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Antisearch for the glueball candidatef;(2220 in two-photon interactions
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Using 13.3 fb ! of eTe™ data recorded with the CLEO Il and CLEO I1.V detector configurations at CESR,
we have searched fd(2220) decays tda(gKg in untagged two-photon interactions. We report an upper limit
on the product of the two-photon partial width and the branching fractign3(f;(2220)— K%Kg), of less
than 1.1 eV at the 95% confidence level; systematic uncertainties are included. This data set is four times larger
than that used in the previous CLEO publication.
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In the theory of quantum chromodynamics hadrons comknown as pure “glueballs.” Many different QCD-based
prise quarks, antiquarks and gluons in color singlet combimodels and calculations make predictions for such states,
nations. Hadrons composed of gluons but no valence quark#cluding bag model§1-3], constituent-glue modelg}—6],
and bound together by the gluons’ mutual attraction, ar€QCD sum ruleg7], and lattice gauge calculations based on
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the quenched approximatid8,9]. Low mass scalarJ=0) Many experiments have searched fgf2220) production
glueballs are expected to lie within the dense spectrum ofy pp annihilation into final states ofr* 7~ [20], K"K~

conventional mesons. These states are expected to mix and 10 59 KOO [23 241 pomrt - [25 ' and
have large widths, making them hard to identify. Tensor[ 0 ’02]’ sKs(23), ¢ [24], pprrar [25) . wor',

P At . 7 [26]. None of the experiments have shown any evi-
(J7=2") glueballs, however, are expected to have hlgherdence for a narrow,(2220) resonance.

masses. They would then be comparatively isolated from The different experiments have shown contradictory re-

other states, have narrower widths, and be easier to Identlfg‘ults, and it is clear that further experimental work is neces-

To find glueballs, it i? Ic_>gica| to look in a "glue rich” envi- sary to determine the existence and nature offt}{g220).
ronment such as radiativ# ¢ or Y (1S) decays. Conversely, re we report on an expanded search for the decay
in the analysis presented here, we search for a tensor glueb’%(ZZZO)ﬁKgKg in untagged two-photon interactions at

in two-photon collisions. A_‘S gluons fjo not couple directly to CLEO. We find no significant signal, and so find a new upper
photons(they do so only via a box diagrarthe glugball WO jimit on the two-photon partial width times the branching
photon widthsl",., are expected to be small relative to those 4 ction for this process.

of mesons. Thus we refer to our search as an “antisearch,”as The data presented here were taken by the CLEQ1]
we do not expect to find a glueball in this reaction. Upperang CLEO 11.V[28] detector configurations operating at the
limits derived fromyy data play a major role in the quest to Cornell Electron Storage Ring. The sample used in this
find and identify glueballs, as they shed light on the partorgnalysis corresponds to an integratetie™ luminosity of
content of states that are seen in other reactions. 13.3 fb ! from data taken on th¥ (4S) and at the energies
Our analysis is inspired by observations of #3€2220),  just below theY (4S). This is four times the sample size
also known as(2230), which is a candidate for the lightest used in the prior CLEO publicatiod46,18 on this subject.
tensor glueball. The Mark IIl CollaboratiofiLO] first ob-  The CLEO detector includes several concentric tracking de-
served this state in the radiative decayg— yK*K~ and  vices to detect and measure charged particles over 95% of
I p— ngKO, in a sample of 5.810° J/y decays. The 4w steradian and a Csl electromagnetic calorimeter, both
masses (widths of both modes were consistent with operating inside 1.5 T superconducting solenoid. The track-
those expected for a narrow tensor glueball: 2230.dnd System in CLEOI[27] consisted of a 6-layer straw tube

+6.0-14.0 (26.029%-17.0) MeVi? and 2232.67.0 chamber, a 10-layer precision tracker and a 51-layer main
( 16.0 ) drift chamber. For CLEO 11.M[28] the straw tube chamber

23.0. 2 +tw— 01,0
=70 (18'615-0# 10.0) MeV/(_: for the KK~ and KsK was replaced by a 3-layer, double-sided silicon vertex detec-
modes, respectively. They did not obsirve any enhanceme{gr’ and the gas in the main drift chamber was changed from
in the two-body final states "7~ andpp. A year later, the  an argon-ethane to a helium-propane mixture. This change in
DM2 Collaboration[11], using a sample 8:610° J/y radia-  gas improved both the hit efficiency and the specific ioniza-
tive decays, searched for thig(2220) in ther*7~, K*K™,  tion resolution[29].
andK 2K final states. They did not observe a signal in any of The Monte Carlo generation of two photon production is
the three modes. They reported a limit on the producmodeled on the Budnev-Ginzburg-Meledin-SetBGMS)
branching fraction,  B(J/y— yf;(2220)B(f,(2220)  formalism[30], usingJ=2 for the glueball candidate. The
—K*K7), which was in disagreement with the Mark 11l Simulation of the transport and decay of the final state par-
result. Ten years later, the BES Collaboration observedicles through the CLEO detector is performed by €manT
strong signals forf;(2220) decays intor* 7 ,K*K~,  Package[31]. We estimate e&KsKg mass resolution ofr
K2K2[12], and7°7° [13], again in radiative)/ ¢ decays. In = /-86 MeV/? near the Particle Data Grou@PDG) [17]

hadron production the GAMS Collaboratifh4] reported a  2verage for the,(2220) mass.
state, decaying topz’ in 7 p—y7’'n interactions, at Spin 2 resonances from two-photon events can have two

2220.0 MeVE2. The angular distribution of the decay helicity projections, 0 and 2. The efficiencies of the 0 and

. . +2 helicities are very different due to their different final
=2, - RN )
strongly indicated]=2. The LASS Collaborationi15] re state angular distributions|Y3|? and |Y3|? respectively.

ported a narrow resonance, decaying<td. Both the mass  they are found to be 9.3% and 19.1% respectively: these
and the width of GAMS and LASS states were consistenty,, mbers include the 69% branching fraction for ea@

with the previousf;(2220) measurements in radiativéy —.w* 7~ decay. The Monte Carlo events were generated

decays. By. averaging the above results, zthe Partlgle Daig;th weights to reproduce the helicity ratio based solely on
Grouggﬂ] f|nd2a mass of 2231:43.5 MeV/c® and a width  cjepsch-Gordan coefficientgatio for helicity-2 to helicity-0
of 23" MeV/c” for the f(2220). of 6:1) [32,33.

In 1997, the CLEO Collaboration reported tight limits on |, yntagged two-photon events the two photons are al-
the two-photon coupling of thg;(2220) inyy —K3KS[16]  most on mass shell, and so the photons have a large fraction
andyy—m "7~ [18]. Recent CERNe"e™ collider LEP re-  of their momenta along the beam line. The scattered electron
sults from the L3 19] Collaboration showed no evidence for and positron do not in general have sufficient transverse mo-
f3(2220) production in two-photon interactions searching formentum to be detected. As the two photons rarely have the
the KK final state, and they derived an upper limit of same energy, the two-photon center of mass is boosted along
r,,B(f,(2220)— KIKQ<1.4 eV at 95% confidence level the beam axis. We thus select events containing exactly four
(C.L.) under the hypothesis of a pure helicity-2 state. reconstructed charged tracks with zero net charge, and no
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FIG. 2. KXK2 mass distribution observed in data around
f;(2220) mass region. The solid line is the sum of a fit to the
background and the signal line shape which was obtained from

FIG. 1. AM/o, vs AM, /o, for data, withAM being the dif-  Monte Carlo. The number of observed events at 95% C.L. upper
ference between the invariant mass of a dipion combination and thémit is 29.9.
knownK$ mass. We select god¢i2k2 candidates within a circle of
radius 3.5 units.

0
pM,192

24+8 events at a mass of 2290.0 M&¥/ This mass of

accompanying photon showefthat is, neutral energy less 2290.0 MeVl;2 for this excess is completely inconsistent
than 0.6 GeV. To suppress non-two-photon events from With the previous measurements of th€2220). Other than
udsc continuum andr" 7~ production, we require that the the invariant mass of thié kg system, we find no significant
total charged track energy be less than 4.5 GeV and that ttéifferences between the properties of the events in this re-
vector sum of transverse momentum of all charged tracks b@ion of excess and the properties of other events in Fig. 2.
less than 0.6 Ge\¢/ in magnitude. We mak&2 candidates ~'Nereé are no known narrow resonances in this region, and
by constraining two oppositely charge tracks to a commonVe cpn5|der thIS enhancement to be a statistical _fluctuatl_on.
vertex. To suppress two-photon events that do not h@%/e In this an_aly5|slwe do not haye -enough gvents in the high
mesons in the final state, we required that the flight dis‘tancg1aSS region to interpret quant|tat|veoly («)any interference effect
significance(flight distance divided by its uncertaintpe at etweeno re;)sonar(tyy—»fJ(ZZZO)ﬁKSKs) and nonresonant
least 3 for CLEO Il and at least 5 for CLEO 1.V data, and (¥7—KsKg) events. Therefore in the above fit we did not
required that each charged pion daughter of Kffecandi-  Include an interference term between (;[h%m.

dates not point back to the interaction point. Finally, we se- 10 extract the value of",,B(f,—KgKg) for f,(2220)

lected good events with two gocbd; candidates by requiring from the data, we scaled the branching fraction and the par-
(AM, /0y, AM, /o) to lie within a circle of radius 3.5. tial width used in the Monte Carlo production by the ratio of

HereAM=m.__—my, Mg |sthng mass of 497.7 Me\W2, the upper limit on the number of dgta events®d to thg _
. number of Monte Carlo events passing our selection criteria
ando, ando, are the mass resolutions for the t\K@ can- MC ) U
. : : n"~), and the ratio of Monte Carlo to data luminosities,
didates calculated on an event-by-event basis. In Fig. 1 w
show the distribution of these scaled mass differences within

+10 o of the nominalk mass. We conclude from Fig. 1 I,,B(f,—KEK3)

that we have no substantial background that does not contain

K2 mesons. Th&2 candidates that pass all requirements are pdata s MC

then kinematically constrained to tie mass. = — [T, B(f;— KIKZ) V. 1)

. . . T . MC pd
Using the data sample described above, we combine the nMc et

two K2 candidates in the event and plot the invariant mass
distribution (Fig. 2) from 1.8 to 2.8 GeW¢?. We fit the data Note that this procedure is independent of the actual val-
to the combination of a power law background functionues used fof ., andB(f;—K2KY) in the simulationwhich
[A\/\/;y, where A and n are free parameters and/,,  were 1 keV and 1.0, respectively
=M(KK)], and a signal shape comprising Breit-Wigner  Our estimate of the systematic uncertainties in the overall
terms convolved with a Gaussian resolution function derivedietector efficiency is: 7% due to event selection criteria, 5%
from the Monte Carlo studies. The mass and Breit-Wignedue to trigger effects, 4% due to tracking, and 3% from on-
width of the signal function are allowed to float withinl o line software filtering. We assign systematic uncertainties of
of the PDG[17] values. 8% from our background parametrization and 1% due to the
A statistically insignificant excess of #5l1 events is luminosity measurement. We add these in quadrature to ob-
found in this signal region. The fitted mass of this enhancetain a total systematic uncertainty of 13%.
ment is 2228 MeV¢?, and the width 31 MeW?. This cor- Using the efficiency found from this Monte Carlo sample,
responds to an upper limit of 29.9 events at the 95% confiand taking the ratio of helicity 2 to helicity O decays as 6:1 as
dence level. The largest excess apparent in the plot is one described above, we calculate
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case we havé=2, and the normalization factdd, is so
chosen that the value & is unity for thef,(1270) meson,
This limit includes our systematic uncertainties. Alterna-which is used as a representativé tensor meson.

tively, we also present our results as a functional limit for a |n order to determine an upper limit for stickiness,
state withJ=2, without aSSUming the ratio of partial widths we first average the results of the Markl]]]O] and BES:]_Z]

of the two helicity projections, experiments, obtaining a product branching fraction
BE/ i — y£,(2220) - B(f;(2220)— K2KD) = (2.2+ 0.6)

X 1075, Within each experiment we form a branching frac-
tion to KK by adding twice the branching fraction k2K 2

. ) -
The ratio of the coefficients is the ratio of the efficiencies fortr0 tgit fo}zoio K ; hV\f. comdbme bour hgppefr '”?"'t ford
the two helicities, normalized to the 6:1 ratio in E8). For »B(f;—KgKg) with this product branching fraction an
a pure helicity-2 state the limit becomes 1.0 eV. This can bdhe J/¢ width of I'=87 keV[17] to set a lower limit on the

compared with the L319] limit of 1.4 eV using the same Value of thef;(2220) “stickiness” of 109 at the 95% C.L.
assumption. In conclusion, we do not see a signal fg2220) in the

To build confidence in our approach for tHg(2220) K2K2 invariant mass distribution consistent with those re-
search, we have also checked the two-photon partial widthorted by previous experimenfd7]. Therefore, we set an
and the mass of the well establishEq1525) resonance us- upper limit onl“wB(fJ—>KgKg) for the f;(2220) of 1.1 eV
ing the same Monte Carlo simulation and analysis techniqueat the 95% confidence level. We allowed the width and mass
and find the values for both the width and the mass consiso float within +1 ¢ of the PDG values. Our limit is lower
tent with the PDGE 34] and L3[19] values. than the previous CLEO measuremgh] based on a quar-

Under the assumption that tHg resonance has a large ter of the present luminosity.
branching fraction to kaons, the low limit on tie,, B(f, The low value ofl", B(f ,(2220)— KgKg) we obtain in-

K2KY) implies that thef ;(2220) production is very sup- i mn ; :

—Rshs) I\« ey y _ dicates that thd ;(2220) coupling to photons is suppressed
pressed in two-photon collisions. This is exactly the behav_lo%md argues the case that, if the previous observations of the
that would be expected for a true glueball as gluons, being (5750) py the Mark 11l and BES collaborations in radiative
neutral, do not couple with electric charge. A naive gluebally; ; qecays are correct, it has the signature of a glueball. On
figure of merit known as “stickiness” is frequently used {0 o gther hand, our data are also consistent with the nonex-

m:';1k(=T comparisons of the gluon content of dlfferent stateSigtence of any narrow resonance in the mass region.
Stickiness is a measure of color charge relative to electric

charge[35]:

I B(f,—~K&KY=<11 ev (95% C.L). 2

(0.5 22+ 1.08 ) B(f,—~ KK =<1.1 eV
(95% C.L). &)
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[P (g yX)
=]

where ky = (mj,—mg)/2m, is the energy of the photon
from the radiativel/ ¢ decay in thel/y rest frame. In our
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