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Abstract

We report results of a high resolution search for the tensor glueball candi@220)in a jp formation experimentz %0
andnn decay channels were measured in a scan of the mass region 2220 MeV to 2240 MeV. No evidence for the existence of
£(2230)was found. 95% confidence upper limits for the possible existenéeaoé presented.
0 2001 Elsevier Science B.¥pen access under CC BY license.

As soon as the non-Abelian nature of the quark— 10 MeV andI" = 18f§§ + 10 MeV. They reported
gluon field theory, which we now call Quantum Chro-  jPC — (evep*+. Upper limits at 90% confidence
modynamics (QCD), was recognized in 1972, Fritzsch |evel were also set foB(J/¥ — y£)B(§ — X) <
and Gell-Mann [1] predicted that “there must exist 2 x 107> for X = 7 and pp, and< 7 x 107> for
glue states in hadron spectrum”, and in 1975 Fritzsch x = py.
and Minkowski [2] presented a detailed discussion of ~ Two years later, in 1988, DM2 at ORSAY re-
the phenomenology of the spectrum of ‘glue states’, ported [9] the result of their search with a sample
which we now call ‘glueballs’. It was pointed outthat of 8.6 x 10° J/¥. They failed to find any narrow
the color singlet states of two gluons should have the enhancement, and set 95% confidence upper limits:
same quantum numbers as states of the two-photong(j/v — y£)B( — X) < 2.3 x 107> for X =
system, i.e./PC=2nt+, (2n+ 1)+, and 27, with KTK~,and< 1.6 x 1075 for X = KsKj, i.e., at lev-
n=0,12,...;andthe order of the masses of the low- e|s which were factor two lower than those reported
est lying states should be™®,27+,0-*,.... Since for the observation by Mark 11
then, numerous calculations of glueball spectra have  Three early searches for the narréx2230)in the
been made in various physical models [3], and they formation reactionss)p — KTK~ and KsKs were
all bear out the essential features of these twenty- also unsuccessful in finding any evidence for it [10].
five year old predictions. For example, one of the Because of these negative results the existence of the
most sophisticated lattice-gauge calculations (which narrow £(2230) (I" < 20-35 MeV) was considered
are still made in the quenched approximation) predicts dubious.
glueball massesM (07+) ~ 1730+ 50 & 80 MeV, It should be noted that while the narrag2230)
M(2++) ~ 24004 25+ 120 MeV [4]. Most recent  was not confirmed by any other experiment prior to
experimental efforts have been directed to the search1996, a broad enhancement at nearly the same mass
and identification of these two, the scalar and the ten- was reported by several experiments. In the radiative
sor glueballs [5]. In this Letter we present the results decay of //& DM2 reported an enhancement in
of a high resolution search for thé 2 tensor glueball both decay channels — K+K~ and KsKg, with

in a pp annihilation experiment, PS197, made with
the Crystal Barrel detector [6] at the LEAR facility at
CERN.

In order to provide the appropriate perspective for
our choice of the method of search for the tensor
glueball, it is necessary to briefly review the past
searches and their conclusions.

In 1986, Mark Il at SLAC, investigating radiative
decays of B x 10° J/ ¥, reported [7] the observation
of an abnormally narrow enhancement, dublied
(now called f;(2220) by the Review of Particle
Properties [8]), in theK ™K~ decay channel, with
M (&) = 2230+ 15 MeV, andl” = 26729 4+ 17 MeV,
and in the KsKs channel with M(§) = 2232+

M ~ 2200 MeV andl” =~ 200 MeV [9]. Studies of
the peripheral reactiong,” p — nX (with X = 7/,
KsKs) [11], and K~ p — AX (with X = KTK ™,
KsKs) [12] also reported enhancements with nearly
the same mass and widih~ 100 MeV. The data were
variously reported as being consistent wifff* = 2++
and 4+,

In 1996, the BES detector at BEPC rekindled the in-
terest in the narroy(2230)by reporting its observa-
tion in their sample of the radiative decay of 8 million
J /W [13]. They reported the observation §2230)
notonlyinK+ K~ andK s K decay channels, but also
in 77~ andp p channels, with consistent masses and
widths, M (&) ~ 2232 MeV andl" (§) = 15-20 MeV.
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The product ratiosB(J/¥ — £)B(§ — X) ranged
from 1.5 x 10~° to 5.6 x 10°°. In a later publication
BES reported observation 6£2230)in the 7°7° de-
cay channel and quoted a 95% confidence limitfor
decay [14]. For the kaon, pion angp channels the
statistical significance was claimed to be betwe&a 3
and 41c0.

The BES report of decay intopp revived hopes
of making a definitive observation 0f(2230) in
high resolutionp p formation experiments. The JET-
SET experiment (PS202) at LEAR (CERN) searched
for £(2230) in its KsKg [15] and @& [16] de-
cays, and failed to find any evidence for it. PS202
established 95% confidence upper limits
B(pp — £)B(€ — KsKs) <7.5x 107° for I'(§) >
5 MeV, and Bpp — £)B(§ — ®P) <6 x 107° for
assumed™ = 15 MeV. In this Letter we report the re-
sults of a search fo§(2230)by the Crystal Barrel ex-
periment (PS197) at LEAR (CERN) ipp formation.
The all neutral decay channglp — 7970, pp — nn
andpp — n% were measured.
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defined by the requirement of coincidence between
the silicon detector immediately at the target entrance
and a proportional counter, as well as anticoincidence
with a scintillation veto counter behind the target.
Data were taken at 9 nearly equally spaced beam mo-
menta in the range 1412-1461 M&V which corre-
spondsta/s = 2222-2240 MeV. Between 0.5and 1.2
million all-neutral triggers were taken at each beam
momentum. The selection far®z°, »y and =% fi-

nal states was made with the following cuts: (a) no
charged tracks in the Drift Chamber (b) only'4, and

(d) at least one pair of's to have invariant mass ei-
ther within 135+ 45 MeV (79), or 547+ 100 MeV

(n). (c) an empirically determined cut in the two-
dimensional do plot of total energiqt vs. total mo-
mentumPyt at Eot > 1.27 Rot 4+ m /2 > 1800 MeV.
The result of this preselection is shown in Fig. 1 for
a typical case Ppeam= 14123 MeV/c¢). In this ex-
ample, 27410 events passed these cuts out of a total
of 761000 triggers. The energy and momenta of the
measured’s, and the vertex-position of each event

The measurements reported here were made atwere fitted to the hypothes@p — 7°%7%, nn or nz©,
LEAR with the Crystal Barrel detector, which has with the confidence level set at 5% [18]. In the ex-

been described in detail elsewhere [6]. Briefly, the
detector, which had cylindrical geometry, consisted of
an electromagnetic calorimeter of 1380 Csl crystals
covering 2Zr azimuth and polar angles from 120
168, with the useful acceptance for shower detection
of 95% of 47 The photon energy resolution was
og/E =~ 25% at 1 GeV, and the angular resolution
wasoe,e = 1.2°. The crystals pointed to a LHarget
which had a length of 4.4 cm and a diameter of 1.6 cm.

The detector contained elements for charged particle
tracking and was surrounded by a solenoid magnet, but
these were only used in the present measurements for

vetoing events containing charged particles.

The antiproton beam extracted from LEAR had
a momentum uncertainty of£0.3 MeV/c in the
momentum range 1412-1461 Mgy of the present
measurements. This contributes ta/a uncertainty
of £0.1 MeV. The antiproton beam traversed a 100
micron beryllium foil, 150 micron mylar foils, and a
1 mm thick silicon detector, before entering the 4.4 cm
long L H; target. This results in a mean energy loss of
1.27 MeV, and an overall, nearly uniforny,s spread
of £0.3 MeV.

— 1200
o™

ample of Ppeam= 14123 MeV/c, the following as-
signments resulted: 1056%x°, 407ynand 3571,#.
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Fig. 1. Scatter plot for invariant massesy1y») versusn(yzys) at
1412.3 MeV/c2. There are three entries per event. Fifer® and

The data for these measurements were taken with 5, events are visible in the boxes on the diagonal, as arg#ff%
an all neutral trigger [17]. The antiproton beam was events in the off-diagonal boxes.
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The overall acceptance and efficiency for event selec-
tion was estimated by Monte Carlo simulation to be
33% for7%7°, 36% fornn and 35% foryz®. Monte
Carlo simulations also show that there was no signif-
icant contamination inr%7° event selection. Then
selection is estimated to hawe(0.540.2)% misiden-
tified n79, and(2.8 + 0.4)% misidentifiedz %7 °. The
n7@ selection hag0.05+ 0.02)% misidentifiednn,
and nor 97 0.

The observed number of counté(X) in a decay
channelX is related to the cross sectiofiX) as

N(X)=N(p)- N(targejy - o (X) - e(X),

where ¢(X) is the efficiency for the detection of
the final stateX including geometrical acceptance.
From the known length and density of the :H
target, (1/N (targej) = 5.33 x 10° pub. The number

of incident p is determined by the coincidence of
signals in the beam defining proportional counter at
the exit of the LEARp extraction channel and the
central silicon detector at the entrance of thesLH
target. Account is taken of the detector live-time and
pile-up. The corrections for pile-up varied from 5%
to 9% from point to point. A detailed discussion
of the procedure used for absolute cross section
determination is presented elsewhere [19]. Both the
differential cross sections and the integrated cross
sections in the range c6s= 0 to 0.85 are determined
for 7979, yn andn= ¥ final states. The statistical errors

in cross sections are, on average, 1.7%, 6.5% and

2.8% forn %70, nn andn=®, respectively. We estimate
that the additional uncertainty in our overall absolute
cross section normalization is +10%. We note that
the absolute cross section fgrp — 770 in our
energy region are approximately a factor two larger
than reported by Dulude et al. [20], and in agreement
with similar findings of Anisovich et al. [21].

The cross sections integrated in the
c0s®cm = 0-0.85 forpp — 770, ny and nx°
shown in Fig. 2, and listed in Table 1.

In the small region of,/s investigated in our

region
are

Crystal Barrel Collaboration / Physics Letters B 520 (2001) 175-182

x2/dof=1.37,
nn: A=101+ 1.1 ub,
B =—0.041+0.033pb,
x2/dof=0.68,
n: A=390+1.8 b,

B =—0.144+ 0.057 ub,
x2/dof=0.34.

These fits are found to be consistent with the cross sec-
tion measured by us at 1512 Mg¥and 1640 MeVYc¢
[19]. Fig. 2 shows that in none of the integrated
cross sections there is any indication of structure.
Since thenn® decay channel, with isospin 1, cannot
have an/ =0 glueball, we can remove all luminos-
ity uncertainties by considering(z°7%) /o (%) and
o(nn)/o(x%). These are also shown in the bottom
two panels of Fig. 2. In both cases essentially perfect
fits to straight line are obtained witp? = 0.31, and
0.50, respectively. To summarize, there is no evidence
in our integrated cross section data for any structure.

In order to put quantitative limits for the possible
presence of a resonance in these data, we have made
the following analysis of ther%7% and#y integrated
cross sections. The measured cross sections are con-
sidered as the sum of a linear background plus-a2
Breit—-Wigner resonance of the familiar form,

BinBout
1+[2[s — Mg1/T1?

where the peak cross section for the Breit—Wigner
resonance

aggsz (A + Bﬁ) + 00

47 (hc)?
s — 4m12,

(ro=(2J+1)< )%(0.17—0.16) ub x 10°

in our scan region for d& = 2 resonance. A minimum
x?2 (maximum likelihood) fit is done withd, B, Mg

measurements, in absence of a resonance, the crosgnd I'r fixed and BinBoyt allowed to vary freely.

sections can be reasonably fitted with straight lines.
These straight line fits to the cross sectionss A +
B(y/s — 2200), are shown in Fig. 2. The results are,

7070 A=472+11ub,

B =—-0.2294+0.036 ub,

A and B are fixed at the values determined in the
fits described above. Two fixed values of widfh =
10 MeV and 20 MeV, are used ardy is varied in
small steps from 2222 to 2240 MeV. In this manner
95% confidence upper limits, shown in Fig. 3 are
obtained. We note that these imply that foy between
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Fig. 2. The upper three panels show measured cross sections integrated in the regiosoG< 0.85 for pp — 7970, ny, andnx©, and the
straight line fits through them. The lower two panels shdiar© andny cross sections divided point by point by the® cross sections. In all
cases, only the statistical errors are shown.

10 and 20 MeV, ple of the angular distribution forr%z° at /s =
22227 MeV, is presented in Fig. 4. Also shown in
B(pp— &)B( —» n%7% <6x 107>, 95% CL Fig. 4 is the angular distribution fom;, averaged over

1) Vs =22227-2239.7 MeV, in order to improve sta-

B(pp — €)B(E — ) <4x 1075, 95%CL (2) t!stlcs_. A simple analysis of the dn‘fe_rentlal Cross sec-
tions in terms of Legendre polynomials was made for

As mentioned earlier, differential cross sections for both %70 andyn. It was found that the coefficients
all three reactions were also measured. An exam- up to the order of 8 were required, and they all showed
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Table 1

Antiproton beam momenta, center of mass energies and cross sections integrated in the regioossf € 0.85 for the reactiongp —

Crystal Barrel Collaboration / Physics Letters B 520 (2001) 175-182

nn and mro. Only statistical errors are listed for the cross sections

0.

70,

P; (MeV/c) Js (MeV) Integrated cross section
pp — 7070 (ub) pp— nn (ub) pp — nmO (ub)
1412.3 22226+0.3 241.6+06 94405 35.3+0.9
1416.4 22241403 422407 96+07 36.3+11
1422.0 22261+0.3 40.6+0.7 84+06 356410
1428.7 22284+0.3 40.7+1.2 84405 344409
1436.4 22311403 411406 94405 3%.14+09
1443.1 22334+0.3 38.81+0.6 87+0.6 334+10
1448.7 2235540.3 387406 84406 343410
1454.3 22374403 304406 89+06 385+1.0
1460.5 22396+ 0.3 376+ 0.6 84+05 33.44+0.9
x 10 4
~ 09 F
“e E )0 2
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Fig. 3. 95% confidence upper limits for the product branching rasug,p — &)B¢E — 7n%70), and B(p — £)B(€ — nn), as function of
assumed mass ¢t Two different values of width of, I"(¢) = 10, and 20 MeV were assumed.
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Fig. 4. lllustrating measured differential cross sections figr — 7979 and pp — nn. For nn, cross sections at four energy points
/s =22227-2239.7 MeV were averaged in order to reduce statistical scatter.

smooth evolution from/s = 2222 to 2240 MeV. No  erage of their product branching ratios B¢z 7 ™)

indication of any behavior indicative of a resonance andB(x%79)).

was found. Upper limits can also be derived by using the above
Our measured product branching ratio can be com- result in the other product branching ratios reported

bined with the branching ratios reported by BES to byBES. These are 0.51%, 1.6%, 1.9%, 1.1% and 0.9%

yield some other limits. For example, (95% confidence) for the branching ratios for> pp,
7%0 ntn~, KTK~ andKsKs, respectively.
B(J/¥ — y§) To summarize the results of our measurements of
= [{B(J/¥ — y€)B(E — pp)) pp — 7970 and 1y, we find no evidence for the
0_0v111/2 existence of the narrow glueball candid#t€230)
< {BU/¥ — y&)B(E — 7°7°) }Jges (or f;(2220) anywhere in the mass range 2222
x [B(E — pp)B(& — nono)]gé/z to 2240 MeV. We have established 95% confidence
upper limits for the product branching ratios ofx6
leads to 1075 and 4x 10°° for the formation of&(2230)
. - . . . . . O O
BU/W — y£) > 029% 95% CL 3) in pp annihilation and its decay inta“x" or nn,

respectively. We are led to conclude that either the
which would be comparable to the largest measured narrowé (2230)does not exist in the mass range of our
radiative widths o/ /¥ . (For the BES productbranch-  scan, or, if the BES branching ratio results are correct,
ing ratio for 7%7% we actually use the weighted av- its coupling to thep p channel is very weak.
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