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The charmed baryon family
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• Singly charmed baryons
o Established ground states:

𝚲𝐜", 𝚺𝐜, 𝚵𝐜
($), 𝛀𝐜

o Excited states are being explored
• Doubly charmed baryons( 𝚵𝐜𝒄##) observed in

recent year.
• No observations of triply charmed baryons.

ü𝚲𝐜# decay only weakly, many experimental
progress since 2014.

ü𝚺𝐜: B(𝚺𝐜 → 𝚲𝐜#π)~100%, B(𝚺𝐜 → 𝚲𝐜#𝜸)?
ü 𝚵𝐜 : decay only weakly; absolute BF measured 

with poor precision
ü𝛀𝐜:decay only weakly; no absolute BF

measured.
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Weak decay picture in theory
• Contrary to charmed meson, W-exchange contribution is important.(No color suppress

and helicity suppress)

• Phenomenology aim at explain data and predict important observables.
• Calculate what they can(HQET, factorization)+parametrize what they cannot + some

non-perturbations extracted from data=> explain and predict.
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New data samples in 2020 and 2021
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Available data for charmed baryons
ü 0.587 fb-1 at 4.6 GeV (35 days in 2014)
ü 3.9 fb-1 scan at 4.61, 4.63, 4.64, 4.66, 4.68, 4.7 GeV (186 days in 2020)
ü 1.93 fb-1 scan at 4.74,	4.75, 4.78, 4.84, 4.92, 4.95 GeV (99 days in 2021)
l 8x Λ$ data that those at 4.6GeV.
l accessible to Σ$/Ξ$/Λ%∗ prod. & decays

Two major changes in BEPCII machine:
• max beam energy: 2.30è2.35(2020)è 2.48 GeV(2021)
• top-up injection: data taking efficiency increased by 20~30%

Belle data for 𝚲𝒄'𝚲𝒄
PRL 101, 172001 (2008) 

CPC46.113003(2022)
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Λ!" BF	studies
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P.-R. Li, X.-R. Lyu, Y. Zheng, Chin. Phys. C 50, 022002 (2026)



Λ!" decay	asymmetry	studies
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P.-R. Li, X.-R. Lyu, Y. Zheng, Chin. Phys. C 50, 022002 (2026)



Hunting for 𝜦𝒄" → 𝒏𝒆"𝝂

2026/4/25 第8届全国重味物理和QCD研讨会 6

• Important process of semi-leptonic 𝜦𝒄# decay to
probe strong dynamics in charmed baryon
• Challenges:

ü neutrino is missing in detection
ü dominant backgrounds from Λ(" → Λ(→ 𝑛𝜋))𝑒"𝜈,

with ~10x yields than that of the pursuing signals
ü elusive neutron detection due to neutral charge and

contaminations from the photon showers (& noises)
in electro-magnetic calorimeter (EMC)

Need advanced Machine Learning tool to identify neutron showers in EMC
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Observation of 𝜦𝒄" → 𝒏𝒆"𝝂
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(>10 𝝈)

good control of systematics on GNN training
• Model settings: network weight initialization, batch processing sequence and 

dropout layer are randomly varied 
• Domain shift: validation of independent control sample via 𝐽/𝜓
→ Σ#(𝑛𝜋#)Σ

'
(𝑝𝜋() and 𝐽/𝜓 → Ξ'(Λ𝜋')Ξ

#
(Λ𝜋#)

Nature Comm. 16, 681 (2025)



Decay asymmetry for pure W-exchange process  Λ45 → Ξ6K5
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• 	Λ#$ → Ξ%K$ is pure W-exchange process which have significant
contributions in charmed baryon decay.

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

•
• Long-standing puzzle on how large the S-wave amplitude.

• Experimental measurement of decay asymmetry is crucial and
urgent.

PRL	132,	031801(2024)
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Decay asymmetry for pure W-exchange process  Λ45 → Ξ6K5
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• The joint angular distribution for Λ*"
→ Ξ)K" is derived based on helicity
amplitude.
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PRL	132,	031801(2024)



Decay asymmetry for pure W-exchange process  Λ45 → Ξ6K5
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• 	From the fit, we obtain 𝛼&!'" = 0.01 ± 0.16()*)
± 0.03(+() and 𝛽&!'" = −0.64 ± 0.69()*) ± 0.13(+()
and 𝛾&!'" = −0.77 ± 0.58()*) ± 0.11(+()

• 𝛼&!'"is in good agreement with zero=>strong
identification for theoretical predictions.

• Combine decay width and decay asymmetry, the
decay dynamics parameters are derived.

• Especially, cos(𝛿, − 𝛿-) is measured to close to
zero.=>not considered in previous literature.

• Fills the long-standing puzzle on how to model 𝛼&!'"
and ℬ(Λ#$ → Ξ%K$) simultaneously.
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Observation of Λ!" → Λa# 980 "
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PRL	134,	021901	(2025)

Ø Partial wave analysis can also extract the decay asymmetry.

Ø More efficient!



Production and Decay Dynamics of the 𝛬75
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arXiv	2508.11400	

• Measured transverse polarization using 587 fb-1 in 
2018 but not found. [BESIII, PRD 100, 072004 
(2019)]

• Using 6.4 fb-1 collected from 4.6-4.95 GeV, observe 
transverse polarization in multiple energy points.

• Joint angular analyses of the cascade decays of Λ(
→ 𝑝𝐾+, Λ𝜋", Σ"𝜋) and Σ)𝜋" and amplitude analysis
of Λ( → 𝑝𝐾,𝜋"



Production and Decay Dynamics of the 𝛬75
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If parity violation exists: 𝜶, 𝜷 ≠ 𝟎, 𝜸 ≠ −𝟏

𝛼 =
2Re(𝑠∗𝑝)
| |s $ + 𝑝 $ 𝛽 =

2Im(𝑠∗𝑝)
| |s $ + 𝑝 $ 𝛾 =

| |s $ − 𝑝 $

| |s $ + 𝑝 $

𝛼$ + 𝛽$ + 𝛾$ = 1

arXiv	2508.11400	



Production and Decay Dynamics of the 𝛬75
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arXiv	2508.11400	

• Simultaneous fits to 23 angles of 5 channels at 13 energy points
• Established a new method to enhance the precisions of the decay asymmetries Λ$
→ 𝑝𝐾), Λ𝜋#, Σ#𝜋( and Σ(𝜋#



Production and Decay Dynamics of the 𝛬75
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arXiv	2508.11400	

Using 6.4 fb-1 collected from 4.6-4.95 GeV, observe transverse polarization 
in multiple energy points.



Production and Decay Dynamics of the 𝛬75
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arXiv	2508.11400	



Production and Decay Dynamics of the 𝛬75
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arXiv	2508.11400	



Proposal of the BEPCII upgrade
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• optimized energy at 2.35 GeV with luminosity 3 times higher than the
current BEPCII.
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Nearly blank at 5-7GeV

4.95 ~ 5.6 GeV: new energy
coverage of BEPCII-upgrade

𝛀𝒄Z𝛀𝒄

BEPC3 vs BEPCII
3 倍X3

Energy thresholds
ü Λ("[Σ(, 4.74 GeV
ü Λ("[Σ( 𝜋 4.88 GeV
ü Σ( [Σ( 4.91 GeV
ü Ξ( [Ξ( 4.95 GeV
ü Ω()ZΩ() 5.4 GeV
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Prospect Charm Baryons data sample at BESIII
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• Began a new round of Λ]^ data taking at 4.68 GeV on Feb.27 2026

• Very smooth data taking

• BEPCII-U reached the designed luminosity at E_beam= 2.35 GeV



Summary
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u In recent years, experimental activities on charmed
baryons are reviving, esp. at BESIII

u Threshold data at BESIII opens a new door to direct
measurements of the decays ècomprehensive and
systematic studies of charmed baryon  decays
ü BESIII has published several world-leading results based on 

~80 M Λ]^ samples
ü Additional >160 M Λ]^ samples are collecting now
ü More efforts on hadronic decays with 𝑛/𝛴/𝛯 particles &

semi-leptonic decays
u Opportunity in other charmed baryons:

Plan to take data up to 5.6 GeV to cover all the ground-state
charmed baryons
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Thanks!
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Backup
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CP observable in hyperon decay


