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Search for new physics with charm rare decays at BESIII. The BESIII experiment has collected
2.6 billion 𝜓(3686) events, 10 billion 𝐽/𝜓 events, 20 𝑓 𝑏−1 D meson pairs at 3.773 GeV, and
7.33 𝑓 𝑏−1 𝐷𝑠𝐷

∗
𝑠 events from 4.128 to 4.226 GeV. The huge data samples allow us to search for rare

processes in charm hadron decays. In this paper, we report the FCNC decay in 𝐽/𝜓 → 𝐷0𝜇+𝜇− ,
𝐽/𝜓 → 𝐷0𝛾 and 𝐷+

𝑠 → ℎ(ℎ′)𝑒+𝑒− . The search for 𝐽/𝜓 weak decays containing a D meson,
𝐽/𝜓 → 𝐷−

𝑠 𝜋
+, and 𝐽/𝜓 → 𝐷−

𝑠 𝜌
+ will also be presented.

The European Physical Society Conference on High Energy Physics (EPS-HEP2025)
7-11 July 2025
Marseille, France

∗Speaker

© Copyright owned by the author(s) under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives
4.0 International License (CC BY-NC-ND 4.0) All rights for text and data mining, AI training, and similar technologies for
commercial purposes, are reserved. ISSN 1824-8039 . Published by SISSA Medialab. https://pos.sissa.it/

mailto:zhanyh6@mail2.sysu.edu.cn
https://pos.sissa.it/


P
o
S
(
E
P
S
-
H
E
P
2
0
2
5
)
4
1
2

Search for new physics with charm rare decays at BESIII Yonghua Zhan

1. Introduction

Compared with processes where the Standard Model (SM) contribution is dominant, processes
with highly suppressed or forbidden SM contributions can provide better sensitivity to new physics.
This paper focuses on processes with highly suppressed SM contributions, including flavor-changing
neutral current (FCNC) processes and 𝐽/𝜓 weak decays. The BESIII experiment, with its high
statistics, clean background, and good resolution, is suitable for searching for new physics in these
channels.

In this paper, we introduce the searches for new physics with charm rare decays at BESIII.
In Section 2, we describe the BESIII detector and the data samples used in this analysis. The
searches for FCNC decay 𝐽/𝜓 → 𝐷0𝜇+𝜇− [1], 𝐽/𝜓 → 𝛾𝐷0 [2], and 𝐷+

𝑠 → ℎ(ℎ′)𝑒+𝑒− [3] will be
introduced in Section 3. The search for J/psi weak decays containing a D meson [4], 𝐽/𝜓 → 𝐷−

𝑠 𝜋
+,

and 𝐽/𝜓 → 𝐷−
𝑠 𝜌

+ [5] will also be presented in Section 4. Finally, a summary of new physics with
charm search at BESIII will be presented in Section 5.

2. BESIII Detector and data samples

The BESIII detector [6] records symmetric 𝑒+𝑒− collisions provided by the BEPCII storage
ring [7] in the center-of-mass energy range from 1.84 to 4.95 GeV, with a peak luminosity of
1.1 × 1033 cm−2s−1 achieved at

√
𝑠 = 3.773 GeV. BESIII has collected large data samples in this

energy region [8–11]. The cylindrical core of the BESIII detector covers 93% of the full solid angle
and consists of a helium-based multilayer drift chamber (MDC), a time-of-flight system (TOF),
and a CsI(Tl) electromagnetic calorimeter (EMC), which are all enclosed in a superconducting
solenoidal magnet providing a 1.0 T magnetic field. The magnetic field was 0.9 T in 2012, which
affects 11% of the total 𝐽/𝜓 data. The solenoid is supported by an octagonal flux-return yoke with
resistive plate counter muon identification modules interleaved with steel. The charged-particle
momentum resolution at 1 GeV/𝑐 is 0.5%, and the d𝐸/d𝑥 resolution is 6% for electrons from
Bhabha scattering. The EMC measures photon energies with a resolution of 2.5% (5%) at 1 GeV in
the barrel (end cap) region. The time resolution in the plastic scintillator TOF barrel region is 68 ps,
while that in the end cap region was 110 ps. The end cap TOF system was upgraded in 2015 using
multigap resistive plate chamber technology, providing a time resolution of 60 ps, which benefits
87% of the data used in this analysis [12].

Monte Carlo (MC) simulated data samples produced with a geant4-based [13] software pack-
age, which includes the geometric description of the BESIII detector [14–18] and the detector
response, are used to determine detection efficiencies and to estimate backgrounds. The simu-
lation models the beam energy spread and initial state radiation (ISR) in the 𝑒+𝑒− annihilations
with the generator kkmc [19, 20]. All particle decays are modeled with evtgen [21, 22] using
BFs either taken from the Particle Data Group [23], when available, or otherwise estimated with
lundcharm [24, 25]. Final state radiation (FSR) from charged final state particles is incorporated
using the photos package [26].
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3. Searches for FCNC processes

FCNC transitions such as 𝑐 → 𝑢 manifest solely through loop-level interactions due to the
Glashow-Iliopoulos-Maiani (GIM) mechanism [27], which result in low branching fractions (BFs)
of the corresponding decays. The FCNC decay 𝐽/𝜓 → 𝐷0𝑙+𝑙− is expected to have a BF on the order
of 10−13 in the SM [28]. In comparison, the FCNC process 𝐽/𝜓 → 𝐷0𝛾 is expected with a 1 or 2
orders of magnitude larger BF, due to the presence of one fewer decay vertex. Nevertheless, various
new physics (NP) models beyond the SM, such as the Top-Color model [29], the supersymmetric
extensions of the SM with or without R-parity violation [30], and the two-Higgs doublet model [31],
suggest these BFs may be enhanced to exceed the SM prediction. Any enhancement of the BF with
respect to the SM would be a strong indication of NP.

3.1 Searches for 𝐽/𝜓 → 𝐷0𝜇𝜇 and 𝐽/𝜓 → 𝐷0𝛾

The searches for FCNC decay 𝐽/𝜓 → 𝐷0𝜇𝜇 and 𝐽/𝜓 → 𝐷0𝛾 are performed with the
(10087 ± 44) × 106 𝐽/𝜓 data events [32]. These decays are typical FCNC processes that can occur
through possible Feynman diagrams such as those shown in Figure 1. Three tag modes are used
to reconstruct 𝐷0 meson: 𝐷0 → 𝐾−𝜋+ (Mode I), 𝐷0 → 𝐾−𝜋+𝜋0 with 𝜋0 → 𝛾𝛾 (Mode II), and
𝐷0 → 𝐾−𝜋−𝜋+𝜋+ (Mode III), which have large BFs. To extract the BFs, an unbinned simultaneous

(a) 𝐽/𝜓 → 𝐷0𝜇𝜇 (b) 𝐽/𝜓 → 𝐷0𝛾

Figure 1: Feynman diagrams in the SM.

maximum-likelihood fit is carried out to the selected samples of the three 𝐷0 decay modes by
sharing the same decay BF of 𝐽/𝜓 → 𝐷0𝜇𝜇 (𝐽/𝜓 → 𝐷0𝛾), as shown in Figure 2 and Figure 3.

For 𝐽/𝜓 → 𝐷0𝜇+𝜇−, no significant signal is observed, and the upper limits on BFs are set to
be B(𝐽/𝜓 → 𝐷0𝜇+𝜇−) = 1.1×10−7 at the 90% C.L. after considering all systematic uncertainties.
This is the first search for a charmonium FCNC process with muons in the final state. This result is
compatible with the SM prediction on its BF of 10−13.

For 𝐽/𝜓 → 𝐷0𝛾, no significant signal is observed, and the upper limits on BFs are set to
be B(𝐽/𝜓 → 𝐷0𝛾) = 9.1 × 10−8 at the 90% C.L. after considering all systematic uncertainties.
Although our measurement does not yet reach the precision predicted by the SM, it provides a
valuable reference for probing various new-physics models and restricting their parameter space.

3.2 Search for Rare Decays 𝐷+
𝑠 → ℎ(ℎ′)𝑒+𝑒−

In the SM, the rare decays 𝐷+
𝑠 → ℎ(ℎ′)𝑒+𝑒− (ℎ = 𝜋, 𝐾), involve both short-distance (SD)

and long-distance (LD) contributions. The SD contribution proceeds via the FCNC transition 𝑐 →
𝑢ℓ+ℓ−. It is loop-induced and strongly suppressed by the GIM mechanism, which is more effective
in the charm sector than in the strange or bottom sectors. Consequently, SD-only branching fractions
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(a) (b) (c) (d)

Figure 2: The distributions of 𝑀𝐷0𝜇+𝜇− for 𝐽/𝜓 → 𝐷0𝜇+𝜇− of the selected candidates in data, signal
MC sample, and inclusive MC sample. The simultaneous fit result is shown in the top left, and the
individual fit result for each mode is shown in the other three sub-figures, respectively. The black dots
with error bars are data, the magenta dotted-dashed line shows the shape of the signal MC sample scaled to
B(𝐽/𝜓 → 𝐷0𝜇+𝜇−) = 1.0×10−6 for the three tags. The blue shaded histogram is the inclusive MC sample,
the red line is the fit result, and the blue solid lines are the fitted background.

(a) (b) (c)

Figure 3: The unbinned simultaneous fit on the invariant mass distributions for 𝐽/𝜓 → 𝐷0𝛾 of modes (a)
I, (b) II, and (c) III, where the dots with error bar are data, the blue lines are the fit result, and the red dotted
and purple curves are the fitted signal and background, respectively.

are as low as 10−9. The LD contributions, occurring via a radiated photon or an intermediate meson
decaying to dileptons, dominate the decays of 𝐷+

𝑠 → ℎ(ℎ′)𝑒+𝑒− and raise the BFs to the order of
10−6.

We measure the LD contributions of 𝐷+
𝑠 → 𝜋+𝜙with 𝜙 → 𝑒+𝑒−, 𝐷+

𝑠 → 𝜌+𝜙with 𝜌+ → 𝜋+𝜋0

and 𝜙 → 𝑒+𝑒−, and search for the four-body decays of 𝐷+
𝑠 → 𝜋+𝜋0𝑒+𝑒−, 𝐷+

𝑠 → 𝐾+𝜋0𝑒+𝑒−,
𝐷+

𝑠 → 𝐾0
𝑆
𝜋+𝑒+𝑒− using data samples corresponding to an integrated luminosity of 7.33 𝑓 𝑏−1

accumulated with the BESIII detector at 𝑒+𝑒− center-of-mass (c.m.) energies in the range
√
𝑠 =

4.128− 4.226 GeV. The 𝐷+
𝑠 candidates are selected from the process of 𝑒+𝑒− → 𝐷∗±

𝑠 (→ 𝐷𝑠𝛾)𝐷∓
𝑠

in this work.
The signal yield for each 𝐷+

𝑠 decay mode is extracted independently by performing an
unbinned maximum-likelihood fit to the corresponding invariant-mass spectrum in the range
1.88–2.02 GeV/𝑐2. Figure 4 shows the data distributions and fit results for these decay modes. The
𝐷+

𝑠 → 𝜋+𝜙, 𝜙 → 𝑒+𝑒− decay is observed with a statistical significance of 7.8𝜎. Evidence of the
𝐷+

𝑠 → 𝜌+𝜙, 𝜙 → 𝑒+𝑒− decay is found for the first time with a statistical significance of 4.4𝜎. The
BFs of these two decays are measured to be B(𝐷+

𝑠 → 𝜋+𝜙, 𝜙 → 𝑒+𝑒−) = (1.17+0.23
−0.21 ±0.03) ×10−5

and B(𝐷+
𝑠 → 𝜌+𝜙, 𝜙 → 𝑒+𝑒−) = (2.44+0.67

−0.62 ± 0.16) × 10−5, where the first uncertainties are
statistical and the second systematic. No significant signal of the four-body rare decays is observed,
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and the upper limits on the BFs of these decays are set to be B(𝐷+
𝑠 → 𝜋+𝜋0𝑒+𝑒−) < 7.0 × 10−5,

B(𝐷+
𝑠 → 𝐾+𝜋0𝑒+𝑒−) < 7.1×10−5, and B(𝐷+

𝑠 → 𝐾0
𝑆
𝜋+𝑒+𝑒−) < 8.1×10−5, at the 90% confidence

level. These results represent the first upper limits on the BFs of these decays.

(a) (b)

Figure 4: Fits to the 𝑀 (𝐷+
𝑠 ) distributions for (a) 𝐷+

𝑠 → 𝜋+𝜙(→ 𝑒+𝑒−), 𝐷+
𝑠 → 𝜌+ (→ 𝜋+𝜋0)𝜙(→ 𝑒+𝑒−),

(b) 𝐷+
𝑠 → 𝜋+𝜋0𝑒+𝑒− , 𝐷+

𝑠 → 𝐾+𝜋0𝑒+𝑒− , and 𝐷+
𝑠 → 𝐾0

𝑆
𝜋+𝑒+𝑒− . The signals are shown as the magenta

dashed curves. The blue long-dashed curves are the combinatorial background components, and the dots
with error bars are data.

4. Searches for 𝐽/𝜓 weak decays

Via the weak interaction, the 𝐽/𝜓 can potentially decay into a single charm meson via such as
D, accompanied by some non-charm mesons. Some of them have been searched for by BESIII[33–
40]. The inclusive BF of charmonium rare weak decays is predicted to be of the order of 10−8 in
the SM [41–52]. If a signal for one of these decays is observed with BFs in the range of 10−8 to
10−6, it would indicate new physics beyond the SM.

Using a sample of (10087 ± 44) × 106 𝐽/𝜓 events collected at the BESIII detector, we search
for the weak decays 𝐽/𝜓 → 𝐷̄0𝜋0, 𝐽/𝜓 → 𝐷̄0𝜂, 𝐽/𝜓 → 𝐷̄0𝜌0, 𝐽/𝜓 → 𝐷−𝜋+, 𝐽/𝜓 → 𝐷−𝜌+,
𝐽/𝜓 → 𝐷−

𝑠 𝜋
+, and 𝐽/𝜓 → 𝐷−

𝑠 𝜌
+. Figure 5 shows the Feynman diagrams for these decay modes

in the SM.

4.1 Search for 𝐽/𝜓 weak decays containing a D meson

To avoid high background from conventional 𝐽/𝜓 hadronic decays, we tag 𝐷̄0 and 𝐷− mesons
through the semileptonic channels 𝐷̄0 → 𝐾+𝑒− 𝜈̄ and 𝐷− → 𝐾0

𝑆
𝑒− 𝜈̄ (𝐾0

𝑆
→ 𝜋+𝜋−). Since the

neutrino is undetectable at BESIII, the 𝐷̄0 and 𝐷− mesons cannot be fully reconstructed from their
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(a) 𝐽/𝜓 → 𝐷̄0𝜋0, 𝐽/𝜓 →
𝐷̄0𝜂, and 𝐽/𝜓 → 𝐷̄0𝜌0

(b) 𝐽/𝜓 → 𝐷−𝜋+ and
𝐽/𝜓 → 𝐷−𝜌+

c

c

s

u
d

c

W

J/ψ Ds

ρ(π)

｛ ｝

｝

(c) 𝐽/𝜓 → 𝐷−
𝑠 𝜋

+ and 𝐽/𝜓 →
𝐷−

𝑠 𝜌
+

Figure 5: Feynman diagrams in the SM.

decay products. However, the 𝐷̄0 and 𝐷− mesons can be identified via the mass recoiling against the
accompanying light hadron 𝜋0, 𝜂, 𝜌0, 𝜋+, and 𝜌+ with 𝜋0/𝜂 → 𝛾𝛾, 𝜌0 → 𝜋+𝜋−, and 𝜌+ → 𝜋+𝜋0,
respectively. Figure 6 shows the recoiling mass spectra of the accepted candidates for these decays.
No significant signal is observed in any of the decay modes. The upper limits at the 90% CL on
the branching fractions are determined to be: B(𝐽/𝜓 → 𝐷̄0𝜋0 + 𝑐.𝑐.) < 4.7 × 10−7, B(𝐽/𝜓 →
𝐷̄0𝜂+𝑐.𝑐.) < 6.8×10−7,B(𝐽/𝜓 → 𝐷̄0𝜌0+𝑐.𝑐.) < 5.2×10−7,B(𝐽/𝜓 → 𝐷−𝜋++𝑐.𝑐.) < 7.0×10−8,
and B(𝐽/𝜓 → 𝐷−𝜌+ + 𝑐.𝑐.) < 6.0 × 10−7.

(a) (b) (c)

(d) (e)

Figure 6: Fits of the accepted candidates to the recoiling mass spectra for (a) 𝐽/𝜓 → 𝐷̄0𝜋0, (b) 𝐽/𝜓 → 𝐷̄0𝜂,
(c) 𝐽/𝜓 → 𝐷̄0𝜌0, (d) 𝐽/𝜓 → 𝐷−𝜋+, and (e) 𝐽/𝜓 → 𝐷−𝜌+. The dots with error bars are data, and the
orange dotted lines are polynomial functions describing the background. The blue solid curves are the total
fits. The inclusive MC samples are shown by the green filled histograms.

4.2 Search for 𝐽/𝜓 weak decays

Full reconstruction of𝐷𝑠 mesons with non-leptonic-decay modes does not offer good sensitivity
due to the large hadronic background from 𝐽/𝜓 inclusive decays. Therefore, 𝐷𝑠 candidates are
reconstructed via the semi-leptonic decay 𝐷−

𝑠 → 𝜙𝑒− 𝜈̄𝑒 with 𝜙 → 𝐾+𝐾−. For the 𝜌+ side, the
subsequent signal decays are 𝜌+ → 𝜋+𝜋0, 𝜋0 → 𝛾𝛾. Unbinned extended maximum likelihood fits
are performed to the distributions of the mass recoiling against the 𝜋+ or 𝜌+, denoted as 𝑀𝐷𝑠

, to
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determine the signal yields, as shown in Fig. 7. No significant signal is observed and ULs on their
BFs are set at B(𝐽/𝜓 → 𝐷−

𝑠 𝜌
+) < 8.0× 10−7 and B(𝐽/𝜓 → 𝐷−

𝑠 𝜋
+) < 4.1× 10−7 at the 90% C.L.

In comparison to the previous best limits, the UL for 𝐽/𝜓 → 𝐷−
𝑠 𝜌

+ has been improved by about
an order of magnitude, and the UL for 𝐽/𝜓 → 𝐷−

𝑠 𝜋
+ has been improved by about three orders of

magnitude.
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Figure 7: The 𝑀𝐷𝑠
distributions of the (a) 𝐽/𝜓 → 𝐷−

𝑠 𝜌
+ and (b) 𝐽/𝜓 → 𝐷−

𝑠 𝜋
+ candidate events. The

black dots with error bars are data; the blue histograms are the inclusive MC samples; the green solid lines
are the signal MC samples, scaled to the obtained 90% UL BFs. The red line is the total fit result with the
signal shape and the blue background shape dotted line.

5. Summary

Using about 10 billion 𝐽/𝜓 events and 7.33 𝑓 𝑏−1 𝐷𝑠𝐷
∗
𝑠 events collected by BESIII, we search for

the FCNC processes 𝐽/𝜓 → 𝐷0𝜇+𝜇−, 𝐽/𝜓 → 𝐷0𝛾, and 𝐷+
𝑠 → ℎ(ℎ′)𝑒+𝑒−. We also search for 𝐽/𝜓

weak decays containing a D meson, 𝐽/𝜓 → 𝐷−
𝑠 𝜋

+, and 𝐽/𝜓 → 𝐷−
𝑠 𝜌

+. The 𝐷+
𝑠 → 𝜋+𝜙(→ 𝑒+𝑒−)

and 𝐷+
𝑠 → 𝜌+𝜙(→ 𝑒+𝑒−) decays are observed and the BFs of these two decays are measured to

be B(𝐷+
𝑠 → 𝜋+𝜙, 𝜙 → 𝑒+𝑒−) = (1.17+0.23

−0.21 ± 0.03) × 10−5 and B(𝐷+
𝑠 → 𝜌+𝜙, 𝜙 → 𝑒+𝑒−) =

(2.44+0.67
−0.62±0.16)×10−5. No significant signal is observed for other decays. The upper limits on the

BFs of these decays are set to be B(𝐽/𝜓 → 𝐷0𝜇+𝜇−) = 1.1×10−7, B(𝐽/𝜓 → 𝐷0𝛾) = 9.1×10−8,
B(𝐷+

𝑠 → 𝜋+𝜋0𝑒+𝑒−) < 7.0 × 10−5, B(𝐷+
𝑠 → 𝐾+𝜋0𝑒+𝑒−) < 7.1 × 10−5, B(𝐷+

𝑠 → 𝐾0
𝑆
𝜋+𝑒+𝑒−) <

8.1× 10−5, B(𝐽/𝜓 → 𝐷̄0𝜋0 + 𝑐.𝑐.) < 4.7× 10−7, B(𝐽/𝜓 → 𝐷̄0𝜂 + 𝑐.𝑐.) < 6.8× 10−7, B(𝐽/𝜓 →
𝐷̄0𝜌0 + 𝑐.𝑐.) < 5.2 × 10−7, B(𝐽/𝜓 → 𝐷−𝜋+ + 𝑐.𝑐.) < 7.0 × 10−8, B(𝐽/𝜓 → 𝐷−𝜌+ + 𝑐.𝑐.) <
6.0 × 10−7, B(𝐽/𝜓 → 𝐷−

𝑠 𝜌
+) < 8.0 × 10−7, and B(𝐽/𝜓 → 𝐷−

𝑠 𝜋
+) < 4.1 × 10−7 at the 90%

confidence level. These results are consistent with the SM and provide constraints on some new
physics models.
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