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We have measured the spectral shape Michel paramgtarsd » using leptonic decays of the,
recorded by the CLEO Il detector. Assumirgu universality in the vectorlike couplings, we find
Pep = 0.735 = 0.013 = 0.008 and 7., = —0.015 = 0.061 = 0.062, where the first error is statistical
and the second systematic. We also present measurements for the parametersdigr final states
separately. [S0031-9007(97)03312-7]

PACS numbers: 13.35.Dx, 14.60.Fg, 14.80.Cp

Leptonic 7 decays are sensitive probes of the charged To isolate a pure sample, we select events in which the
weak interaction since the strong interaction plays no role-~ has decayed terv or wv7 (signal) and the recoiling
in these decays. The Lorentz structure of ta&/v, * has decayed ta " 7’7, (tag) [8], whereh refers
andeW v, currents is well established. In this paper, weto a chargedr or K. The h*7%%, mode is chosen
investigate the-W v, vertex. because of its large branching fraction, and because events
In the decays of the to £»7, information on the decay SO tagged are easily distinguishable from QED and other
can be extracted from the shape of the momentum distrib10n-r backgrounds. _
tion of the lepton¢, and from its angular distribution rela- ~ Events are required to have two oppositely charged good
tive to the parent spin direction [L—4]. After integration tracks in the barrel region of the detectmosé| < 0.71,
over the unobserved neutrino momenta and the spify of where# is the polar angle of the track with respect to the

and neglecting radiative effects we can write the charge€am axis. We consider pairs of barrel photons, above
lepton momentum spectrum as 100 MeV each, asr' candidates if their invariant mass

4p me (1-x) lies within 3 standard deviationg(, = 5-9 MeV) ofthe
1 dTI’ _ 2[12(1 — X) + T(SX - 6) + 24’)’]% T] 77-0 mass.
T dx - 1 + 4n(me/m;) ’ The track further away in angle from the reconstructed
) 7% is required to be either am or u. Electrons above

wherep and 7 are the spectral shape Michel parametergy 5 Ge\/c are identified by momentum and specific ioni-
[1], andx = E¢/Emax is the Iepton2 energy scaled to the z4ii0n measurements from the tracking systems, and en-
maximum energyE.x = (m; + my)/2m. in the 7 rest ergy measurements from the electromagnetic calorimeter.
frame. In the standard model (SM),= 3/4andn = 0.  Muons above 1.5 GeX¢ are identified by projecting
Sincer" 7~ pairs are produced with no net polarization tracks to hits in muon counters beyond at least three
ate™e” center-of-mass energies below th& mass, this apsorption lengths of material. Lepton identification
spectrum is not sensitive to the spin-dependent parametegsficiencies and fake rates are determined from the
& ands. data.

Ignoring scalar and tensor interactions,# 3/4 sug- Cuts are employed to suppressa(y) and uu events.
gests the mixing of right-handed and left-handed vectoive allow no more than one identified. Remaining
currents [4,5]. Assuming that thé-A coupling is domi-  backgrounds from these sources, along with those due to
nant,n # 0 suggests the presence of a scalar boson th&y annihilation, cosmic rays, beam gas interactions, and
couples to a right-handed and a right-handed. In- 47 production [includingY (4S) — BB] are all estimated
terference between the amplitudes of this scalar bosom be negligible. Events with isolated photonlike unused
and the SMW, boson alters the low momentum region showers above 75 MeV (100 MeV) in the barrel (endcap)
of the u spectrum. This effect is helicity suppressed inare rejected to reduce background from muiti-modes
the e spectrum since it corresponds to a flipping of themimicking the tag mode.
lepton’s spin, and therefore scales with the lepton mass. We identify 31568 [21766]e’s [u’s] with an esti-

In the two-Higgs-doublet model with a scalar chargedmated misidentification background @.178 + 0.026)%
Higgs boson, one would have, in the decay~ uv7, [(1.08 = 0.16)%]. The number of observed events is
Ny = —(m;m, tart B)/2m3 [6], where 8 is the ratio of  consistent with expectations from world average branch-
the vacuum expectation values of the neutral componenisg fractions. No correction is made for the small fake
of the two Higgs doublets, angiy is the Higgs boson electron contamination. The product of the momentum
mass. dependent fake rate (determined using e from tag

The data used in this analysis were produced in thelecay), and the parent hadron distribution (obtained by
ete” — 771~ reaction at the Cornell electron storage discarding all identifie¢ andu events on the signal side),
ring CESR, operating ak., = 10.6 GeV, and collected estimates the fake muon spectrum which is subtracted
with the CLEO Il detector [7]. Using 3500 pb (3.20 X  from the signal spectrum. Using Monte Carlo (MC)
10° producedr pairs) of analyzed data, we measyre  simulation, we predict a remnant multi? background
using theerr mode, ancp, andn,, using thewrr» mode.  contamination of(1.19 * 0.05)% [(1.38 = 0.06)%] of
Adding the assumption a@f u universality we also analyze the tag decays accompanying the electronic [muonic]
the two modes simultaneously to measprg and 7, . decays.
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FIG. 1. The distribution of coa for the data (dots), the EuIEMax

generict MC simulation (solid histogram), and the background

contamination from multiz® decay modes (hatched region). FIG. 2. The scaled PRF energy spectrum in the data (dots)
The arrow indicates the nominal minimum requirement. Eventsind the MC simulation (solid histogram), fqr's identified

with cosae > 1 result from measurement errors and arekinematically. The MC spectra for the background modes are
discarded. also illustrated; their contributions are small féy, /Ep., <
0.6, indicated by the arrow.

The ideal Lorentz frame for measuripgand n simul-
taneously is ther rest frame. The lepton spectrum ob- plateau of the muon identification system. These muons
served in the laboratory (LAB) differs from the rest are identified by elimination of all other possible decay
frame spectrum due to the Lorentz boost. All sensitiv-hypotheses v, Kv, evw, and hnw’v). We define
ity to n is now restricted to the low momentum region for X = E, /En.x as the PRF muon energy scaled to the
which muon identification at CLEO is limited. The rest maximum possible energ¥m.x = (mi + m2)/2m, in
frame lepton spectrum cannot be measured since the uthe 7 rest frame (Fig. 2). For the two-body modes
observed neutrinos in these events preclude the explicind Kv, we haveX, ) = 0.89 (0.95) in the true rest
reconstruction of the entire event. One can, howeverrame. A cut atX < 0.6 reduces ther/K contamination
utilize information from the tagr to estimate a pseudo to (2.63 = 0.21)%. The p, = 0.5 GeV/c requirement,
rest frame (PRF) of the lepton’s parenf9]. In the ab- along with an explicit electron veto reduces the electron
sence of radiation, the twg's are produced back-to-back, contamination t0(0.64 = 0.11)%. No extra unmatched
and at the beam energy. We select events in which thehowers above 60 MeV are allowed, either in the barrel or
direction of the tagh#° system reliably estimates the the endcap region, to minimize backgrounds from° v
flight direction of the parent. In the decayr — Av,  and other multiw® modes; this contamination is estimated
where A is the hadronic system and is the angle be- to be(0.78 = 0.12)%. These backgrounds are calculated
tween ther andA momenta in the LAB frame, we have with the MC simulation and subtracted from the data.
m% + mﬁ — 2E,E4 + 2p,psCOSa = m,%. Ea, pa,and  Thus, we recover a small but pure sample of muons
my are all measured quantities, and we assume= 0  particularly sensitive to the parameter.
andE, = Ey.,m to calculate cos. For cosw = 1, the The predictiondN,,,/dx for the charged daughter lep-
tag ~7° momentum gives an excellent approximation ofton spectrum, integrated over the two undetected neutrino
the parent direction. Accordingly, we select events with momenta, and averaged over thehelicity, can be ex-
cosa = 0.970 (Fig. 1) and reconstruct the PRF spectrum.pressed in terms of three MC specti&/dx[p, n]: the
After the cosy requirement, one retains 18587 (12580)standard/ — A [3 /4,0] spectrum, th& + A [0,0] spec-
electrons (muons). trum and then = 1 [3/4,1] spectrum. With each recon-

In the PRF, we include 2931 muons that lie betweerstructed MC spectrum normalized to the total number of
0.5-1.5 GeYc in LAB momentum, below the efficiency| events, the data spectrum is represented by

dNops _ (4P/3 - 77) (ev—a) d_N
S dx Lp.m] = { 1 + 4n(me/m;) }dx [3/4,01
(1 —4p/3)(evia) [dN nll + 4(m¢/m:)](€y=1) | dN
[ 1+ dn(me/m,) ]dx L0.01+ [ U5 dnmg/my) | ax /41

where S is the sum of the three coefficient§}). The | correction is required. By construction, the fit function
lepton momentum cutoff results in a different averageintegrates to the total number of observed events for all
efficiency € for each MC spectrum; a small efficiency physical values of the parameters.
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We perform ay? fit of the data spectrum to the All effects due to radiation, resolution, and efficiency are
above function of three binned MC spectra. We use théncluded in the three MC spectra.
KORALB(V2.2) [10], TAUOLA(v2.4) [11], and PHO- Events which survive the ces constraint are analyzed
TOg(v1.06) [12] MC packages to model the productionin the PRF (Fig. 3), the remainder being analyzed in the
and decay ofr pairs, and theseaNT 3.15[13] program LAB frame. In the electronic decay mode, only the first
to simulate the response of the CLEO Il detector. Smaltwo terms in the previous equation are relevant. We use a
modifications to therTAuoLA package were required to weighted average of the two independent frame results to
generate decays with non-SM values @fand n [14]. measurg, = 0.732 = 0.014 with a y?/d.o.f. of 51.546
(36.2/44) in the PRF (LAB frame). In the muonic decay
mode, the parameteys, andn, are strongly correlated
and are simultaneously measured. The weighted average

1200 P yields p, = 0.747 = 0.048 and 7, = 0.010 * 0.149,

L (3) Pseudo Rest Frame | with a y2/d.o.f. of 26.9/34 (28.7/33) in the PRF (LAB
T—ervy . .. . .

1000 o frame). The correlation coefficiei,,, is 0.949. Omis-
sion of the low momentum muons, recovered without con-
ventional muon identification results in significantly larger

800 errors. Results obtained on analyzing the two frames of
reference independently are consistent with each other;
§ the errors in the LAB frame are twice as large.
@ 600 The high precision op obtained in the electron mode
I analysis is now used to constrain theparameter in a
] simultaneous fit to both modes. Assuming lepton uni-
400 versality in the vectorlike couplings, and no tensor inter-
actions, we constraip, = p,. We usen,, to denote
the value ofn, measured with this constraint. No con-
200 straint is placed om, since we are insensitive to it. We
measurep;,, = 0.735 = 0.013, n7,, = —0.015 = 0.061,
C,n = 0.614 with a y?/d.o.f. of 69.5/75 (62.7/78) in
the PRF (LAB frame). Again the two frames yield con-
0 05 1.0 1.5 2.0 . g :
sistent results. We show in Fig. 4 results of the combined
X . . oL
1000 (e e Ie ——— mode fit along with the measurements from the individual
i ] modes.
[ (P) : Pse“:T;s::'ame . Table | lists the systematic error contributions from all
- : : dominant sources. Although the MC samples are each
i T a factor of 10 times larger than the data, MC statistics
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FIG. 3. The (a)e, (b) u scaled PRF energy spectra with the " 0.65 0.70 0.75 0.80 0.85
data (dots) and fit function (solid histogram). The dotted line in p

(a) represents the electréh + A MC spectrum and the dotted

line in (b) represents the muom = 1 MC spectrum. Events FIG. 4. The shaded band denotes ¢éhmode result; the dotted
with X > 1 result from the imperfect reconstruction of the  (solid) ellipse indicates thee mode ¢ and u combined) br
direction. The addition of the low momentum muons results inerror ellipse obtained in th@-p plane. The SM expectation is
the discontinuity observed &t, = 0.6 in (b). given by the cross.
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TABLE I. All significant sources of errors. We evaluate the radiation systematic error by varying
the radiation prediction in the MC spectrum by as much as

Source Pe Po  Me  Per  Men +10% in the fits performed to extract the two parameters.
Electron ID <0.001 .- -~ <0.001 0.001 |nitial and final state radiation have the largest rate and the
Muon ID -~ 0.004 0.018 0.001 0.024 greatest potential to distort the momentum spectrum; the
Fake electron 0.004 --- 0.004 0.015  contripution from decay radiation photonsin— ¢vvy,
Egz?j-?g\% '(')'001 0'820%2 0'3%%7 0'8%202 0.820508 and photons re_sulting fron_1 gxternal bremsstrahlung in the
Trigger 0.002 0006 0019 0002 0005 detector material are negligible. .

Bin migration 0.001 0.020 0066 0.002 0019 MC generator-level tests, without any detector simula-

Correlations 0.003 0.012 0.050 0.003 0.035 tion, confirm that the fit procedure tracks both parameters
Radiation 0.005 0.003 0.050 0.001 0.004 over their respective allowed ranges in parameter space;
MC statistics 0.005 0.026 0.089 0.005 0.026 no systematic bias is associated with the fitting procedure.
Total systematics 0.009 0.044 0.171 0.008 0.062 The results obtained for the different parameters mea-
Data statistics 0.014 0048 0149 0.013 0061 Sured, along with the previous world average measure-

ments [15], are presented in Table II.
In conclusion, all results are consistent with previous

remains one of the largest sources of systematic error. TH8€asurements, and with the-A theory. They are more

complete CLEO MC simulation is used to determine the efPrecise than all previous measurements, and help con-

ficiencies of all applied cuts, along with their effects on theStrain the new world average results considerably. This

lepton momentum distributions; independent data samplggeasurement of they parameter provides a lower limit

are used to calibrate the MC simulation wherever possible? the charged Higgs mas#;- > (0.97 X tanp) GeV
Lepton identification efficiencies are measured from theit the 90% confidence level.

data. Statistical uncertainties in these measurements leadWe gratefully acknowledge the effort of the CESR staff

to small systematic errors. The MC estimates for thdn Providing us with excellent luminosity and running
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these changes are momentum independent. To estimaddiftung, Research Corporation, the Natural Sciences and
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