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GNASH: A PREEQUILIBRIUM, STATISTICAL NUCLEAR-MODEL CODE
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P. G. Young and E. D. Arthur

ABSTPRACT

A new multistep Hauser-Teshbach code that includes correc-
tions for preequilibrium elfects is described. The ccde 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 tvheoretical description
is alsc 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—Feshbach1 theory to calculate
complicatea sequences of reactions 'and includes a preequilibrium correction for
binary channeis. Garma-ray competition is considered in detail for evevry decay-
ing compound nucleus. Tach calculation can handle decay sequences involving up
to 10 compound nuclei, and each decaying compound nucleus can emit a2 maximum of

6 types of radiation (neutrons, gamma rays, protons, alphas, etc.). Angular-

momentum effects and conservation of parity are included explictly. Fach resid-
ual nucleus in a calculation can contain up to 50 discrete levels, whereas its
continuum region can be represented by up to 200 energy bins. The incident-par-
ticle types that are permitted are neutrons, protons, deuterons, tritons, He,
and 4He. These particles and gamma rays can also be emitted from decaying com-
pound nuclei. Angular distributions are not calculated; that is, isotropy is

assumed in the center—-of-mass (c.m.) system.
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Figure 1 illustrates input data T LT £ARDS
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The input includes cards that specify

GAMMA~RAY
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(INDIVIDUAL AND
COUPOSETE)

the reaction chains to be followed, the
HASS and GROLND
STATE SPIN TABLE

incident energies tc be included, and

the model and parameter options to be

s . . Tig, 1.
used in the calculation. Optical-model Input and output features of the
transmission coefficients are input for GNASH code.
all particle types included, and the
energy levels, spins, parities, and n+ o
branching ratios are provided for ail a%._l_§%o
0
residual nuclei in the calculatiun. P i \\\‘éL,
n 56 y 6
A complex decay sequence involving M""j;*'M”
B 2 B Y, B L \p._
mul tiparticle and gamma-ray emission, ‘9/ - ‘:g*\m . 55
. . P <5, sS4
typical of the ones that can be handled LW n Mn s2, cr
in a single calculation, is shown in e
. &%rti—?Fel;o e 5aL‘io--Z--sE;Co
Fig. 2. The sequence is for neutrons I/// \\\:
59 . .. Pln »p
incident on " Co with sufficient energy 57, n 54
v Mn s Mn
to cause (n,5n) reactions to occur, and v y
? ’ S¢r ——Fe LTre séo—l;iﬁo
has been used to calculate proton~ and ‘3/ n P ~ \\c\ll
. . Se o3
alpha-production cross sections for neu- =, M% “ g 3" Mn
] 2 r Fe L 56y Y56~
trons up to 40 MeV in energy. The o l : /’Co R o
n
heavy arrows in Fig. 2 indicate the main =n 55 ’///// noTs2
e 1
reaction chains that were followed. A eo
part of this celculation is included in
Fig. 2.
i +
this report as a sample problem. Other Sample decay chain for n + 59CO
examples of calculations with GNASH ap- calculations.

pear in Refs. 3-8.
The GNASH code, developed for a Control Data Corp. (CDC) 7600 computer, uses

49 000 words of storage ond up to 290 000 words of extended~core memory (depend-
ing on the problem) for storage of parameters used in a calculation. As an op~
tion, the code can use auxiliary files;of transmission coefficient and energy-

level data or obtain these data directly from cards.

Included in this report are descriptions of the theoretical expressions used
in the calculations (Sec. II), mechanics of the calculation and important sub-
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routines (Sec. IIT), input parameters and options for streamlined setup (Sec. IV),
supplemental data or files needed (Sec. V), and output produced by the code (Sec.
VI). Section VII contains a summary discussion, and the code listing and a sam-

ple problem are given in Appendixes A-E.

II. THEORETICAL BACKGROUND

A, Calculational Expressions

The statistical portion of the code includes angular-momentum and parity ef-
feccs explicitly and generally follows the formalism of Uhl.9 In this secction,
we cive a brizaf description of the expressions used in the calculation. Reference
9 should be consulted for more detail.

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

The composition of nuclei involved in a calculation is as follows. t low
excitation energies, discrete levels of energy E, total angular momentum J, and
parity 1 are included. Generally, experimentally determined values of £, Jﬂ,
and branching ratios are used for these levels. For higher excitation energies
where discrete-level information may be lacking, a continuum level-density ex-
pression is used. For this purpose, the continuum regior is divided into energy
bins of width AE.

The population of continuum bins P(n+1)(UJﬂ) in the (n+1)th compound nucleus,

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

(nH1) 2 : A (n) r;” @' vam (n+1)
P (uJm) = dau’ P w'y'n") GRS ol (uam) » (1)
NAN IR

~(n)

where P " (U'J'n") 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 *- form the (n+l)th nucleus. The population of the first com-

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



from the appropriate sum over transmission coefficients taken at the c.m. energy
g of the incident particles,

(23 + 1) -1

(1) T
PO = BT D F D T ()60 - B) . 2)
7

S

Here k is the relative-motion wave number, I(ﬂT) and i(ﬂp) are the spins (parity)
of the target nucleus and projectile, and J(m) is the total angular momantum
(parity) of the compound system. The quantity fz is a parity operator given by
fz =1/2 Iﬂ + (—1)£ﬂTﬂp|, Tz(e) is the transmission coefficient having orbital
angular momentum £, s is the channel spin, and B is the binding energy of the
incident particle in the compound nucleus. The partial decay widths used in Eq.

(1) for reaction channel a have the general form

(1’1) [ IC) P = ___1,__.__.._ v -
LI WM = e T E E T,(U' - U - B)f, (3)
s g

for widths involving transitions from continuum bins in the compound nucleus to
continuum bins in the residual nucleus. Here the parity operator fQ Fas the form
fz = 1/2|mn' + (—1)zﬂa|, where wa is the parity of the emitted particle, and Ba
is the binding energy of the emitted particle.

Similar expressions hold for the population of discrete levels:

. (n)
N |~ r’(u'g'n',g,J,m)
p (otL) (B,3,m,) =de, 2 p (™ Wty -2 I"(U'J"n";‘ AX ’ %)

J'n’

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

7Y TV ! - E E

s 2

Here the sums are taken over channel spin s and orbital angular momentum §%.
The total width appearing in the denominators of Egs. (1) and (4) is then the sum
over continuum bins (UJT) or discrete levels (EAJAHR) of the arpropriate partial
width Fa(U'J'ﬂ',UJﬂ) or Fa(U'J'ﬂ"EAJAﬂA) for each reaction channel a.

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

11
Braga-Marcazzan10 and based upon the exciton model of Criffin and Blann  has
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been used to correct reaction and level-excitation cross sections as well as

spectra for preequilibrium effects:

\ o. {(&e)meo n
do)  inv R Z W 2@ + D3m -1 . (6)
preq

2 43
ae M| "g E n=3

In this expression E and U are the excitation energies of the compound and resid-
ual nuclei, respectively; o is the incident~particle reaction cress section; m,
£, and Oinv(e) are the mass; kinetic energy, and inverse cross saction for the
outgoing particle; g 1is the average single-particle level spacing from the
Fermi-gas model; and n is the number of particles and holes (n = p + h) in the
comncund nucleus. The sum extends from the initial exciton number 3 to n, the
limiting value attained when equilibrivm is reached.

We assumed that the absolute squar:z of tle average matrix element of resid-
ual two-body interactions had the form iM!z = KA—SF_l (4 is the mass of the
nucleus involved), determined by Kalbac‘n—Cline.13 The normalization constant
{ 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 cude evaluates
the normalization factor using the expression

24
o-tle g (7)

We determined the value of O for neutron- and proton-indu:ed reactions to be
0.0005 + 0.0001, in agreement with che Braga-Marcazzan value of 0.00045.10 Our
result corresponds to K = 150 + 30 MeVB, which ccn e compared to the value of
100 + 35 MeV3 obtained by Kalbach—Cline.13 To provide flexibility in the cod=
for calculation c¢f preequilibrium emission, we made the normalization factor
dependent on the type of particle emitted. Thus, effects such as the possible
existence of preformed particles can be included. When the outgoing particles
are neutrons and protons, the o values are known fairly reliably, but those for
outgoing a2lphas are less accurately known. Because of the lack of experimental
data on d, t, and 3He emission, even more uncertainty in o exists for these.

The total preequilibrium component, obtained by summing over each outgoing
particle channel invelved in the decay of the first compound nucleus, then de-
termines a fraction by which the total cempound-nucleus reacticn 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 comporent.



B. Supplemental Quantitice: Transmission Coefficients and Level Densities

To provide particle transmission coefficients, external opntical model rou-

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

16 . -
COMNUC form (see Sec. V) as a functicn of total angular momentum J and converts

them to Tl using the expression

R+ DY pee * le,l—s} ' ®)

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

8
mation’ 17 or the Brgnk—Axell -19 giant dipole resonance form can be used. Specif-

ically, the Weisskopf appro:imation for E1 tramnsitions yields

El 3

(U U') = Cw Y

5 9)

whereas the Brink-Axel form gives

222
2 0.013A .
" (v,0) = Cii'% é 7 By = % RN 22 (10
n2c (g - ED® + E T

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

the resonance energy in millions of electron volts, is given by E 80A'1/3.
The normalization constants C l'andC i are obtained from tle ratlo of the
average experimental gamma-ray width <Fy> to the observed resonance spacing <D>
for s-wave neutrons through evaluation of the expression (at the neutron binding

energy EB)

<F
TEl(B“,U')p(U'J'ﬂ')dU' s (11
\<D> l Y ii

where'TEl 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 (= eil l), and the rai;os CEZ/CEl, CE3/CEl ey CN3/CEl are de-
termined from the Weisskopf estimate  or are input directly during setup of the

calculation.
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The level-density expressions are those of CGilbert and Cameron20 with the
21
pairing and sizell parameters of Cook. A Termi-gas level-density form is used

at higher excitation energies,

ﬂ exp (2Val) (27 + 1) exp [-(J + 1/2)2/202j , (12)
24 a1/4U5/4 23T 03

p(E,Jm) =

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

energies

2 2
p(E,Im) = 2= exp [(E - £ )/T] (20 + 1) exp [-J +1/2) /20°] (13)
T 0 a7 o

The definitions for the quantities in Fgs. (12) and (13) are given in Ref. 20 and
will not te 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 calculaticns or determined

using the Gilbert-Cameron prescription

a/A = 0.00917 [S(Z) + S(N)] + €, (14)

-

21
where 5(Z) and S(N) are shell effect terms and C, a correction term, depends on
whether the nucleus is deformed (C = 0.120) or spherical (C = 0.142).20

I1II. 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.

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

CHAINS - Called if automatic setup of chains is desired.



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

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

20
bert-Cameron  level-density prescription.

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

TCPREP - Peads 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 JT 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 ovar decaying compound nuclei involved in the reac-
tion sequence. The secound 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 populaticns
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 discretzs levels in a particular residual nucleus are then
obtained from sums over the fifth loop. If preequilibrium effects are to be
included, PRECMP is called to modify the continuum and level populations
computed above. The GRLINES subroutine is then called to compute discrete
gamma-ray cross sections and to add these cross sections to the computed

gamma-ray spectra.

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

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



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

———>B. Loop over energy bins Y (UJm)
compound nucleus T
——>, Width-summing loop M=1- I‘t:ot
M=2->pP
—— D, Loop over decay reaction types
—»El, Loop over continuun bins ¢ (U J'm')

of residual nucleus I'
M =1 compute

Tooe(To¥) = T (T,0) + T(T,0:T'9")p (1" )AE

M = 2 compute
DP = I‘(I(,{):I'w')p(I'w’)P(Iw)AE/Ttot(Iw)

P(I'Y') = P(I'y'") + DP
!—PEZ. Loop over residual-nucleus discrete
levels P'(EFI'T")

M =1 compute
Peoe(To¥) = T (T,¥) + T(TY:T'y")

M = 2 compute

PL(I'Y') = PL(I'W") + T(W:T'9)P(IW)/T,  (TV)

]

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 invelved 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 (27<I'>)/<D> determined from s-wave neutron resonance

data.

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

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

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

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.

FRECMP - 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.

IVv. MAIN CODE INPUT PARAMETERS
We attempted to keep the GNASH input as simple as possible. Thus all masses,

separation energies, and ground-state spins and parities are taken from a data
file (GROUND2, listed in Appendix R), which accompanies the program. The masses
in the file are either the 1971 adjusted experimental values of Wapstra,22 or in-~
terpolated or extrapolated values from fits to the measured masses using the semi-
empirical relations of Garvey et al.23 The ground-state spins and parities are
based on experimental measurements.24 If J or T is unknown, a value of 99. ap-
pears in the file. Unknown spins and parities are flagged during execution, and
JTr = O+ (even A) or J1T = l/2+ (odd A) is used in the actual calculation.

The input parameters required for the main GNASH code are described in

Table I, and a sample input is given in Appendix C. The following sequence of

input data cards is used:
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(4) (2 cards) FORMAT (8A10): TITLE(N), N =1, 16

(B (1 card) FORMAT (5I4): 1IPRTLEV, TPRTTC, IPRTWID, IPRTSP, IPRTGC
{€) (1 card) FORMAT (5T4): INPOPT, KLIN, KTIN, NIBb, LMAXOPT

(D) (1 card) FORMAT (414): NI, NMP, LGROPT, LPEQ, NJMAX, TCAPT

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

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

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

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

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

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

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

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

(b) Inner DO loop IP = 1, NIP

(1-6 cards per I) FORMAT (5E10.3): ZA1(IR), XNL(IR),
A(IR), XNLGC(IR), ECGC(IR), where IR is a running re-
action index that defines a unique I, IP for each re-

"action sequence
(I) (1-6 cards) (DO loop MP = 1, NMP)
FORMAT (8X, Al, I1, E10.3): LMGHOL(MP), LG, 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 Description

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

IPRTWID Print control for reaction decay widths. Set IPRTWID = 0(1) to
omit (include) prii* of decay widths for each reaction channel on

the basic iniegration energy mesh.
IPRTSP Print control for calculated energy spectra, as follows:

IPRTSP 0 to omit print of all calculated energy spectra.

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

2 to print individual spectra from eact decay prucess in-
cluded in the calculation, omitting the composite

spectra.

3 to print both individual reaction and composite spectra.

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

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

options are available:

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 imput.

INPOPT

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

12




Parameter

TABLE I (cont)

Description

KLIN

KTIN

NIBD

LMAXOPT

NI

NMP

LGROPT

LPEQ

NJMAX

1 to automatically follow the neutron chain from the
initial compound nucleus. A total of NI (see card
no. 5, Sec. iV-D) compound nuclei are included, 2nd

each is permitted to decay by emission of gamma rays
and neutrons.

i

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

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

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

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

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

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

-~ | LMAXOPT
TO * 10 l I. 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~Ax21 approximation.
Preequilibrium control. Set LPEQ = 0(1) to omit (include) pre-
equilibrium processes in the calculation.

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

J = (2 ®* NJMAX - 1)/2, me¥
max

13



Parameter

TABLE I (cont)

Description

ICAPT

ZAP

ZAT

DE

FGSIGCN

NELAB

ELABS(N)

ZACN(I)

XNIP(I)

SWS(I)

2ZA1(IP)

CNPI(I)

14

Gamma-ray cascade control for initial compound nucleus:

ICAPT = 0 to omit full gamma-ray cascade calculation in the initial

compound nucleus (all subsequent compound nuclei do in-
clude the full cascade).

]

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

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

1000 * Z + A for the target nucleus.

Energy increment for the basic integration energy mesh (in millions
of electron volts). A maximum of 200 energy steps is permitted.

If the chosen value of DE is too small, the code automatically in-
creases it to satisfy the 200-step limit.

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

Number of incident neutron erzrgies 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-pcint

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,
2m<l.,>/<D>, that is used to normalize the gamma-ray transition
probabilities. A negative wvaiue 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.

1000 * Z + A for the radiation emitted from ZACN(I) by decay into
channel IP. Note that ZZA1l(1) = 0. (gamma ray) is assumed in all
cases. Other possible values are 1., 1001., 1002., 1003., 2603.,

and 2004. (maximum of IP = 6).

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



Parameter

TABLE I (cont)

Description

CNPIP(I)

ZA1(IR)

XNL(IR)

A(IR)

XNLGC (IR)
and
ECGC(IR)

T.MGHOL (MP)

LG

RE1 (MP)

ALPHA1 (IDX)

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

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

Number of discrete levels tc 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.

Level-density parameter, a, for use in the Gilbert—Cameron20 form-
ula for the residual nucleus formed by reaction IR. Set A(IR) =
to use built-in values [see Eq. (14)].

Number of discrete levels, XNLGC(IR), at excitatiorn energy ECGC(IR)
that are matched in the code to the Gilbert-Cameron formula for the
continuum level density. If both these parameters are set equal to
0., then the total number of levels input in the Level-Data File is
used.

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

Multipole order of the MPth transition.

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

Preequilibrium normalization constants [see Eq. (7)] for reactions
involving emitted neutrons, protons, deuterons, tritons, 3He, and
4fle for IDX = 1 through 6, respectively. Set ALPHAL(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.
on disk or magnetic tape
the cases required (KLIN = 5).
formation must be for increasing ZA (1000Z + A).

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

These data can either be selected from a general data file
(KLIN = 8) or they can be input directly on cards for
In either case, the overall ordering of the in-

The discrete-level input param-

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

The following



sequence of cards (or card images) is required for each residual nucleus requivr-
ing level data:
(&) (1 card) FORMAT (I8, 15, F12.6): ID, NL, F
(B) Outer loop on levels (DO loop N =~ 1, NL)
FORMAT (16, F12.6, 2F6.1, E12.5, 16): NX, EL(N), AJ(N), AT(N), TAU, NT
(C) Inner loop for each level (DO loop K = 1, NT)
FORMAT (12X, 16, 2F12.6): NF, P, CP

TABLL II
DISCRETE-LEVEL INPUT PARAMETERS

Parameter Description

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

NL Number of levels being input.

F For card input, set F = -1. for the last nucleus (highest
ID) for which level data is input. Otherwise, set F = 0.

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

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

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

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

TAU 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.

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

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

P Gamma-ray branching ratio for the transition defined by N =+ NF.
For bound states, X P(N - NF) = 1. For unbound states, ¥ P(N

NF NF

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

CP Probability that the transitions characterized by P(N -+ NF)

are gamma-ray transitions. If, for example, there is a 207
probatility that electron conversion is the decay mechanism,
then CP = 0,80,

16




TABLE IIIX
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, FE-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,1D) Energy grid for transmission coefficients. The index

J srecifies 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-

16 for

rectly from cards (KTIN = 5), We have adopted the format used by COMNUC
transmission coefficients, and data for the various particles can be input in
any order. The input parameters are described in Table I1I. 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) TFORMAT (I4, 1X, 7A10, A5): NPART, [BCDTC(I), I = 1, 8]
(B) Outer loop on particles (PO loop N = 1, NPART)

(1 card per N loop) FORMAT (42X, Al0, 12X, 214, A8): XBCD, NE, NN, K

17



(C) Input energy grid for particle N (interral 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 IPRTGC, de-
scribed in Table I. The problem cutput, the result of a typical setup used at
the Los Alamos Scientific Laboratory, consists essentially of six parts:

(1) Input data (pp. E-1 and E-2), including the parentage indicators, masses
(XMR), separation energies (S), and buffering information automatically
determined by the code. Note that the number of discrete levels (NLEV) and
the lev2l-density parameters (A, NLGC, and ECGC) have not been determined yet
unless they were input dire-~tly into the calculation. Also note in the col-
uma at the far right that the number of population-storage buffers is the
minimum possible (4) for this particulcr 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 On o and O can be deduced from the

52

PR

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

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

18



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

(6) Summary of the parameters used in the Gilbert-Cameron level-density
formulas (p. E-12). The quantities FC [E. in Eq. (13)] an! “MATCH [energy
where Eqs. (12) and (13) are matchedj are determined from the number of dis-
crete levels at excitation energy ECUT and the level~density parameter a.
The neutron and proton pairing corrections (PN and PZ) and shell correc-
tions (SN and SZ) are listed, together with the neutron-separation energies
(S) for each residual nucleus. The quantity SAC is the "accumulated separa-
tion energy," that is, the energy of each decaying compound nucleus relative
to the first compound nucleus.

VII. DISCUSSION

The transmission coefficients given in Appendix D, which were used fo: che
sample problem, were calculated from the Wilmore—Hodgson25 global optical param—
eters for ncutrons, the Bechetti—Greenlees26 parameters for prctons, and the Igo2
parameters for alphas. The gamma-ray strength normalizations, which were input
directly for the sample problem, were originally determined by normalizing the

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

-

25 x 10"4 for the Co isotopes and 2 x 10-3 and 3 x 10—4 for )6Mn and 59Fe.

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

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

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

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

For complicated reaction sequences or higher energy calcuiations, 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




008

007~

Q

o

o
I

Q

Q

(33}
i

307 ] T T T T T

®s0

CROSS SECTION (0
g
]

=3

[}

13y
I

002

001~

0.5

™)
nmlL/ll

(A NN T N TN M I I
00026 8 16 12 14 16 18 20 22

NEUTRON ENERGY (MeV)

| SOLAL |

NONELASTIC

I

I

Fig. 5.

| Lty Calculated and measured values of the
08 50 00 150 59C0(n,p} cross section. The solid
curve represents the GNASH calculations.

o (b)

l

Lol

INELASTIC

o Loyl

30 40
13 n (MeV)

(o]
CROSS SECTION (b)
€ [ o o

N (7]

w (]

{ I
*7'&%_.
- =

o o
~

o

I

]

Fig. 4.
Comparison of calculated nonelastic

and inelastic neutron cross sections
for 99Co with various experimentel da- 005 _

ta. The solid curves represent the L- ; l L

000 ! I |

GNASH calculations. e T 5 2 s
NEUTRON ENERGY (MeV)

Fig. 6.
Calculated and measured values of the
59Co(n,a) cross section. The solid
curve represents the GNASH calculations.

20




times, should be chosen carefully: energy-bin width (DE), the maximum number of
totzl angular momentum states in the compound nucleus (XJMAX), the criteria for
limiting the number of transmission coefficients (LMAXOPT), and the number of de-
caying nuclei (NI) in the calculation. In addition, the gamma-ray cascade cal-
culation for the initial compound nucleus should always be turned off (ICAPT = 0)
unless the spectrum of capture gamma rays is specifically required. A summary of
running times for n + 59Co calculations to 40 MeV using the reaction chain of
Fig. 2 is shown in Fig. 8. For these calculations, the following parameters were
used: DE = 1 MeV, NJMAY = 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 he significantly reduced (~35%) without accuracy

loss by using the LMAXOPT parameter.
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APPENDIX A

PROGRAM LISTING
corvsrF 4 FILEY FROM FPSETY

LASL Identification No. LP-0778

PROGRAM GNASHOIND,FSETSeIN? ,QUT,PRET6SDUT,PFSETE,FSETY, MAIN é

1 FSETIB,FSEY11.F3ET12,FSETIS) AP;:!??I

MA 4

GAMMA=RAY, NEUTRON, AND ASSORYED SPECTRA FROM KEAVY NUCLE?R MAIN 5

: MAIN &

FSETS = INPUT LEVEL DATA IF CARDS NOT USED MAIN 8
FSET9 a INTERNAL BINARY LEVEL DATA FILE (KL) MAIN 9
FSETi¢s INPUT TRANSMISSION COEFFICIENTS IF CARDS NOT USED MAIN 10
FSETt1s LEVEL SCRAYCH FILE = AVAILABLE FOR PUNCH OR DISC O/P APROBTTT2
FSET13z INPUT GROUND=STATE MASS EXCESS, SPIN, AND PARSTY Ml;N 1

MAIN {2

IPRTLEV=D T0 OM]T PRINT OF DISCRETE LEVFL INFORMATION MAIN 13
IPRTTC =& TO OMIT PRIMNY OF ANY TRANSMISSION COEFFICIENTS MAIN t4
IPRTTC &t 7D PRINT I/P TRANSMISSION CQEFFICIENTS MAIN 39
IPRTTC.GE.2 TO PRINT TRANSMISSION COEFFICIENTS AT EVERY C(IPRTYCe)IMAIN 1b

TH ENERGY ON THE RASIC INTEGRATION ENERGY MESH MAIN 17

IPRTWIDEZA TO OMIT WIDTH PRINT MAIN 18
IPRTSP 2@ TO OMIT SPECTRA PRINT MAIN 19
IPRTSP i TO PRINT COMPNSITE SPECTRA ONLY MAIN 20
IPRTSP =2 TO PRINT INDIvVIDUAL SPECTRA ONLY MAIN 21
IPRT3P =3 T0 PRIMY {OMPQOSITE AND INDIVIDUAL SPECTRA MAIN 22
IPRTGC =@ TO CHIT PRINT OF LEVEL DENSITY PARAMETERS MAIN 23
IPRTGC a2t 70 PRINT GILAFAT~CAMERON LEVFL DENSITY PARAMETERS MATM  2u
1PRTGC.GE.2 TO PRINT LEVEL DEKSITIES AT EVERY (IPRTGC=31) TH ENERGYMAIM 25

ON THE BASIC INTEGRATION ENERGY MESH ] MAIN 28

INFOPTew]l MANUALLY READ IN REACTION GHAINS BUY CODE AUTOMATICALLY MAIN 27
ASSIGNS PARENTAGE, CNPIC1) AND CNPIPCI) ARE ASSUMED TO HAIN 28

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

INPOPT=O MANUALLY I/P REACTION CHAINS AND PARENTAGE INDICATORS MAIN 30
INPOPTS] AUTOMATICALLY FOLLUW NEUTRON CHAIN WITH G,N "ECAYS MAIN 3%
INPOPTE2 AUTOMATICALLY FOLLOW NEUTRON CHAIN WITHM G,N,P,A DFCAYS MAIN 32
INPOPTa23 AUTOMATICALLY FOLLOW MEUTRON CHAIN WITH G,Ny.P,A DECAYS, MAIN 33

AND PICK UP GAMMAS FROM P AND A DECAYS MAIN 34

SHS(1) = & TO NORMALIZE SeNAVE STRENGTH TO 8SWS(I) MAIN 38
Sw3(l) = m: TO USFE UNNORMALIZED GAMMA RAY TRANSITION PROBABILITIESMAIN 3¢

« AS ADJUSTED BY RE1(Y) MAIN 37

SHS(I) = « TO MULTIPLY GAMMA TRANSITION PROBABILITVIES BY MAIN 38
AB3(SWS(1)) MAIN 39

MAIN 40

1 FORMAT(2014) MAIN 4y
2 FORMAT(1P,BE1D.3) MAIN 42
3 FORMAT(BALQ) MAIN 4}
4 FORMAT(1H1,8A10,/1H +B8A(0) MAIN 44
b FORMAT(8X,AL011,1P, TE12) 3) ~ MAIN 4S
& FORMAT(1P,E10,3,10X, bfta 3) ’ MAIN  4b

7 FORMAT(/ 9W TPRTLEVS12,3X,7HIPRTTCal2,3X, SMIPRTWIDMAIN 47
1212, 3%, THIPRTSP=12,3%, THIPRTGC2I2) MAIN 48

8 FORMAT( AH INPOPT=12,5¥%, SHKLINEI2,3X,; SHKYINEL2, 3X, SHNIODSTI2, 3X, JulL2ser?s
1 BHLMAXOPT=12,/) ) JuL26772

9 FORMATC/UM NI2,13,3X,UHNMPS,12,3X, 7THLGROPTR,12,3X, MAIN 30

{ SHLPEQ=12,3X, 5HNJMAx-IsoSX.aICAPT=¢!2) MalN S1

12 FORMAT(/ SH 2AP=FS,0, 3%, UHZAT: Fb Bs3Xy3HDE= Fb 3, 4H MEY, MAIN 52
{ IX, UMXMTF 12,5, 4H ANUpJX.SHSPth 3,4H MEV,® MAIN 83

2 AHECUTOFFEFS,2,4H MEV) MAIM Sy

11 FORMAT( SH ACNSF7.3,5H /NMEY,3X, THFSIGCNMAIN 5§
12F 743, 3% AHDEFENSF2,0, 3%, THSPINT 2FS,4.3X,UHPITaF3,0) MAIN Sp

12 FORMATL/*» 1  ZACN Nlp PARENT s 9X,#SaWAVER,) AX n]Pw, X, 0ZALe, MAIN 57

1 UXNZA2#, 85X, waMRA, BN, kg0, 40, xNLEY DEF A NLGC ECGC BUFMAIN 58
2FER% /s aw LT T T wes b4 1Pe, MAIN 59

3 " STRENGTH, ENERGY »e amnn W, MAIN 0



4 ¢ asese  (AMY) (MEY)  oa  oma (/MEV) even {1Hev)  NUMPAMALM b4

SER%) MAIN 62

13 FORMAT(I3Z,F7.0:F8.0sF7.0,Fb,2,2%,1PE10,3,0P,F7,3) MAIN 63
14 FORMATCULX,15,F7, ﬂ.FB a,Fa, S.Fte 3-2F5 P,FB8,3,F5,2,F10,3,17) MAIN 64
15 FORMAT(/ 4sH INDEX L PARITY MULTIPOLARITY RATIO TO E1) MAIN 65
16 FORMATOIL, PF6,M 9%, A1, 11,8Y%,611,4) MAIN 66
17  FORMAT(//« WETSSKOPF APPROXIMATION USED FOR GAMMASRAY TRANSMISSTONMAIN 67
1 COEFFICIENTS#) . _ C MAIN 88

18 FORMAT(// » AXEL APAROXIMATION USED FOR GAMMA=RAY TRANSMISSIONMAIN 69
1 COEFFICIENTSe) MAIN 70

19 FORMAT(/ 26M INCIDENT ENERGIES (MEV) £,1P,10E10, 3,/26%,10E99,3) MAIN 7Y
2s FORMAT(//Sx«COLLI®MILAZZO CLOSED FORM USED FOR ABSOLUTE CAL OF PREMAIN 72
1=EQUILTBRIUM CROSS SECTINN «//,* PRE-EGUILIBRIUM NORMALIZATION CONMAIN 73

2STANTS ARE /7 w,6A10,/39xsnCINPUT) #,iP,6E10,3,/39X,% (USED) «, MAIN 70

3 6E12,3) MAIN 7S

c MAIN 76

32 FORMAT(//25Xe THE LAB gNERGY IS =#G1i,ds MEY #//) MAIN 7T

33 FORMAT(20A4) MAIN 78

38 FORMAT(1X,28A0) MAIN 79
COMMEN RMC(40,200).T(30,200).P(80),5P(280,6),PPL8A),SPP(200,7) RHO

1, SPNGN(Zﬂﬂ).FL(SWob)oGCEGﬂob),RHOFTR(Qﬂ) RHO
COMMON/LCINDEX/IPBLC, IGLC, TZEROLC, ISPLC, IPLLC, TEGLE, ISGLC, ITCLE, LCNDEX
1 ISTCLC,IRHMOLL,ITLC,IELLC,JAJLC,TATLC,NIDIM,NIPOIM,NIBDIM,NGRDTIM,  CNDEX

2 NIDDIM,NIPDIM LENDEX
COMMON/TCOEF/ETC(2%96)»TC(25,30),BEDCT7),XSPINCT), NLDIM, TCOEF
INPART,NEE (R oNN(6)sNTCCH), TZAID(T7) xMASSCT) ,NEEDIM, NLEINCH, 255, TCOEF
2NLE(6,2C1) . JRAST (20D, 6) TCCEF
COMMON/LEVEL1/EL(SA),AJ(B2),AT(50),XNL(60))ELMAX(6B) ,NLEVDIM LEVELY
1,EG(240),56G(240), NGRAYSR (602) LEVELY

COMMON/BASTICI/NTILXNIP(IM) ,NIR,LR(b,10),ZA1(68),ZA2(60),xM2(402), 8aSIC1
1 ZACN(12),C8GR(6A),CSTOT(6@),CSLEV(AD),C8ID(8),EAVID(B),EAV(60) BASICH
COMMON/RASTC2/TITLE(16) ,ELAR,DE,ZAP,ZAT,XHT, NKKM(1p),CNP2(10), BASIC2

NANUMNVN~NOCVNCWNNWNLUNNE WNEWNNWN

1 CNPIP(16),5(6@),5ACC10Y,1D1(6R),10P,1062¢60),TRUP(6,10), BASIC?2

2 ECM,UP,NKMAX , NJMAX, NXK{6A) ,NKDTIM, TCP(32),QM0P(ud), A(60),22(60), BASICZ

3 NRHO(OE)} e XJIT, NPOPMAY,NTC2(6),NJDIM, TOECNC10),NKKCNCIP),ECON,B451C2

4 JPI(4P,2)aXMP XJIP,PIT,NLP, XNLPy KL, IDSTAT(T)»S]IC,CSL,COH, PILLL(3R)BASIC2
SeICAPT,PLBUF(50,10), INPOPT, TKEEP AASIC?
COMMON/GAMMA/NMP, LGROPT,SWUS(102),GML L&), GHP(6),RELLH) ,LMGHOL(G), GAHVA

1 TGR{20DB,6) ) WKCON, CAXEL ,GAXEL,ERAXELEXSWS(10),WKNORM GAMMA
COMMON/PREFN/LPER,SIGR,PREAYIC(HIsCSIGI(E),NITT(6)sALPHALS) PREEQ
COMMON/PREQI/ZEPSIGI2R0,6) 4y NLEV,NPIT,NIT PRER1
COMMON/FITTING/ACN,FSIGEN,SIGPEG FITTING?
COMMON/PRNTOUT/IPRTLEV, IPRTTC, IPRTMLD, IPRTHID, IPRTSP, IPRTGE RRNTOUT2

COMMON/LEVDEN/DEF (6A) ) XNLGC(62),ECOC{6@) sUCUTOFF,DEFCN, TGC(6D) LEVDEN 2
1 EAGC(6M),EMATGLC(60),PATR{6P) ,XMRI(6A), XNLLN(6D),82(10@),5N(15@), LEVDEN 3

2 PZ(170),PNC15D) . LEVDEN 4
COMMON /SPNPAR/ SPIN,PARITY,KGRD LEVDEN §
[ MAIN 92
DIMENSION ALPHA1(S) MAIN 93
DIMENSION ZZAitb) ELABS(2@) MAIN 94
DIMENSION ZINPL(20) MAIN 95
DATA B{D/{@H NEUTRON ,18H PROTON  ,18H DEUTEROM ,1@H TRITON , MAIN 66
1 _ 104 HEe3} s 12H ALPHA ¢ BN GAMMA=RAY/ MAIN 97
DATA 1ZA1D/1,1AQ21,1202,1003,2003,20C04,0/ MAIN 98
DATA KI,KL.K7, Kcaa.IHOLF.tHOLM 750907413, 1HE, 1HM/ MAIN 99
DATA XHASS/l.GPHbGSol Pp7825,2.014102 .3 P16050,3,816036,4,002603, MAIN 100
1 B,/ MAIN 101
DATA stlN/@.Sl@ls'1.0'“'5'@.556.”'8.“’ "AIN 192
DATA NKDIM,NIDIM ,NEEDIM NLDIM,NLEVDIMZ20B, 468,25, 3d,%a/ MAIN 1@3
DATA NIDIM,NIPDIM,NIBDIM)NGRDIM,NIBDIMY/ MAIN 104
1 18 . 6, 8, 240, 1T 7/ MAIN 105
DATA ALPHA/S. NEeB4,S,0EeBlU,3k!,PEwl2,5Ee0%/ MAYYT
DATA NITT/%,3,3,3,3,3/ MAIN 1227




MAIN 1008

c
EXACTHM{ZA,EXMASSY » ZAuiO0D oFLOATCIFIX(ZA/1000,3)¢EXMASS/031,502 MAIN 109
¢ MAIN 112
c MAIN 11}
c TAPE {2 = BUFFER INPUT MAIN 312
c . MAIN 113
) WRITE(6,32) MAIN 114
32 FORMATIIHYY MAIN 1§58
18 READ(KT,33) ZINPU MAIN 116
1F(EOF,KI) 300,301 MAIN 117
381 WRITE(6,343 ZINPU MAIN 118
WRITE(12,33) 2INPU MAIN 119
GO TO 3% MAIN PO
3ING CONTINUE MAIN 121
C MAIN 122
[ NGW TAPF 12 = INPUT MATMN 123
c MATH 124
Ki=12 MAIN 12§
ENDFILE KI MAIN 3126
REWIND KT MAIH 127
c . MAIN 28
¢ MAIN INPUT SECTION MAIN {29
EXMN & ENERGY(1.@) MAIN 1302
102 READ(KI,}) TI?LF MAIN 131
1F(EQF,K])1aan, 104 MAIN 132
191 WRITE(6,4) TITLE MAIN 133
READ{KI, 1) IPRYLEV,IPRTTC,IPRTWID,IPRTEP,IPRTGC MAIN 134
READ(KT!, !) INPOPT,KLIN.KTIN NIBD,LMAXOPT JUL26773
1F{(NIRD, GT A7) NIRDIM=NIBD MAIN {36
IFCKLIN, LT 1} KLIN=B MAIN 137
IFCKTIN, Lrh 1) KYINz=i@ MAIN 138
IF(KLIN NE. BY KLIN=§2 APRATTTS
IFCKTIN,NEL 10T INZE2 APRATTT4
WRITE(H,T) IPRTLEV,IPRTTC, IPETHID,IPRTSP.IFRTGC MAIN $39
WRITE(6,8) INPOPY,KLIN,KTIN,NIBD, | MAXOPT JuL26774
EPSTILON=1,0Ew] JuL2er7s
IF(LHAXGPT 6T, LMAXOPTzoLMAxcPT JUuLes77e
IF(LMAXOPY, NE 2) EPSILONS 1@ -tLMAXOPT JulL2e77?
READIKI, $) NI,Nup, LGROPT, LPEQ, NJMAX, ICAPT MAIN 141
xrcNJMAx.soLm) NJMAXENINTM MAIN 142
READ(KI,2) ZAP,ZAT,DE,F3IGCN MAIN $u3
UCUTOFF = P, MATH 144
READ(&1,8$) NELAR MAIN 145
READ(KI,2) (ELABS(I),IrisNELAB) MAIN {46
EXMT = ENERGY(ZAT) MAIN (47
XJY a3 SPIN MAIN 148
PIT 3 PARITY MAIN 149
AMT 3 EXACTM(ZAT,EXMT) MAIN 150
S§1C = EXMT # fNERGY(ZAP) » ENERGY(ZAT+ZAP) MAIN 151
IF(FSIGCN, E0.2.) FSIGCNal,@ MAIN 152
IR=( MAIN 153
D0 184 I=a),NI MAIN §1S4
IF(INPOPY.7TR.8Y READCKI,2YZACNCI), XNIPC(T),CNPTI(]),CNPTIPCI),SHS(]) MAIN 15%
TZA1( 1300, MAIN 3156
IFCINPOPT,LE, « 13READ(K], Z)ZACN(I).XNIP(I) SWS(I),CZZA1(IP),IP22,6IMAIN 157
IFCINPOPT,GEL 1) CALL CHAINS(I,IR) MAIN S8
ZAC e ZACN(I) MAIN §59
ExMC & ENERGY(ZaC) MAIN 160
ExSwS(Y) = ENERGY(ZaCwl,0) ¢ EXMN o EXMC MAIN 1618
NIPaxNIP(]Y MAIN 162
DD 124 IP31,NIP MAIN (6l
IR=IR+ MAIN 164
LRLIP,1)RIR MAIN (6%

A-3



194

1%¢

ile

202
201

[+ Nyl [z Ny o0 [p X1 N

XNL(IR) N0,
ACIR)=zn,
XNLGC(IR) =D,
ECGC(IR)ED,

IFCINPOPT,EG,B)READCKI, 23 ZA1 CIRY XNLETR) ACTIR) , XNLGE(IR) ,ECGC(IR)

IFLINPOPT,LE,m1) ZAL(IRYIZZZAL(IP)
ZA2(IR) ® ZACN(I)mZAL(IR)
DEF(IR) = XMAGIC(ZAZ(IN))
ZAR s ZA2(1IR)
E£XMR s ENERGY(ZAR)
XM2CIR) = EXACTM{ZAR,EXUR)
SCIR)  a EXMR ¢ ENERGY(ZA{(IR)) = EXMC
CONTINUE
NIRsIR _
CALL LCSPACE
ACNzA(1)
DEFCKNIDEF (1) ,
WRITE(6,9) NI,NMA,LGROPY,LPEQ,NJMAX, ICAPT
WRITE(6,10) ZAP,ZAT,DE,XMT,SIC,UCUTOFF
WRITE(6,11) AEN,FSIGCN,DEFCN.XJT,PIT
WRITE(6,19) (ELABS(T) 131, NELAB)
WRITE(H,12)
DO 106 1=1.N!
WRITE(6,13)T2ZACNCIY+XNIPCT) L CNPICT),CNPEIPCL),8WS(T),EXSHELI)
NIPTXNIP(I)
DO 1”6 TPai,N1P
IR=LA(IP, 1)
I8=IBUF(IP, ) .
TF(IB,GT.NIBOIM) 1BaIBaNIADIM,
WRITE(6,14) 1P, ZAICIR) ,ZA2(IR) ,XM2(IR) »S(IR) ,LXNL(IR),
{ DEF(IR) , | ACIRY W XNLGE(IR) LECGC(IR),18®
IFCLGROPT, EQ,1) WRITE(S,17)
1F (LGROPT, EQ,2) WRITE(6,18)
WRITECS,15)
DO 11@ MP=1,NMp
READCKI,S) LMGHOL(MPY,LG/REICMP),
IFC(LMGHOL(MP) EN, THOLEY GMP(MP)n+1,D
IF(LMGHOL (MP) FO, JHOLM) GMP(MP)B=1,0
TFCCLMCHOL EMP)  EQLTHOLEY.AND, (LG,EG, §) ,AND, (RES(NP) 20,0,))

1 RE1(MPY=1, @

GHL(MP)SLG

WRITE(E,16) MR,GMLIMP),GMP(MP), LMGHCL(MP) 4 LG/ REI(HP)
IF(LPEQ,EQ.1IREADCKT,2)ALPNAL

DO 221 IDX=146,

IF (ALPHAL(1DX) NE,0.)202,20)1

ALPHACIDX)=ALPHAL(IDX)

CONTINUE | N

IF(LPEG,EQ,1) WRITE(6,25) (BCD(IDX),IDX®1,6)sALPHAL,ALPHA

READ LEVEL INFORMATION
Call, LEVPREPC(KLIN,XL)

READ TRANSMISSION COEFFICIENT DATA
CALL TCPREP(KTINJEPSILON)

SET UP FOR CALCULATION
CALL SETUP

INCIOENT ENERGY LOOP
00 200 TELAB=1,NELAS
CALL SECONP(TKEEP)
ELAB=ELABS(1ELAB)
CALL SETUPRZ

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MALN
MAIN
MAIN
MAIN
MAIN
MATN
MAIN
MAIN
MAIN
MAIN
MALIN
MAIN
MAIN
MA'’
MA LM
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MATE
MAIN
MAIN
MAIN
MAIN
MATIN
MAIN
MAIN
MAIN
MAIN
MAIN

166
167
168
169
170
174
172
173
174
175
176
1m
178
179
189
181
182
183
184
183
186
187
188
189
190
1914
192
193
194
19%
196
197
168
199
200
201
2ee
a3
204
205
206
a7
2Ma
209
210
211
212
213
cld
213
216
L7
218

JuLae778

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

22e
22t
222
223
224
225
226
227
228
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198

1
c
2

QA

c
t

99
22

1820

e

12

{

CALCULATE SPECTRA
CALL SPECTRACACN,FSIGCH)

PRINT AND WRITE OUTPUT RESULTS
CaLl DATADUT

CONTINUE

CONTINUE

CONT INUE

GO T0 100

srop

END

SURROUTINE LCSPACE

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

COMMON RMOCUR,20@),T(30,2008),P(80),8P(200,6),PP(80),S5PP(302,7)
1,SPNGN(20DY,PL(SO,5),6(280.4),RHNOFTR{4D)
COMMON/BASICI/NTI XNIPCIB) ,NIR,LR(b6,1D),ZA1C6B),ZA2(063),XN2(6R),
1 ZACNCIQ),CSGR(62),CETOT(6RY,CSLEV(6D),CSID(AY,EAVID(B),EAV(OD)
COMWMON/LCINDEXZIRALE, IGLC, I2ERCLC,1SPLE, IPLLC, IEGLC,ISGLC,ITCLE,
ISTCLC, IRHOLE, ITLC IELLCH TASLC, TATLC, NIDTIM, NIPDIM, NIBDIM, NGRDIM, LCNREX
LCNDEX

2 NIDDIM,MIRDIM

COMMON/TCOEF/ETC(25,6),10(25,30),BCD(T), XSPINCTI,NLDIK,
INPART  NEE(6)sNO(E),NTCLH), TZAIDCT) s XMASS(T7),NEEDIM, NLEIN(E,25)

eNLE(6,200),JRAST(200,6)

1

3 NRHO(6)X3T,

COMYOM/LEVFLIZELISA) s AJ(S5P) o AT(SA) XNLCOD),ELMAX{6Q),NLEVDIM

¢ FGL24@),56(2U0),NARAYSCOM)

COMHON/BASIC2/TITLECI4) , ELAR, DE,ZAP, ZAT,XMT,
1 CNPIP(12),5(62),38CCiM,ID1(6),I0P,10E2¢(60),IBUF(6,10),

2 ECHM,UP,NKMAX, NJMAXy NKK(6D) ,NKDIM, TCPR(32),0MDP(UPAY, A(HB),A2(60),
TOFCNCID) ,NKKCNCIU),ECON,BASECR
4 JPILal,2),XHR XJP,PIT,NLP, RNLP, %L, IDSTAT(7),81C,CSL,CSH,PILLLC(3BIRASIC2
SeICAPT,PLAUF(SY,10), INPOPT, TKEEP
DIMENSION ®CAUF(URPER),T1JJ(10),1PJJI(10)

EQUIVALENCE (3CBUF,RMD)

SET LCM STORACFE INDEXES
NIRDIM=NINIMaNIPDTIM

IPBLESP
IGLC=IPBLCONJDIMaNKDIMANIBDIMAR
IZEROLC=IGLEC#NKDIMANIRDIM
ISPLC=IZERNOLC+AMED
IPLLC=1SPLC4NKDIMaNIRDIM
TEGLC=IPLLE+NLEVDIMANIRDIM
ISGLE=TEGLC+NGRDIMaNIRDIM
ITCLC=TISRLCHNGRNIMANIRDIM

IRKNLCaITCLCHNECDIMANLDIMa(NIDDIMnY)

ITLCSIRMOLLHNKDIMaANIDIMANIPDIM
TELLCZITLCe+NEDIMaNLDIManIPDIM
TAJLC=IFLLE+NLEYVDIMANIRDIM
IATLC=JAJLCeNLEYDIMANIRDIM
LCMDIM=STATLCH4NLEVDIMANTIQDIM
WRIYECH,1) LCMDIM

FOAMAT(+ LCM SPACE REQUIRED CEXCLUNING DISC BUFFERS) I8 «,17)

WRITE(6,2) NIBDIM,NKDIM

{Y BINS IS o,ld)

SEY UP LCM 2ERQO ARRAY
DO 1@ Ka1,1000
SCBUF (K)ea.

NKKME10),CNPIC10),

NPOPMAR,NTC2(6) ,NINTH,

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

227
230
231
232
253
234
219
236
237
2338
239
240
241

~CSPaCE2
LCSPACES
LCSPACE.
LCSPACES

RHO
RHO

8AS1CH
BASICY
LENDEX

TCOEF
TCOEF
TCOEF
LEVELY
LEVEL Y
8ASICe
gaslICe
BASIC2

BaSlIC2

NPNEHVWENE WL DWW

Lesract2
LCSPACYS
LCSPACLY
LCSFACYS
LCSPACIS
LCSPACYT
LCSPACtS
LCSPACYY
LCSPAC2D
LCSPac2y
LCSPAC22
LCSPAC23
LCSPAC24
LCSPAC2S
LCSPACRS
LCSPAC2Y
LCSPaC28
LCSPAC29
LCSPACID
LESPACSY
LECSPAL3R
LCSPAL3?
FORMAT( % NUMBER OF LCM BUFFERS I8 w,12/ & MAXIMUM NUMBER OF ENERGLCSFPAC3U

LCSPAC3S
LLSPACSS
LCSPAC3T
LCSPAC3S
LCSPACIY



408
429
419
420

62
64

66

1L Aat 2ERNLE

MPTSE1302

CALL ECWR(SCBUF, INDEX,NPTS, IERR)
INDEXEINDEX+NPTS

CALL ECWR{SCBUF,INDEX,NBTS, IERR)
INDEX=1NDEX+LPTS

CALL ECWR(SCBUF, INDEX,NPTS, 1ERR)
INDEXSINDEX+NPTS

CALL ECwR(SCRUF, INDEX,NATS, IERR)
CALL ECRD(SCBYF, I1ZEROLC, 4000, 1ERR)
INDEX=INDEX+NPTS

CALL BCW®(SCBUF, INDEX,4000, IERR)
IFCINPOPYT,GE.0) GO TO 120

DETERMINE PARENT REACTIDNS
LBUFOPT=1

CNPICY13= 1.

CNPIPZY =g,

IF(NILLT.2) GO TO 420

D0 u1p 1= EnN!

CNPI(I)=0,

CNPIP (1320

I1z]= )

D0 489 IMei, Iy

II=I!-IN#1 . .
IF(ZACNCTY. EQ,ZACNCII)) GO TO 4i@
NIP = xan(II)

IF(NIP L7.2) GO0 10 429

DO 428 1IP=2,N1IP

IR=LRCITP, J1)

IF(ZA2CIR)Y NE, ZACN(I)) G0 TO 408
CNPI(IY = 11 + :az *CNPI(T)
CNPIP(1)= 1IPs1@A #CNPIP(T)
IF(LBUFDP? ER,2y GO TO 4i@
CONTINYE

CONTINUE

CONTINUE

CONTINUE

SET UP POPULATIQON STORAGE BUFFERS FOR LCM
CALL ECRD(1BUF,1ZEROLC, 6P, 1ERR)
CNPIC1)mt,
cveYreryayl
1829 )

DO 79 Jei,NI

I1B=1Bs 1

112CHPIC)

11P=CNPIP (D)

DO 62 JJ21,10
JIX310an{JIx2)
JIXZz1Ix/108
TJJ(IIYeMOPLIT, JIX)/JIX2
1PJICIII=MODCTIP, JIXY /I X2
IFCIT/I5X,LT.1) 6O TO 64
CONTINUE

NJJ=Jd

DO 68 1=t,0

NIP=XNIP(])

00 68 1P=1,NIF

00 66 JJ3{,NJJ
TFCCILNELTSICIIIILORVEIFLNE, IPJICIIII) GO TO 66
1BUFCIP, 1) =1B

CONTINUE

LCOPACUR
LCSPACUY
LCSPACU2
LCSPACUS
LCSPACYUY
LCSPACUS
LESPACUS
LECSPACUY
LCSPACYS
LCSPACY9
LCSPACSS®
LCSPACSt
LCSHACS2
LCSPACSS
LCSPACSY
LCSPACSS
LCSPACSS
LCSPACST
LCSPACSE
LCSPALSY
LCSPArTER
LCSPACEY
LCS5PACE2
LCSPACSE3
LCSPACEY
LCSPACHS
L.CSPACOHS
LCSPACEY
LCSPACSS
LCSPACS9
LECSPACTD
LCSPACTY
LCSPACT?2
LESPACT]
LCSPACTU
LCSPACTS
LCSPACTS
LCSPACTY?
LCSPACTA
LCSPACT9
LCSPACSBR
LESPACSEL
LCSPACB?
LCSPACA3
LCSPACBY
LCSPACSS
LCSPACBS
Leseacar
LCSPACHE
LCSPACAY
LESFACID
LCSPACSY
LCSPACY?
LCSPACL9Y
LCSPACSY
LC3PACYS
LCSPACYs
LCSPACSTY
LCSPACAR
LCSPAC9S
LCSPAIBO
LCSPA10Y
LCSPAL Qe




(s N X

.8
7@

72

11

12

22

23

CONTINUE
CONTINUE

EQUATE (N,G) REACTYINN BUFFERS TO PARENT NUCLEUS BUFFER

Do 72 I=t,N}

Il=sCNPICD)

IIPSCNPIPCT)
Il=40pcIT, 190)
1:7=r0D(I1IP,123)
I3UF(1.1)3IBUFCIIP,II)
CONTINUE

RETURN

END

SUBROUTINE CHAINS(I,IRX)

CONSTRUCT OPTIONAL AUTOMATIC REACTION CHAIN SEQUENCES

COMMON/BASIC /NI XNIREID) NIR,LR(6,18),2A1(60),242(60),XM2(68),
1 ZACN(1?),CS56GRtAA),CSTOT(6@),CSLEVLER),CIID(B),EAVID(B),EAV(LR)
COMMON/BASIC2/TITLE(16) ,ELAB,DE,ZAP,ZAT,XMT,
{ CNPIP(101.5(60),5ACC10),I01C6R),IDP,I0E2(6R), IBUF(6,10),

2 ECh,UP, NKMAX, NJMAX NKK(5A) ,NKDIM, TCP(30),0MDP(UR), A(6L),AR(: D),
TCECN(IM), NKKCN(10),FCON,BASICD
4 JPT(u@,2),¥MP X JIP,PIT,hLP, XNLP, KL, IDSTAT(T)»5IC,C5L,CSH,PILLLCIA)BASIC?

3 NRHO(AY,XJT, NROPHMAX,NYC2(6),NIDIH,

S, ICAPY.PLBUF (S, (M), INPOPT, TKEEP

COMMON/ZLEVDEN/DEF(6@)y XNLGC(62) ,ECGC(6@),UCUTOFF,DEFPCN, TGL(6B),
1 ENGC(6M),FMATGL(60),PATR(6M) , XMRI(6D), XNLLN(6A),52(10A7)  SNI15E)Y,

2 PZ2(128),PN{15R)
COMMON /SPNPAR/ SPIN,PARITY,KGRD

COMMON/LEVFLI/ZELESA) 2 AJESB) ATIS8) 4 XNLC6DB), ELMAX(60) ,NLEVDIM

1,EG(2U0),5G¢24RY ,NGRAYSr62)

COMMON/GAMMA/NMP, LGROPT ,SUS(108),GML(6),GMP(6),RELCH),LMGHOL(6),
1 TGR{20A,6),WKCON, CAXEL, GAXEL,ERAXEL,EXSKS(1Q), WHNORM

DIMENSION ZAX(4) )
DATA ZAX/0.,1,..1001,,2008,/
X1=1

IATOTaZAPSZAT

SwS(I)zn,

IRsIRY N

GO TO €11,12:33),INPOPT
ZACN(T)I=ZATOTaxtel 0001
ANIP(T)=2, |
CNPI(I):XI,G.QOQ#Q
CNPIP(T) 2,

GC T0 s@ .
ZACN{T)=2ZATQTex1e¢1.000!
XNIP(I)=4,
CNPI(T)=X]20,99999
CNPIP(I)E2,

GO T0 S0 . )

GO TO (21,22¢2%,21422,23+21,22¢23,21),1
XI1=(1=9)7/3
JaCN(1)sZAT0TeX 1Y
XNIP(IYzd,

CNPI(1)elw

CNRPIP(IY=2,

GO TO 8@ L
ZACN(TIY=ZACN (Iw|)ZAX (D)
ENPI(])=]e

CNPIP(I)ES,

XNTP(1)=1,

GO T0 S5 . R
ZACNCTIY=ZACN Tad) el AX(4)

NKKM(10),CNPI(1@),

LEsPALQY
LC3rALOY
LCSPALOS
LCSPAY@S
LesPALRY?
LCSPALCS
LESPAYBY
LCSPAlj@
LCSPAL1Y
LCSPAYLE
LCSPAY1S
LCSPALLY
LESPALLS
CHAINS
CHAING
CHAINS
CHAINS
BASICH
BASICY
Basic2
BaslICe
BASIC2

BASIC?
LEVDEN
LEYDEN
LEVDEN
LEVDEN
LEVELY
LEVELY
GAMMA

GAMMA

CHAINSLS
CHAINS12
CHAINS13
CHAINS 1Y
CHAINSLS
CHAINS16
CHATNS17?
CHAINS1B
CHAINS1S
CHAINS2B
CHAINS2¢
CHAINS22
CHAINS23
CHAINS2¢
CHAINS?ZS
CHATINS28
CHAINS27
CHAINS28
CHAINS29
CHAINS 3P
CHAINS3{
CHAINS32
CHAINS33
CHAINS 34
CHAINS3S
CHAINS 36
CHALISZ?
CHAINS 3B
CHAINS39
CHATINS 4O
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aoanon.

£ Ul D2 s

o0

100
ing
182

0 [ N 2]

2@

39

W an

Caiiiliele

CHAINANY

CNPIPl!)np. CHAINSU2
XNIP(1ist, CHAINSWS
NIPaXNIPCT)Y CHAINSYY
1ZA=ZACH(]Y CHAINSUS
ZACNEY)=IZA CHAINS4S
00 54 IPzy,NIP CHAINSGT
1R IR} CHAINS 46
ZAICIRYSZAX(IPY CHAINS4UQ
CONTINUE CHAINSSD
RETURN CHAINSSY
END . CHAINSS2
FUNCTION ENERGY(ZA) ENERGY 2
ENERGY 3

sadan ZNERGY LOOKS UP VALUEY OF GROUNDeSTATE MNASS EXCESS (MEVj, #»xENERGY 4
sasee SPIN, ANO PARITY, MISSING DATA PRODUCE A FPATAL ERROR, ANENERGY S
ENERGY 6

COMMON /SPNPAR/ SPINLPARITY,KGRD ENERGY 7
DIHENSION 10(31),11¢011), Iatli) JBC11Y,J1¢12),K0(12),ENER(2055) ENERGY 8
DIMENSION PAR(3) ENERGY 9
DIMENSION SPINPAR(205S) BCOGRD ¢
DATA PAR ,StHe,1H ,1H$/ ENERGYIQ
DATA INPGRD/1/ . BCDGRD 2
FORMAT{28HRkrana GROUNDSSTATE DATA FOR 16,19H NOT IN TABLE seana) ENERGYL2
FORMAT(I2,29/2 A1) ENERGY!S
FORMAT( 12, Al) ENERGY {4
FORMATL2YX at) ENERGY 1S
FOAMAT(SXA+44+¢ GROUND STATE OF «Fs,0¢ 1S INCOMPLETELY DESCRIBEDACDGRD 3
X SPIN,PARITY a wF&, o, 2XsF6,2,2X04¢440¢) BCOGRDL &
FORMATISX,metedee,28%,* ASSIONMENTS CHANGED TO, SPIN,PARITY =& BCDGRD &
12F6, P.Zx.F&.c.?!.r+++o¢n/) BCODGRD 6
ENERGY 1S

FIRST CALL CAUSES DaTa Y0 BE READ IN ENERGYLO

IF LINPGRD,ER,12345) GO 10 10 ENERGY2D
READ (xrao.tﬁ@a 10,11,18,36,J1,K0 BCOERD 7
FORMAT(8I10) BLNGRD 8
READ(KGRD,101)ENER BCDGRD @
FORMAT(6E13,6) B8COGRD1A
READ(KGRD, 172)SPINPAR BCOGRNYY
FORMAT(BF1B.3) BCDGRDY2
REWIND KGRD BCDGROLY
INPGRD = 12345 ENERGY22
IFCZA) 40,15,20 ENERGY23
ENERGY 24

%3, A=Q 19 CONSIOERED 4 PHOTON ENERGY2S
ENERGY = 3PIN = @, $ PARITY 3 =i, 5 RETURN ENERGY26
ENERGY27?

FIND REAUESTED NUCLFUS ‘N APPROPRIATE TABLE ENERGY238

1ZA = IFIX(ZA) . 3 J = 12A710800 ENERGY29
IA 3 1ZA « 1030Fa)2 SN alAn 2 ENERGY IR
NZ = N « J2 $ N3 s NZ = JzZ ENERGY 31
DO 30 K=31,1} $ 1F¢JZ,68,J1(Ke2)) GO TQ 30 ENERGY32
ND & I1(X) » 1 $ 1 a NZ « nD ENERGY 33
IFCI2(K) oLT.0) I 3 N2 « ND ENERGY 34

IK = 14(X) $Js5J7 « JI(KY ¢ | ENERGY3S

IN & KE(K) ¢ T ¢ !J-l)'!K ENERGY 36
1F(1.GT. @, AND.I,LE. 2K) GO TO 5@ $ GO Y0 49 ENERGY37
CONTINUE ENERGY3S
ENERGY 39

REQUESTED ISOTOPE I8 NOY IN TABLES ENERGYUOD
PRINT 1, 1Za $ SI0P 1776 ENERGYUS
ENERGY G2

CONTIMUE BCDGRL 4
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ENERCYRENEP(IN
IF(SPINPAR(!N) GE,Q992P,)SPINESPINPAR(IN) #9900,
IF(SPINDARCINY . GF,9907,)FARITYnOQ,
TF(SPINPARCIN)  CF,9900,360 10 208
IF(SPINPAR(IN) rE lﬁﬂ,)PARITY-I.
IF(SPINPAR(IN) GE 100,93PINaSPINPAR(IN) 106G,
IF(SP!NPAQ(!N)'LT P, )PARITYswy,
IF(IPINPARCIN) LT, O, )SPINISP!NPARfINSOlOO.

CONTINUE . _
IF(tPARITY.N!.OO.),AND.(SPIN;N!.QO‘,i RETURN

PRINT S, ZA,SPIN,PARITY

IPLPARITY,FG,59," PARITY®4:,,

rr(spt~.eo %9,) SPINRD, 254 (1 o], )nn]A)

PRINT bpSPIN-PARITY

RETURN

END

FUNCTION XMAGIC(ZA)

DIMENSION xXMAGC10)

DATA NMAG/8/, xMAGI!.ol.-!O.uIG.n’ﬂ.naluaI?t..lab f

Lzsearstiene, y 1=11

AzlaeZnai0pR,

ANthAe? )

IFCZ.LT,54.360 0 1%

IFCAN,LT, B, 160 1O 18

XMAGIC-],

00 1@ NaS5,8

Ci1sABS(XMAG(N)=2)

cz=A53(xnac¢N)-AN)

IFC(CL LT 3:S).0R, (C2,LY.3,8)) GO YO 15

CONTINUE

RETURN |

XMG!CIG.

RETURN

END

SUBROUTINE LEVPREP{K1,K2)

PREPARES BINARY LEVEL DATA FPILE ON K2 FROM 1/P BCD FILE Ki, ALSO
STORES ENERGY AND JePI DATA IN LCM ARRAYS ELLC(N,IP,1) AND
AJLCCN, 2P, 1}

FORMAT(1I8, 1S, 3712,6,18)_
FORMAT (L6, F12,6,2F6e1, 12,5, 16, 24X, 18)

FORMAT (o)X, 2160 2F 12,6, E12,5s 213, 12%,18)

FORMAT(//  » LEVEL DATA FOR 1ZAwalS,« NOT POUND, USE GROUND STATE

1ONLY,9)

COMMON/SPNPAR/ZSPIN,PARITY,KGRD
COMMON/LCINDEX/IPBLE, JGLC, IZEROLC, ISPLC,IPLLC,2EGLC, ISGLC,ITCLC,

1 ISTCLC,IRHOLC,ITLC,JELLC,TAJLC, TATLE,NIDIM,NIPDIM,NIBDIM,NGROIM,LCNDEYX

2 NIODIM,NIROIM _
COMMON/LEVELL/FLESA),AJ{50),AT(SD), XN LL60) , ELMAX(60),NLEVDIM
1,EG(248),86(240), NGRAYS (67)
COMMON/BASTC1/NT, XNIPC1R) ,NIR, LRCb, 10) ,2A1(60),2A2(60),XH2(60),
1 ZACNC1A),CS6R(60),CSTOT(60),C8LEVI60),E010(8),EAVIDLS),EAVI6R)
COHMON/PR!U‘/EPSIG(ZEW-65 NLEV,NPITY, NIT

DIMENSION ZATABL6D), DU""V(I!U’

DETERMINE RENUIRED ZA TABLE
K3mgy

DO 17 Nmi,NIR

ZAYABIN)IZAZIN)

CALL SORTY(NIR,®,ZATAB, DUNMY)
NTAS & ¢

BCRGRN1S
BCDGRD1®
BCOGRDYY
BCDHRD1A
BCOGRDYQ
BCOGRD2O
BCOGRN21
BCOGRDR22
BCOGRD23
BCOGRD24
BCOGRD2S
BCDGRD26
BCDGRD2T
BCOGRD28
BCOGRD29
ENERGYSS
XMAGIC 2
XMAGIC 3
JuL29771
XMAGIC S
XMAGIT &
XMAGIC 7
JUL29e772
JuL29773
XMAGIC 8
JuL29774
XMAGIC10
XMAGIC11
XMAGIC12
XMAGIC1S
XMAGIC14
XMAGICI1S
XMAGIC16
XMAGIC17?
LEVPREP2
LEVPREPS
LEVPREPY
LEVPREPS
LEVPREPS
LEVPREP?
LEVPREPS
LEVPREPS
LEVPRE1D
LEVPRE1
LEVPRE12
LEVPRF13
LEVPRELY
LCNDEX

LCNDEYX
LEVEL1Y
LEVEL1
BASICH
BASICY
PRENY

APRD777S
APROT?76
APROTT??
APRGTT7TS
APRBT779
APROGT710
APROTT1
APRRTYIR2

NWNDWN WD
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18
19

20

3
22
23

24
2%

26
27
28

39

59

31

€ITCT(y) s 2ATABLY)

IF(NIR.ED, 1} 60 10 16

Do 8 N:Z,NIR

IF(ZATABIN) EQ,ZATAB(Ne])) 5O YO 38
NTAB a NTAB ¢ |

CSTOT(NTABY) & ZATAB(N)

CONTINUE

DO 19 Nzi1,NTAB

ZATAB(NY 3 CSTOTIN)

SELECT LEVEL DATA FOR REQUIRED ZAS
IF(KE EN,B8) REWIND Ki

READ(KE, 1) ID,NL.FeApAE,LDATE

KIEOF = IOCHECK!K!-!)
1F(KIEOF,GT,4) GO TO 29

I8ET =2 2

00 21 HN=2yi,NTAB

1242 e ZATAB(N)

IF(ID,EG.12ZA2) ISET = 1

CONTINUE .

GO 10 (22.23), ISET

WRITE(KZ, 1) ID,NLyFsA AEsLDATE

D0 28 N=t,NL

READ(KI,2) NX,EL(NY AJIN),ATCN),TAU,NT,IS
GO 10 (24, ?S). I18€ET

WRTTE(KS,2Y Nx.EL(N).AJth,l?tN).TAUaNT.18
IF(NT, LT.!) GO0 70 28

DO 27 K=1,NT

READEIK],3) LL,NF,P,CPyAMR, LY, LZ.!S
Gp 10 (26.?,)- ISETY

WRITE(K3,3) LLsNF,P,CPyAMR,L1,L2,18
CONT INUE

CONT INUE

1F(F,GE, 2,3 GO to 20

Ky = K3

REWIND K2

DETERMINE BINARY FILE IN ORDER OF REACTION CHAIN
REWIND K2 _

D0 182 JRz1,NIR

12A2= ZA2(1IR)

REWIND K1

READ(K{,1) 10,NL,F,AsAE,LDATE
KlEOF:IOCHrCK(K{ 13

IFC(KIEOF . LELU) _GO TO S@
HRITE(6,4) !ZAE

XNL(IR) = ! ]

NLL = 1

EL(1)Y = 0.

AT(1) = 99

TAU s 99,

NT 2 @

LDATE s O

EDUM 3 ENERGY(ZA2(IR))

AJ(1) = PARITY#SPIN
IF(ZALCIR) NE,Q,) GO T0 4s
NR!TE(KZ)IZAZ NLL,LDATE
WRITE(K2) EL!!).AJ(!):AT(!) TAUNT
60 10 4S

ISET=2

IF(1D, EQ Yza2)y . 18£7+e

GO 10 (31, }2) T8ET
IF(XNL(IR) LT, 9.5) XNL(!R)INL

APR2YZL)
APROTTLU
APRRT71S
APRRT 716
APRRTTIT7
APRB7718
APRRTT19
APROTT2@
APRRT72%
APRB7722
APRET723
APR@TIZ24
APRDT725
APRDTY2s
APRR 727
ABRQ2T 728
APR27729
APRAT 730
APRQ773%
APRRAT732
APROT7Y
APRAT 734
APRPT73S
APROTI34
APRA7737
APR27738
APRQTT739
APRYTT4Q
APRATTUY
APROTTU2
APRATT4YS
APRDT7UY
APROAT7 745
APROT 748
APRRTT47
APRRTTUB
APRAT749
APRGT 7S50
LEVPREZR
LEVPRE21
LEVPRER2
LEVPRE24
LEVPREZS
LEVPRE26
LEVPRER?
LEVPREZB
LEVPRE29
LEVPRE3QD
LEVPRE3)
LEVPREZRZ
LEVPRE3}
LEVPRE 34
LEVPRE3S
LEVPRE3S
LEVPRE3?
LEVPRE 3B
LEVPREZS
{.FYPRE4A
LEVPREYY
LEVPRE4W?2
LEVPRF43
LPVPREY4A
LEVPREUS




e 3.

32
3S

36

17

38
4e

as

iae

10¢¢@

2w

- 00 ~4 O (N}

NLMAXEXNLCIRY

NLLEMINP(NL, NLMAX)

XMLCIRY = NLL

IFLZA1CIR) . NE a ) 60 T0 32
WRITE(K2) ID.NLL.LDATE

00 ¢@ N=i,NL

READCKY, a) NX,ELENY, AJEND, AT ENY, TAU,NT, I8
Go 10 (35;36)-]$ET

TFLC2A1CIRY NELP.)LOR,(NGT NLL)) GO TO 36
NﬁIY&(KE) ELINY, AJ(N),AT(N) TAUGNT
IFINT,LT.1) GO TO 40

DO 38 K=1,NT

READ(’(lls) LL.NF.F.CP.‘MR.L’-L?!!S
GO 10 (37,38),TSET

IF(N, 6T, NLl) GO, 10 LY.}

IFC2A1(IRY " €0, P.) WRITEEK2) NF,P,2P,AMR,L{,L2
CONTINUE

CONTINUE

GO TQ (4S,%0), T3ET
INDEX=TELLE4 (1Rl )wNLEVDIM

CALL ECWR{EL, INDEX,NLL, IERR)
INDEX=TAJLC+(IRe1)sNLEVDIM

CALL ECWR(AJ, INDEX,NLL, TERR}
INDEXSTATLC+ (IR~ )2NLEVDIN

CALL ECWR(AT,INDEX,NLL,TERR)
ELMAXCTIRYSPL(NLL)Y

CONTINUE

END FILE K2

REWIND K2

RETURN

WRITE(6,4) 1242

sToP

ENMD . ,
SUBROYTINE TCRPREP(KI,EPSILON)

FORMAT(42Xx.A10,12%,214,48)
FORMAT (1P, 6512 s, I8)
FORMAT(14,1X27410,4%)

FORMAT(// 11X, A{J,#TRANSMISSYON COEFFICIENT DATA OUT OF OADER, CARDTCPREP

1 NO+ 16,% wo ARQORT JOBw)

FORMAT(//71X,4PARTICLE IDENTIFIER #A{@,% NOT RECOGNIZED IN TRANSMISTCPREP

1SION COFFICIENT DATA eo AADRT JOB#}

FORMAT(// « rp‘msuxssrow COEFFICIENT DATA ¢ / TUsiXeTALD,AS)
FORVMATE & (Dzwl2,3%:*NE=#T13,3%,2NL2r]1%,3X,4PARTICLE »24A15)

FORMAT(/ « E“ERGV v F7,3,% MEVS)
FORMAT( » TRsNS,COFFS, *v!P,lﬁu!Z S)
FORMATL » SPLYNE DATA a41P,10E12,5)

COMMON/LEINDEXTPBLC, IGLC, IZEROLC, ISPLC, IPLLE, IEGLC, ISGLC,2TCLC,
1 1STCLC,IRHOLC,TTLC,IELLCaIAJLE,ZATLC NIDIM,NIPDIM,NIBOIM, NGROIM, LCNDEX

2 NIDDIM,NIRDIM

CDMMON/LEVFLl/EL(SGJolJ;SH),AT(Sﬂ) ANLLCDR) »ELMAXC6M) , NLEVDIM

1,66(24@),80(2un),NGRAYS(6Q)

COMMON/TCOEF/ETC(25,6)4TC(25,3R3,BC0(7,,XSPINCTI,NLDIN,
INPAKT ,NEECKYaND(O) o NTC(8), TZAID(T) s XMASSLTI,NEEDIM, NLEIN(S,28),

2NLE(6,200),JRAST(200,4)

COMMON/PRNTOUT/TORTLEV, JPRTTC, IPRTMLD, IPRTWID, TPRTSP, IPRTGC

DIMENSION TDUM{62),RCOTC(8)Y

MATM PARTICLE LOOP
IFIKY  EQ 1PIREWIND K1

READ(KY,3)NPART,BCNTEC

WRITE(6,6) NPART,BCDTC

LPVPREUS
LEVPREUY
LEVPREWS
LEVPREGY
LEVPRESH
LEYPRESY
LEVPRES?
LEVPRESS
LEVPRESY
LEVPRESS
LEVPRESS
LEVPREST
LEVPRESS
LEVPRESY
LEVPRF6O
LEVPRF &1
LEVPRES2
LEVPRESS
LEVPRESBY
LEVPRESS
LEVRRESS
LEVRREAT
LEVPRE 68
LEVPRE®S
LEVPRETS
LEVRRETY
LEVPRET2
LEVPRETS
LEVPRETY
LEVPRETS
LEVPRETS
LEVPRETY?
LEVPRETS
JUL26779
TCPREP
TCPREP
MAYT?
YCPREP

TCPREP

VDI NE W

TCPREPID
TCPREPYS
TCPREPLR
TCHREPSS
TCPREPY
TCPRCPLS
TCRPREPI®
LCNDEX

LECNDEX
LEVELY
LEVELY
TCOEF

TCOEF

TCOEF

PRNTOUT2
TCPREP2]
TCPREPR2
TCPREP23
TCPREP24
TCPREP2S
TCPREP26

EWWMMONE WN
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(3 Kz Xgl

293
3

o0 (2 Na]

4a

a2
48
sa

69

66
70

A-12

DD 100 Nst NPART
KPPz
READEX1,1) XBLD,NE.NN,K

IDENTIFY I/P PARTICLE

00 20 1Dsl,6
IF(XBCN,EAQ,BCO(10)) 6o t0 22
CONTINUE

WRITE(H,S5) XBCO

sT0P

NEE(ID)a NE

REAT ENERGY ARRAY

DO 3@ I=2,NEs6

KPzKP4{

IUnT+8
READ(Ki.Z)(ETC(;;ID)-J'I:IU).K
PORMAT(22X,5E12,5,A8)

CONTINUE

MAIN ENERGY LOOP
00 89 lt=2,NE

READ TRANSMISSION COEFFICIENT DATA

DO 5 JIsi,NN,b

¥PEKP4 1

JUsJe§

READ(K1,2) (TDUMCL),L=J,Ju) K

0C 336 L=J,Ju, ,
IF(TOUMIL) . LE, 2,0E=14) TDUM(L)wR,
CONT ENUE

CONTINUE ‘ .. ‘
IF((ID.ER.3).0R, CID,EC.06)) GO YO 60

ELIMINATE J<DEPENDENCE OF SPIN 1/2 ARRAYS
1001,1Y = TOUM(1)

09 50 J=2,NNp4 L.

XL B (Jel)72 ¢ MODLJ/2,2) » 1

FRERET

DO 48 JL=zt.2

JUsJdet | )

1F(JJ.GT.NN) GO 10 70

XLsXLe1,0

LPaxLe1,001

IFCLP,LE.NLDIM) 60 TO 4O

LPaLP=t

Go 10 70 , )

IF{(JI+2)I LE.NN) GO TO 42

TCCI,LP) = TDUMCJJ)

G0 10 48

TELILLP) =  CCXLOL)RTDUMCIIRZ) & XLeTOUMCJII) I/ (2,0%L44,)
CONTINUE

CONTINUE

Go 10 78

RE=DRDER SPIN @ AND SPIN 1 ARRAYY
DO 68 LBI,NN |

J = 2aL=MOD(L,3),

IF(J.GT,NN)Y GO 70 79

LPsL

TC(I,LP) = TouUM(d)

CONT INUE

TCPRIP2Y
TCPREP2S
TCPREP29
TCPREPID
TCPREPIY
TCPREPS?
TCPREP3]
TCPREP3Y
YCPREPTS
TCPREP3G
TCPREP3Y?
TCPREPIS
TCPREP3IO
TCPREPYUD
TCPREPAOY
TCPREPU2
TCPREPUS
TCPREPUYY
TCPREPUS
TCPREPUS
TCPREPUT
TCPREPYS
TCPREPUS
TCPREPSH
TCPREPSY
TCPREPS2
TCPREPSS
TEOREPSY
TCPREPSS
TCPREPSS
TCPREPST
TCPREPSSE
TCPREPSO
TCPREPKHQ
TCPREPSY
TCPREPH2
TCPREPG3
TCPREPGY
TCPREPSES
TCPREPGLS
TCPREPLT
TCPREPGS
TCPREPGS
TCPREPYE
TCPREPT7Y
TCPREPT2
TCPREPT}
TCPREPTAH
TCPRLPTS
TCPREPTG
YCPREPTT
TCPREPTS
1CPREPTS
TCPREPAD
TCPREPS1
TCPREPAR2
TCPREPBY
TCPREPBY
TCPREPAS
TCPRERPBS
TCPREPAYT
TCPREPBA
TCPREPSBY
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a3

82
84

%9
189

1000

GONTINUE
NOCID) =P o .

SET TC ARRAY TO ZERO FOR ZERO INCIDENTY ENERGY
ETC(i,1D)=za,

00 23 Lezy,LP

Tcl1,L)=0,

FIND NUMBER OF NON»ZERC COEFFICIENTS
DO 84 1132,NE

I = NEeIle2

D0 82 x=1,LP

L © LPu| X¢t

TIFCTCLT, 1)) B2,82,83

XLsL .

RATIOR (2.aXLéei InTCCI,L)/TC(1s1)
IF(RATIO,GT ERSILON) GO TO 84
CONTINUE

NLEIN(ID,1wt) = L

NLEINCID,NF) = NLEINCID,NE=1)

STORE TRANSMISSION COEFFICIENT DATA IN LCM
NPTS=LPaNFEDIM

NTC(INY= NPTS .

INDEXSTITCLCe(IDeat YANEEDTIMeNLDIM

CALL ECWR(TC,INDEX,NPTS, lERR)

PRINT OPTION,
IFCIPRYITC,LT,1) GO TO (a@
DO 90 !El.NE .
WRITELH,BY ETC(1.10)

LP 3 NLEINCID,)) -
HRITEC6,9) (TCCI L)Ly, LP)
CONTINUE

CONTINUE

RETURN _

WRITE(6,4) XBCD,KP

ST0P

END )

SUBROUTINE SETUP

FORMAT(// #» PARTICLE WI¥H 174u015,# NOT FOUND, ABORT JOB,#)
COMMON/LCINDEX/IPBLL,IGLC, IZEROLC, 1SPLL, YPLLC, IEGLE, ISGLC, ETCLC,

1CPLrreg
TCPREPIY
YCPREPQ2
TCPREPIS
TCPREPJY
TCPREPYS
TCPREPYS
TCFHFPOT
TCPREPIS
TCPREPI9
TCPRE1 2O
TCPRE1Q14
JUuL26710
JuL2e7iy
JuLzeryz
JUL26713
TCPFELQ3
TCPRE1AY
TCPRE10S
TCPREIQS
TCPREL1Q7
TCPRE128
TCPRF 109
TCPRELLD
TCPRELL]
TCPRELLZ
TCPRE!1Z
TCPREL1A
TCPRE116
TCPREL17
TCPREL1D
TCPREL19
TCPRE120
TCPRE12Y
TCPRE122
TCPRELZ23
TCPREL24
TCPRES2S
SETUP
SETUPR
SETURP
SETUP
LCNDEX

N

1 ISTCLC,IRYGLC, TTLC,TELLC, TAJLC, TATLC,NIDIMyNIPDIM, NIBDIM, NGRDIM, L CNDEX

2 NINDIM,NIADIM

COMMON RHOC4R,2P0),T(30,200).P(B0),5P(220,6),PP(8D),5PP(2020,7)

1o SPNGN(2OEY,PL(SD,6).6(200,8),RHOFTR(UA)

COMMON/TCOBF/ZETCLSS5.6),TCC25,30),BEDCT7), XSPIN(T7),NLOIM,
INPART ,NEECGY s NO(A),NTCLBY,TZAIDCT7)  XMASS(T), NEEDIM, NLEIN(6,25)

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

COMMON/LEVELY/ELCSBI,ATISRY, AT(S@) S XNL(60), PLMAX(6B) NLEVDIM

1,66(242),5G(24@)NGRAYS5(60)

COMMON/RASICI/NT.XNIRCIA),NIR,LR(6,18),2A1(60),2A2(80),xXM2(60),

1 ZACNCID),CSGRIAP)ACSTOTL(ED)CSLEV(HD),CIID(BY,EAVID(B),EAV(6D)
NKKML1P),CNPI(10),
1 CNPIPC12),.S5(6M-SACILNY,ID1C60),IDP, I0E2¢(60),IBUF!6,10),

2 ECM UP NKMAX NIMAX NKK(6R) ,NKDIM, TCP(3R),0MDP (LMY, AL6B),A2(60),

COMMON/BASIC2/PITLEC16),ELAR,DE,ZAP,2ZAT, XMT,

LCNDEX
RHO
RHO
TCOEF
TCOEFR
TCOEF

LEVELY
BASICH
BASICY
BastC2
BasiC2
BaASIC2

3 NRHO(6),X3Ts  NPOPMAX,NTC2(6),NJDIM, TOECN(13),NKKCN({A),ECON,BASIC2
4 JPICUB,2) XMPLXIPHPIT,NLO, KNLP, KL, IDBTAT(T),SIC,CSL,CER, PILLLI3AIBASICR

SeICAPT,PLRUF(50, 1), IMNPOPT, TKEEP

COMMOMN/LEVOEN/DEF(AD) s XNLGC(6D) s ECGL{&D) ,UCUTOFFDEFCN,TGC(62)

BASICS

3
]
5
2
L)
[}
2
3
2
3
4
LEVELY 2
3
e
)
2
3
4
S
6
?
LEVDEN 2
3

']

) ERGC(EM)EMATGC (5D )PATR(L2) ,XMR3(6D) o XNLLN(6D),SZ(1QB),SNC158), LEVDEN

« PZC122).PN{130)

LEVDEN
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16

17
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29

b1
32

36

38

39
ue
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COMMON /8PNPAR/ SPIN,PARITY,XGRD

PIND ACCUMULA 24
PIND rgl‘gg TED SEPARATION ENERGIES FOR THE DECAYING NUCLED
84C{1)=0,

DO 20 1=3,WQ

11=1

DO {8 Jai,NI

Ixs1t

T1=CNALLIX)

1F(1I.LT,19 GO 10 22
IX°=CNPIP(!X) -
IFCTIILLTL100Y GO TO 7
Il=114100

11P=1ip/100

G0 10 1s

CONTINUE

IRZLRCIIP, 1)

SACII) = SACiI) s 8CIR)
CONTINUE

IDENTINY INCIDENT

00 30 1013 ENT PARYIeLE
;ZA ; ZAP

F(12a, EO IZAID 1

CONYINUE (1D3) 60 T0 SZ
GO 1C 103002

10P=1D

XJPSXSPINCIDP)
XMP=XMASS(IDP)
CsL = lBS(XJT-X}P)oi 2
CSH = XJT+XJP¢Q, 021

IDENTIFY SFCONBARY REACTI {
JoENTLEY SEC RY REACTION PARTICLES AND PHOTONS
IDSTAT(IN) =0

DD 40 IR=1.NIR

1ZA= ZA1CIR)

I;O 18 ID 11

FOIZALER,1ZATDCID

onTinE ¢(10)) GO To 36

60 T0 PG

IDSTAY{ID) 2t

IDICIRY=ID

IDENTIFY RESIDUAL NUCLE? AS TO ODD OR EVEN A
I0E221 FOR ODD., 10E2z2 POR EVENwA RESIDUAL NUCLEUS

00 50 IRmi,NIR

IZA= ZA2(1IR)

TA= MOD(1ZA,100@)
TOE2CIR) = t3e(a3)nnlA) /D

INENTIFY DECA 0

IneNTIfY DEC YING COMPOUND NUCLEI AS TO ODD OR EVEN
12As ZACN(T) _

YAz MOD(1ZA,1000)

TOECNCI)® (3e(mi)asalA)/?

SET UP JmPl ARRAYS
JJep

DO 82 J=1,NJMAX

DO 82 ipl=my,2

LEVOEN 9

SETUP
SETUP
SETUP
SETUP
SFTuUP
SETUP
SFTUP
SFTUP
SETUP
SETUP
SFTUP
SETUP
SFTUP
SETLP
SETUP
SETUP
SETURP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUYP
SETUR
SETUR
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETLP
SETUP
SETUR
SFTUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUR
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP

13
14
15
16
17
18
19
2n
21
22
23
24
25
2b
a7
28
29
k1)
11
32
33
34
35
36



o000

[ K2

82

84

S0

12022

7%

77

JJnjJes
JPItJ,1P13aJJ

DO B4 Lai,NLDIM
LL=L~ .
PILLL(LY= (1) nal L

INITIALIZE LEVEL DENSITIZ3S AND GILeCAM PARAMETERS

DO 92 IR={,NIR
A2(IR)= ACTR)

IFEXNLGCCIR) GLELP,) XNLGCCIRIEXNL(IR)
1FCECGCCIR) LE,@.) FCGC(IRIa ELMAX(IR)

XHLLNCIR)=ALOG(XNLGC(IQY)

XMRI(IR)E XH2(TR)#»0(,333333%3

RETURN _
WRITE(6,1) 124
STOP

END

SURROUTINE SETUP2

SET UP INCIDENT ENERGY DEPENBENT QGUANTITIES

COMMNEN/ZBASTCI/NTLXNIRPCIAY ,NIR,LR(6,10),2A1180Q),ZA2(60),XM2(860),
1 ZAUNC10),C36RE6D),CSTOT(6A),CSLEV(AG),CSINCB),EAVID(A) EAV(6P)
COMMON/BAGTIC2/TITLEC16) ,ELARLDE,ZAP,ZAT,XMT,
{1 CRPIP(I?).S{6eM.SACEIRY, ID1(62),10P,I0E2(6Q),IRUF(6,50),
2 ECU, UP,NKMAX , NIMAX, NKK(6P) ,NKDIM, TCP(38),AMDP(40),8C6R),42(62),
CIOECNCIZ) NKKCH(1A),ECON,BASTC2
B OJPI(ER,2) xMP, XIP,PIT, NLP, UNLP, KL, IDSTAT(7)+81C,CSL.OSH,PILLLLI3AIBASIC?
S, I1CAPT,PLBUF(SA,10), INPOPT, TKFEP

COMMON/LCINDEX/ZIPRLC, IGLC, IZEROLC, ISPLLC, IPLLC, JEGLC, ISGLC, ITELC,
1 ISTCLC,IRHMOLC,ITLC, JELLC,»TAJLC, JATLC, NIDIM,NIPDIM, NIBDIM, NGRDIM, L CNDEX

3 NRHO(6) . XJIT,

2 NIDDIM,NIRDIM

COMMON/TCOEF/ETC(25s6) s TC (29, 32),BENCT)  XSPINCT7)HLDIM,
{NPART ,NFE(H) s NOCHYJNTCCH), TZATD(TY s XMASSCTI, NEEDIM,NLETN(6,25%,

2NLE(6,272),JRAST(207,6)

CDHMON/LEVEL!/EL(SZ)'AJkSB}.AT(SG).XNL(bw)nELMAX(bG).NLEVDIM

1,EGC20B),86(2un),NGRAYS¢6D)

SET UP ENERGIES AND DETERMINE INTEGRATION END POINTS

FCMz (XMT/(XMT4xXMR)INELAB
U® = ECMeSIC ,
XMU = XMTaXMR /2 (XMY+XMp)

ECON = 0,6508999/(XMUSETUN (2 #XJP4] ) (2,4XJT*1,0))

EKMAX=Q,
DO 77 I=1,NI

NKKM(TI)=0

NIP = YNIR(])

DO T7 1Pz ,N]IP

IR=LR(IP, 1)

NL= XNL(IR)
INDEXSTELLC+{IRe1)RNLEVRIM
CALL ECKZIEL,INDEX,NL,IERR)
EK =2 UPe3AC(YI*: 3CIR}

EXMAX = AMAX1(EK,EKMAX)
NKR{IR)e (FKeEL{NL))}/PE ¢+ 0,5
NKEM(T)cMAXDCNKK(IR) 4 NKKM(T))
IFCIP,EQL1Y NKKCNCI)=NKKC(IR)
CONTINUE .
NKMAXZEKMAX/DE + 8.5
IF(NKVAX,LT,NKDIM) GO Tg 79
XDU=NKDIMu

DF & EXMAX/XDU

NKKM(10),CNPT(10),

NPOPMAY,NTC2(6),NJDIM,

SETuP 7%
SETUR 76
SETUP 77
sETUP 78
SETUP 79
SETUP 8O
SETUP 81
SETUP 82
SETLIP B3
SETURP 84
SETUP 8S
SETUP 86
SETUP 87
SETUP B8
SETUP B9
SETUP 90
SETUP 91
SETUP 92
SETLA?
SETUP2
SETUP?
SETUP?
B£SICY
BASICH
RASIC2
BASIC?Z
aaSJC?

BasSIC2
LCNDEX

LCNDEX
TCOEF

TCOEF

TCCEF

LEVEL!Y
LEVELY
scTuP211
st Tup2te
SETUP213
SETUP214
SETUPZ21S
SETuP216
SETLP21Y
SETUP238
SETUP219
SETLP22D
SETUP22Y
SeTup222
SETUPR223
SETUP224
SETUP225
SETUR226
SETUR227?
SETUP228
SETUP229
SETUPP 3@
SETUP23Y
SETUP232
SETUP233
SETUP234
SETUP233

WNEWNNBHNNNEASWMN WYL S WL



[z Ry

o0 o

G0 Y0 718 SETUP23b

NPOPMAYZENKMAX#NJGIMa2 SETLP23?
SETUP238

GENERATE TRANSHISSION CCEFFICIENTS FOR INCIDENT CHANNEYL SETUP239
NEZNEE(IDP) SETUPZUD
NPTS=NTC(IDP) SETUP24Y
INDEXZITCLC4(I0P=3eNFERIVMINLOIM SETUIP242
CALL ECRD(TC,INDEX,NPTS,lERR} SETUP243
K = JSERCHEELM,EYCC1,IDPY NELAA,AS,AD) SETUPZUU
NLP2NLEIN(IDP,Ke1) SETUP24S
XNLPSNLPe} SETUP24s
DO 85 J=i,NLP SETUPR4Y
CALL INTERPCETC(1,1DP), TCt1,J50NE,2,ECM, YOUT) SETUP24B
IF (Yout.LT,8,) YOUT-B SETUP249
85 TCP(J)=sYOUT SETUP252
RETURN SETHP2SY
EnD SETUP2S2
SUBROUTINE SPECTRALACN,FSIGEN) SPECTRA2
SPECTRAZ

CoMMOM 2L CINDEX/IPBLC, I6LE, 17PROLC, 18PLC, IPLLC, IEGLE, ISGLC, ITCLE, LCNDFX 2
1 1stcLe, rnHoLc.!TLC.IELLCoIAJLC TATLC,NIDIM,NIPDIM,NIBDIM,NGRDIM, LCRDEX 3
2 NIDDIM,NIRDIM LCNDEX &
COMMON nuﬂ(uw,znal.T(!n.Zﬂﬁ;.P(BG)-SPtZHuob)oPP(BO).SPP(ZGBo7), RHO 2
16 SPNGNI27DB),PLISB,6)4G208@.6),RHOFTR(4BY RHO 3
COMMON/TCOEF/ETC(25+6),YC(25,30),BCD(T)Y, XSPIN(TI,NLOIM, TCOEF 2
INPART yNEECAYSNO(O6)aNTCCo),TZATDCTY s XMASS(T),NEEDIM,NLEIN(S,29), TCOEF %
SNLE(A,200), JRAST (2P0, 8) TCOEF 4
COMMOM/LEVELI/EL(SZ).AJ(SGJ.AT(SG).XNLtbo) ELMAX(O0) , NLEVDIM LEVELY 2
1,EG(PUM),SG(2uM)NGRAYS(60) LEVELY 3
COMMON/RASTCI/NTXNIPCIP) ,NIR,LR(6,1Q),2A1(60),2A2060),%XM2(68), BasliCy 2
1 ZACNC1B),CSGR(ARAY,COTOT(6M)LCOLEV(6D) ,COIG{R),EAVID(B),EAV (D) BASICY 3
COMMON/BASTIC2/TITLE(IAY ,ELABDE,ZAP,ZAT, XNMT, NKKM(107,CNPIC1@), BASIC2 2
1 CNPIP(10),S5(60),SACL1RY-ID1L62),10P,I0ER2(60), TRUF(E,1D), BASIC2 3
2 ECM, LIP,NKMAX,NJMAX, NKK(67),NKDIM, TCP(30),0MDP (40),A(6@),A2(60), BASIC2 4
3 NRKOCK) 4y XJITs MPOPMAX,NTC2(5)NJDTIHM, TOECM(10),NKKCN(1?),ECON,BASIC2 S
4 JPICUA, 2) o XMP, XJPPIT o NLP, ANLP, KL, IDSTAT(7),8TIC,COL,COH,PILLLE3D)BASICS &
S, TCAPT,PLAIF(5A,19), INPEPT, TKEEP v BASiCe 7
COMMON/GAMMA/NMP LGROPT,S5wS(10),GML(6),GMP(6),RELCE)PLMGHOL(E), GANMA 2
1 TGR(2P2, 63, WKCON,CAXEL,GAXEL,ERAXFL EXSWS(1P),WKNORM GAmMA 3
COMMON/PRFEQ/LPEQ,SIGR,PREQT(6),CETGICHY,NITT(6),ALPHA(S) PREEQ 2
COMMON/SUMBLK YL 7KP KDy 1P, JDsKMGNy JPI24N,DP, IK SumMBLK12
COMMON/SUMBLKR/XICN)PICN, JPICN,ECONJ, MP, 32,12, TGRL, TLEV,XJ2, SUMBLK22
{ TTOT (9O ) SUMBLK2Y
DIMENSION SCBUF(AQAR), OECONC(23,XJINI(2),PI(3),8CBUF2(80) SPECTRIY
EQUIVALENCE (SCAUF,RHD) SPECTR1S
DIMENSION IBTAG(1@),IBTAGR(10) SPECTR16
COMMON/TOTALS/SIGTOT(LD) SPECTRY?
SPECLTRIB

CaYa PIP.PI!/!.,! ZoXJINT /oD, Sew] ,0/,P1/04,0sm1,0,¢1,8/ SPECTRIQ
DATA DECON/1,0,3.0/ SPECTR20
. . SPECTR2}

SPLIN (8,C,0,E) © BrAS 4 Crht » ARw(DrASeE®ABIDHE) SPECTREZ?
CALL SECONDITIME) SPECTR2Y
DTIME=TIME=TKEEP SPECTR24
WRITE(6,3) DTIME, TIME SPECTR2S
FORMAT(JH), *START OF 8BECTRA SUBROUTINE.»s, JUL1977¢
12 TIME FROM START OF THY3 ENERGY s#F9, 35,3 SECONDS, YOTAL ELAPSED TSPECTRZY
2IME zeF9,3,¢ SECONDS ") SPECTRZ28
' SPECTR29

SET UP LEVFL DENSITY PARMETERS SPECTR3Q
CALL LEVDSET(ACN,A,A2) SPECTR3Y
. . SPECTR32
ZERO LARGEw AND SMALLeCORE ARRAYS SPECTR3
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45

59

62

3!

CALL FOED R 1P RCELC, A00P, JENK)
CALL ECWRESCPUF,IPLLC, 3002, 1ERR)
CALL ECRO(SPP.IZERILC,1uPp, 1ERR)
CALL ECRD(SPNGN, TZEROLC,NKMAX, IERR)Y
NBIZ2P=NPOPMAX=B82Q20

DO S1 N=si, NIDIM

NPTS= NKDINﬁNIPDIH
INDEXZ I8P CafNal)nNPTS

CALL ECWR(SCBUF, INPEX,NPTS, IERR)
INDEX=TGLCe(Nu])aNPTY

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

DD 4S 1B=1,12

IRTAG(IB)cE

IBTAGP(IRY=0

MAIN LOOP TO SET UP DECAYING NUCLEQ

LT
CALL ECRP(SIGTOT, 12ERCLE, 1, TERR)
DO S20 fey,N!
CALL SECOND(TIME)
DYIMF=TIMEWTKEFP
NOITE(0,2) 1.0TTME,TIME
FORMAT(/% START OF le#l3,» LOOP,w,

JCECNz TOECNCTY
NKCNz NKKCNET)

TFONKEN,LTLS) 60 TO 60,
1FCCICAPT,EG,@), AND, (1LEQ. 193 NKCNm1
1BC=IRUF (1, 1)

1F (IRCN.GT,NIBDIM) IBCN®IBENaNIBDIM
NIPS XNIP(1)

NJDIM2c244JDTM

NJIJMAX2=24NIMAYX

ZEROQ ARRPAYS AND CHECK BUFFERINWG
NPTS=NKDTMaNIP

INDEXe12EROLC

CALL ECRO(SP, INDEX,NPTS, IERR)
CALL ECRN(G.,INDEX,NFTS, TERR)
NPTSoNLEVOTMaNIPDIM

CALL ECRDIPL,INDEX,NPTS,1ERR)
CALL ECRD(SCHUF, INDEX,8n0P, IERR)
DO &4 IPey,NIP

18=18UF (1P, 1) |

1F €18 LT.1), GO T0 64
IF(IBTAG(!H) GT a) 6O TO &4
IBTAGLIR) =t

IF(IR,LE.NTBDIMY GO TO 2

IR= I=.~IBD!N

IFCIBTAG2(IB)., GT 8) GO TO 6p
WRITE(6,1) 1.,1P,IB

FORMAT(//n =~w=aTHE REACTION Tenl12,e,

sTop
CCNTINUE

INDEX=1PBLC+(1R=]) #NJDIMN2RNKDIM

CALL ECWRCSCBUF, INDEX,8000. IERR)
IF (NRPEO,LT.1) GO TO 64
INDEXaINDEX+80202

sregirzg
SPELTIRIS
SPECTR3y
SPECYRY?
SPECTR38
SPECTR39
SPECTRUD
SPECTRU1
SPECTR4R
SPECTRUS
SPECTR44
SPECTRYUS
SPECTRUS
SPECTIR4Y?
SPECTRYUB
SPECTRUY
SPECTRSP
SPECTRSY
SPECTRS?
SPECTRSYS
SPECTRSY
SPECTRSS
SPECTRYSS
SPECTIRST
APECTRSS

fw TIME FROM START OF TH13 ENERGY paF9,3,# SECONDS. TOTAL ELAPSED TSPECTRS9
2I%E zaF9,3.¢ SECONDS,#)

BPECTRGE
SPECTROY
SPECTR62
SPECTRSS
SPECTRGY
SPELTRAS
SPECTRAG
SPECTRGT
SPELTR6S
SPECTRGS
SPECTRTA
SPECTRTY
SPECTRTZ2
SPECTR73
SPECTRTY
SPELTR?S
SPECTR76
SPELTRTY
SPECTR78
SPECTRT79
SPECTYRED
SPFCTRAY
SPECTRB2
SPECTRAS
SPECTREY
SPECTRBS
SPECTRES
) SPECTRBY
I1Pzal2,» 18 ATTEMPTING TO REUSPECTREA

1SE BUFFER NUMBER 1Baw12,% BEFORE THAT BUFFER MAS BCLEN EMPTIED,n// SPECTRAY
2¢ weeaABORT JOB,#)

SPECTRIQ
SPECTRYY
SPECTRO2
SPECTR93
SPECTRS4
SPECTRSS
SPECTRS®
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103

A-18

CALL ECWR(GCBUF, INDEX,NARRO, TERR)
CONT INUE

IBTAG2(IBCN) =y

IF (NKCN,LT,1) Gf T0 Son

COMPUTE TRANIMISSION COEFFICIENTS AND LEVEL DENSITIES ON
INTEGRATION ENPRGY MESH AND LOAD INTO LCM
CALL LCMLOAD(I)Y

SET UP GAMMAwRAY CASCADE CALCULATION, DETERMINE WEISSKOPF OR AXEL

PARAMETERS AND COMPUTE GAMMA RAY TRANSHISSION COEFFICIENTS
CalL GaAMSET(IY

MAIN LOOP OVER INITIAL ENERGY OF DECAYING COMPOUND NUCLEUS

UCNa UP=SAC(1)4DE

DO UA@ K3y NKCN

UCN3UCNeNE

JHAXCNZJRAST(K, 1)

CALL ECRD(TTOT,IZEROLC,NJIMAR2, 1ERR)
IKzlenr

SET UP TRANSMI33iON COEFFICIENT TO WIDTH CONVERSION FACTORS
INDEX=TIRHOLC* (K] IwNIDIM

CALL FCRO(RHOFTR, INDEX,*JIMAY, TERR)

DO 101 JCN=1, JMAXCN i . ,

RHOFTR(JICNIE . /(RMOFTREJCNI*6.28316551)

INITIALIZE POPULATION OF ALL STATES
INDEXaTPBLCe (Ko ) 4NIDIMaRe { TRCNw 1) ANJDIMe FaNKDIN
CALL ECRD(PP.,INDEX,NJDIMZ, IERR)

WIDTH SUMMING LOOP
00 3N M3y,2

LOOR OVER REACTION TYPES FOR THE DECAYS
D0 3G IPa{,NIP

IRaLR(IP, 1)
102101 (IR)
KNGN=2

IFCLRLONE, 1), AND, C1D,ED.1) (AND, (T.EQ, 1) AND.CIDICL),E0,7)) KNGNaY

JOE2= I0E2(1IRY
XJ1=XSPIN(ID)

TRANSFER LEVEL DENSITIES, TAANSMISSION COEFFICIENTS, LEVEL
ENERGIES, AND LEVEL SPINS TO SCHM,
IFCI0,EQ.TY GO YO t@2

NPTS3 NTC(ID) .
INDEXSITCLC+(INm])#NLDIMANEEDIM
CALL ECRD(TC,ENDEX,NPTS,1ERR)
IF(NKK(IR) LT,1) GO TO 192
NPTSINTC2(IP) .
INDEX=JTLC+#NKDIMaNLDIMr(IPw )
CALL ECRD(T,INDEX,NPTS,1ERR)

NK2® NKK(IR) = |

IF(NK2,LT.1) GO 10 @3

NPTS= NRHOCIP) .
INDEXSIRHOLLC+NKOIMeNIDIMA ¢ 1Pm])
CALL ECRD(RHO, INDEX,NPTS, IERR)
NLEv2=XNLETIRY .
INDEX=TELLC+(IRmi)#NLEVDINM

CALL ECRD(EL,INDEX,NLEY2, IERR)

SPFCTNIY?
SPECTROA
SPECTR99
SPECT100
SPECTIOY
SPECT{@2
SPECT)O3
SPECT104
SPECT{PS
SPECT126
SPECTIO?
sPECT18
SPECT 129
SPECT110
SPECTI1
SPECTY1i2
SPECT113
SPECT114
SPECT11S
SPECT1ItS
SPECTI1?
SPECT1(8
SPFCTYto
SPECT (20
SPECT12}
SPECT122
SPECT123
SPECTi24
SFECT12%
SPECT1 S
SPECT127
SPECT128
SPECT29
SPECT{3D
SPECT)34
SPECT132
SPECT133
SPECT %4
SPECT13Y
SPECT1s
SPECT13%7
SPECTE 18
SPECY139
SPECT14T
SPECT141Y
SPECTIU2
SPECT14}
SPECTt44
SPECTI4US
SPERTIUS
SPECT147
SPECT{us
3PECT{UO
SPECT1SO
SPECT {91
SPECTyS2
SPELT1S3
SPECT154d
SPECTISS
SPECTIS6
SPECT157
SPECT1SA
SPECT1S9
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117

112

INDEX@IAJLCH (IRaf)aNLEVDINM
CALL ECRD{AJ, INDEX,NLEVS, JEAR)

SPECT160
SPECT161
SPECT162

MAIN CONTINUUM;Tb.CONTINUUM COMPUTATION SECTION sonnensnansenceserSPECT163

RESIDUAL NUCLEUS ENERGY LOCA

KLOWEK#{

IFC(KLOW,GTLNK2) 60 TO 2p0@

Kp=2

DO 195 KPaKLOW, NK2

LOET TS . )

XNLE a NLE(IP,XD)=%

JMAX23JRAST(KP, IP)

XJIMAX23IMAY2

KIME L= X JHAX 2, 254 (OECONCJIOER) ¢ 1,140,051
xJCN3 XJINTCJOECN)

INCHKEv=IoKoMo!PoKP

ZERD 1..TIAL POPULATIONS IN RESTDUAL NUCLEI
JMAX22E2R0 JUAX2
IF (M,E0,2) CaLL ECRO(P, IZ!POLC JMAX22, JIERR)

LOOP NVER DECAYING COMPPUND NUCLEUS SPIN,PARITY
DO 183 JCHz1, JMAXCN
XJCN2xJCNey , 0
ECONJe ECONR{P . #XJCN1 ,0)nFIIGEN
D0 180 1PILN=t,2
PICNa PI(IPICN)
IPl z PI1aPICN
JPICNSJIPTCJICN, 1PECN)

SET Up INIYIAL POPULATIDN$ FOR LB2Q CASE
TFCINCHKEY.GT,6) GO TO 117

CALL INtHSUM(S)

PPIJPICNI=NP

SIGR=3IGR+DP

IF (PP(JPICN) LT 1.E=302) GO 70 180

1F (ID.NE,7) GO YO 140

GAMMA RAY TRANSITION SEETION ee CONTINUUM TO CONTINUUM
DO 13IP MP=i,NMP

LG= GML(MP)
PILEPILLL(LG+])

XJ2s ABS(XJCN-GML(MP))-i.e
XJ2HzXJCNeGML(MP)+0,B891
XJ2H=AMINL (X J2H, XJMAX2)

DO 128 JJ2=1,1900
XJ2:z%J2+1,.0

P12z PICN«GMP(NPI#RIL
J2sxJazet, 01
IF(XJ2.6T,2J2H) GO, TO 138
Irl2 = 1. Sa1-P12/2

Jrle = JrPreJ2e,1Pi2)

CHECK FOR @ 10,8, TRANSTTIONS
IFCXJ2+XJCN,LT.0.1) GO 70 128
GO 70 (112,120} M

ADD CONTINUUM GAMMA WIDTH TO TOTAL WIOTH SUM
DTz TGCR{KD,MP)#RHN(J2,KP)DE

TTOTCJIPICNY= YTOT(JPICN)AD?

G(K,1PVY2G(K, IP)#DY.RHOFTR(JCN)

G0 10 128

SPECT164
SPECT165
SPECLT 166
SPECT167
SPECT168
SPECT169
SPECY172
SPECTLTY
§PECTY72
SPECT173
SPECTLT4
SPECTITS
SPECT176
SPECT177?
SPECTY78
SPECTLT9
SPECT1A0
SPECT181
SPECT182
SPECT183
SPECT184
SPECT185
SPELTI8S
SPECT187
SPECT 88
SPECTEBS
SPECT198
SPECTI9])
sPECT192
SPECT193
SPECT194
SPECT19%
SPECT198
SPECT197
SPECT108
SPECT199
SPECT200
SPECT281¢
sptCcT202
8PECT223
SPECT204
SPECT205
SPECT206
SPECT2a7
SPECT208
SPECT209
SPECT21D
SPECT24¢
SPECT242
SPECT21%
SPECT214
GPECT215
SPECT218
SPECT217
SPECT218
SPECT219
SPECT220
SPECTY221%
SPECT222



00

120
126
128
130

140

T

190

196
195
2%0

3OO

A-20

COMPUTE CONTINUYM GAMMA POPULATION INCREMENTS POR LOOPS QOTHER

THAN THE FIRS?

DP = PPIIPICN)ATGRIKD,MP)eRHO(J2,KPINDE/TTOT(JPI .N)
CALL SUMERC(1,0E)

CONTINUE

CONTINUE

GO T0 8@

PARTICLE TRANSITION SECTION o= CONTINUUM TO CONTINUUM
XJ2s XJINI(JOE2) .

DO 170 J2my,JMAX2
R%J2mxIPsl, M L

§2= AestxJ;-xJ})-g.e
S2H= xJ2exJ140.001

00 168 152=1,1000

$23 S2+1,0
IF(82.GT,52H) 60 Y0 iT@
L2LIABS(XJILNS2Y01, 28
LeHsXJCNeS2+1,0,
L2HaMINA(L2H, NLE (1P KD))
TF(L2L.GT, 1.2H) GO TO 168
00 166 L2zL2L,{2H
PI2=PIPI#PTILLLIL2)

1P12= 1,.501=P12/2,

Jrl2a JR1CJI2,1P12)

GO 70 (142,150) M

ADD CONTINUUM PARTICLE WIDTH TO TOTAL WIDTH SUM
DT= T(L2,XD)*HO(J2+KP)#DE
TTOT(IPICNISTTOT(JPICN) 4 DY
G(K,IPY=G(K,IP)+DTARHOFTR(JEN)

GO T0 166

COMPUTE CONYINUUM PARTICLE POPULATION INCREMENTS POR LOOPS OTHER

THAN THE FIRST

CONTINUE

IFCTTIOT(JPTICNY LE,B,)60 TO 166
DPEPP(JPICN)#T(L2,KD)*RHOLj2, KPI#DE/TTOTCJIPICN)
CALL SUMER(1.DE)

CONTINUE

CONTINUE

CONTINUE

CONTINVE

SPELT22)
sPECT224
SPECT22S
SPECT226
SPECTR27
SPECT228
SPECT229
SPECT230
SPECT2YS
SPECT23¢2
SPECT233
SPECT?234
SPECT23%
SPECT236
SPECT237
SPECT238
SPECT239
SPECT248
SPECT23}
SPeCT2u2
SPELT243
SPECT244
SPECT243
SPECT2us
SPRECT247
SPECT2u8
SPECT2409
gpecrasae
SPECT2SI
SPECT?2S2
SPECT253
SPECTY254
SPECT2S5
SPECT2Se
SPECT287
SPECT258
MART? 1
MARYT 2
MARTT 3
SPECT260
SPECT261
SPECT262
SPECT24%
SPECT284

Ly R e T T T T Y TP T T T P TP Y PY P Y I YT YT Y Y Y Y T R Y- X ol - Y

TRANSFER,ACFUMpLATED POPULAYION TO LCM BUFFER

IFCCM, E0,.1),0R, (IBUF(IP, 1), EQ.2)IG0 TO 196

1BsI18UF (1P, 1) .
IFCIB,GT.NIBNIM)IBZIRNIBDIM

INDEX=IPBLLC+ (KPRl ) w24NJIDIMS(1821) 024 NIDIMaNKDIM

CALL ECRD(SCBUF2¢1)¢ INDEX,JMAX22, JERR)

DO 19@ J=y,JMAX22 L

SCBUF2(J) = SCRUF2(J) + Pt

CALL ECWR(SCBUP2(1)s INDEX,JMAX22,1ERR)

CONTINUE

CONTINUE

U2Maxs UCNeS(IR)

SPECT 266
SPECT287
SPECT26A
SPECT269
SPECTZTR
SPECT27Y
SPECT272
SPECT273
SPECT274
SPECT27S
SPECT276
SPECT2Y?
SPECT278
SPECYI2TS

MAIN CONTINUUMeTO=LEVEL COMPUTATION SECTION mevescswssenesmevmswenSPECT250

LOOP OVER GISERETE STATES OF TME RESIDUAL NUGLER
DO 288 N3y, NLEV?

SPECT281
SPECT282
SPECT2A8)



[a ¥ Xgel

2924

206

a1e

22e
2z2e

228
230

240

XJ2=ALItAI(N))

PI2s SI6N(1,P,A0(NY)

EC2 3 U2MAX=ELN)Y
IF(EC2,LE, 0,0 60 TO 284
KD = EC2/DE ¢ 0,5
1F(KD,LT.y) KO=m1

GAMMA RAY SECTION ee CONTINUUM TO LEVELS

IF(ID,NF.7) GO TO 240

DO 232 MPg{,NMp

LG = GML(MP)

PIL=PILLL(LG#+Y)

PICN = PIL+GHPEMPIaPL2

IPICN = 1, Sal-PICN/Z.

XJCN 3 AasrxJz-cML(HP)l-l <]

XJCtHa xJa.cML(np)oa.ee1

00 228 JJCN=i,1020

XJEN 3 xJCN+1,0

JCN=XJCN01 o1

IFCLICN.GT., J"AXCN) oRrR, (xdcu 61 XJCNH)) GO TO 238

ECONJaECﬂN-(P aXJCNe Yy A)#PSIGEN

JPICN = JPI(JCN,}P!CN)

IRCEJICNeXJ2,L7.0.1) GO 10 228

GN TN (29%4,2726),LGROPY

TranuKCONtNKNORNtREl(MP)QECBﬁ'(E'LG’l)

Go 10 210

TGRL = 1,63U92BE«3#CAXEL*RELI(MPIZNGAXELSECR*wd/((ERAXEL®N2
ofLA2xa2)an2 ¢ (EC2eGAXEL)#%2)

TGRLETGPLAWKCON

IF (®,£0.2) GO 10 220

[

ADD GAMMA WIDTH TQ TOTAL WIDTH SUM
DT=TGRL v .
TYOT(JPICNIETTOT(JPICN) +DY
G(K,sIP)=G(K, IPI+DTaRHOFFR(JCN)

GO 10 228

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

IFLTT0T(JRPICNYER,P,) GN TD 228

DP = PP(JP!CN)!TGRLITTOT(JPICN)

CALL SUMER(24DE)

CONT INUE

CONTINUE

GO 10 280

PARTICLE TRANSITION SECTION we CONTINUUM TO LEVEL
XJCNz XJINT(JOECN)

KE = ISERCH(ECR,ETC(1,ID),NEECID),ARsAS,Al)
XNLE = NLEINCID,KE¢1)e]

DO 270 JCNel,JMAXEN

XJENe XJCNei, P

ECONJEECON®(2, #XJCNe 1, B)nFSIGEN

822 ABS(XJ2eXJ1)=1,0

S2H= XJI*XJE*G [+1:}

DO 268 15=1,1ap0

52:55241,9

1F(s2, GT SPH)GO TO 270

L2L= ABS(XJCN~S?)01 21

L2H=XJCN+S2¢1,01

L2H=MINA(LAH, NLEINCID,KE®1))

1F(L2L.GT L2H) 6N TO 268

DO 266 L2rL2L,L2H

SPLC1204
SPECT285
SPECT28¢
SPECT287
SPECT28R
SPECT289
SPELT290
SPECT291
SPECT292
BPECT293
§PECTR94
SPECT295%
SPECT296
SPELT297
SPECTR98
SPECT299
SPECTICO
SPECT30QY
SPECTIR2
SPECTING
SPECT304
§PECTINS

SPECTING .

SPECTIAT
SPECT3R8
SPELT3N9
SPECT3ILQ
SPECTILY
SPECT3IY2
SPECTII3
SPECYILM
SPECT3tS
SPECT316
SPECTS17
SPECTS18
SPECTS{9
SPECT120
SPECTI21
SPECT322
SPECT323
SPECT324
SPECT325
SPECT326
SPECT327
SPECT228
SPECT329
SPECT330
SPECT33Y
SPECT33?2
SPECT333
SPECT334
SPELT33S
SPECT33s
SPECTIZY
SPECT338
SPECT339
SPECT340
SPECTIAN
SFECTI42
SPECT343
SPECT344
SPECT34S
SPECT346

A-21



242

[3 Xx X2

aon

500

A-22

PICNePT ap12e0tLLL(L2)
IPIZN = ¢, ﬂ?l-pICNIg.
JPICN & J”Y(JCN 1PICN}

CALL INTERP(ETC(1,10)7, TCC1aL2)s NEECIN) , 2,EC2, TLEV)

IFCTLEV,LT. 2.1 TLEVRA,
GO 10 (242,258 M

ADD PARTICLE WIDTH YO TOTAL WIDTH SUM

DTa TLEYV
TTOTtJP!CN):TTOTfJFICN),DT
GE{K,1PY2G(X,1P) s DT=RHOFTR{JEN)
G0 T0 246

SPECTILT
SPECT348
SPECTI49
SPECT3SP
SPECT351
SPECT352
SPECT333
SPECT334
SPECT355
SPECT356
SPECT3S?
SPECTSE8
SPECT359

COMPUTE POPULATION I[WCREMENYS FOR PARTICLEwLEVEL TRANSITIONS AFTERSPECT360

THE FIAST LOOP,
TFCTTOT(JIPICN) L EQ.2,) 6o T0 266
pp = PP(JPICN).TLEV/TTOT(JPICN)
CALL SUMER(2,DE)

CONTINUE

CONTINUE

CONTINUE

CONTINYE

SPECT Y61
SPECT 362
SPECT%63
SPECT36U
3PECT36S
SPECTY66
SPECTINT
SPECT368

...........--.....--.--.---...-..-.---.....--..-----.-.-..--.--...spfrT}hq

CONTINUE

CLOSE M AND 1P LOOPS,
CONTINUE

CLOSE K LOOP, TRANSFER 8P ANMD PL TO LCM,

CONTINUE

NPT3= NXDIMaN1P

IFCILEN, 1, AND, LPEG, EQ.1)CALL PRECMP
INntx-tsPLP¢NKDIPtN‘PD!Nﬁt1-1)

CALL ECWR(SP, INDEX,NFTS, JERR)
INDEX=2IGLE4+ (Il ) ANKDIMANIPDIM

CALL ECWRI(G, INDEX,NPTS, tERR)
NPTS=NIPANLEVOTIHM

IMDEX= IPLL?O(I'l)'NLEVDTVtN!pDIH
CALL ECWR(EPL,INDEX,NPTZ,TERR)

CLOSE 1 LnoP

CONTINUE

CALL SECOND(TIME)
DTIMEZTIME-TKEEP
HRITE(6,4) OTIME, TIME

FORMAT(/% END OF I LOOP YN SUBROUTINE 3PECTRA,9,

SPECT3ITO
SPECT37Y
SPECT372
SPECT3?3
SPECT3T4
SPECT375
SPECTITé
SPECTI7?
SPECT3?S
SFECT3T79
SPECTYIBE
SPECT3IB]
SPECT3A2
SPECT3AY
SPECT3BY
SPECT1AS
SPECT 386
SPECT387
SPECT 388
SPECT3AG
SPECT39Q
SPECT391
SPECT392

{* TIME FROM STARY OF THIS ENERGY weF%,3,w SECONDS. TOTAL ELAPSED TSPECTI93

21ME =#F9,3,% SECONDS, %)

COMFUTE DISCRETE GAMMA=fiAY LROSS SECTIONS AND ADD TO SPECTRA,

CALL GRLINES

RETURN
END
SUBROUTINE LEVDSET(ACN,A,A2)

COMMON/LEVDEN/DEP(6@) ¢ XNLGC ¢60) , ECBC(60Y, UCUTOFF,DEFCN, TGC(68),
§ EOGC(6P),FMATGL(6D),PATRLON), XMRI(SD) ) XNLLNCSD)82(180),SN(§58),

2 PZ(1e@),BNL15)
COMMON /SPNPAR/ SPIN,PARITY,KGRD

COMMON/BASTCI/NT.XNIPCI@) A NIR,LR(6,10),248€60),2ZA2(60),XM2(60),
1 ZAch193.cscnreﬁ).csrortbﬂ).cSLevtbn) CIID(8Y,EAVIDI8),EAVILD)
CUMMOM/LCINDEX/IPBLC.!GLC.IzEROLc.IsPLC.IPLLC.IEGLC.ISGLC.ITCLC.

SPECTI®
SPECT39S
SPECT 3%
SPECT3S?
S5PECT398
SPECT199
SPECT 40D
LEVDSET?
LEVDSET3
LEVNEN
LEVDEN
LEYDEN
LEVDEH
BASICY
BASICH
LCNDEX

NWRWALE WN




[ Xo N

Oy

L I I Y. Y WP T

1 I9TCLC, ItHOLC, ITLC, TELLE, TAJLC. TATLC, NIDIM, NIPDIM, NIBOIM, NGRDIH,(CNDEY ]

2 NIDDIM, NTGDIM LCNDEX 4§
DIMENSION DEFCONC2),A(1),A2(1) LEVDSET?
. LEVDSETA

DATA TARLFS OF £OOK EY, AL, AAEC/TM3G2 LEVNSETO
LEVDSELQ

DATL PZ/11#P,,2.8800,,2.09,0,01.62,0401,629P51483,8,401.73s LEVDSE

1 2.,1, 3s, ﬂ..l S4, 9.:1 28, 0.26,€,88,0.19,1, 39,=.0%,1.52,m,99,1,17, LEVDSE12
2 J04,1,24,0, 29 !,991.26 1. IV..23 1¢15/=,08,1,35,0, SUoI 854,2651 2TLEVDSEL3
3 ’gtll @5 G..l,,.GQ 1 2..2'1 al.°3"ll'.z".lql.ﬁql.97 J.O.qalll’ LEVDSF!“
4 -65!-95,.63'°-?20-7°a P9,069, 10,7200, 048rp1604734Q,,,486,41T) LEVDSFIS
S 89 m10-790 !q 3,,.@‘,- ﬂbl.bql'oz .71!'.121.72, .'.” 206 / LEVDSElb
DATA PN/!!'@..Z 6700, 01.8,0,5146790,:1.86,P,02.04,8,,1,64,0,s1.44,LEVDSELY
ﬁ,,i S4e ﬁ.'l 3.9..1 27, G..l 29..08 I.ﬂl’-.ﬂﬂ;l Seea¥S,2424yp",47, LEVDSE1S
1p43,2015:1440,,25,1,%65,25.1, 57.~ 160,1,06,0,,,930,01,,62,°,5, LEVDSEL9
1 02,.13 1.52l' bSIoal.-pa" 29,. “701 250'-”“9-97l-e5 1, bS.-.“,LEVDSFZﬂ
1,260%,0641.0b,042201,55,9,0701.37,%,0,1,2p% .27..9?.-.35.1,19,0..LEVD$§21
Q.HS,- 25,1.6"..210.95- 2‘..7“" Sel,l?'. 3“:.9210.26,.90..81. LEVDSEEZ
65--.36:-83.,11.,67..F5 1er.51,1,04,.33,.68,-,27,,8¢,,29,,78, LEvVDOSE23
.17:.963.1“:]-11'.22'.83,' u"l.“al.mZI.‘88'.2“0.52902-".“’)..05/ LEYDSE24
DATA (PNCIL),IL31286,150)/ LEVNSE2S
X 938'-150-“709.1-0109...75 Barab?, V.'.5709.0.79a LEVISE 264
1 wl‘lb.leu.ibu. ,56!-“5.-ﬂ5n.26o'-22!.39 a G'lxq, LE 55&27
DATA 52/10-9.,-2 el 1 7,m5.72,=7.8:2R,97,%9,7,=48,1,«.0,7,°11,38LLVNSE2H
112.07.242, S$.-13 2“:-13.93;-!“ 710-15 S3,#216,37,=17, 36,-13.&. LEVDSE29
©18,7.=18.01,=17, BT,m17.08,086,6,016,75,21645,216,35,#,6,22, LEVNSEIN
-lb,“;a'lh 89.w1b, 03.-16 68,m16,73,%17,U5,217,79, @17, 44,=17,82, LEVDSED|
=18,62,718, 27.-19 39,19,91,«19, 14,718, 26:-!7 Ure1H,43,°15,77, LEVDSEDR
’1“,3 -'l} 91-«}3 Tewinalt, o, 03--10 80,m1@,75,210,62,10,41, LEVDSE3S
-12,21,=9,85,=9, 071‘9 f3,e8, 6!,-8.13.-7 Ubye7,UB,27,2,97,13,»7,06LEVDSE3L
sm6.78,6064,560 60,7580, 07,809,084, 08,49,=7,38,m6,3,95,47, 94, T8LEVDSE 35
+=4, 370'“ 17,00,13,20,312,80,55,25%,04,95,28,06,Nb6,%6,28,=6,R7, LEVDSE 36
-7 20,7 74,240,/ LEVOSF37
DATA SN/1B+0.,6,8,7, 53,7.559,7.21, 7.44, 8,087,8,94,9.81180, 6,11.39, LEVDSE3AR
12.94.13, 68.1“ 4,14, 10013 83,13,5, 13.,12 13,12, ba43 26.!4 13, LEVDSE39
14, 9?.15 52.!6 18,17.16017,55,18, 83017 59,19,03,18,73418,8,18,99, LEVDSE4UR
18,46,18,25,17,76, 17,33,16,72,15,62,14,38,12,88,13,2%413,81,14,9,LEVDPSE4]
14,806,195, 76016 2017 62,17,73,18,16,18,67,17.6%,19, $1,20,17,19,48,LEVDNSE4?
19,98,19,83,20, 2:19 12, 19 87, 19 2U,18,04,17.61,17.1,16,16015,9, LEVDSEUS
19 33,14,76,13,54,12,6%,10,65,10,1,8,89.10,29,9.79,11,39,11, 72, LEVDSEGY
12, 43,12, 96-13 U3, 13,37.12,96,12., 11011, 9;;11.:10 8:19.“2;10 19, LEVDSE4S
9,69,9,27,8,9%,8,57,8.¢2,7,59,7. 33.7 23-7.“5.7 42,6.75,6,6,6,387 LEVDBFUS
DATA (qM(!L).!L:!l! 15¢) ¢ LEVDSEUY
X 6,36,6.49,6,25,5.85,8, BR,U,53,4,3,3,39,2435,.,66,,81, LEVDSEuS
1 Q,ué,=, 96,=1, 69, =2, 53:-3 1by»l, 870-.“1:.71 1,06,2,62,3, 22,3.76, LEVDSF49
2 0 10G,06,U,B83,5.09,5,1R55,17,5,1:5, P31,4,97,5,09,5.63,4,93,5,28, LEVDSESP
35
k

~NOP AT Y -

DN AL W~

.09 S.5M,5.37,5,30/ LEVYD3ES

DLTA DEFCON/G.auz,a.iae) LEVDSES2
LEVDSES3

COMPUTE EACH LEVEL DENSITY RELATIVE 0 ACN USING GILBERY«CAMERON [EVDSESY

FORMULAS FOR LEVEL DENSITY LEVDSESS

o, LEVDSESSH
I0EFCNE DEFCNet, 0! LEVDSES?
1ZACN= ZACN(1) LEVDSESS8
TACNeMOD(17ACN, 1200) LEVDSESS
1ZCN=z TZACN/Z1GRR LEVDSESD
INEN= IACNeTZICN LEVDSE®6
XACNz= 1ACN LEVESESZ
ACNGCsE xncut(s.aavi7-(32(!ch)08N(INCN)) # DEFCONCIDEFCN)) LEVNSESY
IF(ACN,EQ.0,) ACN=ACNGE LEVDSESY
A2(1)=ACN LEVDSESS
00 67 TRs1,NIR, LEYDSESS
IDEF = DEF(IR)+4,0t LEVDSEGT




s9
60

40
45
59

{op

121

A-24

124 1 Za2(1R)

Tas MOD(1Z4A,1009)

1Z = 12471000

IN 9 lhel?

XA m TA

IFCCACIRY, 5T, D, ) 60 . ({IR.ERL1)) GO TO %0
AGE = XA#{Q,009%" (SZCIZIeSNCINYS ¢ DEFCONCIDEF))
DAGC & AGCeACNP

A2(IR) = ACN#DAGC

PAIR(IR) o PZ(IZY¢PN({INY

CALL GTILCAMCA2(IR),IR)

CONTNUE

RETURN

END . .

SUBROUTINE GILCAM (A,LR)

COMMON/LEVDEN/DEF(60) s XNLGCC60) s ECOL(6P) ,UCUTOFF,DEFCN, TGC(62)
] EMGCC6R),EMATRE(60) »PATRC6D),XMRI(CHB), XNLLN(62),32Z(108,5N(150);

2 PZLIPRY.PN(150)
COMMON /SPNPAR/ SPIN,PARITY,KGRD
DIMENSION DECUY

DATA NDE,DE/8,1,,28.1,0,0},0,801/
EC=ECGCILRY

CONST 3 5,a571eXMRI(LR)

£ =z 0, 109A1R(LR)02 25/A

0N 5@ I=1,NDE

0O 42 J=1,500

U = EaPAIR(LR)

T 2 1,/7(SGRTCAZUY=1,5/U)

ot « E;-TﬁxNLLN(LR)

€o2 ® EoTnfALDG(CONST*SGRT(AiUtt!)/f)-z,QSQRTQAWU!)
CEL2 afP1eFD2

TF(I#J.FQ.1) SJGNA a SIGN(1,.0EL2)
SIGN2 = SIGN(1.,DEL2)

TF(3IGN2, NE,IIGN®) GO YO 4S5

OELY = DELz

€Ex E + DE(I)

CONTINUE

E = EeDE(1}

CONT 'NUE

DELA= ABS(DFL!-DEL?’
IF(DELA,GT,1.0F=320) G0 Y0 100
E50,14PAIRCLR)¢2,25/A

EMATCHzf

UEE=PAIR(LR)
T24,/¢30RT(A/US=1,3/Y)

PRINT 1,LR

LEVD3EGS
LEVNSESY
LEVDSETQ
LEVDSET
LEVDSE?2
LEVDSET]
LEVDSET4
LEVDSE?S
LEVDSET6
LEVD3ET7?Y?
LEYDSE7S
LEVDSET9
LEVDSESB®
LEVDSES}
GILCAM
GILCAM
LEVDEN
LEVDEN
LEVDEN
LEVDEN
GILCAM
GILCAM
GILCAM
GILCAM
GILCAM
GILCAMLID
GILCAMLY
GILCAML2
GILCAMLY
GILCAMYY
GILCAMIS
GILCAMLG
GILCAMLY
GILCAMLS
GILCAMI9
GILCAMZO
GILCAmM21
GILCAM22
GILCAM2Z
GILCAM24
GILLAMZ2S
GILCAM2s
GILCAM27
GILCAM2E
GILCAM29
GILCAMYQ
GILCAM3Y
JuLterre

DO ABMEWMMNAN

FORMATC/# 43¢ GILCAM SUBROUT!NE UNABLE TO MATCH DISCRETE LEVELS WJUL19773
1ITH LEVEL DENSITY FUNCYION FOR RESIDUAL NUCLEUS IN REACTION IR se,JuL19774

2 I3,% 4443a/)

G0 TO 101 .

EMATCH = E ¢ DE(NDE)#«(OELI/(DELI=DEL2))
U = EMATCH « PAIR(LR)

T = 1 /(80RTCasY)=1, 5/

Eos EC eTaXNLLNCLR)

EMATGCCLR)ZEMATCH
TGC(LR)aT § FOGEL(LR)wED
RETURN

END

SUBROUTINE LEMLOAD(!)

COMPUTE TRANSMISSION COEPFICIENTS AND LEVEL DENSITIES ON

JULLST?S
GILCAMSS
GILCAMTS
GILCAM3T
GILCAMIS
GILCAM3®
GILCAMYR
GILCAMYY
GILCAMY2
GILCANAGS
LCMLOADR
LCMLOADS
LCMLOADY



c

- ocouview N

INTEGRATION ENFROY MESH AND LOAD INTO LCM LCMLOADY

LCHMLOADS
FORMAT(//%« YRANSMISSION COEFFICIENTYS ON SUBSET OF INTEGRATION ENERLCMLOADY
1GY GRID#) _ LCMLOADS
FORMAT(/ # IDz#12,3Xs#*PARTICLE 3%A1Q@,3X,#]3x12,3X,#]IPaw]2,3X, LCHLOADS
1 AIPewl3, 3X, *NK=a T4, 3X,aN 1Y) LCMLOALD
PORMAT(/ o ENERGY =+ F7,3,4 MEY#®,S¥,0JMAX INDEX 3413) LCMLDALY
FORMAT(1P,10E12,R) LCHLOAL2
FORMAT(// » LEVEL DENSITIFS ON SUBSET OF INTEGRATION ENERGY GRID#)LCMLOAL3
FORMAT(/ w ID=wl2,3Xs#PARTICLE w2410, 3X,#]an012,3X,n1Psn12, 3%, LeMLOALY
1 #IRZATIZ, 3%, ANK=aTl, 3X,aNJMAXSH]13) LCMLO&1S
FORMAT(/ « EMNERGY c#F7,17,a MEV#,SX,#LMAX INDEX 2#]3) LCHLOAT6

LeMLDAY?

COMMON/LCINDEX/IPBLL, 16| C, TZEROLE, ISPLE, TPLLC, IEGLE, ISGLC, ITCLE, LENDEX
1 ISTCLC,IRHOLC,ITLC,IELLC.TAJLC,IATLC,NIDIM,NIPDIM, NTBDIM, NGRODIM,LCMDEX
2 NIRDIM,NIRDIM LENDEX

COMMAN RHOCUG,2A7),T(30,200),P(80G).SP(200,6),PP(8P),5PP(200,7) RHO

14 SPNGNC20A0)Y,PLISR,6),6(202,6),RHOFTR(40) RHO

COMMONSYCOFF/ETCE25+6),TC(25,3P)BCD(7),XSPIN(T),NLDINM, TCOEF
INPART  NEE(H) o NOLH) o NTCle) o 1ZAIDCT), XMASSET) ,NEENIM NLEINES,25), TCOEF
2MNLE(H, 200, JRAST(202,6) YCOEF
CnMMON/LEVFLl/FL{SG)-AJ;S?),AY(SBJ.xNLtGB).ELMAxtbﬂ)oNLEVDIH LEVELY
1,EG(2uM).SC(24M),NCRAYS (66} LEVFLY

COMMDN/RASTICI/NILXNIP(1a) ,NIR,LLR(&,12),ZA1(68),242(H60)0XM2(67), RABICY
1 ZACN(I2Y,CSGRI6M),CSTOY(6P),CSLEV(ARICSIN(B),EAVID(R),EAV(EM) BAS]ICH
COMMON/BASTIC2/TITLECLOY  ELAR,DESZAP,ZAT, XNMT, NKKM(10),CNPIC1Q), BASIC2

MNASHUHNVN NIV WNWENLNEWNWN S WD

1 CNPIP(12),5(6R),SACI1AY,IN1(6A),ICP,10E2(60),IBUF(6,10), BASIC2
2 ECHM,UP,NKMAX ,NIMAX,NKK62) ,NKDIM, TCP(3D),0MDPLUR) ,A(6B),A2(602), BASIC?
3 NRHO(A), XJIT, NPOPMAY,NTC2(6),NJDIM, TOFCNC1@),NKKCN(1(Q),ECON,BASIC2
4 JPI(UP,2) XMP, XJIP.PIT, M P, UNLP, KLy IDSTAT(7),SIC,CSL.CSH,PILLL(32)IRAS]IC2
5, ICAPT,PLAUF(52,13), INPOPT, TKEEP BASIC?
COMMON/LEVDEN/DEF(68) o XNLGC(62),ECGC(692) ,UCUTLFF,DEFCN, TGC(6Q), LEVOEN
I ENGC(ANY,EMATGC(6R),PAIR(HD),XMRI(HC) XNLLNISER),S2(100),SNCISB), LEYDEN
2 PZ(102),PN(15A) LEVDEN
COMMON /SPNPAR/ SPIN,PARITY,KGRD LEVDEN
COMMAON/PREQI/ZEPSTIGE2AP, ), NLEV,NPIT, NIT PREOY
COMMON/PRNTAUT/IPRTLEV, 1PRTYC, IPRTMLD, IPRTWID, IPRTSP, IRRTGE PRNTOUT2
LCMLOkET
SPLIN (8,C.0.E) a B#AS 4 CwAs = AAN(D#ASeEnAG+DSE) LCMLDAZS
LCMLOA29
NIP=XNIP(]) LCMLOAZG
Do 12@ fP=t,NIP LCMLOASY
IR=LR{IP. I) LCML A3
IPRT=1 Ltemt0a3s
NKaNKK(IR) . LCMLOUAYNY
IF(NK,LT.1) GO 1O 102@ LEML.OA3S
IDs 1BYC(IR) LCMLOAZS
0E=2,5 S e , LCHLOAZY
IFCINE2(IRY,GT,1) OEml,p LCNLOAZS
IF(ID,GT.6) GO TO SO LCMLCAZ9
) . . LCMLOAYR
COMPUTE AND STORE TRANSMISSION COEFFICIENTS LCMLOAGLS
NL= NOC(ID) LEMLOAYLR
NEs NEEC(ID) LEMLDAYS
NPTS= NTC(1D) LCMLOAUY
INDEXcITCLL+(ID=1)aNEEDIMaNLDIM LCMLOAGS
CALL ECRN(TC, INDEX,NPT3, IENR) LCMLOAUG
Exs G, LCMLOAGY
DD 48 X=3,NK LCMLOAUB
Ex= EX+DE LEMLOAYD
KE= ISERCH(FK,ETC(1,10),NE,AA,AS,AS) LCMLOASA
NL 3 NLEIN(ID,KE+}) LCMLOASY
NLEC(IP,K)aNL LEMLOAS?2

A-25



44

45

52
91
S5

2]
48

EL

70
T2

A-26

A0 U4 L=i,NL
CALL INTFOO(ETCL2,1D),TCUL4L) NEL2,EK,YOUT)
T(L,K)=YOUT
IFCTCL,X), FE 1. )T(L'K)Ejo
IF(TCL,K)2LE, @, )T(LiK) D,
CONTINUE

IFC1.E0.1, AND', ID LE. 6)“5.55

KLM=( (UP=SAC(1)eSCIR))/DE+D.S

EK=9,

DO Sy K=1,KLM

EPSIG(X, DY@,

EXSEK4+DF .

KESISERCHCIEK,ETCC1,ID),NE, AR, A5y AG)
NLeNLEINCID,KF&1)

DO 52 L=(,NL o

CALL INTERPCETC(:,ID),TC(1,L),NE,2,EK,YOUT)

T{L,K)aynUT

IFCTCL.K),GF, 1 IT(LeKIBY,

IF(T(L,K),LE, aryreL. +K)eg, |

EPSIG(K, IP):EPSIG(K:IDJQ(E.tCL-iiol )ﬁT(L-K)

CONTINUE

CONTINUE

CONTINUE

YQANS”ISSTON COEFFICIENT PRINT OPTION
IFLIPRYYC, LT.2) 60 T0 48

WRITE(b,1)

WRITE(6,2) 1D,8C0(1D),1,IP,1IR,NK,NL

KPRT=1PRTTCal

DEFTRSKPRYT,

EX £ DE*»(3.=DEFTR)

DO 46 K=i1,NK,KPRT

EKSEK+DEDEFTR

NG = NLEC(IP,X)

NPITE(6'7) EK,NL

WRITECo,4) (T(L,K),L31,NL)

NPTSENKaNLDIM

NTC2(1IP)=NPTS L

INDEX=TTLC+NKDIMaNLDIMA(IPaY)

CALL ECWR(T,INNEX,NPTS, IERR)

COMPUTE AND STORE LEVEL DENSITIES AND YRASTS
EKMAX= UPeSAC(])=S{IR)
XTEFFET7 ,U7656Ea3aXMRICIRI#nE
EK=eDE
D0 84 K=1,NK
EXzEK¢DE
Exz EXKMAL.afK
Uz EX=PATP(IRY
US= AMAX{{u,UCUTOFF)
SJMAX= sanTcz #US*XTEFF)
SHAX23SIMAX4DE
JMAXD=MIND C IJMAX 2, NJMAX)Y
JRAST(K, IPY=JMAY2
§1622 = @.l776*5097(‘2!!R)'US)tAMRS(!R)'ﬂc
IFCEX,LELEMATGGEIRY) GO TO 70
AURT= SORT(A2(IRYI«U)
RHOE = EXPL2.#AURT)/ZC10.11U2#XMRICIR) *U#AURY)
GO0 T0 712
RHOF =, EYP((EX-E@GC(!R))ITGC!!R))ItZ.tTGC(IR))
XJJzat,0
XFtIUEZ(IR5 ro,x) ¥JJgeg,8
Do 16 J=1%, JMAXZ

LCHLUASS
LEMLOASY
LCMLOASS
LCMLOASS
LCMLOAST
LCMLOASS
LCMLOASS
LCMLOASD
LCMLOASY
LCMLOAG2
LCHLDAGY
LEMLDAGY
LEMLOASS
LCMLDAGS
LCMLOAGT
LCHL Oas8
LCHMLOASY
LCHLOATR
LCMLOATY
LEXLOATY2
LEMLOATY
LCMI 0AT4
LCM.OATS
LCHLOATS
LeMLNazy
LCMLOATS
LCML.OATS
LCHLOABD
LCMLDABY
LEMLOABR
LEMLOABS
LCMLOABY
LecML0aBS
LCMLDABS
LC¥L0a8?7
LcMLDABSE
LCHLDABS
LCHLOAGD
LCHLQA9Y
LCMLOAG2
LCMLOA93
LCMLOA9Y
LCMLOA9S
LCMLOAGS
LCMLOASY
LCMLDAGS
LCMLOAGY
LEMLOYBD
LCMLOY DY
l.CMLO1@2
LCMLO103
LEMLO10d
LCHML018S
LCHMLO126
LCMLO1RY
LCMLO1@8
LCMLOtRO
LMLoYt I
LEMLDSY Y
LeMloy12
LCMLO113
LCMLOY LY
LCMLOL 1S



76
82

Qo

82
&4

120

[a X3 Ny X

L1
52

XJJexJJel,

RHOCJ,K) = RHOF#(2,4XJJ41,B)¢FXP (2 (XJJ0D,5)a2/61622) /35622

CONTINUE

LEVEL DENSITY PRINT OPT!ON
IFLIPRIGE, LT, 21 80 10 &4
HRITE(b;S)

WRITE(6,86) IDoBCD(ID).I.IPoIR NK,NJMAX
KPRT=IPRTGC=1

DEFTR=KPRY

ExkaeDE«DEFTR

DO R2 K={, NX,KPRT
FKSFKeNERDEFTR

EXSEKMAXFK

JMAX 2= JRAST (K, IP)

WRITEC(H, %) EX,J4AX2

WRITE(6,4) (RHO(JoKJo tel, JMAX2)
NPTS=NKeNJIDIM

NRHO(IP)=NPTS
INDEX=TRHOLCHNKDEMsNIDINMAIPe])
Cal.L ECWR(RMOD, INDEX:NPTS, IERR)
CONTINUE

RETURN

ENC

SUBROUTINE GAMSET(1)

SET UP GAMMAwRAY CASCADE CALCULATION, DETERMINE WEISSKOPF QR AXEL
PARAMETERS AND COMPUTE GAMMA RAY TRANSMISSION COEFFICIENTS

FORMAT(// & GAMMA®RAY TRANSMISSION COEFFICIENTSa, 10X, %1xn12,
1 3X,alPza]l2,3X,%1Ranl3, s » ENERGY®, 2({6X%,A14F1,8,4X))

FORMAT(FB,3, (P, 108(tX,E)1.4))

COMMON/BASTCS /N, XNIP(1AY,NSR,LRE6,10),241C6M),242¢60),xXM2(608),
{ ZACN(I®),CS6RCAM),CSTOT(6RY,CSLEV(4D),L81D8),
COMMON/BASIC2/TITLEC16),ELAR,DE,ZAP,2ZAT,XMT,

{ CNPIP(12),5(6R),SACCLIRY, IDI(60),IDP, 10t2(6R), IRUF(6,18),
2 ECM ) UP NKMAX NJMAX, NKK¢6R) ,NKDIM, TCP(30),0MDP(4R),A(60),42{(60),
S NRHOC(H) e XJT, NPOPMAY, NTC2(H) s NIDIM,
G JPICUB,2), XMP, XIP,PTT, NLP, XNLP, KL, IDSTAT(7),5IC,CSL.CSH,PILLL(3@)IRASIC2

S, ICAPT,LPLBUF(5A,12),INPOPT, TKEEP

CNMMON/LEVNEN/DEF(62) ,XNLGC(6R) s ECGCCHR) »UCUTOFF,DEFEN,TGC(60),
{ E2GC(ORY,EMATGLLGUYPATR(OA),XMRI(68), XNLLN(6@),SZ(1d0),5N(150),

2 P2(10U0),PN(150)
COMMON /SPNPAR/ SPIN,PARITY,KGRD

COMMON/GAMMAZNMP, LGROPT,SWS(12Y, GML{6) sGMP L6 ,RELICE)4LMGHOL (62,
1 TGR{207, 63, WKCON,CAXEL ,GAXEL ,ERAXEL,EXSHS({12),WKNDRM
COMMON/PRNTCUT/IPRTLEV, TPRTTC, IPRTHMLD, IPRTWID, IPRTSP, IPRTGC

DIMENSION ROUM(2)
DATA GAXEL/S.0/,R8/1.25/

NIPaxXNIP(1)

00 53 tPEI,NIP

TRz LR(1IP, 1)

10= IDICIR)

IFCID,EQ.TY GO TO %2

CONTINUF

RETURN

CAXEL=P,P13aXM2(IRY

ERAYELERD, A/ XMRS(IR)

KKNORM=1, QE=R

CALL WEISSKF(1,1P,IR) )
WRITE(6,1@) 1,WKCON

EAVID(B),EAV(6R)
NKKM(10),CNPT(18),

JOECN(1A),NKKCN(12),ECON,BAS]IC2

LeMLOtls
LCMLOtYY
LCMLO1 LB
LEMLO1LS
LeML0g2e
LeMLO12
LcMLog22
LC¥LO123
LCMLOY24
LCMLOg25
LCHMLO126
LCML D27
LCMLOY 2B
LcHLOs 29
LCHLOL 30
LCxt 0131
LchLOg32
LCMLO133
LEMLDY 3G
LCML 0135
LEMLOY3S
LEMLOY13Y
LCMLD138
LemML 0139
SAMSET
GAMSET
GAMSEY
GAMSETY
GAMSET
GAMSEY
GAMSEY
GAMSE T
GAMSETY
BASICH
BAsSlIC)
pasice
Basic2
BASIC2

BASIC2
LEVCEN
LEVOEN
LEVDEN
LEVDEN
GAMMA

GAMMA

PRNTOUTZ
GAMSET1®
GAMSET17
GAMSET18
GAMSET19
GAMSETZ20
GAMSET2Y
GAMSET22
GAMSET23
GAMSET24
GAHSETIS
GAMSFT26
GAMSET2?
GAMSET28
GAMSET29
GAMSET3O

WA WVEWLNANFTHEWYVWNR ORI UIS W
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18 FORMAT(/¢ 0AMMA RAY STRENGTH NORMALTZATION CONRTAWT / 1lwe, CAMSE T
1 12,%, CONSTANT w#iPF12,4) GAMSFTI2
78 RATIO w 4,48758/((ROAXM3(IRIaXMRI(IR))#nQ) GAMSET33
DO 75 NP3y, NMp GAMSETIR
L 3 GML(AP) _ GAMSET3S
IF(GMP(MPY LT, B, GO TO 75 GAMSETS6
IF (L,LT.2) GO 10 74 o GAMSET37
IF(RE1(MP) (EQ,0.) RE1(MPIay, BEmb GAMSET3B
74  RDUM(L)ERE1(MP) GAMSET39
75  CONTINUE GAMSETUD
DO 78 MPay NMp GAMSETYY
L = GML(MPY, .. .. L. GAMSET 4?2
YF((GMP(MPY,6T,.@.).0R, (REJ(MP).GT,0,]) GO TO 78 GAMSET43
REI(MP) = RATIOAROUMIL) GAMSET4Y
78  CONTINUE GAMSETUS
NKE NKK(IR)Y GAMSETUb
EG=0, GAMSET4T
DO 9@ Khai,NK GAMSET4S
EGZEGDE _ GAMSETUY
DO 9@ MP=zy,NMP GAMSETSO
L 5 GML{MP) GAMSETS!
GO 10 (81,82),LGROPT ] ) GAMSETS2
81 TGR(KD, MPYeWKCONaWKNORMaREItMPI2EGan(2u|+1) GAMSETS3
GO T0 94 GAMSETSY
82 TGRIKD.MPY21,634928Ee3aCAXELAREL(MP)#GAXELREGR®Y/ GAMSET5S
1 (CERAXELa#2mEGAN2) 4N 24 (EGaGAXEL) #n2) GAMSETSe
TGR(XDsMPYBTGRCKD, MP) aWxCON GAMSETST
93  CONTINUE GAMSE TSB
c _ ) ‘ GAMSETSS
¢ TRANSMISSTON COEFPICIENTY PRENT OPTION GAMSET &0
IF(IPRTTC,LT.2) GO T0 1p@ GAMSETH1
WRITE(6,1) I,1P, IR, (LHGHOL(MP),GMLIMP),MPEY,NMP) GAMSETH2
KPRT=IPRTTCe1 GAMSETSS
DEFTR=KPRY GAMSETb4
EG=7, , GaMSET6S
DO 94 Khay,NK,KPRT GAMSET6b
EGIECH+NEXDEFTR. , GAMGETST
WRITE(6,2) EG, (TGRIRD,MpY,MPat, NNP) GAMSETHA
94 CONTINUE GAMSET69
132 RETURN A GAMSET?0
END , ) GAMSETT
SUBROUTINE WEISSKF(I.IP,IR) WEISSKF2
¢ WEISSKF3
¢ ORTAIN NORMALJZATION FACTOR FOR WEISSKOPF APPROXIMATION PROM WEISSKF4
(4 INPUTTED STRENGTH FUNCTION WF ISSKFS
c _ _ . HEISSKFL
COMMON/LCINDEX/1PBLC, 16LC, TZERDLC, ISPLC, IPLLC, IEGLC, ISGLC, ITCLE, LCNDEX
f ISTCLC,IRMOLC,ITLC, IELLC, FAJLC, TATLC,NIOIM,NIPDIM,NIBDIM,NGRDIM, LCNDEX
2 NIDDIM,NIRDIM_ LCNPEX
COMMON RMO(4R,200),TC30,230),P(80),57(200,6),PP(82),53PPC200,T) RHO
12SPNGN(2P2),PL(SN, 6),6(202,4),RHOFTR(40) RHO
COMMOMN/LEVELL/ZEL(%BY 2 AT (50Y, ATI50) ( XNL26D) JELMAL(H2) 4NLEVDIM LEVELY
1,EGC248),56240) , NGRAYS¢60) LEVEL1
CO‘#HCN/BASICE/TIYLE(16).ELAB.DE.ZAP,ZA_T,XHT, NKKM(1@),CNPIC1@2), BASIC2
1 CNPIP(10),5(60),34CC10Y,ID1{6@),10P,10E2¢6A), IBUF(S,10), BASIC?2

A-28

2 ECM;UP, NKMAX,NIMAX y NKK (60}, NKDIM, TCA(30),AMDP(4Q),A(460),A2C68), BASIC?
3 NRHO{L) 4 XJT, NPOPMAR,NTC206) ,NJIDIM, IDECN(ID),NKKCN{1D),ECON,BASIC2
4 JPI(UR,2),XMP,XIP,PIT,NLP, XNLP,KL,IDSTAT(7),8IC,CSL,CSHIPILLL(3R)BASIC?

5, 1CAPY,PLBUF(6R,18), INPORT, TKEEP BASIC2
COMMON/TCOFF/ETCE25:6),TC(25,30),BC0(7), XSPIN(?),NLDIM, TCOEF
INPART NEE(6) e NOCA) NTCLEA), TZAID(T), XNASSCT) ,NEEDIM, NLEINCS,25),  TCOEF
2NLE(6,2P0)  JRAST (207, 6) TCOLF

COMMON/GAMMA/NMP, LGROPT,SWSC10),GML(6),GMP (&) ,RE1(6),LMNGHOLCS), GAMMA

NEWUNNGCN S WMWY E WY



22
25

3a

48

50
52

62

I TCRE2MA, 8Y,WKEON,CAXEL, DAXFL, ERAXEL, PRXAWIL1@), WRNORN

IF(SWE1))20,25,10
WKCONgwSWS(T)

RETURN

WKCON=1,

RETURN
GAMCON=1.634928En3nCAXELAGAKEL

SET WKCONs1, IP EXSWS(1y 1S EQUAL TO O,
IF(CEXSWS(T).GT,LB,),AND, (NKKCIR),GE, 1)) GO YO 48
WKCON=1,0

RETURN

RELD IN LEVEL OENSITIES AND DISCRETE LEVELS
NPTS=NRMO(TP)
!NDEXSIRHOLC¢(IP-)):NKDgHtNJDIM

CALL ECRO(RHO, INDEX,NPTS, 1ERR)
NLEV2BXNL(IRY |
INDEXIFILE4 (IR )eNLEVDIM

CALL ECRDEEL.INDEX,NLEVD,1ERR)
INDEX=TAJLCH(IRm1)#NLEVATIM

CALL ECRD(AJ, INDPX,MLEV2, 1ERR)

FIND INITIAL K FOR INTEGRATION
NK=NKK(IR) .
ExMAXzUPeSAC(])aS(IR)
EXTEXMAX®DE

Do %€ K:igNK

EX3EX=DE

IFCEX LT EXSWS(I)) GO Yo S2
CONT INUE

KLLOwsK

EXLOWREX

INTEGRATE OVER COMPOUND NUCLEUS SPINS,PARITIES
SumM=e, |

1PICOMPE=PYT )

XJCN=ABS(XJITeXJPYel,0

XJCNHeXJITeXJPeR, O

Do 193 JICNel, 1000

XJCN=XJCNe g, D

JCHEXJICNe 1, )
IF((XJCNLGY, XJCNHY ,0R, CJCN,GT NJMAX)) GO TO 110

INTEGRATE OVER FINAL STATE SPINS.PARITIES
XJ?:ABS(XJCN'l-j-l.a

XJOHEXJICNe 1,0

20 3@ JJ2ziy,lo00

XJ2=zxJ2e).@

J2s%J2+1.0)

17 0(XJ2,6T . XJ2H) . 0R, (J2, 6T NJMAX)) GO TO 108
J22Jls2.wkJ2¢C, 21

INTEGRATE OVER CONTINUUM ENERGIES
EXZEXLOWSDE

DO 78 KP=KL OW,NK
IF(JRAST(KP,IP) LT, J2) GO TO 75
EXSEXeDE

EDZEXSWS(I)=EX

GO TO f60,42).LGROPT
SFTRIWKNORMal Dan3

GO 10 70

DAHMA %
WETS3K13
WEISSKIR
WEISSKIS
WE1S5K16
WEISSK17
WEISSK18
WEI3SSKi9
WE1SSK20
WE1S558K21
WEISSK22
WEISSKk23
WEISSw 24
WEIBSK2S
WEISSK26
WEISSK27
WEISSK28
WEISSKZ9
WEISSK3D
WEISSK3Y
WEISSK32
WEISS3]
WEISSK3G
WETISSK3S
WEISSK3s
WEISSK3?
WE1SSK38
WEISSk39
WEISSK4Q
WEISSKUY
WEISSKk42
WEISSK4Y
WEISSKLY
WEISSKUS
NEISSKUb
WEISSK4?
WEISSKWSB
WEISSKYQ
WEJ3SKS2
WEISSKSY
WEISSKS2
WE1SSK53
WE ISSKSd
WEISSKSS
YEISSKS6
WEISSKS?
WEISSKKB
WEISSKS9
WEISSKAR
WEISSKSY
WEISSKe&2
WEISSK&D
WEISSKed
WEISSKES
WEISSKeb
WEISSKe?
WEISSKA8
WEJSSKbS
WETISSKTRA
WEISSK?7}
WEISSKYZ
WEISSK?3
WEISSKT4
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62 SFYPTGAMCONRED AU/ ((ERANEL#a2aEDan2) #a24 (EDAGAXFLYna2) WEISSKT?S

Q2000

78  SUMsSUMeDE#RHO(J2,KP)#SFTR WEISSKTE
7S5  CONTINUE WEISIKTT
¢ . WEIS8K78
c INTEGRATE OVER DISCRETE STATES WEISSK79
TFCNLEV2.LT,.1).GO T0 90 WEISSKER
DO 8@ Nzi,NLEVZ WEI55KE1
14J2J32,#ARS(AJ(N)) +0.01 WEI55K82
IF(J22J0, NE' fag2g G0 TQ 8¢ HE]BSKAY
PIAJ = S!GN(! 2, 4J(N)) WEIS3Kkad
IPIAJ = PIA1+stGN(w.1 PIAJ) WEIS5KBS
IF(IPTAJ, NE,IPICOMPY GO TO 82 WE135K86
ED s EXSWS(I) <EL(N) WEIS3KAT
IF(ED,LE.GL) GO 70 9@ WE]SSKB8
GG T0 (76,78),LGROPT WEISSKE9
4 SFYRSAKMORM4ED#ART WEIS3K9D
GO 10 78 WEISSKI1
78 SFTR= GAMc1N-ED-ault(ERAx!Lanz-EDnnz)-*2+(ED-GAXEL)-tz) WFISSKG2
79 SUMESIIMeSFTR WEISSKS3
R® CONTINUE WEISSKO94
92  COMTINUE WE1558k9S
123 CONTINUE WE155%G6
112 WXCON = SWS(1)/9UM WEISSK9?
RE TUHN WETESK9B
END WEI1SSK99
SUBROUTINE INCHSUM(MM) INCHEUM2
. ) INCHSEM3
PERFNPM SUMS OVER S AND L OP INCIDENT CHANNEL POR GIVEN COMPOUND INCHSUMY
NUCLEUS SPIN AND PARITY INCHSUMS
INCHSUMA
COMMON RHOCUB,200),T(32,200),P¢(80),5P(200,6),PP(8G),3PP(202,T7) RHO 2
1, SPNGN(2a¢Y,PLISR, 6),6(200,8),RHOFTR(4D) RHO 3
COMMON/BASTCZ/TITLFL16) ,ELARLDE,2AP,2AT,XNT, NKKM{10),CNPI(10), BASIC2 2
1 CNPIP(1@),8C6R)aSAC{IRY,IDICHR),I0P,I0E2(6A),1RUF(H,10), BaStC? 3

2 ECM,UP, NKMAX, NJHAX, NKK{6P) ,NKNTM fTCP(30Y,AMCPCUBY ACORY, A2(6P), BASIC2

3 NRHO(6Y, XJIT, NPOPMAY,NTC2(6),NIDIM, JOECNC1®) NKKCNCI®),ECON,BASIER S
4 JPICGR,2).XMP XJIP,PIT,NLP, XNLP, KL, IDSTAT(T7)»SIC,CSL,CSH,PILLL(30)BASICE &

S, ICAPT,ELBUF(5R,10), INPOPT, TKFEP BASiC2 7
chMnN/nAMMA/NMP.LGROPT,SMS(1@).GMLtb).GHPtb).NE!tb).LHGHDLtb). GAHMA 2

1 TGR(200, 6, WKEON,CAXEL,GAXEL ,ERANEL)EXSHS(1@) g WKNORM GAMMA %
COMMON/ZSUMBLKL/ZKP KD, IP, IN,KNGN, JPI2,)N.OP, IK SHMBL K2
TCOMMON/SUMBLK2/XJCN,PICN, JPICN,ECONJIMP,J2,L2, TGRL,TLEV,XJ2, SUMRLK22

{ T70T¢CER) SUMBLKRS
COMMON/PREEN/LPER,SIGR,PREQTIC),CSICICHI/NITT(S) s ALPHA(S) INCHSUL2

MXs (MMel1)/2 ¢ | INCHSLLD

€s = Cst INCHSUIS 4
0P=0. INCHSULS
PICOMP=PIT«PICN INCHSI16
LPYCOMP=91COMPoerNtG 1,P1COMP) INCHSULT

00 64 1SP={,10020 INCHSULB
€5=C5+3,9 INCHSUS9
IF(cs-csH)?ﬂa ?mp,7n INCHS1I20

208 LPL= ABS(XJCN-FS)ol 01 INCHSL2Y
LPH=aXJCN+CSe1,.81 INCHSUZZ
LPH=HIN9tLPH.NLP) INCHSU23
IF(LPL=LPH)I201,201,060 INCHSURY

231 CONTINUE INCHSHI2S
DO S5 LP=LPL,LPH INCHSLI26
LPPI=PILLLILPY INCHSU27
IF(LPPIalLPICOMP) S5,202,55 INCHSU28

202 COMTINUE INCHSU29
53 DPSECONJSHTER(LPY ¢ DP INCHSU3B
53 CONTINUE INCHSU3Y
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1

CONTINYE INCHRYT2

RETURN INCHS1I3Y

END ] TNEHSUIG

SUBROUTINE SUMER(NN,DE) SUMFR 2

. _ SUMER 3

ADD POPULATION INCREMENT INTD POPULATION ARRAY AND INTO SPECTRA SUMER &

SUMER 5§

COMMON RHO!U@.EGG).T(!ﬂ,?@ﬂ)-P(Bﬂ).sPtzawnb)'PPtGB).SPP(EGGo73 RHD 2

1,5PNGNC2ARY,PLLSO,6),5(200,6),RHOFTR{4D) RHO 3
COMMON/SUMARLKY /XP, KD, IP, 1D KNGN,JPI2:N,DP, 1K SuMBLKY2

COMMON/TOTALS/SIGTOT(10)Y SUMER B

SUMER 9

GO TO (51,52),NN SUMER 10

P(JP12) = P(JPI2)4DP SUMER {1

60 YO S& SUMER {2

PLIN,IP) & PL(N,IPYSDP SUMER 13

0S= RP/DE SUMER 14

SPL{KD,IP) = SP(KD,IP)eDS SUMER 1S

SPP(KD,IN)3 SFP(KD,1D)+DS SUMER {e

1F{1K~2)70,70,72 SUMER 7

$16T0TCIPYaSIGTIOT(IP) 4D SUMER 18

GO TO (61,62).%KNGN SUMER 1@

SPHGN(KD)aSPNGEN(KD)+DS SUMER 20

RETURN SUMER 21

END StiMER 2¢

SUBROUTINE GRLINES GRLINES2

) GRLINESS

CALCULATE DISCRETE GAMMA=RAY CPROSS SECTIONS AND SUM SPECTRA GRLINFSU

TO GET INTEGRAL CROSS SFCTIONS “Ri INFSS

GRL DT L8

FORMAT(//+« LEVEL DATA Oyt OF OROER, ZASw#15,2X,#ZA2a#l5,04% .- 'Lual3,GRLINLSY

t UX,#LDATE=#IT,» ABCRY J08,¢} GRLINESS
GRLINESO

COMMON/LCINDEX/IPBLC, IGLC, TZEROLC, ISPLE, IPLLGC, IEGLE, ISGLC,ITCLE, LCNDEX 2

ISTCLC, IRHOLE, TTLC, IPLLE, TAJLE, ZATLC, NYDIM, NIPDIM, NTBOIM,NGRDIM, LCNDEX 3

2 NIDDIM, NIRDTH LENDEX 4
COMMGN RHD(4®,2003,.7(30,200).P(80),5P(208,6),PP(8Q),S5FP(200,7) KHO 2

1 SPNGN(2PR),PL(SR46)4G(220,6),RHOFTR{4A) RHO 3
COMMON/ZLEVELIZELIS?) s AJ(SR),ATISB) o XNLCOD) hELMAX({6D))NLEVDIM LEVELY 2

1,EG(24M),SGL2UP* JNGRAYS(6P) LEVELY 3
COMMON/RASTLI/NTSXNIPC1u) ,NIR,LRE6,18),ZA1(60),2A2(60),xM2(60), BASICY @

1 ZACNUIP) ,€SGR(6A),CEY0T(ARILCSLEV(6R).C8IN(B),CAVID(B),EAV(6R) BASICY 3
COMMON/BASTC2/TITLECLO)  FLAB,DE,2ZAP,2AT,XMT,  NKKM(1Q),CNPI(10), 32ASIC2 2

1 CNPIP(IB) . S(6B),3ACCINY,ID1(6B),IDP, INE2(6Q),IRBUF(6,18), BASIC2 3
2 ECM,UP,NKMAX, NIMAX,NKK¢60M) ,NKDIM, TCP(30),QMDP(LA) ,A(H60),A2(40), BASIC2 &
3 NRHOCS), XJIT, NPOPMAY,NTC2(6) ,NJDIM, TO0FCN{IC@),NKKCN(IO),ECON,BASIC2 S
G JPICUP,2) s XMP X IPPIT, NLP,XNLP KL, IDSTAT(7),51C,CS5L,CSH,PILLLC3MIDASIC2 6
S, ICAPT,PLRUF{5A,10), INPOPT, YKEEP gaASICt? 7
DIMENSION NTT(S0),I6(50,40),NFF(5M,40),PR{SA,48).CAR(5A,40) GRLINE(S

EQUIVALENCE (1G,RHOY, (NFF,RMO(1,101)),¢PR, T, {CFR.T(1,10{)) GRLINELS

. GRLINE{?

MAIN CALCULATIDN LOOPS GRLINELS

CALL EECRD{PLBUF,J2EROLC,59@, TERR) GRLINE1S

LALL ECRNDC(CSGR.IZEROLL,NIR, TERR} GRL INE 2@

CALL ECRD(CSTOY,IZEROLC,NIR, IERR} GRLINE2)

CALL ECRD(FAV,12EROLC,NIR,1ERR) GRLINE22

CALL ECAD(CSLEV,IZEROLC,NIR,IEFR) GRLINE23Y

REWIND KL tRLINE 24

DN 1PA 131,.NI Gl INF2S

NIPZXNIP(T) GRILI - 26

NPTS=NIPANLEVDIM GRLINEZ27

INDEX2TPLLGH(TI=g)ANLEVDIMaNTPDIM GRLINE28

CALL ECRD(PL, INDEX,NPTS,1ERR) GRLINEZ29

A—.j.l-
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A-32

NP TTe NXIHaNDR

INDEX=2I59LCelTuq)#NKDIMANIPDIN
CALL ECRD(SP, INDEX.NPTS, TERR)

DO {22 IPst,N1IP
IR3 LRCIP, 1)
NLEVZ s XNL(IR)

ADD PARYICLE=INDUCED FOPULATIONS TO STATES THAT GAMMA DECAY

18=1RUF(17,1)
IF(IB.LF.MGO YO 94
DO 4@ Nzi,NLEV2

PLBUF (N, I18) B PLAUFIN,1B)+PLIN,IP)

10 3 ID1(1R) ,
IPCID,NEL7Y GO TO 9@

COMPUTE DISCRETE GAMMA CROSS SECTIONS

1242=ZA2(1IR)

READ(KLY J1ZAsNL,LDATE
IFCI1Z4,.ER,1242) GO TO Sp
WRITEC6,1) 12A,1242,NL,LDATE

sTop

NG=Q

00 6@ N=j,NL .
PLIN,IP) = PLBUF(N,I8)

READ (KL) EL(N) AJEN),AY(N),TAU,NTT(N)

NTZNTT(N) ]
IF(NT,LT.1Y GO TO 40
DO S8 KNag NT
NG=NGe |

IGIN, KNYsNG

READ(KL) NFF(N,KN)sPRIN,KNY,CPRIN,KN) JAMR,LLT,LL2

CONTINUE
NGRAYS(TRYaNG

NGR=NG

DO 70 NN=32,NL
NoNLeNN¢2

NTINTT(N] .
IFINT,LT,1) GO YO 70
D0 66 KNz=1,.NT
NG=IGEN, KN)

NFESNFF (N, KN) .
EG(MGYSEL(MI=EL(NF)
DP=PL(N, IPY»PR{N, KN)
PLINF,IP)=PLINF,IP)+DP
OP=0OPRACPREN, KNY
SGING)= NP .
CSGR{IR)3CSGR(IR)#DP
K03 EG(MG)/DE ¢ 9,5
IFCKD, LY, 1} KD=y

DS = DP/DE

SPCKD,1P) = SP(KD,IP) + DS
SPP(KN,INY w SPP(KD,1D) ¢ D§

CONTINUE

INDEX=TEGLE+(TRm1)wNGRDIM
Call ECWR(EG, INDEX.NGR, TERR)
INTEX=1S6LC4(IRm1)#NGRDTM
CALL ECWR(SG, INDEX,NGR, 1ERR)

NPTSsNIPaANLEVDIM

INDEX=IPLLC* (e Y2NLEVDIMaNIPDIM
CALL ECWR(PL, INDEX.NPTS,1ERR;

NPTSs NXDIMaMIP

INDEXZISPLE+(Te) ) aNKDIMaNIPDEM
CALL ECWR(SP, INDEX.,NPTS, IERR)

arL TN
GRLINP M
GCRLINEZ2
CRLINEZS
GRLINE3Y
GRLINE3S
GRLINESS
GRLINE 37
GRLINE3S
GRLINESO
GRLINEUD
GRLINEGY
GRLINEYZ
GRLINEUS
GRLINEGUY
GRLINEUS
GRLINEUS
GRLINEW?
GRLINEGS
GRLINEUY
GRLINESQ
GRLINESY
GRLINES2
GRLINESS
GRLINESU
GRLINESS
GRLINFSS
GRLINES?
GRLINESS8
GRLINES9Y
GRL INE&Q
GRLINES!
GRLINESZ
GRLINEG6Y
GRLINEGU
GRLINEGS
GRLINEGS
GRLINES?
GRLINESS
GRLINE®9
GRLINETO
GRLINETY
GRLINET2
GRLINETS
GRLINE7Y
GRLINETS
GRLINE7®
GRLINET?T
GRLINE?S
GRLINETO
GRLINEBD
GRLINERY
GRLINEBZ
GRLINFAZ
GRLINFBY
GRLINESS
GRLINEBS
GRLINEA?
GRLINESS
GRLINER9
GRLINE9D
GRLINE9L
GRLINES?
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GHLINFGY

SUM INDIVIDUAL SPECTRA GRLINFOU
ED213, GRLINESS
NKSNKK{IR)Y GRLINEGS
00 92 K=i,NKMAY GRLINES?
ENZED4DE _ GRLINE9S
EAVIIR)ZEAVCIRIGED#SP(K, IP) GRLINEGY
CSTOT(IR)e CSTOT(IR)+SP(K,1P) GRLINIQG
IF(CSTOTCIRYGT,B,) EAV(IR)sEAVIIR)/CSTOT(IR) GRLINIOY
CSTOT(IRY= CESTOT(IR)*DE GRLINIOZ
. GRLIN1Q3

SuM LEVEL POPULATIONS FROM CONTINUUM AND LEVEL TRANSITIONS GRLINIOUG
DO 94 N=i,NLEV2 . GRLINIOS
CSLEV(IR)Ys CSLFYIIRISPL(N,1IP} GRLINL S
CONTINUE GRLINIATY
GRLINIPS

SUM COMPOSITE SPECTRA GRLINtG9
DO 11@ 1D=z),7 GRLIMNI1D
CSID(1D)=A, GRLIN1II
EAVID{ID)=D, GRLINIIR
€0=0, o GRLIN1IS
IF(IOSTAT(ID),LY.1) GO 10 1102 GRLINITUY
DD 178 Kaf,NKMAX GRLIN1IS
EP=ED+DE GRLINI16
E/VID(IDISEAVINCID)+EDaSPP(K,ID) GRLIN117
csSIntInys C§IO;Ip)¢SPP(K-ID) GRLINIISB
IFCCSIDCID),GT.R.) EAVINC(ID)IaEAVID(ID)/CSIDCID) GRLIN119
CSID{IDY= CcSIDCID)aDE GRLIN12D
CONTINUE GRLIM12Y
c3Incar=a, GRLIN122
FAVIN(B)=0. GRLIN123
EDel, ) GRLINI24
D0 127 K=l NKMAY GRLINL2S
EDZEDSNE GRLINL2S
EAVIN(8)aEAVID(B)4ED*SPNGN(K) GRLINg2?
CSI0(8)ECITO(BISSPNENIK) GRLIN{28
1F(CSTID(RY.GT.0,) EAVID(8)sPAYID(AY/C81ID(S) GRLIN129
CaINn(AY=CSIDIEIADE GRLIN13O
RETYRN GRLINS 31
£ND GRLINEZ2
SUBRCUTINE DATAOUT DATADUT2
DATAOUTS

MATN QUTPUT ROUTINE DATADLITY
DATAOYUTS

FORMAT(1H]{.10X.2R A D I AT I ON WIODTHSE /) DATAOUTS
FORMAT(1HE, 10X, 23 P EC TR A FROM INDIVIOUAL DATADUT?
1 REACT I NDNZSe /) CATAQUTS
FORMAT(16X,10(A6,F5,8)) DATANUTY
FORMAT(AG,A10,108(1%X,A1Q)) DATAOULD
FORMAT(A10.47,1P,1Q(E10,3,1X)) DATAOULY
FORMAT(15,F10,3,2X,1P,10(E10.341X)) DATAQULR
FORMAT(1M1,30x,sC OMP O S TI T E $PECTR AN Y)Y DATANULS
FORMAT(1H1,1PX, 4D I S CRETE LEVYEL I NFORMATTI DATACULY
DATANDUILS

10 Ns ) .
FORMAT(// 3H I1=12,3X,3M1Pul2,3X,SHIRPI2, A, 4HIA N, FU,8,3X,4HZA2eFSDATADULG

1.7, 3X,1OHSEPARATION ENERGY =F7,.3,4H MEV,3Xs SIHACCUMULATED SEPARATIDATAOULTY
20N EMIRGY 2FT,3,4H MEY) DATAOQU8
FORMAT( 34W NUMRER OF [FYEL IN RESIDUAL NUCLEUS =13,3X,22HNUMBER ODATAOU!S

{F GaMMA RAYS =Y1,3%%, #RESIDUAL NUCLEUS ID ==x15) nATAQUZ20
FORMAY(//7 « LEVEL LEVEL  SPIN, PRODUCTION NUMBER OF FINDATAOQUZY
1AL FINAL TRANSITION CONDITIONAL GAMMA GAMMA PRODUCTION DATAGU22
2 &/ & NO ENERGY PARITY CROSS SECTION TRANSITIONS LEVDATAQUZ2S

36L ENERGY PROBABILITY PROBABILITY NUMBER ENERGY CROSS SECTIODATAOUZH




12
13
14

15

16
17

18

219
229
221

222

A-34

4Na * (MEV) (BARNS) NODATAD!2%

5 {MEV) (MEV) (BARNSI#) DATAQU26
FORMAT(/ 14,F10, aaP7 1, }Xa!PE!i a;!tﬂ) DATAOU27
FORMAT(USX, 110.F10,4:F11,4,713,4,18,F10, a.!x.lPEH.M DATAOU2S
FORMAT(IKY, $0X,#L E V E L DENSTITY PARAMETER JULIO?TS
18» ) DATAOU3IR
FORMAT(/ » 1 P IR 1241 1242 A TEMP E@ EMATCH DATAOUYY

1ECcUT LEVELS PN Pz SN 82z $ SAC » / DATAQU32

2 * (/MEVY  (MEV) (MEV) (MEV) (DATAOUYS

IMEV) AT ECUT (MFV) (HEv) (MEV) (MEV) (MEV) (MEV)% ) DATADUMY
FORMAT(313,FS,0,F7,8,1X,2F7,%,%F8,3,F6.2,1%,4P8,2,2F9,3) DATAOH3S
FORMAT(% NUMBER OF LEVELS I& RESTDUAL NUCLEUS m#,13//7 DATACUSS

1» LEVEL LEVEL  SPIN, 180  PRODUCTYIONS/ DATADUYT?

2« NO ENERGY PARITY  SPIM CRO58 SECTION#/ BATADU3S

3 _ {MEV) ) (BARNS)#/) DATAOUSS
FORMAT (TU,F1Q, U, 2F7,1,3%,1PFE11,.4) DATAOUGR
FORMATE{H],BA30, /1N 8A{0) DATAQUUL
FORMAT(/« LAR NEUTRON ENERGY ow{PE1],d,» MEY*/) DATAOULR
FORMAT(/* RIMNARY REACTION SUMMARIES (COMPCUND NUCLEUS ONLY)Iw,// DATAOU43

{»  REACTION . SIGHMA ay/n PRODUCT (RARNS) %,/ DATAOUWY

2% cemcwran sewevessgvy) DATAOU4LS
FORMAT(1%X,410,24,1PEIL.4) DATAQUAS

DATADUYST

COMMON/LCINDEX/IPRLC, 16| C,12EROLC, I1SPLC, IPLLE, TEGLC,ISGLE,ITCLE, LCNDEX 2

1 ISTCLC, IRHOLC,ITLC, JELLC, TAJLC, TATLE L NIDIM,NIPDIM NIBDIM,NCRDIM,LCNDEX 3

2 NIDDIM,NIRDIM LCMCEX &
COMMON RHOCUP,208),T7(30,200),P(87),3P(200,6),PP(BB),8PP(200,7) RHO 2

1sSPNGN(2PARY,PLISP,6)6(270,6),RHOFTRLAA) RHO 3
conwnN/LEera/eLtsn).AJ¢5a1,Attsr).xNL(ea).ELMAx(bB).NLEVDlH LEVELY 2

1,E6(24™),56(24A), NGRAYS(60) LEVELL 3
COMMON/BASTICI/NT, XNIP(1Q) ,NIR,LR(6,12),241€60),242(60),XM2(60), BaAsSlICy 2

1 ZACN(IPY,CSGRE6MILCSTOT(AMILCSLEV(6M),CSTID(8),FAVID(B),EAV(6D} Basict 3
COMMOM/AASICP/TITLE(16)  ELAR,DE, ZAP, ZAT,XMT, NKKM(10),CNPIC18), BASIC? 2

1 CNPIP(C1IP).S(6m.5AC(10)Y,1ID1¢60),1DP,TNF2(6R),1BUF(6,18), BASIC2 3

2 ECMaUP, NKMAX, NIMAX, NKK (62) ,NKDIM, TCRI3@Y,AMDP(4Q),AL60),A2(60), BASIC2 4

3 NRHO(OY, XIT, NPRPMAX,NTC2(6),NINIM, IODECN{1M),NKKEN(1@),ECON,RASTCE S

4 JPI(ﬂﬂa2).XVP.XJPpPIT.NLP.QNLPrKL-IDSYAY(T)oSICcCSL.CS“.PILLL(ZE)BASICE 6

Sy TCAPT,PLRIIF(SA,19),1%PORT, TKEEP gaS1C2 7
COMMON/BRNTOUT/IPRTLEV, IPRTTC, IPRTHL N, IPRTWID, IPRTSP, IPRTGE PRNTOUTZ

COMMONZLEYNEN/DEF (), XNLABC(6R) ,ECGT(O0), UCUTOFF,DEFCN,TGCL62), LEVDEN 2
1 EQGC(6Q),FMATGCCOD) yPATR(O6MY,XMRICAHD) HXNLLN(ED),SZ{10B),SN(150), LEVDEN 3

2 PZ(IeA),PN(15M) LEVPEN 4
COMMON /8DONPAR/ SPIN,PARITY,KGRD LEVDEN §
DIMENSTION SCRUF3¢200,10),HK(2),HGAM(2),HLEV(2},HTOT(2),ZADUM{6R), DATAOUSS

1 SCBUFU(20Q,6,10),BLANKI2),08C02(8)sHEAV(2) NATAQUSS
COMMON/PREEN/LPER,SIGR,PREQICE) S CSIGICO),NITT(6),ALPHACS) DATAQUSY
COMMON/TOTALS/SIGTOT(§?y DATAOLISS
EQUIVALENCF (RHO.SCBUFY), (RHOC1.,51),8CBUF4) DATANUSO
DIMENSION MYA(Sm);SPﬁtanG).RE(ZGﬂ) DATAQUGD
DIMENSION INTC1),NBT(1) DAYTAQUGH
NATA MTA/1B,1B.1T.17-!b.lb.a.ﬁl.102.0,@.0.0.%,0.0.32.28.0.0.0,0, DATAQUS2

X105,33,174,22,30.0:0,10%3,0.0.,0,107,0,106,14%8/ DATAOUSS
DATA CL,L1.L2,NR.,MC/Q,0BsBstst1/ DATAOULG4

DATAGUGS

DATA BCD2/10H NEUTRON 1M PROTON ,1@H DEUTERON, 10K TRITON ,DATACLSS
1 10H HELTUMe3,10M  HELIUMwd,1PH GAMMAwRAY, 1BH G,NEUTRON/DATAOUG?
DATA MHWID,HMEV,HSIG,HBARN, HBMEV, HDASH, HX, NGAM, HLEV,HTOT, NZACN, DATAOLSS
1 HZA1,HZA2/10H WIDTH 4 10OM (MEV) ,10HM SIGMA , 10H (BARNSIDATAOUGD
2,104 (A/MEV), |PH ~wemceans, bH K ;10M ENERGY ,1@H LEVEL DECDATAOUTQ

3, THAY C/us,10H LLEVEL EXC,7HIT €/5=2,10H YOTAL PRO,7HD, £/83, BATAOUTY
4 6H ZACNz,6H ZAl13,6H FA2s 7+ BLANK/1@H, 1 10H / DaTAOUT2
DATA HSPEC/108K SPECTRUM/,HEAV/10H AVG ENERG, THY (MEV)/ DATAQUTZ
DATA HNON/{GHNONELASTIC/ DATAOUTY
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ENEXGY AND BINARY CROSS SECTYION PRINY
NIF2XNIP()

D0 25¢ IPs= l.NI’

SIGT OT(1ﬂJ=SIGTOY(10)08!GTUT(!P)
WRITE(6,219) TITLE

WRITE(6,220) ELAB

WRITE(6,221)

PRITE(6,227) HNON.SIGTGY(lG)

DO 268 IP={,NIP

IR=LR(IP, 1)

IP=TDL(IR)

WRITE(h,222) BRCD2(IDY,StGTOT(IP)
IF(LPLA,NEL1YGO TO 248

WRITE(6,246)

DO 249 1P=y,NIP

IR:LAR(IP, 1)

INaI0{(IR)

HKSHRK(IR)

TF(NK,LY,1960 TO 249

IFCID,EQ.TIGO TO 249

HQIYE(b 247)1P, 19, RCD2(TD) S NITYLID) ,ALPHACID),CSIGILED),PRECICID)
FORMAT(///{5tasecees PREEQUILIBRIUM SUMMARY mesemst/)

DATADUTS
DATADUTS
DATADUTY?
DATADUTS
DATAQUTS
DATAQUBO
DATACUBY
DATAOUB?
pATADYBS
DATAOURY
DATAQUSS
DATADNBE
DATAOURT
DATAGUBS
DATAOURS
patTAOUSD
DATAOUYY
DATAQUG2
DATAQUSD
DATAQUYY
DATAOUYS
DATAOU96
DATAOUS?

FORMAT(/SX1P 2 I3, 2x#1D 3 13,ZXe0UTGOING PARTICLE 8 wA{B/SXDATAOUSS

CONTINYE
CONTINUE

WIDTH PQINT OPTION
TFCIPRTWIDLLT,LE)Y GO TO a2
NPTSENKDIMebeN]

CALL ECRD(SCBUFu4,IGLC,NPTS, 1ERR)
1CTe@

DO S8 I=i,N?

NIPz XNIP(1)

DO S8 tPcy. M1p

IRaLR(IP, I

ZADUM{IRY= ZACNCYI)

ICTRICT!

DO %2 K= ,NKMAY

SCRUF3(K, ICT) 3 SCBUFU(K,IP,I)
1FCCICT, LT, 18 ANDL (IRLLT.NIR)) GO TO %3
I1RH=1R

NICT=2(ICT

IRLalRHeNICT ¢

PRINT WIDTHS

WRITE (6,1) . .

WRITELG,3) (HZACN,ZADUM(II),II=1RL,IRH)
WRITE(A,3) (HZAL, ZA1C11),113IRL,IRH)
WRITE(6,3) (HZA2, ZA2(I7),11=IRL,IRH)
WRITE(&,43) BLANK, (HDASH, II=2IRL s IRH)
WRITE(6,4) HK,(HWID,1I=2RL,1IRH)
WRITE(6,4Y BLANK(1)pHMEV, (MMEV, I115IAL, IRM)
EK=UP+0E

00 5S4 Kei,NKMAY

EN=EK=DE ]
WRITE(6,6) K,EK,(SCBUF3¢K,T1),Ita1,NICT)
1¢1=2

CONTINUE

XaINTTTIAL EXCITON NUMBER 8 #13,%X«PREQ NORMALIZATION m wEJ4,5/3X»DATAOUGO
X COMPOUND XeSECCBARNS) 3 #F14.5,5%s PREEQ XeSEC(RARNS) & e«E{4, S5/patAQ1MQ

X)

DATANLAY
DATAR102
DATAOYN3
DATADYPY
DATADYRS
DAYADYOS
DATADSICT?
DATADLIRS
DATAODL Q9
DATADtI 1O
DATANYYE
DATAQYL2
DATAQILS
DATA0314
DATAO1{S
DATANL LG
DATAO{17
DATAO11S8
DATADL L9
DATAD120
pata0y2t
DATADI22
DATADL23
DATAD] 24
0ATAD12S
0ATAO126
DATADL27Y
DATAD28
DAYAQ 29
DaATAOL3D
DATAC|3Y
DATAOL32
DATADS 33
DATAQY Y
DATAD)38
DATADL3e
DATADY 3Y

A=35
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62

64
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74
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A-36

INDIVINUAL SPEETRA PRINY QPYION
1F (107789 ,LT,2) 66 10 70

IcTe0

0 68 13t,NI

NIP= XNIP(1}

NPTSa NKDIMeNIP
INDEX=ISPLL# (1o )aNKDIMeNIPDIM
CALL ECRD(SP,INDEX,N-TS,IERR)
DD 68 [P={,NIP

IR = LR(IP, 1)
ZADUM(IR) = ZACN(I)

ICT @ ICTet

D0 62 K= ;NKMax
SC“UF}(K-IC-): SP(K, 1P

1FCcICT, LT
IRHE IR
NICT=2ICY

?
10 AND, CIR.LT.NTIR)) GO 10 48

IRLeIRHaNICT+)
PRINT CROS3 SECTIONS AND SPECTRA

WRITEC(6,2)
WRITE(6,3)
WRITE(6,3)
WRITE(6, 1)
WRITE (6,4}
KRITE(6,4)
WRITE(S,4)
WRITE(H,S)
WRITE(H,5)
WRITE(6.5)
WRITE(b,4)
WRITE(6,5)
WRITE(6,4)
WRITE{6,4)
WRITE(6,4)
EK=A,

(HZACN, ZADUMII), I122RL,IRN)
(HZAL,  ZA1(11),11=IRL,1IRH)
(HZA2,  2A2(11),I11sIRL,IRH)

BLANK, (HDASM, 1T=1IRL, IRH)
ALANK, (HSIG, 1T=IRL, IRH)
BL ANK, (HRARMN, T131IRL, TRH)

HGAM,; (CSGR(IT),11=1RL,IRH)
HLEV, (CSLEV(IT),11=]RL,JIRH)
HTQT, (CSTOTCTII),II=IRL,IRH)

BLANK, (HRASH, TT=1IRL, IRH)
HEAV, CEAV(IT),YT=1IRL, IRH)
BLANK, (HNASH, IT=IRL, JRH)
HK, (HSTJG,11=TRL, IRH)

BLANK(1) s HMEV, (HBMEY, 1TcTRL, IRH)

DO 64 K3{,NKMAX

EKzEK+DE
WRITE{6,6)
ICT=0
CONTINUE

IFCCIPRTSPLNE, 1) AND, (IPRTSPLNE,3)) 6O 1D 82

KeEK, (SCBUF3(K,I1),1In1,NICT)

PRINT COMPOSITE SPECTRA

WRITE(6.7)
WRITE(6,4d)
WRITE(S,4)
WRITE(6,4)
WRITE(6,4)
WRITE(S,46)
WRITE(6,S)
NRITE(6,4)
WRITE(S,S)
WRITE(6,4)
WRITE(H,4)
WRITE (b, 4)
Ex=g’

BLANK, (BED2(10Y,10x1,8)
BLANK, (HSPEC,INE1,8)
BLANK, (HDASH, ID2,8)
BLANK, (HSIGC ,Ip=y,8)
BLANK, (HBARN, IDE1,8)
MTOT, (CSIDCIN),ID=1,8)
ALANK, (HDASH, IDN=t,8)
HEAV, (EAVID(1D),1D=1,8)
BLANK, (HDASH, IDEL, 8)
HK,  (HSIG ,1D=z1,8)
BLANK(1),HMEV, (HBMEV, ID=1,3)

DO 74 Kzl,NKMAY

EX=EKs+DE
WRITE(H,0),

KaEKy CSPPIK, 10),1D=1,7), SPNGN(K)

IFCIPRTLEVLLT, 1) GO YO 90

PRINT DISCRETE LEVEL AND GAMMA®RAY DATA

DATAD]SA
DATAOL39
DATAO1¢®
0ATAD1 4
DATAOt YR
DATAQL43
DATAD144
DATAD14S
PDATAQI4S
pATAD147
DATAGLUS
DATADILS
DATAQIS@
DATAD3SY
DATAD1S?2
DATAD1S3
DATAO154
DATAQ1SS
DATADI1SE
DATAQYSTY
DATAQ1S8
DATA0159
DATAD160
DATANYS]
DATAO(62
NDATADYG3
DATAOIG6Y
DATAUL6S
DATAD1 46
DATAOIG7?
DATAD| &8
DATAD169
DATAO170
DATAO1TY
DATAQY72
DAT20173
DATAQ174
DATADITS
DATADI76
DATAOL177
DATADY78
DATAOD179
DATAQi8C
DATAD1BY
DATAD182
DATAD183
DATAD184Y
DATAQL8S
DATAD{86
DATADL87
DATAD18S8
DATAD189
DATADI OB
DATADL91Y
DATAQI92
DATAN]G3
DATAQ19Y
DATAD}9S
DATAD196
DATADL197
DATAD198
DATAD199
DATAGZRQ



8t
82

84
86
85
99

98
1
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REWIND KL

DO 88 fc1,N?

NIPs XNIP!T)

NPTSs NIP#NLEVDIM
INDEX=IPLLC4 (It )&«NLEVDIMANIPDIM

CALL ECPD!PL, INDEX,NPTS, IERR)

bo 88 IPey,NIP
IFC{PLI1,IPYEQ.A,) AND, (NKKCNCT) LT.1)) GO TO 68
IRz LR(1°, 1)

NLEV2s XNL{IR)

“RITF(u.O) 1.19,1R, ZAJ (IR ZA2(IR),LO(1IR), SAC(I!
IFCINICIRYLER,Y) GO YO a2 .
WRITE(6,17) NLEvz
INCEX2TELLC+(TRe1)aNLEVAIM

CALL ECRDIEL, INDFX,NLEV?, 1ERR)
IMDEX=T1AJLC+{IRa1)NLEVDIM

CALL FCRD(AJ, INDFX,NLEV?, IERR)
INDEXEIATLC+(IRat)ANLEVDIM

CALL ECRD{AT,INDEX,NLEV2, [ERR)

DO 81 Nzi,NLEYR

WRITE(K,18) N,ELCNY, AJ(N),ATEN),PLIN, IP)
GO TN e

REAN(KLY I74,NL,LDATE

WGR =z NGRAYS(IR)
INDEXaIRGLE4(IR=1)aNGROIM

CALL ECRD{EG.INDEX,NGR, IERR)
INCEX=1SGLC+CIR=1)aNGRDIM
CALL ECRD(SG, INDEX,NGR, TERR)
WRITE(6,17) NLEV2,NGR,17A

WRIT (6,11)
NGER
DO B& Ne=i,NL

READ(KLIELCNY ,AJI ATT, TAUNT
WRITE(6,12) Ny EL(NY AJS,PLINSIP),NT
IFENT LT 1) GD 10 84
DO 84 Kz{,NT

NGENG4 |
READ(KL) NF,PRDA.CPROB, AMIX,LLi,LL2
WRITE(6,13) NF.EL(NF),PROB,EPROB,NG,EGING)sSB(NG)
CONTINUE
CONTINUE )

IFCIPRYGC,LT.1) GO TO (nd

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

DO 98 Ilef,N?

NIP= xNIP(Y)

DC @8 IPei,NIP
IRS LR(IP, 1)

124= 242(IR)

Tasz MOD(I1ZA,1000)
123 1za71000

INZ lae]?

DATANZYY
DATAO20?
DATAOQ2D23
DATAD204
DATAOZRS
DATADZ06
DATAOR@Y
DATAQ2(8
DATAQZ2A9
DATAN21Q
DATADR2Y1
DATAQ212
DATAOP?1S
DaATAQR4
DATAQ21S
DATAN216
DATAD21Y
DATA02:8
DATAQ21Q
DATAQR20
DaTAQ221
DATAQR22
NDATAN223
DATADZ24
DATADP2S
DATAD226
DATAD227
NDATAD228
DATANZ29
DATAQP?ID
DATAQ211
DATAO232
DATAN233
DATA023Y
DATAQR3%
DATAOP?36
DATAGR?Y?
DATAO27%8
DATAD239
DATAD240
DATAQPUY
DATAQ242
DATAQ243
DATADRu4
DATAN24S
DATADRué
DATANZ4?
DATAQR4S
DATAO2U9
DATAOZ%0
DATAQ251
DATAQ252
DATADR5%
DATAD254
DATAD25S

WRITE(6,16) I,1P, IR, ZAI(CIRY,ZA2CIR),A2(IR),TGC(IR),EAGC(IR)Y,EMATGCDATADRSS

1CIRYJECGLCIR) yXNLGCCIRY,PNCINY4PZ (127 ,8SNCINY,SZ(XZ),8(IR),8AC(])
CONTINUF

RETURN

END

FUNCTION ISERCH (X,EEsNE,Asdt,AR)

FIND PARAMFTERS NECESSARY FOR SPLINE INTERPOLATION

NDATADRST
NDATAD258
DATAQZR9
DATAN26D
ISERCH 2
ISERCH 3
ISERCH 4

A-37



s Rr Ea R Nz N gl

(2]

<0

o000

A-38

i@

20

49

(SFHCH 8
X o ENFRGY AT WHICH FUNCTION IS T0 BE EVALUATED ISERCH &
£E e ARRAY OF FUNCTION FNERGIES 1SERCH 7
NE ~ NUMBER OF ENERGIFS STORED 1IN EE 19ERCH 8
AyA1,AD « SPLINE INTERPOLATION PARAMETERS ISERCH 9
. 15ERCHEE
FORMAT(//2 SPLINFE FUNCTION ISERCH CUT OF RANGE, K = »14,%H NESIU)ISERCHIL
DIMENSION EEINE) 1SERCHE2
ISERCHI3
K =0 1SERCHLY
ICCEX LT EFCL)), 0R (X, GY.EE(NE))) GO TO S ISERCHIS
K =1 ISERCHIS
IFOX, LT, EECK)) GO TO 57 IBERCHS7
TF (X L TJEFtK+1)) GO 10 40 ISERCHIB
Kz K¢ ‘ TSERCHI9
IFC(K, LT, NED GO0 T0 1@ 1S5ERCHZD
K=Kedt 1SERCH2Y
60 TO 40 o I1SERCH22
IF(K,EN,1) GO T0 4e TSERCHES
XK =1 ISERCH24
GO 10 10 o ISERCHRS
H = EE(x+1) » EF(K) 1SERCHRG
HY = X o EE(K) ISERCHRY
H2 & EE(Ksl) = X ISERCH28
A 3 H2aHi/6, 1SECH29
Al = Mi/A 1SERCHID
A2 = H2/H {SERCHI]
ISERCH & K 19ERCHI2
ISERCH33
RETURN 1SERCHYU
IF(X.GT,EEI(NE)) KmQ99 1SERCH3S
WRITE(H,1) K,NE 1SERCH36
RETURN ISERCHY?
END . TSERCH3A
SUBROUTINE PRECMP PRECMP
PRECMP
PRECMP

RRECMP

COMMON/LCINDEY/IPBLC, 161 C, TEEROLC, ISPLL, IPLLC, TEGLC, ISGLC,1TCLE, LCANDEX
1 ISTCLC,IRMOLC,ITLC,IELLC,TAJLT, IATLC,NIDIM,NIPDIM,NIBDIM, NGRDIM, LCNDEX

2 NIDOIM,NIRDIM LCNDEX
COMMDN RHMOL4R,200),TL30,200).PLAD),8P(200,6)+PPIBD),5PPL200,7) RHO
1sSPNGN(2PDY,PL(5@,6)2G(200,6),RHOFTR{4Q) RHO
COMMON/TCOEF/ETC(25,63,7C(25.30),BCD(7Y, XSPIN(7),NLDIM, TCOEF

INPART yNEECHYaNOCO) 4 NTC (), 12ATDC?),XMASS(7),NEEDIM,NLEIN(SH,25), TCOEF
2NLEC(6,200) JRAST(270,86) TCOEF
COMMON/LEVFLI/ZEL(SP) 4 A0(5A), AT(S5Q),XNL(60),ELMAX(6D),NLEVDIM LEVELY
1,EG(24P),56(2472),NGRAYS(62) LEVELL
COMMON/BASTICE/NT, XNIP(IQ) ,NIR,LR(6,10),ZA1(60Q),ZA2(6D)2xM2(6D), Bag1ICy
§ ZACN{IM),CSGR(60).CSTOT(6B).COLEV(6A),CE5ID(B),FAVID(BI,EAV(6Q) BASICY
COMMON/BASIC2/TITLE(16),ELAB.DE,ZAP,ZAT, XMT, NKKM(12),CNPI(1D), BASIC?

NNQ@W&UNHNUN&MNWN:MNU’&UN

1 CNPIPLLI?).5C6R),SACLINY,ID1(6RA),INP,TIOF2(60),IBUF(S,{]), RASIC?

2 ECM P, NKMAX, NIJMAX, NKK (6P} ,NKDIM, TCP(30),0MDPLUR) ACBR),A3C6R), BASIC2

Y NRHO(6)sXJT. NPOPMAY, NTE2(6),NIDIM, TOELCMCL#) ,NKKCN(1@),ECON,B251C2

4 JPICUA,2)uXMP XJIP,PIT, LP, ANLP, KL, IDSTAY(73,31C,COL,CSH,PILLL(3P)IBASIC2

SeICAPT,PLEUF(SP,10)s INPOPT, TKEFP BASIC?2
COMMON/PREEQ/LPEQ,SIGR,PREOI(6Y,CSIGICOI NITT(R),ALPHA(S) PREER
COMMON/PREQL/ZEFRSIG(RO0, ) ,NLEV,NPIT,NITY PREQY
COMMON/FITTING/ACMNL,FSIGEN,SIGPER FITTING?
DIMENSION SPZ(200) PRECMPLS
DIMENSICON PREA(200),PREQIN(6,209) «SPZID(6,200) PRECMPLS
DIMENSION PPREP(BM),PREP(BOY PRECMP{7
NIPaXNIP(1) PRECMP18




2080

3o@6

3192
1900

Xef Syan,

DO 20292 1Pai.NIP
KMAXZNKMAX

IR LRCIP, 1Y

ID=IDICIR) .

IFCID,FN,7)G0 TO 2002

NKe -K(IR)

TF\ K, LT, 1160 TO 2200
EE{KMAX+,5)0CE

PII=3,14159

GGhs 6, #ACN/PITan?

AMAmXMTeq, .
NFIN=SORT({,S5%GGGE)
XMOSXMASS(ID) #XMT/{XMTHXMASS{I0))
ALPHI=(14,+SICI#ALPHA(ID)
ALPHzALPHY /E L.
PCONSSIGR* (2, #XSPINCID &1, )/ (ALPHA12, 4P Tan2)
PCONSPCOMN/(AAAREA®3)

NIT=NITT(ID)

KMAYX=NXMAY

EGR=SAC(1)+3(IRY

KGRZEGR/DE

XYz (1P=SACC1)eSIIR))/DE+0, S

DO 2 1=1.KLM

Us(KLMaT+ ,S)%DE

PRER(1)=20,

DO 4 NaNIT.NFIN,2
PREQ(I)ePREQITIEPSIG(I, ID)@((Nat)w (N on2) e (U/E)ra(Na)
CONTINUE

PRFO(IJ:PRFO(I’aPCON
IF(SPR(T,IN).LE.A,IPREO(II=D,
PREQINCID, 1)3PREDCT)
X=X¢PREQCIISY=V+8PP(I,1ID)
COMT I8 uF

CONTINUE
IF {Y,LE, PLIPRINT 3006

FRACTlnl.

TF((X,GEL Y)Y AND, (X ,GT,1,E=99)) FRACTImY/X

FUDMAT(///ESXi mewnw SPECTRUM SUM =@, NO PRECMP mmwuen///)
IF(Y,LE.G,1G0 YD jea?

FRACT= c:,-X/v;

IF(FRACT,LE.A.IFRACT=A,

=sXeNESYzYaDE
DO IAPR IP=1,NIP
IR=LR(TP,118ID=1D1'IR)
NK=NKK(IR),
IF(I0, €0, 1 oRr, NK LT, l)GO T0 31022
VELY $PREOI(TD) n. scsrcrtro;aa
KLMz(1PwSACL1)wSIIR})/DE4D.G
D7 3@ IIxzi,KiM
PREDCITISFRACTI®PREDID(ID,II)
PRENID(1D,11)ePREG(I])
YYESFRACT#SPP(1Y1,1D)
Z=YY4PREQ(T]),
IF(SPP(I1,1D),EN.9,)Z=0,
UsU+DE
13%=KkMAYeTY
SPZ2(l1ye? .

SPZIDCIN,11Y=2
PREGICID)=PRENCYII#DECPRENTI(CID)
CSIGI(IDI=aYYaDESCSIGI(ID)
CONTINUE

CONTINUE

pPrLEL! (G
PRECHMP2Q
PRECMP21
PRECMP2?
PRECMPZ23
PRECMP24
PRECHMP2S
PRECMP 26
PRECMP27Y
PRECMP2S
JUL2977s
PRECHMPYD
JUL29776
PRECMPIR2
PRECHMP3Y
PRECMP Y
PRECUP3S
PRECMP3H
PRECMPYT
PRECHPIA
PRECMP39
PRECMPUD
PRECMPAYY
PREfHMP Y2
PRECMPYY
PRECMPUY
PRECMPUYS
PRECHMP LG
PRECMPYT
PRECMPUS
PRECYPY9
PRECHPSE
PRECMPSY
PRECMPSZ
PRECHMPSS
PRECMPEY
PRECMPSS
PRECMPSS
PRECMHPS?
PRECMPSE
PRECMESS
PRECHPSB
PRELHMPSY
PRECHPAAR
PRECHPHQ
PRECMPTQ
PRECMP Y
PRECHPT?
PRECMPT73
PRECHMPTUY
PRECMPTS
PRECMP 7S
PRECMPT?
PRECMPTS
PRECHMP 79
PRECMPSA
PREC¥PAY
PRECMPB2
PRECHMPAS
PRECMPBUY
PRECMPES
PRECMPES
PRECMPAY
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259

298

299
1e9
3199

4nn
9239

119
60

al

aoy
a0

A-40

NORMALIZAION OF PREEG

DO 1800 IPai,NIP

1ReLR(IP, 1185102101 (1IR)

NKSNKX (TR)

1FCID,EDL7.0R K LT, LI60 70 1080
KLM-rUP-SAC(!)-S(!R))/Dz¢m 5

DO 31 lzi,KLM
anntI):nnEnIDt!D.!)

NK2ENKK (IR)

MOD OF CONTINUUM

NKCNa g

18318UF (1P, 1)
1F(1D,EQ.PYG0 TO 999
ho 4A@ Kef, NKCN
Kb=p
KLOWEKe )
IF(XLOWaNKD) 250, 257, 000
DO 399 KPzKLOW,NKZ2
MO=KD+ 1
JHAX2232, » JAAST (KP, IP)
INnEx_IPBLCo(ko.l)-zaNJn!M0(IB-l)-z-NJDIMnNKDxM
CALL ECRD(PRFP{1),INDEY,JMAR22,1ERR)
00 300 J=t1,JMAX2?2
PPREP(JIZPREPLY) .
LF(SPP (KD, TD) . LE.O.)299,298
CONTINYE
PRENF=z(FRACT+PREQ(KD) /8PP (KD, ID))
PREPCJI=PRFP(JYIwPRENF
CONTINUE
CONTINUE
CAaLL FCWR(PREP(1),INDEX,JMAX22,1ERR)
CONTINUE
1=1
CONT INUE
CONTINUE
NLEVEXNL(IR)
INDEX=zIELLC#(IRa1)¢NLEVDIM
CALL ECRPCELSINDEXsNLEV, IERR)
UUCNzUPSAC(1)
UU2MAXZUUENeSCIR)
00 8@ T1={,NLEV
ECCasuU2MAX«EL(1])
KKkDeECCR/DE+D.S
IF(SPP(KXD,ID).LE,®,)G0 YO 110
PL(11,1P)=PL(T]I,IPIN{FRACT4PREQLKKD)/SPP(KKD,1D))
CONT INUE
CONTINUE
17 (IBUF(IP,1),€Q. 2160 Tp 81
=1
CONTINUE
0O 4Ry t=1,KLM
sP(1, IR):SPZID(!D.IDSSPP(I 1D¥n8PZID(1ID, 1)
CONTINUE
CONTINUE

e reean
PRECMPOY
PRECHMPGQ
PRECHPIY
PRECMPOQ
PRECMPO3
PRECMP9Y
PRECMPIYS
PRECMPY6
PRECMPOT
PRECMPOR
PRECHPI9
PRECHM1 01
PRECHIA2
PRECM1IAY
PRECMIBG
PRECMLQS
PRECM1 06
FRECM] 08
PRECMIPQ
PRECMY10
PRECMLILY
PRECHMEL2
PRECHI13
PRECMI 14
JUL29T7?
JuL29778
PRECHM116
PRECM11?
PRECM118
PRECM119
PRECM] 20
PRECM121
PRECM)22
PRECH12]
prECH124
PRECMI2S
PRECM]26
PRECMI2T
PRECMY28
PRECM{29
PRECMS IO
PRECM{3}
PRECM132
PRECM133
PRECM134
PRECM13S
PRECML 36
PRECM13Y
PRECM] 38
PRECM139
PRELMID
PRECM{ 41
PRECM142
PRECM1UY
PRECMtUY
PRECM1US
PRECM1dE
PRECMIYY
PRECHM148
PRECM149
PRECM{SQ
PRECM151



1000
san7

109

191

15

42
41

OO R

CONTINUF
CONTINUE
RETURN
END

JUBROUTINK INTERP(Y,Y,NPTS,NTERMS,XIN,YOUT)
OIYENSION X(1),Y(1).DELTACIAY,ACID)

SEARCH FOR X(1)

00 19 lsl,NPTS
IF(XINaX(TY)13,17,19
I11=T=NTERMS/2
IP(I1,6T.21G0 70 21
It=1
GO 10 21
YoutTavy(ly
GO TC 61
CONTINUE .
112"PTSaNTERMS Y
12311 +NTERMS =1 .
IF(NPTS GEL12)60 TO 3¢
12=NPTS
I1312eNTERMS+1
IF(I1,67,0YG0 10 3}
Itag
NTERMSz12el1¢]

EVALUATE DEVIATIONS DATA
CONTIMUE
DENOM=X(T141)eX(11)
IF(DENOM,EN,P,)100,101

YOUTaY{11y
GO 1O 6%

CONTINYE
CFLTAXS(XIN=X{11))/DENDOM
DO 35S Iz1,NTERMS
IXzI{elal

DELTA(TI=(X{IXYoX{11)) /DENOM
CONTINUE

ACCUM COEF A

AlldoavY(11Y
00 S? Ke2,NTERMS
PROD=1,
Suveo,
IHAX:K-!.
IXMAX=T{4IMAY
00 49 1xt, TMAX
JaKel
PRODSPRODN(DELTALKI=DELTALS)Y
SUMsSUMaA(J)} /PROD
CONTINUE
A(KY=SUMeY(IXxMAX)/PROD
CONTINUE

ACCUM Sy OF EXPANSION

SuMs=a(1)

00 57 Jz2,NTERMS
PROD=%,

IMAX=Jw)

DO 56 lat, IMAX

FRECH|B2
PRECM1SS
PRECM1ISY
PRECM;S5S
INTERP
INTERP
INTERP
INTERP
INTERP
INTERD
INTF&P
INTERP
INTERPYD
INTERP{Y
INTERP)2
INTERPYS
INTERBL Y
INTERPYS
INTERP 16
INTERPLY
INTERPY8
INTERPLO
INTERP2Q
INTERP2Y
INTERP22
INTERP2Y
INTERP24
INTERP2S
INTERP2S
INTERP27T
INTERP2S
INTERP29
INTERPRO)
INTERP3Y
INTERP32
INTERP1Y
INTERPTY
INTERP1S
INYERP IS
INTERP YT
INTERP3A
[NTERPIQ
INTERFP4LD
INTERPUYY
INTERPUR
INTERPUS
INTERP UL
INTERPUS
INTERPUYUS
INTERFAY
INTERPUB
INTERPUS
INTERPSD
INTERPS]
INTERPS?
INTERPS]
INTERPSY
INTERPSS
INTEKLPSS
INTERDST
INTERPSB
INTERPSY
INTERPED

OB UVNEAN
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S7

6}

A-42

Do 56 lef, ey

PRODEPRODS (DELTAXDELTA(I))
CONTINUE
SUM=SUM+A(J)*PROD
CONTINUE
yYouT=Su™
CONTINUE
RETURN
END

Qg OF

INTERPAY
IKTERPO2
INTERPG)
INTERPEY
INTERP®S
INTERP OGS
INTERPST
INTERPHS
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9959, naa
183,500
9995, 302
9999,A20
9599,20¢
104,500
9999,024
9999,300
103,500
13, 500
9999, 200
-99,5“9
~99,500
9999,map
9999, 2an
102,50@
12,522
9999,200
9999, 029
©99,5¢0
9999, 0002
9999,p00
101,522
141,509
9999, 272
9999,0088
=SA, 509
=97,500
9999, @na
9999,000
101,500
9999, 000
9999, 000
»99,500
»97.5%@
9999,p00
«9R, 720
«100,000
100,200
10,000
100,00
1an, 000
9999,e0¢
126,000
=99,000
100,000
100,000
tea,one
9599, 000
9999,000
9999, 00
108,000

9999, 0P
=98,500
-99,5aﬂ

9999, 0002

9993,509
102,592

99%9,9006

9999,30¢
123,509
194,500
9999,¢00

$399,a00
«99,0a0
feg,eee
130,280
1ea,gee
100,000

8399,028

9999 ,207
1e1,ne@

9999,M0¢
168,000
1er,2e0
104,090

9999,2p¢

9699,(00
107,000
9999, 40Q
{ed, 000
jee,aeq
1ee,ne0

9999,002

9999, 200
94,000
-qq-ﬂaﬂ
1ae, 000
the, a0
1ne,aa0
{ee, 0@
9999,020
»99 0002
v98,7¢07
120,002
100,000
102,020
180,000
9999,200
jee,sen
100,500

8999,020
37,508
99,500

9999,P0¢

994,500
95,522
=95,%50¢

9999,203
=97.508Q
104,520

9699,0209
107,0ee
99,000

9999,000

190,000
10,000
10e,.000
999,208
=99,0700
=99 .00
100,002
122,000
100,000
jag, 020
9399,00n
9994, 300
103,5@0
99499,¢00Q
5899,000
=99,520
«99,52¢
8999,200
9999,¢70
1A3, 502
9994,700
999%,00¢@
9999,082
=-9A8,500
9999, 200
999,040
1ee,50¢
969%,00D0
999%,.p@Q2
9999,808
«98, 500
9999 ,200
9999, p0n
101,500
=94,502
9999,20p
9999,00@
=99,570
9999,08292
9999,0@Q
101,590
101,500
999G, 00
9999,¢0Q
w99,5¢9
=09,5a0
=98,000
~98,000
105,000
100, pen
100, %0
190,000
9999,270
177,408
185,000
9999,0182
170,200
120,009
100,002
9999,120
«95,5¢22
9999 ,MnP@
{27, z00

9099 i@
97,5007
=97,5¢8

9999,P20
100,947
100,500

9999,020

3996,492
*99,520

9995,000
99%99,M003
w39, 000
«93,000
1P, 000
100,000
100,000
100,020
96949, 002

9999,0a@
{1P8,0060
{20,000
186,700
180,000
1ge,pop

9999, AQ
9999,0400
«97,008
§699,000
103, p00
j¢7 . ¢02
1Ce,end
9999,000
9999,
=98, 0129

9999,008
100,000
{Ru,ean
190,000
9999 ,7A00
9999, A0
*99,0200
=99,000
ipQ,ane
100,009
1ee,e0d
102,000
180,500
160,500
160,500
9999,000
97,500
104,500
99%9,980
u95,508
»~95,520
9999,070
98,5002
=99,508
9999,000

§999,000
185,000

8999 ,0e0

9999 ,080




188,000

jae,eea

1ea,000

9999,2a2
9999,002
$999,092
100,000

100,220

iaa,2a0

102,232

9969,032
=97 ,52@

9999,700
ier.non

1ee.c09

100,000

9999 .22
9999,000
«93,590

192,902

80,200

9999.720
182,000

100,000

102,000

9999, 0200
«99,000

123,000

100,000

9999,729
=98,702

106,002

100,099

9999, 202
9999,700
100,000

{en,an@

9999,.A00
20Q9,070
{an,0a0

{9,000

9699,200
A, P00

9999,000
9999,00¢9
9999, 007
9999,02n
=99, 020

9999,000
9999.a00
9999, 000
102,500

9999,0200
9999, 800
9399, 209
9999, a¢a
qqqq}aﬂa
101,509

192,500

96999, 207
9999200
184,200

161}5@2

194,52

©999,900
102,59

9999,209
182,590

9999,000
=97,50a

9999, 20
183,500

9999,870
-98'599

9999, 820
95,579

9999, 070
=98,5¢0

9999,000
100,500

9999, 009
96,500

9999.0A00
9999, 070
9999,000
?.000

100,000
ied,e0n
100,200
999%,020
Q9?9’939
121,500
122,000
109,800
139,00
9599,%20
9999,“?@
.QB.SWW
9999,2¢1
13e.reo
122,209
122,00
Q999,700
*?7.500
«98,50p
1@”,5@9
179,200
9999,.000
125,200
120,02
173,02
9999,000
94,000
129, e09
102,007
9999,.0¢a
92,000
lﬂﬂ,ﬂﬁﬂ
109,00m
9999,00n
{a7,.200
127,000
109,400
9699.8%a
{23,000
102,200
,0¢n
9999, 1en
fL. 200

9999,702
9999,0200
9999,.000
9999,000
9999,0¢0
9999,020
9995.000
Q°699,000
97,500
9999,002
9999,800
9999,709
9999.02¢
9999,.009nm
191,500
9999,000
9999,002
123,000
~39,000
»37.500
182,520
9999,02p
102,500
{22,520
173,500
9999,790
102,5¢09
9999, Q0@
*95,500
9999, 200
193,50p
9999,00Q
100,500
9999,.A0Q
103,500
999¢,700
173,500
9999,0p0
9999,000
9999, 2ap
p.ran
9999,.709
n.022

' 100,00

108,000
100,290
9999,000
9999,n00
9999, 704
170, 000
100.020
170,000
9999, 020
¢9°9rﬂﬂﬂ
=98 ,599
I EL
109,090
100, 070
120,900
9999, 00¢
97,580
18,308
1?2,2?9
100,000
100, @00
999¢2,000
12¢, 000
ine,708
9999, pAn
io2,n20
100, 29
17e. 00
99990285
w98, afa
tnp,a00
108,000
9999, 00¢
107,000
129,700
log,peg
9999,000
8,000
100,000
2,000
9999,020
w,208

9999,000
184,529
9999 ,000
9999,000
9999,040
9999,000
999%,089
9999000
9999,209
9999,7232
999q, 200
123,¢09
9999 ,037
9999,7204a
172,%40
9999,00@
9999,00@
wQ8,400
9999,020
122,570
9999,730
t1¢2,5ea
9999,2a0
=96,500
95,549
»97,500
90@2,509
170,570
12¢,508¢
98,507
{3, see
100,500
103,509
9999,000
9999,000
173,500
§014,509
9999,2007
a,vee
«95,500
@, 7200
9699,400
BP0

iee, om0
100,000
9599,000
$999,90¢
9999,000
9999 ,80¢
100,000
120,000
120,000
9999,090
9999,00p
9999, B4R
103,020
e, 000
102,000
9999,a00
9999,20¢
=93,500
9999,00a
102,009
104,000
94,002
9999,400
100,000
jea,epe
=07,000
9999,0a¢
1ea, 200
102,000
96,000
999,000
120,000
192,000
9999,820
9999,m0@
100,000
3,700
9999,000
2.000
100,000
2,000
9699, 730
P,22p

«99,5%00
104,509
$999,000
9999,007
9999,009
9999,00p
9999,009
9999,000
9999,000
9999,000
9999,200
9939 ,0989
9999,220
9999,020
192,500
999%,9300
3999,428
9999,400
9969,0@0
.96'50”
9999,¢0@
122,509
9999,428
100,500
9999,p00
v37,%CH
9999,p0Q
162,500
99%99,000
«98,500
9999,008
183,582
9999, 200
123,509
9999,0200@
9999, MA@
9999,0079
9999,004
9599,n@Q
147,520
9999,700
9999,000



APPENDIX C

SAMPLE PROBLEM INPUT FOR MAIN PROGRAM

N ¢ C0e59 es Hei AND HE=4 PRODUCTION o= (@ TO 40 MEV RUNS
APRIL 7, 1977 ee STANDARD PARAMETERS

1 © @2 3
=y 12 112 4 0
5 3 2
{e 27059. i{.
1
14,
27960, a, «f,683 1, 1804, 2004,
26059, 4, 1,008 1, 1001, 2604,
25a56, 4, .1,003 1, 1001, 2enq,
27759, p e3,173 4, 1091, 2004,
27258, 4, =D, 476 ia 1004, 2en4,
EY 1,
ML @,
£2 o,
e. @, .00 .001 .201 ,293



APPENDIX D

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

23052 i .99, 52, 99, 040676
1 2. 3. 99. 99, 9 23052
2 .0i72 2, 99, 99, Iy 23052
| 1t 1, 1. 99, 99 99 23082
3 .0228 4, %9, 99, 1 23us2
1 1, 1 99, 99 99 2lese
4 ,1416 1, 99, 99, 1, 23p52
1 2 1, 1, 99, 99 99 2309%2
S 1478 T, 49, 99, 2. 23052
i 1 .17 1. 99, 99 99 23n52
2 3 .83 1e 99, 99 99 23n52
6 L4366 2, %9, 99, 3, 23052
{ 1,48 ts 99, 99 99 23452
2 2,31 iy 99, 99 99 23m52
3 ] .21 f. 99, 99 99 23052
7 7938 2. 9%. 99, 2, 231952
{ 3 ,80 1, 99, 99 99 23452
2 1 L2 1a 99, 99 99 23052
242ss S 99, 99, 292976 '
1 2, ®{.5 99, 99, ? 24058
2 244 2.5 99, 99, 1, 24055
3 {1 195 99. 99 99 24055
3 .521 2.5 99, 99, 2, 24055
1 1 .6 1, 99, 99 99 24055
2 2 1a 99, 99 99 24a55
4,572 wi.§ 99, 99, 1, 24P59%
1 3 1. 1. 99, 99 39 24095
S .88S =2.5 99, 99, 1 24nss
i . l. 99, 99 99 24955
25052 3 99,000000  99,200000 #0,000008 929760@
1 0,000000 4.8 99,2 ,99007%E+@2 o 25052
2 377800 2.0 99.;m ,99PBAE4P2 | | 25052
1 1 1.,000002  1,000000 ,99020E+@2 99 99 25952
3 .Sdsene 1.2 99,4 L,99ARAE+02 1 25052
1 2, 1.,008229 1,000009 ,99000E+D2 99 99 25052
25053 3 99,2Q0P07  99.rQNENA  «p,000B08 929760
1 2,000000 =3,5 99,8 ,L090C0E+02 ? 25053
2 377500 2,5 99,2 .990@@AFe¢d2 @ 1 25453
1 1 1.700000 | 1,080000 ,9900RE+22 99 99 250953
3 1,288402 1.5 99.8 ,99aP0F+02 = 2 2585%
1 1 p 00PN 1,008000  ,99ANRE+02 99 99 25053
2 2. L4rnr0e 1,202000 ,99900E+22 99 99 25053
25054 1 P.MAAA2C 53.948357 =55.557007 120975
1 f.007%200, 3.9 99,7 L27PACE+PA @ 25054

2585% 7 99,00A082 S5,000000 «=0,000000 .l



A

7

25R56
1
2

3
25058
1
264955
1
2

3

8
26056
i
2

3

-3

O-ﬂﬂﬁﬂﬂﬂ .2r5 99,¢ uquﬂﬂEQEP [}
L126002 =3.5 99,0 ,99¢P2E+02 1
1 1 1,200200 1,000020 ,9900PE+P2 99
« 984202 e4.5 99.2 ,L99000E+02 2
1 i 290280 1,°000022 .99000E+22 99
2 2 J912ran 1,8700060 .99¢22E+R2 99
1,292000 «5.5 59,08 .990CNE+02 2
4 3 s3%0ren 1,000002 ,9903P0E+02 96
2 2 728000 1,000000  _9900QE+R2 99
1,528000 =1,5 99.p ,99nPPE+R2 1
1 1 t.r00epe 1.7200432 ,99000E+p2 99
1.,8830072 2.5 99,0 .99037F+02 2
! 1 620200 1,002060  ,99220E¢P2 99
2 2 V300300 1.020000 ,990CPE+Q2 99
2,199222 3,5 99.p ,09pQ0F+32 1
1 3 1,An¢eae t,22e220  _99030E+R2 99
3 99,000p20 S54,0000¢7  =p.03NR20  S12760
8.,re002%a8 3,2 99,0 ,99204f+0p ”
826700 2.9 99,4 ,000DACE+RR 1
1 1 1.007029 1,700220 ,9902RE+BR 99
112200 1.8 99.8 .992P2€+42 1
! 2 1.000000 1,0P022n .99200PE+G2 99
i 99, 99, 851377
-0. 99, 99, , )
8 2, PPa0RPR  54.938294 =57,478400 102775
2,200008 1,5 99,7 LBUNPRE4PS ]
L411300 e,5 99,8 ,9900BE+02 1
1 1 1,000020 1,0020792 _99pR0E+B2 99
.931202 «2.5 93.0 .99ABRF+C2 2
1 2 212070 1,000000  ,990PAE+02 99
2 1 » 988707 1,000000 ,99pCAE+R2 99
1,316402 «2.5 99,8 ,99002F+82 2
1 3 . P8ULAQ 1,€P0A00  ,99P00L+H2 99
2 1 916000 t.,2ecen0e  ,99708Fen2 99
1,403400 3,5 99,2 ,9907QFE+p2 3
1 4 L RUURCH 1,000702  ,99a0AE+02 99
2 3 LY T 1,020902 ,990020E+02 99
3 1 SR6RAR 1,000708 ,99203E+Q22 99
1,910008 «.5 99,7 ,99p00t+02 2
1 2 324000 1,200200  ,99000E+232 99
2 1 676000 1,000000  ,990Q20E+A2 99
2.0500p7 1.5 99,7 L$9QRQAF+02 2
1 2 21000 1,000000 ,9902:7E+@2 99
2 { 579000 1,00008Q .990: E402 99
2,1532p0 «2,5 99.4 .99MADE+AR 1
{ t, 1.0008¢00 1.APP00Q  .99@RAE+R2 99
10 99,000  99,RDARPR  «A,00CR00 929760
2.000000 0,7 99,0 ,990PCE+Q2 e
LBU6BAR 2.0 99,0 L,99¢QrEeQR 1
{ 1 1.000000 1,070000 ,99000E+82 99
2.0851P® 4.9 99,M ,99RZAE+R2 1
1 2 1,000008 1,000¢09 ,99200E+82 99
2.657600 2.9 99.a ,990B7E+A2 2
1 2 98000n 1,802002 ,990PME+P2 99
2 ! 220080 1,000008 ,992082E+¢2 §9
2.941700 2.8 99.¢ ,99pP2CE+02 1
{ 2 1,80000p 1,060207 ,9900GE+B2 99
2.962020 2.0 99.0 ,9940AE+R2 2
1 2 980000 1,.000008  ,99R0PE+A2 99
2 | 20220 1.220000 ,99202E+02 99
3,120080 1.8 99,0 ($90RCF+R2 2
1 2 . «970¢20 1, BARATA L, 90DNRESAZ 99
2 1 230000 1,0028u082 ,999C3E+02 99

99

99
99

99
99

99

99
99

99

99

99

99

99
99

99
99

99
99

99
99

99
99

9

99
99

99
99

29

99
99

99
99

25¢5%
25299%
25ess
25055
25055
25055
25085
25055
25055
25099
25055
252595
25055
25059
25155
esuss

25756
25056
251456
25056
25n56

25658

26055
26055
26MSS
260583
26055
26099
2605S
260595
26755
260585
260585
26055
26055
2605%
26es8s
261'SS
26085
26055
260158
260865
26055

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



12
11

12

13

14

16

17

18
19
20

21

22
23

24

es

26

27

28

J.r23ung
1 3
1. 1732a0
1 2
P4 1
3,.3880229
! 3
3.4458a0
1 4
2 3
3 2
3,45a000
1 2
2 1
3,601900
{ 2
1.607000
1 I
2 1
3. 755ap0
1 3
3.832009
1 4
2 2
3 1
3.8860p0
1 a
2 3
3 2
4, 046000
1 3
2 2
4,299002
1 3
2 2
a,12ep00
1 1
4,298202
! 2
2 3
3 8
4,322002
1 2
4,3957200
1 2
4,un1990
1 2
2 S
3 11
4,458p009
1 3
2 A
4,%190200
1 2
2 3
3 4
4 11
4,%539592
! 1
2 4
3 6
4,554900
t 3

H.E qvlg
1,000720
2.2 9%.p
,Barren
160700
6-” °°n9
1. 022000
3.8 99.,p
23p92n
L1000 2p

L 7RN20
1.2 99.0
eSS4
U622
2.0 99,.p
1,008060
f.2 99.n
L510u200
L,U9arny
6.0 99,0
1.062300
2.0 99,n
, 280000
LOuBARA
LARRCAn
3.0 99.p
N2t aady
923200
A70000
3.0 99,
147700
LA60CAn
3.¢ 9°,n
L33 20n
86720200
4,2 99,.n
1.220000
4.0 99.m
,250700
LP9” P
Lb67000
2,8 99,0
1,208009
3.0 99,p
1,020000
2.9 99.0
770700
JPRAARN
150270
3.9 99.0
Lsapnng

» 20C0PD
3.0 99.a
« 352100
150200
sugenen
220000
1.8 99,¢p
P800
13000p

L 790R20
3.2 99,p
S TREMCQA

«9900N%402
1, 000000
«99PERE+ D2
1.0r2000
{,nenae0
«9NPPESRR
1.ev2000
<990BPELAR
1,2008822
1,000000
1,enccen
«99PGCELD2
1,002000
1, reeaca
990PPESNA2
1,A00000
.99120E4+32
1,070
1,800000
9GRRBES02
t,22mR000
2 99020 +n2
1,72a020
{,eeapan
1,a07000
9GP ONEAD
1,e0200p0
1. eun200
1,000
«FORPAE N2
1,00P000
1,a78r00
298P P2EL02
1, 070000
1,023702
2 99PPRE+D2
1,09r000
« 9917 2GE+R2
1,220200
1,000000
1,099240
«99PBCE N2
1,¢00000
«9Q00CF+N2
1,002002
«99PACESP2
{ eragen
1,00a000
1,200020
«99PPNE+Q2
1.200P00
1,anraee
«990CHESD2
1,00e000
{.,p00000
1,002079
1,2a2000
«99RP9E 402
1,000020
1. e¢922n
1,020200
«OOR22E 412
1,620000

{
«9900RE+RD2

2
»9972002€E402
990@0E+C2

1
.999RRE+Q2

3
«99PABE+R2
L99¢RAAF+A2
.90010E+02

2
<9525 E+N2
«99002EsR2

1
. 992A0E+022

2
. DOANGE+RD
2 99A2RE+R2

1
JBORARESN2

3
«990NRE+RA2
-l I XY F]
2990APE+Q2

3
L990300E+ P2
.99202E+Q2
2 990Dk + 022

2
«99030Es Q2
9902 0E«B2

2
L990PRE+R2

1
«9902702+p2

3
< 992PPE+R2
L997AAE+ A2
. 990200E+02

!
.9%0AUEeR2
1
2 9907QE+02

3 .
+99(ANE+A2
Z99PMAE e P2
290 ABE+Q2

2
29902 E+R2
2 992RGE+QA2
4
«990UDE+R?2
.990*PE+2
«990P2E+Q2
«990P2PE+B2
3
«99003ED2
«900ARE+ R
3
«900002E+02

99

99
99

99
09
99

99
99

%9

99

%9
99
99
99
99
99
99

99
99

99
99
99
99
99
99
99

99
99

99
99
99
99
99
Q99

99

99

99
99

95¢
Q9
9

99
99

96

99
99

99
99
99
99
99
99

99
99

99

99
99
99
99
99

99

262%6
26056
26056
26M86
26056
26056
26156
26056
26256
26056
26456
26056
26056
26056
26256
260556
26056
26256
26256
26056
26256
£6V56
26056
26056
26156
26356
26056
26P%6
26756
26156
26R568
26056
26056
26156
26256
26056
26156
26586
26056
26m56
26056
26056
261456
26056
26056
26756
260256
26256
26256
26056
26P54A
26256
26056
26056
26056
26756
26056
26056
260%6
260S8
26RY8
262564
26356



29

L}
32
33

34

26as7

260359
2
3

2 .8
b 11
4,612009
1 2
2 6
4,667a00
1 2
2 A
4,638700
1 6
4,7299¢a
1 2
4,739600
1 [’}
2 8
4,8787200
{ 2
2 3
3 ]
5
2,000000
L21uun8
1. 1
« 136060
1 2
4 1
366800
1 3
2 2
3 1
786500
1 4
2 3
3 2
4 !
9 99
9,e¢0000
810600
1 1
1,675060
1 1
2 2
2.133400
1 2
2 3
2.,2587000
1. 2
2.59600@
1 4
2.,7820a9
1 1
2 2
3 3
4 S
2.876000
1 P
3.2842m0
i, 1
3 99
2.20200%
285000
1 !
L4753000

1600280 1.000708 ,99070E402 99
R6OCGEN 1.290020 ,900ACE+D22 99
2.0 99.8 ,99282E+02 2
s 332720 1,9803000 ,99°B80E+a2 99
670000 1,0200d8 .99002E¢a2 99
3.8 99.4 ,99222£+02 2
L,5%¢vnn 1,2¢¢r2Q  ,99000E+02 59
530000 1.002098 ,99230E+82 99
3,8 99,9 ,9900QE+B2 !
t,232900 1.2200088 ,99700E+22 99
2.0 99,2 L99CRRE+A2 1
1,000000 1,800220  _99p20E+32 99
2.8 99.24 ,990Q2F+P2 2
»A3A%0 1,0720000 .99220E+02 99
20700 1,0207P0 ,90002E4+P2 99
2.9 99,2 LG900DF4N2 3
3070 1,020000 ,99A00E+R2 99
« 250000 1.0790000  ,990080E+0B2 99
. 32000p 1,P38280  _,9900FE«R2 99
A21400 562935391 «+0,183800 100375
=,5 99,2 .190P20F499 a
«1,5 99.m ,97R10Ean7 |
1,07¢7a0 1.222200 ,99272E4+92 99
«2,5 99.0 LB7PROAE=-N8 2
a8Aenan 1,8000008  ,59000E+02 99
120000 1,2022008 ,99000E+82 %9
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APPENDIX E

SAMFLE PROBLEM OUTPUT

N ¢ C0=%59 se Hetl AND HEwy PRODUCTION we {@ TO 40 MEY RUNS

APRIL 7, 1977 <«= QTANDARD PARAMETERS

IPRYLEVSE | IPRYTCa @ IPRTWIDS @ 1PRTSPE 3 IPRTGCE
INPOPTxwy KLINa12 KTINE]2 NIBD® 4  LMAXOPTS @

#4444+ GROUND STATE OF 25058 13 INCOMPLETELY DESCRIBED,
(2 X221 ASSIGNMENTS CHANGED 7O,

LCHM SPACE REQUIRED (EXCLUDING O1S8C BUFFERS) 1§ 223020
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AXEL APPROXIMATION USED FOR GAMMA=RAY TRANSMISSION COEFPICIENTS

INDEX L PARITY MULTIPOLARITY RATIO 70 £y
1 1 1 £l i.000
2 i "l Mi Be
3 2 1 €2 2,

COLLI=MILAZZO CLOSED PORWM USEL FOR ABSOLUTE CAL OF PRE-EQUILIBRIUM £R02S SECTINN
PRE«EQUILIBRIUM NOR“ALIZATION CONSTANTS ARE / NEUTRON PROTON DEUTERCN

TRITON HE=3 ALPHA
(INPUT) @, 2. 1.200E=03 1,20PE=0Y 1,FPREeB 3 PPOE=n)
(USED) S5,08REw04 5,000Ew04 1.00GE=RY 1,7A0E=D3 {,000E=AY 1,0068Ee0Q}
TRANSMISSYON COEFFICTIENT DATA

3 N+ CO=S9 YRAN, COEFS, POR N, P, WEel eeew WaH FOR N 9e28s76




S8TART OF SPECTRA SUBRQUTINE, TIME FROM SYART OF THIS ENERGY ® «?22 SECONDS, TOYAL ELAP3ED YINE m 22,122 8ECONDS,
s¢¢¢ GILCAM SUBROUTINE UNABLE TO »ATCH DISCRETE LEVELS WITH LEVEL DENSITY FUNCTION FOR RESIDUAL NUCLEUS IN REACTION IR = 20 1222}

STARY OF Ix 1 LNOP, TIME FROM START OF THIS ENERGY & «282 3ECONDS, TOTAL ELAPSED TIME m 22,202 SECONDS,
GAMMA RAY STRENGTH NORMALIZATION CONSTANT / 12 1, CONSTANT a8 6,8320Ew01
START OF le 2 LNOP, TIME FROM START OF THIS ENERGY = 2.477 SECONDS, TOTAL ELAPSED TIME ® 24,597 SECONDS,
GAMMA RAY STRENGTH NORMALIZATION CONSTANT / 1a 2, CONSTANT » {,008QE+00
START OF 12 3 LOOP, TIME FROM START OF THIS ENERGY = 3.274 STrONDS, TOTAL ELAPSED TIME m 25,395 8ECONDS,
GAMMA RAY STRENGT4 NORMALIZATION CONSTANT / 1% 3, COHSVANT « !,2030E¢0Q0
START OF Is 4 LOOP, TIME FROM START OF THIS ENERGY ® 8,A65 JECOND3, TOTAL ELAPSED TIME m 27,385 SECONDS,
GAMHA RAY STRENGTH NODRMALIZATION CONSTANT / 18 4, CONSTANT a {,7300f«01
START OF 1= 8 LOOP, TIME FROM START QOF TMIS ENERGY n 6.366 SECONDS, TOTAL ELAPSED TIME w 28,486 SECONDS,
GAMMA RAY STRENGTH NORMALIZATION CONSTANT / 2 S5, CONSTANT m  4,7600Ee@]

END OF I LOOP IN SUBROUTINE SPECTRA, TIME FROM ITART OF TNIS ENERGY = 6,387 SECONDS, TOTAL ELAFSED YIME = 28,40y BECONDS,



N ¢ (0w59 e Hel AND HEwy PRODUCTION we 10 TO 48 MEV QUNS
APRIL 7, 1977 w»e STANDARD PARAMETERS

LAB NEUTRON ENERGY = 1,4020E+G{ MEV

BINARY REACTION SUMMARIES (COMPOUND NUCLEUS ONLY)..

REACTION SIGMA
PRODUCT (BARNS)
I Y I rY Y Y 'TILIITYETY
NONELASTIC  1,u{42E+@0
GAMMA=RAY 1,2395€-03
NEUTRON 1.3276E+00
PROTON 6,9175622
HELIUMed  1,6112E=02
wees=a PREWEQUILIBATUM SUMMARY mesene
1P s 10 = OUTGOING PARTICLE ®

INITTAL EXCITON NUMRER &
COMPOUND X«SECIBARNS) =

1P =

IP =

INITIAL EXCITON. NUMBAR =
COMPOUND X«SEC(BARNS) =

10 = 2 OQUTGDING PARTICLE
INITIAL EXCITON NUMRER =
COMPOUND X«SEC(DARNS) =

10 a é

PREQ NORMALIZATION =

93508c 00 +50000E=03
93548+

PREEQ X«SEC(BARNS) s

PREQ NORMALIZATION =

. «SAABNED]
LUBTURE=D1

PREEQ X«SEC(BARNS) =

OUTGOING PARTICLE =

PREG NORMALIZATION o
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L] 4

PREEC XeSEC(BARN3)

J494or+n0

2 62595E04
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LEVEL DECAY /8
LEVEL EXCIT C/83
TOTAL PROD, C/Se

AVG,ENERGY (MEV)Y

K

O® 4 AL AN

SPECTRA

ENERGY
tHEV)
1,000
2,000
3,000
4,000
5,000
6,000
7.000
8,000
9.0

19,000

11,000

12,000

13, a00

14,000

15,209

16,000

17,000

18,100

19,000

20,000

21,000

TACHE250586
A= 1001
TA2=24759
Semwweneuy

SIGMA
(EARNS)
0P
3,353Ee11
3,353Ee11

Presoseate
1,0u8E+00

A L LA A LA 4

_SIGMA
{B/MEV)
3,2unEel
6,311E«13
4,7BAE=1Y

S
- e

"% v T W

D9 ST DVNVVIOINDS
.

. s

FROM

ZACN=25n%6
A1z 2p04
2A2=23052
BTpPepPparg

SIGMA
(BARNMS)

Qe

3,646E«1d

3:6U6En1U

cPapRTIane

2:U62E400D

whsescape
LSI6MA

, tBrNEY)

'7+890E=1S

1,L61E~14

3,153F=15

1:080En10

B

Qs

Be

.23

Qe

P

fAe

Pe

P

Qe

@

Ze

O

@s

@e

Mo

Mo

INDIVIDUAL

ZACNZ2T259 ZACNE27059

ZAln 4
242227059
Spveoneoen
SIGMA
(BARNS)
2,152E=01
6.534Ee 01
1,7156¢00
.r'!!--q-
2,775E400
owfecewsa
SIGMA
{6/MEV)
3, 773E=01
1,370E=01
2.007E-01
1,229€001
7,608E002
4,301E-02
2,397E002
1,009E~02
8,908E00)
2,711E=03
1, 404E~0S
S.b11E=06
2,3896-06
e,

ZAis 1
TA2327058
NreoTeaven
SIGMA
(BARNS)
2,
7.317E=01
8,099F=01
-?-"".I
1,31P7€400
yeorYPgeeny
5IGMA
L (B/7MEY)
5,612E«01
2,UBYE=D]}

REACTIONS

IACN=®27059 TACN3270%9

ZA1x 1001

262226258

LAl L LY Y]
SIGHA
{BARNS)

[ ]
9,556E02
9,556F=02
LA A AL 2T ]
2,450%400
wemoPrvawp

STGMA

(B/MEV)
9,973E=3%
S,561E=02
1,360E=02
9,759t ~03
6,611E~03

IAls 2204
7A2822535S
Recaernane
SIGHA
(BARNS)
0,
1.197E=03
1,197E=03
A N2 XA d L]}
4,683F 400
evewnwerw
SIGMA
(B/MEV)
6,239E-09
1,U27E«0%
1,U62E=06
6,9T0E=pa
1266PEadd
3,316F00y

TACN=27858 ZACNR27298

A= 0
1A2=274Q58
ePeenrennyg
SIGNMA
(BARNS)
T42PUEmD]
1,530E+09
7,975F«01
L LA L L LY X )
1,002E+g0
LA L A A R 22 1]
SIGrA
(B/MEV)
7,978Ee41

281= |
ZA2=27057
SIGHA
(EARNS)

NRRCOINEN
2.
tepoeangy
SICMA
(B/MEV)

ZACNE227058
ZAi= 1001
2A2326057
LA LITY Y Y

SIGHA
{BARNS)
2,
2,
L
LA A LT L L] ]
2,
SeseRonwy
SIGMA
(B/MEV)

ZACNn270%8
ZA1= 29024
ZA2=25054
LA T L2 X X X1
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PISCRETE

1a | iPs |

LEVEL  LEVEL
NG ENERGY
(MEV)

| 2.2000
2 « 259G
3 « 2780
a « 2600
] + 8360
6 «50%0
7 L5410
L] 8140
? « 7360
10 . 7820
11 1,6060

1IR3 1§

SPIN,
PARITY

S,
2,0

4,0

3.0

LR E

LEVEL

IA2027060
NUMBEP OF LEVEL IN RESIDUAL NUCLEUS = 1}

INFORMATION

PRODUCTION NUMBER OF  FINAL
CRO5S SECTION TRANSITIONS LEVEL
{BARNS) NQ

3. 3AA0E~Rs 9
1.8459F=06 1

1
8.2780g~07 '

£
6.5204E~07 .

2
U .T066F=d? 2

1

y
2.8702E=07 |

2
2.8701E=07 2

2

q
6.16438-07 2

2

3
1.8687Endly 1

8
3.23903c-07 2

1

q
2. 7878E-07 S

8

7

4

3

2

SEPARATION FNERGY =
NUMBER OF GAMMa RAYS = 1B

FINAL
ENFRGY
{MEV)

9.0a00

3,20808

2990

2,0000
2780

«0599

,0590
2880

<0599
2780

6140

3,ma00
.2000

L6140
#3419
.2880
L2790
«0590

2,009 MEV

ACCUMULATED SEPARATION ENERGY &
RESIDUAL NUGLEUS 1D

TRANSITION CONDITIONAL

PROBABILITY

{,0000
1,0000
1,0000

21700
08300

i.0000

, 4200
.5800

2700
2300

i,00¢0

24600

.9:80
10700
$1300
01200
14090

PROBABILITY

1.¢600

{.000¢

1. 0000

1,0000
1,0000

1,000

1.0000
{.P2082

1.0000
1.,0000

1.,000¢0

1.e0e
1,08000

1.2000
1,0000
1,0000
1,0000Q
1,900

v27066

GAMMA

GCAMMA

NUMBER ENERGY

11

-
we

15
16
17
18

(MEV)

8590

s 2788

2290

« 0360
s 1580

20060

s 4B 20
« 2530

25550
« 3360

1220

27820
24940

3920
W 4650
27180
.7280
.9070

£,068 MEV

PRODUCTION
CROSS SECTION

(BARNS)

1. 8450E-04

8,2750E=07

6,%204E=0Y

8,0693Ee¢8
3e93%7Em07

2.0702E=27

8,71.1E«08
1.2730EeY

Se97%UERDY
io8495E-02

1,8657Ee07

1,7481E=07
2,05%21F-07

144340¢EwnY
1e9374Ee08
U,1347Ce08
3,3093E.048
3,80609E-08



6-d

Iz 1Pe 2

IR» 2

IMin | ZA2327059

NUMBER OF LEVELS IN RESIDUAL NyUCLEUS = @&

LEVEL LEVEL
NO ENERGY
(MEV)

?,0000
1,3793
1. 1920
1,2915
t.0340
1,8600
1.4810
1.7u40

BN ALE N e

Is IPa ¢

SPIN,
PARITY

=3,5
01’5
.upﬁ
-!’5

.5
5.5
-2,5
=3,5

TRt 3

150w PRODUCTION
SPIN CROSS SECTION
(BARN3)

99.0 1. R750E=03
99,0 1,0973F=n3
99,0 3,6514E03
99,0 1.1044Feny
99,9 S.3715E=04
99,8 3,2654Ee0%
99.2 1,.AR32E~D3
99,7 2.2726E03

ZAlaip@)  7A20260%9

NUMBER OF LEVELS IN RESIDUAL NUCLEYUS = 3

LEVEL LEVEL
NO ENERGY
(MEV)

2,900
p 2802
L4780

el N

Is | IPs 4

P IN,
pPARITY

.1’9
-'.5
2.9

1R®m ¢

180=  PAODUCTION
SPIN (CRNSS SECTION
(BARNS)

99,2  4,5654£-04

95,0 2.1616F<0
99,0 6,6594EB0

ZAt=2083 242225056

NUMBFR DF LEVELS IN RESIDUAL NUCLEUS = 3%

L /FL LEVEL
NQ ENERGY
(MEV)

@.3400
2260
1100

il N) ==

12 2 IPra ¢

SP1IN,
PARETY

LR R ]
o v »
Q3D

1Rz §

30w PRONDUCTION
8PIN CROSS SECTION
(BARNS)

99.0  2,11R%Eany

99,8  1,5207E~02
99,0  9,2096E~05

Al g 7422246099

NUMBER OF LEVEL IN RESIDUAL NUCLEUS & 3

BEPARATION ENERGY m 7,492 MEV  ACCUMULATED SEPARATION ENERGY &= @,900 Mry

SEPARATION ENERGY ® 8,278 MEV  ACCUMULATED SEPARATICN ENERGY » 0,000 MEV

SEFARATION ENERGY m 7,172 MEV  ACCUMULATED SEPARATION ENERGY s 0,000 MEV

SEPARAYION ENERGY m 0,800 MEV  ACCUMULATED SEPARATION ENERGY ® 8,278 MEY
NUMBER OF CGAMMA RAYS = S RESIDUAL NUCLEUS 1D =260%¢



0T-4d

LEVEL  LEVFL SPIN,  PRODyCTYION NUMBER OF  FINAL  FINAL  TRANSITION CONDITTIONAL  GAMMA  GAMMA  PRODUCTION
ND ENERGY PARITY CPDS3 SECTION TRANSITIONS LEVEL ENERGY PROBABILITY PROBABILITY NUMBER ENERGY CROSS SECTION
(MEV) (BARNS)Y NG (MEV) (MEV) (BARNS)
i 2.0000 ~1,5 6,8647E202 o
2 .2890 »,5 1.6409E~p2 1
1 n,N200 1,00080 1.0000 1 2890 1.6U09Ee02
3 L4750  w2,5 U, 1424E=02 2
1 6,000Q 7529 1,000 4 uTSe 3,1068E902
2 . 2890 . 2500 1,0008 3 e 50880 1,0356E=02
Ia 2 1P2 2 fR® 6 ZAtx | 7A2=24058  SEPARATION GNERGY o 6,387 MEV  ACCUMULATED SEPARATION EMERGY ® 8,275 MEV
NUMBER OF LEVELS IN RESIDUAL NUCLEUS = 9
LEVEL  LEVEL  3$PIN, 1S0e  PRODUCTION
NO ENERGY PARITY SPIN (CROSS5 SECTION
(MEV) (BARNS)
1 #8900 e 99,0 8,5725E=0%
2 .8108 2.2 99,0 2.2615E=02
3 1,5750 2,0 99,8 31,A559F=013
a 2,133 3.9 99,0 S.145RE=03
s 2,2570 2.0 99,0 1,250UFE=04
6 2.5969 4,0 99,0 2,7356E-0%
7 2.,7820 1,0 99,0 1, 4306F~D4
[} 2.8768 1.0 99,9 1,2237€=-04
9 3,08a0 2,0 99,0 1.7120E=0g
I= 2 IPa 3 TR® 7 TAteipfy 7A2z25058  SEPARATION ENERGY m 11,899 MEV  ACCUMULATED SEPARATION ENERGY 8 8,278 MEV
NUMBEH OF LEVELS IN RESIDUAL NYCLEUS = |
LEVEL LEVFL SPIN, 180 PRODUCTION
NO ENERGY PARITY  8PIN (ROSS SECTION
{MEV) (BARNS)
] f,0000 8,2 99,2 2,

T s o



11-1

I= 2
NUMBER

LEVEL
NO

VA E N

1z 3
NUMBER

LEVEL
ND

I= 3
NUMBER

LEVEL
NO

MOV E N e

IPa 4

IRm 8 ZA12200c 2A2m24055 SEPARATION ENERGY » 7,974 MEV ACCUMULATED SEPARATION ENERGY 3 38,275 MEV

OF LEVELS IN RESIDUAL NUCLEUS = S

LEVEL
ENERGY
(MEV)

@, 0000
I
L5210
#5720
.8850

IPa

SPIN, 150= PRODUCTION
PARITY SPIN CROSS SECTION
{BARNS)

1,5 99,0 4,0768Ex11
=5 99.0 9,A508E=1)
=2,5 99,a 7,7826E412
«1,5 99,0 1,U270812
=2,% 99,0 2.M583E=12

IRz 9 2Al= a ZA2=2505%6 SEPARATION ENERGY » @,00@ MEV ACCUMULATED SEPARATION ENERGY 3 7,172 MEV

OF LEVEL IN RESIDUAL NUCLFUS = 3 NUMBER OF GAMMA RAYS » 2 RESIDUAL NUCLEUS ID =25054

LEVEL
ENERGY
(HEV)
Q,0900

2260

1100

1P 2

SPIN,  PRODUCTION NUMBER OF  FINAL  FINAL  TRANSITION CONDITIONAL  GANMA  GAMMA  PRODUCTION
PARITY CPOSS SECTION TRANSITIONS LEVEL ENERGY PROBABILITY PRORABILITY NUMRER ENERGY CROSS SECTION
(BARNS) NO {MEV) (MEV) (BARNS)
3.0 1, 60455E02 )
2,0 7.5u21E=03 1
1 0.0000 1,0030 1,000 1 .0268  7,5421EeR2
1,0 2,0286E=0% 1
2 ,n260 1,8700 1.Pa00 ) 9840  2,0206Ee0)
IRE10  IAla | 2A2=25053  SEPARATION ENERGY ® 7,278 MEYV  ACCUMULATED SEPARATION ENERGY 8 7,172 MLV

OF LEVELS IN RESIDUAL NyCLEYUS ® 7

LEVEL
ENERGY
(MEV)

".2000
p 1260
,9809

1,2920

1,5240

1,0A30

2,1990

3P 1IN, 180= PRODUCTION
PARTTY SPIN CRNSS S3ECTION
(RARNS)

2,5 99,0 9,7831Eang
«3,5 99,0 i,5538F =04
«i,§ 99,80  9,MAB9Tadg
«5,5 99,0 1,7837E«08
«1,8 99,0 1,B085€-06
2.5 99,0 1,206TE=06
3,8 99,0 1.1196E=06



A !

Ie 3
NUMBER

LEVEL
NO

Ve Wi

Je 3
NUMBER

LEVEL

N E N e

13 4
NUMBER

LEVEL
NO

IP= 3

IR211

ZAleiomy

OF LEVELS IN RESIDUAL NUCLEYS = §

LEVEL
ENERGY
(MEV)Y

A,0000
L 2040
25210

«S720
.8650

IP= 4

SPIN,

PARITY

IR=12

1S0=  PRODUCTION
SPIN CROSS SECTION
(RARMS)
99.0  3,2187E~11
99,0 7,7307E=13
99.0  3,5826Ee13
99,8  1,8115E=13
99.0  1,1267E=13
Th1w2p00  7A22230%2

OF LEVELS IN RESIDUAL NUCLEUS = 7

LEVEL
ENERGY
(MEV)

e, 0000
0172
,0228
L1018
L1478
L8366
7935

IPe |

LEVEL
ENERGY
(MEV)
.0000

1,099%

1.1900

1.2915

SPIN,
PARITY

RDINVVDID

1R=13

SPIN,

PARITY CROSS SECTION

3,5
ol .8

el S

i,

130~
SPIN CRNSS SECTION

99,@
99,0
99,0
99,0
99,6
99,0
99,0

A=

PRODUCTION
(BARWS)

6,9296F«19
U,394REw}s
1,55¢9E=14
1,8293E=1%
A,7770€E~1{8
2,M165€=1%
1,0685E~15

2A2=240855

SEPARATION ENERGY =

SEPARATION ENERGY =

PRODYCTION
(BARNS)

3.7819e=0t

4.2501E~02

T.9069%Ce02

2,2122F%02

7 ZA2=27059
OF LEVEL IN RESIDUAL NUCLEUS =

NyMBER OF
TRANSITIONS

FINAL
LEVEL
NO

SEPARATION ENERGY @
8 NUMBER OF GAMMA RAYS » 1}

FINAL
ENERQY
(HEV)
v.0000

2,ne90

0,0000
1,0993

9,077 MEY

7,097 Wgv

2,080 MEV

TRANSITION CONDITIONAL

PROBABILITY PROBABILITY

1,0000

1,0000

S4ge
6020

ACCUMULATED SEPARATION ENERGY »

ACCUMULATED SEPARATION ENERGY ®

ACCUMULATED SEPARATION ENERGY @
RESIDUAL NUCLEUS 10 =270%9

1.0000

1.006%

1,0000
1.2000

Ta172 MEY
Te172 MEY
T.492 MEY
GAMMA GAMMA PRODUCTION
NUMBER ENERGY CROSS SECTION
(MEVY) (BARNS)
{ 1,099 4,2541E«02
2 1,1900 7.9069Ee@?
3 1.2919 2,0795Ew02
4 1922 1.3273Ee03



€1-4d

5 1.4340 -5 8,6454E=D3 2

2 1,0993 .5000 1.0000 5 23347 4,3227€«03

u 1,2915 5000 1,0000 6 $1025 4,3227€w03
6 1,600  ©$,.5  8,7952F«02 1

1 ¢, 0000 1,8009 1.000¢ ' 1,4600 8,7962Ew082
7 1,481 2,3 1.,8790Emp2 2 .

2 1,0993 L6000 1,000¢ (] 3817 1,1278E02

1 2.a000 L, 4200 1,9000 9 1,4810 7.51506.03
8 1.,7409 3,3 1,6084E~p2 2

| o, 000 5500 1,0000 10 1,744  B,B2BiE.Q3

3 1.1908 0520 1,000 11 45540 7,2230Le03

I= 4 1pa 2 IR=14  IAfn 1 7A22270%98 SEPARATION ENERGY ®» {7,460 MEV  ACCUMULATED SEPARATION ENERGY = T492 MEY
NUMBER OF LEVELS IN RESIDUAL NUCLEUS = ¢

LEVEL  LEVEL SPIN,  1S0e  FRODUCTION
NO ENERGY PARITY  SPIN CROSS SECTION

(MEV) YLD

1 20,0008 2,8 99,0 6,7RT0E=Q2
2 P P249 5.0 99,0 3, 3623F=01
3 A5 3.0 99,8 9,5163Fe02
“ 21160 4,8 99,9 1,5206E=01
5 3670 3,7 99,0 S.1398E~02
6 L1320 2,0 99.n 2,9767F~p2

Iz ¢ IP= 3 IREIS  ZA13100% 2A2=260%8 SEPARATION ENZRGY & 7,378 MEY ACCUMULATED SEPARATION ENERGY @ 7,492 MEV
NUMBER OF LEVELS IN RESIDUAL NUCLEUS ®= ¢

LEVEL LEVEL SPIN, 180«  PRODUCTINN
NO ENERGY PARITY  SPIN CROSS SECTION

(MEV) (RARNS)
1 ?,2000 2,8 99,9 3.7731E=02
2 +P106 2,8 99,m 4,0844E-¢2
3 1,675@ 2,0 99,p 3,5876E=03
4 2,133¢4 3.2 99,0 ?.8885E~03
S 2,2570 2.2 q9.0 2,1366E=04
6 2,5960 4,0 99,0 1.6681E03
7 2,7829 1,0 99,0 2,1757E=0y
8 2,0760 1,2 97,0 1,8641E=04
9 3,0800 2.9 93,0 2,1991E=04



¥1-4

s ¢

LEVEL
NG

~O U &Y e

Iz 5
NUMBER

LEVEL
NG

I1Pa ¢

LEVEL
ENFERGY
(MEV}
Q,0000
a1260
29800
{,2920
1.5280

1,8830
2.1990

LEVEL
ENERGY
(MEV)

2.%000

. 0249

0549

01169

236702

«4320

IRE={6

3PN,
PARITY

-2’5
=3,
.ﬂ,s
“5.5
-i,3
-2.5
~3,5

IRELY

SPIN,
PARITY

TA122004
NUMBER OF LEVELS IN RESIDUAL NyUCLEUS = 7

150=

SPIN CROSS SECTION

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

IAlw

PRODYCTION
CROSS SECTION

7A222505%

PRODUCTION
(BARNS)

1,5160E=qy
6,8462E=00
5, 2725UE=05
2,9761E~00
2.2376F =0
1,0058Ee06
3,0025E~0p

SEPARATION ENERGY ®

6,081 MEV

ACCUMULATED SEPARATION ENERGY »

Teld92 MEY

@ IA2527058  SEPARATION ENERGY ® 0,080 MEV  AGCCUMULATED SEPARATION ENZRGY ® 17,952 M
OF LEVEL IN RESIDUAL NUELEUB & 6 ' ENe 17,952 Kt

{BARNS)

8,0915€~-01

3.4826F=01

1e1611E=D1

1.6295€a01 7

S.7994E~02

3.5060Fe02

NYHAER OF
TRANSITIONS

FINAL
LEVEL
NO

NUMBER OF GAMMA RAYS ®©

FINAL
ENERGY
(MEV)

o,0a00

20,0000

JN2U9
0.7n000

0,0000

98,0000

& RESIDUAL NUCLEUS 1D =27058

TRANSITION CONDITIONAY
PROBABILITY PROBABILITY

1,0080

1,00@0

o300
9700

1.,0000

1,0000

1.7000

1.200¢0

jo0e02
11,9000

1.000€

1.0200

GAMMA

GAMMA

NUMBER  ENERGY

(HLv)

8209

.BSUB

W09
1150

3870

24320

PRODUCTION
CROSS SECTION

(BARNS)

3,64826E-0]

141611E=01

4, 8AR%0e0)
1,5806Eed1

5, T990E=2

3,5Q%4E=22



T

18 5
NUMBER

LEVEL
NO

B4V E AN e

In §
NUMRER

LEVEL

V1Bl e

1s %
NUMBER

LEVEL
NO

Isx 2 JR®18  ZAl=® t ZA2r27P57 SEPARATION ENERGY = 8,872 MEV
OF LEVELS IN RESIOUAL NUCLEUS = @8
LEVEL  8P1IN, 190«  PRODUCTION
ENFRGY PARITY SPIN (CROSS SECTION
LHEV)Y (BARNS)
P,e008 «3.5 09,0 a,
1,2235  «4,5 99,0 a,
1,3779  «i’'5 99,0 9,
1,50%2 .5 99,2 9,
1.7577 1,5 99,0 2,
1.8965 3,5 99,0 a,
1,9201 2.5 99,0 a,
2.,1329 2.5 99,4 e,
IPs 3 IRY19  Z2A1=i39} ZA2=26C37  GEPARATION ENERGY ® 6,953 MEV
OF LEVELS IN RESIDUAL NUCLEUS ® &
LEVEL  SPIN, IS0«  PRODUCTION
ENERGY PARITY SPIN (ROSS SECTION
(MEV) (BARNS)
n.0609 .8 99,0 2,
160 «1,5 99,0 e,
«13h5 2,5 99,0 e,
23668 1,9 99,0 2,
«TP86 2,5 99,0 e,
IPs g IR32m  ZAte2aBs  ZA2022%p54 SEPARATION ENERGY = 6,718 MEY
OF LEVELS IN RESIDUAL NUCLEUS =
LEVEL  §PIN, 1S0e  PRONUCTION
ENFRGY PARITY SPIN CRO5S SECTION
(MEV) ¢BARNS)
,00m0 1.2 99,0 e,

ACCUMULATED SEPARATION ENERGY ® {7,0%2 MgV

ACCUMULATED SEPARATION ENERGY % 17,952 Hey

ACCUMULATED SEPARATION ENERGY m 17,932 MEV
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