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ABSTRACT

This report documents the evaluation of the resolved
resonance parameters of iron isotopes 54, 56 and 57 in the
neutron energy region below 400 keV. Estimates of the
uncertainties in the resonance parameters and correlation
between the partial widths Fn and FY are given when sig-
nificant. Some details about the procedures used to
evaluate the resonance parameters, their uncertainties and
correlations are reported. This evaluation was performed
for the general purpose file of the Evaluated Nuclear Data

File (ENDF/B-V MAT 1326).






I. INTRODUCTION

This report documents the evaluation of the resolved resonance
parameters of the iron isotopes performed for the general purpose file
of ENDF/B-V MAT 1326.

The general purpose iron evaluations for ENDF/B-III and -IV in the
resolved resonance region, which went up to 60 keV, were based upon a
private communication of Storey (ST070). In 1975 Ribon and LeCoq
(RIB75) updated the resolved resonance evaluation of ENDF/B-IV mostly
on the basis of new data from Karlsrilhe. This evaluation was documented
and entered in the ENDF/A system under MAT 449. This evaluation was
available to us at the start of the work described in this report, which
was done in the period 1976 to 1977. The major motivation behind this
work was extensive sets of data from ORELA on the major isotopes S6Fe
and 5%Fe which became available. These included not only transmission
and capture data but also high resolution scattering data on natural
iron which allowed the determination of the spin and parity of resonances
in 56Fe having reasonably large scattering widths (an). In addition,
some new data from Karlsriihe were available.

The isotopic composition of elemental iron is: ©56Fe (91.66%), °“Fe
(5.82%), °7Fe (2.19%) and °8Fe (0.33%). Most of the emphasis was there-
fore placed upon the isotopes °Fe and 3“Fe. Since below 20 keV >7Fe
contributes an appreciable fraction of the capture in natural iron, it
was also looked at more carefully in the low energy region.

Since °%Fe is the most abundant isotope and the data were more com-
plete for this isotope, we analyzed them first. Some of the findings
from this analysis were exploited in the evaluation of the data for the
isotope °“Fe.

The major purpose of this report is to indicate not only the data
sources used but to give some reasonably detailed information on how the
numerical values were adopted. It is practically impossible to provide
all of the considerations which went into the evaluation process; it is
doubtful if these are of interest to many people. Some of the decisions
made appear very arbitrary and most of them were largely so. We hope,
however, that this document will be useful to some users of the file and



in particular to those who may want to update it at a future time. In
this evaluation an effort was made to estimate the uncertainties in the
resonance parameters including the correlations between the partial widths
Fn and FY when these are significant. This type of work has seldom been
done before and a special section of the report is devoted to its descrip-
tion.

II. 5bFe EVALUATION

A. Experimental Data Review

The three major data sets available to Ribon and LeCoq were:

1) A transmission measurement by Bowman et al. (BOW62). Some 40
resonances were analyzed between 170 and 650 keV. This early work has
poor resolution compared to the more recent data.

2) A capture measurement by Hockenbury et al. (HOC69). A total of
25 resonances were observed up to 130 keV, but only 12 of them were
analyzed for capture areas.

3) A capture measurement by Ernst et al. (ERN70). A total of 4]
resonances were reported up to 250 keV. This work was subsequently
reanalyzed by Frdhner in 1973 and 1974 (FRO74).

Other publications (BIL61, GAR71, ROH66) report only s waves in
transmission measurements below 250 keV. Early capture measurements
(MAC64 and MOX65) only report four resonances below 50 keV. From a (v,sn)
experiment on 57Fe Jackson and Strait (JAC71) assign spin and parity to
15 resonances in 56Fe (a 4% correction for recoil effects was applied to
the energy of these resonances given in the Data Review Tables in the
Appendix).

Three much more extensive data sets from ORELA were available to us
at the start of this analysis:

1) Transmission data up to 500 keV reported by Pandey et al.
(PAN75). The energy resolution is better than 0.1%. This allows the
narrow resonance energies to be determined to about 0.1%, but for the
large s-wave resonances their energy determination drops to about 0.3%.

With the exception of energy regions "blanked out" by large s-wave
resonances this experiment allowed the observation of resonances having



approximately the following scattering widths:

an > 1 eV for En < 100 keV

grn > 4 eV 100 < En < 200 keV
gr, > 10 eV 200 < En < 300 keV
gr > 30 eV ' 300 < E < 400 keV

From 24 to 400 keV 79 resonances were observed in this work and
values of an reported for them. Fifteen resonances could be identified
as s waves from the interference with the potential scattering.

2) Capture data up to 500 keV, with an energy resolution of 0.1% up
to 100 keV and 0.2% above were reported by Allen et al. (ALL76). A total
of 122 resonances were observed in this work from 10 to 400 keV. All but
three of the resonances seen in transmission could be seen in the capture
data. (The missing resonances are at 51.55, 55.37 and 182.25 keV.) One
resonance at 96.44 keV in the capture data was seen as a doublet in the
transmission data.

Up to 100 keV the capture areas reported in this work are in "good
agreement" with the results reported earlier by Ernst et al. (ERN70) and
Frohner (FRO74). However, above 100 keV many more resonances are clearly
seen and resolved in this work.

There are "slight" differences between the various energy scales of
all of the above measurements. These differences are not judged to be of
any consequence for any of the uses we anticipate for this evaluation.
Resonance energies reported in the capture data of Allen et al. (ALL76)
are systematically 0.1 to 0.3% lower than the energies reported by Pandey
et al. (PAN75). Because of intercomparison of resonance energies made at
ORELA at the time the transmission data were taken, we are inclined to
believe that the transmission data energy scale is more Tikely to be
correct. We have, however, no proof that it is so. We adopted the
absolute energy scale of the transmission data because most of the
resonance energies should be better defined in view of the narrower
energy resolution.

3) Elastic scattering angular distributions from natural iron from
20 to 500 keV with an energy resolution of 0.3% by Kinney (KIN76). This



unpublished work was performed using a technique described by Kinney and
Perey (KIN77). The experimental data consisted of excitation functions
at seven angles from 20 to 500 keV. The data were available to us in the
form of computer files of the Legendre coefficients up to L = 5 as a
function of energy. Between 80 and 400 keV all the resonances but one at
96.14 keV seen in transmission could be observed as "resonances" in

one or more of the Legendre coefficient excitation functions. Although
this work had much broader energy resolution than the transmission data
(PAN75), due to interference effects in the angular distributions of the
various partial waves, some of the resonances could be more clearly seen
than in the transmission data. The resonances at 72.98 and 215.6 keV,
for example, seen in capture but not in transmission, were clearly seen in
the scattering data.

The data were analyzed using an R-function formalism (PER76). The
characteristic interference effects in the Legendre coefficients as a
function of energy could be clearly reproduced using the resonance ener-
gies and the values of 9T, obtained from the transmission data analysis.
The theoretical shapes were very insensitive to values of the scat-
tering radius, boundary conditions and an but had very large sensitivi-
ties to the spin and parity assigned to each resonance. Except where the
levels strongly overlap, the assignment of J" values can be made by
inspection of the resonance shapes in the various Legendre coefficients.
The results of this analysis have been reported (PER77).

B. The Negative Energy Level

There were no new data in the Tow energy region since Ribon and
LeCoq's evaluation. Therefore, we made use of their analysis for the
negative energy level at -2 keV with Fn = 180 eV and‘l“Y = 0.64 eV.

C. The 1.15-keV Resonance

In fission reactor applications this resonance is most important
since it controls to a large extent the Doppler coefficient of reactivity
on stainiess steel. Again no new data were available since Ribon and
LeCoq's evaluation and we adopted the result of their analysis. In view
of the importance of this resonance, we reproduce in Table 1 the data
summary of Ribon and LeCogq.



D. The Higher Energy Resonances

A1l of the available data were compiled on a resonance by resonance
basis and these are given in the Appendix. A total of 126 resonances was
observed between 2 and 400 keV.

The next step in the analysis consisted in adopting values for the
neutron width, gT,, and the "capture area," anry/(Fn+FY), for each
resonance on the basis of the measurements available. Unfortunately, no
specific methodology could be developed to derive the "adopted values" in
a consistent fashion on the basis of all the measurements available. The
major reason for this difficulty was that we were not able to evaluate on
a consistent basis all of the uncertainties in the reported measurements,
although all of the papers were consulted. It is very seldom clear from
the papers what the uncertainties given correspond to and there is no
indication of how to propagate to the parameters the other sources of
uncertainties discussed but not included with the parameter tabulations.
The lack of a well-accepted methodology for estimating, combining and
reporting uncertainties in data is a major obstacle to the performance
of credible evaluations in general and in this work in particular. A
very subjective approach had to be used to obtain the recommended values
and their uncertainties based upon our experience with the types of
measurements in general, the specific information in the papers (graphs,
discussion, etc.), the method of analysis and our knowledge of the
facilities where the data came from. This approach led us to assign more
weight to the ORELA measurements since we were more familiar with them,
but our perception of the general quality of the data does not necessarily
agree with the authors of the data. There are two major drawbacks to
what we did: 1) the adopted values are not traceable, in many cases, to
the data available, and 2) we very likely failed to take properly into
account all of the information available. The adopted values are tabu-
lated in the Appendix following the data for each resonance.

The next step in the analysis was to consider the scattering data of
Kinney. From them the spin and parity of 75 responances could be deter-
mined. We obtained 15 s/2, 12 p'/2, 22 p32, 18 ¢*/? and 8 d*/? reson-
ances. For 71 of these resonances we had values of gT'  and grnry/(rn+ry)
and therefore could extract the values of Pn and FY needed for ENDF/B-V.



Three of the resonances seen in the scattering and capture data were not
seen in transmission. The resonance at 46.04 keV is just below the energy
where Pandey et al. started to see £ > 0 resonances. The two other
resonances at 72.98 and 215.6 keV could very well have not been seen
because of the large s-wave resonances at 73.98 and 220.5 keV. Since the
resonances are seen in scattering, they likely have large scattering
widths and we assigned to them a value of an equal to 10 eV, consistent
with the scattering data and not inconsistent with the transmission data.
For the resonance at 182.25 keV which was not seen in capture we can
assign only a value of Fn from the data. Although not consistent with
the capture data, since this resonance was not reported, its capture
width was set to the average value of FY for p-wave resonances.

For the remaining 51 resonances not seen in scattering, 45 of them
were only seen in the capture data. For these 45 resonances we had only
capture areas and an upper 1imit for the value of gI from the trans-
mission data. For the six resonances below 100 keV seen in both trans-
mission and capture, we can obtain values of an and gFY, but the statis-
tical weight g is unknown. A procedure is needed to determine values of
J", 1 and FY for these 51 resonances which are consistent with the infor-
mation available.

The often used procedure in ENDF/B evaluations is to adopt an
average value of FY which is then used for all the resonances. Various
theoretical considerations regarding level densities and level spacings
are then used to assign a value of J™ to the resonances. An estimation
of missed levels due to finite energy resolution in the experiments is

also performed and extra levels are added to those observed. These



considerations are very important when there is a need to describe the
cross sections above the resolved resonance energy region in terms of
"unresolved resonances" since the average values of the parameters and
their distribution laws are required. In the case of iron, however, by
extending the resolved resonance energy region up to 400 keV it seems
unnecessary, from the point of view of applications, to include an
unresolved resonance energy region. It appears adequate to describe the
cross sections above 400 keV in terms of average cross sections obtain-
able directly from the data.

Since there were no compelling reasons to perform an analysis of the
distributions of levels and all these resonances must have small values
of Fn, therefore small self-shielding effects, we developed a simpler
procedure. Whatever procedure is used, it must satisfy four basic

requirements:

1) 2 = 2 resonances should be assigned to resonances having large
capture areas because T& for d-wave resonances is larger than for p-waves
and also because they have larger statistical weights,

2) Since no correlations between values of Fn and FY are suspected,
the proportion of resonances with various J" values should be approxi-
mately the same as had been found from the scattering data.

3) The average value of FY for a given % should be the same as for
the resonances seen in the scattering data.

4) A11 of the values of an should be consistent with the fact that
the resonances were not seen in the transmission data.

There is no unique way of satisfying the above desiderata even if
we included additional theoretical considerations. In order to satisfy
the above requirements, we need to determine the average radiation widths

T& for each £ value.



E. Average Radiation Widths

A procedure frequently used to determine average radiation widths 1is
the "maximum 1ikelihood method" (i.e., to take the "sample average").
Since for all the resonances seen in capture and transmission we have
Fn >> FY the uncertainties in the values of FY are entirely determined
from the capture areas uncertainties and these were stated to be 10% with
few exceptions. Therefore, whether we take "weighted" or "unweighted"
averages we would get essentially the same results. For a small sample,
as is our case, the maximum Tikelihood method will only provide a correct
estimate if the sample is from a uniform distribution; we know on theoreti-
cal ground that this criterion is not met. One of the surprises from our
analysis is the fact that we do observe a fairly large dispersion in the
values of FY for resonances having the same £ value. As a compromise
between what we observed in our small samples and what we thought would
occur on theoretical grounds, we decided to eliminate from the averages
values far from either side of the mean. This is equivalent to using
Bayes theorem with a prior probability density function (pdf) which does
not have large "wings," which is consistent with both our current theo-
retical understanding and past practices in ENDF/B evaluations.

The 15 s-wave resonances between 2 and 400 keV gave an average value
of f& of 1.4 eV with a standard deviation of 0.6 eV. We shall not need
this value since we will make the extreme assumption that all s waves
were seen in transmission (i.e., there were no small s-wave resonances
missed in transmission).

For p-waves we adopted a value of T& = (.54 eV obtained by averaging
27 values of FY' We eliminated from the average three resonances for
which FY < 0.28 eV and three for which FY > 1.25 eV. There seems to be

a slight tendency for p]/2

the p3/2 resonances. We did not attempt to quantify this Tikelihood in

resonances to have larger values of FY than

view of the large standard deviation of 0.16 eV in the average.

For d-wave resonances we adopted a value of f& = 0.84 eV obtained by
averaging 23 values of FY (eliminating from consideration eight values
less than 0.45 eV). The standard deviation was 0.25 eV.



For 43 resonances we will use the above values of T§ as the value
of T and will adopt the standard deviations in T& as the uncertainties
in the values of FY for the individual resonances.

F. J" Assignments and Level Distributions

For 45 resonances seen only in capture, the assignment of J" values
is arbitrary since we only require A < gf&. We assigned to gFY the lowest
value of gFY consistent with the constraint A < gl“Y and also consistent
with the limits of ar, given on page 3. The assignment of the uncertain-
ties in the values of an will be discussed in Section VI.

The final results are given in Table 2. The final distribution of
%2 and J values obtained for resonances up to 400 keV is:

15 s]/2 resonances (a1l determined from scattering)
25 p]/2 resonances (12 determined from scattering)
44 p3/2 resonances (22 determined from scattering)
29 d?’/2 resonances (18 determined from scattering)
14 d5/2 resonances (8 determined from scattering).

The distribution in energy of these levels is shown in Figs. 1 and 2.

G. Remarks

The results of this evaluation were previously reported (PER77),
but several transcription errors were discovered in the table which was
published and these are corrected in Table 2 of this report. Two of the
data sets which we have used in this evalution (FR0O74) and (ALL76) have
been reanalyzed by their authors (FRO77) and (ALL77). However, the
results of this work were already incorporated in ENDF/B-V when these
corrections were made available to us and will have to be considered in
a revision of this evaluation together with new data. Although some of
the changes made in the data base we have used are significant for some
of the resonances, the overall effects should be minor for most practical

applications.
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III. ©S“Fe EVALUATION

A. Experimental Data Review

The most extensive data sets available to Ribon and LeCoq were from
Beer et al. (BEE75). The transmission data, from 5 to 290 keV, yielded
12 s waves but two of them, at 159.0 and 230.2 keV, have since been iden-
tified as non-s waves. Only four & > 0 resonances below 60 keV could be
analyzed. In the capture data seven s-wave resonances were analyzed up
to 190 keV and 23 & > 0 resonances up to 130 keV. Above 130 keV three
more & > 0 resonances could be identified but were not analyzed. These
data sets had an energy resolution of about 0.5%.

Four less extensive data sets were also available to Ribon and LeCoq.
The transmission data of Bowman et aZ. (BOW62), from 90 to 500 keV, had
an energy resolution between 0.5 and 1%. Twelve & = 0 resonances were
analyzed up to 400 keV and eight £ > 0 resonances between 160 and 400 keV.
The capture data of Hockenbury et aZ. (HOC69) identified four resonances
below 60 keV, only two of which were analyzed. Two other reports (BIL61
and GAR71) deal with s-wave resonances below 180 keV.

Two extensive data sets from ORELA were available to us at the start
of this work:

1) Transmission data up to 500 keV by Pandey et al. (PAN75). The
energy resolution of these data is not better than 0.1%. Below 160 keV
this experiment allowed observation of resonances with neutron widths

such as:
a, > 1 eV En < 25 keV,
an >5 eV 25 < En < 80 keV, and
gr,, > 25 eV 80 <« En < 160 keV.

Not as many small resonances can be seen here as in the 5¢Fe data.

In energy regions "blanked out" by large s waves, & > 0 resonances
having larger values of grn could have been missed. Above 160 keV a
general statement about the minimum neutron width required for & > 0
resonances to be seen is difficult; due to the two large s waves at 174
and at 192 keV the region between 160 and 220 keV is "blanked out"
almost completely to observation of & > O resonances. Above 220 keV a
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neutron width, an, of at least 100 eV is necessary for a resonance to
have been observed. Between 7 and 400 keV, 16 s-wave resonances and 35
2 > 0 resonances were analyzed. Two & > 0 resonances at 173.9 and 213.6
keV could be seen but no estimate provided for an. Above 160 keV the
R-matrix fit to the data is very poor.

2) Capture data up to 500 keV by Allen et al. (ALL76A). An energy
resolution of 0.1% was claimed in this experiment. The energies of most
s-wave resonances were taken from the work of Pandey et al. (PAN75).
Between 3 and 400 keV, 16 s waves and 114 & > 0 resonances were analyzed.
The 53 resonances observed in transmission (PAN75) were also seen in the
capture data.

With the exception of six resonances below 70 keV, which had very
small capture areas (less than 0.08 eV), the authors assigned values of
an to all the resonances which had been seen in capture only. These
values were needed by them to perform self-shielding corrections and are
not always consistent with the Timits of 9T, given above. We have shown
these assigned values of gr, between quotation marks in the tabulation
of the Appendix.

The capture areas given by Beer et al. (BEE 75) are systematically
10 to 20% larger than in this work by Allen et al. (ALL76A).

The resonance energies of these capture data are in better overali
agreement with those of Pandey et al. (PAN75) than was the case for 56Fa,
Below 200 keV the differences are less than 0.1%. The differences above
200 keV are slightly larger, but in view of the difficulties apparent in
the transmission analysis we do not think that for this nuclide there is
any sufficient justification for adopting the transmission data energy
scale as was the case for °tFe.

As we did for 56Fe, the experimental data were tabulated for each
resonance and where experimental data were available we adopted a value
for an and the capture area, grnry/(rn + PY). Considerations for
adopting the numerical values were similar to those explained for S6Fe.
The results are tabulated in the Appendix.
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B. S-wave Resonances

The s-wave resonances can easily be identified by their interference
with the potential scattering in transmission data, provided an js suffi-
ciently large. From the available transmission data, 16 £ = 0 resonances
have been identified for which we can get the required ENDF/B parameters
En’ Fn and FY. We made no attempt at identifying % = 0 resonances with
small values of Fn which could have been missed or identified as 2 > 0
resonances. The average value of FY of 2.2 eV, with a standard deviation
of 0.8 eV, was obtained using 13 of these s-wave resonances. We ignored
in the averaging three resonances for which FY was larger than 5 eV.

€. & > 0 Resonances

The major difference with °6Fe is that, for S“Fe, many more reso-
nances have no experimental determination of ng and there are no scatter-
ing data to assist in the assignment of J" values. There is some theoreti-
cal justification for believing that °%Fe and >®Fe should have large
similarities as far as the radiation widths are concerned. Therefore, we
would expect that T& for d-wave resonances is approximately twice the
value for p-wave resonances. The procedure adopted to arrive at a set of
recommended values for the resonance parameters, for & > 0 resonances, was
what we may call a "hybrid one," the final results being obtained in a
stepwise fashion when information gained at each step could be exploited
in the next one. The first step consisted in obtaining values of an and
gFY for as many resonances as possible on the basis of the experimental
papers. Some criteria were then developed to assign J" values for all the
resonances on the basis of gI‘Y values and the capture areas. The next
step consisted in extracting values of FY for p- and d-wave resonances.
These average values were then used to assign an values for the remaining
resonances.

1. Determination of some of the‘gI‘n and gFY values

i. Resonances seen in capture and transmission data
For 35 of the 114 & > 0 resonances observed in capture we have
values of gr, based upon transmission data. From the capture areas we can
then extract values of gFY for these 35 resonances.
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ii. Resonances below 210 keV seen in capture data only

Below 210 keV 38 resonances were observed in the capture data
but not seen in the transmission data. Allen et al. (ALL76A) assumed
values of grn for these resonances, no detailed justification being pro-
vided for these assignments. We reviewed these assignments for consis-
tency with the fact that they had not been seen in transmission, and they
were found to be fully consistent. We therefore adopted these values of
gy From the values of 9T, and the capture areas we extracted values of
gl . Since for these resonances an >> gFY the values of gFY obtained are
essentially the capture areas.
| There are six resonances, all below 70 keV, which have very small
capture areas, from 0.003 to 0.075 eV. For these resonances it is very
likely that an << gI‘Y and therefore we could only obtain values for an
which are approximately the capture areas. We adopted Allen et al.'s
assignment that these resonances were 3/2+ resonances, extracted the values
of Fn and assigned to these resonances as values of FY the value of T&
found subsequently for d-wave resonances.

iii. Resonances above 210 keV seen in capture data only
Above 210 keV there are 41 resonances seen in capture data but

not observed in transmission. To these 41 resonances Allen et al. assign
a value of gr, equal to or Targer than 100 eV. We did not agree entirely
with these assignments because of their distribution of widths. After
considerations of the transmission data we retained the assignment of 100
eV for 14 resonances and adopted half the value assigned by Allen et al.
to nine others. For these 23 resonances an >> gFY and therefore the gI‘Y
is approximately given by the capture area.

It is reasonable to assume that a large fraction of the 41 resonances
not seen in transmission have values of ng anywhere between 0 and 100 eV.
For the 18 remaining resonances the values of an will be later assigned

with this assumption in mind.

2. J" Assignments
At the completion of step 1 we had estimates of gFY for 90 of the
114 ¢ > 0 resonances. We tried to develop a rule to assign J™ values on
the basis of the values of gFY only. QOur gqal was first to obtain
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approximately a factor of two between T& of p-wave and d-wave resonances
and also approximately the same proportion of resonances having different
values of J" than had been obtained for 56Fe. It is clear, however, from
comparing the values of gI’Y for the two isotopes that they tend to be
higher for S*Fe. The following procedure satisfies our two conditions

approximately:
gFY < 0.75 eV corresponds to p]/2 resonances (g=1)
0.75 < gFY < 1.5 eV corresponds to p3/2 resonances (g=2)
1.5 < gl“Y < 2.5 eV corresponds to 43/2 resonances (g=2)
)

d5/2

gFY > 2.5 eV corresponds to resonances (g=3).

The distribution of J" values which this procedure yielded was 21
p]/2 resonances, 30 p3/2 resonances, 22 d3/2 resonances and 17 d5/2 reso-
nances. The "sharp cut-off" criteria we used above is not realistic, but
from a practical point of view the outcome would essentially be the same
whatever "smooth cut-off" we used unless we took very asymmetric wings to

the distribution of widths.

3. Computation of T&

We now attempted to calculate values of I'_ for p and d waves to
complete the assignment of values of Fn, FY and J7 for the remaining 24
2 > 0 resonances (six below 70 keV for which we need values of FY and 18
resonances above 210 keV for which we have as yet no estimate of an or
J" values). Although at this stage we had estimates of J" and gFY values
for 90 resonances, we have varying degrees of confidence in the values of
gFY. The strongest justification for the gl“Y values we have is for
those assigned in step 1.1. The values of gFY obtained at step 1.i1 should
also be less arbitrary than those at step 1.ii1.

We eliminated from consideration in determining the values of T&
three results obtained in step 1.1 because of their large values of gFY
(4.9, 5.2 and 7.2 eV). All gI‘Y values obtained in step 1.ii were used in
computing T . However, we found a justification for keeping only six of
the 25 gTY values obtained in step 1.iii: the resonance at 213.5 keV was
seen in transmission but not analyzed; this indicates that its value of
gry, is much larger than gFY which is then approximately the capture area,
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independent of the value of gr,- For five resonances between 275 and 400
keV Allen et al. had assigned values of an of 300 eV or more. We suspect
that these large values of an were probably made on the basis of the
larger width of the observed peaks in the capture data for these reso-
nances compared to the other ones. This could be because they are unre-
solved multiplets or because these resonances have larger total widths.
We chose this later explanation to argue that for these resonances
an >> gPY and therefore the capture area is a measure of gFY and is
independent of grn.

The average value of FY and its standard deviation for p-wave reso-
nances calculated over 44 resonances was:

T& = 0.52 + 0.13 eV
For d-wave resonances the result calculated over 26 resonances was:
T = 1.0+0.2¢eV
Y

In the case of °%Fe we had used the standard deviations as an "uncer-
tainty" on the radiation width of resonances for which we used f&.
Because of the weak justification for the J" and gFY values used in the
case of 5%Fe for calculating the values of f& we decided to assign an
uncertainty of 0.17 and 0.3 eV to the radiation widths of resonances for
which we will use the above values of T& as values of FY.

4. Determination of the Remaining ar, and gFY Values
As previously mentioned in step 1.ii, for the six resonances below
70 keV which have very small capture areas we used the 3/2+ J" value sug-
gested by Allen et al. and therefore took 1.0 + 0.3 eV as their radiation
width.

For the remaining 18 resonances left over from step 1.iii, above 210
keV, we used for values of FY one of the average values of T_ obtained in
step 3. For any resonance we must have gFY greater than or equal to the
capture area. This eliminated some possible values of gT& for most of
the resonances but only provided a Tower 1imit on gI' which we could take.
We assigned to each resonance the J" value which was the Towest consistent
with the capture area, and determined T, on the basis of consistency with

the capture area. The values of an obtained by this procedure for the
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18 resonances fell in the range of 3 to 65 eV with 80% of them in the
cange 3 to 30 eV. These values of an are consistent with the trans-
mission data.

5. Level Distribution

The final level distribution obtained for the 114 2 > 0 reso-
172 3/2 resonances, 37 d3/2 resonances
and 19 d5/2 resonances. This distribution of levels among the different

nances is: 23 p resonances, 35 p
J" values is very similar to the one obtained for StFe.

As a check on the results which our overall procedure yielded, we
compared the cumulative numbér of levels of each J" value with the
theoretical estimates given by Ribon and LeCoq. The results are shown
on Figs. 3 and 4. We find the agreement with the predictions of Ribon
and LeCoq quite remarkable in view of the fact that we did not exploit,
although strictly speaking we should have, the theoretical information
considered by them.

D. Final Results

Table 3 summarizes the conclusions arrived at in our analysis for
the resonances of S4Fe. Below 50 keV we provide an estimated uncertainty
on the resonance parameters including the correlation coefficient when
substantially different from zero. Above 50 keV we indicate the uncer-
tainties in the value of Fn only when the values of an were obtained from
the transmission data.

E. Remarks

The data of Allen et al. (ALL75A) which we have extensively used
were reanalyzed to improve the estimates of the capture areas for s waves
(ALL77). The evaluation had been incorporated in ENDF/B-V when this
reanalysis became available to us.

IV. 57Fe EVALUATION

A. Experimental Data Review

For this iron isotope very little new data were reported since the
evaluation of Ribon and LeCoq. The major change in the data base is that
we had available some data which had been only available to Ribon and
LeCoq in preliminary form and one set of data was reanalyzed. For
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completeness we will give a review of the complete data base available to
us and indicate in what way it differs from what Ribon and LeCoq used.

Four early publications (MIL59, MOX65, G0066 and MAC64) reported on
five or fewer resonances below 50 keV. Two other publications (BIL6T,
GAR71) deal only with the s-wave resonance at 6.2 keV. The value of Fn
reported by Garg et al. (GAR71) for the 6.2-keV resonance, based on
transmission data from natural iron, is a factor of 5 larger than other
determinations and was ignored. The capture data of Hockenbury et al.
(HOC69) gives value of Fq for three s-wave resonances and capture areas
for eight 2 > 0 resonances.

The most extensive data sets come from KFK:

The transmission data of Rohr and Miller (ROH69) were initially
analyzed for the large resonances only. From the graphs in the publica-
tion Ribon and LeCoq estimated values of ar, for 19 2 > 0 resonances
which could be seen clearly up to 120 keV. These data were subsequently
analyzed by Beer and Spencer (BEE75) and their values of gr, differ sub-
stantially from those estimated by Ribon and LeCoq for the 11 £ > 0
resonances they reported upon.

Preliminary results from a capture measurement by Spencer and Beer
(SPE73) were available to Ribon and LeCoq. The data were published in
final form (BEE75) with capture areas extracted for seven % > 0 resonances
up to 110 keV.

The data base considered is tabulated in the Appendix on a resonance-
by-resonance basis.

B. S-wave Resonances

Because °7Fe has a spin of 1/2, & = 0 resonances can have a J
value of 0 or 1. The assignment of the J value was based upon the value
of the peak cross section of the resonances.

We have an experimental determination of the value of gr, for all of
the s-wave resonances but capture areas for only nine of them. We assigned
the average value of FY of 1.5 = 0.5 eV obtained from seven of the measured
capture areas (ignoring two resonances having small capture areas, 0.55 and
0.5) to the 2 = 0 resonances for which we had no capture data.
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€C. & > 0 Resonances

Twenty-nine resonances with £ > 0 have been identified up to 120
keV. To all of them an 2 = 1 value has been arbitrarily assigned. For
2 = 1 resonances we can have values of J equal to 0, 1 or 2 with corres-
ponding g values of 1/4, 3/4 and 5/4. '

Only nine of the reported 29 2 > 0 resonances have both measurements
of an and the capture area. MWe can therefore only extract values of grI
for these resonances. Assuming that FY is independent of J, we used the
following criteria to determine the statistical weight of these resonances:

g = 5/4 when gPY is larger than 0.55 eV,
g = 1/4 when grY is smaller than 0.2 eV, and
g = 3/4 for intermediate values of gFY.

The average value of FY and its standard deviation for the nine resonances
is 0.57 + 0.14 eV. For the remaining 21 2 > 0 resonances the spins were
left the same as assigned by Ribon and LeCoq and the above average value
of FY was used.

D. Final Results

The recommended values of the resonance parameters are given in
Table 4.

V. ©°8Fe EVALUATION

58Fe js a very minor isotope in natural iron and plays an insignifi-
cant role in the applications for which the general purpose file is used.
However, the capture in °8Fe sometimes plays an important role in activa-
tion measurements. It has been the tradition in previous versions of
ENDF/B to incorporate, for consistency purposes, the special dosimetry
evaluation of the isotope 58Fe into the general purpose file. This tradi-
tion was maintained in ENDF/B-V and the 58Fe isotope evaluation was pro-
vided by Mann (MAN77).
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VI. COVARIANCE FILES

In ENDF/B-V the resonance parameter data (E, Fn’ FY and 2, J for each
resonance) are entered in a "file" identified as MF=2. There is also the
possibility of entering information concerning the "uncertainties" in the
resonance parameter data in two different “files,” MF=32 and MF=33, called
covariance files. The covariance file MF=32 is used to represent the com-
ponents of the uncertainties affecting only the parameters of each reso-
nance (i.e., excluding uncertainties which are common to several reso-
nances). This latter information is entered in the covariance file MF=33.

For MAT 1326 in File MF=33 we have indicated a systematic uncertainty
of 10% (based on the ORELA data) in the capture cross section, fully corre-
lated over the complete energy range of the "resolved resonance energy
region," 155 eV to 400 keV. This uncertainty applies to the sum of the
capture cross sections of all the isotopes, weighted by their natural
abundances, and is independent of self-shielding and Doppler effects.

We shall now describe the information in File MF=32 and how it was

generated.

A. Resonance Energies

There is no provision in ENDF/B-V for representing a "systematic
uncertainty" in the resonance energies (i.e., we cannot give the covari-
ances of the energies of the resonances. The standard deviations of the
resonance energies in Tables 2, 3 and 4 were used to generate the data in
File MF=32.

B. Partial Widths Fn and PY

As mentioned above, in File MF=32 we indicate only the components of
the uncertainty which are independent for each resonance. These components
may, however, affect both the numerical values of'Fn and FY for a resonance
in a systematic fashion. We need to communicate the extent to which we
know independently the values of Fn and FY, specify their variances and
how well we know jointly their values, and specify their covariance.

We shall now indicate how the covariance matrices of Fn and FY were

generated.
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The two basic sources of data for estimating an and gFY were the
transmission data which were analyzed to obtain the estimates of an and
the capture area data, A. The basic relation which was used to extract
information from the capture areas was:

AT oa o (M)

We need to consider the several different ways in which the relation
was exploited to generate values of gFY and/or an.

CASE 1. Resonances seen in capture and transmission data. We had
both experimental determinations of an and A. In this case we had
estimated uncertainties in both gq] and A.

j. If A << an, then the capture area is essentially a direct measure-
ment of FY' The relation (1) simplifies then to:

the relative uncertainty in FY is the same as in the capture area and the
covariance of Pn and FY is almost zero.

ii. If A and an are comparable in magnitude. The data are consistent
if an > A, and we may extract using (1) a value for gFY which is positive.
In this case, however, we have a large negative covariance of Pn and Fy.

To simplify the notation let us write:

x = gr and y = or, . (3)

Then from relation (1) we have:

%’= %"]; ’ (4)

from which we can extract a nominal value for y (i.e., gFY). In order to
estimate the uncertainty in y let us differentiate (4) and we get:

y -2 (5)
Let us square (5); we obtain:
2 A2 2 2 dAdx
d§4 = dAu + diu - TRZx2 . (6)

We now take the expectation value of (6) over the joint pdf of A and
x and assuming that the transmission data and capture data are independent
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we get:

N /<dA2> ' <C|X2>

<dy2> =y \__A_r-r —X"‘ ) . (7)

For relation (7) we know all the terms in the righthand side to
calculate the variance of y.

In order to get the covariance of y and x, <dxdy>, we multiply (5)
by dx and again take the expectation value over the joint pdf of A and x
and we obtain:

yZ
<dxdy> = - 3» <dx?> . (8)

CASE 2. Resonances seen in capture data only. We only had the cap-
ture area A and an upper estimate for the value of gr, - The problem is
now completely undetermined if we consider the relation (1) as the only
basis for estimating both an and gry. We then exploited information
obtained in case 1 and theoretical considerations. We compared the value
of A with the different values of gT& obtained for the several values of
g and decided to take the Towest value of gFY consistent with the con-
straint‘gT§ < A. We also decided to take the variance in gT& as the
variance for gI' for these resonances. It is then possible to use rela-
tion (1) to extract the value of an. We now consider the assignment of
the variance of an, <dx?>, and the covariance of an and gry, <dxdy>.

Relation (6) can be rewritten:

b - Qe dn . 2 (9)
but when we take the expectation value of (9) over the joint pdf of A and
y we can no longer drop the term <dAdy> since the value of y was to some

extent dependent upon the value of A.
If we multiply the relation (5) by dy, we obtain:
dAd dy? . dydx '
Az'y = iz + {2 . (10)
We now substitute the value of dAdy obtained in (10) into (9) and
take the expectation values:

<dx2> _ <dﬁi> _ <d§2> _ 2 <«dydx> (1)

X" X2y
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Relation (11) has two unknown constants <dx?> and <dydx>, but these
are not independent since the covariance <dydx> must satisfy a constraint.
It is convenient to rewrite (11) by introducing the correlation coefficient
C defined as:

«dxdy> = C JRIXS<dysSs (12)

and to introduce the notation:

‘o <dx?> | Lo . <dy?> | <dA2>

X = oY = Vi A'2 = I - (13)
The quantities x', y' and A' are the relative standard deviations of x,
y and A. With these notations (11) now reads:

V2 1 ' 12 P2

EY +ecd X @)y -@q) =0 . (18)

The relation (14) was the basic equation used for obtaining x' and
from it <dx?> once a decision had been made concerning the correlation
coefficient C. In the case 1 we had uniquely obtained some correlation
coefficients. It was observed that if we plotted them against _KX they
lay almost on a straight line. Due to the symmetry of the relation (14)
in 9T, and gl“Y it was decided to use the line determined above as th%
basis for assigning the correlation coefficient C as a function of _Kﬂ'
Then equation (14) was solved for the largest of the roots x' verifying
that the final result was consistent with the fact that the resonance had
not been observed in transmission.

For several resonances where we had very small capture areas,
A << 1 eV, the capture area is a measure of an and the correlation coeffi-
cients were set to zero. The assignment of the g value is then completely
arbitrary.

There is a provision in ENDF/B-V for communicating the uncertainty
in the g value. Due to the organization of the formats this can only be
done by assigning a variance in the value of J, the total angular momentum
of the resonance. We can also provide covariances of J and of Fn and of
FY. In principle this information is needed to properly estimate the
uncertainty in the Doppler coefficient and the self-shielding effects.
In this evaluation 56Fe is the main isotope and we did have scattering

data to assign the J" values of the larger resonances. Therefore, the
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decision was made to assume in file MF=32 that the J" values of all the
resonances were perfectly well known.

VII. CONCLUSION

We believe that the description of the iron cross sections below
400 keV 1in ENDF/B-V is a considerable improvement over the one in
ENDF/B-IV, and over its revision by Ribon and Lecoq, due to the more
extensive and presumably more accurate data base used.

In ENDF/B-V the multi-level Breit-Wigner formalism (GAR75, DES78)
is to be used with the resonance parameters given in this report. A
correction term based on measured total cross sections must be applied
due to the deficiencies of the multi-level formalism. The correction
term placed in File MF=3 was based on the ENDF/B-IV evaluated total
cross sections. The effective scattering radius in ENDF/B-V is 5.0 fermi.

As pointed out earlier, some of the data relied upon in this work
were corrected by their authors in significant ways very shortly after
this work was completed and therefore were not as accurate as we thought
at the time of the evaluation.

A major weakness of this work, which we believe is common to most
if not all works of this type today, is the fact that very little of the
evaluation work per se was performed in any formal way. It is not fully
clear what are the specific assumptions under which the values of the
parameters we recommend in ENDF/B-V are justified. In our opinion we
have not been able to exploit in a rational fashion all the information
which we think was obtained in the experiments. We perceive that such a
goal could in principle be achieved, but that in practice it may only be
approached. In only very minor ways were we able to partially "correct”
or modify the data we used in this evaluation in the Tight of information
we had which was not available to or used by the authors who reported the
data originally. We think that more attention will have to be devoted to
this aspect of evaluation work and to its implications upon the way exper-
imental results should be reported. This would be necessary to achieve
maximum usefulness of the data and to substantially improve the credibility
of the recommendations made.
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.55 .06

.68 .07

.54

.33 .03

.84

.30 .03

54

16 .02
1

95 .1

.54

.82 .08

95 .1

.67 .07

.70 .07

.60 .06

.54

.75 .08

.54

.33 .03

.54

21

1-
5+
3-
3+
1+

3+
3+
1-
3+
5+

1-
3-
3+
3+
1-
1+
3-
1-
5+
3-

3-
3+
5+
5+
3-
1+
3-
5+
3-
1-

1-
3-
5+
3+
1-

1-
3-
1+
3+
3-

3+
3+
3+
3-
1-

3-
3+
3-
3-
1-

(S &)

C

56Fe Resonance Parameter Evaluation (cont.)

A

(eV)

—_

— ot —d

.53
.21

.60
.98

.04
.13
.69
.95
.45

.19
.27
.39
.33
.40

.16
.64
.21
.32
.00

.62
.67
.51
.84
.14

.80
.24
.53
.08
.54

.68
.26
.0

.58
.30

.20
.32
.0
.69
.47

.54
.79
.26
.32
.60

.42
.46
.30
.65
.30

AA



306.
310.
314.
317.
321.

323.
331.
334.
340.
344.

348.
349.
353.
355.
356.
356.
362.
362.
366.
370.

373.
377.
378.
380.
386.

388.
393.
398.

O —wW CIWWOWON OTNBEOW NGO WPh—MNo~N OO0t~

(keV)

Notes:

Table 2.
AE T AT
n n
(eV)
.3 .32 .08
.2 38. 5.
.2 28. 5.
.0 6500.  1000.
.3 2.5 1.5
.3 .28 06
.3 320. 50
.3 1.7 .7
.2 125. 5.
.2 47. 4,
.2 120. 8.
.2 27. 4.
.2 20. 4.
.3 .36 .
.3 1.17 6
.5 3600.  300.
.5 6700. 500
4 45, 5.
.5 7. 4.
.5 .50 .15
.5 4. 3
.5 3. 3
4 25. 3.
b 10800. 2000.
.5 46. 5.
7 5. 5.
.5 34. 4,
7 4, 4

29

r. () g
Y
{eV)
.54
.43 .04
.89 .09
.6
.84
.54
27 A3
.84
.35 .14
.57 .06
.59 .06
.49 .05
.76 .08
.54
.54
10 .21
30 .32
56 .06
54
.54
.67 .07
.6
.5
.51 .05
.54

2J1

When T . is set equal to the average value of FY

O 0

W VW

56Fe Resonance Parameter Evaluation (cont.)

C

(S5

.95
.95

—

0.84 eV for d-waves) the uncertainty is not quoted (see text).

Spin and parity were assigned from an R-function analysis of the elastic

angular distribution.

An arbitrary value of FY = 1.0 eV (instead of the average value of 0.84 eV)

e \D )

PO =t —t —1

—_—

AA

Notes

= 0.54 eV for p-waves and

was assigned in order to obtain a small value of Fn since this resonance was

not observed in transmission.
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(keV)

.097
.64
.48
.18

.26
.01
.19
.64
.21

.21
.39
.10
.15
.09

.53
.62
.54
.00
.35

.45
.67
.75
.70
.14

.17
.08
.35
.20
.65

.66

¢ & s e e e s e e a4 e s x = e s s
PROMOTO RN et e ed e md od ed o ood d —d i

AE

.003
.10
.01
.01
.01

.02
.02
.03
.03
.03

.04
.04
.04
.04
.05

.05
.05
.05
.06
.06

.06
.07
.05
.08

.08
.08
.08
.09
.10

.05
.10

Table 3.
(1)
Tn AFn
(ev)
.0015 .0002
1020. 20.
.60 .15
7.7 .8
.70 .25
.024 .002
.35 .1
.50 .15
3.8 .5
.007 .001
.50 .15
.47 .14
8.5 1.
.014  .002
.040 .004
6. 2
2200. 50
17. 3
7
32. 3
.006
4,
1700. 50.
2.
1.3 6
4,
4.
8.
14.
20.
540. 50.
5.
10.
5.
5.
10.
13. 3.
13. 4,
20. 5.
20. 3.
3100. - 100.
80. 10.
15.
10.
5.
40.
3000. 200.
10.
15.
30. 5.

—

30

241 C

3+
1+
3~ -
1-

3+
3- -.
1- -.
3-
3+

3-
3+
3+

1-
1+
1-
3~
1-

3+
1-
1+
3-
5+

1-
3+
1-
1-
1=~
1+
3-
1-
3-
3-

1-
3-
3-
3-
5+
1+
1-
3-
1-
3+
1-
1+
5+
3+
3-

54Fa Resonance Parameters Evaluation.

~ 0

© ®

—_

—_

—_—— N

.047

.015

.26
.92
.82
.028
.075

.36

.60
.68
.68

.012
.31
.32
.76
.62

.30
.27
.45
.50
.24

.65
.79
.35
.79
.72

.56
.21
L1
.89
.59

.22
.69
.96
.48
.72

.56
.31
.88
.78
14

AA
%

10
20
10
10
10

10
10
10
10
13

10
10
10
10
10

10
17
10
10
10

66
10
20
10
10

10
10
10
10
12

15
10
10
10
10

10
10
10
10
10

20
10
10
10
10

10
20
10
10
10

Notes

(2)



206.

215.

222.
223.
223.
225.
227.

228.
230.
233.
237.
241.

244,
246.
252.

257.

261.
262.
263.
266.
270.

270.
275.
276.
279.
280.

282.
288.
291.
291.
292.

302.
305.
308.
308.
311.

N =N O N~ /A —WO

OP—WO WSNGINW TITO®WY OCWAaOX QWO UM OTwuiwAs Ol ~NWMN~

{keV)

AE

FE T S e e e e
PR PO RO

WWOWW WWOWW WWWWWw WWWWWw IR AIN TR MRORN RN RPN NN RN RN

Table 3.

n
(eV)

w
ol
Urw o

3200.  300.

75. 8.

42000. 1000.

20.
50. 8.
20.
8. 6.

45.
20.
30. 15.
25.

50.

730. 20.

150. 17.
21.
50.
50.

360. 40.

19700.  1000.

3360. 400.

100. 20.
150. 30.

1100.  100.

50.

63. 17.
5400. 100.
50.

9.

(M
r AT,

31

r
y

.76
.96
.4

10.

—_ )
« e e e

(eV)

AT 2Jn
Y

S4Fe Resonance Parameters Evaluation (cont.)

c

—)

PN o i A = et O =
e n e e e e e

PNNWR o e U7 1 e N = N — =t N — =
e e e e e e e e e e e e e e e e e

J S R B )
e e e s e .

— NN W
a e e v . .« .

AA

Notes



315,
321.
323.
325.
326.

329.
331.
332.
335.
338.

343.
344,
356.
360.
363.

367.
369.
371.
374.
382.

383.
390.
395.
396.
397.

IO O® NOOWDR ~—ahOO ORI WO

(keV)

Notes:

Table 3.

AE Fn

2.

67.
33.
20.

20,000.

100.
33.
24,000.
50.
50.

50.
125.
117.
50.
230.

133.
100.
9400.
100.
150.

Prrrr DRrRD RRPLOW WL WL

S4Fe Resonance Parameters Evalution (cont.)
e (1)
AFn
(eV)

17.
20.

3000.

2000.

25.
17.

50.
33.

1000.

33.

17.

O — — e
.« . .

—_— ) —

32

v
(eV)

241

C

A
(eV)

.84
1
.90
.86

N WW

.65
.94

.03
.40

.76

.18
.32
.59

.06
.04
.10
.37
71

.81

NN OT— Ny =N —
. .

PO~ N N~

.86

AA
%

10
10
10
10
10

10
10
50
10
10

10
10
10
10
10

10
12
15
10
10

17
10
10
10
10

Notes

(1) Above 50 keV, AFn is given only when Fn has been determined from transmission

(2)

experiment.

FY is set equal to the average value ?; which is 0.52 eV for p-waves and 1.0 eV

for d-wave resonances.
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Table 4. °57Fe Resonance Parameter Evaluation.

E AE r AT (1) r AT JII A AA  Notes
n n Y Y
(keV) (eV) (eV) (eV) %

1.63 .05 . 043 .57 2- 05 20 (2)

3.95 .05 200. 25. 1.14 .06 0+

4.75 .05 .08 .57 1- 05 12 (2)

6.21 .1 410. 30. 1.3 .14 T+

7.17 04 .7 57 2- 40 15 (2)

7.87 04 .6 57 1- .22 20 (2)
12.73 05 .9 3 69 1- .30 17

13.93 05 1.2 57 2- .48 12 (2)
18.20 .05 5 3. 72 1- 47 10

21.28 .05 2 1. 60 2- 60 8

24.85 J 13 57 1- .08 25 (2)
25.8 .1 3 57 0- .05 40 (2)
27.2 . 09 57 1- .06 33 (2)
28.6 .2 .4 .57 2- 29 10 (2)
29.1 A 3250. 300. 2.3 .3 1+

31.9 .2 .38 .57 1- .17 12. 2
35.2 .2 .55 .57 2- .35 12. (2)
37.0 .1 5. 3. .39 1- .27 8.

39.4 . 11. 5. .57 1- .41 10.

41.4 .2 1000. 100. .9 .2 1+

41.9 . 16. 8. .68 0- .16 20.

47.05 .1 450. 100. .55 .05 1+

51.1 .3 4. .57 0- .12 18. (2)
52.7 .1 21. 10. .45 1- .33 15.

55.8 .2 10,000. 1500. 1.5 0+ (2)
56.2 1 12. 6. .60 0- .14 20.

58.7 4 .13 .57 1- .08 40. (2)
61.0 .5 3700. 500. 1.2 .1 1+

64.0 .5 6. .57 1- .39 10. (2)
66.8 .5 .6 57 2- .36 10 (2)
72.9 .6 1.1 .57 1- .28 15. (2)
77.2 .6 2000. 200. .5 .1 1+

80.7 .6 1.7 .57 1- .32 12. (2)
88.0 .2 15. 8. .57 2- (2)
89.7 .2 20. 10. .57 1- (2)
93.7 .6 200. 50. 1.9 .2 1+
101.8 .3 10. 5. .44 2- .55 10.
109.6 .6 2300. 300. 1.5 1+ (2)
110.1 .6 1200. 100. 2.0 3 1+
119.2 .4 28. 14. .57 1- (2)
125.0 .6 1500. 200. 1.5 1+ (2)
126.0 .6 2500. 500. 1.5 0+ (2)
129.5 .6 4200. 700. 1.5 1+ (2)
134.5 .7 3300. 500. 1.5 0+ (2)
141.0 i 1500. 300. 1.5 0+ (2)
167.3 .8 1100. 100. 1.5 1+ (2)
169.0 .8 1700. 200. 1.5 1+ (2)
176.3 .9 700. 100. 1.5 0+ (2}
185.5 .9 3500. 400. 1.5 1+ (2)
189.5 .9 3200. 400. 1.5 0+ (2)

Notes:
(1) AFn is given only when Fn has been determined from transmission experiment.
(2) FY is set equal to the average value T& which is 1.5 eV for s-waves and 0.57 eV
for p-wave resonances.
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APPENDIX

Data Base for S6Fe, S“Fe, and 57Fe Resonance Parameter Evaluation



E, (KgV)

2135

2135 (5)

1245 (1)

12445 (4)

17475 (2)

17475 (5)

20,17 (29
204,17 (5)

22

22,7 (10)
2247
22,79 (1)
22479 (2)

22479 (5)

28,380 (2%)
28

27,7 (L)
27|7

27 ,68 (8)
27,66 (10)
27,7

27466 (10}
27,6 (2)

27467 (3)
34,1
34,25 (LU)
34,1
34,21 (3)

34420 (5)

40

UATA BASE FOR FE=56 RESANANCE PARAMETER EvVvALUATION

J ol

1,5 2

>U

0,5 1

>0

6,5 1

>0

1.5 2

>U

0,5 1

0

G,5 0

0

2.% 0

0.5 0

0

4,5 ©
0,5% ¢#

1

0,5 1

>0

1,5 1

gl (Ev)

0,0004 (1)

0,0023 (3

0,019 (2)

0.0094 (10)

0,27 (&)

16706 (200)
1600 (100)

1600 (100)
1520 (40)

1500 (5¢)

1520 (30)

1,6 (6)

gl T

ny (V)

0,0004% (1)

00004 (1)

0,0023 (3)
0.,0023 (3)

Ce.019 (2
0019 (2)

0,0094 (10)

0,0094 (10)
Ge2 (2)
0,19 (2)
0,16 (3)
0,18

Uill (20

0,59 (7)
0,62 (8)

0,66 (7)

0,64 (5)

r (EV)

v

0.84 (25)

.54 (16)

0.54 (16)

0,64 (25)

0.54 (16)

£1,3

1.44 (14)
1,4 (3)

1,43 (7)

1.4 ()

0,54 (16)

REFERENCE

H@C&9

EVALUATIBN

ALL76
EVALUATION

ALL7 6

EVALUATIGN

ALL76
EVALUA TI BN

MACS 4
MB X65
HaC69
ERN7 D

-ALL76

EVALUATIBN

BIL61
MAC6 4
MAX65
HEC6 %
ERN7 O
GAR71
JAC71
PAN7S
ALL76

EVALUATIBN
HBC69
ERN70
JAC71
ALL76

EVALUATION



(KEV)
En KEV

36

S616

36,7 (1)
36169 (4)

36|70 (5)

38;3
38,38 (1)
38,99 (4)

38140 (5)

46,04 (14)
46,02 (5)

46404 (5)
51455 (5)

50

51,9

52420 (206)
52,12 (2)
52410 (5)

524112 (2}

53 43

53460 (16)
53,54 (2)
53152 (5)

23154 (20

55'0
5543 (2)
55,87 (2)

55,37 (29

59,0
59,25 (18)
59,0
594,20 (2)
59,19 (6)

59420 (29

0,5% 1%
>0
>0
>0

>0

1,5 1¢

>0
>0

1,59 19

grn (eV)

0,33 (3

0,64 (16)

1g
10 (3)

0435 (20}

23.8 (17)

24 (2)

1,0 (4)

1.0 (4)

1.9 (3

1,9 (3)

841 (9)

8,0 (10)

41

anF

[l =¥ o
- o
N R
oo O

028

0,46
0,44
0,38
0,40
0432
0,44
0.53

0450

.87

G887

(Ey)

— s

(2)

(5)
(6)
(4)
(4)
(4)
(6)
(5)

(5)

(6)
(7)

(4)

(4)

(4)
(5)

(4)

(6)
(1o

(91

(9)

r
Y

053

(V)

(25)

(16)

(5)

(4)

(17)

(5)

(5)

REFERENCE

MAC& 4
HpC69
ERN7 D
ALL76

EVALUATI®N

HOC69
ERN7 0
ALL76

EVALUATIEN

HPC69
ERN70Q
ALL76

EVALUATIZN

PANT75

MAC6 4
HBC69
ERN70
PAN75
ALL76

EVALUATIBN

HBCES
ERN7 0
PAN7 S5
ALL76

EVALUATION

HOC69
ERN70
PAN7S

EVALUATIBN

HRC69
ERNT70
JAC71
PAN75
ALL76

EVALUATI@N



En (KEV)

6341

63,45 (19)
63:44 (2)

63,42 (6)

63444 (2)

72.6
72,5 (5)
72493 (7)

72496 (5)

74,0 (5)
74,0
74,6

7349 (5)
73,9 (3)
7248
73,96 (5)
73490 (7

73198 (5)

76'7
7649 (5)
77,04 (2)
76499 (8)

77.04 (2)

80,4

80,8 (3)
80,80 (2)
80,78 (8)

80,80 (2)

83,5 (5)
8345

83,6 (3)
83,6 (4)
83,65 (8)
83455 (8)

83465 (8)

J 4
1
>0
>0
145 1
1
>0
0,5 1#
Gs5 0
n,5
U5
0,5 90
0.5 n
0+5 0
0,5 ¢
0,5¢ g#
1
>0
>0
6,5 1
1
>U
>0
2,58 2%
G5 O
0,%
0,% G
0,5 0
0,5 0
0, 0
Gy5¢ Qe

9T, (EV)

1,6 (3)

1:6 (3)

igp (5)
420 (6¢)
539 (42)

540 (40)
540 (70)

530 (20)

535 (10)

4,3 (3)
3,1 (6)

3,6 (5)

9,0 (20)
20 (2)

21 (2)

1040 (109)
919 (80)
910 (80)

1030 (8m

1309 (50)

1250 (500

42

0,05
0470

0470

0473
0.73

(9)

(7
(7)

~

(7)

(7)

(7)

(5)
(31

(3)

1.8 (3)

2,04
2404

1,28

1.28

(20)
(20)

(13)

(13)

r
Y (EV)

0.55 (13

0.7% (8)

1.3 (2)

0.73 (7)

533 (3)

0,74 (8)

0.9 (3)

1.28 (1)

REFERENCE

HgCe9
gERNTO
PAN75
ALL76

EVALUATIgN

HpCg 9
gRN7D
ALL76

EVALUATION

BIL61
REH66
HEC69
ERN70
GAR7 4
JAC71
PAN75
ALL76

EVALUATION

HEC69
FrR274
PAN7S
ALL76

EVALUATION

HBC69
ERN70Q
PAN7S5
ALL?6

EVALUATI@N

BiL61
ROH6 6
ERN70
GAR71
PAN7S
ALL76

EVALUATIGN



: £y )
En (KEV

90,2

90

9u,2 (3)
90429 (3)
90,24 (9)

90,29 (3

9241

92,6 (3)
92465 (3)
92,2 (1)

924,65 (3)

924+75 (10)

924176 (5)

95,9

96,1 (3)
96,14 (3)
96415 (1)

96414 (3)

96,429 (3)
96457 (3)
96,44 (10)

96,29 (3)
96457 (3)

102

10244 (3)
102,63 (3)
102,5 (2)
102,9 (2)

102,63 (3)
103,0 (1)

105
105,87 (5)
105,8 (2)

105,87 (5)

>0
>0

1.5% 1@

>0
20

2,5 2

>C
>0
>

N5 1
1,5 1+

>0
>0
>0

1.5% 1#
1,5 2

1
>0
>0

1,50 2+

an(EV)
50

70 (45,
28 (1)

1,04 (30

25 (4)
240 (15)

2.0 (15)

a2
(6)

=
O W

(12)
(6)

AT =
- -
N

35 (6)
42 (2)

42 (2)
1,5 (5)

<2

5.6 (6)

5:6 (6)

43

gl T

0,89 (9)

.89 (9)

1,6 (3)
0,93 (9)

0.93 (9)

0453 (5)
G153 (5)

2.2 (4)
1.26 (13
1,26 (13)

1,05 (10)

0,30 (1%
G470 (35)

1.6 (3

0,71 (7)
6,80 (8)

D.71 (7))
0,80 (8)

1.4 ()
1455 (16)

1.5% (16)

' (gV
Y EV)

1,2 ()

0.46 (5)

0,65 (11)

G54 (16)

1.1 (9)

0.4 (3
6.4 (2)

0,36 (4)
0,84 (25)

1.07 (17)

REFERENCE

ROHbs
HgCs9
ERNT O
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