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Outline

Ø Introduction to the charmed baryons
Ø Selected recent results on charmed baryons 

from BESIII/LHCb/Belle/Belle II  
Ø Prospect and Summary



• Singly charmed baryons
ü Established ground states:  
𝜦𝒄", 𝚺𝒄 , 𝚵𝒄

($), 𝛀𝒄
ü Excited states are being explored

• Observation of other doubly charmed baryon 𝜩𝒄𝒄""
• No observations of other doubly or triply charmed baryons
 

Ø 𝜦𝒄": decay only weakly, many recent experimental progress 
since 2014 

Ø 𝚺𝒄 : 𝐁 𝚺𝒄 → 𝜦𝒄"𝝅 ~𝟏𝟎𝟎%; 𝐁 𝚺𝒄 → 𝜦𝒄"𝜸 ? 
Ø 𝚵𝒄 : decay only weakly; absolute BF measured with poor 

precision
Ø 𝛀𝒄 : decay only weakly; no absolute BF measured

The charmed baryon family
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𝚲𝐜": The lightest charmed baryon spectroscopy

• Most of the charmed baryons will eventually decay to 𝛬!".

• The 𝛬!" is one of important tagging hadrons in c-quark counting in the productions at high energy 
experiment.

• Naïve 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).

• 𝛬!" may reveal more information of strong- and weak-interactions in charm region, complementary to D/Ds
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𝚲𝐜" 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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Charm Facilities
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Charm factory
• Threshold production: No boost
• Small X-section : Lowest 

Statistics
• Quantum coherence
• Inclusive charm, neutrals and 

neutrinos
• Absolute BFs

B factory
l Low background
l Low statistics
l Low boost
l Good for neutrals and 

neutrinos
l Some Absolute BFs

Hadron collider
l High background
l High statistics
l High boost
l Challenging for neutrals and 

neutrinos
l Complex and biasing triggers

𝒆"𝒆& → 𝝍 𝟑𝟕𝟕𝟎 → 𝑫3𝑫
𝒆"𝒆& → 𝑫(𝒔)

(∗)3𝑫(𝒔)
(∗)

𝒆"𝒆& → 𝜦𝒄"3𝜦𝒄&

BESIII, STCF in the future

𝒆"𝒆& → 𝒄5𝒄
+ some other 

Stuff

Belle / Belle II

𝒑3𝒑 → 𝒄5𝒄
+ lots of other 

Stuff

LHCb



Charmed baryon thresholds

BESIII energy upgrades: 
4.6 GeV (Phase I, 2014) 

à 4.95 GeV(Phase II, 2021) 
à 5.6 GeV  (Phase III, planned in 2026)

𝚲𝒄""𝚲𝒄#

𝚺𝒄 "𝚺𝒄

𝚵𝒄 "𝚵𝒄 𝜴𝒄𝟎"𝜴𝒄𝟎 

4.573 GeV
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Production measurement near threshold

• e+e-→ 𝜦𝒄")𝜦𝒄$	cross	section	are	measured	at	twelve	energy	points	from	4.612-4.951GeV	.

• Indicate	no	enhancement	around	Y(4630)	resonance.	=>ConPlict	with	Belle.
• |GE/GM|	ratio	are	derived	by	Pitting	to	angular	distribution.
• The	oscillations	on	|GE/GM|	ratio	is	signiPicantly	observed	with	higher	frequency	than	that	
of	the	proton.	Þ may imply a non-trivial structure of the lightest charmed baryon. 

PRL 131.191901(2023)
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𝚲𝒄" → 𝒏𝝅"and 𝚲𝒄" → 𝒑𝝅𝟎
• First	singly	Cabibbo-suppressed	𝛬%"	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)	Rlavor	asymmetry		prediction[PLB790,225(2019),	]
• =>twice	larger	than	the	dynamical	calculation	based	on	pole	model	and	CA[PRD97,074028(2018)]	

• 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)	asymmetry	and	dynamical	calculation	(2-4.7)	while	in	consistent	with	
SU(3)	plus	topological-diagram	approach(9.6).

• 𝓑(𝜦𝒄" → 𝒑𝝅𝟎)=	 𝟏. 𝟓𝟔#𝟎.𝟓𝟖"𝟎.𝟕𝟐 ± 𝟎. 𝟐𝒔𝒚𝒔𝒕 ×𝟏𝟎#𝟒 ; 𝑹 = 𝟑. 𝟐#𝟏.𝟐"𝟐.𝟐

PRL	128.142001 (2022) N(𝒏𝝅$)=50±9PRD	109,	L091101	(2024)
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First observation of 𝚲𝐜" → 𝒑𝝅𝟎
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• First observation of 𝚲𝐜" → 𝐩𝛑𝟎 with significance of 5. 𝟒𝛔.
• A sophisticated deep learning approach is employed.
• The absolute branching fraction is measured to be 𝓑(𝜦𝒄" →
𝒑𝝅𝟎)= 𝟏. 𝟕𝟗 ± 𝟎. 𝟑𝟗𝒔𝒕𝒂𝒕 ± 𝟎. 𝟏𝟏𝒔𝒚𝒔𝒕 ± 𝟎. 𝟎𝟖𝒑𝜼 %.

• Offering essential calibration for theoretical predictions.

Before DNN After DNN



BF measurement of %𝚲𝐜$ → %𝒏𝑿

• The	deposited	energy	in	EMC	is	used	to	identify	C𝒏.	
• Data-driven	technique	to	model	C𝒏	behavior	in	the	detector.
• Absolute	BFs	are	measured	to	be
• 𝓑(C𝜦𝒄& → C𝒏𝑿)= 𝟑𝟑. 𝟓 ± 𝟎. 𝟕𝒔𝒕𝒂𝒕 ± 𝟏. 𝟐𝒔𝒚𝒔𝒕 %,	precision	up	to	4%.	
• All	known	exclusive	process	with	neutron	in	final	state	is	about	25%=>more	space	to	be	

explored.
• Asymmetry	between	𝓑(𝚲𝐜, → 𝒏𝑿)	and	𝓑(𝚲𝐜, → 𝒑𝑿)	is	observed.

PRD	108.L031101	
(2023).
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Experiment & Phenomenon
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Renaissance on the charmed baryon decay asymmetry from 2018!

ü First Λ9" → 𝑝𝐾:;.

ü Most precise Λ9" → Λπ".

ü The sign of Λ9" → Σπ.



Experiment & Phenomenon
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ü The decay asymmetry parameter of Λ9" → Ξ;K"  significantly changed from 0 to almost 1.

ü Quite urgent to validate experimentally.



Decay asymmetry for pure W-exchange process  ΛW" → ΞXK"
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• Λ9" → 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.

Phys.	Rev.	Lett. 132,	031801(2024)



Decay asymmetry for pure W-exchange process  ΛW" → ΞXK"
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• The	joint	angular	distribution	
for	 Λ%" → Ξ&K"	is	derived	
based	on	helicity	amplitude.

Phys.	Rev.	Lett. 132,	031801(2024)



Decay asymmetry for pure W-exchange process  ΛW" → ΞXK"
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• From	the	Jit,	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	
identiJication	for	theoretical	predictions.

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

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

• Fills	the	long-standing	puzzle	on		how	to	model	
𝛼<%=" 	and	ℬ(Λ9" → Ξ;K")	simultaneously.

Phys.	Rev.	Lett. 132,	031801(2024)



Experiment & Phenomenon
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New results?
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BESIII(2024?)

𝑠𝑡𝑎𝑡. 𝑢𝑛. ↓

~587𝑝𝑏!"

~6.4𝑓𝑏!"



Discussion on Λ#" → Ξ$𝐾"
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arXiv:2310.05491
arXiv:2404.01350

Strong phase shift: −1.55 ± 0.25 ± 0.05 or 1.59 ± 0.25 ± 0.05    𝛼 ∝ cos ~0.02

Very different from hyperon decays            strong phase ~ 
0

Further confirmation is needed!

A. Observed channel Ξ%; → Σ"𝐾# should have phase shift similar to Λ%" → Ξ;𝐾".

B. Topological diagrammatic approach leads to a large 𝛼 of order -0.93 for the 

decay Ξ%" → Ξ;𝜋" even after the phase shift effect is incorporated.

ü After consider the strong phase shift:

Strong phase shift can be induced by re-scattering processes and loop effects.

Phys. Rev. Lett. 19, 391 (1967)

Λ- → 𝑝𝜋& Ξ& → Λ-𝜋& 

Nature 606 (2022) 7912, 64-69

Strong phase shift

Only a few 
measurements

https://arxiv.org/abs/2310.05491
https://arxiv.org/abs/2404.01350


Methods for measurement
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Ø The definition of polarization parameters:
If 𝑠 and 𝑝 can be 
measured directly, all 
information will be derived.𝛼 =

2Re(𝑠∗𝑝)
| |s / + 𝑝 / 𝛽 =

2Im(𝑠∗𝑝)
| |s / + 𝑝 / 𝛾 =

| |s / − 𝑝 /

| |s / + 𝑝 /

Partial wave analysis is a good choice for multi-body decays.

n Developed and updated by Yi Jiang @ UCAS

n Home page: https://github.com/jiangyi15/tf-pwaA general and user-friendly partial wave analysis 
framework

𝑠 and 𝑝 of all intermediate resonance states ü Polarization parameters

ü Branching fraction

https://github.com/jiangyi15/tf-pwa
https://github.com/jiangyi15/tf-pwa
https://github.com/jiangyi15/tf-pwa


Methods for measurement
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Partial wave analysis of the charmed baryon hadronic decay 𝚲𝒄, → 𝚲𝝅,𝝅𝟎
JHEP12(2022)033

More multi-body decays are underway!
ü Λ1, → 𝑝𝐾&𝜋,

ü Λ1, → 𝑝𝐾&𝜋,𝜋-

ü Λ1, → 𝑝𝐾2-𝜋-

ü Λ1, → 𝑛𝐾2-𝜋,

ü Λ1, → Λ-𝜋,𝜂

ü Λ1, → Σ,𝜋,𝜋&

ü Λ1, → Σ&𝜋,𝜋,

ü …

The 𝛼 of all intermediate two-body 
processes will be measured!

https://doi.org/10.1007/JHEP12(2022)033
https://doi.org/10.1007/JHEP12(2022)033
https://doi.org/10.1007/JHEP12(2022)033
https://doi.org/10.1007/JHEP12(2022)033
https://doi.org/10.1007/JHEP12(2022)033
https://doi.org/10.1007/JHEP12(2022)033
https://doi.org/10.1007/JHEP12(2022)033
https://doi.org/10.1007/JHEP12(2022)033
https://doi.org/10.1007/JHEP12(2022)033
https://doi.org/10.1007/JHEP12(2022)033


Λ#" polarization on BESIII
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angular information from experiment

Λ1, initial transverse polarization parameters 

energy depended, relate to the form factor 𝑒"𝑒# → Λ%"{Λ%#
𝑃@ 𝛼;, Δ;, 𝜃; = 𝑐; 1 − 𝛼;Csin𝜃;cos𝜃;sinΔ;

𝒅𝚪
𝒅𝐜𝐨𝐬𝜽𝟎𝒅𝐜𝐨𝐬𝜽𝟏𝒅𝝓𝟏

∝ 𝟏 + 𝜶𝟎 𝐜𝐨𝐬𝟐 𝜽𝟎 + 𝜶𝚲𝒄" 𝟏 − 𝜶𝟎𝟐𝐬𝐢𝐧𝜽𝟎𝐜𝐨𝐬𝜽𝟎𝐬𝐢𝐧𝚫𝟎𝐬𝐢𝐧𝜽𝟏𝐬𝐢𝐧𝝓𝟏

Λ1,  polarization parameters 



New Λ%" polarization on BESIII
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— Transverse polarization with energy from 4.60-4.95 GeV combined with 

Λ1, → 𝑝𝐾&𝜋, channel(fixed all decay info. with LHCb input).

— Update 4 two-body decays polarization parameters with higher precision

— Strong/Weak phase shift

— 𝛼-induced CPV observables 

?
Zero or significant?

?

coming soon!Eur. Phys. J. Plus 136, no.9, 949 (2021)
Chinese Physics Letters 41, 021302 (2024)

Predication about Δ!



𝚲𝐜" → 𝐩𝐊$𝛑" amplitude analysis

~1.3M signals in 2016 

𝚲𝐜" signals are selected via 𝜦𝒃
𝟎 → 𝜦𝒄"𝝁$𝝂 from 

dataset taken in 2016, where only a subset of 0.4 M 
signals are employed

Phys. Rev. D 108, 012023 (2023)

5-dim fit

Λ(2000)
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𝚲𝐜" polarization and 𝚲𝐜" → 𝐩𝐊$𝛑" polarimetry

A large Λ%" polarization is found in b semi-leptonic 
decays 𝛬*& → 𝛬!"𝜇$𝜈 

Phys. Rev. D 108, 
012023 (2023)

The amplitude model is used to produce the distribution 
of the kinematic-dependent polarimeter vector in the 
space of Mandelstam variables to express the polarized 
decay rate in a model-independent way. 

• The obtained representation can facilitate polarization 
measurements of the 𝛬1, baryon and eases inclusion of the 
𝛬1, → 𝑝𝐾&𝜋, decay mode in hadronic amplitude analyses. 

• At BESIII, the transverse polarization of 𝛬1, can be obtained 
via Λ3, → pK&π, polarimetry

JHEP 07, 228 (2023)
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Upgrade BEPCII
(BEPCII-U)

Proposal of the upgrade BEPCII

30

An upgrade of BEPCII (BEPCII-U) has been approved in July 2021 and planned to be 
completed by the end of 2024 
ü Improve luminosity by 3 times higher than current BEPCII at 4.7 GeV
ü Extend the maximum energy to 5.6 GeV

1490 è 600 days

Capable of finishing the proposed luminosity 
of 𝛬�� data in shorter time



Heavier charmed baryons

• Energy thresholds 
ü  𝒆"𝒆$ → 𝚲𝒄")𝚺𝒄$ 4.74 GeV
ü  𝒆"𝒆$ → 𝚲𝒄")𝚺𝒄 𝝅 4.88 GeV
ü  𝒆"𝒆$ → 𝚺𝒄 )𝚺𝒄  4.91 GeV 
ü  𝒆"𝒆$ → 𝚵𝒄 )𝚵𝒄  4.94 GeV
ü 𝒆"𝒆$ → 𝜴𝒄𝟎)𝜴𝒄𝟎 5.40 GeV

• Cover all the ground-state charmed baryons: 
studies on their production & decays, CPV search, 
to help developing more reliable QCD-derived 
models in charm sector

• Studies on the production and decays of excited 
charmed baryons

𝚲𝒄""𝚲𝒄#

𝚺𝒄 "𝚺𝒄

𝚵𝒄 "𝚵𝒄 𝜴𝒄𝟎"𝜴𝒄𝟎 
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Future opportunity at LHCb
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• RUN1&2: 9 fb$+
• RUN3&4: 50 fb$+

è x10 more statistics

Ø Further improvement on mass and lifetime measurement
Ø SCS and DCS hadronic decays

o e.g. 𝜩𝒄𝟎 → 𝒑𝑲&、𝜩𝒄, → 𝒑𝑲𝑺、𝜴𝒄𝟎 → 𝚲𝑲𝑺、𝒑𝑲&

Ø Semi-leptonic decays via b-baryon four-body decays
o e.g. 𝜦𝒄, → 𝒑𝑲&𝝁,𝝂, 𝒑𝝅&𝝁,𝝂; 𝜩𝒄𝟎 → 𝜩&𝝁,𝝂; 𝜩𝒄, → 𝚲𝝁,𝝂; 𝜴𝒄𝟎 → 𝜴&𝝁,𝝂

Ø Decay asymmetries and CPV search via prompt production or b-baryon decays
o e.g. 𝜦𝒄, → 𝒑𝑲𝑺, 𝚲𝝅,, 𝚲𝑲,; 𝜩𝒄𝟎 → 𝚲𝑲𝑺, 𝜩&𝝅,, 𝜩&𝑲,; 	𝜴𝒄𝟎 → 𝜴&𝝅,, 𝜴&𝑲,, 𝜩&𝝅,

Ø Amplitude analysis of multi-body hadronic decays



Super Tau-Charm Facility (STCF)
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Anhui provice and USTC have officially endorsed 364M RMB R&D project of
STCF, and great progress is achieved; the site is preliminarily decided in Hefei,  
and geological exploration and engineering design is ongoing.
Will apply for the construction (~4.5B RMB) during the 15th five-year plan (2026-
2030) from central government.



Summary
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• In the past year, many important results of charm baryon decays 
were reported by BESIII, Belle, and LHCb.

• Non-perturbative QCD is the main challenge. The theoretical 
calculations are hard for the Hadronic charm baryon decays. 
– Tools are improving. 
– Collaborations between theorists and experimentalists are crucial for 

accelerating research.
• The future of charm is promising. Lots of high quality data coming 

our way: LHCb, Belle II, BESIII(+upgrade)
• A dedicated charm facility, STCF, has been proposed in China. The 

R&D project with 364M RMB budget has been officially supported  
by Anhui province and USTC.


