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GNASH: A PREEQUILIBRIUM, STATISTICAL NUCLEAR-MODEL CODE
FOR CALCULATION OF CROSS SECTIONS AND EMISSION SPECTPA

by

P. G. Young and E. D. Arthur

- NOTICE-

Tim ipport was prepared as an account of work
sponsored by the Jniied Stales Government. Neither the
United States noi the Uiuied Slatei Department of
Energy, nor any of their employees, not any of their
contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness
or usefulness of any information, apparatus, product or
process di-closed. or represents that its use would noi
infringe privately owned rights.

ABSTRACT

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

I. INTRODUCTION

The preequilibrium, statistical nuclear-model code GNASH provides a flexible

method by which reaction and level cross sections, isomer ratios, and spectra

(neutron, gamma-ray, and charged-particle) resulting from particle-induced reac-

tions can be calculated. The code uses Hauser-Feshbach theory to calculate

complicated sequences of reactions "and includes a preequilibrium correction for

binary channeu. 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

tide types that are permitted are neutrons, protons, deuterons, tritons, He,
4

and He. These particles and gamma rays can also be emitted from decaying com-

pound nuclei. Angular distributions are not calculated; that is, isotropy is

assumed in the center-of-mass (cm.) system.
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rig. 1.
Input and output features of the
GNASH code.
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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 calculatiun.

A complex decay sequence involving

multiparticle and ganur.a-ray emission,

typical of the ones that can be handled

in a single calculation, is shown in

Fig. 2. The sequence is for neutrons
59

incident on 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.

The GNASH code, developed for a Control Data Corp. (CDC) 7600 computer, uses

49 000 words of storage ?nd 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

Fig. 2.

Sample decay chain for n +
calculations.

59
Co



routines (Sec. Ill), input parameters and options for streamlined setup (Sec. I V ) ,

supplemental data or files needed (Sec. V ) , and output produced by the code (Sec.

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

ple problem are given in x^ppendixes A-E.

II. THEORETICAL BACKGROUND

A, Calculational Expressions

The statistical portion of the code includes angular-momentum and parity ef-
9

fecus explicitly and generally follows the formalism of Uhl. In this section,

we ^ive a brief description of the expressions used in the calculation. Reference

9 should be consulted for more detail.

For the calculations of complex reactions involving several particles and

compound nuclei, we assume that the reaction proceeds in stages with only one

particle emitted at each step. Each newly formed intermediate, nucleus, produced

by particle decay of the previous compound nucleus, then disintegrates (if ener-

getically possible) with probabilities determined from Hauser-Feshbach theory for

binary reactions.

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

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

parity i> are included. Generally, experimentally determined values of E, J ,

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 A E .

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

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

/

d

P
( n + 1 )(UJ7T) , (i)

'TT1J'TT

(n)

where P (U'J'ir') is the population of continuum energy bins in the nth compound

nucleus after gamma-ray cascades have been considered, U is the excitation energy,

p is the level density, and a defines the type of radiation emitted by the nth

compound nucleus *r form the (n+l)th nucleus. The population of the first com-

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



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

e of the incident particles,

(1) r (2J + 1} V ^ \T*
P (UJir) = ~~ Jir+ 1} (2. + 1 ) 2 ^ 2^ h

(£) f H& (U - B) '
k

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

of the target nucleus and projectile, and J(TT) is the total angular momantum

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

f0 = 1/2 I TT + (-1) TT TT I, T (e) is the transmission coefficient having orbital
A* 1 p X/

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

incident particle in the compound nucleus. The partial decay w'dths used in Eq.

(1) for reaction channel a have the general form

- U - Ba)f£ (3)

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

continuum bins in the residual nucleus. Here the parity operator f0 has the form
n

f0 = 1/21TT7T' + (-1) -FT I, where TT is the parity of the emitted particle, and B
x. ci a a

is the binding energy of the emitted particle.

Similar expressions hold for the population of discrete levels:

,(n) 7r, E ^

7^,4-^ , (4)
J'TT1

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

r (U'J'TT'.E J TT ) = > > T B(U' - E. - B )f. . (5)

a A A A £^j J^^ Z A a £
s £

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

The total width appearing in the denominators of Eqs. (1) and (4) is then the sum

over continuum bins (UJTT) or discrete levels (E, J,TT^) of the appropriate partial

width T (U'J'TT'.UJTT) or T (U'J'TT1 ,E, J-.TU) for each reaction channel a.
a a A A A

For many calculations of interest, nonstatistical or preequilibrium effects

become important; therefore, a simplified preequilibrium expression formulated by

Braga-Marcazzan and based upon the exciton model of Griffin and Blann has



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

spectra for preequilibrium effects:

n-2(n + l)2(n - 1) . (6)
|M|2gV

El— -J

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

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

£, and a. (e) are the mass, kinetic energy, and inverse cross section for the
m v

outgoing particle; g is the average singlt;-particle level spacing from the

Fermi-gas model; and n is the number of particles and holes (n = p + h) in the

compound nucleus. The sum extends from the initial exciton number 3 to n, the

limiting value attained when equilibrium is reached.

We assumed that the absolute square of the average: matrix element of resid-
2 —3 -1

ual two-body interactions had the form |M| ' = KA E (A is the mass of the13nucleus involved), determined by Kalbach-Ciine. 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

17)

We determined the value of a for neutron- and proton-induoed reactions to be

0.0005 + 0.0001, in agreement with r.he Braga-Marcazzan value of 0.00045. Our
3

result corresponds to K - 150 + 30 MeV , which Cc.n re compared to the value of
3 13

100 + 35 MeV' obtained by Kalbach-Cline. To provide flexibility in the code

for calculation cf 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
3

data on d, t, and He 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 preequilib^ium 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

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

them to T. using the expression

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

mation or the Brink-Axel ' giant dipole resonance form can be used, Specif-

ically, the Weisskopf approximation for El transitions yields

TE1(U,U«) = C*1 E^ , (9)

whereas the Brink-Axel form gives

2 2

T
E1(u UM - cE1 - -J— E2 °-013A V a o )

T (U,U ) " CBA 7T ft2 2 y r (£2 _ E2.2 2p2 ' ( }

R Y + EY

Here E = U - U', V is the giant dipole resonance width (F = 5 MeV), and E R,

the resonance energy in millions of electron volts, is given by E =
El El

The normalization constants C and C are obtained from the ratio of the
w i3A

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

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

energy Eg)

\<D> / E 27F J (11)

0

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

In the code, gamma-ray cascades through E2, E3, Ml» M2, and M3 transitions

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

Weisskopf form (« e ' ), and the ratios C /C , C /C , ..., C * /C are de-

termined from the Weisskopf estimate or are input directly during tietup of the

calculation.

6



20
The level-density expressions are those of Gilbert and Cameron with the

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

at higher excitation energies,

_ V 7 exp (2VaU) (2j + 1) exp [-(J + l/2)2/2O2] ,10,
— ————— ———= *- > ( ± Z ;

24 l / 4 5 / ^ / 7 3

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

energies

p ( E , j 7 r ) = ± , x p [ ( E . V / T ] ( 2 J + 1 ) exp [-J +
1 U 2 ^ 2 ^ a

The definitions for the quantities in Fqs. (12) and (13) are given in Ref. 20 and

will not be repeated here. The experimentally determined number of levels up to

a particular excitation energy are used (where possible) to determine parameters

for the constant-temperature expression so that a good match is made. The level-

density parameter a is either input directly into calculations or determined

using the Gilbert-Cameron prescription

a/A = 0.00917 [S(Z) + S(N)] + C , (14)

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

20
whether the nucleus is deformed (C = 0.120) or spherical (C = 0.142).

III. CODE SUBROUTINES

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

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

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

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

CHAINS - Called if automatic setup of chains is desired.



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

XMAGIC - Determines whether a nucleus is "odd" or "even," according to the Oil-
20

bert-Cameron level-density prescription.

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

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

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

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

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

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



-*-A. Loop over all decaying nuclei

Loop over energy bins IJJ(UJTT)
compound nucleus I

/
M = i -> r

tot
- 2 •*• P

D. Loop over decay reaction types

-El. Loop over continuun bins tp' (U'J'TT1)

of residual nucleus I'

M = 1 compute

M = 2 compute

= T(IijJ:I'i(;')p

•P(I>') = P(I>') + DP

DP = r(HJKl>')pCl>')P(Hj;)AZ/rtot(HJO

-E2. Loop over residual-nucleus discrete
levels ^'(E'I'TT1)

M = 1 compute

t d ^ ) = rtot(

M = 2 compute

•Close D loop

Close B and C loops

Close A loop

Fig. 3.
Schematic flow diagram for the SPECTRA subroutine.



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

GAMSET - Sets up the gemma-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 (2TT<F>)/<D> determined from s-wave neutron resonance
data.

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

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

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

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

ISERCH - Determines the parameters necessary for the interpolation routine.

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

INTERP - Main interpolation routine.

IV, MAIN CODE INPUT PARAMETERS

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

separation energies, and ground-state spins and parities are taken from a data

file (GR0UND2, listed in Appendix B), which accompanies the program. The masses
22

in the file are either the 1971 adjusted experimental values of Wapstra, 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
24

based on experimental measurements. If J or IT is unknown, a value of 99. ap-

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

j' = 0 (even A) or J = 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 (8A10): TITLE(N), N = 1, 16

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

(C) (1 card) FORMAT (514): IKPOPT, KLIN, KTIN, NIBD, LMAXOPT

(D) (1 card) FORMAT (514): NI, NMP, LGROPT, LPEQ, NJMAX, TCAPT

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

(F) (1 card) FORMAT (114): NELAB

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

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

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

Reaction chains are set up automatically.

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

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

(3) INPOPT = 0 (2-70 cards)

(a) Outer DO loop I = 1, NI

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

(b) Inner DO loop IP = 1, NIP

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

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

FORMAT (8X, Al, II, E10.3) : LMGHOL(MP), LG, REl(MP)

(J) (0-1 cards) Input depends on LPEQ parameter, as follows:

(1) LPEQ = 0 (0 cards)

(2) LPEQ = 1 (1 card)

FORMAT (6E10.3): [ALPHAl(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 = 0(1) to omit
(include) print of discrete-level information.

11



TABLE I (cont)

Parameter

IPRTTC

IPRTWID

IPRTSP

IPRTGC

INPOPT

Description

Print control for transmission coefficients. Set IPRTTC = 0(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.

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

Print control for calculated energy spectra, as follows:

IPRTSP = 0 to omit print of all calculated energy spectra.

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

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

= 3 to print both individual reaction and composite spectra.

Print control for level-density information. Set IPRTGC = 0(1) to
omit (include) print of level-density parameters for each residual
nucleus in the calculation. Set IPRTGC > 1 to print parameters and
computed level densities at every (IPRTGC-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 = 0 is the most general input option available for speci-
fying the reaction chains and the various parameters
associated with each chain. For example, it permits
(but does not require) input of level-density parameters
for each residual nucleus in a calculation. See descrip-
tion of card input for details of reaction-chain input.

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

12



TABLE I (cont)

Parameter

KLIN

KTIN

NIBD

LMAXOPT

NI

NMP

LGROPT

LPEQ

NJMAX

Description

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

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

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

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

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

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

Control for limiting the number of transmission coefficients
(Tf) included in a calculation by requiring that (21 + 1)T >

— ILMAXOPTI
TQ * 10 ' '. The default value is LMAXOPT = 5.

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

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

Control for indicating the model desired for calculating gamma-ray
transition probabilities, as follows:

LGROPT = 1 for the Weisskopf approximation.

= 2 for the Brink-Axal approximation.

Preequilibrium control. Set LPEQ = 0(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, J = NJMAX - 1; for odd-A cases,
J = (2 * NJMAX - l)/2.
max

max

13



TABLE I (cont)

ZAP

ZAT

DE

Parameter Description

ICAPT Gamma-ray cascade control for initial compound nucleus:

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

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

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

1000 * Z + A for the target nucleus.

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

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

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

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

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

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

Value of the gamma-ray strength function for s-wave neutrons,
27r<ry>/<D>, that is used to normalize the gamma-ray transition
probabilities. A negative value of SWS can be used to directly
input a normalization factor of |SWS(I)|. In the case of the
Brink-Axel approximation, SWS(I) can be set equal to 0. to indicate
use of a built-in, constant normalization factor.

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

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

P

FGSIGCN

NELAB

ELABS(N)

ZACN(I)

XNIP(I)

SWS (I)

14



TABLE I (cont)

Parameter Description

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

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

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

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

XNLGC(IR) Number of discrete levels, XNLGC(IR), at excitation energy ECGC(IR)
and that are matched in the code to the Gilbert-Cameron formula for the

ECGC(IR) continuum level density. If both these parameters are set equal to
0., then the total number of levels input in the Level-Data File is
used.

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

LG Multipole order of the KPth transition.

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

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

V. ADDITIONAL INPUT PARAMETERS

A. Discrete-Level Data

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

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

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

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

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

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

is given in the first part of Appendix D (pp. D-l through D-5). The following
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sequence of cards (or card images) is required for each residual nucleus requir-

ing level data:

(A)

(B)

(C)

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

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

Inner loop for each level (DO loop K

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

1, NT)

Parameter

ID

NL

F

NX

EL(N)

AJ(N)

AT(N)

TAU

NT

NF

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 = 0.

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) = 0.

Spin and parity of the Nth level. The sign of AJ(N) indicates
the parity. For example, -0. is interpreted as a J11 = 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 "*" N F) = !• F o r unbound states, E 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 Description

NPART Number of particles for which transmission coefficients
are input.

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

XBCD Alphanumeric particle identifiers, as follows:

_NEUTRON, _PROTON, _DEUTERON, _TRITON, _F.E-3, _ALPHA;

that is, a blank column precedes each identifier.

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

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

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

ETC(J,ID) Energy grid for transmission coefficients. The index
J specifies the energy and ID is an internal identifier
that specifies the particle.

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

B. Transmission Coefficients

Transmission coefficients for the projectile and outgoing particles are in-

put in the subroutine TCPREP, following the discrete-level data input. Again,

these data can be provided on a disk or magnetic tape file (KTIN = 10), or di-

rectly fron cards (KTIN = 5 ) . We have adopted the format used by COMNUC 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, IX, 7A10, A5): NPART, [3CDTC(I), I = 1, 8]

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

(1 card per N loop) FORMAT (42X, A10, 12X, 214, A8): XBCD, NE, NN, K
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(C) Input energy grid for particle N (internal identifier = ID). (DO loop
I = 2, NE, 6)

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

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

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

VI. CODE OUTPUT

The code output from the sample problem described in Appendixes C and D is

given in Appendix E. The amount of detail included in the output depends upon

the values of the parameters IPRTLEV, IPRTTC, IPRTWID, IPRTSP, and IPKTGC, de-

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

the Los Alamos Scientific Laboratory, consists essentially of six parts:

(1) Input data (pp. E-l 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 leval-density parameters (A, NLGC, and ECGC) have not been determined yet
unless they were input directly into the calculation. Also note in the col-
umn at the far right that the number of population-storage buffers is the
minimum possible (4) for this particular calculation. Buffer No. 1 is re-
used in the decay of the ZA = 27059 nucleus for storage of the ZA = 27058
level populations. The buffer numbers set to zero indicate residual nuclei
that are not allowed to further decay in the calculation.

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

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

(4) Calculated cross sections, average energies, and secondary spectra of emitted
radiation from individual reactions (pp. E-5 and E-6) and composite spectra
for the various species of emitted radiation (p. E-7). Cross sections for
reactions to discrete states, and gamma rays from de-excitation of excited
states are included in the spectral listings. Above each spectral column
appear the integrated level decay, level excitation, and total production
cross sections and average emitted energy for the particular reaction. Mul-
tiparticle cross sections such as o „ and a can be deduced from ther n,2n n,np
integrated cross sections. The energies associated with the emission spec-
tra are midpoint values from the integration energy bins. Both the spectral
energies and cross sections are given in the c m . system of the recoiling
nucleus plus particle or gamma ray. For medium or heavy mass nuclei, the
cm.-to-laboratory transformation factors are essentially unity.

(5) Discrete-level excitation and gamma-ray de-excitation cross sections (pp.
E~8 through E-15). The gamma-ray de-excitation cross sections only appear
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for the decaying compound nuclei and in those cases the level and gamma-ray
production cross sections include cascade effects.

C6) Summary of the parameters used in the Gilbert-Cameron 1eve7.--tensity
formulas (p. E-12). The quantities FO [E in Eq. (13)J and SWATCH [energy
where Eqt. (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 (SK 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 foi che
25

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

eters for neutrons, the Bechetti-Greenlees 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 2iT<r >/<!» cf approximately

-4 -3 -4 56 59

25 x 10 for the Co isotopes and 2 x 10 and 3 x 10 for Mn and Fe.

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

integration mesh and more careful selection of model parameters would be advisable
59

for a serious calculation. Additional examples of n + 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 Lighter integration mesh in GNASH than the one in our sample problem.

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 MeV, the

binary reactions are dominated by the preequilibrium component, and calculations

become increasingly sensitive to the accuracy of that approximation. At incident

energies below ~100 keV, use of GNASH becomes inefficient because of restrictions

on the integration step size. Caution should also be exercised in using global

parameter sets for generating transmission coefficients; we think the discrepancy
59

between calculated and measured values of the 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

19



o.to

3.0

0.05

O.O (5.0

2.0 30 4.0

En (MeV)
5.0

Fig. 4.
Comparison of calculated nonelastic
and inelastic neutron cross sections
for 59(jo with various experimental da-
ta. The solid curves represent the
GNASH calculations.
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Calculated and measured values of the
59co(n,p) cross section. The solid
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Fig. 6.
Calculated and measured values of the
59co(n,a) cross section. The solid
curve represents the GNASH calculations.
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times, should be chosen carefully: energy-bin width (DE), the maximum number of

total angular momentum states in the compound nucleus (NJMAX), the criteria for

limiting the number of transmission coefficients (LHAXOPT), and the number of de-

caying nuclei (NI) in the calculation. In addition, the gamma-ray cascade cal-

culation for the initial compound nucleus should always be turned off (ICAPT = 0)

unless the spectrum of capture gamma rays is specifically required. A summary of
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 = 0. When they were performed,

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

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

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

loss by using the LMAXOPT parameter.

ACKNOWLEDGMENT

The authors wish to thank D. G. Foster, Jr., for providing the data file

that contains ground-state masses, separation energies, spins, and parities.

20 24

En (MeV)

Fig. 7.
Calculated and measured (n,2n) and
(n,3n) cross sections for ^^Co. The
solid curves represent the GNASH cal-
culations; the triangles indicate the
(n,3n) measurements.

10
20 30 40

NEUTRON ENERGY (MeV)

Fi£. 8.
CDC 7600 central-processor time for
GNASH calculations of n + 59Co reac-
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APPENDIX A

PROGRAM LISTING

LASL Identification. No. LP-0778

PROGRAM ONASHflNP.F.SETSelNP ,0UT»P9eT6»0UT>FSET8,FSET9,

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
1
2
3
a
3

11

GAMMA-RAY, NEUTRON, AND ASSORTED SPECTRA FROM HEAVY NUCLEI

FSET8 •
FSET9 a
FSETIB»
FSCTS1«

INPUT LEVEL DATA IF CARDS NOT USEO
INTERNAL BINARY LEVSfL DATA FILE (KL>
INPUT TRANSMISSION COEFFICIENTS IF CARDS NOT USED
LEVEL SCRATCH FILE - AVAILABLE FOR PUNCH OR DISC O/P
INPUT GROUND-STATE MASS EXCESS, SPIN, AND PARITY

MAIN 2
APR07771
MAIN a
MAIN 5
MAIN 6
MAIN 8
MAIN 9
MAIN 10
APR07772
MAIN It
MAIN
MAIN
MAIN
MAIN

IPPTSP

IPRTLEVS0 TO OMIT PRINT OF DISCRETE LEVFL INFORMATION
IPRTTC B1S TO OMIT »RINT OF ANY TRANSMISSION COEFFICIENTS
IPRTTC »1 TO PRINT I/P TRANSMISSION COEFFICIENTS
IPRTTC.GE.2 TO PRINT TRANSMISSION COEFFICIENTS AT EVERY (IPRTTC-1)MAIN

TH ENERGY ON THE BASIC INTEGRATION ENERGY MESH MAIN
IPRTWIDcB TO OMIT WIDTH PRINT MAIN

sH TO OMIT SPECTRA PRINT MAIN
:1 TO PRINT COMPOSITE SPECTRA ONLY MAIN

1PRTSP E2 TO PRINT INDIVIDUAL SPECTRA ONLY MAIN
IPRT3P B3 TO PRINT COMPOSITE AND INDIVIDUAL SPECTRA MAIN
IPRTGC B0 TO CUT PRINT OF LEVEL DENSITY PARAMETERS MAIN
IPRTGC at TO PRJNT GILnMT-CAMERON LEVEL D6NSITY PARAMETERS MAIM
1PRTGC.GE.2 TO PRINT LEVEL DENSITIES AT EVERY (IPRTGC-1) TH ENEROYMAIN

ON THE BASIC INTEGRATION ENERGY MESH MAIN
INPOPTe-1 MANUALLY READ IN REACTION CHAINS OUT CODE AUTOMATICALLY MAIN

ASSIGNS PARENTAGE, CNPI(I) AND CNPlP(I) ARE ASSUMED TO MAIN
BE ALL UNASSIRNED HIGHER REACTIONS THAT PRODUCE ZACN(I) MAIN

INPOPT*0 MANUALLY I/P REACTION CHAINS AND PARENTAGE INDICATORS
INPOPTel AUTOMATICALLY FOLLOW NEUTRON CHAIN WITH G,N **CAYS
INP0PTr2 AUTOMATICALLY FOLLOW NtUTRQN CHAIN WITH G,N,P,A DFCAYS
INP0PT»3 AUTOMATICALLY FOLLOW NEUTRON CHAIN WITH G,N,P,A DECAYS,

ANO PICK UP GAMMAS FROM P AND A DECAYS
• TO NORMALIZE SfcWAVF. STRENGTH TO 9WS(I)
0*. TO USE UNNORMALIZED GAMMA RAY TRANSITION PROBABILITIESMAIN
. AS ADJUSTED BY R E K O MAIN

* TO MULTIPLY 6AMMA TRANSITION PROBABILITIES BY MAIN
ABStSWSd)) MAIN

MAIN
MAIN

FORMAT(tP,flE10'.3)
FORMAT(SAlfi)
FORMATC1H1.8A1CI./1H ,8A{0)
FORMAT(eX,Al.It,iP»7E10'.3)

SWSCU
SWSCI)

SWSCI)

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

12
IS
14
15
16
17
18
19
20
21
22
23

25
26
27
28

319
31
32
33
34
35
36
J7
38
39

MAIN
MAIN

, 5
FORHATt/ <?W TPRTLEVsl2,5X,7HIPRTTC«I2»3X« 3HIPRTWIDMAIN

MAIN
FO<?MAT< 8H

42
43
44

as
46
47
48

JUL26771
JUL26772
MAIN 53
M*!N Si

5H ZAP=F5'.0.3x.ilHZAT=F6".0.3X,3HDE=F6',3,«H MEV# MAIN 52
t 3X,0HXMTsFje»,5,4H AMU, 3X, SHSP«F6.3# <IH MEV,5X, MAIN 53
8 eMECUTOFF*F5.2,aH MEV) MAIN 54
FPRMATt 5H ACNsF7.3,5H /MEV,3X, , 7HFSIGCNMAIN 55

12 FOPMATt/* I ZACN* NIP* PARfNT*,*9X,*S»WAVE*,BX,•!!»•,<IX*«ZA1*,MAIN 57
1 aX«ZA2*,5X.*XMe!«,8X,*S*#a)i,*NLEV DEF A NLGC ECGC BUFMAlN 58
2FE"*/* •- *»*i» ••" I IP*, MAIN 59
3 * STRENGTH, ENERGY •> «-»• *„ MAIN 60

Nl»,l3,3X.aHNMp=,I2,3X,7HLGRbPT«#l2.SX,
lJ

A-I



13
I

15
16
17

18

19
25

C
30
33

3a

U » ..... (AMU) (MtV) •• ••« (/MEV) «•-« (i4CV)
5ER*)
FORMAT(I3»F7.0.-PU,0,F7.(»,F6.B,2X,1PE10,S,0P,F7'.3>

i F3RMAT(«6X.I5,F7>.F8.0,Fe.3,F10.3,2F5i,0,F8<3,F5.0,F10.3»I7)
FORMATf/ 46H INDEX L PARITY MULTIPOLARITY RATIO TO El)
FO«MAT(ia,?F6.0,9X,Al,Ii,aX,Gll,4)

MAIN
MAIN
MAIN
MAIN
MAIN

FORMAT*//* WFISSKOPF APPROXIMATION USED FOR GAMMA-RAY TRANSMI3SIONMAJN
1 COEFFICIENTS*) MAIM
FORMATC// • AXEL APPROXIMATION USED FOR GAMMA.RAY TSANSMISSIONMAIN
1 COEFFICIENTS*) MAIN
FORMAT*/ 26H INCIDENT ENERGIES (HEV) B,IP,10E10,3,/26X,10EJ0.3) MAIN
FPRMAT(//5X*C0LLI«MILA?z0 CLOSED FORM USED FOR ABSOLUTE CAL OF PPEMAIN
1-EOUILIBRIUM CROSS SECTION *//,* PRE«EQUILlBRIUM NORMALIZATION CONMAIN
2STAMTS ARE / ».6A10,/39x,*CINPUT) *,1P.6Et0.3,/39X,« (USEP) »» MAIN
3 6EI0.3) MAIN

MAIM
MAIN
MAIM
MAIN
RHO
RHO
LCNDEX

ISTCLC,IRHOLCIITLC.IELLC»IAJLC.IATLC.NIPIM,NIPDIM,NIBDIM,NGRDIM,LCNDEX

F0RMAK//2SX*
FORMAT(20Aa)

THE LAB eNERGY IS *G11.«* MEV *//)

I
RHC(aC,200),T(30£200).P(80),$P(200,6)rPP(80),SPP(200t7)
C2P0),PL(50,6)#Gf200,6)rRMOFTR(a0)

COMMnN/LCINOEX/IPBLC,IGLC,IZEROLC,ISPLC,IPLLC,IEGLC,ISGLC,ITCLC,
1
2 NIDOIM,NIPOIM
rOMHON/TCOFF/eTCf25,6),TC(25»30),BCD(7),XSPIN{7),NLDIM,

61
62
63
64
65
66
67
68
69
70
71
72
73
70
75
76
77
78
79
2
3
2
3

LCNDEX U
TCOtF 2
TCOEF
TCOtF2NLE(6,2£H').JRASTC2P0»6)

COMMON/LEVELl/ELC50)»AJ(50),ATC50)i!.'Nt.<60},ELMAX(60>,NLEVDIM
l,EC(2UB),Sr,(2u0),NGRAYSi[6e) LEVtLl
COMMON/BASIC 1/NT. XNIP(1 pi), NIR,LR(6. 10), ZAl (60), ZA2<60),XM2(60)/ BASKl
1 Z*CN(10),CSr.Rffe(?),CSTOT(60),CSLEV(60),CSID(8),EAV;D(6),EAV{60) BASIC1
COMM0N/p&STC2/TITLEC16),ELAB,DE,ZAP,ZAT,XMT, NKKM(10),CNPI(10), BASIC2 2
1 CNPIP(l0),SC60),SAC(l(»},IDl(fr0).IOP,IOFg(60),IPUP(6,10), BASIC2 3
2 ECM,UP,NKMAX#NJMAX,NKKf6cH,NKDIM,TCP(30),QMOP(at»),A(60),A2(60), BASIC2 U
3 M"H0(6)rXJT, NP0PMAx,NTC2(6),NJDlM, IOECN(105tNKKCN(1P),ECON,8AS2C2 5
U JPI(«P,2).)(MP,XJP,PIT,MP,XNLP,KL,IDSTAT(7),SIC,C5L,CSM,PILLL(30)BA5IC2 6
5.1CAPT.PLBUF(50.10)»INPOPT.TKEEP

CnMMON/r.AMMA/NMP,LGROPT,SwSM0)#6ML(6).GHP(6)#RElt6),t.KGHOl(6)i
1 TGR(2t)a#6),WKCONrCAXEL1GAXEL#ERAXEL«EXSWSe!0)#WKNORM
C0MH0N/PREF0/LPE:0,9IGP.PREflI(6)»CSir.I(6).NlTT(6)iAUPHA(6)
C0MM0N/PREQl/EPSIGf2flP#6),NLEV,NPIT,NIT
COMMON/FITTING/ACN.FSIGCN.SJGPEO
COMMON/PRNTOUT/IPRTLEV,lPRTTC,IPRTMLOfIPRTWIO,IPRTSP,IPRTGC
COMMON/LEvnEN/OEF(60),XK'LGC(60)»ECr.C(6«l),UCUTOFF,D^FCN8TGC(60)i

BA3IC2

GAMMA
PREEQ

1

COMMON /-SPNPAR/ SPIN,PARITY,KGRD

DIMFNSION ALPHAH6)
DIMENSION ZZAi(fe),ELABS'(203
DIMENSION 7INPU(20)
DATA BCD/10H NEUTRON ,10H PROTON

10H HE-3 (l3H ALPHA
»10H DEUTERON ,10H TRITON
,10H GAMMA-RAY/

7
2
3
2
2

FITTING2
PRNT0UT2
LEVPEN 2
!,FVDfM 3
I.EVDEN 0
LEVDEN 5
MAIN 92
MAIN
MAIN
MAIN
MAIN
MAIN

93

DATA IZAID/1»1PI01»1002,,1003,2003,2000,0/ MAIN
DATA KIjKL.ia.KGRO.IHOLF.IHOLM /5,9,7,13.1ME.1HM/ MAIN
DATA XMASS/l', 000669, 1.0(l7B25» 2'. 8M«1P2# 3,PI6050, 3. B16G38, <l.002603i MAIN
1 0./
DATA XSPIN/0.S.0.5,1.0,0.5#?.5«0.0«0.0/
DATA NKOIM,NJDIM.NEEDIM,NI,PIM,NLEVDIM/200#<I0,25,3S3#80/
DATA NIDlM,NlPDIM,NIBDlM#Nf,RDIM,NIO0lM/

1 10> 6 , 8 , 2«B. 7 /
DATA ALPHA/5'.0E-0l!t«5.0E.0U,3*1.0E.02»5E»03/
OATA NITT/3,3,3,3,3,3/

95
96
97
98
99
100
101
102

MAIN
MAIN
MAIN 103
MAIN 10U
MAIN 105
HAY77 1
MAIN 107
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c
c
c
c
32
35

301

3B0

100

MAIN JBC
EXACTM(ZA,EXMAS3) * ZA«!000,tFLOAT(IPIX(ZA/i000,))*EXMAS8/P31,5C»? MAIN 1P9

MAIN 110
MAIN til

TAPE 12 a BUFFER INPUT

WRITE(6,32)
FORHAT(1 Hi)
REA0(KI,33) ZINPU
lP(EOF.KI) 300.301
WRITE(6.3U) ZINPU
WRITEC12.33) ZINPU
CO TO 35
CONTINUE

NOW 7&PF 12 e INPUT

KI
REWIND Kt

MAIN INPUT SECTION
EXMN c ENEP.GV(1.0)
READ(KI,3)

TITLE
PEAO(KI,1)

l, 1)
L

INPbPT#KLlN,KTlN,NIBD»l.MAXOPT

IF(KLIN.LT* 1)
IF(KTIN,LT 1)

N E 8 )
I . .

WRITE(6,7) IPRTLEV.IPRTTC.IPRTWID,IPRT8P.IPRTSC
WRlTEf6»8)
EPSILON=I.0E»9

READ(KI,1) NI,NMp,LCROPT»LPEO»NJMAX#ICAPT

READCKI,?)
UCUTOFF s P^l
READ(KI.l) NELAB
REA0(KI,2) {ELAB8(I>»lPl»NELA8)

= ENERGY(ZAT)
a SPIN
J PARITY
* eXACTM(ZAT,EXMT)
= EXMT + ENERGV(ZAp) • ENCRGYCZAUZAP)
IGCME0'.2.) F8IGCN«l'.0

XJT
PIT
XMT
8IC

112
113

115
116
117

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN 118
MAIN |1*
MAIN 120
MAIN |21
MAIN J22
MAIN 123
MAI" 124
MAIN 12S
MAIN 126
M A : M 127
MAIN 128
MAIN 12<>
MAIM 130
MAIN 131
MAIN 132
MAIN H 3
MAIN 134
Jlll.26773
MAIN 136
MAIN 137
MAIN 138
APRH7771
APR0777«
MAIN 13<J

00 104 1=1.NI

JUL26775
JULS6776
JU126777
MAIS 1«1
MAJN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN 1<I8
MAIN 1<|9
MAIN 150
MAIN 151
MAIN 152
MAIN 153
MAIN isa

1U2
}U3
iac
105
146
107

IFCINPOPT.FO'.BJ REA0(KI,2jZACN(I),XNlP(n»CNPI(J)fCNPIP(I),8W8(I) MAIN 155
Z7AlfiJ.fi. MAIN 156
IFUNP0PT.LE(.-15READCKI,2)ZACNi:n,XNlPU),SWSm,tZZAl<IP),IPs2,6>MAlN 157
IF(INPOPT.KE.l) CAUL CH*INS'(I,IR) MAIN 158

ZAC B ZACNfl) MAIN J59
EXMC e E N E R G Y ( Z A C ) MAIN 160

a FNERGYCZ*C»t.0) • EXMN « EXMC MAIN J61
MAIN 162

DO \*ti IP*i,NIP MAIN 163
MAIN 164
MAIN 165
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XNLGC(IR)«0.
ECCC(IH)e0.

ZA2(IR) • ZACN(I)-ZAi(lR)
OEF(IR) » XMAGICfZA2CI«)}

ZAR * Z*2(1R)
EXMR

104 CONTINUE

1 )
a ENER0YCZ4R)

XM2CIR) • EXACT«(ZAR,t)!ftR)
SfIR) * EXMR • ENERGVCZAJCIR)) EXHC

106

202

e
c
c
c
c
c
c
c

CALL ICSPACE

WRITE(6,10) ZAP.ZAT#Of,X«TfSIC»UCUTOFF
WRI TEC 6,It) ACN.FSIGCN.QEFCN.XJTJPIT
WRITE(6,19)(EtA99<l)#I«l»NEUA8)

00 J06 1=1,NI

m
DO 1P6 TPel
IR=LR(IP#I)
IB=IBUF(IP»I)
IF(tB.GT.NIBOIM) IB»IB-NlflD|M
WRITEC6,1U) IP.ZAHIR)
1 OEF(IR)

tl)
IF(LGOT,EO,n WRITE(6»17)
IFtl.GROPT.EO.2) WRITE(6.18)
WRITE(6,15)
00 110 MPsi,NMP
REAOfKI.5)

CI) , X 2 ( I ) iS(I) .
.XNLCC(IR) •ECGCCIRJiIB

IF(LMGHOL(MP).fO.IHOLM) GHP(MP)a-l,0
IF((LMCHOLfMP)EOIHOLE)ANO'(LG'eo'

IF(LPEO.EQ.1)READ(KI,2)ALPMA1
DO 201 IDXsl<6
IF (ALPHA l(IDX)'.Nf.0.) 202. 201
ALPHA(IDX)=ALPHA1(IDX)
CONTINUE
TF(LPEQ.EO'.l) WRITE(6,2S) tBCD(IDX),IDX*l#*)iALPHA!, ALPHA

READ LEVEL INFORMATION
CALL LEVPREP(KLIN.KL)

READ TRANSMISSION COEFFICIENT DATA
CALL TCPREPCKTIN.EPSILON)

SET UP FOR CALCULATION
CALL SETUP

INCIDENT ENERGY LOOP
DO 200 IELAB«l*NELAB
CALL SECONO(TKEEP)
ELABsELA0S(IELA8)
CALL SETUP2

MAIN 16b
MAIM J67
MAIM 160
MAIN 16*
MAIN 170
MAIN 171
MAIN 172
MAIN 173
MAIN 17a

MAIN 175
MAIN 176
MAIN 177
MAIN 578
MAIN 179
MAIN 180
MAIN 181
MAIN 182
MA IV 183
MAIN 184
MAIN 183
MAIN JS6
MA'' Jft7

MAIN 189
MAIN 190
MAIN 191
MAIN 192
MAIN 1<J3
MAIN 19(1
MAIN 199
MAIN 196
MAIN 197
MAIN 198
MAIN 1<39
MAIN 200
MAIN 201
MAIN 202
MAIN 203
MAIN 20U
MAIN 205
MAIN 206
MAIN 207
MAI!: 208
MAIN 204
MAIN 210
MAIN 211
MAIN 212
MAIN 213
MAIN l\fi
MAIN 2J5
MAIN 216
MAIN 217
MAIN 218
JUIS677B
MAIN 229
MAIN 221
MAIN 222
MAIN 223
MAIN 224
MAIN ?25
MAIN 226
MAIN 227

MAIN 228
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c
0

C

e
198
199

c
230

CALCULATE SPECTR*
CALL SPECTRA(ACN.FSIGCN)

PRINT AND WRITE OUTPUT RESULTS
CALL DATADUT
CONTJNIJE
CONTINUE

CONTINUE
GO TO 100

1000 STOP
END
SUBROUTINE LC8PACE

SET UP LCM STORAGE. ZERO ARRAY, AND VARIABLE STORAGE BUFFERS

COMMON RHOf<lf»,2351)»TC3Pl,2e!0).P(:8Pi).SPC200,6)»PPCe0),SPP(200#7>
(

C
c

MAIN
MAIN 230
MAIN 231
MAIN ?32
MAIN 233
MAIN 23a
MAIN 215
MAIN 236
MAIN 237
MAIN 238
MAIN 239
MAIN 240
MAIN 201

LCSPACE3
LCSPACta
LCSPACE5
RHO

ZACNO0),CSGRC60)»CSTOTCh0).CSLEVU0),CSID(8),EAviD<8),EAV(60)
CO*«ON/LCINDEX/IPRLC,IGLC,IZEPOLC,ISPLC,IPLLC,IEGLC1SGLC*ITCLC,

BASIC1
BASIC1
LCNOEX

1 ISTCLC.TflHOLC,ITLC,IELLC.IAjLC#IATLC.NIOIM,NlPOIM,NIBOIM,NGRDIM#LCNPEK 3
2 NIOOIM.NIROIM LCNOFX «
COMMON/TCOFF/£TC(25»6).TC(25.30).BCD(7),XSPINfT5,NLOlH. TCOEF 2
JNPART,NEF(fc),NO(6),NTC(6),IZAin(7).XMASS(7)»NEF0IH,NLEIN(6»25), TCOEF 1
?NLE(6,2P!fl),JRAST(200.6) TCOFF U
COM"OM/LF.VFLl/FL(5fl),AJ(Iiii1i),AT(50),XNL(60).ELMAX(60),NLEVOIM LfVtLl 2
l»FG(2«0),5G(2«9)«Nr;'»AVS(6B) LEVEU 3
CrMM0N/BA3IC2/TITLE(l*).ELAB,0E»ZAP,ZAT,XMT, NKKM(10),CNPI(10), 8ASIC2 2

1 C N P I P ( l ? ) . S f 6 ? l ) . S A C ( i n ) . I O l C 6 P i ) » I I 5 P f l b E 2 ( 6 0 ) , I B U F ( 6 , J « ' ) » BASICS 3
2 £CM,| . lP ,NKMAX,NJMAXi N K K f 6 0 ) , N K D I M , T C P C 3 0 ) » Q M D P ( f l ( l ) , A ( 6 0 ) / A 2 C 6 0 ) , BASIC2 4

NP0PKA«,NTC2(6)»NJrHM, IOFCN( MKKCW<10)»ECON,BASICS 53 NRHCHM.XJT.
a J P I ( U 0 , 2 ) . X M P . S J P . P I T , N L P , X N L P , K L , I D S T A T ( 7 ) , S I C I C S L I C S H , P I L L L ( 3 0 ) R A S I C 2 6
5»ICAPT.PL9l lF(5 ' -M0)# lNPnPT,1KFFP BASIC2 7
DIMENSION SC3UF tUPQB), IJJ(10),IPJJC10) LCSPAC12
EQUIVALENCE (SC8UF.RH0) LCSPAC13

LCSPAda
SET LCM STORAGE INDEXES LCSFAC15

LCSPAClfc
LCSPAC17
LCSPAC18
LCSPAC19

i

IAJLC=IFLLC+NLEVOIM*NIROIM
IATLC=IAJLC*NLEVD!M*NIRDIM
LCMDIM=IATLC+NLEVOIM«NIgDIM
WRITE(fe.l) LCMDIM
FORMAT** LCM SPACE RFOUTREO
HRITEC6.2) NIBDIM,NKDIN
FORMATS • NUMBER OF
1Y BINS IS *,IU)

LCSPAC21
LCSPAC22
LCSPAC23
LCSPAC2U
LCSPAC25
LCSPAC26
LC5PAC27
LCSPAC28
LCSPAC29
LCSPACJ0
LCSPAC31

SET
DO

(EXCLUDING DISC BUFFERS) IS *,I7)
LCSPACS3

LCM BUFFERS IS *#I2/ * MAXIMUM NUMBER OF ENERGLCSPAC3U
LCSPAC35
LCSPAC36

UP LCM 2ERO ARRAV LCSPAC37
Kal,i000 LCSPAC38

LCSPAC39
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409
410
420

C

c

63
64

CALL ECwPfSCBUF,INDEX,NpT$,IERR)
i E X I D E X f s
CALL ECWRfSCBUF,INDEX,NPTS,I£RR)
INDEX=INOEK*NPTS
CALL ECwR(SCBUf.INDEX,NpTSiIERR)
CALL ECW^(SCBUF.INDEX,
CALL ECf?O(SC0iJF,IZEROLC.api0a,lCRR)

CALL ECWCSC5UF. INDEX,4000, IERR)
If (lUPOPl'.GE.fl) GO TO U?B

DETERMINE PARENT REACTIONS
LBUF'OPTst

CMP IP'. 1) = 1.
IF(NI.LT.2) GO TO 480
DO 010 1=2.NI
CNPKnBCNKnsB,
CMPIP(I)=0,
11=1-1
DO 40<>

IF(ZACNCI}.EO-.ZACN(ID) 60 TO 410
NIP a XNIP(II)
IFfNIp'.LT,?) GO TO
00 438 IlPs2,NIP

IF(ZAa(IR)>E,ZACNfI)) GO TO (108
CNPICI) n JI + !PI0'.«CNPjtI)

C N ((i) i i i 0 . p ( r )
IFetBtJFOPT'.EQ.?) 60 TO U10
CONTINiiE
CONTINUE
CONTINUE
CONTINUE

SET UP POPULATION STORAGE BUFFERS FOB LCM
CALL EC(?D(I8UF.IZEROLC.60,IERR)

DO 70 Jel,Nl

DO 62 JJH.10

66

IFUI/JJX'.LT.I) SO TO fcU
CONTINUE
NJJsJJ
DO 68 Isl,J
NJP=XNIP(I)
00 68 IP=1.NIF
00 66 JJsl.NJJ
IF((I.^E.IJJ(JJ)).OR'.(Ip'.NE,IPJJ(JJ))) 00 TO 66
IBUFUP,!). sIB
CONTINUE

LC8PAC40
LC9PAC4J
LCSPAC42
LCSPAC43
LCSPAC44
LCSPAC45
LCSPAC46
LCSPAC4T
LCSPAC48
LCSPAC49
LC5PAC5B
LCSPAC51

LCSPAC53
LCSPAC5U
LCSPAC55
1.CSPAC56
USPACS7
LCSPAC56
LC3PAC59
LCSPAT6P

LC5PAC62
LC5PAC63
LCSPAC64
LCSPAC65
LCSPAC66
LCSPAC67
LCSPAC66
LCSPAC69
LCSP*C7«
LCSPAC71
LCSPAC72
LCSPAC73
LCSPAC74
LCSPAC7S
LCSPAC76
LCSPAC77
LCSPAC7B
LCSPAC79
LCSPAC80
IC5PAC81
LCSPAC82

LCSPAC84
LCSPAC85
LCSPAC86
LCSPAC87
LCSPAC88
LCSPAC69
LCSF-AC90
LCSPAC91
LC3PAC92
LCSPAC95

LC3PAC95
LCSPAC96
LC5PAC97

LCSPAC99
LCSPA100
LCSPA101
LCSPA102
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70
c
c

72

11

12

13
21

22

IS

IIPsCNPIP(I)
n=MODfir,t00j

I3UF(l.I)3lBUF(ItP.II)
CONTINUE

END
SUBROUTINE CHAINSCI.IRX)

CONSTRUCT OPTIONAL AUTOMATIC REACTION CHAIN SEQUENCES

CONTINUE
CONTINUE LC3PA101

LC8PA105
EQUATE (N,G) REACTION BUFFERS TO PARENT NUCLEUS BUFFER LCSPAJ06
DO n Isl.NI LCSPAJ07

LCSPA108
LCSPA}09
CCSPAlJfl
LCSPAlll
LCSPAU2
LCSPAU3
LCSPAUW
LCSPAU5
CHAINS 2
CHAINS 3
CHAINS U
CHAINS S

r,XNIPC!n),NlR,LRU,10>.ZAl(A0)*ZA2(60)*XN2<60), BASICl 2
1 ZACN(iB3,CSGR(6C).CSTOT(60)»CSLEVt60).C3lO(e),EAVIO(e),EAV(60) BASICl 3
C0MM0N/8ASIC2/TITLEO6).ELAB.DE,ZAP,ZAT,XMT, NKKM(ip),CNPI(10), BASIC2 2
1 CNPlP(i05.S(60),SAC(10),IDlr60).IPP#lbE2(60),IRUF(6,10), BASIC2 3
2 EC*,UP,NKMAX,NJMAX>NKK(603,NKOIM,TCP(30),t}MDPf«!"),A(60)»AP(.

<a), BASIC2 4
3 •JF?̂ n(6)#XJT* NP0PMAx,WTC2f6),>JJr>IM, ICF CN( ] H) , NKKCNC t O , f C0N,8*S If? 5

(BASIC? 6
BAS1C2 7
I.EVDFN 2

1 E0GC(6{'),FHATGC(60)»P'>tl'(<>«)|XMR3(<»0)*XNLLN(6(1),SZ(l0H)iSN(t503# LtVOEN 3
2 P7ns"0),PN<150) LEVOEN a

/SPNPAR/ SPIN,PARITY,KGRO LEVDtN 5
,AJ(S0)f ATf50),XN|.tfc0),CLMAX(605,NLEVD!M LEVCLl 2

LEVFL1 3
GAMMA g
GAMMA J

COMHOV/GAMMA/NMP,l,r,ROf1T,SWSC10),CML(6),GMP(6)rHEH6)»LMOHOL(6)#
t TCR(200,6),WKCON,CAXKL,GAXEL,ERAXEL#EXSWS(10)#WKNORM

DATA ZAX/0.,1.,1C!01.,209«'. /
X l s l
ZATOT*7AP*ZAT

IR=IRX
GO TO ( H , i 2 , ) 3 ) f INPOPT
Z*CN(J)aZATOT-XI*r.0001
XNIP(I)=2.
CNPH nsXI-0' ,99999

GO TO 50
ZACw(I)=
X N I P ( l ) s f l .

0.99999

GO TO 5 0
GO TO ( S I , 2 2 * 2 1 , 2 1 I 2 2 « 2 3 I 2 1 , 2 2 * 2 3 , ? 1 ) , X
X I I = ( I - J ) / 3

C N P I ( I ) B I . 5
C ^ P I P ( I ) = 2
GO TO 3P
ZACNmsZACN<W).ZAXC3)

X N I P ( I ) B 1 .

GO TO 50
ZACN(I)sZACN(>2).Z'AX(<l)

CHAINS12
CHAINS13

CHAINS15
CHAINSife
CHATNS17
CHAINS18
CHAIN3J9
CHAIN320
CHAINS2J
CHAINS22
CHAINg^J

CHAINS2S

CHAINS27
CHAINS29
CHAINS29

CHAINS31
CHA1NS32
CHAINS33
CHAINS34
CHAINS3S

CHAICS37
CHAINS38
CHAINS39
CHAIN840
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50

54

C
C
c
c

1
£
3
4

5

6

C
c

100

ifli

102

10
c
c
is

mc

caa

C
c
40

C

CNPIP(1)»«.

xNt»(u»r.
NIP3xr;rP(i)
fTi*JJIkLlf t »
14*S£ACN(JJ
ZACN(I)«IZA
DO 54 IPsl.NlP

IH'IR* 1
ZA1(IR)«2AX(IPJ
CONTINUE
RETURN
END

FUNCTION ENERCV<2*)

***** SNER5Y LOOKS UP VALUES OF GPOUNO»STATE HASS

CHAIN9U2
CWAINS43
CHAIN944
f* LJ A TUOllC

CHAINS46
CMAINS07

CHAINS49
CMAINS50
CHAINS51
CHAJN552
ENERGY 2
ENERGY 3

EXCESS (MEVJ, «*ENERGY 4
••*•« SPIN. AND PARITY, MISUINS DATA PRODUCE A FATAL ERROR. **ENERGY 5

COMMON /3PNPAR/ SPIN.PARITY,KGRD
DiHfNsioN i0(ji)«nni).i2(in»J0(u)»jrci2)FK0(ij
D1MENSIOM PAR(3)
DIMENSION SPJNPA(»(2055)
DATA PAR ,'JH»,!H ,1H+/
DATA INPGHD/1/
FQRMAT(28l-<a****, GROUNO-STATE DATA FOR I6,19H NOT
FCRMAT(I2,?H/'2 M )
F0RMATU5. Al)
F0MMAT(2X At)
F0RMAT(5X*++++» GROUND ST«TE OF *F6,0» IS iNCOMp
X. S»>IN,PARITY a •F6,£;>2x.F6,2,8X****+«*S
FORMATtSX.o + t + tW.ijex,* ASSxSVWENTS CHANCED TO.
1 *F6.2, 2X, F6, 2, ?X. * + •••«••/)

FIC3T CAtL CAUSES OATA |O BE BEAD IN
IFtlNPGRO.FO.12345) GO TO 10
REAO (KGRO.100) I0,I1»I2»J0,J1.K0
FORMAT{8I1<»)
REAO(KGRD,l'onENER
F0RMAT(6EJ3.6)
REA0(KCR0,lf)2)SPlNPAR
FORMATC8F10.3)

REHINO KGRD
INPGRa = 12345
IF(ZA) UP,15,20

Z«0, A=0 IS CONSIOE«EO A PHOTON
ENERGY a SPIN e 0, t PARITY a •!, S

FIND RFOUESTED NUCLEUS fN APPROPRIATE TABLE
IZA s IFIXCZA) J Jt * IZA/J000
IA s IZA « 100F*JZ $ N 9 Ik " JZ
NZ s N - JZ S N2 a NZ - JZ
DO 30 K=l,ll S IF(jZ.GC'.JlCK*t)) 00 TO

ND « M(K) * 1 S I * NZ m ND
IF(I2(K3.LT'.0) I 8 N3 . ND
IK = I«(K) » J e n . J1(K) • I
IN r KB(K1 4 I • (Jil)*IK
IFd'.GT^.AND.I.LE.^K) GO TO 5(1 $
CONTINUE

REOUESJED ISOTOPE IS NOT IN TABLES
PRINT 1« IZA $ STOP 7776

CONTINUE

ENERGY 6
E'.'FRGY 7

OiENES(2055) ENERGY 6
ENERGY 9
BCOGRD 1
EW.RGY10
BCDGRD 2

IN TABLE *•*>>•) ENS.RGY12
ENERGY13
EWERGYia
ENERGY15

'LETBtY OESCRIBEDBCDGRO 3
BCOGRD a

SPIN,PARITY • SCDGRD 5
BCOGRD 6
ENERGY18
ENEi?eYi9
ENERGY20
8CDCRD 7
BtfGRD 8
SCDGRO 9
BCDGRD10
BCDGRflU
BCDGRD12
BCDGROtS
ENERGY22
ENERGY23
C f J C CJ ̂  V '3 /I
t N £• K w T c U
ENEBGY2S

RETURN ENERGY26

fcftrtHUTC 7
ENEHGY28
ENFWGY29
ENERGY30
ENfRGY31

30 ENERGY32
ENERGY33
ENERGYJfl
ENEPGY35
ENERGY56

60 TO «0 ENERGY37
ENERGY3*
ENERGY39
ENf.RGY40
EMERGYU1
ENERGYU2
BCDGRD14
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169

10

IS

c
c
c
s
c
t
I
5

IT

IFfSPJNPAR(IN).GF.,?<5HPJ>)G0 TO 200
IF(SPINPAR(lN),GE,lflP,)PARITY»1.
IF(SPINPAR{IN).GE.l00.)9PINnSPINPAR(IN)

IF(SPTNPARftN),LT,f,)PARITY*-1.
i r (SP!NPAR(IN)LT0)9PlNB8PINP

BCCGftOl?
BCDGWDI6
BCDr,RD17

CONTINUE
IF((PARITY>E.99.),*NO.(3PIN.NE,99,)) RETURN
PRINT 5, ZA.SPIN.PARITY
lFtPARITY.ro.99'.: PAW1Jy«+1,,
ir(SPIN.EQ.99.) 3PIN»0.J5*Cl.-(»t,)••!*)
PRINT 6,SPIN,PARITY
RETURN
END
FUNCTION XKAGIC(ZA)
OIMENJION XMAOC10) , ,
DATA NMAG/8/. XMA(J/2.#l.»?0,.lflt»90,#8*.»l2*t#t66,/

W M s

IF(Z.UT'.5a'.)Co TO 15
IF(AN.LT,8fe.)0b TO 15
XMAGIC-1.
00 10 Ni5,8
Cl«AB3(XMAG(N).Z)
C?C?3S(XAG().AN)
IF({Cr.LT.3.5).0»».(C2,LT.J.»)) 00 TO IS
CONTINUE
RETURN
XMACIC-0.
RETURN
CNO
SUBROUTINE LEVPREPeKl,K2)

PREPARES BINARY LEVEL OATA PILE ON K2 FROM I/P BCD FILE M i ALSO
STORES ENERGY AND J-PI DATA IN LCH ARRAYS ELLC(N,IP,I) AND
AJLC(N.IP,IJ

BC0GRD19
BCOGRD20
BC0GRD21
8CDGRD22
BCDGPD23
OC0GRO2U
BCDGRO25
BCDGRD26
BCDGRD27
BCDGRD28
BCDGRD29
ENERGYS8
XMAGIC 2
XMAGIC 3
JUL29771
XMAGIC 5
XMAGIC 6
XMAGIC 7
JUL29772
JUL29773
XMAGIC 8
JUL29770
XMAGIC10
XMAGIC11
XMAGIC12
XMAGIC13
XMAGICH
XMAGIC15
XMAGIC16
XMAGIC17
LEVPREP2
LEVPRFP3

FORMAT(//
• ONLY'.*)

LEVPREPS
LEVPRFP6
LEVPREP7
LEVPREPS
LEVPREP9
LEVPBF1B

• LEVEL DATA FOR IZA»*IB,» NOT FOUND, USE GROUND STATE LEVPREU
LEVPRE12
LEVPRF13

COMHON/SPNPAR/SPIN,PARITY,KGRD
COMMON/LCINOEX/IPBLCJGLC, IZEROLC,ISPLC,IPLLC,IEGLC,, ISGLC»ITCLC,
1 ISTCLC.IRHOLCITLC, JELLC. IA JLC, IATLC.NIDIM, NIPDIM,, NIBDIM, NG8DIM, LCNDEX
2 NIODIM.NIROIM LCNDEX
COHMO»J/LFVELl/FL(50),Ajj:50),AT{50),Xf;L{60>,£LMAX(60),NLteVOIM LEVEL 1
1#EG(2U0),SG(2«0).NGRAY9(60) LEVFLI
COMMON/BASICl/NI.XNlP(lPi),NIR,LR(6il0)iZAl(fe0),ZA2(60),XH2(6O)«
I ZACN(lP),eSGR(6P),CSTOT(<>0).CSLEV(60).CSIO(S)yEAVXOCS),EAV(60)
COMMON/PReot/EPSIG(200.fc>rNLEV«NPIT«NIT
DIMENSION ZA7AB(60)»DUMMY(120)

LEVPRE10
LCNDEX

DETERMINE REQUIRED ZA TABLE
K3M1
DO IT N»1,NIR
ZATAB(N)«ZA2(N}
CALL «ORTl(NIi».e.iATAfl.DUMMY)
NTAB c |

BASICl 2
BASICl 3
PREQ1 2
APR07775
APR0777*
APR07777
APR07778
APR07779
APRC77J0
APR077I1
APR07712

A-9



18
16

21

22
23

24
25

26
27
28

50

31

CSTCTfJ) • ZATAB(l)
IF(NIP.EO.l) GO TO 16
DO 18 N*?,NtR
IF(ZATABCN).EQ'.7ATAB<N.I)) 60 TO 1

NTAB a NTAB + {
CST0T(MTA8) e ZATAB(N)
CONTINUE
DO 19 Nsl,NTAB
ZATAB(N) a C3T0HN)

SELECT LEVEL OATA FOR RcOUlREP ZA9
TftKi.EQ.e) PEWINO Kl
«EAO(K1,IJ !»,NL.
KIEOF s IOCHECK(K1,1)
IKKIE0F.GT.1) GO TO
ISFT s 2
00 21 Mai,NTAB
IZA2 B ZATAB(N)
IF«ID.EQ.IZA2) ISET *
CONTINUE
GO TO (2?,?3), ISET
WR!TE(K3,n IO.NL,F,A,
00 ?8 N=1,NL
READ(KJ,2) NX,EL(N),AJ(N),AT(M),TAU,NT,IS
CO TO (?«,?5), ISET
WBITE(Kl/*» Nx,FL(N),AJtM).*T(N),TAU#NT|i9
IFC^T'.LT.l) GO TO 28
DO ?7 K=l,NT
RE AD(K 1,3) L!..NF.P,CP,AHB,L1.L2»IS
CO TO (26,??), ISET
WRITF(K3,!1 t.L. NF,P| CP. AHR.L1 ,L2I IS
CONTINUE
CONTINUE
IFCF'.GE.B'.) CO TO 20
Kl = K3
REWIND K2

OfTEPMINE BINARY FILE IN ORDER OF REACTION CHAIN
REWIND K2
DO 100 IR*7,NI«

ZA2(IR)
Kl

READ(Ki,l) IO,NL,,F,A,AE.LDATE
E l O C K ( l )K I E O F l O C M F C ( K l l )

IF(KlEOF".LE.fl) GO TO 50
WRITE(6,U) IZA2
XNL(IR) e f , 0
NLL * 1
EL CO = 0.
AT(1) e 99f.
TiU a 91?.
NT a 0
LDATE o 0
EDUH a ENERGV(ZA2(IR))
AJfl ) a PARITVASPIN
IF(ZA1(IR),NE.0.) GO TO «5
WRITE(K2)IZA2,NLL»LDATE
WRITE(K2) EL(l),AJ(lJ#AT(i),TAU*NT
00 TO «5
ISET=2
IFCID.EQ'. TZ"A2) ISETsl
GO TO (31»32)fT3ET
IF(XNL(IR).I,T.0'.5) XNL(IR)«NL

APR07710
APRP7715
APR07716
APR07717
APRB771B
APRP7719
APR07720
APRB7721
APR07722
APR07723
APR0772U
APR07725
APH07726
APHP7727

APR07729
APR07730
APRS17731
APR077J2
APRB7753
APR0773U
APR07735
APRO7736
APRO7737
APR077S8
APH07739

APR077O3
APR07744
APR07745

APR077O7
APRP7748
APR07749
APR07750
LEVPRE20
LEVPR?21
LEVPRE22
LEVPPE24
LEVPRES5
LEVPRE.26
LEVPRE27

LEVPRE29
LFVPRF.3B
LEVPRE31
LEVPRf?2
LEVPRE33
LEVPRF34
LEVPRF35
LEVPRE36
LEVPRE37
LEVPPf38
LFVPRE39
LFVPRE40
LEVPRE41
LEVPRE42

LFVPRE45

A-10



XMLCIR) = NLL
IP(ZAl(I*)'.NE.O 50 TO 32
WRITE(K2) ID#NLL.LOATE

32 00 C0 Net,NL
REA0(K1,2) NX,?L(N),AJtN
CO TO (5S,36),;SET

J5 rF((2Al(IR).NE.PI.)'.OR.(N.CT.NLL)3 GO TO 36
WRITE<K2) FL<N),AJ(N),AT<N>,TAU,NT

36 IF(NT.LT.l) GO TO 40
DO 38 Krj.NT
REAOCKl.3) LL.iyF.P.CP,AMR,Ll,L2iIS
GO TO (37,38).ISET

37 IPCN'.GT.NU.) GO TO 38
IFfZAl(IR)f.EQ>'.5 WRJTEfKS) NF.P.C?, AMR, L1#L2

38 CONTINUE
<I0 CONTINUE

CO TO (a5.30),r3ET
US INDEXsIELLC+CIR-l)«NLFVplM

CALL fCwR(EL#INDEX,NLL.lERR)

LEVPRE«6

LEVPRE50
LPVPRF51
LEVPRE52
LEVPRE53
l£VP*E5«
LEVPRE!»5
LEVPRE56
LfVPRE57
LEVPRt5»

6
7
8
9

LEVPPF61
LCVPRE62
LEVPRf6S
LFVPBE6a

0
CALL ECWP(*J,^NOEX,NLL,JERR) LEVPRE68

CONTINUE
END

RETURN
wPITE(fc,a)
STOP

IZA2

SUBROUTINE TCPR£P(Kl«KP3lL0N)

CALL ECwRCATflNDEX.NLttIERR) LEVPRE70
LEVPRE71
LEVPRE72
LEVPRF73
LEVPRE7«
LEVPRE75
S.EVPRE76
LEVPRE77
LEVPRE78
JUL26779
TCPRfP 3

F0RMAT(ti2X.Al(J,l2X,aia,A8) TCPRtP 4
F0RM*TMP.AEl*.5.r*) MAY77 2
FORMAT(ta,lXi7A10iAS) TCPREP 6
F03«ATt// JX,Aia.*TRANSMl9SiON COEFCICtENT DATA OUT OP O«OER, CAROTCPREP 7
1 NO* T6,* -• ABORT JOB*) TCPREP 8
FORMAT(//!X,*PAPTICLE IDENTIFIER *AJ0,* NOT RECOGNIZED IN TRAN3MISTCPREP 9
ISrON COFFrCTfMT DATA •• ABORT JOB*? TCPREP10
FORMATC// r T0#NS«IS3I0M COEFFICIENT DATA • / Itt»iX»7A|0»A5) TCPREPIi
FO»"AT( * -r.i = .i.T?»3X«*NES*IJ.3XNLISP
FOR*AT{/ • t̂ 'ERGV s* F7'.3,* MfV*)
FORMATt • TR»Ns'.COFFS. *# IP, 18E12,5) 1CPREPt«
FORMATf * SPLINE DATA *,IP,10E12,5) TCPRCP15

TCPREPU
C 0 M M 0 N / L C I N D E X / I P B L C , I G L C I Z E R 0 L C , I S P L C , I P L L C # I C G L C » I $ G L C , I T C L C , LCNOCX 2

1 !S;CLC,IRHOl.C,TTLC,IELl.CfIAJLC,IATLCiNIOIMiNIPOIM,NIBOIM#NSROIM,LCMJEX 3
2 NIODIM,NIRDIM
COMMON/LEVFLl/PL(50),*JJ5Pi),AT(50),XNLCt.0),ELMAX(60),NLEVDIM
1»EG(2«B),S(5(2«PI),NGRAYS(60)
COMMnN/TC0EF/ETCf2S,6),TC(25.3P|3,BCD(7/,XSPIN(7),NLDIM,
iNPAkT.NfE<fc),N0(fc>,NTCC6),t?AID(7),XMASS(7),N££0l«.NtEIN(6,25>,

COMMON/PB.MTOUT/IPRTLEV,IPRTTC,IPRTMLD,IPBTWIO,IPRTSP,IPRTGC
DIMENSION TP'JM(62).nCDTCr8)

MAIM P4RTICLE LOOP
lF(Kl'.E'3'.tP)«EwIND Kl

READ<Kl,3)NPART,BCnTC
WRITEC6.6) NPART.BCOTC

UCNDEX a
LEVEL 1 2
LEVEL1 3
TCOEF 2
TCOEF 3
TCOEF 4
PRNT0UT2
TCPREP21
TCPREP22
TCPPEP23
TCPREP24
TCPREP25
TCPREP26

A-ll



23

201

c
c
c
c

33*
35

C

(12

as

66
70

DO IP0 N'l.NPART

l) XBCD.NE.NN.K

IDENTIFY I/P PARTICLt
00 20 1031,6
iFfxBco.Eq.ecocion
CONTINUE
WRITE(6,5) XBCO
STOP
NEE(ID)» NE

REAT ENERGY ARRAY
DO 30 I»2,NE.6
KPsKP+l
IU»I*5

60 TO 22

J
PORMAT(20X.iE12.5»A3)
CONTINUE

MAIN ENERGY LOOP
00 80 Ic?,NE

READ TRAN3MlS3rON COEPFiCIENT DATA
DO 35 J«1,NN,6
KPeKP+i

2) (TDUM(t)»l»J.JU).K
OC 336 LsJ.JU

'' f
CONTINUE

CONTINUE
IF((I0.EQ'.3).OH'.(I0.E0.4)) GO TO 60

CLIMINATE J-DEPENOENCE 0? SPIN 1/2 AP.RAY8
T C f M ) = TDIJM(I)
00 50 J=2,NN,a . ,
XU B O l > / 2 V K00CJ/2»2) « 1
JJ=J-1
DO 48 JL'1.2
JJsJJ+1
IPCJJ.GT'.NN) 80 TO 70

L .
TFfLP.LE.NLDlHJ 60 TO 40

GO TO 70
ir((JJ+2)'.LE.NN) 60 TO
TC(I.LP) • TDUMCJJ)
GO TO 49

CONTINUE
CONTINUE
00 TO 70

RE-ORDER SPIN 0 AND SPIN 1 ARRAYS
00 66 LsliNN
J s 2*L-«0Da»2)
irtj'.OT'.NN) GO TO 70

TOUMCJ)

TCPREP28
TCPREP29
TCPREP30

TCPCEPS2
TCPREP33
TCPRFP34
TCPREP35
TQPREP36
7CPREP37
TCPPtP36
TCPREP39

TCPREP42
TCPREP«3

TCPRtP«5

TCPPEP47
TCP»tP48

TCPREP50
TCPREP51
TCPPtP52
TCPHEP53

TCPRFP55
TCPRFP56
TCPREPS7
TCPREP58
TCPHEP59
TCPREP60
TCPREP61
TCPREP62
TCPREP6J
TCPPEP64
TCPREP65
TCPHEP66
TCPPEP67
TCPREP68

TCPREP70
TCPREP71
TCPRtP72
TCPREP73
TCPREPTfl
TCPREP75
TCPRtP76
TCPREP77
TCPHEP78

CONTINUE

TCPRfP80
TCPREP81
TCPREPS2
TCPREP83
TCPREP84
TCPREP95
TCPREP86
TCPRFP87
TCPREP8S
TCPREP89

A-12



25
e
c

83

82

ea

C
c

90

CONTINUE

SET TC AHUAY

DO 25 LsliLP

TO ZERO FOB ZERO INCIDENT ENER5V

FIND NUMBER Or NON-ZERO COEFFICIENTS
00 6<l |1»?.NE
1 s NE-II+2
00 83 LXsl.LP
1 = LP-LX+1
IF(TC(I.m 82.82.83

TCPREP92
TCPRFP93
TCPRtP<>«
TCPPEP95
TCPREP96

TCPREP99

L
RATIO" (2.«XU+t.)*TC(I»L)/TC(I#U
IF(RATlo'.GT.EPSILON) GO TO «U
CONTINUE
NLEIN(IO.I-l) o L

D.NF) a NLEINfID,NE-1)

TCPRE101
JUL26710
JUL2A7I1
JUL26712
JULZ67U
TCPPE103

STORE TRANSMISSION
NPTS=IP*NFEDIM

njs NPTS

COEFFICIENT DATA IN LCM

1000

CALL ECWRCTC.INDEX.NPT3.IERR)

PRINT OPTION
IFCrPRTTC'.LT'.l) GO TO 100
DO <J0 lel.NE
WRITE**,8) ETC.fI«IO>
LP a NLEINflO.J)
yRITE(6,<>) (TC(I#L)«L>J»LP)
CONTINUE
CONTINUE
RETURN

TE(6,fl) XBCO.KP
STOP
END
SUBROUTINE SETUP

TCPPE105
TCPRP106
TCPRE107
TCPRE108
TCPRF109
TCfHf11»
TCPHEU1

TCPRE113

TCPRE116
TCP»E117
TCPRE1J8
TCPREU9

TCPRE122
TCPRE123

FORMATf// * PARTICLE

SETUP
SETU?
SETUP
SETUP

COMMON/LCINOEX/IPBLCIGLC,IZEpOLC,lSPLC,IPLLC,lESLC.185LC,!TCt.C, LCNDEX
ISTCLC.tP^OLC,iTLC,TELLC/I*JLC.IATLC.NI0lH,NIP0!M,NIB0tM,NGR0rM,LCNDEX

NOT FOUND, ABORT J0B#O

TCPR£J25
2
3
4
5
I

8 NIDOIM.NIRDlM
COMMON RHO(ae#?pi0),T(3fl.2PB).Pt88).SP(20ei>6)>PP(80)#SPP(200#7)
J,5PNON(20EO,PL(S0,6).C(?00,6),RHOFTRC«0)
COMMCN/TCOEF/ETCt25#6),TC(2*i.30).BCD{7),XSPIN(7i.NLOIM,
lNPART/NeEr*).N0{6),NTC(6),I2AI0(7J.XMAS3(7)/NEE0lM,NLEIN(6.25)#

COMMOM/LEVFH/EL(50).AJ>5B),AT(58).XNL(68),CLMAX(60).NLEVOIM
1,EGC2U3),SG(240).NGRAYS(60>
COMMON/BASICl/NJ,XNIP(lfi3#NIR,LR(fe,lB),ZAi(60)#ZA2C60).XM2(6fl),
1 ZACN(t0).CSCRf60).CSTOT(fc3).CSLEV(60).CSIO(8),EAVIO(8),eAV(60)
C0MM0N7BASIC2/tlTLE(16),ELAA.f5E,ZAP,ZAT,XMT, NKKM( 1PI) , CNPI( 10} ,

1 CNPIP(lP!).S(6Pl).SACUH)»IDl(60)«inp, IOE2(60),IBU»r<16, 10) ,
Z ECM,IJP,NKMAX,NJMAX,NKKf60),NKDIM,TCP(3B),OMDP(«0),A(e,0), A2(fc0),
3 NRHC!(6).XJT. NPOPMAX»NTCS(6),NJOIM, IOECN(13),NK«CN(J0),ECON,BASIC2
H JPICua,2).XNp.XJP,P!T,Nie>,iiNLP,Kl.,IOSTATm,SIC,CSl.C3H#PILLL<30)BAS!C2
S.ICAPT.PLRUF(S0.1Pi)»UPnPTiTKEEP bASICS

COMMO*//(.EVOEN/OEF(A0),XwLCC(60)>eCGCtft0).UCUTOFF,DEFC^,TGC(60)f tfVDEN
J EfGC(6H)fEMATGC(60)»PAlR(6e),XMR3(fta)«XNLLNC60J«SZ(ia0),SN(15C), LEVDEN
e PZ(130)»PN{150) LEVOtN

LCNDEX
RHO
RHO
TCOEF
TCOEF
TCOEF
LEVEL 1
LEVFL1
BASIC 1
BASIC!
BAS1C2
BASIC2
B*SIC2

A-13



13

16

IT

:a
20
c
c

30

S2

36

39
U0

.50
C
C

/SPNPAR/ SPIN,PARlTV|KCRO

FIND ACCUMULATED SEPARATION ENERGIES TOR THE DECAYING NUCLEI
0(3 15 Ir.l.NI

OP 20 Irl.WI
II«I
DO 18 J»!,NI

CO TO 20
IIPsCNPtP(TX)
IFCir.UT*. 100) CO TO 17
11=11/100
IIPsIIP/100
GO TO 16
CONTINUE
IR*LR(IIP,J» . .
s * e d ) = s * c i n • at iR)
CONTINUE

IDENTIFY INCIDENT PARTICLE
DO 3d 10=1.7
IZA a ZAP
IFCIZA'.ro'.IZAID(ID)) GO TO 32
CONTINUE
GO TO 1000
IDPsID
XJPsXSPINtlOP)

CSL * ABS(XJT-xyf»)»1.0
CSH a xJT+XJP+0.081

IDENTIFY SFCONBARY REACTION PARTICLES AND PHOTONS
DO 36 inal.7
IOSTAT(IOJs0
DO «0 IR=1,NIR
IZAs Z A K I R )
DO 38 10=1.7
IFdZA'.PU.IZAIOdO)) GO TO 3<>

GO TO
IDSTAY(IP)»!

IDENTIFY RESIDUAL NUCLEI AS TO ODD.OR EVEN A
ICE2=1 FOR ODD, I0E2*2 FOR EVEN-A RESIDUAL NUCLEUS

00 50
IZAa ZA2CIR)
IA= MOD(IZA,
IOE2(1R)«

IDENTIFY DECAYING COMPOUND NUCLEI AS TO ODD OR EVEN
DO bB Ial,NI
IZAe ZACN(I)
IA= MOD(12A,1000)

i

SFT UP J»PI ARRAYS
JJO0
DO 82 Jsl.NjMAX
DO 82 I"I=1#2

LEVDEN 5
SETUP 13
SETUP 1«
3ETUP 15
SETUP 16
SETUP 17
SETUP 16
SFTUP 19
SFTUP 20
SETUP 21
SETUP ZZ
SFTUP 23
SETUP 2U
SFTUP 25
SETUP 26
SETUP 27
SETUP 28
SfTUP 29
SETUP 30
SETUP 31
SETUP 32
SETUP 33
SETUP 3a
SETUP 35
SETUP 36
SETUP 37
SETUP 38
SETUP 39
SRTUP «0
SETUP Ul
SETUP «2
SETUP 43
SETUP HH
SETUP US
SfTUP «6
SETUP Hi

SETUP ae
SETUP HI
SETUP 50
SETUP 51
SETUP 52
SETUP 53
SETUP 54
SETUP 55
SETUP 56
SETL'P 57
SETUP 98
SETUP 59
SFTUP 60
SETUP 61
SETUP 62
SETUP 63
SETUP ta
SETUP 65
SETUP 66
SETUP 67
SETUP 68
SETUP 6<»
SETUP 70
SETUP 71
SETUP 72
SETUP 73
SETUP 7<l



JJiJJ»J
83 J P I ( J , I P T ) * J J

DO 80 Lol ,NLDlM
LL8L-1

80 P I L L L C L 3 = f « l ) * * L L
C
C I N I T I A L I Z E LEVEL DENSITIES AND GIL-CAM PARAMETERS

DO 90 IR=1.NIR
A2CIR)s A f i R l
I F f X N L r . c ( I R ) . t S ' . f . ) XVLRC(IRiBXNL(jR)
I F ( E C G C ( I R ) . L E , « . ) FCGC(!R)a ELMAXCIR)
XfJLLN(lR) = ALOG(XN!,GC O R } )

90 XMp5( iR)r X H 2 ( I R 3 * * 0 . 3 5 J 3 3 3 3 3
C

RETURN
1000 WRITE(6 ,1 ) IZA

STOP
END
SUOROUTINt SETUP2

C
C SET UP INCIDENT ENERGY DEPEN&FNT QUANTITIES
C

Fft*4Uf*klj6\~9P1Jkt9 V U f D M A ) XI fO 1 D f l 101% 7 A t f A0) ̂  7 A 3 f A\0! ̂  V M 9 i
Cu^*CN/fli»a]ri.I/NI«XNIr'tI0J,»Jj»<,i.KCO»l«!>7»c«IiOvJ»t*cloflJ»A~cl

1 7 A C N n 0 ) , C S G » f 6 a ) » C S T b T f l b 0 ) i C S L F V ( < i C ! ) . C S I O C 8 ) , r A V I D ( A ) , E A <
r r i U u n s i y D A f ' f r ^ i f T T ! cr f f f . ̂  C i A D I S F 7 » B 7 A T V M T M l f K M f t 011 P K i Il , 0 " ' U * l / o * i o I t - e / T l T L E U 6 j # t L * " » " * » t " " # * ' * T | A " T i Nn.ftniivijpt"*'

1 C ^ P I P n n . S f f e P ) . $ * C ( i n ) , l C > l ( f e C M . l D P , I O E 3 C 6 0 ) , I R U F < 6 , $03 ,

SETUP 75
SETUP 76
SETUP 77
SETUP 78
SETUP 79
SETUP 80
SETUP 81
SETUP 82
SETUP 83
SETUP 8<4
SETUP 85
SETUP 86
SETUP 87
SETUP 88
SFTUP 89
SETUP 90
SETUP 91
SETUP 92
SETUP? 2
SfTUP2 3
SeTUP? H
SHUP2 5

[OH; i H£3 Ju I c
Ubt) BASICi 3
p I \ 1 V J « H B b l l ^ fi

BASICS 3
2 ECM,UP,NKKAX,NJM4X,N«Kf6f ) ,«KOIM,TCP(30) ,QMDP(«0J,a(60)»A2(6f )» 8AS7C2 4
3 N f i H 0 ( 6 ) . X J T , N P O P M A X , N T C 2 ( 6 ) , N J O I M , I O E C N ( \ Z ) , K K K C M M t
tf J P I t U f . ? ) . S ^ P . x J P . P I T . l i . l L P . S N L P » K L » T D S T A f t 7 ) j S I C « C S L j * S H . P j
S # I C 4 P T , P L B U F ( 5 0 . J 0 ) i I N P O P T . T K F E P

1 ISTCLC,IRHCLC.ITLC,IELLC»IAJLC.IATLC,NIDIM,NIPPIH,NIBDIM,
I N IDMM,NIPDIM

COMMCN/TCnEF/ETC(25 ,6 ) ,TC(2S .30 ) .BCD(7 ) ,XSPlN(7 ) .NLOI M ,
lNPART,NFEt6 )#NO( fc ) .NTC(6 ) , IZA l0 (7 ) .XMASS(73*NEE0IM,NLEIN(6 ,
?NLE(6#?t??),JRASTf20a,63

COMMCN/LEvELl/ELf50),AJ);S0),AT£50),XNL(fc(!) .ELMAX(ba3.NLF.VD!
l , E G t 2 « 0 ) « S G ( 2 u 0 ) , N C R i y S f 6 0 )

C
C SET UP ENERGIES AND PFTfRMlNE INTEGRATION END POINTS

FCM= CXMT/(XMT+XMP))*ELAB

XMU r XMT*XM(» / (XMT*XHp)
ECON s P I .65099<? / fXMU»ECM*(2 , *XJP* l . ) « (2 ,«XJT»1 .0 ) )

75 EKMJXS0.
DO 77 I s l . N I
NKKM(I)=0
NIP = X N I P f l )
DO 7 7 . I P = 1 . N I P

I K S L K t I P » I J
NL= XNL(IR)
TLint VM T 11 1 P i / t i l 1 t A M I r i i K t UINDEXsItLLC+lIR'lJw^LtVDIM
CALL ECF<i\'irL. INDEX.NI , IERH)
EK a U P - S A C d V 5( IP.}
EKWAX a AMAXHEK.EKMAX)
NKK(IP)e (FK-EL(NLJ) /PC • 0 .S
NKK.M(I )c^4X0(NKK(IR)»NKKH(n)
I F U P . E S . n NKKCN(I)=NKK(IR)

77 CONTINUE
^KHAXsEKfAX/DE + 0 . 5
IFCNK«Ax'.LT.NKDIM) CO TO 79
XDUsNKDIM.l
DF s EKM4X/XDU

n#EC0N,BAEIC2 5
[ILL t 30)BAfi IC2 6I ^ • • w i J * J / Ij ** *J 1 WpW • *

BASIC2 7

iNGRf>!M»LCNm"X 3
LCWDEX «
TCOEF 2

25)# TCOfF 3
TCOFF a

IM LEVELl 2
LEVEL1 3
SETUP211
StTUP2»2
SFTl'P2l3
Q C T 11O 3 1 /I
St 1 U**c I **
Sf.TUP2t5
SETUP216
SETHP217
SETUP2J8
SETUP219
SETUP220
SETUP221
e£ riic?33
5t 1 ijrdcc
SETUP223
tf TllOl3/l

SETUP225
SETUP226
SETUP227
SETUP228
SETUP2?9
SETUP??a
SfTUP231
SETUP?32
SETUP233
SETUP231
3ETUP233
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c
c

GO TO T5
NP0PMAX«NKMAX»NJ0!M«2

GENERATE TRANSMISSION COEFFICIENTS FOR INCIDENT CHANNEL

SETUP237
3ETUP238

NPTS=NTC(IDP5

CALL ECROfTC«INDexrNPTS,lERR>
K = lseRCHfEC".ETCn»I0P),NE.AA,A5»A*)

f

85

XNLPsNLP'l
00 85 J=!»NLP
CALL INTES.P(ETCU,TDP),TCti.J5»NE>2.eCM,YOUT)
IF (VOUT.LT.0.) YOUT«0.
TCP(J)»YOUT
RETURN
END
SUBROUTINE SPECTRA{ACN,F3IGCN)

SSTUP241
3ETUP2«2
3ETUP2U3
SETUP2««
SETUP2M5
3ETUP2ab

3ETUP208
SETUP2«<>
SETUP250
SETUP251
SETIJP252
SPECTRA2
SPECTRA3

COMMON/ICINDEX/!PBLC»IGLC,IZCROLCiI8PLC,IPLLC#IEGLCIISGLCiITCLC, LCNDFX 2
ISTCLC.IRHOLC.ITLC.IELLC»IAJLC,IATLC.NIDIM»NIPDIM»NIBDI^,NGRD1H,LCNDEX

LCNOEX
#200)»Tf30.2fPi).P(80)i3P(2P0#6)»PP(80),3PP(2?'0#7) RHO

RHO
TCOEF
TCOEF
TCOEF
LEVEL1
LEVFL1

CnMMON/PASICJ/NI.XNIPfl(»J,NIR,LR(6it0).ZAJ(60).ZA2(60).XM2(fc0),
1 ZACN(!0)»CSGR(6f!),CSTOT(60).CSLEV(<,0),C9lO{8),EAVIO(8),EAVC60)
COHMON/BASIC3/TITLE(16),ELAB.DE,ZAP,ZAT,XMT, NKKM(10),CNPICJ0),
1 CNPlPnPi)*S(6n)»SAC(lfl)-rl>lf60)»iDP»lOE2{6C),IRUF(64»B)),
2 fCM,HP,NKMAX,NJMAX«N.!KKffe^),NKDIIMiTCP(30),OMDP(a0), A(«,e),A2(60),
3 NRHO(6),XJT. NPOP^A)t,NTC2(65.NJDIH, IOECM(10),NKKCNC10),ECON,BASIC2
it JPI(fl«,2).XMP.XJP.PIT.KLP»XNLP,KL.IOSTAT(7),SIC.C8L.C3H,PILLL(30)8A3IC2

COMMON/TCOFr/fTC(25,6),YC(25.S0)iBCDC7),XSP!N(7},NLDIM,

COMMON/LE"VELl/ELf555),A«;jr50),AT(50>.XNLi:60>.ELMAXC60>,NLEVDIM

BASIC 1
BASIC!
BASIC2
8ASIC2
BASK?

S«ICAPT,PLBUF(5B,10)#INPCPTiTKFfP

C0MH0N/PRFFQ/LPE0»SIGR,pRfc0I{6)»CSIGI(6>.NITT(6)#ALPHA(6>
C0MMON/SUMPLKt/KP,KD#IP,l0,KMGN,JPI2#N,DP»IK

1 TTOT(fl0)
DIMENSION SCBUF(AePi0), 0EC0N{2),XJINI(2),PI(3),SCBUF2(80>
EOUIVALENCF (SCBUF.RHO)
DIMENSION I8TAi;(i0)»IHTAG2(}0)
COMMON/TOTALS/SIGTOTddj

DATA PIP,pn/l'.,l./»XJlNl/«0.5."l,0/»PI/*l.0»«1.0»*J.0/
DATA OECON/f.0.3'.0/

SPLIN
CALL SECOND(TIME)
DTIME=TIME-TKEEP

B*A5 AA*(D*A5»E*A»+D+E)

FORHATOHl. *START 0^ 8PECTRA SUBROUTINE.*,
1* TIME FROM START OF THIS ENERGY s*F9.3>* SECONDS, TOTAL ELAPSED
2IME s*F9'.3>* SECONDS'.*)

SET UP LFVFL DENSITY PARHETgRS
CALL LEVDSETCACNiA,A2)

ZERO LARGE* AND 3MALL-C0RE ARRAY'S

BASIC2
GAMMA
GAHMA
PREFO
SUMBLKI2
SUMBLK22
3UMBLK2?
SPECTRIfl
SPECVR15
SPECTR16
3PECTRJ7
SPECTRlfl
SPECTH1P
SPECTR20
SPECTR21
SPECTR22
SPECTR23
SPECTR2«
SPECTR25
JUL1977J
TSPECTR27
SPECTR29

SPECTR30
SPECTR31
SPECTR32
SPECTR33
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C * l i_ r c r " " ' " ' . " - " ' T , T-
CALL EC»R{%Cfjr,lf'LLC,1<ll9i!itetW} 3P«CT»t5
CALL ECRDCSPPjIZEKOLC,tAtfF.IERR) SPECTR5&
CALL fCROCSPNGN,!ZEROLC.NKMAX,IERR) 3«>FC?R37
N63?0sNPOPMAX«8800 SPECTB3*
00 51 Nsl .NIDIH 3PECTR39

8PECTR«1
CALL ECwRCSeSUF, INDEX,NpT3.IF.RIO SPECTRU2
I^0EX=ir,I.C»(N«i)*MpT3 SPECTRU3
CALL FewR(5CBUF,INDE:Xl,NpTS#lERR) SPECTRA

5' CONTINUE SPECTRJJB
DO OS IPsj,10 SP£CTR«6
IBT»C(IB)60 SPECTRa7

US IBTAG?(I9)sO SPECTRU6
C SPECTRUM
C MAIN LOOP TO SET UP DECAYING NUCLEI SPECTR5P
C SPECTR51

SIGRsB. SPfcCTR52
CALL ECROCSlGTbT.I2ERCLC»10.IERR) SPECTRS3
DO 500 I«i,NI 3PECTR5<i
CALL 3EC0NI?(TIM(r)

I ) I,OTT£,TIE S
START br le*l},* L0(3P.*, 8PECTR56

1* TIME FROM START OF TH13 ENERGY p*F9,3,* 8EC0ND3, TOTAL ELAPSED TSPECTR59
2I^E F'3 SFCONDS) SPtCTP60
JCECNs lOFCNCI) SPECTP61
NKCNs NKKCN(I) SPECTR62
IFCNKCN.LT'. 1 3 60 TO 60 SPECTR6S
IFf CICAPT.fO.pj'.ANO.Cl'.EQ.in NKCMBl 8PECTR6«

60 IBC'.slB!JF(i,I) SPff.TP65
IF (IRCN'.ST.NIBDIM) IBCN»IBCN«NIBDIM SPECTR66
NIPs XNIP(I) SPECTP67
NJDIM2ca*MJ0lM 3PECTP68
NJMAX2=2«NJMAX SPECTR69

C 3PECTR7P)
C ZERO ARPAYS AND CHECK BUFFERING SPECTR71

NPTS=NKDIM*NIP SPECTR72
INOEXcIZEQOLC SPECTR73
CALL ECROrSP,INDEX.NPTS.IERR) SPECT«7a
CALL ECRntr,,INDEX,NPTS,IERR) SPKTR75
NPTS=MLEVOTM*NIPOIH SPECTR76
CALL ECPOfPLiINDEX,NPTS.IER") SPECTR77
CALL ECRDCSCBUF,INDEX,8F0P.IERR) SPECTR78
DO fcU IPcl.NlP SPECTR7<?
IBsIBUFCIP.I) SP6CTR80
If flB'.LT.n GO TO 6fl 9PECTR6!
IFUBTAGdRi'.OT'.B) 00 TO 6« 3PECTR82
XBTASCIB)«1 SPFCTR83
IF(IB.LE.NIBDIM) GO TO 62 SPtCTR8«
IB=I5->gTBDIM SPECTR85
rF(IBTAG2(IBj'.f.T'.05 GO TO 6g 5PECTR?6
WRITE(6.1) I. J.P. IB SPECTR87

1 FORMAT!!//* -"--THE REACTION Ie*12,», IPs*I2,» 18 ATTEMPTING TO REUSPECTR88
1SE 8UFFER NUMBER IB=*I2,* BEFORE TMAT BUFFER HAS BtEN EMPTIED,*// 5PECTR89
2* ----ABORT JOB'.*) SPECTR<?f>
STOP 3PECTR91

62 CONTINUE SPECTRP2
INDFXsIP9LC+(IR-J)»NJDIf*2*NK0IM SPECTR9J
CALL FCwRCSCBtJF.INOEX.eBBa.rERR) SPECTR94
IF (K'PfPiC.LT.n GO TO 6ij SPECTR95

SPECTR96
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c
c
c
c
c
c

c
c
c

CALL ECWRCfiCBUF, INDEX, N80JU0, IERR)
«a CONTINUE

IBTAG2(IBCN)«1
66 IF (NKCN.LT.t) Qfi TO 500

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

SET UP GAMMA»IUY CASCADE CALCULATION. DETERMINE WP.ISSKOPF OR
PARAMETERS AND COMPUTE GAMMA RAY TRANSMISSION COEFFICIENTS
CALL

SPFCTi">7

C
C

C

c
c
c

101

132

103

SPECTR99
SPECT100
SPECT101
SPECT102
SPECTJ03

AXRL SPECT106
SPECT107

MAIN LOOP OVER INITIAL ENERGY OF DECAYING COMPOUND NUCLEUS

UCNa Of
DO U00 KiJ.NKCN

CALL ECRO(TTOT.IZEROLC,NJMA<2,IERR)
lK«IfK

SET UP TRANSMISSION COEFFICIENT TO WIDTH CONVERSION FACTORS

CALL FCRDCRHOFTR.INDEX,NJMA8.IERR)
DO 101 JCNsl.JMAXCN ,
RHOFTR(JCN)e l'./(RHOFTR( JCNJ •6,28316551)

INITIALIZE POPULATION OF ALL STATES
INOEX»IP9LC*(K«t)«NjOIM*2+{rBCN
CALL ECRD{PP»INDEX,NJDIM2,IERR)

WIDTH SUMMING LOOP
00 30IH Mil.j

LOOP OVER REACTION TYPES FOR THE DECAY!
00 300 IPoi.NIP

IRsLRdP.IJ
IDsIDKIR)
KNGNs2
ir ( (« .NE. l ) .AND.( ID.EO. l ) .ANO.f I .eO, l ) .AND.( IDl ( l ) .ee ,7 ) )

XJlaXSPIN(ID)

TRANSFER LEVEL DENSITIES. TRANSMISSION COEFFICIENTS* LEVEL
ENERGIES^ AND LEVEL SPINS TO SCM.
IF(IO.E0.7) 00 TO 102
NPTSa NTCCID)
INfiex=lTCLC+(ID»l)*NLDlMi»NEEDIM
CALL ECRD(TC,INDEX,NPTS,IERR)
IFCNKK(IR)'.LT.l) GO TO 1«2
NPT3»NTC2(IP)

CALL ECROCT,INDEX,NPTS.IERR)
NK2* NKK(IR)
IF(NK2".LT.l) GO TO 103
NPTS= NPHOflPJ

CALL ECRD(RMO,INDEX,NPTS.IERR)

INDEXsIFLLCt(IR-l)*NLFVDlM
CALL ECRDCELiINDEX,NLEV2iIERR)

SPECT109
SPECT110
SPECTU1
SPECTU2
SPECTU3
SPECTlia
SPECTU5
SPtCTl t6
SPECTJ17
SPECTH8
SPFCTJ19
SPECT120
SPECTiai
SPECT122
SPECT123

SFECTJ25

8PECTU7
SPECT128
SPECT129
SPECT130
SPECTJ31
SPECT132
SPECT133
SPECTliu
SPECT135
SPECTlJ6
SPECTS57

SPECTjasj
SPECTiai
SPECTja2
SPECT1U3
SPECTt««
SPfCTjaS

SPECTH7
SPECTiae
3PECT14I9
SPECTJ50
SPECT151
SPECT152
3PECT153
SPECTlSa
SPECT155
SPECT156
SPECT157
SPECTJ58
SPECTJ59



c
c
c
c

H L ) p
CALL ECRD{AJi,INDEX.NlEV?,lERP)

MAIN CONTINUUM-TO-CONTIKIUUM COMPUTATION SBCTION

RESIDUAL MUCIEUS ENERGY IOC*
KLOWsK+i
IF(KLOW.GT'.NK35 GO TO 2PI0
KO = 0
DO 195 KP»KlOW.NK2

XNLE a S'lEnP»KD)«i
JM»X2sJR«ST(KP.IP)

XJCNs

ZERO I iT14L POPULATIONS IN RESIDUAL NUCLEI
JWAX22=2«JMAX2
IF (M.EO.J) CALL ECRD(P,IZEPOIC,JMAX22#IERR)

LOOP OVER DECAYING COMPOUND NUCLEUS SPIN.PAAITV
DO iaa jCNsi

FCOMJs
00 183 IPICNsi.2
PTCMa PICIPICN)
PIPI * P!l*PICM
JPICWsJPKJCN.IPICN)

SET UP INITIAL POPULATION? FOR LO»0 CAS.E
IFtU'CWKEY'.tiT.fc) GO TO 117
CALL INCHSUM(5)

tir
SIGR=3IGR*DP
IF (PP(JPICN)'.LT.l.E-500) GO TO 180
IF (I0'.NE.7) GO TO 1U0

GAMMA RAY TRANSITION SECTION •• CONTINUUM TO CONTINUUM
00 130 HPsi,NMP
LGs

,001
XJ2a

DO 128 JJ2*1#10I00
XJ2SXS1
PI2=

112

J2=xJ:*i.ei
IP(XJ2'.GJ'.XJ2H5 GO TO 15B
IPI2 = l'.5ai-PI2/2.
JPI2 a JPHJ2, IPI2)

CHECK fOR 0 TO 0 TRANSITION^
iF(xj2ixjcN,iT'.0'.n GO TO tea
GO TO (112.1201 M

ADO CONTINUUM GAMMA WIDTH TO TOTAL WlOTH SUM
DT* TGP(KD.MP)*RW0(J2,KP)*DE
TTOTtJPICNiKTTOTtJPlCNjiOT
G(K,lP1sG(K,lP)*DT*RH0FTR(JCN)
GO TO 128

5PECTJ60
SPECT161
SPECTJ62
SPECTU3

SPECT16S

5PECT167
SPfCTibfl

SPECT170
SPECT171
SPECT172
SPECT173

SPECT175
SPECT176
SPECTJ77
SPECT178
SPECTJ79
SPECT180
SPECT181
SPECT182
SPECT183

SPECT185
SPECT166
SPECT187
SPECTJ88
SPECTJ89
8PECT190
SPECT191

SPECT193

SPECT195
SPETT196
SPECT197
SPECT198
SPECTJ99
SPFCT2B0
SPECT201
SPtTT202
SPECT203

SPECT205
SPECTJ06
SPECT207
SPKCTJ08
SPECT2B9
SPECT210
SPECT2H
SPECT212
SPECT213
SPECTjia
SPECT215
5PECT216
SPECT217
SPF.CT218
SPECT219
SPECT22R
SPECT221
8PECT222
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c
c
c
120
126
129
130

C
C
142

C
C

158

16(9
166
169
170
190

C
C

c

190

195
200

COMPUTE CONTINUUM GAMMA POPULATION INCREMENTS FOP. LOOPS OTHER
THAN THE FIRS?
DP » pp(JPICN)«TGRtK0,MpJ«BHO(J2#KPJ*Oe/TTOT(JPl.N)
CALL SUMEPfl.OE)
CONTINUE
CONTINUE
60 TO 180

PARTICLE TRANSITION SECTION
XJ2» KJINHJOE?)
00 179 J2»1,JMAX?

CONTINUUM TO CONTINUUM

S3» A8SCXjj-Xjn^i.0
S2H= XJ2*XJt + 0.P)0l
00 16B IS2=l»lf»00
S2" S2*t,fl
IF(S2.GT.52M) GO TO 1T0

L2H3MIN(i.?H,NLF(flP#K0n
IFa?L'.GT.l2H) GO TO 166
00 166 L2*L2L,l.2H
PI2=PlPl«PHLLfL2)
IPI?= 1.5P1-PI?/?.
JPI2S JPI(.T2,IPI2)
CO TO (102.150) M

ADO CONTINUUM PARTICLE WlOTH TO TOTAL WIDTH SUM
OTs

GtK, IP
CO TO 166

COMPUTE CONTINUUM PARTICLE POPULATION INCREMENTS POP- LOOPS OTHER
THAN THE FTRST
CONTINUE
IFCTTOT(JPICN)fLE.«MGO TO 16fc
0PePP(JPICN)*TfL2»KD)*RH0(Ja,KP)*0E/TT0T(JPICN)
CAUL SUMER(liDE)
CONTINUE
CONTINUE
CONTINUE
CONTINUE

TRANSFER ACCUMULATED POPULATION TO LCM BUFFER
IF((M.Fo".n'.OR.(I8UF(IP,I)'.EO.0))CO TO 196
IB*ieuF(lP.I)

I F ( I 8 G T N I
IN0EXsIP8UC*(KP-l)*2*NJDlM*(I8-l)*2*NJDIM*NKDIH
CALL ECRD(SCBUF2tl)rINDEX,JMAX22»IERR)
DO 190 Jsi.jMAX22
SCBUF2tJ) s SCBUF2(J) + P(J)
CALL FCWR(SCBUP2(11.INDEX,JHAX22.IERR)
CONTINUF
CONTINUE
U2M4X= UCN.S(IR)

MAIN CONTINUUMiTO-LEVEL COMPUTATION SECTION

LOOP OVER DISCRETE STATES OF THE RESIDUAL NUCLEI
DO 280 N31.NLEV2

SPECT22U
SPECT225
5PECT226
SPECT227
SP£CT2?8
SP&CT229
SPECTJ3H
SPECT2S1
SPECT252
SPECT23S
SPECT?ja
SPECT233
SPECT?36
SPECT237
SPECT23*
SPECT239

SPtCT?UU

SPECT2U6
SPECT2«7
SPECT?«8

SPECTJ5I
SPECT252
SPECT253
SPECT258
SPECI255
SPfcCT256
SPECT297
SPECT25B
MAR77 1
MART7 2
MAR7T 5
SPECT260
SPECT261
SPECT262

SPECT26<l
-SPECT265
SPECT266
SPECT267
SPECT26B
SPECT269
5PECT27B
SPECT271
8PECT272
3PECT273
SPECT271
SPECT273
SPfcCT276
SPECT2J-7
SPECT278

•SPECT280
SPECT?8t
SPECT282
5PECT2BJ
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EC2 » U2«AX«ELfN)
ir(EC2UE.B.0J 60 TO 28$
KO » fC?/DE • fl',5
IF(K0.LT'.n KD«J

GAMMA RAY SECTION •- CONTINUUM TO LEVELS
IF(IO.Nf.7) r.O TO 240
00
LG

)
PJCN s PIU*G«PfMP)«Pl2
IPICN s 1.501-PICN/2.
XJCN * ABSfXJ2-r,ML(MP))«l,B
XJCNHs XJ2*GM|,(rHP)*0'.fl0i
00 228 JJCNrl,!P80
XJCM a.XJCN»1.0

IF(fJCN.GT.JMAXCN)'.OR,(xJCN'.STf.XJCNH}) GO TO 238

JPKJCN,
IF(i'JCN+XJ?.LT'.a.M GO TO 288
GO TO (?n«.??i6).LGR0PT

206
GO TO 210
TGRL x 1.6J«9jBE»3i»CAXEL*PElfMP)*G#XEL*EC2*»«/((EBAXEL»»2

TGRL«TGPL*WKCON
210 IF (H.E0.2) GO TO

ADO GAMMA WIDTH TO TOTAL WIDTH SUM
OT=TGRL
TTOT(JPICN>«TTOT(JF'ICN);DT
G(K,IP)=GCK,lPWDT*P.HOFrP.(JCN)
GO TO 226

; COMPUTE LEVEL POPULATION INCREMENT FROM CONTINUUM»TO»LEVEL IRAN.
: SITION3 IN OTHER THAN THE FIRST LOOP
22Q IFfTTOT(JPICN)'.E(3.f.) GO TO 228

DP B PP(JPICN)»TGRL/TTOTCJPICN)
226 CALL SUMER(2,DE)
228 CONTINUE
2 30 CONTINUE

GO TO 280

I PARTICLE TRANSITION SECTION •• CONTINUUM TO LEVEL
2«0 XJCNa XJINI(JOECN)

KE a ISERCH(EC?,ETC(l,lD),NEE(ID3,AA,A5,A6)
XNLE » NLEIN(IO,KE*1)«1
00 270 JCNpl,JMAXCN

S2= ABS(XJ2-Xji)-l'.0
SJHs XJl*XJ2*a'.{5Hl
DO 268 IS=i,1000
S 2 S 2 f l . 0
lFfS2.r.T".S^H)Gb TO 270
L2L A B S ( X J C N S ? ) r 0 1

L2HrMIN,1(L?H,NI.EINCID,KE*l>)
IF(L2L'.r-T.L?HJ GO TO 268
DO 266 L 2 P L 2 L I L 2 H

SPECT285
9PECT286

SPECT2P*
SPECT?6<>
SPECT290
SPECT291

8PECT295

SPECT295
SPECT296
SPECT297
8PFCT298

8PECT300
SPECT301

3PECT3«5
SPECT3i»6
SPtCT3B7
SPiCT3<«8
SPLCT3P9

SPECT3U
SPECTJ12
SPECT313

9PECT315
SPECT316
SPECT317
S?ECT518
SPECTS19
SPECT3?0
SPECTJ2J
SPECTS22
SPECT323
SPfcCT32a
3PECT325
SPtCT326
SPECT327
8PECT3S6
SPECT329
SPECT330
SPECT331
SPECT332
SPECT333
8PECT33U
SPECT335
SPECT336
SPECT3J7
SPECT338
SPECT339
SPECT310
SPtCTiat
SPECT3«2
SPECT343

SPECT3a6

A-21



C . I C .
JPICN » J°TCJCN,T,PKN) SPECT309
CALL TNTERPCETC(l.!0?iTC(J.t.2}.NCE{I0)32.EC2#TLEV} SPECT350
IF(TLEV,LT'.0".)TLEV«0. 8PECT351
GO TO (202.250) M SPECT352

C 8PECT353
C ADD PARTICLE WIDTH YO TOTAL WIDTH SUM 3PECT39«
2«3 OTa TLEV SPECT355

TTOT(JPICN)»TTOT(JPICN)tDT SPECT356
G{K,lP)sG(K,lP)»OT*RHOFTR(JCN) SPECT357
50 TO 266 SPECT358

C SPECT359
C COMPUTE POPULATION INCREMENTS FOR PARTICLE»LCVEL TRANSITIONS AFT6RSPFCT360
C THE FIRST LOOP SPfCT36t
25B IF(TTOTtJPtCN)'.Efl.0.) Gg TO 266 SPECT362

DP = PP(JPICN)*TLEV/TTOT(JPICN) SPECTJ63
260 CALL SUMFR(2,D£) SPECT36'!
266 CONTINUE 3PECTJ65
2h6 CONTIMUE SPECT366
270 CONTINUE SPECTJ67

C .........,......,...........„...................>-—......-.*-—
£65 CONTINUE SPECTS70

C SPECT371
C CLOSE M AND IP LOOPS*. SPECT372
300 CONTINUE 5PECT373

C SPECTS7<I
C CL03F. K LOOP. TRANSFER SP »wo PL TO LCM, 3PECT375
400 CONTINUE SPECT376

NPT3= NKDIM*NIP SpECT377
lF(I.Efl'.r.AND'.LPEO',EO.nCALL PRECMP SPECT376
INr)EX=lsPL(! + N'<OIH*NIPDIl'»ri"i) SPEC T 37 9
CALL ECWRfSP.INDFX.NPTS.lERR) SPECT336

ECT81
l ( l ) I

CALL ECWRCG,INDEX,NPTS.IERR) SPECTS«2
NPTS=MIP»NLEVDIM SPFCT383
lNDEXsIPLLr+U-t5«NLEVDTM*NIPPlM SPECT3BU
CALL ECWRfPL.INDEX.NPT5.IERRJ SPECT3*5

C SPECTJ86
C CLOSE I LOOP SPECTJ87
500 CONTINUE SPECT388

CALL SECOND(TIME) SPECT389
DTtMEsTI«E-TKfEP SPECT390
WRITE(6,a) OTT.ME.TIME SPECT391

0 FORMATf/* FND OF I LOOP IN SUBROUTINE 3PECTRA.*, SPECT392
1* TIME FROM START OF THIS ENERGY »*F9,3f'» SECONDS, TOTAL ELAPSED TSPECT393
2IME s*F9.3.* SECONDS.*) 3PECT39«

C , SPtCT395
C COMFUTE DISCRETE SAMMA-rfAY CROSS SECTIONS AND ADD TO SPECTRA. SfECT3<»&

CALL GRLINES SPECT397
C 5PECT398

RETURN SPECT399
END SPECY«00
SUBROUTINE LEVDSETrACN.A.A2) LEVDSET2

C LFVOSErS
COMMON/LEVDEN/DEP(60)#XNLCC(60)#EC6C(60),UCUTOFF,DCFCN,T6C(60)# LPVDEN I

t EeiGCC6Pi),FMflTGC<60)iPATR{60),XMR3Cfc0)#XNLLNC60).SZU(S0),SN{i50), LtVOFN 3
2 PZfiB0),PNnsp!) LFvnr.N i
COH"ON /SPNPAR/ SPIN.PARlTViKGRO LEVPEN 5
COMMON/BASICl/Nl.XN:P(l(t},NlR,LR(i><i0)>ZAl(60)>ZA2(60)<XM2(60)t BASIC 1 3

1 ZACN(lf<),CSGR(6O).CSTOT(6n).CSLEV(60).CSIO(8),EAVZOi:8),EAV(60) BA5IC1 J
COMMOM/LCINDEX/IPQLC#ICLC,IZEROLC,ISPLC,IPLLC,IECLC»ISCLC#1TCLC» LCNOEX 2
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I 15TCLC.lTM0LC,lTLC,IELLC.lAJLC.IATLC,N10!H,NIP01M#NIfl0lM,NCR0!M,LCNfj«S( J

DIMENSION D E F C 0 N ( 2 ) , A < 1 ) , A 2 C 1 ) LEVD9ET7
C LfVOSETfl
C DATA TARLFS OF COOK ET. At. AAeC/TM392 LEV0SFT9
C I.EVDSE10

DAT* PZ/lt*(»/,,2'.ai6#0i<2.R?,0.,l'.62<0,.r,62#B.,l.«3#a.,|.73# LEVDSEli
1 ^.,J.?5.f.,1.5a,0.,1.28#?.26,e.88,0.19,J,35»-.PS>l«S2,-,0?,ltl?, LEVOSE12
2 . 0«. 1,?«» 0.29. 1,09,. 26.1'. 17. .23. 1.15,-.08, 1.35, PI, 3a, 1,05,, 28,1. 27LEVDSE13
3 »0.,1.05.fl.,lr,.0<>,l,2..?,l'.<i,,?3, !.,-.2,l. 19. ,09, .97, .3. , .92,. 11, LEVDSFta
a .<>8,.p5/.6fl,-.22,'.79,J.p9,.69,.01l.72,Cl...«,.!6,.73,e,,,«6,.17» LEVOSF15
5 .P9,0.,.79,0.w?9,0,,.pl,-,fl6.,69.-,2, .71.-.12,.72, f\ ,.77,2*0,/ LEVDSE16
DATA PN/ll*0.,2.67,0^,r.8,fl,.1.67#0,jl.86,{l,,2.0fl«Bl,,l.fc<l,0,,l.O«,LEvnSFJ7

1 P,> 1 .?«. P»l r 1. 3,CI. • 1.27,0.. 1-29,'.PS, l,liif-.e'S, i.S,',\iS,B.2!t,',m, CEVDSE16
2 1,«3,-. !<>.Uaa,,P!>,l,$hf '.?S.r»57,»,J6.t.U6,0,,.93#,ai,,62,»,5»
S I.u2,..l3,l,52,-.65,.P,..Pfl,l,29,-', a7,1.25»-.««,. 97,. B8,1,65,-.11,
U 1, 26,-, U6. 1 > 6 , 0.22,1.55, •.07,1. 37, C. ; , 1,2/•. 27< •9?,-, 35, 1,19, 0'., LEVDSf 21
5 I.fi5.-.2S. 1.6;,-.21,.9.-.21..7«,-,36,,7?,«.3(|,.92,«.26,.'JU,.01, LEVDSE22
6 .65,-'.36,.8S.,H,^67,>.f.5,1...51,l.f«,.33,.69,-.27,.81,,09,,7S, LEVOS623
7 .l7..eiS,.!<i,l.l.-.22,'.e«,-.«7,.«8,.P2,.8B,.2u,,52,,27,.<ll,-,05/ LEVDSF.2O
OATA (PN!f IL),IU?1?6,15PJ/ LFVDSF25

X i3B,'.15,'.ft7,f!,/.6l,0'.,". 7 f l , 0 . « '

DATA SZ/lP*P.,-2,91,«u'. J7.-5'. 72,-7.8,-«.?7,-9. 7,»1 0. l,»i P, 7,-11. 38LtvDSP29
1 , -12. P 7. -12.5^, - 1 3. 2<l, . 1 j'. 93, -1U. 7 i#- 15.53, •16.37,-17.36,-16,6, LEVDSE29
2 -18,7.-18'.Pl,-17.«7,-17.R8,-16,«>,«16.75.-lfc.5,-16,3S,-i6.22, LEVnst30
3 -!6,<i;,-lf>.89,«t6'.fl3,«t6'.68.-l6.7 3#"17,fl5»-17,?«>»»17.<l«»»17,82# LtVOSEll
a «18.62,-18,27.-19.39,.)9.91,-19.lU,«18.26,-17.«,-16.aa,-15.77» LEVOSE32
5 -1«,37,-I3.91.«;3-. l,«li.ll,»Ht13,«10'.8?,»!P,75»-10f62,"»J0.«|« LEVPSE33
b -ie.21,-9.B5,-9,U7,v<^p!31,.e.M,-fl.l3,-7,a6,-7/.afl,-7.2..7. 1 3,-7.06LE VDSt 3U
7 ,-6.78,-fe.6U,-6/.6U,-7^6iJ,-7'.e

<>,»fifal,»8/.a9,-7,fl8,-6,3.-5,<l7,-U.78LEVDSE35
8 ,-4,37,-u'. l7f-u.l3,-«.52,-<i'.55f-«>.0'J#-5.28,-6.P!6,-6.2ft,-6,fi7, LFVDSE36
9 •7.2B,-7'.7U,2*O./ LFVOSF37
OATA SN/10*H..«i,8,7.53,7.55,7,21,7'.U<l,8.07,8.9«,9r61,10.fc,ir.39, LIVDSE38

1 j2.50.13,tp8.l«l,S«.l«.i9#i3.B3. 1 3. 5, 13'. , 12. 1 3, 12,t. J3.26, I «. t 3,, LEVD5E39
2 ia.92,lS.S2,lA.3B.17.l6,l7.55.16,03»17,59,19.03,lB,71,t8.8,18.99,LEVDSE«0
3 18.a6.tB.?5,l7,7A,l7.!(!i,16.72.15.fc.?#ia.3a,li?.88,t3,23il3,8J, J«,«»,LEVDSP«1
» ia.fi6.l5.76,liS.2,17^62,l7f73,lflf 16, ! 9̂  67, 1 9. 69, 19, 51, 20 , 1 7, 19, a8, LEVDSE «2
5 19,98,19.P3,20.2,1 <?.72.19.87,19.2U,18.ati,17.61,17.1,16.16,15.9, LEVPSE«3
6 15.3J,1«.76,13,5«.l2.6S.1 PI.65.10, 1,8,89,IP.23,9.79,11,39,11.72, LEVPSEU4
7 12.«3.12.96,13.a 3,13,37,12.96,12.11,11.9£,11.,10.8,10.a2,10.39, LEVOStaS
8 9'. 69, 9. 27. 8. 93, 8.57, 8'. e2,7.59, 7'. 33, 7.23. 7.."15, 7. a2,<>;75, 6.6, 6, 38/ LfVPSFat
OATA (3NCTL)itl.slll»l5f)/ U-VDSFU7

X 6 . 36 . 6 . U9, 6 . 25 . 5'. 85 , 5 , Ufl, a'. 5 3 , « , 3 , 3 . 39 , 2 , 3 5 , . 6 6 , , S 1 , LEVDSE08
1 3 f « 6 , - . 9 6 . - 1 . fe9f-2.53,-3'. 1 6 , - 1 , B 7 , - . « l , . 7 l , l , f c * , 2 . « > 2 i 3 , 2 2 , 3 , 76 , LEVDSF49
2 a, 1. a'.a6.U.83, 5.09, 5,1 fl, 5', 17,5,1,5,01, a'.97, 5,09, 5.G3,0,93,5.38, LEVPSE50
3 5.«9,5.5d.5,37,5.30/ LEVO3S51
DtTA DEFCON/8.|U2#0,120/ I.EVDSF52

C . LFVDSF53
C COMPUTE E4CH LFVEL DFNSjTY RELATIVE TO ACN U8ING CRBEHT-CAMERON LEVRSE5«
C FORMULAS FOH LEVEL DENSITY LEV0SE55
C LEVDSf56

I O E F C N B OEFC^+r.01 LEVDSt57
1ZACM ZACN(i) LEVDSE58
!ACNeMOO(IZACN,l000) LEVDSE59
IZCNr r?ACN/1000 LEVDSE60
INCN= IACN.IZCN LEVDSE61
XACNs IACM LEVDSE62
ACNGCc XACN*(0.Pl09l7*(3f(IZCN)»8N(lNCN)> • OEFCON( IOEFCN) ) LEvnSF.63
irfACN'.ea.pi",) A C N S A C N C C LEVDSE6a
A2tl)sACN LEVDSE65
DO 60 IR51.NIR IEVDSE66
IDEF it OEF(IR)ij.01 LEVDSE67
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1?A a ZA?(tn)
I I

LEVD3E6C

!Z a IZA/1000
IN * IA-17
XA • I*
XFa*(iR)'.i;T'.0'.)-oo^
AGC s XA»{0.00<>
D*GC t.
A2CIR)

a«'.eo".i)) GO TO 50
£8Z(I2)*SN(IN)5 • DEFCONCIDEF))

LEVDSE70
LEVDSE71
LEV0SE72

CALL G?LCAM(A2(XR)«!R)

RETURN
ENB
SUBROUTINE eiLCAM (A,LR)

COMMON/L£VDEN/OEF(60)#XNLGC<60).ECGC<6<».UCUTOFF,DEFCN,TGC(68>,
J EnGC(60),EMATr,C(60)fPAlR(60)>XMR3(6S)«XNLLN(60)tSZ(100)«SN(lS0)i
2 PZ(1P?).PN(1^0)
COMMON /SPNPAR/ SPIN,PARITY,KGRO
DIMENSION DEU)

DATA NDE,OE/fl,r, ,0*. If 0',011 0,001/
EC=ECGC(LR)
CONST » 5.057J«XMR3<LP>
E s 0,l*PAinaR)*2.25/A
00 50 I=t,NDE
DO «0 J»l,530
U « E-PAIR(LR)
T = l'./(S0PT(A/U>-195/U)
E01 « EC-T*XNLLN(LR>
C02 » E*T*fALOGCCONST*S(JRT(A«U»*3)/T)-2,»SQRT(A#U))
DEL2 sfPl-F02
I F ( I * J . E 0 . 1 ) S;GN0 B 3IGN(1'-.OEL2)
SIKN2 s SIGN(l. ,0EL2)
IFJSIGN2'.NP.3IGN0) GO Tb fl5
0EL1 a DFL2
Ea E • DEC I )
CONTINUE
E » E-DECn
CONT NUE
DELASAB3(DEL,1-0EL2)

•-'•"• • -- r < * GO TO 100

L£VDSf7«
LEVDSE75
LEVDSE76
LEV03E77
LEVD3E7B
LEV0SE79
LEVPSE80

GILCAM 2
GILCAM 3
LEVOfcN
LEVOEM
LEVDEN U
LEVDEN 5
GILCAM 5
GILCAM 6
GILCAM f
GILCAM a
GILCAM 9
GILCAM10
GILCAMU
GILCAM12
GILCAHJ3
GILCAM}4
GILCAM15
GILCAM16
GILCAM17
GILCAM18
GILCAM19
GILCAM20
GILCAM21
GILCAM22
GILCAM23

US E • E-DECn GILCAM2a
50 CONT NUE GILCAM25

GILCAH26
GILCAM27
GILCAM28
GILCAM29
GILCAMJ0
GILCAM31

PRINT 1»LR , JUH9772
1 FORMATr/* •+•• GILCAM SUBROUTINE UNABLE TO MATCH DISCRETE LEVELS WJUL19773

1ITH LEVEL DENSITY FUNCTION FOR RESIDUAL NUCLEUS IN REACTION IR «»,JUH9774
2 15,* «••••*/) JUL19775
GO TO 101 GILCAM35

100 EMATCH e E • DE(ND!)*(0ELi/(0EU"DEL2M GILCAM36
U s IMATCH • PAIRtLR) GILCAM37
T * l./(S0RT(A/U)-1.5/U) GILCAM3*

181 E0» EC -T*XNILN(LR> GILCAM39
EMATGC(LR)sEMATCH
TGC(LR)»T $
RETURN GILCAM02
ENO GILCAM4I3
SUBROUTINE CCMLOAO(I) LCKL0AD2

C . . . . LCML0AD3
C COMPUTE TRANSMISSION COEFFICIENTS AND LEVEL DENSITIES ON LCHLOAO«

EMATCHsF
UEE-PAIRCLR)



C INTEGRATION fNCROY ME3H AND LOAD INTO LCM
C LCHL0A06
1 FORMATC//* TRANSMISSION COEFFICIENTS ON SU3SET OF INTEGRATION ENERLCMLOAD7

1GV GRID*) LCHl.0A.D8
i FORMATt/ * ID S « I 2 , 3 X . * P A R T I C L E «*A1P»3X,*I«*I2#3X,•IPB«I2,3X, LC"LOAD<»

1 *IPe*I3i3x.*NK=«r«#3X,*NLa*I3) LCMLOA10
3 rOBMATf/ * ENERGY =* F7'.3,» MEV*. 5X,* JHAX INDEX a*I3) LCM10A1I
(I FORMAT(1P,10E1?'.5) LCL0A12
5 FCRMATf// * LEVEL D E N S I T I F S ON SUBSET OF INTEGRATION ENERGY GRID*)LCMLOA13
6 PO"MAT(/ * ID=*I2,3X,*PiRTlCLE ••A10.3X,*IS*I2,3X,*IPB*I2,3X, LCMLOA1«

.3X,*NK=*IU,3X#*NJHAXs«13) LCHL0A1S
* ENERGY =*F7'.3,» MEV*. 5X, *LMAX INDEX s*73) LCML0A16

LCML0A17
COMMON/LCINDEX/TPBLC,IGit,IZEBOLC,ISPLCIPLLCIFGLC,ISGLC,ITCLC, LCNDEx 2
1 ISTCLC.IPHOLC,ITLC»lEuLC.IAJLC.IATLC.N!DIM,NIPDIH,NIBPIM,NGROIM,LCNDfcX 3
2 NIHDIM.NIRDIM LCNDEX U

RHOfU0#?pt>),T(3(",200),P(eei),SP(200,6)»PP(8P),SPP(200f 7) RHO 2
RHQ 3
TCOEF 2
TCOEF 3
TCOEF IX
LEVELl 2
LEVFLl 3
BASIC! I
BAS1C1 3

COM>'0N,'TCOFF/ETCf25.6),fCt25.3C").BCP(7),XSPIN(7),NLOIM,
l*.PABT,MEE(fc},N0(fc).NTC(6)»IZAI0(7J,XMAS5r7)»NEE0lH,NLFIN(6,25>#
2la.E(6«2f{5).JRAST(2f!C!,6)
CnMMON/LEVFLt/FLf5!1).AJf5?),AT(S0).xNL(6«)#eLMAX(60)#NLCVDIM

t,EG(2Uf1),SG(2UPi).NRl?AYSc65i)
C0"M0H/nASICl/NI.XNIP(l?J,NIR,l.R(6, J0).ZAl(6«l)»?A2(60J,XH2f6!l),

J ZACW(ie'«rsr.Rf6f)<CSTOT(fel?),CSLFV(60)tCSIDf9),CAVIPf8),EAV(6Ci)
C0MM0N/8ASIC2/TITLf(16),ELAR(OE,ZAP,ZAr,XHT, NKKM(10),CNPH10)• BASIC2 2

1 CNPIPri0).S(6«»).3AC(ia), 101(60). ICP»lOE?(60)»IBU)r(6«10). BAS1C2 J
2 ECM,UP

NP0PM4y,NTC2(6),NJ0l^«
5

BASIC2 «
,NKKCN(10),ECON,DAS!C2 S3

U
5.ICAPT.PLPUFC50.1«)fINPOPT.TKEEP BASIC? 7
CO«MCN/LEVnEN/REF(60)»XMLGC(6?),ECGC(fc0)»UCUTOFF,DEFCN,TGC(b(>l)» LEVOF.N 2
£ EtlGC(6O).EWATGC(60)iPAiR(b0),XMP3(6C')1iXNLLN(fcP!3,S2(l(?0).SN(150), LEVOEN 32 PZ(t?i3).PNC150)
COMMflN /SPNPAP./ SPIN,PARITY,KGRO
COMMQM/PRtQl/ePSrr,(2<5?,«,),NuFV,MPIT,NIT
COMMON/PRNTOUT/IPRTLEV,IPRTTC,IPRTML5.IPRTWIO,IPRT3P.IPRTOC

3PL1N (B.C.O.E) a e»A? * c*A6 - AA*(0*A5*E*A6+D+E)

NIPsXNIP(I)
DO 1?0 IPsl.NIP
1P=LR(IP.I)

LtVDEN U
LEVDEN 5
PfEGl 2
PRNT0UT2
LCHLCU27

LCML0A29
LCMLOA30
LCML0A31
LCHL0A32

NKaKJKK(IR)
IFCNK.LT'.n GO TO 100
IDs I 0 K I R )

I F ( I 0 E 2 ( I R ) . G T . l . ) OE"1.0
IF(ID.GT".fe) GO TO 50

COMPUTE AND STORE TRANSMISSION COEFFICIENTS
NL* NO(ID)
NEo NEEflO)
NPTS= NTC(TD)
lNOEXcITCLr+(ID-l)*NEEOIM»NLOIM
CALL ECRDCTC.INDEX.NPTS.IEPR)
EKi 0.
DO Mi KsJ,NK
EK= EK*DE
Kfa ISERCH(FK,ETC(l.I0),NE.AA,A5,A6)
NL a NLElNtID.KE+1)
NLE(IP,K)sNL

LCML0A36
LCHI.0A37
LCNL0A38
LCML0A39
LCHLOA«0

LCML0A42

LCML0A06
LCHL0AU7

LCHL0A«9
LCML0A5H

LCML0A52
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aa

52
31
55
c

50

70

00 UU lsl,Nl

TALL
T(L,K)sY0UT
IF(T(L,K).LE.C!'.)T(LfK)B0.

CONTINUE

IPd'.EO'. r.ANO". ID'.LE.6)US»55

EKsfl.
00 51

E K = E K + D F

KE=ISERCHtEK,ETCf1.ID),NE,AA.AS,A6)

00 52 L=t,Nl
CALL !NTFRP(ETC("i,!D),TC(!»L)#NE,2,EK#Y0UT)
T(L»K)aYOlJT
IFCT(L.K).r,F-.l' J T ( L » K ) B I .
I F ( T ( L K ) L E 0 ) T ( L K ) s p

CONTINUE
COMTINUE

COPFPICICNT PRINT OPTION
IFCPBTTC.LT'.J) CO TO U8

WRITE(6,2) I0,8C0(ID),I.!P,I»,NK,NL

OfFTR=KPRT
EK c DE*(i'.«DEFTR)
DO Ub Kcl,NK,KPRt

ML s NLCCIP.K)
WPITE<6,7) EK.NL
WRITE(6,«) (T(L,K}#t*J.NL)

CALL ECWR(T,INOEX#NPT3,IERR)

COMPUTE AND STORE LEVEL DENSITIES AND V9ASTS
EKMAXs p I R

EKa.OE
DO 60 Ksl.NK
EKsEKtOE

U «
US=

JRAST(K,IP1rjMAX2
SIG22 = 0

cb ro 70

CO TO 72
RHOF = EXP({EX-E0GC(IR))/TGC«IB))/(8.*TGC(!R))
XJJs-l',0
IF(I0E2(IR).E0,i)
DO 76 Jsl.JK.AX?

LCHL0A57
LCML0A58

LCMLOA60
LCML0A61
LCML0A62
LCHL0A63

LC«L0A«,5
LC«L0A66
LCHL0A67

LCML0A69
LCHLOA70
LCML0A71
LCNL0A72

0A7«
LCM1.0A7S
LCML0A76

LCML0A78
LCMI.OA79
LCMLOA80
LCMLQA8J
LCHL0A82

LCWL0AB6

LCML0A88
LCHLOAfl«»
LCHL0A9B

LCML0492
LCML0A93
LCML0A9U
LCML0A95
LCML0A96
LCML0A97
LCKL0A98
LCML0A99
LCMLOJ0U
LCMLOJ01
I.CMLD1P2

LCMLO10U
LCMLO105
LCML0K36
LCMLO107
LCMLO106
LCMLO109

LCMLO1U
LCM10U2
LCML0H3
LCMLOlU
LCML0J13
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76
89

82
84

52

XJJUXJJ* I .Cl
RHO(J,K)
CONTINUE

LEVEL DENSITY PRINT OPTION
irCIPRTGC'.LT',2) 00 TO Hu
WRITE(<>,5)
WRITE(6,6) ID,8CD(IO>»I,IP#IR»NK,NJMAX
KPRT=IPRTGC-1
DEFTRsKPRT

17
LCML0U8
LCML0119
LCMLO120
LCML0121
LCML0J22
LCKL0123

LCLOJ25
LCML0l?6

DO

WRITEC6,«)
tX,JMAX2

b

LCML0128
LCML0129
LCMLO130
LCHL0131
LCHL0J32

CALL ECWR(RHO,lMDEXtNPTS»IERR)
CONTINUE
RETURN
fNC
SUBROUTINE GAMSETm

LCM101J7

3AMSET
SET UP GAMMA-PAY CASCADE
PARAMETERS AND COMPUTE

CALCULATION. DETERMINE WE1SSK0PF OR AXEL
RAY TRANSMISSION COEFFICIENTS

FORMAT(// • GAMMA-RAY TRANSMISSION COEFFICIENTS**IBXi*I«*I2»
1 3X,*IPc*I?,3X.»TR3«I3,/ # ENERGY**10ffcX,Al,F1,0#«X))

GAMSFT
GAMSET
GAMSET

ZACNnP),CSG<?'(40).CSTOT(60).CSLfV(60),CSID(«)#EAV!D(8).EAV{60)
CHMON/eAsiCS/TITLFdbJ.EL'B.OEtZAP.ZATjXMT, NKKMf I F ) , CNPJ (J 0) ,
CNPIPfia) ,S(6«) iSAC(lt?)#lPl(60)»IDP»IOt2(6B), IBUF(6,J0) ,

3MDP(«0)f A(60)»A2(60),
IOf. CN( 10} < N«KCN( 10:» £CON, 8ASIC2

JPI(a0,2).XMP,XJP»PIT,NLP.XNLP#KL»inSTAT(7)»SIC»CSt«CSh,PILLL(30)BASlC2

2
3
a
5
6
7
8
9

GAM5ET10
BASKt 2
BASIC! 3
BASIC2 ?.
RASIC2 3
BASIC2 «

5, ICAOT.PLBUF(5?I, 1 0), INPoPT, TKEEP
COMMON/LEVOf N/nF.F(«.a),XNLGC(60),ECGC(60),UCUTOFF#DEFCN,TGCC60),
1 E!;'r,C{6Pi)#EMATGC(6«),PAlR(6H),XMR3(60),XNLl,NC60)#SZ(100),SN(lS0J,
2 P?(1H0),PN(J50)
COMMON /SPNPAR/ SPIN,PARITY,KGRO
COMM0M/GAMMA/NMP,LGR0PT,SwS(lPi),GMLf«>).GMP£6),RClC6),LMGHOL(6;<

J TGR(20«,65»WKCON,CAXEL,GAXEL.ERAXEL»EXSW3(10),WKNORM
COMMON/PRMTOUT/IPRTl.eV,TPRTTC,lPf»TMLO,IPRTWID,IPRTSP,IPRTGC
DIMENSION RDUM(2)
DATA G A X H / 5 . 0 / , R 0 / f . 2 5 /
NTP»XNIP(I)
00 52 IPsl.NIP

BASIC2
LEVPtN

LEVOEN a
LEVDfe'N 5
GAMMA 2
GAMMA 3
PRNT0UT2
GAMSETlfc
GAMSLT17
GAMSET18
GAMSET19
GAMSET20

IDs I0KIR)
IF(ID.E0'.7) GO TO 52
CCNTINUF

GAMSET22
6AMSET23
GAMSET2fl

WKNOSMsl'.JIf.-P
CALL N E I S S K F d . I P . I R )

WRITE(6,10) i#WKC0N

GAHSFT26
GAMSET2;
GAMSET28
GAMSET2*
GAMSETJ0
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19 FORMAT(/» (JAMMA RAY 9T»fN(jTH NORMALISATION eOM$T»NT
1 1 2 , • , CONSTANT M 1 P F 1 2 U )

70 RATIO '
DO 75
L G t (
IF(GMp(MP)'.tT,0'.J GO TO 73
IF (L.LT.2J GO TO 7«
If(REl(MP),EO'.0'.» REl(MP)al.0E-6

GO TO 78

75 CONTINUE
DO 76
L =

s RATI0*R0UMa)
78 CONTINUE

NK« NKK(IR)
EG=0'.
DO 90 Kfjal.NK
EGsEG+OF
00 90 MP=1.NMP
L a GHL(MP)
GO TO (81,82) ,LGPOPT

M P W K b K N81
GO TO

82

TGR(K0.HP)aTGRlfK0,HP)*WKC6N
9Z CONTINUE
C
B TRANSMISSION COEFPICIPNT PRINT OPTION

IFdPRTTC.LT.2) GO TO ?p0
WRITE (6,1) I,IP,IP.,CLMGHOL(MP),GMl(MP),MPcl,NMP)
KPRTBIPRTTC-1
OEFTRsKPRT

91
100

DO tU KOal.NK.KPRT

WRITE(b,2)
CONTINUE
RETURN
END
SUBROUTINE

EG,(TG«£KD,Mp),MP*!,NMP)

(JAMS! T 11
0AM3H32
GAM3ET33
GAMSET3«
GAMSET35
GAMSET36
GAHSET37
GAMSET38
GAMSET39
GAHSET«0

GAMSETU5

GAMSF.T«8

6AHSET51
GAMSETS2
GAH3BT9J
GAMSET5U
GAMSET5S
GAMSFT56

WEISSKFdilP, JR)

NORMALIZATION FACTOR FOR WEISSKOPF APPROXIMATION FROM
INPUTTEO STRENGTH FUNCTION

COMHON/LCINOEX/IPBLC,IGLC,I^EROtC,I9PLC,IPLLC,IEGIC, ISGLCITCLC# LCNDPx
1 ISTCLC.IRHOLC,ITLC,IELLC#IAJLC,IATLC.NIOIM,NIPDIM,NIBDIM,NGROIM,LCNDEX

GAMSfT58
GAMSET59
GAHSET60
GAMSET61
GAMSET62
GAMSET63
GAHSETbO
GAHSET65
GAHSET66
GAMSFT67
G4MSET68
GA.MStT69
GAMSET70
GAMSET71
WEISSKF2
WEISSKF)
WEISSKF1
WFIS3KF5

2 NTDDIM,NIRr>lM
COMMON RMO(a(»,200),T(30.2O0),P(80),SP(200,6),PP(80),SPPC200»7)

i
COMMON7LF.VeLl/£l(50).AJf50),AT(50)eXNl.{60),ELMA/(63).NLEVDIM
l,E5C2ur,).SGC2«0).NGRAY9(60)
C0'!M0N/BASIC2/TITLE(U).ELAB.DE,ZAP,ZAT,XMT, NKKMf 10) , CNPK 10) ,
1 CNPlP(iO),S(60).SAC(1O),IO!{60),IDP,lbE2(6^),IBUF(6,10),
2 ECM,UPfNKMAX,NJMAX,NKKf6f5),NKOtM,TCP(30),f3MDP(aP),A(60)#A2(60),
3 ••RH0(6),XJT, NPOPMA»,NTC2(6),NJOIM, IOECN(10),NKKCN(10),ECON,BASIC2
U JPI(U0,2),XMp.xJP,Pn,NLP,XNLP»KL,lDSTAT(7),8IC«CSt,CSH,PIULl.(3(!)BA5IC2

tCNTEX
RHO
RHO
LEVEL1
LEVELl
8ASIC2
BASIC?
BASIC2

3,ICAPT.PL8tlF(50,101«JNPpPT.TKEEP
C0«M0N/TC0FF/ETCf?5.*)iTC(25.5d).8C0C7),XSPIN(7),NLOIM,
!NPAi?T.^EF(fc),Nbc6).WTC(6),IZAID(7),XMASS(7),NEEDIM,NLElN(6,25),

COHKON/GAMMA/NMP,LGftOPT,3W3(10),GML(6)/GMP(6)>RFl(6),LMGHOL(6)>

QASIC2
TCOEF
TCOEF
TCOtF
GAMMA

A-28



I TG»f2Jlfl#6i,WKCON,CmL.aAXrL,t»»xeL»rX3W3M0)#WKNOWM

C

c

60

20 WKCONo«SWS(I)
RETURN

25 HKCONsl.
RETURN

39

C 3ET WKCONM. IP EXSWStll 13 E9UAL TO 0.
IF(tEXSWS(n.GT'.0.).AND.(NKK(IR).Ge.n) GO TO 08
KKCONB1".0
RETURN

C
C RE*D IN LEVEL 0EN8ITIE3 AND DISCRETE LEVELS
<I6 NPTS = NRHO(TP) .

INDEXsIRHOLC*(IP»l)*NKDTM*NjDIM
CALL ECRPfRHO,TNDEX,NPTg»IERR)

DO 58 Ksl.NK
EX*fX-DE
IF(EX.LT.EXSWSCI) ) GO To 5?

50 COMINUE
52 KLOwaK

EXLOWsEX

INTEGRATE OVER COMPOUND NUCLEUS 3PIN3#PAtfJTIES

CALL ECRrXEL.-INDEX,NLFVJ.IEUR)
IMDEXsIAJLC+(IR-l)*NLEVnlM
CALL ECRDCA.I.INDEXiMLEVg, IERR)

FIND INITIAL K FOR INTEGRATION

IPICOMPI-PTT

DO 103 JJCN"l,i09f?
XJCNSXJCN+1.0
J C N X J C N * l B i
IF((XJCN.GT.XJCNH5.0R,tjCN.0T.NJMAXJ) GO TO 110

INTEGRATE OVER FINAL STATE 9PIN3.PARITIES
X J 2 8 S ( X J N ' ) r 0
XjrHsXJCN+1,01

Xj\?sXJ2*!'.<»
2 l .

!raXJ2.GT.Xj^H).0R.(J2.GT.NJMAX)) GO TO 100
J 2 2 J 2 ' X J 2 e 0 1
INTEGRATE OVER CONTINUUM ENERGIES

DO 70 KPSKIOW,NK
IFfJRASTCKP, IP)'.LT.J2) GO TO 75
EX=EX-OE

GO TO '60,*2)-Lr,BOPT
SF7S=WKN
GO TO 70

WEI33K13
MEISSK14
HEISSK15
WEISSK16
WEISSK17

HEIS?K20
WE1SSK21
WEISSK22
WEISSK23

WEI6SK25
HEISSK26
WEISSK27
WEISSK28
WEISSK29
WEISSKJ0
WEISSKJ1
WEISSK32
WEISS«3J
WEISSK3U
WEISSK35
WEISSK36
WEISSK3T
WEISSK38

HEISSK40
HEISSK41

WEISSM3
WEISSKflil
MEISSK4S
WEISSK46

NEISSK4B
WEISSKa?
WEIJSK50
WEISSK51
WEISSK52
WEISSK53
WEISSK5U
WEISSK55
WEISSK56
WEISSKS7
WEISSK58
WEISSK59

MEISSK61
WEISSK62
WEISSK63

WEISSK65
WEISSK66
WEJSSK67
WETSSKi«)8
WEISSK69
WEISSK7C
WEISSK7J
WEIS3K72
WEISSK73
WtISSK7U
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62
70
75 CONTINUE

OVER DISCRETE STATES
IF(NLCV?.LT.n GO TO 90
DO 60 Nil.NLEVS
lA,;2Ja2.»ARS(AJCN)) •B'.Bl
IF(J22J>F..IA,J2J) GO TO P«
PT.AJ s SIGNCJ'.?,AJ{N))
IPIAJ a PIA,T*STGN(<?,l,?iAJ)
IF(IPIAJ.NE.IPICOMP) GO TO 80
ED » EXSHSfl) -ELdO
IFtED.LE.01.} GO TO 90
GO TCI C76,7*),Lr,RnPT

MCI8SKT5
WCISSK76
WEIS9K77
WEIS3K78
WEI8SK79

WEISSK61
WEI5SK82
HEIS5K65

WEISSK65

WEISSK87
WfISSK88
WEISSK89

78
79

90
100

GO TO 7.9

CONTINUE
CONTINUE
CONTINUE
WKCON » SWS(I)/3UM
BFTUHN
END
SUBROUTINE

WEISSK91
WEISSK92
WEISSK93
WEISSK<3«
WEISSK95

WEISSK97
Wf I6SK98
WfISSK99

PERFOPM SUHS OVER S AND C OP INCIDENT CHANNEL POR GIVEN COMPOUND
NUCLEUS SPIN AND PARITV

INCHSUM3

INCHSUH5

COMMON RHOefl0,200)iT(35t,?00).P(80)«SPC200»6)»PP(e0),3PP(20ai7)
(

M7, NKKM(lfl),CNPJ<

RHO 2
RHO 3
BASIC2 2
BASIC? %

BASIC2
3 NPH0(6),XJT, NPOPMAy,WTC?ffc).NJDlM. IOECN(18).NKKCN(It!) ,ECON, BASIC2 5
U j en«0 ,2 ) .xWP.xJP.P IT ,N lP ,XNlP ,KL. IDSTAT<7) ,SK,CSL»eSH,P IUU30)BASICe 6
5»ICAPT*PLBIJFC5P, 10) i INPpPTjTKFEP BASIC2 7

C0MMnN/RAMMA/NMp,LGR0PT,SwS(lC!i),GHL(6).GMP(fc),REl(6),lrMGH0L(())» GAMMA 2
1 TGRC2f!0.fc)»WKCON,CAXEL.GAXEL,ERAXELiEXSW5(10)iHKNORM
C0MM0N/5t.lMBLKl/KP,KDfIP,in.KNGN,JPI2»NlDP,IK

H M J
1 TTOT(PP)
COMM0N/PREE0/tPFO#SICR,pRe0I(6)»CSiei(6)#NITT(*)»ALPHA(6)
MXs (MM«t)/2 + 1
CS = CSL
OPsg'.
PICOMP=PIT*PICN
LPICOMPePICOMP*3IGN(0.1.PICOMp)
00 6d I3P-1.1000
CS=CS+lt0 .

GAMMA J
SMMBLK12
SUMRLK22
SUMBLK23
INCHSU12
INCHSII13
INCH5UH
INCHSU15
INCMSIJ16

200
J.01
.HLP)

CONTINUE
00 55

50

55,202.55
CONTINUE
OPsECONJ«TCPtLP) • OP
CONTINUf

INCHSU18
INCHSUJ9
INCHSII20
INCHSi.i21
IKCMSU22
INCHSU23
INCHSU2a
INCHSU25
IHCMSU26
INCHSU27
INCMSU28
INCH5U29
INCHSU30
INCHSU31

A-30



70

51

52
58

72
61
63

C
C
C
C

RETURN
END

SUBROUTINE

ADO POPULATION INCREMENT INTO POPULATION ARRAY AND INTO SPECTRA

COMMON RMO(a0,?00),T(3f!,20P).P(60),SP(2B0f6)»PP(80),8PP(20B,7)

COMMGN/TOTALS/SIGTOTdB)

GO TO (51,52),NN
PCJPI2) = P(JPI2)+DP
GO TO 5fl
PLfN, IP) B Pl.(N.IP)*DP
OS = DP/DE
SP(KO.IP) a SP(KO,IP)«pS
SPP{KD, m)a SFPfKD,

SIGTOTf IP)aSlGTOT(IP)+D!>
GO TO (M,62),KMGN

RFTURN
END
SUBROUTINE

GRLINE3

CALCULATE DISCRETE GAMMA«RAy CROSS SECTIONS AND SUM
TO GET INTEGRAL CROSS SECTIONS

DATA OUT OF ORDER.
ABORT JOB'.*)

SPECTRA

IhtCHSU3«
2
3
4
5

RHO 2
RHO 3
SU*BLK12
SUMER 8
SUMER 9

10

13
U
lfl
15
16
17
18

20
21
22

GRL1NFS2
GRLINES3

SUMF.R
SUMER

3UMER

*i R I '.
LEVEL

«X,*LDATEs*I7.* GRLINES3
GRLINF39

C0MM0N/LCIH0EX/IPBLC.I6LC,IZER0tC,r3PtCiJPH.C,IEGI.C#ISGLC.ITCLC, LCNDEX 2
1 lSTCLC.lRH0LC,!TLC,IELLC»IA>JLC.IATLC,N?DIM.NIPDIM,N!8DIM,NGRDT.M,LCKiDEy 3
2 N I D D I H ^ I R ^ S H LCNDEX U
COMMCN RHD(U5!,?00).T(30,200).P(80).SP(200,6)»PP(80),SPP(200,7) RHO 2

l.SPNGN(2P0),PL(S0.6)»r.C2PP,6)»RHbFTR(«0) RHO 3
COMMCV/LfVFLl/ELf50)iAJf5P),ATf50),XNl.(60).E!.HAX(60),NLEVDIM LEVEL 1 2
l,EG(2<m.sr.{2afi'fNG*AYS<6f"> LEVELJ 3
COMMON/BASIC1/NI.XNIPC1«),NIR,LR(6,10).ZA1(60).ZA2(fe0),XM2(60)# BASIC 1 2
1 ZACN(l0),rSGRf60).CSTOT(6t!i)«CSLEV(4?).C8IR(e)#SAVXO{e}»EAV(60} BASICl 3
C0V1CN/BASTC?/TITLFC16).FLAB.nE,ZAP,?AT,XMT, NKKM(J0),CNPI(10J, 3ASIC2 2

1 CNPIP(10)sS(ft0).5ACClH).ID tf6H)»IOP.IOE?(60),IBUF(6f10), B A S K 2 5
2 ECM,UP,NKMAX,NJMAX,NKK(6C1),NKDIM,TCP(3PI)#QM8P(<»0) , A (60) # A2 f AC!) , BASIC2 H
3 NRH0(6).XJT# NPOPMAX»NTC?(6),NJ0IM, IOECN(103,NKKCNH0)»ECON,BASIC2 5
U JPIft!n,?).j;^P.XvIP.PIT,NLP.XKiLP#KL»lO3TAT(7)#5IC»CSL.CSH,PII.LLC3i?)BA3IC2 6

7
5»ICAPT.PLOUF(5(».10)#INPOPT»»KEEP
DIMENSION NTT (50) #IG{5n.«fl),NFF( gn,«0),Pf»C90i 38), CP-R (50, «0)
EQUIVALENCE (IG,R'HO),(NFF,RMO(l,101)),(PR,T)i(CPS.r(l#j0l))

MAIN
CALL
CALL
CALL
CALL
CALL

CALCULATION LOOPS
ECRn(PLBUF,TZEROLC,500,IERR)
ECRO(CSGR.IZEROLC,NlR.IERR*>
ECPDfCSTOT.lZEROLC.NIR.IE^R}

BASK?
GPL INE 15
GRL1NE16
GRLINF17
GRLINE18
GRLINE1«J
GRLINE20
GRLINE21
GRLINE22

ECSD(CSLEV»IZEROLC,NIR,IErff)

on iff lai.Ni
NIPsXNIPCTl
NPTS=NIP*NLEVDJM
l

Gfil.i • y.ii
GRLINt27

CALL ECROfPL.INDEX,NPT3.IERR) GRLINF29



50

5ft

66
70

if

CALL
DO 1
IRa LR(IP,I)
NLEV2 a XNL(!R)

ADO PARTICLE-INDUCED P0l»UL*tI0N3 TO STATES THAT 6AMMA OECAV

IFCIB.LF>>GO TO
DO aa Nsl,NLEV2

ID a ID
IPdO.NE'.TJ GO TO <J0

COMPUTE OISCRETF GAMMA CROSS SECTIONS

READ(KL) IZA,NL,LDATE
IF(TZ4-.F0'.TZA2) QO TO
WRITE{6,1) Î A
STOP

M=t,NL
P) « f»LBUF(N,IB)

F.L(N)s*i?(N),AT(NJ,TAU.NTT(N)

00
PL(

RFAO

IF(NT,LT.l? GO TO 60
00 58 KNal.NT

G » ) O
READ(KL) NFF(N,KN).PR(N,KN),CPR(N,KN),AMR,LL!iLL2
CONTINUE
NGRUYSf TP)aNO

DO 70 NNa2.NL

NTsNTTfNJ
IP(NT.LT,1) 60 TO ?0
DO 66 KNsl.NT

f KN)
EG(MG)sEL(M)-EL(NP)

PN

SG(MG)= DP
? ( I R ) » C ^
Er,(MG)/OE • 0.5

OS = DP/OF.
SP(KD,IP) x Sf>(KD#!P) • PS
SPP(KD.ID) e $PP(KD,ID} • DS
CONTINUE

CALL

CALL FCWRCSG,INDEX,NCR,IERR)
NPTSsNIP*NLEVOJM
INDE.XsIPLLC*(I«n*NLEVOlM»NIPDlM
CALL ECWR(PL«INDEX.NPTS,IERRV
NPTSs NK0IM*MIP

CALL ECWR(SP.INDEX,

CRLINE32
CRLIME53

GRLINE35
GRLINE36
GRLINfS7
GRLINfc'38

GRLINCaa
GRLINE05
GRLINEU6

6RLINES0
GRLINF51

GRLINE5J

GRLINE55
GRLINF56

GRLINF56
GRLINE59
GRLINE60
GRLINE6!

GRLINF6J
GRLINE6«
GRLINE65

GRLINE67
GRLINE6S
GRLINE69
GRLINE70
GRLPJE71

GRUINE75
GRLINE76
GRLINE77
6RLINE78

GRLINER1
GRLINE82
GRLINF83

GRLINES7
GRLIfcE88
GRLINE89
CLINF90

A-32



c
c

92

9a
100

120

t
2

3
a
5
6
7
8

SUM INDIVIDUAL SPECTRA
ED*0.
NKxNKK(IR)
DO 92 K*1.NK*AX

EAV(IR)sEAVClR)+EO»SPCK.lP)
CSTOT(IR)e CSTOTfIR)*SPifK,IPJ
rFCCSTGTtm.GT'.a'.) EAV(IR)«EAVUR)/CSTOT(T.R>
CSTOT(I»)a C8TOT(IR)*0E

SUM LEVEL POPULATIONS FROM CONTINUUM AND LEVEL TRANSITIONS
DO 9U Nsl,Nj.Etf2
CSLEV(IR)« C$LFvrrP)»PL'fN,IP}
CONTINUE

SUM COMPOSITE SPECTRA
DO II? ID=1,7
CSIDCIOJsfl.
EAVipciO)=P).
EOsfl'.
IF(IOSTATCIO).LT.l) GO TO 110
DO 1 f"Q Kal

108 CSlD(IO)s CSlOCip>*SPP(K,lD)
IFCCSIO(ID)'.GT'.0.) EAVlD(I0)aEAVI0(lB)/C9I0fID)
CSIDHOls CSlD(IO)«De

11«« CONTINUE

FAVin(8)=7/.

DO

E*VID(8)3EAVID(8)*EO*3PNGN(K)
S ( ) S I ( ) )
IF(CSI0(81.GT'.B.) EAVI0(8)«EAVl0(8)/C8I0(8)

FND

1

OATAOUT

MAIN OUTPUT ROUTINE

F O P M A T C 1 H 1 . 1 0 X . * R A D I A T I 0
F O R M A T ( 1 H 1 . 1 0 X . * S P E C T R A

R E A C T I O N S * / )

N W I D T H S *
F R O M I N D I V I D U A L

F 0 9 M * T ( 4 « > , A j P l , t 5 l f I X ,
7 i (F T ( t ? . 7 . i , 1 0 ( 1 . , l X ) )

F O R M A T ( I S . F 1 0 . ? . a X . l P , t O ( E 1 0 ' . 3 i l X ) J
FORMAT(lHl .S0x.*C 0 M P 0 S I T E
FORMAT(1H1.1?X.*O I S C R E T P

1 0 N . J

S P E C T R A * / )
L E V E L

GRLINE96
GRLINE97
GRLINE98
GSLINE99
GRLIN100

GRLIN102
GRLIN103

GRLIN107

GRLIN1B9
GRLIN110

GRIINH3
GRLtNUS
GRLIM10

GRLIN116
GRUIN1J7
GRLIN1J8
GRLINU9
GRLIN12B
GPL INJ21

GRLIN123
GRLINl?rt
GRLIN125

GRLIN128

11

GRLINUl
GRLINJ32
DATACUT2
DATAOllTJ
OATAOUTO
CATAOUT5
3ATA0UT6
DATA0UT7
OATA0UT8
0ATA0UT9
DATAOU10
DATAOIJ11
D*TA0tll2
0AVAOU13

I N F 0 R M A T I DAT*\Ol)l<l
DATAOU15

FORMAT (// 3H I = I2,3X,3MiP«I2,3X,3HIR»I2,3X»flHZAl«,P<l'.0,3X,4HZ*2M5DATAOU16
l.t", JX, 10HSEPARATION ENERGY «F7.3««H MEV, 3X, 11HACCJMULATED $ePARATIf3ATAOU17

aFT.J.UH MEV) 0ATAOUt8
NUMRER OF LfVCL IN RESIDUAL NUCLEUS »I3,3X,22HNUM8ER 0DATA0U19

IF GAMHA RAYS =13. SX, *RFSIDUAI. NUCLEUS 10 =*I5) OATAOU20
FORMATf// « LEVEL LEVEL SPIN, PRODUCTION NUMBER OF FINDATA0U21
1AL FINAL TRANSITION CONDITIONAL GAMMA GAMHA PRODUCTION 0ATA0U22
2 * / * NO FNFRfiY PARITY CROSS SECTION TRANSITIONS LEVDATi0li2J
3EL ENERGY PROBABILITY PROBABILITY NUMBER ENERGY CROSS SECT10DATAOUia
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13
11

15

16
17

18
219

221

222

an* / » (MEv) (BARN3)
5 {MEV)
FORMAT C/ I<l,frlfl'.4.f7.i#5)<,iPEl.i.«#!l<J>
F t > o M A T ( 5 r i 0 n 0 a F i ? 3 « i 8 F i

o E

(M.CV)

10X.*L E V E L

IECUT
I

• I IP Ii?
LEVELS PN

AT ECUT fMFVJ
< 3 n F 5 > F 7 0

3 i T y
TEMPIZAl IZA2 A TEMP E0

PZ SN SZ 3
(/MEV) (MEV) (MEV)

(MEV) (MEV) (MEV) (MEV)

FORMAT.(* NIIMBFR OF LEVELS IN RESIDUAL NUCLEUS *•« 13///
1» LEVEL LEVEL SPIN, ISO- PRODUCTION*/
2* NO ENERGY PARITY SPIN CROiiS SECTION*/
3* (MEV) (BARNS)*/)
FORMAT (IU,F 10, «,?P7.1,3x,lPF. 11. «)

N00ATA0U2)
(BARNS)*) 0ATA0U26

0ATAOU27
DATA0U28

H t r t f l JUL19776
DATAOU30

EMATCH DATA0U31
3AC * / DATA0U32
(MEV) (DATAODSJ

(MEV)* > DATAOUia
) DATAOU35

DATAOU36
DATA0U37

FOR«AT(/* L*P NEUTRON ENERGY »*lPEllt«»*
FORMAT(/* RINARY REACTION SUMMARIES (COMPOUND NUCLEUS ONIY)»#//
1* REACTION SIGMA *•/* PRODUCT (I)A»N3)*,/
2* -- :••««;-«)

DATA0UJ9
DATAOU40
OATAOUO1
0ATA0Ua2
DATAOU43

DATA0U«5

DATAOU«7
COMMON/LCINDEX/-IPBI.C, IGt C, IZFROLC, ISPLC, IPLLC, IEGLC, I3GLC, ITCLC, LCNOtx 2
1 ISTCLC,lRHOLC.ITLC,ItLLC,lAJ!LC,IATLC,NIDIM,NIPDIM,NIBDlM,NGRDIM,LCNDEX 3
2 NIDOIM,NIRDIM

COMMON RHOr«?,?O0).T(30.200).P(80),SPr?00,6)»PP(80),SPP(200>7)
1 S P G P i ) j 3 f c » O T (

LCNDEX 0
RHO
RHO
LEVEL 1
LEVEL1
6A3IC1
OASIC1 3

,ATf5K).XNL(6Pl) ,ELMAX(60),NLEVDIM
l ,EG(2i l0) ,5G(?«f1) ,NGHA¥S(60)

C O N M O N / 6 A 3 T C ; i / N I . X N l P ( i g ) , N i R , L R ( f e , 1 0 ) . Z A l ( 6 0 ) . Z A 2 ( 6 0 ) , X M 2 ( 6 0 ) ,
1 ZACN(iPD,cSGRC6?i) .CSTOT(6( ) l ) .CSLFV(60) .CSlD(f l ) ,FAVID(8) ,EAV(60}
Cn»MOH/PASIC?/TITL?nfe).ELAB.DE,ZAP,ZAT,XMT, NKKM(10 ) ,CNPH10) . BASIC? 2

t CNPIP( lB) .S ( feP l ) .SAC(10) , I D K 6 0 ) , IDP ,TDF2( fc f ) , IBIJF(ft, 1 0 ) , BASK2 3
2 ECM,UP,NKMAX,NVMAX,NKKt6tf ) ,NKDIM rTC ( ) (30) ,n?'DP(«0) lA(60) ,A2(6H) , 8ASIC2 <l
3 NRH0(6) ,X. !T, NPOPMAx.WTC2(6),NJDlM, IOECN(10),NKKCN(10),ECON,PASTC2 5
4 JP I ( i | 0 , 2 j .X^P ,xJ f 1

f PIT .NLP .XNLP,KL , IDSTAT(7 ) ,S IC?CSI . ,CSH,P I l .LL (30 )BASIC2 6
5»ICAPT.PLBUF(5Pi,10),If>P0PT.TKEEP RASK2 'f

* IPRTTC, IPRTM|.n, IPRTWID, IPRTSP.IPRTGC PRNT0UT2
LtvntN 2
LEVOtN 3
LEvnEN a
LEVDEM 5
DATA0U59
DATA0U56
DATAOU57
DATA0LI58
DATA0M59
DATAOU60
DATA0U61
DATA0U62
DATA0U63
0ATAOU64
DATA0U65

DATA BCD2/1PH NEUTRON ,10H PROTON ,10H DEUTERON,10H TRITON ,DATA0U66
1 10H HELTUM-3.10H HELIUM»4,10H GAMMA*RAY#10H G,NEUTRON/DATAOU*7
DATA HWID,HMEv.HSIG,HPARN,HBMEV,HDASH,HK,HGAM,HLEV,HTOT#HZACN| DATA0U68
1 H2A$,HZA2/10H WIDTH ,}P»H (MEV) .10H SIGMA ,10H (BARN3)0ATAOU69
2.10H (H/MEV).tHH ---.;----, 6H K ,J0H ENFRCY ,10H LEVF.L DECOATAOU70
3# 7HAY C/JJD,10H LEVEL EXC.7HIT C/S = ,lf)H TOTAL PRO,7HD. C/S = # DAYAOI171
4 6H ZACNs,6H ZA1=,6H zA2s/.BLANK/10H ,10H / DATA0U72
DATA HSPEC/10H SPFCTRUM/,H£AV/10H AVG.ENERGi7HY (MEV)/ OATAOU73
DATA HNON/10HNONELASTIC'/ DATAOU7U

/S°NPAR/ SPIN,PABITY,KGRD
ION SCBUF3C2(»P,10),HK(2),HGAM(2),HLEV(2),HT0T(2),ZADUM(60)

1 SC8UFU(2HO,6#in),BLANKif2),8C02(8)iHEAV(2)
C 0 M " 0 N / P P F E 0 / L P E C S I G R , P R E Q I ( 6 ) » C 8 1 G I ( 6 ) , N I T T ( 6 ) , A L P H A ( < I )
COMMON/TOTALS/SIGTOT(10)
EQlJlVALfNCF (RH0.SC0UF3),(RH0(l,51),3CBUF«)
DIMENSION MTA(S0),SP«(200),I?E(200)
DIMENSION INTtl),NBT(l)
DATA MTA/lfl,19.l7, 17, 16.16, «.-91,102,0,f1# 0,0, 0,0, 0,32,26, 0,0, 0,0,

XI05,33.10a.21,la.0,0,103,0,0.0,107,0,106.1«*0/
DATA Cl,LI.L2.NR.MC/0..0,0,1,1/
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52

5a

58

AND BINARY CROSS SECTION PRINT

250

260

DO 250 IPs
SIGTOTflBJsSIGTOTdO+SlGTOTClP)
WITEC6.2J9) TITLE
WRITE(6,220) CLAB
W R I T E C 6 , 2 2 l )
WRITE(6,?2?) HNON,SlGTOf(10)
DO 2fc& IPai .Nip
IR=LP(JP.l)
inxTDKIR)
WRIT? C<>,2??) BCP.?CID)»SlGTOTfIP5
I F t L P t Q M E l J G O TO 2«8

0ATAOU75
0ATA0U76
OATAOU77
DATA0U7B
0ATA0U79

DATA0UB1
DATA0U62
DATA0U83
OATAOUBO
0ATA0U85
PATA0U86

DATAGueS

00

N K S N R K t

DATAOU90
DATA0U91
DATA0U92
DATA0U93

i TO
IF(X0.EO.7)GO TO

..... PpE-EQUILIBRIUM SUMMARY »•—••»•/)
• I3,i»X*I0 a *I3»2X*0UTG0ING PARTICLE •

X*INITIAl EXCITON NUMBER » »13i5X*PReo NORMALIZATION n
X COMPOUND X-SECCBARNS) s *EU<5(5X4 PREEO X*SEC(BARNS)
X)
CONTINUE
CONTINUE

WIDTH PRINT OPTION
IFMPRTWIO'.LT'.II 00 TO fc0

DATA0U95
,PREBI(IO) DATA0U96

0ATA0U97
#A10/5XPATAOU98

CALL ECRD(SCBUF«.I0LC,NpT3.TERR)
ICTP0
DO 58 1=1,Nl
MIPs XNIP(I)
00 5fi

ICTBICT+1

00 S2 Ksl,NKM#x

IF{(ICT'.LT'.10)'.ANO'.(IR.LT.NIR)) 60 TO 58

1RH5IR
NICT3ICT

PRINT WIDTHS
HRITE (h#|)

WRITER,3) (HZA1.
WRITE(6,I) (HZA2. ZA2(IJ),II=IRL.1RH)
WRITEf6.«) BLANK. (HDAJH,HalRL.IRH)
WRITEC6,ai HK,fHWID.IIsiRL.lRH)
WRITF.C6,<O BLANK(l)»HMEv.(HMEV»IIeIRL,IRH)

Dtl SU Kcl.MKMAX
EK=EK-DE
WRITE(b,63 K,EK,CSCBUF}(K,Il),HBl,Nlcf)

CONTINUE

OATACJ02

DATAO105
PATA0J06
OATAO107
DATA01B8
0ATA01B9
OATAO110

DATA0H2
0ATA0113

DATA0115
OATAOllb
DATA01 17
0ATA0118
0ATA0H9

DATA0121
0ATA0122
0ATA0123
DATA0J20
0ATA0125
0ATA0126
0ATA0J27
0ATA0128
0ATA0J29
DATAO130
DATACJ31
OATAOlJ2
DATA0133
QATAQ1ja
0ATA0133
DATA0136
OATAO137
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OPtlON

6a

70

71
80

ICTB0

DO 6A I»t,Ml

GO TO 70

NPTSa
INDEX=IS?LC+(I-O«NK0IM*NIPDIM
CALL ECROtSP#lNOEX,NrTS,lERR)
OD 68 IPsl.NIP
IR s LR(IP.I)
ZA0UM(IR)a Z*CN(I)
JCT a ICT+i
DO 6? KsS»NKM4X
SC«UFJ(K,ICT3a SP(K,1P1
ir(rrcT.LT'.lP)'.AND'.(IR.LT>!R)) CO TO 68
NJCTslCT

PRINT CR0S3 SECTIONS AND SPECTRA
WRITE(6,2)
WPITECt.,3) (HZAqN,ZADUH(Il),IlsIRL,IRH)
W R I T F C 6 . 3 ) ( H Z A 1 . -••' "- -"•
WRITEC6,S) (HZA2.

I) BLANK.
I) BLANK.
I) BLANK.

WRITE<6,5) HGAH, (CSSR(II),:
>) HLEV, (C
») H T O T , ( C 5 T 0 T ( t H ) , I l s l R L , I R H )
I) B L A N K . ( H R A s H . T I a l R L r ! R H )

W R I T E ( 6 , 5 ) HEAV, (EAVf11),TI-IRL,IRH)
WPITEf6,U) BLANK,
yp t TP / fc It \ MK

WRITE(6'fl) BLANK(t)»HHEV#(HBMEV»IIiilRL.IRH)
EKstl',
HO bU Ksi.NKMAX
EKsEK+DE
WRI TEC 6,6) K,eK,CSCBUFl(K,II),IlBl,NlCT)
ICTsH
CONTINUE
IF((IPRTSP.NE'.1).ANO'.(IPRTSP>E,3)) GO TO 80

PRINT COMPOSITE SPECTRA

WRITEC6,0) BLANK.(BC02(rD),IDcl#8)
WRITE(6,«3 BLANK.(HSPEC.IDB1.8)
*R!TE(6,<!) BLANK.(HDASH.Ipsi.e)
WRITE(6,U) BLANK.(HSIC ,10*1.8)

BLANK,(HBARH,IDBJ.8)
HT0T,{CSI0(In),lD=l»8)

MRITE(6,(i) BLANK, (MOASH, ln=l, fl)
MR I TEC 6,5) HEAV,(EAVTCXlD),I0BI,8)
WPITE(6,<1) BLANK, (HDA3H. IQB |, 8)
WRITE(6,«) HK, (HSIC5 ,10*1,8)
WRITE (6, tt) BLANKCn»HMEV»(H8MEV,ID«l,3)

DO 74

) K,EK,(SPP(K,lO).IO=i,7).SPN6N(K)
IFv'IPRTLEv'.LT.ij 60 TO 90

PRINT DISCRETE LEVEL AND 6»KMAPRAV DATA

0ATA0t3<?
0ATA01U3
OATAOHt

DATAOiaS

0ATAOH5

0ATAOH7
DATAQ1U0

OATAO150
PATA0151
0ATA0152
0ATA0153

0ATA0155
0ATA0156
DATA015'
DATA0158
DATA0159
DATAOI60

DATAOJ62
0ATA0163
DATAOlba
QATA016S
0ATA0166
0ATA0167
0ATA0I68
DATA0169
DATAO170
DATA0171
0ATAO172
0ATA0J7J
0ATA017«
0ATA0175

DATAO177
DATA017B
0ATA0179
DATAO160
0ATA0181
0ATA01B2
DATA0183
DATA016U
DATAO195
DATAOlfii
DATA0187
CATAOlfiB
0ATA0189
0ATA0J9B
0ATA0191
DATA0192
DATA0193
DATAOJ9<»
0ATAOJ95

0ATAO197
DATA0J98
DATA0199
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ai

62

64
66
88
90

98

00 68 rel,NI
NIPS

CALL ECPDiPL.INDEX.NPTS.lERR)
00 8S IPel.NlP
IF((PL(l.IP)'.EO'.0.).ANfl'.CMKKCN(I).UT.n) GO TO 68

s XNL(IR)

IP C IDKIRj'.EG'.T) GO TO p2

CALL ECi"><EL.INDFX,NLF.V?,IEI»R)
!MOExsHji.r*nR«n*NLrvoiM
CALL FCSO(Aj,INorx.NLSV?,IERR3

CALL ECRDUT,INDEX.NLEV2.IEP.R)
00 81 Nsl,NlF.V2

GO TO fie

CALL FCPDfEG,INDEX.

CALL ECPDCSG, INDEX.NGR, TEP.B)
H R I T H 6 , 131 NLEVJ.NGR,I?A

00 86 N=1,NL
READ(KL5EL(N),AJJ#ATT,T*U,NT
WRITE (6, 12) N.ELfN),AJJ,PL(N.I(»),NT
IffNT.LT.H GO TO &*>
00 8« Ksl ,NT

WRITFC6.13) M
CONTINUE
CONTINUE
IFCIPRTGC.LT.1) GO TO 1B0

PRINT G1LBE»T-CAMERON PARAMETERS

OATAO?03
OATAO201
0ATA0205
OATAO206
DATAOJ07
DATA02PI8

DATAO210
0ATA0211
DATA0JJ2
0ATA0213
DATAQ214
DATA0215
DATA0216
0ATA0217
DATA0218
0*TAQ?19

0ATA022J
0ATA022?
DATA022J

OATA022S
DATA0226
0ATA0227
0ATA0228
0ATA0?29

0ATAQ211
0ATA0232
0ATA02J3
DATA0234
DATA023S
0ATA0?36
DATA0?37

DATAD2J9
DATAO?U0

DATA02U4
DATA02U5
DATA0?U6

0ATA0248
?5)

DO 93 Iel.NI
NIPr XNIP(I)
DC 08 IP=1,NIP
IRs LR(IP.I) DATAO251
IZAS ZA£(IR) DATA0252
IAS MOD(IZA,1000) DATA02S3
IZ» IZA/J0H0 0ATA0250
INS IA-IZ 0ATAO255
WRlTEffe.lh) I.IP.IR,ZAirlR5,ZA2(IR3,A2(IR3.TectIR)#E0GC(IR)#EMATGCOATAO256
ltIR).ECGC(IR),XNLGC(IR).PN(IN).PZ(IZ),SN(IN),SZ(]tZ),S(IR),8AC(I) 0ATA0?57
CONTINOF DATA0258
RETURN DATA0?S9
END DATAO260
FUNCTION ISERCH (X,EE,Nr,A.A1.A23 ISERCH 2

ISERCH 3
FIND PARAMETERS NECESSARY FOR SPLINE INTERPOLATION ISERCH a
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c
C X . ENFRGY AT WHICH FUNCTION 13 TO BE EVALUATED 1SE«CH 6
C EC • ARRAY Of FUNCTION fNF.Rr.IE8 13ERCH 7
C NE * NUMBER OF ENERGIES STORED IN EC I3ERCH 8
C A.Al.Ap . SPLINE INTERPOLATION PARAMETERS ISERCH 9
C ISERCHtB
i FORMAT(//« SPLINE FUNCTION ISERCH CUT OF RANGE. K • *la,5H NE»IU> I3ERCHU

DIMENSION EE<NE) ISERCHta
C ISEPCH13

K e 0 ISERCHU
IF((X.LT.fF(in.OR.(X,CT.EE(NE)9) GO TO 50 ISERCH15
K » 1 1SERCHJ6

30 IF(x'.LT.£ErK)) GO TO 20 I3E&CHJ7
IF (X.LT'.EF(Kti)) GO TO 19 ISERCHJB
K a K • 1 TStRCH19
IF(K".LT.NE) GO TO 10 ISERCMiB
K = K • 1 I5f»CH21
GO TO U0 ISERCHa2

20 IF(K.EO.l) 80 TO «0 ISERCH23
K = 1 ISERCH2U
GO TO 10 ISERCH25

40 H = fe(K + n • EF'CK) ISERCHJ6
HI a X • EF(K) ISHf;CH27
H2 s Ee{K*j) . x ISERCH28
A s H2*Hl/fc, ISE^Cna^
AJ * HJ/H I9ERCH30

ISERCH a K I3ERCHJ2
C ISERCH33

RETURN ISFRCHJ«
50 IF(x'.GT.EE(NEn K-999 ISERCH35

WRITE(6.1) K,NE ISERCH36
RETURN I3fRCH57
END ISERCHS8
SUBROUTINE PRCCMP P»ECMP 2

C PRECMP 3
C PRECMP ti
C PRECMP 5

COMMOM/LCINOFX/lPBLCiIGLC,irEROLC,ISPLC,IPLLC»IEGLC,I9GLC,ITCLC, LCNDEX 2
J iSTCLCiIRHOLCITLCIELLCf IA JLC, IATLC. NIOIH. NlPDIM, NI8OIM» NGROIM, LCNHE X 5
2 NlDOIM.NjpoiM LCNDEX tt
COHKOV RHOtue,?PiP»,7(SP>.2flP),Pt$ti)t$P(?&Q,6),Pf

>t&8)iSf>P(20t),7) WHO 2
l , S P N G N { 2 f > 0 5 , P L ( 5 0 i 6 ) . G C ? 0 C ! f 6 ) , R H O F T P { < i 0 > RHO 3
COHMON/rCOEF/FTC(25,6),TC(25.30)»BCD(7),XSPIN(7)#NLDIM, TC06F 2
lNPART,NlE(6),NP(6).NTC(fc),IZAID(7),XMASS(7),NEEDIM,NLElN(6,253# TCOEF 3
2NLFC6,2flei).JRAST(200,6) TCOEF «

COMMON/LEVFLl/ELf5(«).4J(5{l) ,ATC50>,XNL(60)fELMAX(603,NLEVDIH L F V f H 2
l iEGr2aP) ,SEt2«3) .NGRAYSf6?) LEVEL1 3
C O M M O N / B A S T C J / N I . X N I P ( l p ) , N I R , L R ( h . l 0 ) . Z A l ( 6 0 ) » Z A 2 ( 6 0 ) , X H 2 ( 6 0 ) . H»3IC1 2

1 ZACN( l (H) ,cSGR(60) iCSTL"T(b0) > C$LEV(60) .CSID(8> ,FAVID(8) ,EAV(60) 8ASIC1 3
C0^M0N/BASIC2/TITLE(l«>) .EL*B.0f#ZAP,ZAT,XMT, NKKM( j fi), CNPI ( J0 ) , B4SIC2 i

1 C N P I P n 0 ) . 3 t 6 0 ) . S A C f l 0 ) , J D l ( f e f i ) , I D P » l b F 2 ( 6 0 ) , I B U F ( 6 , 1 0 } , BASIC2 3
2 ECM,ijP,NKMAX,NJMAX,NKK'f6P),NKDIM,TcP(3l»},pHDP{<l0),A(60),A2C60) f BAS1C2 a
3 NRHO(fc)»XJT. NPaPMAX>NTC2t6).NJ0IH, IOE l>l( If!) , NKKCNt i 0) , ECONf 3^5102 5
U JPn«a ,2 ) .XMp ( X JP .P IT ,MLP < XNLPrKL / rDSTAT(7 ) rS IC ,CSL»CSH,P ILLL{30 )BASIC2 6
5«ICAPT.PLPtlF(5£til0)i IMPOPT»TKEFP BASIC? 7

COMM0N/PBFF0/LPE(3fSIGft ,pRfOn6) .C8IGlt* ) .NITT{fc)»ALPHA(6) PREEQ 3
PREOJ 2
FITTINGS

DIMENSION SP2C2P5I) PRFCMP15
DIMENSION PREOtJBHJ^REQlOCe^Piaj tSPZID(6,200) PRECHP16

DIMENSION PPREPtflO)»PftEp(80) PRECMPJ7
NIPsXNIP(l) PRECMP18
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i
2000

3006

30

0 0 Jt(Wfi I P « 1 , N T P
KMAXcNKMAX
IR»LRriP#li
IDsIOKIR)
IFnD.F0'.75G0 TO 2003
NKr -;KCIR)

TO 2000

Gfi&a fc.*ACN/PII*»2
AA««XMT*1.
NFtNsSORTf 1,5*GGG«»E5

PCOMaPCON/fAAA*E«*3)
NITsNITTtlD)
KMAXsNKMAX

DO Trl,K|.H

PREQCDaa,
DO U NaMTT.NFIN,2

CONTINUE

I F f5PP(T , IO ) .LE ' .B . )PREO( I )80 .
P R t f ) i n t I D , I ) s P R f O ( I J

3006

(x',GT,if.Ei"«)) FRACTl»f/X
F0PMATC///25X* -•••« SPECTRUM 3UM 00, NO PRECMP
FCY'.LE.O.IGO TO 3R07
FR»CT=n,-X/Vl
IF(F!?ACTLEB

CONTINUt
IF (Y.Le'.

DO
l R
NKsNKK(IR)
t r f ro .eo l r ' .oR.NK) .LT . j )Gp TO
U = 0 . S P R E Q I f 1 0 5 = H . $ C S 1 5 1 ( 1 0 ? » P .
K L H ( P S ( n f I R n / D 0 SDO 3P I I«1.KLM

m=FRACTt*PREOIO(lO, I I )

Y\ 'sFR4CT*SPP(l I , I0)
Z=YY*PRfO(! I )
I F ( S P P ( I I , ! O ) ' . E O . 0 . ) Z a 0 .

S P Z t t D e Z
S P Z l D ( I O , I I ) s Z

CONTINUE
CONTINUE

PRECMP21
PRECMP22
PPECMPJ3
PRECMP2«
PRECMP25
PftECMP2e,
PREC*P27
PRECMP28
JOL2977S
PRECMPJfl
JUL29776
PRECMP32
PPECMPJ3
PRECMP30

PRECMP36
PRECMP57
PUECMP38

PRECMpaS
PRFCMpb6
PREr*iP«7

PRECMP51
PREC^P52
PRECHP53
PHECMP5«
PRfc'CIPSS

PRECMP57
PRECMPS8
PRETMP59

PRfeCMP69
PRECMP70

PRECMP72
PRECMP73
PRECHP7U
PRfcC«i»75

PRECMP77
PRECMP78
PRECMP79
PRECMP8P

PRECMP82
PRtCMPfl3
PRECMP8J

PREC*P87
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3i
C

C
c
c
c
£

c

299

399

999

60

ei

U02

Of PflEEO

DO 1 0 0 *

NKsNKK(IR)
irno.eo'.7.O3.NK.LT, TO

00 I « 1 , K L M

OF CONTINUUM

DO
K

KLOWSK+1

259 DO 399

TO
K B I . N K C N

IP}
l E l B L C i ) (
CALL £CPD(PRFPfJ)/INDEX,JHA»22,1ERR)
00 500 Js>

IF ( SPP C HTO,
CONTIMJE

CONTINUE
CONTINUE
CALL FCwRCPR£P(l)#INDEX,JMAX22.IERR)
CONTINUE
1 = 1
CONTINUE

CONTINUE
INDEX 3 I ILLC*( IR- iJLEVDlM
CALL FCRO(EL«lNOEXfNLEV,IERRJ

DO 80 1 1 = 1 .
ECC2stiU2«*AX-EUII>

C L 5
I F ( S P P ( K K D . I D ) . L E . B . > G O TO J1P
PLni.IP)sPL(II»IP)*(FRAcT+PREOCKK0)/3PP<KK0,IO))

CONTINUE
CONTINUE
lf(lBU(r(lP.\)'.E<3.Z)G0 TO 81
1=1
CONTINUE
DO U01 1=1.KLM
SP(I,IR)s9PZIO(ID.I)SSpP<I,IO>o5PZID(ID.I)

CONTINUE
CONTINUE

PRECMP93

PRECMP95
PRECMP96

PR6CMP9S
P«EC»M><J9
PRECH101

PRECM103
PRECM10U
PRECM105
PRECMJ06

PRECM1P9

PRECMU2
PRECHU3

JUL29777
JUL29778
PRECH116
PRECMJ1?
PHECM118

PRECM121
PRECMI22
PRECMJ33

PRECM126
PRECM127
PRECM12B
PRECMJ29
PPECMU0

PRECMJ32
PRECM133
PRECM134
PRECMJ33

PRECM137
PRECM136
PREC"139

PRECMlfl5
PRECHlflfe
PRECMH7

PSECMJ50
PRECMJ51
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1000
30C7 CONTINUE

RETURN
END
3UBROUTIN£'
DIMENSION X ( l J . V ( l ) . O e L T * n 0 > » A C l B )

c
c
11

13

15

17
18

23

35
C
C
C

at

c
c
c

S E A R C H FOR X t l )

DO 19 IslfNPTS
IFCXlN-XdmS.17,19

I P d l . G T . 0 l G O TO 21
11 =1
GO TO 21

YOUTsYd)
CO TO 61

IF(*IPV$.GE.1Z)G0 TO 3J

25
26
27
0
C
31

100

101

I P d l . G T . 0 5 G O TO 31
H a l

NTERM8s I2« I l * |

EVALUATE DEVIATIONS DAT&
CONTINUE
DEN0f=xd i *n -xdn
IF(OENOM.En.(»'.)100»i01
YOUTsYdH

GO TO h i
CONTINUE

DO 5S Isl,NTERMS

CONTINUE

COEF A

00 "50 Ks2,NTERMS

IMAX=K«1

00 U9 Isl
JsK-I
PRPOBPROO*(DELTA(K)«OCLTA(JJ)

CONTINUE
A(K)=SlJM+YCIXMAX)/PROO

CONTINUE

4CCUM SUM OF EXPANSION

On 57 Js2,NTERMS
PflOOsl',
IMAXs> l
00 56 I » l , I f A X

PRECM153

PRECMjSS
INTERP 2

3
a
5

IMEHP 6
7
s
9

INTEPP10
JNTERP11
JNTERP12
INTEHP13
INTFRPH
INTERP15
INTERP16
INTERP17

INTERP19
INTERPaPi
INT! (?P?1
INTERP22
INTERP23

1NTERP2S
INTtRP26
INTERP27
INTt.RP2«
INTERP29
INTFRP30

INTERP32
INTERP31

INTERP35
INTFRP36
INTf P.P17
JNTfRP38
INTERPJ9
INTERP4U

INTfrRPU2

INTERP45

INTtRP50
INTERP51
INTtRP5?
INTSRP53

INTFRP55
INIEHPS6
INTERQ57
INTEBP56
INTERPS9
INTf.RP6JI
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00

P R 0 D B P R 0 0 * ( 0 E L T A X « D E L T A ( I ) 3 INTERP61
CONTINUE »;«;;«

57 CONTINUE TNTF»P*,5
60 YOUTsSU* INTffPfc^
M SETIRN U E INTB:RP67

END INTIRP68
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APPENDIX B

GR0UND2: GROUND-STATE MASS, SPIN AND PARITY DATA FILE

11
?6
13

-17
58
l?i

Pi

1577

1(1
26
13
22
18
U

198
1681

,355996E+P2 ,

. P 7 2 Ti
?

j lfl?13-TF*P2

-.332flPCE*S»2

• ,390f!?l7F»02

7

1863

25
32
9

12
71

500
2055

30
• 3

• 59
38
11

81
709

;fllISIi:Ii
'!2P9U7SE*t"2
c3'J87PP!E+02

29
* 3 U
fl 3

• 33
7
18
85

919

.1000P0E+07

!2«9660E*^2
,183750EtR2

26
a
6

50
8

28
92 1

1079 12

^261110E+C2

,*35303(»E*02
.157703C+P2

29
3

e
37

.312527E+01

.137301F. + 02 ,3a2P73E*02 .1766f)BEt02 ,

.19SS76E+P1

-.6S80P(5e + Ctl ".3J7215E + 01
-.139313E+02 •,J31915f*02

•>,168«88E*02

-,2aa313E+02 -!i

"',23<?«9af*(!i2 - .3023PSF + 02
33?fc61E C2 3y<i?pi?£ 02

•.275100E+02

- .562517F + B2
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• ,60lMfl!>0;» • .62l5<$|f* ' t? •,Afl6700E*0* •,6ta3?0E + 02 "»,5P0JPeE*P2 • (5<>396*t*«>2
*.319Jf.9F*a? • ,'j739UCiF + 22 •,aa«751E + e2 • ,<l&0P*ae*02 -.54B12eF*l»2 »,5<.PU12E+02
•,593U70E + 02 •.S98U72E+02 - , f t22H7Ef 02 * |t6165t)6E*02 •,629208E»fl2 •.615300E + 02
• ,6186^.1E + 22 •J60!1J!HF*{"2 • , i 2518('Et02 • , 19BO16E+02 «,2872«3E + 02 -f3UR710e + «2
• ,a?«793E + P2 «>a797ti((E*02 t,$39?ifi0E + 02 •,5610a0£»02 • f602J5eE*02 •,6116266*02
• ,6«U79?£>P2 •,6y2270E + 5'2 -'.667519F + 02 •,6552t5(:t02 •,6710<J3£*C»2 «,6513?0C»&2

-,622220E + 02 -^6600fcaF.*02 «,6?'» JU t E+02
-,68«t62E+02 -.695597E+02 -,t>7332HE+?2
•,02389UE+02 ».a99l?2E+02 -,5128301+03
«.6371<)CE*02 -.66876BE + 02 ",67B630E + d2

",79«2»2E + 02 «,78762aF + 02 • , 758277EH2 •>7«fcJ33E*a2 ».\
"^83a5(»(»E + 02 •)>0b(;)73ciF + ("2 - ,e60«3Pf*02 •».882?30E + 02 - , l
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APPENDIX C

SAMPLE PROBLEM INPUT FOR MAIN PROGRAM

• 10 TO 40 MEV RUNSN • C
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APPENDIX D

SAMPLE PROBLEM SUPPLEMENTARY INPUT:

DISCRETE-LEVEL DATA AND TRANSMISSION COEFFICIENTS
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0. r99961E+00 ,99963E+00 0. 0t
,9996lE + 00 0, 0, ,9995«E + 00 #9<J958E*00 0,

0, ,99951E*00 ,999«9E+00 0, 0. .99955E+00
/i9992lEt00 P. 0. .99973E + 00 t99869E + 0(? 0,

0, p999e5E*00 .99798E+00 0, 0. ,98681E*00
.97075E+00 0. 0. .81966E+00 0. 0.

IJ8
119
120
121
122
123
12a

127
128
129
130
131
132
133

13*
137
138
139

}U4

117

150
151
152
153
154
155
156
157
158
159
160
161
162
163
160
165
166
167
168
169
170
171
172
173
17a

D-14



APPENDIX £

SAMPLE PROBLEM OUTPUT

N • CO-59 • • H . | AND HE»4 PRODUCTION
APRIL 7 , 1977 " STANDARD PARAMETERS

• • i d TO 40 MEV RUNS

IPRTLEV» 1 iPRTTCa 0 IPRfWIDB 0 IPRTSP« 3 IPRTGC" 1
INPOPT«-1 KLINOJ2 KTIN«12 NIBD« 4 LMAXOPT" 0

GROUND 3TATE OF
• + •• +

25058 IS INCOMPLETELY DESCRIBED,
ASSIGNMENTS CHANGED TO,

LCM SPACE REQUIRED (EXCLUDING DISC BUFFERS) IS 225300
NUMBER OF LCM BUFFERS IS 4
MAXIMUM NUMBER OF ENERGY BINS IS 200

Nla 5 NMP« j LGROPTa 2 LPEOa 1 NJMAX« 40 ICAPTq-0

58.93319 AMU
SPINT • 3.5

SPIN,PARITY
SPIN,PARITY

J ZAT» 27059 DE» 1.000 MEV XHT*
ACNa 0.000 /MfV FSlGCNs 1.000 OEFCNa 0

SP» 7,492 MEV
PIT» •!

INCIDENT ENERGIES <W(-V) a l.uOaE401

NIP
...

aJ 2736B

PARENT

2 26059

3 25056

S'W.'.VE
STRCNGTH, ENERGY

t 7.U1Z

1.0B8E*0B 6.567

u «l.flfiJEt00 7.270

IP ZA2

5 27056 «.74«E»01 8.S72

1
2
3
H

I
2
3

0
1

1001
2U0«

0

I
1PI01

0
1

1001
2004

0
1

1B01
2004

0
I

1H01
2004

XMR
(AHU)

59.9J4
27059 5B.91J
26059 58,915
25056 55.9J9

26059 S»,9J5
26«5B 57.913

53.919

5u,9«l
23H52 51.945

J7059 58.93J
27358 57,936
26058 57,953
25055 54.9J8

25H5fc
25H55

271)57 56-.93fc
26057 56.935
25054 51.900

• 99,0a 99,00 •••••
* 0.00 i.ee •••••

0.000
7.«92
8.275
7.172

0.000
6,567
11,899
7,974

0.000
7.27H
9,077
7.897

0.000

7.370

0,000
8 .572
6 ,953
6.715

,10 MEV

S NLEV
(MEV) ••

DEF A NLOC
- • • (/MEV) • • • •

0 0,000 0
0 B.P00 0
e e.t^e 0
z B.uca 0

e o,00«
0 n.it.fio
0 a,ec«
0 0,Oil0

0 0,000
e a,tea
e pi,e0ci
e 0,000

0,000
0.0U0
0,000
0,000

0,000
0,000

0
0
0
0

ICCC BUFFER
(MEV) NUMBER

0,000
0.CIP0

0,000

0,000

0,0(10

0,000

0,000

0,0.10

0,0(10
0,000



M

AXEL APPROXIMATION USED FO» 6AMMA.RAY TRANSMISSION COEFFICIENTS

I»'DEX I PARITY MUUTIPPLARITY RATIO TO El
I } 1 El UB0B
2 i -! Mi
5 2 » E2

COUI-MILAZZO CLOSED FORM USED FOR ABSOLUTE CAL OF PRE-EOUILIBRIUM CROJS SECTION

P«E-EOUIL»RIUM NOPMALHATIOM CONSTANTS ARE / j e U T W N P R O T O N D M T w 0 N T R I T 0 N

TRANSMISSION COEFFICIENT DATA
5 « • CO-59 TRAN'. COEPS..FOR N. P, HE-« . „ „ w . H F O R N



START OF SPECTRA SUBROUTINE. TIME FROM START OF THIS ENERGY • .082 SECONDS. TOTAL ELAPSED TIME • 22,122 SECONDS,

?••• GILCAM SUBROUTINE UNABLE TO HATCH DISCRETE LEVELS WITH LEVEL DENSITY FUNCTION FOB RESIDUAL NiJCUUS IN REACTION IR • 20 t**t

START OF I* 1 LOOP. TIME FROM START OF THIS ENERGY * .082 SECONDS. TOTAL ELAPSED TIME •

GAMMA RAY STRENGTH NORMALIZATION CONSTANT / I« 1, CONSTANT n 6,B3S0E«01

START OF IB 2 LOOP. TIME FROM START OF THIS ENERGY « 2.<I77 SiCONOS, TOTAL ELAPStD TIME «

GAMMA RAY STRENGTH NORMALIZATION CONSTANT / I« 2. CONSTANT • 1,0aB0E*0B

START or Is 3 LOOP. TIME FROM START OF THIS ENERSV 5 J.27« S^ONOS. TOTAL ELAPSED TIME «

GAMMA RAY STRENGTH NORMALIZATION CONSTANT / is J, CONSTANT « :,£»J30E»00

START OF I* « LOOP, TIMf FROM START O< THIS ENERGY • 5.065 SECONDS. TOTAL ELAP8ED TIKE 11

GAMMA RAY STRENGTH NORMALIZATION CONSTANT / I« U. CONSTANT • t,73fl0E«ei

START OF I« 3 LOOP. TIME FROM START Of THIS ENERGY >• 6.366 SECONDS. TOTAL E L « P 3 C D TIMS v

GAMMA RAY STRENGTH NORMALIZATION C0N3TANT / is S, CONSTANT • «,7600E»Bi

OF I LOOP IN SUBROUTINE SPECTRA. TIME FRQH START OF THIS ENERGY a 6.387 SECONDS, TOTAL ELAPSED TIME •

22,202 SECONDS,

2«,597 SECONDS,

25,595 8ECONO9,

27,185 SeCONDS,

28,486 SECONDS,

28,ber SECONDS,

pi
1



N • CO-59 -•
APRIL 7f 1977

H-l AND HE-U PRODUCTION
• STANDARD PARAMETERS

•• 19 TO «S KEV

L*6 NEUTRON ENERGY s i.U0B0E+0i MEV

BINARY REACTION SUMMARIES (COMPOUNO NUCLEUS ONLY).

REACTION
PRODUCT

SIGMA
(BARNS)

G&MMA-RAY .
NEUTRON 1.3276E+00
PROTON 6.9175E.P12
HELlUH-a 1.6113E-O2

IP " 2 ID s 1 OUTGOING PARTICLE • NEUTRON
INITIAL EXCITON NUMBER B J PREO NORMALIZATION • .50000E-03
COMPOUND X-SEC(BARNS) e ,935a5E+00 PREEQ X-SEC(BARNS) • ,5a9«BE+00

IP = 3 ID = 2 OUTGOING PARTICLE = PROTON
INITIAL EXCJTON NUMBER o J PRfQ NORMALIZATION s ,50000E»B3
COMPOUND X-SEC(BARNS) s ,ae7afE»01 PPEEQ X-SEC(BARNS) s ,6?595E»01

« ID s 6 OUTGOING PARTICLE HELIUM-il

INITIAL EXCITON.NUMBtR * J PR£Q NORMALIZATION a ,S0Gl!0E-02
COMPOUND X»SEC(BARNS} 5 .11352E-01 PREEQ X-SECCBARN3) a .53801E-S2
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PI
I

S P E C T R A F R O M I N D I V I D U A L R E A C T I O N S

ZACNB25056 ZACN=S50?6 ZACN»270S9 ZACNn27059 ZACN.27059 ZACN»27059 ZACN=a7058 ZACN*27358 ZACN=270S8 ZACN.27H58
ZAJ= 1001 JAlr 2004 ZA1» 0 ZA1« 1 ZA1« 1001 ZA1» 200U ZAlo 0 ZAlB 1 ZA1= 1001 ZA
ZA?=?«053 ZA?=23052 ZA2s?705«» ZA2=270S8 ZA2«2«,B58 ZA?e25a5S ZA2=270S6 ZA2=27PS7 ZA2»260S7 ZA,

SIGMA SIGMA SIGMA SIGMA SIGMA* "" SIGMA* " " s i c ? " " " S I G K A " """siGMA* " * " S I G M "
!Fvr. nrrAv r,. <e*SNS> CHARMS) (BARNS) (BARNS) (BARNS) (BARNS) (B*RNS) (BARNS) (BARNS) (BARNS)
LEVEL DECAY C/SB 0, 0, 2,752E-0l 0. 0, 0, 7.20OE-01 0. 0. 0
LEVEL EXCIT C/Sa 3,353E-11 3.6«6E«.l« 6.53«E»0l 7.317E-01 9.556E-02 I.J97E-03 1.530Et00 0. 0! a'
TOTAL PROD. C/S. ?,35JE-M 3.6«fcE-14 l,015E+00 8.099E-01 9.556E-02 1.J97E-03 7,975f.01 0, Zt «J

AVG.ENERGY (MEV) l,0a8E»00 8,qfc?E*00 2,775E*00 1.3P7E + 00 2,O50E*00 «,,«»8?EI00 1^00BE»00 *""•"*"•" •-—•«•—•• *»..-•—«

K ENERGY SIGMA SIGMA 9IGMA SIGHA" "SIGMA" " SIGMA* "^SIGMA* " " s i G M r """* S 7 fi M A * ""SIGMA"
tMEV) {B/MEV) (S/nV} JB/MEV) (B/MEV) (B/MEV) (B/M£V) (B/MEV) (B/HEV) (B/MEV) (B/h-EV)

1 1.000 3.2U0E-11 7.B90E-15 3.773E-01 5",612E-01 9,973t-3J 6.239E-09 7,976E-01 0, 0, 0
2 2.000 4 , J i i t . | J 1,«61E«1« 1.370E.01 2,O67E-01 5,5blE-02 l,«27E»06 0, 0. 0. B
3 3.0P0 U,78OE-11 J.153F-15 2.047E.01 0, 1.36OE-02 1,««,2E-O6 0, 0. 0 * 0 '
« «.pP0 0. i.OBHE.lO l,2?9f>01 0, 9,759f-03 6,97OE.pa 0, 0, 0̂  0*
5 5 «0 0 0 0, 0. 7,6B8E*0a B, 6.611E-03 I.66PE-R1 0, 0, 0. g.
6 6.fC0 0, 0, fl.301E»03 0. 0, S,315f-0d 0. 0. 0̂  0,
7 7.000 0, B. 2,397E.B2 0. 0, £), 0,' 0 , &. 0 .
8 8.000 0, p. 1.8f)9E-t»2 0". 0, 0. «l, «. «, f.
9 9,000 0, 0. 8.908E-0J 0', 0, 0, 0, fl, 0( 8,
10 10,000 0. fl. 2.7HE-P3 0, 0, 0. 0, 0, 0, 0,
it !i.0O0 vf 0, i.<i««E-o5 B. e, e, B, 0, 9, e,
12 12ffifl0 0, p, 5.611E-06 0, 3. 0, 0, 0, 0, 0,
13 13,0P0 0, p. a.3«5<>E«06 0, 8. 0, 0, 0. 0, 0,
la 1U,0P0 0. 51, 0. 0, 0, 0t gf 0|| B, e§
15 15.000 P, tl. 0, 0, 0, 0, 0, p, 0, ?t
16 16.000 ?, 0. 0, 0, 0, 0, 0, 0, 0, 0,
17 17.000 0. 0. 0 0, 0, 0, 0, 0, 0, 0,
18 18.HP0 0, e, 0. 0, fl, 0, 0, 0, 0, 0,
19 19.0H0 0, 0. 0, 0. B, flt 0 t B# 0f 0 |
20 ?fl,0{'0 P, p. (Jj, 0 . g , p , 0 , 0> 0, 0t
2t 21.000 0, o. e. p, (j, 0 , o , o', 0 , 0 ,
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00

D I S C R E T E L E V t l I N F O R M A T I O N

I " 1 I P s 1 I B a i Z A l a 0 ZA2«>27060 SEPARATION FNERGY a
NUMBER OF LEVtL IN RESSOUAL NUCLEUS • J l NUMOEH OF GAMM« RAYS •

0 , 0 0 0 MEV ACCUMULATED SEPARATION rNfcRGY « 0 , 0 6 0 HEV
18 RESIDUAL NUCLEUS 10 o ? 7 0 6 0

LEVEL LEVEL SPIN, PRODUCTION NUMBER OF FINAL FINAL
NO ENERGY PARITY CROSS SECTION TRANSITIONS LEVEL ENFRGY

1

2

3

4

5

6

7

8

9

0

(MEV)

0.HP00

.fl59P

.2780

.2650

.«360

.5050

.5010

.6140

.7360

.7820

S.fl

2.0

fl.0

3.0

5.0

3.0

2.0

3.0

2.0

1.0

(BARNS)

3.3««PE*06

1.8459E-06

8.2750E-07

6.5204E-87

4.7466F-07

2.87fl2|;-07

2.0741E-07

6.1643E>07

1.86*7E«(J7

3.8003E-07

NO (MEV)

TRANSITION CONDITIONAL GAMHA GAMMA PRODUCTION
PROBABILITY PROBABILITY NUMBER ENERGY CROSS SECTION

(HEV) (BARNS)

11 1,0060

1

t

2

1
3

0.0nn0

a.0006

.0390

0,0000
.2780

1,8000

1.0000

1,0000

.1700
,8300

.0590

,0590
.2880

,0590
.2780

.6110

0,00(10
.2880

.5410

.2680

.2793
,0590

1,0000

,4200
,5800

,9700
,0300

1,0000

,4600
,5400

.step
,0700
,1500
.1200
,1400

.©<*«<»

1,0008

1.0000
1,0000

t,0f«0

.0590

4460

2

3

4

s

,2T«S

.2290

.0360

.1580

8,27506-07

6.5204E-07

e.0693E»P8
3.9J97E-07

1,0000
1.P00B

1.0000
i.000e

ia<i00e

1.P000
i,00(ie

1.0000
1,0000
1,01900
1.0000

l.Raee

7
8

9
10

11

12
13

Id
15
16
17
18

.4820

.2530

,5550
.3360

.1220

.7820
,4940

.3920

.4650
,7180
,7280
,9470

e.7i'iiE«ee
1.?C!3BE-8I7

5.9794E.07
}5B49JE»06

1.8657E-07

1.7481E-07
2.0S21E-07

t.4340E«07
1.93P4E-08
4,13«,?E«C8
3.3093E-08
3.66CI9E-08



m
i

!« 1 IP= 2 I*»« 2 ZAis 1 ZA2»27B59
OF LEVELS IN RESIDUAL NUCLEUS o 9

SERRATION eNERGy • 7.092 MEV ACCUMULATED SEPARATION ENERGY Mf.V

LEVEL LEVEL
NO ENERGY

i f
3 1
* 1
u
5
6 1
7
8

(MEV)

.379J

.loan
,2915
.UJUCj

.Uflia

. 7UU3

SPIN,
PARITY

-3.5
-1,5

-a,s
•1,5

-5.5
-2,5
-J.5

ISO«
SPIN

99.0
99.0
99,(»
99,0
99.0
99.0
99.3
99.0

PRODUCTION
CROSS SECTION

(BARN3)

l.K750£-03
1,U97SF«.5IJ
s,esi«t««ij

5.371rjE-P<l
3.2651F.-B3
l.hft32E«f)3
2.2726E-03

NUMBER OF LEVELS ! N RPSIPUAL NUCLEUS « 3
SEPARATION ENERGY « 6,279 MEV ACCUMULATED SEPARATION ENERGY » 0,800 MEV

LEVEL LEVEL SPIN,
NO ENERGY PARITY

(MEV)

190- PRODUCTION
SPIN CROSS SECTION

(BARNS)

99,0
9<?0

I" 1 IP» « I P " 0 7At»?B»a ZA2s25K6
OF LEVELS IN RESIDUAL NUCLEUS » 3

SEPARATION CNERO1' m 7,172 MBV ACCUMULATED SEPARATION CNEP.CY • 0,000 MEV

L.
NO

1
C

3

LEVEL
ENERGY

SPIN,
PARITY

ISO-
SPIN

5.1! 99.0
2,51 99,«
1.0 99.0

PRODUCTION
CROSS SECTION

(BARNS)

9.J096E-BS

!= 2 IPs ! TO* <J ZA1* 0 ZA2s36BS9 SEPARATION C e R G Y
NUMBER OF LEVEL IN RESIDUAL NUCLEUS n J NUMBER OF CAMMA RAYS

0,000 MEV ACCUMULATED SEPARATION ENERGY • 8,275 MEV
3 RESIDUAL NUCLEUS 10 -26059



I
M
O LEVEL LEVEL SPTN, PRODUCTION NUMBER OF fJNAL FINAL TRANSITION CONDITIONAL GAHMA GAMMA PRODUCTION

NO ENERGY PARITY C 0 3 3 SECTION TRANSITIONS LEVEL ENERGY PROBABILITY PROBABILITY NUMBER ENERGY CROSS SECTION
(MEV) (BARNS) NO (MEV) (MEV) (BARNS)

1

2

3

0 .

9

P

0H00

2890

«750

- 1

*

- 2

.•5

.5

6. •02

fl.fl000

0,0000
O2890

1,0000

,2500

1,0000

1,00 e
1,0000

,2690 !,6<I09E»02

2 IPs 2 IR» 6 ZA1» i JA2»26?I58 SEPARATION ENERGY a 6,587 KEV ACCUMULATED SEPARATION
OF LEVELS IN PF3I0UAL NUCLEUS a 9

,i86« 1.0356E-02

• ee27S HEV

LEVEL LEVEL SPIN, ISO- PRODUCTION
NO ENERGY PARITY SPJN CROSS SECTION

(MEV) (BARNS)

t
3
3
tt

i/i

6
7
8
9

1 .
2 ,
2 ,
2 .
2 .
2 .
3.

Bltlf)
*730
nsa
2570

7R?B
6768
0R(in

P.0
2 .0
2 ,0
3.0
0 .0
a ,0

S.3
2.0

99.0
99.0
99,0
99.0
99.0
99'. a
99.0
99.0
99.0

8.5725E-03
2.2615E-B2
3.P559F-03
5.la5aE-nj
l.?5««E-0«
2.73S6E-03
!.«?«6F-0«
1.223?iE-0tt
l.7l2flE-P4

1" 2 Ipa J TR« 7 ZAU1001 IA2«250S8 SEPARATION ENERGY • 11.899 MEV ACCUMULATED 8EPARATS0N ENERGY « 8,275 MCV
'« OF LEVELS IN RESIDUAL NUCLEUS • 1

NO
LEVEL SPIN, ISP» PRODUCTION

FK'ERGY PARITY SPIN CROSS SECTION
(MEV) (BARNS)

1 0.0O0B -0,0 99.0 0,



i» 2 IPs n iR" e z»i»?5i0« jAj
NUMBER OF LEVELS IN RESIDUAL NUCLEUS «

SEPARATION ENERGY • 7,97*1 MEV ACCUMULATED SEPARATION ENERGY • 8,275 MEV

LEVEL LEVEL SPIN,
NO ENERGY PARITY

ISO- PRODUCTION
SPIN CROSS SECTION

(BARNS)

1
2
3
a
5

0,0non
,?«U0
,S?tP
.57?fl
.8850

-1
•
••2
-1
-2

,5
,5
,5
.5
.1

99,
9<>.
99,
99.
99.

0
0
CI
0
0

I« 3 IPs 1 1R= 9 ZA1* 0 ZA?=2S056 SEPARATION ENERGY • 0.0B0 NtV ACCUMULATED StPARATJON LNEHCY a 7.172
NUMBER OF LEVEL IN RESIDUAL NUCI.FUS e 3 NUMBER OF GAMMA RAYS * Z RESIDUAL NUCLEUS 10 "25056

LEVFL LEVEL SPIN, PRODUCTION NUMBER OP FINAL FINAL TRANSITION CONDITIONAL 6AHMA GAMMA PRODUCTION
NO ENERGY PARITY CROSS 3ECTI0N TRANSITIONS LEVEL ENERGY PROBABILITY PROBABILITY NUMBER ENERGY CROSS SECTION

(HEV) C8ARNS) NO (MEV) (MEV) (BARKS)

.1100

3

2

I

.0

«0

.0

1

7

2

.6«S$E

.5<if»lE

.0?fl6E

-03

-0S

0

1

t

1

2

0,01900

,0260

1

1

,0330

,0000

1

1

,0000

,0000

.0260 7,S«2IE>*:

,0640 2,B2B6E«0J

5 !»= 2 IR=10 lAla i ZA2S25053 SEPARATION ENERGY • 7,570 MEV ACCUMULATED SEPARATION ENERGY B 7,172
OF LEVELS IN RESIDUAL NUCLEUS « 7

LEVEL LEVEL 3PIN,
NO ENERGY PARITY

(MEV)

PI,0(100

1.PB30
2,1990

-2,5
-3,5
•«.1
•5,5
-1,5
-2.5
-3.5

ISO- PRODUCTION
SPIN CROSS SECTION

((5ARN3)

99,0
99.0
9<'.0
99.0
99,0
99.0
99.0

9,P?89C-96
1.0837E-09
l,B0B5f-B6
l,2a67E-06



-12

!» 3
NUMBtR

LEVEL
NO

1
2
3
4
3

IP» 3 IR31I Z A l s K
IF LEVELS IN RESIDUAL

LEVEL
FMERGY
(MEV)

0,0000
,2O«0
.52J0

.5720
,8B50

SPIN,
PARITY

-1.5

• 2.S

-2.3

ISO-
SPIN

99.0
99. a
99.B

99'. 0
99,0

101 ZA2s24055
NUCLEUS s 5

PRODUCTION
CROSS SECTION

(BARMS)

3,?107E-U
7,730?E-13
3.5na6E-i3

1.8115E-I3
1.1267E-13

SEPARATION ENERGY • 9,077 MEV ACCUMULATED SEPARATION ENERGY • 7.172 HEV

!• 3 IP« a i 0 Z 2 3 (
NUMBER OF LEVELS IN RESIDUAL NUCLEUS fl 7

SEPARATION ENERGY • 7.JI97 HEV ACCUMULATED SEPARATION ENERGY • 7,172 MEV

LEVEL LEVEL SPIN, ISO-
NO ENERGY PARITY SPIN CROSS SECTION

(BAR^S)

I
2
3
4
c
b
7

P,0fiP0
,P17?
,0228
,iai6
,1178
.Uibb
.7935

3.0
2,0
0.0

JCB
2.0
2.0

99,0
99,0
99,0
99'. 0
99,6
99,0
99,f)

6,
«.
1,
I.
«'.
2,
1.

9296C-
3J4BE-
5SC9E-
8203E-
777PE-
PJ65F-
0685E-

15
15
M
13
13
13
IS

i r M . r . 1 R f 1 S 2 M = " * A ? B 2 T p 5 9 SEPARATION ENERGY • 0.000 HEV ACCUMULATED SEPARATION ENERGY • 7.092
OF LEVEL IN RESIOUAL NUCLEUS » 8 NUHBER OP GAMMA RAYS • 11 RESIDUAL NUCLEUS ID "27059

NO
,,LEvEL SF>1N« PPODuCTlON NUMBER OF FINAL FINAL TRANSITION CONDITIONAL GAMHA GAMMA PRODUCTION
ENERGY PARITY CR03S SECTION TRANSITIONS LEVEL ENERGY PROBABILITY PROBABILITY NUMBER ENERGY CROSS SECTION

( M E V ) (BAHN3) NO (HEV) (MEV) (BARNS)

1,0000

1,0000
1,0000

1

2

3

tt

(MEV)

0.0000

1,0993

1.1900

1.2013

• 3.

•1.

-«.

-I.

3

5

5

3

(BAHN3)

3.7819E-01

4,234lE»02

7.9069E-02

2.21?2E-02

0

1

1

2

NO

1

t

I
2

(HEV)

0.0000

0.0000

0,0000
1.0995

1

1

,0000

,0000

,9«00
,060?

1 1.099* <I,25<UE>02

2 1,1900 7,9069E«02

J 1.2915 2,0?9SE«0i

4 .1922 1,3273E*03



5 I.U300 - . 5 6,6U5«E-03

6 1.16PPI - 5 . 5 8.79fc2F.fr?

7 1,<I810 » 2 . 1 1.8790E-PJ2

8 1 ,70 (10

2 1.0993
1.2915

0.0000

1,0995
8.0000

1.1">B0

.5000
,5000

,6
,0000

.1500

q Ip" 2 t1"\H ZA!" t ZASB270B8 SEPARATION ENERGY • iB.fl60
OF LEVELS IN RESIDUAL NUCLEUS « 6

1,000?

,3317
,t«25

7 I.U600 6,7962E>02

,3817 I.I27«E>02
7.5158E.0J

11 .5510 ;

ACCUMULATED SEPARATION ENEROY • 7,«92 HEV

LEVEL
NO

1
S
3

a
5

e>

LEVEL
CNFnr.Y

(MEV)

0,0000

,f"2«9

,tU0
,3hT0
.'1320

SPIf
P4RI1

2.
5.
J,
1,

s
2.

1,
•Y

e
a
0
0
0
0

ISO*
SPIN

99,0
99,0
99.0
99.0
99.0
99.0

PRODUCTION
CROSS SECTION

(BAHM3J

6,7P70f-02
3.S62SE-0J
9,gi63E»Pa
1,^?06E«01
5.1398E-02
2.9767F-02

I

I« a IPs 3 I i 5 2A11CI0T X A 2 5

NUMBER OF LEVELS IN RESIDUAL NUCLEUS « 9

LEVEL LFVEL SPIN,
NO ENERGY PARITY

,R106
J.675B

2.2570

2,7fl?0
2.0760
3,P8«0

2,0

3.0
0.9!

2.0

ISO- PRODUCTION
SPIN CROSS SECTIOV

(RARNS)

99,0 3.7731E-02

99,0
99.0
99.0
99.0
99.0
99.0
99.0 2,1991E-0«

SEPARATION ENERGY • 7,J7« »CCUWULATEO SEPARATION ENERGY • 7,«92



I

I« 0 IPs a IRB|fc ZAJa2aea ZA2=S5P55 SEPARATION ENERGY « 6,951 KEV ACCUMULATED SEPARATION ENERGY • 7.«92 MEV
NUMBER OF LEVELS IN RESIDUAL NUCLEUS = 7- «• n * « nC»

LEVfL LEVEL SPIN, ISO- PRODUCTION
NO ENERGY PARITY SPIN CROSS SECTION

(MEV) (8ARN5)

1 0,00(10 -2,5 99f0
2 .1260 -3,5 99,P i
J ,9eu0 -a,5 99.0 i
a 1.2920 -5.5 99^0 2;97ME»fl«
5 1.5280 -i.S 94,0 2.2376F-P6
6 1.6P30 -2.5 99,0 1.O05BE-C16
7 2.1990 -3.5 99.P 3.aa?5E-06

!• 5 IP= 1 IR=17 ZA1« p ZA2B27058 SEPARATION ENERGY • 0,000 MEV ACCUMULATED SEPARATION CNfRCY • 17,958 H£V
NIJMBER OF LEVEL IN RESIDUAL NUCLEU8 f» 6 NUMBER OF GAMMA RAYS " 6 RESIDUAL NUCLEUS ID W27055

LEVEL LEVEL SPIN, PRODUCTION
NO

1

2

NIJMRER FINAL FINAL TRANSITION CONDITIONAL GAMMA OAMMA PRODUCTION
ENERGY PARITY CROSS SECTION TRANSITIONS LFVEL ENERGY PROBABILITY PROBABILITY WUHBER ENERGY CROSS SECTION
(HEV)

,0249

,11651

,367?

.1320

2.a

5.0

5.0

2.0

(BARNS)

6.091SE-O1

1.6293E"ftl

NO (HEV)

t

1

2
1

1

1

0

0

e

0

0

,0000

,0000

,02a<>

,0000

,0000

1.0P0O

1,0000

,9700

1,0000

1,0(538

l.BBSB

1,0000

(H£V)

.0209

(BARNS)

3.d026E-0t

I.161IE-01

.19*11

.1168

,3670 5.799UE-P2



I" 5 If* ? JR»lfl ZA]o
NUMBER OF LEVELS IN RESIDUAL

t ZA2B27P57

NUCLEUS e t
SEPARATION ENERGY • 9,37? *EV ACCUMULATED SEPARATION ENERGY • 17,952 MEV

LFVEL
NO

LEVEL SPIN,
rWWGY PARITY

(f£V)

P.Pf nil
1.2255
1 ,3779

J.7S77

1.92(11

••5.5

•I 5

• 2.5

ISO* PRODUCTION
SPIN C"OSS SECTION

(BARNS)

99. 0
99.0
99,0
99, (I
99.0
99, d
99,0
99. fl

0.
a.

0.

I P s S I R » 1 9 Z 1 1 K J 1 Z ?
or LEVELS IN RE3IDU«L NUCLEUS • 5

SEPARATION ENERGY « 6,955 HEV ACCUMULATED SEPARATION ENfRCr « 17,958

LEVEL
NO

t
2
J
u
5

LEVEL
ENERPY
(PEV)

0.0cnf!
,niuu
.IShS
,3668
,,7P66

SPIN,
PARITY

•.3
-1.5
•2.5
•'^
-2.5

130-
SP

99r

«?•>,
99.
99,
99.

IN

0
0
0
9

0

PPOPUCTION
CROSS SECTION

(BARNS)

0.
0>
P,0I

I* ? IP" 0 IR320 2A|B?n(5a ZAJa
NUMBER Or LEVELS IN RESIDUAL NUCLEUS =

SEPARATION ENERGY • 6,715 ACCUMULATED SEPARATION ENERGY • JT.932 MEV

LEVEL
NO

LEVEL
ENFRGY
(MEV)

SPIN,
PARITY

ISO*
SPIN

PflOOUCMON
CROSS SECTION

(BARNS)

B.flflflfl 3.H 99.0
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