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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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Two ways for the amplitude of 𝜓 → ത𝐵𝐵

Method 2, using PAW, the amplitude,𝑀 = ത𝑢𝐵 𝛾𝜇 −
(𝑝𝐵−𝑝ഥ𝐵)
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𝑖𝛿 ǁ𝑡 2 𝜇𝜈 𝜖𝜈
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𝜓

and 𝐺𝑀
𝜓
, the amplitude,𝑀 = −𝑖𝑒𝑔 ത𝑢𝐵 𝐺𝐸

𝜓
𝛾𝜇 −

2𝑚𝐵

𝑟2
𝐺𝑀
𝜓
− 𝐺𝐸

𝜓
𝑟𝜇 𝑣 ത𝐵𝜖

𝜇

Experimently, 
(1) an overall coupling constant can be obtained from the partial width Γ.

(2) t =
𝑔𝐷

𝑔𝑆
and 𝛿 can be determined by angular distribution, 

𝑑Γ

𝑑 cos 𝜃
∼ 1 + 𝛼 cos2 𝜃 ,

and ΔΦ ≡ 𝐴𝑟𝑔
𝐺𝐸
𝜓

𝐺𝑀
𝜓

𝛼 =
−3t2r2/8 − 9𝑡𝑟2 cos 𝛿

9 + 5𝑡2𝑟2/8 − 3𝑡𝑟2 cos 𝛿
;

𝑒𝑖ΔΦ =
1 + 𝛼

1 − 𝛼

2𝑚𝐵

𝑚𝜓
−

𝑟2

𝑚𝜓 𝑚𝜓 + 2𝑚𝐵

3 + 2𝑟2𝑡𝑒𝑖𝛿

3 − 𝑟2𝑡𝑒𝑖𝛿
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The effective radius of the decay reaction

t =
𝑔𝐷
𝑔𝑆

𝛼 =
−3t2r2/8 − 9𝑡𝑟2 cos 𝛿
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3 − 𝑟2𝑡𝑒𝑖𝛿

Γ𝑆
Γ𝑡𝑜𝑡𝑎𝑙

=
9

9 + 2𝑡2 𝑚𝜓
2 − 2𝑚𝐵

2
2

ҧ𝑙 = 𝑙𝑆
Γ𝑆

Γ𝑡𝑜𝑡𝑎𝑙
+ 𝑙𝐷

Γ𝐷
Γ𝑡𝑜𝑡𝑎𝑙

𝑟eff =
ҧ𝑙

𝑝
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The effective radius of the decay reaction
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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 !


