
FeynArts
An Introduction to Mathematica Tools for HEP

13-16 June 2025

           Carlos Quezada Calonge

Organization:

Javier Martínez Martín
Carlos Quezada Calonge

Alexandre Salas Bernárdez
Juan José Sanz Cillero



What is FeynArts (FA) ?
FeynArts is a Mathematica package for the generation and visualization of Feynman 
diagrams and amplitudes.

-Allows model files generated by the user in FeynRules (SM already implemented in 
FA).

-Diagrams at tree-level, one-loop level, etc.

-Restrictions on which fields are allowed in a diagram.



Preface
We count with three main tools to understand FeynArts, FeynCalc, FeynRules, etc:

1. User Guide provided by the creators. FA Guide: https://feynarts.de/FA3Guide.pdf
2. Command InputForm[X] in Mathematica. Shows how Mathematica understands 

the expression X.
3. Command ?X . Shows the definition of X.



Using InputForm

This allows us to write substitutions /. FCGV[“MH”] -> MH

Typical amplitude for a Feynman diagram



How does it work?



Getting started: Creating Topologies

At this level there are not particles. 
Only topologies



Inserting fields in the topologies

General variables for fields 

We can insert, for example,  a general scalar, a class of scalars, and a particular scalar 



-Minimum information to define a Feynman Diagram. Incoming and outgoing particles.

-If a model is not specific, FeynArts uses the SM.mod. 



Fields of the SM model file (SM.mod)

-The field content is specific to each model file.



      Generation of Goldstone scattering





Creating a Feynman amplitude





Output for FeynCalc



One-loop



Higgs self-energy



Imposing restrictions
-We will only allow Higgs bosons in the loop



Then again we can create the amplitude of this 

That is the expression that we can feed to FeynCalc. 



Hands on!
Exercise 1: 

- Create a topology 2-> 2 in the SM
- Insert the fields for the process hh-> hh
- Draw the diagrams for this process. How many diagrams do we have?



Exercise 2: 

- Create a topology 2-> 2 in the SM
- Insert the fields for the process WW-> hh
- Draw the diagrams for this process. How many diagrams?

- Now remove vector fields from the intermediate fields
- Draw the diagrams for this process again. How many diagrams do we have now?



Exercise 3: 

- Create a topology 1-> 1 at one loop in the SM.
- Insert the fields for the process h-> h
- Draw the diagrams for this process. How many diagrams?

- Now remove vector, ghosts and fermions and only allow the Higgs in the loop
- Draw the diagrams for this process again. How many diagrams do we have now?



EXTRA: HEFT model



Exercise 4 (extra): 

- Create a topology 2-> 2 in HEFT
- Insert the fields for the process G0G0 -> G0G0
- Draw the diagrams for this process. How many diagrams?


