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We have determined the following’ branching ratios using the large event sample collected by Fermilab
experiment E835 in the reactiopp—y’: B(y' —e'e )=(7.4-0.2+0.7)x10° 3, B(y'— I ym°=O)
=(18.70.9+1.3)% andB(y' — I/ yn) =(4.1=0.3=0.5)%.

PACS numbgs): 13.75.Cs, 13.20.Gd, 13.25.Gv, 14.40.Gx

[. INTRODUCTION netic final states. The required high luminosity is achieved
by using aH, molecular cluster jet targ¢8] intersecting the
The ¢’ branching ratios have been measured in a numbetoasting antiproton beam in the Fermilab Antiproton Accu-
of experiments ine*e~ collisions[1]; some branching ra- mulator.
tios, namely, that foe*e™ and those for final states includ- Decays of the)' are studied by observing the reactions

ing J/ 4, have been measured p annihilations by Fermi-

lab experiment E760 with comparable or better precifiin
Fermilab experiment E835, an upgrade and continuation pp— ¢’ —Jlp+X—ete +X (5)

of experiment E760, took data during the Fermilab fixed tar-

get run in 1996 and 1997. Thg' sample collected by E835, by identifying events with are*e~ pair of large invariant

based on 10.07 pi, is nearly 5 times larger than that of mass. Candidates are kinematically analyzed to determine

E760. The greater integrated luminosity and upgrades to thehether they are consistent with decay mo¢®Bs (2) and

detector allow us to improve our branching ratio measure{3).

pp— iy’ —ete (4)

ments for the followingy' decays: The numbeN,,,,4¢Of events collected for a decay mode is
W —ete ) given by -
' — I pmOm° 2 Nmode= B(1' —mode Emodeizl EiJ dE G(E)opw(E),
W' =3y, () ©

We outline the experimental technique in Sec. II; Sec. mwhereB denotes branching rati@nog is the overall detec-

describes the experimental setup, with emphasis on the feﬁ;on efficiency for the decay modeis an index running over

tures that are relevant for this analysis; a detailed descriptioI tee’\:g%igé ﬁjnniirr?gsigoIgﬁjﬁtiheaggr%algg q rg:ﬁg itg’fel%a?seen-
of the event selection is presented in Sec. IV; the efficiencw 9 Y

and acceptance calculations are discussed in Sec. V. In sedY distribution for each energy point angyy is the Breit-

VI we summarize our results and compare them with priofVigner cross section for the reactipp— .
results. By taking the ratio of numbers of events for two decay

modes, the dependence on much of expres&ortancels;

that ratio is given by the ratio of th8s multiplied by a factor

determined only by the overall detection efficiencies for the
Our determination of the’ branching ratios follows the decay modes considered. It follows that

method adopted by our previous experiment EYBPand

. e , €mode (2) Nmode (1), .,
recalled here. Charmonium states are studigopirannihila- B(y' —modé 1))=Em—ﬂ)Nm—e()ﬁ’(¢ —mode2)).
tions in which all charmonium states can be formed. The mode (1) " mode (2) )
signal is extracted from the huge non-resonant hadronic

background by selecting charmonium decays to electromagdn particular, for decay modél) we obtain

II. EXPERIMENTAL TECHNIQUE
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FIG. 1. The E835 detector.
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o €ygx Nee - neous luminosity approximately constant. Improved

B(y'—e'e )= N B(y'—JyX)B(Iy—e"e”)  pumping and jet alignment systems give better hydrogen
ee X (g  confinementin the interaction regi¢=1 cn¥) than in E760,
thus reducing the beam-gas background in the detector by

wheree;,,x is the overall efficiencytrigger, geometry, de- more than a factor 4. The beam is not bunched and the in-
tector and analysjsfor J/ X events with thel/ decaying teractions are completely asynchronous.
to e"e”, €. is the efficiency fore*e™ events andN,, and The hodoscope system includes 3 cylindrical layers of
Ny ,x are the observed numbers of events. Bdtw’ plastic scintillators,[respectively 8 modules 2 mm thick
—J/yX) andB(J/ y—e*e™) are known to higher precision (H1), 24 modules 4 mm thick (HJ and 32 modules 4 mm
thanB(y' —e"e™) [1]; the above formula is used to obtain thick (H2)] that enter the first level trigger for charged
a better determination of the latter. ReactioPsand(3) can  events, and provide threE/d X measurements used in dis-
be written asy’ —J/Y—e e~ Y; the corresponding for- criminating electrons from gamma conversions. The Forward

mula is Veto Counter consists of 8 trapezoidal plastic scintillators
€31x Najgy normal to the beam axis and is used to reduce the trigger rate

B(y'—= I pY)=—— ——B(¢' — I ¢yX) (9) by rejecting events with charged tracks in the angular region

€arpy Naryx 3°<#<9°. Polar angles are defined with respect to the

- beam direction
whereB(J/ y—e*e”) cancels. Y ' - , .
A further advantage of this method is that many of the The Gerenkov CountefC) [4—6] enters the first level trig-

instrumental and systematic uncertainties cancel in the ratig)€" for electron events and is used off-line for electron iden-

including uncertainties in the detection efficiency that arefllcation.

common to all decay modes, since all are required to have The chargeq particle tracking system, c.omp(.)sed of two
well-identified high eynergye+e‘ pair. The systgmatic uncer- gtraw Tl_Jbe Drift Chambers and a Scmtlllayng Fiber Detec-
tainties in geometrical acceptance also nearly cancel in th r sharmg a common Iovy-mass mechf_inlcal structure :?md
ratio (see Sec. Y. ully cqntalned Wlth!n a radius of 16 cm, is not u;ed for thl§
analysis. Its total thickness at normal incidence is 0.07 radia-
tion lengths o).

The Central CalorimetefCCAL) [7] covers the full azi-
muth angle and 13 6<70° and is composed of 1280 lead

The E835 experiment is schematically shown in Fig. 1. Itglass detectors pointing to the interaction region, arranged in
consists of an internal hydrogen gas-jet target and a nork0 rings in6 and 64 wedges ig. For electromagnetic show-
magnetic spectrometer with cylindrical symmetry around theers of electrons and gammas, CCAL gives an average reso-
beam axis, optimized for the detection of electromagnetidution of og/E=0.014+0.06A/E(GeV) for the energy, 6
final states. The detector sub-systems include: the scintillamrad foro, and 12 mrad folo,, where the angular errors
ing counter hodoscopes, the threshokel€hkov counter, the include the uncertainty in the annihilation location. CCAL
charged particle tracking system, the electromagnetic calcsignals are summed in matrices ok8 blocks, forming a
rimeters and the luminosity monitor. coarsed- ¢ mapping of the whole calorimeter, and then sent

The cooled antiproton beam circulating in the Fermilabto the first level trigger logic to identify high invariant mass
Antiproton Accumulator(AA) impinges on the internal gas- events and events with deposited energy exceeding 80% of
jet target[ 3] of variable density. The gas jet density is incre- the total energy8].
mentally increased during data taking, keeping the instanta- The Forward CalorimetefFCAL) covers#<10°, with a

Ill. EXPERIMENTAL APPARATUS
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TABLE I. Triggers for the data used in the analysis.

Trigger (stacks Branch

A2 Main (2e)®H2>49H1>40PBG3

B (6,7,8,17 Main (2e)®H2>4%PBG3

C (39,40,67 Main (2e)@H2>50 PBG3

All stacks Control 1 (B)®(2h)®(COPL)®(H2=2)® PBG3
Control 2 (2e)®(COPL)®(H2=2)®(FCH)

hole for the beam pipe; FCAL data is not used in this analy- The main trigger, see Table I, requires at least two “e”
sis. signals in coincidence @, where “e” represents a coinci-

Luminosity is measured with three silicon detectorsdence of corresponding H1, H2 anc@nkov detectors, at
mounted at=86.5°[9]. The luminosity is determined from least two electromagnetic showers in CCAL with large in-
the recoil proton rate using the well-known elastic scatteringrariant mass RBG3) and a multiplicity cut on the hodo-
cross section. scopes. Initially,(trigger A) the multiplicity cut required at

In order to efficiently utilize the much greater instanta- Most 4 hits in both Hi(the innermostand H2 (the outer-
neous luminosity available to E835 compared to E760, thén0S) hodoscopes; the condition on H1 multiplicity was soon
CCAL signals, which are delayed using over 300 feet 0fremoved(trlgger B) since it did not significantly reduce the
coaxial cable, are reshaped so that they are accomodated [#pger rate; after stack 20 the trigger was changed to allow

- . to 5 hits in H2(trigger O in order to improve the trigger
100 ns analogue to digital convertekDC) gates. In addi- up 1c 4 ;
tion, time to d%gital con?/erte(TDC) read-ougt was added to efficiency ford/ w7~ events which are not reported here.

. . - . . O O
nearly all the channels in the detector. This upgrade reduce\éve observe that the trigger is highly efficient @y =

. . 0 . .
the background from pile-up events, allowing the detector t events in which one or bot™s decay into one or two Dalitz

) ) oo airs.
operate at three times the instantaneous luminosity of E76 The control triggers given in Table | remained stable
with the same fraction of contaminated events.

throughout the data taking. In the first control trigger we
require two “h” signals in coincidence (2 to be back-to-

IV. DATA TAKING AND DATA ANALYSIS back in azimuth COPL), where “h” represents a coinci-
_ dence of corresponding H1 and H2 detectors, and require
A. Data taking that just one of the coincidences be associated with #re C

enkov; the second control trigger ignores the calorimeter
(PBG3) but requires the hodoscope hits to be back-to-back

collection ofp in the AA; when the beam reaches the desired ; ;
’ in azimuth COPL) and that no charged particle be detected
intensity (between 4 10'* and 6x 10'! stored antiprotons . € : ) iNE A o charged p
in the forward direction ECH).

it is decelerated from the injection momentum to the value . e .
. L Event filtering and analysis is done by the online comput-
appropriate for the resonance under study. The initial jet tar-

o ; . ! . Ing systems during data taking, where all events are pro-
get _den_sny IS _adjusted to oli)tam_tzhe_gesw_ed |r_15tantaneo%ssed, tagged and written to tape. Events containing at least
luminosity (typically 2.0<10** cm 2s™! which is after-

o . two electromagnetic showers with invariant mass above 2.2
wards kept constantand data acquisition begins. When Gey are written to disk and constitute the data sample for
enough integrated luminosity is accumulated at a specifigyjs analysis.

energy, the beam is further decelerated, or dumped to start a
new stack.

We gathered a total of 10.07 pb at a center of mass
energy near the)’ peak, E.,,=3686 MeV, in 8 different
stacks that were taken at different times during the run with  The goal of the offline analysis is the selection of a clean
three different triggergsee Tables | and Il Each stack is Sample ofy’—e"e (X) events, and the identification of
analyzed separately, to monitor the stability of the detectofandidates for each of the decay modés—(3). We first

and possible variations in the results of the analysis. make a preliminary selection and subsequently use kinemati-
cal fitting to assign the events to specific event hypotheses.

The preliminary selection requires two electron candi-
. . . . dates, each of which has scintillator signals, in at least two of
Interesting events pp—(cc)—e"e” or pp—(cc) the three hodoscopes, associated witheae@kov signal and
—Jly+X—eTe X) are characterized by two nearly back- a CCAL cluster. The invariant mass of the pair must exceed
to-back high energy electrons giving a large invariant mass2.6 GeV. We require that the two electron candidates be

and a charged track multiplicity of at most 4. within the fiducial volume of the detector (15°9<60°) for

The first level hardware trigger for altharged charmo-  uniform detection efficiency. In order to avoid errors in elec-
nium channels is given by the logical OR of one main triggertron identification and in the energies and angles determined
condition and two control triggersee Table )l for electrons, we require that the CCAL cluster associated

Each data taking cyclécalled a “stack”) starts with the

C. Event selection

B. Trigger and on-line filter
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FIG. 2. Comparison between signalinshadeyi and non- FIG. 3. Thew invariant mass for thé/¢m°n° reaction. The

resonant backgroun@hadegifor all 4" data. Background has been §sshed curve is calculated assuming S-wave decay afc=8"
measured at center of mass energies between 3590 and 3660 MgV, system.

and scaled to the integrated luminosity of the signal data. The upper

plot is the comparison after the trigger and preliminary selection. , . .
The lower plot is the comparison after the event assignment de- z,/;'—>J/;//X—>e G.“. X events are selepted.by req.umng the
scribed in the text. nominal y probability of the 1-constraint kinematical fit to

be greater than I and P,<10 4.

with an electron make an angle of at least 100 mrad with the Kinematical fits to the exclusive decay mo‘?"?sv B,
nearest on-time clustéelectron isolation cit and(3), are then attempted on all events classified/agX

We also require electron identification, usidg/dx mea- and to%‘)lggicauy, compatible with the hypothesigi”
surements from H1, H2and H2, @renkov pulse heights — Iy " andy’ — I/ events are selected by requiring

and four different CCAL cluster shape variables. These vari&*actly 6(4) clusters in the CCAL and the nomingf prob-

ables are used to build a likelihood ratio for the electron vsability of the 7C(6C) kinematical fit to be greater than 10

72 . .
non-electron hypothesis for each electron candifi(i) (10 °). Because of Dalitz decays and photon conversions,

for the ith electron. The probability distributions for the 8 evenf[s with extra on-tlmg .hodoscope. S|gnal'sv are rejected
variables are measured using clei—e* e~ events for only if at least one such hit is unassociated witheréhkov

the electron sample and “background” events gathered a§|gngl or unassociated W'thﬁ? or 7 decay C,CAIT cluster.
center of mass energies away from known resonances for the F|%ur§ 3 shows ther invariant mass distribution for the
non-electron sample. Correlation among variables is ignored! ¥7 7 reaction. The mass distribution is similar to that
and EW() is taken to be the product of probability ratios for OPServed iny’ decays by other experimen{i3,11] and its
the 8 variables|10]. For each event we require EW(1) shape is con5|§tent+W|th the hypothesis of S-wave decay to
X EW(2)>1.0. The preliminary selection yields 15058  theJ/# and aJ”=0" 7w system.
candidate events. The signal to background ratio in this
sample is very higlisee Fig. 2 D. Background subtraction

The next step is the assignment of these candidates to the There are two sources of background to the reactions
reactions(1)—(3). We first perform a kinematical fit to the studied: the non-resonant background due to events unrelated

J/yX andee” hypotheses. to ¢’ formation and the internal background due #d
y'—e’e” events are selected by requiring the nominalevents that are not correctly classified.

x° probability' of the 4-constraint kinematical fif,) to be The non-resonant background is measured by applying

greater than 10%. the same analysis to data taken, at approximately the same

instantaneous luminosity, &, between 3590 MeV and
3660 MeV (for 34.2 pb ). In this sample 1321 events sur-
ISince the uncertainties on the energy and direction of a recon¥iVe the preliminary selection. By normalizing these data to
structed track are not normally distributed and correlations betweethe integrated luminosity of 10.07 pb taken at they’ reso-
the measurements are not taken into account, the cutyon hance, we obtain the estimates of non-resonant background
probability of kinematical fits cannot be used as a measure ofvents given in Table Ill. The non-resonant background ac-
fit efficiency. counts for 390(2.6% of the 15055 candidate events. After
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TABLE Il. We give the fraction of simulated events classified in ~ TABLE V. Trigger efficiency ratiose,(J/#X)/e,(mode) for
each channel, normalized to the number of events passing the triglifferent values of the)’ decay parametex.
ger and preliminary selection, and, for the exclusl/¢X channels,

to the number classified ag¢X. For each of the decay modes the Trigger N ete” I prOz® Jl g
error quoted refers to the possible stack-dependent effects described
in the text.(B) and(C) refer to the triggers given in Table I. 0.43 0.84£.001 0.896:.001 0.787%.001
A 0.69 0.842-.001 0.90%.001 0.718.001
Classified as: 0.95 0.83%.001 0.899.001 0.694-.001
Generated ete” Il X I pPmO Iy 0.43 0.852-.001 0.903%.001 0.792-.001
T B 0.69 0.847.001 0.907.001 0.722-.001
ee 9696 0140 - 0.95 0.842.001 0.904.001 0.697.001
0 +:0006  =.0005 043 0.905.001 0.95%.001  0.83%.001
Yy~ .0038 9692 1877 0031 c 0.69 0.90%.001 0958 .001 0.76%.001
ere yyyy +.0003  =.0008  *£.0034  +.0003 0.95 0.897.001 0.956-.001 0.74G-.001
Jyma m — .0036 .9729 .0028 .0010
ete w7 (B) +.0002 *£.0009 *+.0003 *.0002
Jyma m — 0.0036 0.9722 0.0028 0.0010 . . .
ete-mtm (C) +00002 +0.0009 +0.0003 =0.0002 The reaction m-ost-affected E)y mternal background is
J/ym, due to contributions fromy’ radiative decay toy.y
m= 0.0027° 09700 00106  0.3942 ¢, 0 by v, radiative decay td/y and fromJ/ ymoa
eteyy 00002 =0.0008 = =0.0015 0.0106 where twothCotons are out 0)1: thelf:glorimeter aclég thce or
Ye.y—lyy 00010 09721 00075  0.0146 P ptance.
1l below the 25 MeV threshold. These results are given in
—e'e yy +0.0001 =0.0009 =0.0011 =0.0005 . . . .
Table Il. For consistency with the event selection algorithm,
Xeyy—Iyy 0.0010 0.9736 0.0067 0.0008 the frequencies given for channels other tledie™ are for
—ete yy +0.0001 +0.0005 +0.0007 +0.0001 q 9

event samples first classified d5/X. We observe that for

all channels, simulated events are identified correctly as ei-
kinematical fitting and classification the contamination of thethere®e™ or J/¢X with a frequency of close to 97%, and
sample by non-resonant background is determined to b#hat systematic uncertainties in identification frequencies
1.8% for J/yX, 0.3% fore*e™, 0.5% for J/ym°#° and  vary from 0.06% €*e~) to 2.7% Q/4 7).

0.1% forJ/n. The internal background is computed using a Table Ill gives the numbers of events found for each de-
full GEANT simulation of the detector. For eagl decay cay channel in each stack, and the corresponding numbers of
mode reported and for all decay modes that contribute tinternal and non-resonant background events. We find that of
background, 100000 events were generated, reconstruct@ge 14665 candidate events after subtraction of non-resonant
and classified according to our criteria. The rest frame angupackground, 14110 events, or 96%, are selecteei"@s or

lar distributions ford/y—e*e” andy’—e"e” are of the  3/yX, in excellent agreement with theEANT results de-
form 1+ X\ cog(6) whered is the angle between the electron gcribed above.

in the ¢ (') frame and the beam direction. Reacti@ is
an S-wave decay td ¢ and aJ°=0" 77 system leading to
the same value ok in J/¢ decay as iny’ —e*e . For
reaction (3) A is different but calculable from the)’ Since the number of events observed for each decay mode
—e'e” value[12]. For ¢’ —e*e” we takex=0.69+0.26, is compared to the number observed for @iigX channel,

the value reported by E76Q3]. For ¢’ radiative decays we we require the efficiency and acceptance for each channel
assume pure electric dipole transitions. relative to that for the inclusive decaly ¢/X:

V. EFFICIENCIES AND ACCEPTANCES

TABLE Ill. Candidate events for each decay channel for §Hestacks used in this analysis and corre-
sponding background totals.

Stack fC(pbh Candidates ete” JI X NIz iy
2 1.01 2831 506 2017 146 36
6 1.44 1635 307 1235 70 19
7 1.09 1831 291 1459 93 25
8 1.10 1616 299 1251 72 18
17 1.34 2008 371 1556 84 24
39+40 2.26 3184 567 2433 142 39
67 1.83 1950 323 1495 84 32
Total 10.07 15055 2664 11446 691 193
Non-resonant back. 39010 7.7+1.5 202+8 3.3+1.0 <2
Internal back. - 37146 39.6-3.8 22.5-3.4 25.9-3.4
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TABLE V. Sources of systematic error, including the branching data taken at thé/ s peak energy using a special trigger for
ratio for J/¢X and the stack averaged trigger, preliminary selectionwhich just one electron is required.

and event selection efficiency ratios. The preliminary selection and e determine the efficiency for detection of a single elec-

event selection efficiencies for th¥ X channel are 0.670.01
and 0.97-0.01 respectively.

Decay mode ete” I pO 7O N
B(y' — 31 4X) 0.57+0.04

€I/ YX) 0.868+0.005 0.927+20% 0 74q+ 0070
€x(mode

€prel( I/ PX) 1.074+ 004  1.129-.003 1.019-.003
Eprel( mode

€sel I/ ¢X) 1.003-0.001 535013  2.56-0.10
€se(mode

€(I/X) _ €x(I/X) eprel(‘]/wx) €se( I/ PX)
e(mode  €,(Mode €y MOdE €se(mode

(10

Here e, denotes the trigger efficiendincluding the fidu-
cial volume acceptance for the electrpng, is the effi-
ciency for the preliminary selection, ardg,, is the efficiency
for the final event selection.

A. Trigger efficiency

tron (condition le) to be 0.92:0.01 (systematic error
From this value and the measured efficiencies for the trigger
counters, we determine the efficiency of the trigger logic for
all of the ' decay modes using the simulation described
above, taking three possible values for the decay parameter
. Fora=0.69, the fiducial volume acceptance for theX
reaction is 0.5%0.02 ande(J/#X) is 0.42£0.02 for trig-

gers A and B and 0.450.02 for trigger C.

The largest source of systematic error originates from un-
certainties in the angular distributions of the reactions. As
the J/¢ is almost at rest in the)’ frame, the laboratory
e"e” angular distribution is approximately the same #dr
—J/X and reactiongl) and (2). For reaction(3) and ¢’
—xcy—Jlyyy the angular distribution is quite different
but these decays contribute less than 5%Jt¢X. For a
further discussion seg2]. As a consequence, the ratios of
trigger efficiencies foe*e™, J/ym°#° to J/ X vary by less
than 1% over a wide range of values for(see Table 1V.

The ratio ford/n varies by 12% over the same range, giv-
ing a systematic uncertainty comparable to the statistical un-
certainty for this channel.

B. Preliminary selection efficiency

_ The preliminary selection includes the requirement that a

The trigger is designed to select events with two electron€erenkov signal and hodoscope hits be found for each elec-

in the angular region 1520<60°. The efficiency of the
trigger conditiongsee Table)lis measured with 132 nt of

tron, the EW cut, the electron isolation cut and the invariant
mass cut. The efficiency for this selection is computed by

TABLE VI. Ratios of signal event totals, overall efficiencies and branching ratios. The errors in columns
3, 4 and 5 are respectively statistical, systematic and statistical-systematic.

N(mode e(I/PX) B(mode
Channel Stack no. N(J/ i X) e(mode Bl yX)B(Il p—ete)
2 .251+.013 .907.006 .228.012+.001
Y —ete” 6,7,8,17 .234.007 .913-.006 .214+ .007+.001
39,40,67 .227%.009 .971.006 .220£.009+.001
Average .216:.005+.001
N(mode e(JI/PX) B(mode
Channel Stack no. N(J/ 4 X) e(mode B(JIpX)
2 .0713+.0063 5.44 .13 .388+.034+.009
' — I a0 6,7,8,17 .057€.0035 5.48& .13 .312+.016+.007
39,40,67 .056%.0035 5.7% .14 .327.020+.008
Average .328.013+.008
N(mode e(JlyX) B(mode B(n— yy)
Channel Stack no. N(J/ 4 X) e(mode B(JIpX)
2 .0159+.0031 1.87.19 .0297.0058+.0030
Y= yYny 6,7,8,17 .013%.0017 1.88.19 .0258-.0032+.0026
39,40,67 .016Z%.0023 2.0¢:.20 .0334.0046+.0033
Average .0282.0024+.0028
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TABLE VII. Results of this analysis compared with E760 results and PDG96 world averages. Errors are
statistical-systematic.

Channel E835 E760 PDG 96
B(y' —ete) (7.4+0.2+0.7)x10 3 (8.3r0.5+0.7)x10 3 (8.8-1.3)x10°3
B(y'— I pmP70) (18.7+0.9+1.3)% (18.4-1.9+1.3)% (18.4:2.7)%
By — 3l ym) (4.1+0.3+0.5)% (3.2:1.0+0.2)% (2.7:0.4)%

Monte Carlo simulation. Separate elements of the efficiencfCCAL clusters. These effects particularly affect the
are checked against data as described below. JIy7°m° and J/yn decay modes since their selection re-
The efficiency for finding both electron candidates asso-quires exactly 64) in-time clusters in CCAL. Selection ef-

ciated with &renkov and hodoscopes is evaluated by simuficiency ratios are also shown in Table V.

lation and found to be independent of decay mode and of

instantaneous luminosity. The resultégc=0.982t 0.002, VI. RESULTS

where the systematic error arises from uncertainties in the
geometry and light collection of the detector. It is in excel-

lent agreement with thee&Zenkov efficiency measured using .. . ;
tion is analyzed separately. From E3). and(9), averagin
clean event samples af/y—ee”, y,—J/y and ' y P y > © ging

IR data g ] over all stacks and using the Particle Data Group 1996
—e’e, giving e¢=0.981-0.001, which we find to be (ppGog [14] “Our Fit" 2 value of 0.52:0.04 for B(y'
stable in time with no significant center of mass energy de-_, 3/yX) (determined by a constrained fit ta)7 branching
pendence. Its value does not affect the branching ratios beatios using 13 measurementnd the PDG9$1] values of
cause it cancels in Eqed) and(9). ~ theJ/y—e’e” and »p— yy branching ratios, we obtain the

The efficiency of the electron identification c(EW) is  results listed in Table VII. Systematic errors are combined in
measured to be 0.920.01 using clean event samples of quadrature. We also give the values reported by the Particle

Jp—eTe”, xo,—JIlyyandy’ —e’e . This efficiency de- Data Group(PDG96 [14] and the measurements of E760
pends weakly on the angle between the electron shower anfd].

the closest cluster in CCAL. For angles greater than 100 For the ’—e'e~ branching ratio, the valud7.4
mrad however, the EW efficiency does not depend on thex0.2(staty-0.7(syst)]x 102 is an improvement over the
specific final state, and it too cancels in E(®.and (9). E760 result by a factor 3 in the statistical error. The system-
The efficiency of the electron isolation cut depends on theytic error is dominated by uncertainty in thayX branching
number of final state particles for each specific decay modeatio. A future improved measurement of the latter and of the

We give the ratios of signal events, overall efficiencies
and branching ratios in Table VI, where each trigger condi-

and is computed by simulation. J/y—ete” branching ratio will enable a better determina-
Since thee™e™ invariant mass is larger in the"e™ de-  tjon.
cay mode than for thd/¢X modes, the cutNe+e->2.6 Our results for the branching ratios fa¥ — J/ym%°

Qe\/) produces a Iarger inefficiency for the latter modes. Bygpq ' —Jlym are also better than the E760 results with
simulation, we determiney_(J/4/X)/ey_(e"e")=0.992 regard to statistical error. The dominant systematic uncer-
+0.002, where the systematic error originates in the accutainty for the former is from thel/X branching ratio and
racy of simulation for the calorimeter energy resolution.  will be reduced by a future improved measurement. For the
There are stack-dependent systematic errors in the preatter, we have roughly comparable systematic uncertainties

liminary selection e_ffici_ency due primarily_ to noisy detector from the J/ X branching ratio and the decay angular distri-
channels and luminosity-dependent accidental low energy tion.

clusters in CCAL. These effects are studied by using real
events acquired throughout data taking by a random trigger,
given by a pulser asynchronous with respect to physics trig-
gers. These events are superimposed on Monte Carlo events
at the appropriate rate and the effect included in the com- The authors wish to thank the staffs, engineers and tech-
puted efficiency. nicians at our respective institutions for their valuable help
The preliminary selection efficiency ratios are shown ingng cooperation. This research was supported by the U.S.
Table V which summarizes the sources of systematic erorpepartment of Energy and the ltalian Istituto Nazionale di

Fisica Nucleare.
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C. Event selection efficiency

The kinematical fit and topological cut efficienciés-

cluding #° and » acceptancésare calculated by simulation.  2we do not use the PDG98 “Our Fit” result faB(yp’ — Il PX)
The run-dependent effects described above are taken inisecause a measurement ¢f— ™ u~ was mistaken for one of
account using random triggers to add noise and accidental’ —J/yu" 1~ and included in the PDG fit procedure.
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