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ABSTRACT 

TheFORTRAN-IV code SlOB was developed to least-square fit the shape 

of neutron transmission curves. Any number of measurements on a common 

energy scale for different ~ample thicknesses can be simultarieously 

fitted. The t:omputed transmission curves can. be·broadel')ed with 

either a Gaussian or·a r·edahguia·r._resolut'ion functi.on o.r both; .with the 

resolution width a function of energy. The total cross section is expressed 

as a sum ofsingle-level 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.. rn a test problem seven . 

transmissions each with 3750 data points were simultaneously fitted using 

74 resonances and 110 variable parameters. The problem took 47 min. of· 

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

v 
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I. INTRODUCTION 

In order to improve the accuracy of the 238U ~esonance parameters up 

to a few keV, Ol~en et aZ. have recently completed two series of neutron­

transmission measurements, using flight ·paths of 40 m and .l50 m successively. 

In both series of measurements the transmissions were obtained through 

several 238U sample thicknesses. 1 

Severa 1 ·existing computer codes were ex ami ned 2 -.!! bu.t none was found 

entirely suitable for the simultaneous analysis of transmissions on the 

same energy scale·through several thicknesses. Th~ code described heredn 

·was primarily designed for this analysis, but it.was also successfully 

applied to the analysis of transmission data through s-amples. composed-of 

medium and lightweight nuclei. 6 

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 theoreti.cal transmi.ssion arid shows how it is resolution 

broaden~d. In Section IV we define several expressions for the total 

·cross-section and outline how these are Doppler broadened. Section V 

bri.efly discusses. the lea,st-squ:are-.fit algorith~ an.d··S.ection 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 

fixsd or varied by the program. 

1 
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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 listing 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 progr~m is given.below: 

1. The main program rea"ds all input data ... A list of these data 

and their function is give~ in Appendix I.. Some of 

the. input pararneters are fixed and sp'ec1fy· .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 ean be varied. 

These flags specify wh1ch parameters are held fixed (flag is zero) 

and which parameter.s are varied (flag is one or two). 

2. After reading the input, the main program cal~s the subroutine 

PHINEQ. In this subroutine the resolution-broadened theoretical 

tr~nsmissions are computed and compared with the experimental 

transmissions to obtain the initial x2 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 
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TABLE I. LIST OF SUBROUTINES AND FUNCTIONS USED BY SlOB 

.! 

1. Subprograms called bY MAIN 
SUBROUTINE PHINEQ{JV) 
SUBROUTINE MVP. 

2. · Subprograms ca 11 ed by PHI NEQ 
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 ca 11 ed by SIG 
FUNCTION . PBI2{LJ, RHO) 
FUNCTION DPH{LJ, RHO) 
FUNCTION SHF{LJ, RHO) 
FUNCTION DSHF{LJ, RHO) 
'FUNCTION PEN{LJ, RHO) 
FUNCTION FNS{VE, E, N) 
SUBROUTINE SVS{AX, YI, REW, ·AIMW) 

5. Subprograms ca 11 ed bY SVS . · 
SUBROUTINE W{REZ, AIMI, .REW, AIMW) 
SUBROUTINE QUICKW{AX, Y, RE~~ AIMW) 

... 

. : .. 
. . ' ...... · .~ 
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changes ·in the variable parameters are ptinted' at-each iteration. 

A new value of x2 called PHI is then computed and control returned 

to th·e rna in program. 

4. The new value of x2 is compared to the previous value determined 

in step 2 •. If·x2 has significantly decreased ~nd if the number of 

i terati'ons· ba.s:· not exceeded a preset number of i tera ti ons IT2, the 

number-of-iterations .counter is incremented and.the p;rogram.proceeds 
" • • < ' ~-· .- 'i ~ • . • . .. . 

again with step 2; .pth·erwise, the program is. terminated .. 
' • I'."._. < .), 

' ~.l o' 

~ ~ ~:" :· ~--\ . . 

III. CALCULATED RESOLUTION BROADENED TRANSMISSION 

The· number N$l. of experimental transmi ss·ion curves are fitted 

simultaneously. The trial calcul~ted transmissioni are: 

) j·7;tNJ?(E .. _.,A.l,A.2, ... ) . . 
. 'fNT(El . = ('1 ... . e-NT. •· e. . P(E,E")dE,. + BNT • BGR(E,NT) 

NT := 1 , 2 • . • . NT2 . (1) 

where the .e_NTI .tNT and BNT. ~re .variable parameters whic~ can be sea·rched. 

The Doppler-broadened cross-sec-tion· o(E~,A.l,A.2 , ••• ) is a function of other 

variable parameters A. 1, which·will be discussed in the next section. The 

~NT's are the sample thicknesses, in· atoms per barn,' corre~ponding to the 

transmission curves TNT(E). If the experimental transmissions are 

properly normalized and if the backgrounds are properly· substracted, the' 

values oi tlie ENT and BN~ s.houl'd vanish; however because there are 

experimental uncertainties associated with the normalization and with the 

~ackground substraction, it may be desirable .to consider the e-NT 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). 
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The resolution function is taken to be of the form: 

(2) 

where A is a normali~ation constant such that 

(3) 

. ·r· ·: . . 
and wher~ the resolution width.R(E) may eith~~·b~·coded as· desired in the 

functionRES(E,JRES) or~ -ifJRES =0, is tak'e'nZas:·· 

. ]1/2 
R(E) = (BE2 • E2 + CE3 .•. 1?.3 

. (4) 
. . . . ~ 

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

for time-of-flight measurement; 7 - 11 in this case: 

BE2 = 2-(~L) 2 
and C'E3 = ·'3·. ·{;". (5) 

where Lis the flight-path length, 6L is the tota·l uncertainty in flight­

path due to the finite thicknesses of the source and of the detector and· 

to the 11 equivalent length 11 of the moderation spread;"dt is the ·total un­

certainty in timing and the .constar:it lJ = 72··~3. eV 1I 2 ~/m~ The factors 

.'tj3·tn·{s) a·r·is·e ·f.rom the conv.ers.ion of an as·surtled re-ctangular uncertainty 

to an ·equiv·aHmt Ga.ussi'ah.Uncertafnty. 'F:or more.details on resoUition 

· fyn:ctions, the refere.nces· :s:houl d be consul ted. 

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

technique: 

(6) 



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

nomi a 1 s· xNG were taken from the .. paper of Sa 1 zer, Zucker and Capuano. 12 

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

between ·1 and 19. The precision of the approxi rna t ion increases as NG2 

increases, but so does the. r·un time of the program. · . Va 1 oes of NG2 between 
• ;~· u L'· ,, ~ ··: ~ . 

5 and 9 have been found adequate.for most cases. If NG2 = 1 the calcu-

1 a ted transmissions are; n~>::t;.}esol ution' .broadened 0 

When the experimental transmission is mPasured over successive 

rectangular time-of.-fliqht c;hannels of nearly equrtl P.nPr!Jy.widths. thfil 

resolution broadening due to.the finite width of the time-of-flight 

channels can ~ff.icien:tly. be 'rElpres~nted 'by fitting ~.parabola .to .the compared 

transmissions at the· energies corresponding to the center of the 

'channelsi-1~ i, and i+l, and integrating that parabola over the width 

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

* where T. is the time-of-f.Jig~t:-broadene~. transmission in channel i, and 
"Z-. 

Ti is the unbroadened transmission at the energy corresponding to the 

center of channel i. ·A 11 SWitch 11 JPLY = 1 allows the P.rogram to combine 

the rectangular broadenin~ given by Eq. (7) w1th·the Gaussian broadening. 

given by t:.q. _(b) • 
. ~. . .. !~ 

IV. TOTAL CROSS-SECTION EXPRESSIONS 

!he Doppler broadened total cross~section and its derivatives with 

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

(7) 

r 
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The basic formulae utilized are the single-level 13 and multi-level 14 

Breit:-Wigner formulae as defined in ENDF/B procedures.15 These formulae 

and their parametrization are discussed below:·. 

A. The Single-Level-Breit-Wigner Formula. 
Q. • )• 

The expression for the total cross section is given by 

where 

. \ 

. · ... ::···"!" : .. · 

. ont(E) = L on!(.E}; ,~ ":· 

t 

and where gJ is the usual spin statistical factor given by 

(/J = 2 · (2I+l) 

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 (lE 1) · 
r (E) = nr . r . ( ) 
nr , Pn·C.lE 1.) pg. E · 

/fJ 1' 

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

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

(8) 

(9) 

(lO) 

( 11) 

( 12) 



by:. 

E~ 
!' 

8 

S' (lB.]) ·~· s (~) 
= Er + 1 .. :.r · · 1 · 

.2P·~ ( lE 1) 
J1J • !' 

r ( lE 1) 
nl' !' 

( 13) 

The shift .fac·tors s
1 

(ka), penetration factors P~ (ka) and phase shifts 

<P,_(k.1iJ are given in Table II for the ,~11gu}a_r~~9m~~t1Jm va"l_u,e~. 1·.,= _q~1 ,2. 

and 3. The quantity k is thelneutron wave number, a the channel radius I . 

·and ~the effective scattering radius . 
• I 

I 
' 0 

\ ' 

B. The Multilevel-Breit-Wigner::'Formula 

The multilevel-Breit-Wigner expression for th~.ctoss section is the 

same as.the single-level expression except that the level-level inter­

ference term is added; that is, 

[on!(E)JMJ.,. = . fn-~(E)]sL 
+ p- [gJ [ 

J !' 

where [ on!<E'il:sL represents the_ cr·oss sect_ion given in Eq. (9). The . 

level-level interference term in Eq; (14) can be recast ih a form (T!Ore 

su1table for Doppler broadening~ that i~, 

·[o 1(E)l · · nt ]ML 

'r rr G - 2(E-E~p·)H J . 
L nrt r r · .r 

{ ~· ., + lr 2 · 
r . . · E-.E .i• 4 · r . 

where 

C!r = 
r ro ~2'8 

s;r ns 2 + h2 

g!'B !'8 

( 15) 

( 16) 



,. 

TABLE II. SHIFT FACTORS, PENETRATION FACTORS AND PHASE SHIFTS FOR ANGULAR MOME.NTA .. f = 0, 1, 2 and 3 

Angu·lar Momentum ~· Shift-f"ctor s~Cp). Penetrat1on Factor P~(p) . Phase Shift 4>t(P) 
. ' ·. 

0 0 

1 1 
] + ·2. 
. .P . 

2 
18+-Jp:~ 

9 + 3P'2 + p·4 . 

3 - 675 + 9~ 2- + 6p;_4 

225 + '45p 2 + 6p_ 4 + p.6 

For definitions, see text below Eq. (13). 

p 

7 

------~P~-------
225 + ·45p 2 + 6p.4 + p .. 6 . 

. 1.·, 

·P 

p - tan- 1
(. 

31?~) \3 - p. 

:) 
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[ ·d 
H = ro rs 
r ns 2 2 

s'/r firs + h rs 
(17} 

r (lEal) 
ro = ns 
. ns l'Jl.(lEsl} 

( 18} 

g'l>S = ~'tl\,+f8} and d = E~ - E~ .. rs r 8 
( 19} 

Through the penetratidn ~nd shift factors of Eqs. (11) and (13}, the 

terms grs and drs' and hence also Gr and Hr have a weak energy dependence; 

however, s i nee the· level-1 eve 1 interference is important on 1 y in .. the vicinity 

of a resonance level, the program evaluates GP and Hr at the resOnance 

energy Er and n~glects their energy dependence. This a very good approx­

imation which results in a considerable saving in computer time since 

G and H need not be recomputed at each energy. 
l' l' 

C. Truncation Effects 

1he sums over levels in Eqs. (~), (15}, (16}, and (17} ~xtend over 

all levels of a given J-sequence. However, s1nce the transmission is 

computed over a finite ener~y interval, orily ihose levels within the 

interval and a few import~nt levels near ~he boundaries of the interval 

are explicitly retained. The contribution of the other levels .to the 

cross sec~ion .m~y be approximated using a picket-fence model of uniformly 

spaced levels with average resonance parameters·.)· 6
'

1
:
7 us·ing this 

model the contribution of the levels that are not retained in the sums 

in Eqs. (9}, (15), (16} and (1.7} are estimated to be F 1 sin 2$R- + F2 (r) 

cos 2cp~, ·l [F1 2 + F2.(f)2J, F2(r ~r) and· F1 respe~tively, where 

F = S • p (E) . Rm(EH - .E + ED\ 1 t \E ;..; EL + ED} (20} 

• 



... 

1l 

= S • p R,(E) .• . EH - EL + D 
(EH - E + l D ) (E - EL + l D ) 

2 2 

r 
2 

( 21 ) 

where <f 0 > is the average value of the reduced neutron width, r is the· n a 

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 - e)- 1 ~ .582. 

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

D. The Total Cross-Section Trial Function . 

.. :1he .total cross-section trial function used by the program .is 

. represented by: 

NS2 2'TT J2(NS) [ · · J 
o = [ nNS • k

2 
[ (2t+l) · 2 sin2 <Pt • FJ_ + g/J 

NS=l NS J=l 

NAUX 
+ l: YN • f(E,N) 

N=l 

where NS2 nuclear species NS contribute to the cross section and the 
' . 

(23) 

parameters nNS 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 call is ion with the species NS. For each 

species there are J2(Ns) level sequences for which an angular momentum 

t and a spin statistical factor gJ are specified. The resonance term 

PJ will be discussed later. By setting F J = 0 the user may make the 

cor1tri~uLion of a given sequence to the pot&ntial scatterina v~ni~h. 

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 PJ vanishes if the number of levels· NR2(J) ,.for the 

given_J-sequence· is zero; otherwise, .· . 

PJ - [
2 

rnNR [GRNRUNR - HRNRYNR] ~ F2(r) cos(2<Pt) + F1 Sind~<Pt). (24) 
NR=l 

wh~r~: 

= cos ( 2<P R,) +[L 
S'!NR 

+[L 
SrNR 

= sin(2<Pi) 

(E~ -E) 2 + {lr )2 
NR 2 NR . 

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

multi-level forrnula is used. The terms rNR' E"'NR' gNRS and dNRS have 

(26) 

' (27) 

(28) 

been defined previously by Eqs. 12, 13·, and 19, respecti-vely. In Eqs. 24, 

25 and 26., the phase shift <PR. is a function of kNS ." ~s and is given in 

Tab 1 e U for different va 1 ues of the angular momentum R. ; 11:-~8 is the 

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 nNS and effective scattering radius 

~NS for each nuclear species, the resonance energies ENR, neutron widths 

r nNR and reaction widths r aNR ~f each 1 eve 1 and the pa~ameters y N of Eq. ( 23). 

Expressibn~ (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.en.ergy in the expression for the 

total cr?ss section are the line-shape functions uNR and VNR of Eqs. 27 

·and 28'; hence, ·the Doppler broadened cross section is obtained by repla.cing 

* the functions UNR and vNR by their Doppler broadened expressions18 UNR. 

* and VNR defined by 

(
E-E .. _V . 

u* (E) = _A 1~ (E .. ) - ~~ dE.. . (29) 
NR ~- NR e 

and 

(30) 

where ~ is the Doppler width. Expressions (29) and (30) are computed by 

the fast interpolation routine QUICKW developed at Argonne National 

Labor a tory .1 9 

V. LEAST -.SQUARE-FIT ALGORITHM 

The best values of then variable parameters p1, p2, .· .. p are· n 
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obtained by minimizing 

<P = r w . .r T ( ~) - T •. ( E . , N . , p 1 , • • • Pn n 2 

L 'l-J L 'Z-J 'Z-J 'Z- J J 
ij 

(31) 

with respect to the pk's, with perhaps constraints on some of th~·pk's; 

for example, resonance widths may not become negative. Equation (31) is 

a double sum where T(~) is the measured transmission and T .. the computed 
~ . . ~ . 

transmission at energy E. for the sample thickness N .. The quantity 
. 'Z- J 

w . . is the weight of the measured transmission and, in genera 1, is the 
h7 

inverse square of the statistical uncertainty. 

Usually the computed transmissions are not linear functiDns of the 
·' 

variable parameter pk; hence, the minimization problem must be so~.ved by 

an iterative technique. The program uses a variation of the Gauss-Newton­

Marquardt technique20 ~hich has been found efficient and is outlined 

below. For a justification of the efficienc;:oy 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 

va 1 ues of the parameters pt. 0 ). Keeping on 1 y the first. term in the expansoi on 

gives 

<<f>> = \~- 0 

[ (e) ·( ·( o )) [ 6T J a L. w .. T.. - T. . pk - 6P ~pk 
ij 'Z-J 'Z-J . 'Z-J k k 

The linearized expression <4>>
0 

is minimized by the solution of a system 

of linear equations which may be represented in matrix form as 
• 0 

Md = v 

(32) 

(33) 
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where dk = pk - p~b) is a component of the correction vector ~ 

and 

[ 
6T .. 
__ji)_ w .. • 

• • 1,.J J: 
1,.J upk 

= ' [ (e) I ( 0 ))~ ~ Vk -LW .. T .. - T .. (p • 
• • 1,.J 1,.J 1,.J '.: 6 

1,.J pk 

Equation (33) is solved by inversion of the matrix M: 

Th~ initial values of the variable parameters pk are changed tb 

t.he new va 1 ues 

where~ 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 
:r> 

then 

d < -p(o) 
r- r 

.n = 
rp < 0) J -0.9t_r_ 

· dr min 

{34) 

(35) 

(36) 

(37) 

(38) 

(39) 

where the bracketed tenn is the value M (p!') fd,.) 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 

pi 1
) will be smaller than the value of~ computed with the old values 

pio) since the·minimization was derived for ~he linearized<~> of Eq. 37. 

The algorithm used to minimize ~ operates. as fo 11 ows : if ~[~ 1 >J is 

sma 11 er or equa 1 to ~u 0 ~ thell the ·.old va 1 u.es p~p) of the parameters are . 

replaced by their newestimates pt1 > and.a new.iteration.is·initi.ated, un-

1 ess the maximum number of a ll.owed iter.at.ions has bee.n re~ct)ed. lf ~~ l)] 
:1S larger than ~[~Q)J. Eq. (33) is repl;H::~rl by: 

(M + i" b I)d = V 

where I is the identity matrix- (Ik!t = ok 9) and b is a constant defined 

by 

-+ -+ 
b = 0.033 (V M V) 

cv v> 

(40) 

( 41) 

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 

+lo) -+ -+ 
~(p· + nd) ~ ~(po) . (42) 

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

terminated. 

The nor·mal matrix M of Eq. (33) is syrrunetric 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.2 2 - 24 The normal 

vector v and normal matrix Mare stored in C0MM0N/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.himdled simultaneously is only limited by two critical dimensions which 
!·, 

are set in the main part of the program and by the stabiiity of the matrix 

inversion .. In a ·test.problem seven transmissions, each w1th 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 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 the least square search routine. If the dimensions are not sufficiently . 
large, a message is pr~nted and the program stops. The values required for 

IG2P and KG2P are determined by the following io.equalities: 

·, 
\ 

IG2P > NDAT(3·NT2+1) + 2(3·NT2+3·NRT+2NS2+NAUX+NLS) 

KG2P > NV2 (NV2+19) + (l+NV2)NT2 
2 

(43) 

(44) 

where NDAT is the number of· energy points at which transmissions for NT2 

samp~l e sizes a r~· g1Lven, NRT is the tota 1 number of resonance levels, NS'l. 

the total.number of nuclear species, NAUX the total number of auxiliary-

pa r;:~mP.ters (the y N • s of Eq. 23), NLS, the tot a 1 number of 1 eve 1 s which 

are treated by the Bre.it-Wigner-multilevel formula, and NV2. is the total 

number 6f variable parameters with a positive flag as described in the 

next section. 
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VII. VARIABLE PARAMETERS AND FLAGS 

The Vqriable p~rameters whose value can be searched on by the. 

program are: 

(1) 

(2) 

(3) 

(4) 

the 11ormal izations ENT' thicknesses TNT _an9 background pa~a­

meters SNT defined in Eq. (1) and Section III; 

the isotopic concentrations nNS and effective scattering 

radii 'dfvs discussed under Eq. (23) in Section IV D; 

the resonance energies EN~ neutron widths at resonance 

rnNR(ENR), and reaction widths raNR discussed in Section IV A; 

and the cross-section background parameters y defined in the n 

last term of Eq. (23). 

A flag is read for each variable parameter which allows the user to 

contra 1 how the va ri ab 1 e parameter wi 11 be tre~ ted; the value of the 

flags should be set to 0, 1, or 2. Paramet~rs with flags equ"'l 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 var·y·ing ~fmultaneously some comb·inations 

of parameters may resuit 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 TNTnNS determines the 

areal density and only one of the two parameters TNT or nNs can be varied. 
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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 for~at 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 (15I4) 

3rd card: Format (6Fl1.3) 

B. Transmission data. 

4. Format Card: Format (9A8) 

NT2_, IT2 ~ NGS, NAUX, JERR, JCAL, JRES, 

J.PilR, LP,1R, LM.1T6 .MP/lR, LPLT, LDIJTj ,JPL.Y; 

JKEV. 

BE2, CE3, EH, EL, ~TI~, DTMIN 

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

6. Terminate transmission data with a blank card. 

C. Ini ti a 1 guesses. 

I. Transmission Par~meters 

7. Start with a blank card· 

8. Sample thicknesses: Format (8Fl0.5) .'[ 1 ' T2, • • .TNT2 

9. Normalisations: Format (8Fl0.5) e: 1 ' e: 2 ' • ·•• e:NT2 

10. Backgrounds: Format (8Fl0.5) s 1 ' s2, ••• s 
NT2 

II. Resonance Parameters 

8. Format-card: Format (9A8) FPtlPAR 

9. Nuclear Species: Format (4Ell.3) FRS, AHAT, AWRI, TEMP 

10. J-Sequence: Format (2111~5Ell.3) LJ, INT., GSJ, FR, STRF, GNA, 

GAV 

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

Eo, r, f. . n J 

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 (7Ell.3) Y1, ... y.NAUX 

D. Flags 

16. Start with a ·blank card. 

17. Flags for thickne~ses: Forma.t (40F2.0) P , .... F 111T 
'!' 1 Tlv 2 
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18. Flags for Normalizations: Format (40F2.0) Fe: 1 , ••• Fe:NT
2 

19. Flags for Backgrounds: Format (40F2.0) F81, •• • FBN.i 

20. Flags of Nuclear Species: Format (2F2.0) FFRS~ FAHAT 

21. Flag~ of Level Parameters: . Format (3F2.0) FEo ,. FI' , Fr . n .. Y: 

22. Terminate each J sequence with a blank card. 

23. Terminate resonarice parameters with a blank card. 

24. Flags for auxiliary parameters: Format (40F2.0) Fy1,. •. FyNAUX · 

Funr:l:ions of Inpul: nitta 

Legend 

NP2 

. IT2· 

NGS 

NAUX 

JERR=O 

JRESf:O 

JPAR=O 

.JPAR=l 

LPAR=O 

.. •· ... 

This legend is printed at the .head of the output print­

out 

Number of transmission samples 

Maximum number of iter.ations . 

Number of terms in Gauss-Hermite convolution (see ·Eq. 6 

of Section III) 

Number of auxiliary parameters (they •s of Eq. 23 of n 

Section IV D) 

For usual options 

For ·usual options 

The reso1ut1on funct1on 1s computed by Eq. 4 of Sect1on 

III 

The resolution function must be coded in the function 

RES(E~ JRES) 

Level parameters are read in order Eo, r n' r y 
Level parameters are read in order. Eo, r y' r n 

The initial guesses are printed before the iteration loop 



, 

LPAR=2 

LPAR=-1 

LMA.T<O. 

LMAT>b 

:MPAR<o· 

MPAl?'~O 

LPLT<O 

LPLT>O -
. . LPLT>O 

LDAT<O 

LZJ_AT>"O 

LDAT'>l 

.,, JPLY:fO . 

JPLY=O 

JKEV=O 

.JKEV~O 

BE2 and CE3 

· EH~ EL 

RATI~ 

·.,' 
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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 gene~ated.at each iteration (These 

punched cards are used with a local utility program to 

gene.rate plots) 

C~lculated and measured transmissions not printed 

Final calc~ and mea~. transmissions printed 

Calc. and meas. transmissions printed at each iteration 

Transmissions are channel-broadened by Eq. ?Section III 

Channel broadening is not done 

All energy inputs are in eV 

All energy inputs are in keV 

Parameters used in computing the resolution wJdth of 

JRES=O; see Eq. 4 of Section III 

Parameters. used in, c.omputing the contribution. of a 

picket-fence of levels, see .Eq. 20 and 21 of Section IV D 

Convergence parameters: the.iteration loop is terminated 

i. f. Xl new·> ~T!¢. * X£ old 

~- -~. •' •• t 
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Ul.'MIN A par-ameter us~d in function WEIGHT(NT,JE). to define 

. a minimum error orr the transmission data 

;f'MDAT Input.format of transmission data 

E;T1,6T1,T2,6T2, ..• Energy, transmission through first sample, error, 

T • ., i=l, NT2 
t. 

. e: • .J i=l·~ NT2 
•!,.. 

B.~ i=l, NT2 ·-z. 

FMFAR 

FRS 

'AHAT 

ANRI 

TEMP 

LJ 

INT=O 

INT=l 

GSF 

FR 

BTRF, · GNA, GAV 

transmission through second sample, error ... 

Samp1·e thickness, see Eq. 1, Section III 

Normalizations, see Eq. 1,. Section III 

Backgrounds, see Eq. l,·Section III 

Input format of level parameters Eo, r , r n Y 
Isotopic concentration of nuclear species (denoted 

nNS in Eq. 23 Section IV D) 

Effective scattering radius of a nuclear species 

(denoted ~s 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 ·~equence 

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 E~ in Eq. 23, 

Section IV D) · 

Parameters used in computing the contribution of a 

pi'cket fence of levels, represented by S,<r 0 > and r n a 

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

· picket-fence contribution is ignored. 

' 



Eo, r, r n y,,, 

Yl'' '.yNAUX 

Flags 

Flag=O 

· Flag=l 

Flag=2 
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Level parameters: resonance ener9y, neutron width 

at resonance, capture· width. Given in eV if JKEV=O, 

9therwise in keV 

Auxiliary parameters defined in Eq. 23 Section IV D. 

All the paramete-rs Ti ~- e:i, Bi, are FRS,.·AHAT, Eo, rn, 

ry and yi are associated with. 11 flags 11 whi.ch a·re read 

in the same order as the parameters. The flag 

detennines how the. parameter is to be treated: 

The parameter is not varied 

The value .of the parameter is adjusted to minimize x2 

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 SI0B PROGRAM AND SUBPROGRAMS 

**FTNoLoGoEo'l'o 
~EAL • 8 C 
REAL • 8 F~(~)oLE~E~D(91oFMAP~(9)oFMDATC91oFMPAR(91oFMFLG(9) 
DIMEI\SION CC 1) 
COMMOI\ FC2000) 
COMMOI\/VAR/~(700) 
UATA IG2PoKG~F/~OCCo7~~/ 
CUMMCI\/IAD/1Flo1PT2oiPNloiPN2oiPBlolPB2oiPSlo1P2oiF1o1FT2olFN1o 

1 I FN 2 o 1 FFil o I FB .< o IF ~ 1 • IF 2 o I G 1 o I G2 
CUMMCI\IKAD/L~loLS1t~V1o~~1oMS1tMS2oKV1oKGloKG2 
COMMOhiNAD/NVToi\VI\oNVBoNVPolliV.2oNT2. . 
COMMGI\/INDX/~ERRo~CALo~RESo~PARoLPARoLMAToMPARoLPLToLCATo~PLYo~KEV 
COMMCI\/1EN/IE1oiE2oiE3o1EC1oiGSoNGT 
COMMOI\/LEV/~FLA,ti\S2tNAUXo~L(101oNRL(10o10ioMOMC1~o1~1oiNL(10t1CI 
COMMON/FLT/BE2oCE3oEHoELoPH1oDOFINVoCTMIN 
COMMOI\/FL D/ AI<O ( 10 ) oC 0 ( 10) o RAO ( 10) o DELTA ( 10) 
COMMOI'</ FL 2 /G SF INC 10 t 1 ':i ) • FRLC 1 ) o 1 0) o S T~F LC 1 0 t 1 0 I o GNAI. ( 1 0 ol 0 ) o GAVI. ( 10, 1 I) ) 
l~t10) . 
EQUIV~LENCECCC11oGC1)) 
DATA llloiYOoiTr'oiTC.'E,6 .• ·7,0~ 
CATA PMAPB/BHC8~10o~)o8•eH / 
DATA FMCAT/8~(F10o5t1t8H4F5e3) o7*8H ./ 
DATA FMPA~/8~CE11e5o2o8~2Xo2F.11eoBH5) o6*8H / 
DATA FMFLG/8H(4CFcoOio8*8H / , 
DATA I\GSPoNAUXFoAKP,84/1o1oo002196771teOOC3446S/ 
DATA ROPoR1PoAWRIF/ol£!oo~0~236o01/ 
CATA Pl/3el4159~/ 
DATA RATIO/o999/ 
DATA IFLOT/0/ 
DATA AKPCVTo84CvT/3lo62278oOe0010/ 
DATA IRTN/0/ 
REA C ( IT I • 1 0 1 ) C LEGE fi;D ( II t I= 1 • 9 I t I T 
WRITECITOo101 ICLEGEI\D( 11ol=1o~l 
IFCIT.NE.OI GC TO 1 

C READ FIXED POINT INPUT . , 
READCITio10cii\T2oiT2oNGSoNAUXo~ERRo~CAI.t~RESo~PARoLPARoLMAToMPARo 

1LPL T oi.DAT o JPI. Y • ~KEV 
C REAC FLOATING POINT INPUT . , 

READ(1Tio10JIBE2oCE3oEHoFLo~ATIOoDTMJN 
lF(~I<EVeNEeOI AKP=AKP*AKPCVT 
IF(~KEVoNEoO) B4=E4*84CVT 
IFCNT"o~O.C) 1\12~7 
IE1=1 
IE3=NT2+1 
IFC~E~R.EQeOI JE3=1E3+NT2 
IFC~CALoEOeOI IE3=1E3+NT2 
1E•1El-IE3 
IEC1=1E1+1E3-fi;Tc 
IFCIT2oEOo0) JT~=10 
1F(RAllOoEOoCoCIRATIO=Oo9990 
IF(CT~lNeEOeCeOJ tT~IN=C.OOOlO 
IFCNGSeEOoC) 1\G~=NGSP 
NGT=(I\GS+1)/:C 
JGS=(~GT*CNGT-11)/2 
lF(NAlXoEOoOI NAUX=NAUXP 
IF (LPAR eGE o<:') WI' I TEC 1 TO, 2:i2) NT2 ol T 2 oNGS oN4UXo ~ERR, ~CAL .~RES, ~PAR 

c 

c 

c 

c 

loLPARoi.~AToMPAR,LPLToLC.ATo~PLYo~KEV. ' 

IFCLPARoGEoOI W~ITECITOo22318E2·oCE3oEHoELoRATIOoDTMifl; 
AE.AC FORMAT FOR TRANSMISSION DATA 
~E . .I\0 (IT I o 101 I ( FM ( I J • I "1 o9) 
t~littM~AWElF~liJ,e~ · · ,e,!eo.OI · Go fa 5 
DO :! I= lo ~ 

3 FMDATCI I"'F~( II 
READ TRANSMISSION DATA ·'. 

5 IE'=IE+IE3 ,. 
IF ( ~ERR.EOeO I 

1 T 21 
REACCITioFMDATIFCIEioCFCIE+NTioF(lE+NT2+NTJoNT=1oN 

lFC~ERR,NEoOI REAC(ITioFMDAfiFCJ~IoCFCfE+NT)oNT=loi\T21 
JFCFC lEI oNE eO o) ~«;: TQ ~ · 
IE2-=IE-IE3 
NDAT=CCIE-IE1)*1\T2)/IE3 
lPl=IE 
lPO=IF'l-1 
IE=IE+NT2 
REAC fORMAT FOR T~lCKNESSES 
RE.ACCITio101 )(FIIC I lol=1o9) 
IFCIC,MPARECFIIClloe~ 
DO 7 ·1= 1o 9 

,: . 

o8leEOeOI GO TO 9 

7 
~~:~B~!~~r~'{tiCKI\ESSES IN ATOMS PER'~ARN (APBI 

9 IPT2=1E-1 
~EACCITioFMAFE)(F(lPioiP~IP1oiPT21 
READ T~ANSMISSICN-NORMALISATION ERRORS 
IPN1=1PT2+1 
1PN2=1PT2+1\T2 
REACCITloFMAPBICFC1PioiP=IPN1ol~N21 

,•• 



c 

c 

c 

c 

c 

c 

c 

c 

c 

READ TRANSMISSION B~CKGROUNDS 
IP81=1FN2+1 
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IPB4:= IP"2+1'\T 2' 
HEAD(1TioFMAFB)(F(IF)olP=lPB1oiPH2) 
IE=IPB2+1 . 
REAC FORMAT FOR RESONANCE-PARAMETERS 
READ ( IT 1, 1 C I )( F"' ( 1) , 1 = 1 o 9) 
IF(lCC,..PARE(F,..(1),e~ o8loEOo0) GO TO 13 
DO 11 I= 1 o c; 

11 FMP~R ( l)=F"( I) 
REAC INITIAL GUESSES 

13 IPS1=IE 
NLS=O 
NS2=0 

14 NS2=NS2+1 
REAC(lTio104)FRSoAHAToAWRioTEMPoOELoRNoAK 
IF(FRSoEOoOo) GC TO 19 
.JL(NS21=0 
F(IEI•FHS 
F( IE+1)=A~.AT 
IE=IEi2 
IF(A.RI~EOoOo) ~-Rl=AWRI~ 
lF(TE,..PoNEoOol CEL=SORT(B4*TEMP/AWR11 
DELTA(I';S21=CEL 
IF(R .. oEO~Ool RN=RCP*(AWRI**•33JI+R1P 
RAD(IIIS21=H" 
lF(AK.EOoOol ~K=~KP.AWRI/(1oiAWR11 
AKO( NS2 I=AK 
CO(NS~I=PI/(~K·~KI 
AKRN=~K*RN . 

15 REAC(lTlo106)LJol"T,GSJoFRoSTRFoGNAoGAV 
lF(GSJ.EOoOo) GO TO 14 
J=JL( .. S2)+1 
JL(NS421=J 
MOM("S<:,JI•LJ 
GSPIN(NS2oJI=GSJ 
l-NL(IIiS2oJI=li';T 
STRFL(NS2oJI=STRF 
GNAL ( P.S2o J I=GI\A 
GAVL(I\S2oJI=GAV 
FRL(IIIS2o.JI=FR 
NRL(NS2oJI=O 

1o IF(JP~R.EOoO) REAC(lTioFMPA~)EOoGNoGG 
IF(JF~R.EOo1) RE~C(ITioFMPARIEOoGGoGN 
IF(EC.EOoOol GO TO 15 
NRL(N542oJI•"RL(P.S4:oJI+1 
IF(INToNEo01 P.LS=I\LS+I 
F(IEI=EO 
F(IE+li=GG 
F(lE+~I=GN/PE"(LJoAKRN*SORT(ABS(EOIII 
IE= lEi~ 
GO TO 16 

19 NS2=NS2-1 
REAC AUXILIARY FARAMETERS 
IP2=IE+NAUX-l 
REAO(ITlol041(F(IFioiP•IEoiP21 
READ FORMAT FCR FLAGS 
READ( IT lo101 )(F"( 1 I ol=1o91 
IF( lCCMPARE(FM( lloB~ o8loEOo0) GO TO 23 
DO 21 I= 1. c; 

~1 FMFLGIII=F,..(l) 
READ FLAGS TC V~RY THICKNESSES 

23 IF1•IP2+1 
1PT2=1P.2•NT2 
REAC(ITioF,..FLGI(F(lFiolF=IF1olFT21 
READ FLAGS TO V~RY NORMALISATIONS 
IF~1=1FT2+1 .. 
1FN2•IFT<:+NT2 
READ(ITioF,..FLG)(F(l~)oiF=lFN1oiFN2) 
READ FLAGS TO V~RY BACKGROUNDS 
IF81='IFN2il 
IF82=IFN2+"T2 
READ(ITioFMFLG)(F(IFI~lF=IFB1olF82) 
IFS1•IFB2+1 .. 
IF=IFE2 
READ FLAGS TO V~RY PARAMETERS 
DO 27 NS=1oNS2 
READ(ITloFMFLG)f( IF+UoF( IF+21 
IF=IFi42 
JLZ ... JL(N!I) 
DO 2 7 J: 1 , JL 2 
NR2=Nf'L (NSoJ I 
IF(NR~oEOoOI GO TO 26 
DO 25 NR=1oNR2 
REAO(ITlpF,..FLG,(F(lF+N~P.N?~p3) 



.:<5 IF-=IF+:3 
26 CONT 11-<lJE 
27 REAC(ITioF~FLG) 

READ( ITloF~FLGl 
IF2::IF+IIiAUX 
IF= IF+ l 
READ(ITioFMFLG)(F(Iloi=IFoiF2) 

C SET E~ AND EL IF E~=O• 
IF(EhoEOoOo) EL=F(IPS1+2) 
IF(E~oEOoOo) EH=F(IP2-NAUX-2) 

30 

C IGloiG2 SPACE FCR STORING INTERFERENCE 
C P~RAMETERS LSEC IN SIGo 

IGl= IF2+1 
IG2= IF2+!1.LS+NL5 

C COMPUTE THE !~.UMBER OF VARIA8LES NV2 
NVT=O 
NVN=C 
NVB=C 
DO 29 NT=loNT:2 
IF( F ( IP2+NT) o!I.E • 0 •) N IIT=NVT+ l 
IF(F( IFT2+NT)oNEoCol NVI\=NVN+l 
lf(F( IFN::!+NTloNEoCo) fliVB=NVB+l 

29 CONT IM.;E 

~~~al'IF='IFS 1o l'F2 '' 
IF(F(lF)oNEoOo) NVP=NVP+l 

31 CONTINUE 
NV2=~~T•~IIN•~II66N\IQ 

C NUMEER OF CEGREES OF FREEDOM (FOR CHISO) 
OOF=!I.CAT-111112 
DOFI!I.V=1o/COF 
LMl=N\12+1 
NM=(NII2*(NV2+1))/2 
LSl=L~l+NM 
MVl=LSl+N\12 
MM1=~Vl+.NV2 
MSl=~~l+NII. 
NS2=1"5l+NV:2-1 
KV l=I"S2+MSc+ 1 
KGl=KII1+NV2 
KG2=KG1+(1+N112l•NT2-1 

C CHECK COMMCN ARRA~S FOR SIZ~ 
NERR::C: 
IF( IC:2.GT.IG2P) NERR;NERR+l 
IF(KG2.GT.KG2P) NtRR=NERR+l 
IF(NE"RoEO.O) GC TO 33 
W~ITEliTOo20l)IG2oiG2PoKGi~KG2P 
CALL ERROR 

33 (.ONTJI\UF. 
WRITE(JTOo217)NCAToiG2oKG2 
WRITE(ITOo2lflELoEh 
IF(LF-H.GEoOl W"ITE(IT0o225l 

C PRINT RESOfliA!I.CE P~R~METCHS 
34 IF(LP~H.LT.Ol GC TO 40 

J[QIP~1 ' . 
DO 37 NS=loNS2 
AK=AKt; (IllS l 

RN=R~C(NS) 
CEL=CEL TAl f\.S) 
JL2=JL(!I.Sl 
WRITE(ITOo231lNSo~KoRNoDOPoJL2oF(IE)oFliE+l) 
IE=IE+2 . . 
AKRN~~K.HN I -
DO 37 J=loJL2 
LJ=MOI"(NSoJ) 
INT=I!I.L(NSoJl 
CSJ==GSFIN(!I.SoJ) 
FR=FRL(!I.SoJ) 
STRF=STRFL(NSoJ) 
GNA=G!I.AL(NSoJl 
GAV=G~VL(NSoJ l 
NR~•t;r.L (tlS .J l 
WRITE(ITOo23~)LJoiNToGSJoFRoSTAFoGNAoGAVoNR2 
IF(NRcoEOoOl GO TO 37 
WRITE(IT0o23fl 
DO 35 NR= loNR2 
EO=FliE) 
GG•F ( IE+l) 
GN=F( IE+2l*Pffli(LJoAKRN*SORT(A~S(EOll) 
IE=IE+3 

35 WRITE(ITOo2:3SlEOoGGoG!I. 
WAITE( ITOo237 l 

37 CONTI!I.UE 
40 CONTINUE 

IF(IRTNoEColl GC TO 70 
C ITERATION LOCF 

DO 45 IT= 1 ol T :< 
LM=LI" 1 
DO 41 LA=loN\1:2 
O(LA)=O• 
DO 41· LB=LAo!I.V2 
O(LMl=O• 



c 

c 

c 

c 

c 

41 L~=L~+l 
.JFLAG=O 
PHI=Co 
.JI/=0 
CALL I'HINEC(.JV) 
PtiiOLC=PHI 
PUNC~ CARDS FOR PCPlO PLOTS 
lF(LPLToLTolt GC TO 4~ 
IPLOT=IFLOT+l 
NE2=lt(IE2-1El)/IE3 
DO 42 NT=lolliT2 
ISN=lO*IPLOT+NT 
WRITE(lTPo301liSNoNE2 
NTT=NT+NT2 
NTN=I\TT+NT2 

31 

DO 42 IE=IElolE2olE3 
WRITECITPo301)F(IE)oFCIE+NT)oFCIE+NTT)oFCIE+NTN) 

42 CONTII\UE . 
43 CONTINl:E 

PRINT TRANS~ISSIOI\S 
IF(LCAToLEol) GC TO 46 
WR1TE(ITOoc04) 

DO 44 IE=IElolE2olE3 
IEA=IE+I\T2 
II:OB= IEA+NT2 
WRITECITOo20e)F(lE)o(F(IE~+NT)oF(IE+NT)oFCIEA+NT)oF(JPO+NT)oNT=loN 

1T2) 
44 CONT Hil:E 
46 CONTINUE 

WRITECITOo20E)I1 
CALL ~liP 
IF(P~J.GT.RATIO*P~ICLO) 

45 CONTINUE 
GO TO 49 

47 WRITECITOo202) 
.JFLAG=O 
CALL FHINEQ(-1) 

GO TO 47 

PUNC~ CARDS FOR PCPlO PLOTS 
49 IFCLPLT.LToO) GC TO 55 

IPLCT=IPLOT+l . 
NE2=lt(IE2-1El)/IE3 
DO 51 NT=loNT2 
ISN=lC*IPLOT+I\T 
WRITECITPo30l)ISNoNE~ 
NTT=NT+NT2 
NTN=I\TT+NT2 
DO 51 IE=IEloiE2oiE3 
WRITE(ITPo301)F(IE)oF(IE+NT)oFCIE+NTT)oFCIE+NTN) 

51 CONTII';UE 
PRINT TRANS~ISSIOI\S 

55 IFCLC~T.LEoO) GC TO 59 
WRITE(IT0o204) 
DO 57 IE=IEloiE2olE3 
IEA=IE+NT2 
IEBmiEA+NT2 . 
WRITECITOo205)F(IE)o(F(IEB+NT)oFCIE+NT)oFCIEA+NT)oFCIPO+NTloNJ:loN 

112) . 
57 CONTII\UE 
59 CONTII\UE 

PUNC~ FINAL FARA~ET~ES 
IFCMPARoLEoO) GC TO 69 
WRITE ( 1 T C • l 0 1 ) ( FM ,ep E C I ) o I= 1 o 9) 
WRITECITCoFMAFB)CFCIP)tlP=tPloiPT2) 
WHII~liTCoF~APB)CFCI~)oiP=IPNloiPN2) 
WRITECITCoF~AFB)(F(IF)oiP=IPEioiP82) 
WRITE(ITCol01)(F~FAR(I)oi=lo9) 
IE=IPSl 
DO 63 NS=loNS2 
FHS=FCIE) 
AHAT=F (IE+ 1) 
IE= IE +2 
DEL=CELTA(fi;S) 
RN=R.eC(NS) 
AK=AKCCNS) 
AKRN=AK*RI\ 
AWRI•Co 
TEMP=Co 

·" .. 

WRITECITCol04)F~SoA~AToAWRioTE~PoDELoRNoAK 
.JL2=JL(NS) 

" 
. , .c:, 



32 

DO 62 J=1oJL2 
lNT= li\L(NSoJ) 
GSJ=G~PlN(NSoJI 
FR=FI'L(NS,J) 
STRF=STRFL(NSoJ) 
GAV=GIIVL("SoJ) 
WRITE(lTCo1~fiJol~TtGSJoFHoSTRFoGAV 
NR2=Nf;L(NSoJ) 
lF(NR2,EOoCI GO TO t2 
DO 61 IIOO::C=1ol'of;2 
EO=F ( IE I 
GG=F(IE+11 
GN=F( 1E+2l•PEN( .loiiKHN•sc;RT(ABS(EOI) I 
IE= lEt:! 
lF(JPIIRoEQ,C) Wf;lTE(lTCoFMPAR)EOoGNoGG 
lF(JPIIR,EQ,1) Wf;lTE(lTCoFMPARIEOoGG,GN 

61 WRlTE(lTCo1011 
62 WRITE(ITCo1011 
f3 WRITE(lTColOl) 

WRITE(ITCo1C4 )(F( IP lolP=IEoiP2) 
69 CONTII\UE , 

IF(LPARoNEo2) GC TO 71 
WRIJE(ITOoc:!SI 
1RTN=1 , ,, 
GO TO 34 

70 lR·TN=C 
71 ~~~6 r~¥i o102YJ.GC:TC . 

lf(JGCTO.EQ,Q)CIILL ~XIT 
(F( tGr1To1.Fn.l )rAi I· ffHH'.>I 
IF(lGCTUoEOociGC 10 1 

101 FORMIIT(9A8ole). 
102 FORMAT(2014)' 
103 FORMAT(7G~1.~) 
104 FORMIIT(7G1lo3t 
105 FORMIIT(2G11o:!o51111 
1C6 FORMAT(2ll1o5G11o:!) 
201 FORMAT(1Hlo 1 CC~~CI\ TOO SMALL 1 t41201 
202 FORMAT(1HOo 1 STOF ITERATIONS BECAUSE CONVERGENCE IS TOO SLOW') 
203 FORMAT(1H oOeXo7l 1XoF10o7o5H APB )) 
c04 FURMAT(1H1o9)o'E"Ef;GY 1 .o11Xo 1 CALCULATION 1 4Xo 1 EXPERIMENT'o 

1 8Xo 1 ERROR 1 oEXo 1 ATt~S PER EARN 1 o//1 
2CS FORMIIT(1H oG20o~o:!F15o4oG20,5/(2lXo3F15o4oG20o5)1 
206 FORMAT(1HOo 1 J-STATE= 0 ol2o 1 L-VALUE= 1 ol2o 1 NUMBER OF LEVELS='ol3o 1 fG= 

1°oGllo3o 0 AI<='oG1lo:!o/ ) 
207 FORMAT(1H o3G20o5l 
208 FORMAT(1H1o'ITEf;AllCN NUMBER 1 ol31 
212 FORMAT(1H o7G15o:l 
216 FORMIIT(lHOo 1 TRUI\CATIO" LIMITS' o2Gl5o5l 
217 FORMIIT(1H0o'"L~EEI' CF TRANSMISSION VALUES 1 1Bo/o 1 MIIXIMUM ADORE~S 0 

lF F-ARRAY 1 ol9o/o 1 ~AXIMUM ADORESS OF G-ARRAY 1 ol9) 
222 FORMIT(lHOo 1 FIXEC FGIIIOT INPUTS 1 o2014l 
223 FORMIIT(1H o'FLCATII\G FOINT INPUTS 1 o7Gllo~) 
225 FORMAT(lHOo///////o15Xo 1 lNPUT RESONANCE PARAMETERS 1 o///) 
231 FORMAT(l~Oo2Xo 1 1\UCLEA~ SPECIES = 1 ol3o5Xo 

1°RECUCEC MCMEI\TlM= 1 Gl2.So5Xo 
2''HJCLtAn ll.AUlL~ii'(lO:.t,.•, 

3BXo'CCPPLER •IDTH='Gl2o5o5X, 
4'NUM~ER UF AI\GULAR ~GMENTA='l3o/o 
58X 1 'FRACTICNAL PBUNCANCE='F7o4o5X 
6'EFFECTJVE RACIUS='F7o4o//) 

233 FORMPT(lHOo4Xo 1 PN~ULAR MOMENTUM='l2o5Xo 
1'1NTERFEREI\CE PARII~ETER='I2o5Xo 
2'SPIN STATISTICAL FACTOR='F6o3o5Xo 
3'~UTEI\TlAL SCATTE~JNG FRACTION= 1 F6o3o/o 
41 OX o 'STREIIOGT~.-FlNCT ION=' G 12• 5o SX • 
S'AVERAGE NEUTRCI\-~lOTH='G12o5o5Xo 
6'AVERAGE CAPlURE-IICT~='G12o5o,/o10Xt 
7 1 NUMBER OF LEVELS='l4) 

236 FORMAT(lHOol5Xo'RESCNANCE ENERGY'o5Xo 1 CAPTUHE-WIDTH'o5Xo'NEUTRON-W 
liClT~.'J.//1 

235 ~ORMjT(14Xo:!GlEo51 
237· FORMAT( 1HOI 
~JY f0HM•I(i~ij 1 Pih'L R~!C~ANCE PARAMCJnE&' ,j~,) 
301 FORMAT(2(114) 

END 



,. 

,.. 
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SUBROUTI~E P~~~~Q(JV) 
C REQUIRES RES(EeJRESJeSIG(EeJV)oBGRCEeNT),WEIGHT(NTolE) 

REAL • 8 D 
DIME~HON C( 1) 
DIME~SION ~(55)oXC45) ~ 
COMioiO~ F(l) 
COMMO~/VAR/G(l). . 
COMMON/1A0/1PltlPT2tiPNlolPN2tlPBltlPB2tlPSlrlP2elFltlFT2tlFN1,. 

11FN2eiFBle1FB2elFSlelF2t1Gle1G2 
COMMC~/KAC/LMleLSleloiVlo~MltMSltMS2tKVltKGltKG2 
COMioiO~/NAD/NVTo~V~t~YBtNVPeNV2tNT2 
COMMO~/INDX/JER~oJCALtJRESeJPARoLPARoLMAToMPARoLPLToLDAToJPLYoJKEV 
COMMON/lEN/lE lolE:i: o IE:!olECloiGStNGT . 
COMMON/FLT/BEceCE~tEHtELoPHioDOFINVeDTMIN 
EQUJ V ilL ENCE ( C ( 1 )o G ( 1)) 
DATA ~~ loOOCCE COo6o6~67E-Olt1o6667E-Olo5o3333E-Olo2o2208E-Olt 

2 lolli:57E-C2o4o5714E-Olo2o4012E-Olo3o0!57E-02o5o4827E-04o• 
3 4o0f~5E-C1o2e441~E-Olo4o9916E-02o2o7891E-0Jt2t2345E-Q5o 
4 3o094lE-Cle2o4224E-Ole6o6139E-02o6o7203E-03olo9576E-04e 
5 8o1218E-07e3o4C99E-Ole2o3787E-Olo7o9169E-02elol771E-02e 
6 6oB124E-C4olol527E-05t2o7226E-08o3ol826E-Olo2o3246E-Olo 
7 8o9418E-C2olo7366E-02olo5674E-03e5o6421E-05t5o9754E-07o' 
8 8o589EE-1Co2o9954E-Cle2o2671E-Ole9o7406E-02e2o3087E-02e 
9 2o8589E-C3tlo~849E-04t4o0127E-06e2o8080E-08t2o5843E-llt 
A 2o8377E-Olo2o2094E-Olelo0360E-Olo2o8667E-02o4o5072E-03o' 
B 3o7e~OE-04elo5351E-~5o2o5322E-07elo2204E-09o7o4828E-13~ 

DATA ,, lo2:2.4744SO e0o95857251 e2o02018261o0o81628788t 1 o67355156o 
2 2of519f1:!3o0o72355098olo46855259e2o26658~58t3o19099331o 
3 Oo65f8C9f3e1o32655716e2o02594757e2o78328991i3o66847134• 
4 Oo6C57f:!91elo22005463olo85310841o2o51973629o3o24660873o 
5 4o1013:!8:!9o0o56506962e1o13611603o1o71999264o2o32573223o 
6 2o9e71f~95o3o66994953o4o49999142e0o53163302o1o06764889o 
7 1 o612'ili: 3f2 t 2o 17350292 t2 o 75776291 t 3o 37893200 e4 o 061946·87 t 
8 4o87134457eCo5C352019o1o01036835olo52417088o2o04923153o 
9 . 2o591134C7o3ol578493lo3o76~18700e4o42853260e5o22027206/ 

C LOOP CVER ENE~GIES 
IPO=IFl-1 
u:c=IECl-1 
DO 69 IE=IEleiE2oiE:! 
E=F( IE) . 
IF(JRESoEOoO) R=E•SORT(BE2+CE3*E) 
IFCJRESoNEoOJ R=RES(EoJRES) 

C LOOP CVER GAUSS I~TEGRATION INTERVALS 
ENG=E 
IG=IGS 
JG= 1GS•NGT 
DO 59 NG=leNGT 
ANG=A ( IG+NG) 
IF(~GoEOol) GC 10 5:! 
DE=R*X(JG+~G) 

51 ENG=e•oe 
53 CS=SJ<:·(ENGoJV) . 

C LOOP CVER TRANSMISSION-SAMPLES 
K=KGl 

DO 57 NT=leNT2 
APN•F ( IPO+NT) 
TR=AN·G*EXP ( -APN•cs) 
TN=(lo+FCIPT2+NT))*TR 
IF(NGoEOol) G(K):F(IPN2+Nl)*BGRCEoNT) 
G(K):G(KJ+TN · 

C LOOP CVER DERIVATIVES 
IF(JVoLToO) GC TO 57 
KNV,.K+l 
NTC=1 
DO 54 IF=IF1elFT2 
IFCFCIFJoECoOo) GO TO 54 
IF(NTCoNEoNToORoNGoEOol) G(KNVJ=Oo 
IFCNTCoEQoNT) GCKNV):G(KNV)-CS•TN 
KNV=K~V+l 

~4 NTC=NTC+1 
NTC=l 
00 55 IF=IFN1e~F~~ 
IF(F(IFJoEOoOo) GO TO 55 
IFCNTCoNEoNToORoNGoEOol) G(KNV)=Oo 
lFCNTCoEOo~T) G(KNV)~C(KNV)~TR 
KNV=K~V+l 

55 NTC.=NTC+ 1 
KV=KV 1 
KNV-'"K~V+NVB 
DO 56 NV=leN\IP 
IF(NGoEOol) GCK~VJ=Oo 
G(KNVJ=GCK~V)-AF~*lN*G(KV) 
KNV=KNV+l 



c 

c 
c 

c 

c 

56 KV"'K II+ 1 
57 K;K+,.V2+1 

. 34 

IF(IIIGoEOoloOR.OEoLToOol GO TO ·59 
UE=-OE 
GO TO 51 

59 CONTIII:l,;E 
LOOP CVER TRAIIIS~lSSION SA~PLES 
K=KGl 
DO 65 IIIT=lo~T2 . . 
STORE COMPUTED TRA,.SNISSIONS IF NEEDED 
IF(JCALoEOoOI F(IEC+NT);G(KI 
CONTRI~UTIONS TO PHl AND IIIORMAL EQUATIONS 
W=WEIGt1T(NToiEI 
CTN=F(IE+~TI-G(K) 
DTNW=CTI'II*W 
P.,I=P~I+DTII:*CTN-. 
IF(JVoLToO) GC TC f5 
DERIVATIVES OF TR.ANSMISSICN-~ACKGROUNDS 
Kl=K +"VT+N\IN+ 1 
NTC= 1 
DO 61 IF=IFB1olFBc 
IF(F(JF),t;Q,C,) GC TO 61 
G(K11=0o 
IF(NTCoEO.NTI G(Kli=BGRCE,NTI 
Kl=K1+1 

fl NTC=,.TC+l 
NORMAL EQUATICNS 
L=LM 1 

00 6J ~~A-·1 oN\I.i 
I.III.NA=\l(O:•i•") 
O(NAJ=D(NA)+CTN-.*GKNA 
DO 6~ NB:I\A,,.V2 
O(LI=C(LI+W*GK~A•G(K+~S) 

f3 L=L+ 1 
tS K=K+I..V2+i 
E9 IEC=IEC+IE.: 

IF(JPLYoEGoOI ~ETL~N 

... 

C CORRECTION ~OR CHAN,.EL WIDTHS 
PHI=O·O 
IE 9= IE 1 + IE :: + IE 3 
IEC=IECl-1 
DO 7 1 l E = I E 1 o IE c o IE.:· 
00 7·J NT=l oNT2 
IT= I EC+NT 
IF(IEoLEoiE9oORoiEoEOolE21 GO TO 70 
F ( l T I= Cl • C 4 1 b f 7 * ( F ( I 1+ IE 3 I + F ( I T-IE 3 I + 2 2 • O*F ( I T) I 

70 PHI=P~I+WEIGHT(NToiEI*(F(IE+NT)-f(lTII••2 
71 IFC:;;; IEC:+IE.:! 

RETURN 
END 

~UNI,.I JUN HI::>'~· .!Hi!:;) 
RES=O • 
RETU~~ 
END 

FUNCTION EGR(E,,.T) 
B<OR= 1 • 
RETURN 
END 

~UN~Iiu~ ~~l~HT(H,oi~I 
COMMON F(1) ~ 
COMMCI\INAC/NVToii:VNoN\IEoNVPoNV2oNT2 
COMMQI\/FLT/BE2oCEJoEHoELoPHioDOFINVoOTMIN . 
COMMONIINOX/JER~oJCALoJH~~.J~AHoL~AHoLMAT•MPARtLPLToLDAToJPLYoJKEV 
DT=F(JE+NT+NTcl . · 
1 r ( C T, C E, 0 TM IN J C. I.: I U l•J 
DT =CTMIN 
F( IE+,.T+NTci=CT~I" ., 

1~ WEIG~T=l.O/(CT*CTI 
RETURN 
END 



•' 
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SU8ROl TINE MVP 
C REOUI~ES SL\I(N\12) 
C ~VP DCES A P-SE~RCH IF NEEDED 
C SAVE CLO C~ISCU~RE 

REAL • 8 D 
LJIME,..SION C(l) 
COMMCI\ F(l) 
COMMQ,../VAI</G(l) 
COMMCN/IAD/IP1olPT2oiPNlolPN2olPB1olPB2oiPS1olP2oiF1olFT2oiFN1o 

1IFN2oiFB1olF82olFS1olF2olG1oiG2 ·. 
COMMOI\/KAC/LM1olSloWVloMMloMS1oMS2oK\11oKGloKG2 
COMMON/NAO/NVToNVNoNVBo"VPo"V2oNT2 -
COMMG,../JNOX/JER~oJC~LoJRESoJPARoLPARoLMAT~MPARoLPLT~LCAToJPLYoJKEV 
COMMG,../IEN/IElo1E2olE3oiECloiGSoNGT . , , _ . 
COMMO,../LEV/JFLAGo,..S2oNAUXoJLC10)oNRL(10o10JoMOM(lJo10)olNLC10o1~J 
"COMMO,../FLT/BE2oCI::!oEI1oELoPHioDOFINVoOTMIN .~ "'· '; ·;· ' 
COMMG,../FL 0/AK 0 ( 10) oCOC l 0) oRAD ( 10 hOEl TA (l 0) · • : 
C OMM GII./FL 2 /G SPIN ( l 0 • l v J o GA IlL ( 1 0 o 10) o S THFL ( 1 -J ol 0) o FRL ( 1 0 o1 0 ) 
EOUIVIILENCE(C( 1 )o<:l l) )' ' '' : · 1 

. ' 

DATA ITiolTO/Sot/ 
OAT~ EPPoNPS~AX/oC:!3olC/ 
CHIOLC=DOFINV•P~I 
NPS=C 

C SAVE "ORMAL ~~T~IX ~T MMl 
LM=Liil l 
MM=MMl 
00 11 LA=loN\12 
00 11 LB=L.AoN\12 
004M):O(LMJ 
WM:Miil+l 

11 LM=Liii+I 
C SOLVE II.ORMAL EQLATIONS 

19 CALL SL\I(N\12) 
C G.AUGE ETAo IF NPS=O SAVE ORIGINAL PARAMETERS 

ETA= 1 • 
IF= IF l 
LS=LSl 
MV=M\11 
00 25 IP•IP1oiP2 
IFCFCIFJ.EQ.OJ <:0 TO 2!? 
IFCNPS.EOoOJ CCMVJ=FCIPJ 
IFCFCIFJ.ECo1•) GO.T023 
IFCDCMV)+ETA•OCLSJoLEoOo) ETA=-.9•DCMVJ/D(LSJ 

23 MV=M\1+1 
LS=LS+l 

:15 IF=IF+l 
C MODIFY VARIABLE P~RAMETERS 

IF= IF 1 

c 

c 

c 

LS=LSl 
MV=M\11 
00 27 IP= IP1"olP2 
IF(F(IF).ECoOoJ GO TO 27 
F(IPJ=DCMV)+ETA•DCLS) 
M\I=M\1+1 
LS=L S+ l 

27 IF=IF+l 
GET "EW VALUE OF CHI-SQUARE 
JFLAG=O 
P~ I=O • 
JV=-1 . 
CALL FHINEO(J\1) 
CHISC=OOFINV.PHI 
IF NOS=O STORE ERFOF$ IN C 
IFCNPSoGToOJ <:0 TO 31 
LM=LM l 
MS=MS 1 
00 29 LA~1.NV2 
DO 2~ LB=LAoN\12 
IF(L.AoEOoLBoORoLMAToGloOJ 0(LNJ=CHISQ*01LM) 
IF(L.AoNEoLBJ <:0 TO 2~ 
OCMSJ=CSORT(C(LIII)J 
MS=MS+l 

29 LM=LM+l 
IF LMAloGToO PRINT CONVARIANCE-MATRJX 
U42=LSl-1 - 2J IFCLM.AToGloOJ WRITECITOo204)(0(LM)oLM-L~1oLM 

31 IFCCHISOoGToC~IOLO) GO TO 51 
WRJTECJTOo.::Ol) 
WRITc(IT0 0 ~02)NFSoETAoCHICLOtCHISQ 
PHINT SAMPLE THICKII.ESSES 
WRITE( ll0o:C2l) 
WRITE(lTOo.::O:!) 
IF=IF1 
MS=MS 1 
MV•MVl 
00 33 IP=IP1oiP12 
IFCFC IF) oEOoOoJ GO TO 32 
WRITECITOo204)0(M\IJoFCIPJoDCNS) 
MV=M\1+1 
MS=MStl 
GO TO 33 



c 

c 

32 WRITECITOo204JFCIFJ 
33 IF.:IF+l 

PRINT NORM-LISATICN-ERRORS 
WRITECITOoc2E) 
WRITE(tTOo20:!) 
00 82 IP=IPNloiF~2 
IFCFCIF)oEOoOoJ GO TO 81 
WRITECITOoc04)0(M")oFC IPJoDCMS) 
MII=MII+l 
MS=MS+I 
GO.TO 82 

81 WRITE( JTOo204 )F( IF) 
82 IF=IFtl 

PRINT TRANSMISSION EACK(ROUNOS 
WRITECITOo222) 
WRITECITOo203) 
00 35 JP=IP~loiFB2 
JFCFCIFJoEOoOo) GC TO 34 
WRITECITOo204JOCM"JoFCIP)oDCMS) 
M\1= .. 11+1 
MS=IiiS+l 

GO TO 35 
34 WRITECIT0oc04JF(IPJ 
:!5 "JF=IF+l 

36 

C PRiNT RESONANCE P-RAMETERS 
WRJTE(JT0o230J 
IP=JPE2 
00 46 NS=loN$2 
AK=AKOCNS) 
RN=RAC(NSJ 
AKHN:!AKilil'l ... 
JL2=JL( fitS) 
WRITE(ITOoc31JNSoJL2 
WRITE( ITOo224) 
WRI·TE(JTOo203) 
JF(F(IFJoECoOoJ GO TO 36 
WRlTECJTOo204)0(MVJoFCIP+l)oO(MS) 
MII=MV+l . 
MS=MS+l 
GO TO 37 

36 WRJTECJTOo204)F(IF+1J 
37 IF=IF+l 

lF(F(IF)oEOoOoJ GC TO 38 
WRITE(ITOo204)0(MV)oFCIP+2JoDCMS) 
MV=MV+l 
MS=MS+l 
GO TO 39 

38 WRITE(JTOoc04)FCIF+2) 
:19 IF"' IF t1 

IP= IP +2 
DO 46 J=loJL2 
LJ=IICIII(NSoJJ 
NR.2=M<LCNSoJ J 
WRITECITOo232)LJo ... R2 
IF(NR~o~Q,O) GC TO 46 
WRITE(ITOo225) 
WRI TF. I rTn. 2n:'l) 
WRITECITOo227) 
00 43 NR•loNR2 
FLA~=FCIF)+F(IF+1J+FCIF+2J 
JF(FLAGoNEoOo) •RITECJTOo211) 
CO 43 M=loJ 
IP=IF+l 
IFCFLAGoEOoOot ~0 TO 43 
Tl=FC IF) 
IFCNoEOolJ Pe ... R•P!~(LJtAKHNiliSQRTCAS~iTIJ)) 
IF(NoEOo3J Tl•Tl•FENR 
IFCFCIFJoEOoOoJ GO TO 42 
TC•D ( IIIII J 
T3:0(WSJ 
MV=NV+l 
MS=MSH 
IFCMoNEo3J GO TO 41 
T2=T2*FENR 
T3=Tl*P~NR , . 

41 WRITECJTOtc04JT2oTloT3 
GO TO 43· 

42 WRITECITOe204JTI 



c 

c 

c 

c 
c 

c 

43 
46 

44 
45. 

IF= IF+1 
CONTI 1\UE 
AUXILIARY PARAMETE~S 
WRITE(IT0o~2E) 
WRITEClTOo~O~) 
DO 45 N=1oi\AI,;X 
IP=IF+1 
lF(F(IF)oECoOo) GO TO 44 
WRlTE(lTOo~04)D(~V)oF(IP)oD(MS) 
MV=MV+1 
MS=M!+1 
GO TO 45 
WRITE(ITOo~04)F(IF) 
IF=IF+1 
RETURN 
PROCEED ~IT~,P-SE~RCH 

!:1 NPS=,..PS+1 
IF(NPSoGToNPSMAX) GO TO 71 
IF(NPSoGTol) GO TO E1 
COMPUTE PSC 
GMG=C o 
MMO=IIII1-1 
GG=.O • 
DO 55 LA=1oNV2 
SUM=Oo 
NM=MIIO+LA 
,J:NV 2-1 
DO 54 LB=1oNV2 
SUM=SI.;M+O(L~)*D(NII) 
IF(LBoGEoLAI GO TO 53 
NM=NM+J 
.J=J- 1 
GO TO 54 

53 NM=NM+1 

55 

37 

.·;. 

!:4 CONTII\UE 
GMG=GIIG+SUII*O(LA) 
GG=GG+O(LA)*C(LA) 
PSC=EPP*GMG/GG . 
ADD PSC TO OIAGCNAL ELEMENTS OF NORMAL MATRIX 

AI\C HESTO~E IN C(LM1) 
61 LM=L"'l 

MM=MM1 

63 

DO 63 LA=loNV2 
00 63 LB=LAoN'V2 
O(LM)=C(MM) 
IF(LAoEOoLE!J 
LM=L,+1 
Nllt=MII+l 
PSC=PSC+PSC 
GO TO 1<; 

71 W~ITE(ITOo~05J 
RESTC~E OLO P~RAMETE~S ANO CHIOLO 
CHISQ=CHlCLO 
IF= IF 1 
MV=MV1 
00 75 IP:IPlolP~ 
IF(F (IF) oECoC •) 

F(IP):Q(MV) 
MV=MII+ 1 

75 IF=IF+l 
GO TC 31 

GC TO 75 

201 FORMAT( 1HO,e.llo 1 1\P.~' ol71(o 'ETA.' o15X o 1 CHIOL0' ol4Xo 
1 1 C~INEW 1 o/· ) 

202 FDRMAT(lH oiiOoEXo3G2Co5o// ) 
203 FURMAT(lHOo9Xo 1 CLC VALUE 1 o11Xo 1 NEW VALUE 1 o14Xo 

1 1 ERROR 1 o/ ) 
204 FORMAT(lH .~G20o5) 
205 FORMAT(lHOo 1 CAN DC NO GOOOo SORRY') 
211 FORM.tl( 1H ) 
221 FORMAT(1HOo5Xo 1 SA,PLE-THICKNESSES 1 ) 

222 FORMAT(1HOo5Xo 1 TRANSMISSION-BACKGROUNDS 1 ) 
224 FORMAT(1H0o5Xo 1 FRACTICNAL ABUNDANCE AND RAOIUS 1 ) 

225 FORMAT(1HOo5Xo 1 ~ESCNANCE-ENERGYoCAPTURE-WIOTHoNEUTRON-WIOTH 1 ) 
226 FORMAT( 1HOo///////ol5Xo 'AUXILIARY PARAMETERS' o///) 
227 FORM~T(1HCo7.llo 1 (01\LY VARIED LEVELS ARE LISTED)') 
229 FORM .IT( 1HO"oGX o 1 NCF:IIALISATION•ERRORS') 
230 FORNAT(1H0o///////o15Xo 'RESONANCE PARAMETERS 0 o///) 
231 FORNAT(1H0o////o1.llo 1 1\UCLEAR SPECIES = 1 ol3o5Xo 

4 1 NUMSEA OF ANGULA~ IIOMENTA =0 ol3) 
232 FORMATl1HOo//o2Xo 1 AI\GULAR MUIIcNTUM = 1 ol2o5Xo 

7 1 NUMBEA OF LEIIELS= 1 I4) 
END 



SU~RCUTINE SLV(~J 
IMPLICIT REAL * 8 (A-~oO-YJ 
COMMO~/VAH/F C I J 
REAL * 8 F 
IF(N-1) 1o2o~ 
WRITEC6ol01) 

38 

I 
101 FORMAT (IHOo 0 ~EGATIVE ARGUMENT IN SLV 0 J 

RETURN 
2 FC2J=Io/F(2J 

F ( 3 )':F ( 2) *F ( 1) 
RETUIO~ 

3 K=N+I 
DO 1.0 M=l oN 
M I=M- I 
DO 10 L=MoN 
A=Oo 
IFOUoLEoOJ 
KL=N+L 
KM=N+"' 
00 5 .LM=IoMI 
A=A+F (KL l*FC ICM) 
J=N-Liil 
KL=KL+J 

5 KM=K.,+J 
6 T=FCK)-A 

JF(L oGT·~M) 
JFCT'oC:ToOo) 
WRJTEC6oi02)T 

GO TO ~ 
GO TO 7 

I ," ~ 

102 
7 

FORMAT CIHOo°FAILURE IN SLV T= 0 oG20o5) 
D=OSQRT( T) 
F(K)=t 
GO TO 10 

O-J l'llll.l="u 
10 K=K+ 1 

K=N+I 
F(K)=Io/FCIC) 
DO 12 L=2oN 
K=K+~-L+2 
T=lo/F(KJ 
F(K)=l 
LI=L-1 
KL=N+L 
KM=N 
DO 12 M=laL1 
LK=KL 
A=O o , 

DO II LM=IiloLI 
11=K"+LM 
ol=A-F(KL)*FC 11) 

11 KL=KL+~-Liil 
FCLK)"'A*T 
J=N-" 
KL=LIC+J 

12 KM:;:KM+J 
K=N+ I 
DO l 4 M= I oN 

KL'"K 
00 14 L,=llolol\ .... = ... 
A=Oo 
11=N-l+l 
DO 1~ LN=Iol1 
A=ol+F (KL )*F( ICM) 
KL=KL+I 

13 KM•KIIItl 
F(K)=-

14 IC=IC+I 
DO 18 L=loh 
A::;Oe 
IJ=N+L 
JI=f1 
J=lli-1 
DO I 7 Ill= I o 1\ 
Jl=Jl+l 
Aa A+ F C 1J) •F ( J I) 
JF(MeC:EoL) GO TC 16 
IJ=IJ+J 
J=J-1 
GO TO 17 

16· lJ:oJJ+1 
17 CONT11\UE 

FCI<):oj 
18 k:oK+1 

RETUR~ 
END 



39 

FUNCTION SIGCEoJV) 
C REQUIRES S~SCZECoETAoUOoVO) AND FNSCVEoN) 
C FOR J~oGEoC COMPUTES OERI~ATIVES 
C FOR JFLAG=C RECCMF~lES INTERFERENCE TERMS 

COMMC:II F ( 1) . 
CONMOII/VAR/G(1) _ 
CONMON/IAC/JP1oiPT2oiPN1oJPN2oiPB1oiPS2olPS1olP2olFloJFT2olFNlo 

11FN2oiFB1oiFB2oiFS1oiF2oiGlolG2 
COMMOII/KAC/LM1oLS1oM~loMM1o~SloNS2oKV1oKG1oKG2 
COMMON/NAD/N~ToiiVNoNVBoNVPoNV2oNT2 
CONMOII/lNDX/JER~oJCALoJRESoJPARoLPARoLMAToMPARoLPLToLOAToJPLYoJKEV 
CONNON/LEV/JFLAGoiiS2oNAUXoJL(10)oNALC10o10)oNOMC10o10)oiNL(10o10) 
CONNOII/FLT/BE~oCE~oEHoELoPHloDOFlNVoDTNIN 
COMMON/FLO/AK0(10)oC0(10)oAADC10)oOELTA(lC) . , .. 
CONMCII/FL2/GSPJN ( 10 o1 0 I oFAL( 10 o10) oSlRFLC 1 Oo1 0) oGNAL( 1 Oo 10 I oGAVL ( 10 o10) 

10o101 
DATA SQPioPI4/1o77~4S4o12o5664/ 
DATA EPSI/1oE-e/ 
IF(JFLAGoNE.OI GO TC 21 

C COMPUTATION OF LE,EL-LEVEL-INTEAFEAENCES 
C (IF JFLAG=OI 

JFLAG=l 
IP=IPSl 
K=IG1 ~ 
DO 20 NS=loNS2 
IP=IP+2 _, ,.__ . .,..., 
JL2=JL( liS) · - '''• -·" · '" 
AKRNS:AKO(IISitAADCNSI 
DO 20 J=1oJL~ 
NA2=N~L(NSoJI 
IFCNR~oEQoOI GO TO 20 
INT=IIILCNSoJ) 
IFCINToEQoOI GO TO 13 
LJ=MOJI.( NS o J I 
IPO=IF 

13 DO IS NA=loNR2 
JF(JIIToEQoO) GO TO 19 
ER=F ( IP) 
C:ARmF ( IP+l) 
GNA=F ( IP+2 I 
VER=SQRTCAESCERII 
RHOR=AKRNS•VER 
PENR=FENCLJoR~ORI 
SHFR=SHFCLJoRHCRI 
F(K)=Oo 
FCK+U=Oo 
GR=GNR•PENR 

14 JPS=IFO 
DO 17 MS= 1oNR2 
IFCMSoEQoNRI GO TO 17 
ES=FC IPS I . 
GNS=FC IPS+~) 
RHOS=AKANS*SORT(AESCESII 
GS=GIIS*PENFi 

DL=ER-ES-(SHFCLJo~MCS)-SHFRI•GNS 
GH=o5•CGAR+FCIP5+1l+GA+GSI 
TEMP=C:NS/CCL*OL+G~*GHI 
F(KI=FCK)+TEJ~F*C:H 
FCK+11=FCK+11+TEMP*CL 

17 IPS=IPS+3 
K=K+2 · · 

19 IP=IP+3 
20 CONTII\IJF. 
21 CONTIIIUE 

C MAIN FAAT CF CRCSS-SECTION 
IP .. IPSl 
K=IG1 
VE=SQRTC E) 
SIG=O o 
IFCJVoLToOI GC TO 25 
IF=IFS1 
KV=KV1 

C SUM O'ER NUCLEAR SPECIES 
25 DO 59 NS=1oNS2 

FRSaF CIP) 
AHAT•FCIP+l) 
IP=.IP+2 
CNS=2 •*.CO ( NS J/E 
AKON Sol!AKO ( h S) 
AKNS=AKOhS.VE 
RADNS~rRAD(I\5) 
AKANS=AKOIIS*RADIIS 
RHO=Al<NS.RAD"'S 
RHOHAT=AKNS*A~AT 
<;FNS., CNS•I!F·RG 
JL2=JL(NS) 
OEL=DELTACIIS) 
IFCDELoEQoOo) GC TO 27 
DE=1o/CDEL*•VE) 
SQPI CE=SQP!ttf 



I 40 

27 SIGS=Co 
IF(.JVoLTaO) Gc;i TO 33 
KVR=:l 
KVN=O 
IFCF(lFioECoOoJ GO TO 2~ 
KVN=K II 
KII=KII+l 

29 IFCFC IF+lloECoOol GO TO 31 
KVR=KII 
GKV.J=Oo 
KVl:::K\Itl 

~1 IF=IF+2 
C SUM C\IEW A~G~LAR-~O~ENTA 

c 

c 

33 DO 49 .J=lo.JLll 
L.J=MO~CNSo.J) 
GS.J=GSPINCI\So.J) 
I NT= INL (NS o.J) 
NR2=~RLCNSo.J I 
PHIL2=PH12CL.JoR~CI-AT I l ~'' 
SIN2=SINCPI-1Lc) 
COS2=COS(PH1Lll) 

PENL=FEN(L.JoFii-C) •. :{<;Hflot..·· 
SHFL=SI-!FCL.JoRI-0) 
CFG=CFNS*GS.I 
.,D:O~IIll,. ( NS I J, 

~0 TO 34 
SIG.I=Co 
IFCFR,EQ,Q,) 
AL.J=2•L.J+l 
CCOS=l.-CC$2 
IFCCOS2eGToe999J 
5 I GJ=I\LJ*CCOi~FF 

34 CONT INlJE 
IFCKVReNEeO) ~K~R=O• 
PICKET-FENCE EXTENSIONS 
STRF-=STRFL(NSo.J) 
IFC 5 TI<F oEO oO •) 
GAV•G.tVL(NSo.J) 
GNA=G~AL CNSo .J) 
GTA=GAV+GNoi*PENl 
OBAR=GNA.ISTRF 
TEMP:STRF•PE~L 

GC TC 35· 

PFS=TEMP*•S•GTA.FNSCOEARoEo2) 
PFA=-TEMP*FNSCOEARoEoll 
FENCE=PFS*COS2-FF •• SIN2 

; . 

IF( lhToNEoC) FENCE=FENCE+eS.*CPFS*PFS+PFA*PFA) 
SIG.I=SIG.J+GSJ•FENCE 

35 C'ONT lhUE 

36 

IF(NR~oEOeOJ GO TO 48 
CONTRIBUTION OF RESONANCES 
UU 4"1 NW.l:!loNR2 
ER=FC IP I 
GAR=FC IP+l) 
GNR=F ( IP+Z) 
IP,.IP+J 
GNaC .... fi:tPENk 
AHR:AI<AtlS*!OAT (#I!!!( 1!1'1) J 
SHIFT=SHF(L.Ioi<HRJ-SHFL 
!eP=Srtlr' , .• bi\H+EH 
GR=COS2 
HR=SIN2 
GH=,5•CGAR+GNJ 
OL=EP-E 
IF(II\ToEOoO) GO TO 36 
G~•GR+F(K)*PEI\L 
HR=HR+F(K+l).PENL 
K=K+2 
IFCSTRFoEOoOe) GO TO 36 
PFT=PFS+TE~P*GH.FI\SCOEARoEo21 
GR=GR+PFT 
HW:HR-PFA 
CONTlNUE 

... 

IFC.IVeGEoOJ FLAG=FCIF)+F(IF+li+FCIF+2) 
IFCDELoNEeOe) GC 10 37 
OENlNV=lo.I(GI-*G~+CL•OL) 
U;GH.flFNIN\1 
V"UL .... :tN!N\1 
IFCFLAGeEOeO •) 
DPl=-CU+UI*V 

GO TO 39 

<_ 

• I 



c 
c 

c 

c 

c 

c 

c 

OP2=(~+VI*CU-V) 
GO TO 39 

41 

37 ETA=GI-!*DE 
ZED=CL*OE 

39 

41 

43 

45· 
47 
48 

49 

59 

67 
E9 

CALL SVS(ZEOoET~o~OoVOI 
u=saPicE•uc 
V=SQPIOE*VO 
IF(FLAGoEOoOol GO TO 39 
OPl=CCE+OEI*lETA*~-ZEO*UI 
OP2=CCE+OEI*(CE•ZED*V-ETA*U) 
IF(ABS(ETA*V-ZEC*UioLToEPSII OPl=-CU+UI*V 
IFCABSCOE-ZEO*V-ETA*UioLToEPSII OP2=(U+VJ*CU~~I' 
UV=GRUJ-HR*V 
SIGJ=SIGJ+GSJ*U~*GN 
CALCULATICN OF CERI~ATIVES 
IF(JVoLToOI GC TO 47 
WoRoTo EFFECTIVE ~ACIUS AHAT 
IFlKV~oNEoOI GK~R=GKVR-GN*(V*COS2+U*SIN21 
IF(FLAGoEOoOo) GO TO 45 
WoRoTo RESCN~NCf !NERGY ER 
IFlFCIFioEOoCol GC TO 41 
G(KVI=CFG*GN*CG~*OFl-HR*DP2l*(lo+GNR*DSHFCL~oRHRI*•5*RHR/ERI 
KV=KV+l . 
WoRoTo CAPTURE aiCT~ GAR 
IF(F( IF+lloEOoOol GO TO 43 
G(KVI=-·5*CFG*G~*CGR*OP2+HR*DPll 
KV=KV+l 
WoRoTo HECUCEO ~ELT~O~ WIDTH GNR 
IF(F( IF+2IoEOoOol GO TO 45 
UN=OP1*SHIFT-oStOF2*PENL 
VN=o5*DP1*FENL+CP2*SHIFT 
G(KV):CFG*(PE~L*U~+GN*(GR*UN-1-!R*VNII 
KV=KIItl 
IF=IF+J 
CONTINUE 

' ~' 

•> ~-·. ·- , •• .' 

CONTINUE· 
IF(JVoLTo·OI GC TO 4c; .. 
IF ( KVI<oNEo 0) 
SIGS=SIGS+SIGJ 

GKIIJ=GKVJ+(ALJ*SIN2*FR+GSJ*GKVRl*DPH(LJoR~OHATJ 

IF(JIIoLToCI GC TC ~~ 
IF(KVRoNEoOI G(KI/R):(CFNS+CFNSI*AKNS*GKVJ 
IF(KIINoNEoCI G(ki/NI=SIGS*CNS 
SIG=51G+SIGS*CF~S 
CONTRIBUTION OF AUXILIARY PARAMETRES 
DO 69 N=lo~ALX . 
SlG=S J<i+F( IP I*F~S C~E oE oN I 
IF(JIIoLToOI GC TO ~~ 
OERIVPTIVES aoRoTo A~,ILIARY PARAMETRES 
IF(F(IFioECoCol GC TO 67 
G(KVI=FNS(I/EoEe~) 
KV=KV+l 
IF=IF+l 
IP= IP+l 
RETUR~ 
END 

FUNCTION P~I2(LJeRHCI 
PHI2=1'HC:+J;~O 
IF(LJoEOoC) RETLRN 
IF(LJoNEoll GC ~0 1 
PHI2=FHI2-2o*ATA~(~~CI 
RI:TUR~ 
IF(LJoNEo21 GO TO 2 . 
PMI2=2o*(R~U-ATPN(3ofRH0/(3o-RHO*RHOIII 
Ri:fli~l\ 

2 IF(LJoNEoJI C~LL ER~OR 
RHOSO=RI-!O*RHO ' 
PHI2~2o*lRHO-ATAN(RI-!O*(RHCSU-1Sol/(6o*RHOSQ-I5olll 
RETUI'~ 
END 

FUNCTION DFH(LJoR~t) 
IF(LJoNEeOI GC 1D 1 
OPI'i~ 1 o 
""ETURN 
RHOSQ=RI-O*RHO 
lF(LJoNEel) GO TO 2 
g~~~~~CSQ((lo+RI-!OSQ) 

2 lF(LJoNEo21 GC TO 3 
DPH=9o*HHOSQ/(9o+R~OS0*(3o+RHOSQ)) 
RETURN 

3 IF(LJoNEoJ) CPLL ERROR 
RH04=1'HOSO*RHOSC 
UPH=lRHU4+HHC4J,lRHCSQ+2eJ/ 
1(225o+45o.~HCSO+RM04*l6o+RHOS0)) 

RETURN 
END 



FUNCTION SMF(l~,R~O) 
IF(L~oNEoC) GO TO 1 
SHF=O •· 
RETUI<" 
RHOSQ:J<t;O*RHC 
IF(L~oNEo1) GC TC 2 
SHF=- o5/( 1 o+Rt-OSQ I 
I<ETUR!Ii 

42 

2 IF(L~oNEo2l GC TO 3 
SHF=-C9o+lo5*R~CSC)/(~.+RHOSQ*(3o+RHOSQ)) 
RETURN 

3 IF(L~oNE.3) C~Ll ERROR 
RH04=RHOSC*Rt-OSQ 
SHF=-(337oe+4eo*Rt-OSQ+3o*RH04)/(225o+45o*RHOSQ+6o*RH04 

l+RH04.*RH05Cl 
RETUR" 
END 

FUNCTION DSHF(LJof;t;C) 
IF(L~oNEoO) GC TO i 
DSHF•C • 
RETURN 
RHOSQ:J;t;O*f;HO 
1FtLJ.~E.ll Gt 10 ~ 
DSHF=RHO/((loiRt-CSGI**21 
HeTUAIIi -~ " 

2 IF(LJ~NEo2l GC TO ~ 
TEMP=~o+RHCSC*C~o+Rt-OSQ) 
DSHF=~•*RHC*CTE~P+So*R~OSQ)/(TENP*TEMPl 
~~TUHN - - • 

3 lf(LJoNE.~l C~LL ERRO~ 
RHQ4=RHOSO*Rt-OSQ -
RH06;J:H04*RHCSQ 
TEMP=225o+45o*R~OS0+6o*RH04+RH06 
DSHF=l687oS+~OC.*f;HCSC+382o5*RH04+RH06*C3C.+RHOSQ) 
DSHF=bo*RHC*CSHF/(TE~P*TENP) 
RETUR" 
END 

FUNCTION ~EN(LJ,Ht-C) 
PEN=Rt-.0 
lF(L~oEOoO) RiTLRIIi 
HHOSO-I<HC*I'HC 
IF(LJoNEoll GC TC 1 
PEN=PEN*RHOSQI l 1-o +Ht-CSQ) 
RETURN 
PH04=f;HCSC*"t-OSC 
lF(LJoNEocl GC TO<! 
rEN•nt-o•nHC~/(~.+~.•nHQSQ+RHO~) 
RETUJH, 

~ IF(LJoN~.~~ c•LL ERROR 
RH06=Rt;Q4*Rt-QSQ _ _ _ . 
PEN="I-C*RHC6/(22So+4So*RHOSw+6o*RH04+RH0~) 
RETUR" 
END 

FUNCtiON FN$(VEoEollil 
CDMMOIIi/FLT/8E2oCE~oEHoELoFHioDOFINVoDTMIN 
DATA erG/o58~1 . 
FNS=O, 
GO TO (21o22o23o24o2So26o27o28o29)N 

21 FNS=ALOG((EH-E+EPS*~~)/(E-EL+EPS*VE)) 
RETURI\ 

22 FNS=(Et--EL+VEl/((Et--E+.e*VEl*CE-EL~oS*VE)) 
RETURN 

Oi!J FNS=l. 
RETURI\ 

24 PNS•E 
RETURI\ 

25 FNS=IJE 
RETU~N 

26 FNS= 1 o/VE 
RETU1411i 

27 CONTJ"UE 
28 CONTINUE 
29 CONTIM;E 

IOND 

I 



SUBROLTINE S~S(AXoY1oREwoAIMWI 
COMMCN/TRTI/TR(E2oE2IoTI(o2o€2)oKI 
CATA K/0/ 
IF(KoEOo11 GO TC 3 
K=1 
Kl=1 
X=- o 1 
00 2 1=1o€2 
Y=- • 1 
on t J= 1. e2 

43 

CALL ~(XoYoTRlloJioll(loJI) 
1 Y=Y+o1 
2 X=X+ol 
3 CONTIII.UE 

2001 
2002 

27 

10() 
101 
1C2 
103 
104 
105 
106 
1C7 
1Cfl 
109 
110 
1 11 
11 ;< 
113 
114 
115 
11·6 

117 

118 

119 

12!.'l 

121 

122 

12J 

124 

126 

127 

128 

1C:9 

CALL CUICK~ (~XoY1oRE~oAIMWI 
RETURII. 
END 

SUBRO~TINEWlREZoAI~1oRcWoAIM~I 
REIII=O • 
AIMIII=C, 
AIMZ=PBS (AIMl I 
IF(REZI27o20C1o27 
IF(Al~1127,2CC2o27 
REW=1• 
RETURI'o: 
R2=REZ*REZ 
Al2=PIMZ*AIMZ 
ABREZ=ABS (REZ) 
IF(ABREZ+1.2~0AIM2-~.Cil02o102o100 
IF(ABREZ+1o1*Al~Z-f,fl117o117o116 
IF(AERtl+1o43~3~*Pl~L-4.31119o119o118 
IF(Ati'EZ+1o8E363E*AIMZ-4oll111o111o104 
IF(AI~Z-1·~1 111Jol2Co120 
1FlAl~Z-1o4111~o115o1C1 . . 
IF(ABREL+1o07!17*Al~Z-4o41119o119o118 
IF( AEREZ-2 o7 I 127, 12E .12e 
IflAEREZ-3.1 I 10fo1CEo10A 
IFlABREZ-3o4112~o130o13C 
.IF(R2+1o1e*AI2-~o1€11C~o1C7o107 
lf(R~+1.72270AI2-4,411125ol26o126 
lF(R2+1,71*AI2-2oE~I113o1C9o1:9 
IF(R2+1of9*AI2-1of91123o124o124 
IF(R2+2,040B*AI2-1oGI114o11~o112 
1F(R2+1o~f2S*AI2-·2~1121o122o122 
IF(ABREZ+1o43~3!*PIMZ-4o31120o120o105 
NMAX=1 
GO TO 15 
NMAX=2 
GO TO 1~ 
NMAX=~ 
GO TC 15 
NMAX=4 
GO lG 15 
NMAX=f 
GO TC 15 
NMAX=2 
GO TO 2) 
NMAX=~ 
GO TO 20 
f\OMAX=4 
GO TO ;10 
NMAX=e 
GO TO 20 
NMAX=f 
GO TC 20 
NMAX=7 
GO T'C 20 
NMAX=e 
GO TO 20 
NMAX=<; 
GO TC 2!') 
NMAX=1C 
GO TC z·, 



1~0 NMAX=11 
2) Kll=2 

AJ~Z-"AIM1 
GO TO 200 

15 Kw= 1 
1F(A Jfol1 )20CO, 1!:C, 1!:C 

2000 KW:;2 
AlfoiZ=~Ifol1 
GU TC 200 

C ~A l~ OSTPJN~C F~Cfol A~'fo~TCTJC SERIES 
150 RV=2 •• (R2-Al2) 

AK=4•*REL9Al,.Z 
EL=AK 
H=O• 
8=0. 
A=O • 
TEMP,.=O. 
TEMEL=O, 
G=1 • 

·c=-1o12B37S2*AifoiZ 
D=1·1~E~7S2*~EZ 
AM=RV-1 • 
AAK= 1 • 
1(.:::0 

11 AJTEMF=2 •*IIAI< 
TtMP4=(,,-~JT~!Oif)*AJTgMP 
AJP=RV-(4,*AAK+1,) 
GO TO 40 

41 AAK=AAK+l • 
K=K+1 
PR=REII 
PJ=AIIIW 

44 

12 AMAGN~TEMPfoi**~+TEfoiEL**2 
REW=(TEMPC*TEMPfoi+TEfoiPC*TEMEL)/AMAGN 
AJMW=(TEMP,.*TEMFC-TEMEL*TEMPC)/AMAGN 
JF(AB~ (REIA-PI-l)-loE-t;)o65,1lt11 

t65 lF(ABS (AJMW-Pl)-1,E-t)65ollol1 
65 .RETLJRI\ 

C •T IS OBT~JNEC FRCfol TA,LC~ SERIES 
200 TEM~l=R2+Al2 

TEMP2=2,*TEMPl*TEfoiP1 
AJ;-(~2-AJ2)/TEfoiP~ 
AK=2•*REZ*Aifoll/TE"P2 
C=O. 
B=O. 
AJSJ G=O • 
D=C. 
J.SIG=C 
G:O • 
H=O • 
EL-"' 0 I 

A-=1 • 
AM.::: 1 • 
S I GP= 1 • 5 
EXPOI\=EXP (TEfoiP2*AJI 
EXPC=E~PON*CCS (TEMF2*AK) 
6X~S--Ex~G~*61N (Ti,.PJ*A~) 

SJG2P=2.*S1GP 
4 AJ4SIG=4o*AJSIG 

AJ4SM1=AJ4SJG~1. 
TEMPJ=1o/~AJ4S~1*(AJ4SIG+3o)) 
TT4=SIG2P*(2,*AJSIG-lol 
TEMP4=TT4/(AJ4S"l*(AJASIG+l.)*(AJ4SIG-3.)*AJ4SM1) 
AJP=AJ+TEMF3 . 
uu rc 40 

42 AJSIG=AJSIG+lo 
J S 1 t;.::: .. 15 T c; + T 

6 TEMP7=(AM*jM+EL.EL)*lo7724539 
REF=(~IMZ*(C*AM+D*ELI-REZ*(AM*C-C*EL))/ 

664 
64 

7 

1TEMP7/TE~Pl . 
AJMF=(AIMZ.(A"·C-C*ELI+REZ*(C*AM +O*EL~)/f~~P7/TEWPl 
PR=RE• . 
PI=AIIoiW 
OuW!!!Iil<f'(;-RiiF 
AIMW=EXPS-AIMF 

IF(ASS (R~W·P~)~l·E~ei~~A,7,7 
F(AB~ (AJWw-FJI-l.t-tlb4o7o7 

RETURN 
SIG2P=2,$AJSJ<: 
GO. TC 4 

40 TEMPC=AJP$C+TEMF4*A-AK*D 
TEMPO:AJP*C+TEMF4*B+AK*C 
TEMEL=AJP*EL+TEfoiP~*h+AK*A~ 
TEMPM=AJP*AM+TE"P4•G-AK*EL 
A=C 
B=O 
G=AM 
1-i=EL 
C=TEMPC 
O=TEMFC 
AM=TEfwFM 
EL=TEIIEL 
lF(AES (TEIIF"')+ABS (TEMELI-loCEl5)49o43o43 

l:l > . , ... ·, 

,·. 
i J 

.· .. 



.43 C=loOE-lS*C 
O=loOE-lS*C 
AM=loJE-lS*.AM 
EL=loCE-lS*EL 
TEMPC=loOE-lS*TE~FC 
TEMPO=loOE-lS*TEMFO 
TEMPM=loOE-l5*TEMFM 
TEMEL=loOE-15*TE~EL 
GO TC SC 

45 

49 IFCABS CTEMPM)+~8S CTEMELl-loOE-15)44 0 44 0 5~ 
44 C=loOElS*C 

C=loOidS*C 
AM=l.CE15*11M 
EL=l.CElS*EL 
TEMPC=loOElS*TEMPC 
TEMPD=lo0El5*1EMPC 
TEMPM=l.OElS*TE~P~ 
TEMEL=lo0El5*TEMEL 

50 GO TOC4lo42ol2345lo~w 
12345 RETUI<" 

END 

SU~RD~TlNl Q~IC~W (AXoY oR~WoAIMW) 
COMMC~/TRTI/1R(f2of2loTIC62o62loKI 
AKI=SIGN(loollll) 
X=AtiS(AJ(.) 
resr=x•x•v•v 
IFCTESToLTo36olGO TC 10 
IF(TESToLTo144olGG TO 2 
IFCTESToLTolCOOOolGC TO 3 
Al= 1o/( 1. 7724S~<;•1ES1) 

OUIC0030 
OU ICOC4C· 
QUIC0050 
QUIC0060 
CU ICC070 
OUIC0080 

REW=Y•Al QUICOlOO 
IFCKloGT.O)AlMW=X*Al*AKl QUICOllO 
RETUHII. OUIC0120 

u 11 = x • 1 c. au 1 co 130 
~~=Y*lOo OUIC0140 
1=11+~ QUIC0150 
~=~J+2 QUIC0160 
N=~-1 QUIC0170 
P=lOo•X-11 OUIC0.180 
Q=lO •• Y-~~ OUIC0190 

15 P2=P•P QUIC020C 
az=a•c aurcozto 
Pa=P•C QUIC0220 
HP= ,.s•P CUIC0230 
HQ=,S•a QUIC0240 
HQ2=•e*02 OUIC02SO 
HP2=o5*P2 OUIC0260 
Al=~Q~-HQ OUIC0270 
A2=HP~-HP QUIC0280 
A3=1o+PO-P2-Q2 QUIC0290 
A4=HP2-PO+~P OUIC0300 
A5=HQ~-PQ+HO · OUIC0310 
REW=Al*T~-t( I oN l+112*TIH 1-loJ l+A3*TR( loJ)+A4*TR( 1+1oJ)+A5*T.R( I .~+1 )0UIC032·? 
1+PO*TR(I+lo~+l) OUIC0330 

IF(KioLEoOl GC TO e OUIC0340 
5 AIMW=Al*TICioN )+A2•Tl(l-1o~l+A3*TI(lo~)+A4*TI(I+lo~)+A5*TI( loJ+10UIC0350 
l)+PO*TICI+lo~+l) QUIC0360 

AIMW=AIMW • .AKI OUIC0370 
GOT OS OU I CO 380 

2 At=x•x -v•v QUIC0390 
Aa=a.•x•v OUIC0400 
A3=A2*A2 OUIC0410 
A4=Al-.2752551 OUIC0420 
A5=Al-2o7~474S QUIC0430 
Dl=o5124242/(114•A4•A3) OUIC0440 
D2=oOS176536/( 115*A5+A3) QUIC0450 
HEW=Ol*(A2*X-A4*Yl+C~*(A2*X-A5*Y) OUIC04f0 
IF(KloLEoCl GC 16 e QUIC0470 

'7 AIMW=Cl*(A4*X +A2*Y)+D2*(A5*X+A2*Yl OUIC048~ 
AIMW=AIMW*AKI OUIC0490 
GOT08 OUIC050C 

3 Al=Cx•x -v•v l*2·. 
A2=4·•x•v 
A4=Al-lo. . 
Dl=lo1283792/(A4*A4+A2*A2) 
REW=Ol*(A2*X-A4*Yl 
IF(KJ..LE.O) GO .10 e 

9 AIMW=Cl*CA4*X+A~*') 
AlMii=AIMW*AKI 

6 IU!TUfiiN . 
END 

OUIC0520 
OUIC0530 
OUIC0540 
QUIC0550 
I)Ult:0560 

autcos7c 
OUIC0580 

OUIC0601' 
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APPENDIX III. SAMPLE PROBLEM 

A. Listing of Input 

sruH TEST PR~~bLEM WITH 40M 23i':iU l).A T A 
3 5 9 1 0 0 0 0 0 0 0 -1 1 1 0 
5,74E-o7 7,40E-12 566.0 3 86 ,(1 1),999 n • o o;s o 

< V'l 0 • 3, 6F 6 • 3) 
458,136 0,864 0.025 0.536 0,017 0,149 0.005 
458.344 u.888 0.026 o.sao 0,018 0,146 o.oo5 
458.552 0,901 n.o26 0,550 0.017 0,138 0.004 
458,761 (). 8 34 0.024 0,542 0,017 0,149 0.005 
u5A,c:no , • n A'f 0. 0 2~ o, 5 ao 0 .!118 n. .1 4 3 0. 0 04 
459,1/IJ u.9uo O.IJ26 0,54(-~ U,Oj7 0 .15"1 0.005 
459.388 o. a 66 o.o25 ·o,582 0 ,I') 18 0 ,141 0. 0 04 
459,':o97 0,849 0.024 0,541 0,017. 0,146 0,004 
4~9.806 0. 0 62 !"). 0 25 o.55a 0.017 0 .150 0. 0 05 
460,016 0.887 0.025 0.529 0,016 0,151 0,005 
460.225 O.H43 a. o 24 0. 5 35 0,(117 0.153 o.oo5 
460.435 0.871 0.025 Q,570 0,018 0,154 o.oo5 
460,645 0.893 o. o 25 0 • 6 04 0. 0 19 0 ,152 (I • 0 05 
460,855 0 • B 58 0.025 I) • 5 52 0. 017 0,1'51 0. 0 05 
4 61.0 65 0. u 71 0. 0 25 0. 5 77 0 • 0 18 0 ,154 0. 0 05 
4b1,275 ().873 0.025 0,565 0. 0 17 n,149 0.005 
40~ .• 486 0.87B () • 0 25 0,559 0. 0 17 0,:1.60 0,005 
461,697 u.9Ub 0.0?.6 0,560 o.n17 0,159 0,005 
461.907 0. ~ 62 0 • 0 24 0. 5 63 0 • 0 1.13 0 ,155 0. 0 05 
462,·118 [),817 n.024 0,551 0,017 0;144 o.oos 
4 62.3 29 0.806 0.023 0 '4 53 0. 015 !) ,103 0,()03 
4o2,540 ().77b 0.023 o,3A1 1),014 !),059 0.003 
4o2,752 c. 6 65 0. 0 21 0,242 .O.rJ10 0,020 0,002 
46~.96 ... U,54~ 0 .('118 0.116 0,007 0. (1()4 0. 0 01 
41)3.175 0.501 0 • 0 l7 0 • 0 66" 0 • 0 05 (),0')3 0 .0.01 
463,386 u.~10 0.01.7 0,091 0,006 ('1,005 0.001 
463,598 0.635 0.020 0.167· 0,008 0,013 0,001 
4').S,8ll n.734 0.0:22 o,263 0,010 0 .(1:33 0.002 
464.023 o.782 o.o~3 0,403 0.014 o.D6:?. ·o.oo3 
4 64. 2·35 tl. d51. 0.025 0,47:-5 0,015 0,()90 0'. 0 0 3 
464.44A 0.843 o.o24 Q,489 0.016 0,107 0.004· 
464,660 0.8~8 0.025 0,497 0,01.6 0,114 0,004 
464,873 0 d354 1).024 o,560 o,ot~ 0,115 o.oo4 
465,086 u.l374 0.025 Q,542 o. n 1 7 0.120 Q,QQ4. 
465.299 0.846 o.o25 o.so1 0.016 0.128 o.oo4 
465.512 o.o96 0.026 Q,528 0,016 n,123 0,004 
465.726 0.916 o.o27 o,531 o.nt7· o.121 1),004 
465,939 l) ,840 0. 0 24 0 • 517 0. 016 0 • j_ 28 0.004 
466,153 0.826 Q.024 o.529 0.017 0.122 0.004 
466,366 0.858 0.0?5 u,573 0. 018 0,130 0,004 
466.581 0.85;5 o.o24 o,546 0.017 0,130 0.004 
4 66. 7 95 0. 8 71 0. 0 25 0.524 0,016 0 t 127 0. 0 04 
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467.009 0. 8 J9 0. 0 24 o.504 0.016 0.123 0.004 

467.223 0. u 79 0 • 0 ?.5 0. 523 0 • 0 16 0.125 0. 0 04 

4 6 7. 4 38 o.877 0. 0 25 0.511 0.016 0,129 0.004 
4 6 7. 6 53 0.856 0.024 0,511 0,016 0,129 0.004 

467,867 0. 0 71 0.025 o.531 0. Q 17 0,1.36 0,004 

468,082 0.~75 0. ;)25 0.565 O,OJ.8 0.133 0,004 

468,?.97 o, a 35 ().024 0,539 0.017 0 .134. 0.004 
468,513 o.873 0.025 Q,533 0.1)16 0,144 o.oos 

468,723 Q,'i9i:l 0.026 o,577 0.018 o.140 o.ao4 
468,944 I) 1 839 0.024 0,542 o·. o 17 0,140 Q,004 

469,159 1),852 Q.025 0 '529 0.017 0.:1.41 0.004 
469,375 0,842 o.o24 o,551 0. 0 17 0,1.37 0,004 

469,591 () • 8 49 0 • G 24 0. 5 42 o.nt7 0 .136 0 • 0 04 
469,P08 0,375 0.025 0,559 0,017 0.139 0,004 

470.024 Q,867 Q.025 o,556 0,017 0,143 o.oo4 

470,240 (),860 0.025 0,556 0 .• 017 0,1.40 0,004 
470,457 0. 8 37 0. 0 24 0,582 0 • 0 18. c .• 141 0 • 0 04 
470,674 0,390 0.026 :1,564 0,018 (),1-42 0.004 
4'10.891 o. 8 7o 0 • (1 25 0 '5 ?.1 0 • 0 16 0 .1 42 0 • 0 04 
471.108 0. 3 72 0.025 0,571 o.ote (1,149 0.005 
4 71.325 O,d71 0. 0 25 0,565 o.n17 u,143 0. 0 04 
471.542 f) • 8 72 0. 0 ?5 0,553 0,!117 [),141 0,004 
471.760 0 ,B66 0 • (l 25 0. 5 75 0 • 018 0 ,148 0 .• 0 05 
471.978 0,891 O.:J26 0,521 0,016 (!,142 0,004 
4'!2,195 0.387 0.025 0.564 0.017 (1,141 0.004 
4'12.413 0.919 0.026 0,568 0,018 0,141 0,004 
472.632 (1,927 0.027 0,566 o.nt7 0 ol 50 0 • 0 05 
4 l2 • . 350 Q ~ 8 94 ') • 0 26 0,560 0.017 0 ,147 0. 0 05 
4 73.0 68 u. d 86 0. 0 26 0 '5 78 0 • 0 18 0 .147 0 • 0 04 
4.73,287 (; • 8 38 0. 0 24 0. 5 77 0.018 0.147 n. • 0 0 5 
473,506 f),85e! 0. 0 24 Q,544 0.017 Q,j.46 0.004 
473.724 f),842 0.024 0,539 0.017 O,l!'il 0,005 
473,"943 n.679 0. 0 25 o.563 l) ,(118 0.148· o.oo5 
474,163 0'. 901 0.026 0,568 0,01~ 0,144 0.004 
474,382 u. a 81 0. 0 25 0 '5 26 0,016 0 .1 48 0. 0 05 
4'74.602 0 ,8 92 0. 0 25 0 '5 64 0 • 0 18 0 .142 0 • 0 04 
474.821 0. 9 62 0. 0 25 0 '5 7:1. 0 • (118 0 .149 0 • 0 05 
475.041 0. 8 92 0 ~ 0 26 0.575 0,018 0 .160 0. 0 05 
475,261 (.l. 8 4 7 0. 0 24 o,527 0,111.6 0.149 0.004 
475,481 0.897 0.025 0,589 0,018 0,147 0.004 
475,701 0 • 8 76 0. 0 25 0 ,5 4t n • o 17 (1 .1 58 0 • 0 05 
475,922 u.B66 (1.025 0 '572 0.018 0 '164 o.oos 
4 76 .·142 0 ,"470 0 • 0 ?.5 0 • c; 72 o • n 18 0 .157 0 • 0 05 
476,363 ti , a 62 o.n24 o,557 O,Q17 0.162 o.oos 
4'76.584 o • cl35 0 • 0 24 0 ,5 82 0 • 0 18 ~ .155 0 '0 05 
476.805 n.~39 0.024 0,584 0.01'3 (),159 0,005 
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47'1,026 0. d 64 0.025 0. 5 58 0,018 0 1155 0.005 
477.241 c.324 Q.Q24 o.538 0. tH 7 01147 01005 
477,469 0.876 0.026 0. 5 22 0,017 0 11.30 0,004 
417,690 0,831 1).02'5 01444 0,015 01099 0,004 
477,912 (J. 7 46 !).023 0. 3 46 0,013 OIQ47 0.002 
470.134 G, 6 '6 0 • 0 2:1. 0 t 218 0 t 0 10 0.115 0 t 0 01 
418,356 u.622 0.020 0,119 0.007 Q,i)()4 0. 0 01 
.478.~79 Q,6(j4 t1.019 0.117 0.007 0 • 0.07 0,001 
47'd,801 a.?6u 0.021 0,201 0,009 0,017 0.001 
479,023 0 t 7 so 0.022 0 t 298 0. 0 11 Q,r141 0.002 
4'19.246 0.841 Q.0?.4 o,395 0.013 o.n72 0.003 
479,469 0,856 0.025 0,473 0. 0 t 5 0.097 0.003 
4 79 • 6 92 0 ,8 35 0 • 0 24 0 .~ 62 o • n 18 0 1115 0 t 0 04 479,915 G .Boo 0. 0 25 0 t 5 40 0.017 0 1121 0 t 0 04 
'!BO .139 o ,a 43 0. 0 24 0 ,5 23 0 • 0 16 tl 11 32 0. 0 04 ,t-,.' 

4~0 .. ~62 n ,a 24 0. 0 24 0 • 5 :32 0 • 0 16 0 .1 33 0 • 0 04 
480.586 0 18 39 0 • 0 24 0 t 5 01 0 t 016 0 1142 0 f 0 04 
480,810 0. 8 b5 0.026 0. 5 41 01017 0113~ 01004 
481.034 o, B 67 0. 0 25 0. 5 39 0. 017 0 1138 0 I 0 04 
461.258 o ,·a 6 7 0.025 0 ,5 77 0.018 0,139 01004 
~ bl • 4 82 0 f 8 59 0. 0 24 0 I 5 20 0,(]16 0 f 139 0 I 0 04 
4~1.7n7 u ;8 84 0. 0 26 0. 5 41 0,017 01141 0 10 04 
4 81 • 9 31 0. 8 57 o • n 24 0 I 5 56 0 I 0 17 0 1151 0. 0 05 
482,156 0 ,81;0 0,025 0. 529 0 I 016 0 1145 0 f 0.04 
482.381 0. 8 53 0. 0 24 0 ,5 50 0 t 0 17 0 1133 0 t 0 04 
482.606 0.909 0.026 0,547 0,017 01142 0.004 
482.831 Q I 8 34 0. 0 24 0,528 0.016 01148 o.o05 
4 83. 0 56 0 I 8 61 0. 0 2~ 0 ,5 42 o In 17 0 1137 0 I 0.04 
4 83.2 62 (J f 8 35 u. 0 24 0 1 !3 68 0 .IJ17 0 ,141 0 :o 04 
483.508 0 I 8 98 0. 0 26 0 ,567 01017 0 1141 0 I 0 04 
1183.734 0,903 0 .Ji26 0.543 0.017 c .142 0. 0 04 
483,960 0,847 0.024 01565 01017 0 11 46 0,004 
484,186 01876 o.o25 o~522 01016 (!1143 0.004 
4841412 O~CS90 0.026 0,532 0.017 0 ,l41 0,004 
484,639 01853 Q.024 o,512 0.016 o.14n 0.004 
484,865 0,874 0.025 0,549 0,017 01135 01004 
185,092 O~UbO o.o2s o.51B 01016 0.124 o.ou4 
4~5.319 01902 0 • 01:1 6 o,526 0,01.6 0.115 01004 
485,546 0,893 0.026 0,503 01016 ('11129 0.004 
485,773 0,844 (J,024 OI!J48 O,rl17 0 .1 39 0,004 
486,001 0 • .s 50 b.024 0 '5 31 0 • 016 01136 0.004 
4136,229 0,833 0.024 o,5B1 o.ote (1,143 Oi004 
486.456 o.a71 Q.0?5 0.548 0~(117 0 .l.51 o,oo5 
486,684 0.886 0.025 01538 0.016 01150 0,005 
4 86 t 9.12 :J,/388 0. 0 25 0. 5 57 0 • 0 17 0 .159 0 10 05 
487.141 0. 8 70 0. 0 25 0,560 0,017 0 11 4fl 0.004 
4o7 .369 0. 8 33 0.024 0,570 0,018 0 .1 ?1 0. 0 05 
467.597 0. 9 01 o.o26 0. 5 42 0. 0 17 0 .153 0 t 0 0~ 
487,826 0.879 0.025 0.547 0.017 0,143 0.004 
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433.7 
46 2. s 
479.3 
518,3 
535,2 

46 6. 8 
485.0 
488,2 

0. 0 

0 0 0 
1 1 0 

0 0 0 
() 2 
0 0 0 
0 0 0 
0 p 0 
2 lj 2 
2 0 2 
0 0 0 
!) 0 0 

2 0 2 
2 l) 'J 

'-

2 f) 2 

1 

0,00991-3 0,0235 
o.o055o 0. 02 35 
a. oo3so 0. 02 35 
u.0~16o 0.0244 
0.:>4700 0.0235 

1 0 1. 0 
o.ooulo 0. 02 36 
0,00012 0.0236 
o. 00062 0. 02 41 

50 

1.() 
:1LAN·r< CARD 

8LANK CARD 
8LANK CARD 
E<~.,.A N K CAIW 

BLANK C:ARD 

qlAI'IJK CARU 
dL4NI', CARD 

fj l A 1'-H\ C A R D 
dLAN•< CARD 



B. Listing of Output 

SlOB TEST FMCBLEM W 11 ... -~-- 2~et. CATA 

PIXED POINT INPUTS 
PLOATING· POJt-.T INPUTS 

5910000 
o.~l4E-Ct :.7-'CE-11 566. 

tcU•BEA CF TAANSNISS ICftrll VALUES 
.AXIMUM ADC~ESS OF F-AI.JRA'r 
MAXINUI' ADDRESS OF G-AARIIV 

TAUNCATJOh LIMITS JU:.CC s6e.oo 

INPUT JOESONAftiiCE FAIOolllfETERS 
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0 0 -· l 386. .":.999 

li&JC&:.E6D SPECIES ~a 1 RliCl.:CiO MOMENTUM• 0.2l875C-C2 NUCLEAR AAI>lUS• .;.83874 
· CIOPFLER •ton"• Oe79t3JE 6t NUMBER OF ANGULAR MOMENTA= 2 

FA ACT tONAL ABUNDANCE a leOCCC EFFECTIVE RADIUS: Oe9184 

ANGULAR MUIIIU~NTUN• 0 INTERFERENCE PARAMETER• I SPIN STA.TISTICAL FACTOR= leOOO POTENTIAL SCATTERING FRACTJQND leOOO 
STAENGTH-FUhCT ID""l:l :) e49C60E-·H A VERA.GE NEUTRON-WI OTHa O. 981·lC· AY ERAGE C &PTURE-W JOT~ O. 2JOOOE-01 

fillfJ.-eEP QF LEVELS• 

RESONANCE ENERGY 

397.40 
410.20 
433.70 
462eBO 
.t78 • .JO 

.!US.3C 
935.20 

CAPTURE-WIDTH 

0 • 2520tJE-O 1 
Oe22600E-Ol 
Oe23!:JOOE-Ol 
::.2JSf:llE-Ol 
Oe2.JSOOE-Ol 
Oe2440oJE•Ol 
Oe23S..OOE-Ol 

NEUTRON-•IDTH 

Ce640!'10E-02 
Oe20600E-Ol. 
e-.99800£-.)2 
e .ssoooe-02 
Oe38000E'-02 
Oe51601lE-1l 
Oe.t7000E-OI 

ANGULAR MONENTUM• l INTEr:;FERENCE PAAAMETER.a 0 SPIN ST.-TJSTJCAL F4CTQR:r leOOil POTENTIAL SC4TTERING FRACTION= leOt:O 
STRIENGTH-FUfiiiCTIOfill= OeO AVERAGE NEUTRON-WIDTH= 0.0 AYERAGE CAPTU~E-•IOTH= OeO 

NUMBER OF LEVELS= 

C~PTURE-WIOTH foE.UTRON-•1 nTH 

466 .eo 
485 .oo 
488.20 

ITERATION NU~~ER 

N .. S 

0 

5A~PLf-THICKNE5SES 

OLC VALUE 

Ool23'i5E-Ol 
0 o52J80E-O I 
0.17536 

Oe2JOOOE-01 
Oe23600E-Ol 
.).241C•lE-Ol 

ETII 

loOOCO 

OeiOOOOE-03 
Oe12000E-OJ 
tle62CI)OE-?J 

1\EII VALUE 

NORNALISATIO~-E~RORS 

OLC VALUE 1\EIII VALUE 

0 .o 
o.o 
0 .o 

-Oo60741E-02 
-0 o2'i3fOE-Ol 

TRANSMi55ION-8ACK~RCUN05 

OLC VALUE 

0 .o 
o.o 
u.u 

NE~t VALUE 

CHI OLD 

29.000 

ERROR 

EHROR 

Oo488460-02 
o. 531390-02 

ERROR 

CHI NEW 
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RESONA~CE PARA~ETE~S 

NUCLEAR SPEC lES ~U~BE~ CF ANGULAR MOMENT~ 

F~ACTlONAL ABUNCANCE AN~ ~AClUS 

CLO VALUE 

1 .oooo 
o.c;1a4o 

OLO VALUE 

NElli VALUE 

N&;MFEn OF LEVEI.S= 

NEw· VALUE 

(ONLY VARlEC LEVELS ARE LlSTEC) 

462.60 
Oo235COE-01 
Oo55019E-02 

478.30 
o.;o35COE-01 
Oo3B005E-02 

ANGULAR MOMENTUM = l 

463.12 

0.3c;E51 E-02 

47Eo42 

Co37049E-02 

NU~BEFi OF LEVELS= 

7 

3 

RESQNANCE-ENERGYoCAPTURE-•lCTHoNEUTRON~~lOTH 

OLC IIALUE Nt:W VALUE 

(.ONLY VARlEO LEVELS AI'E LlSTEC) 

466.80 4C: f. u 
Oo236COE-01 
Oo10004E-03 Oo494E4E-04 

48'5. icC 4ae.z6 
Oo23EOOE-01 
Oo12010E-03 Oo7E3EOE-04 

468.20 48fof9 
Oo24100E-01 
o.ce:>'JJt. OJ C.3<illlli--':l~ 

OLC VALUE 

o.o 

ERROR 

0.129060-02 

ERROR 

Oo11517E-01 

Oo21574E-03 

Oo12477E-01 

Oo14500E-03 

ERROR 

0.12985 

Oo24433E-04 

Ool1205 

Oo2480tE-04 

Oo27767E-Ol. 

n.AIA50F.-C4 

ERROR 

0.132~3 



ITERATICN ~UMBER 2. 

NPS 

0 

SAMPLE-THICKNESSES 

OLC VJILUE 

0 ol23SSE-t>"l 
Oo!:2080E-Ol 
0. l 7536 

NCRMALISATION-E~RORS 

OLC VALUE 

-0.607410-02 
-0.293600-0.l 

0 .o 

ETJI 

loCOCI) 
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NEW VJILUE 

NEW IIALI.JE 

-c.2ESE7E-o2 
-C.~Cl32E-Ol 

TR~NSMISSION-EACK(ROUNCS 

OL[: VALUE 

o.o 
0 .o 
0 .o 

NEll IIALUE 

RESONANCE PARA~ETE~S 

CH l OLD 

4.8829 

ERROR 

Oo3203iD-02 
o • .362550-02 

ERROR 

NUCLEAR SPECIES = NU~EE~ CF ANGULAR MOMENTA 2 

FRACTIGNJIL ABUN[JINCE A~C RACIUS 

OLC VALUE 

1 .oooo. 
Oo'i5370 

ANGULAR MC~ENTUM ~ C 

NE'- V~LUE 

o.94eee 

NUWEfR Of LEIIELS= 

ERROR 

0.929280-03 

7 

RESONANCE-ENERGYoCAPTURE-IIICTHoNcUTRON-WIDTH. 

OLC VALUE NEW VJILUE ERROR 

(ONLY VARIED LEVELS ARE LISTEC) 

463ol2 463 ol7 "ll. 74882E-02 
o • .o:::sooe-oa 
Oo39653E-02 0 oS·lOE3E-02 0 • 88958E-04 

47So42 47Eo43 OoS6925E-02 
Oo23500E-Ol 
0 o37049E-02 Oo3'i649E-02 Oo 9t:OOSE-04 

CHI NEW 

2.,)742 



54 

ANGULAR NONENTUM = 1 ~U~BER CF LEVELS= 3 

RESON~NCE-ENERGYoCAPTURE--ICT~o~EUTRON-WIOTH 

OLC VALUE NEll VALl:E 

(ONLY VARIED LEVELS ARE LISTEC) 

466.91 
0 o2~600E-O 1 
0.4<;S02E-04 

48f:o26 
Oo2~600E-O 1 
Jo7e376E-C4 

4ee.69 
Q,;>atCllE-Ot 
J.:c:c;te2E-03 

467o1S 

48!:.~3 

Ool:C:EESE-<::3 

Oo64901E-03 

AUXILIARY PARA~ETE~S 

OLD VALUE 

-0 • .3.3570 

ITERATION N~NBER 3 

NPS 

0 

S~~PLE-THICKNESSES 

OLD vALUE 

0•1Z:J!ise:-ut 
Oo6:C:080E-01 
Oo17536 

NO"~~LlSATION-E~RORS 

OLD VALUE 

-o • .?.e!'i67n-o.? 
-0•221320•01 
o.o 

NElli VALUE 

-Oo2<:924E-01 

ETA 

t.oooo 

NElli VALUE 

-O.:i>I!OfF.~n?. 
'"Co~iCt-'t-Ul 

T"ANS~ISSION-EACKGRC~NCS 

OLD VALUE 

o.o 
o.o 
i) .o 

NEll VALUE 

ERROR 

Oo18469 

Oo16739E-04 

Oo12528 

Oo17750E-04 

Oo33424E-01 

Oo18594E-04 

EI-IROR 

Oo999350-01 

CHI OLD 

2o0742 

(RRO~ 

ERRO~ 

o.a3ooeo-o:a 
u. 2b021 0-02 

ERRO~ 

CHI NEW 

1o06ll 
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RESONA~CE PARA~~TE~~ 

NUCLEA~ SPECIES ~UMBE~ OF ANGULAR MOMENTA 2 

FRACTIONAL ABUNCANCE ANC ~ACIUS 

OLC VALUE 

-loOOOO 
o.c;4888 

ANGULAR MO~ENTUM = C 

NEW VALUE 

Oo94SEJ 

NU~EER CF LEVELS=, 7 

RESONANCE-ENERGYoCAPTU~E-liCTHoNEUTRON--IOTH 

OLC VALUE ~Ell! VALUE 

(ONLY VARIED LEVELS ARE LI?TECl 

,4<:3.17 
Oo23500E-01 
~.5Do3E-02 

47Eo43 
Oo23500E-01 
0 .~9649E-02 

ANGULAR MCMENlUM = 1 

4E3o17 

o .e::eJ6E-C2 

47Eo43 

~U~BER CF LEVELS= 3 

RESONANCE-ENERGYoCAPTURE-liDTHoNEUTRON-IIIIDTH 

OLD VALUE NEl VALUE 

(ONLY VARIED l~VELS A~E LISlECl 

467.15 
Oo23600E-01 
~.52912E-04 

485.33 
Oo23600E-01 
0 o12864E-~3 

49c;.1s 
-:l.241•lOE-01 
Oo64846E-03 

4Eio1E 

Oo5595~E-C4 

48!:.30 

0 o1 :?023E- OJ 

48EoE7 

Co72E74E-OJ 

AUXILIARY PARA~ETE~S 

OLD VALUE 

-o .22924D-o 1 

NEl VALUE 

-0.174COE-01 

ERROR 

Oo66121D-03 

ERROR 

Oo50667E-02 

Oo84385E-04 

Oo60386E-02 

Oo 72857E-04 

ERROR 

Ool2355 

0.119BSE-04 

0 o 55287E-01 

Oo13155E-04 

Oo13C3BE-01 

Oo l8745E-04 

ERROR 

0.705070-01 



lTERATIUN NU~8ER 4. 

NPS 

SA~PLE-THlCKNESSES 

OLD VALUE 

0 • 10:395E-O 1 
Oo52080E-Ol 
Ool7536 

NG~~ALlSATlON-E~RORS 

OLD VALUE 

-0.:2110&0•02 
-0.210630-01 

o.o 

I?TA 

IoCOCO 
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NEll 1/ALUE 

Neill vALUE 

-e·.1ue~e-o2 
-Oo2Ct~3E-Cl 

T~ANS~lSSION-EACKGROLNCS 

OLD VALUC: 

0 .o o.o 
o.a 

tH1111 1/AbUE 

RESONANCE PARA~ETE~S 

CHlOLD 

lo06ll 

·ERROR 

ERROR 

0•221080-02 
Oo25023D-02 

Efu:lQn 

NUCLEAR SPECIES = NU~BEIO OF ANGULAR MOao!ENT.A = 2 

FRACTIC~AL AOUNCANCC A~t ~ACI~~ 

OLD VALUE 

leOOOO 
o.~4B63 

ANGULAR MC~ENTUM = C 

OLC VALUE 

(ON.LY VA~ lEO LEVELS 

463.17 
Oo2.J5CCE-Ol 
Oo53836E-02 

47eo43 
0.2J500E-Ol 
o.J9813E-02 

Ne.l V .. LUE 

Oo94810 

NU~BER CF LEVELS= 

NEll VALUE 

Aj;E LlSTECJ 

46:!.17 

Oo5:!979E-02 

47Eo43 

o.ac;~cse-o2 

ERROR 

Oo635650-03 

7 

ERROR 

Oo48384E-02 

Oo86178E-04 

Oo57896E-02 

Oo70193E-04 

r. 

CHI NEW 

Oo97770 



57 

ANGULAR MC~ENTUM = NUMEER OF LEVELS= 3 

RESONANCE-ENERG~oCAPTURE-•ItTHoNEUTRON-WIDTH 

OLO VALUE NEW V,IILUE 

(ONL~ VARIEO LEVELS ARE LISTEO) 

467ol8 
Oo2:!600E-Ol 
0 o55954E-04 

485.30 
Oo236COE-Ol 
Ool:!02JE-03 

488.87 
Oo24100E-Ol 
Oo72682E-03 

........ ; . 

467.18 

O~?EC)53E-04 

48~.30 

Ool35.:4E-03 

48Eo'il 

0 o82SESE- 03 

AUXILIARY PARAMETE~S 

OLO VALUE 

-Ool74000-0l 

ITERATICN ~U~~ER 5. 

NPS 

0 

SA~PLE-THICKNESSES 

OLD VALUE. 

Oo12395E-ol·. 
Oo5208CE-01 
Oo17536 

NORMALlSATlON-E~~ORS 

OLD VALUE 

-0.19608D-02. 
-0.2069.30-01 

I) .o 

NEW VALUE 

Oo5~97EE-Ol 

ETII 

loOOOO 

, I. 

NElli VALUE 

NEW VALUE 

-o.1«><~73E-02 
-Oo20E~4E-Ol 

IHANS~155JUN-8,11CK~RCUNC~ 

OCC'VALUE NEW VA~UE 

o•o o.o 
·o .o 

ERROR 

.o. 1.1257·. 

0 oll568E-04 

Oo52450E-Ol 

Ool2646E-04 

Ooll597E-Ol 

Oo,l9243E-04 

ERROR 

Oo67549D-Ol 

·CHI OLD 

Oo97770 

ERROR 

ERROR 

Oo22l02D-02 
Oo25027D-02 

ERROR 

CHI NEW 

Oo97676 
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RESON~~CE P~R~~ETE~S 

·NUCLEA~ SPECIES= ~u~BE~ CF ANGULAR MOMENTA - 2 

FRACTIONAL ABUNCANCE A~C ~ACIUS 

OLC VALUE 

1 eO::lO!) 
Oe'i4810 

ANGULAR ~C~ENTUM = C 

NEll VALUE 

N~~EER CF LEVELS= 

RESONANCE-ENERGYoCAPTURE-liiCTHoNEUTRON-WIOTH 

OLC VALUE NEW VALLE 

(ONLY VARlEC LEVELS A~E LISTED) 

4E3o17 
o.2~sooE-o1 
o.e~979E-02 

478.43 
0 e235•lOE-O 1 
o.~c;9osE-02 

ANGULAR ~C~ENTU~ = 1 

46;: •. 17 

o.s~c;e3E-02 

47Ee43 

o.J'i907E-02 

N~~EER OF LEVELS~ 

RESONANCE-ENERGYoCAPTURE-wiCTHoNEU1RON-lllDTH 

OLC VALUE NEW V~LUE 

(ONLY VARIED LEVELS ARE LISTEC) 

4t;7.te 46 7. t e 
Oe2~600E-Ol 
Oe56053E-04 Ce5E<l62E-C4 

4ee.3o 48!:.::0 
Oe236C'OE-Ol 
Ool:!S24E-03 Ool~532E-03 

4ee.91 'ISE.'il 
Oe24100E-Ol 
(l.I'!:O:!'ii'laF-,O:l o.a::2e6E-o:, 

AUXILIARY PARA~ETERS 

OLC VALUE NEll VALUE 

o.esc;76o-ot . C o573'i6E-Cl 

STOP ITERATIONS BECAUSE CCNVER~ENCE IS TOQ SLOW 

!:RROR 

0.634620-03 

ERROR 

Oo48367E-02 

Oe66427E-04 

Oe57741E-02 

Oe70242E-04 

F.RROP 

Oel1233 

Oell565E-?4 

Oe 50458E-Ol 

o. 12664E-04 

Oot67$0C:-01 

Oe21053E-04 

ERROR 

Oe67436D-Ol 

•, ... , 
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ENEf;GY CALCULATION EXPERIMENT ERROH ATOMS PER· BARN 

458ol4 Oo8700 •Jo8640 Oo0250 0 • 12395E-O 1 
Oo5500 Oo5360 Oo0170 Oo52080E-Ol 
Ool433 Oo1490 Oo0050 Oo17536 

458.34 c.e1c2 Co8880 0. 'l260 Oo12395E-01 
Oe5f0~ o.5aoo Oo0l80 Oo52080E-Ol 
Oo14:!e Oo1460 Oo0050 ''·17536 

4se.s5 Oo87C4 Oo9010 Oo0260 ·) • 12395E-O 1 
Oo5510 Oo5500 Oo0170 Oo52080E-Ol 
Oo1442 Ool380 OoOJ40 0.17536 

458.76 c.e7oe Oo8340 Oo0240 Ool2395E-01 
Oo55lt Oo5420 Oo0170 0 o 52080E-01 
0 ol44 7 .J.1490 Oo005<) 0. 17536 

458o'97 Oo8708 0.8690 Oo0250 Ool2395E-01 
Oo5521 Oo5800 OoOISO Oo52080E-Ol 
Oo1452 l1ol43J o.n04-J Oo17536 

~59o'18 0 o8 710 Oo9060 Oo0260 Oo12395E-01 
Oo5528 Oo5420 Oo0l7C' 0 o 52080E-01 
Oo1457 <1o1570 Oo0050 o. 17536 

459o39 Oo8713 Oo8660 Oo0250 Oo12395E-Ol 
Oo5534 Oo5820 Oo0180 Oo52080E-Ol 
Oo14E:! Oo1410 Uo0040 Oo17536 

45'io60 Oo8716 Oo8490 Oo0240 Ool2395E-Ol 
Oo5541 .:;;.5410 OoC!170 0 o52080E-01 
Oo1470 Uol460 Oo0040 Oo17536 

459o81 Ooe71'i Oo8620 Oo0250 Oo12395E-Ol 
Oo554'i o .55 so Oo0170 Oo52080E-Ol 
Oo1477 Oo1500 Oo0050 Oo17536 

4EOo02 o .a 72 2 Oo8870 Oo0250 Oo12395E-Ol 
Oo555e Uo5290 Oo0160 Oo52080E-01 
Oo14es Oo1510 Oo0050 Oo17536 

460o22 Oo8726 0o8430 Oo0240 Oo12395E-01 
OoSfEE Oo5350 Oo0170 Oo52080E-01 
Oo14'i4 Ool530 Oo0050 0. 17~36 

460o43 Oo8730 •) o8710 0.0250 Ool2395E-Ol 
Oo557'i Oo5700 Oo0180 Oo52080E-01 
Ool504 Co1540 0.0050 0.17536 

46Co64 Oo8735 Oo8930 Oo0250 Oo12395E-Ol 
Oo55'i2 Oo6040 Oo0190 Oo 52080E-Ol 
001516 ·Jo1520 0.0050 Oo17536 

4EOo85 Oo8740 Oo8580 Oo0250 Oo12395E-01 
Co5E07 Oo5520 Oo0170 Oo 52080E-O 1 
Oo152'i Ool510 0 o0050 Oo17536 

46lo06 Oo8747 Oo8Tl0 Oo0250 Oo12::S95E-01 
Oo5625 Oo5770 Oo0180 Oo52080E-01 
Oal54E Oa1540 Oo005Q Oo\7536 

46t.c7 Ooe'754 Oo8730 Oo0250 Ool2395E-Ol 
Oo5E4E Oo5650 0 .o 170 Oo52080E-Ol 
Ool!:E5 Oo\490 o .cio5o Oo17536 

461o49 Oo8763 Oo8780· Oo0250 Oo12395E-01 
Oo5670 'Oo5590 Oo0170 Oo52Ci80E-01 
Oo158e Oo1600 Oo0050 Oo17536 

46lo70 Oo87E'i Oo9080 Oo0260 Co12395E-01 
Oo!5Ef7 :1o561)0 · Uo0170 Oo52080E-01 
Oo1E05 Oo1590 Oo0050 Oo17536 

461. 'it Oo875:! 0.8620 Oo0240 0 • l2395E-O 1 
OoSESO Oo5630 Oo0180 ·Oo52080E-Q 1 
Oo15E2 Oo1550 Oo0050 Oo17536 

462.12 Oo8E4E Oo8171) Oo0240 Oo12395E-01 
Oo5418 Oo5510 Oo0170 Oo52080E-01 
Oa14:!E Oo1440 Oo0050 0.17536 

4fi2o33 0~8J15 ·) o806o) o. 0230 Ool2395E-01 
Oo47E1 Oo4530 Oo0150 OoS2080E-01 
Oo1C'i4 Oo1031) Oo003C Oo17536 

462o54 Oo7f01 Oo7780 0 o0230 Oo12395E-01 
Uo3586 Oo3810 Oo0140 Oo52080E-01 
OoOE32 <)o0590 Oo0030 Oo17536 

4t:2o75 OoE53'i ,,0.(>650 Oo0210 Oo12395E-Ol 
Oo2191 Oo2420 o·.o1oo .,c-. 52-0SOE-0 1 
o.o~s7 Oo0200 Oo0030 o:17.536 

462o96 o.5e1o Oo5420 Oo0180 ·0 • i2395E-Ol 
Oo112E Uo1160 Oo0070 .Oo52080E-01 
OoOCE9 ·0 o0040 Oo0030 0017536 

463o17 Oe5C15 Q-;,5010 Oo0170 ·Oo12395E-01 
Oo0l91 •·o.-o660 Oo0050 Oi52080E-01 
Oo0017 .0.0030 Oo0030 Oo175J6 

4E3o39 Co5309 !h5·100 Oo0171) 0 o l2395E-O 1 
Oo091f5 •·o oOQ 10 0.0060 0.52080E-Ol 
Oo0032 o.o·oso Oo0030 Oo17536 

463o60 Oo61'i5 1lo6·350 Oo0200 Oal2395E-01 
Oo172E Ool670 Oo0080 Oo 52080E-01 

463o81 
Oe0124 Oo0130 Oo0030 •0 o17536 
·Oo7201 Oo7340 Oo0220 e:~~~~~~:g: Oo~CC:l 0 a.!630 OoOll)u 
Oo0:!2'i Oo0330 Oo0030 .0.17536 

464o02 Oo7'i40 Oo7820 Oo0230 Ool239SE-01 
Oa3'i5S Oo4,030' Oo0140 O.o52080E-01 
Oo061'i 0 o0620 Oo0030 Oo17536 
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464o23 Oo8333 0 o8510 o.ozso Oo12395E-01 
Oo4ESS ·:>.4730 0 • 0 1St' Oo52C80E-IH 
o.oee11 ·o.ogoo OoOOJO Oo17536 

464o45 Oo8499 Oo8430 Oo0240 Oo12395E-01 
Oo4998 ·J o4890 Oo0160 Oo52<:180E-01 
Oo105~ Oo1070 Oo0040 0.17536 

464o66 Oo8!:E1 Oo8580 Oo0250 Oo12395E-01 
OoS142 Oo4970 O'o0160 Oo52080E-01 
0 o l14E Oo1140 Oo0040 Oo17536 

4E4o87 Oo8!:88 0.8540 Oo0240 Ool2395E-01 
Oo520<; Oo5600 Oo0180 Oo52080E-01 
Ool194 0 o1 150 Oo0040 Oo17536 

465oC9 Oo8EC4 Oo8740 Oo0250 Oo12395E-01 
OoS24<; Oo5420 ·o .o 110 Oo52080E-01 
Oo1c25 Ool200 Oo0040 Oo17536 

465.30 0~8E15 ·Oo8460 Oo025" 0 • 12395E-O 1 
Oo5278 - o.so1o Oo0160 Oo520BOE-01 
Oo1c47 Oo1280 0.0040 Oo17536 

465.51 o.etz4 •)o8960 Oo0260 Oo12395E-01 
o.s::oo Oo5280 Oo0160 Oo52080E-01 
Oo1265 :lo 1230 Oo0040 0 o17536 

465.73 Oo8E31 Oo9160 Oo0270 Oo12395E-01 
Oo531e 0 o5310 Oo0170 Oo 52080E-01 
Oo1280 ') o12 70 Oo004C Oo17536 

465o94 Oo8E:!E Oo8400. Oo0240 Oo12395E-01 
o.s~~J 8:U~8 Oo016? 0 o52080E-01 
Oo1291 u. 0040 Uol'f53& 

466ol5 Oo8E40 Oo8260 Oo0240 Oo12J9SE-01 
o.s~41 0 o5290 Oo017? 0 o52080E~01 
Oo1c9e Oo1220 Oo0040 Oo17536 

46(1.37 Oo8E39 Oo8580 o.ozso Oo12395E-01 
0.5:!40 Oo57JO &·0180 Oo52"801!!-01 
Oo1297 Oo1300 .0040 Oo17636 

46(lo58 o.et33 Oo8530 Oo024CI Oo12395E-01 
0.!:~24 ') .5460 olo0170 Oo52080E-01 
Oo&ce4 Oo1300 Oo0040 Oo17536 

4EEo79 Oo8621 Co8710 0 o 025C. C • 12395E-01 
Oo52<;4 Oo5240 Oo0160 Oo52080E-01 
Oo126l Ool270 Oo0040 ~.17536 

467o\) 1 Oo8E11 ·:lo8390 Oo·J240 (lol2395E-01 
Oo52Ee Oo5040 Oo0160 Oo5208!)E-01 
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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 238 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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Fig. 2. Transmission of a ·0.052 at/b sample of 238 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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Fig. 3. Transmission of a 0.175 at/b sample of 238 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 initia·l guesses. The 1 ONer 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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