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where A, and A, are the scattering amplitudes
for 1=0, 2, respectively. Let the p-wave ampli-
tude be

+1
f A, cosf dcosb =Glg?), (3)
-1

where
2 5,
Glg)=-16n(w/g)e ! sind,.

Equation (3) can be converted into a differential
equation for f which yields

X
)= -4 / ‘%‘”’dy 360)-1xG'). (4)

0

It is clear that the determination of the s phase
requires a continuation of the p phase shifts to
q?< 0. Using an effective-range approximation
for the phase shifts, Eq. (4) yields

2a, - 5a, = 18a,. (5)

Using the p-wave scattering lengths of Frazer
and Fulco® and Bowcock et al.,* respectively,
in Eq. (5) yields®

2a,-5a,=4.8u"%, 0.73u"% (6)

In comparison with this, Sawyer and Wali® obtain
0.9u"! and Schnitzer” gets ~0.005u~t. Combining
the =0 s-wave scattering length a,=1u""' deter-
mined by Efremov et al.? and Ishida et al.? with
the value of a, given in reference 6, we obtain
2a,- 5a,=4.5u"1; and combining the Khuri and
Treiman'® value of a, - a,=0.8u"! with that of
references 8 and 9, we obtain 2a,- 5a,=- Tu™*.

Based on the best p phase shift of reference 5
and Eq. (6), we conclude that a positive and
large n-7 scattering length in the I=0 state is
inconsistent with experiment.
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The angular distributions for the three proc-
esses,

K +p-1"+37¥, o
K +p-1t+%7, (1)
K +p-~K +p, (I11)

at 400-Mev/c lab-system K momentum, appear

to contain large cos?6 terms.! The experimental
data are scanty, but roughly 3/4 of the events
for each of the three processes corresponds to

a center-of-mass scattering angle in the regions
lcosd | > 5.1 It is generally assumed that these
large cos?6 terms (which we shall refer to as
the 400-Mev/c anomaly) result from interactions
in the P,, state of the K~ - p system. The pur-
poses of this note are to point out that if the KZIN
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parity is even, the anomaly may occur in the D,,
K~ -p state, and to suggest a = polarization
measurement that would clarify the experimental
situation.

We consider two different possibilities con-
cerning the intrinsic parities @ of the particle
pairs, KN, 7A, and 73:

®(EN) =0 (nA)=®(7@D), (a)

®EN) =0 (7A) = - (72). (B)

In both parity cases we denote the partial wave
amplitude for any of the three processes by the
symbol ta,b’ where a represents the total angular
momentum, and b the orbital angular momentum
in the initial (K~ +p) state. If parity assignment
(A) is correct, it is highly probable that the large
cos’d terms result from the amplitudes #g, ,, as
it is difficult to construct a reasonable model in
which D- or F-wave interactions are strong while
P-wave interactions are weak at such a low en-
ergy. Furthermore, an /=1, P,, pion-hyperon
resonance seems likely in this case.? On the
other hand, if parity assignment (B) is correct,
P,, 7% pairs result from D,, KN pairs, and vice
versa. Since the center-of-mass momenta in

the 72 and KN states are comparable at 400-
Mev/c bombarding momentum, one cannot pre-
dict with any confidence which of the two ampli-
tudes #;, ; OT /35 , is more likely to be large for
2 + 7 production. In either case, the require-
ments of unitarity and analyticity could lead to

a large value of the corresponding K~ - p elastic
scattering amplitude.

It is instructive to consider the theoretical
possibility of a low-energy j =3/2 resonance in
either the 7= or KN state under parity assump-
tion (B), assuming that the pion-baryon inter-
actions are of the conventional, renormalizable,
Yukawa type. The Born approximation terms
resulting from the pseudoscalar 72X and KNA
interactions may contribute large pole terms to
some of the P-wave amplitudes. If certain small
recoil terms are neglected, the Born approxima-
tion vanishes for P,, K-N elastic scattering.® On
the other hand, the pole terms for P,, 7-Z elas-
tic scattering are if;%5%/(wu®) and - §f, 5%/
(wp?) for the states of isotopic spins 1 and 0,
respectively.* [The corresponding pole term for
1=3/2, Py, n-N scattering is % f,yN*/(0p?). ]
The positive, I=1 pole term might lead toa 7-2
resonance,* and hence to large values of the K-N
absorption and scattering amplitudes 3, ,. It is
not known whether or not the 400-Mev/c anomaly
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results from a pion-hyperon resonance, but if it
does, the observed small value (~0.4) for the
K™ +p—=1°+A)/(K™ +p - 77 +2%) branching ratio
fits better with parity assignment (B) than with
(A). [1f ®(Z)=0(A), one expects the 7+A com-
ponent of the /=1, P,, resonance to be stronger
than the 7+ component.?»®]

One can hope to determine the parity of the
amplitude responsible for the 400-Mev/c anomaly
by observing interference with the amplitude
t2,0, KnOWn to be large at lower energies for all
three processes under discussion. We assume
that the angular momentum of the anomaly is 3/2.
The interference between f,, , and the j =  ampli-
tudes in the differential cross section for any of
the three processes is proportional to the quantity

2 Re[2t,5 otyp,, ™ COSOE 1,5 ofgp ,*(3 cOS®0-1)],

where the lower sign applies only for 7+ X pro-
duction under parity assumption (B). Since it is
likely that the amplitudes ¢,, , for the three proc-
esses are still appreciable at 400 Mev/c, the
approximate symmetry of the 400-Mev/c cross
sections around 90° is favorable evidence that

the K~ - p orbital parity of the anomaly is even.
This evidence is weak, however, since the j =2
amplitudes may be nearly 90° out of phase with
the amplitudes tm,o. The existence of an appreci-
able cosf term in the K™ - p elastic scattering
angular distribution! at 300 Mev/c might be con-
sidered as evidence that the amplitude #y, , is
growing with energy. This cosf term is not large,
however, and may result from a small admixture
of the amplitude ¢,, ,. We conclude that there is
no strong experimental evidence concerning the
parity of the 400- Mev/c anomaly.

Further information may be obtained by meas-
uring the up-down asymmetry of the proton emit-
ted in the decay of the =7 of reaction (I), since
this asymmetry measures the =% polarization.
The interference between tw,o and the j = § ampli-
tudes in the polarization intensity (percentage
polarization in the direction of Ez fo, multiplied
by the differential cross section) is proportional
to

*
2Imlt t,5 otgp

-3t 1p,0l32,2 " COSO] sing,

where the lower sign again applies only if the
intrinsic parities of the initial and final particle
pairs are opposite. The parity of the 400-Mev/c
anomaly in =% + 7~ production may be determined
definitely from angular distribution and polari-
zation intensity measurements in the range of
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K lab-momentum 150-400 Mev/c. In fact, the
detection of either a large sinf or cosf sind 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 ¢,, , is still
larger than ¢,, ) 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 angular
momentum involved is even, it is unlikely that
the intrinsic parities of the KN and 7> states

are equal.

11,. W. Alvarez, Proceedings of the 1959 Internation-
al Conference on Physics of High-Energy Particles at
Kiev, July, 1959 (unpublished), and University of Cal-
ifornia Radiation Laboratory Report UCRL-9354, 1960
(unpublished).

’A. Komatsuzawa, R. Sugano, and Y. Nogami,
Progr. Theoret. Phys. (Kyoto) 21, 151 (1959); D.
Amati, A. Stanghellini, and B. Vitale, Nuovo cimento
13, 1142 (1959).

SRichard H. Capps, Phys. Rev. 119, 1753 (1960).

4Yukihisi Nogami, Progr. Theoret. Phys. (Kyoto)
22, 25 (1959).

ODD AX PARITY AND THE NATURE OF THE 7AZ COUPLING*

Y. Nambu and J. J. Sakurai
The Enrico Fermi Institute for Nuclear Studies and Department of Physics,
The University of Chicago, Chicago, Illinois
(Received March 6, 1961)

In various symmetry models of strong inter-
actions it has often been assumed that A and =
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 7AY coupling; in particu-
lar we show that the scalar coupling constant
is “calculable” from m, , mp, and my, 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 distribution
of

y+p~Z0+K" 1)

at E,, =1140 Mev (threshold EY =1040 Mev) seems
anisotropic, and is reminiscent of a retarded
sin®@ distribution, whereas at comparable K
momenta the angular distribution for
y+p—~A°+K* 2)

shows practically no structure. This feature

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.8

(2) If a Taylor-Moravcsik type extrapolation
analysis’ is made for reaction (1), the avail-
able data strongly favor even KX 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 - Bk cosb)?(do/dS) can be correctly ex-
trapolated to cosé =B~ 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 1.0x107!% 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

7" +p-A°+K° (3)

at the K threshold, an anomaly in the cos®d
term has been reported by Schwartz and collab-
orators.® If f waves are relatively unimportant
for the final AK system at py(C-™-) ~230 Mev/c
(Xg=0.85x107*2 cm), then this anomaly should
be attributed to p-d interference, which in turn
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