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FOREWORD

The programs compared in this report are all designed to calculate
average resonance parameters from experimentally derived resonance width
data. These experimental neutron width data approximate to a Porter~Thomas
distribution of s-wave reduced resonance widths; in fact they include
p-wave resonances obeying different distribution functions, and are
distorted by experimental errors, adjacent peaks detected as single
resonances, and by missed resonances too weak for detection. The authors
of the codes have attempted to eliminate the effect of p-wave resonances
and experimental distortions, so as to define the Porter-Thomas
distribution which best conforms to the "clean" residual distribution of
reduced widths for s-wave resonances. The codes require a certain amount
of subjective judgement on the part of the user.

The statistics of a Porter~Thomas distribution are well-known and are
not difficult to incorporate into a computer code. The techniques for
estimating the effect of distortions are not so well-defined, and often
involve input parameters with only indirect physical significance, but
which nevertheless must be adjusted by the user to "optimise" the results.
The judgement'required for this optimization is much more easily applied by
the program author, who has an intimate knowledge of the coding, than by
the general user, whose understanding is based on the documentation
supplied with the code and his experience of running it. The present
exercise was suggested by the significant differences observed between the
average resonance parameters calculated by different laboratories using
different codes but the same experimental data. Pseudo-experimental data
sets were generated and average parameters calculated using nine different
codes run by their authors.

These first results were surprisingly bad; there was disagreement as
to whether the errors were caused by inadequate mathematical and numerical
techniques, or by misinterpretation of input data. A second stage of the
benchmark exercise was proposed, with a new set of artificially generated
resonance data, and followed by a workshop held at NEA Data Bank, where the
codes were discussed and some errors and inefficiencies eliminated.

A benchmark exercise can be said to be successful when all solutions
obtained converge towards a real but unknown result, or as in the present
case when codes give the ncorrect" solution to a fictitious problem which
is believed to be sufficiently realistic. The subjective parameter ad just~
ment in successive runs of many of the codes tested can only be reproduced
successfully by users other than the author if the code is well documented.
It is for this reason that the final "blind" runs of participating codes
were made by a physicist with no previous knowledge of the problem, who
was thus testing both the codes and their user documentation. :

The two codes made available for general distribution by their authors
both came out well in the comparison. They are BAYESZ by M. Moore of LANL,
and ESTIMA by E. Fort of CEN Cadarache. They can be obtained on request
from the Data Bank, as can also the two data sets used in the exercise and
generated by Dr. P. Ribon of CEN Saclay. Comparison runs using these data
could prove extremely useful in validating any new codes in this field.

The authors of the three articles describing successive stages of the
study are Dr. M. Moore, Mr. A. Thompson and Dr. P. Ribon. Data Bank parti-
cipants in the study were Dr. P. Johnston, Dr. E. Sartort, Mr. A. Thompson,
Dr. N. Tubbs and Mr. J. Vanne.
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LIST OF PHYSICISTS PROVIDING SOLUTIONS

First stage (Test cases 1A, 1B, 1C, SA, 5B, 5C)

M. Caner

H. Derrien

E. Fort

F.H. Frohner
H. Gruppelaar
Y.S. Gur
M.S. Moore

G. Rohr

H. Weigmann

Second stage (test cases Al,

SOREQ, Israel

CEN, Cadarache, fFrance

CEN, Cadarache, France

KFK, Fed. Rep. of Germany
ECN, Petten, the Netherlands
SOREQ, Israel

LANL, USA

CBNM, Geel, Belgium

CBNM, Geel, Belgium

A2, Bl, B2, Cl, C2)

E. Fort

F.H. Fréhner
H. Gruppelaar
Y.S. Gur

M.S. Moore

G. Rohr

H. Weigmann

CEN, Cadarache, France

KFK, Fed. Rep. of Germany
ECN, Petten, the Netherlands
SOREQ, Israel

LANL, USA

CBNM, Geel, Belgium

CBNM, Geel, Belgium

Third stage (Test cases Bl, Cl1, C2)

The codes of the following authors were used:

E. Fort, CEN Cadarache

F. Fréhner, KFK Karlsruhe

H. Gruppelaar, ECN Petten

ESTIMA

STARA

CAVECN

(the ECN version of the ENEA

Bologna code CAVE by M,

M. Moore, LANL, USA

Stefanon)

¢ BAYESX

(BAYESX was replaced by BAYESZ for
the third stage of the exercise)
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WORKSHOP ON THE DERIVATION OF

AVERAGE RESONANCE PARAMETERS

15th and 16th October, 1981

OECD Nuclear Energy Agency Data Bank, Saclay, France

Dr. M. Moore, Los Alamos National Laboratury, USA

I.  INTRODUCTION

: At the 1977 Specialists' Meeting on Fission Product- Nuclear Data in

Petten, the Netherlands (IAEA-213 (1978)), E. Fort pointed out a.signifi-
cant discrepancy in reported average resonance parameters. He concluded -
that the procedures used by certain evaluators must be of questionable
validity, because the derived average parameters, all using the same set of
input data, differed by a factor of two in some cases. Fort suggested that
the discrepancies in methods and procedures he had observed might best be
resolved by an international exercise using a set of input data that simu-
lated actual experimental data, but in which the true average values were
known. ‘ '

Such a discrepancy in average resonance parameters is not purely of
academic interest. The evaluation of average capture cross sections for
fast reactors relies on optical and statistical model calculations; these
use average parameters from the resolved resonance range as basic input.
An error of 10 percent (or a factor of 2) in the s.wave average spacing ‘is
often propagated linearly into the calculated average capture cross section
at higher energies. It is thus of considerable practical interest that the
methods used to obtain average parameters give reliable results.

At the 1979 Specialists' Meeting on Fission Product Nuclear Data in
Bologna, Italy (NEANDC(E )209"L"), Fort extended his comparison of methods
to several additional nuclides, showing that the discrepancies among these
methods seemed to be fairly general. At the same meeting, Ribon proposed
‘an . intercomparison of methods to determine average parameters from sets of
resonance parameters. The parameter sets would be generated, Doppler and
resolution broadened, and the resulting parameter set would be obtained
from the calculated cross sections, which would jnclude a statistical
fluctuation to simulate actual data. Ribon volunteered to organise and
evaluate the results of the exercise. Ribon's proposal was accepted, and
the parameter sets he provided were distributed through the four data
centres in September 1980. '

II. THE FIRST EXERCISE

The first exercise consisted of six data sets, three for each of two
representative fission-product nuclei. The two nuclei were to be characte-
ristic of a spin 5/2 target in the mass region A=150 and a spin 1/2 target




near A=100. In the flrst case, one might expect somewhat better agreement:

the s-wave neutron strength is rather large near A=150, so the input data
would be reasonably free from contamination by p.wave resonance effects.
The second case is perhaps representative of the most difficult problem to
be encountered; the s.wave strength is low, the p-wave strength is large,
and the low target spin suggests that the energy range to be considered is
large enough that at. the high-energy end of the range the s~ and p-wave
input data will be thoroughly mixed. Three cases for each nucleus were
supplied to permit systematic and random errors to be differentiated.

Nine physicists participated in the first exericse: M. Caner, SOREQ,
Israel; H. Derrien, CEN, Cadarache, France; E. Fort, CEN, Cadarache,
France; F.H. Frohner, KFK, Karlsruhe, F.R. Germany; H. Gruppelaar, ECN,
Petten, the Netherlands; Y.S. Gur, SOREQ, Israel; M.S. Moore, Los Alamos
National . Laboratory, USA;:-G. Rohr, CBNM, Geel, Belgium; and H. Weigmann,
CBNM, Geel, Belgium. The solutions were identified by the letters A to I,
assigned randomly, and are compared with one another and with the true
values in Tables 1 and 2 and figures 1 to 6. The results of this exercise,
circulated to participants in March 1981, came as a surprise te all who
were involved. For the difficult exercise (Table 1), the average parame-
ters reported differed systematically by up to a factor of two, and the
discrepancies were generally well outside the uncertainties assigned by the
participants. For the easier exercise (Table 2), the results were perhaps
even more disturbing: the reported average spacings agreed fairly well with
one another, within the errors assigned, but were systematically wrung.

Almost invariably, the reported values were too large by an amount that
exceeded the assigned uncertainty.

The éystematic-bias introduced into the results is caused by one of
the following: '

either (i) the physicist's mlslnterpretatlon of the output of the
codes, -

or - (ii) the physics and mathematics approximations incorporated
' into the coding.-

Ribon argues (NEANDC(E)213-AL) that (i).is the correct conclusion -~
the discrepancies were of the same order of magnitude for a variety of
different algorithms. Certain of the participants disagreed with this.
For example, Moore felt that the problem was related to correcting the
truncated Porter-Thomas distribution for overlapping resonances. Two
large, closely spaced resonances are likely to be counted as one extra
large resonance, especially at high energies.

Fréhner also recognised that the systematic discrepancy for the spin
5/2, A=150 nucleus in the exercise was due to resonance overlap and devised
a method of correcting the Porter~Thomas distribution for this effect
before applying the method of maximum likelihood in his code STARA. He
reported the modifications at the IAEA Specialists' Meeting on Resonance

Parameters of Uranium and Plutonium Isotopes, 28th September to 2nd October
1981.



The following comments can also be made:

a) Case 5 (Table 2 and Figures 4 to 6)

This is the simplest case of the first exercise, simulating a spin 5/2
target with A=150; the energy range spanned was 0 to 320 eV. The results
were reasonably consistent; the s-wave strength function was calculated to
within 1-3 percent and showed no systematic deviation; the spacings were
calculated with a dispersion of 1-4 percent, and were systematically about
7 percent too large. The systematic error was found to be due to levels
missed because of resonance overlap (Reference 1). If the various codes
were to be modified to take this effect into account (as was done by both
Fréhner and Moore, and presumably could be done by any of the partici~

pants), we expect that the solutions obtained by any method will give
satisfactory agreement within the limitations of the method. In other

words, this problem can be considered to be solved. Probably, 80-90 percent
of the cases encountered.in the analysis of real data are no more complex
than this.

b) Case 1 (Table 1 and Figures 1 to 3)

Perhaps this is representative of the most difficult problem one might
expect to encounter in the analysis of actual data. From Table 1, it is
seen that the s-wave strength function discrepancies are clearly related to
the energy range considered by the evaluator. If the whole range is consi-
dered, the solutions are found to be reasonably close to the true values,
but if the range is truncated, the solutions obtained are lower. As it
turned out, this is a real effect; the three sets of data generated by
Ribon were not statistically independent. However, it is much more diffi-
cult to explain the discrepancies in the s-wave average spacings. We had
thought that the discrepant results might be attributable to different ways
of applying Bayes' theorem in distinguishing s« and p-wave contributions
(the classic reference is not correct for this problem). But this seems to
be not the case; the application of Bayes' theorem appears to have been
done in an appropriate manner by the participants using it. There are, of
course, strong correlations between s~ and p-wave strengths and spacings,
and it is extremely difficult to trace the discrepancies to a single cause.

III. THE SECOND EXERCISE (Tables 3 to 5 and Figures 7 to 10)

Most of the methods do depend to some extent on the judgement of the
physicist using them, and in such cases it is not difficult to reconcile
the derived parameters with the true value a posteriori. Recognising this,
Ribon generated a second exercise very similar to the difficult nucleus of
the first exercise (I=1/2, A-100) but in three steps that supposedly would
- permit the participant to trace the deficiency in his method. Step A
consisted simply of a list of s-wave neutron reduced widths, the objective
being to determine the average value. Step B consisted of a complete set
of parameters as input data, undistorted by any kind of simulated experi-
mental broadening, statistical spread, or overlap. Step C consisted of a
set of parameters, similar to those supplied in the first exercise, that
simulated what would be reported in an actual measurement. This second
exercise was distributed to participants in June 1981, and formed the basis
for discussion at the Workshop held from 15th to 16th October 1981, at the
OECD Nuclear Energy Agency Nuclear Data Bank at Saclay, France.




Participants in the second exercise consisted of seven of the nine
physicists who had submitted earlier solutions; the workshop was also
attended by Dr. J.S. Story of the UK Atomic Energy Establishment at
Winfrith, The submitted solutions are compared with one another and with
the true values in Tables 3 to 5; the anonymity of the participants is pre-
served by arranging the results as in Tables 1 and 2. Numbers in parenthe-
ses in Tables 4 and 5 reflect discarded a priori solutions obtained while
the participants worked out the exercise but which were not reported until
after the true solutions were known. They reflect to some extent the de-
pendence of the method on the judgement of the users. ‘

All the methods used by the participants in the second exercise are
similar in that they are based on the properties of the reduced neutron-
width distribution; for s-wave neutrons this is basically a truncated
Porter-Thomas distribution, which may be modified to account for resonance
overlap. It seems to be widely recognised that while the Dyson-Mehta &
statistic (F.J. Dyson and M.L. Mehta, J. Math. Phys. 4, 701 (1963)) is
extremely powerful for nearly perfect input data, it is not a useful tool
for the determination of average parameters from realistic input.

However, even though all the methods are based on the same general
approach, they differ widely in implementation. At the workshop meeting,
the methods were categorised into two groups: those that require one or
several minutes on a high-speed modern computer, and those that take only a
few seconds. A brief description of each of the codes was given at the
meeting, and is summarised in the Appendix.

Although the participants were not aware of this, the Porter-Thomas
distributions were the same for cases Al, B2, and Cl, and for A2, Bl, and
C2. The s-wave width distribution for Al1-B2-Cl was a fairly improbable
one; it contained more large levels and fewer average-sized ones than a
typical Porter-Thomas distribution. While this should present no problem
to those methods using maximum likelihood (provided the truncation thres-
hold was not too high), the method of moments would be expected to give
much too large a spacing, and for step A, too large a value of the average

reduced width. This, indeed, proved to be so, and the effect persisted, as
expected, through all three steps.

Ribon expected step B to be easier than step C. The distributions in
step B were complete and contained no experimental effects, missing levels,
or resonance overlap. They were, however, mixed s~ and p-wave distribu-
tions, with no indication of any kind to permit the distinguishing of the
members of the two sets. For this reason, most of the participants felt
that Cases Bl and B2 were actually more difficult than Cl and C2; in step
C, the fitting codes used to provide "experimental" input data were able to
point out the largest p-wave levels with reasonable accuracy. Those
methods that do not use such information might be expected to be somewhat
less reliable.

The results of the second exercise are, unfortunately, still not
completely satisfactory. While the very large discrepancies observed in
the first exercise appear to have been eliminated, even the most elaborate
methods occasionally seem to show unexplained disagreements with the true

values of 20 to 30 percent for s-wave parameters, and up to a factor of two
in p-wave estimates.



IV. RECOMMENDATIONS

The time was too short at the Saclay workshop meeting to permit any
exhaustive study of the problem areas in the various codes. (Only one or
two tests could be run for any of the codes during the two-day meeting,
even though all the codes that had been submitted in advance were operable
at the NEA Data Bank.) A number of possible deficiencies in approach were
noted, however, for the participants to consider. It was agreed that two
steps should be implemented: (1) each of the codes, corrected if neces-
sary, will be submitted to the NEA Nuclear Data Bank, with a complete
. description and set of instructions for using it, and (2) the codes will
then be exchanged among participants interested in perfrming comparative
studies. It was noted that while the existing exercises serve as an
adequate benchmark for testing the codes, the degree of subjectivity
inherent in many of the methods can permit the user to get a right answer
with a deficient code if he knows what that answer should be. Therefore,
Ribon agreed to consider generating a third exercise that would be repre-
sentative of a wide range of input data to be encountered in resonance
evaluation throughout the table of nuclides.




i)

ii)

SUMMARY OF CONCLUSIONS

Stage 1

a)

b)

c)

a)

b)

The results calculated were much less accurate than expected. For
the easier test, the average parameters computed by different codes
agreed with each other within quoted errors, but were systematical-
ly wrong; for the more difficult case, the computed results dis~
agreed by up to a factor of 2.

There was disagreement over whether these errors were due to de-
ficiencies in the methods used by the codes, or in the interpreta-
tion of the numerical output.

The fact that the results were unexpectedly bad demonstrates the
importance of undertaking a benchmark test.

Stage 2

While the very large discrepancies observed in the first exercise
appear to have been eliminated, even the most elaborate methods
occasionally seem to show unexplained disagreements with the true
values of 20 to 30 percent for s-wave parameters, and up to a
factor of two in p-wave parameters.

Since all the codes have been run by their own authors, the impor-
tance of the subjective judgement required to interpret the nume-
rical output is not clear.

Reference

1)

F.H. Frohner "Level Density Estimation with Account of Unrecognised

Multiplets Applied to Uranium and Plutonium Resonance
Data". Contribution to the IAEA Specialists' Meeting on
Uranium and Plutonium Resonance Parameters, Vienna, 28th
September to 2nd October, 1981.



Appendix

DESCRIPTION OF THE METHODS

Perhaps the most elaborate of the codes is STARA, written by F.H.
Fréhner. It performs a maximum likelihood fit of the neutron width to a
composite distribution consisting of a weighted sum of two Porter-Thomas
distributions (for s~ and p-wave), and a p-wave exponential. An energy-
dependent, diffuse minimum detection threshold is also included in the
likelihood function. The two parameters automatically adjusted are the
mean s-wave neutron width and a quantity specifying the detection thres-
hold. The latest modification is the taking account of levels lost due to
unresolved multiplets; earlier versions of STARA were described in "Nuclear
Theory for Applications'", Trieste, IAEA-SMR-43 (1980), p.90, and at the
Bologna Specialists' Meeting on Neutron Cross Sections of Fission Product
Nuclei, RIT/FIS-LDN(80)1, NEANDC(E)209L (1980), p. 145. The modification
to account for resonance overlap was described at the Vienna Specialists'
Meeting on Resonance Parameters of Uranium and Plutonium Isotopes, IAEA, to
be published (1981). While in principle the STARA code should be capable
of determining p-wave as well as s-wave average parameters, only the s-wave
parameters were reported at the Saclay workshop meeting (Tables 3 to 5).

The code CAVE, by M. Stefanon, again uses the maximum-likelihood
method to determine the average value and threshold of a truncated Porter-
Thomas distribution for even-even targets. The threshold 1is energy-
dependent but sharp rather than diffuse, and no correction is made for
unresolved doublets. Under the assumption that D varies as (1/2J+1), an
estimate is also obtained for the p-wave strength. The code was modified
slightly by H. Gruppelaar and G. Delfini at ECN, to permit it to be used
for target spins other than zero; it is the Gruppelaar results, obtained
with the modified code CAVECN, that are reported in Tables 3 to 5. The
code was described by Dr. Stefanon at the Bologna Specialists' Meeting in
1979 (M. Stefanon, RIT/FIS-LDN(80)1, NEANDC(E)209"L"9 (1980), p. 161), and
Miss Delfini described the modification and some results obtained for a
large class of fission product nuclides at the same meeting (G. Delfini and
H. Gruppelaar, ibid., p. 169).

The ESTIMA code, used at Cadarache by E. Fort and H. Derrien, again
uses the maximum-likelihood method of determining the average value and
total number of resonances of a truncated Porter~Thomas distribution as a
function of the threshold; the solutions are generally found to exhibit a
stabilisation plateau, and are judged to be "most physical™ when this
plateau is reached. The truncation threshold is taken high enough to
exclude all p-wave levels, and the energy interval is restricted to exclude
unresolved doublets. The ESTIMA maximum-likelihood code was described in
several reports. (P. Ribon, E. Fort, Krebs, and Tran Quoc Thuong, CEA-N«-
1832 (1975); Tran Quoc Thuong, EANDC(E)-160AL; and E. Fort, Specialists'
Meeting on Fission Product Nuclear Data, Petten (1977)). It should be
noted that Fort's solutions to the second exercise were obtained not only
with the ESTIMA maximum~likelihood method, but also with the Keyworth-Moore
missing~level estimator with weighting factors of unity, and by least-
squares fitting of the s-wave distributions, described below. Judgement is
therefore required to decide how to weight the three solutions obtained.



The last of the codes that require a relatively large amount of com~
puter time is BAYESX, the Los Alamos code developed by M.S. Mgore. The
method of moments is used to determine the average value and total number
of levels of a truncated Porter-Thomas distribution. The method was first
described in a paper by Keyworth, Moore, and Moses at the Specialists'
Meeting on Fast Neutron Fission (ANL-76-90, NEANDC(US)-199/L (1976), p.
353), and was later extended by using Bayes' equations to modify the
weights in the various sums, which permitted the determination of p~wave
strengths and spacings. After the first exercise, the method was further
extended to account for resonance overlap. It should be noted that while
all parameters (d0,~SO, dy, S;) are reported, there is a parameter (the
threshold above which "all Heve s are assumed to have known s~ or p-wave
character) that is in practice used by the evaluator to give the appro-
priate s~ to p-wave spacing.

Weigmann's code performs a least-squares fit to the truncated distor-
ted Porter-Thomas distribution. In practice, the low-energy data are used
to determine the s-wave spacing distribution (this procedure is found to
give the least amount of p.wave contamination), then all the data above a
given threshold are fitted to give the s-wave average width. Finally, the
p-wave average width is determined by least.squares fitting of the diffe~
rence distribution to an appropriately (2J+1) weighted sum of Porter-Thomas
and exponential distributions, under the assumption that the p~wave spacing
is known (from the s-wave spacing). Judgement of the evaluator is used to
select the energy ranges and threshold levels that lead to satisfactory
values of chi.square in the fitting.

The MISDO code of G. Rohr uses Bayes' equations to eliminate p-wave
contamination of the observed input distribution, and then uses the
Fuketa-Harvey technique (Nuclear Instruments and Methods 33, 107 (1965)),
with an energy-dependent threshold, to obtain the corrected average value
and number of levels. Rohr's method was described in a paper by Rohr,
Maisano, and Shelley at the 1979 Bologna Specialists' Meeting (RIT/FIS-
LDN(80)1, NEANDC(E)209"L", p. 197 (1980)). It may be noted that the
Fuketa-Harvey method uses an iterative technique to correct the observed
first moment of a truncated Porter-Thomas distribution to the expected
first moment of the complete distribution, but no fitting procedures or
higher-moment information are used. The code of Y. Gur of SOREQ appears to
be rather similar to that of Rohr.

J.S. Story reviewed two codes in use at AEEW; the level density code
DBAR uses the Dyson-Mehta W statistic for just the first few levels; the
code LIPROB appears again to be similar to that of Rohr et al., and Gur, in
that it uses Bayes' equations on the integral truncated Porter~Thomas dis-
tribution to descriminate against p-wave 1levels and the Fuketa-Harvey
approach to correct the average value for missing levels. Story had not
completed the second exercise. His studies on the first exercise were done
a_posteriori, and the results not included in Tables 1 and 2.
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TABLE 3

Results for Case A in the Second Exercise

. . . o ] .
(Objective: to find the average value of Zan, treating the width

distribution as a truncated Porter-Thomas distribution)

Case Al
Theoretical 1.702
Value
True Value 1.91
A 1.91 + 0.25
B 2.12 + 0.19
C 1.98 + 0.28
D
E 1.89
F
H 1.91

Case A2

1.648

1.46
1.45 + 0.19
1.50 + 0.14
1.51 + 0.21
1.495

1.465
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