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BEPCII & BESIII as Tau-Charm Factory
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Beam energy: 
1-2 GeV

Luminosity: 
1�1033  cm-2s-1

Optimum energy:
1.89 GeV

Energy spread:
5.16 �10-4

No. of bunches:
93

Bunch length:
1.5 cm

Total current:
0.91 A

SR mode:
0.25A @ 2.5 GeV

Circumference 240	m 

Beam Energy 0.92 ∼ 2.48	GeV

Luminosity 1.1×10!!	cm"#s"$

Optimized at 1.89	GeV

Main Drift Chamber (MDC)
• 𝜎%/𝑃 = 0.5%@ 1 GeV/𝑐 
• 𝜎&'/&) = 6% 
• ΔΩ/4𝜋 = 93%

Electromagnetic Calorimeter (EMC)
• Barrel    𝜎'/𝐸 = 2.5%@ 1 GeV/𝑐 
• Endcap 𝜎'/𝐸 = 5.0%@ 1 GeV/𝑐 

Time-of-flight (TOF)
• Barrel    𝜎* = 68	ps 
• Endcap 𝜎* = 60	ps 

Muon Counter (MUC)
• 𝑃+,-".// = 0.4	GeV/𝑐

Beijing Electron Positron Collider II
(BEPC II)

Storage Rings

Beijing Spectrometer III
(BESIII)

Detector Geometry

BESIII Weak Decay FCNC CLFV Bose Symmetry Summary
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5 52. Plots of Cross Sections and Related Quantities

52.3 ‡ and R in e+e≠
Collisions

‡ and R in e+e≠ Collisions
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Figure 52.2: World data on the total cross section of e+e≠ æ hadrons and the ratio R(s) = ‡(e+e≠ æ
hadrons, s)/‡(e+e≠ æ µ+µ≠, s). ‡(e+e≠ æ hadrons, s) is the experimental cross section corrected for initial state
radiation and electron-positron vertex loops, ‡(e+e≠ æ µ+µ≠, s) = 4fi–2(s)/3s. Data errors are total below 2 GeV
and statistical above 2 GeV. The curves are an educative guide: the broken one (green) is a naive quark-parton model
prediction, and the solid one (red) is 3-loop pQCD prediction (see “Quantum Chromodynamics” section of this
Review, Eq. (9.7) or, for more details [99], Breit-Wigner parameterizations of J/Â, Â(2S), and Ã (nS), n = 1, 2, 3, 4
are also shown. The full list of references to the original data and the details of the R ratio extraction from them can
be found in [100]. Corresponding computer-readable data files are available at http://pdg.lbl.gov/current/xsect/.
(Courtesy of the COMPAS (Protvino) and HEPDATA (Durham) Groups, August 2019. Corrections by P. Janot
(CERN) and M. Schmitt (Northwestern U.))

21st May, 2020 7:49pm

• The largest on-threshold charmonium data sets in the world!
• Pair-production charm mesons & Single/Double Tag

BESIII Data Sample

10.0	B	 𝐽/𝜓 2.71	B	 𝜓 2𝑆 7.33	Eb"$	 𝐷0∗𝐷0

20.3	Eb"$	𝜓!223 𝐷3H𝐷3

BESIII Weak Decay FCNC CLFV Bose Symmetry Summary

6 52. Plots of Cross Sections and Related Quantities

R in Light-Flavor, Charm, and Beauty Threshold Regions
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Figure 52.3: R in the light-flavor, charm, and beauty threshold regions. Data errors are total
below 2 GeV and statistical above 2 GeV. The curves are the same as in Fig. 52.2. Note: CLEO data
above Ã (4S) were not fully corrected for radiative e�ects, and we retain them on the plot only for
illustrative purposes with a normalization factor of 0.8. The full list of references to the original data
and the details of the R ratio extraction from them can be found in [100]. The computer-readable
data are available at http://pdg.lbl.gov/current/xsect/. (Courtesy of the COMPAS (Protvino) and
HEPDATA (Durham) Groups, August 2019.)

21st May, 2020 7:49pm

Chin. Phys. C 46, 074001 (2022)
Chin. Phys. C 48, 093001 (2024)
Chin. Phys. C 48, 123001 (2024)
Chin. Phys. C 45, 103001 (2021)
Chin. Phys. C 46, 113002 (2022)
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Neutrino
Oscillation

Matter
-Antimatter
Asymmetry

Dark MatterSM Puzzles

New Physics Searches at BESIII

• Rare processes in SM
• Charmonium weak decay
• Flavor Changing Neutral Current (FCNC)

• Symmetry violation processes
• CP violation
• Baryon Number Violation
• Charged Lepton Flavour Violation (CLFV)
• Lepton Number Violation
• Other symmetry

• Dark sector

Majorana neutrino

Rare in SM

Neutral Lepton Flavor Violation

Sakharov conditions

Electroweak interaction

BESIII Weak Decay FCNC CLFV Bose Symmetry Summary
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Neutrino
Oscillation

Matter
-Antimatter
Asymmetry

Dark MatterSM Puzzles

New Physics Searches at BESIII

• Rare processes in SM
• Charmonium weak decay
• Flavor Changing Neutral Current (FCNC)

• Symmetry violation processes
• CP violation
• Baryon Number Violation
• Charged Lepton Flavour Violation (CLFV)
• Lepton Number Violation
• Other symmetry (Bose symmetry)

• Dark sector

Majorana neutrino

Rare in SM

Neutral Lepton Flavor Violation

Sakharov conditions

Electroweak interaction

BESIII Weak Decay FCNC CLFV Bose Symmetry Summary

Selective update
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Charmonium weak decay

• Weak decays of 𝜓 → 𝐷 0
∗ 𝑋 are kinematically allowed, but rare in SM.

• Inclusive branching fraction (BF) is ∼ 10"4, exclusive BFs will be lower. [Z. Phys. C 62, 271 (1994)]

• New physics (NP) may enhance it to be observable. [Phys. Rev. D 60, 014011 (1999)]

• According to Feynman diagram topology
• Semi-leptonic W-external
• Hadronic W-external, W-internal
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BESIII Weak Decay FCNC CLFV Bose Symmetry Summary

Introduction

• According to CKM matrix element
• Cabibbo favoured (CF) 𝑐 → 𝑠 
• Cabibbo suppressed (CS) 𝑐 → 𝑑
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• CF Hadronic decay
• Reconstruction

• &𝐷' → 𝐾(𝑒)𝜈̅*(suppress hadronic backgrounds)
• &𝐾∗' → 𝐾)𝜋(

• Selection
• Final states 𝐾(𝐾)𝜋(𝑒)

• Missing particle 𝜈̅* 𝑈,%-- = 𝐸,%-- − 𝑃,%-- → 0
• Intermediate states &𝐾∗', &𝐷' 𝑀.!/" → 𝑀.∗$ , 	 𝑀.!/"

$!01%2 → 𝑀3$

• Signal Window
• 𝑀.!/"

$!01%2

!!

!"

"/$ 		&'#			('∗#	

		("	

		)*%	

		!!	

		(!	

		+"	

Charmonium weak decay

c
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BESIII Weak Decay FCNC CLFV Bose Symmetry Summary

𝑱/𝝍 → %𝑫𝟎%𝑲∗𝟎 
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• Blind analysis
• Selection criteria are determined by MC samples
• Not unblind data sample until analysis procedure finalized
• To avoid involuntary bias

• Signal extraction
• ℱ4%# = 𝑓-%5PDF-%5 + 𝑓675Poly675

• ℬ 𝐽/𝜓 → &𝐷' &𝐾∗' + c. c. = 8%&'
8(/*⋅:⋅ℬ <3$→."*!<>+ ⋅ℬ <.∗$→.!/"

• Result
• ℒ = Poisson ⋅ ∏?ℱ4%#
• ℬ 𝐽/𝜓 → &𝐷' &𝐾∗' + c. c. < 1.4×10)@	@	90%	CL

Charmonium weak decay
BESIII Weak Decay FCNC CLFV Bose Symmetry Summary

𝑱/𝝍 → %𝑫𝟎%𝑲∗𝟎 
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c
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Charmonium weak decay

𝑱/𝝍 → 𝑫𝒔"𝒆6𝝂𝒆 
• CF Semi-leptonic decay
• Reconstruction of 𝐷0

• Mode I  : 𝐾A'𝐾)

• Mode II : 𝐾(𝐾)𝜋)

• Mode III: 𝐾(𝐾)𝜋)𝜋'

• Mode IV: 𝐾A'𝐾)𝜋(𝜋)

𝑱/𝝍,𝝍 𝟐𝑺 → 𝑫𝒔"𝝆6, 𝑫𝒔"𝝅6 
• CF Hadronic decay
• Reconstruction

• 𝐷B) → 𝜙𝑒)𝜈̅*
• 𝜙 → 𝐾(𝐾)

• 𝜌( → 𝜋(𝜋'

BESIII Weak Decay FCNC CLFV Bose Symmetry Summary

Others
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Charmonium weak decay

• Update
• 4 ULs improved 1~3 orders of magnitude.
• 2 ULs are first measurements.

• Current status
• No signal evidence
• UL pushed to 10)@ ∼ 10)C.
• Few channels need to be updated.

• BESIII advantages
• Largest on-threshold charmonium samples
• Comprehensive research for 𝐽/𝜓 weak decays
• The strictest UL of charmonium weak decays

BESIII Weak Decay FCNC CLFV Bose Symmetry Summary

BESIII brief summary

10-8 10-7 10-6 10-5 10-4

Upper limit of branching fraction at 90% CL

J/√ ! D°
s e+∫e

J/√ ! D§°
s e+∫e

J/√ ! D°e+∫e

J/√ ! D°µ+∫µ

J/√ ! D°
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J/√ ! D°
s º+

J/√ ! D̄0K̄§0

J/√ ! D̄0K̄0

J/√ ! D°º+

J/√ ! D°Ω+

J/√ ! D̄0º0

J/√ ! D̄0¥

J/√ ! D̄0Ω0

√(2S) ! D°
s º+

√(2S) ! D°
s Ω+

√(2S) ! §+
c ß̄°

first

first

Semi-leptonic
CF

Semi-leptonic
CS

Hadronic
CF

Hadronic
CS

Hadronic
CF

J/√ and √(2S) weak decay channels (updated 2026-05-27)

Latest Data Set

To be updated

SM charmonium
weak decay scale

arXiv:2603.22082
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• Flavor-changing charged current 𝑐 → 𝑠 𝑑
• 𝑐 → 𝑠 𝑑 𝑊(, 𝑊( → ℓ(𝜈ℓ/𝑢𝑑̅

• Flavor-changing neutral current 𝑐 → 𝑢
• 𝑐 → 𝑢𝛾
• 𝑐 → 𝑢𝑔
• 𝑐 → 𝑢[𝑞𝑞
• 𝑐 → 𝑢ℓ(ℓ) 
• 𝑐 → 𝑢𝜈̅𝜈

• 𝑐 → 𝑢 is the most strongly GIM-suppressed 
FCNC transition. [Phys. Rev. D 66, 014009 (2002)]

• Feynman diagram topology
• Penguin
• 𝑊 box

Suitable for BESIII

FCNC decay

c u

�
d/s/b

W

c u

`+ `�

d/s/b

⌫`

W

W
c u

`+

`�
d/s/b

W

�⇤/Z⇤

Ø 𝑐 → 𝑢𝛾 (Penguin)

Ø 𝑐 → 𝑢ℓ(ℓ) (Penguin)Ø 𝑐 → 𝑢ℓ(ℓ) (Box)

Ø FCCC 𝑐 → 𝑠 𝑑 Ø FCNC 𝑐 → 𝑢

BESIII Weak Decay FCNC CLFV Bose Symmetry Summary

Introduction
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as the combination with the minimum ω2
(εε) in a kinematic fit [51] of the two photons to

the ϑ0 nominal mass [45].

All combinations of final state candidates are subject to a kinematic fit [51] constrain-
ing MK→ω+ , MK→ω+ω0 , MK→ω+ω+ω→ to the nominal D0 mass. The D0 candidate is se-
lected as the combination with the minimum ω2

D0 for each tag mode. Then the invariant
mass of D0 before the kinematic fit is required to be in the region [1.84, 1.89] GeV/c2,
[1.80, 1.91] GeV/c2, and [1.84, 1.89] GeV/c2 for Modes I, II, and III, respectively, as shown
in Figure 2 (a), (b), and (c). To further suppress the non-D0 background, the ω2

D0 after the
kinematic fit is required to be less than 4.5, 3.1, and 3.7 for Modes I, II, and III, respec-
tively, as shown in Figure 2 (d), (e), and (f). The ω2

D0 requirements have been optimized
by maximizing the figure of merit (FOM), defined as FOM =

S
a/2+

→
B

with a = 3 [52],
where S (B) represents the number of events in the signal (inclusive) MC sample under the
scanned selection of ω2

D0 .
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Figure 2. The invariant mass MD0 distributions for D0 → K→ϑ+ (a), D0 → K→ϑ+ϑ0 (b),
D0 → K→ϑ+ϑ+ϑ→ (c), along with the corresponding ω2

D0 distributions for D0 → K→ϑ+ (d),
D0 → K→ϑ+ϑ0 (e), D0 → K→ϑ+ϑ+ϑ→ (f). The green shaded histogram shows the signal MC
sample scaled to B(J/ϖ → D0µ+µ→

) = 4.0 ↑ 10
→2 for the MD0 distributions and B(J/ϖ →

D0µ+µ→
) = 1.5 ↑ 10

→2 for the ω2
D0 distributions. The red histogram is the inclusive MC sample,

and the black dots with error bars are data, and the blue arrows indicate the cut region or position.
Due to the large amount of background, the error bars on the data are small.

After selecting the D0 candidate, the remaining two charged particles must satisfy the
muon PID criteria described above. To reduce the background with more missing particles,
the missing momentum ϱpmiss in the center-of-mass frame of J/ϖ is employed, which is

– 4 –
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FCNC decay

• 𝑐 → 𝑢ℓ6ℓ"

• Reconstruction of 𝐷3 
• Mode I  : 𝐾)𝜋(

• Mode II : 𝐾)𝜋(𝜋'

• Mode III: 𝐾)𝜋)𝜋(𝜋(

• Selection
• 𝐽/𝜓 𝑀3$E"E! → 𝑀F/H
• 𝐾 𝑀.	1#J!$

K!01%2 → 𝑀.

• 𝐷' tag 𝑀3$ , 	 𝜒3$
L

eg. Mode I

Ø One of SD contribution

Ø One of LD contribution

SD

LD

BESIII Weak Decay FCNC CLFV Bose Symmetry Summary

𝑱/𝝍 → %𝑫𝟎𝝁[𝝁\ 

• Short-distance (SD)
• Suppressed by GIM mechanism

• Long-distance (LD)
• Evades GIM suppression
ü Hadronization
ü Electromagnetic decay 
✕ Loop level diagram

• LD dominate

JHEP 04, 061 (2025)
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FCNC decay

• Background Veto, eg.
• Mode I: 𝐽/𝜓 → 𝐾A'𝐾)𝜋(, 𝐽/𝜓 → 4𝜋
• 𝑀/"/! ∉ 𝑀.,

$

• 𝑀M/ ∉ 𝑀F/H

• Blind analysis
• Signal Window 𝑀8"9#9$

• Simultaneous fitting with 3 tag modes
• Result

• ℬ 𝐽/𝜓 → &𝐷'𝜇(𝜇) + c. c. < 1.1×10)@	@	90%	CL

BESIII Weak Decay FCNC CLFV Bose Symmetry Summary

𝑱/𝝍 → %𝑫𝟎𝝁[𝝁\ 

JHEP 04, 061 (2025)
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FCNC decay

𝑱/𝝍 → H𝑫𝟎𝜸 
• 𝑐 → 𝑢𝛾

• Reconstruction of 𝐷3 
• Mode I  : 𝐾)𝜋(

• Mode II : 𝐾)𝜋(𝜋'

• Mode III: 𝐾)𝜋)𝜋(𝜋(

�

c

d/s/b

u

c̄

c̄

W

D̄0

J/ 

BESIII Weak Decay FCNC CLFV Bose Symmetry Summary

Others

𝑫 → 𝒉 𝒉; 𝒆6𝒆" 
• 𝑐 → 𝑢ℓ6ℓ"

• Reconstruction of 𝐷
• &𝐷' - 3 tag modes
• 𝐷) - 6 tag modes

c

d/s/b

u

q̄

q̄

W

�⇤
e+

e�

X

D

Ø 𝐷 → 𝑋𝑒(𝑒) (SD) Ø 𝐷 → 𝑋𝑒(𝑒) (LD)

c

d/s/b

d̄/s̄/b̄

u

q̄

q̄

W

�⇤
e+

e�

V

X

D

!!

!"

" #$$% 		'		'(

		!!		!"

		)

Tag Side Signal Side

Ø 𝐽/𝜓 → &𝐷'𝛾 (SD)

Phys. Rev. D 110, 112012 (2024) arXiv:2603.15575
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FCNC decay

• Update
• Wide coverage on charm mesons, charmonia are 

also included

• Current status
• ULs reach LD scale

• BESIII advantages
• Unique charmonium FCNC searches
• Strong threshold constraints for invisible open-

charm modes

BESIII Weak Decay FCNC CLFV Bose Symmetry Summary

BESIII brief summary
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10!"#

CLFV decay

• Neutral lepton flavour violation 𝜈< → 𝜈=
• Charged lepton flavour violation ℓ< → ℓ=

• Highly suppressed by tiny mass of neutrino Δ𝑚?N
L /𝑀O

L L

• Free from SM background
• Any observation will be clear signal of NP

• Effective field theory (EFT)
• ℒPQRST = ℒPQ + Λ)U ∑? 𝐶?

V 𝒪3WV +⋯
• Wilson coefficient 𝐶 

• For quarkonium [Phys. Rev. D 94, 074023 (2016)]
• ℒRST = ℒ3 + ℒℓX + ℒY +⋯
• 𝑞[𝑞(𝐽Z) → ℓU[ℓL are sensitive to different 𝐶

�

`1

¯̀
2

q

q̄

`1

¯̀
2

g

g

`1

¯̀
2

Ø Dipole 
(ℒ3 , 𝒪3WV)

Ø Four-fermion 
(ℒℓX , 𝒪3WC)

Ø Gluonic 
(ℒY , 𝒪3W@)

BESIII Weak Decay FCNC CLFV Bose Symmetry Summary

Introduction

`↵ `�

�

⌫↵ ⌫�

W
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The energy leakage at | cos ω| = 0 causes the rising of the rate of the misidentification from electron to muon.
To further suppress the background from Bhabha scattering events, in which one of the electrons is misidentified as
a muon, additional selections are applied to the muon candidates. Muon candidates with an MDC track polar angle
satisfying 0.82 < |cos ω| < 0.86 are vetoed because of the gap of barrel and endcap of EMC. The track direction
difference of the muon candidate in the MDC and MUC is used to constrain background. The polar angle difference
between the track in the MUC and MDC is required to be less than 20

→, and the azimuthal angle difference between
the track in the MUC and MDC is required to be less than 30

→. A detailed discussion can be found in Ref. [52].
Since the final state electron and muon are back-to-back, the opening angles in the polar and azimuthal directions

are required to be less than 1.4→ and 1.7→, respectively. The opening angle in the polar direction is defined as |!ω| =
|180→ → (ω1 + ω2)|, where ω1 and ω2 are the corresponding polar angles of the electron and muon, respectively. The
opening angle in the azimuthal direction is defined as |!ε| = |180→ → |ε1 → ε2||, where ε1 and ε2 are the azimuthal
angles of the electron and muon, respectively.

To suppress background from the processes e+e↑ ↑ ϑe+e↑ and e+e↑ ↑ ϑµ+µ↑, the number of detected
photons is required to be zero The photon candidates used for this veto are reconstructed using showers in the EMC
detector. The showers are required to have a deposited energy greater than 25MeV in the barrel region (|cos ω| < 0.80)
and 50 MeV in the end-cap region (0.86 < |cos ω| < 0.92). The difference between the EMC time and the event
start time for each photon must be within [0, 700] ns to suppress electronic noise and showers unrelated to the event.
To exclude showers originating from the final state charged tracks, the opening angle between the position of each
shower in the EMC and the closest extrapolated charged track must be greater than 10 degrees.

The normalized momentum sum |
∑

i ϖpi|/
↓
s and the normalized energy sum

∑
i Ei/

↓
s are used to determine the

number of signal events in the full dataset, where ϖpi is the momentum and Ei is the reconstructed energy of final state
particle i, and

↓
s is the c.m. energy. The signal region is defined by |

∑
i ϖpi|/

↓
s ↔ 0.03 and 0.97 ↔

∑
i Ei/

↓
s ↔

1.04. The selection criteria discussed above are optimized by maximizing the figure-of-merit (FOM) suggested by
Punzi [53], given by

FOM =
ϱMC
signal

a/2 +
√
Nexp

. (1)

Here, ϱMC
signal is the detection efficiency of the signal channel estimated by the signal MC sample, a is the significance

value, which is set to 3, and Nexp is the number of expected background events in the full dataset.
The detection efficiency for the signal process is estimated using the signal MC sample, which is determined to be

(24.18±0.10)%. The distribution of the signal MC sample inside and outside the signal region are shown in Fig 3(a).
After applying all the selections to the data from 2367.0 ↗ 10

6 ς(3686) events, eight ς(3686) ↑ e±µ↓ candidates
are observed in the signal region, as shown in Fig. 3(b).

0.8 0.9 1 1.1 1.2
s/iEiΣ

0

0.05

0.1

0.15

0.2

s
|/ ip i

Σ|

Signal MC

Figure 3: The distribution of |
∑

i ωpi|/
→
s versus

∑
i Ei/

→
s for the signal MC sample (a) and the full ε(3686) data (b). The indicated signal

region is defined as |
∑

i ωpi|/
→
s ↑ 0.03 and 0.97 ↑

∑
i Ei/

→
s ↑ 1.04.

4

• Clear kinematics
• High requirement in particle ID
• Continuum backgrounds 𝑒𝑒 𝛾 , 𝜇𝜇 𝛾 , 𝜋𝜋

Figure 1: Distributions of E/p (a) and ωe
dE/dx (b) for e, µ, ε, K, and p samples from MC simulations of ϑ(3686) → e+e→, µ+µ→,

ε+ε→, K+K→, and pp̄, respectively. In (a), the blue arrow indicates E/p > 0.94c for electron selection. In (b), the red arrows indicate
↑1.2 < ωe

dE/dx < 1.2 for electron selection, and the blue arrow indicates ωe
dE/dx < ↑1.1 for muon selection.
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Figure 2: Distributions of the MUC depth (a) and ω2
MUC (b) for different particle samples from MC simulations. The blue arrows indicate the

muon selection criteria: MUC depth > 20 cm in (a) and ω2
MUC < 100 in (b).
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Figure 1: Distributions of E/p (a) and ωe
dE/dx (b) for e, µ, ε, K, and p samples from MC simulations of ϑ(3686) → e+e→, µ+µ→,

ε+ε→, K+K→, and pp̄, respectively. In (a), the blue arrow indicates E/p > 0.94c for electron selection. In (b), the red arrows indicate
↑1.2 < ωe

dE/dx < 1.2 for electron selection, and the blue arrow indicates ωe
dE/dx < ↑1.1 for muon selection.

Figure 2: Distributions of the MUC depth (a) and ω2
MUC (b) for different particle samples from MC simulations. The blue arrows indicate the

muon selection criteria: MUC depth > 20 cm in (a) and ω2
MUC < 100 in (b).

3

CLFV decay

• Result
• ℬ 𝜓 2𝑆 → 𝑒𝜇 < 1.4×10)[	@	90%	CL

• 𝑉 → ℓ$ℓ# is sensitive to 
• Dipole one in ℒ3 𝐶3\/3]

ℓ-ℓ.

• Tensor, vector one in ℒℓX  𝐶^\/^]
Xℓ-ℓ. , 𝐶_\/_]

Xℓ-ℓ.

• Wilson coefficient
• 𝐶/ΛL ∝ ℬ 𝑉 → ℓUℓL

Wilson coef./GeV)L 𝜓 2𝑆

𝐶3\/3]
*E /ΛL 7.3×10)M

𝐶^\/^]
`*E /ΛL 6.0×10)C

𝐶_\/_]
`*E /ΛL 2.7

Ø 𝑒 ID (𝐸RQa/𝑃) Ø 𝜇 ID (penetration depth)

BESIII Weak Decay FCNC CLFV Bose Symmetry Summary

𝝍 𝟐𝑺 → 𝒆𝝁 

Sci. China Phys. Mech. Astron. 69, 251012 (2026)
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		!±

		(∓
• 𝜂; source: 𝐽/𝜓 → 𝛾𝜂;

• Clear kinematics
• High requirement in particle ID
• Clean backgrounds around signal window

CLFV decay

• Result
• ℬ 𝜂b → 𝑒𝜇 < 6.3×10)@	@	90%	CL

• 𝑃 → ℓ$ℓ# is sensitive to 
• Pseudoscalar, axial one in ℒℓX    𝐶Z\/Z]

Xℓ-ℓ. , 𝐶c\/c]
Xℓ-ℓ.

• Gluonic one in ℒY        𝐶 dY\/ dY]
ℓ-ℓ.

• Wilson coefficient
• 𝐶/ΛL ∝ ℬ 𝑉 → ℓUℓL

Wilson coef./GeV)L 𝜂b 𝑞 = 𝑢, 𝑑 𝜂b 𝑞 = 𝑠

𝐶c\/c]
X*E /ΛL 7.4×10)e 6.8×10)e

𝐶Z\/Z]
X*E /ΛL 1.4×10e 1.3×10e

𝐶 dY\/ dY]
*E /ΛL 1.8×10L

Ø Signal window 𝑀f
$!01%2 → 𝑀g/

BESIII Weak Decay FCNC CLFV Bose Symmetry Summary

𝜼f → 𝒆𝝁 
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CLFV decay

• Update
• UL of 𝜂b → 𝑒𝜇	improved 3 orders of magnitude
• 𝜓 2𝑆 → 𝑒𝜇 is first measured
• 𝜂 → 𝑒𝜇 is also in plan

• Current status
• No signal evidence
• The strictest ULs of quarkonium CLFV decays 

• BESIII advantages
• The strictest limit on 𝐶3\/3]*ℓ /ΛL

• Competitive limits on other Wilson coefficients

𝐶/ΛL /GeV)L ℓUℓL 𝐽/𝜓 𝜓 2𝑆

𝐶3\/3]
ℓ-ℓ. /ΛL

𝑒𝜇 1.8×10)M 7.3×10)M

𝑒𝜏 5.0×10)V ---
𝜇𝜏 2.6×10)M ---

𝐶^\/^]
Xℓ-ℓ. /ΛL

𝑒𝜇 1.8×10)C 6.0×10)C

𝑒𝜏 1.1×10)V ---
𝜇𝜏 5.5×10)V ---

𝐶_\/_]
Xℓ-ℓ. /ΛL

𝑒𝜇 0.80 2.7
𝑒𝜏 0.23 ---
𝜇𝜏 1.2 ---

BESIII Weak Decay FCNC CLFV Bose Symmetry Summary

BESIII brief summary
Ø ULs on the Wilson coefficients from
𝐶/ΛL /GeV)L 𝜂b 𝑞 = 𝑢, 𝑑 𝜂b 𝑞 = 𝑠

𝐶c\/c]
X*E /ΛL 7.4×10)e 6.8×10)e

𝐶Z\/Z]
X*E /ΛL 1.4×10e 1.3×10e

𝐶 dY\/ dY]
*E /ΛL 1.8×10L
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• Rare processes in SM
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Bose symmetry violation

• Angular momentum conservation
• 1) → 𝑃𝑃 requires 𝑃𝑃 in 𝐿 = 1 state

• Bose symmetry
• Bose-Einstein statistics requires identical spin-0 

boson system in 𝐿-even state.

• Quantum entangled state
• 𝜓 → 𝐾' &𝐾', 	 U

L
𝐾' &𝐾' − &𝐾'𝐾'

• If ignore CPV, i.e. U
L

𝐾A𝐾\ − 𝐾\𝐾A

• 𝐾3-H𝐾3 oscillation contribution
• 	 ℬ 𝐽/𝜓 → 𝐾A'𝐾A' ∼ 10)h

• ℬ 𝜓 2𝑆 → 𝐾A'𝐾A' ∼ 10)U'

[Phys. Rev. Lett. 96, 192001 (2006).]

• CPT violation 
• 𝑖 ∝ 𝐾' &𝐾' − &𝐾'𝐾' + 𝜔 𝐾' &𝐾' + &𝐾'𝐾'

• 𝜔 L ≃ ℬ H→.,.,
ℬ H→.,.0

• Some quantum gravity models imply 𝜔 ∼ 10)e， 
i.e. ℬ 𝜓 → 𝐾A𝐾A ∼ 10)U'

[Nucl. Phys. B 744, 180 (2006)]

• EPR locality theory
• 𝐾', &𝐾' evolve separately
• ℬ 𝜓 → 𝐾A𝐾A ∼ 10)C 

[Int. J. Mod. Phys. A 36, 2150178 (2021)]

BESIII Weak Decay FCNC CLFV Bose Symmetry Summary

𝑱/𝝍,𝝍 𝟐𝑺 → 𝑲𝑺
𝟎𝑲𝑺

𝟎 

d ui s

s̄ ūj d̄

W WK0 K̄0

i, j = u, c, t

Phys. Rev. D 112, 052010 (2025)
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6

The contribution from the continuum process is estimat-
ed with Nobs

cont → fc, where Nobs
cont is the number of events

in the 2D K0
S momentum signal region for each dataset,

and fc denotes the scale factor that, taking into account
the energy dependence of the cross section, is calculated
as

fc =
Lω

Lcont
· scont

sω
, (2)

where Lω and sω are the corresponding integrated lu-
minosity and the square of the center-of-mass energy for
J/ω or ω(3686), the values of Lω are 2962.72 pb→1 [12]
and 3877.05 pb→1 [13], respectively; Lcont and scont
are the values for the data sample collected at

↑
s =

3.08, 3.65, or 3.773 GeV, respectively. No event survives
in the signal region for any dataset.

The decays ω ↓ K0
SK

0
L, followed by the CP violating

decay K0
L ↓ ε+ε→, could pose an irreducible source of

background events that cannot be distinguished from sig-
nal decays. However, given the momenta of the ω decay
daughters and the e!ective detector volume in which we
reconstruct the neutral Kaon decay to ε+ε→, the e!ec-
tive decay rate of this contribution is several orders of
magnitude smaller than the upper limits derived in this
analysis; these decays can therefore be safely neglected
at the current level of precision.

V. SYSTEMATIC UNCERTAINTIES

The systematic uncertainties in the branching fraction
measurements are from the total number of ω events, the
quoted branching fraction, tracking of charged particles,
PID, the 4C kinematic fit, and the K0

S reconstruction.
The uncertainties of the total numbers of J/ω and

ω(3686) events are 0.4% [12] and 0.5% [13], respectively.
The uncertainty of the quoted B(K0

S ↓ ε+ε→) from the
PDG [24] is 0.2% for two K0

S mesons.
The control sample J/ω ↓ ε+ε→ε0 is used to study

the MDC tracking and PID uncertainties of charged pi-
ons. The di!erence in the tracking e”ciencies between
data and MC simulation is assigned as 0.5% for each
charged pion. Therefore, the systematic uncertainty due
to the MDC tracking e”ciency is 2.0% for four tracks
in J/ω and ω(3686) decays. The di!erences in two-
dimensional (momentum versus polar angle) PID e”-
ciencies between data and MC simulation of the control
samples are assigned as the systematic uncertainties for
four charged pions. The resulting values are 2.7% for
J/ω ↓ K0

SK
0
S and 2.5% for ω(3686) ↓ K0

SK
0
S .

The control sample ω(3686) ↓ ε+ε→K0
SK

0
S is used to

study the correction factors for the helix parameters of
charged tracks from the K0

S decays. The correction fac-
tors are determined from the pull distributions of data
and MC simulation [31]. The di!erence of signal e”-
ciencies before and after helix correction is taken as the
systematic uncertainty of the 4C kinematic fit. They are
6.2% for J/ω ↓ K0

SK
0
S and 1.8% for ω(3686) ↓ K0

SK
0
S .

The systematic uncertainty from the K0
S reconstruc-

tion is estimated by using the control samples J/ω ↓
K0

SK
0
L and ω(3686) ↓ K0

SK
0
L. Two charged pions are se-

lected using PID and the angle between them is required
to be within [15↑, 50↑]. To improve the purity, EMC
shower variables are used to distinguish signal and back-
ground with a graph neural network [32] model on the
recoil side of the ε+ε→ system. The di!erences in the K0

S
reconstruction e”ciencies between data and MC simula-
tion are taken as the systematic uncertainties, which are
5.2% for J/ω ↓ K0

SK
0
S and 7.6% for ω(3686) ↓ K0

SK
0
S .

These control samples are also used to verify the consis-
tency between data and MC, with good agreement ob-
served.

TABLE I. Relative systematic uncertainties (in %) in the
branching fraction measurements.

Source J/ω → K0
SK

0
S ω(3686) → K0

SK
0
S

Nω 0.4 0.5
BPDG(K0

S → ε+ε→) 0.2 0.2
Tracking 2.0 2.0
PID 2.7 2.5
4C kinematic fit 6.2 1.8
K0

S reconstruction 5.2 7.6
Total 8.8 8.5

Table I lists the systematic uncertainties from all
sources. Assuming that each source is independent, the
total systematic uncertainties are obtained by summing
these uncertainties in quadrature.
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FIG. 1. Two-dimensional K0
S momentum distributions for

(a) J/ω → K0
SK

0
S and (b) ω(3686) → K0

SK
0
S . The black

and blue circles correspond to 3ϑ and 5ϑ determined from
the individual signal MC samples, respectively.

VI. RESULTS

After unblinding all data, four candidate events for
J/ω ↓ K0

SK
0
S and one event for ω(3686) ↓ K0

SK
0
S are

observed in the corresponding signal region, as shown
in Fig. 1. As estimated in Sec. IV, no significant sig-
nal events are observed over the expected numbers of
background events. A maximum likelihood estimator,
extended from the profile likelihood approach [33], is

Bose symmetry violation

• Reconstruction
• 𝐾A' → 𝜋(𝜋)

• Secondary vertex of 𝐾A'

• Selection
• Pairing 𝜋(𝜋) by vertex
• Decay length 𝐿/𝜎\ > 2
• Four-momentum constraint 𝜒MaL

• Signal Window
• 𝑝.,- vs 𝑝.,.

• Result (90% CL)
• 	 ℬ 𝐽/𝜓 → 𝐾A'𝐾A' < 4.7×10)h

• ℬ 𝜓 2𝑆 → 𝐾A'𝐾A' < 1.1×10)[

• Exclude some EPR locality theories

BESIII Weak Decay FCNC Bose Symmetry Summary

𝑱/𝝍,𝝍 𝟐𝑺 → 𝑲𝑺
𝟎𝑲𝑺

𝟎 
CLFV

10-10 10-9 10-8 10-7 10-6 10-5 10-4

Upper limit of branching fraction at 90% CL

J/√ ! K0
SK0

S

√(2S) ! K0
SK0

S

J/√ ! K0
SK0

L

√(2S) ! K0
SK0

L

PDG

PDG

K0
SK0

S

K0
SK0

L

J/√ and √(2S) neutral-kaon channels (updated 2026-05-29)

CPT violation scale

SM CPV prediction

EPR locality prediction

          26 / 31



Xiaokang Li (lixk@stu.pku.edu.cn)          Search for rare charm decays at BESIII 

Contents

• BESIII Introduction & New Physics Searches
• Rare processes in SM

• Charmonium weak decay
• Flavor Changing Neutral Current

• Symmetry violation processes
• Charged Lepton Flavour Violation (CLFV)
• Bose symmetry violation

• Summary

BESIII Weak Decay FCNC CLFV Bose Symmetry Summary

          27 / 31



Xiaokang Li (lixk@stu.pku.edu.cn)          Search for rare charm decays at BESIII 

Summary

• BESIII Data Sets
• Most on-threshold charmonium - 10.0	B	 𝐽/𝜓 2.71	B	 𝜓 2𝑆
• Pair-production charm mesons - 20.3	�b)U	𝐷'&𝐷' 7.33	�b)U	𝐷B∗𝐷B

• New Physics searches overview
• 𝜓 → 𝐷 B

(∗)𝑋 Exclusive ULs still 2~3 orders above SM, exclude aggressive NP enhancements.
• 𝑐 → 𝑢 ULs touch the LD scale; charmonium FCNC is accessible nowhere else.
• 𝜓 → ℓUℓL The strictest BF ULs and the best bound on the 𝑒ℓ dipole coefficient.
• 𝐽/𝜓, 𝜓 2𝑆 → 𝐾A'𝐾A' Unique probe to multiple symmetries.

• Upgrade
• BEPC II ➡ BEPCII-U: ∼ 3x luminosity @ 𝐸6!k, = 2.35	GeV, enable larger charm-threshold samples.
• BESIII: inner MDC ➡ CGEM-IT, improve rate capability and secondary-vertex reconstruction.

Thanks for your listening !

BESIII Weak Decay FCNC CLFV Bose Symmetry Summary

JINST 21, P01026 (2026)
Nucl. Instrum. Meth. A 1069, 169821 (2024)
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Reference

10-8 10-7 10-6 10-5 10-4

Upper limit of branching fraction at 90% CL

J/√ ! D°
s e+∫e

J/√ ! D§°
s e+∫e

J/√ ! D°e+∫e

J/√ ! D°µ+∫µ

J/√ ! D°
s Ω+

J/√ ! D°
s º+

J/√ ! D̄0K̄§0

J/√ ! D̄0K̄0

J/√ ! D°º+

J/√ ! D°Ω+

J/√ ! D̄0º0

J/√ ! D̄0¥

J/√ ! D̄0Ω0

√(2S) ! D°
s º+

√(2S) ! D°
s Ω+

√(2S) ! §+
c ß̄°

first

first

Semi-leptonic
CF

Semi-leptonic
CS

Hadronic
CF

Hadronic
CS

Hadronic
CF

J/√ and √(2S) weak decay channels

Latest Data Set

To be updated

J/√ Inclusive BF in SM

1

Fig. 01: Charmonium Weak Decay Overview References

Channel Latest Previous

J/ψ → D−
s e+νe arXiv:2510.25100 arXiv:hep-ex/0604005

J/ψ → D∗−
s e+νe arXiv:1410.8426 –

J/ψ → D−e+νe arXiv:2104.06628 arXiv:hep-ex/0604005
J/ψ → D−µ+νµ arXiv:2307.02165 –
J/ψ → D−

s ρ
+ arXiv:2506.09386 arXiv:1402.4025

J/ψ → D−
s π

+ arXiv:2506.09386 arXiv:0707.3005
J/ψ → D̄0K̄∗0 arXiv:2511.16083 arXiv:1402.4025
J/ψ → D̄0K̄0 arXiv:0707.3005 –
J/ψ → D−π+ arXiv:2310.07277 arXiv:0707.3005
J/ψ → D−ρ+ arXiv:2310.07277 –
J/ψ → D̄0π0 arXiv:2310.07277 –
J/ψ → D̄0η arXiv:2310.07277 –
J/ψ → D̄0ρ0 arXiv:2310.07277 –

ψ(2S) → D−
s π

+ arXiv:2603.01777 –
ψ(2S) → D−

s ρ
+ arXiv:2603.01777 –

ψ(2S) → Λ+
c Σ̄

− arXiv:2207.10877 –

Fig. 01 SM Scale Reference Line

图中元素 支持文献 备注

Green line: SM charmonium weak decay scale M. A. Sanchis-Lozano, Z. Phys. C 62, 271 (1994),
DOI:10.1007/BF01560243

charmonium weak decays total BF 量级约 10−8

Green line: SM charmonium weak decay scale arXiv:0802.2762 J/ψ inclusive non-leptonic two-body weak decays can be as
large as 1.3× 10−8

Green line: SM charmonium weak decay scale Natl. Sci. Rev. 8, nwab189 (2021) BESIII review 给出 charmonium charged-current weak
decays 的 SM BF 量级 10−10–10−8

Green line: SM charmonium weak decay scale arXiv:2311.04431 近期 ψ(1S, 2S) exclusive weak decay 理论计算；最大道约
O(10−9)，并引用 total BF 10−8 量级
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Reference

1

Fig. 02a: BESIII Charmonium FCNC Overview References

Channel Latest Previous

J/ω → D0γ + c.c. arXiv:2408.08826 –
J/ω → D0µ+µ− + c.c. arXiv:2501.08080 –
J/ω → D0e+e− + c.c. arXiv:1710.02278 arXiv:hep-ex/0604005
ω(2S) → D0e+e− + c.c. arXiv:1710.02278 –
ω(2S) → Λ+

c p̄e+e− + c.c. arXiv:1802.04057 –

Fig. 02b: BESIII Charm Meson Rare Decay Overview References

Channel Latest Previous

D0 → γγ arXiv:1505.03087 –
D0 → π0νν̄ arXiv:2112.14236 –

D0 → π0e+e− arXiv:2603.15575 arXiv:1802.09752
D0 → ηe+e− arXiv:2603.15575 arXiv:1802.09752
D0 → ρ0e+e− arXiv:2603.15575 arXiv:1802.09752
D0 → ωe+e− arXiv:2603.15575 arXiv:1802.09752
D0 → η′e+e− arXiv:2603.15575 –
D0 → φe+e− arXiv:2603.15575 arXiv:1802.09752

D0 → π0π0e+e− arXiv:2603.15575 –
D0 → K0

SK0
Se+e− arXiv:2603.15575 –

D0 → π+π−e+e− arXiv:1802.09752 –
D0 → K−K+e+e− arXiv:1802.09752 –

D0 → K0
Se+e− arXiv:2603.15575 arXiv:1802.09752

D0 → K−π+e+e− arXiv:1802.09752 –
D+ → ρ+e+e− arXiv:2603.15575 –

D+ → π+π0e+e− arXiv:2603.15575 arXiv:1802.09752
D+ → K+K0

Se+e− arXiv:2603.15575 arXiv:1802.09752
D+ → K∗+e+e− arXiv:2603.15575 –
D+ → K+π0e+e− arXiv:2603.15575 arXiv:1802.09752
D+ → K0

Sπ
+e+e− arXiv:2603.15575 arXiv:1802.09752

D+
s → K+π0e+e− arXiv:2404.05973 –

D+
s → K0

Sπ
+e+e− arXiv:2404.05973 –

D+
s → π+π0e+e− arXiv:2404.05973 –

Fig. 02b LD Scale Reference Line

图中元素 支持文献 备注

Green line: LD scale for D(s) → h(h′)e+e− arXiv:1404.3723 rare charm white-paper review；D → XuV, V → )+)− 的长程共振贡献给出约 10−6 的 BF 量级
Green line: LD scale for D(s) → h(h′)e+e− arXiv:hep-ph/0106333 D → P )+)− 被长程贡献主导，代表性 D+ → π+)+)− 量级约 10−6

Green line: LD scale for D(s) → h(h′)e+e− arXiv:1510.00311 更新的 rare charm 理论计算，强调 resonance regions 中的长程贡献；图中绿线只覆盖相关
D(s) → h(h′)e+e− 道

10-7 10-6 10-5 10-4

Upper limit of branching fraction at 90% CL

∞∞

º0∫∫̄

º0e+e°
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K°K+e+e°
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Se+e°
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º+º0e+e°

K+K0
Se+e°

K§+e+e°

K+º0e+e°

K0
Sº+e+e°

K+º0e+e°

K0
Sº+e+e°

º+º0e+e°

first

first

first

first

first

D0

D+

D+
s

Charm meson rare decay channels (updated 2026-05-29)

Latest Data Set

To be updated

LD scale for D(s) ! h(h0)e+e°

|¢S| = 0

|¢S| = 1

|¢S| = 0

|¢S| = 1

|¢S| = 0

|¢S| = 1

10-7 10-6

Upper limit of branching fraction at 90% CL

D0∞

D0µ+µ°

D0e+e°

D0e+e°

§+
c p̄e+e°

first

first J/√

√(2S)

Charmonium FCNC decay channels (updated 2026-05-29)

Latest Data Set

To be updated

1

Fig. 02a: BESIII Charmonium FCNC Overview References

Channel Latest Previous

J/ω → D0γ + c.c. arXiv:2408.08826 –
J/ω → D0µ+µ− + c.c. arXiv:2501.08080 –
J/ω → D0e+e− + c.c. arXiv:1710.02278 arXiv:hep-ex/0604005
ω(2S) → D0e+e− + c.c. arXiv:1710.02278 –
ω(2S) → Λ+

c p̄e+e− + c.c. arXiv:1802.04057 –

Fig. 02b: BESIII Charm Meson Rare Decay Overview References

Channel Latest Previous

D0 → γγ arXiv:1505.03087 –
D0 → π0νν̄ arXiv:2112.14236 –

D0 → π0e+e− arXiv:2603.15575 arXiv:1802.09752
D0 → ηe+e− arXiv:2603.15575 arXiv:1802.09752
D0 → ρ0e+e− arXiv:2603.15575 arXiv:1802.09752
D0 → ωe+e− arXiv:2603.15575 arXiv:1802.09752
D0 → η′e+e− arXiv:2603.15575 –
D0 → φe+e− arXiv:2603.15575 arXiv:1802.09752

D0 → π0π0e+e− arXiv:2603.15575 –
D0 → K0

SK0
Se+e− arXiv:2603.15575 –

D0 → π+π−e+e− arXiv:1802.09752 –
D0 → K−K+e+e− arXiv:1802.09752 –

D0 → K0
Se+e− arXiv:2603.15575 arXiv:1802.09752

D0 → K−π+e+e− arXiv:1802.09752 –
D+ → ρ+e+e− arXiv:2603.15575 –

D+ → π+π0e+e− arXiv:2603.15575 arXiv:1802.09752
D+ → K+K0

Se+e− arXiv:2603.15575 arXiv:1802.09752
D+ → K∗+e+e− arXiv:2603.15575 –
D+ → K+π0e+e− arXiv:2603.15575 arXiv:1802.09752
D+ → K0

Sπ
+e+e− arXiv:2603.15575 arXiv:1802.09752

D+
s → K+π0e+e− arXiv:2404.05973 –

D+
s → K0

Sπ
+e+e− arXiv:2404.05973 –

D+
s → π+π0e+e− arXiv:2404.05973 –

Fig. 02b LD Scale Reference Line

图中元素 支持文献 备注

Green line: LD scale for D(s) → h(h′)e+e− arXiv:1404.3723 rare charm white-paper review；D → XuV, V → )+)− 的长程共振贡献给出约 10−6 的 BF 量级
Green line: LD scale for D(s) → h(h′)e+e− arXiv:hep-ph/0106333 D → P )+)− 被长程贡献主导，代表性 D+ → π+)+)− 量级约 10−6

Green line: LD scale for D(s) → h(h′)e+e− arXiv:1510.00311 更新的 rare charm 理论计算，强调 resonance regions 中的长程贡献；图中绿线只覆盖相关
D(s) → h(h′)e+e− 道
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Reference
1

Fig. 04: CLFV Decay Channel References

Channel Reference

φ → e±µ∓ arXiv:0911.1232
J/ψ → e±µ∓ arXiv:2206.13956
J/ψ → e±τ∓ arXiv:2103.11540
J/ψ → µ±τ∓ arXiv:hep-ex/0406018

ψ(3686) → e±µ∓ arXiv:2507.10331
Υ(1S) → e±µ∓ arXiv:2201.09620
Υ(1S) → e±τ∓ arXiv:2201.09620
Υ(1S) → µ±τ∓ arXiv:2201.09620
Υ(2S) → e±τ∓ arXiv:1001.1883
Υ(2S) → µ±τ∓ arXiv:1001.1883
Υ(3S) → e±τ∓ arXiv:1001.1883
Υ(3S) → µ±τ∓ arXiv:1001.1883
Υ(3S) → e±µ∓ arXiv:2109.03364

Quarkonium 𝑒𝜇 𝑒𝜏 𝜇𝜏
𝜙 2×10)C ✕ ✕
𝐽/𝜓 4.5×10)h 7.5×10)[ 2.0×10)C

𝜓 2𝑆 1.4×10)[ --- ---
Υ 𝑛𝑆 𝒪 10)C ∼ 𝒪 10)@
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