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Introduction
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➢Λ𝑐
+  is the ground state charmed baryon, >40 years, characteristics still not very clear.

➢Provides important information to understand strong and weak interactions.

➢Most of the charmed baryons will eventually decay to Λ𝑐
+.

➢Complementary to charmed mesons (W-exchange).

➢Calculation is difficult, many phenomenology methods 

are developed, most need experimental results input. 



Λ𝑐
+ semi-leptonic decays
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➢Weak and strong interaction could be separated, test various QCD-derived 

phenomenology models

➢ Important role in understanding of the dynamics of charm baryon decays

➢Similar with but complemented to charmed meson decays, precise test SM and 

search for new physics

✓ BFs

✓ Decay asymmetry and FFs

✓ |𝑉𝑐𝑠| and |𝑉𝑐𝑑|

✓ LFU test

✓ …

➢ Important input for implementing and calibrating the LQCD calculations



Experiment side
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➢Only 𝜦𝒄
+ → 𝜦𝒆+𝝂 was measured before 2014

• Mark II 1982 and PEP 1989 with limited significance

• Observed by ARGUS 1991

• Decay asymmetry & FFs by CLEO till 2005

➢BESIII measured several BFs using 0.567 𝐟𝐛−𝟏 threshold data 2014

• ℬ Λ𝑐
+ → 𝛬𝑒+𝜈 = 3.63 ± 0.38𝑠𝑡𝑎𝑡. ± 0.20𝑠𝑦𝑠𝑡. %

• ℬ Λ𝑐
+ → 𝛬𝜇+𝜈 = 3.49 ± 0.46𝑠𝑡𝑎𝑡. ± 0.27𝑠𝑦𝑠𝑡. %

• ℬ Λ𝑐
+ → 𝑋𝑒+𝜈 = 3.95 ± 0.34𝑠𝑡𝑎𝑡. ± 0.09𝑠𝑦𝑠𝑡. %

• ℬ Λ𝑐
+ → 𝛬𝜇+𝜈 /ℬ Λ𝑐

+ → 𝛬𝑒+𝜈 = 0.96 ± 0.16 ± 0.04

• ℬ Λ𝑐
+ → 𝛬𝑒+𝜈 /ℬ Λ𝑐

+ → 𝑋𝑒+𝜈 = 0.919 ± 0.125 ± 0.054

均被BESIII结果取代
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统计误差主导

均被BESIII结果取代



Experiment side
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➢BESIII took 3.9 𝐟𝐛−𝟏 thereshold data 2020-2021

• Precise studies of golden channel Λ𝑐
+ → 𝛬𝑙+𝜈(BFs, LFU, FFs…)

• Observation of second SL, ℬ Λ𝑐
+ → 𝑝K−𝑒+𝜈 = 0.88 ± 0.17 ± 0.07 × 10−3

• Updated ℬ Λ𝑐
+ → 𝑋𝑒+𝜈 = 4.06 ± 0.10 ± 0.09 %

• ℬ Λ𝑐
+ → Λ𝜋+𝜋−𝑒+𝜈 < 3.9 × 10−4@90%CL.

• ℬ Λ𝑐
+ → 𝑝𝐾S

0𝜋−𝑒+𝜈 < 3.9 × 10−4@90%CL.

➢BESIII took 1.93 𝐟𝐛−𝟏 data 2021 and what’s next?

 𝜇+ channels

 𝑛/𝐾𝐿 channels

 “Rare” channels

 More variables

 Λ∗ channels

 …

与理论预言有所分歧

包括但不限于课题二

2022-2023发表
几乎全为电子道
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Λ𝑐
+ results and data

✓6.4 fb−1 ~1 M Λ𝑐
+ഥΛ𝑐

− available

Request another 9 fb−1 4.68 GeV 2025/26, more will come  

➢Published 17 (7 PRLs)+28 (1 NC+4 PRLs)

✓ SL: 3 (2 PRLs)+6 (1 NC+1 PRL)
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BESIII Λ𝑐
+ results

➢Published 17 (7 PRLs)+28 (1 NC+4 PRLs)

✓ SL: 3 (2 PRLs)+6 (1 NC+1 PRL)

• Λ𝑐
+ → 𝛬𝑒+𝜈 PRL 115. 221805 (2015)

• Λ𝑐
+ → 𝛬𝜇+𝜈 PLB 767. 42 (2017)

• Λ𝑐
+ → 𝑋𝑒+𝜈                                    PRL 121. 251801 (2018)

• Λ𝑐
+ → 𝛬𝑒+/𝜇+𝜈 PRL 129.231803 (2022).  PRD 108.L031105 (2023).

• Λ𝑐
+ → 𝑝K−𝑒+𝜈 PRD 106.112010 (2022).  

• Λ𝑐
+ → 𝑋𝑒+𝜈                                    PRD 107.052005 (2023). 

• Λ𝑐
+ → 𝛬𝜋+𝜋−𝑒+𝜈, 𝑝𝐾𝑆

0𝜋−𝑒+𝜈     PLB 843.137993 (2023).

• Λ𝑐
+ → 𝑛𝑒+𝜈                                    Nat. Comm. 16, 681 (2025).



Λ𝑐
+ SL status
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PDG 2025 All 

from BESIII

✓ Based on Xe+ν and the known channels: 

ℬ Λ𝑐
+ → 𝑛𝑜𝑛[Λ, 𝑛, 𝑝𝐾]𝑒+𝜈 = 0.55 ± 1.53 ± 1.15 × 10−3

✓Chance to Λ𝑐
+ → Λ∗/𝑁(∗)…



Λ𝑐
+ SL status
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BEPCII
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BESIII detector



BFs of Λ𝑐
+ → 𝛬𝑒+𝜈
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➢Updated BFs 

➢First comparisons on differential decay rates and FFs with LQCD.

➢ N Λ𝑐
+ → 𝛬𝑒+𝜈 = 1253 ± 39

PRL 129.231803 (2022) 

Fair agreement



BFs of Λ𝑐
+ → 𝛬𝑒+𝜈
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➢Updated BFs

➢Disfavor some predictions @95% CL.

➢ 𝑉𝑐𝑠 = 0.936 ± 0.017 ± 0.024 ± 0.007, 

consistent with 0.939 ± 0.038 from D → 𝐾𝑙𝜈.

PRL 129.231803 (2022) 



FFs of Λ𝑐
+ → 𝛬𝑒+𝜈
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➢First comparisons on FFs with LQCD.

• Different kinematic behavior

• Statistical uncertainty dominates

Four-dimensional fit 

PRL 129.231803 (2022) 



BFs of Λ𝑐
+ → 𝛬𝜇+𝜈
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➢BFs is measured. 

➢3 times more precise than prior world average.

PRD 108.L031105 (2023)

N Λ𝑐
+ → 𝛬𝜇+𝜈 = 752 ± 31

ℬ Λ𝑐
+ → 𝛬𝜇+𝜈

= 3.48 ± 0.14𝑠𝑡𝑎𝑡. ± 0.10 %



BFs, 𝑨𝑭𝑩
𝒍 and LFU of Λ𝑐

+ → 𝛬𝑙+𝜈 
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✓ Differential decay rates, consistent 

with LQCD.

✓ Forward-backward asymmetries, no 

LFUV.

✓ First LFU test reported, R(
𝑒+

𝜇+
) =

0.98 ± 0.05𝑠𝑡𝑎𝑡. ± 0.03, compatible 

with LQCD 0.97.

PRD 108.L031105 (2023)



𝐴𝐹𝐵
𝑝 and 𝛼Λ𝑐+ of Λ𝑐

+ → 𝛬𝑙+𝜈
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𝛼Λ𝑐+

= −0.94 ± 0.07 ± 0.03

PRD 108.L031105 (2023)



Comparisons of Λ𝑐
+ → 𝛬𝜇+𝜈
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• BFs disfavor [20] and [49] >95%CL.

• Decay asymmetry consistent with all the predictions.

• Lepton FB asymmetry differ from LFQM in [22].

PRD 108.L031105 (2023)



T asymmetry of Λ𝑐
+ → 𝛬𝑙+𝜈
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𝒯𝑝 Λ𝑐
+ → 𝛬𝑒+𝜈 = −0.021 ± 0.041 ± 0.001

𝒯𝑝 Λ𝑐
+ → 𝛬𝜇+𝜈 = 0.068 ± 0.055 ± 0.002

✓Consistent with 0 of SM.

✓No indication of new physics.

PRD 108.L031105 (2023)



FFs of Λ𝑐
+ → 𝛬𝑙+𝜈
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➢Simultaneous fit with helicity amplitudes 

More precise 

PRD 108.L031105 (2023)



Λ𝑐
+ → 𝑝𝐾−𝑒+𝜈
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➢Second observed SL decay

➢ℬ Λ𝑐
+ → 𝑝𝐾−𝑒+𝜈 = 0.88 ± 0.17 ± 0.07 × 10−3 with 8.2 𝜎.

➢Evidence for Λ(1405) and Λ(1520) in 𝑝𝐾− spectrum:

• ℬ Λ𝑐
+ → Λ(1520)𝑒+𝜈 = 1.02 ± 0.52 ± 0.11 × 10−3 with 3.3 𝜎.

• ℬ Λ𝑐
+ → Λ 1405 [→ 𝑝𝐾]𝑒+𝜈 = 0.42 ± 0.19 ± 0.04 × 10−3 with 3.2 𝜎.

PRD 106.112010 (2022) 



Λ𝑐
+ → 𝑝𝐾−𝑒+𝜈
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PRD 106.112010 (2022) 

Need more data and more detailed study!



Λ𝑐
+ → Λ𝜋+𝜋−𝑒+𝜈 and Λ𝑐

+ → 𝑝𝐾𝑆
0𝜋−𝑒+𝜈
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➢Search for Λ∗:
• ℬ Λ(1520) → Λ𝜋+𝜋− = 10 ± 1 %
• Excited Λ∗ could decay to 𝑝𝐾∗(892)−

➢Upper limits @90%CL.:

• ℬ Λ𝑐
+ → Λ𝜋+𝜋−𝑒+𝜈 < 3.9 × 10−4

• ℬ Λ𝑐
+ → 𝑝𝐾𝑆

0𝜋−𝑒+𝜈 < 3.3 × 10−4

• ℬ Λ𝑐
+ → Λ(1520)𝑒+𝜈 < 4.3 × 10−3

• ℬ Λ𝑐
+ → Λ(1600)𝑒+𝜈 < 9.0 × 10−3

PLB 843, 137933 (2023) 
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Nat. Comm. 16, 681 (2025)

➢ 𝛬𝑐
+ CS transition 𝑐 → 𝑑𝑙+𝜈 beta decay never been observed 

➢ Big challenge due to two missing particles 𝑛 and 𝜈, extensive bkg. from Λ𝑐
+ → 𝛬(𝑛𝜋0)𝑒+𝜈

➢ DT with Graph Neural Network(GNN) is used for 3-D classification

➢ Validated with control samples of J/ψ → ҧ𝑝𝜋+𝑛, J/ψ → ҧ𝑝𝐾+Λ and c.c. 

➢ Further cross check on ℬ Λ𝑐
+ → Λ𝑒+𝜈

𝜦𝒄
+ → 𝒏𝒆+𝝂

134 ± 13 131 ± 12
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𝜦𝒄
+ → 𝒏𝒆+𝝂

Nat. Comm. 16, 681 (2025)
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✓ ℬ Λ𝑐
+ → 𝑛𝑒+𝜈 = (3.57 ± 0.34𝑠𝑡𝑎𝑡. ± 0.14𝑠𝑦𝑠𝑡.) × 10−3, 

consistent and precision comparable to LQCD. 

✓ 𝑉𝑐𝑑 = 0.208 ± 0.011 ± 0.007 ± 0.001 , first from 

charmed baryon decay and consistent with the world 

average value (0.221±0.004).

✓ Test various theoretical models.

✓ Power of modern machine learning techniques.

𝜦𝒄
+ → 𝒏𝒆+𝝂

Nat. Comm. 16, 681 (2025)



ML example
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Lots of channels to be and being studied: 
✓Λ𝑐

+ → Σ+/−π−/+e+𝜈(BAM-589, CWR)
✓Λ𝑐

+ → 𝑝π−e+𝜈 (BAM-736)
Λ𝑐

+ → 𝑝K−𝑒+𝜈 (ML)
Λ𝑐

+ → 𝑝K−𝜇+𝜈
Λ𝑐

+ → 𝑝𝜋−𝜇+𝜈
Λ𝑐

+ → 𝑛𝜇+𝜈 (ML)

Λ𝑐
+ → 𝑛K𝑆

0𝑒+𝜈 (ML)
Λ𝑐

+ → Σ0π0𝑙+𝜈、Σ0e+𝜈、Λ𝜋0𝑒+𝜈、 Λ𝜋+𝜋−𝑒+𝜈、𝑝K𝑆
0𝜋−𝑒+𝜈

Λ𝑐
+ → 𝑝K−π+e+𝜈

Λ𝑐
+ → 𝑝π+𝜋−𝑒+𝜈

BESIII 𝜦𝒄
+ SL opportunities
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➢9 fb−1 more data at 4.68 GeV has been approved and will be collected 

during 2025-2026 (~180 days)

Outlook
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➢9 fb−1 more data at 4.68 GeV has been approved and will be collected 

during 2025-2026 (~180 days)

Outlook
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➢9 fb−1 more data at 4.68 GeV has been approved and will be collected 

during 2025-2026 (~180 days)

✓ Several hadronic and SL channels could be observed

Outlook

3.3𝜎

3.2𝜎



Summary
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➢ BESIII has dominant 𝜦𝒄
+ SL decays since 2015, many channels were first observed and several physical 

observables were measured(e.g. BFs, FFs).

➢ Milestone channel 𝜦𝒄
+ → 𝒏𝒆+𝝂 was firstly observed and studied with new method, which provide 

opportunity to many analysis of BESIII.

➢ More channels in Project II are ongoing, good opportunities to study charmed baryon dynamics and 

test SM.

➢ 2025/26 BEPCII-U will be more efficient and 9 𝐟𝐛−𝟏 more data will be obtained at 4.68 GeV.

➢ Very welcome predictions from theory and suggestions from theorists.  

Thanks for your attention!



BACK UP
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