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ABSTRACT 

Helium production cross sections for the elements Fe, Ni, and Cu and for the isotopes 
56p e > 58jsjj a n c j 60jsjj h a v e been measured for 10-MeV neutrons. Samples were irradiated 
with an intense neutron source from the ^H(t,n) reaction using a rotating gas cell. The 
generated helium was determined by isotope dilution gas mass spectrometry. Induced 
radioactivities and known cross sections were used together with calculations based on the 
source reaction to deduce the neutron fluence at each sample position. The results are in fair 
agreement with literature values for (n,a) cross sections measured by a-particle detection and 
integrated over the cc-particle energies and angular distributions. 

I. INTRODUCTION 

Helium produced by neutron-irradiation of materials can be an important factor in 
radiation damage of fission and fusion reactors. To assess the performance of candidate 
materials and to analyze experimental data on radiation damage, it is important to know the 
helium-production cross sections from threshold to 14 MeV. Although data are available at 
14 MeV (e.g. Refs. 1 and 2 and references therein) from helium accumulation measurements 
and double-differential alpha-particle production experiments, few cross section data exist 
below this energy on total helium production.3-9 j n particular, for the structural materials Fe 
and Ni, up to now no direct helium-production measurements existed in this energy region. 

The development of an intense source of neutrons^O below 14 MeV has made possible 
the direct measurement of helium production in the 6-14 MeV range. This paper reports on 
the first application of this source to measurements of these cross sections on the important 
elements, Fe, Ni and Cu, and on the isotopes, 56Fe, ^ N i , and 60Ni. A more complete 
report is given elsewhere. 11 

II. EXPERIMENTAL METHOD 

The *H(t,n) reaction was used with the triton beam of the Los Alamos Ion Beam Facility 
to produce an intense, quasi-monoenergetic source of 10-MeV neutrons. A rotating gas cell 10 
allowed beam currents of 8 microamperes at a beam energy of 16.2 MeV. The current was 
limited by the beam from the ion source and transmission through the accelerator and not by 
the rotating gas cell. 

Samples were contained in a package centered at zero-degree neutron production angle 
and located 17.5 mm behind the end of the cell. The sample package consisted of foils, 
thicker metal disks, and irregular pieces. The foils were used for dosimetry and other pieces 
for helium accumulation measurements. Materials in the package included the natural 
elements, Al, Fe, Ni, and Cu, and samples of isotopically enriched ^Fe, ^ N i , and 60Ni. The 
total thickness of materials in the package was approximately 11 g cm~2. The package was 
rradiated to a fluence of 4.5 x 1 0 ^ n cm~2 (front) and 0.9 x 10*4 n cm"- (rear) with an 
rradiation time of 118.5 hours. 

Following the irradiation, the activation foils were counted at the Argonne National 
Laboratory using accurately calibrated germanium gamma-ray detectors. The reference cross 
sections needed to deduce the neutron fluences were taken from recent measurements or 
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evaluations. (See Ref. 11 for specific references.) Corrections were made for the 
contamination due to low energy neutrons produced by triton breakup in the gas cell and to 
down-scattered neutrons within the sample package. Uncertainties in the corrections were on 
the order of a few percent and are included in the reported results. The activation monitor 
reactions were chosen to have excitation functions similar to those of the helium-production 
reactions to minimize the corrections: Similar thresholds and shapes of the excitation function 
below 10 MeV were desired. The principal monitor reactions were chosen to be 
fiONifap^Co and 54Fe(n,a) 5 1Cr. 

Helium accumulation measurements via isotope-dilution gas mass spectrometry^ were 
carried out after activation measurements had been performed on the samples. First, the 
materials were acid-etched to remove all possible surface effects of helium recoil out of the 
samples or into the samples from neighboring materials. The iron and nickel samples were 
then each cut into segments of 10-30 mg, with 4 to 6 samples resulting from the isotopically-
enriched samples and 20-30 samples of each of the pure elements. The copper samples were 
segmented into four 100-175 mg samples. Masses of each sample were determined by 
substitution weighing procedures. 

The helium content of each irradiated sample segment was determined by vaporizing the 
material in vacuum and then measuring the released helium relative to a known quantity of an 
added 3 He "spike." This measurement, combined with the sample mass, gave the 
concentration of helium in the sample in terms of atomic parts-per-trillion (appt, 10~12 atom 
fraction). The samples were vaporized by a tungsten-coil crucible for the iron and nickel 
samples and by a larger graphite crucible in a constant-temperature furnace for the copper 
samples. The latter approach could accommodate larger sample masses. The sensitivity of 
the mass spectrometer was calibrated for each series of runs by analyzing known mixtures of 
3 Heand 4 He. 

Because the helium concentrations in the irradiated samples were significantly smaller 
than those of previous work at 14-15 MeV,l m a n y helium analyses were run first on 
unirradiated control samples and on helium-containing samples from a separate irradiation 
experiment. The latter samples, which were from the same material and prepared at the same 
time as the present samples, were irradiated previously at the intense 14-MeV neutron source 
RTNS-II13 at a large source-to-sample distance in order to assure uniformity of the neutron 
flux. The helium content of these samples was also low and allowed sensitivity and 
reproducibility tests for the present experiment. 

Unirradiated control samples were used to determine the background in the helium mass 
spectrometer. Possible sources of background included low-level helium impurities in the as-
received materials, helium diffusion into the vacuum system during analysis from natural 
helium in the atmosphere, and helium from outgassing in the oven. Most of the materials 
had very small backgrounds from the as-received material. The natural iron material was an 
exception and had about 27 appt before irradiation. In order to establish a well-defined 
background level, ten unirradiated iron samples were analyzed. 

III. RESULTS AND DISCUSSION 

The helium production cross sections determined in this work are given in Table 1. The 
uncertainties, which are described in detail elsewhere, H were obtained by adding the 
components in quadrature. Results from other experiments and from evaluated data libraries 
are also given in the table. 
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There is reasonable agreement between our values and the literature values within the 
stated uncertainties for most of the cross sections. The discrepancies include the following: 

a) Our value for the 60Ni(n,a) cross section is about 50% higher than those of Ref. 4. The 
helium analyses gave especially reproducible results and the sample itself served as a fluence 
monitor through the 60Ni(n,p)°0Co activation reaction. Thus it appears unlikely that our 
measurement of this cross section is in error. 

b) Our value for n a t F e is considerably smaller than that of Ref. 3. The discrepancy is 2.6 
times the uncertainties of the two measurements combined in quadrature. 

c) Our values for 56Fe and natp e appear to be discrepant, since the predominant isotope in 
natural iron is -*>Fe and the helium from the other isotopes, averaged over their abundances, 
should be similar to that for ^ F e . The difference however amounts to only 1.5 times the 
value expected from the uncorrelated uncertainties in the two materials. There were large 
random errors in both the ^"Fe and n a t F e helium measurements, and thus we recommend an 
average value of 22.2 ± 2.5 mb for both ^ F e and n a t F e . 

In comparison with data in evaluated libraries, The BROND and JENDL-3 files give 
values close to our results. The ENDF/B-VI and EFF-2 give values that are higher and lower, 
respectively, than our values. 
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Table I: Helium Production Cross Sections at En = 10 MeV 

Element/Isotope Present Results 
o(mb) 

^Fe 26.0 ±3.5 

5 8 Ni 112 ±7 

6 0 Ni 47.7 ± 2.4 

natpe 

natN i 

natcu 

Previous Results Evaluations 
o (mb) En (MeV) Rcf. o(mb) Source 

13.8 ± 2.4 9.5 6 14.2 EFF2 
33.7 ± 5.2 11.0 6 34.5 ENDF/B-VI 
21.6 ± 1.8 9.75 9 22.5 BROND-2 
22.2 ±1.9 10.25 9 23.6 JENDL-3 

85 ±16 9.4 4 77 EFF2 
92 ±17 11.0 4 138 

90 
101 

ENDF/B-VI 
BROND-2 
JENDL-3 

29 ± 5 9.4 4 36 EFF2 
37 ±7 11.0 4 63 

44 
44 

ENDF-B-VI 
BROND-2 
JENDL-3 

18.5 ±3.6 29.2 ± 2 9.97 3 

83.9 ±5.8 80.3 ± 4.8 9.97 3 
64.5 ± 3.9 10.0 7 

21 ,2± 1.4 14.1 ±3.5 9.0 6 
33.2 ± 5.5 11.0 6 

o\ 


