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(I) In recent weeks a variety of proofs' '
have been offered for a theorem concerning
the possible representations D for a system
of self-conjugate bosons under the transforma-
tions of an internal symmetry group G. The
conclusion —which is that there must be a ba-
sis in which the representation is real-is some-
what obscured by the complexity of the auxil-
iary hypotheses. The conclusion follows most
simply from the existence of the CPT opera-
tion. We rely on the following lemma: If for
some matrix A such that AA = 1 we have for
the complex conjugate matrices D(g)

D(g) =AD( g)A

then we have the relation

(x)=[p (x)j =X p (x)=X A y (x). (3)

Thus AA = 1. On the other hand, under the ac-
tion of G we have [we suppress matrix indic-
es now

[U(g') 'p(x)U(g)] =Dp (x)=ADA 'I (x) (4)

Hence the lemma applies and no additional as-
sumption is needed.

(3) Nonlocal self-conjugacy. '~' —If Eq. (2)
is replaced by the apparently more general
relation

then the representation D can be made real.
The proof is immediate, since such an A can
always be represented as T 'T for some ma-
trix T. Thus TDT ' is a real representation.

We recall here some definitions. By "inter-
nal symmetry" we mean that there exists a
representation of G by unitary operators U(g)
such that for every point x,

U '(g)y (x)U(g)=g D (g)p (x).

(x) = fA (x-X)q (X)d'y,

we may proceed most easily using Fourier
transforms, y(n):

(-n) =A (n)p (n).

We must now invoke CPT which insures us
of the existence of an antiunitary operator 8

such that'

(2')

(2")

The field y is presumed to transform accord-
ing to an irreducible representation of the Lo-
rentz group. s We denote by y~j (x) the Hermit-
ian adjoint of the operator cp~(x). Note that
we do not assume the existence of a unitary
transformation connecting cp and y j, so that
our result holds even for theories which are
not invariant under charge conjugation. The
antiunitary CPT operator is, on the other hand,
known to exist for every relativistically invari-
ant local field theory. We denote this opera-
tor by 0, and its action is as follows:

(x)g '=a~ j(-x),
Q

2s
n =(-)

(2) I.ocal self-conjugacy. ' —To illustrate the

line of reasoning we consider first a trivial
case in which even CPT invariance is not need-
ed. Suppose

(x)=A p (x);

8y (-n) 8 '=qy (n).

Applying this to Eq. (2") we have

p(n) =A(n)y (-n).
Substituting this in (2") we find the relation

y(-n) =A (n)A (n)p( —n)

Since there must be some n for which the p~(-n) j
are independent operators we conclude that,
for that n, A(n)A(n) = l. The action of G upon
Eq. (2") leads then to D =A(n)DA(n) ' and we
proceed as before.

(4) Particle theory. ~—In the absence of field
operators~ self-conjugacy means (for example,
for particles at rest) that antiparticle states
can be expressed in terms of particle states:

i cv) =- 8 i n) =A I P).

Since 0 is antilinear we again have AA =1.
Since the antiparticle and particle states trans-
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form according to conjugate representations
the rest of the proof is as above.

(5) It cannot be denied that the machinery
brought to bear previously has been sufficient
to obtain this general result. However, by
using CPT (which can be obtained from that
machinery) directly, the relation to the intu-
itive argument that if N fields have dependent
adjoints they can be replaced by N Hermitian
fields is made rather clearer. The Hermitian
fields are just Ty(x) in the case of local con-
jugation.

It is satisfying that the use of CPT invariance
leads so directly to the results of the various
previous investigations, since the existence
and properties of the operator 8 summarize
concisely the relation between particle and
antiparticle.
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It has been realized for some time' that a
certain admixture of M=-,' and 2 has the same
physical consequences in nonleptonic A decay
as the M= —,

' rule, and only differs from it in
the sign of the pv amplitudes relative to the
nm' amplitudes. Moreover, it is known that
this sign does have physical significance in
the nonmesonic decays of A hypernuclei, ' al-
though it has not been thought to have any phys-
ical consequences in free A' decay. Thus, while
it can be argued that it is rather implausible
that this particular admixture should occur
in A' decay, still an uneasiness remains that
apparent agreement between prediction and
experiment may not be verifying the M=-,' rule
after all. It is the intent of this note to show
how the relative sign of the amplitudes can be
experimentally determined by observing the
effects of the strong interaction io, free A de-
cay, namely in the final-state interaction be-
tween the outgoing nucleon and pion. Our re-
cent experiment on A decay detects this fi-
nal-state interaction and as shown here indi-
cates that the required admixture of AI= —,

' and
2 which duplicates the predictions of the M

=~ rule does not occur.
The amplitudes in A' decay are, for A'-p

+~ t

1 1

j. 1

p (2)2P e ll+(&)2p e»
and, for A'-n+~',

|, 1

S =(-,')'S,e '+(-:)'S,e

0, —' s5 2
—' s5P =(-')'Pe "+(-')'P e
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(ld)

s'
s

where 6„6sare the pion-nucleon s-wave scat-
tering phase shifts, and 6„,6» are the p wave,
for I= -,' and 2 at 37 MeV. Under time-rever-
sal invarianc x Ss Px and Ps a all eal
Since experiment' has not detected any viola-
tion of time-reversal invariance in the decay
Ao -p+ m, we will assume these quantities
are real in this analysis.

Applying th@ LU= —,
' rule, then Ss=P, =O and


