
1010 WI LF RI ED W. DAEH NI CIZ

it P(el

-.05—

-.I5—

t:0= I ~0=0
&:a=-l. a =I

a
lE:a =0 -a =I

t ' R

.05— r

0)--
ao

p e al stn me+ a2 stn e e
m(e)

50

attributed to the numerical values of I', but the sign
and the small magnitude of the polarization seem
clearly established. ' On account of these and earlier
data for lower energies, ' ' it can be expected that for
all deuteron energies below 10 Mev the maximum
neutron polarization is negative, slowly varying, and
small, probablyshowingamaximumof ~P, (E)

~
=0.20

in the region between 2 and 4 Mev (Fig. 1). This ob-
servation is in accordance with the surprisingly good
fits to the observed diQ'erential cross sections of the
D(d, n)He' reaction which could be obtained by the use
of a pure stripping approach, in which all polarization-
producing interactions were neglected.
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possible theoretical fits are shown in Fig. 4. 7 is a scale
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The statistical errors for the values of P(47') and
P(59') are such that no great significance can be

8 The data presented here are the result of 840 hours of cyclotron
running time. It seemed impractical to try for better statistics by
continuing the measurements with the apparatus described here.

9W. W. Daehnick and J. M. Fowler, Phys. Rev. 111, 1309
(1958).
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Back-Angle Elastic Scattering of 14.6-Mev Neutrons from
Aluminum, Copper, and Zirconium*

JOHN D ANDERSON' CALVIN C GARDNER& JOHN W MCCLUREp M P NAKADA~ AND CALVIN WONG
Latoreece Radiatioe Laboratory, University of California, Liverreore, California

(Received March 26, 1959)

Differential elastic scattering cross sections have been measured for 14.6-Mev neutrons on aluminum,
copper, and zirconium in 5' steps from 85' to 155'. The copper and zirconium angular distributions are in
good agreement with optical-model calculations by Bjorklund and Fernbach, who employ a spin-orbit cou-
pling term in their potential. The aluminum differential cross sections are systematically higher than the
predictions at the back angles, indicating that the Bjorklund-Fernbach optical-model parameters which
fit the medium and heavy elements are not as successfully applied to an element as light as aluminum.

INTRODUCTION

I~OPTICAL-MODEL calculations' by Bjorklund and
Fernbach show excellent agreement with meas-

ured 14-Mev neutron elastic scattering angular distri-
butions for the medium and heavy elements. However,
their predictions are low at the back angles for the light
elements beryllium and carbon. ' This is not unexpected
since the concept of an optical-model potential becomes
questionable when a nucleus has a small number of
nucleons. For aluminum, the previously measured cross

*This work was performed under the auspices of the U. S.
Atomic Energy Commission.' F. Bjorklund and S. Fernbach, Phys. Rev. 109, 1295 {1958);
and Lawrence Radiation Laboratory Report UCRL-4926-T, 1957
(unpublished).

~ Nakada, Anderson, Gardner, and Kong, Phys. Rev. 110, 1439
(1958).

sections' were not absolute, and when normalized to
theory' at 8=30' the theoretical curve was systematic-
ally low at the back angles. This experiment was under-
taken to measure the absolute cross section for alumi-
num at the back angles. Copper and zirconium were
also measured. The method used for large-angle elastic
scattering measurements has been described in a pre-
vious paper. '

The aluminum, copper, and zirconium cross sections,
corrected for multiple scattering, absorption, and angu-
lar resolution due to finite ring size, are shown in Figs. j.
and 2. The solid curves are the predictions of Bjorklund
and Fernbach, ' who employ a spin-orbit coupling term
in their optical-model potential.

3 Anderson, Gardner, Nakada, and Wong, Phys. Rev. Ho, 160
(1958).
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FIG. 1. Differential cross sections for elastic scattering of 14.6-
Mev neutrons from aluminum. Open circles are the results of this
experiment; size of circles indicates statistics. Triangles and
crosses are the measurements of Coon et al. and K. Yuasa, re-
spectively; solid line indicates the optical-model predictions of
Bjorklund and Fernbach.
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The aluminum results are shown in Fig. 1.The meas-
ured back-angle cross sections are systematically higher
than the predictions, indicating that the Bjorklund-
Fernbach optical-model parameters which fit the
medium and heavy elements are not as successfully
applied to an element as light as aluminum. The
possibility of contamination by inelastically scattered
neutrons was investigated, since, at the detector bias of
10.1 Mev, neutron groups from the 0.842- and 1.013-
Mev levels4 in AP' can contribute. Using a longer Right
path and a lower detector bias, an attempt was made
to detect neutron groups from the first two levels in
AP'. lt was concluded that the discrepancy between
theory and measurement in the region of 8„„=90'
cannot be ascribed to the detection of inelastic neutrons.

Recently several groups' ' have reported measure-

ments on aluminum. The measurements of Coon et ul. '
which extend from 5' to 80' in the center-of-mass sys-

P. M. Kndt and C. M. Braams, Revs. Modern Phys. 29, 683
(1957).

5 Coon, Davis, Felthauser, and Nicodemus, Phys. Rev. 111,
250 (1958}.' K. Yuasa, J. Phys. Soc. Japan, 13, 1248 (1958).

'Berko, Whitehead, and Groseclose, Nuclear Phys. 6, 210
(1958}.

FIG. 2. Differential cross sections for elastic scattering of 14.6-
Mev neutrons from copper and zirconium. Solid line indicates the
optical-model predictions of Bjorklund and I"ernbach.

tern, and of Yuasa' which extend from 72.1' to 170.6',
are plotted in Fig. 1. In the region of overlap, our mea-
surements agree with those of Yuasa but disagree with
those of Berko et cl.' In general, the results of Berko
ef a1. agree quite well with the theoretical predictions.
The reason for this disagreement is not obvious since
all three experiments were performed with a neutron
detector bias between 10 and 11 Mev.

COPPER AND ZIRCONIUM'

The copper and zirconium results plotted in Fig. 2
show good agreement with the predictions. The neutron
detector bias was 11.3 Mev for copper and 12.3 Mev
for zirconium. The data have not been corrected for
the detection of inelastically scattered neutrons. Using
the data of MacGregor et al. ,' these corrections are
estimated to be smaller than the statistical uncertainty
in the measurements. For copper our cross sections
agree with the measurements of Coon et al. ,

' who quote
a detector bias of approximately 14.0 Mev.

' We are indebted to Dr. W. S. Emmerich of the Westinghouse
Electric Corporation for loaning us the zirconium ring.' MacGregor, Ball, and Booth, Phys. Rev. 108, 726 (1957l.


