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Using a 4.19 fb! data sample collected with the CLEO |l detector at the Cornell Electron Storage Ring, we
have searched for dipion transitions between pairsYofesonances at center of mass enerdigs,
=10.58GeV and E.,,=10.52GeV. We obtain the 90% confidence level upper limB§Y (4S)
—Y(29) 7wt 77)<3.9x10 * and B(Y(4S)— Y (1S)#" 77 )<1.2x10 *. We also observe the transitions
Y(3S)—=Y(19) 7 7w, Y(39)—=Y(29) w7, and Y (29— Y (1S) 7" =, from which we measure the
cross sections for the radiative processge —Y(3S)y and e*e” =Y (2S)y. We obtain TeeY(39)y
=(17.8£3.0=1.7) pb andoee y(2s),=(15.5+1.3=1.4) pb atE;,=10.58 GeV, andocc .y(s),=(27.3
*+5.0+2.6) pb andree_v(2g),=(16.31.8= 1.5) pb atE; ,,=10.52 GeV, which we compare with theoretical
predictions[S0556-282(99)02303-6

PACS numbd(s): 13.25.Gv, 13.65ti

[. INTRODUCTION the large amount of CLEO I (4S) resonance data and
our familiarity with the systematics of such transitioj#g
Bottomonium dipion transitions have been the subjecimake it worthwhile to perform a dedicated search for
of many studies[1-3]. So far, theoretical efforts have the transitions Y(4S)—Y(2S)#*#~ and Y(4S)
concentrated on investigating dipion transitions between.,y(1S)7" 7.
pairs of Y resonances beloBB threshold production, in We can also measure the cross sections for the processes
part because of complexities in the theoretical analysi#®e —Y(3S)y and ete”—Y(2S)y by reconstructing
of coupled-channel effects above tB8 threshold. There the decay chains Y(n§—Y(m9n =", Y(m9S
are no experimental results o¥i(4S) dipion transitions; —e*e ,u"u” with (n,m)=(3,1), (2,2, (3,2. These
one would generally expect very small branching fractiongprocesses are important in determining the accuracy
for such Y (4S) decays due to the large Okubo-Zweig- of theoretical calculations [5] and experimental
lizuka- (OZI-)allowed width forY (4S)—BB. Nevertheless measurements] of the cross section for hadron production
in e*e” annihilations at \'s~10GeV. The process
e"e"=Y(nS y—y+hadrons comprises one of the
*Permanent address: Yonsei University, Seoul 120-749, Korea. largest systematic uncertainties to the measurement of
'Permanent address: University of Texas, Austin TX78712.  R=o(e*e”—hadrons)b(e*e”—u"u™) in the Y region.
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FIG. 1. Plots ofwll invariant mass vs recoil mass for the state particles in the CLEO Il detector.

Y(nS—=Y(mYnw*7~ transitions from data:(a) at Eg
=10.58 GeV[on theY(4S)], (b) at E. ,,=10.52 GeV[below the
Y (49)]. IIl. EVENT SELECTION

In our analysis ofY(nS)—Y(m9='x~ transitiond
we reconstruct theY (mS exclusively from the decays

The CLEO Il detector, described in detail elsewhgtp ~ Y(mS—e'e ,u"u". The following selection criteria
is a general-purpose magnetic spectrometer and calorimetéfe common to all five transitiong1) we require a total
for measuring charged and neutral particles. The majoof four good quality primary charged tracks in the event
subsystems of the detectdin order of increasing radius with zero net chargg2) two of them(the lepton candidatgs
from the beam pipeare the central detector, time-of-flight must have momenta greater than 3.5 Ge\hd originate
scintillators, the crystal calorimeter, 1.5-T superconductingrom the interaction region, defined as a cylindrical volume
coil, and the muon chambers. The central detector consistsf 3 mm radius and 10 cm length aligned along the beam
of three concentric drift chambers and is used for reconstrucaxis and centered on the e~ collision point; (3) the other
tion of charged particle momenta and measurements Gfyo tracks (the pion candidatds must have momenta
specific ionization energy lossiE/dx) for particle identifi-  |egs than 1 Ge\W and originate from a similar cylindrical

cation.z This systgm achieves a momentum resolutionglyme 4mm<12cm centered on the interaction point;
(p/p)?=(0.001%)?+ (0.005f, wherep is the momentum (4) we identify electrons by requiring the ratio of the

in Gevic, andhcovers ?5% of ft%ezf/oﬁd aé'ﬁli'hTUE/ dkx associated electromagnetic shower energy deposited in the
;nig/su]ferrn?nri‘;irﬁsr;e?onﬁ'iﬁn oh dr 3 OrTh a tirr? Eriif(_:flis’h? lorimeter to the momentum of the matching track to be
470 10l um 1o 9 i adrons. € E-OTIgN 15se to unity and the lateral pattern of energy deposition
system is used in two ways: for the lower-level trigger, to be consistent with the electron hypothesiS) muons
and for measuring the flight time of particles to help in . o o yp .
are identified by requiring the maximum penetration depth

particle identification. The crystal calorimeter, which h track didate into th ¢ bsorb
measures the energies deposited by neutral and charg@& € muon track candidate into theé muon system absorber
0 be greater than three hadronic absorption lengths;

particles, consists of 7800 thallium-doped cesium iodide

(Csl) crystals arranged in a barrel and two endcaps.(G) we require the cosine of the opening angle between

The central barrel region of the calorimeter covers 759¢1€ Pion tracks to satisfy cgsfp;)<0.9 to suppress
of the solid angle and achieves an energy resolutioP@ckground frome & —e e yevents withy-conversion
SE/E(%)=0.35E975+1.9- 0.1E, whereE is the shower when the resulting™e™ pair fakes ar™ 7 pair; and+(7)7to
energy in GeV. The endcaps extend the solid angle coveragIHrtrler_ +re_duce background ~ from e’e” —e’e"y
to about 95% of 4, although they provide poorer energy € € € € events we requirdonly in the ee channel
resolution than the barrel region. The muon identificationth@t at least one of the pion candidates must have its specific
system, also arranged as an octagonal barrel and tw@nization energy loss measuremendE(dx) within
endcaps, uses proportional tracking chambers for muon
detection. These chambers are sandwiched between and
behind the iron slabs that provide the magnetic field flux ;erserprogram is capable of simulating the tails of fiieradia-
return. tive production.

In our analysis thesETSET 7.4 [8] program is used as a  %(n,m)=(4,1), (4,2, (3,1), (2,2), (3,2.

Il. DETECTOR
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TABLE |. Efficiencies, numbers of events, branching fractions and rates for the ch¥r@s) dipion
transitions observed in theu channel.

Transition € (%) Nebseved  npackground - NSOnal e B(X107%) T (keV)
Y(4S)—Y(1S)  48.6+1.6 4 5.2 43 <12 <25
Y(49)-Y(2S)  38.3-13 6 5.9 5.6 <3.9 <82

2.5 standard deviations of the value expected for pioMe  count the events in the sidebahdmd extrapolate the back-
make no requirement on the dilepton invariant mass, becauggound event yield into the signal region. Numbers of ob-
it has very small effect on the signal to background ratioserved events and numbers of expected background events
while reducing the signal yields. are reported in Table I, along with upper limitat 90%

We search for a signal from the transitions of interest byconfidence level on the number of signal events. Also
plotting the invariant mass of the™ =11~ system vs the s_hown are the efficiencies calculated from Monte Carlo

. . - simulation. As a cross check we performed the scaled con-

mass recomngz agamszt the — dipion  systeMrecoil  tinyum subtraction to estimate the background, which yields
= V(Ecm—XE,)*—(2p,)” as shown in Fig. 1: the upper consistent results, given the limited continuum statistics.
plots are forE;,=10.58GeV and the lower plots are for  we calculate upper limits on the branching fractions and
E.m=10.52GeV (the boxes denote our signal regitns partial widths forY (4S)—Y(mS#" =~ using the formula
Peaks from th& (3S)— Y (1S) andY (2S)— Y (1S) transi- B= Nﬁ'r?,;‘;'”mn/(eBWaﬁ), where B,, is the Y(m9
tions are clearly seen in all four distributions. One can alsanuonic branching fraction taken frofil0] [B,,=(2.48
notice a much smaller signal from th&(3S)— Y (2S) tran-  *0.07)% forY(1S) andB,,,=(1.31=0.21)% forY (29)],
sition in the wu channel. This signal is not seen in the ~ 0=(1.074-0.020) nb is the average measufé@4S) pro-
channel because of a cutoff M, ...;; due to the absence of duction cross section at the Q?_rnell Electron Storage Ring
dE/dx information for tracks with momentum less than (CESR, and(=(2.74+0.02) fb " is the integrated luminos-

~100MeV/c; such tracks do not reach into the outer drift ity of our on-resonance data sample. Upper limits resulting
. from these calculations dre

chamber where thdE/dx measurement is performed. The

shifts of the recoil mass peaks from the mass values of the B(Y(4S)—Y(1S)7w 7 )<1.2x10 * (C.L.=90%),

Y (1S) andY (2S) are due to the presence of an unobserved

initial state radiation photon in the event.

B(Y(4S)—Y (2S)m* 7 )<3.9x10 4 (C.L.=90%).

B. Systematic errors

IV. SEARCH FOR THE TRANSITIONS Y(l’g)e ((j.'i_or_'ninatnt sytstematic eO:rorst in our tseatr_ch for t:\he

Y (4S)5 Y (2S) w7~ AND Y (4S)— Y (1S) 7+ 7~ ipion transitions are due to uncertainties in the
4S)=Y(2S)m"a (45)-YQS)a"m Y (1S) and Y (2S) muonic branching fractions and in the

A. Extraction of upper limits track-finding efficiency. Other large sources of systematic

errors include trigger efficiency uncertainties and the uncer-
As one can see from Fig. 1, although there are data pointginty in theY (4S) production cross section. The complete
in the signal regions fo (4S)—Y (2S)#" 7~ andY (4S) breakdown of systematic errors is given in Tablérélative
—Y(1S)7 "7, there is no apparent clustering of the sig- errors in percent
nal. Because of the overwhelmingly large backgrounds in the
ee channel, we limit our analysis of these two transitions to C. Discussion and conclusions

the uu channel. In Fig. 2 closeups of the signal regions for  There are several predictions for the rates of dipion tran-

the Y(4S) dipion transitions are shown. We employ a gjtinn hetween heavy quarkonia statf®3] below BB
grand sideband” technique to evaluate the background: We&hreshold. Naively, we might expect some suppression for

Y (4S) dipion transitions compared with the corresponding
Y (3S) transitions because of an additional node in the
3The dE/dx requirement is used only in the second part of our Y (4S) wave function; this is compensated, to some extent,
analysis. ThelE/dx measurement allows typical = separation on by the larger available phase space in ¥hglS) transition.
the level of 3.5 resolutions in the case¥3S)— Y (1S) transition Unfortunately, the proximity of th&’(4S) resonance to the
and on the level of 1.5 resolutions in the caseYdRS)—Y (1S)

transition.
“For the Y (49) transitions the sizes of the signal regions are

defined as a box-3 standard deviations wide in each of the vari- The sidebands are the horizontal strips of dimensions
ables M,ecoif @and m,., . This numerically corresponds to (9.29,9.63)1(10.38,10.78)  for Y(4S)—Y(1S)7w  and
(9.44,9.48)1(10.38,10.78) for Y(49)—Y(1S) 7w and (9.853,10.19301(10.38,10.78) forY (4S)— Y (2S) 7 in the vari-
(10.003,10.043)1(10.38,10.78) forY (4S)—Y (2S)mw. For all ~ ablesM o andm, ., respectively, excluding the signal regions.
other transitions the sizes of the signal regions are somewhat arbi-*we follow the procedure described in the Particle Data Group
trary. [11], and incorporate systematic uncertainties accordind 2h
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TABLE Il. Sources and magnitudes of systematic error¥ {#S)—Y (mS 7 transitions.

Systematic errof%)

Source Y(49)—=Y(1S) 7t 7~ Y(49)—Y(2S) w7~
Tracking 2.8 2.8

Finite MC sample 1.0 1.0
Trigger efficiency 15 15

Y (4S) production cross section 2.0 2.0
Luminosity 0.9 0.9

Y muonic branching ratio 2.8 16.0

Total 4.9 16.5

BB threshold leads to the necessity of estimating coupledclear signals in theuu channel for all three transitions of
channel contributions to the transition rates. Although therdnterest. In theee channel only the transitiony (2S)

exists a model for calculating coupled-channel effects from—Y(1S)m" 7~ has a clear peak while the transition
the virtual proces¥ —BB— Y’ [3], there is no such model Y_(.BS)_’Y(ls)”“T ihOYV? high background and the tran-
for the real mixing ofY and BB states, and therefore no sition Y (3S) Y (2S) " is not seen at all because of the

theoretical predictions for thi (4S) transition rates M recoil CUtOff mentioned earlier. As a fitting function we use

In Table 1l list f / | f iously & Gaussian for the signal, plus a linear function to represent
n lable 17 we NSt for comparison vaues of préviously e background. In all cases the Gaussian width is fixed at

measured total and partla! vy|dths of tNeresonanceSlQ], the value from the corresponding fit of the Monte Carlo sig-
and_our measured upper limits on thf b_ranchlr?g fraction an al. As a check, we have also allowed the Gaussian widths to
partial width for theY (45)—Y (1S)a "« transition. float in the uu channel and used those widths to fit the
channel, obtaining consistent results.
V. MEASUREMENT OF THE CROSS SECTIONS In Tables V and VI we report the efficiencié¢sbtained
e’e"—Y(3S)y AND e’e"—Y(2S)y from a Monte Carlo simulationyields, confidence levels of
A. Extraction of cross sections fits, and calculated cross sections for the procesSes
. L _ —Y(n9y, using the formulac=NY"®"%eLB, B, . The
The same set of selection criteria used in our study Of'numbers in Table V are fdE. . = 10.58 GeV data. and those
Y(49) dipio_n _transitions was used in +re_construction ofip Table VI are forEcmzlot.:%n? GeV data. Relevant branch-
Y(n9 radiative ~production —eventse’ e —Y(nS)y. jng fractions are taken from the Particle Data Grdag].
Y(n§—=Y(m§m 7", Y(m§—e'e ,u u (Fig. 3.  yhe \yminosity is£=2.74fbL for our E,,,=10.58 GeV
Generally, we do not observe the initial state radiation phoy,.» sample and=1.45 b * for our E, ,= 10.52 GeV data
ton; its presence is inferred from the shift of the observe ample Appropriatély combining the results from both

Mecoir Peaks from the mass values of the correspondingjiienion channels we obtain the following averages for the
Y (mS). This mass shift is roughly equal ,, the photon cross sections fore*e” Y (nSy [we do not include

energy(Table IV). Because of the narrowness of fli¢nS) Y (3S)— Y (2S) w data in the averagés
resonances, the photons can be considered monochromatic.

Effects due to the long B_reit-Wigner tails of tr_hé_ reso- atE,, =10.58 GeV:
nances are also included in our Monte Carlo efficiencies. o
We obtain the number of signal(nS) radiative produc- o(ete” —Y(39)y)=17.8+3.0+ 1.7 pb,

tion events by fitting the recoil mass distributions corre-
sponding to the data points inside our signal regions in
Fig. 1. In Fig. 4 theM .., distributions from data taken at

E.m=10.58 GeV are shown; the same distributions from the
data taken aE.,,=10.52 GeV are shown in Fig. 5. We see  atE.,,=10.52GeV.:

o(ete” —Y(2S)y)=15.5-1.3= 1.4 ph,

TABLE Ill. Total and partial widths of thé resonancesthe subscriptr# refers to transition& (nS)
—Y(1S) 7" #7); all numbers, exce@ ., andT .. for the Y(4S), are from[10].

Resonance 1_‘total (keV) Bee (%) 1—‘ee (ke\/) Bﬂ"n' (%) F7T1T (keV)
Y(1S) 525+ 1.8 252+ 0.17 1.32+0.05

Y (29) 44 = 7 1.18+ 0.20 0.52:0.03  18.5-0.8  8.14:1.34
Y (39) 26.3+ 35 1.81* 0.17 0.48+0.08 2.8:0.6 0.74:0.19
Y (4S) (10+£4) X 10°  (2.8£0.7) X 10°®  0.25+0.03 <0.012 <1.2

8Assumingeu universality.
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FIG. 3. Diagram for radiative production of thé resonances
with subsequent dipion transitions.

o(ete” —Y(3S)y)=27.3-5.0= 2.6 ph,

o(e*e” —Y(2S)y)=16.3-1.8=1.5pb.
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B. Systematic errors

Z+++++ +*.!+ )

)
2
==
1
I

The sources and magnitudes of systematic errors are very
similar to those in qu_rY(4S) dipion transitions measure- 958 506 593 10'_0ﬁ2—* T T RETC T
ment. Two large additional errors are the uncertainties in the M (GeV/cd)
dipion branching ratios and the uncertainties in the shape of recoil
t_he fitting _functlon. To estimate the uncertainties in the_ fit- FIG. 4. Fits to the recoil mass distributions for the transitions
tl_ng function shape, we determine h(_)w much the _S|gnaly(ns)ﬂy(m377+ﬂf at E,,=10.58 GeV for(a) uu channel
yields change when we vary the functions representing thgnq ) ee channel.
signal and the background: we used a single Gaussian and
the Monte Carlo signal shape as the signal function, and (1S), respectively, to account for the leptonic decays.
different order polynomials and Chebyshev polynomials as We note that similar ratios for th¥ (nS) radiative pro-
the background function, in various combinations. In¢se  duction cross sections can be obtained from the following
channel there is another systematic error due to uncertaintiesmple-minded argumentgl) the initial state radiation pho-
in the dE/dx measurement. We estimate this error by look-ton spectrum varies asN/dE,~ 1/E,,, and(2) the produc-
ing at fluctuations of our extracted values of the cross section of Y resonances is proportional to their dielectron
tions when we vary thelE/dx requirement. A summary of widthsI',.. Then one would expect for the production cross

our systematic errors is given in Table VII. section
C. Di : q lusi L Iee
. DIScussion ana conclusions U(e e _>Y,y)o<E__
Knowledge of the cross sections for the radiative pro- Y

cessee’e” — Yy can increase the accuracy of the measureAt E,,,=10.58 GeV this formula gives the ratio 2.3:1.0:1.3
ment of R=c(e"e —hadrons)b(e*e —utu”) at s for the radiative production cross  sections
~10 GeV. Better knowledge @ allows for better determi- oY ®9:¢Y(29:5Y(19  which is very close to the CKT pre-
nation of a in this low-energy region, therefore for a better dictions.
test of the evolution ot as predicted by QCD. : : :
Chetyrkin, Kthn, and TeubneCKT) [5] performed a 250 'Y (38) =Y (1S)T Y (28)—Y (1S)] Y(38)—Y (25)]
thorough calculation of the contributions to the total had- (a) 1 i ]
ronic cross section & ,=10.52 GeV from the radiative
production of theY resonancesFig. 6). In Table VIII we
compare our measurements of t¢nS) radiative produc-
tion cross sections with their predictions. Because we extract
the totale*e™ =Y (n9) y,Y(nS)—anything cross sections
from our results (not just the hadronic parte*e”
—Y(n9v,Y(nS—hadrons, as is done [5]), numbers for
the predicted cross sections in Table VIl are scaled up by
factors of 1.057, 1.041, and 1.081 fdr(3S), Y(2S), and

-
N
(5]

[ (b)

Observed Events /8.3 MeV
[~}

-t
o

TABLE IV. The initial state radiation photon energies and the

i it - NN A 2T
recoil mass peak positions &, ,=10.58(10.52) GeV. e e TRV AL VY “{M #
0 | .+. AR 1 AALAR A L LN A % A o ++|
Transition E, (GeV) MPEEK (GeV) 9.52 962 9.86  9.96 120.09 10.19 1029
Imrecoil (GeV/c)

Y (39— Y(19) 0.230.17 9.679.61)
Y (2S)—Y(1S) 0.560.50 10.029.96 FIG. 5. Fits to the recoil mass distributions for the transitions
Y(39)—Y(2S) 0.230.17) 10.2510.19 Y(n9Y—Y(mYn 7~ at E.,=10.52GeV for(d uu channel

and (b) ee channel.
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TABLE V. Efficiencies, yields, C.L. of

PHYSICAL REVIEW D 59 052003

fit, and cross sections ferfe”—Y(nS)y at E.p

=10.58 GeV.

Transition Channel € (%) Nyield C.L. (%) o (pb)

Y(35)—Y(1S) sy 50.6+2.0 29.8:5.7 75.8 19.33.7+1.8
ee 40.1+1.6 18.1+6.3 58.5 15.25.1+1.8

Y(25)—Y(1S) e 46.9+1.8  102.1-10.4 171 17.31.8+15
ee 35.7+1.5 61.1+8.9 3.0 13.4-2.0+1.5

Y(35)—Y(29) it 14.8+1.4 6.5:2.7 78.6 43.%17.8+12.3
ee 8.6+0.9

TABLE VI. Efficiencies, yields, C.L. of fit, and cross sections fae —Y(nSy at E.p,

=10.52 GeV.

Transition Channel € (%) Nyield C.L. (%) o (pb)

Y(39)—Y(19) L 49.6+1.9 21.5-4.9 89.5 26.8& 6.1+2.6
ee 41.4+1.7 19.2:5.9 91.6 28.2 8.6+3.3

Y (29)—Y(19) L 43.7x1.7 48.6:7.1 70.9 16. % 2.4x1.4
ee 36.5+1.5 39.1-6.8 47.0 15.8 2.8+1.8

Y(3S)—Y(29) L 15.2¢1.4 4.8+2.3 46.9 58.9427.9+16.5
ee 9.2+0.9

TABLE VII. Sources and magnitudes of systematic errorsefbe” —Y(nS)y.
Systematic errof%)

Source Y(39)—=Y19)m m~ Y(29)=Y(1S)7w 7~ Y@BY)—=Y2Y)n 7~

Tracking 2.8 2.8 8.5

Finite MC sample 1.0 1.0 1.0

Trigger efficiency 15 15 15

Luminosity 0.9 0.9 0.9

Fitting function 6.8 5.4 1.0

Leptonic branching ratios 6.7/2.8 6.7/2.8 16.0

Dipion branching ratios 4.7 4.3 21.0

dE/dx requirement 22 4.1°

Total 11.4/9.4 11.0/9.2 27.8

8Separately foee uu channels.
bFor ee channel only.

TABLE VIII. Experimental and theoreticilalues for the cross sections efe”—Y(n9)y.

Cross sectioripb)

Ecm=10.52 GeV Ecm=10.58 GeV

Process Measured Predicted Measured Predicted
e"e —Y(39)y 27.3+5.02.6 41.3 17.863.0x1.7 30.7
e"e —Y(29)y 16.3+1.8+1.5 18.0 15.51.3x14 16.1
e"e —Y(19)y 20.4 19.2

8Scaled up to include contribution froM(nS) leptonic modes.
bTheoretical values for this energy are frgag].
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below theY (4S). We set 90% confidence level upper limits
on the branching fractions of thé(4S) dipion transitions:
B(Y(4S)—=Y(29)m 7w )<3.9x10* and B(Y(4S)
—Y(1S) 7" 7 )<1.2x10 “. By observing the transitions
Hadrons  v(39) . y(19)«*# and Y(29)—Y(19)n'm, we
have measured the cross sections for the radiative processes
ete"—=Y(3S)y and e"e”—Y(2S)y. For the process
e"e”—Y(29)y our results are in good agreement with the-
oretical predictions, while for the processe™ —Y(3S)y
our measured values are somewhat below the predictions

. Table VIII).
As seen in Table VIII, for thé/' (2S) case, the measured (Table )

and CKT predicted values are in good agreement, while in
the Y(3S) case, the measured values are somewhat smaller
than the predicted ones. Although the quoted systematic er- We gratefully acknowledge the effort of the CESR staff in
ror in theoretical calculations is just a few permille, thereproviding us with excellent luminosity and running condi-
may be largegon the level of 67 phshifts in the theoretical tions. J.R.P. and I.P.J.S. thank the NYI program of the NSF,
predictions due to uncertainties in the measured values of thg1.S. thanks the PFF program of the NSF, M.S. and H.Y.
Y (3S) resonance parameterE . ,I'ce) input to the theo-  thank the OJI program of DOE, J.R.P., K.H., M.S., and V.S.
retical model. Such shifts could easily reconcile our resultshank the A.P. Sloan Foundation, M.S. and V.S. thank the
with the CKT predictions. Research Corporation, S. von D. thanks the Swiss National
Science Foundation, and H.S. thanks the Alexander von
Humboldt Stiftung for support. This work was supported by
the National Science Foundation, the U.S. Department of

We have performed a search for the dipion transitions€Energy, and the Natural Sciences and the Engineering Re-
betweenY resonances at the center of mass energies on argkarch Council of Canada.

e

FIG. 6. Contributions from radiative production of thereso-
nances to the total hadronic cross sectéde — hadrons.
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