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The number of events in each channel is dis-
played in Table I, but it should be emphasized
that different protions of the film were analyzed
for each particular channel and therefore on-
ly fully corrected numbers may be meaningful-
ly compared.

In this Letter we present new information
concerning the decay modes and the spin and
parity (JP) assignment of the f* meson. ' A
systematic search for all possible decay modes
was carried out, and resulted in (1) direct ob-
servation of the K+K —mode, (2) a restrictive
upper limit for the 2z decay mode, (3) a revi-
sion of the K*K decay rate, (4) a two-standard-
deviation indication of an g'm7t decay mode, and

(5) an upper limit for rgb' decay. The absence
of a K,K, mode establishes that the f* must be
even under charge conjugation, C, and restricts
the possible J& assignments to the values 0+,
2+, 4+, etc. Studies of the KK decay angular
distributions permit one essentially to rule out
0+.

The data for this study come from an analy-
sis of K p interactions at 4.6- and 5.0 BeVjc
incident E momenta, using the Brookhaven
National Laboratory 80-inch bubble chamber.
The exposure had an effective yield of 12 events
per microbarn of cross section. The final states'~'
relevant to a study of the f* are

The complete unselected KK mass spectrum~
from Reactions (1) and (2) is shown in Fig. 1(a).
The cp and f* signals are manifestly clear, the
former occurring with essentially no background,
and the latter with (30% background. Fitting
a Breit-signer shape in the region of the f*
peak gives a mass value of M=1513+7 MeV
and a width 1"=87+15MeV. In subsequent anal-
ysis we optimize the f*-to-background ratio
[where f* region is defined by 1460 (M(f* de-
cay products) (1580 MeV], by making use of
a peripheral selection criterion: -1.0 ( cos 8A(-0.6, where 8A is the center-of-mass pro-
duction angle of the A.

Various individual contributions to the KK
peak of Fig. 1(a), i.e., those due to K+K, all
K K, and the K,DK,O modes, all satisfying the
peripheral criterion, are shown, respective-
ly, in Figs. 1(b), 1(c), and l(d). From the lat-
ter two we may ascertain the well-known Ky Ky
vs K,'K,' decay-rate correlation which deter-
mines the charge conjugation number C. This
correlation, parametrized in terms of the ra-
tio'R, gives B =0.46+0.2. This value is to
be compared with the theoretical expectation
of R = -1 for C = -1 or R =+& for C =+1, and
thus establishes C =+1 by about seven standard
deviations. Also, the data of Figs. 1(a) and
1(c) permit us to re-examine previous evidence
concerning the isospin I of the f*. This evidence,
involving the relative rates6 of Zof*o vs Z+f*
is found to remain consistent with I=0. Final-
ly, the fully corrected ratio K+K /K'K', inferred
from Figs. 1(b) and 1(c), is consistent with uni-
ty, as expected. Thus, we consider the K+K
and KOK' contributions as a, unit in order to ob-
tain the total KK branching fraction, as indi-
cated in Table I.

We now consider other possible decay modes,
beginning with f*-v+m. The relevant final
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Table I. Branching ratios for various decay modes of the f*i1500) meson.

Final state
Total No.

events

Fully corrected No.
events (with visible
h) in f* region

Decay
mode

Branching ratios
Without K*K With %*K

signal signal

(A, Z)~+~-MM
+ y. , Z)~+~-~+~-~0

(A, Z)MM

502
1150
333

1200

900

200+ 32
&36
&28

or 28+ 21
50+ 25

15+ 50

0.80 + 0.13
&0.14
&0.11

0.20+ 1.10

&0.4

0.72 + 0.12
&0.13

0.10+0.10

0.18+ 0.10

& 0.36

Ref. 11.

states, (Ac, Zc)II+IT, contain significant amounts
of hyperon resonances (Y*). However, subtrac-
tion of the Y*'s turns out to have no appreci-
able effect on the observed mn mass distribu-
tion. The M(7IIT) spectrum satisfying the periph-
eral criterion mentioned above is shown in Fig.
2(a). This spectrum can be roughly interpret-
ed as the incoherent superposition of contribu-
tions from p, f ', and phase-space background.
There is no excess of events in the f*-mass
region. A two-standard-deviation upper lim-
it is given in Table I.

Reactions (4) provide the data relevant to the
search for a K*K decay mode. The M(K*K)
spectrum, shown in Fig. 2(b), is peaked at low

masses. This is inconsistent with the behav-
ior expected from phase space, represented
by the curve of Fig. 2(b). However, experience
with such potentially complicated four-body
final states indicates that this is not unusual. '
Such low K*K mass peaking may be associat-
ed either with kinematic effects of the "Deck
type'" or the existence of appropriate resonanc-
es, ' or both. Thus there is no clear-cut evi-
dence for a K*K decay mode at present. How-
ever, because this result depends upon one' s
interpretation of the background, we present
two versions of branching-ratio estimates, one
assuming a small (-8-event) signal and one
assuming no signal, quoted as an upper limit.
See Table I.

Next we consider a possible g'7tm decay mode
of the f*, which would appear (primarily) in
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FIG. 2. Mass spectra used in search for various f*
decay modes.
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Reactions (5a) and (5b). For (5a), we select
events in which MM lies in the q' (520- to 580-
MeV) interval and for which there is a (subse-
quent) kinematic fit to the q'z+m hypothesis,
while for (5b), we select a.ll events with at least
one 7|+m n permutation in the q' interval. These
criteria, when coupled with a momentum-trans-
fer selection [ApA'(0. 9 (BeV)'], yield the mass
spectrum for all products recoiling against the
A' shown in Fig. 2(c). (In this particular case
the 6' selection is preferable to the standard
peripheral 9 cut since it yields a better signal-
to-noise ratio. ) In addition to the large q* peak,
one sees a two-standard-deviation g'm7t signal
at the f* mass. The corresponding branching
fraction is given in Table I.

The search for possible neutral decay modes
of the f*, such as q07)0, is carried out by exam-
ining the peripheral neutral MM spectrum from
Reaction (6), as shown in Fig. 2(d). Known

resonances appear quite distinctly at the low-
er mass values, and provide the opportunity
of ascertaining the background level at the po-
sitions" corresponding to the g', ~0, g*, and

mesons. For higher mass values the back-
ground level is more severe. However, after
extrapolating a smooth background curve from
lower to higher mass values, and normalizing
to the f signal, one observes a. clear f* sig-
nal of 31+8 events taking into account the res-
olution in the channel. Since one expects a
signal of 28+6 events in this plot due to (i) un-

charged K,K, decays, (ii) K@,decays, and
(iii) (qo-neutrals) m'no, there is no significant
indication of any additional neutral component.
Consequently, in Table I, we quote only an ap-
propriate two-standa. rd-deviation upper limit.
In the following Letter, "we shall interpret this
as an upper limit for g'g' decay, since this is
the most likely candidate for an additional neu-
tral mode.

We turn now to the question of the spin and
parity of the f*. The existence of an g'mw or
K*K decay mode would rigorously rule out J+
=0 . Since such modes are observed only at

+

the two-standard-deviation level or below, more
significant information on JI is obtained from
K17 decay angular distributions. The distribu-
tion'3 f(6), where 9 is the angle between the
incoming K and one outgoing kaon in the f*
rest frame, is shown in Fig. 3(a) for all f* events
in which both K, 's are observed. The anisot-
ropy is evident. Since [as one can clearly see
from Fig. 1(d)] there is essentially zero back-

are displayed in Fig. 3(b). Qne sees no signif-
icant variation in any moment at mass values
outside the y and f* region. In the p region
a,' and a,,' are large, as one would expect, be-
cause a0 is simply proportional to the number
of EE events, and because the production of
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FIG. 3. (a) Polar angle distribution of decay kaon
from f"—K&0+KLO in f* rest frame. (b) Moment {a }
distribution of KK events plotted against KZ effective
mass (see text).

ground in this sample, the very small y' prob-
ability for isotropy (0.1lo) provides strong
evidence against J+ =0+. In contrast, the fits'~
for 2+ and 4+ are both perfectly consistent with
the data.

Further information may be obtained from
the entire (peripheral) KK sample of Fig. 1(a).
Here there are many more events in the f* peak,
but the background contribution is not ignorable.
Thus, in this case, it is profitable to examine
the structure of f(8, y) as a function of KK ef-
fective mass.

The M(KK) dependence of the moments of
the distribution a~~, defined by
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a spin-1 resonance (partially) via K* exchange
requires a significant cos2y component. " In
the f* region both a,o and a4c appear to be large.
Since a large a4 must arise from a J» 2 res-
onance, it is only the relatively weak statis-
tical significance of the a4 signal which pro-
hibits a firm rejection of the spin-zero hypoth-
esis. The significance of the a, peaking is
beyond question, and also suggests a J» 2 res-
onance, but it is not a unique indication. The
simplest alternative possibility is the existence
of an s-wave resonance interfering coherent-
ly with a d-wave background. Such a possibil-
ity must be considered extremely remote on

two accounts. Firstly, as we noted above, the

a4 distribution shows no sign of a d-wave back-
ground. Secondly, the K,K, mass distribution
of Fig. 1(d), where even-I-wave background
intensity components must appear, gives no

indication of any d-wave background.
Taking all the above evidence into account

we conclude that the f* has Z~ 2. The sample
size is insufficient to warrant study of higher
l-wave moments which could in principle dis-
tinguish among high spin values.
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