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oven at about 650'C. Detection was effected with
sulfur-coated metal buttons. A Eu"' resonance
obtained at a field value of 1.4 gauss is shown in
Fig. 1. Resonance curves have also been obtained
at 0.8 and 1.0 gauss. The resonance frequency
has been found to vary linearly with the field and
to correspond to a Lande g factor of nearly 2.0.
Woodgate has found that gJ =1.994 for europium.
These observations show either that the spin of
Eu' ~ is zero or that if the spin were different
from zero, the hfs splitting of the atomic ground
state must be very small compared with 4 Mc/sec.
If the spin were 1 or 2 and if the splitting were
large, the apparatus mould detect the transition
hI" =0, m (-F—-E+1) and a resonance would
have occurred at the points marked 1 or 2 in
Fig. 1. If the spin were different from zero and
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Goldhaber, Grodzins, and Sunyar' have made
a determination of the helicity of the neutrino by
studying the decay of the 9.3-hour isomeric state
of Eu'". Their conclusions rest, in part, upon
a knowledge of the spin and parity of this state.
At the time their experiment was performed, the
possible assignments for this state mere con-
sidered to be 0, 1, and 1+. Higher spin values
mere ruled out by the fact that the partial lifetime
for the decay of the isomeric state to the spin 3
ground state of Eu'" was found to be greater than
5000 hours. From a study of the P-y correlation
in the decay of Eu"~~ to Gd 6, Grodzins and Sun-
yar~ have been able to rule out definitely the 1+
assignment.

Vfe have performed an atomic beam flop-in ex-
periment with radioactive detection on Eu'"~ in
order to distinguish between the 0 and 1 assign-
ments. A Eu'"~ beam was formed by evapora-
ting neutron-irradiated Eu metal from a tantalum
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FIG. 1. Resonance curve obtained for Eu ~~ at a
field of 1.4 gauss. A counter background of about
9 cpm has been subtracted from all of the observations
and the data have been corrected for decay. The beam
intensity showed a steady decrease with time. Every
fifth observation was taken at 4. 0 Mc/sec and this
information was used to normalize the points on the
remainder of the curve.
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if the hfs splitting were comparable to 4 Mc/sec
(intermediate field case), the resonance frequency
might accidentally occur at the spin-zero value
at one field but it wouM not vary linearly with the
fieM. If the spin were 1 and if the hfs splitting
were very small (Back-Goudsmit region), the
apparatus would indicate the transition m (+1/2—-1/2), b,m =0, and we would observe t ree
resonances centered about the spin-zero frequen-
cy with a spacing equal to the hfs interaction en-
ergy a of the Eu' ~ atom. If there were such a
multiplicity of lines unresolved by our apparatus,
we could obtain an upper limit for a by a consid-
eration of the line width. Aside from possible
unresolved hyperfine structure, the line width is
determined by the inhomogeneities in the transi-
tion magnetic field and time spent in the oscilla-
ting field. The latter effect is calculated to be
roughly 30 kc/sec for Eu and 50 kc/sec for a
potassium beam used in calibrating the magnetic
field. The effect of field inhomogeneities is ex-
pected to be four times greater for Eu than for
K since the g factors are in the ratio of four to
one. A study was made of the shape of the K
resonance and it was found that the width of this
resonance could be varied over a range of 60 to
120 kc/sec by changes in the magnetic history of
the transition magnet. This shows that, at least
in the case of K, the line shape is determined by
field inhomogeneities. Before the data shown in
Fig. 1 were obtained, the transition magnet was
carefully manipulated to obtain the narrowest
possible K s resonance (60 kc/sec). If this 60-
kc/sec width were due entirely to field inhomo-
geneity, then we would expect a 240-kc/sec
width for the Eu"'~ resonance. In fact, the 60-
kc/sec width for K results from a combination of
natural broadening and inhomogeneity broadening.
Lacking detailed knowledge of the distribution of
both the steady and oscillating magnetic fields in
the transition region, we cannot make an exact
estimate of the width to be expected for the
Eu'52~ resonance. The observed 170-kc/sec
width is less than the extreme value estimated
above and is entirely consistent with the assump-
tion that there is no unresolved hyyerfine struc-
ture. Vfe can obtain an absolute upper bound on
a by assuming that the observed 170-kc/sec width
results entirely from the blending of three lines,
each of which has a width of 30 kc/sec (the natural
width for Eu in our apparatus). In this way we
find that a ( 60 kc/sec. By comparing this limit
of a with the value, a = -20.0 Mc/sec, obtained
by Woodgate' for Eu'", for which I= 5/2 and p
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Table I. Nuclear magnetic moments predicted for a
possible 1 state of Eu on the basis of the NQsson
model for several proton and neutron assignments ~n~

for three values of the nuclear deformation parameter
(6). The assignments are listed in order of decreasing
likelihood for each value of 6.

6 =+0.15 6 =+0.20 6 =+0.25

Assign-
ment (nm)

Assign-
ment (nm)

Assign-
ment (nm)

e
c

f
b

d
a

+l.5
+1.0
-1.1
-0.5
-1.5
+2.4

h
a
c

b

+1.4
+0.6
+2.5
+1.1
+1.9
-1.0

a
c
h

b

+2. 6
+1.2
+0.4
+2.1
-0.9

Assign-
ment

Proton
statea

Neutron
state

a
b
c
d

h

s/2- (s32+)
3/2+ (411+)
5/2+ (413-)
3/2 —(541+)
3/2- (541+)
1/2 —(550+)
3/2+ (411+)
5/2+ (413-)

3/2+ (651+)
5/2 - (523-)
3/2 —(521+)
5/2+ (642+)
1/2+ (660+)
3/2+ (651+)
1/2 —(530+)
3/2- (S32-)

aThe nucleon states are characterized by 0 (the com-
ponent of angular momentum along the nuclear axis),
parity, and the asymptotic quantum numbers (N, n&,
A. Z).

'

=3.4 nm, ~ we can evaluate p(Eu ~) (4.0x 10 nj

It should be emphasized that this is an absolute
uyper bound and that there is nothing in our data
that requires us to assume that the value is dif-
ferent from zero.

The nuclear moments of deformed odd-odd
nuclei have recently been discussed by Gallagher
and Moszkowski' and by Hooke in the context of
the ¹ilsson model. 7 In Table I we list the mo-
ments predicted for a possibl. e 1 state of Eu'"
on the basis of this model, for several different
yroton and neutron assignments and for three
different values of the nuclear deformation pa-
rameter (5). The range of deformation con-
sidered lies between the values appropriate to
Eussy and Euxss A comparison of these values
with our limit shows that, if the Nilsson model



VOLUME 2~ NUMBER PHYSICAL REVIEW LETTERS APRj:L 1, 1959

is valid, our result provides strong support for
the supposition that the spin of Eu"2~ is zero.
The possibility that the spin is different from
zero and that states exhibiting positive and neg-
ative moments are mixed so that the moment
accidentally vanishes can, of course, never be
completely ruled out. ' In this connection it is
important to note that the simple Nilsson model
without mixing correctly predicts the spin, parity,
and moments of the ground states of Eu"', Eu'",
and Eu'", and furthermore that a 0 isomeric
state of Eu'" can be formed with plausible proton
and neutron assignments. Lastly, it is note-
worthy that there is only one measured moment
smaller than our limit, namely Tl'9, for which

p &0.002 nm. 9
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The importance of measuring the spin and
parity of Eu' 2~ has greatly increased with the
recent experiment by Goldhaber et al. ,' which
measured the helicity of the neutrinos emitted
by this isotope when decaying by E-capture to a
1 level in Sm 2. Arguments were presented i.n
that paper for assuming the spin-parity to be
0, in which case the neutrino has negative heli-
city. The conclusion is the same, though the
argument becomes more complicated, if the spin-
parity is 1; no conclusion can be drawn from
the data if the spin-parity has the unlikely value
1+. Because of the importance of the neutrino
helicity experiment (which has been confirmed
by various nuclear recoil experiments') an effort
has been made to find more convincing evidence
for the parity and, if possible, the spin of Eu'"~
than the circumstancial evidence presented by
Qoldhaber et al.'

Various groups have pursued four distinct lines
of research. (1) A more intensive search was
made for the isomeric transition to the 3, 13-
year Eu'" ground state' (see Fig. 1 for pertinent
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FIG. 1. Partial decay scheme for Eu 5~ and Eu
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