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First measurement of the branching fraction of the decayy(2S)— 77~
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The branching fraction of the/(2S) decay intor" 7~ has been measured for the first time using the BES
detector at the Beijing Electron-Positron Collider. The resulB js=(2.71+0.43+ 0.55)xX 10" 3, where the
first error is statistical and the second is systematic. This value, along with those for the branching fractions
intoe*e” andu ™~ of this resonance, satisfy well the relation predicted by the sequential lepton hypothesis.
Combining all these values with the leptonic width of the resonance, the total width ¢{#%) is determined

to be (252:37) keV.
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I. INTRODUCTION tions of the detector in the two periods, the two distinct data

The #(2S) provides a unique opportunity to compare thesets’ land II, are analyzed separately.

three lepton generations by studying the leptonic decays
W(2S)—e*e”, utu~, and 7" 7~. The sequential lepton lll. EVENT SELECTION
hypothesis leads to a relationship between the branching

! . The "7~ events are identified by requiring that ome
fractions of these decayBee, B,,, andB._. given by TT eV l:aentified by requinng

decays viaevv and the other viuvv. To select candidate
t77 events, it is first required that exactly two oppositely
_ © _ T (1) chgrged tracks be well reconstructed. F_or each track, the
ve(3—302) Uu(g—%vi) v(3-1v? point of closest approach to the beam line must haye
<1.5cm, and|z|<15 cm, wherez is measured along the
; —r1_ 2/0 12 12 | _ T beam line from the nominal beam crossing point. The acolin-
with vi=[1=(4mi/Myo9) 17 1=€, w 7 Substituting earity angle 8,.,;, defined as the angle between the outgoing
charged tracks, is required to satisfy ¥8,.,~<170° to re-
ject Bhabhas, muon pairs, and cosmic rays. The acoplanarity
=~—"T_=B,. 2) angle, 0,0, defined as the angle between the planes defined
% 0.3885 by the beam direction and the momentum vector of each
charged track, is required to satisby.o=20° to suppress
Previous experiments have provided measurement.pf radiative Bhabhas and radiative muon pairs. Furthermore,
andB,, for the 4(2S) [1,2]. We present here the first mea- each track is required to satisfgos6|<0.65, whered is the
surement oB .. for the ¢(2S) and compare it to the existing polar angle, to ensure that it is contained within the fiducial
measurements d&..andB,,, for this resonance. Combining region of the barrel electromagnetic calorimeter.
these values with previous results for the leptonic width of  Next, it is required that the transverse momentum of each
this resonancg3,4], we determine the total width of the charged track be above the 70 MeVihinimum needed to
P(29). traverse the barrel time-of-fligiTOF) counter and reach the
outer radius of the calorimeter in the 0.4 Tesla magnetic
Il. BES DETECTOR AND DATA SAMPLE field. In. additiqn, the momentum must be less than the maxi-
mum kinematically allowed value for adecay at the c.m.
The data were taken with the Beijing SpectroméBE£S)  energy of they(2S) within a tolerance of 3 standard devia-
at the Beijing Electron-Positron ColliddBEPO. BES, a tions in momentum resolution.
general-purpose magnetic detector, has been described in de-The search forr* 7~ production events is restricted to
tail elsewherg5]. Briefly, a central drift chamber surround- final states which do not contain®s or y's. Consequently,
ing the beam pipe is used for trigger purposes. The maithere should be no isolated photon present in the calorimeter,
drift-chamber system measures the momentum of chargeghich is defined as an electromagnetic shower having energy
tracks over 85% of the # solid angle with a resolution of greater than 60 MeV and a separation from the nearest
op/p=1.7%y1+ p? (p in GeV/c). Complementary mea- charged track of at least 12°.
surements of specific ionizatiom E/dx) and time of flight A particle identification procedure is applied to the se-
are used for particle identification. Tlid=/dx resolution for  lected events. Using the information provided by the main
minimum ionizing particles is 9%. Scintillation counters drift chamber @ E/dx), the scintillation countergtime of
measure the time of flight of charged particles over 76% oflight), the electromagnetic calorimet&hower energy we
4 with a resolution of 330 ps for Bhabha events and 450 pslefine Xseas thed E/dx separationTseas the TOF separa-
for hadrons. A cylindrical 12-radiation-length Pb/gas electro-tion, andSseas the shower energy separation, all assuming
magnetic calorimeter operating in self-quenching streamethe electron hypothesis. Here, separation means
mode and covering 80% ofAprovides an energy resolution {(measured valueexpected valugresolutio. Then, to
of oe/E=22%/E (E in GeV) and spatial resolutions of identify a track as a electron we require4<Tse<0.5,
og=7.9mrad, and o,=3.6cm. Endcap time-of-flight —1<Xse<2, —4<Sse<4 if its momentum is less than
counters and shower counters are not used in this analysis.®35 GeVt; —4<Tse<1.5, —2<Xse<2, —1.5<Sse<4
conventional solenoid encloses the calorimeter, providing # its momentum is between 0.35 Ge¥And 0.7 GeV¢; or
0.4 T field. The outermost component is a three-layer iron-4<Tse<4, —1.5<Xse<2, —2=<Sse<4 if its momen-
flux return instrumented for muon identification which yields tum is greater than 0.7 Ge¥/ A track is assigned as a muon
spatial resolutions ofr,=5 cm ando, ,= 3 cm over 68% of if there are at least two hits in the muon counters. Figures 1
44 for muons with momenta greater than 550 MeV/ and 2 show distributions of the sum of the lepton energies
This analysis is based on a total integrated luminosity ofand the acoplanarity angle for data and Monte Carlo events
about 6.1 pb?! at a center-of-mass energy corresponding topassing the selection criteria. The numbers of events selected
the ¥(2S) resonance,/s=3686.36 MeV, with an uncer- for the first, second, and combined data sets are 77, 140, and
tainty of 0.29 MeV. The spread in the center-of-mass energ17, respectively, as shown in Table I.
of the collider isA=(1.4=0.1) MeV. The data, a total of The same requirements are applied to 5 million events
3.96 million #(2S) events, were collected in two separate from a control sample taken at tlié) energy to estimate the
running periods. Because of the difference in running condiexpected contributions of backgroundg, to be subtracted

o

mass values for the leptons and thé€2S) gives

Bee™
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FIG. 1. The distributions of the sum of the lepton energies for FIG. 2. The distributions of the acoplanarity angle for data and
data and Monte Carlo events passing the selection criteria. Monte Carlo events passing the selection criteria.

from the selecte@u eventsn,,. Only one event meets the data set Il(the luminosity-weighted average ef; for the
criteria for theeu topology, which corresponds to a back- whole data is 14.42% 0. is the QED rpair production
ground of 0.27 events for data set | and 0.49 events for dateross section including interferends;, ,s) is the number of
set Il. Because of possible small systematic differences beroduced/(2S) events; and’ is the accumulated luminosity
tween theld/ ¢ and (2S) samples, we also applied our se- at the resonance.

lection criteria © a 4 million event(2S) Monte Carlo Including the c.m. energy spread the initial state radia-
sample withr7 production turned off 6]. No events passed tion correction9] F(x,W), and the vacuum polarization cor-
our selection criteria. A Monte Carlo study on the two- rections[10] II(W), the totalrpair production cross section
photon process has also been performed; its contamination igear (2S) threshold iq11]

estimated to be negligible.

1 o0
_ 1 A— (W—W')2/2A2
IV. DATA ANALYSIS AND RESULTS a(W) 2mA fo dW'e
To obtain the number of resonanpair events, the QED - 2m_ W)
contribution including the interference effect is subtracted fo . dXF(X,W")o (W' \1=X) (4)

from the total number of" 7~ events.B(77) is calculated

from .
whereo is given by

_ (e, — Npg)/ (Beyigeq) — o+ £

B(77) N, () W 4ma’® B(3—B°) Fe(B)F((B)
vzs) rW=302 T2 —OW T

HereB is the fraction ofr* 7~ events yielding theu topol- 3M3 1 1
ogy, which is equal to 0.0619/]; eiq is the trigger effi- x| 1+ 2 . 15
ciency, which foreu events within fiducial volume is esti- as % 2mg 4mg
mated to be approximately 100%e, is the detection vz \ -z
efficiency, which is determined by using>x4.0° Monte ) )
Carlo—simulated events that are generateckbpaLB [8]. o 2W—M )
The results aresq=14.49% for data set | and 14.39% for (W?—M?)2+M2T?

TABLE I. Numbers used to calcula®,.. The first error is statistical and the second is systematic.

Data set Ney Npg €4 £ (pb™Y N o (10P) Ny(25(10°)
| 77 0.27 0.1449 2.1280.015+0.051 0.4293 0.00170.0076 1.3850.005+0.127
1l 140 0.49 0.1439 3.9290.019+0.098 0.7986:0.0023+0.0092 2.5740.007+-0.234
Total 217 0.76 0.1442 6.0520.024+ 0.149 1.2270.003+0.017 3.9590.009+ 0.362
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TABLE Il. Branching fractionB /B ;+ .-, and final branch-
ing ratioB,,.

Data set B, /B r3,(1073) B,.(107%)
[ 8.89+2.35+1.61 2.76-0.73+0.56
I 8.63+1.72+1.63 2.68-0.53+0.56
Total 8.73-1.39+ 1.57 2.710.43+0.55

o(nb)

1 PR AN VRN W I TN NS T TN SN ANV [N ST I S S B U
3.68 3.682 3.684 3,686 3.688 3.69 3.692 3.694 3.696 3.698

Ecm(GeV)

FIG. 3. The production cross section@fe” — 7" 7~ [1 indi-
cates the QED process, 2 indicai&S) production, 3 indicates
interference, and 4 indicates the tgial

. 3m3 ZFZ 1 1
as | °  2mi\Y?  am?
1+ — 2
1
X

int

=P+ oM o Y25 (5
W is the c.m. energyM is the mass of(2S), and B

=1—(2m,/W)2. The Coulomb interaction and final state
radiation corrections are described by the functiénég)
andF.(B) [12].

cross section corrected for interference at the resonance, the
trigger efficiency, and the detection efficiency for Bhabha
events. In order to obtain pure Bhabha events, a@fie”
events from ¢(2S)—e*e” as well as from (29)
—neutrald/ ,J/y—e*e”, should be subtracted from the
total number of events. These events are symmetric irf cos
while the Bhabha events are asymmetric in €odsing the
cosd distribution fore* e~ production relative to cog=0, a
relation for the number of Bhabha events can be obtained

Ai—A
QEDzﬁv (7)
whereA; andA, are the total number af* e~ events found
for cosf#<0 and co¥>0, respectively, and is the fraction
of Bhabha events with cas<0, which is determined by a
Monte Carlo simulation.

The results of this measurement are summarized in Tables
| and Il. Combining the results from the two different run-
ning periods, the branching fraction of tly€2S) decaying
into 7* 7~ is calculated to be

B,,=(2.71+0.43+0.55 % 10 3, (8
where the first error is statistical and the second is system-
atic. The overall relative systematic error of 20.2% includes
contributions from the luminosity (3.1%); the number of
#(2S) events,N s (9.1%); the selection criteria foeu
topology (11.3%; and the calculated value @fgep due to
uncertainties in the c.m. energy scale and the spread in c.m.
energy (10.899. The luminosity systematic error is deter-
mined from the cross section uncertainty and from the

The total cross section, which includes QED production,changes found when varying the selection criteria.
#(2S) resonance production, and interference, is shown in

Fig. 3. For this experimentW=23686.36 MeV andA
=1.4 MeV, and we getrg,,;=2.230 nb.

The number of produced/(2S) eventN s is deter-
mined from a study of inclusive/¢ produced iny(2S)
decays in the topology(2S)— o+ 7~ 3/ [13]. To estimate
Ny2s) » the Particle Data GroufPDG) value for B(#(2S)
—ata ) =(31.0-2.8)%[7] is used.

The luminosity £ is determined by using wide-angle
Bhabha events at thg(2S) in the BES detector and is given
by

N
L=—32 6

O QEDEt€d
where Noep, oep, €, and ey refer, respectively, to the
observed number of Bhabha events atitigS), the Bhabha

V. CONCLUSION

In Table Ill we summarize the existing measurements of
the leptonic decays of thé(2S). Our value ofB,,, cor-
rected by a factor of 0.3885, as indicated in E2), agrees
with the values 0B, andB,,, [7]. Assuming lepton univer-
sality, the average valuB,, is determined to be (841.0)
X103, The leptonic width [, of the (2S) has been
determined to be (2.120.18) keV[7]. From the relation-
ship I'iyi=I'ee/B; we find I'\,;=(252+37) keV, which is

TABLE lII. Leptonic branching fractions of thg(2S) in 103,

Bee B

M

B,,/0.3885

8.8+1.3[7] 10.3+3.5[7] 7.0+1.1+1.4
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