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1. INTRODUCTION

The resonance parameters of the neutron cross sections of 2*)Pu were obtained by Derrien
and de Saussure() in the energy range from thermal to 300 eV by a Bayesian fit of selected
experimental effective total cross sections, fission and capture cross sections by using the
Reich-Moore fitting code SAMMY?. The results of this work were used in the ENDF/B~-VI
evaluated data file. Some difficulties were encountered in the normalization of the
experimental fission cross sections due to the discrepancies in the shape of the available
experimental data both in thermal and high energy ranges. The consistency among the
experimental data base could not be obtained without large renormalization and background
correction parameters in the SAMMY fits. Particularly, it was shown that the discrepancy
between the fission cross sections in the thermal energy range was due to a deviation from
the 1/v shape below about 0.05 eV.

New fission cross section measurements were recently performed by Wagemans et al.(>-4)
in the energy range from 0.002 eV to 20 ¢V in order to check the shape of the cross section
in the thermal energy range. They showed that the shape of the fission cross section was
clearly compatible with the 1/v law, in contradiction to all the previous measurements
reported in the literature. Consequently, the normalization of all the previous results using
the data in the low energy region could be erroneous. Particularly, the discrepancy observed
in the average fission cross section over the 0.26 ¢V resonance could be due to the errors of
normalization in the thermal region. Wagemans et al. compared the ENDF/B-VI data with
their new results and concluded that the evaluated data files using the evaluation of Derrien
and de Saussure should be revised in the energy range up to 300 eV.

II. COMMENTS ON ENDF/B-VI EVALUATION

In the energy range from 0.01 eV to 3 ¢V the new data of Wagemans et al. are on
average 2.2 % smaller than ENDF/B-VI. This difference is mainly due a difference of 3%
between the 1976 data of Wagemans et al.) and the new values of Wagemans et al.34) The
1976 data of Wagemans et al. were used in the evaluation of Derrien and de Saussure in the
low energy region. In the intermediate energy range from 3 eV to 12 eV, the average fission
cross section of ENDF/B-VI is in excellent agreement with the new data of Wagemans et al.
In this energy range, the SAMMY fits of Derricn and de Saussure were performed on the
fission cross section of Weston and Todd®, of Blons(” and of Migneco et al.®) with an
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adjustment of the normalization factor and of the background correction parameters of all the
experimental data; the agreement between the new data of Wagemans et al. and ENDF/B-VI
shows that, at least in this energy range, SAMMY performed on the data of Weston and Todd
a renormalization equivalent to that recommended by Wagemans et al.®

In the high energy range up to 300 eV, the SAMMY fits relied mainly on the high
resolution fission measurements of Blons and of Migneco et al. for the accurate determination
of the resonance parameters. Quite large normalization coefficients and background correction
parameters were also needed in this energy range to obtain the consistency between the
calculated cross sections and the experimental data. However, the result of the fits was in
quite good agreement with the data of Weston and Todd normalized to the 1976 data of
Wagemans et al. in the low energy region, which is also equivalent to the normalization to
the 1983 data of Wagemans et al.®  Since the earlier data of Wagemans et al. should
decrease by 3% to be consistent with the new data, it is likely that the ENDF/B-VI fission
cross section could be too large by about 3% in the energy range above 12 eV.

III. REVISION OF THE RESONANCE PARAMETERS

An accurate up-dating of the Alpy resonance parameters could be obtained by
renormalizing the fission experimental data base according to the new data of Wagemans et
al. and by restarting the SAMMY fits of the new experimental data base, including the high
resolution transmission data of Harvey and Simpson(w). Due to lack of time a new SAMMY
analysis was performed only in the energy range from 0.002 eV to 3 eV. In the energy range
above 3 eV the up—dating was performed by applying some small corrections to the resonance
parameters.

The SAMMY analysis of the new Wagemans et al. data was performed along with the
total cross section of Young and Smith!? in the energy range from 0.002 eV to 3 eV, by
starting with the ENDF/B-VI resonance parameters. Only the parameters of the 3*
resonances at ~0.122 eV and at 0.265 ¢V were adjusted in this energy range. A quite good
fit of the experimental data was obtained with the parameters shown in Table 1. The
comresponding covariance matrix is given in Table 2. The values of the cross sections
calculated at 0.0253 eV are compared to the standard data'? in Table 3. The calculated
average total, fission and capture cross sections are displayed on Tables 4, 5 and 6 with the
corresponding experimental data and the values obtained from ENDEF/B-VI. The results of
the fit are shown in Fig.1 in the energy range from 0.002 eV to 0.1 eV and in Fig.2 in the
energy range from 0.1 eV to 3.3 eV. One should point out that an energy shift of
dE/E=+0.00384 was applied to the data of Young and Smith in order to achieve a good
consistency with the energy scale of the fission data over the resonance at 0.265 eV. The
renormalized data of Weston and Todd are also compared to the cross sections calculated with
the new resonance parameters in Fig. 3.

In the energy range above 3 eV the small corrections applied to the resonance parameters
result in a decrease of the average fission cross section and in an increase of the average
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capture cross section, with a variation of the average total cross section smaller than the errors
of the experimental data of Harvey and Simpson. The average values of the fission and
capture cross sections calculated with the new resonance parameters are shown in Tables 7
and 8 along with the renormalized fission cross section of Weston and Todd and the values
calculated from ENDF/B-VI. Examples of fission and capture cross sections calculated from
the new resonance parameters are shown in Figs. 4, 5 and 6 and compared to the
renormalized experimental data of Weston and Todd.

IV. CONCLUSION

The results of the recent measurement of the 2*!Pu fission cross section in the energy
range from 0.002 eV to 4 eV of Wagemans et al. were used in a new evaluation of the
resonance parameters. The accuracy of the calculated cross sections was greatly improved
in the resonance at 0.265 eV. The cross sections averaged over this resonance should have
the same accuracy as the standard values at 0.0253 eV. In the high energy region up to 300
eV the SAMMY analysis of the new experimental data base obtained by the renormalization
of the experimental fission cross sections is recommended in order to improve the corrections
to the resonance parameters performed in the present work.
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Table 1 The parameters of the resonances at —0.1225 eV and 0.2647 eV
and their standard deviations.

1 Energy(eV) -0.12250 0.00294
2 Capture Width(meV) 43.706 1.38100
3 Neutron Width(meV) 0.01677 0.00072
4 Fission Width 1(meV) 20.542 0.73210
5 Fission Width 2(meV) 0.940 0.04700
6 Energy(eV) 0.26469 0.00026
7 Capture Width(meV) 33.35 0.46040
8 Neutron Width(meV) 0.04252 0.00018
9 Fission Width 1(meV) -50.422 1.07400
10 Fission Width 2(meV) 25.358 1.01800
Numbers 1 through 5 : parameters of the resonance at —0.1225¢V.
Numbers 5 through 10 : parameters of the resonance at 0.2647 V.
Table 2 Correlation matrix of the parameters of the resonances
at —0.1225 eV and 0.2647 eV.
1 2 3 4 5 6 7 8 9 10
1 100
2 -23 100
3 -79 -26 100
4 -33 70 -24 100
5 -2 0 3 5 100
6 -22 22 4 7 -4 100
7 8 =23 -9 1 0 4 100
8 29 -29 =23 -17 (o} 1 71 100
9 22 4 ~24 ~-38 4 50 -14 -7 100
10 -12 -2 16 28 ~4 -52 -5 -2 -88 100

The numbers 1 through 10 are the identification numbers of the resonances
shown in Table 1.
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Table 3 Cross sections at 0.0253 eV

Fission 1012.50¢-0.0%) 1012.68 % 4.58
Capture 361.52(+0.1%) 361.29% 4.95
Scattering 11.36(-7.1%) 12.172 2.62
Total 1385.38(-0.1%) 1386.14%* 8.64

Energy range

Present work ENDF/B-VI Young and Smith(11)
(eV) (b.eV) (b.eV) (b.eV)
0.0021-0.020 43.54 43.09(-1.0%) 43.25(-0.7%)
0.0200-0.030 14 .03 14.02(-0.1%) 14.01¢(-0.1%)
0.0300-0.100 65.09 66.17(+1.7%) 64.99(-0.1%)
0.1000-0.500 378.38 385.27(+1.8%) 380.10(+0.4%)
0.5000-1.000 29.74 29.41(-1.1%) 31.19(+4.4%)
1.0000-3.000 83.36 83.92(+0.7%) 82.50(-1.0%)
0.0021-3.000 614 .14 621.88(+1.3%) 616.04(+0.3%)

— 161 —



Table 5 The fission cross section integral in the energy range from 0.0021 eV to 3 eV.

Energy range Present work ENDF/B-VI Wagemans et al. Weston and Todd
CeVY (b.eV) (b.eV) (b.eV) (4) (b.eV)(8)

0.0021-0.020 31.06 30.61(-1.5%) 31.09(+0.1X)

0.0200-0.030 10.24 10.22(-0.2%) 10.24(¢ 0.0%X)

0.0300-0.100 49.02 50.02(¢(+2.0%X) 48.70(-0.6%)

0.1000-0.500 262.76 270.84(+3.1%) 264.58(+0.7X) 262.53¢(~-0.1%)
0.5000-1.000 17.93 17.64(-1.6%) 17.60(¢-1.8%) 17.67(-1.4%)
1.0000-3.000 54.88 55.62(+1.3%) 54.40(~-0.9%) 55.06(+0.3%)
0.0021-3.000 425.89 434.95(+2.1%) 426.61(+0.2%)

0.1000-3.000 335.57 344 .10(¢+2.5%) 336.58(+0.3%) 335.26(-0.1%)

Weston and Todd experimental data were normalized to Wagemans et al.®) in the
energy range from 0.1 eV to 12 eV (original EXFOR data multiplied by 0.952).

Table 6 The capture cross section integral in the energy range from from 0.0021 eV to 3 eV.

Energy range Present work ENDF/B-VI Weston and Todd(64)
(eV) (b.eV) (b.eV) (b.eV)

0.0021-0.020 12.25 12.28(+0.2%)

0.0200-0.030 3.67 3.68¢+0.3%)

0.0300-0.100 15.28 15.39(+0.7%) 15.27¢-0.1%)

0.1000-0.500 110.58 109.47(¢(-1.0%) 110.49(-0.1%)

0.5000-1.000 5.90 5.87(-0.5% 6.51

1.0000~3.000 7.30 7.14(-2.2%) 8.96

0.0021-3.000 154.98 153.83(-0.7%)

0.0300-3.000 139.06 137.87(-0.9%) 141.29(¢+1.6%)

Weston and Todd experimental data were normalized to the cal culated average capture
cross section over the resonance at 0.264 eV(original EXFOR data multiplied by 0.914);
in the energy range from 0.5 eV to 3 eV the experimental data are not accurate due to
large corrections of impurities.
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Table 7 The fission cross section integral in the energy range from 3 eV to 300 eV.

Energy range Present work ENDF/B-VI Weston and Todd(6)
(eV) (b.eV) (b.eV) (b.eV)

3- 20 3038.63 3066.37(+0.9%) 3036.23(-0.1%)

20- 50 1683.69 1739.68(+3.3%) 1705.50(+1.3%)

50-100 1971.15 2030.10(+3.0%) 1931.50¢(-2.0%>

100-200 2554 .85 2628.39(+2.9%) 2531.00¢-0.9%)

200-300 2741.23 2820.75(+2.9%) 2747.00¢(+0.2%)

3-300 11989.55 12285.29(+2.5%) 11951.23¢(-0.3%)

Weston and Todd experimental data were normalized to Wagemans et al.® in the energy
range from 0.1 eV to 12 eV (original EXFOR data multiplied by 0.952).

Table 8 The capture cross section integral in the energy range from 3 eV to 300 eV.

Energy range Present work ENDF/B-VI Weston and Todd(6)
(eV) (b.eV) (b.eV) (b.eV)

3- 20 1213.07 1138.52(-6.5%) 1192.90(-1.7%X)

20- 50 330.3¢4 307.48(-7.5%) 338.09(+2.3%)

50-100 605.40 585.88(-3.2%) 594.83(-1.8%)

100-200 609.83 581.77(-4.8%) 652.68(+7.0%)

200-300 684.97 661.12(-~-3.6%) 700.53(+2.3%)

3-300 3443.36 3274 .77(-5.1%) 3479.04(+1.0%)

Weston and Todd experimental data were normalized to the calculated average capture
cross section over the resonance at 0.265 eV(original EXFOR data multiplied by 0.914).

— 163 —



Cross Section {b.ev¥)

w

i L

L
T

.}
[] ']0-2 2

Neutron Energy ( aV)

PR
[ 7l9|0'l

Fig. 1 Total and fission cross sections in the energy range from 0.002 eV to 0.1 eV. The
experimemtal data are those of Young and Smith!D) and of Wagemans et al.9). The
solid lines represent the cross sections calculated with the new resonance parameters.
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Fig. 2 Total and fission cross sections in the energy range from 0.1 eV to 3.3 eV
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experimemtal data are those of Young and Smith and of Wagemans et al.®,
solid lines represent the cross scctions calculated with the new resonance parameters.
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Fission and capture cross sections in the energy range from 0.1 eV to 3.3 eV. The
experimetal data are the renormalized data of Weston and Todd®. The solid lines
represent the cross sections calculated with the new resonance parameters.
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Fission cross section in the energy range from 3 eV to 20 ¢V. The experimetal data
are the renormalized data of Weston and Todd®. The solid lines represent the cross
sections calculated with the new resonance parameters.
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Capture cross section in the energy range from 3 eV to 20 ¢V. The experimetal data
arc the renormalized data of Weston and Todd®. The solid lines represent the cross

sections calculated with the new resonance parameters.
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Fission cross section in the energy range from 20 eV to 50 eV. The experimetal data

are the renormalized data of Weston and Todd®. The solid lines represent the cross

sections calculated with the new resonance parameters.





