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BESIII @ BEPCII
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Datasets (totally ~50 fb-1 from 1.84 - 4.95 GeV)

Ø More Λ!""Λ!# data is collected soon.
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Charm leptonic decays
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𝑽!𝒔  from 𝑫𝒔# → 𝝁#𝝂𝝁
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Phys. Rev. D 108, 112001 (2023)



𝑽!%  from 𝑫# → 𝝁#𝝂𝝁
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Phys. Rev. Lett. 135, 061801 (2025)



Charm semi-leptonic decays
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𝒇#
𝒇𝟎(𝟎)  from 𝑫𝒔# → 𝝅#𝝅'𝒆#𝝂𝒆

92025/10/25 第22届全国重味物理和CP破坏研讨会

Phys. Rev. Lett. 132, 141901 (2024)



𝒇#
𝜼" and 𝑽𝒄𝒅  from 𝑫# → 𝜼,𝒍#𝝂𝒍

102025/10/25 第22届全国重味物理和CP破坏研讨会

Phys. Rev. Lett. 134, 111801 (2025)

• Consistent with the some theoretical 
calculations within 2𝜎



Study of 𝑫𝟎 → 𝑲∗'𝝁#𝝂𝝁
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𝐷! → 𝐾∗# 𝐾$!𝜋# 𝜇%𝜈&𝐷! → 𝐾∗# 𝐾#𝜋! 𝜇%𝜈&

• Important input for theoretical calculation

Phys. Rev. Lett. 135, 111803 (2025) Phys. Rev. Lett. 134, 011803 (2025)



Charmed mesons hadronic decays
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Measurements of the BFs

Amplitude analysis of multi-body decays

Quantum correlation and hadronic parameters

• Important component of heavy-flavor physics program
• Prob and calibrate non-perturbative QCD
• Understand SU(3) flavor symmetry and breaking effect
• Test theoretical calculations of BFs 

• Information of 𝐷 → 𝑉𝑃, 𝑃𝑃, 𝑆𝑃, 𝑆𝑉, 𝑉𝑉, 𝐴𝑃, 𝐴𝑉, 𝑇𝑃 …
• Light hadron spectroscopy



BF of 𝑫𝟎, 𝑫", 𝑫𝒔" hadronic decays
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𝐷1" decays: 𝐷2, 𝐷" decays:

• Consistent with the world average.
• Precision has been significantly improved.



Amplitude analysis of 𝑫𝒔# → 𝝅#𝝅#𝝅'𝝅𝟎
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Phys. Rev. Lett. 134, 011904 (2025)



Amplitude analysis of 𝑫𝒔# → 𝑲𝑺𝟎𝑲𝑳𝟎𝝅#
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Phys. Rev. Lett. 135, 161902 (2025)



Amplitude analysis of 𝑫𝒔# → 𝝅#𝝅#𝝅'𝝅𝟎𝝅𝟎
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Phys. Rev. Lett. 134. 201902(2025)
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CPV in hyperon decay



CP tests at BESIII
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CP tests at BESIII

• SM predicts small CP asymmetry.

• Sizeable CP violations prerequisite for Baryogenesis.

• Spin-carrying hyperons precision probe of CP symmetry.

BESIII:
Nature Phys. 15, p 631-634 (2019) 
Phys. Rev. Lett. 125, 052004 (2020) 
Nature 606, 64-69 (2022)
Phys. Rev. Lett. 129, 131801 (2022) 
Phys. Rev. D 108, L031106 (2023)
Phys. Rev. Lett. 133, 101902 (2024)
Phys. Rev. Lett. 135, 141804 (2025)
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CP tests in 𝚺" → 𝒑𝝅𝟎
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Consistent with previous results but improved precisions .

Sensitivity of 𝐴#$ in Σ% → 𝑝𝜋& decay is further improved.

Phys. Rev. Lett. 135, 141804 (2025)



Renaissance on the charmed heavy baryon
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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.
o The absolute BF measurements of  Λ!"→pK-π+ at BESIII and BELLE.
o The observation of the DCS mode Λ!"→pK+π- at BELLE.
o The observation of the doubly charmed baryon 𝚵𝐜𝐜"" at LHCb.

• These experimental progresses have revoked the 
activities in the theoretical efforts.
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The charmed baryon family

2025/10/25 22

• 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; no absolute BF 

measured, most relative to 𝚵$ π+(π+).
ü𝛀𝐜:decay only weakly; no absolute BF 

measured.
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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

2025/10/25 23
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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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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.(~0.77M Λ&#+Λ&$)
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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Λ3#	BF	studies

2025/10/25 26第22届全国重味物理和CP破坏研讨会

arXiv 2509.19141



Λ3#	decay	asymmetry	studies
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arXiv 2509.19141



Recent	studies	on	the	Λ3#	measurments	at	BESIII	
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Semi-leptonic decay
ü Form factors of 𝛬!"→𝛬e+𝜈# and 𝛬𝜇"𝜈$  PRL129, 231803 (2022); PRD108, L031105 (2023)
ü 𝛬!" → 𝑝𝐾%𝑒"𝜈#	 PRD106, 112010 (2022)
ü Search for 𝛬!" → 𝛬𝜋"𝜋%𝑒"𝜈# and 𝑝𝐾&𝜋%𝑒"𝜈#  PLB843, 137993 (2023)
ü 𝛬!" → 𝑛𝑒"𝜈#	 Nature Commun. 16, 681 (2025)

Neutron-involved decay
ü 𝛬!" → 𝑛𝜋" PRL 128, 142001 (2022)
ü 𝛬!" → 𝑛𝜋"𝜋', 𝑛𝜋"𝜋"𝜋%,  𝑛𝐾%𝜋"𝜋"   CPC 47, 023001 (2023) (Cover Story)
ü Λ!" → 𝑛𝐾&𝐾" PRD 109, 072010 (2024)
ü Λ!" → Σ%𝐾"𝜋" PRD 109, L071103 (2024)
ü Λ!" → 𝑛𝐾&𝜋"𝜋' PRD 109, 053005 (2024)

Hadronic CS decays
ü 𝛬!" → 𝑝𝜋', 𝑝𝜂, 𝑝𝜔 JHEP11, 137 (2023); PRD09, L091101 (2024); PRD111, L051101 (2025)
ü 𝛬!" → 𝑝𝜂( PRD106, 072002 (2022)
ü 𝛬!" → Λ𝐾", Λ𝐾"𝜋', Λ𝐾&𝜋"    PRD106, L111101 (2022); PRD109, 032003 (2024); PRD111, 012014 (2025)
ü 𝛬!" → Σ"𝐾&, 𝛴'𝐾"(𝜋', 𝜋"𝜋%), Σ"𝐾"𝜋% PRD106, 052003 (2022); JHEP09, 125 (2023);arXiv:2502.11047
ü Hadronic CF decays
ü PWA of Λ)" → Λπ"π' and Λπ"𝜂 JHEP 12, 033(2022); PRL134, 021901 (2025)
ü W-exchange-only process  Ξ'𝐾"  PRL132, 031801 (2024)
ü Λ)" → Ξ'𝐾"𝜋'                PRD109, 052001 (2024)
ü Λ)" → 𝑝𝐾*, 𝑝𝐾*𝜋', 𝑝𝐾*𝜋"𝜋% JHEP09, 007 (2024)

Inclusive decay
ü Improved BF of 𝛬!"→𝑒"X  PRD107, 052005 (2023) 
ü First BF of 5Λ!%→6𝑛X PRD108, L031101 (2023)
ü First BF of 5Λ!%→𝐾&'X arXiv:2502.20821

Rare decay
ü 𝛬!" → 𝛾𝛴"  PRD107, 052002 (2023)

Production and excited 𝜦𝒄"
ü 𝛬!"𝛬̅!% lineshape and form factor  PRL107, 052002 (2023)
ü 𝛬! 2595 " and 𝛬! 2625 "         PRD109, L071104 (2024); PRD109, 112007 (2024); arXiv:2503.21413 

>33 papers 
are p

ublish
ed



Recent	studies	on	the	Λ3#	measurments	at	BESIII	
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l Λ#$ leptonic	decays
p	Λ𝒄$ → 𝛬𝑒$𝜈&,	𝛬𝜇$𝜈' :	PRL	129.231803 (2022).		PRD	108.L031105	(2023).
p	Λ𝒄$ → 𝑝𝐾(𝑒$𝜈& 																													:	PRD	106.112010	(2022).
p	Λ𝒄$ → X𝑒$𝜈& 																													:	PRD	107.052005	(2023).
p	Λ𝒄$ → 𝑛𝑒$𝜈&																																									 :	Nature	Commun.	16,	681	(2025).

l Λ#$ hadronic	decays(two	body)
p  Λ𝒄$ → nπ$																									 																						:	PRL	128.142001 (2022).
p  Λ#$ → 𝑝𝜂) 																																											:	PRD	106.072002	(2022).
p  Λ#$ → 𝑝𝜂,	𝑝𝜔																																																					:	JHEP	11.137	(2023).
p Λ*$ → Ξ+𝐾$																																																							:	PRL	132,	031801(2024).
p Λ#$ → Σ$𝜂) 																																											:	arXiv 2505.18004	(JHEP	accepted).
p  Λ#$ → 𝑝𝜋+ :	PRD	111,	L051101	(2025).	
p Λ#$ → 𝑝𝐾,+, Λ𝜋$, Σ+𝜋$, Σ$𝜋+ :	arXiv	2508.11400.

l Λ#$ hadronic	decays(multi-body)
p cΛ*( → d𝑛𝑋																																																													:	PRD	108.L031101	(2023).
p Λ*$ → 𝐾-+𝑋																																																										:	JHEP	06.194	(2025).
p Λ𝒄$ → n𝐾,+𝜋$𝜋+ :		PRD	109,	053005	(2024).
p 	Λ*$ → 𝛬𝜋$𝜂																																																								:	PRL	134,	021901	(2025).
p Λ𝒄$ → Σ+𝐾$𝜋+,Σ+𝐾$𝜋$𝜋( :	CPC	49,	073001	(2025).
p Λ𝒄$ → Λ𝐾,+𝐾$,	Λ𝐾∗ Λ𝐾,+𝜋$ :	PRD	111,	012014	(2025).
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Form factors of Λ𝒄" → 𝛬𝑒"𝜈#

• BF	is	updated	to	be	ℬ(𝛬$" → 𝛬𝑒"𝜈%)= 3.56 ± 0.11&'(' ± 0.07&)&' %=>precision	improved.

• Helicity	amplitude	deduced	form	factors	can	be	extracted	with	4D	Ritting	to	data.

• The	differential		decay	rate	is	roughly	consistent	with	LQCD	calculation	while	discrepancies	can	be	noticed	on	FFs	
show	different	kinematic	behaviors.

• |Vcs|	element		from	charmed	baryons	is	measured	to	be	0.936 ± 0.017ℬ ± 0.024+,-. ± 0.007/,- 	which	is	
consistent	with	the	value	obtained	in	charmed	mesons	decay.	

2025/10/25 30

N=1253±39

PRL 129,231803(2022)
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Form factors of Λ𝒄" → 𝛬𝜇"𝜈$

• BF	is	updated	to	be	ℬ(𝛬+% → 𝛬𝜇%𝜈&)= 3.48 ± 0.14/010 ± 0.10/2/0 %=>3times	more	
precise	than	prior	results.

• Lepton	flavor	universality	are	reported 0.98 ± 0.05/010 ± 0.03/2/0 =>compatible	with	
Standard	Model(0,97).

• Form-factors	parameters	forΛ3% → Λ𝑙%ν4	are	determined	to	test	and	calibrate	for	LQCD.
2025/10/25 31

PRD	108.L031105	(2023)
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First observation of 𝚲𝒄" → 𝒏𝝅"

• First	singly	Cabibbo-suppressed	𝛬$"	decay	involved	neutron	was	observed(7.3𝜎).

• Absolute	BF	is	measured	to	be	ℬ(𝛬$" → 𝑛𝜋")= 6.6 ± 1.2&'(' ± 0.4&)&' ×1001.	
• =>Consistent	with	SU(3)	flavor	asymmetry		prediction[PLB790,225(2019),	]
• =>twice	larger	than	the	dynamical	calculation	based	on	pole	model	and	CA[PRD97,074028(2018)]	

• ℬ(𝛬$" → 𝛬𝜋")= 1.31 ± 0.08&'(' ± 0.05&)&' ×1002=>Consistent	with	previous	BESIII	results
• ℬ(𝛬$" → 𝛴3𝜋")= 1.22 ± 0.08&'(' ± 0.07&)&' ×1002 =>Consistent	with	previous	BESIII	results

• 𝑅 = ℬ(5-.→78.)
ℬ(5-.→:8/)

> 7.2@90%𝐶. 𝐿.	(ℬ(𝛬$" → 𝑝𝜋3)< 8.0×100;	@90%C.L.from	Belle)
• =>Disagrees	with	SU(3)	flavor	asymmetry	and	dynamical	calculation	(2-4.7)	while	in	consistent	with	SU(3)	

plus	topological-diagram	approach(9.6).

2025/10/25 32

PRL	128.142001 (2022).
N(𝒏𝝅")=50±9

第22届全国重味物理和CP破坏研讨会



Decay asymmetry for pure W-exchange process  Λ!" → Ξ#K"

2025/10/25 33

• Λ#$ → Ξ+K$	is	pure	W-exchange	process	which	have	signi7icant	
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  Λ!" → Ξ#K"

2025/10/25 34

• The	joint	angular	distribution	for	 Λ3% →
Ξ!K%	is	derived	based	on	helicity	
amplitude.

第22届全国重味物理和CP破坏研讨会

PRL	132,	031801(2024)



Decay asymmetry for pure W-exchange process  Λ!" → Ξ#K"

2025/10/25 35

• From	the	fit,	we	obtain	𝛼/<0= = 0.01 ± 0.16,121 ±
0.03,3,1 	and	𝛽/<0= = −0.64 ± 0.69,121 ± 0.13,3,1 	
and	𝛾/<0= = −0.77 ± 0.58,121 ± 0.11,3,1

• 𝛼/<0=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(𝛿4 − 𝛿-)	is	measured	to	close	to	
zero.=>not	considered	in	previous	literature.

• Fills	the	long-standing	puzzle	on		how	to	model	𝛼/<0= 	
and	ℬ(Λ#$ → Ξ+K$)	simultaneously.

第22届全国重味物理和CP破坏研讨会

PRL	132,	031801(2024)



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!



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		between	𝛬ρ 770 	and	Σ(1385)+/$𝜋$/+.

2025/10/25 37第22届全国重味物理和CP破坏研讨会

JHEP12.033	(2022)



Production and Decay Dynamics of the 𝛬&"

2025/10/25 38第22届全国重味物理和CP破坏研讨会

• Enhance         precision

arXiv	2508.11400	

• Measured transverse polarization using 587 fb-1

in 2018 but not found.

• 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 𝛬&"
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If parity violation exists: 𝜶, 𝜷 ≠ 𝟎, 𝜸 ≠ −𝟏

𝛼 =
2Re(𝑠∗𝑝)
| |s 2 + 𝑝 2 𝛽 =

2Im(𝑠∗𝑝)
| |s 2 + 𝑝 2 𝛾 =

| |s 2 − 𝑝 2

| |s 2 + 𝑝 2

𝛼2 + 𝛽2 + 𝛾2 = 1

arXiv	2508.11400	



Production and Decay Dynamics of the 𝛬&"
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arXiv	2508.11400	

• 13 energy points, 5 channels with 23 angles



Production and Decay Dynamics of the 𝛬&"
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arXiv	2508.11400	



Production measurement near threshold

2025/10/25 42

• e+e-→ 𝛬+%𝛬+#	cross	section	are	measured	at	twelve	energy	
points	from	4.612-4.951GeV	.

• Indicate	no	enhancement	around	Y(4630)	resonance.	
=>Con�lict	with	Belle.

• |GE/GM|	ratio	are	derived	by	�itting	to	angular	distribution.

• The	oscillations	on	|GE/GM|	ratio	is	signi�icantly	observed	
with	higher	frequency	than	that	of	the	proton.	

PhysRevLett.131.191901(2023)
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Production and Decay Dynamics of the 𝛬&"
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Strong phase convention in baryon decays
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Lepton Number Violating(LNV)
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Lepton Number Violating(LNV)
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Baryon	Number	Violation	(BNV)
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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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𝝍(𝟐𝑺)𝑱/𝝍

Nearly blank at 5-7GeV

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

𝛀𝒄�𝛀𝒄

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+!�Ω+! 5.4 GeV
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Prospect Charm Baryons data sample at BESIII
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Summary
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• BEPCII	energy	upgrade	during	2020-2021	has	improved	the	
BESIII	capability	by	accumulating	more	statistics	at	different	
energy	points.

• BESIII	has	been	playing	significant	role	in	studying	flavor	
physics	of	charm	sector	and	searching	for	new	physics.	Many	
new	important	results	have	been	published	during	2025.

• Future	BESIII	will	greatly	extend	the	physics	opportunities	in	
study	of	flavor	physics	and	search	for	new	physics!
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Thanks! 
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Backup
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CP observable in hyperon decay


