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Charmonium weak decays

• Charmonium decay is dominanted by hadronic and 
electromagetic decays 

• The mass of 𝐽/𝜓& 𝜓(3686) are below the 𝑫ഥ𝑫 production 
threshold, making their lifetime longer than traditional 
hadrons (OZI suppression)

• The weak decay of charmonium is allowed in SM, but highly 
suppressed by strong and EM decays

• The rare charmonium weak decay processes makes it 
suitable to search for New Physics, if the branching fraction 
(BF) deviates from the SM predictions.

• Semileptonic decays

• Hadronic decays

• Loop-level FCNC decays
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𝑺 [GeV]

ψ(3770) 20 fb-1

ψ(4040) 0.5 fb-1

ψ(4415) 1.1 fb-1

ψ(4160) 3.2 fb-1

ψ(3686) 
2.7x109

J/ψ 10.1x109

Charmonium Data at BESIII
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• BESIII has collected 
large data samples at 
𝐽/𝜓, 𝜓(3686), 𝑫ഥ𝑫
threshold 

• More data at higher 
energy after upgrade



Charmonium weak decays
• The inclusive J/ψ weak decay BF is predicted to 

be at the order of 10-8 or lower in SM

• Hadronic weak decays

• 𝐽/𝜓 → 𝐷𝑠
∗ −

𝜌+/𝜋+, 𝐽/𝜓 → 𝐷−𝜌+,  𝜓(3686) → 𝛬𝑐
+ ത𝛴−

• Semileptonic weak decays
• 𝐽/𝜓 → 𝐷𝑠

∗ −
𝑒+𝜐𝑒, 𝐽/𝜓 → 𝐷−𝑒+𝜐𝑒, 𝐽/𝜓 → 𝐷−𝜇+𝜐𝜇

4

Inclusive weak BF

4 × 𝟏𝟎−𝟖

𝑱/𝝍 → 𝑫𝒔
−𝝅+ 𝑱/𝝍 → 𝑫−𝒆+𝝊𝒆



Search for new physics in charmonium weak decays
• Some new physics models can enhance the BF of 
𝐽/𝜓 weak decay to 𝟏𝟎−𝟓

• Top-color model

• Two-Higgs doublet model

• SM prediction of charmonium semi-leptonic decays
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Search for the decays 𝐽/𝜓 → 𝐷𝑠
(∗)
𝑙𝜈

Total dataset, 𝐽/𝜓 → 𝐷𝑠𝑒𝜈
𝐷𝑠
+ → 𝐾𝑆

0𝐾−、𝐾+𝐾−𝜋−、𝐾+𝐾−𝜋−𝜋0、𝐾𝑆
0𝐾−𝜋+𝜋−

BF < 1.0 × 10−7 
at 90% confidence level

arXiv: 2510.25100

Improved upon the previous measurement by
around 10 with 2 × 108 𝐽/𝜓 events

PRD 90 (2014) 112014
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Search for the decays 𝐽/𝜓 → 𝐷𝑙𝜈
Total dataset, 𝐽/𝜓 → 𝐷[𝐾𝜋𝜋]𝑒𝜈

BF < 7.1 × 10−8 
at 90% confidence level

= 𝐸𝑚𝑖𝑠𝑠 − 𝑃𝑚𝑖𝑠𝑠

JHEP 06 (2021) 157

Total dataset, 𝐽/𝜓 → 𝐷 𝐾𝜋𝜋 𝜇𝜈

BF < 5.6 × 10−7 
at 90% confidence level

JHEP 01 (2024) 126
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Search for new physics in charmonium weak decays
• SM prediction of BFs of hadronic charmonium decays at around 10−12 − 10−9 level
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Search for the decay 𝐽/𝜓 → 𝐷0𝐾∗

𝐽/𝜓 → 𝐷0[𝐾𝑒𝜈]𝐾∗

Avoid huge background contribution from 
𝐽/𝜓 decays to multiple hadrons

arXiv: 2511.16083, 
accepted by JHEP
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BF < 1.9 × 10−7 
at 90% confidence level



Search for the decays 𝐽/𝜓 → 𝐷𝑠𝜌/𝜋
Total dataset
𝐽/𝜓 → 𝐷𝑠[𝜙𝑒𝜈]𝜌/𝜋

JHEP 12 (2025) 077

𝐷𝑠𝜌 𝐷𝑠𝜋
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Search for the decays 𝐽/𝜓 → 𝐷𝜋/𝜂/𝜌
Total dataset, 𝐽/𝜓 → 𝐷[𝐾/𝐾𝑆

0𝑒𝜈]𝑀
PRD 110, 032020 (2024)

ഥ𝐷0𝜋0 ഥ𝐷0𝜂

ഥ𝐷0𝜌0 𝐷−𝜋+

𝐷−𝜌+
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Search for the decay 𝜓(3686) → Λ𝑐
+തΣ−

4.5 × 108 𝜓 2𝑆  events
< 1.4 × 10−5 @ 90% C.L.
CPC 47, 013002 (2023)

Fit to the events in the Σ signal region

12



FCNC processes

• In SM, Flavor Changing Neutral Current (FCNC) is highly suppressed by GIM
mechanism, can happen only through loop diagram, a very small BF 10-9 ~10-15

• The suppression in charm decay is much stronger than B & K system, stronger 
diagram cancellation due to the d quarks involved
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FCNC searches at BESIII
• Charmonium FCNC decays

• 𝐽/𝜓 → 𝐷0𝑒+𝑒−, 𝜓(3686) → 𝐷0𝑒+𝑒−, 𝐽/𝜓 → 𝛾𝐷0

• 𝐽/𝜓 → 𝐷0𝜇+𝜇−

• UL measured at the order of 𝟏𝟎−𝟖~𝟏𝟎−𝟕

• 𝐷/𝐷(𝑠) meson FCNC decays
• 𝐷0 → 𝜋0𝜈 ҧ𝜈, 𝐷/𝐷(𝑠) → ℎ(ℎ′)𝑒+𝑒−

• Upper limit measured at the order of 𝟏𝟎−𝟔~𝟏𝟎−𝟓

• Expect at the order of 𝟏𝟎−𝟕~𝟏𝟎−𝟔 with the updates 
from 20 fb-1 𝐷ഥ𝐷 data
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Search for the decay 𝐽/𝜓 → 𝐷0𝜇+𝜇−

< 1.1 × 10−7 @ 90% C.L.

Total dataset, JHEP 04 (2025) 061

𝐷0 → 𝐾𝜋

𝐷0 → 𝐾𝜋𝜋0 𝐷0 → 𝐾𝜋𝜋𝜋
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Other rare decays
• 𝐽/𝜓 leptonic decays at the order of 10-7  ~ 10-5

• In SM, 𝐽/𝜓 → 𝜙𝑒+𝑒− is predicted to be at the 
order of 10-8  ~ 10-11 

• New particles (dark γ / glueball) could enhance the 
contribution to an observable level

• Measurement of EM Dalitz decay
• 𝜓(3686) → 𝜂𝑐𝑒

+𝑒−

• Hyperon semi-leptonic decay
• 𝛯− → 𝛯0𝑒− ҧ𝜈𝑒

16

(a) the leading-order 
EM process

(b) the EM and 
strong mixed loop 
process

(c) the EM process 
proceeding through 
three virtual photons

PRD 106, 112002 (2022)
CPC 47, 013002 (2023)
PRD 107, 012002 (2023)
JHEP 05, 141 (2024)



Summary
• With 10 billion 𝐽/𝜓 and 2.7 billion 𝜓(3686), the search for charmonium weak decay BF 

has reached the order of 𝟏𝟎−𝟖~𝟏𝟎−𝟕

• Mini-review of charmonium weak decays at BESIII, arXiv: 2603.22082 by Xu-Ze Li, 
Kai-Xin Fan, Zheng-Yun You et al.
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