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Resonance production in K n ~X 7r+n. (7r ) reactions at 2.87 Gev/c
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A search for exotic I = 2 hyperons decaying into X m or X m m has been completed in the final states
X m+m and X m+m n produced in K n interactions at 2.87 GeV/c. Cross sections for these two final
states are 303+31 p,b and 660+66 p,b, respectively. Upper limits for exotic processes are
cr(K n-+Y m+, Y ~X m )&13',bander(K n~Y m+, Y —+X m n ) &23@,b for
I (Y ) & 120 MeV; cr(K n —+ Y m+m, Y —+X m ) &28 p,b for I'(Y ) & 80 MeV. Production
cross sections have also been measured for a11 nonexotic resonances observed in the two final states.

I. INTRODUCTION

The color-flavor quark model, in which quarks
are bound by an octet of color gluons to form the
known hadrons, has achieved considerable favor
recently. ' One of the attractive features of the
color aspect of this model is that it provides a
natural description of saturation at the quark-
antiquark level for mesons and at the three-quark
level for baryons. ' On the other hand, it has been
pointed out' that two-component duality with fac-
torization requires the existence of exotic had-
rons containing qqqq for mesons and qqqqq for
baryons, and that dual resonance models will not
be tenable if such resonances are not found. Rough
estimates for the masses suggest that the lowest-
lying states should occur below 3 GeV/c'. It is
not certain at this time whether the Z* enhance-
ments detected in K'-nucleon interactions are in-
deed exotic resonances. ' It is clear that a great
deal of experimental work remains to be done be-
fore the existence or nonexistence of exotic states
can be settled.

It is also clear, if recent phenomenology based
upon the bag model is any indication, that reson-
ance hunting in nonexotic final states continues
to be of interest. For example, it is suggested
that there are q4q hyperons which decay into broad
A* and Z* channels and appear among signals
from q' states. '

We present a study of the final states Z m'm'

and Z w'm n' resulting from K v interactions with
a beam momentum of 2 87 GeV/c, corresponding
to 2.57 GeV average energy available in the .center
of mass. The data were obtained using a 10.2-
event/pb portion of a 10'-picture exposure of the
31 in. deuterium-filled bubble chamber at Brook-
haven National Laboratory. An analysis of final
states containing two or more visible decays of

II. EXPERIMENTAL PROCEDURES

The film was scanned for three- and four-prong
topologies in which one negative track exhibited
a kink, a configuration characteristic of both
Z and K decays. Visible spectator protons were
included in the prong count. Templates were used
to reject kinking negative tracks with a turning
angle n =0.3Hc7'/m greater than 8', where r is
the mean Z lifetime and m is its mass. This re-
striction allowed selection of Z's with lifetimes
&5.7 Z mean lives while rejecting kaons with life-
times &0.03 K mean lives. Approximately 1V 000
events were measured and geometrically recon-
structed. The kinematic- fitting program SQUAW

was used to make multivertex fits to the hypotheses

K d-Z w'w mm(p, ),

K d-Z w'w (p, ),

K d-Z w'w w'(p, ),

with the subsequent decay Z -nm . The symbol

p, represents either a measured or an unmea-
sured spectator proton; mm is a missing mass.

(1)

(2)

(3)

strange particles obtained from the full exposure
has been published. ' These results included upper
limits on production of I=

&
™*~~states. In the

present experiment a search has been undertaken
for S = -1, I = 2 exotic hyperons having masses
(2.4 GeV/c' and decaying. into Z w or Z w w'. In
order to obtain reliabl'e upper limits for these
states, the production features of all hyperon and
vector-meson resonances observed in our
Z w'w (w') final states have been studied. Previous
bubble-chamber experiments have explored some
features of Z w'w (w ) production in K n interactions
at 2.11 and 2.65,' 3.0,' 4.93,' and (Ref. 10) 5.5 GeV/
C.
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An unseen spectator was assigned momentum com-
ponents P„=P,=0+30 MeV/c, P, =0+50 MeV/c
and treated as a measured track. Approximately
70/p of the Z tracks were too short to allow mea-
surement of the Z momentum. In such cases the
decay fit was a zero-constraint calculation which,
for 1% of the candidates for reaction (2) and for
14/p of the candidates for reaction (3), resulted
in two distinct multivertex fits to the same hy-
pothesis having Z momenta differing by more than
0.04 GeV/c. All events containing kinematic am-
biguities of this type were examined by a physicist.
In 49/p of these events we were able to unambigu-
ously select our solution using the Z ionization.
Where this was not possible we have retained both
solutions and weighted each by 0.5. Events which
fit neither hypothesis (2) nor hypothesis (3) with a
)P probability &0.1/p, but which nevertheless had
a missing mass in hypothesis (1) which was less
than the mass of two m"s, were candidates for
remeasurement.

To avoid biases in the event sample arising from
scanning or geometrical reconstruction, it was
necessary to impose the following additional criter-
ia:

(a) The Z decay length projected onto the film
plane was required to be greater than 0.5 cm.

(b} The projected angle between the Z and w

tracks in the Z -m n decay was required to be
greater than 5'.

(c) A rectangular fiducial volume, extending
73 cm along the incident beam direction, was im-
posed on Z decay vertices to ensure more than
2.5 cm of projected track length on decay x tracks.
A more restrictive fiducial volume used for pro-
duction vertices required that they be more than
1 cm inside the decay fiducial volume.

(d) Only those events with Z lifetimes less than

three mean lives were used, in order to further
minimize contamination from E decays.

Corrections for losses incurred by the above sel-
ections have been made using geometrical weight-
ing procedures" in which each event is weighted
by the inverse of its probability to be found within
the cuts. The average geometrical weight is 1.42.

The p' probability distributions for hypotheses
(2) and (3), examined separately for events with
and without measurable spectator protons, were
found to be uniform except for the low probability
region. Consequently, all events having a p' pro-
bability less than 5% have been removdd from our
sample, and a correction factor of 1.05 +0.02 has
been applied to the remaining events.

The proton momentum distribution for the events
fitting reaction (2) has been examined. Below a
proton momentum of 250 MeV/c the combined dis-

K-d-Z-K'K-(p, ),

K d-Z K'K v'(p, ).
(4)

(5)

We expect, and have found, this effect to be more
substantial for the one-constraint Z w'm m events
than for the four-constraint Z ~r sample. Fits
to reactions (4) and (5) were attempted for ap-
proximately one third of the Z &m sample. Only
two of these events successfully fit the ZKK(v')
hypotheses, indicating a contamination from these
reactions of less than 1'%%up at the 90'%%up confidence
level.

Fits to rea.ctions (4) and (5) have been attempted
for all events in the Z ~r m sample. The 197
events which fit the 4C reaction (4) with a X' prob-
ability P(&') &1%have been removed from the
sample. We note that the distribution in M(K'K )
for those- events was consistent with the corre-
sponding spectrum observed' in the final state
Z X'P' at this momentum, which contained ap-
proximately 58/p Q(1019) production. An addition-

tribution of both seen and unseen proton momenta
is in agreement with the spectrum expected on the
basis of either the Hulthen or the Hamada-Johnston
deuteron wave functions. " There is, however, an
excess of events having proton momentum greater .

than 250 MeV/c, most probably due to secondary
scattering within the target deuterons. We have
therefore restricted our final samples of reactions
(2) and (3) to events having a spectator momentum
less than 250 MeV/c. The production angular dis-
tribution of measured spectator protons in this
final sample is isotropic. A correction factor of
1.06 +0.06 applied to the remaining sample ac-
counts for the loss of events incurred by this
selection. This factor has been calculated using
a Hamada-Johnston-distribution; the assigned er-
ror reflects the uncertainty in the model.

After all selection criteria were imposed, 1122
events fit hypothesis (2) and did not fit hypothesis
(3), 3160 events fit hypothesis (2), and 157 events
(144 of which involve an unseen spectator) had an
acceptable fit to both hypotheses. The distributions
in ~(Z w'} and ~(&v ) for the ambiguous events
contain structure characteristic of unique Z m'z

events tfor example, clear evidence of production
of pp(770)]. Since the 7t'v vp invariant-mass spec-
trum for these same events shows no indication of
production of &u(783), which is prominent in the
sample of unambiguous -four-body events, the en-
tire ambiguous sample has been assigned to the
more highly constrained hypothesis.

A more serious problem, affecting both the
three- and four-body final states, is the possib-
ility of background contamination due to kinematic
overlap with the reactions
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al 291 events either fit reaction (4) with P(}f')
&1%, or fit reaction (5). After examination of the
'ionization of the meson tracks for these events and
of the distributions in M(K'K ), an additional 44
events have been removed; our analysis indicates
that the remaining sample contains a possible.
contamination of 36+8 ZKK(wo) events.

Additional sources of background events which
we have considered are the reactions K d
-Z K'w'K'(p, ) with the K decay undetected, and

K d-Z x'm +nx'with n~ 2. Cross sections for
the former reactions have been measured in an
analysis of strangeness -2 states in this exposure. '
For an unobserved K' they are 1.1+0.6 pb for the
final state Z K x'R and 1.5 y0.7 pb for the final
state Z K m P', indicating a possible contamina-
tion of 11+4 events. We have checked for multi-
s' production by examining the distribution in
.(missing mass) from Kn-Z w w'+missing mass.
The spectra for both measured and unmeasured
spectator protons can be adequately fitted by Gauss-
ian-like distribution functions symmetric about

M,,'. At the 90% confidence level, there is an ex-
cess of not more than 49 events having. (missing
mass)' &M,.o'.

As a final check on the purity of the Z m ~m

sample, 500 events were examined by physicists
for compatibility between the observed ionization
of measured tracks and the ionization indicated by
the kinematic fit. Twelve events were found to be
incompatible with the reaction (3) hypothesis.
These events have been removed, and we esti-
mate a remaining contamination of 58 +17 events
arising from unobserved track scatters, poorly
measured tracks, and other misidentified events.

Our final samples, therefore, consist of 1273
Z m'm events and 2907 Z m'm m' events, which after
correction for the geometrical detection efficien-
cies, correspond to weighted event samples of
1814 and 4097, respectively. The contaminations
due to competing hypotheses and reconstruction
error are (0.7+0.2)% for the Z w'w final state
and (3.6 +0.7)%%uo for the Z w'w w' final state.

er density. " The factor G =1.05 +0.02 is the usual
Glauber correction'4 which accounts for the par-
tial screening of the neutron by the proton in the
deuteron nucleus. The factor t is an overall ex-
perimental efficiency which, in addition to weights
to account for .&' probability and spectator-proton
momentum selections, contains corrections for
losses of events during scanning and processing.
A scanning efficiency of 0.99 was established,
using the standard Geiger-Werner method, for
a sample of the film (approximately one half of
the total) upon which a second scan was performed.
As a check on whether losses in scanning were in-
deed random, a subsample of the doubly scanned
film was scanned a third time and the results
analyzed using the visibility-dependent Derenzo-
Hildebrand technique. " That study supports the
double-scan efficiency and indicates that a reason-
able error is +0.02. ,

Only those events found in the film sample which
was scanned twice were remeasured and repro-
cessed if the: first measurement failed to yield an
acceptable fit to reactions (1)-(3). Losses during
reconstruction and fitting have been estimated from
failure rates in the first and second measurements
of these events. When losses due to unmeasurable
events are included, we obtain a processing effic-
iency of 0..82 +0.03 for the twice-scanned, twice-
measured film sample.

Although the entire 10.2 events/pb sample has
been used in our resonance search, the determin-
ation of the reaction cross sections quoted in this
paper has been restricted to that portion of the ex-
posure which was scanned and measured twice.
This sample has a pb equivalent (Ln) of 5.09+0.23

events/pb and an experimental efficiency e =0.73
y0.05. We find cross sections of 303 +31 pb and
660 + 66 pb, respectively, for the reactions K n
-Z m'w and Kn-Z m'vr m'. These values are in
agreement with measurements ma, de by the SABRE
collaboration at 3.0 GeV/c, who obtained 340 +25
pb and 670+50 pb, respectively, for the same re-
actions. "

III. CROSS-SECTION DETERMINATIONS IV. THE FINAL STATE Z x+n

Reaction cross sections have been calculated
using the relation

where the sum is over all the 1V& events fitting the
jth reaction. W,.(j) is the individual event weight
reflecting geometric and kinematic selections, L
is the total beam path length corrected for inter-
action and decay, and n is the neutron target numb-

The Dalitz plot for this final state is shown in

Fig. 1. Strong bands in the interval@ 0.50 &M'
& M'(w'w ) & 0.68 (GeV/c')' and 2.25 &M'(Z w')

& 2.50 (GeV/c')~, corresponding to production of
p'(770) and A(1520), respectively, are evident.
There is also an accumulation of events near the
lower edge of (Z w') phase space [M'(Z w') &2.05
(GeV/c')']. These structures are displayed more
clearly in the invariant-mass projections of Fig.
2." The dashed curves in Figs. 2(a) and 2(c) rep-
resent the distributions expected for the following
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The assumption of only A(1520) and p'(770) pro-
duction is clearly inadequate, since in the Z w'

spectrum there is a clear enhancement in the
Z'(1385)/A(1405) region (1.34 &M(Z m') &1.44 GeV/
c'), as well as a broad enhancement in the inter-
val 1.60&M(Z v') &1.90 GeV/c' suggestive of un-
resolved Y~ structure. %e have been able to
separate the several participating signals by an
examination of their t dependence. In the Chevr-
Low plot of Fig. 3, the &(1520) can be seen to be
abundantly produced @k g,B aBcnyed t values. In
addition, clustering of events at low values of lt~

is apparent around M~(Z s') =2.00 and 3.0 (GeV/
c')'. When we. select events having ~t~&0.$5 (GeV/
c)' we obtain the Z s' mass distribution shown in
Fig. 4(a). The smooth curve is a Monte Carlo
simulation of the distribution expected for ~t~&0.35
(GeV/c)~ when, in addition to phase space, the
processes K n -Z p'(770) (26.3%), Kn- (A140) 5s
(17.4/o, and K n -Zo(1385)s (4.0%) are present.
We have used the empirical four-momentum-trans-
fer distributions for these three signals. The mass
enhancements at 1.66 and 1.84 GeV/c', which we
identify as production of Z'(1660) and A(1830),
are each approximately three standard deviations
above the expected background.

Similarly, Fig. 4(b) contains the corresponding
mass distribution and simulated background curve

20 (c)M(z n-)

I.SO l.70 1.90 2JO 2.30

MASS IN GeV/c

FIG. 2. The invariant-mass distributions for the
final stake Z ~ ~: (a) (Z g ), (b) Af(~ m. ), (c)
N(Z g ). The dished curves m (a) and (c) represent
the distrQm@ons which would be expected if only A(1520)
and po(770) mere prolkaeed in addition to phase space.
The sohd curve represents om best fit to the data,
and correspond to the resonance parameters of Table
I.

for ~t~& 0.35 (GeV/c)'. This yields an enhanced
Z(1385)/A(1405) signal, as well as a smaller peak
centered at 1.74 GeV/c'. The Z'(1385) signal ap-
pears to be divided nearly equally between ~t~& 0.35
(GeV/c)'. If the excess of events having jtj&0.35
(GeV/c)' and 1.41 &M(Z Q &1.44 GeV/c' is inter-
preted as A(1405) production, its appearance only
for these low values of ~t) is consistent with the
very peripheral behavior of this state observed in
K n interactions at 3.0 GeV/c. ' We note also that
there is no evidence in the data for a Z(1475) re-
ported previously in (As')K' and (Z v')K' final
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FIG. 5. The center-of-mass production augular
distributions (X .Y*) for the five identified resonant
signals in the final state Z 7t 7t . No background sub-
traction has been applied to the indicated mass regions.
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FIG. 4. The distributions in M(Z m') after selections on
the four-momentum transfer I t ~

from the beam K to the
final state w have been applied: (a) ~t~ &0.35 (Gev/e)t,
(b) ~t~ &0.55 (GeV/cp. The solid curves represent a
Monte Carlo simulation of the distributions expected
for Z (1385), &(1520), and p (770) production plus phase
space.

states produced in1.7-GeV/c w'p reactions. " The
. existence of a Z* at about this mass, which decays
predominantly via the Zm mode, is predicted by the
quark shell model of Horgan and Dalitz. " The
mass interval 1.46 ~ M(Z a') ~ 1.50 GeV/c' yields
an upper limit" of 3.3 pb at the 90/c confidence
level for the production of a Z'(1475) having
I'&40 MeV. The signal in the mass interval
1.70 &M(Z a') & 1.78 GeV/c', which is approxi-
mately 3.0 standard deviations above background,
is interpreted as production of Zo(1750).

Figure 5 contains the center-of-mass production
angular distributions for the five mass regions
containing the F* signals suggested in Figs. 2 and
4. No background subtraction has been attempted.
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TABLE l. Fit parameters and p;lrtial cross sections f'or the final state 2 7r Tr . Values of'

masses and widths without quoted error were held constant during the fit. C'ross sections;lre not

corrected for llternate decay modes of resonant systems.

Fin'll

state

Mass

(Me V/i')
width

(MeV)

Percentage

of final state
(%)

Crosssection

(pb)

'"(1385)~—

.K(1520) n

"(1660)~-
Xo(1750)7r

4 (1830)Tr

p (770)

1388 +4
1519+7

1655

1750

1850

750+ 7

53 + 15

25+3
60

70

70

128+ 20

4.0 + 1.7

1 7.4 + ].4
8 pu

~4 Pn

6 pn

26.3 + 2.2

12.1 + 5.3

52.7+ 6.9
-24
-12
-18

79.7 + 10.5

'These are our best estim ites f'or the fixed misses;lnd widths quoted. These signals lre distin-

guishable in the data only 'lf'ter the f'our-momentum-transf'er selections discussed in the text. Be-

cause of the close proximity in invariant m;iss f'or these signals t(»r, —«f, ) & (1', +1,.)] there is sub-

stantial correlation among their p;lr;lmeters, with the consequent possibility ot'significant systematic

error in their relative f'ractions. We theref'ore do not quote errors f'or these quantities.

With the exception of A(1830), all of the signals
exhibit structure in the angular distributions con-
sistent with their interpretation as resonance pro-
duction. Peripheral peaks, suggesting meson ex-
change production mechanisms, are evident. In
addition, the A(1520) region contains a strong
antiperipheral peak indicating the presence of
baryon exchange. This is consistent with similar
behavior observed in the process K n- A(1520)n'
at 4.93 and 5.5 GeV/c (Refs. 9 and 10), although
the relative baryon exchange contribution appears
to be decreasing with increasing beam momentum.

It appears, therefore, that production of po(770),
Z'(1385), A(1520), Z'(1660), Z'(1750), and A(1830)
all represent non-negligible fractions of the
Z n'~ final state. We have measured the mass,
width, and percentage for the first three states
using the maximum-likelihood technique. " During
the fit, the nominal mass and' width of the three
higher mass F* signals were used, and their a-
mounts allowed to vary. The results are given in
Table I, where the fractions for each contributing
process are also expressed as cross sections cor-
responding to the observed decay mode of the res-
onance involved. Because of the close proximity
of these three resonances and the substantial cor-
relation of errors in the mass, widths, and frac-
tions of each, we have chosen to quote only our
best estimate for the fractions and widths. Their
reflection of the Z w mass spectrum is insensitive
to variations in the masses and widths.

The solid curves in Fig. 2 represent this solu-
tion. As can be seen in Fig. 2(c), the observed
distribution in M(Z w ) is reasonably accounted for
by reflections of the resonances occurring in the
nonexotic (Z v') and (n'n)systems. T'here is no

significant evidence for production of a Y* in
the data. We have measured upper limits on the
production of resonances decaying into Z x by
selecting that region of the Z m spectrum contain-
ing the greatest number of events above background
(i.82 (M(Z v ) (2.00 GeV/c'). At the 90/p confi-
dence level we find

a&8.6 p.b, I'&60 MeV

0&13.3 pb, I'&120 MeV.

We note, however, that there have been predic-
tions that the lowest-lying exotic baryons occur
with masses &1.9 GeV/c', and exotic hyperons
are expected to be more massive by perhaps 0.150
GeV/c' per strange quark. ' We therefore quote
the following upper limits with the additional re-
striction M(Z v ) &2.0 GeV/c':

a & 6.9 p,b, I & 60 MeV

0&7.7 p.b, I'&120 MeV.

V.' THE FINAI. STATE Z m'+m tr

The geometrically weighted invariant-mass spec-
tra for our final E n-Z Nn m' samplearedisplayed
in Figs. 6-9. In order to determine upper limits
on the production of exotic F* states, we have
attempted to construct likelihood functions based
upon all signals observed in the nonexotic meson
and hyperon mass projections. It is clear from
Figs. 6 and 8(a) that production of &u(783) and
A(1520) occur in a substantial fraction of the
events. Also evident in Fig. 6 is a four to five
standard deviation enhancement at 0.980 GeV/c',
and some indication of production of g(549). Fol-
lowing the analysis of Barbaro-Galtieri et al. ,

"
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FIG. 6. The invariant-mass distribution M(7t m" 7I~) for the final state Z 71 7t 7r . The solid curve represents a
simultaneous maximum-likelihood fit to all mass projections.

we attribute the signal at 0.980 GeV/c~ to produc-
tion and decay of rI'(958) into m'r y, with the decay
photon in this process misinterpreted as a m' in
our fitting procedure. This hypothesis is substan-
tiated when we plot M(m'm 'y') for the events having
0.940 & M(m'm m') & 1.020 GeV/c'. The result is a
sharply pe'aked distribution, ceritered at 0.960
GeV/c2. Also, the distribution in M(m'm ) for this
same subsample of events yields a signal corre-
sponding to p (770) (expected for -30/0 of q' de-
cays"), which appears as the small enhancement
above the fitted curve for 0.680- M(m'm ) & 0.800
GeV/c2 in Fig. 7(b).

Also evident in Fig. 8(a) are enhancements,
above the distributions expected from phase
space and the resonances thus far identified,
corresponding to production of A(1405) and
Z'(1600). In theM(Z m') distribution of Fig. 8(b), the
relatively weak signal occurring at 2.020 GeV/c2
has. been identified with Z (2030) production. Fin-
ally, the interval 0.660 & M(m mo) & 0.800 GeV/c'
in Fig. 7(a) contains an excess of events which,
after subtraction of reflections due to the other
resonant processes, indicates a substantial oc-
currence of the process K n-Z m p (770).

Attempts have been made to simultaneously fit
all the mass projections using a, phase-space dis-

tribution plus Breit-Wigner frequency functions
for the eight resonance-production processes
identified thus far: K n -Z g(549), Z &o(783),
Z q'(960), Z m'p (770), A(1405)m mo, A(1520)m mo,

Z'(1660)m m', and Z (2030)m'm . With the exception
of the distributions in M(Z m') [Fig. 8(b)] and
M(Z m'm ) [Fig. 8(c)], the fitted curves for this
solution do not differ significantly from the solid
curves shown on the mass projections, which rea-
sonably describe the observed spectra. The dashed
curves in Figs. 8(b) and 8(c), however, which
represent this eight-resonance fit, strongly sug-
gest that additional resonance structure corre-
sponding to the decay processes Y* -Z m' and
F* -Z m'm are required. In particular, ex-
cesses of events near 1.66 and 1.88 GeV/c' in
M(Z m'), and at 1.88 and 2.02 GeV/c' in M(Z m'm ),
suggest the possibility of additional resonant ac-
tivity in these regions. We note that there are
other nonexotic mass projections which contain
multibin deviations from the fitted curves of up to
three standard deviation significance [e.g. , at
M(m m') =0.450 GeV/c', M(m'm ) = 0.370 GeV/c',
and M(m'm') —=0.570 GeV/c'], but they occur at
mass values and in combinations where there has
been no evidence for resonances. On the other
hand, evidence has been reported" for possible
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FIG. 7. The dipion invariant-mass distributions for
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M(~ xo). The solid curves represent a simultaneous
maximum-like1ihood fit to all mass projections.

Y* resonant activity near masses of 1.64 and 1.88
GeV/c'. For this reason, we have added process-
es involving production and decay of Z (1640) and
Z (1880) into Z m, and of Z (1880) and Z (2030) in-
to Z m'~, to the production and decay sequences
previously identified.

The results of fitting using this expanded fre-
quency distribution are Presented in Table II,
and are represented by the solid curves on the
mass projections. Vfith the exception of the deple-
tion of events in the mass interval 2.22 cM(Z n's )

I.40 l.60 I.60

MASS

200

(GeV/c )
2.20 2.40

I

/

FIG.B. The nonexotic ~x(x) mass projections for the
final state ~ &+& 7ro: (a) M(~ &+), (b) M(~ r~), (c)
M(Z m'+x ), (d) M(~ n+n'o). The dashed curves in (b) and

(c) represent a maximum-likelihood fit to the data in-
volving a minimum number of contributing resonant pro-
cesses (see text). The solid curves. are the final fit in-
volving additional resonant structure at 1.66 and 1.88
GeV/c2 in M (& n' ) and M(Z w+m ).
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sured by the ratio of the X' to the number of con-
straints, is adequate. Table II also contains our
best estimates of the partial cross sections for
the twelve resonance production processes indi-
cated by the flata. Where comparative data are
available [specifically, for the reactions K n
-Z ~(783), A(1520)s v', Z m'p (770), and
Z q'(960)] our measured cross sections agree
at the one-standard-deviation level with the re-
sults of previous experiments.

We now consider the exotic mass distributions
shown in Figs. 9(a) and 9(b), and the interesting
question of production and decay of 1'~ into
Z m and Z m m', respectively. As is clear from
Fig. 9(b), we see no evidence for the existence
of a Y* in M(Z w v'). The observed spectrum is
well represented by the frequency distribution de-
termined by the nonexotic mass combinations. At
the 90/o confidence level we obtain the following
upper limits on the cross section for the process
K-n -Y*-w', F*--Z-~-m'.

0 i

1.40 1.60 2.00 2.20

o &1V p,b, F &60 MeV

can&23 p.b, F &120 MeV.

MASS (Ge&«)
FIG. 9. The invariant-mass distributions for the

Q=-2 combinations Z 7r ggd Z z 7r in the final state
Z 7r 7r m: (a) M(Z ~ ), (b) M(Z 7r 7r ). The solid curves
represent the best fit to the data for the production
processes listed in Table II.

~ 2.38 GeV/c' [Fig. 8(c)], the distributions in
M(Z v') and M(Z m'm ) are now acceptably repre-
sented. No significant change is made to the other
mass spectra, and the goodness of the fit, as mea-

The di'stribution in M(Z v ), however, contains
a 115-event excess (geometrically weighted) above
the fitted distribution in the four bins between 1.46
and 1.54 GeV/c'. This region contains a total of
693 events, and the statistical significance of the
effect is no less than four standard deviations.
The cross section corresponding to these events
is estimated to be (19.3 +4.6) pb. At the 90/0 con-
fidence level, this data indicates that the cross
section for production of a Y* (1500) with a width
F &80 MeV does not exceed 20 pb. It would ap-

TABLE ll. Fit par;lmeters «nd p;lrti ll cross sections lor the fin;ll st lte ~'
7r vr 7r . All n)asses

,lnd widths were held constant during the ftn, ll ftt. ('ros» sections;lre not corrected tor alternate de-

cay modes ot resonant systems.

Final

state
Mass

(MeV/c')
Width

(Me~')
Percentage ot

final state

C'ross section

(p.b)

.&(1405)~-~'

.'ll (1520) 77 vr

~o(1 eeo) ~-~'.-(164O) ~ '~-
~ -(1880)vr 'vr-

(1880)7ro

-(2O3O) ~"—
(2030) 7r

'
g(549)
Oi(783)

q'(960)
i'

p (770)7r~

1405

1518

1670

1640

1880

1880

2030

2030

549

783

980
750

55

35

eo

100

80

80

80

80

60

50

60

l 30

7.2 + 1.0

6.0 + 0.9
4.2 + 1.1

4.3 + 1.5

3.5 + 1.1

3.0 + 1.4

6.6 + 1.5

3.6 + 1,5

3.4 + 0.7
17.5 + 0.5
6.3 + 1.1

1 1.9 + 1.5

47.5 + 8. 1

39.6 + 7. 1

27.7 + 7.8

28.4 + 10.3

23. 1 + 7.6

19.8 + 9.5
43.6 + 10.8

23.8 + 10.2

22.4 + 5. 1

115.5 + 12.0

41.6 + 8.4

78.5 + 12.6
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pear that this last statement is the strongest al-
lowed when all the data from this experiment are
considered. We note that although we have made
every attempt to fit the structure observed in the
nonexotic mass distributions using established (and
some not-so-well established) resonant systems,
there still remain in the data other fluctuations
from the fitted distributions which are at or near
the statistical level of significance of the effect
in M(Z w ). No combination of the processes listed
in Table II has been found which will significantly
alter this situation.

K n-Y* w'-(Z w )w',

K n -Y*-w'w'-(Z-w-)w'w',

K n-Y* w'-(Z w w-o)w'. --

(6)

(7)

(8)

For Y* masses above 2.0 GeV/c', which from
theoretical considerations is the most interesting
region, we have measured the following upper lim-
its for the processes (6) and (8), respectively:

o & 6.7 pb for I'(Y* ) &120 MeV,

a&23 pb for I'(Y* )&120 MeV.

(6')

(8')

The distribution M(Z w ) from the final state
Z n+w m' exhibits a greater than 3-standard-de-
viation excess in the interval 1.46 &M(Z w ) & 1.54
GeV/c', which would correspond to a Y* cross
section of (19.3 +4.6) pb. However, fluctuations of

VI. CONCLUSIONS

We have completed a search for evidence of pro-
duction of exotic 1'* systems in Z w w (w') final
states produced in K n interactions at 2.87 GeV/c.
The experiment had a sensitivity of 10.2 events/
pb, and spanned the Y* mass range from 1.34 to
2.5 GeV/c'. Here, as was the case for strange-
ness (-2) ~ combinations obtained from the
same exposure, ' we see no statistically significant
evidence for any of the following processes:

Kn-Z p'(770) (9)

K n-Z u&(783).

Combined with the reaction

Kn —Z $(1019)-Z K K,

(10)

.which has been observed' to occur in 58% of
Z K P' final states at this energy, they allow the
study of production and decay characteristics of
vector mesons in the reactions Kn-Z V'. An
analysis will be presented in a subsequent paper. "
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equal or greater magnitude occur in other mass
projections for this final state, and we quote only
an upper limit of 28 pb at the 90% confidence level
for reaction (7).

The mass distributions in the nonexotic hyperon
combinations Z m', Z m, and Z m'm indicate that
the two reactions considered here proceed by pro-
duction of a rich mixture of known or previously
suggested resonant systems. Although the statis-
tical significance of most of these signals is mar-
ginal, we have estimated their contributions and
measured their production cross sections using
the maximum likelihood technique. The results
are contained in Tables I and II.

Finally we note that the meson systems ~m and
m'w w' have provided abundant samples of the quasi-
two-body reactions,
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