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Weak	decays	of	strange	and	charm	baryons:	

novel sensitive	experimental	methods:		
decay	parameters,	form	factors,	tests	of	fundamental	
symmetries

present/future results	from	BESIII,	LHCb, Belle-II,…

Interpretation	of	the	results,	theory	predictions	needed

Purpose	of	this	meeting:	
motivate	theory-phen efforts for baryon decays
understand	status/prospects	of LQCD	calculations
Common	EU	theory-phen-exp	applications?

Artur Ukleja
Varvara Batozskaya

Patrik Adlarson
Johan Bijnens
Lars Eklund
Andrzej Kupsc
Stefan Leupold

Example:	hyperon	vs	kaon	non	leptonic	decays

A. Kupsc Warszawa 2023-03-06 



𝜋𝜋 !"#,%

Direct	CP	violation	in	𝑲𝟎decays

3.7 5 ×10!" ≈ 𝜉# − 𝜉$ sin 47.7°
1
22

𝜉! − 𝜉" ≈ 10#$ rad
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𝐈 𝐾! → 𝜋%𝜋# 𝐈𝐈 𝐾! → 𝜋!𝜋!

𝐾! → 𝜋%𝜋#

-𝐾! → 𝜋%𝜋#

Two	weak	transitions	needed
∆𝐼 = !

"
and ∆𝐼 = #

"

Exp.	avg PDG

(21.7 ± 8.2) × 10!% Lattice	QCD	(RBC,UKQCD) PRD 102	(2020)	054509



weak	CP-odd	phases

Strong interaction	in	final	
state

Hyperon	decays

P (parity	even)	– p-wave	final	state
S (parity	odd)	– s-wave	final	state

#
𝐴(Λ → 𝑝𝜋9)
𝐴(Ξ9 → Λ𝜋9) = 𝑆𝜎# + 𝑃 𝝈 1 2𝐧
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Λ(𝑑𝑠𝑢)
Ξ9(𝑑𝑠𝑠)

Two	amplitudes	already	for	 ∆𝐼 = )
"
transitions

Observables:	decay	width	and	two	decay	parameters



𝜶,𝜷, 𝜸measurements	for	𝚲 → 𝒑𝝅9
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Pp =
α + PΛ cosθ( ) ⌢′z + βPΛ

⌢′x + γ PΛ
⌢′y

1+αPΛ cosθ

no H2 target, no magnet;
use kinematics and proton’s 
range in carbon to infer Ep

1.25 cm-thick

Slide from Steve Olsen

4
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𝒆;𝒆9 → ⁄𝑱 𝝍 →𝚵9D𝚵;

𝒆;𝒆9 → ⁄𝑱 𝝍 →𝚲D𝚲
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Methods:
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𝛼(Λ → 𝑝𝜋9)

Decay	parameters



CPV	tests	in	hyperon	decays

Φ*+ =
𝜙 + 4𝜙
2

𝑆 = 𝑆 exp 𝑖𝜉, + 𝑖𝛿,
𝑃 = 𝑃 exp 𝑖𝜉+ + 𝑖𝛿+

̅𝑆 = 𝑆 exp −𝑖𝜉, + 𝑖𝛿,
4𝑃 = − 𝑃 exp −𝑖𝜉+ + 𝑖𝛿+

Ξ9 → Λ𝜋9 EΞ; → DΛ𝜋;

CP-odd	phases
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∆𝐼 = !
"
limit

A. Kupsc



BESIII	projection	

BESIII

Nature 606	(2022) 64

Hyperon	weak	phases

HyperCP PRL	93	(2004)	262001

1.2×108 Ξ! 4.1×107 =Ξ&

7.3×104 Ξ! =Ξ& and		3.2×106 Λ?Λ

HyperCP
Λ𝜋 𝛿$ − 𝛿%
theory

8
−3.8×10!% < (𝜉' − 𝜉())*+ < −0.4×10!%

−2.4×10!% < (𝜉' − 𝜉(),*+ < −2.0×10!%

+BES22Λ



Ξ9 → Λ𝜋9 → 𝑝𝜋9𝜋9+c.c

Φ&$
' = (𝜙'+ 5𝜙')/2
= 0.4 𝐵&$' = 0.4(𝜉$' − 𝜉%')

𝐴> + 𝐴? = (0.0 ± 5.1 ± 4.4)×10#$ HyperCP PRL 93 (2004) 262001

1.2×108 Ξ# 4.1×107 4Ξ%

𝚵( Polarization ( 3.7%)

HyperCP measurements



Ξ9 → Λ𝜋9 → 𝑝𝜋9𝜋9+c.c

LHCb

𝚵((A𝚵)) Polarization ( 60%)
nearly symmetric acceptance

JHEP05(2019)048

#particles per pp interaction
(√s = 13 TeV at  LHCb

Improved HyperCPmeasurement	at	LHCb?
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We	would	like	to	understand	prospects	for	calculating	properties	of	
weak	baryon	decays	(in	particular from	the	lattice)

The	main	topics	for the	discussion:

• strange,	charm	(beauty?)	baryon	decays:	(non-leptonic,	
semileptonic,	radiative)

• static	properties	(magnetic	dipole	moments)	
• tests	of	fundamental	symmetries	CPV

Ideas	for	new	projects	and	future	collaborations
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