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F1 (Dirac)	and	F2 (Pauli)	form	factors
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(Transition)	Form	Factors
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τ+τ-

Thresholds:
Λ1Λ :				2.231	GeV						 ΣO3ΣP 2.379	GeV
ΣQ3ΣQ 2.385	GeV						 ΣP3ΣO 2.395	GeV
ΞQ3ΞQ 2.630	GeV						 ΞP3ΞO 2.643	GeV
Λ3ΣQ 2.308	GeV

Λc #Λ!

Baryon-antibaryon pair	production	at	BESIII
1.8 GeV ≤ 𝑠 ≤ 5.0 GeV

QED

(Ω1Ω 3.345	GeV)

Ω#Ω



𝒔~10 GeV
ISR

q many Ecm simultaneously
q reduced point-to-point systematics
q mass resolution limited by detector
q boost of hadronic system may help efficiency

Direct scan BESIII ISR BelleII

Ecm = 𝒔 Ecm < 𝒔

𝒔

q (very) high luminosity at selected c.m. energies
q better resolution: at  ⁄𝐽 𝜓 0.9 MeV: 1010 ⁄𝐽 𝜓

Ecm [GeV]
Picture:Wolfgang Gradl & Xiaorong

⁄𝑱 𝝍



Baryon	FFs	(continuum):

=)
&

𝑉 = 𝛾, 𝜌, 𝜔, 𝜑, … , 𝐽/𝜓, 𝜓(2S), …

vs	J/ψ decay:

Baryons	𝐵1 and	 (𝐵2
(spin	1/2,	...)

Charmonia	decays:
Fäldt,	Kupsc	PLB772	(2017)	16

Time	like	spin	½		baryon	FFs:
Dubnickova,	Dubnicka,	Rekalo
Nuovo	Cim.	A109	(1996)	241
Gakh,	Tomasi-Gustafsson	Nucl.Phys.	A771	(2006)	169
Czyz,	Grzelinska,	Kuhn	PRD75	(2007)	074026
Fäldt EPJ	A51	(2015)	74;	EPJ	A52	(2016)141	
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(Feb	2019):	1010 J/ψ
PRD	93,	072003	(2016)
PLB770,217	(2017)
PRD	95,	052003	(2017)	

𝑱/𝝍,𝝍(𝟐𝑺) → 𝑩:𝑩

3.2x109	ψ(2S)

ℬ ⁄𝐽 𝜓 → 𝑝1𝑝 = (21.21 ± 0.29)×10P^



Λ𝑒!

𝑒"
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=𝑦Baryon polarization in	e+e-
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Unpolarized e+e- beams	⇨	transverse	polarization:

Max	PΛ=	36.4%

Ex.	 ⁄𝐽 𝜓 → Λ#Λ

𝑃d
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hg"General	two	spin	½	particle	state:

Baryon-antibaryon	spin	density	matrix
𝒆!𝒆" → 𝑩𝟏'𝑩𝟐

𝐶"%& =

(𝜎"= 𝟏%, 𝜎) = 𝜎. , 𝜎% = 𝜎/ , 𝜎0 = 𝜎1)

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

𝑃'

𝛽, = 1 − 𝛼,% sin ΔΦ 𝛾, = 1 − 𝛼,% cos ΔΦ



Spin	½	baryon octet



Λ

(Λ

𝑒!
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𝜃$

𝑒(𝑒! → 𝛬 → 𝑝𝜋! ̅𝛬 𝑝 𝑛",d

⇒Determine product:	𝛼!𝑃'~ 𝛼! sin 𝜟𝜱

Λ → 𝑝π": 4𝐧, → Ω, = (cos 𝜃, , 𝜙,) : 𝛼"

Inclusive decay angular	distribution

𝑑Γ
𝑑 cos 𝜃5𝑑Ω,

∝ (1 + 𝜶𝝍 cos- 𝜃5) 1 + 𝜶"𝑃7𝑛,,7



Exclusive joint	angular	distribution

𝒆!𝒆" → (𝜦 → 𝒑𝝅")('𝜦 → '𝒑𝝅!)

Λ → 𝑝πP: [𝐧" → (cos 𝜃" , 𝜙") 1Λ → 𝑝̅πO: [𝐧! → (cos 𝜃! , 𝜙!): 𝜶P

Fäldt,	Kupsc PLB772	(2017)	16

: 𝜶O

Cross	secti
on	

Polarizatio
n

5D	PhSp

𝚫𝚽 ≠ 𝟎 ⇒ 𝐢𝐧𝐝𝐞𝐩𝐞𝐧𝐝𝐞𝐧𝐭 determination of 𝜶" and 𝜶!

1 + 𝜶𝝍 cos! 𝜃#

+𝜶P𝜶O 1 − 𝜶𝝍! cos( 𝜟𝜱) sin 𝜃# cos 𝜃# (𝑛",q𝑛!,r + 𝑛",r𝑛",q)

+𝜶P𝜶O sin𝟐 𝜃t(𝑛",q𝑛!,q − 𝜶𝝍𝑛",d𝑛!,d) + (cos! 𝜃# + 𝜶𝝍)𝑛",r𝑛!,r
Spin	correl

ations	

+ 1 − 𝜶𝝍! sin( 𝜟𝜱) sin 𝜃# cos 𝜃# (𝜶P𝑛",d + 𝜶O𝑛!,d)

𝝃 ∶ (cos 𝜃# , [𝐧", [𝐧!)
𝑑Γ ∝ 𝑊 𝝃;𝜶𝝍, 𝜟𝜱, 𝜶", 𝜶! =



𝜌 ⁄" !, ⁄" ! =
1
4
T
e,f

𝐶e,f 𝜎e#⨂𝜎,f
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Apply decay matrices:

𝑊 = 𝑇𝑟𝜌u,u̅ = T
e,,fwQ

x

𝐶e,f𝑎e,Q# 𝑎,f,Q
,#

𝛽, = 1 − 𝛼,% sin ΔΦ 𝛾, = 1 − 𝛼,% cos ΔΦ

General	two	spin	½	particle	state:

Exclusive joint	angular	distribution (modular form)
𝒆!𝒆" → (𝜦 → 𝒑𝝅")('𝜦 → '𝒑𝝅!)

𝜎e# → T
e#wQ

x

𝑎e,ey# 𝜎ey
u

The	angular	distribution:

𝐶"%& =

(𝜎"= 𝟏%, 𝜎) = 𝜎. , 𝜎% = 𝜎/ , 𝜎0 = 𝜎1)

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



ΔΦ=42.3o±0.6o±0.5o
Fit	results

𝑒%𝑒& → (Λ → 𝑝π&)(#Λ → 𝑝̅π%) 𝑒%𝑒& → (Λ → 𝑝π&)(#Λ → (𝑛π')
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1
𝑁 |
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2 3$

𝑛),/
($) − 𝑛%,/

($)moment:

(uncorrected for	acceptance)

BESIII	Nature	Phys.	(2019)
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𝛼(Λ → 𝑝𝜋")

Decay	parameters



Nature	Phys.	15	(2019)	631

Phys.Rev.Lett.	129	(2022)	131801

𝒆!𝒆" → ⁄𝑱 𝝍 →𝚵"'𝚵!

𝒆!𝒆" → ⁄𝑱 𝝍 →𝚲'𝚲

17

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:



𝒆!𝒆" → ⁄𝑱 𝝍 →𝚵"'𝚵! → 𝚲𝝅"'𝚲𝝅! → 𝐩𝛑"𝛑"'𝐩𝛑!𝛑!

9	kinematical	variables	9D	PhSp𝝃𝑑Γ ∝ 𝑊 𝝃;𝝎

Parameters: 2 production + 6 for decay chains

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

𝑊 =#
e,,f

𝐶e,f #
e#,,fy

𝑎e,ey~ 𝑎,f,,fy
,~ 𝑎ey,Q# 𝑎,fy,Q

,#

𝝎 = 𝜶𝝍, 𝚫𝚽, 𝜶𝜩, 𝝓𝜩, 𝜶𝚲, (𝜶𝜩, (𝝓𝜩, (𝜶𝚲
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HVP𝑒P + 𝑒O → )Λ + ΣQ





𝒆O𝒆P → ⁄𝑱 𝝍 →𝚲)𝚲



Spin density matrix for e+e- -> Ω-Ω+

(Complex) Form Factors 

Using base 3/2 spin matrices Q: 
M.G.Doncel,	L.Michel,	P.Minnaert Nucl.	Phys.	B38,	477(1972)

3
4
𝑄J� → 𝑄e , 𝜇 = 1,… , 15

𝑄Q =
1
4
𝐼



Single	tag	𝑒P𝑒Q → ΩQ$ΩP

Angular distribution (using decay 
matrices in helicity frames):

decay  3/2->1/2 0
(Ω->ΛK)

decay  1/2->1/2 0
(Λ->pπ)

Single 3/2-spin baryon density
matrix is

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



Hyperon	decays,	CP	violation,	QM	tests	
using BESIII	data	sample of 10"Q ⁄𝐽 𝜓

Conclusions

Baryon	form	factors	at	BESIII,	BelleII,	STCF	using	scan	and	ISR

Higher order	em effects	and	event	generators needed	for	precision	
experiments

Two	photon	baryon-antibaryon	production?


