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Abstract Double-differential measurements of neutron emis-
sion from a thick beryllium target bombarded with 7-MeV
deuterons are made for neutrons above 800 keV, over the an-
gular range of 0 to 155 deg. The angular dependence of the
neutron yield is found to be quite anisotropic. The impor-
tance of this anisotropy in integral neutron-induced reac-
tion cross—section investigations is illustrated.

INTRODUCTION

At the Antwerp Conference in 1982, Liskien et al. (1) demonstrated
that integral reaction cross-section-ratio measurements in the
Be-9(d,n)B-10 thick-target neutron spectrum could be used to ex-
perimentally test evaluated differential-cross-section resilts.
These authors performed measurements on the Cu-63(n,alpha)Co-60 -
to - Al-27(n,alpha)Na-24 ratio using the spectrum produced by 7-
MeV deuteron bombardment of beryllium. The representation of this
spectrum at zero deg reported by Crametz et al. (2) at the same
conference was employed in this work. However, isotropic neutron
emission was assumed in the analysis by Liskien at al. (1), and
this assumption is clearly at odds with the results of Be-9(d,n)
B--10 thick-target spectrum measurements by Weaver et al. (3).
Weaver et al. (3) did not measure the spectrum at 7-MeV deuteron
energy, nor could comparable data be found in the literature.
Consequently, the present experiment was undertaken to fill this
void and to investigate the effects of acisotropy on measurements
such as the one reported by Liskien at al. (1).

EXPERIMENTAL PROCEDURE

This experiment was performed at the Argonne National Laboratory
Fast-Neutron Generator (FNG) facility (4) using a ten-channel
neutron-scattering apparatus (5) and a low-mass beryllium-target
assembly. Three organic scintillation detectors were employed:
two served as fixed monitors while the third could be moved over
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the entire 0 to 155 deg Measurement range. These detectors were
not absolutely calibrated for efficiency* Instead, all spectra
were measured relative to the zero-deg spectrum of Craaetz et al.
(2). The FNG deuteron-bean energy was calibrated using a stan-
dard threshold-reaction technique, and it remained in the range
7.00 ± 0.03 MeV during the experiment. The pulsed-beam time- of-
flight (TOF) method was used in measuring the neutron spectra
above 800 keV. Flight paths were about 5 m and the timing reso-
lution for neutrons was typically 3 ns. Measured TOF spectra
were corrected for background and then converted to energy-group
spectra, with selected group intervals ho smaller than 200 keV,
using conventional methods. Further details on the experimental
procedure are documented in Ref.6.

RESULTS AND DISCUSSION

The results of this experiment are shown in Figure 1, and the cor-
responding numerical values can be obtained from Ref. 6. Statis-
tical errors are generally smaller than 5% and systematic errors
from all sources rarely exceed 9%. The neutron yield is predomi-
nantly below 6.5 MeV and it tends to 2>e forward-peaked. Above 6.5
MeV the yield does not peak at zero deg owing to the apparent do-
minance of i > 0 (d,n)-stripping transition strength in populating
the low-lying levels of B-10 (7). This effect is seen more clear-
ly in Figure 2 which presents explicit angular distributions of
neutron yield for the indicated broad neutron-energy ranges.

Anisotropic emission from accelerator neutron sources such as
Be-9(d,n)B-10 can influence their intended applications substan-
tially. To illustrate this point, the experiment of Lisklen et al*
(1) is re-examined in light of the new information available from
the present investigation. Liskien et al. (1) irradiated a 2-cm-
diam by 0.5-cm-thick aluminum-copper alloy sample placed at zero
deg and a distance of 8 cm from their beryllium target. The angle
subtended by the sample was thus around 14 deg. It has been de-
termined, using the data from the present work, that their report-
ed cross-section ratio, 0.539 ± 0.009, should be increased by 9.42
to 0.589 to account for neutron anisotropy. The corrected value
is in excellent agreement with the calculated result (0.587 based
on recent evaluations) which is reported in their paper.

The forward-peaked nature of the neutron yield from this
source has favorable implications from the point of view of target
design. Relatively-massive target assemblies capable of dissipa-
ting considerable beam power can be used without experiencing ex-
cessive spectrum degradation from scattering provided that most of
the target mass is situated at back angles.

The authors are indebted to A. B. Smith for permitting us
to use his ten-channel neutron scattering apparatus. This work
has been supported by the U.S. Department of Energy.
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FIGURE 1 Measured neutron-emission spectra. Spectra at the
various laboratory angles are plotted with the same
relative scale.
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FIGURE 2 Laboratory angular distributions for neutron yield
summed over indicated neutron-energy bands (in keV).
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