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ABSTRACT

The FORTRAN-IV code SIOB was developed to least-square fit the shape
of neutron transmission curves. Any number of measurements on a common
energy scale for different sample thicknesses can be simultaneously
fitted. The computed transmission curves can be broadened with
either a Gaussian or a rectangular resolution function or both, with the
resolution width a function of energy. The total cross section is expressed
as a sum of single-Tevel or multilevel Breit-Wigner terms and Doppler
broadened using the fast interpolation routine QUICKW. The number of data
points, resonance levels and variables which can be handled simultaneously
is only limited by the overall dimensions of two arrays in the program and
by the stability of the matrix inversion. In a test problem seven
transmissions each with 3750 data points were simultaneously fitted using
74 resonances and 110 variable parameters. The probiem took 47 min. of

CPU time on an IBM-91, for 3 iterations.






I. INTRODUCTION

In order to improve the accuracy of the 23%U resonance parameters up
to a few keV, Olsen et al. have recently completed two series of neutron-
transmission measurements, using flight paths of 40 m and 150 m successively,
In both series of measurements the transmissions were obtained through

several 238U sample thicknesses.!®

Several existing computer codes were examined?”5 but none was found
entirely suitable for the simultaneous analysis of transmissions on the
same energy scale through several thicknesses. The code described heredn
was primarily designed for this analysis, but it was also successfully

applied to the analysis of transmission data through samples composed of

medium and 1ightweight nuclei.®

In Section II of this memo we give an outline of the structure of
the code, which may be helpful in understanding the other sections of
this report and the program. Section III discusses the expression
for the theoretical transmission and shows how it is resolution
broadened. In Section IV we define several expressions for the total
cross-section and outline how these are Doppler broadened. Section V
briefly discusses the least-square-fit algorifhm and Section VI indicates
the relations between two critical array dimensions in the program and
the size of the fitting problem. In Section VII we explain the operation
of flags by which the user indicates which parameters should be held

fixed or varied by the program.



In the Appendices we give a list of the input parameters and their
functions, the input and output of a sample problem, and a complete

FORTRAN Tisting of the program.

II. BRIEF DESCRIPTION OF THE PROGRAM

The subroutines and functions used with their arguments are listed

in Table I. An outline of the program is given below:

1. The main program reads all input data. A list of these data
and their function is given in Appendix I. Some of
the input parameters are fixed and specify the problem, other
input parameters are initial guesses for parameters which can be
varied, and the last input parameters are flags which have a one

~ to one correspondence to the parameters which can be varied.
These flags specify which parameters are held fixed (flag is zero)
and which parameters are varied (flag is one or two).

2. After reading the input, the main program calls the subroutine
PHINEQ. In this subroutine the resolution-broadened theoretical
transmissions are computed and compared with the experimental
transmissions to obtain the initial x? called PHIOLD. In addition
the normal equations for the changes in the variable parameters
are constructed before control is returned to the main program.

3. The main program then calls subroutine MVP. In this subroutine
the normal equations are solved through a matrix inversion in
the subroutine SLV. The variable parameters are altered through

addition of the proper components of the solution vector. The



TABLE I. LIST OF SUBROUTINES AND FUNCTIONS USED BY SIOB

1. Subprograms called by MAIN

SUBROUTINE PHINEQ(JV)
SUBROUTINE MVP

2. Subprograms called by PHINEQ

FUNCTION  RES{E, JRES)
FUNCTION  BGR(E, NT)
FUNCTION  WEIGHT(NT, IE)
FUNCTION  SIG(E, JV)

3. Subprograms called by MVP

SUBROUTINE SLV(NV2)
SUBROUTINE PHINEQ(JV)
FUNCTION  PEN(LJ, RHO)

4, Subprograms called by SIG

FUNCTION  PHI2(LJ, RHO)

FUNCTION  DPH(LJ, RHO)

FUNCTION  SHF(LJ, RHO)

FUNCTION  BSHF(LJ, RHO)
FUNCTION  PEN(LJ, RHO)

FUNCTION  FNS(VE, E, N)
SUBROUTINE SVS(AX, YI, REW, AIMW)

5. Subprograms called by SVS

SUBROUTINE W(REZ, AIMI, REW, AIMW)
SUBROUTINE QUICKW(AX, Y, REW, AIMW)




changes in the variable parameters are printed at each iteration.
A new value of x* called PHI is then computed and control returned
to the main program.

4. The new value of x* is compared to the previous value determined
in Step 2. If x* has significantly decreased and if the number of
iterations has not exceeded a preset number of iterations IT2, the
number-of-iterations counter is incremented and the program proceeds

again with step 2; otherwise, the program is terminated.

ITT. CALCULATED RESOLUTION BROADENED TRANSMISSION

The number §72 of experimental transmission curves are fitted

simultaneously. The trial calculated transmissions are:

§ "_'INTO(E‘sAI’AZs ..) . .

TNT(E) = (1~ eNT) ‘Je P(E,E")dE” + Byp * BGR(E,NT)
NT = 1,2,...NT2 (1)

where the € Ty and BNT are variable parameters which can be searched.
The Doppler-broadened cross-section o(E*,A\1,A2,...) is a function of other
variable parameters Ai’ which will be discussed in the next section. The
TNT.S are the sample thicknesses, in atoms per barn, corresponding to the
transmission curves TNT(E). If the experimental transmissions are
properly normalized and if the backgrounds are properly substracted, the
values of the €yp and Byp Should vanish; however because there are
experimental uncertainties associated with the normalization and with the
background substraction, it may be desirable to consider the €ur and BNT
as variables to be searched. An energy dependent background shape may be

coded for each thickness, as desired, in the function BGR(E,NT).



The resolution function is taken to be of the form:

_ _[E’—E';]Z
P(E,E") = Ae R(£) (2)

where 4 is a normalization constant such that
fP(E,E’)dE’ =1 (3)

and where the resolution width R(E) may either be coded as desired in the

function RES(E,JRES) or, if JRES = 0, is taken as:
1/2
R(E) = [BE2 - E* + CE3 - E°] (4)

where BE2 and CE3 are fixed input parameters. Expression (4) is appropriate

for time-of-flight measurement;’~!! in this case:

- 2 _6__@_ 2 _ -z-at 2

BE2 §<L> and CE3 = 3 (uL> (5)
where L is the flight-path length, 6L is the total uncertainty in flight-
path due to the finite thicknesses of the source and of the detector and

to the "equivalent length" of the moderation spread; dt is the total un-

certainty in timing and the constant u = 72.3 ev/2 us/m. The factors

2/3 in (5) arise from the conversion of an assumed rectangular uncertainty
to an equivalent Gaussian uncertainty. For more details on resolution

functions, the references should be consulted.

The convolution of Eq. (1) is approximated by the Gauss-Hermite
technique:

NG2

fy (@) a - L Ay ¥[owe) (6)

Ne=1



The values of the coefficients ANG and of the roots of the Hermite poly-

nomials X ., were taken from the paper of Salzer, Zucker and Capuano.!?

NG
NG2 is an input parameter which can be selected as any odd integer

between 1 and 19. The precision of the approximation increases as NG2
increases, but so does the run time of the program. Values of ¥G2 between
5 and 9 have been found adequate for most cases. If Ng? = 1 the calcu-

lated transmissions are not resolution broadened.

When the experimental transmission is measured over successive
rectangular time-of-flight channels of nearly equal energy widths, the
resolution broadening due to the finite width of the time-of-flight
channels can efficiently be represented by fitting a parabola to the compared
transmissions at the energies corresponding to the center of the
channels -1, <, and ¢+1, and integrating that parabola over the width

of the Zth channel. This procedure leads to the relation:

* o 1
T, = ?Z(Ti_] t 221, + Ti+]) : (7)
where T: is the time-of-flight-broadened transmission in channel £, and
Ti is the unbroadened transmission at the energy corresponding to the
center of channel <. A “"switch" JPLy = 1 allows the program to combine
the rectangular broadening given by Eq. (7) with the Gaussian broadening

given by Eq. (6).

IV. TOTAL CROSS-SECTION EXPRESSIONS

The Doppler broadened total cross-section and its derivatives with

respect to the variable parameters are computed in the function SIG.



The basic formulae utilized are the single-level?® and multi-levell*
Breit-Wigner formulae as defined in ENDF/B procedures.'® These formulae

and their parametrization are discussed below:

A. The Single-Level-Breit-Wigner Formula

The expression for the total cross section is given by

o, (E) = Tolr), (8)
2
where
) _ dr . ,
ont(E) = (2£_+ 1)zz-s1n oL
o Z Z I‘mﬂ_[I‘rcosZM - 2(E—Ep)s1n2¢&]
Ly ' 2, Ip 2 (9)
J r ‘ (E-E'r, )2+ y i
and where gs is the usual spin statistical factor given by
L 2J+1 (10)
8y = T2

The quantity I is the spin of the target nucleus and J is the spin of
the resonance state. The energy dependence of the neutron width is

given by:

r . (1£,1)

L) < EE R ()

where Er is the resonance level energy. The total width is given by:

Pr(E) = Pnr(E) *T,, (12)

where Par is the reaction width. The shifted resonance energy is given



by:

S (1E1) - 5,(8) o ¢ (15,1) (13)
2p, (1z1)

e = +
E EP

The shift factors Sz(ka), penetration factors Pz(ka) and phase shifts
¢£(R§§ are given in Table II for the .angular momentum values & = 0,1,2
and 3. The quantity k is the neutron wave number, o the channel radius

and 2" the effective scattering radius.

B. The Multilevel-Breit-Wigner Formula

The multilevel-Breit-Wigner expression for the cross section is the
same as the single-level expression except that the level-level inter-

ference term is added; that is,

0@ = [ose(®)]
[ e + %?fté:ggséi Y rnrrns[kE'E’f)(E'E'é) * ]/4rrPQ]

sfr [(E'E’r)z +._}r 1"17,"Z J [(E-—E’s)z + %_1-82-,(]4)

where [onf(Ei]SL represents the cross section given in Eq. (9). The

level-Tevel interference term in Eq. (14) can be recast in a form more

suitable for Doppler broadening; that is,

[onf(Ef)]ML = [Onf(E)]SL + %TPQ'(E) ngJ ZrnP[Fer - 2(E-E%, )Hr]

- LN 2
r (B-E°) +gT

r
where
D R/
“% % sfr ne T, T (16)



*(¢1) b3 mol3q 3x33 39S ‘sSuoljLuliap 404

o9 + 499 + 06Y + 622 g0 + 4,99 + 06 + G22
.9 .39 + ;906 + S19 €
A N W + 29 + 6 WO+ 2+ 6
|tA&wn| 1 uel ma Nam orT) 2
) NQ + 1 ,Nﬁ + 1L
d , uey -0 —a " L
d d O O
(0)%0 1a1us oseuq  (9)%a w0100y uoLIRAIAURY (9)%s Jo3oes-341us % wnjuswoy Je|nbuy
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d

H = —rs__
, = LoTe T (17)

a?r Ipg * hrs
T® = w (]8)
ne

Pg(lEB])

] I

Ipg = E'(Pr + Fs) and drs B, - E.. (19)

Through the penetration and shift factors of Egs. (11) and (13), the
terms g and 4__, and hence also ¢ and # have a weak energy dependence;

rs rs r r
however, since the level-level interference is important only in the vicinity
of a resonance level, the program evaluates G, and Hr at the resonance
energy £ and neglects their energy dependence. This a very good approx-
imation which results in a considerable saving in computer time since

Gr and Hr need not be recomputed at each energy.

C. Truncation Effects

The sums over levels in Egs. (9), (15), (16), and (17) extend over
all levels of a given J-sequence. However, since the transmission is
computed over a finite energy interval, only those levels within the
interval and a few important levels near the boundaries of the interval
are explicitly retained. The contribution of the other levels to the
cross section may be approximated using a picket-fence model of uniformly
spaced levels with average resonance parameters.?®’'” Using this
model the contribution of the levels that are not retained in the sums
in Egs. (9), (15), (16) and (17) are estimated to be Fy sin 298 + Fo(I')

cos 2¢%, %‘[Flz + Fo(T)?], Fo(T + Pr) and F, respectively, where

FH - E + eD) (20)

fro= S'Pz(E)'£”<E-EL+eD'

-
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FH - EL + D r (21)
(g -5+ LD )E-BL+1D)
2 2

Fo(T) E) .

i
9!
"

N

—
1]

T+ <Ip> P, (E) (22)

where <F;> is the average value of the reduced neutron width, Fa is the
average reaction width, D the average level spacing and S the strength

function, The quantities EH and EL are the energies of the highest and
lowest levels explicitly included in the sums, and € = (1 - ¢) ! = .582.

The approximations have been discussed in some detail in Ref. 17.

D. The Total Cross-Section Trial Function.

The total cross-section trial function used by the program is

represented by:

NS2 o J2(NS) L,
o = Z Ny Z"’_ Z [(Zsm) - 2 sin“¢q - FJ + gJ_PJ] (23)
vs=1 NS J=1
NAUX
t Y vy - FEN)
N=1

where §S2 nuclear species NS contribute to the cross section and the
parameters Ny« allows the program to search for the isotopic concentrations
of the species NS. The quantity kNS represents the neutron wave number in
the center-of-mass system for a collision with the species 05. For each
species there are J2{(Ns) level sequences for which an angular momentum

g and a spin statistical factor gy are specified. The resonance term

PJ will be discussed later. By setting FJ = 0 the user may make the
contribution of a given sequence to the potential scattering vanish.

The last sum in Eq. (23) describes an optional arbitrary function of

energy with NAUX parameters which can be searched. The functions f(E,N)
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may be programmed as desired, and can be used to represent the contributions
to the cross-section from far away levels, from isotopes not explicitly

included in the first sum, or other sources.

The resonance term E&.vanishes if the number of levels NR2(J) for the

given J-sequence is zero; otherwise,

NR2

P, = Z: rnMR [G%WRUNR - HRNRVNR] + Fo () cos(2¢£) + F, sin(2¢2) (24)
NR=1
where:
INRs
GR = cos(2¢g) + D ——=2—— + F(I +T) s (25)
NR ne 2 +d2 r
| S#R  InRs T %Ngs
[ d
- 3 [e] NRS
HRNR = sin(2¢yg) + Z Fns ., + F, ’ (26)
S#NR Inrs © “wgs
lr
Unr = f A - (27)
(E NR'E) + ‘%INR)
E’ - E
Yig = NE ) (28)

(B pgE)? + (%INR)Z

The bracketed terms in Eqs. (25) and (26) are included only when the

multi-level formula is used. The terms PNR, E ¥&* Iyps and dNRS have

been defined previously by Eqs. 12, 13, and 19, respectively. In Eqs. 24,
25 and 26, the phase shift ¢y is a function of st .*abs and is given in
Table II for different values of the angular momentum £ ; 2. . is the

NS
effective scattering radius for the nuclear species ns.
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The cross-section parameters which can be searched by the program
are the isotopic concentrations Nyg and effective scattering radius
1%%3 for each nuclear species, the resonance energies EN , heutron widths
T aR and reaction widthsraNR of each level and the parameters vy, of Eq. (23).
Expressions (27) and (28) are used to compute the unbroadened cross-section.
The Doppler broadening of those expressions is discussed in the next

subsection.

E. Doppler Broadening.

The only rapidly varying functions of energy in the expression for the
total cross section are the line-shape functions Uvr and Vg of Egs. 27
and 28; hence, the Doppler broadened cross section is obtained by replacing

*

- = . 18
the functions Uy, and Vur by their Doppler broadened expressions™” Uy,

and V defined by
*
UNR(E) -\/_ju (E) de’ , (29)

and

(&)
(E) -\/_ fNRE Je de” . (30)

where A is the Doppler width. Expressions (29) and (30) are computed by
the fast interpolation routine QUICKW developed at Argonne National

Laboratory.®

V. LEAST-SQUARE-FIT ALGORITHM

The best values of the » variable parameters pi, p2, ...p, are
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obtained by minimizing

D) wij[Tg) R ICTRU T ST 'pn)]z (31)

7J

with respect to the pk'S, with perhaps constraints on some of the pk's;
for example, resonance widths may not become negative. Equation (31) is
a double sum where Tﬁj) is the measured transmission and Tij the computed
transmission at energy Ei for the sample thickness Nﬁ. The quantity

wij is the weight of the measured transmission and, in general, is the

inverse square of the statistical uncertainty.

Usually the computed transmissions are not linear functions of the
variable parameter Py hence, the minimization problem must be solved by
an iterative technique. The program uses a variation of the Gauss-Newton-
Marquardt technique®® which has been found efficient and is outlined
below. For a justification of the efficiency of the technique, refer-

ences 20 and 21 should be consulted.

The minimization problem is linearized by expanding the computed
transmissions in a Taylor series around guessed or previously iterated
values of the parameters péo). Keeping only the first term in the expansion

gives

Ozl'ﬂ

<¢p> = Zwij[’l’é;) - 1:‘7.(P;(<o)> -gdpktSPk]z . (32)

J

The Tinearized expression <¢> is minimized by the solution of a system
of linear equations which may be represented in matrix form as

> > (33)
Md = v
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where dk =Py - pﬁo) is a component of the correction vector d

k
6T, . ST,
My, = Zwij R (34)
i ka Gpp
and
/ 8rT. .
V, = L., [T(.e.) - T..(p(o))]—i‘z-. (35)
o 1d | id 1 5
1J Py

Equation (33) is solved by inversion of the matrix M:
d = MW (36)

The initial values of the variable parameters p, are changed to

the new values
1
p;(< ) - p;((o) + ndy, (37)

where n is gauged to insure that none of the parameters which are
defined positive will become negative. If for one or several positive-

defined parameters p , we have

4, < 5 (38)
then
[ (e)
n = -o.9lp" (39)
dr min

where the bracketed term is the value of (p£°)/dr) for which n is the
smallest among the set of positive-defined parameters for which condition
(38) holds. If condition (38) never holds for the positive-defined

parameters, then n is unity.
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There is no guarantee that the value of ¢ computed with the new values

(1)

py * wWill be smaller than the value of ¢ computed with the old values

(o)

Py since the minimization was derived for the linearized <¢> of Eq. 37.

The algorithm used to minimize ¢ operates as follows: if ¢[§1?]is
smaller or equal to ¢[§°ﬂ then the old values p£°) of the parameters are
replaced by their new estimates pil) and a new iteration is initiated, un-
less the maximum number of allowed iterations has been reached. If ¢L§1]

is larger than ¢[§°?], Eq. (33) is replaced by:

M+2"bI1)d = 7 (40)

where I is the identity matrix (Ikl = sz) and b is a constant defined
by
> >
b = 0.033 LMLV (41)
(v 7)
The value of n in Eq. (40) is incremented by unit steps from zero to ten,

until a value of d is found by solving Eq. (40) such that

8@ v nd) < (Do) . (42)

If inequality (42) cannot be satisfied for » < 10, the search is

terminated.

The normal matrix ¥ of Eq. (33) is symmetric and positive definite.
To save computer space and time it is stored and used in triangular
form. The matrix inversion is done by the Cholesky method which is
particularly well-suited for this kind of problem.22”2* The normal
vector V and normal matrix ¥ are stored in COMMAN/VAR/, the inversion and

the multiplication of Eq. (36) are performed in the subroutine SLV.
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VI. DIMENSIONS OF THE PROGRAM

The number of data points, resonance levels, and variables which can
be handled simultaneously is only limited by two critical dimensions which
are set in the main part of the program and by the stabjlity of the matrix
inversion. In a test problem seven transmissions, each with 3750
data points were simultaneously fitted using 74 resonance levels and 110

variable parameters.

The critical dimensions which control the maximum size of the problem
are the dimensions of blank COMMON and of the labeled COMMON/VAR/. These
dimensions are referred to as IG2P and XG2P and their values should be
inserted in a DATA statement in the main program as shown in the FORTRAN
listing in Appendix D. The program will then verify that the critical
dimensions are sufficiently large for the problem to be solved before going
into the least square search routine. If the dimensions are not sufficiently
large, a message is printed and the program stops. The values required for

762P and KG2P are determined by the following inequalities:

IG2P > NDAT(3+NT2+1) + 2(3+NT2+3- NRT+2NS2+NAUX+NLS) (43)
KG2P > e (wv2+19) + (1+8v2)nT2 (44)
2

whére NDAT is the number of energy points at which transmissions for NT2
sample sizes are given, NRT is the total number of resonance levels, NS2
the total number of nuclear species, WAUX the total number of auxiliary
parameters (the YN'S of Eq. 23), NLS the total number of levels which
are treated by the Breit-Wigner-multilevel formula, and nv2 is the total
number of variable parameters with a positive flag as described in the

next section.
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VII. VARIABLE PARAMETERS AND FLAGS

The variable parameters whose value can be searched on by the

program are:

(1) the normalizations eyps thicknesses Typ and background para-
meters Byp defined in Eq. (1) and Section III;

(2) the isotopic concentrations Nyg and effective scattering
radii‘@bs discussed under Eq. (23) in Section IV D;

(3) the resonance energies ENR’ neutron widths at resonance
FnNR(ENR)’ and reaction widths PaNR discussed in Section IV A;

(4) and the cross-section background parameters Y,, defined in the

last term of Eq. (23).

A flag is read for each variable parameter which allows the user to
control how the variable parameter will be treated; the value of the
flags should be set to 0, 1, or 2. Parameters with flags equal to 0 will
be treated as constant and their values will not be searched by the program.
For parameters with flags equal to 1, an optimum real value will be searched.
If the flag is equal to 2.an optimum positive value will be searched.
Hence it is advisable to assign a flag equal to 2 to those variable para-

meters which are defined positives.

It is important to note that varying simultaneously some combinations
of parameters may result in an indeterminate problem; in such cases the
normal matrix will have a zero determinant, cannot be inverted, and an
error message will be printed. For example, if only one sample thickness
and only one nuclear species are used, the product T, n__ determines the

NT NS
areal density and only one of the two parameters Typ OF Nyg €an be varied.



19

ACKNOWLEDGMENTS

The authors wish to acknowledge many helpful discussions and

encouragement particularly from G. A. Auchampaugh, D. Horen, D. Larson,

F. G. Perey, R. R. Spencer and H. Weigmann. The help of J. Craven was

indispensable in implementing the program to the IBM 360 through the
ORELA PDP-10.



10.
11.

12.
13.
14.
15.

20

REFERENCES

D. K. Olsen, G. de Saussure, R. B. Perez, E. G. Silver, F. C. Difilippo,
R. W. Ingle and H. Weaver, Nucl. Sci. and Eng. 62, 479(1977) and

D. K. Olsen, G. de Saussure, R. B. Perez, F. C. Difilippo, R. W. Ingle
and H. Weaver, "150-m Measurement of 0.880- to 100.0-keV Neutron
Transmissions through Four Samples of 2%8U," ORNL/TM-5915 (ENDF-255)
1977.

G. F. Auchampaugh, "Multi, A FORTRAN Code for Least-Square Fitting of
Neutron Cross-Section Data Using the Reich-Moore Multilevel Formalism,"
LA-5473-MC (March 1974).

H. Derrien and M. Alix, "Programme d'Analyse des Sections Efficaces
Neutroniques des Noyaux Fissiles dans le Domaine des Resonances par
un Formalisme Multiniveaux," CEA-N-1564 (October 1972).

F. H. Frohner, Formanalysenprogramm zyr Bestimmung von Resonanzparametern

aus mehreren Transmissionsdatensatzen G]eichze1t1E Nach der Methode
der Kleinsten Quadrate," Arbeitsbericht Nr. 97 KFK, (Jan. 1976).

S. E. Atta and J. A. Harvey, "Numerical Analysis of Neutron Resonances,"
ORNL-3205 (1961).

?. we;gmann, R. L. Macklin and J. A. Harvey, Phys. Rev. C 14, 1328
1976).

F. H. Frohner and E. Haddad, Nucl. Phys. 71, 129(1965).

A. Michaudon, Reactor Sci. Technology 17, 168(1963).

A. Michaudon and P. Ribon, J. Phys. Radium 22, 712 (1961).

J. Rainwater et al., Rev. Sci. Inst. 31, 481 (1960).

G. de Saussure et al.,"Simultaneous Measurements of the Neutron Fission
and Capture Cross Sections for 2%°U for Incident Neutron Energies from
0.4 to 3 keV," ORNL/TM-1804 (Nov. 1967); and references contained
therein.

Salzer, Zucker and Capuano, N.B.S. Journ. of Res., 48, 1.1(1952).

G. Breit and E. P. Wigner, Phys. Rev. 49, 519(1936).

H. A. Bethe, Rev. Mod. Phys. 9, 69(1937).

D. Garber, C. Dunford and S. Pearlstein, "Data Formats and Procedures

for the Evaluated Nuclear Data File, ENDF," ENDF-102 (Oct. 1975,
revised June 76).



16.

17.

18.
19.

20.

21.

22.

23.
24.

21

M. F. James and J. S. Story, "Contribution of Negative Energy and
Distant Resonances in the Resolved Resonance Region," in Nuclear Data
for Reactors, Vol. I, p. 359, International Atomic Energy Agency;
Vienna (1967).

G. de Saussure, D. K. Olsen and R. B. Perez, Nucl. Sci. and Eng. 61,

496 (1976).

A. W. Solbrig, Am. J. Phys. 29, 257 (1961).

The authors are indebted to C. Durston (ANL) who brought to their
attention this very fast routine described in H. Henryson II, B. J.
Toppel and C. G. Stenberg," MC?-2: A Code to Calculate Fast Neutron
Spectra and Multigroup Cross=Sections," ANL-8144 (ENDF-239) June 1976,

p. 237.

D. W. Marquardt, J. Soc. Indust. Appl. Math, 11, 431(63).

D. D. Morrison, "Methods for Nonlinear Least Squares. Problems and
Convergence Proofs, Tracking Program and Orbit Determination,"

Proc. JPL Seminar (1960),

p. 1.

H. RutishaHser, "Solution of Eigenvalue Problems with the L-R Trans-
formation,  NBS Applied Math Series, 49(1958).

J. H. Wilkinson, J. Ass. Comput. Mach., 8, 281(1961).

D. K. Faddeev, and V. N. Faddeeva (1963), "Computational Methods of
Linear Algebra"(translated by Robert C. Williams from a Russian book

of 1960).

San Francisco:

W. H. Freeman and Co., 620 pp. 114.



22

APPENDIX I. INPUT DATA AND THEIR FUNCTIONS

Various versions of the program SI@B have been in use, which differ
mostly by the input format. This appendix discusses the input data

required by the version whose FORTRAN is listed in Appendix II.

The input data may be divided into four groups:

A. Fixed points input switches and floating point input constants
which control the operation of the program, as will be explained
below.

B. Transmission data.

C. Initial guesses.

D. Flags.

The structure and format of the input data cards is listed immediately
below. After this listing the function of these input data will be dis-

cussed.

Structure and Format of Input Cards

A. Fixed point switches and floating point constants.

1st card: Format (9A8) Legend

2nd card: Format (1514) NT2, IT2, NGS, NAUX, JERR, JCAL, JRES,
JPAR, LPAR, LMAT, MPAR, LPLT, LDAT, JPLY,
JKEV

3rd card: Format (6F]1.3) BE2, CE3, EH, EL, RAT.ZW, DTMIN

B. Transmission data.

4. Format Card: Format (9A8) FMDAT
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5. Data Cards: Format (FMDAT), read in 4.

E.a T.a GT; T, GTZ ce g TNTZ, 6TNT2

(o))

Terminate transmission data with a blank card.

[op)

Initial guesses.

I. Transmission Parameters

7. Start with a blank card

8. Sample thicknesses: Format (8F10.5) 7;, Tz, o,
9. Normalisations: Format (8F10.5) €1, €2, ‘e,
10. Backgrounds: Format (8F10.5) Bi, B2, "'%MTZ
II. Resonance Parameters
8. Format-card: Format (9A8) FMPAR
9. Nuclear Species: Format (4E11.3) FRS, AHAT, AWRI, TEMP
10. J-Sequence: Format (2111,5E11.3) LJ, INT, GSJ, FR, STRF, GNA,
GAV
11. Level Parameters: Format (FMPAR), read in 8
Eo, T s Fj

12. Terminate each J sequence with a blank card.
13. Terminate each Nuclear Species with a blank card.
14. Terminate Resonance Parameters with a blank card.

III. Auxiliary Parameters

15. Auxiliary parameters: Format (7E11.3) Yise oY,y

D. Flags
16. Start with a blank card.

17. Flags for thicknesses: Format (40F2.0) FTI”"FTNTZ
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18. Flags for Normalizations: Format (40F2.0) Fel,...F;NTz
19. Flags for Backgrounds: Format (40F2.0) FBl,...FBNz
20. Flags of Nuclear Species: Format (2F2.0) FFRS, FAHAT
21. Flags of Level Parameters: Format (3F2.0) FEo,‘FTn, FI‘Y

22. Terminate each J sequence with a blank card.

23. Terminate resonance parameters with a blank card.

24. Flags for auxiliary parameters: Format (40F2.0) PY1se o FYgyy

Functions of Input Data

Legend This legend is printed at the head of the output print-
out

NT2 Number of transmission samples

IT2 Maximum number of iterations

NGS Number of terms in Gauss-Hermite convolution (see Eq. 6
of Section III)

NAUX Number of auxiliary parameters (the Yn's of Eq. 23 of
Section IV D)

JERR=0 For usual options

JCAL=0 For usual options

JRES=0 The resolution function is computed by Eq. 4 of Section
III

JRES#0 The resolution function must be coded in the function
RES(E, JRES)

JPAR=0 Level parameters are read in order E,, Pn’ PY

JPAR=1 Level parameters are read in order Eq, Py, Fn

LPAR=0

The initial guesses are printed before the iteration loop



LPAR=2

LPAR=-1
LMAT<0
LMAT>0
MPAR<(
MPAR>0
LPLT<0
LPLT>0

LPLT>0

LDAT<0
LDAT>0
LDAT>1
JPLY#0
JPLY=0
JKEV=0
JKEV#0

BE2 and (CF3

EH, EL

RATIP
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The initial guesses are printed before the iteration
loop and the final values after the loop.

The initial guesses and final values are not printed.
The parameter-covariance matrix is not printed

The parameter-covariance matrix is printed

The final values of the parameters are punched

The final values of the parameters are not punched

No plot-punched cards generated

Final plot-punched cards generated

Plot-punched cards generated at each iteration (These
punched cards are used with a local utility program to
generate plots)

Calculated and measured transmissions not printed

Final calc. and meas. transmissions printed

Calc. and meas. transmissions printed at each iteration
Transmissions are channel-broadened by Eq. 7 Section III
Channel broadening is not done

A1l energy inputs are in eV

A1l energy inputs are in keV

Parameters used in computing the resolution width of
JRES=0; see Eq. 4 of Section III

Parameters used in computing the contribution of a
picket-fence of levels, see Eq. 20 and 21 of Section IV D
Convergence parameters: the iteration loop is terminated

. 2 2
1fxnew> RATI(ﬁ*xo]d



DIMIN

FMDAT

E,T1,071,T2,8T2,444

T =1, NT2
€., 1=}, NT2
i

Bi’ =1, NT2

FMPAR

FRS

AHAT

AWRT
TEMP
LJ
INT=0
InT=1
GSF

FR

STRF, GNA, GAV
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A parameter used in function WEIGHT(NT,JE) to define
a minimum error on the transmission data

Input format of transmission data

Energy, transmission through first sample, error,
transmission through second sample, error...

Sampie thickness, see Eq. 1, Section III
Normalizations, see Eq. 1, Section III
Backgrounds, see Eq. 1, Section III

Input format of level parameters E,, Fn, PY

Isotopic concentration of nuclear species (denoted

N, in Eq. 23 Section IV D)

NS
Effective scattering radius of a nuclear species
(denoted'abs in Section IV D)

Ratio of the mass of the isotope to that of a neutron
Effective temperature for Doppler broadening

Orbital angular momentum & of a given sequence

The J-sequence is treated by the single level formula
The J-sequence is treated by the multilevel formula

Spin statistical factor of a J-sequence

Factor multiplying the potential scattering contribution
of the J-sequence (Represented as Py in Eq. 23,

Section IV D)

Parameters used in computing the contribution of a
picket fence of levels, represented by S,<Fn°> and Fa

in Eq. 20, 21 and 22 of Section IV C. If STRF=0, the

picket-fence contribution is ignored.
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E¢, T, T Level parameters: resonance energy, neutron width
at resonance, capture width. Given in eV if JKEV=0,

otherwise in keV

Yise s Yyaux Auxiliary parameters defined in Eq. 23 Section IV D.

Flags A1l the parameters Tis €55 Bi’ are FRS, AHAT, E,, Pn,
Iy and Y; are associated with "flags" which are read
in the same order as the parameters. The flag
determines how the parameter is to be treated:

Flag=0 The parameter is not varied

Flag=1 The value of the parameter is adjusted to minimize x?

Flag=2 The value of the parameter is adjusted to minimize x2

but kept positive

(more detail on the operation of the flags are given in Section VII)
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APPENDIX II. FORTRAN LISTING OF SIPB PROGRAM AND SUBPROGRAMS

¥¥FTNosLsGsEsYo
KEAL #* 8 C

REAL % 3 FN(S)sLECEND (G)sFMAPH(9) +FMDATI(9) ¢FMPAR(S) sFMFLG(S)
DIMENSION C(1)

COMMON F(2000)

COMMCN/VAR/CG(70C)

DATA TG2PeKGZF/Z24C% 7707

CUMMCN/TAD/LIF 1 IPT23IPNLy IPN2yIPB1sIPB2+IPS14IP24IF1+1FT2,1FN1,
1IFN2sIFBL1 s IFEZs IFS141F2+1Gls1G2
CUMMCN/KAD/LN19LS13MV]1 s MMl gMS1  MS24KV]sKG1KG2
COMMON/NAD/NVT s NVN yNVEB oNVP ¢NV2 oNT2
COMNGN/INDX/JERRaJCAL-JRESQJPARoLPAR'LMAT'MPARoLPLfnLCAT'JPLY.JKEV
COMMCN/IEN/IELy IEZ22IE3WIECLy IGSeNG
COMMON/LEV/JFLAGINSZ s NAUXoJL(10) eNRL(IO 910) ¢MOM(12419)oINLC1Os17)
COMMON/FLT/BE2sCE2sEHsEL sPHI s DOF INVSCTMIN
COMMON/FLT/AKO(10)+CC(10)sRAD(10)+DELTA(10)
COMMOR/FL2/GSFINC1I2017 ) oFRLIL1I01D)9STRFL(10+13) eGNAL(12,12)sGAVL(10,10)
12410)

EQUIVALENCE(E(1)sCG(1))

DATA ITI+sITOSITFsITC/E4€E9To/

CATA FMAPB/BH(BF10.5) +8%EH /

DATA FMCAT/B8F(F10¢591+s8H&4FS.3) s 7EH8H /

DATA FMPAF/SF(EIInSnZ.deXchlloo&HS) sO6%8H 7/

DATA FMFLG/BHI4CFZ+0) 48%8H

DATA NGSP ¢NAUXF ¢AKF s84/] 1-00021967719000C34465/

DATA ROP'R‘P'A'RIF/‘12300u5|236.Ql/

CATA PI/2.141593/

DATA RATIO/.999/

DATA IPLQOT/C/

DATA AKPCVTB84CVT/31.622784040010/
DATA IRTN/C/

1 REAC(ITI101) (LECEND(I)sI=199)eIT
WRITE(CITOs101)}(LEGCEND(IL)oI=1,G)
IF(ITNE.Q) GC 70 1

c READ FIXED PCINTY INPUT
READ(ITIQIUE,hTzoIT‘ONGS.NAUX.JERR.JCAL-JRES.JPAP.LFAR.LMAT.MP‘R.
ILPLT +LDAT o JPLY s JK
C REAC FLOATING PQINT INPUT

READ(ITI4103)BE2+CEISEHIEL JRATIODTMIN
IF(JKEVeNE«O) AKP=AKP¥AKPCVT
IF{ JKEV eNEe0Q) BA=E4%B4CVT
IF(NTZ.EQ.C) NT2=7

1E1=1

TE3=NT2+1

IF(JERK+EQeC) IE3=TE34NT2
IF(JCALEGQG.0O) TE3=TEI#NT2
IE=IE}~-IE3

IECI=1EL1+41E23-NTZ

IF(IT2+EQ.0) ITz=10
IF(RATIOWEQeCeCIRATIO=Z 49990
IF(OTVINGEQ«CosC) CTMIN=C.00010
IF{NGS.EQeC) NG S=NGSEP
NGT=(NGS§1)/E

GS=(NGTR®(NGT=1))/2

lF(NALXcEQ-O' NAUXSNAUXP

IF(LPARGGE ") WRITE(ITOs222INT24IT2sNGSesNAUXs JERR ¢ JCAL » JRES ¢ JPAR
LsLPARGW . NATyMFARSLPLTSLCAT 4 JPLY JJKEV

IF(LPAR.GE .0) UFITE(!T012£3)BEZoCES'EH.EL.RATIO.DTNIN
[ READ FORMAT FOR TRANSMISSION DATA
READ(ITIs1Q1)(FM(1)s1=1,9)
IF(ICCMPARE(FM( 1) 48F 8)+EQe0) GO TO 5
00 2 I=1.$
3 FMDAT(1)=FN(1)
C READ TRANSMISSICN DATA

l#ngERRoEGoO) REAC(ITI+FMOATIFCIE) s (F(IE+NT) oF (IE+NT24NT) yNT=] 4N
IF(JERR ¢NE«0) REACUITI +FMDATIFC(IE) »(FCIE+NT) 4NT=14NT2)
IF(F(1E) eNEoO W) GC TO 5§
IE2=[E-LE3
NDAT=((IE-IE1)®NTZ)/IE3
IP1=]1E

IPO=1IF1-1
IESTE#NT2

C REAC FORMAT

REAC(ITIL10

IF( ICCMPARE

DO 7 I=14+9

7 FMAPB(I)=FW¥§

C REAL SAMPLE
9 IPT2=IE-1

REAC(ITIeFMA

C READ TRANSMI
IPN1=IPT2+1

IPNZ2=IPT2+NT2
REAC(ITISsFMAPB)I(F(IP)sIP=IPN1,sIPN2)

+8)eEQe0) 60 TO 9

_~ -

OD A

ICKNESSES IN ATOMS PER EARN (APB)

J(F(IP) W IP=1IP1,IPT2)
ICN~NORMAL ISAT ION ERRORS



[g]

11
13

14

15

16

19

23

29

READ TRANSMISSICN EACKGROUNDS
IPBLI=1FNZ2+]

IPBZ=1PN24NT2
READ(ITISFMAFAI(FUIF)IP=1PB1,1PB2)
[E=]IPE2+1

REAC FORMATY FOR RESCNANCE-PARAMETERS

READ(ITIZ1ICII(FN(TI)s1=14+9)
IF{ICCMPARE(FN (1) o8¢ 28)eEQeO) GO TO 13
DO 11 I=1,6

FMPAR(I)=FN(TI)
REAC INITIAL GUESSES

IPS1=1E
NLS=¢C
NS 2=0
NS2=NS2+1
REAC(ITIo104)FRSsAHAT JAWRISTEMPoDEL ¢+ RNy AK
IF(FRS4EQe0e) GC 10 19

JLINS2)=C
F(IE )=FKS
FOIE+1)=AFAT

IE=TE 42

IF(AWRI«EQs0 ) ARRI=AWRIP
IF(TENP«NE+Q o) CEL=SQRT(B4*xTEMP/AWRI)
DELTA(NS2)=CEL

IF(RNEQsOe) RN=FRCP* (AWRI%%.333)+R1P
RAD(NS2)=RN

IF(AK +EUQe0O ) AK=AKP¥AWRI/ (1. +AWRI)
AKO(NS2)=AK

COINSZ)I=PI/(AKXLK)

AKRN= AKXRN

REAC(ITIs106)LJIGINT 4GSJsFRsSTRFeGNASGAV
IF(GSJeEQeDs) GC TO 14

=JL(NS2)+1

JLINSZ)=J

MOM(NScsJ)I=LJ

GSPIN(NSZ2+J)=CGSJ

INLINSE20J)=INT

STRFL(NS24+J)=STRF

GNAL (NS2,J)=CNA

GAVL (NS 29 J)=CAV

FRL{NS2sJ)=FR

NRL(NS2,J)=0

IF(JPARLEQ D) REAC(ITI+FMPARDIEOsGN GG
IF(JFEAREUWL) REAC(ITIZFMPAR)EOD +GG ¢GN
IF(EC«EQe0s) G0 TG 15
NRLINSZsJISNRLINSZoJ)+]

IF(INTNE Q) NLS=NLS+1

F{IE)=EQ

F(IE+1)=G¢C
FCIE+Z)=GN/PEN(LJAKRN*SQRT(ABS(EO0)))
IE=TE+2

GO TG 16

NS52=NS2-1

REAC AUXlLIARY FARAMETERS

IP2=TE+NAUX~
READ(ITI.lOé)(F(lF).IP—IE'IPZ)

READ FORMAT FCR FLAG
REACCITIS 101 )(FNM(I)s1=1,59)
IF(ICCMPARE(FM( 1) +8F +8).EQ.0) GO TO 23
DO 21 I=1,S

FMFLG(I)=FNM(I)

READ FLAGS TC VARY THICKNESSES
IF1=1IP2+1

IFT2=s IPZ4NT2
READ(ITISFNFLGI(FUIF)IF=1IF1,1FT2)
READ FLAGS TC VARY NORMAL ISATICNS
IFNLI=IFT2+1

IFN2=IFTZ4NT 2
READ(CITISFMFLGI(F(IF)+IF=IFN1sIFNZ2)
READ FLAGS TC VARY EACKGRCUNDS
IFB1=IFN2+1

IFB2=1IFN2+NT2
READ(ITISFMFLGI(F(IF)IF=IFB1l,IFB2)
IFS1=IFB2+1

IF=1IFEZ2

READ FLAGS TC VARY PARAMETERS

DO 27 NS=1sNS2
READ(ITISFMFLCIF(IF+1)+F(IF+2)
IF=IF+42

JL2=JL(NS)

DO 27 J=1eJdL Z

NR2=NRL{NS+J)

IF(NRZ.EQeC) GO TC 26

DO 2& NR=14NR2
READ(ITISFMFLG)(FULIF+N)sN=1,43)
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27

29

31

33

35

40

30

IF=IF+3

CONT INUE

REAC(IYILFNMFLC)

READ(ITI FNMFLG)

IF2=1F+NAUX

IF=IF+1

READ(ITIZFMFLCI(F(I)oI

SET E+ AND EL IF Er=C.

IF(EF sEQe Qo) EL=F(IPS1+2)

IF(EF «EQaR W) EHSF(IP2-NAUX-2)

IGl9IG2 SPACE FCR STORING INTERFERENCE
PARAMETERE (LUSED IN SIG.

IG1=IF2¢1

I1G2=IF2+4NLS+NL S

COMPUTE THE NUMBEFR COF VARIABLES NV2

NVT=9

NVN=C

NVvB=C

DO 26 NT=1,4NT

IF(F(IP2+NT ),

IF(F(IFT24+NT)

IF(FUIFNZ4NT)

CONTINGE

NVP=3

D0 31 IF=1FS1s1F2

IF(F{IF)eNEeCos) NVP=NVP+1

CONT INUE

NV2=NVT +NVN4NVB 4N VP

s I=IF 4 IF2)
c
1
1

NVT=NVT+1
NVN=NVN+1

z
N
- )

) NVE=NVB+1

ra-4u!

NUMEER OF CECREES OF FREEDOM (FOR CHISQ)

DOF=NCAT-NV2

DOF INV=1./00F

LMl=NvZ+1l

NM=(NVZ*(NVZ+1))/2
LSI=LM]1+NM

MV1I=LE1+NV2

MMi=NMVI+NVZ

MS1=MN]1+NM

MS2=NS1+NVZ-1

KVI=SNSZ4MSc+ 1

KGl=KV]I+NvVe
KGZ2=KCl+({1+NVZ)IINT2-1

CHECK COMMCN ARRAYS FOR SIZe
NERR=C

IFCIC24CT o IGZF) NERR=NERR+1
IF(KGZ+GT«KG2P) NERR=NERR+1
IF(NERREGQeD) GC TO 33
WRITE(ITOs201)1IC2+IG2P »KG2sKG2P
CALL ERROR

CONT INUE
WRITE(ITO»Z217)INCATeIGZ+KG2
WRITECITOs21€)ELEFR
IF(LFARLCGE«O) WRITE(ITO,225)
PRINT RESCNANCE PARAMETERS
IF(LPARLT.0) GC 10 4¢
1E=1IPS1

DO 37 NS=1sNEZ

AK=AK” (NS)

RN=RALC{NS)
CEL=CELTA(NS)
JL2=JL(NS)

thTE(;TD-231)NS.AK-RN.DOP-JLZoF(IE)-F(lEfl)

IE=1E+
AKRN=AK*RN
DO 37 J=1.

wCt Lt &« w N
- “
[ -
-

GC TG 37

Zhiwlle o Zwinl -l

e 08 (NZZ[ e ~(Ne
Ve
[ SX

« MONes NN L7e L

0
WRITE(ITO
CONT INUE
CONT INUE
IFC(IRTNWEG,1) GC 10 70
ITERATION LOCF
DO 4S5 IT=1,1TZ
LM=LM]

DO 41 LA=]14NVZ
D(LA)=0.
DO 41 LB=LAsNV2
D(LM)I=0.

W Je INTeGSJUsFRySTRF s GNA s GAV 4 NR2
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41 Lm=L

JV=0
CALL FHINEG(UV)
PHIOLC=PHI
PUNCF CARCS FOR PCP10 PLOTS
IF(LPLTWLTel) GC TO 423
IPLOT=IFLOT+]
NE2=14(IE2-IE1)/IE3
DU 42 NT=1,NTZ
ISN=10%IPLCT 4NT
WRITE(ITP+3201)ISN,,NE2
NTT=NTHNT2
NTN=NTT4+NT2
DO 42 IE=]El,l
WRITE(ITP,301)
42 CONTINUE
43 CONTINLUE
PRINT TRANSMISSIONS
IF{LCAT.LE1) GC T0 46
WRITE(ITO.£04)

DO 44 IE=1El+IE2+1EZ
IEA=TE+AT2
IEB=TEA+NTZ
NR{TE(ITO.EOE)F(IE);(F(IEB*NT)oF(lE*NT),F(lEAfNT).F(IPO#NT).NT=loN
172
44 CONTINLE
46 CONTINUE
WRITE(ITO,Z20E)I1
CALL wMVP
IF(PE1«GT «RATIO#PFICLC) GO T0 47
45 CONTINUE
GO TC 49
47 MRITE(ITOs202)
JFLAG=0
CALL FHINEG(-1)
PUNCH CARDS FOR PLP10 FLOTS
49 IF(LPLT.LT.0) GC TO 55
IPLCT=IPLCT+1
NE2=1+4(JE2-1E1
DO S1 NT=1,NTZ
T+N
1)

EZs IE3
FOIE)sFUIE4NT)sF(IE¢NTT) F(IE+NTN)

ISN=12«IPLO
WRITE(ITP,20
NTT=NT+NT2
NTN=NTT+NTZ
DO €1 IE=IE1L
WRITE(ITP,20
51 CONT INUE
PRINT TRANSM
€S IF(LCAT.LELD
Q
1

-
. W

WRITE(ITOsz
DO 57 IE=1E
IEA=TE+NT2
IEB=TEA+NTZ
WRITE(ITOs20S)F(IE) o( FUIEBHNT) oF(IE+NT) oF (IEA4NT) s F(IPO#NT) yNT=1,4N
172)
£7 CONTINUE
S9 CONTINUE

PUNCE FINAL FARANMETRES

IF(MPARLLELO) GC TQ €9
WRITE(ITCo1C1)(FMAPE(T)+1=1,9)
WRITE(ITCLFMAFB)I(F(IF),IP=1IP1,1IPT2)
WRITE(ITCoFMAFPBIF(IF)s IP=IPN1IPN2)
WRITE(ITC+FMAFBI(F(IF),IP=IPELlsIPB2)
WRITE(ITCo101)(FMFAR(IL)+1=1,9)
IE=]IPEL

DO €3 NS=1.NE2

FRS=F (1E)

AHAT=F(IE+1)

1E=TE+42

DEL=CELTA(NS)

RN=RAC(NS)

AK=AKC(NS)

AKRN=AK*¥RN

AWRI=3 o

TEMP=C,
WRITE(ITCy104)IFKRS sAFAT sAWRI 4 TEMP 4DEL s RNy AK
JL2=JL(NS)
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DO €2
INT=IN
GSJ=CEP
FR=FRL(
STRF=ST
GAV=GAV
WRITE(I
NR2=NRL

e

*relMAd™ D2~
¢ =N
- [
[ S S
-

s INTsGSUFHeSTRFeGAV

- NN

ot
m
-~
r4
o
N

CO TO €2

HOZO~MTNZ2Zwr
e (N® Tl e ~(Ne
Do mnmZe C
Zwlire Zwne ™

o
=]
o
o
N

aom
Ho

Zrtmmommes NN
Fe- e 4C =TT
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WRITE(ITCoFMPAR)ED sGN GG
WRITE(ITC+FMPAR)IEOSGGsGN

—

61 W
€3 WR
69 CO

veweOO

(FOIP)SIP=IE,,1P2)
GC 10 71

D C X T WMMMZe

—o Mefimd=io o
0Z NAOOOMM Ne

D T A D Do i

-
X
-
rd

GO TC 34
7¢ IRTN=Z
71 CUNTINUE
READ(ITIW1
IFCIGCTOWLE
IF(ICCTOE
IF(ICCTOE
131 FORMAT(S
102 FORMAT(
103 FORMAT
104 FORMA
1CS5 FORMA

[ X
-~

201 FORMA
202 FORMA
203 FORMAT
204 FORMAT(1H]
1 8X9*ERROR
2C5 FORMAT(1H
206 FORMAT(1HO
1°9G1l1434°%A
207 FORMAT(1H
208 FDRMAT(IH]:
212 FORMAT(1H
21¢€ FORMAT(IHOQ
217 FORMAT(1HQ,
1F F~ARRAY',

SMALL *+4120)
IONS BECAUSE CONVERGENCE IS TOC SLOW')
«7+5H APB ))
1Xs? CALCULATION' 44Xy 'EXPERIMENT®*,
R EARN's//)
620 S5/(21Xs3F15e644G20+5))
2 *L-VALUE=',12+*NUMBER COF LEVELS=',13,'FG=

e DX+

V*hbﬂv C -
Ne Me

NUMBER ', 13)

TION LIMITS® 42G1645)
CF TRANSMISSION VALUES®*I8,./,*' MAXIMUM ADDRESS O
* MAXIMUM ADODRESS OF G-ARRAY',19)
222 FORM2T(1H O, EC FCINT INPUTS ',2014)
223 FORMAT(1H 4 *'FLCATING FCINY INPUTS *,7Gl1.3)
225 FORMAT(1HOs//777/77+15Xs " INPUT RESONANCE PARAMETERS',///)
231 FORMAT(1FDe2Xs*NUCLEAK SPECIES =?,13+5X,
1'RECUCELC MCMENTULM='C12.545X,
2*NUCLEAR RADILS='C1Z24€4/

38X 'CCFPLER WIDTH='G12+45+5Xs
4*NUMBER OF ANGULAFR NOMENTA='[34/
58Xs "FRACTICNAL ABUNCANCE='F7.4+5X
6'EFFECTIVE RALIUS='F7.44//)
233 FORMAT{1HOs4Xs* ANCLLAR MOMENTUM='12,5X,
LY INTERFERENCE PARANETER='12+5Xs
2'SPIN STATISTICAL FACTOR='F643¢5Xs
3'POTENTIAL SCATTERING FRACTION='F6Ee34/s
410Xs *STRENGTE-FUINCTION=°G12.53+5X
SYAVERACE NEUTRCA-WIDTH='G12+59¢5Xy
6*AVERAGE CAPTURE-WICTHF='G12¢59//+ 10X,
7'NUMEER OF LEVELS='14)
236 FORMAT(1HC+1EXs "RESCNANCE ENERGY " 45X "CAPTURE-WIDTH ' »5X s "NEUTRON-W
1IDTH® 4//)
2325 FORMAT(14X932C1ES)
237 FORMAT{1HO)
239 FORMAT(1H1,*FINAL RESCNANCE PARAMETRES'///)
301 FORMAT(2CA4)
END

Tl)-—-dvo -4(.!-1"!0-—17(4-—

e D dMN® | ONe X AN Do o
S MPe Mo twroaliN «aMdN E sy
MONP(NeeDe 7~

MAOT D= sl NMWDNO NG
XNRCONMOO NG o
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SUBROUTINE PHINEC(JV)

REQUIRES RES(Es JRES) sSIG(EeJV) ¢BGRIE+NT) s WEIGHT(NT,H IE)

REAL % B8 D

DIMENSION C(1)

DIMENSION A(SE)+X(4E)

COMMCN F(1)

COMMON/VAR/G(1)

COMMON/IAD/IPlglPTZ.lPNl0lPNZ'IPBI.IPBZ-IPSlulPZolFlolFTZolFNlo
1IFN2, IFB1IFB2+IFS141F2,1G1.1G2

COMMCN/KAC/LM1 sL.S1 ¢MV1¢NM14MS1 sMS 23KV 1 oKG1 s KG2

COMMCN/NAD/NVT o NVA oNVB s NVP JNV2oNT 2

COMMON/INDX/JERFoJCAL,JRES.JPAR.LPAR.LMAToMPAR.LPLT.LDAT-JPLY:JKEV

COMMON/IEN/TEL1 o JEZsIEZ»IEC1sEGSeNGT

COMMON/FLY/BEZ4CEZsEHSEL oPHI s DOFINVDTMIN

EQUIVALENCE(C(1)sC(1))

DATA A/ 1.0CCOE CO.G.6667E-01.1.6667E-01-5-3333E-01:2.22085-Ol'
2 l-lEE?E-CZ.4-57l4E-010204012E-Ol.3.0757E-02:5-4827E'04'
3 4.063!E-Cl.2.44lGE—Cl.4-9916E-02‘2078915-0312.23455-050
4 3.696lE-CI.Z.GZZGE-Ol.6.6139E-02.6.7203E-03'1.95765-04-
S 8.1218E-07.3.4C99E-3|'2037875-01'7.9169E-021101771E-029
6 6.8124E-C4ol.l527E-O5.2-72265-06o3.1826E-0192-3246E-01'
7 E.QQIGE-CE-I-736GE-OZ-1-56766—03.5.6421E-05-5-97548-07.
8 8-5896E-10.2.9954E—Cl'2-26715—0109.7406E-02o2¢30875—02n
9 2.85895-C3-l.68495-04.4.0127&-06.2080805—0802058435-1l.
A 2.83775-01.2.2094E-01cl00360E-Olo2.8667E-02g4.5072E-030
B 3.7550&-04.l0535!E-050205322E-07c102204E-0907048285°l3/

DATA X»/ l-22474450-O-95857251o2.0201826l-0.81628788.1.67355156:
2 2.65196133.0-72355098.1-466552590202665805813.19099331o
3 0-65680963.1-32655716-2.0259#75712¢78328991o3-66847134o
4 0.60576391.1-22005463.1o85310841-2-51973629.3.24660873.
S 4-10132839.0.56506962:1-13611603.1o71999264.2.32573223.
2] 2.9671659503066994953o4c49999!42o0-53163302.lo06764889o
7 I-GIZGZBCZch17350292-2.7577629193.3789320004.061946870
a 4.87134‘57.C.55352010.l-01036835.lo52417088|2.04923153.
9 2.59112407-3.1578493103076218700.4.42553260.5.22027206/

L.OOP CVER ENERGIES

IPO=1F1-1

1eC=1EC1~-1

DO 69 IE=1E1e1EZyIEZ

E=F( IE)

IF(JRESEQe0Q) R=E#SQRT(BE2+CEI*E)
IF(JRESSNEOQ) R=RES(E+JRES)
LOOP CVER GAUSS INTEGRATION INTERVALS
ENG=E
I1G=1GS
JG=IGS=NGT
DO 59 NG=14NGT
ANG=A (IG#NGC)
IF(NG.EQ.1) GC 10 52
DE=R#X( JG+NG)
1 ENG=E4DE
3 CS=SIC(ENGoJV)
LOOZ CVER TRANSMISSION-SAMPLES
K=KG1

DO S7 NT=1.NT2
APN=F (IPO+NT)
TR=ANGHEXP(-APNCS)
IgiﬁéoEZ(l?TZON1))¢TR

EGe 1 GIK)I=F(IPN24NT ) *BGR(E oN
G(K)=G(K)+TN (EeNT)
LOOP CVER CERIVATIVES
IF(JVTL0) GC TO S§7
KNV=K+1
NTC=1
D0 S4 IF=IF1,1IFT2
IF(F(IF) +EGasCs) GC 7O S4
IFINTCoNE «NT oOR NGoEQ,1) G(KNV)=0.
IFINTCeEQeNT) GI(KNV)=G(KNV)-CS*TN
KNV=KAV+1
NTC=NTC+1L
NTC=1
CO 55 IF=IFN1esIFNZ
IF(F(IF)eEQaCo) GO TQO 58
IF(NTCoNENT+ORNCEQs1) GI{KNV)=D.
IFI(NTCeEQeNT) GIKNV)I=G(KNV)+TR
KNVEKAV+]
NTC=NTC+1
Kv=Kv1
KNV=KAV+NVE
DO S6 NV=]1sNVF
IF(NG+EGa 1) GIKAV)I=0.
G{KNV )=G(KAV )=AFNSBTNRG(KV)
KNV=KKV+]
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34

£6 KV=KVv+1l
57 K=K+AVv2+1

6gitgéEQoX.OR.DE-LT.O.) GO TO 59
GO TC 51

£9 CONTINLE

LOOP CVER TRANSMISSION
KoKe1 1 SAMPLES
DG 65 NT=1,NT2
STORE COMPUTED TRANSMISSICNS IF NE
ég;#g?t-$000) FOIECHNT)I=G(K) EOED
UTIONS TC PKI AND NORMAL
=WEICHT(NT, IE) EOUATIONS
CYN=F(IE+NTI-C(K)
DTNW=CTN*w
PHI=PFI+CTN®CTNW
éF(fV.LToO) GC TC €5
ERIVATIVES CF TRANSMISSICN~BACK
K1=SK+ANVT+NVYN+1 CreRounps
NTC=1
DO 61 IF=1FBl,IfBZ
IF(F(IF) .EQsC,) GC TO 61
f(fl):o.
FINTC.EQeNT) G(K1)=8GR
K1=K10: . (EsNT)

€l NTC=NTC+1

€3
€5
€9

NORMAL EQUATICNS
L=LM1]

DO 63 NA=1,4NVZ
GKNA=G(K+NA)

D(NA I=D{NA)I+CTNWHCKNA

DO 62 NB8=NA,NV2
CIL)I=C(L ) ¢W*CKNAXG(K+NB)
L=L+1

K=K4+ANV2+1

IEC=IEC+IE:Z

IF(JPLY ¢ECe0) RETULRN
CORRECTION FOR CEHANNEL WIDTHS
PHI=0.0

IEG=JE1+IEC+1E3
IEC=1EC1~1

DO 71 IE=IELlsIEZsIEZ

DO 73 NT=1,4NT2

IT=1ECHNT

IF(IE.LE«IEGOR+IEEQ.IE2) GO TO 73
FOIT)I=CaC416E7R(F(ITHIE3IHF(IT-IE3)+22.,0%F(1T))
PHI=PFI+WE IGKT(NTSIE)X(F(IE+NT)I=-F(IT))*%2
IEC=1TEC+IEZ

RETURN

END

FUNCT ION RES(Es JRES)
RES=0.

RETURN

END

FUNCTION EGR(ESNT)
BGR=1.

RETURN

END

FUNCTION WEICGHT(NT.IE)

COMMCN F(1)

COMMCN/NAC/NVT o NVNSNVE sNVP sNV24NT2
COMMON/FLT/BEZsCE22EHIEL sPHI »DOFINVsDTMIN

COMMON/ INDX/ JERK s JCAL 9 JRES s JPARSLPARsLMAT o MPAR +LPLT sLDAT» JPLY s JKEV
DT=F( IE4NT4NTZ)

IF(CTWGE.CTMIN) GC TO 1D

DT =CTMIN

FUIE4NTANTZ)=CTVMIN

1) WEIGHT=1.0/7(CT*CT)

RETURN
END
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SUBROLTINE MVP
REQUIRES SLV(NV2)
MVP DCES A P-SEARCHK IF NEEDED
SAVE CLO CrISGUARE
REAL #% 8 D
DIMENSION C(1)
COMMCN F (1)
COMMCN/VAR/G(1)
CQM"CN/IAD/‘FI!‘FTZDIPNIOIPNZ'lpBloIPBZQIPSl'!pZOIFl.lFTZQlFNl’
LIFN2+IFB14 IFEZ2s IFS1,IF2,1G1,1G2
COMMON/KADG/LMIsLS1sMV1aMML sMS1 oMS2,KV1KGLl oKG2
COMMON/NAD/NVT s NVN gNVB o AVP 4AV2 4NT2
COMHCB/INDX/JERRvJCAL.JRESlJpAR.LPARQLMATQMPARQLPLTnLCAT.JpLYoJKEV
COMMCN/IEN/IEL1+ IE2,1E3, s IGSeNGT
COMMCN/LEV/ZJFLAGN L (10) +NRL(10210) sMOM{13,10)INL(10419)
COMMON/FLT/BEZ 4CE2 IsDOF INV,DTMIN
COMMCN/FLD/7AKOQ(10) AD(10) +DELTA(10)
CUMMCN/FLZ/GS? ?(é (10s10)sSTRFLEIJ41MN) 4FRL(10,10)
G
€.€/
/«C

Pe e N

EQUIVALENCE(C

CATA ITI.1T0/

CATA EPP (NPSNMAX

CHIOLC=DOF INV*PH+1

NPS={

SAVE ACRMAL MATRIX AT MM)

LM=LNM]

MM=MM ]

DO 11 LA=1,NvZ

DO 11 LB=LAsNV2

D(MM)=D(LM)

MM=MM+1

LM=L M1

SOLVE NORMAL EQULATIONS

CALL SLV(NVZ)

E:UGf ETA, IF NPS=0 SAVE ORIGINAL PARAMETERS
A=1.

A
)
(
1
1
»

23,13/

-
n

z
€0 TO 25
C(MVI=F(IP)
L

o

GC TO 23
S)elLEWs) ETA==,9#D(MV)/D(LS)

Xt R
ANODCHLMCTIVCT MM

-
Nt HON I~

z
XTONNE =i FTOMNZ T

-0

Gad 10 27
Ls)

n
N oa~

x
<

LS=L

=1F+1
éET!hEN VALUE COF CHI-SQUARE
JFLAG=0
PrHI=0.
Jv==1
CALL FH!N%O(:;A]

= FINV
E?lzgsgg STORE ERRORS IN ©C
IF(NPS.GT .0) c¢C TC 31
LM=LM]
MS=ME1
DO 29 Ls=t;Nx€2
L8= »

?g(fioEQ-LB.OR.LMAT-GT.Q) D{LM)=CHISQ*D(LM)
IF(LAJNEL.B) ¢0 TC 2S
D(MS)=CSQRT(C(LNVM))
MS=M54i

=LM+
%: t"AT-GTcO PRINT CONVARIANCE-MATRIX
THTIER: M) o LM=LLM] oL M2)
IF(LMAT «GT40) WRITE(ITO+2040(D(LMD, .
IF( QeGToCFICQLL) GO TO St

O+ 202 INFSsETALCHICLDCHISQ
THICKNESSES

At Z O

Meu€<hMmm=mTmT
-

00 3

IF(F GG TO

32
MV ) oF(IP)+D(MS)

MS=MS +1
GO TO 33



32
a3

ai
ez

34
as

(8]

38
39

41
42

36

WRITE(ITO»204)F (IF)

IF=1F¢1

PRINT NORMAL ISATICN~ERRORS
WRITE(ITO,22€)

WRITE(IT0,202)

DO 82 IP=1IPN1sIFN2
IF(FCIF)eEQeQ o) GO TO 81
WRITE(ITO9Z04)C(MV) 4F(IP)D(MS)
MV=MV 4]

NS=MS+1

GO TQ 82

WRITE(ITO,204)F(IF)

IF=1IF+1

PRINT TRANSMISSION EACKCRCUNDS
WRITE(ITO,222)

WRITE(IT0+202)

DO 35 IP=IPB1,1FBZ

IF(F(IF) ¢EQe04) GC TQ 3a
WRITE(ITUsZO04)D(MV) oF(IP)D(MS)
MVY=My ]

MS=MS+1

GO TQ 3s

WRITE(ITO,204)F (1P)

IF=1IF+}

PRINT RESONANCE PARAMETERS
WRITE(ITO,23¢)
IP=1pPE2

) GC TO 3¢
DIMV)oF (1P+1)4D(MS)

X

(723

K]
Mt AT D g Mg =f
MAaTMOm<cMamm

WF(IF+1)

o) GC TO 38
ID(MV)sF(IF+2),D(MS)

9
NRITE(ITO.¢00)F(IF+2)
IF=1IF+

M mamempn
Lol LT T
e Ne o
MO Mme L

F41)+F(IF+2)
WRITE(ITO,211)

MNP A2
CNZNONw (Wt - ™

v}

[«}

»
vwr
>+ >

MemNC<NO0DO~ZTn
e X fufuim

=ZNHOO00O
® Mo o 8 o
tie 4w M

m

Mew O
.
o
.
-

GO T0 43

Ti=T 1#PENR
Qe04) GO TO 42

—xx

Mo«

-~Wu

XXTOOTNZEX

® N mommeg o ™

Zdd TR =MMe
warwry 9 wy

o Live

+3) GO TC 41

-
wN
Y]
-
wn
e
k]
mm
zz
®>D

'RITE(!TO::OQ)T‘-TlcTS
GO TO 42
WRITE(ITO,404)T)

PEhRIPEN(LJoAKRN‘SORT(AES(T!)))
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43 IF=1F+1

46 CONTINUE
AUXILIARY PARAMETEFRS
WRITE(ITOe22€)
WRITE(IT0+202)
DO 4S5 N=1sNALX
I1P=1F+1
IF(F(IF) +EQeCoe) GC TO 44
WRITE(ITO+204)D(MV)sF(IFP)+D(MS)
MV=MV +1
MS=ME+1
GO TC 45

44 WRITE(ITO.204)F(IF)

4S5 IF=1F+1
RETURN
PROCEELC WwITH P-SEARCH

€1 NPS=NPS+1
IF(NFS«GT «NPSMAX) GO TO 71
IFI(NPS«GT W) GO TQ €1
COMPUTE PSC
GMG=C

J=NV2~-1
DO S4 LB=1sNV2
SUM=SUM+D (LB )*D(NV)
IF(LB «GEJLA) GO TO €3
NM=NM+J
J=Jd~1
GO TG Sa
€3 NM=NM+1
€4 CONT INUE
GMG=GNG+SUN%D(LA)
55 GG=GG+D(LA)*C(LA)
PSC=EPP¥®GMG/CG
ADD PSC TG DIAGCNAL ELEMENTS OF NORMAL MATRI X
ANC RESTORE IN C(LM1)
61 LM=LN]
MM=MM1
DO 63 LA=1sNVZ
00 63 LB=LAsNV2
D(LM)=C (MM)
IF(LA.EQ.LE) C(LM)=C(LM)+PSC
LM=L¥+]
63 MM=MM+]
PSC=PSCHPSC
GO TC 16
71 WRITE(ITO.,20E)
RESTCRE OLD PARAMETERS AND CHIOLD
CHISQ=CHICLD

HOsBXs " AP S 17X 'ETAT 3 ISX o *CHIOLD® ¢14 X,
s/ - )
H s11Cs€X83CG2Ce50// )
203 FURMAT HOsGXe* CLL VALUET'311Xs 'NEW VALUE® 14X,
1'ERROR?® )
204 FORMAT(1H +€G2048)
205 FORMAT(1HO»'CAN DC NO GGODs SORRY*)
211 FORMAT(1RH )
ZZ1 FORMAT(1HOsS5X ¢ SANPLE=-THICKNESSES?)
222 FORMAT(1HO+SX+* TRANSMISSION-BACKGROUNDS *)
224 FORMAT(1HO+SX+*FRACTICNAL ABUNCANCE AND RADIUS ')
225 FURMAT:IHO,SXo'FESCNANCE—ENERGY.CAPTURE—HIDTH’NEUTRUN‘UIDTH')
T(1H
(1

1
1
L]
202 FORMAT(1
1
*

AN

226 FORMA Qe/ /777777 915Xy CAUXILTARY PARAMETERS® 4///)
227 FORMAT(1HG«7Xe? (CNLY VARIEC LEVELS ARE LISTED)')
228 FORMAT(1HO+S5X+*NCRNALISATION-ERRORS')
230 FORMAT(1HGs////777/7/315Xs tRESONANCE PARAMETERS® +/7/)
231 FORMAT(1HO /777 3s1%¢ *AUCLEAR SPECIES ='913+5X,

4'NUMBER OF ANGULAR NOMENTA =1',13)
232 FORMBT(1HOs/7/ 32X '"ANGULAR MOMENTUM =',412+5X,

7ENUMBER OF LEVELS='14)

ND
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SUBRCUTINE
IMPL ICIT R

00 10 M=1,N
Ml=M=-1
DO 10 L=M4N
A=0,
IF(M1.LE.O) GC 10 6
KL=N+L
KM=N+¥
CO S LM=L,M1
A=A+F (KL )*F(KM)
JEN=-LW¥
KL=KL+J
S KM=KN+J
6 T=F(K)-A
IF(L «CToM) GO TC S
IF(T eCTeCo) GC To 7
WRITE(6+102)7
102 FORMAY (1HOs*FAILURE IN SLV =%49G20.5)
7 D=DSQRT(T)
F(K)=C
GO TC 10
9 F(K)=T/D
10 K=K+]
K=N+1
FI(K)=1e/F(K)
0O 12 L=2sN
K=K4MN-L+2
T=1e/F(K)
F{K)=T
Li=L~-1
KL=N+L
KM=N
DO 12 M=1,L1
LK=KL
A=0 .
DO 11 LM=M,L1
Il=KMeLM
A=A-F(KL)*F(11)
11 KL=KL+4N=LM
FILK)=A%T
JEN=-M
KL=LK+J
12 KM=KM+4+J
K=N+1
DG 14 M=1,N

KL=K
DO 14 L=M,N
KM=K
A=] e

13 KM=KM+]1

14 K=K+
DO 18 L=1,N
Az0.
IJ=N+L
JI1=2

VJSF(JI)
L) GG TC 16

16 1J=1J+1
17 CONTINUE
Fi(K)=2
18 K=K+]

RETURNM
END
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FUNCT ION SIG(E

REQUIRES SvsS(Z sUQsVO) AND FNS(VEWN)
FOR JVeGE.C CO CERIVATIVES

FOR JFLAG={ RE ES INTERFERENCE TERMS

COMMCN F(1)

s JV)
EC+ETA
MPUTES
CCMFLT
COMMON/VAR/G( 1)

.

DATA SQPI.PI4&/1.

DATA EPSI/1.E-€/

IF(JFLAGeNEQ) c 21

COMPUTATICN OF LEVEL-LEVEL-INTERFERENCES
(IF JFLAG=0)

JFLAG=1

IP=IPS1

454512.5664/

COMMON/ IAC/IP 19 IP T2+ IPN1+IPN2sIPB1+1PB2+IPS1+1IP2,1IF1sIFT2,1IFN1y
1IFN29 IF81 o IFB29 IFS141IF25,1G1,1G2
COMMCAN/KAC/LML+LS1oMV]I 4MM]14NMS] ¢MS24KV1sKG1 2 KG2
COMMON/NAD/NVT o AVNoNVE o NVP oNV29NT2
COMMON/ INDX/ JERF ¢ JCAL s JRES s JPARSLPAR JLMAT ¢ MPAR +LPLT JLCAT JPLY ¢ JKEV
COMMON/LEV/JFLAGINS2yNAUXeJL (10) oNRL(10+10)eMOM(1010)+INL(104+10)
COMMON/FLT/BEZsCEZ9EHIEL9PHI oDOFINVIDTMIN
COMMON/FLD/AKS (10 ) sCO(120) +sRAD(10)DELTA(LIC)
COM:%B/FLZ/GSPIN(lOolO)cFRL(IO'IO)oSTRFL(IOoIO)-GNAL(IO.IO).GAVL(IO'IO)
10,1

772454,

G

€0 70 29
GO0 70 13

¢C TC 19

GNR=F ( IP+42)
VER=SQRT(AES(ER)})

RHOR= AKRNS$VER
PENR=FEN(LJs RFOF)
SHFR=SHF (L JsRHCR)
FI(K)=0.

FIK+1)=0.

GR=GNR¥PENR

IPS=1FQ

DO 17 MS=14NRZ

IF(MS JEQNR) ¢C TC 17
ES=F( IPS)

GNS=F (IPS+Z)
RHOS=AKRNS#*SCRT (AES(ES))
GS=GNESX¥PENKR

DILL=ER~ES-(SHF (L J+s RHCS)=-SHFR) ®GNS
GH= o S¥( GAR4F ( IPS+1)+GR+GS)
TEMP=GNS/(LL 20L 4G *GH)
FI(K)=F(K)4TEMF¥CH
FIK+1)=F(K+1 )+TEMF*CL
IPS=IPS+3

K=K+2

IP=IP+43

CONTINUE

CONT INUE

MAIN FART CF CRCSS-SECTION
IP=1PS1

K=1IG1
VE=aSQRT(E)
S$SI1G=0.
IF(JV LT 0) GC TO 28
IF=IFS1

Kv=KV1

SUM OVER NUCLEAFR SPECIES
DO 56 NS=1,NSE2

FRS=F(1P)

AHAT=F(IP+1)

IP=1P+2

CNS=2 «%CO(NS/E
AKONS=AKC(NS)
AKNS=AKONS*VE
RADNS=RAD(NS)
AKRNS=AKONSRERADANS
RHO=AKNS$RADNS
RHOHAT=AKNS®*AFAT
CFNS=CNS*FRS
JL2=JLINS)
DEL=DELTA(NS)
IF(DEL «EQe0s )
DE=1./(DEL*VE
SQPICE=SAPI*C

) GC TQO 27
[



27

29

33

34

3s

36

40

SIGS=C.

IF(JV T.0) GC T0 33
KVR=)

KVN=0

lF(F(lF)-ECoO.) GO TQ 26
KVN=K

Kv= KVOI ’
IF(F(IF#I).EG-O.) GC T0 31
KVR=K

GKVJ= 0-

Kv=KV+]

IF=1F+2

SUM CVER ANGULAR-NOMENTA
D0 48 J=1eJL 2

LJ=MCN(NS,J)

SIN2=SIN

PENL=FEN(L
SHFL=SHF(LJ
CFGSCFNS#GSJ
FRZFRLINS +J)
SI1GJ=C.
IF(FR.EQeD,) €0 TO 34

ALJ=2%L J+]

€CO0s=1.-CCS2

IF(COS2eGTee959) CCOS=2 4 (SIN(+S*PHIL2) %%2)
SIGJ=ALJSCCOS*FR

CONTINUE

IF(KVREeKESQ) CKVR=C.

PICKET-FENCE EXTENSIONS

STRF=STRFLINS»J)

IF{STRF<EQe04) GC TC 38

GAV=GAVLI(NS,.J)

GNA=GNAL (NS J)

GTA=GAV+GNAXPENL

DBAR=CGNA/STRF

TEMP=STRF$PENL

PES=TEMP# E¥GTASF NS(DEAREL2)
PFA=-TEMP*FNS(DEARsE,1)
FENCE=PFS*COS2~FFA*SIN2

IFCINTY eNESC) FENCE=FENCE++S*(PFS*PFS+PFASPFA)

SIGJ=SIGJ4+GSJHFENCE

CONT INUE

IF(NRZEQ.0Q) GO 70O 48
CONTRIBUTION OF RESONANCES
DO 47 NR—I'NRZ

ER=F ( IP

GAR:F(IP#!)

GNR=F(1P#2)

IP=1P+3

GN=GNRIPENL
RHR=AKRNS*SQRT(ABS(ER))
SHIFT=SHF (LJsRHF ) -SHFL
EP=ShIFT#GNR+ER

GR=COSs2

HR=S N2

GH=¢S$(GAR+GN)

DL=EP-E

IFCINT.EQ.D) GO TO 236
GR=GR4F(K )#PEAL
HR=HR$F(K+ 1) $PENL

K=K+2

IF(STRF.EQe0,4) ¢0 TO 36
PFT=PFS+TEMPSGHIFNS(DEARE¢2)
GR=GR4PFT

HR=HR-PFA

CONTINUE

IF{(JV «GE0) FLACSF(!F)OF(IF*I)#F(IF#Z)
IF(DEL «NE«Co) GC 10
DENINV=1./(GF‘GFOCLODL)
U=GHSCENINV

V=DL#CENINY

IF(FLAG.EQeO ) GO0 TOo 39
DP1=-(U+U) BV



37

39

41

43

45
48

49

59

67
€9

41

DP2=(L4V )*(U-V)
GO TO 29
ETA=GH*DE
Z2ED=CL*DE
CALL SVS(ZEDETALO.VC)
U=SQP IDE*UC
V=SQP IDE*VO
IF(FLAG.EQeQ ) GO TC 39
OP1=(CE+DE)X(ETASV=ZED#U)
DP2=(CE+DE )* (CE-ZECHV-ETA*U)
IF(ABS(ETA®V~ZECXU) +LT.EPSI) DP1=-(U+V) &V
IF(ABS(DE~ZED*V~-ETA¥U) LTHEPSI) DP2=(U+V)I*(U~V)
UVSGRIU-HR*FV
SIGU=SIGJ+ESJHUVECN
CALCULATICN OF CERIVATIVES
IF(JVLTH0) GC 10 47
Ts EFFECTIVE RACIUS AHAT

NE «0 ) CKVR=GKVR-GN# (VSCOS2+4U%SIN2)
EGe0 o) GO TO 45
RESCNANCE ENERGY ER
)+EQeCo) GC 70 41
FGHAGNS(GR¥DF 1 ~-HRXDP2) *( 1+ +GNR¥DSHF (L JsRHR) ¥ s S*RHR/ER)
C
+

EXO=ERO~E e E
o CmTNe €~ Te MMe

ECUCEC NELTRON WICTH GNR
2)+EQeQ4) GC TO 4S5
HIFT—-«S40F2#PENL

1 ®FENL+CPZ*SHIFTY

EGE (PENLAIUVEGNS (GRRUN-HRYVN))

| ~DHR~DYX~D~~DT

-
-n
TOUwe+X

lF=IF43
CONT INUE
CONTINUE
GC TQ 4S
GKVJ=GKVJI+( AL J*SINZHFR+GSJI*GKVR) *DPH (L J s RHOHAT)

GC TC €¢
) C{KVR)={CFNS+CFNS) XAKNS®*GKVJ
) G(KVN)=SXGS‘CNS
SECFN
N CF AUXIL[ARY PARAMETRES
ALX
P)AFANS(VELEWN)
GC TC 6%
wWeReTo AUXILIARY PARAMETRES
eCo) GC 10 67
E+sEsN)

——
(2]
[

[}
.
+
C
(KVNN hi
CONTRIBUTl
DO 69 N-l:
[}
E
£
(

SIG=SIG+F
IF(JV.LT

I
)
N

<om-—7nnno.—mo~

L)
v
.
S

END

FUNCTION PFI2(LJsRHC)
PHI2=RHC+RFC
IF(LJEQeC) RETLRN
IF(LJeNE 1) GC 10 1
PHI2=FH12=-2.#ATAMN(RFC)

Y Ne.2)  cc T 2

) R

L g N ) - ATAN (3 .#RHO/ (3.—RHO*RHO)))
RETURN

lF(LJaNEa*& CALL ERFROR

RHOSA=RK +0

PHI2= 2% (RHO-ATAN(RFO#(RHCSA- 18, ) /(64 %¥RHOSQ=154)))
RETURN

END

FUNCT ION DFH(LJ.RFC)

IF(LJNE«C) GC 10

DPk=1,

RETURN

RHOSQG=RFrO*RHO

IF(LJWNEWJL) GC T0 2
DPH=RFCSG/(1.+RFOEQ)

RETURN

IF(LJWNEJZ) GC
DPH=9.#RHUSO/(9o+RFGSQ*(3.+RHOSQ))
RETURN

IF(LJeNEe3) CALL ERROR
RHO4=RHOSC*RHCSC
DPH=(RHO4+RKHCA) ¥ ( RHOSQ+2.)/
1(225 4445 ¢ P RHCSO+RHC4#( &+ +RHOSQA) )
RETURN

END



2 IF(LJNE.Z) GC 10 2
SHF:-(90+IcS*FFCSC)/(Q-+RH0$Q*(3.0RHOSQ))
RETURN

3 IF(LJYNELI) CALL ERROGR
RHO4=RHOSC*RFOSC
SHF=’(337050450‘RPUSQOJ.*RHO“)/(22500&5.‘RH05006-‘RH00
L+RHO4+RHOSCG)

RETURN

END

FUNCTION DSHF(LJyRh()
IF(LJNELO) GC TC 1
DSHF=C.

RETURN

1 RHOSC=RhOXRHO
IF(LJJNEWL) GC T0 2
DSHF=RHO/ ((1++RFCSC)*%2)

RETURN

2 IF(LJNEL2) “GC 10 2
TEMP=G ¢ +RHCSC#( 2. +RIOSQ)
DSHF=3.‘RHC*(TENP'G-*RHOSQ)/(TENP‘TEMP)
RETURN

3 IF(LJNELZ) CALL ERRCR
RHO4=RHOSG#*RFDOSG
RHO6=RHO4*%RHCSG
TEMP=EZE-+45.tRPOSQf&.*RHUQfRHOb
DSHF=1687050900-#FHCSG#38205‘RH040RH06‘(30.ORHQSQ)
DSHF=6c*RHC*CSHF/(TEMP‘TEMP)

RETURN

END

FUNCT ION PEN(LJsREC)
PEN=RIO

LF(LJeEGe0Q) RETLRN
RHOSQ=RHC*RHC
IF(LJJNESL) GC TG 1
PEN=PEN®RHCSG/( 1 .4RFCSQ)
RETURN

1 RHO4=RHCSGC*REFCSC
IF(LJ «NEoZ) Gt T0 &
PEN=RFC®RHCA/(S «+32 #RHOSQ+RHO4 )

RETURN

2 IF(LJ.NE.3) CALL ERROR
RHO6=RHO4%RIF0SQ
PEN=FFC*RHCO/(2ZE 445, ¥RHOSQ+6¥RHOA+RHCO)
RETURN
END
FUNCTION FNS(VESsEsN)
COMMON/FLT/BECsCE+EHIELSsFHI yDOFINV.OTMIN
DATA EPS/.582/

FNS=0.
GO TO (21+22+23924+25426427:28429)N

2l FNS=ALCG((EH-E+EPS#HVE)/(E-EL+EPSEVE))
RETURN

22 FNS=(Er-EL4VE )/ ((EF~E++SHVE)X(E-EL+.5%VE))
RETURN

23 FNS=1.

RETURN

€4 FNS=E
RETURN

25 FNS=VE
RETURN

26 FNS=1./VE
RETURN

27 CONTINUE

28 CONT INUE

29 CONTINLE

42

FUNCTION SHF (LJsRHO)
IF(LJoNELC) GC 7O 1
SHF=0.

RETURN

RHOSQ=RrO*RHC
IF(LJeNEW1) GC T1C 2
SHF==-4.5/(1.+RIFOSQ)
RETURN

END



W™=

43

SUBROLTINE SVE
COMMCN/TRTI/Z TR
CATA K/Q/

IF(K «EGe1) G
K=1

KI=1

X==al

[o]6] 2 I=1+€2
Y=~

DO 1 J—l|€2
CALL ‘(X’Y'TR(!'J)'TI(!IJ))
Y=Y+l

X=X+l

CONT INUE

CALL CGUICKW (AXsY1lsREWSAIMW)
RETURN

END

Dhﬂ

SUBROUTINEW(REZ,AIVI.REK.AIMN)
REW=3

AIMW=Co
AIMZ=AES (AIMI1
IF(REZ)27+20C1
IF(AIN1)Z274+2CC
REW=1.

RETURN
R2=REZ2*REZ
A[2=AIMZ*XAIMZ

(<]

IF(ABHEZ+1.1*A
IF(AEREZ 41 ¢4
AEREZ+1-8
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2000

C wA
180

11

41

12

€ES
€3
C WY
200

42
6

664
€4

40

a4

NMAX=11

KW=2

AINMZ=AIM]

Go TC 200

Kw=1
IF(AINL1)20C0,15Cs15C
KW=2

AIMZ=pIN]

GU TC 200

IS OBTAINEL FRCM ASYMTICTIC SERIES
RV=2 «#(R2-A12)

AK=4 ¢ ¥RELZ*AINMNZ

EL=AK

H=0.

8=0.

A=3 .
TEMPM=0,
TEMEL=0.
G=1.
C==-1412837¢
D=1e12837SZ2
AM=RV-=-1.
AAK=1.

K=0
AJTEMF=2 4% AAK

TEMP4=(1le~AJTEMF) *AUTEMP

AJP=RV=(4 ,3AAK+1,)

GO TC 49

AAK=AAK+1

K=K+1

PR=REW

PI=AINW

AMAGN=TEMPNX¥Z+TENEL*%2
REW=(TEMPC*TEMPN‘TENPC*TEMEL)/AMAGN
AIMW=(TEMPMEXTEMFEC~-TEMEL%*TEMPC ) /AMAGN
IF(ABS (REW=PR)=14E-€)065,11,11
IF{ABS (AIMW-PI)-14E-€)65,11,11
RETURN

IS OBTAINEC FRCM TAYLCK SERIES

TEMP I=RZ+A1Z

TEMP2=2 *TEMF 1*TEVMP 1
AJ=~(R2~AIZ)/TENPZ

AK=2 s $REZ*AINZ/TENMP2

2%AINZ
*REZ

H=0 o

EL=0.

A=1.

AM=1,

SIGP=1.5

EXPON=EXP (TENPZ%*AJ)
EXPC=EXPUON*CCS (TEMF2%AK)
EXPS=-EXPCN*SIN (TEMP2¥AK)
SIG2F=2+%S1GP
AJ4SIC=4.%AJSIG
AJ4SMI=AJASIG-1.
TEMP3=1./(AJ4SM13(AJ4SI
TT4=SIG2P % (2 ¢*¥AJS1IG-14)
TEMP4=TT4/(AJ4SVF1 %X (AJAS
AJP=AJ+TEMF3

GO TC 40

AJSIC=AJSIG+ 1.
JSIG=JSIG+1
TEMP7=(AME®AM4EL #EL ) %1.7724539
REF=(AIMZ* (C*AM4DIEL )-REZ*(AMFC~-C*EL) )/
1TEMP7/TEMP]

AIMF=(AIMZ*(ANIC-CHEL )+REZ*(C*AM +C*EL) )/ TEMPT/TENPI
PR=REW

PI=AINW

REW=EXPC~REF

AIMW=EXPS=-AIMF

IF(ABS (REW=FR)~1.E=€)664:747

IF(ABS (AINMW=FI)=14E~€)64s7s7

RETURN

SIG2P=2.*%AJSIC

GO TC 4

TEMPC=AJPSC+TEMF4$A-AK D

TEMPD=AJP*C+TEMF4*B+AKRC

TEMEL=AJPSEL+TENMP &3+ AK#AN

TEMPM=AJPSAMITEVMP 43G-AKXEL

A=C

B=D

G=AM

HE=EL

C=TEMPC

D=TEMFC

AM=TENFM

EL=TENEL

IF(AES (TEMFM)4ABE (TEMEL)-147E15)4943,443

G+3.))
IG+1)%(AJASIG-3.)%AJ4SML)



45

43 C=1.0E-15%C
D=1+0E-15%C
AM=] ¢ JE-15%AM
EL=1.CE-1S*EL
TEMPC=1+.0E-15*TEMFC
TEMPD=1.0E-15%TEMFD
TEMPM=1,0E~-1S#TEMFNM
TEMEL=1.,0E~-1S*TEMEL
GO TC S¢C

49 IF(ABS (TEMPM)+ABES (TEMEL)=1+0E-15)84+44,50

44 C=142E15%C
C=1.0E15%C
AM=1.CE15%AM
EL=1eCE1S*EL
TEMPC=1.0E15¢TEVPC
TEMPD=1.0E15*%TENFC
TEMPN=1.0E1S*TENP N
TEMEL=1.0E1S*TENEL

€0 GO T0(41+42+12345)ekw

12345 RETURA
END

SUBROLT INE QUICKW (AXsY sREW,AIMW)
COMMCN/TRTIZTR(E2462)+T1(62262)5KI
AKI=SIGN(LesAX) QUIC0030
X=ABS(AK) QuIcosal
TEST=X#X+Y #Y QUIC00S0
IF(TEST.LT«3€64)G0 TC 10 QUIC0060
IF(TEST.LT4144,)6C TO 2 GUICRnT?
IF(TEST.LT+1C000.)GC TO 3 auICco080
Al=1+7(1.7724E2CxTEST)
REWZY#A1 QUICH10?
IF(K I +GTo0)AIMWSX#AL¥AKI QUICO110
RETURN QUICO120
15 TI=X*12. QUIC0130
JJ=Y*10. QUIC0140
I=11+42 QUICI 157
J=JIH2 QUIC0160
N=J-1 QUICO0170
P=10+¥X~-11 QUICO189
Q=10 .*Y-JJ QUICO01S0
15 P2=P%F QuIco2ce
Q2=0%G QUICO219
PO=P *C QUIC0220
HP= o 54P QuUIC023%
HQ=+54Q QUIC0240
HQZ= « 5402 QU1C0250
HP 2= oE#P2 QUICO260
A1=FQZ-HQ QUIC0270
A2=HPZ=-HP QUIC0280
A3=1.,4PQ-P2-Q2 CUIC02S)
AA=HPZ-PQ+HP QUIC0300
AS=HGZ-PQ+HC QUICI 318
REW=A1#TR(IsN J4A2STR(I-1+J) +ABETR(I,JI+AGHTRI+1,J)+ASKTRII,J+1)GUICD3I2Y
1+PQ& TR{ I +12J41) QUIC0330
IF(K1.LE.QO) GC TO € QUICO0340
5 AIMW=AL#TI(IsN S 4 AZETI(I-1sJ)+A3RTICI,J)+AGHTI(I+1,I)+ASKTI(1,J+410QUICO350
1)+PASTI(I+1sJ+1) QUICO0360
AIMW=AIMWEAK QUICO37%
GUTO8 QUIC0380
2 Al=X%Xx —Y*Y QUICO03%0
A2=2 s ¥ X¥Y QUICNA420
A3=A2%A2 QUICO0410
Ad=A1-e27525€1 QUIC0420
AS=A1-2.72474% QUIC0430
Dl=e5124242/(A4%A4+A3) QUIC0440
D2=.0£176536/( AES3AS4A3) QUICO0A4SH
REW=D1#( A2%XX-A48Y )+CZ#(A25X—-AS5SY) QUICO04€Q
IF(KI.LE«C) GC TO € QUIC0470
7 AIMWECI®(AGEX  +A2%Y)+D2¥ (ASEX+A2%Y) QUICC48)
AIMW=A IMW*AK T QU C0490
GoTO08 QUIC0S9C
3 AL=(X#X -YHY )%2.
A2=8 JAX$Y QUIC0520
AG=Al-1. QUICHS30
D1=1412837G2/(A4%A4+A2KA2) QUIC0540
REW=0 1% (A2%X—-A4 %Y ) , QUICO0550
IF(KI.LEsC) GC TO 8 QUICS6S
9 AIMWSCI#(AA¥X+AZHY) QUICOS70
AIMW=AIMW#AKI Quicossd
8 RETURN QUICE60P

END
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APPENDIX III.

Listing of Input
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SAMPLE PROBLEM

SIuB TEST PRABLEM WITH 4QM 23K NATA

(F10+3/)6F64+3)

C.864
U.888
0,901
U.834
5.869
¢t,206
J.866
G.849
0.862
0.887
N.843
U871
{1 ,8B93
N.8%8
¢.871
0.873
t.578
H.904
0.862
6,817
1.806
Ga778
0,542
nL.501
UeD10
0,635
Ne734
d.782
U.551
0sB43
(1,898
0.854
0,874
0.846
0,396
0916
0,841
0.826
0.85¢
0.853
0.871

3 5
q|74E-07

458,136
456,344
458,552
458,761
458,970
459,179
459,388
459,597
459 .5806
460,016
460.225
460,435
460,645
460,855
461,065
461,275
461,486
461,697
461,907
462,118
462,329
462,540
462.667
463,175
463,386
453,598
454,811
464,023
464,235
464,448
464,660
454,873
465,086
465,299
465,512
465,726
465,939
466,153
466,266
466,581
466,795

.9

1 0
7'40E"’12

D.025
N.026
n.026
0.024
0.025
n.N2é6
0.025%
0.024
N.025%
0.025%
0.024
N.025
n.025
g.02%
0.025%
0.025
nN.028%
0.026
0.024
n.nz4
0.023
N.023
0.021
n.N1R
00017
0.017
0.020
0.022
0,023
0.025
0.024
0.025
N.N24
0.025
0.025
0.026
0.027
0.024
0.024
0.02%
D.024
N.025

0 0
566.0

0,536
0,580
0,550
0,542
0,580
0,542
0,582
0,541
0.558
N.529
0,535
0.570
0.604
n.552
0,577
7,565
0,559
N.%560
0,563
N.551
0,453
3.381
N.242
0.116
D.066
0.091

0.167

0,263
'Ja403
0,473
0.489
0,497
04560
0,542
0.501
0,528
0.531
0,517
0,529
0.573
D546
0,524

]

g 0

386,10

0,017
0.018
d.n17
0.017
0.n18
0.017
0.n18
0,017
0.017
0,016
0.017
0.018
0,019
0.017
c.018
0.017
0,n17
0.018
0,017
0.015
0,014
0.7210
0.007
0.005
0.006
0,008
0.010
0.014
0.015
0.016
0,016
0.018
O.nj7
0.016
0.016
0,017
0.016
0.N17
0.018
0.217
0.n156

0.149
1.146
0,138
0,149
n,143
n,157
0.141
0.146
0,150
0,151
0.153
N,154
0,152
N,151
0,154
n,149
0,160
0,159
0,155
1,144
7.103
N.059
N.N20
0.004
0,003
C.r'05
0013
J.033
0,062
3,090
nN.s107
N.,114
0,115
0,120
0.128
0,123
0.127
5,128
0.122
0,130
04130
2,127

0 -1
0,999

0.005

0.005
0,304
0.005
0.004
0,005
0.004
0.004
0.005
0,005
0.005
0.005
0.005
0.005
0.005
0.005
0,005
6.005
0.005
0.005
0.003
0.003
0,002
0,001
0.001
0.001
0.001
0.002
0.003
0,003
0.004
0.004
0.004
C.,004
0.004
0,004
N.004
0,004
0.004
0,004
6.004
0.004

1

1 n
N.0030



467,009
407,223
467,438
467,653
467,867
468,082
468,297
468,513
468,723
468,944
469,159
469,375
469,591
469,808
470.024
470,240
471,457
470.674
470.391
471,108
471,325
471,542
471.760
471.978
472,195
472,413
472 .632
472,350
473,068
473,287
473,506
473,724
473.943
474,163
474,332
474,602
474.521
475.041
475,261
475,481
475,701
475,922
476,142
476,363
476,584
476,505

D339
n.479
0.877
t.8%6
N.871
G875
0,335
0.873
N,.,A58
n,839
0,882
0.842¢
H 349
G,.,879
D.067
D.8610
0.837
0,960
0.876
04,372
('0571
n,872
0.366
0,891
D.587
N.919
N.927
n,894
0.d86
(:-‘ 0838
2,852
NeB842
Neb79
N.201
u 0381
1,862
2362
1,892
0 .B47
(.867
4.87s
(866
04370
{.862
0.835%
1,839

47

0.024
n,n25%
0.025%
0,024
n.n2zs
0.02%
n.024
0.025
n.n26
g.n24
0.025
Q.024
D.G24
0,025
0.025

0.025
n,.n24
0.026
0.02%
n.025%
n.n2%
n.025
0.025
0.026
0.025
nN.026
§.027
n,N26
0.026
0.024
n.g24
0.024
0.025
p.N26
0.n25
0.025
0.02%
D.026
n.024
0.025
0.025
D.025
D.0P5
0.024
g.024
0.024

0.504
0,523
0.511
0,511
0.531
D.565
N.539
0.533
0,577
n,%42
0,529
0,551
0,542
0,559
N.O56

n,556
0,582
1,564
0.521
0.571
0.56%
6.553
0.575
0.521
N,564
0,568
0566
N.560
0,578
0.577
0.544
0.539
0,563
0.568
0,526
0,564
0.571
0.575
0,527
0,589
0,541
04572
0,572
0,557
0,582
0.584

0.0156
0.016
0,016
0,016
0.017
C.018
0.017
£.n16
0.n13
0.017
n,n17
0,017
0.017
3,017
c.,017

0.017
0,018
0.018
0,016
0.018
Nn.n17
0.017
0,018
0,016
0,017
0.018
n.n17
0.017
0.018
2.018
G.n17
N.017
D.018
0,018
0.015%
0.n18
0.018
C.N15
0,018
n.o17
0.018
0.n18
D.N17
0.018
J.018

n.,123
0,125
0,129
0.129
0,136
0,133

0134

n,144
0.140
0,140
n,141
0,137
0136
0,143

0.140
C.141
nN,142
n,142
0,143
n,141
0,148
1,142
1,141
0,141
N.150
G.147
0.147
0147
Ue146
0,151
0148
N.148
n,.,142
1,149
0,160
D.149
0,147
n.158
0.154
0.157
0.162
0.155
nN,159

0.004
0.004
0.004
0.004
0.004
0.004
0.004
6.005
0,904
0.004
0.004
0.004
0.00¢4
0,004
0.004

0.004
0.004
0,004
0.004
0.005
0.004
0.004
04005
0.004
0.004
0,004
g.n05
0,005
J3.004
n,nos5
0.004
0,005
0D.005
0,004
0,005
§0.004
0.005
0,005
0.004
0.004
0,005
0.005
0.009%
0.005
0.005
0,005



477,26
477 .247
477,469
477,690
477,912
478,134
478,356
478,579
475,501
479,023
479,246
479,469
479,692
479,915
480,139
480,362
480,586
480,810
481,034
461.258
441,482
481,707
481.531
482,156
482,381
482.606
482,831
483,056
483.282
463,508
483,734
483,960
484,186
484,412
484,639
484,865
485,092
48%,319
485,546
485,773
486,n01
486,229
486,456
486,684
486,912
487,141
457 ,369
487,597
487,826

UeBd64
C.324
0.8706
00831
.7 46
T.656
UeD22
TeABU
14750
N.R41
(.850
£ .835
G 08()0
U,843
n,824
i .839
J.8b5
(867
N,867
0,856
U854
C.857
(i,890
0,853
0.9069
G.834
0.861
U835
.89¢
nN,903
n,847
0,876
0,890
n.,85%53
6,874
0.860
0,902
0.893
0,844
0850
n,833
0.371
(.86
2.888
0.870
0.833
009(41
1.879
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0.025
0.024
0.026
n.025
7.623
¢.021
0.020
0.019
0.021
0.022
0.024
2.025
0.024
0.025
0.024
0.024
0.024
N.026
0.025
0.025
C.024
0.026
0.n24
0,025
0.024
0.026
0.024
0.025
0.024
0.026
0 0-026
0.024
0.025
0.026
0.024
0.025
0.025
N.026
0.026
U.024
0.024
0.024
0.025
0.025
0.025
0.025
0.024
n.026
0.025

0.558
3.538
n.522
J.444
0,346
0.218
04119
04117
N,201
0.298
0395
0,473
0,562
0.540
0,523
0.532
0.501
0.541
0,539
0.577
0.520
0.541
0,556
0.529
0,550
0,547
0,528
0,542
0,568
0.567
0.543
0,565
0,522
0,532
0.512
0,549
0,518
0,526
0,503
0.548
0,531
0.581
0.548
0,938
N.557
0.560
0,570
0,542
0.547

0,018
0,017
g.017
0.015
0,013
0.010
0.007
0.007
C.009
0.011
0.013
0.015
N.N18
0.n17
0.016
0.016
0.015
0,017
0.017
0.n13
g0.n16
0.017
0,017
0.016
0.n17
0,017
0,016
0.n17
0,017
0,017
0,017
0.016
0.017
0.016
0,n17
0.016
0.,N15%
0.016
0,017
0.016
0.01R
0.017
0.016
0.017
0.017
0.018
Q.7
0.017

0,15%
0,147
J.130
0,099
0,547
0.715
0,004
0,N07
0.017
0.n41
0.072
0.097
14115
0.121
0,132
n,133
0.142
£,136
0,138
G.139
0,139
C.141
C.151
G.145
04133
0,142
N.148
0,137
0.141
0.141
£.142
0,146
6,143
0,141
0,140
0,135
0,124
0,115
0,129
0.139
0,136
0.151
0.150
0.159
{i.148
0.151
0,152
n,143

0.005
0.005
0.204
0,004
0.002
0.001
0.001
0.001
0.001
0.002
0.003
0,003
0.004
0.004
0.004
0.004
0.004
0,004
0.004

0.604

0.004

0,004

0.005

0.004

0.00C4

0.004

0.005

0,004
0.004
0.004

0'004
0.004
0.004
0.604
0.n04
0,004
0.004
0.004
0.004
0.004
0.004
0.004
0.005
0.005
0.005
0.004
0.005
0,005
c.004



488,055
488,284
468,513
488,743
488,972
489,202
489,432
489 .662
489,892
491,123
499,353
490,584
49y ,614
491,045
491,277
491,508
491,740
491,971
492.203
492,435
492,667
492,899
493,132
493,365
493,597
493.830
494,063
494,297
494,530
494,764
494,998
495,231

0.012395
0.0

0.0
(3F10,3)
1.000

397.4
4140,2

0.860
0.85%6
U.854
G.018
n.801
N.551
C‘ 084‘§
n.B8e2
0,359
0.89¢
L.,88%
N.u4b
(B60
§.852
n,895
0,906
n,907
G897
(1,865
(.836
0.893
0.267
. 064
0.889
(.BE3
D|902
0,912
DLBEB
(892
5,865

c.N24 0.535
0.02% 0,518
0.025% 0.482
n.024 0,377
0.023 0,397
0.025 0.428
n.024 0,483
n.n2s 0,524
0.n2% 0,588
0.025 0.526
D.026 0.548
0.024 0,593
0,024 0,540
0.024 0,557
0.026 0,543
n.n25 0.588
0.026 0,570
0,026 0,575
6,025 0.562
n.024 0,578
0,025 0,571
0.025 0,580
n.,024 0,568
g0.025 0,540
0.N25 G.549
0.026 0,568
0.026 0,608
0.n2%5 0,554
3.02%5 n,566
N.025 0.564

0,880 0,025 0.556
0.857 0.025 0,587

0.105208
g,
C.0

U,9184
0
0.00640
0, 02060

0,217
0,016
0.016
0.013
c.014
pD.n14
0.0156
0.017
0,018
0,016
0,017
0,018
0,917
n,o17
h.,017
n.,018
D.n18
n1.018
n,.017
0,018
0.018
n.n18
n,018
0.n16
0,017
N.017
c.,n19
n.017
0,017
0.017
0,017
0.018

49

0,130
n.112
6,078
n,ns7
n,ns2
n,ne6s
N,.095
n,.,130
.141
0,155
Ce149
n,146
0,152
1,157
0.160
0.153
0.155
(41506
0.153
0.150
i, 49
n,1958
nN,154
n,153
0,158
Ne154
0.149
7,159
n,158
0,148
0,160
0.156

300,0

1

o0

0,004
0.004
0.003
0,002
0,002
0,003
0,003
0.004
0.004
D-DOS
0.005
0.004
0,005
0.n05
0.005
0.005
0,005
0.005
0.005
0,005
0.004
G.005
0.005
0.005
0.005
0,005
0.004
0.005
0.005
U.004
0,005
0.005

0,04906

RLANK CARD
dLANK CARD

0,981

0,0230



433.7
462, 3
478,3
518,3
535,2

466, 8
485.0
488, 2

o
-
o

TDODONOD O

NN D OSSO OO R D
[anlil ok} o <

-

Lol 'R o ]

DO N NS OO

LASIAGIE \V)

0,00998
0, 00550
7.0038)
4.,0516¢
0.3470¢

1

D.,00019
G+000C12
(.00062

0.0235
0.0235
0.0235
0.0244
0.0235

0 1,0
0.0236
0.0236
0.,0241
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SLANK CARD

FLANK CAgD
HLANK CARD
ELANK CARD

BLANK CARD

BLANK CARD

SLANK CARD
SLANK CARD

SLANK CARD
SLANK CARD
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B. Listing of Output :

SI0B TEST FRCBLEM WITr a3M 238L CATA

FIXED POINT INPUTS 3 s 9 1 (] [] o [+] [} [ 0o -1 1 1 [}
FLOATING POINT INPUTS 0+S74E-CE C.74CE-11 566. 386 2999 Ce330E-02
NUMBER CF TRANSMISS ICN VALUES £C7

MAXTMUM ADCRESS OF F-ARRAY 178¢€

MAXIMUN ADDRESS OF G-ARRAY g61

TRUNCATION LIMITS J8€LCC 56€.00

INPUT RESONANCE FARAMETERS

NUCLEAR SPECIES = 1 ECLCEB MDNENTUMl Qa21875€-C2 NUCLEAR RADIUS= n.83874
OPFLER WIDTH> 0,78€33E NUM OF ANGULAR MOMENTA=
FRACT IONAL ABUNDANCE= l-dCcC EFFECTIVE RADIUS= 0,9184
ANGULAR MOMENTUNZ INTERFERENCE PARAMETER= SPIN STATISTICAL FACTOR= 1,000 POTENTIAL SCATTERING FRACTION= 1,000
STR ENGTH-FUNCYIDN* De49C60E-21 A VERAGE NEUTRON WIDTH= De9817¢C AVERAGE CAPTURE-WIDTH= 0.23000E-01
NUPEER OF LEVELS= ?
RESONANCE ENERGY CAPTURE-WIDTH NEUTRON-WIDTH
0.25200€-01 €e64010E-02
0422600E~01 0e20600E-01
Qe23500€-01 Ca998C0E-J2
2e4235CHE-01 € +55000E-02
0.23500€-01 0e38000E-02
518,30 0+24403€-01 +S1600E-1
$35.20 0+23500€-01 0. 47000€E-01
ANGUL AR IONENTU INTERFERENCE PARAHETER o} SPIN STAT!STICAL FACTOR= l-CC POTENTIAL SCATTERING FRACTION= 1.0C0
1RENG1’H—FUNCT [ON= 0.0 VERAGE NEUTRON-WIDTH= VERAGE CAPTURE-WIDTH= 0.0

NUNBER OF LEVELS= 3

RESOMNANCE ENERGY CAPTURE~-WIDTH NEUTRON-WIDTH
466.80 0423600E~-01 0¢10000E-03
485.00 0+23600E-01 0+12000£-03
488420 34241 83E~D) 0e62C20E-23

ITERATICN NUMBER 1
NP S ETA CHiOLD CHINEW
0 1.00C0 294,300 4.8829

SAMPLE-TH ICKNESSES
GLC VALUE NE® VALUE ERROR

0+12365E-01
VeS2)8JE-01

0417536
NORMAL ISATION-ERRORS
OLC VALUE NEW VALUE ERROR
§Z§ 2018838080 % 0133135002
L ]

TRANSMISS ION-EBACKGRCUNCS
OLC VALUE NEw VALUE ERROR
Q0

0.0
0.0



52

RESONANCE PARAMETEFRS

NUCLEAR SPECIES = 1 NUNBEFR CF ANGUL AR MDMENTA = 2
FRACTIONAL ABUNCANCE ANC RALCILS

CLD VALUE NEW VALUE ERROR
1.0000
2451842 0«9€£370 212906D-02
ANGULAR MCMENTUM = 0 NUMEER OF LEVELS= 7

RESGNANCE-ENERGYs CAPTURE-WICTHNEUTRON=-WIDTH

OLD VALUE NEw VALUE ERROR

(ONLY VARIEC LEVELS ARE LISTED)

4€2.80 462.12 0.11517E-D1
0235C0E-01
0455019E-02 0e3S€ES1E-02 0.21574E-03
478.30 47€.42 0.12477E-01
0+23500E~01
0e380GC5E~02 Ce37049E-C2 0.14500€~03
ANGUL AR MCOMENTUM = 1 NUMBER CF LEVELS= 3

RESCNANCE-ENERCY s CAPTURE-WICTHsNEUTRON~-WIDTH
OLC VALUE NEW VALUE ERROR

(ONLY VARIED LEVELS ARE LISTEC)

4€6 .80 4€€. €1 0412985
Q0e236C0E-01
Ce 10004E~02 O +4S4€E4E-04 Oe 24433E-04
48SCC 48€ .26 0.112¢C5
0e236C0E~-01
0412010E-02 Qe7E3ECE-04 0+24801E-04
488420 4BELES 0427767E-01
0.241C0E-01
Q.€2393E~-03 Ce2S111E-023 De4145CE-2C4

AUXIL IARY PARAMETERS

OLC VALUE NEWw VALUE ERROR
0.0 -0.323570 0.13253
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ITERATICN NUMBER 2

NFS ETA CHIOLD
o) 1.C00C2 4.8829
SAMPLE-THICKNESSES
OLC VALUE NEW VALUE ERROR
0#12365E-21
0«£2080E-01
0417536
NCRMAL ISAT ION-ERRORS
OLC VALUE NEw VALUE ERROR
=-0+607431D-02 ~C2EEETE-T2 0.32031D-02
-04293600~-01 -Ce22132E-01 0. 36255D~02
00
TRANSMISSION-EACKCGROUNCS
OLC VALUE NEW VALUE ERROR
0.0
0.0
00
RESONANCE PARAVNETEFS
NUCLEAR SPECIES = 1 NUNEER CF ANGULAR MOMENTA = 2
FRACTICNAL ABUNCANCE ANC RATILS
OLC VALUE NEW VALUE ERROR
1.0000
0465370 Q.948EE 0.929280-03
ANGULAR MCMENTUM = ¢ NUNEER CF LEVELS= 7

RESONANCE-ENERGY s CAPTURE=WICTHIsNEUTRON-WIDTH

OLC VALUE NEW VALUE

(ONLY VARIED LEVELS ARE LISTED)

4€3.12 463417
0423500E~01
0¢39653E-02 CeS10€AE-T2
478442 LYEFY ]

0+235C0E-01
0+37049E-02 043G€49E-02

ERROR

Je 74882E-02
0.88958E~-04
0.86925E-02
0¢9€005E-04

CHINEW
23742
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ANGUL AR MCMENTUM = 1 NUNMBER CF LEVELS= 3
RESONANCE-ENERCY+ CAPTURE-WICTH+NEUTRON=-WIDTH
QLC VALUE NEW VALLE ERROR

(ONLY VARIED LEVELS ARE LISTEC)

46€6.91 4€7.1€
0423600E-01
0.45502E-04 Q0eSZSCEE~-04
48L.26 48€,.,23

0+22600E-01
Je78376E-C4

CelB469
0.16739E-04
0012528
CelZEESE~3 Q¢17750E-04

4€8.69 48S.1¢
Je241C0E~C1

0e33424E-01

Je2S1E2E-03

0+64901€E-03

AUXILIARY PARANETERS

OLD VALUE
-0433570

NEW VALUE
~0e22924E-01

O 18594E-04

ERROR
04999350~-01

ITERATION NUMBER 3
NP S ETA

2 10000

SANPLE-THICKNESSES
OLL VALUE
0+12365E-0U1

0+52080E-01
3017536

NEW VALLE

NORMALISATION=ERROIRS

OLD VALUE NEwW VALUE
~0.+285670-02
~0.22132D0-01
CeC

~0e2110€E-02
-Ce21CE3E~01

TRANSVMISSION-EACKGRCUNCS
OLD VALUE NEw VALUE
0.0

0.0
‘) .c

CHIOLD CHINEW
240742 1.0611

ERROR

ERROR

0.23008D-02
0.26021D~-02

ERROR
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RESONANCE PARAMETEFRS

NUCLEAR SPECIES = 1 NUMBEFR COF ANGULAR MOMENTA = 2
FRACTICNAL ABUNCANCE ANC RACIUS
OLC VALUE NEW VALLUE ERROR
10000
CeS4888 0+948€2 0.661210-03
ANGUL AR MONMENTUM = NUMEER CF LEVELS= 7

RESONANCE-ENERCGYsCAFPTURE-WICTH,NEUTRON-WIDTH

OLC VALUE NEW VALLUE ERROR

(CNLY VARIED LEVELS ARE LISTEC)

4€3417 Q4€2.17 0.50667E-02
0.23500E-01
Je51263E~-02 NeSIEIGE-C2 0.84385€E-04
478442 478443 0+.6038B6E-02
0¢23500E~01
04329649E~-02 0.368132E-02 0.72857E-04
ANGULAR MCMENTUM = | NUMBER CF LEVELS= 3

RESONANCE-ENERCYs CAPTURE-WICTHNEUTRON-WIDTH
CLD VALUE NEW VALUE ERROR

(ONLY VARIED LEVELS ARE LISTEL)

467.15 4€TL1E 0412355
0e¢2Z€E00E~-0Q1
2e52912E-04 0 «SEQEZE-T4 0+11985E-0C4
485.33 48€.,30 0.55287e-01
023600E-01
Je12864E~33 0413022E-03 0.13155E-04
48%.15 48E.E7 0.13C38E-21
) e2413CE-01
0«64346E-03 Ce72€74E-03 0. 18745E-04

AUX IL IARY PARANETERS

OLD VALUE NEw VALUE ERROR
~0422924D-01 -0.174C0E~-01 0.70507D0-01
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ITERATICN NUMBER 4

NPS ETA CHIOLD
0 1.C0C0 1.0611
SAMPLE-THICKNESSES
OLD VALUE NEwW VALUE ERROR
Qe l12395E-01
0+52080E~-01
017536
NCRMAL ISATION-ERRORS
OLD VALUE NEW VALUE ERROR
-0.21108D-02 =Ce15€CBE-02 0.22108D~02
-0.210630~-01 ~042CE€G3E-C} 0.250230~-02
U0
TRANSMISSION-EACKGROLNCS
QLD VALUE NEW VALUE ERROR
040
Q.0
0.C
RESONANCE PARAMETERS
NUCLEAR SPECIES = 1 NUMEER OF ANGULAR MOMENTA = 2
FRACTICNAL ABUNCANCE ANC FACILS
OLD VALUE NEW VALUE ERROR
10000
054863 G.94810 0463565003
ANGUL AR MCMENTUM = ¢ NUMBER CF LEVELS= 7

RESONANCE-ENERGYs CAPTURE~WICTHNEUTRON-WIDTH

OLC VALUE NEW VALUE

(ONLY VARIED LEVELS AKE LISTEC)

463,17 462417
0.235CCE-O1
0453836E-02 0483979E~-02
47€.43 47E€.43
0+23500E-01
0.39813E-02 0e3SSCEE~L2

ERROR

0.4B384E-02
0¢86178E~04
0.57896E-02
0. 70193E-04

CHINEW
0.97770



ANGULAR MCMENTUM =

57

NUMEER OF LEVELS=

3

RESONANCE-ENERGYs CAPTURE~WICTHsNEUTRON-WIDTH

OLD VALUE

NEW VALUE

(ONLY VARIED LEVELS ARE LISTED)

467.18
0423600E-01
0+55954E-04

485430
0e¢236C0E-0Q1
Cel3023E~03

488.87
0¢241 00E-01
D e72682E~-03

467.18
0+S€0S3E-04

48S.30
0.13524E-23

488.951
Q+.82E€8E~-C3

AUXIL IARY PARAMETEFS

OLD VALUE
-0174000-01

ITERATICN NUNMBER S
NPS
9

SANMPLE-THICKNESSES
OLD VALUE
0.12395E~-01
0+£208CE-01
Q417536

NORMAL ISATION-ERRORS
OLD VALUE
~0e166080-02

-0+20693D-01
0

NEW VALUE
0«SE€97€E-01

ETA
10000

NEW VALUE

NEwW VALUE

-0e15473E-02
~0¢20€24E-01

TRANSMISSION-BACKCRCUNE S

oLC VALUE

0eC
0.0
D0

NEW VALLE

ERROR

011257

0e.11568BE~04
0¢52450€E~-01
J¢12646E-04
0411597e-01
0e19243E~-04

ERROR
0.67549D0-01

CHIOLD CHINEW

0.97770 097676

ERROR

ERROR

0.22102D-02
0+25027D-02

ERROR
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RESONANCE PARAMETERS

NUCLEAR SPECIES = 1
FRACT IONAL ABUNCANCE ANC RACIUS

NUNMBER CF ANGULAR MOMENTA = 2

QLC VALUE NEW VALUE ERROR
1.03909
0.54810 CsS4810 04634820-03

ANGULAR MCMENTUM = £ NUMEER CF LEVELS= k4

RESONANCE~ENERGYsCAPTURE=WICTHsNEUTRON-WIDTH

OLC VALUE NEW VALLE ERROR

(CNLY VARIEC LEVELS ARE LISTED)

4€3.17 46Z.17 0.48367E-02
0«23500E-01
QeE2I79E-02 0 «S3SE3E-C2 0.86427E-04
478443 47E€4423 0e57741E-02

0423530E-01

0¢3S%905E-02 0+26907E-02 0+70242E-04

ANGUL AR MCMENTUM = | NUMEER OF LEVELS= 3
RESONANCE-ENERGY s CAPTURE=-WICTHsNEUTRON-SIDTH
OLC VALUE NEW VALUE ERROR

(CNLY VARIED LEVELS ARE LISTEC)
4€7.18 4c7.18 0.11233
0.23600E~01
0.5S6053E-04 CeSECE2E-CH De11565€E~-24
485,30 482.30
0+23€2CE-0Q1
0412£32E-Q3

0e13524E-02

488.91 4BE.S1
0+24130E-01
0.82584E~03

0«50458E~01
0+ 12664E-04
0.10758E~-01

0+82286E-03

AUXIL IARY PARAMETERS

OLC VALUE
0.58676D-01

NEW VALLUE
CeS7356E-21

STOP ITERATICNS BECAUSE CCNVERCENCE IS TOO SLOW

0.2105S3E~-04

ERROR
Je67436D-01



ENERGY

458.14

458,34

458,455

458.76

458497

6EGe 1 8

459439

456,60

45G.81

4€0.02

460422

460.42

46C .64

460485

461.06

461,27

461+ 49

461.70

461451

462.12

462433

462454

QEZT7E

462496

463.17

462439

463,60

462.81

464402

CALCULATICN

59

EXPERIMENT

Je864Q
05360
0.1490
78880
05800
01460

)e0590

042420
00200
25420
001160
040040
25010
00660
00030
345100
040910
00050
D e6350
041670
040130
07340
042630
240330
07820
044030
040620

ERROR

040259
0.0170
00050
DeN267
0.0180
00050
Q0.5267
0.0170
0e0240
0.0240
0.0170
0.0957%
0.0250
0.0180
0eN04G2
00260
J3.017C
0.0050
0.0250
0.0189
040040
0.0240
CeP170
040040
3.02592
00170
0.0050
0.025¢C
0.0160
0.0050
0.0240
0.0170
0.0050
0.025¢C
0.0180
0.0052
0.0250
040190
0.0050
0.0250
00170
040050
0.0250
040182
0.0050
0.0250
0.0170
0.0050
0.0250
N.N170
0.0050
00260
0.0170
0.0050
0.0240
0.0180
0.0050
CeN240
0.0170
040050

040230
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C. Plots, generated by local utilities
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Fig. 1. Transmission of a 0.012 at/b sample of 2%8U. This figure
is generated in connection of the sample problem discussed in the
appendix. The upper curve represents the transmission curve computed
with the initial guesses. The Tlower curve is computed with the parameters
obtained from the simultaneous fit to three sample thicknesses. The
data fitted were obtained from reference 1.
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Fig. 2. Transmission of a 0.052 at/b sample of 238U. This figure is
generated in connection of the sample problem discussed in the appendix.
The upper curve represents the transmission curve computed with the initial
guesses. The lower curve is computed with the parameters obtained from
the simultaneous fit to three sample thicknesses. The data fitted were
obtained from reference 1.
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Fig. 3. Transmission of a 0.175 at/b sample of 2%8U. This figure
is generated in connection of the sampie problem discussed in the
appendix. The upper curve represents the transmission curve computed
with the initial guesses. The lower curve is computed with the parameters
obtained from the simultaneous fit to three sample thicknesses. The
data fitted were obtained from reference 1.
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