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signed to integrate seamlessly with modern computational workflows for calculating scattering
amplitudes. FeynGraph is designed as a high-performance Rust library with easy-to-use Python
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FeynGraph strives to be a fully-featured Feynman diagram toolkit at any loop order.
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1. Introduction

Feynman diagrams are at the very core of most scattering amplitude calculations, producing them
often being the first step in the workflow. However, their number grows factorially with the number
of loops and external legs, making their determination by hand intractable for all but the easiest
processes. For this reason, general-purpose Feynman diagram generators like Qgraf [1], FeynArts
[2, 3] and grc [4] have been created a long time ago to automate this task. These tools are still
widely used today, with grc being integrated into the FORM symbolic-manipulation system [5]
and Qgraf being extended with automatic diagram drawing through means of FeynGame 3.0 [6]
only very recently.

In this note, we will present FeynGraph, a modern Feynman diagram generation toolkit which
strives to combine the strengths of all existing tools. FeynGraph is written in Rust, making it fast
and portable across many systems, while at the same time providing an intuitive Python interface.
By relying on the well-established UFO2 [7] model format, FeynGraph is easily integrated into
many modern workflows with little friction. Additionally, by explicitly considering the effects of
multi-fermion vertices, FeynGraph is ready for Effective Field Theory (EFT) calculations out-of-
the-box.

In section 2 we sketch the algorithms to generate Feynman diagrams, with some specific attention
to the diagram signs in section 2.1. Next, section 3 describes the FeynGraph code itself as well as
some standout features before finally concluding in section 4.

2. Generating Feynman Diagrams

Before describing the actual code, we sketch some of the algorithms used to generate the diagrams.
This process consists of two principal steps, first producing topologies from the purely topological
information given in the input. All possible particles and interaction vertices specified in the model
are then assigned in all possible ways to each topology in the second step. The procedure outlined
in this chapter largely follows the implementation of grc described in [4].

Topologies

We begin by stripping the input of all physics-specific information and only consider the purely
graph-theoretical aspects of Feynman diagrams. For this purpose, we reduce propagators to edges,
vertices to nodes, and diagrams to undirected graphs, called topologies. The given inputs, the
external particles and loops, are therefore reduced to merely the number of external edges and the
number of loops. The model is reduced to the allowed set of node degrees, where the degree of a
node is the number of attached edges. Feynman diagrams are invariant under the permutation of
vertices, which is inherited by the topologies. Simply producing all possible topologies will thus
generate many equivalent topologies, so care is taken during the procedure to remove all duplicates.
A summary of the procedure is given in Algorithm 1.

Finally, after the set of final topologies is known, the symmetry factors and edge momenta are
computed.
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Algorithm 1: Topology Generation

1. Translate the number of loops, external legs and set of allowed node degrees into a set of
node partitions, which is the set of counts of the allowed node degrees.

2. For a given node partition, connect all open half-edges in all possible ways to build
connected topologies.

(a) Throughout this process, keep track of equivalent nodes through a node classifica-
tion.

(b) Use the classification to forbid new edges which will result in a topology which is
equivalent to a previously generated one.

3. To eliminate all remaining equivalent topologies, assign a scalar coding to each topology.
(a) Compare the coding of a topology with the topologies produced by permuting nodes

within the given classes of the classification.
(b) Keep the topology only if it carries the largest encountered coding.

Diagrams

For each topology produced in the previous step, we take all particles and interactions of the model
and assign all possible combinations to the edges and nodes. This poses the same complications as
before, producing many diagrams which are equivalent due to propagator and vertex permutations.
We remedy this in much the same way as with the topologies, by using ordering conditions and
a scalar coding to eliminate duplicates. To increase the efficiency of this step, we reuse the node
classifications of the topology generation step as topologically non-equivalent nodes can never
become equivalent vertices when interactions are assigned.

As a final step, we determine the diagram sign for each diagram. However, the determination of
these signs becomes nontrivial in the presence of multi-fermion vertices, which is why we describe
our procedure in some more detail in the next section.

2.1 Diagram Signs with Multi-Fermion Vertices

One of the expected outputs of a Feynman diagram generator are the diagram signs, which account
for a relative sign difference between diagrams due to closed fermion loops and different orderings
of anti-commuting external fields. To determine the sign of a diagram, we use the well-established
Flipping Rule Algorithm [8] sketched in Algorithm 2.

The implementation of this algorithm is straight-forward in the case of a renormalizable theory,
but has a subtle complication in the most general case. With exclusively renormalizable vertices,
at most two fermions can appear in a single vertex. The fermion flow can therefore be traced
unambiguously without additional information. This is not necessarily the case when additional
fermion pairs are added to such a vertex, e.g. consider a four-fermion 𝑢𝑢̄𝑢𝑢̄ vertex. When tracing
the fermion flow of one of the 𝑢, the flow could continue with either of the 𝑢̄, potentially modifying
the sign depending on the choice. We lift this ambiguity by taking additional information into
consideration: the analytic Lorentz structure of the vertex given in the model1. Each vertex is

1The Lorentz structure of the vertices is not available in Qgraf models, where instead a guess is made and a warning
is emitted in the case of an ambiguity.
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Algorithm 2: Flipping Rule Algorithm

1. Determine the sign due to external fermions
(a) For each external fermion 𝑖, follow the fermion flow through the diagram to find the

external fermion 𝑗 at the other end of the fermion line and save (min(𝑖, 𝑗),max(𝑖, 𝑗)).
Repeat until all external fermions were visited.

(b) Build a tuple (𝑖1, 𝑗2, . . . , 𝑖𝑛, 𝑗𝑛) from all previously saved pairs (𝑖𝑘 , 𝑗𝑘) and find
the sign 𝑠𝑒 of the permutation which transforms the tuple to a (arbitrary) reference
ordering (1, 2, . . . , 2𝑛).

2. Determine the sign due to closed fermion loops
(a) For each unseen internal fermion 𝑖, follow the fermion flow through the diagram

until 𝑖 is found again. Repeat until all fermions have been visited.
(b) Keep track of the number of iterations in the previous step to find the number 𝐿 of

closed fermion loops.
3. Assemble the final diagram sign 𝑠 = 𝑠𝑒 (−1)𝐿 .

then split into multiple vertices according to its Lorentz structure, such that each new vertex allows
for unambiguous fermion tracing and their sum recovers the original vertex. In the case of the
previously mentioned 𝑢𝑢̄𝑢𝑢̄ vertex, the splitting could be

𝑢
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𝑢
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where the equally colored legs indicate the fermion flow. A one-loop diagram built of two such
vertices would, for example, result in four diagrams as shown in Example 1.

Example 1: Sign Splitting of a One-Loop Diagram
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In this way, all diagrams carry an unambiguous sign and can be further processed in exactly the
same way as in a renormalizable model.

3. FeynGraph

FeynGraph is a modern Feynman diagram toolkit library written in the Rust programming language.
To enable convenient scripting usage, the full interface is also available through Python bindings
for the native Rust API. A basic example of generating some one-loop diagrams through the Python
interface is given in Example 2. Additional language bindings are possible depending on demand.
The source code is freely available under the open-source Mozilla Public License 2 at
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https://github.com/Jens-Braun/FeynGraph

and a continuously updated user guide with installation instructions and the full API reference is
available at

https://jens-braun.github.io/FeynGraph/

To simplify usage, FeynGraph relies on the widely used UFO2 model format and outputs the
diagrams as objects in the calling programming language. The objects provide methods to traverse
and inspect the diagrams and their components, allowing the user to easily process the generated
diagrams with custom code. For compatibility with existing setups, FeynGraph also supports
reading Qgraf models and ships with a CLI program to produce output files according to a
user-defined template.

Example 2: Basic Diagram Generation and Inspection

import feyngraph as fg
diags = fg.generate_diagrams(

["u", "u~"], ["G", "G"], 1,

model = fg.Model.from_ufo("tests/resources/QCD_UFO")

)

assert(diags[2].chord(0)[0].momentum_str() == "p1+p2+l1")

In the following sections, we highlight two specific features.

3.1 Diagram Selection

In close to all cases, not all Feynman diagrams possibly contributing to a process are actually
desired. For example, usually only diagrams at a specific power in a coupling are desired, or
only diagrams up to a specific order in a new physics scale. In both cases, a substantial number
of possible diagrams need to be removed. Exactly for purposes like this, FeynGraph provides an
extensive diagram selection system, which can be fully customized by the user, as demonstrated in
Example 3.

The selection is based on Selector objects, which, given a set of constraints from the user, determine
whether a diagram should be kept or discarded for the final result. To reach the highest efficiency,
diagrams should be eliminated as early as possible in the generation procedure. For this reason, there

Example 3: Diagram Selection

import feyngraph as fg
s = fg.DiagramSelector()

s.select_on_shell() # No self-energy insertions on external legs

s.select_self_loops(0) # No tadpoles and snails

s.add_topology_function( # Only non-factorizable diagrams

lambda t: any(all(c != 0 for c in e.momentum()[4:]) for e in t.edges())
)

s.add_custom_function( # Only diagrams with a gluon in the second loop

lambda d: any(p.particle().name() == "g" for p in d.chord(1))
)

assert(len(fg.generate_diagrams(["g"]*2, ["g"]*2, 2, selector = s)) == 2647)
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Figure 1: A selection of automatically drawn diagrams in the 𝑔𝑔 → 𝑔𝑔 example of section 3.1. The
diagrams are generated by FeynGraph in TikZ format and then simply included with the \input command
and subsequently scaled with an adjustbox.

are two categories of selection criteria: topology-based criteria and diagram-based criteria. The
topology criteria are already applied during the topology generation step and can therefore eliminate
large classes of diagrams very early before diagrams are even considered, being significantly more
efficient than subsequently eliminating the resulting diagrams. Additionally, many built-in selection
criteria take effect during the particle and interaction assignment step. For example, when selecting
diagrams with a specific power in a coupling, diagrams with a higher power in this coupling will
never be produced instead of creating and subsequently discarding them.

3.2 Automatic Diagram Drawing

To get a quick overview of the produced diagrams, e.g. when dialing in a complex diagram selector,
a visual representation of the diagrams is extremely valuable. For this reason, FeynGraph can
provide automatically generated diagram drawings in multiple formats: Scalable Vector Graphics
(SVG), TikZ [9] and Typst [10]. The TikZ output is demonstrated in Figure 1, which shows four
diagrams of the 𝑔𝑔 → 𝑔𝑔 example of section 3.1.

To compute a reasonably pleasant layout for any number of loops, we use Stress Majorization [11],
which spans hypothetical mechanical springs between every pair of nodes and then minimizes the
mechanical energy of the system. In addition, the style of the drawing is highly customizable using a
theme. This allows setting the propagator and vertex style, e.g. color and decorations, on a per-field
and per-interaction basis. This can be used to distinguish all particles and interactions in a set of
diagrams, as demonstrated in Figure 1.

3.3 Preview: Automatic Construction of Amplitudes

FeynGraph supports diagram sign calculation in the presence of multi-fermion operators, which,
however, requires a careful splitting of vertices to make the signs unambiguous. When replacing the
diagram components with analytic expressions to create scattering amplitudes, this splitting needs
to be understood and exactly followed by the user’s code. The exact splitting can be queried from
the FeynGraph model object, but this step can become complicated in the presence of large EFT
models nonetheless. Additionally, the model has to be read again by the user code after FeynGraph
processed it, even though all information could already be available through FeynGraph if it retained
the entire model data. These points leave room for many usability improvements, possibly making
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FeynGraph even easier to integrate into calculations. To remedy this, we integrate the step in which
these problems appear into FeynGraph itself: the automatic translation of diagrams into scattering
amplitudes. This feature is currently in development and is partially implemented in a private
version of FeynGraph. The completion and publication of this feature is planned in the near future.

The foundation of analytical amplitudes is a data structure that allows constructing and manipulating
mathematical expressions, which is usually provided by a computer algebra system or a similar tool.
We aim to keep FeynGraph’s dependencies light and minimal though, which is why we implement
an abstract syntax tree (AST) to hold and manipulate expressions directly in FeynGraph. In
addition to being dependency free, this allows tuning the expression representation specifically for
the fundamental components appearing in scattering amplitudes.

Improved Model Infrastructure

As a first step towards analytical amplitudes, we rework and improve FeynGraph’s internal model
infrastructure. This constitutes a complete rework of the UFO model parser, which now reads
all information contained in the model and fully parses all expressions down to the previously
mentioned AST. The additional information is then available through methods on the diagram
objects. This allows FeynGraph to subsequently use this information to build scattering amplitudes,
but also increases the power of diagram filters. Selection criteria can now include the analytical
structure, e.g. selecting only diagrams with an odd number of 𝛾5-matrices.

Amplitude Construction

As the final step, the propagators and vertices of a diagram are replaced by the analytical expres-
sions taken from the model, resulting in a fully analytical representation of the diagram. This
expression, separated into numerator and denominators, is provided generically in the form of the
AST, which itself can be translated into any format. To simplify the implementation of this for a
user-defined format, a translation infrastructure based on a translator and a dictionary is provided.
The translator walks the expression tree, querying the dictionary for the desired representation of
a fundamental object when encountering one. By customizing the dictionary, custom formats can
then be implemented quickly and easily. Support for common formats such as FeynCalc [12] will
be provided out-of-the-box. An example of the current state of the amplitude construction is shown
in Figure 2 for tree-level 𝑒−𝜇− → 𝑒−𝜇− in pure QED.

Figure 2: Preview of the automatically constructed tree-level 𝑒−𝜇− → 𝑒−𝜇− amplitude in pure QED.
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4. Conclusion

In this work we gave a first look at FeynGraph, a new Feynman diagram generation library. We
summarized the well-known algorithms used to generate topologies and Feynman diagrams and
described how we assign unambiguous signs to diagrams in the presence of multi-fermion vertices.
We showed the basic usage of the Python interface, described diagram selection and automatic
diagram drawing in more detail, and closed with a preview of some upcoming major features.
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