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We use the CLEO detector at the Cornelle™ storage ring, CESR, to search for the two-photon
production of the glueball candidafg(2220) in its decay toK;K,;. We present a restrictive upper limit
on the product of the two-photon partial width and #igk; branching fraction(I",, Bk, k,) £y - We
use this limit to calculate a lower limit on the stickiness, which is a measure of the two-gluon coupling
relative to the two-photon coupling. This limit on stickiness indicates thay {#220) has substantial
glueball content. [S0031-9007(97)04293-2]

PACS numbers: 12.39.Mk, 13.65.+i, 14.40.Cs

The two-photon width of a resonance is a probe of the We search for the two-photon production 6f(2220)
electric charge of its constituents, so the magnitude oin its decay toK, K, with eachK, decaying intor * 7 ~:
the two-photon coupling can serve to distinguish quark-
dominated resonances from glue-dominated resonances 7Y = [1(2220) = K1 Ks 2 :
(henceforth simply called “glueballs™). Thg,(2220), L (mt7),
sometimes referred to as tlg2230), was first reported o
by the Mark Il Collaboration [1]. This resonance is Cakal
a glueball candidate due to its narrow width [1,2], itsIn our analysis o8.0 fo~! of data, we use the following
observation in production modes consistent with thoseelection criteria to minimize background. We select
expected for glueballs [1-5], and its proximity in massevents with four tracks, and we require that the sum of
to lattice QCD predictions of the tensor glueball [6,7].  charges is zero. To select two-photon events we require

In this Letter we report on a search for thfg(2220)  that the event energy is less than 6.0 GeV, and that the
in two-photon interactions at CLEO and set an uppetransverse component of the vector sum of the track
limit on the product of its two-photon partial width and momenta is less than 0.2 G&¥ To suppresyy — 4,
branching fraction t&K K, [8], improving on a previous where the four pions do not result froki, decays, we
limit set by ARGUS [9] using theK " K~ decay mode. require twox* 7~ pairs to formK; vertices separated
Using our measurement, we calculate the stickiness, @ the r — ¢ plane by more than 5 mm. The vertex
useful glueball figure of merit defined in Ref. [10], of the separation resolution is 1 mm. Finally, we evaluate the

f7(2220) resonance. 7~ track parameters at the respective vertices, and select
CLEO Il is a general purpose detector [11] usingevents in which[m(7w "7 7);, m(7*77),] lies within a
the e" e~ storage ring, CESR [12], operating gfs ~  circle of radius 10 MeV about the poifuk_, mg ]. The

10.6 GeV. CLEO Il contains three concentric wire cham- detectorK; mass resolution is-3.3 MeV.
bers that detect charged particles over 95% of the solid The distribution of m(7"77); versus m(z"77),
angle. A superconducting solenoid provides a magebserved in data is displayed in Fig. 1 with all selection
netic field of 1.5 T, giving a momentum resolution of criteria applied except the mass circle requirement. There
o,/p = 05% for p = 1GeV/c. Outside of the wire is a strong enhancement near fhex , mg ] point in the
chambers and a time of flight system, but inside the sofm(7* 77);, m(ar* 77),] mass plane. After applying the
lenoid, is a Csl electromagnetic calorimeter, consistinglO MeV mass circle criterion, there is less than 5% non-
of 7800 crystals arranged as two end caps and a barr&l; background.
region. For a 100 MeV electromagnetic shower in the We use a Monte Carlo simulation to determine our
barrel, the calorimeter achieves an energy resolution adensitivity to the two-photon production of thg(2220).
oe/E = 4%. The two-photon Monte Carlo events were generated
In two-photon events, the initial state photons areusing a program based on the Budnev-Ginzburg-Meledin-
approximately real and tend to have a large fraction ofSerbo formalism [13]. For the simulation we assume
their momenta along the beam line. The electron andhe valueJ = 2 for the total angular momentum. We
positron rarely have enough transverse momentum to bese a mass and width determined by combining [14] the
observed. As the two photons generally have unequa¥ark Ill [1] and BES [2] results, givingns, = 2234 =
momentum, theyy center of mass tends to be boosted6 MeV andI'y, = 19 = 11 MeV. The simulation of the
along the beam axis. We detect those events in whictransport and decay of the final state particles through the
the decay products have sufficient transverse momentu@LEO detector is performed by a GEANT-based detector
to be observed in CLEO. simulator [15]. From the detector simulation we find a
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3080297-003 We convolve a detector resolution function with a Breit-

Wigner resonance to determine the expected shape. This
line shape is used to determine the signal region size that
maximizese?/b, to maximize the sensitivity to observe
the resonance, where is the fraction of the area under
the signal line shape that falls within the region, dnid

the estimated number of background events determined
as described below. Foog g, =9 MeV and I'y, =

19 MeV this window is*=18 MeV, for whiche = 70%.

To obtain a background shape, we fit the g,
distribution with a linear function from 2.05 to 2.35 GeV,
excluding a=40 MeV region centered on the expected
mass. From this we extract an average background
of 1.8 £ 0.3 events per 10 MeV forn,, = 2.234 GeV.
Within the signal region determined for the central
values of the resonance parameters, we count four events.
Having observed four events while expecting 6.5 from
background, we use the standard Particle Data Group
(PDG) technique of extracting an upper limit for a Poisson
distribution with background [17] to extract an upper limit
FIG. 1. m(a«*7~), versusm(s* 7~), for data. Each event of 4.9 signal events at the 95% C.L.
has two entries corresponding to transposition of the labels Tg determine the value dfryyBK;K;)f,(ZZZO)y we as-
1< 2. _ BK.K,)f _

sume thatf,(2220) is produced incoherently with the
background. We scale the branching fraction and partial
width used in the Monte Carlo generator by the ratio of

e upper limit on the number of data events to the num-

er of selected Monte Carlo events, and by the ratio of
Monte Carlo to data luminosities,
ndata LMC

|

[
=]
1 ‘
. .
= |

Events / 10MeV
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K K; mass resolutiong k., of 9 MeV for mg k. near
2.23 GeV. The net selection efficiencies are 0.07 and 0.1
for pure helicity 0 and pure helicity-2, respectively [16].
We construct &K, mass distribution for those events
that satisfy all of the selection criteria. In Fig. 2, we [data gdata _
display the data for th& K, mass region of interest. No vy TKK
enhancement at thg(2220) mass is observed. The two-photon partial width[',,, can be expressed as
To determine the number ofy — f,(2220) events, the sum of two component§2? andI'22, the two-photon
we count the number of events within a region that hapartial widths associated with helicity 0 and helicity
been optimized based on the line shape of fh@220).  +2 projections, respectively. We must differentiate be-
tween the two partial widths because the detection effi-
ciencies for the two allowed helicity projections are not
the same due to their different final state angular distri-
butions. Under the assumption that the ratid gf:I'>9
6l | is 6:1 [18,19] based on Clebsch-Gordon coefficients, we
obtain the result

(TyyBk.x,)r,020 = 1.4 €V, 95% C.L. 2

i N l The limit is slightly stronger, 1.3 eV, if/ =4 is

I assumed for the resonance [20]. The limits include
uncertainties associated with systematics which will be
discussed below.

Without making any assumption about the ratio of
\ < partial widths of the two helicity projections, we can set a
210 215 220 225 230 2.35 95% C.L. functional limit forJ = 2,

Mg kg O (0.52159 + 1.08I22)Bx x, = 1.4eV, 95% C.L. (3)

FIG. 2. K K, mass distribution (GeV) observed in data nearThe ratio of the partial width coefficients in Eq. (3) is
the ,(2220) mass. The vertical arrows delineate the signalgiven by the ratio of efficiencies for helicity 0 to helicity

region in which events are counted. The solid line is thel 5  The overall normalization is set to be consistent
sum of a fit to the background and the signal line shape for ..,

central values of the resonance parameters, = 2.234 GeV with Eq. (2): . . .
andT;, = 19 MeV, corresponding to the observed 95% C.L. Systematic uncertainties have been included in deter-

upper limit of 4.9 signal events. mining these upper limits using a Monte Carlo program.
3831
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We estimate the following systematic uncertainties in theglueball candidate. With the limit ofl’,, Bk k,),(2220)
overall detector efficiency: 8% due to triggering, 7% duepresented here we are able to make a much stronger
to tracking, and 7% due to simulation of selection crite-statement. In particular, it is difficult to explain how
ria. The total systematic uncertainty associated with efa ¢gg meson, even puras, could have such a large
ficiency is 13%. We estimate the systematic uncertaintygtickiness. In general, explanations that give small two-
in the background normalization to be 16%. The un-photon partial widths give small radiativé/y decay
certainty associated with th& (2220) resonance parame- branching fractions. Radial and angular excitations fall
ters is also included by statistically sampling measuremeritito this category. AJ = 4 resonance is not ruled out
results when varying these resonance parameters up éxperimentally. However, under the assumptibs 4,
+2.5 standard deviations [21]. The window selection sizethe limit on the product of the two-photon width and
is optimized for each case of varied resonance parameter&,K; branching fraction is slightly more stringent, and
For a variation of—1 and +1 standard deviations in the the phase-space term to which stickiness is proportional
resonance width the window sizes aré3 and=26 MeV,  becomes very large. A small two-photon width due to a
respectively. cancellation involving specific values of the singlet-octet
We have verified our technique by using the samamixing and the ratio of matrix elements is possible but
Monte Carlo simulation and analysis approach to meatnlikely.
sure the two-photon partial width of the(1525). The In this Letter we have presented the results of the
£5(1525) measurement is a sound test as #}€1525)  search forf;(2220) production in two-photon interac-
produces a prominent peak in thgK; mass distribution tions. We have reported a very small upper limit for
and has quantum numbers consistent with those expect&ll,, Bk k,)f,2220. The minimum stickiness obtained
for the f,(2220). We measure a value for the product of from the two-photon width upper limit is difficult to un-
the partial width and th& K, branching fraction that is derstand in the context of ag resonance, and should
within 1 standard deviation [22] of the PDG central value.be considered as strong evidence that fh€2220) is a
The small value of theI',, Bk k,)r, 22200 upper limit  glueball.
obtained from this analysis supports the identification We gratefully acknowledge the effort of the CESR staff
of the f;(2220) as a glueball. We can make a morein providing us with excellent luminosity and running
quantitative statement by calculating the stickiness of theonditions. We thank M. Chanowitz for his thoughtful
resonance. Stickiness is a useful glueball figure of mericomments. This work was supported by the National
that is a measure of color charge relative to electricScience Foundation, the U.S. Department of Energy,

charge. The definition of stickiness is [10] the Heisenberg Foundation, the Alexander von Humboldt
2+1 R 2 Stiftung, the Natural Sciences and Engineering Research
Sy = N,( X ) LU/y = vX) ~ KX | gg>|2 . Council of Canada, and the A. P. Sloan Foundation.
ky—yx I'X — vy) KX [yl
4)

The parametetky—,x = (mjy - mi)/(2m¢) is the en-
ergy of the photon from a radiative decay of théy at o _
rest. The phase-space term removes the mass dependence.*Permanent address: University of Texas, Austin, TX

The quantum numberindicates the angular momentum ~ 78712. _ o
between the initial state gauge bosons; is a normali- Eirsr;‘izne"t address:  BINP, RU-630090 Novosibirsk,

zation parameter defined so that the stickinesses of the
f2(1270) (I = 0) is 1. To determine the value &f; we
use the mass, two-photon width, and radiatiyes decay

*Permanent address: Lawrence Livermore National
Laboratory, Livermore, CA 94551.
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