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n Summary

n Introduction

n Charm baryon physics at BESIII 

ü Lc+ semi-leptonic decays

ü Lc+ hadronic decays
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Cornerstone of charmed baryons: 
Lc

+ is the lightest charmed baryon, most of 
charmed baryons will eventually decay to Lc+. 

Quark model picture: 
a heavy quark (c) with a unexcited
spin-zero diquark (u-d)
Heavy Quark Effective Theory 
predicts that Lc may provide more 
powerful test on internal dynamics than D/Ds

Lc+ cornerstone of charmed baryon spectroscopy 

Essential input for study the decays of 
b-flavored hadrons involving Lc in final state

Status of Lc
+ measurement  [PDG2015]: 

• poorly understood compared to charm mesons
total BF~60%, large uncertainties(>20%)

• Relative measurement
• No neutron mode has been observed yet.
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ü Total branching fraction ~60%.

ü Quite large uncertainties(>20%)
ü Lots of unknown decay channels

ü Most BFs are measured relative to Lc
+àpK-p+
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Lc+ Measurements [PDG2022] 
衰变分支比测
量精度DB/B
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Measurements for Lc+ decays are greatly improved, 
with great efforts from BESIII, LHCb and Belle.
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Data sets for charm baryon studies at BESIII
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DT Technique
üSingle Tags (ST)

üDouble Tags (DT)

DTExample:

Clean sample of ST charmed baryons can be fully reconstructed 
by hadronic decays with large BFs. Based on this, one can access 
to absolute BFs and dynamics in the decays.

ST

üBranching Fraction (BF)



~45%

PDG2022

Reconstruction of Lc ST baryons
q Fourteen ST modes:

Currently, the total measured BFs for Lc decays is roughly 70%.



Totally, 122 268±474 ST events are reconstructed with 14 ST modes.

Reconstruction of Lc ST baryons
§ The MBC distritbutions at 𝑠 = 4.68GeV.
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B[Lc+àLe+ne]=(3.56±0.11±0.07)% 

N!" = 1253 ± 39PRL129(2022)231803

§ The measurement is done with 4.4/fb data from 𝑠 = 4.6 − 4.7 GeV.

Comparisons between measurement and 
theoretical predictions.

Study of Lc+ àLe+ne

§ The precision of the BF is improved by threefold, providing necessary 
inputs for testing various theoretical models.

§ The first determination of form factors in Lc+àLe+ne decays.
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PRL129(2022)231803

Study of the kinematics in Lc+àLe+ne decay:

q Helicity amplitude: 
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Comparisons between data and LQCD prediction

PRL129(2022)231803
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PRL129(2022)231803

Comparisons between data and LQCD prediction
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Study of Lc+ àLµ+nµ

𝐁𝐅 𝚲𝐜$ → 𝚲𝝁$𝛎𝝁 = 𝟑. 𝟒𝟖 ± 𝟎. 𝟏𝟒 ± 𝟎. 𝟏𝟎 %

§ The precision of the BF is improved by threefold, providing necessary 
inputs for testing various theoretical models. arXiv: 2306.02624

§ The differential decay rate and forward-backward asymmetry in the lepton 
system system are measured for the first time, to provide data for the test of 
the LFU using the charmed baryon SL decays. 
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Test of LFU with Lc+ àLµ+nµ and Lc+ àLe+ne

§ No clear evidence for the LFU is found in current data size.

differential decay rate forward-backward asymmetry
arXiv: 2306.02624
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Phys. Rev. D 106, 112010 (2023)

NDT=33.5 ± 6.3

q The new observed SL decay mode：

BF Λ&$ → 𝑝𝐾'e$ν( = (0.88 ± 0.15 ± 0.07)×10')

Significance: 8.2s

q This work provide a clear confirmation that 
the SL Lc+ decays are not saturated by the 
Lℓ+nℓ final state.

q Study of pK- mass spectrum can be used to 
understand the nature of excited L* states.

Observation of Lc+ àpK-e+ne



BF Λ&$ → Λ(1520)[→ p𝐾']e$ν( = (0.23 ± 0.12 ± 0.02)×10')

BF Λ&$ → Λ 1405 [→ p𝐾']e$ν( = (0.42 ± 0.19 ± 0.04)×10')

Significance: 3.3s

Significance: 3.2s

Phys. Rev. D 106, 112010 (2023)

Evidence of Lc+ àL*(àpK-)e+ne
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q 12 STs are used in this analysis

N!" = 115437 ± 446

q DT yields:

ü Unfolding method to obtain true signal 
yields. The matrix can be obtained using 
selected control samples.

Phys. Rev. D 107, 052005 (2023)

Inclusive SL decay Lc+ àe+X
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BF Λ!" → Xe"ν# = 4.06 ± 0.10 ± 0.09 %

6 7#$→89$:%
6 ;&$→89$:%

=1.28±0.05

BF Λ!" → Λe"ν# = 3.56 ± 0.11 ± 0.07 %

BF Λ!" → Xe"ν# = 4.06 ± 0.10 ± 0.09 %

BF Λ!" → 𝑝𝐾$e"ν# = (0.88 ± 0.15 ± 0.07)×10$%

Phys. Rev. D 107, 052005 (2023)

Unknown decay: 0.5%

The precision is improved by threefold.

Inclusive SL decay Lc+ àe+X
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Search for Lc
+ àLp+p-e+ne and Lc

+ àpKs
0p-e+ne 

arXiv: 2302.07529

Upper limits
at 90% C.L.

BF Λ!" → Λ𝜋"𝜋"e"ν# < 3.9×10$& BF Λ!" → p𝐾'(𝜋$e"ν# < 3.3×10$&

q Searches for SL decay modes using 4.5/fb data

Λ'( → Λ𝜋(𝜋(e(ν) Λ'( → p𝐾*+𝜋,e(ν)

q The BFs are set at 90% C.L. for the two decays. 
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Amplitude analysis of Lc+ àLp+p0

• First amplitude analysis of Lc+àLp+p0. The analysis will provide important 
inputs to improve the theoretical calculations for decays of Lc+àLr(770)+
and Lc+àS (1385) p. 

• The single tag method is applied to select Lc+àLp+p0 events.

JHEP12(2022)033• The signal region is defined within 2.282<MBC<2.292 
GeV/c2. The signal purity is ~80%.

• Projections of the fit results: 

𝑀-. = 𝐸/0123 − 𝑝⃗*4 3
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§ Numerical results of the BFs and decay asymmetry parameters.

§ The comparisons among measurements, theoretical calculations.

BF Λ'( → Λ𝜋(𝜋+
= 7.1 ± 0.4 %



Study of singly cabibbo-suppressed decays
• Observation of Lc+ànp+

7.3 s

• Measurement of Lc+àS0K+ and Lc+àS+K0

PRL128,142001(2022) PRD106,052003(2022)

First measurement

PRD106,072002(2022) 3.6 s

• Measurement of Lc+àph’ • Measurements of Lc+ànp+p0, np+p+ p- and nK-p+p+

CPC47,023001(2023)

BESIII 
results:



Summary
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n Recent results on Lc+ SL and hadronic decays at BESIII 
are reported. 

n These measurements provide important inputs for 
understanding the decay property of charmed baryon.

n More works will be reported in the future.

THANKS!


