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FIG. 2. Resonant scattering distribution from a scatterer
of ~1850 g of Sm20~.

first approximation. The resonant scattered gamma-ray
distribution is shown in Fig. 2 for a source strength of

20 millicuries. The ratio of the 837-kev to 961-kev
photopeaks is 1.8 which is in agreement with the ratio
of the p rays before scattering, 1.4, corrected for detec-
tion e%ciencies and for the different angular distributions
of the scattered gamma rays at 100'—the mean angle of
scattering. The cross section measured with the solid
source is (5&1)X10 's cm', the major uncertainties
being in the geometry and source strength determina-
tions. The liquid source gave a 20% higher cross section;
the diGerence may be due to a slowing down of the
recoiling nucleus in the solid or a change in its effective
mass.

In order to calculate the lifetime of the transition
one should take into account the natural width of the
emitting level, the Doppler broadening of the emitted
gamma ray due to the neutrino recoil, the possible
slowing down of the recoiling nucleus, the effective
mass, and the temperature broadening of the emi.ssion
and absorption lines. If the recoil and temperature
effects are neglected, a lower limit on the mean life can
be set as 1.7X10 '4 sec. An upper limit is certainly the
slowing-down time in the solid, approximately 2&(10 "
sec, ~ since a stationary nucleus with a level of this
mean life will give a cross section less than 1/100 that
observed. Conversely, therefore, the gamma ray is
emitted in general before the recoil slows down so that
the Doppler broadening due to the neutrino emission
must be taken into account, and the resonance scatter-

ing becomes a sensitive detector of the direction of
neutrino emission. Taking into account the width of
the emitting line and the Doppler shift due to the
recoiling nucleus, assumed to have an effec;tive mass num-
ber equal to 152, the mean life of the 1 level becomes
r= (3&1)X10 "sec. The effect of the temperature of
the source and scatterer has been neglected. The
measured lifetime is thus approximately 150 times
longer than the single proton estimate. This mean life
corresponds, according to the formulation of Bohr and
Mottelson, ' to an octupole deformation parameter,
Ps~0.07, for the 1 state of Sm'".
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COMBINED analysis of circular polarization and
resonant scattering of p rays following orbital

electron capture measures the helicity of the neutrino.
We have carried out such a measurement with Ku'",
which decays by orbital electron capture. If we assume
the most plausible spin-parity assignment for this
isomer compatible with its decay scheme, ' 0—,we hand

that the neutrino is "left-handed, " i.e., a„p„=—1
(negative helicity) .

Our method may be illustrated by the following
simple example: take a nucleus 2 (spin I=O) which
decays by allowed orbital electron capture, to an
excited state of a nucleus B(I=1),from which a p ray
is emitted to the ground state of B(I=O). The condi-
tions necessary for resonant scattering are best fulfilled
for those p rays which are emitted opposite to the
neutrino, which have an energy comparable to that of
the neutrino, and which are emitted before the recoil
energy is lost. Since the orbital electrons captured by a
nucleus are almost entirely s electrons (E, Lr, . elec-
trons of spin S=—',), the substates of the daughter nucleus
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The magnet response was tested with the brems-
strahlung from a Sr"+Y"source, for which the helicity
is negative, ' rrr p, = —1. Eu"' runs were made with
both solid and dissolved sources (HC1 solution), and
both gave similar results. The eGective path length of
the 960-kev p ray in the magnet was somewhat un-
certain, partly because of the extent of the source and
partly because of a lack of knowledge of the field
distribution in the return path. Ke estimate that the
average path is equivalent to 3&0.3 mean free paths in
fully magnetized iron. From this we expect an effect of
3=&0.025 with an accuracy of 10%, if the 960-kev
y rays are 100% circularly polarized, with the —sign
corresponding to positive helicity (spin parallel to their
direction of propagation) and the + sign to negative
helicity. Thus we And that in our case the p rays are
(68&14%) circularly polarized, and that their helicity
is negative. As a further check, 3 runs were carried out
with a shorter magnet of length 3-', in. with the source
on top of the magnet. In this case also a negative
helicity was found, the circular polarization being
(66&15%).

From the energy of the neutrinos emitted, the width
of the p-ray line, and the fact that the circular polariza-
tion varies with the direction of emission of the p ray
relative to the neutrino as coso, we calculate that a
circular polarization, which in the ideal case discussed
above would be 100%, would be reduced to 75%. This
should be further reduced to a slight extent because of
the e feet of thermal motion and because some p rays
are emitted after the recoil has changed momentum.
Thus our result seems compatible with spin 0—for
Eu'", and 100% negative helicity of the neutrinos
emitted in orbital electron capture. '

In all formulations of P-decay theory no distinction
is made between the neutrino emitted in orbital electron
capture and that emitted in P+ decay. Taken together
with the fact that the helicity of the positrons in a
Gamow-Teller transition is positive4 or with the fact
that positrons are emitted from oriented nuclei in the
direction in which the nuclear spin is pointing, ' our
result indicates that the Gamow-Teller interaction is
axial vector (A) for positron emitters, in agreement with
the conclusions of Hermannsfeldt et al. ' These authors
show that all recoil experiments with p+ emitters are
compatible with AU, but not with TS interactions
which have been reported for P emitters (largely based
on He' recoil experiments). ' The A U combination may
be compatible with lepton conservation and a universal
Fermi interaction as pointed out by Sudarshan and
Marshak' and by Feynman and Gell-Mann. ' This view
is strengthened by the recent results showing positive
helicity for the positrons from p+ decay. " It would
therefore seem desirable to apply the method described
here to a p emitter in order to determine the helicity
of the antineutrino. Although the analysis of such an
experiment is considerably more complicated, it may
prove possible to reach a decision between A and T,

which is independent of the "classical" recoil ex-
periments.

We wish to thank J. Weneser for many valuable
discussions. t
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Axial Symmetry of Nuclear
Wave Functions
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' 'N connection with recent work deriving the principal
. . results of the Bohr-Mottelson theory from the nu-
clear shell model with axially symmetrical (spheroidal)
potential, ' it should be pointed out that there is a
simple theorem which relates the spheroidal potential
to the a priori Hartree-Fock method. This theorem
follows trivially from results given in a somewhat
different context in earlier papers. "

The Hartree-Fock method, for the present purpose,
is to be thought of as a variational calculation which
attempts to find the single Slater determinant (a nor-
malized many-particle wave function constructed as an
antisymmetrized product of single-particle wave func-
tions) for which the mean value of the tota, l energy is a


