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BEPCII and BESIII

Beijing Electron Positron Collider II
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1×1033 cm-2s-1

BESIII Detector

TOF: σT=68 (60) ps
barrel (endcap)

MDC: Δp/p =0.5% @ 1GeV/c 
dE/dx: ~ 6%

EMC: CsI (Tl) 2.5% (5.0%) 
barrel (endcap) @ 1GeV

MUC: RPC 9 (8) layers   
barrel (endcap)



BESIII Physics Data
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10 Billion 𝐽/𝜓 collected by BESIIIPhysics of BESIII
CPC 46 074001 (2022)NSR 8 (11) 2021



𝑺 [GeV]

ψ(3770) 8.0 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 10.0x109

Charmonium Data at BESIII
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• BESIII collected the largest 
𝐽/𝜓 & 𝜓(3686) data 
samples on threshold 

• More then 37 fb−1 data 
collected at 2~4.95 GeV

• 20 fb−1 𝜓(3770) data 
expected in the next 2 
years



Charm leptonic decays
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Charm leptonic decays

• Access the strong and weak effects 

between quarks

• CKM matrix elements

• |Vcs|, |Vcd|  → Test CKM matrix unitarity 

• Decay constants and form factors 

→ Calibrate LQCD calculations 

• Branching fraction ratios 

→ Test lepton flavor universality (LFU)

• Search for new physics beyond the SM
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Pure leptonic decay 𝑫+ → 𝒍+𝝂𝒍

• Measurement of 𝐟𝑫+|𝑽𝒄𝒅|

• First observation of 𝑫+ → 𝝉+𝒗
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𝑫+ → 𝝉+(+𝒗)𝒗 PRL 123 211802 (2019) PRD 89 051104 (2014) 

𝐟𝐃+|𝐕𝐜𝐝| = 𝟓𝟎.𝟒 ± 𝟓.𝟎 ± 2.5MeV𝐟𝑫+|𝑽𝒄𝒅| = 𝟒𝟔.𝟕 ± 𝟏.𝟐 ± 𝟎.𝟒MeV

40921

13727

d~2.7% d~11%

𝑹𝝉/𝝁 ≡
𝜞 𝑫+ → 𝝉+ 𝒗𝝉

𝜞 𝑫+ → 𝝁+ 𝒗𝝁

= 𝟑. 𝟐𝟏 ± 𝟎. 𝟕𝟕

SM:  𝑹𝝉/𝝁 =
𝜞 𝑫+→𝝉+ 𝒗𝝉

𝜞 𝑫+→𝝁+ 𝒗𝝁
=

𝒎𝝉
𝟐(𝑴

𝑫+
𝟐 −𝒎𝝉

𝟐)𝟐

𝒎𝝁
𝟐(𝑴

𝑫+
𝟐 −𝒎𝝁

𝟐)𝟐 = 𝟐. 𝟔𝟔

𝑫+ → 𝝁+𝝊𝝁



Pure leptonic decay 𝑫𝒔
+ → 𝒍+𝝂𝒍

• Measurement of 𝐟𝐃𝐬
+|𝑽𝒄𝒔|

• Leptonic decays to μ and 𝝉

• Different channels to tag 𝝉
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𝑫𝒔
+ → +𝒗

𝐟𝐃𝐬
+|𝐕𝐜𝐬| = 𝟐𝟒𝟒.𝟒 ± 𝟐.𝟑 ± 2.9MeV𝐟𝐃𝐬

+|𝐕𝐜𝐬| = 𝟐𝟒𝟑.𝟎 ± 𝟓.𝟖 ± 4.0MeV𝐟𝐃𝐬
+|𝐕𝐜𝐬| = 𝟐𝟒𝟒.𝟖 ± 𝟓.𝟖 ± 4.8MeV

𝑫𝒔
+ → 𝝉+(𝒆+𝒗𝒗)𝒗𝑫𝒔

+ → 𝝉+(+𝒗)𝒗𝑫𝒔
+ → 𝝉+(r+𝒗)𝒗 PRL 127 171801 (2021) PRD 104 052009 (2021) PRD 104 032001 (2021) 

PRL 122 (2019) 071802

𝐟𝐃𝐬
+ 𝐕𝐜𝐬 =

𝟐𝟒𝟔.𝟐 ± 𝟑.𝟔 ± 𝟑.𝟓 𝐌𝐞𝐕

3.19 fb-1

6.32 fb-1 6.32 fb-1

d~3.1% d~2.9% d~1.5%

-like

-like

d~2.1%



Comparisons of 𝒇𝑫 and 𝒇𝑫𝒔
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PDG 𝑽𝒄𝒅 , 𝑽𝒄s as input



Charm semi-leptonic decays
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𝑐
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Charm semi-leptonic decays

• 𝑫+ → 𝑃𝑙+𝒗𝑙 (𝑃 = 𝐾, 𝜋, 𝜂, 𝜂′)

• |Vcs|, |Vcd|  → Test CKM matrix unitarity 

• Form factors → Calibrate LQCD calculations 

• 𝑹𝝁/𝒆 → Test LFU
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𝑫𝟎(+) → 𝝅−(𝟎)𝝁+𝝂𝝁

• Test of LFU 𝑹𝝁/𝒆

• Extraction of 𝒇+
𝑫→𝝅(𝟎)
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ℬ 𝑫+ → 𝝅𝟎𝝁+𝝊𝝁 = 𝟎. 𝟑𝟓𝟎 ± 𝟎. 𝟎𝟏𝟏 ± 𝟎. 𝟎𝟏𝟎 %

PRL 121 171803 (2018) 

𝑹𝝁/𝒆 ≡
𝜞 𝑫+ → 𝝅𝟎𝝁+ 𝒗𝝁

𝜞 𝑫+ → 𝝅𝟎𝒆+ 𝒗𝒆
= 𝟎. 𝟗𝟔𝟒 ± 𝟎. 𝟎𝟑𝟕 ± 𝟎. 𝟎𝟐𝟔

SM:  𝑹𝝁/𝒆 = 𝟎. 𝟗𝟖𝟓 ± 𝟎. 𝟎𝟎𝟐

𝑹𝝁/𝒆 ≡
𝜞 𝑫𝟎 → 𝝅−𝝁+ 𝒗𝝁

𝜞 𝑫𝟎 → 𝝅−𝒆+ 𝒗𝒆
= 𝟎. 𝟗𝟐𝟐 ± 𝟎. 𝟎𝟑𝟎 ± 𝟎. 𝟎𝟐𝟐

ℬ 𝑫𝟎 → 𝝅−𝝁+𝝊𝝁 = 𝟎. 𝟐𝟕𝟐 ± 𝟎. 𝟎𝟎𝟖 ± 𝟎. 𝟎𝟎𝟔 %



𝑫𝟎 → 𝑲−𝝁+𝝂𝝁

• Test of LFU 𝑹𝝁/𝒆

• Extraction of 𝒇+
𝑫→𝑲(𝟎) and |𝑽𝒄𝒔|
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PRL 122 011804 (2019) 

SM:  𝑹𝝁/𝒆 = 𝟎. 𝟗𝟕𝟓

𝑹𝝁/𝒆 ≡
𝜞 𝑫𝟎 → 𝑲−𝝁+ 𝒗𝝁

𝜞 𝑫𝟎 → 𝑲−𝒆+ 𝒗𝒆
= 𝟎. 𝟗𝟕𝟒 ± 𝟎. 𝟎𝟎𝟕 ± 𝟎. 𝟎𝟏𝟐

ℬ 𝑫𝟎 → 𝑲−𝝁+𝝊𝝁 = 𝟑. 𝟒𝟏𝟑 ± 𝟎. 𝟎𝟏𝟗 ± 𝟎. 𝟎𝟑𝟓 %

𝒇+
𝑲 𝟎 = 𝟎. 𝟕𝟑𝟐𝟕 ± 𝟎. 𝟎𝟎𝟑𝟗 ± 𝟎. 𝟎𝟎𝟑𝟎

𝑽𝒄𝒔 = 𝟎. 𝟗𝟓𝟓 ± 𝟎. 𝟎𝟎𝟓 ± 𝟎. 𝟎𝟎𝟒 ± 𝟎. 𝟎𝟐𝟒𝑳𝑸𝑪𝑫



𝑫𝟎(+) → 𝑲−(𝟎)𝒆+𝝂𝒆 and 𝑫𝟎 → 𝑲𝟏(𝟏𝟐𝟕𝟎)−𝒆+𝝂𝒆

• Improved reconstruction and 

combined with previous BESIII results

• Supports isospin symmetry
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PRD 104 052008 (2021) 

𝓑 𝑫𝟎 → 𝑲−𝒆+𝝊𝒆 = 𝟑. 𝟓𝟑𝟏 ± 𝟎. 𝟎𝟐𝟒 ± 𝟎. 𝟎𝟏𝟕 %

𝚪 𝑫𝟎 → 𝑲−𝒆+ 𝒗𝒆

𝚪 𝑫+ → ഥ𝑲𝟎𝒆+ 𝒗𝒆
= 𝟏. 𝟎𝟑𝟗 ± 𝟎. 𝟎𝟐𝟏

𝓑 𝑫+ → ഥ𝑲𝟎𝒆+𝝊𝒆 = 𝟖. 𝟔𝟐 ± 𝟎. 𝟎𝟎𝟕 ± 𝟎. 𝟏𝟒 %

PRL 127 131801 (2021) 

• First observation of D meson semi-

leptonic decay into axial-vector meson

• Test of isospin conservation

𝓑 𝑫𝟎 → 𝑲𝟏(𝟏𝟐𝟕𝟎)−𝒆+𝝂𝒆 = 𝟏. 𝟎𝟗 ± 𝟎. 𝟏𝟑−𝟎.𝟏𝟑
+𝟎.𝟎𝟗 ± 𝟎. 𝟏𝟐 × 𝟏𝟎−𝟑

𝚪 𝑫𝟎 → 𝑲𝟏(𝟏𝟐𝟕𝟎)−𝒆+ 𝒗𝒆

𝚪 𝑫+ → ഥ𝑲𝟏(𝟏𝟐𝟕𝟎)𝟎𝒆+ 𝒗𝒆
= 𝟏. 𝟐𝟎 ± 𝟎. 𝟐𝟎 ± 𝟎. 𝟏𝟒 ± 𝟎. 𝟎𝟒



𝑫+ → 𝜼/𝝎 𝝁+𝝂𝝁 and 𝑫𝟎 → 𝝆−𝝁+𝝂𝝁

• Observation of 𝑫+ → 𝜼 𝝁+𝝂𝝁 and extraction of |𝑽𝒄𝒅|

• Observation of 𝑫+ → 𝝎 𝝁+𝝂𝝁 , 𝑫𝟎 → 𝝆−𝝁+𝝂𝝁 and probe LFU
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𝑫𝟎 → 𝝆−𝝁+𝝂𝝁𝑫+ → 𝝎 𝝁+𝝂𝝁𝑫+ → 𝜼 𝝁+𝝂𝝁 PRD 104 L091103 (2021) PRD 101 072005 (2020)PRL 124 231801 (2020) 

𝒇+
𝜼

𝟎 𝑽𝒄𝒅 = 𝟎. 𝟎𝟖𝟕 ± 𝟎. 𝟎𝟎𝟖 ± 𝟎. 𝟎𝟎𝟐

𝑩𝑫+→𝝎 𝝁+𝝂𝝁

𝑩𝑫+→𝝎 𝑒+𝝂𝑒

𝑷𝑫𝑮
= 𝟏. 𝟎𝟓 ± 𝟎. 𝟏𝟒

𝑩𝑫𝟎→𝝆− 𝝁+𝝂𝝁

𝑩𝑫𝟎→𝝆− 𝒆+𝝂𝒆

= 𝟎. 𝟗𝟎 ± 𝟎. 𝟏𝟏



Ds semi-leptonic decays
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𝑐

𝑫𝒔
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Search for 𝑫𝒔
+ → 𝝅𝟎𝒆+𝝂𝒆 and 𝑫𝒔

+ → 𝒂𝟎(𝟗𝟖𝟎)𝟎𝒆+𝝂𝒆

• Sensitive to 𝝅𝟎 − 𝜼 mixing

• Setting the upper limit

HFCPV2022 18

arXiv: 2206.13870

𝓑 𝑫𝒔
+ → 𝝅𝟎𝒆+𝝂𝒆 < 𝟔. 𝟒 × 𝟏𝟎−𝟑 @ 𝟗𝟎% 𝐂. 𝐋.

PRD 103 092004 (2021) 

• Probe 𝒂𝟎 𝟗𝟖𝟎 − 𝒇𝟎(𝟗𝟖𝟎) mixing

• Setting the upper limit

𝓑 𝑫𝒔
+ → 𝒂𝟎(𝟗𝟖𝟎)𝟎𝒆+𝝂𝒆 × 𝓑 𝒂𝟎(𝟗𝟖𝟎)𝟎 → 𝝅𝟎𝜼

< 𝟏. 𝟐 × 𝟏𝟎−𝟒 @ 𝟗𝟎% 𝐂. 𝐋.



𝑫𝒔
+ → 𝒇𝟎(𝟗𝟖𝟎) 𝒆+𝝂𝒆 and 𝑫𝒔

+ → 𝑲𝑺
𝟎𝑲𝑺

𝟎𝒆+𝝂𝒆

• First measurement

• Help to understand the structures of light scalar mesons
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𝓑 𝑫𝒔
+ → 𝑲𝑺

𝟎𝑲𝑺
𝟎𝒆+𝝂𝒆 < 𝟑. 𝟖 × 𝟏𝟎−𝟒 @ 𝟗𝟎% 𝐂. 𝐋.

𝓑 𝑫𝒔
+ → 𝒇𝟎(𝟗𝟖𝟎)𝟎𝒆+𝝂𝒆 × 𝓑 𝒇𝟎(𝟗𝟖𝟎)𝟎 → 𝝅𝟎𝝅𝟎

= (𝟕. 𝟗 ± 𝟏. 𝟒 ± 𝟎. 𝟒) × 𝟏𝟎−𝟒

PRD 105 L031101 (2022) 



𝑫𝒔
+ → 𝑿 𝒆+𝝂𝒆

• Double tag analysis

• No evidence for unobserved exclusive 

semi-leptonic modes

• Determine the ratio of 𝑫𝒔
+ and 𝑫+

semi-leptonic width

HFCPV2022 20

PRD 104 012003 (2021) 

𝚪 𝑫𝒔
+ → 𝑿𝒆+𝝂𝒆

𝚪 𝑫𝟎
+ → 𝑿𝒆+𝝂𝒆

= 𝟎. 𝟕𝟗𝟎 ± 𝟎. 𝟎𝟏𝟔 ± 𝟎. 𝟎𝟏𝟏 ± 𝟎. 𝟎𝟏𝟔

𝓑 𝑫𝒔
+ → 𝑿𝒆+𝝂𝒆 = 𝟔. 𝟑𝟎 ± 𝟎. 𝟏𝟑 ± 𝟎. 𝟎𝟗 ± 𝟎. 𝟎𝟒 %



Comparisons of 𝐕𝐜𝐝 and 𝐕𝐜𝐬
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Charm meson rare decays
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New Physics Searches at BESIII
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New 
Physics

Common 
standards 
& tools

Exotic 
searches

Very rare 
decays

◆BNV & LNV processes

◆LFV processes

◆Other symmetry violation

◆FCNC processes

◆Charmonium weak decays

◆Other rare decays

◆Dark photon

◆Invisible signatures

◆Light Higgs, Z’

◆Exotic resonances

◆Uniform blinding strategy and datasets

◆Common statistic and standards

◆Sharing methods, tools and codesSymmetry

Very rare

Exotic

• New Physics Searches at the BESIII Experiment, S.J. Chen and S. Olsen,   
Nation Science Review 8, nwab189 (2021), arXiv: 2102.13290 

• New Physics Program of BES, D.Y. Wang, in “30 Years of BES Physics”



EM Dalitz decay 𝑫∗𝟎 → 𝑫𝟎𝒆+𝒆−

• EM Dalitz decay 𝑫∗𝟎 → 𝑫𝟎𝒆+𝒆− observed for the first time with 13.2σ

• Determine the branching fraction ratio relative to 𝑫∗𝟎 → 𝑫𝟎𝛾

HFCPV2022 24

PRD 104 112012 (2021) 
𝓑 𝑫∗𝟎 → 𝑫𝟎𝒆+𝒆− = 𝟑. 𝟗𝟏 ± 𝟎. 𝟐𝟕 ± 𝟎. 𝟏𝟕 ± 𝟎. 𝟏𝟎 × 𝟏𝟎−𝟑

𝑫∗𝟎 → 𝑫𝟎𝒆+𝒆−

𝑫∗𝟎 → 𝑫𝟎𝛾



Search for FCNC process 𝑫𝟎 → 𝝅𝟎𝝂ത𝝂
• In SM, FCNC is highly suppressed by GIM mechanism, 

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

• Analyzing 10.6×106 𝑫𝟎 ഥ𝑫𝟎 pairs

• 𝓑 𝑫𝟎 → 𝝅𝟎𝝂ഥ𝝂 < 𝟐. 𝟏 × 𝟏𝟎−𝟒 @ 𝟗𝟎%𝐂. 𝐋.

• The first constraint on charmed hadron to di-neutrino

HFCPV2022 25

PRD 105 L071102 (2022)



Search for LNV & BNV decay 𝑫𝟎 → 𝒑𝒆−, 𝑫± → 𝒏(ഥ𝒏)𝒆±

• BNV can happen with 𝚫 𝑩 − 𝑳 = 𝟎 at dimension-six operators 

• While 𝚫 𝑩 − 𝑳 = 𝟐 allowed at dimension-seven operators 

• 𝓑 𝑫𝟎 → ഥ𝒑𝒆+ < 𝟏. 𝟐 × 𝟏𝟎−𝟔 @ 𝟗𝟎%𝐂. 𝐋.

• 𝓑 𝑫𝟎 → 𝒑𝒆− < 𝟐. 𝟐 × 𝟏𝟎−𝟔 @ 𝟗𝟎%𝐂. 𝐋.

• 𝓑 𝑫+(−) → ഥ𝒏(𝒏)𝒆+(−) < 𝟏. 𝟒𝟑 × 𝟏𝟎−𝟓 @ 𝟗𝟎%𝐂. 𝐋. 𝚫 𝑩 − 𝑳 = 𝟎

• 𝓑 𝑫+(−) → 𝒏(ഥ𝒏)𝒆+(−) < 𝟐. 𝟗𝟏 × 𝟏𝟎−𝟓 @ 𝟗𝟎%𝐂. 𝐋. 𝚫 𝑩 − 𝑳 = 𝟐

• The most stringent ones to date for these processes

• Still far above higher generation model prediction

HFCPV2022 26

PRD 105 032006 (2022)

𝑫𝟎 → 𝒑𝒆−

arXiv: 2209.05787



Search for charmonium weak decay 𝐉/𝚿 → 𝐃−𝐞+𝛖𝐞

• Allowed in SM, but highly suppressed 

• 𝐉/𝛙 inclusive weak decays predicted at 10-8

• 𝓑 𝐉/𝚿 → 𝑫−𝒆+ഥ𝝂𝒆 < 𝟕. 𝟏 × 𝟏𝟎−𝟖 @ 𝟗𝟎%𝐂. 𝐋.

• The upper Limit (UL) is improved by more than 
two orders of magnitude

• The result is compatible with theory prediction 
and approaching the inclusive BF limit.

HFCPV2022 27

JHEP 157 (2021)

Inclusive weak BF

4 × 𝟏𝟎−𝟖
< 𝟕. 𝟏 × 𝟏𝟎−𝟖



Search for LFV decay 𝑱/𝝍 → 𝒆±𝝉∓

• Analyzing 10.087×109 J/ψ events

• Two data samples: 2009+2012 (I), 2017-2019 (II)

• Searching process 𝑱/𝝍 → 𝒆𝝉, 𝝉 → 𝝅𝝅𝟎𝝂

• 𝓑 𝑱/𝝍 → 𝒆𝝉 < 𝟕. 𝟓 × 𝟏𝟎−𝟖 @ 𝟗𝟎%𝐂. 𝐋.

• Improve the previous best limits by two orders of 
magnitude, comparable with theoretical predictions

• One of the best constraints from meson decay

HFCPV2022 28

PRD 103 112007 (2021)

Data sample I Data sample II

The 1st submitted paper based on 
full 10 billion 𝑱/𝝍 data of BESIII



Search for LFV decay 𝑱/𝝍 → 𝒆±𝝁∓

• Analyzing 8.998×109 J/ψ events

• Searching for two back-to-back 𝒆 𝝁

• 𝓑 𝑱/𝝍 → 𝒆𝝁 < 𝟒. 𝟓 × 𝟏𝟎−𝟗 @ 𝟗𝟎%𝐂. 𝐋.

• Improve the previous best limit by a factor of > 𝟑𝟎

• The most stringent BESIII upper limit measurement

• The most precise CLFV search in heavy quarkonium

• Excluding the parameter space of some models 
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Summary

• Improve CKM matrix 𝑽𝒄𝒔 , |𝑽𝒄𝒅| & form factors 𝐟𝐃𝐬
+ , 𝐟𝐃+ with charm leptonic decays 

• Rare decays and violating decays (LNV, BNV, LFV) to probe New Physics beyond SM

• BESIII has great potential with unique datasets and advanced analysis techniques

• BESIII has collected 𝟏𝟎𝟏𝟎 𝑱/𝝍 and 𝟐. 𝟕 × 𝟏𝟎𝟗 𝝍′ events

• BESIII will collect 20 𝐟𝐛−𝟏 @ 3.773 GeV 𝑫ഥ𝑫

• More & better results are coming soon!
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Thank you!

HFCPV2022 31


