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The B(n,a), B(n,ctj) and, increasingly in more recent measure-
ment, the 6Li(n,a) cross sections are the major references used in low
energy experiments. Many data from modern measurements are available for
the neutron interaction with 6Li, including total , scattering, and absolute
and relative (n,a) cross sections. A consensus has been reached with these
new 6Li + n data. In contrast, the data base for the 10B neutron interaction
cross sections is unfortunately poor. This is even the case for the total
cross section which is supposed to be the easiest quantity to be measured.
The most serious deficiency is the absence of data from absolute measurements
of the 10B(n,a) and 10B(n,a ) cross sections in the last 10-15 years. The
available cross section data which were used for the ENDF/B-VI evaluation will
be discussed.
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I. INTRODUCTION

The B(n,°,) and the B(n,<*) reactions have been used as the major
reference cross sections in most low-energy (e.g. < 100 Kev) cross section
measurements in the past. The Li (n,a) cross section has been increasingly
utilized in the last 10 years. Consequently, the available data base for these
cross sections has to be of major concern. However, because the Li and B
compound nuclei can be very well described with R-matrix theory, data for other
reaction channels, angular distributions and total cross sections are of
interest as well.

The Li + n and B + n data were extensively discussed at the 1975
Standards Symposium in Gaithersburg.1»2 Recent reviews of the "Standard
Cross Sections' and of the "Control Materials and Light Coolant Cross Section
Data" also addressed the Li and B data bases.Thus the present discussions
will be restricted to the data base in view of its use for the ENDF/3-VI
evaluation of the standards and other principal cross sections. This evaluation
extends from thermal energy to 20 MeV for some cross sections. For Li and B
the upper energy limits of 3.0 and 1.5 MeV, respectively, are determined by the
usefulness of higher energy data to affect the low-energy "standard" range, as
well as the opening of additional reaction channels besides the (n,n) and (n,o)
reactions.

A short discussion of the thermal cross sections will be given in

Section II. The Li + n data base will be discussed in Section III and the
10B + n data base in Section IV. A general discussion on the usefulness of

these standards and some conclusions are contained in Section V.

II. THE THERMAL CROSS SECTIONS

There are three experimental values of the Li(n,cx) cross section
available. The weighted average of 941 ± 3b is consistent with the value
of ** 940b. inferred by 1/ E extrapolation from the total cross section measurement
by Utlei
The ENDI
Harvey.

by Utley but somewhat higher than the corresponding value measured by Harvey
The ENDF/B-VI value is 935.9b and in close agreement with the measurement by

The thermal B(r»,,a) cross section which was measured very accurately
n several experiments some 15-20 years ago is a bright point i the dismal data

base for <10B + n. A recent evaluation yields a value of 3838 ± 6b which should
be accurate enough for any application. The ENDF/B-V value of 3836.6b is in
good agreement with this value.

The available data for the °0/
a. ratio show large discrepancies

(see Fig. 1). The earlier proportional counter and ionization chamber
measurements resulted in substantial differences which are multiples of the
claimed uncertainties. The later surface-barrier detector measurements resulted
in substantially smaller difference but are also discrepant by nearly twice the
combined uncertainties. The probability that a data base with a corresponding
X2 occurs is 10-"1'. An evaluated average of 6.723 ± 0.039% has been
obtained for <*o/o- by increasing the quoted uncertainties of those values
which deviate from the average by more than two standard deviations, and by
increasing the evaluation uncertainty by x • The evaluated average is in good
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agreement with the average from the surface-barrier detector measurements
(6.722 - 0.018)% as well as with the weighted average of all data (6.715 *
0.006)%. This is the consequence of the two most accurate measurements i U» 1 1

having substantially higher weights than all other data. The "preevaluated"
value will be used for the ENDF/B-VI evaluation of the standards.

III. THE 6LI + N DATA BASE

Several new Li neutron total cross section data sets have become
available since the evaluation of ENDF/B-V 13,13^ These measurements
rely on samples from CBNM, thus they are correlated by the sample mass uncer-
tainties. A common feature of the new measurements is a higher peak cross
section (e.g. 11.26b ) for the 240 KeV p-wave resonance than obtained in
previous measurements (e.g. 11.0b ). This may be in part the result of un-
certainties of the areal density of the samples used in the different experi-
ments which might be expected form the procedure used to make some of the
samples. The areal density of the CBNM sample was investigated as part of an
additional total cross section measurement which has not yet been fully analyzed
It was found that the maximum contribution to the uncertainty due to areal

density variations of this particular sample is 0.3%. The new measurements are
in good agreement except for an energy scale shift of - 2.5 KeV.

The major importance of the total cross section is its effect on the
(n,a) cross section in an R-matrix fit. The relatively high value of the (n,a)

peak cross section of ENDF/B-IV was the result of the low total cross section
data by Uttley and Diment .

New scattering cross section data have also become available 12,13,1^ Q£
specific interest is the measurement by Alfimenkov et al. at lower energies
which appears to be much more consistent with R-matrix prediction than the
previously available two data sets16*1'. The latter were discrepant by ~ 50%.
The data by Alfimemkov et al., are unfortunately not available in tabulated

form so far. Only one of the new measurements extends over part of the 240 KeV
p-wave resonance1^ with uncertainties of 6-10% for the experimental values.

Several absolute measurements of the Li(n,a) cross section were made
since 1970 15~23. The status of the data by Fort et al.,16'18 is presently
unclear: a renormalization of the data has been suggested based upon additional
measurements of the amount of Li in the Li-glass used in these experiments21*.
However, with this renormalization the cross section in the "^f E region
corae§ in substantial conflict with the extrapolation of the thermal cross
section. The data are not being used for the evaluation. Only the data from
the first measurement by Poenitz and Meadows will be used for the evaluation
because the later additions were most likely affected by poor resolution
caused by high humidity during neutron target production. This explains why
the integral over the resonance is in reasonable good agreement with other
data . The data by McPherson and Gabbard are uncorrected rough data and thus
unuseable for any evaluation. The remaining three data sets which provide
absolute data below 1 MeV are compared in Fig. 2. After adjustment of the

energy scale in order to obtain the resonance peak at 240 KeV the three data
sets are in good agreement with exception of the peak cross section value by
Overley et al.19
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There is an additional new measurement in which an absolute value was
obtained at - 23 KeV with a quoted uncertainty of ~ 2.4%23. It is ~ 4.4%
lower than the 1/ E extrapolation from a thermal value of 941b and ~ 6%
lower than ENDF/B-V. It might be difficult to explain this value with the
known resonances of the 'Li compound nucleus.

An increasing number of the measurements of the U(n,f) cross section in
recent years has been carried out relative to the Li(n,a) cross section 29.
More recently it has been recognized that the U(n,f) cross section is
probably better known than the 6Li(n,ce) cross section and measurements were
carried out extending over the higher KeV erergy range30"34. All the 6Li(n,a)/
235U(n,f) and 235U(n,f)/6Li(n,a) measurements are shape measurements with some
extending to thermal energies25*2''30'32 or to the 7.8-11.0 eV integral
of the 235U(n,f) cross section26'2^. These data are shown in Fig. 3 as
6Li(n,ct)/235U(n,f) values. These data are in remarkably good agreement (~ 1-2%),
Aside from a energy shift of ~ 5 KeV of the Van de Graaff data and with
exception of the 80-90 KeV region where there is a larger spread of the
values. There seems to be a polarization at the peak of the Li' resoance where
the values of Czirr et al.2/ and Gayther are in good agreement but ~ 4%
higher than the values by Poenitz and Meadows and by Macklin which in turn
are also in good agreement.

It should be emphasized that all data in Fig. 3 have been renormalized
with the normalization factors obtained from the evaluation of the standards
and other principal cross sections for ENDF/B-VI. The normalization factors
obtained from GMA are based on all absolute data, however, because of their low
uncertainties, the thermal values have most likely the highest weight.

It appears that the 6Li(n,a)/235U(n,f) ratio is one of the best known
quantities between thermal and 1 MeV neutron energy. This means that below 10
KeV the 2 U(n,f) cross section will be strongly influenced by the Li(n,<*)
cross section, and above 200-300 KeV the 6Li(n>a) cross section will be mainly
determined by the U(n,f) cross section.

IV. THE 10B + N DATA BASE

Whereas the °Li + n data base has substantially improved in recent
years, few new measurements have been made for the *"B + n interaction. The
data base for B + n is not as extensive as it might appear because much
double counting has been made in tables and figures shown in reviews and used in
evaluations.

A new measurement of the total neutron cross section of B has been
reported by Auchampaugh et al.35. The original intent was to provide data
above 1.5 MeV, however, values between 1.0 and 1.5 MeV were later also extracted
forsa Lhis experiment. Though the data are outside the range of interest for
the application of the * B + n reference crops sections, they indicate an
alarming 10% discrepancy with the total cross section data by Diment around "•
1 MeV. This problem is shown in Fig. 4. Other available data are not useful
for defining the total cross section with the required accuracy, as can be
concluded from Fig. 4.
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The data by Diment36 have been the major basis for evaluations in the
past. The measured cross section spans a large energy range but the data were
obtained in segments. Though Diraent stressed the importance of overlap regions
between these segments, data for the overlap regions are not available. Some
confidence in our knowledge of the total cross section has come from the good
agreement between the data by Diment and by Mooring et al. . A comparison
of the two data sets is shown in Fig. 5. Though the agreement is good over
most of th energy range, it is apparent that the sample used by Mooring et al.
had some oxygen in it. The more recent measurement by Beer and Spencer is
also shown in Fig. 5. Different results for the analysis of the sample used
in this experiment resulted in a 5% systematic difference for the calculated
cross sections. The result of one sample analysis was selected because it gave
the best agreement with the prior data36»3/. This, of course, means that
these new data are biased and uncertain by at least 5%. One might note in
addition that the agreement with the prior measurement appears not to be as
good as suggested (see Fig. 5).

New measurements of the scattering cross section in the energy range

of interest (e.g. < 2 MeV) have not been made. Though there is good agreement
between the data by Mooring et al. and Lane et al.39, a substantial difference
remains at lower energies with the data by Asami and Moxon

The only important new contributions have been made for the B(n,ao)
cross section. Two new data sets are available which were obtained from
measurements of the inverse reaction cross seccion1*1 j1*2. These new measure-
ments deviate from ENDF/B-V by up to 40% around 500 KeV, but also differ amound
themselves by - 10% at this energy (see Fig. 6). It is interesting that an
average from the past &0/

a* ratio data and the evaluated o of
ENDF/B-V supports the higher <*o data.

A new measurement of the (n,a ) cross section has been carried
out above 100 KeV1*3. However, this is only a shape measurement and therefore
does not help to resolve the substantial discrepancies which exist for the
(n,a ) and 'n,a) at base.

V. DISCUSSIONS

Consideration of the Li + n and the B + n data bases shows that
substantial progress has been made for the 6Li(n,a) cross section but the
10B(n,a) and the B(n,a ) cross sections remain poorly defined. There
are few absolute measurements of these cross sections and which have large
uncertainties and/or are flawed by various shortcommings. In most of the
applications of these cross sections the experimenters have relied upon a
"close to 1/ E behaviour of the 10B + n cross sections at low energies.
However, the degree of the deviations from 1/ E will have to be defined by the
data in regions of resonances which cause these deviations. The 11B compound
nucleus has the disadvantage of higher level density than Li. Both display
very broad resonances (with exception of the KeV p-wave resonance of 'Li)
which are therefore difficult to define experimentally.

For Tii + n we have two total cross section measurements which extend
to very low energies and several which cover the 240 KeV p-wave resonance. We
have absolute data for the ^.i(n,«) cross section over the resonance which
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have acceptable low uncertainties (— 2.3% and •» 3.5%). We also have a large
number of 6Li(n,a)/235U(n,f) measurement which help to define the cross section
at higher energies via the absolute z^^U(n,f) data base. Undeniably there are
some shortcomroings as well. Scattering data over the 50-240 KeV range, which
is the low energy side of the p-wave resonance, are sparce. The two measurements
of the shape of the ^Li(n,a) cross section which extend to the low energy
range differ systematically by 3-4% between 20-120 KeV and by 7% in the peak of
the p-wave resonance though they agree well above 300 KeV and below 20 KeV.

In contrast, for l̂ B + n we have only one total cross section measurement
which extends to very low energies but which unfortunately has a segment end
just at the energy where repeatedly a resonance has been suggested. We do not
have sufficient total cross section data over the non- 1/ E range. In contrary,
we have discrepancies between the available data.

We do not have any valid absolute measurement of the l"B(n,a) cross section
in the KeV-MeV range made in the last 20 years. The shape measurements which
are available and extend to low energies are discrepant by 20-40%.

The situation is similar for the 10B(n,a ) cross section. Though an
absolute measurement has been reported ~ 15 years ago, substantial corrections
are required for this measurement. The available information is insufficient
to calculate these corrections to any acceptable accuracy. There are similar
discrepancies for the shape measurements, which extend to low energies, as for
the 10B(n,ct) cross section.

Absolute cross section measurements have been made for the , o

cross section. However, this reaction is not used as a reference cross section.
The uncertainties of these measurements are large (e.g. >5%) and their utility
is limited because the ao/ct data are also discprepant and/or very
uncertain.

Though of the dismal data situation, the least squares fit of all the
available data will probably give a resonable answer. However, it is
clear that the true uncertainty of such result is large.

It is therefore recommended that the ^Li(n,a) cross section is being
used as a reference cross section below 100-150 KeV until a reasonable data
base for the l̂ B + n interactions becomes available.
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