
VOLUME 81, NUMBER 6 P H Y S I C A L R E V I E W L E T T E R S 10 AUGUST 1998
Experimental Study of Jyyyc Radiative Decay top0p0
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The decayJyc ! gp0p0 is studied with7.0 3 106 Jyc events collected in the neutral trigger
mode by the Beijing Spectrometer at the Beijing Electron-Positron Collider. Evidence for the
existence offJ s1710d and js2230d in this channel is presented, and the corresponding masses as
well as the product branching ratios are obtained. An interpretation of thejs2230d as a glueball is
favored. [S0031-9007(98)06780-5]

PACS numbers: 14.40.Cs, 12.39.Mk, 13.25.Jx, 13.40.Hq
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It is well known that QCD predicts the existence o
glueballs, the bound states of gluons. A pure glueb
is considered to have the characteristics of narrow wid
flavor symmetric decays, and copious production inJyc

radiative decays [1]. In the past decades, considera
efforts were made both theoretically and experimenta
to search for glueballs. Based on these studies, the f
states,fJs1710d [2,3], js2230d [1,4], f0s1500d [5,6], and
hs1440d [7] are claimed to be prime glueball candidate
The recent analysis from the Beijing Spectrometer (BE
on the Jyc ! gK1K2 decay showed the appearanc
of the scalar statef0s1780d in the fJs1710d mass region
[8], thus it provided useful information in understandin
fJs1710d. For js2230d, using8.0 3 106 Jyc events col-
lected by the BES at the Beijing Electron-Positron Co
lider (BEPC), BES experiments not only confirmed in th
decayJyc ! gKK the existence ofjs2230d, which was
first observed by Mark III Collaboration [9], but also found
two nonstrange decay modes ofjs2230d ! p1p2 and
pp̄. The observation of these nonstrange decay modes
0031-9007y98y81(6)y1179(4)$15.00
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js2230d has generated great experimental and theoretica
interests in the possibility of its being a tensor glueball state
[1,4]. However, the information to identify these states is
still insufficient. In theory, it still remains a difficulty to
predict glueball masses, decay widths, decay modes, an
production cross sections. The experimental situation ma
in fact be much complicated, since glueballs may mix with
nearby ordinaryqq̄ states. Thus, the identification of a
glueball state requires detailed knowledge of production
cross sections in different reactions, branching ratios into
different final states and all quantum numbers. However
up to now, only a few decay modes have been observed fo
bothjs2230d andfJs1710d. The investigation ofjs2230d
andfJs1710d in the other channels therefore becomes in-
creasingly important.

The neutral decay channelJyc ! gp0p0 is of par-
ticular advantage over the corresponding charged chann
Jyc ! gp1p2 because of being free ofJyc ! rp

contamination, which is of great help in suppressing the
background to distinguish the structures around 1.7 and
© 1998 The American Physical Society 1179
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2.2 GeV regions. The Crystal Ball Collaboration analyze
theJyc ! gp0p0 channel [10]; however, nojs2230d is
observed in theirp0p0 invariant mass spectrum. In this
Letter, we report our analysis onJyc ! gp0p0 using
7.0 3 106 Jyc events collected by BES with the neutra
trigger mode.

The BES detector has been outlined in detail elsewh
[11]. Here we give only a brief description of the BES
Barrel Shower Counter (BSC), which is a main compone
used in our measurements for photon detection. The po
tion resolution along thez axis (thee1 beam direction) and
the angular resolution in the plane perpendicular to thez
axis aresz ­ 36 mm andsf ­ 7.9 mrad, respectively,
while the energy resolution isDEyE ­ 22%y

p
E (E is

the energy in GeV) for the BSC. It is expected that th
better angular and position resolutions of the BSC in ph
ton detection may compensate its relatively poor ener
resolution. Therefore, the information of the position an
direction of photon in shower counter is used as much
possible in event selection.

A selection of zero-prong events with more than fo
neutral clusters inside BSC within the polar angle regi
j cosuj , 0.75 is carried out. In this stage, much effor
is devoted to the selection of photon candidates. Neu
clusters that hit at least two layers and have deposit en
gies larger than 50 MeV inside the BSC are identified
photon candidates. Furthermore, the clusters in the BS
which are not from the interaction region, are excluded
imposingdc , 0.2, where

dc ­ scx 2 scxd2 1 scy 2 scyd2 1 scz 2 sczd2, (1)

cx, cy, and cz are the direction cosines of photon can
dates, and scx, scy, scz are the direction cosines of clus
developed inside the BSC. Then, the momenta and ene
constraints kinematic fit is implemented for five photo
final states. If the number of the selected photon can
dates is larger than five, the fit is performed over all po
sible five photon combinations, and the combination wi
the smallestx2 is chosen for further analysis. There are 1
combinations using five photons to construct thegp0p0

final state. Introducing a variabled as

d ­
q

smg1g2 2 mp0 d2 1 smg3g4 2 mp0 d2 , (2)

we then choose the combination with the minimum val
of thed for all 15 possibilities.

Background studies are carried out using the Mon
Carlo technique. Jyc ! gp0, gh, gh0, vp0 and
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vf2s1270d are considered as possible backgrounds
the decayJyc ! gp0p0. The branching ratio of the
decay Jyc ! gp0 is small s,1025d and the energies
of its final state photons are pretty large; therefore, it
almost impossible to pass through the selection criter
for the decayJyc ! gp0p0. For processesJyc !
gh, h ! 3p0, there are about 160 events surviving
after the selection. Fortunately, all of these events pe
below 0.8 GeV in thep0p0 invariant mass spectrum and
contaminate quite little in our analyzed mass region. F
Jyc ! gh0, h0 ! 2p0h decays, about 36 events remain
in the p0p0 invariant mass spectrum after the selection
which pile up in the region below 1.2 GeV. As tovp0

events, most of this background can be rejected by a cu

jMgp0 2 Mvj . 30 MeV .

The branching ratio ofJyc ! 7g via vf2s1270d is
1.0 3 1024 and the selection efficiency for this channe
is about 1.4%, with a total of 11 events still left after the
selection. These remaining events present an almost
distribution in thep0p0 invariant mass spectrum.

In order to remove the backgrounds to a great
extent, further cuts containingd , 0.1 GeVyc2, x

2
4c ,

13, jmgg 2 mp0 j , 50 MeV, and the number of photon
candidates less than 7 are applied; thus a finalgp0p0

sample is obtained.
The invariant mass distributions of two pairs of photon

for the final sample are shown in Figs. 1(a) and 1(b), fro
which one can see clearp0 signals. Figure 2 presents the
p0p0 invariant mass spectrum. It provides the evidenc
for the existences ofjs2230d, fJs1710d, Xs1480d, as well
as other resonances, includingf2s1270d and the possible
Xs2050d. According to the Monte Carlo simulation, in
the mass region of 1.71 and 2.23 GeV, the mass res
lutions are about 50 MeV and the detection efficiencie
5.42% and 4.62%, respectively. An unbinned maximum
likelihood method which uses a smooth background plu
five Breit-Wigner resonances convoluted with Gaussia
resolution functions is utilized in fitting thep0p0 invari-
ant mass spectrum. Because of the poor mass resolut
and low statistics, we fix the mass and width off2s1270d
to PDG values and fix the widths offJs1710d andjs2230d
to the values obtained in Ref. [8] and Ref. [4] in our fit
There are 18.4 and 29.2 events forjs2230d andfJs1710d
signals and the statistical significances are3.6s and
4.1s, respectively. The fitted masses and the correspon
ing branching ratiosBsJyc ! gXd 3 BsX ! p0p0d for
fJs1710d andjs2230d are listed below.
MfJ s1710d ­ s1720 6 39d MeV

GfJ s1710d ­ 100 MeV sfixedd

BsssJyc ! gfJ s1710dddd 3 Bsss fJs1710d ! p0p0ddd ­ s8.3 6 5.3 6 2.8d 3 1025,

Mjs2230d ­ s2246 6 36d MeV

Gjs2230d ­ 20 MeV sfixedd

BsssJyc ! gjs2230dddd 3 Bsssjs2230d ! p0p0ddd ­ s4.5 6 2.6 6 1.3d 3 1025.
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FIG. 1. Invariant mass spectrum of (a)g1g2 and (b)g3g4.
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The systematic errors of the masses are neglect
since they are around 10% of the statistical ones, f
which reason, only the statistical errors are listed in th
masses. The first error of the product branching rat
is the statistical error and the second is the systema
one, which comes from the different fixed widths of th
resonances, the variation of the event selection criter
the uncertainties of the detection efficiency, backgroun
shape, and theJyc total events number.

From the fitted value ofBsssJyc ! gf2s1270dddd 3

Bsss f2s1270d ! p0p0ddd ­ s3.1 6 0.8 6 1.1d 3 1024, one
yieldsBsssJyc ! gf2s1270dddd ­ s1.1 6 0.7d 3 1023, which
is in good agreement with the PDG value. On th
other hand, the result of branching ratioBsssJyc !
gfJs1710dddd 3 Bsss fJs1710d ! ppddd listed above implies
that the relative strength offJs1710d decaying intoKK
[8] is larger than that intopp. In addition, the width
of fJs1710d is relatively large and this also disfavors
the fJs1710d as being a pure glueball. The branchin
ratio BsssJyc ! gjs2230dddd 3 Bsssjs2230d ! p0p0ddd is
compatible with that in the decayJyc ! gp1p2 [4],
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FIG. 2. Fitted invariant mass spectrum ofp0p0.
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taking into account the isospin factor, thus favors a glu
ball interpretation, together with its narrow width. The
possibility thatjs2230d is a high spinss̄ state is strongly
disfavored because of the observation of the nonstran
decay modes.

In summary, we have presented the BES analysis
the decayJyc ! gp0p0, in which the statesjs2230d,
fJs1710d are observed. There is also an indication for th
existence ofXs1480d, which is observed only as a “shoul-
der” of f2s1270d in p1p2 invariant mass spectrum. The
appearance ofjs2230d andfJs1710d in this channel pro-
vides us, to some extent, important information for un
derstanding their nature. The production ofjs2230d in
the decay channel studied herein is consistent with that
Jyc radiative decay top1p2. Therefore, the observed
properties ofjs2230d in this paper and our previous pape
[4] have the characteristics expected of a glueball.
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