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Goal
Generate Feynman diagrams for tree-level perturbative Quantum Electrodynamics
(QED) for arbitrary scattering processes

Generate computable functions calculating the matrix elements for given particle
momenta
Reuse as much as possible
Do it in Julia
Benefit from easy CPU and GPU parallelization

- diagrams for arbitrary qed processes with spin/pol combinations included
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Generating Diagrams in Tree-Level QED - Fermion Permutations

n! permutations
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Generating Diagrams in Tree-Level QED - Labelled Plane Trees

(3n−3)!
(2n−1)! trees
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Generating Diagrams in Tree-Level QED - Connecting External
Photons

(
m+3n−3

3n−3

)
ways to connect external photons

where n is the number of fermion lines and m is the number of photons
finally, permute the photons: m!
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Generating Diagrams in Tree-Level QED - Scaling

Ndiags(e, u, t, m) = (m + 3n − 3)!
(2n − 1)! · e! · u! · t!

where n := e + u + t
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Transform to Computable DAG

Represent the computation for the
matrix element as a directed
acyclic graph (DAG)
Use ComputableDAGs.jl
Allows dynamic construction,
analysis, scheduling, and execution
(threaded, GPU, etc.)

×

A DCB

× × ×

+

AC+AD+
BC+BD

- addition of a lot of diagrams, which are essentially large products
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Transform to Computable DAG - Distributivity

×

A DCB

× × ×

+

AC+AD+
BC+BD

A DCB

+ +

×

(A+B)×(C+D)==
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Transform to Computable DAG

Only 2n−1 − 1 possible inner particle momenta, not factorial1

=⇒ Consider subdiagrams consisting of particle sets

1Mauro Moretti, Thorsten Ohl, and Jürgen Reuter. O’Mega: An Optimizing Matrix Element Generator. 2001. arXiv:
hep-ph/0102195 [hep-ph]. url: https://arxiv.org/abs/hep-ph/0102195.

https://arxiv.org/abs/hep-ph/0102195
https://arxiv.org/abs/hep-ph/0102195
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Transform to Computable DAG - Base States and Propagators

base
state

External
Particle

External particle type, spin or
polarization, and momentum as
input

Output "propagated" value for the
particle set containing only this
particle (external leg)

propa-
gator

Virtual
Particle

Phase space point, momentum
contribution map, and virtual
particle type as input
Output a propagator to be used
later to propagate the particle set
values

- "base state" is external leg and initial value
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Transform to Computable DAG - Pairing

Take two disjunct particle sets,
multiply them, add vertex term

Output unpropagated value for the
particle set containing the particles
of both subsets

pair

Propagated
Particle Set 1

Propagated
Particle Set 2
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Transform to Computable DAG - Sum Pairs

Take all unpropagated particle sets
of the same contents

Output unpropagated sum of all
values of particle sets containing
the given particles

sum

Pair 1 Pair k
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Transform to Computable DAG - Propagate Summed Pairs

Take a summed unpropagated
value for a particle set and the
respective virtual particle’s
propagator

Output propagated sum of all
values of particle sets containing
the given particles
Repeat until subdiagrams contain
half of an entire diagram

propa-
gate

Summed
Particle Set Propagator
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Transform to Computable DAG - Triples

Like pair, but take three summed
and propagated subdiagrams

Output summed value for a
number of diagrams

triple

Propagated
Particle Set 1

Propagated
Particle Set 2

Propagated
Particle Set 3
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Transform to Computable DAG - Sum Triples

Like sum pairs, but for the triples

Output summed value for all
diagrams, for the given process and
one spin and polarization
combination

sum

Triple 1 Triple k
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Transform to Computable DAG - Matrix Element

Finally, abs2 sum over spin and
polarization combinations

Output the computed squared
matrix element

sum
abs2

Summed
Triples 1

Summed
Triples k
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Transform to Computable DAG - Matrix Element

Finally, abs2 sum over spin and
polarization combinations
Output the computed squared
matrix element

Done!

sum
abs2

Summed
Triples 1

Summed
Triples k
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Results - Reproducibility
The following results can be reproduced using the Jupyter notebooks at this URL:

https://github.com/AntonReinhard/QEDFeynmanDiagrams.jl/tree/profiling/profiling

https://github.com/AntonReinhard/QEDFeynmanDiagrams.jl/tree/profiling/profiling
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Results - e− + e+ → n(e− + e+) - DAG Sizes
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Results - e− + e+ → n(e− + e+) - DAG Computation Time



21/26 Generating Feynman Diagrams for QED in Julia · 30.09.2024

Results - Profiling Flamegraph
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Summary
The soon™ to be registered package QEDFeynmanDiagrams.jl can:

Generate ComputableDAGs for arbitrary
scattering processes in tree-level
perturbative QED 2

Maximally reuse results, even across
different spin and polarization combinations
Generate matrix elements for synced spins
or polarizations with result reuse
Provide documentation with usage
examples

The code is already publicly available

ComputableDAGs.jl

QEDFeynmanDiagrams.jl
2currently excluding muons and tauons until they are implemented in QuantumElectrodynamics.jl

- can generate the diagrams using an iterator, not much memory necessary

https://github.com/ComputableDAGs/ComputableDAGs.jl/
https://github.com/QEDjl-project/QEDFeynmanDiagrams.jl
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Outlook

Relative negation of diagrams with exchanged fermions is not yet implemented
Compare to existing solutions (MadGraph5 [2], O’Mega [1], SHERPA [3])
Extension for other quantum field theories through generalized diagram generation
Consider vectorization inside the graph
Find ways to improve startup times

- if anyone has expertise and wants to help, hackathon would be a good opportunity

- especially for comparing solutions

- extension to other QFTs

- startup time improvements not just through julia compiler, also incremental compile, function barriers, etc.
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Results - e− + kγ → e− + γ - DAG Computation Time
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Benchmarking Machine
Home PC with

Ryzen 7900X3D
2×32GB DDR5 RAM @ 6000MHz
Julia v1.10
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