
北京谱仪上Lambda超子自旋极
化理论进展

Jia-Jun Wu (UCAS)

Collaborator: Shu-Ming Wu, Bing-Song Zou 

第一届Lambda超子自旋极化跨系统研讨会 2025.03.22.      合肥，中科大

Phys.Rev.D 104 (2021) 5, 054018



Content

• 现状和问题

• 利用L-S scheme方法抽取 𝜓 → ത𝐵𝐵过程的L

• 衰变的有效半径

• 小结



现状和问题



现状和问题

𝑒+𝑒− → 𝐽/𝜓 → ΛഥΛ → 𝑝𝜋− ҧ𝑝𝜋+ / 𝑝𝜋− ത𝑛𝜋0



现状和问题

𝑒+𝑒− → 𝐽/𝜓 → ΛഥΛ → 𝑝𝜋− ҧ𝑝𝜋+ / 𝑝𝜋− ത𝑛𝜋0

标准公式，通过末态的衰变
来抽取粒子的极化信息。



现状和问题

𝑒+𝑒− → 𝐽/𝜓 → ΛഥΛ → 𝑝𝜋− ҧ𝑝𝜋+ / 𝑝𝜋− ത𝑛𝜋0

标准公式，通过末态的衰变
来抽取粒子的极化信息。

？为什么极化是这样的？
反应的机制是什么？
如何通过极化信息抽取反应的内部信息，从而帮助我
们理解强子过程

G. Fȁldt, EPJA 52 141(2016)

G. Fȁldt and A. Kupsc, PLB 772 16(2017)

Zhe Zhang, Rong-Gang Ping, Tianbo Liu，Jiao Jiao Song,

Weihua Yang, Ya-jin Zhou PRD 110 034034(2024) 𝒆+𝒆− → 𝑩𝟏
ഥ𝑩𝟐

Johann Haidenbauer, Ulf-G. Meißner, Ling-Yun Dai 

PRD 103 (2021) 1, 014028 Study the formfactor

Jian-Ping Dai, Xu Cao, Horst Lenske PLB 846 138192 

(2023) isospin assignment and data driven

Prof. He’s talk, about CP and EDM



现状和问题

𝑒+𝑒− → 𝐽/𝜓 → ΛഥΛ → 𝑝𝜋− ҧ𝑝𝜋+ / 𝑝𝜋− ത𝑛𝜋0

？为什么极化是这样的？
反应的机制是什么？
如何通过极化信息抽取反应的内部信息，从而帮助我
们理解强子过程

通过极化信息了解其轨道角动量，
然后据此来了解产生端的衰变尺度

Zhe Zhang, Rong-Gang Ping, Tianbo Liu，Jiao Jiao Song,

Weihua Yang, Ya-jin Zhou PRD 110 034034(2024) 𝒆+𝒆− → 𝑩𝟏
ഥ𝑩𝟐

Shu-ming Wu, Jia-jun Wu, Bing-song Zou, 
PRD 104 (2021) 5, 054018

标准公式，通过末态的衰变
来抽取粒子的极化信息。
G. Fȁldt, EPJA 52 141(2016)

G. Fȁldt and A. Kupsc, PLB 772 16(2017)



L-S scheme

𝑟𝑒𝑓𝑓 ∼
ത𝐿

𝑝
𝜓 → ത𝐵(1/2−)𝐵(1/2+)

𝐿: S and D wave



L-S scheme

This is a very useful PWA tool

𝑟𝑒𝑓𝑓 ∼
ത𝐿

𝑝
𝜓 → ത𝐵(1/2−)𝐵(1/2+)

𝐿: S and D wave



L-S scheme

This is a very useful PWA tool

𝑟𝑒𝑓𝑓 ∼
ത𝐿

𝑝
𝜓 → ത𝐵(1/2−)𝐵(1/2+)

𝐿: S and D wave

Here I mainly introduce it for 𝜓 → ഥ𝑁𝑁∗ case



L-S scheme

𝜓 → ഥ𝑁𝑁∗ 𝐽 = 𝑆𝜓 = 𝑆 ഥ𝑁𝑁∗ + 𝐿 ഥ𝑁𝑁∗

𝑆 ഥ𝑁 =
1

2
, 𝑆𝑁∗ =

2𝑛 + 1

2
𝑟 = 𝑝𝑁∗ − 𝑝𝑁



L-S scheme

𝜓 → ഥ𝑁𝑁∗ 𝐽 = 𝑆𝜓 = 𝑆 ഥ𝑁𝑁∗ + 𝐿 ഥ𝑁𝑁∗

𝑆 ഥ𝑁𝑁∗

n:       𝜓𝜇1,𝜇2,…,𝜇𝑛
𝑛

= ത𝑢𝜇1,𝜇2,…,𝜇𝑛 𝑝𝑁∗ , 𝑆𝑁∗ 𝛾5𝑣(𝑝𝑁, 𝑆𝑁)

𝑆 ഥ𝑁 =
1

2
, 𝑆𝑁∗ =

2𝑛 + 1

2
𝑟 = 𝑝𝑁∗ − 𝑝𝑁



L-S scheme

𝜓 → ഥ𝑁𝑁∗ 𝐽 = 𝑆𝜓 = 𝑆 ഥ𝑁𝑁∗ + 𝐿 ഥ𝑁𝑁∗

𝑆 ഥ𝑁𝑁∗

n:       𝜓𝜇1,𝜇2,…,𝜇𝑛
𝑛

= ത𝑢𝜇1,𝜇2,…,𝜇𝑛 𝑝𝑁∗ , 𝑆𝑁∗ 𝛾5𝑣(𝑝𝑁, 𝑆𝑁)

n+1:     𝜓𝜇1,𝜇2,…,𝜇𝑛+1
𝑛+1

= ത𝑢𝜇1,𝜇2,…,𝜇𝑛 𝑝𝑁∗ , 𝑆𝑁∗ 𝛾𝜇𝑛+1 −
𝑟𝜇𝑛+1

𝑚𝜓+𝑚𝑁∗ +𝑚𝑁
𝑣 𝑝𝑁, 𝑆𝑁 + (𝜇𝑖 ↔ 𝜇𝑗)

𝑆 ഥ𝑁 =
1

2
, 𝑆𝑁∗ =

2𝑛 + 1

2
𝑟 = 𝑝𝑁∗ − 𝑝𝑁



L-S scheme

𝜓 → ഥ𝑁𝑁∗ 𝐽 = 𝑆𝜓 = 𝑆 ഥ𝑁𝑁∗ + 𝐿 ഥ𝑁𝑁∗

𝑆 ഥ𝑁𝑁∗

n:       𝜓𝜇1,𝜇2,…,𝜇𝑛
𝑛

= ത𝑢𝜇1,𝜇2,…,𝜇𝑛 𝑝𝑁∗ , 𝑆𝑁∗ 𝛾5𝑣(𝑝𝑁, 𝑆𝑁)

n+1:     𝜓𝜇1,𝜇2,…,𝜇𝑛+1
𝑛+1

= ത𝑢𝜇1,𝜇2,…,𝜇𝑛 𝑝𝑁∗ , 𝑆𝑁∗ 𝛾𝜇𝑛+1 −
𝑟𝜇𝑛+1

𝑚𝜓+𝑚𝑁∗ +𝑚𝑁
𝑣 𝑝𝑁, 𝑆𝑁 + (𝜇𝑖 ↔ 𝜇𝑗)

𝑆 ഥ𝑁 =
1

2
, 𝑆𝑁∗ =

2𝑛 + 1

2
𝑟 = 𝑝𝑁∗ − 𝑝𝑁

𝐿 ഥ𝑁𝑁∗ ∼ ǁ𝑡𝜇1,𝜇2,…,𝜇𝐿
𝐿

(𝑟, 𝑝𝜓)

ǁ𝑡(0) 𝑟, 𝑝𝜓 = 1; ǁ𝑡 1
𝜇 𝑟, 𝑝𝜓 = ǁ𝑟𝜇 ≡ 𝑔𝜇𝜈 𝑝𝜓 𝑟𝜈

ǁ𝑡 2
𝜇𝜈 𝑟, 𝑝𝜓 = ǁ𝑟𝜇 ǁ𝑟𝜈 −

1

3
ǁ𝑟 ⋅ ǁ𝑟 𝑔𝜇𝜈 𝑝𝜓 ; …



L-S scheme

𝜓 → ഥ𝑁𝑁∗ 𝐽 = 𝑆𝜓 = 𝑆 ഥ𝑁𝑁∗ + 𝐿 ഥ𝑁𝑁∗

𝑆 ഥ𝑁𝑁∗

n:       𝜓𝜇1,𝜇2,…,𝜇𝑛
𝑛

= ത𝑢𝜇1,𝜇2,…,𝜇𝑛 𝑝𝑁∗ , 𝑆𝑁∗ 𝛾5𝑣(𝑝𝑁, 𝑆𝑁)

n+1:     𝜓𝜇1,𝜇2,…,𝜇𝑛+1
𝑛+1

= ത𝑢𝜇1,𝜇2,…,𝜇𝑛 𝑝𝑁∗ , 𝑆𝑁∗ 𝛾𝜇𝑛+1 −
𝑟𝜇𝑛+1

𝑚𝜓+𝑚𝑁∗ +𝑚𝑁
𝑣 𝑝𝑁, 𝑆𝑁 + (𝜇𝑖 ↔ 𝜇𝑗)

𝑆 ഥ𝑁 =
1

2
, 𝑆𝑁∗ =

2𝑛 + 1

2
𝑟 = 𝑝𝑁∗ − 𝑝𝑁

𝐿 ഥ𝑁𝑁∗ ∼ ǁ𝑡𝜇1,𝜇2,…,𝜇𝐿
𝐿

(𝑟, 𝑝𝜓)

ǁ𝑡(0) 𝑟, 𝑝𝜓 = 1; ǁ𝑡 1
𝜇 𝑟, 𝑝𝜓 = ǁ𝑟𝜇 ≡ 𝑔𝜇𝜈 𝑝𝜓 𝑟𝜈

ǁ𝑡 2
𝜇𝜈 𝑟, 𝑝𝜓 = ǁ𝑟𝜇 ǁ𝑟𝜈 −

1

3
ǁ𝑟 ⋅ ǁ𝑟 𝑔𝜇𝜈 𝑝𝜓 ; …

S. Dulat, J.-J. Wu, B.S. Zou PRD 83 (2011) 094032



L-S scheme

𝜓 → ഥ𝑁𝑁∗ 𝐽 = 𝑆𝜓 = 𝑆 ഥ𝑁𝑁∗ + 𝐿 ഥ𝑁𝑁∗

𝑆 ഥ𝑁𝑁∗

𝑆𝜓 = 𝑆 ഥ𝑁𝑁∗ + 𝐿ഥ𝑁𝑁∗

n:       𝜓𝜇1,𝜇2,…,𝜇𝑛
𝑛

= ത𝑢𝜇1,𝜇2,…,𝜇𝑛 𝑝𝑁∗ , 𝑆𝑁∗ 𝛾5𝑣(𝑝𝑁, 𝑆𝑁)

n+1:     𝜓𝜇1,𝜇2,…,𝜇𝑛+1
𝑛+1

= ത𝑢𝜇1,𝜇2,…,𝜇𝑛 𝑝𝑁∗ , 𝑆𝑁∗ 𝛾𝜇𝑛+1 −
𝑟𝜇𝑛+1

𝑚𝜓+𝑚𝑁∗ +𝑚𝑁
𝑣 𝑝𝑁, 𝑆𝑁 + (𝜇𝑖 ↔ 𝜇𝑗)

𝑆 ഥ𝑁 =
1

2
, 𝑆𝑁∗ =

2𝑛 + 1

2
𝑟 = 𝑝𝑁∗ − 𝑝𝑁

𝜓𝜇1,𝜇2,…,𝜇𝑆
𝑆

, ǁ𝑡𝜇1,𝜇2,…,𝜇𝐿
𝐿

, 𝜀𝜇1,…𝜇𝐽(𝑝𝜓, 𝑠𝜓)

𝐿 ഥ𝑁𝑁∗ ∼ ǁ𝑡𝜇1,𝜇2,…,𝜇𝐿
𝐿

(𝑟, 𝑝𝜓)

ǁ𝑡(0) 𝑟, 𝑝𝜓 = 1; ǁ𝑡 1
𝜇 𝑟, 𝑝𝜓 = ǁ𝑟𝜇 ≡ 𝑔𝜇𝜈 𝑝𝜓 𝑟𝜈

ǁ𝑡 2
𝜇𝜈 𝑟, 𝑝𝜓 = ǁ𝑟𝜇 ǁ𝑟𝜈 −

1

3
ǁ𝑟 ⋅ ǁ𝑟 𝑔𝜇𝜈 𝑝𝜓 ; …

S. Dulat, J.-J. Wu, B.S. Zou PRD 83 (2011) 094032



L-S scheme

𝜓 → ഥ𝑁𝑁∗ 𝐽 = 𝑆𝜓 = 𝑆 ഥ𝑁𝑁∗ + 𝐿 ഥ𝑁𝑁∗

𝑆 ഥ𝑁𝑁∗

𝑆𝜓 = 𝑆 ഥ𝑁𝑁∗ + 𝐿ഥ𝑁𝑁∗

n:       𝜓𝜇1,𝜇2,…,𝜇𝑛
𝑛

= ത𝑢𝜇1,𝜇2,…,𝜇𝑛 𝑝𝑁∗ , 𝑆𝑁∗ 𝛾5𝑣(𝑝𝑁, 𝑆𝑁)

n+1:     𝜓𝜇1,𝜇2,…,𝜇𝑛+1
𝑛+1

= ത𝑢𝜇1,𝜇2,…,𝜇𝑛 𝑝𝑁∗ , 𝑆𝑁∗ 𝛾𝜇𝑛+1 −
𝑟𝜇𝑛+1

𝑚𝜓+𝑚𝑁∗ +𝑚𝑁
𝑣 𝑝𝑁, 𝑆𝑁 + (𝜇𝑖 ↔ 𝜇𝑗)

𝑆 ഥ𝑁 =
1

2
, 𝑆𝑁∗ =

2𝑛 + 1

2
𝑟 = 𝑝𝑁∗ − 𝑝𝑁

𝜓𝜇1,𝜇2,…,𝜇𝑆
𝑆

, ǁ𝑡𝜇1,𝜇2,…,𝜇𝐿
𝐿

, 𝜀𝜇1,…𝜇𝐽(𝑝𝜓, 𝑠𝜓)

If S+L+J=odd，𝑀 ∼ 𝜖𝛼𝛽𝛾𝜎𝜓𝜇𝑖𝜇𝑗,𝛼
𝑆 ǁ𝑡

𝜇𝑖
′𝜇𝑘,𝛽

𝐿
𝜀𝜇𝑗

′𝜇𝑘
′ ,𝛾𝑝𝜓,𝜎 𝑔

𝜇𝑖𝜇𝑖
′
𝑔𝜇𝑗𝜇𝑗

′

𝑔𝜇𝑘𝜇𝑘
′

If S+L+J=even，𝑀 ∼ 𝜓𝜇𝑖𝜇𝑗,
𝑆 ǁ𝑡

𝜇𝑖
′𝜇𝑘,

𝐿
𝜀𝜇𝑗

′𝜇𝑘
′ 𝑔𝜇𝑖𝜇𝑖

′
𝑔𝜇𝑗𝜇𝑗

′

𝑔𝜇𝑘𝜇𝑘
′

We also need to consider Parity conservation.

𝐿 ഥ𝑁𝑁∗ ∼ ǁ𝑡𝜇1,𝜇2,…,𝜇𝐿
𝐿

(𝑟, 𝑝𝜓)

ǁ𝑡(0) 𝑟, 𝑝𝜓 = 1; ǁ𝑡 1
𝜇 𝑟, 𝑝𝜓 = ǁ𝑟𝜇 ≡ 𝑔𝜇𝜈 𝑝𝜓 𝑟𝜈

ǁ𝑡 2
𝜇𝜈 𝑟, 𝑝𝜓 = ǁ𝑟𝜇 ǁ𝑟𝜈 −

1

3
ǁ𝑟 ⋅ ǁ𝑟 𝑔𝜇𝜈 𝑝𝜓 ; …

S. Dulat, J.-J. Wu, B.S. Zou PRD 83 (2011) 094032



L-S scheme
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ത𝐿

𝑝
𝜓 → ത𝐵(1/2−)𝐵(1/2+)

𝐿: S and D wave

Update: Recently, we propose a new method 

based on Group theory to write down covariant 

partial wave amplitudes within L-S scheme for 

three-particle vertex with any spin. And we also 

show that it is equivalent with usual helicity 

amplitude. 

Here I mainly introduce it for 𝜓 → ഥ𝑁𝑁∗ case

𝜓 → ഥ𝑁∗𝑁∗

Such as Σ∗തΣ∗
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𝜇
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Two ways for the amplitude of 𝜓 → ത𝐵𝐵

Method 2, using PAW, the amplitude,𝑀 = ത𝑢𝐵 𝛾𝜇 −
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(1) an overall coupling constant can be obtained from the partial width Γ.

(2) t =
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and 𝛿 can be determined by angular distribution, 
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−
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3 − 𝑟2𝑡𝑒𝑖𝛿
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The effective radius of the decay reaction

t =
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Γ𝑆
Γ𝑡𝑜𝑡𝑎𝑙

=
9

9 + 2𝑡2 𝑚𝜓
2 − 2𝑚𝐵

2
2

ҧ𝑙 = 𝑙𝑆
Γ𝑆

Γ𝑡𝑜𝑡𝑎𝑙
+ 𝑙𝐷

Γ𝐷
Γ𝑡𝑜𝑡𝑎𝑙

𝑟eff =
ҧ𝑙

𝑝
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Need further decay, such as Λ → 𝑝 𝜋



The effective radius of the decay reaction



The effective radius of the decay reaction

通过这个计算可以发现𝜓的有效衰变半径很小。这样就会导致𝜓 → ഥ𝑁𝑁∗的轨道角动
量很小，即𝐿 = 𝑟𝑒𝑓𝑓 × 𝑝, 那么就很难产生高自旋的𝑁∗. 所以在这类过程中，𝑁∗的

分波分析其实只要取到𝑙 = 5/2就基本足够分析数据了。

当然我们需要更多的数据来确认。



Motivation

Question: How many partial waves does 𝜓 decay need ?

How to estimate the effective radius 

of the ψ decay ???

πN and γN

πN and γN

πN and γN

πN

πN

ψ(2S) decay

ψ(2S) decay

𝑳 = 𝒓𝒆𝒇𝒇 × 𝒑

πN and γN
𝑬 ∼ 2 GeV → 𝒑 ∼ 1 GeV

𝑟𝑒𝑓𝑓 ∼ 𝑟𝑁 ∼ 1fm

𝑳 ∼ 1 fm × 1 GeV ∼ 5

𝑱𝑵∗ ∼ 5 −
3

2
, 5 +

3

2
∼ [

7

2
,
13

2
]

𝑟𝑒𝑓𝑓 ∼
ത𝐿

𝑝
𝜓 → ത𝐵(1/2−)𝐵(1/2+)



The effective radius of the decay reaction



The effective radius of the decay reaction

???



The effective radius of the decay reaction

Since 𝑝(𝑛) can not further decay, thus ΔΦ cannot 
be measured. We need new observable, such as Γ// to 

stand for the decay width of the process where 𝑝(𝑛)
and ҧ𝑝(ത𝑛) have the same polarization,

Γ// =
Ԧ𝑝𝐵

32𝜋2𝑚𝜓
2 න

1

2


𝑆𝜓,𝑆𝐵=𝑆ഥ𝐵

𝑀 𝑆𝜓, 𝑆𝐵 , 𝑆 ത𝐵
2
𝑑Ω = Γ𝑆 + 0.7Γ𝐷

???



Summary

• Introduction of L-S scheme

• Through 𝜓 → ത𝐵(1/2−)𝐵(1/2+) to estimate the effective radius of 

𝜓 decay, around 0.05fm.

• It leads to low spin 𝑁∗ dominate in the 𝜓 → ഥ𝑁𝑁∗, thus, highest partial 

wave analysis require the total J of 𝑁∗ with 𝑙 = 5/2.

• It provides a unique window to search low spin baryon resonances with 

masses above 2 GeV in 𝜓 decay.

• We need more experimental data to confirm it.



Thanks Very Much !


