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Motivation

Calculations for massless four-fermion and 
two-quark two-gluon scatterings in QCD have been 
completed up to the finite remainder.

 Similar calculations in a QED framework have not 
yet been completed.

Problem!

It is not easy due to the number of diagrams and the complexity of the 
expressions involved. This causes computational issues both with time 
and memory.



Can we take results from existing QCD calculations? 

In QCD, similar calculations have already been performed.

As QED is Abelian, can we just abelianise these expressions? 

Not as straightforward as it might seem…



How can we make the calculation easier?  

Fortunately, there are many modern techniques that we can 
now use: 

● Tensor Decomposition

● Grouping Diagrams at integrand level

● Integration-by-parts relations

And many more…



Tensor Decomposition

Tensor Decomposition is the process of breaking down a scattering amplitude 
into the Lorentz structures that describe the relevant process.   

D-dimensional internal 
states

4-dimensional external 
states

Using Tensor decomposition we obtain D-dimensional 
form factors comprised of scalar products.
We can then perform all intermediary steps on these 
expressions. Before recovering the dependence on 
external states in the final stages of the calculation.

Not only useful for Helicity Amplitudes, but also 
interference at loop level.

[Chen (2019), Peraro, Tancredi (2020)]



Tensor Decomposition

We recover expressions for the amplitude by summing the products of 
the form factors with their corresponding tensor structures

By considering the external states to be in 4-dimensions we also reduce the number of independent 
tensor structures.

D-Dimensional space 4-Dimensional space

(Dependent) (Independent)



Helicity Amplitudes

Helicity amplitudes are a compact way of representing scattering amplitudes in specific helicity 
states. Reducing the complexity of summing over spin states.



Algorithm for grouping diagrams at integrand level

Integration-by-parts relations are extremely beneficial but can provide a bottleneck in calculations. 

Grouping diagrams that obey the same IBPs at integrand level means we can reduce the number of 
IBPs we need to generate.

Before grouping

 

 

 

 

3L Examples After grouping

[Laporta 2001]



Results and future plans

 

[TD and WJT. (2024)]

(2411.07063)

This is an important step towards 
the 3L calculation!



 

Results and future plans

We have managed to group all Feynman 
diagrams into integrand families via loop 
momenta shifts, and decompose them into 
form factors.

The next step is to perform IBP reduction 
into master integrals.

[Henn et al. (2020)]

553 MIs!!


