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Introduction

An evaluation of the neutron capture and fission
cross sections for 24Py and 2“1pu for ENDF/B-V was
necessary because significant new data on these iso-
topes have become available. Some of these new data
were discrepant with previous evaluations,®?%?% for
example, resonance region of 241Py and the capture
cross section of 2%0Py in the keV neutron energy region.
In the case of the high energy fission cross sections
the new data were superior to those previously avail-
able. Also, parts of the ENDF/B-IV evaluation were car-
ried over from earlier versions of ENDF and therefore
required updating.

Thermal Energy Range

Plutonium-240

A severe uncertainty in the evaluation of 24Upu
was the thermal neutron energy region which is dominated
by the 1-eV resonance. About 99% of the thermal capture
cross section is due to the influence of the 1-eV reso-
nance. Because of the small quoted uncertainty, a sin-
gle measurement* of the thermal cross section dominates
the accepted 2200 m/s cross section as well as the
determination of the product of the neutron width and
radiation width, FnPY, for the 1-eV resonance. This

measurement is that of Lounsbury et al.* who report a
2200 m/s capture cross section of 289.5 t 1.4 barns.
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There have been two measurements®’® of the fission
cross section and one measurement® of the capture cross
section since the previous ENDF evaluation. The fission

cross section was raised 2% at the 0.25-eV resonance |
based predominately on the experiments of Wagemans and

Deruytter,® and Weston and Todd.®

The measurements of Weston and Todd® indicated a
significantly higher capture cross section (14%) over |
the 0.25-eV resonance than the previous ENDF evaluation.
The ENDF/B-IV evaluation was based on the total and fis-
sion cross section measurements of Simpson and Schuman’
and Watanabe and Simpson.® The ENDF/B-V capture in the
thermal neutron energy region is based on the measure-
ments of Weston and Todd® for the following reasons;

1) the smaller uncertainty of the more direct measure-
ment of the capture cross section, 2) the ENDF/B-IV cap-
ture in the resonance region was also detenmined to be
low and 3) integral experiments suggest a higher cap-
ture cross section in the thermal neutron energy range.
Figure 1 illustrates ENDF/B-V fission compared to
Wagemans and Deruytter,® and the capture cross section
of Weston and Todd® compared to ENDF/B-IV and V.
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Resonance Region
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The most severe uncertainty in the evaluation as
far as thermal reactors are concerned is in the reso-
‘nance parameters of the 1-eV resonance.
the neutron and radiation widths, rnrY, is determined

with an uncertainty of about 1% by the thermal cross
section measurement of Lounsbury et al.*
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a number of experiments with discrepant results; these
are described by Caner and Yiftah!? and in a review
‘paper by Weigmann et al.l! In essence, there are two
groups of experiments which predict radiation widths |
which are about 10% apart. This evaluation favors a !
high value of I . The ENDF/B-V values of T and rY f
|

‘were taken to be 2.28 and 33.3 meV, respectively, as
eva]uated by Caner and Yiftah.10

Integral experiments yield 11ttle information on i
these resonance widths because they are usually carried:
out with Tow 240py content as compared to 239Pu and they
‘are most sensitive to the product, T nly* Thompson and :

Leonardl2 are using least squares f1tt1ng techniques to
more accurately determine the widths, T, and r_, from

‘the available data. Y |
; i
i There is a need for careful, accurate exper1mentaT
measurements to determine the resonance parameters of

the 1-eV resonance of 240Py. Without such additional

experimental measurements, the large uncertainty in the
‘cross section of 240py below a neutron energy of a few :
eV will continue to be a problem.

! The resonance parameters from 20 to 665 eV for
'ENDF/B-V are the weighted average of the parameters of
weigman et al.,!! Asghar et al.l3 and Hockenbury et
‘al.1%*  Above 665 eV, the neutron widths of Kolar and
‘Bockhoffl5 were used as was the case for ENDF/B-IV. The
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fission widths for the subthreshold fission resonances

were evaluated from the data of Auchampaugh and Weston,16

M19neco and Theobald,!7 and Weigman et al.!
P]utonium-24]

H i

! Because of appreciable level-level interference in: !
‘the fission cross section, this evaluation is in the
form of the Adler-Adler!® multilevel formalism. The
'data of Weston and Todd!® had been fit in the Adler- ;'
Adler formalism.
jand Shuman,’? James,2! and Moore et al.22 vhich were in
‘the Reich-Moore formalism were converted to the Adler-:
Adler formalism using the computer code, POLLA, and ;
techn1ques developed by de Saussure and Perez.?3 This |
'evaluation was carried out using these sets of param-
‘eters. The resulting capture cross section, and thus
‘the average radiation width, is higher (~40%) than the : !
ENDF/B-1V evaluation. Indications that the capture :
«cross section was low in the previous evaluation had 1 |
‘been noted previously.19°20 Figure 2 illustrates the |
ENDF/B-V fission cross section compared to the measure-
ments of Blons,20 and Migneco et al.2% Figure 3 com-
'‘pares the ENDF/B V fission and capture cross sections
;with the measurements of Weston and Todd.® :

! . :

i Unresolved Resonance Region

Plutonium-240 H

l The capture cross section of 240Pu in the unre-
so]ved resonance region is illustrated in Fig. 4. The:

average resonance parameters11 as derived from the reso- -

‘nance region were in good agreement with the average
.capture cross section measurements of Weston and Todd25
;50 these parameters were used for the evaluation. This
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evaluat1on is lower than the measurements of Hockenbury
et al.:!'* however, these experimenters?® indicated their
resu]ts may have been high because the canning of the -
sample was not properly taken into account. The mea-
surements of Wisshak and Kdppeler were available only
‘in very preliminary form at the time of the evaluation ;
and were not considered. The points of Wisshak and !
Kippeler2? in Fig. 4 were converted by the author from :
ratio measurements with respect to Au using the ENDF/B-V
‘Au cross section. These points are only part of the
data and are*only intended to be representative of the:
‘data. The Wisshak and Kdppeler 27 and the Weston and .
Todd25 measurements are not very d1screpant on a point-.
by-point basis, but the difference in shape is dis- !
turbing.

; |
! The fission cross section of 240Py is small and |

¥

Jrc]atively insignilicant from thermal through the unrej

isolved resonance region. The evaluation of this cross :
isection in the unresolved resonance region was based on
ithe data of Behrens et al.28

1

! The fission cross section of 241Py in the unre-
’solved resonance region is illustrated in F1g . Most,
|of the experimental measurements6?17220521523230 ghoyn
‘in Fig. 5 indicate an unexpected rise between 100 and
'200 eV and a dip in the cross section at about 800 eV.
[These measurements show disturbing discrepancies (~10%)
when their quoted uncertainties are considered (~3%).
The ENDF/B-V evaluation reproduces the major structure
wh1ch is common to the experimental results. :

The data on the capture cross section of 2%1py by
Weston and Todd® in the energy region shown in Fig. 5 i
lindicate the same structure (rise between 100 and 200 eV
‘and dip at about 800 eV) which appears in the fission ;
‘cross section. This is somewhat surprising because if ;
‘the structure were due to the usual effect of the we]]-
:known double fission barrier the fission widths would be
modulated Since the structure appears in the capture ;
'cross section as well as in the fission cross section it
must be due to one or both components of the strength !
functlon <r /D>. The evaluation of the capture cross

1
i
i

sect1on was based on the data of Weston and Todd® since -

no other differential data are available.
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High Energy Region
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’ The evaluation of the fission cross section of ’
,24%Pu was based upon the ratio to 235U measurements of | -
.Behrens et al.2% These data appeared superior to other
'ava11ab1e data at the time of the evaluation. Since the
‘evaluat1on, additional data by Kari and Cierjacks,3! and
‘Budtz-Jorgensen and Knitter32 have become available !
‘which are in reasonable agreement with the measurements
rof Behrens. The data of Behrens?® converted to the fis-

sion cross section with the use of the ENDF/B-V fission
cross section for 235y are compared in Fig. 6 with the!
i ENDF /8-V evaluat1on for 240py and the ENDF/B-IV evalua-
tion for 240py. i
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o crepant. A careful high-precision

The capture cross sect1on of 2‘*f’Pu above 300 keV ;
1s unchanged from Version IV. The changes below this
neutron energy were illustrated in Fig. 4.

i
Plutonium-241 ' i
: Figure 7 illustrates the experimental data, 30 33-36
the ENDF/8-V, and the ENDF/B-IV evaluations for the i
high-energy fission cross section of 241Py. Again the .
ratio data of Carlson and Behrens33 vere given the I
principle weight in the evaluation because of accuracy,!
‘consistency with 249Pu, and complete coverage of the !
'h1gh energy neutron range. [
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Conclusions

l The capture and fission cross sections for 249py
:and 241pu were evaluated from 107 eV to 20 MeV for
ENDF/B-V. Due to new experimental data which have be-

come available the new evaluation is placed on a firmer

bas1s than the earlier evaluation.

In the authors' opinion, three problem areas remain
which would require new, careful exper1menta1 measure-!
ments to resolve. These are listed in decreasing order
‘of importance: .

1. The resonance parameters of the 1-eV reso-
nance of 2%9Py are not known with a suffi-
cient accuracy. The 1-eV resonance also
controls the 2200 m/s capture cross section
and so a confirmation of the experiment of
Lounsbury et al.* would be worthwhile.

" 2. The capture cross-section measurements on .
241py of Weston and Todd® carried an

t inordinate weight because they were the

i only extensive differential capture cross-

section measurements from 0.01 eV to

200 keV neutron energy. Another indepen-

dent measurement would be of value.

The 2%tpy fission cross section in the

: unresolved resonance region is uncertain

i by about 5%.. There are a number of exper-
H imental measurements but they are dis-

4. R. W. Hockenbury, W. R. Moyer, and R. C. Block, |

; measurement of this cross section would
be most useful.
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