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2%e must point out two minor qualifications to these
results: (a) The cut on IM2(all neutrals) I

~ 0.01 results
in the loss of a small fraction of q{959) events due to
resolution. Thus, we would expect this effect with ap-
proximately the same magnitude to occur in the case
of the y; (b) our data at this time do not rule out the
possibility of a weak alternate decay mode, p p+7t.
(branching ratio = 18+ 8'). Again due to resolution we
may be including a small amount of p m in our p y and

m y determinations. The effect of (a) is to underes-
timate and (b) to overestimate the limits on py and

m y. However, the net effect can alter our conclu-
sions on the branching ratios by no more than +1 to 2'.

We have assumed an all-neutrals branching ratio of
69Vo for the r](548) and 10Vo for the ~ in arriving at
these branching ratios. We have introduced a slight
bias in the cup and g(548)y determinations because of
the removal of events with M (all neutrals)&4m&0, in-
asmuch as the lower bound for these cases would be
m~0 [~ or g(548) sr++a +x ] or zero [g{548)-z +7t

+y]. Therefore, the branching ratios for these modes
should be somewhat larger, but probably by no more
than 1 to 2'.
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A study has been completed of three-body
final states, hyperon+K+v, in pion-nucleon
collisions a,t an incident pion momentum of
1.68 BeV/c. The purpose of this investigation
was to obtain information on the spin of the
Y,~(1405) resonance by observing angular cor-
relations in its decay. Our results, by use
of a moments analysis, ' are consistent with
spin ~, but our statistics at present are too
poor for a parity determination. We have also
examined the decay of the Y,*(1385) resonance
and find, in agreement with other authors, '
that spin & is ruled out, spin '-, is acceptable,
and spin & is not required by these data.

The data were obtained from approximately

2x10' m p and 1.2x10' v+8 pictures in the Brook-
haven National Laboratory 20-in. bubble cham-
ber exposed at the AGS. The incident bea, m
momentum corresponds to a c.m. energy 50
MeV below the threshold for the reaction K*(890)
+Z.

Table I gives the number of events in the var-
ious final states. For the reaction n++d-hy-
peron+K+m+nucleon, only events with a nu-
cleon momentum of ~200 MeV/c are included. s

In these events the nucleon is considered to
be a "spectator" not affected by the primary
m-nucleon interaction, except for energy-mo-
mentum conservation. The Dalitz plot and its
mass-squared projections for 220 events in
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Table I. Number of observed events in each final state of the reaction ~+X hyperon+K+m.

Final state

Number of
observed

events Final state

Number of
observed

events

+p Z +K +n'+

Z++E +m'

a'++++ ~-
A'+Z'+ ~'
r, '+@++~
z +z++~'

108
75

189
95
42
47

p +n-Z +K +n
Z +K+x
A'+Z'+ w+

A +E++vr
g++p-Jt'+Z +m+ +

19
17
29
36

102

the Z K~ final state is shown in Fig. 1. The+

K7T -invariant mass-squared spectrum is con-
sistent with phase space. The Z"m -invariant
mass-squared spectrum shows a prominent
peak in the vicinity of 1.9 (BeV)' and a small
spike at 2.3 (BeV)'.

The Z+n+ mass spectrum has been fitted by
a maximum-likelihood method4 to the follow-

ing expression:

N(M): (cc + 5 I T I cc05 + c I T I yugo)py

where I T I'= I",'/[(E-M, )'+ I','] and p is phase
space. The free parameters in the fit are I'
and M, for the Y,*(1405) resonance and the in-
tensities a, b, and c.s The result of this fit
is consistent with negligible background, (16
+ 5)% Yo*(1520) resonance and (84~ 5)% Y,*

resonance with Mo = 1382+ 8 MeV and I' = 89
+ 20 MeV. These values for the mass and width
of the Y,"(1405) resonance are about two stan-
dard deviations from values obtained in other
experiments. ' Examination of the data, to be
discussed below, does not reveal either inter-
ference with nonresonant background or a seri-
ous contamination of the F,* by events from
the Z+w+ decay modes of the Y,*(1385) reso-
nance. Thus these values for the mass and
width of the Y,*(1405) resonance may be the
result of (a) statistical fluctuation, (b) dynami-
cal effects in the production process, ~ or
(c) the parameters of this resonance being in-

deed somewhat different from those hitherto
believed.

About two-thirds of the data are events in
which the Ko is not visible. These are record-
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FIG. 1. Dalitz plot for the reaction m. +nucleon Z+K+7t. , with Zm. and K7t mass-squared projections. Events

which fall outside the kinematic limit are due to 7t d interactions. The solid curve superimposed on the Z7t mass-
squared plot represents the result of the fit using Eq. (1). The curve fitted to the Km mass-squared spectrum is
the invariant phase space normalized to the total number of events (220).
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ed only if the Z decay is detectable as a "kink. "
Events are missed if either the Z is too short
or its lab decay angle is too small. After ap-
plying a correction for these missed events,
we find that

no. of events with K'
0 57 0 08

no. of events without K'

24—

l2—

{c)
I I I I

{d)
I I I I

hA' n

which is consistent with the expected value
0.5. For the total sample the corrected ratio

Z -P +no
= 1.4+ 0.3.

Z -v +n

For a pure Y,* resonance the expected ratio
Z+~ /Z m+ is unity. Our experimental value
is 1.03+ 0.16 for 170 events in the mass inter-
val 1340-1460 MeV. The absence of interfer-
ence with background or another resonance
requires the distribution in Z 1'* (in the Yo*
rest frame) to be symmetric. Within statis-
tics this distriubtion is symmetric and the
ratio forward/backward is 1.05~ 0.18.

From the observed number of A'TI'K' events
which have a A71 mass in the region 1340-1430
MeV, we estimate (assuming a branching ra-
tio oi 10% for the Zv/Av decay mode of the9

Y,*) that no more than 30 Z ~+ events due to
the Y,* lie in the Y,* mass region. Produc-
tion and decay angular distributions of events
attributed to the Y,* (TZ = 0) and Y,* resonance
are shown in Fig. 2. The Y,* data differ mark-
edly from the Y~* data both in production and
decay. Since our sample of Yo* events is rea-
sonably clean, a spin analysis may be attempted.

The production angular distribution of the
Yo* [Fig. 2(a)] clearly indicates that at least
two partial waves of opposite parity are involved.
Such a production angular distribution suggests
that the Yo* could be polarized. The distribu-
tion" in Z n is consistent with isotropy [Fig. 2(b)]
as is required for a spin--,' Y,*.
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The method of moments permits the deter-
mination of a set of parameters tJM from the
experimental data. ' These parameters are
the expectation values of a complete set of
spherical tensor operators. If J is the spin
of the resonance, the following conditions must
hold: L & 2J and -L -M ~ I.. Kith the Z axis
taken to be the production-plane normal, par-
ity conservation in the production of the Yo*
restricts M to even values. '~ In the strong

FIG. 2. (a) Fo* production angular distribution, and
A A

(b) the distribution of Z n for 170 events in the mass
interval 1340-1460 Me V. (c) K~* production angular
distribution, and (d) the distribution of A n for 83
events in the n. ass interval 1340-1430 MeV.

Table II. Moment analysis results for 170 Yo events, at all production angles.

Bet4 = 0.06 + 0.06
Imt4 = 0.03 + 0.07
Ret4 2=0.06+0.06
Imt4 = 0.08+ 0.06

t4 = 0.03+ 0.08

Ret2 = —0.06 + 0.06 5

Imt, -'= 0.03+ 0.06
t2 = 0.06 + 0.08

Ret2 2= —0.05+0.06
Imt 2

= 0.03 + 0.05
0.06 + 0.08

X (t2's =0) = 1.75 (three degrees of freedom); probability=62Vo.
X2(t4's = 0) = 3.99 (three degrees of freedom); probability= 54VO.

y g 2's and t 4's = 0) = 6.08 (eight degrees of freedom); probability = 65 Vo.
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Table III. Number of observed events in the final states of the reaction 7t++ F~*(1340-1430MeV)+K, and the

chi-squared probabilities for the assumptions (a) t2 and f3 =0, and (b) tP and t5 =0.

Reaction

Number of events
in mass interval
1340-1430 Me V

y2(t2 and t3=0)
Nine degrees

of freedom Probability

y2(t4 and t)=0)
15 degrees
of freedom Probability

+p-Ap+Z++x
m +n-A. '+Z'+~+ p +

+p-A'+Id'+~'
m++n -a'+Z'+ ~'

163

83

27

30.6

0.001

0.001 11.4

0.01

0.72

70 16.0 0.40

decay Y,*-2+m the experimental angular dis-
tribution of the Z is related to the parameters
tLM by the equation

N

=(i/&) Q l' (&, y ), with l. even. (2)
M M

K= 1

The HALO are constants depending on J; N is
the number of observed events; FLM are the
spherical harmonics; and 8, y are the polar
and azimuthal angles of the Z taken in the Yo*
rest frame. ' For an assumed value of the

spin, J, any tL with L&2J must vanish. The

Y,* parity can be determined by observation
of the Z polarization through the weak decay
Z+-P+~'. Since the number of events in which
the latter decay mode occurs is small (35 events),
the tL 's with odd L, which are related to
the polarization, are statistically poorly de-
termined.

Table II lists the experimentally determined
even-L parameters tL for spin up to . We
have examined the behavior of the tLM's in
the low- and high-mass portions of the Y,*
and find no statistically significant variation
of these parameters as a function of the mass
of the resonance. Using these tL 's, we have
calculated the chi-squared probabilities, in-
cluding correlation, for the hypotheses that
the t, , or the t4M, are zero, and the joint
hypothesis that the t,M and the t,M are zero.
The results, also shown in Table II, indicate
that the probabilities for the above hypotheses
are high, i.e., a Y, spin greater than ~ is not

required by our data.
We shall now discuss breifly the data concern-

ing the Y,* resonance. There is no direct evi-
dence for interference in any of the three-body
final states giving rise to the Y,*." The chi-
squared probabilities for the various spin a,s-

sumptions are shown in Table III. In agreement
with previous results, ' we find that spin 2 is
ruled out, spin —,

' is acceptable, and spin is
not required by these data.
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