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1 Higgs Boson

The giant news of the last year is that we
have discovered the Higgs boson!

s it the SM Higgs”
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Good reason to expect new physics
beyond the Standard Model (SM).
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What was the problem?



Problem |I:

Implementing a model was
often tedious and error
prone.



® MO Terminal — less — 82x38

AR R AR R R AR R R R AR R R AR B R R AR RRRRER

# QFD Interactions

# 2 heavy fermions - 1 light weak gauge boson
BRR R R AR R R AR R R AR R R R R R R R AR ERRRER

(qqZ)

z GZDp QED-HF
GZUp QED-HF
GZDp QED-HF
GZUp QED-HF
GZDp QED-HF
GZTp QED-HF

# FFV (112)

ep—- ep- GZLp QED-HF
mup— mup- GZLp QED-HF
tap- tap- GZLp QED-HF
vep vep GZNp QED-HF
vmp vmp GZNp QED-HF
vip vitp GZNp QED-HF

# FFV (gq'W) - diagonal CKM
dp w— GWFp QED-HF

GWFp QED-HF

GWTp QED-HF

GWFp QED-HF

GWFp QED-HF

GWTp QED-HF

# FFV (11'W)

vep ep- w+ GWFp QED-HF
vmp mup- w+ GWFp QED-HF
vip tap- w+ GWFp QED-HF
ep- vep w- GWFp QED-HF
mup— vmp w- GWFp QED-HF
tap- vtp w- GWFp QED-HF




Terminal — bash — 82x38

-1d0/2d0*qf(-ee, WMASS, ZMASS, MWP)
*vZOT (WMASS, ZMASS,MWP ) *vLPOT (WMASS, MWP ) %%2
-1d0/2d0*qtf(-ee, WMASS, ZMASS, MWP)
*VZ1f(WMASS, ZMASS,MWP ) *vLP1Tf (WMASS, MWP ) %%2
+1d0/6d0*gpf(-ee, WMASS, ZMASS, MWP)
*vZ2f(WMASS, ZMASS,MWP)
GZDpR =
-1d0/2d0*qtf(-ee, WMASS, ZMASS, MWP)
*VZ1f(WMASS, ZMASS,MWP)
+1d0/6d0*xqgpf(-ee, WMASS, ZMASS, MWP)
*vZ2f(WMASS, ZMASS,MWP)
GZDp(1)=dcmplx(GZDpL,Zero)
GZDp(2)=dcmplx(GZDpR, Zero)
write(*,10) 'GZDpL = ',GZDpL
write(*,10) 'GZDpR = ',GZDpR

GZUpL =
- 1d0/2d0*gf(-ee, WMASS, ZMASS,MWP)
- *vZOT(WMASS, ZMASS,MWP ) xvLPOT (WMASS, MWP ) %%2
+1d0/2d0*qtf(-ee, WMASS, ZMASS, MWP)
*VZ1f(WMASS, ZMASS,MWP ) *vLP1T (WMASS, MWP ) %%2
+1d0/6d0*gpf (-ee, WMASS, ZMASS, MWP)
*vZ2f(WMASS, ZMASS, MWP)
GZUpR =
1d0/2d0*gtf(-ee, WMASS, ZMASS, MWP)
*VZ1f(WMASS, ZMASS, MWP)
+1d0/6d0*gpf (-ee, WMASS, ZMASS, MWP)
*vZ2f(WMASS, ZMASS,MWP)
GZUp(1)=dcmplx(GZUpL, Zero)
GZUp(2)=dcmplx(GZUpR, Zero)
write(*,10) 'GZUpL = ',GZUpL
write(*,10) 'GZUpR = ',GZUpR




Problem 2:

Each matrix element
generator has its strengths.
What if you need more than

one! In the past you had to
start over.
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Problem 3:

Implementations often did
not transfer well to
experimentalists.



Problem 3:

Implementations often did
not transfer well to

experimentalists.

It often required modifying the code of
the matrix element generator.
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MC4BSM 2012 Tutorial

arxXiv:1209.0297

FeynRules MadGraph Pythia 8

FEvents

LanHEP CalcHEP



Sherpa

FeynRules MadGraph Pythia 8

N\ LHA Events

LanHEP CalcHEP Herwig



First Released

Programming
Language

General
Lagrangian
Superfields

Parameter
Running

Aut. Mass

Diagonalization

Spin

Superfields

LanHEP FeynRules SARAH
1996 2008 2008
C Mathematica Mathematica
Yes Yes SUSY Only
No Yes Yes
No In Progress Yes
Yes Yes Yes
0,1/2,1,3/2,2 0,1/2,1,3/2,2 -

Chiral, Vector

Chiral, Vector




LanHEP FeynRules

CalcHEP

FeynArts

MadGraph In Progress

Sherpa No Yes No

Whizard NoO Yes Yes




FeynRules 2.0

Beyond 1.0 (CPC 180, 1614):
2-Component Weyl Notation (CPC 182, 2404)
Spin-3/2 (arXiv:1308.1668)

Superspace Notation (CPC [82,2404)

Automatic Mass Diagonalization (EPJC 73,2325)
“.gen” files in FA interface

Universal FeynRules Output (UFO) (CPC 183, 1201)
Whizard Interface (EPJC 72, 1990)

Automatic | =2 widths (in preparation)

Speed & Efficiency Improvements

Web Validation (arXiv:1003.1643)
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®| oad FeynRules
®| oad Model

odate Parameters
neck Hermiticity, Mass
agonalization, etc.
neck Feynman Rules

ndate Widths

eExport to Simulation Tool
(UFO)



e ocumentation

e5Sanity Checks

® [est 1 Generator

® [est Several
Generators

e \\/eb Validation

e[ Debugging

MadGraph



_oad UFO into MG5
Run MG5 Tests
Run Simulations

MadGraph



MadGraph

Model Info
NAICES
Parameters
-lelds

e Superfields
®(5al

REes!
MixXI
_ag

ge Groups
rictions
NgSs

‘angian



FR Model File

Model Info
NdICES
Parameters
-lelds

eSuperfields
e Gauge Groups

Restrictions
Mixings
_agrangian

oPure Text Files
eEnding in “.fr’
o\lathematica Syntax



FR Model File

eo\odel Name

® Authors
® |nstitutions
eFmalls
e\odel Info eDate
®|ndices
e Parameters :j;fféences
o
elas - ®\/ersion
eSuperfields

® Gauge Groups
e Restrictions

o Mixings

®| agrangian




M$ModelName

Model Info

"my_new_model";

M$Information = {

Authors ->
Institutions ->
Emails ->
Date ->
References ->
URLs ->

Version ->

+;

{"Mr. X", "Ms. Y"},

{"UC Louvain"},

{"XQuclouvain.be",

"YQuclouvain.bel},

"01.03.2013",
{"reference 1", "reference 2"},
{"http://feynrules.irmp.ucl.ac.be"},

||1.0ll



FR Model File

Model Info
ndices

Parameters
—lelds

eSuperfields

® Gauge Groups

Restrictions
Mixings
_agrangian

®| orentz/Spin

Indices Automatic

eSymmetry and

-lavor Indices
ndex Range
ndex Style
Jnfold/NoUnfold

e Unfold must be used for
any index that expands
the field into non-mass
elgenstates.




Indices

IndexRange[ Index[Colour] ] = Rangel[3];
IndexRange[ Index[SU2W] ] = Unfold[ Rangel3] ];
IndexRange[ Index[Gluon] ] = NoUnfold[ Rangel[8] 1;

IndexStyle[ Colour, i J];
IndexStyle[ Gluon, a ];

G[mu, al] — G[Index[Lorentz, mul, Index[Gluon, all



FR Model File

Model Info
ndices
Parameters
-lelds
eSuperfields

® Gauge Groups
e Restrictions

o Mixings

®| agrangian

ot xternal Parameters:
® |ndependent

®|nternal Parameters:
® Dependent
® Must only depend on
parameters above it.




FR Model File

*Model Info eExternal Parameters:
®|ndices ® [ndependent
e Parameters o |nternal Parameters:
o ® Dependent

elds _ ® Must only depend on
eSuperfields parameters above it.

® Gauge Groups

Restrictions
Mixings
_agrangian

ParameterType —-> External

or
ParameterType —-> Internal



FR Model File

Model Info
ndices
Parameters
-lelds
eSuperfields

® Gauge Groups
e Restrictions

o Mixings

®| agrangian

Value

Value

e\/alue

® Numerical (External)
® Analytic (Internal)

-> 0.1184
or

-> Sqrt[4 Pi aS]



FR Model File

o Model Info
®|Nndices ODefiﬂi’[iOﬂS

S ® Numerical (External)
®-arameters ® Analytic (Internal)
o[elds ® Replacement during
OSuperfieIds Feynman rule calculation

® Gauge Groups
e Restrictions

o Mixings

®| agrangian

Definitions -> { gs -> Sqrt[4 Pi aS] }



FR Model File

Model Info
ndices
Parameters
-lelds
eSuperfields

e Gauge Groups
e Restrictions

o Mixings

®| agrangian

Indices

®|ndices

® [ensorial parameters

-> {Index[Generation], Index[Generation]}



Parameters

M$Parameters = {
paraml == { optionsl },
param?2 == { options2 },

+;



Parameters

as ==
TeX —-> Subscript [\ [Alphal,s],
ParameterType -> External,
InteractionOrder -> {QCD, 2},
Value -> 0.1184,
BlockName -> SMINPUTS,
OrderBlock -> 3,
Description -> "Strong coupling constant at the Z pole"
}
gs ==
TeX -> Subscriptlg,s],
ParameterType —-> Internal,

ComplexParameter -> False,
InteractionOrder -> {QCD, 1},

Value -> Sqrt[4 Pi aS],
ParameterName -> G,
Description -> "Strong coupling constant at the Z pole"



Parameters

CKM ==

ParameterType —-> Internal,

Indices -> {Index[Generation], Index[Generation]},

Unitary -> True,

ComplexParameter -> True,

Definitions -> {
CKM[i_,3] :> 0 /; i!=3,
CKM[3,i_] :> 0 /; 1i!=3,
CKM[3,3] -> 1 },

Value -> {
CKM[1,1] -> Cosl[cabi],
CKM[1,2] -> Sinl[cabil],
CKM[2,1] -> -Sin[cabi],
CKM[2,2] -> Cosl[cabi] 1},

Description -> "CKM-Matrix"



FR Model File

® 5[...]: Spin-0 Scalar
® [[...] : Spin-1/2 Fermion
® 4-component

e \odel Info e Dirac & Majorana
® : e \WI[...] : Spin-1/2 Fermions
ndices ® 2-component
e Parameters e Left & Right Chiral
o ® \/[...] : Spin-1 Vectors
elds _ ® R[...] : Spin-3/2 Fermion
eSuperfields ® 4-component
® ® Dirac & Majorana
Gaug.e QI’OUDS ® RWI...] : Spin-3/2 Fermion
e®Restrictions ® 2-component
oN\livi ® | eft & Right Chiral
\AIXIngS , ® T[...] : Spin-2 Tensor
®| agranglan e U[...] : Spin-0 Ghost




FR Model File

eModel Info
e|ndices
e Parameters -

— e SelfConjugate
oFields e \Whether the particle has
eSuperfields an antiparticle

® Gauge Groups

Restrictions
Mixings
_agrangian

SelfConjugate -> False
or
SelfConjugate -> True



FR Model File

e \odel Info

e|ndices

eParameters e(ClassName

oFields e Name of Particle Class
: ® Fach class can have

OSuperfleIds multiple members

® Gauge Groups

Restrictions
Mixings
_agrangian

ClassName -> uq,
ClassMembers -> {u, c, t}



FR Model File

e Model Info

®|naices eClassName

® Parameters e Name of Particle Class
— ® Fach class can have

®Fields multiple members

eSuperfields e |f not self-conjugate,

Ne G FeynRules automatically

auge Groups generates antiparticles:

®Restrictions ugbar

° \/Iixings {ubar, cbar, tbar}

®| agranglan

ClassName -> uq,
ClassMembers -> {u, c, t}



FR Model File

eModel Info olndi
: NAICES

®

ndices e Symmetry & Flavor
®Parameters Indices
o ® Spin & Lorentz Indices

elds _ automatic: Do Not Add
eSuperfields Them!
® Gauge Groups o[avorindex
eRestrictions ¢ [ndex for Class Members
e Mixings
®| agrangian

Indices -> {Index[ Colour ]}
Indices -> {Index[ Colour ], Index[ SU2D 1}

Indices -> { Index[ Colour ], Index[ Flavour ] },
FlavorIndex -> Flavour



FR Model File

e Model Info
®|ndices
N e Quantum Numbers
®~arameters ® Discrete Charges
oFields e Abelian Charges
: ® Conservation checked
OSuperfleIds during Feynman rule

calculation

® Gauge Groups
e Restrictions

o Mixings

®| agrangian

QuantumNumbers -> {Q -> -1, LeptonNumber -> 1}
QuantumNumbers -> {Q -> 2/3}



FR Model File

Model Info
NdICES
Parameters
-lelds

eSuperfields

® Gauge Groups

Restrictions
Mixings
_agrangian

Mass
Mass
Mass
Mass

o \]ass

® Class

® Class Members

® Numerical Value or
Internal

{MW, Internal}

{MZ, 91.188}

{{mMU,0}, {MC,0}, {MT, 174.3}}

{Mu, {MU, 0}, {MC, 0}, {MT, 174.3}}



FR Model File

Model Info
NdICES
Parameters
-lelds

eSuperfields

® Gauge Groups

Restrictions
Mixings
_agrangian

o\ass
® Class
® Class Members
® Numerical Value or
Internal

e\\Vidth Is analogous

Mass -> {MW, Internal}

Mass -> {MZ, 91.188}

Mass -> {{MU,0}, {MC,0}, {MT, 174.3}}

Mass -> {Mu, {MU, 0}, {MC, O}, {MT, 174.3}}



FR Model File

Model Info
ndices
Parameters
-lelds
eSuperfields

® Gauge Groups
eRestrictions

o Mixings

®| agrangian

e Unphysical

® Not Mass Eigenstates

Unphysical -> True



FR Model File

e Model Info

einaices e Unphysical

e Parameters e Not Mass Eigenstates

eFiclds e Definitions

OSuperfieIds ° Replaoements before
calculation of Feynman

® Gauge Groups rules

®Restrictions

o Mixings

®| agrangian

Unphysical -> True

Definitions -> {B[mu ] -> -sw Z[mu] + cw A[mul}



FR Model File

e \odel Info

e |ndices

®Parameters eMajorana Fermions
ofFields ® Charge Conjugation
eSuperfields o Eﬁﬁty

® Gauge Groups

Restrictions
Mixings
_agrangian

MajoranaPhase -> Phi
Chirality -> Left



FR Model File

e \odel Info
e|ndices - -

S e\ajorana Fermions
®Farameters e Charge Conjugation
oFelds Phase

: e Chirality
eSuperfields e \WeylComponents (inside

® Gauge Groups

4-component fermion)

Restrictions
Mixings
_agrangian

MajoranaPhase -> Phi
Chirality -> Left

WeylComponents -> {chi, xibar}



Fields

M$ClassesDescription = {
spinl[1] == { optionsl },
spinl[2] == { options2 },
spin2[1] == { options3 },

.



F[3] ==
ClassName
ClassMembers
Indices
FlavorIndex
SelfConjugate
Mass
Width
QuantumNumbers
PropagatorLabel
PropagatorType
PropagatorArrow
PDG
ParticleName
AntiParticleName
FullName

Fields

_> uq'

—> {ur C, t}v

—> {Index[Generation], Index[Colour]},
-> Generation,

-> False,

—> {Mu, {MU, 2.55%x*-3}, {MC,1.27}, {MT,172}},
—-> {0, 0, {WT,1.50833649}},

-> {O —-> 2/3}0

- {"Uqu, llull' Ilcll, "t"},

-> Straight,

-> Forward,

—> {21 40 6}1

_> {llull' llcll' ll.tll }'

N {lluNll' "CN"' IltNII}'

—> {"u-quark", "c-quark", "t-quark"}



FR Model File

Model Info
ndices
Parameters
-lelds
eSuperfields

® Gauge Groups
e Restrictions

o Mixings

®| agrangian

oCSFJ...] : Chiral
Superfields

o\/SF|[...] : Vector
Superfields

® \Ness-Zumino Gauge




FR Model File

Model Info
ndices
Parameters
-lelds
eSuperfields

® Gauge Groups
e Restrictions

o Mixings

®| agrangian

eShared Features

® ClassName
® |[ndices
® QuantumNumbers




FR Model File

Model Info
ndices
Parameters
-lelds
eSuperfields

® Gauge Groups
e Restrictions

o Mixings

®| agrangian

e Chiral Supertields
® Chirality
e \\Veyl
® Scalar
® Auxiliary field optional



FR Model File

Model Info
ndices
Parameters
-lelds
eSuperfields

® Gauge Groups
e Restrictions

o Mixings

®| agrangian

®\/ector Superfields

® (Gauge Boson
® (Gaugino
® Auxiliary field optional



Superfields

M$Superfields = {
superfieldl[1] == { optionsl },
superfield2[2] == { options2 },



Superfields

CSF[1] ==
ClassName —-> PHI,
Chirality -> Left,

Weyl -> psi,
Scalar -> Z,
Auxiliary -> FF
¥
CSF[2] ==

ClassName -> XI,
Chirality -> Right,
Weyl —-> psibar,
Scalar -> zbar



Superfields

VSF[1] ==
ClassName -> VWZ,
GaugeBoson -> V,
Gaugino —-> lambda,
Indices -> {Index [SU2W] }
}



FR Model File

o Model Info
R .

ndices eAbelian
e Parameters e True or False
ofields | e CouplingConstant
eSuperfields ® Sympol
e Gauge Groups ’GatégeBOSOﬂ

C ® ClassName

® QQS.J[I'ICJ[IOHS ® (Superfield can also be
0'\/||x|ngs consistently specified)

_agrangian o StructureConstant
® Symbol



FR Model File

Model Info
ndices
Parameters
-lelds

e Superfields

® Gauge Groups
e Restrictions

o Mixings

®| agrangian

®Representation
e {{Symbol,Index]},
{Symbol,Index},...}

Representations —> {{T,Colourl}}



FR Model File

Model Info
ndices
Parameters
-lelds

e Superfields

® Gauge Groups
e Restrictions

o Mixings

®| agrangian

Representations
Definitions

e Definitions
® Applied before Feynman
rule calculation

-> {{Ta,SU2D}},
-> {Tala__]->PauliSigmalal/2, ep—->Eps}



Gauge Groups

rue,

P

False,

gw,

Wi,

ep,
{{Ta,SU2D}},

{Tala__]->PauliSigmalal/2,

False,

g5,

G,

f,
{{T,Colourt},
dSUN

M$GaugeGroups =

Uly ==
Abelian -> T
CouplingConstant -> g
GaugeBoson -> B,
Charge ->Y

s

SU2L ==
Abelian ->
CouplingConstant ->
GaugeBoson ->
StructureConstant ->
Representations ->
Definitions ->

I

SU3C == {
Abelian ->
CouplingConstant ->
GaugeBoson ->
StructureConstant ->
Representations ->
SymmetricTensor  —->

¥

ep—>Eps}



FR Model File

e \odel Info

e|ndices

eParameters

ofieclds e Covariant Derivative
e Superfields oField Strength

Tensor
eSuperfield Strength
Tensor

® Gauge Groups
e Restrictions

o Mixings

®| agrangian




Gauge Groups

FS[A, mu, nul

FS[ A, mu, nu, a ]
SuperfieldStrengthL[ V, sp ]
SuperfieldStrengthR[ V, spdot ]

SuperfieldStrengthL[ V, sp , a ]
SuperfieldStrengthR[ V, spdot, a ]

F/fy = 0, A7) — GVAZ + gfabcAZAi ,
W, = — ~D.DeV D, eV
(8 4 (87 ,
1

Wes= —-D-De 2 Dge*9"
87 4 (87 )



Gauge Groups

DC[phi, mu]

DM¢ — a,u¢ o ZQAZTGJ¢



FR Model File

e Superfields
® Gauge Groups

Model Info
NdICES
Parameters
-lelds

®Restrict models
® Simpler form appropriate
for a particular pheno
study

Restrictions e E.G. CKM matrix can be
\/lixings replaced by a delta

: function
_agrangian

® Applied before calculating
Feynman rules



Restrictions

M$Restrictions = {
CKM[i_,i_] -> 1,
CKM[i_?NumericQ, j_7?NumericQ] :> 0 /; (i =!= j)



FR Model File

Model Info
Ndices
Parameters
-lelds

e Superfields

® Gauge Groups

o \]ass Basis

QQSlJEI’ICJ[IOﬂS ® Physical or Unphysical
Mixings Basis
_agrangian ®(Gauge Basis

® Unphysical Basis

MassBasis -> {W, Wbarl,
GaugeBasis —-> {Wil[1], Wi[2]},



e Model Info
e|ndices
®Parameters
o[-elds

e Superfields

® Gauge Groups
e Restrictions

o Mixings

®| agrangian

eo\]ass Basis

® Physical or Unphysical
Basis

®(Gauge Basis

® Unphysical Basis

e\/alue

® Numerical Transformation
Matrix

FR Model File

MassBasis -> {W, Wbar},
GaugeBasis -> {Wil[1], Wil[2]},
Value -> {{1/Sqrt[2],-I/Sqrt[2]},{1/Sqrt[2],I/Sqrt[2]}}



Mixings

Wl—iW2 B W1+@'W2
W = ”\@“ and W, = “\/5“
Mix["11"] == {
MassBasis -> {W, Wbar},
GaugeBasis -> {Wil1l], wi[2]},
Value -> {{1/8qrt[2],-I/Sqrt[2]},{1/Sqrt[2],I/Sqrt[2]}}

¥

MassBasis = Value . GaugeBasis



FR Model File

e Superfields
® Gauge Groups

Model Info
Ndices
Parameters
-lelds

eo\]ass Basis
® Physical or Unphysical

Restrictions sasls
Mixinas e(Gauge Ba3|s |

-, ® Unphysical Basis
_agrangian

o Mixing Matrix
® Defines Transformation
Matrix

MassBasis -> {A, Z},
GaugeBasis -> {B, Wil[3]},
MixingMatrix -> UW,



Mixings

(4. ; (B,
0, W,/
Mix["13"] ==
MassBasis -> {A, Z},

GaugeBasis -> {B, Wil[3]},
MixingMatrix -> UW,
BlockName —-> WEAKMIX

t



MiX [lldqll] S {
MassBasis ->
GaugeBasis  —->

MixingMatrix ->
Value ->
Inverse ->

¥

Mixings

_1, dql2,

_1, dql3, _1},

iQLl2, 1, _1, QLL2, 2, _J, QL[2, 3,

{dql1,
{
{dR[1,
T,
{CKM, _},

_1, dr[2,

_1, dR[3, _1}

i, 111,0,0}, 10,1,0}, 10,0,1}} 7,

{True,

_}

_15,



FR Model File

e Model Info
e|ndices
®Parameters
o[-elds

e Superfields

® Gauge Groups
e Restrictions

o Mixings

®| agrangian

®\/acuum Expectation
Values

M$vevs = { { phil, vevl }, { phi2, vev2 } }



Mixings
M$vevs = { { phil, vevl }, { phi2, vev2 } }

Mix["phi"] ==
MassBasis -> { {h1, h2}, {al, a2} },
GaugeBasis -> { phil, phi2 },
MixingMatrix -> { US, UP }

Iy

o) _ L
P2 \/5 U2 S ho ' a2




FR Model File

e Model Info
e|ndices
®Parameters
of-iclds

e Superfields

® Gauge Groups
e Restrictions

o Mixings

®| agrangian

eBuilt from the Fields,
Parameters, etc.



FR Model File

e \odel Info

®|ndices

e Parameters

eFields eBuilt from the Fields,
eSuperfields Parameters, etc.

e (Gauge Groups e Use ClassName or

ClassMembers
® Antiparticle automatic
psi—psibar or anti[psi]
e |[ncludes y0 for

fermions
® Dummy Indices can be
used
® | orentz/Spin Indices
come first
® Dot/Inner used for
anticommuting objects

®Restrictions
o Mixings
®| agrangian

gs Galmu, s, r] Tla, i, jl] dgbarls, f, il.dqlr, £, jJ Glmu, al]



FR Model File

Model Info
ndices
Parameters
-lelds

e Superfields

® Gauge Groups
®

Restrictions
Mixings
_agrangian

ofField Strength

Tensor
® FS[G, mu, nu, a]

e Covariant Derivative
® DC[psi, mu]

L = -1/4 FS[G, mu, nu, al] FS[G, mu, nu, al
+ I dgbar.Ga[mu] .DC[dq, mu]



Lagrangian

L =-1/4 FS[G, mu, nu, al] FS[G, mu, nu, al
+ I dgbar.Ga[mu] .DC[dg, mul

1 _
Lo = GGy, + idId,



FR Model File

e Model Info
e|ndices
®Parameters
of-iclds

e Superfields

® Gauge Groups
e Restrictions

o Mixings

®| agrangian

oSUSY

e Kinetic & Gauge
Interactions for Chiral
Superfields

Theta2Thetabar2Component [ CSFKineticTerms[ ] ]



Lagrangian

_9+.VJ ;

Lchiral — (I),ZLG 295V O
16.00-0

1

= D¢\ D"¢' + FF' — _ (D, 0"y’ — ia" D)
+iV2 N T — V29,01 T' - N — g, D¢l T

Theta2Thetabar2Component [ CSFKineticTerms[ ] ]



FR Model File

e Model Info
e|ndices
®Parameters
of-iclds

e Superfields

® Gauge Groups
e Restrictions

o Mixings

®| agrangian

oSUSY

e Kinetic & Gauge
Interactions for Vector
Superfields

Theta2Component [ VSFKineticTerms[ ] ] +
Thetabar2Component [ VSFKineticTerms[ ] |




Lagrangian

1 aa
T WWaa| +he.
1 vV 1a 2 \a \a 1 a
= — ZF;‘ Ey, + §(AQU”DM)\ — Dy A" A\Y) + §D D,
Theta2Component [ VSFKineticTerms[ ] ] +

Thetabar2Component [ VSFKineticTerms[ ] ]



e Model Info
e|ndices
®Parameters
of-iclds

e Superfields

® Gauge Groups
e Restrictions

o Mixings

®| agrangian

FR Model File

eSuperpotential
® Represented here by
SuperW

Theta2Component [SuperW] + Thetabar2Component [HC[SuperW] ]



Lagrangian

_ _ L OW(9) | 1°W(9)
Lw = |W(®)| +he =F 55 T 39500

il + hec.

Theta2Component [SuperW] + Thetabar2Component [HC[SuperW] ]



FR Model File

o[\

®| agrangian

e \odel Info
e|ndices
eParameters
of-clds

e Superfields

® Gauge Groups
®Restrictions

XINQS

Solve.

“gqMotionFD [Lag]

Solve.

eEquations of Motion

® Auxiliary Fields

“gqMotionF [Solve]

“qMotionD [Lag]]



FR Model File

e Model Info
e|ndices
®Parameters
of-iclds

e Superfields

® Gauge Groups
e Restrictions

o Mixings

®| agrangian

o\\Vey|—Dirac Fields

WeylToDirac[]



Lagrangian

LC=Theta2Thetabar2Component [CSFKineticTerms[]];
LV=Theta2Component [VSFKineticTerms[]] +

Thetabar2Component [VSFKineticTerms[]];
LW=Theta2Component [SuperW]+Thetabar2Component [HC [SuperW] ] ;
Lag = LC + LV + LW;

SolveEgMotionFD[Lag]
SolveEgMotionF [SolveEgMotionD [Lag]]

WeylToDirac[]



oModel Info
e|ndices
®Parameters
of-iclds
eSuperfields

® Gauge Groups
e Restrictions

o Mixings

®| agrangian

FR Model File




MadGraph

Model Info
NAICES
Parameters
-lelds

e Superfields
®(5al

REes!
MixXI
_ag

ge Groups
rictions
NgSs

‘angian



MadGraph

ol
oC

O

o(
o

®| oad FeynRules
®| oad Model

odate Parameters
neck Hermiticity, Mass
agonalization, etc.
neck Feynman Rules

ndate Widths

eExport to Simulation Tool
(UFO)



FeynRules

o
o(C

D
o(C
o

®| oad FeynRules
®| oad Model

pdate Parameters
neck Hermiticity, Mass
lagonalization, etc.
neck Feynman Rules
pdate Widths

eExport to Simulation Tool
(UFO)



FeynRules

_oad FR
_oad Model
Jpdate Pars
Run Checks
—eyn. Rules
e \/Vidths

e xport




FeynRules

eSet $FeynRulesPath
eSet Directory
o <<FeynRules

_oad FR
_oad Model
Jpdate Pars
Run Checks
—eyn. Rules
e \/Vidths

e xport

$FeynRulesPath = SetDirectory[ <the address of the package> ];
<< FeynRules®



FeynRules

e oad FR ®Set Directory

®| oad Model| ° Egedicr)g(t:i)srtvall be put in
®Update Pars e_oad Model

eRun Checks

oFcyn. Rules

e \\/Idths

e Xxport

LoadModel[ < file.fr >, < file2.fr >, ...



eSet Directory

®| cad FR e Else output will be put in
0 ®| oad Model FR directory
9 eUpdate Pars e oad Model
- "
o eRun Checks ®| oad Restrictions
a:>>’ ocyn. Rules
LL. o\\idths

e xport

LoadModel[ < file.fr >, < file2.fr >,
LoadRestriction[ filel.rst, file2.rst,



oad FR
_oad Model
Jpdate Pars
Run Checks
—eyn. Rules
e \/Vidths

e xport

e Update Parameters

FeynRules

UpdateParameters[ gs -> 0.118 , ee —> 0.33 |
ReadLHAFile[ Input -> "LH-file" |




FeynRules

oad FR
_oad Model
Jpdate Pars
Run Checks
—eyn. Rules
e \/Vidths

e xport

e Check Hermiticity
e(Check Mass
Spectrum

CheckHermiticity[ £ 1;

CheckMassSpectrum[ L, options ]



eo| oad FR
o e| oad Model
%: eUpdate Pars o cynmanRules
® ScreenOutput
C eRun Checks ® FlavorExpand
g ® :evn. Rules ® MinParticles
() — ® MaxParticles
LL e\/\/Idths ® SelectParticles
OExport ® Contains
® [ree

vertsQCD = FeynmanRules[ LQCD ];



FeynRules

_oad FR
_oad Model
Jpdate Pars
Run Checks
Feyn. Rules
e \\/idths

e xport

oMany SUSY
Commands




FeynRules

_oad FR
_oad Mode|
Jpdate Pars
Run Checks
—eyn. Rules
e\/Vidths

oL xport

e Compute Widths
o Update Widths

vertices = FeynmanRules[ L ];

decays = ComputeWidths[ vertices ];

UpdateWidths[ decays 1];



FeynRules

_oad FR
_oad Model
Jpdate Pars
Run Checks
—eyn. Rules
e \\/Idths

e Export




Export

oFeynRules Core

® Does Not Require these
Conventions

oFcynman Diagram
Calculators

® Do Require these
Conventions

eoExport Interfaces

® Do Require these
Conventions

e Conventions
® Name Restrictions
e PDG ID
® SM Restrictions
® Gauge Choice
® [nteraction Order

® nterfaces
® ASperGe
® CalcHEP
® FeynArts
® Sherpa
® [eX
e UFO
® \Whizard




Export

e Conventions
® Name Restrictions
e PDG ID
® SM Restrictions
® Gauge Choice
® [nteraction Order

® nterfaces
® ASperGe
® CalcHEP
® FeynArts
® Sherpa
® [eX
e UFO
® \Whizard

oPure ASCII

® ParticleName
® AntiParticleName

ParticleName -> {"ne", "nm", "nt"},
AntiParticleName -> {"ne™", "anm™", "nt""}



Export

e Conventions
® Name Restrictions
e PDG ID
® SM Restrictions
® (Gauge Choice
® [nteraction Order

®|nterfaces
® ASperGe
® CalcHEP
® FeynArts
® Sherpa
® [eX
e UFO
® \Whizard

eParticle Data Group ID

® Many particles already
numbered

® New particles should be
numbered starting from
9000001

® R will automatically assign
these

PDG -> {2,4,6}



Export

e Conventions
® Name Restrictions
e PDG ID
® SM Restrictions
® (Gauge Choice
® [nteraction Order

®|nterfaces
® ASperGe
® CalcHEP
® FeynArts
® Sherpa
® [eX
e UFO
® \Whizard

eSome SM parameters

fixed:

® aS (Strong Coupling)
® gs (Strong Coupling)

e aEWM1 (EW Coupling)
e Gf (Fermi Constant)

® ce (Electric Coupling)



SM Parameters

asS ==
ParameterType -> External,
BlockName —-> SMINPUTS,
OrderBlock -> 3,
Value -> 0.1184,
InteractionOrder -> {QCD,2},
Description -> "Strong coupling constant at the Z pole"
s
gs ==
ParameterType —-> Internal,
Value -> Sqrt[4 Pi aS],
InteractionOrder -> {QCD,1},
ParameterName -> G,
Description -> "Strong coupling constant at the Z pole"

¥,



SM

Gf

Parameters

ParameterType —-> External,
BlockName -> SMINPUTS,
OrderBlock -> 2,

Value -> 1.16637*x"-5,
InteractionOrder -> {QED,2},
Description -> "Fermi constant"

¥,



SM Parameters

aEwWM1 ==
ParameterType -> External,
BlockName -> SMINPUTS,
OrderBlock -> 1,
Value -> 127.9,
InteractionOrder -> {QED,-2},
Description -> "Inverse of the EW coupling constant at the Z pole"
s
akEW ==
ParameterType —-> Internal,
Value -> 1/aEWM1,
InteractionOrder -> {QED,2},
Description -> "Electroweak coupling contant"
s
ee ==
ParameterType —-> Internal,
Value -> Sqrt[4 Pi aEW],
InteractionOrder -> {QED,1},
Description —-> "Electric coupling constant"



Export

e Conventions
® Name Restrictions
e PDG ID
® SM Restrictions
® Gauge Choice
® [nteraction Order

®|nterfaces
® ASperGe
® CalcHEP
® FeynArts
® Sherpa
® [eX
e UFO
® \Whizard

e (QCD Structure

® (Gauge group declaration
® |ndices



QCD

SU3C ==

Abelian -> False,

CouplingConstant -> gs,

GaugeBoson -> G,

StructureConstant -> £,

Representations -> {{T, Colour},
{T6, Sextetl}},

SymmetricTensor  -> dSUN

¥

IndexRange[ Index[ Colour ] ] = Rangel[3];
IndexRange[ Index[ Sextet ] ] = Rangel6];
IndexRange[ Index[ Gluon ] ] = Rangel[8];




Export

e Conventions e |nteractionOrder

® Name Restrictions e How many powers of a
@ g|\D/|GR|D fundamental coupling
® estrictions -
| eHierarchy
® Gauge Choice |
e |nteraction Order ® The hl!erarchy of fundamental
couplings
*Interfaces OOrderFI)_ir%it
® ASperGe
° CaE:HEP ® The largest power of a
® FeynArts fgndamental coupling in a
® Sherpa diagram
® [eX
e UFO

® \\Whizard



Interaction Order

InteractionOrder -> {QCD,2}

InteractionOrder -> {QED,1}

M$InteractionOrderHierarchy = {
{QCD, 1%},
{NP, 1},
{QED, 2}

I

M$InteractionOrderLimit = {
{NP,2}
}



Export

e Conventions
® Name Restrictions
e PDG ID
® SM Restrictions
® (Gauge Choice
® |nteraction Order

® Automatic Mass

®|nterfaces Diagonalization

: éS:OT—:SF? e \WriteASperGe[Lag, options]
alc ® Requires Gnu Scientific

® FeynArts .
Lib L
e Sherpa ibrary (GSL)

® [eX
e UFO
® \\Vhizard

WriteASperGe[ Lag, Output -> dirname ]

./ASperGe <inputfile> <outputfile>



Export

e Conventions
® Name Restrictions
e PDG ID
® SM Restrictions
® (Gauge Choice
® [nteraction Order

e CalcHEP Output
® |nterfaces e WriteCHOutput[Lag, options]
® ASperGe ® Options:
e CalcHEP e CHAutoWidths : Automatic
® FeynArts width calculation
® Sherpa e | HASupport : Support for
® TeX reading LHA files
o UFO
® \\Vhizard

WriteCHOutput[ Ly, Lo, ..., options ]



Export

e Conventions
® Name Restrictions
e PDG ID
e SM Restrictions
® (Gauge Choice
® [nteraction Order

® |nterfaces

® ASperGe oFeynArts Output

e CalcHEP e WriteFeynArtsOutput[Lag,

® FeynArts options]

® Sherpa e Completely general operators
® TeX supported (.gen file)

e UFO

® \Vhizard

WriteFeynArtsOutput[ Lq, Lo, ..., options ]



Export

e Conventions
® Name Restrictions
e PDG ID
® SM Restrictions
® (Gauge Choice
® [nteraction Order

®|nterfaces
® ASperGe
® CalcHEP
® FeynArts
® Sherpa
® [eX
e UFO
e \Whizard

e Sherpa Output

e WriteSHOutput[Lag, options]

WriteSHOutput [Lq, Lo,..., options]



Export

e Conventions
® Name Restrictions
e PDG ID
® SM Restrictions
® (Gauge Choice
® [nteraction Order

® |nterfaces

® ASperGe
® CalcHEP
® FeynArts

® Sherpa e [eX Output

* lex
e UFO
e Whizard

WriteLaTeXOutput[ Ly, Lo, ..

e WriteLaTeXOutput[Lag, Verts,
options]

L, Vi, Vo, oL, options ]



Export

e Conventions

® Name Restrictions
e PDG ID

e SM Restrictions

® (Gauge Choice

® [nteraction Order

® |nterfaces

® AsperGe eUniversal FeynRules

® CalcHEP Output

® FeynArts

® Sherpa e WriteUFOl[Lag, options]

e TeX ® Options:

e UFO ® AddDecays : Automatic
® \Whizard 1—=2 Decays

® Supported by Aloha,
MadGraphb5, MadAnalysis5

® Planned support by GoSam and
Herwig++

WriteUFO[Lq, Lo,..., options]



Export

e Conventions

® Name Restrictions
e PDG ID

e SM Restrictions

® (Gauge Choice

® [nteraction Order

® |nterfaces

® ASperGe

® CalcHEP

® FeynArts .

® Sherpa e\\/hizard Output

® TeX e \WriteWOOQOutput[Lag, options]
e UFO ® Options:

® \Whizard e \WOAutoGauge :

Automatically generate Re
gauge from Feynman
gauge

WriteWOOutput [Lq, Lo,..., options]



FeynRules

_oad FR
_oad Model
Jpdate Pars
Run Checks
—eyn. Rules
e \\/Idths

e Export




FeynRules

e oad FR

e| oad Model
e Update Pars
oRun Checks
oFcyn. Rules
e\/Vidths

o xport

Significantly Faster



Efficiency

SM
Command FR16 || FR20-1|FR20-2|FR20-4|FR20-8
FeynmanRules 5.84 s 498 s 3.09 s 2.32 s 1.93 s
WriteCHOutput || 9.33 s 9.01 s 8.00 s 6.26 s 5.03 s
WriteUFO 9.05 s 8.82 s 7.89 s 6.51 s 6.05 s
MSSM

Command FR1.6 || FR20-1|FR20-2|FR20-4|FR20-8
FeynmanRules 325.5 s || 213.7 s 79.7 s 62.6 s 41.0 s
WriteCHOutput || 853.4 s || 618.9 s 300.8 s 283.9 s 204.4 s
WriteUFO 436.0 s || 518.9 s 316.1 s 273.8 s 239.7 s




FeynRules

e oad FR

e| oad Model
e Update Pars
oRun Checks
oFcyn. Rules
e\/Vidths

o xport

Model Database



e Rdfuks@cern.ch

ModelDatabaseMainPage - FeynRules

| | 2 | & feynrules.irmp.ucl.ac.be/wiki/ModelDatabaseMainPage

e Bdcdegrand@illinois.edu

Available models

Standard Model

Simple extensions of
the SM (15)
Supersymmetric Models
(5)

Extra-dimensional
Models (4)

Strongly coupled and
effective field theories
(8)

Miscellaneous (0)

The SM implementation of FeynRules, included into the distribution of the
FeynRules package.

Several models based on the SM that include one or more additional particles,
like a 4th generation, a second Higgs doublet or additional colored scalars.

Various supersymmetric extensions of the SM, including the MSSM, the NMSSM
and many more.

Extensions of the SM including KK excitations of the SM particles.

Including Technicolor, Little Higgs, as well as SM higher-dimensional operators,
vector-like quarks.

Edit this pagﬂ Attach file |

Rename pagg Delete this version | Delete pagil




® 06 SusyModels - FeynRules

|4 » | D |2 | @ feynrules.irmp.ucl.ac.be/wiki/SusyModels

FeynRules model database: Supersymmetric models

(@l Reader

This page contains a collection of supersymmetric models that are already implemented in FeynRules. For
each model, a complete model-file is available, containing all the information that is needed, as well as
the Lagrangian, as well as the references to the papers where this Lagrangian was taken from. All model-

files can be freely downloaded and changed, serving like this as the starting point for building new models.

A TeX-file for each model containing a summary of the Feynman Rules produced by FeynRules is also

available.

Model Short Description Contact Status

5B.

MSSM  The Minimal Supersymmetric extension of the SM. Fuks

NMSSM The Next-to-Minimal Supersymmetric Standard Model. -0

Fuks

RPV- The Minimal Supersymmetric extension of the SM including R-parity 4B.
violation (trilinear RPV interactions only). Fuks

x4 B.

A R-symmetric supersymmetric extension of the SM. Fuks

Extension of the MSSM containing goldstino and gravitino couplings to the  4B.
supercurrent. Fuks

Back to the FeynRules model database.

Available

Available

Available

Available

Available

0L



FeynRules

e oad FR

e| oad Model
e Update Pars
oRun Checks
oFcyn. Rules
e\/Vidths

o xport




_oad FR
_oad Model
Jpdate Pars
Run Checks
—eyn. Rules
e\/Vidths

o xport

MadGraph



e ocumentation

e5Sanity Checks

® [est 1 Generator

® [est Several
Generators

e \\/eb Validation

e[ Debugging

MadGraph



e[ Documentation
e5Sanity Checks
®1 Generator

®>1 (Generators
e\\Veb Validation

e Debugging

Validation




Validation

e[ )ocumentation
e5Sanity Checks
®1 Generator
®>1 (Generators
e\\Veb Validation
e Debugging

o [racibility &
Reproducibility

® Model Theory References

® Model Implementation Details
® Validation Detalils

® Software Versions



Validation

e[ )ocumentation
®Sanity Checks
®1 Generator
®>1 (Generators
e\\Veb Validation
e Debugging

o Hermiticity

e(Gauge Invariance

e Agreement with
iterature



e5Sanity Checks
e 1 Generator
®>1 (Generators
®\/\Veb Validation
e Debugging

Validation

e Documentation

eNumerical Cross
Sections/Widths

e Compared with literature

® Gauge Invariance

e Unitarity Cancellations

® Comparison with SM results
where appropriate



Validation

e Documentation
e5Sanity Checks
®1 Generator
®>1 (Generators
e \\/eb Validation
e Debugging

eBetween Generators

® | arge set of processes

® Gauge invariance

® \Vith independent
implementations if available




Validation

e[ Documentation
e5Sanity Checks
e 1 Generator
®>1 (Generators
e\\leb Validation
®[Debugging

e Automated comparison

® All 2—2 processes

® Feynman & unitary gauges
® CalcHEP

® MadGraph

® \Whizard

® Need username/password

http://feynrules.phys.ucl.ac.be/validation



Web Validation

Standard Model : all (MG)

Standard Hodel

chir2 -
all {HG) — |
Chi”2

Chi~2

LL=17.9 for 22 degrees of freedom.

The probability of this being a statistical fluctuation is 71.4583054701%.

Z , W+
ve , e+
t , t~
Z , Z
mu- , mu+

] -

c
t
H
d
t

] -

Vs Prcat Best MG5F) MG5m) X2
s~ 6840 1710 6.650E-01 6.633E-01 6.668E-01 5.3E+00
b~ 7070 176.75 5072E-01 5.081E-01 5.061E-01 4.9E+00
H 23360 5840 5.680E-02 5.691E-02 5.665E-02 4.6E+00
d~ 7300 1825 7431E-01 7411E-01 7.448E-01 4.6E+00
t~ 13760 3440 7.423E-02 7.412E-02 7.433E-02 4.5E+00
= oY (] a [ ()4 ¥ [ ()34 ' H .06 ' =0




Validation

e[ )ocumentation
e5Sanity Checks
e 1 Generator

®>1 (Generators
e \\/eb Validation

e Debugging

eComment Out

® Syntax errors can be found by
commenting out until the error Is
found.

e\\/eb validation

® Help find problematic vertices




e[ Documentation
e5Sanity Checks
®1 Generator

®>1 (Generators
e\\Veb Validation

e Debugging

Validation




MadGraph

e[ Documentation
eSanity Checks
®1 Generator

®>1 (Generators
e \\leb Validation

e Debugging



_oad UFO into MG5
Run MG5 Tests
Run Simulations

MadGraph



MadGraph

o UFO Model Dir
e Copy the UFO Model dir

_oad UFO into MG5

to the MadGraph5
models dir

Run MG5 Tests

Run Simulations

cp -r ModelName_UFO .../MadGraph5_v1_5_12/models/.



MadGraph

e oad UFO Model

_oad UFO into MG5

® During MG5 session

Run MG5 Tests

Run Simulations

mg5>import model ModelName_UFO



MadGraph

e/ mport UFO Model

® During MG5 session

_oad UFQ into MG5 e| ike Built-In Model

Run MG5 Tests

® Fverything from this point

. | ke a built-in model
Run Simulations e s PHE ToEE

mg5>import model ModelName_UFO



MadGraph

®or example:

® check process
® Gauge invariance

_oad UFQO into MG5
Run MG5 Tests

® | orentz Invariance

Run Simulations |
® Permutation

mg5>check p p > uv uv~



MadGraph

_oad UFO into MG5
Run MG5 Tests

Run S

®| ke Built-In Models

® generate

mulations ® output

® |aunch
o .

mgb5>generate p p > uv uv~
mg5>output
mg5>launch



_oad UFO into MG5
Run MG5 Tests
Run Simulations
eLnjoy!

MadGraph




_oad UFO into MG5
Run MG5 Tests

Run Simulations
—njoy!

MadGraph



UFO & ALOHA

*UFO
e ALOHA

eUniversal FeynRules Output
® DeGrande, Duhr, Fuks, Grellscheid,
Mattelaer and Reiter (CPC 183, 1201
(2012))
® Full FeynRules model info included



eUniversal FeynRules Output

element generator (universal)

® Default model format for MadGraph 5,
GoSam and Herwig++(future)

< ® DeGrande, Duhr, Fuks, Grellscheid,
g Mattelaer and Reiter (CPC 183, 1201
'’ (2012))

< .UFO ° Fu.II FeynRules moo_lell info inclu.ded
o3 o AL OHA oot tied to specific matrix
O

LL

=



eUniversal FeynRules Output

® DeGrande, Duhr, Fuks, Grellscheid,
Mattelaer and Reiter (CPC 183, 1201
(2012))

GoSam and Herwig++(future)

® General operators supported

® Completely general Lorentz structures
® 4-fermion operators
® operators with >4 particles

® 3 6 and 8 color reps supported

% ® Full FeynRules model info included

9 oot tied to specific matrix

< o JFO element generator (universal)
o o Al OHA ® Default model format for MadGraph 5,
O

LL

=



e Automatic Language-
Independent Output of Helicity
Amplitudes

® de Aquino, Link, Maltoni, Mattelaer and
Steltzer (CPC 183, 2254 (2012))

e Convert UFO Lorentz structure to Fortran/
C++ code required to calculate helicity
amplitudes

e UFO
e AL OHA

UFO & ALOHA




=t ILLINOIS

A F P

ALOHA

me:[ UFO ﬂ 1 To: Helicity  Translate

VVVV6 = Lorentz(name = 'VVVVG6',
spins =[ 3, &, 8, 3 ],
structure = 'Metric(1,4)*Metric(8,3) -Metric(1,3)*Metric(?,4)")

Type text or a website address or translate a document.
covre

PYTHON

'J WOC] V(\D)\)?\l HC’

FORTRAN 77
and Numerical
Methods for
Engineers

bt @ on P A

WESLEY J. CHUN




ALOHA

Frn:rm:[ UFO ﬂ 0 To: Helicity  Translate |

VERTEX = COUP*( (V4(L)*( (VR(1)*( (0, -1)*(V3(R)*V1(R))

$ +(0, -1)*(V3(3)*V1(3))+(0, -1)*(V3(H*VL(H)))+V1(1)*( (0, 1)

$ *(V3(R)*VaR)+(0, *(V3(3)*VR(3))+(0, D*(V3(4)*Va(4))))))

$ +((VAQR)*((VRR)*( (0, -D)*(V3(1)*V1(1)+(0, 1)*(V3(3)*V1(3))

$ +(0, D*(V3(H)*V1()MN+V1R)*( (0, 1)*(V3(1)*VR(1)+(0,

$ -1)*(V3(8)*VR(3)+(0, -1)*(V3(4)*VA(4)M)+( (VAB)*( (VR(3)
Type text or a website address or translate a document.

covre

PYTHON

,woqrammmq

FORTRAN 77

and Numerical

e twn P A

e 1

WESLEY J. CHUN




UFO
e ALOHA

VHOTV ® 04N



_oad UFO into MG5
Run MG5 Tests

Run Simulations
—njoy!

MadGraph



.4

Model
FR Model File
FeynRules

¥

Validation

¥

MadGraph



FeynRules Future

o NSurGe
oFR@NLO
® Galileo

e One-loop renormalization
eqguations

® Alloul, de Causmaecker and Fuks
® (Generic SUSY models




FeynRules Future

e NSurGe
oFR@NLO
® Galileo

e Automatic Counterterms
® Degrande, Duhr, Fuks and Hahn




FeynRules Future

e NSurGe
oFR@NLO
e Galileo

e\odels from symmetry

® Christensen, Salmon, Setzer, Stefanus




FeynRules Future

e NSurGe
oFR@NLO
oGalileo

e\odels from symmetry

® Christensen, Salmon, Setzer, Stefanus




Galileo
o\odels from symmetry

® Christensen, Salmon, Setzer, Stefanus

MadGraph
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Galileo

eCore library with thin GUI
wrapper

® C++ library linkable to other codes
® [horough APl documentation

e Any rep of any semisimple
compact Lie algebra

® |ncluding finding singlets
® Many, many automated tests

eRewriting Lorentz part of core
to be more general

® \Vant solid foundation for later
development




Galileo

e Under construction

® | orentz symmetry

® Symmetry breaking

® Expansion of Lagrangian
® Save/Read

® Output to FeynRules
° .
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