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ON THE CONTRADICTION BETWEEN TBS MICROSCOPIC AND
INTEGRAL DATA FOR FAST NEUTRON ABSORPTION

CROSS-SECTION FOR 23tU NUCLEI

A.A. Van'kov

ABSTRACT

The contradiction between a measured integral neutron
absorbtion cross-section averaged over a fast reactor
spectrum and the corresponding value which was calculated
with the use of evaluated microscopic cross-sections and
a theoretical neutron spectrum has been investigated.
The possible systematic error of a correction factor
which takes into account multiple resonance neutron
scattering in samples used in the measurement of the
absorption cross-section is investigated. It is proposed
that this error may be one of the main reason for the
contradiction mentioned above which arises in the
measurement of the 236U neutron absorption cross-section.

Radiative capture cross-sections of heavy nuclei in the

energy range of a few keV to -0.5 MeV are usually measured using

neutron time-of-flight spectrometers by recording the y-quanta

emitted during radiative capture of neutrons in a thin sample.

For heavy nuclei, this energy range is the unresolved resonance

region. Resonance effects are particularly pronounced at low

energies and therefore the "optical" thickness of the sample

increases as the energy of the incident neutrons decreases. A

compromise has to be found between the contradictory requirements

of collecting statistical data rapidly and of ensuring a minimum

distortions of the observed cross-section caused by the effects

of resonance self-shielding and absorption after scattering of

the neutrons in a sample of finite thickness. In practice,

samples having a thickness of about x = 1 mm, i.e. t = 5'10~3

nucl/b are used in such experiments. Such samples are far from

being "ideally thin" since the relative correction for oT for
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scattering at os -10 b is of the order of 2ost, i.e. 10% (if the

mean path length is taken to be 2 x). If the contribution to the

error of o7 as a result of this correction were to be less than

1% this would mean that the scattering effect correction would

have to be known within an error not worse than 10%.

In evaluating this correction, the main difficulty lies in

correctly taking into account the resonance structure of the

neutron cross-sections. With the existing approximation methods

it was not possible to check if the resonance structure was taken

into account correctly since there were no adequate mathematical

methods for representing it on the basis of the theory of neutron

cross-section behavior in the unresolved resonance region. We

have developed a way of representing it based on the R-matrix

theory using the Monte Carlo method to generate the total

cross-section function and the partial cross-section correlation

functions [1, 2]. It thus became possible to calculate reliably

any non-linear cross-section behavior. Adopting this approach,

the author developed an analytical method of calculating the

correction for multiple scattering of neutrons in the sample,

taking into account the resonance structure of the neutron

cross-sections.

Let us examine the essence of our calculational method, the

geometry of which is shown in Fig. 1. The symbols used are as

follows:

- total cross-section;
- absorption cross-section;
- scattering cross-section;
- corresponding cross-sections at

energies E after initial scattering;
- thickness of layer, cm;
- density of nuclei, cm"3;
- thickness of the layer, nucl/b;
- cosine of the scattering angle of .

The observed self-shielding cross-section which is

proportional to the number of absorption events at the first

collision in a layer of thickness t is
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This cross-section increases to AoTl as a result of the

absorption events in the layer beyond the initial scattering

Here: f(p) is the angular distribution o-f the scattered

neutrons, assuming that the isotropic scattering f(u) = const;

P(t',u) is the probability of neutron emission after the initial

scattering.

Introducing u=l/£ we can rewrite expression (2) as follows

(3)

Expression (3) has to be integrated with respect to E and

E1, i.e. an averaging of the type < > = J dE and < >' = J dE'

(with respect to the incident neutrons spectrum and the scattered

neutron spectrum respectively). This is equivalent to

integrating with respect to the total cross-section distributions

< > = JP(o)do and < >' = JP(o')Do'. The cross-section

distribution functions are obtained from independent calculations

of the neutron cross-sections. In the unresolved resonance

region they were calculated by the Monte Carlo method based on

the R-matrix theory.

Based on a rigorous approach we calculated the corrections

for multiple neutron scattering in the sample for typical

conditions of measuring the radiative capture cross-section for
238U [3] . The results were compared with those of typical

approximation calculations in which the effect of multiple

scattering in the constant cross-section approximation was
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calculated together with the additional correction for the effect

of resonance self-shielding. This method (attributed to

Maklin-Smith) is generally used by experimenters to process the

results of o. measurements [4-8]. Correction calculations using

this method have been carried out by L.E. Kazakov. A comparison

is shown in Fig. 2. It can be seen that the approximation method

lowers the resulting correction, particularly in the region of

low energies, where the effect of the resonance structure is very

large. Integrating over the spectrum of a fast reactor core

yields a discrepancy of 3-4%.

It is well known that the experimental

integral data for the 238U capture

cross-section for is systematically 3-4%

lower than the corresponding calculated data

based on microscopic cross-sections (see for

example Ref. [9]). If we assume that there

is a systematic error in the microscopic

evaluations for 238U associated with the fact

that the correction calculated above is too

low, as shown in Fig. 2, the contradiction

between the microscopic and integral data

practically disappears.

Fig. 1. Geometry used
in thecalculation of
neutron capture after
scattering in a layer
of thickness t(nucl/b)

The conclusion that the existing method of calculating

corrections for finite sample thicknesses in experiments designed

to measure the neutron radiative capture cross-section using the

gamma-ray recording method is inadequate and applies not only to

the experimental data for 238U in the unresolved resonance region,

but also to data for other heavy nuclei in both the resolved and

unresolved resonance region. The contradictions between the

"alpha" measurement results for 235U and 239Pu using different

methods are discussed in the literature. Since samples of

different thicknesses and dimensions (determined by the

transmission, the resolution and other conditions) can be used in

various experiment methods, it can be assumed that at least one

of the reasons for discrepancies is associated with errors in the
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corrections for multiple scattering of resonance neutrons in the

detecting equipment.

The most universal method of calculating different equipment

corrections is the Monte Carlo method. This method has been

increasingly used recently to analyse different kinds of

experimental data. In applying this method, it was shown that

details of the resonance structure of neutron cross-sections can

be represented by so-called subgroup parameters. The extent to

which such representations are physically justified , has to be

checked in each specific case. As the test calculations for 238U

[10] have shown, the subgroup method in the Monte Carlo

calculation has yielded results close to those obtained in our

calculation.

Using the analytical method in Ref. [10], similar

corrections were calculated for the self-indication function

This type of measurement is described, for example, in Ref. [11]

where this correction-was disregarded. Figure 3 shows the

results of calculating it using the analytical method for

conditions in Ref. [11]. It can be seen that the correction is

systematic: it grows monotonically as the thickness of the sample

increases and with the incident neutron energy decreases.

Since in evaluating the average resonance parameters the

experimental data are analyses not only with respect to the

average cross-sections but also with respect to the

self-indication functions, the latter may also make a

contribution to the systematic error in the results of the

optimization analysis when evaluating the average resonance

parameters. Therefore, evaluations of "pure" average resonance

parameters obtained exclusively from the analysis of the resolved

resonances, are more reliable. The calculated data of the energy

dependence of the average absorption cross-section for 238U in the

unresolved resonance region using "pure" average resonance
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parameters are in fact lower than the experimental values at low

energies in the unresolved regions [12].

From Fig. 2 it follows that if the correction for multiple

scattering in the sample is correctly taken into account, there

should be a further reduction in the average absorption

cross-sections for 238U of approximately 5-6% for the energy group

4.65-10 keV and of 3% for higher energies. Such a correction is

similar to fitting evaluated microscopic data by taking integral

experiments into account. Consequently, the suggested additional

correction, which has a physical explanation, is close to the

so-called ABBN-MIKRO and ABBN-78 evaluation [13] (the latter is

the result of fitting to the integral data), and eliminates the

contradiction between the integral and microscopic experiments.
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Fig. 2. Resulting correction
for a finite thickness "BU
sample, t = 0.0064 7 nuc/b.
-Maklin-Smith method i
-Detailed calculation,
present work.
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Fig. 3. Resulting correction
ATt/TT=(TTDb.- TT)/TT for finite
thickness of metallic "BU
sample (t=0.00647)as a function
of filter thickness T« for
various neutron energy averaged
intervals (keV) : (1) 4.65-6.78;
(2) 6.78-10; (3) 10-14.5;
(4) 14.5-21.5; (5) 21.5-31.65;
(6) 31.65-46.5; (7) 46.5-67.8;
(8) 67.8-100; (9) 100-145.
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