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EM	Transition	Form	Factors

𝑒! + Λ → 𝑒! + Σ"

Σ" → Λ𝑒#𝑒!

Σ" → Λ + 𝛾

𝑒! + 𝑒# → )Λ + Σ"
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Observables:	 𝐹$ 𝑞% % and	 Arg 𝐹' 𝑞% 𝐹%∗ 𝑞%
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EM	Transition	Form	Factors

𝑒! + 𝑝 → 𝑒! + Δ#

Δ# → 𝑝𝑒#𝑒!

Δ# → 𝑝 + 𝛾

𝑒! + 𝑒# → 𝑝̅ + Δ#

𝐵(Δ# → 𝑝𝑒#𝑒!) = 4.2(7)×10!+  HADES



Radiative	Decays	𝑩′ → 𝑩𝜸



Homberg, Leupold Phys.Rev.D 100 (2019) 114001

Radiative	Decays	𝑩′ → 𝑩𝝅𝜸



Weak	Transition	Form	Factors

𝜈̅, + 𝑝 → 𝑒# + 𝑛

𝑛 → 𝑝 + 𝑒! + 𝜈̅, 𝜈̅, + 𝑝 → 𝑒# + 𝑛 𝜈, + 𝑛 → 𝑒! + 𝑝
𝜈̅, + 𝑝 → 𝑒# + Λ

Λ → 𝑝 + 𝑒! + 𝜈̅,𝑽𝒖𝒔

Neutrino	detection



Weak	Transition	Form	Factors

𝜈, + 𝑝 → 𝑒! + Δ##

Δ## → 𝑝 + 𝑒# + 𝜈, Ω! → Ξ" + 𝑒! + 𝜈̅,  



Hyperon	semi-leptonic	decays



Semileptonic Decays

•PRD 106 (2022) 093001
•PRD 109 (2024) 034028







Status	of	𝑽𝒖𝒔



𝑽𝒖𝒔Determination



Status	of	𝑽𝒖𝒔



LQCD 2504.07727 [hep-lat]

Weak	radiative	decays



Non	leptonic	decays



𝜋𝜋 &'(,*

Direct	CP	violation	in	𝑲𝟎decays

3.7 5 ×10#$ ≈ 𝜉% − 𝜉& sin 47.7°
1
22

𝜉O − 𝜉! ≈ 10PQ rad

19

𝐈 𝐾O → 𝜋R𝜋P 𝐈𝐈 𝐾O → 𝜋O𝜋O

𝐾O → 𝜋R𝜋P

7𝐾O → 𝜋R𝜋P

Two	weak	transitions	needed
∆𝐼 = '

%
and ∆𝐼 = /

%

Exp.	avg	PDG



𝝐′ in	SM	and	BSM

(21.7± 8.2) × 10#' Lattice	QCD																																					PRD	102	(2020)	054509

Exp.	avg	PDG

(9.4 ± 3.5) × 10#' NNLO	QCD																																																			EPJC	80	(2020)1

(14 ± 5) × 10#' EFT																										RPP	81	(2018)		076201,	JHEP	02	(2020)	032

SM

BSM
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weak	CP-odd	phases

Strong	phase:
interaction	of	final	
particles	

Hyperon	decays

Measurable:	Γ and	
two	decay	parameters:

Transitions:
P	(parity	even)	final	state		in	p-wave
S	(parity	odd)		final	state		in	s-wave

%𝐴(Λ → 𝑝𝜋<)
𝐴(Ξ< → Λ𝜋<) = 𝑆𝜎( + 𝑃 𝝈 3 4𝐧
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Λ(𝑑𝑠𝑢)
Ξ<(𝑑𝑠𝑠)

Neglecting ∆𝐼 = (
&
transitions



𝑝 8𝑃U"𝑛

𝜋<

Hyperon	decay parameters

p=100	MeV/c

𝑑Γ
𝑑Ω =

1
4𝜋 (1 + 𝛼0 Z𝑛

[𝑃0)

𝛼)=-0.392(8)	

𝜙*=-0.113(61)	

𝛼*=	0.750(10)	

𝜙)=-0.042(16)	
Accesible	if	daughter	baryon	polarization	
measured	eg in	decay	sequence:
𝚵 → 𝚲𝝅, 𝚲 → 𝒑𝝅

Λ rest	frame

𝜦 → 𝒑𝝅#

𝚵 → 𝚲𝝅,𝚲 → 𝒑𝝅

𝜎70 → c
7"*"

/

𝒂𝝁,𝝁9𝜦 𝜎79
;



𝜶,𝜷, 𝜸measurements	for	𝚲 → 𝒑𝝅<

p- p à K0 L0 L0àp-p

p-

p-

p
p Càp C

p

carbon plates

Oliver Overseth
1928-2008James Cronin

1931-2016

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
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𝛼? =0.62(7)	



Nature	Phys.	15	(2019)	631

Phys.Rev.Lett.	129	(2022)	131801

𝒆@𝒆< → ⁄𝑱 𝝍 →𝚵<F𝚵@

𝒆@𝒆< → ⁄𝑱 𝝍 →𝚲F𝚲
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Fäldt,	AK	PLB	772,	16	
Perotti,	Fäldt,	AK,	Leupold,	Song	PRD99,056008	
Adlarson,	AK	PRD	100,	114005
Salone,Adlarson,Batozskaya,	AK,Leupold,Tandean		PRD	105,	116022	
Batozskaya,	AK,	Salone,Wiechnik	PRD	108,	016011

Methods:
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𝛼(Λ → 𝑝𝜋<)

Decay	parameters



CPV	tests	in	hyperon	decays

Φ!" =
𝜙 + 8𝜙
2

𝑆 = 𝑆 exp 𝑖𝜉# + 𝑖𝛿#
𝑃 = 𝑃 exp 𝑖𝜉" + 𝑖𝛿"

̅𝑆 = 𝑆 exp −𝑖𝜉# + 𝑖𝛿#
8𝑃 = − 𝑃 exp −𝑖𝜉" + 𝑖𝛿"

Ξ< → Λ𝜋< GΞ@ → GΛ𝜋@

CP-odd	phases

26

∆𝐼 = '
%
limit



Ξ< → Λ𝜋< → 𝑝𝜋<𝜋<+c.c

Φ<=
> = (𝜙>+ +𝜙>)/2
= 0.4 𝐵<=> = 0.4(𝜉=> − 𝜉?>)

𝐴5 + 𝐴6 = (0.0 ± 5.1 ± 4.4)×1078 HyperCP PRL 93 (2004) 262001

1.2×108 Ξ7 4.1×107 8Ξ9

𝚵! Polarization ( 3.7%)

HyperCPmeasurements



Kaon bounds for CPV in hyperon decays
assuming chromomagnetic penguin

weak	P-S phase	difference

Hyperon	CPV	in	SM	and	BSM

𝜉A − 𝜉B
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* Tandean,Valencia PRD67	(2003)	056001

SM	ref	*

** Tandean Phys.Rev.D 69	(2004)	076008

BSM	ref	**



BESIII	projection	

BESIII

Nature 606	(2022) 64

Hyperon	weak	phases

HyperCP PRL	93	(2004)	262001

1.2×108 Ξ# 4.1×107 DΞ"

7.3×104 Ξ# DΞ" and		3.2×106 ΛFΛ

HyperCP
Λ𝜋 𝛿= − 𝛿?
theory
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−3.8×10#' < (𝜉! − 𝜉+)),- < −0.4×10#'

−2.4×10#' < (𝜉! − 𝜉+)*,- < −2.0×10#'

+BES22Λ
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Baryon-meson interactions

Hyperon	decays:
Λ, Σ → 𝑁𝜋	(S=0				I=1/2,	3/2)										
Ξ → Λ𝜋 (S=-1,	I=1)
Ω → Λ𝐾7, Ξ𝜋 (S=-2,	I=1/2,3/2)					

Charmed	baryons:
Λ>, Ξ> → 𝑝𝐾7𝜋9 (S=-1,I=0,1)

   

CPV	in	hadronic	baryon	decays:
• 	(V-A	)	transition
• CPV	phases	derived	from	CKM	or	BSM
• Strong	final	state	interactions
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Phase Shift analysis

N𝜋 scattering
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N𝜋 scattering



𝛽
𝛼
=

1 − 𝛼%

𝛼
sin𝜙 = tan 𝛿@*'= − 𝛿@*'?

Determination  from polarization rotation angle in  Ξ → Λ𝜋
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Meissner,Oller PRD64 (2001) 014006

Λ𝜋 scattering	

Tandean, Thomas, Valencia PRD64(2001)014005

Σ𝜋 𝑁K𝐾 Σ𝜋 Σ𝐾

https://arxiv.org/search/hep-ph?searchtype=author&query=Tandean,+J
https://arxiv.org/search/hep-ph?searchtype=author&query=Thomas,+A
https://arxiv.org/search/hep-ph?searchtype=author&query=Valencia,+G


𝜋7𝑝 → Λ𝜋7𝐾9at	HADES

4.4 Hyperon-meson interaction 27

violation e!ects using sequentially decaying entangled baryon-antibaryon pairs produced
in the e+e→

→ J/ω → !!̄/”→”̄+ processes [65]. They have extracted the numerous
”→ and ! decay asymmetry parameters, also for its charge-conjugate channel [59, 66, 67].
In this framework the leading-order contribution to the CP asymmetry AY

CP
is given as:

AY

CP
↑ ↓tan(εP ↓εS)tan(ϑP ↓ϑS), where εP ↓εS denotes the strong-phase di!erence of the

final-state interaction (FSI) between the ! and ϖ→ from the ”→ decay, and ϑP ↓ ϑS denotes
the weak-phase di!erence. CP-violating e!ects would manifest themselves in a nonzero weak
phase. The weak-phase di!erence has been directly determined for the decay ”→

→ !ϖ→

using entangled ”→ and ”̄+ [66]. The strong-phase di!erence has been determined indirectly
using the two other decay parameters ↔ϱ!

↗ and ↔ς!
↗. This is one of the most precise tests

of the CP symmetry for strange baryons.
To gain direct and more precise information on the strong-phase di!erence and increase

the sensitivity to CP violation e!ects, the knowledge on the ! ↓ ϖ→ FSI, which enters the
calculations, is needed. Such e!ect can be studied with the HADES detector and pion
beams in the three-body ϖ→ + p → ! + ϖ→ + K+ reaction. Using a partial wave or Dalitz
plot analysis the !↓ϖ→ FSI e!ects can be pin-down. These studies will be complementary
to measurements planned at the JLab facility with photon beams.
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Figure 11: Pluto simulation of the reaction ω
→ + p ↑ ” + ω

→ + K
+ with ” ↑ ω

→
p. Left panel: The output of

the generator which includes a incoherent sum of phase-space model plus a model incorporating two intermediate
resonances, namely . the #(1385) and K

↑(892) resonances. Right panel: The acceptance of HADES for which all
the final-state particles are registered by the HADES central detector or forward wall. Moreover, the momenta of
all final-state particles are required to be larger than 100 MeV/c.

Figure 11 illustrates the mass correlation between the ϖK and ϖ! systems for the
reaction ϖ→+p → !+ϖ→+K+ with ! → pϖ→ at a pion-beam momentum of 2 GeV/c, based
on a Pluto simulation. The generator incorporates a mixture of a phase-space model and
models with intermediate states involving the #(1385) and K↓(892). The left panel displays
the generated spectrum, while the right panel shows the HADES acceptance, where all
final-state particles are detected. It is noteworthy that the setup provides nearly complete
phase-space coverage of the reaction with a uniform acceptance.

Proposed	measurement	at	HADES
• 𝑀 Λ𝜋! = 𝑀>is covered
• Extraction	of	Λ𝜋!	s-wave	phase	shift	
using	PWA/Omnes	function?

• Synergy	with	BESIII	and	LHCb	analyses?		
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Scattering	length	a	and	range	r:

Amplitude	A:

BW	resonances:

PLB 785 (2018) 574



𝑝𝐾# scattering

https://www.sciencedirect.com/science/article/
pii/S0370269319300413



Ω# → Λ𝐾#

𝐼 =
1
2 ∶ Λ𝐾

! ↔ Ξ𝜋
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Λ𝐾# scattering

PRD 110 (2024) L011505



Opportunities	for	FAIR	experiments:

• Complementary	measurements	to	LHCb:				exclusive	measurements,	electrons

• Synergy	with	LQCD	-	form	factors:				transitions	to	ground	state	vs	excited	
states	

• CPV	in	baryon	hadronic	decays	require	PWA	methods	beyond	BW	isobar	
model	and	understanding	of	baryon-meson	interactions	

• Proton	polarimetry?	 	 	 	arXiv:2501.02439	[hep-ph]

𝐒𝐮𝐦𝐦𝐚𝐫𝐲


