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𝒆𝒆+𝒆𝒆− → 𝒇𝒇�𝒇𝒇,𝐁𝐁𝟏𝟏�𝐁𝐁𝟐𝟐 J/ψ→𝐁𝐁𝟏𝟏�𝐁𝐁𝟐𝟐

𝒆𝒆+𝒆𝒆− → J/ψ→ 𝚵𝚵�𝚵𝚵

𝜦𝜦 → 𝒑𝒑𝝅𝝅−

𝒆𝒆+𝒆𝒆− → J/ψ→ 𝚲𝚲�𝚲𝚲
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𝑝𝑝 �𝑃𝑃Λ�𝑛𝑛

𝜋𝜋−

Weak decay 𝜦𝜦 → 𝒑𝒑𝝅𝝅−

Λ rest frame

It was used/assumed in all experiments where 𝚲𝚲
polarization is measured.
Also decay parameters of all baryons decays into 
final states with 𝚲𝚲: 𝚵𝚵 → 𝚲𝚲𝝅𝝅,𝛀𝛀 → 𝚲𝚲𝚲𝚲, …

𝛼𝛼−=0.642±0.013 Value in PDG≤2018  established in 1978
based on 1963-75 experiments
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Measuring α, β, γ in the 20th century
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Γ𝜇𝜇

F1 (Dirac) and F2 (Pauli) Form Factors

Sachs Form Factors (FFs) ⇔ helicity amplitudes: 

𝒆𝒆+𝒆𝒆− → 𝜸𝜸∗ → 𝑩𝑩�𝑩𝑩 (𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬 𝟏𝟏/𝟐𝟐)          

helicity non-flip helicity flip



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

e+e− → µ+µ−

𝒆𝒆−

𝒆𝒆+

𝛾𝛾∗ has ±1 helicity
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γ* → 𝑩𝑩𝟏𝟏�𝑩𝑩𝟐𝟐
𝑩𝑩𝟏𝟏 → 𝑩𝑩𝟐𝟐e+e-
𝒑𝒑�𝒑𝒑 → e+e-

Baryon Electromagnetic Form Factors

elastic FFs: B2=B1
(B2≠B1 transition)

𝑠𝑠 [GeV2/c4]

radius

FFs are complex for 𝑠𝑠 > 4𝑚𝑚𝜋𝜋
2



Baryon FFs (continuum):

= �
𝑉𝑉

𝑉𝑉 = 𝛾𝛾,𝜌𝜌,𝜔𝜔,𝜑𝜑, … , 𝐽𝐽/𝜓𝜓,𝜓𝜓(2S), …

vs J/ψ decay:

Baryons 𝐵𝐵1 and �𝐵𝐵2
(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 

Cabibbo, Gatto PR124 (1961)1577

ΔΦ

⁄𝐽𝐽 𝜓𝜓

𝐵𝐵1

�𝐵𝐵2

𝑐𝑐

̅𝑐𝑐



Angular distribution:

For spin ½  𝑩𝑩�𝑩𝑩 production two complex FFs:  GM(s), GE(s) 

⇨ process described by three parameters at fixed 𝑠𝑠 : 
 cross section (σ)
 FFs ratio R or angular distribution parameter αψ
 relative phase between FFs (ΔΦ)

𝐺𝐺𝐸𝐸 = 𝑅𝑅𝐺𝐺𝑀𝑀𝑒𝑒𝑖𝑖ΔΦ

𝒆𝒆+𝒆𝒆− → 𝜸𝜸∗ → 𝑩𝑩�𝑩𝑩

Phase 𝜟𝜟𝜟𝜟 expected/predicted  for continuum 
but neglected/not expected for the decays  

−1 ≤ 𝜶𝜶𝝍𝝍 ≤ 1

𝛼𝛼𝜓𝜓 =
𝜏𝜏 − 𝑅𝑅2

𝜏𝜏 + 𝑅𝑅2



Λ𝑒𝑒+

𝑒𝑒−

�̂�𝑧

�𝑦𝑦Baryon polarization in e+e-

if ΔΦ = 𝜋𝜋
2

𝛼𝛼𝜓𝜓 = 0.469

�𝑃𝑃

ΔΦ ≠ 0

𝜃𝜃Λ
�Λ

cos𝜃𝜃Λ

𝑃𝑃Λ

Unpolarized e+e- beams ⇨ transverse polarization:

Max PΛ= 36.4%

Ex. ⁄𝐽𝐽 𝜓𝜓 → Λ�Λ

𝑃𝑃𝑦𝑦



𝜌𝜌 ⁄1 2, ⁄1 2 =
1
4
�
𝜇𝜇�𝜈𝜈

𝐶𝐶𝜇𝜇�𝜈𝜈 𝜎𝜎𝜇𝜇
𝐵𝐵1⨂𝜎𝜎�𝜈𝜈

�𝐵𝐵2General two spin ½ particle state:

Baryon-antibaryon spin density matrix
𝒆𝒆+𝒆𝒆− → 𝑩𝑩𝟏𝟏�𝑩𝑩𝟐𝟐

𝐶𝐶𝜇𝜇�𝜈𝜈 =

(𝜎𝜎0= 𝟏𝟏2,𝜎𝜎1 = 𝜎𝜎𝑥𝑥,𝜎𝜎2 = 𝜎𝜎𝑦𝑦 ,𝜎𝜎3 = 𝜎𝜎𝑧𝑧)

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

𝑃𝑃𝑦𝑦

𝛽𝛽𝜓𝜓 = 1 − 𝛼𝛼𝜓𝜓2 sin ΔΦ 𝛾𝛾𝜓𝜓 = 1 − 𝛼𝛼𝜓𝜓2 cos ΔΦ
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3

τ –charm factory 2<√s<4.6 GeV:

 Charmonium spectroscopy/decays

 Light hadrons

 Charm

 τ physics

 R-scan

BEPCII (Beijing)

Storage ring

Linac

BESIII detector

2 m



(Feb 2019): 1010 J/ψ
PRD 93, 072003 (2016)
PLB770,217 (2017)
PRD 95, 052003 (2017) 

𝑱𝑱/𝝍𝝍,𝝍𝝍′ → 𝑩𝑩�𝑩𝑩

BESIII proposal:3.2x109 ψ(2S)

ℬ ⁄𝐽𝐽 𝜓𝜓 → 𝑝𝑝�𝑝𝑝 = (21.21 ± 0.29) × 10−4



Λ

�Λ

𝑒𝑒+

𝑒𝑒−

�̂�𝑧

�𝑦𝑦

𝜃𝜃Λ

𝑒𝑒+𝑒𝑒− → 𝛬𝛬 → 𝑝𝑝𝜋𝜋− ̅𝛬𝛬 𝑝𝑝 𝑛𝑛1,𝑦𝑦

⇒Determine product: 𝛼𝛼−𝑃𝑃𝑦𝑦~ 𝛼𝛼− sin 𝜟𝜟𝜟𝜟

Λ → 𝑝𝑝π−: �𝐬𝐬1 → Ω1 = (cos𝜃𝜃1 ,𝜙𝜙1) :𝛼𝛼−

Inclusive decay angular distribution

𝑑𝑑Γ
𝑑𝑑 cos𝜃𝜃Λ𝑑𝑑Ω1

∝ (1 + 𝜶𝜶𝝍𝝍 cos2 𝜃𝜃Λ) 1 + 𝜶𝜶−𝑃𝑃𝑦𝑦𝑛𝑛1,𝑦𝑦



𝜌𝜌 ⁄1 2, ⁄1 2 =
1
4
�
𝜇𝜇�𝜈𝜈

𝐶𝐶𝜇𝜇�𝜈𝜈 𝜎𝜎𝜇𝜇Λ⨂𝜎𝜎�𝜈𝜈
�Λ

Apply decay matrices:

𝑊𝑊 = 𝑇𝑇𝑇𝑇𝜌𝜌𝑝𝑝,�̅�𝑝 = �
𝜇𝜇,�𝜈𝜈=0

3

𝐶𝐶𝜇𝜇�𝜈𝜈𝑎𝑎𝜇𝜇,0
Λ 𝑎𝑎�𝜈𝜈,0

�Λ

𝛽𝛽𝜓𝜓 = 1 − 𝛼𝛼𝜓𝜓2 sin ΔΦ 𝛾𝛾𝜓𝜓 = 1 − 𝛼𝛼𝜓𝜓2 cos ΔΦ

General two spin ½ particle state:

Exclusive joint angular distribution (modular form)
𝒆𝒆+𝒆𝒆− → (𝜦𝜦 → 𝒑𝒑𝝅𝝅−)(�𝜦𝜦 → �𝒑𝒑𝝅𝝅+)

𝜎𝜎𝜇𝜇Λ → �
𝜇𝜇′=0

3

𝑎𝑎𝜇𝜇,𝜇𝜇𝜇
Λ 𝜎𝜎𝜇𝜇𝜇

𝑝𝑝

The angular distribution:

𝐶𝐶𝜇𝜇�𝜈𝜈 =

(𝜎𝜎0= 𝟏𝟏2,𝜎𝜎1 = 𝜎𝜎𝑥𝑥,𝜎𝜎2 = 𝜎𝜎𝑦𝑦 ,𝜎𝜎3 = 𝜎𝜎𝑧𝑧)

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



Exclusive joint angular distribution

𝒆𝒆+𝒆𝒆− → (𝜦𝜦 → 𝒑𝒑𝝅𝝅−)(�𝜦𝜦 → �𝒑𝒑𝝅𝝅+)

Λ → 𝑝𝑝π−: �𝐬𝐬1 → (cos 𝜃𝜃1 ,𝜙𝜙1) �Λ → �̅�𝑝π+: �𝐬𝐬2 → (cos 𝜃𝜃2 ,𝜙𝜙2): 𝜶𝜶−

Fäldt, Kupsc PLB772 (2017) 16

: 𝜶𝜶+

5D PhSp

𝚫𝚫𝚫𝚫 ≠ 𝟎𝟎 ⇒ 𝐬𝐬𝐬𝐬𝐢𝐢𝐢𝐢𝐬𝐬𝐢𝐢𝐬𝐬𝐢𝐢𝐢𝐢𝐬𝐬𝐢𝐢 determination of 𝜶𝜶− and 𝜶𝜶+

1 + 𝜶𝜶𝝍𝝍 cos2 𝜃𝜃Λ

+𝜶𝜶−𝜶𝜶+ 1 − 𝜶𝜶𝝍𝝍2 cos(𝜟𝜟𝜟𝜟) sin𝜃𝜃Λ cos 𝜃𝜃Λ (𝑛𝑛1,𝑥𝑥𝑛𝑛2,𝑧𝑧 + 𝑛𝑛1,𝑧𝑧𝑛𝑛1,𝑥𝑥)

+𝜶𝜶−𝜶𝜶+ sin𝟐𝟐 𝜃𝜃𝛬𝛬(𝑛𝑛1,𝑥𝑥𝑛𝑛2,𝑥𝑥 − 𝜶𝜶𝝍𝝍𝑛𝑛1,𝑦𝑦𝑛𝑛2,𝑦𝑦) + (cos2 𝜃𝜃Λ + 𝜶𝜶𝝍𝝍)𝑛𝑛1,𝑧𝑧𝑛𝑛2,𝑧𝑧

+ 1 − 𝜶𝜶𝝍𝝍2 sin(𝜟𝜟𝜟𝜟) sin𝜃𝜃Λ cos 𝜃𝜃Λ (𝜶𝜶−𝑛𝑛1,𝑦𝑦 + 𝜶𝜶+𝑛𝑛2,𝑦𝑦)

𝝃𝝃 ∶ (cos 𝜃𝜃Λ , �𝐬𝐬1, �𝐬𝐬2)
𝑑𝑑Γ ∝ 𝑊𝑊 𝝃𝝃;𝜶𝜶𝝍𝝍,𝜟𝜟𝜟𝜟,𝜶𝜶−,𝜶𝜶+ =



ΔΦ=42.3o±0.6o±0.5o

Fit results

𝑒𝑒+𝑒𝑒− → (Λ → 𝑝𝑝π−)(�Λ → �̅�𝑝π+) 𝑒𝑒+𝑒𝑒− → (Λ → 𝑝𝑝π−)(�Λ → �𝑛𝑛π0)

𝜇𝜇 cos𝜃𝜃Λ =
1
𝑁𝑁 �

𝑖𝑖=1

𝑁𝑁 𝜃𝜃Λ

𝑛𝑛1,𝑦𝑦
(𝑖𝑖) − 𝑛𝑛2,𝑦𝑦

(𝑖𝑖)moment:

(uncorrected for acceptance)

BESIII Nature Phys. (2019)



𝜶𝜶−Λ → 𝑝𝑝𝜋𝜋−:

𝜶𝜶−

𝜶𝜶−𝑃𝑃𝑃𝑃𝑃𝑃<2019

17(3)% larger

α_=0.750±0.009±0.004

Implications of the BESIII result

Reset of 𝜶𝜶− value in PDG



Verification of the result?

𝛼𝛼− BESIII = 𝛼𝛼−−𝛼𝛼+
2

= 0.754(3)(2)

Since 𝜌𝜌(𝑠𝑠𝑠𝑠𝑎𝑎𝑠𝑠) = 0.82! and using
quoted syst uncertainties for 𝛼𝛼−,𝛼𝛼+,𝐴𝐴Λ
to deduce 𝜌𝜌(𝑠𝑠𝑦𝑦𝑠𝑠𝑠𝑠) = 0.835

𝛼𝛼− =0.721(6)(5) 

• D. Ireland et al PRL 123 (2019) 182301

�⃗�𝛾𝑝𝑝 → 𝐾𝐾+Λ

Independent verification at BESIII eg: 

⁄𝐽𝐽 𝜓𝜓 → 𝛾𝛾𝜂𝜂𝑐𝑐 → 𝛾𝛾Λ�Λ
𝑊𝑊 = (1 − 𝛼𝛼−𝛼𝛼+ cos𝜃𝜃𝑝𝑝�̅�𝑝)
𝜂𝜂𝑐𝑐 → Λ�Λ

ie 4% difference with 3.8 𝜎𝜎
new puzzle?…

𝑒𝑒+𝑒𝑒− → ⁄𝐽𝐽 𝜓𝜓 →𝛯𝛯− �𝛯𝛯+ → 𝛬𝛬𝜋𝜋− ̅𝛬𝛬𝜋𝜋+ → pπ−π−�pπ+π+



R = 0.94 ± 0.16(stat.) ± 0.03(sys.) ± 0.02(α_) 

(”αψ”=0.13±0.16) ∆Φ = 37o ±12o ± 6o

𝒆𝒆+𝒆𝒆− → 𝜸𝜸∗ → 𝜦𝜦�𝜦𝜦 (continuum: 2.396 GeV)

555 events selected

The same fit as for ⁄𝐽𝐽 𝜓𝜓 → (Λ → 𝑝𝑝π−)(�Λ → �̅�𝑝π+) but 𝛼𝛼− = 𝛼𝛼+ and fixed



𝒆𝒆+𝒆𝒆− → ⁄𝑱𝑱 𝝍𝝍,𝝍𝝍′ →𝚺𝚺+�𝚺𝚺− → 𝐬𝐬𝛑𝛑−�𝐬𝐬𝛑𝛑+

αJ/ψ/αψ = -0.507±0.006±0.002 / 0.676±0.030±0.006
ΔΦ( ⁄𝐽𝐽 𝜓𝜓 ,𝜓𝜓) = (-15.4±0.7±0.3)° / (21.5 ± 0.4 ± 0.5)°
α0 = -0.999±0.037±0.010
�𝛼𝛼0 = 0.992±0.037±0.008
ACP = -0.015±0.037±0.008

PRL 125 (2020) 052004

⁄𝑱𝑱 𝝍𝝍,→𝚺𝚺+�𝚺𝚺− 𝝍𝝍′ → 𝚺𝚺+�𝚺𝚺−



𝑒𝑒+𝑒𝑒− → Λ𝑐𝑐+ → 𝐵𝐵𝜋𝜋 (�Λ𝑐𝑐− → 𝑋𝑋)

Phys.Rev. D100 (2019) 072004



Λ𝑐𝑐+ spin determination in 𝑒𝑒+𝑒𝑒− → Λ𝑐𝑐+ (�Λ𝑐𝑐−)

BESIII arxiv:2011.00396

Helicity Amplitude Analysis of  𝜓𝜓′ → Ω−�Ω+

Degree of polarization 𝑑𝑑 𝜚𝜚 ⁄3 2
dipole polarization

BESIII arxiv:2007.03679



𝒆𝒆+𝒆𝒆− → ⁄𝑱𝑱 𝝍𝝍,𝝍𝝍′ →𝑩𝑩�𝑩𝑩 process

𝑩𝑩�𝑩𝑩 polarized and spin correlated, process described by few global 
parameters (two for spin ⁄1 2 , ⁄1 2 )

Method to determine decay asymmetries of hyperons and 
antihyperons: revision of decay parameter for Λ

Potential to test CP-violation in hyperon decays

Conclusions: 



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
𝑄𝑄𝑀𝑀𝐿𝐿 → 𝑄𝑄𝜇𝜇 ,𝜇𝜇 = 1, … , 15

𝑄𝑄0 =
1
4
𝐼𝐼



Single tag 𝑒𝑒+𝑒𝑒− → Ω−�Ω+

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

Degree of polarization

At threshold: d(3/2)=23%



𝒆𝒆+𝒆𝒆− → ⁄𝑱𝑱 𝝍𝝍 →𝚵𝚵−�𝚵𝚵+ → 𝚲𝚲𝝅𝝅−�𝚲𝚲𝝅𝝅+ → 𝐬𝐬𝛑𝛑−𝛑𝛑−�𝐬𝐬𝛑𝛑+𝛑𝛑+

9 kinematical variables 9D PhSp

𝚫𝚫𝚫𝚫 ≠ 𝟎𝟎 𝐬𝐬𝐬𝐬 𝐬𝐬𝐧𝐧𝐢𝐢 𝐬𝐬𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢!

𝝃𝝃𝑑𝑑Γ ∝ 𝑊𝑊 𝝃𝝃;𝝎𝝎

𝚫𝚫𝚫𝚫 = 𝟎𝟎 ∶ 𝑀𝑀 = 56 5

𝚫𝚫𝚫𝚫 ≠ 𝟎𝟎 ∶ 𝑀𝑀 = 72 7

Parameters: 2 production + 6 for decay chains

𝑊𝑊 𝝃𝝃;𝝎𝝎 = �
𝑘𝑘=1

𝑀𝑀

𝑓𝑓𝑘𝑘 𝝎𝝎 𝑇𝑇𝑘𝑘(𝝃𝝃)

Variables and parameters 
factorize:

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

Λ�ΛΞ−�Ξ+

𝑊𝑊 = �
𝜇𝜇,�𝜈𝜈

𝐶𝐶𝜇𝜇�𝜈𝜈 �
𝜇𝜇′,�𝜈𝜈𝜇

𝑎𝑎𝜇𝜇,𝜇𝜇𝜇
Ξ 𝑎𝑎�𝜈𝜈,�𝜈𝜈𝜇

�Ξ 𝑎𝑎𝜇𝜇𝜇,0Λ 𝑎𝑎�𝜈𝜈𝜇,0
�Λ

𝝎𝝎 = 𝜶𝜶𝝍𝝍,𝚫𝚫𝚫𝚫,𝜶𝜶𝜩𝜩,𝝓𝝓𝜩𝜩,𝜶𝜶𝚲𝚲, �𝜶𝜶𝜩𝜩, �𝝓𝝓𝜩𝜩, �𝜶𝜶𝚲𝚲
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