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The cross-section for interaction between neutrons and He nuclei is one

of the standard cross-sections [l], i.e. one of thosewhich vary evenly over a

wide range of energies and are known to a high degree of accuracy. However,

this last requirement is met by measurements of the total cross-section [2]

and the scattering cross-section [3] only in the thermal region. Until

recently there were very few data on cross-sections in the energy range

10 eV-10 keV. The only experimental result for the absorption cross-section
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[the He(n,p) reaction] was found from the cross-section ratio for the He(n,p)
and Li(n,a) reactions [4].

The authors of this paper report measurements of the total cross-section
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for interaction between neutrons and He nuclei in the energy range 0.025-250 eV.

The measurements were made using the time-of-flight method on the IBR-30 pulsed

reactor. The drift space to the detector was 115.51 - 0.05 m for measurements

in the thermal energy region (reactor operating mode), and 57.72 - 0.03 m in

the resonance region (booster operating mode of the reactor together with the

LUEh-40 electron accelerator). The targets used were gaseous samples in

cylindrical stainless steel containers 50 mm in diameter and 590.3 - 0.05 mm

long. The operating pressures at a temperature of 22 C were 100.59 - 0.02 torr

and 49.86 - 0.05 torr (1 torr = 133.322 Pa) in samples for the thermal region,

and 751 - 0.2 torr in the sample for the resonance region. The containers were

pumped out to produce a high vacuum when heated to 150 C; the inleakage amounted

to not more than 4 x 10 torr/h. The He for the targets was purified using
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cryogenic sorbtion traps. The amount of He in the He samples used was

(1.7 - 0.1)%, and this was measured by mass analysis on the EhG-5 electrostatic

accelerator. The gaseous sample thicknesses measured with this fact taken into
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account were 1.906 x 10 , 0.945 x 10 , 0.970 x 10 and 1.421 x 10 He
nuclei per cm .
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After ten minutes of measurement with and without a gaseous sample the

samples were changed automatically. During measurement without a sample a

vacuum container with transmission characteristics the same (to within 0.02%)

as those of the sample container was introduced into the beam. The experimental

spectra obtained in the resonance energy region for measurements with and with-

out a sample are shown in Fig. 1. The lower scale corresponds to the time of

flight of neutrons t (channel width 2 ps) and the upper scale to the neutron

energy E in electron-volts. The statistical collection time for each spectrum

was 29 h. In these measurements there were always background resonance filters

of manganese (337 eV), rhodium (1.26 eV) and cadmium (0.178 eV) in the beam.

The energy dependence of the background curve was determined by a separate

measurement using additional filters of bromine (35.8 eV), silver (5.2 eV) and

cobalt (132 eV). When transmission measurements were made the total cross-

section a was found. The accuracy of the experimental points of a was 0.5%

at the beginning of the energy range (at E = 2 eV) and approximately 2%, at the

end of it.

Measurements with thermal neutrons covered the energy region 0.02-0.17 eV.

The background was determined by extrapolation of detector readings in the time

channels between neutron bursts to the region being studied, where it did not

exceed 2% of the maximum experimental spectrum. The least-squares method was

applied to the data for individual energy sectors of the spectrum in order to

find (a >/E) . The average result over three samples (with a being disregarded)

was

= 848,6+1,2 b-

This value corresponds to the cross-section at the thermal point, which is

equal to

6̂ (2200 M/C) = 5337+8 b,

this is in agreement with the value of 5327 - 10 b found earlier [2].

The total cross-sections found are shown in Fig. 2 in the form of a

dependence of a >/~E (the point) on energy. The broken line represents the case

in which only the absorption cross-section o has been taken into account; the

deviation of a from the 1/V law in the energy range studied may, as is shown
3



in Ref. [4], be given in the form

6I0-2/F5)~I(6^E1) (1)

This deviation already becomes marked (approximately 2%) at 200 eV. Unfortu-

nately, it was not taken into account in Ref. [5], the authors of which measured
3

the ratio of the BF~(n,a) and He(n,p) cross-sections and concluded that the

molecular link between atoms influences the neutron cross-section.

Deviation in the experimental points of Ref. [2] from the broken line is

a systematic one. It can be explained in terms of an increase in the relative

contribution of the scattering cross-section a to the total cross-section a

in accordance with the expression

(2)

The scattering cross-section can thus be found from the energy dependence of

the total cross-section by using the deviations of the cross-section a from

the 1/V law. The presentation of the experimental points in Fig. 2 by means of

Eq. (2), in which a /E is determined by Eq. (1), takes the form of a solid line,
a

the parameters of which have been found to be equal to

)T= 848.0+0,4 b-

<on = 3,3+0,2 b.

These values are in good agreement with the measurements of a [2] and o [3]

in the thermal energy region. It would be of interest to extend the neutron

energy region studied up to some hundreds of kiloelectron-volts.
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Fig. 1. Experimental spectra with sample (curve 1) and without (curve 2)

obtained by transmission of He in the resonance neutron energy

region.
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Fig. 2. Values of o\| E as a function of neutron energy.


