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Results from recent studies of strangeonium mesons pfoduced in the LASS spectrometer by an
11 GeV/c K~ beam are presented. Data from new analyses of KXK', 90, and nnr final states are
described. Comparisons are made with results from other hadroproduction, radiative J/V¥ decay, and

Yy experiments.

1. INTRODUCTION

While the strange meson spectrum is quite well
understood, with a large number of states known,
the details of the strangeonium spectrum are much
less certain, and only a handful of states have been
confirmed. This, in itself, is a motivation for study-
ing strangeonium spectroscopy. In addition, a num-
ber of final states in which exotics are claimed are
also final states in which strangeonia would be
expected. Thus, it is important to understand the
strangeonium spectrum in order to sort out candi-
dates for exotics.

This talk describes the results of analyses of
data taken with the LASS spectrometer using a
clean RF-separated 11 GeV/c K~ beam. The spec-
trometer, described in detail elsewhere,! has nearly
flat acceptance over the entire 4 solid angle, and
a7 interaction trigger which is very efficient for
events with at least two charged tracks in the final
state. The data sample used in these analyses con-
sists of ~1.13x108 Kp interactions.

Analyses of several strangeonium channels from
this experiment have already been published. These
analyses included

Kp—KIKIAZ (1
Kp —K*K A 3 )
Kp—KIKnAS (3)

and will not be discussed further here. This talk
concentrates on the final results of recent analyses
of the reactions®

Kp-nr*ta"A (4)
Kp— K'K*A (5)
K-p — 00A (6)

Preliminary results frora these channels have
been presented earlier.’

2. ss SPECTROSCOPY

Although reaction (4) is not as obvious a stran-
geonium channel as others, the nonet containing
the n is not ideally mixed, giving the n some admix-
ture of s5. In addition, Annn is of interest because it
is potentially a good channel in which to study the
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FIGURE 1. Observed nrr mass spectrum from reaction (4); (a) N’ region; (b) the remaining spec-
trum, with the n’ removed, and with an 1 sideband subtraction.
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Z(1385)*; (a) LASS nn~; (b) LASS K% K™ (¢) 4.2 GeV/e nr~; (d) 4.2 GeV/e K's K™. The
curves show a Flatté model fit to all four spectra simultaneously, plus a phase space

background. The open circles in (a) and
mass bin, after smearing for resolution.

ao(980), an object that is not well-understood, but
which is known to decay to nr and KK. The
observed nnr mass spectrum from reaction (4),
shown in Figure 1, is dominated by the well-known
n". If this is removed, the remaining nrx events
show no obvious structure, as can be seen in
Figure 1b. Subsequent analysis shows that the

(c) are the integrated values of the curve in each

small excess around 1.285 GeV/c? is consistent with
being approximately six events produced by the
known decay f,(1285)—agn.

Selection of the An* mass region around the
Z(1385)* produces the recoil nn~ spectrum shown i1
Figure 2a. This spectrum exhibits peaking in the
region of the ay(980), but little obvious structure in
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FIGURE 3. KK molecule model fit to LASS
K% K- data.

the region of the a3(1320), which also has a known
nn decay mode.

There are a number of models which attempt to
describe the ag; the simplest is that of Flatté,8
which describes the ag as a single inherently broad
resonance that appears narrow in nr due to KK
threshold effects. Since an earlier 4.2 GeV/c bubble
chamber experiment used nn and KK data to study
ag production in Kp interactions,? it is interesting
to compare their data with the data from LASS.
This can be done by performing a simultaneous fit
to the KK and nn data from both experiments. The
results, shown in Figure 2, indicate that the Flatté
model provides a reasonable description of the data
from both experiments. One of the parameters of
the fit is the relative coupling of the aj to KK and
nx, ngz/gn,,2. The value obtained from the fit for
this ratio is 2.4 ;. The expectation from SU(3)
depends on the mixing assumed for the nonet con-
taining the 1. If the singlet-octet mixing is ignored,
the SU(3) expectation is 3/2, while if a singlet-octet
mixing angle of -19.5° is used, the expectation is
~3/4. The latter approach works extremely well in
¢xplaining the branching fractions of various K"'s to
Kn.10 In either case, it appears that the a(980) cou-
ples somewhat more strongly to KK than SU(3) pre-
dicts. Finally, models of the ay(980) as a KK
molecule have been proposed.!! The KK molecule
model also fits the LASS data well, as can be seen in

Figure 3, and requires no background term. This
model, however, currently makes no prediction
about the nn spectrum.

Studies of the K'K" system have been carried
out in radiative J/V decay, 213 two-photon interac-
tions, 415 and central production in pp interac-
tions.'6 All groups see the same qualitative
structure; a broad enhancement several hundred
MeV/c? above threshold, and no other significant
structure. After performing an angular analysis, the
Mark III group, analyzing K'K' in radiative J/V¥
decay, claims the enhancement is J PC 0=+ The
WAT76 group, using pp central production data,
claim that the structure has flat angular distribu-
tions, and is therefore consistent with being a
threshold enhancement. In this experiment, inde-
pendent analyses were carried out using the
charged (KoS n*K% n~) and neutral (K*a"K™n*)
decay modes. Mass spectra from the various experi-
ments are shown in Figure 4. The independent
analyses of the charged and neutral decay modes in
LASS provide measurements of the cross section
below 3.0 GeV/c2 of 3.7+1.0 ubarns and
3.4£0.2 ubarns, respectively. If the threshold
enhancement in the LASS neutral K'K* sample is
assumed to be a single resonant object, and fitted
with an S-wave relativistic Breit-Wigner, the reso-
nance has a mass of 1.950£0.015 GeV/c?, and a
width of 0.25+0.05 GeV/c2,

An angular analysis, similar to the Mark III
analysis, and based on the method of Trueman, !’
and Chang and Nelson, !8 was performed under the
assumption that the enhancement was dominated
by a single JPC. While the angular distributions,
like those in WA76, are consistent with being flat,
this can arise from several JPC possibilities. The
results of an angular analysis of the low mass
region (Table 1) show that the statistics are not suf-
ficient to determine a unique JFC for the threshold
enhancement, but that 0~ *is strongly disfavored,
and 177, 7% and 2** are slightly favored. Although
it is not possible, using the present data, to estab-
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FIGURE 4. K'K" mass spectra from,; (a-b) reaction
(5), LASS; (c) radiative J/V¥ decay from
MARK III and 27 production from
ARGUS; (d) central production in pp
collisions, WA76. The curve on (b) is an
S-wave relativistic Breit-Wigner fit to
the 1.75-2.20 GeV/c? mass region.

lish whether or not the object is resonant, analysis
of the Gottfried-Jackson angle indicates that the
threshold enhancement populates all ahgles, as
would be expected of a resonance, but not of a kine-
matic reflection.

TABLE 1. Results of an angular analysis of the
KK system in reaction (5), using neu-

tral K.
jPC Confidence
Level
o+~ 0.073
0-+ 6.9x104
1++ 0.053
1*+- 0.86
1-+ 0.053
1-- 0.47
2-+ 0.90
2-- 0.29
2+ 0.053
2+ 0.88

The ¢¢ system is of interest because it is the sys-
tem in which a group using the MPS spectrometer
at Brookhaven claim between one and three
JPC = 2%*glueballs. 1920 Previous studies of the ¢¢
system in Kp interactions have been carried
ou1;,21'22 but suffered from low statistics, and no
angular analyses were carried out. Finally, a recent
Mark III analysis in radiative J/¥ decay?3 claims a
0~* signal in the threshold region.

The ¢¢ system in reaction (6) has been studied in
the final state where both ¢'s decay via the K*K~
decay mode. The mass spectra from various experi-

" ments are shown in Figure 5. The total cross section

fur reaction (6) in this experiment is

520180 nanobarns. An angular analysis similar to
that performed on the K'R" reaction has also been
carried out. Because of the low statistics, the entire
mass spectrum was analyzed at once. The resuits of
the analysis, shown in Table 2, are inconclusive due
to the limited statistics. Nevertheless, 0*is rgain
disfavored if the entire mass spectrum is dominated
by a single JPC,
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3. CONCLUSIONS
LASS data has improved the understanding of
the strangeonium spectrum, and provided hints of

interesting structure in nrar, K'K', and ¢¢. Compar-

isons with data from other experiments have shown
that similarities in mass distributions are not
always echoed by similarities in the angular distri-
butions, and hence the underlying JFC structure.
Analyses of nur, K'K", and ¢¢ were strongly limited
by statistics. Higher statistics, like those obtainable
in the proposed KAON facility??, would be

TABLE 2. Results of an angular analysis of the ¢¢
system in reaction (6).

JPC x2 / DOF
ot++ 1.23
0+ 3.75
1+ 1.00
1=+ 1.00
2-+ 1.39
2++ 1.28

extremely helpful in sorting out the spectroscopy. A
prediction of the nr mass spectrum from the KK
molecule model would also be helpful in under-
standing the ay(980).
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