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meson theory. The crossed graphs lead to an at-
tractive potential, as do also the uncrossed graphs;
however, ‘it is well known that the fourth-order po-
tential vanishes identically for neutral scalar meson
theory, these attractive potentials being cancelled
by the "non-adiabatic corrections' to the first~
order potential 14) (here, the first-order potential
contributes only to V(AA,ZX), so these "non-
adiabatic corrections" arise from the coupling be-
tween the A-A and ©-T channels). The inclusion of
the T A mass difference and of recoil in the Z-%
channel will effectively suppress the repulsion due
to these "non-adiabatic correction" terms, so that
the net A-A potential may be expected to be attrac-
tive for foz = 0. In view of the importance of the
coupling potential V(AA,ZT) here, the coupling fry,
will actually be rather important, even for small
fssz~-0.11o0 - 0.2, since it will contribute to the
fourth-order term of V(AA,ZZ). For odd T A parity,
a quantitative estimate of the strength to be ex~
pected for the A-A interaction will require a de-.
tailed treatment of these effects.

In conclusion, we wish fo acknowledge a valuable

correspondence with Dr. J. J. De Swart, who pointed
out an important errdr in the original manuscript. :

This work was supported by the U.S. Atomic
BEnergy Commission.
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It is the purpose of this note to point out the pos~-
sible relevance of general experimental results on
proton-antiproton annihilation into strange particles
to the problem of the spin-statistics connection for
strange particles. ) ,

According to Pauli 1) particles with integral spin
obey Bose statistics and particles with half-integral
spin obey Fermi statistics. Pauli's argument is
based for integral spins on the assumption of van-
ishing commutator for space-like distances, and
for half~integral spins on the assumption of a posi-
tive definite energy. Recent derivations have been
given by Burgoyne 2) and by Liiders and Zumino 3).
The derivation presented by Liiders and Zumino is
based on five general postulates: (i) invariance with
respect to proper Lorentz group; (ii) vanishing
commutators or anticommutators for space-like
distances; (iii) vacuum as state of lowest energy;
(iv) positive definite metric; and (v}, the vacuum
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is not identically annihilated by a field operatbr.
If a spin-zero field 6(x)

o1 = % o [0k e + 0¥R) i) (1)
is quantised with anticommutators
[alk), a*(k)], = [b(K), b* (K], = Ok, k' > (2)
one has
[e(x),e(x')]+ =0 , [G(x),e*'(x')]+ =Aq(x-x") . (3)
The Green function A () :

| ) §
M0 =g [ bk e7ikx 5(k24m2)  (4)

does not vanish outside the light-cone. This fact
suggests that, among the above postulates, the
causality postulate ii (at least) would be violated.
The Green function A1(x) falls off exponentially for
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large space-like distances (* m~1). One might thus
hope that only microscopic causality, for distances
<m-1is violated.

Quantisation of a spin 5 field A(x) w1th commuta-
tors leads to

[Ax),Ax)] =0, [A),Ax")]=-1Sk-x"), (5)

where the Green function S(x) vanishes outside the
light-cone. The causality postulate (ii) does not
seem to be necessarily violated. In such a case,
however, some of the other postulates must be
violated (for instance postulate iii).

At the Kiev Conference in 1959 Drell presented
speculations on the possibility that K particles obey
Fermi statistics and A particles obey Bose statis-
tics 4). By explicit evaluation of the S matrix up to
fourth-order he showed the possibility that such a
theory be consistent.

" In order to draw verifiable conclusions on physi-
cal processes we shall here assume, per absurdum,
that a theory with K-mesons obeying anticommuta-
tion rules is consisient and admits of interpretation
in terms of asymptotic states. Furthermore we
assume that parity and particle-antiparticle conju-
gation are conserved for all strong interactions
including strange particles. Specifically, following
Liiders 5)we assume that one can define ingoing and
outgoing parities Pj, and Pgyt such that, in particu-
lar,

-1
PoutBout®: %0)Pout = €pBout(-%,%0)  (6)

with €p =z 1 and for which
Pjn = Pout - (M

Similarly we assume that one can define Cj, and
Cout, such that in particular

+ -1 '
CoutBout(*)Cout = €COout¥) (8)

with |€c|2 = 1 and for which
Cin = Cout - (9)

Let us now consider an outgoing state of a K and
a K with angular momentum J, M. It is represented
by

S dwg YM(k) adp(k) bEu(-K)[0) ,  (10)

where dwy is the element of solid angle, Y;¥ isa
spherical harmonics and k is the ¢.m. momentum
of the K particle. From (1), applied to the K field,
(6), and (10), one has that the parity Pgyt is for
the state (10) Pout= (- 1)/, independently of the
commutation relations of the K field. By applying
Cout to the state {(10) one obtains, from (6) and (8)

(-1 [ dwg YYK) bhyt(-K) adut(K) [0y . (11)
If now at and b* anticommute one has that the par-
ticle- ant1part1c1e con]ugatmn Cout is, for the state
(10), Cout = (-1) J+1, From these conclusions it
follows that the reaction

"p+p-~K+XK, (12)
occurring both at rest or in flight, is forbidden. In
fact, for annihilation from singlet states of the

p - P system Py, = (-) F1 and Cin = (- ). Therefore
both (7) and (9) cannot be satlsf1ed For annihila-
tion from triplet states one has in general Pj; = Cyp
so that (7) and (9) cannot be simultaneasly verified.

The evidence for the annihilation mode (12) has
by now become quite convincing 6). We are thus
led to the conclusion that the hypothesis of anti-
commutation relations for the K field is in conflict
with experimental data, at least as long as the for-
malism admits of the usual interpretation in terms
of asymptotic states on which the symmetry opera-
tions can be defined as for the ordinary theory.

The assumption of commutation relations for
the A field does not lead (if one follows a reasoning
analogous to the one used above) to the complete
forbiddenness of the annihilation process

p+Pp-A+A. (13)

With commutation relations for the A field, reac-
tion (13) would occur only via triplet-singlet and
singlet-triplet transitions for those triplet states
for which J = L (J = total angular momentum, L =
orbital angular momentum). In particular (13)
would be forbidden from S-states. Such conse-
quences could be easily checked experimentally.

We do not comment here on the question whether
strange particles obey "parastatistics” in which the
commutation or anticommutation rules are assumed
to be trilinear, or quadrilinear, etc., and on which
much interest has recently arisen 7
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