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➢Introduction

➢BESIII experiment

➢𝚲𝒄
+ new results

➢Summary

✓ Exclusive hadronic decays

• 𝛬𝑐
+ → 𝛴0𝐾𝑆

0𝜋+ 𝑎𝑛𝑑 𝛬𝑐
+ → 𝛴0𝐾𝑆

0𝐾+ Submitted to JHEP

• 𝛬𝑐
+ → 𝑝𝜂′ Submitted to JHEP 

• 𝛬𝑐
+ → 12 channels Submitted to JHEP

• 𝛬𝑐
+ → 𝑝𝐾𝑆

0、𝛬𝜋+、𝛴0𝜋+、𝛴+𝜋0 Submitted to PRX

• 𝛬𝑐
+ → 𝑝𝐾+𝐾− Submitted to PRD

✓ Inclusive decays

• 𝛬𝑐
+ → 𝛬𝑋 Submitted to PRL

✓ Semi-leptonic decays

• 𝛬𝑐
+ → 𝛴+𝜋−𝑒+𝜈𝑒 Submitted to PRD



Introduction
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➢Ground state charmed baryon Λ𝑐
+, observed >40 years, characteristics still not 

very clear.

➢Provides important information to understand strong and weak interactions.

➢Complementary to charmed mesons (W-exchange).

➢Calculation is difficult, many phenomenology methods developed and most need 

experimental results as input. 

➢Excited-charmed, bottomed and doubly charmed baryons eventually decay to Λ𝑐
+.

LHCb find Ξ𝑐𝑐
++ → Λ𝑐

+𝐾−𝜋+𝜋+ 2017

LHCb find Ξ𝑐𝑐
+ → Λ𝑐

+𝐾−𝜋+ 2026



Experimental status
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➢𝜦𝒄
+ today:

• ~30% still unknown

• Most are statistical uncertainty dominated

• Partial wave analysis much less than charmed meson

• …

➢ More data, more channels and more variables

• BEPCII-U is collecting 4.68 GeV data now (9 fb−1 more)

• Cabibbo-suppressed and multi-body decays

• Branching fraction, decay asymmetry parameter, CP violation variables

• …
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BEPCII
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BESIII detector



Data samples
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➢ Totally about 50 fb−1 from 2.0-4.95 GeV

➢ Data for charmed baryon studies

✓ 0.587 fb−1 @4.6 GeV in 2014

✓ 3.9 fb−1 4.61-4.70 GeV scan data in 2020-2021

✓ 1.9 fb−1 4.74-4.95 GeV scan data 2021-2022

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

pairs  
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Unique abilities in 𝜦𝒄
+ decays

➢ Single-Tag method (ST)

✓ High efficiency vs High background

➢ Double-Tag method (DT)

✓ Low background vs low efficiency

✓ Absolute BFs

✓ Missing particles

➢ Deep learning method

✓ Powerful vs validation

✓ Event level topology 

✓ Two missing particles 

✓ … 

𝒆+ 𝒆−

𝜦𝒄
+

ഥ𝚲𝒄
−

ഥ𝒑 𝑲+
𝝅−

𝒑 𝝅𝟎

𝜸𝜸

𝒆+ 𝒆−

𝜦𝒄
+

ഥ𝚲𝒄
−

Anything

𝒑 𝝅𝟎

𝜸𝜸



Λ𝑐
+ → Σ𝐾S

0𝜋+ & Λ𝑐
+ → Σ𝐾𝑆

0𝐾+
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➢ SCS Λ𝑐
+ → Σ𝐾𝑆

0𝜋+ never been searched, Λ𝑐
+ → Σ𝐾∗ and Λ𝑐

+ → Σ∗𝐾𝑆
0 could contribute

➢ CF Λ𝑐
+ → Σ𝐾𝑆

0𝐾+ not been observed, only an upper limit 1.28 × 10−3 @90% C.L. (DT from BESIII), 

Λ𝑐
+ → Σ𝑎0(980)

+ could contribute 

➢ All involve internal W-emission and W-exchange contributions 

➢ ST method used, Λ𝑐
+ → Σ𝐾𝑆

0𝜋+ with 5.9 𝜎 and Σ𝐾𝑆
0𝐾+ with 3.7 𝜎

Submitted to JHEP(arXiv:2602.22754) 

https://arxiv.org/abs/2602.22754


Λ𝑐
+ → Σ𝐾S

0𝜋+ & Λ𝑐
+ → Σ𝐾𝑆

0𝐾+
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• ℬ Λ𝑐
+ → Σ𝐾𝑆

0𝜋+ higher than SU(3) prediction based on non-resonant contribution

• ℬ Λ𝑐
+ → Σ𝐾∗+ consistent with SU(3) prediction, resonant contribution plays a very 

significant role 

• ℬ Λ𝑐
+ → Σ𝐾𝑆

0𝐾+  consistent with previous search and SU(3) prediction

Submitted to JHEP(arXiv:2602.22754) 

https://arxiv.org/abs/2602.22754
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𝛬𝑐
+ → 𝑝𝜂′

➢ Two-body SCS decay with much interest, predictions range from 10−3 − 10−4

➢ Experimental results 2022:

• Belle first observed with 5.4 𝜎

• BESIII observed an evidence with DT of 3.6 𝜎

➢ ST and Deep neural network (DNN) used

Submitted to JHEP (arXiv: 2602.11974)
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𝛬𝑐
+ → 𝑝𝜂′

• Evidence with 3.4 𝜎

•
ℬ Λ𝑐

+→𝑝𝜂′

ℬ Λ𝑐
+→𝑝𝜔

= 0.55 ± 0.22 ± 0.05

✓ ℬ Λ𝑐
+ → 𝑝𝜂′ = (6.15 ± 2.45 ± 0.53 ±

1.16) × 10−4, consistent with previous 

results and most predictions

• ST and DNN suppress background by two 

orders of magnitude, higher signal yield 

than DT

Submitted to JHEP (arXiv: 2602.11974)
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𝛬𝑐
+ → 12 hadronic modes

➢ CF modes including the golden mode Λ𝑐
+ → 𝑝𝐾−𝜋+ were measured 2016 with 0.587 fb−1 4.6 GeV 

data 

• ℬ Λ𝑐
+ → 𝑝𝐾−𝜋+ = 6.24 ± 0.28 %, precision is crucial for other experiments and excited-

charm and bottom baryons (e.g. LHCb, Belle and Babar) 

• More data and better simulation, a global least-square fit is implemented simultaneously 

Submitted to JHEP (arXiv: 2601.01503v2)
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𝛬𝑐
+ → 12 hadronic modes

➢Most precise measurement:

• Improved by a factor of 2-3 

• Cross sections and Λ𝑐
+ effective 

form factors at different energy 

are consistent with and more 

precise than our previous 

measurements 2023 (one mode 

and 4.6-4.95 GeV).

Submitted to JHEP (arXiv: 2601.01503v2)
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𝚲𝒄
+ → 𝒑𝑲𝑺

𝟎、𝚲𝝅+、𝚺𝟎𝝅+、𝚺+𝝅𝟎

➢ Decay asymmetry parameters 𝛼, 𝛽, 𝛾 provide irreplaceable constraints on models

➢ Transverse polarization (𝒫𝑇 ) of 𝑒+𝑒− → 𝛬𝑐
+ ҧ𝛬𝑐

− never been observed

• Similar with hyperon pair productions, Λ𝑐
+ can acquire polarization

• Comes from electromagnetic form factors of Λ𝑐
+

• Changes with center-of-mass energy 𝐸𝑐𝑚𝑠

• 𝛬𝑐
+ → p𝐾−𝜋+ included in the simultaneous fit

Submitted to PRX (arXiv:2508. 11400v3)

α𝐵𝑃
Λ𝑐
+

=
2𝑅𝑒(𝑆∗𝑃)

|𝑆|2+|𝑃|2
=
|𝐴−1/2|

2−|𝐴1/2|
2

|𝐴1/2|
2+|𝐴−1/2|

2
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𝚲𝒄
+ → 𝒑𝑲𝑺

𝟎、𝚲𝝅+、𝚺𝟎𝝅+、𝚺+𝝅𝟎
Submitted to PRX (arXiv:2508. 11400v3)

A simultaneous unbinned maximum log-likelihood fit
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𝚲𝒄
+ → 𝒑𝑲𝑺

𝟎、𝚲𝝅+、𝚺𝟎𝝅+、𝚺+𝝅𝟎
Submitted to PRX (arXiv:2508. 11400v3)

• EMFF-related 𝛼0 consistent with previous results but more precise

• Polarization is strongly dependent on Λ𝑐
+ momentum direction 𝑐𝑜𝑠𝜃0(max~12%)
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𝚲𝒄
+ → 𝒑𝑲𝑺

𝟎、𝚲𝝅+、𝚺𝟎𝝅+、𝚺+𝝅𝟎
Submitted to PRX (arXiv:2508. 11400v3)

Dynamic parameters 𝐴 = 𝑠, 𝐵 = 𝜅𝑝, relative 

phase shift 𝛿𝑝 − 𝛿𝑠, other two Lee-Yang 

parameters, 𝛼 − induced CP, weak and strong 

phase shifts observables also obtained
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Λ𝑐
+ → 𝑝𝐾+𝐾−

➢ Partial wave analysis:

✓ SCS decay and large ℬ, golden channel for investigating CP violation in charmed baryon 

decays

✓ Dominate by Λ𝑐
+ → 𝑝𝜙(1020), but interference with the three-body decay

Submitted to PRD (arXiv:2603.08469)
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Λ𝑐
+ → 𝑝𝐾+𝐾−

• ℬ Λ𝑐
+ → 𝑝𝐾+𝐾− = 9.94 ± 0.65 ± 0.50 × 10−4, more precise but deviates from CLEO’s by 2𝜎

• ℬ Λ𝑐
+ → 𝑝𝜙 1020 = (1.21 ± 0.11 ± 0.08 ± 0.01) × 10−3, most precise one

Submitted to PRD (arXiv:2603.08469)
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Λ𝑐
+ → Λ𝑋

➢ Inclusive analysis:

✓ Infer the extent of the undiscovered decays

✓ BESIII 2018 measured ℬ Λ𝑐
+ → Λ𝑋 = 38.2−2.2

+2.8 ± 0.9 % vs observed exclusive 31.36 ± 1.09 %
✓ More data could measure more precise ℬ, inclusive CPV and longitudinal polarization of Λ

➢ 2-D fit and DT method 

Submitted to PRL (arXiv:2602.24089)
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Λ𝑐
+ → Λ𝑋

✓ ℬ Λ𝑐
+ → Λ𝑋 = 38.07 ± 0.38 ± 0.49 %, precision improved by a factor of four, (
)

6.71 ±
1.25 % unknown 

✓ 𝒜𝐶𝑃
𝑑𝑖𝑟 ≡ [ℬ Λ𝑐

+ → Λ𝑋 − ℬ Λ𝑐
+ → ഥΛ𝑋 ]/ ℬ Λ𝑐

+ → Λ𝑋 + ℬ Λ𝑐
+ → ഥΛ𝑋 = 1.5 ± 1.0 ± 1.0 %

✓ 𝒫Λ = −0.393 ± 0.055 ± 0.020 and 𝒫ഥΛ = 0.288 ± 0.056 ± 0.017

✓ 𝒜𝐶𝑃
𝑝𝑜𝑙

≡ (𝒫Λ𝛼− − 𝒫ഥΛ𝛼+)/ 𝒫Λ𝛼− + 𝒫ഥΛ𝛼+ = 0.15 ± 0.12 ± 0.04

Submitted to PRL (arXiv:2602.24089)
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Submitted to PRD (arXiv: 2512.05178)

➢ BESIII have seen 𝛬𝑐
+ → Λ∗𝑒+𝜈 evidence with 𝛬𝑐

+ → 𝑝𝐾−𝑒+𝜈, ℬ(Λ∗ → Σ𝜋) is large

➢ Under isospin symmetry, the two should be same

𝜦𝒄
+ → 𝚺±𝝅∓𝒆+𝝂

✓ Evidence is found with 3.6 𝜎

✓ ℬ 𝛬𝑐
+ → 𝛴±𝜋∓𝑒+𝜈 = (7.7−2.3

+2.5±1.3) × 10−4, assume all 𝛴±𝜋∓ from Λ∗, consistent with quark 

model prediction 0.36% within 2 𝜎
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Submitted to PRD (arXiv: 2512.05178)
𝜦𝒄
+ → 𝚺±𝝅∓𝒆+𝝂

Hint for Λ∗
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➢ BEPCII-U and BESIII is currently working well and may have a major machine upgrade in the future (× 10 lumi.)

• Triple the luminosity @4.7 GeV (now about 2 times)

• Center-of-mass energy will up to 5.6 GeV

• Replaced inner MDC with CGEM 

Prospect

➢ 9 fb−1 more 4.68 GeV Λc
+ data is 

collecting from 2026.02-2027

➢ >5 GeV data will start in 2028



Summary
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➢ World’s largest threshold data makes BESIII dominant 𝜦𝒄
+ measurments.

➢ Fruitful results released recently

• Hadronic decays

• Inclusive decays

• Semi-leptonic decays

• …

➢ First observation of the transverse polarization of 𝜦𝒄
+ and deep learning method provides

opportunity to many analyses of BESIII.

➢ BEPCII-U is more efficient and 9 𝐟𝐛−𝟏 more data is collecting @ 4.68 GeV.

➢ Charm is charming, more will come...

Thanks for your attention!



BACK UP
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