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K lab-momentum 150-400 Mev/c. In fact, the
detection of either a large sin8 or cos8 sin8 de-
pendence of the polarization intensity at 400
Mev/c would provide a strong clue to this parity,
since it is likely that the amplitude t~ 0 is still
larger than t~, at this energy.

We conclude that the appropriate polarization
measurements should be made in order that the
parity of the 400-Mev/c anomaly in reaction (I)
may be determined. If the K - p orbital angula, r
momentum involved is even, it is unlikely that
the intrinsic parities of the KN and pZ states

are equal.
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y+p-A +K+

shows practically no structure. This feature

(2)

In various symmetry models of strong inter-
actions it has often been assumed that A and Z

belong to the same "supermultiplet" in some
approximation. ' ' Such a picture necessarily
requires that the relative AZ parity be even.
The purpose of the present Letter is twofold.
We first summarize the recent experimental
developments which are indicative of odd AZ

parity. Secondly, we point out some unusual
features of the scalar 7t AZ coupling; in particu-
lar we show that the scalar coupling constant
is "calculable" from mz, mA, and mZ, and that
the scalar coupling constant we calculate is in
good agreement with that deduced from hyper-
nuclear physics.

We wish to point out that, although even AZ
parity has been tacitly assumed by many theo-
reticians, the available experimental data are
suggestive of odd, rather than even, AZ parity.
We can see this in the following eightfold way:

(1) According to recent Cornell data on asso-
ciated photoproduction, the angular distr ibution
of

y+p-Z +K+

at Ey = 1140 Mev (threshold E = 1040 Mev) seems
y

anisotropic, and is reminiscent of a retarded
sin'8 distribution, whereas at comparable K
momenta the angular distribution for

w +p-A +K (3)

at the ZK threshold, an anomaly in the cos'8
term has been reported by Schwartz and collab-
orators. ' lf f waves are relatively unimportant
for the final AK system at pK( ) -230 Mev/c
(&K=0.85x10 "cm), then this anomaly should
be attributed to p-d interference, which in turn

agrees with the conventional view that the photo-
production of a charged meson near threshold
takes place via the electric dipole absorption of
the incident photon, only if K is pseudoscalar
with respect to A (for which there is evidence
from K -He experiments') but scalar with re-
spect to Z.'

(2) If a Taylor-Moravcsik type extrapolation
analysis' is made for reaction (1), the avail-
able data strongly favor even KZ parity pro-
vided that only s waves and s-p interference
are significant for the contributions other than
the one-K exchange term (meson current term),
or, what amounts to the same thing, provided
that (1 - pK cos8)'(do/dQ) can be correctly ex-
trapolated to cos8 = pK

' by the use of a third-
order polynomial with one constraint. ' (The
de Broglie wavelength of the K particle in the
c.m. system is as large as 1.0x10 "cm so
that our cubic extrapolation may be justified. )
Since there is some evidence for odd KA parity
elsewhere, '~' we see that odd AZ parity is
favored.

(3) In the angular distribution for the reaction
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implies that the AZ parity is odd."
(4) In associated production of Z particles in

wp collisions no striking backward peaking of
Z's similar to the backward peaking of A's has
been observed at low energies (Ez(KE) 1.1 Bev),
although there is evidence for a backward peak-
ing at higher energies. As already pointed out
by Beg, Bernstein, and De Celles, "this feature
can be nicely explained if the backward peaking
of the hyperon is due to the pole arising from
the exchange of a K~ (880-Mev Km resonance)
which is scalar with respect to A but pseudo-
scalar with respect to Z.

(5) Preliminary indications" seem to favor the
spin 12 assignment for Y'* (the T = 1 vA resonance
discovered by Alston et al."). If the relative
KA parity is odd, ' and if Y*-z+ A. via the s~
channel, for which there is some preliminary
evidence, "then F* has the same quantum num-
bers as the low-energy KN system, which
means that F* is a resonance of the type dis-
cussed by Dalitz and Tuan. ' In such a case
the observed small mZ/mA ratio for I'* decay
seems to favor odd AZ parity, as recently
emphasized by Ross and Shaw" and by Dalitz"
(unless physically unlikely values of effective-
range parameters are assumed).

(6) Regardless of the validity of the global
symmetry model, a T =1, J'=& p-wave pion-
hyperon resonance seems to be expected for a
wide range of values of G~AZ'/4w and G~ZZ'/4m
as long as the relative AZ parity is even. "
The nonexistence of a T=1, J=-,'resonance
might be taken as an argument against even AZ
parity.

(7) In the even AZ parity case it is reasonable
to expect, in addition, a T =2, J=-,'p-wave pZ
resonance, denoted by Z*." As pointed out by
Lee and Yang, ' if we take the global symmetry
model seriously, this hypothetical T =2 state
may be at 1539 Mev with a width about twice
that of the gK three-three resonance. No evi-
dence for Z*++ ( Z++p+) has been reported in
the reaction

angle in Z decay can be understood in terms
of a single parameter if the Z hyperon is a
bound zA system. Unless the spin-orbit force
between g and A is unexpectedly strong, the
bound zA system is likely to be s~.

We admit that none of these indications offers
conclusive evidence against even AZ parity.
But they do suggest that speculations on the odd
AZ parity situation might be of more than aca-
demic interest,

We now turn our attention to the nature of the
gAZ coupling, which, in the following discus-
sion, is assumed to be of the scalar type. It
has been known for some time that, if one of
the particles in a trilinear coupling can be re-
garded as a bound system of the other two in
the sense of dispersion theory,

m~ &m2+m3,
2 p 2 2

m$ m2 +mQ (5)

where

then so-called "structure effects" are expected
to be important. " In particular, the coupling
constant is determined by the asymptotic form
of the bound-state wave function. Considera-
tions along these lines have been made in con-
nection with the "neutron-proton-deuteron coup-
ling" 22 and also with a Fermi-Yang type model
of the pion. '

Although one can discuss the pAZ coupling
using the language of dispersion theory, we
shall adopt here a more "low-brow" language.
In a purely phenomenological discussion, the
bound-state picture for Z can be used as long
as the Z is coupled strongly to the zA system,
regardless of whether or not one subscribes to
the bound-state picture in a literal sense. Let
us consider the asymptotic wave function for
the bound zA system,

K +p Z++w++m, (4) 8 =m -m -m = -60 Mev,
studied at pK- (1.0 a 0.1) Bev/c by the Yale-
Brookhaven bubble chamber group, "nor is
there any indication for a vZ resonance in K p
experiments. "~" [The threshold for Z* ( Z+w)
production in association with a g in KN colli-
sions is at 750 Mev/c. ]

(8) Barshay and Schwartz" have pointed out
that the remarkable Gell- Mann —Rosenfeld tri-

P =m m (m +m ) '=120 Mev.
m A

Physically speaking r~ is the "radius" of the
Z hyperon analogous to the deuteron radius.
Numerically,

=1.6x19 ~3 cm
Z



VOLUME 6, +UMBER 7 PHYSICAL REVIEW LETTERS APRIL 1, 1961

(A fully relativistic treatment leads to essen-
tially the same value. ) The surprisingly large
value of this number is the starting point of our
investigation.

If the range of the gA force is much shorter
than the "radius" of the bound m A system, the
logarithmic derivative of the wave function
evaluated at some radius just outside the range
of the wA force does not vary appreciably as the
energy is lowered from the zero kinetic energy
to the observed binding energy of -60 Mev. It
then becomes possible to equate the scattering
length a to the "radius" r ~'.

-a=r =(2p I& I) "'.
Z g B

This relation is simply the well-known relation
between the binding energy and the scattering
length in the zero-range approximation.

Generally speaking, the range of the zA force
is expected to be roughly equal to or less than

(2m~) '. Since the pion and the A hyperon can-
not exchange a pair of pions having the same
quantum numbers as the Frazer-Fulco reso-
nance (T =1, J=1, even G parity), it is prob-
ably legitimate to ignore pion-pion interactions.
The zA force may then be as short-ranged as
the force associated with the so-called "baryon
exchange" diagram whose range = (m~mp) "'
=0.4x10 "cm is much smaller than the "radius"
of the Z hyperon. Physically speaking, this
means that the Z hyperon has a relatively "open"
structure; the pion and the A hyperon spend
most of their time outside the range of the in-
teraction. 4

We now calculate the scalar coupling constant
G~Ag'/4v. This can be carried out either by
noting that the normalization constant for the
asymptotic bound-state wave function is related
to the "sticking probability" for z+ A ~Z or by
comparing (7) with the expression for the scat-
tering length computed under the assumption
that the Z pole dominates in low-energy zA
scattering. We obtain

G ' m ( I&
v&& vr 8
4m y, ~2p j

fm +mA~ ((m +m -m )(m +m )~
'

= 0.6.

G /4v = 0.5, (scalar coupling)

G ' /4v & 0.8, (scalar coupling)

3 & G '/4g & 0, (pseudoscalar coupling).

So our result on the pAZ coupling constant is in
good agreement with the calculations of Ferrari
and Fonda.

It is hoped that the present note will prompt
experimentalists to concentrate their efforts on
experiments that have bearings on an unambig-
uous determination of the relative parity. Search
for possible correlation effects in

Z -A +8' +8 (9)

seems particularly promising. "
To conclude, if there is one observable on

which the future of strange particle physics de-
pends, it is the relative AZ parity. '

*Work supported by the U. S. Atomic Energy Com-
mission.
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Of course, this formula is exact only in the zero-
range approximation. If the effective range for
gA scattering is 0.3 x10 '3 cm, then the value
of the coupling constant gets increased by about
15.

That we can calculate the coupling constant
from the mass spectrum alone is the most in-
teresting feature of the scalar-type gAZ coup-
ling. The physical origin of this remarkable
fact is clear; although we do not know the de-
tailed dynamics of the short-range interaction
between n and A, as far as its large-scale mani-
festations such as the scattering length and the
binding energy are concerned, only one param-
eter, depth times (range)' in potential theory,
is relevant, which means that Eg and G~Ap'/4m
are not independent of each other. "

Up to now the only other information on the
gAZ coupling comes from the AN potential fitted
to the binding energies of various hypernuclei.
Ferrari and Fonda have shown that if the AZ
parity and the KA parity are both odd, the bind-
ing energy of AHe' together with the require-
ment that the two-body AN system be unbound
leads to the coupling constant combination
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It is of interest to compare this situation with F*
assuming that Y* is a bound ZN system in the s state
as suggested by various people. 5 ~ In the Y* case
the radius turns out to be 1.1 && 10 cm, and the range
of the KN force might be as large as (2.2~~)
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current [J.J. Sakurai, Ann. Phys. 11, 1 (1960); see
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It appears that the original vector theory of strong
interactions proposed by one of us (J.J.S. ), but not
Gell-Mann's eightfold way, 3 is the only verifiable
symmetry model which can accommodate (but does not
require) odd AZ parity.
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