNKDIMANIPDIM SPECTY38Y
CALL ECWRI(G, INDEX,NPTS, 1ERR) SPECT382
NPTS=N]P*NLEVDIM SPECT38%
INDEX= IPLLC*(I'l)'NLEVDIMtNIPDIM SPECT3BY
CALL ECWR(PL)INDEX,NPTS,TERR) SPELTIAS
. SPECT386

CLOSE I LOOP SPECT387
CONTINUE SPECT388
CALL SECOND(TIME) SPECT389
DTYIMEZTIMETKEEP SPECT39Q
WRITE(6,4) DYIME, TIME SPECT39!
FORMAT(/* END OF I LOOP IN SUBROUTINE SPECTRA,», SPECT392
t* TIME FROM STARY OF THIS ENERGY maF9,3,w SECONDS. TOTAL ELAPSED TSPECT393
2IME =+F9,3,% SECONDI.*) SPECT394
‘ o . SPECT39S

COMPUTE DISCRETE GAMMA=AAY £ROSS SECTIONS AND ADD YO SPECTRA, SPECT396
CALL GRLINES SPECT39?
SPECT398

RETURN SPECT399
END SPECTUR0
SUBROUTINE LEVDSETC(ACN,A,A2) LEVDSETR
. LFVDSETY
COMMON/LEVDEN/DEP(68),XNLGC(6@),ECGC(60),UCUTOFF,DEFCN,T6C(6@), LEVDEN
{ EOGC(6R),FMATGC(6B),PATRCOD),XMRI(6B),XNLLN(68),82(3008),SN(150), LEVDEN
e PZ(19@),PN(152) LEVDEN
COMMON /SPNPAR/ SPIN,PARITY,KGRD LEVDEN

COMMON/BASTCL/NTLXNIPC1Q) ,NIR,LR{6,123,2ZA1¢68),2A2(60),XM2(60)s BASICY
1 ZACN(C1®),CSGR(6M),CSTOT(4A), CSLEV(GW).CSID(B):EAVID(G)'EAV(GO) 8ASICH
COMMON/LCINDEX/IPBLC,16LC,1ZEROLL, ISPLC,IPLLC,IEGLC,ISGLL, ITCLE, LCNDEX

VWA REWN




(2 Ne Ne

aonmno

! I8TCLC,InHOLE, ITLC, IELLC, TAJLC, TATLC,NIDIM/NIPDIM,NIBDIM, NGROIM, LCNDEX 3

2 NIDDIM,NIRDIM LCNDEX 4§
DIMENSION DEFCON(2)sA(1),A2¢1) LEVDSET?
» LEVDSETS

DATA TABLES OF COOK ET, AL, AAEC/TM3Q? LEVDSET9
LEVDSES$®

DATA .°Z/1!*¢,.2 4698y s20M9080r1062,00s1362,0,p1:83,0,58.73) LEVDSE 1

12,1, 35,2 .,1 54, “-'1 ZS:W 26,0,88,2, 19'1 3%,=.29,1, 52,'.09'1 17, LEVDSE12
2 .84,1,24,0, 29, l 391.26 1) 17-.?3.1 159+,08,1,35,0, 3“:1 050,25:1.87LEV05€13
3 '0-'l s, ﬂ.ol,..@°01 2..2-1 80493, 3er=.2,1. 19:.990.97 Pera92se81,LEVDSELY

4 (680, P5) , 68smn220 079,009, .69, 0150720 Brssbsslbsel3s0,0,860.17s LEVDSE1S

S 89;%.'.79 G-( SQ maﬁ.ﬂ*:' 96-.69a~.2 .71:-.12;.?2,@.-.77:2‘8 / LEVDSE’&
DATA PN/l!tG.pZ 67, 0,:1 8, 0..1 67, 0.-1 B6,Por2.0U,0,01.64,P,01,44,LEVDEELT

1 @"’ 50 ﬂ.'i 3.9.-1 27 0.01 29..08 i u!’C 05 i Sl'.US'E 20,-.47, LEVDSE‘B
2 1,483,».1S.1. 4, , %64 1.%65.25:1, 57.0.10 1.6, %.a.93..61..62.-.5. LEVDSELS
3 1 uglois ‘.SE.' 63,.8,-.“8,! 29, .07'! 255‘.“0'.971.28)1 65“.‘!'LFVOSEEG
U 1,2609,0641.76,08,2241, 55,*,07.1.37,0, Jotle2y= .27..9?,-,35 1.,19,0,,LEVDSE 2]
5 1 ﬁS,- 25,1 610’.21009|' 2‘0.7“0',38',72" 349.92".26'.9“0051a LEVDSEZZ
] 65.-.36'.83,,11.,67..u5 120a51014, aa,.zs,.oa,- 27+484,,09,,78, LEVOSEZ]
7 1171-860.10 1. 10'.22'-80" 07..asn.ﬁa..eaa.ZU:.SB..27..01.-.05/ LEVDSE24

DATA (PN(IL) IL#126,15m)/ LEVDSERS
X ,360.15,.67 ﬂ.,.bl 9.,.78 0.:.67:9-’.67 A.re79, LEVDSE?6
1 B.rabs.BU,,bU4ya, Bbo.ﬂS..ﬂS..aby-.ZEa.lq RaBs,39/ LEVDSE27

DATA S2/1040.,22,91)wl,17,25,72,27,8,=8,97,9,7,218,4,18,7,«11,38LEVNSE28

1 ,»12,07.912, 55.-13 2U,e13,93,»14, 71;n15 53,716,37,~17, 36;-!8 6, LEVDSE 29
2 «18,7,=18.01,«17, BTs=]1e0B,016,6,%16.75,216,5,%16,35,216,22, LEVNSE3D
3 =16,41,~16, 591-16 “3:-16 68,=16,73,*17,U5,»17,29,w§7,44,=17,82, LEVDSE}Y
4 '13 62,=18, EYn-lq 39:-19 91,19, 14,218, 26:-17 dyo16,43,°15,77, LEVDSE32
S '10 37.-1}.91.-}3 lrmi%etl,»td, 03--10 89,=10, T5im10,62,%10,41, LEVDSE3S
6 -1@ 21,#9,85,+9,47,+9,a3,8, 61.-8 13.-7 ae.-7 88,w7,2,27,13,7,06LEVDSE3Y
7 o'b 75-'6 6“1*6 b=, 65.07 Sqo-5,01a08,09;-7 B8,m6,3,5,47,wd,TBLEVDSEDS
8 ,=4, 37,-0 !7.-0 13"“ 32,%4.55,95,00,95,28,06,06,6,28,=6,87, LEVDSE3®S
9 '7 20,17, 7“42t0./ LEVDSE3TY

DATA SN/1Be0,,6,8,7,53, «55,7,21,7. 44, 8,87,8,94,9,81,10, 6,11,39, LEVDSE3A

1 12.54,13, 68110 34,14, !éolS 83:13 S, 13.;12 13'1? 6:13 26e1l,33, LEVDSE39
2 {4, 92:15 92.16 3I8,17.16417, 55,18, 03017 S9,19,03,48, 71:13 B,18,99,LEVDSEGD
Y 18,46.18, ?5.17 T6417,38:16,72,15, 62,14,%8,17,88,13,2%,13,81,14,9,LEVDSE4L
4 14,86,19, 76,18, 2;17 62, 17 73,18,16, 18 67+19.69,19,51,20,17,19.,48,LEVDSEY2
5 19, 98,19, RS:!O 2:19 12, 19 57.19 24, 18 44,17.61,17.1416,16,15,9, LEVDSEUS
6 15,33, 1“ 76,13, 54,12, 63-19,65:!0 1,8,89,1@, 29,9,79, i1, 18,11,72, LEVDSEUY
? 12, 03.12 96:13 43,13, 370,12,96,12, 11 11 92,11,,10,8, lﬂ 42,18,39, LEVDSEYS
8 9., 69,9, 27 8.93,8,%7, 8.92 7.%59,7. 33 Te2367.85,7,8216,75,6.6,6,38/7 LEVDSFUb
DAYA (QN(TL)oIL=1ll 1S@)/ LEVDSEUTY

X 6 36,6449, 6, 25o5 85,5 08 a 53,4,3,3, 39 2¢3551,66,,81, LEVDSEUS
{1 8,46,=, 96--1 69,72, 53;-3 1heel, 87:-.01;.71.1.66'2 62,3 22.3 76, LEVDSF49
2 u 1.0 46,4,83,5.89,5, 1805.17 Sels 5 01.0 97,5,09,5,03,4,93,5,28, LFVDSESA
3 5 49,5,50,%5.37,5,30/ LEVDSES|
DATA DEFCON/E,!“Z.W.!ZB/ LEVDSES2

LEVDSES3

COMPUTE EACH LEVEL DENSITY RELATIVE TO ACN USING GILBERT«CAMERON LEVDSESY

FORMULAS FOR LEVEL DENSITY LEVDSESS

. LEVDSES6

IDEFCN® OEFCNet, 014 LEYDSES?T

1ZACNz ZACN(Y) LEVDSESS

TACNEMOD(IZACN, {360) LEVDSESY9

12CN= IZACN/igan LEVDSESD

INCN= IACNeIZCN LEVDSEG S

XACN= TACN LEVDSES?

ACNGCz xAcu*(e PA91Te(SZCIZEN) ¢SNCINCN)Y ¢ OEFCON(IOEFCN)) LEVNSESY

IF (ACN. £6,M,) ACNSACNGC LEVDSESY

A2(1)=ACN LEVDSE6S

DO 60 IRS1,NIR, LLEYNSESLS

IDEF = DEF(IR)+$.0! LEVDSEST

A-23



59
69

49
4s
59

190

191

A-24

1ZA = ZA2(1R)

Az MOD(IZA,1000)

1Z = 12471000

IN 3 lAelZ

XA = 1A

1FCCACIRY, Gr. o, ) OR, (IR £Q, 13) 60 TO s@
AGC = XAx(Q, 00917*(SZ(IZ)+SN(!N)) + DEFCONCIDEF))
DAGC @ AGC=ACNGC

A2(IR) = ACN¢DAGC

PAIR(IRY =& PZ(IZY+PN(INY

CALL GILCAMCAR(IR)Y,IR)

CONTINUE

RETURN

END ‘ .

SUBROUTINE GILCAM (A,LR)

COMMON/LEVOEN/DEF(68),XNLGC(68),ECBCC60),UCUTOFF,DEFCN,TGC(62)
1 EAGCCLD),EMATGL(6B) 4PAIRCHD), XMRIC6D),XNLLN(68),82(108),5N(150),

2 PIZ(ing), PN(lso)
COMMON /SPNPAR/ SPIN,PARITY,KGRD
DIMENSION DECY)

DATA NDE,DE/4,1.,8.1,0,01,8,0801/
ECTECGC (LAY

CONSY = 5, ﬂS?ltXMR}(LR)

£z 0, 109AIR(LR)¢2 25/A

00 58 I=z=1,NDE

DO 49 J=1,500

U = E~PAIR(LR)

T = 1,/(SQRTCAZU)=1,5/U)

Eal = Ec-TtXNLLN(LR)

EA2 # E+T#(ALOG(CONSTASORTCARUSR3)/T)w2 #wSORTCARU))
DEL2 3fQ1=E02

IF(I*J.EQ,1) SIGNO @ SIGN(1,.DEL2)
SIGN2 = SIGN(1.,DEL2)
IF(SIGN2.NE,SIGN@) GO YO 4%

DELY = OFL2

Es £ ¢ DE(Y)

CONTINUE

E = E«DE(I)

CONTINUE

DELA=ABS(DFL}=DEL2)

IF(DELA,GT. 1. GE-)GG) 60 10 {08
E30,1+PAIRCLR)+2,.25/A

EMATCH=E

UzE=PATR(LR)
T21,/(S0RT(A/U)=1,%/U)

PRINT 1,LR

LEVD3ESGS
LEVDSES9
LEVDSET@
LEVDSETY
LEVDSET2
LEVDSET?S
LEVDSETY
LEVDSE?S
LEVDSETS
LEVDSETY
LEVDSE?78
LEVDSETO
LEVDSES®
LEVDSESY
GILCAM
GILCAM
LEVOEN
LEVDEN
LEVDEN
LEVDEN
GILCAM
GILCAM
GILCAM
GILCAM
GILCAM
GILCAMLIB
GILCAMLY
GILCAMYL2
GILCAMLY
GILCAMLG
GILCAMLS
GILCAMLS
GILCAMLY?
GILCAMLB
GILCAMIO
GILCAM2D
GILCAMZY
GILCAMR22
GILCAMZS
GILCAM24
GILCAM2S
GILCAM2G
GILCAMRY
GILCAM2S
GILCAM29
GILCAM3D
GILCAM3Y
JUuL19772

- N, RSW- NV RV P VRV Y

FORMATC/% 4444 GILCAM SUBROUT!NE UNABLE 70 MATCH DISCRETE LEVELS WJUL19773
$1ITH LEVEL DENSTTY FUNCTION FOR RESIDUAL NUCLEUS IN REACYION IR a#,JUL19774

2 13,5 ++440/)

60 TO 141 -

EMATCH = F & DE(NDEI~(DELY/(DELI=DEL2))
U= EMATCH = PAIR(LR)

T 3 1,/(SORT(A/Y)e1,5/U)

Eoc EC «TaXNLLN(LR)

EMATGC(LRY=EMATCH
TGCILR)aT S FABGC(LRI®ED
RETURN

END

SUBROUTINE LCMLOADCI)

COMPUTE TRANSMISSION COEFFICIENTS AND LEVEL DENSITIES ON

JULI9T7TS
BILCAM3S
GILCAMIA
GILCAMYY
GILCAM3S
GILCAM3S
GILCAMAD
GILCAMAY
GILCAM4?2
GILCAMAS
LCMLOADR
LCMLOAD3
LCHLOADY




1

~ [ MV IR -RV ] ~N

INTEGRATION ENFRGY MESH AND LOAD INTO LCM LCMLOADY

LCMLOADS
FORMAT(//% TRANSMISSION COEFFICIENTS ON SUBSET OF INTEGRATION ENER|CMLOAD?
16Y GRID#) LCMLOADS
FORMAT(/ « ID:*IZ;SX.*PARTICLE zAAL0,3X,2184]2,3X,x1Panl2,3X, LCMLOADS
{ 2IRe*13, 3%, *NK= qu.SX..NLzaIB) LCMLOALD
FORMAY(/ & ENERGY =+ F1.3,% MEY*,5%,%JMAX INDEX a#l3) LCMLOAYY
FORMAT(1P,1PE12.5) LCHLOALR2
FORMAT(// « LEVEL DENSITIFS ON SUBSET OF INTEGRATION ENERGY GRIDwILCMLOALS
FORMAT(/ % ID=2a12,3Xo*PARTICLE maALA, 35X, 0]1ax12,3X,a1PEx]12,3X, LEHLOALY
1 'IR=~13.3X.*NK:«IO.3X,-NJHAX=t13) LCMLOALS
FORMAT(/ % ENERGY =#F7,%,& MEV#,5X,«LMAX INDEX =anl3) LCHMLOAL S

LCMLOAL?

COMMON/LCINDEX/1PBLC, 16 C, TZEROLL, ISPLE, IPLLC, TEGLC, ISGLC, ITCLC, LCNDEX
§ ISTCLC.IRHMOLC,ITLC,1ELLC,IAJLC,IATLC . NIDIM,NIPDIN,NIBDIM,NGRDIM,LCMDEX

2 NIDDIM,NIRDIM LCNDEX
COMMON RHO(UO,202),T(30,200),P(80),SP(200,6),PP(80),SPP(200,7) RHO

15 SPNGN(2ARY,PL(SB,6),6G(272,6),RHOFTR(40) RHQ
COMMON/YCOEF/ETC(256), TC(ZS.S“J:BCD(?) XSPINCT),NLDIM, TCOEF
INPART, NEE(6) 0 NO(A) NTC(b) IZAIDCT) s XMASSCTY,NEEDIM NLEINCE,25), TCOEF

2MLE(6,200),JRAST(20C,6) TCOEF
COMMON/LEVELI/FL(SA) s AJ(SA),AT(SAY,XNLL62),ELMAX(6Q),NLEVDIM LEVELY
14EG(2uM),SG(240), NCRAYS(60) LEVELY

COMMON/RAASICI/NILXNIP(IAY ,NIR,LRUG, 1), ZA1(60),ZA2060),XM2(62), BASICY
1 ZACN(10Y,CSGR(6M),CSTOT(60),CSLEV(6D),CSINCRY,EAVID(R),EAV(6Q) BASICY
COMMON/BASTIC2/TITLECLIG),ELAR,DE,ZAP,ZAT, XNMT, NKKM(1@),CNPIC10), BASIC2
{1 CNPIP(1G),S5C6RY,5AC(10),101(68),ICP,I0E2(60),IBUF(6,10), BASIC2
2 ECM,UP ,NKMAX, NIMAX ,NKK(6Q) ,NKDIM, TCP(3Q),ONMDPCUR) ,A(KB),A2(68), BASIC?
3 NRHO(6),XxJIT, NPOPMAYX,NTC2(6),NJDIM, JOPCN(C10),NKKCN(1B),ECON,BASIC?
4 JPICUR,2), XMP XIPSPIT,NLPaYNLP,KLsIDSTAY(T)sSIC,CSL,CSH,PILLLC3B)RASIC2
S, ICAPY,PLRUF(SA,173), INPOPT, TKEEP BASJIC2
COMMON/LEVDEN/DEF(69) ,XNLGCC6B),ECGC(6D),UCUTOFF,DEFCN,TGC(6B), LEVDEN
1 EAGC(H0),EMATGC(60),PAIR(6D),XMRI(H0), XNLLN(ER),82(1020),SN(158), LEVDEN

NASUN NPT UVIEHNGUNWNEWNWN SN

2 PZ(10Q),PN(1SR) LEVDEN
COMMON /SPNPAR/ SPIN,PARITY,KGRD LEVDEN
COMMON/PREQI/EPSIGC200,6),NLEV,NPIT,NIY PREQY
COMMON/PRNTOUT/IPRTLEV, IPRYYC, IPRTMLD, IPRTWID, IPRTSP, IPRTGC PRNTQUT?2

LCMLOARY

SPLIN (BsC,D,E) a BeAS & ChAb = AA®(DWNASHENAG4DHE) LCMLOAZS
LCMLOA2S

NIP=XNIP(I) LCMLOAZD
DO 1@@ tP={,N1p LCMLDASY
IR=LR(IP, 1) LCMLOAZ2
1PRT=] LCMLOAZS
NKaNKK(IR) LCMLOASY
IFINK.LT. 1) 6O ro 10e LCMLOA3S
103 IDYI(IR) LCMLOA3S
0F22.,5 LCMLOAZY
I?(IOEZ(IR) sr.x) OE=y.0 LCMLOA38
IFCID,6T.6) GO YO %@ LCMLOA39
- . . . LCMLOALD

COMPUTE AND STORE TRANSMISSION COEFFICIENTS LCMLOAYGY
NL= NOC(ID)Y LeMLOAY2
NEs NEE(ID) LCMLOAGY
NPTS= NTC(!D) LCMLOAYY
INDEXeITCLO+(IDmt J#NEEDIMaNLDIM LCMLOAUS
CALL ECRD(TC,INDEX,NPTS,IERR) LCMLOAGS
EKz 0, LCMLOAYY
D0 44 K=1,NK LCMLOAUS
EK= EX4¢DE LCHMLOAUS
KE= ISERCH(EK,ETC(1,1D),NE,AA,AS,Ab) LCMLOASE
NL = NLEINCID,KE+}$) LCMLOASH
NLECIP, K)aNL LCMLOAS2
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44

4s

52
81
SS

46

70
T2
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90 4u Lat,NL
CALL INTFop(ETC(1,10),TCt1sL),NES2,EK,YOUT)
T(L,K)=zYOyT
IFCTCLAKYLGEL 1L ) TEL K R,
IFCTCL,KYLLE, €, TCLoK)=0)
CONTINUE

IFC1LEG, 1, AND, ID.LE,6) 45,55

KLM= (UP-SAC(I)-SKIR))/DE¢0 ]

EX=Q,

DO St K=i,KLM

FPSIG(K, 1D)=0,

EX=EK+DE

KESISERCH(EK,ETC(1,ID),NE, AL, AS,AS)
NLaNLEINCIDeKE#1)

DO 52 L={,NL

CaLL x~reaptercc1.!o: TeC1,LY,NE,2,EK,YOUT)
T(LoK)aynuT |

TF(T(L,K),GE, 1 YTCL,KImY,
IFCTCL,K),LE. o YT(LeK) 3R, |

EPSTG(K, INYREPSIG(K, IDY4(2aktLol) el InTCL,K)
CONTINUE

CONTINUE

CONTINUE

TRANSHMISSION, COEFFICIENY PRINT OPTION
IFCIPRTTC,LT.2) GO TO 48

WRITE(H,1)

WRITE(6,2) 1D,BCO(ID),1,IP,IR,NK,NL
KPRT=IPRTTCw=1

DEFTR=KPRT,

EK = DE*(§.*DEFTR)

DO 46 K=l ,NK;KPRT

EK=EK+DE«DEFTR

NL = NLECIP,X)

WRITE(6,7) EK,NL

WRITE(6,4) (T(L.KY,LZI,oNL)
NPTS=NK«N[.DIM

NTC2CIP)=NPTS
INDEX=ITLCHNKDIMANLDIM# (IPm1)

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

COMPUTE AND STORE LEVEL OENSITIES AND YRASTS
EKMAX2 |JP«SAC(])=S(IR)
XIEFFET,87656FEa3aXMRI(CIRI#E
EKzeDE
DO 8A K=1,NK
EX3EX+DE
EXs EXMAX=EK
U = EX<PAIR(IRY |
uss AMAX1(L, UCUTOFF)
SIMAX=SORT (2. *US*XIEFF)
JMAX2uS JMAX$OE
JMAX2EMINACIMAX2, NIMAX)
JRAST (K, IPY=JMAXD
$1622 = @, 1776*SGRT(A2!TR)'US)tXMRS(!R)*'l
IFCEX,LE.EMATGC(IRY) GO YO 70
AURT= SORT(A2(IRY#U)
RHOE = EXP(2,8AURT)/Z(18%1{42#XMRI(IR) «UnAURT)
G0 Y0 72
RHOE =, EXPCCEX-E@GCCIRII/ZTGECIRY I/ LR, +TGECIRY)
XJJzat',0
IF(IOEZ(IR) EQS1) XJJ==p,S
Do Y6 J=i, IMAX2

LCHMLUARS
LCMLOASY
LCMLOASS
LCMLOASS
LCMLOAST
LLCMLOASS
LCMLOASY
LCMLOAGD
LCMLOAGY
LCMLOAG2
LCMLOAGS
LEMLDAGY
LEMLOASS
LCMLOAGS
LCHLOAGT
LCHL.OALS
LCMLOAGS
LCMLOA7R
LCMLOATY
LCMLOAT2
LCMLOATSY
LCMI OATY
LCMLOATS
LCMLOATS
LCMLOATY
LCMLOATSB
LCHLOATY
LCHLOABD
LCML.0ABY
LCMLOABR
LEMLDABS
LcMLOABS
LcMLOABS
LCMLOASSG
LeMLOABY
LCMLOABS
LCHLOABY
LCHLOASD
LerLOA9Y
LEMLOAGR2
LCMLOA9S
LCMLOASY
LCMLOASS
LCMLOAGS
LCMLOASY
LCMLOASS
LCMLOA99
LCHLO1OD
LCMLO(AY
LCMLO1 A2
LCMLOIO3
LCMLOiGY
LCMLO12S
LCMLO1AS
LecMLOIBY
LcMLO1@8
LCMLO1Q9
LcHLO LD
LEMLOS LY
LeMtogte
LeMLOLL3
LCMLOS L4
LCMLOYSS




anna

76
892

82
84

100

52
52

XJJexJJet, 0

RHOCJ,K) o RHOEA(2.#XJJ48,0)aEXP(w(XJJeD.5)0n2/81622)/8]1622

CONTINUE

LEVEL DENSITY PRINT OPTrON
IF(IPRTGC LT 21 80 Y0 84
NRITE(&:S)

WRITE(6,6) ID,BCD(I0),I,IP, IR, NK,NJIMAX
KPRT=]PRTGC=1

DEFTR=KPRY

EXKs«DESDEFTR

DO B2 K=1,NX,KPRT
EKZEK+DE2DEFTR

EX=EKMAXwEK .

JMAX22JRAST(K, IP)

WRITE(6,3) EX,JIMAX2

WRITE(6,4) (RKOCJI,K),JE{,IMAX2)
NPTS=NK#NJHIM

NRHO(IP)=NPTS

INDEX= anOLc+NK01MaNJDIM~tIP-1)
CALL ECWR(RHO, INDEX,NPTS, JERR)
CONTINUE

RETURN

END

SUBROUTINE GAMSET(I)

SET UP GAMMA=RAY CASCADE CALCULATION,

FORMAT(// % GAMMA#RAY TRANSHMISSION COEFFICIENTS», 10X, %Izn]2,
1 3X,%IPz«12,3X,#IRaul13,/ ¢ ENERGYw,10(6X,A1,F1,0,4X))

FORMAT(FB,3,1P,10CIX,E11,4))

COMMON/BASTICI/NTLXNIPCIA) ,NIR,LR(6,10),2A1C6R),2A2060),XN2€62),
1 ZACN(ID},CSGR(AA),CSTOT(6D),CSLEV(6D),CSID(BY,EAVID(8),EAV(60)
COMMON/BASTIC2/TITLE(16) ,ELAR,DE(ZAP,ZAT, XMT,
1 CNPIP(10),S5(67),SACCIRY,IDI(60),IDP,10E2(¢6R),IBUF(6,10),

2 ECMy1P NKMAX  NJMAX, NKK(60Q) ,NKDIM, TCP(30),0MDP(4R),A(60),A2(60),
3 NRHO(6) o XJT, NPOPMAX, NTC2(6)4NJIDIM,
4 JPI(UB,2) s XMP.XIP,PIT,NLP,XNLP KL,IDSTAT(7),S1€,CSL,CSH,PILLL(3B)BASIC2

Sy JCAPT,PLBUF(50,10), INPOPY, TKEEP

COMMON/LEVREN/DEF(62) , XNLGC(60),ECGC(6B),UCUTOFF,DEFCN, TGC(60),
{ EAGC(6M) ,EMATGC(6A),PATR(60),XMRI(6B), XNLLN(6DB),52(100),5N(159),

2 PZ(1088),PN(1ISA)
COMMON /SPNPAR/ SPIN,PARITY,KGRD

COMMON/GAMMA/NMP , LGROPT,SWS (1), GMLC6)GMPL6))REL(6),LMGHOL(6),
1 TGR(2MM,6),WKCON,CAXEL,GAXEL,ERAXEL yEXSWS(1B), WKNORM
COMMON/PRNTOUT/IPRTLEV, IPRYTC, IPRTMLD, JPRYWID, IPRYSP,IPRTGC

DIMENSION RDUM(2)
DATA GAXEL/S.0/,RB8/1.25/

NIPaXNIP(1)

00 50 IP=1,NIP

IRz LR(1IP,1)

10= 1DYCIR)Y _

IF(ID,EQ.7) GO TO 52

CONTINUE

RETURN |

CAXEL=0,01T4XM2(IR)

ERAXE(2AQ,A/XMRS( IR)

WKNORM=1,0Fel

CALL WEISSKF(I.IR,IR)
WRITE(6,18) T,WKCON

DETERMINE WEXSSKOPF OR AXEL
PARAMETERS AND COMPUTE GAMMA RAY TRANSMISSION COEFFICIENTS

NKKMEIQ)Y,CNPI(10),

JOECN(18) ,NKKCN(3@8),ECON,BASIC?2

LeMLDL LS
LCMLOLtY
Lentogea
LCXLOLL9
LCMLOL2D
LEMLO2Y
LECMLOs22
LckLo123
LCMLOt24
LCMLO12S
LCMLO1R6
LCML 0127
LCMLO1R8
LCMLOY 29
LEMLO130
LCMLO13Y
LCcML.Oy3R
LCMLO133
LEMLOY{3S
LCMLO13S
LCMLOL36
LCMLODYY?
LCMLN138
LCMLOY 39
GAMSEY
GAMSEY
GAMSE?Y
GAMSET
GAMSETY
GAMSET
GAMSEY
GAMSET
GAMSET!
BASICY
BASICH
BASIC2
BASJC?2
BASIC?2

BASIC2
LEVCEN
LEVDEN
LEVDEN
LEVDEN
GAMMA

GAMMA

PRNTOUT2
GAMSET16
GAMSETLT
GAMSET1{S
GAMSET1S
GAMSET20
GAMSET21
GAMSET22
GAMSET23
GAMSET24
GAMSET2S
GAMSFT26
GAMSET27
GAMSET28
GAMSET29
GAMSET3D

WALV NTAST W NNUWNMNROSOINSOCVIEWND
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19 FORMAT(/# DAMMA RAY sngNaTH NORMAL LZATION CONSTANT /7 1me, DAMSE TS
1 12,%, CONSTANT we{PE{2,4) GAMSETI2

7@ RATIO = 4,48758/((ROAXM2(IRIRXMRI(TIR))2n2) GAMSET33
DO 75 MPay,NMp GAMSET34

L 3 GML(MP ) . GAMSET3S
IF(GMP(MPY.LT,@,) GO TO 73 GAMSET36

IF (L.LT.2) GO 1O 74 . _ GAMSET3?
IF(RE1(MP)Y,EQ,Q,) REL(MP)al,BEwb GAMSET38

74  RDUM(LIFREL(MP) GAMSET39
75  CONTINUE GAMSETUO
DG 78 MP3{,NMP GAMSETHY

L = GML(MPY, . . L GAMSETUH2
IF((GMP(MP),6T.8.).0R, (RE1(MP),GT,0,)) GO TO 78 GAMSETA3
REI(MP) = RATIO=ROUMCL) GAMSETU4Y

78  CONTINUE GAMSETUS
NKz NKKCIR) GAMSETUG
EGz0, GAMSETUT

DO 9@ KD31,NK GAMSETUYS
EG2EGDE GAMSET49

DO 98 MP={,NMP GAMSETS®

L 5 GML(MP) , GAMSETSY

GO 10 (81,82),LGROPT ] , GAMSETSR

81  YGR(KD,MP)zWKCON&«¥KNORMaRESCMPI#EGHn (20| 41) GAMSETS3
GO 10 %@ GAMSETSY

B2 TGR(KD,MP)31.634928Ee3nCAXELWREI(MPIXGAXELNEGR®U/ GAMSE 155

1 (CERAXELw#2uEGax2)##24 (EG¥GAXEL) #w2) GAMSETS6
TGR(KD, MP)BTGREKD, MPIAWKCON GAMSETST

98  CONTINUE GAMSETSS
€ ) _ ) . GAMSETS9
c TRANSMISSTON COEFPICIENT PRINT OPTION GAMSET60
IFCIPRTTC,LT.2) GO TO §g@ GAMSET6!
WRITE(6,1) I1,1P,IR, (LMGHOL{MP),;GMLIMP),MPe],NMP) GAMSET62
KPRT=IPRTTCel GAMSETSS
DEFTRaKPRY GAMSET6U
EGea, ' ) GAMSETHS

DO 94 KD=i,NK,KPRT GAMSET66
EGFEGeNEADEFTR, A GAMSETST
WRITE(&,2) EG, (TGRCKD,Mp),MPa1,NMP) GAMSET6S

94  CONTINUE GAMSET69
188 RETURN . GAMSET70
END , . GAMSETTY
SUBROUTINE WEISSKF(I.1P,IR) WEISSKF2

c WEISSKF3
c OBTAIN NNRMALJIZATION FACTOR FOR WEISSKOPF APPROXIMATION FPROM WEISSKF4
4 INPUTTED STRENGTH FUNCTION WEISSKFS
c ) , ) ) WEISEKFA
COMMON/LCINDEX/1PBLC, I16LC, I2EROLC, ISPLE, IPLLC, IEGLC, ISGLEC,ITCLC, LCNDEX 2

{ ISTCLCsIRHOLC,ITLC,IELLC, TAJLC, IATLC,NIDIM,NIPDIM,NIBDIM,NGRDIM, CNDEX 3

2 NIDDIM,NIRDIM_ LCNDEX 4
COMMON RHO(4®,208),T(37,200),P(80),5P(200,6),PP(82),3PP(200,T) RHO 2

14 SPNGN(26AY,PL(5A,6),G(20046),RHOFTR(40) RHO 3
COMMON/LEVELL/EL(50) s AJ(58),AT(58), XNLC6D) JELMAX(HEB) ) NLEVDIM LEVELY 2
1,EGC240),56(240),NGRAYS(60) , LEVELY 3
COMMON/BASIC2/TITLEC16Y,ELARLDE,ZAP,ZAT,XNHT, NKKM(12),CNPI(12), BASICR2 2

1 CNPIP(1P),S(6R),3ACC109,1D1(60),10P,10E2(6R), 1BUF(6,108), BASIC2 3

2 ECM,UP, NKMAX,NJMAX,NKK(6m),NKDTIM, TCP(30),AMOP(UB),AL88),A2(68), BASIC2 4

3 NRHO(&),XJT, MPOPMAY, NTC2(6) NIDIM, IDECN(10),NKKCN(1Q),ECON,BASIC2 S

4 JPTCU@,2) 4 XMP,XJIP,PIT,NLP,XNLP, KL, IDSTAT(7)»SIC,CSL,CSH,PILLL(3R)BASICE &

3, 1CAPT,PLBUF (5@, 18), INPOPT, TKEEP BASIC2 7
COMMON/TCOFF/ETC(25,6) 4 7C(25,34),BC0O(T7),XSPIN(7),NLDIM, TCOEF 2
{NPART NEE(H) 2 NOCOYANTC(H),1ZAID(T),XMASS(T7),NEEDIM,NLEIN(6,25) TCOEF 3
2NLE(6,2nR),JRAST (20D, 6) TCOEF 4
COMMON/GAMMA/NMP,LGROPT, SWS(10Y,GML(6),GMP(6) ,REL(6),LMBHOL(b)s  GAMMA 2
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20
25
39

48

50
32

68

1 TGRC20M, 8, WKEON,CAXEL, GAXEL, CRAXEL, PRING (1), WKNORN

IF(SWS(1Y)20,25,30
WKCONmwSWS (1)

RETURN

WXCON={,

RETURN
GAMCONE1 . 634928Em3aCAXE #GAKEL

SET WKCON=z1, 1P EXSWS(1y 18 EQUAL 10 O,
IFCCEXSHS(T),GT,@,),AND, (NKKCIR).GE,1)) GO TO 4B
WKCON=1,0

RETURN

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

INDEXSIRHOLCH(IPw i YIANKDIMANJDIM

CALL zcnotnuo.xNoex.Nptg.ana)
NLEV2aXNLCIR)

INDEX=IFLLEH( IRa{IANLEVDIM

CALL ECRD(EL,INDEX,NLEV3, JERR)
INDEX=TAJLCH(IR=1)ANLEVATM

CALL ECRD(AJ, INDEX,NLEV2, IERR)

FIND INITIAL X FOR INTEGRATION
NK=NKK(IR) i
EXMAX3UP«SAC(I)«S8(IR)
EX2EKMAXDF

Ex=EX=DE,

IF(EX,LT.EXSWS(I)) GO Yo S2
CONTINUE

KL OWsK

EXLOWREX

INTEGRATE OVER COMPOUND NUCLEUS SPINS,PARITIES
sym=a,

IPICOMPEwPYY .

XJCN2ABS(XJITeXJP)el,D

XJCNHzXJTeXJIP+R, 01

DO 1069 JJCN=i,{an®

XJCN3XJCN+4, 0

JCNEXJCN#1, @1 .
IF((XJEN.GT (XJCNH) ,OR, (JCN.GT ,NJMAX)) GO TO 110

INTEGRATE OVER FINAL STATE SPINS,PARITIES
XJ2xABS(XJCN=1.)=], B

XJ2H=XJCN+1,81

DO 98 JJ2=1,1000

XJ2zXJ2+1,0

J2=XJ2+1.9 ,
TPE(XI2,6T . XJRH) L OR, (J2,GT.NJMAX)) GO TO 180
J22J=2.4XJ240,01

INTEGRATE QGVER CONTINUUM ENERGIES
EXZEXLOWDE

DO 70 KP=KLOW,NK
IF(JRAST(KP,1IPY,LT.Jd2) GO YO 75
EXzEXeDE

EDSEXSWS(I)=EX

GO YO (60,42),LGROPT
SFTR3IWKMORM«EDNaY

GO T0 78

QAMMA %
WEISSK1S
WEISSKYW
NE1SSK{S
WEISSKi6
WEISSK1?
WEISSK!8
WEISSKL9
WEISSK20
WE1SSK2Y
WEISSK22
WEISSK23
WEISSK24
WEIE5K2S
HEISSK26
WETSSK27
WEISSKRS
WETISSK29
WEISSK3E
WEISSK3Y
WEISSK32
WEISSK3S
LIREELET]
WEISSK3S
WETISSK36
WEISSK3?
WEISSK38
WEISSK39
WETISSK4@
WEISSKUY
WEISSK42
WEISSK4Y
WEISSK4Y
WE1SSKYS
WEISSKds
WEISSK4?
WE1SSK48
WEISSK49
WEISSKS®
WEISSKSY
WNEISSKS2
WE 1SSKS3
WEISSKSY
WEIS3K5S
WEISSKS6
WEISSKS?
WEISSKS8
WEISSKS9
WEISSKeN
WEISSKeY
WEISSK62
WEJSSK63
WEISSK64
WEISSKAS
WEISSKES
WE1SSK67
WETS8K68
WEJSSK&9
WEISSKT®
WEISSKT7
WEISSKT2
WEISSKT3
WEISSKTY
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62
79
75

76

78
79

92
100
110

Q2000

2ne

291

242
5@
58
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3 NRROC(H),XJIT,

SFTPCGAMCONAED AU/ ((ERAXEL a4 2eEDaR2) wn 24 (EDAGAXEL) 40 2)

SUMeSUM¢DEWRHOTJ2,KP)*SFTR
CONTINUE

INTEGRATE OVER DISCRETE STATES

IFCNLEV2.LT,1) GO YO 90

DO 8@ N={,NLEV2
14J2Ja2,#ARS(AJ(N)) +0.01
IF(J22I,NELTAJ2J) GO TO &p
PIAJ = SIGN(1,0,AJCN))
IP1AJ = PIAJ«S!GN(G 1,P1AJ)

IF(IPIAJ,NE, IPICOMP) GO TD A8

ED = EXSHS(I) EL{N)
1F(ED,LE.B.) GO TO 90
GO TO (76,78),LGROPT
SFTRIWKNORMAEDA#3

GO T0 79

SFTREGAMCONAED~#U/ ( CERAXEL #n2aEDew2) Ak 24 (EDAGAXEL Y # 2)

SUMZSIUMSFTR

CONTINUE

COMTINUE

CONTINUE

WKCON = SW§(1)/3UM
RETURN

END

SUBROUTINE INCHSUM(MM)

PERFORM SUMS OVER 8 AND L OF INCIDENT CHANNEL POR GIVEN COMPOUND

NUCLEUS SPIN AND PARITY

COMMON RHO(UO,280),T(30, 200),P(80),5P(200,6),PP(80),SPP(200,T)
1,5PNGN(20QY,PL(SA,8),6(200,6),RKOPTR(4D)
COMMON/BASTIC2/TITLE(LSG), ELAB.DE ZAP,2AT,XMT,
1 CNPIP(lﬂ).S(bO).SAC(i@)aID!(bﬂ)aIDP.IOF?(bW).IBUF(b.!ﬂ);
2 FCM P, NKMAX,NJMAX,NKK(6Q),NKDIM
NPOPMAY,NTC2(6),NIDIM,

MXZ (MMe1)/2 4
€s = cSL

0P=0,
PICOMP=PIT#PICN

LP1COMPRPICOMP4SIGN(O,.1,PICOMP)

DO 6a 18P=1,1000
£$=CS+1,0

IF(CSeCSH) 200, ?09.7%
LPL=ABS(XJCN=LS) +1,.01
LPHIXJCN¢CSH),. 01
LPHaMINA(LPH,NLP)Y
IF(LPL=LPH)201,201,60
CONTINUE

D0 SS LP=LPL,LPH
LPPI=PILLLCLP)
IF(LPPIaLPICOMPY 55,202,855
CONTINUE
DP=ECONJ*TCP(LP) + DP
CONT INUE

NKKM(10),CNPI(10),

+TCP(30),RMDPCUB),ALERAY,A2(6P),
T0ECN(10),NKKCNC1R) ,ECON,BASIC2 &
4 J°I(aﬁ.2).XMP.XJP.PIT.NLPoXNLP.KLaIDSTAT(7):SXC.CSL-CSH:PILLL(30)BASICB -]
S, ICAPT,FLBUF(S5A,10), INPOPT, TKEEP
COMMON/BAMMA/NMP, LGROPT, SWS(10),GML(6),GMP(6),RE1(6),LMGHOL(6),
1 TGR(20Q,6),%KCON,CAXEL,GAXEL,ERAXELJEXSWS(18) ,WKNORM
COMMON/SUMALKYI/KP KD, IP, IN, KNGN, JP12,N,DP, IK
COMMON/SUMBLK2/XJCNPICN, JPICN,ECONJ, MP,J2.L2, TGRL, TLEV, XJ2,
{ 170TCAM)
COMMON/PREEN/LPEQ,SIGR,PREGICH)sCSIGI(H)/NITT(8)ALPHA(S)

WEISRKTS
WEISSKT6
WEIS3KTY
WEISSK?8
WEISSK?79
WEISSK8A
WEISSKB1Y
WE158K82
WEJBSKB]
NEISSKBY
WEISSk8S
WE1SSK86
WEIS3K87
WEISSK8B
WEISSK89
WEISSK9Q
WEISSK9Y
WEISSK92
WEISSK93
WEISSKI4
WEIS58Kk9S
WEISSK96
WEISSK97?
WETESKIS
WE ISSK99
INCHSUM2
INCHSUMS
INCHSUMY
INCHSUMS
INCHSUM&A
RHQ 2
RHO 3
BASIC2 2
BASIC2 3

BASICA 7
GAMMA 2
GAMMA 3
StIMBLKY2
SUMBLKR2
SUMBLK?Y
INCHSU12
INCHSUI3
INCHSUS Y
INCHSULS
INCH3IJ16
INCHSUL?
INCHSUILS
INCHSUL9
INCHS1128
INCHSU2
INCHSUZ2
INCHSURS
INCHSUZ24
INCHSU2S
INCHSU26
INCHSU27
INCHSU28
INCHSU29
INCHSU3B
INCHSU3

BASIC?




oaon

(s Ns Nalye)

(.4
79

31

52
S8

79
72
61
62

COANTINUE INCHRUZR
RETURN INCHSU3Y
END INCHSU34
SUBROUTINE SUMER(NN,DE) SUMER 2
] . . SUMER 3

ADD POPULATION INCREMENT INTO POPULATION ARRAY AND INTO SPECTRA SUMER 4
SUMER §

COMMON RHO(4R,208),7(30,202),P(80),8P(200,6),PP(88),3PP(202,7) RHO 2
1,SPNGN(2AD)Y,PLISO,63,6(208,6%,RROFTR(4B) RHNO 3
COMMON/SUMRLKL/KP, KD, IP, IDs KNGN,JPI24N,DP, IK syMBLKYL2
COMMGN/TOTALS/SIGTOT(10) SUMER 8
SUMER ¢

GO TO (S51,%2),NN SUMER {0
P(JPI2) 3 P(JPI2)4DP SUMER 1t
GO Y0 S8 SUMER {2
PLIN,IP) 8 PL{N,IP)¢DP SUMER {3
DS= DP/DE SUMER 14
SP(KD,IP) = SPIKD,IP)eDS SUMER 18§
S§PP(KD, ID)s SPP(KD,1D)+pDS SUMER 16
IF(1K=2)70,70,72 SUMER 7
SIGTOT(IP)aSIGTOT(IP)+DP SUMER 18
GO TO (61,62),KNGN SUMER {9
SPMNGN(KDYaSPNGN(KD)+DS SUMER 20
RETURN SUMBR 21
END SUMER -22
SUBROUTINE GRLINES GRLINES2
\ GRL INES?Y

CALCULATE DISCRETE GAMMA=RAY CROSS SECTIONS AND SUM SPECTRA GRLINESY
Y0 GET INTEGRAL CROSS SECTIONS GRL INESS
_ , , GRLINESS

FORMAY(//« LEVEL DATA OUT pF ORDER, ZAs#15,2X,aZA2an15,4X, aNLuel3,GRLINESY
1 UX,#LDATE=z#I7,+ ABORT JOR,.s) GRLINESS
GRLINESS

COMMON/LCINDEX/IPBLC,IGLC, IZEROLC, ISPLC, IPLLC, 1EGLC, ISGLL,ITCLE, LCNDEX 2
1 ISTCLC,IRHOLC,TTLC,IELLC,IAJLC,2ATLC,NIDIM,NIPDIM,NIBDIM,NGRDIM,LCNDEX 3
2 NIDDIM,NIRDIM LENDEX &

COMMON RHO(4Q,208).7(30,200),P(80),SP(200,6),PP(80),SPP(200,7) RHQ 2
1o SPNGN(220),PL(SAs6),6(200,4),RHOFTR(UD) RHO 3

COMMON/LEVELS/ZELISD) s AJ(SR),AT(SB), XNLEOD) ,ELMAX(60),NLEVDIM LEVELY 2
1,EG(2uM),86(240),NGRAYS(6R) i LEVELY 3

COMMON/BASICI/NILXNIPCIB),NIR,LR(6,10),ZA1(60),2A2(68),XM2(608), BASICY 2
1 ZACNC1@) ,CSGR(6M)LCOTOT (K@), COSLEV(6@),C8INCEY,EAVID(B),EAVIED) BASICY 3

COMMON/BASTIC2/TITLECLI6) ,ELABLDE,ZAP,ZAT,XMT, NKKM{1Q),CNPI(10), BASIC2 2
1 CNPIP(10).S(608),SACC1RY,IDL(6R),1DP,10E2(60),1BUF(6,10), BASIC2 3
2 ECMyUP NKMAX, NIMAX , NKK(62) ,NKDIM, TCP(3A),OMDP(uRY,AC60),A2(68), BASIC2 &
3 NRHO(6),XJT, NPOPMAX,NTC2(6),NJDIM, 10ECN(10),NKKCN(10),ECON,BASIC2 5
4 JPI(um,2),XMP, XIP,PIT, NLP XNLP,KL,IDSTAT(T7),»SIC,CSL,CSH,PILLL(3@)BASIC2 &
S, ICAPT,PLBUF(S@,10) s INPOPY,YKEEP BASIC2 7

DIMENSION NYT(S2),T16(5%50,48),NFF(3A,40),PR(SQ,40),CPR(%A,40Q) GRLINEYS

EQUIVALENCE (I1G,RHOY, (NFF,RMOCE,101)), (PR, T)(CPR,T(L,101)) GRLINE1S

, _ GRLINELY?

MAIN CALCULATIDN LOOPS GRLINE1S

CALL ECRD(PLBUF,]2EROLC,5A8, IERR) GRL INE19

CALL ECRD(CSGR,IZEROLC,NIR, JERR) GRL INE2O

CALL ECRD(CSYOT,IZERQLC,NIR, IERR) GRLINE2]

CALL ECRD(EAV,1ZEROLC,NIR,1ERR) GRLINER22

CALL ECRD(CSLEV,12EROLC,NIR, 1ERR) GRLINE23

REWIND KL GRLINE24

00 1003 Is1.NI GRLINERS

NIPsXNIP(1) GRLINEZ26

NPTSNIPANLEVD]M GRLINE27

INDEX2IPLLC#(Tw])4NLEVDIMaNIPDIM GRLINE28

CALL ECRO(PL,INDEX,NPTS,IERR) GRLINEZ29

A-31
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HRTAS NYXB{HaN]P
INDEX215PLC+ (et ) «NKDIMaNTIPDIM
CALL ECRD(SP, INDEX,NPTS, IERR)
DO 102 IPat,NIP

IRa LR(IP,1)

NLEV2 = XNL(IR)

ADD PARTICLE=INDUCED POPULATIONS TO STATES THAT GAMMA DECAY
18=1BUF(IP, 1)

IF(IB,LF.MIGO TO 90

00 4@ N=i,NLEV2 .

PLBUP(N,1B) © PLBUF(N,IB)+PLIN,IP)

ID = ID1(IR) ,

IFCID,NEL7) GO TO 90

COMPUTE OISCRETE GAMMA cR0SS SECTIONS
1242=ZA2¢IR)

READ(KLY IZAsNL,LDATE
IFCTIZALEN,1ZA2) GO TO %n
WRITE(6,1) 12A,1ZA2,NL,DATE
stop

NGZ0

DO 60 Nz§,NL ,

PLIN,1P) = PLBUF(N,18)

READ (KLY EL(NI,AJEN) ,AT(NY, TAUSNTT(N)
NT=NTT(N) .

IF(NT,LT.1) GO TO 49

00 58 KNz{,NT

NG=NG+1

IG(N,KN)SNG

READ(KL) NFF(N,KN),PR(N,KN),CPRCN,KN),AMR,LLY,LL2
CONTINUE

NGRAYS(TR)=NG

NGRaNG

DO 78 NN22,NL

NeNLwNN+2

NT2NTT(N) ..

IFC(NT,LT,1) GO 10 7@

DO 66 KNz{,NT

NGEIG(N,KN)

NFSNFF (M, KN) .
EG(NGYTEL(N)=E| (NF)

DP=PL(N, 1P)#PR(N,KN)
PLINF,IP)Y=PL(NF,IP)+DP
DP3DPRCPR(N, KN)

SG(NGYz DP ,
CSGRCIRYICSGR(IRI+DP

KDa EG(NG)/DE + 0,5
IF(KD,LT 1) KDmy

BS = DP/DE .

SPLKD,IP) = SP(KD,IP) ¢ DS
SPP(KND, INY = SPP(KD,ID) + DS
CONTINUE ]
INDEXSTEGLE+(1Rw1)#NGRDIM

CALL ECHWR(EGe INDEX,NGP, T1ERR)
INTEX=TSHLCH (IRe 1) #NGRDTIM

CALL ECWR(SG,INDEX,NGR, 1ERR)
NPTS=NIPANLEVDIM
INDEX=TIPLLC+ (e I«NLEVOIMaANIPDIM
CALL ECWR(PL,INDEX,NPTS,IERR)
NPTS3 NKDIMaMIP
INDEX=ISPLC+(Te)1)#NKDIMaANIPDIM
CalL ECWR(SP,INDEX,NPTS, IERR)

GRL I 3P
GRLINP Y]
GRLINE32
GRLINE3D
GRLINE3Y
GRLINE3S
GRLINEZS
GRLINE3Y
GRLINE3S
GRLINEJQ
GRLINEUD
GRLINE4G
GRLINEYR
GRLINEYUS
GRL INZ G4
GRLINEYS
GRLINEUSG
GRLINE4?
GRLINEUS
GRLINEUYS
GRLINESQ
GRLINESY
GRL INES?2
GRLINESS
GRLINESA
GRLINESS
GRLINFSS
GRLINES?
GRLINESS
GRLINES9
GRL INE6D
GRLINESY
GRL INE62
GRLINESD
GRLINEGU
GRLINES6S
GRLINEGS
GRLINES?
GRLINEAS
GRLINE69
GRLINETO
GRLINET
GRLINET2
GRLINETS
GRLINE74
GRLINETS
GRLINE76
GRLINET?
BRLINET?S
GRLINETS
GRLINEB®
GRLINESBY
GRLINES?
GRLINEAS
GRLINESU
GRLINESBS
GRLINEBS
GRLINER?
GRLINESS
GRLINES?9
GRLINE9D
GRLINE9Y
BRLINE9Z
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GRLINP9Y

SUM INDIVIDUAL SPECTRA GRLINFOY
En=o, GRL INE9S
NKENKK(IR) GRLINE9S
D0 92 K=1,NKMAY GRLINE9?
ED=ED+DE GRLINE9S
EAV(IR)Y=EAVCIR)+ED«SP (K, IP) GRLINESO
CSTOT(IR)« csror(IR)+sP(K 1P) GRLIN1QQ
IF(CSTOTCIRY,GT,2,) EAV(IR)®EAV(IR)/ZCSTOTCIR) GRLINiQY
CSTOT(1IR)= CSTOT(XR)*DE GRLINI@2
) ) GRLINIQ3

SUM LEVEL POPULATIONS FROM CONTINUUM AND LEVEL TRANSITIONS GRLIN§OY
DO 94 N=1,NLEV2 o GRLIN1AS
CSLEV(IR)s CSLEV(IR)+PL(N,1P) GRLIN{AS
CONTINUE GRLIN1IOY
GRLINLGS

SUM COMPOSITE SPECTRA GRLINiQG
00 t1e 10=4,7 GRLINMNI$Q
CSID(IO):G GRLINt1Y
EAVID(ID)=n, GRLINI$2
€0=0, C GRLINtIY
IF(IDSTAT(1D).LT.1) GO 0 1@ GRLIN1Y
DO 178 Ka§,NKMAYX GRLINLIS
ED=ED+DE GRLIN{t6
EAVID(IDIIEAVIN(ID)+EDaSPP (K, D) GRLINYIYIT?
CSIDCIN)= €SIDLIPI+SPP (K, ID) GRLINYEB
IF(CSIDCIDY,6T.0,) EAVINCID)aEAVID(IDY/CSI0(ID)Y GRLIN{tO
CSID(IDY= CSID(ID)tDE - GRLINi2D
CONTINUE GRLINt21
€3lo¢ay=a, GRLINt22
EAVID(8)=0, GRLINt23
EDee, ) GRLIN124
DO 129 Kaf NKMAY GRLINEZ2S
EDSED+DE GRLIN26
EAVIO(S)=EAVID(8)0£D*SPNGN(K) GRLINT2Y
csxota)acs;oca)+sp~cNtK) . GRLINt28
IF(CS1D(8),.GT7,.0,) EAVID(B)l!AVIDtU’ICS!D(&) GRLINt29
csxntaazcstota)-oe GRLIN13O
RETURN GRLIN1 3
END GRLIN132
SUBROUTINE DATAQUT DATAOYT2
) DATAQUTS

MATIN OUTPUT ROUTINE DATAOUITY
, . DATAOUTS

FORMAT(IHt,10X,2R A DT AT T ON . NIDTHNS . DATAOUTS
FORMAT(IHL., 10X, S P E C T R A FROM INDIVIDUAL DATAQUT?
{1 REACTIONS S/ DATAQUTS
FORMAT(36X,10(A6,F5,8)) DATANOUTY
FORMAT (46,410, (10C1X,A10)) DATAQUID
FORMAT (AL, A7 1P, 12(ELQ, 3, 1X)) DATAOULY
FORMAT (1S, Fla 3,2%X,1P, 1@(510 3.1X3) DATAOULR
FORMAT({H],38X,»C O M P O3 1 T E SPECTR A /) DATAOQUL3
FORMAT(IH1,10%,2D I S CRET E LEVEL INFORMAT I DATAOULY
10 N ) DATANOULS

FORMAT(// 3H 1212,3X,3HIPal2, 3X.3HIR'IZ;3X04H211'070 Qs 3X) 4HZA2RFSDATAQULG
1.7+3X,1O0HSEPARATION ENERGY =F7.3,4H MEV,3X, Y1HACCUMULATED SEPARATIDATAOULY

20N ENFRGY =2F7,3,4H MEY) DATAOULSB
FORMAT( 38M NUMRER OF LEVEL IN RESIDUAL NUCLEUS =13,3X,22HNUMBER ODATAOUI9
IF GAMMA RAYS =13,3X, #RESIDUAL NUCLEUS ID =3+IS) nATAOUZ20
FORMAT(// = LEVEL LEVEL SPIN, PRQDUCTION NUMBER OF FINDATAOU2Y
1AL FINAL TRANSITION CONDITIONAL GAMMA GAMMA PRODUCYION DATAOU22
2 %y * NO ENERGY PARITY (CROSS SECTION TRANSITIONS LEVDATAOU23

3EL ENERGY PROBABILITY PROBABILITY NUMBER ENERGY CROSS SECTIODATAOU24
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UN» / * (MEV) (BARNS) NOOATADY2S
5 (MEV) ) L , (MEV) (BARNS)w#) DATAOQU26
FORMAT(/ T4,F10,4,07,1,3X,1PELL.4,110) , DATAOU27

FORMAT(USX,T10.F10.4sF11.4sF13.4,18,F10,4,3%Xs1PESL,4) DATAOU28

FORMAT(1K1, 1@X,#L E V E L DENSTITY PARAMETERJULIITTS

18+ ) DATAOU3Q
FORMAT(/ » .1 IP IR 1241 1242 A _TEMP E@  EMATCH DATAOU3Y

{ECUT  LEVELS PN PZ SN 82 $ SAC » / DATAOU32
2 * (/MEVY (MEV)  (MEV)  (MEV)  (DATADU3Y
IMEV) AT ECUT (MEV)  (MEV)  (MEV)  (MEV) (MEV) (MEV)* ) DATAOU3Y
FORMAT(313,F5,0,F7.0,1X,2F7,3,3F8.3,F6.2,1X,4P8,292F9,3) DATAOU3S

FORMAT(x NUMBER OF LEVELS IN RESIDUAL NUCLEUS mww,I3/// DATAOU3S

1# LEVEL LEVEL  SPIN, 180~  PRODUCYION*/ DATAOUY?
2+ NO ENERGY PARITY  SPIN CROSS SECTIONa/ DATADU3S
3 . (MEV) . (BARNS)I#/) DATAOU39
FORMAT(IU,F1®,4,2F7,3,3Xs1PE1144) DATACUYA

FORMAT(1H1,8A10@,/1H ,841Q) DATAOUUY

FORMAT(/% LAR NEUTRON ENERGY a#1PE1f.,U4,» MEV*/) DATAOUSGR

FORMAT(/#* RINARY REACTION SUMMARIES (COMPOUND NUCLEUS ONLY)#,//  DATAOU43

1»  REAGTION . SIGMA /% PRODUCT (BARNS)#,/ DATAOUAY
2% Cummvwan --.vtor,qq) DATADUU4US
FORMAT(1X,A10,2%,1PELL.4) DATAQUAS

DATAQUAT

COMMON/LCINDEX/IPBLC, 16| C, IZEROLC, ISPLC, IPLLE, TEGLC, ISGLE, ITCLC, LCMDEX 2

! ISTCLC,IRHOLE,ITLC,IELLE,2AJLC, TATLC,NIDIM,NIPDIM, NIBDIM, NGROIM, LCNDEX 3
2 NIDDIM,NIRDIM LCNDEX 4
COMMON RHO(4®,208),7(30,200),P(8A),SP(2@R,6),PP(80),SPP(200,7) RHO 2

1,8PNGN(2008),PL(SB,6), G207, 63 ,RHOFTR(4R) RHO 3
COMMON/LEVEL1/EL(5@),AJ(50),AT(58), XNL(6),ELMAX(60),NLEVDIM LEVELY 2

1,EG(2U4),86(24n) ,NGRAYS(68) LEVELY 3
COMMON/BASTC1/NI,XNIP(19),NIR,LR(6,10),2A1(60),2ZA2(68),XH2(60),  BASICY 2

! ZACN(1@),6SGR(6M),CSTOT(6M),CSLEV(60),CSID(B),FAVID(B),EAV(6R)  BASICY 3
COMMON/RASTCR/TITLE(16),ELAB,DE,2ZAP, ZAT,XMT,  NKKM(1@),CNPI(10), BASIC2 2

1 CNPIP(14),S(6M),SAC(1@),1D1¢6@),1DR, TOF2(6@), IBUF(6,18), BASIC2 3
2 ECM,UP,NKMAX, NJMAX,NKK(6R),NKDIM, TCP(30),QMDP(4@) ,A(60),A2(64), BASIC2 4
3 NRHO{6),XJT, NPOPMAX ¢ NTC2(6),NIDIH, IOECN(1P),NKKCN(1@),ECON,RASTIC2 S
4 JPI(4R,2),XMP, xJP,PIT,NLP,RNLP, KL IDSTAT(T)+81CsCSL,CSH,PILLLI3BIRASIC2 6
50 1CAPT,PLAUF(5A, 10), INPOPT, TKEEP BASIC2 7
COMMON/PRNTOUT/IPRTLEV, IPRTTC, IPRTMLD, IPRTHID, IPRTSP, IPRTGC PRNTOUT2

COMMON/LEVNEN/DEF (6C) , XNLGC(60) yECGC(6A),UCUTOFF,DEFCN,TGC(6B) LEVDEN 2
1 EQGC(60),FMATGC(6B),PATR(6M),XMRI(HE),XNLLNI6®),52(128),5N(158), LEVDEN 3

2 P2(1aA),PN(1I50) LEVDEN 4
COMMON /SPNPAR/ SPIN,PARITY,KGRD LEVDEN §
DIMENSION SCRUF3(200,10),HK(2),HGAM(2) ,HLEV(2),HTOT(2),ZADUM(6@), DATAOUSS

{ SCBUFUt2PA,6,10),BLANK(2),BCD2(B),HEAV(2) DATAOUSS
COMMON/PREEQ/LPER,SIGR,PREQRTICH)4CSIGICE) 4 NITT(S),ALPHA(S) DATAQUSY
COMMON/TOTALS/SIGTOT (1A : DATAOUSS
EQUIVALENCFE (RHO,SCRUF3Y, (RHO(1,51),8CBUF4) DATADLSO
DIMENSION MTA(S3),3PX(20a0),XE(200) DATAQUGQ
DIMENSTION INTC1),NBT(1) DATAOUGY
DATA MTA/‘B;‘&.‘T' 170 16.1600.91o 1@2'B.g'0.0,0)0,0'32,285%’0’8;0' DATAOsz

X105,33,104,22,3040,0,103,2.,0.0,107,0,1086,14%0/ DATAOUSS
DATA C1,L1.L2)NR,MC/@,s2sBs1.1/ DATAOUG6S

- o . DATAOUGS
DATA BCD2/1%H NEUTRON ,10H PROTON ,18KH DEUYERON, $0H TRITYON ,DATACGUGS

{ 10H HELTIUMe3, {2H HELIUMed, 10K GAMMAWRAY, {8H G,NEUTRON/DATAOUG7
DATA RWID,HMEV,HSIG,HRARN,HBMEV ,HDASH, HK, HGAM, HLEV,HTOT,NZACN, DATAOUGS

{ HZA1,HZA2/18BH WIDTH ,1@H (MEV) ,1@H SIGMA ,1@H (BARNS)DATAOUGS

2, 10H (B/MEV), |0H wwwacvanae, b4H K 410K ENERGY , 18K LEVEL DECDATAOU7O

3, THAY C/Sc,10H LLEVEL EXC,7THIT €/S8=,10H TOTAL PRO,7HD, C/S%, DATAQUTY

4 6H ZACNS,6H Zat3,6H 7A25/,BLANK/{OH 2 §OH / DATAOUT2
DATA HSPEC/1OK SPECYRUﬁ/.HEAV/lﬂH AVG,ENERGs THY £MEV)/ DATAOQUT3
DATA HNON/{QAHNONELASTICY DATAOUTY
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ENERGY AND BINARY CROSS SECTION PRINT
NIP=XNIP(}) .

DO 25@ IP={,NIP
SIGTOT(1A)=SI1GTOT(1@)+SIGTOY(IP)
WRITE(6,219) TITLE

WRITE(6,220) ELAB

WRITE(6,221) .
WRITE(6,222) HNON,SIGTOT(1M)

D0 262 IP=y,N1pP

IR=LR(IP, 1)

10=1D1CIR)

WRITE(S, 22?) BCD?(ID) SIGTOT(IP)
IF (LPEQ.NE,L1)GO TO 208
WRITE(6,Pu6) .

DO 249 IP={,NIP

IR=LR(IP, 1)

INa10 (IR)

NK=NKK( IR)

IFINK,LY,13G0 TO 249

IF(ID EQ.7YG0 TD 249

NRITE(b 2473YIP, 1N, RED2(1D), NITT(ID),ALPHA(ID), CS!GI(ID) PRERICID)
FORMATE///{S5Xaenaenn PRE-EQUILIBRIUM SUMMARY weemasi/)
FORMAT(/Sx#IP 2 #13,2%%1D a #13,2X40UTGOING PARTICLE =

X®#INITIAL EXCITON NUMBER & «I3,SX+PREQ NORMALIZATION »
X COMPOUND X-SEC(BARNS) = #F14.5,5X% PREEQ XwSEC(BARNS) =

X}
CONTINUE
CONTINUE

WIDTH PRINT OPTXON
IFCIPRTWIDLLT,1) GO TO 40
NPTSENKDIMabN] .

CALL ECRD(SCBUFu4,16LC,NPTS, IERR)
ICTu0

DO S8 Ixg,NY

NIP=® XNIP(1)

DG S8 iP=i,.N1P

IRSLR(1P, 1)

ZADUM(IRY= ZACN(I)

ICTRICT

DO S2 X=i,NKMAY

SCBUF3(K.IrT) x scausacx.;v )
IFCCICT, LY. 103 AND, (IR, LT.NTR)) GO 10 %8
{RHa IR

NICTzICY

IRLaIRHeNICT+ ¢

PRINT WIDTHS

WRITE (641) ) .

WRITE(6,3) (HZACN,ZADUM(II),I1=IRL,IRN)
WRITE(6,3) (HZA1, ZA1(17),11aIRL,IRK)
WRITE(6,3) (HZA2, ZA2(I}),Il=IRL,IRH)
WRITE(6,4) BLANK, (HDASH, IIzIRL, IRH)
WRITE(6,4) HK, (HWID,II=IRL,IRH)
WRITE(6,4) BLANK(1),HMEV, (MMEV,11gIRL, IRM)
EK=UP+DE

DO SO Keil,NKMaY

EK=EK=DE , ' )
WFXTE(bpb) KlEK'(SCBUFl(K‘I!)'!IgitNch,
1CT=0

CONTINUE

DATAOUTS
DATADUTS
DATADUTY?
DATAQU78
DATAQUTO
DATAQUSB®
DATAOUBY
DATAOUS?
DATAOUBY
DATADURY
DATAOUSS
DATADUBSH
DATAOUSBT
DATACUBS
DATAOUSBS
DATAOUSR
DATADU9Y
DATAOU92
DATAQU9Y
DATAOU9Y
DATAOUYS
DATAOU9S
DATAOU9?

*A1Q/SXDATAOU9S

wELH,S5/3X*DATAOU99

«F14,5/DATAQ10Q

DATANIOY
DATAO1@2
DATAOIR3
DATADIRY
DATAOIOAS
DATADIO6
DATAOIRT
DATAOINS
DATAD{A9
DATAD11Q
DATADS LY
DATAOQyg2
DATAQ1t3
DATAOL1G
DATAO14S
DATAN{ L6
DATAOQILY
DATADYSS
DATAO119
DATAQ1R20
DATAGLR2Y
DATANL22
DATAN123
DATAQ124
DATAQiR2S
DATAQ126
DATAQL2?
DATAO128
DATAQL29
DATANY3Q
DATACY3Y
DATAD132
DATADY33
DATAQ134
DATAQ$3S
DATADL 36
DATAOD137

A-35
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INDIVINUAL SPECTRA PRINY DPYION
IF(IPRTSP,LT,2) GO TO 7

ICT=0 )

D0 68 13{,NI

NIPz XNIP(1)

NPTS2 NKDIMaNIP
INDEX=1SPLC+(Te{)#aNKDIMaNIPDIM
CALL ECRD(SP, INDEX,NPTS, IERR)
DO 68 IP={,NIP

IR = LRCIP,I)

ZADUM(IR)= ZACN(1)

ICT = ICTed

DO 62 K=1,NKMAX

SCAUF3(K,ICT)= SP(K,IP)
IFCCICT,LTL 1)L AND, CIRLLT.NIR)) GO TO 68
IRHa IR

NICT=2ICT

IRLSIRHeNICT4

PRINT CROSS SECTIONS AND SPECTRA
WRITE(6,2)

WRITE(6,3) (HZAGN,ZADUM{II),112IRL,IRH)
WRITE(6,3) C(HZAt,  ZA1(I1),1I=IRL,IRH)
WRITE(b,3) (HZA2,  ZA2(¢11),TI=IRL,IRH)

WRITE(6,4) BLANK, (HDASH.II=TRLa!RH)
WRITE(6,4) BLANK, (HS1G, 11=1RL, IRH)
WRITE(H,4) BLANK, (HRARN, T13IRL, IRH)

WRITE(6,5) HGAM, (CSGR(IT),II=IRL,IRM)
WRITE(6,5) HLEV, (CSLEV(II),II=IRL,IRH)
WRITE(6,5) HTOT, (CSTOT(II},IT=IRL,IRH)

WRITE(S,8) BLANK, (HDASH, T1=IRL, IRH)
WRITE(6,5) HEAV, (EAV(IT),YI=IRL, IRH)
WRITE(&,4) BLANK, (HDASH, 1T1=IRL, IRH)}
WRITE(b,4) HK, (HSIG, II1=IRL, IRH)
WRITE(6,H) BLANK(1), HMEV:(HBMEV,II=IRL.IRH)
EXz0,

DO 64 Kai,NKMAX

EKZEK+DE

WRITE(6,6) KsEK, (SCBUF3(K,11),1In1,NICT)
1cT=0
CONTINUE

IFCCIPRTSPLNE, 1) . AND, (IPRTSP.NE,3)) GO TO 80

PRINT COMPOSITE SPECTRA

WRITE(6,T) ]
WRITE(6,U) BLANK,(BCD2(ID),1D%1,8)
WRITE(b6,4) BLANK, (HSPEC,ID=1,8)
WRITE(6,4) BLANK, (HDASH,INS{,.8)
WRITE(6,4) BLANK, (HSIG .1031.6)
WRITE(6,8) BLANK, (HBARN,ID®E1.R)
WRITE(6,5) HTOY,(CSID(IN),ID=1,8)
WRITE(6,8) BLANK, (HDASK,IDn=4,8)
WRITE(S,5) HEAV,C(EAVID(1D),1Dxt,8)
WRITE(6,u) BLANK, (HDASH,ID=1,8)
WRITE(6,4) HK, (HS1G ,1D=1,8)
WRITE(6,4) BLANK(Y), HMEV.(HBMEV I1D=1,8)
Exs9,

DO 74 K=zl,NKMAYX

EX2EK4DE

WRITE(6,6) KifK, (SPP(K,10).,10=x1, 73, SPNGN(K)

IFCIPRTLEVLLT,.1) GO TO 9@
PRINT DISCRETE LEVEL AND GAMMA=RAY DATA

DALADY SA
DATAOL39
DATAO$40
DATAO14Y
DATAQt4R
DATAQL4Y
DATAOt4Y
DATAO14S
DATAQL 46
DATADL47
DATAQLUB
DATAO(49
DOATAQ1S0
DATAO15!
DATAOQ1S52
DATAD1SY
DATAO1S4
DATAQ1SS
DATAQ1S6
DATAQYS?
DATAOQO158
DATAO1S9
DATAD{ 60O
DATAQ16}
DATADY62
DATANI63
DATAOLGY
DATAOL65
DATAOL 66
DATAO167
DATAQ168
DATADL69
DATAOL70
DATACITY
DATAQ172
DATAOLITS
DATAQ174
DATADLTS
DATAO176
DATAODL77
DATAOI7A
DATAOY179
DATADi80O
DATAO18Y
DATAO(82
DATAG183
DATADL8Y
DATAO185
DATADL 86
DATAOQ(87
DATAOIAS
DATAOQ189
DATAO}90
DATAO19!}
DATAQ192
DATAD1G3
DATAO194
DATAD19S
DATAO$96
DATADI97
DATAO{98
DATAO{99
DATAO2V0




84
82

84
86
88
99

98
14e

WRITE (4, N)

REWIND KL

DO 88 f=1,N?

NIPz XNIP(1)

NPTSz NIP#NLEVDIM .
INDEX=IPLLC+{Tw{)ANLEVDIMANIPDIM

CALL ECRD(PL,INDEX.NPTS, IERR)

DO 88 1P, NIP |
IFCLPLCY.IP) . EQ. B, ), AND, (NKKCNCT),LT.1)) GO TO 88
IR= LR(1P,1)

NLEV2=z XNL(¢IR)

WRITE(6,9) 1,1P,TR,ZA1CIRY,2ZA2(IR),8(IR),SALL])
IFCIDICIRYLEG,T) GO TO R2

WRITE(6,17) NLEV2
INDEXZIELLC#{TR={IANLEVDIM

CALL ECRD(ELsINDFX,NLEV2, JIERR)
INDEXsTAJLC4(IRn1)XNLEVDIM

CALL FCROCAJ, INDEX.NLEY2, IERR)
INDEXZIATLCH(IRm1YANLEVDIM

CALL ECRDCAT,INDEX,NLEV2, IERR)

DO B1 N={,NLEVD

WRITE (A, 18) N ELINY AJ(N),ATENY,PLEN, IP)
GO 10 88 _

READ(KL) 174,NL,LDATE

NGR = NGRAYS(IR)
INDEX=12GLC+(IRw1)ANGRDIM

CALL ECRDC(EG, INDEX«NGR, IERR)
INDEX=TSGLC+C TRl ) ANGRDIM

CALL ECRD(SGs INDEX,NGR, TERR)
WRITE(6,17) NLEV2,NGR,I7A

WRITE(b,11)

NG

D0 86 N=1,NL
READIKLIELUNY,AJJ,ATT, TAU,NTY
WRITE(6, 12) N,EL(NY,AJJ,PLIN,IP),NT
IF(NT,LT.1) GO TO B6

DO 84 Kzi,NTY

NGaNG# )

READ(KL) NF,PROR.CPROB, AMIX,LLI,LL2
WRITE(6,13) NF,EL(NF),PRO0B,EPROB,NG,EG(NGY,SGING)
CONTINUE

CONTINUE )

IFCIPRYGC,LT,1) GO TO 1@

PRINT GILBERT«CAMERON PARAMETERS
WRITE(H,14)
WRITE(6,15)

DO 98 Ief,Nt

NIPz XNIP(T)

DO 98 IPEi, NIP
IRs LR(IP, 1)

1ZA= ZA2(IR)

Ioz MOD(1ZA,1000)
125 1za/100@

INE laelZ

DATAN2WY
DATAC2UR
DATAO203
DATAQ204
DATAG20S
DATAQ2D6
DATAQ22Y
DATAOZQ8
DATAO2A9
DATAD210
DATADR24
DATAQ242
DATAQ213
DATAGR214
DATAD21%
DATAD216
DATAODR1Y
DATADR18
DATAQ219
NDATAOR220
DATAO22%
DATAQ222
DATANR23
DATAQ224
DATAQR22S
DATAQ226
DATAQ227
DATAD228
DATAQ229
DATAQ232
DATAD231
DATAD232
DATAQ233
DATAD234
DATAU23S
DATAO236
DATADR37
04ATAD218
DATAD239
DATAQ240
DATAQ24Y
DATAQ242
DATAC24Y
DATAO244
DATAN24S
DATAQ246
DATAQ247
DATAQR248
DATAO249
DATAQZSE
DATAQ2SY
DATAD252
DATAD2S3
DATAQ2S4
DATAD2KS

WRITE(6,16% 1,1P,IR,ZALCIR),ZA2(IR),A2(IR),YGC(IR),EDGCCIRY,EMATGLDATADRSSH

1CIR),ECGCCIR) ,XNLGCUIR),PNCINYAPZ(LIZ),8NCINYSSZ(I2),8(IR),8AC(T)

CONTINUE

RETYURN

END

FUNCTION ISERCH (X EE,NE,A,4k1,A2)

FIND PARAMETERS NECESSARY FOR SPLINE INTERPOLATION

DATAD2ST
DATAO258
DATAD2%59
DATAO260
ISERCH 2
ISERCH 3
ISERCH 4
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e XerXakz N R 24

50

o000

A-38

10

20

40

{agncH 8

X » ENERGY AT WHICH FUNCTION 18 10 BE EVALUATED ISERCH &

EE e ARRAY OF FUNCTION ENERGIES ISERCH 7

NE « NUMBER OF ENERGIES STORED IN EE ISERCH 8
AyA1, A2 « SPLINE INTERPOLATION PARAMETERS ISERCH 9
. ISERCH1D

FORMAT(//# SPLINE FUNCTION ISERCH OUT OF RANGE. K ® »14,SH NE®Id)ISERCHIY
DIMENSION EE(NE) 1SERCHY2
ISERCHI3

K £ 9 ISERCH14
IFC(X,LTLEFCLY) OR.(X,GY.EECNE))) GO YO 58 ISERCH1S
K 3 i ISERCH1b
IFCX,LT.EECK)) GO TO 28 ISERCH|?
IF (X LTJEE(K+1)) GO 10 4o ISERCH1B
K2z Kae o ISERCHI9
IF(K,LT,NEY GO TO 10 ISERCH20
K=z Ke}? 1SERCH21
60 TO 47 o ISERCH22
IF(K.ED, 1) GO TO 4@ JSERCH23
K=1 ISERCH24
6o 10 10 L ISERCHZS
H & EE(K+41) » EE(K) ISERCH24
HY = X o EE(K) ISERCHR?
H2 3 EE(K+1) = X ISERCH28
A = H2*Hi/6, ISERCH29
AY = HI/H 1SERCH3A
A2 = H2/H ISERCH3Y
ISERCH & K ISERCH32
ISERCH33

RETURN ISERCHIY
IF(X,GT,EECNE)) K=Q99 ISERCH3S5
WRITE(6,1) KsNE ISERCH3®
RE TURN ISERCH3?
END . ISERCH38
SUBROUTINE PRECMP PRECMP 2
PRECHP 3

PRECMP 4

. PRECMP S
COMMON/LCINDEX/IPBLC, I6LC, TYEROLC, ISPLC, IPLLC, IEGLC,ISGLC, ITCLC, LCANDEX 2
1 ISTCLCsIRHOLC,ITLC,IELLC,TAJLC,ZATLE,NIDIM,NIPDIM,NIBDIM,NGRDIM,LCNDEX 3
2 NIDDIN,NIRDIM LCNDEX 4
COMMON RMO(4@,20A8),T(30,200).,P(80),SP(200,6),PP(80),5PP(200,7) RHO 2
10 SPNGN(2@RY,PL(S5Bs6)¢6(200,6),RHOFTR(40) RHO 3
COMMON/TCOEF/ETC25,6),TC(26,3@),BCD(7),XSPIN(T),NLDIM, TCOEF 2
{NPART NEE(6),NOCOY NTC(6),12ZAID(7),XMASSCT),NEEDIM, NLEINC6,25)s  TCOEF 3
2NLE(6,200),JRAST(208,6) TCOEF &
COMMON/LEVFLI/ZELESP) 4AJ(50) 4 AT(SB), XNL(60) ,ELMAX(6D),NLEVDIM LEVELY 2
1,EGL240),S6(240),NGRAYS(60) LEVELL 3
COMMON/BASTCY/NT,XNIP(1p) ,NIR,LRC6,18),2ZA1(60),ZA2(60),XM2(60),  BASICYE 2
! ZACN(1R),CSGR(60),CSTOT(68),CSLEV(6R),CSID(B) , FAVID(B),EAV(6A)  BASICY 3
COMMON/RASIC2/TITLE(C!6),ELAB,DE,ZAP,ZAT,XMT,  NKKM(14),CNPI(10), BASIC2 2
{ CNPIP(1M),5C6m),SACLINY,ID1(6A), IDP, I0E2(6A),1BUF(6,108), BASIC2 3
2 ECM, 1P, NKMAX, NJMAX,NKK(6R), NKDIM, TCP(30),0MDP(4B) ,A(60),A2(68), BASIC2 4
S NRHOC6),XJT, NPOPMAX, NTC2(6) ,NJDIM, TOECMC{R),NKKCN(1@),ECON,BASIC2 5
4 JPICUA,2) XMP,XJP,PIT,NLP,XNLP, KL, IDSTAT(7),8IC,CSL,CSH,PILLL(3B)BASIC2 6
S, ICAPT,PLRUF(5/,18), INPOPT, TKEEP BASIC2 7
COMMON/PREEG/LPER, SIGR,PREQT(6) s CEIGIC6),NITT(6)/ALPHA(S) PREEQ 2
COMMON/PREQI/ZEFSIG(R2GU, ) ,NLEV,NPIT,NIT PREGYL 2
COMMON/FITTING/ACN,FSIGCN,STGPEQ FITTING?2
DIMENSION SPZ(200) PRECMP1S
DIMENSION PREA(200),PREQIN(6,200) +SPZIDC6,200) PRECMP16
DIMENSION PPREP(8A),PREP(8D) RRECMPYY
NIPEXNIP(1) PRECMP18




20089

3026

30
3909

Xaf,tvyer,

DO 2002 1Pui,NIP

KMAXENKMAX

IR=LR(IP, 1)

ID=1D01 (IR}

IF(ID,FN,7160 T0 2000
NKENKKCTR)

IF(NK,LT, 1560 1o 2900
EE(KMAX+,S)*DE

PI11=3,14159

GGGs b RACN/PIIan?

AAASXMT oY,
NFINZSORT(1,5#GGGHE)
XMOEXMASSCJ0) #XMT/(XMToXMASSC10))
ALPHI=S(14,+SIC)eALPHA(LID)
ALPH=ALPHY/E,

PCONSSTGRR (2, A XSPINCIDI&1, )/ CALPHALI2, AP Tna2)
PCONSPCOMN/(AAARERR3)
NIT=NITY(ID)

KMAXSNKMAX

EGR=SAC(1)+S(IR)

KGRzEGR/DE
KLFz(1JPeSACC1)aSCIR}Y/DE+0.5
D0 2 I=1.KLM

Us(KLMmls 5)4DE

PRER(I) =0,

DO 4 NaNTT. NFIN, 2
PRFQ(!):”REO(I)«EPS!G(! 10Ye{(NuiIn(NetInu2)nCU/E)ra(NaD)
CONTINUE

PREN(1)aPREQ(T)#PCON
IF(SPP(1,1D).LE.A,IPREQ(I)=D,
PREOINCID, 1)=PR$0(I)
X:KOPREG(I)$Y=Y+SPP(11ID)
CONTINUE

CONTINUE |
IF (Y,LE.R,)PRINT 3006

FRACT&I!
1IF((X,GE. Y) AND.(X 6T, ! Es99)) FRACT{®Y/X

ronMAr(///asx. wowna SpEcTRUM SUM al, ND PRECMP wawaen///}
IFCY.LE.Q,160 YO 3a@7

FRACT=(1,aX/Y

IF(FRACY LE.A.)FRACT=D,

X2X«DESY=2Y«DE
DO 34P8 1P=1,NIP
IR=LR(IP,§181D= xoitla)
NK=NKK(IR),

IF(ID.EQ. 7 oR,, NK LT.!)GO 10 30002
U=z, SPREDTCID) =A.SCSIGI( D) =0,
KLM=(LPwSACC1)«SCIR)I/ZDE+R.S
DO 3@ 1Imi,KLM_
PREQ(II)IFRACT{«PREQID(ID, 11}
PRENIDCID, II)ePREG(IT)
YY=FRACT#SPP(1Y1,1D)
Z=YY+PREQ(T1)
1F({SPP(11,1D).EQ.0.)250,
UsU+DE

130=K4AXe]Y

sPZe1tyeZ .

SPZIDCIN,11)=Z
PREQICINI=PREALTITIXDESPREGI(CID)
CSIGI(ID)=YY*DE+CSIGICID)
CONTINUE

CONTINUE

Pty 9
PRECMP2D
PRECMP2Y
PRECMP22
PRECMP23
PRECMP24
PRECMP2S
PRECMP2b
PRECMP27?
PRECMP28
Juk2977s
PRECHMPSID
JUuL29776
PRECMP32
PRECMP3]
PRECHMP3Y
PRECMP3S
PRECMP36
PRECMPIY
PRECHMP38
PRECMP39
PRECHMPUQ
PRECMPYY
PRECHP Y2
PRECHPYT
PRECHP LY
PRECMPYS
PRECHPUG
PRECHPUT
PRECMPUS
PRECMPUY
PRECMPSO
PRECMPSY
PRECMPSQ
PRECHMPS3
PRELMPSY
PRECHMPSS
PRECMPSS
PRECHPS?
PRECMPSSE
PRECMPS9
PRECMP OO
PRECMPSY
PRECMPAS
PRECMPOY
PRECMPTO
PRECMPTY
PRECMPT2
PRECMRT3
PRECMPTY
PRECMPTS
PRECMP76
PRECMPTT7
PRECMPT78
PRECMPT9
PRECMPSQ
PRECHMPSY
PRECMPB2
PRECHPB3
PRECMPBU
PRECHPAS
PRECMPBS
PRECMPAY
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t pry e nn
¢ NORMALIZAION OF PREEO PRECMPBO
o PRECMPOQ
DO 19@0 IP=i,NIP PRECMP9Y
IRSLR(IP, 135102201 (IR) PRECHPO2
NK=NKK ¢ TR) PRECMP93
IF(I0,EQ.7.0R NK. LT, 1350 10 1000 PRECMP9Y
LH=(UP-SAc<1)-s(IR))/Dz+n ] PRECMPYS

DO 3t I=si,KLM PRECMP9S

33 PREG(I):PREQID(!O.!) PRECMP9TY
c PRECMPOS
~NK2sNKK(IR) PRECHP99

. PRECM{BY

c MOD OF CONTINUUM PRECM{Q2
c PRECM1G3
c PRECMIQU
NKCNmt PRECM{QS

c PRECM1B6
t PRECM1OS
c PRECHMIA9
-IB3IBUF(IP, L) PRECM110
1F(18,EQ.M)G0 TO 999 PRECMI{Y

DO 403 Kay,NKCN PRECMLL2

KD=¢ PRECH1L3
KLOWZKS] PRECM{14

IF (KLOW=NK2)25a, 250,400 JuL29777

258 DO 399 KP=KLOW.NK2 JuL29778
KD=KD+ 1 PRECMI LS
JMAX2232, ﬁJRAST(KP 1P PRECM{tY
INDEX= IPBLCo(Kn.a)*Z*NJorM+(!a-x)aatNJo!MaNKD:M PRECM{1S

CALL ECRD(PRFPIL), INDEX, JMAR22, IERR) PRECM{19

D0 300 J=i,IMAX22 PRECML20
PPREP(J)=PREP(J), PRECM12Y

. 1F{SPP (KD, 10}, LE.B.) 299,298 PRECM122
298 CONTINUE PRECM123
PREQFx(FRACT+PREO(KD)Y /8PP (XD, ID)) pPRECHI 24
PREP(JI=PRFEP(J)*PREGF PRECH{25

299  CONTINUE PRECM]26
300 COMTINUE PRECML2T
CALL FCWR(PREP(1),INDEX,JMAX22,1ERR) PRECM128

399  CONTINUE PRECM129
1=1 PRECMI 3O

400 CONTINUE PRECM13Y
999  CONTINUE PRECM132
NLEVEXNL(IR) ) PRECM{33
INDEXzIELLCeC(IRat)¢NLEVDIH PRECMY3d

CALL ECRD(ELsINDEX,NLEV, IERR) PRECM133
UUCN=UP=SAG (1) PRECN{36
UU2MAX={IUCN®S(IR) PRECM13Y

DO 88 II1=1,NLEV PRECM138
ECC2=UURMAX=ELCTT) PRECM139
KKDSECC2/DE+D. S PRECM14Q
IF(SPP(KKD,1D0).LE.B,)G0 TO {10 PRECM14y
PLIII.IPISPL(IT.IPYA(FRACT+PREG(KKD)I/SPP(KKD,1D)) PRECM{U42

1180 CONTINUE PRECM143
80 CONTINYE PRECM{GY
1F(IBUF(IP,1).EQ.B)IGO TD 81 PRECM{US

1=1 PRECMi46

81 CONTINUE PRECM{47
00 4By I=31,KLM i PRECM148
8P(1,IR)=SPZIOCID,1)SSPPLL, IDIRSPZIDCID,LY) PRECM149

4ay CONTINUE PRECM{S@
482  COMTINUE PRECMISY
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1AM  CONTINUF
3047 CONTINUE

_—00

15
17
18
19
21
23
25

26
27

31

109
1ot

35

48
41

[z Ns Ne X" |

RETURN

END

SUBROUTINE INTERP(X,Y,NPTS,NTERMS,XIN,YOUT)
DIMENSION X(1)aY(1))0ELTACINY,AC10)

SEARCH FOR X(1)

DO 19 Iei1,NPTS
IF(XINaX(T))13,17,19
11=T=aNTERMS/2
IP(11.6T.8)G60 T0 2%
I1=y
GO 10 2%
YOUT=Y (1)
60 TO 41
CONTINUE .
11=NPTSwNTERMS 41
12311 4NTERMSay
IF(NPTS,GE.12)60 TO 3¢
12=NPTS
113]2eNTERMS+1
IF(I1.67.8)G0 r0 3¢
I1s}
NTERMS=z12el1¢}

EVALUATE DEVIATIONS DATA
CONTINUE
DENOM=X(I141)eX (1Y)
IF(DENOM,EQ, P, 100,10}
YOUTaY(T1)
GO TO &1
CONTINUYE
DFLTAXZ(XINaX(11))/DENOM
DO 35 1=1,NTERMS
IX=1141e] ,
DELTA(I)=(X(IX)wXC11))/DENGM
CONTINUE

ACCUM COEF A

A{ideyY(11Y
DO sa 5:2.NYERMS
PROD=21Y,
SUM‘B.,
IMAX:K.l'
IXMAX=I14IMAX
00 49 I=i,TMAX
JzKel
PROD=PRODA(DELTAL(K)WDELTACJ))
SUMsSUM=A(J)/PROD
CONTINUE
A(K)=SUMaY(IXMAX)/PROD
CONTINUE

ACCUM SUM OF EXPANSION

SUM=A(1)

DO S7 J=2,NTERMS
PROD=1,

IMAX=3Jey

DO 56 Isy,tMAX

PRECM{S2
PRECMISS
PRECM1SY
PRECMISS
INTERP 2
INTERP
INTERP
INTERP
INTERP
INTERP
INTERP
INTERP
INTERP1O
INTERP 1
INTERP2
INTERPL3
INTERPI4
INTERP1S
INTERP S
INTERPET
INTERP18
INTERPLQ
INTERP20
INTERP2Y
INTERP22
INTERP23
INTERP24
INTERP2S
INTERP2A
INTERP27
INTERP2S
INTERP29
INTERP3O
INTERP 3
INTERP32
INTERP3}
INTERP3Y
INTERP3S
INTERP 3G
INTERP 37
INTERP3S
INTERP19Q
INTERPUO
INTERP U
INTERPUR
INTERPUS
INTERPUY
INTERPUS
INTERPU4S
INTERPUT
INTERPUS
INTERPU9
INTERPSO
INTERPSY
INTERPS2
INTERPS3
INTERPSY
INTERPSS
INTERPSS
INTERRST?
INTERPSS
INTERPSY
INTERPOR

OB VIE W
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36
S7

6

A-42

D0 56 lef, tHAx

PROD2PROD¥(DELTAXDELTA(L))
CONTINUE
SUM2SUM+A(J)*PROD
CONTINUE
YOUTsSUM
CONTINUE
RETURN
END

Jrag o

INTERPGY
INTERPSH2
INTERPS]
INTERPOY
INTERP6S
INTERPGG
INTERPGT
INTERPGS
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APPENDIX B
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=98,580
9999, n0Q
9999,000
102,500
9696,008
9999,080
9999,000
«98,50Q
9999,08n
9999,000
101,529
»94,500
9699, adp
9999,000
99,500
9999,7092
9999,200
141,599
101,509
99499 ,200
9999,069
»99,500
=99,5p2p
»98,000
«98,000
{05,200
18¢, 700
19e, 020
12p, a0
9999,000
ir7,0a00
105,020
9994¢,0082
109,800
100,000
{ee, 000
9999,009
«95,50202
§999,008
100,000

9999, 0@
«97,440
=37,50@

9996,n00
100,%00
100,500

9999,0n8

9999,003
v99,500

9999, nan

9999,0003
=399,000
93,090
1p*, 000
100,029
107,000
100,000
9999,000

9999,00a@
178,760
{00,000
104,000
100,000
192, 0

9999,00
9999,4P9
«97,000
9999,000
180,00
107,000
1fe,q02
9999,000
9999,000
»38,000

9999,000
100,000
{tpa,zna
10e, 000
9999,000
9999,000
99,002
-99,002
180,000
100,200
10e.200
100,000
18,5002
100,500
1P ,500
9999,000
97,500
184,50
99909,200
»35,509
95,520
9999,000
*98,500@
99,500
9999,000
9939,0029
105,000
9999,000
9999 ,000

B-9



160,722

{03, eQ0

122,800

9999,0482
Q999,000
9999,740
100.0¢0

{20,080

18,290

190,Q32

9999,.732
'97.§q“

99929,700
!eﬂ,ﬁﬂﬂ

1¢e,. 009

1@?,“00

9999,&90
9999,000
«9R,5A06

109,009

1,20

9999,220
12,000

160,000

100,400

9999,A20
«99,020

100,000

{60,000

9999.739
~98,700

19a,000

120,020

9999,3a¢
9999,700
100,000

1¢n,000

9999,7A00
9999 ,420
109,028

1¢m,. 300

9999, 7708
A, A0

9999,08¢0
9999,209
9999, 789
9999, 600
e
9999 007
9999, 000
142,500
3999,00
3999/ aaa
9999.a0@
9999, 020
109" 300
9999, 207
9999, 207
100:000
101,500
104,512
9909,0@0
9995 300
999,900
182,500
9999,000
=97, 508
"0’ $a0
193,
9999,800

-98’ 500

9999, 000
-95,5@3

9999,0@9
~98,520

9999{900
170,500
9999r000
-QbrSGB

9999.,A080
999,800
9999, 000
0.000

170,000
ied.e0n
102,000
99%9.02n
999,000
131,500
100,000
100,209
1a0,709
9999,0400
§999,0A¢%0
-38,50q
9999,20¢2
19e.”ca
103,909
102,000
9999,70n
=77,500
«98,50p
109,099
100,200
9999,0800
185,000
{00,023
{"3,000
9999,000
-~94,080
120,200
100,09
9999,07n
92,000
{aa,a00
{ed,.0om
99Q9,00n
1a7,20n
163,729
100,070
9999,84a
{00,200
100,200
A.20a@
9999, 004
0,700

9999,0709
9999.200
9999,009
9999, 800
9999, 7¢0
9999,.A00
9999,000
9999, 7n0
-97.509
9999, 000
9999.000
9999,70¢
9999.9¢@
9999,700
191,500
9999,700
9999,000
103,008
~99rﬁﬂﬂ
"97,.500
102,530
9999,080
102,508
182,500
173,500
9999,700
102,500
9999, 200
'qs.n ng
9999, 200
193,800
9999200
100,500
9999.7002
103,500
9999,@9@
193,500
9999000
9999 ,000
9999, no¢
R.N00
9999,700
n.A2@

100,000
100,000
100,000
9999, 200
9999,n0@
9999, 00
100, 000
100, P20
170,000
9999.a00
9999,940
=98,500
100,029
1#9.000
100,079
100,990
9999708
*97,500
-98,500
100,090
102,000
102,000
9999,002
102,000
100,700
9999,99“
102,000
170,009
100,000
9999, 020
«98,000
120, ¢0a
100, 000
9999,.000
107,000
182,000
1ﬂ0,8ﬂ0
9999,0700
0.000

9999,008
194,509
9999,080
9999,000
$999,80¢
9999,000
9999,000
9999 ,0p0Q
9999,200Q
9999,0232
9999,000
103,000
9999,000
9999,90@
102,390
9999,000
9999,200
«Q3,000
9999,000
102,508
9999,.,700
182,500
9999, 704
=96,500
«95,504
97,5060
9902,500
170,500
{0@,50¢
98,5007
{A3, 500
180,500
163,500
9999,000
9999,000
193,500
104,580
9999,800
a,0ee
=95,530
2.209
9999,708
A. 000

{120,009
180,000
9999,0080
9999,43¢
9999,A09
9999,070
{00,000
128,000
193,000
9999,000
9999,000
9999 ,A¢R
100,990
19@,000
1AC,000
9999 ,0AG
9999,220
98,500
9999,A04a
100,008
101,000
94,000
9999,1AQ
120,080
100, 200
=97,000
9999, 28
{r@, 000
122,000
"0b,000
9999,@00
170, n00
180,000
9999,000
99949,00Q
100,000
9,720
9999,040
2,700
100,000
2,000
9999,7080
2,000

QQQ.SGB
194,500
9999,@00
9999,8029
9999,000
9999,0a0
9999,700
9999,n00
9999,A29
9999,200
9999,200
9999,A00Q
9999,A39
9999,004Q
192,598
9999,300
9999,¢00
9999,400
9999,700
»956,%09
9999 ,0008
102,509
9999,7008
100,500
9999,020
©97,%00
9999, a0
102,500
9999,000
*98,500
9999,082
183,508
9999,000
183,500
9999,¢00
99995,000
9999,000
9995,004d
9999,00@
100,500
9999,700
9999,700
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1
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5
1.
1
14,
27060,
26059,
25056,
27059,
27258,

2
2
3

€1
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STANDARD PARAMETERS

1977
2 3
12 4
1
9

APPENDIX C

SAMPLE PROBLEM INPUT FOR MAIN PROGRAM

{.

«R,683
’1.998
v!,003
«A, U476

.001

.001

1001,
1901,
1001,
1804,
1amy,

021

{3 T0 40 MEV RUNS

2004,
2004,
2004,
2004,
2004,

203
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APPENDIX D

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

23052 v . 99, 52, 99, 24676
1 a, 3. 99. 99, 2 23052
2 .0172 2, 99. 99, g 23052
{ t 1, 1a 99, 99 99 23052
3 .0228 a, 99, 99, {, , 23052
1 1 1, 1 99, 99 99 23p52
4 .1416 1. 99. 99, 1, 23952
1 2 1, 1o 99, 99 99 23952
S L1478 .. 99, 199, 2, 23752
{ 1 17 1o 99, 99 99 23ns5e
2 3 .83 1a 99, 99 99 23n52
6 U366 2, 99, 99, 3, 23052
t 1 ,u8 1, 99, 99 99 230952
2 2,3t 1, 99, 99 99 23052
3 4 .21 . 99, 99 99 23e%2
7 «793% 2. 99. 99, 2, 23ns2
1 3 ,82 ty 99, 99 99 23052
2 1 4 1. 99, 99 99 23082
24255 S 99. 99, 292976
1 o, »1,5 99, 99, 2 24055
2 248 2.5 99, 499, 1, 24055
! 1 1. 1. 99. 99 99 2405%
3 .521 -2.5 99, <9, 2, 24055
i 1 »b {s 99, 99 99 24055
2 2 W4 {e 99. 99 99 204#58
4 ,S72 “1.5 9%, 99, {, 2405S
$ I 1. 1e 99. 99 99 24055
5 .885 2.5 99, 09, i 24055
1 4 1. 1. 99, . 99 99 24a55
25052 3 99,0000  99.300000 »0,0000R2 929769
1 0,000008 6,8 99,2 ,9900RE+02 o 25052
2 +377808 2.0 99.4 ,99A0NE+R2 | 25052
{ 4 1.00000r  1,000009 ,9900QE+R2 99 99 25052
3 506070 {.® 99,4 .99Q0RE+N2 | 25852
t 2, 1.,000009 1.0006403 .99A00E+B2 99 99 25mse
25053 3 99,090007  99,000000 «(,000000 929760
t 2,000002 3,5 99,7 ,L99000E+02 ) 25053
2 2377502 «2.5 99.0 .990@0E+02 | § | 25053
1 1 f.0A0000 | 1,000000 ,990003E+02 99 99 25¢53
3 1,288400 1.5 99.4 ,9920NFE+82 = 2 25053
1 1 Y adael) 1,002000 ,99000E+22 99 99 25953
2 2, L 4narap 1,002000, ,99908E+@2 99 99 25053
25054 1 A.PAQA2E  53,96B357 «55,557@8A8 109975
1 e,nn%00e, 3.7 99,2 ,27000E+M8 @ 25054

2505S T 99,0M0082 S55.08Q009 ~0.080000 Y.



! 2,000000 «2,5 99,7 ,99000E4N? e
2 126002 «3.5 99,8 J99¢POE+02 i
1 1 1.2990900 1,900020 ,99A0RE+D2 99
3 «F84A08 4.5 99.8 .99A00FE+D2 2
1 1 .A90203n 1.200080 ,99000€+22 99
2 2 910070 1,000000 .99e¢00E+22 99
4 1,2920080 «5.5 99.p9 ,9900QE+Q@2 2
1 3 »300R2p 1.,000002 ,992n8Ee¢n2 99
2 2 .700C00 1,007000  ,99¢0BE+Q2 99
s 1,5280008 1,5 99.p ,99nCAE+02 1
1 § 1.Anaege 1,700008 .9909RE+R2 99
6 1,883020 =2.5 99.0 .99P0QF+B2 2
i 1 , 620000 t, 00000  ,99p@0EeP2 99
2 2 » 3000800 {.00@000 ,9900RE+82 99
7 2,199202 w3.5 99,4 ,99MBAF+¥2 {
{ 3 1,Ang000 1.,820@08 .99000E+n2 99
25M56 3 99.00ppRR  S56,0707¢C  =0.020327 510760
1 8.,PB0228 3.7 99,0 ,9900AQE+A2 ]
2 226700 2.8 99.m ,90M@LE+02 t
1 1 1,000000 1.700000 ,9908RE+82 99
3 110008 1.8 99,8 ,99a02E+@? t
1 2 1. 00enaq 1.0r0808 ,59000E+R2 99
25058 ! 89, 99, 851377
1 8, -a. 99, , 99, . e
26855 B M. ANaAPR  54,938294 =57,478408 1080775
1 2,000000 «1,.5 99,7 ,84NPNE+QS a
2 2411400 «.5 99.8 (990BVE+Q2 1
1 | 1,000P00 1,000072 ,990R2E+R2 99
3 2931200 «2.5 99,2 .99AGRE+Q82 2
1 2 212000 1,eaevee ,993PAE+@2 99
2 1 , 988000 1.,720008 ,99200E+02 99
4 1.316400 «2.5 89,4 ,990@99E+A2 2
1 3 080ran 1,e00000 ,9900@L+n2 99
2 1 916200 {,eerere  ,99200E+ed2 99
5 1.408408 3.5 99.2 ,99000E+M2 3
1 4 pru4rCa 1,000000 ,99000E+@2 99
2 3 J4Snn0a 1,079900 ,990Q0E+A2 99
3 1 506207 1.006780 ,990A3E+@2 99
6 1,918040 «.5 99,7 ,9090Q0E+02 2
t 2 320000 1.700908 ,992B6E+@2 99
2 1 676000 {,900000 ,99000E+02 99
7 2.0500238 1.5 99.a4 ,99@a20F+@2 2
1 2 JS21aen 1,7000a9 ,99200E+@2 99
2 1 4579007 1,000008 (990BAE+@2 99
8 2,153000 «2,5 99.p ,9970DE+R2 t
1 L, 1,002600 1.07¢000  ,99@800E+02 99
26256 34 99.0ARRN0  95,QARRCR  «R,Q0C200 929760
1 8,008000 0,8 99,8 ,990Q¢E+02 ]
2 L8460R8 2.9 99.m L90pBRE+ER 1
{ t 1.000000 1,000000 ,99R0QE+82 99
3 2.085100 4.9 99,8 ,9972AEen? {
' 1 2 1.,0P0000 1.000¢09 ,99000E+D2 99
4 2.657688 2.9 99.0 ,99¢ARE+A2 2
1 2 s98a0en 1,082eA38 ,998RBE+B2 99
2 t 220020 1.000038 ,99080E+C2 99
5 2,941780 2.8 99.0 ,L,99PRRE+N2 1
1 2 1.eeacne 1,000082 ,99000E+82 99
6 2.960008 2.0 99.0 .9930AE+Q2 2
{ 2 98cana 1200000 ,99200E+02 99
2 { ~ Wn20000 1,020 ,99p0PE+02 99
7 3,120000 .9 99.¢ ,99900F+02 2
1 2 970080 1,08330@ ,9908RE+A2 99
2 1 «232000 1,005000 .99002E+82 99

99

S99
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%
2508%
25053
25855
25A5S
25055
250458
25855
25055
2505%
25055
25855
25758
25055
25455
25055

2%7%6
25056
25056
25056
25056

25058

26235
26055
26M5S
26Q5%
26M5%
26455
26855
26065S
26455
260588
26055
26055
2605S
26058
26055
26058
26055
26255
26058
26455
26055

26856
26056
26056
26056
26056
26056
26056
26056
26056
26056
26056
26056
26856
26856
26056
26056



19

11

12

13

14

15

16

17

18

19

rd4

a2t

22
23

24

25

26

27

28

3. t23un0
1 3
3. 378200
{ 2
2 i
3.388n00
1 3
3.445000
1 4
2 3
3 2
3,45a000
1 2
2 {
3., 6a19a0
1 2
3.607000
1 2
2 {
1.755a00
1 3
3.832700
{ 4
2 2
3 1
3.886000
i a
2 3
3 2
4,046000
| 3
2 2
4,0299000
1 3
2 2
4,120000
1 1
4,2982a0
{ 2
2 3
3 8
4,302000
1 2
4,395790
1 2
4,491000
1 2
2 S
3 11
4,458a90
i 3
2 8
4,519200
{ 2
2 3
3 4
4 11
4,5%950@
{ {
2 4
3 )
4,550900
1 3

4.9 99,0
1,000¢20
2.0 99,p
2840202
160702
6.0 99,p
1.0gee09
3.9 99,9
«a3na0n
190000

. 780270
1.0 99.9
W SUuRhNa
L6900
2.0 99.n
1.888000
n.8 99.n
s51luaae

, 4900 0n
6.2 99.9n
1.000900
2.0 99.0
2280000
642200
LT ST
3.2 99.a
310000
920000
070000
3.0 99,0
140000
860200
3.8 99,0n
2 330Can
c679995
4.9 99,n
1.0¢0000
4.8 99.m
2252P00
092apn
660200
2.2 99.n
1.2008020¢
3.2 99,m
1,000000
2.9 99.¢0
s770200
WNBARAD

« 150200
3.8 99.a
S0anng
»506C0D
3.0 99,a
353000

. 150000

2 UBRPAR
.02@09g
1.6 99,¢p
NBENAn
«1300C0
790020
3.2 99,p
. 780720

$99700%+02
1,00a000
«99P0RE+N2
1, 222000
1,700200
«OONRRE+RA2
1., 2un000
«990Q0E+02
1900000
1, 000000
1.,000¢e0
«99PBRE+a2
1,000000
1,000000
«99NPRE+A2
1,000090
J9902AE+02
1,0n0a00
1,80¢000
«99P2PELD2
1,00mQ00
. Q902NELN2
1.P2A020
1, ea0n00
1,a00000
«99PONELRR
1, 700000
{08000
1,000000
«9900RE+A2
1,700000
1,098000
L 990ARE+02
1,070008
1,000000
.990RNE+B2
1. 70p000
2 99NAGESRAR
{,2c08020
1,000080
1,000080
2 90Q0CE+02
1,200000
L 9900PES+NR
1.076202
2997 00E+R2
1,870¢00
1,008000
1,00ap90
«G9PPNE+R2
1,908000
1,0000€0
«99ACHESR2
1000000
1.000029
1,0000020
1,20a000
«992Q0E+R?
1,n60020
1,000¢00
1,820000
«GONBAELQ2
{,Co00n09

{
«999030E+Q2
e
2 99000E+02
2 99000E+Q2

1
«990003E+02

3
»990ANE+32
«99¢20P3E+02
.99nNAE+B2

2
«99080PE+02
«99002€+02

1
.99000E+a2

P4
. 990NCE+A2
.9908AE+R2

|
99QN0E+M2

3
.99A30E+A2
.00PARE+D2
.09NARE+RR

3
L99900E+D2
«9900QE+Q2
«99c08L+02

2
«990R0E+A2
«99000E+D2

2
«29p30E+02
«99000E+02

{
«9920038+02

3
.9900BE+Q2
. 99PARE+R2
»9900PE+QA2

1
-99000E+R2

{
2 9900QE+02
3 .
«9900NE+QAL2
A99PPREIR2
2990AQE+B2
e
.9923NE+ A2
. 990@0E+QA2
4
.990d0E+R2
.990PCE+02
«99070E+ 32
«9903PE+B2
3
«99000E+02
.997A3NE+D2
.99R2RE+R2
3
«99200E+02

9

99
99

99
99
99
99

9
99

99

89
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
99
99
99

99
99

%9
99

99
99
99
99
99
99
99

%9
99

LY AT
26056
26nS6
26PS6
26056
26156
26156
26056
26856
26056
26456
26056
26256
26056
26256
260586
26056
26236
26056
26056
26M56
26056
240856
26056
2onse
26356
26056
26096
26056
26056
26354
26AS6
26056
26056
26056
26056
26056
26056
26056
2606
26056
26056
26us6
26¢S6
26056
26056
26056
26056
26096
26056
26R56
260%6
26056
26056
260564
260854
26056
26086
260%6
26P%6
26056
26056
26356
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2 .8 162200 1,000000 ,99070E+02 99 99 26054
3 11 60000 1.,008080 ,99000E+82 99 99 26054
29 4,612087 2.8 99.4 .997280E+02 2 26056
1 2 ,332000 1,080n8Q ,99R0BE+22 99 99 26056
2 6 670009 1,030008 .99082E+22 99 99 26M56
L1 4,660200 3.8 99.8 .99020E+@2 2 26056
{ 2 .50e0nn 1,22emAp  ,90a00ME+A2 99 99 26056
2 8 ,530000 1,00003¢ .99Q000E+M2 99 99 26nS6
39 4,683700 3,7 99,3 ,99000E+B2 1 26056
1 6 1,000900 1,000 ,99200E+02 99 99 26056
32 4,7299a7 Q2.8 99.2 .990¢RE+A2 1 26mS6
1 2 1,0090000 1,840230  _99a0AE+82 99 99 26056
33 4,739600 2.0 99.4 .99002F+n2 2 . 26856
{ 4 <RNBR00 1,000000 ,99¢72AE+32 99 99 26056
2 a 207000 1,8P0ACA ,99ANAE+P2 99 99 26096
34 4,878000 2.0 99,24 .990M0E+A2 3 26056
1 2 L4380an 1,82000Q ,99n0@E+Q2 99 99 26056
2 3 . 250090 1,890000 ,9900RE+B2 99 99 26056
3 6, . J3207P0n 1.7R000@ L,990CBE+82 99 99 26956

26057 5 .A214R8  55,935391 «60,183800 10A97S
| 8,A00007 «,5 99,2 .19000F+99 @ 26057
2 WB184A8 =1.5 99, L978{AE«RT 1 26057
1. 1 1,070000 1,002209 ,99020E+02 99 99 26087
3 ,i36068 2.5 99.a .B87POCE=8 2 26057
1 2 . 8808000 1,000700 ,99000E+A2 99 99 26p57
2 | 120000 1,000000 ,9900E+n2 99 99 26037
4 .366800 1.5 99,0 ,99RCRE+02 3 260S7
1 3 .12000a 1,0600008 ,99000E+A2 99 99 26057
2 2 LTURR0A 1,00P323 ,997PNE+A2 99 99 26057
3 1 140000 1,000000 ,99P2AE+B2 99 99 26057
5 27086600 =2,5 99,0 (33I0C0Emi} 4 26057
1 4 ,a22780 1,000028 ,993ARE+A2 99 99 26057
2 Y 281000 1,00200  _99rdGE+P2 99 99 26857
3 2 YT 1,900008 ,99BA0E+A2 99 99 26857
4 5, 833000 1,720020 .99ACAE+R2 99 99 26057

26958 9 99.p0pReRA  38.0P0NR0  99,00078@ 486760
{ @,000008 0,7 99,m ,99AB0E+A2 2 26058
2 LB810600 2.0 99,7 ,99AARE+@R i 26258
1 .1 1,9809n0 {.ga0a9a  ,99a0aE+82 99 99 26058
3 1.675008 2.8 99.7 .99900E+u2 2 26038
| 1 .39P220 1,000030  ,990R2E+82 99 99 26058
2 2 b10000 1.006002 ,9990RE+D2 99 99 26038
4 2.133400 3.2 99,0 .99pA¢E+Q2 2 26858
1 2 7000807 1,000028 ,99000E+02 99 99 26138
2 3 2260300 1,0008020 ,990R3E+02 99 99 26058
S 2,2577208 0.0 99.4 L9900AF+02 1 26058
1. 2 1.,090en0 1,990780 ,990@CE+B2 99 99 26098
6 2,596008 4.8 99.0 .99083E+e2 1 26058
1 4 1.000080 1,9720000 ,9930GE+@2 99 99 26058
? 2.782808 1.8 99.m .9930PE+R2 a 26058
| | ,229007 1,008000 ,9920AE+82 99 99 26058
2 2 430900 1,008020 L,99732E+02 99 99 26058
3 3 p220200 1,000A00 ,99ACAE+32 99 99 26058
4 S 083000 1,800000 ,99020E+02 99 99 26@38
] 2,876000 1.8 99.0 .99000E+02 { 26258
{ 2 1.00039n 1,000008 ,990RAE+32 99 99 26058
) 3,084208 2.8 99.8 L.992@GE+@82 | 26258
1, 1 1,000000 1,000002 ,990AQE+B2 99 99 26058

26059 3 99,49020d  S9,@AMAAM 99,8200 426768
1 2,3A7000 =1,5 99,8 ,99200E+02 2 26459
2 .289000 «,5 99,24 ,L99R0RE+R2 1 26n59
1 1 1,000480 1,00008¢ ,99p02E+A2 99 99 26059
3 475000 =2.5 99.3 L,997P0E+Q2 2 26459



27058
{
2
3

¥4 R~

>

27258

[ - e 0N -

N

27259
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LCM SPACE REQUIRED (EXCLUDING DYSC BUFFERS) 1§ 225300
NUMBER OF LCM BUFFERS 18 )
MAXIMUM NUMBER OF ENERGY BINS 1S 200
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@.088 /MEV  FSIGCNR 1,000 DEFCNa 8 SPINT = 3,5
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Het AND HEwy PRODUCTION we
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25058 IS INCOMPLETELY DESCRIBED,
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APPENDIX E
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AXEL APPROXIMATION USED FOR GAMMAeRAY TRANSMISSION COEFFICIENTS
INDEX L PARITY MULTIPOLARITY RATIO TO Ef

1 1 { €1 1.000
2 { -y My 2,
3 2 1 €2 2,

COLLY=MILAZZO CLOSED PORM USED FOR ABSOLUTE CAL OF PRE-EGUILIBRIUM CROSS SECTION

PRE=EQUILIBRIUM NORMALIZATION CONSTANTS ARE s NEUTRON  PROTON DEUTERCN TRITON HEe3 ALPHA
(INPUT) @, 2. 1,00PE~A3 1|,800E~03 {,P00E=NY 3,000E=R]
(USED) 5,00QRE=0QY S,00RE=04 {,0AQE=~A3 {,000E=A3 |,000E=03 S.QGGEOGS

TRANSMISSION COEFFICIENT DATA
3 N # CO=59 TRAN, COEFS, POR N, P, HEwl wmew HaH FOR N 9e28e76 1




[ AaiC

STARY OF SPECTRA SUBROUTINE, TIME FROM START OF THIS ENERGY P2 SECONDS, TOTAL ELAPSED TIME m 22,122 SECONDS,
++4+ GILCAM SUBROUTINE UNABLE 1O MATCH DISCREYE LEVELS WITH LEVEL DENBITY FUNCTION FOR RESIDUAL NUCLEUS IN REACTYION IR & 20 ¢ée¢

STARY OF Ix § LNOP, TIME FROM START OF THIS ENERGY & +382 SECONDS, TOTAL ELAPSED TIME = 22,202 SECONDS,
GAMMA RAY STRENGTH NORMALIZATION CONSTANT / 1Ix i, CONSTANT 8 6,8390E=01

START OF le 2 LOOP, TIME FROM START OF THIS ENERGY = 2,477 SECONDS, TOTAL ELAPSED TIME @ 24,597 SECONDS,
GAMMA RAY STRENGTH NORMALIZATIQON CONSTANT / 1a 2, CONSTANT » §,P08AE4+00

START OF Is 3 LOOP, TIME FROM STARY OF THIS ENERGY » 3.274 SECONDS, TOTAL ELAPSED TIME » 25,395 BECONDS,
GAMMA RAY STRENGTH NORMALIZATION CONSTANY / Iz 3, CONSTANY = |,0010E400

STARY OF I=s 4 LOOP, TIME FROM START OF TH13 ENERGY m 5,085 SECONDS, TOTAL ELAPSED TIME = 27,185 SECONDS,
GAMMA RAY STRENGTH NORMALIZATION CONSTANT / 1la 4, CONSTANY a 1,7300E~01%

START OF l= S LQOP, TIME FROM START OF THI3 ENERGY = 6,366 SECONNS, TOTAL ELAPSED TIME @ 28,486 SECONDS,
GAMMA RAY STRENGTH NORMALIZATION CONBTANT / 13 5, CONSTANT m  4,760BE-01

END OF I LOOP IN SUBROUTINE SPECTRA, TIME FROM START OF THIS ENERGY & 6,387 SECONDS, TOTAL ELAPSED TIME = 28,507 BECONDS,



N & COm59 we Hey AND HE<g PRODUCTION == 1® 10 4@ MEV RUNS
APRIL 7, 1977 «° STANDARD PARAMETERS

LAB NEUTRON ENERGY & | UBPPE+RL MEV

BINARY REACTION SUMMARIES (CoMPOUND NUCLEUS ONLY)

REACTION S1GHA
PRODUCT (BARNS)
----.... ...-'-..-
NONELASTIC  1,8142E4@0
GAMMA=RAY  1,2395E-03
NEUTRON 1,3276E+00
PROTON 6,9175E+02
HELIUM=G  1,6112E=02

wecane PREWEQUILIBATUM SUMMARY momene

D =2 { OUTGOING RARTICLE = NEUTRON

P = 2 1
INJTTAL EXCITON NUMBER 8 3 PREQ NORMALIZATION ® ,50008E«03
COMPOUND x-SECtaARNSI 8 .93SUSE¢GG PREEQ X-S!C(BARNSJ s .SQOQGEOQG
1P = 5 10 = > OUTGOING PARTICLE = PROTON
INITIAL EXCIYON NUUMBER ® 3 PREQ NORMALXZAYION ] .sznowe.es
COMPOUND X»3EC(BARNS) 2 ,UB7URE=A1L PREER XwSEC(BARNS) = ,62595E=01

1 = g 1D = 6 OUFGOING RARTICLE @ HELIUM=t

INITIAL EXCITON NUMBER # 3 PREG NORMALIZATION B ,38C00E02
COMPOUND X»SEC(BARNS) 3 ,11352E=021 PREEG XeSEC(BARN3) 32 ,53801E=N2




LEVEL DECAY €/Ss
LEVEL EXCIT /8=
TOTAL PROD, C/Se

AVG,ENERGY (MEV)Y

K

-
- RQOPNTALE AN -

12

e o oo 0m o b o
O DN N &

n o
-0

SPECTRA

ENERGY
{MEY)
1,000
2,000
3,700
u,000
5,000
6,000
7,000
8,200
9,800

10,000

11,000

12,008

13,000

14,000

15,800

16,0200

17,000

19,600

19,000

c0,ee0

21.709

FROM

INDIVIDUAL

ZACN=27080 ZACN227069 ZACN227060

LAy 2 2
ZA2=27069
Semprann®
SIGMA
(BARNS)
5,153E=0b
9,181E=06
1,2USERAS
IQ---vr.I
8,3896¢00
Pmrpneres
SIGMA
(B/MEY)
7,366E=0b
1,512E~85
4,469E-05
8,214E+05
1. 16NE~0Y
1.3R5E~00
1,u69E04
1,022€-04
1,28UEw0U
1,003Ee04
8,863E+05
6,88CE-05
S.131E~073
3,673E-05
2,555E¢05
1,704E=A5
1,133E<05
7,UuSE=06
aprQE'Gb
6,556E207
2,732Ew 08

Ags ot
%Az:é7059
overwwnwe

SIGHA
(BARNS)
2.
1,$0%E=02
142856400
nPeveerew
3.252F+00
nPoRteoeoene
S$I1GMA
(B/MEV)
3.416E-01
1.8308a0]
2.12%Ea01
§eU11E=D]
Q,221E«f2
$,971E-92
4,0320~02
§.238EnB2
2.,174E=02
1.666E002
1,235€-02
B,Bb3E=0)
$.3U9E~03
1,87SEwD3
2
2.
Be
2
2
Do
®e

Zal= 1004

14226059

Nevroeraypw
g16MA
(BARNS)

0,
1.,339€-03
{e313E-08
P LY
6,658E+pP0
FwNcTemcenp®
STIGMA
(B/MEY)
1.’18:!06
T676Ew0l
T.324E=03
1,624E02
1,879E~02
1,672E=02
1,380Ew=02
1.116E~02
9,09SE~03
7.221E=03
Sn3915‘03
3,UB8UE~D3
1,339E-03

IACNR27060
Za1s 2004
ZA2225056
PpREPRerpy

SIGMA
(BARNS)

Bﬁ
4,36PE=04
1,673E=02
srewenen
9,739E+08
8I1GMA

(B/MEV)

2,
7.021E<10
7,145E=10
2,116E«85

2,043E=05

2. UBTE~BY
1,215€=03
2,889E03
3, 7U6E=D3
3,313E-03
2,354E03
1,55UE=03
9,156E=04
4,56AEe0Y

REACTIONS

ZACN226059 ZACNS26859 ZACNBZ26059 ZACNR260@5%9

ZAte Q
ZA23260%9
TeeTvPePuyn
SIGMA
(BARNS)
$,783EwD?
1,265E=01
2,0978~04
Qruewmemyg
1,897C+@0
Mencoreren
SICMA
(B/MEY)
f1,1440E~0Y
2:,913€ep2
S.AC2E=02
9,34SE=03
3.,693E=03
Ce36UE=Q]
To171E~24
1.991E=06
S,T62E=Q7
1,6U9E=DT
1,753E-28
1,660E=1¢

ALz 1
1A2R26058
rPeSSeyrew
SIGMA
(BARNS)
O
4,269E=02
U,269E«02
[ L A A 2 X K2 2 J
1,321E+00
YOmeaneen
SIGMA
{B/MEY)
3,085€=02
1,009E=(2
1,616E~03
$.304E=04
9,129€~08

TA1= 1001

ZA2=25858

orpmarmag
SI1GMA
(BARNS)

onveprene
LY}
Noswacoey
SIGMA
(B/7MEV)

2A1= 2004

ZA28240858
SIGMA
(BARNS)

B,
5.294Emy
S.294Em~1}
wpumeanwy
2,838E+00
SIGMA
(B/MEV)
4,958E=12
1.569E=12
4,354Em1}
2,90UEmL2

ZACN=25056 ZACN225056

Ao -]
ZA2=25056
Seemereaw

SIGMA

(BARNS)

9,571E=03
Ceb03EmR2
Uy 336E=02
Poeavonnyy
1,812E42C0
[ I XY LY )

SIGMA

(8/MEV)
2,050Em02
9,U32E~03
U,965E-23
2,660E=03
{,240EeR3
U,S75E=04
1.05!5’9“
1,892E=08
1'3265-09
6,R8UE~10
2,279t=}34
1,889Ewid

ZAlz {
ZA2=2505S
oREperenm
SIGMA
(BARNS)
2,
2,773E~24
2,773Ewg4
1,126E400
LA E LR X4 2
SIGMA
(B/MEY)
2., U96Ee0y
2,838E=0%
7¢293E=06
3,979E~18
1,001€e10




9-3

8§ PE

LEVEL DECAY C/$=
LEVEL EXCIT C/8a
TOTAL PROD, C/S=

AVG,ENERGY (MEV)

K ENERGY
. (HEV)
| 1,000
2 2.000
3 3,000
u 4,000
5 5,800
6 6,000
7 7.000
L} 8,000
9 9,00¢
10 19,000
1t 11,000
12 12,000
13 13,000
14 14,000
15 15,900
16 16,000
17 17,200
18 16,008

19 19,000
20 20,000
2t 21,000

CTRA

FROM

INDIVYIDUAL

ZACH=250%56 ZACN=250%56 ZACNR2TQS9 ZACN=27059

ZA1=x 1001
ZA2=2umS8
NynaoenneP
SIGMA
{BARNS)
2,
3,353Ee14}
3,.353€E=11
Baeroesn®w
1,0uBE+00
LA XL LA
_SIGMA
_{B/MEV)
3,2UPE"y
6,511E~13
4,780E=43

- .

DT QADNDVIVIINISIVODNODQAID
® a% ®» 5 %W "V TETE 3R ® ‘e

A1z 2004

742=230S52

weprppene
SIGMA
{BARNS)

Ae

3,646E-14

3.6U6En14

ePRewInew

2,462€400

wOnOmaowe
,SIGNMA

. (B/NEV)

'§.098Ew1S

1a061En3 U

3, 153F=15

1.080E~14

Bs

@,

Be

/N

Qe

Ae

&

Pa

P

Be

@

R

[

2p

B

A

P

Al 2
ZA2=227059
LI A A A4 2 1]
SIGMA
(BARNS)
2,152E~01
6,534Ee01
§,A1SE+N0
LA AR L LN 1}
2,775E+00
Pervteowveern
SIGMA
(B/MEV)
3,773Ee81
{,370E~01
2,047E-01
1,229E=01
7,608E082
4,301E~p2
2,397E=02
1,809k ~R2
8,908E=0)
2,711€=03
1, 404t~0S
5,611E=06
2,359E=~06
2,
e,
2,
2
"

9,
e,

ZAys 1
ZA2227058
orevYeswew
31GMA
(BARNS)
0.
7.3 TE=0}
8,099E=01
.r.-".-'
1,307€+00
LA 2 A A A A XX ]
STGMA
_(B/MEV)
5,612Ee0]
2,4B87E=81

REACT

IACN=27059
ZAi® 1081
ZA2226058
LI 2 d A LK X )

SIGHA
(BARNS)
e,
9,556E02
9,556F=02
LA A A LA A2 ]
2,4502+00
oepopesen
SIGHMA
(B/MEV)
9,973E«33
5,561E=p2
1,360E=02
9,759E~03
6,611E703

IONS

ZACN=2705%9
IA)= 2004
ZA222505S

SIGMA
(BARNS)

@,
1,197E-03
1,197E-03
roneyenew
4,689E 490
NReereare
SIGMA
(B/MEV)
6,239E-09
$,U27E»0b
1 U62EwDS
6,970E=24
1 b6PE~74
3,315E=04

ZACN=27858 ZACN=227038

IAte 9
1A2=278@58
SIGFA
(BARNS)
T.20UE=0}
1,538E+00
7,378EwD]
[ LA L LA A X 2]
1,000E+00
L Aokl ol A A J
SIGMA
(B/MEY)
7,978E=81

181= 1
zh2=27057
SIGHA
(BARNS)

wnnveonen
2,
sepouemoe
SIGMA
(B/MEV)

ZACN=27058
Zhiz t0@}
ZA23268S7
qryneccee

SIGMA
(BARNS)

SnsoaEewey
B
vewenonny
SIGMA
(B/MEV)

ZACN=270%8
ZAl=2 2004
1A2=25054

SIGMA
(BARNS)

resregmen
e,
Ursonvenw
SIGMA
(B/VMEV)




At

TQTAL PROD, C/8w

AVG,ENERGY (MEV)

K

T\ o 00 00 0t o o b2 02 s >0
D OENMNOITUVNEWNNA S OIS NN -

n
-

ENERGY
(MEV)
1,700
2,000
3.200
4,m00
S.AR0
b,@ﬂa
7.000
8,000
9,200

10,702

11,000

12,200

13,090

14,209

15,000

16,009

17,000

18,000

19,000

20,700

21,000

NEUTRON
SPECTRUM
Wmoeanmrmnn
SIGMA
(RARNS)
2.1385‘%“
LI YT AL & 2 ]
2,UT6E+00
SoouwReen
SIGMA
(R/MEV)
9.33AE=01
S.626E=N1
2,121E~01
1.4{2E=01
9,221E=72
5,971Ee072
4,na32E-02
2.RRRE«R2
2,174F~02
1.,666E~02
1,235E=02
B,863E=23
5,.349E~03
1,A75E~03

(S I S N~ 2R~ B B~
> s

® ‘s

COMPOSTITE

PROTON
SPECTRUM
SIGMA
(RARNS)
2.0hQE=D1
UeT1UE+QD
LI L LY L]
SIGMA
(R/MFEV)
°.97UE'03
Sa63RE=R2
2.M9TEAR2
2.620NFeR2
Z-SUWE-¢Z
1.672E02
1.38PEw02
1.116F=02
9,095Fn03
7.221FE=03
5.391E=03
3,4B84E-03
1,339E=23

DEUTERON
3PECTRUM
et esnenw
SIGMA
(BARNS)
a'
LLLLLE YL}
2,
[ LA X XL X 2 Y )
SIGMA
(B/MEV)

DIINIINNIIIINIVICINVNIAIIID

® > ® ®» & P ® s WV W e e 5 P e aP BT W P ®

SPECTRA

TRITON
SPECTRUM
SeuPepuay
SIGMA
(RARNS)
2.
FPRessqeey
.
[ 2 X XA AL XX ]
SIGMA
(B/MEV)

HELIUMe=3
SPECTRUM
LI L L LY L X}
SIGMA
(BARNS)
2,
LA LA LA X JJ
e,
LAL LA LA L X ]
SIGMA
(B/MEV)

HELTUMmU
SPECTRUM
oRenapeew
SIGHMA
(BARNS)
{.793E=Q2
Y LI T YY)
9, 4B2E+0A
(X L X T )
SIGMA
(B/MEV)
6,2U4E=09
1,428E=36
1., 462E=06
7.181Ee04
1,AbuF=QY
5.802Ew4
1,215E~03
2,RB9E=03
3, 74nt=03
3.313E'ﬂ3
2.350E=03
1,554F=03
901566'00
4,560E=94

GAMMA=RAY
SPECTRUM
Paeesuayw
SIGVA
(BARANS)
2,067E4+08
1,984E+00
L L L L XY X ]
SIGHA
(B/MEV)
1,314Es00
1,756E04
2,597E=01
1,350Eea1
8,113E-02
4,597E=n2
2,U93Fmp2
1,824E02
9,037E-03
2, 821L=n3
1,031E-04
7.441Ee05S
5.366FE=25
3,673E=05
Z.SSSE.“S
1,7P4E=n5
‘.‘SBE’GS
7,485EP6
4,569E=06
6,55RE=a7
2,732E=0B6

GeNEUTRON
SPECTRUM
LY L L L Z 2 X ]

S1GMA

(BARNS)
2.
sweesoane
2,

ennmsanaw
SIGMA
(B/VMEV)



8-d

DISCRETE

I=n IPs 1§

LEVEL  LEVEL
NO ENERGY
(HEV)

§ 0,900
2 ,2590
3 <2780
a 2880
s . 4360
6 .5050
7 ,5010
8 .6140
9 L7360
10 .7820
11 1.0060

1A=

SPIN,
RARITY

5.0

2,0

4,9

ZAls 7
NUMBER OF LEVEL IN RESIDUAL NUCLEUS = 11

LEYVEL

ZA2027860

INFORMATZIOQON

PRODUCT ION NUMBER OF  FINAL
CROSS SECTION TRANSITIONS LEVEL
(BARNS) NO

3.3880E =06 9
1,8459E=06 1 .

1
8.2740g=A7 {

1
6.5204c-87 |

2
4,.7u46FE=97 2

|

]
2.87Qa2E=47 |

2
2.0T41E=QY 2

2

4q
6,1643E-07 2

e

3
1.8687EnAY 1

8
3.8003E-07 2

i

[

8

T

q

3

2

SEPARATION ENERGY =
NUMBER OF GAMMA RAYS = {8

FINAL
ENERGY
(MEV)

9.00a0
2.0800

«7390

2,00890
2788

«08590

,0599
2680

+83599
2788

-6lq0

9,000
.2882

,6140
5410
.2880
,2780
<0590

2,007 MEV

TRANSITION CONDITIONAL

PROBABILITY PROBABILITY

{.0000
1,0000
1,0700

1700
8300

{,0000

42080
5800

9700
103020

{1,000

20600
5400

5208
(0700
1500
012089
1400

ACCUMULATED SEPARATION ENERGY @
RESIDUAL NUCLEUS 1D =27068

1.e0nm0

{0000

1.,n00¢

1,0000
t, 0000

{.0008

1,0000
{.0008

1,0008
f.00080

1,000@

1,7000
1,000Q

1.79080
1,700Q
1,00049
1,0008
1,n008

GAMMA

GAMMA

NUMBER ENERGY

® -8

(MEV)

.2590

2780

e 2298

03680
1580

WUG60

24820
«2530

055580
«3360

01220

27820
4940

3920
14650
27180
7280
,9470

2,000 MEV

PRODUCTION
CROSS SECTION

(BARNS)

1,8450E~04

8,2758E=07

6,%204E=DY

8,0693E078

2,870A2E»07

8,Ti111EwDY
1.2030Ee07

S5:¢9794E-D7
1,8493E=08

{,8657E=07

{.7481E=07
2,0521€-07

1,4340E«27
1,93P4E=08
4,1367E=08
3,3093E-08
3.,8609E-07




6-d

I= §
NUMBER

LEVEL
NO

O~ WAL W) s

Ie ¢
NUMBER

LEVEL
NO

N~

i |
NUMBER

LEVEL
NO

W -

I= 2
NUMBER

IPa 2 IRm 2 ZAim {  7A2227059  QEPARATION ENERGY ® 7,492 MEY
OF LEVELS IN RESIDUAL NUCLEUS & &

LEVEL  SPIN, 150w  PRODUCTION

ENERGY PARITY  SPIN (ROSS SECTION

{MEV) (BARNS)

7.2007  «3,5 99,0 1,8750E=03

1,0993  «1,5 99,92 1,4973E=03

1.1920 ~d,5 99,0 3.0514E-03

1,2915 1,5 99,9 1,1044E-03

1,634 -5 99,0 5.3715E=04

1,460  «5,5 69,9 3. 265UE-~0Y%

1,4010  «2,5 99,0 1,6A32E03

1,7440 3,5 99,7 2.2726E=0%

IPa 3 JRE 3 ZA1aip@{  7A2226039  SEPARATION ENERGY m 8,278 MEV
OF LEVELS IN RESIDUAL NUCLEUS = 3

LEVEL  $PIN, 180~ PRODUCTION
ENERGY PARITY SPIN (CROSS SECTION

(MEV) (BARNS)

0,270 1,5 99,8  4,5634£-04

p 2890 % 99,0 2,1616F08

4757 w2.3 99,9 6,6594E04

1P3 4 IRm 4 ZA1w2p@a  2A2325056  SEPARATION ENERGY ® 7,172 MEV
OF LEVELS IN RESIDUAL NUCLFU3 = 3 ;

LEVEL SPIN, 130« PAONUCTION

ENERGY PARITY §PIN CROSS SECTION

(MEV) (BARNS)

e, 0000 3,8 99,0 2.11R3E=A4

.2260 2, 99,0 1,.520TE~R4

L1100 1.8 99,0 9.2096E~05

IPs 1 1R3 8  ZAl: 742526059  SEPARATION ENERGY w  ©Q,900 MEV

0
OF LEVEL IN RESIDIUAL NUCLEUS & 3  NUMBER OF GAMMA RAYS = 3

ACCUMULATED SEPARATION ENERGY = @,pa@ MEY

ACCUMULATED SEPARATION ENERGY » @,000 MEV

ACCUMULATED SEPARATION ENERGY = 0,080 MEV

ACCUMULATED SEPARATION ENERGY = 8,279 MEV

RESIOUAL NUCLEUS ID »260%59




01-4

LEVEL

NO

12 2
NUMBER

LEVEL

NO

1= 2
NUMBER

LEVEL

NO

O® O VI &\l

i

LEVEL SPIN, PRODUCTION NUMBER OF FINAL FINAL TRANSITION CONDITIONAL GAMMA GAMMA PRODUCT]ION
ENERGY PARITY CRPOSS SECTION TRANSITIONS LEVEL ENERGY PROBABILITY PROBABJLITY NUMBER ENERGY CRQSS SECTION
(MEV) (BARNS) NO {MEV) (HEV) (BARNS)
2.0000 -1,% 6,864TE=R2 2
» 2890 ~,5 1.64A9E~02 {
t n,.Ne00 1,0200 1.72008 i 2898 1.6U09E002
14750 2,5 0,1424E=02 2
1 2,00010 75020 1,0000 2 14750 3,{068Er02
2 12890 2500 f,0000 3 01860 {,0356E~02

1Pz 2 {Ra 6 M= 1 ZA2226058 SEPARATION ENERGY B 6,387 MEV ACCUMULATED SEPARATION ENERGY = 8,275 MEV
OF LEVELS IN RESIDUAL NUCLEUS = 9

LEVEL SPIN, 180« PRONUCTION
ENERGY PARITY SPIN CROSS SECTION

{MEV) (BARNS)
n,0000 8,8 99,0 8.5725E-03%
8106 2.9 99,9 2.2615E=02
1,6799 2,0 99,0 3.A559F=03
2,1334 3.0 99,8 5,145AF=03
2,2570 2.0 99,0 1,2504E=-00
2,5960 4, 99,9 2, T356Ea3
2.7829 1,6 99,0 1, 4346F=04
2,769 1.0 99,0 1,2239E-84
3,7A40 2,m 99,0 1,7128E=04

1Pa 3 1Re 7 Atniafy 142225058 SEPARATION ENERGY » 11,899 MEV ACCUMULATED SEPARATION ENERGY » 8,278 MEV
OF LEVELS IN RESIOUAL NyCLEUS a |

LEVFL SPIN, 180w PRODUCTION
ENERGY PARITY SPIN (CROSS SECTION
(MEV) ¢(BARNS)

f,0000 -3,0 99.2 Q.




TT-d

I= 2
NUMBER

LEVEL

W AN -

l= 3
NUMBER

LEVEL
Nn

I= 3
NUMBER

LEVEL

N R E NI -

IPz 4

IRs 8

ZA1a2004 TA2824n55 SEPARATION ENERGY » 7,974 MEV ACCUMULATED SEPARATION ENERGY = 8,275 MEV
OF LEVELS IN RESIDUAL NUCLFUS = 8§

LEVEL  SPIN, 180«  PRODUCTION
ENERGY PARITY SPIN CROSS SECTION

(MEV) (BARNS)
2.8800 1,5 99,0 4,0756Em11

p 2440 =5 99.9 9,R508E=13

L5710 2,5 99,0 7,7826E=12

#5720 «1,5 99,0 1,4270F12

+B857 2.9 99,0 2,0583k=12

IPa IR= 6  ZAla @  7A2325056  SEPARATION ENERGY m 0,000 MEV  ACCUMULATED SEPARATION ENERGY a3 7,172 MEV

OF LEVEL IN RESIDUAL NUCLEFUS & 3 NUMBER OF GAMMA RAYS & 2 RESIDUAL NUCLEUS ID =258S564

LEVEL
ENERGY
(MEV)
a,0000

260

1100

1Pz 2

SPIN,
PARITY

1.0
2.m

1.0

IR=19D

PRODUCTION NUMBER OF FINAL FINAL TRANSITION CONDITJONAL GAMMA GAMMA PRODUCTION
CROSS SECTION TRANSITIONS LEVEL ENERGY PROBABILITY PROBABILITY NUMBER ENERGY CROSS SECTION
(BARNS) NO (MEV) (MEV) (BARNS)
1.6U55E=p2 a
T1.5421E=03 i
1 e,00008 1,0000 {,000Q 1 00260 To5421E=23
2.9286E~0Y 1
2 o260 1,0000 1.0000 2 842 2,0286EnD)

2Aln

{. 2A2m25053  SEPARATION ENERGY ®= 7,27@ MEV  ACCUMULATED SEPARATION ENERGY m 7,172 MLV

OF LEVELS IN RESIDUAL NUyCLEUS s 7

LEVEL
ENERGY
(MEV)

2.0090
p1260
,9849

1,2020

1,5280

1,8830

2,1990

SPIN,
PARITY

-2,%
.3,5
oa'.s
-5’5
“105
-2.5
3,9

I180m

PRODUCTION

SPIN CRDSS SECTION

99,0
99,0
99,0
99.9
99,0
99,0
99,0

(BARNS)

9,783|Ex0S
1,5538E=04
9.7B89E~06
1,0837E-08
1,8285E-06
1,2067E=86
1.1196E=06




¢1-4

1s 3
NUMBER

LEVEL

B W

Is 3
NUMBER

LEVEL
NO

~NOUNE WM e

Is 4
NUMBER

LEVEL
NO

iP= 3

IR=211

IAie100y

OF LEVELS IN RESIDUAL NUCLEUS = S

LEVEL
ENERGY
(MEV)

f,0p00
,2uu9
5210

«5720
8850

1Ps 4

SPIN,
PARITY

.1,5

“,5
X
1,5
«2's

IRR12

1S0~ PRODUCTION
SPIN CROSS SECTION
(BARMS)

99.8  3,210TE~11
99.@  7,7307E=13
99.0 3.5826E13
99,8  1,8115E=13
99.0 1.1267E=13
IAtm2p00  7A2223P52

OF LEVELS IN RESIDUAL NUCLEUS = 7

LEVEL
ENERGY
{MEV)

e,0n0q
L0172
,0228
S1616
L0366
7935

IPe |

8PIN,
PARITY

IRz13

180~
SPIN (CRDSS SECYION

99,0
99,0
99,@
99,0
99,8
99,0
99.0

2A1:

PRODUCTION
(BARNS)

6,9296E=15
4,394BEm)S
1,55P9E=14
1,8203E=18%
4,7770E~18
2,N365F=15
1.0685E~15

?  ZA2=27@59

OF LEVEL IN RESIDUAL NUCLEUS = 8

LEVEL
ENERGY
(MEV)
92,0000

1,0993

1.1900

1.2915

SPIN,
PARITY

3,8
“i.5

4,5

=1.%

Z2A2=24955

SEPARATION ENERGY w

SEPARATION ENERGY =

SEPARATION ENERGY ®
NUMBER OF GAMMA RAYS ®» i1

PPODYCTION NUMBER OF FINAL FINAL
CROSS SECTION TRANSITIONS LEVEL ENERGY
(BARNS) NO (HEV)
3.7819E=01 [}
4.2541E~002 1
1 0.02000
T.9069€E=~02 1
{ 9.0Q08
i  o,ne00
2 {,0993

9,077 MEV

7.897 MEV

2,000 MEV

ACCUMULATED 8EPARATION ENERGY »

ACCUMULATED SEPARATION ENERGY ®

ACCUMULATED SEPARATION ENERGY ®
RESIDUAL NUCLEUS ID w27083%9

TRANSITION CONDITIONAL

PROBABILITY

1,0000

{1.0000

sS40
<1600

PROBABILITY

1,0000

1.0008

1,0000
1.,0008

GAMMA GAMMA
NUMBER ENERGY
tHEV)

t 1,08993

2 1,1900

3 §42918

L} e1922

7,172 MEV

Te172 MEV

T.492 MEY

PRODUCTION
CROSS SECTION

(BARNS)

4,2541E0@2

7,9069E»02

24879SEmG2
1,3273E-0a3




€T-4

S 1,4340 .S 8.6u54E~03 2

2 1,0993 5080 1,000¢ S 23347 4,3227E=03

4 1,295 50090 1.0000 ] «Ju2s 4,3227E=~DY
6 1,0600 =5,.5 8.7962E=02 {

1 e,a000 {,0000 10000 7 1,4600 8,7962E=02
7 1,4810 w2,9% 1.8Y40E=(2 2

2 1,0993 (6000 1, anep 8 03817 1,1270E=02

i 0.,0000 <4900 1.,0008 9 1,4810 7.5158E«03
8 1,7449 3,3 1.6A81E~B2 2

t 2,000 29500 1,0000 10 1,7448 5,8281E-03

b} 1.1900 #5080 {,004de 1" 5540 7.2230E«03

12 4 1Pe 2 IRsiy IAlm ! 742227958  SEPARATION ENERGY m 18,460 MEV ACCUMULATED SEPARATION ENEROY ® 7,492 MEV
NUMBER OF LEVELS IN RESTNUAL NUCLEUS = &

LEVEL LEVEL SPIN, 180e  PRODUCTION
NO ENFRGY PARITY SPIN (CRGSS SECTION

(HEV) (BaHNS)
1 o,erme 2,0 99,8  6,7A70F=R2
2 ,f269 5,0 99,0  3,3623E-04
3 .A508 3,8 99,/ 9,5163Ew02
4 L1160 4,8 99,8 1,5206E0
5 .3678 3,8 99,8 5,1398E=D2
6 L4328 2,8 99.@  2,9767E~02

I= ¢ IPa 3 1R8 1S ZA1310d4 1A2=260%8 SEPARATION ENERGY ® 7,370 MEV ACCUMULATED SEPARATION ENERGY ® 7,492 MEV
NUMBER OF LEVELS IN RESIDUAL NUCLEY3 = 9

LEVEL LEVEL SPIN, 180 PRODUCYINN
NO ENERGY PARITY SPIN CROSS SECTION

(MEV) (RARNS)
1 ¢, ea0@ ¢,a 99,0 3,7731ER2
2 28106 2,4 99,9 4,8844E~02
3 1,6750 2,8 99,0 3,5876E=0Y
u 2,1334 3,8 99,9 2.0888E~03
3 2,257@ a.a 99,0 2,1366E=04
b 2,590 4,0 99.9 1. 66B1E=23
7 2,7820 1,2 99,0 2,1757E=~08
8 2,8760 1,8 99,0 1,8641E=04
9 3,0840 2,8 99.9 2,1991E-04




wT-2

In g
NUMBER

LEVEL
NO

~C U L2 N e

I= 5
NUMBER

LEVEL
NO

1Pa &

{ReEfS

ZA12200¢

OF LEVELS IN RESIOUAL NUCLEU3 = 7

LEVEL
ENERGY
(MEV)

92,0009
1260
.9849

1,292¢0

1.5280

{,5830

2.1999

Ips 1

OF LEVEL IN RESIDUAL NUCLEUS & &

LEVEL
ENERGY
(MEV)

20,0000

0249

«A5u9

4160

03679

<4320

SPIN,
PARITY

IReLY

PARITY

2.0

5.0

2A2=25R5S

SEPARATION ENERGY &

1S0=  PRODUCTION
SPIN CRNSS SECTION
(BARNS)

99,8  1,5360E=04
99,8  6,8662E~0U
99,0 5,2054E=05
99,8 2,9761E~0a
99,0  2,2376E~Ab
99,8 1,B8058E-06
99,80  3,4u2SE~Mp
ZAlw 742227058

PRODUCTYION
CROSS SECT!
(BARNS)

8.0915€=01
3.4826E~01

1161 1E=D1

1,6295E=01

8. 7T994E=02

3.596“5'“2

NUMARER OF
ON  TRANSITIONS

Ladla ]

FINAL
LEVEL ENERGY
NO

SEPARATION ENERGY =
NUMBER OF GAMMA RAYS =

FINAL
(MEV)

e.08n2

n,0000

JHRU9
0.7370

20,0009

6,951 MEV

A,000 MEY

TRANSITION

ACCUMULATED SEPARATION ENERGY ®

7,492 MEV

ACCUMULATED SEPARATION ENERGY ® 17,952 MEY
¢ RESIDUAL NUCLEUS IO

CONDITIONAL

PROBARILITY PROBABILITY

1,0008

1,0000

ALl
$ 9700

1,00¢0

1,8000

1.,7000

1.02000

{,0000
1,0000

1,008

f,0000

527058

GAMMA GAMMA
NUMBER ENERGY
(MEV)

| 0249

2 2 B5UD

3 N'LIT]

4 01180

s 03670

6 320

PRODUCTION
CROSS SECTION

(BARNS)

3, 4826E=D1

1o1611EnDY

(. LLLIZT S
$,5806t=01

SeT799UE=p2

3,5060E=02
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OF LEVELS IN RESIDUAL NyCLEUS = 8

LEVEL
ENERGY
(MEV)Y

2,000
1,2235
1,3779
t.505Q
1.7577
1,8965
1,9201
2,1329

IPa 3

LEVEL
ENERGY
(MEV)

@,0000
L, P10l
. 1365
»3668
« 7066

IPu &

LEVEL
ENFRGY
(MEV)

e,aaa0

SPIN,
PARITY

-3,5
.l‘.s
-1.'5
e
-]’s
.2'.5
=2.5

IR=19

8P IN,
PARITY

c’s
1.5
*2,5
.1’5
.2,8

1R32

SPIN,
PARITY

3.0

180

PRODUCTION

SPIN (CROSS SECTION

99,0
99,9
99,0
99,0
99.0
99,0
99,0
99.a

(BARNS)

»
.
»
”
%,

9,
n'
2,

s

ZAi=inQy ZA2=226097
OF LEVELS IN RESIDUAL NUCLEUS = S

180«
SPIN

99,0
99,4
99,8
99,0
39,0

PRODUCTION
CROSS SECTION
{BARNS)

ZAle2004 ZA282%054
OF LEVELS IN RESIDUAL NUCLEUS = |

S0«

PAONUCTION

SPIN CRO3S SECTION

99.9

(BARNS)

2,

SZPARATION ENERGY » 8,872 MEY

SEPARATION ENERGY ® 6,953 MEV

SEPARATION ENERGY = 6,713 MEY

ACCUMULATED SEPARATION ENERGY ® 17,952 MEV

ACCUMULATED SEPARATION ENERGY » 17,952 MEV

ACCUMULATED SEPARATJON ENERGY ®w 17,082 MEV
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n
|

LEVEL

12419

o

{
1pat
2end

fomy
2204

160t
2004

{eny
2294

1901
2004

1242

2796%
27059
26059
25056
26059
26258
2528R

24059
25056
25055
24955
23952
27459
27058
2675A
25855
27058
21087
26057
25054

DENSTITY

A
(/MEV)
7,508
7,758
7,918
7,233
7,918
7,465
8,231

1.517
7,233
b, 665
7,517
6,750
7,058
6,518
T
64665
6,518
5,951
6,923
6,217

TEMP
(HEV)
14135
1,231
1,162
1,583
1,162
1,214

.758

1.204
1,583
1,181
1,204
1,188
1.231
1,277
15214
1,184
1,277
1,396
1,354
2-373
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PARAMETERS

EQ
(MEV)
"1'0710
“,816
.-,BWE
.;.629
", 802
Tuts
n.000
~1,052
.1p629
_.’”99
?1,ﬁ52
'1,5’7
-, 816
-1,855
2416
.-,999
1,855
.P776
2,000

EMATCH
(MEV)
5,837
7.769
8,375

LTS
8,375
9,728

N7

8,1%2

2036
6,410
8,152
5,366
7.769
6,201
9,708
6,410
64201
8,073
9.6b4

(462

EcurT
(MEV)
1,806
1,744

2475

110

#8475
3,284
9,000

» 885

o110
2,199

2885

2794
1,744

Wu32
3.084
2,199

p 432
2,133

727
P.700

LEVELS

PN

AT ECUT (MEV)

1

= NPT N OPDAIN UL = DL

.08

PZ
(MEV)
G.Gﬂ
02,99
1,54
o,00
1.54
1.54
2,00

1,38
a,0n
#.00
1435
8,00
0,00
9'.00
1,54
?,00
0,40
a,00
154
2,20

SN
LMEY)
15,52
14,92
15.52
14,13
15,52
14,92
15,52

14,13
14,13
13,26
14,13
12,68
14,92
14,13
14,92
13,26
14,13
13,26
t4,13

$2

(MEV)
017,36
«]7,36
16,37
»{5,53
=16,37
«16,37
*{9,53

'1“.7‘
.15.53
.15.53
«14,71
.13.93
'17.36
*17.36
wib,37
»15,53
w{7,36
'17.36
.16337
wi{5,%3

S
(MEV)
2,000
T.u92
8,275
7.172
8,000
6,587

11,899

0,000
7.270
9,077
7.897
n. 000
10,460
7,379
6,991
2,000
8,872
6,953
6,715

SAC
(MEV)
8.000
0,000
2,000
0,000
8,275
8,275
8,275

8,219
7,172
7,172
7,112
7,172
7,492
7,492
7,492
7,492
17,952
17,952
17,952
17,952



