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◼ Most of the charmed baryons will eventually decay to 𝛬𝑐
+, which is the lowest lying state of charmed baryon;

◼ Important tagging for charmed baryons and Bottom baryons;

◼ The characteristics of 𝛬𝑐
+ are still not very clear;

◼ Singly charmed baryons 𝜦𝒄
+, Σ𝑐 , Ξ𝑐 , Ω𝑐 have been established;

◼ Doubly charmed baryon Ξ𝑐𝑐
++ observed;

◼ Triply charmed baryon unobserved;

◼ Provides crucial information of  strong and weak interactions

in charm region, complementary to 𝐷(𝑠)
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Beijing Electron Position Collider (BEPCII)
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◼ Overall: about 50 𝒇𝒃−𝟏@ 𝒔 = 1.85~4.95 GeV after 15 years of data taking

◼ Data for charmed baryon studies：

• 0.567 𝑓𝑏−1 @ 𝑠 = 4.60 GeV in 2014 

• 3.9 𝑓𝑏−1 𝑠 = 4.61~4.70 GeV scan data in 2020-2021 

• 1.9 𝑓𝑏−1 𝑠 = 4.74~4.95 GeV scan data in 2021-2022

• Totally ~6.4 𝒇𝒃−𝟏 data from 13 energy points, ~1million events

The largest  dataset of  𝛬𝑐
+Λ𝑐

−

pairs in the world.
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The 𝛬𝑐
+ Semi-leptonic decays

𝜦𝒄
+ → 𝒏𝒆+𝝂𝒆; 𝜦𝒄

+ → 𝑿𝒆+𝝂𝒆; 𝚲𝒄

−
→ 𝒏 + 𝑿

The 30th edition of the International Workshop on Weak interactions and Neutrinos (WIN 2025)
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Nat. Comm. 16, 681 (2025)

➢ Λ𝑐
+ CS(Cabibbo-suppressed)) transition 𝑐→𝑑 𝑙+𝜈 beta decay never been observed;

➢ Significant challenges:   two missing particles, neutron and neutrino; 

➢ Dominant background:  Λ𝑐
+ → Λ𝑒+𝜈𝑒 (Λ → 𝑛𝜋0);

➢ A novel deep learning method of graph neural network(GNN) ⇒ distinguish  the energy 

deposition patterns of neutrons from those of Λ in the Electromagnetic Calorimeter(EMC) of 

BESIII detector;
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◼ First observation of Cabibbo-suppressed in semi-leptonic decays!  

𝐁𝐑 𝜦𝒄
+ → 𝒏𝒆+𝝂𝒆 = 𝟎. 𝟑𝟓𝟕 ± 𝟎. 𝟎𝟑𝟒𝐬𝐭𝐚𝐭. ± 𝟎. 𝟎𝟏𝟒𝐬𝐲𝐬𝐭. %

◼ First determination of 𝐕𝐜𝐝 from charmed baryon decays！

𝐕𝐜𝐝 = 𝟎. 𝟐𝟎𝟖 ± 𝟎. 𝟎𝟏𝟏𝐞𝐱𝐩. ± 𝟎. 𝟎𝟎𝟕𝐋𝐐𝐂𝐃 ± 𝟎. 𝟎𝟎𝟏𝛕
𝚲𝐜

+

Statistical significance of Λ𝑐
+ → 𝑛𝑒+𝜈𝑒 > 10σ !

𝑁 𝑛𝑒−𝜈𝑒 = 131 ±12𝑁 𝑛𝑒+𝜈𝑒 = 134 ±13

𝜦𝒄
+ → 𝒏𝒆+𝝂𝒆 Nat. Comm. 16, 681 (2025)
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◼ 𝐁𝐑 𝜦𝒄
+ → 𝑿𝒆+𝝂𝒆 = 𝟒. 𝟎𝟔 ± 𝟎. 𝟏𝟎𝐬𝐭𝐚𝐭. ± 𝟎. 𝟎𝟗𝐬𝐲𝐬𝐭. %

◼ Ratio of the inclusive semi-leptonic decay width for 

the 𝜦𝒄
+ and 𝑫：

𝜞(𝜦𝒄
+→𝑿𝒆+𝝂𝒆)

𝜞(𝑫→𝑿𝒆+𝝂𝒆)
= 𝟏. 𝟐𝟖 ± 𝟎. 𝟎𝟓

◼ Use unfolding method to calibrate particle misidentification：

Greatly improved accuracy !!!

Constraint on unobserved 𝜦𝒄
+ semi-leptonic decays :

• Combine inclusive & exclusive measurements, assume all uncertainties are uncorrelated:

𝐁𝐑 𝜦𝒄
+ → 𝑿𝒆+𝝂𝒆 𝑿≠𝜦,𝒏,𝒑𝒌 = 𝟎. 𝟓𝟓 ± 𝟏. 𝟓𝟑𝐬𝐭𝐚𝐭. ± 𝟏. 𝟏𝟓𝐬𝐲𝐬𝐭. × 𝟏𝟎−𝟑

The majority of experimental gap has been filled.

Phys. Rev. D 107, 052005 (2023) 

RS: Right-sign     WS: Wrong-sign
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𝚲𝒄

−
→ 𝒏 + 𝑿
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Phys. Rev. D 108, L031101 (2023)

𝑛 deposited energy distribution is consistent 
between data and MC after using data-
driven method

◼ Measurement of inclusive neutron decays 

• pointing out the search direction of unknown channels

• provide direct information about whether there exists a significant 

difference between 𝜦𝒄
+ → 𝒑𝑿 and 𝜦𝒄

+ → 𝒏𝑿

◼ Methods：

• Use energy deposition on EMC as observable

• Only study anti-neutron which can annihilate with material

• Use data-driven method to model 𝑛 behavior in the detector

◼ Results：

𝐁𝐑 Λ𝑐

−
→ 𝑛 + 𝑋 = 𝟑𝟐. 𝟒 ± 𝟎. 𝟕𝐬𝐭𝐚𝐭. ± 𝟏. 𝟓𝐬𝐲𝐬𝐭. % precision up to 5%

• About 25% of 𝜦𝒄
+ decays with a neutron are still unobserved

• Indicate an asymmetry between 𝜦𝒄
+ → 𝒑𝑿 and 𝜦𝒄

+ → 𝒏𝑿
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The 𝛬𝑐
+ hadronic decays

𝚲𝒄
+ → 𝒑𝛑𝟎; 𝚲𝒄

+ → 𝚵𝟎𝑲+; 𝚲𝒄
+ → 𝚲𝝅+𝝅𝟎; 𝚲𝒄

+ → 𝚲𝝅+𝜼;

𝚲𝒄
+ → 𝒑𝑲𝑳

𝟎; 𝚲𝒄
+ → 𝒑𝑲𝑳

𝟎 𝛑+𝛑− 𝐚𝐧𝐝 𝚲𝒄
+ → 𝒑𝑲𝑳

𝟎𝛑𝟎

The 30th edition of the International Workshop on Weak interactions and Neutrinos (WIN 2025)
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Double Tag: low efficiency but low background◼ Previous experimental constraints show inconsistency:

• BESIII 2017 with ST: 𝐵 𝚲𝒄
+ → 𝒑𝛑𝟎 < 2.7 × 10−4@90% C.L.

• Belle 2021: 𝐵 𝚲𝒄
+ → 𝒑𝛑𝟎 < 0.8 × 10−4 @90% C.L.

• BESIII 2024 with DT: 𝐵 𝚲𝒄
+ → 𝒑𝛑𝟎 = (1.56−0.58

+0.72 ± 0.20) × 10−4 with 3.7𝜎

• BESIII 2025 with ST: 𝐵 𝚲𝒄
+ → 𝒑𝛑𝟎 = (1.79±0.39±0.11±0.08) × 10−4

(2025)BESIII Collaboration (2025)

BESIII Collaboration (2024)

BESIII Collaboration (2017)

Belle Collaboration (2021)

BESIII 2025 with ST: high efficiency,  high background BESIII 2024 with DT: low efficiency,  low background

Phys. Rev. D 109, L091101 (2024) 
Phys. Rev. D 111, L051101 (2025)
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◼ A novel deep learning method is developed to suppress non- 𝚲𝒄
+ hadronic backgrounds efficiently .

• Use Transformer-based deep neural network (DNN) to classify signal and background decay topologies.

• 𝚲𝒄
+ → 𝑝𝜂 as reference channel. 

◼ Results:

• 𝐵 𝚲𝒄
+ → 𝒑𝛑𝟎 =

(1.79±0.39±0.11±0.08) × 10−4

consistent with previous BESIII evidence, 

yet exceeds the upper limit set by Belle

•
𝐵 𝚲𝒄

+→𝒑𝛑𝟎

𝐵 𝚲𝒄
+→𝑝𝜂

= 0.120 ± 0.026 ± 0.007 with 5.4𝜎

Phys. Rev. D 111, L051101 (2025)

DNN Veto
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𝚲𝒄
+ → 𝚵𝟎𝑲+
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◼ Pure 𝑾-exchange process

 • Only receives non-factorizable contribution

 • Large contribution in charmed baryon decays

 • Long-standing puzzle on how large the 𝑆-wave amplitude

Phys. Rev. Lett. 132, 031801(2024)

◼ Based on multidimensional angular fit using helicity basis

Fig. (1)

𝚲𝒄
+ → 𝚵𝟎𝑲+:

𝚵𝟎 → 𝚲𝝅𝟎 :

𝚲 → 𝒑𝝅− :

𝛼2 + 𝛽2 + 𝛾2 = 1   

𝛼 =
2𝑅𝑒(𝑆∗𝑃)

𝑆2+𝑃2  

𝛽 = 1 − 𝛼2sinΔ

𝛾 = 1 − 𝛼2𝑐𝑜𝑠Δ

Fig. (2)

Fig. (3)

Lee-Yang parameters 
[PRD 108, 1645 (1957)]
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Phys. Rev. Lett. 132, 031801 (2024).

◆ Decay asymmetry results:

• 𝛼𝛯0𝐾+ = 0.01 ± 0.16 ± 0.03

• 𝛥𝛯0𝐾+ = 3.84 ± 0.90 ± 0.17 rad

• 𝛽𝛯0𝐾+ = −0.64±0.69±0.13

• 𝛾𝛯0𝐾+ = −0.77±0.58±0.11

◆ Phase difference between 𝑺 and 𝑷-waves

• Solution1: δp − δS =−1.55 ± 0.25 ± 0.05 rad 

• Solution2: δp − δS =1.59±0.25±0.05 rad

◆ Discussions

• 𝛼𝛯0𝐾+ in good agreement with zero, providing strong identification for theoretical predictions

• cos(δp − δS) close to zero, which is not considered in previous study 

• Fill the long-standing puzzle on how to model 𝛼𝛯0𝐾+ ,  and B 𝚲𝒄
+ → 𝚵𝟎𝑲+ simultaneously

𝚲𝒄
+ → 𝚵𝟎𝑲+

Phys. Rev. Lett. 132, 031801(2024)
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➢ First Partial Wave Analysis(PWA) for charm 

baryon at BESIII:  

Use TF-PWA, based on helicity amplitude.

➢ BFs & decay asymmetries of 𝚲𝒄
+ → 𝚲𝝆(𝟕𝟕𝟎)+

and 𝚲𝒄
+ → 𝚺(𝟏𝟑𝟖𝟓)( Τ+ 𝟎) 𝝅( Τ𝟎 +)

➢ No theoretical prediction can well describe the 

BF and decay asymmetry simultaneously.

𝚲𝝆

𝚺𝝅

JHEP 12, 033 (2022)
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𝚲𝒄
+ → 𝚲𝝅+𝜼
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SU(3) effective Hamiltonian: Phys. Rev. D.99 (2019) 114022
◼ First observation of 𝚲𝐜

+ → 𝚲𝐚𝟎(𝟗𝟖𝟎)+, 𝐚𝟎(𝟗𝟖𝟎)+ → 𝛑+𝛈

• 𝐵 Λc
+ → Λa0(980)+ × 𝐵 a0 980 +π+η

= (1.05±0.16stat. ± 0.05syst.±0.07ext.)% with 13.1σ

◼ Evidence of potential pentaquark state 𝜮(𝟏𝟑𝟖𝟎)+ → 𝜦𝝅+

• Statistical significance 6.1𝜎 (3.3𝜎) without (with)  𝜋+𝜂

non resonant contribution �

◼ 𝜶(𝜦𝒄
+ → 𝜮 𝟏𝟑𝟖𝟓 +𝜼) consistent with −0.97−0.03

+0.43 in SU(3) [1]

◼ 𝜶 𝜦𝒄
+ → 𝚲𝒂𝟎 𝟗𝟖𝟎 + contradicts with the small value(~0) in 

Triangle re-scattering [2]

[1] SU(3) effective Hamiltonian: Phys. 
Rev. D.99 (2019) 114022
[2] Triangle re-scattering: J. Phys. G. 
36.075005 (2009)

Phys. Rev. Lett. 134, 021901 (2025)
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𝚲𝒄
+ → 𝒑𝑲𝑳

𝟎; 𝚲𝒄
+ → 𝒑𝑲𝑳

𝟎 𝛑+𝛑− 𝐚𝐧𝐝 𝚲𝒄
+ → 𝒑𝑲𝑳

𝟎𝛑𝟎
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◼ 𝑲𝑺-𝑲𝑳 asymmetry offer possibility to DCS(doubly Cabibbo-suppressed) decays: 

• Non-zero asymmetry value indicates existence of DCS decays;

• Arises from interference of CF(Cabibbo-favored) and DCS, provide new way to indirect search for DCS;

• The ratio of amplitudes for CF and DCS is expected to 

be proportional to |𝑉𝑢𝑑
∗  𝑉𝑐𝑠/ 𝑉𝑢𝑠

∗ 𝑉𝑐𝑑 | 

�

𝑅 𝛬𝑐
+, 𝐾𝑆,𝐿

0 𝑋 =
𝐵 𝛬𝑐

+ → 𝐾𝑆
0𝑋 − 𝐵 𝛬𝑐

+ → 𝐾𝐿
0𝑋

𝐵 𝛬𝑐
+ → 𝐾𝑆

0𝑋 + 𝐵 𝛬𝑐
+ → 𝐾𝐿

0𝑋

◼ No obvious asymmetry is observed in any of the three decays 

◼ 𝑅 𝛬𝑐
+, 𝐾𝑆,𝐿

0 𝑋 in 𝛬𝑐
+ → 𝑝𝐾𝑆,𝐿

0 is compatible with SU(3) prediction of (-0.010,0.087)

𝚲𝒄
+ → 𝒑𝑲𝑳

𝟎 𝚲𝒄
+ → 𝒑𝑲𝑳

𝟎 𝛑+𝛑−

𝚲𝒄
+ → 𝒑𝑲𝑳

𝟎𝛑𝟎

(X  is 𝑝, 𝑝𝜋+𝜋− or 𝑝𝜋0)

JHEP 09 (2024) 007 
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◼ The world’s largest threshold data make BESIII dominant 𝛬𝑐
+ measurements. 

◼ Fruitful results have been published during recently 2022~2025

• Semi-leptonic decays 

• Hadronic decays 

• Excited charmed baryons 

◼ Utilizing advanced deep learning methods, we conducted precise measurements of 𝜦𝒄
+ →

𝒏𝒆+𝝂𝒆 and 𝚲𝒄
+ → 𝒑𝛑𝟎 for the first time and obtained critical experimental results, which 

provide opportunity to many analyses of BESIII.

◼ Prospect: 

• 9 𝒇𝒃−𝟏 more 𝜦𝒄
+ data @ 4.68 GeV has been planned in 2025-2026

• above 5 GeV data will start in 2028 Thanks for your attention!
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BACK UP

The 30th edition of the International Workshop on Weak interactions and Neutrinos (WIN 2025)
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𝜦𝒄
+ → 𝑿𝒆+𝝂𝒆
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