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DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United Sutes Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 
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ABSTRACT 

I n 1980 Ihc mu l t i l eve l m u l l i c h a n n c l R - m a t r i x code S A M M Y was released r , i r use in analysis o r 
neut ron da ta at the O a k R i d g e l i l e c t r on L inear Acce le ra to r . Since tha t t ime , S A I . . M Y has undergone 
s ign i f i can t modi f ica t ions: ( I ) Use r - f r i end l y opt ions have been incorpora ted to s t reaml ine c o m m o n 
operat ions and to protect a r un f r o m c o m m o n user errors. ( 2 ) T h e R e i c h - M o o r e f o rma l i sm has been 
extended to inc lude an op t iona l l oga r i t hm ic parameterization o f the ex te rna l R - m a t r i x , fo r w h i c h any o r 
a l l parameters may he var ied. ( 3 ) T h e ab i l i t y t o vary sample th ickness, e f fect ive tempera tu re , m a t c h i n g 
radius, a n d / o r reso lu t ion-broaden ing parameters has been incorpora ted. ( 4 ) T o avo id loss o f 
i n f o r m a t i o n (i.e., compute r r o u n d - o f f e r ro rs ) between runs, the "covar iance f i l e " now includes precise 
values fo r a l l variables. ( 5 ) Unused but corre la ted var iables may be inc luded in the analysis. 

Becausc o f these and ear l i e r changes, the 1980 S A M M Y m a n u a l is now hopelessly obsolete. T h i s 
repor t is intended to be comple te documen ta t i on lo r the cur ren t version o f S A M M Y . I ts pub l i ca t i on in 
loosclcaf f o r m w i l l pe rmi t updates to the manua l to be made concu r ren t l y w i t h updates to the code 
i tsel f , thus e l im ina t i ng most o f the t ime lag between update and documenta t ion . 

ABSTRACT FOR REVISION 1 

I n A u g u s t o f 1984 the users' gu ide fo r version P o f the mu l t i l eve l mu l t i channe l R - m a t r i x code 
S A M M Y was publ ished. Recen t l y , ma jo r changes w i t h i n S A M M Y have led to the c rea t ion o f vers ion 
O , w h i : h is documented in th is report . A m o n g these changes are: ( I ) an a l te rna t ive m a t r i x -
man ipu la t i on method for use in ce r ta in special cases; ( 2 ) d iv is ion o f theore t ica l cross-section genera t ion 
and broaden ing operat ions i n to separate segments o f the code; ( 3 ) an op t ion to use the mu l t i l eve l B re i t -
W i g n e r app rox ima t i on to generate tneoret ica l cross sections; ( 4 ) new inpu t opt ions; (S ) r e n a m i n g a l l 
t e m p o r a r y f i les as S A M ? ? . D A T ; ( 6 ) more sophist icated use o f t e m p o r a r y f i les to m a x i m i z e the n u m b e r 
o f da ta points tha t m a y be ana lyzed in a single run ; and ( 7 ) s ign i f i can t in te rna l res t ruc tu r i ng o f the 
code in p repara t ion fo r changes descr ibed here and for p lanned f u t u r e changes. 

x i 
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INTRODUCTION TO REVISION 1 

Changes documented in th is revision arc as fo l lows: 

1. A n a l te rnat ive m a t r i x - m a n i p u l a t i o n method , the ( l + Q ) inversion scheme, has been devised (sec 
Sect. I I ) . Use o f th is schcmc requires tha t the da ta covar iunce m a t r i x be d iagonal , and tha t the 
number o f data points be m u c h la rger than the number o f var ied parameters. W h e n these t w o 
requ i rements arc met , the (l+Q) invers ion schemc uses s ign i f i can t l y less compute r corc than does 
the o r i g i na l method , the ( N + V ) inversion scheme. 

2. Cross-sect ion ca lcu la t ions and b roaden ing operat ions arc now per fo rmed in two separate stand-
alone segments o f the compu te r codc, since they arc in fact t w o d is t inc t operat ions. W i t h i n the 
b roaden ing segment, the var ious b roaden ing procedures have been su f f i c ien t l y d isentangled tha t one 
can, e.g., Dopp le r -b roaden but no l reso lu t ion-broaden. 

3. T h e mu l t i l eve l B r e i t - W i g n c r a p p r o x i m a t i o n may be used to generate cross sections; sec Sect. I I I . C . 

4. N e w inpu t opt ions arc exp la ined in the tables o f Sect. V I . N O T E : N o input has been changed; a 
user need not fear tha t his or her o ld I N P o r P A R fi les are obsolete. 

5. A l l t empora ry f i les arc now cal led S A M 7 7 . D A T w i t h the quest ion m a r k s replaced by F O R T R A N 
un i t numbers . T h u s i f a r un bombs or is abor ted, a l l S A M M Y f i les m a y be deleted w i t h the single 
c o m m a n d " D E L S A M 7 7 . D A T " . C A U T I O N : I f you wish t o discuss w i t h the au thor w h y you r j o b 
bombed , i t wou ld be best not to delete these f i les f i rs t . See Sect. X . B . 

6. I t is now somet imes possible to analyze very large data sets, o f a thousand or more points, i n one 
shot. T h i s is due t o the invent ion of a sophis t icated "bookkeep ing " system to use tempora ry f i les 
ra ther than in-core storage for la rger arrays. T o decide whe the r you r par t i cu la r case w i l l f i t i n to 
the P D P 1 0 , run the code S A M E S T ; i.e., type "R S A M E S T " in te rac t i ve ly , and answer the quest ions 
asked. Caveat : a r ray sizes g iven are est imates on ly , not to be t rus ted absolute ly . 

7. T h e in te rna l F O R T R A N cod ing o f S A M M Y , version O , is cons iderab ly d i f f e ren t f r o m version P. 
( W h i l e users o f the code w i l l no t no t ice these changes, anyone w i sh ing to imp lement S A M M Y on 
his or her own compute r is wa rned to use one version or the o ther and not i n te rm ix t hem. ) A 
consistent nomenc la tu re fo r the several types o f var ied parameters has been developed. Subrou t ines 
have been subdiv ided so that each rou t ine deals w i t h a single we l l -de f ined operat ion. A t t e m p t s 
have been made to s tandard ize F O R T R A N usage, to m i n i m i z e necessary changes when conver t i ng 
to another compute r . M a n y o f these changes were designed i n p repara t ion for f u t u r e revisions, 
i nc lud ing ( a ) more cor rec t t rea tmen t o f resolut ion broadening, ( b ) inc lus ion o f da ta parameters 
(such as no rma l i za t i on o r backg round sub t rac t i on ) as va r ied parameters , and ( c ) proper t r ea tmen t 
o f m u l t i p l e isotopes. 
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II.A.I. Outline of Derivation of Bayea' Equations 

Baycs' theorem may be written in the form 

p{P\DX) a p(P\X)p(D\PX) (IIAI.I) 

where 

1. P represents the parameters of the (extended) R-matrix theory and D represents the 
experimental data to be analyzed. 

2. X represents "background" or "prior" information such as the data from which prior 
knowledge of the parameters P was derived. X is assumed to be independent of D. 

3. p(fty)X) is the probability for the value of the parameters conditional upon the new data D 
and is what we seek. It is conventional to call p(P\pX} the posterior probability. Since P 
represents several parameters, p(/ty)X) is a joint probability density function (joint pdf). 
The expectation values of P times p(P\PX} are taken as the new estimates for the 
parameters; the associated covariance matrix gives us a measure of how well the 
parameters are determined and of the inter-dependencies of those determinations. 

4. p(C^PX) is the probability density function for observing the data D given that the 
parameters P are correct. It is a function of the parameters P of the model and is 
proportional to the likelihood function of the data D. 

5. p(f\X) is the joint pdf for the value of the parameters P of the model, prior to consideration 
of the new data D; it is known as the prior joint pdf. The expectation values of P times 
p(flX) arc the prior estimates for the values of the parameters; the associated covariance 
matrix gives a measure of how well the parameters are known before consideration of the 
new data. 

6. The constant of proportionality in Eq. (IIA1.P can be determined from the normalization 
condition. 

Let P = | for k •= 1 to K be the set of all parameters of the theoretical model to be 
considered. The joint pdf p(F\X} is assumed to be a joint normal pdf having as expectation value the 
vector P and the covariance matrix Af. Under this assumption the pdf may be written 

p(P\X) a exp l-HP-P)' A/ - 1 ( P - P ) ] , (IIAt.2) 

where the superscript I denotes the transpose. 

The experimental data is represented by a data vector D whose components £>, are the L data 
points. The experimental conditions are assumed to be such that the data D (i.e., the D,'s) have a joint 
normal distribution with mean T= T(P) and covariance matrix V. The likelihood function is then 

p{D\PX) oc exp[-Vi(Z>-r)' V~l(D-T)] . (IIA1.3) 

Here T represents theory (i.e., calculated values of cross section or transmission), and the covariance 
matrix V represents not only the experimental "errors" of the data, but also any theoretical "errors" 
resulting from approximations used in calculating T. Obviously V need not be diagonal. 
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Combining Eqs. (IIAI.1, ,2, and .3) gives an expression Tor the pdf of P after consideration of new 
data D [i.e., for p(P\PX)], expressed in terms of the "true" value T. What is needed, however, is an 
expression for p(f^DX) expressed in terms of the parameters P._ This is obtained formally by considering 
T a function of P, performing a Taylor expansion about P [the expectation value of p(P\X)], and 
keeping only the linear terms: 

T(P)=*T + G(P-P) , (IIA1.4) 

where T is equal to T{P). The elements of G are the partial derivatives of r„ with rcspect to the 
parameters /^evaluated at P = P.\ 

Jnk = uPk 
for n — 1,2 L (IIA1.5) 
for k — \,2,...,K 

p-p 

Since T is a vector of dimension L (equal to the number of data points), and P is a vector of dimension 
K (equal to the number of parameters), this "sensitivity matrix" G is of dimension LXK. 

Substituting Eq. (IiA1.4) into Eq. (IIA1.3) and using Eq. (IIA1.2), we obtain for the posterior joint 
pdf [Eq. (IIA1.1)]: 

p(P\DX) a exp[ — Vi | ( P ~ P ) ' M~\P-P)+ (IIAI.6) 

(D- T-GKP-P))' V~] (n-T-G(P-P))]] . 

Because of the three basic assumptions we have made, i.e., 

i. the prior joint pdf is a joint normal, 

ii. the likelihood function is a joint normal, and 

iii. the true value is a linear function of the parameters, 

it follows that the posterior joint pdf is also a joint normal. Denoting its expectation value by P" and its 
covariance matrix by M', we may write: 

p[P\DX)ccc\p [-'/liP-P)' M'~x ( P - P ' ) ] • (IIA1.7) 

As shown in the next subsection, equating the linear and quadratic terms of the exponents in Eqs. 
(IIAl.6) and (IIA1.7) yields our final results, hereafter referred to as Bayes' equations: 

F - P - MG' (N + V)~l (D-T) , (IIA1.8) 

M-M' - MG' (/V + K)"1 G M , (IIA1.9) 

where the L X L matrix N is defined as 

N - G M G' . (IIA1.10) 
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The matr ix N is the covariance matr ix of the joint pdf for the t rue value of the data based upon our 
prior pdf for the value of the parameters . Since this form of Baycs' equations involves the inverse of (N 
+ V), within S A M M Y it is known as the *{N + V) inversion scheme" (see Tab le VIA.2) ; this is the 
form implemented in all earlier versions of S A M M Y . 

An al ternative form for Bayes' equations is 

P' - P + M(l + Qr]G'y'HD - T) ( I I A I . I 1 ) 

M' = M(I + Q)'1 ( I I A I . I 2 ) 

where the K X K nonsymmetric matr ix Q is defined as 

Q - G'VXGM ( 1 I A I . I 3 ) 

This set of equat ions is known within S A M M Y as the '(I + Q) inversion scheme." 

In the limit where the matrix M is diagonal and its elements tend to infinity, Bayes1 equations 
become the famil iar least-squares equations. Algebraic details for the f N + V) inversion scheme [i.e., 
for Eqs. ( I IA1 .8 ) through ( I I A 1 . I 0 ) ] are given in [ N L 8 2 ] . 

Because the linearity condition [Eq. ( I I A I . 4 ) ] may be only approximately correct, it is necessary to 
alter Bayes' equations slightly to permit i teration to an accura te solution. (Detai ls are given in Subsec-
tion II .A.3.) It is the iterative form of Buyes' equat ions which is implemented in the code S A M M Y . 

Finally, we note that the derivation of Bayes' equat ions which we present in Subsection II .A.2 is not 
the only possible derivation. Alternat ive derivations can be found in [ J M 8 0 ] and [AG73] . 
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II.A.2. Details of the Derivation 

In Subsection II.A.I, we stutcd that Baye*' equations may be derived directly from Bayes' theorem, 

p(P\DX) rx p(P\X)p(D\PX), (IIA2.I) 

provided the three basic assumptions are met. These assumptions are: 

i. the prior pdf is a joint normal. That is, the pdf for the parameters, prior to 
consideration of the data D, is 

p(P\X) a exp (P-P)'M~] (P-P)\ (IIA2.2) 

ii. the likelihood function is a joint normal. That is, the pdf for the experimental data is 

p(D\PX) a exp | - ' / i ( D - T ) ' V ~ X (D~T)\ (IIA2.3) 

where T is a function of the parameter P. 
iii. the true value is a linear function of the parameters. That is, a Taylor expansion of the 

theoretical values around the prior expectation values of the parameters truncates after 
the linear term: 

T - T + C(P-P) (IIA2.4) 

where the sensitivity matrix 0' is defined by 

,, *T, (IIA2.5) 
* ^ , - , 

and the theoretical value Tt (i.e., T for data point /) is also evaluated at P — T. 

Given these three assumptions, the posterior pdf p(fty)X) is also a joint normal distribution and may 
be written 

p{P\DX)accxp j-H (P-P-)' (MT^P-P1)I . (IIA2.6) 

Substituting Eq. (I1A2.2) through (IIA2.6) into Eq. (IIA2.1) and equating the exponents yield, in 
matrix form. 

( . P - P Y i M T H P - P H Y - i P - P Y M - ^ P - P ) (IIA2.7) 

+ [D ~ T ~ G(P - [D -T - G(P - ?)] 

where Y represents _ the normalization constant and is independent of P. Setting 
P — P — P—P'+P'—P in Eq. (IIA2.7), and rearranging terms, we obtain 
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(P-P,)'(M'yi(P-P')+Y-iP-P')'(M~s + G'V-iG)(P-P') (IIA2.8) 

+(P-P>yi(M-, + G'V-,G)(P'-P)-G'V-,(D-T)] 

+[(p,-py(M-i+G'y-iG)-(D-fyy-lG)iP-P') 

+(P,-P)'M~,{P'-P) 

+ [D-T-G(P'-P)]' V ^D-T-GiP-P)] . 

Because_Eq. (IIA2.8) must hold Tor all values of P, we may equate terms quadratic, linear, or constant 
in ( P - P ' ). From the quadratic we obtain Bayes' equation for updating the covariance matrix, and 
from the linear we obtain Bayes' equation for updating parameter values. The constant yields the 
invariant "Bayesian X 

We begin with the covariance matrix; the coefficients of the quadratic 
(P-P)' ••• (P-P) in Eq. (IIA2.8) yield 

(M')~[ - M~l + G' K - ' C (IIA2.9) 

Algebraic manipulation of this matrix equation gives 

(A/T'A/ - + G' V~}GM - / + G'V-'GM 

or 

A/'(A/')-lAf - M' + M'G'V~[GM 

which reduces to 

M - MV + G,V~iGM) (IIA2.10) 

where / represents the identity matrix. Thus we may define 

Q - G'V~lGM (IIA2.11) 

as in Eq. (IIAI.13) and obtain from Eq. (IIA2.10) the result 

A/ ' - M ( I + g ) - ' ( I I A 2 . 1 2 ) 

which is exactly Bayes' equation for updating the covariance matrix, in the ( / + (?) inversion scheme, 
Eq. (IIA1.I2). 
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To obtain the (/V + V) version of Bayes' equations for the covariance matrix, further algebraic 
manipulation is required. Using the identity 

X~x - Z(XZ)~x (IIA2.I3) 

with 

X - / + G'y~lGM - t + Q (IIA2.I4) 

and 

Z - G'(N + K)-'C 

gives, from Eq. (IIA2.12) 

M' - MG'tN + V)-^ [(/ + G'V~,GM}G,(N + V)-,G]-1 

- MG'IN + V)-* G[G'(N + V)~lG + G'V~lGMG'(N - H T ' O r ' (IIA2.16) 

Setting 

N - GMG' (IIA2.I7) 

and rearranging give 

M' - MG'(N + V)~XG[G%1 + V-*N)(N + V)~X\G\-* (IIA2.18) 

The quantity in curly brackets in Eq. (IIA2.I8) is equal to V~x\ making that substitution and introduc-
ing the identity V~lV *» I into that equation give 

hi' - MG,{N + V)-xW-lG[G,V~lG\~x (IIA2.I9) 

Replacing V by N 4- V - N then gives 

M> - MG\N + Vyx\N + V - N\V-XG[G'V-XG)-X (IIA2.20) 

or 

M' - MG'y-xG[G'y-xG]-x - MG'(N + y)-lGAfG'V-,G[G'V-xG]-x (IIA2.21) 

in which we have replaced JV by GMG'. This reduces immediately to 
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M"-M-MG'{N+V)-*GM . (IIA2.22) 

which is exactly Bayes' equation Tor updating the covariance matrix, Eq. (IIA1.9). Explicitly, this 
equation may be written 

(IIA2.23) M'k, - Mu - S S 2 2 MkKGJ(N + vri.GJmMm, 
« - l l - l ) - 1 m - l ' 

where N is given by 

N,j - S £ • U,A2'24> 

*-i I-1 

To obtain Bayes' equation Tor updating the parameter values, we equate the_ linear terms of Eq. 
(IIA2.8). Since the ieft-hand side of that equation has no terms linear in (P—P), the coefficient of 
(P — P) on the right-hand bide must be zero. That is, 

( W - ' + C r ' G ) (P-P) - G'V~\D-7) . (IIA2.25) 

From Eq. (IIA2.9), the first quantity on the left is just (M')~x; we therefore have 

P - P - M'G'V~\D-T) (IIA2.26) 

or, using Eq. (IIA2.I2) 

P - P + M(1 + Q)-XG'V~X{D-T) (IIA2.27) 

which is exactly Bayes' equation for updating the parameter values using the ( / + (?) inversion scheme, 
Eq. (IIA 1.11). 

To obtain this equation in the {N+V) inversion scheme, replace M' in Eq. (IIA2.26) by Eq. 
(IIA2.22) to give 

P-P - (M-MG'(N + V)-[GM)G'V-X{D-T) (I1A2.28) 

which reduces to 

P - P - MG'(N + V)-\D-T) . (IIA2.29) 

Explicitly, this equation is 

+ £ 2 2 MuG^N + Vy'ViDj-Tj) 
i-i /-i j-i * " 

(IIA2.30) 

Rl 
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Finally, we note that the constant term in Eq. (IIA2.8) may be simplified using Eq. (IIA2.29) to 
give 

Y-'(D-f)'[(N + V)-]GMG,(N + y)-i + {l-(N + V)~,N)V-,U-N{N + V)-i))(D-f) (IIA2.31) 

which reduces to 

Y-(D-T)' (N + V)~\D~f) (IIA2.32) 

In SAMMY, this quantity is referred to as the "Bayesian x2". In the (/ + Q) inversion scheme, this 
quantity can be simplified to the form 

Y - (D-TJV~\D-T) - (D-f)V-sGM{l + Q)-xG'V-\D-f) (IIA2.33) 

in which the first term is the usual (lcast-!>quares) *J, and the second term can be viewed as a "correc-
tion" to xJ. 
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II.A.3 Iteration Scheme 

The linearity hypothesis, i.e., the assumption that the Taylor expansion of the theoretical value* 
around the prior expectation value truncates after the linear term, is in general only approximately true. 
Therefore, the parameter values F resulting from application of Bayes' equations are also only 
approximately correct. _To obtain more accurate values, the Taylor expansion, Eq. (IIA2.4), may be 
performed not_ around P but around the new (intermediate) values f*"\ where n represents the /ith 
iteration and P0)—P. 

Here the sensitivity matrix Gin) and the theoretical values 7<") arc evaluated at P — With Eq. 
(IIA3.1) for T, the formula analogous to Eq. (IIA2.7) is 

(/,_pO.+i>y(A#<flH)ri(p_pfl+i)) + Y - (P-P)'M-\P-P) 

Setting P equal to + ?»+') everywhere in the right-hand side of Eq. (11A3.2) gives the 
formula analogous to Eq. (IIA2.8) with T in that expression replaced by f(H)+Gi'')(P—and 
G by C("'. The iterative forms of Bayes' equations follow immediately: 

T J i n ) + C</.?</>_£«.)) (IIA3.1) 

(IIA3.2) 

Af<« + |) _ M - MGln)t (JV(»> + V)-1GWM 

(IIA3.3) 

(I1A3.4) 

where 

N { n ) _ q M M G i n ) l (IIA3.5) 

For the (/ + Q) inversion scheme, the iterative forms of Bayes' equations are 

1) » P + M ( I + g ^ - i c ^ ' K - ' l D - T*"* - G(">(? - (IIA3.6) 

(IIA3.7) 

where 

qM « G{n),V~xG{n)M (IIA3.8) 
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II.B.l. Solving Bayes' Equations 

The solution of Baycs' equations for the (N+V) inversion scheme is described in Subsection 
11, B.I.a, and the solution for the U+Q) inversion scheme is in Subsection II.B.I.b. 
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II.B.l.a. Solving Bayes' equations: (N+ V) Inversion scheme 

SAMMY uses an early version of the code BAYfcS (NL82) to solve Bayes* equations in the (N+V) 
inversion scheme. In matrix notation, the non-iterative form of Bayes' equations can be written 

P1 - P + MG'(N + V)-\D-T) , (IIBla.l) 

and 

W = M - MG' CV + K) - 1 GM , (IIBIa.2) 

where 

N - GMG' . (IIBIa.3) 

Solving these equations is equivalent to solving 

AX — Y (IlBla.4) 

K+l times (where K is the number of parameters for the problem), with A the L X L symmetric 
matrix N+ V (where L is the number of data points), and Y a column matrix equal to (D — T) in Eq. 
(IIBIa.l) or equal to each uf the K columns of the rectangulai matrix GM in Eq. (IIBla.2). 

The inverse of matrix A is not evaluated directly. Rather, A is first factorized as 

A - U B U' (IIBla.5) 

where B is a block-diagonal matrix, and U is the product of elementary unit triangular and permutation 
matrices, so that inverses of U and B are immediately available. The solution X to Eq. (IIBla.4) is 
then found from 

X - (V- ' ) ' B - ' l / - ' Y (IIBla.6) 

In SAMMY, the factorization of Eq. (IIBla.S) is performed by LINPACK [JD79] subroutine SSPCO, 
and the ( K + l ) solutions are obtained by LINPACK subroutine SSPSL. Subroutine NEWPAR over* 
sees these operations. 

It is necessary to modify this procedure slightly to account for the approximations built into Bayes' 
equations. As explained in Sect. IIA.3, an iteration scheme has been derived to correct for the non-
linear relationship between parameters and theoretical values. The default in SAMMY is to perform 
two iterations, since (1) further iteration is expected to increased precision but not accuracy, and (2) 
test cases have shown this to yield consistent results. The interested reader may refer to example 4 of 
the original SAMMY manual [NL80], or, if he desires, make his own tests on his own data. Table 
VIA.l, card set 2, indicates the relevant parameter (ITMAX) to use. Note that k iterations (ITMAX 
- k) will yield the solution set ? k ) a n d A/^'from Eqs. (IIA3.3) and (IIA3.4). 
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[Note to users of earlier SAMMY versions: The meaning of ITMAX has been changed from that in 
use prior to April 1984, and now corresponds exactly to the total number of times the THEORY-
CROS3-BROADEN-SETV-(N +V)-FINAL" cycle appears between consecutive "DATA" segments in 
the LOG file. Caveat: Since ITMAX —2'is the default value, put'ing zero (or blank) in column SO of 
card set 2 of the INPUT file will give I T M A X - 2 , not I T M A X - 0 . To obtain zero iterations (i.e., to 
evaluate cross sections but not update parameter values), the user must specify "DO NOT SOLVE 
BAYES Equations" in the INPut file.] 
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!I.B.l.b. Solving Bayes'equations: ( l + Q ) inversion scheme 

In matrix form, the non-iterative form of Bayes' equations for the ( / + Q) inversion scheme can be 
written 

P' - P + W ( / - f 0 ) - ' G'V~X(D~T) ( I IBlb . l ) 

and 

M' - M(l + Q)~l (IIBIb.2) 

where 

Q - G'y1 G M (IIBIb.3) 

[Note that although Q (and thus l+Q) is not symmetric, nevertheless M' is symmitric. This can be 
shown by noting that 

M' - M(l+Q)~x = M(M + MG'V~XGM)~XM , (IIBlb.4) 

provided that M~x exists. In the form of Eq. (lIBlb.4), M ' is clearly symmetric.] 

The inverse of (l+Q) is found usinc NAG [NAG] routine F01AAF. When M' is needed (i.e., for 
the final iteration), Eq. (IIBlb.2) is solved first and the array M' used in Eq. (I lBlb. l ) to find 
When M' is not needed, the quantity U+QYXG'V~X(D — T) is first generated and then the multipli-
cation by M ir. performed. Fewer computer operations and thus faster run time result from performing 
the multiplications in this order. 

As with the ( N + V) inversion scheme, two iterations is the default in SAMMY. 

The user has the ability to choose which inversion scheme to use, or SAMMY can make the choice 
automatically. Generally, the ( N + V ) inversion scheme should be used unless the number of varied 
parameters in considerably smaller than the number of data points. If the data covariance matrix V is 
not diagonal, the ( N + V ) inversion scheme must be used. When SAMMY is left to choose automati-
cally, its choice will be the (N+ V) scheme unless both (1) V is diagonal and (2) less array storage space 
is require for the (l+Q) scheme. 
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III. THEORETICAL CROSS SECTIONS 

In this section are presented the formulae, as implemented in SAMMY, for generating theoretical 
values of cross sections from multilevel R-matrix theory. A summary of the formulae for the Reich-
Moore approximation is given in Subsection III.A, and details are presented in Subsection III.B. The 
Multilevel Breit-Wigner approximation, as implemented in SAMMY, is described in Subsection III.C. 
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III.A. MULTILEVEL R-MATRIX THEORY: REICH-MOORE APPROXIMATION 

Consider a neutron of energy E incident on a target of spin /. The combined system (neutron plus 
target) has resonances \ with spin and parity J* at energies E. These resonances may decay through 
any of several particle channels c with spin s and orbital angular momentum /; the partial width for 
decay via channel c is Tx,. In addition, gamma decay is allowed, with partial width 17. 

Cross-sections for the interaction described above may be calculated from multilevel R-matrix 
theory [ALS8] in the Reich-Moore approximation [CR58]. An excellent review of R-matrix theory and 
its relationship to other resonance formalisms is presented in an article by Froehner (FF80); the reader 
interested in either derivation or detail is referred to that article. Here we present only the relevant 
formulae. 
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III.A. 1. Cross Section In Terms of R-Matrlx 

T h e angle-integrated cross sections from cntrancc channel c to exit channel c' with total angular 
momentum J is represented by a{c>. (The subscripts c and c' represent both the physical configuration 
and the quantum numbers; a detailed description of tlie channel, as used in S A M M Y , is given in 
Subsection III .B.I . ) This cross scction is given in terms of the scattering matrix UJ

ct< as 

J = 

k] 
2 He i "cc ! 6,,. - ui, r ( I I I A 1 . I ) 

where k? is the wave number associated with incident channel c (see Subsection III .B.4) and gc is the 
spin statistical factor (see Subsection I I I .B.I) . 

Because the scattering matrix is unitary (UU+ •» I) , the total cross section (sum over all 
channels) may be expressed as 

k2 
Incident 
channels 

- Re(UJ
cc) ] ( I I IA1 .2) 

in which the spin statistical factor gc is removed from the sum over c and renamed gj since it depends 
only on the (conserved) total angular momentum J. The elastic (or scattering) cross section is 

gtlastlc 
X g j 2 
J Incident 

channels 
e 

1 - 2Re(Ui) + s 
Incident 
channels 

& 

( I I IA1 .3) 

Note that the innermost summation includes only those exit channels c ' which are also incident 
channels. 

Similarly, the reaction (or fission ) cross section is 

«"ar,ion « ~ 2 gj 2 
* J 

s 
Incident exit 
channels channels 

c c" 

WJ 
( I I I A l .4) 

and the capture cross section is 

capture — 
- f i 2 * 2 
* J Incident 

channels 
c 

i - s ic&r 
all 

channels 
C 

( I I IA1 .5) 

The absorption cross section is the sum of o"a c , i ° n and oe ai"u r t . 
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Note that the total cross section is the sum of the other three: 

a"""1 ~ ff,la3"e + </«"•"«"-f gtaplvrt , (IIIA1.6) 

The scattering matrix U can be written in terms of the matrix W as 

UJ
CC' - 0, W}„, U,. (I IIA 1.7) 

where I represents the orbital angular momentum (see Subsection III.B. 1 >, and fl/ is given by 

il, - exp (1 HA 1.8) 

The potential scattering phase shifts <t>i are shown in TaMe IIIAI.l. 

The matrix W in Eq. (Il lAl.7) is related to the R-matrix via (in matrix notation with indices 
suppressed) 

W - P*V-RL)-* (I-RL*)P~* (III A1.9) 

where the quantity L in Eq. (IIIA1.9) is given by 

L - ( 5 - B) + IP (IIIA1.10) 

with P the penetrability, 5 the shift factor and B the arbitrary boundary constant at the channel radius 
af, (see Table IIIA1.1). 7" in Eq. (IIIAI.9) represents the identity matrix. 

SAMMY uses a modified form of Eq. (IIIA1.9) to evaluate W. Since 5, B, and P are all real, L* 
may be expressed as L — 2iP, which gives 

(I-RL)-] (I-RL + 2 iRP) P~* (IIIA 1.11) 

(f-RL)~i (f-RDP * + (P)'h U-RL)~l 2iRPP-* 

+ P* (I-RL)~l 2i |-U-RL)L~l -I- L-'l P* 

where the quantity in curly brackets is equal to R. Further simplification gives 

W"I - 2i #»» I " 1 P'* + 2iPVl (l-RL)~] L~1 P* (IIIA1.12) 

= / - 2/ P L~l + 2i P* L~x (L~x-R)-x £,"' P* 

which is the form used directly in SAMMY. If subscripts are reinserted, this expression becomes 

wcc.=M i -2ip,Lr! y+ 2i j p ; '[a••'1-R r ]cc.L,T 1 
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Ul.A.l.a. Logarithmic parameterization of external R-function 

The "external R-function" is one particular choice for the contribution to the R-matrix within a 
specified region of energy due to those resonances or bound states external to that region. The 
parameterization of the externul R-function used in SAMMY is 

RV'(E) - RC(mtC + Rlln,cE -f R„,CE2 - slln,e(EcP ~ E*>"") 

E?p - E 

(III Ala. I) 

~ ( - W + *lln,cK)ln E - E?"m 

Any or ait of the seven free parameters may be varied during a SAMMY analysis (see Table VI.B.I, 
card set 3, and alternative to card set 3). Note that R"' is strictly real in this parameterization. 

The u-parameters (that is, the parameters on which Bayes' equations will operate; see Sect. II.B.2) 
associated with the external R-function are given by 

u(E?own) - E?0WH 

u(EfP) - Ecp 

u(Rcon.c) Rr 

u(Rlln.c) " Rll*.c 

u(Rq,c) " Rq.c 

u(3con,c) " v'tiwi,t 

(IIIAla.2) 
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III.A.2.a.il Resonance parameters 

From Eq. (IIIA2.I), the derivative of R with respect to the reasonance u-parameters can be found: 

(Ex-E?Ham/Dl 

dlmR f 
d y/El 

dRcRu 

\(Ey-E)al/Dl] 

dak 

dlmR tin 
dax 

dReR 

dim/? w 

(IIIA2aii.l) 

(HIA2aii.2) 

(IIIA2aii.3) 

(IIIA2aii,4) 

(IIIA2aii.5) 

(IIIA2aii.6) 

where 

Dy - ( £ x - £ ) 2 + 4 ax (IIIA2aii.7) 

In each of these equations, the first square bracket contains an energy-independent factor; in the 
code SAMMY, this factor is evaluated outside the energy-loop in subroutine BABB and is stored as 
BR(i, iip ) for the derivative of the real part of R^ with respect to the Ith parameter, and BI(i, fiv ) for 
the derivative of the imaginary part of R ^ The quantity in the second square bracket is energy-
dependent but channel-independent. Therefore, it must be generated for each energy and is temporarily 
stored a£ UPR(i) and UPI(i) in subroutine ABPART. 

To avoid problems arising from the computer's limited precision, and to minimize computing time, 
partial derivatives for non-s-wave resonances are truncated to zero far away from the reasonance. The 
working definition of "far away" is 20 times the sum of the partial widths for that resonance, plus 3 
times the sum of the Doppler and resolution-broadening widths, i.e., far beyond the region where a 
resonance can produce any noticeable effect. That is, the derivative of the cross section at energy E is 
set to zero for resonance level X, if 

I E-Ex | >20 s r Xf + 17 + 3 (d+r), (IUA2aii.8) 

for resonances with />0 , where d represents the Doppler and r the resolution width. Moreover, the 
contribution to the imaginary part of R is set to zero whenever the distance from level A is greater than 
100 timer, that specified in Eq. (IIIA2aii.8). (The contribution to the real part of R is never assumed 
negligibte). 
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For s-wave resonances (/—0) the user has the option of setting derivatives equal to zero beyond a 
certain distance, where the distance is twice that specified for non>s-waves. (See Table VIA.2 for 
details on invoking this option.) 
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III.B.2. Comparison of Reich-Moore Approximation to Multilevel Breit Wigner Approximation 

Following Frohner [FF80], we may write the exact equations for the scattering matrix U as 

u„. - q, (see. + ix r*,) n,, 
x* 

where 

( / r X - (Ex-E) Lc ym 
t 

(IIIB2.I) 

(IIIB2.2) 

and all other quantities are as defined in Sect. III.A. 

In the multilevel Breit Wigner (MLBW) approximation, all off-diagonal elements of A are 
neglected. That is, 

(/TV {EX - E - 2 ylc Le) K (IIIB2.3) 

Using the definition of Lc from Eq. (IIIA.10), this may be rearranged as 

(A"X ~ \EX-E-2(Se-Be) yl - / ^ l ] ^ (II1B2.4) 

or 

(1I1B2.5) 

where the level shift Aa is given by 

4«" LBW _ _ s (St-Bc) yl 
c 

(IIIB2.6) 

and the total width I \ by 

rmsw _ 2 2 / > f ^ - 2 (IIIB2.7) 
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In the Reich-Moore (RM) approximation, only those off-diagonal elements arising from photon 
channels are neglected. That is, 

Ex-E-2 (Se-Bc) yl - JVyjy K - 2 y>* Lc 
ce7 ce7 I c4y 

(IIIB2.8) 

where by " cey" we mean "c is a photon channel" and by " c0-y" we mean uc is a particle channel". 
Rearranging, we find 

( / T 1 ) x , =• + Ajfw - £ - l T ^ / 2 ) ~ 2 Txr ^c TV (IIIB2.9) 
c«y 

where the level shift Aj?* is given by 

A&" 2 CSt - »c) y l (IIIB2.10) 
eey 

and the radiation width 17 by 

VflMy « j 2 Pe (IIIB2.I1) 
f 17 

Data analysis using the RM approximation yields three (or more) parameters for each level: a 
resonance energy E%M equal to the radiation width r f T , and the particle channel widths 
IV 

No direct comparison can be made of results obtained from data analysis using RM (e.g., via 
SAMMY) with those obtained from analysis using MLBW (e.g., via SIOB [GD78]), since the MLBW 
is a far more severe approximation. Nevertheless, the RM formulation can be further approximated to 
produce a form equivalent to MLBW, and the "analogous" MLBW parameters extracted from the RM 
parameters. (One cannot, of course, proceed in the opposite direction since the MLBW contains less 
information than RM.) 

Making this comparison, we find, from Eqs. (UIB2.6) and (IIIB2.10), 

EuLBW - - £ (Se ~ Bt) yl (IIIB2.12) 
cly 

and, from Eqs. (IIIB2.7) and (IIIB2.I1), 

rj*LBW _ TRMy + J (IIIB2.13) 
c«y 

CAUTION: Converting from RM parameters to MLBW parameters will not necessarily give the same 
values that an analysis using the MLBW formalism would yield. See Sect. III.C if you wish to perform 
such an analysis. 
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III.C. MULTILEVEL BREIT-WIGNER APPROXIMATION 

In Sect. III.B.2 we discussed the relationship between the Reich-Moore resonance parameters and 
those which would be appropriate Tor multilevel Breit-Wigner (MLBW) resonances. We noted that it is 
possible for SAMMY, upon completion of a Reich-Moore R-matrix analysis, to derive the "analogous* 
MLBW parameters. The MLBW parameters thus derived are expected to be a reasonable 
approximation to those which would be obtained via analysis using MLBW cross sections directly. 

In version O of SAMMY (and subsequent versions), it is possible to use MLBW cross sections 
directly for data analysis. This has the advantage that the calculation proceeds more rapidly since 
fewer computations are required, and the disadvantage that, since the scattering matrix for MLBW is 
not unitary, unphysical cross sections may be generated. 

Formulae for MLBW cross sections are presented in Sect. III.C. 1; these are identical to those used 
in ENDF files IENDF-I02]. Derivatives are given in Sect. III.C.2. 

A note re broadening: Doppler- and resolution-broadening are accomplished in the same manner for 
MLBW cross sections as for Reich-Moore cross sections. See Sect. IV. 
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I ' l .C.l. Multilevel Brelt-Wlgner Cross Sections 

The MLBW clastic (scattering) cross section may be written in the form 

QIIosUC 
* ? * S 
K 1 ( 

(i - cos2*)(2 - s r ^ r ^ o 
K 

+ 2sin20 2r»«.(£ - EX)/DK 
x 

+ 2 I A 
r A,(£-£A) 

+ S 
TM2 (IIIC1.1) 

in which the summation over c includes only incident (i.e., neutron) channels. The total width in 
Eq. (UlCl . l ) is given by 

r* - s r* + 17 (IIICI.2) 

in which the sum over c includes all channels. Partial widths r*, and 17 are related to amplitudes 
and ay, as in the Reich-Moore approximation, by 

r$rro" - 2ylpe (IIIC 1.3) 

Y%'ion - 2ylc 

and 

17 - 2ai 

The denominator Dx in Eq. (IIICI.I) represents 

Dx = (E-Ex)2 + (iy2)2 (IIICI.4) 

Similarly, the fission (reaction) cross section is given by 

<f"loK - -Ti 2 gj 2 2 2 ^ ^ 
" J e f X u * 

(IIIC1.5) 
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56d 

in which the sum over c includes only incident (neutron) channels, the sum over c' includes only exit 
(fission) channels, and Dx is againgiven byEq. (IIIC1.4). The capture cross section is 

gcaplurf ZL ^ gj 2 S (NIC1.6) 
t " t ? D \ 

where, again, the sum over c includes only incident channels. Finally, total and absorption cross sec-
tions arc given by the appropriate sums of the other three cross sections: 

„lolal = plastic + fflssUm + ffcaplur, (IIIC1.7) 

^absorption = ^flulon + japlurt (IIICI.8) 

The u-parameters (see Scct. II.B.2) associated with the MLBW resonances are defined similarly to 
those for Reich-Moore resonances: 

u(Ex) = ±y/[Ej, (IIICI.9) 

where the negative sign is chosen if £ x <0 , 

w(rXc) - 7A«- (IIIC1.I0) 

and 

u ( I 7 ) = a, (IIIC1.11) 

where the reduced gamma width amplitude a* is given in terms of the gamma width 17 by 

17 = 2 a l . (IIIC1.12) 

(Note that 7\eand a x may be either positive or negative.) It is the u-parameters on which Bayes' equa-
tions operate. 

The matching radius a may also be varied (i.e., treated as a u-parameter). 
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III.C.2. Derivatives of MLBW cross sections 

From the form of the cross sections in Eqs. (IIICt.1), (1IIC1.S), and (IIIC1.6), we note that there 
arc only Tour expressions in which the resonance energies or widths occur. These expressions arc 
denoted as follows: 

Au - 2 r*f (E-E^/Dy x 
<11102.1) 

- 2 r?/*>x 
X 

(1HC2.2) 

~ 2 r*, r 
X 

(IIIC2.3) 

A* e - 2 rA, I\/Z>A 
X 

(IIIC2.4) 

The fourth of these is actually redundant, since 

A 4c = 2 Ajec + Afr (I1IC2.5) 

Thus wc need only evaluate partial derivatives of A\c, A2e, and AJce. with respect to the u-parameters. 
These derivatives may be written as fol'ows: 

dA\. 

dyfEl 
= = 2 j E l Tx, - 1 + 2(£-£A)2/0x / Dx 

(IIIC2.6) 

dA 
| = - 4y/Tx l'xr 17 ( £ - £ , ) / Di (IIIC2.7) 

dAJcc. 
dyfTX 

= r > e r X f . ( £ - £ x ) / Dl 
(IIIC2.8) 

dAXc 

dax 
-2a rta(£-£»)r» / Dl 

(IIIC2.9) 

dA » 
dax 

2a r J 2 - T? Tx/Dx / Dx 
(IIIC2.10) 
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dA3cc./dax - —2a IV I\ / D\ (IIIC2.1D 

Mjayu* - 2 rxc (fi-fi'x) Su- - rx rxe../20x / hxr-flx 
(IIIC2.12) 

aA^/ey^ - 2 i v 17kr>. - rx rx,../2Dxl / Kxf"Ox 
(IIIC2.13) 

SAicc,/dyXe, - 2r rXf|6„., + f>C'c" rx i v •/2Z>X 

(IIIC2.14) 
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IV.A.l. Doppler Broadening 

Doppler-broadened cross sections [FF80, AF71] may be approximated by convoluting the 
unbroadened cross section with a Gaussian function, as 

(IVAI.l) 

where the Doppler width is given by 

V 4 mEkT (IVA1.2) 
M 

In this equation, m represents the reduced mass of the neutron, M is the target mass, k is Boltzman's 
constant, and T is the effective temperature of the sample material. 

For most nuclei of interest (i.e., heavy nuclei), the reduced mass m may be replaced by the neutron 
mass, so that the ratio m/M^t\/A, where A is the mass number of the target nucleus. Equation 
(IVAI.2) can then be expressed as 

where Ta is room temperature, 293°K. If E is given in eV, and k is set to 8.617 X 103eV/°K, then 

= V4X8.617X/0-*X293 - 0.3178 < I V A , 4> 

Equation (IVA1.4) will yield AD in units of eV, as required in SAMMY or MULTI. 

The infinite integration limits in Eq. (IV.A1.1) are approximated by E ± 3A0. 

Caveat: For very low energies the integration limits may fall below zero. SAMMY will not permit 
analysis of such low energy data. 
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3 
< 

H > 

J*) 

Table V1A.1 Format «f Ike INPit file 
Note: All integer formats (e.g., 12, IS) require that the numbers be in the right-most columns. 

•O 0) iQ fl> 

Card Number Which 
Set of cards 

in this 
set 

card is 
described 
here 

Columns Variable Format Meaning (units) Range of values Notes 

1 1 1-80 TITLE I6A5 Title 

2 1 1-10 

11-20 

ELEMENT 

AW 

A10 

FI0.I 

Sample efcneat's same 

Atomic weight (una) 

21-30 EMIN FI0.1 Miniman energy 
for this data set (eV) 

EMIN aad EMAX «ffl be ignored here 
if they are given m the BATch file (see 
Tabic VID.l) 

31-40 EM AX F i a t M u i m m energy (eV) 

41-45 NEPNTS 13 Maximum number 
of d a u points 
to be analyzed 
at one lime 

NEPNTS is the number oi data points to 
be included in each regno. where 
•DIVIDE DATA INTO REGnas ' is 
specified in cmnl sec 3 

46-30 ITMAX 13 Number of iterations 
(default - 2) 

3 as many 
as needed 

1-20 WHAT 4A5 Alphanumeric infonnation 
concerning jaogiam optical 

see Table VIA.2 

4 1 blank 

5 Oor 1 1-10 TEMP F10I Effective temperature 
of the sample (K) 

<0 for no 
Doppfcr broadening) 

This c u d act is omitted if 
-BROADENING IS NOT WANTED* 
* specified ia Card Set 3. I f C a r d S o * 
appears in the PARamOer file (see Tabic 
VIB.I).aB values given here (in the IMP 
file) in Card Set S vill be iporad. except 
far DIST 

11-20 DIST FI01 Flight path length (m> Version O of SAMMY permits Dopplcr 
broadening without iranhffina broadening 
aad vice vena. 

21-30 OELTAL FI0.1 Flight path uncmaiaty (ml 

O UI 



Ui 
a 
n r* H-O D 

TaUeVIA.1 Foiaat of tte INPal flk (cwti) 
Number 
of cards 
in tha 

Wtuch 
card is taenbed here 

Columns Vuuble Foreut Meaaiaj (»aitj) Rut taTn lnc i Naa 

HOI E-fofcbog width of 
Ktnl ra 
• 0>) 

(Oforp. 
rcaolalaM foactioa) 

FWHM <*•) of OawiM 
rcaotaioa I W a 

Ot ibc KJUTC pvilC 

(Ofor [ 

joa) 

DELTAS 

NCF 

FIO.I M a n n Hiaaad aidlk for 
•aterral fn>B EMIN lo 
EMAX(ia) 

Nambcr of craacb b o a d u x t 

Oa« ttas cud set if -BROADENING 15 NOT 
WANTED" • Cant Set 3. or if 
DEJLTAG » 0 ia Cud Set 5. 

1-10, 
11-20. 

<»CFU). CF(U l-I.NCF) 
•Fiai Creacfc boaadariea. 

lerUV). 
Craach faaon 
lluctcr rats o, DEI-TAB > 

O 

CRFN F10.I Ouaad rata (F) >0 If CRFN • iaprt as m in nlae a 
fnmpatat *s 14JM0M + AWV'1 

Vahca h o t for bctfc CXFN a d 
THICK wiT be « m d t tkey aln 
appear ia CmJ Set 4 cf ifcc PARaacas 
file ( i s Table VIS.IX 

11-20 

21-30 31-40 

THICK 

DCOVA DCOVB 

FI0I 

fmu 
Fia i 

Sample ihr tarn (at/b) 

Coastut tana m data cmiiaaoe 

Needed oah for TRANTa n • or 
TOTAL mm a d n (aoe Cart Set Ik. 

Data conriaacc aaattit baa 
addinoaal tana of ifee farm 
(DCOVA+fc'DCOVB) 
t DCOVA+E.-DCOVB). UanBy 
tfceae m «nU be act to «em. 

D BJ 
n> DATCR 

Minimum uncertainty 
oo data 

Data at (be saae energy bate -KDATCRCI 
conetatna DATCR 

If aa cxpenawaul uaccrtaiaty a joot 
DAT. file s smaller tkaa VMIN. SAMMY 
•ill increase tbe >abe lo VMIN 

T ta ipvb> oatj wfcta a coadualioa of 
dau type* are aaed (see Card Set S 
hetoaX 



w 
Table VIA.1. Format of the INFM (Be (coatd) 

Card Number Which 
set of cards 

ia this 
card is 
described 

Coiumru Variable Format Meaning (units) Range of values Notes 

set here 

I 1 1-80 CROSS 16A5 Type of cross section TRANSmissaon 
TOTAL crass section -

in CROSS section 
(ELASTIC 
JSCATTerinf 
( FISSlon 
| REACTne 

CAPTUrc 

Only those characters in capoah are 
required. Nose that ABSORpuon a the 
sum of CAFTUrc plus FISSlon. 

ABSORptka 

Attentive Ai least 5 
to 8 

CROSS I6A5 COMBlnabor oi TWO Types Columns 16 throngh 20 indicate k m 
COMBIuatioa of THREE types many typea of data arc to be indnded. to 

a irwimom of MiV bN 

COMBIutkw of SEVEN types 

WARNING. This 
alternative has never 
beef) used except for 
test cues. See 
N M.Lsnon when yx. 
stul to use thb option 

1-80 

MO 

11-20 

CROSS, 

EMIN, 

EM AX, 

I6A5 

FUM 

FI0.I 

Type of crass section 
for d i u set I 

Minimum energy for 
d i u set I (tV) 

Maximum energy for 
data set 1 (eV) 

O U1 
These energies wuiide 
those given in Card Set 2. 

I SO CROSS, I6AS Type of cross section 
far data set 2 

I-10 EMIN, FIO.I Minimum energy for data 
set 2 <eV) 

II-20 EMAXi FIO1 Maximum energy for data 
set 2 (eV) 

Repeat cards * and 5 
as many ' as 
accessary, to a 
maximum of 7 d i u 

U P iQ <D 
U1 



en a o ft F-o D < 
H 

C«rt M Nanbcr of cards ia Urn 
Wkkk 
card H 

1-10 

U-20 

21-15 

T a l l e V I A . 1 F a m a l « f the I N F M fik ( c w t f ) 

Variable Formal 

SPINI Flat 

ECHANfl) Fiat 

1SHIFHI) 15 

Raage of 

Spa of aaftc aadcai 
Emtaiina caap of tl* 

(is 
- 1 M U l(«V> 

Catartate tor rtiwl IT 0-ao l-JFO 

Otoidiooo 

26-30 LFENTU) for 0— ao K 0 U If l.t 
• •a 
• • a rcactna 

ECHANU)a • . Il mi JI-«1L EMFTU) m 41-45, LPENH2) a 46-SOL BCHANO) • 51-40. cat 

10 As naay as I 
tktKaRspai 

1-10 SPIN* I) FI0.I (a)Spta lor ll [ateger c 
fcecaca 
for odd 

If iaiiii.poMiit Uk tkaopboa f Ac i 
O o» 

(b) Sfaa tacsor (j for n i t atom m t*ta mod vkca m n l 

t fenaf fe t fc ia iacte f tAoaUbc •aacrted hoc • the fradaa at̂ ia boor 

11-15 NENTIIt 15 Nate of camacc ckaaa for mraim ia paap 1 
>1 

fint . |fct narai N. M- Una 

•0 P) <o a 
<T> 

16-20 

21-25 

NEXT* I > IS 

LSFINU.I) 15 

Naaterafcxfcc atUi|ikcimct 
>0 

Oitittl tagahr a» 
forchaaad I (or r 

NENT + NEXT • tfta total i 
ckaaads for tkis qia ptâ  



tn 
(D o rt H-o 
3 
< 

H > 
T a U e V U . 1 Fan n l of the INPat Bk (coMi) 

Can) 
Kt 

Number of canh ia Iks 
Kt 

Wbick 
Cot™ 

described 
here 

las Variable Formal Mcaaiag (aaits) Raafc of nlaes Notes 

26-30 

H 

>1-40 

4I-4S 

46-SO 

61-6S 

66-70 
7140 

2, etc. 

CHSPIN(l.l) FS.I 

ENBNDO.I) FI0.1 

LSPINRI) 15 

CHSP1NI2.I) FS.I 

ENBNM2.I) FIOI 

LSPINOJ) IS 

CHSP1NO.I) FS.I 

ENBNDO.I) F ia i 

Cfeaaad spia for cfcuad I, laufcrg 

Boaadaf} luadilioa for 
11, ( r a p I <cV) 

Orbital ugmUi m a t i n lor 
12 for rcaoaaaczs a 

(liaan 1 for Hiiaari 2, 

Bouduy u i l i l w for 
I 2. (map I (cV) 

Orbital aagdar • o a c t » » for 
I X ( r a p I 

If optioa (a) far SPtNJ a c 
coMBttcscy (̂ Bcfts vfl be a •taker Ikci 
c u idd i p pnpttiy. 
11" nafai 1 11 mi 1 

c«ae SAMMY to abort 
, niaor 

Card ia Uaak m alum* 41-10 if t k m it 
oafr l r t i . n H U , i f N E N T - l a o J 
NEXT-OX 

Canl it I U • a h m m 61-W iftk&t 
arc ealy 2 ckaaada ( i e , U 
NENT+NEXT - 2)i 

Saacascari I • t k i cinl ad. M k Ike 
1 ifpoptirtt far 

o vl 

10 p> 

ID 

•vl 



w (D O ft H-O 3 < 
M 

TalkVIA.1 Formal of the INM fifc (CMM) 

Cart Number Kt Of c*i4s 
»this 
Kt 

Alteram At km la C»rd Mln 
Set 10 eackipn 

Wluqh aid is daenbed 
hat 

Column Variable 

1-3 

Formal 

Spia giuap 

Raagcafnlaci 

1X3- Sc* the aathcr i jam < 
m 

NENTUI Naabcrcf annate chaaacfc 1X3 *-T »TTTT j- -*ii 
tkdKkbAiiitiitmf. Scctbc aathor H jam and mat tfcaa 3 KaL 

14-20 

NEXTI3) 

SPIN* J) F51 

Nwbcr of cm rhi—.h IJ 
ocMac ihoae akidt ait ake 

Spa tor rooaaaccs ia groap 3 Iwcger or katf-aattgen. pwtoc for oat pvri« Mpinc for odd 

O GO 

abndncui f i o i for that spa groap 

•O fil «a TO 
00 



Ui 
o o 
f t - TaUrVlA.1 Format of the INP* Be (coaN) 

P 41-50 

3 
< 

H 
> 

Card 
Kt 

Number 
of cards 
la this 
Kt 

W b c h 
card b 
described 
here 

Columns Variable Format Meaaiat (aaitsl R a a f t o f n h e a Nous 

2 5 

10 

N 

LTENTINJI 

II 

II 

C k u o d camber 

Cakaiate peaetnhabQr for 
r t i a a r l N. s p a f roap J"* 

1 1 ' 

0 - a o 
1 - > t » 

IS ISHIFTlN. i l II , Calculate shift'* 0 - K > 
1 - j e s 

19-20 L S M N f N J ) 12 Orbital aafa lar moc nea tua latrfcr. M) 

2I -J0 C H S P I W N J ) FIOI Cluuocl spm integer or 
half mtc*ci 

31-40 ENBNIMNJ) FIOI Bonadaiy ronditwa <eV) X ) 

bC HANI N.J) FIOI E i a u u o a t n e r p of rrudual * 0 
nodes ! in aa inelastic d t f a d 
leVI 

O o 

J e tc Repeal c u d a amber 2 
far a lot si of 
( N E N T + NEXT) caida. 

4 etc. Repeat (Car t I 
and Card 21. 
once for every 
spta i roap 

last 

•0 111 «Q 
n> 
vo 



m Table VIA.2 Atpha—mcric statements acceptable for use w the INPrt file, card set 3 
(S o rt 
q" NOTE: Any of the valid statements listed here may be included in the INPut file, in any order. Usually only the first 20 characters of the statement are 
3 required; occasionally other information must be given in specific columns as indicated below. Characters shown here in lower case tetters are optional in the INPut 
< file, but are included here for clarity. In the event that contradictory statements are included, the last to appear is the instruction which SAMMY will honor. 
,M Default instructions need not be included explicitly. Options which are described "for debug purposes* should generally be avoided, since considerable output is 
> generated thereby, especially on large jobs. 

Category Default Statements Notes 

Input Control DATA COVARIANCE IS Diagonal 

DATA HAS OFF-DIAGONAL contribution to covariance 
matrix of the form (a + b E,Xa + b E,) 

a and b arc specified as DCOVA and DCOVB in the INP fife, card set number 7 
in Table VIA.I. 

DATA COVARIANCE FILE is named YYYYYY YYY Substitute your own file name for YYYYYY.YYY in columns 31-Kl See Table 
VIC.2 for the format for this file. 

SO 

ADD CONSTANT TERM To dau covariance 
DO NOT ADD CONSTANT term to data 
covariancc 
USE DEFAULT FOR CONSunt term to add to 
d a u cwariance 

These three statements refer to the option of adding a constant to the d a u 
covariance matrix, both on- and off-diagonal, over the energy region in which the 
effect of the (non s-wave) resonance is felt. Magnitude of this qmcant is sprrifrrl 
in columns 68-80 in the parameter file, for each resonance. For the third option, 
the default value of this constant is set at I.E-6 for every bos j-wik resonsBoe. 

DATA IS IN ODF FILE The d a u file, whose name you specify either oa-hae or in your batch file, is in 
ORELA Dau Format. Section 1 contains energy. 2 the data, and 3 the (absolute) 
uncertainty. See Sect. VI C of this report far details. 

•0 » 
iQ <D 

IGNORE INPUT BINARY covariance file 

USE ORIGINAL SPIN GRoup format 
USE NEW SPIN GROUP Format 

Your I'ARameter file specifies that the paramcfrr eorariance matrix is kept on a 
binary file. For this particular run. huwutt . you wish to pretend that their were 
no previous runs generating such a file; instead you wish to use the large (ideally 
00) uncertainties that indicate no prior knowledge of parameter values. 

Sec Card Sets 9 and 10 in Table VIA.1 
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Table VIA.2 Alphaaumenc statements acceptable for use ia the INPat file, card set 3 (coatd) 

Category Default Suiemeou Notes 

Output Control DO NOT PRINT ANY INPut parameters 
PRINT ALL INPUT PARAmetcrs 

PRINT VARIED INPUT Parameters Rcsoaanccs for which no parameter? are flagged win not be printed. Use this 
option for direct comparison with output parameters, which are always primed • 
this mode. 

X DO NOT PRINT INPUT Data 
PRINT INPUT DATA 

X DO NOT PRINT THEORETical values 
PRINT THEORETICAL VAlues 

Often these are available in the ODF file (lee Table VIIC1) » they need not be 
printed in the LPT fife-

X DO NOT PRINT PARTIAL derivatives 
PRINT PARTIAL DERIVAtives Use this option only for debug purposes. 

X DO NOT SUPPRESS INTErmediatc printout Updated paramrw values and covariancc matrix >V mints are printed after 
completion of cncfa energy region 

SUPPRESS INTERMEDIATE printout Updated parimrtrr values and cmx. arc printed only upon i miylrlinn of entire 
run. 

DO NOT SUPPRESS ANY intermediate printout Updated parametrr Talua arc printed after each iteration of Bayes' equations ( I t . 
typically twice for each energy region). Updated anariance matrix iknvnl i are 
evaluated and printed only upon • at an energy regno. This option is 
generally used only for debug | w i | » i i 

X DO NOT PRINT DEBUG Information 
PRINT DEBUG INFORMATkm Use only for debug purposes. 

X OUTPUT COVARIANCE MAtrix in binary form The f r«m«<T covariance matrix is output in binary form in a separate f3e whose 
name is SAMMY.COV. (See Section VILB.) 

DO NOT OUTPUT COVARIanoe matrix in binary form This option is no longer available. 

DO NOT USE SHORT FORmit for output 
USE SHORT FORMAT FOR output Resonance parameters are printed in the LPT file (Section VILA), b FI2.4 format 

rather than E format. While this may produce more legible output, often fewer 
significant digits will be primed. 

•0 Pi <Q a 

DO NOT PRINT REDUCED widths 
PRINT REDUCED WIDTHS Reduced width arsoktades will be printed in the LPT file (Section VILA), ikxtg 

with the square toot <-' the resonance energies. That it, what is printed it the *»-
parameters" as described in Section III of this report. 

to 



M TaMe VIA.2 Aljtinf mi statements acCTptaMe for mst m tl* I-NP* file. card tec 3 (cat*) 
r r Category Default Statements H- — o 
3 O^r j two Control X SOLVE BAYES EQUATIONS Update parameter valaca and c 

^ DO NOT SOLVE BAYES Eqnaooas Puimetcn a n aot «t»<atnt. tat reaaia fiacd. Theoretical valncs of t 
a or Croat w I >ja are cnlutBd far rarh uu U repoa specified. asmg 

X DO NOT DIVIDE DATA Into repom • do caurc 
energy r u | ( at oace 

DIVIDE DATA INTO REGtoos th * fixed number of data SAMMY *iH automaucafly chooae energy repots of NEPNTS («oc card « Z. 
pouiu per regioa Table VIA-1) data posts each, for icqiicahal aaa}yss. Wanî r SAMMY merely 

a u n it does oot uanirtn carefslty whether the dnidiag pottt a located m a 
region where the theoretical valves ( • or T) are n i k reaped to the 
parameter*. DmdM| it saeh a hxanoa (at or a w a t t n a a o e ) iavahdate the 
Uaeanty attampnna nod ia dcrmag Bayes' cqaatioi. aad thas lead to spanoas 
rcsalts. Users are argcri to ihc this option only aa the ~xenxh [•&.* as aa a ^ a 
•Vyling where to dmde the data, and dot for ftaaJ nuts 

JO 
BROADENING IS WANTED 
BROADENING IS NOT WAnted 

USE ORIGINAL GRID FOr broadening 
at end pnats 
USE EVEN GRID FOR BRoadeatag 
al end pouts 

If yea do aw rah to have SAMMY Dappicr- or leaolattetroedea the thooretnl 
•alaes. te tare to remoac card sets 5 and 6 (see Table VIA.!) from the INP Sc . 
as well af wdttde thu card. 

The ongiaal aaaillary F*^ as aaed w MULT7. had e^ht p o t s mthm a few 
resolution widths phn eight poms wohm a few Dsppler wvtlhs of bath EMIN aad 
EMAX for ase in bmartfamg the c m s lection or traasmnoa at the ead posts. 
(Sec Sect IV The cvea gnd ases dtlapoam oatside (EMIN.EMAX) or. if 
yaw DATs (Be cactams ao sach puinti. energy potati i hiara at the xaaK relative 
spacing as ia your data 

USE NEW DEFAULT FOR aKenamt) on 
rcsoaanoe energies 

Poor ebaec of rath • -NEW* a aa of April W l ' At I t ) rate, the defaah aaial 
uncertainty Af . on reaoeaace eaerxy £ . is given by 

s c . - + 2 r„ • if + rl 

TJ B) tQ ro 
USE ORIGINA* DEFAULT for uncertainty 
cm resonance energies 

where J lad r arc the Doppler aad itaoianoa widths. mpumUy. ' at £ „ 
and where the tammitww mdndp only pamclc rhanarh 
Caveat For large s -nve resonances ( f t » I keV) this uncertainly will be u o 
large aad caaae SAMMY to give unreasonable reaaltx. Occasionally this may 
happen evea for smaller resonances. To avovd this problem, iapot 
oooertaiataa explicitly via Table VIE.I. last card act. f a n abertamc. 

The ongiaal default u i f , - 10% E » or ±Ek - FUDGE°E* if yoa chocae to set 
a value other thaa 10% (see Table VIB I. card act 2\ It s highly iimMiimirtri 
that yoa da aat use Urn option. 
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ID o rt h" O 3 Table VIA.2 Alphanumeric statements acceptable for use in the INPut file, card set 3 (contd) 

Category Default Statements Notes 

Operation Control BO NOT USE S-WAVE CUTOFF 
USE S-WAVE CUTOFF Non s-wave resonances far away from the data being analyzed a n omitted in 

pacrts of the calculation of the R-matrix. The definition of "far away* used in 
setting the partial derivatives to zero is 

| £-£,!> 20 ( J r K + IV) + 3 (</ + r) 

where d and r are Dopplcr and resolution widths, respectively. The definition of 
f a r away* for the contribution to the imaginary part of r is 100 times that for the 
derivatives; contributions to the real part of r are always included. 

For s-wave resonances, the user may choose whether to use a cutoff. If a 
cutoff is desired, its value is twice that for nan s-wa< £ resooance. 

Caution: Thou&h SAMMY will run faster with the cutoff option invoked, results 
may not be as accurate. 

M M 

DO NOT PERFORM SUMMAry analysis 
PERFORM SUMMARY ANALysis Evaluate and print the summed strength function and the corresponding covarianoc 

matrix. Nore SAMMY stnps upon completion of this task-

LET SAMMY CHOOSE WHIch 
inversion scheme to use 
USE (N+V) INVERSION scheme 
USE ( l+O) INVERSION scheme 

Original method. Sec Section II. 
See Section II. 

REICH-MOORE FORMALISm is wanted 
MLBW FORMALISM IS WAnted 
MULTILEVEL BREIT-WIGner formalism 
is wanted 

Equivalent 
See Section III A. 

Sec Section III C 

PI vQ (D 
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£ Table V1A.2 Alphanumeric statements acceptable for as* in the INPnt file, canl set 3 (coatd) 
o' I 3 

Category Default Statements Notes 

•p ODF File X DO NOT GENERATE ODF file automatically The output ODF file is described fully elsewhere (Table VI1C I). To complete all 
control GENERATE ODF FILE Automatically ) equivalent sections of this file requires (1) initialization; (2) run SAMMY without solving 

GENERATE PLOT FILE Automatically ( statements Bayes' equations to obtain theoretical values determined by the input parameters; 
3) solve Bayes' equations to obtain updated parameter values; and (4) obtain 
theoretical values determined by the updated parameters. That is. the ODF file 
requires an initialiatno plus three complete passes through SAMMY. The option 
to GENERATE ODF (or PLOT) FILE Automatically does an this busy-work for 
you. If you don't care to make any plots, by all means don't bother with this! 

ODF FILE IS W ANTED--XXXXXX. XX X.ZERO-th 
order guess 
ODF FILE IS WANTED-XXXXXX.XXX.FINA1 
guess 

These statements are all ignored if you choose to GENERATE ODF FILE 
automatically. To t c : these options, replace XXXXXX XXX (columns 21-30) 
with the name of your ODF file. Be sure that file already oootams tncigics and 
dau (Sections 1, 2. 3. and possibly 6 and 7; see Table VIICU 

DO NOT INCLUDE THEOReucal uncertainties 
in plot file 
INCLUDE THEORETICAL uncertainties in plot file The covariancc matrix dement connecting theory point T, with point Ts is 

i i i 
t auk

 Mu eu. 

where Mi. is the covariancc matrix dement connecting parameter ((Wtth 
parameter The theoretical uncertainty on theory 7", is the square root of the 
diagonal dement; that is, 

6Ti dTt AT,2 = 
£auk du. 

The values AT, are reported in sections 10 and 11 of the ODF tile. 

Cf 

U 
P» lO (D 



in o o rt 
0 
3 

< w > 

Di >0 It 
C\ 

Cafegury 

Requests for 
output that 
necessitate 
additional 
calculations 

T i t l e V IA.2 A t p k u a o t t r i c s t o t c n e a t s t c t t p U b i e f o r *st in t he I N P M f i le , c a r i se t 3 (coatd) 

Default Statements 

CHI SQUARED IS NOT Wanted ) equnaknt 
DO NOT PRINT LS CHI tquared f statements 

DO NOT PRINT BAYES Clu squared 

CHI SQUARED IS W ANTEd | 
PRINT LS CHI SQUARED ( 

PRINT BAYES CHI SQUArtd 

equivalent 
statements 

Remember that in B a p ' ( u oppcatd to k s t - i q u l o ) i : t t u i m ) m M q u i t t > 
and H therefore not even cakalated. If. I w i i u . voa « a b to know its n h e . 
sou may request that it be generated Foe each eaagr region. 

is calculated, tod x 'and X:/NDAT (where NDAT » the number of data pouts in 
thai region) are reported Note that »e do no* report »here dot " dcyats 
of freedom - NDAT-NPAR (where NP4R a t h e a m b e r of parameters!. taoe 
with Baycs* method dof car be zero or negative. 

In addition to the quantity we choose to caD the Bayesaa *zmay abo be reported, 
where 

Xi-2< A - T.XJV - n ; - T,y 

Caveat Theoretical values T. are generated tmag the values of the parameters 
prtot to aulyst t of this energy region. 

X DO NOT PRINT WEIGHTEd resaluals ) equivalent Two types of weighted residuals may be printed The least-squares weighted resi-
X DO NOT PRINT LS WEIGhtcd residuals ( stattmcnls dual is defined as 

X DO NOT PRINT BAYES Weighted residuals Ris={V- • , J D i - T i ) 

PRINT WEIGHTED RESIDuals { equivalent where D » t h e experimental data. V its covanance matru. and T the theoretical 
PRINT LS WEIGHTED REsidtuls ) statements value evaluated at the tmttal values of the parameters. The Bajestan w a i t e d 
PRINT BAYES WEIGHTED residuals residual is defined as 

2 ' ^ + K > > 7 ' , 0 / ~ r/> 
J 

«bete 

dTk ar. 
? * " " 

and is the uutu1 mvanance matru element for parameters a, and mr 

DO NOT PRINT ANALOGOUS MLBU parameters 
PRINT ANALOGOUS MULTtfcvel Bmt-
Wtgner parameters 

Analogous multilevel Brett-Wigaer (MLBW) parameters are defined as 

E«L,W-Ef"- 2 ( S , - f l f h L 
c-pmttri* i l—i fi 

and 

t 

where "RM" refers to the Reich Moore parameters as determined by SAMMY 
See Section til B 2 

DO NOT PRINT PHASE shifts 
PRINT PHASE SHIFTS For input parameters 

cr 
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Table VIB.1 Format of the PARameter file 

Note: All integer formats (e.g., 12, IS) require that the numbers be in the right-most columns. 
Similarly, all exponents on £ formats (e.g., 1.544E+05) need to be in right-most columns. 

Card 
sei 

Musi 
this 
set be 
present 

Number 
of cards 
in the 
set 

Which 
card 
is 
this 

Column 

Variable 
Name Formal Meaning (Units) Values Notes 

Yes As many as you 
need ( number of 
resonances, 
plus one) 

Any of 
i hem except 
lite last 

I I I 

12-22 

ERES or E, 

r 

El 14 

El 1.4 

Resonance energy E (cV) 

Gamma width (milli-cV) 

23-33 t\, El l 4 Particle width for channel I 
(railli-cV) 

If any r is ocjurre. SAMMY sill e x 
I r I for the width and aet the 

associated amplitude > to be ocgitnc. 
That is. SAMMY will toe 
r = - X V | r | where* is the 
appropriate firtor (sec Sect IIIA-Lbl 

Particle width for channel 2 
(mtUi-cV) 

45-55 El l 4 Particle width for channel 3 
(milli-cV) 

•0 
P> iQ a> 

56-57 ISn i s 12 vary ERES? 0 - oo. 1 - yes 

58-59 IS, 12 Vary P ? 0 - HOC 1 - yes 

60-61 IS,. 12 Vary r . ' 0 - 00. 1 " yes 

62-63 IS,: Vary I V 0 - no. 1 - yes 

64-65 IS„ 12 Vary r V 0 - oo. 1 - y « 

66-67 IGROUP 12 Quantum numbers for this 
reHnancc t i e those of group 
number 1GROUP (see card set No 
10 in Table VIA 1) 

68-80 DCOV EI34 Constant on-and-oft diagonal d a u 
covariance to be used under this 

Usually these columns are blank, unless 
the option -ADD CONSTANT TERM 
To data covanancc" a invoked (Sec 
TiNeVIA.2). DCOVsbonldbe < 
( .Vtf. where i d is the (abaohte) 
uncertainty en data near this resonance. 

last one It is OK to omit this card if this is the 
cm! of the file. 
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Table VIB.1 Fonoal of the PARameter Tile (coatd.) 

Card 
set 

Must 
this 
let be 
present 

Number 
of cards 
in the 
set 

Which 
card 
ts 
this 

ColLinn 

Variable 
Name Format Meaning (Units) Values Notes 

> Yes. if 
any addi-
tional card 
lets are 
present 

1 1 111 FUDGE Ell 4 Initial uncertainly on vaned 
parameter! is FUDGE times 
the parameter value, for 
parameters not explicitly 
specified elsewhere. 

>0 
If - 0 . SAMMY uses 
FUDGE—(31) 

Far resonance energy E.. the initial 
uncertainty is set at 1/2 times the sum 
of all widths indndiag Doppler aad 
icsolutiaa widthsX t h e value of 
FUDGE win not affect AE»-

J No At least 3 Al most 
INGROUP X 
NCHAN) + 2 

1 First Few WHAT A5 Alphanumeric indicator of 
what input follows 

EXTERaal R-funetioo 
parametets fallow 

Ouly the first five characters must be on 
the card, but the rest might as well be so 
that yon know what's coming 

2 I-] IGROUP 13 Spin group number 1.2.3. .NGROUP 

4-5 ICHN 12 Channel number t.2_ ..NCHN ir I C H N - 0 here. 
SAMMY assames - 1 

6-16 

17-27 

28-38 

E . " 

R _ 

F 

F 

F 

Loganthnuc singularity 
below energy nnge (eV) 

Logarithmic angularity 
above energy range (eV) 

Constant term 

Parameters in the logarithmic paxanete: 
ization of the external R-matrix for 
quantum numbers a ( - IGROUPJCHN). 
of the form 

R?(E)=Ramj,+Rlmj,XE 

39-49 

50-60 

R ^ 

s. 

F 

F 

Linear term 

Coefficient of logarithmic 
term 

>0 

62 ISE.— II Vary E."~? 0 — oo. 1 - yes 

64 ISE." II V a r y E ~ 0 - no, 1 — yes 

66 I S R _ . II Vaiy R ^ 1 0 - no: 1 — yes 

68 I S R _ II Vary R ^ 1 0 - nc; 1 — yes 

70 ISs. II Vary O 0 — no. I — yes 

» 

J. etc Jun like 2 Include only those Jpw g r a f t ai 
/•haiinri* for i f e i d yon wish to 
parametiae R™ ta tha way. 

V JD 
fD Last blank 



l/> TaUe V1B.1 Format of Ike PARraetcr file (coMd.) 
(D 
O 
f+ 
H-
0 
3 

Card Musi 
set this 

x t b e 

Number Which 
ofcanls card .. , 
in the « C o , , , m ' 1 

Vanaolc 
Name Format Meaning (Units) Values Notes 

(D 
O 
f+ 
H-
0 
3 orescflt set this 

< M 

DO 

Alternative No 
to 
3 

At least J At most 1 First Few 
(NGROUP* 
NCHAN) + J 

WHAT AS Alphanumeric indicator of 
what input follows 

REXTcraal 
parameters follow 

Only the finl five r Waders must be oo 
the card, but the rest might as Weil be so 
that you know what s coming 

2 1-2 IGROUP 12 Spin group cumber 1.2,3,. .NGROUP 

3 ICHN II Chanftel number I.2...NCHN If I C H N - 0 here. 
SAMMY assumes - 1 . 

4 ( S t . — II Vary 0 - no, | - yes 

5 ISE." II V. i , E . - ' 0 - no. 1 - yes 

6 II Vary 0 - no, | - »ts 

7 

8 

I S R ^ II 

II 

Va-y R ^ * 

V. , 

0 - no I - yes 

0 - no. 1 - yes 

SO 
9 ISV- II Varyfc^" 0 - no. 1 — yes 

!0 ISR„ II Vaty R ^ ' 0 - no, 1 - yes 

11-20 

21-30 

E.*~ 

E . -

F 

F 

Ipgamhmic singularity 
below energy range (eV) 

Logarithmic singularity 
abnve energy range (eV) 

Parameters in tbe logarithmic parameter-
uatioii of tbe externa] R-malm foe 
quantum numbers o ( - IGROUP JCHN). 
of the form 

31-40 F Constant term 

41-50 F Linear term (eV') 
+R,J,XEI 

51-60 W . F Constant coefficient of 
logarithmic term 

»0 - ^ J E y - E t r " ) 

61-70 W f Linear coefficient 
of logarithmic 
term(eV') 

71-80 R F Quadratic term (cV ') 

o 
tO 
ra 

3. etc. Just like 2 ludude only tbose spa poops and 
chanods for «hkfc yo« wish to 
pamnetize R***ia tha w*y. o 

tO 
ra 

Usl 
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Table VI&l Format of the PARameter file (caatd.) 

Card 
sel 

Must 
this 
set be 
preseni 

Number 
of cards 
in the 
set 

Which 
card 
IS 
this 

Column 

Variable 
Name Format Meaning (Units) Values Notes 

4 No 1 1 First f c * W H A T A5 alphanumeric indicator 
of what comes next 

BROADemng parameter? 
(etc.) may be vaned 

only the first five characters 
are required 

I- 'O 

II-20 

21-30 

31-40 

41-50 

C R F N 

T E M P 

THICK 

DELTAL 

DELTAG 

matching redtus(F) 

cfTectivc temperature 
of the s a m p M K ) 
sample th iduKsi(a t /b) 

Right path unccrtaintyfm) 

FWHM(i is ) of Gaussian resolu-
tioa function whose variance 
is equivalent Hi that of the 
square pulse 

e-foldmg width of exponen-
tial resolution function Ems) 

>0 

62 I V B R D d l 1 vary C R F N ? -1 o r O - n o . • v e s 

64 IVBRIX2) 1 vary T E M P ? -1 ur 0—DO. l - y e s 

66 IVBRDO) 1 vary THICK? -1 or 0—no. —yes 

6ft IVBREX4) 1 vary D E L T A L 1 -I or 0—no. I - y e s 

70 IVBRCX5I 1 vary D E L T A C -1 or 0—no. l - y o 

72 IVBREX6) 1 vary D E L T A E ' -1 ot 0 - n o . t - y « 

All s u of these parameters appear 
in the INPut file. card sets S and 7 of 
Table VIA I. However, if card set 4 
appeal? in the PARamcr file, values 
given in the INPut Tile will be ignored 

A negative value here indicates that 
the value of this parameter is changcd 
from earlier runs; only those parameters 
which are not varied ma> be changed in 
this fashion. 

NJ O 

(blank) 

13 01 >Q (D 
CJ> 
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Table VIB.I Format of the PARaaeter file (coatd.) 
a 

Card M m Number of 
tct lilts cards in 

set he the set 
present 

Which 
cald Column 

Variable 
Name Formal Meaning (Units) Values Notes 

No first fe» WHAT alphanumeric 
indicator of 
what« 
neat 

UNUSEd bat 
correlated 
variables 
come next 

NUSEDCI) 

NUSED12) 

name of first 
aliased variable 

name of sceoad 
onused variable 

At moat agfet uaaaed 
variables axe »Hn»irl 
See the author tf yarn 
need o n e 
Parameter fib oeataiaiag tko 
card set are never generated 
dvectly by a aser father, the* 
resalt f r o n « s a g the oode 
SAMAOD or SAMMDC. Sec 

X for detaik 

7175 NLSEDl l ) name of eighth 
•aused variable 

11-20 

UNUSECKD 

U N I S E W 2 ) 

valae of first 
oaosed vanahle 

\ 
vahK of secoaC 
oaused variable 

71-10 UNUSEIXS) F value of eighth 
noosed vanahle 

4 (blank) 

13 Pi <a ro 
-J 
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3 TaWr VIR.1 Format of the PARaanrter file (coatd.) 

Card 
let 

Must 
thn 
set be 
present 

Number of 
cards ui 
the set 

Which 
card 
a 
tha 

Column 

Variable 
Name Format Meaatag (Units) Values Notes 

last No 
(first 
alternative) 

Al least 2 1 First few WHAT AS Atphaaumenc indicator of what ooaaes next E X P U a t aai 
and uuida ix 

xxtamaiea 
las follow 

f « fivecharactenaanttbe 
preaesc the rest are opticed. 

2 I-5 
6-10 
II-15 
16-20 
21-30 

NN 
MM 
KK 
LL 
VV 

l> IS 
15 IS 
F 

(a) To explicitly iaput the uutial (or pnorl oacertaiaty oa reaoaaace 
parameter!. find ihe namher of the lesnoance (U_ onaat hues ia card set #1 
•a ihts file) That number a -NN* aad iocs ia column 1-5. r^ht-adjused 
The value at MM for cnlamai 6-10 a 1 if the parameter of merest ia E*. 2 if 
I \ . 3 d r,„ 4 if T j . esc. KK aad LL are aero. VV then i t p r u u u the 
ataofaw value of the aaccrtaiaty for this parameter, m the same amts as the 

You wil not a d u d e ' * | J" * 

parameter, but only those lor 
whKh you don't ttr the 
defaalt value. 

parameter itself 

(b) To capbatly taput the prior aacertamty oa R-extonal parameters. act 
NN - (1000 ptai (GROUP), t r i m IGROUP is the group number Let 
MM - I for E . * - . 2 (or E . - . 3 for R _ _ 4 lor R, and 5 far v all Tor 
ckaaad I. (For cfeaaad 2. MM - 6, 7, «. 9. aad 10 respectively-. for larger 
channel numbers. just keep adding S ) T V abeohtc value of the uacxrtamty 
oa that parameter a W 

(e) To capbatly input the prior aaccrtauny oa biuadeaiag (etc) paraae tm. 
i d N N - 2 0 0 0 + a. where a - 1 for r a t e . 2 for effective temperature, 3 
for n a p l e thickness. etc (lee card let f* MM a aidevaal here.) The 
absolute uaccnaiatjr oa tfcat parameter is W 

(d) To cxpbatty iapat corrdatnas b L l v u j the oacenaiaKies aa two 
parameters, let NN aad MM iadKate the l int parameter, as ia (a), ( h i or 
(c) above. The second parameter is imfcrawl by KK aad LL (analogous to 
NN aad MM. respectively) The condaboa coefficient a thea give b> W . 
Note that - I < W t +1 

3.4. etc Repeat caid fZ as ataaj tunes as you waat 

last tin cud u y be ntimri 

» >0 (5 
00 
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Card Mast 
t h a 
•et be 

Number of 
cards m 
the act 

last 
(tecoad 
ahermativcl 

No 

TaMe VIB.1 Fonal of t*e PAKnrtcr fife (caatd.) 
Which 
card Cohou 

Variable 
Name Forasat (Uaits) Values Ncaes 

First fe« 

12-22 

23-)) 

45-5S 
56-64 

67-6® 

R E L A T n c t 

RUNCSII . I ) 

R U N C S 2 . I ) 

RUNCSI1.1) 

RUNCSI4.I) 

RUNCSI5.I) 

RUNCSI6.I) 

JUNCSII . l ) 

El 1.4 Reaeaaaee eaeri}. exactly aa 
a appears la card set 1 above. 

El 1.4 Relative aacenaiaty oa >0 
tcaoaaace energy 

E l l 4 Relative a a c c r u a t ; aa T, >0 

El 1.4 R d a t n e aacenaaqr oa >0 r„ 
El 1 4 Relative uacenaiaty oa > 0 

E l l 4 Relative uacenaiaiy aa r „ > 0 

Flag spcafymg whether to use - 1 (aae relative aacenaaty 
this uacertaaty for ERES t by RUNCSI 2.1)1 

- 0 l a x SAMMY default) 

NJ t 

J U N C S f Z I ) Flag to uae this uacartawt) 
fc«r. 

- I [uae RUNCSt 3.1)1 
- O l e s c d c l a a k ) 

V tt tQ (B 
V£> 

last I third ahenatne) 

1.4. etc 

71-72 

73-74 

75-7* 

JUNCSI3.I) 12 Flag for r„ 

JUNCSI4.I) 12 Flag for 

i l ) NCSI 5.11 12 Flag for r „ 

first few WHAT 

- I | aaeRUNSC(4 . l ) l 

- O ( a e d c f a a k ) 

- 1 |«se RUNCSC5.I)] 

-Ola 
-I [use RUNCSI6.I)) 
-0 (use defamh) 

Repeat card 2 as a a q 

the aid Bay bee 
COVARnace matrix n a baaaty form m another He (See Table Vliait 

n e c a ^ a p n a t k r S c 



VII. OUTPUT FROM SAMMY 

Output from SAMMY consists of five files, itemized in Table VII.I. 

Table VII.I SAMMY output (lies 

File Name Contents 

SAMMY.LPT 

SAMMY.IO 

SAMMY.PAR 

SAMMY.COV 

SAMMYA.ODF 
(optional) 

Descriptive output, to be queued to the lineprinter for examination. 

Lists only the initial and final values of physical parameters. 

PARameter file with new values of varied parameters, in the same 
format as the input PARameter file. The third alternative is used 
for the last card set in the PAR Hie, Table VIB.I. 

New covariance matrix for the parameters, in binary form. 
Also new values for all varied parameters. See Table VIIB.I. 

ODF file from which plots can be produced. See Table VIIC.l. 

Section VII Rl 
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X.B. PROCEDURES TO FOLLOW WHEN YOU HAVE PROBLEMS 

1. If SAMMY Bombs 

u. If possible, throw nothing away and modify nothing! 

b. Bring the author a listing of the LOG file (or, ir you ran interactively and do not have a hard 
copy, write down details of where and why SAMMY bombed, and the names of all input files 
and EMIN, EM AX). If you are working on the ORELA PDP-10 but via long-distance, give 
the author the name of the file and your PPN and she will obtain the listing. 

c. If possible, describe how this case differs from cases you have run successfully in the past. 

d. Feel free to call the author at home (690-3936), if she is not in her office. 

2. If SAMMY Terminates Normally but you don't Believe the Results 

a. Carefully check all of your input . . . 

i. Do you have the proper commands in the INP file? 

ii. Did you flag what you intended in the PAR file? 

iii. Did you slip a decimal point anywhere? (e.g., for EMIN and EMAX) 

iv. Is your data file messed up? (e.g., are some of the uncertainties unrealistically small?) 

v. Etc.; see Table XB.l. 
b. List the LPT file. Look it over carefully to help locate possible input errors, for example. Be 

sure you look at this before you ask for help. 
c. Did you use the "DIVIDE DATA INTO REGions of equal energy-range" option? If so, 

SAMMY may have chosen to divide the data very near a resonance. Sometimes this causes 
problems. To avoid this, resubmit the job, choosing energy-regions carefully (i.e., do not have 
SAMMY choose them for you). 

d. If none of the above satisfy you, see the author. Please follow the steps in Part 1! Also, bring 
a listing of the LPT file, please. 

Section X.B P.1 
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Tabic XB.l. Possible solutions to some common problems 

Problems that may occur during P o 8 s j b l c 8 o I u t i o n s 
a SAMMY run 

(I) SAMMY tells you that the 
the matrix is nearly singular. 

(2) A "divide check" or 
"floating overflow" message 
appears. 

(3) Cryptic messages occur before 
SAMMY bombs. 

(4) Results "run away" from 
your "reasonable" input. 

(a) Initial parameter uncertainties are too large. 
Modify by using "EXPLICit uncertainties or correlations" 

at the end of PAR file. 
(b) Too many parameters are being varied. 
(c) Too few data points are used. 
(d) Sometimes this message can be ignored! 

But do so at your own risk. 

(a) Your INPut or PARameter or DAT file has a zero 
(or a number which SAMMY reads as zero) 
where none is permitted. 
List the LPT file and look it over carefully. 

(b) SAMMY has a bug?! 

(a) The PDP10 has had a bad day. Try again 
tomorrow. 

(b) You are trying to analyze too many data points at one time. 
Use fewer points, or vary only the parameters of interest. 

(c) You mistyped a file name. 

(a) Your input did not properly describe the background. 
Try adding more dummy reasonances, check if spin 
groups are properly assigned, etc. 

(b) Data uncertainties are unrealistic. Zeros are never allowed 
and very small values should be increased. 

(c) Total cross sections may look funny at large resonances, 
so increase the uncertainties. Better yet, use transmission, 
and increase uncertainties for low T. 

(d) Systematic errors in data should be handled with 
off-diagonal data covariances. 

(e) "DIVIDE DATA INTO REGions" landed in the middle of a 
resonance. Change the number of data points, or better yet, 
choose the regions yourself. 

(f) The number of iterations is too small. (This is rarely true, 
experience has shown.) 

(g) Your input contained errors such as misplaced decimal points. 
(h) Try analyzing any "sensitive" energy regions first and/or last. 
(i) Initial parameter uncertainties are too big. This is especially 

likely to be a problem for resonance energies. 
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XI.B USE OF TEMPORARY DATA FILES TO STORE INTERMEDIATE RESULTS 

Output to and input from temporary files is a time-honored method of saving core space at the 
expense of runtime. Temporary files generated by SAMMY are listed in Table XIB.I, along with input 
and output files required by or produced by SAMMY. Upon successful completion of a run, SAMMY 
deletes the temporary files. An aborted run can sometimes be restarted if the user takes care not to 
destroy these files. 

Section XI.B Rl 

211 

Page 1 



Table XIB.I Files used by SAMMY 

in 
(D 
O . . . . , . . . . , Segment (alternative unit number) Segment (alternative unit number, if different „ „ Unit Number File Name _ f • ... . v «-. . , . - . . • . W h a m stored Notes r t Subroutines in which tbis file is written from the usual one) Subroutines in which 

this file is read 

S teletype or many places MAS FILES. FIXNAM. see Table VID I 
batch FILE2X 
(log) file 

11 INPut rile MASFINP.NEW see Tables VIA.1 * VIA 2 
11 SAM22.DAT MAS! 221 NEW.SETT.SET PAR INP2.INPFILRDONE. 

H UH.RDBR D.COM BI.RDSPI N 
copy of INPut fik see Unit Numbers 

22M. aad 24 (second 
set thereof) 

12 PARameter file MASFPAR 
PARF1RSTR.PARFILREADRS.PREAD. 

READEX.BRDFIX.READDA.REA DUN. 
READRE.READAB 

see Table VIBI 

13 DATa file MAS FDAT 
ODF CHCKI 3.READI 3 
DAT SECNDR.DATFIL 

see Table VIC 1 

14 SAM 14 DAT MAS ODFDAT if DATa file a ia ODF. 
it is copied into SAMI4 DAT 
in SAMMY-MASTER.-ODFDAT 

15 SAM IS DAT MAS FIXFIL for rewriting SAM 16. DAT 
and SAMI9.DAT in otdcr to 
add additional infonnaun. 

16 SAM 16 DAT MAS F1LES.FILE2X MAS FIXFIL 
PAR Maui. F1LES.FILESX. 

SRCH.ADDUP 

equivalam of teletype input 
(see Table VID 11 for first aed 
sccood passes through SAMMY 

17 SAMI7 DAT MAS Main 
END Mam 

END Main Coomb for which pass through 
SAMMY is to be made neat 

18 SAMI8 DAT MAS FINP.FILES.FIXN AM. 
FILE2X 

ODFII6ICHCK16 

ODF( 16) Mam.CHCK16. 
READI6 

operation antra l for 
segment SAMMY-ODF 

19 SAM 19 DAT MAS FILES.FILE2X see Unit number 16 equivalent of teletype input 
for third pass through SAMMY 

renamed to SAMI6.DAT 
in SAMMY-END 

20 SAM20 DAT PAR Main DAT Main information from COMMON/ this file is the primary cotn-
DAT Mam THE Maui EXPAND/and other mumcaliccts hak k i v m the 
THE Main CRO Main COMMONS, dimensions for various segments of SAMMY 
CRO Main BXOMain this problem 
BRO Main FIN Maui 
FIN Main 

21 SAMMY LPT almost ever* here never hue printer output 
22 SAMMYAODF ODF F1XODF BRO THODF see Table V1IC 1 
23 
24 

SAMMYBODF BRO THODF FIN VODF 

SAMMYG ODF 
28 SAM28 DAT 

01 tQ 
ID 
fO 

DAT Mam.lDIMEN 
THE MaliUDlMEN 
CRO Main.lDIMFN 
MLB MainJDIMEN 
BRO Mam,IDIMEN 
SET Main.lDIMEN 
NPV MurUDlMEN 
IPO Main.lDIMEN 
FIN Main.IDIMEN 

DAT Main 
THE Main 
CRO Main 
MLB Maui 
BRO Mam 
SET Main 
NPV Main 
IPO Main 
FIN Main 

array dimensions 
for automatically 
increasing storage 

file is deleted 
after each use 



w o n ft 
0 Table XIB.1 Files used by SAMMY (contd) 

Unn Number h i e Name Segment (alternative una number) 
Subroutines in which this file is wntten 

Segment (alternative unit number. tf duTerent 
from the usual one) Subroutines in which 
this file is read 

What is stored Notes 

22 
2) 
24 

SAM22.DAT 
SAM22 DAT 
SAM22 DAT 

MAS NEW.SETT.SET PAR( 111.INP2.INPFIL. 
RDONE.HUH.RDBRD. 
COMBI.RDSPIN. 
PREAD.READEX 

a copy of INPut file, 
with changes appropriate for 
the first, second and thud 
passes through SAMMY 

SAMMY-END renames these 
fiks so that the one used 
in SAMMY-PAR -s ilwivs 
called SAM22.DAT 

24 SAMMY lO PAR FILES,0UT"A2. 
OUTVS 

FIN Mam,OUTPA2. 
OUTVS 

nowhere input and out values of 
parameters 

26 SAM26.DAT PAR Main FIN(16).FILE2X c - . 1" yarn of SAMI6.DAT 
26 SAM27 DAT FIN FILE2X oopy of parts oT SAM26.DAT renamed to SAM26DAT 
32 SAMMY PAR F I N O L D O R D output PARametets (see Table VIB.1) 
41 SAM4I DAT PAR SET41 FINCOMPAR initial uncertainties 

on varied parameters 

42 SAM42 DAT PAR RPARFL.BINALL 
FIN WRCOV.COMPAR 

PAR SET41 .ADDUP.OUTVS 
F I N O L T V S 

parameter covariancc matrix 

43 SAM43 DAT DAT EORDER THE.USET data and raw covariance m a t m 
44 SAM44.DAT DAT EORDER NPV RDATFL 

1PQ RDATF2 
data and adjusted 
covanancc matrix 

45 SAM4S DAT NPV SETVDT »'ODF theoretical uncertainties 
46 SAM46.DAT PAR ADDUP covariance matrix for summed 

strengths 
46 
47 

SAM46 DAT 
SAM47 DAT 

PAR.RPARFL.BINCOV 
NPV CHNGCV 

1PQCHNGC2 

PAR.OUTVR 
SETMain 
NPV SETEMG.CHNGYY,CHNGCV 
IPO:STQPl.CHISEZ 

CHNGX2.CHNGY2. 
CHNGC25TPADD 

FIN WRCOV.COMPAR, 
OUTVR 

covanance matrix for 
u-parametcrs 

these two files alternate, 
one holding tbe-old* 
matrix, the other the -new* 

48 SAM48 DAT BRO RES0LU or 
NORESO or NOBROA 
or TRANSX 

BROOUTG 
NPVSETG 
IPQRDATF2 

partial derivatives 

>0 u> <a n> 
OJ 



cn 
CD r> r+ p-0 
3 

Table XIB.1 Files nsed by SAMMY (cootd) 

Unit Number File Name Segment (alternative unit number): 
Subroutines in which this file is written 

Segment (alternative unit number, if different 
from the usual one)- Subroutines in which 
this file is read 

What is stored Notes 

49 SAM49 DAT PAR.BET5ET.BINALL 
NPV:Main.WRITEU 
IPQMain.WRITEU 

SETMain 
BROMam.l FILCOP Y) 
NPV.Main,READU 
IPQMain.READU 
FIN:Main.READU,WRCOV 

Miscellaneous information needed 
in SAMMY-NPV or SAMMY-IPQ for 
solving Bayes' equations. 

49 SAM59 DAT BRO.WR49 rename to SAM49.DAT 
51 SAM5I.DAT BRO DOPPLR BROTRANS or RESOLU 

or NORESO 
intermediate steps dunng 
broadening 

52 SAM52.DAT BRO TRANS BRORESOLU(READGB) or 
NORESO or NOBROA 

partly-broadened 
partial derivatives 

52 SAMMY.COV FIN WRCOV output covariance 
matrix, etc. 

See Table VIIB.I 

5J DCV Tile DATDATFIL data covartance file 
54 SAM54 DAT CRO:WORK 

MLBWRIT54 
BRO.DOPPLR(READGB) or 

TRANS or RESOLU(READGB) 
or NORESO or NOBROA 

unbroadened partial 
derivatives 

55 SAM55 DAT BRO BROADN BRO BROADN.TRANSX partly-broadened 
partial derivatives 

58 SAM 58 DAT NPV SETG.RDATFL 
IPQ.RDATF2 

NPV:SETVDT 
IPQSTQPI 

partial derivatives 

59 SAM59 DAT NPVSETEMG NPV:SETVDT MG • large array 
62 COV file dunng previous SAMMY run PAR BINCOV.BIN ALL initial values of parameter 

covariance matrix elements, etc. 
See Table V1IB.1 

62 SAM62.DAT FIN WRCOV FIN WRCOV parts of covariance matrix 
used only if radius 
is varied 

CU tfl fD 



XI.C DIVISION OF THE PROGRAM INTO STAND-ALONE SEGMENTS 

The structure of program SAMMY makes it ideally suited for overlay, since each major operation is 
independent of the others. However, overlay is not particularly efficient on the PDP10 computer; 
instead, SAMMY makes use of the DECSystem-IO "CALL RUN" option which allows a FORTRAN 
program to initiate execution of another program. Thus SAMMY consists of 13 semi-autonomous 
programs, which pass information to each other via temporary files and which pass control to each 
other via the "CALL RUN" statement. Table XIC.l describes the functions of cach segment. Tree 
charts showing the subroutine structure of the segments are available from the author. 
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216 

t*M« MIC .1 S*fm«iii« of II* < oi* SAMMV 
t ' M I Ifipul (lillpUi <>Vip«»l (<Miri4 Contro l 
Supplied Ifiini iti l a P a w n t o m e i 

S * | m « n l A M r e t i i l w r t U m i t o n Inpvi l i m p a i ' i r v T*mpnrary P«im«Mfi( t o f r o m 
1 umi n u m b e r ! h l o 1 ill* F i l t i Which Winch 

luini numhrr i m n i l numlwr i (iinii ftuirbari S a i m w i S«CfMAI 

S A M M V M A S T I H M A S « a d <Aft«l command* 1 !<«•*» « '•«»> 5* «w m f w S A M I ' D A J I H ) S A M M Y I P T U I I O D F H a n 
1 S A M M Y i itkeiyfw lor h i k h filel hatch file i U S A M I ^ I > A T ( I O or 

and f r t M I N P Mr I N P fid (111 S A M Ik I ) A 1 | I M M R 
•>r|ini<e iM <n«nn«i KAM lilr I I J l S A M I 7 D A K 1 f 1 
in n h K h S A M M Y it»« (IA 1 file 11 H S A M I I DA K i l l 

S A M I » D A T I I » I 
S A M 2 J D A T I 2 2 I 
S A M 2 1 DA K 2 M 
S A M D A T I 2 4 I 

S A M M V O l » O l l l i n i imlur O D I File h» D A I fill! I l l S A M t a DATI IMI S A M M V i r u m V N O " M A S 
l N A M O t » i •tiiiini <ne i | i« i min VI S A M M Y A ( M J H 2 2 I 

t i l l* and v i h i r U i A t i f t S A M M V B O P M 2 M 
i- M i n d S I SA < A d S ' 

S A M M V PAH t tdd inptii/iMiiptil n>fiti"l PAR r . l e l l j l S A M 2 2 D A T I I I I S A M 20 0 A K 2 0 I S A M M V I P T I 2 I I D A T I N D 
P A R A M H I K u i i eme iMt Mad p h t u i a l ( ( I V Mel H i S A M I M I A H I M SAM2A D A T U M S A M M Y IDf 741 M 
1 S A M P A N > p a r a m r u r t awl t u * i r i a m < S 4 M 4 I |)A 1(411 M A S 

m a i m and | i n c r * i r S A M 4 } | ) A r < 4 7 J 
u p a r a m * i e n S A M 4 * D A T U » I 

SAM4W | )A71491 

S A M M V D M A 1»A1 ' t a d r i p c n i t w n l i l de l* D A T i lilrl 1 l i SAM JO D A K JOl S A M 2 0 DATI 201 S A M M V 1 P T I 1 I I T H I P A * " 
< S A M D A T » •nd i m a n a i H c m a l m (>•!• < i i V j n a m * S A M 4 ) D A T I 4 I I or 

l i n e r e i e « u i i l u r » file) M l S A M 4 4 IIA f l 4 4 1 M N 
t M l f y grid 

S A M M Y f l l l - O K Y THI MMM SAM 20 D A I ' 2 0 1 S A M 2 0 0 A T ( 2 0 I S A M M V * I > T « T I Y ~ ( X O D A T 
i S A M t H t l S A M 4 J DATf411 S A M 4 4 D A T I 2 0 ) j t 

M L S 

S A M M V ( R O S S ( R<> g tncra ie <.'«»» «tin»fl» none SAM JO D A H J O I S A M 2 0 D A T I 7 0 I S A M M V I P T I 2 1 1 B R O T M f 
I S A M t R O l and der iMii«t« e«.uirdin | S A M 14 D A T I M I 

U\ K m * M m t t • p f t o t i m t t H i n 
lu tt m a i n ' ihcwr* 

S A M M Y Ml B * Ml H • t n c i a i e e n w m i K m m m SAM 20 D A K 2 0 ) S A M 2 0 D A m O l S A M M V 1 P T ( 7 I ) " ¥ R O T N T 
I S A M M I B> and der ived* '* a tc i r fdiAj i<i S A M W D A T ( M I 

multilevel B m i Wijmi 
• p p r m i i n d H i n 

S A M M V B & O A I ^ N B R O DupiMer «Ad/ur mint S A M 2 0 DATUOI S A M i d I M Tl 20 r " S A M M V LPT12I) set"" - - J — 
I S A M B R O I r«ktiluiiufl h<o*d<n ihc S A M H D A T I M I S A M 4 I D A T ( 4 l l or M 

i r o u «*<iM»>» i n d S A M 4 9 D A F l 4 9 1 N P V M l B 
partial der i»a i i»f i 
cofi»cri m H i M i t i i o m m 
if H C I U I I ) 

S A M M V S H V SI T e t p a n d parameter t<» i r i an t c IUMM S A M 4 * D A l 14M~<* S A M 4 « DATI4A) at N P V ' M O 
J S A M S t T l m a l m f rom triangular S A M 4 T D A T ( 4 7 ) S A M 4 7 DAT(471 or 

it) ful l f o r m S A T « UA7149) •ru 
S A M M Y NPV NPV Mtl*C 1 V • »» MMK YAM44 DATI44] S A M 4 3 DAT!411 S A M M Y L P T I 2 I ) M N B R O 
i S A M N P V i fo rm vt S A M 4 4 DATI46} S A M 4 7 D A T I 4 7 I of or 

Bare* *«|u!lKwii S A M 4 7 O A T U T ) S A M M DATI4AI StT 
SAM 411 D A T U M 
S A M 4 9 D A f t 4 9 1 __ 

S A M M Y I f Q ik; w l » t W • ( I t mine S A M 4 4 DATI44) " SA M47 DÂTilVj or S A M M Y C r f t f i l F I N SET 
I S A M I P ( J | form of S A M 4 « D A T U M <M 

Maye* miujIioai S A M 4 7 D A T ( 4 7 | 
SAMAI DAT<4»> SAM4V f>ATl _ 

S A M M Y M N A l M N u w c r i fmrn u parameter* to none 5 A M 2 0 DATI20) S A M ? A 0 A T < 2 0 I " S A M M Y L f T I I I > D A T N P V 
I S A M I I N I phrwcal parameter*. iNiiput S A M 2 6 DATI 161 SAM27 DAT* 261 S A M M V A O P F ( 2 2 > or or 

r i w l i t S A M 4 I D A H 4 I | S A M 4 2 D A T I 4 2 ) S A M M Y 10424) T H E W 
S A M 4 6 D A T I 4 6 I 5 A M M Y PARI )2I Of 
S A M 4 7 DATI47) i A M M Y COVI52I fcND 
S A M 4 9 DAT(4«I 

S A M M V ~ f e N i r 1 N i ) Decide * h j i io do ne i i . e i ther none 5 A M I ' D A T ( | 7 | S A M I 7 DAT) |7» P A R F I N 
i S A M t - N D l run ihrmigl) Ihe « * | u e « « or or 

PAR DAT T M t R O - B R O S b T NPV M N S T O P QO( 
(IM «n a l lc r f ta lne M«|U**CC) 
a g n n . or delete temporary M e . 
and Hup 
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