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V. E. Kuznetsov,8 H. Mahlke-Krüger,8 T. O. Meyer,8 P. U. E. Onyisi,8 J. R. Patterson,8

D. Peterson,8 E. A. Phillips,8 J. Pivarski,8 D. Riley,8 A. Ryd,8 A. J. Sadoff,8

H. Schwarthoff,8 X. Shi,8 M. R. Shepherd,8 S. Stroiney,8 W. M. Sun,8 D. Urner,8

T. Wilksen,8 K. M. Weaver,8 M. Weinberger,8 S. B. Athar,9 P. Avery,9 L. Breva-Newell,9

R. Patel,9 V. Potlia,9 H. Stoeck,9 J. Yelton,9 P. Rubin,10 C. Cawlfield,11 B. I. Eisenstein,11

G. D. Gollin,11 I. Karliner,11 D. Kim,11 N. Lowrey,11 P. Naik,11 C. Sedlack,11

M. Selen,11 E. J. White,11 J. Williams,11 J. Wiss,11 K. W. Edwards,12 D. Besson,13

T. K. Pedlar,14 D. Cronin-Hennessy,15 K. Y. Gao,15 D. T. Gong,15 J. Hietala,15

Y. Kubota,15 T. Klein,15 B. W. Lang,15 S. Z. Li,15 R. Poling,15 A. W. Scott,15

A. Smith,15 S. Dobbs,16 Z. Metreveli,16 K. K. Seth,16 A. Tomaradze,16 P. Zweber,16

J. Ernst,17 H. Severini,18 D. M. Asner,19 S. A. Dytman,19 W. Love,19 S. Mehrabyan,19

J. A. Mueller,19 V. Savinov,19 Z. Li,20 A. Lopez,20 H. Mendez,20 J. Ramirez,20

G. S. Huang,21 D. H. Miller,21 V. Pavlunin,21 B. Sanghi,21 I. P. J. Shipsey,21

G. S. Adams,22 M. Cravey,22 J. P. Cummings,22 I. Danko,22 and J. Napolitano22

(CLEO Collaboration)
1University of Rochester, Rochester, New York 14627
2Southern Methodist University, Dallas, Texas 75275

3Syracuse University, Syracuse, New York 13244
4Vanderbilt University, Nashville, Tennessee 37235
5Wayne State University, Detroit, Michigan 48202

6Carnegie Mellon University, Pittsburgh, Pennsylvania 15213
7Enrico Fermi Institute, University of Chicago, Chicago, Illinois 60637

8Cornell University, Ithaca, New York 14853
9University of Florida, Gainesville, Florida 32611

10George Mason University, Fairfax, Virginia 22030
11University of Illinois, Urbana-Champaign, Illinois 61801
12Carleton University, Ottawa, Ontario, Canada K1S 5B6

and the Institute of Particle Physics, Canada
13University of Kansas, Lawrence, Kansas 66045

14Luther College, Decorah, Iowa 52101
15University of Minnesota, Minneapolis, Minnesota 55455

16Northwestern University, Evanston, Illinois 60208

1



17State University of New York at Albany, Albany, New York 12222
18University of Oklahoma, Norman, Oklahoma 73019

19University of Pittsburgh, Pittsburgh, Pennsylvania 15260
20University of Puerto Rico, Mayaguez, Puerto Rico 00681

21Purdue University, West Lafayette, Indiana 47907
22Rensselaer Polytechnic Institute, Troy, New York 12180(Dated: June 22, 2005)AbstractWe present a measurement of the inclusive branching fractions for the decays D+ ! Xe+�e andD0 ! Xe+�e, using 281 pb−1 of data collected on the  (3770) resonance with the CLEO-c detector.We �nd B(D0 ! Xe+�e) = (6:45� 0:17� 0:15)% and B(D+ ! Xe+�e) = (16:19� 0:20� 0:36)%.

∗Submitted to the XXII International Symposium on Lepton-Photon Interactions at High Energy

2



I. INTRODUCTION
The study of the inclusive semileptonic widths of charged and neutral D mesons is a

powerful laboratory to probe our quantitative understanding of QCD [1]. Under the as-
sumption of isospin symmetry, the semileptonic widths of the D+ and D0 mesons should
be equal. Thus, modulo correction introduced by Cabibbo suppressed partial widths,B(D+ ! Xℓ+νℓ)/B(D0 ! Xℓ+νℓ) should be equal to τ+/τ 0, the corresponding lifetime
ratio.

The comparison between the shape of theD+ andD0 electron momentum spectra may un-
cover the relevance of weak annihilation diagrams [1]. In the naive factorization these effects
are strongly suppressed, but there is no strong theoretical motivation for it. Non-factorizable
effects may also influence the extraction of Vub from inclusive B meson semileptonic decays,
and thus it is important to understand them well.

The CLEO-c experiment provides a unique opportunity to study these decays, as it is
accumulating a large sample of data taken just above DD̄ threshold. Thus we can take
advantage of D tagged samples, where one D meson is fully reconstructed. Our study of
inclusive semileptonic decays is based on a 281 pb−1 data set, collected at the ψ(3770)
center-of-mass energy. In this analysis we use only D̄0 ! K+π− and D− ! K+π−π−

tagging modes, because of their very low background levels. The tagging technique was
developed by the Mark III collaboration [2] at SPEAR. It relies on the kinematic niceties
available when studying DD̄ pairs at a center-of-mass energy close to threshold. The use
of tagged samples suppresses any other background source and provides the knowledge of
the momentum and energy of the recoiling D. This property can be exploited in generating
center-of-mass momentum spectra.II. ANALYSIS METHOD

We select events containing either the decay D̄0 ! K+π− or the decay D− ! K+π−π−.
In this analysis we exploit the flavor information provided by the tagging D: the neutral
D flavor is assigned on the basis of the charge of the daughter K, whereas for the charged
D we use its charge as a flavor tag. (Charge conjugate modes are implied throughout this
paper). Details on the tagging selection procedure are given in Ref. [3]. Good candidate
tracks are combined to form specific final state. Two kinematic variables, beam constrained
mass (Mbc �pE2

beam
� (Σi~pi)2 and ∆E � Ebeam�ΣiEi), are used to select the desired tag:

here Ebeam represents the beam energy and (Ei, ~pi) represents the 4-vectors of the candidate
daughters. We select events that are within 3σ of the expected ∆E(0 GeV) and Mbc(MD).
In order to determine the total number of tags, we count the events within the selected
∆E/Mbc box from which we subtract the estimated background, extracted from studies of
the sideband region. Our primary method is to use two control regions, 3σ wide, in the ∆E
projection of candidate events with Mbc within 3σ of the expected Mbc.

We start by measuring raw spectra of 3 different particle species in the momentum re-
gion between 0.2 - 1.0 GeV/c: e+, π+ and K+ (right-sign) and e−, π− and K− (wrong-sign)
tagged by D̄0 or D−. The π group include muons, as we do not have the ability of sep-
arating these two particle species in this momentum region. Charged tracks are required
to be well-measured and must also be consistent with coming from the interaction point
in three dimensions: we require the helical trajectory to be within a distance of 5 mm in
the azimuthal projection and 5 cm in the polar view, where the azimuthal view it the bend
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view of the solenoidal magnet. Each track must include at least 50% of the hits expected
for its momentum. Moreover, it must be within the fiducial volume of the RICH detector
(j cos(θ)j � 0.8). Finally, we require the charged track momentum ptrack to be greater or
equal to 0.2 GeV/c, as the particle species separation becomes increasingly difficult at low
momenta.

Candidate e+ are selected on the basis of a likelihood ratio constructed from three inputs:
the ratio between the energy deposited in the calorimeter and the momentum measured in
the tracking system, the specific ionization dE/dx measured in the drift chamber and RICH
information [4]. Our selection criterion has an average efficiency of 0.95 in the momentum
region 0.3-1 GeV/c, and 0.71 in the region 0.2-0.3 GeV/c. K and π candidates are selected on
the basis of the specific ionization and RICH information. A particle identification variable
(PID) is used to identify π and K species. It combines RICH and dE/dx information, if the
RICH identification variable[5] is available and ptrack > 0.7 GeV/c; alternatively it relies on
dE/dx only.

The true e+ populations in the right and wrong-sign samples are extracted through an
unfolding procedure, using the matrix:0@ nm

e

nm
π

nm
K

1A =

0@ εe feπ feK

fπe επ fπK

fKe fKπ εK

1A�0@ nt
e

(nt
π + κnt

µ)
nt

K

1A
here nm

e , nm
π , nm

K represent the raw measured spectra in the corresponding particle species,
and the coefficient κ accounts for the fact that the efficiency for π and µ selection is not
necessarily identical, especially at low momenta. As we are focusing on the e+ spectra, the
disentangling of µ and π population is not addressed in this paper. Note that the matrix is
almost diagonal.

The efficiencies appearing in this matrix account for track finding, track selection criteria
as well particle identification losses. The tracking efficiencies and the π and K identifica-
tion efficiencies are obtained from a Monte Carlo simulation of DD̄ events in the CLEO-c
detector. The e+ identification efficiency is extracted from a radiative Bhabha sample. The
effect of the difference between the DD̄ event environment and the simpler radiative Bhabha
environment (two charged tracks and one shower) is studied with embedded samples and a
correction for this bias is performed on the measured spectrum. The off-diagonal elements
are the product of the tracking efficiency for the given particle species and the fake probabil-
ity fab that particle b is identified as particle a. The fake probabilities are determined using
e samples from radiative Bhabhas, K from D+ ! K−π+π+ and π’s from D+ ! K−π+π+

and K0
S ! π+π−.

This unfolding procedure results in corrected “right-sign” and “wrong-sign” e+ yields.
The wrong-sign distribution give an estimate of the charge symmetric background, mostly
produced by π0 Dalitz decays and γ conversion. Monte Carlo studies indicate that the
wrong-sign sample is an accurate representation of this background source. In D̄0 ! K+π−

tag, effect of mis-PID is negligible, the effect of doubly Cabibbo suppressed decay (DCSD)
is corrected.

The same unfolding procedure is applied to control samples obtained from ∆E sidebands
to estimate the contribution to the spectrum coming from background tags. The tags
D̄0 ! K+π− and D− ! K+π−π− have very little background: the D̄0 sidebands give
a projected right-sign background yield (14 e+ compared to 2239 signal e+) and the D−

sidebands contain 127 e+ (1.5% of the signal yield).
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Table I summarizes all the relevant yields and corrections affecting the extraction of the
charged and neutral D semileptonic branching fractions.D+ D0Tags 73732� 283 47379� 221Signal ElectronsRight-sign (raw) 8275� 91 2239� 47Wrong-sign (raw) 228� 15 233� 15Right-sign (unfolded) 9186� 101 2453� 52Wrong-sign (unfolded) 231� 19 203� 18Sideband Correction 157� 15 5 � 5Net electrons 8798� 104 2246� 56TABLE I: Electron unfolding procedure. The errors reported here re
ect only the statistical uncer-tainty.

Fig. 1 shows the D+ and D0 differential widths dΓ/dpe, where pe is the D laboratory
momentum. The spectra have not been corrected for final state radiation.
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0.2 0.4 0.6 0.8 1FIG. 1: Lepton momentum spectra in the laboratory for the decaysD+ ! Xe+�e andD0 ! Xe+�e.We have used the PDG2004 [6] average D lifetimes to normalize the two spectra.
We have considered several sources of systematic uncertainty. Contributions to the sys-

tematic errors common to D+ and D0 include tracking efficiency (1%), particle identification
efficiencies (1%), fake probability determination and uncertainties in charge-symmetric back-
ground subtraction. The uncertainty on tracking and K and π identification are taken from
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the studies discussed in Ref. [3]. The systematic error on the electron identification effi-
ciency (1%) is assessed comparing radiative Bhabha samples, embedded samples and Monte
Carlo samples. Uncertainties associated with the knowledge of individual components of
the unfolding matrix have been assessed with a toy Monte Carlo simulation, by varying
the individual matrix elements within error incoherently. The uncertainty in this procedure
is 0.6%. In addition, we have accounted for the uncertainties in the number of tags, final
state radiation (FSR) uncertainty (1%). FSR effects are modeled with the PHOTOS [7]
algorithm. Finally, the procedure of correcting for the portion of the spectrum below the
momentum cut-off has an uncertainty of 1.0% for the D+ and 1.4 % for the D0.

We obtain the preliminary partial branching fractions for pe � 0.2 GeV/c:� B(D+ ! Xe+νe) = (14.91� 0.19� 0.29)%.� B(D0 ! Xe+νe) = (5.97� 0.16� 0.11)%.

where the first error corresponds to the statistical uncertainty and the second the system-
atical uncertainty. We obtain the preliminary total branching fractions, after the correction
of the unmeasured part of spectrum below 0.2 GeV/c:� B(D+ ! Xe+νe) = (16.19� 0.20� 0.36)%.� B(D0 ! Xe+νe) = (6.45� 0.17� 0.15)%.

The correction has been determined from a Monte Carlo simulation with a correction factor
to account for the discrepancy in shape between observed spectra and simulated spectra.

By using the measured branching fractions and the known D lifetimes [6] we obtain the
inclusive semileptonic widths:� Γ(D+ ! Xe+νe) = 0.1557� 0.0019� 0.0035 ps −1,� Γ(D0 ! Xe+νe) = 0.1572� 0.0041� 0.0037 ps −1.

The semileptonic widths of charged and neutral D mesons are consistent with isospin in-
variance within the experimental accuracy.

Finally, we can compare these widths with the sum of the semileptonic decay widths
for the pseudoscalar and vector hadronic final states recently published by CLEO [8]. They
obtain B(D+ ! Xe+νe)excl = (15.1�0.5�0.5)% and B(D0 ! Xe+νe)excl = (6.1�0.2�0.2)%.
The sum over exclusive modes and inclusive measurement are consistent within error, but
more statistics is needed to develop a full understanding of the composition of the exclusive
semileptonic width.

In summary, we report improved measurements of the absolute branching fractions for
the inclusive semileptonic decays D+ ! Xe+νe and D0 ! Xe+νe. We obtain B(D+ !
Xe+νe) = (16.19 � 0.20 � 0.36)% and B(D0 ! Xe+νe) = (6.45 � 0.17 � 0.15)%. The
corresponding inclusive semileptonic widths are ΓD+ = 0.1557 � 0.0019 � 0.0035 ps−1 and
ΓD0 = 0.1572 � 0.0041 � 0.0037 ps−1, consistent with the expected equality between D
inclusive semileptonic widths. The composition of the inclusive spectra is dominated by the
low lying resonances in the c! s and c! d.[1] S. Bianco, F. L. Fabbri, D. Benson and I. Bigi, Riv. Nuovo Cim. 26N7-8, 1 (2003) [arXiv:hep-ex/0309021].
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