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Prospects for baryon spin physics:
 𝒆𝒆+𝒆𝒆− → ⁄𝑱𝑱 𝝍𝝍 ,𝝍𝝍′ → 𝑩𝑩𝟏𝟏�𝑩𝑩𝟐𝟐 (ground state hyperons):

polarization, hyperon decay parameters
 𝒆𝒆+𝒆𝒆− → ⁄𝑱𝑱 𝝍𝝍 ,𝝍𝝍′ → 𝑩𝑩𝟏𝟏�𝑩𝑩𝟐𝟐𝑽𝑽(𝑷𝑷) :

spectroscopy
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Methods:
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Baryon-antibaryon production in 𝒆𝒆+𝒆𝒆− collisions



τ+τ-

Thresholds:
Λ�Λ :  2.231 GeV      Σ+�Σ− 2.379 GeV
Σ0�Σ0 2.385 GeV      Σ−�Σ+ 2.395 GeV
Ξ0�Ξ0 2.630 GeV      Ξ−�Ξ+ 2.643 GeV
Λ�Σ0 2.308 GeV

Λc �Λ𝑐𝑐

Hyperon-𝐡𝐡𝐡𝐡𝐡𝐡𝐡𝐡𝐡𝐡𝐡𝐡𝐡𝐡 pair production at BESIII
2.0 GeV ≤ 𝑠𝑠 ≤ 4.6 GeV

(Ω�Ω 3.345 GeV)

Ω�Ω



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

𝑱𝑱/𝝍𝝍,𝝍𝝍(𝟐𝟐𝟐𝟐) → 𝑩𝑩�𝑩𝑩

BESIII proposal:3.2x109 ψ(2S)

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

Expected number of events at BESIII

ℬ 𝜓𝜓𝜓 → Ω−�Ω+ = (0.52 ± 0.04) × 10−4 CLEO-c: PRD 96, 092004 



𝒔𝒔~10 GeV
ISR

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

Direct scan BESIII ISR BelleII

Ecm = 𝒔𝒔 Ecm < 𝒔𝒔

𝒔𝒔

 (very) high luminosity at selected c.m. 
energies

 better resolution: at  ⁄𝐽𝐽 𝜓𝜓 0.9 MeV: 1010 ⁄𝐽𝐽 𝜓𝜓

Ecm [GeV]
Picture:Wolfgang Gradl & Xiaorong

⁄𝑱𝑱 𝝍𝝍



𝑒𝑒+𝑒𝑒− → γ∗ → 𝜓𝜓
→ 𝐵𝐵1/2 �𝐵𝐵1/2
→ 𝐵𝐵3/2 �𝐵𝐵1/2
→ 𝐵𝐵3/2 �𝐵𝐵3/2

Ground state hyperons analyses: MLL fits of angular distributions: 
• Λ�Λ, Σ+�Σ−, (Σ−�Σ+)
• Λ�Σ0, Σ0�Σ0
• Ξ�Ξ
• Ω�Ω

Amplitudes for precision BESIII:

CP Asymmetries in Strange Baryon Decays
I. I. Bigi, Xian-Wei Kang, Hai-Bo Li CPC42 (2018) 013101  
arXiv:1704.04708   & BESIII Hai-Bo: arXiv:1612.01775

Ref 2: Modular framework for entangled 
exclusive (DT) distributions with modifiable
decay chains,
Use correct variables vs amplitudes
Weak decays sensitive to the helicity rotation
definition

Motivations: CP violation, QM tests (entangled system) :

Hyperon-antihyperon pairs from J/ψ and ψ(2S) decays

Hyperon decay parameters, hyperon FSI, charmonium decay mechanism,... 

Jacob-Wick Helicity 
formalism (1959) 

Covariant
formalism 
Ref 1&3



Λ𝑒𝑒+

𝑒𝑒−

𝑧̂𝑧

�𝑦𝑦Baryon (spin ½) polarization in e+e-

�𝑃𝑃

ΔΦ ≠ 0

𝜃𝜃Λ
�Λ

Unpolarized e+e- beams ⇨ transverse polarization:

𝑃𝑃𝑦𝑦

𝐺𝐺𝐸𝐸 = 𝑅𝑅𝐺𝐺𝑀𝑀𝑒𝑒𝑖𝑖ΔΦ𝛼𝛼𝜓𝜓 =
𝜏𝜏 − 𝑅𝑅2

𝜏𝜏 + 𝑅𝑅2

Angular distribution:
−1 ≤ 𝜶𝜶𝝍𝝍 ≤ 1

Notation:



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



s wave parity violating
p wave parity conserving 𝐘𝐘 → 𝑩𝑩𝑩𝑩:

𝜙𝜙𝑌𝑌

𝛼𝛼− or 𝛼𝛼Λ

𝛼𝛼+ or �𝛼𝛼Λ𝛼𝛼0

�𝟏𝟏 𝟐𝟐 → �𝟏𝟏 𝟐𝟐 + 𝟎𝟎

𝐴𝐴𝐶𝐶𝐶𝐶 =
𝛼𝛼 + �𝛼𝛼
𝛼𝛼 − �𝛼𝛼

Phys. Rev. 108 1645 (1957)

Hyperon decay parameters

PDG 2018 

Obsolete!



Polarization of daughter baryons:

1
2

+
→ 1

2

+
+ 0− 𝑒𝑒.𝑔𝑔. Λ → 𝑝𝑝 + 𝜋𝜋−

Decay matricesTransformation of base matrices:

4 × 4 decay matrix: 𝑎𝑎𝜇𝜇,𝜈𝜈

Density matrix for a spin ½  particle 
in the rest frame:

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

𝜌𝜌 ⁄1 2 =
1
2
�
𝜇𝜇=0

3

𝐼𝐼𝜇𝜇𝜎𝜎𝜇𝜇 =
1
2
𝐼𝐼0

1 + 𝑃𝑃𝑧𝑧 𝑃𝑃𝑥𝑥 − 𝑖𝑖𝑃𝑃𝑦𝑦
𝑃𝑃𝑥𝑥 + 𝑖𝑖𝑃𝑃𝑦𝑦 1 − 𝑃𝑃𝑧𝑧

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

Y → 𝐵𝐵𝐵𝐵

PDG

𝐏𝐏𝑌𝑌 = 0 ⇒ 𝐏𝐏𝐵𝐵 = 𝛼𝛼 �𝐧𝐧



Measuring α, β, γ in the 20th century

π- p  K0 Λ0 Λ0π-p

π-

π-

p
p Cp C

p

carbon plates

Oliver Overseth
1928-2008James Cronin

1931-2016

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

1.25 cm-thick



Olsen et al., α0 parameter in Λ0nπ0 decays

π+ n K+ Λ0

K+

µ

n
p

α0/α-=1.00±0.07

Phys. Rev. Lett. 24, 843 (1970) 

exit-entry time
in the H2O tank

(Steve PhD thesis) 



Λ

�Λ

𝑒𝑒+

𝑒𝑒−

𝑧̂𝑧

�𝑦𝑦

𝜃𝜃Λ

𝑒𝑒+𝑒𝑒− → 𝛬𝛬 → 𝑝𝑝𝜋𝜋− ̅𝛬𝛬 𝑝𝑝 𝑛𝑛1,𝑦𝑦

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

Λ → 𝑝𝑝π−: �𝐧𝐧1 → Ω1 = (cos𝜃𝜃1 ,𝜙𝜙1) :𝛼𝛼−

Inclusive decay angular distributions

𝑑𝑑Γ
𝑑𝑑 cos 𝜃𝜃Λ𝑑𝑑Ω1

∝ 1 + 𝜶𝜶𝝍𝝍 cos2 𝜃𝜃Λ

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



Exclusive joint angular distribution

𝒆𝒆+𝒆𝒆− → (𝜦𝜦 → 𝒑𝒑𝝅𝝅−)(�𝜦𝜦 → �𝒑𝒑𝝅𝝅+)

Λ → 𝑝𝑝π−: �𝐧𝐧1 → (cos 𝜃𝜃1 ,𝜙𝜙1) �Λ → 𝑝̅𝑝π+: �𝐧𝐧2 → (cos 𝜃𝜃2 ,𝜙𝜙2): 𝜶𝜶−

Fäldt, AK PLB772 (2017) 16

: 𝜶𝜶+

5D PhSp

𝚫𝚫𝚫𝚫 ≠ 𝟎𝟎 ⇒ 𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢 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 , �𝐧𝐧1, �𝐧𝐧2)
𝑑𝑑Γ ∝ 𝑊𝑊 𝝃𝝃;𝜶𝜶𝝍𝝍,𝜟𝜟𝜟𝜟,𝜶𝜶−,𝜶𝜶+ =



𝜌𝜌 ⁄1 2, ⁄1 2 =
1
4
�
𝜇𝜇�𝜈𝜈

𝐶𝐶𝜇𝜇�𝜈𝜈 𝜎𝜎𝜇𝜇Λ⨂𝜎𝜎�𝜈𝜈
�Λ

Apply decay matrices:

𝑊𝑊 = 𝑇𝑇𝑇𝑇𝜌𝜌𝑝𝑝,𝑝̅𝑝 = �
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 𝜎𝜎𝜇𝜇′

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



𝜶𝜶−Λ → 𝑝𝑝𝜋𝜋−:

𝜶𝜶−

𝜶𝜶−𝑃𝑃𝑃𝑃𝑃𝑃<2019

17(3)% larger

α_=0.750±0.009±0.004

BESIII results: 

⟹ Polarization:  
max 25%

ΔΦ=42.3o±0.6o±0.5o

AΛ = -0.006 ± 0.012± 0.007

AΛ =
𝛼𝛼− + 𝛼𝛼+
𝛼𝛼− − 𝛼𝛼+

CP test: 

AΛ=   0.013 ± 0.021
PS185 PRC54(96)1877

∆𝑰𝑰 = 𝟏𝟏
𝟐𝟐
𝐫𝐫𝐫𝐫𝐫𝐫𝐫𝐫 𝐯𝐯𝐯𝐯𝐯𝐯𝐯𝐯𝐯𝐯𝐯𝐯𝐯𝐯𝐯𝐯𝐯𝐯

BESIII Nature Phys. 15,631(2019)

Liang’s talk ⁄𝑱𝑱 𝝍𝝍,𝝍𝝍𝝍 →𝜮𝜮+�𝜮𝜮−

𝒆𝒆+𝒆𝒆− → ⁄𝑱𝑱 𝝍𝝍 →𝜦𝜦 �𝜦𝜦



from: Kiyoshi Tanida
JAEA Japan

Why the big change in α?2)

Also: in PDG≤ 𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐 syst uncertainty was not included



How to verify the result?

𝛼𝛼− BESIII = 𝛼𝛼−−𝛼𝛼+
2

= 0.754(3)(2)

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

𝛼𝛼− =0.721(6)(5) 
D. Ireland et al arXiv:1904.07616

𝛾⃗𝛾𝑝𝑝 → 𝐾𝐾+Λ

Measure proton polarization? 

Independent verifications at BESIII: 

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

𝜂𝜂𝑐𝑐 → Λ�Λ

𝐵𝐵𝐵𝐵 = 1.7% × 1.1 × 10−3

ie 4% difference with 3.8 𝜎𝜎
new puzzle?…



𝑊𝑊 = �
𝜇𝜇,�𝜈𝜈

𝐶𝐶𝜇𝜇�𝜈𝜈 �
𝜇𝜇′,�𝜈𝜈′

�𝑎𝑎𝜇𝜇,𝜇𝜇′
Σ0 �𝑎𝑎�𝜈𝜈,�𝜈𝜈′

�Σ0 𝑎𝑎𝜇𝜇𝜇,0Λ 𝑎𝑎�𝜈𝜈′,0
�Λ

𝒆𝒆+𝒆𝒆− → ⁄𝑱𝑱 𝝍𝝍 →𝚺𝚺𝟎𝟎�𝚺𝚺𝟎𝟎 → 𝚲𝚲𝜸𝜸�𝚲𝚲𝜸𝜸 → 𝐩𝐩𝛑𝛑−𝜸𝜸�𝐩𝐩𝛑𝛑+𝜸𝜸

For EM decay Σ → Λ𝛾𝛾

Annele Heikkila MSc Thesis UU

ΔΦ

G. Fäldt, K. Schönning arXiv:1908.04157

Errors  on 𝜶𝜶+,𝜶𝜶−



𝑒𝑒+𝑒𝑒− → 𝐽𝐽/ψ → Λ�Λ

Pmax=25%

Pavg=11%

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

Λ from 𝛯𝛯− → 𝛬𝛬𝜋𝜋− is polarized 
even if 𝛯𝛯− unpolarized:
𝑃𝑃Λ = |𝛼𝛼Ξ| ≈ 39%

Comparison of 𝚲𝚲�𝚲𝚲 and 𝚲𝚲�𝚲𝚲 (simplified)

𝑊𝑊 ∝ 1 + 𝛼𝛼Λ𝛼𝛼Ξ cos 𝜃𝜃𝑝𝑝

Question: Can one determine
𝛼𝛼Λ in unique way?



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

9 kinematical variables 9D PhSp

𝚫𝚫𝚫𝚫 ≠ 𝟎𝟎 𝐢𝐢𝐢𝐢 𝐧𝐧𝐧𝐧𝐧𝐧 𝐧𝐧𝐧𝐧𝐧𝐧𝐧𝐧𝐧𝐧𝐧𝐧!

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′,�𝜈𝜈′

𝑎𝑎𝜇𝜇,𝜇𝜇′
Ξ 𝑎𝑎�𝜈𝜈,�𝜈𝜈′

�Ξ 𝑎𝑎𝜇𝜇𝜇,0Λ 𝑎𝑎�𝜈𝜈′,0
�Λ

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



Asymptotic likelihood method

�𝛼𝛼𝛬𝛬 𝛼𝛼𝜓𝜓 𝛥𝛥𝛥𝛥

𝛼𝛼𝛬𝛬 0.87 −0.05 −0.07
�𝛼𝛼𝛬𝛬 0.05 0.07
𝛼𝛼𝜓𝜓 0.28

𝜎𝜎 𝛼𝛼Λ =
7
𝑁𝑁

𝜎𝜎 𝐴𝐴Λ =
9
𝑁𝑁

𝒆𝒆+𝒆𝒆− → J/ψ→ 𝚲𝚲�𝚲𝚲
Validation of the method

(0.011)

(0.014)

𝑉𝑉𝑘𝑘𝑘𝑘 − covariance matrix

• Best possible (ultimate) sensitivity and correlations for 
parameters

• Structure of complicated angular distribution:                                 
e.g. 𝑉𝑉𝑘𝑘𝑘𝑘−1singular – parameters cannot be determined  separately

Tool to determine:

Consistent with BESIII Nature Phys. 15,631(2019)



�𝛼𝛼𝛯𝛯 𝛼𝛼𝛬𝛬 �𝛼𝛼𝛬𝛬 𝜙𝜙𝛯𝛯 �𝜙𝜙𝛯𝛯 𝛼𝛼𝜓𝜓 𝛥𝛥𝛥𝛥

𝛼𝛼𝛯𝛯 0.03 0.37 0.11 0.0 0.0 0.0 0.0
�𝛼𝛼𝛯𝛯 0.11 0.37 0.0 0.0 0.0 0.0
𝛼𝛼𝛬𝛬 0.43 0.0 0.0 −0.1 0.0
�𝛼𝛼𝛬𝛬 0.0 0.0 0.1 0.0
𝜙𝜙𝛯𝛯 0.0 0.0 0.0
�𝜙𝜙𝛯𝛯 0.0 0.0
𝛼𝛼𝜓𝜓 0.0

𝜎𝜎 𝛼𝛼𝛯𝛯 = 2
𝑁𝑁

𝜎𝜎 𝛼𝛼Λ =
3
𝑁𝑁

𝜎𝜎 𝜙𝜙𝛯𝛯 =
6
𝑁𝑁

ΔΦ = 0

𝒆𝒆+𝒆𝒆− → J/ψ→ 𝚵𝚵�𝚵𝚵

𝜎𝜎 𝐴𝐴Λ =
3.3
𝑁𝑁

Correlation matrix:

P.Adlarson, AK arXiv:1908.03102



�𝛼𝛼𝛯𝛯 𝛼𝛼𝛬𝛬 �𝛼𝛼𝛬𝛬 𝜙𝜙𝛯𝛯 �𝜙𝜙𝛯𝛯 𝛼𝛼𝜓𝜓 𝛥𝛥𝛥𝛥

𝛼𝛼𝛯𝛯 0.03 0.37 0.11 0.0 0.0 0.0 0.0
�𝛼𝛼𝛯𝛯 0.11 0.37 0.0 0.0 0.0 0.0
𝛼𝛼𝛬𝛬 0.43 0.0 0.0 −0.1 0.0
�𝛼𝛼𝛬𝛬 0.0 0.0 0.1 0.0
𝜙𝜙𝛯𝛯 0.0 0.0 0.0
�𝜙𝜙𝛯𝛯 0.0 0.0
𝛼𝛼𝜓𝜓 0.0

�𝛼𝛼𝛯𝛯 𝛼𝛼𝛬𝛬 �𝛼𝛼𝛬𝛬
𝛼𝛼𝛯𝛯 0.01 0.31 0.07
�𝛼𝛼𝛯𝛯 0.07 0.31
𝛼𝛼𝛬𝛬 0.39

𝜎𝜎 𝛼𝛼𝛯𝛯 = 2
𝑁𝑁

𝜎𝜎 𝛼𝛼Λ =
3
𝑁𝑁

𝜎𝜎 𝜙𝜙𝛯𝛯 =
6
𝑁𝑁

ΔΦ = 0

ΔΦ =
𝜋𝜋
2

𝒆𝒆+𝒆𝒆− → J/ψ→ 𝚵𝚵�𝚵𝚵

𝜎𝜎 𝐴𝐴Λ =
3.3
𝑁𝑁

Correlation matrix:

P.Adlarson, AK arXiv:1908.03102



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)



Single tag angular distribution

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

M.G.Doncel, L.Michel, P.Minnaert Nucl. Phys. B38, 477(1972)

real coefficients,
scalable J=1/2,3/2,...

Polarization of a spin 3/2 particle:

3
4
𝑄𝑄𝑀𝑀𝐿𝐿 → 𝑄𝑄𝜇𝜇 , 𝜇𝜇 = 1, … , 15

At threshold: d(3/2)=23%𝑄𝑄0 =
1
4
𝐼𝐼



Picture: Beijiang LIU 

If  there are (anti)hyperons one can determine 
spin density matrix for free 

𝒆𝒆+𝒆𝒆− → ⁄𝑱𝑱 𝝍𝝍 ,𝝍𝝍′ → 𝑩𝑩𝟏𝟏�𝑩𝑩𝟐𝟐𝑴𝑴

Light baryon spectroscopy

𝑴𝑴



Feynman Diagram Calculation: FDC-PWA Nucl.Instrum.Meth. A534 (2004) 241
Package used for baryon PWA at BESIII

From effective Lagrangian Feynman rules 
are generated and angular distribution is 
calculated. Fit parameters are:
• Resonance parameters
• Coupling constants (complex)
However hyperons are treated as stable 
particles… 

mesons and baryons
J=(0, 1/2, 1, 3/2, 2, 5/2, 3 , 7/2, 4, 9/2)

𝒆𝒆+𝒆𝒆− → ⁄𝑱𝑱 𝝍𝝍 ,𝝍𝝍′ → 𝑩𝑩𝟏𝟏�𝑩𝑩𝟐𝟐𝑽𝑽(𝑷𝑷)



BESIII Hyperon group: goal to develop and verify formalism and 
methods for precision hyperon production and decay studies at 
BESIII in 𝑒𝑒+𝑒𝑒− → 𝐵𝐵1 �𝐵𝐵2(𝑀𝑀) including spin degrees of freedom.

J/ψ and ψ’ decays into hyperon-antihyperon: 
unique spin entangled system for CP tests and for determination of 
(anti-)hyperon decay parameters.
BESIII in progress: analyses using collected 1010 J/ψ
Plan: more ψ’ data …

Prospects for a CP violation signal at Super Tau Charm Factories.
Methods can be extended for analyses at BelleII and PANDA

Conclusions: 


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Measuring a, b, g in the 20th century
	Olsen et al., a0 parameter in L0np0 decays
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30

