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An examination of the following neutral missing

A resonance in the (Am) system, Y,~, with a,

mass of 1385 MeV has been reported by many
groups. ' Although most of the properties of this
resonance are well known, ' its spin has not been
determined with a high degree of confidence, and
its parity is unknown. The strongest evidence
for the Y,~ spin has been obtained by Ely et al. ,

'
in the reaction K p+- A+~+ r+at 1.1 BeV/c,
which indicates a spin ~'-, . However, many other
experiments' performed under varied conditions
failed to give clear confirmation of this result.
Furthermore, it has been pointed out by Adair'
that the spin-'-, result could be stimulated by a
spin-'-, Y,* interfering with a D-wave background
intensity of as little as 5/pP'. In this Letter we
present further evidence on the Y,* spin, the ob-
served decay correlations indicating a spin ~';.

Our sample of Y,~'s were produced by the inter-
action of 2. 24-BeV/c K mesons in the 20-in.
BNL hydrogen bubble chamber via the reaction

+P -A +v +v

Details of the exposure and beam are discussed
elsewhere. ' All events consisting of a neutral P
decay associated with a two-prong vertex were
analyzed using the BNL TRED-KICK system~, '

326 events were found to fit Reaction (1), 76 of
which could be interpreted as Y,*+ production
events. The background events which occur with
reasonable frequency and which can simulate
Rea,ction (1) are

mass distribution,

M, =I,(E M -E -E,)'-(P -P -P )'P',

shows no peaking at the Z' or mp masses, respect-
ively, indicating that contamination from (2) and

(3) is small. ' Detailed studies indicate that the
total contamination from all sources is «20'Pp.

The Dalitz plot for Reaction (1) along with the
invariant mass distribution for the (Av+) state
are shown in Figs. 1(a) and 1(b). The peak in the
mass distribution has been fitted by a Breit-
Wigner resonance formula of the form [(m -m, )'
+ ('-I')2] ~, giving a Y~* mass ma of 1380+ 3 MeV,
and a half-width '-, I, of 25+ 5 MeV, in excellent
agreement with the currently accepted values. '
The strong production of the Y,* in the positive
charge state, along with little or no production of
either p' or Y,~, are evident features of Fig. 1(a).
As a result, the interference between resonant
channels is negligible. Furthermore, at this
energy, dynamical interference effects' between
the pions must be small because of the high veloc-
ity of the Y,* in the K -p rest frame.

If the Y,*'s are polarized in the production pro-
cess, parity conservation constrains the polariza-
tion to lie along the normal to the production plane,
8 clap&- xp Y+. The distribution of n p +, where
p + is the direction of the m+ from the Y,* decay
as measured in the Y,* rest frame, may be used
to investigate the spin if the Y,*'s are either polar-
ized or aligned. Specifically, the predicted dis-
tribution is isotropic for J = -, , and of the form
I +A[n P„,+]' for 4='-, . The observed distribution
in [n p +] for the 76 events in which the Y,* mass
lies between 1340&~p + 1420 is shown in Fig. 2.
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FIG. 1. (a) The Dalitz plot of A~+ effective-mass squared versus Az- effective-mass squared for the reaction
E +p- A+m++7t . (b) The effective-mass distribution for Az+. The solid curve is the invariant phase space nor-
malized to the total number of events.

It fits a distribution of the form

1+ (0.5 + 0, 6)n P + (4. 2 + 1.0)(n P +)', (4)

all higher terms being consistent with zero. This
distribution is in disagreement with isotropy by
four standard deviations; further, the small size
of the linear term indicates the absence of biases.
%e have examined a sample of 194 nonresonant
Aw+w events (with I = 1800+ 300 MeV) in an iden-
tical way. The distribution of (n P~) is isotropic.
The ratio of the number of these background events
in the interval 0.0» j n P& j

+ 0. 5 to that in the
interval 0. 5 &

I n P~ I
& 1.0 is 99/95, indicating

the lack of any strong systematic effect.
Of course, just as in the experiment of Ely

et al. , there exists a danger that the observed
F,* decay distribution might be due to interference
between a J = '; 1',* and a D-wave background (10%
intensity is required in our case). However, since
the background amplitude is expected to change
slowly with energy and the resonant amplitude is
expected to change rapidly, such an interference
effect should vary with the F,* mass. ' To in-
vestigate this, we have divided the Y, peak into
two mass regions, 1340+pRp+1380 MeV and 1380
&ma&1420 MeV. The distributions of I n /~ I

corresponding to these intervals are shown in
Fig. 3. The similarity between the shapes of
these curves can be attributed either to the ab-
sence of any interference, or to the possibility

that the background amplitude varies as rapidly
as that of the resonance. Since Ely et al. have
observed a similar mass independence at a con-
siderably different energy, the latter possibility
seems highly unlikely. Further evidence for the
absence of interference effects may be inferred
from the symmetry in the forward-backward
spectrum of Y,* decay. The observed spectrum
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PEG. 2. The distribution of n.P~+ for the events with
the Am+ effective-mass lying in the interval 1340-1420
MeV. The solid curve is the distribution 1+4.2(n p~+)2.
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and Murray' also rule out the D-wave hypothesis.
%e wish to thank the members of the AGS and

the 20-in. hydrogen bubble chamber operating
crew for their close cooperation in obtaining the
exposure, and to acknowledge several helpful dis-
cussions with Professor M. Nauenberg. The
painstaking efforts of our scanning and measuring
group have been essential to the completion of
this work.
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FIG. 3. The solid and dashed histograms give the
distribution of !n p~+! for the Av+ mass regions 1340-
1380 MeV and 1380-1420 MeV, respectively. The solid
curve is the distribution 1+4.2(n P~) .

is of the form 1+B(pY~ p„+), with 8 =0.06+ 0.20.
On the basis of the above arguments, we con-

clude that the observed anisotropy of the decay
distribution (4) is strongly indicative of J(Y,*) ~ '-, .

In principle, information on the parity of the
Y,~ can be obtained from a measurement of the
A polarization in the direction 8. Specifically,
for a D-wave decay of a spin -2 F,*, IPAI = &IPy+I,
and for a P-wave decay, II'Al =) II'Y~I. The
up-down asymmetry in A decay gives I nAPAI
= 0.2+0. 2, which, together with aA=-0. 62+ 0. 07, 'o

yields IPAI =0.3+0.3 which clearly does not per-
mit a F,* parity determination with the present
data. However, accepting the value J(Y,~) ='-„we
wish to point out that the recent result of Colley
et al. " favors P-wave decay (even l', ' parity),
the D-wave hypothesis being two standard devia-
tions from the expected value; and Shafer, Huwe,
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Study of the reaction

at a momentum of 1.22 BeVy'c has shown conclu-
sively that the spin of the 1385-MeV Y,* is «&3,

as reported earlier by Ely et al. ', it has also in-
dicated that the Y,* state is P» (even Y~ —A

parity) rather than D» (odd parity). These con-
clusions result from the angular distribution of
the lambda and the angular dependence of the
lambda polar ization.

The events were obtained through the use of
the 72-inch hydrogen bubble chamber placed in

a beam of high-energy K mesons extracted from
the Bevatron. The momentum spread of the beam
was +2. 5 $, and the pion background was about
10$

Approximately 1650 events were analyzed which
satisfied the E +p —A+ n++ n hypothesis. Some
results from a partial sample were reported
earlier. The events were identified by kine-
matic fitting, first at the decay vertex and then
at the production vertex, with the IBM-7090 pro-
gram "PACKAGE, " After this two-step fitting,
the number of ambiguous events that might have
been F' production rather than lambda production
was approximately 1 $ of the total. Almost com-
plete separation of the Z n+v from the Av+n

events was accomplished by examination of the
ratio y2(Am~) j2y'(Zmw) for each event, the Z'vv
y' being weighted by a factor of two because of
the difference in average g' values. The final
Am+a- sample included about 93 $ of the true Ann

events and about 5$ of the true Zo~m events. The
A3v events were excluded from the Ann sample
by eliminating all events with y2(A3w) less than 10.

The cross section for production of the A~+~
final state by 1.22-BeV/c Z mesons was de-
termined by comparison with the observed num-
ber of tau decays in the same film sample; its

value is 2. 2~0. 2 mb. The angular distributions
of Y*+ and Y~ production were found similar to
that of Y*+ production in the work of Ely et al. '
(see reference 3).

The Dalitz plot for the Av v events is shown
in Fig. 1. Projection onto the Av+ mass axis is
displayed; the Am projection (not shown) is sim-
ilar. These mass spectra of the A~+ and the Av

systems are well fitted by Y*+ and Y~ reso-
nance curves alone, without background; values
of M(Y*) = 1385 MeV and f' = 50 MeV are required.
The production ratio of Y*+ to Y* is 0.80. Back-
ground of 5 to 10 $ cannot be ruled out.

On the basis of these mass spectra, the limits
1340 MeV ~M(Y*) ~ 1430 MeV were utilized in
the analysis discussed below. Only events with
large production angles in the center of mass
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FIG. 1. Dalitz plot of A~ m events from E P inter-
actions at 1.22 BeV/c. The square of A&+ effective
mass is plotted against the square of Ax effective mass.
Scales giving the masses in MeV are also shown. Pro-
jection of the events onto the A~+ mass axis is displayed
to the right of the figure; the curve represents the fitting
of Breit-Wigner resonance expressions to the An+ and
Am systems.


