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Introduction
Physics models in high-energy physics are in general
based on quantum field theory. In this mathematical lan-
guage, the model is described by a Lagrangian, which
contains all the particles in the model and describes their
mutual interactions. Each particle is represented by a
field, defined over the four-dimensional space-time. The
interactions among the particles are then represented by
non-linear terms coupling different kinds of fields at the
same space–time point. The simplest example of such a
model is Quantum Electrodynamics (QED), which is the
quantum theory describing the electromagnetic interac-
tion among the electron, the positron (the antiparticle of
the electron) and the photon (the ‘carrier’ of the electro-
magnetic interaction). The Lagrangian of QED is

LQED = −1
4
FµνF

µν + ψ̄(iγµ∂µ −m)ψ

− eψ̄γµψAµ,
(1)

where ψ, ψ̄ and Aµ are the electron, positron and pho-
ton fields respectively, and Fµν = ∂µAν − ∂νAµ is
the electromagnetic field strength tensor. The first two
terms, which are quadratic in the fields, describe the
noninteractive dynamics of the electron, positron and
photon, while the third term couples, in a trilinear way,
these three fields and hence describes their interaction
(e.g. annihilation of an electron-positron pair into a pho-
ton). A graphical representation of this interaction is gi-
ven in Fig. 1 (a) and is called a vertex. Perturbative pre-
dictions of a model can be obtained by connecting to-
gether in all possible ways the vertices and propagators
(lines connecting vertices) of a model using a set of rules
called ‘Feynman rules’, where the vertices and propa-
gators are derived from the Lagrangian. An example of
such a Feynman diagram contributing to the scattering
of an electron-positron pair in QED is shown in Fig. 1
(b).

Predictions for collider experiments often requi-
re the computation of thousands if not tens of thou-
sands of Feynman diagrams. Such a monumental task is

especially suited to computers. There are several com-
puter programs available that calculate Feynman dia-
grams automatically, both numerically and analytical-
ly. A few of these are CalcHEP/CompHEP, FeynArts/
FormCalc, Herwig, MadGraph/MadEvent, Sherpa, and
Omega/Whizard. These packages are responsible for ge-
nerating the Feynman diagrams and making the predicti-
ons that will be compared with the results of experiment.
However, only a very limited set of the possible physics
models beyond the Standard Model is implemented in
these tools, and hence their ability to determine which
of all these models is correct is likewise limited. Imple-
menting a new model into one of these codes requires
to work out beforehand all the vertices that appear in
the Lagrangian describing the model, and very often the
input of one vertex at a time is necessary, making this
a very tedious and error prone process for complicated
models containing a large number of fields and interac-
tions. On the other hand, deriving all the vertices and
propagators from a Lagrangian is an algorithmic proce-
dure very well suited to automation on a computer.
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Fig. 1
(a) The vertex describing the interaction of the electron (e−),

positron (e+) and photon (γ).
(b) A Feynman diagram contributing to electron-positron

scattering.

FeynRules is a new package based on Mathematica
which takes a model file with the Lagrangian as input
and derives the Feynman rules associated with it [1].
The package contains a set of functions allowing the
user to test and build their model one piece at a time.
In addition to these built-in functions, the user is invited
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to exploit the full power of the underlying Mathemati-
ca code to extend these functions and to create his or
her own new routines. In a second step, FeynRules can
translate the model (with the derived vertices) into the
model format corresponding to the Feynman diagram
calculator chosen and allows in this way to implement
the new model in any tool for which such a “transla-
tion interface” exists. In the following sections, we will
briefly present the package, its features and the underly-
ing algorithm.

The FeynRules model file
The basic input a user provides when implementing his
or her model into FeynRules is the so called model
file, a text file containing all the properties of the model
(particles, parameters, etc.), and the Lagrangian written
down using standard Mathematica language, augmen-
ted by some new symbols which are necessary when
writing down a Lagrangian. The syntax and the struc-
ture of the model files, which is an extension of the ori-
ginal FeynArts model files, is based on the concept of
classes. Each class consists of a physical quantity (e.g. a
particle), together with the properties which define this
quantity (e.g. the mass of the particle). There are three
different kinds of classes which are used for a model
implementation:

1. Particle classes: Each field appearing in the Lag-
rangian is assigned to a class, which specifies all
the physical properties of the particle (e.g. spin,
electric charge, mass, . . . ). In order to avoid a pro-
liferation of particle classes, particles having si-
milar physical properties (but possibly different
masses) can be assigned to the same class.

2. Parameter classes: A physical model is also defi-
ned by its parameters. Each parameter is assigned
to a class and the properties of the class of para-
meters are specified such as the numerical value
(e.g. the numerical value of the electromagnetic
coupling constant e in the QED Lagrangian (1))
or the functional dependence of the parameter on
other parameters (e.g. the fine structure constant is
defined in terms of the electromagnetic coupling
as α = e2/4π) etc.
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3. Gauge group classes: Gauge symmetries play an
important role in limiting the allowed interactions
in a field theory and make possible a compact way
of writing the Lagrangian. The user can specify
each gauge group and its properties in this class.

At run time FeynRules reads in and processes each class
defined in the model file and then saves this information
in various Mathematica lists which are used later when
deriving the Feynman rules and translating the model in-
formation to the format appropriate for one of the Feyn-
man diagram calculators.

The second input the user needs to provide is the
Lagrangian, written down in Mathematica language in
a form close to the textbook expression. We will illus-
trate this procedure on the QED Lagrangian defined in
Eq. (1). Let us start with the first term in LQED, the ki-
netic term for the photon field. In FeynRules, this term
reads

-1/4 FS[A, mu, nu] FS[A, mu, nu]

The function FS appearing in this expression is prede-
fined in FeynRules and returns the correct field strength
tensor for the photon. The second term, the kinetic term
for the electron field, is entered in FeynRules as

I psibar.Ga[mu].del[psi,mu] -
m psibar.psi

where psi represents the electron field and m its mass
(those symbols have been defined by the user in the
model file), and Ga[mu] and del[.,mu] are special
FeynRules commands representing the γ-matrices and
the derivative ∂µ. The dot-product appearing in this ex-
pression ensures that the anticommuting character of the
electron field is correctly taken into account. Note that it
is sufficient to define the electron field psi in the model
file and FeynRules will automatically create the sym-
bol psibar for the antiparticle. Finally, the interaction
term can be entered in a similar way,

-e psibar.Ga[mu].psi A[mu]

Putting those three terms together, we obtain the Mathe-
matica expression for the QED Lagrangian, which looks
formally the same as the textbook expression given in
Eq. (1).

Derivation of the Feynman Rules
Once FeynRules reads the model file and the Lagrangi-
an has been defined, it is ready to compute the Feyn-
man rules, which is done by running the command
FeynmanRules[L, options], where L denotes the
Lagrangian and options is a set of ‘selection rules’ that
specify which subset of the full set of vertices should
be computed (e.g. only those vertices involving a given
number or combination of fields). The evaluation of the
vertices from the Lagrangian involves two main steps
outlined below.
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In a first step, FeynRules prepares the Lagrangian. It
does this by first checking that the Lagrangian fulfills the
basic requirements of quantum field theory such as Lo-
rentz and gauge invariance. It next applies the selection
rules defined by the user. Applying the selection rules
at this point allows to speed up the algorithm by avoi-
ding the computation of undesired vertices. FeynRules
then scans the remaining Lagrangian terms, identifying
the fields in each, and groups terms with the same field
content.

Once the Lagrangian is prepared, FeynRules applies
standard quantum field theory rules in order to extract
the interaction vertex. It multiplies on the right of each
term by the creation operators for the fields, and then
moves them all to the left of the expression by making
recursive use of the canonical quantization commutation
relations1 [

ψi(x), a
†
j(p)

]
= δijui(p)e−ipx, (2)

where ψi denotes a field of type i, and a†j(p) is the creati-
on operator associated to the field ψj . After having mov-
ed all creation operators to the left and dropping the ex-
ternal wave functions ui(p)e−ipx for the fields, we are
left with the interaction vertex. We note that this algo-
rithm takes care of the (anti-)symmetrization required if
identical fields are present in the vertex.

The vertices are then stored in a Mathematica list
and can be directly used in further computations inside
Mathematica, exported into a LATEX file or translated to
the model file format appropriate for one of the Feyn-
man diagram calculator as described in the next section.

Translation interfaces
Although the information about a model is generic, the
way each Feynman diagram calculator stores that in-
formation is different and not compatible with one an-
other. For this reason, FeynRules stores the informati-
on in a generic way and allows translation interfaces to
be written. Currently translation interfaces for FeynArts/
FormCalc, CalcHep/CompHep, MadGraph/MadEvent
and Sherpa are available, but we hope to have many
more in the future. Although the file formats for the dif-
ferent Feynman diagram calculators can be quite diffe-
rent, the translation interfaces have nevertheless a com-
mon structure which will be described in the following.

A translation interface begins by scanning the field
and parameter classes, dropping information which is

not used in its Feynman diagram calculator and warning
the user about possible incompatabilities. If the scan is
successful, it stores the condensed information in new
temporary lists and writes them to a file in the for-
mat appropriate for the particular Feynman diagram cal-
culator. The translation interfaces also call the functi-
on FeynmanRules with the appropriate options for
its Feynman diagram calculator and stores the resulting
vertices in a list. It then scans and filters the list of ver-
tices, keeping only the vertices that are supported in the
Feynman diagram calculator being written to and warns
the user about the vertices that are not supported. Final-
ly, it writes the vertices to file in the appropriate format.
The files are then ready for use in the Feynman diagram
calculator2.

Conclusion
In this article we have presented FeynRules, a Mathe-
matica package which extracts Feynman rules from a
Lagrangian, and allows to implement new physics mo-
dels into several Feynman diagram calculators in an au-
tomated way. We have briefly reviewed the structure of
the FeynRules input files, the algorithm used to derive
Feynman rules from a Lagrangian, and how translation
interfaces write this information in a format appropriate
for one of the Feynman diagram calculators. Such in-
terfaces are currently available for CalcHEP/CompHEP,
FeynArts/FormCalc, MadGraph/MadEvent and Sherpa,
but we hope that we can extend this list in the future.
Several models have been implemented in FeynRules,
translated to Feynman diagram calculators and success-
fully compared with the model implementations pre-
viously existing. The FeynRules code, the translation in-
terfaces and a set of implemented models are available
and can be downloaded from the FeynRules website [1].
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1We give here the commutation relations for bosons. For fermions anticommutation relations are applied.
2In some cases, the output files have to be compiled.
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