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Continuing our studies of radiativé decays, we report on a search ¥ y» andY — yf;(2220) in 61.3
pb~! of e*e” data taken with the CLEO Il detector at the Cornell Electron Storage Ring. Foysjteearch
the three decays of the meson tor" 7~ 7%, #°#°#°, and yy were investigated. We found no candidate
events in the (&)° modes and no significant excess over expected backgrounds jnytheode to set a limit
on the branching fraction oB(Y —y7)<2.1X107° at 90% C.L. The three charged two-body final states
hh(h=7",K",p) were investigated fof,(2220) production, with one, one, and two events found, respec-
tively. Limits at 90% C.L. ofB(Y — yf ;) X B(f;—hh)~1.5x 10~ ° have been set for each of these modes. We
compare our results to measurements of other radiafivkecays, to measurements of radiatd/ey decays,
and to theoretical predictions.

DOI: 10.1103/PhysRevD.65.072002 PACS nunider13.20.Gd, 14.40.Gx

I. MOTIVATION In this article we present a search for the radiative pro-

. . duction of the other isoscalar pseudoscalar, namelythe
Exclusive radiative decays of the heavy vector stdtefs meson. As with the final staten’, this channel has received

and_Y have k_Jeen the subject Of many experl_mental and theéigniﬁcant theoretical attention. The work of Ker, Kihn,
oretical studies. For the experimenter, the final states from

V— R are easy to identify and measure in that they have Krammer, and Schneid@4] and the followup publication by

high energy photon and low multiplicity of other particles.$<Uhn [5] use highly virtual gluons to predict minimal sup-

. -_pression of radiative pseudoscalar production as the vector
Backgrounds also tend to be small. Theoretically the emis eson mass goes from that of théy to that of theY.

sion of the photon leaves behind a glue-rich environmenfn

from which to learn about the formation of resonances from ntemann[G] u_sed the _vector domlnance_z quMDM) to
two gluons or to discover new forms of hadronic matter.preclet branching fractions fo¥' — y taking into account

Because gluongy) themselves carry the quantum number ofme interference between theand Y, the major contribut-

o QCD allows for sates witmovalence cuancsp, 19 \EE nesos 0 e mode, aer g Srott
but only gluon constituents: “glueballs.” QCD also allows 9

) o = ] might be an additional “anomaly” diagram that contributes
for more exotic combinations such ggq “hybrids.” These gjgnificantly to the radiative decays. Ball, Fegand Tytgat
glueballs and hybrids are not just more resonances in thgorked along similar line§8]. However, Baier and Grozin
spectrum—they represent fundamentally different forms ofyote that their approach applies directly to the “singlet”
matter from the mesons and baryons with which we are senemper of the meson nonet. Feldmann, Kroll, and Sieth
familiar. - pursue the ideas of mixing in the decay constants of the
For the J/ charmonium systenfthe 1,S' state ofcc) pseudoscalars to derive ratios of their radiative production.
many such radiative two-body decays have been observe@hao[10] has taken this approach further, determining mix-
[1], with some of the dominant ones beind,(1270),y7, ing angles such as,, between then, and » in order to
andy7'. However, the only such observation in the radiativecalculate radiative branching fractions. Finally, the recent
decay of theY (the 13S! state ofbb) is by CLEO[2] inthe  work of Ma Jian-Ping[11] uses factorization at tree level
final stateywr, in which an enhancement in the dipion in- with non-relativistic QCD matrix elements to describe the
variant mass consistent with being thg1270) meson was heavy vector meson portion multiplied by a set of twist-2
observed. A recent CLEO sear3] for the radiative produc- and twist-3 gluonic distribution amplitudes.
tion of the " meson yielded only an upper limit. The other search we present here is for the radiative pro-
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duction of thef;(2220), also known as th&(2230), inY Events were required to have the proper number of qual-
decay. Many theoretical calculations of the spectrum of glueity tracks (either zero or twp of appropriate charges and at
balls predict aJ°©=2"" state in the area of 2.2 Geb4. A least three calorimeter energy clustévghich may or may
candidate for this tensor glueball has been seen by som®ot be associated with the tragksf which one had to cor-
experiments, but not by othef]. The most complete claim respond to an energy of at least 4 GeV and be in the barrel
of observation is by the BES Collaboration who have pub-iducial volume (cosf|<0.71). In addition, we required that
lished resultq12] for J/— yf;(2220) with thef;(2220) the events pass trigger critefi20], based purely on the calo-
reconstructed inm* 7, KYK~, pp, and K3KS as well as  rimeter, that were highly efficient and could be reliably simu-
for 707° [13] and for %’ [14]. Of significant interest are lated.

several non-observations. CLEO has not seerf jHa two- For reconstructingr® candidates, the photon candidates
photon interaction§15], which would lend credence to its had to have minimum depositions of 380) MeV in the
being a glueball. However, a narrow resonance in this mas@ﬁ”ﬂ(zntdcaﬁ ﬂ?giozi '?nd Cotﬂld nott be as?oclfliated Witﬂ any
region was not seen ipp production by eithepeTseT[16] ~ Carged track, in addition, at least one o the two photons
or,g more recently, by ?:?ygtal Barrél?])./ This nonobserva- had to be in the barrel region. They invariant mass had to

L 2 (. 0 .
tion sheds doubt on the very existence of fhe be within 50 MeV® (~+90,,) of the knownw" mass{1];
such candidates were then kinematically constrained to that

mass. The photon candidates used in reconstructingythe
meson inyy had to deposit a minimum of 600 MeV in

Our analyses used 61.3 pbof e"e™ data recorded at the the barrel(endcap calorimeter regions, could not be identi-
Y (1S) resonance\(s=9.46 GeV) with the CLEO Il detec- fied as a fragment of a charged track deposition, and had to
tor [18] operating at the Cornell Electron Storage Ringhave a lateral profile consistent with that of a photon.
(CESR. This corresponds to the production Wf = (1.45 For the y(37)° modes we then buily candidates from
+0.03)x 10P Y(1S) mesond2]. In addition, significantly 7 m @ or " 7~ 7. Simulation events were used to deter-
larger samples taken near in time to thi¢1S) data but at Mine the detector mass resolution for these two signal
energies at or just below thé(4S) were used for compari- modes:o,=10.7 and 9.0 MeW?, respectively. Candidates
son to the underlying continuum. The momenta and ionizahad to be withint 30, of the knownz mass. In the case of
tion loss (E/dx) of charged tracks were measured in a six-the ym°#°=° final state, no photon could be common to
layer straw-tube chamber, a ten-layer precision driftmore than onem® combination. To suppress QED back-
chamber, and a 51-layer main drift chamber, all operating ifgrounds in theym " 7~ #° final state, a charged track was
a 1.5 T solenoidal magnetic field. Photon detection and eled€jected if its momentuny, from the drift chamber matched
tron suppression were accomplished using the highits energy,E, as measured in the calorimeter as G-&p
resolution electromagnetic calorimeter consisting of 7800<1.05.
thallium-doped Csl crystals. The work presented here used Then,Y candidates were formed by combining the high-
only events with the primary, high-energy photon in the bar-energy photon >4 GeV) with the# candidate, requiring
rel portion of this detector, defined &s0s9|<0.71, because that this photon not already be used in reconstructing the
the energy resolution for photons and reconstruction effievent. To be considered, such a candidate had to have an
ciency of the recoiling neutral mesons are degraded in thévariant mass withint 300 MeV/c? of \s=my, a window
end cap regions and because the efficient, well understooef roughly three times the detector resolution as obtained
triggers involve only the barrel region of the calorimeter.from our simulations. Although, in general, multiple candi-
Between the central drift chamber and the electromagnetidates per event were not restricted, there were two excep-
calorimeter, strips of scintillating plastic were used for trig- tions: (i) in the case ofp— 7°7°#°, if two » candidates
gering and for measuring time-of-flight. Proportional track-shared more than four photons, the candidate with the better
ing chambers for muon identification were located betweercombinedy? for mass fits to the threer® candidates was
and outside the iron slabs that provide the magnetic fluxaccepted; andi) in the case ofp— 7" 7~ a0, if two candi-
return. The Monte Carlo simulation of the detector responselates for the neutral pion shared a daughter photon, the one
was based upoEANT [19], and simulation events were with the better fit to ther® mass was taken.

Il. DETECTOR AND DATA SAMPLE

processed in an identical fashion to data. After these highly-efficient procedures were applied, we
foundno candidates in either the 61.3 pbof Y(1S) data or
lll. SEARCH FOR Y—yn in 189 pb ! of continuum data samplés.

From Monte Carlo simulations, the overall efficiencies for

Our search forY — y7 involved the decays;—yvy, 7 each channelg;, were determined to be (7:6.8)% and
— w7070, or p— 7t~ 7O the latter two will collectively

be referred to as (8)°. We followed procedures very similar

to those used in our recent publication on the' final state The end cap region is defined as 0:880<0.95; the region

[3]. In order to maximize detection efficiency and minimize petween this and the barrel fiducial region is not used due to its
possible systematic biases, we employed a minimal numbgjoor resolution.

of selection criteria, with combinatoric background largely 2while some of these data were at f§i€4S) resonance, we note
suppressed by requiring reconstruction of bothYhand»  thatB meson decays cannot have a high energy photon so that the
mesons. analysis of these data yields onhglscor QED backgrounds.
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— T T Teotipre, TABLE I. Systematic uncertainty contributions, as relative per-
' Corrected Data ] centages, to the efficiency for the studied decay modesYfor
q — —y7. The combined uncertainties were obtained using quadrature
T 1 addition.
o .
§ & ]
22 o (I | Uncertainty source vy w77 ata O
2 l . Fiducial requirements 2.2 2.2 2.2
@ ol ‘ | | I Track reconstruction - - 2.0
‘g N I ' ‘ N ‘ ‘ I 7,7 reconstruction fromyy 3.0 9.0 3.0
ar E/p criterion - - 3.2
- o . . .
< o il Trigger simulation 2.0 2.0 2.0
B I Y mass distribution 2.0 2.0 2.0
L N ]l Variation of o, in the fit 5.0 - -
400 500 6200 700 Monte Carlo statistics 1.6 2.4 1.0
m,, (MeV/c) Combined uncertainty 7.0 10.0 6.0

FIG. 1. Shown as solid circles is the diphoton spectrum for
Y(1S) data after subtraction of th¥(4S) data, appropriately
scaled. TheY (1S) data are fit, using a likelihood technique, for a Mass resolution ofr,.,=15.7 MeV/c? is taken from simula-

Y (1S)— vy signal plus the scalel (4S) spectrum, as detailed in tion of signal events. The result of this subtraction is shown
the text. The superimposed curve shows the signal portion of the fin Fig. 1; the integral of the entries in this figure is 4.3
result. +9.4, consistent with zero.

(26.7+1.5)% for the decay chai ding i 0.0._0 We then performed a binned likelihood fit of th&(1S)

= 29) 70 100 Wy Chains ending wi—m=m"7"~  qata ysing the value of the corresponding bin in the scaled
and p—a" @ -, respectively. The uncertainties here in- i tion from theY (4S) data and a Gaussian signal func-
clude the statistics of the Monte Carlo samples and our esti-

mates on possible systematic biases, which we discuss bggn' Here the Gaussian had a mean of the establishpd

low. Including the branching fractions for the decays[1] value of the mass of the meson and a width taken from our
anoi their uncertainties gave[ e, 3, (= (8.7+0.5)% for Y simulations of the signal«,,=15.7 MeVk?). The result of
o (37)° 9 = T the fit is shown in Fig. 1, yielding 4:03.8 events. Bin-by-

For the final stateyyy, the significant QED background bin statistical variations in th& (4S) spectrum were taken

compelled us to change the order of the constraints on th'é]to account by performing this procedure multiple times,

. - . each time randomly assigning the number of events in each
meson reconstruction and to add one additional selection crg—{(4s) bin according to the statistics of that bin. The distri-
terion. Here wefirst took three photons, as defined above’bution funétion used?n determining the limit was .the average
and required tham.,.,— my|<300 MeV/c?. Then we took 9 9

. . of these several functions.
theAplf;?gtjc;n;égkg?érjnzngxﬁ);gtﬁ]dbtg;ah StRZ(C{réJm?jY (4S) _ For this que our ovgrall reco_nstruction eﬁ_icier_lcy from
data sets, peaking near 0.40 Ge¥/From scanning such signal simulation, including possible systematic biases and
events it is evident that these aée ™ — yy events with pair
production by one of the photons giving a final state of o T
yeTe . Tracks were not reconstructed in this subset of 10 "5\ . -Combined
events due to the timing characteristics of the energy-based

1601001-014
— T T ]

triggers in CLEO Il. Such conversion events have their 1072
showers separated only in azimuth, in that the lepton pair has 3
zero opening angle and any observed separation is due only _.:310_3
to the bending by the magnetic field. Therefore, to suppress [
this ye*e™ background, we removed events for which the |

angular separation in the calorimeter had no polar angje (
component.

To show that most of the remainingyy background is of
QED or continuum origin and not from thé(1S), we took
the higher-energy data and performed the same analysis. We
then subtracted this spectrum mf,, from the Y (1S) spec-
trum, after scaling it by the relative integrated luminosity, the

1074

107°

HW T IHIIHl T TIIIIIW T \WHHH

L L

O

1 2
Branching Fraction (10'4)

w IIIIH‘ | \HHIIl | \IIIIH‘ | HIHII‘ | IIIHH‘

FIG. 2. Likelihood functions for branching fraction from the

relative reconstruction efficiencies, and the relative produCyee final modes studied in our analysis and the combined likeli-
tion rates. The last of these is determined framisc con-  hood function. All distributions include smearing by systematic un-

tinuum simulations at the two energies, for which we certainties and have been normalized to unit area. The dotted verti-
counted the number of events having one two-photon comeal line is at 90% of the area of the combined function, namely

bination with an invariant mass withine3,, of m,. The = 2.1x10°°.
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TABLE Il. Results for the search of — y#. Results include statistical and systematic uncertainties, as
described in the text.

Yy w0700 ot 70
Observed events 43.8 0 0
B, (%) 39.2-0.3 32.2:04 23.x0.5
Reconstruction efficiency (%) 27471.9 7.6-0.8 26.7+1.5
B(Y—y7n) (90%C.L.) <28.2x10°° <6.7x10°° <2.6x10°°
Combined result <2.1x10°°

statistical uncertainties from the simulation, dé5,=(27.7  tions, as shown in Fig. 2, to 90% of their areas resulted in
+1.9)%. limits for 10°X B(Y — y7) of 28.2, 6.7, 2.6, 1.9, and 2.1 for
The major sources of possible systematic uncertainty inyyy, ym°m°m°, yz* 7~ % y(3m)° and all combined, re-
our efficiency calculation fol — y# are shown in Table I. spectively. The number of observed events, detection effi-
These follow closely those detailed in our prior studyYof ciencies and limits are presented in Table 1.
—yn' [3]. The degree of uniformity and definition of the ~ To show that we could use CLEO data to obsemeand
fiducial volume of the barrel calorimeter-(2.2%) relates to 7 mesons we also applied our same selection criteria, with
our modeling the detector response to the proper anguldhe exception of requiring a high energy photon, to samples
distribution for this radiativeY decay. Uncertainties in taken at théY' (1S) and at or near tn€(4S). Figure 3 shows
charged-track reconstruction-(1.0% per track and trigger ~examples of inclusive yields of mesons in thé&'(4S) data
effects (+2.0%) were determined from previous detailedthat are consistent with the expected rdtels
CLEO studies of low-multiplicity 7-pair and yy events.
Similar studies allowed determination of the possible uncer-
tainty in the reconstruction of° and » mesons from pho-

tons[21] (= 3% per meson this relates to our ability to find Our search forY— yf;(2220) used the three decay

and measure the daughter photons and, in the case of thi@ains observed by BE$12] that involve two charged
neutral pions, to have the two-photon invariant mass b?racks:fj—m*ff foKTK™ ande—>pE We followed

within the =90, window around the established’ mass. procedures very similar to those used in our publication on

Our ability to model theE/p requirement in they * T the observation[2] of two-body radiative decays ifY
final state was assessed using charged pions K%miecays sy,

and assigned an uncertainty 0f3.2%. Shower leakage and  Eyents were required to have two quality tracks of oppo-
other calorimeter effects make the mass distribution¥or  sjte charge with one energy deposition in excess of 4 GeV in
candidates asymmetric; based on CLEO experience with €xne parrel fiducial volume|¢osf|<0.71) of the detector. The
clusive radiativeB meson decayf22] we have assigned an eyents were also required to pass trigger requiremeis
uncertainty of 2% regarding our ability to model these that were highly efficient for this process and that could be
effects. Based on a study of varying the mass resolutiong|iaply simulated.

04, In fits to the data before all the final criteria were im-  Backgrounds from QED processes suchd9)utu™
posed, we assign a systematic uncertainty-80%6 from this  anq y(y)ete™ are potentially large, so we next imposed
source. These uncertainties were added in quadrature, aloggteria to minimize them. At least one of the charged tracks

with the statistical uncertainty associated with the size ok to extrapolate to the barrel muon detector and have mo-

Monte Carlo samples, to obtain the overall systematic unceimentum above 1.0 Gew/and yetnot be identified as a
tainty in the efficiencies.

The systematic uncertainties and the statistical uncertainty
in the number ofY (1S) decays are incorporated by a Monte
Carlo procedure to obtain likelihood distributions for the
branching fraction in each mode asB3(Y—vy7)
=N, /(eNy). In this approach we produce multiple experi-
ments withN,, from the likelihood function appropriate for
each decay modend then divide by an efficiency and by a
number ofY (1S) events, each picked from a Gaussian dis-
tribution about their mean values with the appropriate stan-
dard deviations. Summing the resulting likelihood distribu-

IV. SEARCH FOR Y — f (2220

1601101-019
T

(a) n—yy

] (b)l n'—w'r*n a°

10

N W b
o O O

-
o

TEETEREEEET.T i i i ; Llo
500 600 500 550 600
Candidate Mass (MeV/c®)

HO
orTTTT
ol

Candidates (103 / 1.4 MeV/c?)

FIG. 3. Thenp— vy and p— o " o~ «° invariant mass distribu-
tions from data taken at or near th&(4S). The plots give the
SFor the two 3¢r)° modes, which have no events actually ob- invariant mass distributionéhistogramy which are each fit with
served, this likelihood function is a falling exponential as accordingthe sum(solid lineg of a polynomial backgrounfashed linesand
to Poisson statistics. a Gaussian signal.
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r T2 O scaled the normalization of the” 7~ invariant mass distri-
60 E I :1%3 bution from the higher energy data /(se) to take into
401_ E ” E fﬁ§ account luminosity, the energy dependence of the cross sec-
o 2022 231° S tion, and the reconstruction efficiency. We observe an excess
20 = of (29.4+16.6) events for th&'(1S) data in 0.45 Ge\¢?
E e Uk a] <m,,<1.1 GeVk?, consistent with zero excess.
D |\1I| ( GeV/czz) 3 We studied backgrounds to tHg(2220) in three ways.
S T2 When we determined upper limits we used the smallest of
330; ] I '1;,_% the three, thereby being the most conservative. In two of
ot ] | | " l I gg these, we used the data sets taken at or just beloW (4&)
9',20-_ 20 22 22° o and accepted candidates within a background box width
Q i ] +10I'¢ centered am;. To understand the relative rates of
go il P production for background events at the two energigs (
m 10 15 20 25 30 =9.46 vs 10.56 GeV), we first simulated thelsc con-
50 M}‘K, (‘?‘?V’?’ , . 2\‘“§ tinuum, including initial state radiative effects, and for all
4L 3 Il ‘123 events with a high-energy photon counted the number in
3f | ” 1a8 which the invariant mass recoiling against the photon was
of o within = 2T"; for the Y (1S) energy, or within= 100" for the
£ ’ﬂ_‘ H 3 higher energy; i.e., we did not fix the photon energy but
obL. . L H L ﬂ HH E rather the recoil mass region so that higher energy photons
1.5 2.0 25 3.0 were involved in the events afs=10.56 GeV. The ratio of
M5 (GeVic?) these numbers is 0.17 as compared to the naive correction

factor of 0.2 from the ratio of box sizes; i.e., the relative
FIG. 4. Dihadron invariant mass distributions for data eventsproduction rate at th&’(1S) is 86% of that at the higher
passing all selection criteria. The inserts show magnifications of th%nergy.
signal region. The vertical arrows in the inserts indicate the limits of If the dominant background in the signal region were
the signal box, which are at2I', I'=17 MeV/c?. No events are from processes such e§ef—>7p’ or e*e’—qu, then the
common to the signal regions of these channels. scaling would be as 4/ In that case th& (1S) probability
would be 124% that of the higher energy data.

muon. Foreachtrack the ratio of calorimeter energy to its o
. There may also be background contributions from other,
measured momentum had to satisB/p<<0.85 or E/p as yet unmeasured, radiativé(1S) decays[e.g., Y

>1.05, i.e., inconsistent with that expected for an electron. ; .
The tracks could not be consistent WiF'zh coming from a pho-__ ¥f4(2050)], which are not accounted for when comparing

ton conversion and had to have an openina anale betwe to the higher energy data. Therefore, as a third measure of
o P 9 ang e background, we look in the sidebands of theegion of

them of less than 162°. For each of the three decay mode:[ﬁe di-hadron spectra from thé/(1S) data, namel

(h==",K*,p) we established four-momentum conserva P ; y

1. 2<mpp<2. 2 . 2
tion by demanding —0.03<(E. - J9)/\s<0.02 and 1.900 GeVEt <my,<2.200 GeVEs and 2.264 GeW

- ) ) <myp<2.500 GeVt?. The number of events found in this
|Pyhnl <150 MeVic; these represent approximatety3o in - region is then scaled by the ratio of the bin widths to predict
our detector resolution and take into account the effect of,e background in the signal region.
initial state radiation. We did not explicitly reject multiple For the channef;— =+ 7, we observed one candidate
combinations per event, and none were observed in Oyp the + 2T, signal region of theY (1S) data setsee Fig.
simulations of th(_e signal. .For gach of the three queg W@ g). There were eight events in the broadetOl'; box at the
then plotted the di-hadron invariant mass, as shown in Fig. 4yigher energies, which when scaled by luminosity, efficiency,
In that we will be comparing our results to those of BES ang the production raties obtained fronudscsimulations,
[12], we use a mass af;=2.234 GeVt” and a natural  gescribed aboveyave a mean background level in the signal
width of T'y=17 MeV/c? for the f; resonance. Our “signal box of u,(7)=0.12 events. Using the d/caling or the

box" is defined as*2I'; centered am;. For comparison, sjgeband technique yielded 0.17 and 0.36 events, respec-
our signal simulations indicated mass resolutiomg Of  tjyely.

statesr" 7, K"K, andpp, respectively. event in the signal box in th¥ (1S) data(see Fig. 4h The

The dominant continuum process endingyimr 7~ is  analysis of the higher energy data showed 14 events in the
e*e”—yp. We used this reaction in two ways. First, we +10['; background region, distributed uniformly. When
repeated the prior analysis of two-body radiative ded2ys scaled appropriately for luminosity, efficiency, and produc-
to show that we could reproduce the shape and magnitude ¢ibn rate(as described aboygthis gave a mean background
the yp enhancement. To help us understand backgrounds we
also studied data taken with an integrated luminosity of ————
838 pb ! at energies at or just below thé(4S), recorded  “This is similar to the approach used in the studyYofs 7y
close in time to ourY(1S) data. Before subtracting, we — yyy described in the preceding section.
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TABLE lIl. Systematic uncertainty contributions, as relative lation of the geometric acceptance, assigning a systematic
percentages, to the efficiency for the studied decay mode¥ for uncertainty of-10%. As in our search fo¥ — y#, we use
—7f5(2220). The combined uncertainties were obtained usingyrevious detailed studies of low multiplicity’ 7~ and yy

quadrature addition. events to study uncertainties in track reconstruction and mo-
— mentum measurement-(1.0% per track and trigger simu-
Uncertainty source fyma 7™ £,—-K'K™  f,=pp  |ation (~+2.6%, and slightly dependent on momentum of
Angular distribution 10.0% 10.0% 10.0% the charged.daugthrS.Also, as before, we use previous
Trigger simulation 2 6% 2 6% 2 7% CLEO exp_er|en(_:¢22] with rr_;ldlatlveB_ meson decays to as-
Track reconstruction 2 0% 2 0% 200 Sess possmle biases %) in ourY invariant mass deter-
Y mass distribution 2. 0% 2 0% 2 0% ::mr;atlon due to shower leakage and other calorimeter ef-
> ects.
E/p criterion 2.6% 1.7% 0.3% To evaluate the correctness of our simulations of the elec-
Muon suppression 9.9% 13.8% 5.7%  tron and muon rejection criteria, we analyzed charged pions
TOF identification - - 20%  from 7~ —p v, with p~— = 7° (and charged conjugates
Monte Carlo statistics 1.0% 1.2% 0.9%  for poth data and Monte Carlo calculations. Using restrictive
Total (quadrature sum  14.8% 17.6% 12.3%  selection criteria on the masses of tiéandp ™~ mesons, on

the specific ionizationdE/dx) of the charged pion, and on

in the signal region ofu,(KK)=0.21 events. Using theq/ the opening angle between the pions, we are left with a

scaling or the sideband technique yielded 0.30 and o.78ample of charged tracks which is, according to the simula-
events, respectively. tion, over 98% pions with less than 1% each of electrons

The situation forf ,—pp was different. Assigning proton and muons. Weighting the observed differences between

simulation and data for thegedata by the momentum spec-
masses to the two charged tracks moves the large peak fro{Pa of the pions in the . simulation shows that we need to
e"e — yp into the signal region. Although our selection . P J

1Ci i 0, 0,
criteria for conservation of four-momenta removed most of o' case our efficiencies by 2.6% and 9.9% due to the effects

these backgrounds, we added a restriction that the '[ime-oP—f t_he E/p and muon requirements, respectively. We also
flight as measured in the scintillation system be consistenf>S'9ned @ systematic uncertainty of that same magnitude for
for the two tracks to have proton masses, given their meanese possible biases. For the final stae ™~ andpp, we
sured momenta. Also, nucleon-antinucleon annihilation ca$c@led these uncertainties by the relative inefficiencies for
deposit large energies in the electromagnetic calorimeter, S3Vents to pass these two criteria in our signal simulation, as
our requirement orE/p would be very inefficient for anti- |nd|cate_d in Table _III. We note that the r_nag_nltude_ of_ th_e
protons; therefore this requirement was removed for thélncertainty stemming from the muon rejection criteria is

M N . A
negative track. The resulting distribution @fp invariant similar to that from our prior work2] on Y—yz @,

. 0 . . .
mass s shown i ig 4c, having o candidate evenis n 81 L 3% 00 o eueiel i heepe el
signal box region of+2I'¢. In the higher energy data the y

background was no longer linear, due largely to the feedpossible mismodeling of the time-of-flight identification we

through ofe*e™— yp events. We therefore fit this distribu- followed the strategy used in our studg4] of yy—pp.

tion to a Gaussian for thigp portion and a flat contribution. Here we varied the widths of the timing distributions by
Integrating the fit result over the signal box region and cor-=20%, which is about four times the precision to which they
recting for relative efficiencies, integrated luminosities, and®® known. This changes the reconstruction efficiency by
production(as described aboygave a mean background for + 2%, which we assigned as the systematic uncertainty from

this mode ofuy(pp) =0.28 events. A ¥ scaling would im- 1S SOUICe.

. - . . To determine confidence limits for the results of this
ly 0.40 events of background in the signal region, while the .
gigeband technique ga%/e a somewhagt] IargefJ result of 0.4 alysis, we followed the method advocated by Feldman and

events ousing 25], which avoids under-coverage of confidence in-
In ahalyzing these three decay modes, we found that thgervals. We adapted their method by replacing the confidence

signal regions are kinematically distinct so that no events ar tervalg for d|fferent mean qumbers of observed evqmts!
common to any two of them. y confidence intervals for different values of the branching

To calculate reconstruction efficiencies we used oquaCtion’B:'“‘/(NYE)' The uncertainties in the efficiencies

Monte Carlo simulations, based again @BANT [19], with and in the number oY (1S) produced were incorporated by
— ’ .oy i smearing the central values with Gaussian distributions. Fi-
Y — yf; andf;—hh for each oth=7",K™,p. The efficien-

! : . . o .. nally, we extend the confidence limits so that they cover the
cies, including possible systematic biases and uncertalnthﬁteger values allowed by Poisson statistics

(as _d|_scussed below and summarized in Tablg dfid the Before including systematic effects, we obtain 90% con-

statistics of the Monte Carlo samples, were (28.8. . —

+4.2)%,(21.9£3.8)%, and (27.2 3.3)%, respectively. fidence |nterv§lss for th(f DEOdUﬁ(Y_WfJ) X,f(fﬁhl‘) 9f
The simulation of signal events was generated uniformlflg< 10.2¢10°° for w” ™, BB<13.1x10"" for K"K™,

in cosA of the high-energy photon. Using the analysis forand the range 0710 °<BB<14.3<10 ° for pp. Note

J/y— yf5 with J=2 [23] we have evaluated the range of that for thepp case we have an interval with both lower and

possible angular distributions and their effect on our calcuupper limits. After adding these systematic effects, we obtain
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TABLE IV. Results of the search foY — yf;. The estimated background, obtained by scaling by the
simulated continuum production rates, is the smallest of the three estimates of background levels and leads to
the most conservative upper limits. The efficiencies and limits include systematic effects. The last row of
entries is a scaling of the BES results fiis decays.

fo—amta fi—KTK™ fJ—rpF
Observed events it 2I'¢ 1 1 2
Scaled continuum backgroungk ) 0.12 0.21 0.28
Overall efficiency (28.84.2)% (21.9:3.8)% (27.2-3.3)%
B(Y — yf;) X
B(f,(2220)—hh)(90% C.L.) <12.0x10°6 <15.5x<10°6 <16.2x10°8
By — yf)X
B(f(2220)—hh)x 0.04 1.57059x 1078 25 12x10°¢ 0.7+0.3x10°®
BB<12.0x10 ® for 7" 7™, BB<15.5x10 © for KK, B(Y—yn) . .
and the range 03810 ®< B3<16.2x 10 for pp. As noted Ry )= Bty gy 0024 (0% CL), ()

earlier, we have used the estimate of the backgroymglsas
determined by the simulated production ratios. Using largeBnd, looking instead at the ratios of the two final states for a
background estimates, such as froms 4¢aling or sideband given vector parent,

comparisons, would give lower upper limits and eliminate

the lower limit in the case of ;— pp; for these three back- Ry(7,f,)= M< 032 (90% CL), (3
ground estimates the probability of observing two or more B(Y —yf3)

events is between 3 and 8%, insufficiently small to claim a

signal in this decay mode. We therefore take the conservative Ryu(m.2)= B3l y—ymn) —0.62+0.09. @
approach and quote the 90% confidence level upper limits as B(JIf— vfy)

given and quote no lower limit for any of the channels. The ) ) ) )
results of our analysis are summarized in Table IV. These results were obtained by including the various uncer-

following the traditional approach of summing up the Pois-"atios, we assume that all the uncertainties fromJhj and
son distributionP(<n|u)=e #X(1+pu+---+u"nl) to Y measurements are uncorrelated. Our limits show that the

90% C.L. Forn=1 and 2, this gives limits of.=3.88 and  Pranching fractions intoy» and yf,(1270) behave differ-

5.32, respectively. Ignoring backgrounds the correspondin§Ntly in the cases ai/y andY, although not as dramatically
upper limits on the product branching fractions, including@s in the case of —y»’ [3]. In addition we form the double

systematic effects, aré88<9.3x10°6 for = 7, BB  ratio

<12.2x10 ®for K*K~, andBB<13.5< 10 © for p; Note Ry(7,f5) B(Y—=yn) Bl p—yf,)
that this method can lead to under-coverage, as outlined in R= : T BOY oo X B3I 0.53
the paper by Feldman and Cous[i25]. Ruy(m.f2)  BOY—=vyi2)  BQIg—yn)

®

at 90% C.L. This is to be compared with the prediction of

V. COMPARISON TO PRIOR RESULTS AND THEORY ..
Korner et al. [4] of

The only other reported analydi§] of B(Y — y7) is by

Crystal Ball[26], which determined a 90% C.L. upper limit ® —H)—O 42 ®)
of 3.5x10™% our limit of 2.1x10°° is ~17 times more theory™g 24~ =
stringent.

We can then use our new limit aB(Y — y7), the mea- Chao’s technique[10] first calculates mixing angles

sured enhancemen®] near 1270 MeV¢? in Y—yms, among the various pseudoscalars, extendingJffe=0""

and the measurements of3(J/y— yf,(1270)=(1.38  nonet to include heavier cousins such as#ie Then, using
+0.14)x 10 2 and B(J/yy— y7n)=(0.86+0.08)x 10 3 [1]  the predicted allowe¥1 transitionY — y#,, Chao predicts
to create interesting ratios. Here we assume that the observ€d2<B(Y — y7)<0.5X 10" °, which is consistent with our

structure in the dipion mass spectrum near 1270 MéWt  limit. We note that in our prior work3] we did not know of
the Y study is totally due tof, production, which implies Chao’s prediction of &£ B(Y — y#')<3X 10>, which is to
B(Y — yf,(1270)=(8.2+3.6)X 10 °. We then obtain be compared with our upper limit for that process of

1.6X107° at 90% C.L.

BOY — yf,) Intemann’s extended vector dominance model gives
Ri(Y,J/ )= B St AT 2 =0.061+0.026, (1) 6.5X 10 8<B(Y — y7)<1.2x10 7, with the two limits de-
Bl p— vf,) termined by having destructive or constructive interference,
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e . e As a quantification of this situation, we have used a
j’,‘;:m PDG.PDG Monte Carlo technique to evaluate the ratio of the CLEO and
T— ® PDG BES[12] results: i.e.,
Jhy =ty £, = BES @+
ety £ KK B(Y —vf,)
Jhp = b, T, = K*K BES —@- _
Iy =iy, £~ PP , —e-1 BES Jy Ri, (Y, )= By —yfy)
T &Eﬂ—O—-O—| ol T —
T—n' L O -9 P +—e—i CLEO = BY =71y B(f‘]ﬁhh)_ . (8)
T—~, '*A" A Scaling by ¥ B(J/lﬂ - 'yf,]) : B(fJHhh)
Y=oty fy—an” | A, O KKKS ' o
Yoy f, KK A 0 O Intemann For the deno_ml_nat(_)r we add the BES statistical and sys-
T—4f,, f,~ P %, r -9 Chao tematlc_uncertalntl_es in qqadr_ature anql throw BES _“experl-
o e e e e e ments” in a Gaussian distribution, keeping only physical val-
Branching Fraction ues. In all three caseh & 7" ,K™,p) we can only say that

I 0, -
FIG. 5. Radiative decays af/¢ and Y(1S) vector mesons. RfJ Is less than roughly 0.50 at 90% C.L., an order of mag

Shown are the experimental resultss solid circles or limit bays ~ hitude from the predicted ratio of=0.04.

from the PDG for the well-established radiatiéy decays to, We also note that the Crystal Barrgl7] Collaboration
n', andf,(1270), from BES for the three charged modes of radia-has combined their results with those of BE®] to obtain
tive decay to the glueball candidatg(2220), and from CLEO for that B(J/— yf;(2220)>0.003 at 95% C.L. Applying the
the Y decays. The solid triangles give the values for radiative naive scaling factorF would then predict thatB(Y
decay based on radiatiiéys decay and the naive scaling involving — yf;(2220)>1.2x 10 #; this would be larger than the

the masses and charges of the constituent quarks. Various explic|_LEO result[2] for the radiative decay t6,(1270).
theoretical predictions for the radiative production ®fn’, and

f,(1270) are shown as open symbols. For references see the text. VI. SUMMARY

respectively, between the terms involving and Y'. This In summary, we have used the CLEO detector operating
range of predictions is well below our new limit. Ma uses a@t the CESR storage ring to search for two-body radiative
technique in which the decay amplitude factorizes into a¥ (1S) decays. In the work presented in this article, we re-
non-relativistic piece describing the bound state of the heavported specifically on searches for the deday- y» with
quarkonium and an expansion in “twist” to characterize thethe subsequent decays— 7707, p—m" 7 70 and 5
conversion of the gluons into the final state meson. The pub=>"Y7Y and for the decayf — yf;(2220) with the subsequent
lished valug11] wasB(Y — y7)=1.2x 107, although sub- decays of the glueball candidate of,—= 7", f;
sequent corresponden¢27] indicates the correct value is —K*™K™, andf;— pp. Including our prior published results
actually 3.3 10" ’. In either case, these are significantly be-we have the following: for the decay — ym [2],
low our limit. Feldmannet al. [9] predict the ratiol'(Y
—y5")IT(Y— y75)=6.5. Given that we only have limits on B(Y—yn'n )=(6.3+1.2+1.3)xX10°
these two processes, we cannot address their prediction. 2

For the glueball candidate, our 90% C.L. limits on the [Mz>1.0 Geves,

product branching fraction8(Y — yf ;) XB(fJ—>hF) areon and

the order of 1.5 10 ° for each of the three modes. In Table 0 0 s
IV we show the results from BERL2] for these channels in B(Y —ym m")=(1.7£0.6=0.3) X 10
radiative J/ ¢ decay, scaled by a factor of. This scaling 2

arises from the naive expectation that the amplitude for the [m77>1.0 GeVer,
radiative process of meson formation varies directly as th%nd, assuming the enhancement in the invariant mass spec-

quark chargeto couple to the photgnand inversely as the ,m for #* 7 in the region of 1.3 Ge\? is due to
guark massgfrom the fermionic propagator between the pho—f2(1270) production

ton emission and the resonance formati@ne then squares
this to get the rate and corrects for the full widths of the B(Y — yf,(1270)=(8.2+3.6) X 10™%;
heavy quarkoniql] to obtain

for the decayY — y#’ [3],

2
}_Z(Qbmc) T _goa 0 B(Y—y75')<1.6x10°° [90% C.LJ;

acmy 1—‘Y
for the decayY — y7,

Here we have used masses of 1.7 G&#Viand 5.2 B(Y—y7)<2.1x10°° [90% C.LJ;
GeV/c? for the charm and bottom quarks, respectively. As
shown in Table IV and in Fig. 5, our limits on radiative and for the product branching fractions involving the glue-
f3(2220) production do not confront these predictions. ball candidatef ;(2220),
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B(Y—=yf )X B(fy;— 77 )<1.2x10°° [90% C.L],
B(Y—yf) X B(f;—KTK™)<1.6x10° [90% C.L],
and

B(Y —yf))xB(f;—pp)<1.6x10°° [90% C.L].

PHYSICAL REVIEW D 65 072002

cays;(iv) the CLEO results summarized above; dugthe-
oretical predictions from Kimeret al.[4], Intemann 6], Ma
[11], and Chad10].
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