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Field theory : a short reminder

* free fields (KG details, Fermion)
e Scattering matrix in perturbation
* Wick theorem to Feynman rules

Why Monte-Carlo/automated tools?

=N

Lagrangian to the Feynman rules
* Model file : Parameters, fields, gauge group and Lagrangian
* Running FeynRules

Demo
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Why automated tools

e Algorithmic
* Less error prone

* Long feeGy, GPGE 3 4 gluons vertex
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QCD=3, QED=1

diagram 7 diagram 8 QCD=3, QED=1

diagram 9 QCD=3, QED=1 diagram 10 QCD=3, GED=1

diagram 11 QCD=3, QED=1 diagram 12 QCD=3, QED=1

diagram 19 QCD=3, QED=1 diagram 20 QCD=3, QED=1

4

diagram 21 QCD=3, QED=1 diagram 22 QCD=3, QED=1

diagram 23 QCD=3, QED=1 diagram 24 QCD=3, QED=1

diagram 1

diagram 3

diagram 5

QCD=3, QED=1

QCD=3, QED=1

QCD=3, QED=1

diagram 2

diagram 4

diagram 6

QCD=3, QED=1

QCD=3, QED=1

QCD=3, QED=1

diagram 13

diagram 15

QCD=3, QED=1 diagram 14 QCD=3, QED=1

QCD=3, QED=1 diagram 16 QCD=3, QED=1

QCD=3, QED=1 diagram 18 QCD=3, GED=1
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Hadron colliders

LEP
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Hadron colliders

LEP LHC
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Hadron collider event

so000Y

S TEO 00000

e Beam of partons

Radiation from incoming partons
—e Primary hard scatter

—-e Radiation from outgoing partons
<o ® Hadronization

g Multiple Inter. / Underlying event
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Hadron collider event
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Why BSM simulation®
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BSM simulation

Detector events
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BSM simulation

hadronlzed events

)}

Detector events
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BSM simulation

Showered events

W

hadronlzed events

)}

Detector events
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BSM simulation
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BSM simulation

W

Pa rtown events
Showered events

Y
hadronlzed events
W
Detector events
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BSM simulation

W
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BSM simulation

Pa rtown events
Showered events

Y
hadronlzed events
W
Detector events
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BSM simulation

FeynrRules,...

w Madgraph,...

.\

Madgraph, ...

Herwlo, ...

1Y H’Cl’l LDI, ...
hadrontzed events

W Pelphes,...

C. Degrande




BSM simulation

Feynrules,...
Cregrmm i) 4—UFo, .

w Madgraph,...

matrix-element 4d— StandAlowe,...
W Madgraph, ...

parton events 44— LHE,...

Showered events 44— HepMC,...
w H‘Cl’l LDI, ...

, HepMC
hadronized events Y-

S Delphés, .
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- BSM simulation
1» FeHwé‘fLrel:ammg of this lecture

W Madgraph, ...

matrix-element 44— StandAlowne, ...
W Madgraph, ...

parton events 44— LHE,...
= Herwig, ...

Showered events 44— HepMC,...
" Yyth La, ...

, HepMC

w Delphes,...
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Plan

* Field theory : a short reminder
* free fields (KG details, Fermion)
e Scattering matrix in perturbation
* Wick theorem to Feynman rules
* Why Monte-Carlo/automated tools?

* Lagrangian to the Feynman rules

e

* Model file : Parameters, fields, gauge group and Lagrangian
* Running FeynRules
* Demo
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FeynRules In a nutshell

Input : model.fri-

~.

oS e

&Outp ut : vei

*«

%@
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FeynRu\eS structure

Core I\/Ia|n functlons

RELE

| Interfaces: Translation to ME |
! S i e —

\FeynRules

FeynRules.m

FeynRulesPackage.m

ToolBox.m

\_ FRPalette.nb
C. Degrande



FeynRu\es structure

Core I\/Ia|n funetlons

| Interfaces: Translatlon to ME |

|FeynRules I p% I sl |
FeynRules.m |template.fr|
FeynRulesPackage.m
ToolBox.m

\_ FRPalette.nb
C. Degrande



model file

(Frrremeemeeees This is a template model file for FeynRules *****x*****)
(rrreeeesss Index definition *Fsss)

IndexRange[ Index[Generation] | = Range[3]
IndexFormat[Generation, f]

(***** Parameter list ******)

M$Parameters = { oo .
} Definition of variables

(" Gauge group ist ™) in Mathematica syntaxe

M$GaugeGroups = {
J

(***** Particle classes list ******)

M$ClassesDescription = {

}
C. Degrande



Model information

M$ModelName = "my_new_model";

M$Information = {

Authors -> {"Mr. X", "Ms. Y"},
Institutions -> {"UC Louvain"},
Emails -> {"XQ@uclouvain.be", "Y@uclouvain.bel},
Date -> "01.03.2013",
References -> {"reference 1", "reference 2"},
URLs -> {"http://feynrules.irmp.ucl.ac.be"},
Version -> "1.0"
s

Good practice for credit, issue(s) tracking

C. Degrande



Indices definition

Used in parameters, gauge groups ~— “—=~ """
and fields P

summed indices by
~ the epr|C|te sum

IndexRange[ Index[Colour] ] = > [3] ;=
IndexRange[ Index[SU2W] ] —{Unfoldx Range[B] 1;
IndexRange[ Index[Gluon] ] = NoUnfold[ Rangel[8] 1;

C. Degrande



Indices definition

Used in parameters, gauge groups  —. "0 -~ - ]
and fields P

summed indices by
| expllc;lte sum

IndexRange[ Index[Colour] ] = gel[3]; =
IndexRange[ Index[SU2W] ] —{Unfoldx_Bange[B] 1;
IndexRange[ Index[Gluon] ] =1

I
Z
o |
i
=K}
=N |
o)
|_l
2/
i
o o)
)
=)

09
o
mr
[00)
| I—
| I—

! TeIIs FA/FC notto |
remplace summed |
indices by the
explicite sum
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Indices definition

Used in parameters, gauge groups ~— “—=~ """
and fields P

summed indices by
~ the epr|C|te sum

IndexRange[ Index[Colour] ] = gel[3]; =
IndexRange[ Index[SU2W] ] —{Unfold&_Bange[B] 1;
IndexRange[ Index[Gluon] ] =1

I
Z
o |
i
=K}
=N |
o)
|_l
2/
(|
o o)
)
=)

09
o
mr
[00)
| I—
| I—

' Tells FA/FC notto
Format: /
remplace summead
IndexStyle[ Colour, i ]; Indices by the
1 1 . N .
IndexStyle[ Gluon, a 1]; explicite sum

C. Degrande



Indices definition

Used in parameters, gauge groups ~— “—=~ """
and fields P

summed indices by
~ the epr|C|te sum

IndexRange[ Index[Colour] ] = gel[3]; =
IndexRange[ Index[SU2W] ] —{Unfold&_Bange[B] 1;
IndexRange[ Index[Gluon] ] =1

I
Z
o |
i
=K}
=N |
o)
|_l
2/
(|
o o)
)
=)

09
o
mr
[00)
| I—
| I—

' Tells FA/FC notto
Format: /
remplace summead
IndexStyle[ Colour, i ]; Indices by the
1 1 . N .
IndexStyle[ Gluon, a 1]; explicite sum

Predefined indices: Lorentz, Spin, Spinl, Sping
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Parameters definition

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

ParameterType ->External, )

BlockName -> SMIN U TS

OrderBlock  ->1, 5~

Value >127.9.)

InteractionOrder -> {QED,-2},

Description ->'"Inverse of the EW coupling constant at the Z
pole"

I

Compulisory!

C. Degrande



Parameters definition

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

**Ve S St["Z/qrt[ 4/4 Pi/Sqrt[2]*aEW
Gf*MZ"Z]], ) - ,
TeX -> Subscript[ M, W],

Description ->"W mass"

I

C. Degrande



Parameters definition

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

+;

aEWM]1 ==

ParameterType ->External,

BlockName -> SMINPUTS,

OrderBlock > 1,

Value -> 127.9,

InteractionOrder -> {QED,-2},

Description ->'"Inverse of the EW coupling constant at the Z
pole"

}s
C. Degrande



Parameters definition

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

s
aBEWMI1 ==
ParameterType¢
'‘BlockName \ ] —
OrderBlock ->1. ) ¥Forthe LHA cards
Value > 127.9,

InteractionOrder -> {QED,-2},
Description ->'"Inverse of the EW coupling constant at the Z
pole"

}s
C. Degrande



Parameters definition

M$Parameters = {
paraml == { optionsl },
param2 == { options2 },

+;

aEWM1 ==
ParameterType ->External,
BlockName -> SMINPUTS,
OrderBlock > 1,

Value  ->127. 9f —
'InteractionOrder -> {QED,-2},]
‘Description  -> "Inverse of tl anng constant at the Z
pole" D

b Dependence in the expansion parameters

C. Degrande



Parameters definition

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

+;

aEWM]1 ==

ParameterType ->External,

BlockName -> SMINPUTS,

OrderBlock > 1,

Value -> 127.9,

InteractionOrder -> {QED,-21,

Description ->'"Inverse of the EW coupling constant at the Z
pole"

}s
C. Degrande



CKM

Parameters definition

Tensor parameters

ParameterType -> Internal,
Indices
ComplexParameter -> True,

Unitary

Value

CKM

CKM

(1,3]

TeX
Description -> "CKM-Matrix"}

(&,3]

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

-> True,
-> {CKM][1,1] -> Cos[cabi], CKM[ 1,2] -> Sin[cabi],
> O,
CKM]I[&2,1] ->-Sin[cabi], CKM[&,2] -> Cos[cabi],
> O,
CKM[3,1] >0, CKM[3,2] >0, CKM[3,3] > 1},
-> Superscript[ V,CKM],

C. Degrande



Parameters definition

Tensor parameters

CKM =
ParameterTVDe -> Internal,
‘Indices -> {IndeX[Genera,tlon] IndeX[Genera,tlon])
ComplexParameter -> True,
/,_I_Inj.;a.ry -> True,
"~ Value  -> {CKM[1,1]-> Cos[cabi], CKM[1,2] -> Sin[cabi], |
CKM[1,3] >0,
| CKM]I[&2,1] ->-Sin[cabi], CKM[&,2] -> Cos[cabi],
CKM[2,3] -> 0,
- CKM[3,1] >0, CKM[&,<g] -> 0, CKM[S,3] -> 1}, y
TeX -> Superscript[ V,CKM],
Description -> "CKM-Matrix"}

C. Degrande



Parameters definition

Tensor parameters

CKM ==
ParameterType -> Internal,

Indices -> {Index Genera,tlon}-gl.gd,e;;.g&enelzauo% )
‘CompleXPa,ra,meter > True, Default:Tensor is True, scalar is
Unitary  -> True, ” False

Value -> {CKM[1,1] -> Cos[cablj, CKM][1,2] -> Sin[cabi],
CKM[1,3] -> 0,
CKM]I[&2,1] ->-Sin[cabi], CKM[&,2] -> Cos[cabi],
CKM[2,3] -> O,
CKM[3,1] >0, CKM[3,2] ->0, CKM[3,3] -> 1},
TeX -> Superscript[ V,CKM],
Description -> "CKM-Matrix"}

C. Degrande



Parameters definition

Tensor parameters

CKM ==
ParameterType -> Internal,
Indices -> {Index[Generation], Index[Generation]},
ComplexParameter -> True
"Unitary  ->True,

Herm|t|an Orthogonal

Value > {CK 1,1] ->Cog[cabi]
CKM][1,3] -> 0O,
CKM]I[&2,1] ->-Sin[cabi], CKM[&,2] -> Cos[cabi],
CKM[2,3] -> O,

CKM]J[3,1] >0, CKM[3,2] >0, CKM[3,3] > 1},
TeX -> Superscript[ V,CKM],
Description -> "CKM-Matrix"}

C. Degrande



INnteraction order

Inthe SM: QCD the power of gs
QED the power of e

aBEWMI1 == { ...
InteractionOrder -> {QED,-2},
Description ->"Inverse of the EW coupling constant at the Z pole"

b

vev == {...
InteractionOrder -> {QED,-11},
Description ->"Higgs vacuum expectation value"

b,

C. Degrande



INnteraction order

Inthe SM: QCD the power of gs
QED the power of e

aBEWMI1 == { ...
InteractionOrder -> {QED,-2},
Description ->"Inverse of the EW coupling constant at the Z pole"

b

vev == {...
InteractionOrder -> {QED,-11},
Description ->"Higgs vacuum expectation value"

- 2
}’ (28 (77#1,M477M2,M3 + 77#17M377M2a,u4 o 277/117/127]#3,#4)
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INnteraction order

Inthe SM: QCD the power of gs
QED the power of e

vev == {...
InteractionOrder -> {QED,-11},
Description ->"Higgs vacuum expectation value"

b

yu=={...
InteractionOrder -> {QED, 1},
Description ->"Up-type Yukawa couplings"

I

Such that masses have QED=0
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INnteraction order

Inthe SM: QCD the power of gs
QED the power of e

vev == {...
InteractionOrder -> {QED,-11},
Description ->"Higgs vacuum expectation value"

b

yu=={...
InteractionOrder -> {QED, 1},
Description ->"Up-type Yukawa couplings"

b,

Such that masses have QED=0

= — ———

I

‘However Yt is not a small parameter!
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INnteraction order

M$InteractionOrderHierarchy = { {QCD, 1},
{QED, 2} };

98N62
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INnteraction order

M$InteractionOrderHierarchy = { {QCD, 1},
{QED, 2} };
&

98N62

£:£+Z%Oi+(9(z\—4)

NP  the power of A2 (NP, 2}
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INnteraction order

M$InteractionOrderHierarchy = { {QCD, 1},
{QED, 2} };
&

98N€2

1 _
L:»C—FZFOi‘FO(A )
NP  the power of A2 {l\TP 2)

M$InteractionOrderLimit = { {NP,1}};

Max power per diagram of A=2 is 1
C. Degrande



Flelds definition |

M$ClassesDescription = {

spinl[1] == { optionsl },

spinl[2] == { options2 },

spin2[1] == { options3 },
.

C. Degrande



Flelds definition |

S 0
WF 1/2
V 1
RW,R 3/2
T 2
u -1

M$ClassesDescription = {

{ optionsl },
{ options2 },
{ options3 },

C. Degrande



Flelds definition |

S 0
WF 1/2
V 1
RW,R 3/2
T 2
u -1

BUnique Id

M$ClassesDescription = {

{ optionsl },
{ options2 },
{ options3 },

C. Degrande



Flelds definition

S 0
WF 172

v o1
AWR 32| |

T 2

u -

ClassName->.. SelfConJugate >, ]
Indices- >...,Quantuml\Tumbers ->.,
FlavorIndex->..., Clas sMembePs,
Mass->..., Witdh->..., PDG->...,
Definitions->..., Unphysical->...,
Chirality->..., MajoranaPhase->...,
WeylComponents->...,
Goldstone >.. Ghost >..., ...(Format)

L == {,optlonSQ”},

ﬂU”'que 0 C. Degrande




Fields definition |

F[3] == ClassName ->uq,
ClassMembers ->{u,c,t},
Indices -> {Index[Generation], Index[Colour]},
FlavorIindex -> Generation,
SelfConjugate -> False,

Mass -> {Mu, {MU, 2.55*"-3}, {(MC,1.27}, {MT,172}},
Width -> {0, 0, {WT,1.508336491}},
QuantumNumbers -> {Q > 2/3},

PDG > {2, 4, 6},

C. Degrande



Fields definition |

' Spin index

F[3] == ClassName ->uq,
ClassMembers, ->{u,c,t},
Indices -> {Index[Generation], Index[Colour]},
FlavorIindex -> Generation,
SelfConjugate -> False,

Mass -> {Mu, {MU, 2.55*"-3}, {(MC,1.27}, {MT,172}},
Width -> {0, 0, {WT,1.508336491}},
QuantumNumbers -> {Q > 2/3},

PDG > {2, 4, 6},

C. Degrande



Fields definition |

Generation index distinguishes

F[3]=={ ClassName > uq, N the class members
ClassMembers( -> {u,c,t}, ’
Indices -> | IndeX[GenePation]} Index[Colour]},
FlavorIndex -> Generation,

SelfConjugate -> False,

Mass -> {Mu, {MU, 2.55*"-3}, {(MC,1.27}, {MT,172}},
Width -> {0, 0, {WT,1.508336491}},
QuantumNumbers -> {Q > 2/3},

PDG > {2, 4, 6},

C. Degrande



Fields definition |

F[3] == ClassName ->uq,
ClassMembers ->{u,c,t},
Indices -> {Index[Generation], L’[ndeX[Colour])},
FlavorIndex -> Generation, o |
SelfConjugate -> False,

Mass > {Mu, {MU, 2.55*"-3}, {MC,1.27}, {MT,172}},
Width > {0, 0, {WT,1.5083364911,

QuantumNumbers ->{Q->2/3})} T
PDG >(2,4,86), - Same representation

C. Degrande



Fields definition |

F[3] == ClassName ->uq,
ClassMembers ->{u,c,t},
Indices -> {Index[Generation], IndeX[Colour]},
Flavorindex -> Generation,
SelfConjugate -> False,

;; Extemal parmters

Mass -> {Mu, {MU 2. 55*"-5} {MC 1. 2'?} {MT 1’72}},
Width -> {0, 0, {WT,1.508336491}},
QuantumNumbers -> {Q > 2/3},

PDG > {2, 4, 6},

C. Degrande



Fields definition |

F[3] == ClassName ->uq,

ClassMembers ->{u,c,t},

Indices -> {Index[Generation], IndeX[Colour]},
FlavorIndex -> Generation, \
SelfConjugate -> False, ;i Etha' parameters |

Mass > {Mu) (MU, 2.55*-3}, {MC,1.87}, (MT,172}},
Width > {0, 0, {WT,1.508336491}},

QuantumNumbers -> {Q > 2/3},

PDG -> {2, 4, 6},

} ﬂ Generic label Mass -> {MW, Internal}

Mass -> {MZ, 91.188}
Mass -> {{MU,0}, {MC,0}, {MT, 174.3}}
Mass -> {Mu, {MU, 0}, {MC, 0}, {MT, 174.3}}

C. Degrande



Fields definition |

F[3] == ClassName ->uq,
ClassMembers ->{u,c,t},
Indices -> {Index[Generation], Index[Colour]},
FlavorIindex -> Generation,
SelfConjugate -> False,

Mass -> {Mu, {MTU, 2.55**-3}, {MC,1.27}, {(MT,172}},
Width -> {0, 0, {WT,1.508336491}},
QuantumNumbers -> {Q > 2/3},
PDG -> {27 476}-

Not used in FR but by
) following codes

C. Degrande



Fields definition ||

Interaction eigenstates

V[1R] == B e
ClassName -> Wi, 1 FR does not export
Unphysical -*True, j——— i them to matrix
SelfConjugate -> True, element code
Indices -> {Index[SULKW]}, —
FlavorIndex ->SURW,

Definitions -> { Wi[mu_ 1] > (
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Fields definition |V

U[l1l]==
ClassName ->ghB,
Unphysical ->True,
SelfConjugate -> False,
Ghost ->(B,)}
Definitions -> - > -sw ghZ + cw ghA)
}7

CIassName of the

S[2] == | __boson

ClassName ->G0, -
SelfConjugate -> True;
Goldstone -

N
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Gauge Groups

M$GaugeGroups = {

Uly ==
Abelian -> True,
CouplingConstant -> g1,
GaugeBoson -> B,
Charge >Y

},...

SU3C ==
Abelian -> False,
CouplingConstant -> gs,
GaugeBoson -> @,
StructureConstant -> f,
Representations -> {T,Colour},
SymmetricTensor ->dSUN

};
C. Degrande



Gauge Groups

M$Ga,uge(}roups = {

UlY o
Abeha,n > True)
CouphngConstant -> gl‘
GaugeBoson  ->B, —
Charge >Y)

T

SUSC ==

Abelian -> False,
CouplingConstant -> gs,
GaugeBoson -> @,
StructureConstant -> f,
Representations -> {T,Colour},
SymmetricTensor ->dSUN

K
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Gauge Groups

M$GaugeGroups = {

Uly ==
Abelian -> True,
CouplingConstant -> g1,
GaugeBoson -> B,
Charge >Y

},...

susC=={

‘Abelian  ->False)

CouplingConstant -> gs>
GaugeBoson >G, -
‘ﬁmureﬁbnﬁa@
Representations -> {T,Colour},

SymmetricTensor ->dSUN

}
K
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Gauge Groups

M$GaugeGroups = {
UlyY ==

Abelian -> True,
CouplingConstant -> g1,
GaugeBoson -> B,
Charge >Y

}yeee
SUSC ==

K

Abelian -> False,
CouplingConstant -> gs,
GaugeBoson -> @,
StructureConstant -> f,
Representations -> {T,Colour}q

SymmetricTensor -deUN \

‘Associated index

‘Generator label

C. Degrande



Gauge groups

e Predefined strength tensor

FS[ A, mu, nu{ a)] VFL, = 0,47 — 0,A7 + gf“bcAZAf/
apbelian

* Predefined covariant derivative (from the Indices
and QuantumNumbers of the fields)

DC[phi, mu] :: >Du¢ = 0,6 —igALTud
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Lagrangian

1 _
LEP = -GG, +idIpd

L = -1/4 FS[G, mu, nu, a] FS[G, mu, nu, al]
+ {i/%gbar.Ga[mu].DC[dq, mu |

FeynRules creates the “anti’-particle name

Dot to avoid Commutmg the fermions

dqbaE%Ga[muigT[a]ig/

__y— Galmu,s,r] T[a,i,j] dgbar(ls,f,il.dqlr,f,]]

| FeynRuleS restores the
indices internally
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Running FeynRules

In Mathematica :

Loading Feynrules

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

Loading the model
LoadModel[ < file.fr >, < file2.fr >, ... ]

Extracting the Feynman rules
vertsQCD = FeynmanRules[ LQCD ];

Checking the Lagrangian

CheckKineticTermNormalisation[ L ]
CheckMassSpectrum|[ L ]

C. Degrande



Running FeynRules

In Mathematica :

Loading Feynrules

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

Loading the model
LoadModel[ < file.fr >, < file2.fr >,

, All the model files should |

Extracting the Feynman rules
vertsQCD = FeynmanRules[ LQCD ];

Checking the Lagrangian

CheckKineticTermNormalisation[ L ]
CheckMassSpectrum|[ L ]
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Running FeynRules

In Mathematica :

Loading Feynrules

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

Loading the model
LoadModel[ < file.fr >, < file2.fr >, ... ]

Extracting the Feynman rules

A
vertsQCD = FeynmanRules[ LQCD ]; GP
1.
Checking the Lagrangian GP
CheckKineticTermNormalisation[ L ] (0] 1L |fields)

CheckMassSpectrum|[ L ]

All momenta are incoming
C. Degrande



Running FeynRules

In Mathematica :

Loading Feynrules

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

Loading the model
LoadModel[ < file.fr >, < file2.fr >, ... ]

Extracting the Feynman rules

A
vertsQCD = FeynmanRules[ LQCD ]; QP
.‘.
Checking the Lagrangian GP
CheckKineticTermNormalisation[ L ] 0l iL+ lfield
CheckMassSpectrum|[ L ] < | d | §ﬁs//

All momenta are incoming
C. Degrande



Checks

CheckHermiticity[ L, options ]
CheckDiagonalKineticTerms[ L, options ]E
+

CheckDiagonalMassTerms[ L, options ]

CheckDiagonalQuadraticTerms[ L, options ]

CheckKineticTermNormalisation[ L, options ]

= = = —— - =

1 | 1 1 1 - 1 o1, ‘
20,000 — =m3¢®  Xidh— —mA\ — g Ew T = omTA AN
3 Du00"0 = gmiet GNdA = gm v o A

000" —m?¢lo  idh —mapnp = SELPT —mPALA

CheckMassSpectrum|[ L, options ]
C. Degrande



Toolbox

ExpandIndices[L, options]
GetKineticTerms[L, options]
GetMassTerms[L, options]
GetQuadraticTerms[L, options]
GetInteractionTerms[ L, options]

SelectFieldContent[L, list]
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FeynRules outputs

FeynRules
outputs can be
used directly by
event generators

UFO : output with
the full information
used by several
generators
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Conventions

* FeynRules does not care which symbol is used

» However there are conventions for the translation to
matrix element computation tools

* Qs is hardcoded in most code (running) as well
as other SM parameters (aew',Gr)

« SU(3) representations
 PDG numbering scheme, LHA block, ...

C. Degrande



FeynRules outputs

Generating the output

WriteCHOupus[ L ] o™
WriteFeynArtsOutput[ L ] ¢
WriteSHOutput[ L ]
WriteWOOutput[ L ]
WriteUFO[ L ] . A

C. Degrande



FeynRules outputs

Generating the output (\»‘\0“‘5
WriteCHOuput( L ] 0(\‘le
WriteFeynArtsOutput[ L ] e ¢
WriteSHOutput[ L ] a\\‘
WriteWOOutput[ L ] e 0\
WriteUFO[ L ] A
Ne®
X%
\e
\\)
o
ceV I
Coupling | Color
(function of the |  Lepresentation |- * e
oarameters) - Lorentz (Metric/Levi-
- — Civita tensors,
u .
. 9 Momenta,Dirac
g 3 matrices)
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FeynRules outputs

Generating the output (\»‘\0“‘5
WriteCHOuput[ L ] 0(\\16
WriteFeynArtsOutput[ L ] \‘“e C
WriteSHOutput[ L ] \ '
WriteWOOutput[ L ] e 0‘ e Prgdeflned
WriteUFO[ L ] . A basis for most
5‘3‘&3 ME
aue
o
ceV R |
Coupling | | Color
(function of the | representation | * —
oarameters) Lorentz (Metric/Levi-
— — Civita tensors,
Z ) Momenta,Dirac
g 3 matrices)
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Sherpa output

feynrules.dat: A static file, setting up the model in Sherpa.
Particle.dat: The list of all particles together with their properties.

param_card.dat: LH-like file defining the numerical values of the
external parameters.

ident_card.dat: File linking the entries in param_card.dat to the
variables used in the Sherpa code.

param_definition.dat: File containing analytical expressions for all
the internal parameters.

Interactions.dat: File defining all the interaction vertices with their
couplings.

C. Degrande



Sherpa output

feynrules.dat: A static file, setting up the model in Sherpa.
Particle.dat: The list of all particles together with their properties.

param_card.dat: LH-like file defining the numerical values of the
external parameters.

ident_card.dat: File linking the entries in param_card.dat to the
variables used in the Sherpa code.

param_deflnltlon. T arT

UENINCIENEE 1 0 3333333333333333%ee*(0,1) # right-handed coupling
Interactions.dat: 2 -0.3333333333333333*¢e*(0,1) # left-handed coupling
couplinas 3 D[1,3] # colour structure
piNgs. 4 FFV # Lorentz structure

i i
— 3057 v+ — edita-

Color or Lorentz structures of the SM and MSSM only
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UFO

e Generic output with the full model information

* coupling_orders.py, parameters.py, particles.py,
write_param_card.py, __init__.py,

. vertlce%&i Coupllngs oYV, Iorentz oy
’ No baS|s all the Iorentz

” ZQSP : 1 Y

H structures of the model

e decays.py
o CT_vertices.py, CT_couplings.py (For NLO)

* Python module used in MadGraph, Herwig, Gosam(, Sherpa)
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UFO

V_135 = Vertex(name = 'V_135",
| particles = [ P.u__tilde__, P.u, P.g ],
! color = [ 'T(3,2,1)" ],

lorentz = [ L.FFV1 ],

couplings = {(0,0):C.GC_11})

—_—— = = -

Lorentz.py

;FFV1 = Lorentz(name = 'FFV1',
| spins = [ 2, 2, 31,
w | ) structure = 'Gamma(3,2,1)") |

_couplings.py

| ﬁ GC_11 = Coupling(nahe= 'GC_11", 1
| value = 'complex(0,1)*G',
| order = {'QCD"':1}) |
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Plan

Field theory : a short reminder

* free fields (KG details, Fermion)

e Scattering matrix in perturbation

* Wick theorem to Feynman rules

Why Monte-Carlo/automated tools?

Lagrangian to the Feynman rules

* Model file : Parameters, fields, gauge group and Lagrangian
* Running FeynRules

Demo

SN

C. Degrande



