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as discussed above. The polarized infrared
room-temperature results are in genera1 similar
to those reported here. However, .the infrared
results above T, are difficult to understand.

The values for the frequencies of PbTiO, are
quite similar to those found for BaTi03' ' and
related perovskites. ' Also we have found no
difference in E-mode frequencies propagating in
the xy plane or in the z direction. In BaTiO,
one mode is reported to show such a difference. 4

Lastly, we should compare our observations
with those of Shirane, Axe, Harada, and Remei-
ka." They measured by neutron diffraction the
lowest mode above T, and the lowest transverse
E and A, modes at 22'C, and found these modes to
be underdamped. At 22'C they obtain 97 and 148
cm ' for the E(ITO) and A(ITO) modes at the
zone center, which compares with 89 and 128
cm ' reported here.

It is a pleasure to acknowledge the technical
assistance of F. Dacol and K. H. Nichols and
stimulating conversations with Dr. E. Pytte and
Dr. B. D. Silverman, and to thank Dr. J. D. Axe
for communicating the results in Ref. 16 to us
prior to publication.
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An anisotropy has been observed in the P-n directional correlation for an allowed P+

decay in Na. The effect is much larger than expected from interference from the sec-
ond-order "weak magnetism" alone. The possibility of an enhanced E2 interference is
discussed.

The observation of anisotropies in P ndirec--
tional correlations for allowed transitions is one
method for studying contributions from high-or-
der matrix elements in P decay. The first posi-
tive correlation was reported by Nordberg,

Morinigo, and Barnes' for the allowed P decay of
'Li and 'B. They found that the contribution from
the "weak magnetism" due to the conserved vec-
tor current produced a small but measurable
anisotropy in the P-n correlation. We report
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here a similar study for another P-delayed o.

emitter, 'ONa. An anisotropy has also been ob-
served for this nuclide. The effect, however, is
7 times larger than was previously observed de-
spite the fact that the P energy and logft are un-
favorable for the appearance of momentum-de-
pendent second-order effects in the allowed tran-
sition. '

This nuclide was produced in the reaction
"Ne(P, n)"Na using 22-MeV protons from the
Texas A @ M cyclotron. An "on-line" method
was used for producing thin point sources of this
short-lived nuclide. ' The half-life was found to
be 451+ 2 msec which is significantly different
from other values previously reported, but con-
sldel Rbly more px'eclse becRuse of better count-
ing statistics. ' . The o. spectrum, which has
been studied previously, contains 10 groups that
can be associated with known 2+ levels in ' Ne
between 7.4 and 12.9 MeV. 4' The directional
correlation measurement was made for all the
groups but the only statistically significant re-
sult was obtained for the most intense line at
2.148 MeV. This is from a 2 state in "Ne at
7.415 MeV. A kinematic shift in the n group,
which was a function of the P @angl-e~ was oh-
served due to the center-of-mass motion of the
'ONe P recoil. This was also seen in the 'Li-'B
worg reported earlier. ' An interesting secondary
kinematic effect Rlso RppeRx'ed relating to the
nature of the P'-v correlation for Gamow- Teller
(GT) and Fermi transitions. The correlation of
the kinematic shift with angle was more pro-
nounced for the 4.438-Me V o'.-group than with

other groups. Spectra demonstrating the effect
are shown in Fig. I. From kinematic effects
alone, the maximum shift shouM have been ob-
served for the lower energy group if the 13 tran-
sitions were of the same type. However, the
4.438-MeV group actually showed the larger shift
(20+ 1 keV at 180'). Most of the difference in the
peak widths in Fig. 1 i.s due to kinematic effects.
The 4.438-MeV group is associated with the pre-
dominantly Fermi decay to the T = 1 isobaric an-
alog state at 10.270 MeV while the 2.148-MeV
group is associated with a GT transition (&T = 1). -

In Fermi transitions, the P &d-irectional cor-
relation favors the emission of the leptons in the
same direction. - =As a result, the directional cor-
relation of the P recoil with the P+ is more pos-
itive than in GT transitions where the P and v

tend to be oppositely directed.
The results of the directional correlation mea-

surement are shown in Fig. 2 for the 2.148-MeV
o.'group in coincidence with the full P+ spectrum
associated with that transition. The points be-
tween 0 and 90 were taken from the same spec-
tra as for the 90 -180' measurements by using
the complementary 540-keV "Q recoils which
were also observed in the spectxum. The corre-
lation in the laboratoI y fram can be expressed
as follows:

~(&) = 1-(0.026+ 0.001) cos8

-(0.0251+ 0.0040)(Ws) cos'8. (1)

Only the data for the n group were used in the
analysis. The average P energy (Ws) was taken
to be 3.30 MeV. ' The cos~ term is related to the
kinematic effect discussed previously and the co-
efficient of the cos'& term (& =-0.0251) is the
anisotropy coefficient which also appears in ex-
pressions for the P-v directional correlation and
shape corrections to P spectra for allowed de-
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FIG. 1. Kinematically shifted alpha spectra in coin-
cidence with p particles at different p-+ angles for a
GT transition (2.14S MeV) and a Fermi transition
(4.438 MeV).

FIG. 2. P-o. directional correlation for the 2.148-
MeV & group. The open circles and closed circles are
from the n group and the complementary '60 recoil,
respectively. The curve represents Eq. (1).
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cays. "
The B(M1) and B(&2) values between the iso-

baric analog state in Ne and the 7.415-MeV
level have not been measured so it is not possible
to obtain a quantitative theoretica. l value for a.
We can obtain an estimate of the "weak magne-
tism" contribution to the interference effect us-
ing conserved vector current (CVC) theory by
assuming that the Ml strength has the single-par-
ticle limit and using the experimental logft for
this transition (4.45) to evaluate the GT matrix
element. Using the expression derived by Gell-
Mann' for (&~, a value -0.004 is obtained, ap-
proximately the same as had been calculated and
measured for 'Li and '8, but —,

' that observed for' Na. It is clear that other second-order matrix
elements are contributing in this case. If they
are associated with the axial-vector interaction
only, then it is not possible to estimate their con-
tribution using CVC theory.

An interesting possibility is the contribution
from an enhanced second-order vector interac-
tion which is the analog of the ~~2 matrix element. '
For a nucleus like ' Ne which is a "good rota-
tional nucleus, " several enhanced &2 transitions
have been observed, even for cases where M"

=1.' A more detailed expression for a incor-
porating the E2 matrix element has been derived
by Vfeidenmuller. " This contribution was found
to be negligible in the 'Li-8' work. For "Na, the
the ratio B(E2)/B(Ml) for the transition from the
analog state to the 7.415-MeV level would have

to be -5 in order to account for the magnitude of
the observed P n-anisotropy. The M1 and E2
strengths from the analog state to the 7.415-MeV
state have not been measured so it is not possible
to determine at this time which of the second-or-
der matrix elements are responsible for this rel-
atively large interference effect.
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Peaks in the zero-degree yield curve of the reaction C (Li,n)N are interpreted as
due to resonances in the C to. system.

Lithium-induced nuclear reactions have been
interpreted as primarily direct in character at
energies well below' and well above' the Coulomb
barrier. However, they show strong signs of
compound-nucleus formation near the Coulomb
barrier. ' The reaction mechanism is of interest
in itself but there is an added spur to its under-
standing caused by the desire to use these reac-
tions as tools in the study of nuclear structure.
The Li'+ C" reactions were studied with these
interests in mind. The reactions show peaks at
zero degrees with a spacing and width similar to

that observed4 '- in other lithium-induced reac-
tions and lead to the suggestion that an extended
structure of the lithium nucleus may be the
source of these peaks.

Experimental measurements were made with
thin (50 keV energy loss to 5-MeV Li' ions) self-
supporting carbon targets and an F.-AF. detector
telescope system. Targets were bombarded
with Li' ions from the University of Iowa Van de
Graaff accelerator. An angular acceptance of 1'
was used in the detector system. Pulses were
recorded in a AE vs F, matrix in the memory of
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