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FeynRules

Mathematica package that allows to compute Feynman
Rules directly from a Lagrangian.

No special requirements on the form of the Lagrangian
apart from usual QFT requirements

Also higher dimensional operators are supported!

Supported field types:

Scalars
Fermions (Dirac and Majorana)
Vectors
Spin 2
Ghost fields
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Lagrangian

FeynArts

Translation Interfaces

TeX Feynman Rules

Model-file
Particles, parameters, ...

FeynRules

MadGraph CalcHep Sherpa

FeynRules

Whizard
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A simple example

Simple extension of the SM by a U(1) gauge group, which
does not couple to the SM fermions.
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The Hidden abelian Higgs model

The Lagrangian

LU(1) = −1

4
Xµν Xµν +

χ

2
Xµν Bµν ,

LHiggs = DµΦ† DµΦ + Dµφ
† Dµφ+ µ2

Φ Φ†Φ + µ2
φ φ

†φ

+λ (Φ†Φ)2 + ρ (φ†φ)2 + κ (Φ†Φ) (φ†φ).

A two-step implementation:

Step 1: Define your particles and parameters.
Step 2: Write down your Lagrangian.
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The FeynRules approach

3. Write down your Lagrangian.

FeynRules:

LU1 = -1/4 FS[X,mu,nu] FS[X,mu,nu] +chi/2
FS[B,mu,nu] FS[X,mu,nu]

Textbook:

LU(1) = −1

4
Xµν Xµν +

χ

2
Xµν Bµν
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The FeynRules approach

verts = FeynmanRules[ L ];
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Checking constraints

Example 1: the ρ parameter

∆ρ =
ΠWW (0)

m2
W

− ΠZZ (0)

m2
Z

.

We can now directly use FeynArts to generate the loop
amplitudes:

WriteFeynArtsOutput[ L ]

Example 2: DM relic density We can use micrOMEGAs
just by implementing the model into CalcHep:

WriteCHOutput[ L ]
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Doing phenomenology

If a model implementation in FeynRules exist, we can
directly implement the model into various MC’s

WriteMGOutput[ L ] → creates a MadGraph input file
WriteSHOutput[ L ] → creates a Sherpa input file
WriteCHOutput[ L ] → creates a CalcHep input file

Since CalcHep, MadGraph, Sherpa are validated inside the
experimental framework, the models can in principle
directly passed on to the experimental communities.



FeynRules

Claude Duhr

A roadmap to
BSM @ LHC

FeynRules

A simple
example

Validation

SM (N. D. Christensen, CD)

FeynArts, MadGraph, CalcHep, Sherpa: 35 2→ 2
key-processes.
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Implemented models

Generic 2HDM (CD, M. Herquet)

MadGraph, CalcHep, Sherpa: 182 2→ 2 key-processes.

Three-Site model (N. D. Christensen)

MadGraph, CalcHep, Sherpa: 222 2→ 2 key-processes.

UED (P. de Aquino)

MadGraph, CalcHep, Sherpa: 118 2→ 2 key-processes.

MSSM, 120 free parameters (B. Fuks)

FeynArts/FormCalc: all 2→ 2 hadroproduction
cross-sections.
120 two-body decays in MadGraph.
456 2→ 2 cross sections in MadGraph and CalcHep.
2700 2→ 3 matrix elements in MadGraph.
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Higher-dimensional operators

Scalar nonet Lagrangian (C. Degrande)

Computation of serveral tree and one-loop amplitudes
involving mesons.

Strongly interacting light Higgs (C. Degrande).

Computation of Higgs decays involving 6D operators.

Large extra dimensions (P. de Aquino).

Cross-check against literature.
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