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Abstract. Using the data of about 33 pb−1 collected at and around 3.773 GeV with the BES-II detector at
the BEPC collider, we have studied the exclusive semileptonic decaysD+→K−π+e+νe,D

0→ K̄0π−e+νe,
D+→ K̄∗0e+νe and D

0→K∗−e+νe. The absolute branching fractions for the decays are measured to
be BF (D+ → K−π+e+νe) = (3.50± 0.75± 0.27)%, BF (D0 → K̄0π−e+νe) = (2.61± 1.04± 0.28)%,
BF (D+→ K̄∗0e+νe) = (5.06±1.21±0.40)% and BF (D0→K∗−e+νe) = (2.87±1.48±0.39)%. The ratio
of the vector to pseudoscalar semileptonic decay rates Γ (D+→ K̄∗0e+νe)/Γ (D

+→ K̄0e+νe) is determined
to be 0.57±0.17±0.02.

1 Introduction

Semileptonic decays offer access to weak interactionmatrix
elements since the effects of weak and strong interactions
can be separated reasonable well. Measurements of branch-
ing fractions for exclusive decays of D mesons play an im-
portant role to develop and to test models of their decay
mechanisms.
Earlier theoretical predictions [1, 2] implied that the

ratio of the vector to pseudoscalar D meson semilep-
tonic decay rates R = Γ (D→ K̄∗e+νe)/Γ (D→ K̄e+νe)
lies in the range from 0.9 to 1.2 [3]. E691 Collabora-
tion reported a measurement with a lower ratio Γ (D+→
K̄∗0e+νe)/Γ (D

0 → K−e+νe) = 0.45± 0.11 [4], while
MARK-III Collaboration obtained Γ (D → K̄πe+νe)/
Γ (D→ K̄e+νe) = 1.0

+0.3
−0.2 [5] which is consistent with the

early theoretical predictions. Since then, some controver-
sies evolved concerning the R ratio from both theoretical
predictions and experimental measurements. Contrary to
the earlier expectations, recent theoretical predictions and
experimental measurements tend to support a smaller
value [6, 7]. A compilation of predictions and experimental
values can be found in [6]. The R ratio is governed by form
factors of the hadronic currents. So a measurement of R is
essential to test form factor calculations.
In this paper, we report direct measurements of the

branching fractions for the decays D+ → K−π+e+νe
(throughout this paper, charge conjugation is implied),

D0→ K̄0π−e+νe, D+→ K̄∗0e+νe andD0→K∗−e+νe by
analyzing the data sample of about 33 pb−1 [8, 9] collected
at and around the center-of-mass energy 3.773GeV with
the BES-II detector at the BEPC collider.

2 BES-II detector

The BES-II is a conventional cylindrical magnetic detector
that is described in detail in [10]. A 12-layer vertex cham-
ber(VC) surrounding a berylliumbeam pipe provides input
to event trigger, as well as coordinate information. A forty-
layer main drift chamber (MDC) located just outside the
VC yields precise measurements of charged particle trajec-
tories with a solid angle coverage of 85% of 4π; it also pro-
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vides ionization energy loss (dE/dx)measurements for par-

ticle identification. Momentum resolution of 1.7%
√
1+p2

(p inGeV/c) and dE/dx resolutionof 8.5%forBhabha scat-
tering electrons are obtained for the data taken at

√
s =

3.773GeV. An array of 48 scintillation counters surround-
ing the MDCmeasures time of flight (TOF) of charged par-
ticles with a resolution of about 180 ps for electrons. Out-
side theTOFcounters, a 12 radiation length, lead-gas barrel
shower counter (BSC), operating in limited streamermode,
measures the energies of electrons and photons over 80% of
the total solid angle with an energy resolution of σE/E =
0.22/

√
E (E in GeV) and spatial resolutions of σφ = 7.9

mrad and σZ = 2.3 cm for electrons. A solenoidal magnet
outside theBSCprovidesa0.4Tmagneticfield in thecentral
tracking region of the detector. Three double-layer muon
counters instrument the magnet flux return and serve to
identify muons with momentum greater than 500MeV/c.
They cover 68% of the total solid angle.

3 Data analysis

The ψ(3770) resonance is produced in electron-positron
(e+e−) annihilation at the center-of-mass energy of about
3.773GeV. It is believed to decay predominately into
D0D̄0 and D+D− pairs. Therefore, if a D̄ meson is
fully reconstructed (this is called a singly tagged D̄ me-
son) [8, 9], the D meson must exist in the system recoil-
ing against the singly tagged D̄ meson. In the system
recoiling against singly tagged D− and D̄0 mesons, we
select semileptonic decays D+ → K−π+(K̄∗0)e+νe and
D0→ K̄0π−(K∗−)e+νe respectively, and measure branch-
ing fractions for the decays directly.

3.1 Event selection

In order to ensure the well-measured 3-momentum vectors
and the reliability of the charged-particle identification, all
charged tracks are required to be well reconstructed in the
MDC with good helix fits, and to satisfy a geometry cut
|cos θ| < 0.85, where θ is the polar angle. Each track, ex-
cept for those from K0S decays, must originate from the
interaction region, which is defined by Vxy < 2.0 cm and
|Vz|< 20.0 cm, where Vxy and |Vz| are the closest approach
of the charged track in the xy-plane and z direction.
Pions and kaons are identified using the dE/dx and

TOF measurements, with which the combined confidence
levels (CLπ or CLK) for a pion or kaon hypotheses are cal-
culated. A pion candidate is required to have CLπ > 0.001.
In order to reduce misidentification, a kaon candidate is re-



The BES Collaboration: Measurements of BF (D→ K̄πe+νe) and BF (D→ K̄∗e+νe) 33

quired to satisfy CLK >CLπ. Electrons are identified using
the dE/dx, TOF and BSC measurements, with which the
combined confidence level (CLe) for the electron hypothe-
ses is calculated. An electron candidate is required to have
CLe > 0.001 and satisfy the relation CLe/(CLe+CLK +
CLπ)> 0.8.
Neutral kaons are reconstructed through the decay

K0S → π
+π−. The difference between the invariant mass of

π+π− combinations and the K0S nominal mass should be
less than 20MeV/c2.
Neutral pions are reconstructed through the decay

π0→ γγ. A good photon candidate must satisfy the follow-
ing criteria: (1) the energy deposited in the BSC is greater
than 70MeV; (2) the electromagnetic shower starts in the
first 5 readout layers; (3) the angle between the photon and
the nearest charged track is greater than 22◦; (4) the open-
ing angle between the direction of the cluster development
and the direction of the photon emission is less than 37◦.

3.2 Singly tagged D� and D̄0 samples

The singly taggedD− and D̄0 samples used in this analysis
were selected in the previous work [8, 9], we here give a brief
description for the selection of the singly tagged D− and
D̄0 samples.
The singly tagged D− mesons are reconstructed in

nine hadronic decay modes of K+π−π−, K0π−, K0K−,
K+K−π−, K0π−π−π+, K0π−π0, K+π−π−π0,
K+π−π−π−π+ and π−π−π+. And the singly tagged D̄0

mesons are reconstructed in four hadronic decay modes of
K+π−,K+π−π−π+,K0π+π− andK+π−π0.

Fig. 1. The distributions of the fitted invariant masses of the
nKmπ (n = 0, 1, 2;m = 1, 2, 3, 4) combinations in the singly
tagged D− modes: (a) K+π−π−, (b) K0π−, (c) K0K−, (d)
K+K−π−, (e)K0π−π−π+, (f)K0π−π0, (g)K+π−π−π0, (h)
K+π−π−π−π+, (i) π−π−π+ and (j) sum of the nine modes

Fig. 2. The distributions of the fitted invariant masses of
the Kmπ (m = 1, 2, 3) combinations in the singly tagged D̄0

modes: (a) K+π−, (b) K+π−π−π+, (c) K0π+π− and (d)
K+π−π0

In order to improve the momentum resolution and the
ratio of signal to combinatorial background in the invariant
mass spectra, the center-of-mass energy constraint kine-
matic fit is imposed on each of the nKmπ(n= 0, 1, 2;m=
1, 2, 3, 4) combinations. If there is a K0S or π

0 among the
D daughter particles, an additional constraint kinematic
fit will be imposed on the decay K0S → π

+π− or π0→ γγ.
Combinations with a kinematic fit probability greater than
0.1% are accepted. If more than one combination satisfies
the criteria in an event, only the combination with the larg-
est fit probability is retained.
The resulting distributions of the fitted invariantmasses

of the nKmπ combinations, which are calculated using
the fitted momentum vectors from the kinematic fit, are
shown in Figs. 1 and 2 for the singly tagged D− and D̄0

modes, respectively. A maximum likelihood fit to the mass
spectrum with a Gaussian function for the D̄ signal and
a special function [8, 9] to describe the background shape
yields the observed numbers of the singly tagged D− and
D̄0 mesons for each mode. These give the total number of
the reconstructed singly tagged D̄ mesons, 5321± 149±
160 for D− [8] and 7584±198±341 for D̄0 [9], where the
first error is statistical and the second systematic obtained
by varying the parameterization of the background.

3.3 Candidates for D+→K�π+e+νe
and D0→ K̄0π�e+νe

Candidates for the semileptonic decays D+→K−π+e+νe
and D0 → K̄0π−e+νe are selected from the surviving
tracks in the system recoiling against the singly tagged
D̄ mesons. For the selected candidate events, it is re-
quired that there should be no extra charged track or
isolated photon, which has not been used in the recon-
struction of the singly tagged D̄ mesons. The isolated
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Fig. 3. The distributions of the Umiss for the Monte Carlo
events of (a) D+ → K−π+e+νe versus D− → K+π−π−,
(b) D+ →K−π+e+νe versus D

− →K+π−π−π0, (c) D0 →
K̄0π−e+νe versus D̄

0→K+π− and (d)D0→ K̄0π−e+νe ver-
sus D̄0→K+π−π0

photon detected in the BSC should have an energy ex-
ceeding 100MeV and should satisfy the photon selection
criteria described earlier. There are possible hadronic
backgrounds for each semileptonic decay due to misidenti-
fication of a charged pion as an electron, for example, the
decayD+→K−π+π+ (D0→ K̄0π+π−) could be misiden-
tified as D+→K−π+e+νe (D0→ K̄0π−e+νe). However,
these events can be suppressed by requiring the invari-

ant masses of K−π+e+ (K̄0π−e+) combinations to be less
than 1.75GeV/c2.
In the semileptonic decays, there is one massless neu-

trino which is undetected. To obtain information about
missing neutrinos, a kinematic quantity Umiss ≡ Emiss−
pmiss is used [8, 9], where Emiss and pmiss are the total
energy and momentum of all missing particles. To select
the semileptonic decays, it is required that the candidates
for the semileptonic decays should have their |Umiss,i| <
3σUmiss,i , where the σUmiss,i is the standard deviation of

the Umiss,i distribution obtained by analyzing the Monte

Carlo events of D+→K−π+e+νe (D0→ K̄0π−e+νe) ver-
sus the ith singly tagged D̄ mode. Figure 3 shows the dis-
tributions of the Umiss, with each peak centered at zero as
expected, for the Monte Carlo events ofD+→K−π+e+νe
versus D−→K+π−π−, D+→K−π+e+νe versus D−→
K+π−π−π0, D0 → K̄0π−e+νe versus D̄0 → K+π− and
D0→ K̄0π−e+νe versus D̄0→K+π−π0, respectively. Fig-
ure 4a and b respectively show the distributions of the
Umiss for the selected candidates forD

+→K−π+e+νe and
D0→ K̄0π−e+νe from the data.
Figure 5 shows the distributions of the fitted invari-

ant masses of the nKmπ combinations from the events
in which the candidates for D+→K−π+e+νe and D0→
K̄0π−e+νe are selected in the system recoiling against the
nKmπ combinations. Figure 5a indicates that an obvious

Fig. 4. The distributions of the Umiss for the selected candi-
dates for (a)D+→K−π+e+νe and (b)D0→ K̄0π−e+νe from
the data

signal of D+→K−π+e+νe via the D− tags is observed.
There are 37 events in the ±3σMDi mass window of the fit-
ted D meson mass MDi , and 18 events in the outside of
the signal regions, where σMDi

is the standard deviation

of the nKmπ distribution for the ith mode. By assuming
that the distribution of background is flat, 5.6±1.4 back-
ground events in the signal regions are estimated. After
subtracting the number of background events, 31.4± 6.2
candidates for D+→K−π+e+νe are retained. A similar
analysis of the events in Fig. 5b yields 9.9±3.4 candidates
for D0→ K̄0π−e+νe. There may also be the π+π− combi-
natorial background. By selecting the events in which the
invariant masses of the π+π− combinations on the recoil
side of the tags are outside of the K0S mass window, we es-
timate that there are 0.6± 0.2 background events in the
candidate events. After subtracting the number of back-
ground events, 9.3±3.4 candidate events are retained.

3.4 Candidates for D+→ K̄�0e+νe
and D0→K��e+νe

To select the candidates for D+→ K̄∗0e+νe and D0→
K∗−e+νe, we calculate the invariant masses of K

−π+

(K̄0π−) combinations from the selected candidates for
D+→ K−π+e+νe (D0 → K̄0π−e+νe). Figure 6a and b
show the distributions of the invariant masses of K−π+

and K̄0π− combinations for the events in which the in-
variant masses of the nKmπ combinations are within the
±3σMDi mass window of the fitted D meson mass MDi .

A clear K̄∗0 signal is observed in Fig. 6a. Fitting the
K−π+ invariant mass spectrum with a Gaussian function
for the K̄∗0 signal and a S-wave Kπ phase space back-
ground shape, we obtain 29.1±6.6 candidates for D+→
K̄∗0e+νe. In the fit, the mass and width of K̄

∗0 are re-
spectively fixed to 0.8961GeV/c2 and 50.7MeV/c2 quoted
from PDG [11], the mass resolution is fixed to 10MeV/c2
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Fig. 5. The distributions of the fitted invariant masses of the
nKmπ combinations for the events in which the candidates for
(a) D+→K−π+e+νe and (b) D

0→ K̄0π−e+νe are observed
in the system recoiling against the singly tagged D̄

determined by Monte Carlo simulation. Using the same
background shape, a similar fit to the K̄0π− invariant
mass spectrum in Fig. 6b yields 7.4± 3.3 candidates for
D0→K∗−e+νe. After subtracting the number of π+π−

combinatorial background of 0.1±0.1 events, 7.3±3.3 can-
didate events are retained.
However, there are still some K∗ contaminations from

other modes of D meson decays or from continuum back-
ground due to the combinatorial background in the singly
tagged D̄ signal regions. These K∗ contaminations must
be subtracted from the fitted number of the selected can-
didates for D+→ K̄∗0e+νe and D0→K∗−e+νe. They are
estimated by using the D̄ sideband events. The numbers
of the events satisfying the selection criteria in the D̄ side-
band are then normalized to obtain the numbers of the
background events in the D̄ signal regions. Totally 0.8±
0.8 and 0.7± 0.5 background events for D+→ K̄∗0e+νe
and D0→K∗−e+νe are obtained respectively. After sub-
tracting the numbers of the background events, 28.3±
6.6 and 6.6±3.3 candidate events for D+→ K̄∗0e+νe and
D0→K∗−e+νe are respectively retained.
The distribution of the momentum of the electrons

from the selected candidates for D+→ K̄∗0e+νe is shown
in Fig. 7, where the points with error bars are from the
data and the histogram is from the Monte Carlo events
ofD+→ K̄∗0e+νe. The contaminations from hadronic and
some other semileptonic decays have been subtracted from
the observed events based on study of the Monte Carlo
events of e+e−→DD̄.

3.5 Other backgrounds

The events from other hadronic or semileptonic decays
may also satisfy the selection criteria for the semileptonic
decays and are misidentified as the semileptonic decay

Fig. 6. The distributions of the invariant masses of (a) K−π+

combinations from the selected candidates for D+→ K̄∗0e+νe
and (b) K̄0π− combinations from the selected candidates for
D0→K∗−e+νe

events. The numbers of the misidentified events have to
be subtracted from the candidates for the semileptonic de-
cays. The numbers of the background events are estimated
by analyzing the Monte Carlo sample which is about 14
times larger than the data. The Monte Carlo events are
generated as e+e−→DD̄, where the D and D̄ mesons are
set to decay into all possible final states with the branch-
ing fractions quoted from PDG [11] excluding the decay
modes under study. The particle trajectories are simu-
lated with the GEANT3 based Monte Carlo simulation
package for the BES-II detector [12]. The number of the
events satisfying the selection criteria is then normalized
to the data. Monte Carlo study shows that the domin-
ant background forD+→K−π+(K̄∗0)e+νe is fromD+→
K̄∗0µ+νµ, and the background forD

0→ K̄0π−(K∗−)e+νe
is from D0 →K∗−π+. Totally 2.5± 0.5, 0.8± 0.3, 0.7±
0.3 and 0.2±0.3 background events forD+→K−π+e+νe,
D0→ K̄0π−e+νe,D+→ K̄∗0e+νe andD0→K∗−e+νe are
obtained, respectively. After subtracting the numbers of
the background events, 28.9±6.2, 8.5±3.4, 27.6±6.6 and
6.4±3.3 signal events for the semileptonic decays D+→
K−π+e+νe, D

0→ K̄0π−e+νe, D+→ K̄∗0e+νe and D0→
K∗−e+νe are obtained.

4 Results

4.1 Monte Carlo efficiency

The detection efficiencies for the semileptonic decays
D+→K−π+e+νe, D0→ K̄0π−e+νe, D+→ K̄∗0e+νe and
D0→K∗−e+νe are estimated to be

εD+→K−π+e+νe = (15.51±0.12)% ,



36 The BES Collaboration: Measurements of BF (D→ K̄πe+νe) and BF (D→ K̄∗e+νe)

Fig. 7. The distribution of the momentum of the electrons
from the selected candidates for D+→ K̄∗0e+νe, where the
points with error bars are from the data and histogram is from
the Monte Carlo events of D+→ K̄∗0e+νe

εD0→K̄0π−e+νe = (4.30±0.05)% ,

εD+→K̄∗0e+νe = (10.26±0.08)%

and

εD0→K∗−e+νe = (2.94±0.04)%

by Monte Carlo simulation, which include the branching
fractions for the intermediate sub-resonance decays.

4.2 Branching fractions

The branching fraction for the semileptonic decay D→ j
(where j = K−π+e+νe, K̄

0π−e+νe, K̄
∗0e+νe and K

∗−

e+νe) can be determined by

BF (D→ j) =
ND→j

ND̄tag × εD→j
, (1)

where ND→j is the number of the signal events for the
jth mode; ND̄tag is the total number of the singly tagged

D− or D̄0 mesons; εD→j is the detection efficiency for the
jth mode. Inserting these numbers in (1), we obtain the
branching fractions for the semileptonic decays to be

BF (D+→K−π+e+νe) = (3.50±0.75±0.27)% ,

BF (D0→ K̄0π−e+νe) = (2.61±1.04±0.28)% ,

BF (D+→ K̄∗0e+νe) = (5.06±1.21±0.40)%

and

BF (D0→K∗−e+νe) = (2.87±1.48±0.39)% ,

where the first error is statistical and the second system-
atic. The systematic error arises mainly from the uncer-
tainties in tracking efficiency (∼2.0% per track), in particle

identification (∼0.5% per track for charged pion or kaon,
∼1.0% per track for electron), in photon selection (∼2.0%),
in K0S selection (∼1.1%), in Umiss selection (∼0.6%), in
background subtraction [∼(2.5%∼9.3%)], in Monte Carlo
statistics [∼(0.8%∼1.4%)], in the number of the singly
tagged D̄ mesons (∼3.0% for D− and ∼4.5% for D̄0)
and in the fit to the mass spectrum of K−π+ or K̄0π−

combination (∼1.7% for D+→ K̄∗0e+νe and ∼2.5% for
D0→K∗−e+νe). These uncertainties are added in quadra-
ture to obtain the total systematic error, yielding ∼7.6%,
∼10.8%, ∼8.0% and ∼13.7% for the semileptonic decays
D+→K−π+e+νe, D0→ K̄0π−e+νe, D+→ K̄∗0e+νe and
D0→K∗−e+νe, respectively.

4.3 The ratio of Γ (D
+
�K̄�0e+νe)

Γ (D+�K̄0e+νe)

With the measured branching fraction for D+→ K̄∗0e+νe
and the previouslymeasured branching fractionBF (D+→
K̄0e+νe) = (8.95±1.59±0.67%) by BESCollaboration [8],
we obtain the ratio of the vector to pseudoscalar D meson
semileptonic decay rates to be

Γ (D+→ K̄∗0e+νe)

Γ (D+→ K̄0e+νe)
= 0.57±0.17±0.02 , (2)

where the first error is statistical and the second systematic
which arises mainly from the uncanceled systematic uncer-
tainties including K0S selection (∼1.1%), background sub-
traction (∼3.5%), Monte Carlo statistics (∼1.1%) and the
fit to the mass spectrum ofK−π+ combinations (∼1.7%).

5 Summary

Using the data of about 33 pb−1 collected around
3.773GeV with the BES-II detector at the BEPC col-
lider, the absolute branching fractions for the decays
D+→K−π+e+νe, D0→ K̄0π−e+νe, D+→ K̄∗0e+νe and
D0→K∗−e+νe are measured to be

BF (D+→K−π+e+νe) = (3.50±0.75±0.27)% ,

BF (D0→ K̄0π−e+νe) = (2.61±1.04±0.28)% ,

BF (D+→ K̄∗0e+νe) = (5.06±1.21±0.40)%

and

BF (D0→K∗−e+νe) = (2.87±1.48±0.39)% .

With the measured branching fraction for D+→ K̄∗0e+νe
and the previously measured branching fraction for D+→
K̄0e+νe, the ratio of the vector to pseudoscalar D me-
son semileptonic decay rates Γ (D+→ K̄∗0e+νe)/Γ (D+→
K̄0e+νe) is determined to be 0.57±0.17±0.02, which is
in good agreement with theoretical predictions and other
measurements [6, 7] within error.
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