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‘~ASH : A PREEQUILIBRIUM,
FOR CALCULATION OF CROSS

P. G. Young

STATISTICAL NUCLEAR-MODEL CODE
SECTIONS AND EMISSION SPECTRA

by

and E. D. fl.rthur

ABSTRACT

A new multistep Hauser-l?eshbach code that includes correc-
tions for preequillbrium effects is described. The code can cal-
culate up to 60 decay reactions (cross sections and energy spectra)
in one computation, thereby providing considerable flexibili~y 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.

INTRODUCTION

The preequilibrium,

method by which reaction

(neutron, gamma-ray, and

tions can be calculated.

complicated sequences of

statistical nuclear-model

and level cross sections,

code CNASH provides a flexible

isomer ratios, and spectra

charged–particle) resulting from particle-induced reac-

The code uses Hauser-Feshbachl theory to calculate

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-
3

title types that are permitted are neutrons, protons, deuterons, tritons, He,

and 4He. 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 (cm.) 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
59

Co with sufficient energy

to cause (n,5n) reactions to occur, and

has been used to calculate proton- and

alpha–production cross sections for neu–
2

trons up to 40 MeV in energy. 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.

INPUI C.$RDS
(REACC1O!4 CIIAINS,
INCIIWKT LYERCY,
MODEL OPTIOSS, STC. )

REACTION CNOSS SKTIONS
LKVSC.’ACTIVATIOX X-SCC.

[

TNANSM1SS1OM
DISCR=E CA.?IA-RAY X-SEC

cOEt-F1crs.NTs
lSONER XA11OS

GNASH

MASS and CR~ CNAffiED-TARTICL~

STATE SPIN TABLE ONOIVIOLV.L AYO

Fig. 1.
Input and output features of the
GNASH code.

n+,%o

%

Fig. 2.
Sample decay chain for n +

59C0

calculations.

The GNASH code, developed for a Control Data Corp. (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-

2



routines (Sec. III), input

supplemental data or files

VI) . Section VII contains

parameters and options for streamlined setup (Sec. IV),

needed (Sec. V), and output produced by the code (Sec.

a summary discussion, and the code listing and a sam-

ple problem are given in Appendixes A–E.

IT.. 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 W-d.
9

In this section,

we give a brief description of the expressions used in the calculation. Preference

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 I1auser-Feshbach theory for

binary reactions.
1

The composition of nuclei involved in a calculation is as follows. At 10W

excitation energies, discrete levels of energy E, total angular momentum J, and

parity T are included. Generally, experimentally determined values of E, Jm,

and branching ratios are used for these levels. For higher excitation energies

where discrete-level information may be lacking, a continuum level-density ex-

pression is used. For this purpose, the continuum region is divided into energy

bins of width AE.

The population of continuum bins P
(n+l)

(UJIT)in the (n+l)th compound nucleus,

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

/z ~(n)
a (U’J’T’,UJm)

P(n+l)(UJT) = dU ‘ ~(n)(ufJ!T!) ~(n+l)(u~n)
r(u’J’lT’)

. , (1)

J?~?

where ~(n) (U’J’TT’) 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

compound nucleus to form the (n-1-l)thnucleus.

pound nucleus is determined from its formation

The population

cross section,

emitted by the nth

of the first com-

which can be found

3



from the appropriate sum over transmission coefficients taken at the cm. energy

c of the incident particles,

(2J -1-1)
P(l) (UJT) ‘+ (2I + I)(2i + 1)

xx
TR(E)f@(u - B) . (2)

Ic
s k

Here k is the relative-motion wave number, l(’lTT)and i(mp) are the spins (parity)

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

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

fg = 1/2 In+ (-l)%TTPI, TL(E) is the transmission coefficient having orbital

angular momentum R, s is the channel spin, and B is the binding energy of the

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

(1) for reaction channel a have the general form

(3)

s P.

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

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

fR = l/217T7T’+ (-l)Lmal, where Ta is the parity of the emitted particle, and B
a

is the binding energy of the emitted particle.

Similar expressions hold for the population of discrete levels:

\x ~(n)
P(n+l)(EAJAnA) = dU’

~ (n) a (U’J’T7’,EAJA7TA)
(U’J’m’)

r(u’J’7T’) 9
J?m?

(4)

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

Here the sums are taken over channel spin s and orbital angular momentum 1.

The total width appearing in the denominators ofl?qs. (1) and (4) is then the sum

over continuum bins (UJm) or discrete levels (EAJAmA) of the a~propriate partial

width ra(U’J’m’,UJn) or ra(U’J’m’,EAJAmA) for each reaction channel a.

For many calculations of interest, nonstatistical or preequilibrium effects

become important; therefore, a simplified preequilibrium expression formulated by

Braga-Narcazzan
10 11

and based upon the exciton model of Griffin and Blann12 has

4



been used to correct reaction and level-excitation cross sections as well as

spectra for preequilibrium effects:

()da
Cfinv(&)m&OR n

a
z x

(U/E)n-2 (n +l)2(n- 1) “o
preq lM[2g4E3 n=3

(6)

In this expression E and U are the excitation energies of the compound and resid-

ual nuclei, respectively; ~ is the incident-particle reaction cross section; m,

inv(E) are the mass:E, and 0 Icinetic 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 ~, 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 IMl2 = KA-3E-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

.=l!!&
A“ (7)

We determined the value of ~ for neutron- and proton-induced reactions to be

0.0005 ~ 0.0001, in agreement with the Braga-Marcazzan value of 0.00045.10 Our

result corresponds to K = 150 + 30 MeV3, which can be compared to the value of—

100 ~ 35 MeV3 obtained by Kalbach-Cline.
13

To provide flexibility in the code

for calculation of preequilibrium emission , we made the normalization factor

dependent on the type of particle emitted. Thus, effects such as the possible

existence of preformed particles can be included. When the outgoing particles

are neutrons and protons, the 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 a 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.

5



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

coMNucl’ form (see Sec. V) as a function of total angular momentum J and converts

them to TL using the expression

[ 1
‘L(c) ‘(21:1) @+l)Tl,L+s ‘gT9,k-s “

(8)

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

rnation17
18,19

or the Brink-Axel giant dipole resonance form can be used. Specif-

ically, the Weisskopf approximation for El transitions yields

El E3
TE1(u,u’) = Cw

Y’

whereas the Brink-Axel form gives

E121TE1(U,U1) = C –—
E2 0.013A

BA ?T~2c2 y r

E2r2

Y

(E; - E~)2 + Ey2r2

(9)

9 (lo)

Here Ev= U-U’, r is the giant dipole resonance width (I’= 5 MeV), and ER,

the re~onance energy in millions of electron volts, is given by E =
R

~OA-~/3.

El El
The normalization constants CW andCBA are obtained from the ratio of the

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

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

energy EB)

(11)

where TE1 is computed using either the Weisskopf

In the code, gamma-ray cascades through E2,

or Brink-Axel forms.

E3, Ml, M2, and M3 transitions

are permitted also. Transmission coefficients for these are computed using the

Weisskopf form (= E 2R+l), and the ratios CE2/CE1, ‘3 ‘1,
Y3 El are de

Y
c /c .... c /c

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 Gilbert and Cameron
20

21
with the

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

at higher excitation energies,

K exp (Z=) (2J +1) exp [-(J + l/2)2/202] ,p(E,JIT) = ~
l/4u5/4

a 2+cr3
(12)

and is matched to a

energies

constant temperature expression used for lower excitation

. (2J+ 1) exp [-J+ 1/2)2/202]
p(E,Jm) =~exp [(E - Eo)/T] . (13)

26 (J3

The definitions for the quantities in l?qs. (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)

21
where S(Z) and S(N) are shell effect terms and C, a correction term, depends on

whether the nucleus is deformed

III. CODE SUBROUTINES

To explain the workings of

scription of its subroutines is

MAIN - The main control routine

(c =
20 -

0.120) or spherical (C = 0.142). .

the GNASH code and to aid in its use, a short de-

given here. The code listing is in Appendix A.

of the program. It reads in data describing in-
cident-particle and target types, problem and decay chains involved, etc.

(see Sec. IV), and calls subroutines LEVPREP, TCPREP, and SETTJP 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,
fers.

and creates population-storage buf-

CHAINS - Called if automatic setup of chains is desired.



ENERGY - Determines masses, separation energies, and ground-state spins and parit-

ies from the GROUND2 data file (Appendix B).

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

bert-Cameron
20

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 J?T
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 deternr”.ningaccumulated 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 JITarrays, 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 su~ 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.

21
LEVDSET - Provides pairing and shell corrections from the tables of Cook et al.

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.

8



Loop over all decaying nuclei

El.

L

Loop over energy bins *(UJTT)
compound nucleus I

Width-summing loop

{

M=l+r
tot

M= Z+p

Loop over decay reaction types

~oop over continuun bins ~’(U’J’T’)
of residual nucleus 1’

M= 1 compute

r~ot(I,~) = rtot (I,+) +r(I,$:I’$’)p(I’~’)AE

M= 2 compute

DP = r(I$:I’~’)p(I’~’)P(I$)AE/& (1$)

P(I’~’) = P(ItI)’)+DP

rE2. Loop over residual-nucleus discrete
levels @’(E’I’m’)

M= 1 compute

rtot(I,~) = rtot (I,V) +~(1*:1’*’)

L- ‘=2c0mputePL(I’$’) = PL(I’$’) + r(I~:I’@’)P(I~)/rtot(It))

Close D loop

Close B and C loops

Close A loop

Fig. 3.
Schematic flow diagram for the SPECTRA subroutine.
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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 (2n<I’>)/<D>determined from s-wave neutron resonance
data.

INCHSUM - Performs sums over s and !2of 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;
integrated cross sections.

DATAOUT - Main output subroutine. Depending on which

sums spe~tra to obtain

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.

INTERI?- Main interpolation routine.

IV. MAIN CODE INPUT

We attempted to

separation energies,

PARAMETERS

keep the GNASH input as simple as possible. Thus all masses,

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-
23

empirical relations of Garvey et al. The ground-state spins and parities are

based on experimental measurements.
24

If J or 7Tis unknown, a value of 99. aP-

pears in the file. Unknown spins and parities are flagged during execution, and

Jm = O+ (even A) or Jm = 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:

10



(A) (2 cards) FORMAT (8A1O): TITLE(N), N= 1, 16

(B)

(c)

(D)

(E)

(F)

(G)

(H)

(I)

(J)

(1 card) FORMAT (514): IPRTLEV, IPRTTC, IPRTWID, IPRTSP, IPRTGC

(1 card) FORMAT (514): INI?OPT,KLIN, KTIN, NIBD, LMAXOPT

(1 card) FORMAT (614): NI, NMP, LGROPT, LPEQ, NJMAX, ICAPT

(1 card) FORMAT (4E1O.3) : ZAP, ZAT, DE, FSIGCN

(1 card) FORMAT (114) : NELAB

(l-3 cards) FORMAT (8E1O.3): ELABS(N), N = 1, NELAB

(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 (O 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),
1P = 2, NIP]

(3) INPCIPT= O (2-70 cards)

(a) Outer DO loop I = 1, NI

(1 card per I) FORMAT (5E1O.3) : ZACN(I) , XNIP(I) ,
CNPI(I), CNPIP(I), SWS(I)

(b) Inner DO loop 1P = 1, NIP

(l-6 cards per I) FORMAT (5E1O.3) : ZA1 (IR), XNL(IR) ,
A(IR), XNLGC(IR), ECGC(IR), where IR is a running re-
action index that defines a unique I, 1P for each re-
action sequence.

(l-6 cards) (DO loop MP = 1, NMP)

FORMAT (8X, Al, 11, E1O.3): LMGHOL(MP), LG, RE1(MP)

(O-1 cards) Input depends on LPEQ parameter, as follows:

(1) LPEQ = O (O cards)

(2) LPEQ = 1 (1 card)

FORMAT (6E1O.3): [ALPHAI.(IDx), IDX = 1, 6]

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 = O(1) to omit
(include) print of discrete-level information.

11



TABLE I (cent)

Parameter Description

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

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

IPRTSP Print control for calculated energy spectra, as follows:

IPRTSP = O

. 1

. 2

. 3

to omit print of all calculated energy spectra.

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

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

to print both individual reaction and composite spectra.

IPRTGC

INPOPT

Print control for level-density information. Set IPRTCC = O(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-l)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 = O 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 apd automatically determines parentage of
each decaying compound nucleus by assuming that all
previous, unassigned reactions leading to a given com-
pound nucleus contribute to its initial population of
states.

12



(cent)

Parameter

KLIN

KTIN

NIBD

LMAXOPT

NI

NMP

LGROPT

LPEQ

NW

TABLE I

Description

to automatically
initial compound

follow the neutron chain from the
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.

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

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
= blank or 8 for

Input fileset for
input, = blank or

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

transmission-coefficient data (= 5 for card
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
(TO) included in a calculation by requiring that (2R + l)T >

.%
* ~o-]LWiXOPT]

‘o
. 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
(maximumof 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 = O(1) 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). For even-A cases, Jmax = NJMAX - 1; for odd-A cases,
J . (2 *NJ~- 1)/20
max

13



TABLE I (cent)

Parameter

ICAPT

ZAP

ZAT

DE

FGSIGCN

NELAB

ELABS (N)

ZACN (I)

XNIP(I)

SWS(I)

ZZA1 (1P)

CNPI(I)

14

Description

Gamma-ray cascade control for initial compound nucleus:

ICAPT = O 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 fn-
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 1P runs
from 1P = 1 to NIP for each compound nucleus.

Value of the gamma-ray strength function for s-wave neutrons,
2T<I’Y>/<D>, that is used to normalize the gamma-ray transition
probabilities. A negative value of SWS can be used to directly
input a normalization factor of ISWS(l)I. In the case of the
Brink-Axel approximation, SWS(I) can be set equal to O. to indicate
use of a built-in, constant normalization factor.

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

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

P



Parameter

CNPIP(I)

ZA1 ( IR)

XNL(IR)

A ( IR)

XNLGC(IR)
and

ECGC(IR)

LMGHOL(MP)

LG

REl (MP)

A.Lmfu (IDX)

TABLE I (cent)

Description

Parentage designator that indicates the previous decay index 1P
that leads to the formation of ZACN(I). P

Same as ZZA1(IP) described above. Note that the running reaction
index IR defines a unique I, 1P for each reaction sequence..

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

Level-density parameter, a, for use in the Gilbert-Cameron
20

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(lR), 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
o.9 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
El transition. Set REl(MP) = O. to use a built-in value.

of the

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) = O. to
use the built-in. values.

v. ADDITIONAL INPUT PARAMETERS

A. Discrete-Level Data

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

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

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

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

formation must be for increasing ZA (1OOOZ + A). The discrete-level input param-

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

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

15



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

ing level data:

(A) (1 card) FORMAT (18, 15, F12.6): ID, NL, F

(B) Outer loop on levels (DO loop N = 1, NL)

FORMAT (16, F12.6, 2F6.1, E12.5, 16): NX, EL(N), AJ(N), AT(N), TAU, NT

(C) Inner loop for each level (DO loop K = 1, NT)

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

Parameter

ID

N-L

F

NX

EL (N)

AJ(N)

AT(N)

TAU

NT

NF

P

CP

TABLE II

DISCRETE-LEVEL INPUT PARAMETERS

Description

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

Number of levels being input.

For card input, set F = -1. for the last nucleus (highest

ID) for which level data is input. Otherwise, set F = O.

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

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

Spin and parity of the Nth level. The sign of AJ(N) indicates
the parity. For example, -O. is interpreted as a Jr = 0- 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, ~P(N+ NF) = 1. For unbound states, ~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.
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TABLE III

TRANSMISSION-COEFFICIENT INPUT PARAMETERS

Parameter

NPART

BCDTC(8)

XBCD

NE

NN

K

ETC(J,ID)

TDUM(L)

Description

Number of particles for which transmission coefficients
are input.

Seventy-five columns of Hollerith descriptive information.

Alphanumeric particle identifiers, as follows:

_NEUTRON, _PROTON, _DEUTERON, _TRITON, _HE-3, _ALPHA;

that is, a blank column precedes each identifier.

Number of energies included in energy grid for transmission
coefficients.

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

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

Energy grid for transmission coefficients. The index

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

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 COMNUC
16

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 (14, 1X, 7A10, A5): NPART, [BCDTC(I), I = 1, 8]

(B) Outer loop on particles (DO loop N = 1, NPART)

(1 card perN loop) FORMAT (42X, A1O, 12X, 214, A8): XBCD, NE, NN, K

17



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

(l-5 cards perN loop) FORMAT (6E12.2, A6): [ETC(J,ID), J = I, I +5

(D) Input transmission coefficients for particle N. Outer loop on energy
(DO 100P I = 2, NE), inner loop on NN (DO loop J = 1, NN, 6)

,K

(l-7 cards per energy, depending onNN) 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 IPRTGC, de–

scribed in Table I. The problem output, the result of a typical setup used at

the

(1)

(2)

(3)

(4)

(5)

18

Los Alamos Scientific Laboratory, consists essentially of six parts:

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.

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).

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

Calculated cross sections, average energies,
radiation from individual reactions (pp. E-5
for the various species of emitted radiation
reactions to discrete states, and gamma rays

and secondary spectra of emitted
and E-6) and composite spectra
(p. E-7). Cross sections for
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 (J and a 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 cm. 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.

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

.



(6)

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

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
(S) 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
25

sample problem, were calculated from the Wilmore-Hodgson global optical param-
26.

eters for neutrons, the Bechetti-Greenlees
27

parameters for protons, and the Igo

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 2T<ry>/<lD cf approximately

25 X 10
-4

for the Co isotopes and 2 x 10
-3 -4

and 3 x 10 for’6 5’Fe.Mn and

Note that the sample problem results are for illustrative purposes only. A tighter

integration mesh and more careful selection of model parameters would be advj.sable

for a serious calculation. Additional examples of n +
59

Co 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 integration mesh in GNASH than the one in our sample problem.
2-8

Thus far the validation of the GNASH code has been for incident neutrons

or protons with energies mainly below 25 MeV. At energies above 25-30 It&V, 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
59

Co(n,a) 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 (NJ14AX),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 = O)

unless the spectrum of capture gamma rays is specifically required. A summary of
59

running times for n + 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 = O. When they were performed,

the option for limiting the number of transmission coefficients had not yet been

implemented, so in effect the results were obtained with LMAXOPT = 15. The times

given in Fig. 8 can therefore be significantly reduced (-35%) without accuracy

loss by using the LMAXOPT parameter.
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APPENDIX A

PROGRAM LISTING

COPY3F u ?ILI!$PROM P8L71 LASL Identification No. LP-0778

PROGRAM QNA3H(INP, ~SETStINP ,0UT,F8e76SOUT,FSET80FSET9,
1 FSET1O,FSEll l,FSEY12,FSI!Tlj)

GAMKIA.RAY, NEUTRON, AND AsSbRTED SPECTRA FROH HEAVY NUCLEI

FS!!T8 z INPUT LEVEL DATi IF CARDS NOT USEO
F9ET9 s INTERNAL BINARY LEVPL OATA FILE (KL)
FSEllk!= INPUT TRANSMISSION cOEFFICIENTS IF CARDS NOT USED
FSET1lS LEvEL fjcRATcH FILe . AvAILABLE FOR PUNCH OR DISc O/P
FsET13x :NPuT GROUNl)-STATE !4As9 EXCESS, .9PINo ANO PARITY

MAIN 2
APRe7771
MAIN
MAIN :
MAIN 6
MAIN 8
MAIN 9
MAIN 10
APR07772
MAIN 11
~AIN 12

IPRTLEv82! TO OMIT PRINT OF DISCRETE LEVFL INFORMATION MAIN 1S
IpRTTC sfi TO OMIT *RINT OF ANy TRANst41SsION CoEPFIcIEN?g MAIN 14
IPRTTC -l TO PRINT IIP iRANsMIsSION coEFFIclENT3
IPRTTc~GE;2 TO PRINT TRANSMISSION COEFFICIENTS AT EvERy tIPR7Tc9i)l:~l ~~

TH ENERGY’ ON THE BASIC INTEGRATION ENERGY MESH MAIN i7
IPRTWIO=O TO OMIT WIDTH PRINT MAIN 18
IPRTSP an TO OMIT SpECTQA PRINT MAIN !9
IPRTSp =1 TO PRINT COMPtiSITE sPECTRA ONLY MAIN 20
IPRTSP =2 70 PRINT INDIvIDUAL SPECTRA ONLY MAIN 21
IPRTSP =3 TO PRINT COMPOSITE AND INf)IVIDUAL SPECTRA MAIN 22
IPl?TGc S0 TO OMIT PRINT OF LEVEL DENSITY PARAMETERS MAIN 23
IPRTGC, S1 10 PRINT GILnrRT-CAFERON LEVFL DENSITY PARAMl!TIiRS MAIN ?U
IPRTGc.GE.2 To PRINT LEVEL 0ENSITIE3 AT EvERY (IPRTGC-11 TH ENEROyMAIN 25

ON THE 8ASIc IN?EORATION ENERGY MESH MAIN 26
INPOPT=-1 MANUALLY READ IN REACTION CHAINS SUT CODE AUTOMATICALLY MAIN 27

ASS!GNS PARENTAGE, CNPI(I) AND CNPIP(I] ARE ASSUMED TO MAIN 28
BE ALL UNASSIGNED HIGHER REACTIONS THAT PROOUCE ZACN(I) MAIN 29

INpOpTSa MANuALLY I/p REACTION CHAINS ANO PARENTAGE Indicators MAIN 30
!NpOpTCl AUTOMATICALLY FOLLbW NEUTRON CHAIN WITH G,N OEcAVS MAIN 31
INpOPT=2 AuTOMATICALLY FOLLOW NtUTRON CHAIN WITH G,N,P,A DFCAYS MAIN 32
INPOPT*3 AuTOMATICALLY FOLLOW NEUTRON CHdIN WITH G,N,P,A DECAYS, MAIN 33

ANO PICK UP GAMMAS FRON P AND A DECAYS t4AIN 3AI
SWS(II x + TO NilRMALIZE S=MAVE STRENGTH TO SkS(I) MAIN 35
SNS(I) x 0: TO IJSE UNNORMALIZEO GAMPA RAy TRAfJsITIoN pRoBABILITIESMAIN 36

. AS ADJUSTED B’f RE1(l) MAIN 37
SWS(I) = - TO MuLTIPLY GAMHA TRANSITION PROBABILITIES BY MAIN S8

ABs(swS(I)) MAIN S9

FOn~ATt201U)
HAIN 49
MAIN 41

FORYAT(lP, IJE1O:3)
FORMAT(BA1O)

MAIN AAZ
MAIN 43

FnRMATI IHI.8Al(4,[IH ,8A~0j MAIN 44
FoRt4AT(8x, Al#Il,lP,7Elci:)) MAIN 45

6 F0R3AT( lP, Etn;3,1i_4x,6E13. 31 HAIN lAb
FORMAT(/ 9H IPRTLEv:12, 3X, 7HIPRTTC812*3X, 8HIPRTW!DMAIN 47

\=I?,3X, 7MIPRTSP=12, 3X,?HIPRTGCa12) MAIN 48
FORMAT( 8H INPoPT=12, 3x,5HKLIN=12P3x~ 5HKTINb!203X~SHNIBD=12J 3Xc
1 8HLMAXOPTs12,/)

J!JL26771
JUL26772

9 FORNAT(/4H NIx,13, 3X,UHNNP=,12,3X, 7HLGROPts?12.Sx# kAjk
1 5HLpFS=12S 3x, 6HNJflAx=13,3x, *1cAPT=*12)

10
MAIN

FORMAT(/ SH zAP=F5.@, 3x,4HZAT=Fb.0# 3Xp3HDE=F6;3fUH MEV~
1

MAIN
.3X1 U~xMTSFi@.5jUH AMUt3X? SHSPsF6.314H t4Ev~3Xs

2 8HECUiOFF:F502,UH MEV)
MAIN

11
MAIN

FnRMAT( 5H ACNZF7.315H /MEV#3xJ 7HfsIGcN1441N
l=F7,3, 3X, bHDEFCN=F2,LI,3X, 7tl!lPINT =F5,1,3X, UHPIT?F3;O) MAIN

12 FO~flAT(/* I ZACN NIP PARENT#, 9X,*sMldAVE*, 8X,*IP*, 4X,*2A1*,HAIN
1 QX*ZA2*, SX, *ktiQbt8X, *9n,4ti, ●N~EV DEF A
2FE~*/~ ● - w.;;- --i

NLGC ECGC BUFNAIN
x 1P*,

3
MAIN

* STRtNGTHS ENERGY *= man, *, MAIN

96
;:
33
54
55
56
57
58
59
bti
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13
1

15
16
17

18

19
25

c

4 * WWwmw (AMU) {MEv) .n ● -Q (/tltv) .dpmm (Mcv) NUMRMAIN bt

5ER*) MAIN 62
FOR~AT( 13,F7,0, FU,0~F7.@, F6,fl,2X, lPE10PS,0p~F7;S) MAIN 63

4 FORMAT (U6X.15, F7:fl,F8,n, F6.3,F10.3.ZF5..0, F8.3,F5. Ocf10.3?17)
FORMAT(I U6H XNDFX

MAIN 6fA
L .,PARITY MULTIPOLARITY RA710 70 El) MAIN 6S

FORMAT( IU,2F6,fl,9X~Al~ 11#i3X,G11s4) MAIN 66
FORMAT(//* WE.ISsKOPF APPRoXIMATION uSED FOR GAMMA-RAY TRANSMIg910NMAIN 67

1 COEFFICIENTS*)
FoQnAT(/1

MAIN 68
● AXEL APPRoXIMATION uSED FOR GAMKA-RAY 7RANSMIS!JIONUAIN 69

1 COEFFICIENTS*I MAIN 70
FORMAT(I 26H INcIDENT ~NERGI~S (MEV) s,lP,lflElJ3.3#/26X,10F10;3) MAIN 71
Y0RHb7(I/5x*COLL19MILb2Z0 cLOSED FIIRM USED FOR ABsoLuTE CAL or p~EMAIN 72

1-EIJUILIORIUH CROSS SECTION *//,* PRE=EQIJILIBRIUM NORMALIZATION CONMAIN 73
2STANTS ARE / d,6A10~/39x,*(INPUT) ●*lP06E10.3t/39X,* lUSED) ●? MAIN 7U
3 6E!Q.3) 14AIN 75

F(lRYAT(//~fjx~
MAIN 76

THE LAB ENERGY IS *GI1,u* MEV *//l UAIN 77
FORMAT(20AU) MAIN 78
FORMAT(lX,2@AU) nAIN 79
COMWON RHO(&@, 20g],T(30C2@O),P(80) ,sp(201i, 6) tPPftJ0)zSpp(200t 7) RHO 2

l, SPNGN(200), pL(13n,6),G(200, 6),RH6FTR(4n) RHO
coM!4fiN/LcINoEx/TpBLC,IBLc, IzEROLC, ISPLC, IPLLC, IEGLC, ISGLC,ITCLC, LCNDEX :

ISTCLC, IRHOLC, ITLC,IELLC, IAJLC, IATLC, NIDIM~NIPDIM?NIBDIM~ NGRDIMILCNDEX 3
: NIDt31M,NIF?OIM LCNDEX U
COMMON/TCOEF/ETC(2S,6),TC (25,30), BCD(7), XSPIN(7),NLDIM, TCOEF 2

lNPART, NF.E(6), No(6),NTC( b), IZAIO(7) 0XMASS(7)~NEEOIM, NLEIN(6c25)s TCOEF 3
.2N1.E(6, 20$1), JRAST(2@@,6) TcOEF u
CO~MON/LEVELl/EL(50),AJt50) ,AT(50),XNL(60), ELMAX(60) cNLEVDIH LFVEL1 2

!tEG(2u@) #SG(21J0), NGRAYSt6@) LEVEL1 3
COMMON/8ASTCl/NI,XNIp(ln) ,NIR, LR(6,10), ZAl(bE),ZAi!(60) ,xH2(6018 BASIC1 2

1 ZACN(lO), CSGR(60), CSTOT(6O) ,cSL&V(60),CSIO(8) JEAVIO(8) ,EAV(601 BASIC1 3
CO~fiO~/P4SlC?/TITLE(i6) ,ELAB,DE,Z AP,ZAT,XMT, NKKM(lO),CNPI(lO), BASIC2 2

1 cNPIP(Io) .s(60),sAC(l@], IDl(6n), IOP, IOF2(60),!R(JF(60 10)J flASIC2 3
2 ECM,Up, NK~AX,NJHAX,NKK( 6a), NKOIM, TCP(3a),0~oP(U9) IA(60)/A2(60)t fl.AsIci? 4
3 ~Rt40(6)#xJT* NPt3PMAx, NTtt?(6),NJDIU, IOECN(lO), NKKCN(l@)SECON, f3ASIc2 5
u JPI(u!7, Z), XMP,XJP,PIT,NLP, xNLP, KL, 105TAT(7), SIC,CSL, CSH,PIL~~(3@) BASIC2 b
5tICAPT, PLf3UF(5t7, 10)tINPOPT, TKEEP f3AsIc2 7
COMHON/GAMMA/NUP,LGROPT, SWS(IE), GML(6),GMP(6),RE1 (6),LMGH0L(6)c GAUPA

1 TGR(20B, 6), wKcoN, CAXEL,CAXEL, ERAXEL~E%SwSC lO)JwKNoRM GAMPA $
COMMON/PREEQ/LPEQ,SIGP,PREfJI (fJ), C51C1(6), N11T(b)cALPHA(6) PREEQ 2

COMMON/pREQl/EPSIG(20@,h) ,NLEv,NPIT,NIT PREO1 ~
COM~ON/FITTING/ACN,FSIG~N, SIGPEQ FIT71NG2
CgMPON/PRNTOLJT/lPRTLEv,lPRTTC, IPRTMLD, IPRTHID, IPRTSP,IPRTGC PRNTOUT2
CO~~ON/LEVDEN/0EF(6n),XNLGC (60) lECGC(60),UcUTOFFc D~FCN~ TGC(60)S LCV@EN 2

1 E0GC(60), EHATGC(60)~PAIR( 6@), XMR3(60), XNLLN(b0)~SZ (!00),SN(150), LEVDEN 3
2 PZ(190),PN(15E’!) LEVDEN O
COMMON /SPNPAR/ SPIN,PARITY,KGliO LEvDEN 5

MAIN 92
DIMENSION ALpHAl(6) MAIN 93
DIMENSION zZAj(6),ELABS(20) MAIN 94
OIMENSION 71Npu(20) MAIN 95
DATA BCD/lL3H NEUTRDN ,1OH PROTON

1 lnH iiE-3
tlOH DEUTERON olOH TRITON 8 MAIN 96

e!OH ALPHA ~lOH GAMPA-RAYI MAIN 97
DATA IzAIo/l,lnel,lnf12,j0n3,2nf13t i?OeQvql MAIN 98
DATA KX, KL. K?, KGf?O, IHOLF,IHbLM, /5,9,7,1301uE01HM~ lJIAiN 99
OA?A XMASS/1.0L?f366t!tl,FIf1782$,2. I?IIUIFZ, 3;@160S0,3,016030, U,C102b03, MAIN 100

j 0,/ MAIN 101
DATA XSPIN/0.5,n.5,1.0,fl,5,@.5, fl.@,O.fll MAIN 102
DATA NKD!M,NJDIM,NEEOIM,NLDIM,NLEVDIM/2L30, 40~25vS0~$01 VAIN j03
DATA NIDIM, NIPOIM, NIBOIMjNGRDIM, NIDDIM\ MAIN lflb

1 108 8F sun, 71 MAIN 105
DATA ALPHA>5!h~wflU, 5.BE~0U,3&l~@Ea0Z, 5F-03/ MAY77 1
OATA N1TTls~3,3,3,3p3/ MAIN lf17
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c

3i
3s

301

c
c

100

MAIN I@O
ExAi7M(ib,cxMA9sj w ZAqlO~O,*FLOAT(IPiX(ZA/1000, 11+ExM4s31931,5D2 t4AxN 109

MAIN llfl
MAIN 111

TAPE 12 = BUFFER XNPUT MAIN 112
MAIN ~i3

wRITE(6?3z) MAIN 114
FORMAT(IH1) MAIN \iS
READ(KI,33) ZINPU MAIN 116
IV(EOF,KI) 300.301 MAIN 117
h’RITE(6,3U) ZINPU MAIN 118
WRITE(12,33) ZINPU MAIN 119
GO To 35 MAIN 120
CONTINUE MAIN 121

MAIN \22
NOW TAPE 12 x INPUT MAXN 123

MAIN 124
KIC12
ENDFILE KI

MAIN 125
MAIN $26

REWIND KI MAIN \.?7
MAIN 128

MAIN INPUT 9E,C110N MAIN 129
Ext4N c, ENERGYtl;O) MAIN 130
READ(KI,3),.TITL~ MAIN 131
IF(EOF, KI)iOaO. 101 MAIN 132
kR11E(61U) TITLE MAIN 133
RllAo(KI, l) IPR7LEV, XPRT?C, IpRTWID,IPRTSP, !PRTGC HAIN 134
RFA~(KI,l) INPOPT, KLIN,KTIN,NIBO,LMAXOPT J(lL.2b773
IF(NIf+D,GT;t7) NIBDIM=NIBD MAIN 136
XF(KL!N.LTrt) KLIN=8 MAIN 137
IF(KTIN,LT,l) KTIN=1O MAIN 138
IF(KLIN.NE.8) KLIN=12 h~Rf17773
lF(KllN.NE~l~)KT1~:12 APRa777a
WR11E(6,7) IPRTLEV, IPR7TC, IPRTklID~IPRT~P, IPRTGC MAIN 139
URITE(6,8) INPOP?,KLIN,KTIN, NIBD,LMAxOPT
EPSILON=1,CIE*9

JUL2b774
JU~2b775

IF(LMAxoPT~GTivI) JUL2b77bLMAXOPTS*~MAXOPT
IF(LMAXOPT.NE.0) EP91LON=’jO,*&LMAXOPT JUL26777
READ(KI,,l) NI, NMP, LGROPT, LpEO,NJMAx~ IcApT MAIN 141
IF(NJMAx.Eo~n) tJJMAX=NJDXM MAIN 1U2
f?l?AD(KI,Z) zAP,ZAT,OE,FgIGCN MAIN IIJ3
UCIJTOFF = E!,l MAIN lUU
READ(KI,l) NELAB MAIN 145
REAo(KI,2) (ELAB!J( I),IFi,NELAB)
EXMT

MAIN ld6
= ENERGY(ZAT) MAIN 147

XJT 8 SPIN tiAIN 148
PIT s PARITY MAIN 1U9
XMT s ExAcT14(2AT,EXMT) MAIN 150
SIC = EXMT + ~NERGY(ZA~) o ENCRGY(ZATiZAP) MAIN 151
IF(Fs16cN.Eo10.) FsIGcN~l~e MAIN 152
:R=@ MAIN 153
00 19Q I=I,N?
IF(INpOPT;FCJ.0) READ(KI,2)2ACN(X),XNIP(X),CNPI (X),CNPXP(I),SWS(I) !:i: :::
ZZAl(l)~@. MAIN 156
IF(INpOPT.LEp=I )REA0fKI,2) i~cNt I), xNIp(I),SWSC I), ti2At (xp1,1Ps2,6)MA1N \s7
IF(xNPOPT.GE.1) cALL CHAINStI,IR) HAIN ~58

ZAC E 2AcN(I)
ExMC

MAIN $59
= ENERGY(ZAC] HAIN 160

ExSKS(I) s ENERGY(ZAC-l;O) + EXMN - EXMC MAIN 16i
NIp=xYIP(I~ MAIN 162
DO IPU IPv1,NIP MAIN 163
IRxIRtl MAIN 164
LRtIP,!)oIR HAIN 169
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XNL(IR)sO, MAIN 166
A(IR)=O. MAIk lb?
XNLGC(IR)SO, MAIN 168
EcGc(IR)=I!I. MAIN 169

IF(INpOPTpKO:0)RFAO(KI,2~ZAl (Il!),XNL(IR),A(IRltXNLGC(IR) ,EtGC(IR) MAIN 170
IF(INPOPT.I.E.-1) ZAi(IR)=ZZAi(IP)
ZA2(IR) ?-ZACNii)DZAl(IR)
OEF(IR) = XMAGIC(ZA2(IR))

ZAR = ZA2tIR)
CXPR s ENERGY(iAR)
XMZ(IR) s EXACT!!(ZAR,EXMR)
s(IR) : EXMR + ENERGYCZA’i(lR)~ w EXHC

104 CONTINUE
NIRIxIR
CALL LCSPACE
AcN=A(l)
DEFCNaOEF(i)
Wl?ITE(b,9) NI, NM$,LGROPT, LPE(),NJHAXd ICAPT
!4RITE(6,10) ZAP, ZAT~DE,XMT,SIC,WCUTOFF
WRITE(6,11) AcN, ~SIGCN,DEFCN, XJT~PIT
WRITF(6, 19) (ELA8s(I), I~l ~NELA5)
wRITE(h,12)

:~I+;!6!l\;!!ZACN(I)8XNIPf l).cNPI (x)lcNPxp(I) 8sws(2) tEXSWS(I)
NIPzXNIP(I)
00 lflb TP=llNIP
IR=LR(IP, I)
IFI=IBuF(IP, I)
IF(IB.GT;N16D!M) IBsIBoNI13DIM,

106 wRITE(6,1u) IP,zA1(IR) ~zA2(IR) ,xM~CIR) sS(IR) tXNL(IR)t
1 DEF(IR) . A(IR) SXNLGC(IR) cECGC(IRICIS
‘!F(LGROpTjEO;l) WR17E(6,17)
IF(LGROPT.EO.Z?) WR1Tc(6,18)
MRITEtb,15)
DO Ilfl MP=l,NMP
READfKI,5) LMGHij~(Mp) lLG,REltNp)e
IF(LMGHOL(Mp) ;EfitIHOLE) GMP(MP)P?l;O
IF(LMGHOL(~P) .~Q.IHoLM) ~14P(~plyl.~
IF((LMCHOLtMp) .EQ.IHOLE). ANo. (LG.I!Q. ;);AND.(RC1(MP) ,EQ.00))

1 REl(MP):l:O

110

i02
201

c
c

c
c

c
c

c
c

‘GML(MP)=LG
WRITE(6,1b) HP, GML(MP), GHP(MP),LMGHOL(MP) ILGcRElfMPl
IF(LPEQ:EQ:l )READ(KI,2)ALPHA 1
00 2al IDX=1,6
IF(ALPHAl (IDx);N~.0.)202# 201
ALPHA(IDX)=ALPHAl (IoX)
CONTINUE
IF(LPEO.EQ:l) WR17Et612~) ~BCDtXDX), IDXsl~b)#ALPHAlt ALPHA

READ LEVEL INFORMATION
CALL LEvPREP(KI.INsKL)

REAO TRANSMISSION COEFFICIENT DATA
CALL TCPREP(KTIN, EPSILON)

SET UP FOR CALCULATION
CALL SETUP

INCIDENT ENERGY LOOP
00 2n0 IELAB=l,NELAS
CALL SECOND(TKEEP)
ELAB=ELA5S(IELAB)
CALL SE7UP2

MAIN 171
RAIN 172
MAIN 173
VAIN 17U
MAIN 175
flAIN 176
MAIN 177
tlAIN 178
MAIN 179
MAIN 180
MAIN 181
MAIN 182
MAIN 183
MAIN 184
MAIN 185
MAIN 186
MAIN ]87
VAIN 18R
MAIN !89
MAIN 190
MAIN 191
MAIN 192
HAIb 193
MAIN 194
HAIN 19S
IIAIN 196
MAIN 197
MAIN 198
HAIN 199
t441N 200
MAIN 201
t4AIN 202
MAIN 2@3
MAIN 2(4u
MAIN 205
MAIN 2flb
MAIN 207
MAIN 2n8
MA[N 209
MAIN 2!0
MAIN 211
MAIN 212
MAIN 213
MAIN 210
MAIN 215
MAIN 216
MAIN 217
MAIN 218
JUL26778
MAIN 220
HAIN 221
MAIN 222
MAIN 223
VAIN 22U
MAIN ?25
MAIN 226
HAl~ 227
MAIN 228
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: CALCULATE SpECTR&I
CALL SPECTRA(ACN,FSIGCN)

: PRINT AND WRITE OUTPUT RE3ULT9
CALL DATAOUT

198 CONTINUE
199 CONTINUE
c
2Q0 CONTINU!I

Go To ifln
l@OO STOP

END
SUBROUTINE 1.C8PACE

c
c SET UP LCM STOR4GE, ZERO ARfiAY, AND VARIA8LE STORAGE BU?FERS
c

COMMOhl. qHOtUO, 2flflYqT(3fl,?00) ,ti(8(il, SP(2(?0?6),PPt80) *SPp(200~ 7)
!,spNGM(2nO),pL(51?,6),G(200, 6),RHOF7R(40)
CO~~MON/BASICl/NI,XNIP(lO) ,NIR,LR(6, 10~,ZAl(60),ZA2 (6n),XN2(60),

1 ZACN(lO), CSGR(63), C9TO?(6O) ,CSLEV(60),CSID(8), EAVID(8) ,EAV(61?)

14hlv ?29
MAIk 230
MAIN 231
MAIN 232
MAIN 233
MAIN .234
MAIN t?j5
MAIN 236
MAIN 237
MAIk 238
MAIN 239
MAIN 24@
MAIN 241
LCSPACE2
1.CSPACE3
I.cSPACFLU
LcsP~cE5
RHO 2
RHO
BASIC1 :
RASIC1 3

COMMONILCINDEX?IPULC, IGLC, SZEf?OLC, 13PLC, !PLLCtIEGLCp ISQLColTCLCp LCNOEX 2
i ISTCLC, lRHOLC;ITLCO IELLC, IAJLC, IATLc, NIoIH, NIPDIM,NIBoIM, N6RDIM,LCNDEX 3
2 NIODIH.NIRDIM LCNDEX u
CONMON/iC6EF/ETc(25?b),TC(23, 30),BCD(7),XSP!N(T) tNLDIU, fcULF 2

lNPART, NEE(6), Nh(6),NTCt6) ,IzAID(7),xMASS(7), NEED1M, NLEIN(6~25)~ TcOEF 3
I?NLE(6, 2n’a), JRAsT(213n,6) TCOEF U
COMUO~J/LEVFLltFL(5a),AJt5P) ,AT(50} txNL(601,ELMAX(6TI)~ NLEVDIM LLVEL1 2

l, FG(2u@), SG(24q), NGQAySt6fl) LEVEL1 3
CCIMMON/RASIC2/TITLE(16) .ELAFI, Of?,ZAP,zAT*XMT, NKKM(lO), CNPI(1O), BASIC2 2

1 C~~pIP( l@) .S(60),SAC(lCI~t !O\(6@), IDP, IOE2(60)t IBuF(6, l@)o BASIC2 3
2 ECfl,LIP, NKMAX, NJHAX,NKK(b$3) ,NKDIMc TCp(30)jQMDP(4@)~A (60)~A2(60), 0ASIC2 4
3 NRHO(6),XJT, NPOPkAti~MTC2(b) #NJRIM# IOECN(ln),NKKCN(lO)CECON/ BASIc? 5
u JPI(4a, P), xt4P,MJp,PIT,NLp, ~NLP,KL, 10sTAT(71, sIc,CS~, csH~PILLL(30)nAsIC2 6
5, 1CAR7, PLf3(lF(5k3, 10)IINpoPT,TKEfp BASIc2 7
OIMENSICIN SCRUF(fJPnO), IJJ(lPJ), IPJJt 10) LCSPAC12
EQUIVALf!NCE t9c8uF.RHO)

c
LCSPAC13
LCSPAClfJ

c SET LCM STORAGE INDEXES LCSPbC!5
NIR0:M=Nfolt4*NIP0XM LCSPAC16
lPE!LCq@ LCSPAC17
IGLC=IPBLC$NJDIM*NKDXM*N18DIM*2 LcSpAC18
IZEROLC=IGLC+~KCJIM*NIROIM LCSPAC19
IsPLc:IzEROLC+8m00 LcsPAc20
IPLL(=IsPLCtNKDIM*NIRDIN, ~cSPAC2i
IEGLC=IPLLC+NLEVDIM*NIROIM LCSPAC22
ISGLC=II!GLC+NGRI)IM*NIRDIM
ITCLc=IScLC+NGRPIM*NIRDIM

LCspAC23
LCSPAC2U

IRHnLCsIYCLC+NEEDIM*NLOIfl# (NIODIM-1) LCSPAC25
ITLC:IRHOLC+~KOIM*NJOI~*NIPDIM LCSPAC26
!ELLC=ITLC+NKOXM*NLDIM*NIPOIM 1.CSPAC27
IAJLC=IFLLC+NLEVCIIM*NIROIN LCSPAC28
IATLc:IAJLc+NLEvDIM*NIRoIt4 LcSPAC29
LCMOIM=IATLC+NLEVOIM*NIROIM LCSPAC30
WRITE(6,1) LCMDIM LCSPAC31

1 FORMAT(* LCV SPACE REQUIRED (EXCLUl)ING D!$C BUFFl?RS) IS *p17) 1.CSPAC3Z
WRITE(6,2) NIBoINsNKoIM LcSPAC33

2 FORMAT( * NUM$ER OF LCM BuFFERS IS h412/ * MAXIMUM NUMBER OF ENI!RGLCSPAC34
lY BINs IS *,10) LCSPAC35

c LCSPAC36
c SET UP LCM ,?ERo ARRAY [CSPAC37

DO 10 K=1,}OOL3
10 SC9UF(K)C0.

LCSpAC38
LCSPAC39
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c
c

408
409
410
420

c
c

62
64

66

I/lLft~f?fRfjLC
tlpr3c12fin
CALL ECWR(SCBUF, INDEX,NPTS81CRR)
INDExuINDEx+NPTs
CALL ECHi?(SCBUF, INDEX8N$TS,IERR)
INDEx=JNO~X+h’pTS
CALL ECWR(SCBUF, INDEX,NPTSCIERR)
XNDEX=!NDFX+NPTS
CALL EcwQ(sCRUF, !NDEXIN$TS,IERR)
CALL ECRO(SCBIJF, IZEROLC,unOO, !ERR)
INDCX=INDEx+NP~S.
CALL 2C14R,(SCBUF, INDEX,400@, IERR)
IF(INPOPT.GE.(1) GO TO 020

DETERMINE PARENT REACTIONS
L9uFoPl=t
CNPI(l)=l;,
CNpIp(l)=l.
IF(NI.LT.Z) GO TO 020
DO :lt? 1=~.NI
CNpI(I)=@
CNpIp(I)=;;
I~ZI.\
DO 409 IMu1,I1
11=11-IF+i :.
IF(ZACN( I)’.EQ.ZACN(II)) Go TO U1O
NIP = X~IP(II)
IF(NIP;LT;;) GO TO 409
DO Ontl IIP~2,NIP
IR=LR(ITp,}I)
IF(ZA2( IR).NE;iACNjI)) GO TO 008
CNpI(I) = 11 + lt70.*CNPICI)
CNPIP(I)= !lp+I@fI,*CNPIP(I)
lF(LBUFOPT~EQ.2) Go TO U1O
CONTI~l)E
CONTINUE
CONTINUE
CONTINUE

SET UP POPULAiI@N 3TORAGF BUFFERS TOR LkM
CALL ECRD(!EUF, IZEROLC,bO,IERR]
cNPI(l)sl
:::~p(i)ai~

DO 7n Jc1,NI
IB=IB+I
IIccNPI(J)

IIP=CNPIP(J)
DO 62 JJzl,10
JJX=1P**(JJ*2)
JJx2=JJx/inO
IJJ(JJ)SM00(IIqJ3X)/JJXZ
IPJJ(JJ):MoD(IIP,JJX)/JJX2
IF(II/JJX;LT.1) GO TO 64
CONTINUE
NJJ=JJ
DO 68 I=l,J
NjP~XNIP(I)
DO 68 IP=l.NIP
DO 66 JJ=l.NJJ
IF((I. NE. IJJ(JJ) ),OR;{IF~NE, XPJJ(JJI)) Go TO 66
IBUF(IP,I) =IB
CONTINUE

LC8PACU0
LCSPAC41
1.cspAc42
LC9PACU3
LCSPAC4U
LCSPACU5
LCSPAC46
LCSPAC47
1.CSPAC48
LCSPACU9
LCSPAC5R
LCSPAC51
LCSF’AC52
LCSPAC53
1.csPAc5u
LCSPAC5S
LCSPAC56
LCSPAC57
LCSPAC58
LC9PAC59
LCSPAC6P
LCSPACbi
LCSPACb2
LCSPACb3
LCSPAC64
LCSPAC65
1.CSPAC6b
LCSPbCb7
LCSPbCb6
LCSPAC69
LCSPAC7n
LCSPAC71
LCSP4C72
LCSPAC73
LCSPAC74
LCSPAC7S
LCSpAC7b
LCSPAC77
LCSPAC7B
LcSpAC.79
LCSPAC8i3
LCSPAC81
LCSPAC82
LCSPAC83
LCSPACB4
LcSPAC85
1.CSPAC86
LCSPACB7
LCSPAC88
LCSPAC69
LcsPAc9n
LCSPAC91
LCSPAC92
LC9PAC93
LCSPAC94
LCSPAC95
LCSPAC96
LCSPAC97
LcSPAC98
LCSPAC99
LC$PA100
LCSpAlOl
LCSPAlOZ

A-6



hll
7n

:

72

c
c
c

11

12

:;

22

23

c(jNTINIJE LCSPAID5
CONTINUE LC9PA10fJ

Lc8PAl@s
EOUATE (N,C) REACTION BuFFE#S TO PARENT NuCLEUS BUFFER
DO 72 l=\,NS

LCSpAl@b
LCSPAl@7

IJ=[NPI(l)
I!P=CNPIP(I)

LCSPA108

II=MOD(II,IBO)
LCSPAlf19
L.csphiia

II~=MOD(IIP, lOn) LCSPAtll
IBuF(l, 1)=18UFCI!POI!) LCSPA112
CONTINUE 1.csPAI13
RETuRN
END

LCSPA114
LCSPA115

SuBR0U71NE cMAINs(I,IRX) cHAINs 2
cHAINs 3

CONSTRUCT OPTIONAL AUTUHATIC ReACTION cHAIN sEOuENcEs cHAINS U
cHAINS 3

COMMON/RASXci/NI,XNIPt~Oj ,NIR, LR(6.10),zAL(&al, zA2(60! ,xN2(60)8 BASIcl i?
1 ZACN(l(4),CSGR(bO), CSTOT(60) ,CSLEVt6n),CSID(8) tEAv10(8) pEAv~60) BASIC1 3
COMMON/BASIC2/TITLE(lb) ,ELA8,DE~ZAp# ZAlP~MT* NKKM(i@),CNPI( lkl), BASIc2 2

1 CNpIp(lO) .S(6n), SAC(lO), IDi C613). IPPt IOE2(613),1RuF(6, 10)t BASIC2 3
2 EC~t UD, NKMAX, NJMAX,NKKf601 ,NKDIM, TCp(3a), 0MOptAJ@),A (60),A?(60), B4SIC2 4
3 NPHO(6),XJTI NPOPMAX,NT C2(6),NJI)1 t~, IOECN(ln), NKKCN(lP)~FCON, BASIC? 5
4 JpI(uo, 2) .xMP,xJP,prT,NLP, kNl P, KL,lOSTAT (7)jSIC~CSL, csH~PILLL( 3a)BAsIC2 6
581CAPT,PL13UF(13q, i0),INPOpT, TKCEP BASIC2 7
CO~~ON/LEVf)EN/f)EF(6@),XNLGC (60), ECCc(60),UCUTOFFODEF’CN? TGC[60)~ LEVDEN 2

1 EOGC(60),FMATGC(60),PAIR (60), XMR3(60),XNLLN(6tl), SZ (100),SN(150), LEVt)f?N 3
2 PZ(l@0),PN(150)

COMvCiN lSPNPAR/ SPIN,PARITY,KGRD
CO~MON/LFVFLl/EL(50),AJC5@) ,AT(50) 0XNL(60),ELMAX(60) ,NLEVDIM

l, EG(2uO), SG(2UO). NGRAYS(6@)
COHMON/GAMMA/NMP,LCROPT, SWSC1O), GML(6),GMP(6)~REl (6),LMQH0L(6)~

1 TGR(200, 4)jk’KcoNIcAXEL, GAxEL~ ERAXEL, tXSWS(l@)~WKNoRM
OIMFN.$ION 7AX(fJ)
DATA ZAX/0.,1,.1001,#20eU:l
X1=1
ZATOTqZA?iiAt
SMS(I)*O.
IR=IRX
GO TO (lj,~2,~3),I~PoPT
ZACN(I)aZATOT-XI+l.O@Ol
xNIP(r)=20 ,
CNpI(I) =X170199999
cNPIP(:)sZ.
GO TO 5@
ZACN(I) =ZATOTaXIi\:OOOl
XNIP(I)=4. .
CNPI(I)ZXI:0;Q~9Q9
CNPIP(J)C20
GO TO SO
GO TO {21,22,2S, ;1,22,23,21,220 23#t?1)e!
xII=(I-J)/3
ZACN(I)cZATOTiXI!
XNIP(I)=U,
tNpItI)KIm;
cNPIP(I):~.
GO TO S@
ZACN(I! :z#CN(I:l!=2AX(3)
CNPI(I)=I=}
CNpIP(I)=So
XNIP(I)=l:
GO TO 50
ZACN(I):2ACN( I;~I-~AX(4)

LEVOEN 4
LEVDEN 5
LEVEL1 2
;:;;:1 3

GAMMA :
cHAINsll
cHAINSi2
cFlA1Ns13
CHAINS14
CHAIN9i!J
CHAINS16
CHAINS17
CHAINS18
CHAINS19
cMAIh320
cHAINS21
ct4AINS.?2
ct4AINsi?3
~HAIL’cS~(4
cHAlNs~5
CHA1NS26
CHAINS27
CHAINS.28
CHAINS29
cHAINs3@
CHAINS31
CHAYNS32
c14AINs33
cHAI~s34
CHA1N335
cHAINs36
CHAINS37
CHAINS38
C}{A1NS39
CHAINS40

A-7



Cw:(:]t!fi
?

cHAINs41
cNP:P(I)m~. CHAINS42
XNIP(I)S1. cHAINSfA3

50 NIPsXNJP(l) CHAINS4U
IZAXZACN(~)
ZACNCI)%IZA

CHAIN9U5
CHAINS46

00 54 TPBI,NIP CHAINS47
IR=IR+l cHAIhIS48

ZAl(IR)XZAX(IP\ CHAINS49
5U CONTINUE C}{AINS5!3

RETURN CHA1NS51
END CH41NS52

FuNcTION ENERGY(ZA) ENERGY 2
c ENERGY 3
c ***** ENERGY LOO$tfI UP VALUES of GROuND-STATt? t4AsS EXCE8S (~EV)o **ENERGY 4
c ● **** SPIN, ANo PARITY, MIS$ING DATA PRODUCE A FATAL ERROR. $*ENERGY 5
c ENCRGY 6

COMMON /9PNPARt 3PIN,PARITY,KGRD Ei(E17Gy 7

oIHENsIoN Ia($\), 11(11), I~(ll),JO(ll) ,JI(12) ~K0(121#ENER(2055) ENERGY 8
DIMENSION PAR(3) ENERGy 9
DINFNSION sPINPAR(20551 RcDGRO 1
DATA PAR /lH-,lH ~lH+/ ENLRGY10
OATA INpGRO/1/ 6CDGf?02
FORMAT(28HU***** GROUND;6TAiE DA7A FOR Ib,19H NOT IN TABLI! *****) ENERGY12

i FcQNAT(12,2H/2 Al)
3 FORMAT(12,

ENERGYIS
Al) CNERGY!4

fA FORMAT(2X Al)
s

ENERGY15
FORMAT(5X*;+t~; GROUNO ~TATE OF *F6.0$ .1S INCOMPLETELY DESCRIBEDRCDGRO 3

Xa SPIN,PARITY = ●Fb.Z#2~*F6,2P 2X*++++**) BcDGRD u
6 FORMAT(5X,*+++t;*, ~8X?? ,ASSIGNMENTS CHANGED TO, SPIN?PARITY s BcI)GRD 3

1*F6,2, 2X, F6,2,2X,*+++++*I) 13cD6RD 6
c ENERGY18

c FIQgT CALL cAuSES I)ATA to BE READ IN ENERGY19
IF(INPGRo;EO; 123U5) GO TO !0 ENERGY2W
REbO (KGRo,ltlO) Ig,Il,Iz#JO,Jl,KO

10C4 FOR~AT[~Il~)
8cDGRD 7
BcI)GRD 8

REAo(KGRO, l~i)ENER
ifll FCRHAT(6E13,6)

8CDGRD 9
8cDGRDlfl

REAII(K6RD, lf12)sP!NPAR ficDGRI)ll
102 FORMAT(8FtC3.3) 0coGRD12

REWIND KGRD BCDGRD13
1NPGQ5 = IZ3U5 ENERGY22

10 IF(ZA) u@,15,2a ENliRGY23

c ENEQCY2U
c Zsfl, A=O IS CONSIDERED A PHOTON, ENERGY2S
is FNFI?Gy a $PIN s 0, S PARITY u wl; ENERGY26

c ENERGYi?7
S RETURN

c FINo RFQUEsTED NUCLEUS N APPROPRIATE TABLE
20 12A = IFIX(ZA). JS J s lZAl!OOO

IA z IZA - lflOfl*JZ S N s IAY JZ
Nz s N m Jz S N~ u NZ - JZ
DO 30 Kz1,ll $ IF(JZ,GE;Jl(K+i)) 00 TO 30

ND F Il(K),y 1 S I n NZ- NO
IF(12(K).LT.0) I n N2 - NO
IK : In(K) SJCJZ-J1[K)+$
IN = KO(K) + I + (J:l)*IK
IF(I;GT.O.AND, I,LE.IK) GO TO 50

3fl coNTINuE
c
c REOUEslED IsOTOPE IS NOT IN TABLES
40 PRINT i, 12A s STOP 7776

c
50 CONTINUE

S GO TO 40

ENERGY28
ENENGY29
EN17RGY3fl
ENERGY31
ENERGY32
ENERGY33
ENERGY34
ENEPGY35
ENERGY36
ENERGY37
ENF’RGY38
ENERGY39
ENERGYu0
E)IERGYU1
ENERGV42
OCDGRl)Iu

A-8



209

c
c
c
c

c

EHFRCYZENEP{ IN)
IF(sPINPAR( !N),GF,990P, )SPIN=SPINPARf IN)=9900e
IT(SPINPARf IN)tGF,9900, )PARITY*99,
If fSPINPAR( IN).GF,?9tiV,)G0 TO ~00
IF(SPINpAR( IN)pGEP inO,)PARITY=l .
IF(SPINPAR( INj.GE. lnO.)SPIN=SpINPAR( IN)=lQIO,

IFt9pINPARf IN)tLT,O, )PARITYC=I,
I?(SP!NPARtIN) .LT.0,)SPlNm8PXNPAR(IN)+i00;
CONTINUE
IF((PAR17Y’.NE.99.) .AND. CSPIN.NE0996]) RETURN
PRINT 5, ZA,SPIN,PARITY
IF(PARIJY,FQ,99.) PAR!~ =+!,,

iIF(SP!N,EO.99,) SPIN90. 5*(\.-(@io)**IA)
PRINT 6,!!PIN,PARS?Y
RETURN

END
FuNCTION )(MAGIG(ZA)
DIMENSION xMAQ(lO)
OATA NMAG/81, XMAO/2;~0:820,,28,0%0,#82,0 12b,~18b,l
Its[Atldoti, s Z=IZ
AaZA*Z*IL!08,
ANC6WZ
IF(Z,LT;5U:)G0, T0 15
IF(ANOLTPi3b,)G0 TO 19
XMAGIC=i.
00 10 Nm!$,8
CISAB3(Xt+AG(N):Zl
C2=A13!3(XMAG(N)*AN)
IF((Ci:LT;3,3):OR, CC2,L?,3aS} j 00 70 1S
CONTINUE

BCOGRD15
BCOG~Dlb
BcOGRD17
Bc13cRl)le
BCOGQD19
BCOGRD20
BCOGRD21
BCOGRD22
BCOGRD23
ecDGR02u
8CoGRD25
0COG17026
BCDGRD?7
BCDGRD28
BCOGRD29
ENERGY58
xMAGIC 2
XHAGIC 3
JUI.29771
xtiAGIC 9
XMAGIC b
xMAGIt 7
JUL29772
JUL29773
xMAGXC 8
JUL2977U
xMAGIC10
XMAGIClt
XMAGIC12
XHAG1C13

RETURN XMAGIC14
XMAGICBO; XMAGIC15
RETuRN XMAGIC16
END XMAGIC17
SUBROUTINE LEvPRFP(K1oK2) LEVPREP2

LEVPREP3
PREPARES BINAR~ LEVEL OATA PILE ON KF? FROM I/P,BCO FILE Kl, ALSO LEvpREp4
STORES ENERGY ANO J=PI DATA IN LCM ARRAY8 ELLC(N,IP,l) AND LEVPREPS
AJLC(N,2P~I) LEVPREP6

LFVPRFP7
?ORMAT(18, 15,Jfl~;b?18) LEVPREP8
PORMAT( :b,Fi2;6, ?f$,ilci~:g Ibc2aXs18)

i
LEVPREP9

F’0RMATC6X,216, .2F12.6,E1$,5, 13, !2xs18j LEVPRF1O
FORM$Ttl/ ● LEvEL DATA fOR IZAW*lS,* NOT fOUND, U8E GROUND 8TATE LEvpREli

10NLY.*) LEVPRE12
LEVPRF13

COWHON/SPNPARlfJPIN,PARITy, KCRD LEVPREi4
COMMON/LCINOEX/IPBLC,JGLC, IZEROLCI ISPLCr IPLLCcIEGLCt ISGLC~ITCLcC LCNnEX t?

1 I$TcLC, IRHOLC, ITLCOIELLC, !AJLC, IATLC,NXDIMSNXPOIMc NIf3DIM,NORDIM,LCNDEX 3
2 N1OOIM?NIRO!M LCNDEX 4
COHMON/LFVELl/FL(58)lAJjSn) tATISO),XNL(bO)#ELMAX(bO) sNLEVOIM LEVEL1 2

l,EGCF40), SG(240).NGRAY$( bn) LEVEL1 3
COMNON/t3AS2Cl/Nl,XNXP(18) ,NIR#LRtb~ 10).ZAl (b0)#%A2fb@) sXM2(6a)0 BASIC1 i?

1 ZACN(10),CSGRf60)#csToT(6Q) sCsLEV(60)OCSID(a)OEAvIoC81 0cAvC6@~ BASIC1 3
COVMON/PREol/EPsIG(200,b),NLEV~NP!T~NIT PREQ1 2
DXt4ENSXON 2ATABt60100UMMVt l~0) APR0777S

APR07776
OCTERMINC REOUIRtO ZA tA6Lt
K3a~1

APR07777
APR07778

00 17 N*l,NIR APR07779
ZATAO(~)~ZA2tN) APR07710
CALL 80RTlCN1R,6,~ATAS,DUMH$) APR07711
NTAB s \ APR077i2

A-9



18
16

19
c
c

21

22
23

24
25

26
27
28

29

CSTOT()) p,iATABfl)
IF(NIP.EQ.1) GO TO 16
DO 18 Nz2,NIR
IF(ZATAB(N) .EQ!ZA7AB(N-i)) tO ?0 18
NTAB x NTAf3-+ ~
CSTOT(NTA8) = ZATAB(N)
CONTINUE
00 19 Nu1,NTA13
ZATAB(N] s CSTOTiN)

SELECT LEVEL DATA F08 REQUIRE~ 2A!)
IF(Ki.EQ.81 REWIND K1
READ(K1, l) 13, NL.F,ApAE#LDATE
KIEOF = IoqHEcK(Kl, l)
IF(KIEOF.GT:U) GO TO 29
ISET = 2
DO 21 Ns\,NTAEl
1ZA2 G Z$TAB(N)
IF(ID.EQ.IZA2) XSET P 1
CONTItJUE
GO TO (22,>3), 19ET
WRITE(K3,11 ID, NL,FtA,AEoLOATE
DO 28 N=l,NL
REAo(Kj,zj NX, EL(N) tAJ~N), AT(N)lTAIJ, NT,Is
GO TO (2U,?S), ISET
WQITE(K;,21 NX,FL(N), AJ?N)jA+~N)~?AU# NTI18
IF(NT;LT:l) GO TO 28
DO ?7 K=t,NT
READ(K1,3) .LL, Nf, P,CP~AMR,Ll,L~t IS
Gg TO (26,?7), ISET
WRITF,(K3,31 LL, NF,P~CP, AMR~Ll,L2tIS
CONTINUE
CONT,INUE
IF(F.GE.0:) GO +0 20
K1 = K3
REWINo K2

DETERMINE BINARY FXLE IN 0R8ER OF REACTION CHAIN
REWINO K2
DO li3131R?i,NIR
IZAZ= ZA2(IR)
PEwINO.K!
READ(K1, l) 10,N4,F,A, AE,LOA?E
KIEOFCIO$HECI((KIF1)

IF(KIEoF.LE,4)-GO TO 50
h’RITE(6,u) IZA2
XNL(IR) c i;~
NLL s 1
EL(1) = 0’,
AT(1) = 99!
TbU a 99:
NTsO
LDATE s 0
EDUM = ENERGY(iA&(IR))
bJ(l) S PAPITy*~PIN
IFtZAl(IR)tNE,O.) GO 7h 4S
WRITE(KZ) IZA2,NLL,LDATE
WRITE(K2) EL(l), AJ(l)~At(l)~TAucNf
(IO TO 45
.ISET=~
IF(ID.EQ; Y~A2).IsET=l
GO TO (31,}2),!SET
!F(XNL(IR).LT,9:5) XNLiiR)ONL

APP$7713
APRQ1771a
ApRP77i5
APRf1771b
APR077i7
APR077j8
4PRP77j9
APR07720
APR@7721
APRB7722
APR0772J
APR0772U
APRQ~7~5
APR0772b
APR@]727
APR07728
APRI?7729
APRa7730
APRf1773i
APR07732
APRL37733
APRa773Al
APR@~l~5
APR~773b
APR07737
APR07730
APR07739
bPRv770e
4PRV774!
APRfi7742
APR07743
APRfi7744
APR07745
APRf1770b
APR077Q7
APR@7748
APRk17749
APR07750
LEVPRE20
LEvpRE2i
LEVPRF22
LEVPRE2U ,
LEVPRE25
LEVPRE.Z6
LE’JPur?7
LEVPRE28
LEVPRE?9
LFvPRF.3n
L.EVPRE31
LEvpRE32
LEVPRE33
LEVPRE34
LEVPRF35
LEVPRE3b
LEVPRE37
LEVPPF38
l,FvPRf39
LFVPREUO
LFvpREul
LEVPRE42
LEVPRFfJ$
Ll?VPREU4
LEvpRE45

A-10



32

15

36

37

38
A10

45

lee

1000

c
~

3
u

5

b

:
9
10

c

c
c

NLMAhxwLtIRj
NLL=~INfi(NL, NLMAX)
xNL(IR) ~ NLL

SF(ZAl(IR):NE:O:) GO 70 32
WRITE(K2) !D,NLL,LOATE
00 U@ ~=l,NL
READ(K1,2) ,NX,eLtN) lAJtN),At(N)?TAU~ NTs13
GO TO (35,3$),Js~T,
IF ((ZA1(IR) .NE.O.).ORL(N.GTO NLL)) GO TO 36
wRITE(K2j FL(N), AJ(N)tAT(N)~TAUt NT
IF(NT.LT.1) Go To 40
DO 38 K=l,NT
I?EAD(K1,3) LL, YF, P,CP,AMR,L1,L2119
CO TO (37,38), ISET
IF(N.GT.NL\.) GO:TO 38
IF(ZAl(IR).EQ:a.) wRITEcK2) NF,P,CP,A14R,L\lL2
CONTINIIE
CONTINUP
GO TO (45,\0),l~~T
lNDEX=IELLc+( IR.i)*NLEvDIM
CALL FCWR(EL, JNf)~X,NLL,XERR]
INDEx=xAJLc+ (IR.i)*NLEv~IM
CALL ECWR(AJI ~N()~X,NLL,IERR)
!NDExxIATLc+ (IR-I)tNLEvoIM
CALL ECMR(AT, INDEX,NLL, IERR)
ELMAX(IR)XFL(NLL)
CONTINUE
END FILE K2
RFWINo K2
RETIJRN
wR1TE(6,U) IZA2
STOP
~Nl)
SU(3ROUiINE TCPREP(K1OEPS:LON)

FORMAT(AJ2X.A10t 12X,21UOA6)
FORMAT( tp,AE12.s,I$)

L?VPRC4b
LEVPRE47
LEVPREU8
LEVPREU9
LEvPRE5t3
LPVPRF51
1.EVPRE5Z
LEVPRE53
LEVPRE5U
1.EVPRE55
LEVPRE56
LEVPRE57
LEVPRLS8
LFVPRE59
LEVPRF60
LEVPRF61
1.EVPRE62
1.EVPRE63
LFVPRE6U
LevPRE65
LEVPRE46
LEVpRE67
LEVPRE68
LFVPRFb9
LEVPRE70
LEVPRE71
LEVPRE72
LEVPRE73
LEVPRE7U
LEVPRE75
LEVPRE76
LEvPRe77
LEvfJRk7e
JUL26779
TCPREP 3
TCPREP U
MAY77 2

FoRMAT~lu, lX,7~10,4Sl TCpREP 6
fORYAT~// 1X,A19.*TRANSMISSION tOEFFItIENT DATA OUT 0? ORDER, CAR07CpREP 7

1 NO* 16,* i- ARORT JoB*) TCPREP 8
FORMAT(//lX,APARTICLE IIjENjIFIER tiAlO,~ No? Recognized IN TRANSM:SlcPREP 6

lSION COFFICIEN? DATA :: ARORT JOB*) TcPREP10
FORMAT(// ● TRA~l$MISSION cOEFFICIENT OATA * / 1US1X~7A1P11A5)
FORtiATt

TCPREP1l
● ID=* 1?~3Xt*NE:*13*3X~ ●VLs*13~3X~*PARTICLE @*AlO) TCPQEP12

FORMAT(/ ~ ENERGY =* ?7:3,* f4EV*) TCPREP!3
FORMAT~ * TRANS:COEfs, A, IP,10E12P5) TCPREPIU
FORMAT( * SPLINE OATA ●~lP,10E12,S) TCPRCP15

TcPREP16
COMMON/LCINDEX/IPBLC,IGLC, IzEROLC, ISPLC, IPLLCtIEGLC# ISGLCtXTcLc, LcNOfX 2

1 ISTCLC, IRtiOLC, ITLC,IELLC, IAJLCOIATLC, NIDIM,NIPDIM, NIBDIM, NGROIM,LCkDEX S
.2 NIDDIM,NIROIM LcNDEX U
COMMON/LEVELl/tL~5a),AJ~5@) ,AT(5n), XNL(60),ELMAX(60) ,NLEVDIM

l, EG(2uQ), SR(2Un), NGRAYS;6@)
LEvEL\ 2
LEVEL1 3

COMMON/TCOEF/ETC(~5?6), TC(25,3n),BCD(7)tXSPINt7) tNLDIMc TCOEF 2
lNPART,NF E(6),NO(6),NTC (6), IZAID(7), XMASS(7),NEEOIH, NLEIN(6#29)# TCOEF 3
2NLE(6, 200),JR4STf20a,6) TCOEF 4
COHMON/PRNTOIJT/IPRTLEV,~PRTTC, IPRTMLD, IPRTWID, IPRTSP,IPRTGC PRNTOUT2
DIMENSION TDuM(62), EICDTC(8) TCPREP21

TcfJREP22
MAIN PARTICLE LOOP
IF(KI’.Ef?~ ~fl)REwINO K1

TCPREP23
TCPREP2U

READ(K1, 3)NPARTCBC!)TC TCPREP2S
WR1Tf!(6,6) NPART,BCDTC TCPREP26

A-11



c
c

22
c
c
c

201
3GI

c
c

c
c

3S6
35

c
c

at?
U8
Sa

6b
70

A-12

DO 100 Nw1,NPAR7
KP=~
READ(K1, l) )(BCD,NE,NNIK

IDENTIFY 11P PARTICLE
Do 2n Ioal,b
IFCX6Cf).EQ.8CO(ID)) (30 To 22
CONTINUE
MRITE(b,5) XBCO
STOP
NEE(ID)E NE

REAb ENERGY ARRAY
DO 3fl \u2,NE06
KP=KP+l
IIJxI+~
READ(KI, 2) tETC(#0.ID)SJaIC IU)SK
?oRMAT(2ax.6Ei2.S, A8)
CONTINUE

MAIN ENERGY LOOP
DO 8fl I=2,NE

READ TRANSMISSION COEFF~CIENi DATA
DO 35 Jx1,NN,6
KpEKP+l
JueJ+Ij
REAO(K1,2) (TDuM(L)oL~J,JU)CK
00 336 L=J,JU,
IF(TDUM(L) .LE.~:OE:lU) iDUM(L)=@t
CONTINUE

CONTINUE
IF((ID:EO;3) .0R:(ID,EQ;6) ) GO TO 60

ELIMINATE 3q0EPtNOENCE OF SPIN 142 ARRAYS
TCtI,l) = TD(JM(l)
00 50 J=2,NN~u
XL = (Jw1)12 ; M00(Jt20~} ~ ~
JJ=Jw1
DO 48 JLx1.2
JJ=JJ+l
lF(JJ.OT;NN) 00 70 70
XL=XL+lFfl
LPzxL+l.~Oi
IF(LP.LE.NLDIH~ GO TO 40
LpzLP_\

GO TO ?O
IF{(JJ+2):LE:NN) GO TO i~
TC(I,LP) = TDuM(JJI
GO TO 48
TC(I,LP) m ((xL+l. )*TDuMtJJt2) o XLWTDUMfJJJ~/(ts*xL+l,~
CONTINUE
CONTINUE
Go To 70

RE.ORDER SPIN 0 AND SPIN 1 ARRAY3
00 66 Lml,hl~
J= F*L-MOD(L,2],
IF(J.GT;NN) GO TO 70
LP=L
TC(I,LP) s TOUM(J)
coNTINuE

7cPHrP2T
TcPREP28
TcPREP29
TcPREP3f!
TCPREP31
TCPREP32
TcPf?EP33
TCpRFP3a
TCPREP35
TCPREP36
TCPREP37
TCPREP38
TCPREP39
TCPREPfJO
TcPREP41
TCPREP42
TCPREP43
TcPRFPOU
TCPREPU5
TCPREP06
TCPREPU7
TCPRLPU8
TcPREPfJ9
TcPREP5fl
TCPREP51
TCPRLP51?
TcPnEP53
TcP~EP54
TCPREP5S
TCPRFP56
TCPREP57
TCPREP58
TcPl?EP59
TCPREp60
TcPREP6t
TCPREP62
TCPREP63
TCPREP6U
TCPREP65
TCPREP6b
TCpPEP67
TCPREP68
TCPREP69
TCPREP7@
TCPRFP71
TCPRkP7?
TCPREP73
TCPREP7U
TCPRE-P75
TCPRE-P76
TCPREP77
TCPREP78
TCPREP79
TCPREP80
TCpREP81
TcPREPn2
TCpREp83
TCPREP80
TcPREP8S
TcfJREP86
TcPRFP87
TCPREPt34
TCPREP89



88

c

25
c
c

83

02
84

c
c

c
c

90
100

CONrlNUE
NO(ID)=LP
SET ~C AQRAy TO iERO FOR ZERO INCIl)fNT ENERGY
ETC(l~ID)Zt?.
DO 25 Ls1,LP
Tc(l,L):@o

FIND NUMBER OF’ NoN-ZERO COEFFICIENTS
00 84 ~Iu2,NE
I : NE-11+2
DO 8.2 ~X=JqLP
L = LP-1.X+l
IF(TC(I, l)) 82,82,83
)(LcL
RATIOS (~.*xLti:)*TC(IZ~)/TC(IC 1)
IF(RATIO,GT,EPSILON) CO TO A)U
CONTINUE
NLEIN(IO,Iml) s L
NLEIN(ID,NE) s NLEIN(ID,NE=l)

STORE TRANSMISSION COEFFICIENT DATA IN LCM
NPTS=LP*NFEDIM
NTC(ID)= NPTS
IkDEx=!7CLC+( I0-I)*NEEDXM*NLDIfl
CALL ECWR(TC, INDEX,NpT9,1ERR)

PRINT OPTION
IF(IPRTTC:LT:l) GO TO 10$3
00 90 I=l,NE
WRITE(6,8) ETC~I.ID)
LP = NLEIN(ID,J)
k’RITE(6,9) (TC(IIL),L=~jLP)
CONTINUE
CONTINUE

TcPNfP90
TcPRZP91
TCPREP92
TCPRFP93
TCPREP9U
TCPREP95
TCPREP96
TcPRFP97
TCPREPQ8
TCPREP9Q
TCPRE1OO
TCpRElOi
JUL2671O
JUL26711
JIJLZ6712
JUL26713
TCPPE103
TCPRE104
TCPRE105
7CPRE1Q6
TCPRE107
TCPRf!108
TCPRE109
TCf’RFll@
TcPRE1ll
TCPRE112
TCPRE113
TCPRE114
TCPRE116
TCPRE117
TCPREi18
TCPRE119
TcPREli?O
TCPRF121

RETuRN

1000 :;;;E(6,u) X8CD,KP

END
SUBROUTINE SETUP

c
fORMAT(// * PARTICLE WIfH IZAS*15,* NOT FOUND, ABORT J0134*)

c’

TCPREli~
TCPRE123
TCPRE12U
TcPRE125
SETUP 2
SETUP 3
sETUP 4
SETUP 5

COMMON/LCINDEX/IPE!LC,IGLC, IxEROLC, IsP1.C, XPLLC~IEGLCt ISQLCtITCLCt LCNDEX 2
t ISTCLC, IRHOLC, XTLCO?ELLC,IAJLC, IATLc,NxoxM? NrPo2M,NIBoIM, N6RDXM,LCNDEX 3
z NInDIM,NIRDIM LCNDEX 4
COMMON RHOkU@, 2f40), T(3tl,200),Pt80) ,Sp(200tb) ~PP(80)OSPPt200~ 7) iHO 2

lcSpNGN(?130),pL(50,6),G(200a$) ,RHOFTRCUO) RHO
COMMCN/TCOLF/ElC(25,6),TC (?~,30), BCD(7)~XSPIN(7)S NLDIM, TCOPF ~

lNPART, NE E(6),No(6).NTC(6) ,IZAID(7), XMASS{7),NEEDIM, NLEIN(6,25)c TCOEF’ 3
2NLE(6, 20m),JRASTtZ0@,6) TCOEF u
CO~MON/LEVELl/EL(50),AJ(50) ,AT(5Q), XNL(60), I?LMAX(60) ,NLEVDXM -

l, EG(2uo), SG(240).NGRAYS~ 60)
LEVEL1 2
LEVEL1 3

CO~~lON/RASICl/NI,XNIP(lfl) ,NIR,LR(6~ 10),ZAl(60)~ZA2 (6E),XM2(60)0 BASIC1 2
1 ZACN(lO),CSGRrAO).CSTOf(60) ,csLEv(60),csID(8),EAVIDt8) cEAV(69) E)ASIC1 3
COMMON(8ASIC21TITLE( 16), ELAIt,DEt ZAP,ZATVXMTt NKKM(la), CNPI(lO), BASIC2 Z

1 CNpIp(l P) .S(60). SAC(\n), IOi t60), IDP, IOE2(6(3),IBUF(6, 10), BASIC2 3
2 ECH, lJP,NKMAX, NJNAX,NKK(60) ,NKDIMj TCp(30),0MDP(40), A (60)tA2(60), BASIC2 4
3 NRHO(6),XJT, NPOPHAX, NTI?2(6),NJOIM, IOECN(lO),NK~CN( la)tECONtt3A9 IC2 5
4 JPI(u9, 2) .xNP.xJP,PIT,NLP, iNLp, KL, lDsTAT(7),sfc, CsL, CSMCPILLLC313) BASIC2 6
5~ICAPT, PLB(lF(50, 10)fIAPflPT, TKEEP BA51C2 7
COMMOV/LEVDEN/0EV(6i3),XNLCC (60),ECGC(6a),UCUTOFFjllEFChI# TGC(60)s

1 E@GC(6a),EMATGCi60),PAIRf6i?) ,XMR3(60), XNLLN(60),SZ(100) ,SNt150), L% :
2 P2(158),PN(150) LEVOEN U
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c
c

1s

lb

17

18
20

c
c

30

S2

c
c

S6

38

39
UB

c
c
c
c

.50
c
c

60
c
c

COY~ON /SPNPAR/ SPINaPAtiITY,KGRC)

FIND ACcuMuLA7Eo SEPARATION ENERGIEs FOR THE DECAYING NUCLEI
00 15 I=l,NI
SAC(I):O.
D@ 20 I:l,NI
IIZI
DO 18 Jal,NI
1x=11
II=CNPI(JX)
IF(II,LT.i\ GO TO 20
lIp=C~PI~(rX)
IF(II.LT.1oo) GO TO i7
11=11/lo13
IIp=IIp/100
GO TO lb
CONTINUE
IR=LR(IIP, II)
SAC(I) = SAC(I) + i(IR)
CONTINUE

IOENTIFY INCIOENi PARTIcLE
00 30 1C)=1,7
12A a ,ZAP
IF(IZA.EQ; X2AID(ID)) Gil TO 32
CONTINUI!
GO TO 1000
lDP=II)
XJP=XSPIN(~DP)
xMP:XMAsS(IOP)
CSL z ABS(XJT=X#Pl;l’wO
CSH = XJT+XJPtO.001

IDENTI:Y S~CONDARY REACfION PARTICLt?S AND PHOTONS
DO 36 ID=l.7
IDSTAT(IO):O
DO 40 IR=l.NIR
IZA= ZA1(IR)
00 38 ~0=1,7
IF(!ZA.EO; !ZAIO(IO)) Go To 39
CONTINOE
GO TO l@O@
IDSTAT(ID)=l
ID1(IR)=IO

IOENTIFY RESIDUAL NUCLEI AS To ODO,OR EVEN A
IOEt?=i FOR 000, IOE2=2 FOR EVENWA Rl!SfDUAL NUCLEUS

DO 50 IRR1.NIR
IZAZ ZAP(IR)
IAZ MoD(IZA, lOgfl)
IOE2(IR)= (3+(-I)**IA)12

II)ENTIFY OECAYING COtlPOUND NUCLE!I AS TO 000 OR EVEN
00 bO Ial,NI
IZA= ZACN~l)
!As V00(12A,1f3g0)
IOECN(I)? (3+(=l)**IA)/2

SET UP J-PI ARRAYS
JJs@

DO 82 J=l,NJMAX
DO 82 IPIzI,2

LCVOEN Y
sETUP 1S
SETUP 14
SETUP 15
SETUP 16
sETUP 17
SETUP 18
sFTUP 19
sETUP 20
sETUP 21
SETUP 22
rjFTUP 23
sETUP 20
SFTUP 25
SETUp 26
SETUP 27
sETUP 28
SETUP 29
sETUP 30
SETUP 31
SETUP S2
SETIIP 33
SETUP 34
SET(JP 35
SETUp 36
sETUP 37
SETUP 38
sETUP 39
sETUP 40
SETUP UI
9ETUR 42
SETUp 43
sETUp fJU
SFTIIP lJ5
SETUP U6
sETUP U7
sETUP U8
sETUP 49
sETUP 50
SETUP 51
sETUP 52
SETUp 53
SETUP S4
sETUp 55
SETUP 56
sETuP 57
SETUP 98
sETUP 59
SFTUP 60
sETUP bl
sETUP 62
SETIJP 63
sETUP 64
SETUP 65
SETUp 66
SETUP b7
sETUP b8
SFTUP 69
SETUP 7fI
sETUp 71
SETUP 72
SETuP 73
sETUP 74

A-14



82

84
c
c

9fl
c

JJsJJ+ i

JPI(J,l?I)IIJJ
DO 84 Lal,NLDIM
LLELw1

PILLL(L)=(:l)A*LL

1N1T14L12t LEVEL DENSITIEs AND GIL~cAM pARAMETER~
DO 90 IR=\,NIR
A2(IR)= A(IR)
IF(XNLGC (IR).L~;~;) XNLGC(IR)SXNL(~R)
IF(ECGC(IR).LEpO. ) EcGccXR)= EI.MAX(IR)
XNLLN(IR)=ALOG(XNLGc( IRl)
XMR3(IR)= xM2(YR) **0.33333333

SETUP ?s
SETUP ?tJ
sETUp 77
SETUP 76
SETUp 79
sETUP 8CI
SETUp 81
SETUP 82
sETUP 83
SETUP 8U
SETUP 8S
sETUP 66
SETUP 87
sETUP 88

RETURN iiiiP ii
1000 WRITE(6,1) IZA SETUP 90

STOP
END

sETUP 91
SETUP 92

SUBROUTINE SETUP2 SETUP? 2
SETUP2 3

SET UP INCTDEM7 ENERGY DEPENDENT QUANTITIES sFTUP2 4
iETLJp2 5

COMMON/8ASlcl/NI,XNIP(,lO) ,N1R,LR(6, 10],ZAl [601,ZA2(6til 0xM2(60)8 BASIC1 2
1 zACN(lO), CSGR(6Cl], csT(lT(6n) ,cSLFV(6CI),CSII)(S), EAVID(R) ,EAV(60) 8ASIC1 3
COM!40N/BASIC2/TITLE(16) ,ELA@, DEoZAP,ZAl~XMTS NKK14(la),CNPI (10), BASIC2 i?

1 CNPIP(I?), S(6m),SAC(10) tIDl(60) sIDP, IOE2(6@111BuF(61 10)# BASIC2 3
2 ECM, UP, NKMAX, NJMAX,NKK(6P) ,NKDIM, Tcp(30),QMDP(40)o A(6i3)~A2(6FI)? BASIC2 4
3 NRHO(6),XJT, NPOPMAX, NTC2(6),NJI)IMS IOECN(lO) ~NKKCN(l~)tECONP llASIC2 5
4 JPI(uO, 2), xMP,xJp,PIT,NLP, gNLp, KL, IDsTAt(7),sIc,c5L, csH,p1LLLC3vJ)BAs1C2 6
S, ICAPT,PL8UF(50,1 O),INP6PT, TKFEP BASIC2 7
COMMON/LCINDEX/IPOLC,IGLC, 12EROLC, ISPLC, IPLLC, IEGLC, IS13LC,ITCLC, LCNDEX 2

1 ISTCLC, IRHOLC, ITLC, IELLC, IAJLC, IATLC, NIDIM,NIPDIM~ NIBDIM, NGRDIMILCNI)EX 3
2 NIDDIM,NIRDIM LcNDEX U
COMMON/TC@EF/ETC~25~6) c?C(2!J, 3@) ~FJCO(7)~XSPIN(7) tNLDIM# yCOEF i?

lNPART, NFE(6),NO(6),NTC (6), IlAID(7), XMASSi7)PNEEDIMS NLEIN(6,2S), TCOFF S
2NLE(6, 2uk?), JRASTC20a,6)
COtlMON/LEvELl/EL(50),6J~5pI) ,AT(50), XNL(60)lELMAX(60) ,NLEVDIM

l,EG[2U0), SG(a24fl), N6RAYS(6U)

SET UP ENERGIES AND DETERI.IINE INTEGRATION END POINTS
FCM= (XMT/(XMT+XMP))*ELAB
uP E EcN+sIc
XMU = xMT#xMP /~)(t4T+xMP)
ECON = fl.650999/(XMlJ*ECM*t2,*XJp* [.)*(2,*XJT+l,0)l
EKMAX=O.
00 77 I:l,NI
NKKM(I)=FI
NIp = XNIP(I)
DO 77,1P=laNIP
IR=LR(IP,I)
NL= XNL(IR)
INOEX=rELLC+ (lR=l)*NLEVDIM
CALL ECRD(EL, I~DEX,NL,:ERR)
EK = UP=SAC(I)_s(IR)
EKMAX = AMAX1(EK,EKMAX)
NKK(IR)c (FK-tLtNL))/DC i 0:S
NKKM(I)=FAxO(NKK( IR),NKKFl( 1))
IF(IP;EQ:l) NKKcN(I)=NKK(IR)
CONTINUE
NKHAX=EK~AX/DE ; 0:5
IF(NK~AY.LT; NKDIM) GO TO 79
XDU=NKDIM-1
DF s EKMAX/XDU

TCOEF U
LEvELl 2
LEvELl 3
SETUp211
SITUP212
$ETIIP213
SETUP21U
SkTUP215
9ETUP216
SETIIP217
SETUP218
SETUP219
sETtJP22n
SETUP221
SETIJP222
SETIJP?Z3
sETUP22U
SETUP.225
SETUP226
SETI.JP227
sETUp228
5ETUP2?9
SETUP?3F4
StTUP231
SETLJP?32
SETUP233
SETilP234
8ETUP23S



GO YO 7S
79 NPOPWAX=NKHA)(~NJDIM*z

c
c GENERATE TRANSMISSION COEFFICIENTS FOR INCIDENT CHANNEL

NExNEE(IOP)
NPTs:NTc(II)P)
INOEX=ITCL~+ (IOP-i)*N2CDfM*NLOffl
CALL ECRO(TC, IND5XfNPTS,IERR)
K= ISERCH(ECY, ETC(!,IDP),NC, AA,A5~A6)
NLPzNLEI$J( IOP,K+l)
XNLP=NLP-1 .

DO 85 J=l,NLp
CALL INTERPfETC( lPIDplPfCti,J), NE,2,PCMcYOUT)
IF (YOUT.LT;O’.) YOUTaO.

85 TCp(J)=YOUT

3E7UP23b
SEYUp23?
sEYUP238
sETUP239
gETUPZOO
SCTUP241
SET11P2U2
SETUP243
sETUp2f44
sETUP2U5
SETUP.246
sETupi?47
SETIJPZU8
sETUP2U9
sETUP250

RETURN SETUPi?51
tND $ETUP252
SUBROUTINE SPECTRA(ACN, FSIGON) SPECTRA2

SPECTRA3
C,O~MON/LCINOEX/IPBLC,IGLC IzCROLC, I$PLC, IPLLC,IEGLCC ZSGLCo17CLCP LCNI)EX 2

1 ISTCLC, IRHOLC, ITLC,IELL\,IAJLC, lATLC, NIDIMJNIPDXMINIBDIHJ NGRDIM,LCNOtX S
2 NIODIM,NIRDIM LCNOEX 4
CQPMON PHO(UP, 200), T(3U,2Pfi).P(80) ,!jP(Zt10,6) JPP(80),SPP(200t 7) RHO 2

l,SpNGN(2m0),pLt5~, 6),G(200. 6),RHoFTR(U0) RliO
COMMON/TCOEF/ETc(25,6), tc(2s,3Ft),BcD(7) cxS6XN(7) tNLDIMc TCOEF :

lNPART, NEE(6), N(I(6),NTC(6) ,IzAID(7), xMAss(7)#NEf!DIH, NLEIN(6#25)# TCOEF 3
2NLF(6,2n0), JRAST(2P@,b) TCOEF 4
coMMON/LEVELl/EL(5fi),AJ~5L3) ,AT~5L3), xNL(60),ELMAX(60) ,NLEVDIM LEVEL1 2

l, EG(?uo), SG(24fl) .NGRAYS(60) LEVFL1 3
cflMHoN/pAsIcl/NI,xNIP(\@) ,NIR, LR(6,10), zAl(6t?),ZA2(60) ,Xt42(60]o BASIC1 2

1 zAcN(lO), CsGR(60), csT0T(60) ,cSLEV(6@),CSID(8),EAVID(8) ,EAV(60) BASIC1 3
CoMPON/BASIc2/TITLE(16) ,ELAB, DEoZAp,zAT,xMTt NKKM(lO),CNPI(l@)j BAS1C2 2

1 CNpIp(l@) SS(6@l#SAc(10]S Iolf6@), IDP#IOE2(60)~IRuF [6cln)~ BA91C2 3
2 ECM, llp,NKMAX, NJMAX,NKK(6CI) ,NKDIN, TCp(30),QMDP(Ufl), A (6C)IA2(60)t BASIC2 4
3 tJRHo(6)0xJT# NpoPMAx, NTc2(6),NJDIM~ IoEcN(lO), NKKcN(lnl #EcoNlBAsIc2 5
4 JpI(4cI, 2). xHP,xJP,pIT,NLP, fiNLP, KL, IDs7A7(71, sIc,CSL, c9H,PxLLL(30)eAsIc2 6
5, lCAPT, PLBIIF( 5n,10)PINPkPT, TKEFP BASIC2 7
COMMON/GAHMA/NMP,LGR0p7,SWS (le), GML(6)j cMp(6)0RE1(6)# LPGHoL(6)0 GAM14A 2

1 TGR(2C0, 6),MKCON, CAXEL,GAXEL, ERA%ELo gxSwStln),wKNoRM GAMMA 3
COMMON/PRFEQ/LPEQ,SIGR,PRE 01 (6),CSIGIf6),N1TT(6), A1.pHA(6) PREE.(J 2
COMl~ON/SUMPLKl/KP,KDC?p, lDo KNGN,Jp12tN#Dp~IK SUMBLK12
COHMON/SUMBLK2/XJCN,PICNt JPICtJ,ECONJ, MP~J2tL?CTGRL, 1LEvtxJ2/ SUHELK22

I TTOT(SO) SUMRI.KI?.3
DIMENsION sCBuF(80n0)p nECON(2), XJfNx(2),pI (~)#sc8uF2(80) SPECTR14
EQUIVALENCE (SC13UP,RHO) SPECTR15
DIMENSION 18TAG(10), IBTAG2(10) SPECTR16
COMMON/TOTALS/SIGTOT(ln) 9PECTR17

SPECTR18
DATA PIP,PIl!l~,~,lvXJINIIUO.5,=1 ,OltPIl+l.a#ml,OV+l,fli SPECTI?19
DATA OECON/1.0,3.0/ SPEC7R20

SPECTI?21
SPLIN (8,C.D,E) m B*A5 ; C*A6 w AA*(O*A5iE*Ab+D+E)
CALL SECONQ(TIHE)

SPECTR22

DTIME=TIME-TKEEP
9PECTR2S
SPECTR24

wRITE(6,3) OTIME,TIME SPECTR25
FORMAT(lH1. *sTART OF 8fiEcTRA SUBROUTINE.*P JUL19771

!* TINE FRoM START OF TH1s ENERGY UXF9,3,* SECONDS, TOTAL ELAPSED TSPECTR77
21MI? =*F9;3.* SEcONOS;*l SPECTR20

SPECTR29
SET UP LQVFL DENSITY PARMETERS SPECTR30
CALL LEvOSET(ACN,A,A2) SPECTR31

SPECTR32
ZERO LARGE- AND 3MALL*C0RE ARR~Y8 SPECTR33
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us
c
e
c

2

bO

c
c

1

62

CALL rCRP;::nllF, lZFl?ULCOmPFO, ILVR)

CALL ECWR(3C?!JT, IPLLCISOOOI!ERR)
CALL ECRD(SPP, IZEROLC, lUnP, IERR)
CALL ECRO(SPNGN, IZZROLC,NKMAX, ?ERf?)
N80P0:NPOPMAX,8000
DO 51 Nz1,NIOIM
NPTS=NKDIM*NIPDIM
IWOEx:IsPLC+ (N-I)*NPTS
CALL ECWR(SCBIJf, INf)EXINPTS,IERR)
INDEX=IC1.c;(Nsl )*NPTS
CALL ECWR(SCtlUF, INOEXINPTS,IERR)

S1 CONTINUt

3r’r.cll?3f+
8PCCTN13
SPEC7R34
SPECTR3?
9PECTR38
$PECTR39
SPECTR40
SPECTRU1
$PECTR42
SPECTR43
5PECTR44
SPECTRUS

Do 45 IB=i,jO iPEiTRii
IBTAG(IB)qO
IBTAG2(IB)=0

SPECTRU7
sPECTRU8
5PECTRU9

MAIN LOOP TO sET UP DEC~YINO NUCLEX sPEcTR5n

SIGR:t3;
SPECTR51
SPECTR52

CALL ECRO(SIGTOT, IiEROLCclO, IERRl sPECTI?S3
DO 500 X=\,NI
CALL SECON@(TIMFi

sPECTR5fA
9PECTR55

DTI~F=TIHE-TKEFP sPECTRSb
~~ITE[6t2) I~oIIflEsTIMC SPF.CTRS7
FORPAT(/* START OF I=*I~,P LOOP,*~ gPECTRS8

1* TIME FROH START 0F,TH19 ENERGY fJ*F9,S,fI StCONDS’, TOTAL ELAPSED TSPECTR59
E’I~E =*F9;3.* sECONDS,*)
JCECNZ

sPECTI?60
IOFCN(I) SPECTR61

NKCN= NKKcN(I) SPECTR62
IF(NKcN:LT:l) GO TO 60 SPECTR63
IF((IcAPT,Eo.O)’.AND. (I;EQ. l)) NKCNQ1
IBCNSIEUF(i, I)

SPECTR6U
SPECTR65

IF (16CN:GT.NIBDIM) IOCNSfBcNmNIBDIM SPECTR66
NIPs !(NIP(I) SPECTR67
NJDIMz=2*NJoXM SPECTR68
NJMAX2=2*NJMAX SPECTR69

5PEcTR7fl
ZERO ARRAYS ANO cHECK BuFFERING
NPTS=NKDIH:NIP

SPECTR71
SPECTR72

INOEX=IZEROLC 5PECTR73
CALL ECRD(SP, INDEX,NpTS,IERR) SPECTR7U
CALL ECRD(G, fNf)EX,NpTS,IERR) SPE’CTR75
NPTSSNLEVDTH*NIPDIM sPi!CTR7b
CALL ECRD(PL, INOEX,NPT3,1ERR) SPECTI?77
CALL ECRD(sCBuF, INOEX?8F10P,IERR)
DO 64 IPG1.NIP

SPECTR78

If3=IBIJ~(IP, I)
SPECTR79

IF (IB.LTO1), GO,TO 64
5PEcTR80

IF(IBTAG(I~).GT.n) GO TO bU
SPECTR81
SPECTR82

IBTAG(I13~*t
IF(IB.LE.NIBOIM) GiI TO 62

SPECTR83
SPECTR84

IR=I@.NIBofM SPECTR85
IF(IBTAG2( I13);CT’.0) GO TO 6P 5PECTRQ6
wRITE($, l) I,~P,IB SPECTR87
FORMATt//* -w--THE REACTION XS*12,+, IPMfi12,* !3 ATTEMPTING TO REUSPECTR88

lSE BUFFER NUMBER 19=*12,* BEFORE THAT BUFFER HAS BEEN EMPTIED,*// SPECTR69
Z* ----AfjoRT Jo8:~) 9PECTR90
STOP
CONTINUE

SPECTR91
SPECTR92

IN0EX:IP8LC+ (IB0~jiNJDfM*2*NKDIM SPECTR93
CALL FCWR$SCBIJF, INOEX,6~t30,XERR) SPECTR94
IF (NRFIOCI.LT.1) GO TO 6U
INDEXaINDE,xt800g

SPECTR95
SPECTR96
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CALL F~HR(f3CBUF, !NDCX~N~000,1ERR)
64 CONTINUE

IBTAG2(I~CN)Sl
66 IF (NKC~.L7,1) Qh 70 Sk?rj

c
CoPpUTE lRANSMXSSION COEFF1CICNT8 ANO LEVEL DENSITIES ON

: INTEGRATION ENFRGY ME3H AND LOAD INTO LCM
CALL LCHLOAD(I)

c
c SET UP GAMMA-RAY CASCADE CALCULATION; DETERMINE wtlS9KOPF OR AXEL
c PARAMETERS AND cOMPUTE GAMMA RAY TRANSMISgfON cOl?PF1cIENtS

CALL GAMSET(I)
c
c
c

c
c

101
c
c

G
c

c

MAIN LOOP OVER ~NITIAL ENERGY OF DEcAYING COtIIPOUNO NUCLEUS

UCNS UP-SACtI)~DE
DO UL?W K=l,NKCN
UcNzUcN*oE
JMAxCNxJRAST(K.1}
CALL ECRD(TTOT. IZEROLC,NJMAX2,1 ERR)
IK=I+K

SET UP TRANS~I!j$~ON COEFFICIENT +0 WIDTH CONVERSION FACTORS
INDPX=IRHIYLC+(K-l)*NJDIM
CALL ECRD(RHOFtR. INOEX, NJMAfi,IERR}
DO 101. JCN=l,JMAXCN
RHOFTR(JCN)= l;/(RHOFTR~JCN)*b:28j18531 )

INITIAL12E,POPULiTION OF ALL sTATES
INDEX=IPBLC+fK=i)*NJDIfl~2+t IRcN-l)*NJDIM*~*NKDIfl
CALL ECRD(PP, INOEX,NJOIM2,1ERR)

WIOTH SUMMING LOOP
DO Jnfl Msl,i?

LOOP OVER REACfION TYPE8 FOR TH~ DECAY8
DO 300 IP=llNIP

IR=LR(IP,I)
IDsIOI(IR)
KNGNa~ -
IF((K;NE. 1).AND.cID.EQ.1) .ANO. (X.EQ, l).AND.(IDIC1? .EQ,7)) KNGN*l
JoE2= IOP2(IR)
XJI=XSPIN(XO)

c
c TRANSFER LEVEL O!!NSITIf$8, T~AN$M,3$816N COEFFzcIENT$. LEVEL
c ENERGIES, AND LEVEL SPINS TO SCH.

lF(ID.EO;7) GO TO 1E12
NPTS= NTC(IO)
INOZX=ITCLC+ (If)wi) *NLDtM*NEt!OIH
CALL ECRD(~C, }NOEX,NPTSzIERR)
IF(NKK(IR).LT.1) GO TO 10.2
NPTS3NTC2(?P)
INDEX=JTLC+NKDXM*NLOIMA~ IP~ 1)
CALL ECRO(T, INDEX,NPTS,IERR)

102 NK2Z N~K(xR)
IF(NK.2.LT;!) GO TO 103
NPTS= NPHOCIP)
INDEx=TI?HoLc+NKD~M*NJD!F*t !$-1)
CALL ECRD(R}40, 1NDEXtNPTS101ERR)

103 NLEV2=XNL(!R)
INOEX=IFLLC+( IR=l)*NLFVD!M
CALL EcRD(EL, INDEX,NLEV281ERR!

gPFcTl?9T
SPECTR98
SPf!CTR99
sPEcT100
SPECTlOl
sPEcT102
SPECT103
SPECTlOfA
SPECTI135
SPECT1L36
sPEcTlf17
SPECTI08
5PECT109
sPECTl10
3pECTlll
SPECT112
SPECT113
SPECTi14
SPECT115
sPEcTlt6
SPECT117
SPECT1113
sPFCT)!9
$PEcT120
SPECT121
9PECT122
SPECT11?3
SPECT12fI
SPECT125
SPECT126
SPECT127
SPECT128
SPECT129
SPECTISn
SPECT131
sPECT132
SPECT133
SPECT134
SPECT13S
SPECT136
.5PECT137
SPECT13S
5PECT139
SPECTIUO
SPECT101
SPECT142
sPEC11U3
SPECT!UU
SPFCT1U9
spECT\46
SPECT147
sPfiCTiU8
9PECT149
SPECT150
sPECT151
SPECT152
SPECT153
sPECT154
SPECT155
SPECT156
SPECT157
SPECT158
SPECT1!$9
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INDEX-i4JLC+(IR-l)*NLEV~!~ SPECT160
CALL ECRD(AJ, INDEX,NLEV201ERR)

c
9PECT161
9Pf!cT162

c MAIN CONTINUUM~TO-C0N71NUUM c0Hpu7AT10N SECTION WW_***-=a-m------WSPECT 163
c
c RESIOUAL NUCLEUS l!NERG~ LOO#

KLOW=K+,l
IF(KLOW,GTINKaj GO To 2a0
KO=O
DO 195 KPsKLOW,NK2
KD:KO+I
XNLE a N1.EtIP,KO)=l
JMAX2SJRAST(KP, IP)
XJMAXZaJMAXz
xJMAx2exJMAx2-tl:2slt(oEcoNiJoE2)+ 10)+0,01
XJCN= XJI~lI(JOEC~)
INCHKEV=I+K+M+ IP+KP

: ZERO INITIAL P0PuLATION9 IN RES!DUAL NUCLEI
JMAx22c2~JtIAX2
IF (M,EO.Z) CALL ECRO(P, !~EROLk, JMAX22,1ERR)

c
i LOOp OVER OFCAYING COMPOUND NUCLEUS SPIN,PARITY

00 188 JCN=l,JMAXCN
XJCNSXJCN+i;O
ECONJ~ ECON~(~O~XJCNil,@)~FSIGCN
00 189 IPIcN=l,z
PICNa PI(IPICN)
PIPI = PT1*PICN. .
JPICNSJPI (JCN, IPICN)

c
c SET UP INIT14L POPULATION FOR LO=O CA$if

IF(INCHKEY;GT,6) GO TO ~17
CALL I~lCHSUM(5)
PP(JPICN):OP
SIGR=SIGR+OP

117 IF (PP$JPIcN);j.T; l:E-300) GO To 180
IF (ID.NE,7) GO TO ld~

c
c CAMMARAY lRANsITION SE?TION =- CONTINUUM TO CONTINUUM

00 13tI MPZ!,NMP
LG= GML(MP)
PIL=pILLL(LGil)
XJ2S ABS(XJCN-GML(MP) )-~;O
xJ2H=xJcN+GM1.(Mp]+O,OEil
xJ2H=AMINl fxJ2H,xJMAx2)
00 i28 JJ$ai,lflOn
xJ2=xJ2+i.n
P!2= pIC~*GWP(MP)*P!L
J2=xJ2~l,@l
IF(XJ2.G,T~XJ2H) G0,T0 liO
IP12 = 1.501~P12/2.
JP12 = JPI(J2,1P12)

c
c CHECK FOR a TO 0 TRANSITION$

IF(xJ2+xJCN;LT:0:l) GO TO 1.20
GO TO (112,12L4) M

c
c ADD CONTINUUH GAMMA WIOTH TO TOTAL WIOTH SUM
112 DT= TGR(KD. MP)*RHO(J2,KPI*OE

TTOT(JPICN)=TTOT(JPICN)+DT
G(K, IP)=G(K, IP);OT*RHOFTR(JCN)
GO TO 128

9PECT164
9PEC7165
sPEct166
SPECT167
5PECT168
SPECT169
SPECT170
SPECT171
SPECT172
sPECT173
9PECT!7U
SPECT175
sPECT176
!3PECT177
SPECT178
SPECT179
spECTi80
SPECT181
SPECT182
SPECT183
SPECT184
SPECT18S
6PECT186
SPECT187
SPECT188
SPECT189
8PECT19EI
SPECT!91
sPE.cT192
SPECT193
!3PEcTi94
SPECT19S
SPECT196
SPECT197
SPECT198
SPECT199
5PFcT2C10
sPEcT201
sPECT202
SPECT203
sPECTi?OU
SPECTZ05
SPEtT2flb
SPECT207
sPECT208
sPECT2f19
sPECT.21O
SPECT211
SPECT212
sPECT21S
5PECT21U
sPECT215
SPECT216
8PECT2!7
sPtcT,218
SPECT219
SPECT22PI
SPECT221
sPECT222
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c
c
c

1.20
126
128
130

c
c

140

c
c
142

lbfl
166
168
170
18J3

c
c
c

190

COMPUTE CONTINUUM GAMMA PoPuLATION INCREMENTS FOR LOOPS OTHER
THAN THE FIRST
OP = PP(JPICN) *TGR(KD, MP)*RHO(J?, KP]*DE/fTOT(JP!CN)
CALL SUMER(l,oE)
CONTINUE
cONTINuE
GO TO 160

PARTIcLE Transition SEcfloN -o cONT!NUUM To cONTINUUM
XJ.2= xJINIfJOE2).
00 170 J2uIDJ!4AX2
XJ2ZXJ?+l.~
SZ~ ABS(XJ2*XJj)~l:fi
S2HX xJ2+xJl+0.flt?l
00 168, 1S2=l,lf10@
S2* s2+lpil.
IF(s2.GT.s2H) GfY.7~ 170
L2L=Aes(xJcN~s?)+l .mi
L2HZXJCN+S?+1.CI1.
L2H=~Ipo(L2HtYLE(Ip#Ko))
IF(L2L.GT:12H) GO TO 168
00 166 L2SL2L,L2H
P12=PIPI*P?LLL(L2)
IPI?= l,5fi\-P12/2.
JP12= JPI(.12,1P12)
GO TO (142.150) U

ADD CONTINUUM PARTICLE PIoYH TO TOTAL WIDTH glJM
07= T(L2, KD)*RHofJ2#KP)yDE
TTOT(JP!CN) =TTOT(JPICN)+DT
G(K, IP)=G(K, IP)$DT*RHOFTR (JdN)
GO TO 166

COMPUTE CONTINUUM PARTIcLE POPULATION INCREMENTS FOR LOOPS OTHER
THAN TliE FIRST
CONTINUE
IF(TTOT(JPICN), LE.O.IGO TO 166
0P=pp(JPIcN)*TCL2, KO)*RtiO(JP, KP)*OEITTOT(JPICN)
CALL SIJHERtl~OE)
CONTINUE
CONTINUE
CONTINUE
CONTINUC

8PCCT223
sPECT22U
SPECT22S
SPECT226
sPECT227
SPECT2?J3
sPECT229
9PECT?3PI
sPEcT23i
SPECT232
sPECT233
sPECT?34
SPECT239
sPECT?36
SPECT?37
SPF.CT238
SPECT239
sPECT2JA0
sPFcT2fJ$
SPECT2U2
SPECT2U3
sPECT2JJU
SPECT2U5
sPECT2U6
SPECT247
SPECT?U8
SPECTZJJ9
sPtCT25a
SPECT251
S~ECT252
gPECT2S3
SPECT.25U
SPECTi!5S
sPECT2S6
SPECT257
sPECT25B
MAR77 1
MAR17 2
HAR77 3
SPECT260
SPECT261
SPECT26?
SPECT263
SPECT26U

Wvw-o-wW--.www--.,WWWwWmWmWWm-VVwmm-.-~wwmwWW-WVWwm-Wp--VWD.Vw=---sPEC 126S
SPECT266

TRbNsFER8AC~UM~LATED PbpUL#?IoN 70 LCM BUFFER SPECT267
IF((~.Fo. l),OR. (IBUF(IP,II.EO, O))GO TO 196 sPkCT2611
IB=IBUFJIP}II

If(IB.GT.NIBOIM) IB=IBiNIPOIM

sPECT269
sPEcT2713

INDEX=IP8LC+(KP-1)*2*NJDIP+ C18-1)*2*NJDIM*NKOIM sPEcT271
CALL ECRO(SCBUF2( l)tINDEX,JMAX22, IERR) SPECT272
00 19n J=l*J~Ax22 SPECT273
SCBUF2(J) = SCRUF2tJ) i PtJ) SPECT27a
CALL ECWR(SCBUF2( l),INOEX,JMAX~2, IERR) SPECT275
coNTINUF SPtCT276
CONTINUE SPECT277
U2MAXs UCN=S(IR) sPECT278

SPECT279
MAIN COFJT1NUUt4~T0-LEVEL COMPUTATION SECTION’ ----9DO---9wsPECT280--wsPECT280

SPECT281
LOOP OVER DISCRETE STATES OF THE RESIOUAL NUCLEI
DO 280 Nal,NLEv2

sPEcT2@z
SPECT21)3
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X~~SA13$(AJ~N))
P12!w sIcq(!,O,AJ(N))
EC2 = ~2MAxmEL(N)
IF(EC2,LE.n;O) GO ‘TO ?83
KC) m ECZ!DE + C!’,S
IF(KD.LT.1) KOml

c
c GAMMA RAY SECTION Y- CONTXNUUM TQ LEVELS

IF(ID.NF.7) 60 TO 240
00 2JFI MPzl,NMp
LG = GMLfMP)
PIL=PILLLcLG+l)
PIcN s PIL~GMP(MP)*p12
IPIcN = l;501-~ICN/i!.
XJCN = ABSrXJ2=GML(MP) )<l;0
XJCNHJ XJ2+GML(flP)+0.001
00 i!2n JJCN=lfl@k?O
XJCN a. XJCN+lOO
JCN=XJCN+l:O1
IF ((JCN.GT.JMAXCN):CIR;(XJCN:Gf:XJCNH] ) GO ?0 230
ECONJaECON*(?; *xJCN+l, f!)*PSIGCN
JPIcN = JP1(JcN,JPICN)
IF(x3CN+xJ2,LT10. i) GO fO 228
G(l TCI (?au,2a6),LGROPT

294 TGRL=wKCON*WKNORv*REl (MP)*Ec2** (2*LG+1)
GO TO 210

206 TGRL = 1.b>u92BEw3*CAXEL*REI(MP)*GAXEL*EC2**4/ ((ERAXCL**2
1 -Ec?**2)**2 + (Ec2*GJXEL)**2)
TGRL=lGR~swKcoN

210 IF (NOEQ.2) GO TO 220
c

c
c
c
21?0

226
228
2s0

c
c
240

ADD Ght4Mh WIDTH +o TOTAL HIDTH sUM
OT=TGRL
TTOT(JPICNIFTTOT(JPICN);DT
G(K, IP)=G(K, IP)+DT*RHOFTR(JCN)
GO TO 228

coHpuTE LEvEL POPULATION INCREMENT FROM CONTINuUM-70-LEVgL 7RAN0
SITIONS IN OTHER THAN THE fIRST LOOP
IF(TTOT(JPTCN):EO;b,) $h TO 228
DP = PP(JPICN)*TGRL/TTOT(JPICN)
CALL SUMER(2,DE)
CONTINUE
c@NTINuE
GO TO 280

PARTICLE TRANSITION SECTION :- CONTINUUM TO LEVEL
XJCN= XJINT(JOECNI
Kt a ISERCH(EC2,ETC( 10~O),NEE (IO),AA~A5~Ab)
XNLE = NLEIN(IO,KE+l)-I
DO 27a JCN~I,JMAXCN
XJCNm XJCN+l.?
ECONJ=ECON*(2.AX~C~+l.0)*FSIGCN
S,?= ABS(XJ2-XJj)-l.0
S2H= XJl+XJ2+fl.flfll
00 26! IS=l,iOf10
s2=s2fl.0
IF(S2,GT’.SZH)G~ T0,270
L2L=ABS(XJCN-$?)+ l.01
L?H:XJCN+S2+1.L31
L2H3MIyfi(L?H,N1.EINtID8KE+i ))
IF(L2L.GT.L2HI GO TO 268
DO 266 L2PL2L,L2H

8PEC128U
9PECT285
SPECT286
SPECT287
SPFCT28R
SPECT289
gPECT2Q0
SPECT291
spECT292
8PECT?QS
SPECT29Q
SPCCT295
SPECT296
SPECT297
3PF.CT298
SPECTZ99
SPECT3@0
SPEC.T301
sPECT3ti2
SPECT303
SPECT30U
SPECT3n5
SPECT3B6
SPECT3f17
SPECT3@8
sPLcT3f19
5PEcT3io
SPECT311
SPECT312
SPECTS13
SPECT314
9PECT315
SPECT316
SPECT317
SPECT!.18
SPECT319
SPECT329
SPECT321
SPECT3.22
SPECT3?3
SPLCT324
!)PECT325
sPECT326
sPECT327
sPECT328
SPECT329
SPECT330
SPEC7331
SPECT332
SPECT333
3PEcT3311
SPECT335
SPECT336
SPECT337
SPECT338
SPECT339
sPECT3U0
SPECT3U1
SPECT342
SPECT343
SPECT34U
SPECT3U5
SPECT3U6
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PICN=PI l*P12*PILLLtL~) 9PECT347
IPICN * !.5P1-PICN12. 9PECT3U8
JPICN a JoT(JCN,~PICN) 9PECT3U9
CALL !NTERP(ET~( l,ID)lTC(l,~2), NCE(ID), 2,EC?!JTLEV) SPECT350
IFfTLEV,LT:O. )TLEVUO. SPECT351
GO TO (242,250) M sPECT352

P SPFCT3’33 I

c
c
c
250

260
266
268
270
l?8n

c
285

c

ADD PARTICLE WIDTH TO ToTAL NIOTH SUM I
DTS TLEv

SPECT3!3i
SPECT355

TTOT(JPICN)PTTOT?JPICN);OT SPECT356
SPECT357G(K, IP)aG(K, IP);OT*RHOFTR (JtN)

GO TO 266 ~PEcT358
SPFCT359

CCIYPIJTE popuLA~loN Increments FOR PARTIcLEIwLgVEL TRANSITIONS AFTERSPECT360
THE FIRST LOOP SPECT361
IF(TTOT (JPICN)’.EQ.0.) G~ TO 266
OP

SPECT362
= PP(JP!CN)*TLEV/TTOT(JPICN) sPECT363

CALL SUMFR(2,0E) SPECT360
CONTI~iUE
CONTINUE

SPECT3b5

CONTINUE
SPECT366
sPEcT3fJ7

CONTIN[!E SPECT368
. ...--.- .. ...--..-.-*.m-m.W.W~w9m-wnW*--u0w-----W-wwmw--*--WW*--O-9PF C73h9
CONTINUE SPtCT37ti

SPf!CT371
i CLOSE U ANO 1P LOOPS; SPECT372
300 CONTINUE SPECT373

c SPECT374
c CLOSE K LOOP; TRANSFER iP AND PL TO LCMi SPECT375
400 CO~TINIJE gPECT376

NPTS= NKDIM*NIp SPECT377
IF(I;EO: l: AND:LPEQ;EQ, l)cAL~ ,PREcMP SPECT378
INDEX=ISPLC+NI(OIN*NIPDIM* (1-1) SPECT379
CALL ECWR(SP, INOEX,NPTS,IERR) SPECT389
INDEX=IGLC+( I-l)*NKOIM*NIPOIM SPECT381
CALL ECWR(G, INDEX,NPTS,IERR) SPECT3S2
NPTS=N~P*NLEVOIfl 9PECT383
INOEX=IPLLC+ (I-l I*NLEvDIM*NIpOIM sPEcT3e4
CALL ECWR(PL, INDEX,NpTS,IERR) sPECT385

c SPECT386
c CL(lsE I LOOP SPECT387
5f30 CONTINUE

CALL SECCINO(TIME)
SPECT388
sPECT389

OTIMEZTIME-TKLEP
WRITE(6,U)

SPECT390
D,TIME,TIHE SPECT391

4 FORMAT(/* END OF I LOOP IN 9UBROUTINE SPECTRA,*, sPECT392
1* TIME Fl?op sT/IQT OFTHIS ENEI?GY s*F9,3,0 SECONDS, TOTAL ELAPSED TSPECT393
21tiE =*F9:3,* SEcONDS.*) SPeCT39fJ

c
c

sPECT395
COMPUTE DISCRETE GAMMA-dAY CROSS SECTION9 AND ADO TO SPECTRA: SPEC?396
CALL GRLINES SPECT397

c
RETURN

SPECT398
$PECT399

END SPECTOOO-..
SUf3R0UTINE LEVDsl!T(AcN, A,A2)

c
LEVD5FT2
LFVD9ET3

COMMON/LEVDEN/DEP(60)~XNLGC (60) IECGC(69),UCUTOFF?DEFCN, TGC(69)C LFVI)EN i?
1 cnGC(6@),FMATGc(60),PATR(60) ,XMR3(60),XNLLN(60),9z( l130) ,SN(\50), LEVI)FN 3
2 pZ(100),PN(150) LFVDFN 4
coMMON /sPNPAR/ sPIN,PARITY,KGRD LEVDEN 5
COMMON/BASICl/NI,XNIP(lPl ,NIR,LRt60j0),2Al C6@)rZA2(60) ,XM2(60)t BASIC1 2

1 ZACN(lP),CSGR(6fi), CSTOi(6a) ,CSLEV(6n), CSIO(8),EAV1D(8) cEAVC6a) 8ASIC1 3
COHMON/LCINOEX/IP8LC,IGLC, IzEROLC, ISPLC~IPLLCc IEGLC~ ISGLC~ITCLCO LCNDEX 2
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1 13TCLCt lR~OLC, XTLC, ItLLC,IAJLC, IATLC, lIJIDIMINIPD!M, NIE!DItf,NGROIti, ~CNl)f.X I
2 NIDDIM,NIRDIM, LCNDEX 4
DIMENSION DEFCONC2~C A(l)CA2(l) LEVDSET7

c
DATA

:
OATA

1 n:,
2 .04
3 ?0,,
4 ,68,
s .6’?
DATA

c
c
c
c

TABLES OF COOK ET. AL. AAEC/TM392
LEVOSE78
LEVDSFT9
LEVDSE10

?z/Ij*fI;,2:u6#0;9$. q?,0;91;62#0, al;b20 fl,Plm8S#0;el;73e LEVDsEll
.~5en.rl.5utn;~l,Z8#0,26~ 0,68t@. 19P l.39~-,@SPl,52,-, 0Fvl;17s LEvDSL12
lP?U,8,29, lP@Q, .Zb,l;l~,;23, 1. 15pT,I?i8, 1,35,fl,34,1,95, ~2Bvl;Z7LEVDSE15
1.@5,a.,1/,.0:,l,p,,2P\:4, ,?3tl. ,-,2,1; 19,.~9, ,97,0, ,,9Z, ,11,LEVDSE14
.~5t.68,=.$2, .7y,tflq, m69, .fll,,72, B*, .4, P14,,73,W,,PL16,, 17fi LEVDSF15
fl.,.79,0. ,,99,npP.Pi.-p n6~,b9,-.21,7J~-,i~,. 7210,~,77e2*0,1 LEVDSE16
PN/lle@,,2mb7,@P,l:8,@, ,1.b7,0, ,fe86,~,,2,04,8P ,1 .b4, fl,,1.lJlJ,Ltvn5P17

1 0>, !,$u, fl:,~.3,ff,, l.27,0:, 1:2~, ;08Bl,4!t-.D8, 1,5,-,@S, 2,24,w,47, LEVDSE18
2 lt43,:. 15,1.uu~rf1691 ,36f.2Sa la5?~y,16,!, u6,0, ,,93, ,fl~#,62J-oS~ LEV1)SE19
3 lPfJ2, .13, 1.52.-.6SP,W,08,8, l,~9f-, 47, 1,25,-,Q4, ,9?,.e8, 1,65~-. lltLEVDSF2fl
4 1,26,9~06. l;f16,@,z?, l. 55t W.B7,1. 3?,0,j, l,2,= ,278,92,-; 35, 1,19~0;lLEVDSF 21
5 1.f15, :.25tl.b],*.21, .y, -.21 .;7u,-P38~ p72p~.3U~ .92~-.26r.9UJ001~ 1.EVDSE22
b .bS@:.36*%83,rl!~f67~ >f15, ~P..Sl, l.~4*.33V. b8~-.~7#, 81,,@9#,75p LEVOSE23
7 ,17, .8b, .lU,l.1,-.Z2l.@4, -.47, ,48, .a2,,88,,2U,,52, ,27,.41,-,05/ LEVDSE2U
OATA (PN(IL),IL>l?6,15n)/ 1EVDSE25

x; 3!#:15# :67#n;t.blf@;#; 78,0. 0,67#n,~:h?# fl.#;79#
--- —

1 B., .6,;0u..
1.EvflsE26

+4f?r0bt, 45, ,f19,.26p-.228 .39,m.OS,.39/ LEVPSE27
OATA SZ/lfltfl,,=2,91,wU;~7,y5:7?,m7. 8,-8, :7,w9,7,w10, 1,-IU,7, ●ll,38LEvDSC28

1 ,m12:n7, 012.5~,-13,2U,ol 3.93, vlU, Tlo~15.531*16. 37~w17,361wlfi,60 LEVDSE29
2 -18P 7,-18:01,-17,~7,-~~.~8,- 16,6?*16, 75,-16,5P-16,3S? ●16,221 LFVnSE30
3 -lbp41,-lb, 89,-lb.43,mt6P 68,- 16:73,-17. U5,-17P?9~ ●i?,40,-17.82, LEVDSE31
O =18,62,-18:27,-19;39,- ~9.9!,* 19.lU#-18,26~=l?. UV-lb.42~-15077* LEVDSE32
S -14; 37,-!~. 91~w~3:l,wj3. 11,. ll,U3~=10;8p,-l@,751 ~lflP62e~10,4i~ LEVDSE33
6 -l@,21, 09t85,y9rf17,-9pR3, _8:bl,wh: 13,=7p46,*7pU8, e7,~, -7, 1S,-7,0bLEVDSE3Q
7 ,-b,7~,y6: 64,~btbU#*7,b8, 9?.89,-6t U!,e8f U9,=7P88,-bP 3,n5, U7,1WU,78LEVbSE35
8 8-4r37,-4: 17fi9u.j3~-4. 32,-4:5Sv-5.flUfi-5.20Vwb. Vbo~6.28~-b,t37e LEvDSE36
9 -7,2fl,-7.?~,2?0./ LEvrlsE37
OATA SNliO*fl. ,6,8,7,53,i:>5, 7;2i,7:U0, ~,07t0,94,Q.8 l~lO.b, ll;39~ LtvDsF38

1 12,5fJ, 13,68, 1u,3U,14,1~, 13,,83B 13.5, 13.~12.13~ 12, b,13,26~14,13~ LEVDSE39
2 ld.92,15,52, ~6,3B,17,16,1 7,55, 18,03, 17,S9,19,03,18, 71, 18,5, jfl,99,LEVDSE40
3 18,U6,10.25, 17;76,17,3@,16e 72, 1S.62,1U,31!, 1S.88,1>,23, !3.81,14.9,LEVDSE41
4 14F86,1!i.76, 1h>2,17r62, 17, 73, 18P16,18;67,19,69, 19p51,20, 17p 19.1J8,LEVDSE 42
S 19,98, 19$ f13,~flp2,19.72, 19.~7, i9.20,10.U4,17,6 1,17. 1,1$..l6vl5,9# 1.EVDSEU3
6 15.33, 14~76~!3P51J,12. h5,1Rp6S, 10pl,8.89,10..29, 9.79#ll,39ell,72P LEVDSE44
7 12.43, 12,96F1J.US,13,$T, 12,96, l~. 11, 11,92, 11.,10.8, ~t7.4Z#10,3V, LEVDSE45
8 9;69,9.27. 13.95,8.57,8.v2, 7,59, 7.33, 7,Z3,7.f15,7,42, 6.75,6,6,6,38/ LEVDSF46
DATA (S~l(IL)~IL=~/1,15~]/ LEVOSE’U7

X b;36,6.d9,b~25,5./3s~S, u?, u:53t4, 3t3,39t2.35e 1,66#.t31D (.EVI)SEU8
1 0P U6#:.96.-l .69r-2,53# =3.,lb~-l,87D~.Ul~~71 ,la66~2~62, 3:2203;7bt LI!VDSF49
2 4,1,u.06,U:63,5.f19t5,18,5.17,5,1~5,fll,IJ.97~5,09#S.03,4.9305,28~
3 5.fJ9,5.5@.5.37,s.301

LEVPSE50

0A7A 0FFt0NlB,lti2tfl,120;
LEVDSE51
LEPDSF52
LFVDSF53

CCIMpUTE I?4CU LEvEL DFNS~TY RELATIVE TO ACN USING GILBERT-CAMERON LEVDSE!J4
FORMULAS FOR LEVEL DENSITY LEVDSE55

IOEFCN= DEFCNil:Ol
lZACN* ZAC~(i)
IbCN=MOD( IZACN, IOOO)
IZCN= lZACN/l@fln
INCN= IACN-IZCN
xAC~= !ACN
ACNGCS4XACN*(0:Oa917*(S~( X2CN)iSN(INCN)) + OEFCON(IOEFCN))
IF(ACN.tQ.Fi;) ACN8ACNCC
A2(l)eACN
DO 60 IRGI,NIR.
IDEF z DEF(IR)+l.01

LEvOSF5b
LEVDSE57
LEvOSE58
LEVDSE59
LEVDsEbO
LEVI)SE61
LEVDsEb2
LEVnSEb3
LEvDSE64
LEVDSEb5
i.EVbSEb6
LEVDSE67
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s~

ba

c

c

Ua
us
50

1

I~A = ZA2{!R]
IA= MOD(IZA,1000)
IZ 8 Iz4/imOO
IN ~ IA-IZ
)(A n 1A
IF((A(IR)’.iT:O’. ):OR,(I8;cR: 1)) GO 76 50
AGC s XA*(Q,0a917*(SZ(Iz)+SN(IN) ) t DEFCON(IDEF])
DAGC n AGC-ACNGC
A2(IR) m ACN+DAGC
PAIR(IR) a PZ(TZ)+PN(IN)
CALL G!LCAM(A2(IR),IR)
CONTINUE
RETURN
END
SUBROUTINE QILCAM kAsLR)

LEVDSE68
LEVPSF69
LEVDSE70
LEVDSE71
LEVDSE72
LEVDSE73
LEVDSF7U
LEVDSF7S
LEVDSE7b
LEVD3E77
1.EVDSE74
LF,VD3E79
LEVDSE80
LEVDSE81
GILCAM i?
GILCAM 3

COMMON/LEVOEN/0EF(60),XNLGCi60) ,EC6C(60),UCUTOFF,0EFCNCTGC t60)0 iEVoEN z
1 ErnGC(60),EqA7GC~60),pA1R(6D] ,xMR3(60),XNLLN(60),$Z(100) ,SN(lSO), LEVOEN 3
2 PZ(lO@),PN(l$O) LEVDEN 4
COMMON /SPNPAR/ SPIN,PARITY,KGRO LEVDEN 5
DIMENSION OE(AI) GILCAM 5

GILCAM 6
DATA NDE,DE/U~l:.O:l~O;hlO@;flOll GILCAM 7
EC=ECGC(LR) GILCAH 8
CONST s 5,n571*xMR~(LR) GILCAM 9
E s 0, 1+PAIR(LR)+2.251A GILCAfl10
00 50 I:l,NI)E GILCAM1l
Do 40 J=l,sQO GILcAf412
U = E-PAIR(LR), GILCANi3

GILCAH14T = l;/(SORT(A(U)-l;5/U)
EOl = E$-T*XNI.LN(LR) GILCAM15
Ear? s E+T*rALOG(CON$T*SQRTiA*U**S) /7)-2,*SQR7tA*u)) GILCAV16
DEL2 =~01-FB2 GILCAM17
IF(I*J.EQ:I) S)GNO ❑ SIGNC1:.DEL2) GILCAM18
SIGN2 = ~IG~(l.,0EL2) GILCAM1’3
IF(SlGN2.NE,SIGNO) GO Yb 4!3 GILCAM20
DELI = 0FL2 GILCAM21
ES E + OE(I) QILCAM22
CONTINUE GILCAM23
E x E-DE(I) GILCAM24
CONTINUE ,,.. GILCAli25
DELA=AB3(D~L~-D~i2) GILCAM26
IF(DELA.GT. 1,0~-}@O) GO TO 100 GILCAM?7
E?O.l+PAIRtLR)+2.25/A GILCAM28
EMATCHZE GILCAM29
U=E-pAIR(LR) G1LCAM30
T=l;l(SQQTCAIU)-1.S/u) GILCAW31
PRINT i,LR JuLt9772
FORMAT(I* *+++,,GILCAM SUpROU,TINE UNA8LE 10 MATCH DISCRETE LEVELS WJUL19773

11TH LEvEL DENsITY FUNCTION l’OR RESIDUAL NUCLEU8 IN REACTION IR q*?JUL1977U
2 13,* ++++*/) J11L19775
Gn Tn tfll oILcAt435

100 EiA+~H-C-E + DE(NDE)*(DEL~/(DELl-DEL~))
U z Et4ATCH - PAIR(LR]
T s l;/(SOR1(A/Y)-1.5/u)

101 Ea= EC -T*xNLLN(LR)
E’MATGC(LR)CEMATCH
TGC(LR)MT s FaGCtLR)SEO
RETURN
END
Su8R0UTINf! LCMLOADtI)

c
c cQMPUTE TRAN$M1sSION CO&FFIljIENT$’ AND LEVEL DENsITIES ON

GILcAt436
GILCAM37
GILCAM38
QILCAM39
GILCAMUO
GILCAMUi
GILCAM42
QILCAMU3
LCIILOAD2
Lct4LOAD3
LCIJLOAD4
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