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• Introduction of the lightest charm baryon Λ!"

• Charm baryon physics at BESIII
ØΛ#" semi-leptonic decays
ØΛ#" hadronic decays

• Summary



Charmed baryon spectroscopy
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• Before 2014, the charmed baryons have been produced 
and studied at many experiments, notably fixed-target 
experiments (such as FOCUS and SELEX) and e+e- B-
factories (ARGUS, CLEO, BABAR, and BELLE).

• Large uncertainties in experiment=>Retarder 
development in theory.

• Afterwards, more extensive measurements on charmed 
baryons are performed at BESIII, BELLE and LHCb.

• The absolute BF measurements at BESIII and BELLE.
• The observation of the DCS mode 𝛬!" → 𝑝𝐾"𝜋# at BELLE.
• The observation of the doubly charmed baryon 𝚵𝐜𝐜"" at LHCb.

• These experimental progresses have evoked the 
activities in the theoretical efforts



𝛬!": The lightest charmed baryon spectroscopy
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• 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.

• Also important input to 𝚲𝒃 (including 𝚵𝐜𝐜"") physics as 𝚲𝒃  decay preferentially to 𝚲𝒄 . 
           ==>Important input to B physics and Vub calculations.

• 𝚲𝐜" may provide more powerful test on internal dynamics than D/Ds does!

• Naive quark model picture: a heavy quark (c) with an unexcited spin-zero diquark (u-d).  Diquark correlation is 
enhanced by weak Color Magnetic Interaction with a heavy quark (HQET).
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𝛬!" weak decays
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• Contrary to charmed meson, W-exchange contribution is important. (No color suppression and helicity suppression)

• Phenomenology aims to explain data and predict important observables.
• Calculate what they can (HQET, factorization) + parametrize what they cannot + some non-factorization processes 

extracted from data => explain and predict.



BESIII data taking at Λ!" pair threshold

Yingchao Xu (YTU) CHARM 2023 6

• Measurement using the threshold pair-productions via 𝑒'𝑒(
annihilations is unique: the most simple and straightforward.

• In 2014, BESIII took data above Λ)' pair threshold and run 
machine at 4.6 GeV with excellent performance! ~106×10*
Λ)'Λ)( pairs make sensitivity to 10(*.

• First time to systematically study Λ)' at threshold.

• From December 2019 to June 2021, the BESIII experiment 
collected approximately 5.85 fb(+ of data at center-of-mass 
energies between 4.61 and 4.95 GeV. 

• Will allow to improve the precision of Λ)' decay rates to a level 
comparable to the charmed mesons.

• Provide an opportunity to study many unexplored physics 
observables related to Λ)' decays.

• Boost our understanding of the non-perturbative effects in the 
charmed baryon sector. 

PRL101 (2008) 172001

BELLE

CPC 46, 113003 (2022)



Production near threshold and tag technique
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• Single Tag (ST)
Δ𝐸 = 𝐸%!" − 𝐸&'()

𝑀*+ = 𝐸&'(), − �⃗�%!"
,

• Double Tags (DT)
𝑈)-.. = 𝐸)-.. − |�⃗�)-..|

𝑀)-.. = 𝐸)-.., − �⃗�)-.. ,

• Branching Fraction (ℬ)

ℬ/0 =
𝑁/0

𝑁1(2 × 𝜖

• 𝚲𝐜"𝚲𝐜3 produced in pairs with no additional accompany 
hadrons (4.6~4.7 GeV).

• Clean backgrounds and well constrained kinematics.



Study of Λ#" → Λe"𝜈$ decays 
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• The measurement is done with 4.4 fb01 data from 𝑠 = 4.6 − 4.7 GeV. 
• The precision of the BF is improved by threefold [Phys. Rev. Lett. 115, 221805 (2015)], 

providing necessary inputs for testing various theoretical models. 
• The first determination of form factors in 𝚲𝐜3 → 𝚲𝐞3𝝂𝒆 decays. 

Phys. Rev. Lett. 129, 231803 (2022) 

ℬ[𝚲𝐜" → 𝚲𝐞"𝝂𝒆 ] = (3.56 ± 0.11 ± 0.07)% Comparisons between measurement and theoretical 
predictions. 



Study of the kinematics in Λ#" → Λe"𝜈$ decay
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Phys. Rev. Lett. 129, 231803 (2022) 

• Helicity amplitude and form factors 



Comparisons between data and LQCD prediction 

Yingchao Xu (YTU) CHARM 2023 10

1.This analysis provides the first direct comparisons on the differential decay rates and form factors 
with LQCD calculations. 
2.Discrepancies can be seen at high 𝑞! and low 𝑞! regions. The measurement result tends to have 
steeper slope than those from LQCD calculations.
2. The results provide important inputs in understanding the SL decays of charmed baryons and help 
to calibrate the theoretical calculation. 

Phys. Rev. Lett. 129, 231803 (2022) 



Observation of Λ#" → pK%e"𝜈$
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• The data we used is about 4.4 fb01 data from 
𝑠 = 4.6 − 4.7 GeV. 

• The new observed SL decay mode 
• ℬ 𝚲𝐜# → 𝐩𝐊$𝐞#𝝂𝒆 = 𝟎. 𝟖𝟖 ± 𝟎. 𝟏𝟓 ± 𝟎. 𝟎𝟕 ×𝟏𝟎$𝟑

• Significance : 8.2𝜎
• This work provides a clear confirmation that 

the SL 𝚲𝐜3 decays are not saturated by the 
𝚲ℓ3𝝂ℓ final state. 

• Study of p𝐾0 mass spectrum can be used to 
understand the nature of excited Λ∗ states. 

Phys. Rev. D 106, 112010 (2023) 



Evidence of Λ#" → Λ∗ → pK% e"𝜈
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ℬ 𝚲𝐜" → 𝚲 (𝟏𝟓𝟐𝟎)[→ 𝐩𝐊3]𝐞"𝝂𝒆 = 𝟎. 𝟐𝟑 ± 𝟎. 𝟏𝟐 ± 𝟎. 𝟎𝟐 ×𝟏𝟎3𝟑 significance : 3.3𝜎
ℬ 𝚲𝐜" → 𝚲 (𝟏𝟒𝟎𝟓)[→ 𝐩𝐊3]𝐞"𝝂𝒆 = 𝟎. 𝟒𝟐 ± 𝟎. 𝟏𝟗 ± 𝟎. 𝟎𝟒 ×𝟏𝟎3𝟑 significance : 3.2𝜎

Phys. Rev. D 106, 112010 (2023) 

• The measured ℬ 𝚲𝐜3 → 𝚲 (𝟏𝟓𝟐𝟎)[→ 𝐩𝐊0]𝐞3𝝂𝒆 is consistent with these 
theoretical calculations within two standard deviations. 



Inclusive SL decay Λ!" → e"X
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• Further 𝚲𝐜3 SL decays may exist.
• Comparing with the charge-averaged 

non-strange D SL decay width is helpful 
for testing current theoretical predictions. 

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

Phys. Rev. D 107, 052005 (2023) 

RS (WS) :the charge of the track is required to be 
opposite (equal) to the ST 𝚲𝐜3 candidate. 



Inclusive SL decay Λ#" → e"X
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Phys. Rev. D 107, 052005 (2023) 

• ℬ 𝚲𝐜" → 𝑿𝐞"𝝂𝒆 = 𝟒. 𝟎𝟔 ± 𝟎. 𝟏𝟎 ± 𝟎. 𝟎𝟗 %
The precision is improved by threefold [Phys. Rev. Lett. 121, 251801 (2018)]. 

• 𝜞(𝜦𝒄"→𝑿𝒆"𝝂𝒆)
𝜞(𝑫𝒔"→𝑿𝒆"𝝂𝒆)

= 1.28 ± 0.5

ℬ 𝚲𝐜" → 𝑿𝐞"𝝂𝒆 = 𝟒. 𝟎𝟔 ± 𝟎. 𝟏𝟎 ± 𝟎. 𝟎𝟗 %
ℬ 𝚲𝐜" → 𝚲𝐞"𝝂𝒆 = 𝟑. 𝟓𝟔 ± 𝟎. 𝟏𝟏 ± 𝟎. 𝟎𝟕 %
ℬ 𝚲𝐜" → 𝐩𝐊3𝐞"𝝂𝒆 = 𝟎. 𝟖𝟖 ± 𝟎. 𝟏𝟓 ± 𝟎. 𝟎𝟕 ×𝟏𝟎3𝟑

Unknow decay: 0.5%



Search for Λ!" → Λ𝜋"𝜋#𝑒"𝜈$ and Λ!" → 𝑝𝐾%&𝜋#𝑒"𝜈$
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ℬ Λ6" → Λ𝜋"𝜋3𝑒"𝜈' < 3.9×1037

Λ6" → 𝑝𝐾/8𝜋3𝑒"𝜈'Λ6" → Λ𝜋"𝜋3𝑒"𝜈'

ℬ Λ6" → 𝑝𝐾/8𝜋3𝑒"𝜈' < 3.3×1037

The predicted Branching fractions of Λ6" → Λ∗𝑒"𝜈' in units of 1037. 

• Many theoretical calculations concerning 
Λ6" → Λ∗ form factors and Branching fractions.

• No significant signals are observed, and the 
upper limits on the decay branching fractions 
are obtained.

• Assuming all the Λ𝜋𝜋 combinations come 
from Λ∗ :

Ø ℬ Λ6" → Λ 1520 𝑒"𝜈' < 4.3×103:
Ø ℬ Λ6" → Λ 1600 𝑒"𝜈' < 9.0×103:
Ø Due to the limitation of statistics, the 

results are consistent with all theoretical 
calculations.

Ø ℬ Λ6" → Λ 1520 𝑒"𝜈' is consistent with 
the one measured via 𝚲𝐜" → 𝚲 (𝟏𝟓𝟐𝟎)[
→ 𝐩𝐊3]𝐞"𝝂𝒆 [Phys. Rev. D 106, 112010 
(2023)].

PLB 843,137993(2023)



Measurement of Λ!" → 𝑛𝜋"
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Experimental input 

• Studies of nonfactorizable components are critical to 
understanding the underlining dynamics of charmed 
baryon decays. 

Phys. Rev. Lett. 128, 142001 (2022)  

signal

𝑀;'6
, = 𝐸&'() − 𝐸<" ,/𝑐7 − 𝜌 ` �⃗�8 − �⃗�<" ,/𝑐,

• 𝜌 = 𝐸&'(), /𝑐, −𝑚%!"
, 𝑐,

• �⃗�8 = −�⃗�=%!#/|�⃗�=%!#| is the unit direction 
opposite to the ST bΛ63



Measurement of Λ!" → 𝑛𝜋"
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• The branching fraction and R value disagrees with the most predictions of 
phenomenological models, implying that the non-factorization contributions are 
overestimated.

• The results from this analysis provide an essential input for the phenomenological studies 
on the underlying dynamics of charmed baryon decays. 

Phys. Rev. Lett. 128, 142001 (2022)  

• ℬ Λc3 → 𝑛𝜋3 = (6.6 ± 1.2 ± 0.4)×100d
• ℬ Λc3 → Λ𝜋3 = (1.31 ± 0.08 ± 0.05)×100e
• ℬ Λc3 → Σf𝜋3 = 1.22 ± 0.08 ± 0.07 ×100e

• 𝑅 = ℬ(g,-→hi-)
ℬ(g,-→ji.)

> 7.2 𝑎𝑡 90% C. L.

• Use ℬ Λc3 → 𝑝𝜋f < 8.0×100k 𝑎𝑡 90% C. L. of 
Belle from PRD 103, 072004 (2021)



Measurement of +Λ!% → ,𝑛𝑋
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• Data-driven technique to model $𝑛 behavior in the detector. 
• The deposited energy in EMC (𝐸/0) is used to identify $𝑛.
• ℬ ?Λ1$ → $𝑛𝑋 = 33.5 ± 0.7 ± 1.2 %
• The branching fraction of the inclusive decay is greater than the sum of the known exclusive 

decays, that is about 25%, which means that about one-fourth of the Λ1# decays with a neutron in 
the final state remain to be explored in experiments. 

• The result indicates the existence of an asymmetry in ℬ(Λ1# → 𝑛𝑋) and ℬ(Λ1# → 𝑝𝑋).

arXiv 2210.09561



Partial wave analysis of Λ!" → Λ𝜋"𝜋'
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• BF of decay Λ6" → Λ𝜋"𝜋8 has been measured by BESIII with high precision 
[Phys. Rev. Lett. 116, 052001 (2016)], but no previous study on intermediate 
structure.

• Perform Partial Wave Analysis to obtain the information of intermediate 
resonances 𝜌", Σ 1385 ", Σ 1385 8 and the decay asymmetry.

Signal purity > 80%
JHEP 12 (2022), 033



Partial wave analysis of Λ!" → Λ𝜋"𝜋'
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1. The first PWA of the charmed baryon hadronic decay at BESIII.
2. The decay asymmetry parameters for the resonant components are determined for 
the first time.
3. Consistent with some theoretical predictions. None of them is able to explain 
both the BFs and the decay asymmetries.

[13] C. Q. Geng, C. W. Liu and T. H. Tsai, Phys. Rev. D 101 (2020) 053002.
[14] H. Y. Cheng and B. Tseng, Phys. Rev. D 46(1992) 1042.
[15] H. Y. Cheng and B. Tseng, Phys. Rev. D 55 (1997) 1697.
[16] Y. K. Hsiao, Q. Yi, S. T. Cai and H. J. Zhao, Eur. Phys. J. C 80 (2020) 1067.
[17] C. Q. Geng, C. W. Liu, T. H. Tsai and Y. Yu, Phys. Rev. D 99 (2019) 114022.

JHEP 12 (2022), 033

https://doi.org/10.1103/PhysRevD.101.053002
https://doi.org/10.1103/PhysRevD.46.1042
https://doi.org/10.1103/PhysRevD.46.1042
https://doi.org/10.1140/epjc/s10052-020-08659-4
https://doi.org/10.1103/PhysRevD.99.114022


Energy-Dependent Electromagnetic Form Factors of Λ'"

Yingchao Xu (YTU) CHARM 2023 21

• The Born cross sections and effective form factors (|𝐺233|) 
are determined.

• No indication of the resonant structure Y (4630), as reported 
by Belle [Phys. Rev. Lett. 101, 172001 (2008)]. 

• No oscillatory behavior is discerned in the |𝐺233 | energy-
dependence of Λ4#, in contrast to what is seen for the proton 
and neutron cases. 

• Form factor ratio |𝐺5/𝐺6| is observed, which can be well 
described by an oscillatory function. 

arXiv:2307.07316 



Summary
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• Recent results on Λc3 SL and hadronic decays at BESIII are reported. 

• These measurements provide important inputs for understanding the decay property of 
charmed baryons. 

• BESIII collected approximately 5.85 fb01 threshold data. More results of Λc3 will be reported 
in the future. 

• An upgrade of BEPCII (BEPCII-U) has been approved in July 2021:
The optimized energy is 2.35 GeV with luminosity 3 times higher than current BEPCII and 
extend the maximum center-of-mass energy to 5.6 GeV.

Thanks for your attention! 
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Formula of 𝛼( and interference
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