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Abstract

Evaluations of the 2HU capture cross-section as given
in the BNAB-78 and ENDF/B-V evaluated data libraries
are intercompared and their values compared to recently
published data which had not been included in these
evaluations. It is concluded that there is a need to
re-assess the earlier experimental data, particularly
those based on activation measurements, taking secondary
neutron reactions and scattering effects into account.
It is recommended that a precision measurement of the
capture cross-section and its dependence on energy be
done in the 1-7 MeV energy range.

The accuracy requirements of the evaluated values of radiative

capture cross-sections for 23IU in nuclear technology are

considerable: 2% in the 1 keV-1 MeV energy range, and at most 3%

to 5% in the 1-5 MeV energy range [1].

The evaluations which were done for the BNAB-78 [2,3] and the

ENDF/B-V [4] nuclear data libraries were performed some time ago:

the BNAB-78 file during the years 1975-1978, and the ENDF/B-V

file in 19771 .

In view of the development of improved methods for the evaluation

of cross-sections and their uncertainties, the publication of new

experimental data, and the development of new methodologies for

the measurement of cross-sections, there is a need to revise

these earlier evaluations and to re-assess the reliability of the

data used as input to these earlier evaluations. In addition,

there is also a need to perform a high-precision measurement of

the niU radiative capture cross-section over a wide energy range.

The reason for these measures is that the required accuracies of

these evaluated data have not yet been met.

1 Subsequently, ENDF/B data [4] were adjusted according to
changes in the evaluated values of the 235U fission cross-section
(see citation [17] in reference [7]).
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A comparison of the BNAB-78 and ENDF/B-V evaluated data is given

below. In the BNAB-78 library, data for En>0.4 MeV were taken

directly from the evaluation reported in references [5] and [6],

which was obtained with the use of the "fractional-rational"

approximation method; for energies below 0.4 MeV, the total,

inelastic and radiative capture cross-sections were evaluated

simultaneously using the maximum likelihood method complemented

by the nuclear reaction statistical theory. In the regions of

overlap, the data were matched "manually".

The ENDF/B-V evaluation used the following procedure: groups of
niU radiative capture cross-sections were evaluated separately,

determined absolutely or relative to the scattering cross-

section, or to the a,,,T"
7Au, the an,f

mU and the aB,,
lgB cross-

sections. The final recommended niU an,t(En) curve was derived

from the combination and correlation of four such separately

evaluated groups of data. Both the BNAB-78 and ENDF/B-V

evaluations used similar compilations of experimental data.

The results of these evaluations are plotted on a linear-linear

scale in the figures below for the following energy ranges: 0.5-

1.5, 1-5 MeV and 5-15 Mev. The figures also show experimental

results of relatively recent experiments which were either not

included in the evaluations [7] or accepted only partially [8]

(the results quoted in the initial publication were preliminary

and were not given at all of the energies which were included in

subsequent publications [8]). The measurement reported in

reference [7] was made relative to the nbU fission cross-section,

and the measurement reported in reference [8] was made relative

to the hydrogen scattering cross-section. The figure also shows

data measured in earlier experiments [9-11] which are normalized

at En<=350 keV to the absolute average data value reported in

reference [8]. This normalization energy is more reliable than

the 30 keV point (kinematic collimation) used to normalize

absolute cross-sections obtained by the authors or derived from

results of other authors for given neutron energies.

More complex situations, such as those related to the spectrum of

incident neutrons and other considerations, have forced the

authors to review their method of normalization. The following
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experimental results of the niU radiative capture cross-section

are reported in reference [8] for the corresponding neutron

energies: 117.4±3.6 mb at 352±25 keV, 119.9±3.4 mb at 348±23 keV,

122.3+3.7 mb at 348±15 keV and 124.813.1 mb at 350124 keV. The

average value of these data differs from the maximum limiting

values by 3%, which is in agreement with the experimental

uncertainty. Consequently, the data were renormalized using the

average value of 121.113.3 mb at the neutron energy of 349 keV.

It must be noted, however, that a normalization to the value of

452.2+19.9 mb at the energy of 30 keV [6] (which is the average

of seven experiments published before 1976) yields a cross-

section value of 121.3 mb at En = 350 keV.

Although both normalization methods arrived at similar results,

normalization of the data in the 300-400 keV energy region is

more reliable because of the weak dependence of the radiative

capture cross-section on neutron energy leads to a reduced

dependence on the uncertainties of the neutron energy, and

consequently on the incident neutron spectrum.

As can be seen in Figs, (a) and (b), the BNAB-78 and ENDF/B-V

evaluations in the 0.5 to 1.5 MeV are in good agreement. Their

maximum difference does not exceed 4%, the ENDF/B-V data lying

somewhat higher. Even though earlier 23IU aKiy cross-section

measurements relative to the n5U CT( cross-section [9,10], agree

with both evaluations within the limits of their uncertainties,

they lie systematically lower, and closer to the BNAB-78

evaluation (in which they are included). Our data, measured

relative to the elastic (n,p) scattering cross-section [8] in the

0.5 to 1.05 MeV neutron energy range, lie on the average

systematically above both evaluations, but closer to the ENDF/B-V

evaluation (with which they almost overlap within the limit of

their uncertainty). An exception to this general agreement, is

the value of four data points in the vicinity of 600 keV,

namely:127.1±5 mb(H-l) at 597+16 keV, 130.8+4.7 mb(K-l) at 590+23

keV, 114.6+3.1 mb(K-l) at 603+23 keV, and 114.012,9 mb(K-15) at

600136 keV (where H-l, K-l and K-15 are the identification of the

hydrogen counters of different construction used for the

measurement of the neutron flux). For reasons unclear to the

authors, the measurement results are grouped around two cross-
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section values: 129 mb and 114 mb, which differ by approximately

two measurement uncertainty values. The average value, however,

lies above the ENDF/B-V evaluation2. This tendency is also

supported by the experimental data reported in reference [7],

except for the data point in the vicinity of 830 keV.

However, an experimental value at 1196 keV and two at 1400 keV

given in reference [8] lie significantly lower (12% and 8%

respectively) than both evaluations. The reasons for these

differences are being investigated.

Both evaluations are in good agreement with each other in the 1.5

to 5.0 MeV energy, which is not surprising as both evaluations

are based on the same sets of data. Experimental data at neutron

energies of 2.053 and 3.033 MeV, quoted in reference [7], lie

significantly higher than either one of the two evaluations. As

there are no reliable theoretical data in this energy range, the

odd values of these cross-sections can only be verified by means

of a precise experiment.

It seems that earlier experimental data for neutron energies

larger than approximately 2.5 MeV, have a number of systematic

errors (which tend to raise the values of the data) which are

apparently due to insufficient consideration given to scattering

effects in the structure of the target, the sample holder and the

sample itself. Substantial errors of this type in the experiment

described in reference [12] are reported on in reference [13].

According to the analysis described in reference [13], the

corrections of the data reported in reference [12] amounted to

7.4%, 16.4% and 42% at energies of 3 and 7.6 MeV. Considering

the similarity of the methods used in activation measurements

performed at earlier times (e.g.,in the year 1978), similar

errors can be expected to be found in other such measurements.

Irrespective of their apparent simplicity, activation

measurements at E,>1.5 MeV are difficult enough. Adequate

consideration of scattering effects are difficult to take into

account by either calculation or experiment. This problem was

1 An analogous situation was observed for reference [7] data
at E.-500 keV.

58



recognized a long time ago, and addressed in references [14] and

[15]. For these reasons, the energy dependence of the 21IU

capture cross-section in the energy region above 1 MeV still has

to be resolved.

The data of both evaluations differ significantly in the energy

range of 5-15 MeV: ranging from 20% at 5 MeV to more than 100% at

14 MeV. Experimental data exist only up to 7 MeV. As there are

no data between 7 MeV and 14 MeV, the character of the cross-

section curve in this energy interval is based on the

extrapolation of the recommended data at 14 MeV. In the BNAB-78

data library [3], the end point of the extrapolation at 14 MeV is

taken to be 2.6 mb. This value is based on the available data

that existed at that time: namely, 3.3±0.5 mb at 14 MeV [16], and

3.45H.5 mb at 15 MeV [11]. Apparently, as these data are

considerably inflated because of scattering effects, the cross-

section value at 15 MeV is taken to be artificially lower than

the experimental value (namely 2.7 mb). However, based on the

analysis reported in reference [17], it is recognized that over a

wide range of mass numbers (50-240), the magnitude of the capture

cross-section is approximately 1 mb at EB«14 MeV. This is the

value used in the ENDF/B-V data library. For this reason, the

BNAB-78 data in the energy range from 5 MeV to 15 MeV, can be

expected to be lower as a result of their re-assessment.

The following conclusions can be drawn as a result of these

considerations:

1. The state of the experimental data and the evaluations

on which they are based in the energy range of 1.5 MeV and 7 MeV

is not satisfactory. It is therefore deemed necessary that a

precise measurement of the nlU capture cross-section be performed

so as to satisfy the data requirements for practical

applications, and for the purpose of checking the methods used

for the computation of actinide cross-sections which will be

difficult to obtain by experimental means in the near future.

For that purpose, it will be necessary to improve the activation

method of measurement, particularly regarding the improvement of

methods for the determination and calculation of errors due to

the effects of neutron scattering and the generation of neutrons

from secondary reactions.
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Neutron radiative capture cross-sections for "°U
in the following energy ranges:Fig. (a) 0.5-1.5 MeV,
Fig. (b) 1-5 MeV, Fig. (c) 5-15 MeV, for data from
the following references: • [7], m [8],
* in Figs.(a,b) [9,10], * in Fig. (c) [11];
continuous curve in Figs. (a,b) BNAB-78 [2];
continuous curve in Fig.(c) BNAB-78 [3];
dashed curve in all Figs. ENDF/B-V [4].
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2. An exact measurement is needed in the energy range of

1-7 MeV of the niU a,,T cross-section at 100 keV intervals so as

to identify any non-monotonic behavior of the cross-section.

3. At energies ranging from 0.3-1.5 MeV. it is now already

possible to determine the niU radiative capture cross-section to

an accuracy of better than 3% using the activation method. So

far, other methods are not able to achieve such accuracies.

It is only with the aid of a comprehensive compilation of

experimental data, obtained by different methods to accuracies of

less than 3%, and in agreement with each other within the limits

of their uncertainties, that it will be possible to satisfy the

severe requirements imposed by the development of nuclear

technology.

4. At the present time, it is necessary to improve the 238U

<jn,t cross-section file of the BNAB-78 data library taking the

following into consideration:

- the inclusion of experimental data published in references

17,8,9];

- the review of the reliability of the earlier data,

considering in particular the remarks made in this article

regarding the effect of neutron scattering;

- the re-normalization of the data to revised values of

standard cross-sections;

- the inclusion of theoretical calculations in the

determination of evaluated curves;

- the need to make a dependable assessment of the

uncertainties of the evaluated data inasmuch as they are

essentially non-existent in the BNAB-78 or the ENDF/B-V

nuclear data libraries.
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