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ABSTRACT

In 1980 the multilevel multichannel R-matrix code SAMMY was releused for use in analysis of
neutron dats at the Oak Ridge Llectron Lincar Accelerator. Since that time, SAL.MY has undergone
significant modifications: (1) User-friendly options have been incorporated to streamline common
operations and lo protect a run from common user errors. (2) The Reich-Moore formalism has been
extended to include an optional logarithmic parameterization of the external R-matrix, for which any or
all parameters may he varied, (3) The ubility to vary sample thickness, cffective temperature, matching
radius, and/or resolution-broadening parameters has been incorporated.  (4) To avoid loss of
information (i.c., computer round-off errors) between runs, the “covariance file™ now includes precise
values for all variables. (5) Unused but correlated variables may be included in the analysis.

Becausc of these and carlier chunges, the 1980 SAMMY manual is now hopelessly obsolete, This
report is intended to be complete documentation for the current version of SAMMY. ts publication in
looseleaf form will permit updates to the manual 1o be made concurrently with updates to the code
itself, thus climinating most of the time lug between update and documentation.

ABSTRACT FOR REVISION 1

In August of 1984 the users' guide for version P of the multilevel multichannel R-matrix code
SAMMY was published. Recently, major changes within SAMMY have lcd to the creation of version
O, whizh is documented in this rcport. Among these changes are: (1) an alternative matrix-
manipulation method for use in certain special cases; (2) division of theoretical cross-section generation
and broadcning operations into separate segments of the code; (3) an option to use the multilevel Breit-
Wigner approximation to generate tneoretical cross sections; (4) new input options; (5) renaming all
temporary files as SAM??.DAT; (6) more sophisticated use of temporary files to maximize the number
of data points that may be analyzed in a single run; and (7) significant internal restructuring of the
code in preparation for changes described here and for planned future changes.

xi
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INTRODUCTION TO REVISION 1

Changes documented 1n this revision arc as follows:

1. An alternative matrix-manipulation method, the (/4 Q) inversion scheme, has been devised (see
Sect. 1I). Use of this scheme requires that the data covariance matrix be diagonal, and that the
number of data points be much larger than the number of varied parameters. When thuse two
requirements are met, the (/+ ) inversion scheme uses significantly less computer core than does
the original method, the (N V) inversion scheme,

2. Cross-section calculations and broadening operations arc now performed in two scparate stand-
alone segments of the computer code, since they are in fact two distinct operations. Within the
broadening segment, the various broadening procedures have becn sufficiently disentangled that one
can, e.g., Doppler-broaden but not resolution-broaden,

3. The inultilevel Breit-Wigner approximation may be used to generate cross sections; sec Sect. I11.C.

4. New input options are cxplained in the tables of Sect. VI. NOTE: No input has been changed; a
user need not fear that his or her old INP or PAR files are obsolete.

5. All temporary files arc now called SAM?7.DAT with the question marks replaced by FORTRAN
unit numbers. Thus if 4 run bombs or is aborted, all SAMMY files may be deleted with the single
command "DEL SAM?7.DAT". CAUTION: If you wish to discuss with the author why your job
bombed, it would be best nor to delete these files first. See Sect. X.B.

6. It is now sometimes possible to analyze very large data sets, of a thousand or more points, in one
shot. This is due to the invention of a sophisticated “bookkeeping™ system to use temporary files
rather than in-core storage for larger arrays. To decide whether your particular case will fit into
the PDP10, run the code SAMEST; i.e., type "R SAMEST" interactively, and answer the questions
asked. Caveatl: array sizes given are estimates only, not to be trusted absolutely.

7. The internal FORTRAN coding of SAMMY, version O, is considerably different from version P,
(While users of the code will not notice these changes, anyone wishing to implement SAMMY on
his or her own computer is warned to use one version or the other and not intermix them.) A
consistent nomenclature for the scveral types of varied parameters has been developed. Subroutines
have been subdivided so that each routine deals with a single well-defined operation. Attempts
have been made to standardize FORTRAN usage, to minimize necessary changes when converting
to another computer. Many of these changes were designed in preparation for future revisions,
including (a) more correct treatment of resolution broadening, (b) inclusion of data parameters
(such as normalization or background subtraction) as varied parameters, and (c) proper treatment
of multiple isotopes.

Section 1 R1 Page 1



ILA.1. Outline of Derivation of Bayes’ Equations
Bayes' theorem muy be written in the form

p(PIDX) o p(PIX)p(D|PX) (1IAL.1)

where

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

2. X rcpresents “background™ or “prior” information such as the data from which prior
knowledge of the parumeters P was derived. X is assumed to be independent of D.

3. p(ADX) is the probability for the value of the parameters conditional upon the new data D
and is what we seck. It is conventional to call p(PDX) the posterior probability. Since P
represents scveral parameters, p(ADX) is a joint probability density function (joint pdf).
The expectation values of P times p(PIDX) arc taken as the new estimates for the
parameters; the associated covariance matrix gives us a measure of how well the
parameters arc determined and of the inter-dependencies of those determinations.

4, p(DIPX) 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(PIX) 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(PIX) 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. (IIAI.1} can be determined from the normalization
condition,

Let P={P,| for k=1 to K be the set of all parameters of the theoretical mode! to be

considered. The joint pdf p(PX) is assumed to be a joint normal pdf having as expectation value the
vector P and the covariance matrix M. Under this assumption the pdf may be written

p(PIX) o exp [—%(P—P)Y M~' (P-P)] , (I1A1.2)
where the superscript ¢ denotes the transpose.

The experimental data is represented by a data vector D whose components D, are the L data
points. The experimental conditions are assumed to be such that the data D (i.c., the D;’s) have a joint
normal distribution with mean 7= T(P) and covariance matrix ¥. The likelihood function is then

p(DIPX) o expl—A(D—TY v-D-T)] . (11A1.3)
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 7. Obviously ¥ need not be diagonal.

Section ILA.1 Rl Page 1



Combining Eqs. (I1A1.1, .2, and .3) gives an expression for the pdf of P after consideration of new
data D [i.c., for p(ADX)], expressed in terms of the “true” value T, What is needed, however, is an
expression for p(PIDX) expressed in terms of the parameters P._ This is obtained formally by considering
T a function of P, performing u Taylor expansion about P [the expectation value of p(PlX)], and
keeping only the linear terms:

T(P)=T + G(P-P) , (11A1.4)

where 7' is equal to T(P). The clements cf G are the partial derivatives of T, with respect to the
parameters P, cvaluated at P=P.:

T, fer n=12,..L (11A1.,5)
P for k=1,2....K
p=F

Gnk =
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 L XK.

Substituting Eq. (11A1.4) into Eq. (IIA1.3) and using Eq. (11A1.2), we obtain for the posterior joint
pdf [Eq. (IIAL.D)]:

p(P|DX) o exp[—% {(P—PY M~\(P—-P)+ (I1A1.6)
(D--T-G(P—P) V' (P~T-G(P-P))] .
Because of the three basic assumptions we have made, ie.,
i. the prior joint pdf is a joint normal,

ii. the likelihood function is a joint normal, and

iii. the true value is a lincar 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(PIDX)xexp [—(P—PY M~ (P—F)) - (11A1.7)

As shown in the next subscction, equating the hnear and quadratic terms of the exponents in Egs.
(I11A1.6) and (ITA1.7) yields our final results, hereafter referred to as Bayes’ equations:

P — P = MG (N + V)" (D-T), (11A1.8)
M—M' = MG' (N + V)V G M, (I1A1.9)
where the L X L matrix N is defined as

N =GMG. (11A1.10)

Section [1.A.1 R1 Page 2
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The matrix N is the covariance matrix of the joint pdf for the true value of the daa based upon our
prior pdf for the valuc of the parameters. Since this form of Bayes’ equations involves the inverse of (N
+ ¥), within SAMMY it is known as the "(N + V) iuversion scheme” (sec Table VIA.2); this is the
form implemented in all carlier versions of SAMMY.

An alternative form for Bayes’ cquations is

P =P+ MU+ O)'GVUD ~T) (ITAL.11)

M = MUl + Q) (ITA1.12)
where the K X K nonsymmetric matrix Q is defined as
Q0 = G'V''GM (11A1.13)

This set of equations is known within SAMMY as the "(/ + Q) inversion scheme.”

In the limit where the matrix M is diagonal and its elements tend to infinity, Bayes' equations
become the familiar least-squares equations. Algebraic details for the (N + ¥V) inversion scheme [i.e.,
for Eqs. (I1A1.8) through (IIA1.10)] are given in [NL82].

Because the linearity condition [Eq. (IIA1.4)] may be only approximately correct, it is necessary to
alter Bayes’ equations slightly to permit iteration to an accurate solution. (Details are given in Subsec-
tion I1.A.3.) It is the iterative form of Buyes’ equations which is implemented in the code SAMMY.

Finally, we note that the derivation of Bayes’ equations which we present in Subsection 11.A.2 is not
the only possible derivation. Alternative derivations can be found in (JM80] and [AG73].

Section ILA.1 21 Page 3



11LA.2. Details of the Derivation

'

!
In Subsection I11.A.1, we stated that Bayes’ cquations may be derived directly from Bayes' theorem,

p(P|DX) o p(PIX)p(DIPX), (11A2.1)

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

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

p(PIX) « exp {=% (P—PYM™' (P—P) (11A2.2)

ii. the likelihood function is a joint normal. That is, the pdf fur the experimental data is
p(DIPX) o exp |=% (D=TYV™' (D-T) (I1A2.3)

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 + G(P—P) (I1A2.4)

where the sensitivity matrix G is defined bv

aT, (I1IA25)
Gp = -~
0Py | p -5
and the theoretical value T, (i.c., T for data point /) is also evaluated at P=7.

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

p(P|DX)oxexp {—% (P—PY (M')"(P—P)} . (11A2.6)

Substituting Eq. (I1A2.2) through (11A2.6) into Eq. (I11A2.1) and equating the exponents yield, in
matrix form,

(P=PY(M)"(P—P)+Y=(P—PYM N P—P) (11A2.7)
+D - T - GP - PYv'[D =T — G(P — P))

where Y represents_ the normalization constant and is independent of P. Setting
P—~pP = P—~pP+P—Pin Eq. (IIA2.7), and rearranging terms, we obtain

Section 1LLA.2 R1 Page 1
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12

(P=PY(M) {(P=P)+Y=(P—PY (M '+GV 'GYP~P) (11A2.8)
+(P—P)Y[(M~'+G'V'GYP~-P)~-G'V ' (D-T)]
+{(P-PY (M +G'VIG)—(D-T)VV~'GIP—F)
+(P~PyYM~'"(P—P)
+[D~T-G(P-P)) v {D-T-G(P-P)] .

Because _Eq. (11A2.8) must hold for all values of P, we may cquate terms quadratic, linear, or constant
in (P—P ). From the quadratic we obtain Bayes' equation for updating the covariance matrix, and
from the lincar 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—-Py ... (P—P)in Eq. (11A2.8) yield

MY' =M+ G v'G (11A2.9)
Algebraic manipulation of this matrix cquation gives
(M')'M = M™'M + G' VIGM = I + G'V~'GM
or
M(M)'M = M + MGV™'GM
which reduces to
M = M(I + G'V~'\GM) (11A2.10)

where [ represents the identity matrix. Thus we may define
Q = G'V-'GMm (I1A2.11)
as in Eq. (IIA1.13) and obtain from Eq. (11A2.10) the result
M = MU + Q) (11A2.12)

which is exactly Bayes' equation for updating the covariance matrix, in the (/ + Q) inversion scheme,
Eq. (I1A1.12).

Section [LLA.2 . Page 2
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To obtain the (N + V) version of Bayes' equations for the covariance matrix, further algebraic
manipulation is required. Using the identity

X' - 2(x2)" (11A2.13)
with
X =1+ GVIGM =1 + @ (11A2.14)
and
Z - G(N + V)G
gives, from Eq. (11A2.12)

M' = MG'N+V)''G [(I + GV 'GM)GN+V) 'G]™!

= MG'(N+V)"' GIGUN+V)''G + G'V 'GMG'(N+V)'G]™! (11A2.16)
Setting
N = GMG' (11A2.17)
and rearranging give
M = MGN+V) 'G[G'II+V'NYN+V)IG]™! (11A2,18)

The quantity in curly brackets in Eq. (ITA2.18) is equal to ¥~'; making that substitution and introduc-
ing the identity ¥ ™'V = [ into that equation give

M = MG'N+Vv) 'wv-\G[G'V~'G]™! (I1A2.19)
Replacing ¥ by N + V - N then gives
M' = MG'N+V) 'IN+V — NIV '\GIG'V'G]™! (11A2.20)
or
M' = MG'VT'G[G'VIG]™' — MG'(N+V) '\GMG'V~'G[G'V™'G]™' (I1A2.21)

in which we have replaced N by GMG’. This reduces immediately to

3
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M'=M—-MG(N+V)"'\GM . (11A2.22)

which is exactly Bayes' equation for updating the covariance matrix, Eq. (11A1,9). Explicitly, this
cquation may be written

K L L X _ A,
Mu =My =3 3 3 3 MGl W+ Gty (11422
Al d=t =t me=1
where N is given by
K K A . 4
Ny = *2| ,El GuMuGy . (11A224)

To obtain Bayes’ equation for updating the parameter values, we equate the linear terms of Eq.
(I1A2.8). Since the icft-hand side of that equation has no terms lincar in (P —P), the coefficient of
(P — P') on the right-hand side must be zero. That is,

(M~'+G'V~'G) (P—P) = GV (D-T) . (11A2.25)

From Eq. (11A2.9), the first quantity on the left is just (M’)~"; we therefore have
P —P=MGV'(D-T (11A2.26)
or, using Eq. (11A2.12)
P =P+ MU+Q)'GV UD-T) T (11A2.27)

which is exactly Bayes' equation for updating the parameter values using the (/ + Q) inversion scheme,
Eq. (I1AL.11),

To obtain this equation in the (N+V) inversion scheme, replace M’ in Eq. (11A2.26) by Eq.
{I1A2.22) to give

P—P = (M—=MG'(N+V) 'GMYG'V-\(D~T) (11A2.28)
which reduces to

P — P = MG(N+V)"{(D-T) . (11A2.29)

Explicitly, this equation is

- - X L L _
Py =P + 3 El MHG:I[(N+V)"lU(D/-T/) (11A2.30)
i=1 J=

i=}

R1
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Finally, we note that the constant term in Eq. (IIA2.8) may be simplified using Eq. (I1A2.29) to
give

Y-(D—?‘)’[(N-*—V)"'GMG’(N+V)"+(l—(N+V)"'N)V"(l-N(N+V)"')](D—T) (ITA2.31)
which reduces tv

Y=(D-T) (N+V)"'(D-T) (11A2.32)

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

Y = (D~-TYVND-T) — (D-TW'GMU+Q)"'G'V-'(D-T) (11A2,33)

in which the first term is the usual (lcast-squares) x?, and the second term can be viewed as a "correc-
tion" to x?.
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ILA.3 Iteration Scheme

The linearity hypothesis, i.c., the assumption that the Taylor expansion of the thcoretical values
around the prior expectation value truncates after the linear term, is in general only approximately true.
Therefore, the parameter values P resulting from application of Bayes' equations are also only
approximately correct. To obtain more accurate values, the Taylor expansion, Eq. (1IA2.4), may be
performed not around P but around the new (intermediate) values P") where n represents the nth
iteration and PO = P

T = T 4+ GYp—pm) (11A3.1)

Here the sensitivity matrix G and the theoretical values 7 arc evaluated at P = P, With Eq.
(HA3.1) for T, the formula analogous to Eq. (IIA2.7) is

(P_’-;(n+I))I(M(n»H))*l(P_.ﬁuH)) 4+ Y = (P-T’)‘M”'(P—l-’)
+[D =T =GP ~P) ¥y~ D—T"—G)(P - Pm)] (11A3.2)

Setting P cqual to P—P D+ P+D 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 T4 G®)(P~F"), and
G by G™). The iterative forms of Bayes’ equations follow immediately:

Prt0mP + MG (N 4 y)-\[p—'i(")—c(")(ﬁ—ﬁ("))l (11A3.3)
MO = g — MG (N 4 )Gy (11A3.4)

where
N® = gpr Glat (IIA3.5)

For the (7 + Q) inversion scheme, the iterative forms of Bayes’ equations are

Pt = P+ M(I + Q")'¢"My-' D — T™ — G"(F — P")]  (IIA36)

M(u+l) = M(I +_Q(ll))"| . ("A37)

where
o™ = Giy-igimy (I1A3.8)
Section 11.A.3 R1 Page |
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I1.B.1. Solving Bayes' Equations

The solution of Bayes' cquations for the (N4 V) inversion scheme is described in Subsection
I1,B.1.a, and the solution for the (/+ Q) inversion scheme is in Subsection I1.B.1.b.

Section I1.B.1 R1 Page 1
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I1.B.1.a. Solving Bayes’ equations: (NV+ V) inversion scheme

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

P =P+ MG(N+V)"\D-T) , (I1Bla.1)
and
M =M — MG' (N+V)™' GM , (11Bla.2)
where
N = GG . (11B1a.3)

Solving these equations is equivalent to solving

AX = Y (11Bla.4)

K+1 times (where K is the number of parameters for the problem), with 4 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.
(I1Bla.1) or equal to each of the K columns of the rectangula, matrix GM in Eq. (1!Bla.2).

The inverse of matrix A is not evaluated directly, Rather, A4 is first factorized as
A=UBLU (11Bia.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. (I[IBla.4) is
then found from

X = (U'y BTWUT' Y (I1B1a.6)

In SAMMY, the factorization of Eq. (IIBla.5) is performed by LINPACK [JD79] subroutine SSPCO,
and the (K + ) 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’
cquations. 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 yicld 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.I, card set 2, indicates the relevant parameter (ITMAX) to use. Note that k iterations (ITMAX
= k) will yield the solution set P*’ and M**) from Egs. (I1A3.3) and (I1A3.4).
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[ Note to users of carlier SAMMY versions: The meaning of ITMAX has been changed from that in
use prior 10 April 1984, and now corresponds exactly to the total number of times the "THEORY-
CROS3-BROADEN-SETV-(N+V)-FINAL" cycle appears betwzen consecutive "DATA" segments in
the LOG file. Caveat; Since ITMAX =2 is the default value, putting zero (or blank) in column 50 of
card sct 2 of the INPUT file will give ITMAX =2, not ITMAX=0. To obtain zero iterations (i.c., to
cvaluate cross sections but not update parameter values), the user must specify "DO NOT SOLVE
BAYES Equations” in the INPut file.]
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11.B.1.b. Solving Bayes’ equations: (/+ Q) inversion scheme

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

P =P+ MU+Q)' GV (D-T) (11B1b.1)
and
M = M(UI+Q)"! (11B1b.2)
where
Q =Gv'GM (11B1b.3)

[Note that although Q (and thus 7+ Q) is not symmetric, nevertheless M’ is symmetric. This can be
shown by noting that

M = MI+Q)' = M(M + MG'V'GM) 'M , (I11B1b.4)

provided that M ~! exists. In the form of Eq. (1IB1b.4), M’ is clearly symmetric.]

The inverse of (I+ Q) is found using NAG [NAG] routine FOIAAF. When M’ is needed (i.e., for
the final iteration), Eq. (1IB1b.2) is solved first and the array M’ used in Eq. (IIBIb.1) to find P'.
When M’ is not needed, the quantity (/+Q)~'G'V~(D~—T) is first generated and then the multipli-
cation by M is performed. Fewer computer operations and thus faster run time result from performing
the multiplications in this order.

As with the (NV+ 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
antomatically. 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 (NV+ V) scheme unless both (1) V is diagonal and (2) less array storage space
is require for the (/+ 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 I11.C.
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II.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 A with spin and parity J* at encrgics £. These resonances may Jdecay through
any of several particle channels ¢ with spin s and orbital angular momentum /; the partial width for
decay via channel ¢ is T').. In addition, gamma decay is allowed, with partial width T'y.

Cross-sections for the interaction described above may be calculated from multilevel R-matrix
theory [ALS58] 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 Frochner [FF80); the reader
interested in either derivation or dctail is referred to that article. Here we present only the relevant
formulac.
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1ILA.1. Cross Section in Terms of R-Matrix

The angle-integraled cross sections from entrance channel ¢ to exit channel ¢’ with total angular
momentum J is represented by .. (The subscripts ¢ and ¢’ represent both the physical configuration
und the quantum numbers; a detailed description of thie channel, as used in SAMMY, is given in
Subscction 111.B.1.) This cross section is given in terms of the scattering matrix UZ. as

”E{c’ = fi Ke ! 6::’ - Uclt' r (“lA“)
¢

where k2 is the wave number associated with incident channel ¢ (see Subsection 111.B.4) and g is the
spin statistical factor (seec Subsection I[1.B.1).

Because the scattering matrix is unitary (UUY = 1), the total cross section (sum over all
channels) may be cxpressed as

alolﬂl =_2_7;_ 2 g E — RE(U‘-J‘-) (IllA1.2)
k J Incident
chunnels

”

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

o.tla.vllt . _"_2 E & 2 1 - ZRC(U".,‘.) + 2 |U¢{c'|’ (”|A13)
k* °J incident incident
channels cha:neh
¢

Note that the innermost summation includes only those exit channels ¢’ which are also incident
channels.

Similarly, the reaction (or fission ) cross section is

geaction _I E & E E IU!;-'I’ “"Al.4)

2
k J incident exif
channels  channels
c c

and the capture cross section is

goapure = ﬁ E g’ E 1 — 2 lU;:,c' } (I11A1.5)
J inctdent all
’ ¢ ) [4

The absorption cross section is the sum of o”¢%"m apd georiure,

3
—
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Note that the total cross section is the sum of the other threc:

%019 o ”elaulr + gfeartion . geapture (111A1.6)

The scattering matrix U can be written in terms of the matrix W as
v, = Q WL Q. (HIALT)
where / represents the orbital angular momentum (see Subsection I11.B.1), and €, is given by

Q = exp |—i¢) (111A1.8)

The potential scattering phase shifts ¢, are shown in Tahle 11IA 1.1,

The matrix W in Eq. (11IA1.7) is related to the R-matrix via (in matrix notation with indices
suppressed)

W = PWI—RL)™' (I—RL*)P™* (I11AL.9)
where the quantity L in Eq. (IIIA1.9) is given by
L = (S — B) +iP (111A1.10)

with P the penetrability, S the shift factor and B the arbitrary boundary constant at the channel radius
a, , (see Table IITIA1.1). "I"in Eq. (IIIA1.9) represents the identity matrix.

SAMMY uses a modified form of Eq. (I11A1.9) to evaluate W, Since S, B, and P are all real, L*
may be expressed as L —2iP, which gives

W=P" (I-RL)™' (I-RL + 2iRP) P™% (111A1.11)
=pP% (I—RL)™' (I-RL)P™% + (P)* (I—RL)™' 2iRPP™"
=] + P* (I-RL)™ 2i {—(I-RL)L™" + L~'} P*
where the quantity in curly brackets is equal to R. Further simplification gives
W=I — 2i P ™' P* + 2iP* (I—RL)™' L™' P% (I11A1.12)
=] -2 PL™" + 2 PAL(LT"-R)' L' P*

which is the form used directly in SAMMY. If subscripts are reinserted, this expression becomes
Woo=08.(1—2iP,L7 )+ 2i /P, L,"I(L' '—R )—']“,L,'." VP
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I11LA.La. Logarithmic parameterization of external R-function

The “external R-function” is onc particular choice for the contribution to the R-matrix within a
specified region of energy duc to those resonances or bound states external to that region. The
parametcrization of the externul R-function used in SAMMY s

RIUE) = Reone + RuncE + Ry E? — sy (E¥P — Efov) (I11A1a.1)

. E“’ - E
- (Smn.c + "lln.rb )in E"_ E;lm;fl

Any or ail of the seven free parameters may be varied during a SAMMY analysis (seec Table VI.B.1,
card sct 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' cquations will operate; see Sect. 11.B.2)
associated with the external R-function are given by

u(Edowny = Egown
u(EP) = EF

U(Reone) = Reonc

¥(Rine) = Rune (111A1a.2)
u(E,,,,) - 1-2,,,,

u(Scone) = \/?;;

u (-'Iln.c) = Sunc
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II1.A.2.a.li Resonance parameters

From Eq. (111A2.1), the derivative of R with respect to the reasonance u-parameters can be found:

e =[emenE] l-(ErE)’+(a§)’l/D§l (A28
almR,, _[_ rate \/E_a] [(E»— E)ag/pi] (111A28ii.2)
aReR _[_ 4~nm.m] [(E;-E)af/bi] (111A2aii.3)
almR -[2vmmal “( £ E)’—(az)’]/bil (111A2aii.4)
6ReR _[m“ +a,.,)] [(Ex E)/Dx] (111A24ii.5)
almR,., _[M - .s,.,)] [aE/DA] (111A23ii.6)
where
» = (E\x—EP + af (111A24ii.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, uv ) for the derivative of the real part of R,, with respect to the i*® parameter, and BI(i, u» ) 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 cnergy and is temporarily
stored ar 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 £ is
set to zero for resonance level A, if

| E-E, | >20

<

I, + rzl + 3d+r), (111A24ii.8)

for resonances with />0, where d represents the Dappler 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 times that specified in Eq. (II1A2aii.8). (The contribution to the real part of R is never assumed
negligible).
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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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111.B.2, Comparison of Reich-Moore Approximation to Muitilevel Breit Wigner Approximation

Following Frohner [FF80], we n;ay write the exact equations for the scattering matrix U as
Ue = U (b + 1D Th Ay, TS (111B2.1)
Ay
where

(A" = (Ex=E) 8=3 7 Le Vo (111B2.2)

and all other quantitics are as defined in Sect. I1I.A.

In the multilevel Breit Wigner (MLBW) approximation, all off-diagonal clements of A4 are
neglected. That is,

(A" = (Ex — E — 3 7k L) 8, (111B2.3)
(3
Using the definition of L, from Eq. (I11A.10), this may be rcarranged as
(A7), = [Ex—E—3(S:—B,) v& —1ZPAL) &, (111B2.4)

or ' -

(A = (E\x+AYLEY —E —THLE)p)) 3, (111B2.5)

where the level shift A, is given by

AYLEY =~ (S5.—B.) i (111B2.6)
14
and the total width T, by
rjesw =32P, v - 3 T (111B2.7)
[ ¢
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In the Reich-Moore (RM) aoproximation, only those off-diagonal elements arising from photon
channels are neglected. That is,

(A_I)M o EA"E_Z (S.—B;) 'YL- - lE P‘-‘YL 6~. - z Yae L Ve (111B2.8)

cay cey cdy

where by “ cey™ we mean “c is a photon channel” and by “ c¢+y™ we mean “c is a particle channel”.
Rearranging, we find

(A" = (Ex+afY —E —iTf*2) 8, — T vae Le Vee (111B2.9)
cey

where the level shift AfM is given by

AfM = — 3 (S. — B,) vk (111B2.10)
cEy
and the radiation width '} by
¥ = 3 2 P % (111B2.11)
c6&7

Data analysis using the RM approximation yiclds three (or more) parameters for each level: a
resonance energy ERM equal to E\+AfM, the radiation width T'{#?, and the particle channel widths
| Y

No direct comparison can be made of results obtained from data analysis using RM (e.g., via
SAMMY) with thosc abtained from analysis using MLBW (e.g., via SIOB {GD78)), since the MLBW
is a far more severe approximation. Nevertheless, the RM formulation can te 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. {i{IB2.6) and (IIIB2.10),

ENLW w pRM — 5 (S, = B.) v (111B2.12)
cdy

and, from Eqs. (I11B2.7) and (I1IB2.11),

TMLBW = TRMY 4+ 3 T, (I11B2.13)
cev

CAUTION: Converting from RM parameters to MLBW parameters will not necessarily give the same
values that an analysis using the MLBW formalism would yicld. See Sect. II1.C if you wish to perform
such an analysis.
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III.C. MULTILEVEL BREIT-WIGNER APPROXIMATION

In Sect. 111.B.2 we discussed the relationship between the Reich-Moore resonance parameters and
those which would be appropriate for multilevel Breit-Wigner (MLBW) resonances. We noted that it is
possiblc for SAMMY, upon complction 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 requircd, 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. II1.C.1; these are identical to those used
in ENDF files [ENDF-102]. Derivatives are given in Sect, 111.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. 1V.
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I'L.C.1. Multilevel Brelt-Wigner Cross Sections

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

64/4."/: - _:; 2 7] Zl(l - 0092¢)(2 - EFMF}/DA)
J c A

+ 26in2¢ JTHAE — E,)/D,
A

a Dy

N [ 5 I‘k(E—EA)]z + l s

]z (ceLn

in which the summation over c includes only incident (i.e., neutron) channels. The total width T, in

Eq. (IIICI1.1) is given by

PA-EFAc_*-F;
c

(111C1.2)

in which the sum over ¢ includes all channels. Partial widths T, and T} are related to amplitudes v,

and a,, as in the Reich-Moore approximation, by

Ifgron = 2y3P,

rfeon = v

and
Iy = 2af
The denominator D, in Eq. (1IICI1.1) represents
D\, = (E—E\? + (V2P
Similarly, the fission (reaction) cross section is given by

| YV g
a,ﬂ::tm__’:_zzglzzz_‘i_“_

J ¢ A D,
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in_ w'hich the sum over ¢ includes only incident (neutron) channels, the sum over ¢’ includes only exit
(fission) channels, and D, is againgiven byEq. (11IC1.4). The capture cross section is

" I I} HICI.
gfapture o _i% ? 'Y ? A;AA ( 6)
[y

yhcrc, agu'in, the sum over ¢ includes only incident channels, Finally, total and absorption cross sec-
tions are given by the appropriate sums of the other three cross sections:

glotal = gelastic 4 fission capture (IIC1.7)

gabrorption o fission | capture (11IC1.8)
The u-parameters (sce Scct. 11.B.2) associated with the MLBW resonances are defined similarly to
those for Reich-Moore resonances:
u(E,) = = JE\, (1IC1.9)
where the negative sign is chosen if E,<0,
u(ly) = 1 (I11C1.10)
and
u(l'y) = (ITIC1.11)
where the reduced gamma width amplitude a; is given in terms of the gamma width I'} by

Ty = 2af . (111C1.12)

(Note that ¥aand a, may be either positive or negative.) It is the u-parameters on which Bayes’ equa-
tions operate.

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

From the form of the cross sections in Bgs, (111C1.1), (111C1.5), and (111C1.6), we note that there
arc only four cxpressions in which the resonance energies or widths occur. These expressions are
denoted as follows:

A = ? I'e (E—E))/D, (I1ca.1)
Ay = % Iy T'Y/D, (111C2.2)
Aseer == }AJ Ty Ta/Dy (I11C2.3)
Ay = 3 Ty T\D, (I11C2.4)

A

The fourth of these is actually redundant, since

Ay = Z Az + Ay (111C2.5)
p

Thus we need only evaluate partial derivatives of A4, Aa., and Aj3.. with respect to the u-parameters.
These derivatives may be written as follows:

oA (111C2.6)
SO = 2By T | =1 + AE—E\YD D
aJE, A I (E=E)\V/Dy [ Dy
9 NN (111C2.7)
= 4JE, V'), T} (E-E p?
O N, (I11C2.8)
—= = 4JE, T, T\« (E—E D?
aJEr » Tae T ( ») / D}
A
8aA
94 111C2.10
% _ 2a Pklz - P)/DA] /[ D, ( )
aax
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IV.A.1. Doppler Broadening

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

ao

1 (E—E')? (IVAL1)
E) = ex - E')YdE'
wlE) = T T f_m P { 5} ] ol E')
where the Doppler width Ap is given by
Ap = m (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=1/A4, where A is the mass number of the target nucleus. Equation
(IVA1.2) can then be expressed as

(IVA1.3)

Ap = \/4k T,

AT,

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

- =3 [ET_ _ [ET_ (IVA1.4)
Ap V/4X8.617X107°X293 2934 0.3178 2934

Equation (IVA1.4) will yield Ap in units of ¢V, as required in SAMMY or MULTL

The infinite integration limits in Eq. (IV.Al.1) are approximated by E + 3Ap.

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

Section IV.A.1 R1 Page 1
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Table VIA.1 Format of the INPut file

1]
13
2 Note: All integer formats (c.g., 12, I5) require that the numbers be in the right-most columns.
’-l-
o] .
3 Card Number Which
set of cards card s 5
S in this described Columas Vanable Format Meanng (units) Range of values Notes
. set here
>
1 H 1-30 TITLE 16AS Tutke
2 1 1-10 ELEMENT Al0 Sample element’s name
11-20 AW F10.1 Atomic weight (amy)
2% EMIN Fl0.1 Misimus encrgy EMIN and EMAX will be igaored bere
for this data set (¢V) of they are given m the BATch file (see
Tabie VID.1)
3140 EMAX Fioa Mazimum coergy (eV)
4145 NEPNTS 15 Maximum sumber NEPNTS is the agmber oi data poists to
of data points be included in cach regaon, where
to be analyzed "DIVIDE DATA INTO REGwes™ s
- at ane time specxfisd i card set 3
:,'_U. 46-50 ITMAX 15 Number of iterations
{(defaaht = 2)
3 as many 1.20 WHAT 4AS Alpbasumeric wformation see Table VIA 2
as needed COnCErRIag Program options
4 L} blank
b3 Qorl 1-10 TEMP F101 Effective temperature (0 for no This card st is omirted if
of the sample (K) Doppler hrosdenng) *BROADENING IS NOT WANTED"
w specified in Card Set 3 If Card Set 4
appears in the PARsmeter fille (see Table
VIR.1), all values given here (in the INP
file) in Card Set § will be igmored, exoept
for DIST.
11-20 DIST Fi01 Flight path leagth {m) Versioa O of SAMMY permits Doppler
and vice verss.
21-30 DELTAL Fi0.1 Flight path vaccrtsiaty (m)

£ obed
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Table VIA.1 Format of the INPt file (contd)

wn
o
2 Card Number Which
b i of cards . Colemas Vanable Format Measing (waits) Raage of valees Netes
3 ey here
<
a -0 DELTAE o1 E-foldsag wdth of (0 for pare Gaswiaa
Ly enotution femction)
> fencton (ps)
41-50 DELTAG Aot FWHM (a) of Gaumiaa (0 for pure
resolution feacton whose capoasatial
is oquivalet to that b h )]
of the squarc pubse
[} Oor2 1 1-10 DELTAB F101 Misimum chanse! widih for Omit this card set if
wmicrval from EMIN “BROADENING IS NOT
EMAX (ps) WANTED" s Card Set ), or f
DELTAG » 0 ia Casd Set 8.
1115 NCF 1 Number of cresch bosadanes
H 1-10, (BCF(1). sFio.t Creach boundarics,
E 11-20, CK(), read in wcTeasing
et 1=1 NCF) encrgy order (eV),
Creach factan
(1atcger sasts o DELTAB)
1 1 1-10 CRFN F101 Chaancl radies (F) »0 If CRFN is ingut 31 2¢10, its value
computed as 1.45%(1.009 + AW)Y”?
Vabecs gives here ior both CRFN and
THICK wil* be ignored if they also
appear ia Card Set 4 of the PARssseecr
file (see Tabie VIRI)
11-20 THICK Fi01 Sampic inckaess (at/b) Nocded oaly for TRANSmismos o
TOTAL crom sectos (s Card Set 8L
H-% DCOVA Fal Constant term m data covariance Dlnm
31-40 DCOVB Flo.l Liucar term addinosal wrm of the form
(DCOVA +E, *DCOVB)
*(DCOVA +E, *DCOVB). Usaally
these terms will be st 10 22T0
41-50 VMIN Fl01 Mimmum uaccrtanty >0 1 an expenmental oacertainty m your
o data DAT» file s smalier than VMIN, SAMMY
w0 will 1acrease the valwe to VMIN
]
[Te] 61-70 DATCR Fi01 Data at the same energy bave - 1€DATCR&! Thus applics oaly when a combisatios of
1 correlavon DATCR data types are wsed (voc Card Set 8
o helow).

o1



¥°'IA UOT300S

Table VIA.]. Format of the INPut fHe (contd)

T4

¢ obeg

Card Number Which
set of cards card . . .
ia this m';ed Columas Variable Format Mecaning (units) Range of values Notes
set here
8 ' 1-80 CROSS 16AS Type of cross section TRANSmission Only those characters in capaabs are
TOTALcrulr-flIl- requred.  Nosc that ABSORpuon s the
in CROSS section sam of CAPTUre plus FISSlon
ELASTx
SCATTering
FISSlon
REACTwa
CAPTUre
ABSORption
Alterative At least § 1 1-80 CROSS 18AS COMBInatior o TWO Types  Columas 16 through 20 indicate how
to8 COMBloatios of THREE types many types of daia are to be incinded, o
. s maximum of SEVEN
COMBlaation of SEVEN types
WARNING. Ths 2 1-80 CROSS, 16AS Type of cross section See the ather version =
alternative has never for data set 1 of Card Set 8. 8
been used except for . i 3
test cases. See 3 1-10 EMIN, F10.1 Minimum esergy for These cacrgics . override
N M.Larson when yu, data set 1 (eV) those given in Card Set 2.
start 1o use this optan 11-20 EMAX, F10.4 Maximum cocegy fac
data set 1 (eV)
4 1-80 CROSS, 16AS Type of cross section
for data set 2
s t-t0 EMIN, F10.1 Musimum cocrgy for data
set 2 (eV)
11-20 EMAX, Fl01 Maximum cocrgy for data

etc.

set 2 (eV)
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Table VIA.1 Format of the INPut file (contd)

Cand Number Which
”xt of cards ard s Col iabd F . Meaaing {usits R of vabues Notzs
in this described v N fomics)
set here
9 1 . 110 SPINI Flou Spin of sampic secicns ateger or Often set ©© 210
half-imeger

11-20 ECHAN(Y) Fiot Excitation cacrgy of the
residual weckows for acetron
channel sember | in an
inclastic cheanel (¢V)

nY ISHIFT(Y) 13 Calculate shift for chansel 1?7 O=mo

l=yes

%30 LPENTID) 1 Caloslate peactradifities for ~ O=mo IO, this is & fiosion cheamel.

chasarl 1? I=yes I 1, this is & resction chesmel.
If there i more thea o chasel,
ECHAN(2) & i» colvsamn 3180,
ISHIFT(2) ia 41-45, LPENT(2) is
46-50, ECHAMN()) ia 5160, cxc.
10 As many as 1 1-10 SPINXI) Flo.1 (3) Spia for resomances in Inscger or half-imscger. postive  Use this aption if the sampie is pure
here are spn gromp 1 for cvem parity and megstive
sroups for odd perity
{b) Spin lactor g, for ot integer or half-imteger This option is afen wed whea several
resonasoes i growp 1 B0topes or contamiseats are p i
the sample; the value which should be
mecrted beee is the prodect of apis faceor
and isoinpic sbendence

11-1% NENTU)) 15 Number of catrasce chasachy 31 If you wish %o wec more thas three
for resomances i growp | channchs, picase contact N. M. Larsca

fiest.

1620 NEXT(1) [ Number of exit chanmch, »0 NENT + NEXT is the total ssmber of
exciuding the eatrance chasacs for this spis growp.
chasaehy

2128 LSPIN(L1) 15 Orbdital sagelar momeatem Tmteger

for chasacd | for resonances
mgrowp |

901
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Table VIA.1 Format of the INPut file (comtd)

Card Number Which

et of cards card s .
ia thes Sescribed Columas Variable Format Meaniag (uaits) Range of vahees Notes
set here

2%-30 CHSPIN(1,1) FS.0 Channd] spin for chansel |, Inicger o If option {a) for SPINJ 5 chosen,
group | half-mteger coasisteacy checks will be made t see

whether the various sagelar momcsta

can add wp properly. Iacomsisteacies will
result in warning mcasages, but will not
cause SAMMY to abore.

3140 ENBND(),1) Flo} Bouadary condition for
chasaci 1, group 1 (eV)

4143 LSPIN(2.1) 13 Ocbital angular mommentum for  Integer Card is blank in colemas 41-30 if there is
chaandl 2 for resosances wm oaly 1 chaasel (ic, f NENT=1 sad
group | NEXT=0)

46-50 CHSPIN(Z.1) Fsa Chassel spin for chasael 2,
group 1

51-60 ENBND(2.1) F100 Boundary coadition for
chanael 2, growp | (cV)

61-65 LSPIN(3.1) 15 Orbital angular momestum for Card is bixnk in colemes 61-30 f the.
chanael 3, growp are caly 2 chasarls (ic, if

NENT+NEXT = 2)
66-70 CHSPIN(3.}) Fsa
71-80 ENBND(3.l) Fiol
2ec Same as card | in this card sct, with the

Quantum sumbers appopriste for growp
wumber 2

LOT
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Tahle VIA.1 Format of the INPut file (contd)

Cand Number Whch
wt of cards ardy . 5
> this descnbed Columas Vanahle Format Mcaning (ssits) Range of valees Notes
et here
Alterauve At least ] 1) ] 3} Spin group 123 See the anthor if you wast more thas
wCad  twofor sumber 99
Set 10 cach spin
group
10 NENT()) 1 Number of catrance chanachs 123 NENT + NEXT & the wtal samber of
chaancls for this spis gromp. Scx the
author if you nead more thas 3 otal
s NEXT()) n Number of cxit chasaels. 1.2
cxcluding those whick are akso
16-20 SPINM)) FS.1 Spim for resoneaces ia group ] Iateger or kalf-macgers.
pusatzee for cven panty asd
acgatree for odd
20-30 ABNDNC(}) Fia.i sotopic abasdance for
they, spua growp

80T
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Tahle VIA.] Format of the INPut file (contd)

Card Number Which
set of cards ads
 ths descnbed Columas Varable Format Meaning (uries) Range of vahars
wt bere
2 b N n Charae) sumber 123
10 LPENTIND) n Caiculate peactrababity for O=no
chaasel N, spen growp J° 1=yes
1 ISHIFTIN.)) n. Calculate sift? O=mo
I=yes
1920 LSPIN(N.D) n” Orintal angeiar momentam integer. 20
2r-% CHSPININ.)) Fi0! Chasoc] span mteger or
half wteger
Nn-40 ENBNIXN.)) F101 Boundary condwtaon (V) >0
41-50 ECHAN(NJ) Fl101 E energy of resadual 20
ouchous 10 an inclastic chanoct
1ev)
Jetc Repeat card number 2
for a 10ead of
(NENT + NEXT) cards.
dctc. Repeat (Card t
and Card 2),
once for every
Spus growp.
last blank

601
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Table VIA.2 Alphasumeric statements acceptable for use in the [NPut file, card set 3

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
required; occasionally other information must be given in specific columns as indicated below. Characters shown here in lower case letters are optional in the INPut
file, but are included here for clarity. In the event that contradictory statements are included, the Iast to appear is the instruction which SAMMY will honor.
Default instructions need not be included explicitly. Options which are described ~for debug purposes™ should generally be avoided, since coasiderable output is
generated thereby, especially on large jobs.

Category Default Statements Notes
Tnput Control X DATA COVARIANCE 1S Diagonal
DATA HAS OFF-DIAGONAL coatribution to covariance 3 and b are specified 2s DCOVA and DCOVB in the INP file. card set pumber 7
matrix of the form (a + b EXa + bE) in Table VIA_L
DATA COVARIANCE FILE is named YYYYYY.YYY Substitate your own fike name for YYYYYY.YYY in columas 31-40. See Table
VIC.2 for the format for this file.

X ADD CONSTANT TERM To data covariance These three statements refer to the option of adding & comstant to the data
DO NOT ADD CONSTANT tcrm to dats covariance matrix, both on- and off-diagonal, over the energy region in which the
covanianc: effect of the (noa s-wave) resonance is feil. Magnitode of this constant is specified
USE DEFAULT FOR CONStant term to add to in columns 68-80 in the parameter file, for cach resonance. For the third option,
data covariance the defauh value of this constant is set at 1.E-6 for cvery noa s-wave resonance.
DATA IS IN ODF FILE The data file, whose name you specify cither on-line or in your batch file, is in

ORELA Data Format.  Section 1 contains energy, 2 the daia, and 3 the (absolute)
uncertinty. See Sect. VI.C aof this report for details.

IGNORE INPUT BINARY covariancx filc Your I"ARameter filc specifics that the parameter covariance matrix s kept on a
binary file. For this particular run, however, you wish to pretend that there were
no previous runy generating sach a file imstead you wish to use the large (ideally
00) uncertaintics that indicate 0o prior knowledge of parameter values.

X USE ORIGINAL SPIN GRoup format See Card Sets 9 and 10 in Table VIA}
USE NEW SPIN GROUP Format

1Tt
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Table VIA.2 Alphanumeric statements acceptable for use in the INPut file, card set 3 (contd)

Category Default Statements Notes
Output Control X DO NOT PRINT ANY INPut parameters

PRINT ALL INPUT PARAmeters

PRINT VARIED INPUT Parameters Resosances for which 0o parameters arc flagged will not be printed. Usc this
option for direct comparison with output parameters, which are always printed in
this mod

X DO NOT PRINT INPUT Data
PRINT INPUT DATA

X DO NOT PRINT THEORETical values Often these are availsble in the ODF file (see Table VIIC.1) so they need not be
PRINT THEORETICAL VAlues printed in the LPT file.

X DO NOT PRINT PARTIAL derivatives

PRINT PARTIAL DERIVAtives Use this option oely for debug purposes.

X DO NOT SUPPRESS INTErmediate printout Updated parameter valucs and covariance matrix ciements are printed afier
compietion of cach caergy region.

SUPPRESS INTERMEDIATe printout Updated parameter values and cm.c. arc printed only wpea completion of eatire
n.

DO NOT SUPPRESS ANY intermediate printout Updated parameter values are printed after cach iteration of Bayes' equations (ic.
typically twice for cach energy region). Updated covariance matrix clements are
evaluated and priated only upon completion of an energy regioa. This option is
generally used oaly for debag purposes.

X DO NOT PRINT DEBUG Information

PRINT DEBUG INFORMATion Use only for debug purposes.

X OUTPUT COVARIANCE MAtrix in binary form The parameter covariance matrix is output in binary form ia a scparate file whose
name is SAMMY.COV. (See Section VILB.)

DO NOT OUTPUT COVARIance matrix in binary form This option is no Jonger available.

X DO NOT USE SHORT FORmat for output

USE SHORT FORMAT FOR output Resonance perameters arc peinted in the LPT file (Sectioa VILA), 2 F12.4 format
rather than E format While this may produce more legibie omtput, often fewer
significant digits will be printed.

X DO NOT PRINT REDUCED widths

PRINT REDUCED WIDTHS

Reduced width amolitudes will be printed in the LPT file (Section VILA), aloeg
with the square root ¢ the resomance esergies. That is, what is printed is the “»-
parameters™ as describod in Section HI of this report.

(AN



V'IA UOT3IDag

Td

£ abegq

Table VIA.2 Alphanumeric statements scceptable for use in the INPut file, card set 3 (coned)

Catcgory Defanh Statcments Notes
Oyperation Coatrol X SOLVE BAYES EQUATIONs Updatc ps valucs and via Bayes' o
DO NOT SOLVE BAYES Equatioas Parameters arc aot updated, bt remaim fixed  Th | valwes of
of crom sectwos are cvalsated for ench cooryy repow spoafacd, wsiag thox fued
X DO NOT DIVIDE DATA (a0 regions - do eature

energy raage at once

DIVIDE DATA INTO REGwas w th a fixed eumber of data
POWALs per regron

SAMMY wil sutomatcally chome energy regroms of NEPNTS (sec card ser 2.
Table VIA.1) data posts each, for sequeatial analyss. Warnlag SAMMY merely
cousts: it Cocs not cossider carefully whetber the diviing posst s focated ™ &
regron where the theoretical valwes (« or T) arc noahaesr with respect © the
parameters.  Dividiag v such a locanon (at or sear a resossace) will invahdate the
1 wsed w denvmg Bayes' » asd thes lead to spunoes
resalts.  Users are urged to wse this optios caly on the “zercth pass.” 23 an ad @
decading where to divade the dats, and aot for fizal runs

X BROADENING IS WANTED
BROADENING IS NOT WAsted

If you do st wish w have SAMMY Doppler- or k brosdcn the th 2
valees, be sare to remowe card sets § and 6 (sce Tahie VIA 1) from the INP file.
as well as ciude this card.

X USE ORIGINAL GRID FOr broadening
at end ponts
USE EVEN GRID FOR BRoadenng
at end ponts

The ongnal asnllary gnd, as used v MULTL had cght porats withea a few
resolutos wwkhs ples axght pans withm a fce Dopplcr waiths of both EMIN asd
EMAX, for use w broademing the cross sechon or tramsmisnon at the emd pomts.
(Sec Sect. IV DY) The evea gnd wses datapowts owrsade [EMIN.EMAX] or, of
your DATa file coctams a0 such points, cocrgy pomats chosca at the samc rekative
spacing as in your data.

X USE NEW DEFAULT FOR uacertamty on
FESORANCT CNCTEICS

USE ORIGINA® DEFAULT for uncertamnty
On resonance coErgcs

Poor chosce of words - “NEW™ 1 23 of April 1931° At agy rate. the defauht instial
uncertamty AE , on resosasce caergy £, = gives by

AE = [iT+ 3 T . +d+r]

3

where d and - are the Doppler and resoly wrdths, resp 1y, evabuared at £,
and where the jon mctedes only de chaset

Caveat For large s-wave resomances (I'n 3 | keV) this wacertsiaty will be too
large and Wil cause SAMMY to grve bie results.  Occasioeslly this may

happen cven for smaller resocamces. To avod thes problem. impwt escrgy
uncertamtses expheitly via Tahle VIB I, last card set, first altersative

The ongwal defank 1 AE, = 0% £ . or AF, = FUDGE®E, «f you choose 10 set
a value otber than 10% (soc Table VIB I, card set 2). It i highly recomoseaded
that you de st use this option.

€1l
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Table VIA.2 Alphanumeric statements acceptable for use in the INPut file, card set 3 (contd)

Category Defanlt Statements

Notes

Operation Control X D0 NOT USE S-WAVE CUTOFF
USE S-WAVE CUTOFF

Noa s-wave resonances far away from the data being analyzed are omitted in
pacrts of the cakulation of the R-matrix The definition of ~far away™ used in
seiting the partial derivatives to zero is

JE-EP0(D L +EN+3(d+7)

c

where d and 7 are Doppler and resolution widths, respectively.  The definition of
~far away" for the contribution to the imaginary part of  ts 100 times that for the
derivatives; contributions to the real part of 7 are always included.

For s-wave resonances, the user may choose whether 10 use a similar catoff. i a
cutofl is desired, its value is twice that for non s-was ¢ resonance.

Cautioa: Though SAMMY will run faster with the cutoff option invoked, resalis
may not be as accurate.

X DO NOT PERFORM SUMMAy analysis
PERFORM SUMMARY ANALysis

Evaluate and print the summed strength function and the correspoading covariance
mariz. Notee SAMMY s0ps upon compietion of this task

X LET SAMMY CHOOSE WHIch
wnversion scheme to use
USE (N+ V) INVERSION scheme
USE (1+Q) INVERSION scheme

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

]

Original method. Sec Section 11.

Sce Section 11
See Section 11LA.
Equivalem
Qatements See Section 111.C

AN
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Table VIA.2 Alphanumeric statements acceptable for use in the INPut file, card set 3 (contd)

Category Default Statuments Notes
ODF File X DO NOT GENERATE ODF file aytomatically The output ODF fike i3 described fully eisewhere {Table VIIC.1). To completc all
control GENERATE ODF FILE AUtomatically | equivalent sections of this file requires (1) initialization; (2) run SAMMY without solving
GENERATE PLOT FILE A jcally Bayes' equations to obtain th ical values & incd by the input parameters:
3) solve Bayes' cquations to obtain updated parameter valoex and (4) obtain
theoretical values determnined by the updated parameters. That is, the ODF file
requires an initializatwa plus three complete passes throagh SAMMY. The aption
to GENERATE ODF (or PLOT) FILE AUramatically does all this busy-work for
you. If you don't care to make any plots, by all means doa't bother with this!
ODF FILE IS WANTED--XXXXXX.XXX.ZERO-th These statements are all ignored if you choose to GENERATE ODF FILE
order guess automatically. To ucs these options, replace XXXXXX XXX (columns 21-30)
ODF FILE IS WANTED-XXXXXX.XXX,FINAl with the name of your ODF file. Be sure that fik already cootains cnergics and
guess data (Sections 1, 2, 3, and possibly 6 and 7; see Table VIIC.1).
X DO NOT INCLUDE THEORetcal uncertainties

n piot file
INCLUDE THEORETICAL uncertainties in plot file

The covariance matrix clement coapecting theory point 7, with point 7, is

aT, o,
ka auk hl du,

where M, is the covariance matrix ciement coanccting parameter u, with

P i, The thx ical uncertainty on theory 7, is the square roct of the
diagonal element; that is,
T, T,
AT} = 3— .
' o ouy & 3u,

The values AT, are reposted in sections 10 and 11 of the ODF file.

RPTI
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Table VIA.2 Alphanumesic statemests acceptable for wse in the INPut file, card set 3 (comtd)

Category Ocfault Statemeats Notes
Requests for CHI SQUARED 1S NOT Waned cquvalemt Remember that 1n Bayes' (a3 opposed \o lus:m) x° % an irelevast quaminty
output that DO NOT PRINT LS CH! squared statements and 5 fore not cven d If. b . ¥ou wish to know its valwe.
nccessitate you may request that it be generated  For each emergy regon,
addinwaal -
calculstions X DO NOT PRINT BAYES Ch squarcd x}s=Z(D,—T XV~ ")(D,—T)
.
X CHI SQUARED 1S WANTEd equivalent & calculated. and x’and x’/NDAT (where NDAT 5 the sumber of data poats m
X PRINT LS CHI SQUARED statements tha( region) are reported.  Note that we do #of report x*/dol. where dof = degrees
of freedom = NDAT-NPAR (where NPAR o the sumber of parameters ), siace
PRINT BAYES CHI SQUAred with Bayes' method dof car be zeto or negative.
In addition to x’. the quantity we choose to call the Bayesiaa x* may alo be repocted.
where
x3=3(D,—TXN~V),(D,~T)
y
Caveat Theoretical values T, are gencrated wuiag the values of the parameters
prioe to analyss of thes energy regron.
X DO NOT PRINT WEIGHTEA resaduals equivalent Two types of werghted resdduals may be pnated  The least-squares werghted ress-
X DO NOT PRINT LS WEIGhted revduals statements dual ©s defined 33
X DO NOT PRINT BAYES Weghtod residuals RE=(V"")%(D,—-T)
PRINT WEIGHTED RESIDuals l cquivalent where D 1 the capenmental data, ¥ its covanance matrix. and T the thearetcal
PRINT LS WEIGHTED REswduals j slatements value cvaluated at the wunial valocs of the parameters  The Bayesuan weightod
PRINT BAYES WEIGHTED resxduals ressdual is defived as
RE=Z(N+V) ' (D,~T)
7
where
v E oT, M T,
Vi = ]
o O du,
and M, s the s’ matnx ek for o ma0d
X DO NOT PRINT ANALOGOus MLBW parameters Analogous multievel Brext-Wigner (MLBW) parameters are defined a3
PRINT ANALOGOUS MULT:lsve! Brest- X
Wigner parameters EYLBW = RN — h (S.—B.ni
= purtche chamnris
and
Turan =T3FY+ b v
¢
where "RM™ refers to the Rexch Moore parametens as determined by SAMMY
Sec Secton 111 B2
X DO NOT PRINT PHASE shifts

PRINT PHASE SHIFTS For wput patameicrs

ap1T
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Table VIB.1 Format of the PARameter file

Note: All integer formats (e.g., 12, I5) require that the numbers be in the right-most columns.

Similarly, all exponents on E formats {e.g., 1.544E+05) need to be in right-most columns.

Card Must Number Which Venable
sel ths of cards card N
wibe i the . Colurmn it Format Mecaring (Units) Valoes Notes
present set this
! Yo As many as you Any of 1-n ERES or E, Ell4 Resonance cnergy E (V)
need {number of them except
resanances, the last
plus onc)

12-22 r Ell4 Gamma wdih {mili<V)

23-33 T Ell 4 Particle width for chanoel 1 If any T is negatrve. SAMMY will use
{mulli<V) I T for the width and set the

associated amplitude y 10 be negative.
That is, MY will use

7= — x| where x s the
appropriate fa “tor (see Sect. TILALb).

3-44 | El4 Particle width for channel 2
{muli<V)

45-55 | Y Ell 4 Partxcle wadth lor channel 3
tmilli<V)

56-57 1Sians 12 vary ERES? OD=mno 1 ™= yes

58.59 IS, 12 Vary I™? O=no 1 = yes

60-61 IS, 12 Van T, * 0=nol = ys

62-63 IS, 17 Vary I,;” 0=mna | = yes

64-65 1S, 12 Vary [,* 0=no | =yes

66-67 IGROUP 12 Quantum aumbers for ths
resonance are those of group
number IGROUP (see card set No.

10 in Tabk VIA1)

68-80 DCOV E134 Coanstant on-and-ofl diagonal data Usually these columns are blank, naless
covariance 1o be used under ths the option “ADD CONSTANT TERM
resonance To data covariance™ i invoked. (Sex

Tabie VIA 2). DCOV should be &

(AdY, where Ad is the (absolute)

uncertainty oo data sear this resonance.
last onc blank It 1s OK to omit this card if this is the

end of the file.

LTT
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Table VIB.1 Format of the PARameter file (coatd.)

Card Must Number Which Vanable
sel this of cards card Name . .
set be 10 the “ Column Format Meaning (Urits) Values Notes
present set this
2 Yes f 1 1 (8] FUDGE Ell14 Imtial uncertainty on vaned >0. For resonance encrgy E,, the isxtial
any adds- parameters is FUDGE times If =0, SAMMY uscs uncertunty is set at 1/2 times the sum
uonal card the parameter value, for FUDGE=Q1} of all widths inchading Doppler aad
sets are parameters sol exphcitly resalution widths). The valoe of
present specafied elscwhere. FUDGE will not affect AE,
3} No At least 3 Atmost | First Few WHAT AS Alphanumerc indicator of EXTERnal R-function Oaly the first five characters must be oo
(NGROUP x what input follows parameters follow the card, but the rest might as weil be o
NCHAN) +2 that you know what's coming.
2 1-3 IGROUP 13 Spn group oumber 1.2.3. NGROUP
45 ICHN 12 Channel number 1.2. _.NCHN If ICHN =D bere,
SAMMY assumes ~1
616 ES™ F Loganthmx singulanty P in the logarthmae p
below cacrgy range (eV) 1zatwon of the external R-matrix for
quantum aumbers o { = [GROUP.ICHN),
17.27 E” F Loganthmic singulanty of the form
above encrgy range (eV)
28-38 Ra. F Coestant term RME)=Rom st Rin s XE
39-49 Ru ¥ Lincar term -
~sdof(EP —EE-E*=)]
$0-60 s F Cocflicrent of loganthmc 20
1erm
62 ISE*™ u Yary E % 0=0ng ! ™ ys
64 ISE* n Yary E,* 0=ng 1l =yes
6 ISR n Vary R.? 0=ncl=yes
68 ISR, n Vary R,..” O=nc, 1 = yes
n 1Ss, n Vary s.? O=no 1 = yes
3 ete Just hke 2 Iaciude oaly those spin groups and
channels for which you wish
perametize R™ ia thes way.
Lawt blank

8T1
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Table VIB.1 Format of the PARameter file (contd.)

Card
set

Alternative
‘o
L)

Must Number Which Vanavle
this of cards card Name ' ;
st be  the " Column Format Meanmng (Unsts) Values Notes
oresent et this
No Atlemat 3 At most | First Few WHAT AS Alpharumenc indicator of R-EXTemal Caly the first five cCharaciers must be oo
(NGROUP x what nput follows panameters follow the cand, but the rest enght as wedl be so
NCHAN) + 2 that you know what s cooung
2 12 IGROUP 12 Spn group tumber 1.2.3,. NGROUP
3 ICHN n Chansel number L2....NCHN I ICHN =0 bere,
SAMMY assumes ~1.
. ISE,"™ It Vary £ O0=na1] = yes
5 ISE,> 1] Vary E,** 0=pa | = yes
& ISR, n Vary Lol 0 =nq | = yes
7 ISR n Yay R’ 0=po ] = yes
8 1S I Va v 3.’ 0 =po | =yes
9 1Ss... 1 Vary st 0=101=ys
10 ISR,. {] Vary R..” 0O=no | = yes
11-20 E F Loganthmic singulanty Parameters in the Jogantlunic parameter-
below energy range (eV) 12308 of 1be externsl R-matny for
Quantum agmbers a (=IGROUPICHN).
21-30 E.* F Loganthmic sngulanty of the form
above energy range (V)
3140 Ron. F Coastant term RYNE)=Regunt Ryna¥XE
+R, ,XE?
4-50 [ 3 Lincar tesm (cV') R'-’
- wp — fdown
5160 Yone F Coastant coeflicrent of »0 S AT —E2TT)
B tem ~(Scomat SuaaXE)X
61-70 b Linear ceflicrent
ot of logarhmx lnl(E,,"—E)ﬂE —E:"")'
term {eV')
71-80 R, F Quadrauc term (eV %)
Include caly those spin groups and
1 2
3, ete. Just hke channcls for which you wish to
parametize R*™ in this way.
Last blank

eT7



Table VIB.1 Format of the PARameter file (cantd.)

Card Must Number Which

g°IA UOT309S

Yanable
sel this of cards card Name
st be 0 the « Column Forma1 Meaming (Units) Vahses Nates
present set this
4 No ] 1 First few WHAT AS alphanumenc wdicator BROADening parameters only the first five characters
of what cames next (exc.) may be vaned are required
2 1-'0 CRFN F matching radius{ F) >0 Al ux of these parameters appear
n the INPut file, card sets S and 7 of
11-20 TEMP F effective temperature Table VIA ). However, if card set 4
of the sample(K) appears 10 the PARamer file, values
-3 THICK F sample thackness(at/b) given 10 the INPut file will he ignored
3180 DELTAL F fight path uncertainty(m)
41-50 DELTAG F FWHM(us) of Gaussan resalu-
tron functson whose vanance
15 equivalent w that of the
square pulse
51-60 DELTAE F e-folding width of expooen-
ual resolutioa funcuon (us)
~
= 62 INBRIDX1) 1 vary CRFN? -lor0=po, 1=yes A negative value bere wndacates that
the value of thus parameter s changed
64 IVBRIDX2) 1 vary TEMP? -1 or 0=na, 1=yes from carber runs; oaly thoss parameters
which are not vaned may be chaaged tn
66 IVBRD(Y) 1 vary THICK? -l or 0=no, 1=yes thrs fashon.
8 IVBRIX4) 1 vary DELTAL? -l or 0=no. 1=yes
20 IVBRIXS) 1 vary DELTAG” -1 or 0=po, 1=yes
n” IVBRDX6) 1 vary DELTAE? -l ot 0=00, l=yes
3 (blank)

9 abeg
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Table VIB.1 Format of the PARameter file (contd.)

Card Must Number of Which Varabic )
set ths cards in card Name I .
oroal v
ot be the et - Columa F Meanmg (Units) slves Notes
present thes
No 4 1 fint few WHAT AS alphasnumerx UNUSEd bat At most exght unwsed
dhcator of coerelated varables are allowed.
what comes vanables Sec the author of you
aext come pext oced more.
M 1.5 NUSED(1) AS mame of first Parameter files comtaiming thas
unused vanabic card set are acver generated
chrectly by a weer: rather, they
11-18 NUSEDx{ 2) AS name of second resall from wnag the code
unused vanable SAMADD or SANMIX. Sex
Sectioa X for details.
n-1 NUSED(8) AS aame of eighth
o wnused vanable
3} 1-10 UNUSED(1) F valee of first
A
-0 UNLUSEDA2) F value of secont
uaused vanable
11-80 UNUSED(B) F value of eghth
4 (blank)

121
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Table VIB.1 Format of the PARameter file (contd.)

Card

Must
thas
set be

Number of
cards 1
the set

Which

card Columa

Vanable

Farmat

Meanmg (Uaits)

Valoes

{fire
ahernative)

Al jeat 2

L Furst few

WHAT

Alphasumenc indicatae of what comes aext

EXPLIcR uacertamties
aad correlatoas follow

610

10-1s
1620
21-30

NN
MM
KK
LL
vv

b
s
15
15

(a) To explintly input the mmtial (or pnor) uacertasty om resomamce
P find the ber of the (ic. coumt kioes ia card set §1
w this file) That sember s NN~ and goes is column 1-$, nght-sdjusted.
The value of MM (ar columas 6-10 1 1 of the psrameter of wterest is E_ 2 if
T30 T, 4T, e KK and LL are zero.  VV then represests the
shaohuse valee of the inty for this o the same worts as the
parameter rtaclf

(b) To caplictly mput the pnor uncertamty oa R-extermal parameters, set
NN = (1000 plws IGROUP), where IGROUP i the group number  Let
MM = 1 for E*= . 2for E;° 3 for R__ 4 for R asd 3 for 1. all for
chanacl 1. (For channel 2. MM = 6, 7, 8, 9, and 10 respectively; for larger
chassel surmbers. post keep adding S ) The absolste valee of the waccriaimty
on that perameter s YV

(c) To expbatly mput the pnor eaccrtainty oa broadeamg (eic) parameters,
wt NN=2000 + a, where 3 = t for radius. 2 for effective temperature, 3
for sample thuckmess, cic (sce card set $4. MM o urelevamt bere) The
absolute uncertamty on (Sat parameter is VV.

(d) To caphcitly wsput lati b the oe two
parameters, let NN and MM iadhcate the firt paramcter. as i (a), (b), or
(c) above. The sccond paramcter is indacated by KK asd LL (asalogows w0
NN aad MM, resp ty) The ¥ coefficcest s thea give by VV.
Note that —1 € VV € +1

34, et

Repest card §2 as many benes as you wasl

thes card may be omitted
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Table VIB.1 Format of the PARameter file (contd.)

Card Must Number of Which Variable
wt ths cards @ cand Name ing (Units Valwes Notes
et be the 21 & Columa Format Meaniag ( )
presest thes
last No At least 2 1 First few WHAT AS Alphassmeric mbcator of RELATive uncertamnes
(secned what comes mext follow
aheraat —
) 2 1-11 RUNCS(L.1) Ell¢ Resoaance cacrgy. exactly as
i appears i card st ) above
12-22 RUNCS(21) Elle Relatrve uncertaiaty oa >0
31N RUNCS(L.Y) End Relative uaceriaiety on T, 0
“-u RUNCSI(4.1) Elle Relative unceriamaty oa 30
Fa
45-$% RUNCSIS,1) E1ta Relative wacertanty oo T, »0
56-66 RUNCS(6.1) Eil & Relatwe uacertataty oa T, >0
67-68 JUNCS(L.Y) 12 Flag specafying whether to use = | [usc refatrve wacertamty
thes waccrtamty for ERES e by RUNCS(21))
=0 (e3¢ SAMMY defanh)
-0 JUNCS(2.))} 12 Flag to use ths uacertamty =1 {use RUNCS(3.1)]
for T, =0 (usc dcfanit)
n-n JUNCSt) 12 Fhagfor I, =} {use RUNSC(4.1)]
=0 (3% dcfank)
374 JUNCS(4,1) n Flag for T, =1 [use RUNCS(5.1)]
=0 (use defanlt)
7576 JUNCS(5.1) 12 Fhgfor T, =1 [use RUNCS(6.1)]
=0 (wse defank)
34 et Repeat card 2 as many
tunes as aceded
last blank thes card may be apwred.
lan No ' \ first few WHAT AS Alphasgmenc message COVARxact matrx u The owtput paramcier e
(therd benary form m amother file makes wee of thys alermative
alernauve) (See Table VIIBI)

\ddia)



VIl. OUTPUT FROM SAMMY

Output from SAMMY consists of five files, itemized in Table VIL1,

Table VII.1 SAMMY output flles

File Name Contents
SAMMY.LPT Descriptive output, to be queued to the lineprinter for examination,
+ SAMMY.10 Lists only the initial and final values of physical parameters.
SAMMY .PAR 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 file, Table VIB.1.
SAMMY.COV New covariance matrix for the parameters, in binary form.
Also new values for all varied parameters. See Table VIIB.1.
SAMMYA.ODF ODF file from which plots can be produced. See Table VIIC.1.
(optional)
Section VII

131

Page |



X.B. PROCEDURES TO FOLLOW WHEN YOU HAVE PROBLEMS
1. 1If SAMMY Bombs

a. [If possible, throw nothing uway and modify nothing!

b. Bring the author a listing of the LOG file (or, if 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, EMAX). 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. Fecl frec 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?
ili. 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.1.

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 encrgy-range™ option? 1f so,
SAMMY may have chosen to divide thc data very near a resonance. Sometimes this causes
problems. To avoid this, resubmit the job, choosing energy-regions carcfully (i.e., do not have
SAMMY choose them for you).

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

Section X.B R1 Page |
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Table XB.1. Possible solutions to some common problems

Problems that may occur during
4 SAMMY run

Possible solutions

(1) 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)

(b)
(c)
(d)

(a)

(b)
(a)
(b)
(c)
(a)

(b)
(c)

(d)
(c)

(n
(g)
(h)
(i)

Initial parameter uncertainties are too large.
Modify by using “EXPLICit uncertainties or correlations”
at the end of PAR file.
Too many parameters arc being varied.
Too few data points are used.
Sometimes this message can be ignored!
But do so at your own risk.

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.

SAMMY has a bugM

The PDP10 has had a bad day. Try again
tomorrow,
You are trying to analyze too many data points at onc time.
Use fewer points, or vary only the parameters of interest.
You mistyped a file name.

Your input did not properly describe the background.

Try adding more dummy reasonances, check if spin
groups are properly assigned, etc.

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

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

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

“DIVIDE DATA INTO REGions” landed in the middle of a
resonance. Change the number of data points, or better yet,
choose the regions yourself.

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

Your input contained errors such as misplaced decimal points.

Try analyzing any “sensitive™ energy segions first and/or last.

Initial parameter uncertainties are too big. This is especially
likely to be a problem for rcsonance energies.

Section X.B

R1 Page 2



XL.B USE OF TEMPORARY DATA FILES TO STORE INTERMEDIATE RESULTS

Output to and input from temporary files is a time-honored mcthod of saving core space at the
cxpense of runtime, Temporary files gencrated by SAMMY are listed in Table XIB.1, 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 thcse files.

Section XI.B R1 Page 1
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Table XIB.1 Files used by SAMMY

Segment (alternative umt ber) Segr (al wve unit ber, if different
Unit Number File Name Su:l:)uunu in which this file 15 written from the usual one) Subroutines i which What 15 stored Notes
this file is read
s teletype or many places MAS FILES, FIXNAM, see Table VID |
batch FILE2X
(log) file
11 INPut file MASFINP.NEW scx Tables VIA1 & VIA2
n SAM22.DAT MAS(22) NEW SETT.SET PAR.INPLINPFIL RDONE. copy of INPut fik sz Unit Numbers
HUH.RDBRD,COMBI.RDSPIN 22.23. and 24 (secood
sct thereof)
12 PARamcter file MAS FPAR see Table VIR1
PAR_FIRSTR PARFIL. READRS.PREAD.
READEX,BRDFIX,READDA.READUN,
READRE.READAB
1K} DATa file MAS FDAT see Tabic VIC |
ODF CHCKI13,READ!3
DAT SECNDR,DATFIL
14 SAMISDAT MAS ODFDAT J DATa file s ia ODF.
it s comed mito SAMIA.DAT
1 SAMMY-MASTER:ODFDAT
15 SAMIS DAT MAS FIXFIL for rewniting SAM16.DAT
and SAM19.DAT in order to
16 SAMI16 DAT MAS FILES FILE2X MAS FIXFIL equivalant of teletype input
PAR Man, FILES FILESX. (sec Table VID 1) for first acd
SRCH.ADDUP second passes through SAMMY
17 SAMI17 DAT MAS Man END Main Controls for whach pass through
END Main SAMMY 15 10 be made next
18 SAMIiE DAT MAS FINP.FILES FIXNAM, ODF(16) Main CHCK 16, opcraton costrol for
FILEX READ16 segment SAMMY-ODF
ODF(16) CHCK16
19 SAMI9 DAT MAS FILESFILEZX see Unit number 16 equivalent of teletype wipat renamed 10 SAMI6.DAT
for third pass through SAMMY w SAMMY.END
20 SAM20 DAT PAR Main DAT Man nformation from COMMON/ this file 1s the prmary com-
DAT Man THE Man EXPAND, and other mumcations hak between the
THE Main CRO Mann COMMON;S, dimensioas for vanous scgmeats of SAMMY
CRO Mann BROMain this problem
BRO Man FIN Mamn
FIN Man
2 SAMMY LPT aimost evershere never hoe pninter autput
22 SAMMYA ODF ODF FIXODF BRO THODF see Table VIIC |
23 SAMMYB ODF BRO THODF FIN VODF
24
28 SAMMYG ODF
28 SAM28 DAT DAT Maw.IDIMEN DAT Man array dimensions file s deleted
THE Man,IDIMEN THE Mamn for automatxcally after each use
CRO Main IDIMEN CRO Man increasing storage
MLB Man IDIMEN MLB Main
BRO Man IDIMEN BRO Mam
SET Man.IDIMEN SET Man
NPV Main,IDIMEN NPV Mam
IPQ Main.IDIMEN 1PQ Man
FIN Man IDIMEN FIN Main

(A
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Table XIB.1 Files used by SAMMY (coatd)

Seg (alternative umt number, 1f duTereat

Scgment {alternative unnt ber) , .
Unit Number hile Name Subroutines 1n which this file 1s wntien from the usual onc) Subroutimes in which What s stored Notes
this file 15 read
22 SAM22.DAT MAS NEW.SETTSET PAR(11).INP2,INPFIL, a copy of INPut file, SAMMY-END renames these
3 SAM22 DAT RDONE.HUH,RDBRD, with changes appropriate for files so that the onc used
u SAM22 DAT COMBI,RDSPIN, the first, second and third in SAMMY-PAR s always
PREADREADEX passes through SAMMY called SAM22 DAT
p2} SAMMY 10 PAR FILES,OUT"A2, nowhere input and out values of
OUTVS parameters
FIN Main, OUTPA2,
OUTVS
26 SAM26.DAT PAR Main FIN(16).FILE2X . [ pans of SAMI6.DAT
26 SAM27 DAT FIN FILE2X copy of parts of SAM26.DAT renamed to SAM26.DAT
32 SAMMY PAR FIN OLDORD output PARameters (see Table VIB.1)
41 SAM4I DAT PAR SET41 FIN COMPAR imtal uncertainties
oo vaned paramcters
2 SAM42 DAT PAR RPARFL,BINALL PAR.SET41 ADDUP.QUTVS parameter covariance matnx
FIN WRCOV.COMPAR FIN-OLTVS
43 SAM4) DAT DAT EORDER THE.USET data and raw covariance matnx [Nl
4 SAM44.DAT DAT EORDER NPV RDATFL data and adjusted -
1PQ RDATF2 covanance matrix -
45 SAM4S DAT NPV SETVDT Fin.vODF theoretical uncertaintics
6 SAM46.DAT PAR ADDUP covariance matrix for summed
strengths
46 SAM46 DAT PAR.RPARFL.BINCOV PAR.OUTVR covanance matnx for these two files ahernate,
47 SAMA47 DAT NPV CHNGCV SET:Main u-parameters one holdiag the “old™
NPV SETEMG,CHNGYY,CHNGCV matrix, the other the “new™
IPQ CHNGC2 IPQ:STQPI,CHISE2,
CHNGX2,CHNGY2,
CHNGC2STPADD
FIN-WRCOV,COMPAR,
OUTVR
48 SAM48 DAT BRO RESOLU or BRO:OUTG parual derivatives
NORESO or NOBROA NPV-SETG
or TRANSX IPQRDATF2
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Table XIB.1 Files used by SAMMY (contd)

Segment (alternative unit number ):

Segment (alternative unit number, if different

Unit Number File Name Subroutines 1n which this file is wntten from the usual one)' Subroutines 1n which What 15 stored Notes
thus file 15 read
49 SAM49 DAT PAR.BETSET,BINALL SET.Main Miscellaneous information needed
NPV:Main WRITEU BRO.Main (FILCOPY) 1n SAMMY-NPV or SAMMY-IPQ for
IPQ. Main, WRITEU NPV.Main READU solving Bayes® equanons.
IPQ:Main READU
FIN:Main READU,WRCOV
49 SAMS9 DAT BRO.WR49 rename to SAM49.DAT
51 SAMSI.DAT BRO DOPPLR BRO:.TRANS or RESOLU intermediate steps dunng
or NORESO broadening
52 SAMS2.DAT BRO TRANS BRO:RESOLU(READGB) or partly-broadened
NORESO or NOBROA partial derivatives
52 SAMMY .COV FIN-WRCOV cutput covariance Sec Table VIIB.I
matrix, etc.
53 DCV file DAT:DATFIL dara covariance file
54 SAMS4 DAT CRO:WORK BRO.DOPPLR(READGB) or unbroadened partial
MLB WRITS4 TRANS or RESOLU(READGB) dervatives
or NORESO or NOBROA
5s SAMSS DAT BRO BROADN BRO'BROADN, TRANSX partly-broadened
partial denvatives
58 SAMS8 DAT NPV SETG.RDATFL NPV:SETVDT partial derivatives
IPQ.RDATF2 IPQSTQPI
59 SAMSY DAT NPV SETEMG NPV SETVDT MG = large array
62 COV fike dunng previous SAMMY run PAR BINCOV,BINALL initial valves of parameter See Table VIIB.1
covariance matnx clements, etc.
62 SAM62.DAT FIN-WRCOV FIN.WRCOV parts of covariance matrix
used only if radius
s varied

v1e



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-10 “CALL RUN?” option which allows a FORTRAN
program to initiate execution of another program. Thus SAMMY consists of |3 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.1 describes the functions of cach segment. Tree
charts showing the subroutine structure of the segments are available from the author.

Section X1.C R1 Page 1
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