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ABSTRACT
In this paper a description of the high energy neutrons at a usual position in the dry cell
of our reactor is given. Neutrons emerging from the graphite reflector enter the exposure room
through the horizontal shaft. At the irradiation position samples of detection materials were
irradiated. After irradiation γ-ray spectra were measured and from the saturation activities the
spectrum was calculated.
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INTRODUCTION

Our dry cell is often used for irradiation with thermalized fluxes smaller than 108 cm-2s-1.
In the last few years irradiation of minerals, biological samples and semiconductors was
carried out. The ratio of fast flux Φf and conventional thermal flux Φt is Φf / Φt ≅ 0,03. In
spite of that fact the apparatus is used for some irradiation with fast neutrons in the absence of
a fission plate due to its easy handling. However, the fast neutron spectrum must be known
for evaluation of the irradiation data of material such as proton recoil detectors. For this
reason, samples of materials that are well known in reactor metrology were irradiated at the
standard position. After every irradiation gamma ray spectra were measured and from the
saturation activities the spectrum was calculated.
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IRRADIATION SET-UP

A simplified vertical cross-section through the essential part of the device is shown in
Figure 1. Neutrons, originating in the reactor core, enter the dry cell through the horizontal
shaft. They pass at least one meter of graphite and 70 cm of air. So we have at the standard
irradiation position S prevailingly scattered neutrons with an addition of transmitted neutrons
at higher energies.
Irradiation usually begins by lowering the sledge with the fastened sample into the
room, and finishes by lifting it back.
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IRRADIATION AND SAMPLES

The whole irradiation was performed at full reactor power of 250kW. Each irradiation
was monitored by a foil of copper or by an approximately 50µm thick golden foil. Reactions
which were selected for this presentation are 197Au(n,γ) with bare diluted gold, 197Au(n,γ) with
diluted gold under cadmium cover, 63Cu(n,γ) under cadmium cover, 96Zr(n,γ) under cadmium
cover, 98Mo(n,γ) under cadmium cover, and threshold reactions 24Mg(n,p), 27Al(n,α),
27
Al(n,p), 64Zn(n,p), 115In(n,n’). Some of reactions will be added in future. Thickness of
cadmium cover is 0.782 g cm-2. Neutron reaction cross section data are taken from [1]. These
data were processed into 20 groups per decade structure with a flat weighting spectrum. Other
data necessary for the evaluation are taken from [2,3,4,5].

Figure 1. Simplified vertical cross-section through the dry cell.
Letters S, L, and Z denote the usual irradiation position, the shutter, and the shielding around
the stored fission plate, respectively.
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COMMENTS AND RESULT

Only the neutrons over 100keV contribute to the saturation activity of the five threshold
reactions used. Let ai be the measured saturation activity of the ith threshold reaction and αi
the corresponding saturation activity calculated by the use of the curve shown in Figure 2.
Accordingly, the number
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N=5

(1)

could serve as a measure of the reliability of the calculation in the high energy region.
The measured neutron spectrum ϕ(E) at energies over 100keV is shown in Figure 2. A
recess between 2MeV and 5MeV is evident. This shallow lies in the resonance region of the
total cross section of 12C [6]. A more detailed analysis reveals, that we can trust a shape at a
chosen energy E if it is extended over an interval greater than (0.8E, 1.3E). It can also be
observed that the influence of the scattering is strong enough so that the minimum at 3.7MeV
appears close to the large resonance at 3.5MeV, and the little peak at 5.9MeV arises close to
the pit at 6MeV in the total cross section of carbon.
The value

φ

20 MeV
f

=

∫ ϕ ( E ) dE = 1.54 (1 ± 0.05 ) ⋅ 10

6

cm − 2 s −1

(2)

100 keV

is the fast neutron flux at the position S in the exposure room. The error in this value contains
the error of computation as well as the contribution of the uncertainties of all the individual γspectrometric measurements.
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CONCLUSION

Fast neutron flux and fast neutron spectrum at the usual irradiation position in our dry
cell are known within limitations given in paragraph 4.
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Figure 2. Fast neutron spectrum at the standard irradiation position
in the exposure room at reactor power of 250kW.
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