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Results are presented of a search for strange, doubly charged, narrow I.full width at
half maximum ~0.2 (GeV/c ) ] meson states produced in the baryon-exchange reaction
x'P —

Ay S++ at 9.8 GeV/c. No evidence is found for such states. The 95Vo-confidence-
level limit for the production cross section is & 20 nb for M(S++) ~ 2 GeV/c~. Limits on
&B from a kinematic reconstruction of final states with S+' —K+&' are ~ 10 nb for
M(Z'x+) - 2.0 GeV/c'.

PACS numbers: 14.40.Pe, 13.75.Gx

Multiquark exotic mesons are expected in many
models of hadrons' having quantum numbers in ex-
cess of the values available to simple qq systems.
In contrast to these models, perturbative quan-
tum-chromodynamic analysis based on single-
gluon exchange, or multiple-gluon exchange in
the limit of a large number of colors, suggests
that exotic states do not occur. '

This paper reports on a search for exotic mes-
ons produced in the baryon-exchange reaction

The simplest quark diagram of this reaction is
given in Fig. 1. The interest in baryon-exchange
reactions is primarily based on two component
duality schemes which suggest that exotic states
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FIG. 1. Quark diagram for the baryon-exchange
process 7t+P —Af S++ studied in this experiment. The
recoil S++ system is explicitly exotic. I .08 I. IO
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might easily be produced in such reactions with
cross sections comparable to normal states.

Previous high- sensitivity missing-mass experi-
ments, ' ' which use reaction (1) and the reaction
~ n —AX, have set 95%%uo-confidence-level upper
limits for the production of exotic mesons with
masses & 2.5 GeV/c' of 60-70 nb. Complete kine-
matical reconstructions of ~ n-Pz(w ~ ) in Ref.
4 and ~ u -p~(pp~ ~ ) in Ref. 5 set 95/o-confi-
dence-level limits on the cross section times
branching ratio (vB) of 8-20 nb.

. Our experiment was performed at Brookhaven
National Laboratory's Multiparticle Spectrometer
(MPS) facility in a 9.8-GeV/c beam. It was de-
signed to be sensitive to masses at or below the
baryon-antibaryon threshold in order to improve
on the earlier experimental limits. The trigger
required at least three charged secondaries in-
cluding a single, forward, positively charged par-
ticle with momentum & 5.5 GeV/c which did not
fire an atmospheric Cherenkov counter. A system
of cylindrical and planar spark chambers identi-
fied the tracks within the 1-T magnetic field of
the MPS. Details of the apparatus may be found
elsewhere. '

The analysis program paired the forward track
with that negative track for which the effective
mass, assuming pp, was closest to the &' mass.
The point of closest approach of the two tracks
determined the A decay vertex while the primary
vertex was determined from the other tracks.
Figure 2 shows the Pp' mass spectrum for those
events having a neutral vee proper lifetime & 3
cm. Requiring 1.109&M(Pp' ) &1.129 GeV/c' se-
lected -22 200 Af' events over a background of
-2000 events. This yield is an order of magni-
tude increase in events over that of Ref. 3 for

FIG. 2. The Py & effective-mass spectrum for those
events with neutral vee proper lifetime & 3 cm.

200

I 00

OJo p

500—
O
M

Z'.) 200-
ILI

I 00—

(/)

Z,'
LLJ

i'

6 w)
4~

IJJ

Op- 2 4 6 8
MISSING MASS (GeV/c )

FIG. 3. Missing mass squared recoiling from the

A~ .. (a) for events having two or less additional
tracks, and (b) for events having more than two addi-
tional tracks. The solid lines are smooth polynomial
fits to the distributions. The dashed line in (b) gives
the experimental sensitivity and refers to the scale
on the right.

M(S+ ) & 2.5 GeV/c .
Figure 3(a) shows the missing mass squared

(M~2) distribution against the &&0 for those events
having two or less additional charged prongs. The
falloff for Mx' & 6 (GeV/c')' is a result of the mo-
mentum selection on the forward particle. A

smooth fourth-order polynomial fit in the region
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0.3 &M„'& 7.0 (GeV/c')' has a g' of 56.8 for 62 de-
grees of freedom. The I/lx distribution for
events having more than two additional charged
tracks, Fig. 3(b), is also without significant
structure. A smooth fifth-order polynomial fit
from 0.7 to 7.0 (GeV/c')' has a g' of 55.2 for 57
degrees of freedom.

A Monte Carlo simulation determined the M '
resolution and sensitivity. The calculated resolu-
tion varied from v =0.13 {GeV/c')' at M»' =1.0
( GeV/c')' to o' =0.07 (GeV/c')' at M»' = 6.25 (GeV/
c')'. The sensitivity, given by the dashed line in
Fig. 3(b), was ~4 events/nb for M»'&4 (GeV/c')'
with an overall uncertainty of + 3(8p. Numerous
checks on the Monte Carlo predictions are de-
scribed in Ref. 6. The ~&' resolution was further
checked by verifying that the position and width
of the recoil p and &' signals observed in the M»'
distributions recoiling against either K& K & or
Kz'K p agree with Monte Carlo simulations of the
reaction &'p —Kz'K pm'. Taking into account the
mass resolution, sensitivity, and overall normal-
ization uncertainty, the 95%-confidence-level up-
per limit on the production of exotic resonances
narrower than our mass resolution is & 20 nb for
M» &4 (GeV/c ) .

We also kinematically reconstructed the reac-
tion

~'p -A~'K'v'. (2)

While the momentum of the Az' was well meas-
ured, the K and&' tracks were often so short
that only their angles were well determined.
Therefore the magnitude of the momentum of each

120

short track was calculated from the measured
beam momentum, the ~f' momentum, and the an-

gles of the short tracks, assuming a final state
without neutral particles. Most of the events with

missing neutral particles were eliminated by de-
manding that the momentum of the K'&' system
out of the plane of the beam and ~f was ~200
MeV/~. Under the hypothesis of reaction (2) the
difference in energy between the final and initial
states, ~, was calculated, as shown in Fig. 4.
The Monte Carlo simulation of reaction (2) repro-
duced the width of the observed energy imbalance
peak at ~ =0 GeV. Requiring —400& ~ & 250
MeV selected 690 events over a background of 80
events.

The K'7t ' effective-mass spectrum is displayed
in Fig. 5. The distribution is well fit by a smooth
third-order polynomial over the range 0.65
&M (K'~') & 2.9 GeV/c' (y' is 44.3 for 41 degrees
of freedom). The Monte Carlo simulation indi-
cated that the effective-mass resolution was o & 40
MeV/c' over the mass range covered. The sensi-
tivity, given by the dashed line in Fig. 5, was 3
events/nb for M(K'~") & 2.0 GeV/c'. Figure 5

sets 95~/o-confidence-level limits for the produc-
tion of narrow states in this channel of mB&10 nb

for M(K'&') & 2.0 GeV/c'. We measure a total
cross section for reaction (2) of 300+ 100 nb for
M(K m ) &2.5 GeV/c2.

Finally we attempted to reconstruct the reaction

»'p -A~opZ

in the ~z'+2 prong sample, since, as seen in Fig.
1, we are studying off-shell pZ scattering. The
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FIG. 4. Energy imbalance distribution of the A~
+ 2 prong events under the hypothesis 7I+p —Af K+7I+.
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FIG. 5. &+TI+ effective-mass spectrum of the events
in Fig. 4 having energy imbalance between —400 and
250 MeV. The solid line is a smooth polynomial fit to
the data. The dashed line gives the experimental sen-
sitivity and refers to the scale on the right.
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FIG. 6. 95%-confidence-level cross-section upper
limits for the production of exotic S++ states in &+p

Og++f

those of normal states in baryon-exchange pro-
cesses. ' While comparisons between different
experiments sometimes involve factors of 2 or 3
in relative normalization uncertainties, for the
purpose of comparison the cross section for the
process v p-Az'K* is —300 nb at 9.8 GeV/c
(scaled from an 8-GeV/c result' by P '). Our ex-
periment sets limits roughly an order of magni-
tude lower than this expectation and a factor of
-3 lower than previous limits. One may conclude
that if explicitly exotic mesons exist, they either
have anomalously smal. l production cross sections
in baryon-exchange reactions, or large widths.
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Monte Carlo simulation indicated that the Z

would appear as a narrow bump in the missing-
mass spectrum recoiling against the A&'p. No
clear signal was observed in the data. ' The 95%-
confidence-level upper limit of & 65 events corre-
sponds to a total cross section for reaction (3) of
&90 nb for M(PZ ) &3.0 GeV/c'. An examination
of the M&' distribution recoiling against the ~z'
for those events satisfying the ~ selection estab-
lished a 95%-confidence-level upper limit of & 20
nb on the production of narrow p& resonances
with M(p& ) &2.5 GeV/c'.

The 95% -conf idence-level cross-section upper
limits for the production of narrow [full width at
half maximum (FWHM) -0.2 (GeV/c')'] exotic
resonances in reactions (1), (2), and (3) are sum-
marized in Fig. 6. Exotic states are expected to
be produced with cross sections comparable to
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7%'e were able to observe the recoil Z+ signal from

the reaction &+p Ay P Z+ in a sample of data taken
with a forward antiproton trigger. Results on this
reaction will be included in a future publication.
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