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Symmetry ◆ BNV & LNV processes
◆ LFV processes
◆Other symmetry violation

Very rare ◆ FCNC processes
◆Charmonium weak decays
◆Other rare decays

Exotic ◆Dark photon
◆ Invisible signatures
◆ Light Higgs, Z’
◆ Exotic resonances

• Nation Science Review 8, nwab189 (2021), arXiv: 2102.13290 
• New Physics Program of BES, D.Y. Wang, in “30 Years of BES Physics”

◆Common statistic and 
standards 

◆ Sharing methods, 
tools and codes

◆Uniform semi-blind 
strategy and datasets 
(to avoid a possible 
bias)

Strategies
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• 𝜓 3686 → 𝐾∗ 892 −𝑝 ҧ𝛬, ഥΛ → 𝜋+ ҧ𝑝 𝑀 𝜋+ ҧ𝑝

• 𝜓 3686 → ഥ𝐾∗0 892 𝑝 ത𝛴−,  ഥ𝐾∗0 892 → 𝜋+𝐾− 𝑀 𝐾−𝜋+

➢ Searches for purely baryonic weak 𝜓(3686) decays involving Λ𝑐
+ have not been performed.

➢ In the SM theory, ℬ 𝜓 3686 → Λ𝑐
+തΣ− + 𝑐. 𝑐. should be 10−9~10−11.

➢New physics mechanisms beyond the SM may enhance the BF significantly.

➢ 𝜓 3686 → Λ𝑐
+തΣ−, Λ𝑐

+ → 𝑝𝐾−𝜋+, തΣ− → ҧ𝑝𝜋0

➢ Two main backgrounds: 

Search for 𝝍 𝟑𝟔𝟖𝟔 → 𝚲𝐜
+ഥ𝚺− + 𝒄. 𝒄.
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Chin. Phy C, 47, 013002 (2023)

By Luyan Tao et al.



Search for 𝝍 𝟑𝟔𝟖𝟔 → 𝚲𝐜
+ഥ𝚺− + 𝒄. 𝒄.
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➢Using 448.1 ± 2.9 × 106 𝜓 3686 events from BESIII.

➢ The  signal  yield of 𝝍 𝟑𝟔𝟖𝟔 → 𝚲𝒄
+ഥ𝚺− is extracted  from  an  unbinned maximum likelihood 

fit to the distribution of 𝑀 𝑝𝐾−𝜋+ .

➢ In the fit, the lineshapes of the signal is modeled by the signal MC and the background is 

modeled by a first-order Chebyshev polynomial.

➢𝓑 𝝍 𝟑𝟔𝟖𝟔 → 𝚲𝒄
+ഥ𝚺− + 𝒄. 𝒄. < 𝟏. 𝟒 × 𝟏𝟎−𝟓 @𝟗𝟎% 𝐂. 𝐋.

Chin. Phy. C, 47, 013002 (2023)

By Luyan Tao et al.



Search for 𝑱/𝝍 → ഥ𝑫𝟎 𝑫− 𝑴
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➢ 𝐽/𝜓 is below 𝐷ഥ𝐷 threshold, can only decay to ഥ𝐷0 𝐷 𝑠
∗

𝑀.

➢ In the SM, ℬ 𝐽/𝜓 → 𝐷𝑀 < 10−8

➢ First measurement of 𝑐 → 𝑑 types for 𝐽/𝜓 → 𝑃𝑃 & 𝐽/𝜓 → 𝑃𝑉 at 

BESIII

➢ ഥ𝐷0 → 𝐾+𝑒− ҧ𝜈𝑒,   𝐷− → 𝐾𝑆
0𝑒− ҧ𝜈𝑒 (with 𝐾𝑆

0 → 𝜋+𝜋−)

➢ 𝜋0/𝜂 → 𝛾𝛾,   𝜌0 → 𝜋+𝜋−,   𝜌+ → 𝜋+𝜋0

➢Using 𝐸𝑚𝑖𝑠𝑠, 𝑃𝑚𝑖𝑠𝑠, 𝑈𝑚𝑖𝑠𝑠, and the recoiling mass of 𝜂, 𝜋 and 𝜌 as 

requirements.

• 𝑱/𝝍 → ഥ𝑫𝟎𝝅𝟎 + 𝒄. 𝒄.

• 𝑱/𝝍 → ഥ𝑫𝟎𝜼 + 𝒄. 𝒄.

• 𝑱/𝝍 → ഥ𝑫𝟎𝝆𝟎 + 𝒄. 𝒄.

• 𝑱/𝝍 → 𝑫−𝝅+ + 𝒄. 𝒄.

• 𝑱/𝝍 → 𝑫−𝝆+ + 𝒄. 𝒄.

𝐽/𝜓 → ഥ𝐷0𝑋

𝐽/𝜓 → 𝐷−𝑋

M represents 
pion, eta, or rho.

By Chengwei Wang et al. arXiv:2310.07277
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Search for 𝑱/𝝍 → ഥ𝑫𝟎 𝑫− 𝑴

➢ Fitting the accepted candidates to the recoiling mass spectra for each decays.

𝐽/𝜓 → ഥ𝐷0𝜋0 𝐽/𝜓 → ഥ𝐷0𝜂 𝐽/𝜓 → ഥ𝐷0𝜌0 𝐽/𝜓 → 𝐷−𝜋+ 𝐽/𝜓 → 𝐷−𝜌+

➢ The Branching fraction at 90% C.L.:

Mode 𝓑 𝟗𝟎% 𝐂. 𝐋.

𝐽/𝜓 → ഥ𝐷0𝜋0 < 4.7 × 10−7

𝐽/𝜓 → ഥ𝐷0𝜂 < 6.8 × 10−7

𝐽/𝜓 → ഥ𝐷0𝜌0 < 5.2 × 10−7

𝐽/𝜓 → 𝐷−𝜋+ < 7.0 × 10−8

𝐽/𝜓 → 𝐷−𝜌+ < 6.0 × 10−7

By Chengwei Wang et al. arXiv:2310.07277



Search for 𝑱/𝝍 → 𝑫𝒔(𝑫
𝟎)𝑴
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➢ In the SM ℬ 𝐽/𝜓 → 𝐷𝑀 < 10−8, but some new physics models can enhance it to 10−6~10−5

➢ In previous work, 𝑁𝐽/𝜓 = 5.8 × 107 or 𝑁𝐽/𝜓 = 2.25 × 108, now we have 1010 𝐽/𝜓 events.

➢𝑱/𝝍 → ഥ𝑫𝟎ഥ𝑲∗𝟎 + 𝒄. 𝒄.

➢ ഥ𝐷0 → 𝐾+𝑒− ҧ𝜈𝑒

➢ ഥ𝐾∗0 → 𝐾−𝜋+

➢ Event selection: Using 𝑀2 𝐾−𝜋+ , 𝑀𝐾−𝜋+
𝑟𝑒𝑐𝑜𝑖𝑙2, 

𝐸𝑒/𝑃𝑒, 𝐸𝛾
𝑡𝑜𝑡, 𝑃𝑚𝑖𝑠𝑠, 𝑈𝑚𝑖𝑠𝑠…

➢ The latest progress was reported on the 

BESIII workshop.

➢𝑱/𝝍 → 𝑫𝒔
−𝝆+  & 𝑱/𝝍 → 𝑫𝒔

−𝝅+

➢ 𝐷𝑠
− → 𝜙𝑒− ҧ𝜈𝑒,  𝜙 → 𝐾+𝐾−

➢ 𝜌+ → 𝜋+𝜋0, 𝜋0 → 𝛾𝛾

➢ Event selection: Using 𝑀 𝐷𝑠 , 𝑀 𝜌 , 𝑀 𝜙 , 

𝐸𝑒/𝑃𝑒, 𝐸𝑚𝑖𝑠𝑠, 𝑃𝑚𝑖𝑠𝑠, 𝑈𝑚𝑖𝑠𝑠…

➢Under internal review.

By Yonghua Zhan et al.

By Xiaokang Li et al.
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Search for 𝑱/𝝍 → 𝑫−𝒆+𝝂𝒆 + 𝒄. 𝒄.
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JHEP 06, 157 (2021)

➢ The inclusive branching fraction of 𝐽/𝜓 weak decays to a single charmed meson was
predicted to be at the order of 10−8 or lower in the SM theory

➢ In some new physics models, the BF may reach to 10−5.

➢ 1.0087 ± 0.0044 × 1010 𝐽/𝜓 events from BESIII

➢ Using a fit on 𝑈𝑚𝑖𝑠𝑠 = 𝐸𝑚𝑖𝑠𝑠 − 𝑃𝑚𝑖𝑠𝑠 to extract the signal

➢ Puts a stringent constraint on the parameter spaces for different new physics models

➢𝓑 𝑱/𝝍 → 𝑫−𝒆+𝝂𝒆 + 𝒄. 𝒄. < 𝟕. 𝟏 × 𝟏𝟎−𝟖 @𝟗𝟎% 𝐂. 𝐋.

➢ 𝐽/𝜓 → 𝐷−𝑒+𝜈𝑒 , 𝐷
− → 𝐾+𝐾−𝜋−

By Chuangxin Lin et al.



Search for 𝑱/𝝍 → 𝑫−𝝁+𝝂𝝁 +𝒄. 𝒄.
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arXiv:2307.02165

➢ The inclusive branching fraction of 𝐽/𝜓 weak decays to a single charmed meson was
predicted to be at the order of 10−8 or lower in the SM theory

➢ 1.0087 ± 0.0044 × 1010 𝐽/𝜓 events from BESIII

➢Using a fit on 𝑈𝑚𝑖𝑠𝑠 = 𝐸𝑚𝑖𝑠𝑠 − 𝑃𝑚𝑖𝑠𝑠 to extract the signal

➢ The first search of a charmonium weak decay with a muon in the final state. 

➢𝓑 𝑱/𝝍 → 𝑫−𝝁+𝝂𝝁 + 𝒄. 𝒄. < 𝟓. 𝟔 × 𝟏𝟎−𝟕 @𝟗𝟎% 𝐂. 𝐋.

➢ 𝐽/𝜓 → 𝐷−𝜇+𝜈𝜇 , 𝐷
− → 𝐾+𝐾−𝜋−

𝝂𝝁

𝝁+ 𝑲+

𝝅−

𝝅−

By Zhijun Li et al.



Background analysis method
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➢Although the 𝑀 𝐷 distribution of signal events has a
sharp peaking, we cannot avoid a lot of background
events still mixed in.

➢ But now we have a mature method to veto background
events efficiently, which can help us suppress it a lot.

➢ The key to this approach
is to identify the particles
that are mis-identified.

➢ In this way, we can use
hadronic decays instead
of semi-leptonic decays
to reconstruct hadrons.

arXiv:2307.02165

𝑱/𝝍 → 𝑫−𝝁+𝝂𝝁 +𝒄. 𝒄.

By Zhijun Li et al.



➢ The inclusive branching fraction of 𝐽/𝜓 weak decays to a single charmed meson was
predicted to be at the order of 10−8 or lower in the SM theory

➢ 4 tags to reconstruct 𝐷𝑠 :

➢ Event selection: Using 𝑀 𝐷𝑠 , 𝐸𝑒/𝑃𝑒, 𝐸𝛾
𝑡𝑜𝑡, 𝑃𝑒 + 𝑃𝑚𝑖𝑠𝑠 , 𝑃𝑚𝑖𝑠𝑠…

➢ Using a fit on 𝑈𝑚𝑖𝑠𝑠 = 𝐸𝑚𝑖𝑠𝑠 − 𝑃𝑚𝑖𝑠𝑠 to extract the signal

Search for 𝑱/𝝍 → 𝑫𝒔
−𝒆+𝝂𝒆 + 𝒄. 𝒄.

songtz@mail2.sysu.edu.cn 14

• 𝑫𝒔
− → 𝑲𝒔

𝟎𝑲−

• 𝑫𝒔
− → 𝑲+𝑲−𝝅−

• 𝑫𝒔
− → 𝑲+𝑲−𝝅−𝝅𝟎

• 𝑫𝒔
− → 𝑲𝒔

𝟎𝑲−𝝅+𝝅−

(In these decays, 𝐾𝑠
0 → 𝜋+𝜋−, 𝜋0 → 𝛾𝛾)

By Tianzi Song et al.

× 10−11



Outline

songtz@mail2.sysu.edu.cn 15

➢ New physics researches at BESIII

➢ Charmonium hadronic weak decays

➢ Charmonium semi-leptonic decays

➢ FCNC (Flavor Changing Neutral Current)  decays

➢ Summary



songtz@mail2.sysu.edu.cn 16

➢ In the SM model, FCNC is forbidden at the tree level due to the GIM mechanism, it can
only occur at the loop level.

➢ In the SM model, the BF of FCNC process is about 10−10~10−13.

➢ In new physics models, the BF can be improved by 2~3 orders in magnitude.

➢ 3 tags to reconstruct 𝐷0: 𝐷0 → 𝐾−𝜋+, 𝐷0 → 𝐾−𝜋+𝜋0, 𝐷0 → 𝐾−𝜋+𝜋−𝜋+.

➢ 𝑁𝐽/𝜓 = 1310.6 × 106, 𝑁𝜓 3686 = 448.1 × 106.

➢Now we are using 𝑁𝐽/𝜓 = 10087 × 106 to research 𝐽/𝜓 → 𝐷0𝑒+𝑒− + 𝑐. 𝑐. and 𝐽/𝜓 →

𝐷0𝜇+𝜇−.

Search for 𝑱/𝝍 → 𝑫𝟎𝒆+𝒆− + 𝒄. 𝒄. 
& 𝝍 𝟑𝟔𝟖𝟔 → 𝑫𝟎𝒆+𝒆− + 𝒄. 𝒄.

By Yateng Zhang et al.

Phys. Rev. D 96, 111101(2017)
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➢ In the SM model, the BF of FCNC process is about 10−10~10−13.

➢With out decay 𝛾 → 𝑒+𝑒− compared to 𝐽/𝜓 → 𝐷0𝑒+𝑒− + 𝑐. 𝑐..

➢ In new physics models, the BF can be improved by 2~3 orders in magnitude.

➢ In the SM model, the BF of FCNC process is about 10−10~10−13.

➢ In new physics models, the BF can be improved by 2~3 orders in magnitude.

➢ 3 tags to reconstruct 𝐷0 and ഥ𝐷0:

➢𝑀𝐷 is used to extract the signal shape.

➢ Under internal review.

By Bo Wang et al.
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Summary
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➢ BESIII performed wide range studies of new physics, with many 

first searches or best limits.

➢ In the aspect of charmonium weak decay, the latest publishing 

result and some ongoing work are shown in this report.

➢ BESIII has great potentials with unique (and increasing) datasets 

and analysis techniques in searching for charmonium weak 

decays and new physics beyond the SM.
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