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Introduction

Data/Event/Distribution

Amplitude/T-matrix

PWA
All Lorentz structures, Data-driven, Model independent.

Multi-particle vertex can be derived recursively from the 

three-particle vertex.

Amplitude will include:  Vertex function and Topology structure 

Topology structure: the unitary, crossing symmetry, analytical.

(tree, one-loop, … , refer to coupled channel.)

Vertex function: the Lorentz covariant. 
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Data/Event/Distribution

Amplitude/T-matrix

PWA

Multi-particle vertex can be derived recursively from the 

three-particle vertex.

Covariant tenser  

Invariant tenser(INVT)  

Order-3 IRTs

Order-0 INVT: scalar
Order-1 INVT: 0 vector
Order-2 INVT: identity
Order-3 INVT: CGC
Order-n>3 INVT: just constructed by Order-3 INVT.

Three-particle vertex!



Generation
Three-particle vertex!

1g2+3

From (k1, p2
*, p3

* ) to (p1, p2, p3) by Lorentz invariant, where for massive particle, k1=0, for massless particle k1=(0,0,|k|) 

Standard momentum 
Weinberg, The Quantum theory of fields. Vol. 1: 
Foundations, Cambridge University Press (2005)

In the (k1, p2
*, p3

* ) frame, we can define L and S.



Generation
Three-particle vertex!

1g2+3

𝑫𝒃
𝒂(𝒈) (𝒈 ∈ 𝑳𝒑) is a Lorentz transformation matrix; 

𝒉𝒑 (∈ 𝑳𝒑) is a pure-boost transformation;



Generation
Three-particle vertex!

1g2+3

Lorentz index, the index 

of specific irreps of Lp
Spin index

In the standard momentum 

frame, there is a subgroup of 

Lp to make k unchanged.

massive

massless

A specific form of the spin wave 

function by calculating the IRT 

of the little group SO(3)
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Generation
Three-particle vertex!

1g2+3

Lorentz index, the index 

of specific irreps of Lp
Spin index

orbitspinspin+orbit

P is the project operator, which can be generate by the wave functions (IRT).

Project various angular momenta to one specific angular momentum.

j2+j3=j1



Comparison

Helicity amplitude 

is equivalent with 

the covariant 

amplitude just 

with several 

rotation matrix.



𝑱/𝝍 → 𝜸𝜼𝜼′

Comparison

Helicity amplitude 

is equivalent with 

the covariant 

amplitude just 

with several 

rotation matrix.
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Application

It is exact the same as 

that in this reference.

B.S. Zou and D.V. Bugg, 

EPJA 16 (2003) 537
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Summary

• Show a new PWA formalism for 3 particle vertex.

• Covariant ! L-S scheme!

• Benefit

• Use such vertex can include loop contribution easily!

• Also extend to coupled channel in future!



Thanks for attention !


