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The absolute value of the rate of this new proc-
ess is important for the understanding of the
Fermi couplings of hyperons. 4 Clearly, an iso-
lated event does not permit an answer to this
question. We are pursuing a systematic analysis
of our pictures towards a determination of the
absolute Z+ p-decay rates.
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An investigation by Alston et al. ' of the re-
actionK +p-A'+m++v, at aK momentum
of 1120 Mev/c, has shown that strong momen-
turn correlations exist among the reaction pro-
ducts. They concluded that these correlations
were due to the existence of a strangeness -1,
isotopic spin 1, baryon state, Y, which decays
by strong interactions into a A'+n. Analyses of
their data indicated to them that the mass of this
state was 1384 Mev and the width was 63 Mev.

We are reporting on similar analyses of the
products of the related reaction K,'+p A'+g++m'.
The K,' mesons were produced by a chain of re-
actions initiated by the external beam of the
Brookhaven Cosmotron. Thr ee-Bev protons
from the external beam were focused on a steel
target to produce g mesons which in turn were
momentum-analyzed and focused on a polyethylene
target. The K,' mesons produced in the forward
direction by reactions such as z + (p or n)
(A' or Z) +K,'+(0, 1, or 2)g, passed through a
lead absorber and a magnetic clearing field
designed to eliminate charged particles and y
rays, and into a 14-in. , 20-liter, liquid hydro-
gen bubble chamber 10 ft from the target. An

average flux of 7 x10' protons per pulse incident
upon the meson target produced an intensity of
about 3 x10' n mesons with a momentum of 1.60
Bev/c and a spread of 7Q. At these v fluxes,
we estimate, from consideration of the number
of K,' decays observed and the measured life-
tirne, that the K, flux through the chamber was
about 1.5 per pulse. Maximum intensities about
three times these values were achieved. For
each event of the type K,'+p A'+v'+m+, meas-
urements of the momentum of the associated g+
and the A produced in the chamber, together
with the knowledge of the direction of the incident
K, , allowed the determination of the momentum
of the g' and the K,'. This momentum distribu-
tion for the 60 analyzable events reported here
can be described adequately as a Gaussian dis-
tribution centered at 975 Mev/c with a half-width
of 100 Mev/c. From charged Z and 3-prong
events we estimate that about 15 of these events
are Z +2p and A +3g events.

Any interaction of a K,' with a proton which
produces a hyperon and g mesons must be initi-
ated by the strangeness -1, K' part of the K,'.
Since the third component of the isotopic spin of
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the K' is +-,', the interaction with the proton takes
place wholly in the T =1 state. As the A' has an
isotopic spin of zero, the two m mesons, of the
reaction products A'+71++m', will have isotopic
spin one, and the final space wave function will
only change sign upon exchange of the two mesons.
Therefore, if the interaction is charge independ-
ent, any description of the distribution of reac-
tion products must not depend upon the charge
of the m meson. Conversely, an observed sym-
metry of this kind is evidence for charge inde-
pendence in interactions involving strange parti-
cles.

When the observation of final-state interactions
is important, it is useful to consider the dis-
tribution of Q values as calculated between pairs
of particles. This is illustrated in Fig. 1, where
the distribution of Q values is plotted for (A', g+),
(A', m'), and for the lesser of the two values for
each event. Independent of any detailed assump-
tions concerning the origin of the peaks near
130 Mev, the similarity of the (A', m') and (A', m+)

distributions is evidence of the charge independ-
ence of the interaction. This sharp Q-value
peak suggests again the existence of the Y~ state
previously postulated. About 40 events can be
assigned to the peak, 22 Y+ and 18 Y', the Y'
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FIG. 1. Histograms representing Q-value distribu-
tions. The lower histogram shows the distribution of
Q values calculated for the A and 7(+, the center histo-
gram represents the same plot for A +~, and the9

upper histogram shows a plot of the lower of the two
Q values plotted for each event. Sixty events are
represented.

not having previously been observed. While
alternative explanations of this anomaly can be
offered, ' we shall proceed in the rest of this
discussion on the assumption that the explanation
in terms of the existence of a state, Y, is cor-
rect.

The experimental width of the state, as seen
in Fig. 1, is about 29 Mev. This measured width
will be approximately equal to the square root of
the sum of the squares of the natural width and
the experimental resolution. From a study of
our errors we conclude that the full width of the
resolution function cannot be less than 20 Mev
and is more likely near 30 Mev. The value of
the natural width is then, 0 ( I." (20 Mev, which
is quite different from the value of 63 Mev quoted
by Alston et al. '

Information concerning the spin and parity of
the state may be derived from analysis of angular
distributions of Y* and A' decays. The Y* pro-
duced at small angles with respect to the K beam
will decay preferentially in the beam direction'
if the spin is greater than &. Of the 17 events
such that I cos8 I & 0.7, where 8 is the production
angle, the fraction 0.50+ 0.15 decayed such that
Icos/ I & 0.5, where P was the decay angle, in
agreement with the value 0.5 to be expected for
J= -'„and about 1.3 standard deviations from the
value 0.69 for J= -,'. For any angle of production
there will be some alignment, if the spin is
greater than &, and the direction of the align-
ment will vary slowly with angle. Therefore,
the examination of correlations between the direc-
tions of decay of Y* states produced at nearly
the same production angle will be informative. '
The quantity C = ZgZ&P2(cos8z&) was evaluated,
where P, is the Legendre polynomial normalized
over the interval 0 to 1, and eij is the angle be-
tween the decay of the Y* event i and event j. The
sum i is over all events, the sum j over all
events such that Icos/i -cosQ& l -0.3, in this
case, where Q is the production angle of the Y*.
The value of C from this experiment was -0.03
+ 0.10 which is to be compared to expected values
of 0 for j= -,', and 0.09 for j= -', .

Information concerning the parity of the Y can
be obtained if the Y* is produced such that it is
polarized. Assuming that the spin is ~, if the
7'* decays by S wave the A will be polarized in
a direction perpendicular to the plane of produc-
tion and will decay with an angular distribution
of 1+A~cos8~, where 8~ is the angle between the
decay direction and the normal to the plane of
production (PA- x Py) /( ) PA- i i Py i ) and A ~ = Pa
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P is the degree of polarization of the Y* and n
is the usual asymmetry parameter in the decay
of the A which is about +1. If the decay is by P
wave, the distribution will take the similar form
1+Ap cosHp, where Ap is again Pn but Hp is the
angle between the A-decay direction and a vector
which lies in the plane formed by the production-
plane normal and the Y*-decay direction, and
whose angle with the normal is twice that of the
Y* decay. The measured values of the quantities

Ap and As are correlated; for an S decay, Ap
s, while for a P decay, As = --', Ap. Our re-

sults, using 3V events, are As —--0.38+0.25, Ap
= 0.19+0.25, which suggests that the decay is
S-wave. Statistically more significant results,
in accord with these, have been reported by
Ferro-Luzzi et al.'

If these spin and angular momentum assign-
ments are valid, and if the K-meson parity is
odd, this state can be expected to be the state
related to the (a-) K -p scattering length solu-
tion of Dalitz and Tuan, ' a = (-1.0+ 0.18i) fermi.
It is then interesting to calculate the threshold
behavior of the K -P system under the assump-
tions that a single-level resonance formula'
dominates the situation, and the Z-A parity is
odd. The scattering length will then be equal to
yK'/(Z& —aiT) -R, where I't ——2kiyt' is the width
for channel i for S wave and I't =2ky (kR) /[1+(kR)']
for P wave, I is the total width equal to I'K+ I'p
+I'&, where K, A, and Z represent the 4+m,
Z+m, and K +p channels, respectively, E& is
the Y* resonance energy, and R is an interaction
radius, taken here as k/MKc. From the Y
widths taken as I'A =16 Mev and I'~ ——4 Mev, '
we find yh' = 7 Mev f, and yg'=45 Mev f. We

choose yK' = 30 Mev f to fit the real part of the
scattering length. With these numbers, a
= (-1.0+0.32i) f and the ratio of Z to A produc-
tion at threshold in the T =1 state is about 0.75,
not greatly different than results of the analysis
of Dalitz and Tuan. ' Even A-Z parity results
in a much poorer fit to the Z-A production ratio.

It is interesting to note that the sum of the
reduced widths, about 80 Mev f, is, within the
very rough estimates made here, consistent with
the Wigner sum rule, ' Zgyg'=lt'/MR =200 Mev f,
where the sum is over all channels open or closed.
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