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Abstract—The total cross section of B,O, has been measured from 0-006 eV to 0-082 eV with the BR-1 slow-
chopper. Samples of natural boron with an isotopic abundance of (19-81 & 0-02) per cent B'® atoms, and
‘boron enriched up to (96-515 & 0-013) per cent were used for these measurements. From the accurate total
cross-section values obtained, the ratio of the boron absorption cross section to the reciprocal of neutron
velocity was calculated. This quantity remains a constant over the entire energy range covered and its mean
value for natural boron is K = (1-674 + 0-0041) barns m/us and for the enriched boron K = (8-15 + 0:019)
barns m/us. The deduced values for the boron absorption cross section at the reference neutron velocity of .
2200 m/s are for natural boron ¢, = 760-8 + 1-9 barns and for the enriched boron ¢, = 3703 + 8:9 barns.
These values yield for the absorption cross section of the B isotope at the reference velocity 3840 =+ 11 barns
as deduced from the natural boron results, and 3837 £ 9 barns from the enriched sample.

1. INTRODUCTION

THE need for reducing the uncertainties in the boron
cross section arises from its widespread use as a
reference absorber for measurements of other cross
sections, and from its use in boron loading specifica-
tions for reactors and in reactor physics calculations.

This widespread use is due to the high absorption
cross section of the B'%-isotope, almost entirely due to
the B'(n, «)Li’ reaction, which shows a rigorous

1/v/E-behaviour in an extensive energy range.

In order to remove some discrepancies shown by
previous determinations (DEBUS ef al., 1962) neutron
transmission measurements of natural and enriched
boron samples have been made with a high degree of
precision in an energy range around 0-0253¢€V.
Special care was used in the mass-spectrometric
determinations of the isotopic abiuindances of B! in
the samples, as this was the main reason of deviations
in the absorption cross section of B'?, deduced from
natural boron cross section measurements in the past.
All other associate problems such as the determination
of the number of B! atoms/cm? in the cells, the
exclusion of any trace of light hydrogen from the cells
and chemical purity of the solutions were extensively
investigated.

The use of highly enriched boron samples minimizes
the influence of other cross sections used in the calcu-
lation of ¢,(B') from the measured total cross section
of B,O; and this reduces the error.

* Work done by a joint Euratom-CEN group.
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The use of ‘natural boron’ is not adequate to
define a standard of neutron absorption with precision.
As mass-spectrometric measurements of isotopic
abundances seem now more reliable, we have con-
sidered as the fundamental value the absorption cross
section of the B'%-isotope at 2200 m/s. From this
value one easily calculates the absorption cross section
of any boron standard, from a precise mass-spectro-
metric determination of the isotopic ratio.

2. SAMPLES

Two solutions of deuterated boric acid in heavy
water have been prepared, one containing natural, the
other highly enriched boron. The use of quartz con-
tainers eliminated any exchange of boron atoms with
other materials. A preliminary analysis checked the
chemical purity of the boron. No traces of other ele-
ments with high neutron cross sections were detected,
which could necessitate a correction to the measured
total cross section of B,Os.

Two identical planeparallel cells (Fig. 1) made of
optically polished quartz were filled with these solu-
tions. The use of D3BO, and handling of the samples
in a dry atmosphere avoided any trace of light
hydrogen in the cells. Itis estimated that the hydrogen
contamination was less than 0'1 per cent.

Two identical cells were filled respectively with pure
heavy water (99-9 per cent) and helium to serve as
blanks.

The neutron transmission of the empty quartz cells,
measured for each of them at 0-1 per cent had a mean
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TABLE 2
Sample Mole per cent B K, barn m/usec 0,(B)az00 barns 0,(B1%),,9y barns
Natural boron 19-81 4 0-02 1-674 4+ 0-0041 760-8 + 19 3840 4+ 11
Enriched boron 96:515 + 0-013 815 & 0019 3703 + 89 3837 £ 9
TABLE 3
Reference Experimenter Year Energy (eV) Apparatus G,(B')2590 barns
SCHMITT et al. (1960) ORNL 1960 0-018-0-4 Fast chopper 3848 + 38
SCHMITT ef al. (1960) ORNL 1960 0:022-0-042 Fast chopper 3803 + 48
SAFFORD et al. (1960) Columbia Univ. 1960 0-003-0-1 Crystal spectr. 3838 + 11
SAFFORD et al. (1960) Columbia Univ. 1960 Crystal spectr. 3858 + 25
DEBUS ef al. (1962) Euratom-CEN 1961 0-006-0-082 Slow chopper 3840 + 11
DEeBUS et al. (1962) Euratom-CEN 1961 0-006-0-082 Slow chopper 3837 + 9

This error originates from uncertainties on the flight-
path length and on the flight time. The former arises
essentially from the finite thickness of the sensitive
volume of the neutron detectors, the latter from the
definition of the zero of the flight time.

The flight path, defined as the distance between the
reaction centre of the BF;-counters and the chopper is
measurable to 0-01 per cent. The paths of the detected
neutrons, however, have a spread of 0-3 per cent
around this nominal value.

The calibration of the time-scale was achieved
throughout the determination of the Bragg cut-off of
the total cross section for a polycrystalline sample
of a-iron. Its error affects the single K-values with
uncertainties ranging from 0-2 to 0-6 per cent; in
Fig. 2 the total errors of K are displayed for some
typical points.

Furthermore the correction for multiple scattering
was estimated to be much less than 0-1 per cent and
has therefore been neglected.

Finally, upon calculation of the mean K of the
series of the K-values, its standard error, as quoted in
Table 2, is evaluated according to the weighted least-
squares method. At this point the interpretation of
the errors displayed for o,(B)agg is straightforward.

Systematic errors on 7 have not been accounted for,
but an analysis on possible sources has been carried
out (DERUYTTER et al., 1961) showing that the arith-
metic sum could yield no more than 0-13 per cent on
the single 7-values. The error given in Table 2 for the
isotopic concentration of B! represents only the
statistical fluctuations in the mass-spectrometric
determinations. Systematic errors (mass discrimina-
tion) are under investigation. However, there are
reasons to believe that mass discrimination is small.
There is, in fact, good agreement between measure-
ments of the same sample on mass spectrometers of
different design. The value of 19-81 per cent B'® is in
good agreement with results of other laboratories

(DEeBUs, 1962; private discussion at KAPL and
ORNL), where mass discrimination has been meas-
ured. Furthermore, mass discrimination would have
a very different effect on natural and enriched boron;
the good agreement between the cross-section values
for B obtained on both samples indicates that mass
discrimination is practically non-existing. In any case
the results of the investigation on mass discrimination
will be published as soon as possible.

6. RESULTS AND CONCLUSIONS

The results for K, ¢,(B) and ¢,(B*°) are summarized
in Table 2.

The errors quoted are standard deviations. The
agreement between the values of the absorption cross
section of the B1%isotope calculated from the natural
and the enriched sample is exceedingly good.

Table 3 shows a comparison of the most recent
results for o, (B),y,. The table is limited to recent
measurements either taken with enriched boron, or
those giving a defined isotopic ratio when natural
boron was used.

The agreement is satisfactory within the quoted
errors.

The mean value for the two determinations of the
present report is o,(B'®) = 3838 + 7 barns. Moreover
a weighted mean deduced from all the data mentioned
in Table 3 yields o,(B%) = 3839 + 9 barns.

Acknowledgments—The authors wish to acknowledge gratefully
M. NEVE DE MEVERGNIES and M. J. SPAEPEN for their advice and
guidance, and to express their appreciation to Messrs. G. DEBUS,
K. LAutr and H. MoReT for preparation and careful analysis of
the boron samples respectively by mass spectrometric, chemical
and metrological measurements. We like to thank also Mrs. G.
DE CortE and Mr. G. Gonano for their assistance. Further-
more thanks are due to Mr. H. CEULEMANS for the design of the
slow chopper, Mr. J. RAVOET and Mr. L. VAN STEELANDT for its
mechanical maintenance and Mr. E. Migs for the maintenance
of the electronic equipment.



Determination of the thermal neutron absorption cross section of B*® and natural boron by time of flight

REFERENCES

CeuLeMAaNns H. et al. (1962) Pile Neutron Research in Physics,
p. 195, I.A.E.A., Vienna.

Desus G., DErUYTTER A., Lauer K. J., MORET H. and
ProspociMI A. (1962) Report EUR-12e.

DERUYTTER A. J. (1960) Nucl. instrum. Meth. 7, 145.

DerUYTTER A. J. et al. (1961) Proceedings of the EANDC Sym-
posium on Neutron Time-of-Flight Methods, pp. 275-282,
Euratom.

87

EGELSTAFF P. A. (1957) J. Nucl. Energy 5, 41.

Hucues D. J. and Scuwartz R. B. Neutron Cross Sections,
USAEC Report, BNL-325, 2nd ed. and Suppl.

Lauer K. and Le Duicou Y. (1961) Z. Anal. Chem. 184, 4.

Moret H. (1962) Rev. sci. Instrum. 33, 241.

SarForD G. J. et al. (1960) Phys. Rev. 119, 1291.

Scumrrt H. W. et al. (1960) Nucl. Phys. 17, 109.

TriMan J, and SuEer C. (1951) Phys. Rev. 83, 746.


















