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section factor' would be 2.3 x10 ' kev-barn. In
such an instance, the stars would consume He'
via the He'(p, y)Li4 process rather than by the
He'(He', He')2p reaction. Indeed, a cross sec-
tion 10' times smaller than the present experi-
mental upper limit would enable the He'(p, y)Li'
reaction to compete with the direct process
He'(p, tl+v)He', which' is of significance at very
low temperatures (T&2x10' 'K). Thus, the ob-
servations reported in this paper cannot absolutely
deny an astrophysical role to Li4, but the impli-
cation of the data and theory is strong that Li'
is not particle-stable and hence does not in fact
have such a role.
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In the inelastic scattering of charged particles
of intermediate energy as measured with low-
resolution detectors, a number of experimenters
have observed structure in the spectra at an ex-
citation energy where one previously would have
expected only a continuum. ' ' The details of the
structure observed by the different experimenters
depend rather critically on the precise resolution
used, but generally speaking these experiments
have shown a strong peak corresponding to leaving
the nucleus excited to about 2.5 Mev for elements
with Z ) 30. Further structure is seen particularly
for elements with Z ( 30 at an excitation energy of
about 4. 5 Mev. In this note we wish to report on
the experiments establishing the spin and parity
of the 4.5-Mev structure in Ni" and Ni' as 3

Figure 1 shows the angular distributions of
alpha particles scattered from Ni' and Ni',
respectively, leaving the target nucleus in the
ground state and first excited state. Also shown
in these figures are the angular distributions of
the alpha particles which leave the nucleus with
the excitation indicated and constitute the anom-
alous peak at the respective energies. The spectra
from which these angular distributions were de-

duced are similar to those published earlier by
Sweetman and Wall. ' The scintillation spectro-
meter used for experiments was a NaI crystal
cut sufficiently thin (-0.02 inch) so that the
largest proton or deuteron light pulse produced
in the crystal was smaller than the alpha-particle
pulses of interest.

In a subsequent experiment a 3x3 inch NaI @-
ray spectrometer was used to measure the y-ray
spectrum in coincidence with the anomalous alpha-
particle groups. A fast- slow coincidence circuit
was used that enabled us to simultaneously meas-
ure the elastic alpha-particle —y- ray counting
rate as well as the inelastic —y-ray coincidence
rate. This enabled us to show that the chance
coincidence rate was in fact practically negligible
and to make any minor correction (& 10') for it.
Details of this scheme will be published later.
Figure 2 shows typical y spectra in the case of
Ni" and Ni". By calibrating with a Na" source
we were able to determine the absolute efficiency
of our y-ray detector. Taking into account solid
angle as well as intrinsic efficiency, the over-all
efficiency was typically of the order of 7 x10 '.
By summing all the counts in the energy interval
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FIG. 2. Gamma spectra from Ni and Ni coincident
with alpha particles inelastically scattered by the anom-
alous state.
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from 1.6 to 3.0 Mev in ¹ieoand 1.85 to 3.35 Mev
in Ni~, we were able to show that approximately
(62 +20)% of the time the anomalous structure
wa. s excited in Ni" and (50 +20)% in Ni" the level
or levels involved decayed to the first excited
state of these nuclei.

Using this same arrangement, the angular cor-
relation of the y ray from the "anomalous level"
to the first excited of each of these nuclei relative
to the outgoing alpha particle (and therefore re-
coiling nucleus) was determined. The results of
these measurements are shown in Fig. 3.

The results of the angular distribution measure-
ments can be interpreted as showing that the
parity of the "anomalous state" in Ni' and Ni'
is different from that of the ground state whereas
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FIG. 3. Alpha-gamma angular correlations from Ni
Ni60

the parity of the first excited state is the same
as that of the ground state. This result follows
from either a Born approximation calculation of
direct inelastic alpha-particle scattering or the
more recent inelastic diffraction calculation of
Blair. ' Inasmuch as both isotopes are even-even,
we assume that the ground-state parity is even.

Our results on the first excited states are then
in agreement with the known spin and parities of
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the first excited states of Ni~ and Ni", ' and give
negative parity for the anomalous state. The
ambiguity in what value of the radius to use pre-
vents a unique deduction of the spin of the state
from the inelastic-scattering angular distribution. '
On the other hand, the angular correlation re-
sults can be interpreted as showing that the
"anomalous state" is 3 and decays to the first
excited 2+ state through the emission of electric
dipole radiation y'. The results of a Born approxi-
mation calculation for the angular correlation are
also illustrated in Fig. 3 for the two assumptions
of electric dipole radiation from either a 1 or
3 state. By virtue of the fact that the gamma-
ray spectrum shows transition directly from the
anomalous level to the first and the relatively
large number of levels~ between 1.5 and 4 Mev in
both nuclei, it would seem unlikely that the state
had any spin higher than 3 .

A possible interpretation of this level is that it
is a collective octupole oscillation. '~' On the
basis of a classical hydrodynamic approach to
nuclear structure Bohr and Mottelson estimate
the energy of the lowest octupole surface oscilla-
tion to be in the range of 4 to 7 Mev. ' However,
further data relative to the transition probabilities
will be necessary to establish this collective
nature. Goodman' has emphasized the single-
particle explanation of the "anomalous levels. "
While accounting for a level in the inelastic
particle spectrum at about 4-Mev excitation, he

makes no definite prediction as to its spin.
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The differential elastic scattering of pions on
protons furnishes information on the magnitude
of the various partial waves included in the in-
teraction. Precise measurements of this process
up to 333 Mev'~' have been interpreted in terms
of S and P waves and their six associated charge-
independent phase shifts. No D or higher waves
were necessary to give a statistically significant
fit to the data. In this Letter, we report our
values of the elastic-scattering cross section for
negative pions on protons at 370+9 and 427 + 10
Mev (lab energies).

The experimental setup is shown in Fig. 1.
The pion beam from an internal Be target in the

184-in. cyclotron was deflected out of the ma-
chine by its magnetic fringing field. The beam
was then momentum-analyzed and focused by
the wedge and quadrupole magnets shown. The
intensity of the 2-in. diam beam was greater
than 15000 negative pions per second. The beam
energy and its muon and electron contaminations
were determined from ranges in copper.

The pion beam was scattered in a 4-in. -thick
liquid-hydrogen target. The elastically scattered
pions were detected by a three-scintillator
counter telescope which discriminated against
recoil protons and inelastic pions on the basis of
range in the copper absorbers placed between


