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different parity. There are also even-parity examples in which
one must assume that the excited states have a diGerent con6gura-
tion than the ground state. These occur when the proton and
neutron groups, in the ground state form closed shells (or sub-
h 11 ) States for which one has reason to believe that one nucleon

I.~7is excited to a different orbit are summarized in Table

TABLE I. Excited states of even-even nuclei of configurations diferent
from that of the ground state.

FIG. 2. A two-prong star caused by a negative /4-meson is sieown m the
p oograp . eh t h. The star is tabulated as event 3 in Table I. The two tracks
of the nuclear particles are nearly collinear, but a definite dep arture from
co ineari y o all t f bout 8' is observed in the original event. The departure
from collinearity is in a direction perpendicular to the plane o e pf the hoto-
graph. The event is interpreted as the nuclear capture of a negative /4-meson
by a nitrogen nucleus with the emission of a Beig 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 p-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
y-meson,

TABLE I. Characteristics of /4 meson stars.
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Level Spin
energy and
(Mev) parity Reference Probable configurations

p I/2d6/2 a

{de/2) lsi/2 s

protons ds/2 f7/2 or
(d3/2) si/2fZ/2

pi otons (ps/2) p1/2 OI

(fe/2) 'PI/2
protons (ps/2) 'gg/2 or

(fe/2) 'gg/2

protons de/2hl/2 or
g7/2h 11/2 OI'

neutrons (hii/2) Zde/2

neutrons (iis/2) I(ps/2) ' or
(213/2) 'PI/2

p1 otons (h11/2) fz/2 OI

neutrons {i13/2) 'gg/2

Type of
Event plate

Nuclear
reaction

Range
of

short
track
in mi-
crons

Range
of

long
track
in mi-
crons

Residual
momentum

of two
fragments

Mev/c

Energya
of

neutrino
(calcu-
lated)
Mev

1 G-5 3.4 47.5 20 &P &80 70
1.2 9.3 0 &P &80 77
5.6 86 40 &P &80 71

4 G-5 2X 1.7 12.5 30 &P &80 84

a 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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'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 con6guration 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 con6gurations in which at
least one of the nucleons is excited to a neighboring orbit with

+ These states may be the result of. an excited configuration of neutrons
or protons or a combination of the two.

b The parity assignment is based on the beta-decay data.

Considering these examples together with the states which have
the ground state con6guration (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" ' and the 0.764-Mev level in
Os' ', could and probably should be interpreted as being 2+
states. In the other two cases, the 3.75-Mev level in A"' ' and
the 2.185-Mev level in Nd144, "the spin is known to be odd but the
parity assignment is doubtful. A dehnitive 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 con6guration ji=li~sI, j2=l2&s2, will
have the spin J=

~ jq —j& ~

=
~
lq —4&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 con6gurations listed in Table I would,
in the case of odd-odd nuclei, be expected to satisfy the "weak"
Nordheimrule, i.e., J)

~ jr—j2~ (for j~——l~&s~, j&——4&s~}.How-
ever, it can be seen from Table I that only the (i13/2) (p3/2)
neutron con6guration, suggested as an alternative to the (i]3/2) 'p1/2
neutron configuration for the 7-state in Pb~4, satis6es this rule.
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