
covariant helicity-
coupling amplitudes

• 根据协变性和洛伦兹不变的原则所构造的
• helicity振幅中包含了末态粒子的相对论因子

和母粒子质量项

Spin=1 Spin=2

AmpTool中使用的形式是非协变的

𝑊𝑛: 是母粒子质量项，
s + 𝜎 + 𝑙 − 𝐽 = odd, n=1, 否则，n=0

子粒子的相对论因子：



两个过程都是D波两个过程都是P波

• 两个子过程都是P波的级联过程，振幅中角度部分是
相同的

• 两个子过程都是D波的级联过程，振幅不相同
• 对于协变张量机制，相对论因子天然就包含在里面
• 对于helicity机制，即使乘上相对论因子，也和协变张

量机制不同
• 只有末态粒子静止时，相对论因子趋于1，两种机制

才能给出一致振幅





Covariant tensor： Jpsi -> ll
From GPUPWA From C++ program

Covariant tensor： Jpsi -> KK



Helicity formalism： Jpsi -> ll
From GPUPWA From C++ program

Covariant tensor： Jpsi -> KK



Jpsi -> KK： Only Zc SS component

• The ratio of amplitudes from covariant tensor formalism and helicity formalism is almost a 
constant for only Zc SS wave component

• If the relativistic factor is considered, the amplitude ratio is more stable



Jpsi -> ll：Only Zc SS component

• The ratio for 𝜓 → 𝑙+𝑙− is close to a constant as well
• The relativistic factor also makes the ratio more stable



Jpsi -> KK

Zc SS:
R max = 344.336
R min = 344.305

Zc SD
R max = 3889.22  
R min = 2.96714

Zc DS
R max = 105320  
R min = 19.2489

Zc DD:
R max = 644.929  
R min = 43.0134



Jpsi -> ll

Zc SS:
R max = 421.777  
R min = 419.452

Zc SD
R max = 820.681  
R min = 75.9445

Zc DS
R max = 4593.4  
R min = 368.43

Zc DD:
R max = 533.565  
R min = 67.3278



F0500 SS F0500 DS F21270 SD

Jpsi -> ll



No Jpsi part

R max = 179.756  
R min = 87.5549

• Without 𝜓 → 𝑙+𝑙−, event the amplitude ratio of Zc SS component is not a constant 

R max = 9674.33  
R min = 150.492

Zc SS Zc DS



• Two body decay

• Sequential decays: 𝑌 → 𝜋+𝜋−𝐽/𝜓, 𝐽/𝜓 → 𝑙+𝑙−

• 𝐺𝐿𝑆 is LS coupling partial wave amplitude
• With a definite set of helicity of (b,c), 𝐺𝐿𝑆

should be same 
• In fit, 𝐺𝐿𝑆 is float parameter 
• To obtain the contribution of a LS wave 

component

𝐹𝜆𝑏,𝜆𝑎
𝐽 is helicity decay amplitude



Two components: 𝑆𝑆 and 𝐷𝑆

four components: 
𝑆𝑆, 𝑆𝐷, 𝐷𝑆 and 𝐷𝐷



• 𝑈𝜇𝜈 is the partial wave amplitude 
constructed according to LS coupling





• Sequential decays: 𝑌 → 𝜋+𝜋−𝐽/𝜓, 𝐽/𝜓 → 𝑙+𝑙−

• Assume leptons have 0 spin

• Come from the boost of frame
• Δ𝜆𝑙 = 0



In covariant tensor formalism:


