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Search for D →	h(h’)ee [5]

The Flavor Changing Neutral Current decays(FCNC) is forbidden at tree 
level in the Standard Model (SM) due to GIM mechanism[1] and could only 
contribute through loops. Any direct observation beyond SM expectations 
could be a good probe of physics beyond SM. BESIII is a currently running 
tau-charm factory with the largest samples of on threshold charm meson 
pairs, directly produced charmonia and some other unique datasets at 
BEPCII collider. It has great potential to probe these FCNC decays from 
multiple channels. Here we present some  BESIII search results of FCNC 
decays J/ψ → D0e+e− , ψ(3686) → D0e+e− , ψ(3686) → Λ+

c pe+e− , 
D → h(h′)e+e− etc. There are more such searches to be probed in future.

p With double tag technique at
threshold, both D0 and D+ FCNC are
studied.

p UL for D+ 4-track events are
provided for 1st time

p other FCNC upper limits are greatly
improved

p divide the M(ee) distribution into 3 
regions for Kpiee to help separate
LD effect
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BESIII detector[2] and data sets

J/ψ→ 𝑫𝟎𝒆(𝒆-and	ψ(3686)→ 𝑫𝟎𝒆(𝒆-[3]

• BEPCII is the only collider currently running at τ-charm energy
• First collision in 2008, physics run started in 2009
• BEPCII reached peak luminosity of 1x1033 cm-2s-1@1.89GeV in April 2016
• BESIII collaboration  includes 71 institutes worldwide, totally ~500 collaborators
• Clean environment and high luminosity at BESIII are helpful for indirect probe of new physics
• BESIII has accumulated huge datasets (those used in this presentation):

• 1.3B 𝐽/𝜓 events, another 8.7B taken in 2018-2019 on tape, totally 170 times of BESII
• 0.45B 𝜓(3686) events , which is 24 times of CLEO_c
• 2.9/fb at 𝜓 3770 ,which	is	3.5	times	of	CLEO↓c
• And many more:  >9/fb  above 4 GeV, 3/fb Ds data at 4170 MeV, R&QCD scan data etc

Using the data samples of 1310M J/ψ events[6] and 448M  ψ(3686) 
events[7] collected with the BESIII detector, we search for the rare 
decays J/ψ→ 𝐷R𝑒(𝑒-+c.c. and ψ(3686) → 𝐷R𝑒(𝑒-+ c.c.

The branching fraction for this kind of rare process is expected to be 
of order 10−10 to 10−13. Some NP models could have several of 
magnitudes higher decay rates, which could in the reach of BESIII. 

we reconstruct the D0 signal through its three prominent exclusive 
hadronic decay modes, 𝐷R → 𝐾-𝜋((I),  𝐷R → 𝐾-𝜋(𝜋R (II),  𝐷R →
𝐾-𝜋(𝜋(𝜋- (III) These decay modes have relatively large branching 
fractions, and suffer from relatively low background.

No signal is observed, and we compute 
the upper limits(UL) on the branching 
fraction at the 90% C.L. using a Bayesian 
method with a flat prior, the correlated 
and un-correlated systematic uncertainties 
are incorporated. The results are 
B(J/ψ → D0e+e−) < 8.5 × 10−8 and 
B(ψ(3686) → D0e+e−) < 1.4 × 10−7, 
respectively. The limit on B(J/ψ → D0e+e−) 
is more stringent by two orders in 
magnitude compared to the previous 
results, and the B(ψ(3686) → D0e+e−) is 
set for the first time. 

Feynman diagram of J/ψ(ψ(3686)) → 𝐷R𝑒(𝑒-
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(d) Kinematic fit: The uncertainty associated with the
kinematic fit arises from the inconsistency of the track
helix parameters between data and MC simulation.
Therefore, the three track parameters ϕ0, κ and tan λ
are corrected for the signal MC samples, where the
correction factors are obtained by comparing the pull
distributions of the control samples described in detail
in Ref. [27]. The resulting difference in the detection
efficiencies between the samples with and without the
helix correction is taken as the systematic uncertainty.

(e) γ conversion veto: The effect of the γ conversion veto
is studied using a control sample of J=ψ → πþπ−π0

with the subsequent Dalitz decay π0 → γeþe−. A clean
control sample is selected, and the corresponding MC
sample is generated with the RhoPi generator based on
a formalism of helicity coupling amplitudes for the
process J=ψ → πþπ−π0 [28], while a generator for the
decay π0 → γeþe− adopts a simple pole approxima-
tion in the form factor jFðq2Þj ¼ 1þ αq2=m2

π0 with
α ¼ 0.032 [1]. The efficiency of the γ conversion veto
is the ratio of signal yields with and without the γ
conversion veto, where the signal yields are extracted
by fitting the eþe− invariant mass. The resulting
difference between data and MC, 1.7%, is taken as
the systematic uncertainty.

(f) Mass window requirements: Various requirements of
mass window by widening 5 MeV=c2 are applied to
veto the different backgrounds, the corresponding
uncertainties are studied by changing the appropriate
values. The resulting changes in the final results are
taken as the systematic uncertainties.

(g) Branching fractions of intermediate states: The un-
certainties of the decay branching fractions of inter-
mediate states in the cascade decays are quoted from
the PDG [1].

(h) Total number of ψ events: The uncertainties on the
total numbers of J=ψ and ψð3686Þ events are 0.55%

and 0.62%, respectively, which are determined by
studying the inclusive hadron events [13–16].

All the individual systematic uncertainties are summa-
rized in Table I, where the sources of the uncertainties
tagged with ‘%’ are assumed to be 100% correlated among
the three different D0 decay modes. The efficiencies for
other selection criteria, the trigger simulation, the event
start time determination and the FSR simulation are quite
high (>99%), and so their systematic uncertainties are
estimated to be less than 1% [29]. The total systematic
uncertainties are given by the quadratic sum of the
individual uncertainties, assuming all sources to be inde-
pendent. The uncertainty due to the fit procedure is
considered during the upper limit determination described
in the following.
Since no significant signal for ψ → D0eþe− is observed,

upper limits at the 90% C.L. on the branching fractions are
determined. Simultaneous, unbinned maximum likelihood
fits on the distributions of invariant masses MðK−πþÞ,
MðK−πþπ0Þ, and MðK−πþπþπ−Þ, are carried out for the
J=ψ and ψð3686Þ samples. In the fit, the signal shapes
are described by the corresponding signal MC samples and
the background shapes are described by second-order
polynomial functions. The expected number of signal
events in the ith decay mode is calculated with
Ni ¼ Nψ · B · Binter

i · ϵi, where Nψ is the total number of
ψ events, Binter

i is the product of the decay branching
fractions of D0 mesons and subsequent intermediate states,
taken from the PDG [1], and ϵi is the detection efficiency
from the signal MC samples. The decay branching fraction
B of ψ → D0eþe− is a common parameter among the three
D0 decay modes. The overall likelihood values (L) are the
products of those of the three D0 decay modes, incorpo-
rating systematic uncertainties, which are separated as
correlated and uncorrelated [30,31]. The likelihood fits
are carried out with the MINUIT package [32].

TABLE I. Summary of systematic uncertainties (in %) for J=ψ → D0eþe− and ψ → D0eþe−, where sources
tagged with ‘%’ are correlated among the different D0 decay modes. The hyphen (−) indicates the source does not
contribute to the channel.

D0 → K−πþ D0 → K−πþπ0 D0 → K−πþπþπ−

J=ψ ψð3686Þ J=ψ ψð3686Þ J=ψ ψð3686Þ
Tracking* 4.0 4.0 4.0 4.0 6.0 6.0
PID* 6.0 6.0 6.0 6.0 8.0 8.0
γ detection & & & & & & 1.2 1.2 & & & & & &
Kinematic fit 1.7 1.6 1.1 1.8 2.2 2.0
Veto γ conversion* 1.7 1.7 1.7 1.7 1.7 1.7
Veto KS → π0π0 & & & & & & 0.6 & & & & & &
Veto KS → πþπ− & & & & & & & & & & & & 2.1 2.2
Veto J=ψ → eþe− & & & 0.1 & & & & & & & & &
Branching fraction 1.3 1.3 3.6 3.6 2.6 2.6
ψ total number* 0.55 0.62 0.55 0.62 0.55 0.62
Others 1.0 1.0 1.0 1.0 1.0 1.0
Total 7.8 7.8 8.5 8.7 11.0 10.9
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RAPID COMMUNICATIONS

The sources of systematic uncertainty include the detection efficiencies of 
charged tracks and photons, the PID efficiency, the kinematic fit, γ conversion 
veto, mass window requirements, the fit procedure, the decay branching fractions 
of intermediate states, as well as the total numbers of ψ events. The individual
systematic uncertainties are estimated. The sources of the uncertainties tagged 
with ‘*’ are assumed to be 100% correlated among the three different D0 decay 
modes.

A kinematic fit constraining Mγγ to the nominal π0 mass is
performed. The candidate with the smallest χ2 is kept and is
required to satisfy χ2 < 20. An ω candidate is reconstructed
with its πþπ−π0 decay mode, by requiring the three-pion
invariant massMπþπ−π0 to bewithin ð0.720; 0.840Þ GeV=c2.
For theK0

S candidates, in addition to the same criteria as used

in STevent selection, we further require L=σL > 2, where L
is the measured K0

S flight distance and σL is the correspond-
ing uncertainty.
Similar to the ST selection, ΔE and MBC for the signal

candidates of the rare D decays in DT events, denoted as
ΔEsig andM

sig
BC, are calculated. For each signal mode,ΔEsig
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FIG. 1. Distributions of Mtag
BC for all ST modes. Data are shown as points with error bars. The solid lines are the total fits, and the

dashed lines are the background contribution.

TABLE II. The ΔEsig requirements, the Msig
BC signal regions, the observed number of signal events nobs, and the

estimated background yields nSBbkg1 and nMC
bkg2 $ σMC

bkg2 in the Dþ and D0 signal modes.

Dþ decays ΔEsig (GeV) Msig
BC (GeV=c2) nobs nSBbkg1 nMC

bkg2 $ σMC
bkg2

πþπ0eþe− ð−0.060; 0.030Þ (1.864, 1.877) 4 0 5.3$ 0.7
Kþπ0eþe− ð−0.063; 0.037Þ (1.862, 1.877) 1 0 0.5$ 0.2
K0

Sπ
þeþe− ð−0.038; 0.020Þ (1.865, 1.877) 6 0 4.6$ 0.7

K0
SK

þeþe− ð−0.038; 0.021Þ (1.865, 1.875) 0 0 0.2$ 0.1

D0 decays ΔEsig (GeV) Msig
BC (GeV=c2) nobs nSBbkg1 nMC

bkg2 $ σMC
bkg2

K−Kþeþe− ð−0.044; 0.015Þ (1.858, 1.872) 2 0 0.9$ 0.3
πþπ−eþe− ð−0.053; 0.020Þ (1.857, 1.873) 11 2 11.8$ 1.1
K−πþeþe− ð−0.040; 0.018Þ (1.857, 1.873) 49 1 32.4$ 1.7
π0eþe− ð−0.043; 0.020Þ (1.853, 1.879) 2 0 2.1$ 0.4
ηeþe− ð−0.094; 0.031Þ (1.854, 1.878) 0 0 0.6$ 0.3
ωeþe− ð−0.086; 0.035Þ (1.854, 1,878) 2 0 4.0$ 0.6
K0

Se
þe− ð−0.078; 0.035Þ (1.858, 1.873) 4 0 2.2$ 0.5
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is required to be within 3σ of the nominal value, as listed in
Table II, and only the combination with the smallest jΔEsigj
is kept. The Msig

BC distributions of the surviving events are
shown in Fig. 2, where no significant excess over the
expected backgrounds is observed. The number of remain-
ing signal candidates, nobs, is counted in the Msig

BC signal
regions and listed in Table II. The corresponding DT
detection efficiencies and the average signal efficiencies
εsig over different ST modes are given in Table III. The BFs
of the rare decays will be determined by subtracting the
background contributions.
The backgrounds are separated into two categories:

events with a wrong ST candidate, and events with a
correct ST but wrong signal candidate, which dominantly
originate from the γ-conversion process. The former
background can be estimated with the surviving events
in the ST sideband (SB) region of Mtag

BC distribution, which
is defined as ð1.830; 1.855Þ GeV=c2 for D̄0 decays and
ð1.830; 1.860Þ GeV=c2 for D− decays. The corresponding
number of wrong-ST background events, nbkg1, is esti-
mated with the number of events in the SB region (nSBbkg1)
normalized by a scale factor f, which is the ratio of the
integrated numbers of background events in the signal and
SB regions. The scale factor f is found to be 0.466# 0.001
for the Dþ decays and 0.611# 0.001 for the D0 decays,
respectively, where the uncertainty is statistical only. The

wrong-ST background is expected to follow a Poisson (P)
distribution with central value of nbkg1 · f. The background
from misreconstructed signal is estimated with the DþD−

andD0D̄0 events in the inclusiveMC samples by subtracting
thewrongSTevents, and the correspondingnumber of events
is expected to follow aGaussian distribution (G), with central
value nMC

bkg2 and standard deviation σMC
bkg2. The relevant

numbers are summarized in Table II.

IV. SYSTEMATIC UNCERTAINTIES

With the DT technique, the systematic uncertainties in
the BF measurements due to the detection and recon-
struction of the ST D̄ mesons mostly cancel, as shown in
Eq. (1). For the signal side, the following sources of
systematic uncertainties, as summarized in Table IV, are
considered. All of these contributions are added in quad-
rature to obtain the total systematic uncertainties.
The uncertainties of tracking and PID efficiencies forK#

and π# are studied with control samples of DD̄ favored
hadronic modes [22]. We assign an uncertainty of 1.0% per
track for the tracking and 0.5% for the PID uncertainties.
The tracking and PID efficiency for e# detection is studied
using radiative Bhabha events, and the corresponding
systematic uncertainty is evaluated by weighting according
to the cos θ and transverse momentum distributions of
the e# tracks. The uncertainties for π0, η and K0

S
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FIG. 2. Distributions ofMsig
BC for the signal modes after applying all selection criteria. The solid histograms are data, the hatched ones

are the events in the inclusive MC samples scaled to the luminosity of data, the hollow ones are the SB events in the ST Mtag
BC

distributions, and the dashed lines denote the signal regions. The inset shows the Meþe− distribution for D0 → K−πþeþe−, which is
divided into three regions, ½0.00; 0.20Þ, ½0.20; 0.65Þ and ½0.65; 0.90& GeV=c2, distinguished by the dot-dashed lines.
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L ¼ Pðnobs; ntag · B · εsig þ nbkg1 þ nbkg2Þ
· Gðεsig; εMC

sig ; ε
MC
sig · σMC

ε Þ

· PðnSBbkg1; nbkg1 · fÞ · Gðnbkg2; nMC
bkg2; σ

MC
bkg2Þ: ð2Þ

Based on the Bayesian method, we use the
likelihood distribution as a function of the signal BF B,
with variations of the other parameters nbkg1, nbkg2, and εsig,
as the probability function. Note that the STyields, ntag, are
taken as the truth ones, as their uncertainties are negligible.
The resultant likelihood distributions for all the signal

modes are shown in Fig. 3, and the ULs on the signal BFs
at the 90% CL are estimated by integrating the likelihood
curves in the physical region of B ≥ 0. For D0 →
K−πþeþe−, the BF is determined to be ð2.5% 1.1Þ ×
10−5 with a significance of 2.6σ, where the uncertainty
includes the statistical and systematic ones. Reference [4]
predicts the BF of D0 → K−πþeþe−, which is dominated
by the LD bremsstrahlung and (virtual) resonance-decay
contributions in the lower and upper regions, respectively,
to exceed 0.99 × 10−5 in the lowerMeþe− region, adding up
to 1.6 × 10−5 in the whole region. Therefore, we divide the
Meþe− distribution into three regions and determine the BFs
in the individual regions. All these results are listed in
Table V, and are all within the SM predictions.

VI. SUMMARY

To summarize, searches for Dþ and D0 decays into
hðhð0ÞÞeþe− final states are performed, based on the DT
analysis of a eþe− collision sample of 2.93 fb−1 taken atffiffiffi
s

p
¼ 3.773 GeV with the BESIII detector. No evident
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FIG. 3. Likelihood curves as a function of the signal BFs. The arrows point to the position of the ULs at the 90% CL.

TABLE V. Results of the ULs on the BFs for the investigated
rare decays at the 90% CL, and the corresponding results in the
PDG. Also listed are the results of the BFs in the different Meþe−

regions for D0 → K−πþeþe−. The uncertainties include both
statistical and systematic ones.

Signal decays B (×10−5) PDG [9] (×10−5)

Dþ → πþπ0eþe− <1.4 & & &
Dþ → Kþπ0eþe− <1.5 & & &
Dþ → K0

Sπ
þeþe− <2.6 & & &

Dþ → K0
SK

þeþe− <1.1 & & &
D0 → K−Kþeþe− <1.1 <31.5
D0 → πþπ−eþe− <0.7 <37.3
D0 → K−πþeþe−† <4.1 <38.5
D0 → π0eþe− <0.4 <4.5
D0 → ηeþe− <0.3 <11

D0 → ωeþe− <0.6 <18

D0 → K0
Se

þe− <1.2 <11
† in Meþe− regions:
½0.00; 0.20Þ GeV=c2 <3.0 (1.5þ1.0

−0.9 ) & & &
½0.20; 0.65Þ GeV=c2 <0.7 & & &
½0.65; 0.90Þ GeV=c2 <1.9 (1.0þ0.5

−0.4 ) & & &
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integrated luminosity of 567 pb−1 [27]. By apply-
ing the same Mpπ+ selection requirement, we cal-
culate the corresponding efficiency as the ratio of
the events with and without the selection require-
ment. The efficiency difference between data and
MC simulation, 1.0%, is assigned as the systematic
uncertainty.

(VII) We study the influence of the physics model of
the decay ψ(3686)→ Λ+

c pe
+e− by changing the de-

cay model to an extreme model and a phase space
model. In the extreme model, we assume an addi-
tional intermediate decay of ψ(3686) → Xp, where
the polar angle distribution of p follows 1 + cos2 θ
and X decays to Λ+

c e
+e− according to a VMD

model. The difference in the signal detection ef-
ficiency is 34.3% which is mainly due to the differ-
ent geometrical acceptance for the events and the
difficulty in finding low momentum leptons with re-
spect to the nominal physics model. In the phase
space model, we assume a uniform phase space dis-
tribution for signal, and the resulting difference in
efficiency with respect to the nominal value is found
to be 8.3%. We assign 34.3% as the systematic un-
certainty.

A summary of all systematic uncertainties is given in
Table I. The total uncertainty is 37.2%, which is the
quadrature sum of the individual values.

TABLE I: Overview of systematic uncertainties.

Sources Systematic uncertainty (%)
Number of ψ(3686) decays 0.6
Track reconstruction 9.0
Particle identification 9.0
4C kinematic fit 1.0
BF of Λ+

c → pK−π+ 5.2
Signal region 4.0
Mpπ−/Mpπ+ criteria 1.0
Physics model 34.3
Total 37.2

V. RESULT

The number of signal events is determined by exam-
ining the Λ+

c signal in the MpK−π+ distribution, which
is shown in Fig. 2. No events survive within the signal
region ranging from 2.25 to 2.32 GeV/c2. The potential
background in the signal region is estimated using events
in the MpK−π+ sideband regions, which are defined as
[2.06, 2.23] GeV/c2 and [2.34, 2.40] GeV/c2. The esti-
mated number of background events is 1.5, assuming a
uniform distribution of background in the MpK−π+ dis-
tribution. We also estimate the number of background
events to be zero using the inclusive MC sample and
the data sample with

√
s = 3.773 GeV. As no candi-

date events are found in the signal region, the estimated
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Fig. 2: Distribution of MpK−π+ for the data (dots with error
bars) and signal MC sample (dashed histogram). The signal
MC is scaled arbitrarily. The regions between the left (right)
two blue dashed and middle two red solid arrows represent
the sideband and signal regions, respectively.

number of background events is determined to be 0± 1.5
events. Using the Rolke method [28, 29], an upper limit
Nup of 47.3 produced events at the 90% confidence level
(C.L.) is obtained. This upper limit takes into account
the number of background events, the systematic uncer-
tainty, and the detection efficiency (7.21%). The number
of signal events is assumed to follow a Poisson distri-
bution, and the signal detection efficiency and the num-
ber of background events are assumed to follow Gaussian
distributions with widths given by the corresponding un-
certainties. The upper limit on the BF (B) of the decay
ψ(3686) → Λ+

c pe
+e−+ c.c. is calculated to be 1.7× 10−6

using the following formula:

B ≤
Nup

Nψ(3686) × BF(Λ+
c → pK−π+)

, (1)

where Nψ(3686) is the number of ψ(3686) decays and
BF(Λ+

c → pK−π+) is the BF of the decay Λ+
c →

pK−π+ [26].

VI. SUMMARY

The search for the FCNC decay ψ(3686) → Λ+
c pe

+e−+
c.c. is performed for the first time using a sample of
(448.1± 2.9)× 106 ψ(3686) decays. No signal events are
observed and the upper limit on the BF at the 90% C.L.
is determined to be 1.7 × 10−6. The result is within the
expectations of the SM, and no evidence for new physics
is found.

Signal region
Sideband Sideband

Data
Inclusive MC
sideband

Using the 2.9fb-1 data taken at sqrt(s) = 3.773 GeV[8], we perform a search for the rare decays of D → h(h′)e+e−, 
where h(′) are hadrons. Double tagging(DT) method is used in the analysis. For each signal mode, ∆Esig is required 
to be within 3σ of the nominal value, and only the combination with the smallest |∆Esig| is kept. 

Blind analysis based on Monte Carlo (MC) simulations to 
validate the analysis strategy, 

Six ST modes used to tag D− candidates, with π0 → γγ and 
K0

S → π+π−, and three ST modes are used to tag D0-bar. The 
sum of the BFs is about 27.7% for the six D− decays, and 
26.7% for the three D0-bar decays.

Distributions of MBC for the signal modes after applying all 
selection criteria. The inset shows the Mee distribution for 
D0 → K−π+e+e−, which is divided into three regions 
distinguished by the dot-dashed lines

l No signal is found.
l the 90% C.L. upper limit (Nup=47.3) is 

obtained taking into account the efficiency and 
systematic uncertainties.

l The BF upper limit @90% C.L. is determined 
to be 1.7×𝟏𝟎-𝟔 with systematic uncertainties 
taken into account.

l It is the first search of this process 

Signal region:2.25-2.32 GeV.
𝚲𝒄( mass:	2.286	GeV

sources systematic 
uncertainty(%)

Number of 𝜓(3686) 0.6

Track reconstruction 9.0

Particle identification 9.0

4C kinematic fit 1.0

BF(Λ𝑐+ → 𝑝	𝐾−	𝜋+) 5.2

Signal region 4.0

Λ mass window 1.0

Physics model 34.3

Total 37.2

This analysis is performed with 448M ψ (3686) events [7]

collected by BESIII. The decay Λ+
c → pK−π+ is 

reconstructed with six charged tracks with zero net charge. 
The number of signal events is determined by examining 
the Λ+

c signal in the MpKπ distribution
Feynman diagram of ψ(3686) → Λ](	�̅�𝑒(𝑒-

Physics model:
l Nominal:

l VMD model with
FF from ρ → 
π+π−e+e−

l 1)Extreme case
l 𝝍 𝟐𝑺 → 𝑿	𝒑+; 

1+cos𝟐𝜽
l X → 𝚲𝒄(𝒆(𝒆-

(VMD); 
7.2%à4.7%

l 2) PHSP model. 
7.2%à6.6%


