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Uppsala:	
Stefan	Leupold (phen)
Dispersion	relation	for	hadronic	light-by-light	scattering:	pion	pole	
JHEP 10	(2018)	141
Lars	Eklund	(LHCb,	NNbar @ESS)
KLOE-2: 𝜂 → 𝜋!𝜋"𝜋#, 𝑒!𝑒" → 𝜋!𝜋"𝜋#

Uppsala/Warsaw
Andrzej	Kupsc:	KLOE-2,	BESIII
Light-by-Light	(exp+phen),	
MesonNet,	
PrecisionSM (STRONG2020)
𝑒!𝑒" → 𝐵 '𝐵 (exp+phen)

Warsaw:	KLOE-2,	LHCb:	
Wojtek	Wislicki (prev:	SMC,	COMPASS,	NA48)

V.	Batozskaya,	M.Berłowski,	PhD	students:	N.Salone
+computing	

Uppsala	UU/Warsaw	NCBJ	groups	





The strong interaction at the frontier of 
knowledge:
fundamental research and applications
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• Hyperon-antihyperon	system	at	𝑒!𝑒" colliders
• Determination	of	amplitudes	of	hyperon	decays,	CP	
tests	in	baryon	decays

Methods:

1. G.Fäldt,	AK	PLB	772 (2017)	16	Hadronic	structure	functions	in	the	𝑒!𝑒" →
Λ'Λ reaction

2. E.Perotti,G.Fäldt,AK,S.Leupold,JJ.Song PRD99 (2019)056008	

Polarization	observables	in	e+e−	annihilation	to	a	baryon-antibaryon	pair

3. P.Adlarson,	AK	PRD	100 (2019)	114005	CP	symmetry	tests	in	the	cascade-
anticascade decay	of	charmonium

4. N.Salone,	P.Adlarson,	V.Batozskaya,	AK,	S.Leupold,	J.Tandean PRD 105

(2022)	116022	Study	of	CP	violation	in	hyperon	decays	at	super-charm-tau	

factories	with	a	polarized	electron	beam

Recent	activities Uppsala/Warsaw	



Nature	Phys.	15	(2019)	631

Phys.Rev.Lett.	129	(2022)	131801

𝒆!𝒆" → ⁄𝑱 𝝍 →𝚵"'𝚵!

𝒆!𝒆" → ⁄𝑱 𝝍 →𝚲'𝚲
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Other	applications	of	the	methods:

BESIII Phys.Rev.Lett. 123 (2019)	122003	:
Complete	Measurement	of	the	Λ Electromagnetic	Form	Factors

BESIII Phys.Rev.Lett. 125 (2020)	052004	
Σ+	and	Σ polarization	in	the	J/ψ and	ψ(2S) decays

BESIII	Phys.Rev.Lett.	126 (2021)	092002
Model-Independent	Determination	of	the	Spin	of	the	Ω− …



𝑛(𝑢𝑑𝑑) 𝑝(𝑢𝑢𝑑)

Λ (𝑢𝑑𝑠)

Ξ!(𝑑𝑠𝑠)

Σ"(𝑢𝑢𝑠)Σ!(𝑑𝑑𝑠) Σ#(𝑢𝑑𝑠)

Ξ#(𝑢𝑠𝑠)

Spin	½	baryon octet



𝑝 +𝑃$"𝑛

𝜋!

Hyperon	decay parameter	𝜶

p=100	MeV/c

𝑑Γ
𝑑Ω

=
1
4𝜋

(1 + 𝛼( 1𝑛 '𝑃()

𝛼# = −0.392(8)	

𝛼$ =0.750(10)	

Λ rest	frame

𝜦 → 𝒑𝝅"
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value before 2018: 𝛼# =0.642(13)	
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Accesible if	daughter	baryon	polarization	
is	measured	eg decay	sequence:
𝚵 → 𝚲𝝅, 𝚲 → 𝒑𝝅

𝚵 → 𝚲𝝅,𝚲 → 𝒑𝝅Hyperon	decay	parameter	𝝓

𝐏> = 0 ⇒ 𝐏( = 𝛼 1𝐳

Lee,	Yang	PR	108(1957)1645

Ξ rest	frame

Λ rest	frame

90°
1𝐳

1𝐱
1𝐲

𝛽" 𝐏" 𝛼>

𝛾" 𝐏"
𝐏> 𝐏(
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𝜙( = −0.11(6)

|𝜙>| = 𝒪(0.01)



𝜶,𝜷, 𝜸measurements	for	𝚲 → 𝒑𝝅"

p- p à K0 L0 L0àp-p

p-
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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)	

T.D. Lee, C-N Yang Phys.Rev. 108 (1957) 1645



At high energies annihilating e+e- have opposite helicities. 

𝒆!

𝒆"
𝛾∗ has	±1 helicity:

𝜌$ 0 =
1 0 0
0 0 0
0 0 1

𝒆"𝒆! → 𝜸∗ → 𝑩1𝑩 (𝐬𝐩𝐢𝐧 𝟏/𝟐)          

e+e−→	µ+µ−



𝒆!𝒆" → 𝑱/𝝍 → (𝜦 → 𝒑𝝅")('𝜦 → '𝒑𝝅!)
event	in	BESIII	detector

19

c.c. symmetric detection



Λ𝑒"

𝑒!

�̂�

;𝑦Baryon	polarization in	𝒆!𝒆"

𝛼% = 0.469

+𝑃

ΔΦ ≠ 0

𝜃$
'Λ

Unpolarized e+e- beams	⇨	transverse	polarization:

Ex.	𝑒#𝑒$ → ⁄𝐽 𝜓 → Λ1Λ

𝑃D

ΔΦ=42.3o ΔΦ = Arg(𝐺&/𝐺')
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𝜌 ⁄F G, ⁄F G =
1
4F
H'I

𝐶H'I 𝜎H
J!⨂𝜎'I

KJ"

General	two	spin	½	particle	state:

Baryon-antibaryon	spin	density	matrix
𝒆!𝒆" → 𝑩'𝑩

𝐶()* =

(𝜎&= 𝟏', 𝜎$ = 𝜎( , 𝜎' = 𝜎) , 𝜎* = 𝜎+) ℙ𝑩𝟐

𝕊𝑩'𝑩
𝟐
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Methods:	Ref	[1&2]



Results of	multidimensional	fit

𝑒#𝑒$ → (Λ → 𝑝π$)(1Λ → �̅�π#)

𝜇 cos 𝜃# =
1
𝑁 W

,-$

. /!

𝑛$,)
(,) − 𝑛',)

(,)Moment	𝝁:
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BES22Λ

BES22Λ BES19Λ

BES19Λ



Λ → 𝑝𝜋! :

𝜶𝚲

𝜶$89:;<=>?

Implications	of	the	BESIII	2019	result



𝐴(=−0.0025(46)

BES22Λ
1010 J/ψ

A( =
𝛼( + '𝛼(
𝛼( − '𝛼(

CP	test:	

𝐴( = − tan 𝛿Z( − 𝛿[( (𝜉Z( − 𝜉[()

= 0.12 (𝜉Z( − 𝜉[()Known	strong	𝑝 𝜋$ 𝑠 and 𝑝 − wave phases:

𝛼( =
𝛼( − '𝛼(

2
0.7542	± 0.0010	± 0.002

𝜶𝚲
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Status	of	 𝜶𝚲measurement



ΔΦ=(69.5±2.6±0.9)o

Polarization and	𝑪𝒊𝒊 𝐟𝐨𝐫 𝒆!𝒆" → ⁄𝑱 𝝍 →𝚵"'𝚵!

𝑪𝒙𝒙

𝑪𝒚𝒚 𝑪𝒛𝒛

𝑷𝒚

Nature 606	(2022) 64
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KLOE-2:	contribution	to	𝑒!𝑒" → 𝜋!𝜋"

Modular	event	generators:	

Combine	symbolic	&	high	performance	numeric	
calculations

Can	be	used	as	p.d.f. fitter	(unbinned MLL	methods),	and	
to	extract	acceptance	corrected	observables

(𝑔 − 2)M related	plans:


