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The f*meson was observed, with a partial cross section of 14+4 pb, in the reaction
X +p A+f~, at 5.5 GeV/c. Its mass was measured as 1515+7 MeV, with a width of
35 +25 MeV, considerably narrower than previously measured. The decay into KK
was the dominant mode, with no significant evidence for decay into mq, mm, K K, or
K*K. The production and decay angular distributions are presented and analyzed in
terms of the spin-density matrix formalism.

We report on a study of the f* meson produced
in the reaction K +P -A+ f* at an incident K
momentum of 5.5 GeV/c. The final states in-
vestigated here are given in Table I along with
the number of fits in each channel. These re-
sults are based on the analysis of -400000 pic-
tures taken in the 30-in. hydrogen bubble cham-
ber at the Argonne zero-gradient synchrotron,
exposed to the high-purity separated beam. '
The statistical level of the exposure corresponds
to -7 events/p. b.

We shall at first confine our attention to the
AKK final state which accounts for essential-
ly all of the observed f* events in our sample
and for which the resolution of ambiguities
is a relatively straightforward matter. With-
in the AKK final state we distinguish between
the two possibilities AK K and AK'K'. In
our sample the former are four-constraint fits
belonging to the two-prong+ V topology, while
the latter are usually one-constraint fits (0-
prong+ 2V). Detailed investigations indicate
that the small backgrounds in these final states
do not affect our conclusions. '~'

The KK invariant-mass distribution given
in Fig. 1(a) shows that the dominant features
of the AKK final state are strong y production
and a mass peak corresponding to the less well-
established f* meson. 4i' The AK+K events
are distinguished from the AKoK events by
cross hatching. Using both types of events
and fitting a curve consisting of two Breit-Wig-
ner functions plus phase space, one obtains
for the mass and width of the f* the values

M(f*) = 1515+7 MeV,

I'(f+) =35~25 MeV,

Table I. Final states investigated.

Final state No. of fits

AX K
AK'K'
Ax~a
a~+7-(q)
AK'K'(~')
AKrK
AK rK

172
74

564
2031

12
29 a

32 a

aTwo-prong + 2V events only.

where the quoted width has been corrected for
our experimental mass resolution. '

Qur measured width is considerably sharp-
er than the value of 85 MeV reported by Barnes
et al.4 and is in good agreement with the pre-
dictions of SU(3) and quark models. 'i'

After correcting for such effects as undetect-
ed neutrals, differences in fiducial volume,
etc. , the branching ratio for f* decay into K K'
relative to K K is measured to be 1.0+0.3,
in good agreement with the expected value of 1.

In our sample there are relatively few events
in the AK'Ko final state for which both neutral
K mesons were observed to decay into m+m

thereby enabling one to classify them as Ky Ky'
events. Pf the 23 K,'K, events, one is to be
found in the y peak, while five events are in
the region of the f* peak. This is consistent
with the observation of Barnes et al. ,

4 based
on considerably better statistics in this par-
ticular channel, that the f* has C =+1 and can
decay into K,'K,' in contrast to the y which
has C = -1 and cannot decay into Kg Kg but rath-
er into Ki'K2'.
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Figure 2(a) shows a Chew-Low plot for the
ARK final state. For the f*, most of the events
appear in a single cluster corresponding to
forward peripheral production as expected from
single-meson-exchange processes; there is
no evidence for a significant backward peak
such as might arise from baryon exchange.
A similar momentum-transfer distribution
is obtained for the cp meson, ~ as may also be
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FIG. 1. (a) The invariant-mass distribution for a to-
tal of 246 events fitting the hypothesis K +p A+K+K.
The AK+K events are differentiated from the AK K
events by cross hatching. The curve consists of two
Breit-Wigner functions plus phase space, fitted to the
entire sample of both types of events. The insert
shows a more detailed mass ideogram in the region of
the f*. (b) Missing-mass (MVI) distribution in the reac-
tionK +p A+MM for those events that fit the hypoth-
esis K +p A+71. +x +q. Only those events with
6 (i)fM)- 0.7 (GeV/c)), and having a mass for the miss-
ing q within +50 MeV of the known g mass, have been
plotted. (c) Invariant-mass distribution of the 7I. m sys-
tem for events fitting the hypothesis K +P A+7t +x
and having 4 (m+r )-0.7 (GeV/c)). (d) Invariant-mass
distribution of the KKvr system for events fitting
AKK (r ) or AK & K or AK x K, for which at least
two neutral decays were detected.

FIG. 2. (a) Production distribution of the KE system
in the reaction K +p A+K+K, showing & (KK), the
square of the four-momentum transfer to the KK sys-
tem versus M~(KK), the square of the mass of that sys-
tem. (b) Decay clistribution for f* &+K, following its
production via K +p A+f*. The angles {) and y are
the polar and azimuthal angles of the momentum de-
fined by the decay products KK, with respect to the in-
cident X direction, as measured in the f* rest frame.
The distribution in 0 has been folded about 8 = 0. The
solid curves are the best fit to 2 . Events were select-
ed to have 1.445~M(KK) -1.585 GeV, and ZP(KK) -0.7
(GeV/c) ).

seen in Fig. 2(a).
The f* production and subsequent decay in-

to KjV has been investigated in terms of the
usual spin-density-matrix formalism. '0 The
observation of the mode KEY in a strong decay
restricts the spin parity of the f* to be 0,1, 2, 3, etc. The possibilities 1, 3
~ ~ ~ have already been ruled out by Barnes et
al.4 on the basis of their unequivocal observa-
tion of aK, K, decay mode.

For a 2+ resonance produced by pseudosca-
lar or vector-meson exchange, the expected
decay angular distribution is given by

W(9, y) = C(3p„(cos'8——,)'

+ 4 sina 8 cosa &[,(l —po, )-p, cos2cp] ),
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where the angles 8 and y are the usual polar
and azimuthal angles of the momentum defined

by the decay products KK, with respect to the
incident K direction, as measured in the rest
frame of the f*. Events were selected to have
a square of the four-momentum transfer 62
(0.7 (GeV/c)'. The fit to this distribution"
gives for the density matrix elements the val-
ues p„=0.4+0.2 and p, ,=0.15+0.15. The
observed angular distributions in 8 and y to-
gether with the best fit curves are shown in

Fig. 2(b), from which it is apparent that the
fit is quite satisfactory. Effects of absorption
have been neglected; so the values of the den-
sity matrix elements do not directly yield the
fraction of pseudoscalar and vector exchange.

In contrast to the satisfactory fit which can
be obtained to the hypothesis that the f* has
spin-parity of 2+, the fit to 0+ is very poor,
yielding a y' probability of less than 5 lo for
the assumption of isotropy for the cos 8 distri-
bution shown in Fig. 2(b). We therefore con-
clude, with Barnes et al. ,4 that 0+ may be ruled
out and that the only possible spin-parity as-
signments for the f* are 2+, 4+, etc.

%e turn next to a discussion of final states
other than AKK, in order to investigate other
decay modes of the f*. We confine our atten-
tion to the final states given in Table I, and

in so doing exclude from the scope of the pres-
ent investigation other possible decay modes
of the f*.

There are approximately 2000 fits to the hy-
pothesis Am+m g. The ambiguities were pri-
marily with the hypothesis Am z z, and in

addition, the possibility of multiple neutrals
is also present. Possible f* production in this
channel was investigated by means of the miss-
ing-mass (MM) distribution obtained by treat-
ing the An+a q fits as the reaction K +p -A
+MM. Cuts were made to enrich and purify
the sample. In particular since f* production
is very peripheral, we imposed the restriction
A'(MM) (0.7 (GeV/c)' and also insisted that
the calculated value for the mass of the miss-
ing g lie within +50 MeV of the known g mass.
There was no significant evidence for the f*
in this final state, as is seen in Fig. 1(b).

There were approximately 560 fits to the hy-
pothesis An+m . The ambiguities were primar-
ily with the hypothesis Z m+m, but a previous
study' of this final state has shown that the
events as a whole represent An+a. events with
relatively little contamination from Z m+z

The m+~ invariant-mass distribution for these
events did not reveal any appreciable f* sig-
nal, as is apparent from Fig. 1(c).

The last final state looked at was the AKKn.
This state is best studied in those topologies
for which more than one V was detected. This
sample of events is relatively free of serious
ambiguities, because of the editing of individ-
ual events at the scanning table. This editing
was performed by physicists, employing such
additional data as ionization as well as other
information which could be readily extracted
by direct viewing of the event. No appreciable
signal was observed for the f* decaying into
K*(890)K, or I7*(890)K, or into the three-body
mode KKm, as is evident from Fig. 1(d).

From the preceding analysis we conclude
that, of those investigated, KK is the dominant
decay mode of the f* and that the frequency
of decay into mmq, wm, and (K*K+K*K+KKv)
are &0.3, &0.2, and &0.4 of the KK mode, re-
spectively, all at the 60/o confidence level.

Finally, we find the partial cross section
for the reaction

K +P -A+f*,
with subsequent decay of the f* into the KK
final state only, to be 14+4 p, b.

This experiment would not have been possi-
ble without the help of the crews of the zero-
gradient synchrotron and bubble chamber, as
well as the careful work of our scanners and
measurers. To all of them we extend our thanks.
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Multichannel phase-shift analysis has been
performed on available experimental data for
all channels of K p and K,op interactions in
the momentum region 0 to 550 MeV/c. ' In this
analysis, the multichannel effective-range pa-
rametrization of Ross and Shaw' has been ap-
plied. The results on the S„phase shift give
the mass and width of the KN bound state which

are, respectively, lower and larger than the
values obtained from the previous constant-
scattering-length analysis. The P» phase shift
shows that Y,*(1385) is due mainly to strong
A~ interaction and that its coupling to KN is
very weak. Also in this analysis, the Fermi-
Yang ambiguity in I=0 K+n phase shift of Stenger
et al. e can be resolved and the Yang set is de-
finitely favored.

Available experimental cross sections and

angular distributions from approximately 22 000
events of the following ten reactions below 550

MeV/c have been analyzed:

K +p-K +p,

K +p-K +n,

K +p —Z++ m

K +p-Z +m+,

K +p-Z +m,

K +P -A+ mo,

K +p -A+ m++ w

K,'+p-K, +p,

K~o+p-Z +m+,

K,'+p —A+ m+.

The experimental results come mainly from
the following three experiments. The cross
sections and angular distributions from 0 to


