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Λ𝑐
+: The lightest charmed baryon

⚫ Λ𝑐
+ may reveal more information of 

strong- and weak-interactions in charm 

region, complementary to D/Ds.

⚫ Most of the charmed baryons will eventually 

decay to Λ𝑐
+.

⚫ The Λ𝑐
+ is one of important tagging 

hadrons in c-quark counting in the 

productions at high energy experiment.
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New data samples in 2020 and 2021
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Production measurement near threshold
⚫ 𝑒+𝑒− → Λ𝑐

+ഥΛ𝑐
− cross section are measured at twelve energy 

points from 4.612-4.951 GeV.

⚫ Indicate no enhancement around Y(4630) resonance.
    => Conflict with Belle.

⚫ |GE/GM| ratio are derived by fitting to angular distribution.

⚫ The oscillations on |GE/GM| ratio is significantly observed 
with higher frequency than of the proton.

PhysRevLett.131.191901(2023)
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Studies on the Λ𝑐
+ hadronic measurements 

at BESIII using data 20/21

 Λ𝑐
+ → 𝑛𝜋+

 Λ𝑐
+ → Σ0𝐾+, Σ+𝐾𝑆

0

 Λ𝑐
+ → 𝑝𝜋0

 Λ𝑐
+ → 𝑝𝜂, 𝑝𝜔

 Λ𝑐
+ → Λ𝐾+

 Λ𝑐
+ → 𝑝𝜂′

 Λ𝑐
+ → Ξ0𝐾+

➢ Two-body decays 

: PRL 128.142001 (2022).

: PRD 106.052003 (2022).

: arXiv 2311.06883.

: JHEP 11.137 (2023).

: PRD 106.L111101 (2022).

: PRD 106.072002 (2022).

: PRL 132.031801 (2024).

➢ Multi-body decays 
 Λ𝑐

+ → 𝑛𝐾𝑆
0𝜋+𝜋0

 Λ𝑐
+ → 𝑛𝐾𝑆

0𝜋+, 𝑛𝐾𝑆
0𝐾+

 ഥΛ𝑐
− → ത𝑛𝑋

 Λ𝑐
+ → Λ𝐾+𝜋0, Λ𝐾+𝜋+𝜋−

 Λ𝑐
+ → Ξ0𝐾+𝜋0

 Λ𝑐
+ → Σ−𝐾+𝜋+

 Λ𝑐
+ → Σ+𝐾+𝐾−, Σ+𝜙, Σ+𝐾+𝜋−(𝜋0)

 Λ𝑐
+ → 𝑛𝜋+𝜋0, 𝑛𝜋+𝜋−𝜋+, 𝑛𝐾−𝜋+𝜋+

 Λ𝑐
+ → Λ𝜋+𝜋0

: PRD 109.053005 (2024).

: PRD 109.072010 (2024).

: PRD 108.L031101 (2023).

: PRD 109.032003 (2024).

: PRD 109.052001 (2024).

: PRD 109.L071103 (2024).

: JHEP 09.125 (2023).

: CPC 47.023001 (2023).

: JHEP 12.033 (2022).
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First observation of Λ𝑐
+ → 𝑛𝜋+

PRL 128.142001 (2022)

N 𝑛𝜋+ = 50 ± 9

⚫ First singly Cabibbo-suppressed Λ𝑐
+ decay involved neutron was observed (7.3𝜎).

⚫ Absolute BF is measured to be ℬ Λ𝑐
+ → 𝑛𝜋+ = 6.6 ± 1.2𝑠𝑡𝑎𝑡. ± 0.4𝑠𝑦𝑠𝑡. × 10−4.

=>Consistent with SU(3) flavor symmetry prediction. [PLB790,225 (2019)]

=>Twice larger than the dynamical calculation based on Pole model and CA. [PRD97,074028 (2018)]

⚫ ℬ Λ𝑐
+ → Λ𝜋+ = 1.31 ± 0.08𝑠𝑡𝑎𝑡. ± 0.05𝑠𝑦𝑠𝑡. × 10−2.

⚫ ℬ Λ𝑐
+ → Σ0𝜋+ = 1.22 ± 0.08𝑠𝑡𝑎𝑡. ± 0.07𝑠𝑦𝑠𝑡. × 10−2.

=> Consistent with previous BESIII results

=> Consistent with previous BESIII results

⚫ 𝑅 =
ℬ Λ𝑐

+→𝑛𝜋+

ℬ Λ𝑐
+→𝑝𝜋0 > 7.2 @90% 𝐶. 𝐿. (ℬ Λ𝑐

+ → 𝑝𝜋0 < 8.0 × 10−5 @90% 𝐶. 𝐿. From Belle)

=>Disagrees with SU(3) flavor symmetry and dynamical calculation (2.0-4.7) while in consistent with SU(3) 

plus topological-diagram approach (9.6).
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PRL 132.031801 (2024)

⚫ Λ𝑐
+ → Ξ0𝐾+ is pure W-exchange process which have 

significant contributions in charmed baryon decay.

⚫ Nonfactorizable W-exchange diagram cannot be 
calculated using theoretical approaches.

⚫ Experimental  measurement of decay asymmetry is crucial and urgent.

⚫ Long-standing puzzle on how large the S-wave 
amplitude.
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Decay Asymmetry of Λ𝑐
+ → Ξ0𝐾+

PRL 132.031801 (2024)

⚫ The joint angular distribution 
for Λ𝑐

+ → Ξ0𝐾+ is derived based 
on helicity amplitude.
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PRL 132.031801 (2024)

⚫ From the fit, we obtain
𝛼Ξ0𝐾+ = 0.01 ± 0.16𝑠𝑡𝑎𝑡. ± 0.03𝑠𝑦𝑠𝑡. ,

ΔΞ0𝐾+ = 3.84 ± 0.90𝑠𝑡𝑎𝑡. ± 0.17𝑠𝑦𝑠𝑡. .

⚫ 𝛼Ξ0𝐾+ is in good agreement with zero.

=> strong identification for theoretical predictions.

⚫ Especially, cos(𝛿𝑝 − 𝛿𝑠) is measured to 

close to zero. => Not considered in previous literature.

⚫ Fills the long-standing puzzle on how to 
model 𝛼Ξ0𝐾+  and ℬ Λ𝑐

+ → Ξ0𝐾+  simultaneously.

⚫ After considered the phase shift, some 
calculations

−0.15 ± 0.14
−0.16 ± 0.13
−0.19 ± 0.12

✓ Geng (2023), SU(3)
✓ Zhong (2024), TDA
✓ Zhong (2024), IRA

: PRD 109.L071302 (2024).

: arXiv 2401.15926.

: arXiv 2401.15926.
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BF measurement of Λ𝑐
+ → Ξ0𝐾+𝜋0

PRD 109.052001 (2024)

✓ ℬ Λ𝑐
+ → Ξ 1530 0𝐾+   =>  Consistent with previous BESIII results.

✓ ℬ Λ𝑐
+ → Ξ0𝐾+𝜋0 =>  Lower than prediction based on SU(3) symmetry.



Observation of SCS decay Λ𝑐
+ → Σ−𝐾+𝜋+

PRD 109.L071103 (2024)

⚫ Singly Cabibbo-suppressed decay Λ𝑐
+ → Σ−𝐾+𝜋+ was observed for the first time (5.4𝜎).

⚫ Absolute BF is measured to be ℬ Λ𝑐
+ → Σ−𝐾+𝜋+ = 3.8 ± 1.2𝑠𝑡𝑎𝑡. ± 0.2𝑠𝑦𝑠𝑡. × 10−4.

=>Consistent with SU(3) flavor symmetry prediction 3.3 ± 2.3 × 10−4. [PRD99, 073003 (2019)]

⚫

ℬ Λ𝑐
+→Σ−𝐾+𝜋+

ℬ Λ𝑐
+→Σ−𝜋+𝜋+ = 2.03 ± 0.73 % ≃ (0.4 ± 0.1)𝑠𝑐

2 (𝑠𝑐
2 ≡ 𝑠𝑖𝑛𝜃𝑐 = 0.2248)

=>Close to 
ℬ Ξ𝑐

0→Ξ−𝐾+

ℬ Ξ𝑐
0→Ξ−𝜋+  and deviates significantly from 1.0𝑠𝑐

2.

=>Ratio of isospin partner modes
ℬ Λ𝑐

+→Σ+𝐾+𝜋−

ℬ Λ𝑐
+→Σ+𝜋+𝜋−  consistent with 1.0𝑠𝑐

2.

⚫ ℬ Λ𝑐
+ → Ξ−𝐾+𝜋+ = 7.74 ± 0.76𝑠𝑡𝑎𝑡. ± 0.54𝑠𝑦𝑠𝑡. × 10−3.

⚫ ℬ Λ𝑐
+ → Ξ(1530)0𝐾+ = 5.03 ± 0.77𝑠𝑡𝑎𝑡. ± 0.20𝑠𝑦𝑠𝑡. × 10−3.

=> Consistent with PDG Fit

=> Consistent with previous BESIII results
[PLB783, 200-206 (2018)]
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7.9𝜎

7.8𝜎

> 10𝜎

𝒏𝝅+𝝅𝟎 𝒏𝝅+𝝅−𝝅+

𝒏𝑲−𝝅+𝝅+

Observation of multi-body SCS/CF decay involved neutron 
CPC 47.023001 (2023)

• Absolute BF is measured to be

ℬ Λ𝑐
+ → 𝑛𝜋+𝜋0 = 0.64 ± 0.09 ± 0.02 %,

ℬ Λ𝑐
+ → 𝑛𝜋+𝜋−𝜋+ = 0.45 ± 0.07 ± 0.03 %,

ℬ Λ𝑐
+ → 𝑛𝐾−𝜋+𝜋+ = 1.90 ± 0.08 ± 0.09 %.

Provides key SU(3) symmetry constraint

Rich intermediate resonance states

Consistent with 1.0𝑠𝑐
2

•
ℬ Λ𝑐

+→𝑝𝜋−𝜋+

ℬ Λ𝑐
+→𝑛𝜋+𝜋0 = 0.72 ± 0.11

•
ℬ Λ𝑐

+→𝑛𝜋+𝜋0

ℬ Λ𝑐
+→𝑛𝜋+ = 9.2 ± 2.4

•
ℬ Λ𝑐

+→𝑛𝜋+𝜋−𝜋+

ℬ Λ𝑐
+→𝑛𝐾−𝜋+𝜋+ = 0.24 ± 0.04
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JHEP 12.033 (2022)PWA for Λ𝑐
+ → Λ𝜋+𝜋0

⚫ About 10K events survived which purity is larger than 80%.

⚫ PWA based on helicity amplitude is performed.

⚫ Interference mostly exist  Λ𝜌 770  and Σ 1385 0/+𝜋+/0.
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JHEP 12.033 (2022)PWA for Λ𝑐
+ → Λ𝜋+𝜋0

⚫ Decay asymmetry parameters can 

be obtained by the fit results of 

the partial wave amplitudes.
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PWA for Λ𝑐
+ → Λ𝜋+𝜋0

JHEP 12.033 (2022)

⚫ No theoretical models is able to explain both BFs and decay asymmetries simultaneously.

⚫ Fruitful results are extracted which provide crucial input to extend the understanding of dynamics 

of charmed baryon hadronic decays.
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Some new results
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arXiv 2311.06883Λ𝑐
+ → 𝑝𝜋0

✓ℬ Λ𝑐
+ → 𝑝𝜋0 = (1.56−0.58

+0.72±0.20) × 10−4

✓
ℬ Λ𝑐

+→𝑝𝜋0

ℬ Λ𝑐
+→𝑛𝜋+ = 3.2−1.2

+2.2

✓ℬ Λ𝑐
+ → 𝑝𝜂 = (1.63 ± 0.31 ± 0.20) × 10−3

PRD 109.072010 (2024)Λ𝑐
+ → 𝑛𝐾𝑆

0𝜋+, 𝑛𝐾𝑆
0𝐾+

✓ ℬ Λ𝑐
+ → 𝑛𝐾𝑆

0𝜋+ = 1.86 ± 0.08 ± 0.04 × 10−2

✓ ℬ Λ𝑐
+ → 𝑛𝐾𝑆

0𝐾+ = 3.9−1.4
+1.7 ± 0.3 × 10−4 => Lower than prediction
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Some new results

PRD 109.032003 (2024)Λ𝑐
+ → Λ𝐾+𝜋0, Λ𝐾+𝜋+𝜋−

5.7𝜎

3.1𝜎

✓
ℬ Λ𝑐

+→Λ𝐾+𝜋0

ℬ Λ𝑐
+→Λ𝜋+𝜋0 = (2.09 ± 0.39 ± 0.07) × 10−2

✓
ℬ Λ𝑐

+→Λ𝐾+𝜋+𝜋−

ℬ Λ𝑐
+→Λ𝜋+𝜋+𝜋− = (1.13 ± 0.41 ± 0.06) × 10−2

✓ ℬ Λ𝑐
+ → Λ𝐾+𝜋0 =

(1.49 ± 0.27 ± 0.05 ± 0.08ref.) × 10−3

✓ℬ Λ𝑐
+ → Λ𝐾+𝜋+𝜋− =

(4.13 ± 1.48 ± 0.20 ± 0.33ref.) × 10−4

=> Lower than prediction based on SU(3)

=> Consistent with BaBar experiment

Λ𝑐
+ → 𝑛𝐾𝑆

0𝜋+𝜋0 PRD 109.053005 (2024)

9.2𝜎

✓ℬ Λ𝑐
+ → 𝑛𝐾𝑆

0𝜋+𝜋0 = 0.85 ± 0.13 ± 0.03 %

✓Differ from theoretical prediction based 

on isospin by 4.4𝜎.



Summary
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➢ BESIII have collected the largest data samples with 6.4fb-1 integrated 

luminosity from 4.60 to 4.95 GeV near the Λ𝑐
+ഥΛ𝑐

− production threshold.

➢ Many singly Cabibbo-suppressed Λ𝑐
+ decay involved neutron were 

observed for the first time.

➢ The polarization of pure W-exchange process Λ𝑐
+ → Ξ0𝐾+ was measured 

for the first time, which fills the long-standing puzzle on how to model 

𝛼Ξ0𝐾+ and ℬ Λ𝑐
+ → Ξ0𝐾+  simultaneously.

➢ The process Λ𝑐
+ → Λ𝐾+𝜋0 was observed and BF of Λ𝑐

+ → Ξ0𝐾+𝜋0 was 

updated, which are both lower than prediction based on SU(3) symmetry. 

➢ The SCS decay Λ𝑐
+ → Σ−𝐾+𝜋+ was observed for the first time and 

consistent with SU(3) flavor symmetry prediction 3.3 ± 2.3 × 10−4.

➢ The polarization of two-body intermediate channels in the three-body 

decay Λ𝑐
+ → Λ𝜋+𝜋0 was measured, and more similar analyses are ongoing.

➢ More polarization information about Λ𝑐
+ → 𝑝𝐾𝑠

0/Λ0𝜋+/Σ0𝜋+/Σ+𝜋0 will be 
released soon.



Thanks!
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