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ergy. Magnon sidebands having energy separa-
tions higher than 53.6 cm ' are also present in
Saito's spectrum and these energies can be made
to correspond closely to combinations of the cal-
culated energies. Even though the interpretation
here appears to be quite satisfactory, it may not
be unique. For example, if next-nearest-neigh-
bor interactions, exciton-magnon interactions, '
and/or the effects" of the excited ions on the
spin-wave spectrum are appreciable, different
assignments might be possible in view of the
large number of magnon sidebands in the spec-
trum.
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The polarization of 3He nuclei elastically scattered from 4He has been measured. Ab-
solute polarization values are determined from three asymmetries measured at appro-
priate energies and angles using double-scattering techniques. A polarization angular

distribution at 13-MeV 3He energy indicates general agreement with previously report-
ed phase shifts.

In recent years there have been several 'He

nuclear polarization measurements by means of
scattering techniques. ' 4 However, each reports
only a single point and none was fortunate enough

to combine large asymmetries with reasonably
large counting rates. The measurements report. -
ed here are much more suitable for use as anan-
alyzer or polarizer in a 'He double-scattering ex-
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Table I. Summary of 3He polarization results.

Absolute
measurements

3He energy
(MeV)

ec.m.
Polarization(deg)

periment. In addition, the present results can be
used in the absolute calibration of polarized 'He

targets.
Some details of the double-scattering technique

which are employed in the present experiment
have been reported in earlier triton-polarization
work. ' Typical primary and secondary beam cur-
rents of double-charged helium ions are 1 IA and

0.5 pA, respectively. Collimators between the
primary and secondary chambers limit the angu-
lar spread to +1.5 and limit the effective target
thickness to 9.6 atm cm (approximately 600 kev).
The particles are detected in the secondary scat-
tering chamber with an array of eight ~E-E tele-
scopes. ' Backgrounds are less than 15 %.

Three dependent asymmetry measurements
were made to determine absolute polarization
values. Those polarizations are labeled P» P»
and P, in Table I. The errors in Table I are the
statistical uncertainties. Any contribution to the
asymmetries from systematic errors are less
than 0.02. All subsequent polarization values in
Table I were obtained with P] Qx Pg as the known

polar izer.
The signs of the polarizations were determined

from the phase shifts of Spiger and Tombrello'
(positive is taken as k,.„&&E,„,). The phase shifts
of Ref. 8 were obtained from extensive 'He(SHe,
'He)'He differential cross-section measurements
at 'He energies between 5 and 18 MeV. Spiger
and Tombrello determined the imaginary part of
the phase shifts from reaction cross-section data
and varied the real parts of the phase shifts to
obtain a least-squares fit to the data for the elas-
tic cross section.

The present data at 13.0 MeV are shown in Fig.
1. The curve was calculated from the 12.968-
MeV phase shifts of Ref. 8. A least-squares fit'
to cross section and polarization data, in which
only real phase shifts were allowed to vary,

agreed only slightly better with the present data.
This indicates that at least one of the imaginary
phase shifts in Ref. 8 at 12.968 MeV is not cor-
rect. Allowing the imaginary parts of the phase
shifts to change results in considerable improve-
ment in the polarization fits without impairing
the fits to the cross-section data. To be mean-
ingful, however, any new set of phase shifts
must be determined at several energies and vary
smoothly with energy as do those of Ref. 8.

The polarizations in the region of 7.8 to 8,8
MeV represent averages over rather large ener-
gy and angular intervals. Since phase-shift ana-
lyses assume no energy or angular spread, these
points must be used with caution in a phase-shift
search.

The results reported here will be used as a
tool to study several other few-nucleon problems
in the near future. An accurate determination of
the optical-model spin-orbit potential for the
elastic scattering of 'He ions from intermediate
weight nuclei will probably require polarized
beams of higher energy.

The authors express their appreciation to the
I.os Alamos Van de Graaff accelerator staff for
the maintenance and operation of the tandem ac-
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FIG. l. 3He polarization data at 13.0 MeV. The
curve was calculated from the 12.968-MeV phase shifts
of Spiger and Tombrello (Ref. 8).
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The angular distribution of a (P,P') resonance reaction leading to an excited Jp =0 tar-
get state allows an unambiguous determination of the spin of the resonance. As an ex-
ample we investigate isobaric analog resonances in ~5Nb decaying to the 1.30-MeV 0
state in Zr and discuss the weak-coupling nature of their parent states in ~ Zr, based
upon the spin assignments made.

A method commonly used to determine spins of
low-lying states in the neutron-rich neighbor (nC)
of an even-even nucleus (C) is to measure the po-
larization in the isobaric analog system (4) of
n C. Both double -scattering' and polarized-beam
techniques were applied to elastic proton scatter-
ing through analog resonances on closed neutron-
shell targets. Depending on the ratio of the par-
tial width I"~ to the total width I", this method
works successfully for resonances with F~"/F
&0.1, but fails for analogs whose parent states
have very small (d, P) spectroscopic factors and
which decay predominantly to excited target
states (C*). Since a study of these states reveals
correlations existing between the core states C*
and the nC system, 3 spin and parity assignments
for their analog resonances would be desirable.

In this Letter we describe a technique which
can be applied whenever there exists an excited
J'~=0 target state fed in a (P, p') reaction through
isolated resonances having unique spins J and

parities z.
Because of angular-momentum conservation, the
spins j; and jf of the protons in the entrance and
exit channels, respectively, are equal to J, and
the expansion of the on-resonance angular distri-
bution in terms of even Legendre polynomials
takes the simple form~

&max

W(8) =1+ g BzPI(cosB), (l)
L= 2

where

a11d

J J LBI= (2J+ l)(21.+ 1) 2-2 o

Evaluating the Bz coefficients one finds that all,
including &I, , are positive and of the order of
unity; thus the highest order polynomial Pl
dominates the shape of the angular distribution
and allows an unambiguous determination of the
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