LETTERS TO

F1G. 2. A two-prong star caused by a negative p-meson is shown in the
photograph. The star is tabulated as event 3 in Table I. The two tracks
of the nuclear particles are nearly collmear, but a definite departure from
collinearity of about 8° is observed in the original event. The departure
from collinearity i is in a direction perpendicular to the plane of the photo-
graph. The event is interpreted as the nuclear capture of a negative u-meson
by a nitrogen nucleus with the emission of a Bel® fragment, an a-particle,
and a neutrino.

than the other three events because the Be® track is short. A com-
parison of the residual momentum of the two charged particles
from the star (column 6, Table I) with the difference between the
rest energy of the u-meson and the energy of the star (column 7,
Table I) strongly indicates that a light neutral particle, pre-
sumably a neutrino, accompanies the nuclear capture of a negative
p-meson.

TABLE I. Characteristics of 4~ meson stars.

THE EDITOR

different parity. There are also even-parity examples in which
one must assume that the excited states have a different configura-
tion than the ground state. These occur when the proton and
neutron groups.in the ground state form closed shells (or sub-
shells). States for which one has reason to believe that one nucleon
is excited to a different orbit are summarized in Table I1.277

TABLE I. Excited states of even-even nuclei of configurations different
rom that of the ground state.

Level Spin
energy and
Nuclide (Mev) parity  Reference Probable configurations
3016 6.05 3— 2 D1/2ds/2 ®
145128 1.38 24 1 (dss2) " tsy2®
18A38 3.75 3—b 3,4 protons dss2f1/2 or
(ds12)%s1/2f1/2
38Sr88 1.85 24 5,6 protons (pas2) "1py2 or
(for2) "1z
2.76 3— 56 protons (ps/2) "ge/2 or
(fsr2) 1gos2
s2Tel% 2.3 3— 7 protons ds/ohi/2 or
2.66 33— 7 { g1/2hay2 or
neutrons (h11/2)7ds/2
82Pb204 1.279 7— 1 neutrons (z13/2) ~1(ps/2) "1 or
(213/2) 71p1s2
s2Pb28 2.614 24 1 protons (B1172) "1f12 or

neutrons (713/2) 71ge/2

Range Range Energy®
of of Residual of
short  long momentum neutrino
track track of two (calcu-
ype of Nuclear in mi- in mi- fragments lated)
Event plate reaction crons crons Mev/c Mev
1 G-5 n~,016; B12 o) 3.4 47.5 20 <p <80 70
2 G-52X (u—,018; Bi2,a) 1.2 9.3 0<p <80 77
3 -5 (=, N14; Beld, o) 5.6 86 40 <p <80 71
4 G-52X (1=, N4; Bel,a) 1.7 12.5 30 <p <80 84

s The energy of the neutrino is estimated from the difference between
the rest energy of the p-meson and the sum of the threshold energy of the
nuclear reaction plus the kinetic energy of the charged nuclear particles.
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M UCH experimental information has been gathered recently
on spins and parities of excited states in even-even nuclei.!
Most of these levels have even parity and are considered to
have the same configuration as the ground state. There exist,
however, cases in which the parity is odd; according to the shell
model these must be due to excited configurations in which at
least one of the nucleons is excited to a neighboring orbit with

s These states may be the result of an excited configuration of neutrons
or protons or a combination of the tw
b The parity assignment is based on the beta-decay data.

Considering these examples together with the states which have
the ground state configuration (the spins of which are 0, 2, and 4),
it can be seen that all the states that are known to have even
spins are known to have even parity, and that all the states that
are known to have odd parity are known to have odd spin. One
may perhaps generalize and say that in even-even nuclei the
low-lying odd-parity states have odd spins and the low-lying
even-parity states have even spins.

There are a few cases quoted in the literature! in which an
odd-spin even-parity assignment had been made. Two of these
cases, the 2.73-Mev level in Mo% 8 and the 0.764-Mev level in
Os'%69 could and probably should be interpreted as being 2+
states. In the other two cases, the 3.75-Mev level in A% 34 and
the 2.185-Mev level in Nd*4® the spin is known to be odd but the
parity assignment is doubtful. A definitive determination of the
parities of these, and other odd-spin states would provide a useful
check for the rule suggested above.

The rule suggested here for the coupling of identical particles
is in a sense the opposite of the “strong” Nordheim! rule for the
coupling of nonidentical particles. Thus the ground state of an
odd-odd nucleus with the configuration jy=1Il1=4s1, jo=1Fs,, will
have the spin J= | ji—ja| = |li—ls=1] ; i.e., the spin will be even
if the parity is odd and the spin will be odd if the parity is even.
Furthermore, eight of the configurations listed in Table I would,
in the case of odd-odd nuclei, be expected to satisfy the “weak”
Nordheim rule, i.e., J> | ji—ja| (for ji=lidks:, ja=1ls=ts,;). How-
ever, it can be seen from Table I that only the (413/2)71(pas2)™!
neutron configuration, suggested asan alternative to the (z13/2) p1/2
neutron configuration for the 7-state in Pb?™, satisfies this rule.
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