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WHAT IS FEYNRULES?

= " FeynArts is a Mathematica package for the generation and
visualization of Feynman diagrams and amplitudes.”

= "The generation of diagrams is possible at three levels: generic
fields, classes of fields, or specific particles.”

= "The model information is contained in two special files: The generic
model file defines the representation of the kinematical quantities
like spinors or vector fields. The classes model file sets up the
particle content and specifies the actual couplings.”

= "FeynArts can generate counter-term diagrams and diagrams with
placeholders for one-particle-irreducible vertex functions (skeleton
diagrams).”

HTTPS://FEYNARTS.DE/FA3GUIDE.PDF
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Inputs:

Process

l ext. fields

Model

adjacencies

fields

couplings

Find all distinct ways of connect-
ing incoming and outgoing lines

! CreateTopologies
< Topologies
| DEl'Erfmmlz all possible Draw the results
combinations of fields oas
InsertFields aint

< Diagrams

w

Apply the Feynman rules
CreateFeynAmp
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FIRST STEPS

Downloads (hover over download link for MD5):

o FeynArts-3.12.tar.gz [3.17 me] of 27 Mar 2025 m Pr'eViOUSI .
O Removed spurlous warning about deprecated symbol. Y'

FeynArts-3.11.tar.gz [3.15 mB] of 25 Mar 2022 Down l Oad The Fey nA r'TS pGC kage

FeynArts-3.10.tar.gz [2.55 Me] of 21 Jan 2019
FeynArts-3.9.tar.gz (248 mg] of 23 Sep 2015
FeynArts-3.8.tar.gz (1.6 mB] of 9 Jul 2013
FeynArts-3.7.tar.gz (1.6 me] of 4 Dec 2012
FeynArts-3.6.tar.gz [1.54 Mg] of 28 Mar 2011
FeynArts-3.5.tar.gz [1.39 me] of 16 Apr 2010
FeynArts-3.4.tar.gz 136 M| of 29 Jun 2009
FeynArts-3.3.tar.gz [1.34 mg] of 21 Jan 2008
FeynArts-3.2.tar.gz [1.32 mg] of 6 Mar 2007
FeynArts-3.1.tar gz (664 ki) of 7 Apr 2003
FeynArts-3.0.tar.gz (578 k8] of 19 Oct 2001
FevnArts-2.2.tar.gz (307 kg] of 30 May 2000
FeynArts-2.1.tar.gz (432 k8] of 27 Mar 1996
FeynArts-1.2.tar.gz 279 k8] of 1 Dec 1997

Requirements:
* Mathematica 3 or above,

* with Mathematica versions before 5.0, a Java VM and the J/Link package are needed for the topology editor. Both ingredients can be obtained
free of charge from http://www.wolfram.com /solutions /mathlink/jlink (J/Link) and https://www.java.com (Java). Note that many systems (e.g.
Windows) have a Java VM pre-installed. Follow the instructions that come with J/Link for installation on the various platforms.

To install FeynArts, simply unpack the a;rchive FeynArts-n.m.tar.gz. Do Wn l oad -l-he MG nual 5

More detailed instructions.ere-giver-inthe-manual contained in the FeynArts distribution.

You can obtain the manual of the current version here.


https://feynarts.de/

RUNNING FEYNARTS

LOADING THE MODEL - GENERATING TOPOLOGIES - INSERTING THE DIAGRAMS' FIELDS




RUNNING FEYNARTS

= We will be learning how to load a pre-built model with
FeynRules, generate topologies and determine the diagrams
contributing to a given interaction.

= We will follow the FeynArts manual.

= We will use the downloaded SM.fr and the SM.gen and SM.mod
generated by FeynRules.

HTTPS://FEYNARTS DE/FASGUIDE.PDF
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LOADING THE MODEL

= Open a hew notebook with
Mathematica

= Steps -4 and

discussed

Patch the model to be fully
compatible with FeynArts

The directory is specified manually

are already

Useful for loops computations
to distinguish between IR- and
UV-divergences in dimensional
regularization

= SetOptions[$FrontEnd, "ClearEvaluationQueueOnKernelQuit" - False]; Quit[];

Inlu=

asigna opciones |interfaz falso detén plsle

$LoadAddOns = {"FeynArts"};
Get["FeynCalc™"]

reCloe
$FAVerbose = 03
SetD1rectnry[NotehookD1rectﬂry[]],

astabDiite drectore-jdiresteriemse=mrs

FAPatch[PatchModelsOnly = True, FnHodeLsD1rectory-+F11eHameJn1n[{HotehnokD1rectory[], "SM"¥113

upedaders une nombre de arc--- |direciorio de cus

$KeepLogDivergentScalelessIntegrals = True;
Verdadero

Model["SM.fr"];
FeyncCalc 10.1.0 (stable version). For help, use the online documentation, visit the forum
and have a look at the supplied examples. The PDF-version of the manual can be downloaded here.
If you use FeynCalc in your research, please evaluate FeynCalcHowToCite[] to learn how to cite this software.
Please keep in mind that the proper academic attribution of our work is crucial to ensure the future development of this package!
FeynArts 3.12 (24 May 2024) patched for use with FeynCalc, for documentation see the manual or visit www.feynarts.de.
If you use FeynArts in your research, please cite

* T. Hahn, Comput. Phys. Commun., 140, 418-431, 2001, arXiv:hep-ph/0012260
Successfully patched FeynArts.



GENERATING TOPOLOGIES

CreateTopologies[l, i -> o]

Fey ] Arts CreateTopologie=[l, €]

CreateCTTopologies[l, i->0]

Topologies »

Injg]= top[n_, 7_, j_] t= CreateTopologies[n, 7= 7,
ExcludeTopologies - {Tadpoles, WFCorrections}, Adjacencies = {3, 4, 5, 6}];

CreateCTTopologies(l, el

topCT[n_, 7_, 7_] :=CreateCTTopologies[n, 7=+ 7,

create topologies with [ loops, i incoming, and o
outgoing legs
create topologies with [ loops and e external legs

create all counter-term topologies up to order |
with i incoming and o outgoing legs

create all counter-term topologies up to order |
with e external legs

ExcludeTopologies -+ {TadpoleCTs, WFCorrectionCTs}, Adjacencies -+ (3, 4, 5, 6}]; ﬂptum dﬂﬁluﬂ walue
Adjacencies {3, 4} allowed adjacencies of the vertices
CTOrder 0 counter-term order of the topologies

ExcludeTopologies  {}
StartingTopologies All

list of filters for excluding topologies
list to starting topologies to use



GENERATING TOPOLOGIES

Loops [patt]
CTs [patt]
Tadpoles
TadpoleCTs

SelfEnergies
SelfEnergyCTs

Triangles

TriangleCTs

Boxes
BoxCTe

Pentagons

PentagonCTs

Hexagons

HexagonCTs

AllBoxes
Al1BoxCTs

WFCorrections
WFCorrectionCTs

WFCorrections [patt]
WFCorrectionCTs [patt]

Reducible

Irreducible

exclude topology if it contains. . .

loops

t adj t
counter-terms * - 1rcon oY PA

i of adjacency 1
counter-terms

1
ooPs of adjacency 2
counter-terms
1

o0ps of adjacency 3
counter-terms
s of adjacency 4
counter-terms

1
oops of adjacency 5
counter-terms

i of adjacency 6
counter-terms
!

o0Ps of adjacency = 4
counter-terms
loops

1f tadpole
self-energy or tadpo ter-terms

on ext. legs

ditto only on ext. legs matching patt

tree-level-type propagators, i.e. if the topology is
one-particle reducible

no tree-level-type propagators, i.e. if the topology
is one-particle irreducible

TadpolesOnly
TadpoleCTsOnly
SelfEnergiesinly

SelfEnergyCTelnly

TrianglesOnly
TriangleCTsOnly
BoxesOnly
BoxCTsOnly
PentagonsOnly
PentagonCTsOnly
HexagonsOnly
HexagonCTsOnly

Sadthe ds. ..
ExcludeTopologies
ExcludeTopologies

ExcludeTopologies
WFCorrections}

ExcludeTopologies

WFCorrectionCTs}

ExcludeTopologies
ExcludeTopologies
ExcludeTopologies
ExcludeTopologies
ExcludeTopologies
ExcludeTopologies
ExcludeTopologies
ExcludeTopologies

-> Loops [Except[1]]
-» CTs[Except[1]]
-> {Loops[Except[2]],

-» {CTs[Except[2]],

-> Loops [Except[3]]
-> CTs[Except[3]]
-> Loops [Except [4]]
-> CTs[Except[4]]
-> Loops [Except [5]]
-> CTs[Except[5]]
-> Loops [Except [6]]
-> CTs[Except[6]]



GENERATING TOPOLOGIES

mhol= Paint[top[®, 2, 2], Seque.n.cem {SheetHeader -+ "2->2 Tree Level"}];
Paint[top[1, 1, 2], ;eql:le‘ncem {SheetHeader - "1->2 One Loop"}]; Paint [f] Paj.'l'l'l' thE' (bﬁIE Dl' iI'ISEI'tEd] mpﬂlugieﬁ t

Paint[topCT[1, 1, 2], Sequence @@ {SheetHeader +"1->2 One Loop CounterTerms"}];
secuencia

22T Lovel option default value
e PaintLevel InsertionlLevel level specification (see end of Sect. 4.1)
7 ColumnsXRows 3 number of diagrams per column,/row,
l\>< may also be given as a list {n, n,}
SheetHeader Automatic title for each sheet of graphics
R Numbering Full what type of numbering to display
- ) underneath each diagram
—L R _ﬂ{ FieldNumbers False whether to label the propagators of a
oot bare topology with the field numbers
" AutoEdit True whether to call the topology editor
when encountering an unshaped
topology
- DisplayFunction  $DisplayFunction which function to apply to the final
. graphics object in order to display it



INSERTING THE DTARGRAMS' FIELDS

Diagrams ®

Tree Level @

in[13]:= FAPatch[PatchModelsOnly -+ True, FAModelsDirectory -+ FileNameJoin[ {NotebookDirectory([], "SH"}11;

verdadero une nombre de arc-- |directorio de cuadermo
Successfully patched FeynArts.

in14]:= hhhhdiag = InsertFields[top[®, 2, 2], {S[1], S[1]1} - {S[1], S[1]1},
Model -+ FileNameJoin [ {NotebookDirectory[], "SM/SH"}],
une mombre de arc-- | directorio de cuaderno
GenericModel + FileNameJoin[ {NotebookDirectory[], "SM/SM"}], InsertionLevel -+ {Particles}];
une nombre de arc--- | directorio de cuaderno

Paint [hhhhdiag, ColumnsXRows + {3, 3}, SheetHeader » None, Numbering + Simple];

ninguno

H
= H » !
o H H H
H H -
H
1 z 3

InsertFields[t, {i;,ir, ...} -> {07,072, ...}]

insert fields into the TopologyList t where the
incoming fields are iy, i, ... and the outgoing
fields are 04, 0, ...

option default value

InsertionLevel Classes level specification (see end of Sect. 4.1)
GenericModel "Lorentz" generic model to use

Model "SM" classes model to use
ExcludeFieldPoints {} couplings to exclude
ExcludeParticles {} fields to exclude

Restrictions {} restrictions for diagram generation
LastSelections {} field patterns which must or must not

appear in the final output



INSERTING THE DTARGRAMS' FIELDS

Loap Level

in[16]= photoneediag = InsertFields [top[1, 1, 2], {V[1]} = {F[2, {1}], -F[2, {1}]},
Model + F1'I.eNa|r|e:Iu1n[{Nutehuokmrectury[] » "SM/SM"}],

ne nombi

de cuaderm

GenericModel + FileNameJoin[{Not:

ne nombre de arc-- | dire

ookDirectory[], "SM/SM"}], InsertionLevel -+ {Particles}];
o

photoneediagClasses = InsertFields[top[1l, 1, 2], {V[1]} = {(F[2, {1}], =-F[2, {1}]},
Model = F1'I.eNameJo1n[{Notebookmrectory[] y "SM/SM"}],

uadermi

GenericMedel -+ Fil

ookDirectory[], "SM/SM"}], InsertionLevel -+ {Classes}];
io de cuademno
photoneediagGeneric = InsertFields[top[1, 1, 2], {V[1]} = {F[2, {1}], -F[2, {1}]},

Model -+ F11eNameJn1n[{NutehnokD1rectury[] s "SM/SM"}],

ne nombre de arc- de cuadern

GenericModel + FileNameJoin[{Not:

ne nombre de arc-- | dire

ookDirectory[], "SM/SM"}], InsertionLevel -+ {Generic}];
o d

e cuademo genérico
Paint[photoneediag, ColumnsXRows -+ {3, 3}, SheetHeader -+ None, Numbering -» Simple] ;

ninguno

Paint [photoneediagClasses, ColumnsXRows - {3, 3}, SheetHeader - None, Numbering -» Simple];
ninguno

Paint [photoneediagGeneric, ColumnsXRows - {3, 3}, SheetHeader - None, Numbering -» Simple];
ninguno
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Generic, Classes, Particles

F,S,V,U,T

Mix Lg'] 3 32]

F[n]

Fln, {i, ...}]

~field
2 mixingfield

field levels in FeynArts

basic field types: fermion, scalar, vector, ghost,
and tensor fields

€192 mixing field

generic fermion field

fermion class n,

e.g. F[2] is the class of leptons in SM.mod
member of fermion class n,

e.g. F[2, {1}] is the electron in SM.mod
charge-conjugate of field

mixingfield with left and right partner reversed



YOU are now ready to evaluate
these diagrams amplitucdes with
FeynCalc
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