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Abstract A search for flavor changing neutral current (FCNC) and lepton number violation (LNV) decays

of charmed D mesons is performed using 33pb−1 data around Ψ(3770) collected by BES/ detector at BEPC.

Four decay modes of D0(K
0
e+e−, Φe+e−, ρ0e+e− and K

∗0
e+e−) and six decay modes of D+(K

−

e+e+,

K
+

e+e−, π−e+e+, π+e+e−, K
∗−

e+e+ and K
∗+

e+e−) are presented. No evidence is found for the above

decays, therefore, the upper limits at 90% confidence level are set. The limits of two D+ decays modes,

D+
→K

∗−

e+e+ Ú D+
→K

∗+

e+e− have not been reported previously.

Key words rare decay, D meson, upper limit

1 Introduction

The Standard Model(SM) is successful because it

can account for the known decays of heavy quarks

and also can predict the decay rates quantitatively.

However this model is incomplete. It can not account

for the number of quark and lepton families observed

and can not account for their hierarchy of mass scales.

To understand these physics phenomena, people dedi-

cate to search for physics beyond the Standard Model.

One way is to search for the decays which are forbid-

den in the first order, or are predicted to occur at

a negligible level in SM. These measurements would

provide experimental tests to the physics beyond the

Standard Model.

In this paper, we present the results of a search

for 10 rare decay modes of the neutral and charged

D mesons. These decay modes fall into two cat-

egories. The first one is flavor changing neutral

current (FCNC) decays (including: D0 → φe+e−,

ρ0e+e−, D+ →π+e+e−), The FCNC decay mode can

occur at one loop level in the Standard Model from

box and penguin diagrams, as shown in Fig. 1, but

are highly suppressed by the GIM mechanism
[1]

. The

Fig. 1. The Feynman diagrams.

(a) box diagram; (b) penguin diagram.

branching fractions of the sort of decay are esti-

mated to be 10−8—10−6[2, 3]
, such small rates are be-

low the sensitivity of current experiments. However,

if supersymmetric squarks or charginos exist, they
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would contribute additional amplitudes to make these

modes observable. The second one is lepton num-

ber violation (LNV) decays (including D+ →K
−

e+e+,

π−e+e+, K
∗−

e+e+). The decay modes is strictly for-

bidden in the Standard Model. However, lepton num-

ber conservation is not required in some theories
[4]

,

which extend the Standard Model. Many experi-

ments have searched for lepton number violation in

K, D and B decays. Here we present our results for

these rare decays.

2 BES/// detector

The upgraded Beijing Spectrometer (BES/) is a

conventional cylindrical magnetic detector described

in detail in Ref. [5]. A 12-layer Vertex Chamber

(VC) surrounding the beryllium beam pipe provides

input to the event trigger, as well as coordinate in-

formation. A forty-layer main drift chamber (MDC)

located just outside the VC yields precise measure-

ments of charged particle trajectories with a solid an-

gle coverage of 85% of 4π; it also provides ionization

energy loss (dE/dx) measurements which are used

for particle identification. Momentum resolution of

1.78%
√

1+p2 (p in GeV/c) and dE/dx resolution for

hadron tracks of ∼ 8% are obtained. An array of 48

scintillation counters surrounding the MDC measures

the time of flight (TOF) of charged particles with a

time resolution of ∼ 200ps for hadrons. Outside the

TOF counters, a 12 radiation length, lead-gas barrel

shower counter (BSC), operating in limited streamer

mode, measures the energies of electrons and pho-

tons over 80% of the total solid angle with an energy

resolution of σ
E
/E = 0.22/

√
E (E in GeV). Outside

the solenoidal coil, which provides a 0.4T magnetic

field over the tracking volume, is an iron flux return

that is instrumented with three double-layers muon

counters that identify muons with momentum greater

than 500MeV/c.

In this analysis, a GEANT3 based Monte Carlo

package
[6]

with detailed consideration of the detec-

tor performance (such as dead electronic channels)

is used. The consistency between data and Monte

Carlo has been carefully checked in many high purity

physics channels, and the agreement is reasonable.

3 Event selection

Four D0 decay modes: K
0
e+e−, φe+e−, ρe+e−,

K
∗0

e+e− and six D+ decay modes: K
−

e+e+, K
+

e+e−,

π−e+e+, π+e+e−, K
∗−

e+e+, K
∗+

e+e− are selected to

search for the FCNC and LNV decays.

A total integrated luminosity of about 33pb−1[7]

data around the center-of-mass energy of 3.773GeV

were collected by BES/ detector at e+e− storage ring

BEPC. ψ(3770) is just above the threshold of DD

and below the threshold of DD
∗
, and decays to DD

pair predominately. The pair production of DD at

ψ(3770) provides a powerful mass quantity known as

beam-constrained mass:

Mbc =
√

(Eb)2−(pD)2, (1)

to identify D meson clearly, where Eb is beam energy,

pD is the D candidate momentum. As the beam en-

ergy spread is much smaller than the uncertainty of

the reconstructed D candidate energy, this approach

yields the mass resolution of 2—3MeV.

3.1 General section criterial

Charged tracks are required to satisfy |cosθ|< 0.8,

where θ is the polar angle respect to beam axis, and

to have good helix fit. Tracks that are not associated

with K0
S reconstruction are required to be from the

interaction region. A charged track is identified as a

kaon or pion if the measured time-of-flight and energy

loss in drift chamber agree with that predicted for a

kaon or pion

χ(TOF)=
T meas−T pred

σ
T

,

χ(dE/dx)=
dE/dxmeas−dE/dxpred

σ
dE/dx

,
(2)

to be within four standard deviations, where T meas,

T pred and dE/dxmeas, dE/dxpred are the measured

and predicted time of flight and energy loss, respec-

tively. σ
T

and σ
dE/dx

are the resolution of TOF

and dE/dx. The combined confidence level CLπ,K =

prob(χ2(TOF)+χ2(dE/dx), Ndof) is required to be

greater than 0.1%, where Ndof is the degree of free-

dom. Kaon and pion candidates are further classified
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by comparing the normalized weights of TOF and

dE/dx.

The energy deposit in BSC is quite different for

electrons and hadrons. The measured BSC energy

deposition is nearly a Gaussian distribution for elec-

trons, but a Landau distribution with long tails for

hadrons. Pure electrons and hadrons are selected

from radiative Bhabha, J/ψ→ ρπ and J/ψ→ωπ+π−

data samples to understand their characteristics. The

χ(BSC) quantity for electrons is defined as:

χe(BSC)=
Emeas−Epred

e

σ
E

, (3)

where Emeas is the measured energy deposited in

BSC, Epred
e is the predicted energy deposition of elec-

tron, σ
E

is the energy resolution of BSC. To construct

χ(BSC) for hadrons, the energy deposit distributions

in different momentum range are studied. A his-

togram integration technique is developed to convert

the probability P (E,p) to χ(E,p).

Combining TOF, dE/dx and BSC, the total χ2

for electrons and hadrons is given by:

χ2
e,π,K = χ2

e,π,K(TOF)+χ2
e,π,K(dE/dx)+χ2

e,π,K(BSC).

(4)

The combined confidence level of the electron (CLe)

is required to be greater than 0.1% and the ratio:

R =
CLe

CLK +CLπ +CLe

(5)

is required to be greater than 0.8. The electron iden-

tification efficiencies for both data and Monte Carlo

events are shown in Fig. 2.

Fig. 2. The identification efficiency between

data and Monte Carlo in different range of mo-

mentum. The dot and the triangle represent

data and Monte Carlo respectively.

The neutral kaon candidates are selected via the

decay mode K
0

S → π+π−. All pairs with oppositely

charged tracks are considered (even they are not iden-

tified as pions by TOF and dE/dx). The momen-

tum vector of π+π− pair should align with the po-

sition vector of decay vertex in the transverse plane,

|cosθ|> 0.9 is required, where θ represents the align-

ment angle. The distance between decay vertex and

primary vertex is required to be greater than 3mm.

The π+π− invariant mass is required to be within

20MeV/c2 of K
0

S nominal mass value.

To remove the gamma conversion background, the

angle between two opposite charged tracks is required

to be greater than 12◦.

3.2 Search for the rare decay signal

Appropriate combinations of particles are con-

structed for each of the rare decay modes. To re-

duce the particle misidentification and wrong combi-

national background, the difference between the total

energy of D candidates (Etag) and the beam energy

(Eb), ∆E = |Etag −Eb| cut is applied. ∆E cut value

of each rare decay mode is referenced to the similar

Cabibbo favored channel. Table 1 lists the rare de-

cay modes and the referenced Cabibbo favored decay

modes.

Table 1. Rare decay modes and reference decay modes.

rare decay modes reference decay modes

D0
→K

0
e+e− D0

→K
0
π+π−

D0
→φe+e−, ρe+e−,K

∗0
e+e− D0

→K
−

π+π+π−

D+
→K

−

e+e+,K
+

e+e−,

π−e+e+,π+e+e−
D+

→K
−

π+π+

D+
→ K

∗−

e+e+,K
∗+

e+e− D+
→K

0
π+π+π−

The ∆E distribution of Cabibbo favored modes

is shown in Fig. 3, the arrows represent the 2σ
E

cut. The ∆E is required to be less than 48, 36, 45,

36MeV for the decay modes D0 → K
0
π+π−, D0 →

K
−

π+π+π−, D+ → K
−

π+π+ and D+ → K
0
π+π+π−,

respectively.

The vector meson candidates are reconstructed

through the decays φ→ K
+

K
−

, ρ0 → π+π−, K
∗0 →

K
−

π+, and K
∗± → K

0
π±. The invariant mass of

candidates is required to be within 15, 150, 60 and

60MeV/c2 of their nominal mass, respectively.

The beam-constrained mass spectra for 4 neutral

and 6 charged D decay modes are shown in Fig. 4

and Fig. 5. No signals are observed in any of the rare
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decay modes. The mass and resolution (σ) of D me-

son signals are determined by the reference Cabibbo

favored modes.

Fig. 3. ∆E distribution for referenced Cabibbo

favored decay modes.

(a) D0
→K

0
π+π−; (b) D0

→K
−

π+π+π−;

(c) D+
→K

−

π+π+; (d) D+
→K

0
π+π+π−.

The ∆E cuts illustrated by arrows are shown

in the plot, and the values are listed in the

text.

Fig. 4. Beam-constrained mass distribution of

neutral D meson.

(a) D0
→K

0
e+e−; (b) D0

→φe+e−;

(c) D0
→ ρe+e−; (d) D0

→K
∗0

e+e−.

The solid lines show the signal window.

Fig. 5. Beam constrained mass distribution of

charged D meson.

(a) D+
→K

∗−

e+e+; (b) D+
→K

∗+

e+e−;

(c) D+
→K

−

e+e+; (d) D+
→K

+

e+e−;

(e) D+
→π−e+e+; (f) D+

→π+e+e−.

The solid lines show the signal window.

4 Results

4.1 Detection efficiency

The detection efficiency is determined by detailed

Monte Carlo simulation. DDGEN generator is de-

veloped for ψ(3770) → DD study. In DDGEN, DD

are produced with a sin2(θD) distribution. The de-

cay branching fractions of neutral and charged D me-

son are quoted from PDG
[8]

. Some unseen decay

modes(containing many π0’s) are added according to

the rules of isospin conservation. For multi-body final

states, such as D0 →K
−

π+π+π−, D0 →K
−

π+π0, the

decay branching fractions in DDGEN are calculated

by several sub-resonance decay modes. As far as the

rare decay is concerned, some models are developed

to describe the M 2
ee distribution

[9]
:

1) Phase space model, the momentum distribution

follows the kinematic of phase space;

2) Pole model, the M 2
ee distribution is proportional

to
1

M 2
ee

;
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3) VDM model, in the M 2
ee distribution, enhance-

ment appears near the vector meson mass region, such

as: ρ, ω, φ, etc.

In this analysis, the phase space model is used to

obtain the detection efficiencies. 50000 Monte Carlo

samples for each decay mode are generated, in which

D decays into rare mode, D decays to any possible

modes.

4.2 Upper limits at 90% confidence level

The upper limit on branching fractions for FCNC

and LNV decay modes is given by

B =
n0.9

ε×2×NDD

, (6)

where n0.9 is the Poisson 90% upper limit for the ob-

served events, ε is the detection efficiency as men-

tioned above , NDD is the total number of DD,

ND0D
0 = (9.44± 0.82± 0.39)× 104, ND+D− = (5.98±

0.70±0.23)×104[10]. Wrong combination and particle

misidentification may contribute to the background.

In this analysis, no events are observed within the

signal window for the most modes. As a conservative

estimation, no background event is subtracted.

4.3 Systematic errors

The systematic uncertainties come from the total

number of DD, tracking simulation, K
0

S reconstruc-

tion, ∆E cut and particle identification.

The main source of systematic error is due to un-

certainty of the total number of produced neutral and

charged D mesons, namely ND0D
0 and ND+D− , which

contribute 9.6% for ND0D
0 and 12.4% for ND+D− (in-

cluding statistical and systematic errors)
[10]

.

About 1%—2% per track is estimated as the

tracking simulation uncertainty in drift chamber by

comparing Monte Carlo and data[6], 2% per track is

taken as systematic uncertainty of tracking in the

range of |cosθ|< 0.8.

The systematic uncertainty in K
0

S reconstruction

is checked with the decay of ψ→K
0

SK
±

π∓, about 2%

per K
0

S is estimated
[11]

. To estimate the systematic

errors due to the ∆E cut, the window of ∆E is var-

ied, 2%—3% difference is found between Data and

Monte Carlo. so, 3% is taken as the systematic error

caused by ∆E cut.

For particle identification of π and K, 4 standard

deviations’ cut for kaons and pions will not introduce

additional systematic uncertainty. The ratio of nor-

malized weight R = CLK/(CLK+CLπ) cut is studied,

respectively. 2% per tag is taken as the systematic

uncertainty.

Another source of systematic uncertainty is from

identification of electron. Radiative Bhabha events

are used from ψ(3770) sample. Before and after elec-

tron identification, the difference between data and

Monte Carlo are carefully studied. 1.5% per elec-

tron is taken as the systematic uncertainty of electron

identification.

The total systematic errors are in the range of

13.4%—16.6% for different modes. The systematic

errors ∆sys are linearly transfered to the upper limit

of 90% confidence level by:

Bup =
B

1−∆sys

. (7)

The upper limits on the branching fractions for flavor

changing neutral current and lepton number violation

decay modes are listed in Table 2.

Table 2. Summary of the numbers of signal

events, acceptance and 90% C.L. upper lim-

its on the FCNC and LNV decay modes. The

efficiencies(ε) we used are based on the phase

space model.

signal upper limit PDG
mode

events
acceptance

@90% (2004)

K
0
e+e− 0 2.64% 5.7×10−4 1.1×10−4

φe+e− 0 0.64% 2.4×10−3 5.2×10−5

ρe+e− 0 4.32% 3.5×10−4 1.0×10−4

K
∗0

e+e− 1 2.06% 1.3×10−3 4.7×10−5

K
−

e+e+ 0 9.64% 2.5×10−4 1.2×10−4

K
+

e+e− 0 9.20% 2.6×10−4 2.0×10−4

π−e+e+ 0 10.20% 2.4×10−4 9.6×10−5

π+e+e− 1 10.49% 4.1×10−4 5.2×10−5

K
∗−

e+e+ 0 0.40% 6.2×10−3

K
∗+

e+e− 0 0.39% 6.3×10−3

5 Summary

In summary, using about 33pb−1 data collected

with BES/ detector at BEPC around ψ(3770), four

neutral and six charged D rare decay modes are stud-

ied. No signal is found, therefore, upper limits at

90% confidence level are set. The upper limits of D+
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decay modes are comparable to those from PDG
[8]

,

but for D0, our measurements are worse than those

from PDG. However, the upper limits on the branch-

ing fractions for D+ →K
∗−

e+e+ and D+ →K
∗+

e+e−

decays are set in the first time by the BES Collabo-

ration in this analysis.

The BES collaboration thanks the staff of BEPC

for their hard efforts.
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