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Ø Polarization in weak decay
Ø Digging more information

Ø Experiment & Phenomenon
Ø Methods for measurement

Ø New results coming soon
Ø BEPCII-U
Ø Summary

— Dynamic parameters? Phase shift? CPV observables?

— Angular analysis? Partial wave analysis?



Polarization in weak decay
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𝑝 →parity conservation

If party 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

• Another definition:
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" Δ = δ
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− δ!

"
𝛽 = 1 − 𝛼"sinΔ 𝛾 = 1 − 𝛼"cosΔ

𝛼8 + 𝛽8 + 𝛾8 = 1

• Transform  using a simple linear relation Two-body decay with 
extremely narrow width

equal to one
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Digging more information
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The amplitude for the two-body weak decay 𝐵+ → 𝐵, + 𝑃 can be parameterized as 

𝑀 𝐵! → 𝐵" + 𝑃 = 𝑖7𝑢" 𝐴 − 𝐵𝛾# 𝑢!)
𝐴 → 𝑠, 𝐵 → 𝑝/𝜅

𝜅 = 𝑝⃗$ /(𝐸% +𝑚%)

Γ =
ℬ(Λ$& → Λ𝜋&)

𝜏%&'
=
|𝑝⃗$|
8𝜋

𝑚%&' +𝑚%
' −𝑚('

'

𝑚%&'
' 𝐴 ' +

𝑚%&' −𝑚%
' −𝑚('

'

𝑚%&'
' 𝐵 '

𝛼 =
2𝜅 𝐴 |𝐵|cos(𝛿) − 𝛿*)

𝐴 ' + 𝜅' 𝐵 '

Δ = arctan
2𝜅 𝐴 |𝐵|sin(𝛿) − 𝛿*)

𝐴 ' − 𝜅' 𝐵 '

Three unknowns and
three independent equations

𝛾 =
| |A $ − 𝜅$ 𝐵 $

| |A $ + 𝜅$ 𝐵 $

ü Once 𝛾 > 0 or 𝛾 < 0, 
one solution will 
be determined.



Digging more information
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𝑠 = 𝑠 𝑒!+(𝑒!,(
𝑝 = 𝑝 𝑒!+)𝑒!,)

𝑠̅ = − 𝑠 𝑒!+(𝑒-!,(
𝑝̅ = 𝑝 𝑒!+)𝑒-!,)

under CP 
transformation

ØFor CPV observables

𝜙 weak phase, 𝜉 strong phase

𝛼 =
2Re(𝑠∗𝑝)
| |s ' + 𝑝 ' 𝛽 =

2Im(𝑠∗𝑝)
| |s ' + 𝑝 ' 𝛾 =

| |s ' − 𝑝 '

| |s ' + 𝑝 '

• If CP conserved:

𝑠 −𝑠

𝑝 𝑝
• Thus:

𝛼 7𝛼 = −𝛼

𝛽 𝛽̅ = −𝛽

𝛾 𝛾̅ = +𝛾

CP

CP

CP

CP

CP



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

!"!#$#$% !

c

u du
d

sc

'd à Strange 
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(qqq)  uniform
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(Lc[udc])

mu, md << mc à

diquark + quark
(qq)           (Q)

à Charmed meson
(D+[c9𝒅])

md << mc à

quark + heavy quark
(q)               (Q)



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 0.567	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%

CPC46.113003(2022)
Belle: PRL 101, 172001 (2008)
BESIII:PRL 131, 191901(2023) 



Experiment & Phenomenon
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Renaissance on the charmed baryon decay asymmetry from 2018!

ü First Λ-. → 𝑝𝐾/0.

ü Most precise Λ-. → Λπ..

ü The sign of Λ-. → Σπ.



Experiment & Phenomenon
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ü The decay asymmetry parameter of Λ-. → Ξ0K. significantly changed from 0 to almost 

1.

ü Quite urgent to validate experimentally.



Decay asymmetry for pure W-exchange process  Λ./ → Ξ0K/
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• Λ./ → Ξ0K/	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  Λ./ → Ξ0K/
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• The	joint	angular	distribution	
for	 Λ<= → ΞMK=	is	derived	
based	on	helicity	amplitude.

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



Decay asymmetry for pure W-exchange process  Λ./ → Ξ0K/
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• From	the	fit,	we	obtain	𝛼1*2' = 0.01 ± 0.163454 ±
0.033634	and	𝛽1*2' = −0.64 ± 0.693454 ± 0.133634	
and	𝛾1*2' = −0.77 ± 0.583454 ± 0.113634

• 𝛼1*2'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(𝛿7 − 𝛿8)	is	measured	to	close	to	
zero.=>not	considered	in	previous	literature.

• Fills	the	long-standing	puzzle	on		how	to	model	𝛼1*2'	
and	ℬ(Λ./ → Ξ0K/)	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:0 → Σ.𝐾; should have phase shift similar to Λ:. → Ξ0𝐾..

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

decay Ξ:. → Ξ0𝜋. 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-pwa
A 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


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 Λ$& → 𝑝𝐾-𝜋&

ü Λ$& → 𝑝𝐾-𝜋&𝜋/

ü Λ$& → 𝑝𝐾*/𝜋/

ü Λ$& → 𝑛𝐾*/𝜋&

ü Λ$& → Λ/𝜋&𝜂

ü Λ$& → Σ&𝜋&𝜋-

ü Λ$& → Σ-𝜋&𝜋&

ü …

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

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


Λ!" polarization on BESIII
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angular information from experiment

Λ$& initial transverse polarization parameters 

energy depended, relate to the form factor 𝑒.𝑒; → Λ:.:Λ:;
𝑃< 𝛼0, Δ0, 𝜃0 = 𝑐0 1 − 𝛼0=sin𝜃0cos𝜃0sinΔ0

𝒅𝚪
𝒅𝐜𝐨𝐬𝜽𝟎𝒅𝐜𝐨𝐬𝜽𝟏𝒅𝝓𝟏

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

Λ$&  polarization parameters 



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

Λ$& → 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 Le>ers 41, 021302 (2024)

Predication about Δ&



BEPCII-U
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Ø The polarization of weak decay can bring us more information.

Ø More data needs to be collected.

Ø optimized energy at 2.35 GeV with luminosity 3 times higher than the current BEPCII.

Will reach the thresholds of Ξ$/  and Ξ$&.

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;M*Ω;M	 5.4	GeV



Prospect Charm Baryons data sample at BESIII

!"!#$#$% $$



Summary
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ü BESIII collected a large amount of Λ[\ data near the threshold, 
which enable polarization parameters to be measured.

ü Polarization can help us obtain more weak decay information, 
such as amplitude magnitude, strong phase shift, and CPV 
observables.

ü Especially with strong phase shift, the performance of Λ[\ and 
hyperons is completely different, which requires further 
verification with more data.



Summary
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ü Partial wave analysis is an effective tool for analyzing multibody 
decay, and the polarization of many two-body processes in 
multibody decay is measuring.

ü More measurement information about Λ[\ → 𝑝𝐾]^/Λ^𝜋\/Σ^𝜋\/
Σ\𝜋^ will be released soon.

ü BEPCII-U will help us give more interesting information about Λ[\

and	Ξ[
^/\.

ü More contributions  from Belle(II) and LHCb are expected.
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Polarization in weak decay
The beginning of all...
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The Nobel Prize in Physics 1957



PWA	for	𝛬T/ → 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)0/.𝜋./0.

!"!#$#$% $"

JHEP	12.033	(2022).



PWA	for	𝛬T/ → 𝛬𝜋/𝜋0

• Decay	asymmetry	parameters	can	be	obtained	by	the	fit	results	of	the	partial	
wave	amplitudes.	

!"!#$#$% $&

JHEP	12.033	(2022).



PWA	for	𝛬T/ → 𝛬𝜋/𝜋0

• NO	theoretical	models	is	able	to	explain	both	BFs	and	decay	asymmetries	simultaneously.

• Fruitful	results	are	extracted	which	provide	crucial	input	to	extend	the	understanding	of	dynamics	
of	charmed	baryon	hadronic	decays.
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JHEP	12.033	(2022).
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