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ABSTRACT

The‘FbRTRAN—IV code SIOB was developed to 1eést—square fit the shape
of neutron transmissioﬁ curves. Any number of ‘measurements on a common
energy scale for different Sample‘thicknésses can be simy]taheous]y
fitted. The-cdmputed‘trahsmissionwcyrves cah.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»singie-]evel or multilevel Breit-Wigner terms and Doppler
broadened using the fasF interpolation routine QUICKW. The number of data
" points, resonance levels and variables which‘can-be‘handled simultaneously
is only 1imited'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 usiﬁg
74 resonances and 110 variable parameters. The problem took 47 min. of -

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

In order to improve the accuracy of the 238U 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 examined2~% but none was found
entirely suitable for the simultaneous analysis of transmissions on the

same energy scale through several thicknesses. The code described herein

-was primarily designed for this analysis, but it was also successfully

applied to the analysis of transmission data through samples. composed of

medium and lightweight nuclei.®

Ih-Section'If of this memo we give an outline of the structure of
the codé, 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

briefty discussés.the'least-squareqfit:algorifhm-andaSection 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 Appendicés 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 tHeif4arguments are listed

in Table I. An outline of the»progkam is given~be1ow;‘

1. The main prOgramfreaﬂs all input data. A list of -these data
and their function is given in Appendix I. .Some of
- the input parameters aré’fixed'and sheéffy‘the'problem,.other
inpht parameters are initia]Aguésses for bafameters 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 he]d fixed (flag is zero)
and which parameters are varied (flag is one or two).

2. Affer 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 Variab1é parameters
are constructed before control is returned to the main progranm.

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 a]tefed 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)

8. 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 X2 is}compared to the previous value determined
in Step 2. If-x.2 haS‘significant1y decreased and if the number of |
iterations has not exceeded a preset number of jterations IT2, the
number-of-iterations counter is incremented and the program-proceeds

again with step 2;79}hérwise, the program is.terminated.

N .
-y

III. CALCULATED RESOLUTION BROADENED TRANSMISSION

'The'number-&ﬁ2 of ékperimental transmission curves are fitted

simu]taneous1y.l The trial calculated transmissions are:
. ) : R -TNZ’O(E"AI’AZ. ...) '- -y Id '

:‘Z'M,(E) = (1 - _eNT) e 4 P(E,E”)dE” + Byp * BGR(E,NT)
NT = 1,2,...072 | : (1)

where the epm Tyn andlsﬂT.are;variable parameters which-can bg,searched.
The Doppler-broadened cross-section'o(Ef,Al,Az,...) is a function of other
variable parameters A, which-will be discussed in the next section. The
rhT's are the sample thicknesses, in atoms per'barn,'corresponding.to the
tranﬁmission curves TNT(E). If the experimental transmissions are
pfoper]y normalized and if the backgrounds are properly substracted, the’
va]ues.ofwfhe st ana BN5;5H0016 vanish; however because there:are:
experimenta]'uhcertainties.associéted with the norma]ization'and with fhe

packground substraction, it may be desirable to consider the e,, and BNT

NT
as variables to be searched. An energy dependent background shape may be

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



5

The resolution function is taken to be of the form:

P(E,E?) = 4Ae R(E) | (2)
where 4 is a normalization constant such that

f P(E,E)E” =1 .. . . . . (3)

7 o

and where the resolution width. R(E) may eithér ‘be‘coded as desired in the

function RES(E,JRES) or, if JRES = 0, is taken‘as?
_ 1/2
CR(E) = [BE2 - E® +cE3 - EY) (4)

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

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

) 2‘@2 ) 2,:'3;1;'2' .
'BEZ -} ’3'(5) and CE3 = §(E> (5)

where L is the flight-path length, 8L 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-

certainfy in timing and the constant u = 7213:évr/2'ps/mﬁ'~The?factbhs'

.2/3 4n {5) arise from the conversion of an assumed rectangular uricertainty

toganjequsaLent;GaussiahLUnceﬁtafﬁfy. For more details on resolution

“functions, the;referehcégfshould be consulted.

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

./y(x)e‘ de = § Ay y"(xsz, N (6
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The values of the coefficients Aye and of the roots of the Hermite poly-
nomials X,. were taken from the.paper. of Salzer, Zucker and Capuano.}!?
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 progfam.‘.Values of NG2 between

by

5 and 9 have beeh f&ﬁnéhadéﬁhate:fpr mosf cases. If wG2 = 1 the calcu-

- lated transmissions are, not: resolution broadened.

When the experimehtal.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 effﬁciehtly be ‘represeénted by fitting é.paraBOIa.to the coﬁpaked
transmissions at thenehergies cbrresponding to the center .of the

‘channélsi‘1; i, and 7+1, and integrating that parabola over thé width

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

T, = —2-@(12._]& 221, + T,I:_H)» Lo - (7)
- *40 - . I3 - - .
where T, is the t1me-of—f11ghtfbrpadeneq_transm1ss1on<in.channe] i, 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 tq. (&).

IV. TOTAL CROSS-SECTION EXPRESSIONS

The Doppler broadened total cross-section and its dérivatives with

respect to the variab]e parameters are computed 1n'the function SIG.



The basic formulae utilized are the sing]e-]eve]is 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.sectidh is given by

LR S

: = Aoy, o i ‘
. ) _
where n
3 Ong(E) = (22_ + ])%g' 5”124)2' Lo e
: — T[T cos2¢% - 2(E=E])sin2¢f|
Jf ‘2" oo o (E-Er i
and where g; is the usual spfn statistical factor given by
95 = 7 (&n)

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: -

I (IE1) _'

I oE) = 2, TIE,T) Pz(E)‘ (1)

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

rJey = r(gy+r, (12)

- where rar is the reaction width. The shifted resonance energy is given



by: -

S, (18,1) = 5,(8) s ¢ (15,1) SRR K
2P (1E 1)

E* =E+2

The shift factors 5, (ka) penefkétidn factors Py (ka) and phase shifts
¢2(E§) are given in Tab]e II for the angu]ar momentum values 2 0 1 2
and 3. The quantity k 1s the.neutron wave number, g the channe] rad1us

' and the effective scatter1nq radius.

|
2

- B. The Mu1t11evel Bre1t w1gner Formula

The mu1t11eve1 Breit- W1gner express1on for the.cross sect1on 1s the
same as.the single-level expression except that the Tevel-level 1nter—

ference term is added; that is, .

2onl 32'( :
[O"f(E)JM"* : [0"* E)]SL, T_.T (E' B p) (E-E”g) + 1/4T, r

! %t;g*’ )r; sE;r[(E?;m)s"’ I‘ZJ fm )2‘+1r J(M.)

where [ 2(Ei]sz represents the cross sect1on given in Eq. (9). The}
level-Tevel interference term in Eq (14) can be recast in a form more

suitable for Doppler broaden1ng, that is,

oTHG, - 2(E’-E;'r;-)H']

j[énf(Ei)]ML - [ (E)]SL +FP2(E) ZQJ Z (E_E, E r . (15)
where

. = z o Q' .

G = o T T e

Yre rs



TABLE IT. SHIFT FACTORS, PENETRATION FACTORS AND PHASE SHIFTS FOR ANGULAR MOMERTA &= 0, 1, 2 and 3
Angular Momentum g "~ Shift-factor Sz(:p).l, Penetration Factor Pg(;ﬁ) ‘Phase Shift %(p)

0 o 0 o ~ p P

Vegr e

) . - k2 B R : S . - '
2 e - A8 o ’ b o - tan"}{—%_—
9+ 32 4+p" 9 +3p2 +p"

© 615 + 90p2 + 6" o7

.v:A' 3

225 + 457 + 6" + 0 25 +4507 + o' 405
For definitions, see text below Eq. (13). R T
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- 5 . r8
HP = X P;Ls 2 2 - 9 . . (]7)
afr I pg * hrs '
r (1gs1) ‘
re = & , - (18)
_ ) l ,,' L. ' . . " . X C .
Gps = 3 (r¥ + rs) énd drs E°, - EAS.. N (19)'

Through the penetration and shift factors of Eqs.,(11)'énd (13), the

terms g and dps,;ahd hence also G, and H, héve a weak energy dependence;
however, since the Tevel-level interference is important only in_the vicinity
of a resonance level, the program evaluates &, and H, at the résorance
energy Er-and neglects their energy dependence. This a very good approx-
imation whiéh results in a considerabie.savihg in computer time since

Gr and H, need n6t be recomputed at each energy.

C. Truncafion Effects

The sums over levels in Eys. (9), (]5), (16), and (17) extend over
all levels of a given J-sequence. Howevek, since the transmigsion‘is
computed over a finite energy jhterva],‘odly'fhose Tevels Qithin the
interval and a few impbrtant levels near the boundaries of the iﬁterva]
are explicitly retained. The contribution of the other levels to the
Ccross gectionimay be approximated using a picket-fénce mode] of,unﬁform]y
spaced 1é9els with average resonance pair‘;imei:er‘s'.;‘“’”‘37 Using this
model the cqntfibution of the levels that are not retained in the sums
in Eds.'(g), (15), (16) and (17) ;re esfihated to be Fy sin 2¢2 + Fa(T)

cos 2¢%,  %7[F12 + Fp(T)2], Fofr +'Pr)-andAF1 respeétively,‘where
- o . o{EH - E ¥ €D)
Py 5« Py(E) ln(_E,———-———.; et ED)

(20)
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EH - EL + D .
(i -E+1D)E-EL+1D)
2 2

S . P

Pa(r) J(B) . . % o ()

3
n

T, + <I°> 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 ;re the energies of the highest and
Towest 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 s k—z—— Z. [(mﬂ) - 2 sin%pg - Fo+ gJPJ:' (23)
Ns=1 © NS J=1 ' , f
NAUX

+ z YN ¢ f(EQN)
N=1 '

where NSZ'nucléaf species NS contribute to the cross section and the
paraméfe?s nNS'aTlows the program to séafch for‘the 1sofopic concéntréfions
of thérspecies NS. The quantity kNS represents the neutron wave number in
the §;nter-of-mass system for a collision with thelspecies NS. For each
épéciés there are J2(NS) Tevel sequences for which an anguTar moﬁentdm

N qnd a}spin statistical fac%br gy are Specified.‘ The resonance term

PJ Wi]] be discussed later. By setting F, = 0 the user may maké the B
contribulion of a given'scqucncc to the potehtia1 scattering van{§h.

The last sum in Eq. (23) describes an 6btionaT arbitrary function of

energy with NAUX parameters which can be searchéd. The functions f(E,N)
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may beiprogrammed as desired, and can be used to represent the contributions
to the cross sect1on from far away levels, from isotopes not exp11c1t1y

1nc1uded in the first sum, or other sources.

The resonance term P vanishes if the number of levels NR2(J) -for the

given J-sequence: is zero; otherwise,

NR2 _ : Lo
P, T ¥ L. [GRNRUNR HRNRVNR] + Fa(r') cos(2¢,) + I sin(2q>-£)' (24)
NR=1

where:

cos(2¢g) + \ re

GRIVR - ns r|? . (25)
- SENR . gmnq -
HR, = sin(2¢g) + ' re ——-——-————dNRS +F ' '
NR a2 ns 2 2 1 N (26)
S#NR Iugs * dm?q
r ‘
Ve = - 3- NR] - , - (27)
B _ - .E’ '
Yo = - VR : (28)

(B pE)? + (lzi‘NR)f

The bracketed terms in Egs. (25) and (26) are included anly when the

multi-level formula is used. The terms PNR’ E"wm* Iups and'dNRS have

been defined previously by Eqs. 12, 13, and 19, respective1y. ‘In Eqs. 24,

25 and 26, the phase shift ¢g is a functién of k and is given in

IVS

Table II for different values of the angular momentum % ; is the

IVS
effective scattering radius for the nuclear species WNS.
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The cross-section parameters which can be searched by the program

i s T

are the isotopic concentrations n,, and effective scattering radius

Ns

NS for each nuclear spec1es, the resonance energ1es ey

rnNR and reaction w1dthsPaNR of each level apd the parameters Yy of Eq. (23).

Expressions (27) and (28) are used to compute the unbroadened cross-section.

, nheutron widths

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 thel

total cross section are the line-shape functions-UNR and ViR of Egs. 27

~and 28; hence, the Doppler broadened cross section is obtained by replacing

*
o 'y . 1 8 .
the functions UNR and VNR by their Doppler broadengd expressions VUNR

ok .
and VNR defined by

-

U;R(E‘) =\/-—A;jUNR(E’)e <‘A )dEf , o (29)

-
and ' o ,
( )dE’ . | (30

?

(E)-\/_f (5°)e

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 n variable parameters p,, p2, ;..pn are-
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obtained by minimizing

¢ - Z wij[T1(Z§) - Tij(Ei’ Nis P1s - - .pn)]2 ' (31)
i

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

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

ol

inverse square of the statistical uncertainty.

Usually the computed transmissions are not linear functions of the
variable parameter Dy hence, the minimization problem must'be so]ved 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 2| 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 p£0). Keeping only the first term in the expansion
gives

1%

9> = g"’i;i[T«Ej)'.Tij(éJ(eo))‘);dpk‘spk]z S (32)

O

The 1inearized expression <¢> is minimized by the solution of a system

of linear equations which may be represented in matrix form as

s

>

- (33)
Md = v
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(o)

where dk = Py - Py is a component of the correction vector d
8T.. OT..
P .y
J Spr P,
and
) /1. arT. . o
v, = Zwt [Tie) - Ti.(p(o)):l—w— . (35)
id J Jd J ka
~ Equation (33) is solved by inversion of the matrix M:
d = M7 (36)
The "initial values of the variable parametefs pk are changed to
the new values
pl ) = pl") 4 ng | (37)
Where %.is gauged to insure that none of the parameters which are
defined positiye will become negative. If for one or several positive-
defined parameters p,, We have
(0) (-
d, £ -p, (38)
then
(o
l;ﬁ,)
S dp min

where the bracketed term is the value of (pﬁp)/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 posifive-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 will be smaller than the value of ¢ computed with the old values

AL

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

The algorithm used to minimize ¢ operates' as follows: if ¢[§1?]is
smaller or equal to ¢[} %]then the 01d values p(°) of the parameters are
'rep]aced by their new est1mates p( ) and a new. 1teration‘is inifieted, un-
‘less thé maximum number of a1]owed 1terat1ons has been reached If ¢L§lﬂ

is larger than ¢[ ?] Eq. (33) is replarpd hy:

M+2"b1)d = 7V ' (40)
where I is the identity matrix.(IkR = Gkﬂ) and » is a constant defined
by
. - > .
b = 0.033 LMV (41)
(v v) .
The value of n in Eq. (40) is incremented by unit steps from zero to ten,

until a value of 4 is found by solving Eq. (40) such that

s v md) < o(B0) (42)

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

terminated.

The nofma] metr1x M 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 prob]em32°2“ The normal
»vector ¥ and normal matrix M are stored in COMMON/VAR/, the inversion and

the multiplication of Eq. (36) are pefformed 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 s1mu1taneous]y is only limited by two critical dimensions which
are set in the main part of the program and by the stab111ty of the matrix
‘1nvers1on In a test prob]em seven tran5m1ss1ons, each with 3750
data po1nts were s1mu1taneous1y fitted us1ng 74 resonance levels and 110

var1ab1e 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 KG2P 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 thehleast square search routine. If the dimensions are not sufficiently
large, a message is printed and the progfam stops. The values required for

1G2P and KG2P are determined by the following inequalities:

IG2P > NDAT(3-NT2+1) + 2(3'NTZ+3'NRT+2NSZ+NAUX+NLS) (43)
KGeP > vz (vv2+19) + (1+wv2)NT2 (44)
2

'where NDAT is the number of energy po1nts at which transm1ss1ons for NT2
sample’ 51zes are g1ven NRT is the total number of resonance Tevels, NS?
“the tota],qumber of nuclear species, NAUX the tota] number of aux111ary
parameters (the Yy's of Eq.'23), NLS the total number of levels which
are treated by the Breit-Wigner-multilevel formula, and #vZ is the total
number of variable parameter; wjthAa 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: |
and background para-.

(1) the normalizations € thicknesses T

N’ NT
meters BNT defined in Eq. (1) and Section III;

(2) the isotopic concentrations n,. and effective scattering

NS
radii‘@bs discussed under Eq. (23) in Section IV D;

(3) the resonance energies F neutron widths at resonance

VR’

T , and reaction widths FaNR discussed in Section IV A;

nNR(ENR)
(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 tn note that varying simultaneoiisly some combinations
of parametérs 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 determines the

NT'NS
areal density and only one of the two parameters Typ OF Myg €an be varied.
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APPENDIX I. INPUT DATA AND THEIR FUNCTIONS

Various versions of tHe program SIPB 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:v
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. ' -t
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 (6F11.3) BE2, CE3, EH, EL, RATIp, DIMIN

B. Transmission data.

4. Format Card: Format (9A8) FMDAT
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bata Cards: Format (FMDAT), read in 4.
| B, T, 6T, Ta, 672 .., T, 6T,

6. Terminate transmission data with a blank card.

C. Initial guesses.

I. Transmission Parameters

7. Start with a blank cérd"

8. Sample thicknesses: Format (8F10.5) T,, T2 T,

9. Normalisations: Format (8F10.5) €., €25 -: Epn

10. Backgrounds: Format (8F10.5) B1, B2, ...SNTZ

I1.. Resonance Parameters

8. Format-card: Format (9A8) " FMPAR

9. Nuclear Species: Format (4E11.3) - FRS, AHAT, AWRI, TEMP
10. J-Sequence: Format (2111',5EH.3) LJ, INT, GSJ, FR, STRF, GNA,

| GAV | | |

11. Level Parameters: Format (FMPAR),. " read in 8

| Eo, T» T

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) Y;"':YNAUX

D. Flags -

16. Start with a blank card.

17. Flags for thicknesses: Format (40F2.0) FTI’..’FTNTZ'
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"~ 18. Flags for NormaTiz;tions: Format (40F2.0) fel,...F;NTz
19. Flags for Backgrounds: Format (40F2.0) FBI,..,FBNQ
20. -Flags of Nuclear Speciés: Format (2F2.0) FFRS, FAHAT
21. f]agsqu Level Paraﬁeters: ‘ .format (3F2.0) FE0,~FTn,,FRm

22. Terminate each J sequence with a blank card.

23. Terminate resonance parameters with a b]ank card.

24. Flags for auxiliary parameters: Format (40F2.0) FY""'FWNAUX'
Funclions of Tnpul Nata _
Legend ' v This legend is printed at the head of the output print-
‘ . out
NTZ2 . Number of transmission samples
. IT2- . Maximum number of iterations. | '
NGS " Number of terms in Gaus§4Hermite‘cbhvo]utibn (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
"JCGAL=0 For "usual options
JRES=0 The resolution function is computed by Eq. 4 of Section
ITI
JRES#0 ‘ The resolution function must be coded in the function
RES(E, JRES)
JPAR=0 ~;;, ‘. Levc] parameters are read in order E,, Pn, PY
JPAR=1 ' Level parameters afe read in order E,, PY, Fn
LPAR=0

‘The initial guesses'are printed before the iteration loop



LPAR=2

LPAR=-1
LMAT<0.
IMAT>0
HPAR<O
MPAR>0
_ LPLT<0
" LPLT>0

LPLT>0

LDAT<0
LDAT>0 -

LDAT>1

.. JPLYFO .

JPLY=0
JKEV=0
JKEV#0

BEZ2 and (E3
. EH, EL

RATIP
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The initial guesses are printed before the iteration

‘ loop and the final va]ues after the Toop

The 1n1t1a1 guesses and f1naT va]ues are not pr1nted.
The parameter- covariance matr1x is not pr1nted
The parameter covariance matr1x is pr1nted

The f1na] 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. transm1seions 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

A11 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.contributionrof a
picket—fence of TeyeTs, see.Eq. 20 and 21 of Section IV D
Convergence parameters: the iteration Toop is terminated

e .
if X new.> RATTP * y old



DTMIN

FMDAT

,EJAT_IJGT‘I:TZ:GTZ: ..

T., <=1, NT2
1 K
e,, 2=1, NT2
i s N
B> =1, NT2

FMPAR

FRS

AHAT

" AWRT
TEMP
LJ
INT=0
INT=1
GSF

-FR

'STRF, - GNA, GAV

n
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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
Backgfounds, see Eq. 1, Section III

Input format of level parameters Ej, Fn, PY

Isotopic concentration of nuclear species (denoted

ys in Eq. 23 Section IV D)

Effective scattering radius of a nuclear species

(denotedfg

v in Section IV D)

- Ratio of the mass of the isotope to that of a neutron

Effective~température 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 sCatterihg contribution
of the J-sequence»(Represented as £y in Eq. 23,

Seetion IV D) - ' |

Parameters used inAcombuting the contribution of a

~picket fence of levels, represented by S,<[,°> and T

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

“ picket-fence contribution is ignored.
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Eo,'Pn, r Level parameters: resonance energy, neutron width
at resonance, capture~width.. Given in eV if JKEV=0,

cherWise.in keV.

Yise e Yyaux ( Auxiliary parameters Qefjned in Eq. 23 Section IV D.

Flags | A1l the paramefers Tis €5 Bi’ are FRS, ‘AHAT, Eq, rn,
Iy and Y; are associated with "flags" which are read
in the same,ordér as the parameteré. The flag
detefmines how the parameter is to be treated:

Flag=0 ' The parameter is not varied

"Flag=1 The value,ofﬂthe parameter.js adjﬁsted.to minimize x?

Flag=2 The va]ue;of the parameter is ade;ted to minimize 22'

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

#¥FTNoeLoGoEsYoe ’ . . T .
FEAL % 8 C ’

REAL % 8 FN(S)+LECEND (9)sFMAPB(9) +FMDATI(9) +FMPAR(S) FMFLG(9)
DIMENSION C(1)

COMMON F(2000)

COMMON/VAR/C(70Q)

DATA IG2P+KGZF/Z20CCe77°57 ’
CUMMCA/TAD/IF Lo IPT2,IPNL+ IPN2sIPBlsIPB2+IPS1eIP2,IF141FT2,1FNL, -
1IFN2+IFBl1 o IFEZs IFS141F24+1G141G2

CUMMCAN/KAD/LN19LS1sMV] oMMl oMSE]1,MS24KV]1sKG19KG2
COMMON/NAD/NVT o NVN sNVB oNVP ¢NV2 ¢NT2 .
COMNGB/INDX/JERR.JCAL'JRES-JPAR.LPAR.LMAT.MPAR.LPLTnLCAT.JPLY.JKEV
COMMCAN/IEN/IELw IE2sIE3WIECL o IGSeNGT
COMMON/LEV/JFLAGINS2yNAUXsJL(10) oNRLE10+10)eMOM(124+10)oINL(10+1C)
COMMON/FLT/BE2¢CE2+EHeEL9PHL+DOF INVsDTMIN ’ '
COMMON/FLD/AKO( 10)+CC(L10)+sRAD(10)+DELTA(L10)
COMMON/FL2/GSFINCIC o177 ) oFRLE1D910)eSTRFLC10+10)eGNAL(10,512)¢GAVL(10,19)
1T+10) [ o T o ’
EQUIVALENCE(C(1)sG(1)) B

DATA ITISITOWITCy ITCAE 69 ToOsf .

CATA FPMAPB/8H{BF10.2) 848K / -

DATA FMCAT/BF(F10¢S+1+8HAFS.3) s THBH . Y 4 o

DATA FMPAFIBF(EIIoSoZoBPZX.ZEllo.HHS) 26%8H 4

DATA FMFLG/8H{A4CFZe0) o8%8H

DATA ANGSPsNAUXF 4AKFP 847141 002196771..°0C34465/

DATA ROP-RIP-AHRIF/-lE:--ﬂO-EBO-bl

CATA P1/2.,161593/ : :
DATA RATIO/.S99/ : : o
DATA IPLOV/0/ v d
DATA AKPCVT4B4CVT/31.622784040010/
DATA IRTN/GC/ L
1 REAC(ITIS101) (LEGEND(I)oI=149)elT :
WRITE(ITO,101)(LEGEND(L)oI=]1+5)
IF(ITW.NE.O) GC 10 1 - ‘
c READ FIXED PCINT INPUT :
READ(171.10¢)htz.ltz.NGs.NAux.JERR.JCAL.JRES.JPAa.LFAR.LMAT.nPAR.
ILPLT JLOAT ¢ JPLY ¢ JKEV
4 REAC FLOATING POINT INPUT
READ(IT1,103)BE2+CEIsEHEL JRATIOLDTMIN
IF(JKEV.NEZO) AKP=AKP#AKPCVT

IF(JKEV .NE+O) B4=EQ%84CVT

IFINTZ.EQ.C) NT 227

1E1=1

1IE3=NT2+1

IF(JERREQeC) IE3=TE3+NT2

IF(JCAL +EG+0) TEI=IE3NT2

IE=IE1-1E2

IEC1=1E1+1E2-ATZ

IFC(IT24.EQ40) 1T2=10

IF(RATIOLEGeCsCIRATIASD 49999

IF{DTNINJEQeC+C) CTMIN=C.00010 -
IF(NGS+EQe¢C) NG S=NGSP

NGT=(NGS+1)/:Z .

IGS=(NGT*(NGT~-1))/2 ‘

IF(NALX.EQ,0) NAUX=NAUXP

IF(LPARGE () UGITE(ITO.222)NT2clTZoNGS.NAUX.JERR.JCNL.JRES-JPAR
LeLPARJLIMAT MFARJLPLTSLLAT ¢ JPLY oJKEV | \ )
IF(LPAR «GE 40 ) UFITE(lTO.ZdB)BEZoCEBpEH-EL.RATIO.DTMlh

c READ FORMAT FOR TRANSMISSION DAT
BEAD(ITIS 101 (FM(1),1=1,9) R
1FULCUMPARELFMT 1) 08F .8).50.0) Go fo s !

DO 2 I=1+6 ,
3 FMDAT(I)=FN(I) . . -

< READ TRANSMISSICN DATA ' R .

S IE<IE+IEJ ¥ .

‘#iSJERR.E0.0) REAC(ITIoFMOAT)IF(IE) o (F(IE+NT) oF (LIE+NT24NT ) 4NT=1oN
IF(JERR ¢NE 0 ) REACCITI+FMDATIF(IE) o (F(IE+NT) 4NT= 1eNT2)

IF(F(1E) eNEeO ) GC TQ0 §

1E2=1€-1E3 .. Ve

NDAT=((IE-1E1)3NTZ)/1E3 *

1P1=1E . .

IPO=IF1-1 A

IESTE4NT2 .

C REAC FORMAT FOR TFICKNESSES ‘
READ(ITIS101)(FN(I)s1=1,9) : ; ’ N
IF(ICCMPARE(FM (1) 8¢ +8)¢EQe0) GO TO 9 B

. DO T 1=1+9 —
FMAPB(I)=FN(T) .
C REAC SAMPLE THICKANESSES IN ATOMS PER EARN (APB)
9 1PT2=1E~-1
READ(ITI+FMAFE)(F(IP)+IP=IP1,+IPT2)
C READ TRANSMISSICN-NORMAL ISATION ERRORS

IPN1=1IPT2+]
IPN2=IPT24ANT2
RhAC(lTloFVAPB’(F(IP)-IP-IFNI.IPNZ)



[g)

13
13

14

15

16

19

23

29

READ TRANSMISSICN BﬂCK(ROUNDS
IPBI=1IFN2+1

IPBZ=IPN2¢NT 2
READ(ITI+FMAFB)I(F(IF)+1P=1PB1,1IPB2)
IE=]PE2+1

REAC FORMAT FOR RESCNANCE~-PARAMETERS
READ(ITIS1C1)I(FN(1),41=1,9)
xF(lCC"PAFE(F"(l).eF s8).EQ.0)
1,

y=FN(T1)

ITIAL GUESSES

b}

m

>

0
o~
MZ vt

GO 70O 13

NLS=0Q

NS 2=0

NS2=NS2+1
REAC(lTI.104)FRSQAHAT.AURl.TEMP.DEL.RN.AK
IF{(FRS+EQ4Ce) GC 70 19

JL(NS2)=0

F({IE)=FKRS .

FOIE+1)=AFAT |
IESTE+42, L

IF(AWRI4EQe0Q ) AWRI=AWRIP

IF(TENPJNE Qo) CEL=SQRT(B4 *TEMP/AWRL)
DELTA(NS2)=CEL

IF(RNEQ.O) RN=RCP*(AWRI*5,333)¢R1P
RAD(NS2)=RN .
IF(AK «EQe0,) AK=AKPSAWRI/Z(1,4AWR])
AKO(NS2)=AK K .
CO(NSZ)I=PI/(AK%XAK) . i
AKRN=AKZRN .
REACCITI106ILIIINT 4GS JsFReSTRFsGNASGAY
IF(GSJ+EQeO) GC TO 14

J=JL (NS2)+1 :

JLINSZ)=J

MOM(NSZsJI=LJ

GSPIN(NSZ2+J)=GSJ

INL(NE20J)=INT

STRFLINS24J)=STRF

GNAL {(RS524J)=CNA

GAVL(NS2+J)=CAV

FRL(NE29J)=FR

NRL(NS2+,J)=0 )
IF(JPAREQ.0) REAC(ITI+FMPAR)JEOIGN GG
IF(JFARWEQS]) REAC(ITI+FMPAR)EO sGG+GN
IF(EC+EQeO.) GO YO 15
NRLINSZ s JI=SNRLINSZed)+1

IF( INTNE O M_S=NLS+1

FIIE)=EO

F(IE+1)=GC

FOIE+Z)=GN/PEN(LJ +AKRN®*SQRT(ABS(EOD)) ) .
IE=1E+2

GO TG 16

NS2=NE2-1

REAC AUXIL IARY FARAMETERS
1P2= [E+4NAUX~-1
READ(ITI+104)(F(IF)+IP=IE.IP2)
READ FORMAT FCR FLAGS
REAC(ITIVI0L)I(FNM(TI)s1=1,9)
IF(ICCMPARE (FM( 1) 48F +8).EQ.0)
00 21 I=1,5
FMFLG(I)=FM(])
READ FLAGS TC VARY THICKNESSES
IF1=1P2+1
IFT2=IP 2#NT2
REAC(ITIZFNFLGI(F(IF),IF=1F1,1FT2)
READ FLAGS TO VARY NORMAL ISATIONS
IFNL=IFT2+1
IFN2=IFTZ4NT2
READ(ITI+FMFLGI(F(IF)IF=IFN1,IFN2)
READ FLAGS TO VARY BACKGRGUNDS
IFB1=IFN2+1 . .
IFB2=IFN24NT2
READ(ITI-FMFLG)(F(IF)-lF IFBLl.IFB2)
IFS1= [FB2+1
IF=IFE2
READ FLAGS TG VARY PARAMETERS
DO 27 NS=1.NS2
READ(ITIsFMFLCIF(IF+1)oF(IF+2)
IF=IF+Z
JL2=JLINS)
DO 27 J=1,
NR2=NFRL (NS
IF(NFRZ.EQ. 0 TC 26
=1
oF

JIF(IF+N) 4N=1,43) |

DO 2& NR
READ(ITI

GO TO 23



[aYa]

z5
27

31

33

35

40

30

IF=1F+2

CONT INUE
REAC(ITIsFMFLC)
READ(ITI+FMFLG)
IF2=IF+NAUX
IF=IF+1

READ(ITI«FMFLCI(F(I)sI=IF4IF2)
SET E+ ANC EL IF Eh=C.
IF(EK sEQe Qo) EL=F(IPS1+2)

IF(EF .EGela) EH=F ( IP2-NAUX~-2)

IGl,1G2 SPACE FCR STORING INTERFERENCE
PARAMETERS LUSED IN SIG.

IG1=1F2+¢1

IG2=IF24NLS+NLS

COMPUTE THE NUMBEF OF VARIAHBLES NV2

NVT=0

NVN=C

NVB=C

DO 29 NT=1,NT

IF(F(IP24NT ),

IF(F(IFT24NT)

LFCF( IFN24NT)

CONT INGE

NVRZ D - f

00 31 IF=1FS1,IF2 : *

IF(F(IF)eNEoOs) NVP=NVP+1

CONT INUE

MY2=NYT SAMYNSNUBINUA

NUMEER OF CECREES OF FREEDOM (FOR CHISQ)

DOF=NCAT=-NV2

DOF INV=1./COF

LMi=NVZe]

NM=(NV2#(NVZ+1))/2

LSI=LN]4NM

MV1I=LS14NV2

MMI=MNVI+NVZ

MS 1= NN14NNM

MS2=NMS14NVZ-1

KVI=NMSZ4MSZ+ 1

KG1=KV1+NVZ

KG2=KCGl+{14NVZ)SNT2-1

CHECK COMMCN ARRAYS FOR SIZE

NERR=C

IFCIC2+CT o IGZFP) NERFE=NERR+ |

IF(KG2+GT+KG2P) NERR=NERR#*1

IF(NERR.EQeD) GC 1O 33

WRITE(ITOs201)IC24IG2P sKGZWKG2P °

CALL ERROR

NVT=NVT+1
) NVA=NVN+]
) NVE=NVB+1

CONT TANUF
WRITE(ITO»ZL7INCATLIGZHKG2
WRITE(ITOs21€)EL +EH
IF(LFAR.GE«Q) WRITE(ITO,225)
PRINT RESCNANCE PARAMETERS
IF(LPARLT.O) GC 10 a4
IC=1IP31 *© ’

DO 37 NS=1sNSZ

AK=AK (NS)

RN=RAC(NS)

CEL=CELTA(NS)

12!}5(!10-231)N s AK sRN sDOP 4 JL2 oFUIE ) o F(IE+1)
= +*2 .
AKRN= AK¥®HN .

LJ=MON(NS,
INT=INL(
CSJU=CGSF1
FR=FRL(N
STRF=STR
GNA=GNAL
GAV=GAVL
NR2a kL (
WRITE(IT
IFINRZ +E
T
R
)
+
+
T0
10
E

o
(=
W
~
[
-
.

“
n

-v

C -
-

N
N
S
F
(

{
N

&
i Cin
- wwe

LJe INToGSJUsFR¢STRF sGNA sGAV s NR2
GG TG 37

WRITE(I

0O 35 N

EC=F (1E

. MOM- NNASLT7e o
ZhwiiCe o ZwiNC

D
(XY

]
4
L ]
L
N
N
£
[o 1Y
Q'
Qe
=1
)
)*

PEN(LJ +AKRN®*SQART(ABS(EO)))
s23CIEQICGIGN
2237)

CONT INUE

IFCIRTNGEG.1) GC 70O 70
ITERATION LOCF

DO 45 IT=1,17¢

LM=LM]

DO 41 LA=]1,NVZ

D(LA)=0,

DO 41 LB=LAsANV2

D(LM)I=0.
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41 LM=LM+]
JFLAG=0
PHI=C.
JV=0
CALL FHINEC(JV)
PHIOLC=PHI
PUNCF CARCS FOR PCP10 PLOTS
IF(LPLT . Tl GC TO 42
IPLOT=IFLOT+1
NE2=1¢(IE2-IE1)/1E3
DO 42 NT=1,NT2
ISN=1Q%IPLCT +NT . . .
WRITE(ITPoEOl)lSN.NEZ . .
NTT=NT+NT2 ’ :
NTIN=NTT#NT2
DO 4z IE=IE
WRITE(ITP o2
42 CONTINUE
43 CONTINUE
PRINT TRANSMISSIONS
IF(LCATJLE.]) GC T0O 46
WRITE(ITO+204) .

DO a4 1E= 151.152.15= S . .
TEA=[E+NT o
1EB= lEAoNT* )
UR:TE(lTO.zO“)F(lE)o(F(lEUONT)oF(lE*NT).F(lEA#NT).F(IPO#NT).NT—l-N
172
44 CONTINGE
46 CONT INUE
WRITE(ITG,Z0€)11
CALL NVP
IF(PE1.GT LRATIQ#PFICLE) GO TO &7
45 CONTINUE
GO T0 49
47 WRITE(IT0,202)
JFLAG=0
CALL FHINEG(-1)
PUNCF CARDS FOR PCP10 FLOTS
49 IF(LPLT.LT.0) GC TO S5
1PLCT=IPLOT+1
NE2=1+4(IE2-1E1)/1E2
DO S1 NT=1,NTZ
ISN=1C#IPLOT+AT
WRITE(ITP ;20 1) LEN NEZ
NTT=NT+NT2
NTIN=NTTNTZ

leIEZ,
OL)F(I FOIESNT ) oF(IESNTT) oF(IE*NTN)

DU S1 IE=IE1sIEZ,
WRITE(ITP,301)F (I 129 SF (LESNT) o F (IESNTT) oFCIESNTN)
51 CONTINUE ,
PRINT TRANSMISS IONS !
€5 IF(LCAT.LE.0) GC TO 59 ) .
WRITE(ITO0,204)
DO 57 IESIE1s1EZ,1E3

IEA=TE+NT2 SR
IEB= [EA+NTZ ‘
HRITE(ITO.ZOS)F(IE).(F(IEB#NT).F(IE#NT).F(lEAoNT).F(lPOfNT).NT ALY

v

172
€7 CONTINUE
59 CONTINUE
PUNCHF FINAL FARAVNETKES
IF(MPARCLEWO) GC TO €
WRI TCe101)(FMAPE(

[N
0 oy Do
s UV Ve
OMZe0
-y
. o o=
C o ]
VU~
[\ ¥4}
NN~

-t T 0t g Bt g Pt

DEL=CELTA(NS) .
RN=RAC(NS) . e
AK=AKC(NS) oo,
AKRN=AK*RA Ce - SR
AWRI®G . .
TEMP=C : :
WRITE(ITCs108)FHS JARAT sAWNRT s TEMP ¢DEL ¢ RN ¢ AK

JL2=JL(NS)



32

. N
[
-

~

- e
- o

2 IRT sGSJUFKRsSTRF4GAV

-mein

co To €2

o« Ne AL Ze L
Zwlire Zwnt

n
n

EN(Js AKHN*SCRT(ABS(EOQ)))

WEITE(ITC+FMPAR)EQO+GN+GG L o
WRITE(ITC s FMPAR)ED+GGIGN -

€3 WRI

"o e OO0
g s O @

F
F
1
J
J
61 WRIT
T .
T ) :
T (FOIP)LIP=IE+IP2) . . [
69 CONT

0Z nnoomm

e« m

e

.GC TQ 7%

76 IRTN=C o

READ(ITI-XOE)!GCTC . . :
IF(IGCTOL.EG.C)CALL EXIT
IF(IGATN.FNL 1)l I- FRACK
IF(ICCTULEQ.2)GC 10 1
101 FORMAT(SAB.18)
102 FORMAT(2014)" .
103 FORMAT(7C11.2)
104 FORMAT(7C11.3) . .
105 FORMAT(2CG114324+5111)
16 FORMAT(2111,SG11.2)
201 FORMAT(1H1*CCVMNMCN TOO SMALL'*s4120)
202 FORMAT(1HO+*'STOF ITERATIONS BECAUSE CONVERGENCE IS TOC SLOW')
203 FORMAT(1IH »08Xs7(1XesFl10e7+SH APB ))
204 FORMAT(1IH]L oS X +*ENERGY".»11Xs" CALCULATION? 4X e *EXPERIMENT? ,
1 BXs"ERROR'4EX, *ATCNS PER EARN®,//)
2CS FORMAT(1IH 4G20e59s3F1Se4+G20e5/(21Xe3F1564+6G2045))
206 FORMAT(1HO +* J-STATE="4124*'L-VALUE='412¢*NUMBER OF LEVELS='4134¢'FG=
1°9G11432%'AK=943G11e247 )
207 FORMAT(1H +3C20.5)
208 FORMAT(1IH1,*ITERATICN NUMBER',13)
212 FORMAT(1IH +7C1E.5) N
216 FORMAT(1HO+* TRUNCATION LIMITS? 42G16e5)
217 FORMATY(1HOs *NLVMEER CF TRANSMISSION VALUES*IB8s/+*' MAXIMUM ADDRESS O
1F F-ARRAY ' 419¢/+* NMAXIMUM ADORESS OF G-ARRAY?',19) .
222 FORMAT(1HO.*FIXEC FCINT INPUTS 1 ,2014) 4
223 FORMAT(1H +'FLCATING FOINT INPUTS *37G11.43)
225 FORMAT(LIHOs /77777 7+15Xs ' INPUT RESONANCE PARAMETERS'.///)
231 FORMAY(]PO-ZX.'FUCLEAF SPECIES =?413 45X
‘RECUCEDL MCMENTLM=!C12.,595Xs . '
“'HUCL[AH RADILGE"C1lletss’y ; . '

38Xe'CCPPLEFR WIDTH='G12+5+5X,

4*NUMBER OF ANCULAFR NMGCMENTA='13,/,

58Xs "FRACTICNAL ABUNCANCE='*F74+44¢5X

6%EFFECTIVE RACIUS='F7440//) <
233 FORMBAT(1HOsaXe* ANCULAR MOMENTUM=*12,5X,

19 INTERFERENCE PARAMETER=*12+5Xe

2¢SPIN STATISTICAL FACTOR="F6+3¢5X»

I'PUTENTIAL SCATTERING FRACTION=*FG6e3s/y

410Xs *STRENGTE~FUNCTION="G12+5+5Xy

59 AVERAGE NEUTRCA-WIOTH='G12+5+5Xs

GYAVERAGE CAPTURE-MWICTE=?G12¢59//¢10X+ \

7*NUMEBER OF LEVELS='14) o
236 FORMAT(!HO.I‘X-'RESCNANCE ENERGY * ¢ 5SX s "CAPTURE-WIDTH® 4SX ¢ *NEUTRON-W

Y 1O
335 ARRN AT A%, 3€18.5)
237 FORMAT{1HO) ;
239 FORMAT{IMi+IPIRAL REICNANCE PARAMCTRES? o4 /)
301 FORMAT(2CA4) .

2

END . ‘.
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SUBROUTINE PHINEG(JV)

REQUIRES RES(E+JRES)+SIG(E+sJV) +BGR(EWNT) 3 WEIGHT (NT 4 IE)

REAL % 8 D -

DIMENSION C(1)

DIMENSION A(SE)sX(4S *

COMMON F(1)

COMMON/VAR/G(1) ' .

COMMON/ IAD/IP 1 1P T2 s IPNL o IPN2s IPBLIPB2¢IPSIvIP21F1+4IFT2,1FNL,.
1IFN2, IFB1 4 IFB24IFS14IF241G141G

COMMCN/KAC/LML1oLS1 oMV] oWM] ¢MS] ¢MS29KV] 9KG1 9 KG2

COMMON/NAD/NVT o NVA oNVB o NVP NV 2 ¢N

COMMON/ INDX/ JERF 9 JCAL ¢ JRES o JPARsLPARSLMAT ¢ MPAR sLPLT sLDAT s JPLY ¢ JKEV

COMMON/ IEN/TEL1+ IEZ2IEIVIECL1+IGSeN

COMMON/FLT/BEZeCEZWEHIEL oPHI yDOFINV,DTMIN

EQUIVALENCE(C(1)+sG(1))

DATA A/ 1+0CC0E CO0¢6s6EG7E-01+]1+6667E-0]14¢5¢3333E-01+2.2208E-01,
2 1012575 C2¢4e¢5714E-0102e4012E-01930737E-02+5+4827E-04,"
3 s0C€ICE~C1l02¢9419E-91109+9916E-02+2¢7B91E-0392+2335E-05,
q 3.094IE'C112042245-0106061395-02'6072035-0301‘95765-04.
S5 B8e1218E-07¢3+4CS9E-2192¢3787E~01 97e¢9169E-0241+1771E~-02,
6 6e8124E~CA41e1527E-05¢2.7226E-08+3+1826E-01+2+3246E-01,
7 BeSALBE~CZsleTI66E~0241e5674E-03¢5:6421E-05¢5¢9754E-07,"
8 BeSEGEE-1Ce2499S4E=C142:2671E-01¢947406E=-0242+3087E-02,
9 2¢8E89E-C341+4684GE-040440127E~06+2+8080E-08+2+5843E~-11,
A 208377E~0C192¢2094E-010100360E~0192¢8667E-0204¢5072E-03,°
8 3e7820E=08451e5351E-0502¢S5322E=0741.2204E~09+¢7 «4828E-13/

DATA X/ 1e¢224T744EQ09009585725142402018261+0.8162878841467355156,
2 2.€519€133,047235509841446855259+2:2665805893.19099331,
3 Qe6SEBCI€I103265571602,02554T757927832899143066847134
4 0e605T€2915106220084€3914853108481 92.51973629+3.24660873,
5 4010133839¢0¢5€6S06962¢16136116039171999264+92432573223,
] 2¢9€71€868+3666994953444649999142+0:53163302+1.06764889,
7 16612623€202¢17350292¢2¢75776291¢3¢37893200+4.06194687,
8 4.871344574Ce503520130140103683541:+5241700802.04923153,
9 . 2¢591134C793+157849310347621870004.42853260+¢5.220272067

LOOP CVER ENEKRGIES .

IPO=1F1-1

IEC=1ECL1-1

S5

DO 69 lE=1El.1E2,1E2

E=F( IE)

IF(JRES<EQe0) R-EtSQRT(BEZOCES‘E)
IF(JRESNEO) R=RES(E+JRES)
LOOP CVER GAUSS INTEGRATION INTERVALS

ENG=E
16=1GS

JG=1GS*NGT

00 59 NG=

1sNGT

ANG=A (IG#NC) )
IF(NG«EQs1) GC 10 Ss2
DE=R#X(JG¢+NG) .

ENG=E +DE

CS=SICG(ENGsJV)
LOOP CVER TRANSM1SSION-SAMPLES

K=KG1

DO 57 NT=1,NT2 - v '
APN=F ( IPO4NT) . -

TR=ANCSEXP(-APN$CS)
I:?éé-;:(}?TZON:))OTR

. . G(K)=F(IPN2+NT)#*BGR
G(K)ISC(K)+TN - (EoNT)

LOOP CVER CERIVATIVES -
IF(JVLT40) GC TO 57 - .

KNV=K+]1
NTC=1

DO S4 IF=IF1,IFT2
. IF(F(IF) . 54

IF(NTCeNE eNT sOR ¢NGoEQe 1) G(KNV)I=0,
IF(NTC.EQeNT) GIKNV)I=G(KNV)=-CS*TN

KNV=KAV+1
NTC=NTC+1
NTC=1

CO0 55 IF=

IF(F(IF).
IF(NTC.NE

EG+0Qs) GO YO

IFN1+IFNZ
EQe0os) GO TO S5 e L
oNToORNGeEQel)  GIKNVI=0, - ' N

IF(NTC+EQ4NT) G(KNV)aGIKNV)+TR o

KNV=KAV+1
NTC=NTC+)
Kv=Kv1

KNV=KhVeNvE

DO 56 Nv=
IF (NG JEQ.
GIKNV )=G{(
KNV=KNV4]

1eNVP
1) G(KNV)=0.
KNV )=AFNSTNRG(KV)



(s}

[a]

234

€6 KV=KV+l ' . ‘
57 K=K+AV2+1

lF(NGnEO.l.ORlDE.LT.O.) GO TQ0 S9 '
DE=-DE '
GO TC 51 '

€9 CONTINLE

tOEZ,CVER TRANSNISSION SAMPLES
DO 665 NT=1,NT2
STORE COMPUTED TRARSMISSICNS IF NEEDED .
CONTRIBUTIONS To SRECANTIZaLK) o
C PH1 AND NORMAL A IR
W=WEIGHT(NT, IE) EQuATIONS )
CTYN=F(IE+NTI-C(K)
DTNW=CTN#*w )
PHI=PFI+CTN®CTNW "
IF(JV L T,.0) GC TC €= - SRR ’ -
DERIVATIVES CF TRANSMISSICN-BACKGROUNDS . e 5
KI=K4NVT+NVYN+1 (O T
NTC=1 T '
0O 61 IFSIFB1,IFBZ . : T
xg).ea.c.) GC TO 61 S
- L]
$6EO.NT) G(K1)=BGR(E,NT) . o .

o o o -

€l NTC=NTC+1 §

€3
€S
€9

)=C
19 WEIGFT=1,0/(CT

NORMAL EQUATICNS ? 3
L=LM] R

DO 63 PiA—} ,MVE

LANASC(RPiA)

D(NA )=D(NA)I+CTNWSCKNA

DO 62 NB=NAGNV2

C(L)I=C(L) +WxCKNAXCG(K+NB) . .

L=L+1 : A

K=K4+AV2+1 -

IEC=JEC+IE:

IF(JPLYECO) RETLRN

CORRECTION FOR CHARNNEL WIDTHS

PHI=(Q N

IES=JEI+IEZ+1E] . ,
IEC=1EC)-1 : : :
DO 71 IE=1E1leIEZ, IE2- .

00 73 N?:I.NTZ

IE.EQ.IE2) GO TO 73
TI=GeCTAl6ET®(F(ITH+IE3)+F(IT-1E3)+22,0 F(IT))
{ ‘Te IEIS(FUIE+NTI-F(IT))*

FUNL L JUN RESLES JRES)
RES=0.

RETURN

END

FUNCTION BGR({ESNT)
BGR=1.

RETURN

END

FUNL T Iun wWEIQRT(NTSIC) K

COMMON F(1) R . .
conucn/NACIer.th.Nve.NVP.sz.Ntz .
COMMON/FLT/BEZ2eCEZ2EHIELsPHI +sDOFINVsDTMIN
cuuuoh/lNDx/JERH.JCAL.Jkts.JPAu.LPAu.LMAT.MPAR.LPLY.LDAT.JPLY.JKCV
OT=F( IE+NT+NTZ)

IC(CTLCE.DTMIN} GUL 11U 192 CE

OT =CTMIN
FUIESATAINTZ Tv]

«0T)

RETURN .
END RN E
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SUBROLTINE MVP '

REQUIRES SLV(NV2)

MVP DCES A P-SEARCH IF NEEDED -

SAVE CLD ChISCUARE

REAL % 8 D

CIMENSION C(1)

COMMCN F (1)

COMMCON/VAR/G(1)
COMMCN/IAD/XPI.IPYZ-!PNIolPNZ-IPBlolPBZoIPSl-lPZolFl.IFTzalFNlo
1LIFN2+IFB19IFEZ+IFS14IF2+1G141G2
CDMMON/KAD/L"IoLSl-”VluMMloNSl-MSZOKVloKGlOKGZ
COMMON/NAD/NVT g NVN oNVB ¢ NVP sAV2 4NT2
COMMCA/INDX/JERF.JCALoJRESoJPAR.LPARoLMAT.MPAR.LPLT.LCAT.JPLY.JKEV
COMMGN/ IEN/TIEl s IE2+IE34IEC1 s IGSeNGT

COMMGAN/LEV/JFLAG JL( NRL(lO-lO)oMOM(lOclO).lNL(lO.lO)
‘COMMON/FLT/BEZ»C NVsDTMIN . '
COMMGA/FLD/AKO( sODELTA(T0) .

COMMGCAN/FL2/GSPIN O)oSTRFL(IJolﬁ).FRL(lOolO)
EQUIVALENCE(C(1)

OATA ITI+1TO/S.6€

DATA EPPNPSNAX/

CHIOLC=DOF INV*PF1]

NPS={

SAVE NORMAL MATRIX AT MM1 O
LM=LWM]

MM=MM I

DO 11 LA=1,NVZ

DO 11 LB=LA,NV2

D(MM)I=D(LM)

MM=MMN+]

LM=LNMe]

SOLVE NORMAL EQLATYTICONS

CALL SLV(NV2)

GAUGE ETAs IF NPS=0 SAVE ORIGINAL PARAMETERS

]
E
0
(
.
/
.

O Amets>

ETA=1.

oo 2 -
€0 TO 25

CIMVI=F(IP)
60, TO 23

LS)eLEeOe)  ETA==,9%D(MV)I/D(LS)

% Oe
.
LaX 4

+1
GET NEW VALUE COF CHI-SQUARE

Jv=-1

caLL FHINEO(:;LI

CHISG=DOUF INV

IF N@S=0 STORE ERFOFS IN ©
IF(NPS.GT.0) €C TC 21
LM=L M1

MS=MS1

DO 29 LAZ1.NVZ,

Q0 25 LB=L ‘
?F(LA.EQ.LB:OR.LMAY.G?.O) D(LM)=CHISQ*D(LM)
IF(LA.NE.LB) €3 TC &5
D(MS)=CSQRT(C(LNV)) SR
MS=MS+1 - . ‘ o
LM=LMe L IR
IF LNAT.GT«0 PRINT CONVARIANCE-MATRIX ‘

= 1 _
&:%L:i%.GT.O) WRITE(ITO,204)(DILM} oLM=LM] oL M2)
+GT.CFIOLD) GO TO St

201)
¥ INFSsETA,CHICLD:CHISQ
THICKNESSES
)
)

N-G-CZ-Q-lﬂ

NS M

TR GO 7O 32
MV ) oF(IP)D(NMS)
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4s.

61

63

71

75
201

202
203

204
205
211
z2l

232
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IF=1F+1]

CONT INUE

AUXIL IARY PARAMETEFRS
WRITE(ITOez2€)
WRITE(IT0+202)

DO 4S5 N=1,4NMNALUX

QF(IP)QD(MS)

GO TQ 45

WRITE(ITG,204)F(IF) )
IF=1F+1 - S .
RETURN

PROCEEC WI1TH. P=-SEARCH
NPS=NFPS+1

IF(NFS«GT ¢NPSMAX) GO 10 71
IF(NPE«GTW 1) GO TOo €1
COMPUTE PSC

GMG=Co.

- i
£
[N

DO 55 LA=1sNV2

D0 S4 LB=1sNV2

SUM=SUM+D(LB)#D (NV)

IF(LB «GEJLA) GO To £3

NM=NM4+J

J=J-1

GO TO Sa

NM=NM 41

CONT INUE

GMG=GNG+SUNSD(LA)

GG=GG+D(LA)SC(LA)

PSC=EPP#GMG/ GG

ADD PSC TO OIAGENAL ELEMENTS OF NORMAL MATRIX
ANC RESTORE IN C(LM1)

LM=LW]

MM=MM 1

0O 63 LA=1,NV2

D0 63 LB=LAsNV2

D(LM)=C(MM)

lF(LA.tc.LE) C(LM)=C(LM)+PSC

LM=L ¥

MM= Mnol .

PSC=PSCHPSC

GO TG 1§

WRITE(ITD,Z0€E)

RESTCRE OLD PARAMETERS AND CHIOLD

CHISQ=CHICLD

¢C TO 75

GO T 1 . '
FORMA LHOsBXo* AP S I 7X9 *ETA o ISX e *CHIOLD® o 14X,

L'CHINEWS® o/ .

)
FORMATIIH +s110¢EX93C2Ce50//7 )
FURMAT(1HO»9Xe ' CLC VALUE'-IXX.'NEU VALUE'-IQXn“,

1*ERRQOR® o/ )

FORMAT(1IH +€GZ0+5)
FORMAT(1HO, * CAN DC NO GOODs SORRY?)

FORMAT(1HO+5Xe* SANPLE-THICKNESSES"®)

FORMAT(1HO+SXe* TRANSMISSION-BACKGROUNDS *)
FORMAT(1HO+SX s * FRACTICNAL ABUNCANCE AND RADIUS?)

FORMAT(1H OoSXn'FEcCNANCE-ENERGY.CAPTURE-UlDTH.NEUTRON-UIDTH')
FORMAT(LHQe//////7915EX, CAUXILTIARY PARAMETERS® 4///) B
FORMAT(1HU+7Xe?* (ONLY VARIED LEVELS ARE LISTED)') o
FORMAT(1HO s GX s * ANCRNMALISATION=CRRORS?)
FORMAT(1HOs///7/7/7915X, *RE SONANCE PARAMETERS'.///)
FORMAT(1IHO o//7/ s1Xe *NUCLEAR SPECIES ='513s5Xs

4 *NUMBER OF ANGULAFR FMOMENTA =*,13)

FORMATU1HOs// 92X "ANGULAR MUMENTUM _'olZ|5X0

7*NUMBER OF LEVELS='14)

END
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SUBRCUTINE SLV(N)

IMPL ICIT REAL % 8 (A-H.0-Y)
COMMON/VAH/F (1)

REAL * 8

Ar

A=0, i}
IF(MleLESO) GC T0Q 6 (.,
KL=N+L

KM=N+N

DO S LM=l,M1
A=A+ F (KL )$F(KM)

J=N-L WV . & o
KL=KL+J

KM=KN+J

T=F(K)-A

IF(L ¢« CToM) GO TG §

IF(T «CTaCo) GG 10 7

WRITE(6+102)7

FORMATY (1HO» *FAILURE IN SLV T=',G620.5)
D=DSQRT(T)

FLR )= /70
K=K+ 1

K=N+1
FIK)}=1e/F(K)
DO 12 L=2eN
K=K+N=-L+2
T=1e/F(K)
FIK)=T
Li=L-1
KL=N+L

KM=N

00 12 M=1,lL1
LK=KL

A=0 .

DO 11 LM=NM,L1
I1=KM4LM
A=A=-F(KL)*F(11)
KL=KL4+N=-LM
F(LEK ) =AST

K=N+1
DO 14 N=1,N

KL aK

DO 14 L=M,N
AM=RA

A=,

T1=N=-L+1

DO 12 LN=1,11
A=A+F (KL )$F(KM)
KL=KL +1
KMaKv4ey
F(K)=2

K=K+

DO 18 L=1,N
A=0.

JI)
GO TC 16

an

PN
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13

14

17
19
21

25
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FUNCTION SIG(EsJV)

REQUIRES SVS(ZEC oETAnUO.VO) AND FNS(VE,N) ‘
FOR JVeGE«C COMPUTES DERIVATIVES

FOR JFLAG=C RECCMFLTES INTERFERENCE TERMS

COMMCN F(1) . ‘ ’
COMMON/VAR/G(1)

COMMON/IAC/IP 14 IPT24IPN1eIPN2+IPBlsIPB2+IPS1¢IP2,1IF1,IFT2,1FN1,
1IFN24+ 1IFB1 ¢ IFB2¢ IFS14IF241G1,41G2 )
COMMCN/KAC/LM1oLS1oMV] sMM1oMS] sMS2 9KV 1 sKG1 s KG2 -
COMMON/NAD/NVTo AVNoNVE s NVP ¢NV2 oNT2
COHMOh/lNDl/JERF.JCAL.JRES.JPAR.LPAR.LMAToNPAR.LPLY.LDAT;JPLVoJKEV
COMMON/LEV/ JFLAGoNS2oNAUXeJL(10) oNRL(10410)sMOM(10510)+INL(10+10)
COMMON/FLT/BEZoCEZoEHIEL2PHI yDOFINV.DTMIN

COMMON/FLD/AKO (10 )+CO(10) sRAD(10) ¢DELTA(LC) e
COMMEN/FLZ/GSPIN(lOolO)oFRL(lOolO)oSYRFL(lO-lO)dGNAL(lO-lO).GAVL(lO-lO)
10»10

DATA SQP1+PL14/14772454,512.5664/

DATA €PSI/1.E-€/
IF(JFLAG.NE.O) GO TC 21
COMPUTATICN OF LEVEL-LEVEL-INTERFERENCES
(IF JFLAG=0)
JFLAG=1
IP=1PS1 .
K=16G1 T
BO_20 Ns=1.Ns2 : . - o
P=1P+ . s =
JL2=JLENS) - A
AKRNS=AKO (NS ) $RAD (NS)

NR2=NFRL (N
¢a 10 20

GO 70 13

lF(lhToEGoG) €0 TO 19

GAR=F (IP+1)

GNR=F (IP+2)

VER=SQRT(AES(ER))

RHOR=AKRNS®*VER .

PENR=FEN(L Js» RHQFR)

SHFR=SHF (L JsRHCR) !
F(K)=Q. s,
FI(K+1)=0. ’
GR=GNFRSPENR

IPS=1FQ

DO 17 MS=1.NR2

IF(MS «EQ.NR) ¢C 70 17

ES=F( IPS)

GNS=F(IPS+Z)

RHOS=AKRNS#SQRT (AES(ES))

GS=GNS*PENFR

OL=ER-ES-(SHF(LJ+sFHCS)=SHFR) *GNS
GHS 2 S#( GAR+F ( IPS+1)4¢GR+GS)
VEMP=CNS/ (CL#0OL 4GF#GH)
)JSF(K)+TEVWFSCH
F(K01)=F(KOIDOTEM9‘CL
PS+3

K=K+2
IP=IP+3
CONTINYE
CONT INUE
MAIN FPART Cf CRCSS-SECTION
lP=lPSl
K=16
E=$0RT(E)
SIG=0.
IF{JVLTe0) GC T0 25
IF=]1FS1
KVSKV ]
SUM OVER NUCLEAFR SPECIES
DO 59 NS31.NS2
FRS&F(IP)

RADNS=RAD
AKRNS3AKO
RHO= AKNS #R
RHOHATSAKNS®AFAT
CFNE=CNES®FRG

JL2=JL(NS)

DEL=DELTA(NS)

IF(DEL ¢EQe00 ) GC TO 27
DE=1+./(DELWVE)
SGPICE=SQPI*CE

{
AKNSﬂﬁKON?
N



27

29

34

35

6

S1G5=Ce
IF(JVT.0) GC TO 33
KVR=2

KVN=0 ’

IF(F(IF)eECeCo) GO T0 2¢

KVN=KYV

Kv=KV+41l ‘

IF(F(IF+1)EGCe0e) GO TOo 31

KVR=KYV

GKVJ=0,

KV=KV 4l : .
IF=1F+2 : ™
SUM CVER ANGULAR=-NMOMNENTA L

DO 49 J=1l.JLE E

LJ=MCN (NS J) ' .

PENL=FEN(
SHFEL=SHF(L
CFG=CFNS*GSJ

ER2ERL (NS, J)

SIGJ=Co,

IF(FR+EQeQe) €0 TO 34 . ,
ALJ=2%LJ+1 ' ’

CCO0S=1.-CCS2 : .
IF(COS2 ¢GT409S9) CCOS=2.%#(SIN{ .SSPHIL2)*%2)

S1GI=ALIACCOS*FF i oL
CONTINUE R .
IF(KVReNELQ) CKVR=C o

PICKET=FENCE EXTENSIONS

STRF=STRFL(NS»J)

IF(STRF+EQ 40 GC 7C 3s-

GAV=GAVL (NSeJ) ,

. GNA=GNAL (NS+J) ' - ' . )

GTA=GAV+GNASPENL

DBAR=CNA/STRF .

TEMP=STRFSPENL i :
PFS=TEMP# ,23GTAIF NS(DEARGEs2)

PFA=-TEMP#FNS(DEAR+Eo 1)

FENCE=PFS#COS2~-FFASSIN2

IFCINTeNESC) FENCESFENCE++S5¢(PFSSPFS+PFASPFA) .
SIGJU=SSIGJ+GS JSFENCE : : .
CONT INUE : .
IF(NRZEQ.Q) GO TQ a8 " oy N
CONTRIBUTION OF RESONANCES o

DU &7 NHR=2]1,NR2Z '
ER=F(IP)

GAR=F(IP+])

GNR=F( IP+2)

IR=1P+43

GN=GANREPENL

RHR= AKRNS$SQAT{ 2R S(ER))
SHIET=SHF(LJoRHEK } -SHFL
EP=SPMAF ISLARSER
GR=CQs2

HR=S IN2

GH=¢S5#(GAR+GN) .

OL=EP-E .
IF(INTEQ.O) CO TO 36 .

GREGR4F (K )SPENL ’ . . “
HR=MHR¢F(K+1)SPENL

K=K+2 .

IF(STRF¢EQe0e) GO YO 36

PFT=PFS+TEMPEGHIFAS(DEAREe2) N

et

CONT INUE

IF(JV «GELO0) FLAC=F(IF)F (IF+1)+F(1F+2)

IF(DEL «NEaQs) GC 10O 37

DENINV=] o7/ (GHSGH4CL SOL )

U=GHSNFN INV

V2UL PLENINY

IF(FLAGEQ.O.) GO T 239 \
DP1==(U¢+U)sV
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39

41

43

45.

48

49

S9

(=3

=

(7]

41

OP2=(L+V IS (U~-V)
GO TO 39

ETA=GH40OE

2ZED=CL*DE

CALL SVS(ZEDETA»L0,V0)

U=SQP IDE*UC

V=SQP IDE*VO

IF(FLAG.EQeO ) ¢0 70 39

DP1=(CE+DE)S (ETASV=-ZED#U)

OP2=(CE+DE)*® (CE-ZED#V-ETASU)

IF(ABS(ETA®V=ZEC#U) +LT.EPSI) DP1==(U+U) &V .
IF(ABS(DE~ZED®V-ETA®U) +LTLEPSI) DP2=(U+V)s(U=-V) " - ’
UV=GRIU~-HR$V L

- SIGJ=ESIGJ+CSJBUVIGN

CALCULATICN OF CERIVATIVES

IF(JVLTW0) GC 10 a7

WeR«T e EFFECTIVE RACIUS AHAT

IF(KVR.NE «0 )} CKVR=GKVR=GN#(VSC0OS2+¢U%sSIN2) Y
IF{FLAG.EQeO ) GO TO 4§

WeReToH RESGNANCE ENERCGY ER

IF(F(IF)eEQeCoH) GC TO a4l

E&K:&:EFG#GN‘(GF#DFI HR‘DPZ)‘(loOGNR'DSHF(LJ.RHR)‘.siRHﬂIER)
WeReToe CAPTURE WICTH GAR

IF(F(IF+1)EQeC ) GO TO 43

G(KV )==S#CFGHCNS (GRODP2+HR®DP 1)

KV=KV+1 . ;
WeReToe RECUCED MELTKON WIDTH GNR
IF(F(IF+2)EQe0¢) - GO TO 45
UN=DP1#SHIFT~¢SVOF2HPENL . . I - R A
VN=e S#0OP1FENL*+CP23SHIFT

GI(KV)=CFGH (PENLIUVHIGNF(GREUN-FREVN))

KV=KV+l

IF=1F+3 °
CONT INVE

CONTINUE:

IF(JV L TeO) GC YO 4S

IF(KVKeNES Q) GKVJSGKVI+(ALJESINZ2SFR4GSJISGKVR) SDPH(LJ, RHDHAT)
SIGS=SIGS+SIGJ

IF(JVWLTC) GC TC £¢

IF(KVReNE +0) CIKVR)I=(CFNS+CFNS) SAKNS$GK VY
IF(KVNeNE.C) CIKVN)=SIGS*CNS

SIG=SIG+SIGS*CFNS

CONTRIBUTICN CF AUXILIARY PARAMETRES

DO 69 N=1sNALX .
$lG=$lG*F(lP)ﬁFhS(Vb-E-N)

IF(JVLTL0) GC T0 &

DERIVATIVES WwWeReToe AUXILIARY PARAMETRES
IF(F(IF)+ECeCe) GC 10 67

G(KV )=FNS(VE +EsN

KV=KV+1

IF=1F+1

IP=IP+1

RETURN

END

FUNCTION PFI2(LJsRKC)
PHI2=RHC+KRFO
IF(LJEQ.C) FETLRN

IF(LJNE 1) GC 10

PHI2=FH]2-2.%A Tﬂh(FrC)

R?IE?“NE 2) €¢C 10 2
;ng;é.#iRPU-ATAN(J.ORHOI(3.-RHO#RHO)))

RETURN

lF(LJ.:EaE&HO CALL ERROR

RHOS@G= .
PHI2=2 +* (RHO=ATAN(RFO$(RHCSQ~- lSol/(&.‘RHOSO'lSo))) -
RETURN

END

FUNCTION DFH(LJIREC)
IF(LJ«NE.O) GC 10
OPKH31 4

RETURN

RHOSQG=RFO*RHO
IF(LJeNEW1) GG T0 2

DPH=RHFHCSQ/(1.+RFOSQ)

RETURM

IF(LJNEJZ) GC 10
DPH=9-.RHOSQ/(9n*ﬂ#GSO‘(B.’RHOSQ))
RETURN

IF(LJeNE.3) CALL ERROR
RHO4=FRHOSQG#RHOSC

UPH2{RHUG+HHCA ) ¥L RHOSQ424.)/
1(2254445 4 #RHLSG4RHOGS (5. +RHOSQ))
RETURN

END
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FUNCTION SHF (LJRHD)
IF(LJeNELC) GO TO 1
SHF=0..

RETURN

RHOSQ=RKOSKHC
IF(LJNESL) GC T1C 2
SHF=«45/(1++RFOEQ)
RETURN

IF(LJNE.2Z) GC 10 3
SHF==(9 4+1+5%RFCSGC) /(S +RHOSA* (3« +RHOSQ) )
RETURN

3 IF(LJWNEL3) CALL ERRGR
RHO4=RHOSC$REOSQ .
SHF==(337+5445¢ SRFOSA+3¢$RHOG) /(225,445 *RHOSQ+ 6+ SRHOS
1+RHOA'PRHOSC) : ) :
RETURN
END
FUNCT ION DSHF(LJyRKC)

IF({LJNELO) GC TC 1
DSHF=C, - '
RETURN .

I RHOSC=RKO*RHO
LFtLJNEW]) GC 10 2
DSHF=RHO/ ((1.4RFCSG)%82)

RETURK T

2 IF(LJNEL2) GC T0 2
TEMP =G ,+RHCSC#( 3. +R+0SQ)

DSHF=2 (#RHC# (TEMP 45 . $RHOSQ )/ ( TEMP STEMP )
RETUKRN T R

3 IF(LJNE.2) CALL ERRCR
RHO4=RHOSQ*RFOSG
RHO6=FHO42RHCESC
TEMP=Z2E.445.%RFEQSQU+E+ *RHOS+RHO6
DsnF=1687.50900.tFHcscoaez.stRHoa0RH06¢(30.onnoso)
DSHF=€ s $RHCELSHF/ (TENPSTEMP)

RETURN

END

FUNCT ION PEN(LJ 4RFC)
PEN=RFO .
LF(LJWEGs0) RETLRA
RHUSQ=RHCE®RHC
IF(LJeNEW1) GC TG 1
PEN=PEN®RHOSU/{ 1+ 4RIFCSQ)
RETURN

1 PHOA=FRHCSC®FKCSC
IF(LJJNEeZ) GE 10 2
PENSRFOYNHEA/(G . +3 . *RHOSQ+RHO4 )

RETURN

2 IF{LJNEL3I) CALL ERROR
RHQ6=RHQ4*RFOSQ s o
PEN=FFC*RHCO6/(2Z2€ ¢ 44E s RHOSA+6 4 *RHAG+RHOO )
RETURN
END
FUNCTION ENS(VE+E N}
COMMON/FLT/BEE.CEE.EH.EL.FH[.DuFan.pTulN
DATA ENG/ .58¢7
FNS=0, .

GO TO (21922923924025426+27928+29)N

21 FNS=ALOG((EH-E+EPS#VE)/(E-EL+EPSSVE))
RETURN )

22 FNS=(EF-ELAVE )/ ((EF-E+.SHVE)*(E=-EL*«S¢VE))
RETURN

23 FNS=1,

RETURN

2% PN3:=E
RETURN

25 FNS=VE
RETURN

26 FNSz=1./VE
RETURNMN

27 CONTINUE

28 CONT INUE

29 CONTINUE

END



wiv~

2001
éec2

27

43

SUBROLTINE SVS(AXsY1eREWS
COMMCN/TRTI/ZTRUE2+€2)+TI(
CATA KrsO0O/

IF{K.EQ.1) GO 7C 3

K=1

KI=1

X==,1

DO 2 I=1.€2

Y==,1

DO t J=1+€2

CALL W{XsYsTRCI «J)eTI(14J))
Y=Y+.1l

X=X+l .

CONT IANUE N

CALL CGUICKMW (AXsYLsREWAIMW)
RETURN

END

AlMw)
620€

SUBROUT INEW(REZ »AINM1,REWSAIMW)
REW=9 .

R2=REZ¥REZ
Al2=A1IMZ*A1
ABREZ=ABS (
IF(ABREZ+1.
IF(ABREZ+
IF(AEGth
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C wA
180

11

41

12

€ES
63
C w7
200

42
6

664
€4

40

44

NMAX=11

Ka=2

AlMZ=-AIM]Y

GO TC Zzoo0

Kw=1
IF(AIM1)20C0O,41E5Cs1EC
Kw=2

AlMZ=A1NM]

GO TC 200

IS DOBTAINEC FRCVM ASYMTCTIC SERIES
RV=2 «3%(R2-A12)

AK=GQ .#RELRATINZ

EL=AK

H=0.

B8=0,

A=0 .,

TEMPN¥M=0,

TEMEL=0.,

G=1.

‘C==1412837G28p1NZ
D=1412837G2*%RE2Z

AM=RV-1,

AAK= 14

K=0

AJTEMF=2,%AAK
TtMP4=(la-ﬁJT€"F)‘AJTEMP
AJUP=RV=-(4.5AAK+ 14}

CO TC 490

CAAK=AAK+1 .

K=K+1

PR=REW

PI=AINMN .
AMAGN=TEMPN2*Z¢+TENEL**2

REW=( TEMPC#*TEMPNVN+TENPCHTEMEL ) JAMAGN
AIMW=S(TEMPNM*TEMFC-TEMELXTEMPC ) /AMAGN
IF(ABSE (REW-PR)=1.E-€)565,11,11
IF(ABS (AIMW-P1)~-1.E-€)65s1lel1l
RETURN

IS OBTAINELC FRCWVM TAYLCR SERIES
TEMP 1=RZ+A1Z

TEMP2=2 ,*TEMF13%TENP]
AJ==(R2=AIZ)/TENPZ

AK=2 ¢« 3REZ#*AINZ/ TEMP2

SIGP=1.5

EXPON=EXP (TENPZ#AJ)
EXPC=EXPONSCCS (TEMF2#AK)
EXPE~-EXPGP¥6IMN (TEMPI*AK)

SIG2F=2.%S1GP
AJ4SIC=4.,%AUSIG
AJ4ASMI=AJASIG~1. L.
TEMP2=1./(AJASM13(AJ4SIG+3.))
TTA=SI1G2P ¥ (2 «*AJSIG-1.)
TEMPA=TTA/(AJASKLI*(AJASIG+1+)*(AJASIG-3.)%AJASM])
AJP=AJ+TEMF3 :

GU TC a0

AJSIG=AJSIG+ 1.

JSIGSISIG4]

TEMP7=(AM® AMJEL$EL ) %1.7724539
REF=(AIMZ* (CHAMIDSEL )~REZ*(AMSC-CHEL) )/
ITEMR7/TEME ]

PR=REW

Pl=AlINW

NEwW=gXxNC=-RaF

AIMW=EXPS~-AIMF

iF ABS (REW=FE)=1+E=€)AraAe747
FUABE (AINW=F1)=1.E~t)bae7s7
RETURN

SIG2P=2.,%AJS1C

GG TC 4

TEMPC=AJPSC+TEMFQ$A-AKSD

TEMPOD=AJP*C+TEMFASB+AKSC
TEMEL=AJPIEL+TENP AR R+AKEAN
TEMPM=AJPSAMITENP A3G-AKSEL
A=C .

8=D

G=AM

KE=EL

C=TEMPC

D=TEMFC

AM=TENEM

EL=TENEL

IF(AES (TENMFM)+ABSE (TEMEL)=1+2E15)89643443

AIMF=(AIMZH(ANSC-CHEL )+REZE(C*AM OOtELi)/TEﬁP7/T£NPl
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.43 C=1.0E-15%C
D=1+0E-153C
AM=1 ( JE~158AM
EL=14CE-1S%EL
TEMPC=1.0E~15*TEMFC
TEMPD=1.0E-1£3TEMFD
TEMPM=1 ,0E-1S3TEMFM
TEMEL=1.0E-1S$TEMEL

N ?2(TC SC

9 ABS (TEMPM)+ABS (TEMEL )-1.0E- -

aa Coldgises o lS)QQ.Gé.SO
C=1+0E153%C
AM=1 . CE15%AM
EL=1.CE1S5%EL -
TEMPC=1.0E1S$TEVP(
TEMPD=1.0E15S%TENVFC
TEMPM=1.0E1S*TENMP W
TEMEL=1.0E1S$TENEL

€0 GO TO(41+42012345) oKkw

12345 RETURN

END
SUBROLTINE QUICKwW (AXsY sREW,AIMW)
COMMCN/TRTI/ZTR(E2462) o TI1(62+62) K1 :
AKI=SIGN(lesAX) QUIC0030
X=AB8S (AK) QuICocar
TEST=X3IX+Y $Y . . QUIC00S0
IF(TEST LT e2€4.)G0 TC 1O . . QUIC0060
44,)G T 2 cuUICsOe?N
C000Q.)GC TO QUIC0080
AEICHTES
QUICI100
1 QuUICOo110
QUIC0120
QUIC0130
QUIC0140
QUICO15D
QUICo160
QUIC0170
QUIC0180
QUICO0190
QUICO20¢
QUIC0210
AU1C0220
CUIC0239
QUIC 0240
Qulico2s0
' . . QUIC0260
Al= FQ"HQ . . Quicoz270
A2=HPZ~-HP QuUICo280
A3=1.4PQ-P2-02 GUIC0250
4=HPZ-PQ+FP : X QU[COBOO
AS=HQZ-PQ+HG UICO 316
REW=AI$TR(IsN )oAztvk(1-1.J)¢A3:1R(1.J)+Aatrn(1+1.J)0A5trn(l.a+1)cutcoazo
1+PQ*¥TR(141,4¢1 UiCco330
IF(KI.LE.Q) GC TO & Qu1c03a0
S AIMW=AI&TI(I+N )+A2$TI(I- l.J)OhstTl(!oJ)ﬁAatTl(lﬁl.J)fAS#Tl(l-J*lOUICOJSO
1)4PQSTI(I+1sJ41) QUIC0360
AIMW=AIMWSAKI Lo . ’ : . QUIC037%
GOTO8 QUIC0380
2 Al=X%®X =-Y%Y QUICQ03%0
A2=2 ., %xkYy QUICNanNg
A3=A28A2 . QUICO0410
Aa=A1-.2752881 : QUICC420
AS=A1-2.72474¢ ) Quicoa3o0
D1=e¢5124242/7(A4%A42A3) QUICO0440
D2=.0E176536/( AS$AS+AI) L QUIC0459
REW=D1%(A28X~ ‘4‘7)00“(A2‘X'A5.') ’ . QUICO04ED
IF(KILE.C) GC TO & QuUicoa7o
7 AIMW=C1%(A4%X OAZ‘Y)ODZ.(“s‘XOAZ‘Y) QuicCceasd
AIMW=2IMWS*AK] QUIC0490
GoT08 : QUICO0S0C
3 AL=(XSX -V8Y )92, . . )
A2=4 .4 X8Y . QUIC0520
AG=Al-1. . . QUIC0S530
D1= 1.1283792/(A4“Q052‘A2) . . . QUIC0540
REW=D 1% (A28X=A48Y ) . QUIC0550
IF(KI.LE.0) GO 10 € : : OUICOSA0
AIMW=C13(AARX+AZEY) : QuUICos7¢C
AIMW=AIMWSAKI QuUIC0580
.
& RETURN QUIC0600

END
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APPENDIX III.

Listing of Input

SAMPLE PROBLEM

STuB TEST PRABLEM WITH 40M 238U DATA

3 5

o)

Y

5074E-07

458,136
456,344
458,552
458,761
45R.970
459,17y
459,388
459,597
459,806
460,016
463.225
460,435
460,645
460,855
461,065
461,275
46,486
461,697
461.907
462,118
462,329
462,540
462,752
462 .96
463,175
463,386
453,598
458,811
464,023
464,235
454,448
464,660
454.873
465,086
465,299
465,726
465,939
466,153
466,266
466,581
466,795

(F10+¢3:,6F6+,38)

C.864
U.886
0,901
(.834
n.8A9
UsPUb
7 .866
6,849
0.862
0.887
N.843
0.871
(.893
0.8%8
c.871
0.873
6C.878
0.908
0.462
6.817
G.806
Gi.778
L.665
U.%42
N.501
U910
0.635
Ne734
0.782
h.8%1
0,843
G.898
0.854
U874
0.846
0.896
0.916
0,840
0.826
0.85¢
D.853
0.871

1 0
7.40E-12

0.625
N.026
n.026
D.024
0.025
D.nz2é
N.025
0.024
n.02%
0.025
0.024
0.925
n.025
0.025
0.025
0.025
0.025
0.026
0.024
n.024
0.023
0.023
2.021
0.018
N.017
0.017
0.020
0.022
0,025
0.024
0.025
n.n24
0.025%5
0.025
0.026
0.027
0.024
0.024
0,025
0.024
0.025%

0

0 0.

386,0

0.017
0.018
0.017
0.017
0,018
u,017
0.n18

0,017,

0.017
0,016
0.017
0.018
0,019
c.018
0,017
0.,n17
0.018
0.017
0.015
1,014
0.710
0,007
0.005
0,006
N.008
0,010
0.014
0,015
0.016
0,016
0,018
0.n17
0.016
0.016

0.017:

0.016
0.017
0.018
0.017
0.016

0.149
0,146
0,138
0,149
n.143
0.157
0.141
0,146
0.150
0,1%1
D.153
D.154
n,152
0,151
0.154
n,149
0,160
n,159
0,155
.144
N.,103
N.059
n,n20
0.004
0.093
n,G05
0,013
0,033
0.062
0,090
0,107
n,114
0,115
0.120
0.128
N,123
0,127
0,128
N.122
0,130
0,130
2,127

0 -1
0,999

0.005
0.005
0.004
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
0,005
0.005
0.005
0.003
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
N,004
0.004
0.004
0.004
0.004
0,004

1

1 n
0.0030



467.009
467.223
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
470,457
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
474,382
474,602
474,321
475,041
475,261
475,481
475,701
475,922
476,142
476,363
476 .584
476,805

0,839
0,879
0.877
0.85%6
0.871
0.875
0,335
D.673
n,398
1,839
0 '852
0,842
G849
0.867
0.860
0.837
0,890
0.876
0,372
0.871
n,872
0.366
0.861
0.587
n.919
0.927
n,394
0,366
¢.838
0,852
NH.842
N.679
0% 901
U.881
N.892
n,362
N.892
0.847
(.897
0.878
(.366
0870
(862
0.835
0839

47

0.024
0.025
0.025
0.024
0,025
2.225
n.024
0.025
0.026
0.Nn24
0.025
0.024
0.024
0,025
0.025

0.025
0.024

0.026

0.025
n.025
n.02%
N.02%
0.025
0.026
0.025
0.026
0.027
n,N26
0.026
0.024
0.024
g.024
0.025
p.026
0.N25%
0.025
0.025
0.026
n.o24
0.025
0,025
D.025
0.025
g0.n24
0.024
0.024

0.504
0,523
0,511
0.511
0.531
D565
0.539
0.533
0,577
N.,542
0.529
0.551
0.542
0,559
0056

nN.,556
0,582
3,564
0,521
0,571
n.,565
0,553
0.575
0.521
nN.564
0.568
0.566
D560
0,578
0.577
0.544
0,539
0,563
0.568
0,526
0,564
0 n571
0,575
0527
0,589
0,541
04572
n.572
0.587
0,582
0.584

0.016
0.016
0.016
0.016
0.018
0.017
0.n16
0.018
0,017
n.n17
0.017
0.017
0,017
c.017

0.017

0.018

0.018
0.016
n.017
0.017
0,018
0.016
0.017
0.018
0.n17
0.017
0.018
G.n17
0.017
J.018
0.018
0.016
0.018
0.018
0.018
C.N16k
0.018
n,017
0.018
0.018
0.017
0.018
0.918

0,123
0.125
0,129
0,129
0.136
0.133

04134

n,144
0.140
0.140
n.141
1,137
N.136
00139
0,143

0.140
C..141
0,142
(.,149
0,143
0,141
0,148
(1,142
N.141
N.141
0.150
H.147
0,147
0.147
0,146
00151
0.148
0,144
0.148
0.142
0.149
0.160
0.149
0,147
n,158
0,154
0.157
0.162
0.155
N.159

0.004
0.004
0.004
0.004
0,004
0,004
0.004
0.005
0.004
0.004
0.004
0.004
0.004
0,004
0.004

0,004
0.004
0,004
0.004
0.005
0.004
0,004
0.005
0.004
0.004
0.604
0.005
0.005
9.004
n.005
0,004
0.005
- N.005
0,004
0.005
0.004
0.005
0.005
0.004
0,004
0.005
0.005
0.005
0.005
0.005
0,005



477,026
477 .247
477 .469
477,690
477,912
478,134
478,356
478,579
475,801
479,023
479.246
479,469
479,692
479,915
480,139
480,362
480.586
480,810
461,034
481,258
481,482
481,707
481,531
482,156
482,381
482,606
483,056
483,282
4853.508

483,734
483,960
484,186
484,412
484,639
484,865
485,092
485,546
489,773
486,001
486,229
486,456
486,684
486,912
487,141
487,369
487,597
487,826

G.864
C.824
0.876
0,831
¥] 0740
$.656
UeH22
0,604
('0750
0,841
(.,856
¢.835
G860
04843
1,824
0.839
0.88%
G867
D867
0.859
U,884
C.857
(i.890
0,853
0.909
0,834
C.861
0.835%
0.898
0,903
n,847
0,876
0.890
n.853
6,874
D860
N.902
00893
fi ,844
0.850
N.833
0.871
0.886
J.5888
01.870
0.833
6.901
0.879

48

0.025
0.024
0.026
n.025
1.023
6.021
0.020
0.019
0.021
0.022
0.024
1.025
0.024
0.025
0,024
n.,024
0.024
D.026
0.025
0.025
0.024
0.026
0.n24
0,025
0.024
0.026
0.024
0.025
U.tbz4
0.026
0.026
0.024
0,025
0.026
0.024
0.025
0.025
0.026
0.026
u.024
D.n24
D.024
0.025
0.025
0.025
0.025
0.024
0.026
0.025

0.558
6.538
N,.522
0.444
0,346
0.218
04119
0.117
0,201
0.298
0,395
04473
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
0,968
0,567
0.543
0,565
0.522
0,532
0512
0,549
0.518
0,526
0,503
0,048
0,531
0,581
0.548
0.538
N.557
0.560
0,570
0.542
0.547

0,018
0,017
0.017
0.015
0.013
0.010
0.007
0.n07
¢.009
0.011
0.013
0.015
0,018
0.n17
0,016
0.016
0.016
0,017
0,017
0.n138
0.016
0,017
0.017
0.016
0.017
0,017
0,016
0.,n17
0,017
0,017
0.017
0.016
0.017
0.016
0,017
0.016
0,N1%
0.016
0.n17
0.016

0.017

0.016
0.017
0,017
0,018
0.017

0,148
0,151
0.153
0,143

0.005
0.004
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
0.004.
0.004
0,004
0.005
0,004
0.004
0.004

0.005

0,004
0.004
0.004
0.004
0.004
0.004
0.G04
0.004
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%
0.004



488,055
488,284
488,513
488,743
488,972
489.202

0.0
0.0
0.0
(3F

1.0

397
419

489 .662
489,892
491,123

499 .353%"

490,584
49y ,814
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

12395

10.,3)
00

o4
.2

0.860
0.856
0;854
6.818

G.801
N.551
(.844
N.862
0.369
0.896
v,88%
N.b4bé
G.860
5.852
n.,895
0,906
N.907
U.897
0,865

6,836
0.893
0.267

G.864

'

c.n24
0.025
0.025
0.024
0.023
0.025
0.024
0.n2%
0.025
0.025
N.026
0.024
0,024
0.024
0.026
n.n25
0.026
0.026
8,025
n.024

0.025

0.025
0.024

0.535
0,518
0,482
0,377
0,392
0,428
0,483
0,524
0,588
0,526
0.548
0,593
0.040
0.557
n,543
0.588
0,570
. 0.575
0.562
0,578
0,571
0,580
0,568

0.889 0.025 0,540

0,883
0,962
0,888
C!.892 ’

G.912 -

0.025
0.026

0.026

0.025
0.025

0.549
0,568
0,608
0,554
0,566

6,865 0.025 0,564

0,880
0,857

0.05208
0,0
6,0

0,025
0.025

0,9184

0 .

0.00640
0,02060

0.556
0.587
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0.017 ©.,130 0,004

0,016
0.016
0,013
C.014
0.014
0.016
0.017
0.018
0.016

0.017

0,018
0,017
n,017
0,017
n.018
0.n18
n.,018
0,017

0.018

0.c18
0.018
0,018
0.016
0.0617
2.017
0,019
0.017
0,017
0'017
0.017
0.018

n.112
0.078
n,n57
0,052
n,n68
n.095
0,130
.,141
0,155
(o149
D.146
0,152
0,157
0.160
0,153
G.155
6,156
0.153
0,149
n,158
n,154
nN.153
0,158
N,154
2,159
0,158
0,148
0,160
0.156

0.004
0.003
0.002
0,002
0.003
0.003
0.004
0.G04
0.005
0.0G05
0,004
0,005
0.005
0.005
0,005
0,005
0.005
0.005
0,005
0,004
0.00%
0,005
0,005
0,005
0.005
0,004
0,005
0.005
0.004
0.005
0.005

0,04906

BLANK CARD
BLANK CARD

0,981

0,0230



433.7
462.3
478.3
518.3
535,2

466, 8
485.0
488, 2

(]
-
o

g Bt B e B \ B R e B i e

DoV QO R D
o

[on RPaw Ren

NP N
(e}

o O

O IDIN PN OGS

Ao N

0,009938
06,3055

0.00389.

0,095160
0.04700

1
N.,00010
G.,00012
0.00062

0.0235
0.0235
0.0235
0.0244
0.0235

0 1.0
0.0236
0.0236
0.0241

50

3LANK

ELANK
AL ANK
& LUA MK

CARD

CAgD
CARD
CARD

_ BLANK CARD

BLANK CARD

SLANK
ol ANE

BLANK
BLANK

CARD
CARD

CARD
CARD
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B. Listing of Output

SI0B TEST FHCBLEM WITh 40P Z28¢ CATA

FIXED POINT INPUTS 3 -] 9 1 ] [} [} [} [} [} o
PLOATING POINT INPUTS 0.874E-C¢ T.74CE-11 566. 386,
KUNBER CF IG‘NSIISSICN VALUES 07 .
RAXIMUM ADCFESS OF F-ARRAY 17¢€

MAXIMUM ACDRESS OF G- ‘RR‘V 281

TRUNCATION LIMITS 3ees.cC 56¢&.00

INPUT RESONANCE FARANETERS

'IJCI.EAD SPECIES = RECLCED MOMENTUM= 0,2187SC-

FLER WIDThs= 0-78&135 o€
FHAETIDNAL ABUNOANCE= 1.0€CC

‘e

"ANGULAR MUMENTUM= 0
STRENGTH-FUNCTIONS J+49C80E=2

MUVEER OF LEVELS= 7

INTERFERENCE PARAMETER=
1

c2 NUCLEAR RADIUS—
NUMBER OF ANGULAR MOMENTA= 2
EFFECTIVE RADIUS= 0.9184

RESONANCE ENERGY CAPTURE-~wIDTH NEUTRON-WIDTH
387.40 0.25200E-01 €e64070E~02
410.20 0.22600E-01 -0l
433.70 C«23500E-01 -32
462.80 Te235C0E-01 02
78.20 0.23500E-01 02
.S518.30 0.+24400E=01 0.51600E=-71
835.20 0.+23500E-01 0.47000E-01

ANGULAR MOMENT
ST ﬂENGTN-FUhCT 10N=

NUMBER OF LEVELS= 3
RESONSNCE ENERGY

IN;ESFERENCE PAQAIIEYE

CAPTURE-WIOTH

466,80 0+.230600E-01
488.00 0.23600E-01
488.20 J+241CIE~01

ITERATION NUMBER 1

NB'S ETA

0 1.00C0

- SAMPLEC-TH ICKNESSES
OLC vaALUE NEW VALUE
0¢123SSE~-0Q1
DeS2I80E-01
017536

NOR”ﬂLiSATIUN-EFRQRS
OLC VALUE NEW VALUE
0.0 —0.6C741E~
0.0 ~0.2G3€E0E~-
0.0

TR‘N‘M! G ION- EACKCRGUNC<
OLC VALUE NEH VALUE
0«0

* 000 ’
VsV :

NEUTRON-wINTH

c2
o1

1 SPIN STATISTICAL FACTOR= 1.000
AVERAGE NEUTRON-MIDTHM= 3.9817C AV

[ SPIN STATISTICAL FACTYOR= lcOO’J
ERAGh NEUTRON-W IDTH= 0.0

2999

[}
CGe3ICE-O2

2.83876

POTENT I AL SCATTERING FRACTIGJ‘ 1.000
VERAGE CAPTURE-WIDTH= 0.23000E-

POTENT AL SCAYTERING FRACTION= I-OCO
VERAGE CAPTURE-W IDTH=

CHIOLD CHINEW
29.000 4.8829
ERROR
gRROR
9.48846D-02

0453139D0-02

ERROR
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RESONANCE PARAMETERS

NUCLEAR SPECIES = 1 NUNMBER CF ANGULAR MOMENTA = 2

FRACTIONAL ABUNCANCE ANC RACIUS
CLD VALUE NEW VALUE " ERROR

1.0000 ) )
0.51842 0.9€370 0.129060-02
AMNGULAR MCMENMTUM = NLMEER OF LEVELS= 7

RESONANCE -ENERGY s CAPTURE-% TCTH,NEUTRON=W IDTH

OLD VALUE NEW VALUE ERROR

(ONLY VARIEC LEVELS ARE LISTEC)

462.80 462,12 0¢11517E-01
0235C0E~-01
055019€E-02 0e3SES51E~-02 0.21574E-03
47830 47€.42 < 0e12477E-01
0.23500E-01
0.3800S5E-02 €Ce37049E-C2 0+14500E-03
ANGULAR MOMENTUM = | NUMBER CF LEVELS= 3

RESCNANCE-ENERGY » CAPTURE-WICTH s NEUTRON=WIDTH
OLC VALUE NEW VALUE ERROR

(ONLY VARIED LEVELS ARE LISTEC)

466480 4E€.§1 . 0412985
0.236C0E-01
0. 10004E-03 0+454€E4E-04 0+ 26433E-04
485,76 . 485,26 0112065
0.Z26C0E-01 N »
0.12010E-02 0.7€3€6CE-04 0.24801E-04
488.20 4BELES 0427767E~-01
0.241G0E-01
8.€L333C 03 €.261116=03 N.4a1450E~-C4

AUXIL IBRY PARAMETERS

OLC VALUE . NEW VALUE ERROR
Q.0 . =0+232S70 0s13253



ITERATICN NUMBER 2.
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NPS ETA CHIOLD CHINEW
] 1.€0CD 4,.8829 2.2742
SAMPLE-THICKNESSES .
" oLC VALUE NEW VALUE E£RROR
0+12365€E-01
0+52080E-01
0.17536
NCRMAL ISAT ION-ERRORS
OLC VALUE NEW VALUE ERROR
-0.60741D0-02 ~02ES€7E-Q2 0.3203iD-02
-04293600-0.1 -0+22132E-01 0436255002
040 : .
TRANSMISSION-EACKCROUNCS
OLC VALUE NEW VALUE ERROR
0.0
040
0.0
RESONANCE PARANETEFS
NUCLEAR SPECIES = 1 NUMEER CF ANGULAR MOMENTA = 2
FRACTIGNAL ABUNCANCE ANC RACIUS
OLC VALUE NEW VALUE ERROR
1.0000.
065370 _0.948€8 0.92928D0~03
ANGULAR MCMENTUM = @ NILINFER COF LEVELS= 7

RESONANCE-ENERGY s CAPTURE«“WILTHoNEUTRON=-WIDTH.

'OLC VALUE NEW VALUE ERROR

(UNLY VARIED LEVELS ARE LISTED)

463.12 463417
0¢23500E~-01
0eS10€3E-22

0¢39653E-02
478442 ’ 47€.43

0423500E~-01
037049E-02 0+36€49E-02

J.74882E-02
0,88958E~04
0.86925E-02
0+ 9€00SE-04
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ANGUL AR MCMENTUM = ] NUNMBER CF LEVELS= 3
RESONANCE-ENERCYs CAPTURE-WILCTHsNEUTRON-WIDTH
oLC VALUE NEW VALUE ERROR

(ONLY VARIED LEVELS ARE LISTELD)

46€.91 4€7. 1€ Cel8469
0422600E~01
0+.46502E~04 0«SZGCEE-04 0¢16739E~-04
4BE.26 48€.33 0.12528
0.22600E-01
Je.78376E~-CA CelZEESE~-03 9.17750E-04
4€8.69 48S.1¢ 0433424E~01
Da24l LOE-Q1 :

Je2G152E-03 0.64901E=-03 0. 18594E-04

AUXILIARY PARAMETEFRS

GLD VALUE NEW VALUE ERROR
~0.32570 -0.22924E~-01 0.999350-01

ITERATION NUMBER 3
NPS ETA ; CHIOLD CHINEW
[+ . 1.0000 240742 . 1.0611

SAMPLE-THICKNESSES
OLU VALUE NEw VALUE ERROKR
041235688=0} ' '
0.62080E-01
0.17536

NORMALISATION-ERRORS

OLD VALUE . NEW VALUE ERROR
-0.28567N-02 ~N.2110FE=02 0.,230080~-02
-86521320'01 ‘0.{icédt-01 Ue260210-02

L]

THRANSMISSION=-EACKCRCUNCE S
OLD VALUE NEw VALUE ’ ERROR
0.0

0.0
?eC
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RESONANCE PARANETEFRS

NUCLEAFR SPECIES = 1 NUMEBEF OF ANGULAR MOMENTA = 2
FRACTICNAL ABUNCANCE ANC RACIUS

OLC VALUE NEW VALUE . ERROR

140000

Ge. 54888 ’ 0.948€3 0.661210-03
ANGUL AR MOVMENTUM = ¢ NUMEER CF LEVELS= 7

RESONANCE-ENERCGY+CAPTURE-WICTHsNEUTRON-WIDTH

OLC VALUE NEW VALLE ERROR

(ONLY VARIED LEVELS ARE LISTEC)

4€3.17 4€2.17 0.50667E~-02

0+22500E=-01

Je51J63E-02 N SE3E36E-C2 0.84385€E~-04

47€443 47€.42 0.60386E-02

0+423500E-01

0+39649E-02 0.36813E-02 O0.72857€E-04
-.. ANGULAR MCMENTUM = ] NUMBER CF LEVELS= 3

RESONANCE-ENERGY, CAPTURE-WIDTHsNEUTRON-WIDTH
CLD VALUE NEWw VALUE ERROR

(ONLY VARIED LEVELS ARE LISTEC)

467.15 4€TL1E 012355
Q0e2Z€00E~O1 ) .
D eSEV12E-04 0 «SE9S2E-C4 0.11985E-04
48S5.323 48€.,30 0.55287E-01
Q0¢23600E-01
De12864E-23 0413023E-03 0.13155E-04
48%5.15 ABELE7 0.13C38E-01
J e24190E-01
0.64846E-03 - Ce72€74E-03 O+ 18745E-04

AUX IL 1ARY PARANMETEFRS

OLD VALUE NEW VALUE ERROR
=0 ¢229240-01 ~0+174C0E-01 0.705070-01



56.

. ITERATIGN NUMEER 4, ( . : :
NPS ETA “CHIOLD - CHINEW
o 1.C0CO 1.0611 0497770

SAMPLE-THICKNESESES
OLD VALUE
0¢12395E-01
052080E-01
0e17536

NGRMAL ISATION~ERRORS

NEw VALUE - ERROR

NEW VALUE ERROR
=Cel8éCAE-02 0.22108D-02

oLD0 VALUE
=0 e+2il0BD=02

-0.210630~01 -0.2CES3E-C1 0.250230-02
0.0 :
TRANSMISSION=EACKCROUNCS
OLD VALUE NEW VAGUE €ARON
0.0 '
0.0
Q0.0
RESONANCE PARAME TERS
NUCLEAR SPECIES = 1 NUMBER OF ANGULAR MOMENTA = 2
FRACTICNAL ADUNCANCC ANC FACIUS
’ OLD VALUE NEW VALUE ERROR
140000
0.54863 0.94810 © 0.63565D-03
ANGULAR MCMENTUM = ¢ NUNEBER CF LEVELST 7
" RESOMANCE=ENERGY,CAPTURE=w IDTHNEUTRAN=-WINTH
OLC VALUE | NEW VALUE -7 .. ERROR
(ONLY VARIED LEVELS AKE LISTEC)
463,17 463,17 0,48384E~02
0.235CCE-01
0.53836E-02 0.83979E-02 0.86178€-04
478,43 478,43 0.57896E-02

0423500 1

E-0 .
0+39813E-02 De3SSCEE-Q2

0.70193E~-04
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ANGULAR MCMENTUM = 1 NUMEER OF LEVELS= 3
RESONANCE-ENERGYs CAPTURE-WICTHeNEUTRON-WIDTH
OLD VALUE NEW VALUE ERROR

{ONLY VARIED LEVELS ARE LISTED)

467.18 467,18 o 0611257
0.23600E~01 :

0.55954E~-04  0+5€053e-04 0.11568E-04
485,30 485,20 0+52450E-01
0.236C0E-01 o
0.13023E~-03 0.12524€-03 9.12646E~04
488,87 ‘ 4BE.SI _ 0+ 11597E-01L
0.24100E-01 :
0.72682E-03 0.828ESE~03 0.19243E-04

AUXIL IARY PARAMETEFRS

OLD VALUVE NEW VALUE ERROR
-04174000-01 0+S£97€E-01 067549001

ITERATICN AUNBER S

NPS ETA
0 ' 1.0000 0.97770 = - 097676

‘CHIOQLD CHINEW

SAMPLE-THICKNESSES 4
OLD VALUE. . NEW VALUE . ERROR
0e12395E-01"
0.S208CE-01
0417536

NORMAL 1SATION-ERRORS
OLD VALUE . NEW VALUE ERROR

-02
- -02 -0¢15473E-02 0.221020-
-8:532333-81' -0+20€24E-01 0.25027D-02
0«0 .

IRANSIISSIUN-EﬁCKGRCUNCS

ouLC' VALUE NEW VALUE ERROR
0.0 Co

. 0.0

.- "0 0

Y
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RESONANCE PARANETERS

- NUCLEAK SPECIES = 1 NUMBER CF ANGUL AR MOMENTA = 2
FRACTIO&AL ABUNCANCE ANC FRACIUS
OLD VALUE NEW VALQE ERROR
106009
0.54810 CeS4810 0+634820-03

ANGULAR MCMENTUM = :

RESONANCE-ENERGY s CAPTURE=WICTHsNEUTRON-WIDTH

oLC VvALUE NEW VALLE

(ONLY VARIEC LEVELS ARE LISTED)

a4€3.17 463417
0.23500E-01
0.53379E-02 0+535€3E-02
478443 a7€.42 '

0423530E-01

0¢35905E-02 0+236907E-02

ANGUL AR MCFMENTUM = 1

NUMEER CF LEVELS=

NUMEER OF LEVELSS

ERROR

0+48367E-02
0+86427E-04

0.57741E-02

0e70242E~04

RESONANCE-ENERGV-CAPTURE-lleH.NEUIRON*‘!DTH

OoLD VALUE NEW VALUE

(ONLY VARIED LEVELS ARE LISTEC)
a€7.18 ’ 467.18

023600E-01 .
0+56053E-04 C+SE€CE2E-CA

4E8S,30 48€.20
0.236C0E-01 ;
0.132524E-023 0e13S32E~-C3
488,91 qEE.S1
0¢2419J0E-01
N.RZ5RGF-0Z3

Ge8I286E~-03

AUXIL IARY PARAMETERS

OLLC VALUE
0.£85$76D-01

NEW, VALLUE

STOP ITERATICNS BECAUSE CCNVERGENCE IS TOO SLOwW

" CeST7IS6E-21

ERROR

0.11233

0+.11565€E-24
0«50458E~01
0+ 12664E-04
0s10750C-01
0.21053E-04

ERROR
0+67436D-01
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ENERGY . CALCULATION EXPERIMENT ERROR ATOMS PER" BARN
458.14 0.8700 Je8640 040259 De12395€-01
CeSE00 045360 0.0170 0.52080E~-01
0.1433 041490 000050 0417536
458.34 CeB7C2 58880 0422690 Ne12395E-01
0.5£0¢ 045800 0.0180 0+ 52080E-01
Q0el142€ 01460 0+0050 2617536
458,55 Ce87C4 09019 0.026°C Je12395E-01
QeSELC 05500 0.0170 0.52080€~-01
. Oeld42 2.1380 0e004D 0417536
458.76 CeB7CE 0.8340 0.0240 0.12395€E-01
0+5€1€ 045420 0.0170 0.52080€E-01
Q41447 Jel1490 . 0.09050 0.17536
458.97 C.8708 0.8690 0.0250 0012395€-01
0521 0.5800 0.0180 0.52080CE-01
Gel4c2 D1430 0eN042 Ce17536
5€9.18 Q0.8710 09060 00260 O« 12395E-01
05528 Je5420 0.0170C 0¢52080€E-01
0e14€7 De1570 0.0050 0«17536
459. 39 0.8713 0.8660 0.0250 0+1239SE-01
Ge5€34 %.5829 0.0189 N0+S52080€E~01
Q0el4€2 0+1410 0.0040 0+ 17536
45%.60 0.8716 08490 0.0240 0.12395€~01
0eS€41 745410 Q0170 0+52080E~01
0e147C 0el460 04 0040 0417536
456.81 0+8716 08620 . 240250 0+ 12395€E~01
QeSELS 945580 0.0170 0¢ S2080E-01
0.1477 041500 0.0050 0617536
4€C. 02 08722 N.8870 0.025C 0¢12395E-01
Q0.5E5¢8 05290 0.0160 0452080E-01
" 0s148S 0.1510 0.0050 0.17536
460422 0«8726 Qe8430 0.0240 0e12395E~01
OeSEEE GeS350 0.0170 0« 52080E-01
041464 041530 00050 0e17536
460.42 0.8730 8710 0.025¢0 0+12395€-01
. 0.5€7S 05700 0.0180 i 0.52080E-01
0+1£04 CelS540 0.00592 0.17536
46C.64 0.873¢ 08930 0.0250 0¢12395E-01
0e5€62 046040 . 0.0190 0+ 52080E-01
041516 Je1529 0.0050 0+17536
4€0.85 0.8740 08580 0.0250 0e¢12395E-01
CeS€Q7 045520 0.0170 0.52080E-01
0.1526 Ne1510 0+0050 0e¢17536
461.06 048747 0.8710 0.0250 Oe 1 239SE-01
045625 Q5770 0+0180 0452080E~01
0e184€ Je1540 0.0050 017536
461,27 0.8754 048730 0.0250 0+12395E-01
0+.5€4¢€ 05650 0.0170 0+52080E-01
Oel £EE 041490 00050 0. 17536
461.49 08762 08780 00250 0+12395E-01
0.5670 ‘J¢5590 D.0170 0+.52C80E-01
O.1£88 01600 00050 0«17536
461.70 0.87€S 09080 0.0260 Ce1239SE-01
0.5€E€7 245600 00170 0.52080E-01
O0e1€0€ 01590 0.0050 Q¢17536
461.51 08752 048620 0.0240 C«1239SE-01
0e5€S50 045630 0.0180 ‘0«52080E-01
O0.1£8€2 01550 0.00S0 0.17536
462.12 O.E8€4E NeB179 00240 0012395E-01
05418 0.5510 0.0170 0.52080€E-01
0.142¢€ 0+1440 000590 0e17536
462433 0.8315 348069 Q0.0230 0+1239GE-01
0e417€1 04530 0.0150 0+52080E-01
0e1CS4 041030 0.003C 0417536
462.54 0e7€01 Ce7780 0.0230 0+12395E-01
V.3588 03810 0.0140 0+52080E~-01
040632 40590 0.0030 0017536
Q€275 0.€6£35 ;06650 0.0210 0¢12395€E-01
02191 042420 040100 «Ce52080E-01
0.02E7 00200 00030 0417536
462+96 0.5€10 05420 0.0180 0+41239SE-01
0.112€ 01160 0.0070 0+.52080€E-01
0«0CE9 00040 0.0030 0317536
463417 0.5C1¢ ,2aS010 0.0170 -0+1239SE-01
00€G51 00660 0.0050 04 52080E~01
0.0017 00030 0.0030 0.17536
4€2.39 CeS520S 245100 0.0179 0¢12395E-01
N.0Q916 ‘D«0910 0.0060 0+52080C-01
0.0022 0.0050 040030 Ce17536
463,60 046165 Ve 6350 0.0200 0012395€~01
0e172€ 061670 00080 0+52080E-01
. Oe0124 00130 0.003) 017536
463.81 ‘0e7201 07340 0.0220 0¢12395E-01
0,2€05 O+2630 . 0s0100 UeS20UBUE-D1
0.0326 Q00330 0.0030 0417536
464.02 07540 07820 - 00230 04 12395€-01
g.gg?g 043030 00140 0+52080E-01
L]

00620 0.0030 0417536



464.23

464445

464 .66

Q4€4.87

465409

46S.30

465.51

46%.73

465494

466415

Q€6437

366458

QEELT79 -

467,01

467.22
4€7.44
467+ €€
A67.87
468.08

468430

468,51

a6e.73
468. 94
469416
46G.38
' 469.59
465,81
470.02

Q470.24

470.46
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0412395€E~01
0.52C80£E~01
0417536 .
0e¢12395E-01
0.52080E-01
0417536
0412395E~01
0+.52080€E-01
0017536
0+1239SE-01
0+.52080E-01
0.17536
0e12395E-01
0+52080E-01
0417536
0+12395€E-01
0+.52080E-01
0+17536
0+12395E-01
0+52080E-01
0417536

04¢1239S€E-01 -

0.52080E-01
0.17536

0.12395E-01
0+52080E-01
Vel17538 '
0,1239S€-01
0¢52080E-01
0417536

0+1239SE-01
0+52080E=01
0.17536

0.12395€~01
0+52080E~01
017536

Ce1239SE-01
0.52080E~01
2.17536

0,12395E-01
0.52080E~01

0417536
0+12395E~01
052080E-01
0s17536
0¢12395E~-01
0+52080E-01
0e¢17536
0¢12398E-01
0.52C80E-01
0017536
0¢12396E-01
0.52080E-01
0.17536
0¢12396E-01
0.8320006-91
O0s1T53C.
0.123985E~-01
0+ 5£000C-01
017536
0.12395€~-01
0« 52080E-01
017536
0412395E-01
0+52080E~01
0e17536
0¢12395E-01
0.52080E-01
0e17536
0.12395E-01
0,52080E~-01
0.17536
0.12395E-01
Q.52NANE-01
017536
Na.12395E-01
UeS2080E=01
0417536
D« 12395E-01
0+52G8CE~01
0417536 -
0e¢1239SE-01
0.52080E-01
0417536
0+12395E-01
0+52080E~01
0017536
0412395€-01
0« S2080E-01
017536



Q70;67
470,89
a71411
a71.32
471054
‘471476

471.58

472419
a?é{g:

472.63

47285 .

473,07
473.29
473,51
473,72
473.94
474,16
474,38

474.60

474,82

.;75006
475,26
475,48
475.70
ATS 92
a76€.14
476436
476,58

47€,80
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‘000260

0.0160
00040
0.0250
0.0170
040040

0.0180
040089

0e12395E~-01
0.52080E~-01
0017536
001239S5E~-01
0¢52080E~01
0417536
0+12395€-01
0+ S2080E~-01
0417536
0+ 12395E-01
0+52080E-01
017536
0¢12395E-01
052080E-01
0+ 17536
0e12395E~01
0.52080E-01
0617536
0412395€E-01

0+ 52080E-01
0.17536 )
0412395€~-01
0.52080E-01
0e¢}-7536

0.12395E-01
0.52080E-01
017536 .
0.12395E~01
0+52080E-01
017536

0+1239SE-01
0+52080€-01
0417536

0.12395€E~01
0+52080E-01)
0417536

0+ 12395E-01
0.52080€E~01
017536

0412395E-01
0.52080E-01

- 0e 17536

0.1239S€E-01

'052080E-01

0417536
0+1239SE~01
0+52080E-01
0017536
0+12395E-01
0.52080E~01
0017536
0.12398E-01
0.52080E-01
0417536
0.12395E-01
0.52080E-01
0417536
0.12395E-01
0+52080E~-01
017536
0¢12395E-01
0.52080E-01
017536
0+ 12395E~-01
0.52080E-01
0e17536
0¢12395E-01

- 0e¢52080E~01

0s17536
0412395€-01
0+52080E-01.
N0.17536
0s1239SE~01
0.52080E-01
0417536
0¢12395E-01
0.52080E~01
017536
Ce12395E-01
0.52080E-01
Cel17536
Vel239SE~D1
0.52080E-01
0417536
0e12395E-01
0.52080E-01
017536
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477.25%

Q47747

477.69

477.91

B

478.13°

478,36

478.58
478.589
479.02

LEA XY

479,47

479.69
47S.91
480.14
480436
480,59
480.81
481.03

481.26

481.48 °

481.71
481.93
482.16
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482.€1

482,83
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483.28

483,51
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N¢5560

Uel51L0
0.8900
25290
0.1450
748530
045500
U.1330
09090
045470
01420
D 8340
05280
Je1480
Q8610
045420
N.1370
0.8350
045680
Je1410
0.8980
05670
Jel1410

0.0250
0.0180
040050
0.0240
0.,0170
0.0059
040260
0.0170
0.0040
0.0250
0.0150
0.0040
00230
0.0130
0.0030
0.0210
0.0100
0.0030
0.0200
0.0070
0.0030
Q0195
0.0070
0.0030
0s08210
00090
0.,0030
0.0220
0.0110
0.0030
020230
0.0130
00030
0.0250
0.0150
0.0030
0.0240
0.0180
0.0040
0.0250
00170
0.0040
00240
0.0160
0.0040
00240
0.0160
0.0040
0.0240
0.0160
0.0040
040260
0.0170
Ce0040
Ue023V
040170
0.0040
0.0250
00180
00040
00240
00160
040040
00260
0.0179
0.0040
0.0240
0.0170

0.0050
0.0250
0.0160
00040
0.0240
0.0170
0.0040
00260
0.0170
0.0040
0.0240
00160
0.0050

040170
0.0040

0.12395E-01
0.52080E~01
0.17536
0.12395E-01
0.52080E-01
0.17536
0+12395E-01
0.52080E-01
0.17536
0.12395€-01
0.52080E-01
0.17536
0.12395E-01
0.52080E-01
0.17536
0.12395E-01
0.52080E-01
0.17536
0.+12395E-01
0.52080E-01
0.17536,
0412395E-01
0+52080E-01
0417536
012395E-01
0.52080€E-01

0417536

0.12395E-01
0.52080E-01
N.17536
O0s1P395F-01
0.52080E-01
0417536
0.12395E-01
0.52080E-01
017536
0.12395€-01
0+.52080E-01
0+17536
0.12395E-01
0.52080€E-01
0.17536
0.12395E-01
NeS52080E-01
0.17536
0.12395E-~01
0.52080E-01
017536
Q041239%E-01

.0+52080E-01

0417536
0412395€~-01
0.52080E-01
017536
Ve i2395E=01
0.52080€&-01
0,17536
0e12395€E-01
052080€-01
0.17536
0.12395E-01
0.52080E~-01
0+17536
0.12395€E-01
0+452080E-01
0417536
0+12395E-01
0.52080E-01

017536
0412395€~01
0.52080E-01
0417536
0.12395E-01
0.'52080E~-01
0.17536
2412395E-01
0.52080E-01
0.17536
0¢1239SE~01
J.52080E~-01
0e17S36
0.12395€E-01
0,52080€E-01
Q0.17536
0e 1239S5E-01
0+52080E-01
Ce17536
0+.12395€-01
0 S52080E~-01
0417536



483,73
483.96
484,19
484441
484.64
484,86
485,09 .
485,32
488458
- 485.77.
aae.od?
486,23
486,46
486,68

486491

487.14

487437
487.€0
487.83

488+05

488.28

488.51 -

488,74

488497

489420

4A9.43

489.66

48S5.89
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D 8510
0.4280
20680
0.8440
044830
Q+0959
0.8620
05240
2.1300
08690
0.58890
Q1410

0.0250

0.0170
0.0040
040240
0.0180
0.0050
00260
00170
0.0050
040250
0.,0170
0.0040
0.0240
0.0170

040040

0.0250
0.9160
0.0040
0.0250
0.0160
0.0030

0.0180
00040

0.12395€E-01
9.52080E-01
0.17536
0.12395E-01
0.52080E-01
0.17536
0.12395E-01
0+52080E-01
0.17536
0.12395E-01
0.52080E-01
0417536
0.1239SE-01
0.52080E-01
0.17536
0.12395E-01
0+52080E-01
92.17536
0.12395E-01
0.52080E-01
0.17536
0.12395E-01
0.52080€-01
Ne17536
0.12395E-01
0.52080E~01
0.17536
0.12395€E-01
0.52080E=-01
0417536
0.12395E-01
N.52Q080E~01
0.17536
0¢12395€6-01
3.52080E-31
0417536

. 0412395E-01

0052080E~01
017536
0.12395€-01
0.52080E-01
0.17536
0+12395E-01
0+ 52080€-01
0617536
0e12395E-01

0.52080E-01
0.17536
0+1239SE-01
0.52080E-01
0.17536
0.1239SE-01
0.52080E-01
0.17536
0.12395E-01
0.52CB80E~-01
0e17536
0.12395€E-01
De52080E~01
017536
0.12395E~01
€.52080€-01
0.17536
0. 12395E-01
0.52080E-01
0.17536
0«12395E~01
0¢52080E-01
0.17536
0.12395E=-01
0+52080E-01
0.17536
0.123956-01
0.52080E-01
0.17536
0+12395E-01
0+52080E~-01
0.17536
0e12395E-01
0.52080E-01
0.17536
0.12395€-01
0.52080E-01
0.17536
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4590435
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491404

491.28
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491.74
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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 23°U. 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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. ’ ORNL-DWG 78-2227
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Fig. 2. Transmission of a 0.052 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 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 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 th1cknesses The
data fitted were obtained from reference 1.
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