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Abstract. Using a data sample of integrated luminosity of about 33 pb−1 collected around 3.773 GeV
with the BESII detector at the BEPC collider, the semileptonic decays D+→ φe+νe, D

+→ φµ+νµ and
the hadronic decay D+→ φπ+ are studied. The upper limits of the branching fractions are set to be
BF (D+→ φe+νe)< 2.01% and BF (D

+→ φµ+νµ)< 2.04% at the 90% confidence level. The ratio of the
branching fractions for D+→ φπ+ relative to D+→K−π+π+ is measured to be 0.057±0.011±0.003. In
addition, the branching fraction for D+→ φπ+ is obtained to be (5.2±1.0±0.4)×10−3.
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1 Introduction

Searching for new modes in charm decays is of great in-
terest. It not only investigates possible decay mechanism
and finds its contribution to the total decay width, but is
also useful to simulate accurately cascade decays of bottom
mesons and to eliminate backgrounds of charm modes in
studying bottom decays.
In this paper, the semileptonic and hadronic D decays

in which the final state particles contain a φ meson are
studied. Whenever a specific state or decay mode is men-
tioned in this work, the charge-conjugate state or decay
mode is always implied.

2 BESII detector

The BESII detector upgraded from the BES [1] is a large
solid-angle magnetic spectrometer described in detail else-
where [2]. A 12–layer vertex chamber (VC) surrounding
the beryllium beam pipe provides the trigger and co-
ordinate informations. A forty-layer main drift chamber
(MDC), located outside the VC, yields precise measure-
ments of charged particle trajectories with a solid angle
coverage of 85% of 4π; it also provides ionization energy
loss (dE/dx) measurements used for particle identifica-
tion. Momentum resolution of 1.78%

√
1+p2 (p in GeV/c)

and dE/dx resolution of 8.5% for Bhabha scattering are
obtained for data taken at

√
s= 3.773GeV. An array of 48

scintillation counters surrounding the MDC measures the
time of flight (TOF) of charged particles with a resolution
of about 180 ps for electrons. Outside the TOF is a 12 ra-
diation length barrel shower counter (BSC) comprised of
gas tubes interleaved with lead sheets. The BSC 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 resolution of σφ = 7.9mrad and
σZ = 2.3 cm for electrons. A solenoidal magnet outside the
BSC provides a 0.4 T magnetic field in the central tracking
region of the detector. The magnet flux return is instru-
mented with three double layers of counters, that are used
to identify muons with momentum greater than 500MeV/c
and cover 68% of the total solid angle.

3 Data analysis

The data used for this analysis were collected around the
center-of-mass energy of 3.773GeV with the BESII de-
tector operated at the Beijing Electron Positron Collider
(BEPC). The total integrated luminosity of the data set
is about 33 pb−1. At the center-of-mass energy 3.773GeV,
the ψ(3770) resonance is produced in electron-positron
(e+e−) annihilation. The ψ(3770) decays predominately

e Current address: Purdue University, West Lafayette, IN
47907, USA
f Current address: DESY, D-22607, Hamburg, Germany

into DD̄ pairs. If one D̄ meson is fully reconstructed,
the D meson must exist in the system recoiling against
the fully reconstructed D̄ meson (called singly tagged D̄).
Using the singly tagged D− sample, the semileptonic de-
cays D+→ φe+νe and D+→ φµ+νµ are searched in the
recoiling system. The hadronic candidates D+→ φπ+ and
D+→K−π+π+ are reconstructed directly from the data
sample of 33 pb−1.

3.1 Event selection

Events which contain at least three charged tracks with
good helix fits are selected. To ensure good momentum
resolution and reliable charged particle identification,
every charged track is required to satisfy |cosθ| < 0.85,
where θ is the polar angle. All tracks, save those from K0S
decays, must originate from the interaction region by re-
quiring that the closest approach of a charged track is less
than 2.0 cm in the xy plane and 20 cm in the z direction.
Pions and kaons are identified by means of the combined
particle confidence level which is calculated with informa-
tion from the dE/dx and TOF measurements [3, 4]. Pion
identification requires a consistency with the pion hypoth-
esis at a confidence level (CLπ) greater than 0.1%. In order
to reduce misidentification, a kaon candidate is required to
have a larger confidence level (CLK) for a kaon hypothe-
sis than that for a pion hypothesis. For electron or muon
identification, the combined particle confidence level (CLe
or CLµ), calculated for the e or µ hypothesis using the
dE/dx, TOF and BSC measurements, is required to be
greater than 0.1%.
The π0 is reconstructed in the decay of π0→ γγ. To se-

lect good photons from the π0 decay, the energy deposited
in the BSC is required to be greater than 0.07GeV, and
the electromagnetic shower is required to start in the first
5 readout layers. In order to reduce backgrounds, the angle
between the photon and the nearest charged track is re-
quired to be greater than 22◦, and the angle between the
cluster development direction and the photon emission di-
rection to be less than 37◦ [3, 4].

3.2 Singly tagged D� sample

The singly tagged D− sample used in the analysis was
selected previously [3–6]. The singly tagged D− mesons
were reconstructed in the nine hadronic modes of D−→
K+π−π−, K0Sπ

−, K0SK
−, K−K+π−, K0Sπ

−π−π+,

K0Sπ
−π0, K+π−π−π0, K+π−π−π−π+ and π−π−π+. The

distributions of the fitted invariant masses of the mKnπ
(m= 0, 1, 2;n= 1, 2, 3, 4) combinations are shown in Fig. 1.
The number of the singly tagged D− mesons is 5321±
149±160 [5, 6], where the first error is statistical and the
second systematic.

3.3 Candidates for D+→ φe+νe and D+→ φµ+νµ

Candidates forD+→ φe+νe andD+→ φµ+νµ are selected
from the surviving tracks in the system recoiling against
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Fig. 1. The distributions of the fitted invariant masses of
a K+π−π−, b K0Sπ

−, c K0SK
−, d K+K−π−, e K0Sπ

−π−π+,
f K0Sπ

−π0, g K+π−π−π0, hK+π+π−π−π−, i π−π−π+ com-
binations; j is the fitted masses of the mKnπ combinations for
the nine modes combined together

the tagged D−. To select these candidates, it is required
that there are three charged tracks, one of which is identi-
fied as an electron or a muon with the charge opposite to
the charge of the taggedD− meson, the other two are iden-
tified as a K+ and a K− mesons. The φ meson is selected
by requiring that the difference between the invariant mass
of K+K− and the nominal φ mass should be less than
20MeV/c2.
In the semileptonic decays, one neutrino is undetected.

A kinematic quantity Umiss ≡ Emiss−pmiss is used to ob-
tain the information of the missing neutrino, where Emiss
and pmiss are the total energy and the total momentum
of all missing particles respectively. Monte Carlo study

shows that the background modes forD+→ φe+(µ+)νe(µ)
come primarily from D+→ φµ+(e+)νµ(e), D

+→ φπ+π0

and D+→ φπ+. The requirement |Umiss|< 3σUmiss is im-

posed to reduce these backgrounds, where σUmiss is the
standard deviation of the Umiss distribution obtained from
Monte Carlo simulation. In Fig. 2, the solid and dashed his-
tograms show respectively the distributions of the invari-
ant masses of φµ+ and φπ+ for D+→ φµ+νµ and D+→
φπ+ from Monte Carlo events. The candidate mode D+→
φµ+νµ has a potential hadronic background of D

+→ φπ+

due to the misidentification of a charged pion as a muon.
These backgrounds can be suppressed by requiring the in-
variant masses of the φµ+ combinations to be less than
1.8 GeV/c2. Similarly the invariant masses of the φe+ com-
binations are also required to be less than 1.8GeV/c2 in
order to remove the D+→ φπ+ background for the D+→
φe+νe decay. To suppress backgrounds from decays with

Fig. 2. The distributions of the invariant masses of φµ+ (solid)
and φπ+ (dashed) for D+ → φµ+νµ and D

+ → φπ+ from
Monte Carlo events

neutral pion, for example D+→ φπ+π0, the number of
the isolated photons is required to equal two if the singly
taggedD− mode contains a π0 meson, otherwise zero. The
events with isolated photons those energies are larger than
0.1GeV excluded in the tagged D− are not kept. Figure 3
and Fig. 4 show respectively the scatter plots of the invari-
ant masses of the K+K− combination versus the mKnπ
combination forD+→ φe+νe andD+→ φµ+νµ before and
after applying both Umiss andMφl+ cuts. No event for the

D+→ φe+νe and D+→ φµ+νµ decays satisfies the selec-
tion criteria.

3.4 Candidates for D+→ φπ+ and D+→K�π+π+

The candidate forD+→ φπ+ is reconstructed fromD+→
K+K−π+. The distribution of the fitted invariant mass of
the K+K−π+ combination is shown in Fig. 1d. As men-
tioned in previous subsection, the φ meson is selected
though its decay to K+K−. Figure 5a shows the fitted in-
variant mass spectrum of the K+K− pairs from the D+

Fig. 3. Scatter plot of the K+K− invariant masses versus the
mKnπ invariant masses for the D+→ φe+νe candidates: a be-
fore and b after applying both Umiss andMφe+ cuts, where the

rectangle represents the combined signal region of φ and D+
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Fig. 4. Scatter plot of the K+K− invariant masses versus the
mKnπ invariant masses for theD+→ φµ+νµ candidates: a be-
fore and b after applying both Umiss andMφµ+ cuts, where the

rectangle represents the combined signal region of φ and D+

signal region for the D+→K+K−π+ candidate events.
Fitting the mass spectrum with a Gaussian function con-
voluted Breit–Wigner gives 64.3±10.3φ signal events. To
select the decay D+→ φπ+, we require the invariant mass
of the K+K− combination to be within 20MeV/c2 of the
nominal φ mass, and the invariant mass distribution of
K+K−π+ combination is shown in Fig. 5b, a clear sig-
nal of the decay D+→ φπ+ is observed. Fitting the mass
spectrum of the K+K−π+ combination with a Gaussian
function as the signal and a special function [3, 4] for the
background yields 55.6±8.6 signal events, where the mass
resolution is fixed at 0.0022GeV/c2 determined from the
Monte Carlo simulation. There may be the K+K− com-
binatorial background in the observed φπ+ events. The
background events are estimated to be 6.1± 2.5 by the
φ sideband |MK+K− −1.10|< 0.05GeV/c

2. For the D+→

Fig. 5. The distributions of the fitted invariant masses of
a K+K− combination in the D+ signal region, b K+K−π+

combination in the φ signal region

K−π+π+ candidates, the fitted invariant mass spectrum is
shown in Fig. 1a, and 3153.8±69.2 events are yielded from
the fit.
In the fitted yields, there are still some background

contaminations which shape a peak under the D+ peak.
These backgrounds 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−→DD,
and both D and D mesons decay to all possible modes ac-
cording to the decay modes and the branching fractions
quoted from PDG [7] excluding decay modes under study.
The number of events satisfying the selection criteria is
then normalized to the data. For the D+→ φπ+ decay,
the dominant background modes areD+→ φµ+νµ, D+→
φe+νe and D

+→ φπ+π0, and the number of the back-
ground events is 3.6±1.1. For the D+→K−π+π+ decay,
the number of the background events is 35.2±4.2, After
subtracting the numbers of the background events, 45.9±
9.0 and 3118.6±69.3 signal events for the D+→ φπ+ and
D+→K−π+π+ decays are remained.

4 Results

4.1 Monte Carlo efficiency

The reconstruction efficiencies of the semileptonic de-
cays D+ → φe+νe, D+ → φµ+νµ and the hadronic de-
caysD+→ φπ+, D+→K−π+π+ are estimated by Monte
Carlo simulation with the GEANT3 based Monte Carlo
simulation package [8]. A detailed Monte Carlo study
shows that the efficiencies are εφe+νe = (2.46± 0.03)%,
εφµ+νµ = (2.43± 0.03)%, εφπ+ = (6.47± 0.05)% and
εK−π+π+ = (24.99±0.13)%.

4.2 Branching fraction

A D+ signal is observed neither in the D+→ φe+νe de-
cay nor in the D+→ φµ+νµ decay. The upper limit of the
branching fraction can be calculated using

BF <
Nsg

εND
−

tag (1− δ)
, (1)

where Nsg is the upper limit of the signal yield given with
the Feldman–Cousins prescription [9], which is 2.44 for
zero observed event in the absence of background for the
confidence level of 90%, ε is the detection efficiency, ND

−

tag

is the number of the singly tagged D− mesons and δ is
the systematic error. The upper limits of the branching
fractions are summarized in the second column of Table 1.
Comparisons with those obtained by MARKIII [10] and
BESI [11] experiments are also listed in the third and
fourth columns of Table 1. The systematic error, δ, in-
cludes the uncertainties from particle identification (1.4%
for D+ → φe+νe, 1.6% for D+ → φµ+νµ), tracking effi-
ciency (2.0% per track), photon reconstruction (2.0%),
Umiss selection (0.6%), the number of the singly taggedD

−

mesons (3.0%) and Monte Carlo statistics (1.2%). These
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Table 1.Upper limits for the branching fractions (%) are given
at the 90% confidence level

Mode BESII MARKIII BESI

D+→ φe+νe < 2.01 < 2.09 1.38

D+→ φµ+νµ < 2.04 < 3.72 −

uncertainties are added in quadrature to obtain the total
systematic errors to be 7.3% for D+→ φe+νe and 7.4%
for D+→ φµ+νµ. The ratio of the branching fractions for
D+→ φπ+ relative toD+→K−π+π+ can be obtained by

BF (D+→ φπ+)

BF (D+→K−π+π+)
=

Nφπ+

NK−π+π+

εK−π+π+

εφπ+
, (2)

where Nφπ+ , NK−π+π+ are the numbers of the signal
events, and εφπ+ , εK−π+π+ are the detection efficiencies for
the tagging and normalizing modes. Inserting these num-
bers into (2), the relative branching fraction is obtained
to be 0.057±0.011±0.003, where the first error is statis-
tical, and the second systematic. By normalizing D+→
φπ+ to D+→K−π+π+, the systematic uncertainty from
tracking efficiency can be canceled. The residual error, in-
cluding both contributions of the tagging and normalizing
modes, arises from uncertainties in particle identification
(0.5% for uncanceled kaon track in D+→ φπ+, 0.5% for
uncanceled pion track in D+→K−π+π+),the number of
the singly tagged D+ meson (3.7% for D+→ φπ+, 3.3%
for D+→K−π+π+), background uncertainty (1.4% for
D+→ φπ+, 0.2% for D+→K−π+π+) and Monte Carlo
statistics (0.8% forD+→ φπ+, 0.5% forD+→K−π+π+).
These uncertainties are added in quadrature to obtain the
total systematic error to be 5.3%. The relative branching
fraction is compared with other measurements in Table 2.
In addition, the branching fraction for D+→ φπ+ is ob-
tained to be

BF (D+→ φπ+) = (5.2±1.0±0.4)×10−3 (3)

by using the branching fraction of theD+→K−π+π+ de-
cay quoted from PDG [7], where the first error is statistical
and the second systematic. The systematic error of the
branching fraction for D+→ φπ+ includes the systematic

Table 2. Ratio of partial widths
Γ (D+→φπ+)

Γ (D+→K−π+π+) and com-

parison with other experiments (Evts stands for D+→ φπ+)

Reference
Γ (D+→φπ+)

Γ (D+→K−π+π+) Evts

BESII(this work) 0.057±0.011±0.003 46
E687 [12] 0.058±0.006±0.006 −
WA82 [13] 0.062±0.017±0.006 19
CLEO [14] 0.077±0.011±0.005 128
NA14 [15] 0.098±0.032±0.014 12
E691 [16] 0.071±0.008±0.007 84
MARKIII [17] 0.084±0.021±0.011 21

error of the ratio BF (D+→ φπ+)/BF (D+→K−π+π+)
(5.3%) and the uncertainty of the branching fraction for
D+→K−π+π+ (6.5%). The total systematic error is ob-
tained to be 8.4% by adding these uncorrelated errors in
quadrature.

5 Summary

Using a data sample of integrated luminosity of 33 pb−1

collected around 3.773GeV with the BESII detector at
the BEPC, the semileptonic decays D+→ φe+νe, D+→
φµ+νµ and the hadronic decay D

+→ φπ+ are studied.
The upper limits of the branching fractions are set to
be BF (D+→ φe+νe) < 2.01% and BF (D+→ φµ+νµ) <
2.04% at the 90% confidence level. The ratio of the
branching fractions for D+ → φπ+ relative to D+ →
K−π+π+ is measured to be 0.057±0.011±0.003. In add-
ition, the branching fraction for D+→ φπ+ is obtained to
be (5.2±1.0±0.4)×10−3.
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