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3

➢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.

➢Calculation is difficult, many phenomenology methods 

are developed, most need experimental results input. 



4

BEPCII
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BESIII detector



Data samples

6

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

➢ Data for charmed baryon studies

✓ 0.567 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 

✓ … 
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Λ𝑐
+ → Ξ0𝐾+
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➢ Pure W-exchange process

• Only receives non-factorizable contribution

• Longstanding puzzle on how large the S-wave amplitude

➢ Multidimensional angular fit using helicity basis

Physical Review L 132,031801(2024)



Λ𝑐
+ → Ξ0𝐾+
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➢ Decay asymmetry results

✓ 𝛼Ξ0𝐾+ = 0.01 ± 0.16 ± 0.03
✓ ∆Ξ0𝐾+= 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

𝛼2 + 𝛽2 + 𝛾2 = 1 𝛼 =
2𝑅𝑒(𝑆 ∗ 𝑃)

|𝑆|2 + |𝑃|2

𝛽 = 1 − 𝛼2𝑠𝑖𝑛Δ 𝛾 = 1 − 𝛼2𝑐𝑜𝑠Δ

• 𝛼Ξ0𝐾+ in good agreement with zero, providing strong 

identification for theoretical predictions

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

previous literature 

• Fill the long-standing puzzle on how to model 𝛼Ξ0𝐾+, 

and ℬ(Λ𝑐
+ → Ξ0𝐾+) simultaneously

Physical Review L 132,031801(2024)



Λ𝑐
+ → Ξ0𝐾+
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SU(3) include contributions from penguin diagrams:

Zhi-Peng Xing, Yu-ji Shi, Jin Sun and Ye Xing, Eur. Phys. J. C (2024) 84:1014

Jin Sun, Zhi-Peng Xing and Ruilin Zhu, Eur. Phys. J. C (2025) 85:262

SU(3) consider two more form factors: 

Case II (complex form factors) seems better



Λ𝑐
+ → Ξ0𝐾+
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Chao-Qiang Geng, Xiao-Gang He, Xiang-nan Jin, Chai-Wei Liu and Chang Yang, Phys. Rev. D 109, L071302 (2024)

Hai-Yang Cheng, Fanrong Xu and Huiling Zhong, Phys. Rev. D 111, 034011 (2025) +LHCb new results

All prefer solution1: 𝛿𝑝 − 𝛿𝑆 = −1.55 ± 0.25 ± 0.05 rad

𝛿𝑝 − 𝛿𝑆 = −2.06 ± 0.50 rad

SU(3) take both branching fractions and decay asymmetries as input data: 

Light-cone sum rules:

Yu-ji Shi and Zhen-Xing Zhao, 

Phys. Rev. D 110, 096015 (2024)

All 𝛼Ξ0𝐾+ consistent with 

0, but all with lower ℬ



Λ𝑐
+ → 𝑝𝐾L,𝑆

0 , 𝑝𝐾L,𝑆
0 𝜋+𝜋− and 𝑝𝐾L,𝑆

0 𝜋0
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➢ 𝐾𝑆
0 − 𝐾L

0 asymmetry offer possibility to DCS decays:

✓ The ratio of amplitudes for CF and DCS is expected to be proportional to |𝑉𝑢𝑑
∗ 𝑉𝑐𝑠/𝑉𝑢𝑠

∗ 𝑉𝑐𝑑|
✓ DCS are rare to directly observe

✓ 𝐾𝑆
0 − 𝐾L

0 asymmetry arises from interference of CF and DCS, provide new way to indirect 

search for DCS

✓ Non-zero asymmetry value indicates existence of DCS decays

➢ It has been studied in charmed mesons, but never in Λ𝑐
+

Λ𝑐
+ → 𝑝𝐾L

0 Λ𝑐
+ → 𝑝𝐾L

0 𝜋+𝜋−
Λ𝑐
+ → 𝑝𝐾L

0 𝜋0

JHEP 09 (2024) 007



Λ𝑐
+ → 𝑝𝐾L,𝑆

0 , 𝑝𝐾L,𝑆
0 𝜋+𝜋− and 𝑝𝐾L,𝑆

0 𝜋0
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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
+ → 𝑝𝐾L,𝑆

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

JHEP 09 (2024) 007



Λ𝑐
+ → Λ/Σ𝐾+𝜋0 & Λ𝑐

+ → Λ/Σ𝐾+𝜋+𝜋−
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➢ Singly Cabibbo-suppressed decays with 10−4 − 10−3 branching fraction

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

➢ ST method used

✓ First observation of Λ𝑐
+ → Λ𝐾+𝜋0(5.7𝜎) and evidence of Λ𝑐

+ → Λ𝐾+𝜋+𝜋−(3.1𝜎)

• ℬ Λ𝑐
+ → Λ𝐾+𝜋0 = (1.49 ±

0.27 ± 0.05 ± 0.08) × 10−3, 

deviates from SU(3) 

predictions (4.5 ± 0.8) × 10−3

and (3.5 ± 0.6) × 10−3 by 3.5𝜎
and 3.0𝜎.

• ℬ Λ𝑐
+ → Λ𝐾+𝜋+𝜋− = (4.13 ±

1.48 ± 0.20 ± 0.33) × 10−4, 

consistent with BaBar’s result.

Physical Review D 109, 032003 (2024)

Chinese Physics C Vol. 49, No. 8 (2025)



Λ𝑐
+ → Λ/Σ𝐾+𝜋0 & Λ𝑐

+ → Λ/Σ𝐾+𝜋+𝜋−
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➢ Singly Cabibbo-suppressed decays with 10−4 − 10−3 branching fraction

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

➢ ST method used

✓ First observation of Λ𝑐
+ → Λ𝐾+𝜋0(5.7𝜎) and evidence of Λ𝑐

+ → Λ𝐾+𝜋+𝜋−(3.1𝜎)

✓ Upper limit of Λ𝑐
+ → Σ𝐾+𝜋0 and Σ𝐾+𝜋+𝜋−

• ℬ Λ𝑐
+ → Σ𝐾+𝜋0 lower than SU(3) by ~2𝜎 and than statistical isospin model by ~3𝜎

• ℬ Λ𝑐
+ → Σ𝐾+𝜋+𝜋− less stringent than BaBar’s result

Physical Review D 109, 032003 (2024)

Chinese Physics C Vol. 49, No. 8 (2025)



Λ𝑐
+ → Λ𝐾𝑆

0𝐾+/Λ𝐾𝑆
0𝜋+/Λ𝐾∗+
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➢ Inclusive ℬ Λ𝑐
+ → Λ𝑋 = 38.2−2.2

+2.8 ± 0.9 % vs known exclusive 30.4 ± 1.3 %

➢ Inclusive ℬ Λ𝑐
+ → 𝐾𝑆

0𝑋 = 9.9 ± 0.6 ± 0.4 % vs known exclusive 8.1 ± 0.4 %

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

➢ 2-D fit of 𝑀BC, 𝑀 𝑝𝜋− for Λ𝑐
+ → Λ𝐾𝑆

0𝐾+

➢ 3-D fit of 𝑀BC, 𝑀 𝜋+𝜋− and 𝑀 𝐾𝑆
0𝜋+ for Λ𝑐

+ → Λ𝐾𝑆
0𝜋+, under three assumptions of interference 

between the NR and Λ𝐾∗+

Physical Review D 111, 012014 (2025)



Λ𝑐
+ → Λ𝐾𝑆

0𝐾+/Λ𝐾𝑆
0𝜋+/Λ𝐾∗+
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• ℬ Λ𝑐
+ → Λ𝐾𝑆

0𝐾+  consistent with PDG but with improved precision

• First observation of Λ𝑐
+ → Λ𝐾𝑆

0𝜋+, lower than SU(3) by ~4𝜎

• Evidence of Λ𝑐
+ → Λ𝐾∗+, studied for the first time(4.71𝜎)

Physical Review D 111, 012014 (2025)

(10−3)



Brief summary of Λ𝑐
+ decay with a hyperon
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Channel BESIII Predictions Predictions Comparison

ℬ(Λ𝑐
+ → Λ𝐾+)(10−4) 6.21 ± 0.44 ± 0.26 ± 0.34 SU(3) 1997[1]: 14

SU(3) 2018[2]: 4.6 ± 0.9

Constituent quark model[3]: 12

Current algebra[4]:10.6

Diquark picture[5]: 1.8-3.9

Significantly overestimate 

Consistent

ℬ(Λ𝑐
+ → Σ𝐾+)(10−4) 4.7 ± 0.9 ± 0.1 ± 0.3 SU(3) 2019[6]: 5.4 ± 0.7 MIT bag model[7]: 7.2 ± 1.8

Diagrammatic analysis[8]: 5.5 ± 1.6
IRA method[9]: 5.0 ± 0.6
Constituent quark model[3]: 2(8)

Consistent and generally 

overestimate

Consistent

ℬ(Λ𝑐
+ → Σ+𝐾𝑆

0)(10−4) 4.8 ± 1.4 ± 0.2 ± 0.3 SU(3) 2019[6]: 5.4 ± 0.7 MIT bag model[7]: 7.2 ± 1.8
Diagrammatic analysis[8]: 9.6 ± 2.4
IRA method[9]: 1.0 ± 0.4 (2.5𝜎)

Constituent quark model[3]: 2(4)

Consistent and generally 

overestimate

Consistent

ℬ(Λ𝑐
+ → Λ𝐾+𝜋0)(10−3) 1.49 ± 0.27 ± 0.05 ± 0.08 SU(3) 2019[10]: 4.5 ± 0.8(3.5𝜎)

SU(3) 2019[11]: 3.5 ± 0.6(3.0𝜎)

SU(3) 2024[12]: 1.36 ± 0.25

- Overestimate

Consistent

ℬ(Λ𝑐
+ → Λ𝐾𝑆

0𝜋+)(10−3) 1.73 ± 0.26 ± 0.10 SU(3) 2019[10]: 4.4 ± 0.7(4.0𝜎)

SU(3) 2024[12]: 2.0 ± 0.4
- Overestimate 

Consistent

ℬ(Λ𝑐
+ → Λ𝐾𝑆

0𝐾+)(10−3) 3.04 ± 0.30 ± 0.16 SU(3) 2019[10]: 2.8 ± 0.6
SU(3) 2024[12]: 2.7 ± 0.5

- Consistent

ℬ(Λ𝑐
+ → Λ𝐾∗+)(10−3) 2.4 ± 0.58 ± 0.11(no interference)

5.21 ± 0.71 ± 0.25(𝜃0 = 109°)
1.29 ± 0.44 ± 0.06(𝜃0 = 221°)

SU(3) 2020[13]: 3.4 ± 0.4 light-front approach[14]: 1.97

Final-state re-scattering[15]: 4.71−0.20
+0.48

-

ℬ(Λ𝑐
+ → Σ𝐾+𝜋0)(10−4) < 5.0 × 10−4 SU(3) 2019[10]: 12 ± 3(2.4𝜎)

SU(3) 2019[11]: 7.8 ± 2.3(1.7𝜎)

SU(3) 2024[12]: 8.2 ± 1.4(2.0𝜎)

Statistical isospin model[16]: 21 ± 6(2.9𝜎) Overestimate

Reference list
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Channel BESIII Predictions Predictions Comparison

ℬ(Λ𝑐
+ → Λ𝐾+)(10−4) 6.21 ± 0.44 ± 0.26 ± 0.34 SU(3) 1997[1]: 14

SU(3) 2018[2]: 4.6 ± 0.9

Constituent quark model[3]: 12

Current algebra[4]:10.6

Diquark picture[5]: 1.8-3.9

Significantly overestimate 

Consistent

ℬ(Λ𝑐
+ → Σ𝐾+)(10−4) 4.7 ± 0.9 ± 0.1 ± 0.3 SU(3) 2019[6]: 5.4 ± 0.7 MIT bag model[7]: 7.2 ± 1.8

Diagrammatic analysis[8]: 5.5 ± 1.6
IRA method[9]: 5.0 ± 0.6
Constituent quark model[3]: 2(8)

Consistent and generally 

overestimate

Consistent

ℬ(Λ𝑐
+ → Σ+𝐾𝑆

0)(10−4) 4.8 ± 1.4 ± 0.2 ± 0.3 SU(3) 2019[6]: 5.4 ± 0.7 MIT bag model[7]: 7.2 ± 1.8
Diagrammatic analysis[8]: 9.6 ± 2.4
IRA method[9]: 1.0 ± 0.4 (2.5𝜎)

Constituent quark model[3]: 2(4)

Consistent and generally 

overestimate

Consistent

ℬ(Λ𝑐
+ → Λ𝐾+𝜋0)(10−3) 1.49 ± 0.27 ± 0.05 ± 0.08 SU(3) 2019[10]: 4.5 ± 0.8(3.5𝜎)

SU(3) 2019[11]: 3.5 ± 0.6(3.0𝜎)

SU(3) 2024[12]: 1.36 ± 0.25

- Overestimate

Consistent

ℬ(Λ𝑐
+ → Λ𝐾𝑆

0𝜋+)(10−3) 1.73 ± 0.26 ± 0.10 SU(3) 2019[10]: 4.4 ± 0.7(4.0𝜎)

SU(3) 2024[12]: 2.0 ± 0.4
- Overestimate 

Consistent

ℬ(Λ𝑐
+ → Λ𝐾𝑆

0𝐾+)(10−3) 3.04 ± 0.30 ± 0.16 SU(3) 2019[10]: 2.8 ± 0.6
SU(3) 2024[12]: 2.7 ± 0.5

- Consistent

ℬ(Λ𝑐
+ → Λ𝐾∗+)(10−3) 2.4 ± 0.58 ± 0.11(no interference)

5.21 ± 0.71 ± 0.25(𝜃0 = 109°)
1.29 ± 0.44 ± 0.06(𝜃0 = 221°)

SU(3) 2020[13]: 3.4 ± 0.4 light-front approach[14]: 1.97

Final-state re-scattering[15]: 4.71−0.20
+0.48

-

ℬ(Λ𝑐
+ → Σ𝐾+𝜋0)(10−4) < 5.0 × 10−4 SU(3) 2019[10]: 12 ± 3(2.4𝜎)

SU(3) 2019[11]: 7.8 ± 2.3(1.7𝜎)

SU(3) 2024[12]: 8.2 ± 1.4(2.0𝜎)

Statistical isospin model[16]: 21 ± 6(2.9𝜎 ) Overestimate

Reference list
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𝛬𝑐
+ → 𝑝𝜋0

➢ Two-body SCS decay with much interest.

➢ A long-standing contradiction between experimental results and SU(3) predictions.

➢ Previous experimental results 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

Physical Review D 109, L091101 (2024)

Physical Review D 111, L051101 (2025)
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𝛬𝑐
+ → 𝑝𝜋0

➢ Difficulty to the observation:

• ST with high hadron background

• DT with low signal efficiency 

➢ Observation achieved recently with a novel deep learning method 

• Use Transformer-based deep neural network (DNN) to 

classify signal and background decay topologies

• 𝛬𝑐
+ → 𝑝𝜂 as reference channel

Physical Review D 109, L091101 (2024)

Physical Review D 111, L051101 (2025)
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𝛬𝑐
+ → 𝑝𝜋0

✓
ℬ Λ𝑐

+→𝑝𝜋0

ℬ Λ𝑐
+→𝑝𝜂

= 0.120 ± 0.026 ± 0.007 with 5.4𝜎

✓ 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

✓ The deep learning approach could be directly 

applicable to many other studies…

Physical Review D 109, L091101 (2024)

Physical Review D 111, L051101 (2025)
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Λ𝑐
+ → Λ𝜋+𝜂

➢ Partial wave analysis:

✓ Opportunity to probe lighter exotic states

✓ Nature of scalar meson 𝑎0(980)
+ remains elusive

✓ Golden channel to study low-lying exited baryons like Σ1/2−
∗

➢ ST with 6.1 fb−1 data from 4.6-4.843 GeV 

Physical Review L 134, 021901 (2025)
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Λ𝑐
+ → Λ𝜋+𝜂

✓ Λ𝑐
+ → Λ𝑎0(980)

+ is first observed with 13.1𝜎

✓ Evidence for potential pentaquark state Σ(1380)+

• Statistical significance 6.1𝜎 (3.3𝜎) without 

(with) 𝜋+𝜂 non-resonant contribution

✓ First determined the decay asymmetry parameters 

of the three intermediate processes

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

+0.43 

in SU(3) [6]

• 𝛼 Λ𝑐
+ → Λ𝑎0(980)

+  contradicts with the small 

value(~0) in Triangle re-scattering [2]

Physical Review L 134, 021901 (2025)
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Λ𝑐
+ → Λ𝜋+𝜂

• ℬ Λ𝑐
+ → Λ𝜋+𝜂 consistent with the previous results of BESIII and Belle

• ℬ Λ𝑐
+ → Λ𝑎0(980)

+ × ℬ 𝑎0(980)
+→ 𝜋+𝜂 , larger than theoretical 

calculations by 1-2 orders of magnitude

• ℬ Λ𝑐
+ → Σ(1385)+𝜂 differs with Belle, [4] and [5] over 3𝜎

• Crucial to calibrate nonfactorizable contribution in theory

BESIII Belle This work Predictions

ℬ Λ𝑐
+ → Λ𝜋+𝜂 (%) 1.84 ± 0.26 1.84 ± 0.13 1.94 ± 0.07 ± 0.01 [1] 1.93 ± 0.27

ℬ Λ𝑐
+ → Λ𝑎0(980)

+ ×
ℬ 𝑎0(980)

+ → 𝜋+𝜂 (%)

- - 1.05 ± 0.16 ± 0.05 ± 0.07 [2] 0.17−0.1
+0.28 ± 0.3

[3] 0.019

ℬ Λ𝑐
+ → Σ(1385)+𝜂 (10−3 ) 9.1 ± 2.0 12.1 ± 1.2 6.78 ± 0.58 ± 0.16 ± 0.47 [4] 10.4

[5] 2.1 ± 1.1(1.4 ± 1.0)

[6] 6.2 ± 0.5(3.1 ± 0.6)

[7] 5.3 ± 0.8(7.3 ± 1.5)

ℬ Λ𝑐
+ → Λ(1670)𝜋+ ×

ℬ Λ(1670) → Λ𝜂 (10−3)

- 3.48 ± 0.53 2.74 ± 0.54 ± 0.24 ± 0.18 -

[1] SU(3): Phys. Rev. D 109 (2024) 093002 

[2] Triangle re-scattering: J. Phys. G. 36.075005 (2009)

[3] Tetraquark state: Phys. Lett. B.820.136586 (2021)

[4] Current algebra: Z. Phys. C 55 (1992) 659-670

[5] SU(3) 𝜂 − 𝜂′ mixing: Phys. Rev. D.55 (1997) 7067-7074

[6] SU(3) effective Hamiltonian: Phys. Rev. D.99 (2019) 114022

[7] SU(3) quark-diagram scheme: Eur. Phys. J. C.80.1067

Physical Review L 134, 021901 (2025)
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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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✓ 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)
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➢ BEPCII(-U) and BESIII is currently under a major machine upgrade

• Triple the luminosity @4.7 GeV

• Center-of-mass energy up to 5.6 GeV

• Replace inner MDC with CGEM 

Prospect

➢ 9 fb−1 more 4.68 GeV Λc
+ data has 

been planned in 2025-2026

➢ >5 GeV data will start in 2028



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

➢ Fruitful results released recently

• Hadronic decays

• Semi-leptonic decays

➢ Long-standing search channel 𝜦𝒄
+ → 𝒑𝝅𝟎 and milestone channel 𝜦𝒄

+ → 𝒏𝒆+𝝂 were firstly observed and 

studied with deep learning method, which provide opportunity to many analyses of BESIII.

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

➢ Charm is charming, more will come...

Thanks for your attention!



BACK UP
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Brief summary of Λ𝑐
+ decay with a hyperon
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