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Precision neutron spectrometry is based essentially on the time-of-

flight technique, since it gives one a high energy resolution. However,

fission spectrum measurements by this technique show a substantially greater

spread of experimental data than might be expected from the errors cited by

the authors, especially in the low-energy region. The discounting of effects

such as neutron scattering in particle detectors, on structural parts and

in the environment, can lead to a noticeable distortion of the neutron

spectrum [1-3] and is possibly the major reason for the discrepancy observed

in the experimental results.

For the study and consideration of these neutron scattering effects

both experimental and theoretical methods can be applied usefully, since

they supplement each other and increase the reliability of the results. In

our study we have used for the first time a calculation algorithm which

takes into account the process of multiple scattering in time. This is a

much more complex problem than calculations not involving time. Mathemat-

ically, we are solving the inverse problem of the theory of radiation

transfer [4], i.e. on the basis of a known experimental spectrum we recon-

struct the energy spectrum of the neutron source. This, in effect, amounts

to solving Fredholm's equation of the first kind:

jA(E,t)(p(E)dE«<J>(t),

(1)

which directly connects the neutron spectrum being sought <P(E) with the

experimental time spectrum *(t). The kernel of the integral equation A(E,t)

is the time spectrum for neutrons from a tnonoenergetic source with energy E

recorded by the experimental apparatus, and is a generalized multidimensional

analogue of the commonly used concept of neutron detector efficiency. We
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note that the above equation has no property of error stability on the right-

hand side and is therefore incorrect, hence regularization methods must be

used for its solution. The Monte Carlo method was used at the stage of cal-

culation of matrix A(E,t), and the calculations were performed on a

BEhSM-6 computer.

The influence of the effects associated with neutron scattering was

determined for a specific case - measurement of the spectrum for neutrons
252

from spontaneous fission of Cf by the time-of-flight technique. The

experimental conditions were as follows: the neutron detector was a

Lil(Eu) crystal (diameter 17 mm, thickness 4 mm; thickness of the aluminium

packing 0.5-1 mm and that of glass 0,5 mm); the fission fragment detector

was a scintillation gas counter (steel cylinder 18 mm in diameter and 70 mm

in height with a wall thickness of 0.15 mm). Both detectors were connected

to a FEhU-71 photoelectric multiplier. The spectrum was measured for four

path lengths: 6.25, 12.5, 25.0 and 50.0 cm. The shortest distance from the

walls of the room and remote objects was about 2 m.

By the method described we calculated multiple neutron scattering in

the crystal with allowance for the packing and the adjacent photomultiplier

glass. The elements of matrices A(E,t) obtained for three neutron energies

and two crystal thicknesses are given in Fig. 1. It will be seen that the

process of neutron recording in time for the 4 mm thick crystal differs

appreciably from that for the 8 mm crystal. The corrections for multiple

scattering, obtained by calculation for three path lengths are given in

Fig. 2 (with allowance for the spectrometer time resolution). In the

300-400 keV region we observe a neutron excess of about 5%, corresponding to

the contribution of neutrons scattered by the nuclei of oxygen in the com-

position of the packing and photomultiplier glass at a resonance energy of

440 keV. The shift of the resonance energy to the lower-energy region is

due to delay in neutron recording. For E = ~24O keV (see Fig. 2) the

curves have approximately 5% minima, owing to neutrons of this energy leaving

the beam during elastic resonance scattering by lithium and aluminium nuclei.
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Analysing the influence of neutron scattering on the photomultiplier and

the structural parts of the detectors, we note that in order to reduce

distortions in the low-energy region, some authors have tried to move the

neutron source away from scattering parts and to reduce, as far as possible,

the scattering parts of the neutron detector. It should be borne in mind,

however, that by moving the scattering parts of detectors away from the

source and neutron detector scintillator one cannot expect to eliminate

spectrum distortion. Firstly, with increase in distance the scattered neutron

flux decreases and, secondly, these neutrons begin to attain ever lower

energies, i.e. there is lower intensity of the fission neutron spectrum.

The scattering by the detectors was evaluated experimentally by doubling

their scattering parts, while approximately retaining the same geometry for

each path length. The experimental results obtained showed satisfactory

agreement with the theoretical evaluations. Figure 3 gives the energy depen-

dence of the correction for scattering from the photomultiplier and the

structural parts of the neutron detector for a path length of 6.25 cm. The

correction is irregular in shape. If we had used FEhU-36, FEhU-3O and

KhR-1021 devices, the corrections would have been considerably larger (by

a factor of 5-10), owing to substantially bigger scattering parts of these

photomultipliers. We may assume that it is neutron scattering with which the

detection of fine structure in fission neutron spectra is associated, or

this is at least partially the case [5].

As regards neutron scattering by the surrounding air, we note that this

effect is disregarded in most studies although air represents a significant

scattering medium. It is shown in Refs [2, 3] that during measurement of

fission neutron spectra for large path lengths neutron scattering by the air

between the source and the detector leads to slight spectrum distortions in

the form of fine structure. In the case described, neutron scattering by the

surrounding air was calculated for path lengths of 6.25-50 cm in a single-

interaction approximation. The obtained energy dependence of the correction

for neutron scattering by the surrounding air for a path length of 6.25 cm

is shown in Fig. 3. According to the data of Ref. [2], the correction

increases monotonically with decrease in energy.
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The dimensions of the measurement room often are such that high-energy

neutrons scattered from the walls may be recorded over the time interval

studied. The magnitude of this effect can be evaluated experimentally by

means of measurements with a shielding cone. In the present work we used a

wax cone with a length of 50 cm. Since the sum of the distances from the

source and the neutron detector to the walls was much greater than the path

lengths used, the measured effect was independent of path length, provided

the contribution of neutrons scattered by the surrounding air is subtracted.

The correction thus obtained for the path length of 6.25 cm, which is given

in Fig. 3, shows that the size of the correction grows rapidly with decrease

in energy and, for E «1 keV, is 100% of the intensity of the direct neutron

spectrum.

It follows from the data given here that during precision measurements

of fission neutron spectra correct account should be taken in every way of

the contribution made by scattered neutrons.
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Fig. 1. Elements of A(E,t) for crystals with a thickness of 4 mm (I) and
8 mm (II) and for three neutron energies, keV: (a) 2970;
(b) 470; (c) 89.

Fig. 2. Corrections for multiple neutron scattering in the case of path
lengths, cm: (1) 50; (2) 25; (3) 12.5.
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Fig. 3. Corrections in the case of a path length of 6.25 cm for neutron
scattering by walls (curve 1), surrounding air (curve 2) and
neutron detector (curve 3).


