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ABSTRACT

Neutron transmission through natural silicon samples has been
measured for neutron energies between 5 eV and 730 keV. The Oak Ridge
Electron Lingar Accelerator (ORELA) was used to provide the neutrons.
The 80-m flight path with a GLi glass detector was used for the low
energy measurement, and the 200-m flight path with a NE-110 detector
was used for the higher energy measurements. The 1,488 resulting values

are tabulated and compared with the current ENDF/B-IV evaluation.






INTRODUCTION

During the re-evaluation (LA75) of silicon for ENDF/B-IV, an
absence of high resolution total cross section data was noted below
200 keV. The good resolution data (0.12 ns/m) of Perey, Love and Kinney
(PE72) was aQai]ab]e from 200 keV to 20 MeV, and a measurement by Schrack,
Schwartz and Heaton (SC71) of similar quality was available from 500 keV
to 20 MeV. The data of Cierjacks et al. (CI68) also spanned the region
from 500 keV to 20 MeV, but was not consistent in normalization with the
previously mentioned measurements, although of somewhat better energy
resolution. In order to provide high resolution data up to 500 keV, as
well as to resolve some discrepancies in the existing sets of data, we
measured the transmission of neutrons through two samples of silicon.
We observe several new resonances, and provide more detail for previously

observed resonances, in particular for the 55-keV and 180-keV resonances.

EXPERIMENTAL PROCEDURE

The silicon samples consisted of two neaf]y identical pieces of
transistor grade silicon, 23 cm in diameter and 0.75 cm thick, having
thicknesses n = 0.0370 and n = 0.0376 atoms/barn, respectively.

Two different experimental setups were uéed for the measurement.

For the data from a few eV to a few tens of keV, the 80-m flight path
was used, in conjunction with a 1.3-cm thick, 11-cm diameter 6Li scintil-
lation detector. The ORELA beam burst width was 5.5 ns with a repetition

1

rate of 160 sec ', and 2 kW of power on the térget Two filters were

used in the neutron beam; 0.60 cm of lead to diminish the gamma flash



produced when the electron beam strikes the water-moderated Ta target, and

a 300 mg/cm2 10

B filter to eliminate overlap of low energy neutrons from
preceding bursts. For this measurement, both samples were inserted in
the beam for a total sample thickness n = 0.0746 atoms/barn.

Higher energy data from a few tens of keV to 730 keV were acquired
on the 200-m flight path with a NE-110 proton recoil detector. The beam
burst width was 5 ns with a repetition rate of 1000 sec"], and 10 kW of
power on the target. Filters in the flight path included 2.0 cm of

]OB to reduce the

uranium to reduce the gamma flash, and 300 mg/cm2 of
flux of low energy neutrons. The n = 0.0376 atoms/barn sample was used
for this measurement.

The two measurements overlap from about 20 to 150 keV and the
resulting cross sections are in good agreement, except over very narrow
resonances, where the energy resolution at the 80-m flight path was
comparable to the widths of the resonances.

A neutron source monitor is used to normalize the sample in and
sample out data to the same neutron source intensity. Alternation of
the sample in and out of the beam was under control of the data taking
program. A typical cycle time was about thirty minutes, and total beam
time for the two runs was about 110 hours. Neutron energies are deter-
mined by the time-of-flight method, utilizing the gamma flash as a start
signal and detection of the neutron as a stop signal. The width of the
time-of-flight channels was adjusted with the data acquisition program
so as to have at least three channels per resolution width over the
neutron energy range of interest in the experiment. A more detailed

description of the experimental system can be found in Ref. (LA76).



DATA REDUCTION

The data were Corrected for deadtime effects, with the largest
correction being 15% in the cross section at i60 keV for the 80-m data,
and 1.1% at 640 keV for the 200-m data. Corrections were then made for
the béckgrouﬁd components. For the 80-m measurement, above 10 keV the
largest background source is 2.2 MeV gamma rays from neutron capture in
the water moderator surrounding the Ta target. This background is about
3% of the open beam at 14 keV. Below 400 eV, the room background domi-
nates and is ~0.2% of the open beam at 400 eV, rising to ~10% at 7.6 eV.

For the 200-m measurement, corrections are made for constant room
background, 2.2-MeV gamma rays from capture in the water moderator, and
478-keV gamma rays resulting from the ]OB(n,ay) reaction with the boron
in the Pyrex face of the photomultiplier. To aid in the background
determination, we record four 25,000 channel spectra. Each spectrum is
characterized by a different lower and upper cutoff on the proton recoil
energy of the NE-110 detector. This technique serves to approximately
isolate the different background components, even in the presence of the
neutron flux. After removing the various background components from
each of the four spectra, we then select from each spectrum regions based
on total counts and maximum count to background ratio and sum these
regions to obtain the final corrected sample-in and sample-out spectra.
The sum of the backgrounds is less than 0.5% of the open beam from 60 to
800 keV, the upper energy range of this measurement. A more detailed

discussion of data reduction techniques is given in Ref. (LA76).



Finally, ratios were formed of the sample-in and sample-out spectra
for both the 80-m and 200-m data and combined with the sample thicknesses
to form spectra of cross section versus energy. The regions selected
from the 80~ and 200-m data for the final spectrum are listed in Table I.
An interactive computer program which averages the data was then used to
reduce the number of points, while preserving the resonant structure.
This reduced the number of cross section values to 1,488. A tabulation

of these averaged transmission and cross sections is given in the Appendix.

RESULTS

Results of our measurements compared with the present ENDF/B~IV
evaluation for silicon (LA75) are shown in Figs. 1-4. The energy region
from 5 eV to 20 keV is shown in Fig. 1. Due to absence of data, the
evaluation from 5 eV to 5 keV is the sum of a constant thermal scattering
cross section of 2.15b and a 1/v radiative capture cross section. From
5 to 10 keV the data of Brugger and Fluharty (BR56) were used, while the
data of Fields and Walt (FI51) were used from 13.5 to 20 keV. The

resonance near 5 keV has been observed in the 30

Si + n separated isotope
measurement of Good and Harvey (G073). Good agreement with the evalua-
tion is observed up to 10 keV.

Figure 2 shows a comparison of our data with the present evaluation
from 20 to 100 keV. The evaluation in this region is based on the data
of Fields and Walt (FI51). Three resonances are observed in this region.

The resonance at 38.8 keV has also been observed in the separated isotope

measurement of Good and Harvey, where it was assigned to 2951 + n. The



s-wave resonance at 55.7 keV has a minimum cross section of about 200 #
80 mb, a peak cross section of 49 b, and is not present in the current

28¢5 4 .

evaluation. The narrow resonance at 67.7 keV 1is in

The region from 100 to 450 keV is shown in Fig. 3, along with the
evaluation. In this energy range the evaluation is based on the data of
Whalen and Meadows (WH66). The evaluation is shifted about 8 keV toward
higher energies from the present measurement, and we observe a minimum
of about 170 + 50 mb near 150 keV and a peak cross section of 14.3 b for
the 180-keV s wave. The resonance at 354 keV has not been seen in
previohs transmission measurements.

Finally, Fig. 4 shows our data from 450 to 730 keV, together with
the evaluation. From 450 to 500 keV the evaluation is based on data of
Whalen and Meadows (WH66), and from 500 to 730 keV the data of Schrack,
Schwartz and Heaton (SC71) were used. The region from 530 to 610 keV is
quite complicated, and the higher peak cross sections which we observe
are characteristic of our better energy resolution. Five resonances at
532, 565, 587, 590 and 602 keV are observed. The resonance at 590 keV
is a narrow s-wave resonance with the characteristic interference minima;

the remainder are most likely p- or d-wave resonances.

SUMMARY

We have measured the transmission of neutrons through silicon from
5 eV to 730 keV. The results have been compared with the present ENDF/B-
IV evaluation for the silicon total cross section, and a number of dis-

crepancies are observed. In particular, the evaluation does not account



for the large s-wave resonance at 55 keV, and peak cross sections for a
number of other resonances are too small in the present evaluation.
The transmission and cross section values have been sent to the

National Neutron Cross Section Center at Brookhaven National Laboratory.
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TABLE I. Summary of experimental information about the energy
boundaries which were used to generate the final set of cross section
values. Neutron energies are in keV unless otherwise noted.

Neutron Energy Flight Sample Run
Path (m) Thickness
Enin Eax n{atoms/barn)
5.12 eV 38.66 80 0.07462 8090
38.73 38.95 200 0.03762 3032
38.96 67.46 80 0.07462 8090

67.54 727.9 200 0.03762 3032
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APPENDIX

This Appendixilists the 1,488 values of the averaged cross sections.
The neutron energies are in keV, and the cross sections and errors are
given in barns. The errors given are statistjcal only, and do not

include an estimated +3% systematic uncertainty.
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