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(A) In this Letter we point out that the evidence
on boson decays is consistent with an empirical
selection rule, which we call A invariance.! A
invariance is compatible with, but does not re-
quire, unitary symmetry. Violation of the rule
seems to occur with a probability of a few per-
cent. We discuss several theoretical bases for
A invariance and point out some further experi-
mental consequences.

The operator A is diagonal on the known bosons
and has the following eigenvalues:

A=A =4 =4 =1,

K*(888) B(1220)

An=An=AK =Aw =A -1.

RK*(1410)

The identification of Ay « 725) is not yet clear.

If the K*(725) spin J=0, it must have odd A; if
J>0, then A must be even.

(B) In a world without baryons, one could under-
stand the existence of the A quantum number in a
very simple way. By parity conservation any re-
normalizable field theory of bosons and photons
must be quadratic and quartic in the pseudoscalar
field operators, and linear and bilinear in the elec-
tromagnetic vector potential. It must therefore
automatically allow the transformation ¢(x) - -¢(x)
for all pseudoscalar fields and A u(x) -A #(x) for
the electromagnetic field.?> The presence of bary-
ons with Yukawa coupling to the bosons would then,
in general, violate A invariance. However, as
long as the nucleons are virtual, they may be rel-
atively unimportant for boson phenomena, since
the threshold for pair excitation is high, and the
contribution of intermediate pair states is limited
by unitarity.

A firmer basis for A invariance would exist
were there a mechanism for canceling the con-
tributions of baryon loops against each other in
the limit of some mass degeneracy. A theoreti-
cal possibility is the antiparticulation operation
A of Peaslee® or equivalently Gell-Mann’s* hyper-
charge reflection R =CA, where C is the charge
conjugation operator.® Even zeroth-order R in-
variance, however, is in strong disagreement
with the electromagnetic properties of the bary-
ons. Since, under R, p~=", n-=°, Tt~-3",

A~ A, we have Rj#R“ =-j,» where ] is the elec-
tric current operator. Therefore j #jv -J “iu, and
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electromagnetic energy differences are R invari-
ant. In fact, M= =MgoEmp =My, and Myt -Mso
EFM o - Mo Furthermore, the baryon particle
spectrum does not appear to be hypercharge-re-
flection invariant. Finally, in the unitary sym-
metric limit, calculations® have shown that the
decuplet structure can be understood with a Yu-
kawa coupling which is primarily of the D type,
whereas the one required for our type of R in-
variance would be pure F type.

Another possibility which is not at present in
disagreement with experiment is that all baryon
states are doubled, the double being either of the
same or opposite parity. A candidate for the nu-
cleon’s partner N’ already exists in the highly in-
elastic object found by Roper” at 556 MeV in the

m-N, I=%, P,,, state. The Y,*(1405) is a possi-
ble partner of the A. Since the Y,*(1405) decays
strongly into Z +7 and the proposed N’ has a nor-
mal width one would (according to unitary sym-
metry) expect the N’ to be strongly coupled to N
+1, since it is only weakly coupled to N +7. The
transformation of the nucleon octet would then be
ANA™={N’. The unitary symmetric N'NP cou-
pling would be approximately (D - F) to account
for the absence of N’=7+N. (An alternative
scheme is to superpose a hypercharge reflection
on the transformation N-N’, i.e., to let ANA™!
=CRN’. This is not compatible with both unitary
symmetry and absence of N’ -N +m, however,
since the N’NP coupling in this case would have
to be either pure F or pure D, neither of which
could forbid N’ -N +7. We therefore prefer the
simpler alternative ANA™ =iN".)

(C) We now consider the application of A invari-
ance to the individual bosons.

(i) The 7° decay 1s forbidden. In fact, it appears
to be suppressed by a factor of 1/40 over a nat-
ural lifetime for so light a particle.

(ii) The n—~2y and n—7*+7~+y are consistent
with each other, since the three-body phase space
is about 1/100 of the two-body; n—7"+7" +7° is
anomalously high, since it has both the three-body
phase space and an internal electromagnetic in-
teraction. However, the three-m decay is allowed
by A invariance, whereas the other two modes are
not. This suffices to produce qualitative agree-
ment.

Brown and Singer® have suggested that the en-
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hancement of the three-m mode be produced by a
neutral scalar meson, 0, such that

n—-o+7°

at+7”
7° +7°,

so that the three-7 rate be essentially given by
two-body phase space. The data on the 7° en-
ergy distribution in the 7*+7~ +7° mode are in
agreement with their hypothesis. (There is no
necessary disagreement between their point of
view and ours since the width of the ¢ must be
~50 MeV, so that its enhancement might be in-
complete, and both mechanisms operative.) The
data on n—three neutrals appear to be contradic-
tory®; they also fail to resolve the 37° mode from
the 7°+2y mode. According to A invariance the
7° + 2y mode should be enhanced and therefore
comparable with the other 7 modes, whereas the
pure Brown and Singer mechanism would not en-
hance it. Another test of the dominance of the
Brown and Singer mechanism is the branching
ratio »= (@t +7~ +7° /C(37°) which should be

~2 (as opposed to  for no final-state interaction).
Other mechanisms, such as an intermediate vec-
tor particle, can account for the energy distribu-
tion in the 7%+ 7~ +7° mode,® but will give differ-
ent values of ». It would be interesting to have
more information on the branching ratios and en-
ergy distribution of the three-body neutral modes.

(iii) ¢ —nm is forbidden by G for even n and by
A for odd n. Therefore the dominant decay mode
is KK, in spite of the very small @ value.

(iv) w — 37 is allowed, since the 9-MeV width
is normal, and w ARy & ++y does not compete
strongly with w —37. There are two difficulties
associated with the w - ¢ system. One is con-
nected with unitary symmetry (or rather with the
usual way in which unitary symmetry is supposed
to be broken) where one makes w and ¢ into par-
ticle mixtures. We would like to consider the
actual particles as approximate eigenstates of A.
The second difficulty is the 2% w — 27 mode, which
is anomalously large, since it is forbidden both
by G and A conservation. It would be interesting
to check the decay angular distribution of the 27
shoulder at 780 MeV to make sure that one is
really observing the w.

(v) p=271, K*~K +7, and B(1220) -~ w +7 are
allowed, as shown by the known widths of these
particles. Hence the identification given above.

(vi) The KK*(1410) observed by Armenteros

e_tgl.” has not been observed in either 37 or 4n
spectra. It therefore presumably has odd A and
even G.

(vii) The failure of the K*(880) to decay into
K*(725) +7 as well as the very small K *(725)
width can be accounted for in two ways: K*(725)
has J=0 and odd A, or K*(725) has J=1 and
even A.

(D) Further predictions regarding electromag-
netic properties are the following:

(i) (¢ -et+e")/T(w=e*+e~)>1. This can
be directly measured in the decay or eventually
with colliding beams of electrons and positrons.
The isotopic scalar nucleon form factor should
be dominated by the ¢ rather than the w.

(ii) T(p—=(m or n) +y)/T(w— (7 or n) +y) < 1.
This can be directly measured, or inferred from
peripheral w and p (and possible 7) production by
photons.
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