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In a previous Letter we reported a hydrogen-
bubble-chamber experiment on the K p interaction
in the vicinity of 400-Mev/c incident K momen-
tum. ' The existence of an excited hyperon of 1520-
Mev mass and 16-Mev full width was established;
the state was found to have isotopic spin 0, spin
3/2, even parity with respect to K P, and a
K¹Zm:A2n' branching ratio of 3:5:1. In this Let-
ter we report the study of the angular distribu-
tions and polarizations of the different Zm charge
states, from which we conclude that the KpZ par-
ity is odd.

The determination of the KpZ parity in the re-
action

rests on establishing the parity of the transition
operator M defined by lcf=Myf, where g (8, Q) is
the final-state wave function and q is t e initial
spin function. For a reaction in which a new pair
of particles is created, M may be either scalar
or pseudoscalar. The problem can be convenient-
ly discussed in terms of a generalization of the

Minami transformation. m Defining k; and kt as
unit vectors in the incident K and outgoing m di-
rections, respectively, and n=k xkf/lg+kfl as
the unit normal to the scattering plane, one can
write four expressions for M —two scalar and two
pseudoscalar. These are listed in column 1 of
Table I. Here A and 8 are functions of the center-
of-mass (c.m. ) scattering angle 8 between the K
and the w. For final S», P», and P» waves (ab-
breviated S, P„P,), they are~

A =-,'%[S+(2P,+P,) cos8]; B=—'ig[(P -P, ) sin8]. (2)

Since the operators o. k and cr ~ kf change the par-
ities of all initial- and final-state partial waves,
respectively, the transformation from the first to
the second row represents the usual Minami trans-
formation, whereas rows 3 and 4 represent trans-
formations of either the initial- or final-state par-
tial waves of rom 1. Thus for rows 2 and 4 we
have S P„P, S, and Ps~D in Eq. (2). The
cross section I can be obtained immediately from
I= (haft, qf), and the polarization P from IP
= (gf~, ~~). Substituting gf =Myf and taking spin

Table I. Generalized Minami ambiguities.

Transition matrix
M

Parity
of M

Cross section
I' Example

initial —final

(A+Bo n)

o ky (A+Bo' n)cr ~ k

(A+Bo ~ n)cr ~ k

o - ky(A+Bo'n)

I+IP ~ P2

I+IP ~ P;
I-IP ' P ~

2

I-IP ' P.

2Re(A B)n

-2Re(A B)n

2Re(A B)n

-2Re(A B)n

SP)P3 SPgP3

SD PiSD

PHD -»iP3
SP iP3 PLSD
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sums, one obtains I' (the prime referring to the
cross section from a, polarized initial state) and

IP (for an unpolarized initial state) listed in col-
umns 3 and 4. Here I= )Al~+ IBt, and Pz
=(pic, vX ) is the initial-state polarization (zero
for our bubble chamber).

It is seen that the four possibilities can be re-
solved by measuring both the left-right asym-
metry in the angular distribution of Z's produced
from polarized protons and the polarization of Z's
from unpolarized protons. However, in our case
we know the initial state to be a well-defined mix-
ture of S and D waves with a small addition of P,.'
This removes the necessity of an experiment with
a polarized initial state, reducing the fourfold
ambiguity of Table I to a choice between rows 2

and 3. The determination of the Z parity be-
comes a matter of measuring the sign of the po-
larization term.

One further ambiguity arises, resulting from
the fact that the operation of complex conjugation
of the final-state wave function, like the Minami
transformation v kf, leaves I invariant but chang-
es the sign of P. %e are fortunate, however, in
dealing with a narrow resonance to which the
signer theorem is applicable. 4 This theorem,
a consequence of causality, states that the phase
shift q of a resonant state cannot decrease rapid-
ly as a function of energy when passing through a
resonance, unless the radius of interaction is
large. For our resonance, the radius of inter-
action would have to be of the order of 15 fermis
for a negative dq/dE to be acceptable. Since com-
plex conjugation reverses the sign of dq/dE, the
ambiguity associated with complex conjugation
does not exist for a narrow resonance. '

As shown later, our data indicate row 2 to be
the proper choice, so let us write explicitly for
I and IP

I= (vg'/4m)[[P, +(S+2D) coeval'+ I(S-D) l' sin'&],

(3)

IP = (wa'/4~) 2 Im (S-D) [P,+ (S + 2D) cos8] sin8 n.

(4)

The various amplitudes and phases in the Zm re-
actions are determined in the following manner.
Below resonance, the incoming K P S state dom-
inates all other waves. Here the Z, Z, and Z
corresponding amplitudes are given by S+ =So/W3
-S,/~2, S =S,/~3+S, /~2, S'=-S,/v3, where S,
and S, are the S-wave amplitudes in the states
with isotopic spin 0 and 1. The magnitudes of So

and S, at the resonance are determined by extrap-
olating the nonresonant Z cross section for -S, and

the Z +Z -2ZO cross section for S,. %e obtain
ISOI =o.48 and tS, ) =0.61 at resonance. These val-
ues are in good agreement with the zero-effective-
range Humphrey-Ross solution I and also satisfy
unitarity with respect to the other channels. ' The
relative phase angle between So and S, can be de-
termined from the difference between the Z and
Z cross sections. For K capture at rest this
phase angle is 60 deg, and at about 250-Mev/c
incident K momentum passes through 90 deg,
increasing slowly with momentum. By extrapo-
lating to the 395-Mev/c resonance momentum,
we estimate the angle to be =110 deg. Beyond
the resonance, P waves become appreciable, so
that an interpolation to the resonance would be
less reliable. In what follows we shall consider
these values of So and S, and their phase angle as
constants throughout the resonance region. Now,
in the vicinity of the resonance we introduce into
the I, state a D-wave amplitude of the Breit-sig-
ner form:

(5)

where I' = I'~+ I'&+ I'&, e = (2/I')(Ez-E), E is
the resonance energy, and I &, I'Z, and I'A are
the partial decay rates into RV, Zm, and A2n, re-
spectively. The values of I'~, l Z, and I'A have
been previously established from enhancements
in the various channels at resonance. '~' This
leads to an amplitude D=0.36/(e-i). It is easily
seen that D is a vector in the complex plane,
starting from the origin, the end point of which
describes a circle. The orientation of the S am-
plitude with respect to the circle is the only free
parameter left to be adjusted, and this is done by
fitting the angular -distribution terms arising from
interference between S and D. This orientation of
S, and S, is shown in Fig. 1, with the two circles
giving the quantities 2D and -D of Eqs. (3) and (4).
The signer theorem excludes the complex con-
jugate of Fig. 1 which would reverse the sign of
P. The distance squared from the point marked
Z to the end points of the two vectors 2D and
-D give, by the use of Eq. (3), the coefficients of
cos'8 and sin20 in the Z m~ular distribution. In
a similar manner one obtains the coefficients for
the Z and Z angular distributions. ~ %'e have
adjusted the orientation of S to give the best fits
to the Z+, Z, and Z angular distributions as a
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being somewhat artificial. The curves have been
extended well beyond the resonance to illustrate
the behavior of the interference, although far
from resonance the S-wave amplitudes should
change appreciably and the Breit-signer formula
will have a more involved energy dependence.

The sin& cos& term in Eq. (4) results from inter-
ference between S and D waves and therefore is
now uniquely specified for all three Z channels.
To determine the average value of the polariza-
tion arising from this term, we consider a sample
of events for which the c.m. production angle is
0.3 ~

I cos& I
~ 0.95. Over this interval (sin& cos&)av

is 0.43. We then obtain (faP)av for the forward and
backward c.m. angles from (IoP)av= 3+f cosI3f,
where cosPf = n ~ Q, Q being the direction of the
decay proton in the hyperon center-of-mass sys-
tem and o, the proton helicity. %e then have

aP . = —( f(yP )
1

sin8 cos& N av forward

S+ P

FIG. 1. Geometrical construction of the S- and D-
wave amplitudes of Eqs. {3) and {4). The vectors So
and S& are assumed to remain constant throughout the
momentum region in the neighborhood of the resonance.
The direction and magnitude of the vector 2D is ob-
tained as a function of momentum from the upper circle;
values of the momentum {in Mevt'c) are indicated on the
periphery of the circle.

function of momentum, as shown in Fig. 2. Here
we have plotted the experimental ratios (P-E)/(P+E)
and (F-B)/(F+B) (here P, E, F, and B are the num-
ber of events in the polar, equatorial, front, and
back region, respectively; for example, for I' we
take I cos& I &0.5), together with the values pre-
dicted by Fig. 1 through

P - E )S+2Dt'- )S-DPI'
P+E 4[IS I + IP, I +2IDI ]

The over-all agreement, while not perfect, is
very encouraging, considering the simplicity of
the analysis. Perhaps the addition of a small
amount of P, (interfering with P,) would improve
the fits, the restriction to 4 = —,

' in the I' state

for the average value of this polarization term
over the cos8 interval, where N is the number of
events. For the sign of n, we use the determina-
tion of Beall et al. ' which shows that the proton

+
in Z, decay has negative helicity (i.e. , the proton
is emitted preferentially opposite to the direction
of the Z polarization), whereas the other decay
modes of charged Z are consistent with zero heli-
city. For the decay Z' ~ A+ y, one has PA = 3 Pgo
and experiments now indicate that protons from
A decay have positive helicity. In both cases we
take In I= l. From Eq. (7) we then obtain the val-
ues of (o'P) .„8 8 reported in Fig. 3(a) (for g')
and 3(b) (for Z,+). The calculated curves are those
predicted for odd EPZ parity. For the other parity
assumption, the signs of the calculated curves
should be reversed, clearly disagreeing with the
data.

The result of this experiment, when compared
to the K +He experiment which yields odd K/A
parity, ' shows that the relative ZA parity is even,
thereby experimentally establishing the assump-
tion made in many symmetry models of baryons. "

The presence of a front-back ratio different
from zero in the angular distributions of Fig. 2
implies an interference between odd and even
orbital states. This requires that a certain
amount of I' waves be introduced into the Zm pro-
duction amplitude in addition to the S and resonant
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FIG. 2. Momentum dependence of
the Zo, Z, Z angular distributions.
(a), (b), and (c) The (polar-equatori-
al)/{polar+ equatorial) ratios for a
total of 163 neutral, 86Q negative,
and 1335 positive Z's, respectively.
(d), (e), and (f) The (forward-back-
ward)/{forward+ backward) ratios for
the same events. The curves are
derived from Eq. (3) and Fig. 1. Er-
rors represent the statistical uncer-
tainty.
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FIG. 3. Momentum dependence of
the polarization terms. (a) and (b)
The sin8 cos8 term of the polariza-
tion, as measured by the use of Eq.
(7), for a total of 163 Zo-A+y fol-
io~ed by A —p+ ~ decays and 610
Z p+~ decays. The curves rep-+ Q

resent the predictions obtained from
Eq. (4) and Fig. l. (c) and (d) The
sine term of the polarization, as
measured by the use of Eq. (8), for
the same events.
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D waves. The presence of P waves manifests it-
self also in the coefficient of the sin8 term of IP.
%e compute the value of this coefficient by con-
sidering an interval )cos8 I «0.95 over which
(sin8)av= 0.82, and using the relation

are also due to the other members of this collabor-
ative experiment —P. L. Bastien, J. P. Berge, 0. I.
Dahl, J. Kirz, D. H. Miller, A. H. Rosenfeld, and
particularly to Dr. J. J. Murray for his excellent
beam design.

The values so obtained are shown in Fig. 3(c) and

(d) for the Zo and Zo+, respectively. For the Z+w

channel the requisite P-wave cross section is
about 1.5 mb. The other Z~ channels yield less
information concerning the P wave, but we sur-
mise that the cross sections at 395 Mev/c are
about 1.5 mb in each of the two isospin states.
This gives us the P-wave contribution to the total
cross section to be introduced into the denomina»
tor of Eq. (8). The Aw channel appears to contain
about an equal amount of S and P waves. Togeth-
er, the Z and A P-wave absorptions yiel, d the ob-
served small P wave in the K p and Kon. '

It is aypropriate now to enumerate some minor
flaws in the interpretation develoyed here and in
the previous Letter. These pertain to the ab-
sorption cross sections in the three Zw chan-
nels. The width of the Z m' resonance absorption
as a function of momentum seems too large to be
accounted for by the experimental resolution; how-
ever, since this reaction is observed indirectly,
the uncertainty associated with it is greater than
with other channels. Secondly, the cross-section
enhancements in the three Zm channels seem to be
slightly different, Z m and Z w+ being, respec-
tively, higher and lower than Z m . Perhaps the
latter effect could arise from mass difference or
from the yresence of a small I„D~ absorption.
However, the over-all internal consistency in the
experiment seems so good that such discrepancies
can hardly alter the conclusion of odd KpZ parity.

Analysis is still in progress. A least-squares
fit to all the data employing appropriate momen-
tum dependences of the various amplitudes is un-
der way in an effort to improve our primitive fits.
Experimental details and final results will be re-
ported in a later paper.

It is a pleasure to acknowledge the support of
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many valuable discussions, and to Professor Rich-
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ulated our attention to these phenomena. Thanks
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