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Abstract

Using 3.0 fb~! of data collected with the CLEO-II detector, we study the
Cabibbo-suppressed decay D® — x~etv,. The ratio of the branching fractions
B(D® — n~e*v,)/B(D® — K~ etv,) is measured to be (10.3+ 3.9+ 1.3)%,
corresponding to an upper limit of 15.6% at the 90% confidence level.

13.20.F¢,13.65.4i,14.40.Jz

*Permanent address: University of Hawaii at Manoa

2

Typeset using REVITEX



Semileptonic decays of D mesons provide important information about the structure of
hadrons containing a heavy quark. The differential decay rate for D — 7fv is

ol 2 2

%2- = o Wl P2 |3 (1)
where ¢? = m2(#v) and P, is the momentum of the pion in the D rest frame. The wave
functions of the initial and final state mesons determine the single vector form factor f](g?).
Measuring the branching fraction B(D? — n~£*v) determines the normalization of the form
factor, f™(0), which can be compared with predictions from lattice qauge techniques, quark
models, and quark sum rules. This knowledge also improves our understanding of the similar
form factor in the decay B — nfv.

The variable ¢? is directly related to the energy of the pion in the D frame; g2, = 0 cor-
responds to maximum energy for the pion, and the form factor is conventionally normalized
at this value. There are experimental and theoretical advantages in measuring the ratio of
the form factor for D° — =~ ¢*v to the well-measured form factor for D® — K~ ¢*v. The
ratio of the branching fractions Ro = g}g% can be expressed as

Ve f3(0)

1?0 = CXK - ’ (2)
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where the factor C,x is given by the expression
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The ratio {V.4/V,,| is determined well from unitarity of the CKM matrix, so the measurement
of B(D" — =~ £+v)/B(D® — K~#*v) determines the ratio of the form factors, f7(0)/fK(0).

Mark 1II established the existence of the decay D° — =~ ¢*v when they observed 7
events. This observation yields B(D® — n~€+y) = (0.39703 + 0.04)%, corresponding to
Ro = (11.5*33 + 1.8)% [1]. CLEO 11 observed about 30 events of D** — x°D* D* —
7%t v, corresponding to B(D? — x°¢*v)/B(D* — Kttv) = (8.5+2.7+1.4)% (2]. Since
isospin invariance requires [(D* — #%*y)/T(D° — = £*y) = 1/2, this result implies
Ro = (17.0 + 5.4 + 2.8)%. The theoretical calculations for Ry are in the range 5-10%
[3-7). In this paper we report a new measurement of the ratio of the branching fractions
B(D® —» n=etv.)/B(D° — K- e*v,).

This analysis is closely related to that used to study D° — K~ ¢*v [8]. To reduce
backgrounds, we use the decay D** — x}D° to tag D° mesons, where x, refers to the
“slow” pion, which has a momentum of only 40 MeV/c in the D** rest frame. (The charge
conjugate mode is implicitly included throughout the paper.) The process D** — Dr*,
D® — n~e*v, gives a small average value of ém = m, .., — M, ., where 7 is the “fast” pion
from the D° decay. In addition, the distribution in §m is reasonably narrow, which helps in
suppressing backgrounds. The signal is extracted by fitting the two-dimensional distribution
of the variables ém and m,,., which is shown in figure 1 for a Monte Carlo sample of
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D° — n7e*v, decays. We also show Monte Carlo events for the largest background source,
D% — K~ etv, decays in which the kaon is misidentified as a pion. The distributions are very
similar, except that the misidentified D® — K~ e* v, decay distribution is offset to lower M e
by about 100 MeV. To reduce the kaon contamination, we use information on the energy
loss (dE/dx) and the time-of-flight (TOF) of the fast pion.

The analysis uses a sample of 3 million e*e™ — ¢ € events collected with the CLEQ-
I detector [9] at the Cornell Electron Storage Ring (CESR). The integrated luminosity is
2.1 fb~! at the T(4S5) energy and 0.9 fb~! in the continuum just below the resonance. We
first select events containing a possible 7y e*n} combination, including requirements for
good tracks and for a clean electron. The spherical BB events are suppressed by requiring
that the ratio of Fox-Wolfram moments [10], Hy/Ho > 0.2; the combinatoric backgrounds
are reduced by demanding that the momentum P,,,C > 1.8 GeV/c. We also impose an upper
limit on the tranverse momentum of the er combination relative to the thrust axis to reduce
background combinations.

Only electrons from kinematic regions in which the efficiency is well known are used in
the analysis. This leads to the requirements P, > 0.7 GeV/c and |cos8| < 0.81, where 8 is
the angle of the electron momentum relative to the beam line. We do not use muons because
the probability of a hadron faking a muon is significantly higher than the probability of it
faking an electron.

Since D° — K~e%*v, is the major background, kaon and pion separation is of special
importance in this analysis. Because we need to model the TOF and dE/dx distributions
very accurately, we use data, rather than Monte Carlo events, to determine cuts and measure
efficiencies. In particular, D° — K~ % events provide a clean sample of identified kaons and
pions in a kinematic region very similar to that needed for the semileptonic decay.

The variable used to select pions by time-of-flight is 6(¢) = (¢t — ¢,)/0(t), where t is the
measured TOF, ¢, is the mean TOF for a pion, and o(t) is the resolution in the TOF. Thus,
the 6(t) distribution should be centered at zero with a standard deviation of one. Figure 2(a)
shows this distribution for pions and kaons for the momentum region 0.5 — 1.2 GeV/c, where
there is substantial separation. We require é(¢) < 1.0 for p = 0.5—1.2 GeV/c, and é(¢) < 0.5
for p = 1.2 — 1.5 GeV/c, where the separation is somewhat less, but is still useful.

The corresponding variable containing dE/dx information from the drift chamber is
§(dE/dx) = (dE/dx — dE/dx,)/o(dE/dx). Figure 2(b) shows the §(dE/dx) distribution
for pions and kaons in the momentum region p > 1.5 GeV/c. We require §(dE/dx) > —1.0
for p > 1.5 GeV/c, and é§(dE/dx) > —0.5 for p = 1.2 — 1.5 GeV/c, where the separation
is somewhat less. In table I we list the efficiencies for the combination of TOF and dE/dx
cuts, with errors, for six momentum bins.

Besides the background from D° — K~etr,, the other significant background comes
from random combinations of pions and electrons. We parameterize the shape for this
combinatoric background using a wrong-sign sample consisting of z;etn], n;'e*r;, and
n}le*tr} combinations, plus charge conjugates. A detailed study of the major components of
the backgrounds in the D® — K~e*v, analysis [8] showed that this wrong-sign sample gives
a good representation of the smooth shape in the two-dimensional space. The wrong-sign
sample is not used to normalize the background, however. It is important to understand
whether there are any significant backgrounds from D° decays other than K ~e*v, that would
peak in the kinematic region of the signal but would not show up in the wrong-sign data.
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Contamination from D° — K~ x* would lie in the critical region of the two-dimensional plot
just above the upper limit for D° — K ~e*v, decays. Because the D° — K~ x* events form
a narrow peak in the two-dimensional ém — m, . space, we fit for this component explicitly
in the data, and find 0 + 3 events. For three-body hadronic decays of the D°® in which one
particle is missed and another particle is misidentified as an electron, the invariant mass
My, is low enough that very few events feed into the mass region used in this analysis. We
also studied the level of contamination from semileptonic decays such as D — K*ev and
D — nev and found it to be negligible.

To extract the size of the D° — m~e*v, signal, we fit the two dimensional distribution
in (ém,m,,.) with three components:

n(8m,mae) = Nefr + Nk i + Nogfog- 4)

The N; represent the number of events in each component, and the values are varied in the fit;
the f; are fixed shapes for each component. The three components are D° — n-¢e*v,, D° —
K~ e*v,, and combinatoric background. The shapes for the two semileptonic decays are
taken from Monte Carlo samples weighted by the measured particle identification efficiency.
The shape of the combinatoric background is parameterized using the wrong-sign sample.
The fit yields N, = 87 £33, Nx = 227 + 36, and Ny, = 259 + 20. We have measured the
quality of the fit by comparing its likelihood with that of a set of test samples, and find that
the confidence level is about 70%. The amount of rev signal is determined primarily by the
excess of events above background in the critical region near the maximum allowed value of
My, for a given ém, as shown in figure 1. In this region, the contributions from the three
components in the fit are about equal. Figure 3 shows the result of the two-dimensional fit
projected on the m, . axis for events with ém < 0.16. Such a plot does not display all of the
information used by the fit to separate the components, but it gives some idea of the quality
of the fit.

We use the yield for D° —» K~e*v, from reference {8 to normalize the branching ratio,
correcting for the ratio of luminosities. The yield for D° - K ~e*v, from the present analysis
is less precisely measured, since the particle identification cuts are designed to suppress it.
The ratio of branching ratios is therefore

_ Nefes (4484 21700)
Ho = Ni/ex — (43505 £ 1045) (103 £ 3.9)%. )

By normalizing to this mode we minimize our systematic errors, since the tracking and
electron identification efficiencies almost cancel. Only the errors on the kaon and pion
identification are effectively uncorrelated, and they are 4.5% and 2.7%, respectively. The
systematic errors on the fit include the statistical error on the Monte Carlo samples used for
the shape of the semileptonic components (7.5%), the uncertainty in the background function
(5%), the uncertainty in the signal shape (6%) and the uncertainty in the D® — K- x+
component (5%). We estimate the error due to the uncertainty in the number of lepton

fakes to be less than 1%. Combining these errors in quadrature we assign a total systematic
error of +13%. The final result is

Ro = (10.3£3.9 +1.3)%. (6)

To evaluate the ratio Crx defined in equation 3, we assume that each form factor factor has
a pole shape, f1(g?) = f+(0}/(1 - q*/m}), where my, the mass of the vector pole, is taken
as the mass of the D**(D3*) for the mev(Kev) decay. Using the result C,p = 1.97 from

oo |2
Tra| = 0.052 +0.020 4 0.007.
i
2 .
Unitarity constraints on the CKM matrix yield a value of 0.051 + 0.001 for |¥,‘:| {11]; using
LOF 01 +0.20 £ 0.07.
40

In conclusion, we have measured the branching ratio of the Cabibbo-suppressed decay
D° — 7~ etv, relative to the Cabibbo-favored decay D° — K~e*v, to be (10.3+£3.9+1.3)%,
corresponding to an upper limit of 15.6% at the 90% confidence level. This result agrees
well with the theoretical predictions listed in table II. It also agrees with the Mark III
measurement, but has a somewhat smaller error. It has a lower central value than that
implied by the CLEO D** — x°D*, D* — #%*y, measurement, but is consistent at the
lo level. We calculate the world average of all three measurements to be (12.1 + 2.9)%.
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Foundation, S.M.S. thanks the Islamic Development Bank, and A.W. thanks the Alexander
von Humboldt Stiftung for support. This work was supported by the National Science
Foundation, the U.S. Dept. of Energy and the Natural Sciences and Engineering Research
Council of Canada.
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FIG. 1. Distribution in ém vs m, . for Monte Carlo samples of rev and Kev. The normaliza-
tions are chosen arbitrarily for the purposes of display.
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FIG. 2. The distributions of (a) ét for pions and kaon with momentum between 0.5 and 1.2 FIG. 3. The result of the two-dimensional fit projected on the m, . axis for events with
GeV/c and (b) é(dE/dx) for pions and kaons with momentum above 1.5 GeV/c. The variables are ém < 0.16. The data are shown with error bars, the fit in the upper solid histogram. The
defined in the text. In each plot,the pion distribution is the solid histogram, the kaon distribution components of the fit are also shown: D® — x~e* v, (solid), D® — K~ e*v, (dashed), and other
is the dotted. background (dotted).



TABLES

TABLE I. The efficiency of the hadron identification cuts for pions and kaons in six momentum
bins. The column labeled “fraction” gives the fraction of accepted rmev events that lie in each bin.
The averages reported in the table are weighted with this fraction.

momentum (GeV/c) Ex EK fraction
0.5-0.7 0.683+0.026 0.080+0.009 0.06
0.7-1.0 0.556+£0.019 0.048+0.006 0.15
1.0-1.2 0.583+0.024 0.135+0.012 0.12
1.2-1.5 0.480+0.018 0.1774£0.011 0.13
1.5-2.0 0.610+0.016 0.25040.010 0.27
2.0- — 0.607+0.011 0.14510.005 0.27

Ave. 0.595 +0.016 0.176+0.008
TABLE II. Theoretical predictions for Rq.

Technique Group Ro(%)
Quark Models WSB [3] 8.8
ISGW [4] 53
QCD Sum Rules DP [5] 9.3
Narison [6] 8.3
Lattice QCD LMS [7] 8.6
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