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Abetract Neutron emission spectra of 108 and 118 vere mea-
sured at 6, 10 and 14.1 MeV and those of 6L{, 7Li and carbon
at l4.1 MeV using time-of-flight technique. Absolute double
differential cross sections were obtained by using scatter-
ing from hydrogen as a cross section reference. Integration
over energy ranges and solid angle yielded integrated elastic
and total neutron emission cross sections. At 6 and 10 MeV
excellent apreement with tota. cross section data i3 found,
at 14.1 MeV the new data tend to be higher than expected.

The biggest error source in the continuous spectra stems from
uncertainties in the input library (ENDF/B-1V) of the Monte
Carlo correction for multiple scattering. In particular, the
library for 1y appears to be very unrealistic, with a total
elastic cross section at 14.1 MeV which should be higher by
50%.

INTRODUCTLON

The neutren household of future fusion power generators depends
strorgly on the neutron emission properties of the blanket. There-
fore, the neutron emission cross sections of light nuclel for ener-
gles up to about 14 MeV must be known. The lithium isotopes at 6
and 10 MeVl and beryllium (at 6, 10 and 14 MeV)Z2 have been dealt
with before at the Los Alamos National Laboratory. The necessity.
of measuring neutron continua with rather small cross sections
mukes such experiments for incoming neutrons above 5 MeV difficult
tf not impossible, unless a truly monoenergetic neutron source

with high neutron yield is available.
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EXPERIMENTAL

The data were taken at the Los Alamos National Laboratory in two
differegt experiments, one at the Tandem Van de Graaff using the
H(t n)°He reaction to produce 6 and 19 MeV neutrons. the other at
the Vertical Van de Graaff using the 3H(d n) He reaction to produce
14.1 MeV neutrons at 90°. 1In both cases gas targets were used.
Figure 1 compares the specific neutron yields of various sources
near 14 MeV. Using 90° instead of 0° improves the specific yield
by an order of magnitude.
~ T T T | Time-of-flight technique with
04l- 1-H(0") | a fligh: path of 2.5 meters
was used. The neutron detec-
tion efficiency of the detec-
———————————————————— tor hag been measured previ-
p-T(0%) ously. All the samples were
enriched (>95% purity) and
had a mass of about 1 mole.
At each of the 10 angies (be-
tween 20° and 145°) the sam-
9-T1e0®) 1-0(0*) ples were measured one after
the other, i.e., relative to
each other. The set-up was
Tnlibrated by measuring the
H(n, n) H reaction and using

1

t-0 (80°) h

T
A

SPECIFIC NEUTRON YIELD [n/(sr * MeV*pC)]

'ﬂ:o e 180 Cee ‘6——~ cross section predictions by
' ’ e ' » .

NEUTRON ENERGY [ MeV ] the YALFE phase shifts
FIGURE 1 Comparison of specific

neutron yield from monoenergetic
neutron sources near L4 MeY

After combining the fore- and background time-ol-flight spectra
thicse were converted {nto energy spectra and corrected for multi-
ple scattering using the Los Alamos National Laboratory Monte Carlo
code MCNP2 with ENDF/B-IV cross sections. Unfortunately, these
data are often not good enough to simulate reality, as can be secen
from Figure 2, Therefore, the multiple scattering corrections of
the nonelastic contributions of the spectra are not very reliable,
To (possibly) improve the correction, the ninelastic contribution
in the simulated spectrum was increased from tae original values
(dotted curves) to the dashed curves which have the same value as
the measured distributions, The correctione were I{ncreased corre-
spondingly,
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RESULTS
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The numerical values and the graphs of the 90 double differential
cross saction distributions measured in this experiment will be
published in two reports of the Los Alamos Nationel Laboratory.
The intagrated valuas are shown in Table I and compared with pre-

vious daca.
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TABLE 1 Integrated cross sections (Scale errors of elastic
cross sections 2.5 to 3% all data in barmns)

Energy Sample Elastic Total Enissiog Total Reaction
expd) evalP) exp?) eval ) expa) Ref. 6
. 6.0 310 0.90°) 0.92 1.1 1.0 1.519 153
B-11  1.31  1.43 1.67 1.55 1.67 1.66
10.0  B-10 0.859 0.93 1.22 1.20 1.47% 1.49
B-11  0.88 0.89 1.40 1.27 1.429 1.4
14.1 Li-6  0.9%4 0.96 1.66  1.49
Li-7  1.06% 1.01. 1.75  1.54
B-10  0.97°) 0.95 1.57  1.45
B-11  0.90 0.60 1.55 1.34
Carbon 0.86 0.80 1.59 1.30

a) this work

b) ENDF/B-V

c) cross section of unresclved excited states subtracted
4) uses ENDF/B-V values for non-neutron reactions

Special attention deserves the very good agreement between our
6 anc 10 MeV data and the total crose sections of Auchampaugh
et al” Not only are the absolute deviations small, also their
scatter 1is small At 14 MeV the total neutron emission data
appear to be high, although the total elastic data lie in be-
tueen litersture values. Whether these high values are cor-
rect or an effect of inadequate multiple scattering correr=-
tions remains to be seen.
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