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ABSTRACT

The Mark III collaboration has measured the J/v leptonic branching fractions
using the process ¥(25) — wtr~J/1,J/p — ITI~. The results are: B(J/¢p —
ete™) = (5.92 £ 0.154 0.20)% and B(J/y — ptp™) = (5.90 £+ 0.15+ 0.19)%,
where the first error is statistical and the second is systematic. Assuming lepton
universality, the leptonic branching fraction of the J/+ is (5.91 £ 0.11% 0.20)%.
This result is used to obtain the strong coupling constant o, and the QCD scale

factor A___.
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Most experiments that observe the J/v detect its presence only through its
leptonic decays. Knowledge of the J/v leptonic branching fractions is therefore
necessary to determine the total number of produced J/v’s in those experiments.
These branching fractions may also be used to estimate the strong coupling con-
stant o, and the corresponding quantum chromodynamics (QCD) scale factor
A(I\T;_fs), where ny is the effective number of quark flavors in the experiment.!? We
present herein a direct measurement of the J/v leptonic branching fractions, using

the ratio of the measured rates of the following exclusive and inclusive processes:

$(2S) = TR Iy, Tfd - I (1)

$(25) - xtxJ/$,  J/ip — anything , 2)

where [ is either an electron or a muon.

The data were collected with the Mark III detector® in two separate running
periods at the SLAC ete™ storage ring, SPEAR. The data were collected at a
center-of-mass energy corresponding to the ¢(25) resonance. In this analysis, the
main drift chamber, supplemented by a new vertex chamber? for the second period,
is used to measure the momenta of the charged tracks. The barrel calorimeter
and the muon chambers are used for particle identification. Due to the different
configuration of the detector in the two periods, the two distinct data sets, A and

B, require that separate Monte Carlo samples be generated.

For processes (1) and (2), each pion candidate track is required to have mo-
mentum less than 0.6 GeV/c, transverse momentum greater than 0.1 GeV/¢, and
| cos 8] less than 0.8, where § is the polar angle relative to the beam axis. The

two-pion invariant mass is required to be greater than 0.36 GeV/c?.



For process (1), the total number of charged tracks is required to be four
with net charge zero.?> Each lepton candidate track is required to have momentum
greater than 1 GeV/cand | cos 0| less than 0.7. The electron candidates are required
to have shower energies greater than 0.8 GeV; muon candidates are identified using

hits in the muon chambers.

We define the mass recoiling against the 7T 7~ system as

Miecoil = \/(mqp(ZS) — Er+ — E7r“)2 - (ﬁr*‘ + Pr- )2 >

where Ex = 1/m2 + p2

The Miecoil values for processes (1) and (2) are required to be in the interval from
3.0 GeV/c? to 3.2 GeV/c®. The M,eo; distributions for process (1), shown in
Fig. 1, are background free. The total numbers of these events, ny, are listed in
Table I. The events in the tails have dilepton masses consistent with the mass of
the J/+. The line shape for the J/ is determined by fitting the events in Fig. 1,

with two Gaussian functions and a quadratic polynomial.

The M;ecoin distributions for process (2), shown in Fig. 2, include all combina-
tions of 777~ candidates in the events. We fit these distributions using the J/1
signal shape determined from Fig. 1, together with an additional quadratic poly-
nomial term to model the background. The total numbers of signal events, nq,

from the fit are listed in Table I.

The J/+ leptonic branching fraction is (n1/e;)/(n2/€2), where €; and e, are
the detection efficiencies for each process. To obtain €1, we assume that process (1)
occurs via the sequential two body decays: ¥(25) - X + J/¢, X — atr~, and

J/¢ — It1™. We generate Monte Carlo samples using the X mass distribution:®

dN 2 25\2
pren « (m% —4m7)*y/m¥% —4m? \/(mi(ZS) - m2J/¢ —m%)? —4m2JN)m§( ,
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with isotropic angular distributions for the J/v¢ and the charged pions, and a
(14 cos? o7) distribution” for the lepton. In this Monte Carlo simulation, all angles
are defined in the decay particle’s helicity frame. We also include the effects of
final state radiation,® energy loss, and decays of the charged pions. A comparison

between the data and the Monte Carlo samples is shown in Fig. 3.

The trigger and reconstruction efficiency for the 7t #~ system in process (2),
€2, depends on the J/vy charged-track multiplicity. We estimate the multiplicity
distribution by measuring the number of charged tracks for events in the J/ peak
region in Fig. 2 and subtracting the averaged multiplicity distribution from back-
ground regions above and below the peak. The resulting multiplicity distribution
is consistent with measurements from our J/i data sample.® The estimation of
the efficiency for each charged-track multiplicity is obtained by generating Monte
Carlo samples with decays of the J/1 into different numbers of charged and neutral
pions.!? The efficiency €2, shown in Table I, is obtained by weighting the efficiencies
for different charged-track multiplicities according to the measured charged-track

multiplicity distributions.

The systematic error on the branching fractions arises from several sources.
The effects of different selection criteria are estimated by varying the criteria and
observing changes in the branching fractions. The changes caused by pion selection
criteria cancel in the ratio and do not affect the branching fractions. For the
leptons, varying the |cos | criteria from 0.8 to 0.5 and the momentum criteria
from 1.0 GeV/c to 1.3 GeV/c each contributes a fractional error of 1%. The
identification criterion for muons was changed from the requirement of signals in
the muon chambers to the requirement of a 0.5 GeV maximum shower energy in
the barrel calorimeter. The shower energy requirement for electrons in the barrel

calorimeter was varied by 0.1 GeV around the nominal 0.8 GeV cut. The relative



systematic errors on the branching fractions from these changes in the identification

criteria are less than 0.5% for muons and 0.2% for electrons.

Other contributions to the systematic error arise from the procedures for ob-
taining efficiencies, fit results, and background estimates. The uncertainty in the
€1 measurement is obtained by the following procedure. Events containing two
pions and at least one identified lepton are isolated. The efficiency for observing
the second lepton is then obtained from this sample. By comparing the efficiencies
determined from this method and the Monte Carlo, the contribution to the system-
atic error for observing both leptons is estimated to be 2%. The uncertainty in the
€2 measurement is obtained by varying the model of the J/v multiplicity distribu-
tion, and is estimated to be 2%. The fitting procedure to obtain the total number
of J/v’s contributes 1%. Potential background processes such as ¥(25) — nJ/,
with n — 7% %7~ or » — 4777 ~, and those with photon conversions, are neg-
ligible. Adding all of these contributions in quadrature, the fractional systematic

error in the measurements of the branching fractions is 3.3%.

Combining the results from the two different running periods, we obtain

B(J/$ — ete™) = (5.924+0.15 £ 0.20)%

B(J/¢ — ptp™) = (5.90 £0.15 £ 0.19)% .

Assuming lepton universality, we obtain'! B(J/4 — IT17) = (5.9140.1140.20)%.

The experimental ratio of quarkonium annihilation rates, [I'(quarkonium
— ¢99)]/[I'(quarkonium — pu%u~)], can be used in the framework of QCD 2 to
determine the strong coupling constant «s;. We follow the prescription of Ref. 2
and include the effects of relativistic corrections with a factor parametrized as

(14+.A-v?/c?). Using the QCD relation between oy () and AY , we fit the two ratios

LI/ — 999)l/IT(J/p — pFp7)] and [T(Y(LS) — gg9)l/[T(T(1S) — ptu™))
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(4)

to determine!® A and A%. From this value of A(;I_)S, ag(mg) and as(my) are then

obtained. Our results are:

—_

1)
A = (240 £10) MeV

as(me = 1.5 GeV/c?) = (0.30 £0.01) ,

as(mp = 4.9 GeV/c?) = (0.195 +0.002) .

The errors given above are experimental only. The theoretical errors are unknown

and may be large.

We gratefully acknowledge the dedicated efforts of the SPEAR staff. The
authors also wish to thank J. Rosner and M. Peskin for helpful comments and

advice. One of us (G.E.) wishes to thank the Heisenberg Foundation for support.
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charmonium and upsilon systems, respectively (see Ref. 2).



TABLE CAPTION

Table I. Measured results for the two different running periods. The efficiency,
€1, for the muon mode of period B is noticeably lower than that for period A due

to some inoperative channels in the muon chambers during running period B.



TABLE I

Lepton
Period Type ny ny €1 €2 B (%)
A e 615 | 20230 180 | 0.266 | 0.523 [ 5.98 + 0.25 4+ 0.20
A 7 605 | 20230 £180 | 0.263 | 0.523 | 5.95 4 0.25 4+ 0.20
B e 1008 | 33500 £ 260 | 0.262 | 0.513 | 5.89 £+ 0.19 £ 0.19
B 7 897 | 33500 £260 | 0.234 | 0.513 | 5.87 4+ 0.20 4+ 0.19
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FIGURE CAPTIONS

1. The Miecoil distribution for process (1); a fit to the spectrum with two Gaus-
sian functions and a quadratic polynomial term is shown as a solid curve.
(a) Data set A. (b) Data set B. The non-Gaussian tails visible in (a) and (b)

are reproduced by the Monte Carlo.

2. The Miecon distribution for process (2); a fit using the same signal shape as
in Fig. 1, with an additional quadratic polynomial background term is shown

as a solid curve. (a) Data set A. (b) Data set B.

3. The #*7~ invariant mass distribution for events from process (1) for the
combined data sets (black dots) and the combined Monte Carlo samples
(solid histogram). The two-pion invariant mass cut of 0.36 GeV/c? is indi-

cated by the vertical arrow.
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